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TEVIHEIEANE (male sterility, MS) 2 RERFHEM Y, HERERKERT, A EGY)
REMIEERC T (AEK), (HMEVESSE KA IEH, BEESZIRHE R 7325 4555, JFaeRkiz A gtk
A RIS . MEHEYITEn K E, ZRKEILE KO FRE L, Hi R R4
W EThRE R AERAR, HATREFBUEIEA TR . HATE T K CEKI 200 20tz EtE A
B RAARN, (HZAE 2 MMAZHEEA T RN GOCRE, KER > AR HETEAS 7 2 [N S LA
FHMLEI A TE 2 o

FRORAEMERE R bR SEAEVEDD, A AL MERE a8 B AN AR S R ek & B 2R, 20 STies
KB REE R AR R 100 R B K BT REAEAE L e . A RIEZG A 4 MEw
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1. ERMAAZEE N T REER L AMMERZE 54

E M 1921 4 Eyster B R KB TR TCAER R BEMEA G RAK ms1 UK, CELF-BIT 40
AR HEVEAS B RAARPBEEE R B e Man 4 (GR 1D, HLABR Ms41, Ms42 M Ms44 =/
CAEAE R S5, HEARRBEZA T RALIR (MaizeGDB, www.maizegdb.org) . T4k,
[ A MBI e I AR A AR . EMS 548 B TR ANGERAS, XENEH T R B FOKRR
A E RARARN3A, F— P FE T TR M MEE A B 2 R R o 5


http://dict.youdao.com/search?q=bk:%E5%8F%97%E7%B2%BE

R 1 TR B R LI Gtk e fi

Tablel Maize genetic male-sterile mutants and their chromosome locations

s RN gt ffr B EE BN s RZR REOARGE EE PN
No. Mutants Chr. sites References No.  Mutants Chr. sites References
1 msl 6L [5-7] 22 ms26 1S [24,25]
2 ms2 9L [5,7] 23 ms28 1S [26]
3 ms3 3L [8] 24 ms29 10S [27]
4 ms5 5L [5] 25 ms30 4L [28,29]
5 ms7 7L [5,9-11] 26 ms31 2L [28]
6 ms8 8L [5,12-14] 27 ms32 2L [30]
7 ms9 1S [5,9,15] 28 ms33 2L [31,32]
8 ms10/apvl 10L [4,5,9] 29 ms34 7L [33]
9 msi1 10L [5,9,16] 30 ms36 9L [34]
10 msl2 IL [5,9] 31 ms37 3L [35]
11 msi3 58 [5,9,15] 32 ms38 2L [36]
12 ms14 1S [5,9,17] 33 Ms41 4L [37]
13 msl7 1S [5] 34 Ms42 58 [38]
14 msl8 1 [18] 35 ms43 8 [26]
15 msl9 9 [18] 36 Ms44 4L [37,39]
16 ms20 ND [18] 37 ms45 9L [40]
17 ms21 6 [19] 38 ms47 108 [41]
18  ms22/mscal 7S [20,21] 39 ms48 9L [42]
19 ms23 8S [22] 40 ms49 10 [43]
20 ms24 10S [23] 41 ms50 6L [44]
21 ms25 9 [24] 42 ms52 10 [45]

Hil, &7y %58 ) TR MAZEYEA § RBMRCIE: msl. ms2. ms5. ms7.
ms8~ ms9. msl0/apvl. msll. msi2. msl3. msi4d. msl7. ms22/mscal. ms23. ms25. ms26-
ms30~ ms32. csmdl. macl. ocld. ipel 5. TZIRADRAML = EE K A RITERm K BN, K
B AR =2 (D) s 2T RARR . B FE ms851214, ms 95011, ms22/mscal?01, ms231221,
ms3200, ocld¥F macl®VE . HA, ms8 Fl ms9 WIAEM B A B 75, e FE8E/ ML
KB R IIEEAEFIPY fE ms23 A ms32 w0, Tk BRI B2 A AR DS o 2RI, 28R S A i
AREIEH L, FEOAERAE IR 5 R TE25BER20, 1E ms22/mscal TRARE, 1624
KB AN, TEIHZ AN IEH, FREEE R AR R A DI RE I 4EE K A S
LRI, ocl4 AN T 7R A 20T IAE 25 A0 MU BE i 8 7, AEAE 29 BER B M AFAE RN R
LW ZERARES, FECRDEEAREY), macl FRAZREIEM TS, EHEE 2 LETH
T4 2GS, SEEERMFMERET. (2) WU RRAE: B ms5P),
ms115916), s 49V ms1 70V3 . o, msSy mslly ms14 AL RALENIT K E 1IREY
B ms 17 FAARF M GTEEAR I e (3D JB o 2 Ja RAE : W4T ms 1571, ms 2571, ms 715911,



