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Genetic Study on Genic Male Sterility of Pepper and Its Application in
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Abstract: Genic male sterile (GMS) and cytoplasmic male sterile (CMS) have widely used in pepper breeding.
GMS is controlled by nuclear genes, while CMS is regulated by both nuclear genes and cytoplasmic genes. The
advanced studies on genetics and application of pepper male sterile in hybrid breeding, the construction of genetic
linkage map, gene mapping, and the development of molecular markers were reviewed, which will benefit the
further researches of genetic mechanism and gene cloning in pepper.
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Table 1 Genic genes of male sterility in pepper

A FEE 27 3k
Gene Character Reference

fems WEMEYI AR T, BRI T LI 5 4624 4540 , AL R G TE K 5 2848 14K 1 i 5 “4526” . Recessive gene, genic female and  [3]

male sterility, pollen shrunken, no starch in pollen, mutant from ‘4526’ .

msl [l PR A% A T L 5 A 24/ H 45 46, JCAE RS s 78IRSk B “All Big’ . Recessive gene, genic male sterility, small and ~ [4]
shrunken anthers, no pollen, mutant from ‘All Big’ .

ms2 ool , AN B BE IR A8 25 9 40 , AE Rk ; 5248 Rk H “ California Wonder’ . Recessive gene, genic male sterility, shrunken  [5]
anthers, aborted pollen; mutant from ‘California Wonder’ .

ms3 Wkl AN R DR s AE 240 L (/R AT At N RIT B AL ST 9878k , 2k 1 * Pasardjishka Kapia 794” . Recessive gene, genic  [6]
male sterility, shrunken anthers with a few of fertile and sterile pollen occasionally; irradiation mutant from ‘Pasardjishka Kapia 794 .

msd Btk AT S RN & A D RN T R F AR s 4899878 14, 5K 1  Pasardjishka Kapia 794”, Recessive gene,  [7]

genic male sterility, anthers reduced slightly with a few of fertile and sterile pollen; irradiation mutant from *Pasardjishka Kapia 794 .

mso6, ootk AN T L TR 25 A 4 /0N 6 B D BT B TERY s 5 msl ~ ms8 ANEEN  FE T 98 4R, R [ ‘Zlaten Medal” . [8]

ms7, Recessive gene, genic male sterility, shrunken and small anthers with few of fertile pollen, nonallelic from msI to ms8,
ms8 irradiation mutant from ‘Zlaten Medal” .
ms9 et B AN B IR 5 v SR IAST 9825 /K . Recessive gene, genic male sterility, y-irradiation mutant. [91

ms10 etk R H 5 EMS B4R 5848 55 msk 551, Recessive gene, genic male sterility, ethyl-methansulphonate (EMS)-  [9]
induced mutant, allelic to msk.

msll etk B R EEEH , EMS #5275 {K . Recessive gene, genic male sterility, EMS-induced mutant. [9]

(mc705)

ms12 Fatk , AN B AL 25/ INTT 4R, TCAERS s OBy 245 /MB T R B A IE R SECRE 5 5 msl Fl ms2 R =B RE  [10]
[1 ‘Gambo’ . Recessive gene, genic male sterility, small and shrunken anthers without pollen due to microspores abnormal

develop after meiotic, nonallelic to msI and ms2; mutant from ‘Zlaten Medal’ .

msl3 B, MEMEARZA B RE 5 B S AN E s B R/ M TR B S S BN s /LK F “CA452-17 . Recessive gene,  [11]

(ms) genic male sterility, complete pollen sterility due to microspores abnormal develop after meiotic, mutant from ‘CA452-1" .
msl4 Bor, TP A% S B IR M A B AR R 8 AE e 45 K s 2 A8 ROl H ‘Kalyanpur’ . Recessive gene, genic male sterility, — [12]

androecium tranformed into petaloid structure, mutant from ‘Kalyanpur’ .
ms15 B, Mt AN 7 B TR e S TR €, LR AE 3 09/ 50% I8 T8y 25 /METF R E 78 SBUOARE s 928 RkA [13]
(ms) ‘CA-960’ . Recessive gene, genic male sterility; dark blue anther is smaller than normal anther for 50%, sterility caused by
microspores abnormal develop after meiotic, mutant from ‘CA-960" .

