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Pollen fertility and cytological observation of a thermosensitive genic male sterile line

of non-pollen type XianS in rice ( Oryza sativa L.)

PENG Hai-Feng' , QIU Zhen-Guo™” , CHEN Xiong-Hui* , WAN Bang-Hui’ , Zhang Gui-Quan’ , LU Yan-Peng” " (1. College
of Life Science, South China Agricultural University , Guangzhou 510642 China ;2. College of Agriculture , South China Agricultural University, Guangzhou 510642
China ; 3. School of Computer Science and Engineering , Zhongkai University of Agriculture and Technology , Guangzhou 510225, China) . Acta Ecologica Sinica ,
2006,26(7) :2322 ~ 2327,

Abstract: XianS, a new thermosensitive genic male sterile( TGMS)line of non-pollen type in rice, was obtained from a spontaneous
mutant of Xianhuangzhan, a good quality indica variety. The pollen fertility in XianS was mainly determined by temperature. In
Guangzhou (23°08'N), XianS had pollen sterility in early May to late October. Under controlled conditions, XianS only had <
5% stainable pollens under 21°C (day mean temperature) for 7d or 23.5°C (day mean temperature) for 15d, and showed
complete pollen sterility when daily mean temperature was high than 24C . Therefore, the male sterility of XianS was stable, and
was safe to produce two line hybrid rice. Cytological observations of XianS at various developmental stages indicated that the pollen
abortion mainly occurred at meiosis stage. The microsporocyte became vacuolate and agglutinate, arrested meiotic division at the
leptotene stage of meiosis, underwent amitosis and abnormal cytokinesis, and failed to give rise to normal teirad, but formed
different size cells with variable numbers of nuclei. These abnormal cells disappeared eventually due to vacuolization or protoplasm
degeneration, resulting in no pollen in the mature anthers. The pattern of pollen abortion in XianS was different from all of the

PTGMS rice reported.
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HBEZAFTKBERIALUEK, 230 ZENHRBBTRANE , CLSEE—HATEMNBRRASE
LSRR, R, BAAEF EATMARNKEAREEA T RN AT RE BN RAE, TEXH
KRB S8SEAK S-1. MK S-1 154608 %5 , XN FAEBRERBEFTRMNBERR ME—-—CBELHAT
FEEAKEY, B, FLEEEMNRAFMBRBEAT TR, M S BRAREAE KNI LT 0TS R
BREBARTMARMITENBBEZAET R, 27 FEARBEABHATRBEAELESD M S LBRENY
F.EKKO4.5h K 13.5h) 23 5CHEU LBERGTHHEZ S, EELFNNEXAREARITHARME
HEATFRNTRE, ETHS B ¥R KBEREZATMHERRER, ARt EARR . FHEER 0K
BRI RS AT, A I IR SR A B KRR R R A F 2 e Br .

1 #HS5AZE
1.1 HISEHEHRE

FEXTH S B ®A S MEWERM L, B R 12 #,F 2003 EXH S HTEHME., BHEEEMN4 A
MIH. B2~3d BHE—K,FEF 11 ATH., SKRBEI-SK, Sk 1B, REME 1/3~238FLHEK3
~6 RARITHAL,F FAABEE. BN EHRFALEBESER, B 1%L-KIL 6, WK 3 ME, RS0 HFE
MATRE REHE, BEREE, KNEE, REAFEHHSMNTNEEANET, REEXHIHTINET, afFi
W B L S R TR
1.2 fRIEXTHL S B HE A

LS B8R F ALK B0 Y B A HEAT R IRAL R, T 2003 F REAENK 13.5h MXBE 75% Ot
BB 44 100001x 94544 F , 43 BIH#EAT B ¥R 229C .22.5C \23.5C 24 CH A TR BEARBAHE 154, BREE N
7~8C ;2004 FEHEZETE H IR 21°CRR 19 ~ 25C) BK 13.5h FAXHE B 75% . B8 B 24 100001k M9 &4 T,
SrH#E4T 3d.7d 10d A TRBEMAMBLE., LHEREEZ/NERXGTHE. UARLEBZFAHTEK
BIRL S I B, RN GEESRKEIK, BHK3~6 £FLL 1% L-KIREFERERTE, —BIF
SLEUHE 30d,

