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Background. Soybean (Glycine max (L.) Merr.) gradually be-
comes one of the leading legume crops in Kazakhstan. The
area under soybeans in the country has been increasing an-
nually and requires the development of adapted cultivars
with a higher yield, improved quality characters, and resis-
tance to emerging fungal diseases. The enlargement of the
crop’s gene pool also suggests the need to study and docu-
ment local soybean accessions to meet the standards of the
available world soybean collection by using reliable and in-
formative types of DNA markers. Materials and methods.
In this study, the soybean collection consisting of 288 acces-
sions from different countries, including 36 cultivars and
promising lines from Kazakhstan, was studied. The molecu-
lar genetic analysis was performed using nine polymorphic
SSR (simple sequence repeats) markers, seven of which
(Satt244, Satt565, Satt038, Satt309, Satt371, Satt570 and
Sat_308) were associated with resistance to three main
fungal diseases of soybean - frogeye leaf spot, fusarium
root rot, and purple seed stain. Results. The average PIC
(polymorphism information content) value of the analyzed
SSR markers constituted 0.66 * 0.07, confirming their high-
level polymorphism. The principal coordinate analysis sug-
gested that the local accessions were genetically most close
to the accessions from East Asia. As the collection showed
arobust resistance to three studied fungal diseases in Al-
maty Region during 2018-2019, the distribution of the stud-
ied SSR markers in the population was not significantly as-
sociated with resistance to the analyzed diseases under
field conditions. Conclusion. SSR genotyping of the soybean
collection helped to identify accessions that potentially pos-
sess resistance-associated alleles of fungal disease resis-
tance genes. The data obtained can be further used for the
development of DNA documentation and the breeding the
promising cultivars and lines of soybean.

Key words: Glycine max, SSR markers, frogeye leaf spot, fu-
sarium root rot, purple seed stain.

AxtyanbHOCTb. Cos (Glycine max (L.) Merr.) cTaHOBUTCS Of-
HOH U3 BeJyIHUX 3epHOG0GOBBIX KyJIbTYp B KazaxcTaHe, 4TO
B CBOIO OuYepelib TpeGyeT CO3/aHUs aZalTUPOBAHHBIX COp-
TOB, XapaKTEePHU3YIIIUXCS GoJiee BBICOKOU ypPOXKaWHOCTHIO,
yAy4IIeHHBIMU TPU3HAKAMH KayecTBa M YCTOWYHUBOCTHIO
K HOBBIM TPUOHBIM 60JIe3HSIM. B CBA3U C pacliupeHHeM re-
HOMOH/Ia KYJbTYpPbl MeCTHbIe 00pasIibl, BOBJIEKAEMbIE B Ce-
JIEKIITMOHHbIE MPOrPaMMbl, HEO6XOZAMMO U3Y4aTh U JOKYMEH-
THUPOBATh C UCI0JIb30BAHUEM HAJI€XKHBIX 1 UHGOPMATUBHBIX
tunos JIHK-mapkepos. MaTepua/ibl ¥ MeTOAbl. B HacToa-
eM MCCIeJOBAHUHY U3ydeHa KOJJIEKIIUSI COH, BKJIIOYAIOIIast
288 06pa3noB, BTOM uucjae 36 COPTOB U MEPCIEKTUBHBIX
auHui n3 KazaxcraHa. MosieKyisipHO-reHeTUYeCKU M aHaIn3
BBITIOJIHEH C UCIIOJIb30BaHUEM JIEBSATH MOJUMOPOHBIX SSR-
MapKepoB, CeMb M3 KOTOpbIX (Satt244, Satt565, Satt038,
Satt309, Satt371, Satt570 wu Sat_308) cuemnsieHbl € reHamMu
YCTOWYMBOCTH K TPEM OCHOBHBIM I'PUOGHBIM 60JIE3HSIM COM:
I[epKOCIIOPO03y, KOPHEBOW THUJIM U MyPHypPHOMY LIEPKOCIIO-
po3y. PesysnbraThl. CpesHee 3Hauenue uHzekca PIC (poly-
morphism information content) ananusupyembix SSR-map-
kepoB coctaBusio 0,66 + 0,07, 4To NOATBEPKAAET BbICOKUHN
YPOBEHb UX MOJUMOpPHU3Ma. AHAJIN3 METO/IOM TJIaBHBIX KO-
OpAMHAT MOKa3aJl, YTO MeCTHbIe 06pa3Iibl TeHETUYECKU Hau-
6oJiee GJIM3KH K copTaM u3 BoctoyHoi Asuu. B 2018 u 2019
roJlax B yCJIOBUAX AJIMAaTHHCKOU 06J1acCTH HAGJIIOa I BbICO-
KYI0 YCTOWYHMBOCTb OOGpAa3IOB KOJUIEKIIUU K TPEM H3y4eH-
HbIM TPHUOHBIM 6oJsie3HsAM. PacnpeneseHre MOJMMOPOHBIX
BapUaHTOB U3y4YeHHbIX SSR-MapKepoB B MOMYJISIUU He GbLJIO
CTaTUCTUYECKH 3HAYMMO CBSI3aHO C HAJIMYUEM YCTOUYHMBO-
CTU B I0JIEBBIX YCJ0BUAX. 3aKJ04YeHue. SSR-renorunupo-
BaHHUe KOJIJIEKIUHM COU TO3BOJIMJIO BbIBUTb 06pa3iibl, 06J1a-
Jaroiue anaensiMu SSR-J0KycoB, acCOLIMUPOBAHHbIX C reHa-
MU YCTOWYHUBOCTH K TPUOHBIM 60J1€3HSIM. Pe3yibTaThl ucciie-
JIOBaHUH MOTYT OBbITh B JlaJibHEHIIeM HCIOJb30BaHbI JJis
JHK-macnopTusaiuu U ceJIeKIUU MepCIeKTUBHBIX COPTOB
W JIMHUU COM.

KioueBblie ciioBa: Glycine max, SSR-mapkepsbl, LlepKoCopos,
KOpHEeBasi THUJIb, TyPIYPHbBIHA [[ePKOCIIOPO3.
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Introduction

Soybean (Glycine max (L.) Merrill) is one of the most eco-
nomically important legume crops, which provides plant pro-
tein for more than a quarter of all food and feed in the world
(Garcia et al,, 1997). Over the past ten years, the worldwide
soybean production increased 1.2 times due to the ever-rising
demand for this crop. In 2019, it was at the level of 358,650
million metric tons, and the major part of this yield belonged
to Brazil, USA, and Argentina (U.S. Department of Agricul-
ture...,, 2020). Soybean is considered a highly profitable, ex-
port-oriented crop in Kazakhstan. Nowadays, over 90% of
soybean production has been concentrated in Almaty Region
(Makulbekova etal.,, 2017). In 2019, Kazakhstan harvested
229,000 metric tons of soybean. For further development of
the soybean industry, the Government of Kazakhstan has de-
clared a new program “Northern Soybean” for diversification
of soybean to the north part of the country. Implementation of
this program would make it possible over five years to enlarge
sown areas to 1.5 million ha, raise productivity, and increase
the production over 3 million tons (North Kazakhstan...,
2019).

