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ABSTRACT: A total of 169 cucurbit accessions includes 34 accessions of pumpkin (Cucurbita
moschata), 69 accessions of angled loofah (Luffa acutangula) and 66 accessions of watermelon
(Citrullus lanatus) obtained from Clover Seed Ltd. (Thailand) were screened for resistance to
Cucumber mosaic virus (CMV) isolate NK10 (CMV-NK10), Papaya ringspot virus (PRSV) isolate
Cu014 (PRSV-Cu014) and Zucchini yellow mosaic virus (ZYMV) isolate Cu012 (ZYMV-Cu012)
under greenhouse conditions. Mechanical inoculation of the first and second true leaves was
done by rubbing with a mixture of virus inoculum and carborundum. Four weeks after inoculation,
all plants were evaluated visually for symptoms of virus infection and tested by Indirect plate
trapped antigen ELISA (indirect PTA-ELISA) to determine virus presence in upper, non-inoculated
leaf tissue. Disease rating based on percent of infected plants classified accessions as immune,
resistant, moderate resistant, moderate susceptible and susceptible. Twelve accessions of angled
loofah were immune to our isolates of all three viruses. Almost all tested accessions were
immune to CMV-NK10 include eighteen accessions of pumpkin, fifty accessions of angled loofah
and sixty six accessions of watermelon. Seventeen and five accessions of angled loofah and
watermelon, respectively, were immune to PRSV-Cu014. Sixty six accessions of angled loofah
were immune to ZYMV-Cu012. The immune accessions identified in this study may prove to
be significant new sources of CMV, PRSV and ZYMV resistance for breeding programs for cultivar

development.
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Table 1 Disease reaction based on percentage of infection (Havey, 1996)

Disease Reaction

Percent infection (%)

Immune (1)
Resistant (R)
Moderately resistant (MR)
Moderately susceptible (MS)
Susceptible (S)

1-25
26-50
51-75
76-100

n1snsavdautdelafaluiiy Auansaqy
Aunugs (Immune) Aaemaila Reverse-
Transcription Polymerase Chain Reaction
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Figure 1 Symptoms on leaves inoculated with CMV-NK10 at four weeks after inoculation: (A) Pumpkin
PK14-19, (B) Watermelon WM15-9015 and (C) Susceptible cucumber

£X )

Figure 2 Symptoms on leaves inoculated with PRSV-Cu014 at four weeks after inoculation: (A) Pumpkin
PK15-1030, (B) Watermelon WM15-9004and (C) Susceptible angled loofah
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Figure 3 Symptoms on leaves inoculated with ZYMV-Cu012 at four weeks after inoculation: (A)
Pumpkin PK15-1018, (B) Angled loofah RG14-9007 and (C) Susceptible pumpkin

Figure 4 Detection of CP gene
CMV-NK10, PRSV-Cu014 and
ZYMV-Cu012 in leave, stem and
root of immune plants and

Product si
roduct size susceptible plants after

~657 bp
inoculation with each viruses

using RT-PCR: (A.) Detection CP
A.  gene of CMV-NK10, (B.) Detection
CP gene of PRSV-Cu014 and (C.)
detection CP gene of ZYMV-
Cu012. Lane M of A and B; 100bp
DNA Ladders, Biolabs® Inc., Lane
M of C; FastRuler™ DNA Ladders,
Thermo Scientific. Lane 1; leaf
of a susceptible plant, lane 2;
stem of a susceptible plant, lane
3; root of a susceptible plant,

Product size
~735 bp

lane 4; infected plant of each
viruses (positive control), lane 5;

Froductisize leaf of a immune plant, Lane 6;

~850 bp
stem of immune plant, Lane 7,

root of susceptible plant, lane
8; non infected plant (negative
control) and lane 9; distilled
water (negative control)
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Table 2 Reactions of 169 cucurbit accessions and lines to CMV-NK10, PRSV-Cu014 and ZYMV Cu012

CMV-NK10 PRSV-Cu014 ZYMV-Cu012

Type of plant No Accessions Percent Disease Symptom" Percent Disease Symptom Percent Disease Symptom