ms10/apvI™, ms12059), ms13059151, ms25024, ms2612425), ms30282991, csmd1™), ipelBP1%E, H,
ms] WRERETE T 50 ISR/ FBE; ms2 Fl ms7 B/MITFRER B E, SHEEMREE
StH s ms10/apvl T msi3 (/N7 BEJE ECUM 2 T IR H MU TRER)— 2 ms12 /METEERE
I, BRI ms25. ms26 FRANKIILFFHERAELBER B2 H, /MET Y7344
BERUG HPOE B, (H2 AT Z AR R ms25 S0 Z R R R E MR A,
1M ms26 4588 = 40 Ml R BN S BB . X5 T ms30 4625 K & RS M SR, 1180 K
B AT A R B DY AR, ms30 AEIRIE K BRI H - ek BRI g 58 s ER
%, JPERIEHE /MET, BN THEIRE . Aem BRI R R W B =R . AT
PRACR BERES:  JE RIS, A BRI SMEE B RIS RN AELL . A58, N2
BUNMET NSS4 S ANA0 M o B AR =S, ] RE A SR SR S R PE T R R 1 B S R 1Y)
(91, csmd 1 TRAZAARZR I IRE 73 2 T ) A8 1A R o ATk 80 73 28 0 D TE 3 (A AR T AR BRBE 1481, ipe ]
KAL) HWAE SMEER H . IPE1 2 562 M1 50 = A 468 S BE [ T7 BB
Timofejeva <EIXS 244 > FTORMENERZ A E RAMRIEAT 7 4L 2 0 A FISE G0 PRI 56 fJm K
LT 42 NFHEER AN B RARAR, G 22 AU AT RARR . T AR R RASRAN 13
NI R RAAR . A, SEALPEIIR AL T 4 MRE KA RAAR (mscal v ms32. ms8
ocld) WIHTEAIAR T RIRE > R4 AR (ms45) 112 DMFTEAAE R . HAh, Timofejeva %M1
Rk 2T RAR R — BRI A WUSE: TEZRFPESRIE R . TE25 25/ BhiE L . TE20 BEAH I 25
SREETY . AR EE BT R AR (FEILR 2), IXONIOKIEL R B A2 e it 7 25 W .
K2 TREEREA T RRRNARED K

Table 2 Classification of genetic male-sterile mutants in maize

i x® RAK
(Group) (Phenotype) (Mutants)
1. ezt (D NEFRITEZEk ms-si*355, ems71990
R (2) fem B4 A L mscal-ems63131, mscal-ms6064
2¥£§§m EARY vio-ems71924, vio-ems72032
3. AEZIEER (1) 4iME AR ML ems63089, mtm00-06, tcll, ems72063
BEER ) Fxpamipib ocld-mim99-66
(3) H[a] Z 40 fuidE o 1b ems72091
(4) GRHZ 40 i 710 ms*6015, ms32, ms32-ms6066, ms23, ems72063
(5) ZYHZ41H ems63265, ems71777, RescueMu-E03-23
4. AEERL 4.0 EHRAHE
AT o e 2 (1 HE R S S 2 ms8, msS-mtm99-56, RescueMu-A60-22b, ems71884,
ems64486
(2) ZHE AL AR ems71787, RescueMu-P19-47
(3) G2 41 5 48 B it ems71986, RescueMu-C17-32, RescueMu-A60-354
4.2 THEEHRIG
(1) BERR AN TR ms10




ms45-msN2499, ms45-ems64409, csmdl, ms8,
ms8-mtm99-56

2. ERARZESETTERNRES S FHERRER

B 7 T AR A POE R R AN TR A B R 7 1 SE R, 2 AT DNA P HI 2 451
A PCR FEARKI 4> FARCENL 7%, 41 SSR. Indel. CAPS. SNP 25, CL& L K & i ) 3 2
W5, FR4 V2 R T FORBE A & 25 R 1 58 A 5 FE T 9T

ARG, R EMDIRE T AR ATERERNE DA 16 41~ (K 3).

