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ABSTRACT

Black-winged Stilts (Himantopus himantopus) are sexually monomorphic birds and
vary considerably in pattern on their crown and hindneck. This research aimed to identify
the gender and study genetic diversity of H. himantopus. For sex identification,
chromo-helicase DNA binding protein (CHD) gene was amplified using 2550F/2718R
primers. Only one PCR product from CHD-Z allele was obtained from male sample
whereas two PCR products with a size of 461 base pair (bp) for CHD-W allele and 620 bp
for CHD-Z allele were obtained from female sample that DNA fragments of different sizes
about 159 bp. One hundred and sixteen Black-winged Stilts were trapped both breeding
and migration season from Bueng Boraphet Non Hunting Area, 56 males and 59 females
were determined. However, only one sample could not be amplified by PCR. Additionally,
the gender were not related to the six crown and hindneck patterns. In genetic diversity,
the nucleotide sequences of cytochrome ¢ oxidase | (COI) gene were investigated and
showed species differences between birds in genus Himantopus. The results of molecular
sexing and genetic diversity will also have implications for birds management and

conservation.

Keywords: gender identification, chromo-helicase-DNA binding (CHD) gene,

Himantopus himantopus
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1.1 anuumuazanud Ay veinisivy
- =l Y a - Y Jdda YN ]

unenew Asunfienendredu Iauanninuinilaninuindoununsaufanis
° aa : & ' o A A Y W 1
fsaTinluusiazggma Mundsemnsafiamanysal wuivanzadlunmsaiieinidd way
& ! - g v w 1 =l as =3 v a ar
Gegandou Juduigdnsudeatunnd Tnsannunenenighetunendelulssmealnesy
aglutasuengguaniug Hrawudifieuiuensufisnua1ius uagenennduluisiouiinauis
Woulnwgu ldunnanisenenvssunlulseinalve asegluidunianisiuenawiaiey
nyiueon-oeawnside (Fast Asian-Australasian Flyway: EAAF) WulUlumaidignfunisensw
geaunluvidviede Tnoflunvatsuauditonenduumayms uazwsufulngduszegnidlng
v [ =t dd‘l’ n:‘ ] g A s &l Au ar (a‘d s
Whunerdelulszmdlng Galinunguingauanysal - wazwunlreysnvniaudaende
dmSuunenan fjuundaiouiaiisuduiivednanm wazauauyeivemingnTiinm

a o v | ' v o S
gilaunowsniidunluusumelne awnsaudseenlivanengu laun unilai  (Waterfowl
bird) unun (Terrestrial bird) unawniia (Raptor 58 Bird of prey) unweia (Sea Bird) un
11 (Water bird) uazunwgiau (Shorebird) Fuduuniierdvegmumsiauvieyioun 9
] HI = QI s ) 4

wmidutisfiunssiauenewdiu il semalngUSinanige saiuungsauungun

wizwnnsumsiundalunemeuld Tnsmwiziuiivisihnea vshuuinde veie Ue

b 4
| o £ (-]

¢=’l’ © ¢ .o’ L J a1 g &
Aeedn i wazudianunguiivesUsaneg (wetland)  Insianiziunguirdavessiin

1

(bung boraphet wetland)

unwstaulusufu Charadriformes (Wuunifinanuinaula dWesanunlusuduild
ALANATUgIRNYIEA1ueN MIFuRUg suaundsidendy Tatiameasduniialn
(Family Charadriidae) fvunarauduuadnaudaunanans Situnteh wavunmensia
sUsnAsuteuanad1eiuly assesUne1aare Ase 1A Loy wiedu Yanwazsosuinuvay
vnudaunlursdbesnifiu 2 2edden (Subfamily) Ussindlnenwuia 2 seddes fe 1) 296
douuniale (Subfamily Charadriinae: Plovers Wag Lapwings) uag 2) nAgagunfiuliey
(Subfamily Recurvirostrinae: Stilts uag Avocets) Tnsnddosunfuiisuaunsoutsesniy
2 a1 @ Tribe Haematopodini way Tribe Recurvirostrini Usginalngwuiisanaiun
fuifigu (Recurvirostrini) uawiiles 2 ana fie anaunfuliou (Himantopus) uasanaunuin
10U (Recurvirostra)

dwiuanaunfiuiieu (Himantopus) TuussinelnedsisnuiieswalTdines Asun

fuflou oandieydn Black-winged  Stilt  H¥eIneneansdn Himantopus  himantopus



(Linnaeus, 1758) unfudleuiizomsduiunusehdunazunenew wulivesuwarUSuin
Yoy (lonnd, 2541) wusnvdluevesaiinasausnileol 2535 wasnuiimaYadessn
ety (Insimi, 2545) unfufeudaiudnitrduasesesysemdlng Wuuniifoun
@nflenans SuandeflsnuazGuiunay resauiunan Uneuvands angidunavse
yuyi3e drsduaraludvn aslwnuazaurqulnuisdun (ay, 2552) ffureiaenild
AusnTEnaNLaznenag UL UULANANTY sauiiduionsenisuuazineneyeiad
woudin egulsimuannisdanavesamilaBeun nuiunfufulimuduwlsueduar
Fumisvesduuiuazae FudtlifinsAnvuarsemiluvsandlng usunluanatiinide
Wlunudnvasauasdumisesduunsenisunaras (Brumfield, 2010) Wi Himantopus
leucocephalus ¥3e White-headed Stilt/ Pied Stilt ufuunuszirdulusoamnside us

annsonuldiuuinizya wasiduludioe Janmsseyaneiugiazfinwauvainuaigms

'
o =

o oA P o & ¢ Y
Wugnssuvesuniuiisufiensmuazifuunuszdriuluusemalng auduys slowiniedou

'

FIuToyaUgNTIY nsdsausErnsuneneniiimumasiufisne i sema e
Husiidinanuvainvansvesunews amgauauysaivesfiufiudasiiegfiunenewidn
wefy 1ulszlenilun1snuuamnaniseuay gua kazannsAnANsoun
faleiinisnanitunfudfisuaiunsassumanndnsazatsuenla udanNn1s
drdnvariiuasinevssvssuniuiisuuinadvesziia Yaniaunsaissd Tutaegg v
sisldnuindningfidens mldddeduiiveuindnuasduinaruazieneslianse
seymauniuioulfedndaou muvkunfufisufionsnusamdlneduidutaaengg
wauug Fednnaitdnsasnadugninainiieutu nanfemauaswadiefidnvas
yaneueniimileuiu (sexually monomorphic) Fiennsenistasawuning ieldlunis
drmaszrnsunitonemdnunissuiudesardomaiamluanatisfionisseymmun 3
wadiamdluanaifeudantdlunsssymeuniufaiundsniséunudu chromo-helicase-
DNA binding (CHD) vulasiulen W (Griffiths waz Tiwari, 1995) uaglaslulay Z (Griffiths
way Korn, 1997) Lﬁ'aamﬂunﬁé’ﬂwmwaﬂﬂﬂﬂwmemnsiwqa']ﬂé’mﬁﬁ”mgﬂﬁwuu Tagun
wendleilasluleumaiiunniaiu (heterogametic sex: ZW) Tummsﬁumw@ﬁiﬂﬂﬂ‘umm
Fnilouiu (homogametic sex: Z2) sawfundnmsiifimuuansinevesmuenuiion
intron we38u CHD sewinlaslulan Z (CHD-2) fulaslulen W (CHD-W) (Griffiths uay
Tiwari, 1995; Ellegren, 1996; Griffiths waz Korn, 1997) Jawnlglumsssymauntaidu
06197 oniuun@ituldld  Fsnnsssymaundromedansluana Wudsiianusat
gndfes wiudr uasfuuszlenidenseying uarAnundnsdussniraneoduuuime
TumsUssifiulsseinsveaun Feasfuteyauazysslovdlunmsnununareyindanows

unfuisululsenalnesold



1.2 InqUszaAvanITIdY
1.2.1 Ustinaunanauniiuifieulusedulinana
1.2.2 Anwansuguesunfuiieulussivlianamensiassiaduiiadlolngd
1.2.3 Anvasuidisuaeiiug wazmiumannumsresunanaunfiufiouieiionemwin

wazuszanduluvssmealne

1.3 92ULYANTTIY

Tassuidifumstuievsding Anvaeiug uagemnunainaneniaiugnssuvsun
anaunfiuiioy vafonewnuazvhinsldlulsumalng Wusegnegmeldmsiaures
fiemauazidmihdlulasinisnisinwidunenenvasunlaonisinipdomnofina
FrdmiuaziihseiilsagUilml  lagaonfidednitifovosuin  nquaniddednivh  ddn
aydnudnith nsugneuwimd drithuasiugiy Inevhmatuiedidluudnaieaie

Frivrtvesuiiin JamiauasaIsse

1.4 NU{UATNITOULUIARYAINITINY

msfnyuardasuunaT s iugnss desfneeangusudnuasng
dugnineuazdayaseiuluanavesdd®n nsdnvimnuainanslussdulinanandald
aslSuifisuansuirdlelnavesdu chromo-helicase-DNA binding (CHD) ﬁﬁﬁmwﬂaagj
vuidueluiiedos saunanafudioufienswmussmalvetusglutosusnaguaniug
Tngthaadindmiamaduasdeiidnunsnisusniiviiouty (sexually . monomorphic)
Feendemsveting Fesududesordowmaiasziulnanailensusdinaun Tnsunwadied
Tashilomaiiuansieiu - (heterogametic sex: ZW)  TunssfiunumerlasTlvuwei
wiloudu (homogametic sex: Z7) Faufundnnsiifinanuuansneesnnaeuinndy

159U (intron) Ya8U CHD FUIAULANAITUTLY LUATTULTLIAUN

1.5 Ad1ALYUDIN1TIY
AU onet (gender identification) 8u chromo-helicase-DNA binding (CHD)

(chromo-helicase-DNA binding (CHD) gene) unfuliitu (Himantopus himantopus)

1.6 Uszlamninainazlasu
NIt iUsrauRadisraInTaUtwAunfuieu LACAIUVRINVAENI
WugnssuveInguseg it nggengniariniinwly  eihluvssyndldlunsdnwirnu

