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A Comparative Study of SSR Diversity in Chinese Major Rice Varieties
Planted in 1950s and in the Recent Ten Years (1995-2004)
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Abstract: Forty pairs of SSR markers were used to compare the genetic diversity changes in 151 Chinese major rice
varieties planted in 1950s and in the recent ten years. Of 40 SSR loci, 39 were found to be polymorphic while one locus
(RM479) monomorphic. A total of 213 alleles were identified from the 39 polymorphic loci. The average number of alleles per
locus (Na) was of 5.5, ranging from 2 to 11. Nei’'s gene diversity index (He) varied drastically among loci from 0.309 at RM174
to 0.869 at RM418, with an average value of 0.649. There existed significant difference in SSR allelic diversity between indica
and japonica subspecies, and indica had more variation than japonica both in Na and He. By comparison with the genetic
changes in Na and He, it was revealed that the varieties planted in 1950s had more alleles and higher He than those in the
recent ten years both for indica and japonica rices. The difference between two subspecies for Na was significant in a
tendency over time (indica: z = 2.677, P = 0.007; japonica: z = 3.441, P = 0.001), but not significant for He (indica: z = 1.471,
P =0.141; japonica: z = 1.932, P = 0.053). Analysis of molecular variance (AMOVA) indicated that there existed significant
difference (P < 0.05) in genetic variation between the two periods, of which more genetic variation was contributed by indica
(Fst = 0.050) and japonica (Fst = 0.082) subsets. Using locus-by-locus AMOVA procedure, significant genetic differentiations
were observed in 13 loci (RM21, RM128, RM147, RM169, RM190, RM221, RM231, RM251, RM253, RM317, RM341,
RM418, and RM478) for indica varieties and 11 loci (RM101, RM135, RM152, RM159, RM169, RM190, RM251, RM253,
RM311, RM418, and RM478) for japonica ones between the two periods. It was found some alleles had been lost in current
major rice varieties as comparing with those in 1950s. Therefore, it should be necessary to exploit more alien elite genetic
resources for extension of genetic background in current rice breeding program.
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In general, crop breeding will lead to the increase
of food yield and other products to meet various
demands of the people, meanwhile will lead to the
decline of crop biological diversity resulting in genetic
vulnerability ™7 to adverse environment. This
phenomenon has been revealed by the comparative
studies on the genetic diversity changes in DNA level
in wheat in Europe #%, oat in Canada ™, and maize
in France ™. However, some scientists did not agree
with this idea, thinking that due to the progress of
breeding techniques and the increasing germplasm
exchange in modern crop breeding, the genetic
background of the current varieties was enlarged,
which has been indicated by those studies with the
molecular biological methods on the modern varieties
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of the spring wheat ™, hard grain wheat ¥, winter
wheat in England ™, wheat in Argentina *¥ and
barley in Europe ™. Fu et al ¥ conferred that these
different results may be caused by differences of
sample size (number) and marker types used.

Rice is the first food crop feeding about 60%
population in China. The Chinese modern rice
breeding started since 1919. With about 80 years of
breeding work, more than 5000 modern varieties have
been released to farmers. But systematic studies were
deficient on the comparison of DNA diversity for
these varieties. Zhuang et a ™ reported that the
genetic background of the rice varieties in current
years were rather narrow, which was revealed by the
result with 50 RFLP markers among 25 indica
varieties and their parentages. Yang et a ™
considered that the genetic diversity of modern rice
varieties were not lower than that of landraces by SSR
analysis on 238 varieties. Qi et a *” suggested that
the genetic diversity of rice varieties was declined
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since 1950s, but increased greatly in 1990s.

In the present study, the genetic diversity of 151
rice varieties (78 in 1950s and 73 in the recent ten
years of 1995-2004) was compared by using 40
simple sequence repeats (SSR) markers for assessing
the genetic diversity of the varieties planted in the two
periods. It would provide useful reference for better
exploitation of elite germplasm and parent selection in
rice breeding program.

