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Development and application of a multiplex real-time PCR assay
for quantitative detection of three pathogensrelated to kiwifr uit
root rot disease
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Abstract: [Background] In recent years, with the expansion of kiwifruit cultivation area, frequent
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occurrences of diseases have increasingly affected the yield and quality of kiwifruit. Phytophthora
cactorum, P. cinnamomi and P. lateralis are a group of pathogens that cause the kiwifruit root rot disease.
[Objective] The present study aimed to establish and optimize a multiplex quantitative real-time PCR
assay for simultaneously detecting the three pathogenic Phytophthora species, and to investigate the
distribution of these pathogens in the main production areas of kiwifruit. [M ethods] The Yptl (ras-related
protein gene) sequences were aligned to develop species-specific TagMan probes and primers for P.
cactorum, P. cinnamomi and P. lateralis, respectively. A multiplex quantitative real-time PCR assay was
established and optimized, and the specificity and sensitivity were tested. Finally, the detection system was
used to analyze the Ypt1l gene content of three pathogens from the rhizosphere soils in the main production
areas of kiwifruit. [Results] HEX, FAM and ROX fluorescence signals were detected in the DNA samples
of P. cactorum, P. cinnamomi and P. lateralis, respectively, but no fluorescence signals in those of their
closely related and other soil-borne pathogens. The sensitivity was 100 fg for each pathogen. By assaying
166 rhizosphere soil samples of kiwifruit plants from Zhouzhi and Meixian Prefecture of Shaanxi
Province, P. cactorum was found to be the most widely distributed along with the highest Yptl gene
content, while P. cinnamomi and P. lateralis were relatively less frequent. [Conclusion] The established
multiplex quantitative detection method was specific and sensitive, and was suitable for the detection and
guantification of P. cactorum, P. cinnamomi and P. lateralis. This technique would be useful in early
diagnosis, monitoring and prevention of Phytophthora disease in kiwifruits.

Keywords: Kiwifruit, Phytophthora cactorum, Phytophthora cinnamomi, Phytophthora lateralis, Yptl

gene, Multiplex quantitative real-time PCR
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UGG 3R LA P R D) DB P 45 ) 22 L i B A
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9.0 1Y Tris-HCI, 40 mmol/L f#) EDTA, 10% SDS,
0.8%JifIEFL), 4 000 r/min g4 1 min, SRJ50
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Wlafifk -5 DNA, W4EHT1H 1 DNA fRAET
—-20°C %M.
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FEPE R M IAE R R 519 (3R 2). M\ NCBI
H5H 2 PR E 50 e 2 1A N 3 i 2 R 1Y Yptd gk
K5 (% 3), M HMMA BioEdit V7.0.0 (lonis
Pharmaceuticals, Dublin, Ireland)i#f7)F 51434,
fdi Fi%k 14 Beacon Designer V7.51 (PREMIER Biosoft
International, USA)iXit TagMan 141 (% 2). 4341
Fi HEX. FAM Fll ROX Z Ykl bRic s . #
RERE N IS TEIRET .

PCR R WAAR(25 pL): 1E. S5 [4#(25 pmol/L)
£ 1 uL, HotStart Tag DNA Polymerase (5 U/uL)
0.125 L, dNTPIEA%(2.5 mmol/L) 2 uL, 1xPCR
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x1 HRUKRE
Tablel Specificity tests

