J. Plant Med.

Vol. 61 No. 4, 2019 1
DOI:10.6716/JPM.201912_61(4).0001

& b B R 2 A BLOL AR

35 eyl % L 2% o 5 1% e 3t 1 % AL
RER NBIBmGZTSZE AT MRAA S RER

TH RS SRR YR &8 S
P EE YRS £ &0 St
"E4EPEE  rfliou@ntu.edu.tw; pjann @tari.gov.tw

W B

LR BIEREE - LT A - MEUE - ZEER 0 2019 - BIEEE
S PR TN 2 S AR R B ERET T EE61(4): 1-10 -

MR EEEMERZEREMNNEERTE > H
Phytophthora infestans5 [f8 » &SR E RVEOEHL - &
B 19084F- B M 29 2 5ok (W EAE A —E N e » 5
RN EKE S L@ BLAGR IR R4S Z TILE  ERRE &R
NBIUS-1 (BiE % > A'BCEED) - 1997412 H 48 & o E 1 g
B E 7 B RETIRRORE - WE AR EREREE I
HYERETEEHETEEMEEEM}EE - BRiTL
BERE S AR FEUS- 1NERBFHRAARZER &%
H A SATCE R - SRS CTE 2SR ERRINYERE
R R REREREARPEIE £ - BRI E R
55 > BREBEEABEEERN > AHFNEA N EEERE)
it =R (GO 2 e A OB S F28-29°C BE 18 £ 5524-25°C) »
ERPFE - RPCEREERELSE - HpEB R AR%
A RIHIRE (ECS0) 4949 55200-400 me/L ~ B % 450.001-
0.005 mg/L > HiZEMEfEE4-408 62 - H1997FE 220155 A58
SYBREAIIE R A 1,7668% » A TCEA - ez S - B
HAIC O MRGSTARAIEFIERUS-11 - B BRTE & MR H
B AT S AR R LA R PRI > e P T Ak o
RS © MR

BN - FoH A - prggtt - B - i -

[l PR P B Y i i B3 A 3RO

1876FEFE W B EL 2 <2 Heinrich Anton de Bary"” 5148
+ U SCBION 5 82 EHR % 2 W R B 44 Ky Phytophthora

( W W dn % FsBotrytis
infestans Montagne (1845) > #E W FE X B Peronospora
infestans (Montagne) Caspary (1854)"? ) » Wi L T IR H B
(Phytophthora) < HHIN IR FHVE BRI Z M - F2EEE
SLEBZREEEER - MR A E R E T EEEIRE
FEE )

RPEAREE (P. infestans) EIFH BERIEYIRIFEE "
HF¥FEHFEIEESE (Solanum tuberosum) BLZFT I (Solanum
Iycopersicum) o F&#% BRI E & — XKW HB 18425 > &
R IR SEERY R - S22 1% 0 1845- 1B464ETEBUNIMLE
o 45 R EE Y RS B i B A Z BIESE B & A
TEFEICT 0 o BB B RGR » AT EABA?
TR AC R ARG 5 T A BEHETT » TE19804- R Al » it
A SR Y B R A R IR BN A A RE R 10 PR
78 — {8 3 1 1 R S AR P B2 o Ry e R R R B Y 38 R 5 3
REVEAFC R0 R (L 5 A T 5 | 38 B R IR Y BN Aa TR T B E 25
PEEF o {45 180054 (- 1 B b I U8R 51 27 W6 P07 I A A Y
SYRTEE T o HEE L R A FE AR (genotype) HERB-147 ¢
MAE 19002 19804F 4K, » By i - B2 4% 2k th [ 19 B ke g s R 1A
B US-1 > EHU THERB-1 » BRI E Y F R E % © US-1
MR R A OB - SR SEBIRL (metalaxyl sensitive) 5
S5 F NG E R (allozyme patterns) £ peptidase (Pep): 92/100 ~
glucose-6-phosphate isomerase (Gpi): 86/100 ; RG57 DNA F54X[E]
S US-18S 5 Firds#s DNA [RHIR BERE LM R o7 o A
S A7 LR 5 2 Ry 19804 AR HE SR AN (7 Hh & 1Y 6 95 2
BRI B HE R A BB EE B AP (4 Fh BB P B JL A A B
(ELFEHERB-182US- 15 %) » FEEE LR - 241 Ko £
[ClREAT AR - 230 H A FAE 193747 B 2 3R f fe A R Al
RUIGEIRTE S > 30 R 5T H AR BT B8 B B 85 00 i i B