(1) AL ILTER 4 DT AKREAE ER BN SR TIRE M. msl. ms7. ms30 A
ms33. e, msl FER S —~ LBD KE xR T, 58 F KM TEERIR EE: ms7 B
it —A PHD-finger 2R K1, U IT Msl FUKFE PTCI WIRVEIER, 2 5T KR
TR KB ms30 £ gid—A GDSL 5 il (GDSL-lipase), Z 5% £ KALLSMEERI M
Ji 2 BB B, ms33 FEN IS —A GPAT B H, 558 5 KL 254 ) g AR 1t An
TR H T = B2,

(23 [E T H AR K211 Walbot SE56 %8 HE 58 i 3 A R KRAZAS B 586 R 1) 70 B R 3 B8 20 AT = ms8
ms23 Flms32. Forp, ms8 BRI Gud—B-1,3- LIRS 1, v LA R Rfp - FLpE 8 A
(AGP). HEME 2. AWER 4. LR RIMNEILEE LUK ATP B 5 &K% 1 WA E H BAE,
S5 R G S GRS A R P P AT TS A AR AR AR SRR ms23 5 ms32
FPR 73 A4 — > bHLH KRR 1, AR RATHRE 2 hRe ik, 2T E
T R 2 A R R R A 7 AN A o TE ms23 T ms32 SRABMA R SR 2 T A 40 B AN i3k
AT oM 2 T8 I JB 0 4T BB B 2 USRI e A, X S gl MR T ik OF BBk, &
e w BE 0 fu s E 22300,

(3) K EMFALBEA R ILTER 5 DN EKEA G HERF B wEMIIBE T ms9. ms22. ms26.
Ms44 F ms45. i, ms9 B 9mbd— MEY)H 7 R2/R3 MYB K527 18, Z5iiE %
KA R E » FARVER 2 THUE] M AE 2 o ms22/mscal FER s — MR E A (GRX), ms22
RARG = f A, FE25 A MRS 7 AR Al 2021, ms26 DR 9 — AN 40 fifd (. 3%
P450 FKEEH, ~IFEIT CYP704B1 KPR () RIVE R, %5 gl i) & E & T KB N i R o-
FALlE, ZME] A2 5 G ek K8 R B Bk R A — S AR R T AR B . LT
ms26 RALJ5 HTKEENR IR & 52 -3 B e SMBETCVE IEH KBRS, ms45 R b — A 7
WA ST BRI B, P RES S ARG BUS R %3 R RS 5 3 B S EE A RE IR TR R
RALCHIBE I, HIE, ms45 PR KB W70 THLHIHATE . 5 BRI A T 5
RIAE ), Ms44 52— RAEZEEA T RN, Wi —MERERER, ZHEFKREAML

5

(2) JHFIR S SR AR




SRR MEYEA T, T H AT DA ORI BRI R 2, (E KA 7 v B 32N AP,
(4) FHAMSEE = RN 4 DN FRZAEER W FEEFIIEE D HT: oclds macl. ipel FH
ms10/apvl . 5B 5 &K Rogowsky 5256 % 5e &I ocl4 FEKIZwbd— 4> HD-ZIP ZE4¥ s K1,
OCL4 4% BRI K B RITE 2541 M B 1 43 24A0 40 1he), SE [ M K 2440 70 A 0 A2 ) Cande 52
5 = TP macl BRI YRS — AN/ N, ZHLE ST TPD1 FIZKAS TDL1A (1[I A,
FEFEC R E FHA R T A 0 2 R85 0T d AR K A 4 S8 S S = T B ) ipel S
4D —A GMC EALIE R B, 5 ms26. ms45. apvl FLRIZ 5L 24 5 E ALK SNEER
BB RIS 5 R E ) TR I R S S8 % v BE ) ms10/apv] 5 ms26 AL,
Imit— NI (B 3R P4SO KRR A, RWEEIT CYP703B2 FEH KRS, 1ERHLEIELS ms26
Kk, S5E AR K & AR TR A 28— L A ) Ko 1 AR 5 4,

