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Table 1. Phytophthora spp. and other isolates analyzed in this study

Species Isolate Location Host

Phytophthora botryosa ATCC26479

P. capsici p21170 Yunlin Capsicum annuum (sweet pepper)

P. cinnamomi PC97 Hawaii
p94006 Wufeng, Taichung Persea Americana (avocado)

P. citricola p9024 Linluo, Pingtung Syzygium samarangese (wax apple)
P9025 Sinyuan, Pingtung S. samarangese (wax apple)

P. citrophthora p95004 Ilan Fortunella sp. (kumquant)

P. colocasiae po177 Minsyong, Chiayi Colocasie esculenta (taro)
p97066 Shueili, Nantow C. esculenta (taro)

P. cryptogea p94011 Yongjing, Changhua Gerbera jamesonii (Transvaal daisy)

P. infestans p28184 Sinyi, Nanto Solanum lycopersicum (tomato)
p28187 Sinyi, Nanto S. lycopersicum (tomato)

P. kernoviae P1571°
P1608

P. lateralis 366"

368"
T4P3°
P. meadii NTU-01 Taipei Zantedeschia aethiopica
(white arum lily)

P. melonis p96032 Tainan Benincasa hispida (wax gourd)
p98106 Tainan Momordica charantia (bitter gourd)
p98141 Pusin, Changhua Cucumis sativus (cucumber)

P. nemorosa 2977° Umbellularia californica
3101° U. californica

P. palmivora PPaA1-5 Madou, Tainan Persea Americana (avocado)

p9253

Taitung

Phalaenopsis sp.
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Table 1. Phytophthora spp. and other isolates analyzed in this study (Cont.)

Species Isolate Location Host
P. parasitica p98151 Wufeng, Taichung Pandanus amaryllifolius
P98161 Wufeng, Taichung Adenium obesum (desert rose)
P. pseudosyringae 4340°
P. ramorum 2698° Lithocarpus densiflorus
2702° Heteromeles arbutifolia
2767° Sequoia sempervirens
PD98/5233° Rhododendron sp.
PD98/6743° Viburnum sp.
PD20019539" Rhododendron sp.
P. rubi 99F02°
Peronophythora litchii p90113 Minsyong, Chiayi Litchi chinensis (litchi)
Pythium aphanidermatum pyal Taipei Solanum lycopersicum (tomato)
Py. myriotylum pyml Taipei Zingiber officinale (ginger)
Py. irregulare pyil Chu-Shan, Nanto Pinus taiwanensis (Taiwan red pine)
Py. oligandrum pyol Taipei (soil)
Py. splendens pys10 Puli, Nanto
Py. sylvaticum CCRC33460

Py. ultimum pyul
Colletotrichum gloeosporioides YACO005
Ganoderma australe R2019 GA10 Puli, Nanto

G. lucidium R2480 GL7  Taichung
Lasiodiplodia theobromae F29006 Guoshing, Nanto
Phellinus noxius PNA3-1 Donghe, Taitung
Penicillin spp. Gukeng, Yunlin
Rosellinia necatrix R9864 RN8-2

Rhizoctonia solani 507

Gukeng, Yunlin

Citrus reticulate (mandarin)

Annona Squamosa (sugar apple)
Delonix regia (flame tree)

Peperomia obtusifoliam (betel pepper)

Annona Squamosa (sugar apple)

Citrus sinensis (orange)
Ardisia crenata (coral ardisia)

% provided by Dr. Clive Brasier (Forest Research Agency, UK).

b provided by Dr. Everett M. Hansen (Department of Botany and Plant Pathology, Oregon State University, USA).

¢ provided by Dr. David Rizzo (Department of Plant Pathology, University of California, Davis, USA).

