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RSy TR A 71 - T9LI20194E 322023 E 3R 5 228 & 1
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129U THORE (3.13%) #E5E (F129L) » 1373051 B fss
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ZE SRR U B E AR PIEE M s A M > B RUR =AM
Y EEPiEEN - HERRB225E 2 PSS M F120LZE &Pk
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DL RS L W A R R bl = T SRR pTEE M - FEF
-BEMADIT IR A (-SNE) JHEVEB S BRSBTS
G143 AZESE M BTG ER I S T 5y 8 2 458 > F129L2¢8
SRR RN CE R 2 W B A — 55 -

B - REEVRE - POBBREREDUEENE ~ cyr DEN ~ -PEHHE

LR/ TN
Bl &
PR BEZERRNEER  /Kig (Oryza sativa L.) Z2ERK

BEEE R AIIIEY) » 1220234F - WiHAEGETE22. 28 6r A
o fHPyricularia oryzae Cavaras |#EAIRGEVH &2 8 /KGR E
SRR EY > LI AR A i LR R P 97 R e e 7 L%
BRIFAE  (HRE PR miE - R 51 2 R A B Ay i
o FEHEREREME 15 1 28 SARRIIRRIR " » (S5t FH AR B PRI B R 15

.
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NERHIBG 6 TTE - WERHH BLOK & F AL SR I 5 5 [ 3599 i
EPIEENE - IR E R PIEEIETEIZ 8F (Fungicide Resistance
Action Committee, FRAC) EAHIVERL » A& 53 1FFH#&H] (mode
of action, MOA) MIFEERITFA R FILERIHT SRR " -
IS > R B S B A 2 LT B P BRI Z 14 (less sensitive)
HUSR &S R JS 10 o HEE2023 8 F 2 BB E R AR
3 20 TR A B B B s A R B L OTE A TR R A R A A =
(label rate) » E.7A L THE 0 53 FE AR B B AR Y 76T 48 o T/ 252
RIAS50% » T3 80 57 B ik 1 % AR R A=K A 50% & A 13
> SR E IR R BT AT -
KERENBEEYRBREEZEYIREER A
& 0 BRI PEIEEVE I LB EER LA 28 A AU 7T (active
ingredient, a.i.) » 73/ 1 TREME IS - FDART 6fGHE - BLES - f5
RS R FEKRE A B R EVEY - ERNER SR A%
i ESCE (pyraclostrobin) B PG EEBRAEAE B (strobilurin
fungicide) SCHEEIZREEAMBINHIA (quinone outside inhibitor,
Qol) * E4HIFRAC Code List” 2024 E = il g b 88 4 1y B 751
A - B ¥ FEEcode 11HIHANEER B AT T 541 (cross resistance)
U9 o H R A 100 G AR PR 4 R T - S1F PR L 3 Al e i L 238 o
Ty BR Y B SRR S AL o 2 1997 TR
(azoxystrobin) K FEUERK (kresoxim-methyl) BEEA @ Bz » =
FRML (trifloxystrobin) K H vE BUF SRR IAHAE HE AN TS - 2
ZUEEE B E AN EERENASER - FGRENEARE I (E
FARE B HAE S0 [ B SR RS 848 & 88 (mitochondrial
respiratory chain complexes) Z & &I ---4HfE 1 E be, B2 EE
&%) (cytochrome bel enzyme complex) HIQofir B » [HE®E T-1E
cytochrome bEicytochrome ¢, fi{EiE - [HETREEAE K10 - W%
i B RS T AR Y L PR o S 4RI 7 &5 cytochrome bAYceyr
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& B ELHE] (target-site based mechanisms) ${&E MRy ST
ZH - MBI L IR A E DR R cyr DEERIZEEIHAR
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WG AR ST [ReRts 2 HEERE (elycine, G) #: PN i I%
(alanine, A) HUX (G143A) 5 HRUEE129 BT FeRiEZ
PIRZR% (phenylalanine, F) # 4 f2B% (leucine, L) BV (F129L) ; 8%
R REE13T BE  FARTE 2 TR B RERL (arginine, R)
HUft (GI3TR)™ ) - BISNE A S iR se i t:8 5 » Pyricularia
spp. BRI AR AT IR 270 3 B - Y 5 B8 1T i ARy 9 BE 6 B = R Y Bt
BERERS 20T o EIBIE10BRERTER A TR ST - WO RER
B B nn AR e U AR ERZ M (less sensitivity) » AR E
MG T2 o K106 ENR - EBTEEVRE S 54 higkit
T A T B S A R 7 IR 2 AR e - ey DEERIT S EE A R 2
WFEEOAEE  HZES BRI -

