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Abstract. Genetic diversity is the main source of variability in any crop improvement program. 
There are abundant rice landraces in Hani’s terraces fields in Yunnan, especially red rice resources. A 
set of 61 red rice landraces were characterized using 78 simple sequence repeat (SSR) markers to 
study genetic diversity. A total of 499 fragments were amplified, averaging 6.397 alleles per primer 
pair. The polymorphism information content ranged from 0.115 to 0.836 with an average of 0.593, 
the gene diversity index was 0.633 and heterozygosity was estimated as 0.165. The results showed 
that these rice landraces have a rich genetic diversity of Hani’s terraces fields in Yunnan. 

1. Introduction 

Rice (Oryza sativa L.) is the most essential and important food crop of the world, particularly in 
Asia. Genetic diversity is an important basis for rice genetic improvement. Yunnan province is one of 
the world's recognized centers of genetic diversity and origin of cultivated rice in Asia, is the largest 
genetic and ecological diversity center of rice germplasm resources in China [1]. The Yuanyang 
Hani’s terraces are located at 22°49′–23°19′N, 102°27′–103°13′E. The environment of the uplands is 
suitable for rice cultivation with average annual sunshine of 1670 hours and an average temperature 
of 15.4°C. The Hani’s people live on a hillside at an altitude between 1400–2000m. They have 
farmed rice in the terraced fields for over 1500 years [2]. A rich diversity of rice varieties thrives there 
and the local people retain the tradition of seed exchange and rice worship [3]. Grain quality currently 
represents a major problem in rice production in China and many other rice producing areas of the 
world [4]. Since a long time ago, Hani’s people have believed that the traditional red rice varieties are 
superior in nutritional quality and healthy effect. The recent studies showed the red rice is superior in 
antioxidant capacity and nutritional quality [5,6].  

Simple Sequence repeat (SSR) markers have been commonly used in genetic diversity studies in 
rice because of high level of polymorphism which helps to establish the relationship among the 
individuals even with less number of markers [7]. Previous reports on the genetic diversity of rice 
using SSR markers showed that genetic diversity was the highest among wild relatives, followed by 
landraces, and was the lowest for cultivars [8]. The genetic diversity is higher for indica rice 
compared to japonica rice [9], while the differentiation of cultivated rice is mainly between indica 
and japonica rice. In recent years, SSR markers have been used to analyze the genetic diversity of 
Yunnan rice [10-16]. The objectives of the study were to: (1) evaluate the genetic diversity among 61 
rice landraces in Hani’s terraces fields in Yunnan using SSR markers; 2) provide reference to the rice 
breeding, germplasm protection. 

2. Materials and Methods 

2.1 Rice materials 
A collection consisting of 61 red rice landraces was used in this study, which collected from 

twelve different township of Yuanyang County, Yunnan Province, China as well as from Daping 
Township, Eza Township, Ganiang Township, Huangcaoling Township, Huangmaoling Township, 

International Conference on Artificial Intelligence and Engineering Applications (AIEA 2016)

Copyright © 2016, the Authors. Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 

Advances in Computer Science Research, volume 63

154



 

Niujiaozhai Township, Panzhihua Township, Shalatuo Township, Shangxincheng Township, 
Shengcun Township, Xiaoxinjie Township, Xinjie Town, 12 varieties origin is unknown (Table 1). 

Table 1 Name and collecting sites of red rice landraces in this study. 

2.2 DNA template preparation and PCR 
DNA was extracted using a protocol adapted from Dellaporta et al. [17]. Following solubilization 

of the DNA in TE buffer, its concentration was assessed spectrophotometrically, and this was used to 
prepare working solutions of 20 ng/ul. The PCR analysis was carried out based on SSR primers 
documented in the Gramene database (www.gramene.org), and the amplification protocols followed 
Chen et al. [18] with only minor modifications. Briefly, each 10μl reaction contained 10ng template 
DNA, 0.2μM of each primer, 2.5mM dNTP, 1μl 10x Mg2+ free buffer, 25mM MgCl2 and 0.5U rTaq 
DNA polymerase (Sangon Biotech, CHN). The cycling regime consisted of a denaturation step 
(95°C/5min), followed by 30 cycles of 95°C/30s, 55-58°C/30s, 72°C/30s, and a final extension step 
of 72°C/10min. The amplicons were electrophoretically separated through 8% non-denaturing 
polyacry lamide gels, and visualized by silver staining [19]. 
2.3 Data analysis 

Amplified fragments of different sizes were considered as different alleles. DNA bands that were 
amplified by a given primer were scored as present (1) or absent (0) for all the samples under study. 
The average number of alleles per locus, gene diversity, heterozygosity and polymorphism 
information content (PIC) were calculated using PowerMarker V3.25 [20].  