¢ provided by Dr. Hans de Gruyter (Plant Protection Service, Section Mycology, the Netherlands).
¢ provided by Dr. Willem A. Man in’t Veld (Plant Proection Service, the Netherlands).
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Table 2. Oligonucleotide primers used in this study and their sequences

Expected size of the

Name Sequence (5’ to 3%) Target gene PCR product (bp)
Phy-2S GGG TGATACTCCCGTTCATC

28S rDNA of Phytophthora spp. 527
Phy-7A GCATAG CAAGCTATC CGCACA
ramyptF1 TGTCAG TGACCTCTCTCTCTCT

YPT of P. ramorum 189
ramyptR1 GGAAAC TCACCCACG GAAAGTG
rdhITSF1 GTTCACGTCCCCTGCCCGTTTC
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rdhITSR1 ACG GGG TGA GTG GAT GAC GCA
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Fig. 1. Specificity test of Phytophthora ramorum primers ramyptF1 and ramyptR1. PCR was performed using DNA from
different isolates as the template, and ramyptFl + ramyptR1 as the primers. The amplified products were analyzed by 1.5%
agarose gel electrophoresis. Results from representative isolates were shown in the figure, including: P. pseudosyringae 4340
(lane 1), P. ramorum 2698 (2), P. ramorum 2702 (3), P. ramorum 2767 (4), P. ramorum 5233 (5), P. ramorum 6743 (6), P.
ramorum 9539 (7), Peronophythora litchi p90113 (8), Pythium aphanidermatum pyal (9), Py. myriotylum pyml (10), Py.
irregular pyil (11), Py. oligandrum pyol (12), P. botryosa ATCC26479 (13), P. capsici p21170 (14), P. cinnamomi PC97 (15),
P. cinnamomi p94006 (16), P. citricola p9024 (17), P. citrophthora p95004 (18), P. colocasiae p9177 (19), P. colocasiae
p97066 (20), P. cryptogea p94011 (21), P. melonis p98106 (22), P. melonis p98141 (23), P. melonis p96032 (24), P. infestans
p28184 (25), P. infestans p28187 (26), P. kernoviae P1571 (27), P. kernoviae P1608 (28), P. lateralis 366 (29), P. lateralis 368
(30), P. lateralis T4P3 (31), P. meadii NTU-01 (32), P. nemorosa 2977 (33), P. nemorosa 3101 (34), P. palmivora PpaAl-5 (35),
and P. parasitica p98151 (36). M: 1 kb ladder (Invitrogen) as the size marker.



Ffl 58 A4 Phytophthora ramorum [V PCR Ui 5 59

P. amorum 10 ng
DNA

100 fg
__l;—
M 123456

bp
2000

1000

500

100

Eﬁ': ~ Phytophthora ramorum g [=" $framyptF1%2
ramyptR1JV gt % R

Fig. 2. Sensitivity test of Phytophthora ramorum primers
ramyptF1 and ramyptR1. PCR was performed using serial
dilutions of DNA from P. ramorum as the template, and
ramyptFl + ramyptR1 as the primers. The amplified
products were analyzed by 1.5% agarose gel electrophoresis.

The amount of template DNA used in each reaction was: (1)

