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Abstract. Genetic diversity of 11 cultivars of soybean (Glycine max) from a VIR (N.I. Vavilov
Institute of Plant Genetic Resources) collection was analyzed by the AFLP (amplified fragment
length polymorphism) technique. From 18 tested primer combinations, both of them were
selected for further analysis. From these two primer combinations (E32/M60 and E32/M59),
90 DNA fragments were obtained, 39 (43%) of them were polymorphic. Unique DNA fragments
were found in accessions SibNIISHoz 6, Soer-4, Determinant. The Jaccard's similarity indices
varied from 0.79 (between Sonata and Ugra) to 0.94 (between Ugra and Garmoniya) with an
average of 0.775. Cluster analysis placed the cultivars into the several groups but separation in
groups was not related to their origin or biological characteristics, even though cultivars Nordik
and Soer-4 (cultivars recommended for Central Black Earth region of Russia) clustered together
on the dendrogram. The obtained high values of Jaccard genetic similarity index and low level of
polymorphism and differentiation illustrated a relatively low genetic diversity in our studied
cultivars, which correlated with different other studies on soybean genetic diversity with
AFLP-analysis.

Key words: Soybean, Amplified Fragment Length Polymorphism (AFLP), Genetic diversity,
Molecular markers.

INTRODUCTION

Soybean (Glycine max (L.) Merr.) is the most important crop as the source of high-
protein and oil for human consumption and animal feed. Soybean is known as the first
crop among the oilseed crops in all over the world, soybean variety selection is the first
step in producing a high-yielding soybean crop. Despite soybean plasticity, varieties
have different level of adaptability to various environments, therefore, each country has
its own cultivars genbanks. By increased demand on varieties (high yield, environmental
factors), countries organize different breeding programs to create new improved
cultivars, hence the requirement to introduce new genotypes to select breeding materials.
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Knowledge of soybean genetic diversity is a fundamental importance for efficient
breeding programs as it helps breeders and geneticists to understand the structure of
germplasm, predict which combinations would produce the best offspring and facilitate
to widen the genetic basis of breeding material for selection (Zargar et al., 2011; Bisen
et al., 2015). Mentioned information is useful to organize a working collection, identify
heterotic groups, and select parents for crosses. Genetic diversity between individuals
can be estimated by using both morphological, biochemical and molecular markers,
although the use of morphological and biochemical markers has its constraints, given
that they are limited in number, stage specific and highly influenced by the
environmental conditions (Cox et al., 1985). This problem has been overcome by using
molecular markers, RFLP technique has also been used to study exotic soybean
germplasm and it has allowed the identification of different gene pools (Kisha et al.,
1998). Similar studies have been carried out using other types of molecular markers,
such as RAPD markers (Abdelnoor et al., 1995; Brown-Guedira et al., 2000), simple
sequence repeat (SSR) markers (microsatellites) (Diwan & Cregan, 1997) and amplified
fragment length polymorphism (AFLP) markers (Zhu et al., 1999; Ude et al., 2003).

AFLP analysis is one of the most popular fast and highly reproducible methods that
can detect very large number of DNA bands, thus enabling identification of many
polymorphic markers. AFLP is employed for a variety of applications, such as: analysis
of population polymorphism, phylogenetic relations, genetic diversity assessment within
species or among closely related species, identification of loci linked to economically
valuable traits, deduction of population-level phylogenies and biogeographic patterns,
genetic maps design and determination of relatedness among cultivars (Renganayaki et
al., 2001; Soleimani et al., 2002; Kim et al., 2010; Ovidiu & Schonswetter, 2012). This
method also can be used by breeders to preliminary assess the initial genetic material to
plan the strategy of crosses, to identify the best combinations of genotypes, and for
general selection (Kim et al., 2010; Sensi et al., 2003; Portis et al., 2004; Zargar &
Pakina, 2014).

