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TE: MY @R H (CMS)A T ZAET A AR IR, T2RIVA TR 2R i 09 10 A f 5
TEE BT AL 0 8 R %K. CMSHIA R IR T 2 444h ta o7 3L B 649 %5 s R IR AR R F 94548, B ATATA
R A BARG AR | R ERTRE . 4, @i A ELEEL RS R —FEOEL T UKL,
X — LAY F MR EILE (RS genes). 22 3 KAG 89 & FARB TCMS#9 KB A=A, F HLiX 4L % RAEA) g =
W — A BGER, 184 Ak, KAG T CMSHF MAR I 6948 XA 4K %, HLIE I AR AT U BURN, AL ZBAN4
KAGCMS B F Mtk B3 B 69 A 50 A CMSH= B MR B AR 04 R R, A B4 A B = AKABCMS S F Ik &
A VA B FACAE 2 89 CMS/RIFF RARBESF, AH R J SUKAG 0938 7 R T3

KRR IO TR T B AR R B, 2T AU

IKFE(Oryza sativa) e NI B Z AR EAEY)
Z—, L ABREEYI M T AR I 1/3, /KFER AR
FEHEFHERRI SR SNBRESKE. &
I AKFE B AL PO T A B B R BLAIRI K
WILLKR, HEMEAE RRHEFATHAT RAIED & M
HETH; MHEEAEMEIEE R 7 — S
PERHTRAEDD b, RAREE A FhILH, ReigiR
KAEFE B AR = &, AT PRETHE SN 1
PR B Z A . DUEEA TG NI R, =
RRTARAEY) ORI IR R 22 P, a5t
i, KFE EAK(Zea mays). /N3 (Triticum aestivum)
HUMI=E (Brassica napus)Z& KAV R HEMEA & #4
BHEAT 2P RS I P BT 15%~50% (Lik
2007; TesterflLangridge 2010). 405 HEE A &
(cytoplasmic male sterility, CMS)#4 BHE 4422 & F
e N AR )T, MKFER U, FRE &I 46
1 4 A2 K T B APt 2 M4t J o HE 1 A J R GA,
FHRARFTFRRENKE R = REE, £5R
LKFERIAE PR IE T ERIEA, B 5 RKFE
MBI T RV EFIH, FFETHRRL
RIS AL =, BN 1 28 2K & Bl i is 4z,
PRUE T B X PR %24, Ih4h, CMSHEE i % it
BRI G A ) 2 L P AR, X — SR EEDRIFRATTRR IR E
e[ (restorer of fertility, Rf) (Budarg£2003), k&
R B0 T B T FRATTE R N 1 L LB,
MR 7RI N I R 5 R

R A 7 R AR E R E R, AR TERE
g AR A . L, JT A B 5B
VREHURI IR FER T 1 KRG 55 B KR A A At
SRR ST RO

1 KFECMS K EVIBHMARIERE

1.1 JKFECMSE E A

CMSIX H SR L5 A2 UL BEPE B AE 9 RrAIE 11,
A I TR S R A A Aok A 1Y) B DR A Hh AR A
B R R I P B R I IR D RE AL, AT S
TEYIHEERC 7 R A MO (Hus52012) . 238K AR
R RS T 7K R 20 M o AP AN B 2R 1 R A AR
— BN, B CMSHISH AR (sterility, S)7E 4l
1% F LR S BE DR Ay ey, AN REXT HS A PR 4H i J5
SEPURAR, T IR R 4E )5 (normal, N) A A% AR X
N7 [V 2 DR i f R % 7 AR TR R REERC -, (H2,
MR FREARRERECMS R B M. IXFEIF R
REWE IRFFCMS R I AT AR, 78 4 iR £F &
(maintainer line)ffF . BbAb, 40 M) AN HAZ AN A
JSE R VK 52 5 TR 9 RYRAVA A AL FH 48 o e 1 A B &%
M AZ I A B 2 B Y, X R R REAE K

Fs  2017-06-26  f&E  2017-12-01
BRI EFEAHIRRI2016YFD0100706) 5K ITTE A2z A
A Ja 53 4 (16XLBO18) A1 # R i 2Rl 4 AW 7L 51 H
(KJ1600310).
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HARMH . XA =R R R R = R 4
KFEAE P AL (E D)

TERYI T, CMSAETEA RIS, Nz i 4
LR h PR IR 1A AR K, s+ .
CMSTEAF P Fp h A EAR K 2 5, HEAER
— Wb S RS AR R T AR R [J . ASIF]
FICMSZRAY, J M AR A B (F B RIENIR B
B FHERATRAE 2 57, Bk, ek & RATHE 72
CMSIHEEN R . (EEMpRAEME. T
RSAL 2= IR AE Y 2 T VR FLCMS e K B
R, SHRATMIRZE RINIRCMS L & CMS KT B
HUERA R R I8 FAEH .
1.1.1 7KFECMSE [ HY4 E F4FE

