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URIRRR ANUVAINVAELAELATIAS1NIRUGNTTUTRSSU Culicoides peregrinus
(Diptera: Ceratopogonidae) TuniangTuseniduanile Ussnelne
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Suana Culicoides peregrinus Kieffer 19uusasgatdoauaziduunammei
dfyveadenalsaludnd anuianudalafsasuanuvainnansnisiugnssy uas
Tnssaframsiugnssudidiuddyegadsdunisesnuuulusunsumuauifivssdnsam
ogslsfnudeyadindndsdinsfnstostin lunisinwiadadlddfuiianilolndvosiu
cytochrome ¢ oxidase subunit | (COI) TuluTvasulade s@nwinnunainualenig
TUINTSN WaglATIas19eiugNIIuves C peregrinus Tunipng usendswmilovasseing
Ine uenantdsAnwiauFuiuseiugnssusying C peregrinus anUsemelng uag
Uspedu q Assnulugiuteyaaina arumainvaisnaiugnssNvesiu C peregrinus
Tudssmelnedengegn 3.83% n15AT1ERlATETINIaRUgNsIINUI Sogar 71 (32 210
45 giFouiilen) faruunnsi fuegreditdedfy Ui idimsmemiutiosinn senaiuna
wnanarEamsalunsUfudaiteldundsendelussesisouiivainuats uenaini C
peregrinus 8igpiaendnivainaneyia Hadowatlduasuly C peregrinus dnansawann
asuratinldneluuvaserdeifieilng isesenenlUduvdodody q Fadunalinisaewm
FusgninaUsevnsavilvsEfUANILANANMIITUENT TNsE VI TEIINTEe AdTuS
ysaeIiannnssening ¢ peregrinus Tudsemdlnetazsemadu o wuiuenidu 3 ae
wnans (A Buaz O Jianediauinisiaenadestuundsfiniuesiosiy lnsans
Tauanis A Wuiegrantssmalnauaziy a1e3dauins B Lludied1sainlszmea
PoaLsidy wavaeITananis C WudiegeanUszmedufenazdiname AuLANeId
mqﬁuqnﬁmw’mma%’?wmmsﬁaamé’aﬁumsmum'mLLUiﬁumaqé’ﬂwmzﬁmuuﬂﬂmaq
«

C. peregrinus futunsAnwLLANlagldaITamnenIaiugnIsuangudululiuafedadu

wazyIglianunsneSulganuseeunsuITINYsEE TN siuanaeiuille



o w

GRIGIT

o

A wiasgaden, AdwaUIsiAn, AUTEINTEIENIINLENTIY, 1ASaEs1avng

WUINIY, FugMansUTEYINg
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ABSTRACT

The biting midges Culicoides peregrinus Kieffer is a blood-feeding insect
and a significant vector of pathogens in animals. Understanding genetic diversity and
genetic structure is crucial for designing efficient control programs. However, data on
Culicoides peregrinus are limited. In this study, genetic diversity and genetic structure
of C. peregrinus in northeastern Thailand were examined using sequences of the
cytochrome ¢ oxidase subunit | (COI) gene. Furthermore, genetic relationships
between C. peregrinus populations in Thailand and those reported from other
geographic regions available in public databases were also inferred. Maximum genetic
divergent within Thai specimens is 3.83%. Genetic structure analysis revealed that
most (71%, 32 from 45 population pairs) were genetically significantly different. High
level of genetic differentiation between populations suggest limited gene flow.
Potential to utilize diverse immature habitats and host blood sources possibly
encourage C. peregrinus to complete life cycle in a particular habitat which leading
to limitation of gene flow and increase genetic differentiation between populations.
Genetic relationships between Thai specimens and those from other geographic
regions revealed three evolutionary lineages (A, B, and C), corresponding to their
geographical origins. Lineage A represented sample from Thailand and China, lineage
B from Australia, and lineage C from India and Bangladesh. These genetically
divergent lineages are also agreeing with morphological variations in wing patterns.

Further investigation using additional genetic markers from the nuclear genome will



be useful to solve the taxonomic status of these genetic lineages.

Keyword : Biting midge, DI ersity, Genetic structure,
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1.1 NUASAINEIARY

v

Suana Culicoides Latreille, 1809 \Junuasgaidanuuinan AnuediiUsza

q

a [

1-4 §adwns 3noylududu Diptera 34d Ceratopogonidae #3995 3AUUVANY T
(complete metamorphosis) Usenauig 4 szeg laun szezld (ege) szuzdsau (larva)

srazanus (pupa) wazszezAnauds (adult) Jagtumlandsiasunisnuuinnin 1,347

dniufindu q 1w lsaldmdes (Oropouche fever) Tunywd lsaugiien (bluetongue
disease) ludnfiApangas niulsazi (African horse sickness) Tusi way Tsndlalelngluda
(leucocytozoonosis) TudniUn (Mullen and Murphree, 2019)

3u Culicoides peregrinus Kieffer, 1910 ¥negluana Culicoides anadey
Hoffmanai Fox 3uadlddiisreauinoradunivzuenis bluetongue virus (BTV) Tu
UsenAooamslay (Mullen and Murphree, 2019) uagUszwneduimg (Ranjan et al., 2017)
3u C. peregrinus 51smumiwm%gqLLiﬂmﬂ%’gIa%am Uszmadulay (Wirth and Hubert,
1989) JaqufineaunsuninszaglunansUssndluieds Tnonuldfudussmaduie
f3dann Tanawna nusemalue@ens fusenidedld ooansids Undaihill guu waznou
Taveadu (Sen and Gupta, 1959; Wirth and Hubert, 1989; Dyce et al., 2007; Liu et al,,
2018) C. peregrinus gendonandsddiavaisyiia Wy uywd i ung uny 1a nsedo qns
v wazdndUn (Wirth-and Hubert, 1989; Jomkumsing et al., 2021; Kar et al., 2022b;

Sunantaraporn et al., 2022; Kamyingkird et al., 2023) ‘1/‘1’11‘1}7%}14 C. peregrinus HuadTdi

a v 6

wulamalunsuSnanmelulazusnuseu § asndn? (Harsha et al., 2020; Fujisawa et al.,

4
[S e I

2021: Kar et al,, 2022a) SUaUTAUTIA1U50LNIEHUS A UL YAIR AeNaInang W

[l [ v
S 1A

VS UAUNYUANAINYRUATEVT BUBNEY N1esEU1ein Tuiiuiuatl wasusuigausie

q

Bun3ga15 (Wirth and Hubert, 1989; Yanase et al., 2013: Harsha and Mazudar, 2015)

3U C peregrinus fMNE1AYNLATEEAIRAENIINITILINEY Lo duluadng 7

Y

U

aaldendindninateyia saudsdnindannudrAyninasugia wu la nszle Wudu
wondnifulunvzvesdenslsn agralsiniuesdanudifeaduaunainnaisuas

Tpssasramnaiugnssuves C. peregrinus Geiinsdnwdes msfnwdiulngduiissseny



nsAneieatuABueuisén (ONA barcoding) dldsruiusegslunisineldun 1
ATOUARUNIINTEIAEN1NTA1anTvesaUdd (Harrup et al,, 2016; Liu et al., 2018;
Jomkumsing et al.,, 2021; Gopurenko et al., 2022) mmLﬁﬁﬂmﬁ'mﬁ’umﬁwmﬂmmww
WugNTsy waglaTeasmIsiusnIsavasuamIrzdauddny lususzuIning1velse

a1unsauanldluniseeniuulysunsupiuauiuss@nganle (Tabachnick and Black,

v

1995; McCoy, 2008) U 5AUYBIATIULANANNIITUFNITUAIN50UTLAREATINS

A 9 1 1 X A4 = v Ao w
WasudesEnINUsrnstunnas iun Faluveuandl EU&[,‘lJﬂiBU’J‘lJﬂ'ﬁ’e)@ﬂLL‘U‘Uﬂ’ﬁﬂ’J‘UF’]N

Y

a

wuasnne(Tabachnick and Black, 1995) dwsualddniinisnsgangn1adigiaanseeng
v P ' & a o o =~ a v
N394 NISNAFBUANIUAINYRIAUTATEIN9U LN URIAIARY LUBIINDILNYIVD

<

fuauansnsalunsilunvzveadenelsa (McCoy, 2008; Powell, 2018)
N1358YalTdmednyuen19dagIuINe1vessuana Culicoides Hupaud13eIn
Heannuupsaidvuindn danunlsiuvesdnuasnsduguine) vilienaenisssy
N e v o e awv va o o= = NN o & v D
algdniiauduiiusnisaeITauinisinadaiu deenalinnnuvatevesaldd Indudedld
NYITAINTVOLANTIAN BN FYTIWINGMALTUTAEATIENE WU T189UNTAUNY
3u C. mahasarakhamense FHANYUENIIEUFIUINGIAGI0AGIAU C. arakawae
(Arakawa) Tuusgmelve waflauwnnaafunaiugnssuaIn Culicoides arakawae Inu
n3ra1eegaluan Weld lidunyiueen olenziusenidedd wagussmag Uy F11n
a fal & t%4 ! Y ! .:4' ] < NN e ! v
NFIATAABUEUITIAN NUITUFIREesEyindu C arakawae Wualddnunnsiaiiu

et al.,, 2021a) n1s@nwIsaUINUIN C.