infestans (Montagne) de Bary



2 J. Plant Med.

Ry — > HR2E beidt AOxH -

TV ACBIOM IR 2 5 R 88 2R 18 > YR B SR 2y %5
BRI — A - E R T > E 1980 2 B R FEER B A K
% o RHBE T 19844F > Hohl & Tselin™ 4155 B - Hbl AyRc 2
R EREEA R AW S 1% > BUNH B ke
HERA® BOERCY » gimsEhiHE® "~ SEMHES Y haan
ENHHBIRANE & (FISE) W o HIEAE RSN E
FEFEHA -~ wBE - FIE - BENTE - - HIE - =& - B
SHF ~ AR o FIRREEEATSRA ATHC SR B A ACE (G
TR P SEP R LS (metalaxyl) HIRERZUIAYTEEMT -

FH A 4T 304F AR AR 7 B ST RAE B Bk & HUS R B B 2
AT A SR 2 R Rl FBERFERIBIE - B REREE
R B OHYERRE o By T LTI B R o AR R I 5T
Wit A 218 oy T-REsC e ha 2 ok - EESALEREEERE (Gpi,
Pep Kzmalic enzyme-Me)“ ~ Hr4RBEDNA [RHIH B-ERES AN
(mitochondrial restriction fragment length polymorphism)®” ~ &
DNAFS4U50H7 (DNA fingerprint analysis)'™® % < DNAFS&U T
FIr{l P Z A BE PR ETRGST Ky 1 M0 Y25 9 T A2k A [ i 88 L 2 Y — B
DNA - BE#HEas 2 /D25{EEAIFE (genetic loci) » FR#ERGST DNA
T4z 2BUBEIY - AR B B S A R R R AR oy By
AR - A BT AR 5] 0 27 B B 2T R AR 1R
ALEESRRER B T E S o phAh - EACH BRI
EHEMFF (simple sequence repeats; SSR) FEAC L 1 AT 74 B3
S P2 75 B R S A2

BEMpEREaEINELEIER

H A Kawakami & Suzuki® 55 1908 itk &/ E
PR FORE A MR > 1919 4E Sawada®® R EEYEL (Solanum
biflorum) ~ FEEE (Tubocapsicum anomalum) Wi FERGEIR E 2 &
THEY) (W e E I WE S EEYIE TSRS A
14 1 i 5 o] 22 LA R B a e - Mgt ~ /N HERAH
LR B E M ER  BEIESEHED - stHERN
— 7 THI PRI 975 T B 2 i e AR OB F524-25°C > &E A
RREVE 0 S RSN EEHERE o (HEBRMRRESE
PRERKERF AT SR » EEEY . LB R
AHIERALEHIE » ARE S 0 R YRR - MEE
JiH > RS ELE o R E AR R 2R R A
AR - HMAR &R RIS HA TR Y # 4 RE
e © 55— 7T > BIEEHEFER 2 & > &BRIEHRE 2
OrEE ~ BEE AR T N SRR AR R —
e E DI AERE AR - RILEZ R E F4E 2 = NRR
s -

HZ19954F > Hartman & Huang® BHRIFFE#EQEHH
15 /2 s B 2R IR < MR IR - BRI I i AR B N

BTl ~ REREBE (RERT)REREIE - m2es? Ml
1987- 19974 Al & 508 2 5 §5 22 B3R i S i B 2 o3 A i
o AiLhiR s BHAE AR R 2 AR - A8 wWRMEZ B2E
BEEREERIEENE > HEMERECESFMAS - It
AN B BTSRRI B A ORI Ih A B RTAE