TEAYCMSH R 2 S HBAE ME M £ &K,
— BN I AN B TR R 4 ) 5 b R e /N T
KB W AR B 5 R B L% (BentolilaZs
2002; Chen#lLiu 2014; HuZ2012). HAi/KREH 17
TEMICMS 253 52, ARBAMAE EF COF
W RIE(EK D).

un P

R 1R, M5 H AT 7R K FECMSJ
DRI 05 >k [ T~ 2 R A 25k D] 41 1) JE 2H 0k %, CMIS 1) 2
DRIAT: A3 R 2 15 B AR WP R B 1) D e AR & E —
&, T — IR AT R R A . AR
Yih AR ) B AR b A T AN R orfRE R
PR B B i R W 72— 2, BEAE A — M fh b, A
[F] I CM S 2 28t & i i = 20 77 2 7 AN [F] i orf 2k
[X(Bailey-Serres%:1986; Campbell fliBarker 1998;
Macey451997). K2 BV CMSEE D 751495
— L HORL AR K D REFE DR A, R T el me B ) —
LECMSHE K], 5] 40 B A WO A 40 B ke AN 7 (wild
abortive cytoplasmic male sterility, WA-CMS)JE [X]
WA352H orf352#8 K B H A i — LE Lohi { or 4k ]
(Luo%52013).

H AT CMSE: K 5 E 77 ik IR 2, — il A
R 7 ¥ A ok 4 A DR 5 4 ) 22 e 1 DL
I FE A s, B2 A v RS
L BT BRI AS B RAEAFAE BUE AR R R
15 G0 T 70 i H P A SR B R Ad, SR 5 4 1 43 A

KL N 4 A PE A T R AT = RS TE A s
Fig.1 Application of cytoplasmic male sterile line for three-line hybrid rice production

HEHEChenFLiu (2014) 08 G 1E 4




RIA B KR A0 M SRR AN B S B AP ST Ut 3

1 KAECMS AL L AH R
Table 1 CMS types and related genes in rice

eyt FHORHEA FHORHR ERFAE DTN
BT-CMS (G) B-atp6-orf79 JEE Akag 2004
HL-CMS (G) atp6-orfH79 MR WangZ52013
WA-CMS (S) rpl5-WA352 JEE Luo%52013
LD-CMS (G) L-atp6-orf79 i #E Itabashi%%2011
CW-CMS (G) orf307 i 4 Fujiifl Toriyama 2009

BT-CMS: . & R A i A VEAS & 5 HL-CMS: 20 ER A1 T dfEVE A & s WA-CMS: 574 ICE 453 114 A & ; LD-CMS: Lead /K8 L4
FUHEMEAE ; CW-CMS: 1 [J B A= FE Al SR e A & 5 G BCF IR A B 2880 S: fl PR & 288 . R2[A),

HAEDNA. RNA K H BUZ HAFE R 2 7, I
2 ORI B R AT e B ik, e 44 %5 € tHCMS
JE R (ChenflLiu 2014), /KFEWA-CMSASF FE A 1)
e o gl A T A e RS AR AR R A 43
TREF X ET AR B A BHEEAN B R IREF R KK
2 RRBERA)FAT K EIRNAZL R 54T, KBL—
SRE R RALEA T R R I B AR S AR K
A2 T RIEERK, SRR AT P
N, KB 252 B A IFIR BAE (orf), %17
BEAHERI I WA-CMSA B 2 A WA352 (Luod$2013;
Tang%2014). A& R 40 i Jii B 14 AN & (Chinsurah
Boro II-type cytoplasmic male sterility, BT-CMS)#H
&L [R] J& 7 1994 4F 8 id Southern 44 58 [ 7 V£ 40 Mt
LRI T PR A A AR ALY FE £ & LA
Ji0J5T B AN T AR L Ak v A 1p 655 DRI MY S A7 AE e i
YRDNA Jy BRFIBT-CMS YA & HARAH DGR, B J5 X
BT-CMS. K& RFZEFIFL Ap6Fk KL ) 751
BEAT A1 0 Hr, R I AR AE — BURE R IDNA
BAE A& AN i A T R, ERE R
BA, Dl e A R oK A, IR
B AEAtp 63 KN il B 7 SIAFAE — A orfRERS J bt —
BERTIN BRI E AR, #E— DRSS %5
Al B ABT-CMSHI AN & 2K orf79 (Akagi®1994;
Wang%5$2006). 2135 %Y 241 ffa 5 4k 1% A 5 (Honglian
cytoplasmic male sterility, HL-CMS) £ /& i k2%
BN SR ¥ B 202 B A R (Oryza rufipogon) 5
VLG 5 KR it A SE SR L A 52, Rt 2 AR
0152 T 19744 5 B A B PR AR E KK FCMS2E
R, I HL sy B w] DUPE O AR 47 & (0 S 55
2012). BHJ5, S 20T A0 I BT EE A B &R