Uszonsveun sauvianginssunisonenuasineiusoly
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2.1 anaunfuiiouy
¢ o . . ' & ¢ v ¢
unluedunile (Family Charadriidae) wuseanilu 2 wdgey Ussimalngwuny 2 29
dos Aonddesunfiuiou (Subfamily Recurvirostrinae) Wazasdtosuniiala (Subfamily
Charadriinae) dmiuasdtosunfuliisu (Subfamily Recurvirostrinae: Stilts wag Avocets)
€ 1 Ko -3 <t a <4 -3
unlundgesiiivuindnautiruinnay. (31 - 42 wuiues) UYnen ase vieweudu
& v = Y | v o 3 & & <
dntiey wunarslniduusngaeninian Yatevnsdia dvwvie 12 - 14 @ indaluiuuinga
' & R L 4 iy Y o ' o 5 J
S iheneiwsdiatudeuilauily  Duunmeiiavieensa  awnsaiiswazdila
] 1 } 2] .Y o"o’ = o w X a ] 1al
amnsahulug un uwaswasdaiiuneds vhsmudiudu 1eldasenaz 3 - 4 vsa 1od
Y - Y ° v a ) ¥ v @ y o ]
o fiamsgavsemsududan undade 2 @7 ervaldlufadendu lanudeeenlu 2 man
(Tribe) Usewmdlnenwy 1 waide waunfiufisu (Tribe Recurvirostrini) anwazusavaill
wandnsnAnvasTendtey valandl 11 wilalu 4 ana Ussinalnenuunlumanil 2 ana
Ao anaunfuliigy (Genus Himantopus) Waganaunuiniou (Genus Recurvirostra)
uniiaulalunsfnmessliiluunanaundwiiou  (Himantopus sp) - Tudsewelned]
sroauiealTdifien  Aeuniuiiou  Yealy  Black-winged  Stilt - FoIneenans
Himantopus himantopus (Linnaeus, 1758) unfiutfisudurisunuszinduwazunanen wu
hiveswayU3unanios (enna, 2541) fdhvaruiderduaseutuy UindnuvauEeiends
W Ao arlnn ve uasamnuandr danuvainazUndan ansiulsvdsnveIvium
sonlumnn  weRinssudanuiumduludelunuiuniduagviovinuds wioudulduner
Inemnsaufind vuay warldiau Yagtulufevessinanansanulivesuasu3unmmn
o A o & P & O A~y = o o o < v
nwuunduiiswiisludwessiienssusndiet 2535  wagwuiinisviiasesunauielaguu
(Ins¥md, 2545) dwmduunuszdrdussvirdevuiiupulnduvanir Tnensyalidunquidng
v v v v v ' ) 4 o w & 1Y o & % % v @
sovnulung i sintaudie weliiinnin wsevihdaluguieg Tagthivdmnegeuiuiu
& v - ¥ ] RS -~ 4§ o t 1 a8 4 o
Juthguuiivassin visewluanuin visewnfinihieesegurudnn Tl 2548 wui
vianun 680 51 luudiauneiluazyjaveln 280 $1 uSiaing 343 1 uTuieluanuh 21
$1 UStiuuiilas 35 $9 wasuSniwasein 1 59 (Anssad, 2549)
919damlade Systematics and taxonomy of Australian birds (Christidis way
Boles, 2008) #ina1vin Peter (1934) sryindiunluana Himantopus \WesaUTdinen uaz
Mayr wag Short (1970) Swwuneenilu 8 al3d urdilvgsuwuneenluiies 2 aU34 Ao
H. himantopus (Black-winged Stilt) 7nuluuewsni glsu 1ei¥s odinside uaz H.



novaezelandiae (Black Stilt) lufhduaus udednlsimuindninegeniuiniuriialin
#® White-headed Stilt (H. leucocephalus) %38 Australian Stilt wseduundsesiduly
poansdy udaunsanuldvuimern ingvesidey uasiauludime dnunsidures H.
leucocephalus AwanA9aN H. himantopus mmﬁﬁjﬁa Waterbirds of Asia Aau3tieuving
vesfunnediiaian uazthnazusuudntios uas Marchant wag Higgins, 1993; Pierce
1996; Dickinson, 2003 WUt H. himantopus \Ju 5 subspecies Ao 1. himantopus wulu
wewsm glsU 1wl 2. leucocephalus WUlFRaUA Java s Australasia WAz 3. knudseni
wuil Hawaii 4. mexicanus wuudawviivewiinwmile waznans was 5. melanurus wuly
Aveusnlé uwieghelsimuiisnuvaiios 3 aU3d Ao H. himantopus (Black-winged Stilt),
H. mexicanus (Black-necked stilt) way H. leucocephalus (White-headed Stilt) (AOU,
1998) Tney Rasmussen Wag Anderton (2005) lauanslsiiiiufistounnsraniednuaeniedy
g'luﬁ%u,ﬂﬂ H. leucocephalus 88n3n H. himantopus
NSANYIATINVAINUAIENNTINTNVBIUNUAFINM AN IUaEIRTILUNANLIAINYANY
mefnmitedanguasdiTindumnnmy  szerfunsRnsanyiednvasmadugiing
(morphological analysis) figvegufien  widagduiinmsorduteyalusyivlmanauitiey
deliAnrwgniomndy Simsnunsinmeuainvanslussdiuluanavesuneiay
uadluanaunfiufieuiifeosnn  wasuiilunisinwunyszdtuluinfuaud Ao A
novaezelandiae (Black Stilt) iosninwuswauesuarlndgaiig Sullmsduilunslums
wnadsdudnmnse (Millar uazaay, 1997; Wallis, 1999) wenainiuudidawudndinisuay
Wugfldseming H novaezelandiae (Black Stilt) fifidnwaisunnsnaiisudauinainun
fuiouriindu q mseilouddimun 21dunen uasiivindd uas H. leucocephalus
(White-headed Stitt) i1 ufy uazwienndn uideuivnevesdosaunisditiauu
Judd willuauAvmdadiiiiuuneng drdvaeensden Wegnraufifidnwazvesduu
wanaeiu Tnoanigsldifuds (Elkington war Maloney, 2000) daziinaruduaunu H.
mexicanus (Black-necked Stilt) fiundfintefunquiinds fausviiunn nszuion was
vievesFosaunivdiitiuuiuddain uiludugedenld wasdudsaflunsfinm
Tuszduluanagadiulunisinw H. novaezelandiae (Black Slilt) waggnian (wu Anwiang
AuNABulemuwatin microsatellite (Steeves wavanuy, 2008; Steeves WavAmy, 2010;
Brumfield, 2010; Hagen wazatuy, 2011)
urluanafuidiou (genus Himantopus) aglund Recurvirostridae WHuunfianunsany
halan Tnednuarvownluanai As Suinsmnse uazider Ynem aneTnuvan wudane
Iniduuenaneming wisdu sumemndusnuintu wasen (ema, 2563) Hadannis

Auahdoyanuidafiauduaulunisdnduunal@dvesunluanatl  Tnganmsduunues



International Ornithological Committee World Bird List version 5.1 (2015) §adnuunun
‘luaqamumamﬂu 5 aUTd mmumagmmwmunLmasa'djua A8 H. himantopus (Black-
winged Stilt) e deguIinvAvglsy il uazueninn H. leucocephalus (White-
headed Stilt) erdvagudnansemaeeamsids fuaun uazmyinelndlfssluumanyms
wU@Wn H. novaezelandiae (Black Stilt) wua@ﬁﬂs&wﬂﬁa%uauﬁwhﬁgu H. melanurus
(White-backed Stilt) e1degluvivendnild waz H. mexicanus (Black-necked Stilt) wu
agvmouldvowiveudnuvile  sudwmeunaruazneulfvewivendnild  useenslsf
A BirdLife International (2015) wag The International Union for Conservation of
Nature (IUCN) Red List of Threatened (2014) wisunluanafiuiieusenidu 2 al3d fe (1)
Black-winged Stilt (Himantopus himantopus) Wag (2) Black Stilt (Himantopus
novaezelandiae) lawalTd H. himantopus, H. leucocephalus, H. mexicanus 590 H.
melanurus axdapgluatddifuanu Fwaonndostunisussyuadsdl 11 Yas Convention on
Migratory Species (CMS) T 2014 fifinnséhe H. leucocephalus waz H. mexicanus 5

\u H. himantopus \igea¥Tdiie) Fansulialdddanuduavetunn

2.2 msanwanunanvatgluseaulaiana
fiwaunsfinnanuainvanglusyivliianavesuniuanaunfuiisudnuiutey way
delimefisrenumsanuludssmdlng TnefisneuiiiAeates fo Paton wazauy (2003)
Anwaduihadlolvatusiunus large nuclear exon 838U RAG-1 (recombination
activating gene 1) UM1AAINETT 2850 fiud Tuunwnelawdusu Charadriform 11 36
aldd 990 34 ana 17 w3 enldu 2 1A Ae crab plover ag ibisbill @wnsanvIunEaY
\Ju 3 ngu e Charadrii, Scolopaci U Lari a8 Scolopaci uay Lari avfimulnadariu
At GelinauanAeInmsiinwves Sibley way Ahlquist (1990) fiuansdn Charadri
way Lari aefimnulndatuninndy Scolopadi ilefimsanamuduiusnelungu Charadrii
ansowdasenifu 2 nqudey fe ngudes 1 Ussneudeana Burhinus, Pluvianellus uway
Chionis LLasﬂEina'aEJ*?i 2 Useneusagana Charadrius, Phegornis, Vanellus, Himantopus,
Haematopus wa¥ Recurvirostra wanilefnwmnudniusuansiiuinana Charadrius
wannulnaBniuana Phegornis way Vanellus usiana Himantopus uasalnddaiu
dnNa Haematopus Waw Recurvirostra
Ericson uavany (2003) Anwanuduiusvesunludusiu Charadriformes $1uau
23 aUdid 91n 15 2 nduilndlelvdvesdiduienelufiuadvaludumia RAG-1 (930
Alus) waz myoglobin intron Il (693-734 giua) ansawvsesnidu 2 ngulva) Tnenquil 1

Usenaudisun sandpiper (39 Scolopacidae, Jacanidae, Rostratulidae, Thinocoridae)