The important factor that severely limits the soybean pro-
ductivity worldwide is susceptibility to harmful diseases
(Wrather etal,, 1996). In Kazakhstan, more than ten fungal
diseases of soybean have been identified (Maui etal., 2016;
Zatybekov et al., 2018). Due to the expanding area under this
crop, it is an obvious necessity to study the genetic potential
of soybean associated with the tolerance to harmful patho-
gens. In general, the total yield loss due to susceptibility to
fungal diseases can reach 40% (Wrather et al., 1996). Frogeye
leaf spot (FLS, caused by Cercospora sojina Hara), fusarium
root rot (FRR, caused by Fusarium solani (Mart.) Sacc. f. sp.
glycines Roy), and purple seed stain (PSS, caused by Cerco-
spora kikuchii (Tak. Matsumoto & Tomoy.) M.W. Gardner) are
the most dangerous and widespread fungal diseases of soy-
bean worldwide (Zatybekov et al., 2017).

In local breeding programs targeted for soybean resis-
tance to fungal diseases, phenotypic analysis is mainly carried
out on the basis of field observations; there are practically no
studies at the molecular level. Therefore, along with field as-
sessment of the various gene pools for resistance to fungal
diseases, the analysis of genetic diversity is also required.

The genetic marker is a DNA sequence with a known chro-
mosome localization which is linked with a particular gene or
is a part of a gene of interest (Idrees etal, 2014). They are
useful tools to differentiate individuals in a population or to
classify individuals representing different varieties or culti-
vars within a species. To date, there are a number of various
classes of DNA markers applied for different purposes in
plant molecular genetics, breeding, biotechnology, etc. (Idrees
etal, 2014; Singh etal, 2010). Simple sequence repeats
(SSRs), or microsatellites, have become the most widely used
markers for DNA fingerprinting or genotyping plant acces-
sions. SSRs were applied in many studies due to their high
informativeness, codominance, multiallelism, reproducibility
in different laboratories, and transferability among related
species (Cregan etal,, 1999). In particular, SSRs are consid-
ered as a reliable tool to identify the genetic diversity and re-
lationships among soybean genotypes in different popula-
tions (Wang et al., 2006).

Assessment of genetic divergence and relatedness among
genetic resources (as potential breeding material) has signifi-
cant implications for the improvement of crop plants. Knowl-
edge of genetic diversity could help soybean geneticists and
breeders to understand the structure of germplasm, predict

which combinations would produce the best offspring, and
facilitate widening of the genetic base of breeding material for
selection (Bisen etal.,, 2015). The survey of recent reports
demonstrated the successful use of SSR markers for screening
soybean in relation with resistance to fungal diseases (Zhong
etal,, 2018; Ghorbanipour et al., 2019).

RoufMian et al. (1999) used the NILs (near-isogenic lines)
population created by backcrossing the Res3 gene from cv. Da-
vis to the FLS-susceptible cultivar Wright. In the cultivar Da-
vis (showing complete resistance to all isolates of FLS caus-
ative agent), the donor parent of the Rcs3 allele for FLS resis-
tance, a 154 bp fragment of Satt244 was amplified (Rouf Mian
etal, 1999). Igbal with co-authors identified six QTLs respon-
sible for SDS resistance and reported five of them to be relat-
ed to the SSR markers Satt214, Satt309, Satt570 (on the link-
age group G), Satt371 (LG C2), and Satt354 (LG I) (Igbal et al.,
2001). Closely located to the Rfs gene is the SSR marker
Satt309, which produced a 165 bp band in cv. Forrest resis-
tant to SDS. Jointly, these QTLs explained about 90% of the
total variation in SDS disease incidence of RILs (recombinant
inbred lines) from the Forrest x Essex cross, and they showed
only the presence of additive genic action (Igbal et al., 2001).
Jackson etal. (2008) carried out genetic mapping of resis-
tance to PSS in the F, population from crossing the susceptible
cultivar Agripro 350 and resistant P1 80837. The candidate
gene has been mapped between Sat_308 and Satt594 loci on
molecular linkage group G. The Sat_308 primers produced
a band of approximately 310 bp both in PI 80837 and the re-
sistant bulk (Jackson et al., 2008). Hence, the involvement of
polymorphic informative SSR markers into breeding is impor-
tant for crop improvement programs, including targeting re-
sistance to diseases. The purpose of this work was to study
the genetic diversity in the soybean collection, consisting of
288 accessions, using microsatellite markers associated with
resistance to common fungal diseases - FLS, FRR, and PSS.

Materials and methods

Plant material and field observations

The objects of this study were 288 soybean accessions
from different countries, including 36 released cultivars and
prospective lines from Kazakhstan (Zatybekov etal., 2018).
The world collection was represented by the soybean
accessions originated from 5 geographic regions, including
Eastern Europe (n = 122), Western Europe (n = 23), East Asia
(n=57), North America (n=>50), and Kazakhstan (n = 36).
Cv. Zhansaya’ was used as a check cultivar Almaty Region.
Field trials were conducted on the experimental plots of the
Kazakh Research Institute of Agronomy and Plant Industry
(KRIAPI) in 2018 and 2019 (Zatybekov etal, 2018). The
soybean collection was grown in three randomized replicates
on one-meter plots. The resistance to FLS, FRR, and PSS was
studied under natural infection. A nine-point scale was used,
where point 1 denoted high resistance (no symptoms); 3 -
resistance (5 - 19% affected); 5 - partial resistance (20-49%
affected); 7 - susceptibility (50-79% affected); and 9 - high
susceptibility (up to 80% affected) (Hnetkovsky et al., 1996).
The data were used to study the relationships between the
disease resistance of the collection accessions and the follow-
ing 8 major agronomic traits: plant height (PH), the height of
lowest pod (HLP), number of lateral branches (NLB), number
of fertile nodes (NFN), number of seeds per plant (NSP), thou-
sand seeds weight (TSW), yield per plant (YP), and yield per
plot (YpP). The field trials were conducted in 2018, and 2019;
the analyzed traits were evaluated according to Korsakov et
al. (1968).
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DNA extraction and SSR genotyping

