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Primary Study on the Relationship Between Differential Gene
Expression Patterns in Roots at Jointing Stage and Heterosis in
Agronomic Traits in a Wheat Diallel Cross

WANG Zhang-kui NI Zhong-fu MENG Fan-rong WU Li-min XIE Xiao-dong SUN Qi-xin
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Abstract The patterns of differential gene expression in roots between hybrids and their parent inbreds in a
wheat 4 x 5 diallel cross were analyzed by using differential display. In order to ensure the creditability ~dupli-
cated PCR was conducted. By using 15 primer combinations a total of 1 241 bands were displayed and
79.97% 992 out of 1 241 can be repeated which showed DDRT-PCR was a useful technique for gene expres-
sion analysis. Four types of differential expression patterns were detected between hybrids and their parents
bands expressed in both parents but not in F; W1  bands expressed in one parent but not in F; and another
parent W2  bands expressed only in F but not in both parents W3  and bands expressed in one parent and
F| but not in another parent W4 . Relationship between differential gene expression patterns and performance
of hybrids and heterosis was evaluated by using data for DDRTs and 10 agronomic traits. Analysis showed that
W1 was negatively correlated with performance of plant height. W1 and W3 were positively correlated with per-
formance of root/shoot. Patterns of differential gene expression were found to be significantly correlated with
heterosis W1 was positively correlated with heterosis in spike length biomass and root/shoot W2 was posi-
tively correlated with heterosis in spike length and biomass W3 was found to be positively correlated with het-

erosis in root/shoot and W4 was positively correlated with heterosis in 1000-kernel weight. These results indi-
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cate that differential expressed genes play an important role in heterosis.
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1.4 cDNA PCR GROSYS
cDNA 20 pl
RNA 2 pg 50 mmot L™! Tris-HCl pH 8.3 75 2
mmol L~' KCl 3 mmot L~! MgCl, 10 mmot L-! 2.1
DTT 50 pmol L' dNTPs 50 pmol
Rnase Inhibitor 20 U MMLV 200 U 37°C  RNA 3 3 5 5
2 h 2 4l 2 15 RT-PCR
PCR PCR mRNA
PCR 20 pl cDNA 1 241 2
2 pl 10 mmol L™' Tris-HCl pH 8.3 200 pmot PCR 992.4
L=!' ANTPs 50 mmol- L=!' KCl 1.5 mmol- L7! 79.97% 73.81% ~ 86.22%
MgCl, 0.001% gelatin 3’ 10 pmol 5’ 1 2 685.7
10 pmol TagDNA 1U 188.5
94°C 5 min 94°C 1 min 40°C 4 min 72°C 1 27.54%
min 1 94°C 45 s 60°C 2 min 72°C 1 min 40 4 Wi
72°C 10 min Fy 2
1.5 w2
PCR 5 11 98% 10 mmokt 3 W3
L-'EDTA pH8.0 0.1% 5 4
min 4% 7 mol L~! W4
1.6
2 2
400 ~ 1 000 bp w4 W3
1 w1 6.74% W2 5.93% W3 4.38%
0 DDRT-PCR A- W4 10.48%
1 cDNA 2 PCR
Table 1 The number and ratio of bands that can be duplicated in DDRT-PCR
Crosses Number of bands can be repeated Ratio % Crosses Number of bands can be repeated Ratio %
3338 x 390 1017 81.95 101 x 390 1022 82.35
3338 x 6554 953 76.79 101 x 6554 972 78.32
3338 x411 942 75.91 101 x 411 1 004 80.90
3338 x 3214 928 74.78 101 x 3214 1 004 80.90
3338 x 8790 935 75.34 101 x 8790 952 76.71
3235 x 390 916 73.81 3338 1 040 83.80
3235 x 6554 936 75.42 3235 1025 82.59
3235 x 411 970 78.16 227 1 040 83.80
3235 x 3214 950 76.55 101 1 020 82.19
3235 x 8790 984 79.29 390 986 79.45
227 x 390 1051 84.69 6554 1 042 83.96
227 x 6554 972 78.32 411 1023 82.43
227 x 411 1 007 81.14 3214 1 043 84.05
227 x 3214 997 80.34 8790 1 070 86.22
227 x 8790 979 78.88 Average 992.4 79.97
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A bands observed in both parents but not in F; W1~ B bands ob-

served only in female parent but not in F; and male parent W2  C

bands observed only in male parent but not in F; and female parent Wi
W2 D bands observed only in F; but not in parents E bands ob- W2
served in female parent and F; but not in male parent F bands ob- w4
served in male parent and F; but not in female parent W1
W3

Fig.  Patterns of differential gene expression between wheat

hybrids and their parents

2 20 !

Table 2 Differential gene expression patterns in 20 different hybrids of wheat

w1 w2 w3 W4 Sum
Crosses % % % % %
3338 x 390 6.26 5.70 4.31 12.10 28.37
3338 x 6554 9.24 5.96 4.02 11.33 30.55
3338 x 411 6.45 5.10 5.55 9.60 26.69
3338 x 3214 9.94 6.27 5.35 10.86 32.42
3338 x 8790 8.57 6.32 5.71 9.02 29.62
3235 x 390 2.53 5.90 1.26 11.80 21.49
3235 x 6554 4.02 4.72 2.22 8.60 19.56
3235 x 411 6.51 5.14 3.33 8.77 23.75
3235 x 3214 7.46 6.72 2.54 9.85 26.57
3235 x 8790 6.53 6.25 4.12 7.39 24.29
227 x 390 4.35 4.62 6.33 14.91 30.21
227 x 6554 3.46 7.35 3.17 10.66 24.64
227 x 411 5.30 5.31 3.94 9.55 24.09
227 x 3214 6.75 4.99 5.58 7.34 24.67
227 x 8790 4.76 5.05 6.64 9.81 26.26
101 x 390 9.10 5.88 5.74 10.92 31.65
101 x 6554 8.81 7.60 2.43 11.70 30.55
101 x 411 7.70 7.71 5.03 11.16 31.60
101 x 3214 7.01 5.05 4.49 12.20 28.75
101 x 8790 10.11 6.94 5.88 12.07 34.99
Averag 6.74 5.93 4.38 10.48 27.54
b wi w2 w3 w4

