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fir 44 o tms5, J 3K A 2e 4 S- AR s 1LY RIL Foltt
A4 tms5 5E 137 2 b7 i C365-1F1 G221-72 [i], i f& HE
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Tablel Theinformation of photoperiod thermo-sensitive genic male sterile genesinrice

Al LA PSRN B T3 X [8] ke 27 SCHR

bt pmsl 7 32001S 85 kb - [25,39]
P RITRiE pmsl(t) 7 i #564S 101.1 kb - [30]
S pms2 3 32001S 17.6 cM - [39]
PR pms3 12 £ R 58S LDMAR long non-coding RNA [18,29]
S pms4 4 419S 6.5cM - [33]
B RITR e p/tms12-1 12 i 4%64S 0sa-smR5864m small RNA [39]
JSB i CSA 1 csage g fk LOC_0s01g16810 2 504 [40,41]
R rpmsl 8 ‘HD1S 998 kb - [42]
FOGH rpms2 9 ‘HD1S 68 kb [42]
iR ptgms2-1 2 I 63S 50.4 kb [43]
iR tmsl 8 5460S 6.7 cM [44]
bimKeL tms2 7 Norin PL12 1.7 cM [45]
bimKeL tms3(t) 6 IR32364TGMS 2.4cM [46]
L5 tmsA(t) 2 TGMS-VN1 3.3cM [47]
L tms5 2 GRS, k1S LOC_0s02g12290 RNase Z [37,38,48]
T 5 tmsX 2 il 183 kb [49]
T tms6 5 Sokcho-MS 2.0cM [50]
L tms9 2 Fk1s 107.2 kb [51]
A tms9-1 9 iRk S-1 162 kb - [52]
i oie TGMS 9 SA2 11.5cM - [53]
piTE:1 Ugpl 9 Ugp13t4 il LOC_0s09g38030 UD P 25 1 £ 1 R L ity [54]
Rl tms6(t) 10 G20S 1455 kb - [55]
Rl rtmsl 10 J207S 7.6cM - [56]

4 Ol BETEAS B A R a2y T PLER
W5

2114 2040 7K e 3 DR ZE 0 e 1 S B R K R B 3 TR
FEAR A LA R ) T A N 6 E B 3 T A A S50
20124 4 v Al R 2 AR g Al R~ M 4k 4 TE T X
A M AN 7 35 DK ps3i) i T e B AT ) 8 40 B, AF
FEERXPMATS A AASF B CREEAT R
—— 4% B 58SHI K5 #% 64S5E v 1Y A F A7 4 pms3 I
pltms12-152 g [al — S JE A . 85 5% 64SH 4k B 58SH; &
MoK, WO A7 S S AR B AL B (B £ 4
RICHBEIEEAT: R NATE, KEFTE. 3
55 R SEEAIE I, pltms12- LAY 5 e B A F BR7E K H i
T S F T BB RE R A Ak B 58SHII; BE6ASIN B M. T
PR T 2R CHR S AN TR, DR I 1 4 AR R 4 %o
pms3 1 fiE B R AT IS A AN ). AT AR SE B 4 R H &

pms3JE K] 1) 5 A8 B T A B 587 MO B AR B
5857, Ding%: A\ % Bk Fl 58 75 2 B pms3 AR I
PAANTEFE TS B, AR B 58 L GAE N T 4k R 58SHT
)% FE C, 51 pms34 i 1 1236 bp 1K i long non-
coding RNA LDMARRNA — 4% 45 #y & A 1 ol 4%,
I B H G 3 X I8 DNA H 34k ih CGH 3L AL R 1Y)
Thm, Ml T RRERK H BT PR R, S
AT, HE#E—B R AW 5T & 3L HLDMARJA
B F XK B R 21-nt 4 /NRNA  Psi-LDMARA & T 3%
IX 6] ) DNAH 34k, J& T 38 i RNA S S i DNA
3t fk (RNA-directed DNA methylation, RdDM)B7.
Zhou %5 A B9 iy IF 57 T M 55 %% 64S 2 E F Y
p/tms12-1457 i b {4 [l — A~ ik I 52 28 3 1 1 ' I A e
PEARE, %0 HE % AR G F 21 nti /) RNA
osa-smR5864m) 55 1111 |, osa-smR5864mHIHf /= 1
0sa-SMR5864W AR 7E 4 i A e 35, HPIH Z MY
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FEIK 2 5 I A 320 B B R B s ), A ) R A
FHAY & ¥5 )5 A 238 5 /D RNA R e ik B R A B, 7T fig
J& i o XF /N RNA 25 & B9 T Ui 8 3 8 o 17 R s
osa-smR5864w 2 111 il L i ¥ L N 5 R Ak, i
0sa-SMR5864m M AN 17 75 33 F 1 il 4 I, 5 45 5 T 4L
HEYEAR TS LIARIR. [H it pitms12-1 858 & il 52 28 F
# 0sa-smR5864mM ¥ 2k Ty A, o H: A A A FDORI A Y 5
A B O BUEYE R B ORIR U TEAR T . BLAT
A 55 H B K K RE AR 5 F 0 GTP4S & H H 4 i 5 K]
0SRACD##% 1k 4 B 58SHE ffi H. & 14 15 21| — & 12 B i K
52, 10| osRACD Y % ik 25 IR A R 5811 & M, Uil
HEXZ 5T KH BT RS8SH MM HREE, {Hif
WA UEHE 75 1] osSRACD 5 pms327 [ FETE IR &, 2 1E
S pms3f T lE R L 2 5 S vE AN B W i — 25
A9 TIE 5L

