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Abstract

In the study, electrophoretic analysis of globulin storage proteins was performed in 32 samples of lo-
cal and introduced soybean plants. The goal was the identification, passportization, and study of the
genetic diversity of soybean genotypes. In addition, the genetic diversity index (H-) was calculated
for zones (w-, Y- B- and a-) according to the frequency of occurrence of patterns in the electrophero-
grams of globulin storage proteins in the seeds of soybean plant samples. 26 spectra and 56 patterns
were detected in soybean samples, and polymorphism was observed in most of them. 9 spectra and 20
patterns were observed in the w-zone, 5 spectra and 8 patterns in the Y'-zone, 5 spectra and 7 patterns
in the -zone, and 7 spectra and 21 patterns in the a-zone. The genetic diversity index was calculated
based on Nei's formula for each of the 4 zones - w, Y, B, and a. According to the calculations, genetic
diversity was observed to be higher in the o - zone (H=0.927), slightly lower in the w- (H=0.796) and
Y- (H=0.680) zones, and the lowest in the - zone (H= 0.480). Based on cluster analysis, genotypes
were divided into 6 groups and subgroups. Based on the obtained results, electrophoretic analysis of
globulin storage proteins was performed for the first time in polyacrylamide gel (A-PAGE) and poly-
morphism was detected among soybean genotypes.
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Introduction

Studies conducted by the World Health Organization (WHO)/Food and Agricul-
ture Organization (FAO) (1985) have shown that soybean protein can provide all
the essential amino acids for the balanced nutrition for human. Soybean protein is
considered to be the high biological value protein among the plant-based proteins
(Garcia et al. 1998). The quality of soybean protein is comparable to animal proteins
from meat, milk, and eggs (Millward 2012; Kudetka et al. 2021).

The percent rates of nine amino acids contents are displayed in Fig. 1, includ-
ing histidine, phenylalanine, methionine, serine, valine, isoleucine, leucine, trypto-
phan, and lysine. According to the Protein digestibility-corrected amino acid scores
(PDCAAS), soybean protein ranks first among vegetable proteins and is compara-
ble to that of milk and egg proteins (https://foodproteins.globalfoodforums.com/
food-protein-articles/soy-protein-delivers-on-nutrition-quality-sustainability/).

The fact that the electrophoretic components of storage proteins in the seeds of
cereals and legumes are passed down from generation to generation as genetically
determined traits (Sadigov 2021), do not change and remain stable depending on
the soil, climate and cultivation conditions, and their use as universal genetic mark-
ers in the study of genetic diversity and in the process of accelerating the selection
process remains scientifically relevant.

Since storage proteins are the first products of gene expression, they play an im-
portant role as genetic markers in solving many scientific issues, such as the study
of polymorphism and identification of plant samples, and the relationship between
protein markers and bean quality traits (Kudryavtsev et al. 2014; Noveselskaya-
Dragovich 2015).

Thus, the part of DNA (Khankishiyeva et al. 2016), associated with the location
of any gene or genes in the genome are molecular markers. Markers are divided
into three types. Morphological, biochemical and DNA-based markers. Molecular
markers are classified into two types.

DNA markers have a wide range of applications, such as genetic identification
of parents to improve plant genetic structure, evaluation and identification of varia-
tion at the genetic level, genetic confirmation, and development of high-resolution
genetic linkage groups. A wide variety of molecular markers are available for genetic
analysis of plants. Gene mapping and other genetic analysis approaches in molecu-
lar biology were developed by Mullis and Faloona (Mullis et al. 1987).

Legume seeds contain 20-35% albumins, 43-55% globulins, 0.73-2.70% prola-
mins, and 11.84-32.21% glutelins (Tchiagam et al. 2011).

Albumins are soluble in water; globulins in salt; prolamins in alcohol; and glu-
telins in alkali (Salem et all. 2019). Albumin and globulin together make up 63-90%
of total seed proteins. The salt-soluble fraction (globulins) accounts for 45-50.3%
of the total mass. Soluble proteins with a mean value of 47.7% are the main protein
fraction. The studied soy protein is considered to be the water-soluble fraction. Al-
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bumins make up 31.2-35.5% of total soluble proteins with their mean value. The
third most abundant seed protein is glutelins, ranging from 15.1 to 20.5% .

