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1. Introduction

A total of 120 maize inbred lines were subjected to genetic diversity analysis by 40 SSR
markers. The study revealed total alleles of 146 across 40 simple sequence repeat (SSR)
markers, ranged from 2 to 8 with the average of 4 per locus. Gene diversity was observed
with the mean value of 0.55, range from 0.11 to 0.71 among maize genotypes.
Polymorphism Information Content (PIC) value ranged from 0.10 to 0.76 with the mean
value of 0.48. Umc1525 was the best marker in this study for identification of genotypes
as revealed by its PIC values of 0.76. A wide range of genetic variability and PIC value
were observed among maize genotypes designating that tested genotypes are invaluable
genetic materials for the breeding program. In UPGMA classification by molecular
markers, the genotypes were identified three distinct clusters. The log-likelihood exposed
by the population structure with the optimum K value of 4, pointed out that genotypes
could be divided into four sub-populations. Genotypes involved in sub-population IV
analyzed by population structure, which was one group in cluster IIIB constructed by
UPGMA, indicating that genotypes in sub-population IV were unique and diverse from
other maize genotypes. Principal coordinate analysis (PCoA) was performed to identify
maize inbred lines into genetically diverged and similar genotypes. Based on this finding,
genotypes viz. TK.19.17, TK.19.20, TK.19.21, TK.19.27, TK.19.28, TK19.31, TK.19.33,
YZS1.20.006, YZSI.20.15, YZS1.20.16, YZS1.20.17, YZSI.20.26, YZSI1.20.054, YZSI1.20.036 and
YZSI.20.027 were genetically diverged and useful in maize breeding program for the
exploitation of heterosis.

In Myanmar, maize is the second most important
cereal crop after rice, and its demand has steadily
increased since 2009. The maize growing area has
expanded and hybrid maize varieties have been
widely cultivated [1]. The yields and quality of maize
in most maize producing countries have been greatly
improved by conventional and hybrid breeding
programs [2]. In maize breeding programs, the
genetically diverse elite inbred lines can play a

significant role to develop hybrids with maximum

expression of heterosis without making all possible
crosses among them [3]. The potential hybrids can be
obtained in crosses of parents from a diverse origin
than hybrids formed from lines with same genetic
background [4]. Lack of genetic diversity of breeding
resources may lead to limitation in breeding progress
and genetic advance from selection [5 6]. To
overcome this limitation, the assessment of genetic
diversity and population structure is consistently
carried out by using different marker techniques such
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as morphological, biochemical and molecular markers
[7, 8]. Consequently, accurate characterization of
inbred lines using molecular technique is important
for effective breeding [9]. Therefore, genetic diversity
study of breeding resources by using molecular
technique is essential for the development of new
inbred
grouping and selection of potential parents in maize
breeding [10].

maize lines, identification of heterotic

Molecular markers are indispensable to assess genetic
resources for breeders for the collection of genetic

variability and the detection of genetic differences [11].

The assessment of genetic diversity by molecular
marker has a great potential to identify genetically
diverged inbred lines [4, 12, 13]. In the genetic
diversity study of crops like maize, wheat, rice, and
barley, SSR markers have been widely used [14, 15].
In the assessment of genetic diversity, genetic
structure, evolutionary origin, population structure,
genome wide association mapping, fingerprinting,
and plant breeding programs, application of SSR
markers are also essential [3, 16-20]. SSR markers have
the capacity of high variability from co-dominant and
multi-allelic polymorphisms, and precise and fast
detection [21]. Therefore, the classification of inbred
lines by SSR markers is invaluable to select potential

parents for the breeders to exploit maximum heterosis.

The present study aimed to assess genetic diversity
and population structure of Myanmar maize inbred
lines using Simple Sequence Repeat (SSR) markers.

