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Abstract: [ Purpose] To explore the origin of CMS gene in Oryza sativa and the application of the
rice mitochondrial rice atp6 specific primer as Oryza DNA barcode markers. [ Method ] The atp6
specific primer were used to detect 4 kinds of rice produced in China by PCR, a total of 720 individu-
als, and 111 individuals were sequenced. [ Result] Conserved sequence of atp6 was detected in O.
rufipogon and O. sativa. No amplification products were detected in O. officinalis. A total of 17 vari-
ation locus between the five haplotypes were detected in O. meyeriana. Lancang, Pu'er, Menghai pop-
ulation shared H1. Haplotype H2, H3, H4 and H5 were unique to Xinping, Mojiang, Baoting and

Yacheng population respectively.Yunnan group and Hainan group, average genetic distance within
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the group were all 0, and between groups was 0.02. The genetic differentiation coefficient F; of

between groups was 92.08%. Number of variant sites (S), number of haplotypes (%) and nucleotide di-

versity (P;) showed that the genetic diversity of Yunnan group (4, 3, 0.002 01) was greater than that in

Hainan group (1, 2, 0.001 31). The haplotype diversity Hy of the Yunnan group was 0.6, and that in

Hainan was 1. The similarity between 5 haplotypes and the rice atp6 conserved sequence was up to

45.19%. Maximum likelihood (ML) evolutionary tree displayed: the Lancang, Pu’er, Menghai area

might be the origin of the O. meyeriana and Hainan O. meyeriana might originate from the

mainland. [ Conclusion ] Rice atp6 specific primers can be used as barcode markers within O. mey-

eriana species. The marker can also distinguish between O. rufipogon, O. officinalis, and O. meyeri-

ana. O. sativa CMS gene is derived from O. rufipogon from the perspective of mitochondrial DNA.

Keywords: atp6 gene; rice; sequence analysis; origin; DNA barcode
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A 1 D7 TR SRR RO, R I —
PRI B AN i BRI, HR
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iSRS . ORI ARG . T o R AN R
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RIS REEN A N, RHKRELRAR ap6 FER 4
SHES Y TR AR I B — MRS TP 8, AL
TEHUEEAN BB AT AR 2 AR 338G 7= A T
¥, A8 BT I R 5 R AN 7 3k R A VR S K AR
LRAR atp6 SER RS ML YIVE N RER DNA &IE
AR AR o

1 MREREZE

1.1 YRR

12 P EE AR RER H s r ., )P, TR
MLV AR X, A EHA 5~30 14
R, JE 31T AR IRGERRAR o U, )
RS ERERELRAE 30 DMK, MESMEZ
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SRAE (PR A 8 S 24 B A RS R A DR B I A
fl)o KA . = A ALK 8 APk B4
FEJRBE, A JERBEE AN 8~25 4>, 1554
AN RAWR . V. TAREANFEHLIXE 44
I AR RE, & BRI 9~30 MAMK,
e84 MK, WPARETRANE BILE 1, M
DL 1o SRAEJG 7 B FHRE RS ARAT 4~6 F fit B 4 il
it R T DNA 428, RH =/ . R A I
X[ 33 ARG R M T & i A, B S Ao

BIREHLZERE 5 A, 3L 165 N4 AR ES
= RS R EA 3L 5 AR, ARG A
FITEAN S B UL 2, WA GRS Hh 5 % S Rl ) 3t
AT ULE 20 A MBHE T = R Mk R 2 A
YR 5 B S T R A S S =
1.2 & DNA 42