@,

BE 7% iR I 1E 2 A AV IE EE ER IR V50

FEI9TELAF 2 AEERENTEMES TEE - &
T DEHBIEEMBIE - Al - B8 PRIFTRAE
ZEREAT R G B R E IR - (HE1997E12AE
& E G S E A AR - WA E N EIEE 2 G
B BHEHE - BT SERZLERLD Y - HELFEY)
> FURSCEEEE R B Z BRI T AR AR
BREMCHESS BREMYLA T TaRBER)  5H
AP Z B HRBHANGRSE T ARSI > BHE =%
RO — % (8 —) > R sNERE - TR
RN > RARRLI25E - NSRRI - Bl R e
BHIMEL SN - BEZEZ BRBERLYRD —F - [
# A FH JRME L B S () > R 0IE S IE E
A - EEDEIER - KREE - R E A E TN
oo RRULLAR » PG 80 B BRI E & B R (AL S R
o RE—BE RN RS - W E S R E —
& RN HE (B E SR - T1997TE VBt EE S
HHhE RE D BRICE RS FTEEEHRE - BRI EE R EE
BVEYE > HRIAEEREIEBDEBEEME—F - 0
A EERBEE SR - HERZ T EEE T B R
% WERIS B ENEHATRIRSHTHES -

RS QB KRB A Z IR > HI1997THE12A TA£E
0154E7A 1L » AIFEEEE112EEHREN OHAREE - &
o~ Ak - FEE) B4R (O ARBRE ~ BT IR
G~ b B B BE - o 6F 16 =HH)
ZTEP S S B BRI A, LS5 1,760 PR (FLrf 450 Ry
HEE S 0 13160k B E D) o K EAREEAR S R E
BLOYHEZ BPROORR GHTES % > 1997412 F 8L % 53 B 2 B IR)
PR EFH S L& o B R Z i B RSt (BBE &
1997412 3 Z i 53 e 2 B ) FLLEAvas B (F—)0
FEE R RATCHEL - i AREA/NSUE R REAEM -
W ZWRRME - B RER - ERAE « JigElE R F A
DRI B 55 2975 B 2 R ) ) o S8 B 2 AT e 28-29°C -
B R 4 ORI E A 24-25°C « AR RE I B i 0 A ROR
20CH » BFEABHERERERFITR0.19 cm > FEHF
550.45 om > AR EHE 22465 (B=) - BE L8RS -
RASF ~ BERSF ~ Safs - PEEREEI © 4-45U B 2RI fiR



DUEEME 5 T BE 2 0 {8 DURR S 81 1 S b 420 (HLSEH R 2 48 BL5R
ZUZ PLEENE (DY ~ F) o EESERAE100 ppmbf > TS 3
F549.8% CEHIRAH F526.5%) - B4R A RIHR Fy B IR R IE4H 2 71 .4-
145% 5 #E R EHRGFIIRE R FFHIEEM: > 10 ppm >
BT R 556.3% BSR4 R A IR 2 43.8-53% -
WHREERE - FHYRBENRYE > B AZEMER &
ftomato strain) £ ¥ F 1 MR IFEME - BESEEME Fiffpotato
strain) FJIE S8 30 3 B SR ) o S5 (ir 56 DN 16 [l 238 43 7 4 SR B
7 ESE £ ByPep: 92/100; Gpi: 86/100 ; ¥E % BsPep: 100/100;
Gpi: 100/100/111 © b4 » ATUCER 2 1,766 KB RS Fo A BC TR -
WEEABE R HIES O 5 T BB T A R R S E s
PLEEME > (E7RIN100 ppmEERIAY B8 AL > A4 R AR Ry B R4l
RIRNNEER 2 50-120% 7245 « DA RAEREEUR - 199744 F
DU BT G V8 S o B R B SE AR AR B = Lt 1

Vol. 61 No. 4,2019 3

ZEREZAIFERIER > MEFEREMCEEIITER

s (.45
ESEN °

B8] P9 & MR %2 7R B o B R U 3R

Tyan er al.™ ZWHFCEEE - G &R FT 82 IR
BB - 5 Ry 19974E A I o B B G &5 Z R AT o7 BE RV IR
FEENRUS-1E % > HEEERE SRR Kb - RGST
FREURUS-1205US-1.4 - AHEHY > B199TEL TR R ER
FLIRFT SR Z BRI R US-11E % » R © frsgie ki
BRIl - RGSTHREEURUS-1 12U BiAr b B - [NIL > US-115
ZIRMEAAE BB IE R B ORI EEE & > HIER TR
MEEECEREHBIME AMREE - HAERBERIFSEIE
DT IR REREIRA - BRI H AR R R R R & o

