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Origin and Evolution of Cultivated Rice ( O. sativa L. ) in
China Based on Gene Diversity of Chloroplast Genome

WANG Rong-sheng, WEI Xin,CAO Li-rong,QIAO Wei-hua,ZHANG Wan-xia, YANG Qing-wen
(Institute of Crop Sciences ,Chinese Academy of Agricultural Sciences , Beijing 100081)

Abstract: To study the origin and evolution of Asian cultivated rice ( Oryza sativa L. ) ,98 accessions of Asian
cultivated rice and 125 accessions of common wild rice ( Oryza rufipogon) were selected for sequencing analysis.
Through sequencing the atpA gene,rps16 intron,tmP-rpl33 inter spacer, trnG-trnfM inter spacer and trnT-trnL inter
spacer in chloroplast genome in rice,the haplotype network and phylogenetic tree were made with bio-information
software. The results showed that common wild rice had more Indels and SNPs compared with the Asian cultivated
rice. Both the haplotype network and phylogenetic tree divided all test materials into three groups. Group I consisted
by accessions from the Japonica subspecies and the common wild rice,Group Il included mainly accessions of Indi-
ca subspecies, while Group Il were as the accessions of the common wild rice. Importantly , Group II and Group I
had a close relationship , which indicated that the Japonica and Indica Subspecies were originated from Japonica-like
and Indica-like common wild rice separately, supporting the Double Domestication Hypotheses of Asia cultivated
rice. All the materials of common wild rice with a close relationship to Asian cultivated rice were identified to be
collected from South China,implicating South China might be the origin center of Asian cultivated rice.
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HRFIWERERESERAREED S, #W
RITABHERSHALE, —RERXGEEHE
B AR E DNA #17 T HRE S HEHR, HE
WTABHRESMC R L RELRET, Yy HE
iR A 2 A 1 B U 2 B DNA @ 1710,
PR T P g A B R 4 LA S R 4 Y E AL B, T 4
& DNA iy 3035 18t £% BT LA 88 40 T 9 B 4 % it £5
BEAL B 5T 3 A0 T P8, M %3 B DNA #8281
B, MRk DNA A F 5 H &8 0 f it I 4
AR

HAZEMN EHRERBOERDL—-EFES
B, EEXRRELHEFELEHFE, MM FE
PR I 8 1 P A SE Fb— Rl S R RO R R IR 4
A BBAFERF WA, EE &8N EHF
AR RA R R R RS B, A A T
BB EEH, BETHRARBY &
DNA B[R Z £, 7T LIXS B 50 09 T 3R 55 BB E 1 4
it BT RAE , H R E FF U,

KFEH Sk DNAELEZ I MHPRERT 2%
B 4 # F¥ : Oryza sativa japonica cultivar group( & #
£ :AY522330. 1, AY522331.1,X15901. 1), Oryza
sativa indica cultivar group (& ® 5 :AY522329.1)
and Oryze nivare (% 3 5 :AP006728.1) %, @ it
SHERA X7, 7T LR B KA ¢k DNA
RREMKFS . HAREHEERFS, BRIE
BRIKHSEZERAFITURITHERIND,
B It - R AR BN A B T B R T R X B AR B
THAM R

AHRER S B REPHBERERS,EiT
WP IR7S 98 Y MR RE 125 S EHAERYE
I, EEHE LM ZEHTRAERETMOH
B, A REZHAYE S RESTREH LI,
BB R B R R RS B LA R BT
M TSR, AN REBHREEAIRS B
(A=A B

1 #BREAZE

L1 REHH

1 FA Y AR 35 A5 o 7 SR R OO R O 98 £, 4
FINEHE 25 M THEEMR, L PuE s &
AT MHETFI ERLB¥BEN, A KENEN
& B R 4%k DNA; I 38 B A R O
FhE R 125 6, RETFT R EHFABERN K
REB.HHEIBREREMEE.T K. B.L

