AINUAINURILNNAUENTTHUATNNTIATIZUNITHEY Avirulence
URTRg1 Pyricularia oryzae lunianziuaaniadaauntiavasisswndlng

Genetic Diversity and Avirulence Gene Analysis of Pyricularia oryzae
in Northeast Thailand
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Abstract

Rice blast disease caused by the fungus Pyricularia oryzae is an important disease affecting rainfed
and irrigated rice cultivation. The severity of this disease depends on the genetic diversity of fungal Avirulence
(AVR) genes. This study aimed to investigate fungal isolates’ genetic diversity and determine the presence
of AVR genes in P. oryzae isolates collected from the northeastern region of Thailand during the 2020 and
2023 rice seasons. Morphological characterization and genetic diversity analysis of fungal isolates were
performed using the repetitive-based polymerase chain reaction (rep-PCR) technique. The presence of seven
AVR genes was also determined using PCR. The results showed that fungal isolates from the same and
different locations exhibited differences in morphological characteristics and could be classified into 24
groups based on genetic diversity. The average percentage of AVR genes in fungi collected in 2020 and
2023 were as follows: AVR-Pizt (0% and 0%), AVR-Pii (17.9% and 31.7%), AVR-Pia (71.9% and 69.8%),
AVR-Pi9 (96.4% and 100%), AVR-Pib (91.1% and 73%), AVR-Pik (87.5 and 100%), and AVR-Pita 1 (91.1 and
77.7%). The results of this study suggest that morphological characteristics, genetic diversity of fungal
isolates, and the presence of AVR genes. This information could be useful for developing rice varieties
resistant to blast disease and sustainable blast disease management in the Northeastern region of Thailand.
Keywords: rice, blast disease, Pyricularia oryzae, rep-PCR, fungi, AVR-Pital, AVR-Pii, Avirulence gene,
Northeastern
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T@ﬂiuﬁmmﬁmﬁmmm'ml,%@m Pyricularia oryzae Cavara {iulsadnandnAtysanansenusianisilgn
frauhrdunaznadszny mfnm;w,l,@wm‘l?mﬁ%uﬁu ANTIUAMUAIIN WALGNITNTBNEI Avirulence (AVR)
1831189 Iuﬂﬂiﬁﬂmﬁ%ﬂﬁﬁfmqﬂizmﬁ‘L‘ﬁ'@ﬁm:mmﬁwmwmwwﬁuﬁqmimmL%@:"] LaZAFIANTHEIY
AVR luias P. oryzae inuilumanzfusen@aavilelungunil 2563 uas 2566 Tnasuiumsnmanemis
NNADIFIUINEN LL@WQJLmmzufmmwmnumamqﬁuﬁqm?mmL%ﬂm AaenATiA repetitive-based polymerase
chain reaction (rep-PCR) kazm39aiis AVR anuai 7 81 aaenatlaidens LANIAN LA NIAN
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Feaneiugla 24 naa uazn1IRTU AVR 2090 TiiLsaLsNT] N.A. 2563 WAz 2566 Fvk TainuEU AVR-Pizt
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WAWLEW AVR-Pii faeiaz 17.9 waz 31.7 AVR-Pia 5asaz 71.9 uaz 69.8 AVR-PI9 Satiaz 96.4 Laz 100 AVR-Pib
faraz 91.1 uazr 73 AVR-Pik $aeiaz 87.5 uay 100 uaz AVR-Pita 1 §08ay 91.1 WAL 77.7 KARINNIIANE
Anmaenadnign A AMANMANENILGNITITBNE R uazNsTiesTasEiu AVR Tevidesn anansminluld
Tunaiawniugina liFunusielsaluduazaaununistasiulsa luddnlunanzduaanidaamie

v%ﬁﬁwﬁ%QEHWﬁPwmwwm(man%MﬁmpPCRauAW%Hm1ﬁuAWHWQuAWWMMmﬂWﬂ

o a A
AZIUBRNLRENLUUR

AN
Tanludwesinalianvnaini@esn Pyricularia
oryzae Cavara (teleomorph: Magnaporthe oryzae)
e I A & y o
Wuﬁqmqwmuu@Lufﬂgmmm%mmmﬂu?:m
100
(Dissanayaka et al., 2024) WNERATNT HNIARZIURAN

o v a k4 v
panNAANNI i NaNARd1IManasSaaay

Remtatianilgndanuganananuza 105 n915 uas
nae aaiuingneauuasielsaludiduavnliingoy
AUNTEMNANeUa9l9A NINAUATNNTINEAT (2567)
2VENNUINTINADUTUELNEU W.A. 2567 WUNITIZLA
wealsalugd Tunui 12 Samda sauvunlgndialunia
RrduaanRsNMbe 7 499 AnIuNuAMN 5,785.12 19