msk ek, MEVERCAN B IEIA R [ R Y [ SR 2845 . Recessive gene, genic male sterility, natrual mutant from Korea. [4]
Dms Pk I EASE 2 A58k 1 ms5. Dominant gene, genetic male sterility, mutant from ms5. [9]
mscl Btk VRN E EEH 5 msT ~ ms15 W — 5500 R E Y F SR 245K, Recessive gene, genic male sterility, allelic to [14 — 15]

one of ms1 to msl15, natural mutant from China.
msc2 Bk, EPERAS T IE N 5 msT ~ ms15 PRISEASEOL; AR K F P E Y Ying Ge Bai Er”, Recessive gene, genic  [16]
male sterility, allelic to one of ms1 to msl5, natural mutant from ‘Ying Ge Bai Er’ in China.
fins ok, HEVERAN B LD s AL IR AL S A AEZS SRR A A A K HAEAEZS . S7BHOk A RHDR7 . Recessive  [17]
gene, genic male sterility, degenerated corolla, shriveling stament, anther and stigma incompletly develop, anther closed by
long calyex; mutant from ‘Fudijian’ .
S (msms)  AMMLBT-REEAERUMEVEAR T L i — D BT R (S)FI— XA ER T I D (msmes) F R FE ) s A EHEZ BB ML RNR LS5 [13]
M, i FARE . Cytoplasmic-genic male sterile, controlled by a cytoplasm sterile gene (S) and a pair of non-restorer
gene (msms), the sterility is affected by modifier gene and temperature, and high sterility under high temperatures.
(S) rflofl, AMIBRHEEANTE , i — DA T RN S RN B RN AR LA T ATGE , SHEAAE AR, IEW A FEE  [13]
(S)r2rf2 T, ANE M, (HELZ MR E T, 1625 T AT 20% ~ 30% 7] & /643, Cytoplasmic male sterility originally controlled by a
cytoplasm sterile gene (S) and a pair of nuclear sterile gene (msms), male sterile is not stable and interacted between environment
and genotype, sterility expressed in summer, whereas, anthers contain 20% — 30% fertile pollen in winter greenhouse.
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FifRHIZR” FAEF 235 IR &3 1 DDyRe i
PEARE PR 235A, 52— X B A% L 8 (fims S i, RN
NAETEIRAL KER T eSS 25 4n WA b2 B2 R E
ATERE AEEE I B ] AN RETFAE S DI REE B
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2.1 HFHIZA B ERMNEL & HEH S FiricFE

2012 4F, Grzegorz Z5"Vf i oo vk I v R &
F K ms8 28 AL FE G2 AR P4 B b iz 3 A
T SCAR-P2 (4.6 cM) il C2-At5-25900 (34.5 cM)
PRic Z [A], 3 S 5 — YR 8 ORUZ A B8R R o

35 SRS Y Rk i 5 — 3. Ji4h, Lee %507
A0 TR A B PmsMI-CAPS fric ¥ % A B 5
ms N AR AL X Q2 ~ 3 M), Fl H3E
W SCAR bRic A T msl FEH, FIH 3 4~Frid
(Eagg/Mccc,s, Eage/Mctt,,s 1 Ecag/Mtgc,p)E N 1
ms3 L, IF-FF K 145 CAPS FriciE8if GMS3-
CAPS Frit.

22 EEEMEMEHLEP D FIRICHFT L

PR HEE AT K E M B2 — B E
SE R R A5, [R] B 3 A2 3] 46 i ik DR R 20 85 1) 1
P, HE, A 245 RFEBIIARCHIT & 1ok,
Kim 25 ] 2 4> RAPD FRiC [OP,3,400 (0.37 cM).
OW 5500 (8.12 ¢M)] 1 1 > CAPS #7ic’ [AFRF8 CAPS
(1.8 cM)] Xt Rf 3 A HE 47 T 22 . Lee %%
Gulyas Z£ PR I 1 A5 RFEBI(S RFHIEE 5 cM)
i) RAPD F5ic OPT-02/570 JF % Hi 1 4~ STS #ricd
(CRFSCAR)., % 4b, Lee 2558 T Mk 3 201K
2 ¥ 4 (partial restoration), Pr/Pr 5E K118 Ky %
BN, pr/ priERAR R RIS H,
MRFIHZIEHN S RFES, R T 115 pr &
HEBI(HITE 1.8 cM) i CAPS #3ic PR-CAPS Fil 5
3 /™ Rf i 8l /) B ic (OPP13-CAPS, AFRFS-CAPS
1 CRF-SCAR); #4515 Yk ] SSR FricHs Rf 3
PR S L F AR 6 S5 o fk I, i F AF208834 5|
Y15 RfFER B8 45 1 25 R 20.8 M, AH I HL I
AR A T Fhnicii B &,

AN RIS 3 B BB AS B AR S 52
FIBCEEIRIER (QTL) Bl . Wang 25 P EYL (0
K P4 gL E) 1A ERKE QTL, BEMFRE 20% ~
69% (1 FH )y 25, [RINHE A 4 A80% 8/ MY QTLs,
I T Yk P2 PS5 EMTRE PY FI PY3 |
5 52 43 %P AFLP 4 F-FR i £ R 1 OB 4 1
WU AR B PER QTL w128 i EI5 1.3,
6. 8 MEIHE L.

