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Abstract: [ Objective ] Accurate differentiation of indica—japonica nature in rice is of great importance in the aspects

of advantage utilization and evolutionary studies of indica—japonica subspecies hybrids. Molecular markers designed based
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on nucleotide sequence differences between indica rice and japonica rice have been widely used to discriminate indica—japonica
in rice. However, it remains unclear whether these published molecular markers for indica—japonica discrimination still show
indica—japonica specificity in experimental materials with diverse genetic backgrounds; moreover, the current indica—japonica
discrimination is mostly based on the comparison between the line to be tested and two control varieties, which cannot reflect
the indica—japonica similarity between the line to be tested and the indica (japonica) subspecies population. Therefore, it is
necessary to screen a set of molecular markers that can show indica—japonica specificity in all diverse genetic materials and to
establish an indica—japonica group discrimination system to objectively discriminate indica—japonica in rice. [ Method ] In the
Rice Diversity Germplasm Platform 2 (RDP2), which represents the genetic diversity of rice in the world, 92 rice varieties (lines)
we selected that retained population genetic diversity based on the genotypes of 70000 SNP molecular markers, and screened 51
pairs of previously reported molecular markers for indica—japonica discrimination; and selected 5 indica rice and 5 japonica rice
to form indica and japonica discrimination groups based on the clustering results of indica—japonica—specific molecular markers,
and used indica discrimination values to quantify rice indica—japonica. [ Result ] Twenty—four pairs of indica—japonica—
specific molecular markers were screened out of 51 pairs (both indica/japonica rice clusters showed specific band types with
a frequency of higher than 69.5%), which were evenly distributed on 12 chromosomes of rice. Based on the banding results of
the indica—japonica—specific molecular markers, a clustering analysis of indica—japonica nature was performed. Ninety—two
varieties (lines) could be divided into 2 clusters of indica and japonica rice; and the clustering results were in perfect consitant
with the known indica—japonica nature of these varieties (lines). Based on the clustering resulis, a cluster discrimination system
was constructed and indica discrimination values were calculated for 10 randomly selected varieties (lines). Among them, there
were 1 indica—leaning line, 1 japonica—leaning line, 4 indica lines and 4 japonica lines, and the quantitative discrimination of
their indica—japonica nature was accurately achieved. [ Conclusion ] In this study, we screened a set of molecular markers for
indica—japonica identification in materials with rich genetic background, and established an indica—japonica discrimination
system based on indica—japonica clusters, which can be used to discriminate indica—japonica of rice efficiently and accurately.
Key words: molecular markers; indica—japonica nature; indica—japonica discrimination; cluster analysis; indica

discrimination value; rice
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Table 1 92 rice varieties for test
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i HEA IV i HEA R A
No. Variety Indica—Japonica subsp. No. Variety Indica—Japonica subsp.

441 Jcol Al 39) INDANE KR
561 MADAEL Al 50) KHAO DAM KR
661 PACHEHAI PERUMAL bl 58] MALAGKIT PIRURUTONG KR
861 TD 25 billGiR 65] OIRAN KR
4271 AN QING ZAO billGi3 82J RT 1031-69 b
4421 BADA DHAN billGiR 711J AZMIL 85 KR
4621 BYAT KYAR billGiE 730J MERCURY iz
4641 CCT 3-37-3-3-3-1 A 731J MIKHUDEB ot
4711 CHORUA KA RTIKSAIL BillEiE 787) ARGO i)
4821 DANGAR R 798]) BALAYAN i)
4911 DJOGOLON Rl 846 DOBONGBYEO i)
5161 HONG MI DONG MAO ZHAN Rl 859 FAROX 299 il
5211 ICTA PAZOS Rl 861J GBANTE i)
5301 IR 74371-3-1-1 AlFE 893J JIBO YA bl
5411 JINLING 78-102 il 919J KULU bzl
5661 KUMBI il 922] KYRMYZY ffe
5811 MA GU ZI HE il 973J NOUAKPO Hfe
6061 NORUNKAN il 981J ORIENTE 10 b
6211 PIHATUWEE Al 995] POPONG LU
6221 PINURSIGI il 1003J RHS 107-2-1-2TB-1JM LU
6341 RAY NABJA e 1074) YU WEOL ZO LU
6531 SOKOU MALSIRA Al 1089 L201 Ui
6561 SPR 87032-2-1-1-4 Al 1098 OOURA Ui
6831 XI GU HONG il 1120) BENGIZA R
6841 XINUO ZAO il 1190] KWADWO AMOA HER
7731 ARC 10411 IR 1192] MUT IAC 25-44-807 HER
9081 Khie tom ballE 1214] PACHOLINHA HERR
9331 LIU TOU TZE ballE 1222] ADAIR i
9401 MAHSURI illkiz} 1226] ARAGUAIA HERF
10011 RATHU HEENATI GallE 1251) COLINA HER
10231 SIJAMBI SAPUSI GallE 1255] EARLY MUTANT IAC 165 KR
10521  VARY LAVA Al 1266] IDSA 77 HEF
11311 E KHA KEHA Al 1283) IRAT 212 HERE
11561  ROJOMENA Bl 1286) IRAT 2 TR
11581  RR203-16 Al 1292] JIMBRUK JOLOWORO i
12031 SR268B Al 1295] KETAN KONIR KR
12251 APO billGiR 1301) KUROKA bt
12341 BELOHAKILA 119 Al 1312) MAIORAL b
12681 IR 2006-P12-12-2 billEiR 1313) MANANELATRA 520 iz
13651  WAS 194-B-3-2-5 R 1339] SOURE i)
13701  WAS 208-B-B-5-1-1-3 R 1353) VARY SOMOTRA SIHANAKA i)
13721 WAS30-11-4-6-2-2-1 bl 1358] WAB 56-125 bl
13731 WAS 62-B-B-17-1-1-3 e 1445] P. TINGAGEW DAYKET QAY DAYON i)
13871  ARC 18262 I 1453] TORO il
13941 1A CUBA 23 AlFE NIP H A i bl
1400  MAHUDU KIRIYAL AlFE