L%fmfﬁ P. oryzae ﬁ:ﬁﬁu Avirulence (AVR) %x‘ifl
ANANNZAUERAUNNKENY (resistance gene, R)
ligunsanalsaludnanituiunule Selisana way
ATUY (2017) 3789U9NEW AVR Wil uunananly

o 'S dﬁl 1 v dl o v
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TsRusunuludig (R protein) lnsandanisg
WA A8 TGN ITNLTINUEIL AVR LW N15Unsn
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=Y dl a al s .
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4 4 e A
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P o v Y y A o o o

aryldunieiuiresidsmusuniudannsaiuiuey
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Ia9a1FUN AR e AT UEL AVR a1 3 81 Taun
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o
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(non-synonymous mutations) e liiunalnaesnng
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FINUNL
L2 14
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. & v o . .
ﬂﬂiiﬂiummﬂmiﬂqnLﬂ@@\mumqwuqmmgm LBl
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agulua siaNNLANA uazATE (2554) 3189790 1T897
o al & A

awwielsn il lunanzdusani@aamile uazniAwille
HANUAINUANENNNUGNITHEGS T4 I TLBNEWAAIN
NTNANN UL LB AELNA (sexual recombination)
WAZNIINANLNUEG (mutation) waRdliliiuAINAINITD

& . o v 44
78491789 TNl FUAAegN INLIAReNTLL A LAY

Selisana WarA (2017) WUQ1 UgztnIuan

14 1
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'
Y al
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vas8u AVR Audiianddszaninamlunisiiania
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Longya WazAmy (2020) Wud anenusidule
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wazNAMEEAINgIANRLEENe) HARNWANFngTed
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Mekwatanakarn wa=AUY (2000) UN3EN14
walulag@niniaanisafreatafiuwienansal
ALaue (DNA fingerprinting) 1aenfianuaad (RFLP)
Tneld MGR586 Lﬂuﬁqmm@muLm%mmjw,%@mﬁﬁ
uouRiueadnaty wananil madia repetitive-
based polymerase chain reaction (rep-PCR) Tagild
Twswas Pot2 mmimm\m@;mL%@LLmﬂ“qﬁmmﬁuﬁuﬁ‘
fUntssuunITadas MGR586 (Olukayode et al.,
2019; Peng et al., 2023) %QLﬂum\‘lLa@ﬂﬁﬁ\ﬂumi
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ﬁﬂmﬁuﬁmiuL"%mﬁml,um‘ﬁiﬁvluﬁmﬂﬁw
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umﬂmqwuﬁmiuLL@wmﬂmwuﬁmmmmﬁ uazioya
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1. 941994 UM uazuanias1usgns
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uwtaede lungund 2563 waz 2566 Tudsninanannas
UATWUN UUBNTTIAT) TDULNU UUBIAE §ATEIT LAY
% < =3 s 1 S.Idld
foridn uaziiudaetnglsnlminiunagian nsanan
WHAAWA (Fig. 1A) tuiinfiiansauilas Wugdng svey
nsisyiuinaasdin deziluniaiinlsa (disease
incidence) LL@"?“&TUM’]NWLLN‘HNTW (scale of
disease severity) mmﬁmﬁmq IRRI (2014)

1.2 n’mmmmmumvm i ludnaululsn
Hunagilaiannda 1.1 WAL IUEUAINENY 3-5
a A8 vy o« o
LIUALNAT 29UUNIEANHNIRInTY UNld 1 A ldg1l
(loop) ANMUAzULLHA uAN luAzULENYMNS water
agar (WA) (Fig. 1A-C) aniulduasngian (capillary