-

Aa C. mahasarakhamense (Pramua

De

mahasarakhamense 19 JUNIMEUBUTOADITANAEUYRA b6 LbA Leucocytozoon,
Plasmodium juxtanucleare, P. gallinaceum wag Leishmania martiniquensis (Pramual
et al., 2021b; Sunantaraporn et al., 2021; Songumpai et al., 2021)

lun1sf@nuinsell 49nqUszasAinofny109A AN INNATEN NN UTATTY ko e

9
(%

A543 mMNINUGNITNVRIFIREN93Y C peregrinus Tunpnziusenideaviiavesussndlny
Ingldasuvesdulululnaeunie ludiuvesdu cytochrome ¢ oxidase subunit | (COI)
Toyadldannsdneianssaliidioszynaadeuthesenisns dsenalddmiums
aaﬂLL‘U‘UIUiLmimmu@uﬁﬁﬂizﬁmﬁmw (Tabachnick and Black, 1995) UeNINIL
MTIVADUAIULANANNIIRUGNTTUVOHIBE1 C. peregrinus Tudszindalneduiiagiad
senunnisUssmelugiutoyatugnisy feyatastelissyanuradfdvosszansid

NINEMNNManTog1anI 19N



1.2 IngUsaeAvasuiY

1.2.1 iilefinudnuazmedaguinewessu Culicoides peregrinus

1.2.2 Wfiefnwianumainualevisiiugnssy (genetic diversity) uaglassaiana
ﬁuﬁqﬂﬁiu (genetic structure) "Uadé’u C. peregrinus luniangiusanideunile vesussina
e

1.2.3 Wlefinsnanuuandamaiusnssuvessnesns C peregrinus Tulseimalneiy
HoeefiTenuanisyive

o/

1.3 YBUWAVBINUIIY

v o
a

AUsBgNsU C peregrinus InuaIe REANs TN RIURUTiRoNdsS Suunaldd
AILANYUTNNAUFIWINGT ANYIAIUNAINMAINIINUTNTTN (genetic diversity) wag
1A59a519M190UINITU (genetic structure) Ye53u C. peregrinus Indldsiuinnalelndves
81U cytochrome ¢ oxidase subunit | (COI)

1.4 Uselevidfinaninazldsu

1.4.1 M9 IUTEAUAMUVAINVANLNNINUTNTTY LLasimaa%’wmqﬁuqmsmaﬁu
C. peregrinus Tunang Tusenidudullevesussinelneg

1.4.2 NFIUANURANANNNAUTNTTUVBIRI9E19 C. peregrinus Tulseimalne i
FregeTiTeauneaUszne
1.5 aaufiieuise

W JUAn1swad TugAIanTuasd3In e 193w uIN15v0Luas (Insect
Cytogenetics and Evolutionary Biology Laboratory) %94 SC2-407/4 91A153IN8NAERS
F200 (SC2) Fu 4 MATYITIINET AAEINEANENT WANINESEUMNENTATY FIUATILEES

DUNBAUNTIVY WIAUAIF1TAY
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2.1 Y3INe1ves3uana Culicoides

Suana Culicoides Latreille {uutaswuinidn mawendwiUszaia 1-4 Tadwns

1 [ =

Dusuanfitngdenildlunistu nednguanlasuguluilueteazlunismssdiadendn

Y

halteres dnaglugudu Diptera 23d Ceratopogonidae lnen3luFensululedilin biting

midges Tuuszmalnaiandals nIesuuiy Suana Culicoides Mlanisieaunisny

=

YFandaldarunsadn

[

1,347 aU3d daluanadosls 33 anages 38 ngualld waz 136 @

naualidvieanatosls (Borkent and Dominiak, 2020)

[
| a

U%ﬁmmsuaqa Culicoides Latreille

(%

2.1.1 BYNTUATIUKALNTTLYA
2.1.1.1 aunswisuvessudana Culicoides Latreille
ﬁwﬁusﬁy’umﬂaymﬁmmaéuaqa Culicoides annsndaduunléed
Phylum: Artropoda
Class: Insecta
Order: Diptera
Family: Ceratopogonidae

Subfamily: Ceratopogoninae

Genus: Culicoides Latreille, 1809

2.1.1.2 M3seyaliduessuana Culicoides

1) Msseualvdlealdinuadugiame

9

nssvyaldlaglidn v dugiuinglasdiulngldanvazanaigaundweien un

LAz IUINVBIMUIA ANINTEINBVRINGUUTTANAURENIUNUIN FIUNUIFUTINTUD AN

) v

° < a I~ i ) ¢ v N
Januguivegdiuimede Usetosduiugmes (0w 1)



Cell RS
Poststigmatic pale spot

Tibial comb
Basitarsus

il Theppararat, A. (2011)

AN 1 SnyasdgIwIne1va Culicoides peregrinus Kieffer

(M3 agausml windnil uavang, 2555)

anwauglUn (wing) (01l 2) Wudruilduinianlunisseyaliduessuana
Culicoides \HipvnniJudnuwaeidunaliiiefian Insdnvusily laun auaadn gUsieadn
EuUn wasadraneuutln awwaneuulninvndiedluiiedeviliinduin- unnanafiuuu

Unuslazatdd melualiidifeanumelisdniiainaguulngandtneg



Arc: Arculus R5: CellR5 1A: 1°* Anal Vein
€C: Costa M1: Vein M1 AC: Anal Cell

R: Radius M2: Vein M2 CM1: CellM1

RM: R-M Cross Vein M3+4: Vein M3+M4 CM2: CellM2

1R: 1°* Radian Cell Cul: Vein Cul

2R: 2°* Radian Cell MF: Medial Fork

PPS: Poststigmatic Pale Spot Cu2: Vein Cu2

A 2 TassassUnuazidudnuessu Culicoides peregrinus

2) MsseyalTdlagltinaliniusmanslaans

[ A o

° U a ada NN a1 ° ara Y P a v =
a']ﬂillaﬂllsmC‘]U'Nﬁﬂ?]’ﬁw'lua’]iiqiﬂf\]’]LLUﬂaUGUa ‘Vﬁaf\ﬂLLUﬂVL@EJ']ﬂLuaﬂﬁﬂﬂﬂﬂ'ﬂqmﬂaﬁlﬁlﬂaﬂ

[y [ 1 o £% Yy [y o v a P ¢ di
VNANWEULAINA ’e]’]f\]f\]']L‘LJ‘UG]E’NI‘UGU’PJllﬁW‘IJﬁﬂiillf\]’]ﬂﬁ?ﬂUU'ﬂﬂﬁI@l‘V]@l LUuLﬂi@QMQJ’]UﬂLu

Y 9

aada

N353uaUTd (Hebert et al.,, 2003) dnleuldiuogunsuarglulagiu Aefdweouislan

(DNA barcode) Fadunisanwianduianalelnsvesdiiiin wazdinadilauninssi
Wisuiisuiudoualugiudeya ssieliannsaduunaldvesdeddinivinnisdnule
(Schwenkenbecher et al., 2009)

Suiiteutu i dunsosmnefidueundnludes fe sadudanalelndvesdu
cytochrome ¢ oxidase subunit | (COI) Dusuinululilnaeunss (mitochondria) ¥4

a AdAda a

dstidinnnvln anefihuAnvafuievisifndaimeiyszain 500-600 dua Ing COI
DuBuiifieanmiusiiugad anuzlunnslisuunadFdnidnvnsmedugiuinevsedane
WarnnmslndiAseiulda Snvisdsddeyalugudeyaiugnasu (GenBank) waw Barcode of
Life Data System (BOLDs) 31uauunvibvigunsoiiaseidoyalaegsasideauaziining
ﬂ’]lfz‘j'aﬁa@'d%u (Folmer et al., 1994; Zhang and Hewitt, 1997; Frezal and Leblois, 2008)

