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Phylogenetic analysis and fungicide sensitivity of Plasmopara viticola in Taiwan|

Chao-Feng Tail2, Tsu-Cheng Chang’. Qiong-Zhuan Bai', Chi-Yi Li!. and Chia-Lin
Chung®

1 Agricultural Chemicals Research Institute, Ministry of Agriculture, Taichung.
Taiwan

2 Department of Plant Pathology and Microbiology, National Taiwan University.

Taipei. Taiwan

Grape downy mildew, caused by four formae speciales of Plasmopara viticola, is a
severe disease for grape production globally. In recent years, farmers in central Tarwan
claimed that several fungicides have become ineffective. In this study. the effectiveness
of 12 commonly used fungicides was evaluated with a sporangium reproduction assay
using diseased leaves collected from the field. Azoxystrobin and dimethomorph and
exhibited poor inhibitory effects even at 100 and 10 times the registered dosages,
respectively. Twenty-nine 1solates of P. vificola were collected from regions of central
Taitwan for identification and fungicide sensitivity tests. Multilocus phylogenetic
analysis with the internal transeribed spacer (ITS), the large subunit (LSU) of ribosomal
RNA (tRNA). actin (4CT). and B-tubulin (TUB) revealed that all 29 isolates belong to
P, viticola f. sp. aestivalis. The grape cultivars in Tatwan were derived from Fitis
vinefera and Vitis labrusea. the result corresponds to previous studies of P, vificola f.
sp. and host species. Using leaf disc assay, we identified 16 highly resistant isolates
(ECsp > 100 pg mL™") and 7 intermediate resistant isolates (10 pg mL™ < ECsp < 100
ug mL1) for azoxystrobin, and 4 highly resistant isolates and 9 intermediate resistant
isolates for dimethomorph. For eyazofamid. most of the isolates were sensitive (ECsp <
1 ug mLY) and 2 isolates were less sensitive (1 pg mL' < ECsp < 10 pg mLY). To
maintain the effectiveness of fungicides in grape. molecular mechanisms and resistance

management strategies should be studied in the future.

Keywords: grape downy mildew, fungicide resistance, leaf disc assay, multilocus

phylogenetic analysis

[&— ~ WFES 3R 2 (Tai et al., 2024)
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1 Aq‘lculhl\ll Chemicals Research Institute, Ministry of Agriculture, Taichung 413001, Taiwan
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d11633001@ntu.edu tw; cenhz@acrigoviw

Introduction

Grape downy mildew (GDM), caused by five cryptic species of

Plasmopara viticola, is a severe disease for grape production globally. In
recent years, farmers in central Taiwan claimed that several fungicides
have become ineffective. In this study, we used quick assay to select
common registered fungicides of GDM and preliminary found the low
sensitive one. We also collected 29 isolates of P. viticola from field, using
multi-gene phylogenetic analysis and leaf-disc assay, EC., of azoxystrobin,
dimethomorph, and cyazofamid were calculated to validate the real
sensitivity of GDM pathogens in Taiwan.
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Table. 1. Planting area and yield of
grape in Taiwan
Xihu 4875 20,554
Zhuolan 4575 15,438
Dacun 4148 13,689
Xinshe 333.8 9,634
Xinyi 3200 7,371

