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Mixed major gene + polygene genetic analysis of stem diameter
and internode length traits in oriental melon

CHEN Yingda',SUN Hao', YU Wenhui', LIU Ruimei', RONG Weirui',
HAN Jingyi',PAN Yupeng®, LIU Zhenning' ,ZHANG Ning"

(1. Academy of Agriculture and Forestry, Linyi University/Shandong Province University Characteristic
Laboratory of Crop Molecular Design and Precision Breeding, Linyi, Shandong 276000, China; 2. College of
Horticulture , Northwest A&F University, Yangling, Shanxi 712100, China)

Abstract: [ Objective | This study aims to explore the genetic basis of stem diameter and internode length
traits in oriental melon, thus providing theoretical guidance for the genetic improvement of stem diameter and
internode length traits, and laying the theoretical foundation for the cultivation of ideal plant type varieties in
melon. [ Method | The oriental melon inbred line M125 and M30 were used as experimental materials to build
the six generation populations.The genetic model analysis software package was used to analyse stem diameter
and internode length, and maximum likelihood function value (MLV) as well as akaike information criterion
(AIC) of 24 models were calculated. The model primary selection was conducted based on the AIC minimum
principle, and three models were selected for each trait.The candidate models were tested for fitness.The model
with minimal statistically significant deviations was identified as optimal , followed by derivation of its primary
and secondary genetic parameters. [ Result | Statistical analysis revealed that the mean values of stem diameter
and internode length in F, progeny were intermediate between the two parental lines, with a significant
biastoward the maternal parent.The stem diameter fits into the two pairs of additive—dominant—epistatic master
genes plus additive—dominant multigene inheritance model.The first—order genetic parameters showed that the
additive effect values for the two major genes were 1.51, and the dominant effect values for the first and second
pair of the main genes were —0.39 and 0.06, respectively.The dominance degree of the two major pairs (lh,/d,|
lh,/d,|) was 0.26 and 0.04, indicating a partial dominant effect of the two major pairs.The sum of the absolute
values of the additive effects of the two main genes was higher than the sum of the dominant effect, which
indicated that the inheritance of stem diameter in oriental melon was dominated by additive positive effects with
synergistic effect.The second—order genetic parameters showed that the main genes and polygenic heritability of
the F, population was 82.27% and 3.21%, respectively. The heritability of the major genes in B, and
B, population was 83.75% and 52.13%, respectively, and the polygenetic heritability was 7.27% and 0,
respectively.The internode length conforms to the genetic model of two pairs of additive — dominant — epistatic
major genes plus additive — dominant — epistatic polygenes. The first—order genetic parameters showed that
both additive effect values for the main genes were 13.26, and the dominant effect values for the first and second
pair of the major genes were —17.17 and 4.38, respectively.The dominance degree of the two major pairs was
1.29 and 0.33, indicating superdominance for the first and partially dominant for the second.The sum of the
absolute values of the additive effects of the two pairs of main genes was higher than the sum of the dominant
effect, which indicated that the inheritance of stem internode length in oriental melon was dominated by
additive positive effect, and the additive effect was stronger than the dominant effect.The second—order genetic
parameters showed that the heritability of main genes and polygenes in the F, population was 84.26% and
8.93%, respectively. The major genes heritability of B, and B, was 77.76% and 89.99%, respectively, and the
polygenic heritability was 14.58% and 0, respectively.[ Conclusion ] The heritability of the major genes for stem
diameter and internode length traits of oriental melon is high, and the additive effect was stronger than the
dominant effect. Therefore, the selection of stem diameter and internode length traits is suitable for early
generations during melon breeding.

Keywords: oriental melon; stem diameter; internode length; quantitative trait; major gene + polygene;

genetic analysis
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Fig.1 ~ Stem phenotypes of parents and its I, generations
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PR+ 22 ik PRIR B 3G AR L A BT 1 , 2355 B T I A0 th A 7S AR & B0 B MR 20 B9 20 B ids , 1A ] SEA
BRAE B8 24 TR R ) 1 KA SR PR EIME (max—likelihood—values , MLV ) F1 75 {5 . 18 ( Akaike information
criterion, AIC) , 2R FH AIC $5e/N I AT BRI , DA B4 3 BT AUVE A e A A0 . X i BB AL 1 1 7
WEAVERSR: , A FE 2RSS U2 U, U, Smirnov K25 (,W?) , Kolmogorov Kz 56 (D) , 2R J5 MR A PE K 56
S5 30 E LAY, 5 R B/ > ARk Al AR AR 2R RS TR PR S PR () — B R — B st A% 240
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Tab.1 Phenotype statistics of melon stem diameters and internode length traits

