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Abstract: It is of great significance to establish the simple molecular fingerprinting technique with high resolution for
identification of the genetic polymorphism and the authenticity of different rice varieties, so as to guide rice breeding and
regulate its seed market. The new standards of technical regulation on identification of the rice varieties with SSR
markers, formulated by the Ministry of Agriculture of P.R. China, recommended the use of 35 control standard
reference samples with different genetic characteristics for identification of rice varieties. The genetic polymorphism and
specificity of 94 hybrid rice parents were compared based on the standard method. The results indicated that the tested
varieties differed at least three pairs of mutated loci or the genetic differences between the parents of hybrid rice could
been well distinguished. By comparing the polymorphism of the 48 recommended primers of the new standard, 46
primers showed higher polymorphism except RM176 and RM551. Thus, higher polymorphic alternative molecular
markers would be identified in other loci of the same chromosome. 16 new allelic variation sites were found and could be
used as supplementary of standard fingerprint database and enrich genetic variation sites information. By analyzing
molecular fingerprint of 94 hybrid parental materials. 23 have specific molecular markers and can be used in
authenticity analysis of hybrid combination and purity identification of hybrid seeds. According to the digital molecular
fingerprint of the tested rice parent, we constructed a virtual digital molecular fingerprint database including 87 female
sterile lines and 7 male parents, and specific digital molecular marker of virtual hybridized combination authenticity and
rapid seed purity identification.
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Table 1. Name and code of 94 tested hybrid rice parents.

=2 g B3] RS ok F A
Code Material Type Code Material Type
1 Fii 18S Lu 18S T 48 BYXX1 T
2 K% 3S Changxuan 3S PT 49 BYXX2 T
3 4 B 58S Nongken 58S P 50 BYXX3 T
4 I i 63S Guangzhan 63S T 51 BYXX4 T
5 #E'S Zhun S T 52 BYXX5 T
6 %% S-1 Annong S-1 T 53 BYXX6 T
7 9018 T 54 BYXX7 T
8 s 628S Xiangling 628S T 55 BYXX8 T
9 B101S T 56 BYXX9 T
10 J7H 24S Guangxiang 24S T 57 7001S P
11 ¥k 1S Zhu 1S T 58 N5088S P
12 1103S T 59 PA64S PT
13 BY58S T 60 V20A WA
14 T91S-#% T91S-chosen T 61 EJH A Fengyuan A WA
15 D40S T 62 T98A WA
16 GS6 T 63 TF A Wufeng A WA
17 3#] 18S Jing 18S T 64 634A WA
18 [% 605S Long 605S T 65 K#F A Tianfeng A WA
19 7k 5 3S Yongzao 3S T 66 D62A WA
20 & 1258 Xiang 1258 T 67 JIIF& 29A Chuanxiang A WA
21 1S He 1S T 68 HA& A Yixiang A WA
22 N111S T 69 i ZA You ZA WA
23 ¥ 810S Biao 8108 T 70 /i 1A Bing 1A WA
24 T91S T 71 I 4A Yue 4A WA
25 i 59S Heng 59S T 72 W 11A He 11A WA
26 B SZao S T 73 [ 398A Long 398A WA
27 810S T 74 K A Jitian A WA
28 N118S T 75 % i 4302A Longjing 4302A WA
29 YOS T 76 % 95A Shen 95A WA
30 H638S T 77 32A 1A
31 88S T 78 5 1A You 1A 1A
32 7108 T 79 L A Zhongjiu A IA
33 Ll S Anxiang S T 80 Xl 46 A Gang 46 A GA
34 7508 T 81 24-64A L
35 ¥k 25S Zhu 258 T 82 HI13A L
36 H629S T 83 R A Wuxiang A M
37 Y588 T 84 7 A Yuetai A HL
38 i S Ming S T 85 #HZE A Chaotai A HL
39 [ 74S Long 74S T 86 TI1A BT
40 KT27S T 87 199A BT
41 A8 4127S Huayu 4127S T 88 9311 F
42 #3 41288 Jin 4128S T 89 9311-3%& 9311-chosen F
43 =% S Yunfeng S T 90 R527 F
44 K% S Tianan S T 91 R111 F
45 N2S T 92 R58 F
46 #ii4e S Hengnong S T 93 R624 F
47 W6154S PT 94 R217 F

T—IREATR; PR TR 58S WHFDOLEAT R; PT—RIE TAR 58S HWHIFRRHMATR; WA—TIMBIARET R ; TA—EIKE
AHR: GAWEATR; HL-OEMATR; L-LAAF R M- B AAH R F— XA, 9311 — A= 93115 9311-3% — T+
9311; BYXX1~BYXX9 HHi ik &AM EMPNEAT R .