3. Leaf disc assay for sensitivity test N .
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Results
Table. 2. 5k of sensitivity fest for T .0 Table. 3. ZR of sensitivity test for
assay 285. assay
12 registered fungicides —+ 65.0-850 azoxystrobin and dimethemorph
- 450650
w50 e Inhibition rate (%]
Arowystranin (uE ml | Dimethamorph (jiz ml"
== Target  Regstered _____ Inhibitionrate (%) @1 1 3 10 1003000 01 1 3 10 100 1000
Fungicide products : - L
neeReeed e diutionrae () 1004 104 A LHOA V1004 ¢y 327 98 17 132 210 945 272 436 364 555 67.8 974
= = = = Caotun-2 52 41 155 21 7.3 742 BB 7.3 164 177 445 971
e e AL o0 e am o T e 133 115 154 150 216 754 01 00 £3 141 335 957
e i e PR © Zhoulnl 37 102 125 77 48 863 12 77 94 144 424 965
= = 000 oL L L D Zouwsn2 107 85 169 149 275 586 24 03 71 02 265 957
fmm-m'h,mp.m Hyimgi-1 00 00 17 58 137 @35 00 31 00 56 226 991
Pydrachiorice 50.2% 50 B3+F4 1.200 H w4 T Ny 26 74 114 134 176 810 52 66 7.8 83 47.9 981
TEmees M1:Un 200 om oom o o 4 WuRngzl 182 219 191 254 360 850 124 163 244 321 556 968
Cymosanil ¢ smmide S5B WP B3+Un 2,000 E T
gmasordn AT s oHs 1,600 O oHE 4 B H T3 283
TEeam ez e s s s e [ G i
Fozetyksumirium BI% WG 5] 800 . F . 0 a riparic
encmzeb FomomnTI M3sUn 750 o s + B cestivalis
Oina-copper 33,55 50 M1 1500 o+ s + N € winifara =
Fed 2 ) o [} quinguefolia
aeran 23550 a Z.000 : = = = E ] A
Menzozss + metzlonl WP ALHM3 200 P - ~ ——
Dimethemarph 30 SC HS 2000 = s+ - - et e | MM m R
Cymatamia s 2% 50 ca 3,000 P - ACT Tue .
Fluoniolice + D
= el i BS+F4 1200 = 4 5] \
Trioasic copper sufsiz .
e MisUn 500 B 5
Cymosanil ¢ zmmmide SEE WP B3+Un 2,000 P e S ”
Amaeorsdn t dmeomer®  caeHs 1500 te HE o B+ . % z B
B .
e C3+Un 2500 a4 + a = K
Fazety-sumirium 2% WS 7 200 T
b e AT 750 e oae B BB e iee? e e
Due copper BRSE = N S R S E Fig. 2 Phylogenetic analysis for ITS, 285, ACT, TUB gene
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<1 ¥ 16-100 (pgal)
“azawystrobin conc: 1.15, 11.5, 115. 1150, 11500
**dimethamorph cone-1.25, 12.5, 125. 1250, 12500
=% Al ECo value of cyazofamid were below 2.5

Fig. 3. Sensitivity test of 29 P. viticok isolates
to three fungicides

All B viticola we collected are clade
aestivalis, which is consistent with
the reference (Rouxel et al., 2012)
To maintain the effectiveness of
fungicides in grape, molecular
mechanisms and resistance
management strategies should be
studied in the future.

W &R 25 (Tai et al., 2024)
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KT AEYS R b1 %14 T8hZE B & (Fungicide Resistance Action Committee)
ERATAHS 0 FEABERTE/AE > Mr. Gerd Srammler 8145 F#E/\E] 2 Mr.
Gilberto Olaya - £ = H R/ EIFE FAYEFZELL(1)FRAC 2HERAERIOMATFEE 5 (2)2&
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FRAC-APS Pathogen Resistant Committee Workshop

July 27,2024

Plant Health 2024, Memphis, Tennessee
July 27- 30,2024

Agenda and speakers

Oomycetes Fungicides

8:00 Welcome and introduction to the workshop

Gilberto Olaya, Syngenta, Vero Beach, FL; Manoj Choudhary, University of Florida, Gainesville, FL 11:10 resistance In Pythium sp. In the United States.
Martin Chilvers, Michigan State University, East Lansing, M.
1130 Fluopicolide resistance detections and management.
Moderators: Gilberto Olaya, Syngenta, Vero Beach, FL, Marija Zivanovic, ISK, Painesville, O, and Gerd Kenny Seebold, Valent, Lexington, KY.
Stammler, BASF, Limburgerhof, Germany
11:50 Cyazofamid efficacy against di stance and

Marija Zivanovic, ISK, Painesville, OH.

2 . il .
Gloria Abad, Former Senior Lead Scientist, Plant Pathologist, USDA-APHIS (retired), McDonough, GA.

8:35 pulation structure of
Lina Quesada, North Carolina State Universit

nsis.
ity, Raleigh, NC.

9:00  Evolution of fungicide resistance in Phytophthora infestans and Plasmopora viticola.
Stefano Torriani, Syngenta, Stein, Switzerland.

9:25  Adaptation of Oomycetes towards complex lll inhibitors.
Gerd Stammler, BASF, Germany

9:50 i f is and impact on disease epidemic management.

