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IR TG HEVEAS & 28281k D63 1Y) &5 1k
LSRN £ TS AL YT DA

BAZF RME S LT RIS IR sk
(PRl K2 K R T, A 611130)

A AR HE T A T ARRER TS (EMS) A 324045 5 AP K 46B KR MR F R EAR D63, H 3Tz R ERBATABEZ
BESMARAREE, EREF D63 RERLBGENZNGE HSATLSLENE, BTAUHAMBRT, 5HFAAF
AR 46B At D63 K EARRAAMRZ EART 13.7% AP B ER Y T 266.7% , A XEEHE A0, AR LHERLBFE £ 7,
S ERER R WRZ | SRR RIS R ERARRLETH 2 FEERRF LA L5 KK nDel 4738 ]2 = J4
ZR 5 2 A J4 hAEIERE A A 0.2 cMA0.1 cM,ZEALR R 6 HILIEH 4 105.8 kb, 12 L B 544 R KA, D63
KRR Lo A 5 B Ve R R AR T @ AR B LOC_0502g28970 % A 1R % 1580 ALtk A RE A C Mm% & 8 BI85 5 527
1528 RBR (His) R E A M RABL(Pro) , D63 REMARLE CaREW nur]l REREAA L REAZ LT ZRAEHERG LA KT 0
B, H AR L6y £ FTHAEE T LOC_0502g28970 KB 5 5) R EAL SRR, AR CM & T A M BA 2 ARE EAEH
T

KB ARG MR T EARE  BESN AR

Genetic Analysis and Molecular Mapping
of the Rice Male Sterile Mutant D63

JIAO Ren-jun,ZHU Bai-yang,ZHONG Ping, WANG Qian,
LIAO Ting-ting, WANG Ping-rong, DENG Xiao-jian
(Rice Research Institute ,Sichuan Agricultural University ,Chengdu 611130)

Abstract ; In this study,the male sterile mutant D63 was isolated from the indica cultivar G46B through ethyl
methanesulfonate ( EMS ) mutagenesis. Furthermore , phenotypic characterization, genetic analysis and gene mapping
of the mutant were performed. As result, anthers of the D63 mutant were smaller, thiner and milk white, and there
was no pollen in its pollen sac,which belonged to non-pollen type of male sterility. During the mature period ,com-
pared with the wide-type parent G46B,plant height and panicle exsertion of D63 reduced by 13. 7% and 266. 7% ,
respectively ,and selfing seed setting rate was 0. Genetic analysis indicated that male sterility of the D63 mutant was
controlled by one pair of recessive nuclear gene. The sterile gene was finally mapped between the InDel markers J2
and J4 on the long arm of rice chromosome 2. The genetic distances from the sterile gene to the two InDel markers
were 0.2 ¢M and 0. 1 ¢M, respectively, and the physical length of this region was 105. 8 kb. Sequenceing analysis of
the candidate genes in the mutant and its wild-type revealed a single-nucleotide A-to-C mutation existed in the D63
mutant at position 1580 in coding region of the LOC_0s02g28970 gene for secretory fasciclin glycoprotein, which re-
sulted in an amino acid change from His at position 527 to Pro in the encoded product. The D63 mutant had com-

pletely no pollen grain in its anthers, but the reported mir/ mutant had abortive pollen grains. The differenent pheno-
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types of the two mutants may be caused by different mutational sites of the base sequence of LOC_0s02g28970

gene , or different genetic backgrounds of the two subspecies, because the two mutant belonged to indica and japonica

subspecies , respectively.