il B B Ir B U Hi X R S AGH
4y Btk Species Isolate® Origins Region Specificity tests®
Clade” Type Yph_cac_ Yph cin_  Yph_lat_
Gale R5/YphlF_ R1/YphlF_ R2/YphlF_
mod2/cac_ mod2/cin_  mod2/lat_
Ypro Ypro Ypro
1 Phytophthora GF468 Strawberry Gifu, Japan - - -
nicotianae
la P. cactorum CH989A11  Strawberry Gifu, Japan + - -
27017 Kiwifruit Shaanxi, China  + — —
* P. hedraiandra CBS111725  Viburnum sp. Netherlands - - -
* P. idaei WPC6767 Rubus idaeus UK - - -
* P. pseudotsugae WPC10339  Pseudotsuga USA - N N
menzesii
1b P. clandestina WPC3942 Trifolium Australia - N N
subterraneum
* P. iranica CBS374.72  Solanum melongena Iran - - -
* P. tentaculata CBS552.96  Chrysanthemum Germany - N N
leucanthemum
1c P. infestans MAFF305586 Potato Hokkaido, Japan — N N
* P. ipomoeae WPC10225  |pomoea Mexico - - -
longipeduncul ata
P. mirabilis WPC3005 Mirabilis jalapa Mexico - N N
P. phaseoli WPC10145  Phaseoluslunatus  USA - N N
2 P. citricola WPC1321 Rubus sp. Cdifornia, USA - - -
2a P. citrophthora CBS950.87  Citrus sp. Cdlifornia, USA - - -
2b P. capsici WPC1319 Green bell pepper Cdlifornia, USA - - -
P. pseudosyringae CBS111772  Quercus robur Germany - - -
P. heveae WPC1102 Avocado Guatemala - - -
P. humicola WPC6701 Citrus sp. Taiwan - - -
P. megasperma NBRC32176 White trumpet lily ~ Yokohama, Japan — - -
7a P. cambivora WPC0592 Abies procera USA - - -
* P. europaea CBS109049  Quercus rhizosphere France - - -
* P. fragariae CBS209.46  Fragaria sp. England N - N
* P. uliginosa CBS109054  Quercus robur Poland N - N
7b P. cajani WPC3105 Cajanus cajan India - - -
P. cinnamomi WPC2160 Grape South Africa - + -
27029 Kiwifruit Shaanxi, China - 4 -
* P. parvispora CB$411.96 Beaucamea sp. Germany - - -
* P. melonis WPC6870 Cucumber Japan - - -
P. niederhauserii CH96HE1 Hedera helix Chiba, Japan N - N
* P. pistaciae CBS137185  Pistachia vera Iran N - N
P. sojae WPC7358 Soybean NA - - -
P. vignae Ph-9 Adzuki bean Hokkaido, Japan — - -
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(8% 1)
8a P. cryptogea WPC1088 Callistephus Cdlifornia, USA - - -
chinensis

* P. drechsleri WPC1087 Beet Cdlifornia, USA - - -

P. medicaginis WPC10138  Medicago sativa Cdlifornia, USA N N -

P. sansomeana WPC3163 Slene latifolia New York, USA N N -
subsp. alba

8b P. brassicae CBS179.87 Brassica oleracea Netherlands - - -

P. primulae CBS620.97  Primula acaulis Germany N N -

8c P. syringae MAFF645010 Malus pumila Aomori, Japan - - -

* P. foliorum WPC10974  Azaea Tennessee, USA N N -

P. hibernalis CBS114104  Citrussinensis Australia - - -

* P. lateralis WPC3361 Chamaecyparis Oregon, USA - - +
lawsoniana

* P. ramorum CBS101553  Rhododendron Germany - - -
catawbiense

9 * P. insolita WPC6195 Sail Taiwan - - -

10 P. kernoviae NA NA NA - - -

Pythium vexans MS6-10-8V  Forest soil Gifu, Japan - - -

Py. helicoides NBRC100107 Rose Gifu, Japan - - -

Py. irregulare CBS263.30  Nicotiana tabacum  USA - - -

Fusarium oxysporum  MAFF727510 NA NA - - -

Rhizoctonia solani S02 NA NA - - -

\erticillium alboatrum Vaal 130308 NA NA - - -

v BREKG T T RER TN ¢ CBS: MLEAEETL, 22 WPC: BB BB AL VR IR P, SR
MAFF: HAAHE, HA; NBRC: NITEAWTEEA .G, HA; *: 3AEMELL YphIF_mod2 M GIH; NA: {5 EARTE;
o PUHE - TCPTHE N RAGI.