1.3 Al S A8 ME I 40 B 2 R

T 2004 SN KL S SHIE & - HIIE R TR KFRFRER KRG, BRA R KN H /MR L7
WA REBECREERE, A 0% BB KERTE. UHMESAINEB, RAEMERE 2% BEREIRA,
XAl S HATIEI M B 12 B M40 2 R, IR 1% L, -KI ST BB L 25 AT B AR E A %R o
2 HERE5SH
2.1 HISHWERBEET IR

1999 4 BE R MM AE LR R K FL R RGHAME R KBEAUE SR KBS MNKAXEHR
BRIESEAML,BRELBETHAER, BRLBL, 2000 5 R2F 4 A9, RERL LHEH 4%, Hixad
TERIE SRR B A BN EKBEARM, ML AR X LR FE BN F. 2000 FHFH R FH
W FIEM AR ETEERANLEMAT ,HE 11 AWMAE LB, 2001 FRFEMBEEHEE W HH#ET
BHWE, RBHEAE M(23°8'N) - FEZHEHABHWAIT—AT A EMESERR, E4AKRE 1 AWMERHR
AEE-FHRLRAIATE, AR EBZAT R, RAEESSAN XA BYH, 7 2002 3 FI
RO KRB HETEENIN ERELHERERZER LR ELE LR EHHRAEA BN RS, HY
TRHRAER  BARNLANREEATRAUREELAAREEAT RN, TREEHAE N A
S”Ai#t— BT o
2.2 HiSWEMHRHR

M2003FE4H ~11 AWK SEHERIKRE  ZABTRE MO0’ N) BERKXHTREEHEHN “AIE—
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AE—AIE"HEERRNNE, E5 AT 10 AKRIR
EAEY, AEHKE 178d, 74 Af 11 AHABEEN
AEY MAEAEFHETFEEABERR(E ). 4
A—FEFPHAREARBENS, B TFARMEBAIEER
EAABHE MBETAEX(LE 2), Bkl #%
FIWTHL S 7E 2003 FA]F MM T B3I 5SRBWEARF
E—ER R,

2.3 KBTI S EHHBEKNER

2.3.1 ARBEKEBXH S FHEHBKWEmE 2003 4
BEExbhl S AT ARBRENMIRLLE 15d, R 1 Al 5,
22~23. 5CHRBALHEBEBREMN SHAFTRRIAEF, M
UCHBLHNBAREAT. HH 23.5CHREALHE
BERTE HEHERM;22.0CH 2. 5CREBLAHER
NAE MEFERE, B 2.0CKBAHEE 22.5CIK
BAHMERTERER, XWAMKEBRERR, XNF
e B R WA A K

2.3.2 RIBFFEREXH S FHFRHRP T W 2004 4
M Z Stk S # 47 3d.7d.10d ) H 398 21 CIRIB AL B &
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Fig.1 Pollen fertility of XianS in 2003
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B, R IR R AL X R T R B MEBAE -y,
F(E2) MISEZ 10dKBAE, HITHEERIEM AT Fig.2 Temperatwre (daily maximum temperature. daily mean temperature,
BEXR BEOX90% ;2 7dIKEAF, B i B B ATt daily minimum temperature) in the growth stage of rice (2003, Guangzhou)
e BEMATFRMT 5%;1 3d WRBAENAREMHEM SHEKREATT HEIA I5HEBIA 19K
BIME T X BZEL TR R A SR, se A B AROGIR A& TR B RIFEERRE . T RRENF
At 2 S ) 2 2 4 O A L D )88 T SR Y, BB R R 6 B[R] X Pk R e R R R — R B R 0B .

1 AEEEREBLE 15d M S EHEREHNEE

Table 1 Effect of different low temperature for 15d on fertility alteration of XianS

03-01  03-31

04-30 05-30 09-28
H ¥ Date (month-day)

10-28  11-27

B2 ABEKHENSB(REE.FHE. REE)EHL (2003,

A REERBRL B ERTRE(%)

Stainable pollen rate under low temperature of different intensity

A H 9

BRANXEFZET
B ER AT e R

Date of heading

Stainable pollen rate

(Month-day) 22.0C 22.5%C 23.5C 24C in natural condition ( %)
07-27 — — — 0 0
07-28 — — 4.00+2.03 0 0
07-29 85.00+2.00 50.00+1.52 0 0 0
07-30 60.50 +3.06 43.00+4.14 0 0 0
07-31 28.00£1.15 13.50+1.35 0 0 0
08-01 25.00+1.73 6.00+1.18 0 0 0
08-02 — — 0 0 0
08-03 — — 0 0 0
08-04 — 3.33+£1.67 0 0 0
08-05 2.00+1.00 1.00£1.73 0 0 0
08-06 1.00+0.67 0 0 0 0