Key words:rice( Oryza sativa L. ) ;male sterility ; genic male sterility ; genetic analysis ; gene mapping

HEVEAR T (MS, male sterility ) &) 32 77 T F
Y P — PR WIS RS E KT
AR ANBEIE IIE 10 46 25 46 Ry 5AN REJE )0 AR 1
IO AAE R, (EOHE R 28 E R BT B R
TR T, 294 43 DR 162 R 620 D FT A
BHEEART G MEVEAR T D i 2 RO 3
RN 1A RIS, PR R AN 28 28 AR A AR G
WFFE T AT LR TP TR S m R AR
B Frii kDL R fos A G R R S, R
SRR KR I = R R IR AR
BRI, R 1 3R AR 7 T B ™ 6, Ay ik
F R 22 A ) R 1A T iR

FEAEBT R B R A8 A5 R 40 6 38 o 0 8
2998 /M SR R REODE IR BT , it Y ok
INFELF ] L8 DRI BB | /N DA IO 3 v i 5 A
KRRk B b N PRl A 2203 2 e
R 2 DR A E IR = AR R R
BACIRL . TEAEM KB BB R ATAT 2 5 1
AT AR NIy 2
PERBERIAE Ry S BE e 75 1O AR 2 R m e
IR S I AR 2022 4 56 36 R ke A 28 78 1T B 3K
HEVEART KA, P8 EZOKFEEHE 10 Chitp 2 //www.
ricedata. cn/gene/index. htm) 45 i1, H 7 & & 7 7K
FENE B A 12 JR e Ak b, 3k 20 5L R 48 IR
Gy RESNERANE HE R B Y 5 R & 165 40 i oy
b NI B AER B S AL AP BE R (B
BT BB AEAROC . ASBIFTE R T AL 275 28 0] P
B R 218K (EMS ) Ab ORI TR 24 58 KRS B T SR A (R Fr
X 46B PAGF— R HETEAR T RALMR D63, W% TRAL
PR AT RIS TE FIAE L LR G8AL oM PR E
BLLA R e B R 53 A7, A B TR WK R v AS 7 43
THLERFN & AT 5L B, i o2 48 5L i &
BEE HEA

1 #REFE

1.1 e

FHEMS A 3URIAS O 45 R A RLXT 46 B, 76 M, &
Hi'5h D63 [— PR R 5T B AR Z W EYEAR T 1
MAZAR 2R PR 1E 5 45 SC ] B RR, o SR IR I 4y

B MR, KBS 4 M, Bk 5 P 4k a2 00 15 4
ZHHEMEANE MR, T, AT B R R h b S B 1E
SESCAAT B bR 2 IR AE I O HOR AR AR M
ANE RN, IFR R = AR KB a5 45 0 D63, ¥ D63
ANE RIS 0] 5 B A B SR AR (K] 46B ( G46B ) FIKE 75
A AR 11 (ZH11) 2438 M8 F, 2 B A %
AT AR A it A% o M F S DR g . D63 | X
46B FIFFAE 11 25 RH LS F DU AR b K 2 KRG F 5%

Frfeft,
1.2 REEIIRESUEZ EMEELEEMTER
ZHERIEE

2011-2014 4F ¥f D63 RARK Y G46B ZH11 4
22, P R B 7K R IO | AR P AR SR AR R () s e
HF,RER, HRIFMESEAT 10 £, FTHEEE 16. 6 cm x
23.3 cm, HI[A) 7 HAS AlF 0 RO R T A BREA T,
WITF IR VAT B MR A A, H (RO 58 2 IR bR id A B A
PR, Xof BB AR AT BBORE I AE A ) B B A UL
¥ D63 INE IASHBRAN GA6B HIAE 25 HIVE LB A
AN LEIRER , ) KI-1, G (0 0 7E 1 G T WS e A
TELA B GG B, AT 8 A R M 2 0, B i
P4 D63 SRR B AU SE AR GA6B 1 F A 2k
AR AFERR S B S TE | AR R
FERRIEL 25 SR AT E (D63 AR R TR E R %8
AR E GA6B FAcLE TS ) &, LAk, X F, B A
ANE AT B AR T B AE AT ge i, DA T g
b,
1.3 FEBEMET DNA 12

¥ B MR A 5 5 b 45 R, 7R T B K A
(D63/ZH11 ) F,REMA T R H 44 #R 7T & #R AT 88 B
ANERRA T 8 AR, 5 SRR BT - DNA,
FEVEBCE PR IE W LR 10 Bk, AR AR F AR 10 £k,
25 AT I T A O R R b A 5 A R A
o SR ZE N X ] ZE DU AR R R AR ( D63/
ZHI1) FRER 38 2o FH ) %6 5 JL B B 1069 ¥R A &
BB, o B AR O R DNA AR R RS 40 A AR
£:7% S. R. McCouch 45 i J5 ¥k $ UK A8 i F o
i DNA
1.4 SFiRiEoMEEEDEILERE

