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Abstract. According to statistical indicators, wheat takes major part of food ration of people. It
is raw material for preparing food products such as macarons, tandir bread etc. Under different
environmental conditions it is important to develop wheat biotypes with high genetic diversity and
variety is a biological factor that has strong influence on obtaining a high-quality product.
The research aim is to define technological and biochemical indicators of hard wheat (Triticum
durum Desf.) genotypes and prolamin markers, to identify and passport reserve proteins of gliadin
and gluten. It is appropriate to ensure the selection of existing genotypes by determining gliadin-
encoding loci, which are considered markers of certain economically important traits. Overall were
used 41 samples. Most of the samples had high vitreousness ranging between 84% and 100% which
was determined in OLIS D3-3 diaphanascope. The amount of wet gluten was determined in KDI-1
apparatus. Grain moisture content was determined using a GAC 2100 Grain Analysis Computer. 9
samples were selected due to high-quality indicators. Polymorphism of gliadin resource proteins
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was electrophoretically analyzed on a polyacrylamide gel (Acid-PAGE) and based on the diversity
of 4 zones (w, vy, B, o) distinguished as a result of the analysis of the obtained electropherograms, 0-
1 operation was performed, and the genetic diversity index was calculated. Based on results, it is
more applicable to consider the allelic blocks of the gliadin-encoding loci related to quality,
adaptability and productivity traits.

Annomayus. COTIaCHO CTaTUCTHYECKUM IOKA3aTelsiM, MIIEHUIA 3aHUMAaEeT OOJIBIIYI0 4acTh
MUIIEBOrO panuoHa mrofeil. OHa SBISETCS ChIPhEM JUIS IPUTOTOBJICHUS TAKUX MPOAYKTOB MUTAHUS,
KaKk MakKapoHbl, 3HAMEHUTHIH B HAIIeM pEruoHe TAaHIBIPHBIM XJed U T 4. B paznuynbIx
HKOJIOTUYECKUX YCIOBHUSX BA)KHO BBIBOJUTH OWOTHIIBI MIIEHUIBI C BBICOKUM T'€HETUYECKUM
pazHooOpa3ueM, a pa3HOoOOpa3ue SBISIETCS OWOIOTUYECKUM (DAKTOpPOM, KOTOPBIA OKa3bIBacT
CHJIPHOE BIUSHHE Ha IOJyYCHHE BBICOKOKAYE€CTBEHHOTO MpoaykTa. OCHOBHOH IIeNbi0 palboThI
ObLTO, OmpeneseHHe TEXHOJIOTMUYECKUX TaHHBIX, BbBISBJICHHE OTHOCHUTEIbHOW IUIACTUYHOCTH U
BBICOKOIO KadecTBa o00pasmoB TBepaoi mmenuisl (Triticum durum Desf.), BbisiBIeHHE U
MACTIOPTU3aIMsl 3aMacHBIX ONKOB IMIMAJMHA M TIIOTEHWHA, JUISl MCIOJIb30BaHMS B JaJbHEHIICH
ceneknun.  L{enecooOpazno obecrneynth OTOOpP CYIISCTBYIOIIUX T'CHOTHIIOB ITyTeM TJIHAIUH
KOJUPYIOIIMX JIOKYCOB, KOTOPBIE CUMTAIOTCS MapKepaMu OMPEICICHHBIX XO3SHCTBEHHO Ba)KHBIX
npu3HakoB. B uccnenoBanuu ObLTO MCTIONB30BaHO 41 00pa3ioB TBepAOW MIIEHUIBl. BONBIIMHCTBO
00pa3loB UMENH BBICOKYIO CTEKJIOBHIHOCTH B Auamna3zone oT 84% no 100%, koTopyro onpeaemsiii
Ha nuadanockorne OLIS D3-3. KomuvecTBo chipoii KIEHKOBUHBI onpeaessuin Ha anmapare KDI-1.
BnaxxHocTe 3epHa omnpezaensiv ¢ MOMOIIbI KommbioTepa i aHanuza 3epHa GAC 2100. Io
MoKa3aTeNsiM KadecTBa OToOpaHO 9 o00pasmoB. DnekTpodopeTnueckuii aHaiu3 MoIuMophu3M
OCTKOB MIMAAWHA MPOBOAMIM Ha mnoiwakpuwiamuaaom rtene (Acid-PAGE). Ha ocHoBanuun
MOJIYYEeHHBIX 3JeKTpodoperpamm, pe3yasrarsl aHanmusa 4 30H (o, v, B, o) ObUT pacCUUTaH WHACKC
TeHETUYECKOro pa3HooOpas3us. Ha oOCHOBaHMM TMOJYYEHHBIX pe3yJabTaToB Oojiee MPUMEHUMO
paccMOTpEeHHE AaJUIENbHBIX OJIOKOB TIHAJAMH KOTUPYIOUIMX JIOKYCOB, CBSI3AHHBIX C IMPHU3HAKAMU
KauecTBa, aJIalTHBHOCTH U MIPOIYKTUBHOCTH JIsi IPUMEHEHUS B CETICKIIHH.