The breeding of breakthrough varieties often depends on the utilization of
rare and desired resources (Wehrmann et al. 1987). The availability of the soybean
reference genome (Schmutz et al. 2010), wild soybean genome (Kim et al. 2010),
pan-genome (Li et al. 2014), and graph-based pan-genome (Liu and Tian 2020) is
conducive to the discovery of genes related to the protein content of soybean. The
utilization of genes related to the protein content of wild soybean can improve the
protein content of cultivated soybean. The discovery of QTLs and genes related to
the protein content of cultivated soybean can facilitate the breeding of soybean va-
rieties with high protein content by means of transformation and gene-editing tech-
nologies (Wu et al. 2021; Valliyodan et al. 2016). With the establishment and im-
provement of massive amounts of data, the comprehensive use of modern breeding
technologies on the basis of bioinformatics and CRISPR/Cas9 has become an im-
portant method for plant improvement and germplasm creation (Gao et al. 2021).
Lietal. (2019b) designed sgRNAs for nine different main storage protein genes and
used CRISPR/Cas9 technology to edit the soybean seed storage protein gene family.
The mutations in three storage protein genes were detected in soybean hairy roots,
and the mutation frequency ranged between 3.8 and 43.7%. These studies laid a
basis for the use of molecular design to boost the breeding of new soybean varieties
with high protein content.

Materials and methods

In the research work, 32 varieties of soybean samples obtained from the Institute
of Genetic Resources of the Ministry of Science and Education of the Republic of
Azerbaijan and the Research Institute of Crop Husbandry were used. The research
was performed in 2019-2021 in irrigated grey soils in the Botanical Garden of the
Institute of Bioresources of the Ministry of Science and Education of the Republic
of Azerbaijan.

Electrophoretic analysis of globulin protein was carried out in the "Biochemi-
cal genetics and technology" laboratory of the Institute of Genetic Resources of the
Ministry of Science and Education of the Republic of Azerbaijan. Extraction and
electrophoretic analysis of globulin storage proteins in beans of soybean varieties
was carried out in polyacrylamide gel (A-PAGE), by a new method improved based
on the modification of EA. Poperelya's method. So, after the soybean sample was
crushed, it was extracted twice with 500 ul of 70% alcohol, centrifuged at 3500 rpm
each time, and then washed twice with 500 pl of 0.03% vinegar and acetone solution
and after dissolving each time with a mechanical stirrer, rapidly centrifuged at 3500
rpm. After the fourth time, 500 pl of 9 molar acetic-urea solution was added to the
extract and analyzed in a vertical electrophoresis apparatus in glycine-acetate buffer
(pH-3.5).
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Pattern numbering was performed by comparing them to each other in each
zone and then numbering all patterns without considering repetitions. So, if any
pattern is repeated in the samples, a new number is not assigned to that pattern, and
all patterns are recognized by this rule. The occurrence frequency of each pattern
of soybean samples was calculated by the following formula based on the Nei (Nei
1979), genetic diversity index for all zones:

H=1-3P?,

where H - genetic diversity index; P, - frequency of each pattern in zones.
Cluster analysis was used to determine the affinity between samples according
to the UPGMA method through SPSS software (Rohlf 2000).

Results and discussion

Protein markers are one of the main markers used in the genetic identification of
plants. The electropherograms of globulin proteins obtained during the vertical
electrophoretic analysis of leguminous plants modified to the A-PAGE method for
the first time in Azerbaijan and carried out by a new method were conditionally
divided into 4 zones: these are w-, Y-, -, and a-globulins. High molecular weight
proteins are localized in the w-zone and low molecular weight proteins are localized
in the a-zone (Figure 1).

A total of 26 spectra and 56 patterns were found among the examined soybean
samples, and polymorphism was determined among them based on the frequency
of occurrence of the patterns formed by the electrophoretic spectra. 9 spectra and
20 different patterns were studied in the w-zone of electropherograms of globulin
storage proteins. In this zone, w-7 pattern was found with a frequency of 12.5%, w-1
pattern with a frequency of 9.3% in 2 samples, w-3 pattern with a frequency of 6.3%
in 5 samples, and w-2 pattern with a frequency of 3.1% in 12 samples. Among the
spectra, wes showed a high frequency of 100%, ws- medim frequency of 53.0% and
w4 -low frequency of 3.1%.

Five spectra and 8 patterns were observed in the Y- zone of the electrophero-
grams of globulin storage proteins. Y-5 pattern was found in 2 samples with a fre-
quency of 25%, Y'-1 pattern 15.6 %, Y'-3 pattern 12.5 %, Y-4 pattern 9.4 %, Y-2
pattern 6.3 %, Y'-7 pattern was found in 2 samples with a frequency of 3.1 %. Among
the spectra, Y';s showed a high frequency of 81.3 %, Y';s-medium frequency of 31.3
% and Y,s -low frequency of 15.6 %.

