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The objective of this study was to investigate the genetic
diversity of hexaploid wheat varieties of Uzbekistan breeding
using simple sequence repeat (SSR) markers. These varieties
are adapted to local conditions, and can be considered

as the most important supplier of genetic resources for
cultivation in Uzbekistan and other countries. Microsatellite
markers are now most widely used and effective classes of
DNA markers for genotyping, certification and classification
of plant varieties. In this paper, genotyping results of 32
hexaploid wheat domestic varieties using 144 microsatellite
primer pairs are presented. Microsatellite primer pairs were
chosen from literature data and 36 primer pairs (from 144)
gave polymorphic well-reproducible PCR-fragments. The
individual SSR spectra differing in number of amplicons were
obtained for each variety. A total number of 141 alleles for
36 microsatellite loci were detected. The number of alleles
per locus ranged from 2 to 6, the mean number of alleles per
locus (N,) was 3 alleles. For the studied genotypes group the
effective number of alleles (ne) characterizing the loci by the
allele frequency, varied from 1.7 to 4.8, the mean number of
alleles per locus was 2.8. The expected heterozygosity (H,)
ranged from 0 to 0.792, averaging 0.626, in studied wheat
population. The amplified fragment sizes ranged from 93 to
552 bp. The polymorphic index content (PIC) ranged from 0
to 0.758. A dendrogram was constructed using the alleles set
of microsatellite loci, reflecting the phylogenetic differences
of the studied hexaploid wheat varieties. It showed that
Uzbekistan breeding varieties are divided into two main
clusters, which may be evidence of their common origin.

A genetic formula has been developed for each Uzbek wheat
variety. It can be used for identification, certification of these
varieties, as well as for the selection of parental pairs in the
wheat breeding programs.

Key words: hexaploid winter wheat; PCR analysis; genetic
diversity; microsatellite DNA loci; clusterization; barcoding.
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SSR-aHanm3 resoMHou JJHK
[IePCIIeKTUBHBIX COPTOB MATKO
03MMOIJi ITIIeHUIIbI Y30eKICTaHCKOII
celeKInn

A.T. AppiroBa, K.K. Hop6ekos, 2.9. XypuyT,
E.B. Huknruna ®, ®.H. Kymanos

LleHTp reHomuKkmn 1 6uonHdopmatrikn Akagemunm Hayk Pecny6nmnkm
Y36eKuncTaH, TalKeHT, Y36eKunctaH

Llenbto paboTbl 661710 M3yyeHne reHeTUYeCKoro pasHoobpasmsa
COPTOB MArKOW MLLEHULbI Yy306EKNCTaHCKOM cenekumu,

TaK Kak OHV ABNAIOTCA UCTOYHUKOM aAanTUPOBAHHOTO K
MECTHbIM YC/I0BMAM 0OUTaHNA pacTUTENbHOrO MaTepurana

1N MOTYT CJTYXKWUTb BaXKHENLWM NOCTaBLUMKOM reHeTUYeCKnX
pecypcoB ansa cenekuMOoHHbIX PaboT Mo MNWeHULEe He TONbKO
B Y36eKncTaHe, HO 1 B ApYrix CTpaHax. B HacToALee Bpema
MUKpOCaTenIMTHble MapKepbl (simple sequence repeats, SSR -
NpoCTble MOBTOPAOLMECA NOC/IEA0BATENIbHOCTY) — OfHU U3
Hanbonee LWMPOKO NCMOSb3yeMbiX N SPEKTUBHBIX KNAcCoB
[HK-mapKepoB AnA reHOTUNMPOBaHWA, NacnopTM3aunmn n
Knaccndukaumm CopToB pacTeHuin. B paboTe npeacTtaBneHbl
pe3ynbTaTbl reHOTUNMPOBAHMA 32 COPTOB MATKON MIUEHNLIbI
OTeyeCTBEHHOW CeneKkLmm C UCnonb3oBaHnem 144 mnkpo-
CaTeNIUTHBIX MPaMepPHbIX Nap, BbIOPaHHbIX NCXOAA 13
NUTepaTypHbIX AaHHbIX, 36 Nap 13 HUX Jany NoANMopdHble
xopoLo Bocnpoussoaumble MLP-dparmeHTbl. Ina Kakgoro
copTa 6binv NonyyYeHbl MHAUBUAYaNbHblE SSR-CNEKTPbI,
pasnnyaroLmeca YncIoM aMnIMKoHoB. Mo 36 mukpocaren-
NNTHBIM NIOKYCaM BbisiBeH 141 annenb, X YACNO Ha IOKYC
(N,) coctaBnsano ot 2 o 6 (3 B cpegHem). ina nsyyeHHom
rpynnbl reHoTMNOB 3beKTUBHOE YMCNIO annenei (ne),
XapakTepu3syoLee JIOKYCbl MO YacToTe BCTPeYaemocTu
anneneu, Bapbuposaso oT 1.7 fo 4.8, cocTaBnAsA B CpefHEM
2.8. BennunHa oxnpaemon rereposnrotHocTm (H,) B Halwei
nonynAyuy nweHnLbl 6oina B cpegHem 0.626, MeHAACH OT

