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Abstract Leymus chinensis (Trin.) Tzvelev is an
important perennial grass species extensively dis-
persed in the typical grassland communities of the
Eurasian steppe region. It is relished by livestock due
to its high quality and being a nutritionally valuable
forage crop. L. chinensis has recently gained exten-
sive consideration on its genetic diversity. However,
genetic diversity studies on L. chinensis using SSR
markers is currently limited. In the present study,
we investigate the genetic variation and popula-
tion structure analysis of L. chinensis from Eurasian
steppes using SSR makers. For the genetic diversity,
nineteen SSR markers were used and a total of 133
alleles were identified across the 166 L. chinensis
plants. Our findings illustrated that the polymorphic
rate for all SSR markers was greater than 80%, with
the exception of SSR12i and SSR6¢, which had pol-
ymorphism rates of 50% and 75%, respectively. The
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gene diversity (H) ranged from 0.0545 for SSR12i to
0.4720 for SSR25v, and the average was 0.3136. Fur-
thermore, genetic diversity analysis indicated that the
166 samples could be grouped into five main popu-
lation clusters based on their maximum membership
coefficients which were assigned as Popl to Pop5.
Among the five populations, the largest values of
allele (total number of detected alleles), Ne (effective
number of alleles) and Na (observed mean number
of alleles) was found to be higher in Popl, with val-
ues of 61, 1.461, and 1.977, respectively. Addition-
ally, AMOVA showed that 13% of the total genetic
variation occurred among the population and 87%
genetic variation within the populations of the spe-
cies. Whereas, the pairwise Fst specified the moder-
ate genetic variation ranging from 0.0336 to 0.0731.
Finally, the principal coordinate analysis revealed that
the x-axis and y-axis explained 5.72% and 4.86% of
the variation in molecular data, respectively. Taken
together, these SSR markers provide new insights for
a more precise understanding of the genetic diver-
sity of L. chinensis germplasm and could potentially
enhance the breeding program of L. chinensis.

Keywords Leymus chinensis - SSR marker -
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Introduction

The genus Leymus belongs to the grass family (7riz-
iceae; Poaceae). In the Eurasian steppe zone, Leymus
is one among the most distinctive grassland commu-
nities and it is widely spread throughout the Eurasia’s
eastern steppe, including Russia’s outer Baikal region,
western North Korea, Mongolia, the Northeast Plain,
the Northern Plain, and China’s Inner Mongolian Pla-
teau (Bai et al. 2004). In Asia, L. chinensis (Trin.)
Tzvelev grasslands occupy a total area of about
420,000 km?, and 220,000 km* of area is found in
China. These grasslands contribute to the ecological
civilization of China through water and soil conserva-
tion and provision of resources for livestock farming,
particularly in northern China (Bai et al. 2010). Due
to its long and thick underground rhizomes, as well as
adventitious roots at each node, L. chinensis signifi-
cantly protects the environment.

It is a self-incompatible species that often requires
outcrossing and may have expanded genetic diversity
geographic distribution (Zhang et al. 2004) L. chin-
ensis is well adapted to its environment and could
grow under different soil and climatic conditions.
It is characterized as drought and salt tolerant, thus
it can grow well during dry seasons even when soil
moisture becomes less than 6%, Na,CO; at concen-
trations of 175 mmol/L and NaCl at concentration of
600 mmol/L (Ma et al. 2007; Wang et al. 2008). This
species is an important animal husbandry resource
because of its high protein content, higher vegetative
production, and good palatability [6]. Many research-
ers have been paying attention on how L. chinensis
responds to global changes such as extreme tempera-
tures, CO, doubling and drought from a macro per-
spective because of its significant function in envi-
ronmental protection (Niu et al. 2008; Wang and Bao
2007; Xu and Zhou 2006; Xu et al. 2009). However,
research on the genetic basis of L. chinensis’ envi-
ronmental adaptations are lacking in the literature,
owing to the species’ limited genomic resources. To
date, only 1815 ESTs and 51 sequences of L. chin-
ensis proteins have been stored in public databases
(Jun et al. 2008). Additionally, gene discovery is still
behind the times, with just a few genes having been
cloned and functionally validated (Ma and Liu 2012;
Xianjun et al. 2011). L. chinensis offers high protein
content, high vegetative productivity, and good palat-
ability, making it an important foodstuff for animal
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husbandry development (Wang et al. 2009). In addi-
tion, L. chinensis is also an elite gene pool.

