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Genetic Analysis on the Restoration of Cytoplasmic Male Sterility with
Mixed Model of Major Gene Plus Polygene in Pepper

WEI Bing-giang, WANG Lan-lan", CHEN Ling-zhi, and ZHANG Ru
(Vegetable Institute, Gansu Academy of Agricultural Sciences, Lanzhou 730070, China)

Abstract: In this study, hybrid of combination of pepper (Capsicum annuum L.) were made with
cytoplasmic male sterility line 8A and it’s restorer line F19. In addition to F; and F,, two parents were used
to explore the restorer genetic pattern of cytoplasmic male sterility by mixed model of major gene plus
polygene. The results showed that the restoration of cytoplasmic male sterility was controlled by two
major additive-dominant epistasis genes and additive-dominant polygenes. The additive effects and the
dominant effects of the first major gene make the restoration add with a value of 0.9314 and 1.1549
respectively, and that of the second major gene make the restoration descend with a value of - 0.5276 and
-0.1930 respectively. The absolute values of the first major gene’s effects were higher than that of the
second major gene apparently. The value of additive effects and dominant effects of polygene were
-2.4038 and 0.1036 respectively, the dominant effects make the restoration add and the additive effects
make the restoration descend. Two major genes exhibited a good heritability with a value of 97.57%, it was
indicated that the restoration could be selected in early generations.
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Table 1 Max likelihood values and AIC values of candidate genetic models for restoration in a cross of CMS 8A x restorer F19

R R RAUSRAEL AIC
Model LMV AIC value
2MG-ADI -197.867 417.7329
2MG-AD -206.217 426.4345
MX2-ADI-ADI - 201.446 426.8926
MX2-ADI-AD -197.681 413.3611
MX2-AD-AD -211.881 433.7624
MX2-A-AD -212.109 430.2181
MX2-AED-AD -212.078 430.1554

P 7 AT — AE S RS (ISP . Smirnov #2%6 A1 Kolmogorov F 511 5 4
Gt Ul U2y U PRI DY) JG, RIL 2MG-ADI. MX2-ADI-ADI I MX2-ADI-AD K4 9
MGt IR R B EKE, MHRBRA 10 Mg Eis 22 /K (8 2). MX2-ADI-AD ] AIC {H
BN, UG R 8Ax K R F19 414 4 MEACE £ 5 MX2-ADI-AD #H7 Fil fic »

