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Genotyping by Sequencing (GBS) is a Next Generation Sequencing (NGS) technique widely applied
in plant breeding that uses restriction enzymes to reduce the complexity of the genome. In the cur-
rent study the genomic diversity of 87 local and introduced bread wheat genotypes was evaluated
using GBS technology. A total of 411 single-nucleotide polymorphisms (SNPs) were obtained for
three genomes. The SNP range within each genome was 15-29, 10-36 and 3-17 for A, B and D ge-
nome, respectively. The highest number of SNP markers was recorded on the B (48.8%) and the lo-
west on the D genome (14%b). In total, 70.2% of SNPs were transitions (Ts) and 29.8% transversi-
ons (Tv). The largest Delta K value was recorded at K = 2, indicating the existence of 2 groups in
the collection. The | group contained 68.5% of the introduced accessions, whereas 82% of local ge-
notypes fell into the Il group. The average ancestral contribution of the genotypes in I and Il gro-
ups were 86.4% and 83.6%0, respectively. The results of cluster and PCoA analyses were consistent
with the STRUCTURE, indicating a sharp differentiation between local and introduced germplasm.
Other factors determining the grouping of samples were traits of botanical varieties and genealogy.
The SNP markers, revealed in the current study will be used as a genetic source for genotyping and
marker-trait association analyzes. The data can be successfully applied in the development and

implementation of new strategies for subsequent genetic analysis and breeding.
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INTRODUCTION

Bread wheat (Triticum aestivum L.)
(AABBDD) is one of the most important cereal
crops ensuring food security at the global level
(Tadesse, 2016). It occupies more than 90% of the
total area cultivated with wheat and mainly used
for preparing bread and biscuits. The production
of wheat has dramatically increased and continues
to increase to meet the steadily growing needs of
the world population. To make this increase sus-
tainable new genetic sources must be identified
and involved into the breeding process. Wheat ge-
netic resources are the main sources in wheat imp-
rovement programs. To date, more than 900,000
wheat accessions, including wild relatives, landra-
ces and breeding lines are conserved in different
genebanks at the global level. Management of the-
se genetic resources is a big challenge and requi-
res the use of modern strategies, such as genomic

tools and techniques (Tadesse, 2016). The whole
genome of bread wheat (Chinese Spring [CS42])
was sequenced in 2012 by Brenchley and co-wor-
kers with the Roche 454 Next Generation Sequen-
cer (NGS) and 94,000-96,000 genes were identifi-
ed in its 17 GB genome. The gradual decline in
the financial cost of the sequencing technologies
has facilitated the use of the NGS and prompted
the creation of new genotyping methods, such as
genotyping by sequencing (GBS). GBS is the
most successful genotyping method applied to
plant breeding (Poland and Rife, 2012; Singh et
al., 2019). The method is used in a wide range of
breeding programs, including genome selection,
Genome Wide Association Mapping, and new
marker detection (Poland and Rife, 2012; Narum
et al., 2013). It is a high-throughput multiplex ge-
notyping technique that uses restriction enzymes
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to reduce the complexity of the genome. GBS has
a number of advantages to investigate polyploid
species such as bread wheat. The wheat genome is
composed of 80% repeated sequences, which can
be avoided using methylation-sensitive restriction
enzymes during GBS. Due to barcoding, GBS al-
lows the genotyping of hundreds of samples at the
same time, depending on the platform (Elshire et
al., 2011). Genomic data obtained during genoty-
ping by sequencing are equivalent to the informa-
tion provided by thousands of molecular markers.
Azerbaijan is considered to be one of the ma-
jor origin countries and has a large biodiversity of
wheat and its wild relatives. This biodiversity has
been collected for many years, characterized and
evaluated by various methods and involved into
breeding processes. As a result, hundreds of land-
races and new varieties have been created, a large
portion of which along with collected and introdu-

ced accessions have been conserved at the Natio-
nal Genebank in the Genetic Resources Institute.
Despite various molecular techniques were used
to study genetic diversity in this germplasm, the
application of NGS technologies, which is consi-
dered the most modern genomic approach world-
wide is very relevant (Abbasov et al., 2018). Thus
the main objective of the study is to characterize
the allelic and genetic diversity of local and intro-
duced bread wheat genotypes from National Ge-
nebank using NGS-based GBS technology.

