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Genetic Analysis of Ear-related Traits in Maize
by Using Joint Analysis of Multiple Generations
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Abstract ; Traits related to maize ear are very important yield component traits. In this paper,inheritance of 6
ear-related traits was analyzed by the joint segregation analysis of a mixed genetic model of major gene plus polygene
in six generations (P,,P,,F,,B,,B,,and F, ) derived from cross 095 x [.26. The result showed that, kernel row of
ear, ear weight and grain weight were fitted by one additive major gene plus additive-dominance polygenes model
(D-2) ; Ear diameter and 1000-kernel weight were fitted by two additive-dominance-epistasis major gene ( B-1)
model ; Bald tip length was fitted by two additive major gene plus additive-dominance polygenes mode ( E-3). Genet-
ic analysis of ear-related traits with major gene plus polygene mixed inheritance model in maize will help to eluci-
date the genetic mechanism of ear characters.
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RN

R FHZEA H A F& 095(P,) FHH BE b 7 i A
B BB PR A T A, B A BT B 5 S R 28
FIFR R 8 452 f Ml s 2R 126 (P,) M # I H ZZ R
2006 4EF F 095 fEFREAS 126 VEACASHLTL F, , 2006
AEAAEHFREFIAE F, 8 1k M52 A 23R4S B, (F, x
P,) B, (F, xP,) F, 4 1A%, 2007 4EF7E P4 i K2
TR TR AKX FIAE P, P, F, (B, B, F, 6
AHEAR, 25 HEARAS R AE 2351 40 40,50 120
120,200 #k . HTA]K HEAS BH5 O T Az 7 ]
L2 MRNE

2R B R A T )5 25 52 AR R K (bald tip
length, BTL) . ##4: (ear length ,EL) F#AH (ear diame-
ter, ED) 7% (kernel rows per ear, KRE) f7Hki %L
(grain number per row, GNR) . T #i # ( 1000-kernel
weight, 1000-KW ) BT (ear weight, EW) | FARR =
(grain weight per plant, GW) ZEH2R AR TEN FrifE
e 4[5 FOK DGR R AT
1.3 BEEEBESN

AR AR T T S W R + 25
AR X P, P, F, B, B, F, 6 it UHEE
MORIEAT G 8 AL 40 ik RS 1 X
FHEF(A) X ERRE(B) ZEH(C) 1 X E 5
EMZ 5 (D) WixT EEE M Z 5K (E) 324 4
A ) M A ABL SR pR X {E ( max-likelihood-values,
MLV) Il AIC( Akaike's information criterion, AIC) {H ,
K5/ AIC (B0 HE N | — 2H 38 5 1R 0 30 (1452
PEKES  Smirnov K556 Fll Kolmogorov K560 5 411
i UL U3 U5 W2 D, ) AR B e A5 0 e gk i e
AR R FOAH R — 20 /Y B o3 o A 2 80, R A 7
RN PR 3 PR KON AL, 7 22 SR GG S8

x1 FEEZEREEMRR

Table 1 Significance test of difference between the parents

1.1

2 ZR5HMH

2.1 FAREREKRE

M2 A SEATEER IR 1 25 5 5 1 o R0 Ah R
(% 1) AIHL, P 25 A (B R RN AT A 55 1Y) 22 57 AR 38
FOK A R AT ER TR R B R B AR
FEAE 6 AMPRR ) 22 5 13K B B 25K OF- | ARG
— L AT
2.2 BERBEMNIEERERESERE

XPREERIFIAC TR BEA TR, TR B
PR BB F ALC (8, ARE AIC fE I/ M I i
PRAGEE 8 ARR (32 2) , W45 PR g Ao it A% A A
TSGR RS T ik 31 W KA B b 1Y)
PR Ay B af it (A5 (6 3) , PR 3 AT, REA T4,
FRHEE | PR E A B AR R R D-2, £5 & 1 i =
B + ik - B2 IPNR AR, 57 1 % E IR
il , EL 32 56 PR TG @ 0, 22 36 R TG b A P 000 5
KL TRLEE (B AR B-1 SR A TG S R —
PE — P ERRRL A W S AR B3, 456 P X
JnbE B + i - Ak LR,
2.3 BESHMT