Keywords: hard wheat, gliadin-encoding loci, vitreousness, genetic diversity, acid-page,
electropherograms.

Kniouegvie cnosa: TBeppas NIIEHWIA, JIOKYChl, DIWAJWH, DIIOTEHWH, CTEKJIOBHIHOCTD,
TeHeTHUYECKOe pa3Hoo0pasue, 3MeKTpodoperpaMMsl.

Wheat is one of the most important plants on Earth, being an important source of energy for
living things. The primary domesticated wheat plant is the basis of the population's diet in
economically underdeveloped countries. Wheat cultivation in our country has a history of more than
6-8 thousand years. Our republic is considered the homeland of durum wheat. In 1964, Mustafayev
I.D. scientifically proved this in his book "Azerbaijan is the homeland of many types of wheat" [3].

Since durum wheat has a vitreous endosperm and a high content of carotenoid pigment, it is
traditionally used as the main raw material for the preparation of the highest quality pasta products
and for baking the best national Azerbaijani tandir bread. The most accessible and low-cost
(effective) tool for increasing grain and productivity is variety. Variety is a biological factor capable
of developing the genetic potential of a plant under different environmental conditions. The
characteristics of the variety have a strong influence on obtaining a high-quality product [4].

In plant research, assessment of genetic diversity is mostly based on single-nucleotide
polymorphism (SNP) analysis, with an enormous number of publications completed to date. There
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are many methods available for plant genotyping based on SNP analysis, including next-generation
sequencing. These include more traditional and manual techniques that are slow and have low
throughput to more expensive methods [9].

To achieve the efficiency of the work carried out in the direction of increasing the quality of
the wheat grain, electrophoretic analyses are performed during the selection of the initial material. It
is appropriate to ensure the selection of existing genotypes by determining gliadin-encoding loci,
which are considered markers of certain economically important traits [10].

Considering this, the work was expanded in the direction of studying biodiversity and genetic
markers.

Materials and Methods

The research included the analysis of 39 samples of durum wheat (Tr. durum Desf.) from the
Institute's Genbank, cultivated in the Absheron Scientific Research Base, in 2022,

The following methods were used: the amount of wet gluten obtained after kneading the
dough by hand was determined in the KDI-1 apparatus. Grain moisture content was determined
using a GAC 2100 Grain Analysis Computer, and vitreousness was determined using an OLIS D3-3
diaphanascope.

Polymorphism of gliadin resource proteins was electrophoretically analyzed on a
polyacrylamide gel (Acid-PAGE) according to the method of W. Bushuk and R. R. Zillman (1978),
modified by Poperelya et al. (1989) [5, 7].

The research aimed at the determination of the technological and biochemical indicators of
durum wheat genotypes and prolamin markers, the identification and passportization of the reserve
proteins of gliadin and gluten, as well as the evaluation of the reliability of quality indicators.

Literature review

Changes in climate and environment, lack of increase in productivity pose a threat to the
production of grain crops. Increasing productivity and quality as a result of complex selection
measures is the perfect way to increase the price of existing agricultural products, improve the
economy, and increase the income of farms. According to some researchers, the ripening period of
wheat after harvesting can last for 20-45 days, depending on the characteristics of the variety. After
harvesting, drying the grain during the ripening period is considered an essential procedure. During
this period, the grain dries and its technological properties improve [6, 8].