T, Thermo-sensitive genetic male sterile line; P, japonica male sterile line derived from Nongken 58S; PT, indica male sterile line de-
rived from Nongken 58S; WA, Wild abortion type sterile line; IA, Cytoplasmic male sterile line; GA, Type-G CMS line; HL, HL-type CMS
line; L, Liao-type CMS line; M, Maxie-type CMS line; F, Male parent. 9311, Awned 9311. 9311-chosen, Awnless 9311; BYXX1-BYXX9,

New genic male sterile lines before examination.
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1, Zixiangnuo; 2, Anyuzao 1; 3, Qilisimiao; 4, Tian'an S; 5,

Zhuyunnuo; 6, Dasanbyeo; 7. Hongkelaolaiging; 8, Hanlundao; 9.

Hejiang 18. A, SSR primer RM85; B, SSR primer OSR28.
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Fig.1. Electrophoretogram amplified with RM85 and OSR28 in Zhun
S.
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Table 2. Results of digital molecular fingerprint of Zhun S nuclear DNA.
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MH B b . BEXAY 48 XF SSR B 1E 94 IR
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Genotype Genotype Genotype
No. Primer No. Primer No. Primer
/bp /bp /bp

1 RM583 189/189 17 RM267 156/156 33 OSR28 135/135
2 RM71 148/148 18 RM253 142/142 34 RM590 139/139
3 RMS85 104/104 19 RM481 162/162 35 RM21 160/160
4 RM471 104/104 20 RM339 146/146 36 RM3331 120/120
5 RM274 162/162 21 RM278 142/142 37 RM443 119/119

6 RM190 109/109 22 RM258 128/128 38 RM490 92/92
7 RM336 154/154 23 RM224 155/155 39 RM424 263/263
8 RM72 163/163 24 RM17 185/185 40 RM423 268/268
9 RM219 222/222 25 RM493 237/237 41 RM571 179/179
10 RM311 170/170 26 RM561 185/185 42 RM231 180/180
11 RM209 132/132 27 RMS8277 165/165 43 RM567 248/248
12 RM19 216/216 28 RM551 184/184 44 RM289 106/106

13 RM1195 146/146 29 RM598 156/156 45 RM542 89/89
14 RM208 180/180 30 RM176 136/136 46 RM316 196/196
15 RM232 141/141 31 RM432 168/168 47 RM332 167/167
16 RMI119 169/169 32 RM331 171/171 48 RM7102 173/173
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Table 3. Genetic similarity coefficient comparison of the tested 94 hybrid rice parents.