infection reaction infection reaction infection reaction
Pumpkin 1 PK14-1 50 MR Chl 70 MS Mot 88 S LD, VB, St
(C. moschata) 2 PK14-2 20 R LY 56 MS Mot ;Mo 56 MS LY, VB, Mot
3 PK14-3 30 MR Chtl 50 MR LY 80 S LD, VB, St
4 PK14-4 20 R Cht 33 MR LY 50 MR LY, Mo
5 PK14-7 50 MR Cht 80 S LD, Mot 63 MS LY, VB, Mot
6 PK14-8 30 MR LY 56 MS Mo, LD 56 MS LY, VB, Mot
7 PK14-9 10 R LY 60 MS Mo, LD 56 MS LY, VB, Mot
8 PK14-10 0 | NS 56 MS Mo,VB 25 R LY
9 PK14-11 10 R Cht 30 MR LY 90 S LD, VB, St
10 PK14-15 0 | NS 30 MR LY 33 MR LY, Mo
11 PK14-18 0 | NS 80 S LD, Mot 50 MR LY, Mo
12 PK14-19 90 S Mo, LY 90 S LD, Mot 30 MR LY, Mo
13 PK14-20 60 MS Mo, LY 100 S LD, Mot 56 MS LY, VB, Mot
14 PK14-21 30 MR LY 80 S LD, Mot 100 S LD, VB, St
15 PK14-22 30 MR LY 90 S LD, Mot 30 MR LY, Mo
16 PK15-1002 10 R Chtl 100 S LD, Mot 78 S LD, VB, St
17 PK15-1003 0 | NS 100 S LD, Mo 100 S LD, VB, St
18 PK15-1005 20 R Chtl 100 S LD, Mo 100 S LD, VB, St
19 PK15-1006 0 | NS 90 S LD, Mot 70 S LD, VB, St
20 PK15-1007 0 | NS 100 S LD, Mot 88 S LD, VB, St
21 PK15-1008 0 | NS 100 S LD, Mot 100 S LD, VB, St
22 PK15-1009 0 | NS 100 S LD, Mot 89 S LD, VB, St
23 PK15-1012 0 | NS 100 S LD, Mot 100 S LD, VB, St
24 PK15-1014 0 | NS 100 S LD, Mot 33 MR LY, Mo
25 PK15-1015 0 | NS 100 S LD, Mot 100 S LD, VB, St
26 PK15-1016 0 | NS 100 S LD, Mot 100 S LD, VB, St
27 PK15-1017 0 | NS 100 S LD, Mot 89 S LD, VB, St
28 PK15-1018 0 | NS 100 S LD, Mot 100 S LD, VB, St
29 PK15-1019 0 | NS 100 S LD, Mot 100 S LD, VB, St
30 PK15-1020 22 R Chtl 100 S LD, Mot 67 MS LD, VB, Mo
31 PK15-1023 13 R Chl 100 S LD, Mot 80 S LD, VB, St
32 PK15-1025 0 | NS 100 S LD, Mot 89 S LD, VB, St
33 PK15-1027 0 | NS 100 S LD, Mot 63 MS LD, vB
34 PK15-1030 0 | NS 100 S LD, Mot 100 S LD, VB, St
Angled loofah 35 RG14-9077 0 | NS 33 MR Mo 0 | NS
(L. acutangula) 36  RG14-9078 10 R Chl 20 R LY 0 | NS
37 RG14-9079 0 | NS 50 MR Mo 0 | NS
38  RG14-9080 0 | NS 40 MR Mo 0 | NS
39 RG14-9081 0 | NS 60 MS Mo,VB 0 | NS
40 RG14-9083 0 | NS 40 MR Mo 0 | NS
41 RG14-9084 0 | NS 0 | NS 0 | NS
42 RG14-9085 25 R Chl 60 MS Mo, VB 0 | NS
43 RG14-9086 | NS 70 MS Mo,VB 0 | NS
44 RG14-9087 0 | NS 40 MR LY 0 | NS
45 RG14-9088 0 | NS 0 | NS 0 | NS
46 RG14-9089 10 R Chl 22 R LY 0 | NS
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Table 2 Continue

