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ABSTRACT

Assessing genetic diversity and establishing a genetic database for rice germplasm
collection is crucial to conserve and effectively utilize rice genetic resources. In
addition to traditional agronomic traits, molecular markers offer distinct advantages in
achieving this goal. This study genotyped 48 different rice varieties/lines using 50 SSR
markers spread across 12 chromosomes of the rice genome. The results revealed that
30 SSR markers from the panel exhibited polymorphism, with the number of alleles
ranging from 2 to 5. The analysis of these 30 SSR markers indicated significant
differences among the lines/varieties, with a maximum similarity coefficient of 91%. To
simplify and enhance the analysis, a subset of 24 SSR markers was identified, which
showed highly similar results to the original set of markers, with a correlation
coefficient of 97.7%. As a result, this set of 24 SSR markers derived from 30
polymorphic markers holds tremendous potential for analyzing genetic diversity on a
large scale, constructing a comprehensive genetic database for the rice gene bank, and
identifying distinct rice varieties/lines. These findings highlight the importance of
utilizing molecular markers in conservation efforts and the sustainable utilization of
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INTRODUCTION

Rice (Oryza sativa L.) is one of the three main
crops and provides food for over half of the
world's population (FAO 2008; Kisk 2008). In
Vietnam, rice plays a significant role in both the
nation’s economic growth and food security. The
genetic diversity of Vietnamese rice germplasm
is also highly valued (La et al. 2011), and many
new varieties are developed each year. The
diversity of Vietnamese rice germplasm has been
useful for rice production and research but also
has led to certain difficulties in management and
exploitation. Evaluating genetic diversity and

building a database for rice genetic resources is
meaningful ~ for  both  theoretical and
applied studies.

The panel of 50 standard SSR markers
distributed across 12 chromosomes of the rice
genome published by the International Rice
Research Institute (IRRI) showed a high
potential for detecting polymorphism in the rice
population http://gramene.org/markers/microsat/
50_ssr.html). These markers have been utilized
in many rice diversity studies. They have been
used to distinguish rice varieties grown in
Bangladesh (Rahman et al. 2009). Thirty-five
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SSR markers were used to divide 23 hybrid rice
varieties into 4 groups in another study in India
(Nikam et al. 2016). Combining the markers in
the standard set with others has also been used
in many genetic diversity studies on rice (Yadav
et al. 2013; Nikam et al. 2016; Doan et al.
2016). Notably, some markers were used to
identify lines in the testing system, and also
suggested using additional SSR markers for the
DUS testing (Pourabed et al. 2015). Therefore,
the standard set of markers has shown
advantages in evaluating diversity as well as
identifying rice lines/varieties.

This study aims to validate the efficiency of
using the panel of 50 standard SSR markers for
investigating the genetic diversity of rice
varieties in Vietnam. The results of this study
indicate a concise and efficient set of markers
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for identifying rice lines/varieties and creating a
rice genetic database for Genbank.

MATERIALS AND METHODS
Materials

Totally, forty-eight rice varieties from different
origins comprising 29 local rice varieties
obtained from the Genbank of Cuu Long Delta
Rice Research Institute (CLRRI), 10 hybrid rice
varieties developed by CLRRI, 5 hybrid rice
varieties from external organizations, 2 rice
varieties from other countries, and 2 rice
varieties from the Central and Northern regions
of Vietham were examined (Table 1). The
diversity of these materials is reflected in type
and grains, as shown in Figure 1.

Table 1. List of the rice genotypes used in the study.

No. Name Rice genotypes Origin/Source
1 Acc.1013 Local rice CLRRI
2 Acc.1029 Local rice CLRRI
3 Acc.1079 Local rice CLRRI
4 Acc.1192 Local rice CLRRI
5 Acc.121 Local rice CLRRI
6 Acc.1228 Local rice CLRRI
7 Acc.1231 Local rice CLRRI
8 Acc.1408 Local rice CLRRI
9 Acc.1715 Local rice CLRRI
10 Acc.1748 Local rice Vietnam
11 Acc.2086 Local rice CLRRI
12 Acc.2173 Local rice CLRRI
13 Acc.2197 Local rice CLRRI
14 Acc.2357 Local rice CLRRI
15 Acc.237 Local rice CLRRI
16 Acc.2608 Local rice CLRRI
17 ACC.262 Local rice CLRRI
18 Acc.2944 Local rice CLRRI
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No. Name Rice genotypes Origin/Source