2. Materials and methods

2.1 Plant materials

The 120 maize inbred lines were used for genetic
diversity analysis. The inbred lines were developed
from introduced hybrids (Supplementary Table S1) at
the Other Cereal Crops Research Section, Department
of Agricultural Research (DAR), Yezin, Nay Pyi Taw
and Tatkone Research Farm, DAR, Myanmar. B73
(CIMMYT) and C7 (used as common tester in
Myanmar hybrid maize breeding program) were also
involved in tested genotypes to observe their genetic
relationship. The experiment was conducted at
Biotechnology Research Section, DAR.

2.2 SSR markers analysis

2.2.1 DNA extraction

Young fresh leaves of 3-5 plants were selected to
extract DNA using the cetyl trimethyl ammonium

bromide (CTAB) method. DNA concentration was
ND-2000
Spectrophotometer. Then, DNA mother liquor was

measured by using  Nanodrop
diluted to 50 ng/ ul. By preliminary screening, 40
polymorphic SSR markers covering the whole maize
genome were used in this study. The primer sequence
information was available from the Maize Genetics

and Genomics Database (www.maizegdb.org).

2.2.2 Polymerase chain reaction (PCR) and electrophoresis
Every 10 pl of PCR reaction system contained 1.3 pl
10xBuffer, 1.0 pl (2.5 mM) dNTP, 0.3 ul (25 uM) each
forward and reverse primer, 0.5 ul (5 U/pl) Taq
polymerase, 1 pl (50 ng/ul) DNA, and 5.6 pl ddH-20.
PCR reaction procedures included pre-denaturation
at 95 °C for 5min, denaturation at 95 °C for 30s,
annealing (different marker sites) at 55-62 °C for 30s,
extending at 72 °C for 30s, repeating 35 times,
extending at 72 °C for 5 min, stop the reaction at 10 °C,
storage at 4 °C. PCR products were detected using red
safe gel electrophoresis. The PCR products along with
100bp DNA ladder as molecular marker was resolved
in 3% agarose gel. Then, the allele of 40 SSR loci were
scored according to the molecular weight of each
amplified DNA with the 100bp DNA ladder.

2.3 Statistical analysis
Power Marker Version 3.25 Software was used to
detect allele number, gene diversity and polymorphic
information content (PIC). The construction of
Phylogenetic tree analysis was assembled based on
the Unweighted Pair-Group Method with Arithmetic
(UPGMA) [22]

molecular evolutionary genetics analysis (MEGA V6)

Means dendrogram by using
software [23]. The genetic distance of maize genotypes
was assessed according to Nei coefficient [24].

The population structure was performed using the
Bayesian Markov Chain Monte Carlo model (MCMC)
implemented in STRUCTURE v 2.3.1 software [25].
The number of potential genetic clusters (K values)
was set from 1 to 10; with 3 independent runs for each
K. Analysis of Molecular variance (AMOVA) was
used to observe genetic variation among individual
genotypes within the same populations and also
among different populations. Principal coordinate
analysis (PCoA) was completed by GenAlIEx V 6.5
software [26].
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3. Results and discussion
3.1 Genetic diversity of maize genotypes
In this study, all the SSR markers created divergent

reproducible amplification which was applied for the
genetic diversity examination of maize genotypes
(Table 1). The study revealed a total of 146 alleles
across 40 marker loci suggesting that a high
polymorphism can be foreseeable in the tested maize
inbred lines. The allele number ranged from 2 to 8
with the average of 4 per locus. Nikhou et al., [27]
observed that the alleles number ranges from 2 to 6
using 10 SSR markers. Synrem et al., [28] reported that
the allele number ranges from 1 to 5 with mean of 3.5.
Nikoli¢ et al., [29] found that the allele number ranges
from 1 to 6 with mean of 5.95. The difference in allele
number observed among genotypes may be due to
population size under study, the methodologies used
for the discovery of polymorphic markers which
affect allelic dissimilarities or equality based on
pedigrees [30]. The values of genetic diversity were
observed in the range of 0.11 (umc2061) to 0.79
(umc1525) with the average of 0.55. In this study,
average gene diversity value (0.37) is higher than
other finding [30], with the range of 0.22 to 0.47. A
high range of gene diversity among genotypes may be
due to diverse sources involved in their development,
making them more heterogeneous. In this study, SSR
markers showed high allelic variants as well as gene

diversity values.