PR AR I KME/mm  E/ME/mm FREZE CFHE/mn BR RV WE lE35°
Traits Generation Maximum Minimum SD Mean CV Skewness  Kurtosis
P, 9.53 7.00 0.85 8.04 10.57 0.67 -0.89
P, 5.55 4.55 0.26 4.96 5.24 0.78 -0.10
el F, 7.75 6.25 0.42 7.07 5.94 -0.33 -0.55
Stem diameters F, 9.90 2.13 1.73 4.76 36.34 0.75 -0.37
B, 11.67 4.78 1.78 6.82 26.10 1.40 0.98
B, 6.46 3.64 0.77 4.60 16.74 0.70 -0.38
P, 123.16 105.73 4.80 116.40 4.12 -0.72 -0.26
e P, 73.95 51.41 5.43 64.01 8.48 0.13 0.22
TEHE
F, 95.54 83.27 3.63 91.03 3.99 -0.74 -0.63
Stem internode
loneth F, 127.44 45.80 17.13 83.58 20.50 -0.06 -0.34
engt:
8 B, 151.03 65.11 16.16 130.84 12.35 -2.22 7.39
B, 103.84 52.98 14.13 77.66 18.19 0.07 -0.97

22 MIEKEERTEKEREEEINHERE SRR

SR FH 3 i R+ 22 B R A s AL B 3 i Xt 6 A AR ZREL S T AT 204, FIHT SEA 43 B3 43 B
Ay AR 24 PRSP MLV {E AT AICAE , 45 5 W& 2. ARG ATC B fie /N, e B ATC (B fe /N 34
AR N A BRI AY , 2R PR IR T B B 1Y 34> 25 e A ATCAE 433110 954.15.955.90,964.37 , X uj 155 A4l
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Fig.2  Distribution distribution of stem diameter and internode length in F, population
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Tab.3 Suitability test of the three candidate models

98 110

134

PR LA AL s ) s 2
) , . U, U, U, W D,
Traits Genetic model Generation
0.1572 0.0859 0.1319 0.176 7 0.164 5
MX2-ADI-AD P,
(0.6917) (0.769 4) (0.716 5) (0.3186) (0.4840)
. 0.819 5 0.589 4 0.189 4 0.1879 0.209 9
’ (0.3653) (0.4427) (0.663 4) (0.293 4) (0.2089)
1.026 5 1.1339 0.1125 0.168 4 0.1939
i (0.3110) (0.2869) (0.7373) (0.3390) (0.288 8)
0.003 6 0.045 4 0.386 5 0.1049 0.064 7
k2 (0.9525) (0.8312) (0.534 1) (0.5710) (0.4789)
0.000 4 0.126 5 1.8170 0.163 0 0.136 2
B (0.9846) (0.722'1) (0.1777) (0.3532) (0.4751)
e 0.1359 0.204 0 0.143 8 0.063 9 0.116 3
i B (0712 4) (0.6515) (0.704 5) (0.793 4) (0.688 3)
Stem 0.173 8 0.095 9 0.141 1 0.179 6 0.166 3
diameters  MXI=AD=ADI l (0.676 8) (0.7568)  (0.7072)  (03118) (0.470 8)
0.1752 0.156 1 0.001 7 0.1809 0.2207
k2 (0.6755) (0.692 8) (0.9672) (0308 7) (0.1658)
0.0309 0.035 1 0.004 7 0.054 6 0.1249
F (0.8605) (0.8514) (0.9453) (0.848 8) (0.804 4)
0.174 8 0.1250 0.0420 0.225 1 0.098 1
& (0.6759) (0.723 6) (0.8376) (0.227 4) (0.0772)
0.067 8 0.137 3 0.224 8 0.073 8 0.088 9
B (0.794 6) (0.7110) (0.6354) (0.7371) (0.914 4)
0.188 7 0.083 6 0.276 8 0.120 1 0.1359
B (0.664 0) (0.7725) (0.598 8) (0.500 8) (0.4957)




55 4 3] R A5 b B TS ML AN 5 TR AR T R TR+ 22 R PR3 A% 23 A - 927 -

%23 Continued tab.

