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Genetic analysis of resistance of cucumber to Fusarium wilt
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Abstract: In order to study the genetic law of cucumber resistance to Fusarium wilt, in this study, two four-generation
hybrid combinations were obtained by Han203 cross with BLF-2-1A, NS cross with NR, respectively. The inheritance
law of cucumber wilt was analyzed by using a mixture of principal genes and multi-gene model. The results showed that
Han203 xBLF-2-1A conformed to the E-1 (MX2-ADI-AD) model in autumn 2018 and the E-0 (MX2-ADI-ADD model
in spring 2019; NSxNR conformed to the E-1 (MX2-ADI-AD) model in spring 2023 and the E-0 (MX2- ADI-ADD
model in 2023 autumn. In these four models, the main gene genetic efficiency was 87.98%, 77.30%, 73.96% and 72.33%,
the polygenic genetic efficiency was 0, 2.7%, 0 and 0, and the environmental variance as a percentage of phenotypic vari-
ance was 12.22%, 22.70%, 26.40% and 27.67%, respectively. This study provides a reference basis for the selection and
breeding of cucumber wilt resistance materials and the mining of cucumber wilt resistance related genes.
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Table 1 Classification of cucumber Fusarium wilt condition level and resistance evaluation criteria

e el IR UCHELER S BN

Disease level Disease symptoms Disease index resistance assessment

0 TeAEIR No symptom 0<DI<10 =1 PL(High resistance, HR)

1 T 31k, HAAE 2 Cotyledons chlorisis, but not withered 10<DI<30 B (Resistance, R)

2 T2 # Cotyledons withered 30<DI<50 Fh i (Middle resistance, MR)

3 TR EE SRR 50<DI<70 J#973 (Susceptible, S)
Cotyledons and true leaves withered, or seedlings dwarf

4 Fh%E Withered and die DI>70 171/ (High susceptible, HS)
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Table 2 Statistical analysis for the identification of
resistance to cucumber Fusarium wilt

PR RRRH

bl gl AL . .
Group Time Generation Plsease Coefﬁ.mf‘:nt
index (DI of variation
Al 2018 4FFKZE Py 96.25 1.76
GroupA Autumn 2018 P, 5.00 4.18
F, 6.25 9.15
F, 59.00 24.30
A4l 2019 £HFE P 93.75 1.81
Group A Spring 2019 P, 7.50 4.23
F, 8.75 10.10
F, 47.86 24.64
B4 2023 £HFF P 90.74 3.86
Group B Spring 2023 P, 7.87 1.32
F, 5.25 7.45
F, 46.12 45.13
B4l 2023 HFE P 92.13 3.85
Group B Autumn 2023 P, 8.33 1.27
F, 6.50 7.39
F, 45.59 50.86
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T A ZHAT B A BRI P, Py, FOALF,
DU AR IR AT 0 3 PR fin 22 226 TR T A% B B B & 0 A, J
A TR R T 5 Pt 24 ANBETY IR B OR Ak
SR o HUE A1 AIC (Akaike’s Information Criterion) {H
(£3). AHH,2018 FHKFER 2019 FFH =1
JUA 28993 B s AL 5T, G ALC 1R85 /N A AH T
AR Y LA SN, 15 3] 2018 SEFKZFE 2 AIC H
/NI 2 098.660 7 [ E-1(MX2-ADI-AD) 7, H
K& AIC fH4 2 104.302 2 [ E-0(MX2-ADI-ADI)
R AIC {89 2 124.736 4 1] B-1(2MG-ADD 14
A R R IX 3 MERLE A 2018 A AK 22 85 TR
ERPUE R R A &R ;2019 /2R AIC {H &

.49.