CMV-NK10 PRSV-Cu014 ZYMV-Cu012
Type of plant No. Accessions Percent Disease Symptom" Percent Disease Symptom Percent Disease Symptom
infection reaction infection reaction infection reaction
47  RG14-9090 0 | NS 0 I NS 0 I NS
48 RG14-9091 0 | NS 0 | NS 0 I NS
49 RG14-9092 0 | NS 33 MR LY 0 I NS
50 RG14-9093 0 | NS 50 MR LY 0 I NS
51 RG14-9094 0 | NS 20 R LY 0 I NS
52 RG14-9095 0 | NS 30 MR Mo 0 I NS
53 RG14-9096 10 R Cht 10 R LY 0 I NS
54 RG14-9097 0 | NS 70 MS Mo, VB 0 | NS
Angled loofah 55 RG14-9098 0 I NS 50 MR Mo 0 I NS
(L. acutangula) 56 RG14-9099 0 | NS 60 MS Mo 0 I NS
57 RG14-9100 0 I NS 60 MS Mo 0 I NS
58 RG14-9102 0 I NS 56 MS Mo, VB 0 I NS
59 RG14-9104 0 I NS 20 R LY 0 I NS
60 RG14-9108 0 I NS 78 S LD, Mot 0 I NS
61 RG14-9110 0 I NS 60 MS Mo, VB 0 I NS
62 RG14-9116 60 MS LY,Mo 70 MS Mo, VB 0 I NS
63 RG14-9118 0 I NS 60 MS Mo, VB 0 I NS
64 RG14-9119 20 R Cht 11 R LY 0 I NS
65 RG14-9120 0 I NS 10 R LY 0 I NS
66 RG14-9121 50 MR LY 0 | NS 0 I NS
67 RG14-9122 33 MR Cht 22 R LY 0 I NS
68 RG14-9123 0 I NS 0 | NS 0 I NS
69 RG14-9124 I NS 0 | NS 0 I NS
70 RG14-9125 10 R Cht 0 | NS 0 I NS
71 RG14-9126 0 I NS 0 | NS 0 I NS
72 RG14-9127 0 I NS 0 | NS 0 I NS
73 RG14-9128 0 I NS 0 | NS 0 I NS
74 RG14-9129 0 I NS 13 R LY 0 I NS
75 RG14-9130 0 I NS 0 | NS 0 I NS
76 RG14-9131 0 I NS 0 I NS 10 R LY
77 RG14-9132 0 I NS 0 | NS 0 I NS
78 RG14-9134 10 R NS 0 | NS 0 I NS
79 RG14-9135 20 R Cht 0 | NS 0 I NS
80 RG14-2936 0 | NS 90 S LD, Mot 0 | NS
81 RG14-2937 30 MR Chtl 60 MS Mo, VB 0 I NS
82 RG14-2939 10 R Chtl 70 MS Mo, VB 0 I NS
83 RG14-2940 20 R Chtl 100 S LD, Mot 0 I NS
84 RG15-9141 0 | NS 70 MS Mo, VB 0 I NS
85 RG15-9142 0 | NS 100 S LD, Mot 0 I NS
86 RG15-9143 0 I NS 90 S LD, Mot 0 I NS
87 RG15-9144 0 I NS 78 S LD, Mot 0 I NS
88 RG15-9145 0 I NS 80 S LD, Mot 0 I NS
89 RG15-9146 0 I NS 60 MS Mo, VB 0 I NS
90 RG15-9147 0 I NS a0 MR Mo 0 I NS
91 RG15-9148 0 I NS a0 MR Mo 0 I NS
92 RG15-9149 20 R Cht 70 MS Mo, VB 0 I NS
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Table 2 Continue

Type of plant No.

CMV-NK10

PRSV-Cu014

ZYMV-Cu012

Accessions Percent Disease Symptom" Percent Disease Symptom Percent Disease Symptom
infection reaction

infection reaction

infection reaction

93 RG15-9150 30 MR Ly 90 S LD, Mot 0 I NS
94 RG15-9151 0 I NS 90 S LD, Mot 0 I NS
95 RG15-9163 0 I NS 70 MS Mo, VB 0 I NS
96 RG15-9164 0 I NS 100 S LD, Mot 0 I NS
97 4RG15-9165 0 I NS 10 R LY 0 | NS
98 RG15-9166 0 I NS 50 MR Mo 0 I NS
99 RG15-9167 0 I NS 0 I NS 0 I NS
100 RG15-9168 10 R Cht 100 S LD, Mot 10 R LY
101 RG15-9170 0 I NS 100 S LD, Mot 11 R LY
102 RG15-9171 10 R Cht 80 S LD, Mot 0 I NS
103 RG15-9172 10 R Cht 80 S LD, Mot 0 I NS
Watermelon 104 WM15-9001 0 I NS 44 MR Mo 100 S LD, VB, St
(C. lanatus) 105 WM15-9002 0 I NS 20 R LY 100 S LD, VB, St
106 WM15-9004 0 I NS 60 MS Mo, VB 90 S LD, VB, St
107 WM15-9005 0 I NS 50 MR LY 100 S LD, VB, St
108 WM15-9006 0 I NS 44 MR LY 100 S LD, VB, St
109 WM15-9007 0 I NS 20 R LY 100 S LD, VB, St
110 WM15-9008 0 I NS 40 MR LY 100 S LD, VB, St
111 WM15-9009 0 I NS 20 R LY 100 S LD, VB, St
Watermelon 112 WM15-9010 0 I NS 20 R LY 100 S LD, VB, St
(C lanatus) 113 WM15-9011 0 I NS 33 MR LY 70 MS LY, VB, Mo
114 WM15-9013 0 I NS 30 MR LY 70 MS LY, VB, Mo
115 WM15-9015 0 I NS 0 I NS 100 S LD, VB, St
116 WM15-9016 0 I NS 30 MR Mo 90 S LD, VB, St
117 WM15-9017 0 I NS 40 MR Mo 90 S LD, VB, St
118 WM15-9018 0 I NS 56 MS Mo, VB 100 S LD, VB, St
119 WM15-9019 0 I NS 50 MR Mo 90 S LD, VB, St
120 WM15-9020 0 I NS 30 MR Mo 100 S LD, VB, St
121 WM15-9021 0 I NS 20 R LY 90 S LD, VB, St
122 WM15-9024 0 I NS 22 R LY 100 S LD, VB, St
123 WM15-9025 0 I NS 10 R LY 100 S LD, VB, St
124 WM15-9027 0 I NS 22 R LY 100 S LD, VB, St
125 WM15-9028 0 I NS 40 MR LY 100 S LD, VB, St
126 WM15-9029 0 I NS 30 MR LY 100 S LD, VB, St
127 WM15-9030 0 I NS 25 R LY 100 S LD, VB, St
128 WM15-9031 0 I NS 22 R LY 100 S LD, VB, St
129 WM15-9032 0 I NS 33 MR Mo 90 S LD, VB, St
130 WM15-9033 0 I NS 33 MR Mo 100 S LD, VB, St
131 WM15-9034 0 I NS 10 R LY 80 S LD, VB, St
132 WM15-9035 0 I NS 30 MR Mo 100 S LD, VB, St
133 WM15-9036 0 I NS 50 MR Mo 100 S LD, VB, St
134 WM15-9037 0 I NS 33 MR Mo 100 S LD, VB, St
135 WM15-9038 0 I NS 50 MR Mo 100 S LD, VB, St
136 WM15-9041 0 I NS 10 R LY 100 S LD, VB, St
137 WM15-9043 0 I NS 20 R LY 100 S LD, VB, St
138 WM15-9044 0 I NS 20 R LY 100 S LD, VB, St
139 WM15-9045 0 I NS 44 MR LY 100 S LD, VB, St
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Table 2 Continue