19 Acc.583 Local rice CLRRI

20 Acc.672 Local rice CLRRI

21 Acc2982 Local rice CLRRI

22 0OM108 OM6976/NPT8 CLRRI

23 0OM3536 TD8/OM1738 CLRRI

24 OM3673 IR65418/0M6976 CLRRI

25 0M380 IR50404/0M5472 CLRRI

26 OM4218 OM2031/MTL250 CLRRI

27 0OM4900 C53/Jasmine85 CLRRI

28 0OM5451 Jasmine 85/0M2490 CLRRI

29 OMB976 IR68114/0M997//0M2718/ OM2886 CLRRI

30 OMS8 OM18/BatTién//IR64Saltol///2*Jasmi CLRRI
ne85////OM5451//1// AP

31 OM9 Béat Tién/Jasmine 85//IR64 CLRRI
Saltol///OM5451////AP//I[IOMT7347

32 PL20S - Long Ho, Vinh Long

33 Sen-tim Local rice Vietnam

34 ST24 i gggt_lg: ;rc])é Seeds and Seedlings,

35 Thai-Brown - Florida, US

36 TT - Thanh Tri, Ha Noi

37 VD20 Introduced rice variety CLRRI

38 BT - Nghe An

39 DTS BVN/OM4900 Southern Seed Corporation

40 GB.07 Local rice Vietnam

41 Jasmine85 Selected from Thailand Jasmine CLRRI

42 KDM105 - Thailand

43 M26 Local rice CLRRI

44 NDHD Derived from LD2012 variety B:)”nZAT?]g;’Opera“"e’ Lap Vo,

45 Nep3l Local rice CLRRI

46 Nep-than Local rice Dong Thap

47 NTCD1 Local rice CLRRI

48 NTCD2 Local rice CLRRI
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Figure 1. Type and color grain of 48 rice lines/varieties.

The set of 50 SSR markers distributed on 12
chromosomes of the rice genome (Table 2) has
been published by the International Rice
Research Institute (IRRI), indicating a high
potential for detecting polymorphism in the rice
population

(http://gramene.org/markers/microsat/50_ssr.ht
ml). The primers of these markers were
synthesized by Phu Sa Biochemical Co., Ltd
(http://www.phusabiochem.com/vi/.html), and
PCR reactions were optimized and carried out
in the Central Laboratory, CLRRI.

Table 2. 50 SSR makers and the distribution in the rice genome.

No. Maker Chr. Position (cM) Forward Reverse
1 RM495 1 2.8 aatccaaggtgcagagatgg Caacgatgacgaacacaacc
2 RM1 1 29.7 gcgaaaacacaatgcaaaaa Gcegttggttggacctgac
3 RM283 1 31.4 gtctacatgtacccttgttggg Cggcatgagagtctgtgatg
4 RM259 1 54.2 tggagtttgagaggaggg Cttgttgcatggtgccatgt
5 RM312 1 71.6 gtatgcatatttgataagag Aagtcaccgagtttaccttc
6 RM5 1 94.9 tgcaacttctagctgctcga Gcatccgatcttgatggg
7  RM237 1 115.2 caaatcccgactgetgtce Tgggaagagagcactacagc
8 RM431 1 178.3 tcctgcgaactgaagagttg Agagcaaaaccctggttcac
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No. Maker Chr. Position (cM) Forward Reverse

9 RM154 2 4.8 accctctccgcctcgectcectc Ctcctectectgegaccgctce
10 RM452 2 58.4 ctgatcgagagcgttaaggg Gggatcaaaccacgtttctg
11 RM489 3 29.2 acttgagacgatcggacacc Tcacccatggatgttgtcag

12  OSR13 3 53.1 catttgtgcgtcacggagta Agccacagcgcccatctctc
13 RM338 3 108.4 cacaggagcaggagaagagc Ggcaaaccgatcactcagtc
14 RM55 3 168.2 ccgtcgecgtagtagagaag Tccceggttattttaaggeg

