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Development of primer sets for the detection of Exserohilum rostratumn,

the fungus causing leaf spot disease on rice by polymerase chain

reaction technique
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AanutuNLasIngUsEasA: Exserohilum rostratum ABRTIEWALUIAVUIA
dinuazwanasesim midadueamlseildenidewnieinsadiends
uemslugranniessiindu o Nuldeliidhmnedieimuynlnsiuesidmne
warhilun1snsiaduAdulevas £ rostratum IUTMLEUBYRITINRARD
E. rostratum fg35UATegnlenediueisauuuiLay (gens)

ABANTUN19ITe: nuuuYAlnsLesIIWI 5 ¥n Ananuiindlelnausian
internal transcribed spacer (ITS) s¥wine 185 uay 285 Isluluneanidule way
yosfufirruanisadralusiusiuag 4 ¥l TEun Actin (Act), Beta-tubulin
(Tub2), Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) waig Translation
elongation factor (Tef1) U84 E. rostratum WagAII9auUANUIMNIZLAL AN
Twadlnsuesmesadorslagldduuuidueves £ rostratum fiseduany
Wadulugag 0.001-100 wilundu wazveateswilngy o duiusiudn b
Mswevesinitinide £ rostratum

Nan15338: Yalnilues ER-ACtF/ER-ACtR WAy ER-GPDF/ER-GPDR 3100nuuy
N8 Act wazdu GAPDH muddiu anunsansiaduidueues £ rostratum
ag 19T lngynlnsiues ER-ActF/ER-ActR fiaulilunisnsiadudindigm
Insle$ ER-GPDF/ER-GPDR nvitlwsisosviansyaiianuannsalunsnsiady
Fidueves £ rostratum Tutvannanewusiifinie £. rostratum
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Abstract

Background and Objective: Exserohilum rostratum is a fungal agent that
causes small leaf spots and grain discoloration in rice. Diagnosing the causative
agent of the disease is difficult because its symptoms resemble those of leaf
spots caused by other fungal species. This research aimed to develop primer
sets that were specific and sensitive for detecting DNA of E. rostratum and
of rice infected with E. rostratum using the conventional polymerase chain

reaction (PCR) technique.

Methodology: Five primer sets were designed from nucleotide sequences
of the internal transcribed spacer (ITS) between 18S and 28S nuclear
ribosomal DNA and from nucleotide sequences of four protein-encoding
genes, including Actin (Act), Beta-tubulin (Tub2), Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), and Translation elongation factor (Tef1) of
E. rostratum. These primer sets were tested for specificity and sensitivity by
PCR using E. rostratum DNA at concentrations ranging from 0.001-100 ng,
DNA from other fungal species associated with rice, and DNA from rice infected

with E. rostratum.

Main Results: The primer sets, ER-ActF/ER-ActR and ER-GPDF/ER-GPDR,
designed from Act and GAPDH, respectively, specifically detected E. rostratum
DNA. Indeed, the ER-ActF/ER-ActR primer set was more sensitive to the DNA
of E. rostratum than the ER-GPDF/ER-GPDR primer set. In addition, both
primer sets detected E. rostratum DNA in different rice cultivars infected with

E. rostratum.

Conclusions: This research demonstrates the potential of the primer sets
(ER-ActF/ER-ActR and ER-GPDF/ER-GPDR) for diagnosing rice leaf spot caused
by E. rostratum using PCR.
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Exserohilum rostratum M%@Iuﬁwzmiauﬁuﬁq
wuvenAewmasInluuy Setosphaeria rostrata Huidos
Tuuvl@id Pleosporaceae Tulwan Ascomycota (Hernandez-
Restrepo et al., 2018) GTjﬂL‘fJuL%aiﬁﬁa’lmiﬂﬁammﬁ@ﬂ
(Spot) saufisenisingd (Blight) vuludizannnia 30 wda
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(Cardona and Gonzalez, 2007; Kusai et al., 2016) ‘17?&5
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\evinilunaneUsene (Cardona and Gonzalez, 2007;
Kusai et al., 2016; Majeed et al., 2016; Silva et al., 2016;
Kaboré et al., 2022; Mahmad-Tohe et al., 2022) LagAa
msaidwmﬁsmmsuaqLﬁ?‘?ﬂmmﬁm%ulﬁmﬂamwﬁqmmqﬁ
qaﬁu Fadunannsdsundasgiionniavestan (Korra
et al, 2023) lutszmelveinsmenumsasanude
yiniluEndn Uaroenthai, 2001) FIuAaNsHUEDT
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2019) Boonkorn et al. (2024) lagsranuiegnsludn
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wesmnlelwanilunasiiunand dnsuiuginildluam
338 lown Wugenanenued 105 Wugvenila Wug nu3l
uazsiug nva1 (Table 1) Tns3udiiunmsnnaesiausifoy
AANAY N.A. 2562 DUFBUNOATNIEU W.A. 2564 0l ViBaUUR
nslaafiwiiinanden (Fes 514) maivlsedie enms
30 FUNTAW ANLINYAT UNTINNSUNYATAENT NTHVNY