10 ng, (2) 1 ng, (3) 100 pg, (4) 10 pg, (5) 1 pg, and (6) 100 fg,

respectively. M: 1 kb ladder (Invitrogen) as the size marker.
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Figure 3. Specificity test of Phytophthora-specific primers Phy2S and Phy7A. PCR was performed using DNA from
different isolates (Table 1) as the template, and Phy2S + Phy7A as the primers. The amplified products were analyzed by 1.5%
agarose gel electrophoresis. Results from representative isolates were shown in the figure, including: P. botryosa ATCC26479
(lane 1), P. capsici p21170 (2), P. cinnamomi p94006 (3), P. cinnamomi PC97 (4), P. citricola p9024 (5), P. citricola p9025 (6),
P. citrophthora p95004 (7), P. colocasiae p9177 (8), P. colocasiae p97066 (9), P. cryptogea p94011 (10), P. melonis p98106
(11), P. melonis p96032 (12), P. melonis p98141 (13), P. meadii NTU-01 (14), P. infestans p28184 (15), P. rubi 99F02 (16), P.
palmivora p9253 (17), P. palmivora PpaAl-5 (18), P. parasitica p98151 (19), P. parasitica 98161 (20), P. ramorum 9539 (21),
P. ramorum 5233 (22), P. ramorum 2767 (23), P. ramorum 2698 (24), P. nemorosa 2977 (25), P. nemorosa 3101 (26), P.
lateralis 366 (27), P. lateralis 368 (28), P. pseudosyringae 4340 (29), P. kernoviae P1571 (30), Peronophythora litchii p90113
(31), Py. aphanidermatum pyal (32), Py. myriotylum pyml (33), Py. irregulare pyil (34), Py. oligandrum pyol (35), Py.
splendens pys10 (36), Py. sylvaticum CCRC33460 (37), Py. ultimum pyul (38), Colletotrichum gloeosporioides YACO005 (39),

and Penicilllium sp. (40). M: 1 kb ladder (Invitrogen) used as the size marker.
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Fig. 4. Sensitivity test of Phytophthora—specific primers
Phy2S and Phy7A. PCR was performed using serial
dilutions of DNA from P. ramorum as the template, and
Phy2S and Phy7A as the primers. The amplified products
were analyzed by 1.5% agarose gel electrophoresis. The
amount of template DNA used in each reaction was: (1) 10
ng, (2) 1 ng, (3) 100 pg, (4) 10 pg, (5) 1 pg, (6) 100 fg, (7) 10
fg, and (8) 1 fg, respectively. M: 1 kb ladder (Invitrogen) as
the size marker.
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Fig. 5. Detection of Phytophthora ramorum by PCR
following baiting with the leaves of Rhododendron pulchrum.
Following baiting of P. ramorum for indicated periods of
time, R. pulchrum leaves were collected for isolation of DNA,
followed by a multiplex PCR with three sets of primers:
Phy2S + Phy7A, ramyptFl + ramyptR1, and rdhITSF1 +
rdhITSR1 (lanes 3-8). A parallel set of experiments was
performed with P. citrophthora as the baited pathogen (lanes
9-14). Lanes 3 and 9: 12 h, 4 and 10: 1 day, 5 and 11: 2 days,
6 and 12: 3 days, 7 and 13: 5 days, 8 and 14: 7 days. DNA
from healthy leaves of R. pulchrum (lane 1) and P. ramorum
(lane 2) was used as a control. The PCR products were
analyzed by 2.5% agarose gel electrophoresis. M: 1 kb ladder

(Invitrogen) as the size marker.



62 IEPVHESEMAT] W2l s H2M 2012

BBt

PHEET ﬁéﬂ#”iﬁ?’“%@ﬁi@%ﬁﬁéi RER RS E

=9 = i3 Dr. David Rizzo, Dr. Hans de Gruyter, Dr.
Everett M. Hansen, Dr. Clive Brasier b%}féﬁﬁ%ﬁ}éjﬁqﬂ Ee‘[
FE o

g5 & (LITERATURE CITED )

1. Anonymous, 2006. EPPO diagnostic protocol for

regulated pests : Phytophthora ramorum. EPPO Bull. 36 :

145-155.

2. Bilodeau, G. J., Lévesque, C. A., de Cock, A. W,
Duchaine, C., Briére, S., Uribe, P., Martin, F. N., and
Hamelin, R. C. 2007. Molecular detection of
Phytophthora ramorum by real-time polymerase chain
reaction using TagMan, SYBR Green, and molecular
beacons. Phytopathology 97: 632-642.

3. Brasier, C. M., Beales, P. A, Kirk, S. A., Denman, S.,
and Rose, J. 2005. Phytophthora kernoviae sp. nov., an
invasive pathogen causing bleeding stem lesions on
forest trees and foliar necrosis of ornamentals in the UK.
Mycol. Res. 109: 853-859.