iR LAY CTAB 7AP A AU DNA,
T 1% BIBERE W EE I UK A TN, R AR
£ T—20 °C WK%

R/ 1 3 FEFER 24 NEEMRIKRIR

Tab. 1 Sources of 24 population materials of three wild rice species
JE R A JE R AR Wb A% Ek/m 2% (B) 2 (N) L7 SI7ZS
population localities population code species sample number altitude longitude latitude plant morphology
&, JCL W A A HiL
=H, Yl it 5 700 102 239833 \
Yuanjiang, Yunnan O. rufipogon erect
ne W LR B
/I, K . NN N ngiﬁﬁ 20 98 108.2 22.666 7 '
Longgan, Guangxi O. rufipogon erect
L3 B ey TG S B ST
7, R . LB s 30 133 109.45 Baeer -
Laibing, Guangxi O. rufipogon semi-erect
I, B W B A A R/ B AL
Xiangzhou, Guangxi Xz O. rufipogon 30 336 109.766 7 241167 stolon/erect
U, Bl A A A A
Zhongshan, Guangxi HZ O. rufipogon 30 438 113167 245667 semi-erect
.Sy e = =
JJ_'@,' =Y . GP MRS 30 113 110.133 3 23.4 A
Guiping, Guangxi O. rufipogon stolon
CEH A5 A SSEIA
f_ﬁ H . YL FOBEPEE R 30 237 110.066 7 22.3833 * . )
Yulin, Guangxi O. rufipogon semi-erect
N M3 o =
[T, B . FC MRS 30 71 108.183 3 21.75 e
Fangcheng, Guangxi O. rufipogon stolon
UV, b A A A/ EEL
Beihai, Guangxi BH O. rufipogon 27 34 109.3 215833 stolon/semi-erect
7R, m M 38 9 A A (=
PR, @ Gz PSR 30 91 110.7 2185 i
Gaozhou, Guangdong O. rufipogon stolon
AR, I A B/AEHEAL
e PS PR 25 57 1107 218 i
Gaozhou, Guangdong O. rufipogon stolon/semi-erect
YL, % 2 7 - B
i ifg . . DX N T i 24 276 116.516 7 28.083 3 * . )
Dongxiang, Jiangxi O. rufipogon semi-erect
3, R4 PRI AR AR
o, RS BT RSV RS 25 418 1007167 18.6667 -
Baoting, Hainan O. meyeriana semi-erect
Y T ,?—; b P A S VA
o, B4 . YC PRALER EE 8 39 109.483 3 18.4 * . )
Yacheng, Hainan O. meyeriana semi-erect
=, B A 7 S A
=H, P XP PORLEPL RS 24 700 012667 238333 -
Xinping, Yunnan O. meyeriana semi-erect
— “I PRt Fog S A
Elt"%ﬂf, ! MJ ﬁﬁﬁi& 18 800 101.65 23.35 +E '
Mojiang, Yunnan O. meyeriana semi-erect
. . 25 ek 7 B ST
=, Wi, i YD PORLEPL A 20 750 1002771 225838 -
Yandian, Lancang, Yunnan O. meyeriana semi-erect
— o MY ﬂ—l e [T 7 a2 l
AL . T GB VLSS 20 920 1006174 220482 -
Ganba, Pu’er, Yunnan O. meyeriana semi-erect
— 9, ;;A, N e B A ST
=, B0, B YG VORIV 20 910 100.643 n3gs
Yegu, Menghai, Yunnan O. meyeriana semi-erect
7T, B AR PR A =R
=, Bis, BE VORI 20 733 1003245 22433 0
Bang’e, Menghai, Yunnan O. meyeriana semi-erect
v, fRs, B35 g ESga sy EEA
Luokui, Baoting, Hainan LK O. officinalis % 386 109.633 3 184333 semi-erect
Jh, R, 24 ET A A IEWA
Zhongsha, Guiping, Guangxi GG O. officinalis 20 840 110.15 229667 erect
J, R il ESga sy HiL
Zhaoping, Guangxi zp O. officinalis 30 75 110.95 237833 erect
7R, ARIE 2 B AE R HiL
R, AR DY it 9 449 1147 24,0833 ‘
Dongyuan, Guangdong O. officinalis erect




558 Py I )y N = 22

$34%

km

T BARER LT E AR R, RN A R R R R AR

6 # :
PR A fE H1
A o. meyeriana H1

PR S AL RS H2
A o. meyeriana H2
HEALEF L RS H3
A o meyeriana H3

Poki A4 FE H4
A 0. meyeriana H4
PERLE A2 A HS
A o. meyeriana H5
e AR A
‘ O. rufipogon
24 B AR
[ 0. officinafis

A IES AR VAN ER R, AGETEFRREAY Y.

BHAZAIBRFDPOREFER AR, @ 46 FRSE | WL ORKE S FORE AN = AIE 5 3R A 9 A58 HT, H2, H3,
H4 FHS. BANREES ERERARAEXT N, G EILR 1o WEHGIRy 1: 117 519 13, H3RJy gL,

Note: Each circle represents a O. rufipogon population and circles of the same color represent the same haplotype. Each square represents a O. officinalis
population and white squares represent no amplification product. Each triangle represents a O. meyeriana population and the green, red, dark yellow green,
dark brick red and gray five different color triangles represent respectively different haplotypes H1, H2, H3, H4 and H5. Each population corresponds to the
abbreviated name of the group, and see Tab. 1 for details. The map scale is 1 : 117 519 13.The geographic direction of the map points to the north.

