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Abstract  Random amplified polymorphic DNA  RAPD and inter-simple sequence repeat ISSR  methods
were applied to detect genetic variation of 20 bulking samples and two individually sampled populations of
Oryza granulata Nees et Armn. ex Watt. from China M5 from Hainan Province and M27 from Yunnan
Province . For the bulking sampled populations 20 RAPD and 12 ISSR primers generated 209 and 122
bands of which 134 64.11% and 89 72.95% were polymorphic respectively. For population M5 146
and 95 bands were generated with 21.48% and 34.78% being polymorphic PPB . For population M27 151

PPB = 17.22% and 94 PPB = 19.15% bands of RAPD and ISSR were obtained. The results indicat-
ed that the level of genetic variation of O. granulata was lower than other species detected in the genus O-
ryza. UPGMA cluster based on genetic similarity and principle component analyses PCA based on band pat-
terns divided the populations into two groups corresponding to their sources which revealed that the majority of
genetic variation of O. granulata occurred between Hainan and Yunnan. Consequently more populations of
the species should be considered for a reasonable conservation management. Comparison between the two mark-
er systems showed that ISSR was better than RAPD in terms of reproducibility and ability of detecting genetic
polymorphism. Mantel test revealed that the goodness of fit between them was significant r =0.917 ¢ =
12.718 when detecting genetic diversity at species level but was poor at population level r<0.200 . The
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discrepancy was considered as the facts that different fragments were targeted by RAPD and ISSR and that

evolutionary process of 0. granulata varied at different hierarchical levels.
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Table 1 List of Oryza granulata populations included in the study Table 2 List of ISSR primers and their sequences used in the study
Code of ) o ) ) Primer Sequence 5'-3'
camples Population Distributed site of accessions ISSR-4 BDB CA ,
1 M1 Zhayun Qiongzhong County Hainan ISSR-5 VHV GT 4
2 M2 Maoyang Tongshi City Hainan ISSR-6 DBD GA 4
3 M3 Juntian  Lingshui County Hainan ISSR-7 GC AC 4
4 M4 Licai Sanya City Hainan ISSR-8 CT sRG
5 M5 Chongpo Ledong County Hainan ISSR-9 CT gRC
6 Mi12 Qichai  Changjiang County Hainan ISSR-15 CCC GT ¢
7 Mi13 Jianfeng Ledong County Hainan ISSR-16 GSG GT
8 Mi4 Jinbo Baisha County Hainan ISSR-17 CSC GA ¢
9 M15 Fengwei Zhenkang County Yunnan ISSR-18 GCWG AG 4
10 M16 Nanla Cangyuan County Yunnan ISSR-20 CCA GTG 4
11 M18 Huohai Gengma County ~ Yunnan ISSR-21 GCG AC 4A
12 M20 Qianxin  Shuanjiang County Yunnan B=C/G/T D=A/G/T V=A/C/G H=A/C/T S=G/C W=A/T
13 M21 Mengnuo Longling County ~ Yunnan N=AC/CT.
14 M22 Naban Yingjiang County Yunnan
15 M23 Pingyuan  Yingjiang County ~Yunnan 1
16 M24 Gasha Jinghong City Yunnan
17 M25 Menghan Jinghong City Yunnan 0 RAPD ISSR
18 M27 Manyao Simao City Yunnan RAPD ISSR
19 LC1 Reshuitan Lan(?fmg County  Yunnan PPB
20 M30 Mandang Yuanjiang County ~Yunnan
POPGENE RAPD  ISSR
Shannon I 1=1-3p; Di
B-6 B-7 B-12 K-3 K-6 K-8 K9
K-11 K-12 K-13 K-15 Y-1 Y-2 Y-9 Y-14 Y-15 .
RAPDistance
Y-18 Y-19 Z-3 /-4
Jaccard
RAPD PCR 10 pl/ 50 mmol/L Nei
€1
Tris-HCl pH 8 3 500 pg/mL BSA 10% Ficoll 1 NTSYS 8 SHAN
mmol/L Tartrazine 2 mmol/L MgCl, 200 pmol dNTP UPGMA
1 pmol 5 ng DNA 0.5U Taq RAPD  ISSR PCA
1818 Idaho Tech.
94 °C I mn35°C10s 72°C20s 2
Mantel
40 94 C 0s 35 RAPD  ISSR
CO0s 72 °C 1 min 72 C 7 min
EB 1.5%
100 bp  DNA ladder 2
2.1
1.2.3 ISSR RAPD RAPD ISSR  PCR
30 ISSR 13 ISSR PCR DNA
PCR 2 RAPD Mg
Mg** 1.5~2.5 mmol/L
4%  DMSO 94 RAPD  ISSR DNA
2550C2s 72°C 1 min 72 C 5 min 100 ng RAPD 1A ISSR
EB 2.0% DNA
RAPD RAPD  ISSR
1.2.4 RAPD ISSR DNA