’i’JllV'l’:\'mﬂ gulls wazau1¥n (Laridae, Sternidae, Rynchopidae, Stercorariidae), auks
(Alcidae) way coursers (Glareolidae) Tuﬂduﬁ 2 Usenpumisun plover (Charadriidae,
Haematopodidae, Recurvirostridae) 59 sheathbill (Chionidae) uwag thick-knee
(Burhinidae) Faudrliinansdnulidenadeatu Paton uazane (2003) lusuuvesngy
wswandliiuin Scolopaci way Lari xfimnalnddafuninndy Charadrii wadlofiansan
Anduiusaelungu Charadrii awnsautseaniiu 2 nguges e ngudes 1 Usenausie
ana Burhinus (d Burhinidae) Wag Chionis (19 Chionidae) uazngueesdl 2 Usznaudie
ana Vanellus (29 Vanellidae), Haematopus (13# Haematopodidae), Recurvirostra
(WA Recurvirostridae) uavana Pluvianellus Wag Charadrius (WA Charadriidae) R
LANGNIINNSANYIYEY Paton WagAnls (2003) Mudmeliiiiuiiana Pluvianellus Tlndda
flvana Burhinus wag Chionis 3Ani1

Ine Paton wag Baker (2006) uansliinamsidaduindlelvaiu 14 dundawes
fululuinnewnie awnsadanguun 17 2dlududvildfndanslffssiumidadumis
vilswesdrduihnalelndenduluinadoanietulululnaounde Tagsnnsfinwidsuil
wwdlolnalu 14 suvsvesdulululvroweie Fosmudwiviiaadlolnauszunn 13,000 ¢
Wwd A 125 ribosomal RNA, 165 ribosomal RNA, NADH dehydrogenase 1 (ND1), NADH
dehydrogenase 2 (ND2), cytochrome ¢ oxidase | (COI), cytochrome c oxidase Il (COIl),
ATP synthase protein 8 (ATP8), ATP synthase protein 6 (ATP6), cytochrome ¢ oxidase
il (COIll), NADH dehydrogenase 3 (ND3), NADH dehydrogenase 4L (ND4L), NADH
dehydrogenase 4 (ND4), NADH dehydrogenase 5 (ND5) Wag Cytochrome b uavlvideya
aanadesiuiuluiaimdoadumisiy RAG-1  usogralsAmuuusihldiinsAnuieduly

Tadvanazlululvasuaseniuanu

v
v

Tudududes Charadrii tufissauiidutedaudetuvosunluana Pluvialis 1wy
Black-bellied Plover (Pluvialis squatarola) ﬁlﬁlﬁﬁﬂﬂg“lmﬂﬁ Charadridae  uafl
ANMUFNNUSINATALUY paraphyletic U2 Charadridae %39f1UA Recurvirostridae way
Haematopodidae  sauviinudutuslnddauuy paraphyletic  fusufutes Charadrii
(Ericson wavAMy, 2003; Baker wagAmy, 2007; Fain wag Houde, 2007 wag Mayr, 2011)
Tne Baker wavaiy (2007) Anwasuindlelnavesdulululnaounds 3 dunuis (125,
ND2 waw Cyt b) uar RAGL Jududuluiinadea uas Fain way Houde (2007) Anwidduil
ndleinavesdulululnmeunds 2 duwds (125+val ez 165) wazduluilnded 3
Auye A GPD3-5, ADH5 wae FGB7 wsathalsiniy Baker uagmny (2012) ld@nwndisudl
ardlenaandunisluiiiedeadiuiu 8 Bu As Aldolase B fructose-bisphosphate

(ALDOB), brain-derived neurotrophic factor (BDNF), bone morphogenetic protein 2



(BMP2), heavy chain of dynein axonemal 3 (DNAH3), neurotrophin 3 (NTF3), prolactin
receptor (PRLR), Tyrosine-protein phosphatase non-receptor type 12 (PTPN12) uay
TNF receptor association factor 6 (TRAF6) uaaslviuimunluana Pluvialis innuduwus
Tnd3auuu monophytetic fU9A Charadriidae uazuaasliiiuiarnudunusveunluled
ﬁﬂizﬂauﬁ’maqa Pluvialis, Oreopholus, Vanellus, Peltohyas Wwag Charadrius S'):Jﬁgquﬂ
luana Haematopus  fiTmun1397u (sister  group) fuunluana Himantopus  uag
Recunvirostra  3aiiunlfulunsutaunlursdiooniu 4 2addes (subfamily)  #e
Pluvialinae, Oreopholinae, Vanellinae Way Charadriinae %ﬂﬂ&ﬁ"’;‘lﬂun‘luwﬁ
Charadridae  flouudseoniliu 2 29dtey Ao lapwings (Vanellinae) uay plovers
(Charadriidae) uenanniuuddsiideyaiansiiifannnssaufuserinaunluana Peltohyas
fudna Charadrius (Baker waaniy, 2012) wazivana Vanellus (Baker uaganig, 2007) 8n

Mg

2.3 NMSIBYNAUN
a d o I
msszymaluunifudszlenilunsinaunsiasuilanssansun Snstdiuvens

(sex ratio) weRnssuMINANNLS Taadng) n1saying uariTaiuams MunANgNeed

9/

uduglumsugiiamsegeiugianisn Samssvymeavesuniduldldonluugndal

9
[
(4

LARENYRIETNEYOINA YonandSiwuinUseana 50 Wedlud vesuntvuaiidnuay
mevenileutuislumeguaziwade (sexually monomorphic) ¥ililalanunsasyyine
Tnegaindnvarneuenld wildngremmanuduiusvesdnuaziasngAnssssninane
S unLWﬂszﬁﬁé’uﬁLﬁuLLasaﬂ'laﬂ:i'lemﬁa wazdvuradinniunnades nsfnw
AertugesTuy nsmalasTulsuna msiwdedandouiensasgeisvinenisly oR
wenanyiliunuiauuds Ssfitadeivilimsuanananindould 1wu 1y ggnianay
Wug wazvunavesdda Wusiu srmiinavlunUREUlE (Bermudez-Humaran uazame,
2002) KuhuFdlainsiaunmsszynademedavluanatu (Cerit Az Avanus, 2007)
TneweilafdsininnldlunsssymaunduiRadundsniséunudu chromo-helicase-DNA
binding (CHD) vulastulen W (Griffiths waz Tiwari, 1995) uazlaslulen Z (Griffiths uay
Korn, 1997) Lﬁmmnunﬁé’ﬂwmwadﬂﬂﬂwmemncaiwmﬂé‘t’mil,ﬁqunﬁaauu Tagunina
eillasluleumaiiuandisiy (heterogametic sex: ZwW) Tuvasiuninagiilastulouwed
wiilouiu (homogametic sex: ZZ) $AUNENMTATIAINLANANIYBIAIMETIUTIIN intron
Q998U CHD sevinalasiulen Z (CHD-2) dulasiulaun W (CHD-W) (Griffiths way Tiwari,
1995; Ellegren, 1996; Griffiths uaz Kom, 1997) fadunldlunmsszymaunlimluegiei

sariuunidulals



Inswesgusniihanldlumsssymaun Aslwswes P2/P3 (Griffiths uaz Tiwari, 1995)
uilifuiiteudesmmbunsiiuuinumstugnssuludiuees exon vesdu CHD fivutn
yosbuMBuiessning CHD-W way CHD-Z uandnafuuseuns 60-110 giua ‘?]IUQE‘J:ﬁULLGiazﬁ
V94 wagléfinsiann universal primers faunsovurldlunsssymeaun loud P2/ps
(Griffiths  Wwasmtuy, 1998), 1237L/1272H (Kahn uavAtuy, 1998) uar 2550F/2718R
(Fridolfsson waw Ellegren, 1999) &slwswes P2/P8 way 1237L/1272H vxfiudSuiaans

[

Wugnssuvesdiu CHD Uihia intron Wheafu wazlnsies 2550F/2718R astiinusunaens

L

= ) . o ° [ . . 5 l-e'l’ a
WUgNSINVRBU CHD USHiad intron 7is1elU dmsu universal primer Y4 3 AUWINEAUNNT

9

srywaluunuandeduly (Dalton wavamy, 2010, Dawson LazAME, 2001) TAMILLA
uniiavi (Anatidae family) (One wae Vellayan, 2008) Tns Wang uazaaiz (2007) l6@nw
nsdtnswedinldlumsssymeundiuny 73 al3d s 19 2d  wudalwses
1237L/1272H  gnansasvymauntate 7875 wWeddus  warliaunsossymeldl 21.25
wWesigud Ieglidaunsassywaluunisd  Ciconiidae, Muscicapidae, Timalidae uav
undLYes Psittacidae Seanusasyymaldfhelnsiued 2550F/2718R usdmiulnswed
2550F/2718R gnansaseywaunlgiies 73.75 wesidust Tagliannsoldlwswesiluunied
Accipitridae, Cracidae, Caprimulgidae, Musophagidae, Pycnonotidae HAZUNEIUTDY
Threskiornithidae, Anatidae, Phasianidae wag Psittacidae usogalsAinu universal
primers lsiannsavuldlunisssymaundulild Wy unnszeenma (Ostrich: Struthio
camelus) (Griffiths wazay, 1998)

Feunaveniialafnwadeiinaduasmeadoidnvusdugunniiudndey v
Mondenisszyina fafuiedesarfomadanluanaiiionisssynaun Tngnns
W3 U UANMNLANRINYBIEY CHD (chromosome-helicase-DNA-binding) ﬁag’uu
laslulguna menalinyisergnlanededisa (PCR) Mglnsiwesviindeg deigy
Jensen uwarAmy  (2003) vianasssuwaun 47 arewuglasldlnswes P2/P8  uas
1237L/1272H wuananseldlwses P2/P8  svumaunesidvansfiuseuls dauduun
npaludusuidsrfuivuniuiioy sainisvsnaitanisdfiunislunsmzdosly
anMN3aVe3 H. novaezelandiae (Black Stilt) 1leaanwusauiesuazIndgawug (Millar
wazAty, 1997; Wallis, 1999)

Watson uarmAnuy (2004) szywwauniiuvesuinuas (Eurasian oystercatcher) lngifiu
ﬁaaa'wmn'uu'u%L'Jman‘umunmnﬁ"uﬁwmaﬁmﬁtﬁma'imﬂgﬁmmmaqmmﬁ'am
AU s ALArdvIEed Y MaTsymAiiamadamaluanalagnisiiia
Uiy CHD shglwsiued P2/P8 wuitunimediin 1 uau fiflouin 380 gua unnawdly