4, Brasier, C. M., Denman, S., Brown, A., and Webber, J. F.

2004. Sudden oak death (Phytophthora ramorum)
discovered on trees in Europe. Mycol. Res. 108:
1107-1110.

5. Garbelotto, M., Svihra, P., and Rizzo, D. M. 2001.

Sudden oak death syndrome fells three oak species. Calif.

Agric. 55: 9-19.

6. Grinwald, N. J., Goss, E. M., and Press, C. M. 2008.
Phytophthora ramorum: a pathogen with a remarkably
wide host range causing sudden oak death on oaks and
ramorum blight on woody ornamentals. Mol. Plant
Pathol. 9: 729-740.

7. Grinwald, N. J., Garbelotto, M., Goss, E. M., Heungens,
K., Prospero, S. 2012. Emergence of the sudden oak
death pathogen Phytophthora ramorum. Trends
Microbiol. 20: 131-138.

10.

11.

12.

13.

14.

16.

Hayden, K. J., Ivors, K., Wilkinson, C., and Garbelotto,
M. 2006. TagMan chemistry for Phytophthora ramorum
detection and quantification, with a comparison of
diagnostic methods. Phytopathology 96: 846-854.
Hayden, K. J., Rizzo, D., Tse, J., and Garbelotto, M.
2004. Detection and quantification of Phytophthora
ramorum from California forests using a real-time
polymerase chain reaction assay. Phytopathology 94:
1075-1083.

Jyan, M. H., Huang, L. C., Ann, P. J., and Liou, R. F.
2002. Rapid detection of Phytophthora infestans by PCR.
Plant Pathol. Bull. 11: 25-32.

Kox, L. F., Brouwershaven, I. R., van de Vossenberg, B.
T. L. H., van den Beld, H. E., Bonants, P. J., Gruyter, J.
2007. Diagnostic values and utility of immunological,
morphological, and molecular methods for in planta
detection of Phytophthora ramorum. Phytopathology 97:
1119-1129.

Kroon, L. P., Brouwer, H., de Cock, A. W., and Govers,
F. 2012. The Genus Phytophthora anno 2012.
Phytopathology 102: 348-364.

Lane, C. R., Hobden, E., Walker, L., Barton, V. C.,,
Inman, A. J., Hughes, K. J. D. et al. 2007. Evaluation of
a rapid diagnostic field test kit for identification of
Phytophthora species including P. ramorum and P.
kernoviae at the point of inspection. Plant Pathol. 56:
828-835.

Martin, F. N., Abad, Z. G., Balci, Y., Ivors, K. 2012.
Identification and detection of Phytophthora: Reviewing
our progress, identify our needs. Plant Dis. 96:
1080-1103.

. Martin, F. N., Tooley, P. W., and Blomquist, C. 2004.

Molecular detection of Phytophthora ramorum, the
causal agent of sudden oak death in California, and two
additional species commonly recovered from diseased
plant material. Plant Dis. 94: 621-631.

Minerdi, D., Moretti, M., Li, Y., Gaggero, L., Garibaldi,
A., and Gullino, M. L. 2008. Conventional PCR and real
time quantitative PCR detection of Phytophthora



17.

18.

19.

20.

Bl L A4 Phytophthora ramorum [ PCR bl % 63

cryptogea on Gerbera jamesonii. Eur. J. Plant Pathol. 122:
227-237.

Rizzo, D. M., Garbelotto, M., Davidson, J. M., Slaughter,
G. W., and Koike, S. T. 2002. Phytophthora ramorum as
the cause of extensive mortality of Quercus spp. and
Lithocarpus densiflorus in California. Plant Dis.
86:205-214.

Rizzo, D. M., Garbelotto, M., and Hansen, E. M. 2005.
Phytophthora ramorum: Integrative research and
management of an emerging pathogen in California and
Oregon forest. Annu. Rev. Phytopath. 43: 309-335.
Schena, L., and Cooke, D. E. 2008. Development and
application of a PCR-based “molecular tool box” for the
identification of Phytophthora species damaging forests
and natural ecosystems. Plant Pathol. 57: 64-75.