744 Acta Botanica Sinica 42
ISSR-5 Mg+ 1.5 mmol/L
RAPD  ISSR PCR 2.0 mmol/L 3.0 mmol/L
RNA A RNA  A- Mg *
K ISSR 1C
RAPD RAPD Mg * 2.0 mmol/L
RAPD ISSR
RNA A Mg** ISSR
K B-6 K9 K-11 K- RAPD
12 Y-18 Z-3 Y-18 2.2
1B B-7 B-12 Y- 4  RAPD BI2 K11 K12 73 4 ISSR
3Y-15  Y-19 K ISSRS 7 21 22
RAPD RAPD
ISSR
DNA RNA A
DNA RAPD B-12
ISSR Mg** RAPD 680 bp
| £ 3 % i LR T S o EO I 2
3
20 20 RAPD 209
220 bp 2 200
bp 10.45 134
PPB  64.11%
RAPD 6.70 12 TISSR
122 280 bp 2 000
bp 10.17 89
f P12 440 v oH 3N
1. RAPD  ISSR
Fig.1. Reproducibility of RAPD and ISSR amplification generated
from Oryza granulata genomic DNA.
A influence of different concentration of DNA template from 2.5 2. RAPD PCR
5.0 10 20 40 60 80 to 100 ng on RAPD products by using
primer OPK8 1 -8 and OPBI2 9 - 16 B comparison of Fig.2.  Comparison of PCR products between the bulking sample

RAPD products of Y-18 between proteinase K-treated template P

and control C  C influence of different concentration of Mg?*
from 1.5 mmol/L to 3.0 mmol/L on ISSR products by using ISSR-
5. M 100 bp ladder.