nswIeudaegnsdnafiugnifes £ rostratum
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nua1 Hunm 24 Halus 9ndu drewdalussamuglii
sesgrunrusienszeiivyiidentifieadntosifions
Aty wartuidndntgumgiviendunan 5 fu wily
Ugnlunszormanafnuunadusngudnans 8 i wisitui
msUgnluwsiagnszanseendu 5 d wiazdnuugninamug
#1199 I3 5 du UgnluanmlseSeu wengasu 30 Tu

fiauﬂz;ﬂv??aﬁw 1 &Uand e £ rostratum
Iolaan SBR1 Uu©1913 potato dextrose agar (HiMedia;
Bangalore, India) 1Uunan 7 Tu ﬁqmugﬁﬁaq Nt wRe
avosuriuaesveadon £ rostratum Tneldihndudi
Worauity tween 20 Tifiarududu 0.01% Wuaduaty
pwnaABNde YRt 4 Waveiesmgaan
Ramthoms nsesveamariiavesiesriunszay
FavhAuazen (Kimwise, KIMTECH science) tiioran
dudulovonton nntu gealeiurusesvendorin
Tdlunasanaaesuun 50 fadans Ysualesuviuasyves
Forlidanuiduduniniu 5 x 10° adesrofiadans Tngld
hemocytometer

thnsenednaiieng 30 fu dailiugingia 4 via
wnusstlugenanain isthadulugeuiines 200 faddns
dielvifanuduifisswessnintenisugnifes Tnednuden
YANTNARDIIILIU 2 Y0 YANTTAaesil 1 SnviushoaUes
wuaeeesteTliunaguuiluin Weiafaudiaun
gaanainiislifunen 24 Halus deudrenszansdnlung
Tunszuz NebilulsaFeutgnilvmaassauasunan 72 $la
sewhstudaviuhaihiaueiiielflanmenutugs dnsy
ypmsnanesii 2 Saviusethilsinderiinsnaniu tween
20 Wislauidudu 0.01% asurlutnanasaiiunmswiusien
fugamavnaesun dsyanisvaassidmiduganiuauuuy
au (Negative control) ileasuian 72 Falus wud1 Tudn
finuavosuniusosreationianie N sgnrLnan warly

Friviughetnay tween 20 Tanmunililuansenisise
Tuusiazgnmsnasesiusiiunsdslutnustesiusiuans
onslsavdeduunfugndiuainiy antu uashedhly
lulpsuraaudunaziden uagiiuiegeivuniuay
fisfiugniodundunandenlifigumgl -80 ssmivaidya
Wiehgnszurumsadadlufindidueseld

