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Gene effects and heterosis of yield components in wheat ( Triticum aestivum L.)

YAO Jin-bao, YANG Dan, ZHOU Miao-ping, MA Hong-xiang, YANG Xue-ming
(Jiangsu Academy of Agricultural Sciences/Key Laboratory of Jiangsu Province for Agrobiology, Nanjing 210014, China)

Abstract: To improve the selection efficiency for yield components in wheat, the gene effects and heterosis of kernel
number per spike (KNS) and thousand-grain weight (TGW ) were studied. Seven winter wheat parents with diverse KNS
and TGW were crossed by a 7x7 complete diallel crosses ( Griffing’ s method IT). Parents and their 21 crosses were grown
in a randomized complete block design experiment at two sites during 2013-2014 growing seasons. The inheritance of KNS
and TGW was in agreement with the additive-dominance model, and the dominant gene effects playeda predominant role in
the genetic variation of the two traits. The degree of dominance was superdominant. Alleles controlling more KNS and high-
er TGW were dominant. The average narrow sense heritabilities of KNS and TGW at two locations were 54.00% and
63.17% , respectively. Both KNS and TGW showed positive average heterosis and heterobeltiosis, with a great range of
variation, and significant differences in magnitude of the heterosis were observed among genotype, location, and genotype x
location interaction.
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Table 1 Averages for number of kernels per spike and thousand-grain weight in different crosses at two sites
aa TR TR
s 2B fEiT (R
Py xP, 38.07+1.48 36.33+0.87 38.97+1.06 41.30+1.67
P,xP, 32.37x1.40 28.63+1.01 39.00+1.35 39.40+1.00
Py xPs 40.10+0.26 34.57+0.57 44.70+1. 14 43.23+1.12
P,xP, 43.10+0.36 37.90+1.87 45.30+0. 10 42.80+1.40
Py xPs 40.23+1.70 33.43+0.23 43.27+1.42 42.23+0.38
PgxPg 32.20+1.59 33.57+1.06 44.07+1.92 38.43+1.88
P, %P, 35.60x1.14 37.20+1.71 40.33+1.10 38.07x1.75
P, xP, 41.60+1.44 37.13+0.76 38.03+1.23 42.73+1.24
P, xP; 46.90+0. 56 41.13+0.90 44.70+1.48 46.17+1.04
P, xP, 47.87+1.46 46.40+1.21 42.50+1.47 42.40+1.25
P, xPs 41.40+1.59 38.60+0.62 42.10+2.51 43.70+1.04
P, xPg 34.20+1.80 33.30+1.39 41.33+0.85 39.90=0. 66
P, xP; 38.20+1.04 41.90+1.18 42.87+0.42 41.87+0.81
P, xP; 36.27+1.26 37.73+1.27 48.37+£0.25 44.63+1.76
P, xP, 43.93+0.72 41.90+0. 82 44.30+0. 89 42.80+0.72
P, xPs 39.90+1.25 38.90+1.77 46.17+1.17 44.47+0.31
P, xPy 36.07+1.06 33.70+0.75 44.13+0.42 41.27+0.50
P,xP; 32.07+1.25 37.10+1.67 42.80+2.17 42.63+0.25
PyxP, 44.93+1.24 41.10+1.47 49.27+0. 64 48.03+1.45
Py xPs 36.90+1.97 35.23+0.21 47.87+0.61 47.50+0. 66
Py %Py 42.20+1.87 35.93+0.78 48.60+0.92 44.37+1.40
PyxP; 36.47+2.04 34.50+1.18 50.33+2.08 46.43+0.38
P, xPs 43.23+1.95 39.07+1.74 43.67+0.31 46.40+1.51
P, xPg 40.33+1.43 43.37+0.55 44.30+1.37 40.70+2.02
P,xP, 45.47+1.40 41.63+2.12 44.33+0.51 41.47+1.45
Py xPg 34.00+1.11 30.77+0.84 43.80+0.46 46.20+1.71
PsxP; 42.80+0.53 37.13+1.20 44.67+2.32 41.00+2.31
Py xP; 42.67+0.45 38.03+1.07 43.60+1.97 39.60x1.60
- 39.61+4.51 37.36+3.93 44.05+3.02 42.85+2.69
P, R F 25;P, JRHT 58P, MEZZ 20 P, . ¥fEFZ 33;P5 . 4 2801 ;P - BF 47 22;P, . 12 31,
®2 2 MR RBEABAMTRREN T ESF
Table 2 ANOVA for kernel number per spike and thousand-grain weight at two sites
TR ThL TR
s T i it it e
MS F MS F MS F
X4 2 0.65 0.35 3.76 2.76 4.15 2.50 1.92 1.12
HE R Y 27 61.00 32.45™ 46.26 34.02 27.45 16.54™ 21.68 12.68 ™
HLiR 54 1.88 1.36 1.66 1.71