FEREIT T (cluster analysis) B —TEMRHE RV ITE - (KB
AR B S B B M RAR DA B A SR A —ilE - TR RCERRT -
DASERREAE R o BERVARES - M EREGCR - AOMEE RS - o8
2T DMESRE N AR/ » BRERK - FIFSES T
TTEH R BB RN R (multilocus genotype) 437 > HfE AT 540
{E R ERE R S BN » (R 2 BERB B ik~ IR R (R B 53 A
DR LB S A R g N AR » IRl A BERE DA 5B )7
HETREIE I RAL K2 4 S 8d% (high-dimensional data) [
NPT AR —4EZ B (two-dimensional map) » MAZ2FHE
Pyt bEERIAYEE & 2 BL IR e BRI YR 73 AR RESL © t- BB A 2
A (t-distributed stochastic neighbor embedding, t-SNE) 1#23£23
DA TR M 4E (non-linear dimensionality reduction) /5
% BERF BRI 22 4 IR A (5 FATED) T (RAEE Y
W > (EATI AR PREFROEEG (data point) FEIRYRBR A » DUEEEARSEERS
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HEANFESEREE AR cyr bREFBE G F 5 H IS E
R ORI IR EE R R B 4 IEI A ROR R (ECy) @ DAgREH
REMEE o BEAh - B - BERRAL AT IR A (t-SNE) JHE ARG
HT BRI R AL R R Bl eyr DAEIRIRU 0 — 41815 - DLE B
BRI A [Fcyr DRI ERRAVEEE 5010 - BUANTRZ H
Y - — Ror A TS BV B P UG IR B B B A By 0 hoils - —
TSRS BN B T L R R B DU MR R 00 - = Al DAt BE AR
AR N H AR B Fleyr bERNBIHRAVEEF 7 0lE - SR
BB 275 -

MEHERTTA

B MR RIRER AL 22 HY
E 201949 H 22202345 H 73 BIATE 2B A B S M K feE
@ PRERAEEYN 2 KRETER - DLy ek L S A BN i

4008R%F  ERZ B - ERINGEE AR SHEBRCEE
Z s o GRS AT B A B L A Y S KRB S A B
EF1928k > AR S IEER 2 Y o Rl SR TR 2 A
HEFILEEXIE - REAT SR BRI DAL B SR R
P R ESERS B AL (potato dextrose agar, PDA, Difco™, USA)
SEAR > HA24°C BEEEEMEEESH - BIEIEE 4 0 TG
ZEHVE4H (AllPure Plant Genomic DNA Kit » EBUAEFEAE] - 2
) T AR NAE 2 AL B B IR R R S E P 2 -

HREEZRD (cyt b) ERFETIDH

R R AR E AR R IR (cyr b) » TIIREBLD EEEE
RIERTT (GenBank) 8% A2 751 (accession No. AY245425)
et ol FRMET RN E R E R 0 BT Z R A 5]
47 Al BRB_cytB-F (5'GGCTGTCTATTGGTTTAACT3') FRB_
cytB-R (5'GTACAATAGCAGCAGGAG3') » T &k # 5 K7 JE
(polymerase chain reaction, PCR) 2 7 JEAEBERE 5525 ul > W&
12.5 uL PowerAmp 2X PCRmix-Green (B ERI/AH] - 22HE) -
HEK 5 H1.25 units Tag DNA polymerase ~ 0.4 mM 4FEANTP 5z
3mM MgCl, « RIERTIAIERES[F£1 ul (10 uM) K2 uL (10
ng) 2 EMAEERS L EZMILEE - WHIZK 2488825 uL - Ba
Fifg i 6 F7 JME DL EE R34 4% (Thermal Cycler) Biometra TAdvanced
96G (Analytik Jena GmbH, Germany) 1T ELPRIMHE K2 FE - B
K JE 2 #EAGIRFE F595°C » 5 min » BEE #E A3SKILISIHER -
—{E¥E > 85 MRE (denaturation temperature) £95°C > 30 sec
5| F#5& 8 FE (annealing temperature) /%55C » 30 sec » ZEfHf
JEFE (extension temperature) £72°C » 1 min @ fx&ELUEHE
[E72°C > 5 min&E R FE - 55 A0 H 5 B E Y PR aUE T B A
BEER o SERATEN cyr bELR 31 SR i 2% L R P51
(AY245425) LIFEHE# A4 BioEdit version 7.0.5.3"" BB F5IIEL
o DS Eibkeyr bEEREE129 ~ 137 K 14355051 ke HoFr 4
USH A S s R A -