nseanuuulnsiues

dududeyavesiiulounsldnuina ITS deey
SEWe 185 wae 285 lslulvueandue wavdwuihmdlelng
Y038U Act, Tub2, GAPDH Way Tefl ve4 E. rostratum W1
guteyaihindlelndatnavled https://www.ncbintm.
nih.gov/nucleotide/ 91niu senwuulniiwesldiiaaig
Szl E rostratum Tneendeirosile Primer-BLAST
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.
cgi) Whtyadduinalelndvesusaziuldluresiiszyin
PCR template 910ty fruunuialnguesliivuin
250-500 fiud Awuae1 melting temperature (T )
Aanil 57 eamiwaidya T Fuonneay 60 ssmwaidea way
T geanil 63 esmwadea wazidengiudoya nr
(Nucleotide) uoniuldrdslusinsunusnasguiimun
(Default) snriuluduves exclusion organism AIRUAAN
Tnemsladovinvesdesiinelsavieiinnuduiudiuin
laun Bipolaris oryzae ATCC 44560 (Taxid: 930090),
Magnaporthe oryzae 70-15 (Taxid: 242507), Curvularia
lunata (Taxid: 5503), Curvularia sp. (Taxid: 1715225),
Rhizoctonia solani AG-1 1A (Taxid: 983506) e Fusarium
fujikuroi species complex (Taxid: 171627) 53184 Oryza
sativa Japonica Group (Taxid: 39947) uag Oryza sativa
Indica Group (Taxid: 39946) ilglvlwsiesfieanuuuman
Besmsduivdiuvesiisuereadondinauaziisue
19391 IneeazBenvedinsmesieoniuuseisfing
Usnglu Table 2

nsanndlulindadule

Aoadesildlunsiselag stock veutesi
agluzUuuudulevE o UUUNTEAYN IO T RULIIUD NS
potato dextrose agar (HiMedia; Bangalore, India) Wunan
7 %u figamgiivies andu dedloderludeduoims
1a7 potato dextrose broth (HiMedia; Bangalore, India)



Table 1 The fungal isolates used in this study

Fungal species and

isolate

Nearest BLAST match,

accession number (% identity)

Source of material or reference

Exserohilum rostratum
ER-SB1, ER-CN1,
ER-AT1, ER-SBR1,
ER-NB1

E. rostratum, MT524320 (100%)

Boonkorn et al. (2024)

Bipolaris oryzae

BO-SBR93, BO-SBR92,
BO-PT1, BO-CN7

B. oryzae, OQ733351 (100%)

Chaijuckam et al. (2019)

Pyricularia oryzae

PO-001

PO-002
PO-003

Magnaporthe oryzae,
OR492543 (100%)

M. oryzae, KY967404 (98.39%)
M. oryzae, MH714733 (98.03%)

Klarum (2020)

Klarum (2020)
Klarum (2020)

Curvularia lunata

C-NP11

C-NP12, CN22

C-NB4

C. lunata, KP638342 (100%)

C. lunata, MH010917 (99.82%)

C. lunata, MK174964 (99.48%)

The Fungal Laboratory, Department of Plant
Pathology, Kasetsart University (unpublished data)

The Fungal Laboratory, Department of Plant
Pathology, Kasetsart University (unpublished data)

The Fungal Laboratory, Department of Plant
Pathology, Kasetsart University (unpublished data)

Rhizoctonia spp.
RS-Ppath
RS-DOA

Data not available

Data not available

Contributed by Tida Dethoup, Kasetsart University

Contributed by Department of Agriculture

Fusarium spp.
F-Ppath
F-PTL1

F-PTL2

Data not available

F. oxysporum,
ON795989.1 (97.65%)

Fusarium sp.,
MT135013 (100%)

Contributed by Tida Dethoup, Kasetsart University

The Fungal Laboratory, Department of Plant
Pathology, Kasetsart University (unpublished data)

The Fungal Laboratory, Department of Plant
Pathology, Kasetsart University (unpublished data)




Table 2 Sequences of primer sets designed corresponding to each DNA barcode locus obtained from the

Exserohilum rostratum nucleotide database (https://www.ncbi.nlm.nih.gov/nucleotide/)

DNA barcode Primer sequence Original DNA  PCR product Tm
(5" > 3) sequence size (bps) O
source for
primer design
(Accession no.)

185-28S internal transcribed ER-185-28S ITSF: KP340122 a17 61.7
spacer CTGCGGAGGGATCATTACACAA

ER-185-28S ITSR:

CGAGTCTCCCCCAACAAGG
Actin encoding gene (Act) ER-ActF: HE664079 286 59.5

CTCGACTTCGAGCAGGAGA

ER-ActR:

TGTGTTAGCTGCCTGTGCTCGA
Beta-tubulin encoding gene ER-BtubF: KT832856 341 59.2
(Tub2) TCCTGGATGGAGGTGGAGT

ER-BtubR:

CTCCACTTCTTCATGGTTGGATTT
Glyceraldehyde-3-phosphate ER-GPDF: KP311328 348 59.9
dehydrogenase encoding gene  TTCTTTCGTCAGGACCGTGG
(GAPDH) ER-GPDR:

GAGCACCTCAATGTCGGACT
Translation elongation factor ER-TeflaF: HE664086 451 59.8
encoding gene (Tef1) CGGTACTGGTGAGTTCGAGG

ER-TeflaR:

GATACCGGTCTCGACACGAC

Tumasanaaesiiiunsilande Taefomsvaiiuing
15 addns Lé‘vmL%aswﬁqmmﬁﬁaﬂuamwLsushsial,ﬁaﬂﬁ
ATIEY 100 sousteuit WWunan 72 $alus 9wy Hidy
Fodeifufsntesuariuemsmaniiiaufuidulede
suunsEAiTgLUUINTkIunstishdeuds dreiduly
youdordananluldlunsondumissuuin 2 fadans
dmsumsatamduenniruieandniiugndesiiiag
FashegefiviiundunsasBondiuu 100 fadn3u uazée
Tldlunaendumidesna 2 faddns

i ldgnueaaumuaa (Stainless bead) Fod
YUIALFUHIAUENANG 0.4 Tadiuns fiflsndoudnduan 3

an lunaendinan uwazadafidueseisnsdnuuaenis
284 Doyle and Doyle (1987) Ineifiuansazate CTAB @Sy
anaAdue (2% CTAB (hexadecyltrimethylammonium
bromide), 100 mM TrisHCL (pH 8), 20 mM EDTA, 1.4 M
NaCl, 0.2% beta-mercaptoethanol) 9N \wegnivan
TnelfieRoavgnnudgadunan 5 uiit udlutumies
W%famqﬂmﬁﬂumﬁaaﬂwﬁmmﬁaiau 7,000 seUsaU tTu
nan 1 ud dieliaviudiwwenduloesviewrvead
YINIANATNDU

Tty Ereveamanlufmasatiumiosun 1.5
fladans s rndeuayiivansavansnaslsweuU3uns



wihrduUSinaeavalmsuweadlUlunaen nauansazaney
Mduewazaaslswesuddeiu luuwiefianuss
59U 12,000 soUsW Wunan 10 undl easunaseing
youvaifdnurladsogdnuuulasuendusanunaindau
raolsnasuLazIAvTNUDITas AR TR S aenumie
vieorlalTifiowg 1.5 feddns udfuasazanslelalnswiuea
fusaUsueswifuresraifiduenazifivaisazans
Tdgupzdwn (3 M) Usune 1 Ty 10 whwesansazale
Aiduie neuansavaneTuahdeulnem s aea

hegsludumisafinnuiseu 12,000 sou
fowd Wunan 10 A wveawadluvasalivuald Tu
Funouil AEnauALduEUIINg BN UTaeN Mniiy
WuansavanelenueanNUILLTY 70% U3ines 300 llasans
wazthluiuwisesnadifirugiseu 12,000 seuseundt
Junan 10 il wweswaneenanuass Wnvaeaumies
Thusks udwiuaiia ultrapure UsAanide Usunms 50
lulasans aslilunasnfieazansnznoufidue Jausunm
MBuledendas NanoDrop™ (Thermo Fisher Scientific
Inc.; Waltham, MA, USA)

msnsavseusluiindisuedlasann internal transcribed
spacer (ITS) region wazdlufindaidulevasdnnandu
OsActin lagmatlaufisengnlgwadiualsd
asedeusluiindmisuevesfetsiiduedes
nnlelwianseUfiseignlsnedmeisanaisnsfiesuiedis
au taeldlnsiwes ITS1: GCCGTAGGTGAACCTGCGC Waw
Iwswwes 1TS4: TCCTCCGCTTATTGATATGC (White et al.,
1990) Fadulnswesfoonwuunndnduadeslsivlevea
MBwe (ITS1-5.85-T52) Afidnanmlunsmssdeudes
drlug) Tael¥onmniludunou annealing 71 56 a3
wadea Winandnfidulevuinysyana 600 Aua uasiiil
Usnafduemeujisenanidnefwesannduiindfidue
93118 lNses OsActinF: CAGCACATTCCAGCAGAT
way OsActinR: GGCTTAGCATTCTTGGGT (Duan et al.,
2014) fiwenuuuanniu OsActin (0s03g50890) 183117 Tng
Wonmailuduney annealing 7 54 asrnwaFeos inanan