TEEARH A Z 095 (P,) 54 AR 126
(P) SRR RE 4 ARAT 1) S5l AR B 1) — By L B 43
ASHE KR ITHES T £ 4, oS HcH T
/DAL AR S8 (K 4), HEK4
AT AR 1 X LRI04 0. 0228, 5
PR A 0, F6BN 2 1 X% I IE B 5 2 Xt &=
FEPA RN A — 0. 1228, SRR K 0,55 2 X% 3
SR RTCEM: . ZIE IR R 0. 1678, TPEAL
iR 0. 8784 , IR 22 KPR 2 1E [l ik, kI3t
R AE B, B, F, AR 251y 17.32% . 14.93% Fil
34.10% , T BB ZER A 0, B F- 8 R0 S
I VE I o TR I

HER VI + BRUER x 2 253 Difference
Trait P, P, F,

Fe2 K (em) BTL 1.14+1.21 0.30 +0. 53 1.38 £1.11 3.99
M (em) ED 13.13 £1.42 11.29 £1. 15 15.58 £0. 67 6.34*
474 KRE 16.85 £2.57 13.70 £ 1. 67 18.58 +1.90 6.51*
T-RiE (g) 1000-KW 257.25 +41.05 200. 7 +30. 10 260 +29.76 7.02 %

T (g) EW 66.01 £19. 63 45.26 +17.85 158.50 +41.92 4.95"
HRRFE R (g) GW 53.15 £19.33 36.23 +15.32 143.20 +33. 84 4.34"
K (em) EL 10.60 £1.56 10.19 £1. 94 17.23 £1. 89 1.04
TR % GNR 16.23 £4.72 17.73 £3.94 36.68 +5. 15 1.54

*FRIRME P <0.01 K¥ BRI

“ indicates the different significance at P <0. 01 level
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Table 2 The values of AIC obtained from IECM algorithm
AT FeRK TR FEATAL THIE i Rk
Model symbol BTL ED KRE 1000-KW EW GW
A-1 1592.77 2025. 44 2680. 07 3951. 14 5818. 04 5706. 76
A-2 1604. 09 2177.91 2740. 62 3996. 63 5955. 65 5855. 36
A3 1591. 93 2057.76 2686. 01 3952. 18 5914.26 5810. 79
A-4 1638. 03 2258. 44 2803.91 4035. 84 5967. 03 5863. 05
B-1 1568. 03 1923. 80 2659. 64 3947.90 5754. 90 5627.52
B-2 1590. 99 1971. 59 2667. 90 3954. 13 5753.26 5623.76
B-3 1690. 07 2224.12 2809. 83 4058. 36 6020. 02 5913. 88
B-4 1603. 84 2175.93 2741. 04 3997. 56 5955. 62 5855. 34
B-5 1589. 44 2065. 09 2687.27 3951.92 5914. 59 5811. 11
B-6 1587. 45 2063. 09 2685. 28 3964. 19 5912. 59 5809. 11
C 1567.73 1939. 10 2659. 02 3955. 86 5720. 29 5588.93
C-1 1586. 01 1966. 74 2667. 55 3966. 08 5727.17 5593. 85
D 1574.94 1940. 85 2661. 58 3959. 51 5724. 10 5592. 83
D-1 1567.77 1935. 19 2656. 08 3954. 66 5716. 00 5584. 65
D-2 1565. 77 1933. 18 2654. 08 3952. 66 5714. 00 5582. 65
D-3 1573.52 1933.19 2654. 10 3952. 68 5717.37 5585.75
D-4 1565. 74 1942. 66 2657. 63 3953.42 5715.21 5584. 24
E 1582. 14 1940. 85 2668. 15 3945.73 5733.30 5602. 89
E-1 1570. 25 1936. 39 2662. 60 3950. 13 5723. 14 5592. 85
E-2 1596. 20 1961. 14 2670. 36 3967. 45 5734. 68 5601. 32
E-3 1565. 57 1948. 65 2661. 26 3969. 99 5724. 66 5592. 31
E-4 1590. 20 1969. 00 2669. 45 3967. 98 5729. 04 5595.73
E-5 1592. 21 1958. 04 2666. 85 3963. 46 5731. 14 5597. 81
E-6 1592. 21 - - 4184. 20 5746. 24 5594. 35
N R iZ R AIC B:/)MBE Underlined is the minimum AIC value for that trait
£3 6 MEMBIERVEEFERNESHERRE
Table 3 Test for goodness of fit about genetic models of 6 ear traits
LERN A AL 0 0 " W D,
Trait Model Generation :
FeRK E-3 P, 2.559(0. 1096) 0.630(0. 4273) 9.127 ™ (0. 0025) 0.5703 " 0.2279 "
BTL F, 2.670(0. 1023) 1. 653 (0. 1986) 1. 408(0.2354) 0. 3501 0. 1600
P, 0.679(0.4101) 2.890(0.0891) 13.028 * (0. 0003) 1.2382* 0.3390 "
B, 1.176(0.2782) 1.650(0.1990) 0.879(0. 3484) 0. 2403 0. 1151
B, 4.0257 (0.0448) 6.029" (0.0141) 4.208 " (0.0402) 0.7313" 0.1590 "
F, 1. 129(0. 2880) 0.449(0.5029) 2.060(0. 1512) 0. 3022 0.1076 *
Pyl B-1 P, 0.724(0.3947) 0.656(0.4179) 0.003(0.9554) 0. 1090 0. 1131
ED F, 3.465(0.0627) 0. 879(0. 3485) 11.965 ** (0. 0005) 0.9301 * 0.2795*
P, 0.041(0. 8395) 0. 002(0.9603) 0.343(0.5584) 0. 0498 0.1039
B, 0.662(0.4157) 0.010(0.9212) 12. 588 ** (0. 0004 ) 0. 4460 0.1110
B, 2.639(0.1043) 0.392(0.5313) 14. 342 ** (0. 0002) 0.7287 " 0.1801 "
F, 2.002(0. 1571) 0.726(0.3940) 4.290 " (0.0383) 0. 4864 * 0.1033 "
HATEL D-2 P, 0. 164 (0. 6852) 0.316(0.5743) 0. 458(0. 4984 ) 0.5947 0.3187*
KRE F, 0.585(0.4443) 0.671(0.4126) 0.099(0.7531) 0.4190 0.2048 "
P, 0.010(0.9212) 0.261(0. 6093) 5.893 " (0.0152) 0.7123 " 0.2958 "
B, 1.629(0.2018) 1.009 (0. 3151) 0. 856(0.3549) 0. 8466 * 0.2128 "
B, 0.033(0. 8565) 0.016(0. 8988) 0.037(0. 8480) 0.6723 " 0.1799 *
F, 1.096(0.2951) 0.234(0. 6284) 4.493 7 (0.0340) 0. 9504 * 0.1678 "
HE D-2 P, 0. 347(0. 5560) 0.012(0.9125) 7.398 ** (0. 0065) 0. 2456 0. 1470
EW F, 0.928(0.3354) 2.061(0.1511) 4.047 7 (0.0443) 0. 2403 0. 1543