The Polymorphic Information Content (PIC) value is
a significant parameter which administers the
effectiveness of a marker in estimating genetic
diversity of genotypes. PIC value was observed in this
study with the average of 0.48 ranging from 0.10
(umc2061) to 0.76 (umc1525) (Table 1). The average
PIC value is lower to compare with the finding [31]
with the average of 0.55, range from 0.054 to 0.82.
Nevertheless, it was higher than other research
finding [30], with the average of 0.30, range of 0.20 to
0.37. Among the 40 SSR markers, umc1525, bnlg381,
umc2011, phi299852, umcl754 and bnlg2248 were
observed to be the most powerful markers for genetic
diversity assessment among genotypes based on their
highest PIC value of 0.76, 0.75, 0.74, 0.73, 0.72 and 0.71,
respectively. The powerful molecular markers could
be effectively used to identify genotypes into
alternative heterotic groups [10]. In plant breeding
programs, study on genetic variation and PIC values

are enormously supportive for information on the
level of polymorphisms among genotypes [17]. The
present investigation provides valuable information
on the genetic constitution of 120 maize genotypes
studied by using 40 SSR markers.

Out of the total markers, 10 % showed low
polymorphism (PIC = 0.10 to 0.21), 42.5% was with
average polymorphism (PIC = 0.28 to 0.48) and 47.5%
was high polymorphism (0.51 to 0.76). A PIC value of
less than 0.25 directs low polymorphism; a value
between 0.25 and 0.5 shows average polymorphism
and a value higher than 0.5 specifies a highly
polymorphic locus [32]. Several factors can influence
the PIC value including population size, diversity,
method of genotyping and location of primer on a

chromosome, etc.

3.2 UPGMA cluster analysis based on genetic distance
One of the effective methods for plant breeders to
observe the genetic variation among the genotypes is
UPGMA clustering method. In this method, the 120
genotypes were firstly divided into three main
clusters, cluster I included 39 genotypes, cluster II
included 28 genotypes and cluster III included 53
genotypes (Fig. 1). The cluster I could be further
subdivided into clusters IA with 11 genotypes and IB
with 28 genotypes. The cluster II could be further
subdivided into IIA with 6 genotypes and IIB with 22
genotypes.

Figure 1. UPGMA clustering of maize inbred lines
using Nei’s genetic similarity coefficients
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Table 1. Information of 40 SSRs: bins, motif, allele frequency, allele number, gene diversity and PIC value across 120 maize

