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Characterization of Xanthomonas causing of Bacterial Leaf Spot of
Tomato and Pepper in Thailand
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ABSTRACT

Bacterial leaf spot is an important disease of tomato and pepper, and is a threat to
seed industry in particular. Lately, Xanthomonas species causing bacterial leaf spot disease
of tomato and pepper had been re-classified, using molecular techniques, into four species,
namely X euvesicatoria, X. gardneri, X. perforans, and X vesicatoria. In this study we
characterized bacterial pathogens of leaf spot disease of tomato and pepper in Thailand.
A total of 38 isolates of disease causing bacteria were used in this study, 24 of which were
obtained from Department of Agriculture’s Culture Collection Center. They were collected
during 1987-2018 and already identified as X vesicatoria. The other 14 isolates we
collected from the fields in Khon Kaen and Chaiyaphum provinces in 2018. These bacterial
isolates were identified as Xanthomonas sp. based on morphology, physiological and
biochemical properties. The selected 18 isolates were further identified by using multilocus
sequence analysis (MLSA) of gyrB, efp, dnaK and atpD genes and specific primer set of
each species. As a result, two species were identified. Ten isolates from pepper were
identified as X euvesicatoria, and the other 7 from 8 isolates from tomato were X. perforans.
However, PCR amplification from Bs-XpF/ Bs-XpR primers specific to X. perforans was
no found. None of the isolates in this study were X gardneri or X. vesicatoria.

Keywords : Xanthomonas, bacterial leaf spot disease, tomato, pepper, multilocus sequence,
housekeeping genes

MAATlsAfiY ALZINEAT MUNILEY IANDRULNEATAIEAS INDUDAMUNILEY BATLTH 73140
Auinaluladfinwinens amInendinensaans Muniuay uasLgn 73140
Audanududadumnalulagnwnens sinnuiauiuiiedneussedninemansuazimalulad
f11iN9UAMENTINNTNTRANANE NFINW 10900

nguATElaafia dinddeiauIn1IanineIiy n9NITIN1INEAT NJ9WMW 10900

Department of Plant Pathology, Faculty of Agriculture at Kamphaeng Sean, Kasetsart University, Kamphaeng Sean
Campus, Nakhon Pathom 73140, Thailand.

Center for Agricultural Biotechnology, Kasetsart University, Kamphaeng Sean Campus, Nakhon Pathom 73140,
Thailand.

¥ Center of Excellence on Agricultural Biotechnology (AG-BIO/PERDO-CHE), Bangkok 10900

Plant Pathology Research group, Plant Protection Research and Development Office, Department of Agriculture,
Bangkok 10900

Corresponding author: agrwc@ku.ac.th

2/
3/
4/

2/

4/

80 MIENTITININBAT ﬂﬁ 38 Q‘fﬁ.l‘ﬁ 1 4NIAN - LHBBU 2563



UNARED

Tsalugauzi@omauazwinditinan
Wouuafitge ulsaiiddylasianiyiy
AN MNIINNAANUTN I TDIMALRENGN \Ho
wuafiFaannglan Ldun WoruTnluuns
(Genus Xanthomonas) 4 aUF& fisauunaan
mnr’ﬁ’uﬁaﬂmﬂﬁﬂ%ﬂmaqa fn Xanthomonas
euvesicatoria, X. gardneri, X. perforans, W
X. vesicatoria Yaquszasdlunsdnuaidl
iaduunsiagesnlnliunasimglsaluge
NLLTDINALRTNIN mmﬁ’uﬁlmm"mau 38
lolzan Tow 24 lelmamiuidefivonld
Jen3 et w.A. 2530 - 2561 NVUIALSNEN
UWUFIRUNTINNITINEAT NTNIBINTT
A3 (DOA) Auenidnainsisgrelunud
nmawmila Mans Tusaniedinila LaznANag
wazidouvaiiesulnluuiafinenldsn
14 lalzian Tapduunaudnuuznedugu
Anen 8591 wazdaadl nludadsnide
1 18 laloan sndwsziztadamailna
3Lﬂmzﬁiﬁaﬁuﬁqnﬁmmﬁuﬁugm %38
Multilocus sequence analysis (MLSA) Toe
Hasuilindlalndvaciiu gyrB, efo, dnak
WAL atpD N FpNFRAU FINAUNIIATINEDY
femaila PCR Tagldlnsmasismsdaide
mﬂﬂumamm@'ﬁﬂﬁ’a 4 ¥fla NaNIIANIN
mmmaﬁ’%mﬂﬁﬁm%aLmﬂﬁl,‘%ﬂmmq‘[iﬂ“lmm
gandamainululszinalneld 2 ¥ia
1¢wn X euvesicatoria 37U 10 lalsian
ﬁLLﬂﬂmﬁ)’mw%ﬂ LL@SL‘??E] X. perforans \ioy
voviae 31w 7 Tu 8 lolzan nulusziBeme
uie X perforans v‘;n\lﬂmawﬁuﬂﬂlﬁmﬂﬁ
nsfaAERdueEhrneanfisen PCR
fildglnsise3 Bs-XpF/ Bs-XpR fidumzsi
o X perforans Tillsiwuida X gardneri
WAL X vesicatoria 3MNFIBENTINNNFENEN

