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Jalal A. Aliyev was a distinguished and respected plant biologist of our time, a great teacher, and great
human being. He was a pioneer of photosynthesis research in Azerbaijan. Almost up to the end of his
life, he was deeply engaged in research. He left us on February 1, 2016, but many around the world
remember him as he was engaged in international dialog on solving global issues, and in supporting
international conferences on ‘‘Photosynthesis Research for Sustainability’’ in 2011 and 2013.

Jalal Alirza Aliyev was born on June 30, 1928,
in Nakhchivan, a city with a 5000-year old history.
After receiving primary school education, he
graduated, in 1946, from the Faculty of Natural
Sciences of Nakhchivan Pedagogical College. In
June 1946, he went by train to Baku, the capital city
of Azerbaijan for further studies. There, he attended
the Azerbaijan (now Baku) State University; as a
student he worked as a laboratory assistant in the
Department of Plant Physiology. In 1951, he
graduated from the Biological Faculty of Azerbaijan
State University, receiving a diploma with honors.

During 1951-1954, Jalal Aliyev was a
graduate student in the Plant Physiology Laboratory
of the Azerbaijan Academy of Sciences, working
under the supervision of academician Muzaffar
Abutalubov, who had many graduate students and
technical personnel. Jalal Aliyev’s PhD thesis, in
1955, was on ‘‘The effects of microelements on the
growth and productivity of wheat’’.

After graduation Jalal Aliyev worked as a
junior researcher, head of a group, and then head of
a laboratory at the Research Institute of Crop
Husbandry, Ministry of Agriculture.

Young Jalal entered the world of
photosynthesis research and, in 1971, received a
“Doctor of Biological Sciences’ degree with a
thesis on ‘‘Photosynthetic activity, mineral
nutrition and productivity of plants’’.

In the 1970s, Jalal Aliyev was a group leader

in the Institute of Botany. In 1974, his creative
group became the Laboratory of Molecular Basis of
Bioenergetics, under the broader umbrella of
Physicochemical Biology. In 1983, a Laboratory of
Molecular-Genetic Basis of Production Processes
was created, which at the end of 1988 became a
full-fledged department by the same name. In 2010,
this department became the Department of
Fundamental Problems of Biological Productivity.
Currently, fifteen laboratories are housed in the
new Institute of Molecular Biology and
Biotechnology, ANAS, created, in 2015, on the
basis of the earlier department. In addition,
Professor Jalal Aliyev served as the Head of the
Department of Plant Physiology and Biotechnology
at the Research Institute of Crop Husbandry as well
as the Head of the Department of Fundamental
Problems of Biological Productivity in the Institute
of Botany.

Jalal Aliyev was much loved and respected by
students and staff throughout Azerbaijan. He had
been a long-time member of the Azerbaijan
Academy of Sciences, had served as Academician-
Secretary in the Department of Biological Sciences,
and had been a member of the Presidium of the
National Academy of Sciences of Azerbaijan.

Professor Jalal Aliyev was deeply involved in
dynamic research on several aspects of
photosynthesis for 65 years; he focused mainly on
an important crop wheat; this research was
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integrative in its approach, involving physiological,
biophysical, biochemical, and molecular-genetic
basis of plant productivity. Further, it dealt with
production processes, and structural-functional
organization of plants — from the molecular level to
the whole plant. Under Jalal’s leadership, the main
principles determining productivity and high-yield
capacity of an ‘‘ideal’’ type of wheat was made
available to all of Azerbaijan and neigh-boring
countries (see Aliyev, 1974).

Delving deeper into CO, exchange, carbon
metabolism, transport and distribution of
assimilates in the leaves and ear elements of
contrasting genotypes, (through the use of “CO,),
he revealed the role of separate organs in grain
filling (Aliyev et al., 1996). Jalal’s team also
continued their detailed studies on structural and
functional organization of carbonic anhydrase; this
enzyme was isolated and crystallized from Cicer
arietinum leaves for the first time and a molecular
model of its quaternary structure was proposed (see
Aliyev et al., 1985).

Jalal Aliyev’s team went further into
illuminating the structural molecular organization
of the two photosystems and presented a model for
the topography of pigment-protein complexes in
thylakoid membranes (Asadov et al., 1987). These
studies included biosynthesis, molecular biology
and genetics of the system. His team elucidated the
general mechanisms of drought response and their
application in drought-resistance improvement in
wheat genotypes (Huseynova et al., 2007).

Under his leadership, the distribution of *Sr
and "“’Cs in a soil-vegetative cover was studied
(Aliyev et al.,, 1991); in addition, the group
promoted research to obtain a data-base of plant
promoters, development of computer pro-grams for
the prediction of RNA polymerase II promoters, as
well as potential regulatory elements of
transcription. Jalal’s research group revealed some
peculiarities of organelle-to-nucleus DNA transfers
and of the organization and expression of genes in
nuclear genomes of rice and Arabidopsis
(Shahmuradov et al., 2003).

A major point that emerged from his research
team was that, under field conditions,
photorespiration is one of the vital metabolic
processes in plants, and attempts to reduce this
process by various ways with the purpose of
increasing the crop productivity is not viable (see
Aliyev, 2012).

Professor Jalal Aliyev instigated the
development of new directions of research, namely
molecular biology, molecular genetics, gene and
cellular  biotechnology, = mathematical  and
computational biology, and bioinformatics as
applied to crop productivity in Azerbaijan. Under

his initiative, about 300 doctoral students were
trained; further, under his personal supervision, 85
Ph.D. and 12 Doctor of Science (Dr. Sci) students
successfully defended their theses. At present, these
former students are leading scientists in research
centers and universities of Azerbaijan and many
others around the world (e.g., Australia, Canada,
France, Israel, Japan, South Korea, Russia, the UK,
and the USA).

As chairman of the Problem Council on
Biological Sciences of the Scientific Research
Management and Coordination Council of the
Azerbaijan Republic and member of many
scientific and academic councils, Jalal promoted
development of photosynthesis research in
Azerbaijan and elsewhere.

Jalal Aliyev served as an editor-in-chief of the
““Proceedings of Azerbaijan National Academy of
Sciences (Biological and Medical Sciences), a
member of the Editorial Board of ‘‘Reports of
Azerbaijan National Academy of Sciences’’, and a
scientific editor of a number of books and
proceedings. He was elected an honorary member
of the editorial board of ‘‘Bioinformatics and
Comparative Genomics’’, ‘‘Plant Biochemistry and
Physiology’’,  ‘‘Computational Biology and
Bioinformatics’’, and ‘‘The Infectious and Non-
infectious Diseases’’.

A major contribution of Jalal Aliyev was in the
development of high-yielding wheat Triticum
durum Desf. (durum) and Triticum aestivum L.
(bread) with a productivity of 7—8 tons per hectare.
These wheat lines have excellent grain quality, and
are being cultivated widely in Azerbaijan. In
acknowledgment of his success in the field of fun-
damental and agricultural sciences, Professor Jalal
Aliyev was elected as a foreign member of the
Russian Academy of Agricultural Sciences (1995),
the Ukrainian Academy of Agrarian Sciences
(1996) and the Academy of Agrarian Sciences of
Belarus (1996).

As aresearch scientist, Jalal Aliyev was highly
prolific. He authored or coauthored more than 800
scientific publications including 25 monographs
and books, and 10 book chapters.

The National Plant Genetic Resource Program
was created, a strategy on preservation and rational
use of biodiversity was developed, and the Plant
Gene Pool of Azerbaijan was created under his
leadership.

Bioethical problems of research in modern
biology, agriculture and medicine were also of
great interest to him, and ways of tackling these
issues were established under his leadership.

Professor Jalal Aliyev received many
distinguished honors in Azerbaijan: Order of
Independence of Azerbaijan (1998); the Order of
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Glory of the Republic of Georgia (2003); the
Honorary diploma from the President of the
Republic of Azerbaijan (2008); the Order of Glory
of the Republic of Azerbaijan (2013), and, together
with Irada Huseynova, Hasan Bey Zardabi Prize of
the Azerbaijan National Academy of Sciences
(2014). In addition, he was elected as a Member of
Parliament of the Republic of Azerbaijan four times
(1995, 2000, 2005, and 2010), a rare honor,
especially for a scientist.

In 2011 and 2013, the meetings on
““‘Photosynthesis Research for Sustainability’’, held
in Baku, Azerbaijan, were highly successful,
attracting outstanding scientists from around the
world. The 2013 meeting celebrated his 85th
birthday and honored him for his outstanding
contributions to Plant Science in general and
Photosynthesis in particular, with a significant
impact on improving crop productivity. His
leadership support and, at the same time, his
outstanding contributions were highly appreciated
by the International Photosynthesis Community
(see Allakhverdiev et al., 2013).

Professor Jalal Aliyev left us on February 1,
2016, but many around the world remember him as
he was engaged in international dialog on solving
global issues, and in supporting international
conferences on ‘‘Photosynthesis Research for
Sustainability’’ in 2011 and 2013.
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During growing season of 2015-2017 (June-September), phytopathological surveys were conducted in
the southern part of Azerbaijan. A total 263 suspicious tomato (Solanum lycopersicum L.) samples of
various cultivars exhibiting symptoms of leaf curl, dwarfing, leaf narrowing, necrosis, mosaics or
yellowing with reduced fruit yield and quality were collected in three regions (Jalilabad, Masally,
Lankaran) of Azerbaijan. Collected samples were first tested serologically (rapid one-step assay
AgriStrip, DAS-ELISA) depending on virus symptoms and then molecular tests (RT-PCR, PCR) were
performed to confirm the virus presence. According to the result of serological tests, 179 samples (68%)
positively reacted with the virus antibodies. DNA and RNA genome virus infections were confirmed by
polymerase chain reaction (PCR) and reverse - polymerase chain reaction (RT-PCR). Results showed
the presence of Tomato mosaic virus (T,MV), Tobacco mosaic virus (TMV), Tomato etech virus (TEV),
Tomato spotted wilt virus (TSWV) and Cucumber mosaic virus (CMYV) in tomato samples. CMYV was the
most common virus, infecting about 25% of the tomato samples. TMV and ToMYV, infected tomato
samples by about 21% and 13%, respectively, followed CMYV in frequency. This study reports the
natural incidence and prevalence of tomato viruses in the southern part of Azerbaijan.

Keywords: Solanum lycopersicum L., virus diseases, tomato mosaic virus, tobacco mosaic virus, tomato etech
virus, tomato spotted wilt virus, cucumber mosaic virus

INTRODUCTION

Agriculture still stands in the first place for
most Azerbaijani people, despite the fact that the
share of industry is constantly growing. It should
also be noted that vegetable growing occupies an
economically important place in Azerbaijan. The
total volume of vegetable production in Azerbaijan
for a year is about 1.72 million tons. Vegetable crops
are frequently affected by a wide range of diseases
showing varying degree and kind of symptoms.
Most of the causal agents of the diseases are biotic,
not ruling out the involvement of abiotic factors too.
Among the biotic factors, virus diseases constitute a
bulk of the diseases observed in all plant types, with
variable symptoms including leaf curling and
distortion, green or yellow foliar mosaic, stunting of
plants, and reduced yields (Rakhshandehroo et al.,
2011). Plant diseases caused by viruses can be
devastating on crops leading the yield reduction. At
present, one of the leading vegetables in the country
is tomato wihch is mainly produced in the southern
regions of Azerbaijan, such as Masally, Jalilabad and
Lankaran. Tomato has a particular importance to
meet the demand of the population for food.
According to the State Statistics Committee, 27,400
hectares of tomatoes are grown in our country and
productivity of tomato is 463,200 tons. Several
viruses, such as, Cucumber mosaic virus (CMV),
Tomato yellow leaf curl virus (TYLCV), Pepper
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mild mottle virus (PMMoV), Tomato mosaic virus
(TMV), Tobacco mosaic virus (ToMV), Tomato
spotted wilt virus (TSWV) on tomato and/or pepper
crops, as well as CMV, Zucchini yellow mosaic virus
(ZYMV), Squash  mosaic virus  (SqQMV),
Watermelon mosaic virus (WMYV) in cucurbits have
been reported to occur over the past decade in
different regions of Azerbaijan (Huseynova et al.
2016; Huseynova et al., 2017; Verdin et al., 2018;
Desbiez et al., 2018), and some of them have
capacities to cause epidemics and significant yield
losses to these crops, e.g., TYLCV (Moriones and
Navas-Castillo, 2000).

The rapid increase in viral diseases in the
modern world poses a serious problem for food
security. Especially in plants of agricultural
importance, viruses that cause disease are very
dangerous and cause serious economic losses. The
diagnosis, 1identification of pathogens and
certification of seedlings have great importance for
the timely prevention of viral diseases. Therefore,
plant protection from pathogens is not only an
economically important problem, but also one of the
most important areas of modern scientific research.
The issue of providing the population with eco
friendly agricultural products has always been in the
focus of our government's attention and is reflected
in the most government programs. In recent years,
the international exchange of seedlings has led to the
spread of viral diseases in large regions. This is



becoming increasingly dangerous for tomato that is
sensitive to viral diseases (Hanssen et al., 2012).
Thus, the economic damage caused by various DNA
and RNA genome viruses of tomato increases every
year and is calculated in millions of manats. It is
known that with severe infections, a higher loss of
product is observed. From this point of view, it is
important to study virus diseases of tomato and take
preventive measures against them. The choice of
struggling methods against them requires the initial
diagnosis of pathogens, taxonomic characteristics,
identification of the pathogenic spectrum of plants
and insect vectors (Xu et al., 2017).

Therefore, the purpose of the research was to
investigate the occurrence frequency and
distribution of the main tomato viruses in tomato
growing areas of Azerbaijan.

MATERIALS AND METHODS

Surveys and plant sampling. In order to identify
viruses infecting tomato and evaluate the prevalence
of viral infections, three surveys were conducted
during June-July months of 2015, 2016 and 2017
growing seasons in important tomato areas of the
southern part of Azerbaijan including Jalilabad,
Masally and Lankaran (Figure 1). Total 12 fields were
surveyed and 263 samples were collected from
symptomatic plants as well as from non-symptomatic
and healthy plants. Two non-cultivated (weed
species) plants, showing TMV like symptoms were
also collected around fields surveyed. Collected
samples included young and fresh leaves and fruits of
tomatoes with various symptoms. The plant material
was transported to the laboratory on ice, immediately
placed in plastic bags and kept at 4°C until they were
processed. For long-term storage, leaf samples were
stored at -80 °C.

Detection and identification of viruses.
Enzyme-linked immunosorbent assay (ELISA) and
Polymerase chain reaction (PCR) which are the most
common and widely used techniques for routine
screening of pathogens were used for virus detection
and identification.

Serological assays. Initially, rapid one-step
assay AgriStrip which based on lateral flow
immunochromatography and manufactured by
Bioreba (Reinach, Switzerland) was performed to
confirm the presence of TMV, T,MV, CMV, TSWV
in samples depending on suspicious virus symptoms.
Midribs (area of the blade with primary veins) from
basal (mature) and apical (young) leaf blades and
petioles from infected tomato samples were
analyzed. After the sample was homogenized a few
drops of homogenate were transferred to a new
cuvette. The strip was immersed into the extract, and
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the result was read within a couple of minutes. The
positive result was considered as a color band on the
test line, while the colored band on the control line
always appeared.

Midrib and leaf petioles from symptomless
tomatoes as well as from tomato with virus-like
symptoms were also tested for TMV, TMV, CMV,
TSWV, TYLCV, TEV, TRSV, AMV, BCTV by
TAS-ELSA and DAS-ELISA using the ELISA kits
developed by Bioreba AG (Reinach, Switzerland)
and Agdia (USA) according to the manufacturer’s
instructions. All chemicals and buffers used in this
assay, as well as negative and positive controls for
each virus were provided by the company. Briefly,
ELISA plates were coated with 200 ul of IgG
(1:1000 dilution) diluted in carbonate coating buffer
and incubated for 3 hours at 37°C. Before 200 ul leaf
extracts were added to the each well, plate was
washed with washing buffer and incubated overnight
at 4°C. Then the plates were washed again and 200
ul of alkaline phosphatase-conjugated IgG diluted in
conjugate buffer (1:1000) was added and incubated
for 3 hours at 37°C. After washing the ELISA plates
were incubated with 200 pl of substrate (1 mg/ml of
p-nitrophenyl phosphate in substrate buffer) at room
temperature. Color reactions were measured at 405
nm (A405) after 2 h, using ELISA microplate reader
(Stat Fax Microplate, Awareness Technology,
USA). Each sample was analyzed in two wells, and
samples were considered positive if the A405 nm
values were more than three times those of the
healthy control.

Molecular analysis. To confirm the presence of
DNA and RNA genome viruses, leaf samples with a
positive reaction in the serological assays with the
virus were tested by PCR, RT-PCR methods using
universal primers and primer pairs designed for the
specific detection of the virus (Table 2). Total RNA
was extracted from the leaf tissues using Trizol
reagent (Invitrogen, USA) according to the
manufacturer's instructions. Approximately 50-100
mg of fresh leaf tissue were placed in a sterile mortar
and homogenized with 500 pl of grinding buffer
(TRI-reagent). Aliquots of 500 pl of the extract were
mixed with 100 pl of chloroform in a new set of
sterile microfuge tubes and centrifuged at 13,500
rpm with refrigerated centrifuge for 15 min. Then,
300 ul of the supernatant were transferred to a new
eppendorf tube containing 250 pl isopropanol and
after shaking gently the tubes were kept for 15 min
at room temperature. After centrifugation at 13,500
rpm for 20 min the supernatant was discarded and
the pellet washed twice with 75% ethanol and dried
at room temperature. The pellet was resuspended
with 150 pl of RNase-free water and stored at —80°C
until use. For TYLCV detection total DNAs were
extracted from 1 g fresh leaf midribs of infected and
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healthy plants (as control) following CTAB
extraction protocol (Maixner et al., 1995). Purity
degree and concentration of extracted DNA and
RNA  samples were determined spectro-
photometrically (Ultrospec 3300 PRO, Amersham,
USA). Then the RNA and DNA samples were
analysed with RT-PCR and PCR. RT-PCR was
performed in the reaction mix containing 4 pl of
RNA, 1.5 pl of virus universal or specific primers,
1.5 pl of dNTPs (25 mM), 4 pl of RT (5x) buffer, 1
ul of M-MLV (RT enzyme), 8 ul of ddH2O. The
reaction was carried out for 1 h at 42°C. In order to
stop the reaction, the samples were kept at 65°C for
10 min. After the electrophoretic analysis, RT-PCR
products were tested using PCR method.
Amplification was carried out in a thermocycler
(Multigene Gradient, “Labnet”company, USA) after
preliminary denaturation at 95°C for 2 min, followed
by 35 cycles at 94°C for 1 min, annealing for 45 s
and extention at 70°C for 50 s, and a final extension
at 72°C for 10 min. Following PCR, 10 pl of the
product was electrophoresed on a 1% and 1.5%
agarose gel, stained with ethidium bromide and

recorded digitally using UV-Gel Doc system (UK).

RESULTS AND DISCUSSION

Identification and distribution of tomato
viruses. We analyzed 263 tomato samples taken
from commercial fields in three regions of the
southern part of Azerbaijan (Figure 1). Samples
were collected from 12 fields randomly selected in
each geographical area surveyed. Selected fields
were separated by about three km in the each
surveyed areas. Each field was examined and
sampled once in a year at the middle growth stage of
the plants.

During these surveys, virus-like symptoms,
including formation of yellowish and mosaic-red
spots, in some cases rolling leaves, mottling,
chlorosis, dwarfing, leaf deformation and roughness,
necrotic spots on the leaves, reduced leaf size, boat
shaped leaves, reduced fruit bearing and quality
were frequently observed in tomato fields (Figure 2).

Fig. 1. Map of Southern part of Azerbaijan showing regions in which surveys were
conducted during the 2015-2017 growing seasons.
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Fig. 2. Reduced leaf size and formation of boat shaped leaves (A),
reduced fruit bearing and quality (B), mosaic and rolling of leaves (C),
chlorosis and leaf deformation (D) symptoms associated with the virus

infection on tomato.

Table 1. Incidence of nine” viruses in tomato plants collected in the southern regions of Azerbaijan.

Region of sampling  Year of sampling  No. of samples T™MV TEV TYLCV  ToMV CMV TSWV
2015 36 6 0 0 9 12 0
Calilabad 2016 32 4 0 0 6 10 0
2017 28 2 0 0 2 8 0
2015 34 3 0 0 11 9 0
Lankaran 2016 20 2 0 0 8 5 0
2017 12 0 0 0 3 2 0
2015 48 8 3 4 6 9 8
Masally 2016 34 6 2 2 5 6 5
2017 19 3 0 0 4 4 2
Total 2015-2017 263 34 5 6 54 65 15

*TRSV, AMV, BCTV were tested in tomato samples, but not detected in any of the samples tested.

During the surveys (2015, 2016 and 2017),
TMV, ToMV,CMV, TSWV, TYLCV, TEV, TRSV,
AMYV, BCTV were analyzed in all tomato species by
serological methods. TMV, ToMV and CMV were
detected in all the regions, whereas TSWV, TEV and
TYLCV were detected only in Masally (Figure 1 and
Table 1). We failed to detect TRSV, AMV and
BCTYV in any of the samples tested. During the three-
year survey, almost 68% of tested plants were
infected by at least one of the viruses. In 2015,
laboratory testing of 118 collected tomato samples
indicated that the incidence of viral infection overall
was 74.6%, eighty-eight out of 118 (Table 1). In
2016, laboratory testing of the 86 collected tomato
samples indicated that the incidence of viral
infection overall was 71%, sixty-one out of §6. CMV
was the most common virus, infecting about 25% of
the tomato samples. TMV and ToMYV, infected
tomato samples by about 21% and 13%,
respectively, followed CMYV in frequency (Table 2).
The viruses TEV and TYLCV were detected in less
than 2%, 2.5% of all samples, respectively. TSWV
was followed in frequency by TMV and ToMV,
which infected about 6% (15 out of 263) of the

tomato samples (Table 1). During the surveys, the
proportion of plants with symptoms of leaf chlorosis
was visually estimated for each field. These
observations, together with the analysis of the
detected viruses in the tomato samples, gave an
estimate of the frequency of CMV in the study areas.
In 64% of the fields, the incidence of CMV was
greater than 22%. The presence of CMV was also
estimated in the weed hosts as natural sources of
plant viruses. The incidence of tomato virus in weed
hosts was recorded in Masally (22.2 %) and Jalilabad
(10.4 %). Other tomato viruses were not detected in
weeds.

Samples that were positive (TMV, ToMV,
CMV, TSWV, TYLCV and TEV) according to
ELISA results were checked by RT-PCR and PCR
to confirm the presence of viruses and to identify
them. The PCR and RT-PCR tests using the
universal or specific primer pairs (Table 2) resulted
in the amplification of one DNA product of
approximately 320, 422, 529, 276 and 500 bp in size
for ELISA-positive samples tested from tomato
plants (Figure 3).
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Table 2. List of primers used in this study.

Primers Sequences (5’-3°) Reference
CMV1 5-GCCGTAAGCTGGATGGACAA-3’ Jitikaite L ot al. 2011
CMV2 (5’-TATGATAAGAAGCTTGTTTCGCG-3) -etal,
TMV-2 5-GAAAGCGGACAGAAACCCGCTG-3' Silva RM. et al. 2008
TMVI 5-GACCTGACAAAAATGGAGAAGATCT-3' .
ToMV-6 5-GATCTGTCAAAGTCTGAGAAACTTC-3' Silva R.M. et al.. 2008
ToMV-5 5'-CTCCATCGTTCACACTCGTTACT-3' . etal,
Tobamo-1 5 -CGAGAGGGGCAACAAACAT-3' Kumar S, ot al.. 2011
Tobamo-2 5'- ACCTGTCTCCATCTCTTTGG-3' -etal,

TY-1 5-GCCCATGTA(T/C)CG(A/G)AAGCC-3'

TY-2 5‘-GG(A/G)TTAC(}A(A)/G)((}CA’)FG(A/C)GTACS‘ Accotto G.P. et al., 2000
MAI3 F (5-AATGCAATCTTCGTCACC-3") Chinnaraja C. et al,, 2016
MA26 R (5'-CGCCCGTCTCGAAGGTTCG-3") -etal,

LI TSWV R 5-ATC AGT CGA AAT GGT CGG CA-3' Milosovic S. et al. 2011
L2 TSWV F 5'-ATC AGT CGAAAT GGT CGG CA-3' -etal,
TEV-Poly2 F 5 -GTGTGCAAAGAAATTCCAGACTC-3' Lee . et al 2011
TEV-Poly2 R 5'-CACCACCAATTAACACAGACAAAG-3' .
AMVI-F 5 _CCATCARGAGTTCTTCACAAAAG-3' .

AMVI-R 5 TCGTCACGTCATCAGTGAGAC-3' Al-Abrahim J.§. et al., 2014
TRSV F 5 -CTTGCGGCCCAAATCTATAA-3' Sneideris D. et al.. 2012
TRSV R 5 ACTTGTCCCAGGAGAGCTA-3" -etal,

BCTV-C1 2387R
BCTV-C1 2097F

5-TGCTCCAATAAGGTGCTTCCAGTG -3°

5. TTTCCTCTGTCCTCATTCACAAACG-3' Almasi M.A. et al., 2013

M 123436 73910111213 415

Fig. 3. RT-PCR and PCR analysis with universal (A) and specific primers of
CP gene (B,C,D,E and F) of the tomato viruses. M-1kb and 100 bp DNA
ladder. 1- 15 different tomato samples.

Obtained results confirmed the presence of
ToMV, TMV, TEV, TSWV and CMV in tomato
samples. No DNA product from healthy plant
extracts was amplified. RT-PCR and PCR results
confirmed that these tomato viruses occurred in all
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tested species and in regions surveyed. There was no
mixed infection in collected tomato samples in the
above-mentioned regions.

The expected fragments of approximately 320
bp (Kumar et al., 2011) were amplified by PCR from



total RNAs extracted from 88 ELISA-positive
samples using the universal primers tobamo 1 and
tobamo 2 (Figure 3A). The results of RT-PCR and
PCR analyses confirmed the presence of
tobamoviruses (TMV and ToMV) in samples of
tomato. However, amplicons were not obtained from
the other ELISA-negative samples. The DNAs
extracted from this samples were subsequently
tested by RT-PCR using the tobamovirus specific
primers (TMV1 and TMV2; ToMV-5 and ToMV-6);
an amplicon with the expected size of 422 bp (Silva
et al., 2008) was obtained for tomato samples tested,
showing severe yellowing and leaf deformation
symptoms (Figure 3B). One DNA amplification
product of approximately 276 bp or of 529 bp was
observed in samples that were positive for TSWV or
TEV, respectively, in DAS-ELISA (Figure 3 C,D).
The expected fragments of approximately 500 bp
(Zitikaite et al., 2011) were amplified by PCR from
total RNAs extracted from 65 ELISA-positive
samples using the spesific primers CMV 1 and CMV
2 (Figure 3E). Thus, the results of RT-PCR and PCR
analyses confirmed the presence of tobamoviruses
(TMV and ToMV) in samples of tomato. The
primers used in this study, the sequences and
reference data for ech primer are shown in Table 2.
To confirm the presence of TYLCV infection, PCR
was carried out with geminivirus specific primers,
such as MA13/MA26 primers targeting 1292 bp of
circular DNA-A of TYLCV (Chinnaraja et al.,
2016). PCR amplicons for TYLCV were obtained
from the six symptomatic tomato samples (Figure
3F).

Viruses always caused major losses in the
quantity and quality of tomato crops worldwide and
they exibit one of the most significant limiting
factors for growers (Letschert et al., 2002; Hassani-
Mehraban et al., 2010; Kaye et al., 2011). In
Azerbaijan these crops have a high-level incidence
of symptoms peculiar to viral infection (Huseynova
et al. 2016; Huseynova et al., 2017; Verdin et al.,
2018; Desbiez et al., 2018). Regardless of the
significance of tomato crops in Azerbaijan, in
previous studies only a limited number of samples
from a few areas were tested for viruses, but their
occurance and distribution in the major tomato
grown regions were not estimated. This is the first
report of an extensive survey using serological and
molecular diagnostic procedures to identify the most
important viruses of tomato crops and determine
their incidence in the southern Azerbaijan. In the
three years of the survey, symptoms such as mosaic,
leaf chlorosis, leaf and fruit deformation were found
in all tomato fields examined with a prevalence
between 25 and 70% of plants. Only 68% of the
collected symptomatic samples were found infected
with a viruses. The remaining samples may be
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infected with viruses that have not been examined,
or the observed symptoms could be caused by
reasons other than a viral infection. CMV was the
most prevalent virus in all surveyed tomato growing
areas of the Jalilabad, Masally and Lankaran regions.
It is also known that CMV causes a big threat to
neighboring countries (Gallitelli, 2000). A high
frequency of CMV symptoms was detected in
tomato plants in Iran, where CMV causes a huge
crop loss each year (Zitikaité et al., 2011; Arafati et
al., 2013). Tobamoviruses also have a serious
economic impact leading to yield losses in many
crops especially in solanaceous crops (Chitra et al.,
1999; Chiemsombat et al., 2008). TMV has been
reported to cause considerable reduction in Alburz,
East Azarbaijan, Fars, Golestan and Tehran
provinces, which are the major horticultural crop
cultivation regions of Iran (Hu et al., 2012: Alishiri
etal., 2013). ToMYV is characteristic for eggplants in
southern, northern and central Iranian regions
(Aghamohammadi et al., 2011). Yazdani-Khameneh
(2013) indicated the prevalence of tobamoviruses,
especially ToMV, in vegetables in Iran. In recent
years, Pepino mosaic virus (PepMV) has emerged as
one of the fastest growing viruses, which is the most
important viral agent in the tomato production
worldwide (Hajiabadi et al., 2012). PepMV causes
severe symptoms in greenhouse tomato plants in
western Mediterranean in Turkey (Sevik et al.,
2016). Depending on the host and virus isolate, plant
deaths are observed with plant growth disorder,
blight, fan leaf, ring stains, softening in fruits and
necrosis (He et al., 2012; Kog et al., 2017). Tomato
spotted wilt virus (TSWV) is one of the most
devastating viruses of sweet pepper and tomato in
Samsun province of Turkey (Golnaraghi et al.,
2001; Ghotbi et al., 2005; Hajiabadi et al., 2009;
Deligoz et al., 2014).

This study reports the natural prevalence of
tomato viruses in the southern part of Azerbaijan,
which can provide important basic information
useful for virus control strategies for tomato
growing in our country. The widespread occurrence
of viruses showed that these regions of Azerbaijan
are very susceptible. Conducting control over the
vectors of insects that spread viral diseases should be
of fundamental importance for preventing these
viruses.
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Azarbaycanda Tomat Bitkisini Yoluxduran Viruslar
I.M. Hiiseynova, N.F. Sultanova, S.T. Mirzoyeva, N.K. Bayramova
AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Bioadaptasiya laboratoriyasi

2015-2017-ci illorin iyun-sentyabr aylar1 orzindo Azorbaycanin conub bdlgosinds yerlogon osas torovaz ¢ilik
rayonlarma fitopatoloji monitoringlar tagkil olunmusdur. Calilabad, Masalli, Lankaran rayonlarinda yarpaq
ayasinin burulmasi, saralmasi, nekrozu, mozaikasi vo s. kimi simptomlara malik 263 tomat bitkisi (Solanum
lycopersicum L.) niimunalori se¢ilorak toplanmisdir. Toplanmis simptomatik tomat niimunalorinin ilkin olarag,
seroloji (AgriStrip, DAS-ELISA), daha sonra iso molekulyar metodlarla (RT-PZR, PZR) diagnostikas1 hoyata
kecirilmigdir. Seroloji testin naticoloring asason 179 tomat bitkisi niimunasi (68%) pozitiv natico gostormisdir.
ELISA testinino asason, pozitiv natico gdstoron DNT vo RNT genomlu viruslar, PZR vo RT-PZR metodlari ilo
do yoxlanilmis va naticalor {ist-iisto diismiigdiir. PZR vo RT-PZR metodlari ilo aparilan amplifikasiya zamani,
universal va spesifik praymer ciitlori totbiq edilmis vo naticads gézlonilon 320, 422, 529, 276 va 500 bp 6l¢iido
amplikonlarin sintezi bas vermisdir. Yekun olaraq, toplanmig tomat bitkisi niimunslerinde Tomato mosaic
virus (ToMV), Tobacco mosaic virus (TMV), Tomato etech virus (TEV), Tomato spotted wilt
virus (TSWV) va Cucumber mosaic virus (CMV) askar edilmisdir. Toqdim edilon tadqiqat isi Azarbacanin
conub bolgssinds tomat bitkisinds virus infeksiyalarinin név miixtslifliyini vo yayilma areallarini oks etdirir.

Acar sozlar: Tomat bitkisi, virus xastaliklori, Tomato mosaic virus, Tobacco mosaic virus, Tomato etech virus,
Tomato spotted wilt virus, Cucumber mosaic virus
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Pacnpocrpanenue Bupycubix 3a0oeBanuii Tomata B AzepOaiizkane
HN.M. I'yceiinoBa, H.®. CynranoBa, C.T. Mup3aeBa, H.K. bajipamoBa

Jlabopamopus 6uoadanmayuu Uucmumyma MOoaeKyaapHou 6uoiocuu u OUOmexHoIocull
HAH Azepbaiidocana

Habnronenus u putonaTosoruueckue UcciaeI0BaHus IPOBOIMINCH B IEPHOJL BETETALMH PACTCHUH B TE€UCHUE
2015-2917 1r. B caMbIX 3HAYUMBIX JJIs1 OBOINEBOACTBAa A3seplaiikaHa oOmactax. B Tpex permonax
(Hxammmaban, Macamisl, JleHkopans) ObuTo cobpaHO 263 MOAO3PUTENHHBIX 00paslia Pa3IndHBIX COPTOB
tomaToB (Solanum [lycopersicum L.) 1 HEKOTOPHIX HEKYJIbTUBHPYEMBIX PACTCHHI-XO035€B C CHMIITOMaMHU
JIUCTOBOTO 3aBUTKA, KAPJIUKOBOCTH, CYXEHMS JIMCTHEB, HEKPO3a, MO3AMKH WU TOXKEITEHHUS JIHCTHEB, C
MOHM)KEHHBIM YPO)KaeM M KadyeCTBOM IUIO0B. B 3aBHCMMOCTH OT CUMIITOMOB, coOOpaHHbIe 00pa3Ibl CHaYaIa
ObUIM TIOABEPrHYTHl CKPHUHHMHIY C HCIIOJB30BAHUEM CEPOJIOTMYECKUX (OBICTPBI OXHOSTANHBIA aHAIN3
AgriStrip, DAS-ELISA), a 3atem monexyssipabix (RT-ITLP, ITLIP) MeTonoB, ¢ 1eNbI0 BBISIBJICHUS OCHOBHBIX
BHPYCOB, HHQUIUPYIOMUX 3TU KyJIbTypbl. COrJacHO pe3yjbTaTaM CEpOJIOTHUECKUX TecToB, 179 oOpas3uoB
(68%) monoxxuTenbHO pearnpoBaiu ¢ BUpycHeIMU anTuTenamu. Uadexumnn JJHK u PHK renomusix Bupycos
OBLTH TIPOBEpPEHBI TToJIMMepa3Ho# 1ermHoi peakmueit (I1LP) u oOpaTHO# momnMepa3HO# IETHOW peaKITueit
(OT-TILP). Tectsr [TLP u OT-TILP ¢ ncronp3oBaHueM YHUBEPCATBHBIX HIIH CTIEHU(PHISCKHX Tap MpaiMepoB
MIPUBENTN K CHHTE3y OKHJaeMbIX (pparmeHToB pasmepamu 320, 422, 529, 276 u 500 m.H., COOTBETCTBEHHO.
[Tomyuennsie pe3ynbTaThl, MOATBepIMIHM Hamwuue Tomato mosaic virus (ToMV), Tobacco mosaic
virus (TMV), Tomato etech virus (TEV), Tomato spotted wilt virus (TSWV) vo Cucumber mosaic virus (CMV)
BHPYCOB B 00pa3liax ToMaroB. B maHHOM HcciaeqoBaHUM COOOIIAETCsl O €CTECTBEHHON PacpOCTPaHEHHOCTH
BHPYCOB TOMAaTHBIX PacTEHUH B FO’KHOU YacTn A3epOaiimkaHa.

Knrouesvie crosa: Tomamewl, supycuvle 3abonesanus, Tomato mosaic virus, Tobacco mosaic virus, Tomato
etech virus, Tomato spotted wilt virus, Cucumber mosaic virus
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Reactivation of the Oxygen-Evolving Function of Photosystem I1

Inhibited by Hydroxylamine
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The oxygen-evolving activity of photosystem II (PSII) was inhibited by extraction of the Mn-cluster
using hydroxylamine. The activity was recovered partially by the photo-activation treatment applied
after addition of the exogenous Mn”" to the inhibited samples. The effect of Ca?*, CI and H" ions in the
reaction medium on reconstitution of the oxygen-evolving activity of PSII was studied. The results can
be useful for the understanding of the principles of artificial energy converters based on
photosynthetic reaction centers and for the study of artificial photosynthesis.

Keywords: Photosystem II, molecular oxygen, hydroxylamine, Mn-cluster, calcium, chloride, pH

INTRODUCTION

Photosystem II (PSII) involved in the energy
conversion in thylakoid membranes of oxygenic
species, catalyzes a very important biological
function — oxidation of water molecules and
formation of molecular oxygen (Barber, 2006; Muh
and Zouni, 2011). Structure of its photochemical
core determined with high accuracy in
cyanobacteria and red algae (Zouni et al., 2001;
Ferreira et al., 2004; Umena et al. 2011; Ago et al.,
2016). This molecular complex is composed of ~20
proteins and numerous cofactors. Among them
transmembrane D; and D, proteins (32-34 kDa),
cytochrome bsso, core antenna proteins CP47 and
CP43 carrying Chl a, and peripheral proteins of
33-, 24- and 18 kDa located on the lumen surface of
thylakoid membranes are the most important. D/D,
heterodimer of the PSII complex consists of an
initial electron donor Pego (chlorophyll a dimer),
electron acceptors  pheophytin  (Phe) and
plastoquinones (Oa, Qg), redox active tyrosines Yz
(Di-Tyr'®") and Yp (Do-Tyr'®") (Barber, 2006; Muh
and Zouni, 2011). The light absorption in the
reaction center results in the electron transport from
Psgo dimer to Phe molecule and then consistently to
plastoquinones Qa and Qg. The oxidized form of
the initial electron donor Peso (Peso™") is a strong
oxidant (~1.1 V), which is eventually reduced at the
expense of electrons transported from the water
oxidation center (Klimov et al. 1977; Klimov and
Krasnovski, 1981). The core of the water oxidation
center composed of the MnsCaOs cluster. Tyrosine
Yz residue of D, protein participates in the electron
transfer between the MnsCaOs cluster and Peso™".

When the water molecule is oxidized, the
complex PSII passes through the states Sy, S, ..., S4
of the hypothetical S-cycle. Formation of molecular
oxygen occurs in the final S;—[S4]—S, transition.
It is assumed that the positive charges produced in
the S-cycle, accumulate in the MnsCaOs cluster
(Kok et al., 1970; Debus, 1992; Muh and Zouni,
2011). PSII kept in darkness for a long time is
stabilized mainly at S; and So (75% and 25%,
respectively) states. So and S; states are,
respectively, semi-stable and stable, whereas S, and
S; are energetically unstable. They return to the S;
state in the dark. Ss state is a transitional, and
spontaneously passes to So. Molecular oxygen is
formed in the S3-S4-So transition and released to
atmosphere (Debus, 1992; Muh and Zouni, 2011).

Recently, intensive investigations have been
carried out on developing various biomimetic
devices including artificial energy converters on
the basis of the structure and functional principles
of photosynthetic complexes (reviewed in: Barber,
2009; McConnell et al., 2010; Barber and Tran,
2013). Due to effective energy convertion (quantum
yield of primary reactions of photosynthesis is
~1.0) and high oxidation potential PSII is
considered to be useful for these investigations. A
main goal of the investigations of artificial systems
is the elucidation of principles of the assembly of
components (antenna, reaction center, components
of the oxygen-evolving machinery etc.) of energy
converters (Hamarstrom and Styring, 2008;
Brudvig, 2008; Dismukes et al., 2009; Kanady et
al., 2011). Consequently, the study of the
photosynthetic processes by inhibition and recovery
of the reactions occurring in the natural system and
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the role of various components in the natural
phytosystems becomes important.

In our research the oxygen-evolving function
of the water oxidation center was inhibited by
extraction of the MnsCaOs cluster from the PSII
complex. Then, this function was restored through
photoactivation by adding exogenous Mn**. The
effect of various factors such as Ca®, CI', pH on
effective reconstitution of the oxygen-evolving
activity has been studied.

MATERIALS AND METHODS

PSII membrane fragments (BBY type) having
a high oxygen-evolving capacity (~600 pmol O,
(mg chl)'s™") were isolated from spinach, using
Triton X-100 (Berthold et al., 1981; Volker et al.
1985). For extraction of the MnsCaOs cluster, PSII
membranes were homogenized in 25 mM MES-
NaOH (pH 6.5) buffer containing 400 mM sucrose,
20 mM NaCl (buffer A) at chlorophyll
concentration ~0.5 mg/ml. After addition of
hydroxylamine =~ (NH>OH), incubation  was
performed in darkness at room temperature
(~25°C). At the end of incubation the homogenate
was diluted 5-6 times with the cold (~4°C) buffer A
and centrifuged at 18,000 g, at 4°C. The precipitate
was washed 3 times through the homogenization in
the cold buffer A and precipitation at 18,000 g, at
4°C. Reconstruction of the oxygen-evolving
activity of PSII was performed in the buffer A,
containing MnCl, at room temperature, under
photoactivating light (~50 pmol photon m™s™).
The same method was used to study the effect of
various factors on photoactivation. The chlorophyll
content was evaluated through spectrophotometric
(JY-201, Jobin Ivon, France) determination of
optical density of its 80% acetone extract at 663
nm and 645 nm (MacKinney, 1941). The rate of O,
evolution of the PSII complex was measured
amperometrically using the Clark electrode (Rank
Brothers Ltd., UK).

RESULTS AND DISCUSSION

Hydroxylamine added PSII membranes lose
their Mn cluster very rapidly. This treatment results
in almost complete inhibition of O, evolution and
electron transport activities of the PSII complex.
The inhibitory effect of hydroxylamine depends on
its concentration, content and temperature of the
incubation medium. It is known that preparations
treated with hydroxylamine are more sensitive to
light inhibition compared with native PSII
complexes. Reactivation of O, evolution and

20

electron transport activities of Mn-depleted
preparations are still an object of discussions. The
effect of 1.0-3.0 mM hydroxylamine on the
oxygen-evolving activity of PSII membranes has
been examined in the presented research. As seen in
figure 1, inhibition of the oxygen yield of PSII
membranes was very fast during the first 5 minutes
of incubation. Subsequent (>5 min) incubation with
hydroxylamine demonstrates only slow inhibition.
Consequently, the optimal effective concentration
of hydroxilamine was found to be 2.0 mM and
duration of effective action was 5 min.
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Fig. 1. The change in the oxygen evolution activity of
the PSII membrane preparations in the presence of
hydroxylamine. The maximum oxygen yield of the
native preparations (600 pmol O, (mg chl)'s™) was
assumed to be 100%. During the incubation with
hydroxylamine the ambient temperature was 25°C, and
chlorophyll concentration was 0.5 mg/ml. For the
incubation and measurements 25mM MES-NaOH (pH
6.5) buffer, containing 400 mM sucrose and 20 mM
NaCl was used.

Reactivation of the oxygen evolution activity
through reassembling the Mn-cluster in inhibited
PSII preparations, and its dependence on the pH,
concentrations of Ca’* and CI” ions have been
studied. The oxygen-evolving activity of the
inhibited PSII complex in preparations with the
extracted Mn-cluster was partly restored through
photoactivation (~20-35% in various preparations)
after addition of exogenous Mn?* (MnCl,). The
necessity of adding 1-3 mM Mn?" into the reaction
medium for restoration of the oxygen-evolving
activity was established (Fig. 2). Maximum
restoration of the oxygen-evolving function was
ensured by 10-15 min illuminatuion with ~50 pmol
photon m~s™" white light.

Ca” is involved in the water oxidation center
(Debus, 1992; Vrettos et al., 2001; Ugur et al., 2016).
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The necessity of the presence of high Ca*
concentrations in the reaction medium for effective
reconstruction of the Mn-cluster was reported
previously (Ghanotakis et al., 1984; Miller and
Brudvig, 1989; Chen et al. 1995). We also established
that to provide high yield oxygen evolution addition
of 20-50 mM Ca*" (CaCl,) to the reaction medium is
required. At higher concentrations of Ca*" ions (>50
mM) an additional increase in the oxygen-evolving
activity of reconstituted PSII preparations was not
observed (Fig. 3). However, the amount of Ca’* ions
for restoration of the oxygen-evolving activity is
much more higher compared with the native PSII (~1
Ca**/RC).
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Fig. 2. Oxygen evolution in PSII particles inhibited by
hydroxylamine and repaired by photoactivation: 1 — native,
2 — treated with hydroxylamine, 3 — in the presence of 2
mM MnCl,, and 4 — kinetics of oxygen evolution in the
photoactivated PSII preparations in the presence of 2 mM
MnCl, and 20 mM CaCl,. The medium 25mM MES-NaOH
(pH 6.5), containing 400 mM sucrose and 20 mM NaCl
was used for photoactivation and O,-measurements
Fotoactivation was performed at room temperature for 10
min, under illumination of ~50 pumol photon m=s™! white
light. 1 (|) — measutring light on (off).

The presence of Cl ions is also required for
the maximum oxygen-evolving activity of PSII
(Sandusky and Yocum, 1986; Miyao and Inoue,
1991, Boussac and Rutherford, 1994; Olesen and
Andreasson, 2003). However, in our experiments,
high yield of oxygen evolution achieved after
photoactivation treatment, required much higher
concentration of CI” ions (>1.0 M) compared with
Ca”" ions (Fig. 4). This fact may be attributed to the
lower affinity of Cl” ions to the water oxidation
center compared with Ca*" ions.
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Fig. 3. The effect of Ca®" ions on reactivation of the
oxygen-evolving activity of PSII. The maximum oxygen
yield (600 pmol O, (mg chl)'s™! ) was assumed to be
100%. The medium used for photoactivation and measure-
ments as described in Fig. 2. In addition, photoactivation
medium includes 2 mM MnCl,. Photoactivation was
performed at room temperature for 10 min, under
illumination of ~50 umol photon m2s~! white light.
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Fig. 4. The effect of Cl” ions on reconstitution of the
oxygen-evolving activity of the PSII complex. The
medium used for photoactivation and measurements as
described in Fig. 2. In addition, photoactivation medium
includes 2 mM MnCl; and 20 mM CaCl,. Fotoactivation
was performed at room temperature for 10 min, under
illumination of ~50 pmol photon m=2s~! white light.

Considering importance of pH value for O;-
evolution, we studied reconstruction of the Mn-
cluster in the pH range from 5.5 to 6.5. According
to the results of our experiments, oxygen evolution
enhanced with increasing pH (from 5.5 to 6.5). In
other words, the pH-dependent change of the
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restored value of the oxygen yield occurred in the
following direction: pH 5.5<5.9<6.2<6.5 (Fig. 5).
Photoactivation of O, evolution at higher values of
pH was not studied, as higher values of pH were
assumed to inhibit the oxygen-evolving complex.
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Fig. 5. The effect of pH of the reaction medium on
restoration of the oxygen-evolving activity of the PSII
complex. The medium used for photoactivation and
measurements as described in Fig. 2. In addition,
photoactivation medium includes 2 mM MnCl, and 20
mM CaCl,, Fotoactivation was performed at room
temperature for 10 min, under illumination of ~50 pmol
photon m~2s~! white light.
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Fig. 6. Reconstruction of the oxygen-evolving activity of
the PSII complex in dependence of concentrations of Mn?"
ions in the photoactivation medium. The medium used for
photoactivation and measurements as described in Fig. 2.
Besides Mn?*, the photoactivation medium contains 20
mM CaCl, and ~100 mM CI  ions. Photoactivation was
performed at 25°C, for 10 min, at light intensity 50 umol
photon m~2s~!.
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Figure 6 presents the the oxygen evolving
activity of PSII photoactivated at different
concentrations of Mn?" in the presence of 20 mM
Ca®" and 100 mM CI ions, and optimum pH value
of 6.5. As seen in the figure, the oxygen yield was
higher at 1-5 mM concentrations of Mn ions and
declined with increasing concentrations of these
ions.

Thus, the partly restoration of the oxygen-
evolving function of PSII inhibited by
hydroxylamine has been established as a result of
the experimental evaluation of the possibility of
reconstruction of the PSII preparations with the
extracted Mn-cluster.

Considering all the optimization mechanisms,
maximum yield of oxygen evolution in the
reconstituted PSII was less than 50% of that
observed in the native complex.

Possible reasons for such a big difference in
the oxygen evolving activity of the reconstructed
and native complexes, observed in our experiments,
may include: (i) initiation of the other inhibitory
mechanisms (for example, removal of peripheral
proteins from the binding sites, photoinhibition
etc.) during the preparation process; (ii) incomplete
reassembling of the Mn cluster; (iii) high
concentrations of the ions in the reaction medium,
required for the reversibility of oxygen evolution,
and thereby possibility of the both activatory and
inhibitory effects of these ions on the PSII electron
transport. On the other hand, a very high value of
Mn?*/RC stoichiometry (~10* times compared with
the native complex) for maximum photoactivation
of the oxygen yield, also may be questioned.

Currently, the research on the identification of
the inhibition mechanisms and optimization of

restoration of the oxygen-evolving complex
continues.
ACKNOWLEDGMENTS

This work was supported by the Science
Development Foundation under the President
of the Republic of Azerbaijan — Grant Ne EIF-
BGM-4-RFTF-1/2017-21/20/3, and by the
Presidium of Azerbaijan National Academy of
Sciences — Grant dated on 15.03.2017.

REFERENCES

Ago H., Adachi H., Umena Y. et al. (2016) Novel
features of eukaryotic photosystem II revealed by
its crystal structure analysis from a red alga. J.
Biol. Chem., 291: 5676-5687.

Barber J. (2009) Photosynthetic  energy



Hasanova et al.

conversion: Natural and artificial. Chem. Soc.
Rev., 38: 185-196.

Barber J. (2006) Photosystem II: An enzyme of
global significance. Biochem. Soc. Trans., 34:
619-631.

Barber J., Tran P.D. (2013) From natural to
artificial photosynthesis. J. Royal. Soc. Interface,
10: 1-16.

Berthold D.A., Babcock G.T., Yocum C.F.
(1981) A highly resolved, oxygen-evolving
photosystem Il  preparation from spinach
thylakoid membranes. FEBS Lett., 134: 231-234.

Boussac A., Rutherford A.W. (1994) Electron
transfer events in chloride-depleted photosystem
II. J. Biol. Chem., 269: 12462-12467.

Brudvig G.W. (2008) Water oxidation chemistry
of photosystem II. Philos. Trans. R. Soc. B, 363:
1211-1219.

Chen C., Kazimir J., Cheniae G.M. (1995)
Calcium modulates the photoassembly of
photosystem II (Mn)s cluster by preventing
ligation of nonfunctional high-valence states of
manganese. Biochemistry, 34: 13511-13526.

Debus R.J. (1992) The manganese and calcium
ions of photosynthetic oxygen evolution. Biochim.
Biophys. Acta, 1102: 269-352.

Dismukes G.C., Brimblecombe R., Felton G.A.N.
et al. (2009) Development of bioinspired Mn4Os-
cubane water oxidation catalysts: Lessons from
photosynthesis. Acc. Chem. Res., 42: 1935-1943.

Ferreira K.N., Iverson T.M., Maghlaoui K. et al.
(2004) Architecture of the photosynthetic oxygen-
evolving center. Science, 3003: 1831-1838.

Ghanotakis D.F., Babcock C.T., Yocum C.F.
(1984) Calcium reconstitutes high rates of oxygen
evolution in polypeptide depleted photosystem II
preparations. FEBS Lett., 167: 127-130.

Hamarstrom L., Styring S. (2008) Coupled
electron transfers in artificial photosynthesis.
Philos. Trans. R. Soc. B, 363: 1283-1291.

Kanady J.S., Tsui E.Y., Day M.W., Agapie T.
(2011) A synthetic model of the Mn3;Ca subsite of
the oxygen-evolving complex in photosystem II.
Science, 333: 733-736.

Klimov V.V., Klevanik A.V., Shuvalov V.A.,
Krasnovsky A.A. (1977) Reduction of
phepphytin in the primary light reaction of
photosystem II. FEBS Lett., 82:183-186.

Klimov V.V., Krasnovskii A.A. (1981)
Pheophytin as the primary electron acceptor in
photosystem 2 reaction center. Photosynthetica,
15: 692-609.

Kok B., Forbush B., McGloin M. (1970)
Cooperation of charges in photosynthetic O,
evolution. I. A linear four-step mechanism.
Photochem. Photobiol. 11: 457-475.

MacKinney G. (1941) Absorption of light by
chlorophyll solutions. J. Biol. Chem., 140: 315-
322.

McConnell I, Li G., Brudvig G.W. (2010)
Energy conversion in natural and artificial
photosynthesis. Chem. Biol., 17: 434-447.

Miller A.-F., Brudvig G.W. (1989) Manganese
and calcium requirements for reconstitution of
oxygen-evolution activity in manganese-depleted
photosystem II membranes. Biochemistry, 28:
8181-8190.

Miyao M., Inoue Y. (1991) Enhancement by
chloride ions of photoactivation of oxygen
evolution in manganese-depleted photosystem II
membranes. Biochemistry, 30: 5379-5387.

Muh F., Zouni A. (2011) Light-induced water
oxidation in photosystem II. Front. Biosci., 16:
3072-3132.

Olesen K., Andreasson L.-E. (2003) The function
of the chloride ion in photosynthetic oxygen
evolution. Biochemistry, 42: 2025-2035.

Sandusky P.O., Yocum C.F. (1986) The chloride
requirement for photosynthetic oxygen evolution:
factors affecting nucleophilic displacement of
chloride from the oxygen-evolving complex.
Biochim. Biophys. Acta, 849: 85-93.

Ugur 1., Rutherford A.W., Kaila V.R.L. (2016)
Redox-coupled substrate water reorganization in
the active site of photosystem II — The role of
calcium in substrate water delivery. Biochim.
Biophys. Acta, 1857: 740-748.

Umena Y., Kawamaki K., Shen J.R., Kamiya N.
(2011) Crystal structure of oxygen evolving
photosystem II at an atomic resolution of 1.9 A.
Nature, 473: 55-60.

Volker M., Ono T., Inoue Y., Renger G. (1985)
Effect of trypsin on the PSII particles. Correlation
between Hill activity, Mn-abundance and peptide
pattern. Biochim. Biophys. Acta, 806: 25-34.

Vrettos J.S., Stone D.A., Brudvig G.W. (2001)
Quantifying the ion selectivity of the Ca*’ site in
photosystem II: Evidence for direct involvement
of Ca® in O, formation. Biochemistry, 40: 7937-
7945.

Zouni A., Witt H.-T., Kern J. et al. (2001) Crystal
structure of photosystem Il from Synechococcus
elongatus at 3.8 A resolution. Nature, 409: 739-
743.

23



Reactivation of the Oxygen-Evolving Function of Photosystem Il

Hidroksilaminls inhibirlosmis Fotosistem II Kompleksinin Oksigen
Ayirma Funksiyasinin Barpasi

A. M. Hosanova', U. Y. Valiyeva', Y. M. Feyziyev'>

' AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Fotobioenergetika laboratoriyasi
2 AR KTN Okingilik Elmi Todgiqat Institutunun Bitki fiziologiyasi va biotexnologiya sobasi

Fotosistem II (FS II) kompleksinda, suyun oksidlasdiyi katalitik moarkozin Mn-klasteri hidroksilaminla
ekstraksiya olunaraq, oksigen ayirma foallig1 inhibira edilmisdir. Ekzogen Mn*" alavo olunduqda inhibirs
olunmus kompleksin oksigen ayirma foallig1 foto-aktivlosmo yolu ilo gismon barpa olunmugdur. Reaksiya
miihitindoki Ca*", CI" vo H' ionlarinin miqdarinin, barpa prosesine tosiri dyronilmisdir. Alinmis naticolor
FSII-nin is prinsiplerine osaslanan siini enerji geviricilorinin islonib hazirlanmas1 ve siini fotosintez
tadqiqatlari ti¢iin shamiyyatli ola bilar.

Acgar sozlor: Fotosistem 11, molekulyar oksigen, hidroksilamin, Mn klasteri, kalsium, xlorid, pH

BoccranoBienue Kucnopoasoiaensiomeiit @ynxkunu ®orocucremsl 2, UHrudoupoBanHoi
I'mapokcujiaMuHoM

A.M. I'acanoBa', V.51. Beanena!, SI. M. ®eiizuen'>

U llabopamopus homobuosnepezemuxu Uncmumyma monexkyiapHoul 6uono2uu u
ouomexnonoeuti HAH Azepbatioxcana
2Omoen ¢usuonozuu pacmenuti u buomexnonozuu Hayuno-ucciedosamenvckozo
uncmumyma 3emneodenus MCX Azepoatioscanckoti Pecnyoauxu

Brinenenne kuciopoma komruiekcoM doTtocructeMbl 2 (DC-2) MHTHOMPOBAIOCH IOCHE DKCTPAaKIUd Mn-
KJIacTepa IEHTpa OKHCIeHHs BOAbl. Ilocme noGaBieHHs SK30reHHOro Mn?’| aKTMBHOCTB BBIIENEHHS
KHCIopoa MHrHOUpoBaHHOW DC-2 4acTHYHO BOCCTAHABIMBANACH B IMpoliecce (GoToakTuBanuu. M3ydueHo
piusHMe WoHoB Ca’’, ClI° m H', mnpucyTCTBylOmMX B pEaKkIMOHHOH cpele, Ha BOCCTAHOBJICHHE
kucioponseiensitoneld  aktuBHoctn @®C-2. PesynbraThl MOrYT OBITH TIOJNE3HBIMH JJISI  pa3pabOTKU
HCKYCTBCHHBIX IpeoOpa3oBaTeliell 3HEPTMM HA OCHOBE NPUHIMIOB (yHKIMoHUpoBaHus DC-2 wu s
HCCIIEIOBAHUS HCKYCCTBEHHOTO (JOTOCHHTE3A.

Knioueevie cnosa: @omocucmema 2, MONEKYIAPHBIUL KUCIOPOO, SUOPOKCUNAMUH, MAPeaHyesblil Kiacmep,
Kkanvyu, xnop, pH
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QOutlier Detection in Atomic Temperature Factor - B Value Distribution
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Several methods for outlier detection in Atomic Displacement Parameters — B value is applied to one
particular macromolecular structure. It is demonstrated that outliers in B values give good indication
errors in the atomic models. In this particular example it is demonstrated that a hypothesis that atomic
B values distribution is shifted inverse gamma distribution. Removal of outliers from the set of B values
improves the estimation of the parameters of the distribution. Local outliers in B values indicate errors
in atomic models: validity of the assumption that neighbouring atoms must have similar B values has
been verified. It is expected that local and global outlier detection program and modelling of B values
as inverse gamma distribution will help to select the reliable atomic models. We suggest that such outlier
detection and modelling should be part of model building and refinement of macromolecular structures
using crystallographic diffraction data and single particle cryo electron microscopy maps.

Keywords: Macromolecules, validation, macro-molecular crystallography, outlier detection, inverse gamma

distribution

1. INTRODUCTION

There are three main methods to derive atomic
models of biological macromolecules (Berman et al.,
2012; Cavagnero, 2003): crystallography, electron
microscopy and nuclear magnetic resonance (NMR)
(Rupp, 2010; Frank, 2006; Clayden et al., 2001).
Both crystallography and electron microscopy use
scattering of particles whereas NMR uses various
spectroscopic measurements to derive structural
information. Atomic models are derived using
software packages that use different assumptions
about the nature of experiment as well as molecules
under study. The resulting atomic structures should
be considered as statistical models and they have to
be validated using as independent as possible
validation tools (Rupp, 2010; Papageorgiou,
Mattsson, 2014; Henderson et al., 2012). Validations
must be done against experimental data as well as
against prior knowledge about macromolecules.
There is a number of software tools dealing with the
problem of validation of atomic structures (Chen et
al., 2010). In this work we would like to address one
of the problems standard validation programs
usually ignore — validation of atomic displacement
parameters (ADP). After all, if atomic displacement
parameters can indicate the level of accuracy of
atomic positions, validation of atomic positions and
interatomic  distances  should be adapted
accordingly; there is no point of validating wrong
atoms against chemical and structural information.

In crystallography and electron microscopy
studies of molecules observed densities are modelled

as a sum of Gaussians centred at the atomic positions
(Rupp, 2010):

N
OEDWACTED
with: =

NGauss Cii
(x) = A -
pl( ) 2121 (27T(ui+uij)3/2

|x?

e_z(ui+ui]-) (1)

Where u; is the property of the observed atoms in the
molecule, u;; are properties of chemical elements or
atom types. Each atomic type is described by Ngauss
Gaussians, usually Neuss = 5. ¢; are weights of
Gaussians. x; are vectors of atomic positions, x is a
vector of position in the three-dimensional space.
These models, although are approximations to true
densities, work sufficiently well in practice. They do
not account such fine electronic details as bonding
electrons or charge redistribution as a response to
interactions with the environment. p(x) has different
meaning for different scattering methods: if X-rays
are used then p(x) is the electron density, if
electrons are used then it is the electrostatic potential
of the molecule. As it can be seen from the formula
when u; becomes large then the density
corresponding to this atom become smeared out or
blurred. If different atoms have wildly different
ADPs then it can be expected that these atoms will
have very different densities corresponding to their
ADPs. If ADPs would represent only oscillation of
atoms around their centre then it would reflect the
relative mobility of atoms. In general, it can be
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expected that oscillations are different in different
directions resulting in anisotropic ADPs. In this
work we consider only isotropic ADPs.

Fourier space counterpart of the expression (1)
is:

F(s) = 2?:1fi(S)e—ZHZui|s|2/4e—2msxi 2)
Where F(s) is the Fourier transformation of the
density, s is the vector of positions in the Fourier

space, f; is the scattering factor of the atom:
Ngauss

fl(s) = z Cije—ZTL'Zuij|S|2
j=1

In both representations we essentially assume that
the contribution from atoms to the density is
convolutions of Gaussians describing atomic
mobility or uncertainty and atoms at rest.
Uncertainty associated with the Gaussians is called
atomic displacement parameters. There are several
contributors to the ADP including: 1) dynamic and
static disorder in crystals that combine such factors
as atomic mobility, crystal lattice disorder: 2) errors
in atomic positions, these have the effect of
increasing atomic displacement parameters to
compensate for errors in the atomic positions; 3)
misidentified atom types, this can either increase or
decrease ADPs. It would be very difficult to
disentangle these contributions without additional
information, therefore when dealing and trying to
interpret atomic models with the models from the
PDB we have to bear this in mind.

Since every atom 1is linked with the
neighbouring atoms either via covalent bond or via
non-bonding interactions we can assume that
neighbouring atoms have similar oscillation, if they
deviate from each other too much then such atoms
should be considered as suspicious and they must be
revised with care using the observed/estimated
density. It should also be mentioned that ADPs of
atoms define their relative contribution to the Fourier
coefficients via Debye-Waller factor (Debye, 1913)
which essentially states that this contribution can be
described as a Gaussian in three-dimensional space.

Since ADPs are directly related to the
oscillation or uncertainties of the atoms which are
modelled as Gaussian that means that ADPs are
proportional to the second central moments or
variance of the normal probability distribution. In
Bayesian statistics it is usual to model the
distribution of variances of the normal distribution
as an Inverse Gamma distribution (Witkovsky, 2001;
Cook, 2008). This distribution has been used
successfully as natural conjugate priors for Bayesian
modelling of data with Gaussian population
distribution (Murphy, 2007).

Since B values are related to the errors in the
atomic model they sometimes are used to select
reliable set of atoms for further analysis (Chen et al.,
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2010), therefore it is important to design a procedure
that would allow reliable detection of atoms with
unusual ADPs; if ADP is too high then it is likely
that this atom has been wrongly placed, if it is too
small then this atom may have been misidentified,
i.e. it might be heavier than that in the PDB file.

In this paper we will describe several outlier
detection algorithms for isotropic ADPs for a single
entry from the PDB. We will discuss the global and
local outliers. We will also demonstrate that removal
of outliers improves the estimation of the parameters
of shifted inverse gamma distribution proposed as a
model for B value distributions.