08-07 ~ 08-27 0 0 0 0 0

2.4 HiSTEBIKE K40 B E W AR

AR R G M G/ T A AL R A EREORER — Mg ERE (H 3-1),#A
227 S A 0 46 A FLABORL R (1B 3-2) 6 ROBEEFRBEUSE R TE BE—4H0 = BBk, i —
FARFENGE(E 3-3), BE,/MIFARSEPREGLE R, BREHN DTN, SRR, BRE, &
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SFRR ARFS(E34), E—PRE /DR FERBEK, A0 REH M, PR ORE TR, 90285
R R R AL AR (B 3-5) 0 HABEBRBIN DN TFRET—RELYH ERAEBBHE R,
WA e (B 3-6) , BB LB ET - RAELAH, =EMET R T NRBN S8, RBEs 2
B B ERE(E 3-7), RAKELZNIHER T E KRR (E 3-24),

22 ACEBKETFAX AR S BEHBROENY
Table 2 Effect of different duration on fertility alteration of XianS at 21°C

R ' Wmmmﬁngmemw&x . BRIEBHRAETH S
] Stainable pollen rate under low temperature of different duration( % ) Wi TR
Date of heading Stainable pollen rate
(Month-day) 10d 7d 3d in natural condition (% )
09-09 - - 0 0
09-10 - - 0 0
09-11 59.00+2.61 0 0 0
09-12 84.67+4.82 0 0 0
09-13 90.00+0.84 0 0 0
09-14 63.33+2.61 0 0 0
09-15 71.00+1.02 0 0 0
09-16 10.00+3.24 1.00+0.00 0 0
09-17 1.50+0.67 0 0 0
09-18 0 1.33+0.67 0 0
09-19 0 0.33+0.33 0 0
09-20 ~ 10-13 0 0 0 0

HiS SHESAL, MEFERBARRARE  BREXATEENERESHN., BERIAN . -84/ T84
Ok % S Ak (B 3-8) , AT EEA N (K 3-9) HHF (B 3-12) MR- M I I FZE 3-1D)FF K
MELDH, FARB LN ENEEARE 3-10); 5 —H4/DETFHARFAABE SN, BELEHTF
REANRERREBAARYE(E3-B), L RBURETE _HE, HEAH TRESHRE AR R IE
HWH A Mk (B 3-14~17), MIFRARBTELSBRSFERRIBHOERE=4K/NAF . &
BASHREHR(E 3-18,20) KT EAEEARERTBREASIREBMNEXEEARE - 19 URAE
MR RN A B R (E 3-15), X5 % KM T REATRERS (B 3-20), Rl TREHRR,RE
AR A T A (] 3-21,22) . XA AN R BN EHZ RS (K 3-23),

3 Wig

SHRBEEAE AT, AEEBREUERBN AT RS, WA ARSI EEANTERLERKL KF
FEREE. WREATRARERS B MAEHEMAE, HARAZGTRENKBXSBATREETH
Bshm FEA R MUWREL THAEAHFZSEAFTIERBERMK, NBITREAARAXG TERNKEE
KB RATHIETEE, AR —TE, SETVRETEEREHZATRNEMN KRR, IEAEF
MRBEER 24CUT, LIELdKBAEFS TR ERBRBAETERY . EX—FTHEBNEST,
EEN—MEXAUASEREESNATA™,

Za35Hhl S EHEBRMME MM ER, ZAFTEAMZMEMNFENAIRK, AT HRITHFHHRE 21C
BEFHE7d UL, AHE 23 5CRKBFEHE 1SAULE, 544 EEREBE NANZHAKEBRY
BRABERBZ ASHE , ZABRALENSHEA THMHEEMZ 2., R IRBAIIAM S ) ML KHE .
BEoR K EEEHNMERERI ZAERAREN AL L RN 62.9%,% 666.7Tm” =& 2 150kg, MR K
ABBDARTE ) TR EERNE, 354, ARMAREELRET R RBREN RWSUREARR,F BK
BAL B i R A R A BN, X T X — S 5SS MRS R -8, mEEFMNRER
AEREAERAREE YRR, AMEBLHEZWMEEEKE WL ENEKNE, EaRKXGTHAR
FHE A RAETURIEE S S EERTABTERABRENARZ G THAN  BTRSHARERS, EHL
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H3 HESSHSHIERERSAELRE
Fig.3 Microsporogenesis and microspore development of Xianhuangzhan and XianS