inbred lines

Marker Bins Motif Allele Frequency Allele Number Gene Diversity PIC
bnlg1014 1.01 AG(14) 0.9 2 0.24 0.21
bnlgl614 1.02 AG(15) 0.4 4 0.65 0.58
bnlg1083 1.02 AG(29) 0.5 3 0.64 0.57
umcl754 1.06 (CGAT)5 0.3 6 0.76 0.72
dupssr12 1.08 (AO)15 0.5 4 0.62 0.54
bnlg1297 2.02 AG(32) 0.3 3 0.67 0.59
bnlg2248 2.03 AG(30) 0.3 6 0.75 0.71
bnlg381 2.04 — 0.3 6 0.78 0.75
bnlg2328 2.05 AG(33) 0.6 2 0.47 0.36
umc2372 2.06 (TO)6 0.6 2 0.48 0.37
mmc0271 2.07 (GA)39 0.9 2 0.18 0.16
umcl525 2.09 (CGA)4 0.3 8 0.79 0.76
umc2369 3.03 (GCAC)4 0.4 5 0.67 0.60
umcl501 3.05 (AAG)5 0.8 2 0.34 0.28
bnlg1035 3.05 AG(13) 0.4 6 0.67 0.60
bnlg1160 3.06 AG(13) 0.6 3 0.58 0.51
umc1140 3.08 (AAGAA)M 0.5 3 0.57 0.48
umc2061 4.05 (CTG)8 0.9 2 0.11 0.10
umcl847 4.07 (CGQ)6 0.5 3 0.56 0.46
umcl101 4.09 (Che 0.5 4 0.64 0.58
umc1940 4.09 — 0.6 3 0.51 0.41
umc2011 4.10 — 0.3 8 0.77 0.74
umc2291 5.00 (CCT)5 04 4 0.68 0.61
umcl056 5.03 (AGCA)4 0.3 7 0.72 0.67
phi331888 5.04 AAG 0.7 2 0.39 0.31
umcl591 5.04 CA 0.5 2 0.50 0.37
umcl153 5.09 (TCA)4 0.6 2 0.49 0.37
Umc1350 6.07 (GCT)5 0.9 3 0.16 0.15
phi299852  6.09 AGC 0.3 8 0.76 0.73
umcl671 7.05 (AGQ)7 0.6 2 0.49 0.37
umc1904 803 (TAAGC)5 0.7 3 0.49 0.44
bnlg1812 8.05 AG(22) 0.5 3 0.63 0.55
bnlg1065 8.07 AG(21) 0.6 2 0.48 0.36
umcl586 9.03 (ATC)5 0.5 2 0.50 0.37
umc2359 9.07 (AAAAG)4 0.7 2 0.42 0.33
umcl137 9.08 (CDH15 0.4 6 0.68 0.62
umc1432 10.02 (AG)6 04 3 0.66 0.59
umcl166 10.02 (CDH10 0.5 3 0.52 0.41
bnlg1028 10.06 AG(12) 0.5 3 0.51 0.40
bnlg2190 10.06 AG(31) 0.7 2 0.44 0.34
Total 146

Mean 0.50 4 0.55 0.48

PIC = polymorphism information content

The clusters III could be further subdivided into IIIA
with 12 genotypes and IIIB with 41 genotypes to
evaluate genetic diversity and relationship among
tested genotypes. B73 and C7 were involved together
in cluster I, and thus breeder could assume that
genotypes in cluster I were great genetic different
from another cluster II and IIl. The genotypes
involved together in one cluster, we can assume that
they are genetically similar while genotypes included

in different clusters, we can assume that they are
genetically different. In this study, the breeders can
develop hybrids by crossing the diverged genotypes
from different clusters.

3.3 Genetic relationships and population structure analysis
The log-likelihood values exposed by the population
structure, the optimum Delta K for 120 genotypes
were observed at K=4 (Fig. 2a). This result pointed out

that the genetic structure of 120 genotypes had the
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most probable number of populations at K = 4 (four
distinct subpopulations). Based on it, the genotypes
could be divided into four groups such as sub-
population I, II, III and IV (Fig. 2b). The genotypes in
each group were determined by their inferred genome
fraction value >70% (Supplementary Table 52). In sub-
population I included 30 genotypes (25.00%), sub-
population II included 18 genotypes (15.00%), sub-
population III included 14 genotypes (11.67%) and
sub-population IV included 20 genotypes (16.67%),
respectively. According to inferred genome fraction
value <70%, 38 genotypes (31.67%) were found as
admixture individuals. It may be due to some genetic
materials were developed from wider genetic sources.
Admixture may be advantageous by foremost to
heterosis and lifting inbreeding depression [33]. Based
on this finding, 82 out of 120 genotypes from four
discrete groups could be effectively utilized as genetic
resources for heterosis breeding to develop hybrids

with breeder’s desired traits.

Remarkably, genotypes viz. TK.19.04, TK.19.06,
TK.19.07, TK.19.10, TK.19.42, TK.19.43, TK.19.44,
YZS1.20.004, YZSI.20.005, YZSI.20.021, YZSI1.20.026,
YZS1.20.027, YZSI1.20.028, YZS1.20.036, YZSI1.20.041,
YZS1.20.049,  YZSL1.20.051,  YZS[.20.054  and
YZS1.20.056 included together in sub-population IV in
population structure approach (Supplementary Table
52). These genotypes were also involved in one group
in cluster IIIB by UPGMA method (Fig. 1) indicating
that these inbred lines were unique and diverse from
other maize inbred lines and thus these genotypes

could be useful in maize breeding program.

