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Quantitative Genetic Research of Leaf Traits above the Uppermost

Ear in Maize under Different Density Treatments
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WU Yu—jin, LIU Zhi-fang, HUANG Chang-ling
(Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Utilizing three generations, male parent Zheng58(P,), female parent HD568(P,) and the RIL popula-
tion derived from the ZD909 hybrid, to study the genetic characters of different density treatments of leaf traits
above the uppermost ear. The result showed that the environmental factor had a significant effect on the leaf traits,
the density treatments presented some regularities inleaf traits, and the leaf traits had relatively high broad-sense
heritability. The research with joint segregation analysis of the three generations found the leaf area above the upper-
most ear in two environments under medium and high density treatments both fitted the genetic model E-9, however
the low density genetic model in environment I was the E-9 and in environment Il was F-1. And the result showed
that the leaf area above the uppermost ear was controlled by the two inhibited main genes and polygenes additive in-
teraction model, it would be affected by the density difference, and the two model in different situation both played
an important role in guidance on plant architecture breeding in maize.
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Table 1  The phenotypic analysis of RIL population and parents in two environments

2E7K Parent RILFEA RIL population

B [EIN w - -
Environment Trait Density ¥558 HD568 1 A I fhi 1 25 AR H(%)

Mean Kurtosis Skewness CV

I < (em) R 72.1 56.9 65.7+6.4 0.04 -0.52 9.70

rhE 71.8 60.8 66.9+6.9 0.04 -0.42 10.36

R 72.4 59.5 68.0£6.5 0.08 -0.08 9.50

5 (cm) % 9.1 75 8.5+0.9 0.06 -0.47 10.06

R R 8.9 9.3 8.7+0.9 0.22 0.37 10.07

T 8.9 8.6 8.7+0.8 0.22 0.37 9.50

A (0) k2 20.4 17.8 19.34.2 0.16 0.31 21.47

R R 18.9 18.3 19.1+4.4 0.28 -0.08 2321

i 18.0 19.3 18.4+3.4 0.41 -0.20 18.44

M A (em?) %R 489.0 321.8 419.4+3.9 0.32 -0.16 13.96

rh 479.1 4257 438.8+4.2 0.20 0.31 14.39

T R 484.4 384.5 444.8+3.9 0.03 -0.11 13.01

Il M (cm) 1% 4 65.0 61.3 61.4+5.0 0.22 -0.14 8.12

rh 64.2 59.9 60.2+6.0 -0.08 0.00 9.89

T 62.6 60.5 59.6£5.5 -0.58 2.11 9.18

I 5& (cm) i B 7.8 9.2 8.5+0.8 0.02 0.02 9.11

s 7.7 9.8 8.240.9 -0.01 -0.21 11.46

TR 7.6 9.2 8.0+0.9 0.18 1.95 11.09

I (0) IR B 18.6 22.1 19.4+4.1 0.35 0.18 21.25

TR 20.4 23.8 20.9+5.3 0.23 -0.38 25.45

[ 21.3 24.0 21.9+4.8 0.11 0.20 21.76

i A (em?) 1% 4 382.7 4242 390.3+3.1 0.02 -0.17 11.83

rh 374.0 440.1 369.743.9 0.07 -0.18 15.46

T 356.1 416.2 358.7+3.4 0.20 0.08 14.09

T 1920144537 00 at; 1 o 2014 4R 2000 . K[l
Note: | Beijing spring 2014; [l Hainan winter 2014. The same below.