Bl ZhirBERERERTHSME

Fig. 1 Distribution map of mitochondrial haplotypes in various populations

1.3 PCR ¥

P48 atp6 FARSFJF 50 51 9128 atp6 F:
5'-CTGAATGGAGGAACGGCGAT-3'; afp6 R:5'-
AGCATAGTCCAAGCGAACCC-3’, PCR J i {A&
ZM20puL: Hrp BTG4 03 pl
(10 mol/pL), Mix 9.3 uL, DNA #&#f 1 uL, ddH,O
9.1 uLo PP BAARZR N 30 uL: Hob s 1Tl
50 % 4 1 uL (1x10° mol/L), Mix 10.5 pL,
DNA 4z 1.5 uL, ddH,O 16 uL., PCR JZ i 7F 2€
B R B AR (A5 model#9902) (1) PCR
IUPSERL, BFEEN: 94 °C WM 2 min; #&
J& 35 AMEFR . BEAMIERE 94 °C A8 30s, 52.4 5B
K 30s, 72 °C HE 45 s; o) 72 C 4EAH 5 min,
FEARAMRFAE 4 °C VKFE
1.4 PCR F=#itam

PCR Wil 5 1% 03B W B FEC H Dk ARG T H:

P,
1.5 F

AR B i i R FEL KA 285 5, R R B/
FREEHLIZEE 2 A% R4 TR A B2
FIEATINY o BRI AR R ARG = R I sC R B
A ARREIN 5 ASMA
1.6

M 5 B % 51 Genestar H' /) Seq man $f
%, T, PHEEMTFSIR ClastalX (1.83)
FeXfJe, FH DNAsp (5.10) T8 L 2 REME RIS 15
SHEFRE, I MEGA 1AL IR RS, H PHYML
(3.0) ¥ # ML (maximum likelihood, % K il #&
o) MR, 2K bootstrap method & 100 Kl
KRG LR . ] DIVA-GIS (7.5.0) B 7% JE#E .
AT Hb B A3 A . #E NCBI Th £4T BLAST £
RIAFLER
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Tab. 2 Sources of Asian cultivated rice local old varieties and three line hybrid rice
st AR FEAHL wi i TR R 2% (B) L (N) AEFRSEA
variety localities sample number variety code longitude latitude subspecies type
#E75, —IX Erqu, Weixi 5 WXH 99.256 8 27.2658  FEHE japonica
HlYT Lijiang 5 LJH 100.231 26.8609 K indica
§1)11, 1€ Jinhua, Jianchuan 5 JCH 99.9179 26.5356  AEFE japonica
7 )11, °F )1l Pingchuan, Binchuan 5 DLB 100.790 3 26.0312  #EFE japonica
ST, ¥k Lianzhu, Mojiang 5 MGZM 101.6132 23.4405 R japonica
P74, IH3® Jiucheng, Luxi 5 QLS 100.777 3 23.658 1 iR japonica
K Yiliang 5 YL 104.054 4 27.6314  KIiFd indica
J4f5, Wil 2 Gaotianxiang, Weixin 5 WXL 105.175 5 279495  HlFE indica
JGHH, ¥ 4T Shalatuo, Yuanyang 5 YYF 102.580 3 23.106 4  KlFE indica
JGRH, ¥ Hi4T Shalatuo, Yuanyang 5 YYSN 102.579 7 23.1073  KF& indica
JGFH Yuanyang 5 YY 102.843 7 232249 K indica
JGHH, #H Xinjie, Yuanyang 5 YYB 102.752 3 23.1619  KliFG indica
JGRH Yuanyang 5 YYL 102.829 9 232302  HKIFE indica
JGFH Yuanyang 5 YYN 102.853 5 232238  HlfE indica
JGRA Yuanyang 5 YYH 102.842 23.2233  HlFF indica
21377, Bl $L7] Azhahe, Honghe 5 HHF 102.480 3 23.1927  KlFE indica
213, B 3L7 Azhahe, Honghe 5 HHN 102.483 3 23.1914  HlFG indica
KK, 4E Cuihua, Daguan 5 DJ 103.898 4 277602  KliFE indica
WH Pwer 5 PEB 104.170 9 28.2489  HKFE indica
seidt, B Mengla, Jinghong 5 MLB 100.802 2 22.0063  HlFE indica
Stit, B Mengla, Jinghong 5 MLH 100.795 9 22.004 KIS indica
#1°F Xinping 5 XPXN 101.995 3 24.0778  KFd indica
#%FF Yuenan 5 YNH 101.583 24,0576  KlFG indica
FaT3LiAl, K FHAY Datian Village, Azhahe 5 G 102.495 9 23.1839  HlFE indica
Rl $L37], X HHAY Datian Village, Azhahe 5 H 102.531 232155  fliFE indica
JRH, JEFH Nimei Village, Leyu 5 J 102331 1 233341  HIFE indica
'RH, JEEAT Nimei Village, Leyu 5 K 102.333 3 233336  KlFE indica
Ji&h, 1 Tuantian, Tengchong 5 HK 98.653 6 24,6883  JEHG japonica
J¥5 3, #FH Tuantian, Tengchong 5 DY 98.656 24.686 6  AEFE japonica
11 Wenshan 5 BBM 104.222 6 23.4092  KlFE indica
jii#E Tonghai 5 TH 102.731 24.1195  KiFd indica
7 % Ximeng 5 XM 102.005 5 23.6052 KA indica
=il Sanya 5 HN 109.518 7 18.2593 ¥ indica
FL# 5 Fengyouxiangzhan 5 A — — A 222 FE indica hybrid rice
) ERENF 22 WFgR50H
- ‘ SESERL 111 MK a6 SEPREES 1h
2.1 atp6 FERFEF% G| Y 7EREJE TR RN 45 2R AU (32 3), Hrh s mma fRls 24 A4