2. METHODS

There is a number of outlier detection methods
described in the literature (Barnett, 1994; Iglewicz,
1993; High, 2000). In this paper we will discuss the
methods we managed to use successfully for
analyses of ADP distribution.

Tukey’s box and whisker plot method (Hartwig,
1979): It is a widely used method in descriptive and
exploratory statistical data analysis. In this method
such statistics as the median, 1* and 3™ quartile,
lower and upper extreme values are plotted on the
same plot. Such plots help to visually inspect the
data and see if there are outliers. Tukey's rule of
determining outliers consists of the following steps:
1) calculate the interquartile range as IQR = 3™
quartile— 1% quartile; 2) calculate the upper fence as
UpperFence = 3™ quartile + k*IQR; 3) calculate the
lower fence as LowerFence = 1* quartile — k*IQR.
Points that fall below the lower or above the upper
fence are considered outliers. Here k is a factor used
to identify outliers with various severities: k=1.5 is
used for “mild” and k=3 is used for “extreme”
outliers. In our application we need to remove only
extreme outliers.

Z-score: Another standard method is Z-score
(Shiffler, 1988) that is used to detect outliers in the
data with using standard deviation and mean. For
each data point Z values are calculated using the
formula:

Zi — x;;x

where X and sd are the and standard deviation of the
data. Z-scores with an absolute value greater then k
are generally considered as outliers. Usually k=3 is
taken as default which works in practice sufficiently
well. In this paper Z-score method was used with the
parameter k=3. This method is not robust to outliers,
existence of outliers affects the mean and the
standard deviation calculated from the sample.
Moreover this method works well with the data
points sampled from the population with symmetric
distribution.

Modified Z-score:

Iglewicz and Hoaglin
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(Iglewicz, 1993) recommend using:
0.6745(x; — %)
L MAD

where ¥ and MAD are the median and the median
absolute deviation respectively. MAD is the median
of the absolute differences between the data points
and the median of the data. These statistics are often
used in robust statistical estimations: median
replaces the mean and MAD replaces the standard
deviation. If the population from which the data have
been drawn has the normal distribution then median
is equal to the mean and MAD/0.6745 is equal to the
standard deviation (Venables, 1999). Although the
authors recommend that modified Z-scores with an
absolute value of greater than k=3.5 to be considered
outliers, in practice to detect outliers with various
severity different values of k should be used.

For local analysis first for each atom the list of
its neighbours was calculated using the efficient cell
algorithm (Mattson, 1999). For this 4.2A radius was
used, although the radius is a tuneable parameter.
Then for each atom B values of its neighbourhood
was analysed.

3. RESULTS

3.1. Global analyses and outliers. B values of
the macromolecular structures are proxies for atomic
mobility as well as errors in the model. The
modelling of the B value distribution is important for
understanding of fundamental properties of
positional errors and atomic mobility. They can also
be used for outlier detection and in future for map
calculation. As it was mentioned in [Masmaliyeva,
Murshudov 2017, Dauter 2006], the distribution of
B values can be approximated by a shifted Inverse
Gamma (IG) distribution. In this paper, as an
example we used the protein structure with the PDB
code 4XKT (resolution 1.82, R factor 0.17, Rfree
0.19) [Bradley et.al. 2015]. Since it is likely that the
structures in the PDB have been under-refined,
before any further analysis such as outlier removal
and estimation of the parameters of the distribution,
the structure was re-refined using the maximum
likelihood refinement program Refmac5
(Murshudov et al., 2004) from the CCP4 (Wimm et

al., 2011). We applied above described methods to
determine outliers and to calculate the parameters of
the distribution before and after removal of outliers.
The results of the estimations are given on Table 1.
Figure 1 illustrates the histogram and the fitted
density plot of the initial B value distribution of the
protein structure. Figure 1 and Table 1 show that the
initial distribution has a long right tail and low shape
parameter respectively. As it was mentioned in
(Masmaliyeva, Murshudov, 2017) the shape
parameter alpha should be around 3.5.

In Tukey's method for detection of “mild”
outliers determined with the factor = 1.5 are too
sensitive for B value distribution as shown in the
Table 1 and Figure 2 (a). As it is described in (High,
2000; Hartwig, Dearing, 1979), for asymmetric
distributions, data values below InnerFence are not
always outliers and the values higher than
OuterFences are almost always outliers.

It is known (Leys et al., 2013) that the methods
based on median absolute deviation instead of mean
and standard deviation are more robust to outlier
methods because median and median absolute
deviation themselves are not affected by few outliers
in contrast to mean and standard deviation. Median
is robust to 50% outliers meaning that its breakdown
point is at 50%, MAD is robust to up to 40%. In our
application the method using standard Z-score
method seems to give more sensible answers. The
reason for this will be a part of future detailed
analysis.

The number of outliers detected with each
method mentioned above is given on Table 1. There
are 610 atoms with outlying B value which is
detected by all methods mentioned above. In respect
that these atoms were detected by all considered
methods, we expect them to be true outliers. Figure
5 drawn by the model building program Coot
(Emsley, 2010) shows the electron density of two the
amino acid residues detected as outliers. It is clear
there is no electron density for these atoms
indicating that these residues have been modelled
incorrectly. There are just 51 B values which
determined as an outlier by just one method and all
them are results of Tukey’s method with k=1.5
factor. This means that k=1.5 is very low and should
be treated carefully.

Table 1. Number of outliers detected with different methods in B value distribution of 4XKT protein

4XKT gllllrtlillf:: Bo |Min| Max | Mean |Median |Variance| Skewness Kurtosis| 1st Q | alpha | beta
Initial distribution -- 5.356 |5.94(131.33]| 15.98 | 12.35 154.3 4.52 27.65 |10.26 | 2.77 |17.89
Tukey’s method (factor=1.5) 1271 | 4.828 [5.94[26.78 | 13.22 | 11.96 | 17.621 1.11 3.64 |10.12 | 4.5 [30.23
Tukey’s method (factor=3) 610 4.9 5.94|36.68 13.96 | 12.16 | 29.99 1.63 5.64 10.2 | 3.87 |26.45
Z-score method 383 5.01 |5.94|5324 1439 | 1222 | 42.16 2.22 9.36 | 10.22 | 3.54 |23.99
Modified Z-score method 819 4.86 |5.94]32.66 | 13.7 | 12.09 | 24.76 1.43 4.86 |10.17 | 4.1 |27.94
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and (b) k=3. score method
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3.2. Local analysis and outlier detection. When
atoms are incorrectly placed, the atomic B values
become much larger than those of neighbouring atoms,
reflecting errors in the model. It is generally expected
that neighbouring atoms should have similar B values
in regions where modelled atoms are positioned
accurately. If neighbouring atom have wildly different
B value after refinement, then it usually means that
some of the atoms are either 1) in the wrong place; or
2) incorrectly parameterised, for example, occupancies
and/or element types for some of the atoms are wrong
(Masmaliyeva, Murshudov, 2017).

To detect outliers of atoms in their local
environment modified standard deviation was used.
As it is mentioned above Sdmogifiea ® MAD/
0.6745 was used. In the local analysis we detected
4117 atoms with outlying value of B factor value.
The largest outlier with B value
98.965dmogifiea corresponded to OEl of 157"
GLU residue of the chain D (Figure 5 b). In Figure 6
residues with a local outliers described in ball-and-
stick mode. With 4.2 radius and modified SD 10.7,
4117 atoms with outlying B value were detected.

(b)
Fig. 5. Electron density of some residues containing an
atom with outlier B value. (a) 39" residue ARG of A
chain; (b) 157" GLU residue of D chain. This figure
was drawn using coot [Emsley 2010] (Map sigma =
0.343415).

o PP ISSIARGINHE

(@)

g
W/1STIGLUNOEL

(b)

Fig. 6. Examples of local outliers; electron density of K and J chains
of the protein 4XKT with labelled “outliers”.
This figure was drawn using ccp4mg (Nicholas, 2011) (Map sigma = 0.49).
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4. CONCLUSION AND FUTURE
PERSPECTIVES

Outliers are the data points which strongly
deviate from the centre of the distribution. In this
paper, global and local B value outliers of three-
dimensional structures of macromolecules are
discussed. Outliers of B values in a structural model
indicate errors and/or misinterpretation of the
scattering data during model building and
refinement. Several outlier detection techniques
have been used. These are Tukey’s boxplot, Z-score
and modified Z-score methods. Removing the
extreme values of B values improves statistical
estimation of the B value distribution — shifted
inverse gamma distribution. B value outlier
detection should be used as a part of model building
and refinement. It will ensure that atoms are
positioned correctly resulting in more accurate
atomic models that are usually used for drug design
and bioinformatics analysis purposes.

When B values are larger than that of the rest of
the atoms then it means that either these atoms are in
wrong place or wrongly parametrized. However,
during refinement of atomic models using scattering
data it is better to assume that the B-values reflect
atomic mobility. Therefore, in such cases it is better
to restrain the B-values of neighbour atoms to be
similar to each other. If they differ wildly it is usually
an indication that model contains errors; these errors
should be detected and corrected during modelling
stage — if it is done on time and with care then
accuracy of the resulting atomic models can be
increased substantially.

The results of this paper will in future be
implemented in a python language based program
and distributed to the structural biology community
to help them to correct atomic models during model
building and refinement.

In future we also plan to extend of B value
analyses for modelling of the distributions and
detection of outliers for anisotropic B value cases. It
seems that by analogy with the isotropic B value
distribution the distribution of anisotropic B values
should be modelled using the inverse Wishart
distribution [Haff 1979] which is used as conjugate
priors for multivariate normal distribution. We will
also design new methods for anisotropic B value
outlier detection: one potential candidate for this is
BACON algorithm (Nedret, 2000) which seems to
be able to detect with sufficient accuracy outliers in
multivariate data.
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Atomik Temperatur Faktoru — B Qiymati Paylanmasinda Autlayerlorin Axtarisi
R. C. Masmaliyeva', Q. N. Miirsiidov'?

! AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun
Hesablama struktur biologiyast laboratoriyasi
2 Tibbi Tadgiqatlar Surasinin (TTS) Molekulyar Biologiya Institutu, Kembric, Boyiik Britaniya

Bu moqalodo atom yerdoyismo parametrlorinds (AYP) vo ya B qiymatlorine uygun olan ehtimal
paylanmasindan konar giymotlori — autlayerlori miioyyon edon bir nego iisul bir ziilal qurulusuna todbiq
olunmusdur. Bu maqalada gostarilir ki, bels kanar qiymatlor atom modelinds olan sohvlari miiayyan etmaya
komoak edir. Bundan oslave AYP-lorin siirligon tors gamma paylanmasina uygun olmasi hipotezi ds bir ziilal
tadbiq ilo tosdiqlonmisdir. Biz gostordik ki, AYP-do olan kenar qiymeotlorin aradan gotiiriilmosi ehtimal
paylanmasinin parametrlorinin qiymatlorinin doqiqliyini do artirir. AYP-daki lokal kenar qiymatlor bu ziilal
qurulusunda olan sohvlerin harada oldugunu gostarir. Galocokds kenar giymatlorin tapilmasi nisbaton yaxst
ziilal qurluslarinin segilmosine do kdmok edacok. Bundan slave agor bu program kristallografiya vo tok
hissacik cryo elektron mikroskopiyasi vasitasi ilo model qurulmasi morholosinds istifads edliorso onda alinan
modelin etibarliligi daha yiiksok olar.

Acar sozlor: Makromolekullar, validasiya, makro-molekulyar kristallografiya, autlayet axtarisi, tars gamma
paylanmasi

Oo0napy:xenne BoiOpoca B AtomHOM Temneparypaom dakrope - Pacnipenenenus 3nauenus “B”
P.Y. Macmanuena ! u I'.H. Mypmynos 2

! Jlabopamopus eviuuciumensroti cmpykmyproii 6uonozuu Hucmumyma monexkyisapHoll
ouonoeuu u 6uomexnonoaui HAH Azepbaiioscana
2 Unemumym monexynaproti 6uonoeuy CoBeTa 1o MeJUIMHCKUM uccnenoBanusm (MRC),
Kembpuoow, Beruxobpumanus

Heckonbko mMeTomoB oOHapyKeHHsI BHIODOCOB B TapaMeTpax aTOMHOTO CMEIIeHHs - 3HadeHus B Obun
MIPUMEHEHBI K OHON KOHKPETHOW MaKpOMOJIEKYJISIpHOH cTpyKType. [lokazaHo, yTo BEIOPOCH! B 3HAYEHHIX
“B” yKka3bIBaIOT Ha OLIMOKH B @aTOMHBIX MOAETISX. DTOT KOHKPETHBIM IPUMEDP AOKA3bIBAET BEPHOCTh THITOTE3bI
0 CKOJIB3sIIIIeM O0paTHOM ramma-pacrpeaelieHnn 3HadeHnid “B”. Y nanenune BrIOpocoB n3 Habopa 3HaUYeHUH
“B” ymydmiaeT OIEHKY MapaMeTpoB pacupeneiacHus. JIoKkalbHbIE BEIOPOCH B 3HAUCHUAX B ykaspiBaroT Ha
OIMOKHM B aTOMHBIX MOJiessiX. HaMu Obliia mpoBepeHa CrpaBeTMBOCTD MPEIOI0KEHUS O TOM, YTO COCEIHUE
aTOMBI JIOJDKHBI UMETh OJMHAKOBbIe 3HaueHus “B”. Oxumaercs, 4To JOKadbHasl U TI00aNbHAS TPOTrPaMMBbI
00HapyXKeHHs BBHIOPOCOB M MOJEIMPOBaHHE 3Ha4UeHUi “B” B kKauecTBe 0OpaTHOTO TaMMa-paclpeIeiIcHIs
MOMOTYT BBIOpaTh HAJEKHBIE aTOMHBIE Mozend. Mbl mpeamnosnaraeM, 4To Takoe OOHapyKeHHe |
MOJICIMPOBAHNE BHIOPOCOB JIOJKHO OBITH YACThIO MOCTPOCHUSI MOJENU M YTOUHEHHS MaKpOMOJICKYJISIPHBIX
CTPYKTYp C WCIIOJIb30BaHHWEM JaHHBIX KPHCTAIOTpaduueckoil mudpakuu W KapT OJHOAIEKTPOHHOMH
KPHO3JIEKTPOHHON MHUKPOCKOIIHH.

Knioueswie cnosa: Maxpomonexynvl, sanuoayus, MakpoMoneKyIapHas Kpucmaniozpagus, ooHapyicernue
8b10pOCO8, 0Opamuoe 2amma-pacnpeoeieHue

32



Proceedings of ANAS (Biological and Medical Sciences), vol. 73, No 2, p. 33-41 (2018)

The PlantProm: A Database of Plant Promoter Sequences (Release 2016)
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Knowledge on promoter sequences and their characteristics is crucial for improving our basic
understanding of gene regulation. In 2003, we launched the PlantProm database of 305 plant proximal
promoter sequences for RNA polymerase II with experimentally determined transcription start site
(TSS). Here, we present a new release of the PlantProm database that contains 576 entries including
150, 403 and 23 promoters of monocot, dicot and other plant genes, respectively, as well as high-
throughput annotated and predicted promoters for five plant genomes. The database provides DNA
sequences of promoters and their taxonomic/promoter type classification, occurrence of sequence motifs
of known plant transcription factor binding sites in promoters, Nucleotide Frequency Matrices for two
important promoter elements as TATA-box and Initiator element. In addition, the database includes
computationally predicted TSS for 22,257 genes of Oryza sativa, 23,334 genes of Zea mays, 18,226 genes
of Medicago truncatula, 38,702 genes of Glycine max and 11,037 genes of Vitis vinifera. The PlantProm

DB is publicly available on http://www.softberry.com/plantprom2016/.

Keywords: RNA polymerase 11, plant promoter, transcription start site, database, promoter elements

INTRODUCTION

Promoters occupy genomic regions upstream of
and around transcription start site (TSS).
Information on promoter sequences is fundamental
for interpreting gene expression patterns, and
constructing and understanding genetic regulatory
networks. Transcription factor (TF) binding sites
(TFBSs) that define specificity and rate of
transcription are positioned in both proximal and
distal promoter regions; TFBSs responsible for TSS
selection are mostly localized in the proximal
promoter, within a hundred nucleotides around the
TSS (for review see: Solovyev et al., 2010;
Hernandez-Garcia and Finer, 2014; Roy and Singer,
2015). To date, we are still far from complete
understanding of genome architecture and functions.
Experimental and computational approaches to this
problem face significant challenges such as: (a) the
mechanisms determining transcriptional status of
gene(s) and choice of TSS are still mostly unclear
and depend on cell/tissue type, developmental stage
and environmental signals (Verona et al., 2008; Zou
et al., 2008); (b) Experimental identification of TSSs
is still quite expensive and time-consuming; (c)
development of computational tools for predicting
TSS(s) requires representative learning sets of
experimentally validated promoters, but these data
are still very limited (Hernandez-Garcia and Finer,
2014; Roy and Singer, 2015).

There are two types of available plant

promoter collections: (1) Sets of promoters with
TSS(s) determined by the genome-wide mapping of
full-length cDNAs (FL-cDNA) and/or 5’-end
tagging approaches, as CAGE, 5’-SAGE and TEC-
RED (for review see Harbers and Carninci, 2005),
presented in plant promoter databases (DB) such as
RARGE DB (Sakurai et al., 2005; Akiyama et al.,
2014) and ppdb (Yamamoto and Obokata, 2008;
Hieno et al., 2014). In particular, the FL-cDNA
technology provides valuable information on
transcriptional units and facilitates identification of
TSSs (Seki et al.,, 2002; Kikuchi et al., 2003;
Ogihara et al., 2004; Sato et al., 2009; Soderlund et
al.,, 2009; Matsumoto et al.,, 2011; Fukami-
Kobayashi et al., 2014). (2) Sets of promoters with
TSS(s) identified by direct experimental
approaches, as the primer extension assay (Carey et
al., 2013) and 5’-RACE (Rapid Amplification of
cDNA Ends) assays (Scotto—Lavino et al., 2006),
collected in Eukaryotic Promoter Database (EPD;
Dreos et al.,, 2013, 2015) and PlantProm DB
(Shahmuradov et al., 2003). EPD was the first
representative collection of eukaryotic RNA
polymerase II (Pol II) promoters with TSS(s)
identified by direct experimental approaches (Praz
et al., 2002). However, human and animal
promoters prevail in this collection. Promoters of
only two plant species, Arabidopsis thaliana and
Zea mays, are currently represented in EPD (Dreos
et al., 2013, 2015).

The latest release (version 3.0) of the ppdb
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(Hieno et al., 2014; http://ppdb.agr.gifu-
u.ac.jp/ppdb/cgi-bin/index.cgi) is the biggest source
on TSS positions for plant species, providing
information on experimentally mapped TSSs of four
plant species, as Arabidopsis, rice, poplar and moss
(Physcomitrella patens). In particular, the ppdb
contains TSS information for all Arabidopsis
(27,206) and 12,535 (out of 32,325) rice protein-
coding genes annotated in these genomes. However,
our analysis of these TSS positions relative to the
start points of the annotated coding DNA sequences
(CDS) indicates that in some cases the distance
between TSSs and CDS start positions is less than 10
base pairs (bp). In particular, we revealed 7,878
(~29%) and 1,554 (~13%) such “TSS-CDS” pairs in
Arabidopsis and rice, respectively. Although the
minimum length of 5’-untranslated region (UTR) for
mRNAs remains unknown, many studies conclude
that 5’-UTR should be longer than 20 bp for the
efficient binding of ribosomes and initiation of
translation (Li and Wan, 2004; Chen et al., 2011;
Kim et al., 2014; Hinnebusch et al., 2016). So, our
findings indicate that some subset of TSSs collected
in the ppdb remains to be verified in future studies.

With  the development of advanced
experimental techniques, significant progress has
been made in the genome-wide identification of
promoters/TSSs and analysis of gene regulatory
sequences (for review see Mundade et al., 2014;
Suryamohan and Halfon, 2015; Levati et al., 2016).
Recently, Geng et al. (2014) developed a high-yield
screening system in peanut by establishing a simple
digital expression profile based on Illumina
sequencing that allows, in particular, tissue-specific
promoter cloning. However, TSSs identified by
these techniques lie only approximately around the
real start points of transcription and, therefore,
remain to be verified by the other more precise
methods such as 5’-RACE (Shiraki et al., 2003;
Hashimoto et al., 2004). Therefore, such promoter
collections are not suitable for retrieving position-
specific promoter features adjacent to the TSS,
which is often exploited in computational tools for
TSS prediction. To date, the most accurate promoter
prediction programs (e.g. see: Shahmuradov et al.,
2005; Anwar et al., 2008) have been developed by
using promoter sets from PlantProm DB and/or EPD
databases that include experimentally verified exact
TSS positions.

Previously, we developed PlantProm DB
collecting 305 experimentally verified plant Pol II
promoters from many published sources
(Shahmuradov et al., 2003). It has been used to study
a variety of plant biology problems, which include
investigating differential expression of soluble
pyrophosphatase isoforms in Arabidopsis (Oeztuerk
et al., 2015), cis-regulatory elements in plant cell
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signaling (Priest et al., 2009), a functional role for
DNA methylation in transcription (Aceituno et al.,
2008) and transcription of nuclear organellar DNA
in plants (Wang et al., 2014), as well as many studies
of  computational  promoter  identification
(Shahmuradov et al.,, 2005; Pandey and
Krishnamachari, 2006; Gan et al., 2009; Tatarinova
et al., 2013). All these results demonstrate the
importance of our promoter collection.

Here we present a new release of PlantProm DB
with 576 experimentally verified promoter
sequences, enlarging our collection of 305 promoters
from the first release. We provide a structural
classification of these promoters and Nucleotide
Frequency Matrices (NFM) for their important
functional elements, such as TATA box and Initiator
element (INR). Applying TSSPlant promoter
prediction program (see its description below), we
performed the genome-wide search of putative TSSs
for protein-coding genes from 5 plant species (Oryza
sativa, Z. mays, Medicago truncatula, Glycine max
and Vitis vinifera). Results of these studies are
included in this release of the PlantProm DB.
Moreover, the new release contains information on
statistically significant motifs of 3,032 known plant
TFBSs found in 576 experimentally verified
promoter sequences and in [-1000:+101] promoter
regions of 113,556 genes of 5 plant genomes. At last,
we significantly improved the DB interface and its
search capabilities.

METHODS

To collect plant promoters with TSS position
validated by direct experiments, such as primer
extension and 5’-RACE assays, we applied essentially
the same rules as described previously (Shahmuradov
et al, 2003). To select non-redundant promoter
sequences, we used BLAST program (Altschul et al.,
1997) for pairwise comparisons of [-50:+1] promoter
regions and kept only promoters showing less than
90% sequence homology in these regions.

To classify promoter sequences into the TATA
and TATA-less promoters, as well as to compute
NFMs for TATA and INR elements, we applied the
Expectation Maximization (EM) algorithm (Cardon
and Stormo, 1992). Details of EM algorithm for this
task were described previously (Shahmuradov et al.,
2003).

To predict putative TSSs in genomic sequences
we applied novel promoter prediction tool, TSSPlant
(Shahmuradov et al., 2017). TSSPlant predicts both
TATA and TATA-less promoters in sequences of
wide spectrum of plant genomes. It demonstrated
significantly higher accuracy compared to other
known and available promoter prediction programs,
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including TSSP program, trained on previous
version of PlantProm DB
(http://www.softberry.com/berry.phtml). TSSPplant
tool is now available for online running
(http://www.softberry.com/berry.phtml?topic=tsspl
ant&group=programs&subgroup=promoter).

For genome-wide search of putative promoters
(TSSs) in higher plants we selected protein-coding
genes of 5 species: monocots O. sativa, japonica
(35,655 genes; genome assembly IRGSP-1.0) and Z.
mays (36,988 genes; genome assembly AGPv3),
dicots M. truncatula (47,202 genes; genome
assembly MedtrA17 4.0), G. max (53,151 genes;
genome assembly v1.0) and V. vinifera (26,118
genes; genome assembly IGGP_12x) from Ensembl
genome browser annotation system
(http://plants.ensembl.org/info/website/ftp/index.ht
ml). For promoter analysis only genes with
annotated 5’-UTR length of 20 bp or more were
selected. If the selected gene had several gene
(mRNA) start points, we consider further only a
variant with the longest 5’-UTR. For promoter
search we extracted [-1000:+101] regions from the
above selected genes, where +1 corresponds to the
gene annotated start position. In total, we obtained [-
1000:+101] regions for 22,332, 23,467, 18,227,
38,718 and 11,079 genes from O. sativa, Z. mays,
M. truncatula, G. max and V. vinifera, respectively.

Search for statistically significant motifs of
3,032 known plant TFBSs from the Regsite database
(http://www.softberry.com/berry.phtml?topic=regsi
te) was performed by Nsite program (Shahmuradov
and Solovyev, 2015; see also:
http://www.softberry.com/plantprom2016/).  Nsite
executes searches for statistically non-random
motifs of known TFBSs in a single DNA sequence.
A predicted motif is considered as statistically
significant if (i) the expected (by chance) number of
such motifs in a given nucleotide sequence is less
than an assigned threshold and (ii) the total number
of identified motifs is equal to or greater than the
upper limit of 95% confidence interval. The search
and statistical estimations are performed separately
on both strands of a query sequence.

PlantProm database was implemented using
Apache WEB Server running on CentOS Linux.
MySQL was used as a server database. The server
part of Web interface was written in PHP. Modules
for downloading gff3 (general feature format 3)
annotations and sequence files for individual
promoters were written in Perl. The "Search
services" used to retrieve information from data
tables were implemented using JavaScript library.

RESULTS

General Structure and Content of the

PlantProm DB style

Fig. 1 shows the structure and content of
PlantProm DB. It consists of seven main modules:
(1) Promoters from direct experiments;

(2) Putative TSS map for protein-coding genes;
(3) Classification of promoters;

(4) Canonical NFMs;

(5)Nucleotide composition;

(6) Regulatory motifs;

(7) Search services.

PlantProm DB release 2016.03 is available at
http://www.softberry.com/plantprom2016/. It
provides user-friendly interface: all data can be
retrieved and downloaded.

Promoters from direct experiments

The module “Promoters from  direct
experiments” allows a user to retrieve and download
576 promoter sequences of 251 bp length from 87
plant species with TSS identified by primer extension
assay and/or 5’-RACE assays, where position 201
corresponds to the experimentally validated TSS (+1).
The set includes 305 promoters from the first release
and 271 newly added promoters. If this module is
chosen in the Main Menu, the sub-menu displayed in
Fig. 2 appears. Here, depending on chosen option

“view” or “download”) for the selected set of
promoters, a user can view or download promoter
sequences in FASTA format; with the “view” option,
TATA-boxes and transcribed regions are displayed in
upper case.

The module “Classification of promoters” is
composed of functions to retrieve and download
various taxonomic and promoter type (TATA or
TATA-less) classes of 576 promoters. It consists of
two sections: “Summary” and “Individual
Characteristics”. In the first section, a list of all
species represented in the experimentally verified
promoter collection and data on the total number and
the number of promoters’ of each class are given for
each species. If the user visits the “Individual
Characteristics” section that is organized as a table,
many individual characteristics of genes/promoters
and original data sources, including GenBank and
PubMed links for every annotated promoter, will be
displayed
(http://www.softberry.com/data/plantprom/Links/T
axon Table 2.htm).

The module “Canonical NFMs” allows
database users to retrieve and download TATA-box
and INR NFMs for various classes of promoters.

The module “Nucleotide composition” contains
data on nucleotide composition of promoter regions
of various classes, including sequences before the
TSS, [-200:-1], and after the TSS, [+1:+51]; the user
can view and download this information.
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TSSs in five model plant genomes format.
The module “Putative TSS map for protein- Regulatory motifs
coding genes” allows the user to retrieve and The module “Regulatory motifs” contains data on

download locations of putative TSSs predicted by statistically significant (E-value < 0.01; for details of
TSSPlant program in [-1000:+101] regions of the statistical estimations see Shahmuradov and
113,556 protein-coding genes of five plant species Solovyev, 2015) motifs of 3,032 known TFBSs and

(O. sativa, Z. mays, M. truncatula, G. max and V. their consensuses in both experimentally verified
vinifera). In this module, for every genome, 4 promoters and [-1000:+101] regions of protein-
options are given (Fig. 3). The user can view and coding genes from five plant species (Fig. 4). For
download data on predicted TSSs for every gene in experimentally verified promoters, the user can view
gff or text formats, get information on every gene these data for every promoter (out of 576). For
(gene name and product, genomic positions of a gene 113,556 genes from five species, O. sativa, Z. mays,

and mRNA and CDS starts, number of alternative M. truncatula, G. max and V. vinifera, a single Nsite
mRNAs, length of longest 5’-UTR, etc.) and output file for every genome is supplied.
view/download [-1000:+101] region in FASTA

Home: Main Menu

576 experimentally verified
promoters: search, view and
download

Promoters from direct
experiments“Pdted

v

v

Putative TSS map for Locations of putative TSSs for

: : new [===%| 113,556 genes from 5 plants:
protein-coding genes search, view and download

v

r-"{ Taxonomic classification |

Classification of __i
promoters ‘%9 L

v

--nI Promoter type classification I

NFMs for TATA boxes:
view and download

[
A 4

» Canonical NFMsvrdated

NFMs for INR elements:

]
]
jreeedaae

=*| view and download
Nucleotide Nucleotide composition of
> composition""’"" promoter regions [-200:-1] and
[+1:+51]

Motifs of TFBSs in 576
experimentally verified promoters:
view and download

1
h 4

updated

v

Regulatory motifs

Motifs of TFBSs in [-1000:+101]
regions of 113,556 genes from 5
species: view and download

1
[rm————————

4 Search/view by gene/promoter
IDin DB;

) 4BLAST comparison of a Query

Search Services"*” with promoters from DB;

#TSS search in a Query,;

#®TFBS search in a Query

v

Fig. 1. The structure and content of PlantProm DB. New and significantly updated
modules are marked (“new” or “updated™).
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Home
DNA sequences of 576 experimentally verified promoter regions [-200:+51] with TSS at +1:

Promoters from direct
iy i All 576 promoters, view or download

expenments

150 promoters of monocots, view or download
Putative TSS map for

% 5 403 promoters of dicots, view or download
protein- coding genes

23 promoters from other plants, view or download
Classification of promoters

345 TATA promoters from all species, view or download
Canonical NFMs 84 TATA promoters from monocots, view or download
Nucleotide composition 256 TATA promoters from dicots, view or download
Regulatory motifs 5 TATA promoters from other plant species, view or download

231 TATA-less promoters from all species, view or download
Search services 66 TATA-less promoters from monocots, view or download
147 TATA-less promoters from dicots, view or download

18 TATA-less promoters from other plant species, view or download

Fig. 2. The information content of the “Promoters from direct experiments” module.

Home
Putative promoter (TSS) map of 22,257 protein-coding genes from 0. sativa predicted by

TSSPlant program (Shahmuradov, Umarov and Solovyev, unpublished), including:

Promoters from direct
experiments Promoter sequences in FASTA format

Putative map for protein- List of predicted TSSs in GFF format

coding gene:

List of predicted TSSs in Text format
Classification of promoters

Description of genes
Canonical NFMs

Muclectide composition

Regulatory motifs

Search services

Fig. 3. The informational content of the “Putative TSS map for protein-coding genes” module
for O. sativa genome.

Home
Statistically Significant Motifs of 3,032 known Plant Transcription Factor Binding

Sites and their Consensuses found in promoter sequences

Promoters from direct
experiments 576 experimentally verified promoters, [-200:4+51] region

Putative TSS map for Promoter region [-1000:+101] of 22,257 protein-ceding genes from O. sativa
protein- coding genes
Promoter region [-1000:+101] of 23,334 protein-coding genes from Z. mays

Classification of promoters
Promoter region [-1000:+101] of 22,257 protein-ceding genes from M, truncatula

Canonical NFMs
Promoter region [-1000:+101] of 22,257 protein-coding genes from G. max

Mucleotide composition

Promoter region [-1000:+101] of 22,257 protein-coding genes from V. vinifera

Search services

Fig. 4. The informational content of “Regulatory motifs” module.
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Search services

Utilizing five options of “Search services”
module, the user can retrieve, view and download
promoters by their promoter identifier (ID; in set of
576 promoters) or gene ID (in set of 113,556 genes
from five species), as well as perform comparison of
a query sequence with promoter sequences from
PlantProm DB, search for TSS and motifs of 3032
known plant TFBSs.

Option “Search for promoters from direct
experiments”

The promoters of interest can be selected (a) by
checking their corresponding boxes on the left side
of the WEB page or (b) by performing a search using
a keyword. Afterwards, if ”Get fasta” button is
clicked, a page with sequences of selected promoters
in FASTA format will appear for a view and
downloading. Moreover, promoters can be sorted by
the GenBank accession number, organism name,
gene name and product.

Option “Search for putative TSS map for
protein-coding genes”

For this option the same search and sorting rules
are used, as in the case of “Search for promoters
from direct experiments”. However, here, the
selected promoters can be viewed in two popular
(FASTA and gff) formats.

Option “BLAST search”

If the user chooses this option, the BLAST
program search window will appear. To perform the
BLAST search, the following steps are required: (i)
paste a query sequence in FASTA format or browse
and select a file from your local folder; (ii) choose a
promoter set from the given list; (iii) choose the
alignment option (Pairwise or Tabular) and (iv)
click Process button.

Option “Nsite tool”

When the user chooses this option, the window
of search of TFBS motifs by Nsite program is
displayed; here, a set of known plant transcription
regulatory motifs can be searched in a query
sequence.

3.5.5 Option “TSSPlant tool”

If users choose this option, the window of
search of putative TSSs by TSSPlant program in a
query sequence will appear.

DISCUSSION

The described new release of PlantProm DB
contains enlarged collection of experimentally
verified promoter sequences and includes several
novel additions, such as descriptions of functional
motifs in promoter sequences, the computational
promoter annotations of five plant genomes, and
improved retrieval and search possibilities for
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different promoter and genome characteristics. In
particular, comparison of nucleotide composition of
promoter sequences upstream and downstream of
TSS in dicots and monocots revealed a significant
difference between them in the promoter upstream
regions: in dicots they are significantly more A/T-
rich.

For 113,556 out of 113,823 genes (99.8%) from
5 genomes, at least one TSS was predictd by
TSSPlant program. We computed a distribution of
distances between a TSS described in the Ensembl
genome annotation (TSSan) and the closest
predicted TSS (TSSpr). Such distribution for G. max
is shown in Fig. 2 (for other genomes see:
Supplementary Fig. S7, S8, S9 and S10,). For 55,864
out of 108,938 genes (51.2%), one of the predicted
TSSs is located relatively close (at a distance <50 bp)
to the annotated start site of transcription. However,
for =49% genes, the predicted TSSs are observed at
larger distances from the annotated gene starts. Of
course, some of such cases can be explained by a
limited prediction capacity of TSSPlant, which is
true for all promoter recognition tools published to
date. Beyond this possibility, we can consider the
followings. We analyzed protein-coding genes with
annotated 5’-UTR longer than 20 bp. Among them,
for 1,826, 1,218, 1,064, 1,178 and 1,897 genes from
O. sativa, Z. mays, G. max, M.truncatula and V.
vinifera genomes, respectively, the annotated length
of the longest 5’-UTR was less than 40 bp. To date,
the minimal length of 5’-UTR required for proper
processing and translation of mRNA is unknown.
However, in the same genomes, the longest mRNAs
for 8,145, 11,333, 4,606, 17,149, 5,640, 5,238 and
2,828 genes have 5°-UTR lengths of 300 nucleotides
or more. This observation can suggest that for
significant portion of analyzed genes the annotated
5’-UTRs are truncated, and therefore the distance
between the predicted TSS and actual gene start is
shorter than we currently observe. Thus, if we take
100 bp (the approximate length of a typical core
promoter; Roym and Singer, 2015) as acceptable
maximum discrepancy between the predicted TSS
and the annotated gene start, then TSSpr for 70,352
genes (~65%) 1is localized within that range.
Another observation of our studies is that the total
number of predicted TSSs per gene varies between 2
and 3. It partially agrees with ppdb data for rice: if
we consider TSSs separated by 300 bp or more, two
TSSs for 257 genes and three TSSs for 15 genes will
be presented in the database. So, multiple TSSs
seem to be a typical trait of the plant promoter
architecture.

All high-throughput promoter identification
approaches have their limitations in accuracy of
promoter localization, so it is important to support a
manually created database with high quality TSSs
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and promoter sequences derived from direct
experimental studies of particular genes. At the
same time, many genome annotation databases such
as UCSC (Speir et al., 2016) and Ensembl (Yates et
al., 2016) genome browsers contain experimentally
discovered and predicted genes (from automatic
annotations). It would be beneficial for various gene
regulation studies to provide information on
promoter location for each annotated gene, i.e. to add
putative promoters derived by computational
predictions to the current databases’ content. We are
currently preparing such information alongside with
high-throughput promoter identification data for a
set of sequenced plant genomes beyond the five
already represented in this release.

PlantProm DB furnishes a representative
learning set of promoter sequences that is essential
for development of plant promoter prediction
programs. Annotated regulatory motifs can be used
for interpreting gene expression patterns and
understanding genetic regulatory networks.

In animals (human, mice, Drosophila, etc.),
many genes are regulated by multiple alternative
promoters rather than a single promoter (Batut et al.,
2013; Hernandez-Garcia and Finer, 2014). Study of
alternative promoters has received little attention in
plants, although recent advances in genomics and
sequencing technologies would accelerate studies of
alternate promoter usage in plants (Hernandez-
Garcia and Finer, 2014). We are planning to update
PlantProm DB regularly including available
alternative promoter information.
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PlantProm: Bitki Promotor Ardicilhglar1 Uzra Verilonlor Bazas1 (Buraxilis 2016)
I. ©. Sahmuradov"*, 9. U. Abdulozimova?, M.Genayev®va V.V. Solovyev’

! AMEA Molekulyar Biologiya va Biotexnologiyalar I:nstitutunun Bioinformatika laboratoriyast
’AMEA Biofizika Institutu
I Softberry Sirkati (ABS)

Promotor ardicilliglart va onlar saciyyavi xiisusiyyatlari haqqinda biliklor gen tonzimlonmasinin asaslarinin
basa diislilmasi ti¢iin holledici shamiyyat kasb edir. 2003-cii ilde biz RNA polimeraza II {igiin transkripsiya
start sayt1 (TSS) tocriibi yolla miioyyonlosdirilmis 305 bitki proksimal promotor ardicilligi iizro PlantProm
verilonlor bazasini taqdim etmigdik. Bu isds biz PlantProm verilanlar bazasinin yeni buraxilisini toqdim edirik.
Homin bazaya birlopali, ikilopali va digar bitkilorden miivafiq suratde 150, 403 vo 23 promotordan ibarat 576
niimuna, hamginin 5 bitki genomunun annotasiya olunmus vo giiman olunan promotorlari iizro malumatlar
daxildir. Verilonlor bazasinda promotorlarin DNT ardicilliglart vo onlarin taksonomik/promotor siniflari {izra
tasnifati, promotorlarda transkripsiya faktorlarinin birlosms saytlari, TATA-boks va Initiator kimi 2 mithiim
promotor elementi tizrs nukleotid tezliklori matrislori verilir. Bundan slava, verilonlor bazasina Oryza sativa,
Zea mays, Medicago truncatula, Glycine max vo Vitis vinifera bitkilorinin miivafiq surotdo 22257, 23334,
18226, 38702 11037 geni lgiin potensial TSS-lar lizromolumatlar daxildir. PlantProm viirilonlar bazasi
http://www.softberry.com/plantprom2016/ sohifasinda mévcuddur.

Acar sozlor: RNT polyimeraza II, bitki promotoru, transkripsiya start sayti, verilonlor bazasi, promotor
elementlori

PlantProm: ba3a /lannbix no IIpomoropabiM IlociaenoBarensHoctam Pactennii (Beimyck 2016)
H. A. lllaxmypagos’?, A. Y. A6aynasumosaZ, M.I'enaes® u B. B. CosoBben?

! Jlabopamopus 6uoungopmamuxu Uncmumyma monexynaproii 6uonozuu u 6uomexrono2uii HAH
Aszepbatiodcana
? Uuemumym 6uoguzuxu HAH Azepbaiioscana
3 Softberry Inc. (CLLA)

3HaHUSA O TOCJEeNOBATEIBPHOCTAX MPOMOTOpPAa M HX XapaKTepUCTHKaX HMeEeT pelIarollee 3HaueHHe st
MMIOHMMaHUsl OCHOB peryisinuu reHoB. B 2003 romy mbl mpeacraBunn 6a3y nanapix PlantProm mo 305
NMPOKCUMAaJIbHBIM  MPOMOTOPHBIM  TocieaoBaTenbHOCTSIM  pactenuit it PHK-momumepaser I ¢
9KCIIEPUMEHTAIBHO BBISBICHHBIM caiiToM crapTa TpaHckpunuuu (CCT). 3mecs MbI NpencTaBisieM HOBYIO
Bepcuto 6a3bl faHHbIX PlantProm, kotopast Bkirouaer 576 3anuceit, Bxiarouas 150, 403 u 23 npomoTopa reHOB
OTHOAONBHBIX, IBYIOJBHBIX W JPYTHX pPACTEHHH, COOTBETCTBEHHO, a TAaKKe€ aHHOTHPOBAHHBIE MU
Mpe/CKa3aHHble TPOMOTOPBl JUIsI TISITH TE€HOMOB pacTeHuil. B 0aze JaHHBIX IpeICTaBICHBI
nocienosatensHocTH JIHK mpoMoTopoB u nx kiaccudukarius mo TakcCOHOMHYECKHM/TTIPOMOTOPHBIM KJlaccaM,
[I0CJIEOBAaTEILHOCTH MOTHBOB H3BECTHBIX CAMTOB CBS3bIBaHMA (DAaKTOPOB TPAHCKPUILIMU DPACTCHUH B
MIPOMOTOPAX, MaTPUIIBl HYKICOTHIHBIX YacTOT 1 diaeMeHToB TATA-boke u Initiator. Kpome Toro, 6a3za
JAaHHBIX BKIIOUaeT B ceOs npeackazannbie CCT mns 22257 renoB Oryza sativa, 23334 rena Zea mays, 18226
redHoB Medicago truncatula, 38 702 rena Glycine max u 11 037 renos Vitis vinifera. baza nanneix PlantProm
JIOCTYITHA Ha http://www.softberry.com/plantprom2016/.

Knioueevie cnoea: PHK nonumepasa I, npomomopusl pacmenuii, caiim cmapma mpanckpunyuu, 6aza
OQHHYBIX, NPOMOTNOPHYLE ILEeMEHNbI
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Alteration of Central Metabolism During Plant Adaptation to

Abiotic Stresses (Review)

T.V. Savchenko
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Plant tolerance to environmental stresses is a polygenic trait, and adaptation to stressful environment
is regulated at different levels of plant organization. Widely used gene expression profiling not always
allows understanding the essence of the adaptive changes, because of multilevel regulatory processes
involved in adaptation. Therefore, an analysis of alterations in metabolites in plants undergoing the
adaptation to the stressful environment, probably, is the most adequate approach capable of revealing
a complex picture of adaptive responses. Here the information about metabolic adjustments during
plants adaptation to abiotic stresses is given with emphasis on waterlogging stress.

Keywords: Central metabolism, metabolite profiling, abiotic stresses, stress tolerance

A large part of soils all over the world is
subjected to flooding or waterlogging, which has a
strong negative impact on the soils quality and
crops. During temporary waterlogging, which is a
very common scenario in agricultural practice,
water saturates soil for a period of time, wherein
roots and lower plant parts are subjected to
excessive water while upper parts of plants remain
above the water. All plant organs, including aerial,
experience severe stress during waterlogging and
after waterlogging is withdrawn. Waterlogging
alters organic and inorganic composition of soil and
accessibility of nutrient, changes the microbial
environment, leads to the formation of toxic
compounds, and, the most important, it leads to the
limitation in available for roots oxygen. Sufficient
root oxygen supply is a vital condition for the
normal functioning of the plant. The decrease in the
level of available oxygen results in alteration of
whole-organism metabolism, hormonal status, re-
programming of gene expression enabling plants to
survive in stressful environment (Blokhina and
Fagersted, 2010). Exposure to oxygen following
submergence or waterlogging, induces a severe
oxidative stress, Reactive Oxygen Species (ROS)
formation, resulting in damages to cell structures.
Roots responses to waterlogging are more studied
and better understood, while the data describing
processes occurring in leaves of waterlogged plants
are very contradictory. Even in respect to oxygen
availability leaf tissue is described by different
authors as hypoxic, normoxic, or experiencing
oxidative stress. In spite of the significant growing
interest to this topic stipulated by its practical
importance, not much known about the molecular
mechanisms underlying waterlogging and flooding
tolerance (van Dongen and Licausi, 2015; Loreti et
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al., 2017).

Oxygen limitation induces a certain metabolite
profile alterations in plant tissue (Borisjuk and
Rolletschek, 2009). Accumulation of proteins
related to translation and antioxidant defense and an
accumulation of a set of enzymes involved in
serine, glycine, and alanine biosynthesis from
glyceraldehyde-3-phosphate or pyruvate was
observed in rice coleoptiles, and accumulation of
these amino acids in anoxic rice (Shingaki-Wells et
al., 2011). Formation of acetaldehyde and ethanol,
accumulation of organic acids, pH lowering are
main responses to hypoxia/anoxia. Induction of
anaerobic metabolism allows plants to continue
ATP supply during a short period of anaerobic
conditions (for few hours to few days). Plant leaves
are rich in the enzymes necessary for fermentation
(Kimmerer and Macdonald, 1987), although till
now no correlation between the ability to form
acetaldehyde and ethanol and tolerance to flooding
was proved, and the order of tolerance did not
correlate with root and shoot oxygen content or
initial amounts of shoot starch and total soluble
sugars (Vashisht et al., 2011). There are
contradictory data about oxygen deficiency in
leaves of waterlogged plants. In some cases, leaves
from root-waterlogged Arabidopsis showed no
accumulation of alcohol dehydrogenase and
pyruvate decarboxylase mRNA, allowing to assume
that leaves did not experience oxygen deficiency
(Juntawong et al.,, 2014). Even when fully
submerged under normal illumination shoots tissues
remained normoxic (Vashisht et al., 2011; van
Veen et al., 2013). Some tolerant species delay or
avoid accumulation of ethanol by diverting
glycolytic intermediates to alternate end products
such as lactate, malate, succinate, y-aminobutyrate,



Alteration of Central Metabolism During Plant Adaptation to Abiotic Stresses (Review)

and alanine (Hook and Crawford, 1978). Typical
for anoxic conditions alterations in primary
metabolites are characterized by an accumulation of
amino acids such as alanine, GABA, and the
phosphoesters, glucose-6-phosphate and glycerol-3-
phosphate, and other minor sugars (van Dongen et
al., 2009; Rocha et al., 2010). Usually, general
downregulation of energy-consuming processes
under oxygen-limited conditions occurs, when
hypoxic signaling pathway is turned on.

Sucrose and glycolysis intermediates. Plant
responses to various stresses overlap significantly,
and many features of metabolic adaptation are
observed in plants subjected to drought,
temperature  stress, waterlogging or other
unfavorable environmental conditions. An increase
in sucrose level is one of the most noticeable
changes in metabolite profile of plants during
adaptation to  various  stresses, including
waterlogging. Levels of raffinose  group
olygosacharides are also increased in stress-treated
plants, as it was shown in many studies. Raffinose,
stachyose, and verbascose are osmoprotectants,
stabilizers of cellular membranes, scavengers of
hydroxy radicals protecting plants from oxidative
stress (Nishizawa et al.,, 2008), are known to
accumulate in response to drought, chilling, heat,
and high-light irradiation, i.e. all stresses that give
rise to excess concentrations of reactive oxygen
species (Urano et al., 2009). Raffinose
accumulation is regulated by the ABA-independent
CBF/DREBI cold-responsive pathway (Cook et al.,
2004) and exhibited an enhanced correlation with
dehydration-increased amino acids. Accumulation
of raffinose group oligosaccharides in agricultural
plants has to be controlled due to their
antinutritional properties. The level of myo-inositol,
the substrate for mentioned oligosaccharides
biosynthesis is also increased in stressed plants.
Besides being a substrate for biosynthesis of
oligosaccharides and constituents of cell wall
(Roberts and Loewus, 1966) inositol is an
important metabolic and signaling compound
simultaneously, since it plays a role in a phosphate
storage, participates in cell-to-cell communication,
regulates availability of active auxin in plant tissue
and transport (Chen and Xiong, 2010), and
coordinates plant responses to salt and dehydration
stress (Nelson et al., 1998).

Sucrose synthase route was previously shown
in connection with anaerobiosis response (Sturm
and Tang, 1999). It was demonstrated that flux via
SUS is more important in roots of waterlogged
Arabidopsis plants in comparison to ATP-
consuming Invertase/hexokinase, but not in
seedlings grown on carbon source. Sucrose

cleavage through the SUS pathway depends on
balanced ratios of UDP/UTP, regulated by
nucleoside diphosphate kinase (NDPK) (Bailey-
Serres and Voesenek 2008). NDPK activity is
enhanced in plant organs under low oxygen (Perata
et al., 1996; Guglielminetti et al., 1995), its mRNA
is highly expressed in tissues with a low-oxygen
microenvironment and high energy demands, such
as meristems (Dorion et al., 2006) and seed
endosperm (Sanclemente et al., 2016). An increase
in UDP-glucose level may be an indicator of
hypoxia stress, while under normoxic conditions
invertase/hexokinase pathway is a dominant rout.

Tricarboxylic acid (TCA) cycle. A major
alteration in TCA cycle intermediates is an
accumulation of Succinate. Succinate accumulation
is a well-known general plant response to
environmental stresses. The addition of succinate
salt to the root medium prior to Cu treatment
increased the capacity of the maize plants to
partially overcome Cu toxicity (Doncheva et al.,
2006). A decrease in 2-oxoglutarate level under
stress conditions may be an indicator of N
deficiency in plants, since the level of 2-
oxoglutarate, a key regulator of carbon and nitrogen
interactions, decreased under N starvation (Obata
and Fernie, 2012). A decrease in the levels of
isocitrate was previously observed in plants
subjected to high light stress and low temperature.
Isocitrate and citrate - an important metabolic
branch point, which provides carbon skeletons for
nitrogen assimilation and reducing equivalents for
biosynthetic reactions, support the functioning of
the glyoxylate cycle and the process of
gluconeogenesis, and play an important role in the
TCA and in energy metabolism, associated with
production of secondary metabolites, fatty acid
oxidation and biosynthesis (Popova and de
Carvalho, 1998). Many enzymes of the
tricarboxylic acid cycle such as aconitate, pyruvate-
, and 2-oxoglutarate-dehydrogenase are known to
be sensitive to oxidative inhibition (Verniquet et al.,
1991; Sweetlove et al.,, 2002), so decrease in
mentioned TCA metabolites may indicate that
oxidative stress takes place in plants.

Amino acids. Amino acids are not only protein
constituents, but also a bridge between primary and
secondary metabolism, carriers of nitrogen between
roots and above-ground part of plants, precursors of
many secondary metabolites, which play role in
formation of structural components, and defense
(Pratelli and Pilot, 2014). Amino acids profile is
altered significantly in stressed plants.

Increase in Ser level is also known to be a
general stress response (Rai, 2002). Alanine,
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lactate, and GABA were shown as major
metabolites increased in 2 hours in response to
oxygen deprivation (Mustroph et al.,, 2014).
Increase in Ala and GABA or enzymes involved
into these metabolites biosynthesis were described
in many cases for oxygen-deprived plant tissue,
even under mild hypoxia (Miyashita et al., 2007,
Limami et al., 2008). Reverse conversion of
alanine to pyruvate during recovery from low-
oxygen stress plays a role in Ala reuse after re-
aeration (Miyashita et al., 2007). The level of Ala
correlates with the intensity of starch catabolism
and decreases under oxidative stress conditions. Ala
and lactate prevent the accumulation of Pyr in order
to avoid inhibition of glycolysis and fermentation
(Rocha 2010b). Branched-chain and aromatic
amino acids are substrates for many secondary
metabolites biosynthesis. Branched-chain amino
acids regulate with back regulation hormones
gibberellins and IAA (indole acetic acid) (Gao et
al., 2009; Parsons et al., 2015). These amino acids
(especially leucine) are able to participate in
regulation of gene expression (Kimball and
Jefferson, 2006; Binder, 2010; Obata and Fernie,
2012), increase in these amino acids level was
detected in plants subjected to water deficiency
stress, including tomatoes (Semel et al., 20006),
grain cultures (Bowne et al., 2012; Witt et al.,
2012). Valine is also used for synthesis of proteins
and secondary metabolites, accumulation of Val
was shown in connection to elevated CO2
concentration in drought-stressed plants, drought
stress tolerance (Merewitz et al., 2012), heat shock
(Kaplan et al., 2004), and heat tolerance (Jingjin et
al., 2012 ). Shikimate pathway, derived from PEP, a
precursor of Pyr, leads to the formation of aromatic
secondary metabolites, such as lignin, flavonoids,
alkaloids, phytoalexins. These metabolites also
have antioxidant property. Aromatic amino acids
derived from the shikimate pathway are used in
biosynthetic pathways for production of pigments,
hormones, and cell wall components. Lignin
provides protection against oxygen loss (Bailey-
Serres et al., 2012). Shikimate pathway is a major
consumer of photosynthetically fixed carbon in
vascular plants (Jorgensen et al., 2005; Vogt, 2010).
Accumulation of aromatic amino acids in response
to biotic and abiotic stresses was previously shown
(Kim et al., 2007). Because their biosynthetic
pathways have been lost in animal lineages, these
amino acids are essential components of the human
diet (Maeda and Dudareva, 2012). Both, aromatic
and branched chain amino acids are substrates for
glucosinolates biosynthesis, defensive compounds,
involved in protection against biotic and abiotic
stressors in cruciferous (Glawischnig et al., 2003).
Oxaloacetate family amino acids levels,
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including Asp and Asp-derived Asn and
methionine, are decreased under conditions of
oxidative stress. Thr and Gly levels remain
unchanged under low oxygen conditions (Mustroph
et al., 2014). A possible connection between
Asparagine-family pathway and Lys-branch was
discussed previously, and increase of Asp-family
pathway flow into the Lys branch on the expense of
flux towards the other branches which leads to the
synthesis and further catabolism of Met and Ile was
shown (Galili, 2011). Stresses usually suppress the
expression of genes encoding biosynthesis enzymes
of the Asp-family pathway and stimulate the
expression of catabolic genes of the Asp-family

pathway.
The observed decrease in the level of
Deoxyadenosine, S-adenosyl methionine, S-

adenosyl-L-homocysteine can be a result of the
deficiency in S and N or intensified consumption of
this amino acid. Methionine is a precursor of
ethylene through S-adenosylmethionine (Ravanel et
al., 1998). Flooding and waterlogging stresses are
accompanied by the production of ethylene, which
regulates many reactions in response to these
stresses  (Sasidharan and Voesenek, 2015).
Probably, decrease in methionine and related to
methionine amino acids levels is a result of these
amino acids consumption for ethylene biosynthesis.
Methionine also can be used for polyamines
biosynthesis. In cruciferous Met and Ala can be
also substrates for the major class of glucosinolates
biosynthesis.

Most noticeable alteration in a profile of 2-
oxoglutarate-derived amino acids is an increase in
the level of proline, a well-known stress response
metabolite, accumulation of which was documented
in response to a range of abiotic stresses. Ornitine
and citrulline are possible shuttles of nitrate and
carbon between mitochondrion and plastids. Levels
of these amino acids are increased in response to
low temperature (Cook et al., 2004). Ornitine — can
be a source of proline synthesis, since proline in
non-stress plants can be toxic for plant cells,
ornithine accumulates as a precursor, it is a
"gatekeeper" in controlling polyamines and GABA
biosynthesis (Majumdar et al., 2016). Citrulline is a
nonessential amino acid that is reported to be an
efficient hydroxyl radical scavenger and is a strong
antioxidant (Akashi et al., 2001; Rimando and
Perkins-Veazie, 2005), this amino acid is critical to
the detoxification and elimination of unwanted
ammonia within cells (Nelson and Cox, 2000).
Citrulline accumulation correlates with tolerance to
salt and drought stress (Yokota et al., 2002;
Kusvuran et al., 2013). Oxidative stress results in a
strong decrease in Proline and serine GIn levels,
similarly Asp and Asp-derived Asn, homoserine
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and Met linked to oxaloacetate and Ala linked to
pyruvate is decreased. Adaptation to low-
temperature stress is accompanied by increases in
ascorbate,  ornithine, and citrulline.  The
accumulation of shikimate, phenylalanine, and
fructose, and the decrease of succinate are found in
both low temperature and light stress-treated plants
(Kaplan et al., 2004; Obata and Fernie, 2012).

His is a chelator of toxic ions (Kramer et al.,
1996; Zemanova et al., 2014), important for plant
reproduction and growth (Stepansky and Leustek,
2006). His biosynthesis is connected with the
pentose phosphate pathway, de novo biosynthesis
and salvaging of purines, pyrimidines and the
pyridine nucleotide cofactors NAD and NADP
(Alifano et al., 1996; Ingle, 2011). Not much is
known about the regulation of His level in plant.
His biosynthesis process is very susceptible to
feedback inhibition. In fungi, regulation of His
biosynthesis is tightly coordinated with that of
purine biosynthesis and is regulated by adenine
limitation (Springer et al., 1996).

Antioxidants. Virtually all biotic and abiotic
stresses are accompanied by oxidative stress,
including hypoxic/anoxic stress (Pucciariello et al.,
2012), and the ability to detoxify activated oxygen
species is related to a higher tolerance to
environmental stresses. Ascorbate (Asa) and
reduced glutathione (GSH) are the main antioxidant
components present in most plant cell organelles
like mitochondria, chloroplasts, and peroxisomes.
Asa can react with reactive oxygen species, such as
102, HO- and can act as the substrate for the
enzyme ascorbate peroxidase. GSH acts as a cell
redox regulator and may act as a ROS scavenger.
The balance between GSH and oxidized glutathione
(GSSQG) is critical for keeping a favorable redox
status for the detoxification of H202 (Foyer and
Noctor, 2011). NAD and NADP play a central role
in maintaining plant energy status and redox
homeostasis (Hashida et al., 2009). NAD is used
primarily in respiratory ATP production whereas
NADP is wused in reductive biosynthesis.
Furthermore, a decrease in the NAD/NADP ratio is
tied directly to photosynthetic activity, at least in
cyanobacteria (Tamoi et al., 2005). It is also
assumed that NADP biosynthesis plays an
important role in ROS scavenging.

An adverse effect of stress on plants is also
associated with nutrient deficiency (Steffens et al.,
2005). Available in the literature data describe an
increase in P uptake under waterlogging conditions

(Rubio et al, 1997). Severe phosphor (P)
deficiency leads to increased levels of
phosphorylated intermediates (glucose-6-P,

fructose-6-P, inositol-1-P, and glycerol-3-P) and

organic acids (2-oxoglutarate, succinate, fumarate
and malate). P-deficient plants modify carbohydrate
metabolism initially to reduce P consumption and
salvage P from small P-containing metabolites,
which consequently reduce the levels of organic
acid in the TCA cycle (Huang et al., 2008). An
increase in the levels of Succinate and malate is a
typical feature for P-deficiency stress, also found in
waterlogged samples. The observed decrease in
purine and pyrimidine derivatives can be a result of
N deficiency either. N-uptake could be an
important factor in waterlogging tolerance
(Kreuzwieser et al, 2002). In general, the
combination of the nutrient deficiency and
oxidative stress shape the metabolic profile of plant
leaves under waterlogging conditions.
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Bitkilorin Abiotik Streslora Adaptasiyasinda Moarkoazi Metabolizmin Dayisikliklori (icmal)
T.V. Sav¢cenko
REA Biologiyanin Fundamental Problemlari Institutu, Pusino, Rusiya

Bitkilorin otraf miihitin stress amillorine davamliligi poligen xarakter dasiyir. Otraf miihitin olverigsiz
soraitine adaptasiya iso bitki orqanizmlorinin miixtalif saviyyaslerinds tonzimlonir. Tonzimlayici sistemlorin
coxpillali olmasi hesabina ekspressiya olunan genlorin profilinin genis totbiq olunan analizi bag veon adaptiv
dayisikliklori basa diismays imkan vemir. Bu baximdan, streso adaptasiya prosesinds bitki metabilitlorinin
miqdarinin doyigmasinin analizi daha diizgiin yoll olub, miirakkob adaptiv cavab reaksiyalarini askar etmayo
imkan verir. Toqdim olunan isdo torpaqda su basmalarinini asas gotiirmakls, bitkilorin abiotik stresslore
adaptasiyas1 zamani bas veron metabolitik yerdoyigsmolor haqda olan molumatlar analiz edilir.

Agar sozlor: Morkazi metabolizm, metabilitik profillasma, abiotik streslor, stresa tolerantlig

HN3menenusn LlenTpansuoro Meradoausma B Ilpouecce Anantanuu Pacrenmii k YciaoBusam
aduoTnuyeckoro crpecca (0Oo630p)

Unemumym gpynoamenmanvhuix npoonem duonoeuu PAH, Ilywuno, Poccus

Y CTOWUYHMBOCTh PACTEHUI K CTpeccaM OKpY Kalollled CpeJibl HOCUT IMOJUTeHHBIN XapakTep, a ajanTaius K
HEOJIarONPUATHBIM YCJIOBUSAM OKPYIKAIOIIMKA CPelbl PETyJIUpYyeTCs Ha pa3HBIX YPOBHSAX OpraHHU3alluu
pactutenbHOro opranmsma. [llupoko nmpumMeHseMbIdl aHAINU3 TPOQUIIS IKCIPECCUPYEMBIX T€HOB HE BCETra
MO3BOJISIET TMOHATH CYTh IPOUCXOMAIIMX aJaNTUBHBIX H3MEHEHUHl MO MNPUYMHE MHOTIOYPOBHEBOCTHU
pETYJISITOPHOM CHUCTEMBI, OTBEYAIOIIEW 3a ajanTauuio. B CBSI3W C 3TUM, aHaNIU3 HU3MEHEHUH YpOBHA
MeTabOJIMTOB PACTeHUH, MPOUCXOAIINX B TPOIIECCe alalTallii K CTPECCOBBIM YCIIOBUSAM, MPEACTABISICTCS
HanOoyee aJeKBaTHBIM ITOAXOJIOM, CIIOCOOHBIM PAaCKPHITH CIOKHYH KapTHHY aJallTUBHBIX OTBETOB. B
MaHHOM paboTe MBI TMPOBOJUM aHAJN3 JaHHBIX O MeTabONMYEeCKMX NePecTpoiikax, MPOMCXOIAIINX B
MIPOIIECCe alalTallii PACTCHHIA K YCIOBUSM a0MOTHYECKHUX CTPECCOB, C aKIEHTOM Ha CTPECCe, CBSI3aHHOM C
3aTOIJICHUEM TIOYBHI.

Knroueeswle cnosa: LlenmpanvHolii memaboauzm, memaboiumuoe npouiuposarue, abuomuyecKuti cmpecc,
cmpeccoycmouuus8ocms
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Influence of Growing Conditions on Chlorophyll Content, Photosystem I1I
Activity and Productivity of Tomato Varieties

K.Z. Hasanova', A.T. Gaziyev', LV. Azizov*’
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? Laboratory of Photochemistry of Chloroplasts, Institute of Molecular Biology & Biotechnologies,
Azerbaijan National Academy of Sciences, Baku AZ1073, Azerbaijan;
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The present work was carried out to determine the effects of manure and CaCOs on growth, content of
photosynthetic pigments, activity of photosystem II (PS II) and yield parameters of six varieties of
tomatoes. The plants were grown under conditions of closed (greenhouse) and open ground, with
manure applied in the calculation of 500 g and CaCO; (chopped eggshell) 50 g per 1 m? of soil. It was
revealed that the tomato varieties Tolstoy and Volgograd have a high photosynthetic apparatus
activity and productivity, which can be used in breeding works.