MATERIALS AND METHODS

Rice materials

One hundred and fifty-one major varieties with
large planted area were selected for the genetic study
(Table 1). To eliminate the possible deflection
resulting from sample size (number), 78 and 73
varieties planted in 1950s and the recent ten years
(1995-2004) respectively were selected. Among all the
tested materials there were 118 varieties, each of
which had an annual planted area of more than 67 000
ha during the above mentioned periods, respectively.
Moreover, these 151 varieties could be grouped into
two subspecies. 79 indica and 72 japonica. All
materials tested came from the rice germplasm bank
of ChinaNationa Rice Research Ingtitute (CNRRI).

Table 1. Ricevarieties used in this study.

DNA extraction and SSR analysis

The upper parts (1-2 cm) of fresh young leaves
were cut and then ground in liquid nitrogen. DNA was
extracted following the modified CTAB procedure as
described by Zheng et a Y. Forty pairs of SSR
primers (2-4 pairs each chromosome) were selected
for SSR analysis (Table 2).

PCR reaction was carried out in 10 pL reaction
system containing 2.0 uL of 10X buffer, 1.0 uL of 2
mmol/L dNTPs, 1.0 uL of 25 mmol/L MgCl,, 0.6 uL
each of 10 umol/L forward and reverse primers, 0.1
uL Taqg polymerase (5 U/uL) and 20 ng template DNA.
DNA amplification was performed in a PTC-100 96v
Thermocycler (MJ Research Inc.). The PCR reaction
was conducted with following steps: pre-denature at
94°C for 1 min, followed by 35 cycles of 94°C for 5
min, 55C for 1 min and 72°C for 2 min, and final
extension at 72°C for 5 min. The amplified products
were dectrophoresed on 6% non-denaturing polyacrylamide
gel, and detected using silver staining 1%,

Data analysis

All SSR data were obtained according to SSR
reference provided by http://www.gramene.org, with
one pair of SSR primer referring for one locus and one
band for one allele. The number of aleles (Na) and

Variety

Mafangxian, Nantehao, Lucaihao, Liantangzao, Guangchang 13, Aijiaonante,

Guangchang'ai,

Qingxiagjinzeo, Liantangzao 4, Zaoxian 503, Nante 16, Bolizhan, Xiazhibai, Leihuozhan, Aizizhan,
Hongjiaozhan, Hongjiaozao, Baimifen, Shenglixian (Jiangsu), Shenglixian (Anhui), Wanlixian,
Dee-geo-woo-gen, Zhongnong 4, Nanjing 1, Taichung Native 1, Zhongshan 1, Zhechang 9, Zhuyin 2,
Zhechang 3, Zhongshanhong, Baotaihong, Huanan 15, Baotai’ai, Shishigian, Jiaopanzhong, Huanghezi,
Hongmidongzhan, Dahuangzhan, Chishubaotaihong, Baimidongzhan, Xiaohongdao, Fanzi

Aomori 5, Ginbozu, Ishikari-shiroge, Aikoku, Gong 17, Hejiang 1, Songliao 4, Huangmangdao,
Yanzhihong, Baidaozi, Youmangzaojing, Baipidadao, Taichung 65, Chianan 8, Kwangfu 1, Guihuagiu,
Nongken 57, Nongken 58, Tainan 1, Xiaozhanjiangmi, Huangkezaonianri, Feilaifeng, Laolaiging
(Zhegjiang), Laolaiging (Jiangsu), 412, Sishangyu, Sudao 1, Wuzuinuo, 10509, Lizhihong, Laochudao,

Zhe 733, Xiangzaoxian 11, Zhong 86-44, Xiangzaoxian 13, Xiangzaoxian 14, Jiayu 293, Zhouyou 903,
Zhongs 2, Zhefu 218, Xiangzaoxian 19, Xiangzaoxian 17, Ganzaoxian 37, Zhongyouzao 81, Ganzaoxian
40, Mancang 515, Quannong 3, Zhe 9248, Xiangzaoxian 24, Jiazeo 935, Jiayu 948, Zhefu 910,
Jiahezaozhan, Xiangzaoxian 31, Zhongjian 100, Shaojia 1, Xian 128, Qishanzhan, Jingxian 89,
Qihuangzhan, Xianxiaozhan, Texianzhan 13, Yangdao 6, Yuexiangzhan, Texianzhan 25, Xiangwanxian 3,

