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KR (Phoma lingam) ~ DL HIE4KZE (deep freezing blotter
test, DFB) faHNEE AR E (Didymella bryoniae) ~ DLAK T
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TABLE 1. Isolates used in this study

Samples No. Isolates Host

1 Fusarium oxysporum f. sp. melonis PM-TDC-F006 Melon

2 F. oxysporum f. sp. melonis PM-TDC-F007 Melon

3 F. oxysporum f. sp. melonis PM-TDC-F008 Melon

4 F. oxysporum f. sp. melonis PM-TDC-F009 Melon

5 F. oxysporum f. sp. melonis PM-TDC-F010 Melon

6 F. oxysporum f. sp. melonis PM-TDC-FO011 Melon

7 F. oxysporum f. sp. melonis PM-YJL-F053 Melon

8 F. oxysporum f. sp. melonis PM-YJL-F054 Melon

9 F . oxysporum f. sp. anoectochili PM-YHL-F002 Anoectochilus
10 F. oxysporum f. sp. tracheiphilum PM-YHL-F003 Asparagus bean
11 F. oxysporum f. sp. gladioli PM-YHL-F019 Gladiolus

12 F. oxysporum f. sp. lactucae PM-YHL-F031 Lettuce

13 F. oxysporum f. sp. lilii PM-YHL-F035 Lily

14 F. oxysporum f. sp. lycopersici PM-YHL-F042 Tomato

15 F. oxysporum f. sp. niveun PM-YHL-F045 Watermelon
16 F. oxysporum f. sp. cubense PM-YJL-F040 Banana

17 F. oxysporum PM-YJL-F056 Melon

18 F. oxysporum PM-TDC-F012 - (soil)

19 F. solani PM-YJL-F055 Melon

20 F. acuminatum PM-YHL-F018 Bermuda grass
21 F. verticilliodes PM-YHL-F056 Rice

22 Alternaria sp. PM-TDC-F016 Melon

23 Colletotrichum gloeosporioides PM-TDC-F013 Melon

24 Colletotrichum_sp. PM-TDC-F014 Melon
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FFIR pGEM-T cloning kit (GMbiolab Co, Ltd., Taichung city,
Taiwan) #& (ligation) BRIV EY R B 2 EHS (vector) | -
A (transformation) & KBSIEE (Escherichia coli) DHS a
[ 4R (competent cell) A » WELAEH 100 ppmfEFHF#HZR
(ampicillin) A9 Luria-Bertani &% (LB, MDBio, Inc., Taipei
city, Taiwan) #E{THIE - BEFERIHHVEIE MR (PM-TDC-C010) )
A Plasmid Miniprep purification kit (GMbiolab Co, Ltd., Taichung
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(Bio-Rad Laboratories., Co., Ltd., Hercules, CA, USA) » SZEkH5]|
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— M5 F¥ Fal5F/Fal5R BaE % PEFTTDCprl (5'-FAM-
TGCCACATGGACATTAT-MGB-NFQ-3") #1710 88 55
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T (E—) -

5l FERUE AR

ARHFERTER A 2 51T FalSF/FalSR %K [H Fom /5% > faHl
TGS EAE — EEIY - FEAH PCR R Aifiiiz s > (i AR
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Fig. 1. PCR amplification of Fusarium oxysporum f. sp. melonis (Fom), eight formae speciales, one endophyte and one saprophyte of F. oxysporum (Fo),

three Fusarium spp. (F), and three non-Fusarium (Colletotrichum gloeosporioides, Cg; Colletotrichum, C; Alternaria alternate, A) with two
different primer sets (A) ITS1/ITS4, and (B) Fal5F/Fal5R. PCR amplification was performed using 20 ng genomic DNA extracted from each isolate.
Lanes 1-8: F. oxysporum f. sp. melonis race 2; Lane 9: F. oxysporum (endophyte); Lane 10: F. oxysporum f. sp. anoectochili; Lane 11: F. oxysporum

f. sp. tracheiphilum; Lane 12: F. oxysporum f. sp. gladioli; Lane 13: F. oxysporum f. sp. lactucae; Lane 14: F. oxysporum f. sp. lilii; Lane 15: F.

oxysporum f. sp. lycopersici; Lane 16: F. oxysporum f. sp. niveum; Lane 17: F. oxysporum f. sp. cubense; Lane 18: F. oxysporum (saprophyte); Lane

19: F. solani; Lane 20: F. acuminatum; Lane 21: F. verticilliodes; Lane 22: Colletotrichum gloeosporioides; Lane 23: Colletotrichum sp.; Lane 24:

Alternaria alternata; P: PCR control using 20 ng gDNA of F. oxysporum f. sp. melonis as the template; N: negative control using sterile ddH,0 as the
template; M: molecular markers of Gen-100 DNA ladder (GMbiolab Co. Ltd., Taichung, Taiwan).