% g7 denl e P\ 2 $37%
C— Sl Frequency C—3Jii* Frequency
N e
30 - IEZAS 28 Normal curve 1 040 80 TEZS B2 Normal curve L 035
% 70 ¢ - 4035 70 — 4 030
S 60 | 1030 . 2060 1o =
~ 2 =y kS m G
Fe 50 {025, 2 850t |-
3 205 B T 3
~ 2 40 10205 S £ S 40 | =
% E M X5 ] ogs 2
,\, 5 .}sﬂ- E ~ Ra) L . % 5
K E 30 f -0,15§5M§30 E
> < o i o
g 20 | Jow 8 ®Zo2t 0.10 £
=} (=9 Q
g 10 | 1 005 S 10 1 005
= g
I : L1 1 000 s 0 - ' : L1 1 000
0 1 2 3 4 0 1 2 3 4
BTS20 25 4% B IR, 2500 45 44

Disease level of cucumber Fusarium wilt
A 412018 fERKR 1 N 43 A

Group A Distribution of Fusarium wilt level in autumn 2018

— i Frequency
—— IEA& 2k Normal curve

300 ¢ 1 040
7

, 250 | 19

2z 1 030 §

= - =
B 200 {0258 Z
H o !
€ 2150 | { 020 2
- 0.1 -
25 100} 105% 8
S 1010 £

= 50

[}

% 1 0.05

=0 L L 000

0 1 2 3 4
TNAG 207 55 2%

Disease level of cucumber Fusarium wilt
B 41 2023 SN 0 oA
Group B Distribution of Fusarium wilt in spring 2023

M (REO

Disease level of cucumber Fusarium wilt
A 41 2019 FEFRE LA A0

Group A Distribution of Fusarium wilt level in spring 2019

— M Frequency

1EZ B2 Normal curve
300 5 045
f 4 040
L 250 f
& {03 =
= s
= 200 f {030 &
O - g
< 1 o252 3
° 150 | oa
8 4 0208 =
= <
2 100 | 10157 £
) {010 &
5 50 r
S 4 0.05
= 0 — LI L1 000
0 1 2 3 4
o RS 2R &R

Disease level of cucumber Fusarium wilt
B 41 2023 4Rk 2= 15 2 ) o3 A

Group B Distribution of Fusarium wilt in autumn 2023

1 FEFHERRBERH T

Fig. 1 Distribution of fusarium wilt disease level in F. population

/N )38 A R R R AIC fH N 2 393.762 7 1) E-1
(MX2-ADI-AD) 58S, Ho s AIC {E N 2 429.807 7
(1) E-2(MX2-AD-AD) B AL FT AIC 5 2 471.520 2
1] E-0(MX2-ADI-ADD A4S, PRt i #5833 M52 Y
YEH 2019 B ZE T IAE ZR Uik 2 1B A8 . B 4
o, % 2023 EHEZER 2023 FRKEE BB TR Wi Bt
PRI AR AR AT 43 BT, 15 81 2023 3 AIC {H i
/INHIN 6 546.481 7 ) E-1(MX2-ADI-AD) 574 , H
W AIC {54 6 552.434 7 [f] E-0(MX2-ADI-ADI)
AR AIC fH N 6 579455 3 ¥ D- 0
(MX1-AD-ADD 5 R, [K b 3%k $61X 3 AN AE N
2023 4 4 2= B IR 220 P PR ) B 4 & R AR
2023 FERKZE AIC fH fe /N 1) AR B8 2 AIC {E N
5 537.680 8 ft] E-0 (MX2-ADI-ADD # %! , H /&

« 50 -

AIC fHH 5 548.525 0 [f) C-0(PG-ADD #: % fil AIC
i 5 552.527 0 1) D-0(MX1-AD-ADD L, [A] it
HePRIX 3 AMERIE N 2023 SR 8 AL 205 Ptk
KB i