MATERIALS AND METHODS

Eighty-seven local and introduced bread
wheat accessions conserved at the National Gene-
bank of the Genetic Resources Institute of ANAS
were used in the study. The list and characteristics
of the studied accessions are given in Table 1.

Table 1. The list of used bread wheat genotypes

Ne Botanical variety Ne Botanical variety Ne Botanical variety
6847 v. erythrospermum 6983 v. lutescens 10425
6920 V. graecum 6984 v. lutescens 10430
6926 V. graecum 6985 v. lutescens 20125
6927 V. graecum 6987 v. lutescens 20783
6936 v. milturum 6989 v. lutescens 20785
6937 v. milturum 6992 v. lutescens 21134
6938 V. milturum 7008 v. albidum 21139
6939 V. milturum 7010 v. albidum 21338
6941 v. milturum 7012 v. albidum 21339
6942 v. milturum 7014 v. albidum Akinchi 84 V. erythrospermum
6944 v. erythrospermum 7016 - Azametli 95 V. graecum
6945 v. erythrospermum 7017 - Azeri v. lutescens
6948 v. erythrospermum 7019 v. barbarossa Chinese spring
6949 V. erythrospermum 7020 v. barbarossa Giymetli2/17 v. velutinum
6950 v. erythrospermum 7021 v. barbarossa Graekum75/50 V. graecum
6959 v. alborubrum 7023 v. barbarossa Guneshli v. erythrospermum
6960 v. alborubrum 7027 v. hostianum Gurgene 1 v. erythrospermum
6961 v. alborubrum 7028 v. hostianum Jagger
6962 v. alborubrum 7029 v. hostianum Mirbashir 128 V. erythrospermum
6963 v. alborubrum 7032 v. meridionale Morocco
6964 v. ferrugineum 7033 v. meridionale Girmizigul v. erythrospermum
6965 v. ferrugineum 7034 v. leucospermum Gobustan V. graecum
6966 v. ferrugineum 7036 v. velutinum Ruzi 84 V. graecum
6968 v. ferrugineum 10377 Shafaq v. lutescens
6969 v. ferrugineum 10378 Shekil v. lutescens
6970 v. ferrugineum 10380 Taraqqi v. lutescens
6971 v. ferrugineum 10381 Turkey
6972 v. ferrugineum 10383 Yegane v. ferrugineum
6973 v. ferrugineum 10384 Zerdabi
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The DNA from young leaves of each accessi-
on was extracted using the CTAB procedure (Doy-
le and Doyle, 1987). The genomic DNA was co-di-
gested with the restriction enzymes Pstl
(CTGCAG) and Mspl (CCGG) (New England Bio-
Labs, Inc., Ipswich, MA, USA) after which barco-
ded adapters were ligated using T4 ligase. Samples
were pooled by plate into libraries, purified using
the QIAquick PCR Purification Kit (Qiagen, Inc.,
Valencia, CA, USA) and polymerase chain reacti-
on amplified. The PCR products were again clea-
ned up using the same Kkit, and size-selected in an
E-gel system (Life Technologies, Inc.). Each 95-
plex library was sequenced on Illumina HiSeq
2500. Sequence results were analyzed using the
UNEAK GBS pipeline, TASSEL 3.0. The obtained
single nucleotide polymorphism (SNP) markers
were filtered and SNPs with more than 40% mis-
sing data and with a minor allele frequency (MAF)
less than 10% were excluded from the analysis.
Nei genetic distances among individuals and bota-
nical varieties were calculated using PoweMarker
V/3.25 software (Liu and Muse, 2005). PCoA and
cluster analyses based on Nei genetic distances
(Nei, 1972) among individuals and botanical varie-
ties were performed using DARwin 6.0 (Perrier
and Jacquemoud-Collet, 2006). Population structu-

re analysis was done using ADMIXTURE software.

