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Identification of powdery mildew physiological races and genetic resistance
analysis of bitter melon to the disease

Zhou Mengmeng Tian Libo" Shang Sang Zou Kaixi Pan Qiongyu Zeng Liping

(Tropical Agricultural and Forestry Institute, Hainan University, Haikou 570228, Hainan Province, China)

Abstract: To study the powdery mildew pathogen, physiological races and inheritance of bitter melon
resistance of powdery mildew in Hainan, the morphological and molecular identification methods were
used to analyze the disease-causing germs and physiological races of powdery mildew; the microscopy
was used to observe infection process of powdery mildew, and mixed major-gene plus polygenes inheri-
tance model analysis was conducted to inquire into the main genetic rules of bitter melon resistance to
powdery mildew. The results showed that the bitter melon powdery mildew disease was caused by
Sphaerotheca fuliginea, belonging to the physiological race 2F in six cities (counties) in Hainan. There
were four key stages when the pathogen infected the leaves of bitter melon: conidia germination peak at
4 h post infection, appressorium formation peak at 8 h post infection, secondary hyphal formation peak
at 16-24 h post infection and conidiophore formation peak at 5 d post infection. The powdery mildew
was inoculated into the resistant and susceptible strains of bitter melon, and the results showed that the
powdery mildew resistance fitted two major genes with additive-dominance-epistasis major genes and

plus-dominant polygenes model, and the resistance of bitter melon to powdery mildew disease was con-
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trolled by main genes and polygenes, in which major genes were dominated and affected by environmen-

tal variation in the meantime. According to the inheritance rule of resistance, F, generation had the high-

est heritability and was least affected by environment, and thus the early generation F, should be used as

the effective selection period in powdery mildew resistance breeding of bitter melon. The control time of

powdery mildew could be advanced by 1-2 d in the phenological period of powdery mildew susceptibility.

Key words: bitter melon; powdery mildew; physiological race; infection process; genetic analysis
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Fig. 1 Morphological characters of powdery mildew fungus of bitter melon in Hainan Province
A: ST s B B DTS R250 Y (3 15 C: B S8 i R250 Qe (/M Ef T A, A: Powdery mildew fungus
spores; B: powdery mildew fungus spores stained by R250; C: conidial stems stained by R250.
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Table 1 Disease indices and resistant reaction of 13 different hosts inoculated with powdery mildew of bitter melon in Hainan Province

HE I 8% Disease index N T}

Host I Haikou i1 Chengmai T2 Tunchang 77 Wanning 7K Lingshui — IV Sanya Type
Iran H 63.24 75.31 42.42 77.19 60.00 76.45 S
Topmark 80.05 67.45 64.18 80.07 65.23 75.36 S
Vedrantais 68.18 64.27 52.70 80.20 67.72 80.17 S
PMR 45 65.22 63.09 54.93 74.61 67.23 77.33 S
PMR 5 0.00 0.00 0.00 0.00 0.00 0.00 R
WMR 29 0.00 0.00 0.00 0.00 0.00 0.00 R
Edisto 47 0.00 0.00 0.00 0.00 0.00 0.00 R
P1 414723 0.00 0.00 0.00 0.00 0.00 0.00 R
MR 1 0.00 0.00 0.00 0.00 0.00 0.00 R
PI 124111 0.00 0.00 0.00 0.00 0.00 0.00 R
PI 124112 0.00 0.00 0.00 0.00 0.00 0.00 R
PMR 6 0.00 0.00 0.00 0.00 0.00 0.00 R
Nantais Oblong 80.55 74.42 81.75 79.10 64.44 77.85 S

R: #UJi%; S: /K. R: Resistance; S: susceptible.
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Fig. 2 The electrophoretic results of Momordica charantia
ITS product in Hainan Province
L MR 2: 3830 3: 5 4: 75 5: BAK; 6: =
.. 1: Haikou; 2: Chengmai; 3: Tunchang; 4: Wanning; 5:
Lingshui; 6: Sanya.
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Cucumis sativus Hanoi, Vietnam (KM260704.1)

100
99 — Vigna angularis China (MG928388.1)

100 Momoridica charantia Hanoi, Vietnam (KM260715.1)
4 —|: Cucurbita maxima Seoul, Korea (KX061106.1)
100 I: Citrullus lanantus Taiwan, China (KX369541.1)
Crassula apitella Jilin, China (KY860728.1)
99 —  Cucumis melon Harbin, China (MG719984.1)
100 Momoridica charantia Haikou, China

Momoridica charantia Chengmai, China
Momoridica charantia Sanya, China

95 Momoridica charantia Lingshui, China

Momoridica charantia Wanning, China
Momoridica charantia Tunchang, China

73 Soparia dulics Hanoi, Vietnam (KM260737.1)
Solanum melongena Seoul, Korea (KY947514.1)
Langenaia siceraria China (MG706136.1)
Cucurbita pepo Heilongjiang, China (MH084745.1)