1008 Ui wofE WOl % 13 %
PR FLHY AR v 0 v W D,
Trait Model Generation
P, 0.029(0. 8651) 0.429(0.5123) 10. 754 ™ (0.0010) 0.2716 0. 1467
B, 0.870(0.3509) 1.122(0.2895) 0.389(0. 5326) 0.1983 0. 1050
2 0.190(0. 6633) 0.167(0. 6824) 0. 002 (0. 9604 ) 0. 0469 0.0519
F, 0.237(0. 6265) 0.654(0.4185) 1.824(0.1768) 0.1034 0. 0562
PR D-2 P, 0.245(0. 6203) 0. 004 (0. 9484) 2.756(0.0969) 0. 1224 0. 1347
GW | 0.486(0. 4855) 1.381(0.2399) 3.999 * (0. 0455) 0. 1670 0.1217
P, 0.017(0.8974) 0.433(0.5105) 9.808 ** (0.0017) 0. 2440 0. 1408
B, 0. 544(0. 4608) 0. 883(0.3474) 0.814(0.3670) 0.1505 0. 0822
B, 0.108(0. 7424) 0. 095(0.7576) 0. 001 (0. 9692) 0.0305 0. 0455
F, 0.131(0.7177) 0.479(0. 4888) 1.873(0.1711) 0.1050 0. 0560
TRiTE B-1 P, 0.277(0.5988) 0.084(0.7721) 0.773(0.3792) 0.2108 0.1945
1000-KW F, 0.158(0.6915) 0. 009 (0. 9234) 1.329(0.2491) 0.1260 0. 1498
p, 1.623(0.2027) 1.012(0.3144) 0.827(0.3632) 0.3121 0.2058
B, 1.588(0.2076) 1.255(0.2625) 0.159(0. 6901) 0.2728 0.1021
B, 1.729(0. 1885) 1.307(0.2529) 0.270(0. 6033) 0.4190 0.1238
F, 2.392(0. 1220) 3.110(0.0778) 1.133(0.2871) 0.3623 0.0845

U, 2 U, U2 A ST R 43 5, W2 Smimov K885+ ; D, 4 Kolmogorov KB4t ;, W2 (P <0. 05) A1l FAE N 0. 461, (P <0.01) 19
MG FE R 0. 7435 * FIRFE P <0.05 /K- LR BE,; ™ FRFE P<0.01 KV LEFBE