15 RMb514 3 216.4 agattgatctcccattcecc Cacgagcatattactagtgg

16 RM307 4 0 gtactaccgacctaccgttcac Ctgctatgcatgaactgctc

17 RM124 4 150.1 atcgtctgcegttgeggcetgetg Catggatcaccgagctcccccc
18 RM507 5 0 cttaagctccagccgaaatg Ctcaccctcatcatcgcc

19 RMA413 5 26.7 ggcgattcttggatgaagag Tccccaccaatcttgtctte

20 RM161 5 96.9 tgcagatgagaagcggegectc  Tgtgtcatcagacggcegcetecg
21 RM178 5 118.8 tcgcgtgaaagataagcggegce Gatcaccgttccctccgectge
22 RM334 5 141.8 gttcagtgttcagtgccacc Gactttgatctttggtggacg
23  RM133 6 0 ttggattgttttgctggetcge Ggaacacggggtcggaagcgac
24  RM510 6 20.8 aaccggattagtttctcgec Tgaggacgacgagcagattc
25 RM454 6 99.3 ctcaagcttagctgctgctg gtgatcagtgcaccatagcg
26 RM162 6 108.3 gccagcaaaaccagggatccgg  caaggtettgtgeggcettgegg
27 RM125 7 24.8 atcagcagccatggcagcgacc  aggggatcatgtgccgaaggcc
28 RM11 7 47 tctectetteccccgate atagcgggcgaggcttag

29 RM455 7 65.7 aacaacccaccacctgtctc agaaggaaaagggctcgatc
30 RM118 7 96.9 ccaatcggagccaccggagagc — cacatcctccagcgacgcecgag
31 RM408 8 0 caacgagctaacttccgtcc actgctacttgggtagctgacc
32 RM152 8 94 gaaaccaccacacctcaccg ccgtagaccttcttgaagtag
33 RM25 8 52.2 ggaaagaatgatcttttcatgg ctaccatcaaaaccaatgttc
34 RM44 8 60.9 acgggcaatccgaacaacc tcgggaaaacctaccctacc
35 RM284 8 83.7 atctctgatactccatccatcc cctgtacgttgatccgaage

36 RM433 8 116 tgcgctgaactaaacacagc agacaaacctggccattcac
37 RM447 8 124.6 cccttgtgetgtctectete acgggcttcttctccttctc

38 RM316 9 1.8 ctagttgggcatacgatggce acgcttatatgttacgtcaac

39 RMI105 9 32.1 gtcgtcgacccatcggagecac tggtcgaggtggggatcgggte
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No. Maker Chr. Position (cM) Forward Reverse

40 RM215 9 99.4 caaaatggagcagcaagagc tgagcacctccttctctgtag

41 RM474 10 0 aagatgtacgggtggcattc tatgagctggtgagcaatgg

42 RM271 10 59.4 tcagatctacaattccatcc tcggtgagacctagagagcec

43 RM171 10 73 aacgcgaggacacgtacttac acgagatacgtacgcctttg

44 RM484 10 97.3 tctccctectcaccattgte tgctgccctcetctetctete

45 RM552 11 40.6 cgcagttgtggatttcagtg tgctcaacgtttgactgtcc

46 RM536 11 55.1 tctetectcttgtttggetc acacaccaacacgaccacac

47 RM287 11 68.6 ttccctgttaagagagaaatc gtgtatttggtgaaagcaac

48 RM144 11 123.2 tgccctggegceaaatttgatce gctagaggagatcagatggtagtgcatg
49 RM19 12 20.9 Caaaaacagagcagatgac ctcaagatggacgccaaga