Note: *: Type isolate of species; *: Molecular phylogenetic clade according to Martin et al.*); : International identification

abbreviations, CBS: Centraalbureau fur Schimmelcultures, The Netherlands;, WPC: World Phytophthora Genetic Resource Collection,
USA; MAFF: Ministry of Agriculture, Forestry and Fisheries, Japan; NBRC: NITE Biological Resource Centre, Japan; ¥ Yph1F_mod2
was used as the forward primer for all 3 species; NA: Not available; +: Amplified; —: Not amplified; N: Not tested.

*k2 AMREABSI4F TagMan £RE
Table2 Primersand TagMan probesused in this study

[ SR 5IIEREE IR 75 T PG BEKE E = BTN

Species Gene Primer/Probe Primer type Sequence (5'—3) O A mplified fragment  References

length (bp)

Phytophthora Yptl YphlF_mod2 Forward CGACCATKGGTGTGGACTTTG 54 112 [17]

cactorum Yph_cac R5 Reverse CTGGGCACAACCGCAATAAAGA 55 [17]
cac_Ypro (HEX)-TCTGCGCTAGGCGACCTT 78.9 This study

TGCGAGCT-(BHQ1)

P.cinnamomi Yptl YphlF _mod2 Forward CGACCATKGGTGTGGACTTTG 54 229 [17]
Yph_cin R1 Reverse CACTACAGCAGCACCATTTATTT 52 [17]
cin_Ypro (FAM)-CTCCACGAACAGCTTCCA 75.1 This study

ACAGGCGAA-(BHQ1)

P. lateralis Yptl YphlF_mod2 Forward CGACCATKGGTGTGGACTTTG 54 189 [17]
Yph_lat_ R2  Reverse GGAAAAAATCTCCCGCAGACA 52 [17]
lat_Ypro (ROX)-CGTACGGATTTTCTAAAT 47.7 This study

-(MGB-X)

TE: TofERTH5 2 MO0k 18).

Note: The T, was calculated according to reference [18].
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&3 NCBI BREZREEM Yotl EEFIIERS
Table3 Accession information for Yptl sequencesin the NCBI database

[ I Bk BxRS [ T3> Bk xS
Species Isolates Accession No. | Species I solates Accession No.
Phytophthora alni subsp. alni SCRP2 DQ162953 L P lateralis IM 1040503 DQ162991
P. boehmeriae SCRP23 DQ270324 US1-2 KM975317
P. cactorum IM1296524 DQ162960 P. medicaginis SCRP407 DQ162990

CHO3OKTYPEL  HQ850000 | P. megakarya Pg517 HQ850008
P. cambivora SCRP82 DQ162956 P. megasperma IM1133317 DQ162986
P. capsici IM1352321 DQ162972 P. melonis PMNJIHG1 EF649778
P. cinnamomi CBS270.55 DQ162959 P. mirabilis CBS678.85 HQ850009