RESULTS AND DISCUSSION

A total of 411 single-nucleotide polymorp-
hisms (SNPs) were obtained for three genomes
(ABD) based on GBS analysis of 87 local and int-

roduced wheat varieties and accessions. The dist-
ribution pattern of SNPs over the three genomes
differed, with the highest number of markers on
the B (48.8%) and the lowest marker number on
the D genome (14%) (Figure 1). This could be
due to the relatively recent introgression of the D
genome.

The distribution pattern of SNP markers ac-
ross the A, B and D genomes is consistent with
previous studies (Akhunov et al., 2010; Marcus-
sen et al., 2014; Shavrukov et al., 2014; Edae et
al., 2015). Pour et al. (2017) genotyped 369 Irani-
an hexaploid wheat accessions using 16506 GBS-
derived SNPs and found that most of the SNPs
were located on the B genome, while the D geno-
me had the least number of markers. The uneven
distribution of genetic variation over the T. aesti-
vum genome is associated with reduced genetic
recombination due to the self-pollination and ge-
netic mechanisms that prevent the pairing of ho-
moelogical chromosomes during meiosis.

The A/D or B/D SNP ratio in the current
study was lower than several other studies (Allen
et al., 2011; Cavanagh et al., 2013), indicating
that the bread wheat accessions of Azerbaijan ha-
ve a relatively higher SNP variation on the D ge-
nome. The presence of D genome largely determi-
nes the high baking properties of bread wheat.
The high diversity found on the D genome ensu-
res that the collection can be used as a source of
new, desirable alleles for traits of agronomic im-
portance, including high baking quality (Jia et al.,
2013).
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Figure 1. Number of SNP markers mapped on the hexaploid wheat genome.
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The number of SNPs on each chromosome
varied widely (3-36), with a maximum number on
chromosome 5B and minimum on chromosome
5D. The SNP range within each genome was 15—
29, 10-36 and 3-17 for A, B and D genome, res-
pectively. Within each genome the least number
of SNPs was observed on the homoeologous gro-
up 4. Chromosomes of homoeologous group 4 are
relatively conservative, with some significant ge-
nes located there; for example, one recessive gene
responsible for male sterility is located on the
short arm of the chromosome 4B (Barlow and
Driscoll, 1981). Therefore, any large variation or
mutation that occurs on these chromosomes can
cause the death of plants. In addition, homoeolo-
gous group 4 has a lower number of genes than
the remaining homoeologous groups. Since re-
combination occurs primarily in genes, the low
number of genes on this group may also lead to a
low frequency of crossover and subsequently to
the decrease of polymorphism and variation (Dvo-
rak and McGuire, 1981).

In total, 70.2% of SNPs were transitions (Ts)
and 29.8% transversions (Tv). The majority of
SNPs were A—G and C—T transitions, with only
3 transitions in the reverse direction detected on
the A genome. The highest number of transition-
type SNPs was identified on the B (134 SNPs),
while the lowest was on the D genome (42 SNPs).
Transversion-type substitutions were in 5 directi-
ons (C/G, AIC, GIT, AIT and T/A); the only T/A
transversion was detected on the B genome. A
Ts/Tv ratio over the three genomes of hexaploid
wheat was 2.36.

The most common mechanism of transition
is the mutation of methylcytosine to uracil and its
subsequent replacement with thymine. Genome-
wide methylation is considered to be the direct re-
sult of polyploidy (Charmet, 2011). The high
number of transitions observed on A and B geno-
mes may be due to the two rounds of polyploidy
and methylation events during the evolution of the
hexaploid wheat (Buckler and Holtsford, 1996).

After filtration 313 SNP markers were used
to evaluate the genetic diversity and population
structure of bread wheat collection. Genetic diver-
sity index (GDI) and the polymorphism informati-
on content (PIC) for 87 genotypes varied between
0.245-0.50 and 0.215-0.375; the average for the
collection was 0.422 and 0.331, respectively. For
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the vast majority of SNP data, GDI is characteri-
zed by high values, and for 42% of SNPs maxi-
mum value was recorded. A similar tendency was
also observed for the PIC value, indicating the
presence of rich genome diversity in the collecti-
on, the majority (78.2%) of which comprised of
Azerbaijani varieties and accessions.