\fin 2 wau Adlvunm 380 Wag 400 AW UWAXANNITTTYUNAUNTIUIU 80 7 ANNNTOTEULNA
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16 75 f ldaansainuiunadu CHD T 5 63 wazannisisuifisunuinnissey
v s v v - ¢ < '3
wasemMsinrnugUIninagneeafiss 90 Wedibue
Cheng uazay (2006) seynaunUndountie (Platalea minor) Faduundsydndu
- Y Y] v eV a 'Y 4 &
Ypuaunyiuosan ﬁ’lnawquwuqmamaumzmu‘[umqa Wisuuselesilunisinaununis
L = o 4 =Y - s 1 v s ] e‘
syinunssvevateiug uazdnwivnainevan Tauiegeilaiduistsuniiaiean
AsinlsAsEUNRTaNTD Clostridium botulinum F1UIU 26 7 IMNUUATIVADUAN WY
@ ad & o oo A ¢y a o . - [y
aluzne Webuduiunamsimsevimeawaiianiduana lnensiiuusuagu CHD e
Twswes 2550F/2718R 91nkan1sinsen nuiininaiianandnidens 1 wau dvuintud
WBuie 600 gua (CHD-2) milsiinnandniges 2 uay flounBufidue 600 waz 450 ¢
wa (CHD-Z  uay CHD-W) - Famaannisseyimaundlsmaiianidluanalinansaiunig
ATIFDUDILITINAYDIUN ‘ﬁamﬁmwﬂLWﬂlﬁLﬂuuﬂLWﬂﬁ 14 61 wazwedle 12 69
Wang uagamg (2007) AnwimsssyinaunaIniiagd 99iuiu 80 agwug Asounqy 19
0 Tngorduwmailnfidensaldlnsiues 2 ¢ Ao 2550F/2718R waz 1237L/1273H Tumisiiiu
Usunadsuialudunusdu cHD Tagldannelunisihiideonsifendufe 95 asrwaidea 5
Ul 95 aerwalTud 45 U 50 asrnwaldyd 45 Juai 72 eafwalged 45 3uh 9 unu
= 5 I3 =3 'd - oo ot o Y a‘
35 59U 72 9aNGATed 5 Ui 2ntuYinTiesIsikanaa RT3 leedSBianIvs WG 3an
v v ¢ ¢ oo ¢
aududuvasernilsa 2.5 Weosidus wuindieldlwsiues 1237L/1273H amnsossyineaun

g

Ieiduau 63 aneiug wazlnsies 2550F/2718R awhsassynaunlagnau 59 aiewug

Tumsszywaunluszdulianamanaliai@ens desldlnsues 3 ¢ (glwswes p2/ps,
12371/1272H uaw 2550F/2718R) usegelsianuiinissiganinununalidiidada cHD-Z
way CHD-W iflnunawindu Sndusosorfemedanidluianadugundislunisseyme Toun
wmailno1slenueail (Restriction fragment length polymorphism: ~ RFLP) @uflunislé
wulwidnsunzidmntislunisuenanuuanawestufidue fudu Sacchi wazawy
(2008) seymevdeaiindu (Circaetus  gallicus) Tneviinsaurusada CHD-W uay CHD-Z
fewaiiafidorflagldlnsies P2/P8 illenniinseid078518nnsTnEda wurandAnid

-]

915 1 uov dvwiegudduieyseanm 380 gua  Tuyndede vliliaunseszyweld
5 o - € o v oo ¥ & o = 5 U @ = 1 o
NUUNINITIATIENETUTIAA LD INAYBITadaYNaDs wuindada CHD-W g1ni1eada
CHD-Z peiiien 9 fiua (387 wag 378 guud mudwiv) Seordumalineriionuaad Tunis
pu} ] [ a v Pl ¢ A o
syumawieaindu lagldieuled 2 wiia loun ol Haelll uaziauled Asp7001 Tnaidioun
i lAwsgvmedidninsinidanuinouleyd Haelll ianudnwieiudadia CHD-Z yvinlidn
AMUUANANYBIWUNIATUAB WS Aoinafifinnandnfidens 2 uou (303 uag 75 guua) ey
Wanandn#i@ens 3 wav (387, 303 uay 75 giua) daueuled Asp700! darudnwiziuda

§a CHD-W niRamuunnaneeuInBufiibule Aewwadiianandnidens 1 uau (378
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Auud) uazmeidofianandnii@ens 3 uou (378, 280 uag 107 gLua) Farunnsldieules
Haelll  wazioulesl Asp700l uegeunandnfidorsaininsies P2/P8 inlmiinad1y
uansivestuiiBulefiannsasyymaunld uiudderes Costantini wagamy (2008)
wutlymduidsaiulunisseymaunununiuduluan (Spheniscus  humboldti) 39nANS
asradeudiu CHD Mmglwsiues P2/P8 wansmaasswuinwafifanandnidens 1 uau (370
fuud) inendleifin 2 wau (370 wag 380 giua) inliiinmnuAguLeTe oswnuuatudisy
winuuananiutes Sddmatinesionueaiidiouley 2 via Ao wulvyd Haelll (310,
60 uay 380 Awua) waviouleyl Asp7001 (370, 270 uag 110 Ad) VIWLENATILUANGANYD
weduazineiy§issty venaniuudrfalinnswauimedndug wunadaetsiedi
(Random amplified polymorphic DNA: RAPD) (Wu wagmeu, 2007) sumansldmaia
Real time 52uUNI53ASIEY melting curve fidnunsausnnandnfidensiifinnaunnsieiu
1nA1YB Tm (melting temperatures) IngvdunldlumsseymaunainnsnTaevdada
CHD-Z waz CHD-W #ifian Tm sirefu 833msseymaundrowadaiiiuisiiausag
ualidessinsydedenisdenltinswasiedinuvangas (Morinha wagang, 2012)
wadsliifinnssssmunasfiufaedas nstafina nasUsdaneiug uagnisiinuaanu
vanvaemaugnssusmadasTuenaluunanafufisuitunenewuluusemelng
wazunanaunfiufieuiivszirduluyssmelng Amudunlsvesduazdumivesduy
nszvsiouLazienes uenIntundunfuiisuiiiunussdu wasunanevnlutaagg
wun lugrgguaniugeramuilugnioilugs unfufisussnaniugludiggSoussning
Wounsudufeufiquisu Famsszymeiugiarfnwemuvainanemaiugnssuvesun
azifudsrleginismugiudeyaniiugnsse n1sAne 3 imuints asdrsaadsevansun
angnilidrmuuvasiuiiae iy ssne dadufedtinaumainuarsvesunanen
ArIgANANYsaiTeIRuTUI M Funanewdanedy saisesfuusslenflunsg

WUINRANSAIVAY QUa WazannIsanAaseunle

2.4 nsiiudiege
Tunuidouaznsmaasslusydvlianadeserdofiduiefivienanimuasusuiad
wiangauiuauide nmsldundeiiduevesunfenisidmedieannideon (Ellegren, 1996;
Wang wavamy, 2007) Weldlumsanafduierildunladdunisuinidusasiinnnivieion
v a A a Y ' - v o ' va o A w
wi19ziin1suANAEINTIER298199NBeALAINAIL YU NASITALDUIEREARAINVUUN
. .. ¥ o
(Jensen wavAny, 2003; Sacchi wagmney, 2004; Costantini wazaney, 2008) wiolta (Kahn
wavAuy, 1998; Fridolfsson wag Ellegren, 1999; Wang wasas, 2007) Wduldenusion

wWaanly Uensen wagamuy, 2003) Wazga919¢ (Robertson WavAmy, 1999; Idaghdour tay
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anly, 2003) Fududanunlildzunsuinidy fasHdensnduundieteiimusan ud
FodltluuSinaannwedmiunisatamidue Sefiusunsusyuna 80-100 Lilasang (Harvey
warAMe, 2006; Wang wagany, 2007) drulugdsaarzanuduadnvliunlaiuuiady
wazianmzeiald venaniuudrddeddnsadafiduelniBunsgiu fonsld Lysis
buffer waz phenol/chloroform figiadldinanlunisadn witidnani chelex wldluns

'Y 4 v o PP o X e PRI
ane 3'Jl|1ﬂ\1cq@ﬁﬂﬂﬂ|.5u1,@ﬂ']L%"Uiﬂﬂllﬂ'ﬂllﬂﬂﬂ'lﬂ Llﬂﬁa’i?ﬂﬁ')ﬂ']ﬂﬂﬂ‘uu LLWENF’]\?JJF’]']I’U’\]’]UQQ

v
[ o

Jagtudinmiinsvmvaiafiduediiagunienseaty FTA (Fast Technology Analysis
L 1 Aﬁ‘ .Y IJ ! L 1
Card : FTA®card) unldlunisifiusnedne Faduddnde azansia$ilunisifiuiiete way
[} 1 a el o s o a -J XY 1
gawunluvarsauddembanldiumatialusydvlinana Wensnsivaouiayidasunieg
fay Smith wag Burgoyne (2004) wulnseay FTA®card anansaldlunisiiusegneg
& o 1 R [YRP P v va a £ ° a ¢ v
Wuevasiegdnivald Fiduenlalinnuuians awrsadrluldlunisiesisvong
watiannlatanals n1sun FTA®card uldifumegruien teanUSunsvondon Tnaly
= [y 2 ¢ | - Vv ol
WeaUseanal 1-2 vea INNISIRILAMSITNLUDST 26 3oLl NUAADAAIUUNS A WLAITYUIN
[7 1 v 1 A a av o s ~ ° \ | 7
Wuriuaudnalidesni 2 Saduwes lumiddeneaduuniinsinsgaiy FTA®card unld
s 1 1 % - o | v
Tunsifiumeds 19y Garcia Wagame (2008) MiAuMetadenmensea1y FTA®card was
as ] i aed =y n'l 4 v
Wumeguunadafidwemuisundnily tieldlunissyuiwaunuivasy  (Gypaetus
barbatus) WUIN5NsEaY FTA®card Iranisinsiginawilausiunisanafidulauuy
Wl waliausnSauariisiagnaiinisaiamouauuuunfvial s9uve Kocijan uavay
(2011) Wnszay FTA@card luifiudegnudanveuininweu (Gyps fulvus) S1uvisgWnsn
wazAnly (2012) Nldszymaluunui Hazamnuazdiieniinisiaividonlanasanaasy fadu
Jeawnsaiusegaldasnazdwiuann wasnisld FTA®card syywaunazldinansingy
Winsanauisafiuusunamsuialnunsaainnszaty Inslifowiudunsunisaiafidule
oo v o o & Y o o9 va g a £
wuuNInsgIunldsazauiu dilgaunaun1saininnadueuy FTA®card  usaws
Wiy Lwiﬁqmmwuaw“smmaqﬁLﬁuLaLﬁmwa'lumsLﬁuﬂ%mmﬁﬁﬁuqnssuﬁmLwﬂﬁﬂﬁ%
4 5 @ o 1 v v a wa o o ]
915 usnNiumsiiushwinasnisvudnaeaunludwissufuinsiilulusgreasain
o & o v 1 - v .,
Usendaiui uagsinida wazarunsodadanalusudldla (Gutiérrez-Corchero et al.,, 2002)
LLazm:maLﬁuﬁuadwalﬁﬁqmmgﬁﬁaq
Faunonewiaulafinwinsilinafuasinaflelidnuarduguuandniudnies viliein
Aan1TTEUINe MTiudaserdeiatianilinanaionisseyweaun Tnenisilouiisuaiiy
unnANYedu CHD  (chromosome-helicase-DNA-binding) Miaguulaslulauing 6

wailafigonimelwswoitiingeg
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o

a9 aunsal uaziSn1Ivnaeg

3.1 MsudIegN

Tuusznelng unfufoududnitrduases Sadeaiwildevesygyinifusetiaun
Aufsuuinaeaiuardnivifevesziiio Saninuasaissd sensugrenuuviend & v
wazwugie warlddunisayilunisifiuiedraaeil va 09074/20810 Taaglumugua
yoadmihiivesaniidedniuntevesuiin

