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Abstract

Project Code : MRG5280206
Project Title : Study of genetic variation for identification of Mansonia mosquitoes in Thailand by
molecular techniques
Investigator : Dr. Jiraporn Ruangsittichai
Department of Medical Entomology, Faculty of Tropical Medicine, Mahidol University
E-mail Address : tmjrs@mahidol.ac.th
Project Period : 2 years (March 2009 — March 2011)

Mansonia mosquitoes are important natural vectors of lymphatic filariasis. Classification of
six Mansonia species was importance for vector control and epidemiological study of disease. Two
from six species, Mansonia bonneae and Ma. dives, are classified as closely related species and
distributed in the same breeding places swamp forest. Morphological identification of these two
closely related species is poorly reliable. The aim of this study is to find new methods for
classification. DNA barcoding, PCR-RAPD and Morphometrics were used as new tools for
confirming species. Because of the unclear morphology, DNA barcoding is the first technique for
solving this problem. Cytochrome oxidase subunit | (COI) was a marker gene used for identification.
After phylogenetic analysis, Mansonia mosquitoes could separate as each species and show high
sequence divergence between species. Although this technique could identify Mansonia species,
however it has time-consuming and costly, so Morphometrics was applied in doubtful specimens
especially Ma. bonneae and Ma. dives. lts statistic result showed that morphometrics could separate
these closely related species by evaluating wing shape variation using anatomical landmarks. While
PCR-RAPD could separate some Mansonia species except Ma.dives. It has still developed and
made precise and reproducibility.

In conclusion, there are many techniques to use for identification of Mansonia mosquitoes.
This is the first study to classify the vectors of filariasis in many techniques. For field study, the first
and easy technique to identify is classical identification by morphology. However other techniques
should be done to confirm species in case of closely related species and cannot differentiate by
morphology.

Keywords : Mansonia, filariasis, morphology, morphometrics, DNA barcode, PCR-RAPD
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Filaria Zone Major vector Minor vector
Wuchereria America Culex Anopheles albomanus
bancrofti quinquefasciatus Anopheles aquasalis
(Nocturnal periodic) Anopheles darlingi
Mansonia titillans
Ochlerotatus scapularis
Ochlerotatus
taeniorhynchus
Africa Anopheles funestus Anopheles arabiensis
Anopheles gambiae Anopheles hancocki
Culex Anopheles melas
quinquefasciatus Anopheles merus
Anopheles nili
Anopheles pauliani
Anopheles wellcomei
Culex antennatus
Mansonia uniformis
Middle East  Culex pipiens Culex antennatus
molestus
Culex

quinquefasciatus

Savioli,



Filaria Zone Major vector Minor vector
Papuan Anopheles farauti Culex annulirostris
Anopheles koliensis Culex bitaeniorhynchus
Anopheles punctulatus Culex pipiens pallens
Mansonia uniformis
Ochlerotatus kochi
Wuchereria Nicobar, Ochlerotatus niveus Aedes annandalei
bancrofti Thailand Ochlerotatus Aedes desmotes
(Nocturnal harinasutai Aedes imitator
subperiodic)
Wuchereria American Aedes polynesiensis Aedes samoanus
bancrofti Samoa Ochlerotatus
(Diurnal oceanicus
subperiodic)
Samoa Aedes polynesiensis Aedes updensis
Aedes samoanus
Ochlerotatus tutuilae
Ochlerotatus
oceanicus
Tonga Aedes tongae Ochlerotatus
Aedes tabu oceanicus
Aedes kesseli
Fiji Aedes polynesiensis Ochlerotatus vigilax

Aedes
psudoscutellaris
Aedes horrescens
Aedes rotumae

Ochlerotatus fijiensis




Filaria Zone Major vector Minor vector
Micronesia, Culex
Marshall quinquefasciatus
Islands
Cook Aedes polynesiensis
Islands,
Tuvalu,
Pitcairn,
French
Polynesia
Brugia malayi Fiji Aedes polynesiensis Ochlerotatus vigilax
(Nocturnal periodic) Aedes
psudoscutellaris
Aedes horrescens
Aedes rotumae
Ochlerotatus fijiensis
Brugia malayi South Asia Mansonia annulata Coquillettidia
(Nocturnal Mansonia bonneae crassipes
subperiodic) Mansonia dives Mansonia uniformis
Brugia malayi Thailand Coquillettidia
(Diurnal crassipes
subperiodic)
Brugia timori Indonesia Anopheles barbirostris
(Nocturnal periodic)  (Timor)
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Mansonia dives, Mansonia uniformis, Mansonia indiana, Mansonia annulata 8 Mansonia

) A& o ¥ A S o A s Aa ' o v £ L&
annulifera E‘gdluﬂ’s‘juu"ﬂaua’lﬂﬂiuﬁ%ﬂLLUU‘W]“]NLLﬂzuﬁ‘Bu’m&li’mL“ﬁu ﬂfy'] nn 2a ﬂl%agLﬂ%

o [l a 2’ o o 1 ' o
"D'W‘Va')%ﬁﬂﬂ([@lElLLNﬂﬂﬂQNU%N’J%W‘HGLﬂuﬂﬂﬂmzLL‘U‘Uﬂ’WWE I@U‘WU’)W Ma. bonneae \JuWIRZHAN

2 ]
adaa

L ddad o - . L T ¢
Iuwuﬂﬂwmmﬂaammuw;ﬂ@ (swamp forest) LWae Ma. uniformis unwnenanluiunng
'ﬁau’mﬁamwuw?ﬂ@ ﬁauqaﬁmﬁmfluWW%:iad (Apiwathnasorn et al, 2006a, 2006b, 2006c;

Rattanarithikul et al, 2006; Samung et al, 2006) ﬁdﬁuﬂ’]‘sﬁ‘@?ﬁ’lLL%ﬂ“ﬁﬁ@“lla\‘iaqlﬂuaqa Mansonia

] '
v =) 1

liandastiadndanuddy ivein lddszgndldlunsidodiudug deld ldud n1sdinmn

3
mmé’uﬁuﬁ‘maoqaLL@iazmﬁﬂimL@ia:ﬁuﬁldemaamsi:m@f’?ﬂm, nIaugue, mIthliauaz
anuaansnlumadunine

MIUUNYINGN Mansonia Iut'éuLLiﬂI"ﬁé’ﬂHmzmﬁmﬂm’iﬂmﬂuqtyuﬂumﬁwLLuﬂ Y
nsliansuzaas scale  unin Eanenuazdiurios  ieganlumsiiuun lavldnmuazas

%

Rattanarithikul et al, 2006 'l@ad%



PLATE 9

KEY TO THE SPECIES OF MANSONIA SUBGENUS MANSONIOIDES
ADULT FEMALES

Characters: Wing with vein 1A reaching margin well beyond base of crossvein mcu; pre-
spiracular setae absent; postpiracular setae present; wing veins with dorsal scales broad
and strongly asymmetrical, dark and white scales mixed

Scutum with white scales forming distinct Scutum with white scales not forming
round white spots distinct round white spots

L To PLATE 10

Scutellum with broad white scales on Scutellum with narrow white scales on
median lobe median lobe

Ma. annulifera |—> To PLATE 11



PLATE 10

From PLATE 9: Scutum with white scales not forming distinct round white spots

Abdominal sterna [II-VIll with many apical Abdominal sterna IlI-VIl pale-scaled,
dark scales infrequently with dark scales

e _1

Ma. annulata

I
1. Scutum with pair of lateral longitudinal 1. Scutum without pair of lateral
stripes of pale scales longitudinal stripes of pale scales
2. Postpronotum with narrow pale scales 2. Postpronotum with broad pale scales

Ma. uniformis Ma. indiana



PLATE 1

From PLATE 9: Scutellum with narrow white scales on median lobe

1. Supraalar area with patch of narrow 1. Supraalar area without patch of narrow
white scales white scales

2. Foretibia with complete basal white 2. Foretibia without complete basal white
band band

€ ,-"-.'- £ & =

5
At i LT

Ma. dives Ma. bonneae
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WnlEnsdnsnisdanfszduinad (Cytogenetics) lEanuuandsvasunululaslulouvasns
Anopheles sundaicus (Sukowati and Baimai., 1996) Anopheles barbirostris (Saeung et al, 2007)
1 a s 1 v v o a 6 dd‘ Aa &’ [ £ ]
wdinafiadinadasldanudiumggilunmiiensiunuiniieiunainsdeulasiuloy dean
ldfinmstamnsienzinediaianansmead Isozyme laogauuaANd oA B MUY
d a &’ ﬂ/ v Y . .
lUsGuaad Isozyme Niiadumonainsuentaulysdusmonszua Wi (Protein electrophoresis)
YOI An. sundaicus (Sukowati et al., 1999) Aedes aegypti (Nayar et al., 2002; Failloux et al.,

2

2002) adilafiony Madimhaniienzidieitidesiudadnniiusallsdundnaninag

LLazmsﬁﬁ]zLLﬂuﬁLLmLﬁa ansdaslilBinadagefiazinundensdlusanaen
gaiwmadiadlanalufifidednta 3eladmavawinssunnsiiadiomafiani o
luanaluszaudiduialasld PCR-based method %ammmiﬁmﬁzﬁé‘saﬂwqaﬁ%auysrﬁﬁa
Idsunmesle laun mi?iﬂmmwLmﬂ@hwaoa"ﬁé’uﬁaﬂﬁiavlm@irmnﬁuﬁagjiluvluimaum’%m
maufinsnsin Cytochrome oxidase subunit T(COI) lwinadia DNA barcoding lungugsdszina
BuLAe (Kumar et al., 2007) LLazﬂéjwqﬂuﬂ‘J:mmmmm (Cywinska et al., 2006), MItRaYEe
fuuazitanzianuuan@1suadtin COll, ND5, ND6 Waz Cyt-b maaqan&ju Anopheles (Ma et al.,
2006; Dusfour et al., 2007; Ali et al., 2007; Morgan et al., 2009; Takenaka et al., 2010; Bourke
et al.,, 2010) %38 Nuclear DNA lu&3u284 ribosomal DNA % Internal transcribed spacer |
(ITSI), Internal transcribed spacer I (ITSII) , Domain 3 (D3) U84 28S rDNA VDI An.
sundaicus (Linton et al., 2005; Alam et al., 2006) qamju Anopheles (Coetzee and Fontenille.,
2004; Marrelli et al., 2005; Marrelli et al., 2006; Mohanty et al., 2009; Swain et al., 2010) ITS Il
1w rDNA lunmsduunadia Anopheles dirus complex (Walton et al.,1999) intergenic spacer Tu

rDNA Lﬁalﬂuﬂ’lﬁ’umﬂ Anopheles gambiae complex (Collins and Paskewitz., 1996) Myl

iwaia RAPD luﬂ’]i’ﬁ’]LLuﬂ"}jﬁ@]‘Uadﬂqd Anopheles stephensi (Djadid et al., 2006) Anopheles
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albitarsis (Lehr et al., 2005) m3ilfinafia PCR-RFLP lun1sdwunsiiauasns Anopheles
culicifacies (Goswami et al., 2005), qoﬂﬁju Anopheles (Matson et al., 2008) Anopheles annularis
(Alam et al., 2007a; Alam et al., 2007b), wanaNdssIMINAWINATA Multiplex PCR 14lun1s
‘{l”lLLuﬂqa Anopheles funestus (Temu et al., 2007) Anopheles annularis (Swain et al., 2009)
INAA Real-time PCR Iuﬂ’lifﬁ’umﬂq\‘i Aedes albopictus, Aedes scutellaris Ll Aedes aegypti
(Hill et al., 2008) 52UNINTANBIWN species-specific primers e lFlumstRnvsnsireuiianile
"Lm?""ﬁinl,wn:ﬁ'uﬂqm@iamﬁ@ Anopheles dirus (Walton et al., 1999; Huong et al.,2001) Anopheles
maculipennis (Oshaghi et al., 2003) Anopheles albitarsis (Brochero et al., 2007) Culex vishnui
(Toma et al. 2000) wm:ﬁ"dﬂaﬁ;ﬁ'uvlﬁﬁm‘iﬁﬂwﬂ%ﬁumﬁ@ﬁus]uﬂﬂumsﬁﬂmmiﬁhLLuﬂﬂjﬁ@
@91 Buvad NADPH-cytochrome P450 reductase Iuﬂ’li‘{]’%mﬂqa Anopheles cruzii (Rona et
al.,, 2010) Buva9 acetylcholinesterase-2 (ace-2) Iumi*ﬁ’muﬂqa Culex pipiens (Smith et
al.,2004; Bahnck et al., 2006; Kasai et al., 2008)
Tunsugnsiiavasuvasdaddninafianitsdasinsldinafin PCR ue primers AlaRanwoe
lawnzAi3undn universal primers Ganansnlflunmsuonafieuasielitianassialasls primers
STHRGICHE inafteiifidai3unin DNA barcoding inafiedfinamnduwuiiiosannlugraanfiduan
mﬂ;wmaoﬁfﬂaﬁﬂ‘maﬁ’m (taxonomist) I@UL%W'\:T}Q&J morphology taxonomist dadbFIauInNIn