Bl 1997 2H T T 5 G S EERGE AR - A ¢ B EURRE ¢ C&D: LR

™ I

Fig. 1. A severe outbreak of potato late blight occurred in Houli, Taichung, in December 1997. A: a diseased field; B: diseased potato tubers; C & D: The

symptoms on diseased leaves.
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Fig. 2. A severe outbreak of tomato late blight occurred in Houli, Taichung, in December 1997. A: severe disease symptoms on tomato plants; B: symptoms on a

stem; C: symptoms on a leaf; D & E: symptoms on fruits.
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TABLE 1. Comparison of the characteristics of new and old strains of Phytophthora infestans from Taiwan

Characteristic

Old strain
(collected during 1990-1997)

New strain
(collected after the 1997 outbreak)

Disease occurrence

Cultivation on rye seed medium
Maximal temperature for growth
Mating type

Response to metalaxyl

Pathotype

RGS57 Genotype

Summer & autumn: high land areas
Winter & spring: northeastern Taiwan

Hard to culture on medium; with slower growth rate
24-25C

Al type

Sensitive: EC50 0.001-0.005 mg/L

Potato strain pathogenic to both potato and tomato, but tomato

strain only to tomato

US-1

Summer & autumn: high land areas
Winter & spring: all over Taiwan

Easy to culture on medium; with faster growth rate
28-29°C

Al type

Resistant: EC50 200-400 mg/L

All strains from potato and tomato highly virulent and pathogenic

to both potato and tomato

US-11
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Fig. 3. Comparison of the mycelial growth rate of Phytophthora infestans
isolates collected before (as old isolates) and after (new isolates)
December 1997 late blight outbreak. The isolates were grown on rye
seed medium at different temperatures for 7 days and the mycelium
linear growth rate was measured.
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Fig. 4. Effect of metalaxyl on the mycelial growth of Phytophthora infestans
isolates collected before (as old isolates) and after (new isolates)
December 1997 late blight outbreak. The isolates were grown on rye
seed medium amended with different concentrations of metalaxyl for
7 days at 20°C and the mycelium linear growth rate was measured.
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Fig. 5. Growth of "old" and "new" strains of Phytophthora infestans after cultivation at 20°C for 7 days on rye seed medium amended with different

concentrations of metalaxyl. 92251: an "old" strain collected from tomato in 1992; 98001 and 20010: "new" strains collected from potato in 1998 and

from tomato in 2000, respectively.
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tw

Late blight of potato and tomato caused by Phytophthora
infestans (Mont.) de Bary is one of the most devastating diseases
worldwide. In Taiwan, it was first reported by Kawakami and Suzuki
in 1908 and later by Sawada in 1919. Nevertheless, late blight had
not been a major threat to the cultivation of potato and tomato
ever since as it only occurred sporadically in the highland areas of
Taiwan during the wet summer season as well as in the plain areas of

northeastern Taiwan during the wet winter and spring seasons. The



situation changed abruptly in the 1997 winter, when a severe late
blight outbreak occurred in the potato cultivation areas of Holi in the
cenfral Taiwan. It then spread to the tomato growth areas of Holi and
later all over the entire island of Taiwan within 2 months, causing
enormous economic loss in a short period of time. Characterization
of the P. infestans isolates collected from the diseased fields
indicated that all of them belong to the US-11 lineage (mitochondrial
restriction fragment length polymorphism: IIb; allozyme patterns of
Pep: 100/100 and Gpi: 100/100/111), different from those collected
prior to the 1997 late blight outbreak, which belong to the US-1
lineage (mitochondrial restriction fragment length polymorphism:
Ib; allozyme patterns of Pep: 92/100 and Gpi: 86/100). These two
lineages of pathogens showed significant differences in several
aspects. Especially, when compared to the old US-1 lineage,
pathogens of the US-11 lineage displayed faster growth rate (0.45
cm/day vs. 0.19 cm/day at 20°C), better heat tolerance (28-29C
vs. 24-25°C), and higher metalaxyl resistance (with EC50 of 200-
400 mg/L vs. 0.001-0.005 mg/L). Continuous surveys of late blight
incidence and monitoring of the pathogen indicate that all the P.
infestans isolates collected from 1997 to 2015, encompassing 450
isolates from potato and 1,316 isolates from tomato, belong solely
to the A' mating type. Moreover, US-11 appears to be the only P.

infestans lineage present in the fields of Taiwan.

Keywords: chemical resistance, genotype, late blight, mating type,

Phytophthora infestans, US-1, US-11, potato, tomato.
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