SCRP118 DQ270317 | P.multivesiculata  CBS545.96 HQB50010
P. citricola SCRP143 DQ162971 P. nemorosa SCRP910 DQ162965
P. citrophthora IM1332632 DQ162973 P. nicotianae CHO2FPK3 HQ849999
P. clandestina CBS347.86 HQ850002 P. obscura BBA 2/94-11-B  KJ755158
P. cryptogea IM1045168 DQ162987 P. palmivora IPPc3 HQ850011
P. drechsleri ATCC46724 DQ162989 P. phaseoli CBS120373 HQ850012
P. erythroseptica SCRP240 DQ162988 P. pistaciae IM1386658 DQ162957
P. europaea SCRP622 DQ162952 P. pseudosyringae SCRP734 DQ162967
P. foliorum CBS121655 KJ755148 P. pseudotsugae CBS444.84 HQ850013
P. fragariae SCRP245 DQ162950 P. psychrophila SCRP630 DQ162964
P. hedraiandra CBS111725 HQ850003 P. quercina SCRP550 DQ162979
P. hibernalis JK 1906242 KJ755160 P. ramorum SCRP911 DQ162992
P. idaei CBS971.95 HQ850004 P. sansomeana = FJ966876
P.ilicis SCRP379 DQ162963 P. sojae SCRP555 DQ162958
P. infestans CBS368.51 HQ850005 P. syringae CBS110161 KF882681
P. insolita 1M 1288805 DQ162974 P. tentaculata C45 HQ850014
P. inundata SCRP649 DQ162985 P. uliginosa BBA 12/02-1 KJ755139
P. ipomoeae CBS122203 HQ850006 P. vignae BBA P3071 KJ755145
P. iranica CBS374.72 HQ850007 Pythium oedochilum  CBS597.68 HQ850015
P. katsurae SCRP388 DQ162980 P. helicoides TCG3 HQB850016
P. kernoviae SCRP722 DQ162975 P. ostracodes CBS768.73 HQ850017
o - JoBE.

Note: —: No data.

Buffer 2.5 pL, Bovine serum albumin (BSA)
(4 mg/mL) 2.5 uL, DNA #iti 2 pL, ddH,O 13.875 pL .
PCR S £514:: 95°C 3 min; 94°C30s, 62°C45s,
72°C30s, It 404ME¥F; 72 °C 10 min, PCRY"
K i s 2 Yo NEWEEE I B VK AS I
SEIF O E it PCR JSUW AR Z (20 L) : DNA #

i 2 gL, 1xPremix Taq 10 pL, BSA (4 mg/mL)
2 uL, MgCl, (25 mmol/L) 1.5 pL, 43 BHn A I 1
SIYAEREL . e IE 15 4(20 pmol/L) 0.2 pL,
R 5145 (40 pmol/L) 0.1 pL, #%F(40 umol/L)
0.1 pL; MR IEM514(20 pmol/L) 1.6 pL, JIi
5|%7(80 umol/L) 0.4 pL, 4%t (40 umol/L) 0.4 pL;
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EANEEIES[#)(20 pmol/L) 0.8 pL, Jelm5l4)
(40 pmol/L) 0.45 pL, #%%1 (40 pmol/L) 0.45 L. J
M. 95°C10s; 95°C10s, 60°C35s, it
40 MEA . TEFRA PCR JGIRER KB B W 2 S0 A5
5, 1t Bio-Rad CFX Manager 4k {43k B Cff .

2 HR5HH
21 SFRRICHERR MR

T 54 s S e Bi 250748 37 93 41 PCR
R i 2 v ©UE S, AR AN TE SE 2 5 1 PCR
S X5 | ) R AR HEAT TR SRR I ST
2 A 5 0 T AR K Claded [0 e it 11 4> i 4 il
2 AN FF I bR 2 Clade7! ™ b 11 43T 257l
LA FASE BRI bR &% Clade8™ i) 134~ IF 4 il
IEAMEA 9492 B @ S E Ak 43 S TR 1 6 i D
ALV (AR . SR . IR 22
AR ) (R 1) SR ER, HEX WS
HTE S B8 DNA HIFEA PRGNS, FAM 1)
WHAGT RIEGARER DNA IFEA h gl
#|, 1M ROX WZLMES HAES A THER DNA
(A F g 1), £E A AR B AR PR A Hh 3 T
PIHAFT -
22 SERTRAEZEE PCR RMNIARBMIL