Period Subspecies
1950s indica
japonica
Taihuging, Hongkenuo, 261, Hongxujing, Zhumaocu
Therecenttenyears  indica
(1995-2004)
Xiangwanxian 9, Xiangwanxian 11
japonica

Dongnong 416, Yujing 6, Liaojing 454, Longjing 8, Jiudao 20, Nongda 7, Liaojing 294, Kenjiandao 7,
Ningjing 16, Tong 35, Kendao 8, Wuyoudao 1, Tongyu 124, Kuiku 131, Fujihikari, Kendao 10, Longjing
13, Wuyujing 3, Zaofeng 9, Wuyujing 5, Zhendao 88, Wuyunjing 7, 93-25, Wuyunjing 8, Lianjing 3,
Wuxiangjing 14, Ning 67, Xiushui 664, Xiushui 122, Taihujing 2, Bing 91-17, Xiushui 63, Bing 97-59,
Bing 96-42, Bing 98-110, Jiahua 1
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the Nei’s gene diversity index (He) * were evaluated

using POPGENE v 1.31"¥, and significance test was
conducted for evaluating the changes of Na and He
during the two periods (1950s and the recent ten years)
by applying ‘Wilcoxon Matched Pairs Test'. The
F-statistics (Fst) were used to analyze the genetic
differentiation of the varieties and their tested loci in
the two periods based on the allelic discrepancy at
each locus by the procedure of AMOVA (Analysis of
Molecular Variance) in ARLEQUIN ver 3.0.
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RESULTS

SSR diversity

Among 40 pairs of SSR primers used, 39 pairs
(97.5%) showed polymorphisms in 151 rice varieties
planted in 1950s and the recent ten years. Only
RM479 displayed single locus with an alele of 253 bp
(Table 2). Thus, 39 polymorphic SSR primers were
used for comparison analysis of genetic diversity in

Table 2. Chromosome location, number of rare alleles, number of alleles, and Nei's gene diversity index (He) at 40 SSR loci in 151 Chinese

major ricevarieties.

Number of rare aleles

Number of alleles (Na)

Nei's gene diversity index (He)

Locus Location
indica  japonica Total indica japonica Total indica japonica Total

RM128 1 4 3 4 6 4 7 0571 0.081 0.655
RM265 1 0 1 0 3 4 4 0.532 0.598 0.715
RM174 2 1 1 0 3 3 3 0.366 0.224 0.309
RM211 2 2 2 2 5 3 5 0.365 0.081 0.569
RM221 2 0 1 0 2 2 3 0.292 0.080 0.580
RM341 2 6 3 4 9 6 9 0.575 0.553 0.757
RM135 3 1 2 2 2 5 6 0.049 0.674 0.659
RM231 3 0 1 0 6 4 6 0.701 0.600 0.785
RM251 3 2 3 4 5 5 7 0.544 0.448 0.712
RM293 3 0 1 0 2 3 3 0.162 0.340 0.573
RM142 4 1 1 0 2 2 2 0.025 0.054 0.498
RM261 4 1 3 1 5 5 5 0.664 0.253 0.711
RM317 4 1 1 3 5 2 6 0.603 0.027 0.666
RM335 4 1 4 5 8 8 10 0.683 0.545 0.793
RM159 5 2 2 2 5 6 7 0.631 0.698 0.795
RM161 5 0 2 1 2 4 5 0.240 0.348 0.632
RM169 5 2 2 2 8 4 8 0.807 0.462 0.790
RM178 5 1 1 1 3 2 3 0.184 0.027 0.506
RM162 6 0 2 1 1 6 6 0.000 0.738 0.660
RM190 6 4 1 3 7 4 7 0.498 0.608 0.721
RM253 6 3 2 3 8 5 8 0.712 0.594 0.763
RM125 7 0 0 1 1 2 3 0.000 0.153 0.534
RM418 7 1 1 2 8 6 9 0.848 0.786 0.869
RM427 7 0 1 0 2 2 2 0.119 0.054 0.500
RM478 7 0 1 0 4 3 4 0.497 0.156 0.624
RM152 8 1 2 3 4 4 6 0.672 0.513 0.641
RM230 8 2 1 3 6 5 7 0.670 0.683 0.694
RM215 9 1 1 2 4 5 5 0.553 0.561 0.717
RM285 9 3 0 2 5 4 6 0.189 0.721 0.593
RM288 9 0 2 2 2 3 4 0.096 0.081 0.530
RM147 10 0 1 0 2 2 2 0.292 0.054 0.494
RM222 10 1 0 2 5 5 6 0.648 0.683 0.696
RM269 10 0 2 0 5 3 5 0.778 0.107 0.641
RM311 10 1 1 1 4 3 6 0.633 0.488 0.776
RM21 11 3 4 3 9 8 11 0.844 0.747 0.855
RM332 1 1 0 1 5 3 5 0.651 0.596 0.699
RM479 11 0 0 0 1 1 1 0.000 0.000 0.000
RM101 12 1 3 1 5 7 7 0.517 0.755 0.712
RM277 12 1 1 1 3 2 3 0.186 0.054 0.537
RM463 12 0 0 0 2 2 2 0.450 0.176 0.349
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the present studly.