0 po 0.792. Pazamepbl amnandrLMpoBaHHbIX NPOAYKTOB
Haxoamnucob B Npegenax ot 93 go 552 n. H. Haekc
nonumopdHoro nHGopmMaLmoHHoro cogepxanusa (PIC)
Bapbumposasn ot 0 o 0.758. Ha ocHoBaHuun Habopa annenen
MUKPOCATENINTHBIX JIOKYCOB Oblia NOCTPOeHa AeHAPOrpaMma,
oTpaxkatowasn GuoreHeTUYECK e PasNnymsa N3yUYeHHbIX
COPTOB MArKOW MLUEHWLbl, KOTOPasA Nokasana, Yto copTa
y36eKNCTaHCKON Cenekumnmn pasgensaoTcsa Ha ABa 60nbLmx
KnacTepa, 3TO CBUAETENIbCTBYET O BO3MOXKHOW OOLWHOCTY X
NpoucxXoXaeHua. [1na Kaxxaoro copTa nleHuLpbl Y36eKkncTaHa
paspaboTaHa reHeTuyeckaa Gopmysna, KoTopas MoXeT

6bITb MCMONb30BaHa ANA naeHTUdMKaLmy, nacnopT3auum
3TUX COPTOB, a Tak»Ke Npwv nogdope PoAnNTENbCKMX Nap B
ceneKkLMOHHbIX MporpaMmax no niueHuue.

KntoueBble cnosa: Markas osrmasn nwenuua; MNLUP-aHanns;
reHeTnYeckoe pazHoobpasne; MUKPOCaTENIUTHbBIE TOKYChI
[HK; knactepusauma; nacnoptusaums.



ntroduction of DNA markers into biological research

opened new opportunities for studying genetic diversity

of organisms (Gostimsky et al., 2005). In particular,
SSR or microsatellite genome analysis of multiple plants
showed that the microsatellite loci represented by multiple
alleles and characterized by relatively high heterogeneity
are a convenient tool for analyzing genomic DNA poly-
morphism.

Microsatellite locus polymorphism analysis makes it
possible to obtain reproducible, informative profiles of
known genome fragments and is therefore the most promis-
ing in terms of identification and certification of varieties
and hybrids of cultivated plants (Sulimova, 2004).

Applicability of a marker for the stated purpose depends
on the number of alleles the marker includes and their
respective relative frequencies. Typically, the degree of
polymorphism is quantitatively measured by two values or
parameters, namely heterozygosity (H), for which unbiased
evaluation algorithm and variation formula are well-known
(Nei, Roychoudhury, 1974; Nei, Li, 1979), and polymor-
phism index content (P/C).

Heterozygosity is considered as an average portion of
loci with two different alleles within one locus in an indi-
vidual specimen. This parameter is generalized over the
whole population or its part and is divided into observed
(H,) and expected (/7,) heterozygosity. To describe genetic
diversity, expected heterozygosity is usually determined,
since it is less sensitive to sample size, than the observed
heterozygosity (Chesnokov, Artemyeva, 2015).

PIC is determined by the marker’s ability to identify
population polymorphism depending on the number of
detectable alleles and their frequency distributions and
therefore equivalent to genetic diversity. Maximum PIC for
dominant markers is 0.5. The P/C value approaches one,
if locus includes multiple alleles with approximately equal
occurrence rates, and equals 0, if locus is monomorphic
(Chesnokov, Artemyeva, 2015). Effective number of alleles
(ne) is another parameter used to evaluate genetic diversity
and is linked to heterozygosity by a simple relationship
ne=1/(1-H,),ie.itis an inverse value to the percent-
age of homozygous loci in a specimen. It stands for the
number of alleles encountered in the population with equal
frequencies and ensuring the predetermined heterozygosity
under random crossing (Ayala, Kiger, 1984).