Studies of genetic diversity in plants are funda-
mental aspects of plant breeding research. The exploi-
tation of phenotypic and genetic diversity enables the
breeder for developing new and improved varieties.
Some researchers use morphological characteriza-
tion approaches to study diversity; however, it might
be time consuming. Biochemical markers are also
used for study of diversity although they are affected
by developmental stages of plants and are limited in
number (Winter and Kahl 1995). As a result, molecu-
lar markers have been frequently employed in numer-
ous studies for assessment of genetic diversity due
to their associated varying merits such as cost-effec-
tiveness, abundance in nature and are not affected by
different plant developmental stages (Mccouch et al.
1997).

Various reports have documented the genetic
diversity or relationship of L. chinensis at the molecu-
lar level. However, studies on genetic variation meas-
urements at this level within and among identically
named inbred lines sustained by different programs
are lacking. Molecular fingerprinting approach com-
plements phenotypic measures in the quantification
of genetic variations, because it shows changes in
DNA which cannot be expressed phenotypically. It
is essential to determine the level of genetic diversity
both among and within inbreed lines of L. chinensis
by means of microsatellite markers. Comprehending
the genetic variation and population structure offers
the opportunity to determine the usefulness of emerg-
ing germplasm resources for breeding program and
fundamental research. SSR markers are specific and
highly polymorphous [16], but to design specific
primers, they require the knowledge of the genomic
sequence and are thus restricted mainly to economi-
cally important species. Therefore, current study
was carried out using SSR markers to systematically
investigate the population structure and genetic diver-
sity in a set of 166 L. chinensis plants. The objectives
of the current research were to: (a) evaluate the lev-
els of diversity among accessions collected from dif-
ferent regions of China, (b) evaluate the population
structure of these accessions.
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Materials and methods
Plant material and study site

The current study was carried out at the Institute of
Grassland Research (IGR, Hohhot, China), Chinese
Academy of Agricultural Sciences (CAAS), Beijing
China. The L. chinensis germplasm accessions were
acquired from five lands, namely Inner magnolia,
National forage gene bank, Jilin, Shanxi, and Repub-
lic of magnolia. The screening of this unique collec-
tion was conducted using SSRs markers among these
accessions.

Genomic DNA extraction

A total of 166 individuals, including 44 Republic of
magnolia germplasm and 122 cultivated germplasm,
were collected from the different introduced areas of
L. chinensis across China. Among the cultivated indi-
viduals, 61 came from National forage gene bank, 44
from Inner magnolia province, 19 from Jilin province,
and 18 from Shanxi province. A nursery of germ-
plasm collected was developed at the experimental
station of Agro-pastoral ecotone located shaerqin
research station (N40°34, E111°56") Hohhot China.
These accessions were cultivated at the L. chinen-
sis germplasm station of Agro-pastoral ecotone. For
DNA extraction, ten fresh young leaves from each
individual were collected randomly from 30 days old
plants, samples were sealed in plastic bags, immedi-
ately kept in the liquid nitrogen (— 196 °C) and stored
in deep freezer at —80 °C for DNA extraction. The
Hi-DNAsecure Plant Kit (Tiangen, Beijing, China)
was used for total genomic DNA extraction from each
sample following instructions from the manufacturer.
Moreover, the quantity and quality of extracted DNA
was checked by Nano Drop 2000 (Thermo Scientific,
Washington, DE, USA).