E3 ETITS FIUBREMEENEMRELEEEYEMFEENRELEN

Fig. 3 Neighbor-joining consensus tree of Momordica charantia powdery mildew pathogen

and related species based on ITS sequences
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B B, \Fo AU i B IR 250 A1, AR Bl AR 32 IR 2D 8 A% D o8 I OB BB RRAIE

B4 EREMREENERKBIRITRE
Fig. 4 Growth cycle chart of powdery mildew fungus in bitter gourd
0 h: BATAEAT 5 4 he AR FHAK BB 2745 8 h: TR TG M (FF Sk T48) 5 16 h: KRR 2; 20 h: W24
K5 2.d: SMEHRIRAETRZIERWIFR ; 3 d: PSSR 4 d: P22 IE Lo A A6 A5 (kg ) 5 5 d: o Efl AR
£ 7d: 347 E 0 h: Mature conidia; 4 h: primary germinating tube sprouted from conidial germination; 8 h: appressori-

um format (triangle) ; 16 h: new mycelium; 20 h: mycelial growth; 2 d: secondary hyphae are produced and continue to elongate;
3 d: the hyphae interweave into a net; 4 d: mycelium differentiation to conidiophores (triangle) ; 5 d: growing conidiophore; 7 d:
maturating conidia.

®2 BEE o MEREHEE N B MRFEBIERNIR S

Table 2 The disease index frequency distribution of six different generations of bitter melon in Hainan Province

AL HIX Frequency WIEH PN ISl
Generation <25 25-45 45-65 65-80 >80 Observation no. Disease index Type

P, 5 25 0 0 0 30 33.15+1.44 Ee i Resistance
P, 0 0 0 16 14 30 81.11£1.54 Aa =2 High susceptible
F, 0 0 20 9 1 30 65.06£1.38 Bb B Susceptible
B, 0 20 27 3 0 50 44.97+2.06 DA HiJiF Resistance
B, 0 8 34 6 2 50 54.87+0.69 Cc  H#T Middle resistance
F, 2 67 43 3 5 120 44.65+2.27 Dd  PiJH Resistance

TR ECH VbR iE R . [RIFIRIFR /NG 878 28 Duncan BT B 22 K650 43 S1IFE P<0.01 F1 P<0.05 7K 22 53
I3 . Data of disease index are mean+SE. Different uppercase or lowercase letters in the same column indicate significant differ-

ence at P<0.01 or P<0.05 lever by Duncan’s new multiple range test, respectively.

2.6 EHLXAMFEHNR T EEERIEENRRE I3 53 3 2% K (P<0.05) , BB R E /b 1 30, S

AR T BRI E-1 AR E A9 AIC % M E-1fiH9 AIC{E /N (% 4) o FFLLL PP 44
N AR R 2 22527 A2 228.71, FIAE RS RAT 0Ky BUEI R A B A 1 AR B R R B-1 45080, R 2 %6 Jin -
W HIPTPE IR AL A AR A (2 3) o XX 2 k- B PE Rk - P 2 I g T PixP,
W — B SR, K IR E-1 A 9IS iHe A HrkmRdib.
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&3 IECM EE It E,

BB R R XA B EEF AICE

Table 3 The maximum log likelihood values and AIC values under various genetic models estimated through IECM algorithm

157 Model MLV AIC 7 Model MLV AIC
A-1 -1157.11 2322.23 D -1108.52 2241.04
A2 -1159.77 2325.55 D-1 -1114.72 224745
A-3 -1348.41 2702.82 D-2 -1189.48 2394.97
A-4 -1369.01 2 744.02 D-3 -1131.47 2278.94
B-1 -1104.69 2229.38 D-4 -1201.55 2419.09
B-2 -1125.69 2263.38 E -1 096.36 2228.71°
B-3 -1260.10 2528.20 E-1 -1097.63 222527
B-4 -1201.18 2 408.36 E-2 -1115.59 2253.17
B-5 -1 349.89 2707.78 E-3 -1172.24 2362.48
B-6 -1 349.89 2705.78 E-4 -1220.61 245722
C -1112.34 2244.68 E-5 -1127.95 2273.90
C-1 -1252.64 2519.27 E-6 -1150.80 2317.61

MLV : KX EASRAE 5 AIC: JRith {5 B NIME .

*Fe7N AIC{EHAE /N, Kb AR R g £ 1k i AL AR A

- MLV: Maximum likeli-

hood value; AIC: Akaike information criterion. * indicates the AIC values of the candidate genetic models.