9 U
a2

AdueuN 190 Avua WiegudunIuindAouevasiegn

v
N

Wosmnlelgianuazdlulindfdwevesiniduiuiuuas
Aaunldnsguiisanelunisviufisengnlgnediueisa

AMsAsIvEBUAMNIINITYasInSIueasiadlulindaldue
v94 E. rostratum Tagwatiaugizegnldnadiwalss
wilgudurandmiuuiisegnldnediueisa
Umssaieay 50 Tulasans Taevdludindmdueves
fegadosmnleluandsszylu Table 1 Tudsdlufindues
Tnviugunnenuyd 105 uaziufidmenia fflseduany
Wudu 100 wilunsuselulasang Usuna 1 lulasdng uly
Juudiuridduelumsiujisegnidnedweisa iy
Wuansavarglwiwes forward wazlniies reverse 109
Auweuilrnusaziia (Table 2) anudndu 10 lulasluans
Usunaeensay 2.5 lulasans a1sazans dNTPs Aaitudu
10 fadluans YSua 1 lulasdns ansazans MeCL
AT 25 fadluans Usunu 6 lulasdns @1sazane
10X Taq Uvliles Usunau 5 lulasdans waztoulwsl FIREPoL®
DNA polymerase (Solis BioDyne; Tartu, Estonia) At
5 ylnsielalasing Ui 0.3 lulasans 9ntu ifudvde
ultra pure liirsuU3anas 50 lulasans uaziiluldluaos
fodmsuruiasengnlewodiuesa Tnodslusunsudsd
éﬁgumau initial denaturation Viqmw_]ﬁ 94 perwaldua Ju
e 2 undl audetuneu denaturation 94 ernwaided
Hunan 20 3unit Sunou annealing laeldgamgd T
szylilu Table 2 suvdavesidweuislan WWunan 30
Uit wazdumey extension 72 eenwadea 1Junan 2
il fonsu 29 seurestumeusnaudmuietunou
anvhefe 72 esmimaiiea una 5 il andu thuandn
nnUfisengnisneduendalunsinaeulaeisianivslnda
ldasazaefoule Usuims 20 lulasdns wauddou
(RedSafe™ Nucleic Acid Staining Solution) U3u1ms 1
lulasans adluvaueadifimudidiuvediaa 1% uazly DNA
ladder (Solis BioDyne; Tartu, Estonia) 9u1m 100 @:lfuﬂ
Vs 10 lulasdns Tdluvauisaileld@nnuvuiaves
Avuedmune sudunsiddningvsdadunan 30 uni
Tneldnszualni 100 laad dloasunaudi3msaaeuuas
TufinnmiaaseinieiiaTsinmmaatu BrightT™M CL1500
Imaging system (Thermo Fisher scientific; Waltham, MA USA)

nsasaegauandlvasnfinaddedlulindfdulavas

E. rostratum Tagmaliaujisengnigwasiuaiss
Boansanududuiluiindfiueveudesn

E. rostratum lolwian SBR1 Tidszsuanududuii 0.001,
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Figure 1 Validation of genomic DNA from all samples utilized in this study through conventional polymerase

chain reaction (PCR) prior to conducting the Exserohilum rostratum-specific primer screening experiment.
(A) PCR with ITS1-ITS4 primer set to amplify genomic DNA from E. rostratum (Lane 2—6: isolate ER-SB1,
ER-CN1, ER-AT1, ER-SBR1, and ER-NB1), Bipolarlis oryzae (Lane 7-10: isolate BO-SBR93, BO-SBR92,
BO-PT1, and BO-CN7), Pyricularia oryzae (Lane 11-13: isolate PO-001, PO-002, and PO-003), Curvularia
lunata (Lane 14-17: C-NP11, C-NP12, CN22, and C-NB4), Rhizoctonia spp. (Lane 18-19: RS-Ppath and
PR-DOA) and Fusarium spp. (Lane 20-22: F-Ppath, F-PTL1, and F-PTL2), 100 bp DNA ladder was shown