R T A A AR TS RN A g g S o
S PCRIAR, kit T 21 FoRTRIMk A 5]
Y RMBEE A AT, SR BN, BEEE
0.2 umol/L 15| FEREN VR BE T W3R fe f:
FEAEFEAE 1.6 pmol/L 195145 0.8 pmol/L H#RE!
W R IR A s HANERAE 0.8 umol/L 1Y
IV S PRE B N YRR Rl . IR R EE 430
i T 58.60.62 Fil 65 °C, HAiE ki JE 2 60 °C
IR . FREERE A A 2 09 5 | W) R T (0 4
SR ROCR AR AR . 7R 2 H A b E =
PCR 8B Tk BE 2 — M EH SRR, #WdrE
TV ZR oI AR [ e B (R B o T T, 75
I 1.5 mmol/L Y SR ALBE B 3 Fifrge 23 S o A &
HOE &SRy

23 ZEILHRNEE PCR BIBURE MK

Wi CHO89A1L, g WPC2160 g5
FA¥ETE WPC3361 /i DNA ZEik BIIR A, ¥ 10 1%
B R AL 6 U, BI(1.0x10%)—(1.0x107%) pg/L
AT PCR kil 4553RM, 3 MR RPEL 14 &
PREF 16 T g 57 1 SE B 98 O ' PCR R & X
(1.0x10%)—(1.0x10™ %) pg/L ¥ 1) H F7 # Fh DNA 14
BY R, TSR | B S AN B A 2 T R A
iy RBEY N 100 fg.

DI [FIAR A4 DNA 1 B XTI (E ik Al
br, OVAGAE(CAE) INALR, HEARERTZL
PRfErh e anidl 1 PR, Pt g moR B br A
DNA W FEFI CEELM R, AR M R
y 0.996, YGRS 104.84%; AR IAHOC R
oM 0.998 9, PIERIAE N 102.43%; HANERE
FIRZRECH 0.998 8, ¥ HERE N 112.09%.

24 ERE. EREMENESENRBHMERX
HnHhEHEXR

TEREEE R 2 B 2017 4 6, 10 A 12018 4 10 A
SRAE I A 3R i b RIS AG I H O Y . R R NS
FATERE 3RS s 7E 2018 4F 5 J BURE S, TR Hy
Mg rE . AR B 2017 4F 4 A AURES oP BRI s
%, W7 2017 4F 6 H A 10 H AORE S ARG s
MG IARETS 2 FETE; 8 2018 4 5 J1 RN
]I R Y 3 RS s , TAE 2018 4 10 H AR
it FORE I R R PR 2 2 PR RS (3R 4).

Ji) 2 BRI R DO L R A
PERER M N . HoRAE 90 iy 358, Hih 24 3 135
HRAGIN EI R R, Yot JE PR R VS R 15-89 pg/g
e, Hoh 2017 45 6 ARG AR S B £
(El 2A); 6 fy e SRS R, Yptl JEPR Ak
JEYEIE Dl 15-43 po/g +-48, Firp 2018 45 10 A
AR S BUR 2 (] 2B); 6 5 - 458 ks 21 25
REFE, Yptl LK Yk B Y L 25-56 po/g 14,
2017 4F 6. 10 F 1 2018 4F 10 A ¥4 2 MAEM Bk
K (K 2C).

J& B ARG FIAE X2 R R AN A B
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Figure 1 Senditivity tests, standard curves, correlation coefficients and amplification efficiencies assessed for Phytophthora

cactorum (A), P. cinnamomi (B) and P. lateralis (C)
F: ZEIN PCR Y HHIKE 34N @FY) DNA Sk R4
DNA /.

TE—it

e SRR BB B I VR B 47(1.0x10%) pg/ul—(1.0x10™) pg/ul 1

Note: Total DNA from the three species was mixed together and serially diluted to yield final concentrations ranging from 1.0x10° pg/uL to

1.0x10™ pg/uL before multiplex real-time PCR amplification.