23 = ANEREN B REES S FIRICHFE

TEXS BAUEYE A B s IE o0, i LE A
H A& R WKE R0 DNA ¥ Y10 2% 5, JF
K 5 HEEAE A S E B > Thrid. # R
VPO FHREAR 2> B9 1 F RAPD ARiC i vk K 2 &
TR 1 22 5 B S4181515, K K 1515 bp, If:
H 44k} PCR #rid. EA5ICP"%:FH RAPD



96 FAGHT AR R~ 41

$21%

FRic, J B PP ARIC OPK 7500 OPK 1500 5 4l i S5
MEMERE SE AR SR, 53— DRI OPH, 00 S5 RFE
AP AR A E R, XEIRAEC R cDNA-
AFLP $ AR M TR B AR RV EA B R T 20T
FELRRIIR 158 25 5 F BOFUEST SNP 2. Bk
50 S P RAPD FRic B0 A, DUBUBUIL B 1 v AR B
Z 8A N H[FIRRER 2 8B bR, 0 ik ) 5 b
L AS T R PR B RAPD A BH19-S900,
I 4k SCAR Fr it SS730. 2% [E 3E 4 % ;]
cDNA-AFLP J7i% , MU MEAS B 9 FH 2 HWSS
(] B HRAETS 5N E MRAETS TP 345 FH % 2% 5 TDF
(transcription derived fragment, #% ¢ fi7 4 F ) , i
it B FE R 3R A 865 bp (1) cDNA F¢ 5], H 5 4K &
CP,, FE T4 (4 [R] 5 =5 3k 90%, 1w 44 K CaCP,,
(GenBank 558 GQ999612).

3 BRBL T HR I B T 5 F I B33t 1 [
T

TESRAURE PR 4 5 AL B AL 5T, Z2 705 FhR
ICARTT 2 A # i ), 145 RFLP, RAPD, AFLP,
SSR. SNP, SCAR. CAPS. dCAPS (derived cleaved
amplied polymorphic sequences)¥: ™, Wu 21 %
T 2869 1NFET PCR BOR B TTRHE D 2 [R) PR 9 7y
FHric COSII (single-copy orthologous genes marker),
EATTEA B F A5 B4 2082 0, AL 45
W ATSE . 2009 4F, Wu SFPUREE T (8 271 A4
COSH FRIC I HUABUEBIIE o 3 8k, AR BASURE X 20
E P IF & 1Y SSR ARICA 6241 A, Hirf 190 4
B e 7E 8 A I (http://solgenomics.net) ., Fifi5 B
U PR ZE 000 P A 9 T s Sy BB 0352 4% RT3
U ke b A STl 7 e S AN T o/

35 BT AR 2 1 R B PR A TR A E
(R v R R Al . I, A e 1 SR Bl st
& B 3% A 5 4> (1) Pepper-COSII 3% 4 4] 55 1
A58 R 1) BRBUZE B 3g 1% 151, F)H] NuMex-Rnaky x
BG 2814-6 24524 A 1 F, REAAMEE, th 94 Mk
GUEY, A EREAE 12 A28 B,
SRR 12 g Ak, EBE 2K 1613 cM,
381 A bRic 2, Hor, 271 A~ B ) [ SE R A i
(COSIL), 25 /™ LA i s B PCR S il (4 FR 12
(CAPS/ACAPS, ¥ s  BE R/ 2 57), 22 1K H
Al RELP ARiC, 63 /5K FIBUHEI SSR ARic. (2)

SNU2 % 431 8] : & Lee %' )\ TF68 x C. Habanero
FACH AW F, BEARMEE, i 107 SRR, &
BAEIA 15 D EBRE, & 333 N FAre, BE IR
17615 cM. Hiir, SSR #ric 46 4>, RFLP #ricd
287 >, bnic (Bl g ~F- 3 258 5.3 cM. (3) Pepper-
AC99 H#4i[A . F ] NuMex-RNaky x P1159234 {24
5 F, BERFEE, i 100 SAMARLL AL 32 8 A
424 NrFhrid, Hidb 66 4~ RFLP Fric, Hifth 270
FRic 358 4>, BustZ R N 1304.8 cM. (4) Pepper-
FAO3 #4514 . F] [ NuMex-RNaky x BG 2814-6 4%
) F, BEAA B 100 NAMRZE . B8
720 M43 FARCHI AL, & 139 4~ SSR FRic. 195 4~
AFLP #3iC. 26 /> RFLP Fric #1360 4~ Ho g H5 5k
1Y) PCR FRict, st E 258 1358.7 cM,