R Uit g | A s , 5 ,
. . . UI UZ U] nW Dn
Traits Genetic model Generation
MX2-ADI-ADI P 0.173 8 0.0959 0.141 1 0.179 6 0.166 3
(0.676 8) (0.756 8) (0.707 2) (0.3118) (0.470 8)
P 0.175 4 0.156 2 0.001 7 0.181 0.2207
: (0.6754) (0.6927) (0.967 4) (0.308 6) (0.165 8)
. 0.0309 0.035 1 0.004 7 0.054 6 0.1249
' (0.8605) (0.8514) (0.9453) (0.848 8) (0.804 4)
. 0.1213 0.198 4 0.187 4 0.2330 0.092 4
: (0.727 6) (0.656 0) (0.665 1) (0.2160) (0.1117)
B 0.1195 0.187 5 0.154 6 0.0915 0.100 4
‘ (0.729 5) (0.6650) (0.694 2) (0.640 1) (0.8255)
B 0.028 2 0.126 7 0.599 2 0.068 2 0.1214
: (0.866 7) (0.721 8) (0.4389) (0.768 5) (0.6371)
5 A K 0.149 1 0.147 4 0.001 6 0.133 1 0.194 4
Stem MX2ZADIADI Py (0.699 4) (0.701 1) (0.968 3) (0.4489) (0.286 1)
intermnode P 0.0233 0.048 4 0.083 2 0.066 5 0.123 8
length : (0.878 6) (0.8258) (0.773 0) (0.778 3) (0.8122)
. 0.1712 0.257 5 0.182 4 0.1397 0.158 4
: (0.6790) (0.6119) (0.669 3) (0.4251) (0.5320)
. 0.035 1 0.066 6 0.093 8 0.0530 0.055 8
: (0.8514) (0.796 4) (0.759 4) (0.858 8) (0.6679)
B 0.0619 0.003 4 0.532 8 0.083 2 0.108 0
! (0.803 6) (0.9535) (0.465 4) (0.6850) (0.755 1)
0.001 7 0.002 3 0.001 1 0.020 2 0.069 1
BZ
(0.967 0) (0.9615) (0.9739) (0.996 8) (0.9920)
. 0.109 0 0.143 8 0.056 5 0.096 9 0.137 4
2MG=AD i (0.7412) (0.704 6) (0.8121) (0.6120) (0.7049)
P 0.434 7 0.285 1 0.1743 0.0856 0.149 6
: (0.5097) (0.5933) (0.676 3) (0.6720) (0.6035)
. 10.065 4 9.0239 0.073 7 0.959 0 0.324 6
‘ (0.0015)° (0.0027)" (0.786 0) (0.003 1) (0.009 4)°
. 0.092 4 0.146 8 0.126 2 0.066 3 0.0459
: (0.761 1) (0.701 6) (0.722 4) (0.779 4) (0.8027)
B 0.387 8 0.1722 0.565 2 0.1389 0.190 2
! (0.5335) (0.678 1) (0.4522) (0.4279) (0.129 4)
B 0.063 1 0.004 8 0.486 3 0.086 7 0.127 8
: (0.8016) (0.9450) (0.4856) (0.6662) (0.5730)
SMG-ADI p 0.026 2 0.0199 0.004 0 0.1110 0.1759
(0.871 4) (0.887 8) (0.9497) (0.5417) (0.400 8)
P 0.304 1 0.1856 0.170 2 0.0755 0.143 7
: (0.5813) (0.666 6) (0.6799) (0.727 8) (0.6528)
. 0.564 3 0.548 2 0.002 7 0.129 4 0.159 4
! (0.4525) (0.459 1) (0,958 5) (0.4810) (0.5239)
. 0.002 2 0.008 7 0.036 9 0.040 4 0.0450
: (0.962 8) (0.9257) (0.8476) (0.9311) (0.8835)
0.180 1 0.065 4 0.3856 0.070 2 0.128 5
BI
(0.6713) (0.798 2) (0.534 6) (0.757 3) (0.5489)
B 0.106 0 0.388 8 1.520 6 0.085 4 0.1158
: (0.744 8) (0.5330) (0.2175) (0.6732) (0.6930)

ULULU}: SR R G T, 355 VA R A AR W’ :Smirnov L TEs Ry ;D : Kolmogorov K g gt &« i F 1k
251 (P<0.05)
U}, U}, U : Uniformity test statistic, the number in parentheses is the corresponding probability ; W’: Smirnov test statistic;

D, : Kolmogorov test statistic ; * The significant difference(P<0.05).