PREF R AN AN LR ZobL A I R A BEAT IR A 4 3 1)
B 1 B K S 22 25 1 (restriction fragment length poly-

morphism, RFLP) 73, & 32 A~ 5 K] 1) [X 4t i
FAAEZE 5 (ZF/NIIAE2000). JaoK, 5-F45(2002) 7
BE IR R F Southern 2% 28 $52 AR K B2k R A atp 6 5
Bl BOAAAE 2 7, AZEDNAMNIRNAJKF- B34 22
W amp6E R R ER, W i IE A B RAOREE R
LRAREE R AR, %€ 3] | HL-CMSIA B fiik
B KlorfH79; 183 J5 R (e 3 DR 38 Uk A1 ATk B 1
%K= R B SE R 8 51 S48 K 1O WU (Peng52010).
Lead 7K 8 78 41 fita Jii 14 14 4~ B (Lead Rice-type cyto-
plasmic male sterility, LD-CMS){J A& [ 5BT-CMS
KA, FH R v B R I FLE e ok, AN E
AN L-atp6-orf79. 1 EF A= FE B o
ANE (Chinese wild rice-type cytoplasmic male sterility,
CW-CMS) A B £ Kl & — AN i) TF T8 B orf
307, A5 SRR Py 1 A 1K) T i 25 PR L B 5% T A%
ANEHFAR . o RIICMSA F 2 F 05T
FHXT E A o
1.1.2 KFEEM LB SCMSHIR

| HEN IR, MPCMSEE I O &l 5
WMEERA., FxRd. BEARASHARERE
RI, I BAEAR AR AIEY) h CMS £ K — R # 5
ALK — L Th e L R ik & e ok 53R IA, M=
BUEIEAT . AREAA DIRERIIER ZHECMS
B 3 (PR, N8 IE 2 A F CMSHA B} 3 >y
TR IS e B PP IA, A&, K, R
A T TR I EE XGRS R AL 3 . R KA
A BT EETEA B RBEAT AR A 2 TN
EHEREDULIR, JF Hae s 3 LA A i) A FHF 14K,
JEHRAERANED e Tl 26 A E N EZ . A
Y3 MK AB LR KK B 12, AT CMS

Tk BICMS i 44 S8 SRR AN B = A
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ek, 16065 B T B A B0k ROk, X Fh 2R
FICMS— R FEAE K K B IR IRCER 70 2N 11 5 5
EAER E, £ 2R B BT/ 7 BEZH A kG
L WEA, ABEIE R AT IR 2, B R 4
HREE AV R, RAMBRAERT, Gt
T i (52 3 14 552006) . HiLIRICMS 32 202 DL AR
ZIAMCE S, (A A R4 A AR A6k B4
T GE N 2L, D BOE R AEAE AR (R B
[1979), XFEMAE RELERE, 47 B
B R THRR F SR A 77 2 38, 5 4 B IR CMS/K B £E
Az B ORTHIAR A S (Das%52010; Luo%$2013).
[ W L CMS (1) A6 7E WCE I 3 b e i B g, —
R AR 2207 2T IR A% AE M Ja K AR
WE, R B A AR TN R B ASGE IE 5 78 K
AR B FRAT 1k o X A0 E i - A B (1,
KD QLRI TR Y 2, AN, R0 HvE
AR R(Hu52012; 33085520125 K JEE1979).
Y R CMS IR & R AAE =A%, 2 e
BEAT A 257 R =AW 5 RERIRE ; &0
XFAEH B AR AS WS R I, N B T A8 M R,
L-KIZS B G 3% 06 6, A3 Ve B AR 8 (Wang %5
2006). HGACMSIHAEABT-CMS, CW-CMS
RUKFESE . 1M R B &Y i B B AR T A K
T2, HAY)CMS IR 45 Rt A8k K & 1 1 2, AN[F]
(B R AR ICE P AE AR R IR 288, RILH A
[FIAERM IR B RHE. B 1 LA ERI4r 377741, CMS
RT3 AT AREEVEAS B (sporophytic) AT -4
PEANE (gametophytic) AL . — A ALK B
I S DR R A O B RS, e A
LR R B O, 15 HERC T ISR R BTG O
1.2 KFIECMSHIIE R IE R

IKFE IR 2 AL 3 32 B2 FE T CMSH R ) A
JETFI . nT LAY, CMSs2 28 AR 3R] FH 1A% 0, 2
RN FE R 28 (1 7K ARG CMS M, 2 A ) 2 o e 3
KRB —FF B dah, 55 KFECMS 5 B 1A
B LR R I T 1 D B, X AR NR
CMSFI A HT BICMSAH A it i35 & 1241 1 — e [ 2
T BEA, A2 ATKFE I K e B8 5E T H:Aill

H AT N, CMSIE R forf— ok B T 2k A
FERAMEHLRE, AFERWERAE N BiS
LKA T Re B R & i — F LR, RIEAE
K5 D] 9 AL P 2 11 5 sk R AE BRLAR 9 2R IE, T 5]