The goal of the present paper is to investigate genetic struc-
ture of Uzbek hexaploid winter wheat using the aforemen-
tioned measures of genetic diversity. This problem makes
for a topical research, since these varieties are a source of
plant material adapted to local habitat and can be conside-
red the most important supplier of genetic resources for
wheat cultivation not only in Uzbekistan, but in other
countries as well.

Materials and methods

The following 32 domestically cultivated soft wheat
varieties were used in the study: Turkiston; Kelajak;
Barhayot; Chillaki; Pahlavon; Farovon; Hazrati Bashir;
Bardosh; Bobur; Omad; Gozgon; Matonat; Sanzar §;

leHeTuKa pacTeHUn

Elomon; Boysuntura; Andijon 2; Andijon 4; Dostlik;
Yaksart; Muftalo; Asr; Durdona; Taraqqiyot; Kokbulog;
Bunyodkor; Hisorak; Jayhun; Uzbek; Ogmarvarid; Iftihor;
Ustoz; Andijon 1; most of them included in the register of
agricultural crops of Uzbekistan.

DNA isolation, amplification, electrophoresis, and visu-
alization of amplification products were performed using
standard techniques (Dellaporta et al., 1983). The study
covered 51 microsatellite primer pairs (from Grain Genes
Database, http://wheat.pw.usda.gov), which included 18
from WMC group (Rdder et al., 1998), 12 from BARC
group (Song et al., 2002), 10 from WMS group (Roder et
al., 1998), 4 from CFD group (Guyomarc’h et al., 2002),
3 from GPW group (Sourdille et al., 2010), 2 from CFA
group (Sourdille et al., 2010), and one pair from PSP (De-
vos et al., 1995) and GDM (Zhao et al., 2006) collections.
Microsatellite locus alleles were identified and their sizes
determined using Gel-Pro Analyzer 3.1 software. PIC value
for each marker was calculated by the native script in R
language (R Core Team, 2016), which the authors suc-
cessfully used earlier (Khurshut et al., 2017). To perform
statistical processing of the results and plot the diagrams
required, R environment was used (R Core Team, 2016).

Results and discussion

DNA of 32 domestically cultivated soft wheat genotypes
were probed using 144 microsatellite primer pairs selected
by the authors as expectedly informative markers based
on the analysis of the foreign literature, as well as earlier
studies into germplasm genotyping of domestically
cultivated hexaploid wheat. However in 144 microsatellite
primer pairs selected, only 51 pairs were amplifiable.

As a result of SSR analysis of 32 wheat genotypes,
specific and well-reproducible DNA fragments were
obtained. Individual SSR spectra were identified for each
variety with different amplicon numbers and sizes, as well
as degree of manifestation in electrophoregrams (Fig. 1).

The following loci of small information value with
PIC < 0.3 were excluded from further research based
on screening results: BARC6, BARC96, BARC139,
BARC159, BARC206, CFA2149, CFA2209, GPW3032,
WMCI177, WMC311, WMC356, WMC367, WMC727,
WMS539, WMSS577. Interestingly, the CFD239 primer pair
provided a single PCR product for DNA of the studied soft
wheat samples, which was manifested in zero P/C value
(Table 1). However it was detected in 28 out of 32 wheat
varieties, and this primer pair was preserved for further
research. Thus, the set of loci was narrowed down to 36.

As a result of investigating 36 microsatellite loci, 141
alleles were identified. Their number per locus varied
from 2 to 6, which produced an average of 3 alleles per
locus. Maximum number of alleles, i.e. six, was identified
in WMC526, CFD76, GDM33, and WMC104 loci. Five
alleles were identified in eight loci, namely WMS349,
PSP3000, WMC453, GPW2203, GPW2181, BARC74,
WMS443, and WMS295, four alleles were identified in
WMC626, WMC276, WMC445, WMC216, WMS513,
WMC273, WMS291, and WMC432, and two-three alleles
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Fig. 1. Electrophoregram of the genomic DNA amplification products from Uzbek hexaploid wheat with primer PSP3000.
DNA M-marker; 7-32 indicate DNA samples. (see Materials and methods).