9311 9311 AlFE
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*F2 51 xATFUEHRAS FiRE

Table 2 51 pairs of molecular markers for indica—japonica discrimination

Fric ASUREN LB AT RSl FlET ¥ A

Marker Chromosome Physical location ( Mb ) Forward sequence (5'-3") Reverse sequence (5'-3")
RM259 1 7.45 TGGAGTTTGAGAGGAGGG CTTGTTGCATGGTGCCATGT
*R1M7 1 10.66 ATTCCTGGTTCTACATTACTTA CGCCTCACTAGAATATCGGA
*R1M30 1 26.42 AAGGGGCCCTAATTTATCTAG TGTTTACTTTGTTCTTGGACTG
R1M37 1 31.68 ATAGTTCGCCATCGTCAT ACACGCCATAGCAAGGAA
R1M47 1 38.56 AATAGAATTACTGATGAAACCTTA GCCCGTTACCGCTTATGT
*RM104 1 40.5 GGAAGAGGAGAGAAAGATGTGTGTCG TCAACAGACACACCGCCACCGC
*R2M10 2 6.47 CCCAGTCTGCTGCCATCT GAATGTATTTCAGTTCCAGTAAG
*R2M24 2 11.37 GGGCAACAACGGCTCTG AGGGAATAAGGCGATACGG
R2M26 2 16.00 GCAGCAAAGTGCGGAGTA CAGGTGAATTGCCAATTT
*R2M50 2 31.29 CCTGAAGGAAATGATAGCAATAG GTTTTGTATGCTCTTCACTTGTC
RM240 2 32.39 CCTTAATGGGTAGTGTGCAC TGTAACCATTCCTTCCATCC
*R3M10 3 6.13 CCGAGTACCATTGCTTTC CTGCCATAGTTACTGCTCTGTT
R3M23 3 16.24 TGCTTACAAGGGTCCAAT GGAGGTGCCTACCAAGAG
R3M30 3 20.52 AGGCTAAGTGAAGAAATAATAAG CTCCGTATTCATTACTGGTTG
*RM130 3 33.39 TGTTGCTTGCCCTCACGCGAAG GGTCGCGTGCTTGGTTTGGTTC
*R3M53 3 33.42 ACACTGGCTACGGCAAAG TTTGTTCGGGAATAATGATGC
R4M13 4 8.21 TACACGGTAGACATCCAACA ATGATTTAACCGTAGATTGG
*R4M17 4 11.71 AGTGCTCGGTTTTGTTTTC GTCAGATATAATTGATGGATGTA
R4M43 4 25.02 CTTGAACCTGAGTGAGTGG CGATGAAAATGATGTCTA
*RM348 4 33.23 CCGCTACTAATAGCAGAGAG GGAGCTTTGTTCTTGCGAAC
*RM127 4 35.11 GTGGGATAGCTGCGTCGCGTCG AGGCCAGGGTGTTGGCATGCTG
R5M13 5 5.97 GAGAAAGAGTGGAAGGAG AGTATCGTCAGGAGGGTC
RM163 5 19.26 ATCCATGTGCGCCTTTATGAGGA CGCTACCTCCTTCACTTACTAGT
RM161 5 20.90 TGCAGATGAGAAGCGGCGCCTC TGTGTCATCAGACGGCGCTCCG
*R5SM30 5 21.54 CTCAATTTCACCCATCCC CGCTCCGTCTCCAACCTC