AAAa
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q

(Biodiversity) T@ﬂmﬁﬁmﬂﬁﬂmaﬁma%%% ﬂwluﬂﬂiLﬁm‘hmum‘iﬁugmmﬁa ¢l PCR-based

method 284 mitochondrial gene T#a Cytochrome oxidase subunit | (COl), DNA sequencing,

o

nucleotide analysis lag/l bioinformatics tnafia DNA barcode #inadlasuanuanladuniasly

ﬂ’s};aJﬁL‘fJu morphology taxonomist LA molecular taxonomist Tua e uidaun19611 DNA
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=

1,500,000  &UT (updated  WNTIAN 2555) NNRINTIANIT % eukaryote NIRNa Uszunmh

10,000,000 &1JT& wanank DNA barcode aRNMIN@MIMTIATZRIE1aUAAR 2 lna (DNA
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. @ & = o A [ [y °

sequencing) 11841 MaSuazgatan iNenaw liausasi lul g lalusueanaaauiy
(field) ol uITpnsdudiduenilaanld@funlunssmwmalioguinnit 40 (e
AILAY 2005 AILTI mnwmﬁ@lumjmaaumgu wn HLEe 891U (Hebert et al., 2003a,

2003b, 2004a, 2004b; Hajibabaei et al., 2006; Cywinska et al., 2006; Kumar et al.,2007)

n%’ v nl a a o a v g a . dl & ad
wanand lainuidumnaialunisituunadia laun inafia Morphometrics T91duisnns
nad U 1un3inTzezada (Landmark)  vadLdu vein ulngauaziiazidas
o . . = o (Y aan o A o &

lusunsw CLIC Waiwlay Prof. Jean Pierre Dujardin daldugiunisenusfidunld inassnaiu
1 o A A =< o a av A A 2 v 1
sUsuaznauuuinesdsiidlomilunsfinsnisiuunsiiavasgs awiddefinodesldun
MITUUNNENES Ae aegypti (Jirakanjanakit et al., 2007, 2008), UNAINGY Triatomine (Schofielda

and Galvao, 2009; Pires et al., 2011) NuwITbnunulumadszondlfinafiailumiianzy

WURINIINTUNNE (Dujardin, 2008)

v @
o A

lunsdns3duassibdun1sfinmfinnunaINAENINLENTINYEIE9 Mansonia lag
I%Lwﬂﬁﬂmaﬁ’ma%%ﬁﬂm @A PCR method $79AUNN5%1N DNA sequence analysis ©932¥1

Iinnuisanuuandrsvessiauiinilalng uaziianzinaued DNA sequence TINALNAVBL

2
o a

RFLP uaz RAPD 7aumsiimahinadia Morphometrics anvszgndlglunisduunsfianivg liu
wafiansdneniiineuasiiniansueduguwinet et ldgniseTunefisnizmandy

‘W’Tﬁzﬁ”aiﬂ NMIAIUANET NINILANLRZIZUN AN E]GIiﬂ WINT9

v I3

Jagiszasavaslaenis

1. iNafAnINaNBUITUINTIN Lazllanzianuuandwluiaudidwevesiiiaios uazlule

= . a ' v a v a

aaulaitlugs Mansonia Tiiadni g laslfinailansduamdsluiana

2. WafinmuazlianzimanuaNRuEMATanmaszaulaana (Molecular phylogeny) U844
Mansonia

A a 6 a v a Aa a A o o o a

3. Wplianzdnunafianeduenstaluanafiddszaninw dmiulglunsduunsiiavasys
Mansonia

4. elienzdenuduldldlunisiinaiia Morphometrics  wnlFlunsduunsiiavasys
Mansonia

5. L8 LATITRAIANUTNN BT TID LL%’JIﬁ&II%ﬂ’]iL‘ﬂ u‘W’]%zﬁ’]Iiﬂ"ﬂ AN EJ\‘]ﬂ L’j d Mansonia



13

A5n1snaaas

[~3 % 1
1 MILNUAIDEIE
v‘hmmﬁuéhaﬂwaqaﬁuﬁui’maz;ﬁnﬁwadqd Mansonia 14 6 T%a l@un Ma. bonneae,

Ma. dives, Ma. uniformis, Ma. Indiana, Ma. annulata W8s Ma. annulifera Taun1sLAUTILTINN

P ' a

NI0aNNIATWINAWUNAIN B ATNTTTNTIANT NG ludsniadg9aaidizinalng nu

U

ihanuensilaludasdudsdnsuznidugiuingwdiBeimniudedigeandu Tolug

2

deep freezer -80°C dwigninfiAuanInMaswIiaRsIdalAlaTydugIdnan T than

wenziiaud3ai liiung deep freezer -80°C dialdl

2. 95157398
FMIANBINNAITNYINDIMIUANG AU TANRATIVATAN V. UAAS
2.1 M uunsiazasgelaslsansmenmedagining,
ihdmatsganiimiuenuaziaduunsiialasardunyuavesdiaslunguens gnladngg
v 1 et s a dl A W ] < a a V v
nunua Hleslfieansusmidugwinenmleunuegnudusfiadoinu lasldnyue
Ua4d Rattanarithikul et al, 2006

2.2 NM3aNAEIIANHINTIN (genomic DNA)

(2
o A o

an o A a a ®
35n3ana DNA 7Alglunuiasfh 6198918 QlAamp  DNA Mini Kit (QIAGEN)

- ®
R1ILAN 1. QlAamp DNA Mini Kit
2. Ethanol (96-100%)
JUABWNNITANA DNA

1. haretnag Lalu microcentrifuge tube aw1a 1.5 ml wazihanualiaziduadas Teflon
pestle luansazans Buffer ALT (kit) USanas 180 LU

2. 1w Proteinase K (kit) USanm 20 LU iiNegapdinvaslisdinainuuas lasiawladsiia

AN9UIINAY Buffer ALT annuuianlwidnnulasltiasad Vortex Uszanm 15 3w uaziinluls

14 Water bath figasnn® 56°C 1Hulaa 3 Talus wia overnight laslithdatniluudaznaaaun

9

Unlidnnuasiaias Vortex Uszanm 15 3wl 1uszez g

3. Waasunmlimihaainiudaznaaaantuanaznanaenisi (fast speed) lagldia3as

Microcentrifuge tWarfindansahidaagfidmasa
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4. \@w Buffer AL (kit) U3nnmw 200 LU nan T iueBLe309 Vortex Uszanm 15 Sundl

=

waziinlUlalu Water bath Namwnd 70°C 1Hwaan 10 w17 antwsinaNtwanaznauatngs

9 U

(fast speed) @Twm%lad Microcentrifuge Iu%umauﬁwumﬂaumﬂLﬁ@%uﬁﬁw’mld Buffer AL L
mznauﬁa:azamﬁqm%gﬁ 70°C

5. \@u 96-100% Ethanol U3anm 200 Wi wanldidhiudisiadas Vortex Uszanms 15
Swfuaziiuanaznanagiosidnase

6. ladnadnedginaasinas sl QlAamp Spin column (71 collection tube BWIA 2 ml)
atnssziaszislasllibanveuves QlAamp  Spin  column ansudlashlusisuazsinluiin
ANAzNandIuLA3ad Microcentrifuge  7iiaw157 8,000 rpm Uszanm 1 w1fl 1iaasuiaisi
QlAamp Spin  column 219a3lu collection tube  1wal uazfissruvaanaddudilaainnisiin
anaznaw (filtrate) luiuaawuil DNA Pa4uuadldduagiu QlAamp  silica-gel membrane 1u

QlAamp Spin column W&

7. 1@y Washing buffer, Buffer AW1 (kit) Y318 500 W waztarn QlAamp Spin column

v v R o J 1Y & . . Aa =
Tausuuardin ldduanaznaudioiadas Microcentrifuge M13A2130L57 14,000 rpm Uszanas 1
w1 1ianTuiIanin QlAamp Spin column 214984k collection tube sl Lazfidruvaanadun

ldanmIduanaznau (fitrate)

8. LAy Washing buffer, Buffer AW2 (kit) U331a4 500 WU wazDarn QlAamp Spin column
[ v & o L 1Y A . . Aa =
Thusiuua 3 ldduanaznaudioiaIas Microcentrifuge A18A30L57 14,000 rpm Uszunmh 1
WIN LWaATULIANHN QlAamp Spin column UJuanaznaudnaTINaINuL3? 14,000 rpm LWarinda
Buffer AW2 28 l#Rua LazNIEIUTa RN ldanmstuanaznan (filtrate)
9. 11 QlAamp Spin column a3l collection tube w3 WazL@y elution buffer, Buffer AE
) & & 2 od PN & ~ v R o > P =
(kit) 3nsuaafislingmnnines iuna 1 wif udduhldiduanaznauianuiis 8,000 rpm

Wwaa1 1w LﬁﬂﬂSUL’saﬂﬁ@ﬂmumaa DNA ﬁgﬂﬂumﬂmmlu collection tube laadln

microcentrifuge tube Y@ 1.5 mi x99 NUUIILAY DNA N ety -70°C freezer (éi’m%'u long
term storage Aty liquid nitrogen %38Y11N17 concentrate @8LATBY concentrator)
10. ¥ luta 10 WNalfiu DNA elution 2 udiRuIa1BaInla Buffer AE 210 1 wfiidu

1 o

5 41 ﬁqmﬁgﬁﬁm Aawin liuanaznan
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2.3 Agarose gel electrophoresis
SAPItEY 1. Agarose

2. ADNA (300 ng/[LLl)
3. 10X Tris-borate-EDTA (TBE) buffer
4. dH,0

5. Ethidium Bromide

1. 18384 1X TBE bufferlas¥inn13:3831931n 10X TBE buffer §28 dH,0

2. 16588 1% agarose gel lau®s agarose vSanms 0.28 g udinluazanelu 1X TBE
§1WI% 40 ml §28 microwave 71 high temperature Uszanms 1 el G?G?Tdvlﬂﬁejuuﬁﬁaﬁﬂﬂmm
1 gel casting tray wazvin well lagld comb é%ﬁa"lﬂ”ﬁqamgﬁﬁaawmzﬁ"& agarose gel ulild
nadszanm 1 79l

3. 11 agarose gel ﬁLLﬁdLLﬁ’ﬂda\‘llu Gel electrophoresis chamber Lot 1X TBE buffer

i) running buffer

4. 91 DNA 289u889 U301 18 LU Wgany 10X Loading dye U3unms 2 W uazsin |y
load asluluudaz well vos agarose gel lagf] DNA%83£14 indoufianaraulutauan 14 volt A
100 volt tJuaandszanos 30 N