LRI Re &AL, SEEM L E T2 .
H AT, A F 5 H b (1) & BN T4 25 7 s
ma /N R B IS A ARG 2, R AEAE3 P T A
IR (1) CMSHE: P4 53 i E 8 24 20 23 2 s A
B A TSR K E; (2) CMSE £ 8 A
MR A 02 AL AP R RE A (3)
CMSE: [KIfE BN H AU rp F L s MRk . A PRI
BT il B K RS CMS I R R S S AE M R B I 2
BONE . HZ B H AT b, KEE % B 1)
CMSHE: R 7E & N ¥ ik, 4l in /K FEHL-
CMSIHIAE 2= KlorfH7 91E /KA 1) AN 2 b # A7
7£ 215 (Peng?:2010; Wang%5:2013). WA-CMSH:[H]
WA3S24E BT A A Z R % 53k, (A WABS52 8 [R5 7 1
TEGHS 2 AN/ BEZH L H K A 2R (LuoF52013).
&4 Nk, KREM TR LT CMSE [ 5 42 1
CMSHLERAR 1t 1] LAIA G4 944> 77 T
1.2.1 RS MEAIRRY

ZAR VN Y CMS ZE [K] 8% G A — st B R A
BABEERMY, XFCMSH =4 5] F4hi
RIhREZRGL. BT, FEOS L EMCMSERF,
7 CMSZE [K] 7= W 28 1o 1k 9 3IE B 4 S e 4% S RF X
P, 17K FEBT-CMS{IORF79F1 WA -CMS 1]
WA3S52%F KT i (Escherichia coli)ti4g FEPEAEH,
RS A K AT 3 19 42 < (Chen M Liu, 2014; Luo®%:
2013; Wang242006). HL-CMS3E: K orfH79% 5 1)
5 BTORFHT79LE K At B Hh 22 38 I 56 K i+ 1
A KA B R AR A, R I T A A
CMSHE K F= AL 1 25 14 4 H (Peng%52010) .
122 gEEHENA B/

PZ AR I N HE ) CMIS L IR T 28 b7 4 114 Bl [,
M CMSHE A IE 2 F R PR ERE I B R R . e
TR AN AR 4 H CMSHE A =i 3R T 2ok
7= A ATP I IR Dh e, SEREEMLRIAE, 20
NMEFRIEE KBNS EIWE . ARFTE %,
VIHEBEA R KO R 75 2R B Re B, AR I
e AR EE Yy B, AEYEKKE TR
R AR AR K I R e L B (Almeida®$2002) .
WEFL ORI, fEAek K Ed R, dobifio R 3R 1 ik
(), 2 FE RN R B AL R K B ATP (Asahiss
1969; Garcia%$2014; ScottflLogan 2008), 7/KFF
HL-CMSJORFH79 FIBT-CMS f{JORF79# & £& ki
PRNPIRCEE S5 & I 8, IX S8 CMSFE ] 7= W i ik
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55 2 R AR 1) P S 45 G 55 I I i (1) F 4% 346 L R I
TG AT T, FEAEEN KB e T R
(I = A= B, S EUHEH U (ChenfllLiu 2014;
Wang%£2013).

1.2.3 FIEEHMBIZF IR TR

A 1E % B 40 M AR 7 S T (programmed cell
death, PCD)#E BN APCDXF A= 44 Bl A K 1 2 1R
BT ERI G, MR 7 2%
P R A7 20 PR %) O T AT I AL B SR, R
W PR IE# FIPCDId A2 34 b 2 B AMA HL £ 18
WMEE B ERESEHEEAT W4, WKE
FWA-CMS AT 5 I WA3S2HF S i 7E 95 8 J2 3%
T FF RN 2 L A IR I 4 COX L LA ELAE P 365 2 i £
FeMIREIN, SR PEZ A IR T NN F 80 E
(Luo%%2013).

124 REESEIERE

AR B I I 2R A 5 A A% 2 1) 3
1) 1 4% R R RECMS [ HLER, R A A 2R A 1 A
B R F S AE 5 R A 4 A R (2RI T
FEHICMSEE R TE LR KR (1R 1k . Hal, fFAIX
— BRI R I AL, INCW-CMSHIORF307 5 /&
WL TR B HE I RF 171 %15k FF B W & IF %
(17, Y5 B DR A AN B B K orf30715 % 5 Fl i
7K ~F-3# 470 T (Fujii Fl Toriyama 2009).

B2, AN CMSEE PR @ o W — F g 425 /Nl
TR E A, HEHAE—ERR, NEE
. REE. FEE. E 55T A B AN TT kLA T
W EE AR TARIRAS, 5 ZRARIFIR SN R
B ARHAAAEAR R

2 JKFECMSE MR EN BRI R IFHE

2.1 KFECMSE Mk EE ERIR
EYICMS 5 B R E AR T R 2 Hm S5 i

Vb ) — %<2 W™, AT Gy, [F IR T
41 W S5 5 A AR A% A EL AR FE RT3 () 3 A o5 4 1 A
Ko mE YRR AR R A2+ TR BRI, RS
A B A=A 3 IR L HE 51 7 K (Asahi 1996).
FERT M, 7E 40 B A% o A7 7 R 1 R A 26 4 Ak
DR 20 i ] A Pk A% G A R TR, HLRBAE — e FE R 1
TH B 42 R A4 8 2 7 5K (1) A B 52 1 (Touzet FMeyer
2014). HAETFZ W, CMSEERF =L 5, AT
W7 (A% 35 IR 4 R 2 1 J5 6 400 5 PO AS 8 2 TR AE AN
A 7K BB AT BE Lk, AV BRAS & 285 R S 119 5 T,
X HE RIFR K 52 %: (K] (Bentolila%%2002; Chase
2007). &5 M1k, TEAFRMEY SR, &AM
SRERMK E BRI O+ 2 A, KR I Tk 5 5 ]
KME 5 T —2(ChenfllLiu 2014) (2).