After harvesting, grain ripening is completed by the process of protein formation during the
long storage period. It should be noted that the quality of grain is closely related to environmental
factors, along with genes controlling proteins, lipids, starch, lipoprotein enzymes, and other
components [8].

As the ripening period shortens, the proportion of structural/metabolic and storage proteins,
endosperm and bran, as well as gliadin and glutenins, is strongly altered. The change in wheat
productivity is due to the seasonal and zonal nature of the environment. The main factor in the
productivity of the plant is the provision of the environment with precipitation during the autumn
and spring-summer ripening periods. Temperature is one of the main factors in the formation of
quality indicators [8].

The productivity and quality of wheat depend not only on the variety but also on cultivation
conditions, harvesting time and storage conditions. The most important factor affecting quality is
grain moisture, which depends on harvesting time and weather conditions [4].

Gliadins, which are polymorphic storage proteins of grain, are considered to be the most
favorable genetic markers for the identification of durum wheat cultivars and the evaluation of
cultivar purity. The genetic heterogeneity of durum wheat populations and varieties is the main
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component of the biodiversity of this species and it is possible to preserve it only by using genetic
marker systems and conducting regular monitoring [9].

Two main issues arise when the purity of the variety is checked and identified. First, it is
necessary to determine the variety based on the electrophoretic spectrum of gliadin, and secondly, if
there is a mixture, to detect it (identification of the mixture is also important), it is necessary to
select the mixture from the biotype of the variety [9, 10].

There should be a database of reference cultivars to provide feedback on cultivar purity or to
perform cultivar identification. Such information bases should contain the results of the analyses
conducted on the grains of the original varieties (obtained from the author), the genetic formulas of
the variety (the structure of the biotype of the initial variety), and the allelic variants of the gliadin
block components of each biotype. Thus, the study of the genetic control of gliadins, the reserve
proteins of the grain is one of the most effective tools in studying the genetic characteristics of
durum wheat, which allows accelerating the selection process, while creating a genetically based
registration system for the variety [4].

Results

The study objects were durum wheat genotypes. The quality indicators of durum wheat
samples were found to be relatively high. Thus, most of the samples had high vitreousness ranging
between 84% and 100%. The values of the 1000-grain mass were also satisfactory. In 18 samples,
this indicator was above 50 g, while in 3 samples it was higher than 60 g (in v. Murciense, 64.8 g, in
v. Aegepteacum, 69.6 g, and in v. Erythromelan, 63.2 g). The total results are given in Table 1.

Table 1
THE QUALITY INDICATORS OF DURUM WHEAT SAMPLES
Catalog No Samples Genealogy Physical Quantity and quality of A
properties gluten 5
0 P 2
g % (2] LEJ, O\O- c'é % E 0\0 % c>\O
2. 54 S E 8£%52¢ £
ocC od — 2 S 2 45
g == 2 c oo g 33 fut
S — s < Lo E > o
BBFS- 016k-11 v. hordeiforme tur.dresh x 98 548 11 348 85 122 158
milturum
BBFS- 016k-49 v.niloticum graecum X 83 544 8 389 95 124 16.2
nilutcum
BBFS- 018k-8 v.murciense 98 48.8 8 40.8 90 146 18.9
BBFS- 018k-14  v.obscurum 85 428 8 420 70 144 18.7
BBFS- 019k-42 v.affine leucomelan x 99 540 7 322 95 11.0 143
affine
BBFS- 019k-90 v.murciense Yellow wheat x 100 420 9 40.0 95 14.0 18.2
Gurgena
BBFS- 014k-12 v. hordeiforme  tr.turg.dres X 98 560 10 362 100 13.0 16.9
meredionale
BBFS-014k-183  v.albo boeffi x qreacum 99 424 12 395 100 140 182
provinsale
St.Barakatli 95 94 520 11 264 120 93 120

Based on the results of the conducted research, the amount of gluten in the samples varied
between 25.9 and 40.0%, and the gluten deformation coefficient varied between 85 and 110 units. A
dendrogram was constructed based on the cluster analysis (Figure 1).
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Among the 41 studied samples, 9 samples with high technological and biochemical indicators
were selected and studied compared to the indicators of the standard Barakatli 95 variety.