AsnAw: Wenulnluug, lsalugn, sedame,
win, seuiiaedlondvanesue, Buiugu

uni

Isv-ﬂmgmuuﬁamﬂﬁmm@tﬁﬂmm%a
uwuafiSelunguanulnluuavanssiia (Genus
Xanthomonas) Tsatimuldluumasgnazidame
wazwinilan lasanizluaanineinia
foutu Wavharelunsnuazuzidoimne
ﬁﬂﬁl,ﬁmmmmwaqmmmLﬁnﬁﬁﬁma i
gty sdunazig aunalifiinedensay
Feonafugaunamesuadnidenseiuily
wndnsuluing uazlusrenaudivuale
vi’f[ﬁwawﬁmamaaﬁy’ﬂuL%\m%mmuaz@mmw
wazdaivudiowdafuunssiiazinliia
nMsuwsszuazeslsnld (EPPO, 2013) e
sunglsaddaiiudnsizaiay (Quarantine
pest) lu EPPO A2 list 2895z maavang Ll
(EPPO, 2019) uaznatelszmaiialansining
Uszinalng

Iﬁﬂiuqmu:L%amﬂﬁLﬁmmm%atmﬂﬁL%'ﬂ
wuasousnlud ad. 1914 fuawdnld uas
5’]LLuﬂL°§a€\I’1LﬂQI’iﬂLﬂuL%B Bacterium
vesicatorium (Doidge, 1921) 6aN1NN1ITA
Suundeilv uazwdsuiesnnaisads
(Dye, 1966; Stall et al,, 1994; Vauterin et al.,,
1995 Jones et al, 2004) uaNIINHLTINY
L°‘§aLmﬂﬁL%ﬂﬁﬁﬂﬁlﬁmﬁﬂwmzﬁmLLwauuwa
NETDWNA IDUUIIUUNANRDILAZIIUNT
Li'flul,%a Pseudomonas gardneri (Sutic, 1957)
wazAoslEfimsdae P. gardneri heglung
sagidarulnluuadiednsuenefugIu
Ieuazdiadl (Dye et al, 1966) Vauterin
et al., (1995) IﬁLauanﬂié’mLLﬁanf\juL%a
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Tunnsnalsn

Ny Nsdainauazniniy
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fusanendauuaildefifidnsuradeiv
Fomulnlawnalgswou 14 laloan ¥
naspun1snielsn nienfudesulnluuis
Fuu 24 loloan Aldsuanueynsizidain
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ez Tusanideawmila waznAnane (Table 1)
WU L'%E]LLUﬂﬁL%‘ﬂnﬂ\lﬂi’ﬁlﬂﬂﬁﬂﬂﬁﬂuﬁﬂﬁ
AnlsafunzBamauazndn awnsausnids
g nduisnaasuiiiulsn wasddnwue
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Figure 1 Symptoms of bacterial leaf spot of tomato (A, C, E) and chilli (B, D, F) at 21 days

post inoculation. A and B samples from naturally infected plants; C and D samples from

artificial inoculation with Xanthomonas perforans; E and F samples from artificial inoculation

with Xanthomonas euvesicatoria
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Table 1 Bacterial isolates used in this study and their characteristics