5. ilansutaan h agarose gel Tzl 0.5X TBE buffer inaaeae Ethidium bromide 0.5
ug/ml final concentration tJwia1 10 wifiudd3 8 etingw 10 -15 Wl st agarose
gel lugasmeldiadas UV Transilluminator
2.4 ﬂﬁilﬁuﬁﬁiﬁ%ﬁqﬂiiuéﬁﬂﬂﬁﬁ%ﬂ’lﬁﬂ‘[‘ﬁ (PCR)

Iumﬂﬁmmﬂmsﬁugﬂim (DNA) lulas9m53s0a5sil 14 genomic  DNA VOIS
Mansonia L Ewaduuy SauaLEwoasds (forward and reverse primer) luns3sileanuuy
aanEu Cytochrome oxidase | (COI) 910 lalanawe3s T918lu universal primers sansnlfiin
primers ELumsLﬁmmsJﬁu"Lﬁ‘luﬂqmﬂﬁﬁ@ Tufiilels 2 primers Tay LepF1 uas LepR1 primers
EL‘EE?’M%’UL‘WI&HJ mslﬁwuaaiqla Ma. bonneae, Ma. dives, Ma. uniformis, Ma. Indiana, Ma. annulata
W8z Ma. annulifera &% C1J-1718 Way C1N-2191 primers H’ﬁ”m%'mﬁ&lﬁlmﬂﬁumaﬂq\‘] Ma.

dives
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%0 primer feviadlalng (5......3)

LepF1 ATTCAACCAATCATAAAGATATTGG
LepR1 TAAACTTCTGGATGTCCAAAAAATCA
C1J-1718 GGAGGATTTGGAAATTGATTAGTTCC
C1N-2191 CCCGGTAAAATTAAAATATAAACTTC

@N3197 2 Primers 71 lwn1 It NUS I sALAWLATa I8 COI

PNUBENFIUNENAN9 9 Toun ALduaduuUD, ALBuaaIan, dNTPs, PCR buffer, MgCl,

uaz inau laglilianududugarie (final concentration) avsia’lli

Reagent Final concentration Reaction mixture (total 50 LLI)
Sterile deionized water | - Variable

10x PCR buffer 1x 5 L

2 mM dNTP 0.2 mM of each 5 L

Forward primer 0.1-1 UM Variable

Reverse primer 0.1-1 UM Variable

Taq DNA polymerase 1.25-25u Variable

25 mM MgCI2 1.5 mM 3w

Template DNA 10 pg-1 g Variable

#3197 3 Master mix AlFlwn1IRNUSU MALAWLaYDIEW COI

WalddaaIuad reaction mixture u§1 Iy Asenanls (PCR) NlFaanniensg

AINI19N 4
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LepF1 wae LepR1 primers C1J-1718 uaz C1N-2191 primers
(35 cycles) (30 cycles)
Temp. °C Time sec Temp. °C Time sec
Denaturation 95 30 94 60
Annealing 55 40 55 60
extension 72 60 72 60

an197 4 gunpiinlglunmafivSinudidwesesdu col

2

Extension 71 72°C 1w2a1 1-2 #4191 ¥intdnwin 25-30 58U JAUAAYNLYN final extension
q

72°C dsznm 5-10 wifl naaujisonlasusluiuda
2.5 maAanziaauitaalalng
o v a A & . o o o a a &
mamaauiinalalnauas PCR product (DNA sequencing) sanauiianilalnauas PCR
product N1b6 ILASURIANULANGIIVIENALAINE L INaLaziinanIaz? multiple sequence
alignment laglgldsunsy Clustal X waztiidrauiinndlanavaiudazsiaunansanuaunus

B3 TauMIlasnIIAIzA molecular phylogenetic analysis #81154n53 MEGA4. 1



18

2.6 Random Amplified Polymorphic DNA (RAPD)-PCR

M3AN®1 RAPD-PCR #n13L% random primers 31N R eady To Go™ RAPD Analysis

Beads, Amersham Biosciences a9t

RAPD Analysis Primer 1 - (5-d[GGTGCGGGAA]-3")
RAPD Analysis Primer 2 - (5'-d[GTTTCGCTCC]-3')t
RAPD Analysis Primer 3 - (5'-d[GTAGACCCGT]-3")

RAPD Analysis Primer 4 - (5-d[AAGAGCCCGT]-3")*
RAPD Analysis Primer 5 - (5'-d[AACGCGCAAC]-3')*
RAPD Analysis Primer 6 - (5-d[CCCGTCAGCA]-3')*

Positive control Vlﬁ LA Escherichia coli DNAs

ATV

1. l8sIunaNaIN RAPD Analysis Beads Waz @lauiazadgdadli 1.5 ml microcentrifuge  tube

G
25 pmol of a single RAPD primer X W
5-50 ng template DNA Y
Distilled water to total of 25 W

2. wawsulsznaunsnualuda 1 1Wdrnude vortexing il uaghasauiie lvansnovuannas
ANfigIna19189WaaaNA8as 1.5 mi

3. P RN ST UEIUDBIAL B WodLASa9 Thermocycler I@Uﬁﬂﬁﬁ%mé’aﬁ 45 cycles V84
95°C 1Twaan 1 wifl, 36°C twtaan 1 w1 waz 72°C 1duian 2 win

4.@1‘53ﬁlaau§ﬂwmwadLLnUaLSuLaﬁVL@T@Tw 2% agarose gel lasvinnsnan RAPD-PCR product 5

pl LLee 6x loading dye 1 pl w39l lnaalu agarose gel
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2.7 \tnAA Morphometrics

Lﬁadmﬂqa Mansonia N9 6 THha § 2 %ﬁ@ﬁqaé’hLﬁui'mi']LLuﬂaaﬂmnﬁ'uVl,@Tmﬂﬁ’;sJ
[ [ a = o . o & & o A &
ANBUNIITMGIUINTI LAUN Ma. bonneae uaz Ma. dives asunasrnafafanlglunis
° A = a o a o A a = A o o v A = &
muumwal,ﬂm‘ummeJmﬂuﬂmamua%mwmimmﬂmumUUﬂuwamaammuuaﬂaIa"Lm

Col Iuﬂﬁil,ﬂ%ﬂuﬁmm%&ﬁ"l,ﬁ@ﬁaamgm Ma. dives LANLANINNUILNANNT 31%I% 16 67 99

aeasaelyuil
Specimens Number of Method of Date of sampling | Place of
specimens capture (No.) collection
(Gender)
Ma. bonneae 28 (Female) Biting collection | April. 2005 (28) Surat Thani,
(aspirator) Thailand
24 (Male) Biting collection | April 2005 (24) Surat Thani,
(aspirator) Thailand
Ma. dives 15 (Female) Biting collection Feb. 2005 (3), Narathiwat,
(aspirator) Aug. 2009(12) Thailand
Surat Thani,
Thailand
5 (Male) Biting collection Feb. 2005 (5) Narathiwat,
(aspirator) Thailand
37 (Female) Biting collection Dec. 2009 Dawei,
(aspirator) Myanmar

31971 5 A2881989 Ma. bonneae uaz Ma. dives Miiitldanunasniziuglunidngg




20

%

Ak Morphometrics Frunouab

1.

ﬂ"]&lgﬂﬂﬂﬂqwm Ma. bonneae Llas Ma. dives LLazﬁﬂmsﬁ’mumm landmark ﬁ’ilﬂ&lqo
U%L’Jmﬁﬁﬁu vein Aanh Vlﬁﬁgmu@ 13 3@ mnf?uﬁwmm size means L& variances §2¢
ANOVA

N13ATUITANAY Generalized Procrustes Algorithm (GPA), mean shapes 3211919839 2
shaProcrustes superimposition WaTNTILATIEHA Nsuenafiadle discriminant analysis

saldsunsy CLIC package (http://www.mpl.ird.fr/morphometrics/clic/index.html)
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AAaNIINaaad

$2INe1v0989 Mansonia

ganlglunsisuasaftlann 8IN§A Mansonia ﬁ'ﬂagﬂu subfamily Culicinae, subgenera

q q

2
1 a A

Mansonioides Lﬂ%gﬂWﬂﬁ:ﬁﬁIiﬂLﬁ’l“ﬁ’m BINgNA N 6 w%a 1aWA Ma. annulata, Ma. annulifera, Ma.

q

bonneae, Ma. dives, Ma. indiana W8z Ma. uniformis 1agwuIn Lma'oLWWzﬁuﬁfﬁwuqaﬂéuﬁLL@ﬂQWJ

s

ni

A v

. Q 1 1 A 1
Ma. annulata, Ma. bonneae W8 Ma. dives mﬂﬂagluﬂ’l‘WE (swamp forest) TINNTE A LT

= o & o & , 4
LRUADID LLQz’J‘Hﬁ‘E%’]ﬂimcﬂ‘ﬂ%@’mWﬁuﬁLL%% FIUAINARDALIAN

v

Ma. annulifera, Ma. indiana W8 Ma. uniformis mﬁ'ﬂag’luwgtﬂ@ (open swamp) HNwvin

U321nN 900 ANALTIN UASLEILAAFDIDY

: Aaa X o A

= A . A A \ o . A
"ﬂzL%uﬂhIq@ﬂﬂNu WUANNLLARINVUNDTUIU q@@]')L;JUlﬂaﬂjqﬂvlfﬂLﬂqzﬂul’ﬂuﬂauléﬂuwm

3
& ‘Ao & o v o o A o v A AL \ A
w1 vLmﬁJaﬂEmzﬂa’]ULLﬁau Qﬂ%’]LLﬂ::@ﬂLL@@]EIGE]’]ﬂﬂiﬁﬂW“ﬁLLﬂxﬂ’]@luﬂlE]GW“IIWIJ%IWIJ’]WELWE]“IT’JUlu

o v =

msrele lasdudevanslanidansunandn il lusnnunIadrduwing vlajﬁiaaaaﬂgﬂaﬁuﬁam erla

2
AaAa o =

iwiilougniivadLanguan g gandu Mansonia HFaiudRIwRasdanldun Ma. annulifera Fraa
leun Ma. indiana W8 Ma. uniformis ldandeihanatylawn Ma. annulata, Ma. bonneae L8

Ma. dives wanani gaﬂéuﬁdm@mﬂﬁLﬁ@ﬁnﬂmﬁmnﬂﬂﬂQumuéﬁua:ﬂﬂ AUV LA LT LD L

=

= = >3 v a a g’ v a = a 0/ a 1 =y ] v
U1INA ﬂﬂ&lLﬂﬂ(ﬂﬂ’]’Nﬁ"ﬂT]LLﬂza%’T(ﬂ’]ﬂﬂﬂ’m%’ﬂ’i}L‘i&lﬁ@]’)ﬁﬂﬂﬂ%v[,&lLﬂ%‘izLUf;lllﬂ‘R’i]’]ila%lll%Lﬂ%

v 1
=

A 1 d‘y a = 1 = 1 =1 1 1 Qs
Un genguibrauaanwiNwIaInandn amavl,snmuqanquumglumwg RINITDNA bLIAN
[ v . a A & A & & & o
AW TN LHa9 NI wATUAINLASTUAR AN I
819 Mansonia mmmLmﬂﬁﬁd@ﬂ%ﬁﬂﬂm:gﬂiwﬂ@ﬂg}mwmmﬂ@hwaaﬁuuiwmmlao
qaﬁuﬁwi’u SNHHSVAILDUY LNAANLANAIINWUBFIBANLIZFIUN DI 1A% ABRaIN LT

rmJLm‘hLLuﬂmﬁ@mﬂé‘nHm:gﬂiﬁawmw ﬂqﬂuﬂéjuﬁ ﬁag’ 2 19ia leun Ma. bonneae Waz Ma.

