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PCR
DNA
10 mm 5%V8
(5 % Campbell V-8 juice, 0.2 % CaCOs, 2 % agar,
7000 rpm 10 min V-8)
(agar disc) 5% CV-8
(Potato Dextrose Broth, Difco, USA)
(Labconco,
LYPH-LOCKR®G, Kansas, USA)
Garber Y oder
(80 Yoon (22 3
DNA RAPD
DNA
RAPD PCR

Table 1. Origins of isolates of Peronophythora litchii used
for uandom amplified polymophic DNA (RAPD) and
polymerase chain reaction (PCR) analysis

CodeNO. Isolate NO. Location
1 PLO03  (Chunghsin Village, Nantow)
2 PLO04  (Chunghsin Village, Nantow)
3 PL0O05  (Chunghsin Village, Nantow)
4 PLOO7  (Chunghsin Village, Nantow)
5 PLO1L  (ChunghsinVillage, Nantow)
6 PLO12  (Chunghsin Village, Nantow)
7 PL020  (Tsaotun, Nantow)
8 PLO26  (Tsaotun, Nantow)
9 PLO27  (Tsaotun, Nantow)
10 PLO18  (Shuangtung, Nantow)
11 PL002  (Taiping, Taichung)
12 PLO13  (Taiping, Taichung)
13 PL024  (Chuchi, Chiayi)
14 PLO10  (Minhsiung, Chiayi)
15 PL016  (Minhsiung, Chiayi)
16 PL023  (Minhsiung, Chiayi)
17 PL025  (Shueli, Nantow)
18 PLO28  (Shueili, Nantow)

P. litchii (PL020)
Phytophthora capsici Leonian (9049) DNA
OPW-02 (Operon Technologies Inc., lameda, CA,

USA) RAPD
RAPD
8 (P. litchii) (PLO11 PLO12
PLO17 PL0O20 PL018 PL0O02 PLO13 PLO23) 8
(Phytophthora spp.) (92161 94001
9054 9049 8870 92199 95001  89153) DNA
DNA Operon Technologies 60
(KitA  KitB  KitW) 12
(reproducibility) OPA-03

OPA-09 OPA-12 OPB-01 OPB-06 OPB-07 OPB-
10 OPB-11 OPB-18 OPB-19 OPW-02 OPW-05
12

(cloning)

TOPO TA Cloning®
(InvitrogenR,CA, USA)  pCR°II-TOPO
(vector) RAPD 05~2u |
4 | 1u | pCRCII-TOPO 5
(ligation)
(competent cell)
30 800p | LB
(Bacto-tryptone medium 1 %; Bacto-yeast extract 0.5
%; NaCl 1 %) 37C 1
ampicilln (50p g/ ml) 4p | IPTG (20 mM)
40p | X-gal (80p g/ ml) LB 37C
16
(transformants)

(DNA prabe)

Southern 14 RAPD
0.2 N HCI
5 (depurination)
(denature solution: 0.5 N NaOH; 1.5 M
NaCl) 20
(neutralization solution: 1 M Tris-HCI,
pH 7.5; 1.5 M NaCl) 20
2X SSC
(0.3 M NaCl; 0.03 M sodium citrate) Immobilon-S
membrane

system (Millipore, American Bionetics, Inc. U.S.A.)

MilliBlot-VP vaccum transfer
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Table 5. Origins of isolates of Peronophythora litchii, Geotrichum ludwigii, Phytophthora spp., Pythium spp. And Litchi
chinensis used for random amplified polymorphic DNA (RAPD) and polymerase chain reaction (PCR) analysis