oyt BER B R Z EitHHHI B RRE

R PT HERRATEREBE R WE129R143%
W5 4R 5 2 A Al R Ee Bk - AR & oy Ry 3t AR A ¢ B AR
B (Phe/Gly) ~ F129LZ€8 R (Leu/Gly) K G143AZ28 A (Phe/
Ala) o 3l BEHY L 3FE L K AU &5 e (R B E AR ST 240k (it (=
—) o MEEILAE 5 (pyraclostrobin 23.6%EC » FEFAH]) »
SEFLE (azoxystrobin 50%WG @ ZEGLIEE/NE) K =6
(trifloxystrobin 50%WG » EEFFHATE]) S 1F R PG I B
B EER] o Bt E I DUKARE 2 DR 3 R AR
BRIV R (D) AESEER T hEaalrr Es
EHEEEESE (19.5 ¢ PDA + 7.5 g agar/L > Difco™, USA) » &%
BB 251 R R 180 R IR SRR £50.5 mM 2 /KB B 5 B
(salicylhydroxamic acid, SHAM, Sigma-Aldrich, USA) jAEs&ELL
DUHIHIE 8 EEEZ (alternative oxidase, AOX)® ¥ o Fi#lszmy
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FAGHRIE L > B E LAURA S ER BRI FR 2131
R g o BEEIR TR E24°C ~ MO ERFERESH - M
HEBETE T O Z MIREER M > ENEFEES > FUSF
PHEFERZEENERER - HlEREGER RS EHE3
M - AR — B - B RIS R >3mm - AR
Eff > HEEEMNVEDE <3mm o AEFIES LR R0R
J& (ECs) RLARZE R ZFIREAVEEE (log value) MEPRAES
BERRIE T VBTSN 2R ((RINEEma s 2 F% J K —48
Bl EE 2 5% ELAR)/ A DIEER e B 2 B EL R 1x100% Fy 280 >

F—  TEPVAHE M O R R R BRI IR B T R B B Z IRz 1
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2 FE B4R MR BB 474 (simple linear regression analysis) T EE
5 o REFE & Microsoft Excel 2016 (KB3178673) 64-Bit Edition
THEESERR

oyt bE R BV R KR AT

R R AR AR Fleyr bEARBI R S Ay Sy
AN 752 A e E RS AT 58 2 8T8 43 T-HEED (molecular
markers) ' "E B EEEE ST 2 B840 (dataset) » DAEEHI R Fleyr b3E
RAIGE IR 2 4o Al - [ TR Eleyr bERBI R DU [E]
B 2 B > ATEL R BT AR ARG IR - BEBE A F120LZ8 88k - AL
G143AZEE Ik - JMEUAM F-FEMASITR A (t-SNE) » BRI
FEHEES AR (-SNE in R, v.4.4.1) 2 o i Fifi3fficyr bEA

TABLE 1. Sensitivity of Pyricularia oryzae isolates against the strobilurin fungicides and deduced amino acid substitutions in the cyz b gene sequence at two

codons
Amino acid of codon’ ECs,” (ai. ug/mL)

Isolate 129 143 pyraclostrobin azoxystrobin trifloxystrobin

Wild-type
RB105 Phe Gly <0.001 <0.001 <0.001
RB156 Phe Gly <0.001 0.002 <0.001
RB160 Phe Gly <0.001 0.002 <0.001
RB257 Phe Gly <0.001 0.026 <0.001
RB316 Phe Gly <0.001 <0.001 <0.001
RB350 Phe Gly <0.001 0.007 <0.001
RB376 Phe Gly <0.001 0.002 <0.001
RB386 Phe Gly <0.001 0.006 <0.001
RB388 Phe Gly <0.001 0.006 <0.001
RB400 Phe Gly <0.001 <0.001 <0.001

G143A mutant
RB6 Phe Ala 0.015 >1000 >1000
RB20 Phe Ala 0.001 444.062 >1000
RB44 Phe Ala <0.001 462.628 >1000
RBI11 Phe Ala 0.054 >1000 >1000
RB129 Phe Ala 0.014 565.876 >1000
RB140 Phe Ala 0.005 504.309 >1000
RB152 Phe Ala 1.685 >1000 >1000
RB170 Phe Ala <0.001 799.256 >1000
RB225 Phe Ala <0.001 18.225 27.409
RB301 Phe Ala 0.301 >1000 >1000
RB327 Phe Ala <0.001 >1000 >1000
RB395 Phe Ala 0.060 >1000 >1000

F129L mutant
RB143 Leu Gly <0.001 3.372 <0.001
RB253 Leu Gly <0.001 1.104 <0.001

" Ala: alanine, Gly: glycine, Leu: leucine, Phe: phenylalanine.
? ECy, was obtained by the mycelial growth inhibition method.
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TABLE 2. Fungicide concentrations used to determine the ECs, of

Pyricularia oryzae isolates

F= - TEBRE AN B R RER A E AT SRR 2 A
TABLE 3. Number of isolates of the cyr b genotypes in each population of

the regions

Concentration (a.i. ug/mL) in medium'
methoxy-acrylates 0, 0.1, 10, 100, 250, 500, 1000
methoxy-carbamates 0, 1, 10, 100, 250

0,0.1, 1, 10, 100, 250, 500

Common name  Chemical group

Azoxystrobin
Pyraclostrobin

Trifloxystrobin ~ oximino-acetates

! Half-strength potato dextrose agar (PDA): 19.5 g of PDA and 7.5 g of agar
(Difco™) were added to 1000 mL of distilled water.