Keywords: Tomato varieties, manure, chlorophyll, carotenoids, PSII, yield

INTRODUCTION

Tomato is one of the valuable vegetable crops
grown all over the world to provide the needs of the
population with valuable natural compounds, as
well as for processing in canneries. Growing
tomatoes in winter greenhouses is of enormous
economic importance for providing the population
with vitamins C, B1, B2, B3, PP, as well as
elements of potassium, sodium, magnesium,
phosphorus, iron, sugars, apple and citric acids and
proteins. Tomatoes are demanding soil fertility,
especially phosphorus, nitrogen and potassium. In
the seedling period, tomato intensively consumes
potassium and phosphorus, later nitrogen. Plants
use nitrogen to form vegetative organs, especially
in the period from sprouting to flowering. The
consumption of phosphorus is mainly associated
with the growth of the root system, fruit and seeds.
Potassium is especially needed during the period of
growth and maturation of fruit. Tomatoes also need
other microelements: sulfur, iron, boron,
manganese and others. To obtain a high yield, it is
necessary to increase the concentration of carbon
dioxide, which can be increased by adding manure
to the soil where tomatoes will grow. It is
considered that first of all it is important to select
organic materials instead of wusing synthetic
fertilizers in organic vegetable growing in order to
increase soil productivity. Therefore, green manure,
composts and other organic fertilizers should be
used in cultivation of organic vegetables (Harun,
2017). Manure is an environmentally friendly and
economically beneficial organic fertilizer. In
experiments carried out using sandy soil, with the
addition of organic fertilizers, plant growth was

markedly accelerated in comparison with control
plants (Zhang et al, 2011; Cui et al., 2002). Organic
fertilizers also neutralized the acidity of the soil
(Cui et al.,, 2003) and increased the activity of
catalase (Chen et al., 2003). The addition of various
stimulants improves the quality of the crop
(Yongxia et al., 2013), stress tolerance (Giri et al.,
2003). It is known that calcium is one of the
necessary elements for the growth and development
of plants, and it also removes the toxic effect of
harmful ions for plants, such as sodium ions. In
earlier studies it was shown that providing
additional Ca had reduced some of the detrimental
effects of Na on tomato and other crops (Navarro et
al., 2005; Francesco et al., 2009).

Based on this, the purpose of our studies was
to study the effect of manure and CaCO; on the
growth, photosynthesis and productivity of
different varieties of tomato.

MATERIALS AND METHODS

The objects of study were six varieties of
tomato, grown under the conditions of a greenhouse
and open ground. The manure was applied with the
calculation of 500 g and CaCOs (chopped eggshell)
50 g per 1 m® of soil. In the phases of plant
development, leaf samples were taken to determine
the content of chlorophyll and carotenoids. The
efficiency of the photosystem (Fv/Fm) was
determined using a photosynthesis analyzer (PAM,
Germany). The activity of photosystem II (PS II)
was determined on the polarograph (OH103) by
releasing oxygen with application of the Clark
electrode. (Grishina, 1971). The content of
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chlorophylls and carotenoids was determined on the
spectrophotometer (Multiscan GO, Germany) by
trituration the leaves in 80% acetone, measuring the
absorption at 645, 663, and 440, using the Wettstein
and Arnon coefficients (Khanishova et al., 2008).
Data analysis and statistical analysis were
conducted wusing Microsoft Excel. Statistical
analysis was performed with the aid of the
Statgraphics Plus 5.1 statistical package. The means
of values were compared by Duncan's multiple
range test (p=0.05).

RESULTS AND DISCUSSION

The results of experiments on the effect of
manure on the content of photosynthetic pigments and
on fluorescence parameters are shown in Table 1.

As can be seen in Table 1, manure positively
affects the content of chlorophyll a + b and
carotenoids. The ratio a/b increased, which
indicates an accelerated synthesis of chlorophyll a.
The manure also contributed to an increase in the
activity of the photosynthetic apparatus of tomatoes
(Figure). Photosystem 2 activity increased by 65%
in Tolstoy, that markedly exceeded the activity in
other varieties. To measure the physiological state
of plants on whole leaves, the values of the ratio
Fv/Fm were measured. As can be seen in the table,
the values of Fv/Fm in control and experimental
plants are significantly different. Inter-variety
differences are also observed. Our data are
consistent with generally accepted opinions that the

values of the parameter Fv/Fm above 0.74 reflect
the favorable state of the plants.

To study the effect of calcium on the growth
and development of tomatoes, we used a chopped
eggshell as organic calcium. The results of
experiments obtained using organic calcium are
given in figure.

According to several authors (Mahmoud et al.,
2014; Saidu et al.,, 2011; Tiamiyu et al., 2013;
Ayoub, Afrah, 2014) manure when decomposed
increases both macro and micro nutrients as well as
enhances the physical and chemical properties of
the soil; this led to its high vegetative growth. The
nonsignificant difference observed in the treatments
supplied with goat and cow dung with control
treatment could be either there were some nutrients
already present in the soil or the plants need were
satisfied with the quantity of nutrients present in the
soil. Tomato grown on poultry manure and sown at
the right time performed better in terms of the
height of the plant than the other sources of organic
manure and sowing date. This shows that poultry
manure was readily available and in the best form
for easy absorption by the plant roots, hence there
was a boost in the morphological growth of the
plant. The obtained results corroborated the finding
of in okra (4belmoschus esculentus L.) production
in which they reported that organic manure,
especially poultry manure could increase length of
crops when compared with other sources of
manures and sowing dates.

Table 1. Effect of manure on content of chlorophyll, carotenoids and the efficiency of the photosystem II

Variety Chlorophyll(a+b)mg/g Carotenoids mg/g Fv/Fm
Control Experiment Control Experiment Control Experiment

Rally 0.97 1.5 15.2 16.8 0.7 0.8
Tolstoy 0.97 1.8 15.2 16.9 0.7 0.8
Volgograd spring 0.79 1.7 10.9 13.2 0.8 0.8
Volgograd autumn 0.81 2.0 12.3 14.5 0.7 0.8
22-74 0.50 1.1 21.1 23.2 0.5 0.6
Falkon 1.10 14 20.8 22.4 0.5 0.6

* Each value represents the mean + SD (standard deviation) for the mean n = 3 independent experiments p = 0.05.
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Fig. Effect of CaCOj3; and manure on activity of PS2 of tomatoes.
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Table 2. Effect of manure on height and yield of tomato plants

Variety Variant Height, cm Harvest of a single plant, g | Harvest, m?/ kg |average fruit weight, g
Rally control 51 750 + 61 15 40
manure 60 840 + 68 17 45
Tolstoy control 65 1200 £ 72 19 46
manure 74 1370 £ 75 23 50
Volgograd spring control 62 1300 + 68 21 48
manure 66 1450+ 71 25 52
Volgograd autumn control 55 1060 + 65 19 44
manure 60 1270 + 68 22 49
2274 control 45 550+ 34 15 42
manure 52 670 £ 45 18 45
Falkon control 48 630 £46 16 43
manure 64 750 £ 55 19 46

* Each value represents the mean + SD (standard deviation) for the mean n = 3 independent experiments p = 0.05.

The non-significant effect of manure sources
on fruit length could be due to the effect of these
sources of organic manure on enhancing vegetative
growth. All the nutrients supplied by the different
manure sources might have been diverted to
vegetative growth. This could be due to their
bulkiness and higher amount of nutrients already
present in the soil could contribute to this
phenomenon.

The  organic  fertilizer  affected  the
morphometric parameters of plants- stem diameter,
wet weight of the aboveground parts of plants
(Table 2). As can be seen in Table 2, there are
differences between the wvarieties. The tomato
variety Tolstoy has the highest morphometric
parameters. Our studies have shown that the
application of organic fertilizer has unequivocally
increased the growth, the diameter of the stem, the
wet weight of the aboveground and underground
parts, as well as the productivity of tomatoes.
According to the literature data, organic fertilizer
improves the water potential of the soil, facilitates
the entry of elements of mineral nutrition into the
roots of plants (Chen et al., 2003). During the
drought, manure prevents evaporation of water and
promotes moisture retention in soil capillaries
around the root system of plants. In drought
conditions, varietal characteristics are also
revealed: some varieties use mineral elements more
intensively, others more slowly. In our experiments
the Volgograd and Tolstoy varieties were the most
intense, which, under identical conditions of supply
with organic fertilizer, proved to be the most
productive.

CONCLUSION

When growing 6 different varieties of tomato
with the introduction of organic fertilizer the most
productive were the varieties Tolstoy and
Volgograd, which can be used in breeding for
obtaining more highly productive varieties.
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Becarilma Soraitinin Tomat Sortlarinda Xlorofilin Migdarina, Fotosistem II -nin
Faalligina vo Mahsuldarhga Tasiri

K.Z. Hasanova', A.T. Kaziyev', 1.V. 9zizov 2

Azorbaycan Déviat Aqrar Universiteti, Gonca, Azarbaycan
AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Xloroplastlarin fotokimyasi laboratoriyast

Toqdim olunan isdo peyinin vo CaCOs-1n 6 tomat sortunda fotosintez pigmentlorinin miqdarina, fotosistem II
-nin foalligina vo mohsuldarlhigina tasiri dyranilmisdir. Bitkilor qapali (istixana ) va agiq torpaq seraitinds 1
m? sahoya 500 q peyin vo 50 q CaCOs; (iiyiidiilmiis yumurta qabigi) verilmoklo okilmisdir. Miioyyon
edilmisdir ki, Tolstoy ve Volqoqrad tomat sortlari yiiksok fotosintez faalligina vo mohsuldarliga malikdirlar

vo onlar seleksiya islorinds istifads oluna bilarlar.

Acgar sozlor: Tomat sortlari, peyin, xlorofil, karotinoidlar, fotosistem 11, mahsuldarlq

Bausinue Ycaosuii Boipamusanus Ha Coaepsxkanune Xiaopogpuiia,
AxkTHBHOCTH @oTocucTeMbl 2  [IpoayxkTuBHOCTHL CopTOB ToMaTa

K.Z.TacanoBa', A.T. Ka3ues!, U.B. A3u3zos’

! Azepbatiosncanckuii 2ocyoapcmeennsiii azpapuuiil ynueepcumem, Isnoaca, Azepbaiioscan
2 Jlabopamopus gpomoxumuu xnoponnacmos Hucmumyma monexyispHoti 6uono2uil u
ouomexnonozuti HAH Azepbatioscana

Hacrosimas paboTa npoBonwiach ¢ 1ejibio onpeaeieHus BiausHus HaBo3za U CaCOs; Ha pocT, colepKaHue
(hOTOCHHTETHYECKHUX IMMUTMEHTOB, aKTHBHOCTH (orocucteMbl 2 (PS 2) m ypokaiiHble TOKa3aTeau MIECTH
COpPTOB TOMaTOB. PacTeHHs BBIpAIMBaJM B YCIOBHUAX 3aKPHITOrO (TEIUIMYHOTO) M OTKPHITOTO TpyHTa C
BHecenneM Ha 1 M* moussl 500 T HaBo3a u 50 r CaCO3 (packonoTas suYHAs CKOPJIyNa). BHISBIEHO, YTO
copta ToMaTa Tonctoil u Boirorpax o6nanaroT BEICOKOH aKTHBHOCTBIO (DOTOCHHTETHYECKOTO ammaparta Hu
NPOIYKTUBHOCTBIO, U MOTYT OBITh UCTIOJIb30BaHbI B CEJIEKIIMOHHBIX PadoTax.

Knroueewie cnosa: Tomamol, Haso3, Xx1opouiii, KapomuHouosl, homocucmema 2, npoOyKmMueHOCMb
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The energy converting apparatus of the photosynthesizing oxygenic species organized in several
different multisubunit protein complexes is associated with thylakoid membranes. A characteristic
feature of C, plants is the differentiation of the photosynthetic leaf tissues into two distinct cell types,
mesophyll (M) and bundle sheath (BS) cells. In this study, polypeptide patterns of mesophyll and
bundle sheath thylakoids of maize (Zea mays L.) have been analyzed. The amount of the PSI core
apoprotein (68 kDa) was found to be higher in bundle sheath compared with mesophyll thylakoids. a
and P subunits (with molecular masses of 55 kDa and 52 kDa) of CF1 domain of the ATPase complex
were present in both subcellular fractions. But the amount of o subunit was smaller in the bundle
sheath thylakoids. The protein of 45 kDa belonging to the core antenna of PSII was more intensive in
mesophyll thylakoids. Polypeptides (with molecular masses in the region of 28-24 kDa) in the
composition of the light-harvesting complex II were present in both types of thylakoids. However, in

the thylakoids of bundle sheath cells their amounts were reduced.

Keywords: C,plants, mesophyll, bundle sheath, chloroplasts, thylakoids, Zea mays

INTRODUCTION

In higher plants, the photosynthetic apparatus
is compartmentalized in the specialized chloroplast
organelle. The molecular machinery for the primary
photosynthetic  processes, the sunlight-driven
generation of metabolic energy equivalents, is
harbored in a thylakoid membrane system within
the chloroplasts (Dekker and Boekema, 2005;
Austin and Staehelin, 2011; Kirchhoff et al., 2013).
An essential feature of the thylakoid membrane
system is its high flexibility, which is required for
adaptability and maintenance of the photosynthetic
machinery in plants. Highly responsive to
environmental conditions, the molecular membrane
composition can change remarkably to optimize,
protect, and maintain the photosynthetic apparatus
(Melis, 1991; Walters, 2005; Jonson et al, 2011).

The protein complexes that catalyze electron
transfer and energy transduction are unevenly
distributed in thylakoids. The majority of the
Photosystem II (PS II) complexes and light-
harvesting complex II (LHC II) are largely found in
the grana stacks while photosystem I (PS I) and
ATP-synthase are located in the stroma exposed
regions and the cytochrome bs/f complex is evenly
distributed in granal margins (Melis, 1991; Ke,
2001; Nelson and Yokum, 2006; Seibert, 1993;
Stachelin and van-der Stay, 1996; Bukharov,
Abdullayev, 1990; Andersson and Anderson, 1980;
Mathis and Rutherford, 1987; Siiss et al, 1993).

Photosystem Il has an outer antenna

dominated by light harvesting complex II (LHC II),
which binds chlorophyll a, chlorophyll b,
carotenoids and inner antenna of chlorophyll a
binding proteins CP 47 and CP 43. The D1 and D2
polypeptides from the heterodimer of the PS II
reaction center core that carries most of the
cofactors are involved in electron transfer. Most
proteins in the PS II complex are membrane
spanning, but three extrinsic proteins involved in
oxygen evolution are located on the lumenal side of
the thylakoid membrane. In higher plants and green
algae these proteins are nuclear encoding subunits
of PsbO (33 kDa), PsbP (23 kDa) and PsbQ (16
kDa), which together form the lumenally exposed
water splitting center.

A characteristic feature of C4 plants is the
differentiation of the photosynthetic leaf tissues
into mesophyll (M) and bundle sheath (BS) cells.
PS II complex is expressed in a tissue—specific
manner in the NADP-ME type of Cs; plants
(Edwards et al, 2001), predominantly in the
mesophyll cells. Chloroplasts isolated from BS
cells contain PS I activity, but do not photoreduce
NADP from water, and cannot evolve oxygen
similarly to the stroma thylakoids of C; plant
chloroplasts (Lavergne and Leci, 1993). It was
demonstrated that PS II in bundle sheath was
inactive due to the absence of polypeptides
participating in water oxidation and/or the light
harvesting complex of PS II (Lu and Stemler,
2002). Moreover, it was shown that BS chloroplasts
contained LHC II polypeptides but peptide
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composition and amounts were different in both
types of cells (Vainstein et al, 1989).

In this study, we determined the polypeptide
pattern of mesophyll and bundle sheath thylakoid
membranes, isolated from chloroplasts of maize.

MATERIALS AND METHODS

A cultivar of maize (Zea mays L.) named
Zagatala 420 was used as an object of the research.
The plants were grown under the controlled
condition (photoperiod -14 h light/ 10 h dark,
t=26°C/14°C and the light intensity -3000 lux). It
was used 28-day-old seedlings of maize. The
separation of the assimilative tissues (M and BS)
into subcellular fractions was done according to the
method (Guliyev et al., 2003). For this purpose, the
buffer solution (buffer A), which consists of 25 mM
HEPES buffer (pH 7.8), 0.3 M sucrose, | mM
EDTA - Na, 0.2% BSA and 15-20 mM 2-
mertaptoethanol was used.

Chlorophyll concentration was determined
spectrophotometrically in the 80% asetone extract
according to the Sims and Gamon method (Sims and
Gamon, 2002). The pigments were extracted from
the assimilating tissues of maize (M and BS) with
80 % -acetone—Tris solution (80:20, pH 7.8), the
chlorophylls a and b were spectrophotometrically
measured (Ultrospec 330 Pro "Amersham", USA) at
wavelengths of 663 and 647 nm in accordance with
absorption spectrums.

A high-resolution  gradient-electrophoresis
method was developed and used in the experiments.
Electrophoresis was performed in the PU-2/4LS
apparatus (“Farmacia”, Sweden) using a vertical
system, at 4°C, 12 mA current, 450 V, for 16 hours.
Upper concentrating gel was 6% acrylamide.
Samples for electrophoresis was prepared as follows:
1% 2-mercaptoethanol and 2% Ds-Na detergent
were added to the medium (detergent:
chlorophyll=20:1 (mg)) and incubated at room
temperature for 30 min. Samples corresponding to
50ug protein were applied to each slot.

Thylakoid membrane proteins were analyzed
according to Laemmi using a 10 to 25% (W/v)
linear gradient polyacrilamide gel in the presence of
SDS as described earlier (Guseynova et al., 2006).
To each slot, 20-45 pl of samples (an equal Chl
content) were applied. After electrophoresis, the
gels were stained for 30 min (before boiling) with a
solution of 0.04% Coomassie Brilliant Blue G-250
(France) prepared in 3.5% perchloric acid (HClOy).
The gels were scanned using an Ultroscan 2202
Densitometer (LKB, Sweden) with a 633 nm laser
as the light source. If necessary gels were dried in a
special device (Slab Gel Dryer — 2003, LKB,
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Sweden). A set of standard proteins consisting of
bovine serum albumin (66 kDa), glyceraldehyde-3-
phosphate dehydrogenase (36 kDa), carbonic
anhydrase (29 kDa), trypsinogen (24 kDa), trypsin
inhibitor (20.1 kDa), and lactalbumin (14.2 kDa)
(sigma, USA) was used for the determination of the
molecular masses of polypeptides.

RESULTS AND DISCUSSION

The polypeptide patterns of the mesophyll
(M) and bundle sheath (BS) thylakoids isolated
from maize chloroplasts is shown in Fig.1. About
25 polypeptides ranged from 68 kDa to 10 kDa
were observed using the gradient (10-25%)
electrophoresis method. Laser densitogram of the
gel is presented in Figure 2. Protein contents of
photosynthetic membranes of mesophyll and
bundle sheath chloroplasts were found to differ in
both quantity and quality.

66 ——

45 —=

36 ———

29—~

24 ———

14,2 — =

Fig. 1. Electrophoregram of thylakoid membranes of
mesophyll and bundle sheath chloroplasts of maize on
10-25% PAAG in the presence of 0.1% DS-Na. MChl-
thylakoids of mesophyll chloroplasts, BChl-thylakoids of
bundle sheath chloroplasts, M-protein markers, kDa.

As seen in electrophoregram (Fig.1) and
densitogram (Fig. 2) the protein composition of
mesophyll thylakoids is similar to that of
chloroplasts of typical higher plants (Cs plants).
Contrary to  mesophyll thylakoids, some
polypeptides lack in the protein content of bundle
sheath thylakoids and amounts of others are
reduced. As seen in the figures the amount of the
PS 1 core apoprotein with molecular mass of 68
kDa is greater in bundle sheath thylakoids
compared with mesophyll cell thylakoids. o and 3
subunits (with molecular masses of 55 kDa and 52
kDa) of CF1 domain of the ATPase complex are
present in both subcellular fractions.
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Fig. 2. Densitogram of thylakoid membrane proteins of mesophyll and bundle sheath
chloroplasts of maize on 10-25% PAAG in the presence of 0.1% DS-Na. MChl-
thylakoids of mesophyll chloroplasts, BChl-thylakoids of bundle sheath chloroplasts,

M-protein markers, kDa.

However, the amount of a-subunit is smaller in
thylakoids of BS cells. The protein of 45 kDa
belonging to the PS II core antenna is more
intensive in mesophyll thylakoids. Polypeptides
(with molecular masses of 28-24 kDa) of the light-
harvesting complex (LHC) of PSII are observed in
both types of thylakoids, though their amounts are
reduced in BS cells. Moreover, 33 kDa and 23 kDa
proteins in the composition of oxygen-evolving
complex (OEC) are observed in mesophyll cells
and in relatively less amounts in thylakoids of BS
cells. This confirms that chloroplasts of BS cells
contain PS II complex, 33 kDa and 23 kDa
polypeptides  of  oxygen-evolving  complex.
According to literature data immunoblot analysis
revealed the existence of a-subunit in CF; domain
of ATP-syntase complex, 33 kDa and 23 kDa
proteins of the oxygen-evolving complex and
polypeptides of LHCII and D1, D2 proteins in BS
chloroplasts.

Thus, according to the obtained results,
thylakoid membranes of mesophyll and bundle
sheath chloroplasts in maize leaves have been
found to differ in polypeptide contents.
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Qargidah Xloroplastlarimin Mezofil vo Ortiiktopa Tilakoidlorinin Ziilal Torkibi
N.X. Oliyeva, K.H. Qasimova, S.Y. Siileymanov

AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Hiiceyranin membran
sistemlari laboratoriyasi

Fotosintez edon oksigenli novlorin bir neg¢o, miixtolif multisuvahiddon ibarot ziilal komplekslorindo togkil
olunmus enerji ¢eviron aparati tilakoid membranlar1 ilo assosiasiya olunur. C4 bitkilorin xarakteristik
xiisusiyyati fotosintetik yarpaq toxumalarinin iki miixtslif hiiceyra tipinin olmasidir: mezofil (M) va ortiik
topa (OT) hiiceyrolori. Bu todqiqatda qargidalinin (Zea mays L.) mezofil vo ortiik topa tilakoidlorinin
polipeptid tarkibi analiz edilmisdir. Miiayyan edilmisdir ki, FSI-in niivasina daxil olan apoziilalinin migdari
(68 kDa) mezofillo miiqayisado Ortiiktopa tilakoidlorinde daha goxdur. ATP-sintaza kompleksinin CF;
domeninin o va 3 - subvahidlerins aid olan 55 kDa va 52 kDa molekul kiitlali ziilallar har iki tip subhiiceyro
fraksiyalarinda vardir, lakin o subvahidinin miqdar ortiiktopa tilakoidlorinds bir godor azdir. FSII-nin niive
antennasiin molekul kiitlosi 45 kDa olan ziilali mezofil tilakoidlorinde daha intensivdir. Isiqtoplayici
kompleks II-nin (LHC 1II) terkibine daxil olan (28-24 kDa) polipeptidlor hor iki tip tilakoidlords miisahida
edilir, lakin ortiik topa hiiceyralorinin tilakoidlorinds onlarin miqdar: reduksiya edilmisdir.

Keywords: Cyplants, mesophyll, bundle sheath, chloroplasts, thylakoids, Zea mays
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Beaxobiii CoctaB Me3opuabHbix 1 O0kaagounbix Tunakonmos XiopomiactoB Kykypy3sl
H.X Anuena, K.X. I'acbimoBa, C. 10. Cyaeiimanos

Jlabopamopusi membpannvix cucmem kiemru HHcmumyma MoaexkyusipHotl 6uoioeuu u
buomexnonozutt HAH Azepbaiioscana

VY BUIIOB KHCIOPOAHOTO (POTOCHHTE3A anmapar npeoOpa3oBaHus YHEPTUH, CHOPMHUPOBAHHBIN U3 HECKOIBKHX
OEITKOBBIX KOMIUIEKCOB, COJIEpKAIIUX pa3lIUYHble MYJIbTHCYOBEIMHUIIBI, aCCOIMMPOBAH C MeMOpaHaMH
THJIAKOUIOB. XapaKTepHo 0coO0eHHOCThI0 C4 pacTeHHA SBISICTCS HATHYINE Y (DOTOCHHTETUUSCKUX TKaHEH
JUCTa JABYX THUMOB KJeTok: Me30pmibHbIX (M) n obkianounsix (O). B manHOM nccnenoBaHuM TpOBEAEH
aHaJM3 NOJIMIIENTUAHOTO COCTaBa ME30(HUIIBHBIX U OOKJIaIOYHBIX TKaHEH THIaKOMAOB KyKypy3bl (Zea mays
L.). ¥YcraHoBieHO, 4TO O CPaBHEHHIO ¢ Me30(MIBHBIMH KJIETKaMH, B KJIETKaX OOKIAJKH COAEpIKaHUE
anobenka (68 kDa), Bxomsmiero B siapo ®C 1, HamHoro Bhimie. B 00eux CyOKJICTOUHBIX (PpPaKIUIX
MPUCYTCTBYIOT OeNKM ¢ MoJieKyJsipHOi Maccoi 55 kDa vo 52 kDa, otHocsiuecst K o vo f cyObeanHULIAM
CF: nmomena AT®-cHHTETa3HOTO KOMIDIEKCA, OJHAKO COJEpXaHHE O CYOBEIUHHIBI B OOKJIaIOYHBIX
THJIAKOMIAaX HEeCKOJbKO MeHbie. bemok saeproit antenHsl @C 2 ¢ MonekymsapHoi maccoit 45 kDa Gomee
WHTEHCUBCH B Me30(uinbHbIX Twiakougax. [lomumentunsr (28-24 kDa), BXozsmmue B CBETOCOOMpPAIONIHIt
koMmrutekc I, HaOmromaroTcss B 00OMX THJIAKOWJAaX, OAHAKO B OOKIAJAOYHBIX THIAKOWIAX WX YHCIO
PpEayLMPOBAHO.

Kniwouesvie cnosa: Cypacmenus, me30puii, 00KIaoKa, X10poniacmol, Muiakouosl, KyKypy3a
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Determination of the Activities of Some Photosynthetic Enzymes in Sorghum
Bicolor Depending on Environmental Factors

U.J. Mustafayeva*®, U.A. Gurbanova, N.M. Guliyev

Laboratory of Enzymology of Photosynthetic Carbon Assimilation, Institute of Molecular Biology &
Biotechnologies, National Academy of Sciences, 2A Matbuat Ave., Baku AZ1073, Azerbaijan;

*E-mail: ulviyye mustafayeva@mail.ru

During the natural day-night cycle, light is the most important environmental factor controlling the
diurnal changes of photosynthesis in C4 plants. Activities of NADP-MDH and NADP-ME have been
determined in Sorghum bicolor leaves at various stages of the plant development in relation to
environmental parameters. A positive correlation has been found between the plant age and NADP-

MDH activity.

Keywords: Cy photosynthesis, photosynthetic enzymes, temperature, NADP-MDH, NADP-ME

INTRODUCTION

Cs4 plants are more productive under hot
climatic conditions compared with C; plants.
Photosynthetic apparatus in leaves of these plants is
distributed between bundle sheath and mesophyll
cells with contrasting anatomic and biochemical
properties. These cells differ in morphological and
structural properties, as well as in the differentiation
of thylakoid membranes) (Igamberdieva and
Bykovab, 2018; Friso et al., 2010). Sorghum bicolor
is a NADP-malic enzyme type Cs plant, having high
photosynthetic activity. This plant is of great
agricultural importance. Sorgo is the fifth most
important cereal plant in the world after rice, wheat,
maize and barley, it is rich in nutrients, fibers, and
biocomponents.

The main aim of the research was the diel
dynamics of the activities of photosynthetic
enzymes. To this end, the activities of NADP-malate
dehydrogenase and NADP-malic enzyme have been
determined in leaves of the mature Sorghum bicolor
plant depending on the plant age and environmental
parameters.

MATERIALS AND METHODS

Plant material and growth conditions:
Sorghum bicolor was cultivated in the experimental
field of the Institute of Molecular Biology and
Biotechnologies. Activities of the photosynthetic
enzymes were determined at the various stages of the
plant growth. Diel dynamics of the NADP-MDH
and NADP-ME activities was studied during the
reproductive stage of the plant development.

Extraction of plant materials: To determine the
activities of the enzymes leaves were ground using
pestle and mortar. Homogenization was performed
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by adding 2 ml of 50 mM Tris-HCI (pH 8.0) buffer,
containing 0.01% BSA, 0.5% Triton, 14 mM B-ME,
1 MM ethylenediaminetetraacetic acid (EDTA), and
0.5% polyvinyl pyrrolidone to 0.5g leaves in the
presence of quartz sand. Homogenization continued
for 5 min, at 10,000g. Supernatant was used for the
enzyme activity assays.

Enzyme activity assays: Tris-HCI buffer (100
mM, pH 8.0) containing 10 mg/ml BSA, 0.5 M
EDTA, 20 mM MgCl,, 0.2 mM NADP-H and 50 pl
activated enzyme preparation was used to determine
NADP-malate dehydrogenase activity. The reaction
was initiated by adding 1 mM oxaloacetate. To
activate NADP-MDH, the enzyme preparation was
kept in the reaction medium containing 1 M Tris-
HCl (pH 8.0), IM DTT and 50 pl enzyme
preparation for 15 min (Scheibe and Stitt, 1988).

NADP-ME  activity  was  determined
spectrophotometrically by following NADPH
production at 340 nm in the spectrophotometer
Ultrospec 3300 pro. The standard assay medium
contained 50 mM Tris-HC1, (pH 8.0), 10 mM
MgCl,, 0.5 mM NADP, and 4 mM L-malate in a
final volume of 1 ml (Maurino et al., 1997).

RESULTS AND DISCUSSION

Activities of NADP-MDH and NADP-ME have
been determined in Sorghum bicolor leaves at
various stages of the plant development in relation to
environmental parameters. Photosynthetic enzymes
in C4 plants are regulated by a number of factors,
including light. The photosynthetic enzyme activity
in vivo in plant leaves at any given point during
photosynthesis reflects the combined effects of light,
metabolites and other factors at that time (Cousins et
al., 2003).

NADP-malate dehydrogenase (NADP-MDH; EC
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1.1.1.82) is a crucial enzyme of the C4 pathway. Playing
an important role in the photosynthetic carbon
assimilation, this enzyme catalyzes the conversion of
oxaloacetate into malate. In Sorghum leaves, NADP-
MDH is activated in the light and inactivated in the dark
and this apparently depends on interconversion between
dithiol and disulfide groups on the enzyme. /n vivo, the
light activation (reduction) process probably occurs via
thioredoxin reduced in turn by the photosynthetic
electron transport system through ferredoxin (Rebeille
and Hatch, 1987). In C,4 plants such as sorghum and
maize, it is located in the chloroplasts of mesophyll cells
where the produced malate is exported to the bundle-
sheath cell chloroplasts, thus delivering reducing
equivalents that are needed for the photosynthetic
fixation of carbon dioxide into organic molecules.
Among all the malate dehydrogenases, the chloroplastic
NADP-dependent form exhibits the unique property of
being strictly regulated by light, while the NAD-
dependent MDHs are permanently active. It is totally
inactive in the dark and activated by the ferredoxin-
thioredoxin system only when the chloroplasts are
illuminated (Johansson et al., 1999).

Malic enzymes catalyze the oxidative
decarboxylation of L-malate to yield pyruvate, CO,,
and NAD(P)H in the presence of a bivalent metal
ion. In plants, different isoforms of the NADP-malic

enzyme (NADP-ME) are involved in a wide range
of metabolic pathways. The Cs-specific NADP-ME
has evolved from Cs-type malic enzymes to
represent a unique and specialized form of NADP-
ME as indicated by its particular kinetic and
regulatory properties. The photosynthetic C4 NADP-
ME, which is involved in the CO, concentrating
mechanism that increases the photosynthetic yield of
NADP-ME type C,4 plants, is compartmentalized in
bundle sheath chloroplasts. In NADP-ME type C4
plants, these organelles show a gradation of structure
from chloroplasts with rudimentary grana (in maize
and crabgrass) to completely agranal (in sugarcane
and sorghum) (Detarsio et al., 2000).

Sorghum development has been separated into
three major divisions: vegetative (GS-1), reproductive
(GS-2), and grain fill (GS-3), with about a third of the
life cycle spent in each (Wood et al., 2006). Stages
shown and discussed range from emergence until
physiological maturity. Time required to reach each
stage depends both on the hybrid and the environment
in which it is growing.

Dynamics of the activities of NADP-MDH and
NADP-ME has been studied in the leaves of
Sorghum bicolor at various stages of the plant
development (Figure 1).
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Fig. 1. Dynamics of the activities of NADP-MDH (A) and NADP-ME
(B) in the Sorghum bicolor plants of various ages. ((0-Emergence; I- 3
three—leaf stage; I1- five—leaf stage; I1I- Growing Point Differentiation)-
vegetative stage; (IV- Final Leaf Visible in the Whorl; V- Boot Stage;
VI- Half Bloom)- reproductive stage; (VII- Soft Dough; VIII- Hard
Dough; IX- Physiological Maturity))- grain filling and physiological

maturity stage.
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Fig. 2. Time-dependent dynamics of the NADP-MDH and NADP-ME
activities in Sorghum bicolor leaves. A- Final Leaf Visible in the Whorl
(reproductive stage); B- grain filling and physiological maturity stage.

According to the results of the research, a
positive correlation exists between the NADP-MDH
activity and the plant age. As seen in Figure 1 (A),
the highest activity of the enzyme was observed in
the tube formation, i.e. reproductive stage. Thus, the
enzyme activity during flag-leaf formation stage was
3 times higher compared with the five—leaf stage,
and 1.5 times higher compared with the grain
formation and physiological maturity stages. The
positive correlation observed between the enzyme
activity and the plant age can be related to the plant
development and the grain formation process.

As seen in Figure 1(B), the NADP-MDH
activity during the vegetative stage (Growing Point
Differentiation Stage) was higher than in the
reproductive stage. Thus, the enzyme activity was
0.5 times higher in the last phase of the vegetative
stage compared with the flag leaf formation phase.

Time-dependent dynamics of the activities of
photosynthetic enzymes in the leaves of the mature
Sorghoum biclor plant is shown in Figure 2.The
activity of NADP-MDH was found to be higher
during both flag leaf formation and physiological
maturity stages, in the morning hours (7.00). The
enzyme activity was 2 times higher at 7.00 compared
with 16.00. Moreover, during both stages the
enzyme activity gradually decreased until 16.00 with
a subsequent increase. However, there was no
pronounced difference in the NADP-ME activity

60

during both stages.

The higher activity of NADP-MDH observed in
the morning hours is suggested to relate to the high
PEPCase activity. Thus, it is known that
oxaloacetate, which is the product of PEPC, is
converted into malate by NADP-MDH. According
to previous reports, under hot climatic conditions the
activity of PEPC in C4 plants was higher during the
morning hours and it decreased in the afternoon
hours (Du et al., 2000). The decrease in the PEPC
activity under hot is assumed to cause a decrease in
the oxaloacetate amount, which is the product of
PEPC. This is accompanied by the decrease in the
NADP-MDH activity that catalyzes the conversion
of oxaloacetate into malate.
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otraf Miihit Amillorindan Asih Olaraq Sorghum Bicolor Bitkisinda
Boazi Fotosintetik Fermentlorin Aktivliklorinin Toyini

U.C. Mustafayeva, U.D. Qurbanova, N.M. Quliyev

AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Karbonun fotosintetik
assimilyasiyasinin enzimologiyasi laboratoriyast

Tobii geco vo giindiiz tsikli orzindo is1q Cs bitkilords fotosintez prosesini giindolik tonzimloyon otraf miihitin
miihiim faktorlarindan biridir. Inkisafin miixtalif morhalolorinds Sorghum bicolor bitkisinin yarpaglarinda
otraf miihit parametrlorindon asili olarag, NADP-MDH vo NADP-ME fermentlorinin aktivliyi toyin
olunmusgdur. Aparilan tadqgiqgatlar noticosindo miioyyon olunmusdur ki, NADP-MDH fermentinin aktivliyi ilo
bitkinin yag1 arasinda miisbat korrelyasiya mévcuddur.

Agar sozlar: Cy fotosintez, fotosintetik fermentlor, temperatur, NADP-MDH, NADP-ME
Omnpenenenne AkTuBHOCTH HekoTopbix @oTocnHTeTHYeCKNX DepPMEHTOB B
Sorghum Bicolor B 3apucumoctn ot ®akropoB Okpy:kawieii Cpeabl
Y.k Mycradaena, Y.A. I'ypéanosa, H.M. I'yiueB

Jlabopamopus su3umonozuu pomocunmemuueckol accumunsiyuu yenepooa Mucmumyma monexyispHou
buonozuu u buomexnonozutt HAH Azepbaiioscana

CBer sBHfSeTCSs OJHMM M3 CaMbIX BaXKHBIX (PAKTOPOB OKPY’KAIOIIEH Cpelbl, PETYIUPYIOLIMX IPOLecC
¢dorocunTe3a B C4 pacTeHUsIX B IEPHOA €CTECTBEHHOTO THEBHOTO/HOUYHOTO IIUKNIA . AKTUBHOCTh (JEPMEHTOB
NADP-MDH u NADP-ME 6s11a onpenenena B pactenun Sorghum Bicolor. Y cTaHOBIIEHA TONOXHUTEIHHAS

KOppeJsUs MEXIy BO3pacTOM pacTeHui u akTuBHOCThI0 NADP-MDH.

Knroueswie cnosa: Cypomocunmes, pepmenmor gpomocunmesa, memnepamypa, NADP-MDH, NADP-ME
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Effect of Various Concentrations of NaCl on the Growth of Seedlings of
Bread Wheat (Triticum Aestivum L.) Genotypes With Contrasting
Productivity and Drought Tolerance

F.I. Gasimova

Laboratory of Photochemistry of Chloroplasts, Institute of Molecular Biology & Biotechnologies, Azerbaijan
National Academy of Sciences, 24 Matbuat Ave., Baku AZ1073, Azerbaijan; E-mail: fazilay@yahoo.com

The effect of various NaCl concentrations on germination ability and morphophysiological indices of
bread wheat (Triticum aestivum L.) genotypes, which differ in productivity, drought tolerance and
heights, has been studied. Wheat seeds were germinated at 0 mM, 150 mM and 200 mM
concentrations of NaCl using the roll method. With increasing salt concentration retardation in the
growth of shoots and root system was observed in all samples. Salt effects were found to be different in
various genotypes. Maximum germination ability was detected in the bread wheat varieties 12"
FAWWON Ne 97, Daghdash-94 and Gyrmyzygul-1, treated with 200 mM NaCl. Only in the highly
productive variety Gobustan and drought tolerant Pirshahin-1 germination energy was relatively
lower (16%-17%) at 200 mM NaCl. There were no marked differences in the lengths of shoots and
roots of the studied varieties. The Daghdash-94 variety was found to be the tallest among the studied

varieties and the highest chlorophyll content was detected in Gyrmyzygul-1.

Keywords: NaCl, wheat varieties, germination energy, germination percentage, chlorophyll

INTRODUCTION

Soil salinization is one of the significant
environmental factors that limit the growth,
development and productivity of plants. Currently,
about 20% of all irrigated areas of the world are
saline (Minus and Richard, 2003). Salinity of soils
constantly increases due to the rising groundwater
level and improper irrigation in agriculture
(Flowers, 2004).

Salinization of soil leads to water deficiency in
the plant. Influencing the stomatal conductance of
plants, water deficiency can affect the CO2 fixation
rate and, consequently, the intensity of
photosynthesis (Marler and Zozor, 1996). The
decrease in the content of photosynthetic pigments-
chlorophyll a and b, carotenoids, and in the activity
of photosystems located in thylakoid membranes
are assumed to relate to weakened assimilation of
carbon dioxide ()Yordanov et al., 2000). Under salt
stress the chlorophyll b content was found to
decrease more than chlorophyll b content,
regardless of the plant genotype. Salt stress,
depending on the degree of plant tolerance, leads to
a significant change in the activity of antioxidant
systems of the cell (Atoyev et al., 2011, 2014;
Klimova, 2013).

Salts have a double effect on the plant. First,
they create a high osmotic pressure in the soil
solution, providing a strong bond with water. This
complicates water absorption by roots, causing
osmotic stress. Second, ions of salt absorbed with
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water exert a negative impact on the plant
metabolic processes (Minus and Termaat, 1986).
Disturbance of growth and development of plants
under salt stress is a consequence of some
physiological responses of plants, including
changes in the ion balance, mineral nutrition,
stomatal conductance, photosynthesis rate and,
ultimately, fixation and utilization of carbon
dioxide (Bongi and Loreto, 1992).

Salinity is the major factor affecting plant
metabolism, thereby causing changes in
morphological, anatomical structure, physiological
and biochemical conditions of plants. The first
morphological response of plants to salt stress is the
limitation in the development of roots and leaves. If
salinity continues the plant development stops
completely and eventually the plant perishes.

The study of salt effects on plant growth and
development, evaluation of plant adaptation
mechanisms to salt stress are very important issues
for the effective use of saline soils. Adverse
environmental conditions cause structural and
functional changes affecting, first of all, vital
activity of the organism (Aliyev et al., 2014). An
active reconstruction of intracellular connections
occurs under adverse ambient conditions.
Moreover, negative conditions lead to pivotal
changes in physiological and biochemical processes
proceeding in plants. Therefore, the comprehensive
study of these processes is necessary for the
evaluation of plant stress tolerance.

Considering the above-mentioned issues, the



main purpose of the presented work was the
comparative study of salt tolerance of bread wheat
genotypes with contrasting productivity, drought
tolerance and  height based on their
morphophysiological indices and establishing
changes in leaf water regime, amounts of
photosynthetic pigments and PSII activity.

MATERIALS AND METHODS

The objects of the study were bread wheat
(Triticum aestivum L.) genotypes: high productive
Gobustan, low productive 12 FAWWON Ne 97,
drought tolerant Pirshahin-1 and drought sensitive
Tale-38, tall Daghdash-94 and short Gyrmyzygul-1.
For the assessment of the morphometric and
physiological parameters of drought tolerance,
seeds of bread wheat varieties were germinated at
various NaCl concentrations (0 mM, 150 mM, 200
mM ) using the roll method (Shikmuradov, 2011;
Belozerova and Rome, 2014). Seeds of each sample
were maintained on the wet filter paper for 3 days
in darkness and then in a 12h-light/ 12h-dark
photoperiod for 11 days at 20-22°C. Germination
ability of the wheat embryo was examined during 7
days (Aliyev et al., 2014). Based on some
morphophysiological indices such as average root
length, RWC, concentration of photosynthetic
pigments and chlorophyll fluorescence indices, salt
tolerance of the studied varieties were assessed on
the 10th day of the germination stage.

RWC in leaves was determined according to
the method of Tambussi et al. (Tambussi et al.,
2005). Chlorophyll was extracted from leaves using
96% ethyl alcohol and quantification of chlorophyll
a, chlorophyll b and carotenoids was conducted at
665 nm, 649 nm and 440 nm, respectively, using
the spectrophotometric method of Wintermans et al.
(Gavrilenko and  Zhigalova, 2003). Leaf
fluorescence indices were measured using the
MINI-PAM  (photosynthesis yield analyzer,
Germany) device. The energy conversion efficiency
of PSII was calculated using the formulas F, = Fr, —
Fo and F,/Fn(Maxwell and Jonson, 2000).

RESULTS AND DISCUSSION

In spite of the negative impact of salt, a
development relative to control variants was
observed for bread wheat (Triticum aestivum L.)
genotypes with contrasting productivity, drought
tolerance and height during 10 days (Figure 1, A, B
and C).

Various physiological methods are known for
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the determination of plant stress tolerance, which
based on germination ability (Aliyev et al., 2014).
For the initial assessment of salt tolerance of bread
wheat genotypes, germination ability of control and
salt-treated variants was compared (Figure 2 A, B).
As seen in the figure, a decreasing trend in
germination ability was observed in the all wheat
genotypes germinated at various salt
concentrations. Germination ability of the studied
varieties changed in the following ranges: 100% -
92% in the control variants, 100% - 75% at 150mM
NaCl and 83% - 33% at 200mM NacCl.

In 3-day-old wheat seedlings treated with
NaCl, germination energy changed in the ranges:
92% - 58% in the control variants, 58%-33% at
150mM NaCl and 83%-33% at 200 mM NaCl.
However, maximum germination percentage was
observed in both wvariants of the all studied
varieties. Maximum germination showed the
varieties 12" FAWWON Ne 97, Daghdash-94 and
Gyrmyzygul-1. Germination energy was relatively
low (16%-17%) only in high productive Gobustan
and drought tolerant Pirshahin at 200 mM
concentration of NaCl.

Seeds are known to experience high osmotic
pressure of the environment during germination and
certain physiological properties of plants are
determined by absorption ability of seeds.
Absorption ability of seeds facilitates the formation
of a strong root system, which provides plant
development under water deficiency.

The changes in the linear parameters of the
growth process is a more reliable assessment of
plant tolerance than seed germination indices.
Therefore, during the initial stages of ontogenesis,
the average length of roots and shoots of wheat
genotypes grown at various concentrations of salt is
of a great interest. Diagrams in Fig. 3 A, B present
development indices (lengths of roots and shoots)
of bread wheat varieties, grown at various
concentrations of salt for 10 days. Thus, on the first
10 days the development of the studied wheat
genotypes continued and then a decline relative to
the control occurred. The development of roots and
shoots of the all varieties was retarded as the
concentration of NaCl increased. Thus, 2 times
decline was observed in the length of shoots and 3-
4 times decline in the length of roots relative to the
control. The study of the effect of various NaCl
concentrations on the growth of shoots and roots
showed that, first of all, salt stress damaged the
root system and then above ground organs of the
plant. However, the varieties did not significantly
differed in the lengths of roots and shoots (Figure 3
A, B). The variety Daghdash-94 was found to be
tall in both variants.
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A)

(B)

Fig. 1 (A, B, C). Development of 10-day-old seedlings of bread wheat genotypes (Triticum aestivum L.)
with contrasting productivity (A), drought tolerance (B) and height (C) treated with different NaCl levels
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Fig. 2 (A, B). Effects of various NaCl levels on germination ability of bread wheat genotypes.
A - germination energy, B - germination percentage.

The effect of various salt concentrations on
RWC of 10-day-old seedlings of bread wheat
genotypes was studied (Figure 4). RWC was found
to decrease significantly as salt concentration
increased. As seen in the figure, RWC changed in
the ranges 99% - 86%, 96% -79% and 94% -66%
in the control variant, and at 150mM and 200mM
concentrations of salt, respectively. However, there
was no pronounced difference in the dynamics of
the changes in RWC in the wheat varieties
Daghdash-94 and Gyrmyzygul-1 depending on
NaCl concentrations. A marked negative impact of
200mM NaCl was observed in the variety 12nd

FAWWON Ne 97.

The content of leaf photosynthetic pigments
was found to play a significant role in the function
of photosynthetic apparatus and its productivity. A
complex relation exists between photosynthetic
productivity and amounts of the chlorophyll
pigments. Salt stress disturbs chlorophyll structure
and chloroplast membranes, leading to the violation
of the structure and the decline in photochemical
activity and light intake ability. Chlorophyll loses a
part of its energy through the heat and fluorescence.
But the energy waste increases due to the structural
changes. Therefore, chlorophyll index is considered
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as the main parameter in experiments related to
salinity (Aliyev et al., 2014). Chloroplasts of the
sensitive plants are destructed more under salt
stress and therefore, the study of salt effects on
photosynthetic apparatus is of great importance for
the assessment of plant tolerance to stress factors
and its relation to physiological parameters.

The changes in the content of pigments provide
an important information about physiological status
and adaptation of plants to changing environmental

conditions (Gang et al., 2010). The aim of our study
was to evaluate the degree of stress effect based on
the change in the pigment content of wheat leaves.
According to the results of the experiments
performed with leaves of 10-day-old seedlings of
bread wheat varieties, the general amount of
chlorophyll ~ decreased with increasing salt
concentration in the all varieties compared with the
control. However, the highest chlorophyll content
was observed in the variety Gyrmyzygul-1 (Table).

Root,cm
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Fig. 3 (A, B). The length of 10-day-old seedlings of bread wheat genotypes treated with various NaCl concentrations.
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Fig. 4. RWC in 10-day-old leaves of bread wheat varieties treated with various NaCl concentrations.

0 (NaCl mM)

Effect of Various Concentrations of NaCl on the Growth

RWC %
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Tale-38 ® Daghdash-94 ® Gyrmyzygul-1.

Table. The influence of various NaCl concentrations on the content of chlorophyll and carotenoids (mg/g), and the
energy conversion efficiency of PS II (Y).

Ne Varieties NaCl, mM Ca Cp Ca+b Crar Y
1 0 0.56 0.23 0.79 4.9 0.86
Gobustan 150 0.55 0.23 0.78 4.6 0.84
200 0.22 0.18 0.40 2.0 0.87

2 0 0.64 0.30 0.94 4.7 0.89
124 FAWWON Ne 97 150 0.42 0.27 0.69 4.5 0.90
200 0.10 0.21 0.82 1.9 0.92

3 0 0.67 0.46 1.13 4.2 0.79
Pirshahin-1 150 0.55 0.17 0.72 3.7 0.83
200 0.54 0.15 0.69 1.6 0.83

4 0 0.61 0.23 0.84 4.8 0.81
Tale-38 150 0.50 0.25 0.75 2.0 0.84
200 0.25 0.11 0.36 1.7 0.81

5 0 1.12 0.38 1.50 4.8 0.82
Daghdash-94 150 0.33 0.16 0.49 1.7 0.82
200 0.24 0.27 0.51 1.0 0.73

6 0 1.16 0.58 1.74 2.2 0.81
Gyrmyzygul-1 150 0.82 0.28 1.10 0.8 0.83
200 0.72 0.21 0.93 0.4 0.83

As seen in the table, chlorophyll a+b and responses.

amounts of carotenoids decreased and a slight
decrease occurred also in the energy conversion
efficiency of PS II as salt concentration increased.

According to some authors, plants experience
stress effects mainly due to the weakening function
of the root system. Our results suggest that the
manifestation of stress effects begins with the
changes in seeds. The study of morphological and
physiological effects of salinity would contribute to
overcoming multiple issues related to negative
effects of salt stress.

So salt stress was found to exert a negative
impact on germination ability, leaf RWC,
photosynthetic pigment amounts and PSII activity.
The obtained results confirm that plant tolerance to
stress conditions is a result of various adaptive

Among the studied wheat genotypes 12nd
FAWWON Ne 97, Daghdash-94 and Gyrmyzygul-1
were found to have high germination ability at 200
mM concentration of NaClL.
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NaCl Duzunun Miixtalif Qatiiqlarinin Mohsuldarhgina vo Quraqhga Davamhihigina Gors Forqlonan
Yumsaq Bugda Genotiplorinin (7riticum Aestivum L.) Ciicartilorinin Inkisafina Tasiri

F.I. Qasimova
AMEA Molekulyar Bilogiya va Biotexnologiyalar Institutunun Xloroplastlarin fotokimyasi laboratoriyasi

NaCl duzunun miixtalif qatiliglarnin mohsuldarligina, quragqliga davamliligina vo boylarma gora farqlonon
yumsaq bugda genotiplorinin (7riticum aestivum L.) cilicorma qabiliyyatinoe va ciicartilorin morfo-fizioloji
gostariciloring tosiri Oyranilmisdir. Bugda toxumlari NaCl duzunun 0, 150, 200 mM qatililiqli mahlullarinda
rulon metodu ilo cilicordilmisdir. Duzun gatilig1 artdigca biitiin niimunolordos ciicortilorin vo kok sistemlorinin
bdyiimoasinds longims miisahide edilmigdir. Duzun miixtolif qatiliglarinin ayri-ayr cortlara tosiri miixtolif
olmusdur. Duzun 200 mM qatihginda iso maksimal ciicormo ilo farglonen sortlar 12" FAWWON Ne 97,
Dagdas-94 vo Qirmizigiil-1 yumsaq bugda sortlar1 olmusdur. Yalniz yiiksok mohsuldar Qobustan vo quraqgliga
davamli - Pirgahin-1 sortlarinda NaCl-un 200mM qatiliginda ciicorma enerjisi nisboton az (16% -17%)
olmugdur. Lakin koklerin va ciicartilorin uzunluguna gors sortlar arasinda kaskin forq miisahide edilmomisdir
Dagdas-94 sortu biitun variantlarda hiindiirboylu sort olaraq 6ziinii dogrultmusdur. Qurmizigiil-1 sortu isa
xlorofilin yiiksok miqdaria malik olmaqla digor sortlardan forqlonmisdir.

Agar sozlor: NaCl, bugda sortlari, ciicorma enerjisi, ciicorma faizi, xlorofil
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Bausinue Pazinmunbix Konuenrpanuii NaCl na Pazsutue IlpopoctkoB I'enoTunoB Msirkoii
Hmenunwt (Triticum Aestivum L.) Orandyaromuxcs mo [IpogykruBHocT 1 3aCyX0yCcTOMYHBOCTH

®.U. I'aceiMoBa

Jlabopamopus homoxumuu xnoponiacmos Hncmumyma monekyisaprou ouono2uu u
ouomexnonoeuti HAH Azepbatioxcana

Wzydeno pBnusiHMe pa3nuuHbix  KoHueHTpauuid NaCl Ha  cHOCOOHOCTH K  NpOpacTaHuio |
Mophoduznonornieckre napaMeTpbl TeHOTHIIOB MATKUX MIICHUISI (17iticum aestivum L.), OTIMYAIONIXCS
IPYyT OT ApyTa MO POCTY, MPOIYKTUBHOCTH M 3aCyXOyCTOMUMBOCTH. CeMeHa TIICHUIIBI BBEIPAIINBAIUCE 10
meToy pyJsioH B 0, 150, 200 MM pactBopax NaCl. Ilpu yBennyeHnH KOHIIEHTPALUU COJIM Y BCeX 00pa3lioB
HaOJII0/JAIach 3aJIepKKa B POCTE IMPOPOCTKOB W KOPHEBOW CHUCTEMbl. Pa3uYHbIC KOHIIGHTPALMU COJIU
OKa3bIBaJM pa3HOE BO3JICHCTBHME Ha HM3Yy4YeHHble copTa MmieHuibl. [Ipu koHueHtpauuu comu 200 MM
MaKCHMaJbHOE TpOpacTaHhe ObUI0 OOHapyxkeHo y coptoB 12" FAWWON Ne 97, Jlarmam 94 wu
I'sipmbisbirtons 1. Tonpko y mpoayktuBHOro copra ['oOycran u 3acyxoycroitunBoro [lupmiaxus sHeprus
npopactanus mpu koHneHTpanuu 200MM NaCl 6buta otHOCHTENBEHO HU3KOM (16% -17%). OnHako, B inHEe
KOpHEH W MPOPOCTKOB HE MEXKIY COpTaMHU CYIIECTBEHHOW pa3HUIBI He HaOJIFOmamoch. Bo Bcex BapmaHTax
Harmam 94 oxasajics BBICOKOPOCHBIM. [ BIPMBI3BITIONG 1OTAWYANCS OT APYTHX COPTOB IO BBICOKOMY
CoJIepKaHHIO0 XJI0poduILIa.

Kntoueswie cnosa: NaCl, copma nuieHuybsl, dHepeus NPpopacmaniisl, npoyeHm npopacmarus, X10popui
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Validation of QTL for the Flag Leaf Senescence in Wheat Under Drought
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The study of physiological senescence of the flag leaf playing the pivotal role in the uptake of solar energy
and stipulating plant productivity in wheat is very important for providing high productivity under
stress. Therefore, using RAPD OPH13 marker, the existence of a gene-locus linked to the physiological
flag leaf senescence was examined in wheat genotypes under drought stress. Based on the analysis of
PCR profiles, 450 bp diagnostic fragments were identified in 31 bread wheat and in 15 durum wheat
genotypes. This result shows that there is a gene locus that provides physiological rejuvenation of the
flag leaf, which is an indicator of the resistance to drought stress in those genotypes. The existence of
the studied locus was not confirmed in 19% of the genotypes.

Keywords: Wheat genotypes, flag leaf senescence, drought, PCR, RAPD

INTRODUCTION

Drought is the crucial environmental stress that
has pernicious consequences on agriculture. One of
the main goals of breeding programs is to develop
varieties exhibiting high tolerance to drought
conditions. It is very important to achieve
sustainability in agriculture. Despite, fundamental
research has provided substantial gains in the
understanding of the physiological and molecular
responses of plants to drought stress, there is still a
large lack between yields in optimal and stress
conditions. In cereal crops, the upper three leaves on
the stem, especially the top-most leaf, flag leaf are
the main source of carbohydrate production (Al-
Tahir 2014).

Leaf senescence is a physiological process that
causes cell death and is regulated by age under the
impact of other endogenous and environmental
factors. Leaf senescence is an active and strictly
regulated degeneration process. During this process,
leaf cells are exposed to strong changes in cell
structure, metabolism, and gene expression (Zhao et
al., 2018). Leaf senescence generates the change in
the leaf cell metabolism. Basically enhanced
catabolism leads to a declined assimilation rate e.g.,
the photosynthetic capacity decreases, and
macromolecular material degrades (Lira et. al.,
2017). The earliest and most notable modification in
the cell structure is the disintegration of the
chloroplast, the organelle that contains up to 70% of
the leaf protein. Metabolically, carbon assimilation
is replaced by catabolism of chlorophyll and
macromolecules such as proteins, membrane lipids,
and RNA (Lim et al., 2007). Increased catabolic
activity is responsible for transforming the cellular
materials collected during the growth stage of leaf
into exportable nutrients that are directed to
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developing seeds or to other growing organs. Hence,
although leaf senescence is a detrimental process for
the whole leaf organ, it can be accepted as a
protection process (Senapati et al., 2018). Thus, leaf
senescence is an  evolutionarily  selected
developmental process and has a key role in the plant
life cycle. According to agricultural reports, leaf
senescence may decrease yield in crop plants by
reducing the growth phase and may also cause post-
harvest spoilage such as leaf yellowing and nutrient
loss in vegetable crops.

Programmed cell death (PCD) is a self-destruct
cellular process controlled by several factors and
mediated through an active genetic program. This
process is regulated by numerous active genetic
programs. Molecular markers related to quantitative
trait loci (QTL) for drought tolerant patterns could
increase in breeding for drought conditions.
Molecular markers can be used to research
germplasm through segregation and association
mapping to detect useful alleles in both cultivated
and wild relatives. Moreover, association mapping is
naturally more powerful than ‘classical’ genetic
linkage mapping because it analyzes the results of
generations of recombination and selection, most of
the data available currently on water deficit are
based on segregation mapping and QTL analysis. An
advantage of the RAPD technique is that it gives
rapid outcome but at the same time has limitations
such as low reproducibility (Fernandez et al., 2002).

The main purpose of this research is the
identification of QTL for the flag leaf senescence in
wheat by RAPD marker.

MATERIALS AND METHODS

Plant materials: Wheat genotypes (38 genotypes
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of bread (7Triticum aestivum L.) and 19 genotypes of
durum (Triticum durum Desf.)) wheat genotypes
collected in the Gene Pool of the Research Institute of
Crop Husbandry (Baku) acted as a research object.
Plants were cultivated in field conditions.

Extraction of plant DNA: DNA extraction was
carried out using the CTAB method with some
modifications (Murray and Thompson, 1980). Fresh
plant tissue as a fragment of leaf was minced in
liquid nitrogen, suspended in 1000 pl of CTAB
extraction buffer (100 mM Tris-HCI, pH 8.0; 20 mM
EDTA, pH 8.0; 1.4 mM NaCl; 40 mM f-
mercaptoethanol), and pre-warmed in a water bath at
60°C. Homogenization was completed by intense
Vortex shaking. Then 400 ml of chloroform (99.8%)
was added into each tube and the tubes were gently
mixed. Next the tubes were placed in a water bath
and incubated for 10 min at 60 °C. After incubation,
the tubes were centrifuged in an Eppendorf type
benchtop centrifuge (15,000 g) for 10 min at room
temperature. After centrifugation the supernatant
was carefully selected (taking care not to capture
sediment particles) and transferred to clean 1.5 ml
Eppendorf type tubes and 600 ml of cold isopropanol
was added, mixed well and left at room temperature
for 3-5 minutes. At this stage we can observe the
dispersed DNA precipitate. The tube contents were
centrifuged at room temperature in the Eppendorf
type benchtop centrifuge (15,000 g) for 10 min.

The precipitate was washed several times with
70% ethanol, dried in a thermostat at 56 °C for 5
minutes and dissolved in TE buffer (10 mM Tris-
HCI, pH 8; 1 mM EDTA). Samples were left in a
refrigerator at 4°C for the complete dissolution of
DNA in a buffer.

DNA quantification: After dissolution of DNA
the quantity was determined by optical density (OD)
at A=260 using the ULTROSPEC 3300 PRO
spectrophotometer (“AMERSHAM”, USA).

Purity of the genomic DNA was determined by
the ratio of absorptions at A260/A280. DNA quality
was checked on the basis of performance of the
extracted DNA samples on 0.8% agarose gel stained
with 10 mg / ml of ethidium bromide in 1 x TBE
(Tris base, Boric acid, EDTA) buffer. The gel was
developed and photographed under ultraviolet light
using “Gel Documentation System UVITEK” (UK).

DNA amplification: Polymerase chain reaction
was performed by Williams (1990). DNA
amplification was performed in a 25 pl reaction
mixture volume, containing 10 X buffer, 20 ng of the
genomic DNA, 0.2 uM primer, 200 uM of each of
the following: dATP, dCTP, dGTP and dTTP, 2.5
mM MgCl,, and 0.2 units of Tag-polymerase in the
incubation buffer. PCR was performed in the
“Applied Biosystems 2720 Thermal Cycler”
(Singapore) thermocycler under the following

conditions: 1 cycle - 3 minutes at 94°C; 38 cycles - 1
min at 94 °C, an annealing step at variable annealing
temperatures depending on the primer pairs for 1
min, 2 minutes at 72 °C; the final elongation cycle
was performed at 72 °C for 10 min, then kept at 4°C.

The reaction products were separated by
electrophoresis on a 3% agarose gel in the HR-2025-
High Resolution («IBI SCIENTIFIC» U.S.)
horizontal electrophoresis machine with addition of
ethidium bromide and documented using «Gel
Documentation System UVITEK». Sizes of
amplified fragments were determined with respect to
100 bp DNA marker. Statistical analysis included
binary matrix compilation for each of the primers, in
which “presence” (1) or “absence” (0) of fragments
with  equal molecular weight on the
electropherogram were noted.

RESULTS AND DISCUSSION

Drought stress is the main factor affecting grain
yield and leaf senescence in wheat. Leaf senescence
causes significant changes at the cellular, tissue,
organ, and organism levels. In this work QTL for
flag leaf senescence has been researched under
drought stress using RAPD marker. 57 wheat
genotypes collected in the Gene Pool of the Research
Institute of Crop Husbandry acted as research
objects. 38 of them were bread wheat, and 19 were
durum wheat genotypes. Plants were cultivated
under field conditions. RAPD marker OPHI13
(5"GACGCCACACS3") linked to the QTL for flag
leaf senescence (Milad et al. 2011) was used for the
screening

As can be seen in Table 3, RAPD OPH13 gives
a positive result in 46 genotypes, this is
approximately 81% of all genotypes used for this
analysis. In more detail, 450 bp diagnostic fragments
were identified in 31 bread wheat and in 15 durum
wheat genotypes. This result shows that there is a
gene locus that provides physiological rejuvenation
of the flag leaf, which is an indicator of the resistance
to drought stress in those genotypes. Amplification
products were absent in 11 genotypes: 7 samples
among them were bread wheat, the remaining 4 were
durum wheat. The Primer OPHI3 (5°
GACGCCACAC 3") produced a strong polymorphic
band at 450 bp (Fig. 1).

Wheat flag leaf has a key role during
photosynthesis in absorption solar energy and
therefore, flag leaf senescence is one of the main
parameters to provide high productivity. Leaf
senescence is induced not only by hormonal factors
due to plant aging, external environmental factors,
such as high temperature and drought can also be the
reason of premature senescence (Chandler 2001).
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11 12 13

Fig. 1. PCR-profiles of wheat genotypes for RAPD OPH13. M - 100 bp DNA ladder, 1- Gilavar, 2- Sevinj, 3- Gyzyl
bughda, 4- Garabagh, 5- Garagylchyg 2, 6- Yagut, 7- Shirvan 3, 8- Tartar, 9- Parvin, 10- Saba, 11- Ugur, 12- Aran, 13-
Shiraslan 23, Arrow shows ~ 450 bp band.

Table 3. Results of PCR analysis using RAPD markers OPH13. [+] — presence of the expected locus,

[-] — absence of this locus.

T.aesivum L.

Genotypes OPHI13 (450bp) Genotypes OPHI13 (450 bp)
Parvin + Dagdash +
Gilavar - Giymatli 2/17 +
Saba + Farandole +
Layaqatli 80 + Saratovskaya 29 +
Bayaz + Tale 38 +
Mahmud 80 + A2 +
Murov 2 + Miranovka +
Pirshahin + Ruzi 84 +
Aran + I WWEERYT +
Ugur + Mirbashir 128 +
Zirva 85 + Renan +
Nurlu 99 + 11"FAWWON Ne -
Ne97 12" FAWWON Gyrmyzy gul 1 +
Ne50 4" FEFWSN Akinchi 84 +
Parzivan - Azamatli 95 +
Fatima + Murov +
Shaki 1 + Sevinj -
Farahim 2012 + Gyzyl bugda -
Qualite + Fransa

T.durum Desf.

