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Abstract

Barn Swallows (Hirunde rustica) can be found around the world and migrate
to Thailand in winter,-Males and. females' are similar in their morphology and they
were divided into6 subspecies -which are Hirundo-rustica rustiea, H. r. gutturalis, H. r.
tytleri, H. r. transitiva, H, r. savignii and H. r. erythrogaster. These subspecies can be
found in their continent in-which they live during the breeding season. Moreover,
previous report-found that different feather color could be found not only in each
subspecies but also /in different gender. The aims of this study were to identify
gender, subspecies-and estimate the genetic diversity of Barn Swallow in Thailand by
molecular technigue. Blood and molting feather samples, which amounted to 300
samples, were collected from Pua' district, Nan: and Silom road, Bangrak district,
Bangkok during three seascnal migrations (2015-2017), Afterwards, Chromo-helicase-
DNA-bindling (CHD) region. was “amplified by Polymerase chain reaction (PCR) with
P2/P8 primer. The results showed that 292 identified samples were 165 males and
127 females. A ratio of-male to female during the first; second and third seasonal
migrations was. 2.41: 1, 1: 1.0L.and 1.41: 1 respectively. We also found that white
spot length on the outer tail and tail fork were related to their gender. They can
identify gender of the bird-more than 80 % correctly. The genetic diversity in CHD-Z
region of the bird in the first seasonal migration-was analyzed which could be divided
into 2 groups. The genetic diversity in Nicotinamide adenine dinucleotide
dehydrogenase subnit (ND2) and Cytochome b (Cyt-b) regions of 20 samples of the
second and the third seasonal migrations were analyzed. 14 samples out of the 20
sample were found to be related to H. r. gutturalis and 2 samples related to H. r.
tytleri. However, other 4 samples were found to be unrelated to subspecies of
National center for biotechnology information (NCBI) data. At least 2 subspecies of
Barn Swallows were found in Thailand. The feather color study of the breast is not

related to subspecies but it is possibly relate to gender.

Keywords: Gender identification, Genetic diversity, Barn Swallow
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1.1 anadunuazadudidyvesuise

unwaugudu (Bam Swallow) fideinenmans fie Hirundo rustica Tnegludusu
Passeriformes 23f Hirundinidae L‘ﬁuunawawmﬁ’aﬂismﬂlm‘dwqwun AWUWNIN
mawiloasgniald (Feugaau-weuwwiew) lnsazdumiusguusiosi wazinizuealu
nanandusmangliimsedulige Juwmasiinuun fesuneth Yaninu BLNDYHLE
Jrdnuasassd ouudauauadn nrumnaETees tessnoiuns Saninerat laoas
(2539) landndununusuinu Aedydnueluengrunvoinsmmamiuns

UNURLBUUI (H. rustica) WUuuRvUIaan (15-31.) d1dearandu Unnine e
in lasvumsduonamilvyineninin Weduaszditgaudumnaieiuuuiasiuaemng 3
maaﬁwﬁmavﬁaﬁﬁﬁﬂﬁm%’u winHINLazAaid sy dhaua ez ldtndviauded
U’IW]E%LVIE?E]\‘I (laana, 2545) aUuawaauﬂwummwuﬂwmmﬂmﬂ’a (Kleven et al., 2006)
Foifuisnasil Sns1d umadiviagy medﬂmmnmnwamiwmmwmwmnmmwmm
LUEN‘-'J’maﬂ‘L!ﬂLWﬂN%ylﬂiUE}’]ﬁ’liLLa miml,amnmuwmm anmt.wmammmmum
unnwadialunisiuswew mquuamﬂﬂﬁmmmaﬁmauwmw;Jmnmuwmua
(Boncoraglio et al.; 2008) mammumau’lwﬂmam*}mummmunmau,aumu uioe19ls
ﬁm’mé’nwmvmNammmwawawﬂummuumLﬂuLL‘UU Sexually monomorphic feanuag
msdugAvevsuwaiiagwalamiioutu derndanissiunie wiidayanisiwun
Lwmawﬂmmaumummmmmnmlmmﬂaﬂwmumaamﬁmwmlm WY A21NE1IUB9TUY
wisauean (Hermosell et. al., 2007) HAZAINEITOIAUAUYIVUIUIIAUEN (Duijns
et al, 2011) wlenmAmdenguaunuguenwaiiofiovdennautugiuimadiifinsondoy
UTien (Hasegawa et al.~2010; Wilkins et al., 2016) o814l8Afun1ssuundiesaog
dedrinlunisiiudeyalugrpauiy Lﬁaamﬂﬁuumaﬁmmﬂﬂlﬂawsaimﬂmﬂﬁ%’ummﬁu
ludasainisewsw undinsndagumsuaziiniswdsifuvesdvuvnsiiuioya (Sarah,
2007)