50 RM277 12 57.2 cggtcaaatcatcacctgac caaggcttgcaagggaag

Methods constructed using the NTSYS 2.1 software

The total DNA of 48 rice lines/varieties was
extracted from leaves at the seedling stage using
TPS buffer (GSL-IRRI, 2017) (1M KCI, 1M
Tris-pH 8, 0.5M EDTA-pH 8). PCR reactions
were carried out with a volume of 10 pL,
including 25-30 ng of DNA template, 10 pM of
forward and reverse primers, 10 mM dNTPs,
10X PCR buffer, and 0.5 pL. Taq polymerase.
The thermal cycle consisted of denaturation at
94°C for 5 minutes, followed by 35 cycles of
denaturation at 94°C for 1 minute, annealing at
55°C for 1 minute, extension at 72°C for 1
minute, and a final extension at 72°C for 7
minutes. The PCR products were run on a 3%
agarose gel in 1X TAE buffer, stained with
SafeView, and then observed. The banding
patterns were recorded on the Uvidoc HD6
system. The polymorphic information content
(PIC) was calculated using the formula from
PowerMarker V3.25 software (Liu and Muse
2004), and the phylogenetic trees were

(Rohlf 2000).
RESULTS AND DISCUSSION

Evaluation of the polymorphism of 50 SSR
molecular markers on 48 rice lines/varieties

There were 47/50 SSR markers of the panel
presented PCR products, of which 30 markers
were found to be polymorphic. The number of
alleles ranged from 2 to 5, with RM307 being the
most polymorphic marker with 5 alleles, RM152
with 4 alleles, 5 markers with 3 alleles (RM474,
RM124, RM215, RM133, and RM316), and the
remaining markers with 2 alleles (Table 3).
Therefore, 17 monomorphic markers were
unable to differentiate between the rice
lines/varieties in this study. Most polymorphic
markers showed clear differences among these
rice lines/varieties (Figures 2 and 3).

PIC =1— E p?
i=1
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Table 3. The diversity coefficient and PIC values of the SSR markers used in this analysis.

25

No Marker Allele frequency No. of allele Diversity value PIC
1 RM307 0.58 5 0.61 0.58
2 RM152 0.52 4 0.61 0.55
3 RM474 0.56 3 0.51 0.39
4 RM287 0.52 2 0.50 0.37
5 OSR13 0.63 2 0.46 0.36
6 RM25 0.64 2 0.46 0.36
7 RM552 0.64 2 0.46 0.35
8 RM154 0.70 2 0.42 0.33
9 RMI19 0.77 2 0.35 0.29
10 RM124 0.80 3 0.34 0.32
11 RM118 0.78 2 0.34 0.28
12 RM510 0.79 2 0.33 0.28
13 RM334 0.80 2 0.32 0.27
14 RM215 0.81 3 0.32 0.3
15 RM433 0.80 2 0.32 0.27
16 RM44 0.81 2 0.30 0.26
17 RM413 0.82 2 0.29 0.25
18 RM161 0.84 2 0.27 0.23
19 RM514 0.84 2 0.27 0.23
20 RM284 0.84 2 0.26 0.23
21 RM11 0.86 2 0.23 0.21
22 RM133 0.89 3 0.21 0.19
23 RM162 0.89 2 0.20 0.18
24 RMA489 0.91 2 0.17 0.15
25 RM259 0.92 2 0.15 0.14
26 RM237 0.94 2 0.12 0.11
27 RM454 0.96 2 0.08 0.08
28 RM316 0.96 3 0.08 0.08
29 RM283 0.98 2 0.04 0.04
30 RM125 0.98 2 0.04 0.04
Average 0.79 2.3 0.30 0.26
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Figure 2. Electrophoresis analysis of the amplified PCR products of 48 rice lines/varieties using

RM307.
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Figure 3. Electrophoresis analysis of the amplified PCR products of 48 rice lines/varieties using

RM125.

In previous studies that used a set of 50
markers, some markers had higher allele
numbers than what was found in this study. For
example, RM154 had 24 alleles detected in one
study and 7 alleles in another study, while
RM413 had 7 alleles detected (Ali et al. 2011).
This difference may be due to the fact that the
lines/varieties in this study were mostly
collected from Vietnam and were derived from
a limited number of rice lines/varieties.