Polymerase chain reaction

The PCR reaction mixture consists of total volume
of 10 pl consisting of DNA template 50 ng, forward
and reverse primer 0.5 pl each, 4 pl PCR master mix,
and 4 pl ddH20 model. The PCR amplifications
were performed using the DNA Thermal Cycler (Bio
Rad Laboratories, Inc, China) under the following
conditions: Thermal profiling was setup with initial

denaturation temperature of 94 °C for 30 s, followed
by denaturation with 35 cycles (94 °C for 30 s),
annealing (52-55 °C for 30 s), extension (72 °C for
30 s) and the final extension (72 °C for 5 min). Later
the quality of PCR product was checked by gel elec-
trophoresis by running 5 pl of PCR product on 1%
agarose gel.

Electrophoresis and fragment detection

The fragment detection was performed using 10 pl of
PCR amplification final product mixing with 3 pl of
loading buffer 30% sucrose. Three (3) pl of the sam-
ple was loaded into 30% acrylamide-bisacrylamide
gel in 1 XTBE and electrophoresed for 90-110 min
at 150 V. The fragments were identified through sil-
ver staining technique as follows: the peeled gel was
fixed with 0.5% ethanol containing 10% acetic acid
solution for 20 min. The fixed gel was subjected for
staining by placing it in 0.1% AgNO3 staining solu-
tion for 15 min. Then, the stained gel was washed
with ddH20 twice, and finally to obtain visible frag-
ments, following the washing gel was placed in 37%
formaldehyde solution containing 8% NaOH for
10 min. Fragments of each allele were scored in base
pairs using the Quantity One software version 4.6.2
(Bio-Rad), the size of the PCR products for each
SSR markers was recorded in an Excel spreadsheet
(Table 1).

Statistical analysis
Genetic diversity

Microsoft Excel 2013 was used for analyzing total
number of bands (TNB), number of polymorphic
bands (NPB) and percentage of polymorphic bands
(PPB). While the effective number of alleles (Ne),
observed number of alleles (Na), Shannon’s informa-
tion index (I), Nei’s gene diversity (H), and the over-
all gene diversity (Ht) were calculated and the esti-
mate of genetic diversity level with five populations
was analyzed using POPGENE version 1.2 software
(Popgene et al. 2017).Moreover, GenAIEx v 6.5 was
employed to calculate genetic differences among pop-
ulations (FST) and pairwise Fst. The hierarchical was
carried out using the Analysis of Molecular Variance
(AMOVA) (Peakall and Smouse 2012).
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Table 1 List of nineteen (19) SSR markers used for studying the details of Polymorphism in L. chinensis