BT bR pms3FE K 5E 7 9 91, TR RE S R F A
5L 58S 7% 64S43 ) 7 17 B By 6 8Ok M R AL I
PSS T B P AN B 3 DR pmisL(t) 14 i 5 56 A X 1]
FEFEFR AT B G, IS A7 5 A A 7T fE
S ) — A~ PR 4 o

Z 0 E R B AL 5 kB AW 2E 5 T AR
B ARV R 2 Sy K tmsB ) 28 o 45 F IR — B, SR ok
WA RIS, 258 itmsSIv s . A1 H
AR (AN E R0 B MR ISHI L R ST E R F
125S) 4 T S AN 7 3k IR 22 A0 78 56 2% (o A b 4 TRl — 47
L T AL IR W LOC_0s02g12290fE i 1k 52 125
BT LR SLA RIS B M, IF B % 3 At 2
TMS5“8!, TMSB 5 fith — A~ i 5T 14 S AR 19 RNATE Z,
K b 35 X 4 44 J9RNase 25, B 3L 58 715 i bk 1S
M4 4¢ S- 19 RNase 754 [ I B A HR AT &0k, E—
A Y S5 25 B W RNase Z5UAS B 14 5 5% AL B PR K 7
A2 B 52, HEmRNAFIE 1% F e . %
BT R 255, 5HALRNase ZIIAEHI{L), RNase
Z5 E A K R N VD B IS M. IR A1 i T 52 56 3 W] RNase
ZSM AT X tRNAF A 5 3B 47 I T, {H A tRNA
FEFERE RMIEH A A B & 25, Rk
PR AT B o HAD R ) SR AT D RE. 38 3 RNA-seqfi) 7
24k 3] T RNase Z3n THYJEY) M UbLy, (12 EAZAHA
LA0ZE 1) IARAIM IS 52 56:31F W RNase Z2'HE #4531~ UbLo
FIMRNAJTT T AR B, ERBAT 2P HF
RNase ZS'WJfig e, AHEIE # 1 T.UbLg, N
R RS T HEYEAE R B R Ubpg
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mMRNAfiE # RNase Z I # [# i, A Mg, 5k
IEA[%L.[AS].

AR, 45 K2 T 5 63SHR 5 57 B T AR B A3
5 ptgms2-1 £ LOC_0s02g122901F Jy fi ik KL 4, If
R T [RIRE fR) B S 22 AR, Ui BH ptgms2- 152 BRI 5k
JEtms5, 84 A S 2 I A R AT 8 AL B AL B iE 1
RNase ZSMJ A3 T tmsX i1 52 £ X 18] 1491, 5 FLmik 4R
SO A% 16 3 A1 X B 5Y, 438 I 3 6 37 45 AT RE T i [+
— . A ERNEH T EMtmsSH BT
F A S 1R 7E B 40B/H285//6209-3 st i & LAY
ANEHRY, VRIS ALY F1/14342/024281) Fo R 14
KA TG 638 L H A B 58SHY T 3 Ak
RE AZNA22SH T (5632438 Fo b ik 7 i k10, Hill S
FERINEE 5 b R B AR R AR, IF HX R F &
(R T 1 vl — o Bk R e R ), (s b b A
MBS T JE ORI 58 2 R[], #BJ2 76 A [ FE 44 v
SERBIERARE B, 75 63SH i RNase Z5U L A
G155 8 LA AP 1587 Z [ B 1 1B 1Y By e PR B A
ZAR  RAETE 2 SNP, RoR HT iXE R F &
RNase Z%'JE[K 1751748 5, Al GEA BI T ¥R X4F tmss
YE BB ) B