H A, KFEZCMS B Mk 2 5 K v B % 1
Fe Pk MBI TN IR N RAEY) o IKFEBT-
CMSHI Pk & I K RS T2 25 — AN 1 IR EfEVE A B Wk
LR, BRI o R A T L K R e R R
A R g, JE e TR A B B S VRS B . BT-
CMSYKE E K RfTa RSB 4y 5 9w b K 5 791 F1
506N R E R PPREE A, 20 76L& 18F1114PPR
GEFIE, I HER L e AL B AR R R . WA-
CMSHH M i & 78 A= 7= LN FHAS 5N ) 12 1 4T i ot
A, (M ST JE TR 1) o AR G e, 799 ik 52 3
IR Rf3FNRF4 53 33 5 AL AE 1VFI 105 e 4k |- (ZhangZs
1997; 3k F552002), {H 5T H o B B AR W akiE .
HF20144, —ANgaiSPPRER [ 13 I RFAA H AR
Dy B, 125 P8 28 J5 A Joit A i A X o 300 7 A 31 2
Kk, XTWA-CMS I AT I T, FF{EWA352
MIAR 2, E 2 AR T 07 50 AN 28 (Tang %%
2014). HL-CMSkE HE K o XU 52 25 B RS FIRf6
(Zhang%:2017), H BIRSS 44k v b 3 LRI T3k
— B HIHLEEHT 55 (Hu%%2012), Rf6W O 5 Ar Ao

2 IKFECMSHR S A
Table 2 Restorers of fertility for CMS in rice

Bzt e TR A RHE ZE R
BT-CMS (G) RfIaFIRf1H AR AR E B 5K B E (PPR) Wang242006
HL-CMS (G) Rf5FIRf6 IR K E S 5K B 1 (PPR) Hu%%2012
WA-CMS (S) Rf3FIRf4 IR K E S 5K B 1 (PPR) TangZ52014
LD-CMS (G) R2 HEHAKRED Itabashi%§2011

CW-CMS (G) RfI7

Bt 12 B A

Fujiifi Toriyama 2009
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B (Huang:2011, 2015), ‘EA1#5)E T PPR K Jk 5k
Kl . CW-CMS [Pk 5 JE PR o [ A 0 1T 5 0, 2
R HCW-CMS A A EL R IR, 1ER A KA
TE=1 M, 2R EE AR KRR ZES, HE
BURFIE R AR EAE Sk AR RERT R FEIME, 28
TR FARIEEA B 1 —Fh 2R 8 RS RRFT7
Gl T AN R M E AR, A — N2t
EEAA MM, HATCW-CMSE Pk AL
PRAH T 45 AN 28 (Fujiifl Toriyama 2005). LD-CMS
RKFE (A6 W I SAAICW-CMS B —kE, 2 =
ZICE B0, B TR AR A A B
WAL BT R I, LD-CMSIR & LK Rf2 58 A 452
YR, I EHE Y S R R DR Pk R A
JR TS Ei51965). RN — N E S HEA
R IA 2 5T, AL AN TR
2.2 KFECMSB IR EHIBRIAZR

PRI N, 2R R B 1Y ) LA R A2
FH— S 2 R A ) By (1) 356 DR 0 A2 3 IR 3 [R) 4 A 1) 2
FALRH, A E ERAE . b, CMSH
BRL 7= 26 B /N BT B 10 7= W e 05 Bl R A Y
PPREE 145 57 b i 7 31 4 A o L 7= A= [ 5 )
BATIERR, XeeFHEmENERE. 245 Mk, f
KRB B MR HUEE (0 7 EAE Y B VK =T
FE 77 THAH X K EL RN, CMS &M% & I HL
FEHANIH .
2.2.1 EFEEKEEHERE

o SRR (1) 20 o s 356 IR 2 465 g R0 K /N 22 S 1k
RK, I+ HAAFRE, Lok i) s 20 LA %, nT R
2P H i orf3E K] (Mackenzie flMclIntosh 1999),
HELECMS IR VR 7E 2R A 1 1 AR S i 8
REAS K, HLln, ZmAgCMSHE PR (1t 35 R 28 B
FIRERE B WA R IR, A E EF AR
RIBHHRIAZRICNTT LI E HERIKE . X
TEHE R A KCF Bse I E Yk S 1wk 501 7 75 K R
AR IE
222 AEEFHEREKTERE

H AT, KRG FERAERNAK T I TANE %
DRI IR 5 53 AT B AN & 2 TR 7 SR 1A S i 1) 9] - Bl 2
Z, 2 H AW o5 LR N TR R 282, 43 sk
& BT-CMSHIB-atp6-orf79%) /2 I RF1A ) F1 3L
SRR & X MRF 1B AN G # A f orf79

