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Genetic Diversity Analysis of Registered Rice ( Oryza sativa L. )
Varieties in Heilongjiang Province Based on SSR Markers
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Abstract: To evaluate the genetic diversity of major rice varieties registered in Heilongjiang province in the
past two decades, 73 conventional rice varieties were collected and genotyped with a set of 62 SSR markers well dis-
tributed on all the 12 rice chromosomes, including 24 SSR markers used in rice DNA fingerprint database of China.
The results showed that a total of 142 alleles among these varieties were identified at all of 62 SSR markers loci,
with an average of 2. 3 alleles per marker locus, and 71. 0% of the SSR markers were polymorphic between varie-
ties, and the values of the frequency of polymorphism ranged from 0 to 0. 775 with an average of 0. 246. The 73 va-
rieties existed highly similarity, the genetic similarity coefficient ranged from 0. 622 to 0. 966 with an average of
0.759, and 96. 4% of the tested varieties showed the genetic similarity coefficient from 0. 66 to 0. 86. The 73 varie-
ties were clustered into 11 groups based on the genotyping data, which consisted with pedigree information of these
varieties. The major differences among these groups were detected on maturity and grain quality. Based on our re-
sults, the genetic background was very narrow in the registered varieties in Heilongjiang province in the past two

decades. It is necessary to introgress diversified germplasm and enhance germplasm innovation in the conventional
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rice breeding program for further increase of rice yield and stress tolerance in Heilongjiang province.

Key words : Heilongjiang province; rice varieties; genetic diversity ; SSR markers
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Table 1 The information of the registered rice varieties in Heilongjiang province used for genetic diversity analysis

ErRss g B AR EH X FEARI

Code Variety Year registered Recommended planting area Parents

1 FivE 3 5 1994 IR TTAR S — R LEES 5(?) B1L20 5(y)

2 WR3 5 1999 IRV S = B FEZR 138( 9) K 87-239()

3 4 S 1999 By IR B R 15/R12-34-1( Q) MET/FHHR2 5 (4)
4 RS 5 2000 BRI AR BRI R I137(Q) 15 (s)
5 Z=H 131 2000 BB TLAA 5 =B ZHE110( ?) #EIL36(4)

6 'k 2001 BRI 5 A RISI( @ )l /8t /R T/ R 67(4)
7 BfE9 5 2001 IR TTAR 5 UR R Y HATRTI( Q) 4:87-1984 ()

8 BFi10%5 2002 BRI TLAR 5 — B EHIG(?) AT811-2(5)

9 Rit1 5 2003 RIS — B Wk

10 A= 2003 BIRILA S = B R 144( Q) TN 14 5 (4)
11 AR T 2004 BRI TLAR 5 — B HFHT 19 5 ( Q) 4 93-6032()
12 W9 5 2005 BT — IR FARRE 15 (9) W 306(+)
13 HEFE3 5 2005 RITTA S R HfERE 15