Tunmssuunaldduesiuana Culicoides dulnalidnumzmednuginerneuen

(mophotaxonomy) vasdafnielunisseyaldd uinsszyalidiednuaznisdugiu



Ingvesauana Culicoides suvildenmaeunadiflidn uenanialTdilnddatudan
I fianwagduguineinaieadaiuuin Idnwauedug1uing1damnsunisseyuauwaneg
5¥1119aUFd U0y (Harrup et al., 2015) ﬁ'ﬂﬁ?umﬂ%m%wmaﬁuqﬂiim WU ALDULBUISLAR
B CoI FaflanudAguarsdudmsumsfinueynsais uvessu Culicoides (Harrup
et al, 2016) W 3u C. arakawae Feils1paunsuninszateegianirsvnmuluedeld
PIRYATILEDN BIENYIUDDNLREILE LLasajﬂu (Wirth and Hubert, 1989) n1s@&nw1#L8Le
U15LARAINAR8E19 C. arakawae TuUsENAlNngnUI1UI9UIEUINTAAIULANFIIN
NUsNIIURENTARUAY C. arakawae ﬁwlﬂqjmaé?qaﬂ%éimj oA C. mahasarakhamense
(Pramual et al., 2021a)
2.1.2 29¥inasiuana Culicoides

'%yuaqa Culicoides ﬁ%ﬂaﬁammuauuﬂiﬂj (complete metamorphosis) (Al 3)
Usznousme 4 seey laun syezly (egg) szogdionu (larva) Seuzdntd (pupa) LazIzyzsa
Wide (adult)

b

Mating Blood-feeding Gionadotrophic
i cycle of adult female
L] ‘b
L] A
\ v
% Egg maturation
- ]

Ovipesition

-----

Culicoides life cycle

Pupa

Development and survival Development and survival

MNature Reviews | Microbiclogy
AN 3 1ITTIALUUANYTAL (complete metamorphosis) Guaﬁyuaqa Culicoides
(fun: Purse et al. 2005)
1.) szezly (ege) 1ﬂ§uaqa Culicoides fathna wiosn dnwazfunsanszuenlda 35U

pdnendeveNiivuinUszana 0.5 fadwns Meluduyn gaasuszuna 30-100 Wes Auau



vieuuilaau Inslamzuinalndiudodoruesi amululifitdaindes dhdslulnaslsd
yadnd IdnanUseanm 2-9 Tulvasimunidusieu

2.) szuziageu (larva) orduegnuiastinsng q sieinudn dndn dinses Tutngiidanin
Trawduaszih Tulnssvosstulsl wasmyadnd Auflviidadaundon viodadiTinuunndn Tu
U3naundsedelueimig svozdsauliinailunisiau 18-25 Ju fisouvediuana
Culicoides 31 8 szpzpdnvgs szazgainuiidnvauraiiidunsinszuanaidvd #iand
wmdes 3o flmn 1 ¢ wazyadn q 1 4 ndsiannauieszozaeTnesseuiiondoegay

L2 b4

Waslaezuay vIelATunLIzAAUMTILANLATaaNAT UG SEEEAnLe diuriinniondeeg

Tuiflerdseeeanusazasstuginii meeuiingszeginuaaglifiuens

£% (%
a

Suana Culicoides Azapgag uUuRIU oL lAa Hdnuyuy

q

3.) szELAnue (pupa) ANULATDY

Y
=

N9 1FlUTIU N onddulng dvremaiduineanandda sUTeAaefIgania () 3
atearlimeladnuasiduriesns 1 g Bendn trumpets Wnalunisimundudnnuie
Usginad 3-10 1 %uagjﬁ’uqmmﬁ%uméqmﬁa lusgpganuavglifivemsiueiniaain
msvnelaifigaingy

4.) sevziafiade (adult) fufiuiiutevesiuana Culicoides wdlauemadussun 1-

a i %

4 fladuns #dmia v3eden an (thorax) 8aulug) wauy Yndna1v139nu (head) &
anwaENaus M15IN9e 2 Peguseadgle eagiivuan (antenna) wuuyruun (plumose)
druneefinuanwuuydedli (pilose) (n# 4) dmuvid (abdomen) Yo netlgdULALY]
fuvUEILTiBIkUNUaNY cerci JvduLaTNaN WuguUead (spermathecae) 1-3 g3 Tuog
v A e =~ ] ] ) | A a v o ' =

fualdd Jeaeligusaunnsneiu Wy nsenay UlY w3095 druvisdnAgazuaunitwaLile
Uapaioedlianan 9 Uded scleroma Usenaume wH tergum Uag sternum anunsaviyule
180 23 luvausiuwalTugnaniiug (1nd 5) Msasanmanuinmuaniivduens usdn
a v & v & & s A o a 1y oA & v a 9] |
WiesespalionvesdndvTouyuditauilusAuluiauly Weanvdeaudiuisinauidilied
Tugnselnsdlany uwagiinaunsenaldnsaaum 33ldnaiUszuim 3-4 Ju Culicoides viany
yilnannsandilalaglinewmaiendow Wu C furens uaz C subimmiculatus WA
Ingjegdosgaidanagnaiaes 1 ase ielvlulususaldiiau wagwiaula wu C

brevitarsis Wag C. puncticollis



fn a

nuINALLE LU pilose AAvEIY 40 Wi

d’ U =] o 4 Y o o 1 o/ = U s a ° w ]
AINN 5 A. DIYISAUNUTINARN N1AIVYY 100 w1 . BIWITAUNUGNWALUY NAIVLIY 100

213 anﬂsiuﬂ'ﬁ@mlﬁamsﬂaﬁuaqa Culicoides

3uana Culicoides gaidondnigeanluzandn (a1 06.00 - 08.00 u.) vdwszeng
Juuszam 2-3 Falus wagtaieiingzerfingladnn (a1 16.00 - 19.00 W) 3u Culicoides
vviinesngaidendailuianaisfu By C nubeculosus.uag C. heliophilus w3y
Culicoides @wlve) azoangatiendnineulnainaviselunounatefy 4381019y
Snn1siegadoanany wagdhmmatnazanasFes 4 Wsauuselu viselingadenay Ul
vingadendniifogniieuy dnitn uiivaisalTdagamtende idnAeatu udnuwuy
wrwan1zananasiulyluwnazaldd wu Tudssmaanluni wu C. furens ez C.
barbosal fleengaidentutind wazanwilieaiy winudumisiisuadfdmardtinuus
dniuananeny (Kettle, 1977) %uaqa Culicoides anaafinaunsanelilalnglifasiuden
nouw WU C. furens way C. subimmaculatus LLG]IEi'JUSLMQJ:‘W(;\JENQﬂLaaﬂﬁﬂﬂ%’jﬂﬁﬁjﬂ el
Uil 2 wazgusie 9 LU WiAULR W C brevitarsis Wag C. puncticollis (wia A3uziaies

WAY g¥1IR 01338, 2556)
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2.2 arudnffyvassuana Culicoides

uana Culicoides anwalTdduuunsdngvosadnd sufadunmeindonolsa
yanewiin i hh¥a Welnda uasneduuauianas Ssanunsadenamnguyuduasdaiain
3 q shegwadlsafiddiifiaimanidonelsafiiiuana Culicoides \Sunmey i Tsald
\wiiee (Oropouche fever) Tusywd lsAugvian (bluetongue disease) Tudniiaeses nu
15m31 (African horse sickness) Tusin uay Iiﬂﬁﬂﬂlsﬂwgiu%a (leucocytozoonosis) TulA
Isawing1e (masonellosis) WWuiu (Mullen and Murphree, 2019)

Tuﬂizmﬂlmﬁi’]mmmiwﬁuaqa Culicoides 11nn31 100 @U%d (Thepparat et

< = IS

al., 2015, Pramual et al.,2021a) 6?5@LLamiﬁmummwwmﬂwmamwmmwmaéuaqa
Culicoides Tuusznelng uaziiedaiies 8 adTd fserunsfiunmevesdenslsaly
Qﬁmﬂﬁlu 5 waslan laun C. brevitarsis Kieffer, C. fulvus Sen and Das Gupta, C. imicola
Kieffer, C. peregrinus Kieffer, C. arakawae (Arakawa), C. guttifer Meijere, C. histrio
Johannsen wag C. oxystoma Kieffer (Mullen and Murphree, 2019) #1eg13Hansenui
A iiisadosiuiuana Culicoides Tuuszmnelne 18un n1538UrAveY African horse
sickness (AHS) TAnluuszmAlnelurasateioununius w.e. 2563 Failvihaiendy
500 #7 (Castillo-Olivares, 2020; King et al., 2020) n155vunved AHS Tulsewnealnefiadu
nsszunnsausnvesisailuelons Susenidedld Sudedniisu C imicola Hummgmuiid
sreaulunslsgme

uennazidunvzvedhianduawmmuadlsaiddyluvadaini dudunmzves
o Haemoproteus wag Leucocytozoon (Akiba) caulleryi ﬁLﬁuaﬂLwaﬁ’lﬁ'i\g%ﬂiﬂ
Leucocytozoonosis Imaﬁéju Culicoides peg191py 4 @034 lawn C. arakawae, C. odibilis,
C. circumscriptus Wag C. schultzei Hunane (Santiago-Alarcon et al., 2012b) Uszielne
fisraunisuasausnlag Campbell (1954) Wil L. caullerryi uae L. sarazesi fnely
1A vilvlnfinan1glann e 9315eLuaddlis 1Y ey uastvilesdn 8nsn1snanly
anas NUBmIINIIAEERY 25% (awla UaAny, 2518) uenanisdiseudsaudululy
ﬁ’%uaqa Culicoides E]’lﬁlLﬂuW'mma&L%}a Plasmodium(Martinez-de la Puaente et al.,