Molecular markers have also been used in Russia to analyze genetic diversity in
soybeans with RAPD (Seitova et al., 2004), SSR (Ramazanova et al., 2008) and ISSR
(Kozyrenko et al., 2007) being the more prominent. However, studies of the genetic
diversity on Russian soybean cultivars using AFLP markers are very few.

Keeping in view that fact, the objective of the present study was to assess the
genetic diversity of 11 Glycine max cultivars from VIR-collection using the AFLP
analysis. The 11 cultivars were chosen from a big collection of cultivars introduced in
the central European part of Russia (Moscow region) from different regions of Russia
and other countries. Some of mentioned cultivars were developed by different institutes
for various regions of Russia, such as Mid-Volga, East-Siberian, Far East, Southeast
Central Black Earth, lower Volga, mid-Volga, Volga-Vyatka, mid-Volga, Ural regions,
and two cultivars were from other countries as Poland and Sweden. Some of these
cultivars were developed from the same parental lines or, are from the same sub-species
— spp. Manshurica. They were selected for additional studies, after showing good results
in Moscow region, thus making them interesting for different breeding programs
(Romanova et al., 2013; Shafigullin et al., 2016).
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MATERIALS AND METHODS
Plant material: In this study, 11 soybean cultivars of Russian and foreign selection
from a VIR (N.I. Vavilov Institute of Plant Genetic Resources) (Table 1) collection were

analyzed using AFLP markers.

Table 1. A list of soybean cultivars used in AFLP-analysis

Accession name  Developers (Institute) Region,
Country

Sonata All Russian Research Institute of Soya; Russia
Far East State Agrarian University

Determinant All-Russia Research and Development Institute of Vegetable Russia
Crop Selection and Seed Growing

Altom Altai scientific-research institute of agriculture Russia

Soer-4 Ershov Experimental Station of Irrigated Agriculture, Research ~ Russia
Institute of Agriculture of the Southeast

Nordik Poland Poland

SibNIIK 315 Siberian Federal Research Center of Agricultural Biotechnology  Russia

of the Russian Academy of Science
SibNIISHoz 6 Siberian Research Institute of Agriculture of Russian Academy  Russia
of Agricultural Sciences

Okskaya Ryazan scientific research institute of agriculture of the Russian ~ Russia
Academy of Agricultural Sciences

Garmoniya All Russian Research Institute of Soya Russia

Lidia All Russian Research Institute of Soya Russia

Ugra Sweden Sweden

Svalof AB in Malmdhus
(http://www.gossort.com)

DNA extraction: DNA was isolated from 5-day-old seedlings in accordance with
the protocol of Doyle & Doyle (1987) by some modifications. The concentration of
isolated DNA was measured in comparison to phage DNA of known concentration
(Fermentas, Lithuania) with gel electrophoresis. DNA samples were stored at -20 °C.

AFLP-analysis: AFLP analysis was carried out in standard form (Vos et al., 1995).

For the Restriction/Ligation, 300 ng of genomic DNA of each accession was
double-digested with 5 U EcoRI and 5 U Msel restriction enzymes (NEB) in a final
volume of 40 ul at 65 °C for 3 hours using Gene Amp PCR system 9700. The genomic
DNA fragments were ligated using 1 unit of T4 DNA Ligase (Invitrogen) and 10 pl of
Ligation solution (ligase buffer, 10 mM ATP, 10mM EcoRI, 10mM Msel) at 36 °C for
6 hours. Then T4 DNA Ligase was inactivated at 65 °C for one hour. (Gene Amp PCR
system 9700) ligated to 10 EcoRI and Msel adapters overnight at 15 °C to generate
template DNA for amplification.