* 928 - AL N A N 547 &

F2 FREHEEHPMLY FAICHE
Tab.2 MLV and AIC values for each genetic model

o E-Viil Tl
Stem diameters Stem internode length
Genetic mode
MLV AlIC MLV AIC

IMG-AD -576.26 1 160.52 -1267.87 2543.75
IMG-A -558.87 1123.75 -1275.87 2557.74
IMG-EAD -606.54 1219.09 -1385.77 2771.54
IMG-NCD -558.10 1122.21 -1315.93 2 637.86
2MG-ADI -492.49 1.004.98 -1213.93 2 447.86
2MG-AD -480.19 972.37 -1215.81 2443.61
2MG-A -608.76 1225.53 -1339.86 2 687.72
2MG-EA -586.70 1179.40 -1276.66 2 559.33
2MG-CD -606.80 1221.60 -1368.40 2 744.79
2MG-EAD -606.80 1219.60 -1368.40 2742.79

PG-ADI -502.30 1024.62 -1223.79 2 467.59

PG-AD -587.14 1188.28 -1289.53 2593.05
MX1-AD-ADI -465.95 955.90 -1221.85 2 467.70
MX1-AD-AD -551.01 1 120.02 -124759 2513.17
MX1-A-AD -582.25 1180.50 -1248.37 2512.75
MX1-EAD-AD -582.25 1 180.50 -1254.34 2 524.68
MX1-NCD-AD -562.85 1 141.70 -1257.97 2531.95
MX2-ADI-ADI -464.19 964.37 -1202.66 2441.31
MX2-ADI-AD -462.08 954.15 -1224.09 2478.17
MX2-AD-AD -476.26 974.52 -1249.19 2520.39
MX2-A-AD -485.49 988.98 -1 246.60 2511.20
MX2-EA-AD -582.25 1 180.50 -1236.64 2489.28
MX2-CD-AD -604.30 1226.61 -1250.34 2518.68
MX2-EAD-AD -582.25 1 180.50 -1247.91 2511.82

HLPR IR A B i (A

Bold letters indicate the candidate genetic models.
23 FHREKREHERTERKERERSRES T
P ZEHH R 7 ) e A L 1 — B 5t A S 800 (38 4) AT 0, 2R P DR = 35 PR A 00 {EAH 25 HL o 1A
(d,=d,>0) , RV AR, I>1h,) (h,<0) , 2 X FFEP B S BE (h/d ) Wk, /d,)D) 5353 2 0.26 F10.04, F2 B 2 % 32
SER 2T WAEAE 5 1d, +d > h,+h,) , F BRI MHR 0 2 %68 32 36 B DU 1E m 208 >0 32, IR0 5
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Tab.4 First—and second—order parameter estimates of the optimal model

gl SR el RHLERS
Category Genetic parameter Stem diameters Stem internode length
— kit 24 m 4.44 84.63
First order genetic parameters d, 1.51 13.26
d, 1.51 13.26
h, -0.39 -17.17
h, 0.06 4.38
i 2.02 5.24
R 0.60 -2.31
Jia 0.15 -23.86
l 0.73 26.43
s E F,o’, 2.60 247.31
Second order genetic parameters F,o’, 0.10 26.20
F, b /% 82.27 84.26
F, b’ /% 3.21 8.93
B, o, 2.64 203.05
B, o’ 0.23 38.07
B 1’ /% 83.75 71.76
B, 1’ /% 7.27 14.58
B, o’ , 0.31 179.66
B,o’ 0 0
B, 1 /% 52.13 89.99
B, 1’ /% 0 0

m BEREITT s d, 2 55 10 LRI 5 ), = 55 2 % T2 BE DU RN 5 b, 2 575 16 S 36 DR S R 00N 5 = 55 2 06 2 6 K S
RO 52 24 F2 PP B AR 57, - 2 T2 R A S AR ARON 5, = 21 T PR AN PE ARS8 5 1: 24> 4
KX R HAERN 507 R IT 28507 SRR T 28517« EFEDRAE A8 17 2 BE R s B 30,

m: Population mean;d,: The additive effect of the first pair of major genes;d,: The additive effect of the second pair of major
genes; h,: The dominant effect of the first pair of major genes;h,: The dominant effect of the second pair of major genes;i: Addi-
tiveXadditive interaction effect of two major genes;j, : Additivexdominance interaction effect of two major genes;j, : DominanceX
additive interaction effect of two major genes ;/: Dominancexdominance interaction effect of two major genes ; o, : Major gene vari-

ance;o” :Polygenic variance; i’ : Major genes heritability ;h° ,: Polygenic heritability.
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