R RRIRIE HL S TR oy IR0 BE A M TIR A > (R ER &
SRR B YRR R E RV B B A I T4
HEEAE D T EREA R - BRI R A EEARR
TE R4 AiTa B RS (perplexity) F Ry 2% (hyperparameter) »
Ty LA FAPRZKIE (5~50) 43 i1 7358 B AR i foe A o (™

i R

HEREEEED (cyt HYERAFFIAT

DARB cytB-F&RB cytB-R5|+ ¥ HEifiE HE 5k 1 928K 78 Bk
H VAR B AR (cyr b) HHTERELIR50 bp 2 %k iR &
) o BLARB_cytB-FAE{Teyr bR B 1) 3 Fy BV AT A HAA K 7 5]
YJ5400 bpE R EEE129 ~ 137 R 1435 =FHBHET- - 4LElcyr
bSEFEHFF (AY245425) Lh¥ > B 129% 05 A KR IEER
(5EE3.13%) FHTTCZESE BTTA » H4mHE > M kg fh i
P s b (Il (F129L) > {HLZS SR B IR 4 A HA TE 3 R 2 A
B - B3I Moe s B RGGA » HARHE 2 i v H
il o 55 14355+ A 1T RSBV E (51689.06%) HHGGTZE
ERGCT » HA4RiS 2 A s tH H BB s BN lE (G143A)
GIBAZEE TR IBMNEZE S - AL RAFEEZE129K143
WATEZS S BT 2 Bk - fEzes 2 By AR I PR AIA 158 (ST
7.81%) » SYFEHALAT &84T © BEIESKHE - BRE3HE - T - HEE
FACHE SRR AT IR GR= - Rk —) -

oyt VERBEK 2 EMHFIHERRE

Bal 2 G143 AZE B PR B e B 2R PR SR EE: > &
EC5 /1A 1.6852/NiA0.001 ne/mL 5 B EEfLH% Eonbiggs:
BXRB225 (EC5=18.225 ug/mL) » HAE#E 2 ECy, /1 12444.062
ZA1000 pg/mL 5 B =HBINL EorbigEl: - JRFRRB225
(EC5y=27.409 pg/mL) » HAhE kR Z EC539K7A1000 ug/mL -
F129L 28 8 itk B B v 0 R = 8 0 2 RUEEME - HEC, B/
0.001 ug/mL ; HEFEEHI 2RGTEEN: » HEC /M it3.372%1.104
ng/mL o BPA BB RRE 1l = FEEEM e Sy RUEEVE > HWETEUL
ZHEBZEC, E/NR0.001 ng/mL ; BIEEFEELZ ECsHIl71740.026

No. of isolates’

Population’ Wild-type F129L mutant G143A mutant
A 5 0 27
B 3 0 29
C 0 0 32
D 0 0 32
E S 0 27
F 2 6 24
Total 15 6 171

" Geographical origin (City or County) of each population: A = Taipei,
Taoyuan and Hsinchu; B = Miaoli, Taichung and Nantou; C = Changhua
and Yunlin; D = Chiayi, Tainan, Kaohsiung and Pingtung; E = Yilan; F =
Hualien and Taitung. Refer to Duan and Chen""” for details.

> Amino acid of codon 129 and 143 of the cyr b gene, A: alanine, F:
phenylalanine, G: glycine, L: leucine, wild-type: codon 129=F, codon
143=G.

FE/NR0.001 ug/mL (F—) ©

cyt bER BRI ERF A

AT ER AR [E IR BRI (5~50) SHELEE - DURZRIE30FT
TS B A - B MR (B TP EARE S By A ~ BRC SE3(EEE
B> ASEBHIAE R (quadrant) » H258k » BlScyr bITEE
RE (BPA 5 ~ Gl143A) » BEFUINE - RE=2R - A1
B Ereyt b=TEEERAT (B4R ~ FI29L ~ G143A) » CERNIINE
PUEBR - 560k HAEH —FEARA (G143A) (B—) © Heyr bE:
RE 2 RN S > GlA3AZRBERIME RS H 1711 - B
A~ BRCE =8B » BB AERIGHISHE > 53 ARB 5
Bf > F129LZes8 Mg/ D » (R OISR E {EH R 2 W ik L (E5y
AABEEEE (B — - WAk —) -

& &

AT LR B 42 2SR 1T 2 192BR RSBV B Hoeyr bR
SEFP o SRIGE B eyr bEERTA R B MR 79 I I B A B A HY
E SRR RORE (BCy) - &RBUR - (GEEATILRAYG143A
ZEBR RIS RS BV B DUt S BRIy £ IR - F129L2e8 ikt V B
PIERREEY (F— - =) EES AR S REEE
WA o I TAAE B bR Ry b B T R R SR G B - Y
B FH 73 - R e SRS 009 B 70 P K e I S A s A L P AT
{HRRERYRE AR NGB ER i R EE R - i
77 DB S B PROR EL S (8 U B R Y AR A ORI (ECy) TTRE
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Fig. 1. Cluster distribution of the cyr b genotypes of Pyricularia oryzae
isolates using t-distributed stochastic neighbor embedding (t-SNE)
algorithm (perplexity=30). Black dot: G143A mutant, red dot: wild-
type, blue dot: F129L mutant. A=alanine, F=phenylalanine, G=glycine,
L=leucine. Refer to Duan and Chen"" for the dataset used in t-SNE
algorithm.