Total DNA was isolated from seedlings of all soybean ac-
cessions, according to Dellaporta et al. (1983). The soybean
collection was genotyped using nine SSR markers, with ap-
propriate optimization of polymerase chain reaction (PCR)
conditions for specific primer pairs (Cregan et al., 1999).
PCR was conducted in a 20 pl total volume containing 20 ng
of genomic DNA, 1U Taq DNA polymerase, 0.2 mM of each
dNTP, 10 pmol of each primer, 1.5 mM MgCl2 in the 1x Taq
Buffer. The list of SSR markers used for the analysis is pre-
sented in Table 1.

used, given that markers with a value of PIC > 0.5 were con-
sidered as highly informative; 0.5 > PIC > 0.25 as informa-
tive; and PIC<0.25 as marginally informative (Botstein
etal., 1980). Genetic diversity was assessed on the basis of
Nei’s genetic diversity index and Shannon Information In-
dex, using the GenAlex, ver.6.5 program (Peakall etal.,,
2012). The resulting similarity matrix was further analyzed
using the unweighted pair-group method with arithmetic
mean (UPGMA) clustering algorithm for the construction of
the dendrogram. Variation among populations was studied
using Principal Coordinate Analysis (PCoA) with the soft-

Table 1. The list of simple sequence repeat (SSR) markers used for screening the soybean collection

Ta6auna 1. Cnucok SSR-MapKepoB, UCNO0JIb30BAaHHBIX /I CKPUHUHTA KOJLJIEKIIUH COU

SSR . Chromo- | Linkage Forward sequence Reverse sequence .

Disease y o Y o Motif
marker some group 5 -3 5-3

GCGCCCGGAACTTGTAATA- | GCGCTCTCTTATGAT- (AAT)

Satt565 FLS 4 ¢l ACCTAAT GTTCATAATAA 19
TGCAAACTAACTG- GAGATCCCGAAATTTTAGTG- |  (TAA)

Satt371 FRR 6 €2 GATTCACTCA TAACA 11
GCGCCCCATATGTTTAAAT- | GCGATGGGGATATTTTCTT- (AAT)

Satt244 FLS 16 J TATATGGAG TATTATCAG 27
GCGCATTAAGGCATA- GCACAATGACAATCACATA- (ATT)

Satt529 FLS 16 ] AAAAAGGATA o 1
GCGTTGGCAATTCAG- GCGGCTGCGTTTT- (AT)

Sat 308 PSS 18 G GATATATTTAAGATTT TATTCAAACTTGTT 19
GGGAATCTTTTTTTCTTTC- | GGGCATTGAAATGGTTT- (ATA)

Satt038 FRR 18 G TATTAAGTT TAGTCA 17
(TAT)

Satt115 PSS 18 G GGTTCGTTTTTTATTGATG | ACGACGAAATTGATGATAA 1
GCGCCTTCAAATTGGC- GCGCCTTAAATAAAACCC- (ATA)

Satt309 FRR 18 G cre AT b
CTCATGTG- CGCTATCCCTTTG- (TAT)

Satt570 FRR 18 G GTCCTACCCAGACTCA TATTTTCTTTTGC 11

The markers Satt244, Satt529 and Satt565 are known to
be associated with FLS resistance (Rouf Mian etal., 1999);
Satt038, Satt309, Satt371 and Satt570 with FRR resistance
(Igbal etal.,, 2001); Sat_308 and Satt115 with resistance to
PSS (Jackson etal,, 2008). PCR, including preliminary dena-
turation of total DNA at 94°C for 1 min, subsequent 30-40 cy-
cles (94°C - 1 min, 50-65°C - 30-60 s, 72°C - 1 min) and elon-
gation at 72°C - 7 min, was carried out using a Veriti™ Ther-
mal Cycler (Thermo Fisher Scientific, USA). PCR products
were separated on 6% polyacrylamide gels (Amresco, Solon,
OH) runin 0.5x TBE buffer, pH 8.0 at 250 V for 1.5 h. Gels were
stained with ethidium bromide, and the images were record-
ed with a Bio-Rad Image System (Bio-Rad, Hercules, CA). Al-
lele sizes were estimated in comparison with the DNA mo-
lecular weight marker (100 bp ladder, Fermentas).

Statistical analysis

Statistical analyses of field data were done using SPSS
22.0 and STATISTICA 13.5 software.

The effective number of alleles per locus was deter-
mined using the GenAlex, ver.6.5 software (Peakall etal,,
2012). The values of the PIC index (polymorphism informa-
tion content) suggested the effectiveness of the markers

ware GenAlex, ver.6.5 (Peakall et al., 2012).

Analysis of the population structure was carried out using
STRUCTURE (v2.3.4.) software with a Bayesian Markov Chain
Monte Carlo (MCMC) approach, based on the admixture and
correlated frequency models (Evanno et al,, 2005). The out-
put from STRUCTURE was analyzed for the delta K value (AK)
in STRUCTURE HARVESTER (Earl etal,, 2012). The genetic
map was drawn using MapChart v.2.3 software (Voorrips,
2002).

Results

Phenotypic variation of the soybean resistance to fun-
gal diseases

Results of the two-year field trials of 288 soybean acces-
sions revealed variations in their resistance to FLS, FRR, and
PSS caused by three fungal pathogens - Cercospora sojina, Fu-
sarium solani, and Cercospora kikuchii respectively (Table 2).

In 2018, symptoms of infection by the FRR causative agent
were not observed. More than 90% of the analyzed soybean
collection showed high resistance to the studied fungal dis-
eases (Table 2). The Pearson correlation analysis based on the
average values of 2018 and 2019 field trials helped to reveal
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Table 2. Evaluation of 288 soybean accessions for resistance to frogeye leaf spot, fusarium root rot,
and purple seed stain

Ta6muna 2. OueHka 288 06pa3L0B COU N0 yCTOMYUBOCTH K LePKOCNOPO03y, KOPHEBOW THUIUA
Y NypNypPHOMY LlepKOCIOpOo3y

Accessions resistant to fungal diseases, %
Resistance type 2018 2019
FLS FRR PSS FLS FRR PSS
R 97.2 0 91.7 98.6 98.9 98.9
MR 1.4 0 6.9 1.4 11 0.7
S 1.4 0 1.4 0 0 0.4

Note: FLS - frogeye leaf spot, FRR - fusarium root rot, PSS - purple seed stain; R - resistance, MR - moderate resistance,

S - susceptibility

[Ipumeuanue: FLS - nepkocnopos, FRR - kopHeBas rauib, PSS — nypnypHbIii iepkocnopos; R — ycToH4UBbIH,

MR - cpeiHEYCTONYUBBIM, S — BOCIPUUMYUBBIN

a highly positive relationship between morphological traits
and yield components (P < 0.01) (Fig. 1). The disease resis-
tance traits had negative correlations with agronomic traits.
Most of them were observed in the relations between FLS re-
sistance and major agronomic traits. The resistance to FRR
had negative correlations with TSW and PH, while resistance
to PSS was negatively correlated with YpP (Fig. 1).