2011; Santiago-Alarcon et al., 2012a; Ferraguti et al., 2013)

2.3 MIANYIANMUNAINTAEUAIATIETININUINTTNVBITU Culicoides
29AAIUSNYINUAIIUNAINNATBUALIATIAT NN UGN ITUVB LU AIN VL E]

Anuddgegndsdmunisiludssendldiieonunulunisaivaunasdesiunisssuin
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voslsafifiuauvaniifuning (Tabachnick and Black, 1995; McCoy, 2008) Feyaitléiann
n1sfnwiugAmansuszIns taun §n3uwasiani1weinIsaiemsy (gene flow) @m0
lvlilunisiansandanldusazfiang sudsaauiiienaianisszuinvesisa (McCoy,
2008) FEFUANLUANG1IMNRLENTITENIUsETINTOATRTUAI A MBI 5 DU
aUTdnunnsneiy elasnuduiusfuanudniuldssuinmanzuazdenslsn (vector-
parasite competency) 11 n15AnwIlues Aedes albopictus WuIIN1TWUMENAY
’3’?@1mmﬂuaﬁmﬁﬁmmé’mﬁuéﬁ’ummL%’ﬁﬁulﬁswdwqwﬁmﬁﬁuL%@l’a%’a chikungunya
(Vega-Rua et al., 2020) uaﬂmﬂ‘ﬁ%jﬂamﬂmaﬁnmﬁuqﬂwﬂm%ﬂa%qﬂsé’ﬂﬁmmﬁﬁmﬁﬁ
lun1sseywrasiunevaiInIsszuInvedlsala (Onyango et al., 2015a, b; Jacquet et al,

201643, b)

2.4 '%’u Culicoides peregrinus Kieffer

3u Culicoides peregrinus Kieffer dnagluanaties Hoffmanai Fox 1318911l
Useineieaanside 113uadddiifnannlumsiunmereaie bluetongue virus (BTV)
(Mullen and Murphree, 2019) wagUszneduLae (Ranjan et al., 2017) 3uC peregrinus
seunTnuRsausnanizloiaa Ussimeduide (Wirth and Hubert, 1989) dagsumny
uwnsnszaelunaneUssinalule@e lun Usemeduidly a3dsn Sinanme seanside guu
Unthiindd 3w wasnnUssinalue@engfueenideddd (Sen and Gupta, 1959; Wirth and
Hubert, 1989; Dyce et al,, 2007; Liu et al., 2018) C. peregrinus @maammﬂaﬂﬁ%‘imwma
yia Wy uywd 01 wne wne 71 nsels dns adv wazdniUn (Wirth and Hubert, 1989;
Jomkumsing et al., 2021; Kar et al., 2022b; Sunantaraporn et al., 2022; Kamyingkird et
al,, 2023) ¥l¥su C. peregrinus \uadidinulaialdiausnaneluazuinasey q nen

a6

#m73 (Harsha et al., 2020; Fujisawa et al,, 2021; Kar et al., 2022a) %Jua‘d“tia

o

ffsanunse
wneiuglalundsandefivanyans wu vnuAufiguiunTeuasEvieUat nesEUe
1 Tufuiiugig LLaw'%nmﬁqmuﬁwﬁum%émi (Wirth and Hubert, 1989; Yanase et al,,
2013; Harsha and Mazudar, 2015)

3u C. peregrinus finudfynidasysianagniansLnmg esanduusas
ﬁmgﬁwazLmaqwmzﬁuaqﬁaﬁa‘[sﬂ ognslsfinmesfmnudifsaduaunainvatsuas
Tasea$1am1aiugnssuves C peregrinus fadltdosun ns@nwdulngiduiisssesu
MsAnwABIfuABueUTsTAn (DNA barcoding) Bwsnanndeyadiuauiiegsdisndn sl

Lipsounguian1snszaten1giimansvesaldd (Harrup et al, 2016; Liu et al., 2018;



12

Jomkumsing et al., 2021; Gopurenko et al., 2022) mmimwwﬁ’ﬂmﬁmﬁumm
NANNAIENIAUTNTTY haglaTeadiamnaiugnssuvasutamvelinudfglusussuin
Ingnvedlsa Ssanunsnthunlilunisesnuuulusunsuruauiiiiusyansamle (Tabachnick
and Black, 1995; McCoy, 2008) fe8 191t SeiuTeInIuLAnGNevsiLgNTsANE0USY
1§898n51n15inaeuineseninasynsluusaziuf s‘z’iuﬂu%agaﬁﬁwﬁwiumzmumi
PBNKUUNITAIUAYKNAINIUE (Tabachnick and Black, 1995) dmsuadddiinisnsyane
yatgfimansogneninanneesissu C peregrinus MINAABUANILAMTEATTdTEN IS

Usgynsndszesiamaglienansiadudeddy Wesmnenafeadeasiuaiuainsatunis

Junuzves@eonelsa (vector-pathogen competency) (McCoy, 2008; Powell, 2018)



unA 3

A5anduauiY

3.1 nsNUAIRE Az TT AT

v
< Y 1 a

Auieg1aiufniavessu C peregrinus NUNEIDIAEANLETTUYR USHalndiu
ponUa-dnt fiavn 9 wndslunang fusenidsuniiovesusamalng (319l 1, nwd 6)
Tngldaisnunnasiugisnaiussuna 16.00 u. 9 19.00 u. Snwdn1nvesdaogialu 1o
musamudatusesay 80 uaziAuinuiluguiigumndl -20 ssrwalea auninagianld
Anw syalPdamednuuzdugiuineleglisuistu Aesute wavamusenaues Wirth
and Hubert (1989) wag Dyce et al. (2007)

3.2 Anwugaansluana

afnAlBuleniegesiiatovessy C. peregrinus Tneld GF-1 Nucleic Acid
Extraction Kit (Vivantis Technologies Sdn, Bhd, Malaysia) ﬁaaagmiﬁuuzﬁﬂma
U3EMEkEn nufuinw
Adulugurgamndl -20 osmwadea WaUiinauamsiugnsslaglidauinalelndvedy
Inaaun3eludiuvesdu cytochrome c oxidase 1(COI) Mmemallaufisegnlenediueisa
(Polymerase Chain Reaction: PCR) aglusiuas LCO1490 (5°-GGT CAA CAA ATC ATA
AAG ATA TTG G-3’) hay HCO2198 (5’-TAA ACT TCA GGG TGA CCA AAA AAT CA-3)
(Folmer et al,, 1994) Tudsuausau 25 lulasans fesrusenaulawn DI Water 17 lulasans
Buffer A 2.5 lulasans MeCl2 1.5 lulasdns dNTPs 0.8 lulasans 1 lulasdns, twsiwes (10
uM) Tag DNA polymerase 0.2 Tulasans 1inAdutausituy (DNA Template) 1 lulasans
HlusunsugnmnBesil Pre-denaturation 94 asrmaidesa van 2 unil 99ntudn 36 sould
denaturation 94 a3 wal@ed 30 AU Annealing 45 BIANTALTYE L13a1 1 U9 Extraction
72 eenwaled 1 Wl wiasainasuItuuseulunisviufasen 14 Final-Extraction 72 841
waLTed 4 Wi

wé’qguqﬂﬂﬁﬁ%mmmaaumawam (PCR Product) laeld agarose gel
electrophoresis AUUNUY 1 wWasud vi PCR Product IﬁU%?j%'ﬁﬁmﬂ% PureDireX PCR
CleanUp & Gel Extraction Kit (BioHelix, Taiwan) Awasnzviaiauiindlalnalaglduinig
ATCG Company Limited (Thailand Science Park (TSP), Pathumthani, Thailand) aaglws

Weshllun1syin PCR
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3.3 mMynseidaya

AATIRANULANANITUENTIUlAelY p-distance MelUsunsu TaxonDNA (Meier
et al., 2006) ALATILRAINNAINUAIBVOS haplotype tag nucleotide Taglglusunsy
ARLEQUIN ver. 3.5 (Excoffier and Lischer, 2010) 3tA51giAMUEURUSNI9E183TAUINTT
MelualTdne35n15 median-joining (MJ) (Bandelt et al;,; 1999) Taeldlusunsy Network
ver. 10.2.0.0 - (https://www.fluxus-engineering.com/sharenet_rn.htm) vagauAIU
LANAIININUTASTUIENINNGUUTEYINTAEAT For A8lUswnsu ARLEQUIN ver. 3.5
(Excoffier and Lischer, 2010) nagoulgd Ay 9atfivesa Fo 1838 permutation 9117
1,023 replications wagiiievdnidestoRanainuuy type | error fiesainnisiuieuiiieu
Yoyananng 3314 Bonferroni correction WionruguUsuATTEA Ay (p) T1AT189
ANUFNTUSTENINsEAUANLANAIIMISTugNITulagldAn For agseesrinamaniiamans
(km) sgninaunasiuiog1sunazunas (isolation-by-distance (IBD) (Mantel, 1967)
AAsz9ian 1BD laeldlusunsy 1BD ver 1.52 (Bohonak, 2002) NA&UAINLANAINVINSERR