ASBEWE: 4 i (Wang52006). HL-CMS 1k 5 F1BT-
CMSI AL AREL, PPREE FARFS BRI X L% 5%
KRatp6-orfH79SLI VI, (H & FEA R EHETIEIM
T, & TR EGRPI62MRFC3ZE AR T LU E S
PRI AR 4T (HuA52012; Qin%§2016), Bt4h, PPR
R HRF6XT 4% 5 ARatp6-orfH79 [ i L AN A2 F
AT, A 75 BAF R A HXKOTE 2 & 14k
LA F e A Y] (Huangd52015) . X FfANF
I 07 2T BE R KA 51 2 (8] 2 R PR BT -
TE/KFEWA-CMSH, Pk 5 8 I RF4i8 1 [ 3 1 77 20
X rpl5-WA35 23047 I T 2 & P (Tang%52014) .
223 FEEREBFESEIFRKERE
fE—LECMS/R R Gi T, Pk E LI A #%
SEASTEBA 5, T A LB B AR 2 S AT A
IKFEWA-CMS Ik 52 £ FARF3FE AN R WA 35 210 e
SKKP, A AE B A B Z T PR IKWA3527E 48
2P AL R . HL-CMSHIRE & A 1R i 51 GRP162
Rl 5 RN ZR LA JG 45 6 A B # AR, T8 1
HHIJORFH79 ) KA KWk E & M(Hu52013) . &2,
J& T X PR J7 R IFEA B B R % 51K F |
WA 2 5, 2 S A B AR E B A R
KSZICMSI B IR E .
224 FEERERGER LIRS

KRG AR & A2 S BE M E rHRE H
AT AR D, (A TR KK & R R29w 15 T —
MO ER, Re H A E G S Hg ke E
PE(Wise25:1999).

F HAT AL, AKFEBT-CMS. WA-CMSFIHL-
CMS IR E ML 78 BN ER A, TiLD-CMSHI
CW-CMSHITR S LS v 7k — 25t . Bz, A
B A AR K R, K FRECMS B VK & 19 THL
)28 v T g — 2D s, AL ) s D KR AR
FROLF B H F B20E — 5 BRI HEA

3 REERE

TR R e T E AR AR, 2 E60% LA
EAOREH, e 2e R RREERETH
KRN0 8 ACIKAE I AL P AR R BRE R AN 1 &
(2R AEE G, INSRCMS & MR S HLEL BT 5T, hf
T B SR PR A 4 o AR E = AR A 3L
FEAEMEXEK, FR, KEJECMSHME EKE
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(A 0 T B NR N DA 40 i Jo3 AN A g % 2 T
A EAE R RA R KRR . Bl A
IKAFECMSHE R (1) 42 48 AUAH B 1 F AL A A2
I8, HX T /AKREBT-CMS. WA-CMSFIHL-
CMSHIAE He R & HAE AL )0t 78 # LU BLR N,
fEFRATTE 2 BUVI0 ARl B X —20, X
YT HEYEA B RIVIEE AAIHH AT R
7 A HE(Hu%52013; ChenfllLiu 2014; Luo%2013;
Wang%52006; PengZ£2010). 7/KFELD-CMSFICW-
CMSAE R A 78 5 HoAth 5 R CMSHH EL AR XS L
BERBAEERN, (L2 WA FRFEE LR T
K HIAE ML (Fujiifll Toriyama 2009; Itabashi%
2011). fE/KFECMSHIE VR ALHIT7TH, FHKH
WF AR R AN o ZKFEBT-CMS I 1k &AL 2
T I RF 1A H1) 3 57 5% A 1) 2 43 X FIRF 1B i A
B R AL orf7 94N BEA 4 i3 (WangZ5$2006) . WA-
CMSHI B MWK & £ E il Tk & = I RFAFE R
U5 KX rpl5-WA3S5 23047 0 T & 1 (Tang 4%
2014). HL-CMSHI & PEK St FE AR ECHIR A,
H S & FARFSFIRF6 73 il a8 it 47 55 HAR 1 & PR
BE G RATEE W E R DI6E, HATAH S B
1 IR -8 0 45 7 9 L AN JE (R A 2% B 7 )
ARSI E Sk AN T.(Hu%2012; Huang
£52015; Qin%5$2016). X FLD-CMSHICW-CMS,
BT A S R A R, Bt UHASE M F 1
PIZ LB FOA N B . B, XK A B 2
ERL 1 % i AL BRI 9 R 06 o) 2 S KRB AN B R 1%
B — e P EIR F A, [RIE AT BT AR AR FE S
LR BN RAT RIRS TKFEE M. sk
e & MR AL A 78 0] DAAE — 8 R T b4 i 1k
BRAMIEE, MROKE RTH T REZFME
7o IMERCMS & YRR S HLBE I8 780 - 28 28 KA
MR EEAREENZE L., R, FRCMSHE
PRV S HIAIE FE0F T B8 D0IR N His o\ VR 48 i 5T A 4
% A AH ELAE F ok R A IR OR IR 2R H