Fewgiiisdinisléivaiianidaana fie Polymerase Chain Reaction (PCR) a4ty
nsszywaun lnelleufnwiuinadu Chromo-helicase-DNA-binding  (CHD)  &awuuy
laslulunwavasunynatdd (Griffiths and Korn, 1997) uagld Universal primer fiivanzay
Tunssyuweun leun P2/P8 (Griffiths et al., 1998) 1237L/1272H (Kahn et al. , 1998) wag
2550F/2718R (Fridolfsson and Ellegren, 1999) semLﬂ‘i’lwwammamaﬂimiW‘s% lng
BIALANULANANUTINBUNTOUVRIBY CHD-Z uay CHO-W Tunissuunmd (Kahn and
Quinn, 1998) WaitTeaunsly Universal primer Tun1ssyywaunwanvatesila 1y un
wBeafiadu (Sacchi et al., 2004) unUrngeuntingl (Cheng et al., 2006) LazunAaNAITa
(Cerit and Avanus, 2007) unluasduniia lawn Sun conure (Aratinga solstitialis), Monk



parakeet (Myiopsitta monachus) wag Crimson-bellied conure (Pyrrhura perlata)
(@Wn51 uazAmy, 2555) unluanaunalavsieidin (Charadrius) (fwins wazanz, 2556)
UNUILBULUTAN (Hasegawa and Arai, 2017) uazunuawsutu (Kleven et al, 2006;
Saino et al., 2002; Guerrini et al., 2014 wax Malaitad et al, 2015) feinanideing
denld Universal primer lumstiisSinaarsiusnssusumisiu CHD wiouiadingn
onTdnALaznALdIus snidnussdug wine fume tletlugnmsssyiwe
Iaetnsniadilunipauny

’Lumiﬁﬂmmmauwummaﬂwmwmdammmwm WU AYUUTIIUMIS US9 Lazen
funisuailusy siualTdvioaliddeutiuisnssuveating (2539)  @13814 Dillon (1973)
ﬂnmunmm‘lwm (Parus major) mmuﬂamﬂ'ﬁvmﬂwmmaaammmﬂumammwuaﬂwmxwaq
Audisnaiu I@awumsmaauLLUmamu’Luwwmmimauwuﬁﬂuluiaama‘daa 2 U uagiin
Duniidvwsinaluanifs dndurgguaniuguesunuaisudunuanuauuansised
ruusnenuAnAuluLAaZRT (Turmner, 2004) Faulafnuaenuduiusssninadad
aaamuamnmaﬂmaquﬂmmaumu LLuqmawawa“mmmmimuwaamwawﬂLmaﬂwmx
maqamﬂaEJuu.,ﬂa\mmm.lmammﬂaﬂmanmﬂmwammmaaﬂ‘aaﬂaammﬂmdﬂu N9l
37888 Dor et al-(2010) InAnwaudiiusvesunluana Hiundo 91w 14 addd
Mnanuiiniqyitan (aiflshegraludssnalng) Imsmﬂmaﬂmuu'gﬂa‘[alwﬂﬂuiwﬂaulma