In the study, electrophoresis of gliadin and gluten reserve proteins in grains of 39 samples and
2 durum wheat varieties (Barakatli 95 and Anza varieties were selected as standards) was carried out
in polyacrylamide gels and based on the diversity of 4 zones (o, v, B, o) distinguished as a result of
the analysis of the obtained electropherograms, 0-1 genetic diversity index was calculated. In durum
wheat genotypes, 23 spectra and 82 patterns were observed in the electropherograms of gliadin-
encoding loci of reserve proteins. Genetic diversity was determined using gliadin electropherograms
for four zones. High genetic diversity was observed in the w-zone (H=0.908), relatively high in the
-zone (H=0.835), medium in the a-zone (H=0.832), and low in the y-zone (H=0.798) (Figure 1, 2).
The samples were divided into 5 clusters according to the 41 species and species diversity analyzed.
Only 1 sample is located in the 1st cluster (No. 14 v.obscurum). 11 samples are grouped in the 2nd
cluster. 16 genotypes are grouped in the 3rd largest cluster, of which three samples belong to v.
murciense species diversity. Samples 23 and 25 are more closely located but in spaced clusters,
while sample 24 is located relatively more distantly. Five samples are located in the 4th cluster and 8
samples are in the 5th cluster (Figure 1).

It is known that there is a negative correlation between the amount of gluten and the
deformation coefficient of gluten. A large amount of literature data demonstrates a negative
correlation between the mass of 1000 grains and the amount of crude gluten and dry gluten. A
positive correlation was detected between crude gluten and dry gluten content (Figure 1). The
results of the statistical analyses confirm the general patterns.
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Figure 1. Dendrograms constructed according to quality indicators and linear dependencies between
them

As a result of electrophoretic analysis, prolamin storage proteins are conventionally divided
into four zones, which are -, y-, B- and a- gliadins. In the study, blocks of allelic components on 4
loci of 41 durum wheat samples were studied. Genetic identification of the studied samples was
carried out based on the standard catalog for Gli 1A, Gli 1B, Gli 6A, and Gli 6B loci (Figures 2).
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Based on the results obtained from the electrophoretic analysis of durum wheat samples, known
allelic component blocks of gliadin-encoding loci were identified, and the catalog compiled