For Pre-amplification, the ligation mixture was diluted to 4-fold with deionized
water. The template DNA generated was first pre-amplified using the primer pair
combination each having one selective nucleotide, 10 mM EcoRI+A and mM Msel+C.
The selective amplification PCR reaction was performed with a final volume of 15 pl
containing 10 x PCR buffer, 25 mM MgCl,, 2 mM dNTP, 10 mM each of EcoRI and
Msel primers, 0.5 U of BioTaq polymerase. The thermal profile: denaturation at 95 °C
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for 5 min, 12 cycles of 30 sec at 94 °C, 30 sec at 65 °C with 0.7 °C lowering for each
cycle and 1 min at 72 °C, followed by 27 cycles of 30 sec at 94 °C, 30 sec at 56 °C and
1 min at 72 °C and final elongation at 72 °C for 10 min. PCR-reactions were carried out
in the Gene Amp PCR system 9700. For quality control, the products of pre-
amplification were visualized on a 1.2% agarose gel.

For Selective amplification, which’s aim is to restrict the level of polymorphism
and to label the DNA, we added three more nucleotides at the 3’ end of the EcoRI and
four nucleotides at the 3” end of the Msel primers (Table 2). These additional nucleotides
make the amplification more selective and will decrease the number of restriction
fragments amplified (polymorphism). The selective amplification PCR reaction was
performed with a PCR solution volume of 10 pl containing 10x PCR buffer, 25 mM
MgCl2, 2 mM dNTP, 10 mM each of EcoRI and Msel primers, 0.5 U of BioTaq
polymerase. The thermal profile: denaturation at 95 °C for 5 min, 12 cycles of 30 sec at
94 °C, 30 sec at 65 °C with 0.7 °C lowering for each cycle and 1 min at 72 °C, followed
by 32 cycles of 30 sec at 94 °C, 30 sec at 56 °C and 1 min at 72 °C and final elongation
at 72 °C for 10 min. PCR-reactions were carried out in the Gene Amp PCR system 9700.
The amplification products were separated in 6% polyacrylamide gel (PAAG) and
stained with silver nitrate as described in (Benbouza et al., 2006). The length of the
amplification fragments was assessed using the 100 bp DNA ladder (Invitrogen, United
States) (0.05 g L™).

Table 2. Primers for selective amplification used in the study

Adapter/primer Code Nucleotide sequence

EcoRI-primer + A + AGC E40 5'-GAC TGC GTA CCA ATT C + AGC-3'
EcoRI- primer + A + ACT E38 5'-GAC TGC GTA CCA ATT C + ACT-3'
EcoRI- primer + A + AAC E32 5'-GAC TGC GTA CCA ATT C + AAC-3'
EcoRI- primer + A + ATG E45 5'-GAC TGC GTA CCA ATT C + ATG-3'
Msel- primer + C + CTC M60 5'-GAT GAG TCC TGA GTA A + CTC-3'
Msel- primer + C + CAT M50 5'-GAT GAG TCC TGA GTA A + CAT-3'
Msel- primer + C + CGA M55 5'-GAT GAG TCC TGA GTA A + CGA-3'
Msel- primer + C + CTA M59 5'-GAT GAG TCC TGA GTA A + CTA-3'
Msel- primer + C + CCC M52 5'-GAT GAG TCC TGA GTA A + CCC-3'
Msel- primer + C + CTG Meé61 5'-GAT GAG TCC TGA GTA A + CTG-3'

Msel- primer+ C+ CTC+C  M60C 5'-GAT GAG TCC TGA GTA A + CTC+C-3'
Msel- primer + C+ CTC+ T M60T 5'-GAT GAG TCC TGA GTA A + CTC+T-3'
Msel- primer + C+ CAT+C  M50C 5'-GAT GAG TCC TGA GTA A + CAT+C-3'
Msel- primer + C+ CAT+G  MS50G 5'-GAT GAG TCC TGA GTA A + CAT+G-3'
Msel- primer+ C+ CCC+A  MS52A 5'-GAT GAG TCC TGA GTA A + CCC+A-3'
Msel- primer + C+ CCC+C  M52C 5'-GAT GAG TCC TGA GTA A + CCC+C-3'

Both DNA isolation and AFLP analysis were carried out in the Laboratory of Plant
Genetics of the Vavilov Institute of General Genetics, Russian Academy of Sciences
(Moscow, Russia).