Five spectra and 7 patterns were determined in the B-zone of the electrophero-
grams. B-2 pattern was found with a frequency of 37.5 %, -3 pattern with a fre-
quency of 25.0 %, B-5 pattern with a frequency of 12.5 % in two samples, 3-4 pat-
tern with a frequency of 6.3 % and B-1 pattern with a frequency of 3.1% in two
samples. s was observed with a high frequency of 93.8 %, B ss with a medium
frequency of 71.9 % and {3 1s with a low frequency of 21.9 %.
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Figure 1. Electropherograms of globulin protein obtained from the beans of the soybean
plant. 1. Opus st.; 2. Kofu st.; 3. Bravo; 4. Kanata; 5. Regale; 6. Bravo*; 7. Asuka; 8. Regale*; 9.
Alexa; 10. Krasnodar-68; 11. Sinara; 12. Angelica; 13. Arisa; 14. Kofu; 15. Kyota; 16. Antonia;
17. Ukraniya; 18. Biyson; 19. Angelica t; 20. CU-7; 21. Kanata Ne 4; 22. Opus t; 23. CU-11;
24. Avstriya t; 25. CU-4; 26. CU-14; 27. Karisa; 28. Regaliya; 29. CU-1; 30. Kanata Ne7; 31.
Kioto; 32. Antonia.

Seven spectra and 21 patterns were detected in the a-zone of the electrophero-
grams. a- 3 pattern was found with a frequency of 18.8 %, a- 4 pattern with a fre-
quency of 9.4 %, a- 1 pattern with a frequency of 6.3% in 4 samples, a- 2 pattern
with a frequency of 3.1 % in 15 samples. a4s was found with a maximum frequency
of 59.4 %, s with a medium frequency of 37.5 % and ass with a low frequency of
12.5 %. The genetic diversity index was calculated for all 4 zones by applying Nei's
formula among genotypes. As a result of the calculations, high genetic diversity was
found in a-zone (H=0.927), relatively low in w- (H=0.796) and Y'-zones (H=0.680),
and the lowest genetic diversity was observed in -zone (H=0.480).

After the extraction of globulin storage proteins from the beans of soybean sam-
ples and their electrophoretic analysis, the dams (electrophoretic spectrum) were
numbered according to the binary number system between genotypes. Dams lo-
cated in the same place are numbered "1", and dams not in the corresponding area
are numbered "0" according to binary nomenclature. The UPGMA computer pro-
gram was used to determine the genetic affinity of the samples, and a dendrogram
was constructed to study the genetic affinity of soybean genotypes through globu-
lin protein markers. As can be seen from Figure 2, in the dendrogram, genotypes
No. 21,11, 22,13, 10, 12, 20, 14 are classified in the 1* cluster; samples No. 30, 29, 31,
25, 24 are classified in the 2" cluster; samples No. 28, 27, 26, 32,23 are classified in
the 3" cluster; samples No. 16, 15, 18, 6, 5, 4, 2, 1 are classified in the 4™ cluster; sam-
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ples No. 19, 3, 17 are classified in the 5" cluster and samples No. 9, 8, 7 are classified
in the 6" cluster. According to the obtained results, by carrying out hybridization, it
is appropriate to use the samples that are distant in terms of genetic distance in the
selection of parental forms in marker-based selection and accelerate the selection
process.
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Figure 2. Idiogram of different patterns in w-, Y-, p- and a-zones observed in soybean
samples.
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Figure 3. Dendrogram showing genetic distance between different soybean samples based
on polymorphism of globulin protein electropherograms.
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Conclusion

Based on the Nei formula, the genetic diversity index was calculated for each of the
4 zones w-, Y- - and a-. According to the calculations, the genetic diversity was
observed to be higher in a- zone (H=0.927), relatively low in w- (H=0.796) and Y-
(H=0.680) zones, and the lowest in - zone (H= 0.480). Based on cluster analysis,
genotypes were divided into 6 groups and subgroups. Based on the obtained results,
electrophoretic analysis of globulin storage proteins was performed for the first time
in polyacrylamide gel (A-PAGE) and polymorphism was detected among soybean
genotypes.

According to the results of our research, the coefficient of genetic diversity
(H-), the highest a-zone (H=0.927), and the lowest 3-zone (H= 0.480). According
to the results of Orkhan B (2024) the highest was B-zone (0.947), and the lowest was
w-zone (0.731). There is no significant difference between the results we obtained.
The cultivation method, the variety and the climate have made a relative difference.
This proves the correctness of our analysis.
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