U,%.U,? Us2are the statistic of Uniformity test;

el. The critical of ,W?is 0.743 at 0. 01 level. * indicates the different significance at P <0.05 level. ** indicates the different significance at P <0.01 level

n

R4 EAEBERNEESHMGITE

Table 4 Estimates of genetic parameters for ear characters in maize

W2is the statistic of Smirnov test; D, is the statistic of Kolmogorov. The critical of , W?is 0. 461 at 0. 05 lev-

AR S8 FEA T4 KRE FEE EW Bk R GW FiHL ED TR 1000-KW  FRK BTL
Generation Parameter D-2 D-2 D-2 B-1 E-3
d, 0.5012 5. 6035 0.0228
d, 0. 4967 0.5971 -0.1228
h, 0.7813 7.9241
h, 0.7816 8.0031
i -1.5065 3. 2080
Jab -0.0779 ~7.4809
Jba -0.0731 -2.5381
1 -0.0252 -6.2226
h
d 1. 2870 25.4179 22. 4706
h/d 0 0
[d] 0. 1887 -21.8507 -19.3873 0.1678
[h] 3. 5760 106. 2503 101. 0590 0.8784
[i]
[i]
(1]
B, o’ 5.2280 937. 6124 752. 5239 0.7916
o, 0. 0526 14.7377 10. 7225 0.1371
o7, 1. 0086 50. 1801 127.7181 0
a2 4.1668 872. 6946 614. 0833 0. 6545
h2, (%) 1.01 1.57 1.42 17.32
b2 (%) 19.29 5.35 16.97 0
B, o 5.7210 1500. 3298 1217. 8705 0. 7694
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AR SR T4 KRE THE EW Bk GW T ED TFRIE 1000-KW  F43K BTL
Generation Parameter D-2 D-2 D-2 D-2 B-1 E-3

o2, 0. 2051 627. 6352 549. 1500 0. 1149
o’ 1. 3491 0 54. 6372 0
o2 4.1668 872. 6946 614. 0833 0. 6545
hl (%) 3.59 41.83 45.09 14. 93
h2 (%) 23.58 0 4.49 0
F, o’ 8. 6842 1839. 9028 1553.9203 0.9931
o 1.9516 416. 1128 313. 8567 0. 3386
o, 2.5658 551. 0954 625. 9803 0
a2 4.1668 872. 6946 614. 0833 0. 6545
hZ, (%) 22.47 22.62 20.20 34.10
2, (%) 29.55 29.95 40.28 0

d, - R a FEBEIMEA 5 d), - FRL b B IMPERON s h, : F50 a B BBV by, FRCb B QRO ;[ d] : BRI ; [ h] : 25K B
B3 FRIEN a b BIIPETLAE ), 0 SEDRUNAES b ST RAE AR ), b SEDUMPE S o REP AL AR ;1 S0 Ak 5 AR AR d L
PRV s h o IR AR b/ d s FIER BAERE ;o) B RA 22 0, AP B REIR EIE R 38 1507 22 s o7, < S0 BS B IR RO 2 L RS 5 07 225 07 BR
Fi7725 0%, (% ) oy B REOR ERERRAL 5 02, (% ) 4y BERERBIOR 2 BE IR A% 3 [ ] 2 B Rk S5 M PE B4R [] : LR 5 B 54
(1] : ZHD WS R

d, refers to the additive effect of major gene a;d, refers to the additive effect of major gene b;h, refers to the dominant effect of major gene a;h, refers to
the dominant effect of major gene b; [ d] refers to the additive effects of minor genes; [ h] refers to the dominant effects of minor genes ;i refers to the inter-
action of additive effects between major gene a and b;j, refers to the interaction between the additive effect of major gene a and the dominant effect of ma-
jor gene b;j, . refers to the interaction between the additive effect of gene b and the dominant effect of gene a;l refers to the interaction of dominant effects
between the 2 major genes,d refers to the additive effect of major gene;h refers to the dominant effect of major gene;h/d refers to the degree ofdominance
of major gene; 0' refers to the phenotypic variance of groups; O'mé refers to the genetic variance of separation groups’ major gene;o‘ig refers to the genetic
variance of separation groups’ minor genes;a?” refers to the environment variance;h?, (% ) refers to the heritability of separation groups major gene; hﬁg

’ V'mg

(%) refers to the heritability of separation groups’ minor genes, [ i] refers to the additive-additive interaction of minor genes;[j] refers to the additive-

dominant interaction of minor genes;[ 1] refers to the dominant-dominant interaction of minor genes
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