(o34 R . HEREE 76 1 358, 14 4y H 3G 2]

PR, Yotl JEN vk L E h 10-67 pg/g 3%,
Hirp 2018 4= 5 ARl s A s BUR: 2 (K] 3A); 3 17

- RGN B R, Yptd R A% vk BV

17-151 pg/g +3&, H:rp 2018 4 5 A K H A9 RE i
oz (8 3B); 70y HIERRIE TR, Yptl
L Ry BE VI Ll 9-59 pg/g -3, 2017 4 10 /1
F1 2018 4 5 F 345 3 /FE Sl 2 (] 3C).
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Table4 Detection of Phytophthora cactorum, P. cinnamomi and P. lateralisin the main kiwifruit planting areas

HuX U H A ABUREACRIESL et pH ek AR 3] s T
Prefecture Sampling date Sampleswith Phytophthora/  Soil texture Symptomsin field Detected pathogens
Samples collected
JEz= Jun-17 10/25 L,SL,CL 5.9-69 Phytophthorarot, P. cactorum, P. cinnamomi,
Zhouzhi leaves yellowing P. lateralis
Oct-17 8/24 N 6.2-6.8 Leavesyellowing P. cactorum, P. cinnamomi,
P. lateralis
May-18 /18 N 6.3-7.1 Leavesyellowing, gray mold P. cactorum
Oct-18 9/23 N N Root rot, leaves yellowing P. cactorum, P. cinnamomi,
P. lateralis
Jr=RzN Apr-17 3/20 L,SL,CL 7.1-7.6 Bacteria canker, leaves P. cactorum
Meixian Sl
Jun-17 1/5 N 6.8-7.7 Root rot, leavesyellowing P. cactorum, P. lateralis
Oct-17 4/15 N 7.0-7.5 Bacterid canker, leaves P. cactorum, P. lateralis
yellowing
May-18 7/18 N N Bacteria canker P. cactorum, P. cinnamomi,
P. lateralis
Oct-18 4/18 N N Leaves yellowing, root rot P. cactorum, P. cinnamomi
V. L: Hit; SL: WRE; CL: #it; N: B,

Note: L: Loam; SL: Sandy loam; CL: Clay loam; N: Not tested.

A

P. cactorum in Zhouzhi Prefecture
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P. cinnamomi in Zhouzhi Prefecture

P. lateralis in Zhouzhi Prefecture
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Figure2 Distributions and the Yptl amounts of Phytophthora cactorum (A), P. cinnamomi (B) and P. lateralis (C) in Zhouzhi
Prefecture of Shaanxi Province
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P. cactorum in Meixian Prefecture
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Figure3 Distributions and the Ypt1l amounts of Phytophthora cactorum (A), P. cmnamomi (B) and P. lateralis (C) in Meixian
Prefecture of Shaanxi Province
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FEARTIFFE HR FRAT T 7. 7 0] LA ] e 26 22 A 5
3 FIERGRAR BN T (s . R R I
PERE) T TEBOT MR R IRET Y, T ATk
THX A BR HL(G+C)mol% & Ik, Tk AL TagMan
PREF TR, I A T TagMan-MGB #44t .
MGB BE AT $5 s R AT 19 T (810, AT URSIE Hey
Sk, MIMIKESCIZ A DNA R BelRIBS 334 i
H.

51W AR SEAEXT PCR (RGN 2 G T2
TEZATRBESE D Li Z2L4G0 T 9 /> DNA L5,
£145 rDNA [ ITS X35, 28S rRNA ZE[H | A
1 60S 1 L10 JE[H , B s e | KR+
1-o FEPA | IEEERGSLR . BRSO T 90 LA | tigA
AlA R LR Yot JEEM ) o T AT LK B
i) 22 S A AR S S 1 XTII”@%HEJE?%%EP”O]
(AR DNA JPFHEAT 50T, KB Yotl [ i&
A SR B

45 Henegariu i‘?[z”ﬂéﬂ:ﬁﬁ PCR 50 X 2
MRS, ARSI ILAL T 5 A2 AR R
IR E] L R RS | P B R B TR . AL,
TV Yotd R [FIE I s e R, AT