HEE - YRR B E P8 S FRIE S E AR HEC ™
O KB RILIEAER 6 - EATRE S  REE(EHKE
[ A AE R B 2 R G143 AR E R (IR E—) » s (EE
MOEEEKIE L - PUEERERY RS e I\ S R
R R EEAEERIDT GV E KRS < A PE 1L A aITE RN B
BT HIOD IR G LA3AZE S ML » H T ERBE B LI
ZEPENY 5 /N E wheat blast8YiERE (Magnaporthe
oryzae) JRIR » HG143AZEEMRIETHENH36% EFFZEI0%S >
BES R R B S B AL R T AR PR AT BT ITAY R A A R
MHE S - MR 2 GI43AEE B LR E =ARS E
SEPUEENE - HEMRRB22SIITEEZ AR RIR F—) - &Lk
$Heyr bEA - FRPIER H A S (BIERIEER) - LER
DUEEME R - BRASHRST A7 LRSS0 B R - 10 75 A S L A
# (non-target site mechanisms)"” o JEFEERELHEEIG » EAIABC
f#3H 8 ] (ATP-binding cassette transporter) HJ A% B R B
ZH BRIV EAREEE " 5 557 i 48 22 % (mitochondrial
heteroplasmy) Il R ¥ [ EL B B —AHRE I 7 cyr bASRHY ST £ 7Y
G143 (FuZE) BlZeBRIA143 (HigE) RTESMA AR (alleles) » A
R i e (i R R A A [ B 15 2805 S L T 3 Qo LR B R Y 1 B
Mo HLERHAAEEENARAZRE Y HHEREFER
TEEVR B MRS o A Gl E R R B RB22SHIEE M RA H
MGIA3AZEEERE » AT o FLAL - ZRIASE R EIRB22SH R TY
(A092) FHIEIRYEE RS RB228 ~ RB273 2RB2865E 3k » H BRI
BERME @Rk —)  HW3ERESHELE K =REURE
FHEIFTEESE » HLABEIF I -

B E R DS TEIZ B F (FRAC) #AATAE - Y
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975 i L T v JeRL o 1 O PR I T R GRS LA B B
U)o (A AT S 2 TG BRI G 143 AZE SE R I B FE R, = S B0
[FIEGUEENE - (HEEEBEIRR 5 S GLA3AZEERE H
SEEIS UM - O (R—) - AELT S ERRUIRBLS2
HEC, BB 4= BRI AR L A A &S 22 52 i ELe% B E B A016%
RN R NAIIRBI0 1 A= IECs, ()  BERERIE
BURE LA AR (L RE R T B a2 AR A
R EA G ZERR AV RANGRME © D9k A 9% i F =R P A B e
HEILEAEREN S » =R iU a e s (L E
B (chemical group) 47 Al Fyoximino-acetates ~ methoxy-acrylates 5z
methoxy-carbamates"” » 7 FAY{LER4E RS BALH AR IR A T RE R 2R
B [F B YT GAEH (interaction) © 54k » tE AR BEHERR IR
HEEER T 2 B 1 FER R FH A8 RS T T A 2 R
BN SSER R E NG B BRSSP E 2 5 -
5T o EERIEIRE cyr bZEEER T AR R H e BIHYEC B
SEFEEUEEL - MRREEE - IR RN S E
TEEMEYY S MBS TR EVR 2 851k (G143A7S) BT E el
SHFLREI A BTSN HE

BBl ETIE Y - MEVRE N cyr bERZE B BT
P R B AR A I B RIS 20702 SRR SR DULOBRAERT 57
i E 208 T S R R R ETTIASE - SIS B R T
B BEFE RS 2B SR EZ M (less sensitivity) > {HEH eyt b
FERBVEE 129 R 143 BT 0 e 52 » Z ST RE B0 AL
fif§ (alternative oxidase, AOX) Kz ABCHEUEZR (9 Fridipk " - MEzes
PRAVELEE M BRI » (N EEHIEE KR /T (selective pressure) #X
Sy RRBEAIERE - AR 2 M B VR B G143 AZE Bk nE
FREIEC & i = R DB v R s (R—) « BRI EE
I E s R R AR A IS AR > SRR WU R =
BEIIEREEIE S AL - AR =R B AN EE R BTG
QUi > Hofh AR IR KR BEY o ST EE R - IR
T A9 R0 T 1 A 2l (T PR R B B ] » LRI A RO
(ECso) 431 i b2 974 [ BT 3 SR B R Y RS2 MR RS E 4R (baseline
sensitivity)® o BEE S H - FEEVHE B 5105 P06 B B A s
HIPTEEZE SR S IR - BTSSR A - IS R
SRR AV E M DR TR S RE I B B Y M I e S A A
SAPIEEENA S - HNBIN B S G0 E Al R TR A2
BN RS2 M RSB AR > ARSI S NA R R g LT
I8 SEL R L T LA Ry R SCAR I AR - DU R EE 1 EE 1 TR
B o T L G ER BE T LOBRAE ATk 36 i SR B e (E AR 19 R 4T
R SRR EAREZ Y e PEIR SR IR B > HEER Y E
s -