q @

dives ﬁmss‘i’nmﬂqaﬁd Ravrhala ﬂl%é’ﬂwngﬂiwﬁﬂﬁmﬂ 9NN nwmeN18wanh

' a

o | v A ' a A A o A o Y Y
Lﬁﬁa%ﬂuaﬂqﬂu"]ﬂ ﬁqll'ﬁﬂ?ﬂ:uﬂﬂvl:@l:wUﬂa8'1\1L@U')aag}'ﬂ’]ﬂ‘lmﬂﬁjLNU%’TVLTJ'J'N sﬁﬁﬁﬂLﬂWvL@IU’]ﬂﬂ']

(Y
° @ o K A

finaiaggannluiuidrTan dmuidsiinsldinafiadugunldlunsuensfagslungud
agi9 bsnenal Lﬁav‘hmﬁué’aasmqamnﬁuﬁz%ﬁwm PYUADWLINNABITINABNTINUUNTRAN 8

é’ﬂﬂngﬂiw muﬁ'&msﬂuﬁmmdaﬁLﬁmm:mﬁmﬁué’uaamsqlﬂml"ﬁiﬁ'a
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€0 o A

mstiinsng e COl uazmsdansiaiauitaaalalnduasiv col 28989 Mansonia
1. anuuanaueIdnauiinilalng (Sequence divergence) V8989T%a Ma. bonneae UaY
Ma.dives

Lﬁaa‘mmﬂwﬁ@maoqﬂ@Ul’ﬁé’ﬂwm:gﬂiwaLLﬁ's N Mansonia 4@ Ma. bonneae WLaz Ma.
dives thandnmda lunmsamdaluana lasnniduzfiafienuesoiuunidousndnansms
gﬂiwﬂv'umwiamvlﬁuﬁ mMsAnsaNuLanasIsssauianalelndlagsuainissna genomic
DNA 28389 Ma. bonneae W8z Ma. dives LLaxﬁﬁm‘JL‘ﬁ.&lmmﬂmiﬁuqmiumaoﬁu Cytochrome
oxidase subunit | (COI) %atﬂuﬁuﬁa%ﬂu Mitochondria lagl#inafin PCR & mSuifinuenan
COI 18383 Ma. bonneae 628 LepF1 Waz LepR1 primers fMIU Ma. dives 1T C1J-1718 U@z

o ¥ A

C1IN-2191 primers ~ s1aufiadlalnan ldannsad sequencing i ldAaseiinuidulasls

6al

T15un8 Bioinformatics @47 ¥&1aUTRIAR LD INGN LENNALLLAZRIANULANGAIIVBIENALRIAR
la'lndlasld Chromas MFC Application ATIANZA multiple sequence alignment lag
o o @ A a 6 ] a = % % & -
Clustal x uazthdduiiindlalndvetudazsiiaandnsanuguiuinianunisulaonis
31A3712% phylogenetic tree lauld MEGA 4.1
o o A = & AV o A o @ o v A A
sauihndlalnduas COl au1a 650 bp 71ldaNe9 Ma. bonneae i 41 &6y §ruiiaag
1la'lng 480 bp ﬁ"l,ﬁmmqa Ma. dives i 36 s1aU s1auiindlalnduas COI fanwme AN
{ = v = v 1 13 o o . d L o o &
nnldtadsznmilldun wuddeuiua A+T geun (AT rich) aiflsuiudauiuannag
Taowuaafeuad A+T rich 67.4% UWAs 66.5% L Ma. bonneae Uas Ma. dives @NE1GL
A o a o . Aa . o iAo A A
wanndanuBninduniazas codon N3l AT rich dnagfidhunied 3 1ads 93.4% uaz 91.3%
11 Ma. bonneae uaz Ma. dives 9N 1AL
o 1 1 o e A a 6 1 a >
NNIAIWIHAIAINLANAIVDIS1URINE Lo NG e nI19ThaUad Ma.  bonneae NU Ma.
dives (fwialasltlysunsy Mega 4.1 @78 K2P model) wuindidladsagin 5.3% ( range 4.8-
' ' ' o @ A a & P o A L A
6.0%) &IUANANNLANG1IVBIEIaURInA e Inansluaiafeinuuad Ma.  bonneae Adnagn

U
0.5% (range 0-1%) &%SU Ma. dives WuinRanuuandsvesarauiinilelnanslusiia

LA8IN ag_jﬁ 1.0% (range 0-1.5%)



23

% Mean sequence divergence (range)

Ma. bonneae Ma. dives Ae. aegypti (outgroup)
Ma. bonneae 0.5 (0-1.0)
Ma. dives 5.3 (4.8-6.0) 1.0 (0-1.5)

Ae. aegypti (outgroup)

15.7 (15.0-16.3)

14.2 (13.8-15.0)

1.4 (0-2.3)

AN797 6 LasiTudauLand1ITaIsIauRInaLla nauaddn COl

A ~ a
LNaLﬂiﬂﬂLﬂﬂuﬂﬁlﬂluLLﬂZ

32 INThaUD9Ld 3 1A Ma. bonneae, Ma. dives WAz Ae. aegypti (outgroup)

o a o o o = o o o o
mmumiﬁﬂmm’]uauwufmawuqnsswm I umIAEn BN URNABTNNITIAT LW

mj&l"lladtqldﬂéqiw Mansonia laga3naidu phylogenetic tree (Neighbor-joining (NJ) tree WIBNNL

bootstrapping 1,000 replications) andalusunsy MEGA 4.1 Wi_l’j’la’m*]‘mﬁ"l’]l,l,uﬂﬂq\‘l"ﬁﬁ@ Ma.

bonneae uaz Ma. dives aananiilu 2 ngwldatedaian lunsdiaaziil 15 Aedes aegypti 11w

outgroup




Onia dives £
DIV36MY2M Mansonia dives F
DIV3MY 2M Mansonia dives F
ia dives F
DIVAAMY2M Mansonia de

DV oMY e L dives
sond
an v 5

nsonia 4 esF

omﬁ"” o
\3~.~13°““‘r’l

Nia dives £ |

MAD2 Mansania dives F

Mapg Mansop;

0.01]

MAB38 Mansonia bonneae F
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U7 3 M331a312# Neighbour-joining tree laglen k2P wasiin COI anndratsgisiia Ma.

bonneae, Ma. dives WLz Ae. aegypti (3LﬂiﬂzﬁﬁaﬂIﬂSLLﬂiu MEGA 4.1)
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2. anuuandsasiauiinilalng (Sequence divergence) wadengy Mansonia
fauiiaadlalng COl vaszInga Mansonia N4 6 ThanInaa 55 §16u shaTouifiey
g Family Culicidae 8n 37 wila ihandwismidinnauandszassauiiinilaing lauld
l5unIu MAGA 4.1 (K2P model) wuaauandszasiauiiinilalndszninasiia wioagf
14%
A ~ A Y ! . . ' o v A a &
WawSeuifisunugenga Mansonia lawizlulnewudanuuandrivasiauiiaailalng
FewiTlalanzys Mansonia 1aduat 10% adnalsiamulaiSouiisugs Mansonia lulng
n ' o e A = 6 1 a A | A
uazlu online database wuauuandszasdauiaailalndszniteriia wavegn 10.4%

(range 8-12.48%) lunnizfidranauandsvasdrauiianilalindnelusiia wdvagin 0.67%

(range 1-1.0%)

Species Ma. Ma. Ma. Ma. Ma. Ma.

annulata annulifera  bonneae dives indiana uniformis

Ma. annulata

Ma.annulifera  0.15

Ma. bonneae 0.14 0.13

Ma. dives 0.14 0.15 0.06

Ma. indiana 0.15 0.14 0.11 0.13

Ma. uniformis  0.13 0.13 0.09 0.10 0.11

AN 7 mml,mn@hwaoﬁwé’uﬁmﬁia%ﬁmmﬁu COl izﬁ’j'ﬁx‘lﬁﬁ@max‘lﬂq\‘]ﬂﬁé&l Mansonia

dumlaglrlilsiunsy MAGA4.1

The nucleotide divergence value on average percent
Variation within species 0.6
Variation among species 11.5

A & & \ . o > a = & i a
f13714N 8 L‘]_lailfﬁu(ﬂLﬁ)oaU°1]E]\‘]ﬂ’]ﬂ')']llLL@ﬂ@]'N“IJaJﬂ']@U%'JﬂaIaVLW@?JE’J\‘]EJ\‘] Mansonia ﬂ']ﬂlufﬁu@

LAEINULAZIZHINITIA
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a v . 1 1 . a d A
MIATIEAUAENTRIN Phylogenetic tree IWAILINAY Mansonia LLazqdmuﬂﬁuq Gl
8198981911 GenBank (www.ncbi.nlm.nih.gov) a8z BOLD system (www.boldsystem.org) 374
NaFu 92 sequences lagsldlisunsy MEGA 4.1 lun1331a3129 Phylogenetic tree 336199 laun
Neighbor-Joining method WiBUNL bootstrapping 1,000 replications AMNMTIATIEHR
Phylogenetic tree W31 £IN§¥ Mansonia grunTndnuunnuenlaiie 6 ﬂﬁjwmwﬁ@ Fa'laun
Ma.bonneae, Ma. dives, Ma. uniformis, Ma. Indiana, Ma. annulata W8 Ma. annulifera lunsg
a {t:lv 1 . va o a o &
AANECHU WU Ma. bonneae LRAT Ma. dives LL&@]\‘]ﬂ’J’]Nlﬂﬂ‘]j@m%‘ﬂ’]\‘]’n@&lu’m’]i I@ﬂﬂqamaao

mﬁmﬁayﬂumﬁi’wu’uamﬁu LL@iagjﬂuaz clade WUNANTUR

a13197 9 THAV09L9619 9 Alda1n GenBank Database  (www.ncbi.nim.nih.gov) uaz BOLD

system (www.boldsystem.org)

No. Species Accesstion number Online database

1 Aedes aegypti NC010241 GenBank

2 Aedes albopictus NC006817 GenBank

3 Aedes abserratus ACMC032-04 www.boldsystem.org
4 Aedes cinereus ACMC100-04 www.boldsystem.org
5 Aedes communis ACMCO038-04 www.boldsystem.org
6 Aedes dorsalis ACMCO067-04 www.boldsystem.org
7 Aedes euedes ACMC123-04 www.boldsystem.org
8 Aedes implicatus ACMC090-04 www.boldsystem.org
9 Aedes japonicus ACMCO019-04 www.boldsystem.org
10 Aedes riparius ACMC088-04 www.boldsystem.org
11 Aedes sollicitans ACMC264-04 www.boldsystem.org
12 Aedes stimulans ACMCO021-04 www.boldsystem.org
13 Aedes triseriatus ACMCO039-04 www.boldsystem.org
14 Anopheles funestus NC008070 GenBank

15 Anopheles gambiae NC002084 GenBank



No. Species Accesstion number Online database

16 Anopheles quadrimaculatus A NC000875 GenBank

17 Anopheles earlei ACMCO063-04 www.boldsystem.org
18 Anopheles maculipennis ACMC313-04 www.boldsystem.org
19 Anopheles messeae ACMC312-04 www.boldsystem.org
20 Anopheles sinensis ACMCO017-04 www.boldsystem.org
21 Anopheles sundaicus ACMCO018-04 www.boldsystem.org
22 Coquillettidia perturbans ACMC302-04 www.boldsystem.org
23 Culex pipiens ACMCO044-04 www.boldsystem.org
24 Culex restuans ACMC106-04 www.boldsystem.org
25 Culex salinarius ACMC269-04 www.boldsystem.org
26 Culex tarsalis ACMCO008-04 www.boldsystem.org
27 Culex territans ACMCO066-04 www.boldsystem.org
28 Culiseta impatiens ACMCO009-04 www.boldsystem.org
29 Culiseta inornata ACMC054-04 www.boldsystem.org
30 Culiseta morsitans ACMCO069-04 www.boldsystem.org
31 Mansonia uniformis AY729988 GenBank