2k (References)

Akagi H, Nakamura A, Yokozeki-Misono Y, et al (2004). Po-
sitional cloning of the rice Rf-I gene, a restorer of BT-
type cytoplasmic male sterility that encodes a mitochon-
dria-targeting PPR protein. Theor Appl Genet, 108 (8):
1449-1457

Akagi H, Yokozeki Y, Inagaki A, et al (1996). A codominant

DNA marker closely linked to the rice nuclear restorer
gene, Rf-1, identified with inter-SSR fingerprinting. Ge-
nome, 39 (6): 1205-1209

Bailey-Serres J, Hanson DK, Fox TD, et al (1986). Mito-
chondrial genome rearrangement leads to extension and
relocation of the cytochrome ¢ oxidase subunit I gene in
sorghum. Cell, 47: 567-576

Bentolila S, Alfonso AA, Hanson MR (2002). A pentatrico-
peptide repeat-containing gene restores fertility to cyto-
plasmic male-sterile plants. Proc Natl Acad Sci USA, 99
(16): 10887-10892

Budar F, Touzet P, De Paepe R (2003). The nucleo-mitochon-
drial conflict in cytoplasmic male sterilities revisited.
Genetica, 117 (1): 3-16

Campbell NJH, Barker SC (1998). An unprecedented major
rearrangement in an arthropod mitochondrial genome.
Mol Biol Evol, 15 (12): 17861787

Chase CD ( 2007). Cytoplasmic male sterility: a window to
the world of plant mitochondrial-nuclear interactions.
Trends Genet, 23 (2): 81-90

Chen L, Liu YG (2014). Male sterility and fertility restoration
in crops. Annu Rev Plant Biol, 65: 579-606

Das S, Sen S, Chakraborty A, et al (2010). An unedited 1.1 kb
mitochondrial orfB gene transcript in the wild abortive
cytoplasmic male sterility (WA-CMS) system of Oryza
sativa L. subsp. indica. BMC Plant Biol, 10: 39

Fujii S, Toriyama K (2009). Suppressed expression of RET-
ROGRADE-REGULATED MALE STERILITY restores
pollen fertility in cytoplasmic male sterile rice plants.
Proc Natl Acad Sci USA, 106 (23): 9513-9518

Fujii S, Toriyama K (2005). Molecular mapping of the fertility
restorer gene for ms-CW-type cytoplasmic male sterility
of rice. Theor Appl Genet, 111 (4): 696-701

Hu J, Huang W, Huang Q, et al (2013). The mechanism of
ORFH79 suppression with the artificial restorer fertility
gene Mt-GRP162. New Phytol, 199 (1): 52-58

Hu J, Wang K, Huang W, et al (2012). The rice pentatricopep-
tide repeat protein RFS5 restores fertility in Hong-Lian
cytoplasmic male-sterile lines via a complex with the gly-
cine-rich protein GRP162. Plant Cell, 24 (1): 109-122

Huang W, Hu J, Yu C, et al (2011). Two non-allelic nuclear
genes restore fertility in a gametophytic pattern and en-
hance abiotic stress tolerance in the hybrid rice plant.
Theor Appl Genet, 124 (5): 799-807

Huang W, Hu J, Zhu R, et al (2012). Research and develop-
ment of Honglian-type hybrid rice. Sci Sin Vitae, 42 (9):
689—698 (in Chinese) [3% 30, H4L, A 1L%5(2012).
CERRAOKTEIIB L S KRR, s EB R d R,
42 (9): 689-698]

Huang W, Yu C, Hu J, et al (2015). Pentatricopeptide-repeat
family protein RF6 functions with hexokinase 6 to rescue
rice cytoplasmic male sterility. Proc Natl Acad Sci USA,




8 TP L PR

112 (48): 14984-14989

Li S, Yang D, Zhu Y (2007). Characterization and use of male
sterility in hybrid rice breeding. J Integr Plant Biol, 49 (6):
791-804

Li XM, Zheng YL, Zhang FD, et al (2002). RFLP analysis for
mitochondria genome of CMS rice Honglian type. He-
reditas Beijing, 22 (4): 201-204 (in Chinese with English
abstract) [Z=/NW, K EE, 5K 77 2R 45(2000). Z03% B4 40 Y
FUHEMEA B K FG LR BLRDNA IRFLP A . 184%, 22 (4):
201-204]

Luo D, Xu H, Liu Z, et al (2013). A detrimental mitochondri-
al-nuclear interaction causes cytoplasmic male sterility in
rice. Nat Genet, 45 (5): 573-577

Mackenzie S, Mclntosh L (1999). Higher plant mitochondria.
Plant Cell, 11: 571-586

Peng HF, Qiu ZG, Chen XH, et al (2006). Pollen fertility and
cytological observation of a thermosensitive genic male
sterile line of non-pollen type XianS in rice (Oryza sativa
L.). Acta Ecol Sin, 26 (7): 2321-2327 (in Chinese with
English abstract) [s2F06, R E, FEHERESE(2006). T
ek T K G % A B AR RIS 8 R L5 440 2
8RR, 26 (7): 2321-2327)