PM-TDC-C010 standard DNA (copies)
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A)
—301bp
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(B)
—301bp
PM-TDC-F009 mycelium (mg)
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Fig. 2. Sensitivity evaluation of the primer set Fal5F/Fal5R in PCR
amplification. Serial dilutions of (A) standard DNA pTDC-C010
(ranging from 10° to 10 copies), (B) genomic DNA of Fusarium
oxysporum f. sp. melonis (Fom) PM-TDC-F009 (ranging from 2
to 2 x 107 ng), and (C) mycelium of PM-TDC-F009 (ranging from
10" to 10® x 10”7 mg) were subjected to PCR assay. The locations of
corresponding 301 bp DNA bands are indicated on the right. P: PCR
control using 20 ng genomic DNA of Fom as the template; N: negative
control using sterile ddH20 as the template; M: molecular markers of
Gen-100 DNA ladder (GMbiolab Co. Ltd., Taichung, Taiwan).
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BER o A G Ry AR - BEBUEEL SYBR green-based
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PCR R 2000850 » IS ATHSCITEARR IR RET - tahe gt
DNA -~ FRZHDNAB R E 4RI » B RS MEAE R (Bl
B o3 BT HR Y H BT 2 B B 7Y 0.99 - HTHE 1) ©
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Fig. 3. Sensitivity evaluation of the SYBR green-based real-time PCR assay with primer sets Fal5F/Fal5R. Serial dilutions of (A) standard DNA pTDC-C010
(ranging from 10" to 10 copies), (B) genomic DNA of Fusarium oxysporum f. sp. melonis (Fom) PM-TDC-F009 (ranging from 2 to 2 x 10™ ng), and (C)
mycelium of PM-TDC-F009 (ranging from 1 to 10~ ug) were subjected to SYBR green-based real-time PCR assay. The standard curves were created by
plotting the samples against the corresponding Ct (Cycle of threshold) value.
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Fig. 4. Sensitivity evaluation of the TagMan probe-based real-time PCR assay with primer sets FalSF/Fal5R and TagMan probe TDCprl. Serial dilutions of (A)
standard DNA pTDC-C010 (ranging from 10 to 10° copies), (B) genomic DNA of Fusarium oxysporum f. sp. melonis (Fom) PM-TDC-F009 (ranging
from 2 to 2 x 10° ng), and (C) mycelium of PM-TDC-F009 (ranging from 10 to 10~ ug) were subjected to TagMan probe-based real-time PCR assay. The
standard curves were created by plotting the samples against the corresponding Ct (Cycle of threshold) value.

27~ DL PCR ~ SYBR green-based real-time PCR J TagMan probe-based real-time PCR Z &g HIR [F1755 532 2 &+
TABLE 2. Detection of Fusarium oxysporum f. sp. melonis (Fom)-contaminated seeds by using the PCR, SYBR green-based real-time PCR, and TagMan

probe-based real-time PCR assays

Molecular detection methods

Fom-contaminated ratio (%)"

50% 40% 30% 20% 10% 0% P’ N¢
PCR +@33) +@3B) +@B3) +@A) +(3/3) -(0/3) + -
SYBR green-based real-time PCR + (3/3) + (3/3) +(3/3) +(3/3) + (3/3) -(0/3) + -
TagMan probe-based real-time PCR + (3/3) + (3/3) +(3/3) +(3/3) + (3/3) -(0/3) + -

* Four hundred Fom-contaminated seeds were prepared by mixing proper amounts of Fom-contaminated and Fom-free seeds.

® For the positive control, 20 ng of Fom (PM-TDC-F009) genomic DNA was used as a DNA template in the molecular detection assays.

