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Impact of Reciprocal Cross Effects on Protein Content in Maize Kernels
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Abstract: Eight inbred lines with significant differences in kernel protein content were selected from four heter-
otic groups. Using the Griffing diallel cross Design III, 56 reciprocal cross combinations were developed. The pro-
tein content and yield—related traits of the parental lines, Fi, and F, generations were determined. The genetic char-
acteristics of maize kernel protein content were investigated via variance analysis, correlation analysis, and general
combining ability(GCA) analysis. The results indicated that kernel protein content was affected by both genetic and
environmental factors. A significant maternal effect was observed in the F generation, which weakened in the F, gen-
eration. The protein content of F; showed a highly significant positive correlation with the maternal parent, while
that of F, was highly significantly correlated with both parents. Additionally, the protein content between the I, and
F, generations was also highly significantly positively correlated. In the F, generation, protein content showed highly
significant negative correlations with kernel rows per ear, kernels per row, seed percentage, and maize yield, but a
highly significant positive correlation with hundred— kernel weight. GCA analysis revealed that inbred lines
Chengxi53, HP434, and CA590 had positive GCA effects for protein content, while Chang 7-2, PHOWC, CA590,
and PH4CV had positive GCA effects for yield. The cross combination CAS90XPH6WC showed high levels of both
protein content and yield, which demonstrated the feasibility of simultaneous improvement of yield and quality traits
in maize.
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Table 1  Grain protein content of reciprocal cross parent inbred lines

S 5 % B 7 il G RY e AR
Inbred line Number Group Pedigree (%) Protein content
Protein evaluation

EFRS3 Pl SPT H21x502 % & 13.04 =1
B7-2 P2 SPT B ¥L745x8901 11.58 ik
HP434 P3 Ss 466xHE 94 17.81 =1
PH6WC P4 SS PHOINXPHO9B 11.53 LS
CA590 P5 PB CA193xPH4CV 14.97 =
PH4CV pP6 PB PH7VOXPHBE2 12.37 {[iS
LH123ht p7 Lancaster SEEAAC TN 13.46 [
HM12111 P8 Lancaster ESR YN 11.71 i

T AR L 13% BRIERS [ 28 27 B B TR SR B0 B T 13% PO i H A SR IR T 13% R N IREH A AR

Note: In this experiment, the protein content of inbred line seeds was evaluated using 13% as the standard. Inbred lines with protein content higher

than 13% were used as high—protein inbred lines, and those with protein content lower than 13% were used as low—protein inbred lines
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Table 2 Grain protein content in different generations of reciprocal crosses %
i 7N FHE F/ME I5IN:] bRtz s 5 7 AL ;5 i BE
Generation Environment Mean Min. Max. SD CV Kurtosis Skewness
Fi AR N F 12.84 10.56 17.02 1.54 11.98 1.10 1.27
g2 13.92 10.77 19.95 2.33 16.74 1.04 1.35
F AR N FIE 12.45 10.58 14.24 0.93 7.45 -0.48 0.04
g F 12.69 9.80 14.63 1.27 9.98 -0.74 -0.26
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Table 3 Grain protein content between reciprocal cross combinations %
F AR F) generation oA F. generation F AR F) generation F R F; generation
HoH H oA
Crome iE 5% 7 % iE % 5 5 Crone i % 5 % i % B %
Positive cross Negative cross Positive cross Negative cross Positive cross Negative cross Positive cross Negative cross
P1xP2 13.37 12.23 13.28 12.13 P3XP5 17.85 14.97 13.47 14.25
P1xP3 13.11 17.17 13.71 14.11 P3xP6 17.49 12.46 12.76 12.73
P1xP4 13.21 11.76 12.70 12.33 P3xP7 17.37 12.84 14.34 14.26
PIxP5 13.44 14.20 14.06 13.53 P3xP8 17.89 11.46 13.41 13.39
P1xP6 13.20 12.51 12.67 12.49 P4xP5 12.06 14.48 12.92 13.12
P1xP7 13.13 13.06 13.00 12.79 P4xP6 12.23 12.50 11.76 11.80
P1xP8 13.58 11.77 12.01 12.29 P4xP7 11.94 13.35 12.73 11.80
P2xP3 11.14 17.53 13.63 13.57 P4xP8 12.19 11.94 11.84 11.96
P2xP4 12.41 11.28 12.11 10.80 P5xP6 14.72 12.56 12.19 12.41
P2xP5 12.21 14.57 11.69 11.82 P5xP7 14.51 12.55 13.58 13.21
P2xP6 12.29 12.05 11.10 11.20 P5xP8 14.62 12.24 13.13 13.63
P2xP7 12.55 13.18 11.38 11.94 P6XP7 12.62 13.51 11.69 11.46
P2xP8 11.86 12.58 10.95 10.24 P6XxP8 12.58 12.01 11.69 12.03
P3xP4 18.29 11.50 13.68 13.63 P7xP8 12.87 12.37 11.96 11.24
®4 ERXAEHKEBREENFTESNT
Table 4  Variance analysis of grain protein content in different generations of reciprocal crosses
75 S F F/HAY Fi generation FAAL F. generation
Source of variation DF FHA Ss Ff F-value FIA SS Ff F-value
Mo 1 69.123 17.379%* 3.079 5.659*
= 1 0.174 0.041 0.325 0.218
M A 55 733.700 12.194%%* 212.689 5.601%*
FL [N 27 274519 2.970%* 198.194 11.033%
A 7 711.653 107.622%* 74.569 9.003%*
SN 7 31.657 1.057 73.577 8.848%*
Wi x A A 55 76.620 4.506%* 123.299 4.121%%
b < HE A 27 41.055 0.455 79.076 3.345%x
FEAXAA 41 18.186 0.405 42.276 1.494
T FIRTE 0.05 /K F 285 W3 3 " FORTE 0.0 K R 225 . K]
Note: * means significant at 0.05 level; ** means significant at 0.01 level. The same below
®5 AREHKFRERRIEMEXGE
Table 5  Correlation of grain protein content in different generations
R REARE ACAE S TR (IS Fi AR )L T3 (%)
Generation Female value Male value HP value MP value LP value F\ generation ik
Fi AR 0.965%* -0.184 0.580%* 0.596%* 0.392%+ 1 86.03
P iR 0.538* 0.542%% 0.779%* 0.825%* 0.602%* 0.477%% 75.96
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Table 6  Correlation between grain protein content and yield traits