Peng X, Wang K, Hu C, et al (2010). The mitochondrial gene
orfH79 plays a critical role in impairing both male game-
tophyte development and root growth in CMS-Honglian
rice. BMC Plant Biol, 10: 125

Qin X, Huang Q, Xiao H, et al (2016). The rice DUF1620-con-
taining and WD40-like repeat protein is required for the
assembly of the restoration of fertility complex. New
Phytol, 210 (3): 934-945

Sasahara T, Katsuo K (1965). Studies on the cytoplasmic
difference among rice varieties, Oryza sativa L. 1. On
the abortive pollen of Fujisaka No.5-type plants with the
cytoplasm of Chinese wild variety, Oryza sativa L. f.
spontanea. Jap J Breeding, 15 (3): 191-196 (in Japanese
with English abstract) [{6& 5K, 515 (1965). fig D
M 2 S B S BT 1L BARRRANIE & & O R
FAR TR D RSN I D W T B REEERS, 15 3):

191-196]

Tester M, Langridge P (2010). Breeding technologies to in-
crease crop production in a changing world. Science, 327
(5967): 818-822

Touzet P, Meyer EH (2014). Cytoplasmic male sterility and
mitochondrial metabolism in plants. Mitochondrion, 19:
166—-171

Wang Z, Zou Y, Li X, et al (2006). Cytoplasmic male sterility
of rice with Boro II cytoplasm is caused by a cytotoxic
peptide and is restored by two related PPR motif genes
via distinct modes of mRNA silencing. Plant Cell, 18 (3):
676687

Wise RP, Gobelman-Werner K, Pei D, et al (1999). Mitochon-
drial transcript processing and restoration of male fertility
in T-cytoplasm maize. J Hered, 90 (3): 380-385

Yi P, Wang L, Sun Q, et al (2002). Identification of mitochon-
dria chimeric gene related to Honglian cytoplasmic male
sterile rice. Chin Sci Bull, 47 (2): 130-133 (in Chinese)
[5F, FEHI, FMEPE45(2002). L05E R0 M5 EVER &
LR LA AR R A B R ) R L. RLF@ R, 47 (2): 130-
133]

Zhang G, Bharaj TS, Lu Y, et al (1997). Mapping of the Rf-3
nuclear fertility-restoring gene for WA cytoplasmic male
sterility in rice using RAPD and RFLP markers. Theor
Appl Genet, 94 (1): 27-33

Zhang H, Che J, Ge Y, et al (2017). Ability of Rf5 and Rf6 to
restore fertility of Chinsurah Boro II-type cytoplasmic
male sterile Oryza sativa (ssp. japonica) lines. Rice, 10: 2

Zhang QY, Liu YG, Zhang GQ, et al (2002). Molecular map-
ping of the fertility restorer gene Rf-4 for WA cytoplasmic
male sterility in rice. Acta Genet Sin, 29 (11): 1001-1004
(in Chinese with English abstract) [5K#52, XI#EE, 54
BUEE(2002). IR 7K 40 L A A 5 W SR SR LRI R A4
R Fhmic B . 845 244, 29 (11): 1001-1004]

Zhu'Y (1979). Studies on male sterile lines with different cy-
toplasmic types in rice. Acta Agron Sin, 5 (4): 29-38 (in
Chinese) [AHEE(1979). /KFEAS R4 H 7 S84 b 1k R
B R FLAFDFR, 5 (4): 29-38]




RIA B KR A0 M SRR AN B S B AP ST Ut 9

Research progress of cytoplasmic male sterility and fertility restoration
in rice (Oryza sativa)

LIU Shi-Feng', CHEN Qian', HONG Guang-Cheng', HU Jun®, QIN Xiao-Jian"’

'Chongqing Key Laboratory of Molecular Biology of Plants Environmental Adaptations, College of Life Sciences, Chongqing
Normal University, Chongqing 401331, China
“State Key Laboratory of Hybrid Rice, College of Life Sciences, Wuhan University, Wuhan 430072, China

Abstract: Cytoplasmic male sterility (CMS) is a widespread phenomenon in plants. It is mainly characterized
by the absence of functional pollen resulting in abnormal fertilization and fruiting. CMS is caused by cytoplas-
mic genes in plants that exhibit male sterility. Recent studies have shown male sterility caused by CMS genes
are genetically bound to mitochondria. Accordingly, genes in the nucleus are present to encode a protein which
restores pollen sterility, and these genes are known as fertility restorer genes (Rf genes). Furthermore, the pro-
duction of hybrid rice depends on the discovery and utilization of CMS and it is also an effective way to in-
crease crop production. So far, the mechanism of CMS and fertility restoration were uncovered deeply in rice.
This paper mainly introduces the progress of rice CMS genes and the mechanisms of CMS and fertility resto-
ration, which may be provide a reference for revealing CMS and fertility restoration mechanism of other crops,
and new ideas for the cultivation of hybrid rice.

Key words: cytoplasmic male sterility; fertility restoration; nucleus-cytoplasm interaction; molecular mechanism
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