Schena, L., Hughes, K. J., and Cooke, D. E. 2006.
Detection and quantification of Phytophthora ramorum,
P. kernoviae, P. citricola and P. quercina in
symptomatic leaves by multiplex real-time PCR. Mol.

Plant Pathol. 7: 365-379.

21.

22.

23.

24.

25.

Tomlinson, J. A., Dickinson, M. J., and Boonham, N.
2010. Rapid detection of Phytophthora ramorum and P.
kernoviae by two-minute DNA extraction followed by

isothermal amplification and amplicon detection by

generic lateral flow device. Phytopathology 100:
143-149.
Tsai, H. L., Huang, L. C., Ann, P. J., and Liou, R. F. 2006.

Detection of Orchid Phytophthora Disease by Nested
PCR. Botanical Studies 47: 379-387.

Wang, H., Qi, M., and Cutler, A. J. 1993. A simple
method of preparing plant samples for PCR. Nucl. Acids
Res. 21: 4153-4154.

Werres, S. and Marwitz, R. 1997. Triebsterben an
rhododendron: Unbekannte Phytophthora. Deutscher
Gartenbau 21: 1166-1168.

Werres, S., Marwitz, R., Man in 't Veld, W. A., de Cock,
A.W. A. M., Bonants, P. J. M., de Weerdt, M., Themann,
K., llieva, E., and Baayen, R. P. 2001. Phytophthora
ramorum sp. nov., a new pathogen on Rhododendron
and Viburnum. Mycol. Res. 105: 1155-1165.



64 MIPUEEFAAT SY2LE HY2 2012

Abstract

Peng, Ke-Chun®, Ann, Pao-Jen?, Lin, Chu-Ping®, Chiang, Ti-Wei', and Liou, Ruey-Fen’. Development of
PCR methods for rapid detection of Phytophthora ramorum, a quarantine pathogen of Taiwan. ‘Department
of Plant Pathology and Microbiology, National Taiwan University, Taipei, 106, Taiwan; 2Plant Pathology
Division, Taiwan Agricultural Research Institute, Taichung 403, Taiwan. Plant Pathology Bulletin 21:
53-64.

Phytophthora ramorum Werres, De Cock & Man in’t Veld, sp. nov., the pathogen of sudden oak death
(SOD) and ramorum blight, is known to infect a variety of plants including oaks, Rhododendrom, and
Viburnum species. Currently, infection by P. ramorum occurs mainly in Europe and North America. None
has been reported in Taiwan. Owing to its threat to woody ornamental plants and the forest ecosystems, P
ramorum has become an important quarantine pest of Taiwan. In order to develop a technique for rapid
detection of this pathogen, we designed three sets of primers, each specific for P. ramorum (ramyptF1 +
ramyptR1), Phytophthora spp. (Phy2S + Phy7A), and Rhododendron pulchrum Scoeet (rdhlITSF1 +
rdhITSR1), respectively. Specificity of the first two sets of primers was verified by PCR. Further analysis
indicated that PCR primed with ramyptF1 and ramyptR1 may amplify P. ramorum DNA with a low limit of
1 ng, while that for Phy2S and Phy7A was 10 pg. To facilitate detection of Phytophthora pathogens which
might exist in the imported materials, we established a diagnostic protocol which is comprised of the
baiting with the use of leaves of Rhododendron pulchrum G. Don, followed by a multiplex PCR, which
contains all three sets of the aforementioned primers. This method provides a useful tool for rapid detection
of P. ramorum, and in addition, may help to uncover the possible existence of other Phytophthora spp. as

well,

Key words: Phytophthora, Phytophthora ramorum, polymerase chain reaction, ramorum blight, rapid

detection, sudden oak death