Code Forward prime Reverse primer Origin

3 TGTTTCCTTCTTTGATGCCC CATGGGATTCAATGGGGTTA Genome

4 GGGGGTTATCCTCCTTTTTG CTGCTCTCCATGCATGTGTT Genome

6 AGGGGCCAAGAGAGAGAAAG TCACACATTCACCCACACCT Genome

7 AGCTAGCCCTCCTACCGAAG CACGCTTGTGTGTCTGTGTG Genome

8 AAATGAGGGCTGTGCAAAAA AGCTTTCCTTTTCCGAGAGG Genome

9 TGTGCAGGTGACTTTGGAAG GTTTTGAGCGTTGCAAGTGA Genome

10 GTGGTCACACATTCGACAGG ACATGCATACTACTCCCCGC Genome

11 ACACTATTGGTCCGCCATTC AGTCCAGCTTTGGCTACCAT Genome

12 CGACCAAGGTAATAGGCGAA GCCACCCATAGCTTGACTGT Genome

13 GCCCTGTTTTGTTTCGAGAG AGGACATGAACTCCGACTGG Genome

14 GAAGGAACCATGAGTCGACAA TGACATGACAGCCCTGACTC Genome

15 GCGGAGCTCTTCTTCTTCCT GAGCTGCATCGCTATCATCA Genome

17 ACTCTCTCCCTCTGCTTCCC CCTTCCTTGCTTACATTGGC Genome

18 ACACCTTCCCAGGACAATCCATTG AGCACGCAGAGCACCGAAAAAGTC Liu et al. 1996
19 AGAGCAACTACCAGTCCAATGGCA GTCGAAGGAGAAGCGGCCCTGGTA Liu et al. 1996
20 CCGCCGATGACCTTCTC ACCCACGACCTATGGCAC Liu et al. 1996
22 GCTGTGCGACTACCTGAACTCC CAGAGGAACTGGAACAAGCACTC Wang et al. 2016
24 GCAATGAACACTGAATCAATCGAG CGTGTGAGACTCATCGATGTTACC Wang et al. 2016
25 CATCGTCACGGATGAAGAACTG AATGGCGACAGTATGTTCAGTGAT Wang et al. 2016

Population structures

The population structure of the 166 L. chinensis was
investigated using the program STRUCTURE ver-
sion 2.3.4 (Pritchard and Stephens 2000) by using
the admixture model, correlated allele frequencies
and a burn-in period of 100,000 iterations, followed
by 1,000,000 Markov Chain Monte Carlo (MCMC)
repetitions (Evanno et al. 2005). The K value ranged
from 1 to 9 with 30 independent runs. The optimum
number of populations was identified by maximum
likelihood (LnP9K)) and (AK) followed by Evanno’s
method (Evanno et al. 2005). The structure Har-
vester version 0.6.94 was used to examine the struc-
ture results (Earl and Vonholdt 2012). cluster analy-
sis. DArwin program v 6.0.9 was used to construct
unweighted neighbor-joining phylogenetic trees and
principal component analysis based on the dissimi-
larity matrix measured with the Manhattan index
(Perrier and Jacquemoud-Collet 2006; Perrier et al.
2003). Additionally, GenAlEx v 6.5 was employed
to estimate Principal Coordinate Analysis (PCS) for
summarizing the variation patterns in multi-locus
dataset, on the basis of matrix of pairwise Nei’s
genetic distance (Peakall and Smouse 2012). Finally,
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the correlation between geographic and genetic dis-
tance matrices was measured using SPSS version
22.0 software.

Results
Polymorphism of SSR markers

In the present study, nineteen SSR markers were used
for genetic diversity and a total of 133 alleles were
detected across the 166 L. chinensis individuals. The
polymorphic rate was more than 80% for all the SSR
markers, except for SSR12i and SSR6c¢ which showed
50% and 75% polymorphism respectively. Remark-
ably, SSR7d, SSR8e, SSR9f, SSR10g, SSR1lh,
SSR17n, SSR19r, SSR20s, SSR22t, SSR24u and
SSR25v displayed the highest polymorphic rate
of 100% (Table 2). The number of bands ranged
between 4 and 10, while polymorphic bands were
between 2 to 10. The gene diversity (H) ranged from
0.0545 at SSR12i to 0.4720 at SSR25v, with an aver-
age of 0.3136. The effective number of alleles (Ne)
ranged from 1.0600 at SSR12i to 1.8990 at SSR25v
with an average of 1.5199. Moreover, the Shannon’s
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Table 2 Diversit.y . Locus name Total bands Polymorphic  Polymor- Ne H I

parameters asspmated with bands phism (%)

the 166 accessions of L.

chinensis SSR3a 6 5 83.33 16271 03564  0.5245
SSR4b 9 8 88.89 1.5693 0.3455 0.5240
SSRé6c 4 3 75.00 1.1819 0.1489 0.2741
SSR7d 10 10 100 1.5292 0.3369 0.5165
SSR8e 7 7 100 1.6212 0.3608 0.5371
SSROf 8 8 100 1.3737 0.2644 0.4291
SSR10g 10 10 100 1.5300 0.3301 0.5056
SSR11h 9 9 100 1.4515 0.3000 0.4725
SSR12i 4 2 50.00 1.0600 0.0545 0.1203
SSR13j 6 5 83.33 1.4109 0.2690 0.4175
SSR14k 7 6 85.71 1.4778 0.3008 0.4600
SSR15m 6 5 83.33 1.6928 0.3791 0.5458
SSR17n 6 6 100 1.3778 0.2406 0.3833
SSR18p 5 4 80.00 1.4298 0.2626 0.4014
SSR19r 6 6 100 1.6516 0.3823 0.5669
SSR20s 7 7 100 1.6429 0.3812 0.5666
SSR22t 7 7 100 1.5606 0.3363 0.5096
SSR24u 9 9 100 1.7903 0.4363 0.6267