As shown in Table 2, a total of 213 alleles were
identified in 151 rice varieties by 39 pairs of SSR
primers, with variations of 95-320 bp. The number of
alleles among tested loci varied drastically from 2 to
11 with an average of 5.5 per locus. Of the 213 dleles,
62 were of rare alleles with low gene frequency < 5%,
occupying 29.1% of the total alleles. Average Nei's
gene diversity index (He) was 0.649, varying from
0.309 (RM174) to 0.869 (RM418). Considering gene
diversity index being the function of the allele number
and frequency '?¥, therefore, those SSR markers with
higher gene diversity index, like RM418, showed
higher tested efficiency.

The two subspecies indica and japonica showed a
distinguished difference in SSR diversity. There were
173 dlelesidentified from 79 indica varieties, ranging
from 1 to 9 per locus with an average of 4.4. Among
them, 48 were low frequency (< 5%) aleles, and the
average gene diversity index (He) was 0.458 with the
range of 0-0.848. For 72 japonica varieties, 156 alleles
were identified, being 9.8% less than that of the indica
ones. Among them, 60 were rare aleles, and the
average allele number (Na) was 4.0 with the range of
2-8 and the Nei's gene diversity index (He) was 0.395
ranging from 0.027 to 0.786, which was 13.8% lower
than that of indica subspecies.

By the analysis on dlele frequency distributions
in indicaand japonica varieties, it was found that there
were 18 SSR markers showing specific characteristics
responsible to subspecies (RM128, RM221, RM341,
RM135, RM251, RM293, RM142, RM317, RM 335,
RM161, RM178, RM162, RM125, RM427, RM288,
RM147, RM311 and RM277). These markers could be
used for identifying indica and japonicarices.
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Genetic diversity in different periods

Higher genetic diversity was noted in varieties
planted both in 1950s and the recent ten years, with
rich variation in each SSR locus (Table 3). The Na
and He were 5.2 and 0.646 in 78 varieties in 1950s,
respectively, slightly higher than those of 73 varieties
in the recent ten years (Na and He were 4.8 and 0.630,
respectively). Wilcoxon Matched Pairs Test showed
that the Na changed at significant level (Na: z= 2.259,
P = 0.024) whereas the He did not (He: z=1.828, P =
0.068). The trends of Na and He changes within indica
and japonica subspecies were similar to entire sample
set, e.g. the Na and He of the varieties in 1950s were
higher than those in recent ten years. The Na change
was significant (for indica, z = 2.677, P = 0.007; for
japonica, z = 3.441, P = 0.001) whereas He change
was not (for indica, z=1.471, P = 0.141; for japonica,
z=1.932, P = 0.053). These differences of Na and He
changes between the two periods might be related to
rare aleles.