3. Results 

The results of polymorphism analysis for 61 red rice from Hani’s terraced fields in Yunnan 
Province using 78 SSR markers are shown in Table 2. A total of 499 alleles were detected, and the 
number of alleles per pair of primers ranged from 2 to 12 with an average value of 6.397. Among the 
SSR markers, RM481, RM297, RM335, RM7288, RM232, RM444 and OSR28 produced the highest 
number of alleles, which were 12, 11, 11, 10, 10, 10 and 10, respectively; while RM495 produced the 
smallest number of alleles, which was 2. The polymorphism information content (PIC) values ranged 
from 0.115 (RM495) to 0.836 (RM444) with an average of 0.593, the gene diversity (GD) ranged 
from 0.123(RM495) to 0.853(RM444) with an average of 0.633. Maximum heterozygosity (H) was 

Name of red rice landraces 
Number of 
Varieties 

Collection site 

cesuogu, honggu2 ,honggu3 3 Daping Township 
dalonggu, maichou, helingu, wupucheni 4 Eza Township 

honggu1 1 Ganiang Township 
laojinghongmi, shiouqian, chenilongge, apenpenche 4 Huangcaoling Township 

anxinggu, huagu1, shuihangu 3 Huangmaoling Township 
rongrenche,rongrenrenche, luoge, chemanche, maoche 5 Niujiaozhai Township 

laopinzhonghongmi, laopinzhong 2 Panzhihua Township 
dianmeng2hao, honggunuo 2 Shalatuo Township 

dumiaogu, honggunuo, gaoshanhonggu1, taiyanggu, 
bendihonggu2, laomujigu 

6 Shangxincheng Township 

chenu, huagu2 2 Shengcun Township 
bianhao3, poxinggu 2 Xiaoxinjie Township 

baijiaolaojing, yingu, lvjiaogu, longshanlinggu, 
yaduogu,jianshuigu, huaaigu, chena2, chemao, 
aizheranche, chefu, liuyuegu, cheran, chejiagu, 

yuelianggu 

15 Xinjie Town 

chena1, chemaouzheng, chejiaojiaoer, bendihonggu1, 
gutianche, gaoshanhonggu2, pozhugu, chengke, 

jiagu,chengni, cheniu, zajiaohonggu 
12 Missing source 
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present at RM311 loci (0.885) and average heterozygosity across all 36 loci was 0.165, RM495, 
RM138, RM282, RM564, RM258, RM496 loci heterozygosity was 0, heterozygosity was found to be 
very low which may be due to autogamous nature of rice.  

Table 2 Genetic diversity parameter values of SSR (simple sequence repeat) loci. 
Marker Chr. NA GD H PIC Marker Chr. NA GD H PIC 
RM495 1 2.000 0.123 0.000 0.115 RM3 6 6.000 0.665 0.033 0.619
RM84 1 6.000 0.773 0.082 0.737 RM275 6 7.000 0.666 0.049 0.614

RM5496 1 9.000 0.829 0.049 0.808 RM412 6 3.000 0.500 0.098 0.424
RM23 1 8.000 0.769 0.164 0.732 RM481 7 12.000 0.764 0.852 0.745
RM493 1 6.000 0.678 0.066 0.642 RM125 7 5.000 0.313 0.033 0.293
RM9 1 5.000 0.517 0.016 0.479 RM346 7 6.000 0.594 0.066 0.516

RM297 1 11.000 0.707 0.836 0.684 RM336 7 6.000 0.720 0.115 0.669
RM14 1 8.000 0.841 0.541 0.821 RM478 7 3.000 0.638 0.115 0.562
RM109 2 3.000 0.320 0.016 0.291 RM248 7 8.000 0.820 0.066 0.796
RM8 2 4.000 0.520 0.164 0.428 RM506 8 6.000 0.659 0.033 0.598