RN R IR FE IR (P<0.01) ,
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Table 3 Regression analyses of covariance ( W) on variance (V)

for kernel number per spike and thousand-grain weight at

two sites
- FERERLEL TR
L[pss (B L[pss [2p
a -1.136 -4.145 -0.642 0.048
b 0.581 0.719 0.674 0.541
tao 0.364 1.750 0.507 0.050
Lo 3.413" 4.040 ™ 3.950 " 3.208 "
Ly 2.460 1.572 1.907 2.420"

AR 22 3k 3 (P<0. 05) FIRR K- (P<0.01) . a.
b 43 IR AR AN S R A e, 0 AR @ 50 25 WM 1,08
K b 50 220 WEM 1, NI b 51 225 BFM,

2.1.3 EABBRHELARG A AZLER T &5
Ao B AR, AR R R L KR AR R
AARER BRSO N, Hrh iz 33 41 2801
BRSO, A I 2 0 Rt 25 VBT
58 Ml B, R F RN KL, HE 2 0T

e 20 BAT 2 1A TR D g A% A A
A 6 AN EATE 2 AN R S B R
PESER AN e 4 — 8, iR S nl o, B RO &R
FITFRL BB B SR AR (Y,) 5 W, +V, R HIE R 2L
Y5 R OC , 2 B A AREORE BOR TR BT 19 352 15 R
By v 52 8 A e DR A o, ARG AL 52 b 6 R 2 ol
A5 AN S DR 0T 5 R ORI TR o R G Ak A
JH B 358 DAL U Dl 3

x4 THRE W+V, MW -V HFES(FRA)

Table 4 ANOVA for W + V_ and W_-V_ of thousand-grain weight

in Nanjing experiment

E B

IR (dn (us)
Wr+Vr AR ] 6 34.70 2.16
NEEARR 14 16.06
Wr-Vr O3 SRR ] 6 6.84 0.80
AHGEAN 14 8.55

W AV, IR AR R BN B I 22 RI5 22

250 A W2=173117, 157 B W2=9.7807,
10
. . 5525
S = 5
- JH2801
0 -
ME#33
_5 1 1 1 1 1 ] _5 1 1 1 J
0 5 10 15 20 25 30 0 5 10 15 20
V. V.
E1 7EE(A).ER(B)IXSSEAY WAk V.WEIEEZ
Fig.1 Regression of W, on V. for kernel number per spike in Sugian (A) and Nanjing (B)
W2="1.442V, W?2=4.543V
—_ 51 -
9r A W.=-0.642+0.674V, B W =0.048+0.541V WE33 o
4t A3 -2
' k25 a2
3r -
- 5 . A d
= = 4158 .
3 2 12801
1 1 § -y
- MEZ20 HEF20
-1 I I I I | 0 L L L !
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Fig.2 Regression of W, on V. for thousand-grain weight in Suqian (A) and Nanjing (B)
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®5 BENBEMTHRENEESEMEE