Pathogenicity
Isolate Host' Province . Year Gre!n; Urease Catalase 5% Pigment Nitrate test PCR® MLST’
isolated stain NaCl —_——
To P

XCVKKT-1 To Khon Kaen 2018 - - + - + - + - 0 ND
XCVKKT-2 To Khon Kaen 2018 - - + - + - + - 0 ND
XCVKKT-3 To Khon Kaen 2018 - - + - + - + - 0 ND
XCVKKT-4 To Khon Kaen 2018 - - + - + - + - 0 ND
XCVKKT-5 To Khon Kaen 2018 - - + - + - + - 0 ND
XCVKKC-1 P Khon Kaen 2018 - - + - + - + + Xe ND
XCVKKC-2 P Khon Kaen 2018 - - + - + - + + Xe ND
XCVKKC-3 P Khon Kaen 2018 - - + - + - + + Xe ND
XCVKKC-4 P Khon Kaen 2018 - - + - + - + + Xe Xe
XCVKKC-5 P Khon Kaen 2018 - - + - + - + + Xe ND
XCVKKT-29 To Khon Kaen 2018 - - + - + - + - 0 Xp
XCVKKT-31 To Khon Kaen 2018 - - + - + - + - 0 ND
XCVCPC-43 P Chaiyaphum 2018 - - + - + - + + Xe ND
XCVCPC-51 P Chaiyaphum 2018 - - + - + - + + Xe Xe
DOA-691 To Sakon Nakhon 1987 - - + - + - + - 0 ND
DOA-1642 To  Nakhon Ratchasima 2003 - - + - + - + - 0 Xp
DOA-1643 To Saraburi 2003 - - + - + - + - 0 Xp
DOA-1663 To Saraburi 2003 - - + - + - + 0 ND
DOA-1664 To Saraburi 2003 - - + - + - + + 0 Xp
DOA-1668 P Tak 2003 - - + - + - - - 0 ND
DOA-1692 P Bangkok 2003 - - + - + - + + 0 Xp
DOA-1721 P Tak 2004 - - + - + - + + Xe Xe
DOA-1725 P Phichit 2004 - - + - + - + + Xe Xe
DOA-1726 P Lampang 2004 - - + - + - + + Xe Xe
DOA-1728 To Kanchanaburi 2004 - - + - + - + - 0 Xp
DOA-1729 To Kanchanaburi 2004 - - + - + - + - 0 Xp
DOA-1793 P Buri Ram 2004 - - + - + - + + Xe Xe
DOA-2028 To Khon Kaen 2008 - - + - + - + + 0 ND
DOA-2030 To Khon Kaen 2008 - - + - + - + + 0 ND
DOA-2033 To Khon Kaen 2008 - - + - + - + + 0 ND
DOA-2034 To Khon Kaen 2008 — - + - + - + + 0 Xp
DOA-2036 P Sa Kaeo 2008 - - + - + - + + Xe Xe
DOA-2225 P Si Sa Ket 2012 - - + - + - + + Xe Xe
DOA-2983 P Loei 2018 - - + - + - + + Xe Xe
DOA-2985 P Loei 2018 - - + - + - + + Xe Xe
DOA-2987 P Chaiyaphum 2018 - - + - + - + + Xe ND
DOA-2989 P Chaiyaphum 2018 - - + - + - + + Xe ND
DOA-2990 P Chaiyaphum 2018 - - + - + - + + Xe ND
Xe NCPPB2968 Xe