Microsatellite analysis of soybean accessions

Soybean collection was studied using 9 SSR markers as-
sociated with resistances to frogeye leaf spot, fusarium root
rot, and purple seed stain. Figures 2-4 present the results of

electrophoresis of PCR products with primers Satt244,
Satt309 and Sat_308. The Satt244 marker is known to be as-
sociated with resistance to FLS (Rouf Mian et al,, 1999). The
Satt244-154 allele linked to the Rcs3 gene on chromosome 4
(linkage group C1) was detected for 50 accessions (Fig. 2).
According to Ding etal. (2012), the Satt565 marker is
closely linked to the gene Rcs1 controlling the resistance to
FLS. In our study, the resistance-associated allele Satt565-208
was identified in 32 soybean accessions. Analysis of the stud-
ied collection using SSR markers associated with the resis-
tance to FRR made it possible to identify 48 accessions with
the Satt309-165 allele (Fig. 3) described by Igbal et al. (2001).

AR R AR

TSW

NLB

0.15 0.22 m.w 04 048 -0.13 -0.16 -0.02

003012 0 0.75
0.06 017002 [ .
-0.07 -0.09 -0.12

7025

-0.08 -0.15-0.08
012014002 | [ 0
-0.06 -0.13 -0.04

+-0.25
-0.05 -0.13-0.08

0.5

0.75

3

Fig. 1. The Pearson correlation analysis of the two-year average values (2018-2019)
in disease resistance: frogeye leaf spot (FLS), fusarium root rot (FRR), and purple seed stain (PSS); morphological characters:
plant height (PH), the height of lowest pod (HLP), number of lateral branches (NLB), and number of fertile nodes (NFN); yield
components (number of seeds per plant (NSP), thousand seeds weight (TSW), yield per plant (YP), yield per plot (YpP)

Puc. 1. KoppenaunoHHbli aHau3 [InpcoHa no cpeAHNM 3Ha4eHHUSM JBYXJIETHUX AaHHbIX (2018-2019):

10 YCTOMYMBOCTHU K 60s1e3HAM: niepkocnopo3 (FLS), kopHeBas ruuib (FRR), mypnypHsiii nepkocnopo3 (PSS); moposoruye-
CKUM IpHU3HaKaM: BbicoTa pacTeHus (PH), BbicoTa npukpemnienus HwkHero 606a (HLP), uucio 6okoBbix BeTBel (NLB),
YHCJI0 POAYKTUBHBIX y3710B (NFN); KOMIOHeHTaM ypoXKalHOCTH: KOJIMYecTBO ceMsiH ¢ pacTeHus (NSP),

Macca Toicsiyu ceMsH (TSW), ypoxaiiHocTb ¢ pactenus (YP), ypoxaiiHocTs ¢ fensHku (YpP)
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Fig. 2. Electrophoregrams of PCR products amplified with primers Satt244:

M - DNA molecular weight marker (100 bp ladder, Fermentas), C - check cultivar Zhansaya, 223-234 - soybean cultivars:
223 - Ken Fen 20; 224 - 551; 225 - Dong Dow 29; 226 - Jing Xin 2; 227 - Dong Dow 339; 228 - Hei Hye 47; 229 - Hay Fen 50;
230 - Dong Dou 027; 231 - May Fen 18; 232 - Xu Xiong 1; 234 - Klaxxon.

The arrow indicates marker fragment Satt244-154, associated with resistance to frogeye leaf spot
Puc. 2. 3nekrpodoperpammsl npoaykToB IIIIP c npaiimepamu Satt244:

M - mapkep moJiekyasspHoro Beca JIHK (100 bp ladder, Fermentas), C - copT-cTranaapt »Kancas, 223-234 - copTa cou:
223 - Ken Fen 20; 224 - 551; 225 - Dong Dow 29; 226 - Jing Xin 2; 227 - Dong Dow 339; 228 - Hei Hye 47; 229 - Hay Fen 50;
230 - Dong Dou 027; 231 - May Fen 18; 232 - Xu Xiong 1; 234 - Klaxxon.

CTpesikoil oTMe4YeH MapKepHbId ¢pparmMeHT Satt244-154, accouUpOBaHHBIN C YyCTOMYUBOCTDIO K IIEPKOCIIOPO3Y

500 bp
400 bp

-~ Lgi—n

]
200bp o~
bt bt bt o bd bk hed b

M C 77 77 78 78 79 79 202 202 203 203 204 204 205 205 206 206 207 207 208 208 209

t

100 bp

Fig. 3. Electrophoregrams of PCR products amplified with primers Satt309:

M - DNA molecular weight marker (100 bp ladder, Fermentas), C - check cultivar Zhansaya, 77-209 - soybean cultivars and
lines: 77 - Prikarpatska 81; 78 - Chernovickaya 7; 79 - Spritna; 202 - 1082; 203 - 1028; 204 - 1055; 205 - 1095; 206 - 1026;
207 -1071; 208 - 1003; 209 - 1022.

The arrow indicates marker fragment Satt309-165, associated with resistance to fusarium root rot

Puc. 3. dnexrpodoperpammsl npoaykTos IIIIP c npaiimepamu Satt309:
M - mapkep mosiekysipHoro Beca JJHK (100 bp ladder, Fermentas), C - copT-crangapT XKaHcas,
77-209 - copTta 1 iuHuU cou: 77 - [Ipukapnartcka 81; 78 - YepHoBuuKas 7; 79 — Spritna; 202 - 1082; 203 - 1028;
204 - 1055; 205 - 1095; 206 - 1026; 207 - 1071; 208 - 1003; 209 - 1022.
CTpeJsikoli oTMeueH MapKepHbIHA pparmMeHT Satt309-165, accouMpPOBAHHBIN C YCTOHYMBOCTBIO K KOPHEBOU IHUJIU

Also, soybean collection was analyzed on Satt570 (Igbal
etal., 2001), the marker closely linked to the Rfs gene that
controls resistance to FRR. Seventy accessions with the
Satt570-110 allele were identified. The analysis of the studied
soybean collection using Sat_308 (Fig. 4) associated with re-
sistance to PSS revealed 28 accessions carrying the Sat_308-
310 allele, previously described by Jackson et al. (2008).

The frequencies for the alleles of SSR loci known to be re-
lated to disease resistance were detected for each group of
soybean accessions (Table 3).