PCR =43 i< B S o o e vk A, 2855
R 3): A EE AR 2 FEE G
). PERIEFAERE 8 AN JEAE (155 M) W PHER
Kifg oy & A 33 ARl (165 AN T2 s
TG (5 AME) IRy G-, 25
FHEP AR 4 DS (84 DAME) YTy 559

T, PERL B A FEIT 16 DMK, 0 Yk 35 5 4
T SR 66 MK, = RIS EMNA K
UFF 5 ANk

WSEEF ARG 24 M, MO AR 66 MK
FANT N S AR 5135 5 K F6 ap6 3
HORSFIF O —3, BIREEESR, JPHIHK 649 bp.
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Asian cultivate rice

local old varieties
wl

T BAETRE MBI Z A, SRS SRR, PR RILER 20 X T KO IR A AR+ 5 A T
KA, BOFRARBOAY . I EIR N 1:964 259 5, M7 RAR L,

Note: Each red cross represents an Asian cultivated rice local old varieties. Each variety corresponds to the short name of the variety, and see Tab. 2 for de-
tails. Magnify the dense red cross that is circled in the figure, and black arrow is pointing to the enlarged part.The map scale is 1:964 259 5. The geographic
direction of the map points to the north.

B2 ImMEEREtTEmMskiRS

Fig. 2 Source distribution of Asian cultivated rice local old varieties

R3 apo ZERFRMS | YEFEBEPRIRMER
Tab. 3 Test results of atp6 gene specific primers in Oryza sp.
JERELFAEL RAMRE gARR A A

RYPARILIEE W

k1 N
g populations/ total individuals ARBLARICHIE B AR T4 individuals individuals
. s unmarked number of
Oryza sp. varieties individuals marked . . unmarked sequenced
population varieties
number number number number number
363 7
FOILEF LR 12 311 311 0 0 24
O. rufipogon
2 B A A
O. officinalis 4 84 0 4 84 0
V) b j /EIE 574
ILRLIFER 8 155 155 0 0 16
O. meyeriana
YRR AT T
Asian cultivated rice local old varieties 3 165 165 0 0 66
WHRREFE = R
Asian cultivated rice three line hybrid 1 5 5 0 0 5
rice Fengyouxiangzhan
Ju% 3
58 720 636 4 84 111

total
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8 N RL B A A JE R, R S R B AL A
2RI . SEAG I F] 5 AN BARE A B HI,
H2. H3, H4 FIl HS5, MG LA 1, 54 8f%
RIAETF 17 AR (R 4), TAGVE . o8
AU M BHIEEAY . B R R
A Hl. H2 5 H3 530 = A B LT E R
A, H4A S HS 5000 0 165 B 28 R as R 3 A
fo HMTESEAN 3 HAERL: HI, H2 ) H3
W, H2 AXAE 678 fi fith HI B9 T #4h C, H3
FE 74, 454, 472 KX 678 i T, G, C. CH
Bl HIBC. AL A, TRE. HATERREAE N
HRER H4 . HS, {XAEN A 678 AbHy HS ) C #%
e HA W) To #EH A 16 748 547 &, H4,
HS ¥15 H1, H2 fFEER