14 HFHT 28 % 2006 IR TLAA R FHE397(9) B4 90-31(4)
15 B2 2006 IRV 5 — R BR105(?) BMS8 5(y)
16 Jefgs = 2006 BRI 5 — A HFHT 22 5( Q) M8 5 ()
17 Rk 425 2007 P TR B — R TR 15 ( ) RAK423(5)
18 AR 8 2007 BB TLAA 5 B A 10 5 ( Q) B3 5 ()
19 JekE 20 5 2007 e LA 5 = B JEHF 98-211( @) Jeik 9782(4)
20 25 RS 2008 2y RAK At JERE105(?) W3 5 (v)
21 R 10 5 2008 RIETTAR S RO EHE397(9) 83 5 (5)
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T1(4E)
95 i W E AR X 5K FARW
Code Variety Year registered Recommended planting area Parents
22 A 11 2008 PRI 5 Rk e 10 5( @) ZHi3 5 ()
23 ek 21 & 2008 BV ZBURA J7291036-1( 2 ) JBAE 95-361/JE4€ 91-340( 1)
24 Jokii22 5 2008 BIRTTAR S =R Jei% 93001 ( Q) ZH 131(5)
25 T 24 5 2008 EIEVTAR 5 R T 94-715( Q) % 150(+)
26 L 12 5 2009 FRIRTTAR S U B JERE10 5 (9) GHE3 T (y)
27 HfifE4 5 2009 BRI — R TR 15
28 £ A< 430 2009 BT — R HRAC423( 2) ILRE 1 5 (4)
29 AR 428 2009 B TLAR 5 — B FERE 15 ( Q) HA423(5)
30 BR15%5 2009 BT S —BURA H94-1043( 9) BF 10 5/R 94-1043(4)
31 B2 %5 2009 RIRTTAR S =R R 98-495( ) R 94-1043 ()
32 B 195 2009 SRRV AR5 DU R 5 96-614/5 96-730( 9 ) B 96-249/ 1 96-754(5)
33 B2 5 2009 IR TTAR S = BURY B9 5 ( Q) B 96-614/8 96-730(4)
34 Jekg 25 5 2009 BIRTTA S =R EREL A (9) JEE 97058 (4)
35 JeHt 26 5 2009 IR TLAE o =R B92-91(9) =H 150()
36 JekE 27 5 2009 BRI 5 =B FH418( Q) M 125 (4)
37 15 2010 IR 5 — A TRFE LS ( Q) BIFERRL(5)
38 D13 5 2010 RITTAA S RO BF105(9) 813 5(+)
39 RPAE 15 2010 BRI TLAR 5 — B REL15(Q) HPHL19 5 (5)
40 BE3 S 2010 BIRTTAR =R B 94-202//ZRFHE/ AL 19( ) & A6(5)
41 ek 29 5 2010 IRTTA 58 = RO SH131(Q) B2 5(+)
42 JeAE 31 5 2011 AT AR A = AR Tt 13 5(9) B8 F(4)
43 Jei 32 & 2011 BRI 5 = R AL 96-1560( Q) Tk 12 5 ()
44 Jefd 14 5 2012 RIS — R FAERE 1 5( Q) M 00-217(5)
45 RS 5 2012 IRTTAR S RO BER10(?) Rkl 5(y)
46 Bfg2s 5 2012 LA S B #A97-319( ) B D02-388()
47 BRE17 % 2012 BRI SRR BROS(9Q) HH(+)
48 TN 34 5 2012 RIRTTAR S = RO BRESS( Q) M 13 5 (3)
49 Je ki 36 = 2012 BRIV = BURA JeAr 96-1484( ) L 280 ()
50 Jefd 16 5 2013 BRI 5 — TR TfERE 1 5 ( Q) ZHi4 5 (5)
51 Bf23 5 2013 BIETTAA S RO B 03-659( ) BE 103(+)
52 BRE24 5 2013 BB TLAR 5 B B 03-94( Q) #497-98(+)
53 HIHT 32 % 2013 IR 5 — A FER 138( 9) JLRE20(+)
54 L IRIR=2 2013 RIRTTAR 5 RO #1:99-1409( 2 ) & +(4)
55 14 5 2013 BRI TLAR 5 — B BF10( Q) 843 5 (5)
56 kK S 2013 eI —BRA XUZR 8706/ 131( @) #498-131(4)
57 Bf26 5 2013 RIRTTAR S =R B 02-55( 2) B 94-1043/8 DO1-1381(4)
58 BRE27 % 2013 B LA =R B 94-371/894-202( 9 ) =& 131 ()
59 Jek 39 = 2013 IR 5 =R oA 96-1484( Q) oM 8 5 ()
60 Je ki 40 & 2013 BIRTTA S =R o 03-1288( @) JeH 20 5 ()
61 Jekia1 5 2013 BRI AR = IR AR V10/F83% 9707 ( @ ) Je Ak 96-1530(4)
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s i A X 5K SRAAR
Code Variety Year registered Recommended planting area Parents
62 JePAE 3 5 2013 B TLAA =R G4 S(Q) BH3 5 (s)
63 JeAE 18 = 2014 IR TLA H — PR FAc423( @) B3 5 ()
64 Ty 20 5 2014 B TAH — PR FA98-131( Q) #4804 ()
65 ek 42 5 2014 IR TA 5 R ZH 131( 9) JoJE 20-240(5)
66 nifg2 2014 IRV S — B GHAS(Q) F782(4)
67 GR35 2014 IR IR 5 —BUR ZHE4 5 ( Q) BR10(4)
68 @R 16 5 2014 IR S — B EF418(9) BEE10(4)
69 N 17 5 2014 BITTARSE RURAY HOE( Q) 402-1032(4)
70 418 5 2014 B TLAR 5 — B G4 S(Q) M35 (s)
71 JekE 43 5 2014 BRI 5 = AR Je32 02-192( @) Je 4k 00-233 (1)
72 Jeki 44 5 2014 IR 5 = A Jok 98-425( Q) HHE 16(5)
73 15 5 2014 MBI 5 = A GR45(Q) BF12(4)