tube) auln Awlansunanuenatasinanillanuy
D1U1T potato dextrose agar (PDA) ﬂmiﬂuvj’muqm
UMY 25 avAaidaa unan 2-3 3u antusa
Uaeidulelidesunewng PDA anlusi 1delsn
frunn e A Are \wstyHaunAduUEuALENATN 2
LTIURLNAT
¥ FunszanEnIesTisinTaudaNIneseLTe Y
uanidule (Fig. 17 L@mLmﬂﬁéwuﬂfml,z%’ﬂammﬂ@m
N3zANENIas AntdneEunsyAEnsadlyin s
mw‘imqmmwmu (Fig. 1G-H)
Lﬁui*nmifﬂué’@lmmw%uﬁw%u‘lﬁuwﬂm@u
nssialy
2. msﬁnmé’num:mqﬁ'mgm%wmmfmﬁy’am
Fesaquanidanmaiumumanguiil 2563
w64 lalaian uaznaunl 2566 anau 75 lalsan
thaniatsLuaNg PDA Ifuasmganisainuss falus
adufviin 16 Falus tufindneniznnsiaioyresdes
Lue s Aede Akl uardnmunalalafifleden
a1 10 TU
nszgunnsaiealesinalduiualasyaduly

w1 uazidaedamsen ldussuudnlan fignumgd

Fig. 1 Single spore isolation (A) a rice leaf showing a typical lesion caused by blast disease (B) a microscopic

view of a rice blast lesion, revealing the conidiophores and conidia of Pyricularia oryzae (C)

a microscopic image showing P. oryzae conidia on water agar (D-E) a single spore colony on PDA

media (F) the fungus showed growth on PDA media after 5 days (G) covering the mycelia with filter

paper (H) drying filter papers with fungus in a desiccator
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Tunndnwuznedugivrenduly adule
gUilatiAY uazdnIuIAAINNGIN AINENNT8Y

IATiAE 1101 30 Tatlipasa lalaan

3. meszyTRadammsmaiamesudaluiana
L%@iwﬁﬁnmﬁnwmzwﬁmgm anda 2 1aen
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FasAiiumusalugquiil 2563 s1uau 45 lalnian
unzdem sl gt 2566 F1uau 15 lalmian
393 60 lalman tunafndifuladaatingnaia
zﬁ’n?@gﬂ NucleoSpin Plant Il (Machery-Nagel,
Germany) ALHUNNIANNATNIUDILFENLARN AF9A
mummLﬁu%’mm:mmﬁqmﬁmmﬁL'Sw,@ﬁfml,ﬂ%a
alalnsiWinlinas
BN umEetsions internal transcribed
spacer (ITS) 484 ribosomal DNA (ITS rDNA) Anel
Ingluas ITST uaz ITS4 (White et al., 1990) waziiu
translation elongation factor 1-alpha (TEF1) fnel
Insies EF1-983F waz EF1-2218R (Zhang et al.,
2011) Imiﬁ’fsqmﬁqmﬁm%gﬂ 2X PACBIO Taq Mix
Red (PCR biosystems, USA)
ATIRABUIUAALEULEAIITREN1T4La4
aianinsln3@a 1.5 Wefidus (wiv) luiwinas 0.5x
Tris-Borate-EDTA (TBE) @ilaszsimansuilnnalalng
i iFem Macrogen Co. Ltd Useimeniuals
wWreunauasuiionalelndusian ITS uas
TEF1 fiugnudeya GenBank ldldsunsy BLASTN
(https://blast.ncbi.nim.nih.gov/Blast.cgi)

4. MeILATIERNNS IR AVR 199139 Pyricularia
oryzae

L%mﬂﬁlﬁmqumﬂuq@mﬂ 2563 A1U9U 58
ToTaian LL@iL%@?WﬁLﬁU?QU?QMIHQ ATl 2566 AU
61 lalmian thadueniin i AVR daelns
Lmﬂﬁfﬁﬁﬁ L‘W"uwi@ﬁu AVR-Pii, AVR-Pizt, AVR-Pia, AVR-
Pib, AVR-Pi9, AVR-Pik uaz AVR-Pitat (Table 1)
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Tnsl3@a 1.5 wefidusl Tufinnistsngeesuay
mdweliidu 1 wazlddonguaufduweliidu o
o v = 1 = o o
AufesaznIiegIeeEn AVR uazinuan
nguA AN usrasiudasllsunsu NTSYSpe
version 2.20e (Rohlf, 2000)