HAEE MBS N, EERM A #T DNA £1,
FA3 AW KR4k DNA F5IERS H AR
(AY522330.1) . % B 93-11 ( AY522329.1) i 7§
(X15901. 1) V') #£ NCBI 8 B $45 P o 3K 18 FF 51l
58, A/FF KX T H VISTA (http://genome.
Ibl. gov/vista/index. shtml) # 7 & & H A & Xt 4
PO BB AR E RN, BEEE B
404 tRNA-Gly X &% tRNA-fMet 3B BT B E X
B unG-tmfM , [FIES7E Hfb SRk P AT A B B4
FBIE, 5 FEATHRBYRE o WEFIIH at-
pAl*®) Bk S16 EH N & T K5I rps16'™ [1R-
NA-Pro-# ¥ {4 & &9 L33 [EIfE X tmP-rpl33'7) tRNA-
Thr-tRNA-Leu 8] jf X tnT-trnL™" ' & 3t 5 Br 51, /E
FAETRE I

1.2 ABH*E

1.2.1 M4 DNA EEES | Wi WM&
DNA R BUR FBGH 1% pH B 2h 3 POk 1™,
MKHREF S 5 HEAT DNA £, BE
NCBI EE A M EEMHFFI BRI Y, 48
SIMFEIIE L,

1 SIYFIREBNBE

Table 1 Primers and their annealing temperature

Bk
:21E4 73 EiE: 2] (T)
Name Primer Sequence
Tm
rpsl6 Ao 5'-GCTCTTTGCGGAGTCTTT-3’ 55
R 5'-ATGTTGGATTGGCACGAC-3’
trG-trnfM iE A 5'-GCCGTTTATTCGGATTGT-3' 55

KM 5'-AGCGGAGTAGAGCAGTTT-3’

atpA (BB EM
) R

IEm 5'-CTTACTTGGGTCGTGTTA-3' 48

5'-GAATCAGGTCCGACAACG-3’ 48
5'-ACGGAGGATGCTCTTTGA-3'

RE  5'-GGACGCAATCTTATTTCTAT-3’
tnT-tml (4 IEF 5’-CTTCCGGATTTAGGTGT-3’ 53
BB IE) R 5'-AAATAGATTTGCGAATTAGAG-¥

EE  5'-AATGCGATGCTCTAACCT-3' 48

Rl 5'AGCCCTTCTTTCCCTAAT-3’
trmP-rpl33 IEH

) ac] 5'-GAGCCATCTCATTATCTTTCC-3’

5'-TCCTCTTTGCCACGTCTT-3' 49

1.2.2 PCRHEWEFHKAM PCR KM {F A Bio-
tech Gradient 96 B J- WU H TP M., K& R K
50pui,2pl DNA 4% ,2. Smmol/L dNTPs , 10 x Buff-
er,5umol/L 5|4, TransTag HiFi DNA 4 §§ 2. 5u,
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FHEF R 94C WA 10min,94°C & # 0. Smin,
48 ~55°C ;B k 1.5min, 72°C FE 4§ 0. Smin, §§ 3§ 35
W B T2C M 10min, § =YL 1% HAEH
BB H ¥k 30min J5§ , 2 Alpha Innotech m S5,
245 T BT A0 T LA B U0 B IOl R, PCR 7= 9 [E]
Wi F Axygen %E ¢ =1 i 79) & , M0 FP{X 9 ABI 24 &)
i) PRISM 3730xl, X715 BigDye terminatorv 3.1,
1.3 FISWAZE

G694 W F 5 5) A A Chromas #X {4 (http://
www. technelysium. com. au) FFZE W FF 45 R, F seq-
man 3 ## (hitp://www. dnastar. com ) # 7 P8 4
%, FE A BioEdit 54" MATBIE, ¥ 5 Bt M
5 #% B rps16, trnG-trnfM | atpA | trnT-trmL, trnP-
rp133 WO i B — &P 5, AE TR &N BE 2
¥ro ZJGiEid DNAsp 44 it i i 51 9 3 A (In-
sert) Flfft 5k (Delete ) ¥ 3% K = {H .0 fH i X5 it
¥iE® # A MEGA 3% {4 PL Neighbor-Joining
ETHBEREREN, AN AEHALR, HEM
Network 3% {4 ( http: //www. fluxus-engineering. com/ )
92 0 AL 19 45 PR, 43 17 T B0 AR 35 R A KRR TR A
BPAREA EALIE B