AL R R % g PSS
Mok Genetic similarity coefficient Rk Genetic similarity coefficient
Material IX. Ja] S {E Material [X_ [&] S E
Range Mean Range Mean
Fifi 18S Lul8S 0.54—0.89 0.71 BYXXI1 0.65—0.81 0.68
K 3S Changxuan 3S 0.61—0.82 0.69 BYXX2 0.64—0.81 0.72
42 B 58S Nongken 58S 0.55—0.88 0.62 BYXX3 0.59—0.83 0.79
J7 i 63S Guangzhan 63S 0.56—0.83 0.69 BYXX4 0.59—0.84 0.71
#E S Zhun S 0.55—0.82 0.73 BYXX5 0.57—0.84 0.70
42 4¢ S-1 Annong S-1 0.60—0.77 0.69 BYXX6 0.60—0.84 0.69
901S 0.60—0.96 0.72 BYXX7 0.61—0.80 0.70
WL 628S Xiangling 628S 0.60—0.96 0.68 BYXXS 0.58—0.84 0.70
B101S 0.61—0.79 0.69 BYXX9 0.59—0.80 0.71
I 24S Guangxiang 24S 0.56—0.79 0.68 7001S 0.58—0.88 0.63
¥ 1S Zhu 1S 0.55—0.80 0.70 N5088S 0.57—0.86 0.64
1103S 0.63—0.80 0.72 PA64S 0.58—0.77 0.69
BYS58S 0.60—0.75 0.68 V20A 0.62—0.84 0.71
T91S-1% T91S-chosen 0.61—0.80 0.69 FIH A Fengyuan A 0.61—0.85 0.72
D40S 0.57—0.89 0.70 T98A 0.62—0.82 0.71
GS6 0.56—0.89 0.69 fiFE A Wufeng A 0.61—0.93 0.73
31 18S Jing 18S 0.56—0.93 0.69 634A 0.63—0.88 0.72
[% 605S Long 605S 0.58—0.93 0.70 K= A Tianfeng A 0.61—0.88 0.72
7k 3S Yongzao 3S 0.55—0.90 0.70 D62A 0.60—0.84 0.71
7 125S Xiang 125S 0.56—0.90 0.70 JIIF 29A Chuanxiang A 0.55—0.82 0.72
B 1S He 1S 0.59—0.83 0.70 HA& A Yixiang A 0.66—0.85 0.72
NI111S 0.64—0.76 0.69 flt ZA You ZA 0.65—0.89 0.73
Fr 810S Biao 810S 0.62—0.97 0.71 JN 1A Bing 1A 0.57—0.89 0.72
T91S 0.55—0.82 0.71 i 4A Yue 4A 0.60—0.85 0.72
{H 59S Heng 59S 0.63—0.77 0.70 B11A He 11A 0.54—0.77 0.68
B SZa0 S 0.59—0.83 0.71 [% 398 A Long 398A 0.59—0.79 0.70
810S 0.61—0.97 0.70 K A Jitian A 0.58—0.80 0.69
N118S 0.59—0.86 0.70 Y fh 4302A Longjing 4302A 0.56—0.82 0.70
YOS 0.61—0.80 0.70 W 95A Shen 95A 0.65—0.82 0.73
H638S 0.64—0.91 0.71 I 32A 0.60—0.89 0.73
88S 0.63—0.83 0.70 fE 1A You 1A 0.61—0.84 0.71
7108 0.61—0.86 0.71 1L A Zhongjiu A 0.61—0.80 0.70
42 S Anxiang S 0.61—0.85 0.71 X 46 A Gang 46A 0.60—0.89 0.73
7508 0.59—0.86 0.72 24-64A 0.57—0.82 0.64
¥k 258 Zhu 255 0.60—0.86 0.70 H13A 0.54—0.80 0.63
H629S 0.59—0.91 0.71 7 A Wuxiang A 0.62—0.77 0.68
Y58S 0.60—0.79 0.68 B A Yuetai A 0.62—0.85 0.73
i S Ming S 0.58—0.82 0.70 # 2% A Chaotai A 0.58—0.75 0.69
[ 74S Long74S 0.59—0.75 0.68 T1A 0.55—0.80 0.63
KT27S 0.57—0.76 0.68 199A 0.56—0.80 0.63
AE 48 4127S Huayu 4127S 0.62—0.93 0.69 9311 0.61—0.82 0.73
i 4128S Jin 4128S 0.56—0.92 0.71 9311-%E 9311-chosen 0.61—0.82 0.69
Z & S Yunfeng S 0.57—0.85 0.71 R527 0.62—0.81 0.70
K% S Tianan S 0.58—0.85 0.70 R111 0.60—0.83 0.66
N2S 0.59—0.78 0.71 R58 0.62—0.87 0.69
fii4¢ S Hengnong S 0.59—0.79 0.72 R624 0.61—0.82 0.69
W6154S 0.58—0.79 0.71 R217 0.61—0.87 0.69
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Table 4. Number of alleles and PIC for the test hybrid rice parents of 48 SSR molecular markers.