32 Mansonia uniformis V225 GQ165799 GenBank

33 Mansonia uniformis V226 GQ165800 GenBank

34 Mansonia annulifera AY729971 GenBank

35 Orthopodomyia alba ACMC215-04 www.boldsystem.org
34 Toxorhynchites rutilus ACMCO010-04 www.boldsystem.org
35 Uranotaenia sapphirina ACMCO076-04 www.boldsystem.org
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— Manzonia bonneae 32-84
+—— Manzonia bonneae 01d-84
Manzonia bonnene 31-84

00

m

- Mansonia bonneae 34-84
b Mamsonia bonneae 33-84
Mansonia bonneae 30-84

5
r*‘-"
—— Mansonia bonneae 03d-84

—— Mansonia benneae 36-84
— Mansonia benneae 35-84
—— Mansonia bonneae 29-84
— Manzsonia dives 02-63

L Mansonia dives 03-63

Mansonia dives 03-84

1

Mansenia dives 01-84

Mansonia dives 06-84

k)

Mansonia dives 07-84
— Manzonia dives (2-84
— Manzonia dives 05-84

at

Mansonia dives (4-84
——— Manzonia dives 08-84

41[-:1: Mansonia uniformis v2235 GQ 165799

Mansonia uniformis v226 GQ 165800
—— Mansonia uniformis 01-93
—— Mansenia uniformis 02-93

Mansonia uniformis 03-93
—— Mansenia uniformis 05-93
= Mansenia uniformis 04-93
—— Mansonia uniformis 06-93
—— Mansonia uniformis 08-93
—— Mansonia uniformis 10-93

—— Mansonia uniformis 09-93
—— Mansonia uniformis 07-93
—— Mansonia uniformis AY 729938

Mansonia indiana 03-96

Mansonia indiana 01-96
Mansenia indiana 07-14

T4

Mansonia indiana 09-14
Mansonia indiana 06-14
— Mansonia indiana 05-14

=L Manszonia indiana 08-14

izl
53
=

Manzonia ammulaia 09-96 HQ341640

Mansonia annulata 08-96 HQ341639

Mansonia annulata 10-96 HQ341641
Mansonia annulata 01-96 HQ341634

=

Mansonia annulifera AY 729971
—— Mansonia annulifera 01-84

L—— Mansonia annulifera 02-84

Mansonia annulifera 03-84

Mansonia annulifera 03-84
Mansonia annulifera 04-84
Mansonia annulifera 07-84

Mansonia annulifera 06-84
E Mansonia annulifera 08-84
B Mansonia annulifera 10-84

Mansonia annulata 03-96 HQ341636
Mansonia annulata 11-96 HQ341642
Mansenia annulata 053-96 HQ341637
Mansonia annulata 02-96 HQ341635

Mansonia annulata 07-96 HQ341638
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Toxorhynchites rufilus ACMC010-04
LUranetaenia sapphiving ACMAQT5-04
- COwthopodontyia alba ACMC215-04
Coguillettidia perfurbans ACMC302-04
w—— -Aedes aegypti NC010241
L Adedes albopictus NCO06817
- Aedes abserratus ACMC032-04
JEAM@; implicatus ACMC090-04
Aedes communis ACMC032-04
agl— Aedes dovsalis ACMC067-04
Aedes sollicitans ACMC264-04
Aedes riparius ACMC088-04
Aedes stimulans ACMC021-04
= Aedes euedes ACMC123-04
Aedes triseriatus ACMC039-04
Aedes cinereus ACMC100-04
Aedes japenicus ACMC019-04
- Anopheles maculipenniz ACMC31304
i,_zdnaphg!es messeas ACMC312-04
= Anopheles earlei ACMC063-04
L Anopheles quadrimaculatus A NC0O00875
” Anopheles sinensis ACMC017-04
Anopheles gambias NC002084
Anopheles sundaicus ACMC018-04
Anopheles finesfus NCO08070

% Culex restuans ACMC106-04
J'E Culex tarsalis ACMC008-04
. Culex salinarius ACMC269-04

Culex pipiens ACMCO44-04
Culex territans ACMC066-04
Culiseta morsitans ACMC069-04

—
52 Culiseta impatiens ACMC009-04
™ Culiseta inornata ACMC054-04

1-n|
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3ﬂﬁ4mﬁmﬂzﬁ Neighbour-joining tree laglddn K2P wasdu COI mnﬁaaﬂnqdmju

Mansonia LLa:qo“ﬁﬁﬂﬁuﬂ T9819898191n GenBank Database (www.ncbi.nlm.nih.gov) W&

BOLD system (www.boldsystem.org) (3Lﬂ$’1$ﬁﬁ’; alUsunsa MEGA4.1)
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NI UNBIHAVBILINAN Mansonia @28 Morphometrics

MILNTRAAE Morphometrics LWANTAIANNFNNUTTZRI RN BTN IINHATNLRE
Fneada lunsdlvesss IE5dssansutngs lasvimsinuagadavendu vein - uuings
WU 13 g@éf@ mn@"hazmqaﬁz\mmua:ﬁﬂNamnq@ﬁ@ﬁmﬁﬁmmmmm@ LLﬂ:Eﬂﬁngﬂ
VNP L HgR IR RES 10 MeAtmMImaiiariulisunsa CLIC Package IRILATEEMsILEN
3%@ (discriminant analysis)

NNTILATIZRAY Morphometrics wud']mwmmn@hwaogﬂs’w‘ﬂngwaaqa Ma.
bonneae Was Ma. dives RANULANGAIINH I@awudﬁﬁ;m anatomical landmark ﬁLmﬂ@haagﬁ
fumibaf 1, 2,uaz 13 Lflmhmeﬁ"l,;iﬁmssﬁauﬁuﬁuﬁu’ﬂuqaLWﬂQLLa:qameﬁﬂ edinek
nsugnTia (discriminant analysis) WU €9 Ma. bonneae uaz Ma. dives wenaantdn 2 ngw
DENTALI mugﬂ‘ﬁ' 5 W8z 6 LfiaﬁmsrmﬁaaﬂuaaLWﬂgjdﬁlﬂumﬁmezﬁ Sexual dimorphism

‘wmfﬁqaﬁdmﬂguauwmﬁwadqd Ma. bonneae LLE‘)‘;’EJG Ma. dives UAMUUANGAIIDENITALIUII

Eﬂsl']\‘]l,l,az"llu']@ LﬁaﬁmiM’lgﬂi’]dﬂﬂqaiﬂﬂaﬂﬁﬂﬁ;@ﬁ@maaLé'u vein Wﬂ'j’]q\ﬁﬁﬂaaﬂﬁﬁ@
a A @ A | @ o , o v A a
Ngﬂi’]dﬂﬂﬂqaﬂladLWﬂﬁdLLazLWﬂ LUYLLANANITALIN IuﬁﬂqU@quLﬁuﬂTﬂﬂ'ﬂq@]@l@UuLﬁuﬂﬂ L8

A = ! a

ﬁ'ﬂ?ifﬂ?ﬁﬁluﬁﬂﬁladﬂﬂq\‘] Wi.l’ht!dLWﬂfg“ll adﬁmawﬁ@ﬁmmmaaﬂﬂqmLarm’n HILWALN DL

9

TALA
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]
L 2
L . = - J;. - by %o
L 3 “"‘“Hﬁ‘_ - o W
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» = = et ® T~ '
- - = ® -/ e— -
~e
e ® B /e
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Eﬂﬁ 5 MTILATIZR Shape variation ’ﬂa\‘lﬂﬂqxﬂﬂﬁju Mansonia 2 T#@ Ma. bonneae (NNAVLLAY)
U8 Ma. dives (WNANUILIW) WAL (A) Lae Ma. bonneae ([NNAULAN) UL Ma. dives (NNAY

Wdu) ey (B)

White = Groupl 9:200421000000
Black = Group2 43:000002121212410
Number of individuals of different groups sharing the same interval: 3

A Number of intervals 10

White = Groupl 7:000000014110
Black = Group2 35:2513663000000
Number of individuals of different groups sharing the same interval: 0

Number of intervals 10

Eﬂﬁ 6 NTILATIEH Discriminant analysis maaquwmﬁwaa Ma. bonneae W8z Ma. dives (A) ULae
QGLW?IEJT?JEN Ma. bonneae uae Ma. dives (B) Group 1 Uunw Ma. bonneae, Group 2 LWnH Ma.

dives
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NI UNBIHAVBILINAN Mansonia AuNAtA RAPD

MIuwnTiaaismnaita RAPD a1danannITaNunaInnale aduwIaaldwie RAPD-
PCR product fiLand19is Asnasanmsfinagnaaiduadisimaia PCR  lagld random
primers 19W4a 6 f 9INKA89 RAPD Aléwuanauas PCR  product WanBIUIa U984

a Qs ¢:§/ 1 a 1 a 9 {
FRAALING LLa:ﬁm’m%mﬂ%mwuagﬂu’ﬁumaaqa I@mqaLmawumz"l@aﬂwmumuaLSuLaﬁ

o

NANHULAN uanmnﬁﬂhwuﬁndmﬂa Ma. bonneae s uNIOLANVLNLALAWLA letiald random

primer 1 1 udt ldaansniineneiiials random primer ¢awug

gﬂﬁ 7 MIIANEHNe RAPD lagld
primer ﬂ"ﬁ 137N Agarose gel
electrophoresis VBIL Mansonia 6 TH@
03 M: 100 bp DNA ladder (Fermentas,
Canada), L0173 1 LA 2: positive control
(Escherichia coli) .00 3: Ma. annulata
W 4: Ma. annulifera wa0 5: Ma.
bonneae W01 6: Ma. dives 011 7: Ma.

indiana W01 8: Ma. uniformis

M 123 456 78 M



M

123 45 6 78

123 45 6 78

HERILERER
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Eﬂﬁ 8 MTAATLHNA RAPD lagld
primer @"ﬁ 237N Agarose gel
electrophoresis Ua3g4 Mansonia 6 TH®
L3 M: 100 bp DNA ladder (Fermentas,
Canada), LLa0 1 Wae 2: positive control
(Escherichia coli) W03 3: Ma. annulata .07
4: Ma. annulifera W01 5: Ma. bonneae 101
6: Ma. dives L0 7: Ma. indiana .01 8:

Ma. uniformis

gﬂﬁ 9 MIIATZANA RAPD lagld
primer g}"ﬁ 391N Agarose gel
electrophoresis U898y Mansonia 6 TH®
03 M: 100 bp DNA ladder (Fermentas,
Canada), 013 1 e 2: positive control
(Escherichia coli) wa0 3: Ma. annulata
W0 4: Ma. annulifera wa0 5: Ma. bonneae
LD 6: Ma. dives U1 7: Ma. indiana 1.2

8: Ma. uniformis



M

M

123 45 6 78 M

123 45 6 78 M
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gﬂﬁ 10 MFAATZANR RAPD lagld
primer g}"ﬁ 43710 Agarose gel
electrophoresis U898y Mansonia 6 TH®
03 M: 100 bp DNA ladder (Fermentas,
Canada), LLan 1 Wae 2: positive control
(Escherichia coli) wa0 3: Ma. annulata
W0 4: Ma. annulifera a0 5: Ma.
bonneae L0 6: Ma. dives LL013 7: Ma.

indiana W01 8: Ma. uniformis

gﬂ‘ﬁ 11 MINATLRNA RAPD lagld
primer g]"ﬁ' 53710 Agarose gel
electrophoresis Ua9¢y Mansonia 6 1@
k03 M: 100 bp DNA ladder (Fermentas,
Canada), L0103 1 Wae 2: positive control
(Escherichia coli) wa 3: Ma. annulata
W0 4: Ma. annulifera a1 5: Ma.
bonneae L0 6: Ma. dives l01 7: Ma.