RM7288 2 10.000 0.724 0.148 0.690 RM25 8 6.000 0.554 0.049 0.515
RM8254 2 9.000 0.758 0.820 0.733 RM339 8 9.000 0.762 0.082 0.736
RM475 2 5.000 0.238 0.033 0.228 RM80 8 9.000 0.819 0.180 0.796
RM263 2 7.000 0.755 0.131 0.715 RM433 8 6.000 0.691 0.033 0.641
RM240 2 6.000 0.494 0.098 0.463 RM281 8 6.000 0.641 0.016 0.579
RM138 2 4.000 0.183 0.000 0.177 RM444 9 10.000 0.853 0.066 0.836
RM60 3 3.000 0.332 0.082 0.287 RM219 9 8.000 0.813 0.262 0.793
RM36 3 6.000 0.551 0.098 0.516 RM342 9 6.000 0.698 0.197 0.646
RM218 3 5.000 0.555 0.131 0.483 RM105 9 8.000 0.567 0.033 0.539
RM232 3 10.000 0.832 0.148 0.811 RM553 9 6.000 0.559 0.115 0.523
RM282 3 4.000 0.522 0.000 0.479 OSR28 9 10.000 0.662 0.098 0.639
RM7097 3 4.000 0.440 0.049 0.410 RM5095 10 9.000 0.841 0.049 0.823
RM168 3 4.000 0.419 0.016 0.391 RM216 10 4.000 0.674 0.131 0.615
RM570 3 5.000 0.678 0.131 0.618 RM311 10 8.000 0.810 0.885 0.782
RM307 4 6.000 0.776 0.148 0.742 RM258 10 6.000 0.603 0.000 0.567
RM335 4 11.000 0.801 0.721 0.780 RM228 10 7.000 0.706 0.098 0.656
RM261 4 4.000 0.426 0.049 0.360 RM496 10 5.000 0.528 0.000 0.476
RM471 4 4.000 0.575 0.082 0.503 RM286 11 6.000 0.677 0.049 0.623
RM564 4 6.000 0.570 0.000 0.503 RM332 11 5.000 0.630 0.066 0.563
RM303 4 6.000 0.728 0.033 0.688 RM287 11 6.000 0.657 0.115 0.607
RM122 5 4.000 0.682 0.098 0.626 RM21 11 7.000 0.677 0.197 0.654
RM413 5 6.000 0.783 0.115 0.750 RM206 11 9.000 0.834 0.066 0.817
RM169 5 5.000 0.684 0.115 0.630 RM224 11 4.000 0.586 0.033 0.533
RM163 5 6.000 0.372 0.033 0.347 RM20 12 7.000 0.719 0.738 0.681
RM7415 5 4.000 0.537 0.836 0.431 RM19 12 7.000 0.652 0.016 0.588
RM480 5 6.000 0.424 0.082 0.402 RM519 12 6.000 0.692 0.066 0.649
RM540 6 6.000 0.648 0.197 0.616 RM7102 12 7.000 0.746 0.508 0.712
RM204 6 9.000 0.629 0.049 0.601 RM235 12 9.000 0.798 0.607 0.771

6-66 6 9.000 0.816 0.115 0.791 RM17 12 5.000 0.555 0.131 0.509
Mean 6.397 0.633 0.165 0.593

Chr., Chromosome; AN, Number of alleles; GD, Gene Diversity; H, Heterozygosity; PIC, 
Polymorphism information content. 
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4. Discussion 

A clear understanding of genetic diversity and relationships among cultivars using molecular 
markers is essential for the effective conservation and utilization of rice genetic germplasm resources, 
which is an important component in the development of improved rice cultivars [21]. In the present 
study, 78 polymorphic markers have detected a total of 499 alleles across 61 individuals. The number 
of alleles ranged from 2 in RM495 to 12 in RM481 and the average was 6.397 alleles per SSR locus, 
which exceeded the previously reported values of 2.161[10], 3.9167[22], 5.065~5.313[16] and 5.5[15] 
alleles per locus. The higher number of alleles per locus observed in the present study can be 
attributed to more SSR markers or the larger number of individuals surveyed than in the previous 
studies. The average PIC value (0.593) exhibited by SSR markers was almost similar to the observed 
by Xu et al [16] in 72 current-grown (0.652) and 76 past-grown (0.660) rice landraces, higher 
averages of PIC value (0.256) were reported by Liu et al. [10]. Among the 78 polymorphic SSR 
markers, 66 exhibited Gene diversity (GD) higher than 0.500, this result also showed that Hani’s red 
rice landraces have rich genetic diversity. Heterozygosity (0.165) was found to be very low which 
may be due to autogamous nature of rice. The more diverse nature of the red rice landraces may be a 
reflection of the prevalent diverse agroclimatic conditions of the Hani’s terraces [23]. In conclusion, 
SSR marker based molecular characterization of Hani’s red rice landraces revealed that large 
variation exists among the accessions. This study will also provide a theoretical basis for the 
protection and utilization of these rice resources.  
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