Shirvan 3 - Tigre +
Mirvari + Gyrmyzy bugda +
Turan + Garabagh -
Vugar + Sharg +
Tartar + Ag bugda +
Yagut + Kakhraba +
Mirbashir 50 + Garagylchyg 2 +
Mugan + Shiraslan 23 -
Asgaran + Sarychanak 98

Barakatli 95 -

. Biochemical and physiological events lead to
leaf senescence, which is the final stage of leaf
development. In wheat flag leaf senescence occurs
when redistributing resources from the source to the
sink during grain filling. The onset and rate of
senescence are main determinants of yield potential
(Evans 1993), because flag leaf photosynthesis in
wheat contributes about 30-50% of the assimilates
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for grain filling (Sylvester-Bradley et al. 1990). Four
classes of late senescence or ‘stay-green’ were
described by Thomas and Smart (1993). Two of
these classes relate to delayed onset of senescence or
slower rate in progress of senescence, and the
remaining two relate to cosmetic effects that lack
photosynthetic capability. There were some reports
on the inheritance of flag leaf senescence in wheat
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under optimal conditions, where additive gene
effects were demonstrated (Simon 1999). It was
found that delayed onset of leaf senescence in
sorghum (Sorghum bicolour L.) (Borrell et al.
2000a, 2000b), maize (Zea mays L.) (Baenziger et
al. 1999) and durum wheat (7. durum L.) (Benbella
and Paulsen 1998; Hafsi et al. 2000) increased plant
productivity under water stress conditions. In
sorghum a slower rate of senescence was also
associated with increases in genetic yield under
drought (Borrell et al. 2000a, 2000b).

It is necessary for plant breeders to understand
the genetics of leaf senescence for increasing yield
under drought. Moreover, this would allow the
scientist to elucidate how genes and biochemical
pathways controlling leaf senescence are regulated.
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Bugda Bitkisindo Quraqlhiq Stresi Soraitinds Flaq Yarpagin
Qocalmasi ilo 9lagodar QTL-in Tadqiqi

T.Y.isgoandarova, S.M. Riistamova, I.M. Hiiseynova*
AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Bioadaptasiya laboratoriyasi

Bugda bitkisinds fotosintez zamani giinos enerjisinin udulmasinda asas rol oynayan va bitkinin mahsuldarligini
sartlondiran flaq yarpagin fizioloji qocalmasinin tadqiq olunmasi stress soraitinds yliksok mohsuldarligin tomin
edilmasi {igiin vacib parametrlorden biridir. Bu baximdan, RAPD OPH13 markerindan istifads etmokls bugda
genotiplarinds stress soraitinds flaq yarpagin fizioloji qocalmasi ila alagali gen-lokusunun mévecudlugu tadqiq
edilmisdir. PZR naticolorindon alds olunan elektroforetik profillorin analizins asason, 31 yumsaq vo 15 bark
bugda genotipindo 450 bp diagnostik fragmentlor agkar edilmisdir. Bu natico onu gosterir ki, genotiplords
quraqliq stresino garst davamliligin gostoricisi hesab olunan flag yarpagin fizioloji yasilqalmasini tomin edon
gen lokusu movcuddur. Arasdirilan gen lokusu genotiplarin 19 %-ds askar edilmomigdir.

Acar sozlor: Bugda genotiplari, flag yarpagin qocalmasi, quraqliq, PZR, RAPD

Hccnenoanune Ceszannoro co CrapenneM MaHroBoOro
Jlucra QTL y Imenuns! npu Y caoBusax 3acyxu

T.U. Uckennaposa, C.M. Pycramosa, U.M. I'yceiiHoBa *

Jlabopamopus 6uoadanmayuu Uucmumyma MOReKyIapHOU 6Uoa02UYU U OUOMEXHOI02UL
HAH Aszepbaiioscana

Nzydyenne PpU3HOIOTHUECKOTO CTapeHHUs (JIaroBbIX JIMCTHB, UIPAIONIMX KIIIOYEBYIO POJIb B MOTJIONICHUU
COJTHEYHOW 3HEPTUU U ONpeelIeHUH MPOIyKTUBHOCTH PACTEHUH MIIEHUIIBI, OY€Hb BAYKHO IUJIS 0OeCTIeueHUs
BBICOKOI MPOU3BOAMUTEIBLHOCTH IIPU CTpecce. B reHoTunax MIIEeHULbI IPU YCIOBUAX 3aCyXH, C IOMOULIBbIO
mapkepa RAPD OPHI13, Obuto mccrnenoBaHO HaJdW4YHMe TeH-JIOKYCa, CBSI3aHHOTO C TPOIECCOM CTapEeHHS
(naroBeix muctbeB. OcHoBbIBasch Ha aHanu3e [1L[P, B 31 reHoTune Markoii u 15 — reHOTHIIaX TBEpHOH
MIISHALBI, OBUTN UASHTH(PHUIMPOBAaHKI TUarHocTHYeckue GpparMeHTsl 450 bp. DTOT pe3ynbTaT yKka3pIBaeT Ha
HaJIM4YHe JIOKyca, 00ecIednBaromero (pu3noJIOorHIecKoe 03eJeHeHrne (1aroBoro JINCTa, KOTOPBIA SBIAETCS
KpUTEPUEM YCTOHYHBOCTH K CTPECCY 3aCyXH Y 3TUX TCHOTHIIOB. VI3y4eHHBIN JIOKYC HEe ObLI OOHapyXeH Yy
19% renoTunos.

Kniroueevie cnosa: I'enomunvl nuenuysl, cmapenue gaazoeoeo aucma, sacyxa, I[P, RAPD
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Molecular Marker Technology: Current State and Prospective Directions
(Review)
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The article provides detailed information on molecular marker technologies that are widely used in
various fundamental and applied fields of science. Characteristics of the majority of existing types of
molecular markers, their advantages and disadvantages are given. By being part of the genome,
molecular markers carry a lot of information about its changes during ontogenesis and phylogenesis.
This circumstance turns them into an excellent tool in studying evolution, systematics, genetic and
epigenetic mechanisms of adaptation, as well as in creating more stress-resistant forms, in genetic
mapping, genetic tagging, ''genome editing'"', determining the quality of the surrounding environment,
addressing issues of eco - and genotoxicology, diagnostics, forensic-medical expertise, etc. The results
of numerous studies in which Hybridization or PCR-based molecular markers used for some of the

above-mentioned purposes have been discussed as well.

Keywords: Molecular marker, restriction fragment, polymorphism, amplification, cpSSRs, ESTs

INTRODUCTION

Biotechnology is one of the scientific areas
open to the novelty. Molecular marker technologies
- a practical achievement of this field - are very
important both in scientific and practical terms.
Development of these technologies started recently
and within a few decades they began playing a
great role in solving the problems of fundamental
and applied sciences. There have been developed of
many types of molecular markers, and combined
with sequencing technologies, they aim to improve
diagnosis, increase yields, etc. Progress in areas
such as molecular selection, molecular genetics,
genomic selection, genome editing has contributed
to a more thorough understanding of molecular
markers, and providing their greatest variety.
Molecular markers are one of the powerful tools for
analyzing genomes and allow us to establish the
relationship between hereditary characteristics and
the underlying genomic variability. Genotyping
based on next-generation sequencing technologies
contributes to the development of new markers for
complex and unstructured populations.

The first markers, of course, were classical
and, in the first place, morphological ones,
according to which the state of the organism, in
particular, plants, is evaluated. The following
classical, no less informative and widely used,
along with modern molecular ones, are cytological,
biochemical markers. A molecular marker is

usually called some gene in the genome or some
region in the gene belonging to some fragment of
DNA , a molecular marker is a nucleotide sequence
associated with a trait of interest.

Molecular or DNA markers are classified
based on different criteria. These criteria can be:

- a method of detection (on this basis they are
divided into hybridization-based (historically
the first) and based on PCR (Hybridization-
based and PCR-based);

- the nature of the action on genes (dominant
and co-dominant);

- the method of transmission to the offspring
(on the paternal line by organoids, on the
maternal line by organoids, by the nuclei of
both parents, on the maternal line by the
nucleus).

RFLP is the first and only method developed
on the basis of hybridization. After the discovery of
PCR, a large number of molecular marker methods
that are widely used have been developed. These
marker technologies are effectively used in diverse
areas such as genetic diversity analysis, the design
of genetic maps, genetic tagging, cloning, the
creation of more stress-resistant variations, the
analysis of the genotoxicity of substances, the study
of epigenetic mechanisms of adaptation both during
ontogenesis and phylogenesis, the study of
systematics of various taxa, phylogenetics,
evolutionary genetics, etc.

Thus, all the existing diversity of molecular
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marker technologies can be divided into 2 main
groups (based on the method of detection):

- based on hybridization

- based on the PCR system.

RFLP (Restriction fragment length
polymorphism) is the first and perhaps the only
hybridization-based molecular marker system that
has been extensively used at the beginning of the
molecular biology era. However, hybrid systems
such as microarrays and diversity array technology
(DATT) are currently being intensively used for
detection of one nucleotide polymorphism (SNP -
single nucleotide polymorphisms). Conversely, a
lot of molecular-marker detection methods based
on PCR have been developed. For example,
amplified fragment length polymorphism (AFLP),
random amplified polymorphic DNA (RAPD),
simple sequence repeats (SSR), and sequence
related amplified polymorphism (SRAP), inter-
simple sequence repeat (ISSR), sequence tagged
site  (STS), and sequence  characterized
amplification region (SCAR) are mainly used for
genomic analysis.

All molecular-marker systems have their
advantages and disadvantages. For example, RFLP
markers can be applied to closely related species
and this is an advantage in comparative genomics.
But in RFLP, the detection procedure is relatively
complex and expensive, and therefore it is not easy
to automate the procedure for thousands of
individuals. AFLP is a widely used molecular
marker system because it can detect multiple
genetic loci in the genome and this is its advantage.
On the other hand, there are many stages in the
AFLP procedure that limit its use in marker assisted
selection - when thousands of DNA samples need
to be analyzed in a short time. SSR systems provide
a high level of polymorphism in plant genomes and
are commonly used in most genomic applications.
Yet, the SSR technology detects only repeats in the
sequence, while the number of SSRs in the genome
is relatively limited compared to the number of
SNPs. RAPD is easily performed in one round of
PCR, although the low reproductive rate of RAPD
amplification limits its wide use in genomic assays,
etc. (Nadeem et al., 2018)

Molecular-marker technology is ideal when it
has the following characteristics:

1) polymorphism, which makes possible the
use of the entire genome;

2) the ability to detect genetic variations;

3) the ability to apply many reliable and
independent markers;

4) simplicity, speed and low cost of production
of markers;

5) a small amount of DNA or tissue is
required;
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6) has such functions as correlation to various
phenotypes.

But no molecular-marker technology has all
these features at once. Therefore, in many cases, a
combination of different markers is used. For
example, Amar et al., (2017) presents the results of
a comprehensive analysis of the genetic diversity of
local and international garnet varieties in Egypt,
based on ISTR, ISSR and SRAP markers profiles.
The set of ISTR, ISSR and SRAP combinations of
the primers was compared. The comparison was
made according to the degree of resolution, the
effectiveness of the discriminating ability of the
method (along with the level of genetic
polymorphism) in order to determine which
varieties evolved from others, i.e. evolutionary
relationships. During the study of the SRAP results,
the analysis proved to be the best in almost all
parameters and it gives much more evidence about
the total number of effective alleles, the number of
polymorphic amplicons, whereas ISTR markers
showed an average level of polymorphism.

The genetic stability of soybean seedlings was
studied under allopathic treatment of them, fallen
and mixed with soil in a different ratio of
eucalyptus leaves (Abdelmigid and Morsi, 2018).
The combination of RAPD and ISSR-PCR markers
showed that the DNA of such soybeans
demonstrates a general tendency to decrease GTS
(genetic template stability) and with increasing
dose of exposure, a decrease in GTS occurs more.
Low GTS of plants subjected to stress reflects their
high genetic instability. The results allowed the
authors to offer the most appropriate combination
of RAPD and ISSR markers for determining the
allopathic tolerance of Glycine max (soybean) and
for application in breeding programs.

1. Hybridization-based markers.

RFLP (Restriction Fragment Length
Polymorphysm).
The main stages of RFLP:

- obtaining a pure DNA preparation

- treatment of DNA preparations with
restriction enzymes that cut a DNA molecule
into certain loci (in recognition sites),
resulting in a mixture of a large number of
DNA fragments with different lengths

- separation of the mixture into separate

fragments in EF (in agarose or PAGE gel).

- transfer of fragments from the gel to the

membrane

- hybridization = with

samples.

Fragments form a polymorphic bands in the
EF-gel. Each band is a population of DNA
molecules with the same length. The reason for
such a diversity between the fragments of two DNA

radio-labeled DNA
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preparations (for example, extracted from the cells
of different individuals of the same species) can be
the loss or addition of DNA sites (InDel mutations),
or the change in recognition site by other mutations
(point mutations, translocations, duplications,
inversions etc.). As a result of such changes, new
recognition sites for restriction enzymes are lost or,
on the contrary, new ones are added, which in turn
leads to polymorphism between fragments.
Individuals of the same species may differ from
each other, i.e. they can exhibit polymorphism. If
the genome of the individual is heterozygous,
polymorphism is manifested only in relation to one
chromosome.

2. PCR-based molecular technologies.

There are many more of them. The efficiency
and sensitivity in their implementation are mainly
determined by the correctly chosen primer
(annealing temperature, stability of the duplex
primer-template, primer length, GC%, melting and
annealing temperature of primer, etc.) (Williams et
al., 1990; Jones et al., 1997). If all the PCR
conduction rules are followed but the primer is not
selected correctly, then the PCR protocol results in
inadequate  results. Thus, all PCR-based
technologies, apart from everything else, depend on
the correct choice of the primer.

RAPD (randomly amplified polymorphic
DNA). RAPD technology was developed
independently by two groups of scientists
(Williams, et al 1990, Welsh and McClelland,
1990). In this method, DNA amplification occurs
using a random, short and single-stranded primer.
Amplicons fully depend on the size of target
genome and primer (Jiang, 2013). The
reproducibility of RAPD markers depends on such
factors as the amount of DNA, PCR buffer,
concentration of MgCl,, annealing t° Tag-
Polymerase, etc. (Wolff et al., 1993).

The influence of various chromium
concentrations on the phenotypic growth
characteristics of T.aestivum L. was studied (Rai
and Dayal, 2016). The pollution of the environment
by chromium compounds is relevant for all
countries of the world, it occurs in connection with
the development of the metal processing industry,
the use of fungicides, the production of paints,
cleaning of petroleum products, etc. Plants growing
in contaminated areas and phenotypically altered
were analyzed for the presence of polymorphism in
PCR with RAPD primers. Based on the results, the
authors came to the conclusion that, firstly, Cr at a
concentration of 80 ppm is capable of causing a
mutagenic effect in wheat, and secondly, several
primers must be used to maximize detection of
DNA changes.

RAPD markers

can be used for -early

identification of plant tolerance. So, RAPD analysis
was applied (Saleh, 2016) to assess DNA damage
in 4 local varieties of cotton growing in non-saline
and salt stress areas (200 mM NaCl). Changes in
RAPD profiles are measured as genomic template
stability (GST% = (1- a / n) x 100, where (a) is the
average number of changes in the DNA profile and
(n) the number of total bands in the control). As
expected, the greatest changes occurred in two salt-
sensitive, and the lowest - in 2 tolerant varieties.

The work of Olorunfemi et al. is an example of
the use of molecular markers in eco-genotoxicology
(Olorunfemi et al., 2015). In this study, RAPD
analysis was used to assess the level of DNA
damage in the cells of the root meristem of Allium
cepa L. grown in contaminated drinking water. It
turned out that in the DNA samples of plants that
were watered with polluted waters, there were big
changes in RAPD patterns. The authors suggest that
the determined DNA polymorphism is caused by
the genotoxic action of substances present in
contaminated drinking water, which in turn can
cause health problems. The results of such
ecotoxicological studies are of great importance in
genotoxicology

Altwaty and others studied the genotoxicity of
one plant - D.glaucum, which is widely grown in
Saudi Arabia - on another plant (Altwaty et al.,
2016). The authors studied DNA polymorphism in
a V. faba plant exposed to 3 types of Dipterygium
glaucum extract (water, ethanol and ethyl acetate
extracts) using RAPD markers and found the
polymorphic effect.

RAPD markers in combination with STR
markers were useful in detecting polymorphism in
plants chronically irradiated with low doses of
ionizing radiation (Khudaverdieva et al, 2005).

The sensitivity of lichens to air pollution is a
well-known fact. But a detailed analysis of DNA
with RAPD markers (Cansaran-Duman et al., 2015)
made it possible to uniquely identify the most
sensitive bioindicator of pollution (sulfur dioxide,
nitrogen oxides, PM, generated by low-quality
lignite used as fuel for household heating, and also
released into the atmosphere by motor transport) of
atmospheric air. P.practextata proved to be the most
sensitive species among the 4 investigated and the
authors suggested wusing this species as a
bioindicator of the environmental quality. It is
proved that in order to obtain a reliable estimatation
of the effects (Abdelhaliem and Al-Hugqail, 2016),
various methods (isozyme analysis and RAPD-
PCR, as well as molecular cytogenetic assays such
as single-cell gel electrophoresis-comet assay) for
the analysis of genotoxicity of environmental
pollutants should be applied in a comprehensive
manner. RAPD-PCR and comet assay are the two
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qualitative and quantitative methods that have been
used to detect DNA damage and mutation. The
authors studied the genetic effects of elevated levels
of CO; and O3 (alone or in combination) on wheat
proteins and DNA (Triticum aestivum L.) under
irrigated and non-irrigated conditions.

AFLP markers. Was developed by Vos P. et
al. (Vos et al., 1995).

The sequence of procedures in this PCR
technology is as follows:

1) restriction of genome DNA by two
restriction enzymes (EcoRI and Msel) with the
formation of fragments with protruding 3 '- ends; 2)
restriction fragments of DNA are ligated with
oligonucleotide adapter containing "sticky" ends for
these restriction sites; 3) two consecutive PCRs are
then carried out: in the first PCR, there are used
primers that are fully complementary to the EcoRI
and Msel adapters, therefore, a large number of
amplicons are created between the EcoRI and Msel
adapters, while EF separation is impossible. In the
second PCR, primers are used, at the 3 ' — end of
which there are bases that are non-complementary
to adapters (1 to 3) and due to them selective
amplification takes place. The Electrophoretic
separation of DNA fragments is carried out in a
denaturing PAAG gel.

AFLP are dominant markers, their
polymorphism is higher than that of RAPD and
ISSR. In this, as well as in an unlimited number of
samples in each analysis, AFLP is superior to
RAPD and ISSR. The method allows the specific
co-amplification of high numbers of restriction
fragments (typically 50-100 fragments). Expensive

equipment, software and also expensive
consumables are its drawback.
SRAP  (sequence related  amplified

polymorphism). SRAP was developed by Li and
Quiros, mainly to amplify open reading frames in
2001 (Li G and Quiros, 2001). This marker system
is based on the use of 2 primers (Li G. et al., 2013).
The initial idea of the authors was to simplify
AFLP and improve productivity, as well as to
improve reproductive performance compared to
RAPD. To obtain a simplified detection procedure,
the authors in the AFLP - detection protocol
omitted the stage of restriction digestion and DNA
ligation of target fragments. SRAP primers were
created in size close to the primers AFLP, but
instead of 2 cycles in AFLP, 1 cycle of PCR was
applied. To detect multiple loci with a pair of
SRAP primers, the authors invented a special PCR
procedure program (94°C for 1 minute, 35°C for 1
minute, 72°C for 1 minute / first 5 cycles) and the
next 30 cycles at an annealing temperature of 50°C.
Relatively low annealing temperature (35°C) at the
beginning of PCR allows the SRAP primers to be
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annealed to multiple loci in the target DNA, thereby
multiple loci were amplified and profiles similar to
those in the AFLP were obtained. Similar to AFLP,
most SRAP markers are dominant. Unlike RAPD,
SRAP uses a pair of primers of 16 and 22
nucleotides, instead of 10-nucleotide short primers.
This is a great advantage of SRAP technology
compared to the RAPD system, since 1 SRAP
primer can be combined with an unlimited number
of other primers. Although SRAP PCR starts with
35°C t%annealing in the first 5 cycles, larger sizes
of SRAP primers allow increasing the annealing
temperature up to 50°C in the following cycles,
which greatly improves reproductive performance
in SRAP. In addition, SRAP primers can be labeled
with fluorescent labels and combined with
untagged SRAP primers, so SRAP PCR products
can be separated in capillary instruments such as
ABI genetic analyzers.

It is known that there are differences in the GC
content between the coding and non-coding
sequences in the plant genome. These differences
can be used in the development of two sets of
SRAP primers. The forward primers containing the
GGCC cassette closing the 3' end of SRAP primers
that might preferentially anneal to the GC-rich
regions while the reverse SRAP primer set was
incorporated with an AATT cassette that would
preferentially anneal SRAP could preferentially
amplify gene-rich regions in a genome. After
sequencing the SRAP fragments and constructing
the SRAP of the B. oleracea genetic map, it was
found that SRAP did indeed amplify the sequences
from the genes, and a larger number of SRAP
markers fell in the region of the chromosome arms,
and less in the centromeric regions, which normally
filled the AFLP markers.

Depending on the goal of the researcher, it is
possible to design various SRAP primers, this is
possible due to the wide flexibility of SRAP
primers in development. To increase the capacity
and effectiveness of SRAP technology, SRAP
INlumina's Solexa sequencing can be combined to
directly integrate genetic loci into the genetic map
of B.rapa, based on paired-end Solexa sequences
(W.Lietal., 2011).

Like multi-locus, SRAP markers have many
advantages and it is an effective tool for conducting
comparative genomics (Guo et al., 2012). In
addition, SRAP markers do not require a complex
of restriction enzymes and for pre-amplification,
what is needed for AFLP, which makes SRAP a
more effective molecular marker system for
genome research.

SRAP - technology has several advantages for
gene tagging, and for this feature it is superior to
other molecular markers. The authors show that
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they used SRAP technology for cloning and the
characteristics of a gene that controls features such
as color of the seed coat and hairiness in B.rapa
(Long, Y. et al., 2010).

SRAP - technology is an effective molecular
marker system also for qualitative and quantitative
analysis of resistance to phytopathogens. Usually
qualitative resistance is an oligogenic feature, and
quantitative resistance is multigenic. Both the use
of SRAP and other markers, as well as the
correlation of results, have made it possible to
identify the multi-gene character of resistance to
many diseases in many plants (Chen et al., 2012; Li
et al.,, 2012; Li et al., 2008; Mutlu et al., 2008;
Tanhuanpaa et al., 2007; Yi et al., 2008).

Some authors have done an enormous job for
the development of molecular markers associated
with resistance genes to various factors (in this
case, resistance to nematodes of cucumber root
nodes (Meloidogyne spp) (Devran et al. 2011).
They tested 100 AFLP markers and 112 SRAP
(sequence related amplified polymorphism)
markers. They used them to screen for resistant and
susceptible parents for detecting polymorphism.
Out of the 100 AFLP primers, 92 bands were
synthesized, 2 of which were selected as putative
candidate markers. These 2 strips of gel were
transferred (eluted) to the solution, cloned and
sequenced. The primers synthesized from these
sequences did not give polymorphic bands between
the parents. In these sections of DNA, there were
no restriction sites to convert them to CARS or
SCAR markers. Therefore, in the future SRAP
primers and fragments developed from these
primers AFLP became to be used to detect
polymorphism between parents. Of the 112 primer
combinations, 11 polymorphs were detected.

Molecular markers associated with resistance to
root nematodes were also used in the other work (Ali
et al., 2014). The authors investigated the
inheritance, as well as the mapping of the mj-2 gene
in carrots, the crop of which is severely affected by
this pest (M.javanica), resulting in deformations of
the carrot roots. And this reduces the productivity of
agricultural products, especially in warm climates,
which is very important for our region as well. Using
the appropriate molecular markers associated with
the mj gene, an arrangement was found for the so-
called mj-2 gene on the same chromosome as mj-1 -
previously described resistance gene to nematodes,
but in another locus. It was found that the sign of
resistance to root nematodes is controlled not by a
single gene i.e. it is not formed under the control of
one gene.

Genetic diversity was first studied among 13
species of Silene genus, growing in Iran, using
SRAP markers (Bargish and Rahmani, 2016). This

genus (Silene) is one of the most complex
regarding taxonomy. With the use of 15
combinations of SRAP primers, 62 fragments were
obtained, 71.9% out of which were polymorphic.
The polymorphism varied in the range of 50-100%.

Consequently, SRAP markers are highly
reproductive and optimal markers for evaluating
genetic variation in clove (Silene). This and many
other works show that molecular markers can be
successfully applied in the analysis of genetic
diversity. And the study of genetic relationships
among plant taxa at the species and generic levels is
of great importance, since this analysis gives
information about the direction and the successive
stages of plant evolution (Savolainen and Chase,
2003).

The bacterial wilt caused by Ralstonia
Solanacearum is one of the diseases that causes
huge damage to the potato yield. SRAP technology
was used to detect loci that determine resistance to
this pathogen (Yanping et al., 2014). In this work
there were used easily cultivated, highly resistant
species to produce F1 to carry out bulked segregant
analysis (BSA) for screening and identifying SRAP
markers associated with potato resistance to the
bacterial wilt. A clutch map was developed for 23
DNA markers distributed over 3 clutch groups. The
results of this work show that this marker system
can be used in marker assisted selection (MAS) of
plants.

SRAP markers are mainly used for agronomic
purposes, developing in modern hybrids loci of
quantitative traits and for assessing the genetic
diversity of large germplasm collections. But some
authors believe that SRAP markers should also be
used to solve hypotheses in systematics,
biogeography, conservation, plant ecology and
others (Robarts and Wolfe, 2014).

The paper (Soleimani et al., 2012) gives the
results of assessing genetic diversity using SRAP
markers of 63-cultural, wild and decorative garnet
genotypes, selected from 5 different geographical
regions of Iran. The authors confirm with their
results that SRAP markers can be powerful tools
and an effective marker system for determining the
genetic diversity and genetic structure of the
pomegranate population.

TRAP  (targed region amplification
polymorphism). A rapid and efficient PCR-based
target region amplification polymorphism (TRAP)
technique was developed by Hu and Vick (Hu and
Vick, 2003). TRAP markers are a PCR-based
method by which a large number of loci can be
determined (Barakat et al., 2013).This marker
system is characterized by simplicity, high
throughput, with numerous co-dominant markers,
with high reproducibility (Alwala et al., 2006).
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TRAP wuses bioinformatics tools and the EST
database information to generate polymorphic
markers around targeted putative candidate gene
sequences. Thus, it should be useful in plant
genomics research in genetic mapping and marker-
trait association (Liu et al., 2005). Previously,
TRAP was also used to estimate the genetic
diversity in the genetic stocks of wheat (Xu, Hu and
Faris, 2003; Al-Doss et al., 2011).

In TRAP technology, 2 types of 18 nucleotides
are used to create markers. One of the primers is
stable, developed on the basis of EST bank data,
and another primer is designed for AT- or GC-rich
regions. Unlike the SRAP method, TRAP requires
information about the cDNA or EST sequence to
design a specific primer. Like SRAP markers,
TRAP markers are used in the analysis of the
genetic diversity of germplasm, in the construction
of genetic maps (including the construction of
transcriptome maps), genetic tagging of important
features and in the cloning of genes in many crop
plants (Hu et al., 2005; Chen et al., 2000).

In TRAP technology, almost the same number
of markers as AFLP is created. But, it does not
require extensive pre-PCR processing of templates,
as does the AFLP technique. An evaluation of 60
clones of the economically important species,
Paullinia cupana var. sorbilis, preserved in Active
Germplasm Bank (BGA), was conducted using
TRAP and SRAP markers (Elizangela Farias da
Silva et al., 2016). The level of polymorphism was
79% when using TRAP - and 74.5% using SRAP-
markers. Thus, the combination of 2 markers can
expand the genetic characteristic and facilitate the
selection of parental forms in breeding, what is also
confirmed in other works (Menzo et al., 2013).

ISSR (inter simple sequence repeat)
markers. This marker system was developed by
Zietkiewicz et al. (Zietkiewicz et al., 1994). ISSRs
makes it possible to determine polymorphism in
intermicrosatellite loci (using primers of 2 or 3
nucleotide repeats). This method does not require
information about the sequence of the genome and
a high level of polymorphism can be realized
(Chatterjee et al., 2004). ISSR is based on the
amplification of DNA segments located between
two identical but oppositely directed microsatellite
repeats. The distance between these microsatellites
should allow the flow of amplification. The primers
used in this method-microsatellites can be di-, tri-,
tetra- and penta-nucleotide repeats. In this method,
high annealing t° (40-60°C) can be used, while
amplicons have a length of 200-2000 bp (Fang and
Roose, 1997, Moreno et al., 1998). Although ISSR
markers are characterized as dominant, they can
also be used in the development of co-dominant
markers (Zietkiewicz et al., 1994; Tsumura et al.,
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1996; Ng and Tan, 2015). Relative low
reproducibility is a disadvantage of these markers
(Semagn et al., 20006).

The authors used several marker systems, in
particular ISSR markers, to evaluate the effects of
lead on DNA (Manfouz and Rayan, 2016). The
main facts observed in the ISSR patterns of
Hordeum vulgare, in the study of the effects of lead
exposure, were the following: loss of bands that are
present in the control, and the appearance of new
ones that were not present in the control. Of the 9
used primers, almost all had more than one change
and the maximum number of changes in the ISSR
bands corresponded to a high concentration of lead
(150 g / 1). The authors explain the differences in
the patterns by the presence of photoproducts (e.g.
pyrimidine dimers) in the DNA, which could block
or reduce polymerization of DNA in PCR. It is
suggested that the DNA damage may be serious in
the majority of the barley seedlings exposed to
toxic chemicals. Apparently, at high lead
concentrations, DNA damage is so great that DNA
polymerase is more often blocked and as a result,
the differences in PCR profiles are greater
compared to other variants. The authors note that
ISSRs are simpler among the molecular markers
and this system is more adaptable, since their use
does not require preliminary information on target
sequences, they are effective and reproducible
(Bornet and Branchard, 2001; Fang and Roose,
1997; Pradeep-Reddy et al., 2002).

Various calluses of the same parent cauliflower
were analyzed by ISSR markers to characterize
genetic instability (Xavier et al., 2000). Various
ISSR markers exhibited a different degree of
polymorphism. After sequencing, one sequence
showed homology with the A.thaliana gene, closely
associated with the mammalian genes involved in
the regulation of cell proliferation. This marker is
characterized by 3 microsatellites with palindromic
sequence. Possible causes of mutations in this
marker are discussed. ISSR amplification appears to
be a reliable method for determining genetic
instability at the early stages of in vitro culture. ISSR
markers in combination with other markers are also
used for genetic mapping (Chen et al., 2011).

With the help of ISSR technology (in
combination with other molecular markers - ITSI
and ITS4, PCR-RFLP), it was possible to detect
changes in the DNA methylation profile of maize
under fractionated UV-C irradiation, and also to
establish the relationship of these changes with the
release of chromosomal aberrations (Kravets et al.,
2013). This relationship was also previously
reported (Hauser et al., 2011).

MSAP (Methylation Sensitive Amplified
Polymorphism) markers. This method is designed
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to assess the degree of methylation of cytosine and
has been successfully applied to the genomes of
many species (Arabidopsis, grape, maize, tomato,
and pepper species). The method is based on the
use of isoschizomers, which differ in their
sensitivity to methylation. MSAP approach is used
also to assess the extent of cytosine methylation
under salinity stress (which is a major ecological
and agronomical problem and this problem is more
acute in regions where salt water is used for
irrigation) in salinity-tolerant and salinity-sensitive
rapeseed cultivars (Marconi et al., 2013). Data of
this study show that salinity affected the level of
DNA methylation (an increase of 16.8%). In
particular, methylation decreased in salinity-
tolerant and increased in salinity-sensitive cultivars.
Nineteen DNA fragments showing polymorphisms
related to differences in methylation were
sequenced. In particular, two of these were highly
similar to genes involved in stress responses and
were chosen to further characterization. The authors
concluded that plants can employ regulatory
strategies, such as DNA methylation, to enable
relatively rapid adaptation to new conditions.

Another example of the use of MSAP markers
is a study conducted by Guangyuan et al.,
(Guangyuan et al., 2007). In this work, genetic
damage and DNA methylation induced by salt
stress in B. napus L. were evaluated by AFLP,
SRAP and MSAP markers. In the MSAP analysis,
3 strips with significant deviations from other PCR
bands were identified. Analysis of the results
showed that after saline treatment, methylated
CCGG sites increase by 0.2 -17.6%. Nine
methylation sites were sequenced and 1 site
identified with a high degree of homology with the
ethylene responsive element binding factor (ERF)
sequence. These results demonstrate clear genetic
and epigenetic changes in plants in response to salt
stress and these changes underlie the mechanism of
plant adaptation to salt stress.

Two forms of sequence based marker, Simple

Sequence Repeats (SSRs), also known as
microsatellites, and Single Nucleotide
Polymorphisms (SNPs) now predominate in

modern genetic analysis. Reducing the cost of DNA
sequencing has led to the availability of large
sequence data sets derived from sequencing of
whole genomes and to the detection of large scale
EST (Expressed sequence Tag), which allow the
development of SSRs and SNPs, and the latter in
turn can be applied to diversity analysis, genetic
trait mapping, association studies, and marker
assisted selection. These markers are inexpensive
and require minimal laboratory work, for the
development.

SSRs (Simple Sequence Repeats). These

markers are short tandem repeats and simple
sequence length polymorphisms. SSRs are
tandemly repeating 20 bp motifs from 1 to 6
nucleotides. SSRs are present in a large number in
the genomes of various taxa (including those in
prokaryotes) (Tautz, 1989; Schlotterder et al.,
1991). Microsatellites can be mono - (A), di - (GT),
tri - (ATT), tetra - (ATCG), penta - (TAATC) and
hexa - nucleotides (TGTGCA) (Weber, 1990).
They occur in the nuclear and cytoplasmic (in
mitochondria and chloroplasts) genomes
(Rajendrakumar et al., 2007; Melotto-Passarin et
al., 2011). There is evidence that SSRs exist within
protein-coding genes, as well as in ESTs (Morgante
et al, 2002; Ding et al., 2015). SSRs are
codominant markers, have high reproducibility,
provide a high level of polymorphism, can be used
in studies on plant gene mapping (Kashi and King,
2006). This system requires a very small amount of
DNA and there is the possibility of automating
procedures. SSRs were initially considered
evolutionarily neutral markers, but later there was
obtained an evidence of their important role in the
genome evolution (Moxon and Wills, 1999). It is
believed that SSRs are involved in the expression,
regulation and functioning of genes, they are of
functional importance even in noncoding regions of
the gene (Kashi et al.,, 1997; Li et al., 2002;
Mortimer et al., 2005).

cpSSRs (chloroplast microsatellites). The
chloroplast genome is characterized by a low
mutation rate and therefore it is difficult to detect
enough sequence variations. Conversely, cpSSRs
provide a high degree of polymorphism, due to
which they are very useful in studies on population
genetics (Provan et al., 2001; Melotto-Passarin et
al., 2011). cpSSRs are mononucleotide motifs that
repeat 8 to 15 times. The level of polymorphism in
cpSSRs is quite variable within the species and
locus. cpSSRs differ from nuclear microsatellites
by such properties as single-parent inheritance and
non-recombinantity of the molecule. They have
found wide application in both fundamental and
practical fields of plant science (Park et al., 2016;
Gregory et al., 2014).

Mitochondrial microsatellites (mtSSRs).
mtSSRs of plants are highly dynamic, the greatest
and smallest density of genes are present namely in
mtDNA. Their sizes range from 200 to 2500 bp and
contain various repeating elements and introns (Liu
etal., 2011). mtDNA - markers are characterized by
a low rate of evolution. The use of these markers is
mainly limited to population genetics (Duran et al.,
2009).

SNPs (single nucleotide polymorphism).
SNPs markers are the most abundant source of
genetic polymorphism, represent single nucleotide
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differences in a specific DNA location of two
individuals. There are 3 different categories of
SNPs: transitions - C/ T or G / A, transversions (C
/G,A/T,C/AorT/G)and small inserts / deletes
(InDels). SNPs in certain places can be bi-, tri-, or
tetra-allelic, although tri- and tetra-allelic SNPs are
rare, but most SNPs are biallelic (Doveri et al.,
2008). This disadvantage of SNPs as compared to
multiallelic SSRs markers is compensated to some
extent by the relatively large abundance of SNPs.
The abundance of SNPs in the genome provides a
high density of markers near the interesting locus
researcher. SNPs are evolutionarily stable markers
and this is their advantage. They do not change
from generation to generation and this low
variability makes SNPs excellent markers for
studying complex genetic features and a tool for
understanding genomic evolution, as well as for
identifying parasites (Rogers et al., 2012; Gujaria-
Verma et al., 2016; Li X. et al., 2015). SNPs are
also the dominant markers in biomedical
applications due to the availability of data on the
sequence of the human genome (due to what is
known from the HapMap Project) and the
knowledge of allelic variability (Altshuler et al.,
2005).

The ability to screen a large number of
individuals for SNP options allows predicting
sensitivity to many diseases and creates conditions
for personal medicine (Khatkar et al.,, 2007,
Pavlovic S. et al., 2014). Thus, it is suggested that
SNPs will still co-exist with other marker systems
(Rafalski, 2002; Gupta et al., 2001). However,
probably new technologies that reduce the cost of
developing SNPs will find a wider application.

CAPS (cleaved amplified polymorphic
sequences). They are also called as PCR-RFLP
markers (due to being the combination of PCR and
RFLP) (Maeda et al., 1990; Pouryasin et al., 2017;
Bielikova et al., 2010). In this method, the DNA
under study is amplified in PCR and then digested
by restriction enzymes. If such changes as SNP and
InDel occur in DNA, restriction enzyme
recognition sites also change, resulting in DNA
fragments  having  different lengths, thus
polymorphism is clearly demonstrated.

The codominance and locus-specificity of
CAPS-markers make it easy to distinguish homo-
and heterozygous alleles. The need for a very low
amount of DNA, the ability to differentiate
codominant alleles, simplicity and cheapness - are
the advantages of CAPS technology. With the use
of CAPS markers, changes in the DNA sequence
associated with the mutations create limitations and
therefore the level of polymorphism is not as high
as that of the SSR and AFLP markers. However,
CAPS is widely used in mapping studies, on
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molecular tagging of genes (Filiz ve Kog, 2011).
The primers used in this technology are developed
based on the sequence information available in the
genomics data banks or the cloned RAPD bands
and DNA sequences. CAPS markers are universal
and the possibility of finding polymorphism can be
improved by combining CAPS with SCAR, AFLP,
RAPD or SNPs markers (Agarwal et al., 2008;
Shavrukov, 2016).

CAPS which are closely related to target genes
are particularly useful in marker-assisted selection.
Such CAPS markers are widely used in the
selection of wheat, barley, soybean, potato, tomato
and other plants to create disease-tolerant forms.
Like many others, CAPS markers are also used to
improve the plant's such important features as
development, grain quality and cereal tolerance to
pathogens, as well as the shape of tomato fruit
(Shavrukov, 2016). CAPS markers are used in
genotyping, in map-based cloning, and in gene
identification studies (Spaniolas et al., 2006; Hou et
al., 2010; Sandal et al., 2005)

SCAR (sequence characterized amplified
regions). SCAR markers were first developed in
1993 for the genes for resistance to downy mildew
of lettuce leaves (Paran and Michelmore, 1993).
And later they started to be widely used for
research of other plants (Busconi et al., 2006;
Hernandez et al., 1999; Arnedo-Andres et al., 2002;
Yuskianti and Shiraishi, 2010). Compared to RAPD
markers, their reproducibility and specificity are
higher. These markers are co-dominant and
monospecific and they are mainly used for physical
mapping. To develop SCAR primers, the
procedures are performed as follows: after carrying
out PCR, polymorphic bands are selected, the DNA
sequence of the selected bands is sequenced.
Sequence analysis of these polymorphic DNAs is
performed through comparison with known DNA
sequences present in the NCBI database (National
Center for Biotechnology Information). This
nucleotide sequence of polymorphic DNA is then
used to synthesize specific SCAR primers.

ISTR (Inverse sequence-tagged repeat).
ISTR markers are referred to as Retrotransposon-
based molecular markers, like IRAP (Inter-
Retrotransposon Amplified Polymorphism),
REMAP (Retrotransposon-Microsatellite Amplified
Polymorphism), iPBS (Inter Primer Binding Site
amplification), S-SAP (Sequence-Specific
Amplification Polymorphism), RBIP
(Retrotransposon Based Insertion Polymorphism),
ISAP (Inter Sine Amplified Polymorphism), etc.

Retrotransposons, especially LTR
retrotransposons, form a significant part of the plant
genome. Using the RNA mediator (intermediate)
they are inserted into different parts of the genome
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and cause mutations. Like all transposing elements
they are present in the DNA of various parts of the
chromosomes (in the telomeric, pericentromeric,
centromeric parts, in introns and exons, in
regulatory regions). Their number positively
correlates with the size of the genome. For
example, in the genome of A.thaliana they are
much less than in the genome of Hordeum vulgare
(Schulman and Kalendar, 2005). These properties
and dynamism of LTR retrotransposons in plant
genomes have made them excellent sources of
molecular markers (Kalendar and Schulman, 2006;
Gozukirmizi et al., 2015). The ISTR method is a
multi-locus marker system based on the selective
PCR amplification. The first ISTR primers were
designed from coconut copia-like retrotransposon
(Rhode, 1996). ISTR analyses of various plant
species with the identical primers developed from
coconut sequences have been discovered that these
primers are universally applicable (Aga and
Bryngelsson 2006).

Sequence-based markers. Molecular
markers, which are based on identifying the
sequence of individual DNA regions in a common
pool of unknown DNA, are called Sequence-based
markers. The development of this technology is due
to the fact that markers based on hybridization are
less reliable and less polymorphic. The advent of
sequencing technologies such as next-generation
sequencing (NGS) and genotyping by sequencing
(GBS) caused dramatic changes in plant breeding
by developing SNP, leading to high polymorphism
(Davey et al., 2011, Jiang et al., 2016). Sequence-
based markers are also used to study the evolution
of primates (Bergey et al., 2013)

Due to high productivity, sequencing of the
complete genome is achieved for economically
important species such as rice, corn, soybean,
sorghum, tomatoes, potatoes and Chinese cabbage,
etc. While it is still difficult to use NGS
technologies to mate the entire complex genome of
plants such as barley and wheat. Within NGS
technologies there have been identified thousands
of SNPs that can be used to develop molecular
markers in species with a complex genome. In
addition, NGS is directly used in the detection of
SNP, and several dozen genotypes can be
progressively sequenced to collect ultra-dense
genetic maps. In addition, various strategies are
used to create partial genomes that can be used to
directly monitor SNP using NGS technologies.

EST technology. For expression, each gene
must be converted (transcribed) into mRNA. The
mRNA formed during transcription serves as a
template for protein synthesis during translation.
However, there is a particular problem: mRNA is
very unstable outside the cell. Therefore, a so-

called enzyme, reverse transcriptase, is used to
convert mRNA into cDNA (i.e., a reverse
transcription process). cDNA which is much more
stable than mRNA 1is an experimental DNA
sequence because it is formed from mRNA. All
mRNA in some tissue is a transcript that serves as a
template for the synthesis of the cDNA library.
These cDNAs refer to genes that are expressed in
this tissue. Short segments (<100 bases) at one or
both ends are sequenced on these cDNAs. These
sequences - tags - carry within themselves
sufficient information to identify the expression
gene - they are called ESTs (Saccone and Pesole,
2003).
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Fig. 1. Scheme of obtaining EST-tags of an expression
gene.

EST sequences are used as a tool for gene
identification, gene discovery, sequencing and the
development of EST-based important molecular
marker systems such as RFLP, SSR, SNP, CAPS.
In addition, EST sequences can be used as probes
for the determination of gene expression, in DNA
microarrays, genetic linkage maps and physical
maps (Davis et al., 1999). ESTs are a useful source
for SSR markers, in various plant species the total
share of SSR of 20 bp or more is 1 to 5% (Kantety
et al., 2002).

SSR-regions are found in transcriptional loci,
which are more conservative (which is the reason
for their low polymorphism) than non-transcribed
regions and their transfer to close species seems
logical. Using primers obtained from EST
sequences, amplification and sequencing of the
relevant region can reveal many SNPs. More than
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45 million ESTs have been created from 1,400
different species of eukaryotes. ESTs are used in
areas such as phylogenetics, transcript profiling (or
so called "expression profiling" is a quantitative
study of the expression of the gene of many genes
at the transcriptional level - at the RNA level)
(Varshney et al., 2007).

Interdisciplinary  approaches in the
development of molecular markers. In recent
years, new interdisciplinary approaches have been
used to develop molecular markers. The
mechanisms of response to radiation are
conservative in plants and animals. The
mechanisms of response to DNA damage (DDR)
are the prevailing molecular mechanisms that are
activated by radiation in plants and animals. This
conservative nature of DDR in plants and animals
can contribute to interdisciplinary researches which
cross the traditional boundaries between plant
biology and animal biology, which can expand the
collection of markers currently used in REM
(radiation exposure monitoring) for environmental
and biomedical purposes.

Genes involved in trans-kingdom
conservatively stored DDR networks often work
with IR and UV-irradiation, deposited in biological
databases. The authors adopted an innovative
approach which uses data from available banks
related to plants and humans to develop a "plant
radiation dosimeter”, i.e. based on DDR and plant
genes, a platform that could serve as a marker for
detecting the DNA damage and for assessing
radiation-related risks for both environment and
health (Nikitaki et al., 2017).

Quantification of DNA damage can be carried
out on the basis of the analytical method of
substances that induce DNA damage (LLC 4/16
2024APrinted in USA in 2016. Patents:
www.moleculardevices.com/productpatents). This
method is based on immunofluorescence detection
of phosphorylated histone H2AX and 53BPI
protein.  Therefore, the  histone  H2AX
phosphorylation on serine 139 as well as the tumor
suppressor protein 53BP1 can serve as a kind of
marker for spontaneous or induced DNA damage.
These molecular markers can be used to identify
and characterize the mechanisms of action of
genotoxicity of these agents. Since, with double-
stranded DNA breaks, rapid phosphorylation
occurs, this change can be used as an early and
sensitive marker of double-stranded DNA breaks.
In turn, 53BP1 protein is associated with repair
processes, its phosphorylation and the formation of
nuclear foci in response to DNA damage, as well as
phosphorylation of H2AX, is an indirect but very
sensitive method for determining double-stranded
DNA breaks.
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Using the specific - UV-B induced molecular
markers, it is possible to study the mechanisms of
the reaction of organisms to the impact. Some
authors suggest that plants have at least 2 signal
transduction mechanisms that regulate gene
expression after UV-B absorption (Kalbina et al.,
2008). Based on this approach, the nature of the
dependence of fluence-response for mRNA
transcripts of 4 molecular markers induced in
A.thaliana by UV-B at 4 wavelengths in the range
of 280-360 nm is found:

1) CHS (encoding chalcone synthase)

2) PDX1.3 (the coding enzyme involved in the
formation of pyridoxine)

3) MEBS5.2 (encoding a protein with unknown
function, but very strongly regulated by UV-B)

4) LHCB1*3 (encoding xI a/b binding protein)

After analyzing the results, the authors
concluded that there are 2 different UV-B
responses: a) sensitive to rays in the range 300-310
nm: molecular markers CHS and PDX1.3 are
regulated by a chromophore absorbing at a
wavelength of 300 nm; b) sensitive to rays in the
range 280-290 nm: molecular markers MEBS5.2 and
LHCB1* 3 are regulated by a chromophore
absorbing at a wavelength of 280-290 nm.

Consequently, unlike many stress factors, the
effect of UV radiation is highly specific and
responses also differ in specific mechanisms and
markers, what should be taken into account in the
relevant studies.

CONCLUSION

The development of new molecular methods
of research expands the possibilities of the human
mind in understanding the finest regulatory
mechanisms present in the functioning of the
genome of all living organisms. The knowledge
gained thereby allows us to manage these
mechanisms, to introduce useful ones into
genomes, where they were previously absent (both
hybridologically and genetically engineered).
Therefore, molecular-marker technologies are
considered as one of the most promising
approaches in genetic analysis, in selection, in
diagnostics, etc.

A multidisciplinary, inter-kingdom approach
in the development of molecular markers is
promising, as it promotes the creation of universal
markers, which is economically most effective.

The existing close relationship between
sequencing and molecular marker technologies
promotes a more complete detection of single
nucleotide polymorphism in the population, which
is especially important in the personalization of
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medicine.
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Molekulyar Marker Texnologiyasi: Miiasir Vaziyyat Va Perspektiv Istiqgamoatlor (Icmal)
S.R. Xudaverdiyeva', ©.C. Mommodov', I.M. Hiiseynova?

" AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Genomun qurulusu va
ekspressiyast laboratoriyast
2 AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Bioadaptasiya laboratoriyast

Moqalads elmin miixtslif fundamental vo totbiqi saholorinde genis totbiq olunan molekulyar marker
texnologiyalar1 haqqinda miifassal informasiya toqdim edilmigdir. Maqgalade hamginin mdvcud molekulyar
marker texnologiyalarin oksariyystinin xarakterik xiisusiyyatlori, onlarmn iistiin vo c¢atigmayan cshatlori
gostorilmisdir. Genomun bir hissasi olmaqla, molekulyar markerlor onun filogenez vo ontogenezin gedisindo
bas veron doyisikliklori hagqinda bdyiikk informasiyani Ozlorindo dasiyirlar. Bu moagam molekulyar
markerlori tokamiiliin, sistematikanin, adaptasiyanin genetik vo epigenetik mexanizmlorinin dyronilmasinds,
stres amillorins qars1 yiiksok davamli formalarin yaradilmasinda, genetik xaritslorin yaradilmasinda, genlorin
identifikasiyasinda, ‘“genomun korreksiyasinda” (genome editing), otraf miihitin keyfiyyotinin
miioyyanlogdirilmosinds, eko — vo genotoksikoloji problemlorin hsllinds, diaqnostikada, tibbi-mshkomao
ekspertizasi praktikasinda vo s. saholordo miikommal aloto cevirir. Maqalodo hamginin Hibridizasiya — vo
PCR - asaslt molekulyar markerlorin yuxarida xatirladilan miixtolif maqsadlorls totbiq olundugu ¢oxsaylt
todqiqatlarin naticolori miizakire edilir.

Agar sozlor: Molekulyar marker, restriksiya fragmenti, polimorfizm, amplifikasiya, cpSSRs, ESTs
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Mouiexkyasipuo-Mapkepusbie Texnosioruu: Cospemennoe Cocrosinue U IlepcnekTuBHbIE
Hanpagaenust (O030p)

C.P.Xynasepauena', A.U.Mamenos', I.M.I'yceiinosa’

! labopamopus: cmpyxmypul u sxcnpeccuu 2enoma Mucmumyma monexyniaphoi 6uono2uu u
buomexnonozutt HAH Azepbaiioscana
2lTabopamopus 6uoadanmayuu Hucmumyma monexynaproii 6uonozuu u buomexnonozuti HAH
Aszepbatioacana

B crarbe mpencraBneHa moapoOHas WHPOpPMAIUsl O MOJEKYJISPHO-MApKEPHBIX TEXHOJOTHSX, LIHPOKO
MpUMEHSIEMBIX B (YHIAMEHTAJIbHBIX M NPHUKIAAHBIX OOJNACTSIX Hayku. Takke H3JIOXKEHBI XapaKTepHBIE
0COOCHHOCTH OOJIBIIMHCTBA CYLIECTBYIOLIMX MOJEKYJIIPHO-MAapKEPHBIX TEXHOJNOTUH, MOKa3aHbl HX
[IPEUMYLIECTBA U HEIOCTAaTKH. Bylyun yacTeio reHOMa, MOJIEKYJISIPHBIE MapKephl HECYT B ce0e OrPOMHYIO
nHpOpPMaAIUI0 00 U3MEHEHUSX, MPOHUCXOAANINX B XOIE OHTOTEHe3a M (QUIIOreHe3a. ITO 0OCTOSTENBCTBO
MIpeBpaIlaeT MOJEKYJIPHBIE MapKepbl B COBEPIICHHEWININH MHCTPYMEHT B HW3YyYE€HUU DSBOJIOLMWH,
CHUCTEMAaTHKHN, TCHETUYECKUX U DMUICHETHYECKUX MEXAHW3MOB aJalTallid, B CO3JaHUU T'CHOTHIIOB XKHUBBIX
OpPraHH3MOB, 00JIa/IAlOIIUX BBICOKOW YCTOMYMBOCTBHIO K JIEHCTBHIO CTPECCOBBIX (PaKTOPOB, B COCTaBICHUHU
TCHETHYECKHUX KapT, WACHTH(HUKAINK T'eHOB, “KOppeKUun reHoma” (genome editing), onpeeieHMH KauecTBa
OKpYy>Karoleil cpenipl, JMarHOCTUKE, NMPAKTHKE CyAeOHO-MEIMLMHCKON 3KCIIEPTU3bI, PELICHUH Mpo0IeM KO
- ¥ TEHOTOKCHKOJIOTUH U Ap. B cTaThe Takxke 00CYyKAat0TCs pe3yIbTaThl MHOIOUHCIICHHBIX UCCIEI0BAHUH, B
KOTOPBIX B BBILIEYNOMSHYTHIX LEISIX OBUIM MPUMEHEHBl MOJEKYJSpPHBIE MapKephl, OCHOBaHHBIE Ha
rubpunnzanuu u [1LP.

Knrouesvle cnosa: monekyisapuwlii mapkep, pazmenm pecmpukyuu, HOIUMOPHUIM, aAMIIUDUKAYUS,
cpSSRs, ESTs
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Effect of Salt Stress on the Productivity Indices of Wheat
(Triticum aestivum L. and Triticum durum Desf.) Genotypes

U.F. Ibrahimova **, A.Ch. Mammadov '

! Laboratory of Genome Structure and Expression, Institute of Molecular Biology & Biotechnologies,
Azerbaijan National Academy of Sciences, 24 Matbuat Ave., Baku AZ1073, Azerbaijan;

2 Department of Plant Physiology and Biotechnology, Research Institute of Crop Husbandry, Ministry of
Agriculture of the Republic of Azerbaijan, Pirshaghy Settlement, Sovkhoz No 2, Baku AZ 1098, Azerbaijan
*E-mail: u.ibrahimova@yahoo.com

The effect of salt stress on productivity indices (weight of grain per 1m? area, 1000 grain weight, spike
weight, weight and the number of spikelets in a spike) of local perspective bread (Giymatli-2/17,
Nurlu-99, Azamatli-95) and durum (Garagilchig-2, Barakatli-95) wheat genotypes, regionalized in
Azerbaijan has been studied. The research was carried out under field conditions. Salt stress was
found to negatively affect productivity of varieties and structural elements of productivity. According
to the tolerance indices (productivity under normal conditions, productivity under stress, mean
productivity, geometric mean productivity, stress sensitivity index, stress tolerance index) Giymatli-
2/17 is productive and medium tolerant, Nurlu-99 and Barakatli-95 are productive and tolerant,
Azamatli-95 is medium productive and medium tolerant, and the Garagilchig-2 genotype is sensitive.

Keywords: Wheat genotypes, elements of productivity, stress tolerance index

INTRODUCTION

Azerbaijan is one of the countries that suffer
from severe salinity problems. Approximately
1.144 million ha of cultivated land is already
salinized (Isgandarov, 2015). Wheat is the most
important and widely adapted crop that contributes
more calories and protein than any other crop. It is
necessary to increase wheat production in
Azerbaijan by raising wheat grain. The most
efficient way to increase wheat yield is to improve
salt tolerance of wheat genotypes, because
increasing salt tolerance is much less expensive for
farmers than using other techiques.

Salt tolerance of crops may vary depending on
the growth stage (Maas and Grieve, 1994). In
general, cereal plants are the most sensitive to
salinity during the vegetative and early reproductive
stages and less sensitive during flowering and grain
filling stage (Maas and Poss, 1989). Yield formation
of wheat is a complex process that depends on
various stress factors during ontogenesis. Salinity
caused a decrease in plant height, dry biomass,
assimlation organs such as, leaf, stem, ear and
parametres of productivity (ear lenght and mass, the
number of ears, the grain number) (Francois, 1994).
All of these limit plant productivity. The agronomic
parametres of each genotype are the result of all
physiological activities of plant during onthogenesis
(Flowers, 2004). Therefore, analysis of productivity
parametres is important for evaluating salt tolerance
in wheat.

MATERIALS AND METHODS

In order to evaluate the salinity impact on the
grain quantity of wheat, the field experiment was
conducted. The seeds were obtained from the
Research Instute of Crop Husbandry and harvested
in the field, in two variants: control and stress. Soil
salinity of stress variants was 0.9%, which is
considered as a saline soil for glycophytes,
including wheat. As a research material, local
perspective Triticum aestivum L. (Giymatli 2/17,
Nurlu 99, Azamatli 95) and Triticum Durum Desf.
(Garagilchig 2, Barakatli 95) genotypes were taken.
Measurements were carried out at grain maturity
stage. Main spikes were separated from the others,
the straw biomass and the weight of grain perl m?,
the number of spikelets per spike, weight and
lenght of spike, thousand kernel weight (TKW)
were determined. Tolerance indicies were evaluted
based on agronomic parametres:

Salt tolerance indices:

Stress Tolerance TOL=y,—y; (Rosielle and
Hamblin, 1981);

Mean Productivity MP = (y, + y;) / 2; (Rosielle
and Hamblin, 1981);

Geometric Mean Productivity GMP=(y,*y)">;
(Fernandez, 1992);

Stress Susceptibility Index SSI=[1-) /), 1
[1-)5 /y; ]; (Fisher and Maurer, 1978);

Stress Tolerance Index
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STI=(y,5,)/(7;) (Fernandez.1992)

Where, y, and y, are average yield of all
genotypes under stress and optimal conditions,
respectively. y, and y, are the mean yields of all
genotypes evaluated under stress and non-stress
conditions.

RESULTS AND DISCUSSION

The final harvest of total biomass can be divided
in two components: the grain yield and the straw
yield. The grain yield and straw yield are the principal
criteria used by farmers to choose the salt tolerant
accessions under salt stress. The major part of the
straw production takes place during the early stage of
growth cycle and it is related to the vegetative growth
as the tiller number, the leaves number, the height of
plants. In our study, the total biomass of straw ranged
from 1526 to 1903 g/m* in Giymatli 2/17, 1572-1866
g/m” in Nurlu 99, 1464-1824 g/m’> in Azamatli 95,
1300-1751 g/m?* in Garagilchig 2 and 1838-2107 g/m’
in Barakatli 95 (Table 1). The huge reduction in
straw biomass was obsereved in salt sensitive
Garagilchig 2 (25.7 %). The grain yield per 1 m* was
reduced by an average 33% for the tolerant Barakatli
95 whereas it was reduced by 57% for the least
tolerant genotype (Garagilchig 2).

On average, spike length, spike weight and
TGW were reduced by 29%, 33%, 14% in Giymatli
2/17, 19%, 24%, 7% in Nurlu 99, 7%, 36.4%,6.3%
in Azamatli 95, 8%, 21%, 6% in Barakatli 95 and
38%, 56%, 18% in Garagilchig 2. Obviously, a
significant decrease occurred in Giymatli 2/17 and
Garagilchig 2.

Improving the grain yield of wheat is the main
target in plant breeding. Therefore, the evaluation
of final grain yield and growth parametres is a
critical aspect of breeding programs. The effect of

Effect of Salt Stress on the Productivity Indices of Wheat

salinity on tiller number and spikelet number during
early growth stages has a greater influence on final
grain yield (Maas et al., 1983). The negative effect
of salinity on spikelet number and on tiller number
indicates that they are sensitive at the vegetative
stage. The number of spikes is highly correllated
with the number of tillers. Whereas, the grain yield
takes place mainly during the productive phase and
it is essentially influneced by the spike number,the
spike fertility during the grain-filling period. The
reduction in plant productivity under salinity is
caused by the osmotic effect, water deficiency and
by toxic effects of ions such as Na and Cl leading to
inability of plants to acquire water (Aldesuquy et
al., 2012). The various yield components showed
different responses to salinity. The TGW was the
least sensitive to salinity, whereas spike weight was
the most sensitive yield component, which is in
agreement with observation in rice (Zeng and
Shannon, 2000; Mahmood et al., 2009).

To evaluate response of plant genotypes to salt
stress some indices based on a mathematical
relation between stress and optimum condition such
as, productivity under normal conditions (Y)),
productivity under stress (Y;), mean productivity
(MP), geometric mean productivity (GMP), stress
sensitivity index (SSI), stress tolerance index (STI)
have been used. Fernandez divided the reaction of
genotypes, on the basis of their yields, into 4
categories under stressed and non-stressed
conditions: group A are genotypes which have high
yield under both of conditions; group B are
genotypes which have a high yield under non-
stressed conditions; group C including genotypes 2
which have a good yield under stressed conditions
and finally group D are genotypes which have a
low yield under both conditions (Fernandez, 1992).
In our study, salt tolerance of plants was evaluated
based on the indices given in Table.

Table 1. Agronomic parametres in wheat genotypes under non-stress and stress condition

Genotypes | Variants Total biomass| Grain weight TKW The lenght The number of The weight
g/m? g/m? Of spike (sm) | spikelet per spike of spike, g
Giymatli-2/17 1903+133 740+44 54.0+2.72 10.0+0.38 21.4+1.24 3.84+0.17
I 1526+122 482+24 46.4+3.25 7.1+0.18 17.0+£0.61 2.56+0.09
Nurlu-99 I 1866+93 684+47 48.0+1.63 10.0+0.32 17.0£1.02 2.64+0.13
I 1572494 430+21 44.6+1.56 8.1+0.28 15.0+£0.43 2.00+0.07
Azamatli-95 I 1824+145 658+52 47.0£2.67 12.3+£0.41 20.0+0.96 3.32+0.23
11 1464+87 399+24 44.0+1.49 9.0+0.19 18.0+0.71 2.11£0.05
Garagilchig-2 I 1751+140 60042 47.34+2.36 9.8+0.44 16.2+0.93 2.44+0.06
I 1300+117 258+13 39.0£1.13 6.0+0.15 12.0+0.61 1.08+0.03
Barakatli-95 I 2107+168 654+39 51.0£2.12 8.7£0.41 20.0+0.58 3.02+0.19
11 1838+128 435422 48.0+1.29 8.0+0.21 19.0+1.33 2.38+0.13

[ — control; II-stress
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Table 2. Estimation of sensitivity rate of wheat genotypes under normal and stressed conditions.

Genotypes Y, Ys MP GMP Tol SS1 STI
Giymatli-2/17 740444 482+34 611+£37 597+30 258+15 0.88+0.03 0.80+0.04
Nurlu-99 684+34 430+22 557439 542433 254+17 0.95+0.04 0.66+0.03
Azamatli-95 658+32 399+24 528+42 512431 259+13 0.98+0.05 0.59+0.03
Garagilchig-2 600+36 258+15 429+21 393+24 342+17 1.42+0.06 0.35+0.01
Barakatli-95 654+45 435426 544433 533432 219+13 0.82+0.04 0.64+0.03

Mean comparison showed that Giymatli-2/17
with 740 g/m’ under non-stress condition(Yp) and
with 482 g/m? under stress condition (Ys) had the
highest grain yield. Also Barakatli 95 and Nurlu 99
had the high grain yields under stress condition,
whereas Qaragilchig 2 had the lowest grain yield
under stress condition. According to TOL and SSI
indices Garagilchig 2 is relatively sensitive to
stress. According to studies, the genotypes with SSI
more than 1 are considered the most sensitive to
salinity (Clarke,1992; Golabadi et al.,2006; Mardeh
et al., 2006). Moreover, the STI indice was lower
in Garagilchig 2 (0.35).