No Funga Specie Isolate No. Host Plant Location
1 Peronophythora litchii PLO03 Litchi chinensis () (Chunghsin Village, Nantow)
2 P.litchii PLO13 Litchi chinensis () (Taiping, Taichung)
3 P.litchii PL020 Litchi chinenss () (Tsaotun, Nantow)
4 P.capsici 92161 PCaph6-1A1 Piper longum( ) (Tsaotun, Nantow)
5 P.capsci 94001 PCa Pb11-1A1 Piper longum () (Shuantung, Nantow)
6 P.capsici 9054 PCaD1-1A1 Dahlia hybride ( ) (Puli, Nantow)
7 P.capsic 9049 PCaBb5-1A1 Gypsophila paniarlate ( ) (Houli, taichung)
8 P.capsici 8870 PCaAl Capsicumannuum () (Yuanchang, Chiai)
9 P.capsid 92199 PCa 27-1A1 Solanummelorgena( ) (Chiai)
10 P.capsici 95001 PCa33-1A1 Cycopersicumesculentum () (Liuchiao, Chia)
11  P.capsici 89153 PCapl-1A1 Caricapapaya( ) (Hsinkang, Chiai)
12 P.capsici 92228 PCa 28-2A1 Capsicumannuum () (shini, Nantou)
13 P. cinnamomi PCIA8-1A2 Perseaamericana () (Jungpu, chiai)
14 P. cinnamomi 94006 PCiA10-1A2 Perseaamericana () (Chiai)
15 P. citrophthora 95010 PCC15-2 Citrusspp. () (Jiaushi, llan)
16  P. citrophthora 95004 PCC14-1 Citrusspp. () (Jiaushi, lan)
17 P.colocasiae Colocasiaformosana( ) (Shuelli, Nantow)
18 P.cryptogea 94011 PCrG8-1 Gerbera jamesonii ( ) (Taichung)
19 P.drechderi Cucumissativus () (Shikou, Chiai)
20 P.parastica 90146 PPPU1-1A1 scindapsus aureus ( ) (Tianewi, Changhua)
21 P.parastica 9241 PPD2-1A2 Diffenbachia amoena ( ) (Taitung)
22 P.parastica 90174 PPAN1-1A2 Anthiumsp. ( ) (Jungpu, Chiaia)
23 P.parastica 90195 PPD1A2 diffenbachia amoena ( ) (Tianewi, Changhua)
24 P. parasitica PPT4-1 Nicotianatabacina () (Jungpu, Chiai)
25 Pythium splendens Piperlongum( )
26  Py. aphanidermatum
27 Py ultimum
28  Py. ultimum
29  Geotrichum ludwigii GL06 Litchi chinensis () (Shueili, Nantow)
30 G. ludwigii GLOo7 Litchi chinensis () (Shueili, Nantow)
31 Litchi chinensis LCO01 none (Taiping, Taichung)
32 Litchi chinensis LC02 none (Tsocheng, Nantou)
1 2X SSC Phototope™-Star Detection Kit
DNA (Whatman™ 3MM)  (NEW ENGLAND BIOLABS. Inc., MA, USA)
80C 20 uve- X-ray (Hyperfilm™-MP,
515 Ultraviolet Crosslinker (ULTRA-LUM, Inc. U.SA)) Amersham, Sweden)
(cross-linking)
4C (sequencing)
EcoRlI
NEBIot™ Phototope™
(NEW ENGLAND BIOLABS. Inc., MA, USA) DNA
Sanger (12) (chain-

68 C (Maxi Oven, Hybaid)
(hybridization)

termination method) T7 Sequenase version 2.0 DNA
sequence kit (United States Biochemical Corporation,
Cleveland, Ohio USAQ) PC/GENE®

(IntelliGenetics Inc. USA) LASERGENE® (DNASTAR
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Inc. USA) M Mg® 2~25mM
DNA
0.3~04p M
1 DynaZyme || DNA
P. litchii pR4 DNA 5
(forward primer) DNA
(reverse primer) 1 DynaZyme Il DNA
(15 20
25 30 35 40 50 60 cycles)
pR4 15
pR4 20
25 (1~1.6kb) DNA
PCR 30 35 40
OmniGene (annealing)
(no94cz 1 40 60
(cycle) 94 C60 55 C 90 72 C 60 35 DNA
72C7 1 (Ino4acz 1 30 35
94 C 60 60 C 90 72C60 35 72
c7 1 (1nyoacC2 1 94 C
60 65 C 90 72 C 60 35 72C7 12 RAPD
! OPW-02 (TCGCAGGTTC)
10| DNA 603 bp DNA (
R4F7 | RAR592 RA4F7 /| R4AR562 A) (Geotrichum ludwigii
RAMF258 / R4R562 R4MF245 / R4R592 RAMF245 / (Hansen) Sin-Fang. Tzu & Cheng Jing-Chu) 8
RaRS62 (Phytophthora spp.) 4 (Pythium spp.)
DNA DNA (
DNA
A A (sequence-
RAPD pR4 . .
X-ray specific primers) 595 bp
P. litchii OPW-02
DNA E. coli
P. litchii (DNA praobe)
RAPD P. litchii (partial genomic library)
DNA R4
50 ~ 200 ng dNTPs 200 ~ 400 EcoRlI
pR4
Table 5. Sequence-specific primer pairs derived from clone R4
Primerl direction Sequence GC(%) OPW-2 RAPD
R4AF7 Forward 5 GTT CGG GACATG GTT CTA CC-3 70.3 DNA
RAMF245 Forward 5 GCT CCA AGATGT TGGTTGGATCGG-3 775 pR4
RAMF258 Forward 5 GGT TGG GAT CGG CGC-3' 66.6 o
RIRS62 Reverse 5 GAT CTA CAG CAC AGC CCA AAG AAG G-3 P.litchii () pR4
RAR592  Reverse 5 CAGGTT CAA CAT CTG TAT GAT C-3 67.6 ( B)

! underlined sequences were derived from the OPW-02 primer. 2 8 4
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Fig. 1. (A) Random amplified polymorphic DNA (RAPD) analysis of genomic DNA
from Peronophythora litchii with OPW-02 primer (B) Southern blot hybridization to
the RAPD products probed with biotinylated pR4 probe from PL020 of P. litchii. Lanes
1to 18, isolates of P. litchii listed in Table 1; lanes M, biotinylated X174 Hae  digest
marker (NEW ENGLAND BIOLABS. INC., MA, U.SA.).