284 IBD Wneltn1s 1,000 randomizations
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M99 1 @auUfUReEns3U Culicoides peregrinus Tuniang Tuesnideanile Lagduiuded nldlunisdnuw

aonuiiiusiegn W/ AAANIS AU IUIUFIDE s fegslaly
Wowdl  pilmans — NSANE
WA LA $BEN s
. v o a LOULD
Wy i 7Ge
1. thupeuva 2uf. 1483035N ¢ horeerinus 10001 1 101 10
f.a10 0.UT9AT] 64 104.06043 E
2.A3awLn (SR)
25 .. C. peregrinus 70 10 65 80 10
65
2. tukedin 23u.A. 1660528 N C peregrinus 28 0 1 28 20
aanodn e edn 64 103.22320 E
3.n1Waug (KS1)
3. UTUUIAN 20 AW, 15.68681 N C. peregrinus 113 21 5 134 20
2.u49u 64 103.23162 E
2.U09M&E5AY (MK1)
4. UTunpUaIU 26 AW, 16.25278 N C. peregrinus 53 19 8 72 20
2.NunTIte 64 103.27525 E
2. 109M@15A13 (MK2)
5. UTUNUBIRNIUN 27 Wy, 16.82201 N C. peregrinus 7 16 0 23 10
planlng oluuds 64 102.57699 E
A.muestang) (NL)
6. UuIuIA 19 we. 16.40762N  C peregrinus. 149 2 6 151 20
B.41NAAA 63 103.20411 E
2.N1uAUgG (KS2)
7. Srulndes 20 W.8. ~ 17.44680 N C. peregrinus’ 32 "4 2 34 20
8. lnuassn 63 104.46520 E
2.UATNUY (NP)
8. UulAnnes 12w, 1531459 N C peregrinus = 47 7 7 54 20
o lvadey 65 105.49841 E
3.9ua51%511 (UB)
9. ﬁmmuaaﬁam 13p.a.  17.36152 N C. peregrinus 239 4 223 243 10
9.1il83 2.905574 65 102.75725 E

(UD)




PN a3 o 1 iy . & A [y a =
Al 6 aauiiuiieg1a3uana Culicoides peregrinus Tuituiniangiueanideanile
Uszinelve dvosdydvalszyumunuiiiuiies

(ﬁm: Mintara and Pramual, 2023)

16



uni 4

NanN1578

4.1 m'mwmnvimemwﬁ'usqmsmaéu Culicoides peregrinus TunrnnzIueaniles
wilavasUszinealneg

Ansgianuvainuatenisiugnasulaglididuiiadlelnduesdu Col vasiu C.
peregrinus iN13ANEIERUTIAGLINAIN 160 F19819 @INITAUINIIATIZALA 91U
112 f198719 290 9 Uswrns waziSeuiisuiufegeiiesnluginiaduvesseina
ne Tngridegnsaduiadlelndsiuau 3 e mndmianseiiseaulilugudeya
#ugN33U GenBank e Gopurenko et al. (2022) $313LAT1%AI8AT nucleotide diversity
TuusingUszynslif1sendng 0 - 0.0098 wagAlagsIua1NYNAI0819 0.0082 A1 haplotype
diversity luwsiagusyynsiiAnsening 0 - 1 nefidlaesananynegnadu 0.9466 (11519
7l 2) AenuuUsiumsiugnssunelualddinszilaglian p-distance fldrszning 0 -
3.14% wazwleufedns C peregrinus 'mmlizmﬂlmﬁﬁiwmuiugm%’aga GenBank

U 34 FIBYNUITILAATIENENUINAAITLING 0 — 3.83%
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4.2 \ssadramneiugnssuuazaeduiusmedinuinisneluatad

N15ILATIENAUUANAIININ UGN TTUTENIUTEUINSIAETEA For WudUseens

32 210 45 aAwIeuiiiey viseseuaz 71 IAMUUANANNINUENTINEE T ARY (M15199

o

1 a s

3) N1TIATILVANNFUNUEIENTTLEL N NN NYUMARSAUTZAUAUUANAIM T UTNTTH

6 1 o

syinsUszensldnunnduiusedslitdAy (R® = 0.252, P = 0.084) n153tAT1ZaNe
duiusyaTiauinisnielualdddmsudngnslun1sAnyiasaldnuan haplotypes M1u1an
Uszrnsiheanuaiulnginnulnddadunisaisdimuinisuanaande e uiisuiu

Usznsdu q (nanwi 7)

” UB
TR

andl 7 anedumusieumsmelualBdues Culicoides peregrinus Tuuszimalne
4519928738 median-joining 31na1AURIAA B INATBIEL COI 911U 191 M98 (112 310
nsfnyiiiuay 79 fegangudoya BOLDs uay GenBank) Avoskanlnalniszyniu
UTenafUALEnY A9

(ﬁm: Mintara and Pramual, 2023)
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4.3 AMUAUNUSNI9E8ITIMUINTTTZNRING Culicoides peregrinus Tuuszmdlnenu
a 4
plinmduvadlan
AMLLUIAUNITUENITUTENINAIRENIINUsEmalne Aufie81991nUsein A ud
euluguteyaiusnssy taun aulhy Uinanna U kavoednsidy nuItdauwusHuy
g9 1A p-distance g4ga 5.40% lAYAIAIUUANAIININIUTNITUGIGANUTEINI0E71991N
UseinalneSeudiouiuiegininussmeaosainsids n153asIeRdayanuduiusng
awdimuin1snielu aladaie MJ network Tun1sAnwitinuindieesves C peregrinus
ey 3 aediauinis Useneudmeans A, B waz C (10l 8) Fsanedimuinsildonndes
(Y 1A (Y ' av < Y ! a
AulssweawnaInuIveiiegs Ineaediauinis A Wudiegaandsewmelnenasiu ae
Faunis B LlushegnsanUszimaoanside wazaediuwinis C iusegnandsume
uRgLazdIanA agInuINs A B5EAUAMULANAIINIIRLGNITUIINEIETIAUINIG B

SENIN9 2.44% - 5.40% LAarLANNI991n@183TRIUINTT C SEUIN 1.22% - 4.18% @1

FTRUINTT B BHNENINA18TMUINTG C SERINS 1.57% - 2.26%
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A 8 aneduiusIIR S meluatdues Culicoides peregrinus Tuuszineine Ju
duie Uinana Lazoodnsiay @3199els median-joining anaiauihndlelnavestu
COI $1uam 191 F9819 (112 Mnnsdnuiuag 79 M188199 N UTeLa BOLDs uae
GenBank) dvasanlnalnlszymudsewmeduiiiavaiiege

(ﬁm: Mintara and Pramual, 2023)
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N1IATIABUANYULUUULKNY wing patterns nuddanuwlsiuvesdnuuzaauuin
w09 C. peregrinus 1nA1ARyIueanidewnilevesusswmelng TunisAnewiasatinuing
anwazuUIHuiuTNMAE19 (pale spot) vuialngniwaziidnwuryadaisusiu

9

mediocubital fork NaA81INNLLLIEY viens M3+4 wag Cul 3udavauln (NNA 9)

A9 9 aneneUnudves Culicoides peregrinus wiailefldlun1sAny gnesuana
° ' a aa )
FLIUeIAFINEANNRYSHY

(‘17II3J’1: Mintara and Pramual, 2023)

v
¢ ala

4.4 NM5n3FUBUAVRIEININTU Culicoides peregrinus gaLian

a o

N"3N5I90UBHAVRENINSY C. peregrinus anidenlagliisiugmansiuanalag
nmswisufisuatsuiiinalelnavesdu cyt b in1sAne1med19dlaendIUau 44 Feea
A o | a Y A a ¢ o v a = cal < o o o
wuIndliesiaegraufievintuiiainsaiassimarnuiaalalna N duvesdn iinsegndu
nadld a1nnsilTeuisunuitaanuilnrdlonanaterasiueesning (Bubalus bubalis) il

APNLAANERAIIa R UTAdle lnASesas 99.32
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d3U afUTIgNaLAzUBLEUBLUE

5.1 aAUTENANITANEN

AukUIRUaugnsTunelualTdves C peregrinus Tuusewelny 31uau 112
f#9e19 10 9 Uszrns Wisuifisuiufotisainysemalneifisnsaulugiudoya
GenBank $1un 34 fogainunnit 3% Wuefifieuuanddeudnanndmiusuana