¢ For negative control, sterile ddH,O was used instead of DNA template.
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(disease severity) FEZBIE R ABBIRENETY (B7) - MR
AHEL AT R E (R 1-3 X) BYREES 2 TR - S SR R
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1B R 0.00% ~ 3.70% ~ 0.00% ~ 41.18% ~ 41.18% ~ 38.10% ~
63.64% ; TfiiE TagMan probe-based real-time PCR Z 4 & IE
PRI ES RBHE =Y PCR RS Priscll 2y - HEEmE
B B L ASRERIEREEA LANES > 17 R
A By 52.38% ~ 59.26% ~ 68.00% ~ 82.35% ~ 76.47% ~ 90.48% ~
05.45%  #LL SYBR green-based real-time PCRZ 4/ 145 B fd
B AETT ARG B R (b 0 B R o RN B B Y A
Ryttt o BB E R EA W TE T (& plate-out/PCR
assays B in-planta PCR) » DA real-time PCR 745 B 18 i E 22t
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TABLE 3. The in-planta detection rate of symptomatic and asymptomatic melon seedlings infected by Fusarium oxysporum f. sp. melonis (Fom) by using the

PCR, SYBR green-based real-time PCR, and TagMan probe-based real-time PCR assays

Days after planting

Symptoms  Disease severity" Plate-out/PCR assays (%)b

In-planta detection

PCR (%)

Real-time PCR (%)

SYBR green-based TagMan probe-based

7 Symptomatic ~ 2.714 + 0.488 NC°
6 Symptomatic 2.000 £+ 1.000 NC
5 Symptomatic 1.429 + 0.535 NC
4 Symptomatic 0.857 £ 0.378 NC
3 Asymptomatic  0.000 + 0.000 15/25 (60.00%)
2 Asymptomatic ~ 0.000 + 0.000 9/27 (33.33%)
1 Asymptomatic  0.000 + 0.000 11/21 (52.38%)

14/22 (63.64%)
8/21 (38.10%)
7117 (41.18%)
7117 (41.18%)
0/25 (0.00%)
1/27 (3.70%)
0/21 (0.00%)

22/22 (100.00%)
21/21 (100.00%)
17/17 (100.00%)
17/17 (100.00%)
25/25 (100.00%)
27/27 (100.00%)
21/21 (100.00%)

21/22 (95.45%)
19/21 (90.48%)
13/17 (76.47%)
14/17 (82.35%)
17/25 (68.00%)
16/27 (59.26%)
11/21 (52.38%)

“ Mean of disease severity scores are shown: 0 = no symptoms, 1-3 = increasingly severe root-hypocotyl necrosis, 4 = post-emergence damping-off, and 5 = pre-

emergence damping-off.

® The plate-out and further PCR identification assays were used to confirm that the symptomatic and asymptomatic melon hypocotyls were Fom-infected testers.

¢ NC= not conducted

A)

Symptoms of melon seedlings

1 days 2 days 3 days
planting planting planting

B)

4 days 5 days 6 days
planting planting planting

7 days
planting

35
5
£25
@
g 2
L
g1s
20
0.5 |
a a
0 - :
1 2 3 4 5 6 7

Days after planting

B 7~ HPEERE T RERREEIE 1% (A) 1 (symptoms) 8 (B) 524 (disease
severity) #% JEERTAf o

Fig. 5. (A) Symptoms and (B) disease severity evaluation of Fusarium
oxysporum f. sp. melonis-infected melon seedling. Mean of disease
severity scores are shown: 0 = no symptoms, 1-3 = increasingly severe
root-hypocotyl necrosis, 4 = post-emergence damping-off, and 5 =
pre-emergence damping-off. Means followed by the same letter are
not significantly different at p<0.05 according to Least-Significant
difference (LSD) test.
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TABLE 4. The detection rate of radicles, hypocotyls and cotyledons of
asymptomatic melon seedlings infected by Fusarium oxysporum f. sp.
melonis by using the SYBR green-based real-time PCR and TagMan probe-

based real-time PCR assays

Tissue Real-time PCR (%)

SYBR green-based TagMan probe-based
Radicles 27/28 (96.43%) 18/28 (64.29%)
Hypocotyls 28/28 (100%) 16/28 (57.14%)
Cotyledons 25/28 (89.29%) 25/28 (89.29%)