B 5E B E Ry 2B — 8 50 R B A TSR B PN I B A
B e EHR B L R SRR E ) ) - AHAE
AR =R E R T R T R BB 20204 B B B R
B FEEY - SHERARTE 201949 A ¥220234E5 A (U REBVH
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PR R AR 2 2GR LR IIGI43AZR E Rk (R=)
FEEREN ORI EHEER R SR T s
REBEDZENE F—)  BERRMER  HRERFREEEY
WHEREAEETEEN - ARIEHEEBE - 250 BEVEES
B BTSN S R E R R - B R MUETI LR - =4
{5201 HEERZ A F A RS Y 2 LAB SR SRS R - A AT RE R /K
T e AR A A B T X TS e B S I LA A
F > EHAGI43AZE SR = TP EERE S L iR = A FE R B
FHBHYEEFEEL > SUREEP I B—) -
BIADUEEFREN TR AR - RS tH ENEERY I AR AV IR
Fzess | Misk o BLIR-SNESTT . SR BF ABABIS A RLEE K biZE i
BE o BHIASERE N BRI 8 E 5 FAHT - BRI L B ERRM G
i HL RS AV 2 A039 AL R Y 3 7 AR T B RRBA00EAG 143 A %€
SEPRRB380 (Bl — ~ i —) « (HE— T Z ERCE KG143A
ZesElR (Bl — ~ flinER—)  ILEERFIIZe B ATREE T BEF |
RIERABIGEE « RIS 2 SS BB RE S B ARG R - B
R PLEENEN G 143 AZE B R AR 25 MR U BE MY F 1291 28 8 1%
(FZ) - G EEEIEEREAVEIRMER « PLEEH R & iEfETE
BRI HCAT - I PRI R A At P T 3 B R (R IR BE A H A
TEER B BUIIE HZ (carpropamid) HERFATEEE Fyag©" -
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ABSTRACT
Duan, C.-h.", Chen, G.-y.', and Chang, A% 2024. Molecular

detection and cluster analysis of Pyricularia oryzae isolates resistant
to strobilurin fungicides. J. Plant Med. 66(3_4): 50-59.
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Rice blast, caused by Pyricularia oryzae, is an important rice
disease in Taiwan. Control has relied mainly on fungicides, including
the strobilurins (quinone-outside inhibitors [Qols]). In this study,
we investigated the Qols resistance in 192 P. oryzae single-spore
isolates sampled from different paddy fields islandwide. Sequence
analysis of the cytochrome b gene (cyt b) revealed that the frequency
of the G143A mutation (glycine—alanine) in P. oryzae isolates
was 89.06%, and the F129L mutation (phenylalanine—leucine) was
3.13%. However, the G137R (glycine—arginine) mutation was not
found. Mycelial ECy, (effect concentration for 50% inhibition) of
representative isolates of the mutants indicated that the cyr b gene
carrying the G143A mutation was associated with high resistance
to azoxystrobin and trifloxystrobin but not to pyraclostrobin. The
F129L mutation was associated with low resistance to azoxystrobin
but not to pyraclostrobin and trifloxystrobin. The wild-type isolates
exhibited no fungicide resistance. Cluster analysis with t-distributed
stochastic neighbor embedding (t-SNE) algorithm demonstrated
that the G143A mutation appeared in all three genetic backgrounds
(clusters), suggesting that field resistance to the strobilurin fungicides
in P. oryzae is widespread in Taiwan, while the F129L mutation
was restricted to Hualien and Taitung Counties and appeared in one

cluster only.