indiana W01 8: Ma. uniformis



M

123 45 6 7 8 M
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gﬂﬁ 12 MIATZRNA RAPD lagld
primer fui‘ﬁ 6911 Agarose gel
electrophoresis U898y Mansonia 6 THa
03 M: 100 bp DNA ladder (Fermentas,
Canada), 013 1 e 2: positive control
(Escherichia coli) W03 3: Ma. annulata .03
4: Ma. annulifera W03 5: Ma. bonneae 01
6: Ma. dives w1 7: Ma. indiana un 8:

Ma. uniformis
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UNITOh

EANGY Mansonia 119 6 Tika LugIwInena" uadlsayinTd (Lymphatic  filariasis)

Junsawziusagaulng (Apiwathnasorn et al, 2006a, 2006b, 2006¢) thadaneINgukTaY

e 6 Aa a A o g 1 o ¥ v |
LW’]ZW%ﬁq‘USL'Jle]EJW“H%’W“IJ%LLﬂ&@]']&JLLDUI]']L?J’]I@]UL%W’]&LLHUT’]ULL@]% V]Wi%ﬁiﬂLVﬂ‘ﬁ’]dLﬂ%ﬂfy%’]

o v

NUTIIMgINAAaLaUTskaudin lsavhdnaldifadywinisgaduseriainnias
LLa:ﬁﬂﬁLﬁ@mmimmu"l,@ﬁﬁammwuwm'ﬁfﬁﬁmumﬂagiﬁ]@iauﬁﬁmﬁawadQﬂwlumtﬁﬁa%’a
éﬁﬁfumsﬂaaﬁ‘u"l,&ilﬁaqmﬁ‘@LLa:mi%‘nmeT’aslmﬁﬁ@wm%ﬁaﬂwuﬂuﬁ%msﬁmm‘mﬂaaﬁ‘uiiﬂﬁ
e
a v U IS ad sd d' 1 Y s ' ﬁl

mil,mﬂmumaaqawmﬂ%gnmaaLﬂmﬁmwm‘ﬂmﬂﬂaaﬂummwsm:mwaamaha
Lmzmuquﬂ’ml,ws'izummaﬂsﬂvl,@}” MIIUUNTAAVBILINIY Mansonia lFanwmen1IaugIm
a I3 g & I3 ad c‘ dl o s I3 Qdd‘ 1
Ansndunan smLﬂmﬁmiﬂmmx'ﬂqﬂmmulﬂumiaanmﬂamw VNI DA TN DAY
152180 LL@iéTaﬂ%;fﬁﬂimumsmﬂlumsﬁmumﬁ@ R ks AR TPV PR PV BA RIS PR TIRIR T Tyt

]
=l

INNADE19 qﬂumﬂamu waldarurynltlaalunydvasg ﬂqd@hwﬁ@ﬁuu@iﬁgﬂiwﬁﬂwmw

ARENWIN L RINITIUENAIL RN B NITIAGININEN Ium‘sﬁﬂquﬂq’u Mansonia ﬂ%ﬂﬁdﬂqd
atl 2 phaNLgNaIBaNBMENIERIUINGT laen laun Ma. bonneae uaz Ma. dives @IUWA4 6t
= = a d' d' o a v 1 a v a U
Insnanunaiadung thaltlunssnuuwnaiia laun mﬂuﬂmamua%mimaqamﬂ DNA
Barcode W&z RAPD 38719LNnakA Morphometrics g Physiological characteristic %1ﬂ§@§f@1°ﬁ60
o . a A A Ao R A aa A A A o
1§ vein 2090n59 FUNABARE1 NN TAN BN WA TN LT LN TEWEUTRANILWAIINNAT
FIUUNTAAGIIAN BIURUFIUINGT
\0991n897%a Ma. bonneae uaz Ma. dives (Hugsiuonziialdondisansmzamgin
a > qu =3 v L a 1 = L a dl 1 1
N AIuIIaRNIINAUILNATA DNA barcode 3N llun1stiadniuriadinngingisluniy
’a"nl,l,uﬂmﬁﬂvl,@i”amagﬂﬁaa DNA barcode LIu3Fn13n1F N33 nnTiauaI8I0T36 d28nI1ILNY
agn8fiu COI La23911 COI sequences 7 baanlgiiu Reference sequences Naltidudrauiinad
lalnaansdslunmsansnniadu Biodiversity #3atin lu1l1un19%1 unknown species tnafia DNA
barcode SUANMAILAT 2003 Prof, Paul DN Hebert la¥innisanwduniruizanlunisdiuun
THAUNAINGY Lepidoptera Uazdaanaiimanauwinmyduunsiladis DNA barcode lusiizia

guﬂ laun WAL wn &9 (Paquin and Hedin, 2004; Barrett and Hebert, 2004; Hebert et al,

2004b; Hajibabaei et al., 2006; Cywinska et al., 2006; Kumar et al.,2007)
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&< g v = A = ) A [
INNIANEIATIH DNA barcode snunInliiuinafanialun 118 uiuwsian1gnasan
mMyuunsiadisaneuenIgmgIwing lasardoananannaszasiiauiieile induasiu
' 2 a N { o © a a
col lugmvas DNA barcode Taligmantiduluiioszasanumainnansvassrauiiinilaing
A Ada ' A o A = P A a [ oA o ¥ a
sl TIad 19 rhans watdaSouisun1alwsiala s nunuINNAMNRIINRA VD IS1A LR
10dlelnaresnii wanandt 8w COl & high copy number ¥inl#aansaladsunadiduasnn
a o A A< a A . o o a a eaA V] o
WEIWaMERRINNMIANTEN8FALUe waziin COl lifigiuvad intron (Eraufinadlalnad baile
wiaviadumoiddng) anqusui@dandd du col Fananznazlfiiu gene target lFluns
FULUNTHA (Hebert et al., 2003a, 2003b,2004a)
fauiinalalnduadtin COI a1uuad DNA barcode MbElun13AnEiia1us1 laAn
700 bp ludrduiianaleindvasduiwusiauius A+T Aigoann leun 67.4% waz 66.5% lu Ma.
., o v A o > o {
bonneaellas Ma.dives GNE1GL TIanumustTuiiuansmedwiznwuludn COl au1Inny
a”ﬂwmzLa‘wwzLﬁuﬁvléil,uqamﬂﬂi:mmmmm WarBuLAY (Cywinska et al., 2006; Kumar et al.,
2007)
A = \ o = A A & . ' .
Wefinwanuuandvasdauiiinilaing (sequence divergence) luganga Mansonia
1 a Rt 1 o @~ A =} o’d’ d' u:l' = > a
daziianu wuanuuandsasiauiinilelndngs wasedn 10.4% lusmidoanu gerda
Weniunuanuuandzasiauiinileindlinnn wivedf 0.67%  usadldiduin du col
fanwazdwmzanansnltlunsduunsie lasgsdriianulidanuwandszasiauiiingle
& ' o = =< o @ a ~ & = o
IndnuandranuuingsnuiodinialugiauiindlaindianunainnaigiNoanalunislauen
A ' o o A A e o A = A A a o
7fia udanunanwaisrassiauiiandle indilaziesasiiaiSonifisunelugsrfialdoaiu
e | e 6 o Qs =3 s 6 = Qs g; ~ 1
ginsnnutiutanansalvesneludrauiianilelng (consensus) vasdiu COI GakuaziAnINN
1 1 d' % = Jd o a U 1 = > =S
ANANULANAIN LAANNNIIANET B COl RINITD LT LN TILUNTRA b6 LT WA LNITANEA
§7u229 DNA  barcode  WavInn1IdImImmId1Ianuandasiauiiaailalndlues Ma.
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In the South of Thailand, six Mansonia species are recorded as filariasis vectors, among which Ma. bonneae
and Ma. dives. These two species are distributed in the same breeding place, mainly the swamp forest, but
appear to be of problematic identification using traditional morphological characters. Because of the risk
of wrong identification during epidemiological or biological studies, complementary techniques are
needed to distinguish the two species.

We used on the same field collected specimens both genetic (DNA barcoding) and phenetic (geometric
morphometrics) techniques. Both methods converged to identify two separate entities in accordance
with morphological differences and geographic origins. Shape divergence between species was more pro-
nounced in males than in females. Notably, the amount of within species sexual shape dimorphism was

Sexual dimorphism
Mansonia
Filariasis

much larger than shape divergence as recorded between species.
In spite of these two species of Mansonia being evolutionary very close, simple DNA barcoding was

resolutive. Geometric morphometrics, because it is a fast and low-cost procedure, appeared as an inter-
esting complement to modern diagnostic techniques applied in medical entomology. It also was able to
provide information relevant to the ecology of the two species.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Filariasis in South East Asia is an important public health
problem. Most species in the subgenus Mansonioides of the genus
Mansonia Blanchard, 1901 (i.e. Mansonia annulata Leicester, 1908,
Ma. annulifera (Theobald, 1901), Ma. bonneae Edwards, 1930, Ma.
dives (Schiner, 1868), Ma. indiana Edwards, 1930 and Ma. uniformis
(Theobald) 1901) are vectors of Brugian filariasis in Thailand, some
of which are difficult to distinguish by morphological features.
Traditional morphological identification of adult specimens relies
on scales and body patterns. Up to now, it has been used to differ-
entiate the Mansonia species.

Some pairs of species like Ma. indiana and Ma. uniformis or Ma.
bonneae and Ma. dives, do not readily separate and may represent a
taxonomic problem. Our study focused on the bonneae - dives pair.
These morphologically very close species exhibit differences in
ecology and possibly in their response to control measures. For
instance, Ma. bonneae is common in peat swamp forest while Ma.
uniformis is common in open swamp (Apiwathnasorn et al.,
2006). Alternative methods for accurate identification are then
required to either implement or evaluate control program.

* Corresponding author. Address: MIVEGEC, IRD, Montpellier, Av. Agropolis, 911,
BP 64501, 34394 Montpellier, France.
E-mail address: dujardinbe@gmail.com (J.-P. Dujardin).

1567-1348/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.meegid.2011.10.002

The barcoding technique based on the sequence of the cyto-
chrome oxidase subunit I (COI) has become a popular technique
for species identification, although not always satisfactory for very
close species (Meier et al., 2006; Elias et al., 2007; Kumar et al.,
2007). To evaluate the interest of another potentially diagnostic
approach in the case of the two close species Ma. dives and
Ma. bonneae, we submitted the specimens also to geometric
morphometry (Dujardin and Slice, 2007; Dujardin, 2008). This
technique has not been applied before on species of this genus.
Thus, on the field collected specimens from Thailand and
Myanmar, we compared on the same individuals the species
diagnostic provided by the cytochrome oxidase subunit I (COI)
sequence and the one obtained by the morphometric technique.

2. Materials and methods
2.1. Specimen collection

Mosquitoes were collected from the south of Thailand (Surat
Thani and Narathiwat) and Myanmar (Dawei) by biting collection
and aspirator. From the more than 2000 mosquitoes classified as
Mansonia, 109 specimens had well preserved diagnostic characters
(Rattanarithikul et al., 2005, 2006) and were unequivocally identi-
fied as Ma. bonneae and Ma. dives. These specimens were 28 female
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Table 1
Origin and date of capture of the specimens under study. n, number of mosquitoes.
Species n (Gender) Date Place
Mansonia bonneae 28 (Female) April 2005 Surat Thani, Thailand
22 (Male) April 2005 Surat Thani, Thailand
Mansonia dives 15 (Female) February 2005 (3) Narathiwat, Thailand
August 2009 (12)  Surat Thani, Thailand
5 (Male) February 2005 Narathiwat, Thailand
16 (Female) December 2009 Dawei, Myanmar

Ma. bonneae, 24 male Ma. bonneae, 52 female Ma. dives and 5 male
Ma. dives (Table 1). Each specimen was analyzed by DNA barcoding
and morphometrics.