SSR #rie 51 ¥ 2 B hitp.//www. gramene. org/
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mircrosat , InDel FRic 51 ¥ 8 F) FH Primer 5.0 244 A
frizit, it & H IR R B A BR A W &
.. PCR P KR Z M 0. Panaud ™ | ¥ 34 72 1) 11
3% ~5% HRMBEEAE 0.5 x TBE 22 Wil 1 120 ~
140 V HLJK 2 h ZeAy BRI AR AR GE i % fL ok
YA, WA B AR RUE A BB ID 17 R
AR SEAMTRIARIC 27, BEEZA W RT3,
FIF magmaker 3. 0 A4 X 43 B HEAR ) bR ic R 17 %
B3 HT, I Kosambi PR ESCRE 51 21 58 5 16 Sy 15t 4% HE 25
(centimorgan,cM ) , ¥4 & H Fi5 & A iy 78 X 38 1) 43+
PRiciE RS
1.5 (RAEFERZEEZSNEF

WAl D63 RASRRY AR, LA Lok FhRic S
%) 35 PR st A2 B0 B, 1) R 7k e e 81 2 0040 e i
(http ://rice. plantbiology. msu. edu/) , ¥f 5& A8 %t
e 202 O G AR X B P R e SE IR A T i, 3B
B HE R FE A R 51 4, 23 5% D63 58 A8 1A F
HF A= BUSEA GA6B Hh Fiil) 5L PRy 4 AT 97 3 D
FFHI HEX | fie 2400 8 58 A8 A i AV R IE AT . A
KIS AR RBHL By A R /AT 7, 41
FrBeE 3 R R R R ST 2 U, DR TR R
S MER TSR

2 FER5HMH

2.1 REFRUEMEE RSB ERETEREHER
E3

i 1t P R 2 % B, D63 58 78 U 75 W 1 1 /K 77
FHU ) AR A R IR T, R
GRASRIEE AN B R AS 52 506 BERN L B 5 i), J 13
AT, D63 AR RIEFAERIT LI, MET: 2%
HIEHH A B AL E0R I 1Y 6 A, A4k
2 AR T S L A T A A SR AR il A
FEAEHAAE 2 R AR 25 R oo (81 1) s A ikink
IS BEAS 45 B R S HE D63 RRASIRAEZY , R W ALK
L T A R SR AR B A R L 8 1E I AR R R (1A
2B) , W D63 FEAR SR SR T AL AR RUEE AR T
WA, D63 RAGAELE A G LR N O(K 1), i
— AR T D63 AR HEEA T RRE . B
FER IR AL R WoR, SR AEREA a6 A
Eb, D63 SR (R AR T~ 35 R B 576 4 DAt 8 v 4l 1
R eIl A A 25 R 8 AH R A 9820 T 266. 7% |, ik
TR T 13. 7% , HoAth e 254K an A Ak Fel 4k | 4 7
RSV TR G YA (NG AR 7 N B AN Qs e M B A
#) SR AGI i 2R (R 1,E 1A B) .,

BEl1 D63 REM(FH) SHERRAE G46B( ) K (A) FEF (B) FBEED (C) SHELR
Fig.1 Plant(A) ,panicle(B) ,pistil and stame( C) phenotypes of the D63 mutant ( right) and its wild-type G46B ( left)

2.2 REMIREEES

el 1A 7 RAZAK D63 73 5 5 1E # A
G46B I ZH11 258 R4 F| | F ARk B X% 5 28
PEARPEAT I8 A% o0 B o I A 45 R SR T, F AR PR 0 36
BUMATE B, U b n] AR bR RS 1 R R 00 S T
B, 2 R, 2 PR BB B AT 6 3 1 (R