20t 28 2K T U6 (14 157 FH 5 728 A 12 o I 1k S £ A
9%, AT BGOSR R AL T A R
. csaZR7AE & (carbon starved anther ) #) & B4l H
— M HEEAE MR SE, ok AL E 2t
K EFRER, FKHMTE, HBRTAT, B
A B R SRR E AN T R AR AR TR A R
CSAZEAR VR I i R ZE Fh OB A0 & LT, AR A PObE
MVER MR BREL, RHEERA L BRI T
BR3P AR, X FIORE A B A AN B e R
BT MEPE AT O, (H RO BB 7 K BT B
BUVRE, RN I E Y e e R AR R L 2 R
fE, CSAJEN AR AE R I LA T,
RZ AT A, AR AME. 52
523 Wi 5% 2 N B BRAE A E CSAJE R (il K 1k #ik1
MR ENEES S N T OsBZRI R L SR T
P, OsBZRLif i 45 & 2 CSAFE A 19 3 3 7 i CSA
kB R R A IR R E N R RS
IR CSARE N 2 5 KL A E

i 3 2 [0 3 2 1 O vk X 2 B3 I 7K A UD P
7] Y Tl PR A ) 05 TR U gp 9 3 3K 23 5 RS A 8 2
Ji % 7 A AR R OE R B DR SRR B R R T, 8



HEPEART . UgplhY RNAIRL R P A 54 5E VAR
IR AR B Z B E W SR AT, K
IR Al E B 5T 2 B Ugpl A mRNA L £k 55 1) 52
TR R VR e s e S AR R PR T 2 R T R 2R
R, RN IR A RN & T R8T )
FIMRNA, TEARIR T Ugpd 400 il A A i) e ) oo 72
W2 0EH B, AR /NG K N R B Y D) Y
MRNA B &R 2 1F F A LG, BEE— 25 7 AR T 2 4 0E
W BT VI A9 55 AR, BRI R 92 1) UGPaseds (4 i, Bf
MCRRIE S, BYEAZ B

i T MBS I DR 2 O 5 O T R R AL,
LR . RNA-seq. small RNA-seq/ 546 il - Bty i
FURRAE T R R, A BT I 4UKF A dr
2 5 6RO S T R A e R s 4, Ak —
A B OGIR SO AT LR TR h AR, &
RIS 23 W A R 58S | 4 H IR R 8 48 i 3k Ak 301 A
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Progress on photoperiod ther mo-sensitive genic male sterile
rice

FAN Y ouRong', CAO XiaoFeng® & ZHANG QiFa
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Wuhan 430070, China;

2gtate Key Laboratory of Plant Genomics and National Center for Plant Gene Research, CAS Center for Excellence in Molecular Plant Sciences,
Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China

Hybrid rice has been cultivated worldwide since Yuan LongPing initially proposed the idea of developing and applying
hybrid rice in rice production 50 years ago. Hybrid rice has provided a strong guarantee for the food security in China.
The application of hybrid rice was firstly based on cytoplasmic male sterility using a 3-line system, including the sterile
line, the maintainer line, and the restorer line. Later, the discovery of some environment-sensitive genic male sterile lines
whose fertility changed in different environments, indicated their strong application potential in hybrid rice production.
Shi MingSong accidentally found a natural male sterile mutant Nongken 58S in the field when planting normal japonica
variety Nongken 58. The pollen of Nongken 58S was sterile under long-day conditions, while was fertile under short-day
conditions. Based on this special property, Nongken 58S could be developed as a photoperiod-sensitive genic male sterile
line for hybrid rice: it would be a sterile line at longdays, meanwhile served as a maintainer line at shortdays. Since then,
the theory of 2-line system has been improving. Furthermore, the discovery of some other thermosensitive genic male
sterile lines such as 5460S, Annong S-1 and Hengnhong S-1 enriched this system. They were sterile under high
temperatures, but converted to fertility under low temperatures. The 2-line hybrid rice based on the photoperiod
thermo-sensitive genic male sterile lines has played important roles in the hybrid rice production. From 1996 to 2013, the
proportion of 2-line hybrid rice increased from 0.92% to 33.59%. Some early genetic analysis indicated that the fertility
of most photoperiod thermo-sensitive genic male sterile lines was controlled by a recessive allele. And the genetic
linkage map of these loci has been established. But only until recent years, with the completion of rice genome and the
development of new sequencing technologies and rice transgenic techniques, several genes controlling photoperiod-
sensitive genic male sterility or thermo-sensitive genic male sterility in rice have been cloned. Among them, pms3 was
the first reported, the mutation of which caused Nongken 58S. pms3 encodes a long non-coding RNA LDMAR. A SNP
of LDMAR altered its RNA secondary structure, resulting in increased siRNA-directed DNA methylation in the
promoter, which reduced the expression of LDMAR in Nongken 58S under long-day conditions. Another group found
that the SNP was located in asiRNA (termed as osa-smR5864m); |oss-of-function of this SRNA may fail to suppress the
expression of its target genes. Shortly after, tms5, a thermosensitive genic male sterility gene in Annong S-1 was
charactered to encode RNase Z*' processing Ub 4 MRNAs. Overaccumulation of Ub, MRNAS resuting from a
premature stop codon of RNase Z*! gene created by a SNP in the tms5 mutant caused the male sterility under high
temperatures. Elucidation of the molecular mechanism of these genes have important implications for breeding new types
of excellent and stable two-line male sterile linesin the future.

hybrid rice, two-line male sterile line, photoperiod-sensitive genic male sterility, thermo-sensitive genic male
sterility
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