W1 bands observed in both parents but not in F; W2 bands observed only in one parent but not in F; and another parent W3 bands observed on-

ly in F; but not in parents W4 bands observed in one parent and F; but not in another parent. The same as below
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Table 3  Heterosis in 10 agronomic traits for 20 hybrids
Heterosis of traits
Crosses Tiller Plant Length Tillers/  Spikelets/  Grains/  Grain yield/ 1000-kernel Grain yield/  Biomass/ Root/
number height of ear plant ear ear plant weight spike plant shoot
3338 x 390 2.42 14.89 4.58 3.53 3.28 17.23 -8.03 31.93 25.72 10.82 32.03
3338 x 6554 -1.14 14.76 6.19 14.09 3.92 19.50 3.74 4474 27.36 12.85 79.46
3338 x 411 5.45 10.10 2.81 31.72 2.84 6.09 -6.22 55.40 17.76 -16.41 37.64
3338 x 3214 5.81 0.92 5.93 -0.14 3.18 6.39 13.68 5.57 6.01 -8.88 84.51
3338 x 8790 -14.50 11.63 5.93 -11.93 2.06 2.15 16.44 11.39 27.37 21.72 80.71
3235 %390 -4.04 16.13 -2.50 2.34 1.87 8.08 8.78 13.54 11.03 -12.96 -30.94
3235 x 6554 -2.82 10.47 2.43 5.31 0.45 4.26 15.78 8.46 2.87 20.00 -19.78
3235 x 411 -12.97 6.20 3.41 -6.66 4.10 4.54 -7.55 11.58 19.28 9.88 -30.12
3235x 3214 -23.78 0.38 4.21 -2.22 5.00 4.83 15.32 14.14 16.48 0.00 -6.96
3235 x 8790 6.64 9.15 0.31 6.34 1.26 2.07 18.06 20.05 12.12 11.96 12.47
227 x 390 -4.31 15.26 -4.70 -5.42 -4.58 -4.09 -10.92 6.93 11.23 -10.58 -1.29
227 x 6554 -12.45 11.05 5.48 -1.52 3.21 4.37 7.19 3.11 3.97 6.72 -15.02
227 x 411 -17.05 8.81 1.96 12.50 1.38 -0.34 7.29 21.50 7.25 -21.72 -15.45
227 x 3214 -11.82 7.08 5.22 3.67 0.04 1.24 2.55 11.53 6.90 -44.14 10.19
227 x 8790 -15.05 5.33 0.91 -18.27 -0.61 4.43 9.09 -6.35 14.33 -17.20 -8.18
101 x 390 21.92 8.26 4.07 -5.89 0.39 9.09 8.63 13.00 19.64 11.55 76.46
101 x 6554 -0.74 4.61 7.33 -8.18 0.47 4.65 -1.28 17.72 28.22 -5.92 -3.19
101 x 411 -2.83 2.24 7.11 -1.96 4.79 2.66 2.04 -8.35 -6.54 -38.70 11.29
101 x 3214 3.51 8.78 6.29 -11.91 3.95 2.29 0.19 5.85 20.16 -3.93 70.76
101 x 8790 6.71 2.30 3.1 -2.14 5.52 1.81 14.37 10.07 12.44 4.46 -11.01
Average -3.55 8.42 3.50 0.18 2.13 5.06 5.46 14.59 14.18 -3.53 17.68
4 4 10 !
Table 4  Correlations of various patterns of differential expression in root with hybrid performance of 10 traits in wheat
Tiller Plant Length Tillers/ Spikelets/ Grains/ Grain yield/  1000-kernel ~ Grain yield/  Biomass/ Root/
number height of ear plant ear ear plant weight spike plant shoot
W1 0.430 -0.641" " 0.335 -0.055 0.135 0.070 -0.082 0.171 -0.026 0.214 0.539"
w2 0.092 -0.234 -0.065 -0.143 0.017 -0.089 -0.172 0.275 -0.024 0.049 -0.003
w3 0.248 -0.046 -0.022 0.161 -0.008 -0.429 -0.298 -0.040 -0.427 -0.282 0.464"
W4 -0.078 0.151 0.066 -0.191 -0.160 -0.003 -0.026 -0.432 0.171 0.069 -0.068
L% 0.05 0.444 " 0.01 0.561 5
“and " " represent significant at 0.05 r=0.444 and 0.01 r=0.561 respectively. The same as Table 5
5 4 10
Table 5 Correlations of various patterns of differential expression in root with heterosis of 10 traits in wheat
Tiller Plant Length Tillers/ Spikelets/ Grains/ Grain yield/  1000-kernel ~ Grain yield/  Biomass/ Root/
number height of ear plant ear ear plant weight spike plant shoot
! 0.386 -0.395 0.482" 0.124 0.200 0.443 0.109 0.076 0.043 0.699" " 0.621" "
w2 0.039 -0.340 0.457" 0.201 0.363 0.320 0.243 -0.043 0.213 0.494" -0.004
w3 0.237 0.066 0.177 -0.164 0.104 0.255 -0.142 0.099 0.084 0.007 0.447"
W4 0.278 0.370 -0.008 0.335 0.189 0.175 0.255 0.539" 0.221 0.012 0.087
3 79.97% 73.81% ~ 86.22% 1
1 241 2 PCR
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