2), KW D63 ANEMAREZ 1 XF otk A% L 4
G46B 5 D63 878 MRS i A B T — A Bl A
B I r gl p T SN R UL, a5 A A
AR GA6B LTI LIS H | HEVE AN T 5 A8 B R PR
Tl A0 25 AR o 28 % 2 s o) B v A i R 2 725 T 3
i
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0.1 cM, it 3 oA X ] i W) LR 25 294 105. 8 kb, If
H B bR 5AERRNEH LB (K 3B) .,

F1 D63 RETEBSEFERER G46B TEXREZMHIRELER

Table 1 Comparison of major agronomic traits between

the D63 mutant and its wild-type parent G46B

LT FE 3 (9%
PEIR Trait G46B(CK) D63 HIRC%)
4 Compared with CK
B2 D63 ?HEQW(B)L?E%EE%E%ZK FK % (cm) Plant height 92.9+2.6 80.2+2.5 -13.7*
G46B(A) ML KI-L & SRR No. of productive 6.5 1.1 7.01.3 7.6
Fig.2 Anthers of the D63 mutant(B) and its panicle per plant
wild-type G46B( A) by KI-I, staining K (em) 22.6+1.7 20.8+1.9 -7.9
— . Panicle length
2.3 RTLEEEMS FIRIZEN
s e A (e 4.5£1.3 -7.5+1.7 -266.7"
LLHEPER B0 D63 RIERS i z11 Zese e - *
. N Panicle exsertion
() F, AR R 5 SRR, I3 5 43 A AE K i 12 R SO (e 726 26802 2 o
Wyl cm N VN e = VN .
R [ SSR BIMIXI R4S D63 Fil ZH11 LA R AR # 1Y) Flag leaf longth
T4 S DR G5 L B T 2 A i, 1T L
AL SR E B AT S A A et atats s
ZASTEM SSR I EA D63 R ZHIL LIBCF, 5 p e i
9 A 1 o 4% S A A A YL
PRy DNA JEATY 8. SRR, G TORARS 2 e 8 TR ERIEL No. 198.6 9. 8186.6 =12.0 -6.0
1¢K%%iﬁ%ﬁ*ﬂﬁiﬁﬂ@ 2 /l\ SSR 1:/]‘16 RM300 *n of spikelets per panicle
RM341 5 Eﬁ%ﬁﬁﬁ@’l%”,iﬁ%ﬁ%ﬁ%ﬁ ZESIR (% ) 79.8 +1.0 0 ~-79.8*
3.6 cM ﬂsﬂ 10.2 CM( lgl 3A) ° ﬂ‘jggfm E&%%E‘J*‘% Seed setting rate
ARENT , M NCBI R 22 bR A 5 R H AR B R THRIT (g) 26.6+0.4 26.3 +0. 4 Sl
FEAn AP 9311 Z B P H) 22 it 17 5 X2 1000 - grain weight
InDel RIC (3K 3) , LKA T HARFERE AL In- * %m460.05 AP 25 0%
Del 7,9]?16 J2 ﬂEH J4 ZI‘ETJ , iﬁ’f?ﬂﬁ%%%”ﬁ 0.2 cM ﬂ:‘[] * Significantly different at 0. 05 probability level
*2 D63 REGHEEFEARAEZ F,EENEESS
Table 2 Segregation of male sterility in F, population from the crosses of the D63 mutant and normal parents
M A SEREL A E AL =R WL R »
Cross combination  Total number of plants Number of fertile plants Number of sterile plants Excepted ratio N
D63/G46B 880 648 232 3.1 0. 80 0.25~0.50
D63/7H11 4200 3131 1069 3.1 0.43 0.50 ~0.75
RM300 D63 RM341  Chr2
A o - b 188 ®3 AFRIEHH SN InDel $Ri0
36 .7 10.2
el D63 RNY Table 3  Polymorphic InDel markers developed in this
el 4 e,
0.2(4 0.2(4 0.1(2 0.2(4 cM(Recombinants) .
@20 el el Fio 31 = 7314
Jtade . 105.8 kb \\“\--_\ Marker Forward primer(5'-3") Reverse primer(3'-5")
C ‘- I N W -,,—\----I _\
_,—/" “\\ n CTCTTCCCTCCTTTCTTT AGTTGATTCATTCCCTTG
--="" LOC_0s02g28970 Tl
D J2 CAGGGCAGAGCAGAAGAG CGCTGATGATGTGGTTAAAC
ATG A1580C TAG
Coding region 1752 bp 13 GCTGGCTTATAGTCTGCT GTCAATGTCACCTCCTCC
B3 REERAKEE?2 REEKE LN FEHNE ! TTGCGGTCACCAAAGATA  CCACAATAATCGCACGAC
Fig. 3 Linkage map of the mutant gene on the
J5 GTTGTGCGGTCATGTAAC CAAATCAAGAAATGCCTC