The results based on using 9 SSR polymorphic markers
associated with resistance to FLS, FRR, and PSS revealed
40 alleles, with the average number of 4.42 alleles per mark-
er (Table 4). The number of alleles per locus was from
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Fig. 4. Electrophoregrams of PCR products amplified with primers Sat_308:

M - DNA molecular weight marker (100 bp ladder, Fermentas), C - check cultivar Zhansaya, 142-152 - soybean cultivars:
142 - Sava; 143 - Venera; 144 - Zen; 145 - Protina; 146 - Sponsor; 147 - Isidor; 148 - Shama; 149 - Safrfna; 150 - Santana;
151 - Lada; 152 - Lira.

The arrow indicates marker fragment Sat_308-310 associated with resistance to purple seed stain
Puc. 4. dnexTpodoperpammsl npoaykTos IIIP c npalimepamu Sat_308:

M - mapkep MmosekynsspHoro Beca JHK (100 bp ladder, Fermentas), C - copt-cranzapt XaHcasi, 142-152 - soybean cultivars:
142 - Sava; 143 - Venera; 144 - Zen; 145 - Protina; 146 - Sponsor; 147 - Isidor; 148 - Shama; 149 - Safrfna; 150 - Santana;
151 - Lada; 152 - Lira.

Ctpesikoi oTMeyeH MapKepHbIH ¢pparmeHT Sat_308-310, accounMpOBaHHBIN C YCTOHYUBOCTBIO K MMyPIYPHOMY LIePKOCIIOPO3Y

Table 3. The number of accessions carrying the alleles of SSR loci associated to three fungal diseases resistance, pcs

Ta6suna 3. Yucio 06pa3noB coM, HeCylux ajiiesM SSR-JI0KycoB, accOMUpOBaHHbIE C YCTOWYUBOCTHIO
K TpeM rPUGHBIM 60JIE3HSIM, LIT.

Ty Satt244- Satt565- Satt038- Satt570- Satt309- Satt371- Sat_308-
154 208 182 110 165 272 310
Eastern Europe 12 21 9 21 17 23 11
Western Europe 3 1 7 4 5 2 4
East Asia 9 3 7 11 7 5 7
North America 3 5 9 20 7 10 1
Kazakhstan 23 2 1 14 12 10 5
Total 50 32 33 70 48 50 28

Table 4. Assessment of the genetic diversity level of SSR loci associated with resistance to FLS, FRR and PSS
in the global soybean collection

Ta6smmna 4. OnleHKa ypOBHSA reHETUYeCKOI0o pa3Ho0o6pa3usi SSR-JI0KyCOB, CBSI3aHHBIX C YCTONYUBOCTHIO
K FLS, FRR 1 PSS B MUpOBOii KOJIJIEKIIMIH COU

Diseases Marker na ne Nei PIC
Satt244 5.2 3.72 0.64 0.83

FLS Satt565 5.0 3.16 0.68 0.78
Satt529 4.0 2.59 0.57 0.76

Satt038 5.0 3.09 0.66 0.79

Satt570 5.0 2.68 0.61 0.74

FRR Satt309 3.4 2.05 0.46 0.55
Satt371 5.4 3.29 0.63 0.83

Sat_308 3.0 1.38 0.27 0.32

PSS Satt115 3.8 1.42 0.29 0.34
Mean 4.42 2.6 0.54 0.66
SE 0.44 0.34 0.06 0.07

Note: na - the number of alleles per locus; ne - the effective number of alleles; I - Shannon information index; Nei - Nei’s diversity index;
PIC - polymorphic information content

[IpuMeyaHue: na - KOJIMYECTBO aJllesied Ha JIOKYC; ne — 3¢ GeKTHBHOE KOJNYeCTBO ayuesel; | - nugekc nHpopMaTuBHOCTH LlleHHOHA;
Nei - nnzexc pasHoo6pasus Hes; PIC - unzexc noaumMopdusma
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3 (Sat_308) to 7 (Satt244). Each of the four microsatellite
loci (Satt038, Satt371, Satt565, and Satt570) was represent-
ed by 6 alleles. The average number of alleles ranged from
3.0 for Sat_308 to 5.4 for Satt371 (Table 4). The effective
number of alleles varied from 1.38 to 3.72, with a mean val-
ue of 2.6. Nei’s genetic diversity index averaged 0.54 (Ta-
ble 4). The average value of polymorphism information con-
tent (PIC) was 0.66, ranging from 0.32 for Sat_308 to 0.83
for Satt371.

The PCoA analysis based on the variability data for nine
microsatellite markers in soybean populations demonstrat-
ed that genotypes from Western Europe are genetically
more distant from the other four groups of origin. The
PCoA2 coordinate effectively separated groups of North
America and Eastern Europe from groups of East Asia and
Kazakhstan. The local soybean accessions were close to the
East Asian genotypes (Fig. 5).

ern Europe and East Asia. Most of the local genotypes were
grouped in the Population 3 (Table 5).

Associations with alleles linked to disease resistance
genes

Seven out of nine SSR loci were located close to the known
resistance genes that controlled immune response to three
studied fungal diseases (Fig. 7). The polymorphism observed
at Satt244 and Satt565 associated with resistance to FLS
showed that 78 accessions had at least one allele related to
disease resistance. The analysis of polymorphism at four SSR
loci (Satt038, Satt309, Satt371, and Satt570) related to FRR
resistance helped to identify 154 accessions with at least one
allele. There were no accessions carrying alleles of all four SSR
marker loci related to disease resistance. The screening sug-
gested that 38 out of 154 accessions had at least two alleles,
and 4 accessions had three alleles associated with disease re-

Principal Coordinates (PCoA)

Kazakhstan
* L
East Asia

Coord, 2

North America

*

4 Eastern Eurape

&

Western Europe

Coord. 1

Fig. 5. Principal coordinate analysis of 288 soybean accessions divided into 5 groups based on 9 SSR markers
associated with the resistance to fungal diseases

Puc. 5. Pe3ynbTaThl aHau3a 288 06pa3noB coM, pa3AeleHHbIX MeTOJ0M NIaBHbIX KOOPJMHAT Ha 5 rpynn, Ha OCHOBe
JAAHHBIX CKDUHHHTA C HCN0/1b30BaHNeM 9 SSR-MapKkepoB, CBA3aHHBIX C YCTOMYUBOCTHIO K TPUGHBIM 60/1€3HAM

The analysis based on using the STRUCTURE HARVEST-
ER led to the development of Delta K (AK), which showed
thatthe collection of 288 soybean accessions had an optimal
number of populations equal to 3 (Fig. 6).

1.00
0.80
060
0.40
0.20

0.00

sistance, respectively. The Sat_308-310 allele associated with
the resistance to PSS was found in 28 soybean accessions.