Dvorak et al. (2006) suggested that compared
to other places, T. aestivum in East Asia repre-
sents more original genepool than anywhere else.
The spread of this genepool to eastern Turkey
through the South Caucasus or south-west coast
of the Caspian Sea, caused to the sympatry of the
specie with wild emmer, the gene flow from wild
emmer to T. aestivum and lead to the increase of
the genetic variation and to changes in the geog-
raphic form of genetic diversity in T. aestivum.

The highest polymorphism among the bread
wheat botanical varieties was recorded in var. fer-
rugineum, while the least polymorphism was in
var. hostianum (Table 2). In general, the PIC va-
lue depended on the number of samples per bota-
nical varieties.

Table 2. PIC values in bread wheat botanical varieites

Botanical varieties Sample size PIC
var. albidum 4 0.175
var. alborubrum 5 0.203
var. barbarossa 4 0.190
var. erythrospermum 12 0.276
var. ferrugineum 10 0.283
var. graecum 7 0.217
var. hostianum 3 0.075
var. lutescens 10 0.243
var. meridionale 2 0.163
var. milturum 6 0.245
var. velutinum 2 0.111

The delta K value was used to identify subpo-
pulations in a bread wheat collection. The largest
Delta K was recorded at K = 2, indicating the exis-
tence of 2 groups in the collection (Figure 2). The |
group called “Introduction Group” consisted of 25
accessions (red stripe), 13 of which were samples
from different countries and 12 were local genoty-
pes. In total, 68.5% of the introduced accessions
and only 2 out of 20 varieties (Chinese spring and
Morocco) were included in this group. The average
ancestral contribution of the genotypes was 86.4%.
Of the 25 accessions, five, including Morocco vari-
ety had a high proportion of admixture.
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The second group (Local Group) contained
the remaining 62 accessions (green stripe), inclu-
ding 6 introduced genotypes and 18 varieties. The
average ancestral contribution of the samples was
83.6%. Genetic diversity within the Local group
(GDI=0.385; PIC=0.305) was higher than the Int-
roduced group (GDI=0.336; PIC=0.268).

The genetic relationship among bread wheat
accessions was further studied based on the clus-
ter (Figure 3) and PCoA analyses (Figure 4).
Among the samples, the Nei Genetic Distance In-
dex (GD) index varied between 0.0-1.0 and avera-
ged 0.57. Based on the SNP data, 100% similarity
was observed between groups of genotypes, while
the most genetically remote genotypes were 6926
and 20125. The average genetic distance between
varieties and genebank accessions was 0.047. This

indicates that there is no sharp differentiation bet-
ween the two groups. The highest similarity
among the varieties was recorded between the
Azamatli 95 and Gobustan (GD=0.27), and the le-
ast between Mirbashir 128 and the Morocco vari-
ety (GD=0.776).

In a dendrogram developed by cluster analysis,
bread wheat accessions were grouped into 3 clus-
ters. In general, the results of the cluster analysis
were consistent with the STRUCTURE analysis.
Thus, the first cluster consists of 27 accessions and
resembles the “Introduction group”. Similarly, 13
of the 19 introduced accessions, including the Chi-
nese spring and Morocco varieties, were grouped
in this cluster. Within the group, the genotypes
from the same country (e.g., Iran and Afghanistan)
were placed closer.
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Figure 2. STRUCTURE analysis of bread wheat collection
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Figure 3. The dendrogram representing the genetic relationship among T. aestivum accessions based on GBS-SNP
data. The varieties are given in red.
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Cluster Il consisted of 50 local and only 6
introduced genotypes, as was in “Local group” in
Structure analysis. All local (16 varieties) and 2
foreign varieties (Turkey and Jagger) were also
included into the cluster.