Genetic differentiation in the periods

AMOVA andysis showed that most variations of
SSR were within periods (Table 4). The genetic
variation was only 1.9% between the periods, but it
was significant a 5% level. The genetic
differentiations between the two periods both in indica
and japonica varieties were at very significant level
(P<0.001), being 5.0% and 8.2% of variation for
indica and japonica respectively, both higher than that
of entire sample set. On the other hand, the genetic
differentiations in various loci in indica and japonica
were different. Of 39 SSR loci in indica varieties, the
aleles of 13 SSR loci (33.3%) (RM21, RM128,
RM147, RM169, RM190, RM221, RM231, RM251,

Table 3. Comparison of mean number of alleles per locus (Na) and average Nei’s gene diversity index (He) between the two periods.

Period Suhset N‘_)' Qf Number of alleles per locus (Na) Nei’s gene diversity index (He)
varieties Mean+SD Minimum Maximum Mean+SD Minimum  Maximum
1950s indica 42 4.1+2.2 1 9 0.454+0.281 0 0.830
japonica 36 3.6+1.4 2 7 0.395+0.245 0.054 0.759
Total 78 5.2+22 2 10 0.646+0.127 0.311 0.849
Therecenttenyears indica 37 35+1.7 1 8 0.425+0.237 0 0.824
(1995-2004) japonica 36 3.0+14 1 0.349+0.277 0 0.753
Total 73 4.8+2.1 2 11 0.630+0.125 0.267 0.872
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Table 4. Analysis of molecular variance (AMOVA) for varieties between the periods of 1950s and the recent ten years (1995-2004).

Sample subset Source df Variance component Percentage of variation (%) P
Entire sample Between periods 1 0.246 19 0.016
Within periods 149 12.614 98.1

Tota 150 12.860

indica Between periods 1 0.466 5.0 <0.001
Within periods 77 8.803 95.0
Total 78 9.269

japonica Between periods 1 0.669 82 <0.001
Within periods 70 7.467 91.8
Total 71 8.136

RM253, RM317, RM341, RM418 and RMA478)
exhibited significant differences between the two
periods. Among them, RM221 had the highest genetic
differentiation in the two periods, accounting for
37.8% of the total variation. The number of SSR loci
with significant differences between the two periods in
japonica varieties was dlightly lower than that in indica
ones. There were 11 SSR loci (28.2%) with significant
differences (RM101, RM135, RM152, RM159,
RM169, RM190, RM251, RM253, RM311, RM418
and RM478) between the two periods. RM152 had the
highest genetic differentiation, in which 55.8% of
the genetic variation was contributed from the
difference between the two periods (unpublished
data).

DISCUSSION

As comparing with allozyme analysis, it is clear
that SSR could assess richer polymorphism of rice
germplasm ®. In the present study, 151 main
varieties showed higher SSR diversity. Of 40 SSR loci,
39 revealed genetic diversity with average 5.5 alleles
per locus, higher than that of main hybrids #"*® as
well as a part of Yunnan landraces * cultivated in
China, but 56.3% lower than that of the core
collection of Chinese modern varieties . Moreover,
the genetic diversity of 72 japonica varieties in the
present study was lower than that of 72 japonica
varieties from 11 ecotypes of China and abroad
detected by Liu et a . This might be attributed to
the differences in materials and SSR markers used.
Besides, we found about 45% of the SSR markers in

the study showing indicajaponica differentiation,
similar to the results of the previous studies by other
researchers % 333 gquggesting that SSR markers
combined with agronomic traits could be used to well
identify indica and japonica subspecies.