Based on tolerance indicies, the accessions
were divided in three groups: the lowest, the
highest and the moderate salinity. Giymatli 2/17
was productive and medium tolerant, Nurlu 99 and
Barakatli 95 were productive and tolerant, Azamatli
95 was medium productive and medium tolerant,
and the Garagilchig 2 genotype was sensitive.
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Duz Stresinin Bugda Genotiplorinin (7riticum aestivum L. va Triticum Durum Desf.)
Mbohsuldarhq Géstaricilorino Tasiri

U.F Ibrahimova'2, 9.C.Mammadov'

' AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Genomun
qurulusu va ekspressiyast laboratoriyast
2 AR KTN Nazirliyi Okingilik Elmi-Tadgiqat Institutunun
Bitki fiziologiyast va biotexnologiya sobasi

Duz stresinin Azorbaycanda rayonlasdirilmis perspektivli yerli yumsaq - Triticum aestivum L. (Qiymatli-
2/17, Nurlu-99, ©zamatli) vo bark-Triticum durum Desf.(Qaraqilgig-2, Borokoatli-95) bugda genotiplorinin
mohsuldarliq géstaricilorine (1 m?-do donin kiitloesi, 1000 denin kiitlosi, siinbiiliin kiitlosi, 1 siinbiildo olan
siinbiilciiklorin say1 vo Kkiitlosi) tosiri Oyronilmisdir. Todqiqatlar tarla soraitinde aparilmigdir. Miioyyon
edilmisdir ki, duz stresi sortlarin mohsuldarligina vo mohsulun struktur elementlorine monfi tesir gostarir.
Davamliliq indekslori (normal soraitdo mohsuldarlig, stres goraitindo mohsuldarliq ,orta mohsuldarlq, orta
handasi moahsuldarliq, streso hassasliq indeksi, stress tolerantliq indeksi) asasinda Qiymatli-2/17 genotipinin
mohsuldar, orta davamli, Nurlu-99 vo Borokotli-95 genotiplorinin mohsuldar, davamli, ©zomatli-95
genotipinin orta mohsuldar, orta davamli, Qaraqil¢ig-2 genotipinin isa hassas oldugu miiayyan olunmusdur.

Acar sozlor: Bugda genotiplari, mahsuldarhq elementlori, stresa tolerantliq géstaricilori

Bausinue Coseoro Ctpecca Ha [lokazaresan IlpoayktuBHoctu I'enotunos Ilmenunust (7riticum
aestivum L. u Triticum Durum Desf.)

Y.®. Uoparumona’?, A. Y. Mamenos!

! llabopamopus cmpykmypul u sxcnpeccuu 2enoma Mucmumyma monexkyniapHoil 6uono2uu u
ouomexnonoeuti HAH Azepbatioxcana
2 Omoen gusuonozuu pacmenuii u 6uomexnono2uu Mucmumyma semnedenus MCX
Aszepbatioacanckou Pecnyoauxu

M3ydueHo BIUSHUE COJIEBOTO CTpECcca Ha IMOKa3aTellbl MIPOIyKTUBHOCTH (Macca 3epHa, macca 1000 3epen, macca
KOJI0Ca, KOJIMYECTBO KOJIOCKOB B KOJIOCE, KOJIMYECTBO U Macca 3epeH B Konoce) MATKoit (Triticum aestivum L.) n
tBepnoit  (Triticum durum Desf)) mnmenunsl, palioHnpoBaHHOW B A3sepOaiimxkane. VccrenoBanus
MIPOBOAMJIINCH B TOJIEBBIX yCiIoBUAX. OOHApYKEHO, YTO COJIEBOIl CTpecc BIUSET HA MPOAYKTHBHOCTh COPTOB
U Ha CTPYKTYypHBIC 3JIEMEHTHI MpoaykTa. Ha OCHOBaHME WHIEKCOB TOJEPAHTHOCTU (TIPOAYKTUBHOCTH B
HOPMAJIbHBIX YCJIOBUAX, MPOAYKTUBHOCTD B YCIIOBUSAX CTPECCA, CPEIOHSS TeOMETpUUeCcKasi MPOAYKTUBHOCTb,
WHJEKC YYBCTBUTEILHOCTH K CTPECCY, WHAEKC TOJEPAHTHOCTH K CTPECCy) YCTaHOBJEHO, YTO TEHOTHII
Tuiimernn 2/17 sBnsieTcst MPOAYKTUBHBIM, cpeqHe-TonepanTHeM, Hypny 99 u Bapakarnmu 95 sBmustorcs
MPOJAYKTHBHBIMU WM TOJICPAHTHBIMH, A3aMarin 95 - cpelHe-TPOMYyKTUBHBIM U CPEIHE-TOJICPAHTHBIM, a
laparpurysir 2 - 9yBCTBUTENBHBIM T€HOTHUIIOM.

Kntouegvle cnoea: I'enomunsi nuienuysl, 1eMeHmMsbl NPOOYKMUSBHOCMU, NOKA3AMENU MONEPAHMHOCU K
cmpeccy
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Abiotic Stress and Morphogenic Potential of Wheat in vitro in Conditions of

Elevated Temperatures

M.H. Mamedova¥*, F.A. Alisoy, T.H. Karagozov

Plant Biotechnology Laboratory, Institute of Molecular Biology & Biotechnologies, Azerbaijan National
Academy of Sciences, 24 Matbuat Ave., Baku AZ1073, Azerbaijan; *E-mail: gamira2010@mail.ru

The influence of the stress effect of an elevated temperature on the morphogenic callus of Tr.
durum and Tr, aestivum wheat varieties was studied. The dependence of the intensity of growth
processes on the duration of the applied thermal effects schemes is shown. It was established that
the presence of endophytic bacterial infection also cardinally changes morphogenetic processes in

vitro.

Keywords: Wheat, in vitro, temperature stress, resistance, regenerative potential, endophytic infection

INTRODUCTION

In recent decades, in crop production, due to
significant climate changes and amid unfavorable
environmental conditions, there are many problems
associated with inadequate plant resistance to
abiotic stresses. As a result, obtaining high and
stable crop yields is systematically one of the most
urgent and important breeding and genetic tasks.

Research on the development of adaptive
breeding methods based on modern achievements
of genetics and biotechnology, allowing in a short
time to improve the effectiveness of traditional
breeding approaches based on the creation of new
genotypes - donors of resistance to stress factors,
are gaining special relevance in realization of
aforementioned tasks. Cell selection is a promising
method of cell engineering that allows in vitro
direct selection of genotypes with predetermined

properties.
Somaclonal variability, based on genetic
mechanisms (chromosomal aberrations, point

mutations of DNA (Larkin, 1981)) and epigenetic
variability of plants in vitro, which do not affect
changes in the nucleotide sequence of DNA and are
associated with gene activation or silencing
(Kaepleretal, 2000), is the basis of in vitro cell
selection technologies.

Despite the obvious progress in the cell
selection of different cultures, in particular wheat,
the development of the theoretical foundations of
callus formation, embryogenesis and
morphogenesis in cereal culture, the establishment
of factors determining the success of non-
traditional approaches for increasing useful,
inherited in vitro variations in selective selection,
there are still unsolved problems , associated with a
sharp decrease in the proliferation of cell cultures
after the stressful effects of abiotic and biotic

factors and loss of ability to regenerate (Nikitina et
al., 2015; Miguel et al, 2011; Rakoczy-
Trojanowska, 2002; Hussain et al., 2001; Abouzied,
2011; Akhtar et al., 2012).

MATERIALS AND METHODS

The purpose of this research was to study the
individual schemes for selecting heat-resistant
wheat cell lines in vitro. The starting material was
immature embryos of 3 varieties of Tr. aestivum
(Gobustan, Azamatli-95, Apsheron) and 3 varieties
of Tr. durum wheat (Barakatli-95, Garabagh, Saray)
of local selection.

Callus tissue was obtained from isolated
embryos on days 13-17 after pollination.The
embryos were planted scute up on MS medium
(Murashiqe et al., 1962) with addition of 2 mg / I of
2,4D.Callus was cultivated at a temperature of 25-
260°C.The transplant was performed every 4
weeks, subcultured only with morphogenic
callus.Cell selection was carried out after the 2nd
passage according to the following schemes:

Scheme I - Callus strains at the end of each
passage were subjected to a single exposure at a
temperature of 45°C for a different time (20-60
minutes).

Scheme II - the cells were exposed to
temperature in the middle of the passage (after 2
weeks of cultivation) and at the end of the passage.

Scheme III - cultivation was carried out at 36-
37°C throughout the passage.

The total length of the stress effect was at least
2 passages for all schemes. After stressful action,
the induction of morphogenesis was carried out by
placing the callus on a medium containing IAA (0.5
mg/l) under illumination conditions and 16/8
photoperiod.
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RESULTS AND DISCUSSION

In this paper the results of 60-minute warming
of callus masses are discussed (schemes I, II).
Visual assessment of the morphogenic potential of
the tissue was made on a five-point scale (Nguyen
Thi Li an, 1995). Stress effects in all cases reduced
the intensity of growth processes, which correlated
with the duration of heat exposure, depending on
the schemes used (Table 1).

Table 1. The effect of high temperature on the growth
of morphogenic callus in different genotypes Triticum
durum Desf. and Triticum aestivum L. (in % of control)

Variants of exposure to high
Variety |Passage temperature

scheme I | schemell | scheme III

, 1 20.4 19.3 172

Barakatli-95 = 182 17.0 16.1

1 20.6 19.4 40.4

Garabagh 2 19.1 183 432

Sara 1 213 21.0 355

Y 2 20.1 192 357

1 30.0 292 44.1

Gobustan 2 28.7 271 02

. 1 40.0 38.0 30.1

Azamatli-935 384 35.0 322

1 50.3 46.3 60.7

Absheron 2 442 41.0 65.6

As follows from the data provided, a single
exposure to elevated temperatures had little effect
on the growth of calli in solid wheat varieties.
Higher temperatures affected growth rates in Tr.
aestivum varieties to a greater degree. With the
increase in the number of passages, the inhibition of
growth activity is slightly reduced under the
stresses of schemes I and II. According to the
scheme III of exposure, a similar pattern was
observed only in varieties Barakatli-95, Gobustan
and did not differ in Saray variety.

To a certain extent, the growth of culture under
the influence of stress factors can be an integral
criterion of its stability. The change in the intensity
of growth of callus tissues, depending on the
amount of temperature effects, may also indicate
the nature of adaptability associated with the
selection of cells with increased resistance.
Multistage selection was aimed to select cell lines
that are resistant to heat stress and a primary
evaluation of the genetically determined resistance
and adaptive capacity of isolated cells.

Previous research with these genotypes of
wheat which studied the effect of elevated
temperatures on the induction of callus formation,
proliferation, the regeneration capacity of the
strains obtained, their ability to maintain the
regeneration  potential, depending on the
contribution of different types of callus cells
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(individually and in mixed callus types), allowed to
establish patterns for selection of genotypes with a
certain degree of preservation and expression of
signs of resistance, as well as to obtain cell strains
possessing  increased  resistance to  high
temperatures in comparison with the original forms.
However, recent studies with the same genotypes,
but grown on a different agrophone,the results of
which are presented in this paper, showed a
completely different picture of the realization of the
morphogenic potential, both in the control and in
the experimental variants.

Transplantation of callus strains, subjected to
stress on the medium for regeneration, showed that
exposure to temperatures in schemes I and II
reduced the morphogenic potential by 70-90%,
except for Barakatli-95 and Azamatli-95, in which
the morphogenic potential and regenerative
capacity decreased by 21% and 58% respectively.
In the case of varieties of 7r. aestivum wheat
(Gobustan; Absheron) and Tr. durum wheat
(Garabagh; Saray), cultivated on a constant
background of high temperatures (Scheme III),
there was an even more significant decrease in the
morphogenic potential. There was a 30% mortality
of strains. Such morphological changes as an
increase in the share of rhizogenic callus were
observed (Fig. 1). The Gobustan variety showed a
change in the morphology and consistency of the
callus, a change in its color.

Fig. 1. Risogenesis in callus culture in Gobustan variety

Cellular masses of 7r. durum wheat also
showed little difference in the degree of
suppression of the morphogenic potential. The
greatest suppression of the morphogenic potential
took place in 77 aestivum wheat varieties. Tr.
aestivum wheat also had a varietal relationship with
respect to the heat stressor, regardless of the
treatment schemes used. With the increase in the
cultivation time under the stress scheme II, the
suppression of the morphogenic ability in all strains
decreased slightly, which can be attributed to the
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manifestation of adaptability or the acquisition of a
certain resistance to a thermal stressor.

In callus cells, mainly T7r. durum wheat,
subjected to double treatment with elevated
temperatures according to Scheme II, no changes in
morphology were observed visually in passage 1.
During the 2nd passage the growth of biomass
slowed down. In the case of surviving strains of
Absheron, Gobustan, Garabagh, Saray, cultured
according to Scheme III, in the 4th passage, after
the termination of thermal exposure, under normal
conditions, the manifestation of endophytic
infection was observed. The manifestation of
infection was sometimes accompanied by a
darkening of the agar medium. Endophytic
pathogens were mainly observed on the surface and
in the thickness of callus cells (Fig. 2).

Fig. 2. The manifestation of bacterial
infection in variety Absheron.

Transplantation to the hormone-free medium
of infected callus cells changed the morphology of
pathogens unidentified for this period. Pathogenic
microorganisms associated with isolated plant
tissues in culture in vitro negatively influenced the
processes of morphogenesis and this fact should be
taken into account in studies on cell selection.
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Abiotik Stress vd Yiiksok Temperatur Soraitinds Bugdain in vitro Morfogen Potensial
M.H. Mammadova, F.A. 9lisoy, T.H.Qaragozov
AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Bitki biotexnologiyasi laboratoriyast
Yiiksok temperatur stressorinin bark vo yumsaq bugda sortlarinin morfogen kallusuna tasiri dyronilmisdir.
Boytlimo proseslorinin intensivliyinin totbiq olunan temperaturun tosiri miiddoti sxemlorindon asililig1

gostorilmisdir. Miioyyan edilmisdir ki, endofit bakterial infeksiyanin mévcudlugu da in vitro morfogenetik
proseslori osash suratdo doyisdirir.

Acar sozlor: Bugda, in vitro, temperatur stresi, rezistentlik, regenerasiya potensiall,, endofit infeksiya

Aobunoruuecknii Crpecc u Mopgorennsiii llorenunasn Imenunsl
in vitro B Y cioBusix Ilopsimennsix Temnepartyp

M.I'. MamenoBa, ®@.A. Anucoii, T.I'. Kapare3os

Jlabopamopus buomexnonocuu pacmenuti Mucmumyma MonexkyisapHou buonosuu u
ouomexnonoeuit HAH Azepbatioscana

W3yueHO BIMSHUE CTPECCOPHOIO BO3JAEHCTBHS MOBBILICHHON TeMmepaTypbl Ha MOP(GOTCHHBIH Kajulyc y
TBEPIBIX U MSTKHX COPTOB IIIeHHUIBI. [loka3zaHa 3aBUCHMMOCTb MHTEHCHMBHOCTH POCTOBBIX IIPOLIECCOB OT
JUIMTETIHOCTH MPUMEHSEMBIX CXEM TEIUIOBOTO BO3JEHCTBUS. YCTaHOBIEHO, YTO HalW4YHe SHIO(PHUTHON
OakTepranbHON MH(PEKINU KapAUHAIBHO H3MEHSET TakXKe MOP(QOreHeTUIECKHE IPOLIECCHI i Vitro.

Kniouesvie cnosa: IMwenuya, in vitro, memnepamyphvlii cmpecc, pe3ucmeHmHOCMb, Pe2eHePaAYUOHHbLI
NOMEeHYUAL, SHOODUMHAST UHPEKYUs
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Effect of Drought Stress on Physiological Traits, Grain Yield of Durum
(Triticum durum Desf.) and Bread Wheat (Triticum aestivum 1.) Genotypes
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We aimed to study the influence of soil water deficit on gas exchange parameters, relative water
content, photosynthetic pigment contents of flag leaf, as well as on assimilation area and dry matter of
leaves, stem, spike and grain yield of durum and bread wheat genotypes in the 2014-2015 growing
season. Water stress caused reduction of photosynthesis rate, stomatal conductance, transpiration
rate, an increase of intercellular CO; concentration. Water stress severely affected on relative water
content, Chl a, b and Car (x+c) content, assimilation area formation and dry matter accumulation of

sensitive wheat genotypes.

Keywords: Drought stress, gas exchange, relative water content, chlorophyll, assimilation area, dry matter,

grain yield

INTRODUCTION

With the population growing rapidly and the
limited water resources becoming  scarcer,
maintenance of sustainable productivity of cereal
crops is of great importance. Wheat (7riticum L.) is
one of the main cereal crops for food safety in the
world. Global wheat production in 2017 amounted to
754 million tons, which is 2.7 percent more than in
2016 (FAO, 2017). Despite the fact that the
conventional selection and the wuse of new
biotechnological tools allow a significant increase in
wheat production in recent years, unfavorable factors
of the environment greatly affect the production and
quality of wheat. Yield safety can only be improved if
future breeding attempts will be based on the valuable
new knowledge acquired on the processes of the
determining plant development and its responses to
stress (Barnabas et al., 2008). To accelerate yield
improvement, physiological traits at all levels of
integration need to be considered in breeding (Long et
al., 2015). Physiological approaches have already
demonstrated significant genetic gains in Australia
and several developing countries of the International
Wheat Improvement Network (Reynolds and
Langridge, 2016). Drought is the most important
limiting factor for crop production and it is becoming
an increasingly severe problem in many regions of the
world (Izanloo et al., 2008). Wheat is one of the
widely cultivated (about 651.000 hectares) crops in
Azerbaijan, where drought is the main limiting factor
for its production (Aliyev, 2001). Azerbaijan is in the
second place of the top 15 wheat-dependent countries

(http://necsi.edu, 2011). Drought is a non-uniform
phenomenon that influences plants differently
depending on the development stage at the time of its
occurrence, adversely affects physiology,
morphology, growth and yield traits of wheat
(Hossain and Da Silva, 2012). Drought stress reduces
photosynthetic characteristics, shortens the duration of
photosynthesis and promotes the senescence of leaves
(Liu et al., 2016). A decrease in photosynthesis rate
limits expansion of assimilation area of vegetative
organs and the accumulation of dry mass. Drought
induces a wide range of molecular, biochemical and
physiological alterations in plants, including
accumulation  of  osmolytes, reduction  of
photosynthesis, stomata closure and the induction of
stress-responsive genes (Lata et al., 2015). Higher
photosynthetic rates during drought and rapid
recovery after re-watering produced less- pronounced
yield declines in the tolerant cultivar than the sensitive
cultivar (Abid et al., 2018). In wheat, greater genetic
variability can be explored with germplasm from its
centers of origin and diversity (Dvorak et al., 2011).
Ceccareli stated that local varieties have 25-61% of
advantage over modern varieties under stressful
environments, while modern genotypes have 6-18%
of advantage over local varieties under favorable
conditions (Ceccareli, 1989).

Drought tolerance is a complex trait controlled
by numerous genes, each with minor effects
(Bernardo, 2008). Phenotypic, biochemical and
genomics-assisted selection methodologies are
discussed as leading research components used to
exploit genetic variation for drought tolerance
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(Mwadzingeni et al., 2016).

The purpose of the study. The purpose of this
research was to study the influence of soil water
deficit on some physiological traits, grain yield of
durum and bread wheat genotypes.

MATERIALS AND METHODS

Field studies were carried out during the
2014/15 growing season at the experimental field of
the Department of Plant Physiology and
Biotechnology ~ Research  Institute of  Crop
Husbandry, located in the Apsheron peninsula,
Baku. Durum wheat genotypes (Garagylchyg 2,
Vugar, Shiraslan 23, Barakatli 95, Alinja 84, Tartar,
Sharg, Gyrmyzy bugda) and bread wheat genotypes
(Nurlu 99, Gobustan, Akinchi 84, Giymatli 2\17,
Gyrmyzy gul 1, Azamatli 95, Tale 38, Ruzi 84,
Pirshahin 1, 12"FAWWONNe97, 4"FEFWSNNe50,
Gunashli, Dagdash, Saratovskaya 29) were grown
under two conditions: drought (non-irrigation) and
irrigated (three irrigations: at seedlings, stem
elongation and grain filling). The plot size was 1.05
m x10 m, with 15.0 cm row spacing. Each plot had
three replications under drought and irrigation.

Measurements: Gas exchange parameters
(photosynthesis rate- P,, stomatal conductance- g,
intercellular CO, concentration- C;, transpiration
rate- E) were measured using LI-COR 6400XT
Portable = Photosynthesis ~ System  (LI-COR
Biosciences, Lincoln, NE, USA) at the anthesis
growth stage. Measurements were carried out
between 10:00 and 12:00 a.m. Data logging started
after 45 seconds of the insertion of leaves into
chamber. Leaf Chl a, b and Car (x+c) contents were
determined following the method of Lichtenthaler
(1987), with little modifications. The leaf, stem
plus sheath and spike dry mass was measured after
oven drying at 105 °C for 24 h. Leaf area per stem
(LAS), also projected area of stem multiplied by
3.14 according to Kvét and Marshall (1971), and
spike multiplied by 2 according to Alvaro et al.,
(2008) were measured with an area meter (AAC-
400, Hayashi Denkon Co, LTD, Japan). The flag
leaf RWC was determined gravimetrically. RWC
was calculated using the following formula: RWC
(%) = (FW-DW)/(TW-DW)x100, where FW-fresh
mass, DW-dry mass, TW-turgid mass.

Statistical analysis: Mean values were
calculated by Excel program. Correlation among
traits was calculated by SPSS 16 software.

RESULTS
Stomatal conductance, net photosynthesis rate

and transpiration rate decreased significantly in flag
leaf of genotypes in response to drought stress at
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anthesis (Table 1). A decrease of stomatal
conductance, net photosynthesis rate and
transpiration rate amounted to an average 45%,
44%, 37% in the sensitive genotypes Garagylchyg
2, Vugar, Shiraslan 23, Barakatli 95, Alinja 84,
Tartar, Nurlu 99, Gobustan, Akinchi 84, Giymatli
2/17, Azamatli 95, Tale 38, Ruzi 84, Pirshahin 1,
12"FAWWONN297 and Saratovskaya 29. A
relatively less decrease of g, P, and E was revealed
in the genotypes Sharg, Gyrmyzy bugda, Gyrmyzy
gul 1, 4"FEFWSNNe50, Gunashli and Dagdash.
The intercellular CO, concentration in flag leaf of
most genotypes increased under drought condition.

Although the RWC in flag leaf was maintained
at a relatively high level at the heading and
postanthesis grain formation stages, genotypic
variations in this trait was revealed at the early
milky ripe stage (Fig. 1). The RWC of most
genotypes was around 70% under normal water
supply. The lowest RWC was detected in the
genotypes Nurlu 99, Azamatli 95, Pirshahin 1 and
Gunashli, with early heading time. Despite the fact
that the RWC was maintained at a high level under
normal water supply, there was a strong decline
under water stress conditions in the genotypes
Garagylchyg 2, Shiraslan 23, Akinchi 84, Tale 38,
Ruzi 84, 12"FAWWONN297 and
4"FEFWSNNe50. A relatively higher RWC under
normal water supply and slight decrease of this trait
was revealed in the genotypes Vugar, Tartar, Sharg,
Gyrmyzy bugda, Giymatli 2/17 and Dagdash. We
consider these genotypes as drought tolerant.

A relatively high Chl a+b content was detected
in flag leaf of the genotypes Garagylchyg 2, Tartar,
Gyrmyzy bugda, Gobustan, Giymatli 2/17, Gyrmyzy
gul 1, 4"FEFWSNNe50 and Saratovskaya 29 under
irrigation (Table 2). A relatively low Chl a+b content
was detected in the genotypes Shiraslan 23, Sharg,
Nurlu 99, Akinchi 84, Azamatli 95, Dagdash. Water
stress caused reduction in Chl a, b and Car (x+c)
content in all genotypes with exception Azamatli 95.
A strong reduction of pigments under water stress
was observed in the genotypes of durum wheat
Garagylchyg 2, Tartar, Sharg, Gyrmyzy bugda, in
the genotypes of bread wheat Gobustan, Akinchi 84,
Giymatli 2/17 and Gunashli. Photosynthetic
apparatus of some durum wheat genotypes (Vugar,
Shiraslan 23, Barakatli 95), and bread wheat
genotypes (Gyrmyzy gul 1, Azamatli 95, Tale 38,
12FAWWONN97, Dagdash, Pirshahin 1,
Saratovskaya 29) were relatively tolerant to water
stress. A decrease of Chl a/b ratio was observed in
11 genotypes, while an increase in 10 genotypes. A
Chl a/b ratio remained unchanged in the genotype
Ruzi 84. In comparison with Chl a and b, Car (x+c)
were more resistant to water deficiency, as a result,
the Chl (atb)/Car (x+c) ratio is reduced in most
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genotypes. An increase in Chl (a+b)/Car (x+c) ratio
was detected in some genotypes.

Water stress limited the expansion of the
assimilation area of leaves, stem and spike, as well as
the accumulation of biomass in these organs (Table
3). At the milky ripe stage the assimilating area of the
leaves decreases due to senescence of the leaves in the
underlying layers, which is accelerated under
condition of water deficiency. A strong reduction of
the assimilation area of leaves, stem and spike was
detected in the genotypes Garagylchyg 2, Shiraslan
23, Akinchi 84, Tale 38, 12"FAWWONN97 and

Dagdash. A deep limitation in biomass of leaves and
stem in the condition of water deficiency was detected
in the genotypes Tartar, Sharg, Gyrmyzy bugda,
Nurlu 99, Gobustan, Azamatli 95, Pirshahin 1. A strict
decrease in the biomass of leaves was not
accompanied by a similar decrease in the biomass of
the stem in some genotypes, such as, Akinchi 84,
Giymatli 2/17, Ruzi 84, I12"FAWWONN97,
4"FEFWSNNe50 and Gunashli. A strong reduction of
spike biomass was revealed in the genotypes Sharg,
4A"FEFWSNNe50,  Gunashli,  Dagdash  and
Saratovskaya 29.

Table 1. Effect of drought stress on gas exchange parameters (I - irrigated, D - drought).

Wheat senotvpes Growth Gas exchange parameters
genotyp condition Po, pmol CO; m2s! | g mol H20 m2 s | Ci pmol CO2 mol! [E, mmol H20 m?s™!
Triticum durum Desf.
Garasvlchve 2 i 12.10 0.142 2235 2.56
gylchye D 6.55 0.087 250.4 1.79
Vusar I 13.24 0.142 206.5 2.65
ug D 6.68 0.072 219.5 1.45
. i 16.77 0.138 159.0 2.57
Shiraslan 23 D 736 0.086 225.6 1.81
. i 13.16 0.158 223.0 2.89
Barakatli 95 D 7.07 0.078 227.1 1.55
N I 11.03 0.128 223.0 243
Alinja 84 D 831 0.078 201.6 1.65
Tartar i 1631 0.177 235.0 313
D 8.75 0.078 180.6 1.68
Shar I 14.23 0.132 182.0 2.54
& D 11.73 0.113 189.6 222
Gormvgy buada i 11.73 0.102 166.0 1.98
yrmyzy bug D 8.13 0.075 190.4 1.54
Triticum aestivum L.
I 15.64 0.164 202.0 313
Nurlu 99 D 4.96 0.115 302.0 235
Gobustan i 12.92 0.159 2254 3.01
u D 5.86 0.083 256.8 1.87
. I 13.63 0.186 2352 3.48
Alinchi 84 D 8.82 0.086 195.5 1.91
L i 15.36 0.143 186.2 2.98
Giymatli 2/17 D 724 0.098 245.6 2.18
Gormvg aul 1 i 8.43 0.087 2042 1.83
yrmyz gu D 6.21 0.066 210.5 1.53
. I 12.56 0.146 220.0 2.67
Azamatli 95 D 6.89 0.065 176.4 141
Tale 38 I 14.97 0.167 206.0 276
D 6.78 0.066 195.0 1.42
Rugi 84 I 11.66 0.145 229.5 2.56
uz D 8.09 0.074 193.0 1.52
. i 10.81 0.121 217.0 227
Pirshahin 1 D 5.94 0.089 260.3 1.84
i 10.37 0.119 224.0 223
nd o
12" FAWWONNS7 D 6.03 0.072 234.0 1.46
I 13.56 0.118 175.0 2.41
th o
APFEFWSNNe30 D 9.74 0.101 213.0 2.01
Gunashi i 9.20 0.131 242.0 2.53
u D 6.11 0.115 281.0 2.17
Dasdash I 1521 0.150 193.0 272
agaas D 12.70 0.098 146.0 2.04
Saratovskava 29 i .11 0,121 206.0 234
vsKay D 4.54 0,075 2735 1.56
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Fig. 1. Effect of drought stress on relative water content of flag leaf
Table 2. Effect of drought stress on Chl a, b and Car (x+c) content.
Wheat genotypes | Chla [ Chlb | Chl(ath) | Car(xtc) | Chla/b | Chl (atb)/Car (x+c)
Triticum durum Desf.
Garagylchyg 2 1 7.51 2.65 10.15 2.29 2.84 4.43
D 4.89 1.88 6.77 1.73 2.60 3.92
Vugar 1 6.82 2.38 9.20 2.16 2.87 4.26
D 5.87 2.04 791 1.71 2.88 4.63
Shiraslan 23 1 5.23 1.92 7.15 1.47 2.73 4.86
D 5.15 1.77 6.92 1.65 291 4.19
. 1 7.16 2.65 9.81 2.02 2.70 4.85
Barakatli 95 D 6.60 2.52 9.12 187 2.62 487
Alinja 84 1 6.59 2.47 9.06 1.87 2.66 4.85
D 5.41 1.89 7.29 1.65 2.86 443
Tartar 1 7.48 2.93 10.41 2.16 2.55 4.83
D 5.98 2.38 8.36 1.78 2.52 4.69
Sharg 1 6.52 2.34 8.86 1.90 2.78 4.66
D 5.09 1.66 6.75 1.63 3.07 4.15
Gyrmyzy bygda 1 7.63 2.54 10.17 2.14 3.01 4.76
D 6.06 2.05 8.11 1.77 2.96 4.57
Triticum aestivum L.
Nurlu 99 1 4.32 1.62 5.94 1.27 2.67 4.69
D 4.14 1.53 5.67 1.16 2.70 491
Gobustan 1 7.82 2.80 10.62 2.15 2.79 4.94
D 4.85 1.61 6.45 1.41 3.01 4.58
. 1 6.51 2.43 8.95 1.95 2.68 4.60
Akinchi 84 D 478 1.81 6.59 0.74 2.65 8.92
. . 1 7.78 2.72 10.50 2.24 2.86 4.70
Giymatli 2/17 D 6.18 2.19 837 1.72 2.82 487
Gyrmyzy gul | 1 7.96 2.96 10.92 2.26 2.69 4.84
D 7.71 2.84 10.55 2.25 2.72 4.67
Azamatli 95 1 4.87 2.09 6.95 1.34 2.33 5.20
D 5.23 1.95 7.18 1.46 2.67 4.92
Tale 38 1 7.22 2.57 9.79 2.07 2.81 4.73
D 6.56 2.48 9.03 1.90 2.65 4.75
Ruzi 84 1 6.76 2.36 9.12 1.93 2.86 4.73
D 5.58 1.95 7.54 1.58 2.86 4.77
Pirshahin 1 1 7.01 2.54 9.55 2.01 2.76 4.76
D 6.31 2.25 8.56 1.88 2.80 4.55
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Continued table 2

I 6.97 251 9.48 2.04 277 4.64

nd o
12" FAWWONNe97 D 6.12 2.43 8.55 1.72 2.52 4.97
I 7.68 2.78 10.46 223 2.76 4.70

th o

APFEFWSNNe30 D 6.17 2.29 8.45 1.88 2.70 4.50
Ginosli I 726 272 9.98 1.92 2.67 520
Hnoy D 5.08 1.95 7.03 1.44 2.61 4.87
Dacdash I 6.39 2.14 8.52 1.99 2.99 4.8
gaas D 5.66 2.00 7.66 1.93 2.83 3.97
Saratovskava 29 I 7.80 2.97 10.78 2.06 2.62 524
vsKay D 7.00 2.53 9.53 2.05 2.77 4.66

Table 3. Effect of drought stress on assimilation area and dry mass of leaves, stem and spike (milky ripe stage).

Wheat genotypes Growth Assimilation area, cm? Dry mass, g

g P condition leaves | stem | spike leaves | stem | spike

Triticum durum Desf.
Garagylchyg 2 1 69.04 115.58 34.09 0.415 2.959 2.142
D 48.81 86.68 29.22 0.304 2.628 2.515
Vugar I 64.64 106.26 29.00 0.368 2.954 2.104
D 58.00 101.80 30.18 0.360 2.934 2.492
Shiraslan 23 1 65.04 108.74 31.17 0.390 3.020 2.088
D 46.11 84.83 26.11 0.301 2.489 2.094
Barakatli 95 1 53.80 103.87 36.02 0.394 3.454 1.794
D 55.41 100.47 34.07 0.364 2.691 1.784
Alinja 84 1 64.57 99.91 28.41 0.342 2.642 1.913
D 36.76 83.23 26.51 0.249 2.181 1.726
Tartar 1 71.51 108.64 36.78 0.488 3.007 2.415
D 62.34 89.55 34.97 0.305 2.316 2.447
Sharg I 80,49 158.48 43.16 0.552 4.322 2.523
D 58.93 133.75 39.88 0.373 3.533 1.881
Gyrmyzy bugda 1 76.98 171.92 30.23 0.462 3.674 1.556
D 48.39 129.31 29.48 0.338 2.781 1.914

Triticum aestivum L.
Nurlu 99 I 38.24 68.33 21.16 0.228 1.834 2.047
D 17.18 65.81 18.23 0.112 1.477 1.786
Gobustan 1 49.63 81.07 20.41 0.301 2.503 2.251
D 31.63 67.68 18.64 0.192 1.964 2.181
. 1 45.23 115.38 27.06 0.275 2.924 1.925
Akinchi 84 D 24.28 82.82 2334 0.191 2.420 1917
Giymatli 2/17 1 63.54 99.16 24.24 0.443 2.552 2.493
D 38.08 90.37 20.80 0.262 2.368 2.141
Gyrmyzy gul 1 1 48.55 68.58 16.48 0.302 1.621 1.547
D 41.56 35.17 12.12 0.271 1.341 1.423
Azamatli 95 I 39.16 93.62 24.30 0.274 2.180 2.282
D 28.30 86.99 19.21 0.199 1.563 2.156
Tale 38 1 47.75 121.26 32.42 0.333 2.593 1.812
D 38.08 83.59 23.10 0.292 1.895 1.651
Ruzi 84 I 41.71 89.77 27.94 0.341 2.580 2.399
D 28.37 83.49 25.78 0.222 2.162 2.024
Pirshahin 1 1 40.63 96.73 24.62 0.357 2914 2.390
D 28.49 72.14 22.54 0.214 1.989 2.081
nd . 1 21.47 73.29 17.50 0.133 1.235 1.105
12 FAWWONNST D 9.24 55.26 12.03 0.068 1.053 0.992
h 1 74.71 132.18 42.71 0.400 2.233 2.215
47FEFWSNNeS0 D 41.66 103.90 41.76 0.243 1.908 1.711
Gunashli 1 39.33 71.59 28.78 0.276 2.194 2.599
D 23.71 61.79 27.49 0.166 1.823 1.922
Dagdash I 67.19 163.97 28.95 0.431 3.184 1.857
D 52.57 103.21 23.35 0.360 2.529 1.231
Saratovskaya 29 1 45.84 114.70 16.36 0.256 1.983 0.913
D 30.59 100.94 14.43 0.183 1.663 0.708
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Fig. 2. Effect of drought stress on grain yield of wheat genotypes.

Reductions in grain yield under drought stress
were strongly expressed in the genotypes
Garagylchyg 2, Vugar, Shiraslan 23, Sharg,
Gyrmyz bugda, Pirshahin 1, 4"FEFWSNNe50,
Gunashli and Dagdash (Fig.2). A slight decrease in
grain yield was revealed in the genotypes Tartar,
Nurlu 99, Gobustan, Akinchi 84, Giymatli 2/17 and
Saratovskaya 29.

DISCUSSIONS

Photosynthetic responses to water stress have
been the subject of studies and debates for decades,
in particular, concerning which are the most
limiting factors (stomatal or mesophyll limitations,
photochemical and/or biochemical reactions) for
photosynthesis under water stress (Flexas and
Medrano, 2002; Lawlor and Cornic, 2002).
Reduction of stomatal conductance in response to
water deficiency is the main reason for the decrease
in the rate of photosynthesis. However, during
prolonged drought other non-stomatal factors play a
dominant role in limiting the rate of photosynthesis.
Our long-term gas exchange studies in wheat
showed that relationship between photosynthesis
rate and mesophyll conductance (calculated as the
ratio of P, to C;) is more strong than relationship
between photosynthesis rate and stomatal
conductance (Allahverdiyev et al, 2015). An
increase in C; indicates non-stomatal limitation of
photosynthesis. High gas exchange characteristics
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(Pn, gs, E) of the genotypes Tartar, Sharg, Giymatli
2/17, Tale 38, Pirshahin 1, 4"FEFWSNNe50,
Dagdash positively associated with assimilation
area formation and dry mass accumulation.

Despite the fact that gas exchange parameters
of wheat genotypes are severely reduced at the
booting, heading, flowering stages, a significant
decrease in RWC and the Chl a, b and Car (x+c)
contents was observed at grain ripening stages. In
fact, although components of plant water relations
are affected by reduced availability of water,
stomatal opening and closing are more strongly
affected (Anjum et al., 2011). In our opinion, a
strong reduction of stomatal conductance allows
keeping RWC at a relatively high level. There was
positive and significant relationships between RWC
and Car (x+c) under water stress (Allahverdiyev et
al., 2018). The reduction of RWC and
photosynthetic  pigment contents were not
significant in the genotypes Vugar, Gyrmyzy gul 1,
Dagdash and Saratovskaya 29.

Flag and penultimate leaves, as well as spike
and stem are the main assimilating surfaces at the
heading, flowering and initial stages of kernel
ripening. Our results showed that, an increase in the
assimilation area of stem continued until watery
ripe, while an increase in dry mass continued until
milky ripe (Allahverdiyev and Huseynova, 2017).
Translocation of photoassimilates from leaves to
stem and further from leaves, stem and vegetative
parts of spike into grains is accelerated under water
deficiency. Spike dry mass decreases under drought
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conditions due to insufficiency of sources.

The grain yield is the total output of all
agronomical, morphological traits, physiological
and biochemical processes. An average grain yield
of durum and bread wheat genotypes was 539.3 and
558.4 g/m? under irrigated, 382.8 and 443.2 g/m’
under water stress conditions, respectively. The
reduction of grain yield constituted 29% for the
durum wheat genotypes and 22% for the bread
wheat genotypes.

On the basis of a decrease in gas exchange
parameters, relative water content and Chl a, b and
Car(x+c) contents of flag leaf, as well as a decrease
in the assimilation area of leaves, stem and spike,
we can conclude that some genotypes, such as
Garagylchyg 2, Alinja 84, Tartar, Akinchi 84, Tale
38 and Gunashli, Pirshahin 1, 12"FAWWONNe97
are sensitive to drought stress. A deep decrease in
grain yield of the genotypes Garagylchyg 2,
Shiraslan 23, Sharg, Gyrmyzy bugda, Pirshahin 1,
Gunashli, 4"FEFWSNNe50 is more related with the
limitation of biomass in leaves, stem and spike.

Despite weak correlations between
physiological characteristics and grain yield,
modern wheat genotypes, such as Tale 38,
4"FEFWSNNe50 with high rate of photosynthesis,
stomatal conductance and transpiration rate, as well
as modern wheat genotypes, such as Vugar,
Gyrmyzy gul 1, Dagdash with high indexes of
relative water content and photosynthetic pigment
contents under drought stress can be used in wheat
breeding for improving productivity and drought
tolerance. The classical tallest wheat genotypes,
such as Sharg, Gyrmyzy bugda, Saratovskaya 29
show physiological tolerance to water stress.
However, non-sufficient translocation of
photoassimilates from leaves and stem into grains
in the tallest genotypes, also less tillering capacity
lead to low grain yield in a unit of area.
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Quraqhq Stresinin Bark Bugda (Triticum durum Desf.) vo Yumsaq Bugda (Triticum aestivum L.)
Genotiplarinin Fizioloji 9lamatlorine vo Dan Mahsuldarhgna Tasiri

T.I. Allahverdiyev'?, C.M. Talai!, N.Q.Hiimmoatov', .M. Hiiseynova®

!Azarbaycan Respublikasi KTN Okingilik Elmi Tadgigat Institutunun Bitki
Jiziologiyasi va biotexnologiya sobasi
’AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Bioadaptasiya laboratoriyasi

Tadgiqgat isinds torpaqda su ¢atismazliginin miixtolif bark vo yumsaq bugda genotiplorinin qaz miibadilosino,
nisbi su tutumuna, fotosintetik pigmentlsrin miqdarina, yarpaq, gévds, slinbiiliin assimilyasiya sahasi va quru
biokiitlesi, don mohsuldarligina tesiri Oyrenilmisdir. Su stresi flaq yarpaqda fotosintezin siiratinin,
agizciqlarin  kegiriciliyinin, transpirasiya siirotinin azalmasina, hiiceyroarasi saholordo CO, gatiliginin
artmasina sobab olmusdur. Su stresi bozi hassas genotiplorin nisbi su tutumunun, xlorofil a, b va
karotinoidlerin miqdarimin, yarpaq, govdes, siinbiiliin assimilyasiya sahosi, quru biokiitlesi vo don
mohsuldarliginin koskin azalmasina sobob olmusdur.

Acgar sozlar: Quraqlq stresi, qaz miibadilasi, nisbi su tutumu, assimilyasiya sahasi, quru biokiitla, don
mahsuldarlig

Bansnaue 3acyxun Ha ®usnonoruyeckne Ilokasarenu u Ypoxaitnocts 3epua Teepnoii (Triticum
durum Desf.) u Markoii (Triticum aestivum L.) IlmneHuubl

T.A. Annaxsepaues 2, k. M. Tagan', H.I'. T'ymmaros!, T.U.M. I'yceiinosa’

" Omoen gpuzuonozuu pacmenuii u 6uomexnonozuu Hayuno-ucciedosamenscko2o uHcmumyma
semneoenus MCX Azepbaiioscanckoi Pecnyonuxu
2 Jlabopamopus 6uoadanmayuu Uncmumyma monexyiapnoii 6uono2ui u
ouomexnonoeuti HAH Azepbatioxcana

Wzydyeno BnusHuMe neduiuTa BIard Ha Ta3000MEH, OTHOCHTEIHHOE COJCPKAHUE BOJBI, COICpPKAHUC
(hOTOCHHTETHYECKUX MHUTMEHTOB, TUIOMAAh ACCHMIIIALNHN JINCTHEB, CTEONIEH, KOJoca, CyXylo Omomaccy u
YPOXKANHOCTh 3€pHA PA3IUYHBIX TEHOTHUIIOB TBEPJOM M MATKOU MINEHUITBI. BoaHBIN cTpecc cmocobcTBOBa
YMEHBIIIEHUIO CKOPOCTH (POTOCHHTE3a, TPAHCIIMPAIIMY U MPOBOAMMOCTH yCTBHUIL (HJIArOBOTO JIUCTA, & TAKKE
yBenuuuBasn KoHUeHTpauuio CO; B MEXKIETOUYHOM MPOCTPAHCTBE. Y HEKOTOPBIX, UYBCTBUTENBHBIX K
neUIuTy BIard TEHOTHIIOB, IO JEMCTBHEM BOJHOTO CTpecca HaOII0JaIoCh pe3Koe YMEHBIICHHE
OTHOCHTEIBHOTO COJICPXaHUS BOJABI B TKaHIX, XJ0opoduiia ¢, b 1 KapOTUHOUAOB, TUIOIIAAH ACCUMIISAIIUU
JUCTHEB, CTeOIe, KoJIoca, CyXoi OMOMAcChl M YPOKAWHOCTH 3epHA.

Knwouesvie cnosa: 3acyxa, eazoobmen, omuocumenvroe cooepicanue 600bl, Niowadb acCUMUIAYUY, CyXas
buomacca, yporcauHocms 3epua
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Physiological Parameters of Maize (Zea mays L.) Varieties of
Azerbaijan Breeding

S.A. Abdulbagiyeva'", S.M. Mammadova'?, S.A. Dunyamaliyev', A.A. Zamanov'

'Department of Plant Physiology and Biotechnology, Research Institute of Crop Husbandry, Ministry of
Agriculture of the Republic of Azerbaijan, Pirshaghy Settlement, Sovkhoz No 2, Baku AZ 1098, Azerbaijan;
*E-mail: sevda 30@mail.ru

2 Genetic Resources Institute, Azerbaijan National Academy of Sciences, 155 Azadlig Ave., Baku AZ1106,
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On the basis of the results obtained on Maize Breeding Program realized at Zagatala RES (Regional
Experimental Station) of RICH, to compare the physiological parameters of C4 plants (Zea mays L.) leaf
assimilating surface area, leaf area index, dry matter accumulation, chlorophyll content in leaves, yield
structural elements and productivity were analyzed and the relationship between the studied
parameters were established.

Keywords: Variety, maize, photosynthesis, chlorophyll content, leaf assimilating surface area, leaf index, yield

structural elements, productivity

INTRODUCTION

The most important biological features of maize
are a broad genetic variability and high ecological
plasticity, which ensure its adaptation in a wide
range of environment (Chirkov, 1969, Kravchenko,
2010a, 2010b, Kravchenko, 2012). Due to the high
biological adaptability, maize is able to grow and
develop normally in various agro-climatic zones
(Troneva, 2010). Therefore, the biological
requirements of maize can fluctuate with large
amplitude, due to the variation of the complex of
interrelated biochemical, physiological,
morphological and other characteristics (Francis,
1990). In addition, maize has a high productivity,
which is due to the physiology of photosynthesis, a
large leaf area, and high density of conducting
system in them.

Maize refers to a small group of crops (mainly
of tropical origin) that accumulate carbon dioxide in
the process of photosynthesis according to the
energy-efficient C4 scheme (Shpaar, 1999). It gives
a number of significant advantages in the formation
of the yield. Maize has an increased coefficient of
efficiency of photosynthetic active radiation (0.4-
1.1% compared to 0.2-0.5% in wheat) and a biomass
increase of 50-54 g /m* per day, while in plants of
the Cs group it is only 34 -39 g/m* (Gulyaev, 1989).
The high energy absorption coefficient of solar
radiation also ensured by the fact that leaves of
maize plants contain a much higher amount of
chlorophyll than other crops, which is the main
pigment of green plants (Kayumov, 1989). The
leaves of higher plants contain chlorophyll a and
chlorophyll b, as well as carotenoids (carotin,

xanthophyll, etc.).

The area of leaves in the sowing is expressed by
the index of the leaf surface (ILS) - the ratio of the
total surface of the leaves to the area of the soil
covered with plants. Using this indicator, it is
possible to evaluate the efficiency of the crop with
respect to the accumulation of dry matter-the final
result of photosynthetic activity.

The best is maintaining ILS, close to optimal. In
this wayi, it is possible to maintain the optimum rate
of accumulation of dry matter (Gelston, Devisc,
Setter, 1983).

The purpose of the study. The purpose of this
research was to study the effect of physiological
parameters on the productivity of maize plants.

MATERIALS AND METHODS

Field experiments were conducted in the
Parzivan experimental field of the Zagatala RES of
the ARICH in 2014-2016. Phenological observations
were carried out according to generally accepted
methods. The area of the assimilation surface of
leaves was measured using an automatic area meter
(AAC-400, Hayashi Denkon Co., LTD, Japan).

The concentration of photosynthetic pigments
(chlorophyll a, b and carotenoids) was determined in
96% ethanol. In the leaf extract, chlorophyll a, b and
carotenoids were determined by spectrophotometer
(Genesys 20, Thermo Scientific, USA) at
wavelengths of 664, 648, 470 nm in 96% ethanol
(Lichtenthaler, 1987). The yield was calculated by
the grain output from cob. The subjects of the study
were 10 varieties and variety samples of Zea mays L.
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related to the species Indendata Flavoruba, Indurata
Vulgata and Indendata Leykodon.

RESULTS AND DISCUSSION

During the vegetation period, phenological
observations were carried out to ensure the
establishments of stages of plant development, the
duration of inter stage and vegetative periods, which,
with respect to maize, are important feature that
largely determines the level of productivity
(Kravchenko, 2010a, 2010b).

For high yield, the leaves of maize varieties,
which are considered to be the main photosynthetic
apparatus, the assimilation surface area, their
dynamics of growth and activity, are key indicators
and their study is of great practical importance. The
dynamics of the formation of the assimilating
surface area of leaves is shown in Table 1. As can be
seen in the table 1, at the beginning of ontogenesis in
all studied varieties, the assimilating surface area of
the leaves increased, after the tasseling the growth of
the leaves somewhat weakened, and reached its
maximum at the end of the flowering stage. This
indicator in varieties Zagatala Yerli
Yakhshylashdyrylmysh (Zagatala Local Improved),
Gurur, Emil and Umud was respectively, 1.797,
1.403, 1.389 and 1.379 m?, while in the other studied
varieties it changed in the range of 1.082-1.373 m?.
Assimilating surface area of the variety Zagatala
Yerli Yakhshylashdyrylmysh was more: 21.9-39.2%
compared to other varieties. During the growing
season, the assimilating surface area of the leaves of
the lower part gradually decreased, and at the upper
parts increased and the leaves located at the top had
higher physiological activity. The difference in the
photosynthetic activity of the leaves, as a result of

the shading of the lower middle and upper parts, is
explained by weak illumination.

The leaf area index of the varieties was also
calculated and determined that at silking stage in
varieties Zagatala Yerli Yakhshylashdyrylmysh
(10.24 m*m?), Gurur (7.999 m*m?), Emil (7.918
m?/m?) and Umud (7.861 m?*m?) this indicator was
higher in comparison to other varieties, while toward
to the end of the vegetation it was decreased.

In varieties with a larger area of the assimilating
surface and functional activity, the grain formation
proceeds more intensively, this is reflected in the
final yield. As a result of yellowing and biological
aging of leaves, by the end of ontogenesis, the
assimilating surface area decreased even more. The
quantity and quality of the final maize yield during
the growing season are closely related to the
accumulation of dry biomass of the leaves.
Therefore, a regular study of the accumulation of dry
biomass of leaves and other parts of plant is of great
practical importance. The accumulation of dry
biomass during vegetation depends on not only
developmental stages; it depends also on the genetic
characteristics of the plant.

As can be seen in Fig. 1 the accumulation of dry
biomass in one plant increases until the period of
milk ripening, reaches a maximum and decreases to
a period of complete maturity.

This parameter during the milk ripening in
varieties Gurur, Zagatala 68 and Emil was 95.9,91.3
and 90.8 g respectively, while in the other studied
varieties - Fakhri and Umud varieties, 85.0 and 76.4
g, respectively. Accumulation of dry leaf biomass in
the Variety Gurur was 4.54-19.4 g more in
comparison with other varieties. And at the end of
vegetation period this indicator changed in the range
0f41.8-50.3 g.

Table 1. Assimilating surface area of leaves of one plant, m’.

Development stages and leaf indices
Name of variety leaf . leaf _— leaf milk leaf wax leaf
15 leaves . tasseling | . silking . . . Lo .

index index index | ripening | index | ripening | index

Zagatala 68 0.810+0.17 4.617 | 0.923+0.51 | 5.261 | 1.098+0.37 | 6.394 |1.075+0.48| 6.120 | 0.599+0.41 | 3.415
Zagatala 380 1.005+0.24 5.732 | 1.243+0.75 | 7.085 | 1.373+0.44 | 7.826 |1.015+0.89| 5.784 | 0.583+0.85 | 3.323
Zagatala 420 0.903+0.10 5.148 | 1.103+0.27 | 6.289 | 1.208+0.30 | 6.883 |0.958+0.55| 5.506 | 0.559+0.27 | 3.184
Zagatala 514 1.077+0.30 6.136 | 1.302+0.58 | 7.426 | 1.369+0.82 | 7.804 |1.218+0.30| 6.942 | 0.784+0.37 | 4.469
Zagatala Yerli Yakhsh.| 1.305+0.27 7.439 | 1.565+0.27 | 8.921 | 1.797+0.68 | 10.24 |1.309+0.37| 7.458 | 0.889+0.92 | 5.068
Mirvari 0.847+0.55 4.825 | 1.022+0.79 | 5.826 | 1.189+0.48 | 6.775 [0.870+0.92| 4.960 | 0.463+0.68 | 2.638
Gurur 1.101£0.41 6.276 | 1.296+0.30 | 7.388 | 1.403+0.55 | 7.999 |1.313+0.68| 7.484 | 0.705+0.41 | 4.019
Umud 0.983+0.65 5.604 | 1.183+0.44 | 6.744 | 1.379+0.17 | 7.861 |1.210+0.20| 6.897 | 0.691+0.72 | 3.939
Fakhri 0.882+0.30 5.028 | 0.999+0.68 | 5.695 | 1.255+0.41 | 7.154 |0.941+0.55| 5.364 | 0.594+0.85 | 3.386
Emil 0.923+0.72 5.262 | 1.122+0.58 | 6.397 | 1.389+0.58 | 7.918 |1.028+0.82| 5.860 | 0.682+0.61 | 3.888
Populyasiya 2001 B 0.742+0.55 4228 | 0.909+0.44 | 5.181 | 1.099+0.68 | 6.264 [0.913+0.37| 5.203 | 0.426+0.30 | 2.428
Populyasiya 2008 H 0.752+0.34 4286 | 0.939+0.48 | 5.351 | 1.082+0.27 | 6.167 |0.845+0.61| 4.816 | 0.450+0.27 | 0.257
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Fig. 1. Dynamics of leaf dry matter accumulation in one plant, g.
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Fig. 2. Amount of chlorophyll a, b and carotenoid in maize leaves.

Thus, compared to other varieties in the
varieties Zagatala Yerli Yakhshylashdyrylmysh,
Gurur, and Umud the assimilating surface area and
leaf index are high. Also the amount of dry biomass
in the varieties Gurur, Zagatala 68 and Emil is high.

Also, the amount of photosynthetic pigments
(chlorophyll a and b, carotenoids) in the studied
varieties and perspective samples were determined in
stages of 15 leaves and cob formation. The amount of
chlorophyll creates an idea of the potential of plants
such as CO, assimilations and yield formation, which
enables them to evaluate the role of various plant
organs in the formation of the yield (Andrianova,
1988, Andrianova, Tarchevskiy, 2000).

The higher amount of chlorophyll in the stage
of 15 leaves was in the varieties Zagatala Yerli
Yakhshylashdyrylmysh, Mirvari, Emil and Fakhri.
Depending on the growing conditions, the amount of
chlorophyll in the leaves varies and in sunny plants
was constituted 0.68-1.30% and 1.12-1.18% of the

dry weight of the leaves in shady plants. The amount
of chlorophyll b was higher in Zagatala Yerli
Yakhshylashdyrylmysh ~ and  Umud,  while
carotenoids were higher in Emil and Mirvari
varieties. The amount of carotenoids is constituted
0.1-0.3% of dry weight on the leaves of higher
plants, i.e. 3-6 times less than the amount of
chlorophyll a and b. In the Cob formation stage, all
three parameters decreased and a higher amount of
chlorophyll was in Fakhri and Gurur, chlorophyll b
in Fakhri and Emil and carotenoids were in the Emil,
Fakhri and Zagatala Yerli Yakhshylashdyrylmysh
varieties (Fig. 2).

During the harvesting period, maize varieties
are characterized by productivity and structural
elements of the cob. According to the duration of the
growing season, with the exception of the variety
Zagatala Yerli Yakhshylashdyrylmysh (120 days),
the varieties under study were early- and mid-season
varieties (96-110 days).
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Table 2. Biometrical parameters, productivity and yield structural elements of maize varieties.
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Zagatala 68 110 281 113 15.0 23.3 18.0 52.0 82.7 350 53.8
Zagatala 380 108 290 84.0 16.0 23.8 18.0 53.0 80.5 331 52.9
Zagatala 420 106 239 82.0 14.0 24.0 18.0 48.0 80.8 322 53.2
Zagatala 514 110 311 98.0 16.0 22.6 16.0 46.0 82.0 351 51.0
Zagatala Yerli Yakhs. 120 294 150 16.0 24.0 17.0 51.0 78.0 358 51.3
Mirvari 96,0 240 75.0 12.0 25.0 18.0 52.0 83.0 330 49.8
Gurur 105 247 93.0 14.0 23.3 16.0 49.0 81.2 348 50.6
Umud 105 232 92.0 13.0 22.0 16.0 48.0 83.1 339 53.7
Fakhri 105 229 83.0 13.0 22.7 17.0 46.0 83.8 343 56.9
Emil 104 260 96.0 13.0 28.0 16.0 50.0 84.0 368 58.5
Populyasiya 2008 H 106 239 82.0 14.0 24.0 18.0 45.0 80.8 352 53.2

Table 3. The correlation between biometrical parameters, productivity and yield structural elements of maize varieties.

Indicators VP PH HUC NL LC NGPC NGPR GOPC 1000KW P
VP 1 - - - - - - - - -
PH 0.660" 1 - - - - - - - -
HUC 0.861"" 0.544 1 - - - - - - -
NL 0.822" 0.866™ 0.543 1 - - - - - -
LC -0.236 -0.014 -0.010 0.284 1 - - - - -
NGPC -0.089 -0.078 -0.155 0.062 0.021 1 - - - -
NGPR 0.046 0.335 0.268 0.152 0.327 0.306 1 - - -
GOPC -0.693" -0.415 -0.603" 0.678" 0.162 -0.258 -0.149 1 - -
1000KW 0.413 0.531 0.420 0.326 0.190 -0.600 -0.275 0.049 1 -
P -0.076 -0.264 -0.152 -0.294 0.392 -0.164 -0.182 0.535 0.168 1

Note: Abbreviations are as follows: VP - Vegetation period, PH - Plant height, HUC - Height of uppermost cob, NL - Number of
leaves, LC - Length of the cob, NRPC - Number of rows per cob, NGPR - Number of grains per row, GOPC - Grain output per cob,
1000KW — 1000 kernel weight, P— Productivity

The studied parameters such as the height of
plants, the height of insertion of upper cob (height
of the node bearing the uppermost cob), number of
leaves in the complete maturity stage varied within,
229-311cm, 75.0-150 c¢cm and 12.0-16.0 cm
respectively.

Biometrical parameters, productivity
parameters and results of structural analyzes of
maize varieties are given in Table 2. In the samples
after drying, the length of the cob was 22.0-28.0
cm, the number of rows per cob 16.0-18.0, the
number of grains per row was 45.0-53.0, the grain
output per cob at threshing was 78.0-84.0%. 1000
kernel weight varied in the range of 322-375 g and
productivity was 49.8-58.5 cwt/ha.

The correlation between productivity and
structural elements was studied (Table 3). Positive
correlations between the height of plant and
vegetation period, the height of insertion of upper
cob (height of the node bearing the uppermost cob)
and vegetation period, the number of leaves in
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maturity stage and vegetation period and height of
plant, and the number of leaves in maturity stage
and grain output were determined.

Thus, productivity of new maize varieties
Gurur, Umud, Fakhri and Emil (/ndentata
Flavorubra) varied between 56.6-58.5 cwt/ha and
was 5.00-8.04% higher than the standard variety
Zagatala 68.

As a result of the carried out research the
maize varieties Gurur and Umud were released,
varieties Fakhri and Emil were submitted to the
State Service for Plant Varieties Registration and
Seed Control under the Ministry of Agriculture of
the Republic of Azerbaijan.
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Azarbaycan Seleksiyasinin Qargidal (Zea mays L.) Sortlarmin Fizioloji Parametrlori

S.A. Abdulbagiyeva', S.M. Mommadova'?, S.A. Diinyamaliyev', A.A. Zamanov'

" AR KTN Okin¢ilik Elmi Tadgiqat Institutunun Bitki Jfiziologiyasi va biotexnologiya sobasi
’AMEA Genetik Ehtiyatlar Institutu

Okingilik Elmi Todqigat Institutu Qargidali Proqrami iizro Zaqatala Bolgs Tocriiba Stansiyasinda alda
edilmis naticalor asasinda C4 Zea mays L. bitkisinin fizioloji parametrlorinin miiqayisasi ii¢iin yapragin
assimilyasiya sothi sahasi, yarpaq indeksi, quru maddonin toplanmasi, yarpaqlarda xlorofilin miqdari,
mohsulun struktur elementlari vo mohsuldarliq tohlil edilmis va bu gostaricilarla bdyiima proseslari arasinda

olago Oyronilmisdir.

Acar sozlar: Sort, gargidall, fotosintez, xlorofilin migdari, yapragin assimilyasiya sathi sahasi, yarpaq

indeksi, mahsulun struktur elementlori, mahsuldarliq

@usnonoruyeckue Illapamerpsl CoproB Kykypy3sl (Zea mays L.) Azepbaiimkanckoii Cesexunu

C.A.A6ayn6aruesa’, C.M.Mamengosa'?, C.A.Jlynamannes!, A.A.3amanos!

" Omoen usuonoauu pacmenuii u 6uomexnonozuu Hayuno-ucciedosamenbcko2o uncmumyma
semneodenus MCX Azepbaiidscanckoti Pecnybnuxu
2 Unemumym 2enemuueckux pecypcos HAH Azepbaiioocana
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B crarpe mpuBeneHs! pe3ynbTaThl, MPOBOAUMBIX 1m0 mporpamme Ceneknnu Kykypyssl B 3akaTanbCKon
30HAJILHO-ONBITHON cTaHiuu HUW 3emnenenus uccienoBaHuil, MO CPaBHEHUIO (HU3MOJOTUUCCKHUX
nokazateneidi Cs pactenuii (Zea mays L.). C 3Toii 1IeNbI0 POaHATHU3UPOBAHBI TaKKE MOKA3aTeNU, KaK:
TUIOIIAh ACCUMIUIAIIMOHHON MOBEPXHOCTH JINCTHEB, JHCTOBOW HHJIEKC, HAaKOIUIEHHWE CyXOH OMOMAacchl,
coJiepKkaHue XJOpoduiia B JIUCTHSIX, MPOJYKTHBHOCTh, CTPYKTYPHBIC 3JIEMEHTBHI NMPOJYKTHBHOCTH H
M3y4Y€Ha B3aMMOCBA3b ITUX MOKA3aTENEN C pOCTOBBIMHU MPOLECCAMH.

Kntouesvie cnoea: Copm, Kykypyza, ¢omocunmes, cooepicanue XA0po@uiid, acCUMUIAYUOHHAA
RI0WAObL NOBEPXHOCMU JUCMbES, JUCMOBOU UHOEKC, CMPYKMYPHble 2NeMeHmMbl NPOOYKMUBHOCHU,
NnpOOYKMUBHOCHb
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The information on the leading International research centers of wheat such as International Maize
and Wheat Improvement Center (CIMMYT), International Center for Agricultural Research In the
Dry Areas (ICARDA), and International Winter Wheat Improvement Program (IWWIP), the goals
and results of the scientific collaboration of the Research Institute of Crop Husbandry with these
centers, and the results of the primary ecological tests performed in the International nurseries (in

2015 and 2016) have been presented in the paper.

Keywords: Wheat, variety, selection, introduction, international nurseries, earing, grain yield, yellow rust,

brown rust, powdery mildew

INTRODUCTION

Currently, due to widespread of natural
anomalies such as various climate changes, drought,
flood, degradation and desertification of lands, wheat
having a strategical importance, play a crucial role in
food security of every country, including Azerbaijan.
Wheat is distinguished by its wide cultivation
spectrum and adaptive properties in the ecological
point of view (Briggle, Curtis, 1987). Wheat can be
cultivated under a broad range of soil and climatic
conditions except the tropics. According to the
geographical conditions 2 main “wheat zones” exist
in the world: between 30°C and 60°C of the northern
latitude, and between 27°C and 40°C of the southern
latitude ~ (Nuttonson, 1955). Mean annual
precipitation in the wheat cultivated dry areas varies
between 375 mm and 875 mm. Wheat can be
cultivated even in the territories with annual
precipitation from 250 mm to 1750 mm (Leonard,
Martin, 1963). Adverse environmental factors -
frost, heat, humidity, drought have a serious impact
on wheat productivity and quality. Therefore, along
with the developing varieties tolerant against
harmful biotic and abiotic factors, it is also very
important to improve wheat cultivation in non-
irrigated territories. International research centers of
wheat such as International Maize and Wheat
Improvement Center (CIMMYT), International
Center for Agricultural Research In the Dry Areas
(ICARDA) were created to solve such issues.

CIMMYT being a leading international
research center that possesses the largest genbank of
wheat, is committed to providing global food
security, reducing poverty, improving wheat and

maize productivity. ICARDA performing the same
mission, manages the research on the cultivation of
wheat, barley and leguminous plants in non-tropical,
dry territories. Various programs were developed for
the Central Asia, West Asia and North Africa
(CWANA) by ICARDA and CIMMYT.

IWWIP was established in the mid-1980s
jointly by Ministry of Food and Agriculture of
Turkey, CIMMYT and ICARDA as an
International Program to improve embryo plasma
of winter bread wheat. The major goal of the
program is to improve the genetic material of
facultative and winter wheat for Central and
Western Asia regions. IWWIP focuses on the
exchange of wheat genetic materials related to the
world breeding programs, creation of genetic
materials for irrigated and dryland areas,
conducting international tests of genetic materials
belonging to national selection programs of the
regional countries.