R4 FEREES

e

Table 4 Fitness test of candidate genetic models

i Model /% Generation U U U; /& D,
E-1 P, 0.103(0.748) 7.285(0.007)" 145.000(0.000)" 2.425° 0.035
F, 8.379(0.004)" 0.043(0.836) 145.000(0.000)" 3.115° 0.035
P, 0.103(0.748) 7.285(0.007)" 145.000(0.000) 2.425 0.035
B, 0.493(0.483) 0.111(0.739) 1.925(0.165) 0.273 0.017
B, 0.001(0.975) 0.063(0.802) 1.261(0.262) 0.156 0.023
F, 0.176(0.675) 0.136(0.713) 0.023(0.880) 0.153 0.015
E P, 12.517(0.000)" 41.422(0.000)" 145.000(0.000)" 3.460 0.035
F, 8.379(0.004)" 0.043(0.836) 145.000(0.000)" 3.115° 0.035
P, 0.103(0.745) 7.285(0.007)" 145.000(0.000)" 2.425 0.035
B 0.004(0.952) 0.002(0.962) 0.002(0.967) 0.256 0.016
B, 0.074(0.786) 0.000(0.984) 0.940(0.332) 0.136 0.012
F, 0.013(0.910) 0.019(0.891) 0.012(0.912) 0.148 0.005

Ui U U WAV 8838 5 2y Smirnov #5055+ 3 D, Kolmogorov # M B it . * 7R 7E P<0.05 K 25 5

¥, Ui, U3, U are the statistics of Uniformity test; ./ is the statistic of Smirnov test; D, is the statistic of Kolmogorov test. * in-

dicates different significance at P<0.05 level.
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(5), Uh W18 IO B I PR 52 4% vh REAEAE I
PE RN AR A 30, ¥ T BRI PR 50, A
FITHUMT o A5 15 20038 PR I8 1 282 R T Mk &%
N, 55 2 %5 FERUSE PR MRS N TR, 43 ) 3
PRy A Ta) S R R . BRIEZ AR, 2 X E
S DRI TR] B4 e s fin e B AR ARORE S P < B 1k AR AL
IO7 1 0 < Sk EAE LN oo A >N AR i
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) AN PR BEE ittt 0) N2 35 DR 18 S8 AP 3050 107
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AR (K 6) . Hrh PR TIPS R e, L
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IR AL R IR, 4301 K 68.64% .64.80% F1187.52%,
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Table 5 The genetic 1st parameter estimates of E-1 model

— 2% 1st parameter ]gftlij;l{?te — 2% 1st parameter éftlijn{ji;e
WEF- 2144 Parental average m 39.47 |HAERN d.xdy i 17.72
FREFRERL S5 1%) Istpair d,  -7.20 |Epistatic effect  d,xh, Jo  1.96
Additive effect of major gene 5 2% 2nd pair d, -7.20 hoxd, Jba 5.86
E R R 25 15 1st pair A, -8.34 hx<hy / 21.66
Dominant effect of major gene 55 2%} 2nd pair &, —4.44 | ZILHFINPERV Additive effect of polygene  [d]  —9.23
B ISR d 3 o)) ke I 1% Istpair ho/d,  1.16 |25 BAERUY Dominant effect of polygene [h]  16.73
Dominant/additive effect of major gene &% 2 X} 2nd pair 4,/d,  0.62
F6 E-1#EZM_MiEtESHHitE
Table 6 The genetic 2nd parameter estimates of E-1 model
e ¢ FHEUN fhiiHA e ¢ HEUN fhiiHA
2nd parameter Population  Estimate 2nd parameter Population  Estimate
Ze175 74 Phenotypic variance B, 90.38 FIL R B, 57.18
a B. 80.81 Heritability of major gene B. 57.59
F 165.21 P (%) F 87.52
FIEHF T2 Major gene variance B, 51.89 LR LR B, 11.46
T B; 46.54 Heritability of polygene B: 7.21
F, 136.77 e (%) F, 0.00
ZFLH J5 22 Polygene variance B, 10.40 LR+ LR LR B, 68.64
o B. 5.82 Heritability of polygene+major gene B, 64.80
F» 0.00 Ponging (%) F» 87.52
J7 % Variance B 28.45 1= Wgepe (%) B 31.36
o B, 28.45 B, 35.20
F, 28.45 F, 12.48

3 iTig
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Sl B4 R S DA T X8 Sk B ST R B 2B LN R
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WA EHE SRR, MRS H A S/NHEA X, Bar-
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76 PR 8 2F R0 T35 N H 5, 5 Peries (1966) %
WA B R TR Oidium heveae P20 2 h 5
RIFF LR E & A5 S —5 1 4 h o or A= 7 & 0
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R A2 A BTN , o 11 300 R 4 R AT A —
SE AN ER P (Cohen et al., 2004 ) , 1142 Ff B W 2k
JE LRI R] B RS AR S0 P AR ZE Y R AR
J5 48545 (Cohen & Eyal, 1995) , PR 0K SR U PR
s T A TAEAL DURIE G B R R A . IR A
TR A, TOIk SE IR SRS AR T DI L 7 40
BRRAT I T BAER AR Lo R T RS R A Y 4
B A AR B S B R, AR B R T e
o SR TR 5 b 25 5 (L2 e B v g DR 7™
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IS UERE (R R B R e 22, i Bl IR — A R
Ke g , U)oyt A SUBRYY o BRI 0 A 0 - IRK &)
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P TE A

ARAFGEREER A LIS T g 45 5 17 X
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