Xf bR A RN B A3 TR 2295 P 4% i A 7Y
DG HAA 3 R 22 R S A £
W EBEREARENENRAGEMBA (R
4. 1EA M, 455 BIR 2018 FE KT & i 15 A
E-1.E-0 F1 B-1 H@E & ARSI 20 A 6.6 F1 9 4>
WlEE BEERN, 454 AIC HIIRBRZAM, e
2018 4F K 2= 2 S 22 08 Bio 1% 1) a8 A5 A5 28 Oy E- 1
(MX2-ADI-AD) ;2019 £ Z= & G 4 E-1.E-2.
E-0 &t anlE 7.9 A s N EUEA B3
5, i AIC E IR AT, #5E 2019 FFHFTIL



5510 3

Wi, 4 - BOTRE 20 Bk 8 % 0

X ISR 5T

®3 AERERNEERIEE FRE AR AT BUAA R HEF AIC &

Table 3 The Log-max-likelihood values and AIC values in genetic models of resistance to cucumber Fusarium wilt

at different times

A #2018 FERZE

A #2019 FEHZ

B 4 2023 EHETE

B 4H 2023 ERKZE

.- LRIV Group A, Autumn 2018 Group A, Spring 2019 Group B, Spring 2023 Group B, Autumn 2023
Vo Model Bl BTYEEE BBl TR BRIl BTLEGE B BTG
Implication IREREUE P IRPREUHE SR IRER U SR IRERHUE JSYNES
Log MLV AIC Value Log MLV AIC Value Log MLV AIC Value Log MLV AIC Value

A-1 1IMG-AD -1222.4694 24569388 -1357.5673 2727.1346 -3355.1354 67222708 -2809.2767 5630.5535
A-2  1IMG-A -1250.3790 2510.7580 14262363 28624725 -3359.4924 67289848 -2812.5002 5635.0003
A-3  1IMG-EAD -1286.3273 2582.6546 -1461.5675 2933.1351 33673310 6744.6620 -2820.8690 5651.7381
A-4  1IMG-AEND -12289859 24679718 -1358.6765 27273530 -3356.3300 6722.6600 -2810.4956 5630.9912
B-1 2MG-ADI -1051.3682 21247364 12349407 24918814 32829661 65879322 -2786.8733 5595.7467
B-2 2MG-AD -1062.6965 21393930 -1247.7221 2509.4442 -33529495 6719.8991 -28052840 5624.5680
B-3 2MG-A -12459896 25019793 -1417.0526 2844.1052 -335480697 6719.7394 28073387 5624.6775
B-4 2MG-EA -12459854 24999707 -1417.2107 28424215 -3354.8692 6717.7384 -2807.3384 5622.6768
B-5 2MG-AED -13353376 2680.6752 -15139116 3037.8231 -3381.3626 6772.7253 -2838.4385 5686.8769
B-6 2MG-EEAD -1283.6237 25752474 -1459.1051 29262102 -3364.5613 6737.1227 -2818.0487 5644.097 4
C-0 PG-ADI -1134.1133 22802266 -13089740 26299481 -3318.5030 6649.0059 -2768.2625 5548.5250
C-1 PG-AD -1167.8113 23456226 -1319.2221 26484441 -3348.0019 6706.0037 -2798.6545 5607.3089
D-0 MXI-AD-ADI  -1102.5355 2221.0710 -1269.7952 25555903 -3281.7277 6579.4553 27682635 55525270
D-1 MXI1-AD-AD -1166.8971 23477943 -1276.1183 2566.2365 -3352.3732 67187463 -2797.5479 5609.0958
D2 MXI1-A-AD -1163.6850 23393701 -1318.6805 26493609 -3348.0023 6708.0045 -2798.6547 5609.3094
D-3 MXI-EAD-AD -1165.5479 2343.0959 -1319.2146 26504292 -3348.0023 6708.0046 —2798.6548 5609.3095
D-4 MXI-AEND-AD -1166.2441 23444881 -1279.0449 2570.0898 -3348.0023 6708.0045 —2798.6548 5609.3095
E-0 MX2-ADI-ADI -1040.1511 21043022 -1223.7601 24715202 32642173 65524347 -2756.8404 5537.6808
E-1 MX2-ADI-AD  -1040.3304 2098.6607 -1187.8813 23937627 32642408 65464817 -2768.6134 55552269
E-2 MX2-AD-AD -1103.6203 22172407 -1209.9038 2429.8077 -3348.0023 6706.0046 -2798.6547 5607.3094
E-3 MX2-A-AD -1076.6699 21593397 -1255.1381 25162761 -3348.0023 6702.0046 -2798.6547 5603.3095
E-4 MX2-EAED-AD -1129.5857 2263.1715 -1298.8330 2601.6660 -3348.0023 6700.0046 -2798.6548 5601.3096
E-5 MX2-AED-AD -11614312 23288625 12558080 2517.6161 -3351.6942 67093884 28029788 5611.9575
E-6 MX2-EEAD-AD -1163.5759 2331.1518 -1319.2126 26424252 -3348.0023 6700.0045 -2798.6547 5601.3095