long arm of rice chromosome 2
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2.4 RTEFERMIREERE S HFNFEIE

1 L S O 5 1 ( Fasciclin glycoprotein ) {
FLA RO B P 235 A 308 11 5 DR e A B 0 i v
SFIR 7 B SO B AR S RGBS R AR R
2 e ] LA 4 L 2 ] 4 1 B AE 38 , S i B Y
FER AR A 5| /Nl RIS B 2 K b, e AT
WENE R EFRREE 2B AT, mif L
it InDel FRiC J2 F1 J4 Z[8] 105. 8 kb 4 22 {3 X ] P4
A 16 DMTMEER (F 3C, % 4) , Hd A& i iy —
A3 Wb M B RO B 1 ( Secretory fasciclin glycopro-
tein) 1Y) LOC_0s02g28970 £, ZFEH 41 3306 bp,
HP & T 1752 bp ELERIAN BT H 1 R

F4 KEE2SEEAEMXEATNERREINEE

“}3 55 bp 11499 bp () UTR , i%3E K 4t i 25 14 BA
PHFMEE Y 2 AR ZSF 5k HT A0 H2 PR 4
InDel ¥5iC J2 Fl J4 5 D63 AT 28 738 He DA 1) 52 # A
WREL, B e £ LOC_0s02g28970 KR AE Jy vl REAY
RIEFER . I3 I D63 SRR AN A RISE A G46B
s R R P A T, 45 2R 3R, D63 5%
IKTE LOC_0502g28970 FHE R Zm i X 5 1580 Mgk A
ZEAR I, C, 1 B2 A 0 W P R B Y 5 527 il
M2 (His) 2R72 N IR (Pro) (& 3D) , HUA AR
A RESRAZ I AR AL 2 175 A R 3 A v & A AR 1
B D63 AT RAZRA

Table 4 Gene names and their putative functions in the target interval

HH 4 Gene name

T TIfHE Putative function

LOC_0s02g28880 Hypothetical protein
LOC_0s02g28890
LOC_0502g28900
LOC_0s02g28910 Expressed protein
LOC_0s502g28920
LOC_0s02¢28930 Expressed protein
LOC_0502g28940
LOC_0s02g28950
LOC_0s502g28960
LOC_0s02g28970
LOC_0s02g28980
LOC_0s02g28990 Expressed protein
LOC_0502g29000
LOC_0s02g29010
LOC_0s02g29020

LOC_0s02g29030

Fasciclin glycoprotein, expressed

Retrotransposon protein, putative, Ty3-gypsy subclass

Cytokinin-O-glucosyltransferase 2 , putative , expressed

Transposon protein , putative , unclassified , expressed

Retrotransposon protein, putative , Ty3-gypsy subclass
Retrotransposon protein, putative,, Ty3-gypsy subclass, expressed

Retrotransposon protein, putative,, Ty3-gypsy subclass, expressed

Peptidyl-prolyl isomerase , putative,, expressed

Cupin domain containing protein , expressed
Retrotransposon protein, putative , unclassified , expressed
Cupin domain containing protein, expressed