1.2 SSRIRICEFERERBEE

VEPE KR SRl DNA H8 2058 @ i 1 h i 24 A4
Bysy o i F KRG 12 &g 1R A SSR Ar il
(http ://www. ricedata. cn/marker) , B 55 YL A4k 2 4
(KBS 1A KRG R A K 0 i T 5
A 38 Ay I B 235 v HLE R LS Y SSR AR
i (£ 2) , FIAX 62 4 SSR ARt i iE &Y 73 4
IKFE AR EAT PCR 373 R 7R S 22

PCR 41520 20 pL WA R, £145 10 x ZZ vhik
2.0 pL,10 x TB 1.5 pL,5 wmol/L 5% 2.0 pL, Tag
DNA R4 7#0.5 wL,DNA 5 uL,ddH,0 4 pL, § 1
J¥4 .94 CHIAEYE 5 min;94 °C7Z8PE 1 min,55 °C (8
61 °C 67 °C)IB K 45 5,72 CHEMI 45 s, ISP 5 ZEfif
PEI 35 WK, i 76 72 °C F AR 10 min, 10 CARAF,
P HEP=HITE 8% 1 AV ARV 3R DA s I i v e v Tk 4 5
1.5 h 245, HE L 4FFY) genefinder Yttt b7 4L (4, If
TELAMT T HFHA R bR O3 R R E o
1.3 #HESH

SSR #ric £ & P4 % ( FP, frequency polymor-

phisms ) T 7E2% 7K Fef i o [ G 00 28] 2 Sk g 4 30 )
AR K FP =1 -Y[mix(mi-1)]/[mx(m-
1) ]2 m AR R B, mi S BT AR i Rl R
HIRHRIE, ISR NTSYS - PC ver 2. 113 315
P it I 35 12 R A0 2 80, >R T AR InACE X B3R
V218015 (UPGMA , unweighted pair group method
with arithmetic mean) TR0,

2 ER5HMH

2.1 SSRIFEEEMRISTHR

3% 2 Fis iy SSR ARic X AiF4E 1Y 73 A2 Jp 7T
A AT KR S A A T R R B S & S 1 X
BEIRXKRE  Fh A 1A AL B (181 1), 62 4> SSR
LRI B 142 A5 A7 3 K, S Y A BRIC A
2.3 MR (R 2) o HEA 44 A PRIc s 2
LA, LB RN 71.0% , bRic i £ S TERUR
FP (AR EIE RN 0 ~ 0. 775, F-2°h 0. 246, TikRic
RM72 Fl RM224 7€ fT 45 7K R fif A bk ) 2] 11%) 26 437
REEEHRZ, 6 MENIEH,

MI123 4567 8910111213 141516 171819202122 2324252627 28293031 32 33 34353637

B ~73 S0 RIXRER 1 AR S M KO8 DNA 231
1-73 represent rice varieties shown in Table 1, M; DNA ladder
B 1 #IF SSR 5|# RM5414 Xt 73 4~ B R ITKFE MFE 7 15 E %
Fig.1 SSR analysis for 73 rice varieties from Heilongjiang province using RM5414
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F2 SSRIFiCHREMEHAE SMNEFNBBENSHMENE FPE

Table 2 Chromosome, number of alleles and frequency polymorphisms ( FP) values for SSR markers