FEVREE T AR MR S S | D IR B AL , fe R AR
FEMAR R T 2 H S E i PCR A I AR

X TR R SN EE N R, BAR T4
Il T — e S EARIC 0P E R L RS i
XTIE SRR 3 . Kunadiya 25828, HESME4+
B TE A A I 1% 20X [F]— 43 32 P R e R B
YIRS, IR T 8 AT Rk
BREFMES Y, RG34 FIEX s s B A
R o

rDNA &R 285 DU, 1 Yt J R & bt
DUZEDH o ERAR Yptd 3 5 () R BE (IR T rDNA JE[A,
R E R W3t g B IR B N S AN A ]
iK% 100 fg, AT LA L PR AR AN A oK .
ULAh, B DL L PR A ) X B BB A RS T o

ERIME,

Bi SRR | R B AR T
()25 PCR K 7 0 8 B PCR Kl f2 A, AR
g1k S, (R USRI, R ARSI
TR BE (IRE i o ABFIEAE Bi SR SEAE i 2
SE SR s, BUSBESR S 25 £, AR B
22 AR R SRR iy, A AT L S R R e 1 v
B

T 3 0T B P 8 A Bk A X R A R B, AR
A DHOR PO A 2 50w 3 L A — Se B e R
sl A R o R I B 2, 3k R Wb X A
B SR Dl T BEAS )R 3 b 37 B s B R A e o S
B . B RN A AR A 2 B BAS [R5
Yot1 LR & AR B A, Bom gt 5200 —
R, 5 4, SHﬁj\x%E’Jﬁéuui‘ﬁtE 6. 10 f
f\ﬁﬁiﬁ%}ﬂéanqj 3PN DNA S HEE, X6

SR IR K A G

ﬁ%ﬁ%%lﬁﬂ@ﬁﬁ%ﬁ@ﬁ)ﬁ%l@%ﬁ
#tilE??"?*EM ARG I eRTR . R, TE6f Y

BRI A AR S A B L ARSI A
() 7 1 R A Bk 3 s 3 1) S R B v LA B
(RRk 2T SO TN B

B B A A ERFR L F D HBERBT RS
TRBF AT, LB 48 BAEM IR 55R
BEAREAAT AL X L3R AH R 0915 6.

REFERENCES

[1] OBrien PA, Williams N, Hady GES. Detecting
Phytophthora[J]. Critical Reviews in Microbiology, 2009,
35(3): 169-181

[2] AKkilli S, Serce CU, Katircioglu YZ, et a. Involvement of
Phytophthora citrophthora in kiwifruit decline in Turkey[J].
Journal of Phytopathology, 2011, 159(7/8): 579-581

[3] Kurbetli I, Ozan S. Occurrence of Phytophthora root and
stem rot of kiwifruit in Turkey[J. Journa of
Phytopathology, 2013, 161(11/12): 887-889

[4] LeeYH, JeeHJ, ChaKH, et a. Occurrence of Phytophthora
root rot on kiwifruit in Koreg[J]. The Plant Pathology
Journal, 2001, 17(3): 154-158

[5] Huang YJ, Qi PK. Studies on the cause of root rot of
kiwifruit in Guangdong Province[J]. Journal of South China

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ERIpe B A =R AR I o S0 1 2 B SEI S B PCR AINEA ity 37 K i ] 321
Agricultural University, 1998, 19(4): 19-22,35 (in Chinese) and nuclear multilocus phylogeny of the genus

(6l
(7]

(8]

(9l

(10]

[11]

[12]

[13]

[14]