12:10 Lunch
oj 1, fungi nitoring
Moderators: Kenny Seebold, Valent, Lexington, KY, Lina Quesada, North Carolina State University, Raleigh, NC.
1:10  Customizing fungicide recommendations for cucurbit downy mildew based on Pseudoperanospora
cubensis lineages.

Anthony Keinath, Clemson University, Charleston, SC. Mariana Prieto, North Carolina State University,
Raleigh, NC, Lina Quesada, North Carolina State University, Raleigh, NC.

P b
Peter Ojiambo, North Carolina State University, Raleigh, NC. 1:30  Phytophthora control in tree fruit crops.
Jim Adaskaveg, University of California, Riverside, CA.
10:15  Coffee break
1:50  Grape downy mildew resistance monitoring.

B. Oomycetes Products and Fungicide Sensitivity: Timothy Miles, Michigan State University, East Lansing, MI.

Moderators: Jeff Standish, BASF, Research Triangle Park, NC, and Jim Adaskaveg, University of California,

2:20  Coffee break
Riverside, CA.

2:40  Oomycetes Fungicides presentations by Workshop attendees (Time is available for 10 to 12 attendees
who would like to share with all participants their Oomycetes Fungicides research project for great
is reviews, and ~ 10 min per

10:30 Oxathiapiprolin product introduction and resistance issues.
Courtney Gallup, Corteva, Indianapolis, IN

10:50  Picarbutrazox product introduction and sensitivity of Pythium species. 4:30  Endofworkshop
Gilberto Olaya and Dale Ireland. Syngenta, Vero Beach, FL, and Greensboro, NC

&Y ~ O DLEEME TIFRTE

WP AN BB e FAERHHEL T IR EREE T RN DIEE eV E A -
Heh B SRR ER - UPREE 0 TAVERY AN ~ RN R
TEAYRELENE - &r e HIET DL S (AR N HE T T 4% Bl (R (phylogenetic tree) #5377
B FBS RN iR e S thEca ] . B EsNSEabt stz MthA
B el T 2 A NG (genome) U RH AR FE LLHEE AV ELINEDRT (eDNA) R EHE
HIETEHEE -

RS EFR 1 T H BT 0 - ] AT B B S A R R R FEE



514 - DISEERAVERNEE N (Pseudoperonospora cubensis) Ryl » DL BERAR
PR AT & 250 > 2004 FRIERYEIRIGREEAEME - R fE Pz EAYERAE
SR B (5 P A [ A B SRR PRAEL B B SR AN (5] o S5 38 3R 52 B 1 i e o] [RT
SRR [F & 73 A [FIRYEEseefE (cryptic species) » #IHEHI ~ PEJI ~ R/ B2 5y
REjEete 1 T sH NELFE R R kS 2 o 7E/ERE LISE 1| g T8
(& 1) -

A mK1 mK2 m»Unassigned
N=48 N=51 N=59 N=27 N=13

N= N=67 - - -
100% 80 6 18 N=T N=24 N=9
90%
80%
70%
60%
50%
40%
30%
20%
10%
0% .

Cucumis Cucumis Cucurbita Cucurbita Cucurbita Citrullus Momordica Momordica Cucurbita Lagenaria
safivus melo pepo maxima moschata lanatus  charantia balsamina foetidissima siceraria

B~ N[E] Cucumis {E¥NF-5% 7 51 I\ 22 FI7K i [ e fE (Wallace ef al., 2020)

FHEA [E]EH ) TCEE BRpS Y P el e > 22 . 38 3 B S A (ST S Y Rl sz 1 254
5] » 407EBRPEEL (oxathiapiprolin)Hys s 8 R - Bejdifd 2 fEBRPEELIY BRI 50%
ZAF(2018)FE A & H R FH R HTBEMEIERT ¢ T B ZER S sl R IS 2
EPUEEMEIRR (BRI ARRR) -

1 T FREIGRRF LA [ SERIV ELSE M ERA % » 9045 58 T T s B NIRRT Y FH 4%
TRER o AAEEESTEE EE K (fluopicolide) (A [F] N B2 2 Btk 2 B EH N FE BRI
PR IR G RER Sy » R NBUR Y 2015 SEfERs (i A 7 =0 BRI
P JTE ~ 2RI - R REENR NEEREE -