Analyzing the genetic diversity of 48 rice
lines/varieties by using polymorphic SSR
markers

To analyze the diversity of the 48 rice

lines/varieties, 30 polymorphic markers that
showed PIC coefficients ranging from 0.04
(RM125) to 0.58 (RM307) with an average PIC
coefficient of 0.26, were used. These markers
were also used to cluster the lines/varieties
genetically, and the results showed that the
lines/varieties were divided into groups from a
Jaccard similarity coefficient of 0.43 (Figure
4A). The highest correlation was found between
M26 and Acc.2357, with a similarity coefficient
of 0.91. Therefore, using 30 polymorphic SSR
markers, all lines/varieties in this study were
distinguished.
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Figure 4. (A) Phylogenetic tree of 48 rice line/varieties based on the set of 30 SSR markers; (B)
Phylogenetic tree of 48 rice line/varieties based on the set of 24 SSR markers.

Some studies have also used genetic clustering
analysis to divide subgroups, such as the
division of three groups based on the analysis of
12 SSR markers (Pourabed et al. 2015) or the
identification of two main groups and four
subgroups based on the analysis of 35 SSR
markers across 23 rice varieties (Nikam et al.
2016).

Development of a panel of optimal markers
for analysis of diversity and identification of
rice varieties

Based on the values of PIC, diversity value, and
distribution of SSR markers in the genome, a
small set of 24 SSR markers from 30
polymorphic markers with the highest PIC
values and diversity values were selected for the

analysis of genetic diversity among 48 rice
lines/varieties. The results of genetic clustering
were shown in Figure 4B, in which the
lines/varieties were grouped at a Jaccard
similarity coefficient of 0.38, with the two most
similar lines with a coefficient of 0.91. These
results also indicate significant differences
among the rice lines/varieties, as seen in the
analysis of a larger set of more than 30
polymorphic SSR markers. This was also
demonstrated by the high correlation coefficient
(Matrix correlation) of 0.98 between the two
phylogenetic trees (Figure 5). Therefore, this
small set of 24 SSR markers from the total set
of 50 SSR markers could be utilized to analyze
genetic diversity and identify different rice
varieties in the future.
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Figure 5. Correlation between phylogenetic trees based on the set of 30 SSR markers and
phylogenetic trees based on the set of 24 SSR markers.

CONCLUSIONS

In this study, the use of 50 polymorphic markers
was effective in distinguishing rice lines and
varieties with various origins. A subset of 24
markers was identified as highly promising for
future breeding programs to analyze the genetic
diversity of the rice varieties in the CLRRI's
Genbank, and to establish a rice variety
database. Additionally, these markers may be
utilized in the identification of newly developed
rice varieties by CLRRI.
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DPANH GIA KHA NANG UNG DUNG BQ CHI THI PHAN TU CHUAN TRONG NGHIEN
CUU PA DANG VA XAC PINH CAC GIONG LUA

Padnh gia da dang di truyén va xdy dung dit liéu di truyén cho cdc dong/giong lia dwoc
xem la viéc can thiét nham quan 1y va khai thac nguon gen cdy lia dwge tot hon. Ngoai
cdc chi tiéu nong hoc viéc swr dung cdc chi thi phan tw da thé hién tinh wu viét cho muc
dich nay. Thi nghiém dwoc thuc hién doi voi 48 dong/giong hia c6 nguon goc khac nhau
va trén co s6 phan tich 50 chi thi phdn tir SSR chudn phdn bé trén 12 nhiém sdc thé cia
genome cdy liia. Két qud cho thdy 30 chi thi phan tir SSR thé hién da hinh véi sé allele
thap nhdt la 2 va cao nhdt la 5. Cdc dong/giong lia thé hién su khdc biét kha lom trén
co s6 phdn tich 30 chi thi phin tir SSR, trong d6 cdac dong/giong cé hé sé tuwong dong
cao nhat la 91%. Trong s6 30 chi thi phdn tir SSR, mét b nhé 24 chi thi phdn tir SSR
dwoc chon loc va ciing cho két qua twong tw voi hé 56 twong quan giit hai by chi thi
phan tir la 97,7%. Nhuw vdy, bé chi thi gom 24 chi chi SSR rat trién vong trong phan tich
da dang di truyén trén quy mé 16n, xdy dung co so dir liéu cho ngdn hang gen cdy lia
hay xdc dinh cdc dong/giong lia.

Tir khéa: Chi thi phén tir, chi thi SSR, dong/giong lia, da dang di truyén.

OMONRICE 22 (2023)


http://dx.doi.org/10.1155/2015/965073