%2 THHIERE.EETEREA SNPs X Indels 187 43t
Table 2

2 EREHH

2.1 FIIZHESH

25t seqman KA PFEEIE 13 B 223 AR
7 DNA %1, # B8 rpsl6 . tmG-trfM , atpA . tmT-tmL
tmP-rpl33 WMIF AT B2, B REE KB - R EBF
5, B3 B 4760bp , B 1 4779bp, £33 BioEdit
B X T RS B K B 4797bp MR F, e
T AR HE REA K By 4786bp , 338 B A= 75 4 4795bp.

¥ 98 4 TE WA 355 55 7 51 A1 A ClustalX £k 41
PEAT H XS 4347, 4631 SNPs J Indels (&, H # SNPs
9 A Indels 2 8 4, 43 5l i FE 5 2K 1 0. 19%
0.17% . Xt 125 4 % i BF 4 £8 F¢ 5 # 47 4 31 18 3
SNPs 3% 12 4~ .Indels i 8 4, 25 5 F &K H
0.25% F10.17% , X4 223 R Br 8 JE 3T
%578 SNPs % 12 4~.Indels 3§ 10 4, 2 KK
0.25% 1 0.21% ,

it DNAsp 3k {443 HIGE T L 8% 85 7 i i i F
ARG AR O, s TE B R B R AR RS RS
Math. BARBBMEEER »~ HAKRESH
i 0 1, AR P YRR Tajima’s D %™ (£ 2),

The statistics of SNPs and Indels in cultivated rice and wild rice

MHER SNP ZF£4E SNP Diversity Indel Z#£4E Indel Diversity

Type of materials SNP 5 0 Tajima’s D Indel site Indels o Tajima's D
L2, P23 ] 9 0. 00085 0. 00037 3.30813 »# 27 8 0. 00067 2.11158 *
HHE AR 12 0. 00105 0. 00047 3.21226 »» 35 8 0. 00041 0. 80413™
i 78 9 0. 00051 0. 00042 0. 58560" 26 8

55 8 0. 00019 0.00038 - 1.39060™ 27 8

NS: AREE;*» :B%,P<0.05; »= 5%, ,P<0.01

NS:No significant. # :Significant,P <0. 05. »* ;Extremely significant,P <0.01

R2HE, HEHFERELR Indel £ 2 SNP
BEHNBIHRIEREL, X SNPs B 7 =
0.00105.06 =0.00047, 5 & W R E B « =
0. 00085 .0 =0. 00037 A L8k, i ¥ @ BF 4 5 #F
¥ Tajima’s D {H b WH R B/, B LR
BREKBNACIRPZIANEEEENE
W R, TR B A RS R B MR BN, HF
EHEFEE. VHEABRKFIIHTHBEAR
EHRIZREM Tajima’s DE B X, HEHER/A
BE BYAEME., ORI EHREF/ZIANIE
PEFELEEFEBK, 5 SNPs i K47
BR—%,

BARH RS REH Indels $0B — 3, (B8 & X
SNP LRV LB, R BLAIRS A9 w =0. 00051 .0 =
0.00042, L B % 0 = {4 (0.00019). 0 &
(0.00038) k1R %, H B # i) Tajima’s D K {8
(D=-1.3906), 4l % ¥ Tajima’'s D K F {&
(0.5856) BIMIREZBI TEMMEHE ERZAT
HEEsE, SLTERAMNBHHLPEL
AT BRER .