3.4 Analysis of molecular variance (AMOVA)

According to AMOVA, there was a highly significant
genetic difference among tested maize inbred lines
within the population, within individual and among
population. The four populations attained from the
structural analysis were consecutively exposed to
AMOVA to observe the variation across and within
populations. The genetic variation among individual
was 78%, meanwhile 18% occurred within individuals,
and 4% among populations (Table 2).

3.5 Principal coordinate analysis (PCoA)

PCoA was performed from the genetic distances of
maize genotypes from the three main component
factors of the eigenvalues. The percentage of variation
was 5.39% (axis 1), 4.94% (axis 2) and 4.61% (axis 3),

Table 2. Analysis of molecular variance among and within

populations

Source df SS MS o
= - = B
< ES @
> e =
@ SET Z

Among

Pops 2 9477 4739 052 4% 0009

gr;(‘),ng 117 236649 2023 907  78%  0.001

;’Xc‘lti};m 120 2515 21 21 18%  0.001

Total 239 271277 11.68  100%

d.f = degree of freedom; SS = sum of square; MS = mean square;
Est. Var = estimated variance; Pops = populations, Indiv =

individuals.
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Figure 2. Population structure analysis of 120 maize inbred
lines; (2a) Values of delta K, with its modal value used to
detect true K of the group (K = 4) (2b) sub-population sorted
by kinship matrix

respectively. According to the highest percent
variation, PCoA was constructed by two dimensional
graphical views of axes 1 and 3 (Fig. 3). The genotypes
viz. B73, TK.19.17, TK.19.20, TK.19.21, TK.19.27,
TK.19.28, TK19.31, TK.19.33, YZSI.20.006, YZSI.20.15,
YZS1.20.16, YZS1.20.17, YZSI1.20.26, YZSI1.20.054,
YZS1.20.036 and YZSI.20.027 were far away from
centroid and the rest of the genotypes were around
the centroid.
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Figure 3. Principal coordinate analysis of 120 maize
inbred lines illustrated based on 40 SSR markers

The genotypes were far away from the centroid; we
can assume that they are genetically diverged. The
genotypes were allocated near the centroid; we can
assume that they are genetically more similar among
tested populations [34].

Interestingly, PCoA supported the dendrogram
assembled by UPGMA clustering method (Fig. 1),
demonstrating that these two methods complement
each other to the group classification. In UPGMA
approach, TK.19.17 involved in cluster IA, TK.19.28,
TK19.31, TK.19.33, TK.19.20, B73 and C7 included in
cluster IB. Moreover, TK.19.21 and TK.19.27 involved
in Cluster IIA, YZS[.20.006 comprised in IIB,
YZSI1.20.15, YZSI.20.16, YZSI.20.17 involved in cluster
IIIA. The genotypes viz. YZSI.20.26, YZSI.20.054,
YZS1.20.27 and YZSI.20.36 involved in cluster IIIB,
respectively. These promising inbred lines could be
utilized in breeding strategies for the exploitation of
maximum heterosis. Genotypes from Cluster IB and
Cluster IIA approached by UPGMA were also
involved in one group by PCoA indicating that these
inbred lines were unique and diverse from other
maize inbred lines and thus these genotypes could
also be useful in maize breeding program.

4 Conclusions
Among 40 SSRs, 38 markers were observed as the
greatly informative markers and they adequately
distinguished 120 maize genotypes for genetic
diversity The

analysis. genetically  diverged

genotypes viz. TK.19.17, TK.19.20, TK.19.21, TK.19.27,
TK.19.28, TK19.31, TK.19.33, YZSI.20.006, YZSI.20.15,
YZS1.20.16, YZSI.20.17, YZSL20.26, YZSI1.20.054,
YZS1.20.036 and YZSI.20.027 could be effectively used
as breeding materials for better estimation of heterosis
and creating of new hybrids with wider adaptation to
different ecosystems. Therefore, the information
obtained by this research is invaluable for maize
breeders with an exceptional concentration on the
development of potential hybrids and generate wide
variability in genetic architecture.
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