Finally, the 111 cluster contained only four
genotypes. The genotypes included into the clus-
ter had the highest admixture proportion accor-
ding to STRUCTURE analysis. Of the four samp-
les, three showed complete similarity.

Several irregularities can be underlined in the
grouping pattern of genotypes in the dendrogram.

a) Differentiation of introduced and local ac-
cessions. The results of both cluster and Structure
analyzes were able to differentiate between local
and introduced accessions; with the exception of
one accession, the introduced genotypes formed a
homogenous subcluster in cluster 1. Although 6
introduced accessions were included in another
cluster, only two of them were genetically close to
the local genotypes.

b) Joint grouping of genotypes of the same
botanical varieties. There was a tendency of close
grouping for most of the botanical varieties invol-
ved in the study. Thus, all 3 var. hostianum acces-
sions were tightly grouped in cluster 11 and 100%
similarity was observed between the 2 of them. In
addition, 7 out of 10 var. lutescens genotypes, 5
out of 6 var. graecum, 3 out of 4 var. alborubrum
and 3 out of 4 var. albidum genotypes were loca-
ted in separate sub-clusters of clusters Il and III.
The joint grouping was also noted for var. barba-
dosa, var. milturum and other botanical varieties.
Similar analyses have not been conducted since
the botanical variety of introduced genotypes was
unknown. The taxonomy on botanical variety had
a significant impact on the overall view of the
dendrogram.

¢) Joint grouping of varieties. Twenty varieti-
es, including 16 local ones were used in the cur-
rent study, of which 18 were grouped in cluster 11
(group I1) as a result of both analyzes. Although 1
of the 2 introduced varieties (Jagger) was grouped
together with the local Zardabi variety, the genetic
distance between them was quite high (0.42). The
fact that the majority of varieties fell into the sa-
me cluster indicates the presence of common or
shared alleles among them. The main priority in
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creating new varieties in local breeding programs
was to obtain high-yielding and shorter (dwarf or
semi-dwarf) varieties. Most of the studied accessi-
ons had short or medium (74-110 cm) height. It
seems that the use of similar breeding programs
and genetic resources has ultimately led to the
creation of a genepool of local varieties with a
common genetic background. However, no homo-
geneity was observed in the distribution of the
species within the cluster, and they were placed in
combination with genebank accessions.

d) Relationship between the grouping of va-
rieties and genealogy. Some varieties with shared
genealogy tended to group together. For example,
the 3 species (Azeri, Taraggi and Mirbashir 128)
were located in a separate subcluster of Cluster I,
and the genetic distance index between the varie-
ties varied from 0.3-0.36. Azeri and Taraggi va-
rieties had common parent Panonia-45319, while
Bezostaya-1 was used as a parent for the Azeri
and Mirbashir 128 varieties. In addition, the Aza-
matli 95 and Gobustan varieties were obtained by
individual selection from the ICARDA/CIMMYT
genotypes.

There was no link between the grouping of
the local samples and the geographical region. It
can be assumed that the accessions were not
grown for a long period in the regions from where
they were collected, and the genepool here was
formed as a result of the sowing and multiplicati-
on of seeds from certain sources by local people,
as well as a result of seed exchange among neigh-
boring regions. Therefore, the lack of the relati-
onship between the genetic structure and the ge-
ographic region is expected. It should be reitera-
ted that the samples introduced from the same co-
untry were found to be closer to each other geneti-
cally, indicating the use of similar and common
genetic resources within those countries as well.

The distribution pattern of the bread wheat
genotypes on the scatter plot was investigated by
PCoA analysis, where the first three coordinates
explained 25.7% of the SNP variation.

As shown in the figure, the grouping of the
samples was in agreement with the previous
analyzes. Varieties were located in the left and the
introduced accessions in the lower right quadrant
of the plot.
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Figure 4. PCoA analysis of 87 bread wheat accessions.
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The Nei genetic distance index between bota-
nical varieties varied from 0.11-0.68, with an ave-
rage of 0.29. Var. velutinum and var. hostianum
were the genetically most remote, while var. fer-
rugineum and var. erythrospermum have been fo-
und to be the closest.