89.29% - F&BEE Y TagMan probe-based real-time PCR Z:&% it
FEEIIEM HREER (64.29% ~ 57.14% ~ 89.29%) (FIU) - H
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REESENS 88 10% £ 50% 2 TRWEHINET 285
%5 ng IVFET DNA &7 (5.7584.36) x 10" & (2.0240.86)
x 10” pg #Y Fom DNA - 8811 = W% 2 T T LL s
Mo B  BhE S0% HEETEATSEHE
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4N - AEHE 10% ZFRNVEIEFEA P 2 EHEEHE R
(1.73£1.31) x 10° (F 1) » @ H HATAR S48 2 MoHIEER (200
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TABLE 5. Quantification of Fusarium oxypsorum f. sp. melonis (Fom) in Fom-contaminated seeds by using the SYBR green-based real-time PCR assay

Sample Fom-contaminated ratio (%)"  Calculated Fusarium oxypsorum f. sp. melonis DNA  Calculated Fusarium oxypsorum f. sp. melonis
amounts (pg per ng melon seed total DNA)b DNA amounts (pg per real-time PCR reaction)
Fom-contaminated seeds 50% (2.02 £ 0.86) x 10° (8.10 + 3.45) x 10°
Fom-contaminated seeds 40% .15+ 1.71) x 10° (6.46 £ 5.14) x 10°
Fom-contaminated seeds 30% (1.97 + 1.51) x 10° (5.91 + 4.53) x 10°
Fom-contaminated seeds 20% (1.79 + 1.22) x 10° (3.57+2.45) % 10°
Fom-contaminated seeds 10% (5.75 + 4.36) x 10’ (1.73 £1.31) x 10°

 Four hundred Fom-contaminated seeds were prepared by mixing proper amounts of Fom-contaminated and Fom-free seeds.

" Mean * standard deviation is presented from triplicate samples collected from three sampling batch of Fom-contaminated seeds, each batch of four hundred Fom-

contaminated seeds.
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Fig. 6. Quantification of Fusarium oxysporum f. sp. melonis (Fom) in

Fom-infected melon seedling using the SYBR green-based real-time

PCR assay. Means followed by the same letter are not significantly

different at p<0.05 according to Least-Significant difference (LSD)

test.
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Fig. 7. Quantification of Fusarium oxysporum f. sp. melonis (Fom) in
radicles, hypocotyls and cotyledons of melon seedlings infected by
Fom by using the SYBR green-based real-time PCR. Means followed
by the same letter are not significantly different at p<0.05 according
to Least-Significant difference (LSD) test.
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Fusarium oxysporum f. sp. melonis (Fom) is a destructive
phytopathogen that causes a seed-borne Fusarium wilt disease on
melons (FWM). It is vitally important to recognize melon seedlings
or seeds infected by Fom as rapidly as possible, preferably before the
appearance of visual symptoms, in order to prevent the introduction
and dissemination of Fom from diseased to healthy melon plants as
much as possible, which could reduce the impact of FWM outbreaks.

Development of a specific and efficient tool for Fom detection is
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important. For the Fom molecular detection purpose, we developed
three molecular methods to detect Fom-contaminated seedlings and
seeds of melon by using PCR, SYBR green-based real-time PCR,
and TagMan probe-based real-time PCR assays. The data indicated
that the race 2-specific primers FalSF/Fal5R and the novel TagMan
probe TDCprl were specific to Fom in Taiwan. We were able to
obtain all positive results by using the three detection methods when
the DNA template was 10% to 50% (Fom-contaminated/Fom-free)
of Fom-infected seeds. The detection rates of PCR, TagMan probe-
based real-time PCR, and SYBR green-based real-time PCR assays
were 0%, 52.38%, and 100%, respectively, when the asymptomatic
melon seedlings (1 day after plating) were used as test samples.
These data indicated that the SYBR green-based real-time PCR assay
with the primer set Fal5F/Fal5R has high applicability for the early
detection of Fom race 2-infected seeds and seedlings of melons. This
Fom race 2 SYBR green-based real-time PCR assay has the potential
to serve as a rapid, specific, and sensitive tool for the routine
detection of seeds and seedlings of melon contaminated by Fom race
2.
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