5. N153LATIERANUAINUATLIRIUTETNG
L"ﬁ"ﬂﬁ Pyricularia oryzae A2 E repetitive-based
polymerase chain reaction (rep-PCR)

Fesfinanannludnauaasannislsalugann
ﬁuﬁﬂ@n%’miu@”mi@mn@um UATNUN UUBIAE
WUaNTaNg) 9ATENH TauLNY LaviaLdn Wi
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Fenffumusanlugquail 2566 s1uau 48 lelzian
souvady 122 lelmian thanadnmfuesaatinen
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ANEUNNTANNIDN9UIUTEN AR TRA M TN
WATATHLAAYE TR SRS

wirzaienUfseniidens il driles 2
PCRBIO Tag Mix Red 171157 25 lalasams Twaiwes
Pot2-1 WAy Pot2-2 (George et al., 1998) AN TN
0.2 lulaslua P5ums 2 lulasans Aduiedudy
60-100 w1 Tundu Usunms 2 Tulasang sunnsgaine
50 lulAsams

foualisunsud fienfigens weil

1) pre-denaturation ‘ﬁ 95 AYANTALTEIA 1471 2.5
ety

2) denaturation 7 94 aqFLTA@eid 141 1 W

3) annealing 7l 62 B9ANTATEE 11 1 W7

4) extension 7 65 adATATHA WL 10 AT
Funaud 2-4 9151 4 381 Fiadas

5) denaturation ‘ﬁ 94 A4ANTALTEA W11 30
AU

6) annealing 7 62 BYANTATEE 11 1 WT

7) extension 65 4ANTALTEE WL 10 W7

8) post-extension ﬁ 65 ANATAITEA WK 15
W7 Funeudi 5-7 91 26 391

ATIREALUNANARNTAT Aaedtaznlsdian
8180109134 1.5 e fidfus 11 0.5X TBE AAanusing
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HANITNARBILAZIANT
1. n541994 humIa1e uazuendasusgns

LN

1.1 N1781799UALLAIBENN

N 2563 wulsa sl a9uan 16 wilas Tl
Ugnd1949udnaNauAT UATHUN UUBIATE
wuatiaang veuwny uazAudadnanauns neanwy
TuiugE9AeNNA 105 N16 NU15 LAzUNE 71 1A
Tanforaz 20-90 ANIULINTRelsATEAL 5-9 wulsn
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Wuesidang (Table 2)
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Fig. 2 Morphological and conidial characteristics representative of group 1 (G1), group 2 (G2) group 3
(G3), group 4 (G4), group 5 (G5), group 6 (G6) group 7 (G7), group 8 (G8) and group 9 (G9) of
Pyricularia oryzae

AVR-Pizt
AVR-Fii
AVR-Pia
LT ™. S _ AVR-PIg
AVR-Pib

AVR-Pik

AVR-Pita 1

Fig. 3 Agarose gel shows representative results of AVR gene products amplified from DNA of P. oryzae
isolates from 16 paddy fields in 2020 (A) Isolates from Mueang (MUASKN), Phang Khon (PUNSKN),
Wanon Niwat (WANSKN), and Rattanawapi (RATNKI) (B) Mueang (MUANBP), Na Wang (NANBP),
Mueang (MUASKN) (C) Panna Nikhom (PANSKN), Charoen Sin (CRNSKN), Si Songkhram (SINPM),
(D) Akat Amnual (ARSKN), Na Wa (NANPM) M = 1 kb DNA marker (Bio-Helix), W = water, negative

control
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aoeg 1 MW artel =
- - ") by SEAARRAR AR - AVR-Fi9

N AVR-Fib

A B C D
Fig. 4 Agarose gel shows representative results of AVR gene products amplified from DNA of P. oryzae
isolates from 10 paddy fields in 2023 (A) Nong Han (BL2023NHUDN), Suwannaphum (SWPRET) (B)
That Phanom (TPMNPM) (C) Phon Sawan (PSWNPM) (D) Phon Phisai (PPSNKI) M= 1 kb DNA marker

(Bio-Helix), W = water negative control
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Fig. 5 The detection rates of AVR genes differed between 58 P. oryzae isolates collected in dry season

2020 and 61 isolates collected in dry season 2023
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Fig. 6 Pot2 rep-PCR analysis showing representative DNA fingerprinting profiles of P. oryzae from the Sakon
Nakhon, Nakhon Phanom, Nong Bua Lam Phu, Nong Khai, Khon Kaen, Roi Et, and Udon Thani. The
numbers represent the lineage designation, in which Ato | were the major lineages, respectively.

M = 1 kb DNA marker (Bio-Helix), W = water

21

9— BLPSWNPMG
| ——3——BLOBNHUDNI

' " Emmm
L

Fig. 7 The dendrogram illustrates the genetic relationships among 45 isolates of P. oryzae, representing

different collection sites
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