Table 1. Characterization of microsatellite DNA loci

No. Locus Ng PIC He Amplicon size Effective number  References
(bp) of alleles
Cwsss S s e s as et 99
2 WMC526 6 0.720 0.762 169-513 4.2 Somers et al., 2004
3 eseao s s s e a0 pevesetaasms
4 CFD76 6 0.694 0.737 155-260 3.8 Guyomarc'h et al., 2002
CsTweesns e een o anan s soneseta oo
6  WMC276 4 0.677 0.725 318-349 3.6 »
L7 WMCass 4 0666 0717 251283 35 >
_____ 8_GDM33 6 . 0663 0716 135266 35 Zhaoetal, 2006
9  WMC453 5 0.661 0.708 176-230 3.4 Somers et al., 2004
e s L e e L TGRS P,
e L e Do R S
T wnes e eme  oes enus aa T Sonesea g
13 BARC74 5 0.628 0.674 105-133 3.6 Lowe et al., 2011
Gewecion e e ows e a1 somersenal, 004
5 WMSS13 40805 0668 . 127164 30 Roderetal, 1998
6 WMC273 A 05% . 0651 .. 190278 28 Somersetal, 2004
27903 3 0585 0659 .. 253:283 29 Guyomarch etal, 2002
18  WMS630 3 0.581 0.655 173-203 2.8 Roder et al., 1998
T T N7 S T ST R S
20 WMC198 3 0.576 0.651 210-283 2.8 Somers et al., 2004
L T - 7 S T N T H
22 WMS495 3 0.567 0.641 134-166 2.7 Roder et al., 1998
Bewan S ks een o3 Somerseal, 000
24 WMSs12 3 0562 0639 . 195204 27 Roderetal, 1998
25 WMCTe6 3 0515 .. 0586 .. 353402 24 Somersetal, 2004
26 CFD267 3 0504 0589 .. 263313 24 Guyomarch etal, 2002
27 WMsads 5 0499 . 0580 . 127237 23 Roderetal, 1998
28 BARC176 3 0.489 0.562 231-296 2.2 Somers et al., 2004
o BARGIas R oary oaay e Sy DA
30 WMCle7 3 0472 0860 204222 22 2
31 WMS295 5 0.467 0.550 232-552 2.2 Roder et al., 1998
S ewae 3 e ese Tt Somenseal, 08
33 WMC432 4 0.456 0.498 197-257 1.9 »
34 BARCIE7 3 0378 048 73308 17 loweetal 2011
35 BARCOS 2 0357 .. 0465 . 184202 18 Songetal, 2002
36 CFD239 o 0000 . 0000 249 00 Guyomarchetal, 2002
Average 3 0.564 0.626 2.8
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Table 2. Genotype formulas of hexaploid winter wheat of Uzbekistan breeding

Formula

Variety

Hazrati Bashir

Note. Locus codes are as follows: A - WMS349; B - WMC526; C - PSP3000; D - CFD76; E - WMC626; F - WMC276; G - WMC445; H - GDM33;
| - WMC453; J - GPW2203; K - GPW2181; L - WMC216; M - BARC74; N - WMC104; O - WMS513; P - WMC273. The Latin letters indicate

primers; while subscripts define locus allele states they mark.
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Fig. 2. Phylogenetic tree of the studied wheat varieties of Uzbekistan breeding based on 36 SSR markers.

were identified in the remaining loci (apart from CFD239)
(Table 2).

Effective number of alleles is a parameter that charac-
terizes loci in terms of allele frequencies, and it varied in
the studied group of genotypes from 1.7 (BARC187) to
4.8 (WMS349), which produced an average of 2.8 alleles
per locus. Average expected heterozygosity in the wheat
population considered was 0.626, as the value varied from
0 (CFD239) to 0.792 (WMS349). Amplified product sizes
ranged from 93 to 552 bp. To analyze the microsatellite
DNA amplification data, PIC was used, which varied from 0
(for CFD239 marker) to 0.758 (WMS349), which produced
an average of 0.564 (see Table 1).