1~7 HIESHERE RS A E L2 Microsporogenesis and microspore development of Xianhuangzhan: 1. fHZk#H, x 700 Leptotene, x 700;2. %4
#, x 650 Diakinesis, x 65033. PU4M& , x 750 Tetrad, x 750:4. B F /N F, x 850 Early uninucleate microspore, x 850;5. HZM M/ N F, x

600 Late uninucleate microspore, x 600;6. /P F, x 600 Binucleate microspore, x 60037. BL#ATE K}, x 500 Mature pollen, x 50038 ~22. Kl S 1
LR & 31 72 Pollen abortion of XianSs8. /M T~ 4 ML Kl % 5 M4k , x 600 Microsporocyte became vacuolate and agglutinate, x 60039 ~ 12 F 24 53
2 Amitosis(9 453, x 500 Constriction division, x 500310, Vi T T2 5 5 W MM, x 500 Binucleate cell derived from amitosis, x 500311, —
H5AMFH( 1), x 500 One nucleus divided into five nuclei (arrow) x 500;12. H 3, x 500 Bud division, x 500);13. BHRF ZE A& AN /B FHH
JfL, x 500 Microsporocyte arrested at the leptotene stage of meiosis, x 500314 ~ 17 B % FIM 4 % Abnormal cytokinesis(14 B T A5 % M K 5+ I &
) 5% — 4K, x 650 Abnormal dyad formed by unequal cytokinesis, x 650315 =204k , & K/NAF M 3 N FHM, P —PEAEB(L), x 750
Triad contain three cells with variable sizes , arrow show one without nucleus, x 750316 B F 5 % MR 4 R B =34K , x 750 Triad formed by abnormal
cytokinesis, x 750; 17 B H Z 4, B & K/ EBRBARRIME T THK, 4 FR 3 MMM, x 750 Abnormal dyad contain two cells with different
sizes and numbers of nuclei, arrow show one with three nuclei, x 750);18. /N F R4 M K/ DA R ER A F X H M, x 500 Microsporocyte
produce different size cells with variable numbers of nuclei, x 500;19. E K Z B 41/, x 750 Huge multinucleate cell, x 750320 ~ 22. /N T 8- 40 L
FEH T A A 5 % 15 31 The abnormal behaviors of some cells derived from microsporocyte(20. ¥ #24L , x 600 Vacuolation, x 600;21. AR A #F , x

700 Collapse of nuclear envelope, x 700322. JR4: Fi 4%k , x 700 Degeneration of protoplasm, x 700);23. i S WA BA L E WA LM, x 40 The
mature anther locules of XianS were empty, x 40;24. HI B S H AL Z N IE R 7T E MWIEH , x 40 The mature anther locules of Xianhuangzhan
had many normal mature pollens, x 40 k

AHFZEBERMEHERRSUWMRER. MEEFAEFRARENER AFTRAEEARSHENELEES. B
BEBATRNBRTRATHABREENEFTEIN, TS EE BN ZMBHAENRNRKE,
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BAlAXCREBA T KRB AR EP R, FEE S T RGBSR, 3 788 B A 0 B R
AU M TFRBBMRBEEAET KR, —RAAEBR S REAER, FERTFHHELRERE, I h
FERMASTYRATRRKENZELESRS . AHALERRE NS HEER KT L ERBES MM
RESIEN, BT/ M ETEAREESBEL BRI RZH ATXLIREREHRES R, AT F IE
FHAENE R, MRFPEX/DAR BEAFHREAN, REREERTER. BER, S K EIEHR K
FEHAMBKEML, AARERNPEMBETFDRNES, X THSHIEREFAR, EXREEAFTKE
B A /M FE A RB R AL SREE MM IRGE, BA T HR MBS R ZE TS [ MARY X4
AR BESRFEENRABE, BEIMANOPRRE, M ERBSRETH [ B EKRREE aml-pral
/N T 0 AR, B SRR R B W B IF R BR msY 5 msW!" (7593 55 7219 WA LHTE R
EHEN SO S EAEMB BN XL R EARTHRAELEREABEEAT KB FAET —ENTELE, 5
EX G EARNA N EENEL—-SHFRT.
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