The Research Institute of Crop Husbandry
created direct relationships with CIMMYT and
ICARDA in 1996. Since then the institute has
implemented the introduction and exchange of
genetic materials for wheat breeding (Abdullayev,
Musayev, Talai, 2008, Aliyev et al., 2013, Talai,
2005, Talai, 2013). The main purpose of this
scientific collaboration is the choice of hybrid lines
suitable to Azerbaijan regions with contrasting soil
and climatic conditions and their use in breeding.
The cultivation of the developed varieties have
been organized in farms of the irrigated and dryland
regions of Azerbaijan (Talai J.M. et al., 2017). As a
result of the joint investigations performed with the
International Centers for many years, 7 bread wheat
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varieties (Azamatli 95, Nurlu 99, Gobustan, Tale
38, Gyzyl Bughda, Guneshli, Layagatli 80) have
been developed, regionalized, included in the State
Registry of the Selection Achievements and
patented (Mahmudov, Talai, Morgunov A, 2002).
The cultivation area of these varieties in Azerbaijan
covers more than 180 thousand ha.

The aim of the research: The implementation
of the primary ecological tests of durum and bread
varieties of various purpose introduced from the
international selection centers- CIMMYT and
ICARDA, evaluation of these varieties according to
their life conditions, morphological traits,
productivity, resistance to diseases and the choice of
samples for the future research and hybridization.

MATERIALS AND METHODS

Field experiments were performed in the
experimental field of the Research Institute of Crop
Husbandry situated on the Absheron peninsula. The
objects of the study were wheat genotypes
introduced from the International Selection Centers
- CIMMYT and ICARDA in accordance with
IWWIP. The phenological observations were
performed from germination till the complete
maturation phase according to Kuperman
(Dospekhov, 1985, Kuperman, 1984). Exposure to
diseases was conducted based on the methods of
the International Selection Centers (Rust scoring
guide, 1986). The field experiments were carried
out according to the scheme recommended by the
International Organization ICARDA (Instruc-
tions rrigated twice during the vegetation period
and ammonium nitrate fertilizer was applied in
Spring.

RESULTS AND DISCUSSION

Life conditions, overwintering, earing period
(number of days from the st of January to earing)
of the studied varieties from the wheat genfund
were determined, the heights of the plants were
measured, and resistance to lodging and diseases
was examined. Evaluation of the infection with
yellow rust, brown rust and powdery mildew was
performed according to the scales, meeting the
international standards. Productivity indices of the
planted samples were determined. Samples
recommended for hybridization were chosen to
develop new varieties suitable to various agro-
ecological conditions of Azerbaijan.

Based on the results of the ecological tests, we
could conclude that not the all studied materials
were suitable to the local soil and climatic
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conditions. Samples chosen from the nurseries
organized by the joint program of Turkey’s
government, CIMMYT and ICARDA- Facultative
and Winter Wheat Observation and Yield Trial
(FAWWON, IWWYT, WWON-IR, WWON-SA),
Winter Wheat East European Regional Yield Trial
(WWEERYT), Winter Wheat Elite Yield Trial
(WWEERYT-IR and WWEERYT-SA) - appeared
to have high overwintering ability, medium and late
earing period (110-125 days from the 1st of
January). They are resistant to rust diseases, and
lodging, tall and medium height. These varieties
are high productive (6-8 t/ha) and more suitable to
the Azerbaijan ecological conditions compared with
most spring varieties acquired by CIMMYT from
Mexico, which have low overwintering ability,
early earing period (85-100 days from the 1st of
January). They are sensitive to rust diseases (20-90
MS), short, and their seeds drop.

Varieties acquired from CIMMYT are short,
earing of these wvarieties occur early. In spring
wheat varieties developmental phases proceed fast,
tube formation occurs early during autumn sowing,
forced earing under relatively cold conditions
prevents normal insemination in the spikelets.
However, due to the late earing (the 2nd decade of
May) of typical winter samples, grain filling stage
that proceeds during severe drought period (spring-
summer) becomes shorter, which seriously affects
productivity. In spite of some differences observed
during many years of experiments, optimum earing
period for bread winter wheat varieties introduced
to Azerbaijan is considered to be the 3rd decade of
April and the 1st decade of May. Because of the
absence of severe cold and drought, this period is
favorable for the physiological processes
proceeding in the plant organism.

The results of the primary tests performed in
the Absheron Experimental Base can provide
comprehensive characterization of 4 nurseries of
Facultative and Winter Wheat Observation (22nd-
23rd FAWWON-SA and 22nd -23rd FAWWON-
IR) and 4 nurseries of International Winter Wheat
Yield Trial (17th-18th IWWYT-SA and 18th-19th
IWWYT-IR). Some physiological and agronomical
indices of the mentioned nurseries corresponding to
the results of the research performed in 2015-2016
are presented in Table 1 a and b.

As seen in the Table in 2015 earing period
covered the 1st and 2nd decades of May and in 2016
it covered the 2nd and 3rd decades of April and the
Ist decade of May. In IWWIP nurseries the plant
height ranged from 93cm to 139 cm in 2015 and
from 75 to 130 cm in 2016. Shorter varieties were
observed in the 19th IWWYT-IR nursery. Yellow
and brown rust did not occur in 2015, but powdery
mildew was widespread (from 2 to 9).
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Table 1. IWWIP nurseries

(a) Absheron 2015
Parameters 22" FAWWON-IR | 22" FAWWON-SA | 18" INWYT-IR 17" IWWYT-SA
Cultivation territory Absheron Absheron Absheron Absheron
Number of samples 116 97 40 (2) 36 (2)
121-136 119-141 117-134 119-136
Earing period (from the Ist of January) The I and IT decades | The I and II decades|The I and II decades|The I and II decades
of May of May of May of May
Height (cm) 95-137 112-139 95-131 93-133
Plant disease (powdery mildew ) 2-9 3-9 3-9 4-9
Grain yield (g/m2) 360-900 200-800 320- 1050 280-790
Number of chosen samples (Total 69) 31 12 15 11
(b) Absheron 2016
Parameters 23" FAWWON-IR | 23" FAWWON-SA 19" IWWYT-IR 18" IWWYT-SA
Cultivation territory Absheron Absheron Absheron Absheron
Number of samples 160 100 40 (2) 36 (2)
109-125 111-126 109-125 111-126
Earing period (from the st of January days) The II and l_ll The II and I_lI The II and I.II The II and l.ll
decades of April and|decades of April and|decades of April and|decades of April and
the I decade of May | the I decade of May | the I decade of May | the I decade of May
Height (cm) 85-115 80-130 75-110 90-124
Plant disease (powdery mildew, yellow rust) y]: TO-; 07S yPrrgl_ 12 07S y1: ;n()_g O7S y1: ;noé 088
Grain yield (g/m’) 300-800 250-650 350-700 350-700
Number of chosen samples (Total 38) 13 7 12 6
Table 2. Samples chosen in the IWWIP nurseries.
(a) Absheron 2015
Parameters 22" FAWWON-IR | 22"“FAWWON-SA| 18" IWWYT-IR | 17" IWWYT-SA | Control Tale-38
Number of chosen samples 31 12 15 14 -
Earing period (number of days 122-130
from the 1st of January to earing | The I-1I decades 122-130 121-130 121-130 129
days) of May
Height, cm (mean) 110 124 115 122 98
Y.r. - - - - -
Plant disease B.r - - - - -
P.m 9 8 8 9 8
Grain yield (mean) g/m’ 700 670 800 680 524
(b) Absheron 2016
Parameters 23" FAWWON-IR|23"“FAWWON-SA| 19" IWWYT-IR | 18" IWWYT-SA | Control Tale-38
Number of chosen samples 13 7 12 6 -
Earing period (number of days 11-127 115-126 111-126 110-127 119
from the Ist of January to earing The I-TI decades The II! decade of | The Iu decade of | The Iu decade of The III decade of
days) of May April, The I April, The I April, The I April
decade of May decade of May decade of May
Height,cm (mean) 98 110 94 111 96
Y.r. - - - - -
Plant disease B.r - - - - -
P.m 1-4 2-7 2-6 3-6 7
Grain yield (mean) g/m’ 730 628 663 691 553

Note: Y.r. — yellow rust, b.r. — brown rust, P.m. — powdery mildew

In 2016 powdery mildew spread ranged from
1 to 8 and yellow rust occurred (5-30 S) in all
nurseries. The samples of the 19" TWWYT-IR
nursery were more infected with yellow rust (10-
30S). In the IWWIP nurseries grain yield ranged
from 200 to 1050 g/m* in 2015, and from 250 to
800 g/m? in 2016. The number of high productive
samples increased. At the end of the vegetation
year, 107 perspective varieties were chosen for
cultivation the following year in a broader
areas.As seen in the Tables, during 2015 and 2016

earing of the samples, chosen in the observation
and yield trial nurseries of facultative and winter
wheat was early or late compared with the Tale-38
variety taken as a control variant.

But in both cases the optimum earing period
ranged from 110 to 130 days. Their height
changed between 94 cm and 124 cm and they
were resistant to lodging. The chosen samples
were not infected with rust diseases, but powdery
mildew was widespread among these varieties.

Average grain yield was found to range from
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600 to 800 g/m*> and far exceeded the control
variant. The chosen samples were planted in 5 and
10m? beds for more comprehensive morphological
investigations.

Thus, in 2015-2016, from the IWWIP
nurseries 107 perspective, hybrid lines with
contrasting productivity, resistance to diseases
were chosen for using in the selection process
under irrigated and drought conditions. These
chosen winter and facultative hybrid lines have
high overwintering ability and optimum earing
period. They are tall and medium-height, high
productive (600-800 g/m?), resistant to rust
diseases and lodging.
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Payizhq Bugdamin Yaxsilasdirilmas: Uciin Beynoalxalq Program (IWWIP) Osasinda Toartib
Olunmus Pitomniklorin Abseronda Ilkin Ekoloji Smaginin Yekunlari

F.A.9hmadova, G.V.Mirzayeva, i.Q.ibrahimova

AR KTN Okingilik Elmi Todgiqat Institutunun Bitki fiziologiyasi va biotexnologiya sobasi

Mogalodo qargidali vo bugdanin yaxsilagdirilmas: iizro Beynslxalq morkez (CIMMYT) va Quraq
orazilords kond tosorriifat1 tadqiqatlar tizre Beynolxalq mearkaz (ICARDA) kimi aparic1 Beynolxalq bugda
todqiqat merkazlari va payizliq bugdanin yaxsilasdirilmasi iigiin Beynslxalq Program (IWWIP) haqqinda
molumat verilmis, Skingilik Elmi Todgiqat Institutu ilo bu meorkozlor arasindaki elmi omokdashigin
magsad va naticalori, hamginin son iki ildo ( 2015 va 2016-c1 illar) Beynslxalq pitomniklords aparilmis

ilkin ekoloji sinagin yekunlari barads danisilmisdir.

Acgar sozlor: Bugda, sort, seleksiya, introduksiya, beynalxalg pitomniklor, siinbiilloma, don ¢iximi, sart

pas, qonur pas, unlu seh
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Pe3yasbtartsl Illepenunoro Jxkosnornyeckoro Tecra, [IpoBenennoro B Iluromaukax
Aomepona no Me:xxnynapoanoii Ilporpamme Yayumenuss O3umoii ITmennubl

d.A. Axmajnosa, I'.B. Mup3zaeBa, U.I'. UOparumoBa

Omoen Qusuonocuu pacmenuti u buomexronocuu Hayuno-ucciedoeamenbcko2o uHCmumyma
semneodenus MCX Azepbaiioscanckoi Pecnyonuxu

B craThe npeacTaBieHs! JaHHBIE O BEIYIIMX MEXAYHApOJHBIX HCCIEAOBATENbCKUX IIEHTPaxX MIIEHUIBI,
TakuX Kak MeXIyHapogHBI LEHTp 1O VYIyYlleHHr Kykypy3sl u mmeHuns  (CIMMYT),
MeXayHapOIHBIN IIEHTP CEIbCKOXO3IUCTBEHHBIX HCCIIeoBaHUN B 3acynuiuBbIX paiioHax (ICARDA) m
MexnyHapoHas mporpaMMa yiayuiieHus o3umoil nmerunsl (IWWIP), nenu u pesynbTaTel HayqHOTO
coTpyaHuuecTBa HayuyHo-MccienoBaTeNbCKOIO MHCTUTYTA 3€MJIAETHS C 3TUMH LEHTpaMH, a TakkKe

pe3yJbTaThl TIEPBHYHBIX SKOJOTHUSCKUX HCIBITAHUN, TPOBEJACHHBIX B MEXIyHAPOIHBIX MUTOMHHUKAX B
2015 u 2016 rogax.

Knrwouesvie cnosa: [lwenuya, copm, cenexyus, UHMPOOYKYUs, MeNCOVHAPOOHbIE NUMOMHUKU,
KOJIOUleHUe, 8bIX00 3EPHA, JHCEMAs PHCABUUHA, OYPASL PAHCABUUHA, MYYHUCIAS POCA
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Determination of Drought Tolerance of Chickpea and Lentil Plants, and

Structural Elements of their Varieties

R.S. Mirzoyev

Department of Plant Physiology and Biotechnology, Research Institute of Crop Husbandry, Ministry of
Agriculture of the Republic of Azerbaijan, Pirshaghy Settlement, Sovkhoz No 2, Baku AZ 1098, Azerbaijan;

E-mail: rufat. mirzayev.58@mail.ru

Water retention capability of leaves in chickpea and lentil varieties, temperature of the sowing surface
and structural elements of the production have been studied. A direct relationship was found among
productivity, the number of beans and the grain number per plant in chickpea varieties. A positive
correlation was also observed between productivity and the number of grains per plant in lentil
varieties. As a result of the research, varieties relatively tolerant to drought were chosen.

Keywords: Chickpea, lentil, leaf water retention capability, production index, productivity

INTRODUCTION

Plants are exposed to stress factors worldwide
due to the global climate change and shortage of
irrigation water. The enhancement of the ambient
temperature and deficiency in irrigation water are
main ecological factors limiting plant productivity
in arid regions (Bedenko, 1980). Drought having a
significant impact on plant development and
growth, causes chlorophyll distruction, lipid
peroxidation, accumulation of hydrogen peroxide,
which leads to the cell membrane damage,
increases in ascorbic acid and proline contents
(Mukherjee et al., 1983; Aetinkut et al., 2001),
stomatal closure, reducing rates of transpiration and
photosynthesis and lowered water potential in plant
tissues (Yordonov et al., 2003; Gunes et al. 2008).

Generally, plants with high leaf water retention
capability are more tolerant to drought (Gunes et
al., 2008). Drought tolerance is stipulated by
functional stability of the cell structure, high water
potential of tissues and adaptive properties of the
stem, leaves and generative organs, which allows
plants to maintain their growth, development and
reduce production loss.

A little-time consuming, simple devices and
express-methods have been used in the recent
studies of plant drought tolerance. Leaf water
retention capability was determined using
“Turgomer-1” (Kushnirenko, 1991), temperature
changes at the sowing level at the expense of leaf
transpiration were measured using the infrared
thermometer.

Using these methods, leaf drought tolerance
was studied in wheat (Abdulbagiyeva et al., 2007)
and field bindweed (Aetinkut et al., 2001) and
drought tolerant varieties were chosen.

MATERIALS AND METHODS

To determine plant drought tolerance,
measurements were conducted on 12 chickpea and
15 lentil varieties wunder field conditions.
Experiments were performed at the subsidiary
experimental field of the Research Institute of Crop
Husbandry.

Turgometric measurements were conducted on
leaves of intact plants for establishing leaf water
retention capability. Then the leaves were excised
and turgometric measurements were conducted
after 4 hours in four replicates.

Over the past 4 hours, a lot of water exited the
leaves via transpiration. Leaf water retention
capability was calculated as the ratio T»/Ti, where
T is the result of the first and T, the second
measurement.

RESULTS AND DISCUSSION

The results of the measurements carried out on
chickpea varieties are shown in Table 1. Higher
values of the ratio T»/T; corresponds to better water
retention capability.

As seen in Table 1, the T»/T; ratio ranged from
0.56 to 0.71. The minimum leaf water retention
capability was observed in the variety F.08-116.
Higher leaf water retention capability was detected
in the F.08-89, Sultan and Sechma L. varieties. The
highest value of this paramter -0.71- was found in
F.08-89. When temperature of the soil surface was
28.7°C, temperature of the sowing surface changed
from 18.2°C to 22.5°C due to transpiration. In the
F.08-89 variety having the highest water retention
capability and in Sechma L. this parameter was
found to be 22.5°C and 22.3°C, respectively.
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The leaves of these varieties are also
distinguished by more water use efficiency.
Moreover, Sechma L. was found to be high
productive.

The results of the measurements conducted on
lentil varieties are presented in Table 2. In the lentil
varieties the T»/T) ratio was found to range from 0.52
to 0.68. The lower values of the T»/T; ratios were
observed in the lentil varieties, confirming higher
leaf water retention capability of the chickpea
varieties. The higher values of the ratio in the
chickpea varieties prove that they are more tolerant
to drought compared with the lentil varieties.
Another distinguishing feature of the chickpea

varieties is hairs covering leaves and stems. These
hairs preventing transpiration of water, participate
also in the reflection of solar radiation and thereby
create conditions for drought tolerance.

The lowest T»/T; ratio was observed for the
F.2013-4 variety (0.52) and the highest for F.2014-
006 (0.68). Considering the T»/T; ratio and
temperature indices, the lentil varieties F.2013-18
and F.2014-006 are more tolerant to drought than
other varieties.

To determine structural elements of the
production and productivity, samples were taken
from the same field. 10 chickpea and 10 lentil
varieties were used as the study objects.

Table 1. Turgometric and temperature indices of chickpea varieties.

No Variety T T, T2/T1 Temperature, °C
1 F.07-289 18.3£0.89 11.9+0.93 0.65 21.8+0.94
2 Sanford 22.9+0.71 14.1 £0.75 0.62 21.1+0.34
3 F.07-274 21.6 £0.48 13.3+0.26 0.62 20.7 = 0.66
4 Jamila 24.3+0.23 15.4+£0.80 0.63 18.2+0.10
5 F.08-89 19.5+0.58 13.9+0.76 0.71 22.3+0.77
6 F.08-196 21.2+0.37 13.3+0.19 0.63 21.7+£0.37
7 F.08-116 19.7 £0.74 11.0+0.22 0.56 22.2+0.50
8 Nazrin 19.3£0.59 12.4+0.83 0.64 21.6+0.25
9 Sultan 2 15.9+£0.85 9.4+0.6 0.59 21.3+1.01
10 Sultan 22.6 £0.76 154+0.14 0.68 21.2+0.43
11 Narmin 24.6 +£0.21 16.0 £ 0.76 0.65 20.5+0.38
12 Sechma L. 23.6 +0.39 16.1 £0.05 0.68 22.3+0.10

Table 2. Turgometric and temperature indices of lentil varieties.

No Varieties T T T2/T1 Temperature, °C
1 F.86-16 L. 17.7+0.44 10.5 +0.61 0.59 20.5+0.07
2 LC00600296 15.4+0.25 8.1+0.31 0.53 20.1 +0.60
3 F.2013-22 16.8 £0.65 10.3 £0.50 0.61 21.5+0.17
4 F.2014-026 13.4+0.49 7.3+0.39 0.54 19.9 +£0.34
5 F.2013-18 12.6 £0.37 8.5+0.57 0.67 21.4+0.34
6 F.2013-4 17.6 = 0.60 9.2+0.86 0.52 20.9 +0.70
7 F.2012-8 16.8+0.19 10.3+£0.16 0.61 20.9 £ 0.65
8 F.2013-26 16.6 £0.71 10.5+0.64 0.63 20.2+£0.34
9  Surian Loc.L. 16.8 £0.35 11.2+0.91 0.67 19.8+0.41
10  Arzu 18.4+0.13 12.3+0.56 0.67 19.4+0.37
11 F.2014-006 16.6 =0.96 12.7+0.83 0.68 21.2+0.35
12 F.2012-1 L. 17.4+£0.77 10.6 £ 0.84 0.61 22.3+0.27
13 F.2013-29 16.1 +£0.47 9.1+0.37 0.56 23.0+0.69
14 F.2012-18 16.5+0.28 8.1+0.06 0.49 20.0+0.28
15 F.2014-009 19.2+0.78 11.1+0.41 0.58 19.5+0.52

Table 3. Structural elements of the production in chickpea varieties.
Height of the Number of
e Plant height, first bean above Number of R 100-grain Production Productivity,
No Varieties grains per .
(cm) the ground, beans mass, (gr) index (cwt/ha)
(cm) plant
1 SechmalL. 65.5+5.2 34.9+4.4 47.446.6 55.545.3 35.6 0.46 28.5
2 Narmin 69.8+4.2 41.3+4.2 48.6+3.3 49.943.43 325 0.41 24.7
3 Sultan-2 72.5£0.2 42.9+1.7 28.3+0.7 29.0+0.7 44.0 0.37 23.2
4 Nazrin 68.4+5.3 44.6+3.2 18.9+1.31 19.4+1.1 41.2 0.38 22.7
5 Jamila 64.6+3.5 34.1£1.7 41.743.8 44.24+4.6 44.6 0.42 15.7
6 F-08-116 67.8+5.0 38.1+1.6 30.1+1.8 32.0+£3.4 43.7 0.41 21.2
7  F-08-196 58.5+0.6 36.6+1.0 17.6+1.3 18.2+1.4 44.9 0.42 19.4
8 F-08-89 48.6+1.3 31.3+2.3 15.3£0.8 15.6+0.1 423 0.35 19.0
9  Sanford 50.9+4.2 33.5+1.0 15.7£0.4 21.4+0.9 384 0.37 13.9
10 Sultan (st) 57.544.0 34.943.5 16.0£1.8 16.8+0.9 354 0.39 23.3
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One of the main economically important indices
of chickpea is plant height. As tall plants grow, the
distance between rows becomes smaller, preventing
weed development and at the same time the shade
maintains moisture of the soil. The height of the
Sultan-2 variety was 72.5 cm. The shortest among the
studied varieties was Flip — 08-89. The height of the
Sultan variety accepted as a standard was 57.5 cm. In
general, erect forms of chickpea varieties should be
preferred. The forms intended for the mechanical
harvesting should not be prone to lodging.

One of the main parameters for cereal plants
(especially chickpea and lentil) is the height of the
first bean above the ground. Usually huge crop losses
occur during harvesting due to a short distance
between beans and the ground. The height of the first
bean above the ground in the studied varieties ranged
from 31.3 to 44.6. This parameter was the smallest
(31.3 cm) in the short variety Flip-08-89. The largest
value of this parameter (44.6 cm) was observed in the
Nazrin variety, whereas for the tallest variety it was
equal to 42.9. A significant positive correlation —
=0.813"" was observed between plant height and the
height of the first bean above the ground. The
correlation among structural elements of the
production was determined using the SPSS 16.1
program (Table 4).

The number of beans per plant in the studied
varieties ranged from 15.3 to 48.6. The largest
number of beans was observed in the Narmin
variety-48.6, the smallest number was found in the
Flip-08-89 wvariety-15.3. In the high productive
variety Sechma L. the number of beans per plant
was 47.4 and in the tall Sultan-2 variety-28.3.

One of the main purposes of the modern
selectionists is increasing the number of beans and
grains per plant. The number of grains per plant
changed from 15.6 to 55.5 in the studied varieties.
The number of grains per plant for the high
productive Sechma L. variety was found to be 55.5
and for the low productive Sanford variety -21.4. It
should be noted that a significant positive
correlation was established between the number of
grains and beans per plant (r=0.986""). Moreover, a

positive correlation was also established among the
number of grains per plant, the number of beans per
plant and productivity.

100-grain mass of the studied chickpea
genotypes ranged from 32.5 to 44.9 grams. The
Flip-08-196 variety is distinguished by grain size,
100-grain mass was found to be 44.9 grams. Tiny
grains were observed in the high productive Narmin
variety. In the Sultan variety accepted as a standard
100-grain mass was equal to 354 grams. A
negative correlation was found between 100-grain
mass and the number of beans (r=-0.354).

Production index (index of economic
suitability) characterizes the distribution of
assimilates formed during photosynthesis between
generative and vegetative organs. Productivity of
agricultural plants can be significantly increased by
enhancing productivity index, which is determined
as the ratio of grain dry biomass to total dry
biomass (Bezmenova M.F., 2010). Production
index ranges from 0.1 to 0.8 depending on the
cultivation conditions of various plants (Yordonov
et al., 2003). The increase in the productivity of
modern varieties occurs at the expense of enhanced
production index as a result of redistribution of
assimilates using  genetic-selection  methods
(Kursanov A.L. 1976). Optimum distribution of
photosynthetic active radiation increases total
biomass leading to a significant decrease in
production index (Nichiporovich A.A. 1956). But
application of mineral fertilizers creates favorable
conditions to increase production index. Therefore,
the enhancement of production index is considered
to be one of the important directions in the modern
selection for developing intensive type varieties.

Production index of the studied chickpea
varieties ranged from 0.35 to 0.46. Production
index of the high productive and low productive
Sechma L. and Flip-08-89 varieties were 0.46 and
0.35, respectively. It suggests that in the Sechma L.
variety more photosynthetic assimilates are
transferred to the generative organs compared with
other varieties. Productivity of the studied varieties
ranged from 13.9 to 28.5 cwt/ha.

Table 4. Correlation among structural elements of the production in chickpea varieties.

PH B1 BN GN HGM PI1 GY

PH 1

B1 0.813" 1

BN 0.618 0.174 1

GN 0.556 0.093 0.986™ 1
HGN 0.008 0.042 -0.354 -0.394 1

P1 0.398 -0.044 0.703" 0.744* -0.250 1

GY 0.547 0.378 0.434 0.412 -0.456 0.410 1

** _ correlation is significant at the 0.01 level.
* - correlation is significant at the 0.05 level.

Note: PH — plant height, B1 — height of the first bean above the ground, BN — bean number per plant, GN— grain number per plant,

HGM - 100-grain mass, PI — production index, GY — grain yield
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Table 5. Structual elements of the production in lentil varieties.

. Pl.ant Height of the first Number of Nunllber of 100-grain Production Productivity,
No Variety height, bean above the grains per .
beans mass (g) index (cwt/ha)
(cm) ground, (cm) plant
1 F-2014-009 32.943.5 18.3+1.5 39.4+2.1 53.9+4.0 7.4 0.41 16.0
2 F-2012-18 34.4+1.0 18.7+1.2 38.4+3.4 42442 .4 7.5 0.44 15.0
3 F-2013-29 37.5+2.7 20.4+2.3 26.3+2.0 28.5+2.1 7.6 0.32 14.0
4  F-2012-1L. 37.742.4 20.8+1.4 30.8+£3.3 31.242.1 6.7 0.29 13.5
5 F-2014-006 36.9+2.2 20.94+2.6 27.3£2.1 27.8+1.3 8.0 0.36 13.1
6  Surian Local L. 37.8+2.0 21.3£1.0 47.1+3.3 50.3+2.7 6.8 0.26 12.5
7  F-2013-26 35.5+1.2 19.9£1.7 39.2+1.7 39.842.6 7.7 0.40 11.8
8 F-2012-8 41.9+2.4 25.0+0.9 37.1+4.1 52.843.8 6.7 0.27 11.3
9 F-2013-4 37.942.3 20.7+2.3 36.1+2.0 38.7+2.2 8.4 0.27 11.0
10 Arzu (st) 38.1+£2.7 21.2+0.1 19.3+£2.8 21.8+1.8 7.5 0.33 12.6
Table 6. Correlation among structural elements of the production in lentil varieties.
PH B1 BN GN HGM PI GY

PH 1

B1 0.931* 1

BN -0.249 -0.066 1

GN -0.156 0.128 0.887"" 1

HGN -0.349 -0.439 -0.317 -0.414 1
PI -0.788™ -0.715" 0.004 0.005 0.337 1
GY -0.715° -0.625 -0.026 0.104 0.069 0.616 1

** - correlation is significant at the 0.01 level.
* - correlation is significant at the 0.05 level.
Note: designations as in Table 4

The highest variety among the studied ones
appeared to be Filip-2012-8 (41.9 cm).

The height of the first bean above the ground
ranged from 18.3 cm to 25.0 cm. The largest value
of this parameter was observed in Filip-2012-8
(25.0 cm). As seen in Table 6 a significant positive
correlation was detected between the height of the
first bean above the ground and plant height
(r=0.931"") in the lentil varieties. The number of
beans per plant ranged from 19.3 to 47.1. The
largest number of beans (47.1) was found in the
Surian Local L. variety.The lentil varieties differ
very much in the number of grains per plant. In the
high productive Flip-2014-009 variety the number
of grains per plant was found to be 53.9, whereas in
the Arzu variety accepted as a standard this
parameter was 21.8. As seen in Table 6 a
significant positive correlation (r=0.887"") exists
between the number of grains per plant and the
number of beans.

In the studied lentil varieties 100-grain mass
ranged from 6.7 to 8.4 grams. The largest parameter
was observed in the Flip-2013-4 variety and in the
Arzu variety accepted as a standard this value was
equal to 7.5 grams.

Another main parameter of plant productivity
is production index. In the lentil varieties this
parameter varied over a wide range (0.26-0.44).
Varieties with high production index were more
productive.

Positive correlations were observed between
production index and productivity in both chickpea

and lentil varieties (r=0.410 for chickpea and
r=0.616 for lentil varieties).

Thus, it is recommended to use the chickpea
varieties F-08-89, Sechma L. and lentil varieties F-
2013-18, F-2014-006 for developing drought
tolerant forms. Parameters, such as the height of the
first bean above the ground and productivity index
can also be used in developing drought tolerant
varieties.

REFERENCES

Abdulbagiyeva S.A., Talai J.M., Tamrazov T.G.
(2007) The study of drought tolerance of wheat
varieties in various ecological zones of
Azerbaijan. VII International Symposium "New
and non-traditional plants and prospects for their
use”. Moscow, 2: 20-23 (in Russian).

Aetinkut A., Kazan K., Ipekci Z., Gozukirmizi
N. (2001) Tolerance to parquet is correlated with
traits associated with water stress tolerance in
seqreqating F2 populations of barley and wheat.
Euphytica, 121: 81-86.

Bedenko V.P. (1980) Photosynthesis and produc-
tivity of wheat in the South-East of Kazakhstan.
Alma-Ata: Nauka, 224 p. (in Russian).

Bezmenova MLF., Sorokopudov V.N., Rezanova
T.A. (2010) Some aspects of the adaptation of the
bird-cherry (Padus Mill) species under conditions
of Belogorie. Scientific bulletins. Series of
Natural Sciences (Belgorod), 15(12) (in Russian).

121



R.S. Mirzayev

Gunes A., Inal A., Adak M.S., Bagtsi E.G.,
Tsitsek N., Yeraslan F. (2008) The effect of
drought on a number of physiological parameters
of possible drought tolerance criteria, before and
after flowering of chickpea plants. J. Plant
Physiology, 55(1): 64-72 (in Russian).

Kushnirenko M.D. (1991) Physiology of water
exchange and drought tolerance of plants.
Kishinev: Shtinitsa, 307 p. (in Russian).

Kursanov A.L. (1976) Transport of assimilates in
the plant.-M.: Nauka, p.645 (in Russian).

Nichiporovich A.A. (1956) Photosynthesis and the
theory of obtaining high yields. M.: Pub. House-
Acad. Sci. of the USSR, 93 p. (in Russian).

Mukherjee S.P., Choudhuri M.A. (1983)
Implications of water stress-induced changes in
the leaves of endogenous ascorbic acid and
hydrogen peroxide in vigna seedlings. Physiol.
Plant., 58: 166-170.

Yordonov 1., Velikova V., Tsoney T. (2003) Plant
responses to drought and stress tolerance. Bulg. J.
Plant Physiol., Special Issue: 187-206.

Noxud va Marcimayin Quraqhga Davamhihiginin Toyin Edilmasi vo Niimunalorin
Mbohsulunun Struktur Elementlori

R.S. Mirzayev
AR KTN Okingilik Elmi Todgiqat Institutunun Bitki fiziologiyasi va biotexnologiya sobasi

Mogalads noxud ve morcimek niimunlorinin saho soraitinds yarpaqlarinin su saxlama qabiliyyati, okin
sothinin temperaturu vo mohsulun struktur elementlori haqqinda molumatlar oks olunmugdur. Malum
olmusdur ki, noxud niimunoalorindo mohsuldarligla paxlalilarin say1 vo bir bitkido olan donlorin saylari
arasinda birbasa miisbat olage moévcuddur. Morcimok bitkisi tiglin ise bir bitkide olan donlorin sayi ilo
mohsuldarliq arasinda miisbat alaqo askar olunmusdur. Tadqiqat noticesinde nisbston quraqliga davamli
niimunalor secilmisdir.

Acgar sozlor: Noxud, marcimak, yarpagin su saxlama qabiliyyati, mahsul indeksi, mahsuldarlig

Onpenesienne 3acyxoycToHYMBOCTH M Dj1eMeHTOB CTPYKTYPBI
Ypo:xas y Copros Hyra n YeueBuubl

P.C. Mup3oes

Omoen ¢uzuonoeuu pacmenutl u buomexrnonocuu Hayuno-uccredoeamenvckoz2o uncmumyma
semneodenuss MCX Azepbaiioscanckoi Pecnyonuxu

B cratne IIPUBCACHBI CBEACHUA O BO}Z[OYZ[ep)KI/IBaIOHIeﬁ CIOCOOHOCTH JINCTHEB U TeMIICpaType€ MMOBEPXHOCTHU
[OCEBa B TMOJICBBIX YCJIOBUSAX y 00pa3IOB HyTa M YCUYCBHIIBI, & TAKXKE OMPEACICHBI 3JIEMEHThI CTPYKTYPHI
ypoxasi. Y o0pasioB HyTa BBISBICHA MOJOXHUTEIbHAS CBSI3b MEXKIY MPOIYKTUBHOCTHIO M YHCIIOM 3€peH B
000ax W YHCIOM 3epeH ¢ OmHOro pacTteHus. OOHapy)KeHa TakKe IOJIOKHUTEIbHAsS KOPPEIAIHs MEXITy
IMPOAYKTUBHOCTBIO U YHUCJIOM 3€PCH C OJHOI'O paCTCHUA Y 06pa3u0B YCUYCBUIIbI. B HUCCIICIOBAHUAX BBISIBIICHBI
OTHOCHTEJIBHO 3aCyXOYCTONYHMBBIE O0pa3IIbI.

Knwwuesvie cnosa: Hym, ueuesuya, 6000ydepiicusarouyas CHOCOOHOCMb IUCHA, UHOEKC YPONCAUHOCHIU,
VPOIACAUHOCND.
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S.I. Huseynov

!Research Institute of Crop Husbandry, Ministry of Agriculture of the Republic of Azerbaijan, Pirshaghy
Settlement, Sovkhoz No 2, Baku AZ 1098, Azerbaijan; E-mail: seyfullahuseynovl955@gmail.com

Protein content and technological quality indices in grains of bread wheat varieties have been compared.
Protein content in grains of bread wheat varieties was found to change sharply depending on watering
regime. In order to evaluate the nutritional value of bread wheat varieties, sedimentation, gluten
amount, gluten deformation index and grain vitreousity were determined. Vitreousity and gluten
amount ranged from 22.0% to 90.0%, and from 19.2% to 28.8%, respectively, under optimal watering.
Whereas, the same parameters changed between 25.0-100.0%, and 21.2-34.8%, respectively, in

unwatered variants.

Keywords: Bread wheat, productivity, protein, vitreousity, gluten, sedimentation, protein yield per hectare

INTRODUCTION

The development of agriculture and
achievement of production abundance, which is
possible by increasing grain production at the
expense of wheat, other cereals and grain legumes,
are the main issues facing our country in the modern
market economy system. Consideration of soil types
is very important due to complex climatic conditions
and soil properties in wheat cultivation regions.
Nowadays, to obtain high-quality and high-yielding
crops, organic and mineral fertilizers should be
applied with consideration of ecological factors of
these regions (Konovalov, 1981). Lately, diseases
and pests have been widely spread in the wheat
cultivation regions of Azerbaijan. Absence of
measures against diseases and pests leads to loss of
the production and a decline in its quality
(Huseynov, 2009; Huseynov et al., 2005).

The main issue in developing a new, high-
productive bread wheat variety having high quality,
resistant to diseases and pests, tolerant to frost,
drought and extreme environmental conditions is the
construction of the complete model of wheat.
Academic J.A. Aliyev laid the foundation for the
new high-quality, high-yielding wheat variety model
(Aliyev, 1982). The study of grain quality and
technological indices related to watering regime is of
great importance. Because these indices play an
important role in the baking industry (Trufanov,
1994; Tutukova et al., 2011). We aimed to improve
the selection methods and prepare recommendations
for selectionists by studying biological and
molecular properties of high-quality, high-yielding
wheat varieties, tolerant to biotic and abiotic factors.
Bread wheat varieties with contrasting productivity,
quality, drought tolerance, resistance to diseases and

pests from the local wheat genefund were planted in
the Absheron Experimental Station of the Research
Institute of Crop Husbandry.

Physiological and biochemical properties of
high-quality grains have been studied in wheat
varieites cultivated in different soil types, under
contrasting climatic conditions. The possibility of
application of these parameters in the selection
process for developing new, high yielding, high-
quality and drought-tolerant varieties has been
elucidated.

MATERIALS AND METHODS

The experimens were performed in 4
replicates, in 2 variants, with 14 perspective local
bread wheat varieties planted in 50m* beds. The
nitrogen content in grains was determined in the
"Keltek 1003 (LKB)" device, using the modified
Kjeldahl micromethod. Coefficient N x 5.7 was used
for the estimation of the protein content (Pleshkov,
1976). Grain vitreousity was measured with DZC-2
diophonoscope. For the determination of the gluten
amount starch was washed out of the flour and gluten
was dried and weighed. Gluten deformation index
was measured with the IDK-1 device. Sedimentation
was estimated after the precipitation of high-
molecular protein particles in 2.0% acetic acid
(QOST, 1986).

RESULTS AND DISCUSSION

To assess the nutritional capability, baking
quality and quality of flour depending on water
regime, grain vitreousity, gluten deformation index,
sedimentation and gluten amount were determined
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in bread wheat varieties. Gluten amount ranged from
19.2% to 28.8 %, gluten deformation index from
77.7 units to 97.0 units under optimal watering
regime. Whereas, the same parameters changed
between 21.2%-34.8%, and 84.7 units - 106.7 units,
respectively, in unwatered variants.

The highest amounts of gluten was found in the
bread wheat varieties Tale 38 (28.8%) and Azamatli
95 (26.8%), the smallest amounts of gluten were
detected in the varieties Nurlu 99 (19.2%) and
Pirshahin  1(21.2%) wunder optimal watering
conditions. Under unwatered conditions the highest
amounts of gluten were detected in the Sartovskaya
29 (34.8%) and Guneshli (28.8%) varieties, the
smallest amounts in the 2 ™ FAWWON N97
(21.2%) and Nurlu 99 (21.6%) varieties. Vitreousity
ranged from 35.0% to 96.0% in bread wheat
varieties under optimal watering regime and from
25.0% to 100.0% under unwatered conditions.
Sedimentation changed from 18.0 ml to 27.0 ml
under optimal watering regime, while in the
unwatered variants this parameter changed between
24.0 ml and 37.5 ml.

Economic suitability index ranged from 0.26 to
0.36 and from 0.26 to 0.34 in optimally watered and
unwatered variants, respectively.

Protein compounds of wheat grain were
determined to elucidate the processes under the

Relations Between Protein Content And Technological Quality

effect of biotic and abiotic factors and develop new
high-yielding, high-quality varieties, tolerant to frost
and drought, resistant to diseases and pests, using the
purposeful selection process.

Protein content and protein yield per hectare in
the bread wheat varieties cultivated under optimal
watering were found to be 11.8% -13.2 % and 442.9
kg/ha-727.1 kg/ha, respectively. Whereas, these
parameters ranged from 12.2 % to 15.4 % and from
381.9 kg/ha to 667.2 kg/ha, respectively, under
unwatered conditions (Fig. 1).

The largest protein amounts were detected in
the varieties Tale 38 (13.2%), Sartovskaya 29
(13.0%) and the smallest protein amounts were
found in the varieties Giymatli 2/17 (11.8%),
Akinchi 84 (11.9%), Pirshahin 1 (11.9%) under
optimal watering. While under unwatered
conditions, the highest values of this parameter were
found in the varieties Sartovskaya 29 (14.4%), Tale
38 (13.9%), Guneshli (13.5% ) and the smallest
values in the varieties Ruzi 84 (12.2%), 2 ™
FAWWON N97 (12.2%), Akinchi 84 (12.2%).

According to previous reports, nitrogen
fertilizers in soils are insufficient for the formation
of numerous protein compounds in grains of the
high-productive wheat varieties (Huseynov, 2009;
Marushev, 1967; Urazaliyev et al., 2003;
Strelnikova, 1971; Wrigley, 1994).

Table 1. Technological quality indices of grains in regionalized and perspective bread wheat varieties under different

watering regimes.

Variety Variant 1,000-grain Vitreousity, % | Gluten, % | GDI, units | Sedimentation, ml .Ecqlf(m}lc
mass, g suitability index

. . i 53.0 31.0 23.6 95.1 19.5 0.30
Giymatli 2/17 il 493 48.0 24.4 86.1 25.5 0.29
- i 477 42.0 23.6 97.0 24.0 033
Akinchi 84 il 47.0 76.0 26.4 100.9 315 033
. i 47.1 30.0 26.8 84.7 25.5 031
Azamatli 95 il 414 58.0 26.4 96.0 315 031
Nurlu 99 i 40.5 38.0 192 79.9 18.0 027
il 37.0 68.0 21.6 84.7 25.5 0.29
Gobustan i 47.1 24.0 25.5 96.4 225 0.34
! il 442 35.0 252 96.6 27.0 0.34
Rugi 84 I 438 34.0 224 843 27.0 033
v il 47.8 53.0 252 106.7 33.0 032
G i i 39.6 22.0 24.8 80.7 27.0 0.36
yrmyzy gu il 39.4 25.0 22.0 85.0 25.5 0.35
Tale 38 I 46.1 40.0 28.8 96.0 27.0 0.26
¢ il 43.6 73.0 25.6 98.7 33.0 0.28
pirshahin 1 i 46.8 61.0 212 84.5 19.5 032
il 46.5 84.0 252 95.1 285 033
i 383 24.0 22.8 88.4 24.0 0.34

nd
2" FAWWON N97 il 36.1 33.0 212 952 225 032
i 442 45.0 26.0 983 24.0 0.30

th
4 "FEWSN N30 il 38.7 45.0 22.8 933 24.0 0.30
Guneshli I 50.6 90.0 232 84.4 24.0 0.26
u il 46.3 100.0 28.8 952 315 0.26
I 38.8 81.0 232 777 225 0.27
Daghdash it 36.6 81.0 26.0 92.6 24.0 027
i 472 89.0 252 86.9 25.5 0.28
Sartovskaya-29 il 445 91.0 34.8 92.0 375 0.28

I - optimal watering regime; II — unwatered variant
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Fig. 1. Comparison of grain quality indices of regionalized and perspective bread wheat varieties
under different watering regimes.

Table 2. Comparison of grain quality indices of regionalized and perspective bread wheat varieties under different

watering regimes.

Productivity, | Protein,% | Protein yield, | 1000 grain| Vitreousity, | Gluten, | GDI, | Sedimen-
cwt/ha cwt/ha mass,g % % units | tation, ml
Protein,% -0.509**
Protein yield, cwt/ha 0.908** -0.104
1000 grain mass, g -0.122 -0.170 -0.232
Vitreousity, % -0.274 0.553** -0.041 0.100
Gluten, % -0.246 0.694** 0.044 0.242 0.389*
GDI, units -0.197 0.178 -0.146 0.237 0.060 0.403*
Sedimentation, ml -0.516** 0.682%* -0.268 0.099 0.422 0.741 | 0.461*
Economic suitability index 0.146 -0.477* -0.072 -0.056 -0.619** -0.238 | 0.113 -0.023

*0.01 accuracy, ** 0.05 accuracy

Considering the lack of protein compounds in
flour and flour products, and the increasing demand
of population for plant proteins, correlations
between technological quality indices of different
bread wheat varieties have been studied.

A negative correlation (-0.509*%*) was found
between productivity and portein amount in grains of
the studied bread wheat varieties. A positive
correlation (0.908**) exists between productivity and
protein yield per hectare and a weak negative
correlation (-0.104) was detected between protein
yield per hectare and protein amount in grains.
Positive correlations were also observed between
protein amount in grains and vitreousity (0.553%%),
gluten amount (0.694**), sedimentation (0.682**)
and a negative correlation between protein amount
and Economic suitability index (-0.477* ) (Table 2).

Considering the positive correlations between
protein amount, productivity and protein yield per

hectare, valuable recommendations can be given to
selectionists for developing new, high-productive
and high-quality bead wheat varieties.
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Suvarma Rejimindan Asili Olaraq Yumsaq Bugda Sortlarinin Doninds Ziilalin
Miqdari ilo Texneloji Keyfiyyot Gostoricilorinin 9laqosi

S.1. Hiiseynov
Azarbaycan Respublikast KTN Okingilik Elmi Tadgigat Institutu

Mogalodo yumsaq bugda sortlarinin  donindo ziilalin migdarinin texnoloji keyfiyyot gostoricilori ilo
miiqayisali tohlili verilmigdir. Aparilmis tadqgigatlar naticasinde malum olmusdur ki, suvarma rejimindan asilt
olaraq yumsaq bugda sortlariin deninds ziilalin miqdart kaskin suratds doyisir. Suvarma rejimindo asili olaraq
yumsaq bugda sortlarinin qidaliliq doyerini 6yronmok {i¢iin donds sedimentasiyanin, keykovinanin miqdari,
IDK vo siisovarilik dyronilmisdir. Todqiq olunan yumsaq bugda sortlarinin doninds optimal suvarma
variantinda siisovarilik (22,0-90,0%), kleykovinanin miqdart iss (19,2-28,8 %), Suvarilmayan variantda iso bu
gostarici uygun olaraq (25,0-100,0%), (21,2-34,8 %) arasinda doyismisdir.

Acar sozlor: Yumsaq bugda, mahsuldarhq, ziilal, Siisovarilik, kleykovina, sedimentasiya, hektardan ziilal
ciximi.

Otnomenune Mexay Conep:xanuem beska u Ilokazarensmu Texnosoruyeckoro Kavectra B
3epunax CoptoB Msrkoii Illmennusl npu Pazauunsix Pesxkumax IoamBa

C.!. I'yceiinoB
Hayuno-uccreoosamenvcruil uncmumym semnedenus MCX Azepbatioocarnckoui Pecnybnuku

[IpoBeneHo cpaBHEHHE COICpKAHKS OCJIKa M TIOKa3aTesei TEXHOJOTHIECKOTI0 KauecTBa 3epHa COPTOB MATKON
nieHuibl. OOHAPYIKEHO, YTO COJIepKaHUE OelTka Pe3KO MEHSCTCS B 3aBUCUMOCTH OT pekuMa moiuBa. Jlis
OIICHKH THIIEBOW IIEHHOCTH COPTOB MSATKOHM IIIEHUITBI OBUIM OMPEICIICHBI CEIMMEHTAIHS, COIEpIKaHMNe
KJICHKOBMHBI, MHJICKC ae(opMalui KJICHKOBUHBI W CTEKJIIOBHIHOCTH 3e¢pHa. [Ipy ONTHMAaIbHOM IOJUBE
M3MEHEHMSI CTEKIOBHIHOCTH M KOJHYECTBA KIEHKOBHHBEI cocTaBistd 22.0% - 90.0% m 19.2%-28.8%
cooTBeTcTBeHHO. O1HaKO, B BapuaHTax 0e3 MoJIMBa 3TH IMapaMeTphl MeHsUCh B mpenenax 25.0-100.0% u
21.2-34.8%, COOTBETCTBEHHO.

Oenok, CmeKIoBUOHOCMb, KIeUKOBUHA,

Knwouesvie cnosa: Msekas nwenuya, npoOyKmMuUeHOCHY,

ceoumenmayusi, 6vixo0 benka c 1 ea
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The effect of drought on the surface area of various assimilating organs of durum and bread wheat
genotypes with contrasting growth periods, cultivated under various climatic and soil conditions has
been studied. To establish the accuracy of the obtained data, statistical analysis of some productivity

indices was performed.

Keywords: Drought, wheat genotypes, assimilating parts, plant metabolism, early maturing wheat genotypes

INTRODUCTION

Recent global climatic changes have caused
destructions in the ecological balance, and
development in stress factors such as drought and
salinity, which can lead to serious issues in
satisfying the population demands for food.

It is known that biotic (pathogen, competition
with other organisms etc.) and abiotic (drought,
salinity, radiation, high and low temperature etc.)
stresses cause drastic changes in physiological
activity of plants, attenuate biosynthesis in cells,
disturb normal vital functions and eventually can
completely destroy the plant (Arora et al., 2002;
Peet et al., 1977; Wang et al., 2003).

From this point of view, one of the main issues
facing breeders is the creation of new, highly
productive and stress-tolerant varieties using plant
genotypes grown under unfavorable climatic
conditions, tolerant to various stresses, including
drought and salt-tolerant plant genotypes (Anjum
etal., 2011; Blum, 1986; Witcombe et al., 2008).

To enhance plant tolerance to stress factors,
physiological studies should be preferred for the
revelation of mechanisms of tolerance and
determination of physiological and genetic changes
occurred in plants under stress (Moghaddam et al.,
2012). Physiological investigations can facilitate the
establishment of the stress tolerance associated genes
in wheat genotypes. It should be noted that the
establishment of genes tolerant to stress factors as
well as the use of them in the hybridization process
as donors is one of the most important issues facing
modern plant breeding (Anjum et al., 2011;
Tamrazov, 2016). The role of assimilating organs
(leaf, stem, spike) is crucial in the proceeding
photosynthesis and the formation of the product.
Therefore, we measured assimilating surface area
during vegetation and analyzed the obtained data.

MATERIALS AND METHODS

Durum and bread wheat genotypes with
contrasting maturation periods were chosen as the
study objects. Measurements were conducted with
4 samples of each group. However, the article
presents data only on the early maturing durum and
bread wheat genotypes. Although the study was
performed in 3 regions and throughout 3 groups,
only the results of the study in 1 group have been
discussed.

The experiments were carried out on wheat
genotypes with contrasting maturation periods
(early, medium and late) at the Absheron, Jalilabad
and Gobustan Experimental Stations of the
Research Institute of Crop Husbandry during 2017-
2018 year vegetation years. Regular phenological
observations were performed on early maturing
varieties. Assimilating surface area was measured
using an automatic device AAS-400. Correlation
was established between spike structural elements,
characterizing productivity and statistical indicies
were calculated using Excel and SPSS-19 statistical
package programs.

As the studied varieties have various
maturation periods, they divided into 3 groups:
early, medium and late maturing varieties.

RESULTS AND DISCUSSION

The aim of the work was to determine drought
effects on assimilating surface areas and
productivity elements of bread and durum wheat
genotypes differing in their maturation periods and
grown under various climatic and soil conditions
with following comparison of other physiological
indices.

Maturing duration is known to be the most
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important factor in the plant growth. Because of
differences in climatic and soil conditions in the
regions of our country, the study of this factor is
needed. In this point of view, early and late
maturing varieties should be preferred. In general,
early maturing wheat genotypes are more
characteristic of regions, where spring-summer
drought onsets early. On the other hand, the main
part of the genotypes are medium maturing that
should be considered in the wheat cultivation in
most regions.

Genotypes tolerant to soil and air water
deficiency and able to provide high production are
considered to be drought tolerant.

The results of the study (assimilating surface
area) performed in Absheron are presented in Fig.
1. As seen in the figure assimilating surface area of
various organs were comparatively studied in 2
durum (Garagylchyg 2 and Alinja 84) and 2 bread
wheat (Alinja 84 and Gobustan) varieties, under
normal water supply and drought conditions. The
assimilating surface area in leaves of Garagylchyg-
2 was measured since the 3rd decade of March. The
maximum value was obtained in the middle of
vegetation and then began to decline until the end
of vegetation, which is attributed to the increase in
the surface of other assimilating organs - stem and
spike as a result of leaf senescence. The maximum
values in the leaves are usually observed during the
earing-flowering phase. The assimilating surface
area in the Garagylchyg 2 leaf was 66.8 and 51.8
thous. m?ha, in watered and drought-exposed
variants, respectively. The variants differ by 22.4%.

On the other hand, the maximum values in
leaves of the bread wheat genotype- Gobustan were
observed in the lst decade of May, during the

earing-flowering phase. Thus, in the watered and
drought-exposed genotypes these values were
found to be 64.2 and 61.2 thous. m?ha,
respectively, with 4.6% difference between
variants. In the Garagilchyg-2 wvariety the
assimilating surface area of stem reached maximum
values in the second decade of May and in watered
and drought-exposed genotypes, was equal to 66.8
and 56.7 thous. m?/ha, respectively, with 15.1%
difference between the variants.

The similar situation was detected in the bread
wheat genotype Gobustan. The stem assimilation
surface area reached maximum values in the st
and 2nd decades of May and in watered and
drought-exposed genotypes, was equal to 69.7 and
612 thous. m?ha, respectively, with 12%
difference between the variants.

Dynamics of the increase in the spike surface
of the Garagylchyg-2 variety was as follows: during
the maturation phase — at the end of May and at the
beginning of June-31.2 and 20.9 thous.m?/ha, in the
watered and drought-exposed plants, respectively,
with 33% difference between variants. Such a sharp
variation is attributed to the intensification of
drought to the end of vegetation.

In the Gobustan variety this index was equal to
28.6, and 23.4 thous. m%*ha, in watered and
drought-exposed variants, respectively, and the
difference between the variants was 18%.

The dynamics of the changes in productivity
indices were determined in 2 genotypes of each
group (durum and bread genotypes). However, one
genotype of each group was analyzed.

The same indices were also determined in the
wheat varieties cultivated in the Jalilabad region of
Azerbaijan.
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Fig. 1. The dynamics of the assimilating surface area of early maturing wheat genotypes-thous. m*ha (Absheron).

128



T.H. Tamrazov

EMarchIII ®Aprill ®Aprilll ®Aprillll ®"Mayl ®MayIl = MayIll = Junel

leaf stem  spike | leaf stem

Alinja-84

spike | leaf stem
Nurlu-99

spike | leaf stem  spike

Garagylchyg 2 Gobustan

Fig. 2. The dynamics of the assimilating surface area of early maturing wheat genotypes-thous. m?/ha (Jalilabad).
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Fig. 3. The dynamics of the assimilating surface area of early maturing wheat genotypes-thousand m*ha (Gobustan).

As seen in the figure 2, the studied wheat
genotypes did not change. However, contrary to
Absheron, Jalilabab is a rainfed region and the
measurements were conducted only with the
drought-exposed plants. In the Garagylchyg 2
variety the maximum assimilating surface area of
leaf - 61.3 thous.m’/ha - was observed during the
Ist decade of May. The maximum value of this
index for stem- 69.7 thous. m%ha- was observed in
the 2nd decade of May and for spike the maximum
value detected in the 3rd decade of May was equal
to 24.9 thous. m*/ha.

Similar to Garaglchyg 2, in the Gobustan
variety maximal values for the assimilating surface
area in leaf (62.2 thous. m%ha), stem (64.4
thous.m’/ha) and spike (24.4 thous. m%*/ha) were

found in the 1Ist, 2nd and 3rd decades of May,
respectively.

Thus, drought conditions characteristic of the
Jalilabad region of Azerbaijan, earlier onset of
drought and its intensity lead to the acceleration of
the vegetation process (Tamrazov, 2016).

The next investigations were carried out in the
Gobustan region, which climatic conditions are
very different from those of Absheron and
Jalilabad. Early onset of winter and late spring-
summer drought affect the duration of vegetation.
The results of the study are presented in Fig. 3.

Contrary to the first 2 regions, in Gobustan the
measurements began in April. In the durum wheat
variety Garagylchyg-2 the maximal value for the
assimilating surface area in leaf was determined
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(60.5 thous.m?’/ha) in the third decade of May -
during the earing-flowering phase. However, in
both stem (68.5 thous.m?*/ha) and spike (22.8 thous.
m?/ha) this index reached the maximum in June.

In the Gobustan variety the maximal values for
the assimilating surface area in leaf (62.2
thous.m*ha) and stem (65.6 thous.m’ha) were
detected in the third decade of May, in the same
phase. However, in spike this index was maximum
(27.9 thous. m*/ha) in the 1st decade of June.

According to the obtained results, for the all
assimilating organs of the early maturing genotypes
the earing phase is considered to be the most
favorable. Thus, the most active metabolism occurs
during the mentioned growth phase of the plant
(Peet etal., 1977; Witcombe et al, 2008).

The performed analysis showed that
physiological processes proceeding in the plant
changed due to the environmental factors.
According to the obtained data drought-tolerant
genotypes are more productive. Because, all
physiological processes proceed to the end in these
plants.

To determine productivity indices, sheaves
were taken from 1m? area in 3 replicates prior to
harvesting and 10 characteristic spikes were taken
from each sample for the structural analysis.

From the development stage, there is a relative
decline in the leaves and an increase in the body
and spike.

Grain yield of the same varieties were
determined in various regions. As seen in the table
1 in the durum wheat genotype-Garagylchyg 2
grown in Absheron the highest productivity index
was found to be 617 g/m” and 457 g/m* in watered
and drought-exposed plants, respectively, with
25.9% difference between the variants. In other
durum wheat variety Alinja 84 this index was equal
to 473 and 380 g/m’ in watered and drought-
exposed plants, respectively, and the difference
between these values was 19.6%. The same
parameter was determined in the bread wheat
varieties Alinja 84 and Gobustan. The productivity
index was found to be 518 and 493, respectively,
for watered and drought-exposed plants of the
Alinja 84 wvariety. However, for the Gobustan
variety 423 and 405 were found, respectively, for
watered and drought-exposed plants. The difference

between varieties was as follows: 4.8% in Alinja
84 and 4.3% in Gobustan.

Considering the general dynamics, it can be
concluded that productivity index and difference
between variants were higher in Garagylchyg-2
compared with Alinja 84. The difference between
variants in bread wheat varieties was almost the
same, though productivity index was higher in
Alinja 84.

Comparison of the productivity of durum and
bread wheat genotypes showed that under
Absheron conditions the durum wheat variety
Garagylchyg 2 and the bread wheat variety Alinja
84 were more productive. In general, among early
maturing wheat genotypes these genotypes were
more efficient for the Absheron peninsula.

Maximal indices were also found for the
durum wheat variety Garagylchyg 2 and the bread
wheat variety Alinja 84 as a result of the analysis of
productivity of wheat varieties cultivated in the
Jalilabad region. Thus, similar results were
obtained almost for all the studied genotypes.
Regarding to the tolerance, Garagylchyg 2 and
Alinja 84 were more tolerant as well.

The results of the experiments performed in
Gobustan were completely different. Because,
contrary to previous regions, early maturing
genotypes are not considered as characteristic for
the Gobustan region. Generally, bread wheat
varieties were more productive compared with
durum  wheat varieties. Thus, maximum
productivity for Gobustan and Garagylchyg 2 was
found to be 550 g/m* and 400 g/m?, respectively.

It should be noted that the evaluation of the
studied early maturing wheat genotypes was
conducted based on their tolerance to diseases,
height, productivity and architectonics.

To examine the accuracy of the obtained data,
some indices were analyzed statistically. First of
all, according to the structural analysis, the
correlation between structural elements was
established and regression model was constructed.

As seen in the table there is a positive
correlation between result trait and factor trait. So
when factor trait (x) increases, result trait (y) also
increases.

The results of the spike structural analysis are
shown in table 2.

Table 1. Productivity indices of wheat genotypes.

Genotypes Absheron Experimental Base Station Jalilabad Regional Gobustan Regional
Irrigated, g/m? Drought, g/m? Experimental Station Experimental Station
Garagylchyg 2 617 457 515 400
Alinja 84 473 380 485 340
Alinja 84 518 493 585 450
Gobustan 423 405 455 550
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Table 2. Characteristics of productivity and its structural elements in the studied wheat genotypes (Absheron-2017).

Wheat genotypes Variant Spike Width of Length of Number of Number of grains Weight of grain
weight,g  spike, cm  spike, cm  spikelets, number per spike per spike, g

Garagylchyg 2 I 4.74 1.16 9.88 22.2 50 2.07

11 33 1.14 7.25 19 48 1.02
Alinja 84 I 3.99 1.4 9.5 21 457 1.85

11 291 1.16 8.4 17.8 40.2 1.02
Alinja 84 I 2.59 1.26 9.64 16.2 38.6 1.8

11 2.5 1.44 9.46 16.2 37.2 1.05
Gobustan I 2.73 1.22 11.7 17.8 425 2

11 2.69 1.3 10.6 17.4 40.2 1.6

Table 3. Correlation analysis of the spike elements.

Spike Width of Length of Number of Number of grains Weight of grain
weight (y) spike (x1) spike (x2)  spikelets ( x3) per spike (x4) per spike (xs)
Spike weight (y) 1
Width of spike (x1) -0.244 1
Length of spike, (x2) -0.130 0.275 1
Number of spikelets ( x3) 0.979 -0.256 -0.094 1
Number of grains per spike (x4) 0.877 -0.485 -0.231 0910 1
Weight of grain per spike (xs) 0.435 0.002 0.725 0.434 0.321 1

As can be seen from the table, the spike
elements of the studied wheat genotypes are
analyzed and the results are presented in two
variants. Given the difference in options, it is
possible to note that in all the indicators of the
spike there is a decrease in drought versus other
variant. According to the research, the difference
between the varieties of some wheat genotypes in
comparison to other genotypes is characterized by
drought resistance.

In the next table, there is a correlation between
the indicators that accurately characterize the spike.

First of all correlation between the spike
weight and other indices was analyzed. As can be
seen in table 3, there is a closer connection between
the number of spikelets and the number of grains
per spike in the spike elements.

The correlation is weak, if the relation between
these indices is expressed with a value less than 0.3,
and a negative value shows that these indices do not
depend on each other or even a negative correlation
exists. On the other hand, if the values ranged from
0.5 to 0.7, the correlation is strong and above 0.9
corresponds to the formation of the functional
correlation.

The smallest average index was observed in
the spike width, the largest in the number of grains.
This is attributed to the fact that average values
were calculated on the basis of the spike width,
which is the smallest index.
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Miixtalif Torpaq Iqlim Saraitindos Becarilon va Yetismo Miiddatina Gora Farqlonon Bugda
Genotiplorinin Morfofizioloji Tadqiqi

T.H. Tomrazov

Azarbaycan Respublikasi KTN Okingilik Elmi Todgiqat Institutunun
Bitki fiziologiyast va biotexnologiya s6basi

Mogqaloda, asason miixtalif torpag-iqlim soraitindo becorilon yetismo miiddotlorine gora forqlonon bark vo
yumsaq bugda genotiplorindo miixtalif assimiloedici orqanlarin assimliyasiya sathi sahasine quraqligin tasiri
miioyyonlosdirilmisdir. Olgmolor zamani oldo olunan noticalorin dogigliyini yoxlamaq {iciin bir sira
mohsuldarliq gostoricilori arasinda statistik todqiqatlar aparilmisdir.

Acar sozlor: Quraqlq, bugda genotiplori, assimilaedici orqanlar, bitki metabolizmi, tez yetison bugda
genotiplari

Mopdgo-pusznonornyeckue Ucciaenopanns I'enornnos [mennunsl ¢ Pazaumunsiv Iepuogom
Co3peBanusi, Boipamennsix B Pazanunbix [louBenno-KimmaTuueckux Y cJI0BHAX

T.I'. Tampa3zoB

Omoen ¢usuonozuu pacmenuil u Guomexnonozuu Hayuno-ucciedosamenbcko2o
uncmumyma semnedenus MCX Azepbatioscancroii Pecnyoniuku

I/I3yqu0 BJIMAHUC 34CYXU Ha IJIOMAAb ITOBEPXHOCTHU PA3JIUYHBIX ACCMMUIMPYHOIHUX OPraHOB T'CHOTHUIIOB
TBep)Z[OI\/'I U MATKOU IMIICHULBI C pa3JIMYHbIM INEPHUOAOM CO3PCBaHMs, BBIPAICHHBIX B Pa3JIMYHbIX TOYBEHHO-
KIIMMATUYCCKUX YCJIOBUAX. ,HJ'DI YCTAaHOBJICHHUA TOYHOCTU OAHHBIX, OBLI IpOBCACH CTaTUCTUYCCKUM aHaIu3
HCKOTOPBIX IoKa3aTeseh MMpOU3BOAUTCIIBHOCTH.