Keywords: cytochrome b, fungicide resistance, Pyricularia

oryzae, strobilurins, t-SNE
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TABLE S1. Genotypes and t-SNE cluster of Pyricularia oryzae isolates in

this study
Geographical Multilocus cytb t-SNE

Isolate origin' genotype’ genotype’ cluster’
RB105 A-Xinwu A001 Wild-type A
RB107 A-Xinwu A002 Wild-type B
RB109 A-Hukou A003 G143A C
RB111 A-Xinpu A004 G143A C
RB113 A-Xinpu A005 G143A B
RB114 A-Xinfeng A006 G143A C
RB116 A-Xinfeng A007 G143A B
RB124 A-Beitou A008 G143A B
RB160 A-Emei A001 Wild-type A
RB161 A-Xinpu A007 G143A B
RB162 A-Daxi A009 Gl143A B
RB164 A-Daxi A010 G143A B
RB165 A-Qionglin A003 G143A C
RB280 A-Beitou A004 G143A C
RB325 A-Zhongli A007 Gl143A B
RB327 A-Zhongli A007 G143A B
RB332 A-Yangmei A003 G143A C
RB336 A-Yangmei A005 G143A B
RB338 A-Guanyin A003 G143A C
RB341 A-Guanyin AO11 G143A B
RB342 A-Xinwu A012 G143A B
RB344 A-Xinwu A007 G143A B
RB346 A-Zhubei, A007 Gl143A B
RB348 A-Zhubei A003 G143A C
RB350 A-Guanxi A001 Wild-type A
RB352 A-Hengshan A007 G143A B
RB354 A-Daxi A013 Gl143A B
RB356 A-Qionglin A014 Gl143A B
RB357 A-Qionglin A015 G143A B
RB361 A-Zhongli A016 G143A A
RB362 A-Bade A017 Wild-type B
RB363 A-Hengshan A005 G143A B
RBI B-Xitun A018 G143A C
RB4 B-Xitun A019 G143A B
RB6 B-Wufeng A020 Gl143A C
RB9 B-Zhushan A003 G143A C
RB24 B-Qingshui A021 G143A C
RB26 B-Qingshui A022 G143A B
RB29 B-Qingshui A003 G143A C
RB39 B-Wugi A023 G143A C
RB48 B-Mingjian A024 G143A C
RBS1 B-Zhushan A025 G143A C
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TABLE S1. (continued from previous page) TABLE S1. (continued from previous page)

Geographical Multilocus cytb t-SNE Geographical Multilocus cytb t-SNE
Isolate origin' genotype’ genotype® cluster’ Isolate origin’ genotype’ genotype’ cluster’
RB57 B-Dadu A004 G143A C RB85 C-Beidou A055 G143A
RB58 B-Dadu A003 G143A C RBS88 C-Fuxing A003 G143A C
RB60 B-Houli A026 G143A C RB90 C-Tianzhong A028 G143A B
RB67 B-Waipu A027 Gl43A C RB93 C-Tuku A056 G143A C
RB69 B-Waipu A028 Gl43A B RBY4 C-Ershui A045 G143A B
RB72 B-Dajia A029 G143A B RB96 C-Fenyuan A057 G143A C
RB74 B-Dajia A030 G143A B RB99 C-Xiushui A047 G143A B
RB117 B-Caotun A031 G143A B RB102 C-Zhutang A031 G143A B
RB128 B-Yuanli A032 Gl43A C RB103 C-Erlun A0S58 G143A B
RB129 B-Zaogiao A031 G143A B RB139 D-Liuying A003 G143A C
RB130 B-Tongxiao A033 G143A B RB140 D-Guantian A059 G143A B
RB166 B-Toufen A034 Gl43A C RB142 D-Houbi A004 G143A C
RB316 B-Nantou A035 Wild-type B RB146 D-Changzhi A031 G143A B
RB318 B-Nantou A036 G143A C RB158 D-Chaozhou A003 G143A C
RB320 B-Caotun A037 G143A B RB170 D-Meinong A004 G143A C
RB322 B-Zhushan A037 G143A B RB172 D-Meinong A057 G143A C
RB398 B-Miaoli A038 Gl43A B RB173 D-Shanlin, A031 G143A B
RB400 B-Sanyi A039 Wild-type B RB175 D-Shinyuan A031 G143A B
RB401 B-Touwu A040 G143A B RB177 D-Wandan, A060 G143A B
RB402 B-Tongluo A037 G143A B RB180 D-Kanding A061 G143A B
RB406 B-Tongluo A041 Wild-type B RB182 D-Pingtung A062 G143A B
RB408 B-Houlong A042 G143A B RB184 D-Donggang A003 G143A C
RB10 C-Beigang A043 G143A B RB186 D-Daliao A004 G143A C
RB13 C-Sihu A044 Gl43A C RB187 D-Lioujia A063 G143A B
RBIS C-Lugang A045 Gl43A B RB188 D-Baihe A064 G143A C
RB17 C-Yuanzhang A046 G143A B RB189 D-Baihe A065 G143A B
RB20 C-Erlun A047 G143A B RB191 D-Liouying A007 G143A B
RB22 C-Baozhong A048 G143A C RB194 D-Liouying A066 G143A B
RB28 C-Lunbei A049 Gl43A B RB195 D-Guantian A067 G143A B
RB31 C-Zhutang A048 G143A C RB198 D-Lucao A003 G143A C
RB32 C-Zhutang A025 G143A C RB201 D-Lucao A059 G143A B
RB35 C-Pitou A050 Gl43A B RB202 D-Lioujiao AQ005 G143A B
RB38 C-Erlin A030 Gl43A B RB205 D-Puzi A068 G143A B
RB41 C-Erlin A051 G143A C RB208 D-Singgang A069 G143A B
RB44 C-Xihu A048 G143A C RB211 D-Singgang A024 G143A C
RB49 C-Xizhou A030 Gl43A B RB213 D-Xiaying A003 G143A C
RB52 C-Hemel A049 Gl43A B RB214 D-Yijhu A031 G143A B
RB54 C-Dacun A003 G143A C RB215 D-Sikou A031 G143A B
RB62 C-Shetou A048 G143A C RB218 D-Xingying A070 G143A C
RB75 C-Xianxi A052 Gl43A B RB219 D-Dalin A059 G143A B
RB77 C-Dounan A053 Gl43A B RB223 D-Minsyong A033 G143A B
RB79 C-Xiluo A048 G143A C RB328 E-Toucheng A071 G143A A
RBS1 C-Huwet A045 G143A B RB330 E-Toucheng A072 G143A B
RB83 C-Citong A048 Gl43A C RB359 E-Suao AQ33 G143A B
RBg&4 C-Puyan A054 Gl43A B RB364 E-Suao A016 G143A A
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TABLE S1. (continued from previous page)