In total, the study made it possible to identify four geno-
types which had at least one allele associated with resis-

PopuLa'tion 1

PopuLétion 2

PopuL'ation 3

Fig. 6. Population analysis of 288 soybean accessions using STRUCTURE software

Puc. 6. llony/1siMOHHbIN aHa/IU3 288 06pa3L0B COM C UCNOIb30BaHHeM nporpaMmMHoro o6ecnedyeHuss STRUCTURE

Three generated populations were represented by geno-
types from all five groups with different origins. Popula-
tion 2 had a largest number of accessions, which mainly in-
cluded genotypes from Eastern Europe and North America.
Population 1 included the majority of accessions from East-

tance to one of the three studied fungal diseases. The appli-
cation of the t-test did not reveal statistically significant
differences between accessions with positive and negative
alleles of SSR markers associated with resistance to three
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Table 5. Distribution of accessions from 5 groups of origin among the obtained populations, pcs

Ta6smmua 5. PacnipejesieHue 06pa3noB Mo

nmonyyjiauuaMm u3 5 rpynmn npoucxoXxaeHus, IT.

Origin group Population 1 Population 2 Population 3
Eastern Europe 43 51 28
Western Europe 7 10 6

East Asia 21 19 17
North America 5 37 8
Kazakhstan 11 2 23

Chromosomed4 Chromosome6

cM
— 0
5,8 —~ Satt565 36 Satt681
10,211~ Res1
26,4 —— Satt194 26,7 — Satt227
1
— 50
65,1 —— Satt578
69,7 Satt305
84,8 —+— Satt195
90,1 —11~ Sat_311
—100
120,1 —— Satt524 1178 Satt460
127,1 —o— Satt682
-
0
150 1455 —1~ Satt371 =3
1519 ——— Satt357
o

Chromosome16 Chromosome18

- = =
18/ Saltd® & & &
45 - satt30 '3 |3 o &
11,7 - Sati249 8,0~ Rfs a3 %8
27/ |Nsatso =~ & & %
@ )
33,9 -1 Satt693 g? ~L gptssgoa 3
41,9 - Satt529 A ~Ll- sat_ W
' 43,8 | satt115 N
64,9 ~_1~ Res3
65,1 ~| |~ satt244
76,8 ~ |- Satt288
80,4 —~ Satt612
90,3 —=— Sat_393
108,7 —— Sat_064

Fig. 7. Localization of 9 SSR markers associated with resistance to three studied fungal diseases
(the SSR markers associated with the resistance to frogeye leaf spot are shown in red, to fusarium root rot in green,
and to purple seed stain in blue color, respectively. The positions of known soybean genes and quantitative traits loci (QTL)
controlling disease resistance are shown in pink according to Soybase.org database)

Puc. 7. Jlokaim3anusa 9 SSR-MapKepoB, CBI3aHHBIX C yCTOWYMBOCTBIO K TPEM U3y4YeHHBIM FPUOGHBIM 60J1e3HAM
(SSR-Mapkepbl, CBsI3aHHbIE C YyCTOWYHMBOCTBIO K [I€PKOCIIOPO3Y, Bbl/l€JIeHbl KPAaCHBIM, K KOPHEBOW I'HUJIH — 3eJIeHbIM
Y K IypIypHOMY I1epKOCIOPO3y — CHHHUM IIBETOM COOTBETCTBEHHO. JIOKa/IM3a1usa U3BECTHBIX T€HOB YCTOMYHUBOCTH K 60J1e3-
HSIM 1 JIOKYCOB KOJIM4eCTBeHHbIX pU3HaKoB (QTL) mokasaHbl po30BBIM [[BETOM Ha OCHOBe 6a3kbl JaHHBIX Soybase.org)

Discussion

The results of field trials of the global soybean collection
in the environments of Southeastern Kazakhstan showed
high levels of resistance in a majority of the accessions to
common fungal diseases in the tested environments. The two-
year study of the resistance to FLS, FRR and PSS suggested
that more than 97% of the collection were resistant to these
diseases. The correlation analysis revealed significant posi-
tive correlations between agronomic characters and their
negative correlations with resistance to fungal diseases. The
soybean collection consisting of 288 accessions from differ-
ent parts of the world was studied using nine microsatellite
markers related to the genes of resistance to three fungal dis-
eases, FLS, FRR and PSS. The SSR markers used in this study
were highly polymorphic and informative, with the average
PIC equal to 0.66. Two markers linked to PSS, Sat 308 and
Satt115, showed moderate PIC values: 0.32 and 0.34, respec-
tively (Table 4). At the same time, PIC for the entire soybean
collection of 288 accessions, using the other seven SSR mark-
ers (Satt244, Satt565, Satt529, Satt038, Satt570, Satt309 and

Satt371) related to FLS and FRR resistances, was higher
(0.75), confirming high informativeness of these markers.
The SSR loci with more than five alleles and PIC over 0.6
would be informative for genetic structure analysis and mark-
er-assisted selection.

The PCoA analysis using nine SSR markers showed that
local genotypes were genetically closer to East Asian culti-
vars, compared with accessions from other regions. The re-
sult confirms the field test data, suggesting that they have
higher adaptability to the environments of Southeastern Ka-
zakhstan.

Screening of the global soybean collection with nine poly-
morphic SSR markers made it possible to identify genotypes
carrying 7 marker alleles associated with resistance to three
fungal diseases. They were Satt244-154 and Satt565-208 as-
sociated with resistance to FLS; Satt 038-182, Satt309-165,
Satt371-272 and Satt570-110 associated with resistance to
FRR; and Sat 308-310 associated with the response PSS.

The accessions Slaviya, Amantai, 00533, and 10991 had
the alleles Satt244-154 and Satt565-208 associated with FLS
resistance. Satt244 was localized almost at the same position
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(64.9 cM, linkage is less than 1 cM) on chromosome 16 (link-
age group ]) with the dominant resistance gene Res3 (Fig. 7)
governing the resistance to all known races of C. sojina (Rouf
Mian etal., 1999). The soybean accessions carrying all four
alleles related to FRR resistance were not revealed in this col-
lection. At the same time, the screening identified four geno-
types (L315/07, #98, Semu315, and Iskra) carrying three al-
leles associated with FRR resistance. Satt309 (4.53 cM) and
Satt570 (12.74 cM) were localized close to the Rfs gene
(Fig. 7) which controls the response of soybean to F solani in-
fection (Igbal et al., 2001). Earlier it was reported that Sat_308
connected with PSS resistance was mapped in 6.6 cM from
the Rpss1 gene on chromosome 18 (Fig.7) (Jackson etal,
2008). In our study, 28 soybean accessions from the studied
collection carried the allele Sat_308-310. In previous studies,
several disease resistance genes were identified on linkage
group G (chromosome 18), which indicated the location of
the cluster of resistance genes (Wang et al., 2001). The results
can be used to effectively discriminate soybean accessions of
Kazakhstan and strengthen breeding programs for the stud-
ied disease resistances.