Y mE . IREA PR BT A R TR R o =
PR R4 . P N AR R o,
2 18] - 24 35 A5 B 85 R 0,025 4 18] 38t 4% o 1k R %L
Fy N 92.08%, JER N, N 0.04, Lok
K, HRIFEASNSEAEIL AL

AR ST S KL (S) . AR (h) . TR
M (P) Y88 (] 5): = mg 4Lk B ARG R R
BAEZREYE (4. 3. 0.002 01) K T4 (1. 2.
0.001 31). = L PE R HF A 8 B 1) o5 AR 2
P (Hy) 5 0.6, HERGLLN 1,

Yok B AR 5 A A S m B AR AT . Y
IR Ty 2 SR B 2 RE E L Y atpe FE
PRSF P H0 ) L X s . PP S0 ARLEEAG,
KIE N 43.95%, sl 45.19%, A% 42.33%,

R4 FERIER S MAFRENFIIXAERRERF
Tab. 4 Sequence differences and representative populations of five haplotypes in O. meyeriana

REJEH MNCS

RN A nucleotide site

FAfERY . e
representative individuals
haplotype . 51 74 209 230 312 322 359 387 407 412 417 454 472 474 516 547 678
population number
H1 YG. GB. YD. BE 8 c ¢ 6 6 6 ¢ ¢ A C G G A A G G G T
H2 XP 2 C
H3 MIJ 2 . T . . . . . . . . . G C . . . C
H4 BT 2 G T A T A T T G T A A G C T T A

H5 YC 2 G T A T A T T G T A A G C T T A C
e < ARG BATHUAR K. HI FARERERE 288 MG (YD), i (GB). #hiH#A (YG). #hifgikd (BE), H2 RUREHF
R (XP), H3 IWARERZ 2L (M)), H4 WRREFZERMRS (BT), HS MARERZIEME (YC).
Note: “.” represents the same base as the haplotype H1. The representative populations of H1 are Lancang (YD), Pu'er (GB), Menghai Yegu (YG), Menghai
Bang'e (BE) from Yunnan Province. The representative population of H2 is Xinping (XP), Yunnan. The representative population of H3 is Mojiang (MJ),
Yunnan. The representative population of H4 is Baoting (BT), Hainan. The representative population of H5 are Yacheng (YC), Hainan.

®S5 HHIER S MERIEESHMESN

Tab. 5 Genetic diversity analysis of 8 populations of O. meyeriana

JERE JEREA B Fro% AR AL R (S) BASRE () BRRRERE (Hy) ITERZRHE (P
population population number _sequences number number of variant sites _haplotype number haplotype diversity nucleotide diversity
P4 Yunnan 6 6 4 3 0.6 0.002 01
¥#$ 7 Hainan 2 2 1 2 1 0.001 31
JiTH J 3 all populations 8 8 17 5 0.785 71 0.010 1

2.3 et

VAPERLEF AR R R 5 > BA3 SR AL (zp-
py JHNERE(E 3) ATHL: 5 A AR X I A AN
R B AL~ A e . S 6
HEEPAS FNBN A 4 D ERERE TRAR, B 58

3 g
IKFRLRIAR atp6 FE D RE 5145 | Py A5 B A=

Fe . VIR S5 Rt 7 2 b R R AR A R LA

PR RN ey, BEFLIFE B 95 AR F S

JERERG R EOL, BILERFRZ, SBMA N
BRSO OR 52 R SR G O R i s R A8 PRS- 1R
SRIERERGOC ARG, T, Bk, SR
Bl F— 17 AT RESE PR A AR AR S, Y RO
S AE R n] RE TR F Rl

SEa—3, BINKRELRIR ape FEHIRSF TS,
H 5 NOTSU %™ 1 SAJJAD %5 73 B (1) /K
atp6 FERXT N A 58 e —B . 78 24 T A Fe v ik
AR R Y=Yy, AR ARG R T R
A% FEPORIET AR R R AR E] 5 S BAE AL, 5
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s v
90
65 MJ

XP

YN

Zp-py
TE: YNREZMA MR (YD), EF (GB). #hiEE4 (YG). s
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