CMV-NK10

PRSV-Cu014 ZYMV-Cu012

Type of plant No. Accessions Percent Disease Symptom" Percent Disease Symptom Percent Disease Symptom

infection reaction

infection reaction infection reaction

140 WM15-9046 0 [ NS
141 WM15-9047 0 [ NS
142 WM15-9048 0 | NS
143 WM15-9049 0 | NS
144 WM15-9050 0 | NS
145 WM15-9051 0 | NS
146 WM15-9052 0 I NS
147 WM15-9053 0 | NS
148 WM15-9055 0 | NS
149 WM15-9056 0 | NS
150 WM15-9057 0 | NS
151 WM15-9058 0 | NS
152 WM15-9059 0 I NS
153 WM15-9060 0 | NS
154 WM15-9061 0 | NS
155 WM15-9062 0 | NS
156 WM15-9063 0 | NS
157 WM15-9065 0 | NS
158 WM15-9066 0 I NS
159 WM15-9067 0 | NS
160 WM15-9068 0 | NS
161 WM15-9071 0 | NS
162 WM15-9072 0 | NS
163 WM15-9073 0 | NS
164 WM15-9077 0 | NS
165 WM15-9078 0 | NS
166 WM15-9079 0 | NS
167 WM15-9080 0 | NS
168 WM15-9081 0 | NS
169 WM15-9082 0 [ NS

0 I NS 90 S LD, VB, St
10 R LY 100 S LD, VB, St
30 MR Mo 100 S LD, VB, St
20 R LY 100 S LD, VB, St
10 R LY 100 S LD, VB, St
0 I NS 90 S LD, VB, St
a4 MR LY 90 S LD, VB, St
70 MS Mo, VB 100 S LD, VB, St
60 MS Mo, VB 90 S LD, VB, St
50 MR Mo, VB 90 S LD, VB, St
40 MR Mo, VB 100 S LD, VB, St
20 R LY 100 S LD, VB, St
0 I NS 100 S LD, VB, St
10 R LY 100 S LD, VB, St
20 R LY 100 S LD, VB, St
30 MR Mo 90 S LD, VB, St
38 MR Mo 90 S LD, VB, St
13 R LY 89 S LD, VB, St
30 R LY 100 S LD, VB, St
20 R LY 100 S LD, VB, St
25 R LY 90 S LD, VB, St
67 MS Mo, VB 100 S LD, VB, St
10 R LY 100 S LD, VB, St
33 MR Mo 100 S LD, VB, St
10 R LY 100 S LD, VB, St
0 I NS 100 S LD, VB, St
25 R LY 100 S LD, VB, St
30 MR Mo 100 S LD, VB, St
10 R LY 100 S LD, VB, St
13 R LY 90 S LD, VB, St

Y = Symptom expression in leaves inoculated with CMV-NK10, PRSV-Cu014 or ZYMV-Cu012 four weeks
after inoculation: NS = No symptoms, LY = Leaf yellowing, LD: Leaf Distortion, Mo = Mosaic, Mot
=Mottle, VB = Vein banding, St = Stunt and Chl = Chlorosis
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