according to the classification of proteins was further improved.
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Figure 2. Electropherograms of gliadin-encoding loci in durum wheat genotypes: 1-v.leucomelan, 2-
v.hordeiforme, 3-v.niloticum, 4-v.obscurum, 5-v.alboprovincale, 6-st. Garabagh, 7-Lanqgdon, 8-st.Barakatli-
95, 9-v. hordeiforme, 10-v.affine, 11-v.murciense, 12-v.melanopus, 13-v.aegepteacum,14- v.murciense,15-
v.obscurum,16- v.niloticum,17- v.melanopus, 18-v.muticoapulicum, 19-v.lyubicum, 20-v. alboprovincale,
21- v.aegepteacum, 22-v.melonoleucurum, 23- v.affine, 24-Lanqgdon, 25- v.murciense, 26- v.murciense, 27-
v.murciense, 28- v.melanopus, 29-v.etythromelan, 30-v.muticohordeiforme, 31-v.leucomelan, 32-
v.hordeiforme, 33- v.etythromelan, 34-v.courulescens
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Figure 3. Electropherograms of gliadin-encoding loci in durum wheat genotypes and F; hybrid grains.
35-36-v.melanopus, 37-38-v.mutsmelanopus, 39-40-v.leucomelan, 41-Lanqgdon, 42-v.alboprovinsale, 43-
v.courulescens, 44-45-290/22, 46-47-267/22, 48-49-Auradur, 50-51-262/22, 52-Lanqgdon, 53-54-55-Affine x
Korifey, 56-57-58-Murciense x Auradur, 59-60-61-Melanopus x Barakatli 95, 62-63-64-Aegepteacum X
267/22, 65-66-67 Leucomelan x melanopus, 68-Langdon
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Figure 4. Electropherograms of glutenin-encoding loci in durum wheat genotypes. 1-v.leucomelan, 2-
v.hordeiforme, 3-v.niloticum, 4-v.obscurum, 5-v.alboprovincale, 6-st. Garabagh, 7-Lanqgdon, 8-st.Barakatli
95, 9-v. hordeiforme, 10-v.affine, 11-v.murciense, 12-v.melanopus, 13-v.aegepteacum,14- v.murciense,15-
v.obscurum,16- v.niloticum,17- v.melanopus, 18-v.muticoapulicum, 19-v.lyubicum, 20-v. alboprovincale,
21- v.aegepteacum, 22-v.melonoleucurum, 23- v.affine, 24-Lanqgdon, 25- v.murciense, 26- v.murciense, 27-
v.murciense, 28- v.melanopus, 29-v.etythromelan, 30-v.muticohordeiforme, 31-v.leucomelan, 32-
v.hordeiforme, 33- v.etythromelan, 34-v.courulescens
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Figure 5. Electropherograms of glutenin-encoding loci in durum wheat genotypes and F1 hybrid
grains. 35-36-v.melanopus, 37-38-v.mutsmelanopus, 39-40-v.leucomelan, 41-Langdon, 42-v.alboprovinsale,
43-v.courulescens, 44-45-290/22, 46-47-267/22, 48-49-Auradur, 50-51-262/22, 52-Lanqdon, 53-54-55-
Affine x Korifey, 56-57-58-Murciense x Auradur, 59-60-61-Melanopus x Barakatli 95, 62-63-64-
Aegepteacum x 267/22, 65-66-67 Leucomelan x melanopus, 68-Langdon

Electrophoretic analysis of resource proteins according to gliadin and gluten-encoding loci
was performed on F1 grains obtained from hybridization between species diversities and varieties
of durum wheat. The specificity of hybrids was determined using electrophoretic analysis.
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Figure 6. Dendrogram based on gliadin electropherograms

As seen in the figure, thirteen clusters were obtained. In the first cluster, sample number
262/22 and the sample belonging to v. melanopus species diversity were located in the same cluster.
According to the electropherograms of gliadin and gluten, certain similarities were found only in
the y zone. v. courulescens and v. leucomelan are in the same cluster, where certain similarities are
noticeable in the y and B zones. Samples of v. alboprovinsale and v. muticohordeiforme also
appeared in the same cluster. Regarding the electropherograms of gliadin and gluten, it is possible
to observe their similarity only in the a zone. The largest cluster, the fifth cluster, consists of 18
samples, and the seventh cluster contains 12 samples. Six samples were placed individually in
clusters 8, 9, 10, 11, 12, and 13 (40, 41, 24, 10, 1, and 48, respectively). In the second cluster, four
samples are v.courulescens, v.leucomelan, v.melonoleucurum and v.melanopus (43, 40, 22, and 35,
respectively).

Thus, the 41 analyzed samples were divided into five clusters according to their species
diversity. Cluster 1 contains only 1 sample (No. 14 v.obscurum). 9 samples were selected due to
high-quality indicators. Gliadin reserve proteins were electrophoresed in polyacrylamide gels and
based on the diversity of 4 zones (o, v, B, a) distinguished as a result of the analysis of the obtained
electropherograms, 0-1 operation was performed and the genetic diversity index was calculated.

Based on the results of the analysis of quality indicators, many of the studied samples have
high-quality indicators and meet the requirements of the world market. Besides, observations
confirm that gliadins are codominantly inherited, regardless of plant cultivation conditions. Thus,
gliadins are inherited by blocks controlled by gene clusters located in loci of chromosomes 1A, 1B,
6A and 6B and characterized by multiple allelism. Therefore, it is more relevant to consider the
allelic composition of gliadin-coding loci as well as those associated with the traits revealed in the
selection process targeted at improving quality, productivity, and adaptability.

Thus, based on the results obtained in the selection works aimed at increasing productivity,
adaptability, and quality indicators, it is more appropriate to consider the allelic content of the
gliadin-encoding loci related to these traits.
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