MX2-ADI-AD RPNt — S LA PR R + ntE— R 2 S, R HERT AN E
F8A x I F F19 2045 W S 1k st AL LRI oI g bl PRt Itk — S Ptk A M 2 + i — 2 2 0
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Table 2 Tests of restoration data for goodness-of-fit of candidate models in a cross of CMS 8A x restorer F19
i) N
Model Population ' v v 34 Dn
2MG-ADI P, 0.5909(0.4421) 3.0485(0.0808) 16.0538(0.0001) 1.2159(0)™ 0.5593(0.0001) "
Fy 8.9673(0.0027)" 9.611(0.0019)™ 0.6446(0.4221) 2.4235(0)™ 0.2304(0.0865)
P, 1.14(0.2856) 0.0054(0.9417) 14.766(0.0001) " 1.2617(0)™ 0.4176(0.01)"
F, 0.0063(0.9369) 0.0288(0.8652) 0.1386(0.7097) 0.1135(1) 0.0961(0.0921)
2MG-AD P, 1.4441(0.2295) 4.4162(0.0356)°  14.076(0.0002)" 1.287(0)" 0.5927(0)™
Fy 12.0116(0.0005)”  14.3276(0.0002)"  2.9509(0.0858) 2.7137(0)™ 0.202(0.1773)
P, 0.0662(0.7969) 0.6268(0.4285) 17.3349(0)™ 1.1722(0)™ 0.4801(0.0017)"
[ 0.0012(0.972) 0.0156(0.9006) 0.1322(0.7161) 0.1375(1) 0.1012(0.0661)
MX2-ADI-ADI P, 0(1) 1.0937(0.2956) 17.5(0)" 1.1667(0)™ 0.5(0.0009)
Fy 4.1241(0.0423)" 2.9637(0.0852) 0.9584(0.3276) 1.9306(0)™ 0.2918(0.0132)"
P, 0(1) 1.0937(0.2956) 17.5(0)" 1.1667(0)" 0.5(0.0009)
F, 0.0295(0.8636) 0.0761(0.7826) 0.1922(0.6611) 0.1308(1) 0.0833(0.1963)
MX2-ADI-AD Py 0.0027(0.9583) 1.2018(0.273) 17.4932(0)™ 1.1669(0)™ 0.504(0.0008)
Fy 4.1485(0.0417)" 3.0101(0.0827) 0.8998(0.3428) 1.9353(0)™ 0.2911(0.0135)"
P, 0.0027(0.9583) 1.2018(0.273) 17.4932(0)™ 1.1669(0)™ 0.504(0.0008) "
F, 0.0423(0.8371) 0.1346(0.7137) 0.4505(0.5021) 0.1376(1) 0.0714(0.3597)
MX2-AD-AD P, 0.802(0.3705) 0.0141(0.9054) 15.5524(0.0001) " 1.2335(0)™ 0.4309(0.0071)"
Fy 8.4513(0.0036) " 8.6362(0.0033)"  0.2458(0.6201) 2.3563(0)™ 0.2376(0.071)
P, 0.802(0.3705) 0.0141(0.9054) 15.5524(0.0001)™ 1.2335(0)™ 0.4309(0.0071)"
[ 0.0291(0.8646) 0.0477(0.8271) 0.0453(0.8314) 0.1422(0.9999) 0.1097(0.0365)"
MX2-A-AD Py 0.6965(0.404) 0.0345(0.8527) 15.8021(0.0001)" 1.2247(0)™ 0.4356(0.0062) "
Fy 8.1347(0.0043)” 8.1816(0.0042)"  0.1561(0.6928) 2.3256(0) 0.241(0.0647)
P, 0.6965(0.404) 0.0345(0.8527) 15.8021(0.0001) 1.2247(0)™ 0.4356(0.0062)
F, 0.02(0.8875) 0.0615(0.8041) 0.1975(0.6567) 0.1563(0.9995) 0.1141(0.0263)"
MX2-AED-AD P, 0.6774(0.4105) 0.0393(0.8428) 15.8475(0.0001)™ 1.2231(0)™ 0.4365(0.0061) "
Fy 8.0747(0.0045)" 8.096(0.0044)™ 0.1413(0.707) 2.3198(0)™ 0.2416(0.0635)
P, 0.6774(0.4105) 0.0393(0.8428) 15.8475(0.0001)" 1.2231(0)™ 0.4365(0.0061) "
F, 0.1457(0.7027) 0.2877(0.5917) 0.4454(0.5045) 0.1528(0.9997) 0.1195(0.0174)"

T UL U Us? PR ge il i, a2 2 Smirnov KyBGS5ih&: Dy 2 Kolmogorov KM v, *37R7E 0.05 KF b3, »*
FORAE 0.01 KT L3

Note: Uy?, U,%, U are the statistic of Uniformity test; ,/#/?is the statistic of Smirnov test; D, is the statistic of Kolmogorov test. * indicates the
different significance at 0.05 level; ** indicates the different significance at 0.01 level.

23 EESHEMEIT

BAESEAS T RILEEK 3, AHER 8A x KK R F19 414 4 MEARVHE MEI MR ASE m =
2.1098, 5 1 6 FIEIHIINERNY. (do) HWMERN. (hy) 7304 0.9314 F1 1.1549, 3444 Pk 53 1 14
Tne 55 2 %F BRI InTE Y. (dy) 5 BHERN (hy) 20514 - 0.5276 F1 - 0.193, ik &2 M AR
ZEPIIMYERONY. ([d]D) 5 EAERN. (LA 235k - 2.4038 F1 0.1036, IR AL 1R FEAIG, W
PERNAE M PRGN FRERINTE < e EAESOY. (D Sk - 0.1076, @k x BYELAESRY (D h
0.7055, &5 | Xy HFEPR PR, x 55 2 X BRI BPE BAEROY. Gap) 4 0.8292, Ti2H 2 %) 423
BROINME x 85 1 %6 FREPI S E HAERNY. Gpa) 4 0.9281. L8 KFE, 5 10 15D it 258 Fn Bk
SN KT8 2 6 BRI, B 1 0 S TR R I AN A A L LoF R 5 2 X DR 2 £, H
BRNAE AL, T 2R 2 568 A2 BEDR I ONAR R B, B 1) A R DT ) S M RSB A 0 AR LT B 2 5%
TR 6 £, HAANAE M IE, M3 2 X 3L eV A A f1 . 1 2 36 oy ok, |
BONAR R B, DRI, 7R S BRI TS AN 18 2 FE R R AE A