Xe NCPPB2573 Xe

Xv NCPPB422 Xv

Xv NCPPB1332 Xv

Xv NCPPB1421 Xv

Xg NCPPB881 Xg

Xg NCPPB4323 Xg

Xp NCPPB4321 Xp

Xp NCPPB4322 Xp

' To: Tomato, P: Pepper, * symbol - means Gram’s negative type, ° Positive reaction in the species-
specific PCR for Xeuvesicatoria (Xe), X. perforance (Xp), X. vesicatoria (Xv), X. gardneri (Xg), negative
reaction in all four PCRs was indicated by 0, ® Species designed by Multilocus sequence typing (MLST),
Isolates with initial XCV were those isolated in this study, initial DOA were obtained from the Department
of Agriculture, Misistry of Agriculture and Cooperatives, and initial Xe, Xv, Xg, Xp with NCPPB code
were DNA of isolates obtained from the National Collection of Plant Pathogenic Bacteria, UK.

+ means positive reaction, - means negative reaction
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xanthomonadins lsitaSaiAulauuaimnsia
5% NaCl ldwpufisenmaldluiasm (itrate
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o 18 Tolzman anwdn Gonenliflum st
7 lolzan uazideannsndznisnens (DOA)
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@J"lwsma% Bs-XeF/ Bs-XeR 9s1umzsinida
X euvesicatoria Tupuziidadn 10 lolmanan
wzdowma Ssldannisiaeil 6 lelmanuazan
DOA 4 lolman TiwunsasaunufiBuedisly
@'\LW’iLNﬂ%ﬁﬁ’]LW’ltﬂﬂx‘lL%ﬂﬁd 4 %ile (Table 1)
L%amuiﬂumammsﬂsﬂm}mm@a
wAkazwInlulsemalngsuiu 38 laloan
fanduunsiiadiemeia PCR wuii sl
Twswasfisnumzdade 4 oia suunde
18 lolzsian 1@ idwdeniaiioniu s
X euvesicatoria waziian 10 lolsan 7luTw
woufiduainlnswediv 4 siaiu viues
LABAAUI189IUDDY Roach et al. (2018)
1’7‘ia5'1u,unL%ﬂ‘[iﬂ'iuimmﬂﬁuﬁ:aamml,ﬁﬂ U
64 lolgian wud alw5ines Bs-XeF/ Bs-XeR
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Wwae Bs-XvF/ Bs-XvR Tinan13nsa 39 laloian
fswunl@iude X euvesicatoria uaz
X vesicatoria wazfiide 25 lolman filda¥
wouREeaninSmesin 4 v;jff Tnealwsmes
Bs-XpF/ Bs-XpR #la1w1z i Fo X perforans
Taflwauanlumsnsiaiuige X perforans )
Toloian vaseasiaside Sefidulrdadoinndi
s lwsmesildEnTIRswundge 4 aia
ﬁandnﬂ’a\lﬁ\lﬁmaaﬂ‘ﬁ'muﬁuL%amﬂﬁuﬁf
paaasiy donaaziiudadiadanisnsa
aam%amﬂﬁuﬁﬂmﬁ'gmﬁuﬁu §ULTD
X. gardneri Bavinviaenziamnaldaluanm
rm‘LW'}:ﬂgnﬁﬁqmwgﬁﬁiauﬁwﬁ'} 312971
wuvﬁaﬁmww:Lma'oﬂQnTuUStmﬁmw%aﬁﬁ
szufigendn 900 w5 wazilgungien
(Araujo et al, 2017) Svanavinilainudaiilu
Uszmalnedefianwonnadousy wulien
fufinsralainudadludssmaldvufidanw
amASauty (Burlakoti et al., 2018)

4. mMsswunsindauuafiademaia
Multilocus sequence analysis (MLSA)
asuiandlalnsursaiusesiiu gyrs,
efp, dnaK, wa atpD fiiuevsaiufinam
81 2,251 bp WAN15ILAIIEY Phylogenetic
tree @ulUsunsy MrBayes ver. 3.2.7a
Lﬂ%ﬂuLﬁﬁuﬁuﬁagaﬁﬁé’uﬂmﬁiﬂwﬁmmL%a
X. euvesicatria, X. vesicatoria, X. perforans
WA X gardneri fifwdededs uazfunu
Boseiusdu q Aldfinsdaduunsiaui
NFIUTBYR GenBank A1NIIBIIUDDY
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