The set of microsatellite locus alleles was used to plot
a dendrogram reflecting phylogenetic links between the
studied soft wheat varieties. Complete link hierarchical
clustering divided these varieties into two main clusters
(Fig. 2), while distribution and composition of tree-like
clustering mostly matched the results of k-means technique

(Fig. 3).

leHeTuKa pacTeHUn

Uzbek wheat varieties, apart from several local variet-
ies, i.e. Pahlavon and Farovon (cultivated based on the
local Marjon variety), and the traditional Boysuntura and
Ogmarvarid varieties, represent genotypes obtained from
various global collections and adapted to local cultivation
conditions. Varieties from the first cluster, namely Elomon,
Gozgon, Matonat, Dostlik, Bardosh, Barhayot, Turkiston,
and Kelajak, were cultivated at Kashkadarya Research In-
stitute of Grain Breeding and Seed Production (Uzbekistan)
based on samples from CIMMYT collection (International
Maize and Wheat Improvement Center), drought resistance
being a prevalent breeding trait.

Varieties from the second cluster, apart from the Oq-
marvarid variety, were cultivated at Research Institute of
Cereal and Grain Legume Crops (Andijan, Uzbekistan)
in association with Krasnodar Agricultural Research In-
stitute named after P.P. Lukyanenko. Right subgroup of
the cluster included varieties selected based on crop yield
(Yaksart, Taraqqiyot, Sanzar 8, Muftalo, Omad, Durdona,
Uzbek, Bunyodkor, Hisorak, Jayhun, Ustoz u Andijon 1),

BaBuNOBCKMI XKypHan reHeTUKN n cenekuymm - 2018 <22 < 6

637



SSR analysis of the genomic DNA of perspective
Uzbek hexaploid winter wheat varieties

4t quarxarid
Andijon 1
A
Bunyodkor Jayhun
A A AHisorak
Ustoz
Pahlavon °
5F °
Far.ovon Taraqqiyot UzbeAk
< Chillaki Turkiston A
A O ® eKelajak
2 Durdona [ftihor
= Muf IYaksartA A
bt OT Hazrati Bashir Gozgon uftalog ~ A
°
g Matonat Kokauloq
B gl ° Sanzar 8
° A
Barhayot
¢ Bolzur Omad Andijon 4
A Asr
-2r BoysuAntura 3
Dostlik
A Andijon 2
A
Elomon
-4+ "
4 2 0 3 7
Dim1 (24 %)

Fig. 3. k-means clustering method in studied wheat varieties of
Uzbekistan breeding based on 36 SSR markers.

whereas the left one included varieties (Kokbulog, Andijon
4, Boysuntura, Andijon 2, Asr u Iftihor) released in Gal-
laorol Region (Uzbekistan) and suited for dryland farming
(see Fig. 2).

The PIC values obtained as a result of genotyping turn
out to be sufficient for identification and certification of
varieties. A fragment of molecular passport developed
for promising domestically cultivated winter soft wheat
varieties based on 16 most effective and informative SSR
markers with PIC > 0.6 is presented in Table 2.

The Hazrati Bashir and Andijon 1 varieties were picked
as examples of genotypes at a maximum distance from
each other in a multidimensional space, while the other
two varieties, i.e. Bobur and Dostlik, are, on the contrary,
genetically close (see Fig. 2 and 3).

It can be seen from Table 2 that certain sets of alleles,
in particular, BBB, HH,LL, and N N, amplified by
WMC526, GDM33, WMC216, and WMC104 primer pairs
respectively, are detected in all four genotypes, notwith-
standing the cluster they are grouped in. Since these loci
are detected in most of the remaining varieties under study,
they may seemingly be considered species-specific. On the
other hand, there also are varieties, such as Bobur that do
not include any alleles of WMC445 and WMC453 loci,
which could possibly be a peculiarity of these genotypes.

Thus, we have performed screening and evaluation of
genetic variety in 32 Uzbek winter soft wheat using 36 mic-
rosatellite SSR markers. These studies revealed the presence
of a certain genetic variability both in terms of number of
alleles per locus and genetic variety index. It was also shown
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that the studied varieties are clustered in accordance with
their environmental, geographic, and cultivation origin.
SSR profiles made it possible to derive a genetic formula
for each Uzbek wheat variety, which may be used for iden-
tification and certification of these varieties, as well as for
selecting parent pairs within wheat cultivation programs.
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