5 LA B (Pythium spp )BT EEFFIPTEE ML RRIABUERE » HEE T A AR
FH & AT % 2 51 7Y 6 80 B 0 180 28 B IRIR & B (R o0 M » 38 TR B 1 T AR B B
ethaboxam HYREHVERAETT 0 HH » HA A [EIfSfdiy R & £ A 8 -Tubulin #Yf1
Bhrp 3R » B E Cysteine DA [E]YEEZE5E )7 0288 5 Serine HYIH G » #EMFIR
A SEFEERIN RS2 M PR 7S)
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= Posterior probability > 70 %

AA-23Y gCer  pvalue

" ¥thium carolinianum C:

Ser
X f Pythium carolinianum V-
- - C G Pythium ornacarpum CBS:14
o \_ - :

Pos. Prob.

Pythium radiosum CBS:217.
Cys Pythium acrogynum C-M 13
- G i PYthium longisporangium ILSO_2:48
Q \ o Pythium selbyi CBS:120728
Pythium longandrum C-KSS(
Pythium rostratifingens C- 2
Pythium orthogonon V- 02_4-54

Pos. Pmb.

| Pythium minus MNSO_2-36 X
Cys fo— Phytopythium litorale C-KSSO2_1-25 .558
5, Pythium nagaii C-NDSO2_6-1 .058
5 o ] E ,Phytophthora sansomeana V-KSS02_1-7 .893
§ 5 A \ u Phytophthora sansomeana KSSO_6-47 .842
a ¢ e Phytophthora sansomeana V-KSSO2_3-6
e Phytophthora drechslent MICO_2-45
Phytophthora sojae IASO_3-41.17
' ythium aphanidermatum ILSO_6-15C
w——  Pythium aphanidermatum NDSO_L_8-6 l l
8 Ser Pythium deliense MBL39
e N & / WPythium kunmingense AR_96.5.2. 3A F .
I ‘ = Py1h|um kunmingense AR_260.5.2.8 A 7 3
-4 = Pythium paroecandrum AR_15.82.7.A B A
_Pylhmm irregulare AR_127.8.2.3A | 7 X
= Pythium irregulare ILSO_1-31 C R 5
— P Ythium sylvaticum NDSO_1-42 | _Cys .51 .307
mm Pythium sylvaticum NESO_2-13 | _Cys .54 .294
Pythium atirantheridium IASO_6-36.41R [ Cys 29 463
— wmPythium attrantheridium IASO_10.16.27 Cys 17 .609
. Ser Pythium attrantheridium NDSO_2.12 | __Cys .22 .535
g ] , — — Y hiUM heterothallicum MISO_5-19H_1 | _Cys 1.3 118
Sps Pythlum glomeratum NESO_4-30 | __Cys 08 .202
§ — PYthium ultimum WISO_4-13 | _Cys 1.41 .107
) =eythium ultimum var. ultimum KSSO_5-45 | Cys 1.59 .092
g1 Pythium monospermum C-INSQ2_2-15 Cys 0.59 .27
&g - G Pythium adhaerens NDSO_L_10-7 Cys 0.59 272
i, Q \ e PYthiUM COpapINlUM ILSO_5-49B [ Cys 0.5 0.311 |
Pythium aff. dissotocum IASO_10-39.16RT Cys 0.62 0.257
aPythium folliculosum CBS:220.94 Text r 11.1
Py\mum torulosum MISO_8-29.1 12
m—  Pythium catenulatum C-ARS02-5.12
Pythium catenulatum NDSO_L_10.10 r 198 003 |
5, Cys Pythium angustatum V-ARSO2_3-46 Cys : .895
g — YU CONtigUANuM C-MISO2_5-4 Cys .01 .983
8~ Pymmm contiguanum C-SDS02_4-9 Cys .02 .964
g 0 Pythium myriotylum O_14-1 Cys .52 .303
Saprolegnia sp. NTF58-16 0.31 Cys .09 775

BN - KR EHEET| ethaboxam FY R MERAT 4 (Noel ef al., 2019)
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ARTES G {E keynote speech RET 13555 £1] Dr. Charity Dean Fii<sE s ([E /()
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AL A R T (PRI (AR 3 > DU A [F] 28 R EAY (B RE (% - Dr. Dean
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plant\i\}

2024

& ) A

& /\ ~ AZHHEEHY keynote speaker Dr. Charity Dean
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