ERTN LS FEATRL Frkidk Hifre ERIAER S E AR
Trait Ear length Ear row Kernels Shelling 100-grain Yield IR
number per row percentage weight I, protein

Bk 1

RATH -0.089 1

Frmik 0.298* 0.170 1

HiArR -0.289% 0.346%* 0.138 1

FORE 0.370%* -0.274% -0.103 -0.196 1

o 0.123 0.4927%* 0.199 0.400%* 0.156 1

AR 0.249 -0.597%* -0.402%* -0.451%* 0.329% -0.405%* 1

®7 RERFHERRSENEMIKH GCAKNE
Table 7 GCA effect value of grain protein content and yield traits in F, generation
HAEHR HHB K TEATHR AR ke [Epaais 77
Inbred line Protein Ear length Ear row Kernels Shelling 100—grain Yield
number per row percentage weight

P1 0.412 -0.592 -0.262 -0.215 -0.012 -0.492 -0.402
P2 -0.771 -0.936 0.939 0.140 0.014 -1.797 0.081
P3 1.154 1.004 -0.930 -0.448 -0.012 0.393 -0.445
P4 -0.209 1.051 0.499 0.028 -0.005 1.749 0.490
P5 0.530 -0.710 -0.210 -0.357 0.010 0.922 0.324
P6 -0.605 0.138 0.828 0.692 0.005 -1.209 0.331
P7 -0.034 0.230 -0.256 -0.061 -0.014 0.237 -0.133
P8 -0.476 -0.185 -0.607 0.223 0.013 0.196 -0.247
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Table 8 Performance of grain protein content and maize yield in different combinations
JLNK HilEy HiRER e EAPE (%) =1k (kg/hm’)
Generation Matching mode Cross number Protein Yield
FiiiEA fiRx{k 12 12.09b -
i< 16 12.16 b -
RIS 16 14.74 a -
X 12 14.52a -
P b TR 12 11.46 ¢ 8484.00 a
s 16 12.52b 7006.95 b
RIS 16 12.59b 7499.25 ab
X 12 13.69 a 6779.70 b
®9 AEERBASEXTENLLER
Table 9 Comparison of maize yield of different genotype combinations kg/hm’
[ Rey ZH PR i {I=REs N e [ ¥
High yield cross Matching mode Yield High yield cross Matching mode Yield
P5xP4 Ik 10529.25 P7xP8 (i 5624.40
P5xP2 Bk 10 377.75 P8xP3 fixr 5624.40
P4xPpP2 IRXAIG 9 885.45 P8XP5 X 5435.10
P4xP6 XAk 9 847.50 P7xP1 TR 537825
P6xP4 A% 9733.95 P8xpP7 i 5359.35
P2xP6 XA 9355.20 P3xP4 A 5359.35
P2xP5 {xiE 9 108.90 P3xP1 X 5037.45
P6xP2 {IS31S 8995.35 P2xP3 fxin 5037.45
P4xP5 flkx 8995.35 P1xP2 (i 4 885.95
P7xP4 =G 8 787.00 P2xP1 R 3730.65
3 LER SR 19 % A T sk b R PR B0 22 St Tk
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