¢ ) ( lanel 7)

( B B) R4

R4 DNA DNA

65C (rn
DNA ( lane 13) RAMF258 /| R4R592
R4 0
335 bp
250 ~ 1500 bp 2~10
( lane 3)
R4F7 / 500 ~ 1500 bp
RAR592 RAF7/R4R562 RAMF258/RAR562 RAMF245 DNA ()]
/ R4AR592 R4AMF245 | RAR562 DNA
( lane 9) an;
RAF7 | RAR592 0 335 bp

530 ~ 630 bp ( lane 15)
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Fig. 2. (A) Random amplified polymorphic DNA (RAPD) analysis of genomic DNA
from Peronophythora litchii with OPW-02 primer (B) Southern blot hybridization to
the RAPD products probed with biotinylated pR4 probe from PL020 of P. litchii. Lanes
1to 3, isolates of P. litchii; lanes 4 to 18, isolates of other tested fungi listed in Table 2.
lane M, biotinylated X174 Hae  digest marker.

( lane2 8 14) DNA
PCR (degenerate PCR) (22) (a) 94C 2
1 (b) 94 C 60 55 C 90 72 C 60
5 (c)94 C60 65 C 90 72 C 60 DNA
30 (dy72C7 1 R4AMF258 / R4R562
(m ( lane4 10)
( lane 19) M an (
RAMF258  R4R592 30 bp
GC RAMF245  R4R562 RAMF245 | RAR592
( ) PCR R4AF7 | RAR562 350 bp 390 bp
o an oam 1) DNA 350 bp

500 ~ 600 bp

0 an
RAMF258 | R4R592
lane3 9)

0 an
( lane 5
390 bp
1~3
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M1 2 3102021222334 263627 AR I2 1T W

(A)
OPW-02  RAPD
PLO20 pR4

(B) P. litchii

Fig. 3. (A) Random amplified polymorphic DNA (RAPD) analysis of
genomic DNA from Peronophythora litchii, other tested fungi and litchi with
OPW-02 primer (B) Southern blot hybridization to the RAPD products
probed with biotinylated pR4 probe from PL020 of P. litchii. Lanes 1 to 3,
isolates of P. litchii; lanes 19 to 30, isolates of other tested fungi listed in
Table 2. lane 31 and 32, Litchi chinensis, and lane 33, control by water; lane

M, biotinylated X174 Hae  digest marker.

R4MF245 | RAR562 n an
an; 317 bp
( lane6 12 18)
480bp 690 bp
(1 an
( lane15 16)
R4AMF245
R4R562
(8 94C 2 1
72C60 35

(b) 94 C 60
(c)72C7 1
317 bp

60 C 90

( )

P. litchii 100ng 50ng 10

ng 5ng 1ng 500pg 100pg 50pg 10pg

R4AMF245 | RAR562
500 pg ( A)
pR4 X-ray
50 pg
( B)
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G GGAC AT SCTT CIACCTCANT SCACACGTACCCECTTGRAT ARTGUSA Y 5
DIEW 2 e
TCTTGGEC AT T ARG T TSATOCA T 26 TAGECSGOATTTTT COGAATCAMLRCATC 120
AR A O AT AT RS e P G AL A AT U TAC ARGEERC CAAT ATCSTRAMTT T80
COCaO AR CIAARAANCT IO AAGRCAARCACARANC ACCOCTCCTC EANA TITICETSOOT J4l
W GG T ARG TGT T ST TEGEE T GEN AT AAACASTTEOTATCATACGITSOTCGE 200
R I T OTC OO o O FaRE ) Ul e P URT AL T TG OO OT ATT IO RTECTE . =A0
ECTCACTETACATATTCTACGOSTI TCRCAASGEACCCATPCACC CACCTRCT TGOS - 42U
R P L AL s L U T S AT AR AT B TTRC S AATACATTTGSTASTARTACH 400
T AGTET I GG TG IO TCTG AR T ARRTIARCTCCTCAC G T RC TS AL ISR UT S4 0

PTG T R TG T A G E T GG T TERGR T CATRACAGATC T |
f=FN0 2

R4 595bp DNA
Fig. 4. Nucleotide sequence of the 595 bp RAPD fragment from P. litchii isolate PL020 inserted in clone