Ne, effective number of SSR25v 7 7 100 1.8990 0.4720 0.6646

alleles; H, gene diversity; Average 7.00 6.53 91.03 1.5199 0.3136 0.4761

I, Shannon’s information Total 133 124

index

information index (I) ranged from 0.1203 at SSR12i
to 0.6646 at SSR25v with an average 0.4761. The
results revealed that majority of the examined SSR
markers had relatively high polymorphism and were
sufficient to further explore the genetic diversity of L.
chinensis germplasm.

Population structure of L. chinensis

To understand the population structure among 166
L. chinensis individuals, they were divided into 5
optimum clusters using an admixture model-based
method, which was created from the STRUCTU
RE HARVESTER website with the largest log prob-
ability of the data (LnP(D)) derived AK value as
shown in (Fig. la—c). The number of populations
(K) was measured from 1 to 10 with ten replicates.
Among these most congruent cultivars arrangement
was offered by K=1 with different populations. The
genetic diversity analysis revealed that 166 samples
could be classified in to five main population clusters
on the basis of maximum membership coefficients,
which were labeled as Popl to Pop5 (Fig. 2). The

findings revealed a related group component in vari-
ous clusters. The Popl cluster consisted of 61 sam-
ples, accounting for 39.75% of all samples, followed
by Pop2 which consisted of 45 samples, while the
least number of 12 samples were retained by Pop5
(Table 3). Our results showed that, despite all the
proportions, majority of samples had relatively close
genetic background, with interspecific gene flow to
some extent.

The phylogenetic analysis of neighbor-joining (NJ)
and the principal component analysis (PCA) were
applied on 166 individuals to uncover the genetic
relationship among them the based on the Manhat-
tan index dissimilarity matrix. Both PCA plot and NJ
dendrogram tree had clearly distinguished five clus-
ters (Fig. 3). In addition, the x-axis and y-axis in the
PCA plot illustrated 5.72% and 4.86% of the molecu-
lar data variance respectively.

Genetic diversity of L. chinensis

Among the five populations (Table 2, Fig. 2), the
largest value of total number of detected alleles, the
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Fig. 1 Population structure analysis of 166 L. chinensis indi-
viduals based on 19 SSRs. a Population estimation using mean
of estimated LnP(D) with K ranging from 1 to 10. b Popula-
tion estimation using LnP(D) derived AK with K ranged from
1 to 10. ¢ Clustering of 166 L. chinensis individuals presented

Na and Ne were found to be higher in Popl, which
were 61, 1.977, and 1.461, respectively. Additionally,
the Pop2 showed the largest H and I value 0.303 and
0.463 respectively. while highest Ht value of 0.321
was observed in Pop5.

Both the analysis of molecular variance (AMOVA)
and pairwise Fst were used to access the genetic
differences among the populations. The AMOVA
analysis revealed 87% of the genetic variation was
observed within the population while, that the 13%
of the total genetic variation was seen among popula-
tion (Table 3), which is due to five population groups
among accessions. Present analysis demonstrated a
significant difference between individuals and within
population groups. Additionally, pairwise Fst showed
moderate genetic differentiation which ranged from
0.0336 to 0.0731 (Table 4). The highest level of
genetic difference was noted between Pop2 and
Pop4, while Popl and Pop3 showed lowest genetic
differences. Additionally, the PCA was performed
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by different colors i.e. 1. Red, 2. Green, 3. Blue, 4. Yellow and
5. Pink inferred by Structure analysis. Each bar representing an
individual, where different colors representing the estimated
membership coefficient using the Q statistic. (Color figure
online)

GenAIEx version 6.5, based on the matrix of pairwise
Nei’s unbiased genetic distance. The results revealed
that the x-axis illustrated 5.72% of the variance of
molecular data, while the y-axis explained 4.86%
(Figs. 3, 4; Table 5).