in lane 1. (B) PCR with ITS1-ITS4 primer set to amplify genomic DNA from rice cultivar Khao Dawk Mali
105 (KDML 105) and Jao Hom Nin (JHN) (leaf) and PCR with OsActF-OsActR primer set to amplify genomic
DNA from rice cultivar KDML 105 and JHN (right), with 100-bp DNA ladder shown in the first lane of each gel.
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Figure 2 Specificity of the ER-ActF/ER-ActR and ER-GPDF/ER-GPDR primer sets to Exserohilum rostratum through
conventional polymerase chain reaction (PCR). PCR with ER-ActF/ER-ActR primer set (A) and with
ER-GPDF/ER-GPDR primer set to amplify genomic DNA from E. rostratum (Lane 2-6: isolate ER-SBI,
ER-CN1, ER-AT1, ER-SBR1, and ER-NB1), Bipolaris oryzae (Lane 7-10: isolate BO-SBR93, BO-SBR92,
BO-PT1, and BO-CN7), Pyricularia oryzae (Lane 11-13: isolate PO-001, PO-002, and PO-003), Curvularia
lunata (Lane 14-17: C-NP11, C-NP12, CN22, and C-NB4), Rhizoctonia spp. (Lane 18-19: RS-Ppath and
PR-DOA), Fusarium spp. (Lane 20-22: F-Ppath, F-PTL1, and F-PTL2), rice cultivar Khao Dawk Mali 105
(KDML105, lane 23) and cultivar Jao Hom Nin (JHN, lane 24), and pure water as a negative control (Lane

25). A 100-bp DNA ladder was shown in lane 1.
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Figure 3 Specificity of the ER-185-28S ITSF/ER-185-28S ITSR, ER-BtubF/ER-BtubR and ER-TeflaF/ER-TeflaR primer
sets to Exserohilum rostratum through conventional polymerase chain reaction (PCR). PCR with
ER-18SrRNAF/ER-18SrRNAR primer set (A), with ER-BtubF/ER-BtubR primer set (B) and with ER-TeflaF/
ER-Tef1aR primer set (C) to amplify genomic DNA from E. rostratum (Lane 2-6: isolate ER-SB1, ER-CN1,
ER-AT1, ER-SBR1, and ER-NB1), Bipolaris oryzae (Lane 7-10: isolate BO-SBR93, BO-SBR92, BO-PT1, and
BO-CN7), Pyricularia oryzae (Lane 11-13: isolate PO-001, PO-002, and PO-003), Curvularia lunata (Lane
14-17: C-NP11, C-NP12, CN22, and C-NB4), Rhizoctonia spp. (Lane 18-19: RS-Ppath and PR-DOA),
Fusarium spp. (Lane 20-22: F-Ppath, F-PTL1, and F-PTL2), rice cultivar Khao Dawk Mali 105 (KDML105,
lane 23) and cultivar Jao Hom Nin (JHN, lane 24), and pure water as a negative control (Lane 25).

A 100-bp DNA ladder was shown in lane 1.
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Figure 4 Sensitivity of the ER-ActF/ER-ActR and ER-GPDF/ER-GPDR primer sets to Exserohilum rostratum through

conventional polymerase chain reaction (PCR). PCR with ER-ActF/ER-ActR primer set (A) and with
ER-GPDF/ER-GPDR (B) to amplify genomic DNA from E. rostratum isolate SBR1 with different concentration
of DNA templates: 0.001 ng (Lane 2), 0.01 ng (Lane 3), 0.1 ng (Lane 4), 1 ng (Lane 5), 10 ng (Lane 6) and
100 ng (Lane 7). A 100-bp DNA ladder was included for sizing the amplicons (Lane 1).
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Figure 5 Conventional polymerase chain reaction (PCR) of Exserohilum rostratum isolate SBR1 using primer
sets of ER-ActF/ER-ActR (A) and of ER-GPDF/ER-GPDR (B) in rice cultivar Jao Hom Nin (JHN), Khao Dawk
Mali 105 (KDML105), Rice Department31 (RD31), and Rice Departmentdl (RD41) after 72 hours of

E. rostratum-infection and water solution (+0.01% tween20). A 100-bp DNA ladder was shown in lane 1.
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