2.2 FOEERSH

X4 223 KRS B HTRAR A, R
P25 R RS R RIS REYE(E N 0. 8119, BB LAY
MR R LN T EAAER 1(83 4) .4
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RS (38 ) AR R 7(21 ) FI AR A 20 (18
7). BRER T B8 27 4y R8RS G b .2 63 K75 i PP
Mse pEEHER AEEHFEBERRAS R,

W, BARRS A2 HEERE 34 IR 2
EE AR, BERT AE 2 M 19 6K iE %
ERE(£3),

¥3 ELENDRAREVUHELSE
Table 3 Material number of each haplotype
Haplotype materials Amount Haplotype materials Amount Haplotype materials Amount
H_1 g5 27 H_7 HI 2 H_17 G 1
L 2 BT 19 H_I8 LY ER 1
HEFER 54 H_8 Hi%8 2 H_19 i B 8
H_2 B 3 H9 MR 1 H_20 il BT 18
H_3 b £ 9 H_l0 B 1 H_21 LEEER 5
LIE ] 4 H_11 Hh 3 1 H_22 g b ] 1
H 4 b 1 H_12 L] 1 H_23 £ 38 7 A 1
H_5 23 2 H_13 i 1 H_24 BT AEE 1
#l RS 34 H_14 A3 1 H_25 LEEAR 1
LEBEER 2 H_15 B 1
H_6 Mg 2 H_16 % 2
3 B TR 2 LEFLER 2

FIFH Network Xf fr H A5 BT EE 43t (A
). MNE1PELFABAFRARS R 3 MEH,
XBIIENERERET R AFSHOEE
B XHIEENNMBEERE XN TR
AR HFEXRAER. S, KB PHRE
BEETTHEHN P ERESLEHFEBRI—X,
RURAZRIFEZRR T0EE, TEREPHER
HEMXHESEEH B mE, MAEHD. X
BHOMoRambuBnEBFERAR . H5%

BIMLFEERSE, AR T P HTE g
AR ML TIR, KB 1 PHTEHEBS LR
IiEEFEBTEEAR, BB EEEBE, 7H
7 38 B A RE P AR 7 okl L ORRE 9 4L, 3 4 Bl 4L
EETHRE EREM. NEXBISXRIFEE
BAERS M SER NBOERTTLEN KB 1 H
LTEHERSERAAERNELXR, MAH
S EEFEREANEOEER, THETHbE
72 [ 4 BE AL T 3R

Hlby — HIS- R
H_ 2 H_4/ 4 @l H_s. H—n.
|
H_10] H_13
H -0 -ty H17 H2
~ - T -4
H3 g H 9 H_7. v |
“ i2e
Hpl ® Hey H24e g g5,
!
281 H.23e | Ousg
H_19@

H_zo‘

1 FH Network 2B R{ERIRER
Fig.1 Haplotype clustering scheme drawn by Network
HORTERDN EOXANELH BARrnEEHER. RLBFRAREMEIN

Yellow Japonic, Blue

Indica and Black means common wild rice. The number on lines means amount of mutation sites
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2.3 MARBEMERSHAULBOSH

{i F§ MEGA %X {4 iy Neighbor-Joining {1 & = 4
B HERENREREM(B2) , TRAEEYE
R 5 Network (EEI 5 R EA -, WA HERFE
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Fig.2 25 Haplotypes evolutionary tree made by MEGA

B3 HB/hEE(ME) X WEN R E R TN,
P 4 Ak AN 4 V- #3k (UPDMA) B I R %
B, R 2 3 4 MUK E 1 AR B 2B
AR 1 BAE R 2 BAFEA 3 BAMER 4 A
10 BLAE R 12 BARE AN 13 B 14 B4R R 15 Y
B 16 ERANEP YRR —K, KBIPHRBMERS,
BAET 6 BAAL R 8 BAAERN 11 BAMER 24 FEANE
BN —K, KB RMER 18 AR 20 4
5723 BH—R, (VA 7 L5 RARE o R R T i
BAS, X BB b B & R4, e R 2%
B E AR IR IX 25 AP AR R A R AL

BMABR o RARE TR, Fibel LUE S X4
B7 Network B 5 K A/ 2 7 3L [ SRR K 18
R, ST E S BEAMER TR