MG, FFERRE R, MX. 3 R 4 2 JE R R

425 PB4y

PG. Z B RIBLRL; AL INPERNE; D, BN 1 B PERON; B, AHSE; N. fifa); C. 58

Note: MG. The major gene model; MX. The major gene + polygene model; PG. The polygene model; A. Additive effect; D. Dominant effect; 1.

Epistatic effect; E. Equal; N. Negative; C. Complete; P. Partial.

B BB BLACN B-0(MX2-ADI-ADD . 7F B

A= PUIE L R BAT AL S HOTH 5, AR T

H o, 25 R BIR 2023 FHEFRKIEBA E-1.E-0 Al
D-0 FE AR A 1 MR A REER, 4
A AIC HRE R, BT 2023 FFF 2= 2
A0 B AL R AL R E-1 (MX2-ADI-AD) ;2023 4
KR A E-0.C-0.D-0 FIE S VMK h A
10 MUEA B 2R, 456 AIC H LR, T
SE 2023 FRK IR B i B AE BB N E-0
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2.3 HEHERMMEEERESH SN

I fe /N e it DU AR A% B A 44 A0 B
H 5 AITE 2018 SEAKZEAN 2019 FEH 22023 FHZ

2018 fEFKZ gt AL 117 E-1 (MX2-ADI-AD) fll 2019
FEHEFBERA E-0(MX2-ADI-ADI) \2023 £ %
WAL E-1 (MX2-ADI-AD) 1 2023 4 fk ZR st %
A E-0 (MX2-ADI-ADD Al % N ) — B 2 B0 —
rsH(&k 5.

A HA B HK 4 His LA (2018 FFFKE
E-1,2019 E#KZ= E-0,2023 52 E-1,2023 F 5k
ZE E-0)— M8 BoR, 55 1 0 2 BRI O
8 d, 535N 56.331 1.38.986 7.68.370 2.12.140 7, 5
2 %6 FFE R ISR d, 439N 11,664 1.6.962 0+
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Table 4 Fitness test of main genetic models

I [6]

Time

T
Model

AR

Gene-

ration

U’

U

Uy

nW?

0.05 /K2 53 i 25
I

D, L
Numbers of significant

differencesat0.05level

AH  E-l
2018 4
eSS

Group

A

2018

Autumn

A
2019 4F
&
Group

E-1

2019
Spring

B4
2023 4E
FE
Group B
2023
Spring

E-1

E-0

D-0

B 41
2023 4
hZE
Group

E-0

C-0
2023

Autumn

D-0

P
P,
F,
F,
P,
P,
F,
F,
P,
P,
F,
F,
P,
P,
F,
F,
P,
P,
F,
F>
P,
P,
F,
F,
P,
P,
F,
F,
P,
P,
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2.3844(0.122 5)
0.097 5(0.754 9
0.687 1(0.407 1D
0.0123(0.911 8
2.4759(0.115 6
0.105 0€0.745 9
0.728 2(0.393 5
0.011 4€0.914 8
0.611 1€0.434 4>
0.3557(0.550 9)