'(,uﬂ'lsa.ﬁuﬁ"zashmzLﬁuﬁaadﬁquﬂﬁq'&aqqaawaw sEuInnRousuIIANDNfDY
unsa wazdegerh il sewhafeunmesuiafouliguisu lagdsnmsifiudaegidluud
azdggaziinTuuandieiu TagusuasunumgAnssuvesun lutaggviiidldvesun
fuliieu un%ﬂn‘l,'dag:ﬁ%’a Fatuaindudaes spring trap Uiaist 393annsiivimdaiiann
aniAdednithfiveszifiadaulannangunsaifndudaivily dnluggeven unduliieu
mﬁaagﬂuﬁ'ulﬁwgqLLasﬁiJ?mmmn 9NTUAILIT cannon net (91§ uavAuy, 2553)

dledinduunfuiiiould ldswavinauilangungsined Lﬁ'a'lﬁLﬂusﬁaﬂszﬁhﬁd‘umuh

wrazi Taeluvhavlanzagiiausviauszsiia Jeussine (THAILAND wineds Usvinelng)
Wax DNP (Department of National Park, Wildlife and Plant Conservation) nu18dansy

s

3 a W & € aa s Y - e
greuwird il uasWugite (1§ wasame, 2554) uastuiinteyadddugiulag

[ v o t

Wmthilsnaariidedaivadvesaiin nasifusiegneiafiuieiienaden TnglHidy
wod 24 1edentsnaminuds uarld micro haematocrit tube #4Us1Aa1N heparin an
Fon mmiuldidenadlunasavaaesinn 1.5 Gaddns iiulludidusunitesiluatafidy
wlutumeudely WiondimsineidonudazduiBondionseay FTA uagussanssay FTA
atuuvaeAnaasInA 1.5 fadans wiaiusegruiadeuinalavuy tdadunasanaass

WA 1.5 faddns nnuulassunnduAugsssuwi

3.2 gunsal uaziadesdle
3.2.1 FTA Card: Whatman
3.2.2 Neddle vuinLues 26
3.2.3 Glove
3.2.4 Puncture Yu1a 2 daduns
3.2.5 Micropipette set Waz Micropipette tips YUIAA°
3.2.6 Microcentrifuge tube Y10 0.2, 0.5 Uy 1.5 Nadang
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3.2.7 Thermal cycler: Eppendorf Mastercycler® ep Gradient S

3.2.8 Agarose gel electrophoresis: Mupid U mupid-exu

3.2.9 Gel documentation: SYNGENE InGenuis Bio imaging wiaulusuasu Genesnap
32.10 AsEAMUTY JU UPP-110HG: Sony

3.2.11 Vortex mixer

3.2.12 Centrifuge: Hettich §u Mikro 22R

3.2.13 Spin down

3.2.14 Microwave

3.2.15 Heat box

3.2.16 Hot air oven

3.2.17 pH meter

3.2.18 Water bath

3.2.19 Beaker vu1@ 100, 500 wag 1,000 daddns
3.2.20 Erlenmeyer flask 9u1a 125 way 250 daddns
3.2.21 Rack vu1n 0.2 way 1.5 adans

3.2.22 Refrigerator 4 uay -20 evrigalTed

3.2.23 Balance vinazidganAtign 4 AunLe

3.2.24 Forceps

3.2.25 Computer WisulUsunsusieg wu Notepad, BioEdit,
3.2.26 Haematocrit tube

3.2.27 Parafilm

3.2.28 Petri dish

3.2.29 Spectrophotometer

3230 Tanuargunsaivedaniedmiudnun

3.3 d15iAd
3.3.1 10X standard Tagq reaction buffer; BioLab
3.3.2 2X Tag master mix; Vivantis
3.3.3 6X loading dye; Biolabs
3.3.4 Abosolute ethanol uag alcohol 70 Wesidus
3.3.5 Agarose gel; Vivantis
3,3.6 Boric acid; Vivantis

3.3.7 Nuclaese free water: Vivantis
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3.3.8 Deoxyribonucleotide triphosphates: dATP, dCTP, dGTP, dTTP ANIILTNTUYTR
8¢ 100 mM; Vivantis

3.3.9 DNA ladder 1 kb aauidntdu 500 pg/ml; Biolabs

3.3.10 DNA ladder 50 bp A sLdu9u 1 mg/mi; Biolabs

3.3.11 DNA ladder VC 100 bp Asidudu 0.1 pg/ul; Vivantis

3.3.12 Ethidium bromide; Vivantis

3.3.13 Ethylenediaminetetraacetate (EDTA); Vivantis

3.3.14 FTA purification reagent; Whatman, UK

3.3.15 GF-1 ambiclean kit (gel&PCR); Vivantis

3.3.16 GF-1 blood DNA extraction kit; Vivantis

3.3.17 GF-1 tissue DNA extraction kit; Vivantis

3.3.18 Magnesium chloride; Vivantis

3.3.19 Nuclease free water; Vivantis

3.3.20 Tag DNA polymerase; Biolabs

3.3.21 Tris base; Vivantis '

3.3.22 Primer LaAIAanNs199 3.1-3.4

A15199 3.1 uansstalnsies avuiiaalelng Aunue wasionalsendadlnswes

wsmes anviiandlotna m;:uq 81984
2550F  5-GTTACTGATTCGTCTACGAGA-3’ CHD Fridolfsson way
2718R 5 -ATTGAAATGATCCAGTGCTTG-3’ Ellegren, 1999
P2 5 -TCTGCATCGCTAAATCCTTT-3’ CHD Griffiths wavAuy,
P8 5 -CTCCCAAGGATGAGRAAYTG-3 1998
12371 5"-GAGAAACTGTGCAAAACAG-3’ CHD

. . Kahn wazatuy, 1998
1272H 5 -TCCAGAATATCTTCTGCTCC-3

Bird F1 5’-TTCTCCAACCACAAAGACATTGGCAC-3’ col
Bird R3  5’- AGGAGTTTGCTAGTACGATGCC-3’

Hebert wazatue, 2004
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3.4 F3MInany
) 1 A oa - d o ' -
mEJEJ’N'VILﬂ‘UJJ'ﬂ‘ﬂ‘umiVIﬂaaﬂll‘Vldwuﬂ 3 EﬂLLU‘U A9 AI9UINADAVUNTIYAY FTA
o 1 @ Hd g v . 4 4 a =« alad v a g o
MDLNLADANAUAIY Haematocrit tube wagiluaigausiigivaanau 3WITN5ANARLOULEN

14

LANFNAY Fadl

3.4.1 mohbRiowelunseay FTA U3ans
Tunsdliiuiegradonasuunszaiy FTA szdesinszany FTA uvihlduigns
1 A -] a' < -t 1 1 5 f =t d' ] o 1 74
AounaztlUiuUSamdue Tnghifowinutunsunisadamidure danuisunnisiunld
N d‘ L7 A af L 24 LY Y. 7 =3 ﬂl

Tumsseyme Wosnlduiunandeniisnaniesduladunszaty FTA waziluisanaga

d‘ 5 o L 4 oy ¢§ (Y =Y [ L
Wioswnfiiisaduneunisyilinseane FTA u3gns TredaudasdiSnsviliiiduelunseany
UTEVSAINGWRNTT uazAme (2012) TUIINAITHIANALRINNNRILNTLATYNIO poucher
un 2 fades soueanssea 70 Wesidus selviui vievhaudsern poucher Tny
o (-] 1 L] LY ) d (-] L7 l - .A' A
lumzuunseay FTA lusulsdldisothaden Welunisidmrwduvsodanysni

(Y3 124 s 5 v o ald L3 (] -] 1
SamnAne wasanuuld poucher l@gnseEaw FTA UShamniimetrndenldaslunasannaes
YU 0.2 Nadans Auals FTA purification  reagent (Whatman, UK) USuins 125
lulasang whly Vortex #4875 FTA purification reagent dsflamantiiilun1svednwdanysn
QIQ ¥ -] 1 ﬂl A
waslAvveLgaanfAndauunIza1y FTA  Wivgagen udaniluuunisinies Heatbox

o < tJ -]
gamadl 65 avrwailed (Jusserinan 10 Wil Wieasuaanily vortex uargaansazany
pon uazldans FTA purification reagent Usuins 125 Tulasdas uaniluuuiigugil 65
svwalda Wusserioan 10 wiiidnasy 9aniungan1sineiesals FTA purification
reagent f8 TE buffer Aadudu 0.1 fadluad YSunas 125 Wlasans Keld 10 uadi #1
gaumnivies gaansazarween wagld TE buffer Amuidudu 0.1 fadluans Usuns 125
Tlasing M9l7 10 Wi Ngaumaiiviesdnase antiuga TE buffer sanlivun neuvzivasn
Y " o A & v a £ v o9V v W a pei a
naaenlfedtEnun sy AU TUTgMsUEIlUI AW EATeq Heat box Migaumgll
65 pamgaldua Luseesina 5-10 U1l wseauninazumaily fedunalaaindiorinnisan
I ta ¥ o v

naavnaadnsEavliininasanaaes ndutinseay FTA Wldlunisseymeame

watianluanasisly '