T S g DR FAR sw o weowEm o
58 No. of =8 5 R

Primer No. of alleles Primer Primer No. of alleles
PIC alleles PIC PIC
RM583 5 0.68 RM267 3 0.58 OSR28 5 0.46
RM71 3 0.51 RM253 4 0.57 RM590 3 0.59
RMS5 4 0.39 RM481 5 0.55 RM21 7 0.75
RMA471 3 0.53 RM339 3 0.41 RM3331 6 0.77
RM274 2 0.35 RM278 4 0.66 RM443 3 0.30
RM190 5 0.58 RM258 4 0.60 RM490 4 0.47
RM336 7 0.69 RM224 7 0.75 RM424 4 0.64
RM72 7 0.60 RM17 2 0.46 RM423 3 0.47
RM219 6 0.70 RM493 5 0.64 RM571 3 0.54
RM311 4 0.60 RM561 4 0.29 RM231 4 0.66
RM209 5 0.70 RMS8277 6 0.39 RM567 3 0.38
RM19 5 0.68 RM551 3 0.25 RM289 2 0.37
RM1195 6 0.75 RM598 3 0.63 RM542 3 0.35
RM208 5 0.67 RM176 2 0.26 RM316 4 0.70
RM232 5 0.71 RM432 4 0.75 RM332 4 0.54
RM119 2 0.76 RM331 2 0.46 RM7102 4 0.69
Y418 Mean 4.10 0.56

RS AR RN 2~7 A~ F N 4.10, PIC 1 2 3 4

TN 0.25~0.77,F R 0.56 (R O, R &£
Bk,

14 RM224 S50 EE B 7,4 1S ik 15
I, H PIC A 35 0.75, 55— Xt 514 RM119, 2 i 5
RECh 2, B H P 1l 2 Fpoal 89, L PIC B & ik
0.76, FRHIXBHANFRICH SR EELZSM, M6
Pt RARic 5 RM176 S0 SR ECH 2, LA 2 F
MR H PIC {EAY A 0.26, 3% bR 0 76 A3t bRk 10 38t
25 M STk R e KA M aE 10%0, 25 4 e fa
R EFRICE I RM551 07 3L Rk 3, 9748 i 3 Ff
L H PIC {E AR 0.25, Zbsic 76 Btk A kY 3t
G2 h TR I KA 7% . KX B A
PRICAE A 2 AR o X R R 1Y) 22 52 20 B 1 55
23 ZETKBEAPHEEMTRUMNSM

55 35 A~ BROK R 5t b b 2 1) 43 F 48 BUR #E AT
X 7 I 9 2 28 K R SE A T AT 13 X SSR 5
Py Bs T 16 SR Sl AN g1 RM231 1E %
£ S 1Ry T — 4 S RS Rl S 1 01 (194
bp) VAL 18(192 bp) (K JII - 1 45 (186 bp) /MW 5%
HwCE 2), 4w BT 9% B K B 180 bp.
H4F5 HCCAGATTATTTCCTGAGGTCAAGG
GCTTTGAGTCTCTCTCTCTCTCTCTCTCTCTC
TCTCTTAAAAAAGATCTGTTTGTATTTCAT

194 bp

192 bp

186 bp

T—RENR 155 2— B0 18; 3— 48 01; 4— %R S1,

1, Luchuanzao 1; 2, Hejiang 18; 3, Lunhui 01; 4, Annong S-1.
2 5| RM231 ERR S-1 R EHKNTET

Fig. 2. New band amplified with primer RM231 of Annong S-1.

TGCAATACATGTAGTTATCAGTAATAACAG
AAAGAACATTTGTACATTACTCTCAATCAC
TACATTTTTTTTCAATGCAGAACTATGCAA
GTGA. BRAELAR S-1 40, A S.KT27S 4 13 4
OB AR 1S T A BF A 58—

19 RM72 &3 7 W 45870, i /E R527,
R58 4§ 9 /N7KAF A RE rfr 47 14 1 (4387 257 O 165 bp
() 357 F BE . 4 ¥ 51 o CCGGCGATAAAACAATG
AGAAATTAGGTACATAATAATAATAATAG
TAATAATAATAATAATAATAATAATAATA
ATAATAATAATAATAGTAATAATAATAGT
AATAGTAATAATAAAAGCATAAATAACTT
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Table 5. New allelic variants point and fragment size of hybrid rice parents.