Discussion

Analyzing the diversity of collections of germplasm
of several crop species has indicated substantial vari-
ation for a variety of traits (Yang et al. 1991). The dif-
ferent types of phenotypic characteristics have proved
to be an essential tool in plant classification and the
ensuing information is usually of great importance
to plant breeders because it aids in the production of
plant species with suitable nutritional and agronomic
characteristics (Maduakor and Lal 1989)..

To classify potential parent plants, identifying the
genetic diversity of the improved and L. chinensis
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Fig. 2 Details of hierarchal population structure analysis of 166 L. chinensis individuals Pop1l, Pop2 Pop3, Pop4 and Pop5 popula-

tion code

Table 3 Summary of the

- . o Population Size Na Ne 1 H Ht
genetic diversity statistics
of L. chinensis populations POPI1 61 1.977 1.461 0.443 0.286 0.291
POP2 46 1.939 1.497 0.463 0.303 0.310
. 1 sene diversite: POP3 25 1.788 1.435 0.407 0.265 0.276
; Overd . geie AVersy; POP4 2 1735 1433 0.394 0.259 0271
I, Shannon’s information
index: H, gene diversity; POP5 12 1.803 1.495 0.444 0.294 0.321
Ne, effective number Average 332 1.848 1.464 0.430 0.281 0.294
of alleles; Na, observed Total 166 1.985 1.383 0.409 0.254 0.255

number of alleles

genotypes is an essential component required to
characterize and conserve the germplasms. The SSR
markers are among the most extensively used DNA
markers and are used for a variety of purposes (e.g.,
genome mapping, diversity and recognition of vari-
eties) (Da Sliva 2005) Unlike the biochemical and
morphological, both the environment and growth
strategies do not influence molecular markers (Ove-
sana et al. 2002). The survival, characterization, and
germplasm reproduction are largely dependent on
genetic diversity assessment. In classical breeding,
genetic diversity is influenced through the selection
of outcomes from various allele frequencies, and
this results in loss of variation and beneficial effects
(Singh et al. 2004).. However, little is understood

about the genetic diversity of L. chinensis. In present
study, the genetic variation of 166 Leymuschinensis
genotypes was tested using 19 microsatellite markers.
The findings revealed a large degree of genetic varia-
tion among the genotypes used.

In present study, the 19 SSR markers used detected
different number of alleles per locus. This could be
attributed to the remnant heterozygosity in certain
varieties and to the expected varietal heterogeneity
in which landrace varieties are composed of pure line
mixtures which contribute to their wide-ranging adap-
tation in traditional farming systems. These outcomes
validate the findings by (Shah et al. 2013) where a
different group of rice genotypes were investigated.
By comparison, the average number of alleles per
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Fig. 3 The relationships
among the 166 individu-
als of L. chinensis. a An
unweighted neighbor
joining (NJ) tree among
166 L. chinensis individuals
calculated using Manhattan
index based on dissimilar-
ity matrix. b The principal
coordinate analysis (PCA)
on the basis of dissimilarity
matrix, first principal coor-
dinate, the x-axis displayed
5.72% variation while the
second principal coordinate
the y-axis showed 4.86%
variation

(b)

LC130 e

Table 4 Analysis of molecular variance (AMOVA) showing
genetic diversity in L. chinensis germplasm