RM50 6 6.38 ACTGTACCGGTCGAAGACG AAATTCCACGTCAGCCTCC
*R6M 14 6 7.48 AAATGTCCATGTGTTTGCTTC CATGTGTGGAATGTGGTTG
*R6M44 6 26.72 TTAGGAATAAAGGCTGGATA TTACCGTTAATAGGTGGAA
*RTM7 7 6.75 ACCTTCCCTCCCCTTTTGAT AACTTGGTCTTCCTGTTTTATTG
*R7TM37 7 24.28 CAGCCCTAAATCTAAATACCC ACGTTGAGACAGGCGAGC
RM234 7 26.13 ACAGTATCCAAGGCCCTGG CACGTGAGACAAAGACGGAG
RM337 8 0.15 GTAGGAAAGGAAGGGCAGAG CGATAGATAGCTAGATGTGGCC
RM72 8 6.76 CCGGCGATAAAACAATGAG GCATCGGTCCTAACTAAGGG
R8M23 8 13.59 CCTATTCACTCTACCGACAT GTTTAGTTCCCATTGCTTT
RM29 8 20.09 CAGGGACCCACCTGTCATAC AACGTTGGTCATATCGGTGG
*R8M33 8 20.89 CGAAAGAGGAGAGGGGTAGT CGAAAACGAGAAACAAATA
*R8M46 8 28.23 CAGCAGAGTCCAGAGAAGAT GCATAAGATGGCGAGTGA
ROM10 9 5.14 CTTTGGATTCAGGGGGA AACTTGAAACGGAGGCAG
RM219 9 8.45 CGTCGGATGATGTAAAGCCT CATATCGGCATTCGCCTG
*ROM42 9 19.89 CTATAAGACCAAAACGAAAACT GAAAACCATTGTGTCACTGTA
R10M17 10 9.36 TGAACAATAAACCACAGAAGCA CCCTTTATTCCCTCCTTTG
*R10M30 10 17.57 CCCTAAAAATAGAGCAACCT ACCCATAATACTACCAATCAAC
R10M40 10 19.92 GTCCCTAGGCCATCTCTTG GCGAATAGGGGTGGACAG
*RM167 11 4.06 AGTCCGACCACAAGGTGCGTTGTC GATCCAGCGTGAGGAACACGT
RM202 11 9.05 CAGATTGGAGATGAAGTCCTCC CCAGCAAGCATGTCAATGTA
R11M23 11 22.01 AAGGTTGACAAGGACAGAAG TCGCAGGAATGGATAAAA
*R11M40 11 26.69 GAAAAATATCTATTGAGGAGTG GGAGGACCATAAATGACG
RM19 12 2.43 CAAAAACAGAGCAGATGAC CTCAAGATGGACGCCAAGA
R12M10 12 4.20 ATCATTTCAGCCTGTGCC AGCTTAATAGGGGGGACG
R12M27 12 17.48 ATTTCATTGCCATCAGTT GTAATCTTCTATCCGTTCA
*R12M43 12 26.31 CCGCCGAGAAGAAACAAAG CCCAAGAACAGGATTACA

W WEEALE S HARIETY] (IRGSP-1.0) Hi; * FomA

C
WFFEH 7 i ) 24 XPRIEHERS 53 TARi.

Note: Physical position is anchored with Nipponbare sequence (IRGSP-1.0); * indicates the 24 pairs indica—japonica specific molecular markers screened in this

study.
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HNAE Indica rice BHEAE T aponica rice
a Ml b 2R RIS 9311 FIRERE H A< i 5L R Y
a and b refer to the genotype of Indica 9311 and Japonica Nipponbare, respectively
B 1 FEATFHEEIEN S FrricEMRS
FIERB B PR A EIKE R
Fig.1 Gel electrophoresis patterns of molecular markers
not suitable for indica and japonica rice evaluation
in indica and japonica rice populations

RIM7

HlFE Indica rice

HHAE Japonica rice
a Ml b 2l EFE ARG 9311 FVRERS H A i 3L R Y
a and b refer to the genotypes of Indica 9311 and Japonica Nipponbare, respectively
B2 ik HE SR RS F RIS TR
FIETE B PR IR R
Fig. 2 Gel electrophoresis patterns of selected indica—
japonica specific molecular markers in indica
and japonica rice populations

HErh B — i B IIUR I S T 69.5%, Ho 12
5t Fhric (RIM7. RM104. R2M10. R2M24.,
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R8M46. ROM42. R12M43) ekl (A ) Rgffrb
L —F R AR Y 5 T 0.900 (£3) o R2MS50
TEREREREOR 0T —air BN 15 15 X0 Fhw
TCTERE RS AR L0 B & — a7 B2 1 5 T 0.950,
R1M7 il ROM42 TERIFFHEAAR B & — 7 U 464
4 0.989; 8 X3 FHRic A MR HEAA Hh 2 L —f A2l
AR =T 0.950,