2 1 il o 288 £ 2 5 0

I AL AR S

75 519 i i kL2 R
Common allelic New allelic
No. Primer Material
variation point/bp variation point
1 RM583 180, 189, 192, 195 158 9311, 9311-1%
2 RMS5 80, 95, 104 93 jf 18S. & 605S. J i 63S, K& S
3 RM190 109, 120, 122 128 YOS
4 RM190 109, 120, 122 107 B101S, BY58S, T91S-ik
5 RM72 163, 175, 178, 190, 193 152 K3k 3S, PA64S, B S, N111S, YOS, H638S, H629S
6 RM?72 163, 175, 178, 190, 193 165 4B 48 4127S, R527, R111, R58, R624, R217, 1H 59S, 901S
7 RM219 194, 200, 202, 215, 222 186 LA S, WS, N118S, 7 810S, %l S, #k 25S
8 RM19 216, 247, 250, 253 221 1S, N111S
9 RM253 133, 135, 142 119 [ 748, BYXX6, #ZE A
10 RM481 146, 162, 165 182 =g S, ¥ 18S, R111, D40S
11 RM481 146, 162, 165 156 [ 748
12 RM432 168, 172, 188 180 mlE S, K¢ S, HE18 4127S, 5 4128S, KT27S, [ 398A,
[k 18S, 715 63S, % 11A, GS6. FE 605S, N111S, #5 810S,
810S, N118S, H638S, 88S, 750S, H629S, 9311
13 RM490 92, 97, 99 108 [ 18S. GS6, K 3S
14 RM231 186, 192, 194 180 #54128S, KT27S. #fE S, %4 S, BYXX7, K& 3S, #5
810S, 810S, H638S, H629S, & 4A, 901S
15 RM332 162, 164, 167 184 fif 18S, GS6, T91S, W6154S, #k 25S
16 RM336 151, 154, 160, 163, 166, 193 144 HAE A, 24-64A

GCAACCCATATCCCTTAGTTAGGACCGATG
CA, FEKIE 3S W] S48 7 /AR 4 1 th (98 %
Hoh 152 bp, &% 4 GCATCGGTCCTAACTAA
GGGATATGGGTTGCAAGTTATTTATGCTTT
TATTATTACTATTACTATTATTATTACTAT
TATTATTATTATTATTATTATTATTATTA
CTATTATTATTATTATGTACCTAATTTCTC
ATTGTTTTATCGCCGG,

5y Ah RM190, RMA481 45 8 Xt 5 ¥4 4 1 (14 4%
B 1~3 Mk (R DL Bl 5 9
RM190 FEAET & YOS ¥ # T 1 2% 128 bp ¥
S, 1Y) RM481 fEFE 74S thy 8 T 1 4% 156
bp RS2 . 514 RM583 fEACAR 9311 Fl 9311-#
PHGH T 1 4% 158 bp R Rl . X BRE R AL ST
T IR A KRR A L S 20 A 1) S P 4 2 1) P
TR
24 EMBRTHEHFHFEUERERS TR
id

B GRE TACERN 2L ER . 223584
G 1% DNA BT 5 48 SC A BEAS 1 BAMNECT 43
TIe 80, MR 4 O A 24 S8 K RFSE A B oy FHR 20
AL AUL T A S A A R oy TR AL

B, BRPE YOS F1 9311 B8 75 THe 40, &
BT YOS/9311 24 8 A BT o T4 8L (%
5. BEF TG 86 MAT R4 9311 1Y
WAL YOS 4455 6 NSXAMHA BT 4 TF18
SO ELA 3 XL Y 22 A R BOZ R LA S A S
B AL AR . TR LA S A
5149 RM583 ¢4 i (1) 158 bp/189 bp Al Ky 4252
H A B FAE 4y PR G D AR, BI R S8 4H &
FlF i A 189 bp 4571 I IR Z4 A T IR 22k IR T
ANERBAZH T3 A4 158 bp 547 A9ty 1R 24
T IR AR T AR M HLMIR 2% B AT 2ax bp/189
bp 3 189 bp/xzx bp FH N FE MBI T A S
158 bp 1 189 bp £k7 Ay Ff 4 Ff H 7% 7 43 1R 2% ok
AL AL 24 B0 7.