Culicoides #¥@1aUwNMglunguiteganfAnwinnuvainaledousuiinndi 1 aladd

Ao

(Gopurenko et al,, 2015) Taenuind 3 haplotypes fifiA11ukANAI9I1NFIBE19DY 9

o

' P = & v & ) ' A & AN e Ad v a P =3
Apud1911n Faoraululaindudieg1ailualddounidnwusn dus1uIne1ndlunaa

<3

e

Ay C. peregrinus Wiilofasedae 3 haplotypes H89n WUIIHAIAIIULUIAUNIS
fiugnssunelualiTdgegn 2.94% ddndiAvaiu C peregrinus M5BsuINUsEINABUIADY
(2%) (Harrup et al., 2016)

NTBATIBNAIIURANA NN IAUTNTINTENINNUTEvINSIneltAT For wagssesninamng
Qiimansnudtlszvnsdiulvg 32 310 45 giSeuiiigu viesegay 71 1AUUANAIINIS
fugnssuesiifednfny nanisAnwiunndsninnisinulassaiamaiugnssuluiuana
Culicoides d@ulngjfinuinyszansidiszozitmagfiaansansiulinn azldfiam
WANFINIUENTTUIEMINUTEIINT
(Calvo et al., 2009; Onyango et al., 2015a, b; Jacquet et al., 2016a, b; Mignotte et al,,
2021) maAnwTludsendlneyinisfnuluiu € mahasarakhamense SaithuatBdfnuls
vhluwagidiuauann Tnisnszaremnaniimanssauiufiu C peregrinus HUABILANGA1SNS
”uqmsﬂuszé’wﬁ"%ﬁuﬁ’u (Pramual et al., 2022)

N139539d8 UNUAILLANA I W LgnIsuluratedseyInsves C. peregrinus tu
Uszndlng egreiifedfytatinnnsanamu (eene flow) sevinsussensiiosvsolifintu
1o Baudaiunisnszanenisgiimansimulivlusasdamuidudwnunndenieuiio
fuadTdou 9 Aanmnsanyldluutaiuiivingis (Harsha et al, 2020: Fujisawa et al., 2021;
Kar et al., 2022a) V'?QﬁmﬁLﬂswﬁmmé’mﬁuésw'jwiwzﬁwwqﬁmam%ﬁuizé’umm
LANA1ININUENITUTENINU ST INshdnuanuduiusedsliveddey (R = 0.252, P =
0.084) fetfuszegremnagfiemansidlilidafoiiosuneidesnisdomBussnitessansiii

iale JadeneradumnanaluniseSuigssiuanunana1maiugnIsusenInNyszyns
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84 C. peregrinus TuusamnalngenadunaanmsenensswineUssnsein veinsiassi
aneduiusmaTaunmsneluadiddmsusegndunisanundsiinudt haplotypes dau
T innandsznaifeatuiianulnddafiunisarsiTauinisuinnindewSeudisudu
Uszuns8u 991U haplotype 7wy 64 haplotypes lunisdnwinded fiftes 6
haplotypes Wihiuiiwusanfuegnatios 2 Usvanns denndesium nucleotide diversity Tu

1
1 o

Usga1nsndeasn @il C. peregrinus lifin1sonensenineysgynsnioonenssning

a

Usgrnstesanneradunainauainsalunisusuiuiioldundeondslussesisou
vannnane Tagsu C. peregrinus annsaendeluiiuiizunazialy Wy sevvemusni Veth
1513 Tujsuniidiinds viieusinssiamwdunidingfiuindesuaslininuiu (Wirth and
Hubert, 1989; Yanase et al.,, 2013; Harsha and Mazuda, 2015) uanmnﬁ C. peregrinus
fagaidendninainvateyia lawn uyed giv 1a nsede ans 41 wne wng T1uddnitn
(Wirth and Hubert, 1989; Jomkumsing et al., 2021; Kar et al., 2022b; Sunantaraporn et
al., 2022; Kamyingkird et al., 2023) Jasumantanasaly Culicoides peregrinus @11190
WiyRauIAsuRTInnsluwvaserfeiedlilaslidesenenludunasondedug em
LI TN aUva NIy TLE TadsmalvinasaiomduseninsUszrnsavinliszduainy
LANA1NIIUENTTUTEWI9UTEINTES MNULUSHUNMTUGNTTUIENINI081991nUSuine
TnefusedneainUszmasy o loun Buiie Jinanna 3u wazesdnside fisreeuly
gudeyaainanuindainuudsiugs a1 p-distance g3gn 5.40% lagA1AIILULANGNS
N1IRUFNTINAIFANUTENI9A087991U sEne ine W Teuiis uiudeg199 U seina
oealnslde Hszfuniuunndrmaiugnssuiwuddsniifisgsnulugiudeya BOLDs
dm3u BIN AAJ7131 Fauu Barcode Index Number wfiaaduiieaves C. peregrinus %4
frog1ali BIN 9wy 160 fegsainsuiis Sanauna Ju quu dulaiide fues-laawm
unaide d5alUs Undanu wazlvie Tnedlrn p-distance gsgn 6.25% aunaiisesiven p-
distance lun 1A AIndafisreiuly BOLDs tiesaindangnaunsdrufioglu BIN:
AAJ7131 FalaBnduansnsugsirlildanusodimasiulunsinsigdils egnelsiniuusiin
SEAUANNLYIRUN 1IN TINAINAITIATIEideyaANNdius T saedTaInisaelual
e MJ network Tumsanunilnuiashogewes C. pereerinus wonidu 3 a@edTamnnis
Usznoudaeans A, B uay C Suanediamnisilaenadesiulsanaumasiinvesiotng lne
e Tauns A Wumegrannusewdlneuaziu @aedfmuinis B iufedisanndseina
peamsias wavarediauinis C Wumedsanussmadulisnaslinatnd a1ediauinis

A T5¥AUAMUUANAINIIRUFNTTUINAETIAWINAT B 5EWIN9 2.44% - 5.40% wazUANFIS
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NEBIINUINTT C 78U 1.22% - 4.18% @187TUINIT B LANKINAINE18TINUING C
FENIN 1.57% - 2.26%

dlosan C. peregrinus shesiumInUassnlulssmAs iR (Wirth and Hubert,
1989) é’fﬁﬁf’u%qﬁmmLﬂulﬂiﬁqadwﬁaasmmﬂﬂﬁzLwﬁﬁulﬁﬂuma%i’wmmi cduc
peregrinus 7wiia3e faognsluane3Tmunis A way B invluussmalnenaziu uas

A ea !

poansids mua1du o1 lualTdiunnasiuuaidnvasduguinendeadaiu wie

FEAUAIURANA NN IR UFNTTUTZWI@18 T un1sianaduanuudsiunisiugnssy
melualdid (Gopurenko et al,, 2015) LilanaaouauuAgiudnandndudesdnuiiiangy
Tneldaduiianalelndainduadesfidue saufunisieufioudnumednguine viei
Wirth and Hubert (1989) lasgauainuwlsiuresdnyasgauutnues C. peregrinus 210
Jamdarays 1dusugadans (pale spot) yualuginituaziianyuryndaiausiom
mediocubital fork M8A81IM LU viens M3+4 uaz Cul auisveudn Jsdnvuy
mananildnulumeduiuanwazves C. peregrinus MNBULAY AINNITHTIABUF 19819989
C. peregrinus annanzSusenBoamievewssnalnelunsanuadsiinuiidnvasuls
fuuiiioafiudl Wirth and Hubert (1989) e3u1eliludegeainays uenainiiile
av1adeudnugnuesiiognnUsEmaiuiisigaulag Liu et al (2018) Fudusegned

a =

euawuihaalelng (accession nos. KY433456 - 59) funsulun1siasigvideya

A9 NUIMTANYUEANULUTRUAINA1IIUNY FIFARADINUNANITIASIENE1FUNUSN

[y

a ell I v 1 a Y i a v a (% r-ﬂl
FimunsinundieganUsemalmesasyssmaluinegluaigiiauinisidedny e
1Y) ) ) a A
nsIvdUaNYMEUNY8s C. peregrinus 3nUsemAsaalnsidensneanulay Dyce et al.
(2007) lunuanlianwaugkdsRUAINE3 91NAURANFINIIRUTNITUIING U TIATLDINA

V838U COl 5IUAEN U UTNUVR M VAVUTNIINANURAFIUINFI0E1 C. peregrinus Tu

il i 2
a e =2

Uszelnguazyszmeduoialualidou Ssamnsonsiadevauuigiuilalaenstneiiiy

3

A ') a A a a A a A i a A ea
Lﬂi@ﬂﬂm']ﬂWUﬁqﬂ'ﬁiiﬁﬂﬂEJu@u ] EWHLAN Iﬂ‘EJLQWW%@EJ'NEN"D']ﬂEJUVIE]QIUU']Lﬁaﬂiﬂl@u@
(Gopurenko et al.; 2015)