0.18**. -0.15**. 0.77**.
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Fig.1 ~ The correlation between the leaftraitsabove the uppermost ear
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Table 2 The joint variance analysis of population the leaf trait above the uppermost ear
B SRR H LIRS mo5E I £y A
Source DF LL LW LA LS
WO 2 0.86 10.32%% 8.8+ 1.78
7N 1 1444.17%%* 261.58%%* 133.40%* 1070.48%%*
EEA 219 15.72%+ 12.5%% 9.55%x 9.74%%
i " 1 0.57 6.19% 5.07* 1.48
i< 2 48.49%* 63.51%* 40.23%x 82.93%%
XK TR 438 1.03 1.05 0.91 0.94
WEEXFE R 219 3.29%* 2.20%* 1.91%* 2.94%*
PR R 434 0.91 0.90 0.94 0.90
WETT % - 18.65 0.47 14.89 1669.20
I~ SR AE R (%) - 87.62 88.13 86.43 82.85
TE:*24 0.05 K R W& 4 0.01 K R L3
Note: * indicated significant at 0.05 level, ** indicated significant at 0.01 level.
23 WEMMHERMRALEERLEFESHE
x3 REETHIREHEEERAESELE
Table 3 The test for goodness—of—fit about genetic model in low density treatment population
AN FLRIAA RIS ) :
Environment  Mode code  Population vl v v bn
I E-9 P, 041 (052 200  (0.16) 1007  (0.000 039 (3005 003  (>0.05)
P, 024  (0.63) 204  (0.15) 1465 (0.00) 097 (<0.05 005  (>0.05)
RIL 001  (093) 019  (0.66) 191 (017 0.6 (3005 001  (>0.05)
E-8 P, 027 (061) 163 (0200 961  (0.00) 036 (>0.05 003 (>0.05)
P, 0.45 (0.50) 2.51 0.11) 13.97 (0.00) 1.00 (<0.05) 0.05 (>0.05)
RIL 001  (091) 006  (0.80) 208 (0.5 016 (>0.05 001  (>0.05)
E-7 P, 027  (0.61) 163 (0200 961  (0.00) 036 (>0.05) 003  (>0.05)
P, 045  (0.50) 251  (0.11) 1397  (0.00) 100  (<0.05 005  (>0.05)
RIL 001  (091) 006  (0.80) 208 (0.15 016 (>0.05) 001  (>0.05)
I F-1 P, 047 (049 235  (0.13) 1217  (0.00) 042 (3005 004  (>0.05)
P, 001  (0.92) 000 (098 007 (0.80) 007 (>0.05) 004  (>0.05)
RIL 005  (0.82) 028 (059 155 (021) 008 (>0.05) 000  (>0.05)

U U2 U3 Y RN GE T 5 n W2 R Smirnov KB EE T 5 Dn A Kolmogorov K 80 40 11

Note: UI’, U2°, U3* indicated homogeneity test statistic; nW* was the Smirnov test statistic; Dn was the Kolmogorov test statistic.
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Table 4 The test for goodness—of—fit about genetic model in medium density treatment population

w5 BAUE B K

Environment  Mode code  Population ur vz v n Dn
I E-9 P 0.01 0.93) 0.00 (1.00) 0.12 (0.73) 0.07 (>0.05) 0.04 (>0.05)
P, 0.03 (0.87) 0.09 (0.76) 0.34 (0.56) 0.09 (>0.05) 0.02 (>0.05)
RIL 0.01 (0.93) 0.18 0.67) 4.09 (0.04) 0.13 (>0.05) 0.00 (>0.05)
1 D-1 P 0.09 (0.76) 0.21 (0.65) 0.42 (0.52) 0.08 (>0.05) 0.06 (>0.05)
P, 0.03 (0.87) 0.02 (0.88) 0.00 (0.96) 0.11 (>0.05) 0.03 (>0.05)
RIL 0.03 (0.86) 0.03 (0.86) 1.88 0.17) 0.06 (>0.05) 0.01 (>0.05)
E-9 P 0.33 0.57) 0.54 (0.46) 0.51 (0.48) 0.11 (>0.05) 0.05 (>0.05)
P, 0.20 (0.66) 0.18 0.67) 0.00 (0.99) 0.13 (>0.05) 0.03 (>0.05)
RIL 0.01 (0.94) 0.22 (0.64) 2.51 0.11) 0.08 (>0.05) 0.01 (>0.05)
H-5 P 1.21 0.27) 1.80 (0.18) 1.24 0.27) 0.21 (>0.05) 0.04 (>0.05)
P, 0.29 (0.59) 0.34 (0.56) 0.05 (0.83) 0.14 (>0.05) 0.03 (>0.05)
RIL 0.20 (0.66) 0.87 (0.35) 4.06 (0.04) 0.14 (>0.05) 0.01 (>0.05)

*5 BEETAIMREEEFRERIESHRR

Table 5 The test for goodness—of—fit about genetic model in high density treatment population

5 STV I S

ur iy U3 nW* Dn
Environment Mode code  Population

I E-9 P, 0.33 (0.57) 0.23 (0.63) 0.07 0.79) 0.12 (>0.05) 0.06 (>0.05)
P, 5.57 (0.02) 4.32 (0.04) 0.68 0.41) 0.77 (<0.05) 0.02 (>0.05)

RIL 0.68 0.41) 1.85 0.17) 5.04 (0.03) 0.26 (>0.05) 0.01 (>0.05)

E-8 P 15.12 (0.00) 11.75 (0.00) 1.83 (0.18) 1.52 (<0.05) 0.16 (>0.05)

P, 0.00 (0.96) 0.24 (0.62) 3.17 (0.08) 0.25 (>0.05) 0.01 (>0.05)

RIL 4.21 (0.04) 2.03 (0.16) 5.05 (0.03) 0.61 (<0.05) 0.01 (>0.05)

E-7 P 31.12 (0.00) 24.26 (0.00) 3.63 (0.06) 3.07 (<0.05) 0.28 (<0.05)