3.4.2 nsatafidueanniden
Tngifumedrudonitlifannisiasideavinumiiudassunuuin 100-200
TulAsans ¢e Haematocrit tube aslunaeaviaastuuin 1.5 faddns wainfidueieyn
afmfiduiedniagy GF-1 blood DNA extraction kit TnavhanuiBnisuasalesnuiwn lay

1Ay buffer BB Usuns 200 lulasansasluidon wanliidniu uasifu proteinase K Aa1u
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Wt 20 Tednfudediadans Usunng 20 lulasans thily vortex Whduiiloiiontu udavud
gamnfl 65 ssmniwaifiea 1Wuszaza 10 wiit :nuiin ANase A ponndudu 20 fadnu
#oiadAns Unns 20 lulasAng thluvuigungll 37 swnwaided (uszesinan 10 widl
\Wedeuaarsensidule easuian iy abosolute ethanol Usuns 200 Tulasdns ndy
vaealUuiuil mnfniasazareianualdady column dseglu collection tube Tu
wiBatemigaseu 7,000 seusiound 1Huszoziaan 1 undl fsdalalu collection tube
ntuLRy wash buffer 1 U3unas 500 lulasans Tuwissiianundiseu 7,000 souURBUN
Wuszozinan 1 unit fedala wasidin wash buffer 2 Y3ins 500 lilasans Juindeedt
Anu$aeu 7,000 seudeundt Wusseran 1wt fudnila wazyhednade dumised
mu$a5eu 12,000 soudeutdt Wuszeznan 3 wiit Wl column us 9rntude
column TUiivasanaasstuia 1.5 §addns iy elution buffer Usuans 100 lulasans Tny
VnastiannsouulamuanumnzauiuUsinadeaiianatin Yasefidliun 2 wndl
st ludusioefianngasey 7,000 seusieunit iuszeiaan 1 wadt th column een

= i v o & - '
WulBueilalin 20 esnwadua eldludunsunsasiamansmaiannluanasiely

v &l & Al a
3.4.3 N1saNAAULRIINILBIEDUINIMNUaBNYU
a8 W ' [ L 4 o 0 w | A 4 a
Tunsaliusegruluiliagsusianlasniu 8RB DU INUaDNIU

v v o &

mawnmaﬁ’mﬁ@mamwﬂaﬂﬂmauméwﬁagﬂ GF-1 tissue DNA extraction kit Iagvinmy

1
[ v H
1

FBnsuazgiiennuitn fil tiifeideuinadasnmanduliiuiugng ldadunaen
Aassun 1.5 dadans Wy buffer TL Usung 250 lulasans uas proteinase K Ay
Wudu 20 Dadnsudefiadans Usines 20 lulasdns ndunasalunifieliansraniu b
lysis enhancer U3uns 20 lulasans Uuﬁqquﬁ 65 svrwaidua Wusvezinm 5 9l
v‘?qf:né'waaﬂ"lﬂmnn‘] 30 Wit Wledosaansiieido Weasunan in RNase A amnududu
20 fiadniurefiadans Vsums 20 lilasAng thluvufiguvnd 37 eswnwaidea u
szpzan 10 Wi iledevaanseniidiuie uaniiin buffer TB USuns 620 lilasdns uay
hluvuflgamgil 65 esrmiwaidea Wussoza 10wt 9nduiAn absolute ethanol
U3wms 200 Tulasans ndunaenluuiuit Sremsasameriomaldady column Seaglu
collection tube Humisininugaseu 7,000 seuseund Wustesinan 1 undl Aedaula
LAY wash buffer Usinms 650 lilasans Jumisefinnaungaseu 7,000 seusound
Wuszozinan 1 undl fedla vienduneu wash buffer Snads Juwmidesfimugaseu
9,000 souseundt Wuan 1wt eyl column wike Mndudie  column
TUiiviaoannassvunn 1.5 fiadans Wy elution buffer Usnms 100 llasans TaeuSumsi

anunseusuldmuanumunsautuUsnaiiaeiinuians Yassiialiuiu 2 widl dludu

143104
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a4 o ' a a o g o a .lev
LIEVIAIIULIITRU 7,000 sauRaun Wuseesiaan 1 UM U1 column 980 INUALDULBYILA

3 af a « & v o '
T -20 ssrwaded weldludunsunmsasiamadiemaianisluanasiely

3.4.4 MInTRdsUANAMIATSINAAIBWE

ihiiduefiataluded 3.4.2 way 3.4.3 wrseaeuaunmiEISeadidninglvs-
Fa TnawwSouasznlsamnudindu 1 wWesidud Tauld TBE buffer Aududu 1X avay
Whdhduhemsidmmudouanlilasion Adiligureumawumaiifivideu seliwauds
freieaasiy chamber vouedosBidninsIngda fu TBE buffer Awndudu 1X Whviuea
38w 6X loading dye Wlimududuidu 3X Inunsuay deionized water niua
WulesogeUTuns 3 lulasdns MU loading dye mududu 3X Uduns 3 Wlasdns i
vy parafilm 3evasavanes uazvgeaadlunquisaiinienly Wisudieuiufidu
wunsgIuuin 1 Alawwa Ysuas 2 lulasing ngnuueuRmSuemeAmm1eng 100
T 1Wuan 30 uidl wdnealudousieg ethidium bromine Aawdudu 10 Lulasniusie
fiadans Wuseeriaar 5 wndl antudelvudluinduduseezing 10wt diealy
arvdeumsliuagivinindes gel documentation wazaenmielusunsu GeneSnap

lumsasavaeuliuafiduemenisiasnisgandunas IinSeuiegfidue
Viines 3 lulasans maufuihnduiisidoudausuns 297 lulasans (dilution factor =
100) luvagawaasswg 1.5 fadans wauliidaniv ﬂﬂﬂﬁu@ﬂﬁﬂiasawaﬂ”’muﬂ‘ldawuﬁa
1Y ﬁﬂlﬂ"a’ﬂﬁ'}msgﬂ‘ﬂﬁuumﬁm'mm'}ﬂf?‘alu 260 uaz 280  wilulums foiATes
spectrophotometer Tnslinduiienidoudududnnmsgu (blank) furmmmududures
AU INgns

AN uTaIRBuE (ug/ml) = Ao x 50 pg/ml x dilution factor

3.4.5 mysvywAunmewaiaszauliana

mssrywauiemaiasziulnanalrsmsiiuinafdueuinaiu cHD Tuts
usnveamsnaaesaznaaaulnsies 3 ¢ dudu universal primer Aldlumsssyneun fe
wsiwes P2/P8 (Griffiths wavamy, 1998) Wsines 1237L/1272H (Kahn wavauy, 1998)
wazlnsiues 2550F/2718R (Fridolfsson wag Ellegren, 1999) Lﬁam"LWﬂuas‘ﬁmmsauﬁqm
Tumsssymaunfiuifioy lunsdifunseamy FTA TumsiiusSinafduessldusunnsans
ey 25 lulasdas Ussnoudey FTA card vunadusiugudnans 2 Saduns firky
%gmaumsv‘hﬁLSuLa'lﬁu‘%qw'éuﬁﬁmu 1 uu Iwswedegway 0.8 WlAlua (ANt 20
Aaluasolulasdns Ysums 1 lulasiing) way 1x Tag Master mix (2x Tag Master mix

USums 12.5 Wlasdas) anduusudiumemae Nuclaese free water Usuins 105
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Lilasaes vildirdeaftuuSinaamiugnssy Afusunsugamaifludusineg dd dd initial
denaturation 171195 eAvaLTYd Lﬂuixﬂznm 5 W% 979U 1 58U denaturation '7;95
svrnwaidoa Wulianseey 45 3undl annealing 50 serneaidoa Wusveriaan 45 Tundt
extension 71 72 ssrwaded Wuszeziaan 45 Junft $1uau 35 50U wae final extension 7
72 ssrwaldea \Wussaziian 5 ui (Wang wasame, 2007) Nsiassinandaidansvuss
Bu cHD thizassaeuisamnmuaruiinafidulefeiBinadidninsInida fde 3.4.4
Wensiseiissvulasmntuiidule  Tasanwdsuesnilsanaianuduty 1.5
Wasidus Tutvies TBE buffer wasldndnAnsifidens 5 lulasAns nauiy loading dye
aududu 3X Yiuns 3 lulaséns TeawSouidisuiubuieniasgiuauin 50 dua
Uainms 2 Wlasans ududsenssualiihiiaanusiadng 50 Taad Wussesinaszana 50-
60 W thusiuealudauluansasarsiedinsuluslun LLasﬁ'fLU"‘aLﬂs'wﬁmwmmﬁaqmmmﬁu
fdwe uwazawjUlufinuan1snaas BonlnsieiNauisousnauuanae veunelad

A © s s ) 3
e wazthluaavaauiunnsegiiely

3.4.6 MsiuSunafidueusuaiu crtochrome ¢ oxidase | (COI)

ISR ueUSIMBY otochrome ¢ oxidase | (COI) \lpRnwiA
wanvateniaiugnssy lnelglnsies BirdF1/BirdR3 (Hebert wavamgy, 2004) lnwilans
wavun 25 hilpsansdenasannaes Usznaume deoxyribonucleotide triphosphates
(dNTPs) Anandudugavnewindiu 0.2 fiadTua1s 10X standard Tag reaction buffer 715
arundudugarinainty 1x nswesdadimnudutugavihenindu 0.8 Tulastuans uay Tag
DNA polymerase Tilaanuidutugavinawviniu 0.05 giln 1@ deionized water 3uAsy 25
lulasans adlunaeanmaasiidfduenududu 100 wilunduselilasans dlufuydunn
MSutedodos DNA thermal cycler Taelilan1essil initial denaturation 71 94 e
waided (et 1 wifl $mnu L seu denaturation 7194 eemwaided Wuaan 1 undl
dm3utumeu annealing gamadl 60 ssmusaides Wunan 1 U 30 Junit extension 7
72 perwaded \Juna 1 wift 30 Sundt $rusu 30 50U wae final extension #i 72 83
waldea Wulan 5 uiil asiedeundndueigensnsisaldninswida wWisuifisudufou

WUIRTFILILIA 100 gud tmandnidersaildluiieneidiuiiadlelndaely
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3.4.7 sy lvinandnfigensusans