24 Xt 3 FhRIC A1 TR KR 12 4554 (0
Wb, HpESE 1, 2, 3, 4 5@k L&A 3
ST RIEPE S S 43 Fhrid; 7ESR 6. 7. 8. 115
Ju @ iR b4 2 X RIEE 4 S5 19 4 AR g B
A4 Sk EAA 1 XPRIEMERR R0 TRl
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£ 3 HEE—FRICEMFBEERERE D H AR
Table 3 Occurrence frequency of indica—japonica
specific molecular markers in indica
and japonica rice populations

e AR
Frequency of specific Frequency of specific
Fric band-type FRic band-type
Marker  fifgRE  MAREE || Maker  mifEEE  HRREE
Indicarice  Japonica rice Indicarice  Japonica
group group group rice group
RIM7 0.989 0.932 R5M30 0.946 0.955
RIM30 0.935 0.852 R6M14 0.750 0.966
RM104 0.935 0.909 R6M44 0.935 0.898
R2M10 0.978 0.955 R7M7 0.696 0.989
R2M24 0.978 0.955 R7M37 0.924 0.966
R2M50 0.946 1 R8M33 0.859 0.966
R3M10 0.978 0.989 R8M46 0.935 0.943
R3M53 0.826 0.966 R9M42 0.989 0.989
RM130 0.978 0.977 R10M30 0.870 0.943
R4M17 0.891 0.978 RM167 0.967 0.875
RM348 0.935 0.705 R11M40 0.815 0.716
RM127 0.870 0.955 R12M43 0.978 0.977

22 BT 24 MHEH RS FARiCHKRBENE
RES

R4 R & — 2> FARiC B AU g5 5, XF 92
By7KFE AP (R ) BEATRIBE M RS0 HTr . RS,
e CE3) Wor, 92 45Fr (&R ) w15 AhIAE Al
FERG 2 AR, HApRIAE 47 (. BERGAS Iy, 5
XL (R ) ERAHEEYEE 2 A

WA RIS, FERFERE AR (&) Rl
B AR B A R 225, 4N 4821, 14001,
6561, 12031, 9331, 6211, 10521, ‘& fi1-5HIFgH#E
HOHA SRR (R ) ORI AL R BT 0.85;
UM, FERERIHE DA AD (R ) RIoEE M A9 A
PIREB A RZES, Wo19), 1226], 1222],
1003, 846]. 1089, ‘AT Kl H Al i Fh
() HIcEEME B AR, R AT 0.85, UiBATER
HERAELERD O ) Anfmnl O ) JEtEm 2z, H
AXOKFE R REEME TR A, A R MR DT
YR PR AR AR CBE ) ARkl CBE ) Jmi.
2.3 AMEFHIFEEXKTERMEE

Ry RE) g R AR PRI AR R AR
P 24 XPRIEE RS ARG I RIS AL, Fi i 45dh
B (R ) AALREGEE: 5 (o hlAS (441, 5411,
13651, 14001, 9311 ) #1 5 /3 K F& (50). 973].
1226] . 1255]. NIP) , 43 5 AE 2 ol 4 40 o0 26
(AL FE B ARUR AR A wRL 5 R ) AR (B
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L Z2 %X Similarity cofficieat
B3 ETF 2435 FRICEEHELUREN 02 BAkBRERELSN

Fig. 3 Cluster analysis of 92 rice varieties based on genetic similarity coefficient of 24 pairs of molecular markers

TR RURERS MR RE AR 2 ) o BEALIEICHHAL 10 3 4h
FCFRD) (5 OrRRE . 5 OoRERS ), ORI 5]
EHATIHE, 4R (R 4) Bor = 14 Al
Z. 1O wEEan R . 4 DORIAS AL R L 4 0BERR AR AR
e A S B TR AT DRI ) A 50

R4 RN GRAVHIEERAERE
Table 4 Indica quality degree and indica—japonica
nature of the tested lines

TR HIPERIE A
Koy & Average similarity coefficient Indica Indica—
Tested line HlIZH FE R ZH discrimination Japonica
Indica group  Japonica group value (D) subsp.
4821 0.578 0.48 0.546 Pkl
4911 0.948 0.031 0.968 Al
6341 0.798 0.250 0.761 il
9331 0.823 0.156 0.840 Hl
13941 0.865 0.115 0.883 il
65] 0.073 0.927 0.073 i
919] 0.524 0.718 0.422 i
981) 0.112 0.908 0.110 i
995] 0.092 0.949 0.088 il
1353] 0.133 0.918 0.126 i

T D,<025 A H, 0.25<D,<0.5 A #H, 0.5<D,<0.75 H f A,
0.75<D, i,

Note: D, < 0.25, it is japonica, 0.25<D, < 0.5, it is japonica—leaning,
0.5<D,<0.75, it is indica-leaning, and 0.75<D,, it is indica.
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