FRic USGREN (DALY SREERE FPE || AR gk fir SR FPE
Marker Chromosome Position No. of alleles  FP value || Marker Chromosome Position No. of alleles  FP value
RM495 1 213775 2 0.054 || RM469 6 527786 1 0
RM84 1 3942440 3 0. 155 || RM588 6 1587821 1 0
RM1195 1 6153085 3 0.505 || RM190 6 1741174 2 0.447
RM292 1 9540042 1 0 RM253 6 5468147 3 0. 474
RM113 1 18808055 1 0 RM527 6 9919727 3 0.617
RM446 1 20922541 2 0.318 || RM3 6 18619035 3 0. 081
RM297 1 31879187 3 0.517 || RM340 6 27655224 3 0.243
RM233 2 2466858 1 0 RM180 7 5511925 3 0. 301
RM71 2 8642816 3 0.054 || RM533 7 17460495 2 0.427
RM301 2 11978710 2 0. 153 || RM336 7 21795866 3 0. 520
RM341 2 19003256 3 0.427 || RM18 7 25577162 1 0
RM525 2 27833206 4 0.580 || RM337 8 146938 1 0
RM112 2 31579259 3 0.450 || RM72 8 14655326 6 0.775
RM208 2 34647140 4 0.629 || RM223 8 20497732 3 0.382
RM489 3 4318347 2 0.080 || RM308 8 24621864 1 0
RM232 3 9735263 2 0. 081 RM281 8 27734072 1 0
RM563 3 11051313 2 0. 081 RM219 9 6732513 3 0.571
RM411 3 21088149 3 0.270 || RM434 9 14262055 1 0
RMS5 3 36060505 2 0.318 || RM278 9 17684185 2 0.219
RM335 4 679761 4 0.665 || RM311 10 9352577 3 0.225
RM5414 4 2021760 3 0. 581 RM258 10 17585202 2 0. 105
RM185 4 18276807 2 0.377 || RM228 10 21811827 3 0. 180
RM273 4 23546227 2 0.028 || RM286 11 382385 4 0. 459
RM280 4 34672357 1 0 RM167 11 4057316 1 0
RM122 5 279635 2 0. 131 RM536 11 8774372 1 0
RM267 5 2713543 2 0.054 || RM209 11 17307615 1 0
RM289 5 7304912 1 0 RM206 11 21214808 3 0.610
RM164 5 18355384 2 0.176 || RM224 11 26394760 6 0.731
RM161 5 19995999 2 0.129 || RM19 12 2400573 2 0. 501
RM178 5 24181188 1 0 RM179 12 14301400 3 0.577
RM274 5 25888131 1 0 RM17 12 26567985 1 0

JIHLEIARIE 2 F T OKFE S Fh DNA $8 8056 8 B0 2 (hitp ;. // www. ricedata. en/marker)

Bold SSR markers are used for DNA fingerprint database of rice varieties in China (http://www. ricedata. cn/marker)

18 MFRIC (55 1 e i ik RM292 Fil RM113 ;% 2
Jefn fA RM233; 55 4 YL (A {k RM280; 55 5 4 (A 4K
RM289 RM178 RM274 RM469 Fl1 RM588 ;4 7 YL,
& RMI18 ;4 8 Yef ik RM337 .RM308 F1 RM281 ;5%
9 e ik RM434; 55 11 e (4 1k RM167 . RM536 Al
RM209 ; 45 12 Jefafk RM17) TEAE &1 73 DKFE &

P& S LR 280 Hidk 3 AMRi2 (RM274 |
RM337 il RM209 ) 78 0 S B4 BIrAGH i (46 e 3 K1
s PP e [RIASE VA R 0 1) 4 67 DY) 22 384 1T 2 M A
JC(RM18 I RM17 ) WUAG 0 1) 1 %64 F [H 2 25k
H 2% 2 ] UL ZEARE it A rh 22 2SR R AR 1Y) DX 8
FEEPLEL 35,10 PRI 11 Q@i
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AR G (0. 622) o Fi 73 AN & b 1] 15 4 38
FEARBL 2 B UK o3 A TR (181 2) AT O, st A% AR AL 3R
HAE 0. 76 ~0. 78 Ab 5311 % FE e K, 96. 4% 1 it Fli 1]
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Fig.2 Frequency counts of genetic similarity

between 73 tested rice varities
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Fig.3 Cluster analysis of 73 registered rice varieties in Heilongjiang province by 62 SSR markers
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