Three clusters were found in the dendrogram
representing the genetic relationship between bo-
tanical varieties. Var. velutinum formed an inde-
pendent cluster (Figure 5). Unlike the others, the
mentioned variety had hairy and white spikes wit-
hout awns and red seeds.

Of the 6 botanical varieties in cluster II, 5
were red, whereas 3 of the 4 botanical varieties in
cluster 111 had white seeds, suggesting that the se-
ed color had a significant effect on the grouping
of botanical varieties.

Summarizing the results of Cluster, STRUC-
TURE, and PCoA analyses, the use of seed mate-
rial from the same sources in different geographi-
cal regions across the Republic for many years on
one hand has resulted in their joint grouping with
similar genetic background and, on the other hand,
in differentiation from other introduced sources.
Other factors determining the grouping of samples
were traits of botanical varieties and genealogy.
The lack of sharp differentiation between varieties
and genebank accessions suggests that local popu-
lations are actively used in the breeding process.

So, based on SNP data, a large genomic varia-
tion was found among local and introduced bread
wheat accessions. Wheat improvement programs
are based on the use of molecular markers that sig-
nificantly increase selective efficiency and allow
the accurate transfer of genes and QTLs between
different genetic sources. The SNP markers, revea-
led in the current study will be used as a genetic so-
urce and material for genotyping and marker-trait
association analyzes. The data can be successfully
applied in the development and implementation of
new strategies for subsequent genetic analysis and
breeding.
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Yeni Nasil Sekvensloma verilanlari asasinda yumsaq bugda kolleksiyasinda
genom variasiyasinin tadqiqi

Z. 1.9kparov, M.9.Abbasov
AMEA Genetik Ehtiyatlar Institutu

Sekvens asasida genotiplosdirmo (GBS) genom miirokkabliyini azaldilmasi tigiin restriksiya fermentlor-
don istifado edon YNS genotiplosdirms iisulu olub bitki seleksiyasinda ugurla tatbiq olunur. Tadgigat
isinda yerli vo introduksiya olunmus 87 yumsaq bugda genotiplorinin genom miixtalifliyi YNS oasash
GBS texnologiyasindan istifads edorok giymotlondirilmisdir. U¢ genom {igiin iimumilikdo 411 tok nuk-
leotid polimorfizm (TNP) markeri alds edilmisdir. A, B vo D genomu iizro TNP migdar1 miivafiq olaraq
15-29, 10-36 va 3-17 intervalinda dayismisdir. SNP markerlorinin an ¢ox say1 B (48,8%), on az sayi iso
D genomunda (14%) geyds alinmis, SNP-larin 70.2% -i tranzisiya (Ts), 29.8% -i iso transversiya (Tv) tip-
li olmugdur. Delta K-nin oan boyiik doyari K = 2 saviyyasinds geyds alinmigdir ki, bu da kolleksiyada 2
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fargli grupun méveudlugunu gostorir. 1 grup introduksiya edilmis genotiplorin 68.5%-ini ohato etmis, yer-
li genotiplarin isa 82% -i 1l grupda toplanmusdir. I va 1l gruplardaki genotiplorin orta acdad gatqis1 miiva-
fiq olaraq 86.4% vo 83.6% toskil etmisdir. Klaster vo PCoA analizlorinin naticalori, STRUCTURE analizi
ilo uygunlug toskil etmaklo yerli va introduksiya olunmus genotiplor arasindaki kaskin bir fargliliyin
moveudlugunu gostormisdir. Namunolarin gruplasma xarakterino tosir edon digar amillor ndvmiixtalifliyi
olamatlori vo geneologiya olmusdur. Tadgiqat ¢argivasinds askar olunmus TNP markerlori genotiplosdir-
mo Vo marker-olamat asosiasiya analizlori ii¢lin genetik monbs olaraq istifado edilocokdir. Blds olunmus
verilonlar golocok genetik analizlords vo seleksiya ticiin yeni strategiyalarin hazirlanmasinda vo hoyata
kegirilmasindo ugurla totbiq edils bilor.