4

o\

14

nsiNandaNge1sugnsmeyn GF-1 AmbiClean Kit (PCR & Gel): Vivantis
MINSIINNNIATIvEBULAUA S uETeWARANTNSWE  MaiinUSinafiSueaindumis
fu CHD Fuumiseguilastulewwe Fufussiinnandniidons 2 Sada Ao dada CHD-Z
wardatia CHD-W wvhms‘iLﬂsw::v?mmmé’uﬁ’us‘w%eﬁuqnssumnﬁLﬁutaﬁ"'q 2 dada lnelu
nsdifeenNIsianIzdada cHD-W  Thiwandafidersuwenvuianismatinevnilsd
wadldninslngda Wensasieaeuuaudduelagld UV transilluminator udy 14luilndn
wasynlsausndiuauiiduefidssmsvasivhnsdeuauidueneliuasanslloian
Tdadlunasavaasivune 1.5 fiaddns tealudaimin Inofesaiminnasanaaodildly
Aoy udsmnuviansi e udWires DB (buffer DB) USuns 1: 1 laovsuas
(wasnilsaiviin 0.1 a3y WUsns 100 Wilasans) Tasazdoditniweivihuia dhludy
ﬁqquﬁ 50 earn@alTya Iuniwasnlsasvararafudioioafufutvives wislunsdl
FoanvilvinanBniizersluncoavaasndavd iWundimennadeusemaiaesnilaa
Wwadlannslvigaudmuinfiuauiduie wwwedada CHD-Z Wasiauien Tnethwandniid
asuUuURnesthedndutasndsliiuginmsidu 100 Lilasdns Wu buffer DB Usuns
1: 1 TneBums wazralfidhdulaendunesaluin Weasazaaduiodioatuud, a0
ansavaneiilaldadiunodinl wdnhlutuisdianudasey 7,000 seusiewndt Wuan 1
wnit mdndladleglufisesiuudisiia 1d wash buffer U3ans 750 lulasdns aslumedinl
nuhlutuwissiimiusassy 7,000 sousoud Wunan 1wt dwlaiegluiivessu
Fuansia theedniluduisednadifinugisey 7,000 seusewit Wuna 1 wift e
fdaemueanfudiunauues wash buffer een wWisureduilldasluasavaassvuin
1.5 faddns vaeand uLddu elution buffer ¥3e TE buffer USinas 50 - 60 lulasang
Tnglivhsusunniusy fiianmgivoadussesnm 2 uiit iluiumdsdinnusey
10,000 souseun? Wunar 1wl elfanshraneiiduoegluvasanaaesiuan
ATNAeUNANANATENI NN IILIanS Fromalinesnlsaadidninglnida douas

dimsevdsuiianidlalnaseld

3.4.8 MsAnvimanuduiusmaiugnssuandwiviinedlalng
Trandnfidonddingnn  ddmswimdiduiiedlelndfiu3sm 1st BASE DNA
Sequencing Division Usseuniade Umateyadwiviiandlelndusazieiraniiassi
Wisuisumanuadnuadasinulusunsy BLAST (Altschul wazay, 1990) wWisuiisunu
giudeya GenBank Tu NCBI (National Center for Biotechnology Information) lmeild

Wsunsu BioEdit version 7.0.5.2 lumsnsivseunazuitvanugnaesvesdisiuiindlelng



21

guiedlelnsildunviinisiouiisunnumileuvesdduiindlelndsenineedng
wuu multiple alignment faelusunsy ClustalX version 1.83 uavaf1auauniuand
ANUAURUSIRUENTIUAINTT neighborjoining fivumA1 bootstrapping fa 1000 2
Taellusunsy Mega 6 (Tamura Wagame, 2013)
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Na waraAUs1gnNanInaaes

& o [ = =y
4.1 msinuRleglunAuiisy
Tuusemalneun@udiou (black-winged stilt: H. himantopus) Sanugsiluiaunonamw
L Al o ] 4 s - 1 U 1 A 1
warunUszdrtunedin1svhiannele Judnaenewezegsaniuuglveg (U7 4.1 A) us
' ° w ! Y - S a & d4, F <
Tugnggnisiisneddagnszaigegnaluvinauvanin visiufiguun (Ui 4.1 B) un
a - & A= & =t = al o o - o o
Audieuduunifivunadninas Tuingmdm wasiieiuvan Uneriuvaude ang1afivany
o o 1 1 -t A
drduarndudun arlnnuazvuagulaumisdun (Ui 4.1 O lagagnumnaumainvany
a ' v 5 3= o LY ' <l o Y (Y
yosdulnunszntipunasynenauRIuadY Wn wasat Aseddlugun 4.1 D Aadunisdn

Juuniudou waziSnisifusedwluisazdrnsiinuuandanuaiungfnssuvesun lay

A 74 =t

nsifiusmedunfiufisuluggensndinfeusunaudiuseuuniiay unduiisueidveg
sadudugaziiviinanin 3sandumeiiviedimidig (cannon net) Faviodantrailu

v

4 L A U a A 1 g o)
gunsalfildlunisdvunfianansaduunlinisazuanglasiunliiluduasy (93 vavausy,
:: v o ﬂu Ad‘ - U hd 5 o - Q’j ] ]
2554) Tngtumpuusnazsiosdrsisfiunfiundumsunguiu Mnduvihnsinsiguns alvieds
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9YNII AIUUTIANIUAILIT spring trap UTLILTIVBIUN Ltﬂﬂﬂﬂx‘iéﬂ'ﬂ 4.2 C-D 9935n15U
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v uihitaniitednitrewesein nguauddedndvn nsugnemuwiind dad
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poniliu 5 nqu fguil 4.8 nuadiTdvesunluanaduifiou Ae (1) Himantopus himantopus
(2) H. himantopus leucocephalus (3) H. himantopus melanurus (4) H. mexicanus wag
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A19199 4.4 uansdlTd accession number @1 identity uavanuiiniuietawesun

uvieuwulugudaya GenBank Tu NCBI

GRATE Accession A1 identity  Uszine
number

Himantopus himantopus 7 JF498780 99% 85n
Himantopus himantopus AB843544 99% iiji!u
Himantopus himantopus EU525416 99% Uiy
Himantopus himantopus EU525417 99% wanWsnlA
Himantopus himantopus leucocephalus ~ EU525419 98% edmsLaY
Himantopus himantopus leucocephalus ~ EU525821 989% Tduaun
Himantopus himantopus melanurus EU525423 98% U1
Himantopus himantopus melanurus FJ027650 98% 915lauRYn
Himantopus mexicanus AY666255 98% anigalusnn
Himantopus mexicanus IN801726 98% U8
Recurvirostra americana EU525493 93% LAY
Recurvirostra andina EU525495 92% 7a
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= EU525495 R. andina

EUS25493 R. americena
]; AY666255 H. maxicarus
JNB801726 H. maxicanus

BU525421 H. h. leucocephalus
[~ FJ027650 H. h. melanurus
| LI

EU525423 H. h. melonurus

d . 0 ¥ a ~ o
UM 4.8 uan phylogenetic tree  ndnduilaadlolnavinnudu cor - veunluana
udisy  TaeldnsRmesuuu neighbor-joining  uaslulaawes Kimura  2-
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The black-winged stilt (Himantopus himantopus: Recurvirostridae) has a wide distribution in
nature. In Thailand, there are residents and migratory birds. The adult birds have very long pink
legs and black wings. Crown and hindneck patterns vary from white to dusky-grey. In general,
the gender can be identified by crown and hindneck color, white in female and black in male.
However, in breeding season (April - June) of resident bird at Bung Boraphet where the largest
freshwater swamp in central Thailand, most of their crown and hindneck are white. So, this
species are not clearly sexually dimorphic and the color of their crown and hindneck are not
directly correlated with sex. In this work, a molecular approach was used to assess differences
in coloration of feathers in relation to gender. DNA was amplified from the chromo-helicase-
DNA-binding (CHD) gene that located on both Z (CHD-Z) and W (CHD-W) chromosomes.
Using FTA®card and genomic DNA which extracted from a small volume of blood samples
were used in this experiment. The resulting PCR products from 2550F/2718R primer showed
fragments on a conventional agarose gel electrophoresis with size differences ranging from 150
bp between the two ZW alleles. Males were identified by the presence of a single band about
650 bp (CHD-Z) and females were identified by the presence of a second additional fragment
length of approximately 500 bp (CHD-W). For the resident bird included 32 white and 2 black
head, female: male were 18 :16 which 2 black heads are male. On the other hand, the migratory
bird included 32 white head, 12 black hindneck, 43 grey head and 5 grey crown. The migratory
bird includes 37 female and 46 male. Our results showed clear evidence for a sex- related
decrease in the color on the heads of black-winged stilt.

Keywords: Himantopus himantopus ,sex identification, chromo-helicase-DNA binding
(CHD) gene
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Introduction

The black-winged stilt (Himantopus himantopus: Recurvirostridae) has
a wide distribution in nature. The adult birds have white body, needle-like
blackish bill, black wings and very long pinkish-red legs. According to gender,
black-winged stilt can be identified by crown and hindneck pattern color. Male
are typically all white and sometimes can have some variable grey or black
while female are browner and may show grey and black (Lekagul and Round,
1991). Brumfield (2010) stated that this species is usually name based on its
crown and hindneck patterns and colors. For example, the white-headed stilt/
pied stilt (Himantopus leucocephalus) which reside in Australia but also found
in Borneo, Java and the Philippines.

In Thailand, black-winged stilt were divided into 2 groups (1) resident
birds: non-migratory populations and (2) migratory (visitor) birds. There are
listed as protected animal according to Wildlife Preservation and Protection Act
B.E. 2535 (1992). The migratory birds migrate to Thailand during November
and January. They mostly are found in swamp and wetlands where food
resources are available such as Bung Boraphet; the largest freshwater swamp in
central Thailand. The resident birds are also resided and breed in the wetland
area. The breeding season of resident birds generally starts from April to June.
However, the morphological of resident birds are mostly white crown and
hindneck pattern from observation. Therefore, this species are not clear sexual
dimorphism and the pattern color of crown and hindneck are not directly
correlated with their gender. The gender are an important understanding
behavior, social structure, breeding system, mechanisms and patterns of
migration and estimating extinction risk.

The birds used traditional methods for sex identification (Cerit and
Avanus, 2006; Morinha et al., 2012) such as sexually dimorphism, acoustic
sexing, laparoscopy, cloacal examination, steroid sexing and cytogenetic
analysis. These methods are slow, expensive and harmful in some cases. So, the
molecular techniques for birds sexing were developed. Most species of birds
can be identified based on CHD gene; chromo-helicase-DNA-binding located
on sex chromosomes (Griffith et al., 1998). Male birds are homogametic sex
which has two Z sex chromosomes. On the other hand, female birds are
heterogametic sex and have Z and W sex chromosomes that containing CHD-Z
and CHD-W, respectively (Watson et al, 2004). Nowadays, molecular
technique is a more reliable method for identifying the sex of birds which are
monomorphic. However, this technique has not been in black-winged stilt.
Therefore, the main aims of this research are to assess differences in coloration
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of feathers in relation to gender of black-winged stilt. Including, examining
genetics relationship of crown and hindneck colors and its species by using
molecular technique.