Conclusion

Field trials of the soybean collection consisting of 288 ac-
cessions from different parts of the world suggested that over
97% of the collection was resistant to FLS, FRR and PSS fungal
diseases in the studied period. Still, the correlation analysis
showed that FLS and FRR had a negative effect on TSW, while
FRR and PSS negatively correlated with yield. The evaluation
of accessions using nine SSR markers associated with the re-
sistance to FLS, FRR and PSS differentiated local samples
from soybean accessions from other regions and indicated
that they are genetically closer to cultivars from East Asia.
The usage of the t-test did not show significant differences be-
tween the accessions with alleles linked to resistance and
those with other alleles, which could be explained by low in-
fection spreads of the three studied diseases in 2018 and
2019. The assessment of the SSR genotyping results revealed
a high level of polymorphism and suggested that a majority of
the applied markers can be successfully used in DNA docu-
mentation of soybean collections and breeding programs.

This research has been funded by Project AP05131592 sup-
ported by the Ministry of Education and Sciences of the Repub-
lic of Kazakhstan.

Paboma  ¢uHaHcuposasace 8 pamkax npoekma
AP05131592 npu noddepiycke MuHucmepcmea 06pa3oeaus
u Hayku Pecny6auku KazaxcmaH.

References/J/Iluteparypa

Bisen A., Khare D., Nair P, Tripathi N. SSR analysis of 38 gen-
otypes of soybean (Glycine max (L.) Merr.) genetic diver-
sity in India. Physiolology and Molecular Biology of Plants.
2015;21(1):109-115. DOI: 10.1007/s12298-014-0269-8

Botstein D., White R.L., Skolnick M., Davis R.W. Construction
of a genetic map in man using restriction fragment length
polymorphisms. American Journal of Human Genetics.
1980;32(3):314-331.

Cregan P.B., Jarwik T., Bush A.L., Shoemaker R.C., Lark K.G.,
Kahler A.L. et al. An integrated genetic linkage map of the
soybean genome. Crop Science.1999;39:1464-1490.

Dellaporta S.L., Wood ]., Hicks J.B. A plant DNA miniprepa-
ration: Version II. Plant Molecular Biology Reporter.
1983;1(4):19-21. DOI: 10.1007/BF02712670

Ding].]J., Jiang C.L., Gu X,, Yang X.H., Zhao H.H., Shen H.B.
et al. Establishment of molecular ID of soybean vari-
eties (lines) using SSR markers linked to resistance
genes against Cercospora sojina. Acta Agronomica Sinica.
2012;38(12):2206-2216. DOI: 10.3724/SP.J.1006.2012.02206

Earl D.A., von Holdt B.M. STRUCTURE HARVESTER: a web-
site and program for visualizing STRUCTURE output and
implementing the Evanno method. Conservation Genetic
Resources. 2012;4(2):359-361. DOI: 10.1007/s12686-011-
9548-7

Evanno G., Regnaut S., Goudet ]. Detecting the number of
clusters of individuals using the software STRUCTURE:
a simulation study. Molecular Ecology. 2005;14(8):2611-
2620. DOI: 10.1111/j.1365-294X. 2005.02553.x

Garcia M.C,, Torre M., Marina M.L., Laborda F., Rodri-
quez A.R. Composition and characterization of soy-
abean and related products. Critical Reviews in
Food Science and Nutrition. 1997;37(4):361-391.
DOI: 10.1080/10408399709527779

Ghorbanipour A., Rabiei B., Rahmanpour S., Khodaparast S.A.
Association analysis of charcoal rot disease resistance
in soybean. Plant Pathology Journal. 2019;35(3):189-199.
DOI: 10.5423/PP].0A.12.2018.0283

Hnetkovsky N., Chang S.].C., Doubler T.W., Gibson P.T.,
Lightfoot D.A. Genetic mapping of loci underlying field
resistance to soybean sudden death syndrome (SDS).
Crop Science.1996;36(2):393-400. DOI: 10.2135/cropscil9
96.0011183X003600020030x

Idrees M., Irshad M. Molecular markers in plants for anal-
ysis of genetic diversity: A review. European Academic
Research. 2014;2(1):1513-1540.

Igbal M.J., Meksem K., Njiti V.N., Kassem M.A., Lightfoot D.A.
Microsatellite markers identify three additional quanti-
tative trait loci for resistance to soybean sudden-death
syndrome (SDS) in Essex x Forrest RILs. Theoretical
and Applied Genetics. 2001;102:187-192. DOI: 10.1007/
5001220051634

Jackson E.W.,, Feng C., Fenn P., Chen P. Genetic mapping of
resistance to purple seed stain in PI 80837 soybean.
Journal of Heredity. 2008;99(3):319-322. DOI: 10.1093/
jhered/esm123

Korsakov N.I., Makasheva R.H., Adamova O.P. Methodology
for studying the collection of legumes (Metodika
izucheniya kollektsii zernobobovykh kultur). Leningrad:
VIR; 1968. [in Russian] (Kopcakos H.U., MakameBa P.X.,
Apnamosa O.I1. MeToarKa U3yueHUs KOJJIEKIUU 3€pHO-
6060BbIX Ky/NbTYD. JleHuHrpaz: BUP; 1968).

Makulbekova A., Iskakov A., Kulkarni K.P.,, Song ].T., Lee ].D.
Current status of future prospects of soybean produc-
tion in Kazakhstan. Plant Breeding and Biotechnology.
2017;5:55-66. DOI: 10.9787/PBB.2017.5.2.55

Maui A.A., Sauranbaev B.N., Orazbaev K.I. Soybean pathogens
in the south-east of Kazakhstan. Journal of Humanities
and Administrative Sciences. 2016;5:20-26. DOI: 10.26449/
JOSHAS.19

North Kazakhstan Region has started implementation of the
Northern Soybean Program (V SKO nachata realizatsiya
programmy “Severnaya Soya”). 2019. [in Russian] (B CKO
HayaTa peasinsanus nporpaMmmsl «CeBepHas cosi». 2019).
Available from: https://www.zakon.kz/4971028-v-sko-
nachata-realizatsiya-programmy.html [accessed May 20,

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING 181 (3), 2020

2020].