Acar sézlar: Yumsaq bugda, genom, sekvens asasinda genotiplasdirma, TNP, tranzisiya, transversiya.

I/Isyqelme T€HOMHOM Bapualnui B KOJUVICKIIUHA MSATKOH MIIEHUIIbI HA OCHOBE JaHHBIX
CCeKBCHUPOBAHMS HOBOT'0 IOKOJICHUS

3. AknapoB, M.A. Agb6acos
Hnemumym eenemuueckux pecypcos HAH Azepbaiioscana

I'enotummposanne myrem cekBeHupoBanus (GBS) - aTo MeTon cexBeHMpOBaHUS CIEAYIOMIETO MOKOJIe-
Hus (NGS), KOTOpBI HCHONB3YEeT PECTPUKIHNOHHBIE (PEPMEHTHI IS CHIDKEHHUS CIOXKHOCTH T€HOMa U
YCHENIHO MPUMEHSIETCA MPH CeNIeKLIMU pacTeHuil. B HacToseM ncciae1oBaHuH OBIJIO OIEHEHO TeHOMHOE
pasHooOpazue 87 MECTHBIX M MHTPOAYLHOBAaHHBIX T€HOTHIIOB MSTKOH MIIEHULBI C HCIOIb30BAHHEM
texHonornu GBS. Bcero mist Tpex reHoMoB Oblin nomydeHs! 411 0THOHYKICOTHIHBIX TOIUMOPHHU3MOB
(OHII). Jnamazon OHII B renome A, B u D BapsupoBai B npeaenax 15-29, 10-36 u 3—17 cooTBeTCTBEH-
Ho. HauGosbiee konuuectso mapkepoB OHII Obuto ycTanoBseHo ajist reHoma B (48,8%), HauMmeHbliee —
s reaoma D (14%). B nenom, 70.2% OHII okazamuck tpansunmonHoro (Ts), a 29.8% TpaHncBepcrnoH-
Horo (Tv) tTuma. HautGonemee 3nayenne Delta K Obut0 3apeructpupoBano npu K = 2, uro ykassiBaer Ha
HaJIM4Ke 2 pa3UYHBIX TPy B KoJuleKiuy. | rpynma oxBarbeiBana 68.5% WHTPOAYIHPOBaHHBIX 00PAa3IoB,
Torga Kak 82% MeCTHhIX I'eHOTUIoB npuxoausioch Ha Il rpynmy. Cpeanuil HaciaeACTBEHHBIA BKJIAL
regotunoB B I u II rpynmax coctaBmi 86.4% n 83.6% cooTBETCTBEHHO. Pe3ynbTaThl KIacTEpHOrO M
PCoA-aHanm30B B COOTBETCTBUH CO CTPYKTYPHBIM aHAJIM30M IOKa3aJld Hann4ue pe3koit auddepenmma-
UM MEXAY JOKAIbHOM M MHTPOAYLHPOBAaHHOM repmoriazmMoil. pyrumu dakropamu, onpenesomuMu
XapaxkTep TPYNIHPOBKH 00pa3loB, ObUIM MpPHU3HAKK Pa3sHOBUAHOCTeW u reHeamorus. Mapkepsr OHII,
BBISIBJICHHBIE B HACTOSIIIEM HICCIIEIOBAHIH, OYyT UCTIOIH30BATHCA B KQUECTBE T€HETHYECKOTO NCTOUYHUKA
JUIsT TEHOTUIMPOBAHMSI W aHalHM3a accolWaluii Mapkep-lipu3Hak. [lodydeHHBIE NaHHbIE MOTYT OBITh
YCIICHIHO MPUMEHEHBI PH pa3pabOTKe U BHEAPEHUH HOBBIX CTPATETUH I NOCIEAYIOMINX TeHETUIECKUX
aHAJIM30B U CEJIeKINH.

Kniouesvie crosa:. Msackaa nwenuya, 2enom, 2eHomunuposanue nymem cekeeHuposarnus, OHII,
mpaH3uyust, mpanHceepCcust.
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