Materials and methods

Sample collection

Thirty-four adult black-winged stilts were trapped by spring trapping

_method during breeding season (April-June) and ninety-two of migratory birds

were trapped by cannon netting method during migration season (November-
January) at Bueng Boraphet, Thailand. After being trapped, the bird
measurements were made such as: wing, bill, head, tar, tail, weight and fat
content. Secondly a small volume of blood sample was collected onto
FTA®card (GE Healthcare, UK) by a puncture from the toe vein of the birds.
Then photograph of the birds were taken especially their crown and hindneck
pattern color. After all these processes the birds were released back to nature.

Purification of DNA onto FTA® Card

Blood samples in FTA®card were punched on dried blood sample
(approximately 2 mm diameter). Place each disc in a PCR amplification tube
and washed two times with 125 pl FTA Purification Reagent (GE Healthcare,
UK). Each time the sample was mixed by pipetting up and down several times
and incubates at 65°C for 10 min after which the liquid was removed. After
that, 125 ul of 0.1 mM TE buffer was added and incubated at room temperature
for 10 minutes. TE buffer was discarded and repeated the TE buffer step again.
Finally the disk in PCR tube was dried at 65 °C for 10 minutes.

PCR amplification and sequencing

For gender identification, the PCR reactions were used 3 primer sets,
including P2/P8 primers (Griffiths et al., 1998), 1237L/1272H primers )Kahn et
al, 1998 (and 2550F/2718R  primers )Fridolfsson and Ellegren, 1999(.
Amplification was performed in 25 pl total volume that contained 12.5 pl of 2X
Tagq Master mix (Vivantis), 1 pl of 20 uM from each primer set and 10.5 pl of
nuclease free water. The conditions for PCR amplification conditions were a
initial denaturing step at 95 °C for 5 min, 35 cycles of 95 °C for 45 sec, 50 °C
for 45 sec, and 72 °C for 45 sec, and final extension at 72 °C for 5 min. PCR
products were electrophoresed through 1.5% agarose gel in 1X TBE buffer
comparing with 50 base pairs DNA ladder (Vivantis) and stained with ethidium
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bromide. Then, PCR products were purified by GF-1 AmbiClean Kit (Gel &
PCR) from Vivantis. In addition, PCR products were sequenced by 1% BASE
(Malaysia). Sequences were edited and analyzed by Bioedit and MEGA 6.

Results and discussion

Three primer sets (including P2/P8, 1237L/1272H and 2550F/2718R)
were used for gender identification of CHD gene of black-winged stilt. The
tesults were shown that P2/P8 primers are not specific for this bird and
1237L/1272H primers could not identify the gender (Fig.1). Nevertheless,
2550F/2718R primers were shown clearly different between male and female
birds by fragments on a conventional agarose gel electrophoresis. The size
differences ranged from 150 base pairs between the two ZW alleles. Fridolfsson
and Ellegren (1999) show that the resulting PCR products from 2550F/2718R
primers showed fragments on a conventional agarose gel electrophoresis with
size differences ranging from 150 base pairs between CHD-Z and CHD-W
allele. Male birds amplified a single band of approximately 650 base pairs.
However, female birds amplified two bands 500 base pairs (CHD-W) and 650
base pairs (CHD-Z). Therefore, 2550F/2718R primers were used to identify the
gender with all samples. Vucicevic et al. (2012) reported that the use of
2550F/2718R primers also gave good results in 50 species; most of them are in
the same class as black-winged stilt. At the same time, P2/P8 primers were
successful used for sexing in Eurasian Oystercatchers (Haematopus ostralegus)
which is in Charadriiformes as same as black-winged stilt (Watson ef al.,
2004). In these studies, the female chicken (Gallus gallus domesticus) was used
as a positive control  (Fig. 2: the last lane). However, some samples (7.1%)
could not amplify (Fig. 2: lane 2-3). This failure may be from FTA®card
purification step. In order to ensure success, FTA®card should be washed away
all cell debris.
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Primer P2/P8 Primer 1237L/1272H Primer 2550F/2718R
M M F F M M F F M M F F

DNA tadder

DNA ladder
50 bp

=
r-]

[=1
W

650 bp
500 bp

Fig.1 Gender identification of black-winged stilt using 3 primer sets were
separated on 1.5% agarose gel. The first and last lane is 50 base pairs DNA
ladder. Lane 2-5: samples were amplified by using P2/P8 primers. Lane 6-9:
samples were amplified by using 1237L/1272H primers. Lane 10-12: samples

were amplified by using 2550F/2718R primers

DNA ladder

Unknown

Unknown
Control

50 bp

650 vp — K 3 _____..--—-—w-——.. -
500 bp 1t - oy -y il -, e e

Fig. 2 DNA samples were extracted from FTA®card and were amplified by
using 2550F/2718R primers. The first lane is 50 base pair DNA ladder, with
black-winged stilt samples in lane 2 onwards. Samples with single bane are
male and those with two bands are female. The last lane is female chicken

which shows two bands pattern as positive control
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Table 1. Gender identification of black-winged stilts comparing with their

crown/hindneck pattern colors during breeding and migratory season

Crown/hindneck

Number of sample

Season pattern color Male Female Unknown Totals
" White 16 16 - 32
Breeding Black 2 - - 2
Totals 18 16 - - 34
White 14 16 2 32
Migratory Black 5 6 1 12
Grey 22 15 6 43
Grey crown 5 - - 5
Totals 46 37 9 - 92

The adult resident and migratory birds were separated into 2 and 4
patterns, respectively (Fig. 3). In breeding season of resident birds, there are
white crown/hindneck and black hindneck pattern colors. However, there are
(1) white crown/hindneck, (2) black hindneck, (3) grey crown/hindneck and (4)
dusky-grey crown in migration season. From 126 samples, resident birds show
that female: male were 18 :16 which 2 black hindneck are male. On the other
hand, migratory birds were 37 female and 46 male (Table 1). Our results
showed clear evidence for a sex- related decrease in the color on the heads of

black-winged stilt.

i D.’:

hindneck, C: white crown/hindneck, D: black hindneck,
crown/hindneck and F: dusky-grey crown
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Fig. 3 The resident birds (A-B) and miatory birds (C-F) were separated by the
crown and hindneck pattern color. A: white crown/hindneck, B: black
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In addition, PCR products from 2550F/2718R primers were analyzed by
comparing CHD-Z allele from 9 resident and 12 migratory birds (Fig. 4). About
554 base pairs nucleotide sequence were shown 2 regions of single nucleotide
polymorphism. The black column on left side presents a transversion mutation
which involves exchange of purine (A) and pyrimidine (G). On the other hand,
the black column on right side presents a transition mutation which involves
bases of purine (A) and purine (T). This result corresponds to Faux et al. (2014)
which stated that the conserved regions between CHD-Z and CHD-W of
Southern Ocean seabirds contain some base changes.

HO1 CHD-Z  CACTTTGCTTAAGHAAAGAAAGACTAGCGATTGCIIRTATGCTAARTAGT:
H10 CHD-7z  CACTTTGCTTAAGRAARGAARGACTAGCGATTGCEHATATGCTAARTAGT:
H15 CHD-2Z  CACTTTGCTTAAGHAARGAAAGACTAGCGATTGCHATATGCTAARTAGT:
H13 CHD-2  CACTTTGCTTAAGEAARGAAAGACTAGCGATTGCHATATGCTAAATAGT:
H30 CHD-2  CACTTTGCTTAAGHAAAGRARGACTAGCGATTGCHATATGCTAAATAGY:
HO9 CHD-z  CACTTTGCTTAAGHAAAGARAGACTAGCGATTGOEATATGCTAARTAGT
H16 CHD-3Z  CACTTTGCTTARGEARAGARAGACTAGCGATTGCEATATGCTAARTAGT:
H17 CHD-2Z  CACTTTGCTTAAGEAARGARAGACTAGCGATTGCHATATGCTAAATAGT:
H53 CHD-Z  CACTTEGCTTARGHAAR BATATGCTARATAGT;
Emll CHD-2Z CACTTTGCTTAAGH? HATATGCTAAATAGT;
Hm62 CHD-Z CACTTTGCTTAAGHAAZ @A TATGCTAAATAGT
HmB82 CHD-z CACTTTGCTTARGEAAAGARAGACTAGCGATTGCHATATGCTAAATAGT;
Em45 CHD—2 CACTTTGCTTAAGEARAGAAAGACTAGCGATTGCEATATGCTAAATAGTI
EmS8 CHD-Z CACTTTGCTTAAGHAAR

Em75 CHD-Z CACTTTGCTTAAGHAAAGAAAGACTAGCGATTGCHR
Hm61 CHD-Z CACTTTGCTTAAGEARAGARAGACTAGCGATTGCH
#m81 CHD-2 CACPTTGCTTAAGEAAAGAARGACTAGCGATTGCOMATATGCTARATAGT:
HmOS CHD-2 CACTTTGCTTARGSAAR BATATGCTARATAGT;
HEml0 CHD-Z CACTTTGCTTAAGHAR 2>

Hm43 CHD-z CACTTTGCTTARGE
Hm79 CHD-2 CACTTTGCTTAAG)
Cl’ustal’ con A2 232232223 K2

i**ﬂkiﬁ*'b*itt*ﬁi*i [ e v e e 3 W tr W ke e W

Fig. 4 Two regions of single nucleotide polymorphism on sequence of CHD-Z
allele from 9 resident (H) and 12 migratory birds (Hm)

Conclusion

From 126 samples of black-winged stilt, the PCR of CHD gene could be
detected 93% of samples for gender identification. Also, the use of FTA®card
is successfully to this study and less harmful to the birds. However, the results
of the CHD were compared with the gender assigned to each bird by crown and
hindneck pattern colors, it confirmed that the gender could not be identify by
the colors alone. In the future, it would be better if DNA analysis and the
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biometrics of the birds to be used to compare. Additional, another gene and
molecular techniques such as RAPD, SRAP and iPBS are interested for future
research studies.
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