5.2 dgunan1sfnen

(%
a

N13ANYIAINLUIHULAEIATIET19N9TUGN T 3UVBISY C. peregrinus WUTIHAIY

9 = = = Y = N e a v
wanrateneiugnsIgulaweuiiguiunsinulualidau 4 nsinseilaseasnamig
HugnIsunuIdung dauuansiamisiugnssuedeslitedfy Yadindinisanemu
(gene flow) 5eMIUTEYINTAT NTUTEUTHUANUUANAINIINUTNTTUALABFUTUTN

av [ = J . P < av
FIAUINTAVYTEIINTINUTENABY 9 WU C. peregrinus 9 kynLlU 3 @1873%UINTT
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oA @1e3Tauinis A anUsemalneuazdu a1e3Tauin1g B anUssmeaoaansidy uag
a1e3TuIN15 C 3NUTENABUALLATTIAANA AULANAIINIINUTNTTURALNITLUILEN
aetimunisiidenndesiuaunlsiuvesdnumrarsunuuudn Massyunasiiinveadon
neldasuiinalelnnvesdy cyt b wuindudenvesaine (Bubalus bubalis) HA1A4
Aaneadsvesdviuiiandlelneseyay 99.32
5.3 Jaiauauue

msanuiianslagliindesneviaiugnssuandudy 9 Megluiiedesiidien:

g liaU15088 UL AN UEN YN TUITIUVRIANETIMUINTRANAAUTELA
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The hiting midge Culicoides peregrinus Kieffer is a significant pest and vector species, and knowledge of
its genetic diversity and genetic structure is critically important for designing an effective control program.
However, such information is limited ta only small sample-size DNA barcoding studies. Therefore, in this
study, we used mitochondrial cytochrome ¢ exidase | {COI) to examine genetic structure and diversity of
C. peregrinus from northeastern Thailand. In addition, we also inferred genetic relationships between
C. peregrinus from Thailand and those reported from other countries across the geographic range of
the species. Maximum intraspecific genetic divergence (3.83%) within Thai specimens was relatively
high compared to other Culicoides species. Genetic structure analysis revealed that 71% (32 from 45)
of population comparisons were highly significantly different. A high level of genetic structure among
populations, even between those in close geographic proximity (22 km geographic distance) suggested
that there has been little or no movement between local populations. This is possibly due to the ability
to exploit diverse types of breeding site and a generalist feeding habit which enables C. peregrinus to
camplete its life cycle within cattle pens. Genetic relationships between Thai C. peregrinus and those
reported from other countries revealed three genetically divergent lineages (A, B and C) associated with
geagraphic origins. Specimens from Thailand + China formed lineage A, those from Australia formed
lineage B and India + Bangladesh belonged to lineage C. These genetically divergent lineages also agree
with morphological variation of the wing pale marking spots. Further investigation using independent
genetic loci fram nuclear genes will be very useful to resolve taxonomic status of these divergent lineages.

Keywords: Biting midge; DMNA barcode; genetic diversity; genetic structure; population genetics.

INTRODUCTION

Biting midges of the genus Culicoides Latreille [Diptera:
Ceratopogonidae) are small (<2.5 mm in body length) blood-sucking
insects. There are »1,300 extant species recorded globally (Borkent
& Dominiak, 2020). Many of these are vectors of pathogens that can
be transmitted to humans and other animals, causing diseases such
as Oropouche fever in humans, bluetongue disease in ruminants,
African harse sickness in eguines, and leucocytozoonaosis in chickens
{Mullen & Murphree, 2019).

Culicoides peregrinus Kieffer is a member of the subgenus
Hoffmanio Fox of the genus Culicoides Latreille. This species was
distinguished as a potent vector of the bluetongue virus (BTV) in
Australia (Mullen & Murphree, 2019) and India (Ranjan et al., 2017).
Culicoides peregrinus was deseribed from the Orrisa Coast, India
{Wirth & Hubert, 1989). The species is geagraphically widespread
being recorded from India, Sri Lanka, Bangladesh, Southeast Asia,
Australia, Papua New Guinea, Japan and Southern China (Sen &
Gupta, 1959; Wirth & Hubert, 1989; Dyce et ol., 2007; Liu et al.,
2018). Culicoides peregrinus is a common species often found in
high abundance in or near the animal farms (Harsha ef al., 2020;
Fujisawa et al., 2021; Kar et al., 2022a). This species has exploited

Published by Malaysian Soclety of Parasitology and Tropical Medicine.

a wide variety of breeding sites induding shaded pools and pond
marging, drains and stream marging, paddy flelds as well as organic
rich substrates (Wirth & Hubert, 1989; Yanase et al., 2013; Harsha
& Mazuda, 2015). Based on the biting habit, C. peregrinus was
considered as a general feeder because it feeds on diverse hosts
indluding humans, horse, goat, sheep, cow, buffala, pig, dog and
birds (Wirth & Hubert, 1989; lomkumsing et al., 2021; Kar ef al.,
2022b; Sunantaraporn et al., 2022; Kamyingkird et al., 2023).
Despite its significance as a pest and potent vector, little is
known about the genetic diversity and genetic structure of C.
peregrinus except for DNA barcoding studies based on small sample
sizes (Harrup et al., 2016; Liu et al., 2018; lomkumsing et al., 2021;
Gopurenko et al., 2022). Understanding the genetic diversity and
genetic structure of the vector species is important for disease
epidemiology and might be used to design an effective control
program (Tabachnick & Black, 1995; McCoy, 2008). For example,
the level of genetic differentiation could indicate rate of individual
movemnent between local populations. This information is critically
important for wector control stratepy (Tabachnick & Black, 1995).
For species that are widely distributed, such as thase found across
different biogeographic regions, it is also important to test species
status between geographically distant populations as it could be
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Table 1. Sampling locations, number of specimen (N), number of hapk nucleotide diversity (x) and haplotype diversity (h) of Culicoides peregrinus from

Thailand

Location Latitude/Longitude h:élm) RS E. hiSE c""'f::"

1 Prangku, SI Sa Ket (SR] 14.83035 N/104.06043 E 13(8) 0.0085:0.0050 08077601131  2Jan 2021/
4Jun 2022

2. Hual Mek, Kalasin (KS1) 16.60528 N/ 103.22320 18(6) 0.0019:0.0014  0.5621:0.1342 23 Jan 2021

3. Nadun, Maha Sarakham (MK1) 15.68681 N/ 103.23162 € a(9) 0.0066:0.0041  10000:00524 20 Feb 2021

4. Ban Don Suan, Kantharawicha, 1625278 N/ 103.27525 € 12(8) 0.0098:0.0057  0.9091:0.0649 26 Feb 2021

Maha Sarakham (MK2)

5. Non Sang, Nong Bua Lamphu (NL) 16.82201 N/ 102.57699 £ 6(6) 0.0047:0.0034  10000:00962 27 Feb 2021

6. BanHua Na Kam, Kalasin (KS2) 16.40762 N/ 10320811 £ 18{10) 0.0063:0.0037  0.8497:00775 19 Nov 2020

7. BanPho SI, Nakhon Phanom (NP) 17.44680 N/ 104.46520 € 10(9) 0.0200£0.011 00778500540 20 Nov 2020

8. Khongchiam, Ubon Ratchathani (U8) 1531459 N/ 105.49841 £ 16(13) 0.0084:0.0048  0.9667:00357 12 Nov 2022

9. Ban Nong Huz Mu, Udon Thani (UD) 17.36152 N/ 102.75725 € 10(7) 0.0068:0.0042 09111200773  130ct2022

10. Trang (TR} 7.83065 N/ 9933763 €+ 30p 0 0 20 Sep 20124

Total 115 (64) 0.008260.0044  0.9466£0.0138

“Data from Gopurenko et ol. (2022).

related to the vector-pathogen competency (McCoy, 2008; Powell,
2018). Morphological identification of Culicoides is difficult due to
their small size and low within-species morphological variation which
provide only limited diagnostic characters distinguishing closely
related species (Harrup et al., 2015). Therefore, genetic markers such
as DNA barcodes can be very helpful for testing species status (Ander
et ol., 2013; Harrup et al., 2016). An example of this type of study
is the discovery of morphologically similar but genetically different
species within the so-called C. orokowoe (Arakawa) in Thailand
(Pramual et al., 2021b). Culicoides arokowae is geographically
widely distributed from southern, eastern and southeastern Asia
and Japan (Wirth & Hubert, 1989). DNA barcode analyses revealed
that some specimens formerly identified as C. arakawae are
actually different species which were then formally described as C.
h kh (P | et 6l., 2021b). Recent studies have
led that C. mah kh is a potent vector of several
disease-causing agents including Leucocytozoon, Plasmodium
juxtanucleare, P. gallinaceum and Leish io martiniquensis
(Pramual et al., 2021a; Sunantaraporn et ol., 2021; Songumpai et
al., 2022).