Knroueeswvie cnosa: 3acyxa, ceHOmMuUnvl NUUEHUYbl, ACCUMUIUPpYOWuUe 4acniu, memaboauzm pacmenuﬁ, pano
co3pesaroujue ceHomunsvl nuteHuYybl
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Selective Evaluation of Winter Bread Wheat Advanced Lines for
Adaptability in Garabagh Lowland Conditions

A.M. Abdullayev'?, Z.I. Akparov?, S.M. Mammadova'~

! Department of Plant Selection, Research Institute of Crop Husbandry, Ministry of Agriculture of the
Republic of Azerbaijan, Pirshaghy Settlement, Sovkhoz No 2, Baku AZ 1098, Azerbaijan;
2 Genetic Resources Institute, Azerbaijan National Academy of Sciences, 155 Azadlig Ave., Baku AZ1106,

Azerbaijan; E-mail: sevka_m@yahoo.com

The study was conducted to determine the adaptive promising lines of winter bread wheat.
Adaptability was studied in bread wheat variety samples obtained from intraspecific crossings
between 21 parental forms. Long-term observations of promising variety samples of winter bread
wheat in the Garabagh Lowland conditions showed that not all varieties had the same behavior under
the same growing conditions and differed in the potential productivity. Meanwhile, a few variety
samples maintained their productivity over the years. The instability of productivity for many years
indicated a lack of high adaptability of most of the variety samples studied. Some promising variety
samples were distinguished by a neutral reaction to growing conditions of various years.

Keywords: Intraspecific crossings, adaptability, perspective lines, variety samples, bread wheat, yield,

selection

INTRODUCTION

Being adapted to a wide range of moisture
conditions, wheat is grown on more land area
worldwide than any other crop and is an important
food grain source for humans. To create
qualitatively new varieties of crops in breeding
practice, various methods are used to evaluate the
initial material, crossing and selection of elite
plants, methods for assessing disease resistance,
etc., depending on the goals and regions for which
the variety is created.

The same genotype grown in different
environments often shows significant variation
regarding productive performance (Condé et al.,
2010; De Vita et al., 2010).

Varieties derived for certain local regions as a
rule differ in high yield, but when cultivated in
other regions that differ sharply from soil-climatic
conditions, they quickly lose their advantages. In
many cases, such varieties are inferior even to
varieties with an average yield value, but a wide
range of plasticity. In addition, it is known that the
increase in grain yield as its share increases in the
total biological yield leads to a reduction in the
quality of the grain-content of protein and gluten
(Pinheiro et al., 2013).

Obviously, the issues of increasing the
sustainability of wheat production and stabilizing
its quality should be addressed in an integrated
manner, and above all, by use of varieties well
adapted to local conditions. Orientation to varieties
with high biological potential of any of the

economically valuable traits, to a certain extent,
contributes to reducing their resistance to adverse
environmental effects (Ivannikov et al., 1998).

In this regard, an important role is assigned to
the use of adaptive forms that have a wide range of
plasticity to changing environmental conditions that
can stably realize their potential. Therefore, along
with the creation of new high-yielding and high-
quality varieties of crops, the issue of creating
varieties with different plasticity, the ability to
produce a stable yield under different ecological
conditions of cultivation and resistance to biotic
and abiotic stresses, always remains an urgent task
of breeding (Boyer, 1982). Recently, throughout the
world, the trend of rational use of genetic resources,
using local and introduced varieties in the breeding
process, is aimed at creating, with a genetic basis,
resistant to unfavorable environmental conditions
varieties. This is primarily due to the global change
in climatic conditions, the increase in stressful
situations, the increase in temperature, the increase
in radiation, salinization of soils, etc., as a result of
natural disasters, as well as the emergence of new
races of various diseases of crops (Naylor, 1993,
Talebi et al., 2009).

In connection with the above-mentioned,
based on the achievements of the world practice on
wheat breeding, the research is being carried out at
the Research Institute of Crop Husbandry to attract
introduced and local accessions to create new
varieties of wheat with the properties of optimal use
of the bioclimatic potential of the growing area.

Azerbaijan among the neighboring countries
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stands out with an exceptional variety of soil and
climatic conditions and relief. Often, there is a
sharp variation in weather conditions over the
years, which is a limiting factor in yield, as a result
of which, a decrease in the yield of wheat in
particular years reaches a perceptible limit in some
years. The presence of such a wide range of
variation in climatic conditions determines the
conduct of breeding activities aimed at adaptability
and plasticity. It is known that the reaction rates of
varieties of agricultural crops in particular wheat, to
various ecological situations and changes in
climatic conditions determine their adaptive value
and plasticity. Even in extremely identical growing
conditions, wheat varieties, depending on their
biological  characteristics and the genetic
mechanism that respond to changes in environment,
are differentiated in different degrees by yield over
the years.

The purpose of the study. The purpose of this
research was to determine the adaptive promising
lines of winter bread wheat.

MATERIALS AND METHODS

The research was carried out under irrigation
conditions at the Terter Regional Experimental
Station (RES) of the Research Institute of Crop
Husbandry and 21 varieties of bread wheat were
used as parental forms. Parental genotypes were
taken from the working collection, whose high yield
was identified as a result of advance experiments.
Intraspecific crosses of these varieties were carried
out at the institute. During 2010-2012, 7 constant
hybrids - TT 09214/3-1-2 (lutescens), TT 0887/2-1-
1-1 (lutescens), TT 09706/2-4 (lutescens), TT
09704/2-4-1 (lutescens), TT 09704/5-2
(erythrospermum), TT 09704/2-4-1-1 (albidum), TT
09224/3-2-1 (lutescens) which are obtained as a
result of crossing of landraces and variety samples
introduced from international centers were sown on
the experimental field of Terter RES in four
replicates on plots each with an area of 50 m’
Before sowing the seeds were treated with Vitavax
(fungicide). During the growing season, the crops
were treated with the herbicide (Topic 0.80). During
the vegetation period, observations were made on the
growth and development of plants in various stages
of development.

Observations of resistance to diseases were
made 3-4 times during the growing season. At the
end of the milk ripeness, the plants were removed
with roots and measurements were made on the test
bundle according to the following characteristics:
plant height, number of productive tillers, length of
spike, number of spikelet, weight of grain per spike
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and plant, 1000 kernel weight per four replicates for
each variety sample. At complete maturity, the
harvesting was carried out and the average yield
was determined. The LCDys of experiment was 2.5 -
3.5 cwt/ha (Dospexov, 1985).

RESULTS AND DISCUSSION

Long-term observations of promising variety
samples of winter bread wheat in the Garabagh
lowland conditions showed that most varieties
differ in the ways of the realization of potential
productivity. At the same time, the number of
varieties that preserved the stability of yields was
relatively less by year. The instability of crops over
the years indicated a lack of high adaptability of
most of the studied varieties. Nevertheless, some
promising varieties were distinguished by a neutral
reaction to different years of cultivation.

It should be noted that the formation of the
yield was largely influenced by the weather
conditions at the time of flowering-fertilization and
grain filling. This is evidenced by differences in the
years, in the same varieties, in the number of seeds
per spike, the weight of seeds per spike and1000
kernel weight.

Comparison of the analysis of the spike
productivity elements and yield data as a whole
showed that the lowest value was obtained in 2010,
when the flowering-fertilization stage was
accompanied by heavy rains that lasted almost to
the beginning of the wax ripeness, which were
followed by a sharp increase in the temperature,
and led to mechanical maturity of varieties.

The maximum productivity of spike and yield
of the studied variety samples was observed in
2012, when the weather favored the development of
winter crops, the flowering-fertilization and grain
filling stages lasted in mildly hot weather and good
solar illumination.

It should be noted that the adaptability of
varieties was judged by the difference in the
productivity of the spike, by 1000 kernel weight
and the yields of the varieties under study by year.

Thus, at the variety sample TT 09214/3 -1-2
lutescens in 2010, the number of grains per spike,
the weight of grains per spike, 1000 kernel weight
and yield were 42.9; 1.6 g; 30.0 g. and 38.9 cwt/ha
respectively. Comparison of these data with the
data obtained in 2012 showed that the number of
grains per spike is -85.6% of the maximum value of
this feature, the weight of grains per spikeis -
72.7%, and the 1000 kernel weight is -75.5%
respectively. A big difference (42.6%) over the
years is observed for the yield of the variety, which
is 57.4% of the maximum value. In absolute terms,
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it is expressed in 18.9 cwt/ha.

Similar results were observed in 75.7% of the
varieties, which are classified as non-adapted
varieties. Nevertheless, 24.3% of prospective
varieties, out of 51, during the study years retained
a neutral response to changes in meteorological
conditions or less subjected to changes. TT 0887/2-
1-1-1 lutescens, TT 09706/2-4 Ilutescens, TT
09704/2-4-1 lutescens, TT 09704/5-2
erythrospermum, TT 09704/2-4-1 lutescens, TT
09704/2-4-1-1 albidum, TT 09224/3-2-1 lutescens,
etc. belonged to such variety samples, including TT
09704/2-4-1 lutescens named "Shafag 2" (in 2010
year) and TT 09706/2-4 lutescens named "Parvin"
(in 2012 year) were transferred to the State

Service for Registration of Plant Varieties and Seed
Control under the Ministry of Agriculture of the
Republic of Azerbaijan.

In varieties with a comparatively greater
adaptive capacity, the average yield reached up to
70.0 cwt/ha (Fig. 1, 2).

As can be seen in Fig. 1, in the adaptive
varieties, the curve of the average yield is
approximately in a level position in the interval of
yield curves of varieties for individual years. In
varieties, of which the yield varies considerably
over the years, the curve of the average crop yields
as close as possible to the yield curves of the last
two years, where the weather conditions were
relatively stable and similar (Fig. 2).
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It should be noted that to the number of
varieties with an adaptive value were both high-
yielding varieties, and varieties with an average
value of this feature. In some cases, less productive
varieties proved to be more stable to changes of the
environment than high-yielding ones.

Of no less importance has the definition of the
adaptive values of promising varieties for the
quality of grain, of which is already impossible to
consider the completion of breeding works. It is
known that grain quality indicators are genetically
determined, but highly dependent on growing
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conditions, levels of agricultural technology,
fertilization and etc. (Dias and Lidon, 2010).

According to the results, the gluten content of
adaptive varieties excluding TT 09704/2-4-1
lutescens and TT 09704/5-2 erythrospermum
slightly changed by year and the average value of
gluten indicators was between the mean value of
this characteristic by years (Fig. 3).

Similar results were obtained with respect to
the gluten quality index (GQI) of adaptive varieties,
which indicates independence from environmental
conditions over the years of cultivation (Fig. 4).
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As can be seen in Fig. 5, the improvement in
growing conditions over the years has positively
affected the sedimentation indices of only one line,
TT 0887/2-1-1-1 lutescens. So, in 2010,
sedimentation rates for this line was 22.5 ml., and,
in 2011-2012 this indicator increased to 34.5 ml.
The exception was also the line TT 09706/2-4
lutescens, when the value of the sedimentation
(35.2 ml.) only in 2012 was very different from the
previous ones (22.5 ml).

Thus, the study of both groups (adaptive and
non-adaptive) varieties and lines did not reveal a

significant difference in the years between groups
in terms of the quality of grain, as can be seen in
the gluten content (Fig.6). The only significant
deviation in the gluten content by year that was
observed in 2012 at the TT 09214/3-1-1 albidum
line seems to be due to either a successful
combination of the passage of the development
stage during the growing season with the weather
condition prevailing in the given year or own
responsiveness of the genotype to change the
weather conditions, or is the result of an accidental
technical error that requires additional verification.
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The study revealed that a differentiated
approach to the selection of varieties for
cultivation, especially in regions with an unstable
climate over the years is very important. This
approach helps eliminate the risk associated with
the negative impact of weather conditions.
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Payizliq Yumsaq Bugdanin Perspektiv Xatlorinin Adaptivliyinin Diizon Qarabag Soraitinda
Qiymoatlondirilmasi

A.M.Abdullayev'?, Z.1.9kparov?, S.M.Maommodova'?

" AR KTN Bkingilik Elmi Tadgiqat I'nstitulum{n Bitki seleksiyast sobasi
’AMEA Genetik Ehtiyatlar Institutu

Tadqiqat payizliq bugdanin adaptiv perspektiv xatlorinin miisyyanlasdirilmasi mogsadi ils aparilmisdir. 21
valideyn formasi arasinda novdaxili c¢arpazlasdirilmadan oldo edilon yumsaq bugda sortniimunslorinda
adaptivlik todqiq edilmisdir. Diizon Qarabag soraitindo yumsaq  bugdanin miixtalif persiipektiv
sortniimunolorinds ¢oxillik miisahidolor gostorir ki, he¢ do sortniimunslorin hamist becarildiyi eyni soraitdo
eyni deracads Ozlorinin mohsuldarliq potensialini realizo eds bilmir. Bununla bels, illor {izro az sayda
sortniimunalordziiniin mohsuldarhigmi qoruyub saxlaya bilmislor.illor iizro mohsuldarlhigin qgeyri-sabitliyi
todqiq edilmis sortlarin oksoriyyotinin kifayot qodor yiiksok adaptivliyinin olmadigini gostorir. Bozi
perspektivsortniimunalar miixtalif illarin becoarma soraitine neytral reaksiyalari ilo farqlonmiglor.

Agar sozlor: Novdaxili ¢arpazlasdiriima, adaptasiya, perspektiv xattlor, sortniimunalor, yumsaq bugda,
mahsuldarlq, se¢ma
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Ouenka AnantuBHoctu [lepecnekTuBubIX JIunuii O3umoii Msarkoi [lmenuns: B
Ycaosusix Papuunnoro Kapataxa

A.M. Adayaaaes'?, 3.A. Aknapos?, C.M.Mamenona'”

" Omoen cenexyuu pacmenuii Hayuno-ucciedoeamenbcko2o uHCmumyma 3emneoenus
MCX Azepbationcarnckou Pecnybnuku
?Uncmumym 2enemuueckux pecypcos HAH Azepbaiiooncana

PaboTa nmpoBezieHa ¢ LENbIO BBISIBICHUS CTETICHH aJalTHBHOCTH NEPCIEKTUBHBIX JIMHUM O3MMOMN MIICHULIBI.
W3yudeHa aqanTuBHOCTH COPTOOOPA3IIOB MATKOH MIICHUIIBI, HOIYYEHHBIX OT BHYTPUBUIOBOIO CKPELIMBAHUS
ponurtenbckuit popMm. MHOTONETHHE HAOMIOJEHUST TIOKA3ajiH, YTO HE BCE TEPCIIEKTUBHBIE COPTOOOpA3IIbI
MATKOM MIIEHUIBI MOTYT B PaBHOW CTENIEHU pealn30BaTh CBOIO MOTEHIMAIBHYIO YPOKAHHOCTh B YCIOBHUAIX
paBauHHOTO Kapabaxa. Bmecte ¢ Tem, HEOOMbBIIOE YUCIO COPTOOOPA3LOB COXPAHMIIO CBOIO YPOXKAHHOCTS.
HccnenoBanusi 10 BBISBICHUIO TPUYWH HECTAOMIBHOCTH ypOXKask B 3aBUCUMOCTH OT TO/ia BBIPALIMBAHUS
YKa3plBalOT HA OTCYTCTBHE JOCTaTOYHOM aJaNTHBHOCTH y OOJBIIMHCTBA COpPTOB. Hekoropwie
MEPCHEKTUBHBIE COPTOOOPA3Lbl OTIMYATUCH HEUTPATBHON peakiyeld Ha N3MEHSIOIUECs 0 ToaM yCIOBHUS
KYJbTUBUPOBAHUSL.

Knwouesvie cnoea: Bnympusuoogoe ckpewuganue, adanmayus, nepcnekmusHvle JTUHUU, COPMOoodpasybl,
MsASKAS RUEHUYA, YPOICAUHOCHb, OMOOP
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The aim of this paper is to establish a brief overview on the status of biodiversity and ecosystem
services in Azerbaijan in the context of international science-policy interface within modern global
concepts. These issues are discussed using the results of the analysis of state or public reports and
scientific literature on biodiversity in Azerbaijan, as well as the outcomes of own studies the drivers of
change and trends in biodiversity within the framework of the strategy and policy for biodiversity
conservation. The existing knowledge gaps and needs for filling them have been also identified.
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The conservation and sustainable use of
natural resources is one of the sources for social,
political, and economic challenges of the 21st
century. In the context of the rapid degradation of
nature, it is still important to assess drivers, impacts
and responses to biodiversity that is considered as
an integral part of natural resources. In order to a
clear understanding of these issues in Azerbaijan
we here propose a brief insight into biodiversity in
the context of ecosystem services, and the main
assessments on biodiversity.

Biodiversity is the living fabric of our planet
that includes variability within species, between
species (genetic diversity) and of ecosystems. It
may underpins some essential services to humanity,
from material goods (for example, food, timber,
medicines, and fiber) to underpinning functions
(flood control, climate regulation, and nutrient
cycling), and nonmaterial benefits such as
recreation (MA, 2005). Biodiversity can also
contribute to agriculture through pollination and
pest control (Hooper et al., 2005), provide carbon
storage and sequestration (MA, 2005), and
positively affect human physical and mental health
(Barton and Pretty 2010). The economic value of
benefits from biodiverse natural ecosystems may be
10 to 100 times the cost of maintaining them
(TEEB, 2009).

Threats to biodiversity. However, many of
these benefits, known as "ecosystem services," are
in serious threat because of the increased effect of
biotic factors, anthropogenic pressure and natural
disasters. Over-exploitation of natural resources,
expanding land-use change invasive alien species,
pollution, climate change, especially degradation,
and fragmentation of habitats are all key pressures
affecting biodiversity loss around the world (MA
2005; Butchart et al., 2010; IPBES 2018; Ali-zade
and Salimov, 2015).
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These impacts shows a continued, dramatic
overall decline richness in global and local
biodiversity, resulting in unprecedented losses in
biodiversity at all levels, from genes and species to
entire ecosystems with including ecosystem
processes and functions. Due to the most recent
assessments of some taxonomic groups, 11% of the
world’s of legumes are threatened with extinction
(Brummitt et al., 2015), as are 41% of amphibians
(IUCN), 15% of reptiles (Bohm et al., 2013), 14%
of birds (IUCN), 25% of mammals (IUCN), 16% of
pteridophytes (Brummitt et al., 2015), 18% of
monocots (Brummitt et al., 2015), 40% of
gymnosperms (Brummitt et al., 2015), and 1616
63% of cycads. If trends will continue at such a
rate, the worldwide and local loss of biodiversity
and degradation of ecosystems will cause a mass
extinction event, and also reducing the services
they can provide (Fig. 1).

Biodiversity and ecosystem services decline
not only an irreversible loss of the Mother Earth,
but also flag other important issues, such as the
threat to future food security and good quality of
life that nature provides represent everything from
the food we eat to the air we breath (Diaz et al.,
2015; Cardinale et al., 2012; Hooper et al., 2012).

Therefore decision makers need to be
sufficiently and clearly informed on how
biodiversity underpins these services, the demand
for them, the capacity of ecosystems to provide
them and the pressures reducing that capacity. This
implies the existence of a scientifically based
programs assessing the biodiversity and ecosystem
services considering them as a part of an
interconnected system.

International Science-Policy interface for
conservation of biodiversity and ecosystem
services. As a result of wide political recognition
regarding the imperative to reduce anthropogenic



Assessment Of Biodiversity And Ecosystem Services In Azerbaijan:

environmental impacts, and other drivers influence
on biodiversity, the United Nations Convention on
Biological Diversity (CBD) were adopted in 1992.

Marine I

Freshwater _
Teresrcl I

0 200 400 600
Number of extinct species

Marine :l

0.01%

Freshwater I 0

Terrestrial
| 0.08%

0 1 2 3 4 5

% Species

Fig. 1. Extinctions. (A) The number of extinct species
amongst the 226,000 marine, 126,000 freshwater and
1,150,000 terrestrial named species. (B) The percentage of
species in these environments that are extinct (black bars)
and threatened (hollow bars). Source: Costello (2015).

There is an increasing array of national,
regional, and international policy mechanisms
aimed at biodiversity conservation; for example,
87% of the signatories to the CBD have now
developed National Biodiversity Strategies and
Action Plans (NBSAPs). Thus, NBSAPs are the
principal instruments for implementing the
Convention at the national level (Article 6) and
have frameworks for tackling biodiversity loss at
local scales (CBD, 1995; Butchart et al., 2010).

The first ~ comprehensive large-scale
international biodiversity assessment was the
Global Biodiversity Assessment (GBA 1995) which
for the first time, mobilize teams of experts
involving some 300 authors from over 50 countries,
and covering many different disciplines in the
biological, economic and social sciences to evaluate
the global status of biodiversity. GBA had almost
no impact on policy formulation, because it did not
have a mechanism for involving many (multiple)
stakeholders, including decision-makers and was
not an intergovernmental process (Watson and
Gitay, 2007).

Millennium Ecosystem Assessment (MA,
2005) was another major, one-time global
biodiversity assessment designed to respond to the
scientific needs of the biodiversity-related
conventions. It was carried during 2001-2005 and
assesses the status and trends in biodiversity,

ecosystems and their services, possible future
scenarios, options for action. The MA has had little
impact on policy formulation and decision-making
because their findings were formally approved by
their Board and not Governments.

The most comprehensive assessment on
biodiversity and ecosystem services to date is the
Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) that
was launched in 2012. The IPBES is an
independent intergovernmental body which serve as
an assessment mechanism by synthesizing global,
sub-regional and regional assessments, as well as
assessments on  specific  thematic  and
methodological issues such as pollination, scenarios
and models, land degradation and restoration,
values, invasive alien species, and sustainable use
of wild species. The IPBES provides policymakers
with objective scientific knowledge foundations for
better policy through science for the conservation
and sustainable use of the planet’s biodiversity,
ecosystems and their services, long-term human
well-being and sustainable development. To guide
the assessment process IPBES has developed and
applied a Conceptual Framework (CF) that is a
highly simplified model of the complex interactions
between the nature and human societies (Diaz et al.,
2015; Fig. 2). The IPBES CF for biodiversity and
ecosystems services provide an integrated view of
the biodiversity knowledge—policy interface with
the consideration of diverse disciplines in the
sciences and humanities (natural, social,
engineering, health sciences, history), as well as
broad range of stakeholders (the scientific
community, governments, international organiza-
tions, indigenous and local communities), and their
different knowledge systems (sciences and
humanities, indigenous, local and practitioners’
knowledge). The IPBES CF provides structure and
comparability to the assessments at different spatial
scales, on different themes, and in different regions.

The IPBES scientifically credible and policy-
relevant assessments do not generate new data, but
seek to create new understandings of the causes of
the loss of nature and nature's contributions to
people through synthesis and sorting of academic
literature, as well as insights from indigenous and
local knowledge using different methods. The
broad range of stakeholders — contributors
(scientists, research and educational institutions,
indigenous, local and practitioners’ knowledge
holders), and end users (governments, multilateral
environmental agreements, UN agencies, inter-
governmental organizations, non-governmental
organizations (NGOs), other practitioners within
the private sector and the public) were involved in
these assessments.
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For example, the IPBES Regional Assessment
for Europe and Central Asia (IPBES 2018) is based
on a request from Governments, multilateral
environmental agreements and other stakeholders to
investigate the following key policy questions:

— How do biodiversity and ecosystem
functions and services contribute to the economy,
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livelihoods, food security, and good quality of life

in the regions, and what are the interdependences

among them?

— What are the status, trends and potential future
dynamics of biodiversity, ecosystem functions
and ecosystem services?

— What are the pressures driving the change in the
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status and trends of biodiversity, ecosystem
functions, ecosystem services and good quality
of life?

— What are the actual and potential impacts of
various policies and interventions on the
contribution  of  biodiversity, ecosystem
functions and ecosystem services to the
sustainability of the economy, livelihoods, food
security and good quality of life?

— What gaps in knowledge need to be addressed in
order to better understand and assess drivers,
impacts and responses of biodiversity,
ecosystem functions and services?

— How can ecosystems those underpinning
ecosystem-based adaptation to climate change
and nature-based solutions to sustainable
development, be protected through investments,
regulations and management regimes for
terrestrial, freshwater, coastal and marine
systems?

Answering the specific key questions offers
important knowledge concerning progress toward
the Aichi Biodiversity Targets, the Sustainable
Development Goals, and national policies (IPBES,
2018).

The two flagship global reports - Global
Biodiversity Outlook (GBO) series and the Global
Environment Outlook (GEO) series are the periodic
publications of the Convention on Biological
Diversity and UN Environment Programme (Urho
2009), respectively. GBO is a periodic report that
summarizes the latest data on the status and trends
of key drivers for biodiversity loss, and
effectiveness of implementation measures being
taken by the global community for conservation
and sustainable use of biodiversity, and also draws
conclusions relevant to the further implementation
of the Convention. The first report was published in
2001. The upcoming fifth edition, GBO-5, will be
launched in 2020. It is important for the post-2020
global biodiversity framework and reporting on a
target-by-target analysis of progress towards the
achievement of the Strategic Plan for Biodiversity
2011-2020 and its Aichi Biodiversity Targets, and
their contribution to the Sustainable Development
Goals; provide data on the thematic, regional and
global assessments of the IPBES and any relevant
scenario analysis and modelling of biodiversity and
ecosystem services undertaken as part of these
assessments.

GEO was initiated at the request of the UNEP
Governing Council in 1995 to create scientific
information on the state of the world's environment
and aims to facilitate the interaction between
science and policy via informing not only
governments but also various stakeholders such as
the youth, businesses and etc. It provides an

independent integrated assessment of the social,
economic and environmental trends, the
effectiveness of the policy response to address these
environmental challenges and the possible
pathways to be achieve various internationally
agreed environmental goals over the past two
decades. The first publication was in 1997.

In this article we discussed the scope and
achievements on assessment of biodiversity in the
context of ecosystem services, using the result of
the analysis of state or public reports and scientific
literature on biodiversity in Azerbaijan, as well as
the outcomes of own studies. We draw on a broad
range of these efforts through outline the key
challenges, experiences and perspectives in
Azerbaijan.

STATUS AND TRENDS OF
BIODIVERSITY CONSERVATION IN
AZERBAIJAN

Along with the diverse geographic, biological
and climatic conditions in Azerbaijan has provided
the higher levels of biological diversity in its flora
and fauna over time. Biodiversity of Azerbaijan
with the rich natural resources is the source of our
present and our future, and provides valuable
material (e.g. food, medicinal resources), regulating
(e.g. pollination, air and freshwater quality
regulation) and non-material contributions to
people (e.g. learning and inspiration). It supports
sustainable development which is essential for the
quality of life as they have economic, social and
cultural values (IPBES, 2018).

The issues on conservation and sustainable use
of biodiversity are reflected in the government’s
main strategic documents. As a parties to the
United Nations Convention on Biological Diversity
(CBD, 1992), Azerbaijan ratified the Convention in
2000, and formally recognised the provisions and
principles of the Convention and therefore its
national legal frameworks comply with the
requirements of the convention.

Strategy and policy framework. Since gaining
independence, the Nationwide Leader Heydar
Aliyev  developed. The principles of the
Azerbaijan's national policy in the field of
environmental protection and ecology. On the
initiative and under leadership of the academician
Jalal Aliyev developed the National Program on
genetic resources of biodiversity, and to fulfill
commitments during the research on biodiversity
and conservation, which was the most important
requirement of time. At present, Mr. President
Ilham Aliyev attaches great importance to the
protection and rational use of biodiversity in our
country (Ali-zade and Salimov, 2015).
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Environmental protection and use of natural
resources in the country are based upon the
principles declared in the Constitution of the
Azerbaijan Republic (1995).

Issues related to environment policy for
protection and sustainable use of natural resources
in Azerbaijan has been also reflected in other
legislative documents (Government of Azerbaijan
2014) such as:

" NATIONAL STRATEGY of the Republic of
Azerbaijan on Conservation and Sustainable
Use of Biodiversity for 2017-2020 (2016),

» The State Programme for Poverty Reduction
and Sustainable Development in the Azerbaijan
Republic (SPPRSD, 2008-2015);

» The State Programme for the Socio-economic
Development of the Regions of the Azerbaijan
Republic (2009-2013);

» The State Strategy on Use of Alternative and
Renewable Energy Sources (2012-2020);

» The State Program on the reliable food supply
of population in the Azerbaijan Republic (2008-
2015);

» The National Program on forest restoration and
expansion;

= National ~ Program  “On  Environmentally
sustainable social and economic development
(2003),

= State Program on Efficient Use of Summer
Winter Pastures, Hayfields and Prevention of
Desertification in the Republic of Azerbaijan
(2004),

» Comprehensive action plan on improvement of
the environmental situation for 2006-2010 in the
Republic of Azerbaijan

On October 3, 2016, the President of the
Republic of Azerbaijan endorsed an updated
National Biodiversity Strategy and Action Plan
(NBSAP) for the 2017-2020, including national
biodiversity targets, with the global framework
being taken into account. The document formulates
a comprehensive policy and defines national
priorities in order to "sustainable use of genetic
resources,; conservation of biodiversity and transfer
to future generation, improving biodiversity
monitoring systems, promotion of environmental
education including biological diversity and
ecosystem services, ensuring transition to a ‘“green
economy”’; reducing the negative impacts and
threats to  biodiversity, and  strengthening
institutional ~ capacities in  the  planning,
management and use of biodiversity".

Beside the abovementioned documents, it is
necessary to add that the National Caspian Action
Plan (2002) and the Framework Convention for the
Protection of the Marine Environment of the
Caspian Sea (2006) are key instructions and
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policies to maintain legislative environment
focused on conservation actions in Azerbaijan’s
territorial waters of the Caspian Sea. The recently
adopted the Convention on the legal status of the
Caspian Sea (Aktau, 2018) aims strengthening
governmental capacities on rational management of
Caspian Sea resources, as well as exploration,
protection and conservation of its environment.

Drivers of change in biodiversity. Globally
across all regions, as well as in Azerbaijan,
biodiversity loss and natural habitat decline directly
negatively impacts on the nature's contributions to
people and good quality of life, respectively
(Government of Azerbaijan, 2014). The main
drivers and pressures on ongoing biodiversity loss
and ecosystem decline in Azerbaijan are:

- land degradation;

- habitat fragmentation;

- unsustainable levels of natural resource use;

- pollution;

- invasive alien species;

- climate change.

Trends in biodiversity. The Greater and Lesser
Caucasus regions and Talysh Mountains are
distinguished with the highest level of the flora and
fauna diversity. In Azerbaijan, nearly 5,000 plant
species occur, representing around 65 % of the
Caucasus’ plant diversity. Of these approximately
200 species are national endemics and 950 species
Caucasian endemics (Solomon et al., 2013). There
are 107 mammals, over 394 of birds, 154 reptiles,
around 10 of amphibians and 102 species of fishes,
and approximately 25,000 species of invertebrates
in Azerbaijan.

At present, because of the lack of regular
monitoring and limited data, there is scarce
information available on dynamics of populations
of species listed in the Red Book of Azerbaijan
(RDB 2013). Currently 213 (80%) plant species are
evaluated as threatened (25 critically endangered,
53 endangered and 135 vulnerable). Another 52
plant species are listed as near threatened About 26
species of the evaluated fungi and lichens (96%)
are threatened (Fig. 3).

36 vertebrate (25%) and 15 invertebrate (60%)
species are listed as threatened, respectively. There
is a remarkably high percentage of insect species
with unknown population trend, and considered as
not evaluated (about 67% of invertebrates) (Fig. 3).

Based on the surveys conducted, these high
percentage indicate a significant increase in the
number of threatened species which were listed in
the first edition of Red Book of Azerbaijan (1989),
and require under various projects to develop a
regular and extensive research and monitoring
capacity of the wvarious institutions of the
Azerbaijan National Academy of Sciences.
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STRUCTURE OF THE IUCN RED LIST CATEGORIES
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Fig. 3. Extinction risk of species in Azerbaijan according to [IUCN Red List Categories.

The blue bar is the best estimate of the proportion of threatened and extinct species, assuming that the same proportion of
DD species is threatened or extinct as of species with sufficient data (i.e., EX, CR, EN, VU, NT, LC). Only species in
comprehensively assessed taxonomic groups are considered. Source: Red Book of Azerbaijan (RDB 2013) and Red List
of the Endemic Plants of the Caucasus (Eds. Solomon et al. 2013).

The plants and animals of the various
ecosystems provide people with many resources
necessary for their daily lives and with economic
values as well. Products of a number of wild and
cultivated plants are widely used as a food source
such as wild fruits, nuts, berries, mushrooms, and
edible greens, tubers, and other plant products that
are seen in markets. Some of them used as timber
materials, medicinal plants and etc. A 1547
medicinal plant species which belonging to 740
genera and 78 families, were reported as diuretic
(444 species), antibacterial (362), anti-inflammatory
(249) and having other healing effects.

The natural pastures of Azerbaijan also
provide fodder for domestic sheep, goats and cattle.
Due to for their caviar, sturgeon fishes have a high
economic value in Azerbaijan. Therefore

overfishing is still the main threat to Caspian fishes.
Besides overfishing of freshwater fish species, a
main threat for them is the destruction or
modification of their habitat, including a change in
the river continuum with the construction of dams
and weirs that fragment populations.

Migratory and resident birds, particularly
waterfowl, are widely and illegally hunted
throughout the country, providing food for villagers
and also seen for sale along roads through some
districts. Forest animals like wild boar, Caucasian
tur and smaller game are also hunted for meat by
locals (Foster-Turley and Sultanov, 2010).

Land-use change, including agricultural
intensification and urbanization has a multi-scale
impact on biodiversity and ecosystem services in
both directions. In despite of there are examples of
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sustainable agriculture policies and practices (e.g.
organic farming) in recent years, land conversion
and land-use change due to industrial,
infrastructural and other forms of economic
development poses a particular threat to loss of
(semi-) natural habitats, including valued wildlife
species of flora and fauna (IPBES, 2018).

Land area in Azerbaijan was reported at 82663
km? (95.45 % of total area) in 2016, according to the
World Bank collection of development indicators,
compiled from officially recognized sources (Fig. 4).

Ll -

200 2004

Fig. 4. Land area in Azerbaijan (% of land area). Source:
World Development Indicators database.

47698 km? or 57.7% of land area is classified
as agricultural land which is divided into arable
land, permanent  crops land, and permanent
pastures and meadows. According to estimates,
agricultural land use has expanded between 2004
and 2016. These trends are consistent across the
agricultural land types (Table 1).

Table 1. Trends in agricultural land use types in
Azerbaijan (2004-2016).

Agricultural Profile 2004-
land type 2016
land cultivated for crops like wheat,
Arable land maize, and rice that are replanted 2

after each harvest
land cultivated for crops like citrus,
that are not replanted after each

Permanent .

harvest, and includes land under 2
cropland . .

flowering shrubs, fruit trees, nut

trees, and vines
Permanent | land used for at least five years or
pastures and | more for forage, including natural 7

meadows and cultivated crops

Source: World Development Indicators database. /7 indicate
moderate and consistent increase in indicator.

According to the World Bank collection of
development indicators, since the 1990s, the forest
area in Azerbaijan are expanded up to 11394 km?,
which means it comprises 13.78% of land area of
country (Fig. 5).

Intensive  plantation  forestry, including
planting of greenery urban areas using introduced
exotic plant species can be give rise to undesirable,
and hazardous effects to loss of habitat and
associated species turnover.
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One key indicator for the land use change is
the habitat fragmentation and land degradation,
including extensive salinization, widespread soil
erosions, large-scale use of fertilizers and
pesticides, as well as socio-economic drivers
including the increasing demand for living space
per person, and increased mobility and growth of
transport infrastructure. Hence, increasing intensity
of salinization and erosion of soils tend to be result
decline of the productive soil layer with its water
regime that lead to desertification and deforestation.

In Azerbaijan ~42.5 % (3.6 million ha) of
total areas are eroded, and ~7% (0.3 million ha) of
total areas are salinized, as a result of which the
widespread degradation of agricultural land is
expected (Government of Azerbaijan 2014).

In recent decades there is a trend to expand the
protected areas in conservation of nature, including
biodiversity and nature's contribution to people.
Protected nature areas for the end of 2017 cover
10,3 % of the country territory, where there are 11
state natural reserves, 9 national parks and 24 state
natural sanctuaries (Fig. 6).

But it is significant fact that protected areas
alone cannot prevent biodiversity loss, particularly
for migratory species or habitats or species
particularly sensitive to environmental change
(Mora & Sale, 2011; Strayer & Dudgeon, 2010). A
global systematic review shows that individual
protected areas were effective at protecting habitats,
particularly forests, but less effective at conserving
populations of species (Geldmann et al., 2013).

Agriculture is a highly climate sensitive sector,
and therefore, Azerbaijan’s rural population and
their livelihoods are vulnerable to climate change.
The impacts of climate change may have severe
consequences for the nature, including biodiversity
and nature's contribution to people. The
vulnerabilities (high risk of natural disasters,
severity of impacts from anthropogenic activities)
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and the effects of the changing climate functionally
affecting ecosystems and eventually causing
decline in biodiversity and ecosystem services.
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Fig. 6. Terrestrial protected areas in Azerbaijan (km?).
Source: Database of the State Statistical Committee of
the Azerbaijan Republic.

It is important to evaluate how climate has
varied and changed in the past. The monthly mean
historical rainfall and temperature data can be
mapped to show the baseline climate and
seasonality by month, for specific years, and for
rainfall and temperature. As a result of the analysis
of possible climate changes in Azerbaijan the
temperatures are increasing (Fig. 7). The chart
below shows mean historical monthly temperature
and rainfall for Azerbaijan during the time period
1961-1990 and 1991-2015.

precipitation trends. (Shatberashvili et al., 2015).
Extreme weather events in the future may lead to
directly impact the overall water balance, and
increasing the hazards, and the various risks related
to the economy, including the agriculture, human
health and safety.

Climate change leads to more extreme and less
predictable weather events (heat waves, droughts,
floods, heavy precipitation, and wind storms) that
impact biodiversity across ecosystems. These
trends will cause to shift seasonal timing, growth
and productivity, species ranges and habitat
location, which affect biodiversity, agriculture,
forestry and fisheries. Many species with limited
capability to migrate or adapt fast enough for
corresponding to projected climate change.

Table 2. Observed climate change and scenarios for
Azerbaijan.

Observed Scenarios
Temperature A A
Extreme temperature (+) A A
Precipitation N Av

Source: Second National Communication of Azerbaijan,
2010. (A- indicates increasing trend, - decreasing trend,
A - mixed trend).
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Fig. 7. Average Monthly Temperature and Rainfall
for Azerbaijan from 1961-1990 and 1991-2015. Source:
World Development Indicators database.

Studies suggested that the temperatures are
expected to continue increasing, and while the
trends and scenarios for average precipitation are
more varied, they are tending to decrease (Table 2).
Climate models indicate an average annual increase
of 1.5-1.6°C by 2021-2050 and 3-6°C by 2070-
2100 across the entire country. Maximum
temperatures are also predicted to increase and may
reach 47-53°C. There is less certainty about

Invasive alien species are among the important
direct drivers of loss of biodiversity and nature’s
contributions to people across Europe and Central
Asia as well as in Azerbaijan, especially in
combination with other direct drivers (IPBES, 2018).

Invasive alien species generally tend to have
negative effects on biodiversity, including
displacement and extinction of native species, gene
pollution, homogenization of communities,
modification of biological interactions, communities,
habitats and ecosystem functions, with consequences
for human health; and agricultural and economic
production (Katsanevakis et al., 2014; Vila et al.,
2010). Some alien species, and even some invasive
alien species, have positive impacts, which include
provision of the habitat; increasing local species
richness and associated ecosystem services, with
subsequent economic gains; ecosystem engineering;
and aesthetic and cultural value (Schlaepfer et al.,
2011). Data limitations across Azerbaijan impede
assessment of trends associated with invasive alien
species. Priority should be given to improving the
evidence-base for impacts of invasive alien species.

Progress towards the 2011-2020 Aichi
Biodiversity Targets. The Strategic Plan for
Biodiversity 2011-2020, including its 20 Aichi
Biodiversity Targets under five Strategic Goals
provides a framework for the management and
policy development on biodiversity within a
framework of United Nation Systems.

There is a lack of well established both
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quantitative indicators and qualitative information,
as well as absence of a consolidated biodiversity
monitoring system suitable for statistical
extrapolation to judge progress towards the
Strategic Plan for Biodiversity 2011-2020 and its
Aichi Biodiversity Targets (Government of
Azerbaijan, 2014). Therefore assessment of country
report on progress in the implementation of the
Aichi Targets relies on more qualitative systematic
review of the literature (Table 3).

Table 3. Summary of Azerbaijan’s current state of
progress towards the Aichi Targets.

bn

Strategic goal A:
address the underlying

causes of biodiversity loss
by mainstreaming
biodiversity across
government and society

%
t

Strategic goal B:
reduce the direct pressures

on biodiversity and
promote sustainable use

EEENE D%

Strategic goal C:
to improve the status of

biodiversity by
safeguarding ecosystems,
species and genetic
diversity

A

N 5

Strategic goal D: Enhance
benefits to all from

e v
biodiversity and ecosystem E

services

Strategic goal E: Enhance
implementation through

participatory planing, =
knowledge management -

and capacity-building
>

Notes: V symbols indicate successes and positive trends (~51-
75% good progress) in the achievements of targets; «> shows
mixed and variable (~26-50% fair or reasonable progress) in
the achievements of targets; and J indicate trend little or
failure (~0-25% limited progress) in the achievements of
targets. Grey colors without any symbol indicate lack of
evidence (insufficient information to score progress.
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Filling knowledge and capacity gaps. The
lack of availability of comprehensive and up-to-
date biodiversity data, information and knowledge
remains a challenge. Therefore, there is need for
better understanding, quantification and integrating
monitoring system of biodiversity in the context of
ecosystem services. A few scientific researches
have been conducted on biodiversity focused on
how direct and indirect drivers impact, status and
trends, and a plausible scenarios. Moreover,
systematic and integrated investigations, as well as
biodiversity monitoring of fungi, plants, animals,
species of Caspian Sea and inland freshwaters, and
soil organisms are required to better assess this
issue for the whole Azerbaijan. There is also
necessary to integration of indigenous and local
knowledge systems and scientific knowledge to
better understand the diverse values of nature and
nature's contributions to people. There is also a
significant gap in the institutional cooperation
between Ministry of Ecology and Natural
Resources and various scientific institutions of
ANAS in terms of scientific credible assessment
projects on biodiversity and ecosystem services.

During the last decades, the scientific-research
works and cooperations carried out at the Institute
of Botany within the framework of memorandums,
contracts and agreements signed with various
international scientific organizations have a
significant role for the scientific bias of the
conservation, sustainable use and development of
plant diversity in Azerbaijan as well as
implementation of the relevant tasks set out in
various State Programs and Action Plans (Ali-zade
and Salimov 2015; 2016).

The Institute of Botany has been actively
participated in the work programs of regional
assessment of biodiversity and ecosystem services
for Europe and Central Asia (2015-2017) and
Global Assessment (2016-2018).
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Azarbaycanda Biomiixtaliflik vo Ekosistem Xidmatlorinin Qiymatlondirilmasi:
Cagrislar va Tacriiba

V.M. 9li-zads, R.A. Salimov
AMEA Botanika Institutu

Moqalade miiasir qlobal konsepsiyalar c¢orgivasinde beynoalxalq elm-siyasot interfeysi kontekstinds
Azorbaycanda biomiixtoliflik vo ekosistem xidmotlorinin voziyyoti haqqinda qisa molumat verilmigdir.
Hokumot vo ya ictimai hesabatlarin, elmi odsbiyyatin tohlili naticasinda, eloco do miialliflorin 6z
tadqiqatlarinin noticalorine gora, bioloji miixtalifliyin miihafizasi strategiyasimnin ve siyasatinin hoyata
kecirilmasi g¢orgivasindo biomiixtolifliyin doyismosino tosid edon harokotverici qiivvelor vo tendensiyalar
miiayyan edilmigdir. Bu sahads movcud bilik ¢atismazligi va onlarin halli yollar1 agkarlanmigdir.

Acar sozlor: Biomiixtaliflik, ekosistem xidmotlori, elm-siyasat interfeysi, miihafizo strategiyasi, Azarbaycan
Ounenka buopasnoodpasusa U JxkocucTeMHBIX Y CJIyr B
A3zepOaiigxane: Bo13oBbl 1 OnbIT
B.M. Anu-3aae, P.A. CaaumoB
Hnemumym 6omanuxu HAH Azepbatioscana
B crathe paccMaTpuBaeTCs COCTOSIHUE OHMOpa3HOOOpa3us M SKOCHCTEMHBIX YCIyr B AsepOaiijpkaHe B
KOHTEKCTE COBPEMEHHBIX TJI00aTbHBIX MPEACTABICHIH U MEXIYHAPOIHOTO HHTep(delica HAYKH U TIOJTUTHKH.
Ha ocHoBe aHanmm3a rocynapCTBEHHBIX AOKYMEHTOB M HAay4dHOH JIMTEpaTypbl, a TaKkKe pe3yJbTaToB
COOCTBEHHBIX UCCIICIOBAHUH, OTIPE/IeICHBI IBMKYIINE CHUIIbI U HAMTPABICHUS U3MEHEHHsI OHOPa3HOOOpas3us B
paMKax peajqu3aluil CTPATerWd W TOJUTHUKU MO COXPAaHEHWI0 OMOpa3zHOOOpasusi, BBIABICHBI BO3MOXKHBIE

poOesbl U ITyTH MTOTIOTHEHUS 3HAHUM.

Knioueswvie cnoea: buopasznoobpasue, sKocucmemuvle YCiyeu, HAYKA, NOAUMUKA, OBUICYWUE CUTBL,
Hanpaenenus, cmpamezus coxpanenus, Azepoaiioxcan
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Biological and Phytosenological Features of the Orchidaceae Juss. Family
Species New for the Nakhchivan Autonomous Republic Flora

T.H. Talibov*, R.K. Salmanova

Institute of Bioresources, Nakhchivan Division of Azerbaijan National Academy of Sciences, 10 Babek Str.,
Nakhchivan AZ7000, Azerbaijan; *E-mail:t_talibov@mail.ru

This article presents systematic, biological and phytosenological characteristics of species Neotia ovata
(L.) Bluff & Fingerh of the Neottia Guett genus, Orchis simia Lam. of the Orchis L. genus and species
Anacamptis pyramidalis (L.) L.C.Rich of the Anacamptis genus.

Keywords: Orchidaceae, Orchid, biological features, phytocenosis, oval secret flower, Listera, Neottia, ovata,
Orchis Simia Lam, Orchis simia, Anacamptis pyramidalis, pyramidal orchid

INTRODUCTION

The diversity of plant species in the Nakhchivan
Autonomous Republic is primarily related to the
diversity of eco-geographical conditions, the
historical development of the kaynazoy Pleistocene
eras, especially the development history of the
biological components of landscape, as well as to its
location on the borders of three botanical regions,
and having numerous altitudes zones. In a very short
distance, it has different natural-geological features,
ranging from Arazboyu plains to the Gapijik peak,
where the desert, semi-desert, mountain desert,
xerophyte bush, subalpine forest, alpine, rocky and
glacier landscapes are located (Babayev, 1999).

The research object is located on the west slope
of the Zangezur mountains, in the upper and lower
parts of the Duylunchay basin. The main part of the
area bordered by the peaks and mountains such as
Tokhumgedik (3106 m), Khoshkeshin (2081 m),
Yokhush (2364 m), Pazbashi (2613 m), Gendagh
(1780 m) etc., is located in the cold climate zone,
with characteristic dry summer. Optimal radiation,
temperature, and humidification here, make
favorable vegetation condition for Orchidaceae
species. Compared to other places of Azerbaijan, the
radiation amount of 145 kcal / cm? is relatively more
than at other relevant altitudes. The absolute
maximum temperature is +320°C, the minimum
temperature is -190°C and the average annual
temperature is +110 C. The average thickness of the
snow cover varies from 19 to 24 cm depending on
the altitude change. Snow cover prevents the root
system of perennial plants and provides enough
humidity in the soil. On the active layer, the
humidity in the brown soils reaching to 30-35mm
ensures normal growth of the plants (Mirzoyev,
1972).

One of the most important plant species in the
Nakhchivan Autonomous Republic is Orchidaceae

Juss. One of the species included into the
Orchidaceae family is Neotia Guett. Representatives
of this species have their own unique beauty and
spreading areal.

MATERIALS AND METHODS

The article is based on the researches carried out
in the Nakhchivan Autonomous Republic. The
Neotia ovata (L.) Bluff & Fingerh species of the
Neottia Guett. genus, Orchis simia Lam. species of
the Orchis L. genus that grow on the western slope
of the Zengezur mountains, on the upper part of the
Duylunchay basin, in the midland and highland and
the Mezre village and the Anacamptis pyramidalis
(L.) L.C. Rich species of the Anacamptis genus from
the Batabat massif have been taken as the research
objects.

The data of previous researches collected in
“The Azerbaijan Flora” (®dmopa A3zepbaiimkana,
1952), “The USSR Flora” (®mopa CCCP, 1935),
materials of Euro+Med Plantbase - the information
resource for Euro-Mediterranean plant diversity and
the information base of the APG IV system were
used in the current research.

In addition, there have been studied materials
collected by researchers working in the field of
biology in the autonomous republic in different
years.

DISCUSSION AND CONCLUSIONS

Most of the Orchidaceae species are of
decorative importance, and all of them deserved to
be protected.

Genus: Neottia Guett. - Neottia. The height is
20-40 cm. Rooty stem is horizontal and intense and
covered with thick root cover. The plant is
yellowish-brown. The leaves are scabbard and
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round. The flower group is thick (the bottom is
empty), and it is15-20 cm long. The perianth are
dark-light brown; the leaves are 4-5 mm in length
and they are oval. The labium is 10 mm in length,
and darker than others. Spread in the mountain
forests.

The Neottia ovata (L.) Bluff & Fingerh species
including into the Neottia Guett genus are perennial,
mesophytes that grow in the upper part of the
Duylunchay basin, in the midland and highland,
around the Mezre village of the Ordubad region.
They are observed in the lowland, in the mixed
forests that are favorable for this area. They occur in
some areas (2-3 pieces) or in small groups in the
walnut and quince gardens that are newly planted in
meadows. In the lower and middle mountain ranges,
mountain slopes they are observed in the mixed
forests, shrubberies, meadows, shady places, in
small groups (2-3 pieces). The period of flowering
and fruiting is May and June (Figure 1).

Fig. 1. Neottia ovate.

Neottia ovata (L.) Bluff & Fingerh. - Oval bird
nest orchid is a perennial herb. The root is short and
thick (Fig. 1). The leaves are situated by 2 opposite
each other, wide-oval-ellipse, width up to 6 cm and
thick. There are 1-3 round leaves in the upper part of
stem. The flower group is long and empty, the bract
is oval. Flower stem is short and periant leaves are
3-4mm in length and they are green. Two outer
leaves are strait, oval and blunt, but two inner leaves
are lanceolate shape.

Inflorescence is a brush shape with a lot of
flowers. The flowers are long enough, small, curved,
round, sometimes greenish, yellowish-green or dark
violet. The torus is approximately the same in length,
oval, elliptic or scarecrow, free. The labium is 10
mm in length, yellowish, two blunt lobed. Labium is
actually 2or 3 times longer than outer part of the
torus, flat, without spur, lingulate or wedgeshaped,
with two wings. The stalk is strait and short. The
beak is geared. The pollen bowl is on the top. The
height is 20-40 cm. It spreads in the humid forests
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and meadows. It is observed in the upper part of the
Duylunchay basin of the Ordubad region, on the
banks of the Mezre river, in the lowlands and
midlands, mountain slopes, in the mixed forests,
shruberries, meadows, in the shady places in smal
groups (2-3 pieces).

Oval bird nest orchid is a short rhizome
perennial herb, hemicryptophyte, 20-30 cm,
flowering period is May. It is observed in the middle
mountainous ranges, in the woods, in humid places,
in shady forests, in the shrubberies. It is pluregional.
This species has been described in Europe. It has
spread in the west, north, the center of the lesser
Caucasus, and in Lenkoran in Azerbaijan. It is found
in the Caucasus in Dagestan, FEast, West
Transcaucasia and inTalish region. Common
spreading: Europe, North, South West (Turkey),
East Asia, North America.

It should be noted that according to molecular-
philogenic studies the Listera genus can be included
into the genus Neottia Guett. (Chase et al., 2003).
Such kind of combining was also proposed on the
basis of the analysis of morphology of flowers
(Szlachetko, 1995) (Ompenenurtens COCYAUCTBIX
pacrenuii Tam6oBckoit obmactu, 2010).

In some sources, Listera ovata (L.) R.Br. that
was called Neottia ovata (L.) Bluff & Fingerh
species was included into the Listera R.Br. the
genus. (®ropa CCCP, 1935; dnopa AzepbaiimkaHa,
1952; Munsiee u Koneunas, 1976; CakcoHOB u
Konesa, 2006; Ilepebopa, 2007).

Euro + Med PlantBase - The information
resource of the Euro-Mediterranean plant diversity
estimates the latest information from all regional and
national flora. According to that source and the APG
IV system, the genus Listera R.Br. including into the
genus Neottia Guett. Hist. Acad. Roy. Sci. Mém.
Math. Phys. (Paris, 4to) 1750: 374 was included into
1754. Species Listera ovata (L.) R.Br. adopted as a
species Neottia ovata (L.) Bluff & Fingerh. Comp.
Fl. German., Ed. 2, 2: 435 was adopted as a
synonym for the species 1838
(http://ww2.bgbm.org/EuroPlusMed/PTaxonDetail.
asp?Nameld=90573&PTRefFk=8000000) (Fig. 1).

Genus: Orchis L. - All flower perianth leaves,
or only three upper leaves have been folded as
helmets. The two inner floral lines of perianth are
linear-lengthened and form a helmet. The labium is
three or four sliced, tourned downwod, upper part is
bare or covered with small suckings, flat and folded,
cylindrical, cone-shaped or curved; the capsule stalk
is short.

The pollen grows with an abutment and usually
it is ellipsoid with parallel slots. There is a cranberry
outcrop locating between its slots; pollinators
provided with two gloves, which are located in a
double-glove pocket, are pin shaped. The ovary is
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folded. The pistil opening is covered. The root is
round, oval or ellipsoid. The plant has underground
roots.

Orchis simia Lam, a new species for the
Nakhchivan flora, discovered by us - mainly grows
in shrubberies, forest foliage and mountain
meadows. In the low and middle mountain ranges,
mountain slopes, in mixed forests, shrubs, meadows,
shady areas were observed in smaller groups (2-3
individuals). Flowering and fruiting season is April-
May (Figure 2).

O. simia Lam., F1. France, III, 507 (1778). - O.
tephrosanthos. Vill, M. B., 364; Ledeb., IV, 62. is a
perennial plant. Roots are oval or elliptic. The stem
is 25-50cm in height. The leaves are 4-5 lancet
shaped, with 5.5-15 cm length and 2-3.5 cm width.
The leaves are blunt or blunty-sharpened. There is 1-
2 vaginas covered with leaves above them, on the
stem.

Fig. 2. Orchis simian.

Inflorescence is a thick, multiflowered. It is 3-7
cm in height and 3-4 cm in width in the sprouting
period. The bract is 1.25-3 (4) cm and it is oval or
oval-lancet, sharpened, whitish. Outer leaves of the
periant are pale-purple-pinky or pale-purple-violet,
basically adjacent, oval-lancet, strongly sharpened,
with three vessels, 1-1.4 cm in length. The periants are
not equal. The inner two leaves of the periants are
sharpened, with one vessel, white and a bit shorter
than the outer leaves. The labium is pale-pinky or
pale-rosy. Its central lobe is a bit pale-violet till the
last slices. It is 7.5 mm in length with 2 narrow-wound
folded slots, and with a longitudinal-linear middle
end, with two long-linear folded slices 8-11 mm long
and between them there are small teeth 2-3 mm in
length; the length of the labium is 1.4-1.5 cm; The
spur is 4-5 mm in length and 1.5- 1.75 mm in
thickness, twice shorter than the ovary, down and
slightly twisted (®aopa CCCP, 1935).

It spreads throughout the Caucasus, Lankaran.
Common Spreading zones: Atlantic and Central

Europe, the Mediterranean Basin, Balkans, Less
Asia - South Europe.

There has been provided information on Orchis
L. genus belonging to the Nakhchivan AR flora in
the previous sources (Talibov and IlIbrahimov,
2008).

For the first time, as a result of the research
conducted in the Batabat massif, the Anacamptis
pyramidalis (L.) L.C. Rich species of the
Anacamptis. — Anacamptis genus was found to

spread in the Nakhchivan flora.

Fig. 3. Anacamptis pyramidalis.

Genus: Anacamptis Rich. - Anacamptis. The
flower is red, sometimes pink or white, with a length
of 5-6 mm. The parianth leaves are in the shape of
oval-triangular. The labium is deep in a three-sided
area, its slots are tight and long, and the labium end
is covered with comb shaped protuberances. The
spur is thin. The flower group is in the form of a
dense, oval- pyramidal 4-5 cm length, and 3 cm
width. The leaves are narrow-lancet shaped, 30-60
cm in height. Spread in shrubberies and medows in
the middle mountain ranges.

Anacamptis pyramidalis (L.) L.C. Rich. —
Pyramidal orchid is a perennial plant. The rubes are
whole, round or sometimes elliptical. The stem is
25-65 cm in height. The leaf line is in the shape of a
wedge covering the body, slightly narrower or
slightly sharpened, and the top is the vagina shaped.
Flower group is thick, multicolored, oval-pyramidal.
The bract is long-sharpened and shorter than the
flowers. Flowers are purple-red, sometimes red and
even white. The outer leaves (perianth) are 4-6 mm
in length, medium-sized, the sides are often two, the
entrances are single-core, nearly equal to those in the
overs. The labium is triangular with long slices,
rounded or round cut. The spur is 13-14 mm in
length.

The species have spread in the Samur-Shabran
Plain - The Greater Caucasus (GC) (Guba Mountain
Massif) - GC, East - GC, West - Kura - Plateau -
Lesser Caucasus (LC), North - Central Asia -
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Lankaran Mountains - Lankaran Plains - Low
Mountain Range up to the middle mountain ranges -
on forest edges, shrubberies, orchards and grassy
rocks. Common spreading zones: Atlantic and Central
Europe, Western and Eastern Mediterranean, Balkan
Peninsula - Lesser Asia, Iran. It has been described in
Switzerland (Picture 3).

Based on literary sources and researches in the
Nakhchivan Autonomous Republic, the genus and
species included into the Orchidaceae Juss family
are classified as follows:

Super Ordo: Lilianae

Ordo: Asparagales

Familia: Orchidaceae Juss.

Subfam .: Neottioideae Lindl.

1. Genus: Epipactis Zinn

1 (1) Epipactis microphylla (Ehrh.) Sw.

2 (2) E. palustris (L.) Grantz

3 (3) E. veratrifolia Boiss. et Hohen.

2. Genus: Neottia Guett.

4(1) Neottia ovata (L.) Bluff & Fingerh.

Subfam .: Orchidoideae

3. Genus: Planthera Rich.

5 (1) Planthera chlorantha (Custer) Reichenb.

4. Genus: Dactylorhiza Neck. ex Nevski

6 (1) Dactylorhiza euxina (Nevski) Czer.

7 (2) D. salina (Turcr. ex Lindl.) Soo

8 (3) D. iberica (Bieb., Willd.) Soo

9 (4) D. romana (Sebast.) Soo [D. flavescens
(C. Koch) Holub]

10 (5) D. umbrosa (Prof. & Kir.) Nevski (1937)

11 (6) D. urvilleana (Stand) H. Baumann et
Kiinkele

12 (7) D. osmanica (Kinge) P.F. Hunt &
Summerh.

5. Genus: Orchis L.

13 (1) Orchis mascula L.

14 (2) O. punctulata Stev. ex Lindl.

15 (3) O. simia Lam.

6. Genus: Anacamptis (L.) Rich.

16 (1) Anacamptis coriophora (L.) R. M.
Bateman, Pridgeon & M.W.Chase

17 (2) A. laxiflora (Lam.) R.M. Bateman,
Pridgeon & M.W.Chase

18 (3) A. palustris (Jacq.) R.M. Bateman,
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Pridgeon & M.W.Chase, 1997
19 (4) 4. pyramidalis (L.) Rich.
7. Genus: Ophrys L.
20 (1) Oprhys apifera Huds.
8. Genus: Gymnadenia R.Br.
21 (1) Gymnadenia conopsea (L.) R.Br.
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Naxcivan Mutar Respublikasinin Florasi Uciin Yeni Olan Sohlobkimiiwr - Orchidaceae Juss.
Fasilasi Novlarinin Bioloji vo Fitosenoloji Xiisusiyyatlori

T.H. Talibov, R.K. Salmanova
AMEA Nax¢ivan Bolmasinin Bioresurslar Institutu
Mogqaloda Sohlobkimilor (Orchidaceae Juss.) fasilosinin Neottia Guett cinsino aid Neotia ovata (L.) Bluff &
Fingerh, Orchis L. cinsinin Orchis simia Lam. voa Anacamptis Rich. cinsinin Anacamptis pyramidalis (L.)

L.C.Rich novlerinin sistemayik, bioloji vo firosenoloji xiisusiyyetlori hagqinda molumatlar toqdim
olunmusdur.

Agar sozlar: Orchidaceae, sahlab, bioloji xiisusiyyatlor, fitosenoz, ovalvar: gizli ¢igak, Listera, Neottia ovata,
Orchis simia Lam., Anacamptis pyramidalis, piramidal sahlab

Buonornyeckas u @uronenonornyeckas Xapakrepuctuku Hobix s ®diopsl HaxubiBaHckoi
ABToHOMHOI Pecnny6mkn Bunos CemeiictBa Opxuanbie - Orchidaceae Juss

T.X. Taawi60B, P.K. CanmanoBa
Hncmumym b6uopecypcos Haxuvieanckozo omoenenus HAH Azepbatioscana
B crathe mpencTaBieHBl JIAHHBIE O CHCTEMATHYECKUX, OWOJNOTHUYECKHMX U  (UTOIEHOJIOTHYESCKIX
0COOCHHOCTAX MpencTaButeneit cemeiictea Opxunubie (Orchidaceae Juss.): Buna Neotia ovata (L.) Bluff &
Fingerh, otHOCsmerocs x poxy Neottia Guett, Orchis simia Lam. — pox Orchis L. u Anacamptis pyramidalis
(L.) L.C.Rich —pox Anacamptis Rich.
Knroueswvie cnosa: Orchidaceae, opxudes, buonocuueckue 0cobeHHOCMU, PUMOYEHO3, CKPLIMbIIL YEEMOK

oganvroll ¢opmul, Listera, Neottia ovata, Orchis simia Lam., Anacamptis pyramidalis, nupamudanvuas
opxuoest
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The Information System that provides optimal monitoring of the plant genetic resources and enables
us utilize the research findings regarding the spread, preservation and morpho-agronomic,
biogeographic, technological, biochemical and molecular traits, genetic diversity and modifications of
crops and crop wild relatives in Azerbaijan in the process of collection, storage, analysis, breeding and
in the other scientific works in a centralized space and standardized form, as well as a number of
databases covering various traits of domestic plant gene pools, and the bases of characterization and
evaluation of 13 species of grain cereals and leguminuous crops conserved in the National GeneBank

were created, developed and integrated into the international systems.

Keywords: Information system, database, genetic resources, genepool, characterization, evaluation, plant

INTRODUCTION

In the 80-90s of the last century, the notable
Azerbaijani scientist of biology and agricultural
sciences, academician Jalal Aliyev called attention
to the necessity of the information systems for
reliable conservation and sustainable use of biolo-
gical diversity, raised concerns over creation of the
information bases that cover passport and comp-
rehensive research data of the plant genepool
samplings and put forward his perspicacious
recommendations. He stressed the need for creation
of the information systems aimed at on time
revealing of the overwhelming risks related to PGR
and their root causes, simulating the expected deve-
lopment of resources, suggesting recommendations
on the basis of the predictions, gathering infor-
mation in a centralized and standardized manner for
information provision of decision-making mecha-
nisms. Later the thesis emphasizes that the infor-
mation system creates opportunities for studying
and efficient management of the bioresources were
put forth number of times (Thysen, 2000; Guarino
et al., 2002; Oliyev va b., 2008; Descriptors — BI).
The related priorities specified by J.Aliyev were
systemized afterwards into an appropriate action
plan of which key priorities were reflected in the
national strategies and state programs (Oliyev,
Okpoarov, 2002).