Data Analysis: The presence or absence of the amplification products was
registered visually in the gel. Obtained data were loaded into a binary matrix, in which I
corresponded to the presence of a fragment and 0 corresponded to its absence. For each
combination of primers, the number of monomorphic and polymorphic fragments was
estimated. The percentage of polymorphic fragments was assessed as the ratio of the
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number of polymorphic fragments to the total number of fragments. The Jaccard genetic
similarity index was calculated using the PAST 3.09 program (Hammer et al., 2001).
Dendrogram was also constructed with PAST 3.09 programs. Clusterization of the
samples was performed using the UPGMA method.

RESULTS AND DISCUSSION

18 primer combinations were initially tested, but only two of them detected a high
level of polymorphism, and were further used to analyse the genetic diversity in
illustrated soybean cultivars (Table 3). The other 16 combinations showed a low level
of polymorphism or were monomorphic, therefore were not used for further analysis.

The AFLP analysis of 11 soybean samples allowed us to identify 90 fragments, 39
(43.3%) of which appeared to be polymorphic (Table 3). The high numbers of fragments
were obtained with the primer combination E32/M59. The number of polymorphic
fragments varied from 18 to 21 per primer combination with the average of 19.5, and,
the average level of polymorphism was 43.5%. In AFLP spectra of SibNIISKHoz 6,
Soer-4, Determinant samples were found unique fragments, which can be used as
molecular markers of these varieties.

Table 3. Characteristics of polymorphism in Glycine max cultivars using the selected AFLP
primers

Primer Amplifed Polymorphic Percentage polymorphism
combination fragments (a) fragments (b) (b x 100/a)

E32/M60 40 18 45

E32M59 50 21 42

Total 90 39 433

Bonato et al. (2006) investigated the genetic similarity among 317 soybean
cultivars released to Brazil by applying (AFLP) technique and achieved lower values of
polymorphism level. The six primer combinations used to analyze generated 394 bands,
but 78 (19.8%) of those were found to be polymorphic among genotypes. The average
number of polymorphic markers per primer combination was 13 (Bonato et al., 2006).

Analysis of the 12 G. max and 11 G. soja accessions with 15 AFLP primers pair
identified a total of 759 fragments, of which 274 (36%) were polymorphic, average
number of polymorphic fragments for each primer pair was 18.3 (Maughan et al., 1996).
Among the 274 polymorphic fragments detected, 37 were observed only in G. max and
147 were observed about G. soja. Satyavathi et al. (2006) used 12 AFLP primer pairs to
assess genetic diversity in 72 soybean cultivars under Indian cropping systems, they
produced 1,319 products, which 1,257 of them (95%) were polymorphic (Satyavathi et
al., 2006).

Based on the AFLP spectra obtained in our study, the levels of Jaccard genetic
similarity index in G. max samples were calculated. The maximum level of genetic
similarity (0.94) was detected between the Ugra and Garmoniya samples, whereas t
minimum level of similarity (0.79) was obtained between Sonata and Ugra samples.

Regarding to the mentioned AFLP analysis above, the values of the genetic
similarity index achieved in our study show a significant level of similarity in our
cultivars compared to other studies, although those studies analyzed a significant high
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number of cultivars. For example, the genetic similarity coefficients between Brazil
soybean cultivars varied from 0.17 to 0.97 (Bonato et al., 20006). Jaccard's similarity
coefficients among the Indian cultivars varied from 0.787 to 0.118 (Satyavathi et al.,
2006). On the other hand, Maughan et al. (1996) found that in their study high similarity
coefficients from 0.74 to 1.00 within the Glycine max varieties, and the examined
cultivars were from different parts of the world (Maughan et al., 1996).

The clusterization of the samples was further perfomed (Fig. 1).