TABLE S1. (continued from previous page)

Geographical Multilocus cytb t-SNE Geographical Multilocus cytb t-SNE

Isolate origin' genotype’ genotype® cluster’ Isolate origin’ genotype’ genotype’ cluster’

RB366 E-Dongshan A068 G143A B RB257 F-Ruisui A075 Wild-type A

RB368 E-Dongshan A073 G143A B RB261 F-Fonglin A016 G143A A

RB369 E-Dongshan A031 G143A B RB269 F-Fengbin A098 G143A B

RB371 E-Wujie A049 G143A B RB271 F-Jian A099 Gl143A A

RB373 E-Wujie A074 Gl43A B RB273 F-Shoufeng A092 G143A B

RB375 E-Wujie A028 G143A B RB277 F-Shoufeng A016 G143A A

RB376 E-Yilan A075 Wild-type A RB283 F-Guanshan A073 G143A B

RB377 E-Yilan A076 G143A B RB286 F-Guanshan A092 Gl143A B

RB380 E-Yilan A039 Gl43A B RB290 F-Guanshan A100 F129L B

RB381 E-Yilan A001 Wild-type A RB293 F-Chihshang A004 G143A C

RB383 E-Luodong A077 G143A B RB296 F-Chihshang A101 F129L B

RB385 E-Luodong A078 G143A B RB301 F-Haiduan A016 Gl143A A

RB386 E-Luodong A079 Wild-type A RB306 F-Taitung A030 G143A B

RB387 E-Jiaoxi A073 G143A B RB312 F-Luye A102 G143A C

RB388 E-Jiaoxi A001 Wild-type A RB419 F-Guanshan A030 F129L B

RB390 E-Sanshing A080 GLA3A B ! Geographical origin (City or County) of each population: A = Taipei,

RB392 E-Sanshing AO81 Gl43A B Taoyuan and Hsinchu; B = Miaoli, Taichung and Nantou; C = Changhua

RB393 E-Sanshing A082 G143A C and Yunlin; D = Chiayi, Tainan, Kaohsiung and Pingtung; E = Yilan; F =

RB395 E-Sanshing A083 G143A C Hualien and Taitung.

RB397 E-Sanshing A0R4 G143A c j Refs:r to Dl.lan and Chen " for multilocus genotype information. .
Amino acid of codon 129 and 143 of the cyt b gene: A= alanine, F=

RBA421 E-Toucheng A0 Wild-type A phenylalanine, G= glycine, L= leucine.

RB423 E-Toucheng A085 G143A B " t-SNE= t-distributed stochastic neighbor embedding. Refer to Fig. 1 for

RB424 E-Toucheng A086 G143A C cluster information.

RB426 E-Toucheng A087 G143A A

RB428 E-Jhuangwei A088 G143A B

RB429 E-JThuangwei A083 G143A C

RB433 E-Jhuangwei A088 G143A B

RB435 E-Jhuangwei A089 G143A B

RB148 F-Chihshang A090 F129L B

RB150 F-Luye A016 G143A A

RB152 F-Jian A016 G143A A

RB154 F-Fenglin A091 G143A A

RBI156 F-Yuli A075 Wild-type A

RB225 F-Luye A092 G143A B

RB228 F-Guanshan A092 G143A B

RB233 F-Chihshang A093 G143A B

RB236 F-Chihshang A016 G143A A

RB237 F-Beinan A030 G143A B

RB238 F-Chenggong A016 Gl143A A

RB239 F-Taitung A094 G143A B

RB242 F-Fuli A005 G143A A

RB245 F-Fuli A095 G143A B

RB248 F-Yuli A008 F129L B

RB252 F-Yuli A096 G143A A

RB253 F-Guangfu A097 F129L B