2.2. DNA extraction

All 109 Mansonia specimens were selected for DNA extraction
by the QIAamp DNA Mini Kit (QIAGEN, GmbH, Hilden, Germany)
following manufacturers instructions. Only legs of mosquitoes
were used. The DNA elution was stored at —20 °C.

2.3. COI amplification

For Ma. bonneae, Cytochrome oxidase subunit I (COI) was
amplified by PCR using primer pairs, LepF1 forward (5'-ATTCAA-
CCAATCATAAAGATATTGG-3') and LepR1 reverse (5-TAAACTTCTG-
GATGTCCAAAAAATCA-3') primers (Hajibabaei et al., 2006). Each
PCR reaction contained 5 pL 10x PCR buffer (20 mM Tris-HCl,
pH 8.4, and 500 mM KCl), 2.5 mM MgCl,, 50 uM dNTPs, 0.5 U

DIvV3BMY2M
DIV3MY2M
DIVA4MY2M
pvaamy2M
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0“132“\ N
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Platinum® Taq DNA polymerase (Invitrogen, USA), 0.1 uM of each
primer, 5 pl of DNA template and the remaining volume of ddH,0
up to 50 pl. The PCR thermal consisted of 1 min at 94 °C followed
by 5 cycles of 30s at 94 °C, 40 s at 45 °C, 1 min at 72 °C, then 35
cycles of 30s at 95°C, 40s at 55°C, 1 min at 72 °C, and a final
extension step of 10 min at 72 °C. For Ma. dives, C1]-1718 primer
(5'-GGAGGATTTGGAAATTGATTAGTTCC-3') and CIN-2191 primer
(5'-CCCGGTAAAATTAAAATATAAACTTC-3') (Simon et al., 1994)
were used to amplify COIL The PCR thermal consisted of 30 cycles
of 1 min at 94 °C, 1 min at 55 °C, 1 min at 72 °C and a final exten-
sion step of 10 min at 72 °C. All PCR products were submitted for
sequencing.

2.4. DNA sequencing and analysis

COI amplification was sequenced by Fluorescent dye-termina-
tor sequencing (ABI3730xl DNA sequencers). DNA sequencing
was performed by using forward and reverse primers as in COI
amplification. Nucleotide sequences were multiple aligned using
the Clustal X version 2.0.12 (Thompson et al., 1997). Intraspecific
and interspecific sequence divergences were calculated using the
Kimura 2-parameter (K2P) model (Kimura, 1980). Neighbor-
joining (NJ) tree was built using MEGA 4.0 (Tamura et al., 2007)
with bootstrapping (1000 replications).

2.5. Morphometrics

Wings of Ma. bonneae and Ma. dives were digitized by one of us
(JK) at 13 anatomical landmarks (Fig. 2). The centroid size (CS) of

Mansonia
bonneae

Fig. 1. Neighbor Joining tree built from intraspecific and interspecific sequence divergences using the Kimura 2-parameter (K2P) model. ENT, entomology; JR, Jiraporn
Ruangsittichai; MAB, Mansonia bonneae from Thailand; MAD, Mansonia dives from Thailand; DIVMY2M, Mansonia dives (DIV) from Myanmar (MY2M).
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Fig. 2. Wing of Mansonia sp. showing the 13 landmarks whose coordinates were
used in morphometric analyses. Each landmark is the junction of two different
veins, as required by “Type I” landmarks (Bookstein, 1991).

4 3

12

13

Fig. 3. Polygons are the 13 anatomical landmarks, numbered as in Fig. 2, and
connected by a straight line after Procrustes superposition (residual coordinates) of
the two species, in females (top) and in males (bottom). Interspecific differences are
visually similar in both sexes, slightly more pronounced in males.

each mosquito was computed from the 13 LM configuration: CS is
the square root of the summation of the squared distances
between the center of the configuration and each landmark
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(Bookstein, 1991). Size means and variances were analyzed using
non-parametric ANOVA (Caro-Riafio et al., 2009).

Each configuration of landmarks was superimposed on the total
consensus using the Generalized Procrustes Algorithm (GPA)
(Rohlf, 1990). The residual coordinates of the 13 anatomical land-
marks provided polygons allowing visual comparisons of mean
shapes between species (Fig. 3) and between sexes (Fig. 6). Thus,
after size removal through the Procrustes superimposition on the
consensus of the total sample (GPA), the residual coordinates were
converted into “partial warps” (PW) to allow their processing by
standard multivariate analyses.

The principal components of the PW (i.e., the relative warps, or
RW) were computed to show the morphospace for both species in
females (Fig. 4, left) and in males (Fig. 4, right), separately.

The classification of the wings, or of the individuals (left and
right wing averaged), was evaluated using as reference the DNA
classification. It was performed through a discriminant analysis
(Table 3). For females, the complete set of PW was used as input.
For species assignation of male individuals, to take into account
some small sample sizes in this sex relative to the number of vari-
ables, a reduced set of the RW was used: the nine first RW for the
wing classification, representing 81% of the total variation, and the
five first RW for the individual classification, representing 93% of
the total variation. Classification was based on the shortest Maha-
lanobis distance, and was validated by a Jack-Knife procedure (VR,
see Table 3).

2.5.1. Software

Nucleotide sequences were aligned using the Clustal_X software
(Thompson et al., 1997). Neighbor joining (NJ) tree was obtained
using MEGA 4.0 software (Tamura et al., 2007) with bootstrapping
(1000 runs). All the analyses related to the morphometric study
used the CLIC package (http://www.mpl.ird.fr/morphometrics/
clic/index.html) (Dujardin, 2008; Dujardin et al., 2010).

3. Results
3.1. DNA

The COI DNA barcodes of Mansonia mosquitoes showed 650
basepairs in agarose gel electrophoresis. Thirty-six sequences for
480 basepairs of COI coding regions of Ma. dives (GenBank Acces-
sion Nos.: from JF811352 to JF811392) were compared with 41 se-
quences of Ma. bonneae (GenBank Accession Nos.: from JF811393
to JF811428). These sequences had high A+T content, the average
ranging from 66.5% (Ma. dives) to 67.4% (Ma. bonneae). The average
A+T content at the third position of the codon was 91.3% and 93.4%
in Ma. dives and Ma. bonneae, respectively. This high content of A+T

22 g
5.'

Fig. 4. The two species, Mansonia dives and Ma. bonneae, are represented by convex hulls in the morphospaces of females (28 Ma. bonneae and 31 Ma. dives, left hand) and
males (22 Ma. bonneae and 5 Ma. dives, right hand). In each morphospace, the horizontal axis is the first relative warp (RW1), the vertical axis is the second one (RW2). For
females, the morphospace represents 51% of the total variation, for males it represents 55%. For species classification using the totality or part of the RW, please see Table 3.
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was closely resembling values found in Canadian mosquitoes
(average 67%) and Indian mosquitoes (Cywinska et al., 2006;
Kumar et al., 2007).

3.1.1. Species classification

The phylogenetic relationships among the 82 COI sequences of
Ma. bonneae, Ma. dives and Ae. aegypti (as an outgroup), are illus-
trated by the neighbor-joining (NJ) tree (Fig. 1). The NJ analysis of
the COI sequences showed a clearcut separation between two main
Mansonia clusters. When computing nucleotide sequence diver-
gence using the K2P model, inter-cluster sequence divergence aver-
aged 5.3% (range 5.0-6.4%), whereas sequence divergence within
cluster ranged from 0.5% (0-1.0%) to 1.0% (0-1.5%) (Table 2).

Table 2
Percentage interspecific and intraspecific pairwise sequence divergence for the COI
DNA barcodes of Mansonia bonneae, Ma. dives and Aedes aegypti using K2P model.

% Mean sequence Divergence (range)

Mansonia bonneae ~ Mansonia dives Aedes aegypti
(outgroup)
Mansonia bonneae 0.5 (0-1.0)
Mansonia dives 5.3 (4.8-6.0) 1.0 (0-1.5)
Aedes aegypti 15.7 (15.0-16.3) 14.2 (13.8-15.0) 1.4 (0-2.3)
(outgroup)
Table 3

Classification scores based on shape variation (size was not considered in this
classification). %, percent of correct assignations. RC, reclassification after discrimi-
nant analyses. VR, validated reclassification, where each wing or individual (average
of two wings) is used as a supplementary data. Input variables for discriminant
analyses were the total (22) of relative warps for females, it was five first relative
warps (5RW) for male individuals (representing 81% of the total variance) and nine
(9RW) for wings (93% of the total variance).

J. Ruangsittichai et al. / Infection, Genetics and Evolution 11 (2011) 2089-2094

These two clusters were attributed to Ma. bonneae and Ma. dives
according to morphological and geographic criteria, and were used
as references for the subsequent morphometric study.

3.2. Morphometrics

The centroid size of the wing was significantly different
between males of the two species, not between females (detailed
results not shown). The interspecific changes in the relative posi-
tions of anatomical landmarks, i.e. in shape, were apparently sim-
ilar in males and females (Fig. 3).

3.2.1. Species classification

The relative warps (RW, i.e. the principal components of the
partial warps) allowed a complete separation of the two species
in males but no such good distinction was observed in females
(Fig. 4). The discriminant analysis (using RW as input) allowed
however a satisfactory reclassification of both males and females
(Table 3). The scores of simple reclassification were generally
excellent, ranging between 95 and 100%. Validated reclassification
provided very similar scores, except for male individuals where it
dropped from 95% to 90% (Table 3).

Classification Ma. bonneae % Ma. dives % 2 1
Female Mansonia
Wings 43 53
RC 42 97 52 98
VR 42 97 50 94
Individuals 28 31
RC 28 100 30 96
VR 27 96 30 96
Male Mansonia
Wings (9RW, 93%) 38 9
RC 38 100 9 100 13
VR 36 94 9 100
Individuals (5RW, 81%) 22 5 Fig. 6. Shape variation between sexes after Procrustes superposition of 13
RC 21 95 5 100 landmarks. Lines are connecting landmarks (numbers) as shown Fig. 2. From top
VR 20 90 5 100 to bottom: males and females of Ma. bonneae, males and females of female Ma.
dives.
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Fig. 5. Size variation of the wings between species and sexes, shown as quantile boxes. From top to bottom: male Ma. dives and male Ma. bonneae, female Ma. dives and female
Ma. bonneae. Each box shows the group median separating the 25th and 75th quartiles. Vertical bars under the boxes represent the wings. Units are pixels.
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3.2.2. Sexual dimorphism

There was an important sexual dimorphism at both size (Fig. 5)
and shape (Fig. 6) levels. The Procrustes distances between sexes
within species (0.082 in Ma. bonneae, 0.096 in Ma. dives) were three
times larger than interspecific distances (0.021 for females, 0.032
for males).

4. Discussion

Two modern identification techniques, DNA barcode analysis
and geometric morphometrics, were efficient in the differentiation
of the closely related Mansonia species, Ma. bonneae and Ma. dives.

4.1. Species determination

The DNA bar-code analysis (650 bp fragment of COI) showed
two clearly separate populations showing genetic distances com-
patible with two species. The two species as defined by the DNA
analysis were used as reference populations to evaluate the mor-
phometric tool. The latter produced satisfactory classification
scores, but unequal results according to the sex of the mosquito.
At both the principal component (PCA, Fig. 4) and the discriminant
(DA, Table 3) analyses, males were completely separated. Females
however could be separated only by the DA, with still some over-
lapping (DA, Table 3). Thus, any intent of morphometric identifica-
tion of female specimens should not be performed without a group
of reference material, i.e. specimens confirmed by DNA analyzes.
As explained by Dujardin et al. (2010), the geometric morphomet-
ric approach for species identification requires an existing, free-ac-
cess bank of reference images. Female (and male) images of both
species analyzed in the present study will be uploaded to the CLIC
bank (http://www.mpl.ird.fr/morphometrics/clic/index.html).