On the dendrogram (Fig. 1) constructed according to AFLP-analysis the eleven
accessions of G. max formed two clusters.
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Figure 1. Dendrogram constructed on the basis of AFLP analysis of 11 soybeans samples using
UPGMA method.

The first cluster includes one variety Sonata and the second cluster involved the
rest of the samples. Within the second cluster, examined samples were formed two sub-
clusters with a similarity index of 0.86. The first subcluster was formed by the varieties
SibNIIK 315, SibNIlISHoz 6, Determinant. Cultivars Ugra, Garmoniya, Okskaya, Lidia,
Altom, Nordik, Soer-4 formed the second subcluster.

Generally, separation of samples in groups is not related to their geographical origin
although Nordik and Soer-4 (varieties recommended for cultivation in the Central Black
Earth region of Russia) clustered together also on the dendrogram.

The high values of Jaccard genetic similarity index, the low level of polymorphism
and differentiation illustrated the relatively low genetic diversity present in the studied
soybean varieties. The obtained results of low genetic diversity was similar to that
obtained by Nimnual et al. (2014), which also showed that cultivars didn’t cluster
according to their origin (Nimnual et al., 2014). The explanation given to the high genetic
diversity obtained by Yan et al. (2014) compared to our results, was the bulking and
mixing of cultivated gene pool from geographically distant populations by crossbreeding
under condition of artificial domestication (Yan et al., 2014), but in our case studied
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cultivars were developed by collaborating organizations, from probably the same
parental forms. The other explanation of the low genetic diversity can be the fact that
some cultivars are from the same subspecies manshurica, some varieties were created
by the same organization or from the same parental form and were developed for the
same ecological zone.

CONCLUSIONS

AFLP markers used in present study to assess the genetic diversity in 11 cultivars
revealed a relatively low level of genetic diversity. From the 18 primer combinations
initially chosen for the study only two primer combinations (E32/M60 and E32/M59)
allowed to detect polymorphic fragments. However, even with them we obtained a low
level of polymorphism —of the 90 DNA fragments obtained, 39 (43%) were
polymorphic. Unique DNA fragments were found for varieties SibNIISKHoz 6, Soer-4,
Determinant. Jaccard genetic similarity index between varieties was high. Cluster
analysis separated varieties into several groups but that separation was not related to
their origin or biological characteristics. Such low genetic diversity level can probably
be explained by the fact that all examined cultivars belong to subspecies manshurica,
some varieties were created by the same organization or from the same parental form
and can grow in the same ecological zone.

REFERENCES

Abdelnoor, R.V., Barros, E.G. & Moreira, M.A. 1995. Determination of genetic diversity within
Brazilian soybean germplasm using random amplified polymorphic DNA techniques and
comparative analysis with pedigree data. Braz. J. Genet. 18, 265-273.

Benbouza, H., Jacquemin, J.M., Baudoin, J.P. & Mergeai, G. 2006. Optimization of a reliable,
fast, cheap and sensitive silver staining method to detect SSR markers in polyacrylamide
gels. Biotechnol. Agron. Soc. Environ 10, 77-81.

Bisen, A., Khare, D., Nair, P. & Tripathi, N. 2015. SSR analysis of 38 genotypes of soybean
(Glycine Max (L.) Merr.) genetic diversity in India. Physiology and Molecular Biology of
Plants 21(1), 109-115.

Bonato, A.L.V., Calvo, E.S., Geraldi, .O. & Arias, C.A.A. 2006. Genetic similarity among
soybean (Glycine max(L) Merrill) cultivars released in Brazil using AFLP markers. Genet.
Mol. Biol. 29, 692—-704.

Brown-Guedira, G.L, Thompson, J.A., Nelson, R.L. & Warburton, M.L. 2000. Evaluation of
genetic diversity of soybean introductions and North American ancestors using RAPD and
SSR markers. Crop Sci. 40, 815-823.