3 e

I 0 2 2T o 7 T O D 1L
S — VA 0 0 05 R L A SR R A T A0
HE A 22 30 (BB 53 T 24 90 7 R 58
PR SRR O B 6 094 T HR 5
B 1 5 9 2 0 €L O 2 55K RS 7R 69 36 ) 7
SRET T IR 4 58K AR R AR M T R B DN AL
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Table 6. Results of digital molecular fingerprint of YOS /9311 hybrids.

i [E K FE R 22 (Chin ] Rice Sci) 55 30 %% 6 #1(2016 4 11 A)

1553 319 R 15857 519 i P Gk i

Genotype Genotype Genotype
No. Primer No. Primer No. Primer
/bp /bp /bp

1 RM583 189/189 17 RM267 156/156 33 OSR28 135/135
2 RM71 139/148 18 RM253 142/142 34 RM590 139/146
3 RMS85 104/104 19 RM481 162/165 35 RM21 128/138
4 RM471 102/104 20 RM339 146/146 36 RM3331 110/110
5 RM274 149/162 21 RM278 128/138 37 RM443 119/123

6 RM190 122/128 22 RM258 128/132 38 RM490 92/92
7 RM336 154/154 23 RM224 153/153 39 RM424 280/280
8 RM72 152/152 24 RM17 159/185 40 RM423 268/271
9 RM219 202/215 25 RM493 237/240 41 RM571 179/185
10 RM311 170/170 26 RM561 185/187 42 RM231 192/192
11 RM209 132/132 27 RMS8277 165/165 43 RM567 248/248
12 RM19 247/247 28 RM551 184/190 44 RM289 87/106

13 RM1195 142/146 29 RM598 153/156 45 RM542 89/89
14 RM208 167/182 30 RM176 136/136 46 RM316 200/200
15 RM232 150/161 31 RM432 168/188 47 RM332 164/164
16 RM119 169/169 32 RM331 151/171 48 RM7102 170/190

FOyF AR B BT S A2 0T R R A R AR BD
X B B AR AT DNA BUF 5 1718 800 B 3R
B B s BVEE B SEAT L, DAL 2 XL A
S AR R R 1, A 3R B UE Y S AR b R
L 2% A B BT L 33X R A A 2 S R SR AR
WE M E B AR &I 800 e 55 8h . B 22 8 F R
R0

H i, 2428 KR T 10 R B R L LA R AR
PRI AT S 2B o ST AN [R] i B 1 B0 43 T 48 BUF 2 i
PR — [m] B A AT B BT 2 E ST S
IKAE b B o 1R B B B SRS Ak 1 2 b kT
Fext AN BEECFE AR N 2 A S B R X R S T
S A AR H VKR 1 I B RO R A L S B0
& S0 1 A R 23 AT S 1 A 25 . 55 AR G 24
XA HES I Y5 B 2 5 S | 2 B AR, S5
IR SRR 5> FHE SRR S AN 0 R AR B
AP bR E (NY /T 1433 —2014) B T4 7 4= 52 7k
FESEA DA B A R 5 BT 4y FHR 80, A AT K
e R A P AL

ABEGE AL K BT bR E R AR C 51 ) RM176 il
RMS551 /E R 43 FhRic i 2 25 & L % AS [6] 5 A
Gy HE IR A W EETE e R T R OH W 4 T AR
T, ASWFSE R I 0 e 3 16 A4S 57 00 25 10178 A, X 2
AL g AR S A v 48 SO B AR B RN T 3 5 bR R
s L A5

SSR A5 {0 FE B AN JAE A 1A T B Y 22 3 0 e
FHA LR 2 Fhric s B2 BEALYS 5] Hhor A T 3
AN R A 8 1 1 e 55 b S8 ) A i A 3 TR ) AL
BEACRE 5 B AN AT VR Ay b R S Al
A ER AR Z FRRIC D . AR5 AE 4R 38 K R SR AR A1 R
Tl 23 10 MR R SO AR I X SRR S A
Fic vl A b 24 58 K R S A A B2 A P 7 TR 2 A
T O o L S T e 497 N v, s S = 0 e Y 7
1C B A RL, AT LU#E— 25 38 i SSR A ic i 5 5 TF A&
HE R S P AR R S i e L S R ) PAR 43
Fhrid.

AR HaT R E L LN FEEAT R
AR LLBGE 10 A1 2258 A o 0 e 38 [ 24 58 K R A
Iy FIE8UE BRI ML LR 55 F & L 1k

FAKFEE R TAEE Re M FZ 55 7 6 P R 445
VI AR B A 1S 21V e I D 2 T S R )
15 22 25 1 DL B I 26 6 19 38t A% 28 280, 3K AT g X %
SEKAE T B = A R HEVE .
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