4 el

4.1 HARFME

PRI I 55 MEVEAS B PR 0 5 6 PR 2 1Y)
THRIC, SR BUENE A T 2 TR ic i B B A EoR
AR . H TS HRIE T3 20 S HARHEMEA B %
PR (B3] H ATy 1k A A R v B I S T
7% Wi (Solanum lycopersicum) . /K ¥&(Oryza sativa)?5
HAWKEY) , BAUA 1 DMEAE I (ms8)BlE 7 2]
P4 YLt fR I, — A~ YK HE N (RN BE 137 1) Po
kb, B SSRARICARRE 20 cM., A LEiEBIPRIC
5RE DR B 52 A 10354 R AR (HLK 66
ORI RN T Be b i A . DA 3K SEpRICTE
IS IR AN BE A By W IR AR i B e R Y
TB TR A T R H HTIRE R T X RE
WEEAL G & Fh 86 T Bl AT , BRI 7 s ss i
& JE . DRITTT, 5 2 bR X B AN B 3 R R &2
SEPIARG A E AL, T AT PCR AR BS54
0, PR BB F AR B B R EOR 12D

A A R 10 BRI B35 1% P13 , HE A BB 1
ANE MR B AL s e . B B EAF
FEPR RS BE A, E B A R P TR 0 i PR
TTRABYBAEWTIE, 1 A HARAL MR PR 22 8] 1)
VE, T —sk e B E R K . BT, Cf —k
A B PR RSN 4 12 e iR i iR, A
LTI AL A R B T ERECT SO A R R
R Z 1 ThRic, R e 55 T PCR R 1)
SSR ARic 2 B4 COSIARIL, Jydt s AR 58
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Table 2 Male sterile lines and hybrid varieties of pepper in China

eS| B ENCER HAEHh SCik
Type Breeding Unit Sterile line Hybrid Reference
BAE BT R B2 B AB832, AB8021 LM 1 %5 Shenjiao 1 [14 - 15]

Genic male sterility

e Al BB
Hebei Academy of Agricultural Sciences

IR

Jiangsu Academy of Agricultural Sciences

MUFATT

Cytoplasmic male sterility

IR BB B

Hunan Academy of Agricultural Sciences

JIN TGRSR T BT
Guangzhou Vegetable Research Institute

JEATHTER % 0 Beijing Vegetable Center
HRE AR K2 China Agricultural University
LA K2 Anhui Agricultural University

a1 AR R A R STAE 2 A
Sichuan Pepper Seed Co.

W K VB SERL A AFE i
Changsha Vegetable Institute, Hunan

WAL R B

Shenyang Academy of Agricultural Sciences

Shenyang Academy of Agricultural Sciences

AB154 WA 3 5 Shenjiao 3
AB % 03 K 4 5 Shenjiao 4
AB092 WAL 5 5 Shenjiao 5 [40]
AB92 WAL 6 5 Shenjiao 6
AB23 PEHF 12 %5 Shenyan 12
AB09
AB91 FHF4~65 Jiyand~6  [16,40 — 42]
AB91-8909-3-2 HEWF 12 % Jiyan 12
21A M 3 5 Sujiao 3 [43]
8A VLER 5 %5 Jiangshu 5 [44]
17A
9704A HIWF 14 5 Xiangyan 14 [45 —46]
8214A HIWF 16 5 Xiangyan 16
5901 HIWF 20 5 Xiangyan20
TO1-55A W 15 Xiangla 1
9202A I 2 5 Xiangla 2
Wk 4 5 Xiangla 4
33A B 2 5 Layou 2 [47]
18A B 2 5 Jinla2 [48]
S200234A 4K 082 Nongda 082 [49]
97-22A U 65 Anla 6 [50]
Y68A JIHUE AL [51]
Chuanjiaoxianglafei
903A K3 7 %5 Changla 7 [52]
A9911 WHF 13 5 Shenyan13 [53 - 54]
A2013 WHF 14 5 Shenyan14
WHF 16 5 Shenyanl6 [55]
A074-3 WA 18 5 Shenyan18 [56]

ARG | XA T

Some data were cited from Liu Z L, et al™”.
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TR T B [ BARETE AN T R 2858 & Rl Se it
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