Cox, T.S., Kiang, Y.T., Gorman, M.B. & Rodgers, D.M. 1985. Relationship between coefficient
of parentage and genetic similarity indices in the soybean. Crop Sci. 25, 529-532.

Diwan, N. & Cregan, P.B. 1997. Automated sizing of fluorescent-labeled simple sequence repeat
(SSR) markers to assay genetic variation in soybean. Theor. Appl. Genet. 95, 723-733.

DOYLE, J.J. &« DOYLE, J.L. 1987. A rapid DNA isolation procedure for small quantities of fresh
leaf tissue. Phytochemical Bulletin 19, 11-15.

Hammer, @., Harper, D.A.-T. & Ryan, P.D. 2001. PAST-PAlacontological Statistics.
http://www.uv.es/~pardomv/pe/2001 1/past/pastprog/past.pdf.

Kim, P., Leckman, J.F., Mayes, L.C., Feldman, R., Wang, X. & Swain, J.E. 2010. The plasticity
of human maternal brain: Longitudinal changes in brain anatomy during the early
postpartum period. Behavioral Neuroscience 124, 695-700.

2223



Kisha, T.J., Diers, B.W., Hoyt, J.M. & Sneller, C.H. 1998. Genetic diversity among soybean
plant introductions and North American germplasm. Crop Sci. 38, 1669-1680.

Kozyrenko, M.M., Fisenko, P.P. & Artjukova, E.V. 2007. Analiz geneticheskogo raznoobraziya
sortov i somaklonalnyh linij kulturnoj soi (Glycine max (L.) Merr.) metodom markirovaniya
mezhmikrosatellitnyh posledovatelnostej (ISSR) [ Analysis of the genetic diversity of
varieties and somaclonal lines of cultivar soybean (Glycine max (L.) Merr.) by labeling
intermicrosatellite sequences (ISSR)]. Biotechnologiya 1, 3—13 (in Russian).

Maughan, P.J., Saghai-Maroof, M.A. & Buss, G.R. 1996. Amplified fragment length
polymorphism (AFLP) in soybean: Species diversity, inheritance, and near-isogenic line
analysis. Theor. Appl. Genet. 93, 392—401.

Nimnual, A., Romkaew, J., Chukeatirote, E. & Nilthong, S. 2014. Evaluation of genetic
relationship among some important Japanese and Thai soybean varieties using AFLP
analysis. Aust. J. Crop Sci, 8, 481-485.

Ovidiu, P. & Schonswetter, P. 2012. Amplified Fragment Length Polymorphism (AFLP) — an
Invaluable Fingerprinting Technique for Genomic, Transcriptomic and Epigenetic Studies.
Methods in molecular biology. (Clifton, N.J.) 862, 75-87.

Portis, E., Acquadro, A., Comino, C. & Lanteri, S. 2004. Effect of farmer’s seed selection on
genetic variation of landrace population of pepper (Capsicum annuum L.), grown in North-
West Italy. Genet. Res. Crop Evol. 51, 581-590.

Ramazanova, S.A., Guchetl, S.Z., Chelyustnikova, T.A. & Antonova, T.S. 2008. Identifikaciya
sortov soi rossijskoj selekcii na osnove analiza mikrosatellitnyh (SSR) lokusov DNK.
[Identification of soybean cultivars of Russian breeding on the basis of DNA SSR-loci
analysis]. Maslichnye kultury. Nauchno-tekhnicheskij byulleten Vserossijskogo nauchno-
issledovatelskogo instituta maslichnyh kultur 2, p. 139 (in Russian).

Renganayaki, K., Read, J.C. & Fritz, A. K. 2001. Genetic diversity among Texas bluegrass
genotypes (Poa arachnifera Torr.) revealed by AFLP and RAPD markers. Theor. Appl.
Genet. 102, 1037-1045.