P, 26.01 (0.00) 25.04 (0.00) 0.07 (0.79) 2.83 (<0.05) 0.02 (>0.05)

RIL 0.00 (0.57) 0.01 (0.92) 6.72 (0.01) 0.23 (>0.05) 0.02 (>0.05)

I D-1 P 0.04 (0.84) 0.10 (0.75) 0.24 (0.63) 0.14 (>0.05) 0.02 (>0.05)
P, 0.08 (0.78) 0.00 (0.99) 1.01 (0.32) 0.08 (>0.05) 0.01 (>0.05)

RIL 0.09 0.77) 0.11 (0.74) 6.15 (0.01) 0.19 (>0.05) 0.00 (>0.05)

E-9 P, 0.00 (0.95) 0.01 (0.94) 0.29 (0.59) 0.13 (>0.05) 0.02 (>0.05)

P, 0.00 (0.97) 0.05 (0.83) 0.97 0.32) 0.07 (>0.05) 0.01 (>0.05)

RIL 0.00 (0.99) 0.47 (0.50) 7.13 (0.06) 0.21 (>0.05) 0.00 (>0.05)

F-2 P 0.19 (0.66) 0.01 (0.90) 1.49 0.22) 0.16 (>0.05) 0.02 (>0.05)

P, 0.01 (0.94) 0.02 (0.88) 0.09 0.77) 0.05 (>0.05) 0.01 (>0.05)

RIL 0.07 (0.79) 0.54 (0.46) 3.59 0.01) 0.15 (>0.05) 0.00 (>0.05)

2.4 FEEMHHEROSREEREESHGT VTR B T M T AR 03845 7 s2 Z2 3 P

i 1 SEA FOPE XS AR 4 N s s G BEY BNE R 2 HRERS (- I ARAL N s PR T Aol =
BRI AR SRIEA AR AT R AR S X RN Z A BRI . IS ECh IR 1 )
M—B SPGB R RIS R-83.622, 22 [ 1438 4% A8 T B DR B A% 38K, sk 22 BE IR 7E
KT FRAA LAY -7.732, HEGEOE, R AU T 2EAT BRI 3% E2E A I
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Table 6 The estimates of genetic parameter of the leaf area above the uppermost ear in low density treatment

—Br s fiiHE  Estimate “BE fliiHA  Estimate
Ist order parameter I I 2nd order parameter I I
413.044 341.380 o’ 4317.619 4136.079

d, - 52.997 07 66.727 1763.211
d, - -43.340 0 2557.090 -
d. - 52.996 o’ 1 693.802 2372.869
L =7.732 52.369 1e(%0) 1.550 42.630
Lae - -43.963 (%) 59.220 -
In - 52.369
Lube - -43.346
[d] -83.622 -

TE :m N REARISE s d, o TR o IAES80 5 ) SRy T2 DR b RIS, 5 o, Sy T2 P ¢ SBT3 . 1y TEHE TR o 1 b 22 [B] 8 _E RS8O0 5 [d] 22
FERINPERY s 07, RIS 2502, W EFER T 2507, WE IR T £ 02 WIRETT 0%, 0 FEEFBE R , N ZERRER, T
SR

Note: m was the population mean; d., d;, d. were the additive effect of main gene a, b, ¢ respectively; i, was theepistatic effect of main gene @ and

b. [d] was the additive effect of polygene. o7, was the phenotypic variance. 07, was the main gene variance. o”,, was the polygene variance. o~

wasthe error variance. h%,,(%) and h’,(%) were main genes and polygenes variance respectively. The same below.

RT HEETHNIMEEEE-ORBBESHMITE

Table 7 The estimates of genetic parameter of the leaf area above the uppermost ear in medium density treatment

N fHHE  Estimate — WS fHHE  Estimate
Ist order parameter I I 2nd order parameter I I

M 441.657 381.238 o’ 4 846.101 3 882.287

b 10.367 23.737 O 92.167 339.755

[d] -26.690 33.051 o 2 173.869 230.942

o’ 2 580.064 3311.591

1(%) 1.900 8.750

(%) 44.860 5.950

*8 BEETHMIMEEEKE-ORBEBESHMITE

Table 8 The estimates of genetic parameter of the leaf area above the uppermost ear in high density treatment

— M B% fHHE  Estimate s fHIHE Estimate
Ist order parameter I I 2nd order parameter I I

M 439.532 365.897 o’ 4976.324 3350.287
L -5.237 18.767 O 41.335 198.574
[d] -49.925 30.030 o 1 667.037 1 136.180
o’ 3267.952 2015.533

(%) 0.980 5.930

(%) 33.350 33.910

3 LS S SRHHOR L SRR 25 SRR 2

A BRI A6 T T 587075 TE PR R 2K
B LR AR AE I I A G B R NI ERAL AR o B L RR A 8 A A,
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