Retrotransposon protein, putative , unclassified , expressed

3 i

2 1) [ K FE B 0 (hitp ./ /www. riceda-
ta. cn/gene) , HETKFESE 2 S5k [ O s o
WA EEEKEWA tmsd  tms5 . tms9 ptgms2-1 MTRI |
TDR API5 .RCK Fl MER3 %5 9 />, Hoi tms4 | tms5 |
tms9 F prgms2-1 R N6 GHEME AT FE K, TDR il
APIS ARG 2 B AHOCEE ], RCK 1 MER3 1
TR ARG, BT 28 AR R e T BOK R A6 #
R ERKEEESARNE, MTRI A543
BCHOWE R 1 A DR, FE R A T A rh 3Rk ) R AR 58

A5 Je T UGN 2 RN R i AT T B AR R
R RSE AT,

NEZAR Y mer] FEARAR AR T P EPEARF %R
AR D63 Ny A — A FE BB A ) o 5 R AR, FE
H. Tan 2572 B9 8 58 o, merl 5% 725 PR Hy B A5 & Fh
9522 2% Co-y FILRIFAL MK , B RESHEAT IEH 19
FAR AR A KB B R /N H 2R A
PIAEZ AR ™ A A 1 1 0 I ARk, JLAge i
SHGER A A R LB ] LU B ARLAE R R
I A0 43 M 45 R, murl AR R TE LOC _
050228970 K& K 4 ih X4 A A B 7% A 325 Wi 1% M
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PEATRAL, MITEAMS T il EMS A HURIFE
Filt G46B 77 B HEVEAS F 542K D63, AL 25 4 /N
RO, BGE SR G A5 R R D63 KA IKE
THATAE AR X5 mur] SRR R AW
WAE, T AT SRR, D63 (5
AT HE N LOC_0502g28970 4 fish X 55 1580 4>
A RN C O, BRI E H E BEERY 8 A
527 iR ZH E R ( His ) %78 M B & R ( Pro) , %A
MBI IR R R R SF A5 M B H2 I 3 X
HEVEART RAL, M LT, murl FN D63 F8AS MR
F225 AT RESE T LOC_0502g28970 FE[H 51 %
A AR, DA BB AT 430 g T RE RS FRIAS 2 AN
[Fi) 35 44 S5 I 3
BT, “ = FRE" ZFP RS R PR 5C &
JURE R H PR ) T SR A R B R . X
T CPIRIET AR LR A Z IR R IR
H, BT AR B E SR PSR B R A A
THAMWES TR, W, AR P RE" 23
TR iy fa$i, B T P R 7 e TR O i
BANE RAESLBRAE =, — 7 TH 52 2R BE 55 P 855 K]
REIRZBHLZ), o) — T HEAT ZA SR
TATEARERSRE RIS, R IELASH A AF
FE—E B XU X e — 2 R L < &
B B EPR R, KR Y B AR AN R AT
A5 E R AR R E 420 T3S R A 7= S ik
FEFHEH TR AT REAR, T4
K EA BB N F LW T — W SR AR
AR——=SPT # K ('seed production technology ) , iX I
HARIERAEN B VRS LR | 460 B8 Jk R R i 326
Fvic 32 DR R 7 [R] — A XT3 LA 32 B 5 4 o 49
IR A BN AT R IR IZA T R
FERIZFE RN R AT LIRS AE R MR R
2 PR A 38 2 DO TR E R W] LLRH R RR &R
Pt ok, T 25 E 0, B NAE 2 A
IR LAY, P T2 S & Rl R A AT R
T BREEAT R IREE M SIS, S — R
P YRR E R H R E 2010 4R KR A S 1
“863” JTRISZHF F T 2009 4FJH i) KFE R BEARE
ST E ARG ZOH AR E R WA i) T 0
H,FIH SPT EARC I TKFEEEAT 0T
Wit & MK & (http://www. most. gov. cn/kjbgz/
201009/120100920_82153. him) , f5K R &7 58 4%,
— 7 TH X 7K R Bt B AN 1 5 PR A R P o R 4
15 AR LR AR O — T, ke T R SRR

P AEAE R A= W) 22 A TRl R, Ji I B AN 1 6 D A
R R TG 5, D63 SRR B F A ZOL IR
Wiy o T ICAE R BN 7 2R 2 | ELIR R AL B B A ) o3 B
BRI S A A SR TRLE BRI 5845 3
BRI A 3, P nT 8 HAT H 2 ¥ A
I
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