FER TS 25 1.9328, LK U7 22 4 1.8858, - FE KR I H AR mi it isi AL ), 1AL ik 97.57%,
1M 22 3L R 5 2= el Ji¥4 ok 0, KRB 2400 0.047, Ui Wi A2 e AR BE 78 0 R B, F b
AL SR A AR
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#3 FERSAx MER F19HEHMEHER MX2-ADI-AD HEKBESH
Table 3 Estimates of genetic parameters (MX2-ADI-AD) of restoration in a cross of CMS 8A x restorer F19

—HZH Zh %

=94 fli v =X i vHfE

1st order L . 2nd order L .
Implication Estimate Implication Estimate

parameter parameter

m BEAASIE 2.1098 PR TRy % 1.9328
Mean of graduation Phenotypic variance

da 55 1% FHEDR I R 0.9314 g TR 5 7% 1.8858
Additive effects of the first major gene Main gene variance

dy 55 2 % T FEDR I -0.5276 g LR Jy 22 0
Additive effects of the second major gene Polygene variance

ha 55 1% A kO 1.1549 o PETTE 0.0470
Dominant effects of the first major gene Error variance

Iy 58 2 % LD A -0.1930 Hing EER S PudiEa 0.9757
Dominant effects of the second major gene Major gene heritability

i 2 ANEEEEINE x Itk EAES)Y.  The epistemic - 0.1076 7ag 2 PSbudi 0
effect of additive x additive between two major gene Polygene heritability

Jab il DOE s AR s I e SN RTA (AR (2 Vg 0.8292

The epistemic effect of additive of the first major gene x
dominant of the second major gene
Jba 55 2 0 TIEBRIMPERN x 58 1%k e R 1 BAR RN 0.9281
The epistemic effect of additive of the second major gene x
dominant of the first major gene

/ 2 ANFFEEMEE x BT AEMN  The epistemic  0.7055
effect of dominate x dominant between two major gene
[d] ZRINTERLY,  Additive effects of the polygene - 2.4038
[h] Z 3L BPERY  Dominant effects of the polygene 0.1036
3 i

Peterson %5 (1958) fF 5K B FUHEYEA B 2% W 1 0Btk 22850 (msms) F4i L Jie AN G
FER () LS. 17 Novac 55 (1971 #HFURIA G 2 MRS BRI, HHEA TAMY
BAEAER, WX WAL B2 1 AN BHEERE R B E R AEH . Wang 55 (2004) F
FQTL 3 b J7 V2 SN Ky BRAUM T A AN 5 Pk S PRS2 1 0 S RO TR 4 ANk DR I, 32 3R A
AR R IYAZ 5 1) 20% ~ 69%, 4 ANICSCEE DR W] iR R AR 1K) 7% ~ 17%. Wang %5 (2006) 5T
IR R B B MRS AL o, AERHR IR B H %2 3 ~ 4 NBE IR 8, ik T3z
5 ~ 8 Mt T, BHEAMITWEIMAEAT REGWE RN F 2 @SB, fARE MR
ST TERERIITEE T, NESCANAE RIIKE RS A, 050108 45 0P R 5k
oy A, RIONW R BRI (E252% 4, 20100, AWFSCR R ECRMR R +
%2 BRI A AR R AR S A HTid, 36 B BRI HE P E AN B W 1k Rt A AL vl g el e ik —
S LRI + ntE—E 2 RS, XS Novac 2% (1971) MIRFREEHR (ANE MR 2
SRS LR R AL, X5 Wang 25 (2004, 2006) FIBFFTEE S (WEMEZ FHE + £ IL0H
) AHMIZ AL, FEAR RS T RS R

55 1R A2 5 DAL PR 28 A ke A A B S KT 2 56 AR IR o BB o) A R IR Ik RS LT
S 2 XS 2 4%, FHRNAR N IE, TMEE 2 X6 LR It AR Ok B B 4 e 3R IR A S
BN LT AR5 2 0 LR 6 f5, HAUNAE N IE, 0EE 2 6 LR RN A A . wT L, HAR
2 B FEPEE L H 2 06 LR AL O 22 iR, HANAH &, iX 5 Novac %5 (1971) (1
RERNAANFZ A T2 IEF IR, BN, ik, 55BN R ATFAE S
ZHERAEAE . FHER PR 2R, Ul B AR S AR o P S AT RO %
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