Romanova, E.V., Kodyakova, E.A. & Shmelkova, E.O. 2013. Comprehensive assessment of the
collection Glycine max (L.) MERR. for the Non-chernozem zone of Russia. Shornik statej
V Mezhdunarodnoj nauchno-prakticheskoj konferencii prepodavatelej, molodyh uchenyh,
aspirantov i studentov. M.: RUDN. 72—74.

Satyavathi, C.T., Bhat, K.V., Bharadwaj, C., Tiwari, S.P. & Chaudhury, V.K. 2006. AFLP
analysis of genetic diversity in Indian soybean [Glycine max (L.) Merr.] varieties. Genet.
Res. Crop Evol. 53, 1069-1079.

Seitova, A.M., Ignatov, A.N., Suprunova, T.P., Tsvetkov, .L., Deineko, E.V., Dorokhov, D.B.,
Shumnyi, V.K. & Skryabin, K.G. 2004. Ocenka geneticheskogo raznoobraziya
dikorastushchej soi (Glycine soja Sieb. et Zucc.) v Dalnevostochnom regione Rossii.
[Genetic Variation of Wild Soybean Glycine soja Sieb. et Zucc. in the Far East Region of
the Russian Federation]. Russian Journal of Genetics 40(2), 224-231 (in Russian).

Sensi, E., Vignani, R., Scali, M., Masi, E. & Cresti, M. 2003. DNA fingerprinting and genetic
relatedness among cultivated of Oleacuropaca L. estimated by AFLP analysis. Sci Hort. 97,
379-388.

Shafigullin, D.R., Romanova, E.V., Gins, M.S., Pronina, E.P. & Gins, V.K. 2016. Ocenka i
podbor iskhodnogo materiala dlya selekcii soi na hozyajstvenno cennye priznaki v
usloviyah Central'nogo rajona Evropejskoj chasti Rossii [Evaluation and selection of
different varieties and lines of soybean for breeding for valuable traits in the central
european part of russia].//Ovoshchi Rossii 2, 28-32 (in Russian).

Soleimani, V.D., Baum, B.R. & Johnson, D.A. 2002. Identification of Canadian durum wheat
(Triticum turgidum L. subsp. durum (Desf) Husn.) cultivars using AFLP and their STS
markers. Can. J. Plant Sci. 82, 35-41.

2224



Ude, G.N., Kenworthy, W.J., Costa, J.M., Cregan, P.B. & Alvernaz, J. 2003. Genetic diversity of
soybean cultivars from China, Japan, North America, and North American ancestral lines
determined by amplified fragment length polymorphism. Crop Sci. 43, 1858—1867.

Vos, P., Hogers, R., Bleeker, M., Reijans, M., Van De Lee, T., Hornes, M., Frijters, A., Pot, J.,
Peleman, J., Kuiper, M. & Zabeau, M. 1995. AFLP: a new technique for DNA
fingerprinting. Nucleic Acids Res. 23, 4407-4414.

Yan, Xuefei, Liu, Xiaodong, Li, Jiandong, Zhao, Hongkun, Li, Qiyun, Wang, Yumin,
Yuan, Cuiping, Zhang, Ling & Dong, Yingshan. 2014. Genetic and epigenetic diversity of
wild and cultivated soybean in local populations in Northern Huang Huai region of China.
Plant Omics. 7(6), 415-423.

Zargar, M., Najafi, H., Fakhri, K., Mafakheri, S. & Sarajuoghi, M. 2011. Agronomic evaluation
of mechanical and chemical weed management for reducing use of herbicides in single vs.
twinrow sugarbeet. Res on crops 12(1), 173—-178.

Zargar, M. & Pakina, E. 2014. Reduced rates of herbicide combined with biological components
for suppressing weeds in wheat fields of Moscow, Russia. Res on crops. 15(2), 332-338.

Zhu, S.L., Monti, L.M., Avitabile, A. & Rao, R. 1999. Evaluation of genetic diversity in Chinese
soybean germplasm by AFLP. Plant Gene. Res Newsletter 119, 10-14.

2225