0.068 2€0.793 9)
0.663 4(0.415 4)
2.2709€0.131 8)
8.639 8(0.003 3)*
0.024 0€0.876 9)
1.1829(0.276 8)
2.288 8(0.130 3)
9.360 3(0.002 2)*
0.001 3€0.971 6>
0.026 1€0.871 7>
0.539 6(0.462 6>
1.614 8(0.203 8)
0.008 9€0.942 8>

0.912 0€0.339 60)
1.388 6(0.238 6)
1.2292(0.267 6)
0.010 7€0.917 7D
0.997 1(0.318 0O
1.401 7€0.236 4)
1.243 0€0.264 9)
0.0109€0.916 7>
0.002 7€0.958 5)
1.995 0€0.157 8

21.104 9€0.000 0)* 10.639 9(0.001 1)*

0.005 7€0.939 7)
2.111 6€0.146 2)
0.505 8(0.477 0)
5.2373(0.022 1*
0.013 6(0.907 3)
3.208 2(0.073 3)
0.863 9(0.352 6)
6.029 8(0.014 1)*
0.000 0€0.996 7)
0.282 0€0.595 4)
0.1209€0.728 1D
1.969 3(0.160 5)
0.000 2(0.988 5)

4.668 4(0.030 7)*
12.280 4(0.000 5)*
1.499 0€0.220 8)
0.000 3(€0.987 2

1.2402€0.001 6)*
1.225 7€0.000 8)*
0.956 3(0.003 1)*
0.269 6(0.171 6>

4.409 8(0.0357 0*1.247 9€0.000 7)*

12.117 1€0.000 5)*
1.3327(0.248 3)
0.000 0€0.996 7)
7.9502(0.004 8)*

11.154 1€0.000 8)*
1.3327€0.000 0)*
0.502 4(0.478 4)
7.064 9€0.007 9)*
8.950 6(0.002 8)*
4.973 0€0.025 7)
0.0179€0.893 4)
8.715 8(0.003 2)*
4.586 1(0.032 2)*
4.108 6(0.042 7)*
0.014 7€0.903 4>
7.559 8(0.006 0)*
2.115 0€0.145 9
0.478 3(0.489 2
0.094 8(0.758 2

7.043 4(0.008 0)* 27.355 0€0.000 0)* 113.256 1(0.000 0)*

0.000 2€0.987 8
0.006 3(0.936 6)
0.0803(0.776 9)

1.4323(0.2314)
1.2124€0.279 6)
0.157 5€0.691 4)

22.3529(0.000 0)*
16.781 5€0.000 0)*
7.208 7€0.007 3)*

7.174 7€0.007 4>* 27.800 1(0.000 0)* 114.838 0(0.000 0)*

0.000 3(0.986 8)
0.007 3€0.931 9)
0.022 8(0.879 9)
4.865 1(0.027 4
0.000 0€0.995 4)
0.001 0€0.978 4)
1.4197€0.233 4)
4.8455(0.027 1)
0.000 1€0.991 7D
0.000 2€0.990 1>
0.006 4€0.936 0>
2.8529(0.091 2)
0.000 0€0.995 8>
0.000 0€0.995 0>
1.7232(0.189 3)
2.8532(0.0912)
0.000 0€0.995 8>
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1.7232(0.189 3)

1.427 0€0.232 3)
1.203 3€0.272 7
0.3212 (0.570 9

19.733 4(0.000 0)*

1.486 5(0.222 8)
1.326 4(0.249 4
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19.219 0€0.000 0)*

1.413 8(0.234 4)
1.384 0€0.239 4)
0.269 8(0.603 5)

11.802 8(0.000 6)*

1.462 6(0.226 5)
1.442 4(0.229 7
3.064 7(0.080 0>

11.804 0€0.000 6)*

1.462 6(0.226 5)
1.442 4(0.229 8)
3.064 7(0.080 0)

22.2227(0.000 0)*
16.459 4(0.000 0)*
8.136 1(0.004 3)*
85.124 2(0.000 0)*

1.226 6(0.000 8)*
0.963 5(0.003 0)*
0.269 6(0.171 6)