In summary, we showed that two alternative or complementary
techniques, the DNA bar-code analysis (650 bp fragment of COI)
and the geometric morphometrics, could help distinguish the
two morphologically close Mansonia species. The fast and low cost
geometric morphometrics could be used as a first choice approach.
If necessary, DNA bar-code analysis could be applied for doubtful
specimens only.

4.2. Sexual dimorphism

The morphometric study of these two species was conducted
separately in males and females, allowing to compare sexes within
each species. As in other mosquito genera recently investigated
(Vidal et al., 2011; Devicari et al., 2011), we disclosed in both spe-
cies a strong sexual dimorphism, both for size (SSD) and for shape
(SShD).

SSD is common in many organisms. In insects, the SSD is con-
sidered as a genetic difference, but it also can be produced by
males and females exhibiting different responses to environmental
changes like temperature (Blanckenhorn, 1997; Morin et al., 1999;
Fischer and Fiedler, 2000, 2001) and/or food quality/quantity
(Mackauer, 1996; Blanckenhorn, 1997; Morin et al., 1999). The
SSD was important and more pronounced in Ma. bonneae which,
on the contrary, showed less sexual shape dimorphism (SShD).

In different organisms, SShD is often considered as a passive
consequence of SSD (allometry). For instance, it has been attrib-
uted to allometry (i.e. SSD) in primates (Gould, 1975; Leigh,
2006) and in Drosophila (Gidaszewski et al., 2009; Baylac and Pe-
nin, 1998; Gilchrist et al., 2000; Debat et al., 2003). However, SShD
in our data could not be satisfactorily interpreted as an allometric
effect, since the most important SShD was observed for the species
having the less important SSD. As a consequence, non-allometric
components were probably playing a role in the SShD of these

two Mansonia species. Studies in other organisms also admitted
non-allometric components for SShD (OHiggins and Collard,
2002; Schaefer et al., 2004; Leigh, 2006; Gidaszewski et al.,
2009), and they were shown to be different, or more active, accord-
ing to the sexual behavior of the organism (Bricefio et al., 2005).

The other sex-related observation in our sample was that the
mean shape divergence between species was higher among males
(Procrustes distance 0.032) than among females (Procrustes dis-
tance 0.021, P<0.001). The reason why interspecific differences
in shape could be higher in one sex than in another were probably
linked with the clear-cut sexual dimorphism in shape. The reason
why more interspecific difference could occur among males rather
than among females has been discussed in terms of sexual selec-
tion (Marsteller et al., 2009). Males of some Diptera - including
mosquitoes species (Cator et al., 2009) or sandflies (Ward et al.,
1988) - use the wings as vibratory and/or visual displays during
courtship (Andersson, 1994). If wing shape affects courtship dis-
plays, it should differ between species, and especially between
males.

5. Conclusions

The bar coding technique could accurately distinguish the two
morphologically close species Ma. bonneae and Ma. dives. The geo-
metric approach was tested as both a classification and a charac-
terization technique on separated sexes of the two species.

Although the bar coding technique is relatively fast and inex-
pensive, and although here it was the most efficient diagnostic
alternative, it cannot compete with the geometric technique in
terms of speed and cost. As long as the morphometric technique
provides satisfactory scores of species classification, we recom-
mend its use as a first approach, preferably on the base of reference
images as recommended in Dujardin et al. (2010). The bar coding
technique would then be applied for doubtful specimens only.

Our observation about sexual dimorphism could indicate that
sexual selection play a significant role in the speciation of some
members of the Mansonia genus.
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e wings are devoted to active dispersion, and

'_J Fetween sexes having different sizes, it is expected

to find wings of different sizes. The SEXUAL SIZE

DIMORPHISM (SSD) is frequently observed in insects.

The SEXUAL SHAPE DIMORPHISM (SShD) has been

less studied, and told to be the passive consequence of
size variation between sexes (allometry).

However, recent studies have demonstrated the
existence of a non-allometric component of SShD,
which suggests the wing can also be a secondary
sexual character. Males of some Diptera - including
mosquitoes or sandflies - use the wings as vibratory
and/or visual displays during courtship.

We studied the sexual dimorphism in three
mosquito genera from two different subfamilies:
Anophelinae and Culicinae. In each genus, Anopheles,
Aedes and Mansonia, we examined close pair(s) of
species living in sympatry in some parts of Thailand.

OBSERVATIONS

1. On average, males were smaller than
females (SSD). Within each species, the landmarks
displacements due to size variation (allometry) and
to sex occurred at different parts of the wings.

2. Between the small males and the larger
females, the different species showed similar shape
changes (SShD).

3. Between species, males most frequently
showed more shape divergence than females.

CONCLUSIONS

1. The shape change between sexes (SShD)
contained a significant non-allometric component.

2. In spite of millions years of separate

. | evolution, the different species showed similar SShD,

| suggesting strong biomechanical constraints on the

same parts of the wings.
3. The interspecific divergence of wing shape

| was larger in males probably because the courtship

display is performed by males. #
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bjective - To study the efficacy and safety of a 3-dav
(O) combination of artesunate-mefloquine (MAS3) iz

the treatment of uncomplicated falciparum malarz
along the Thai-Myanmar border provinces.

Methods - The studies were conducted at =
sentinel sites situated in Mae Hong Son and Tak provinces
(northwestern bordered to Myanmar), Kanchanabun
province (central western border) and Ranong (southwestern
border) where malaria transmission is seasonal. Malariz
patients were both Thai and Non-Thai. Subjects received
a total dose of 12 mg/kg artesunate in 3 daily doses (=
mg/ kg/day on day 0, 1 and 2) and a total dose of 25 mg’
kg mefloquine in 2 doses (15 mg/kg on day 0 and 10 mg/
kg on day 1). Primaquine 0.6 mg/kg was given on day
2 (maximum 30 mg). All doses were directly observed.
Treatment efficacy was determined based on the WHO
classification of treatment outcome [WHO, 2005].

Results - Per protocol analysis included 183 patients.
There were no early treatment failures. Nine cases were
classified as late clinical failures, 10 as late parasitological
failures and 164 as adequate clinical and parasitologica!
response. Drug failure was observed in 89.6 % of the
patients. The geometric mean asexual parasite density at
admission was 15,900 / pl blood. Average asexual parasite
clearance time was 44.2 hours. There were no serious
adverse reactions to the drugs and the treatment was well
tolerated. Response to treatment did not show significant
differences between the study provinces. Chronological
data analysis indicated a successive prolongation of the
parasite clearance time between 2006 and 2009, indicating
a reduction of the efficacy of the MAS3 regimen, usually
the first sign of threatening drug resistance.

Keywords: uncomplicated falciparum malaria, artesunate-
mefloquine combination, Thai-Myanmar border
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Acceptance of abstract for poster presentation, JITMM2009

Dear Dr. Jiraporn,

I am pleased to inform you that your abstract entitled “Differentiation of Mansonia
mosquitoes, filarial vectors, by Morphometrics and DNA barcode analysis” has been
accepted for poster presentation in the JITMM2009, 3-4 December 2009, Bangkok, Thailand.

Abstract ID#: 0094

Poster presentations will take place in the foyer of the meeting hall. The rectangular poster-
board surface area for each presenter is 90 cm wide x 180 cm high. An appropriate poster
size, therefore, is 85 cm wide x 150 cm high.

All poster presentation at JITMM2009 will be considered for the Poster Presentation Award.
Please visit our website http://www.jitmm.com for more information.

The papers presented at the Meeting will be accepted for publication (according to the
editor’s decision) as a supplement of the Southeast Asian Journal of Tropical Medicine and
Public Health, an official publication of the SEAMEO TROPMED Network, at a rate 30$ US
per page. Presenters are requested to bring the full paper ( printed out on A4 paper ) and
saved on a diskette (Microsoft Word) to the JITMM. The Instructions to Authors can be
downloaded at http://www.tm.mahidol.ac.th/seameo/instructions/Instruction.pdf.

As the presenting author, we thank you very much for your registration.
Thanks again for your interest in the Meeting.
Looking forward to welcoming you to JITMMZ2009.

Yours sincerely,

ODWW

Assist.Prof. Pongrama Ramasoota

Chairperson, Scientific Committee JITMM2009
E-mail: jitmm@mahidol.ac.th
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GENETIC STRUCTURE OF NATURAL
POPULATION OF AEDES ALBOPICTUS;
URBAN, RURAL AND SYLVATIC STRAIN

Rutcharin Potiwat?, Yudthana
Samung?, Samrerng Prummongkol?,
Chamnarn Apiwathnasorn®

*Faculty of Tropical Medicine, Mahidol
University, 420/6 Ratchawithi road, Ratchatewi,
Bangkok, 10400, Thailand

bjective - To identify the genetic structure of

mitochondrial NADH dehydrogenase subunit

5(ND3) in Aedes albopictus (Skuse); urban, rural
and sylvatic strain

Method - Aedes albopictus (Skuse) has been a
major vector of dengue in Asia and plays an important
role to transmission of arboviruses. To identify the genetic
variation of these vectors we collected the adults’' mosquitoes
and larva stage from urban, rural and sylvatic area in
many part of Thailand. The nucleotide and consensus
sequence were amplified by polymerase chain reaction
(PCR) and examined the variation by DNA sequencing of
mitochondrial NADH dehydrogenase subunit 5(ND3). The
multiple sequence alignment was analyzed by ClustalW
program and similarity searching on NCBI database by
Basic Local Alignment Search Tool (BLAST).

Results - the urban strain contained point
mutation with different to rural and sylvatics strain,
indicating no genetic exchange between rural and sylvatic
strain. In contrast, both of rural and sylvatic strains were
shared ancestral origin. A comparison of point mutation
with urban and sylvatic population indicated genetic
marker to apply for identifies urban population. The results
of ND5 gene were present low variable and we should
compare with other locus. %

Keywords: Aedes albopictus (Skuse), mitochondrial NADH
dehydrogenase, ND3 gene, genetic variation
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DIFFERENTIATION OF MANSONIA
MOSQUITOES, FILARIAL VECTORS, BY
MORPHOMETRICS AND DNA BARCODE
ANALYSIS

Jiraporn Ruangsittichai', Chalalai
Rueanghiran’,

Chamnarn Apiwatignasorn’,
Yudhthana Samung', Jean Pierre
Dujardin'?

'Department of Medical Entomology, Faculty
of Tropical Medicine, Mahidol University, 420/6
Ratchawithi Road, Ratchathewi, Bangkok
10400, Thailand

“UMR IRD - CNRS 2724, Agropolis, 911, BP
64501, 34394, Montpellier, France

ansonia mosquitoes are natural vectors of

lymphatic filariasis in the South of Thailand

Mansonia bonneae and Mansonia dives are
classified as closely related species and distributed in the same
breeding place, swamp forest. Morphology identification of
these two Mansonia species is undescribed. So the correct
differentiation is important to determine vector capacits
and vector control. In this study, 35 Mansonia mosquitoes
were used to distinguish by geometric morphometrics and
DNA barcode analysis. Morphometrics were used as =
tool for evaluating physical variation. Variation of size and
shape were analyzed [rom landmarks on digital picture of
mosquito wing. DNA barcode using cytochrome oxidase
subunit 1 (COI) were applied to differentiation Mansoriz
species. LepF1 and LepR1 primer were used 1o amplify the
650 bp COI gene and compared the relationship of thess
two Mansonia species by construction of phylogenetic tre=.
Comparing with two methods, morphometrics and DNA
barcode analysis, it demonstrated that these methods cosid
dilferentiate into two species groups and could used 2= =
tool for identification Mansonia bonneae and Mansoms
dives. ==

Keywords: Mansonia, Geometric morphometrics; DNA haroode

Cytochrome oxidase subunit
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