B3 HRERAHAE(ME)LHMAEIRER
Fig.3 Haplotypes evolutionary tree according to

minimum evolution method

je=iies}
o'
[N

4 1R UPGMA x4 smBER
Fig.4 Haplotypes evolutionary tree according to

UPGMA method
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1993 4E , Chase %" & YO Xt Fi F 48 Y 1 SR (K
B4 thel BRI T BHBEHR. BHEX
I £ 4 S B IR 5 B 728 W A0 O, R 3R A 6 i T 4 1 2K
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2500 b 3 37 B A 7S 0 9N AR 5 RS 00 o R IR R D X
MANE T Indels $1T W EE 40T, I 54 i S ik
R 4 # S 16) TEO IXOR, \ KC B T X3 L/ B T X
BT TAR%, R LM Indels 3 % B
A&, BBABKREREERBELFH D N5
BB IX, T 0 5 7 4 B3 (X 9 % A S L N

AMRET LB EHREBESLETFLERBZ
B MRS ER R EL AR
EHREBEHEREEE., BANBLEROER
ERMEE HET SNP L ARAD, E#—SiE
L, WA, GG H B &P S K SNPs il Indels
H 3 (SNP B Indel M ¥/F 5 24K ) K 0.25% F
0.21% , 5 Tang %" 4} 38 9 1 4% 4k 3 1 41 SNPs
Indels H,# 0.05% #1 0. 02% £ X, FEHR T&
BRFEANSAIRERERENFF, B A
BAMERE HFAREREFEANHGKEEH K P
Bk, {HER M Gk E 5 A0, 5 &
RETEFLEBNERNSRETSEE, TURAT
KEREHATE, EXENEHERP  EEMN
RERFSEE S CEFEBRAERENOHR
Y8, 4L R IR AR
3.2 MR EERNERSHL

AXTFHUB EBWERTEARMABEE. —,
MRS — WS o 33l W TA o 7K 8% i GE 6 e 65 434
o oh 2 37 P A RS AL R A AL R SRR R RS , T I 46 KD
BELEH M REREEINRBEE HERNE
BB ET RGBSR, P EFERPHAR
M ERRE M. X—MAE LBh TH

B, ZREESE SN 10 M EMWERWEAE
A5 A0 790 AR 3% RS HE AT 0 Indels 51 AN 8
HARSHREHEELRER, IR THREMY
B AR AL TR RS R A Y P X —
Bio K- MERB_Kit, ZMAANEE B4
BHORMEE THE MAKE, BhXRAHLR
R B A R RIS P A TR FOMIRS . X Fheg
REMBTEROANT, WXBTREN FiF
#5022 EERN RSB E S, 5 T ER KR
FHh = T 48 Yi 41 F B RAPD 3%t R 6] s
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BT 4% 20 5 40 R R R 8t 5 BE B 0 3 A0 3% 3 B AR RS
Fi R, EL KRS 5 D B 0 B A RS R 1 BE B B, A
55 o B 1 5 AR RS R B BRI T A KK RS
IR T o B a3 B A R, Tk RS T B o U T EP B
WX ;B —F 5 HEMD WA NI BER TS
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PR TRER A T A R4 i R 136 511 3 A RS
G, AN BT EW R BERARE DO PE
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BF5EA R 89 A R AIESE

AP RPERA M SEEFEBH R RE—
K AUBABT S EFEBLRMOREESR
o BAZETHT, 3 H P E 8% 54 A
Sl ERERETRE, MHEEET P EEEE
WRX—EE., BEARRPEASREL . KEE
Hb X0 5 B A AT, B9 X — 34 U AR 3 H AT
TR HEATHME, B RS 002 B 5 A ML
RO TE . fHXSeEE B35 T K8 W B0 T 57 A2 I 2
B, X ST A RS —B 0,
3.3 TMHIERMERBEFIT

HET, X TEMREBHEHEEES 4 F$i8:
(HEEEERR, THE O EIEE RS AE
FLRES BN HEN BT AR, BRAALEE
FUBELEFEBEX X REBORS R
SEAREY RN, BEOEBMEENKERE
B EASFHERERLS, ALREEEIXKE
6 M4 (IX) 9 20 4NJBBEA 628 4 3% 78 BF A B8, M4
312 &g ok 28 N0 A B9 SSR ARiE, A A RENE
B LA R P AL [ T4 DR i X
FEBOBESEEDL BUX R ARER
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XS BEHTHEANBRERBREE LN 4
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B 1 A0S0 I B 40 JLF0 A 2 ob o9 3 58 BF A Al M
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