3 CanEN TR EETNTER

Table 3 The genic male sterility genes that has been cloned in maize

FFs 2SR He R R AL EH S 3R
No. Gene name Gene model Coded proteins References
1 ms1, male sterilityl * GRMZM2G180319 LOB/LBD protein 30 (6]
2 ms7, male sterility7* GRMZM5G890224 PHD-finger protein (1
3 ms8, male sterility8 GRMZM2G119265 Beta-1,3-galactosyltransferase (14]
4 ms9, male sterility9 GRMZM2G308204 MYB transcription factor (15]
ms22/mscal, male sterile )
5 GRMZM2G442791 Glutaredoxin (21]
converted antherl
6 ms23, male sterility23 GRMZM2G021276 bHLH transcription factor (22]
) Cytochrome P450 ”
7 ms26, male sterlity26 ZEMMB73 004940 [24]
- monooxygenase,CYP704B1
8 ms30, male sterility30* GRMZM2G174782 GDSL esterase/lipase protein (29]
9 ms32, male sterility32 GRMZM2G163233 bHLH transcription factor (30]
10 ms33, male sterility33* GRMZM2G070304 GPAT protein (32]
Type C non-specific lipid
1 Ms44, male sterility44 AC225727.3 FGT003 P pectiic fip [39]
transfer protein
12 ms45, male sterility45 GRMZM2G139372 Strictosidin synthase [40]
13 Ocl4, outer cell layerd GRMZM2G123140 HD-ZIP transcription factor [46]
macl, multiple archesporial .
14 sl GRMZM2G027522 Small secreted protein legend (471
cells
15 ipel, irregular pollen exinel GRMZM2G434500 GMC oxidoreductase B3]
apvl, abnormal pollen Cytochrome P450
16 GRMZM2G830329 (4]
vacuolationl monooxygenase,CYP703A2
WE: msly ms7 ms30 F ms33 AN S = v B I FOKBR AR HEEAS B 2L A



3. EXRMAZENT TEENRMR

BEE > TV ERIR TS, A AL HEVE AN B R DR A 2 T LERAS B AT, vl e
LA TR R AN OR S A AL A E AN B RO B TR BE 1 kA - A5t FH 21 A SR 2 0 s S RS
TN B IER R I (Ms) FALRRVERZASE R0 5 IR T 2 RENS N T 71
BRI RS N R RIE ) DNA P81 AR T, HASE R (Ms) AREREE SR,
Rl & PR RS R gt s AR (Ms) BURFEPER AR, BRI ERCR IS A B R PEIR,
ARV AN, AAREER (Ms) $cids, BB RER (Ms) B H Thae s e~
30 BRI MCR DO HENE W] & ORI R IR, v BLE A4S« 3X B A5 S 711 ) LR AR 22357,
R A p . AR AR T BREGAE, W PGB v e e s N A
Bpha s, TEIGT BT SRR o RS,

AR, 36 BB A BRI T — FloBn B 4 S b1 A P B R4 2—SPT (Seed production
technology) AR, ZEEHIM T HEEREIAR. 3O6HE BIRE SRR KIEHORHNS, A0t
fiR T EOK B VERZ R AN T B B DR AR S0 ) ALY B R A I IR AEIEROR, KBk
ek BRI 108 H LRI R ML GO E Bbrid R R H G 72—k, B BMEHEALE
i, R REOR, AR TR T R, WK EAE R8I REH B,
KRR HPB . ZFEERKRRALG, P4 S0%MA T RZMT ARLGT6R ) A
50% M ERIF A AT (ZLEBOEM T, BN OISR B X B F 08, IR
OFt TR LB AAE R, H T RIS E MM HIFh . L7015 P R A S MIE
WHEAE R#M T . SPT SR CAAERE WAL, HAE RGP 5 Dk E ., H
A RHARRR LS R B2 feilr, I RV A B B Ms44 1) ve b, et oo
SPT BOAR, fs FL[FRF AL U8 HHHAT R EF BARALAEVEA B &, £ BRSSP A op B A HE N
18391,

AT, ALK EAE SPT HoARIEA b, T 5K ms7 RAAMN ZmMs7 B, Wl 1 —Fb
PR ZIEAFHEARME R, MR AR HIREEMEIEE (ZmAA R Dam) 1% )5 516
Ky A, BRARIE NSRS KBS, (RIS IS0 1 — N EREEFIZEA (Bar), A RORBRE SR fRfr F AN
IR E REIF ISR, HHEEEH 100%EEERN TR EZHEAET R, #r—8HT
ZEAE RN RIS BRI SRR R, SEm TORAFE SR A, 93 E KR
T EZRR 2 R BEOR S

4. HBEERE
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Molecular Mechanism and Application Analysis of Genic Male Sterility in Maize
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Abstract Maize (Zea mays L.) genic male-sterile mutant has been widely studied for its biological significance on
pollen developmental study and commercial value in hybrid vigor utilization. As the development of molecular
biotechnology, several genic male-sterile genes has been cloned and characterized in maize, leading to potential use
of genetic engineering male-sterility in commercial hybrid seed production. Here, we reviewed the progress of
cytological characterization, gene cloning and molecular mechanism of genic male-sterility study in maize, and
potential application approaches of genic male-sterile genes in maize hybrid production is discussed.
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