« 181 (3),2020 o

A. K. BATBIBEKOB e E. K. TYPYCIIEKOB e B. H./JOCJXKAHOBA e C. H. ABYTAJIMEBA

Peakall R., Smouse P.E. GenAlEx 6.5: genetic analysis in
Excel. Population genetic software for teaching and
research - an update. Bioinformatics. 2012;28(19):2537-
2539. DOI: 10.1093/bioinformatics/bts460

Rouf Mian M.A.,, Wang T, Phillips D.V,, Alvernaz J., Boerma H.R.
Molecular mapping of the Rcs3 gene for resistance to frog-
eye leaf spot in soybean. Crop Science. 1999;39(6):1687-
1691. DOI: 10.2135/cropscil999.3961687x

Singh R.K., Bhatia V.S., Bhat K.V., Mohapatra T., Singh N.K,,
Bansal K.C. et al. SSR and AFLP based genetic diversity
of soybean germplasm differing in photoperiod sensi-
tivity. Genetics and Molecular Biology. 2010;33(2):319-324.
DOI: 10.1590/s1415-47572010005000024

U.S. Department of Agriculture. An official website of the
United States government. 2020. Available from: http://
usda.gov/ [accessed May 20, 2020].

Voorrips R.E. MapChart: software for the graphical presen-
tation of linkage maps and QTLs. Journal of Heredity.
2002;93(1):77-78. DOI: 10.1093/jhered /93.1.77

Wang D., Diers B.W,, Arelli P.R., Shoemaker R.C. Loci under-
lying resistance to Race 3 of soybean cyst nematode
in Glycine soja plant introduction 468916. Theoretical
and Applied Genetics. 2001;103(4):561-566. DOI: 10.1007/
pl00002910

Wang L.X., Guan R., Zhangxiong L., Chang R., Qiu L. Genetic
diversity of Chinese cultivated soybean revealed by
SSR markers. Crop Science. 2006;46(3):1032-1038.
DOI: 10.2135/cropsci2005.0051

Wrather J.A., Anderson T.R., Arsyad D.M., Gai J., Ploper L.D.,
Porta-Puglia A. et al. Soybean disease loss estimates

for the top 10 soybean producing countries in 1994.
Plant Diseases. 1997;81(1):107-110. DOI: 10.1094/
PDIS.1997.81.1.107

Zatybekov A., Abugalieva S., Didorenko S., Rsaliyev A.,
Turuspekov Y. GWAS of a soybean breeding collection
from South East and South Kazakhstan for resistance to
fungal diseases. Vavilov Journal of Genetics and Breeding.
2018;22(5):536-543. DOI: 10.18699/V]18.392

Zatybekov A.K., Abugalieva S.I., Didorenko S.V., Turuspe-
kov Y.K. Genetic bases of soybean resistance to fun-
gal diseases (Geneticheskiye osnovy ustoychivosti
soi k gribkovym boleznyam). Issledovaniya, rezultaty.
KazNAU = Research, Results. KazNAU. 2017;1(73):128-
140. [in Russian] (3aTsi6ekoB A.K., AbyrasaueBa C.U.,
Aupopenko C.B., Typycnekos E.K. 'eHeTH4eckue
OCHOBBI yCTOHYUBOCTH COU K TPUOKOBBIM 60JIE3HAM.
Hccaedosanus, pesysomameot. KasHAY. 2017;1(73):128-
140).

Zatybekov A.K., Agibaev A.Z., Didorenko S.V., Abugalieva S.I.,
Turuspekov Y.K. Analysis of resistance to Septoria
glycines in soybean world collection harvested in
South-Eastern Kazakhstan. News of the National
Academy of Sciences of the Republic of Kazakhstan.
Series of Agricultural Sciences. 2018;5(47):44-52.
DOI: 10.32014/2018.2224-526X.6

Zhong C., Sun S,, Yao L., Ding]J., Duan C., Zhu Z. Fine map-
ping and identification of a novel Phytophthora root
rot resistance locus RpsZS18 on chromosome 2 in soy-
bean. Frontiers in Plant Science. 2018;9:44. DOI: 10.3389/
fpls.2018.00044

IIpo3payHocTh GpUHAHCOBOM AesaTeabHOCcTH / The transparency
of financial activities

ABTOpr He UMEeT Cl)HHaHCOBOﬁ 3aUHTEPEeCOBAaHHOCTHU B IIpen-
CTaBJIEHHBIX MaTepUaJiax uju MeToax.

The authors declare the absence of any financial interest in the ma-
terials or methods presented.

Jasa nutupoBanus / How to cite this article

3ateibekoB A.K., Typycnekos E.K., [locxxanoBa B.H., A6yranu-
eBa C.W. M3y4yeHue reHETHUYECKOTO pa3HOOOpasus MUPOBOU KOJI-
JIEKIIUM COU C UCTOJb30BAaHMEM MHUKPOCATEJJUTHBIX MapKepoB,
CBSI3aHHBIX CYCTOMYUBOCTBHIO K FPUGHBIM GoJie3HsIM. Tpyabl Mo
MPUKJIaJHOU 60 TaHUKe, TeHeTHKe U cesieknuu. 2020;181(3):81-90.
DOI: 10.30901/2227-8834-2020-3-81-90

Zatybekov A.K., Turuspekov Y.T., Doszhanova B.N., Abugalieva S.I.
A study of the genetic diversity in the world soybean collection us-
ing microsatellite markers associated with fungal disease resis-
tance. Proceedings on Applied Botany, Genetics and Breeding.
2020;181(3):81-90. DOI: 10.30901/2227-8834-2020-3-81-90

ABTOpBI 6/71aroAapAT peleH3eHTOB 3a UX BKJIaJ, B 3KCIIEPTHYIO
oneHKy 3Toi pa6oTsl / The authors thank the reviewers for their
contribution to the peer review of this work

JlonosHuTe/IbHAsA UHPopmanusa / Additional information

[TonHbIe faHHble 3TOM cTaThy JocTyiHbl / Extended data is available
for this paper at https://doi.org/10.30901/2227-8834-2020-3-81-90

MHeHMe )XypHaJia HeHTPaJbHO K U3JI0)KEHHBIM MaTepuaJjiaMm,
aBTOpaM M UX MecTy pa6oTsl / The journal’s opinion is neutral
to the presented materials, the authors, and their employer

ABTOpBI 0A06puaM pykonuchk / The authors approved the
manuscript

Kondukt unTepecoB orcytTcTByeT / No conflict of interest

ORCID

Zatybekov A.K.  https://orcid.org/0000-0003-4310-5753
Turuspekov Y.T. https://orcid.org/0000-0001-8590-1745
Doszhanova B.N. https://orcid.org/0000-0002-5085-7657
Abugalieva S.I.  https://orcid.org/0000-0002-9748-507X

TPY/Ibl 110 IPUKJIAJITHOM BOTAHUKE, TEHETUKE Y CEJEKLMHU 181 (3), 2020