R4AMF245 /

R4.
R4R562 P. litchii
)
500 pg
PCR
( ) RAMF245 R4R562
RAPD 317 bp
9
1~4 (common band patterns) DNA
350 ~ 3140 bp 5
600 ~ 1400 bp
OPA-03 OPA-09 OPB19
RAPD
DNA RAPD
DNA
RAPD
(  lanel~7) RAPD

RAPD P. litchii
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RAF7/ RAR592 (1, 7,13) RA4F7/R4R562 (2, 8,14) R4AMF258/ R4R592 (3, 9, 15,19) RAMF258
/ RAR562 (4, 10, 16) R4AMF245/R4R592 (5, 11,17) R4AMF245/ R4R562 (6, 12, 18) (annealing) 55C (1-
6) 60 (7-12) 65(13-18)
Fig. 5. Polymerase chain reaction products of isolate PL020 of Peronophythora litchi using differnt primer pairs and annealing
temperatures. Lanes 1, 7 and 13, R4F7/R4R592; lanes 2, 8 and 14, R4AF7/R4R562; lanes 3, 9, 15 and 19, RAMF258/R4R592;
lanes 4, 10 and 16, R4AMF258/r4R562; lanes 5, 11 and 17, rdM F245/R4R592; lanes 6, 12 and 18, R4AM F245/R4R562. Lane M,
Bio 100 DNa Ladder™ (PROtech Technology Ent. Co., Ltd. R.O.C.). The amplified reaction were (1) one cycle at 94C for 50 s,
then 35 cycle at 94C for 60 s, 55C for 90 s, and 72C 60 s, and one cycle at 72C for 7 min (lanes 1-6). (2) one cycle at 94C for 50
s, then 35 cycle at 94C for 60 s, 60C for 90 s, and 72C 60 s, and one cycle at 72C for 7 min (lanes 7-12). (3) one cycle at 94C for
50 s, then 35 cycle at 94C for 60 s, 65¢c for 90 s, and 72C 60 s, and one cycle at 72C for 7 min (lanes 13-18). (4) one cycle at 94C
for 50 s, five cycle at 94c for 60 s, 55C for 90 s, and 72C 60 s, then 30 cycle at 94C for 60 s, 65C for 90 s, and 72C 60 s, and one
cycleat 72C for 7 min (lane 19).
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Fig. 6. Polymerase chain reaction products of isolates of Peronophythora litchii and
other tested fungi using R4AMF245/R4R562 primers. Lanes 1 to 3, isolates of P.
litchii, lanes 4 to 33, isolates of other tested fungi listed in Table 2; lane M, X174

Hae  digest marker.
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ABSTRACT

Chen, L. C.** Lee, C. C.}, Chung, Y. W.}, Ann, P. J.2 and Yeh, Y.3 1998. Establishment of molecular
markers for detection and diagnosis of Peronophthora litchii. Plant Pathol. Bull. 7:189-200. (* Department
of Plant Pathology, National Chung Hsing University, Taichung, Taiwan, R.O.C.; * Taiwan Agricultural
Research I nstitute, Wufeng, Taichung, Taiwan, R.O.C.; * Bureau of Animal and Plant Health Inspection and
Quarantine; * Corresponding author: E-mail:lcchen@dragon.nchu.edu.tw ; Fax:04-2857990)

Twelve primers were used for random amplified polymorphic DNA (RAPD) analysis to find specific
DNA markers of Peronophthora litchii. There were nine primers which could amplify the specific bands
patterns by RAPD. The primer OPW-02 (5'- TCGCAGGTTC-3") amplified a distinct fragment, subsequnetly
clonedin pCROI I-TOPO vector, that was specific to P. litchii. The cloned DNA fragment labeled with non-
isotope biotin, named pR4, was used as a probe in Southern blotting analysis. There was specific signal to P.
litchii and the same signal was not shown in 7 species of Phytophthora, 4 species of Pythium, and
Geotrichum candidum in Southern blotting analysis. Five primers were designed and synthesized according
to the sequence of 595-bp DNA fragment: R4F7, RAMF245, RAMF258 are forward primers, and R4R562,
R4R592 are reverse primers. The primer pairs RAMF245 (5'- GCTCCAAGATGTTGGTTGGGATCGG-3)
and R4R562 (5'-GATCTACAGCACA GCCCAAAGAAGG-3') could amplify a specific 317-bp fragment
from genomic DNA of P. litchii by polymerase chain reaction (PCR). As little as 500 pg of genomic DNA
of P. litchii could be detected by the developed PCR conditions. The sensitivity can be even increased up to
50 pg of DNA from P. litchii by incorporation of Southern blotting analysis with probe pR4. We hope to use
these techniques for detecting P. litchii on the fruit and in the soil directly from the field to understand the
ecological role, disease devel opment and the genetic diversity from oomycesin advance.