WOV, BRI, AR AR s B 5. AR
ARl K224, 1998, 19(4): 19-22,35

Ferguson AR. Kiwifruit in the world — 2014[J]. Acta
Horticulturae, 2015. DOI: 10.17660/ActaHortic.2015.1096.1
Wang RX, Cao ZJ. Diagnosis of blight of Yangtao actinidia
in Shaanxi Province[J]. Acta Universitatis Agriculturalis
Boreali-Occidentalis, 1999, 27(4): 75-78 (in Chinese)
FU R, IR BT A A B A 12 T S S e
L. PRl K2E2AH], 1999, 27(4): 75-78

Engelbrecht J, Duong TA, van den Berg N. Development of
a nested quantitative real-time PCR for detecting
Phytophthora cinnamomi in Persea americana rootstocks[J].
Plant Disease, 2013, 97(8): 1012-1017

Schena L, Nigro F, Ippalito A, et al. Real-time quantitative
PCR: a new technology to detect and study phytopathogenic
and antagonistic fungi[J]. European Journal of Plant
Pathology, 2004, 110(9): 893-908

Chen Y, Roxby R. Characterization of a Phytophthora
infestans gene involved in vesicle transport[J]. Gene, 1996,
181(1/2): 89-94

Wang Y, Meng JC. Rapid detection of Phytophthora
nicotianae in infected tobacco tissues and soil samples based
onits Yptl gene[J]. Journal of Phytopathology, 2010, 158(1):
1-7

Hansen ZR, Knaus BJ, Tabima JF, et a. Loop-mediated
isothermal amplification for detection of the tomato and
potato late blight pathogen, Phytophthora infestang[J].
Journal of Applied Microbiology, 2016, 120(4): 1010-1020
Algiandro Rojas J, Miles TD, Coffey MD, et d.
Development and application of gPCR and RPA genus- and
species-specific detection of Phytophthora sojae and P.
sansomeana root rot pathogens of soybean[J]. Plant Disease,
2017, 101(7): 1171-1181

Martin FN, Blair JE, Coffey MD. A combined mitochondrial

[15]

[16]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

Phytophthora[J]. Fungal Genetics and Biology, 2014, 66:
19-32

Li MZ, Asano T, Suga H, et a. A multiplex PCR for the
detection of Phytophthora nicotianae and P. cactorum, and a
survey of their occurrence in strawberry production areas of
Japan[J]. Plant Disease, 2011, 95(10): 1270-1278

Kutyavin 1V, Afonina IA, Mills A, et a. 3-minor groove
binder-DNA probes increase sequence specificity at PCR
extension temperatures[J]. Nucleic Acids Research, 2000,
28(2): 655-661

Bi XQ, Hieno A, Otsubo K, et a. A multiplex PCR assay for
three pathogenic Phytophthora species related to kiwifruit
diseases in Ching[J]. Journal of Genera Plant Pathology,
2019, 85(1): 12-22

Panjkovich A, Norambuena T, Melo F. dnaMATE: a
consensus melting temperature prediction server for short
DNA sequences[J]. Nucleic Acids Research, 2005, 33(S2):
W570-W572

Blair JE, Coffey MD, Park SY, et a. A multi-locus
phylogeny for Phytophthora utilizing markers derived from
complete genome sequences[J]. Fungal Genetics and
Biology, 2008, 45(3): 266-277

Winton LM, Hansen EM. Molecular diagnosis of
Phytophthora lateralisin trees, water, and foliage baits using
multiplex polymerase chain reaction[J]. Forest Pathology,
2001, 31(5): 275-283

Henegariu O, Heerema NA, Dlouhy SR, et a. Multiplex
PCR: criticdl parameters and step-by-step protocol[J].
BioTechniques, 1997, 23(3): 504-511

O'Brien PA. PCR primers for specific detection of
Phytophthora cinnamomi[J]. Australasian Plant Pathology,
2008, 37(1): 69-71

KageyamaK, Komatsu T, SugaH. Refined PCR protocol for
detection of plant pathogens in soil[J]. Journa of General
Plant Pathology, 2003, 69(3): 153-160

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