Source df SS MS Est. Var %
Among pops 4 443.691 110.923 2971 13
Within pops 161 3116.845 19.359  19.359 87
Total 165 3560.536 22.330 10

df, degrees of freedom; SS, sum of squares; MS, mean square;
EST. Var, estimated variance
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locus achieved in our study is comparatively lower
as compared to those recorded in previous reports.
For instance, (Kuroda et al. 2007). recorded an aver-
age value of 9.28 alleles per locus using 7 SSR loci,
while (Rahman et al. 2009). reported an average of
6.33 alleles per locus in 34 varieties using a small set
of 3 SSR markers. The observed variations in average
number of alleles per locus could be attributed to the
choice of SSR markers with multiple scorable alleles
and the diverse nature of genotypes used in the for-
mer and present studies.
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Fig. 4 Matrix of pairwise genetic differentiation between pop-
ulations (Fst)

Table 5 The matrix of pairwise genetic differentiation among
populations (Fst)

Population ~ Popl Pop2 Pop3 Pop4 Pop5

Popl -

Pop2 0.0341 -

Pop3 0.0336  0.0467 —

Pop4 0.0481 0.0731  0.0593 -

Pop5 0.0374  0.0637 0.0658 0.0694 -

The genetic diversity is the indicator of heterozy-
gosity. The mean genetic diversity value of 0.3136
obtained in this study depicts relative heterozygosity
in relation to the 166 genotypes of L chinensis stud-
ied. The average value of gene diversity recorded in
the present research is lower than 0.71 as reported
in previous studies (Lapitan et al. 2007). The higher
mean genetic diversity value recorded by (Lapitan
et al. 2007) might result from high genetic materials
exchange rate among the rice genotypes mostly used
for studies during their genetic improvement research.
The relative heterozygosity identified in this research
could have resulted from the mixing or exchange of
genetic materials in various parental lines particularly
during the adopted strategies for improving L. chin-
ensis. Notably, hybrid variety in conventional rice
breeding is the result of genetic material exchange
between two lines.

In present study, the maximum genetic distance
value found between pops and within pops showed
a high genetic dissimilarity between them and indi-
cates a high level of divergence. The chromosomal
mutation and diverse geographical context poten-
tially contribute to the genetic dissimilarity observed
between the genotypes of the Leymuschinensis stud-
ied. Analysis of molecular variance revealed percent-
age variance in L. chinensis between populations and
among accession genotypes used in the present study.
The AMOVA results showed that 13% of the over-
all genetic variation appeared among populations,
which is attributed to having five population groups
among the accessions, whereas 87% genetic varia-
tion occurred within the populations of both species.
The present research revealed significant differences
between individuals and within population groups.
For a given SSR, high genetic variation in a sample
of population might be due to an increase in gene
flow or the mutation of a number of repeats of a given
genotype. Additionally, this high genetic variation
could be due to the natural selection process within
the studied genotypes of L. chinensis. In contrast, the
comparatively low genetic variation between the gen-
otypes of L. chinensis could be due to the sharing of
the same SSR profiles among accessions. The lower
genetic variation between these genotypes may be
related to the possibility of sharing a common ances-
try, despite growing in different regions. (Cao et al.
2006) reported a similar difference in the level of var-
iation between and among the rice genotypes groups
studied using microsatellite markers.

In addition, pairwise Fst indicated a slight genetic
differentiation, varying from 0.0336 to 0.0731. The
maximum level of genetic difference was noted
between Pop2 and Pop4, and lowest is between Popl
and Pop3. In addition, the PCA was performed based
on the matrix of pairwise Nei’s unbiased genetic dis-
tance. The observed genetic dissimilarity indicates a
common ancestral origin or a high degree of inter-
breeding that occurs in the exchange of identical
alleles in the L. chinensis genomes. These findings
are similar to those recorded by Sajib et al. (2012),
but somewhat greater than those documented by
Shah et al. (2013). On the other hand, Ravi et al.
(2003) used SSR markers among 40 rice varieties and
achieved an average genetic similarity of 0.79. This
genetic variation may be attributed to the use of dif-
ferent rice genotypes in different groups. The authors
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speculated that the large degree of similarity discov-
ered may be due to intra-specific differences in the
cultivars used.