In the study of genetic resources that are the
carriers of informative aspects of animate nature,
are applied the methods typical for the field, as well
as informational-analytical software programs and
databases based on standardization of quality and
quantity indicators (Haymos, Benapos, 1991;
Thysen, 2000; Winfried, 2006).
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Special descriptors (Germier, Frese, 2001;
Descriptors — BI, 1982-2018; FAO/BI Multi-Crop
Passport Descriptors list, 2015) developed by FAO
and Global Biodiversity are applied to study genetic
diversity and modification and morpho-agronomic,
biogeographical and so forth traits (Guarino et al.,
2002; Akparov et al., 2013), whereas phenotypical,
metabolic, biochemical and molecular characteriza-
tions are performed via various markers (RFLP,
protein fractions, microsatellites, RAPD, SSR, EST,
SNP). It is tremendously necessary to organize such
researches as a database so that they can be
digitalized and collected in a centralized space and
standard forms, stored, manipulated and more
efficiently used in the other researches (Thysen,
2000; Germier, Frese, 2001; Guarino et al., 2002;
Winfried, 2006; Oliyev va b., 2008). Such databases
of the germplasms enable us to automate analyses
and selections, eliminate the need for multiple
researches, and save funds and time.

Characterization of plant genetic resources is
the major description of germplasm for breeding.
Their morpho-agronomic, biochemistry and mole-
cular evaluation also plays an important role for
creation new valuable varieties. With the support of
information technologies, it can be more effective
use of characterization and evaluation data.

The researches we have conducted for long
years have basically aimed at development of the
bases of an information system that posseses all the
foregoing traits, and creation of passport, taxono-
mic and ecological databases, as well as agronomic,
characterization, evaluation, genomics ones on the
basis of an enhanced software.
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MATERIALS AND METHODS

The research materials of the national infor-
mation system on PGR include passport, ecolo-
gical, climatic, geological and geobotanical, areolo-
gical and taxonomic storage, recovery, exchange,
introduction and reintroduction, characterization
and evaluation data standardized by relevant tech-
nologies with regard to the collections of the nati-
onal genepool, scientific and national breeding
varieties, wild crop relatives, herbarium funds and
plant samplings. The objects of the system are the
expeditions, reports and description lists on study
of genepool materials, electronic maps, historical
and archeological materials, initial registration and
quarantine protocols, collectors, farmers, experts
and their PGR-related knowledge, organizations,
projects, programs, publications, catalogues, other
references and materials (AkmapoB, Mamenos u
ap., 2007; Akparov et al., 2008).

In the creation of the multi-table and multi-
level databases were used the Database Manage-
ment Systems and other program packages (Visual
FoxPro, dBase, MS Access, MySQL, SQL Server,
Apachi, Oracle, MS Excel vo s.), other open-source
software and database servers and internet resour-
ces, and SQL language (Structured Query Langu-
age) applied in built-in software writing (Haymos,
Bennpos, 1991; Cocuncku, 1997; Kapareirua u
ap., 1999; [eiir, 2005; Kysnuenos, 2007; Germier,
Frese, 2001; GENESYS; ECPGR Germplasm Data-
bases).

The gathering, determination and analysis of
the taxonomic data included into the system were
put into practice through online version of the
Index Kewensis system, GRIN-Taxonomy site,
Vascular Plant Families and Genera, Mansfeld’s
World Database, other relevant internet resources
and related databases (The Index Kewensis; GRIN
Taxonomy; Mansfeld’s World Database, 2012;
Vascular Plant Families and Genera).

International passport and characterization
descriptors (as well as genetic marker) were used
for standardization, digitalization, collection and
processing of research results for studying of plants
(Descriptors — BI, 1982-2018; FAO/BI Multi-Crop
Passport Descriptors list, 2015; GENESYS;
ECPGR Germplasm Databases). In the analysis of
the informational analysis of the national genepool
were applied the quality factors and indexes on
evaluation of genetic diversity of collections and
ecosystems (Oliyev vo b., 2008), whereas GIS soft-
ware tools (Guarino et al., 2002; Winfried, 2006;
Madurika, Hemakumara, 2017) and statistic proces-
sing packages of data were used in drawing up
electronic areal maps of plant diversity, transferring
and analysis of the ecogeographic, geobotanical and

agronomic data and creation of relevant databases.
The World Information and Early Warning System
(WIEWS) of FAO, European Internet Search
Catalogue — EURISCO on PGR and European
Cooperative Program for Plant Genetic Resources
(ECPGR Germplasm Databases), World Infor-
mation Center for PGR (GENESYS) were used for
integration into the international systems of the
information system and work on the online mode.

Because the National Information Sharing
Mechanism has the Web-based program, it needs a
Web browser. High versions of Explorer or Mozilla
Firefox etc. can be used. The software was created
by using non-licensed, open source software (for
example, Java Servlet and Java Server Pages),
Web-server - Tomcat 4.1.24 and database server
McKoi v.94.

RESULTS AND DISCUSSION

Functional blocks of the information system
and creation of its fundamental structure. The
biodiversity can be much better conserved by
organization of electronic information resources on
the biological systems in a different way and by
securing information flow, in consideration of
which were specified the key principles of the
information flows that provide an efficient and
comfortable access to resources, freedom of action
in the rich information space for users, opera-
tiveness in information search and selection and
inquiry, settlement of maintenance of actual condi-
tion of all information resources and provision of
uninterrupted work of the documentation and infor-
mation flow of genepools, and organizational struc-
ture and software were created. Such structure
enables us to gather and analyze complex passport,
morphological, botanical and ecnological data,
including but not limited to characterization and
evaluation and genomix data. The key principles of
user-system and system-user interactice model were
developed within the information system on PGR.

The Information System for PGR of Azer-
baijan consists of the National Information Sharing
Mechanism on PGRFA and its internet-based data-
bases and other multiple file groups, multi-table
and multifunctional Central Database of the nati-
onal genepools, characterization and evaluation
databases integrated into its structure and other
software tools and relevant interfaces.

The Information System can be divided into
three main functional blocks: 1) Inventarization
(information gathering) block; 2) Analytical block;
3) Organizational-management block. Applying
information technologies, all blocks have been
closely associated with the software tools.
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Fig. 1. A view of the internal structure of the database.

The Central Information Base mainly com-
prises of software made by modern technologies,
and tables coordinated by special key fields and
cover the most various issues of the PGR. The data
on passport, ecological, botanical details and sto-
rage of the plant samplings have been systemized
separately. Besides, the tables were projected and
coordinated by coding and indexes to store
additional information on subjects, taxon names
and countries that collect and conserve plant samp-
lings (Figure 1).

The Central Database can also be used for
statistic analysis. The selections and surveys once
made are saved and thus, no need arises to make
such surveys once again.

Database of the National Genebank was
established within the structure of the Central
Database. The structure of the database that
contains 14 tables, explanations and additional
blocks, search and report forms adapted to the
nature of the GeneBank activities has an efficient
structure and interface to reach data consecutively
and in a quick way, and provides better
management of data describing the germplasm.

The internet-based and multi-table National
Information Sharing Mechanism that secures high
quality management of PGR research activities cover
the data on in situ and ex situ conservation of PGR,
their study, breeding and seed-growing. Through
their research, regular strategic analyses are
conducted on the condition of the PGR in Azerbaijan.
Using keys in an online mode, it is possible to make
searches and selections for all databases or their
separate parts on the search system page.

The intellectual solutions blocks of the system
we have created enable us to achieve a
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development plan of the condition on the basis of
integral evaluation and expert system (knowledge
database) of the prediction characteristics. The
creation of the knowledge base built in accordance
with the principles that enable us to protect and
efficiently use the PGR create suitable condition for
revealing, display and solution of the most serious
problems of protection of plant biodiversity, and
provide sustainable development of the genetic
resources. The base acts on the basis of decision-
making computerization, at the time of which
creation there were taken into account expert
answers to the questions on PGR in various forms.

Ecogeographical analyses within the infor-
mation system. The organization of the data in
geographic systems was believed to be necessary in
studying of the space-time aspects of the
development of plant diversity. Having applied the
Central Database tools, the places where national
genepool samplings are found, passport,
characterization and evaluation data have been
included into the distribution maps of the species.
There were analyzed the possibility on availability
of the materials collected upon addition of the
climatic characteristics of the territory or the
variation of the quality indicators in respect of the
height above sea level. The genetic erosion of the
country was evaluated on the basis of various data
gathered to provide information support of the
strategic planning and by specifying precisely
nature and range of problems and the root of
dangers for biodiversity.

In the 10 regions of the republic, a big amount
of data that cover more than 200 farms and 678
points on local, traditional and national selection of
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pomegranate, as a sample, were gathered and
analyzed. It turned out to be possible to specify the
diversity = of national selection varieties,
modification dynamics of diversity, condition of
on-farm protection on lands and the distribution
properties of the varieties. Besides, there were
analyzed the relations among species diversity,
absolute height, disease catching, local bioclimatic
indicators and such other elements. The richness
indexes of the Margalef (10,28), Shannon-Viner
(2,972) and Simpson (0,901) proved the availability
of variable diversity in different regions (Figure 2.).
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Fig. 2. Evaluation of the variable diversity in the regions
of study.

Climatic data and other indicators prove that,
the domestic pomegranate varieties have reached a
respective adaptivity as a result of utilization of
wild crops and multi-century breeding. According
to the researches, in the territories where the
amount of annual rainfall is higher, the rate of
disease catching is high too.

The data received from the researches have
been included into the relevant database together
with the other agronomic data.

Content (accession, taxonomical) of the
Central DB. Original crops, CWR, traditional and

modern varieties are widely presented in the
Central Database of which principal part constitute
the data on cereals, leguminous and technical
plants, fruits and berries of high priority.

There are more than 13500 plant accessions
included in the database and conserved in the main
ex situ collections of Azerbaijan until the present
day. These accessions refer to 113 families, 443
genera, 871 species, and 304 variations. Of these,
5135 accessions are cereals, 1513 legumes, 751
fodders (forages), 873 vegetable-melons, 1586
technical plants, 2414 fruits, 786 medicines and etc.
More than 7900 seed samples are in the medium-
term storage cell.

According to the biological status of the
registered samples from the CDB, 4861 were
classified as modern scientific varieties, 2365 of the
folk selection, 3652 constant research materials,
2205 CWR and etc.

Families Poaceae, Malvaceae, Fabaceae,
Rosaceae, Vitaceae, Solanaceae, Lythraceae,
Apiaceae, Cucurbitaceae, Betulaceae, Moraceae
have been represented with more accessions in the
central database of the ex situ collections of the
Republic. The species Gossypium  hirsutum,
Triticum aestivum, Zea mays, Vitis vinifera, Pyrus
communis, Triticum status, Malus domestica,
Hordeum vulgare, Phaseolus vulgaris, Punica
granatum, Corylus avellana, Gossypium
barbadense, Medicago sativa, Ficus carica, Cicer
arietinum differ with more accessions.

Characterization — evaluation databases. The
characterization bases of the wheat, barley, triticale,
rye, bean, cowpea, vetch, pea, lentil, broad bean
and grass pea (13 species, 2186 accessions) were
created in the structure of the Central Database via
FoxPro program (Table 1).

A fragment of the small programs used in
creation of such databases is given below:

Table. Species and accession content of characterization and evaluation databases

N Botanical name of the species Common name of the Number of evaluated Number of traits for
plant accessions evaluation

1. Lathyrus sativus L. Grass pea 67 25

2. Phaseolus vulgaris L. Green bean 93 18

3. Lens culinaris Medic. Lentil 85 34

4. Cicer arietinum L. Chickpea 209 34

5. Zea mays L. Maize 177 10

6. Vicia faba L. Broad bean 89 24

7. Vigna unungiucullata (L.)Walp. Cowpea 25 18

8. Triticum aestivum L. Common 1033 10

9. Triticum durum Desf. and durum wheat

10.  |Hordeum vulgare L. Barley 194 22

11. Triticale Triticale 19 12

12.  |Secale Rye 135 12

13. Vicia Vetch 60 24

Total 2186
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AZE: wheat, wheat accession in Azerbaijan
collection, C:\cac\AZE\cropsel\wheat\SELECTIONS;
C:\cac\AZE\crop\wheat\DB_CROP.dbf
C:\cac\AZE\cacsel\db user.dbf; SELECT nc FROM
accession WHERE taxno2 IN (SELECT taxno2
FROM taxon2 WHERE atc (‘wheat',tax_name) > 0.

“CHARACTERIZATION” tables of different

structure per plants were created in every database
to store characterization and evaluation data (Fig. 3,
4). The relations between all tables that make up
the base have been built by national AzGR
indicator (Fig. 5).
Under guidance of the breeders and experts, the
appropriate  characterization and evaluation
databases of separate plants and plant groups take a
defined shape and are developed on the basis of
morphological, physiological, technological, bio-
chemical immunological and genetic study of
cereals and leguminous plant collections of the
National GeneBank.

CONCLUSIONS

There were created, for the first time, the
Information System on PGR of Azerbaijan that
provides the gathering, systemization, storage,
spread, exchange and optimal management of the
data on plant genetic resources, the Central
Database that is an integral part of the Information
System and the other databases that cover the data
space on such resources in different directions.
There were established the National Information
Exchange Mechanism that provides coordination of
movement dynamics and management of PGR, and
the database that helps decision-making
mechanisms on regular monitoring of the condition
of genepool and its sustainable use.

In Azerbaijan, the relations among the spread
and agronomic indicators of the national breeding
varieties, adaptability of varieties and forms and
agroclimatic gradient were studied for the first time
in the background of the bioclimatic data of the
regions where pomegranate, as a sample, is grown,
and the diversity of which conservation is the
highest priority was ascertained.

There were created characterization and
evaluation databases of wheat, barley, maize,
triticale, rye, cowpea, chickpea, lentil, broad bean
and grass pea conserved in the National GeneBank.

Created database system is an open access for
country and Institutional users (breeders, scientists,
PhD students, specialists), and in near future will be
online like a web-based Information system for all
users in the world.
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Azarbaycanin Bitki Genefondu informasiya Sisteminin Yaradilmasi Va Inkisafi

Z.1. Okparov, i.A. Mirzoliyeva, A.T. Mommoadov

AMEA Genetik Ehtiyatlar Institutu

Azorbaycanin madoni bitkilorinin vo onlarin yabani ocdadlariin yayilmasi, miihafizosi, morfo-aqronomik,
biocografi, texnoloji, biokimyavi vo molekulyar xiisusiyyatlori, genetik miixtolifliyi vo dayigkenliyi iizro
todqiqat naticalorinin vahid mokanda vo standart formalarda toplanmasi, saxlanmasi, tohlili, seleksiya
islorindo vo digor elmi islordo daha somorali istifadesine imkan veran, bitki genetik ehtiyatlarinin optimal
idaro olunmasini tomin edon Informasiya Sistemi vo onun strukturunda milli bitki genefondunun miixtolif
cohotlorini oshato edon ¢oxsayli molumat bazalari (o ciimladon, Milli Genbankda miihafizo edilon 13 denli
taxil vo paxlali bitki novii lizra saciyyslondirmo vo giymsotlondirmo bazalar1) yaradilmis ve beynslxalq

sistemlars inteqrasiya edilmisdir.

Acar sozlor: Informasiya sistemi, malumat bazasi, genetik ehtiyatlar, genefond, saciyyalondirma,

qiymoatlondirma, bitki
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Co3znanue U Pazeutne Undopmaunonnoit Cucremol I'enoponna Pacrennii Azepdaiigxkana
3.1. Aknapos, U.A. Mup3aaunesa, A.T. Mamenos
Hnemumym cenemuyeckux pecypcos HAH Azepbaiioscana

Coznana ¥ MHTETpUPOBaHA B MEXIyHaponHble cuctembl WHpopmarmonHas CucremMa W BXoIsmue B e€
CTPYKTYpPY MHOTOYHCIICHHbIE 0a3bl JaHHBIX, OXBAaTHIBAIOIIME pAa3IMYHBIE AaCMEKThl HAI[MOHAIBHOTO
reHodoHa (B TOM YHCIIE, XapaKTEPUCTHUSCKUE M OLIEHOYHBIC 0a3bl 13 BHIIOB 3€PHOBBIX U 3€PHOO0OOBBIX
pacTeHuii, coxpaHsemblx B HarmumonanpHOM ['eHOaHKe), oOecreuMBAIONIME ONTHMANBHOE YIIPaBICHUE
TeHETUYECKIMH pPecypcaMi pPacTeHHH, MO3BOJIAIONINE B €IMHOM HH()OPMAIMOHHOM NPOCTPAHCTBE M B
CTaHIAPTHBIX (popmax cOOp, XpaHEHHUE, aHATIN3, PAIIMOHAILHOE MCIIOJIb30BAHUE B CEJICKI[MOHHBIX PaboTax u
B JPYTUX HAy4yHBIX pabOTax JaHHBIX O pPE3yjbTaTaM HCCICIOBAHHN IO PACHPOCTPAHCHHIO, 3allUTe,
MopdoarpoHOMHYECKUM, OHUOTEOTpaPUUECKUM, TEXHOJOTHUYECKAM, OMOXMMHUYECKHM H MOJICKYJISPHBIM
XapaKTEepUCTUKAM, TI0 TEHETHYECKOMY pa3HOOOpasWi0 ¥ HW3MEHYMBOCTH KYJBTYPHBIX pacTEHUUN
AzepOaiipkaHa U X JUKHX COPOIMUeH

Knrouesvie cnoea: Hngopmayuonnas cucmema, 0a3a OAHHBIX, 2eHemMUYecKue pecypcwl, 2eHOMOHO,
Xapakmepucmuka, oyenKa, pacmenue
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Determination of Quality Indicators of Basic Feed Crops Belonging to

A Variety of Herbs in Summer Pastures
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The article provides information on the nutritional value of various herbs, collected from the north-
eastern regions of Lesser Caucasus Azerbaijan and summer pastures of Talish region (Masally,
Lankaran and Yardimli). Studies have shown that, vitamin "C" is mainly observed in representatives
of Rosaceae (6-44%). It is relatively less in the representatives of other families (2-9%). The chemical
composition of the fodder herbs belonging to various herb groups is calculated based on the absolute
dry mass. In the flowering phase of plants, the amount of ash protein, proteins, lubricants and
insecticides in various organs was studied and their nutritional value was determined on that basis.

Keywords: Summer pastures, fodder crops, chemical composition

INTRODUCTION

In connection with the development of
civilization ecological condition changes gradually
and various negative circumstances  arise
everywhere in the world. In this case actual problems
emerge, such as the rise of the photosynthetic
coefficient, the high productivity of soil for the full
provision of the population with valuable food
products caused by drought, energy, efficacious
effect of active irradiation (Batisse, 2001). Taking
into account that the development of livestock is not
possible without balanced feed and the main part of
human nutrition is animalistic nutrition, then it
would be challenging to estimate the importance of
plants. One of the actual issues is protein problem
(Eryashev, 2003). Plants are considered to be the
source of protein up to now. Traditional high-rise
cultivated plants are mainly representatives of the
legume family and great work is being done through
the increase of their productivity (Lavrenko, 1995).
But this cannot fully satisfy the protein as well.
Therefore, we have reviewed several representatives
of the families in order to search for new sources.

The main purpose of this research is to define
chemical composition and economic indices of the
valuable species of summer pastures in a complex
way, and at the same time to identify more promising
ones, defining types of high nutritional value on their
basis.

MATERIALS AND METHODS

The research was carried out in 2017-2018. The
plants were collected mainly from the Shahbuz
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region of the Autonomous Republic of Nakhchivan,
the northern regions of the Lesser Caucasus and the
Talish summer pastures (Masalli, Lankaran and
Yardimli). The nutritional value and chemical
composition of the fodder plants that are important
in feeding animals and grown in summer pastures
were investigated (Lidzhiyeva et. al, 2005). Feeding
quality of the raw materials of the plants collected
from different regions of Azerbaijan was tested.
Assessment of feeding quality of plants, fractional
structure of phytocturity, chemical composition of
nitrogen, ash element, surface phytocturity and other
analyses were carried out according to commonly
accepted methods (under publication, 1982). The
essential oil of fragrant plants has been studied by
the Qinzberg method (Goryayev et. al., 1962).
Greasy acids and vitamin C have been obtained from
some of the major types of feeding according to the
methods (Yermakov et al., 1972). For the
determination of vitamin C leaf, stem and seed
samples were cut in the porcelain dish or glass plate
using stainless or chrome plated knife. Taking into
account that iron traces, especially copper,
accelerate the destruction of vitamin C, the process
should be carried out very fast. As the average
sample (if the plant is large) is 10-15 copies, a certain
part should be taken so that all the tissue parts of the
given object are included in this section. For
example, one from the main part to the top (end) part,
and the other one perpendicular to the first cut. The
obtained tissues should be quickly cut in the
porcelain dish and mixed. The whole or half of the
average-size leaf sample was crushed into pieces and
weighed on a techno-chemical scale to determine
ascorbic acid.



RESULTS AND DISCUSSION

First of all, the amount of ascorbic acid found
in general strengthening vitamins has been studied
for feeding and health of animals. The determination
method is based on reductive properties of ascorbic
acid. Blue 2,6-dichlorphenolindophenol (indicator)
is transformed into colorless compounds thanks to
plant extracts (Tilmans reaction). Two types of the
2,6-dichlorophenolindophenol reactions exist: as a
result of Type 1 reaction, the pH of the environment
changes (as in ordinary asymmetric indicators), in
which the blue color of the alkaline environment is
intensely transmitted to light red of the acidic
environment. The color change occurs between pH
4 and pH 5, and the indicator is purple. In the 2nd
reaction dark blue color of the indicator becomes
colorless. The last reaction is used for the
determination of ascorbic acid. The acid extracts are
titrated with the indicator until the pink color
appears.

Vitamin “C” was found to be 890 mg% in
leaves of Potentilla reptans L. belonging to the
Rosaceae Juss. Family collecting in June, 291 mg%
in leaves of Filipendula vulgaris Moench., up to 117
mg% in leaves of Geum urbanum L., 30 mg% in
Arctium transcaucasicum DC. leaves belonging to
the Asteraceae Dumort. family, 65.8 mg% in leaves
of Pyrethrum leptophyllum Stev. ex. Bieb., it reaches
50-70% in Taraxacum officinale Wigg. leaves, 87.5
mg% in Telekia spesiosa Baumg. leaves, 40 mg% in
green mass of the Hieracium umbellatum L. plant in
flowering phase, 180 mg% in leaves of Rumex
confertus Willd. belonging to the Polygonaceae Juss.
family, 50 mg% in Nepeta grandiflora Bieb.
belonging to the Lamiaceae Lindl. family, in large
amount in green leaves of Bunias orientalis L.
belonging to the Brassicaceae Burneett family. It
was defined that there are 173 mg% vitamin “C” in
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the early flowering phase, in Galium verum L.
belonging to the Rubiaceae Juss family and 33.5
mg% in the late flowering phase, 108 mg% in leaves
of Campanula rapinculoides L. belonging to the
Campanulaceae Juss. family, 144.5 to 400 mg% in
leaves of Campanula latifolia.

As you can see, there are enough vitamin C in
food ingredients for the feeding of the animals in the
summer pastures, it is 6-90% in the Rosaceae family
members, but it varies between 2-9% in the other
species (Fig. 1).

In the flowering phase of plants, the amount of
ash protein, proteins, lubricants and insecticides in
various organs was studied and their nutritional
value was determined on that basis (Table 1).

As seen in the table, the summer feed, rich in
vitamin C, has a high nutritional value of the main
feed crops. In addition, the sources of literature
(Biologically active., 2001) and the results of our
long-term research have been focused on, and full
information on the main feed crops of summer
pastures has been obtained. Presence of protein and
vitamins in the surface part of the Potentilla
reptanstype indicates the quality of the excretion. It
is a growing and herbaceous plant. It is eatable as its
root splinters contain starch. It was defined that,
there is 35% to 45% vaccine preparation in the roots
of the genus Geum rivale L. species and there is 45%
to 48% vaccine preparation in the roots and leaves of
the genus Rumex confertus Willd.It was defined that
there is 5.03% essential oil in Salvia verticillata L.
flowering phase. V.Khalilov indicates that there is
15.1% vitamin “E” in the plant. (Khalilov,
2012).There is 0.6% essential oil in Clinopodium
vulgare L. species. Essential oil is obtained from the
plant in the flowering and seeding phases. Nepeta
pannonica L. And Nepeta grandiflora Bieb. are
plants with essential oil.

3%
5%

3% [ 9%
3%

2%
2%

H Potentilla reptans

B Filipendula vulgaris

B Geum urbanum

B Rumex confertus

B Hieracium umbellatum

M Arctium transcaucasicum
Taraxacum officinale
Pyrethrum leptophyllum

Galium verum

Fig. 1. Determination of Vitamin C in various plants of summer pastures.
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Table 1. Chemical composition of feed crops belonging to various grass groups of summer pastures per an

absolute dry mass, %.

Herbs Protein Nlt'rogen-free Oils Cellulose | Ash | Flowering phase
extractivessubstances
Veronica anagillis — aguatica 16.4-17 50 6.6 18.9 6.3 surface part
Hypericum perforatum 12-12.5 57 5 22 4 surface part
Symphytum caucasicum - - 34-3.5 - - surface part
Hesperis matronalis 14-15 43 3-3.12 - 10 surface part
Anthriscus nemorosa 10 45 6-6.21 28 - surface part
Salvia verticillata - - 5.03-5.05 - - leaf
Leontodon hispidus 18,6 44.1 3.8 18.8 14.7 surface part
Potentilla reptans 11 54.5 4-4.1 20.45 - surface part
Galium ruthenicum 10.9 55.2 4 22.7 7.2 leaf
Galium verum 13.8 42 3.5 30.3 10.4 leaf
Galium tenuissimum 13.4-16.7 38.7 4.5 28.1 12 leaf
Arctium transcaucasicum 11.5 43 4.1 - 14.4 leaf
Arctium lappa 18.4 43.2 1.5 22.3 14.6 leaf
Achillea millefolium 19-55 41.05 3.90 22.45 13.5 surface part
Taraxacum stevenii 18.7-25.0 - - 14.8-26.5 leaf
Pimpinella rhodantha 8-9 51 4 29 surface part
Chamaesciadium acaule 14.1 40.8 3.5 28.8 12.8 surface part
Centaurea fischeri 12.3 49.3 3.2 27.6 8.5 leaf
Campanula tridentata 13.5 51 4.9 20.6 10 surface part
Campanula rapinculoides 11.3 51 - 2.9 9.9 surface part
Heracleum sosnowskyi 16 58 2.6 1.1 11.5 leaf

In summer pastures, animals are fed with all three of
these species. It was defined that there is 4.7% oil
and 8.7% vitamin “E” in Heracleum trachyloma
Fish et Mey. species flowering phase. There are
large quantities of carbohydrates, proteins, fats, ash
compounds (microelements such as copper,
magnesium, cobalt, iodine, molybdenum, iron and
selenium), vitamins A, C, E in the composition of
Heracleum sosnowskyi Manden. The calcium
content fully meets the zootechnical requirements of
feeding. Arctium transcaucasicum DC. slightly
differs from Arctium lappaspecies for its chemical
composition. Acylloid is found in leaves and
flowers. There are 75% of inulin, essential oil, gum
and spicy substances in the root of the plant. There
are alkaloids and essential oil in composition of
Arctium lappa L. which has a fodder value in its
green mass. Galium ruthenicum Willd., Galium
tenuissimum Bieb. and Galium verumhas have
average fodder quality due to 9.8% protein in their
composition. Campanula aucheri is considered as
one of the best fodder plants because of its chemical
composition.

In the chemical composition of Bunias
orientalis L. in flowering phase (absolute dry
substance in %): protein 2.5, and it contains fatty oil
in seeda. There are 4.2% oil and 16.5% vitamin “E”
in the composition of Alchemilla retinervis Bus. in
flowering phase. There are up to 17% fatty oil or 4-
6% essential oils in the seed composition of Carum
carvi L.. Essential oils consist of ketone-carbon and
terpene-limonene. Protein amount is high, especially
in leaf composition of Rumex confertus Willd.,
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especially it is rich in proteins (91%). Achillea
millefolium L. collected from a height of 2000 m is
an import medical herb, rich in the chemical
composition and essential oils in the bubble stage. It
must be added to the animal feed ration. Taraxacum
officinale Wigg. species composition collected in
different phases show that, this plant is rich in
proteins and oil substances, however the amount of
cellulose is low. These figures once again prove the
high fodder importance of themedicinal herb. There
is spiciness in its leaves, but there is no alcoholoid in
its leaves and root. According to some authors, there
is alcholoid called teraxine in its root. The amount of
protein in Taraxacum stevenii DC. composition is
18.7-25.0; and cellulose is less- 14.8-26.5%.
Leontodon hispidus L. grows very fast after feeding,
the chemical analyses show that, this is an important
fodder plant in the vegetation phase. It is mentioned
that, there is a few alcoholoid in the plant.
Doronicum oblongifolium DC. chemical
composition of leaves and body show that, there are
2.2 times more ash, 2 times more protein, 2.5 times
more cellulose in leaves in comparision with body.
The amount of oils are the same at both organs of
plant (leaf and stem). There are 5.7-5.8% oils in stem
and leaves of Doronicum macrophyllum Fisch. ex
Hornem. as in long doronicum. The analyses of
chemical composition of Centaurea fischeri
Schlecht. collected from subalpine grassy of
Dashkasan district show that its composition is
fodder important (for absolute dry substance). There
are 0.7-0.9% essential oils in baskets of Pyrethrum
leptophyllum Stev. ex. Bieb. in the flowering phase



and this is used in production of camphor. According
to the literature, it was defined that, there is alcholoid
in its composition. Campanula tridentata and
Campanula rapinculoides L. are important in term
of food. It was noted that, alcholoid is found in
leaves and flower groups of Telekia spesiosa
Baumg. The amount of protein is much in young
plants of Cirsium arvense (L.) Scop., but the amount
of cellulose is less. There are 8.1% protein, 28.4%
cellulose, 10% ash, 6.1% oils, 47.4% non-nitrogen
extractive substances in the composition of the rough
plant. There are vitamins C and A in the composition
of Cirsium arvense species. There are reports on
alcholoid called sirzin in the composition of desert
gingival. There is 27.2% fatty oil in seeds of the
plant. There are 21.55% protein, 15.95% ash in the
leaves and 6.1% protein, 7.6 % ash in the stem of
Cirsium vulgare (Savi) Ten during the flowering
phase.
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Yay Otlaqlarimin Miixtslifot Qrupuna Aid 9sas Yem Bitkilorinin
Keyfiyyat Gostaricilorinin Toyini

S.C. ibadullayeva', N.V. Mévsiimova', S.T. Axundova®

'AMEA Botanika Institutu
2Azarbaycan Doviat Agrar Universiteti

Mogqalodo Azarbaycanin Kigik Qafqaz simali-sorq rayonlarinda vo Talig orazisinin (Masalli, Lonkaran vo
Yardimli) yay otlaglarindan toplanilan miixtslifot yem qrupu bitkilerinin qidaliliq doyeri barado mslumat
verilmigdir. Todqiqatlar gostormisdir ki, «C» vitamini osason Rosaceae fasilosi niimayondoslorinds (6-44%)
daha ¢ox miisahido edilir. Digor fasilolorin niimayondslorinds (2-9 %) nisbaton azdir. Yay otlaglariin
miixtolifot qrupuna aid yem bitkilorinin kimyavi torkibi miitloq quru kiitloyo goro hesablanmisdir. Bitkilorin
cicoklomo fazasinda miixtolif orqanlarinda kiiliin, proteinin, ziilalin, yaglarin vs azotsuz ekstraktiv maddoalorin
miqdar1 Oyranilmis va bu asasda onlarin gidaliliq dayari toyin edilmisdir.

Acar sozlar: Yay otlaglari, yem qrupu, kimyavi torkib
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Onpenenenue Iokazareneit Kauecrsa OcHoBubix KopmoBbix PacTenuii,
OtHocsimuxces k I'pynne Pasnorpasbs JletHux IlacTomnin

C.JI:x. U6anynnaesa', H.B. Moscymona', C.T.Axynnosa?

" Unemumym 6omanuxu HAH Azepbaiioscana
? Azepbatiocanckuii 20cy0apcmeenHblil azpapHulii yHueepcumen

B crartbe mpexncraBieHbl AaHHBIE O MHIIEBOW I[IEHHOCTH PACTEHWH KOPMOBOW TPYIIIBI Pa3HOTPABbSA,
coOpaHHBIX B A3epOaiikaHe Ha JICTHHUX ITacTOMIIAX CEBEpO-BOCTOTHBIX paiioHOB Masoro Kaskasa u Tansima
(Macayer, Jlenkopaas u Spasimier). MccnemoBanusi moka3an, 9To BUTaMUH «Cy» dYalie BCTPEUYaCTCS y
npeacraBuTenel cemeiicta Rosaceae (6-44%). Y npencraButeneil Apyrux ceMelcTs (2-9%) OH BBIABIICH B
MEHBIIEH CTermeHH. XUMHYECKHH COCTaB KOPMOBBIX KYJIBTYp JIETHHUX ITaCTOWIN, OTHOCSIIUXCS K
Pa3HOTPABBIO, PACCUUTHIBAICS HA OCHOBE aOCONIOTHOM CyXxoi macchl. KonmdecTBo 30161, OETKOB, KUPOB U
0€3a30THCTBIX SKCTPAKTUBHBIX BEIICCTB ONpPEAEISUTH B (ha3e HBETCHHS B Pa3IMUHBIX OpraHax pacTeHHid U Ha
OCHOBAHWH TOJy9YEHHBIX PE3yJIbTATOB OMPEAEISIach UX MUIEeBast IEHHOCTb.

Knroueeswvie cnosa: Jlemnee nacm6uu¢e, Kopmoeas cpynnd, XumMudeckue ceolicmea
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Significance of the Initial Material in Developing New Short Wheat Varieties

A.M. Abdullayev, S.T. Hajiyeva*, S.K. Hajiyeva, R.R. Asgarli

Department of Plant Physiology and Biotechnology, Research Institute of Crop Husbandry,
Ministry of Agriculture of the Republic of Azerbaijan, Pirshaghy Settlement, Sovkhoz No 2, Baku
AZ 1098, Azerbaijan; *E-mail: sevda.hajiveva @mail.ru

Heights of 464 local and foreign, durum and bread wheat varieties of various geographical origin were
determined in 2016-2017 vegetation years. From 259 bread wheat varieties 12.3% (32) appeared to be
semi-dwarf (51-80 cm), 87.7% (227) of the genotypes were middle-height (81-110 cm). From 205
durum wheat genotypes 14.6% (30%) was semi-dwarf (51-80 cm), 81.0% (166) middle-height (81-110
cm) and 4.4% (9) was tall (111-140). Semi-dwarf bread and durum wheat genotypes were chosen as a
genetic source and used in hybridization for breeding short varieties.

Keywords: Breeding, bread wheat, durum wheat, plant height

INTRODUCTION

Cereal plants and their products are known to be
indispensable in the world agricultural system,
including the Azerbaijan economy. As wheat is a
main food plant in our country, increasing its
production is an urgent issue and the development of
this area is one of the priority directions. Due to the
diversity of soil and climatic conditions in
Azerbaijan, one of the main tasks facing the
selectionists is developing 70-100 c¢cm bread and
durum wheat varieties, for irrigated and wetland
areas, which are adaptable to high agraphone and
resistant to lodging. Whereas, for dryland and
rainfed zones medium height varieties, resistant to
frost, drought and diseases, with high grain quality
and productivity have to be developed.

Since the beginning of the last century
researchers have been paying attention to short
wheat genotypes. Prominent scientists, such as
N.I.Vavilov and J.A.Aliyev noted the importance of
short varieties in developing high productive wheat
genotypes. In short varieties the ratio of grain
product to straw is approximately 1:1 and in tall
varieties more photosynthetic products are expended
to straw than to grain (Aliyev, 1983;
Recomendations for ..., 1984; Vavilov, 1985).
According to D.J.Miralles et al. the study of wheat
varieties having various morphophysiological
properties showed that plant height profoundly
affected productivity. According to the results of the
experiments performed for the last 20 years, for the
potential productivity, the optimal plant height
should be 70-100 cm. When plants are shorter, in
spite of the increasing agricultural index, a decrease
in biomass per unit area is observed (Miralles and
Slafer, 1995; Villegas et al., 2001).

MATERIALS AND METHODS

The investigations were conducted at the
experimental station of the Research Institute of
Crop Husbandry under irrigated conditions in 2016-
2017. Seeds of 464 local and foreign, durum and
bread wheat varieties of various geographical origin
were sowed in the first decade of November, in
2016, using leguminous plants as predecessors.
Sowing norm for bread and durum wheat genotypes
was accepted as 400 grains, having germination
ability, per Im’ area. Multiple seedlings were
observed in the second decade of November.

Samples were taken from bread wheat varieties
Murov 2, Fatima and durum wheat varieties
Barakatli-95 and Garabagh. A complex fertilizer
(nitrophoska) -100 kg per a hectare was applied
before sowing. In the early spring during the tillering
phase 90 kg ammonium nitrate fertilizer (NH4sNO3)
was applied per hectare-determined as kilograms of
active substance per hectare. During the vegetation
period samples were watered at the leaf tube
formation, earing and grain filling stages and
respective agrotechnical care was provided in the
experimental field. Using the available method
heights of the studied plants were determined
(Musayev et al., 2008).

RESULTS AND DISCUSSION

Heights of the studied wheat varieties were
93.6 cm and 90.8 cm in Murov 2 and Fatima,
respectively. Whereas, heights of other varieties
were in the range 67-100 cm. From 259 bread
wheat genotypes 12.3% (32) was found to be semi-
dwarf (51-80 cm), and 87.7% (227) medium-height
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plants (81-110 cm) (Fig. 1).

12,3%

u Semi-dwarl

87,7%
e u Medium-height

Fig. 1. Heights of bread wheat varieties.

4:4%
' ~14,6%

u Semi-dwarl
B Medium-height
Lall genotypes

Fig. 2. Heights of durum wheat variety samples

P-7, N12 (SIMMIT)- 69 cm; P-3, N25
(SIMMIT)-70 cm; Spichka (Russian)-74 cm; Grom
(Russia)-76 cm; Shafag 79.3 cm; Nurlu 99
(Azerbaijan)-80 cm etc. were found to be semi-
dwarf (69-80cm) varieties. Murov- 81.5 cm;
Markhal-82.1; Zirva 85 (Azerbaijan)-92.3 cm;
Vassa (Russia)-90.2 cm; Guneshli (Azerbaijan)-
95.4 cm; Saratovskaya-29 (Russia)- 110 cm etc.-
medium height varieties (81-110 cm).

From the studied 205 durum wheat varieties,
14.6% (30) was semi-dwarf (51-80 cm), 81.0%
(166) medium height (81-110 cm) and 4.4% (9) tall
(111-140 cm) (Fig. 2).

Heights of durum wheat genotypes Barakatli
95 and Garabagh were 91.8 cm and 93.8 cm,
respectively. Whereas, heights of the other varieties
changed in the range 70-136 cm. P-11, NI10
(SIMMIT)-70 cm; P-10, N78 (SIMMIT)-73 cm; 16
W. Durum Entri 88-78 cm; 16 W. Durum Entri 89-
78 cm appeared to be semi dwarf (51-80 cm).
Garagylchyg 2 - 95 cm; Tartar 2 (Azerbaijan)-89
cm, Zatino (France)- 92 cm etc.- medium height
varieties. v.coemlesens (Azerbaijan)-132 cm,
v.apulicum (Azerbaijan)-136 cm etc.-tall varieties.

As a result of the research semi-dwarf bread
and durum wheat genotypes were chosen as a
genetic source and used in hybridization for
breeding short varieties.
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Alcagboylu Yeni Bugda Sortlarinin Yaradilmasinda Baslangic Materialin Ohamiyyati
A.M. Abdullayev, S.T. Haciyeva, S.K. Haciyeva, R.R. 9sgarli

Azarbaycan Respublikasi KTN Okingilik Elmi Tadgiqat Institutunun Bitki
fiziologiyasi va biotexnologiya sobasi

Magqalads 2016-2017-ci vegetasiya ilinds bark vo yumsaq bugdanin 464 yerli vo miixtalif cografi mensoli
xarici sortniimunslorinin boylarinin tadqiqinin naticalori 6z oksini tapmisdir. Tadqiq edilon 259 yumsaq
bugda genotiplarinin 12,3%-i (32-si) yarimkarlik (51-80 sm), 87,7%-1 (227-si) ortaboylu (81-110 sm), 205
bork bugda genotiplarinin 14,6%-1 (30-u) yarimkarlik (51-80 sm), 81,0%-i (166-s1) ortaboylu (81-110 sm) va
4,4%-1 (9-u) iso hiindiirboylu (111-140 sm) olmusdur. Tadqiqatlar naticasinde yarimkarlik yumsaq ve bork
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bugda genotiplori genetik monba kimi segilorok algagboylu sortlarin yaradilmasi mogsadi ilo hibridlogsmada
istifads edilmigdir.

Acar sozlar: Seleksiya, yumsaq bugda, bark bugda, bitkinin boyu

3navenue Ucxoaqnoro Martepuasa Ilpu Beisenenun Hoebix Huzkopociabix Copros ITmenunmnsr
A.M. Aoaynaaesa, C.T.I'axxueBa, C.K. I'axxkuena, P.P. Acrapau

Omoen gusuonozuu pacmenuii u buomexnonozuu Hayuno-uccneoosamenbckoeo uncmumyma
semnedenus MCX Azepbatioscarnckoii Pecnyonuku

Poct 464 MecTHBIX M 3apyOeXHBIX COPTOB TBEPAONW M MATKOW MINEHHIBI PA3INYHOTO Teorpapuveckoro
npoucxoxeHus onpenensiau B 2016-2017 Beraraumonssie rogsl. M3 259 copros Msarkoi mmeHuns! 12,3%
(32) okazammce momykapnukoBeiMu (51-80 cm), 87,7% (227) - cpennepocneiMu (81-110 cm), a u3 205
reHotunoB TBepmaoi mmenunsl 14,6% (30%) okazamucs momykapiukoBeiMu (41-80 cm), 81,0% (166)-
cpenuepocibivu (81-110 cm) u 4,4% (9) Beicokopocibivu (111-140). B kauecTBe reHETHYECKOTO UCTOYHUKA
OBUTH BBIOPAHBI TMONYKAPIUKOBBIE TEHOTHUIBI MATKON W TBEPJOW IIIEHHIIBI, KOTOPHIE HCIIOJB30BaINCh B
rHOPUAN3ANNY 7S BBIBEICHHSI HU3KOPOCIBIX COPTOB.

Knrwueswie cnosa: CeﬂeKuM}l, MACKAA nuleHuyda, m@epdaﬂ nwernuya, pocm pacmenus
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Significance of Polyene Antibiotics in Increasing Membrane Permeability and in
the Treatment of Animal and Plant Infections

V.Kh. Gasymova'*, G.M. Behbudova’

'Baku State University, 23 acad. Zahid Khalilov Str., Baku AZ 1148, Azerbaijan;

*E-mail: vafahal@hotmail.com;

’Institute of Botany, Azerbaijan National Academy of Sciences, 40 Badamdar Highway, Baku AZ1004,

Azerbaijan

Using polyene antibiotics (PAs) in combination with dimethyl sulfoxide (DMSQO) was shown to increase
ion permeability of membranes and biological activity of antibiotics sharply. The comparative physical
and chemical characteristics of dimethyl sulfoxide and PAs were determined. The effects of a complex
relation between PAs and the bilayer lipid membranes (BLM) were studied. The parameters of
biological activity of PAs and BLM were determined. It was shown that among all the studied PAs,
amphotericin B and levorin were the most effective. lon permeability of BLM was shown to depend on
the concentrations of amphotericin B, levorin and cholesterol. On the basis of PAs, biological active
preparations were developed against viral, bacterial and fungal diseases.

Keywords: Polyene antibiotics, dimethyl sulfoxide, amphotericin B, levorin, lipid membranes, membrane

permeability, animal and plant infections

INTRODUCTION

Polyene antibiotics (PAs) are one of the most
effective compounds in the fight against fungal
infections  (Borowski, 2000). The main
representatives of PAs are amphotericin B, nystatin,
mycoheptin and levorin. PA molecules contain a
lactone ring, a conjugated system of double bonds
and a hydrophilic chain consisting of hydroxyl and
carbonyl groups. The biological activity of PAs
depends on the presence of a certain structure in the
membranes of sterol cells (Récamier et al., 2010).
Polyenes are more sensitive to membranes
containing ergosterol (Ciesielski et al., 2016). Due to
this distinctive feature, polyenes are successfully
used in medicine for therapeutic purposes.
Currently, amphotericin B and nystatin are mainly
used in the treatment of systemic fungal infections.
A comparative analysis of the biological activity of
amphotericin B and nystatin shows that
amphotericin B is about 6 times more effective
against most fungi than nystatin (Aszalos et al.,
1985). The BLM method showed that the
conductivity of the amphotericin channel is about 10
times higher than that of the nystatin channel
(Gasymov, 2009). Amphotericin B and nystatin are
very close to each other in their chemical structures,
but membranes with cholesterol are more sensitive
to amphotericin B than to nystatin. According to the
studies, the presence of a certain number of double
bonds in the chromophores of PAs is an important
factor determining their biological activity
(Samedova et al., 2018). Amphotericin B and
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nystatin differ in the number of double bonds in the
chromophore structures of polyene molecules.
Nystatin has less double bonds than amphotericin B,
which is the reason of the markedly less biological
activity of nystatin. PAs were not chosen randomly
as objects of the study. The peculiarity of PAs is that
they constitute the only class of compounds in nature
that forms molecular-sized channels in the cell and
lipid membranes selectively permeable to ions and
organic compounds (Ibrahimova et al, 2006;
Gasymov, 2009; Récamier et al., 2010; Cohen,
2010). The studies of the molecular mechanism of
the interaction of PAs with membranes showed that
polyenes in combination with sterols create channels
with certain structures in the membranes (Gasymov,
2009). However, in spite of the presence of a large
amount of PAs and their derivatives, none of them
can prevail the effectiveness of the action of
amphotericin B and levorin in the treatment of
systemic fungal infections. In recent years, scientists
aimed at obtaining new medicinal forms of PAs and
the development of new ways of their delivery to the
affected organs and tissues. Interest in antifungal
preparations has increased due to the widespread
HIV infection, which appeared to be sensitive to the
presence of fungal infections in the organism (De
Marie et al.,, 1994). About 90% of HIV-infected
patients were found to be infected with a fungal
infection, because of the weakening immune system
of the organism (Mamidi et al., 2002). In addition,
patients are administered immunosuppressive
preparations in the transplantation of various organs
and bone marrow. However, they create conditions
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for the appearance of HIV and fungal infections in
patients (Sepkowitz, 2002). Currently, researches
focus on a more comprehensive study of the action
mechanisms of PAs at the molecular level. Growing
interest of scientists is largely due to the decoding
chemical structures of PAs and the development of
ways for the modification of the polyene molecule
(Zotchev, 2008; Baginski, Czub, 2009). The use of
antibiotics with a known molecular structure allows
conducting researches at the molecular level. The
main goal of the research was to determine the
intensification degree of the biological activity of
PAs by studying the physicochemical properties of
PAs in combination with DMSO.

MATERIALS AND METHODS

PAs dissolve well in DMSO. Polyenes have
amphoteric properties and when ionized, they form
a cation in an acidic medium, and an anion in an
alkaline medium (Yu, Quinn, 1994). In combination
with DMSO, polyenes are a liquid with a dark
yellow color, bitter taste and a specific smell.

When preparing active forms of PAs, it is
necessary first to convert the antibiotic from the
powdery form (crystalline) to the molecular form.
Wherein the conversion of the antibiotic into the
most effective form occurs. After thoroughly mixing
PA with DMSO, the composition is kept for 24 hours
at room temperature. Then the liquid is filtered and
stored in a dark, cool place. The obtained stock
solution is ready for using. The use of PA in this
combination of components is highly effective. The
biological activity of PAs is determined by the
method of bilayer lipid membranes (BLM)
(Ibrahimova et al., 2006). BLM was obtained from
total phospholipids isolated from cells by applying a
drop of phospholipids to a hole in the teflon cell.
Total phospholipids were purified from cholesterol
and other neutral lipids by acetone washing and
stored at 0°C at a concentration of 20 mg/ml in a
chloroform-methanol solution in a volume ratio of
2:1. The integrated conductivity of the membranes
was studied depending on the concentration of the
antibiotic in the mode of fixation of the potential. At
a certain concentration of the antibiotic, maximum
membrane conductivity is achieved, which is
considered as the active component of the PAs. The
main information about the mechanism of PAs
functioning in membranes was obtained using the
BLM method. The method is based on the ability of
PAs to dramatically increase the permeability of
lipid membranes for the corresponding ions by
registering changes in the electrical conductivity of
the membranes. Studies of the integrated
conductivity and measurement of the membrane

potential were carried out in the mode of fixation of
the potential and current using an electrometric DC
amplifier Keithley-301 (USA).

RESULTS AND DISCUSSION

Dimethyl sulfoxide (CH3),SO is obtained by
oxidizing dimethyl sulfide (CH3),S with nitric acid
(Vaisman, Berkowitz, 1992). At present, for this
purpose hydrogen peroxide H,O, is used as an
oxidizing agent. Dimethyl sulfoxide is the first
member of the homologous series of sulfoxides
R,SO. As a result of their further oxidation, RSO,
sulfones are formed. The chemical structure of
DMSO contains two methyl groups, sulfur and
oxygen (Fig. 3). DMSO is a clear, colorless, slightly
bitter-tasting liquid, with a specific smell and it is
highly water soluble (Yu, Quinn, 1994). Organic
sulfoxides have a pyramidal structure with a sulfur
atom at the top. In sulfoxides (RR’SO), the radicals
R and R ' differ from each other and exist in two
optically active forms. The DMSO molecule is
amphiphilic and highly polar. The negative pole of
the dipole is on the oxygen atom. DMSO has an
ordered structure, because of the temperature
dependence of the refractive index, density,
viscosity and other characteristics. DMSO is a
protophilic solvent, and therefore, its associates are
easily destroyed by the addition of substances that
are proton donors. DMSO absorption spectrum in
the wavelength range of 350 nm - 220 nm appeared
to be optically transparent. A high degree of
solubility of a number of organic compounds in
DMSO is usually wused to study their
physicochemical characteristics and molecular
structure (Yu, Quinn, 1994). Table 1 shows some
physical characteristics of DMSO and water. The
relatively high boiling point and large latent heat of
vaporization (53 J/M at 25 ° C) indicate that DMSO
molecules are strongly associated (Vaisman,
Berkowitz, 1992). DMSO has properties such as
amphiphilicity, polarity, high resorption.

Table 1. Physical properties of DMSO and water

Physical properties DMSO | Water
Molecular weight 78.13 | 18.02
Density at 20-C 1.1014 | 18.02
Melting point 20-C 18.4 0.00
Boiling point 189.0 | 100.00
Surface tension at 20-C (10:x Pa x c) 46.2 72.75
Viscosity at 20-C(10-x Pa x ¢) 2.20 1.002
Dielectric constant at 20-C 48.9 80.20

Studies of the biological activity of PAs showed
that these compounds specifically interact with
sterols of antibiotic-sensitive organisms, such as
fungi and protozoa (Grayetal., 2012). Studies of the
molecular mechanism of interaction of PAs with
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membranes showed that polyenes create channels in
the membranes through which ions and intracellular
components can diffuse from the cells into the
external medium, leading to cell lysis (Cohen,
2010).The biological activity of PAs is assumed to
depend on the nature of the intermolecular
interactions between the charged groups of antibiotic
molecules and phospholipids. Probably, the
incorporation of antibiotics into the membrane
occurs as a result of the formation of a hydrogen
bond between PAs and the phosphate groups of
phospholipid molecules. A comparative analysis of
the biological activity of amphotericin B and
nystatin shows that amphotericin B is more effective
against most fungi than nystatin (Aszalosetal.,
1985). It was found that the polyene chains in
nystatin Al and amphotericin A are the same and
antifungal activities of these two antibiotics are
identical (Aszalosetal, 1985). According to these
data, the presence of a certain number of double
bonds in the chromophores of PAs is an important
factor determining their sensitivity to membranes.
There is a direct relationship between the number of
double bonds in the chromophore and the biological
activity of antibiotics — high biological activity
corresponds to the high number of double bonds in
the chromophores of PAs (Gasymov, 2009). Levorin
has a higher selectivity of action on the membrane
and differs from other PAs by its high solubility in
water. The structure of the lipid bilayer, as well as
the structure of the penetrating molecules, is an
important factor determining the permeability of
water-soluble compounds. A high degree of
resorption of DMSO molecules is attributed to the
fact that the value of the dielectric constant of
DMSO is between that of water and fats (Table 1).
This indicates that DMSO enhances the permeability
of a large number of medicinal compounds through
biological membranes, and also contributes to their
quite deep penetration into the cell (Ibrahimova et.
al. 2002).

For the first time, the physicochemical
properties of amphotericin B and levorin in
combination with DMSO and their mixed solutions
in various ratios were studied. The dependence of the
conductivity of bimolecular membranes on the
concentration of amphotericin B and levorin was
studied. Amphotericin B dramatically increases
membrane permeability to ions, water, non-
electrolytes and organic compounds. The
dependence of the membrane conductivity on the
concentration of amphotericin B increases in
proportion to the 8-10th degree and this degree
depends on the structure of the PA molecules. The
sharp dependence of the conductivity of the
membranes on the concentration of amphotericin B
allows us to suggest that ion permeability is
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associated with the formation of oligomeric structure
in the membranes of the polyene channels. Probably,
the system responsible for the selective permeability
of membranes is localized in the hydrophilic chain
of the amphotericin B molecule. With the increasing
concentration of DMSO in an aqueous solution, the
efficiency of assembly of polyene channels and the
stability of the channels in the conducting state
increase. At a concentration of 1-10"° mamphotericin
B reduces (10°-10° times) the initial specific
resistance of membranes  (1-5-10°0m-cm?),
prepared from common phospholipids. The
dependence of the conductivity of bimolecular
membranes on the concentration of amphotericin B
was studied at various concentrations of cholesterol
in the membranes. The addition of cholesterol to
phospholipids increases the effectiveness of the
antibiotic. Membranes in the presence of
amphotericin B are selectively permeable to
monovalent anions. However, in the study of
aromatic antibiotics, it was found that, unlike
amphotericin B, levorin causes selective
permeability not for anions, but for alkali metal
cations. This antibiotic differs from nystatin,
amphotericin B and mycoheptinum by the presence
of an  additional aromatic  group- p-
aminoacetophenone, which contains positively
charged nitrogen. In the presence of levorin, with
increasing cholesterol concentration, membrane
conductivity increases. Studies of the dependence of
the conductivity of membranes on the concentration
of levorin led to the assumption that there are
molecular-sized channels in the membranes that
induce ion permeability. Selective permeability for
cations is thought to be associated with the formation
of negatively charged pores in the membranes.
Probably, the transfer of cations through membranes
occurs in the hydrophilic parts of the channel.
Essential information on the mechanism of
membrane permeability in the presence of aromatic
antibiotics can be obtained from data on the transfer
of small ions through the membrane, such as
guanidine and hydrazine. In the presence of levorin,
these ions penetrate the membrane much better than
K" and Na'ions. The presence of the same number
of double bonds in the chromophores of
amphotericin B and levorin is an important factor
determining their high sensitivity to membranes. The
most effective of the studied PAs appeared to be
amphotericin B and levorin. Dimethyl sulfoxide
(DMSO) plays a special role in the formation of the
amphotericin and levorin channels inside the
membrane. DMSO has the ability to dramatically
enhance the biological activity of PAs and induce
selective permeability for ions and organic
compounds in membranes.

The results of the experiments suggest that the
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mechanism of selective action is based on the
specific interaction of antibiotic molecules with
membranes. The chromophores of PA molecules,
interacting with phospholipids, form a channel in a
1:1 stoichiometric ratio. The stoichiometric
coefficient of assembly of single channels for
various PAs can be different and range from 3 to 17
(Ibrahimova et al., 2006). It should be noted that the
molecular structure of the hydrophilic part of the
channel has not yet been established due to the lack
of appropriate methods for determining the exact
localization of the molecular groups in the internal
cavity of the channel. According to the research, the
internal diameter of the channel is 7-10 A
(Ibrahimova et al., 2006). A computer analysis
showed that during the formation of the ion channel
in the presence of an amide derivative of
amphotericin B, the ionizing groups of molecules
can be turned both inward and outward, i.e. polar
groups can be in two conformational forms, due to
the rotation of mycosamine around the glycosidic
bond. There is an assumption that the biological
activity of PAs may depend on the nature of the
intermolecular interactions between the charged
groups of antibiotics and phospholipids. The
incorporation of antibiotics into the membrane
occurs as a result of the formation of a hydrogen
bond between PAs and the phosphate groups of
phospholipid molecules.

THE PRACTICAL SIGNIFICANCE OF THE
RESEARCH

Antibiotics in animal and crop husbandry
became widespread after the adverse effects of using
some preparations had been established. Because,
suppressing phytopathogenic microflora, they
poison useful species of birds and animals that feed
on pollinated plants. Compared with other
substances, antibiotics have a number of valuable
advantages in the fight against phytopathogenic
microorganisms. Antibiotics act selectively and,
suppressing the development of phytopathogenic
bacteria and fungi, they are practically harmless to
plants and animals (Lewis, Papavizas, 1987;
Ibrahimova et al., 2014). The absence of toxicity is
required when choosing antibiotics. For example,
PAs used in low concentrations (10°-10“M), are
non-toxic for plants and animals. Most antibiotics
penetrate into the tissues of animals and plants and
are well absorbed. The concentration of antibiotics
necessary to suppress pathogenic microflora in
animal and plant tissues depends on the properties of
the antibiotic and external conditions. PAs were used
as the basis for the development of effective
antiviral, antibacterial and antifungal preparations.
Based on the data obtained, the minimum

concentration of the antibiotic corresponding to its
maximum biological activity was calculated. New
active compounds, which have the ability to
effectively and selectively suppress pathogenic
infections, were revealed in the group of PAs. The
preparations were found to suppress viral and fungal
infections of plants. Spraying a solution of the
preparation on plants affected by a viral and fungal
infections leads to the effective destruction of plant
infections. Laboratory analysis of a soil sample on
which vegetables were grown showed that soil
contains a small amount of nitrogen, a large amount
of phosphorus and a small amount of potassium, and
pH of the soil sample was slightly alkaline. Table 2
shows mineral elements in the soil composition,
based on soil gradation. Despite the missing mineral
elements in the soil, where vegetables were grown,
studies have shown the high efficiency of the
preparations against pathogenic microorganisms of
vegetable cultures. It should be noted that the
preparations have the ability to completely inhibit
the growth of the tobacco mosaic virus (Tobacco
mosaic virus) (Ibrahimova et. al., 2014). Infected
plants after the treatment are not only cured,
regeneration of plants faded from infection also
occurs. The antiviral and antifungal effects of
infanvir are attributed to the binding of the antibiotic
with the membranes with the subsequent formation
of a complex in them. This complex is a molecular-
sized channel formation, which is reflected in the
inhibitory effect of the preparation on the
reproduction of viruses and fungal cells. The
proposed preparation is non-toxic and harmless,
which contributes to its rational use in agriculture for
growing vegetable and fruit crops.

Table 2. Mineral composition of soil based on soil
gradation.

The degree to which

~~
soil is provided with g
. N
mineral elements on the | =
basis of soil gradation 2
Q
& =
: S oen G = o
o 4 o =
s 22 |22 |8 |2 |8
P = o0 o S o= 1 |
g 9 o g g e 2 R =
HE| £ 2 E = = A
2 ER| 2% |28 |2 | & | %
= 521 L4 vt B = s
< = o — Qo .2 = o
= = =8 kS s =
[} A =
| | = - 8|2 | @
£ Index of mineral = = —
. o
< ) =
3 sample provision 2 = %
b= g £
- O‘“ < :’ =
= S S = | @ | T
=9 g <
Z - M ° Z. M
Z | g o ) >
;=5 5 =< g < =
g oh | 5 &b =) 2
HE|2E 2 g °
e 1% | £ £
= 8 2 =
(S <= o )
& O
Soil | 7.55 |7.76 [133.32 |212.08 | 1.18 | 520 | 516

175



Gasymova and Behbudova

For the first time the effect of preparations
against viral, staphylococcal and fungal infections
has been studied. The effect of the preparation
formed by Streptomyces microorganisms on a
number of pathogens -  Staphylococcus,
Escherichiosis, Candida, opportunistic bacteria and
Coxsacke A, ECHO virus and type I and II herpes
simplex virus has been investigated. Antimicrobial
activity of preparations has been studied in various
test systems. It was found that in low doses (107-10"
M) the preparations had antibacterial and antifungal
effects on the cultures Salmonella typhimuium,
Pseudomonas  aeruginosa, Proteus  vulgaris,
Escherichia coli, gram-positive cultures
Staphylococcus aureus and cells of the fungus
Candida albicans. They also have an antiviral effect
on Coxsacke A 20, ECHOY virus and type I and 1I
herpes simplex virus. Eurasian patents were obtained
for both preparations.
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Significance of Polyene Antibiotics in Increasing Membrane Permeability

Miialicasinds Polien Antibiotiklorin Rolu
V.Kh. Qasimova', Q.M. Behbudova?

! Baki Déviat Univ_ersiteti
2 AMEA Botanika Institutu

Gostorilmisdir ki, polien antibiotiklorin (PA) dimetilsulfoksidlo (DMSO) kompleks istifadasi naticosindo
membranlarin ion kegiriciliyini vo antibiotiklorin bioloji aktivliyini kaskin siiratds artirir. PA vo DMSO- in
miigayisali fiziki-kimyavi xiisusiyyatlori gostorilmigdir. DMSO vo PA—nin bimolekulyar lipid membranlar1
BLM-Io kompleks alagasinin tasir effekti tadqiq edilmigdir. BLM-la PA-nin bioloji aktivliyinin parametrlori
toyin olunmusdur. Gosterilmisdir ki, biitlin 0yronilmis PA-don on effektivi amfoterisin B va levorindir. BLM-
nin ion kegiriciliyinin amfoterisinin B vo levorinin membranlarda mdvcud olan xolesterinin
konsentrasiyasindan asililiginin naticolori verilmigdir. PA-nin asasinda heyvan va bitkilolrdo olan virus,
bakteriya, gobalok xastoliklorine qarsi bioloji aktiv preparatlar yaradilmigdir.

Acar sozlor: Polien antibiotiklor, dimetilsulfoksid, amfoterisin B, levorin, lipid membranlari, membran
kegiriciliyi, heyvan va bitki infeksiyalar

3nauenne [lommeHOBBIX AHTHONOTHKOB B YBeanuennu MemoOpannoi Ilposoaumoctn u npu
Jleuennu ZKuBotHbIX 1 Pacturenbubix UHdexuuii

B.X. I'ncumonal, .M. Bex0ynoBa’

! Baxunckuil 20cyoapcmeentblil yHugepcumen
2 Unemumym 6omanuxu HAH Azepbaiioscana

[lokazaHo, dYTO TpU KOMIUIEKCHOM  HCIIOJB30BAaHMM  TOJMEHOBBIX  aHTHOWoTHkKOB (ITA) ¢
muMetuncyibdokcunom (IMCO) pe3ko ycuauBaeTcs HOHHAS MPOHUIAEMOCTh MEMOpaH M OMONIOTHYecKast
aKTHUBHOCTb aHTUONOTUKOB. [IpencTaBneHs! cpaBHUTENbHBIE (PU3NKO-XUMUUecKue xapakTepucTuku JIMCO u
ITA. PaccmoTpensl 3¢gdektsl kKomIuiekcHoro B3anmoaeicteus JIMCO u [TA ¢ OMCITONHBIMHA JTUITHIHBIMA
membpanamu (BJIM). Metonom BJIM omnpenesnens! napameTpsl Ononorndeckoit aktuBHoctd [TA. IlokazaHo,
4TO U3 BceX m3yuyeHHBIX [IA cambiMu 3¢dexkTuBHBIMU OKazanuch amdoTrepuunH B u neBopun. M3noxxeHbt
pe3yabTaThl 3aBUCHMOCTH MOHHOH mpoBoauMocTi BJIM ot konmeHTpanun amdoTepunnaa B u neBopuHa 1
OT KOHICHTpaluu XollectepuHa B MemOpaHax. Ha ocHoBe IIA paspabGoransl 3¢ (deKkTHBHEBIC
MeMOpaHOAKTUBHBIE MpenapaTsl MPOTHB BUPYCHBIX, OaKTepHaIbHBIX U TPUOKOBBIX 3200J1€BaHUH KUBOTHBIX
U PaCTCHUM.

Knrwouesnie cnosa: Ionuenogvie anmubuomuxu, oumemuicynvbgoxcud, ampomepuyun B, nesopun, runudnvie
Membpanvl, NPOBOOUMOCHIL MEMOPAH, JHCUBOMHBLE U PACMUMETbHBLE UHDEKYUU.
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