In the previous study, Qi et al ?” had analyzed
the genetic diversity of 257 varieties from 1950s to
1990s in China by using SSR markers and agronomic
traits, and considered that the genetic diversity index
declined from 1950s to 1980s but increased
significantly in 1990s, whereas allele number and
phenotype number were lower in 1950s and the
highest values were found in 1990s. In our study,
indica and japonica varieties showed similar temporal
trends, i.e. both Nei’s gene diversity index (He) and
average alele number (Na) of the varieties in 1950s
were higher than those of the recent ten years. The He
was not significantly different between the two
periods, but the Na was significant, suggesting some
genes had been lost for rice varieties planted in the
recent ten years. Therefore, strengthening the
introduction and utilization of alien elite germplasm
should be considered as an important issue for rice
breeding program. The different results from our and
Qi’s studies were possibly attributed to the difference
in materials used as well as sample size.

In this study, AMOVA analysis indicated that the
genetic differentiation was significant athough the
genetic variance was smaller (1.9%) between the two
periods, supporting the results from comparison study
on average alele number and Ne diversity index.
Meanwhile, AMOVA analysis could provide better
way for analyzing temporal change of SSR loci.
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Therefore, by combining with AMOVA analysis and
other genetic diversity parameters, we could well

evaluate genetic diversity changes for

various

ecotypes of rice germplasms.

ACKNOWLEDGMENTS

This work was partialy supported by the State

Key Basic Research and Development Plan of China
(Grant No. 2004CB117201) and the Key Research
Project for International Cooperation of Zhejiang
Province (Grant No. 2006C24012).

10

11

12

REFERENCES

FAO. The State of the World's Plant Genetic Resources for
Food and Agriculture. Rome: FAO, 1998: 30-40.

Frankel O H. Genetic dangers of the Green Revolution. World
Agric, 1970, 19: 9-14.

Harlan J R. Genetics of disaster. J Environ Qual, 1972, 1:
212-215.

Hawkes J G- The Diversity of Crop Plants. Cambridge:
Harvard University Press, 1983: 109.

National Research Council, Genetic
Vulnerability of Major Crops. Genetic Vulnerability of Major
Crops. Washington: National Academy of Sciences of USA,
1972.

Ramanatha R V, Hodgkin T. Genetic diversity and
conservation and utilization of plant genetic resources. Plant
Cell, Tiss& Org Cul, 2002, 68: 1-19.

Vellvé R. The decline of diversity in European agriculture.
Ecologist, 1993, 23: 64-69.

Roussel V, Koenig J, Beckert M, Balfourier F. Molecular
diversity in French bread wheat accessions related to temporal
trends and breeding programmes. Theor Appl Genet, 2004,
108: 920-930.

Roussdl V, Leisova L, Exbrayat F, Stehno Z, Bafourier F.
SSR aldlic diversity changes in 480 European bread wheat
varieties released from 1840 to 2000. Theor Appl Genet, 2005,
111: 162-170.

Fu Y B, Peterson G W, Scoles G, Rossnagel B, Schoen D J,
Richards K W. Allelic diversity changes in 96 Canadian oat
cultivars released from 1886 to 2001. Crop Sci, 2003, 43:
1989-1995.

Le Clerc V, Bazante F, Baril C, Guiard J, Zhang D. Assessing
temporal changes in genetic diversity of maize varieties using
microsatellite markers. Theor Appl Genet, 2005, 110:
294-302.

Smale M, Reynolds M B, Warburton M, Skovmand B,
Trethowan R, Singh R P, Ortiz-Monasterio |, Crossa J.

Committee on

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Dimensions of diversity in modern spring bread wheat in
developing countries. Crop Sci, 2002, 42: 1766-1779.
Maccaferi M, Sanguinetti M C, Donini P, Tuberosa R.
Microsatellite analysis reveals a progressive widening of the
genetic basis in the elite durum wheat germplasm. Theor Appl
Genet, 2003, 107: 783-797.

Donini P, Law J R, Koebner R M D, Reeves J C, Cooke R J.
Temporal trends in the diversity of UK wheat. Theor Appl
Genet, 2000, 100: 912-917.

Manifessto M M, Schlatter A R, Hopp H E, Suarez E Y,
Dubcovsky J. Quantitative evaluation of genetic diversity in
wheat germplasm using molecular markers. Crop Sci, 2001,
41: 682-690.