(FE RS, BB SS M mte , ARORL SO Tk
JFHE ) H,/4H, {534 <0. 25, 3@ B 35 2 v B Fokr 500R
T ST P ek R S 7 3 R 43 A AN KRR 5 Fl
Btk RN Z He [ (4DH,)"? +F1/[ (4DH, )" -F %)
Rr<1 AL I EAS ) B SE R R T P 3 [
WA R AERLECRN TR BT 7R 2 Ml R P 348
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Table 5 Estimate of genetic parameters for kernel number per spike and thousand-grain weight

s n TR TR
i M T M
D 16.676+2.873 ** 9.300+1.897 ** 6.859+1.465** 3.971+0. 882 *
-1.794+6. 893 -0.188+4. 551 -1.220+3.514 -3.581+2.117
H, 49.015+6.917 ** 38.959+4. 568 ** 17.043+3.562 ** 12.683+2.124 **
H, 45.705+6.095 ** 26.705+4.025 ** 11.448+3.107 ** 10.617+1.872
h? 25.699+4.094 ** 42.015+2.703 ™ 17.020+2. 087 ** 21.556+1.257
E 0.635+1.016 0.480+0. 671 0.584+0.518 0.572+0.312
(H,/D)"? 1.715 2.047 1.576 1.787
H,/4H, 0.233 0.171 0.168 0.209
[(4DH,)"?+F1/[ (4DH,)"?-F] 0.939 0.990 0.893 0.597
H3(% ) 47.448 60.555 66.491 59.850
r[ (Wr+Vr), Yr] -0.647 -0.274 -0.744 -0.446

DT 2 s H) A% D5 28 s H, SEA P I 6 38 USSR 5 S 1) @ 255 0 M8 E IR BE 07 255 (H, /D) V2 P ¥ B [ (4DH, )2 +F ]/
[ (4DH,) 12 —F SRR RS RE R Y HSWU;HZ/4H] i{}ﬁ&ﬁﬁ{ﬁ%l&th@J,Hﬂ&lﬁfgﬁ s AR B (Wr V) SEARM R 2507

FZEZH Y SEAME, ™ FIR BRI E K (P<0.01)
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H1e 6 nl DL VA8 A DR B TRE i 7 2 3k
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R ARSI O TE (L, 1 3 W] A RO 3O T4 o
FERBLERZFPLE, BRIy Rl
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o A ZR PO B 32 JE DR 2 A5 A R TR 2R 5 B 05
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Table 6 Heterosis of kernel number per spike and thousand-grain weight

R 8 R S P B BRI H
PRIk A gy AW R B RS P A SRR
(%) (%) HEH (%) (%) HEH (%) (%) HAEH
ok 4L @i 7.97+9.77 -8.13 ~25.86 5 1.2249.60 -15.49 ~19.85 8 16.10+12.22 -7.98 ~35.74 2

ST 11.03+9.60 -8.16 ~25.95 3
TRRE i
B 6.75+4.35

5.73+£5.59 -2.45~18.38 4
0.13 ~14.64 0

5.37+8.19
1.83+5.53

3.53+4.75

-8.35~22.43 5 17.77£13.13 -7.79 ~46.33 3

-6.22~12.60 10 10.08+6.93 -2.41 ~24.80 1

-4.91 ~11.11 5 10.27+4.95 2.66 ~21.78 0
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Table 7 Pooled analysis of variance of super-parent heterosis for kernel number per spike and thousand-grain weight

FARIEL T B
df MS F df MS F
b 1 525.99 26.62 1 73.20 14.64 ™
AR 20 332.25 16.81* 20 117.55 23.51*
e PRI 70 < 20 139.36 7.05* 20 77.17 15.43*
R 80 19.76 80 5.00
* RN E I B E KT (P<0.01)
3 i VETEAN AP S5 F SRR E I R IR 7F
HET™ 177 /N2 LRI R R AR IR RO | 3
3.1 XFNEBHEBRTHNRENEEER FE A 943 IO 91 T AR T DX Sl A R A N A 7

AN 725 35 X6 7N 2 A ERORN TR 5T £ 1 35 1% PR
H SEEVE Y AT THE, ke B
MBI 5 SRR, /N 22 g DR BSORN T o 33 A5 455
il E P AR Ak 2 [ R A T B LU 3
Inamullah 45" 0 55 45 SR B M BLAO 2536, A
IR AE AR /N2 g AR BRI TR BT 2 52 I &4
JSL AR AR RRONE 2 B st AL 500 i A Rl A
FRAXTEE R, ik VB PR X 85/, 3 45 gk Fil A 21
Hussain %2 Akram %5 (OHF ST 45 AT, B2
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PEFD PSR R AR X — W A A — By, (HAE
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PERYEF IR 45 J6 A5 06, Ishag 52 WFSE Ny, TRLT
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