1.082 8(0.000 7)*
1.249 1€0.000 7)*
2.744 9€0.000 1)*
0.264 4(0.177 3)

0.798 0€0.442 6)

1.093 1€0.001 5)*
1.739 6(0.000 1)*
0.2520€0.191 6)

0.869 4(0.005 0)*
0.999 2(0.002 5)*
1.771 7€0.000 1)*
0.371 8(0.090 0>

0.742 0€0.010 1)*
0.8323(0.006 2)*
1.047 8€0.001 9)*
0.276 6(0.1643 D

2.537 3(0.000 1)*
1.3553(0.000 4)*
0.942 2(0.003 4)*
3.002 3(0.000 1)*
2.567 7(0.000 1)*
1.349 8(0.000 4)*
0.9319(0.003 6)*
2.989 1€0.000 1)*
2.067 5(0.000 0)*

23.568 5 (0.000 0)* 1.421 5(0.000 3)*

20.108 2(0.000 0)*
6.2529(0.012 4)*
81.186 1(0.000 0)*
22.239 1€0.000 0)*
21.695 3(0.000 0)*
3.1209€0.077 3>
51.846 6(0.000 0)*
23.203 3(0.000 0)*
22.844 9(0.000 0)*
3.6802(0.055 1>
51.851 2(0.000 0)*
23.203 1€0.000 0)*
22.844 8(0.000 0)*

1.073 8(0,001 7)*
4.175 7€0.000 9)*
2.094 2(0.000 0)*
1.216 4(0.000 8)*
1.151 0€0.001 1)*
1.679 4€0.000 1)*
1.646 0€0.000 1)*
1.290 8€0.000 5)*
1.235 1€0.000 7)*
2.069 8(0.000 0)*
1.646 0€0.000 1)*
1.290 7€0.000 5)*
1.2351€0.000 7)*

0.321 0€0.024 8>* 6
0.050 4(1.000 0>
0.049 3(1.000 0>
0.072 5(0.232 8
0.318 3€0.026 6)* 6
0.047 7(1.000 0)
0.049 4(1.000 0)
0.072 5€0.2327)
0.373 6(0.005 2)* 9
0.053 0(1.000 0)
0.037 2(1.000 0)
0.066 6(0.323 3)
0.442 6(0.000 4>* 7
0.049 9(1.000 0)
0.050 0(1.000 0)
0.048 6(0.619 4)
0.471 5€0.000 1)* 9
0.0804(0.998 1)
0.049 8(1.000 0)
0.058 1€0.394 2)
0.377 9€0.004 5)* 5
0.043 3(1.000 0>
0.050 0(1.000 0>
0.048 1(0.6322)
0.030 7(1.000 0> 11
0.267 0€0.095 1)
0.116 3(0.921 1
0.063 1€0.012 3)*
0.0313(1.000 0> 11
0.261 4(0.107 7)
0.110 0€0.947 3>
0.063 5(0.011 5)*
0.023 0(1.000 0> 11
0.328 4(0.020 2)*
0.196 9€0.370 9)
0.054 0€0.047 8)*
0.0332(1.000 0> 10
0.296 2(0.047 5)*
0.301 4€0.041 6)*
0.0333(0.594 3)
0.0722(0.9944) 10
0.3352(0.016 7)*
0.339 6(0.014 7)*
0.016 0€0.999 0>
0.0722(0.9944) 10
0.3352(0.016 7)*
0.3396(0.014 7)*

3.680 7(0.055 0> 2.069 8(0.000 0)* 0.016 0€0.999 0)

VE:UP, UL, U B RS 3G SE 1 & s n W : Smirnow K656 45 115 5 D, : Kolomogorov K5 4811 & 5 #:0.05 /KF L2 7 8.3 .
Note: U’ Us’, Us’: The statistic of Uniformity test; *: The different significance at 0.05 level.
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