Backes G Hatz B, Jahoor A, Fischbeck G- RFLP diversity
within and between major groups of barley in Europe. Plant
Breeding, 2003, 122: 291-299.

Koebner R M, Donini P, Reeves J C, Cooke R J, Law J R.
Temporal flux in the morphological and molecular diversity
of UK barley. Theor Appl Genet, 2003, 106: 550-558.

Zhuang J Y, Qian H R, Lu J, Lin H X, Zheng K L.
Pre-research on the genetic and variance of indica cultivar. Sci
Agric Sn, 1996, 29: 17-22. (in Chinese with English abstract)
Yang G P, Maroof M A' S, Zhang Q F, Qin C H, Lou Z X.
Genetic diversity of rice detected by a multiple copy
microsatellite DNA marker. Hereditas, 1998, 20: 27 - 30 (in
Chinese)

Qi YW, ZhangD L, ZhangH L, Wang M X, SunJL, Wei X
H,QiuZ E, Tang SX, Cao Y S, Wang X K, Li Z C. Genetic
diversity of rice cultivars (O. sativa L.) in China and the
temporal trends in recent fifty years. Chinese Sci Bull, 2006,
51: 681-688.

Zheng K L, Subudi P K, Domingo J, Khush G S. Rapid DNA
isolation for marker-assisted selection in rice breeding. Rice
Genet Newsl, 1995, 12: 255-258.

Panaud O, Chen X, McCouch S R. Development of a
microsatellite markers and characterization of simple
sequence length polymorphism (SSLP) in rice (O. sativa L.).
Mol Gen Genet, 1996, 252: 597-607.

Nei M. Analysis of gene diversity in subdivided populations.
Proc Natl Acad Sci USA, 1973, 70: 3321-3323.

Yeh F C, Yang R. POPGENE v 1.31. hitp:/Aww.uaberta.cal~fyety.
Excoffier L, Laval L G, Schneider S. Arlequin ver. 3.0: An
integrated software package for population genetics data
analysis. Evolutionary Bioinformatics Online, 2005, 1: 47-50.
Wel X H, Tang S X, JangY Z, YUH Y, QiuZ E, YanQC.
Genetic diversity of allozyme associated with morphological
traits in Chinese improved rice varieties. Chinese J Rice i,
2003, 17: 123-128. (in Chinese with English abstract)

Xiao X Y, Wang Y P, Zhang JY, Li SG, Rong T Z. SSR
marker-based genetic diversity fingerprinting of hybrid ricein
Sichuan, China. Chinese J Rice Sci, 2006, 20: 1-7. (in Chinese
with English abstract)



28

29

30

Zhang J Y, Yuan Z Q, Li S G The Genetic diversity and
relationship between indica and japonica rice (Oryza sativa
L.) using SSR markers. J Shandong Univ Tech: Sci & Tech,
2005, 9: 22-27. (in Chinese with English abstract)

ZhuM Y, WangY Y, ZhuY Y, Lu B R. Genetic diversity of
rice landraces from Y unnan revealed by SSR analysis and its
significance for conservation. J Huazhong Agric Univ, 2004,
23: 187-191. (in Chinese with English abstract)

LiuW, Li ZC, ShiY L, MaH W, Wang J, Zhang H L.
Genetic diversity of japonica rice varieties based on SSR

31

32

Rice Science, Vol. 14, No. 2, 2007

markers. Southwest China J Agric Sci, 2005, 5: 509-513. (in
Chinese with English abstract)

Fan Y Y, Zhuang J Y, Wu J L, Sun B L, Zheng K L.
SSL P-based identification of subspecies in rice (Oryza sativa
L.). Hereditas, 2000, 22: 392-394. (in Chinese with English
abstract)

Zhu Z F, Sun C Q, Li Z C, Wang X K. Study on the
classification of rice varieties with SSR molecular markers. J
Agric Biotech, 2001, 19: 58-61. (in Chinese with English
abstract)