Based on the cluster analysis, it was observed that
the genetic diversity of the 166 L. chinensis samples
could be grouped into five major population clusters
on the basis of their maximum membership coef-
ficients, that were labeled as Popl to Pop5. The K
was measured from 1 to 10 with ten replicates, and
the most congruently arrangement of cultivars were
offered by K=1 value with different populations. The
findings displayed a similar group component in dis-
tinct clusters. Cluster Popl consisted of 61 samples,
accounting for 39.75% of all the samples, followed
by Pop2 which comprised of 45 samples while Pop5
retained the least with only 12 samples. In view of
all the proportions, the findings demonstrated that
majority of the samples possessed comparatively sim-
ilar genetic background, with interspecific gene flow
to some extent.

Genetic diversity is a vital characteristic in breed-
ing programs for genetic improvement (Liu et al.
2019). However, for L. chinensis, the information
on genetic diversity is very limited. Moreover, for
evaluating the species’ potential for the develop-
ment of new germplasm resources, its evaluation of
genetic diversity and population structure is vital.
While the previous information of genetic diver-
sity and pairwise relatedness could offer valuable
insights on effectively utilizing huge collections of
genetic resources (Ambreen et al. 2018; Yang et al.
2019; Xu et al. 2017). Hence, in present research, 166
individuals of L. chinensis were used for the genetic
diversity assessment, which were collected from their
native habitats across the Eurasian steppe. A total of
19 SSR markers harbored 133 alleles throughout the
entire database. Medium level of genetic diversity
of Leymuschinensis was implied by Shannon’s infor-
mation index, effective number of allele and gene
diversity of 0.4761, 1.5199, and 0.3136, respectively.
The Bayesian model-based structure analysis is com-
monly employed in plant species to infer concealed
population structure (Porras-hurtado et al. 2013). In
current study, the structure analysis revealed that the
optimum number of cluster for 166 L. chinensis indi-
viduals is five. Both the principal component analy-
sis (PCA) and the neighbor-joining (NJ) phylogenetic
analysis validated the structural pattern as distinctive,
revealing five main clusters.
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Conclusions

The overall aim of this study was to characterize
genetic diversity of L. chinensis germplasm using
molecular markers. In numerous studies, the SSR
markers have been applied for characterization of
genetic diversity and population structure in various
crops including grasses and related species. How-
ever, genetic diversity studies on L. chinensis using
SSR markers have so far been less studied. In this
study, several polymorphic SSR markers were char-
acterized for L. chinensis, the microsatellite mark-
ers displayed high DNA polymorphism levels in the
L. chinensis. Thus, the markers can be applied in
Leymuschinensis genotypes for evaluating genetic
diversity and relationship. The present investi-
gation offers an overall population structure and
genetic diversity assessment in 166 Leymuschinen-
sis genotypes. The genetic diversity and population
structure analysis of Leymuschinensis provides a
greater understanding of its domestication and gene
exchange in China. Additionally, these markers are
often known as perfect methods for distinguish-
ing such polymorphic cultivars. Taken together,
the microsatellite markers offer new insights for
comparatively accurate understanding of genetic
diversity and relationship of L. chinensis, which is
crucial for molecular marker-assisted selection for
breeding programs as well as for identification, uti-
lization and conservation of germplasm. The molec-
ular markers employed in the present study should
be used for constructing a genome database that
will be useful in L. chinensis breeding programs and
characterization of other L. chinensis germplasm.
The SSR markers have proved to be highly effective
for characterization of variation in our L. chinensis
germplasm. Suggesting that increasing the number
of SSR markers would enhance the likelihood of
identifying individuals within population groups.
Our outcomes define broad scale patterns of popu-
lation genetic structure in L. chinensis germplasm.
These results will be useful for breeders wishing to
exploit genetic diversity.
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