In this study, we examined the genetic diversity and genetic
structure based on the mitochondrial cytochrome ¢ oxidase |
(COI) gene seq es of C. peregrinus collected from cattle pens
in northeastern Thailand. By using a population genetic approach,
the level of genetic differentiation b local popul
can be inferred. This information can then be used to indicate
inter-population movement which can potentially be used for
designing effective control programs (Tabachick & Black, 1995).
We also ined genetic relationships b specimens of C.
peregrinus from Thailand with those reported from other countries.
This enabled determination of species status of populations from
geographically widespread regions.

MATERIALS AND METHODS

Specimen collection and identification

Adult fly specimens of C. peregrinus were collected around cattle - Y it

pens from nine locations (Table 1 and Figure 1) in northeastern Figure 1. Map of Thailand (obtained from Food and
Thailand between 19 November 2020 and 12 November 2022. Agriculture Organization of the United Nations available at
Specimens were collected by a sweep net swept around the animal https://www.fao.org/faostat/en/#country/216) indicating the 9
host and in the air around the cattle pens. Specimens were preserved sampling locations of Culicoides peregrinus obtained in this study
in 80% ethanol and stored at -20°Cin a freezer until use. The species plus one (TR} retrieved inf tion from Gop ko et al. (2022).
was identified using keys and descriptions of Southeast Asian biting Details of sampling locations are included in Table 1.
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In contrast to the low level of genetic divergence, population
pairwise Fgr analysis revealed a surprisingly high level of genetic
structuring. Among 45 pairwise comparisons, 32 (71%) were
significantly different (Table 2). The many population genetic
studies of the Culicoides species have usually found low or no
genetic structuring, particularly between geographically proximal
populations (Calve et al., 2009; Onyango et al., 2015a, 2015b;
Jacquet et al,, 2016a, 2016bh; Mignotte et ol., 2021). In Thailand, a
population genetic study of the geographically co-distributed and
commaon species, O mahasarakhamense, also found a low level of
genetic differentiation between populations (Pramual et al., 2022).

The very high level of genetic structuring between populations
of C. peregrinus is unexpected given that it is among the most
abundance and common species, particularly near animal farms.
The high level of genetic differentiation among populations of
L. peregrinus indicated that gene flow is limited. The IBD analysis
revealed no significant relationship between level of genetic (i.e. For
value) and peographic distances (R? = 0.252, P = 0.084). Therefore,
geographic distance cannot explain the genetic structuring found
in this species. A possible explanation for the high level of genetic
differentiation between populations of C. peregrinus is that there
is limited movement between local population i.e. between cattle
pens. The M) network of the specimens obtained in the present
study (Figure 2) indicated more closely related haplotypes within
the same population than those from others. Among 64 haplotypes
identified in this study, anly & were shared by >2 populations.
This was also supported by the generally low nucleotide diversity
in each population. The ability to use diverse types of breeding
habitats suggest that immature stages of C. peregrinus could be
using moist soil around the cattle pens. Furthermaore, the generalist
feeding habit enables this species to search for host blood sources
within or around the cattle pens where different animals including
buffalas, cows, chickens and human are available. Taken together,
these factors facilitate C. peregrinus to complete its life cycle within
a cattle pens without any need for searching for host blood sources
in other places. This will promate genetic differentiation between
local populations.

Although genetic divergence within Thai specimens was
relatively low, it was very high (max. p-distance of 5.40%)
when sequences from other countries [Australia, China, India,
Bangladesh) recorded in GenBank and BOLDs were included. The
maximum genetic divergence was found between specimens from
Thailand and Australia. This level of genetic divergence is lower
than those reported in BOLDs (max. p-distance of 6.25%) for BIN
BOLD:AAIT131 (https:/fwww.boldsystems.org findex. php/Public_
BarcodeCluster Pclusteruri=BOLD:AAJ7131), a single BIN recorded in
BOLDs for C. peregrinus thus far (accessed on June 11, 2023). The
lower value of genetic divergence in this study compared to BOLD

is due to smaller sample size because many sequences from some
countries (Indonesia, Timor-Leste, Malaysia, Singapore, Pakistan)
used for p-distance calculation in BOLD are not publicly available
and thus were not included in our analysis.

Despite the limitations of accessing COl sequences from BOLDs,
we have detected eryptic genetic diversity in C peregrinus specimens
included in the present study. The M) network analysis revealed
three divergent lineages (A, B, C) (Figure 3) within C. peregrinus
fram Thailand, China, Bangladesh, India and Australia. Specimens
fram Thailand and China formed lineage A. In fact, five specimens
from China shared a haplotype with those from Thailand. Sequences
of C. peregrinus from Australia formed lineage B and those from
India and Bangladesh belonged to lineage C. Genetic differentiation
between lineage A (Thailand + China) and B (Australia) ranged
between 2.44% and 5.40% and between A and C (India + Bangladesh)
ranged between 1.22% - 4. 18%. Lower genetic divergence was found
between lineage B and Cwith the p-distance varying between 1.57%
and 2.26%.

The type locality of C peregrinus is in India (Wirth & Hubert,
1589), therefore, we assume that the COl sequences reported
from that country are more likely to be the true C. peregrinus.
Genetically divergent lineages of specimens from Thailand + China
and Australia from those of India + Bangladesh could either be
indicative of different, but marphologically similar species or of
genetic structuring within species (Gopurenko et al., 2015). Wirth
and Hubert {1989) has noted that some fernales collected from
Chonburi province, central Thailand, are different from typical C.
peregrinus by having more extensive, yellowish pale wing marking.
In addition, the pale spot at the base of the mediocubital fork is
continuous along veins M3+4 and Cul to the wing margin. Our
specimens used in this study collected from northeastern Thailand,
have the pale wing marking (Figure 4) which agrees with those from
central Thailand described in Wirth and Hubert {1983). In addition,
based on wing photographs of C. peregrinus from China provided
in Liu et al. (2018} from which the COI sequences [accession nos.
K¥433456 — 59) were included in present study, these variations
of pale wing marking were also found in their specimens. This ig
in agreement with the COI sequences where Thailand and China
belonged to the same lineage. For those specimens of C. peregrinus
fram Australia, according to the wing photograph (Dyce et al.,
2007), no such variations were found. Based on the COI barcoding
sequences and morphological differentiations, we hypothesize that
specimens so-called C. peregrinus in Thailand and China are different
species from those in India and Australia. To test this hypothesis,
further study using additional independent molecular marker from
nuclear genes is needed to resolve species status of these COI
genetically divergent lineages (Gopurenko et al., 2015).

Table 2. Population pairwise Fr values between 10 populations of Culicoddes peregrinus from Thalland

iR K51 MEK1L ME2 NL K52 NP UB un TR
SR
K51 0.08472
MEKL 0.16539 036470
MK2 0.13525 0.20072 0.23096
NL 0.07576 0.13991 0.23445 0.09923
K52 0.35899 0.44416 0390891 0.09777 0.35503
NP 0.11227 0.28477 0.14857 0.18794 0.17016 0.37281
ue 0.36576 0.47122 0.41449 0.1779 0.36474 0.0B434 0.30978
uD 0.23869 0.34084 0.33406 0.00078 0.22682 -0.00259 0.258978 0.06262
™ 0.70778 0.85877 0.68557 0.31396 0.75177 0.30486 0.58066 0.11713 031494

Mote: Bold number indicates statistical significance after Bonferroni corraction.
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Figure 3. Median joining network of 191 mitochondrial cytochrome ¢ oxidase | (COI) sequences of Culicoides peregrinus from northeastern
Thailand and those reported from other countries reported in public database. Each circle represents a haplotype and sizes are relative to
number of individuals sharing such haplotype. Haplotypes are labelled according to the country of origin.

Figure 4. Photographs of female right wings of Culicoides peregrinus in northeastern Thailand collected in this study. Arrow indicates variations
of the pale spot at the base of mediocubital folk and along the veins M3+4 and Cul.
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In conclusion, we found a high level of penetic structuring
within C. peregrinus from northeastern Thailand. The ability to
utilized diverse breeding habitats as well as a generalist feeding
habit could enable C. peregrinus to complete its life cycle within
cattle pens. This would limit dispersal for host searching ar mating
and thereby facilitate genetic differentiation even between
geographically praximal populations. At the wider geographic scale
{i.e. comparisons of specimens from different countries), we found
three genetically divergent lineages within C. peregrinus. Specimens
from Thailand and China belonged to the same lineage and were
different from those of India + Bangladesh and Australian lineages.
The genetically divergent lineages based on COI sequences were
also supported by morphological characteristics. Therefore, these
lineages are potentially different, but morphologically similar
species. Additional study using the independent genetic markers
from nuclear DNA genes will be useful to resolve the species status
of C. peregrinus recorded in Thailand.
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