P and its component individuals 1-10 by using RAPD primer
B-12.
The arrow indicates PCR bands negative in bulking sample but posi-
tive in individuals 4 5 and 9. M 100 bp ladder.
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PPB 72.95% ISSR 20 RAPD
7.41 RAPD GS 0.558 0.954 0.727
Shannon ISSR GS 0.441 0.962
RAPD 0.674
0.336 ISSR 0.391 3 M5 RAPD  ISSR
3 GS 0.905~0.993 0.815~0.989
12 RAPD  ISSR ISSR GS 0.912 RAPD
162 98 56 34.57% 43 GS 0.954 ISSR  RAPD
43.88% 8 M27
182 92 M5 4
81 44.51% 24 26.09% UPGMA
3
20 RAPD M5  M27 146 3
151 7.49 7.55 RAPD  ISSR
32 26 PPB 20
21.48% 17.22% 12 IS-
SR M5 M27 95 9 M5 M27 RAPD  ISSR UPG-
7.91 7.83 PPB MA
34.78% 19.15% M5 M27 RAPD
Shannon 0.125  0.098
ISSR 0.183 0.111 PCA UPGMA 4
RAPD 3-D
2.3 12
4 Jaccard 8 4 AB
genetic similarity GS
3 RAPD ISSR
Table 3  Analysis of the RAPD and ISSR-generated banding patterns
No of No. of RAPD PPB! No. of No. of ISSR PPB of
RAPD polymorphic of P ISSR polymorphic ISSF(; I
bands bands RAPD bands bands
Among populations
China® 209 134 64.11 0.336 122 89 72.95 0.391
Yunnan 162 56 34.57 0.158 98 43 43.88 0.229
Hainan 182 81 44.51 0.213 2 24 26.09 0.115
Within populations
Population M5 146 32 21.48 0.125 95 32 34.78 0.183
Population M27 151 26 17.22 0.098 94 18 19.15 0.111
1 Percentage of polymorphic bands 2 Shannon diversity 3 Consists of 20 samples bulked from 20 populations respectively.
4 RAPD  ISSR
Table 4 Brief summary of genetic similarities within and among populations of Oryza granulata based on RAPD and ISSR markers
Populations of China! Population M5 Hainan Population M27  Yunnan
Min Max Mean Min Max Mean Min Max Mean
RAPD 0.558 0.954 0.727 0.905 0.993 0.954 0.912 0.989 0.950
ISSR 0.441 0.962 0.674 0.815 0.989 0.912 0.890 0.989 0.949
S.D.2 3.800 5.566 0.068 0.331 0.044 0.129

1 Consists of 20 samples bulked from 20 populations respectively 2 Squared deviations.
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Fig.3. Dendrograms illustrating genetic relationships among and within populations of Oryza granulata .
A B among 20 populations of China using RAPD and ISSR analyses The population numbers are the same as in Table 1

C D among in-

dividuals of population M5 using RAPD and ISSR analyses E F among individuals of population M27 using RAPD and ISSR analyses re-

spectively.
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Fig.4. Associations among samples of Oryza granulata revealed by principal component analyses PCA .
A B among 20 populations from China generated by RAPD and ISSR C D among individuals of population M5 E F among individuals
of population M27 by the two markers respectively.
A populations of Hainan [l populations of Yunan @ individuals of population M5 4 individuals of population M27.
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5
RAPD ISSR ISSR  PCR RAPD
r=0.9170 t=12.789 ISSR RNA A K
> 1g.01 3 000 permutation
A ISSR
M5 RAPD  ISSR 15~24 bp -
r=0.1916 t=1.131< 150 3000
permutation 398 VA Gilbert
M27 RAPD ISSR 0.1626 ¢ 4 Yang % ISSR
=1.076< ty.o permutation 421 RAPD Jonsson %
7
5 RAPD  ISSR ISSR
Mantel 3.2
Table 5 Mantel test between genetic similarity matrices generated
by RAPD and ISSR within populations and between regions
-3 RAPD PPB
Population r t p Permutation
< Z =7 > 7 64.11% 209 134
China' 0.9170 12.789 1.0000 3000 0 0 12 RAPD PPB
M5 0.1916 1.131 0.8710 2602 0 398 5
M27 0.1626 1.076 0.8590 2579 0 421 34.57% 8 PPB 4.51%
1 Consists of 20 samples bulked from 20 populations respectively 2 r = RAPD Ge »
normalized Mantel statistic Z 3 3 000 permutations were performed.
8 Oryza rufipogon
3 PPB 82.1% 95 78
0. sativa
3.1 80% 260 208 %
RAPD ISSR
16
RAPD PCR Shannon 3 ISSR
10 19-21 RAPD
RAPD Mg* PCR
K ISSR
DNA microsatel-
lite DNA slippage
RAPD
Taq PCR 27 Gilbert
PCR * Yang Jonsson %
Clark * DNA RAPD
RAPD ISSR
K RAPD 5’ 3 IS-
SR-8  ISSR-9
RAPD ISSR
PCR a
8 h
DNA ISSR
RAPD RAPD
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