ﬁve

6 FuMs A Nicotinamide adenine’ dinucleotide dehydrogenase subnit (ND2),
Cytochome C oxidase subunit. | (COl), Cytachome € oxidase subunit |l (con),
Cytochome b (Cyt-b), ATPases ' 6 Waz ATPases -8 uaslulimda 1 #uvud fe
bfibrinnogen- intron' 7° (bfib-7) IagsuniaBu ND2. uay Cyt-b ansalvanguvaaunly
aﬂaua@ﬂm‘u 4 ﬂazﬂ,‘wm fid Barn.Swallow, Pacific Swallow,-Blue Swallow iaz Pearl-
breasted Swailow Iﬂ&ﬂ,uﬂau Bamn  Swallow #3aunuaueutiy 39iidnuny maammu
Inerndieadaiuty aunsaldsenniiu 6 aﬂj-ﬁaaaamuLmawmmmmwam Loaun
Hirundo rustica rustica,-H. r. gutturalis, H.r. tytleri H. r. transitiva, H: r. savienii ez H.
r. erythrogaster MatRANSABNUBINSAT] wazauna. (2540 Wamunununsusutudy 3
alidtoununinnnanin oin Hon eutturalis wonawte BT tytleri wunIANAIILAY
mﬂquuaamaaﬂm WAy H. rerythrogaster WUINANIA LmaUﬂﬁl‘a‘ﬂmmwluumﬁﬂﬂmlu
szAuluLana muuwmmmsﬂﬂmmwwmﬂwmaLwaﬁvuaﬂﬂaaawaauﬂwm Sniady
avm*mvmumumaawawwmwumumnmﬁvqaﬂj% do8 ien1319unulosiulsaainun
awsw%am%L@uwmsﬁﬂiﬂgﬂismﬁlm

1.2 IngUseasAvaseuive
1.2.1 Lﬁaﬂﬁmﬂ%quﬂmaLLéui’I’mmnm"’saﬁﬂaﬁdmﬁu’iuﬂizmmlmuaswmm
AwFIuS s wATUAn varvnsdug W Inen
122 LwaﬂﬂwwmwmmﬂwmaLLasuwmawuqaawaduﬂuNLL@'uﬁwuﬁdmﬁﬂu
Ussinelng



1.3 U9UlIAYE9IUITY

Anwiamzunusuthuiiiviiegsnsuneth Yadaun wavauuday waun-
$n nyavmauns lu 3 ggenew wiadu gaewend 1 (u.a. U 2558) goenenii 2 (5.a. ¥
2558 waw w.a. U 2559) wazqgenenil 3 (5.0, U 2559 waw 1A, T 2560) meldinispuavas
aniidodnivrlsvasziia nquauddednivn drinaueydnddnivn nsugmeuurend
dmituagiugie lnefnwdasdnmeanisshumidu cHD wasAnwanuvainvaisan
fumisBu CHD wiewvisusdmeiuddasvasununaugutuanmsinunaudiuiusvesun
wskgutumeaduiealavalusuwvisdu ND2 uay Cyt-b

1.4 Usslewiiandinagldiu
1.4.1 nswanvagnadugriivenlunsimaldssymaununssuiulunipaus
1.4.2 nudasidiumareunuansutiuiionewissymelng
1.4.3 suyaliddesnna1sfnsanumainvalevesunul st uiiowewily
Uszinelng
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2.1 unuNueu

UNUIALDU (Swallow) Lﬂuammﬂmﬁaamuwav'ﬁwuwmmamuuavﬂmmmamm U
2535 I@amaﬂu@umuml.mvaau Passeriformes 24# Hirundinidae wusaaniiu 2 19deas
Ao ’NF?EJEJEJuﬂu’NLLSULLSJU'I (River Martlns) %39 Pseudochelidoninae Wuunvuianans §
YUFN MIFUAT UINBIUNTNEEULAL MemEes lassaseannunuaususiingy 1aun un
uNLLaumeLmWim (Pseudochelidon  eurystomina) LLaxummﬁmmﬁmum nIoUN
RIS (Pseudochelidon sirintarae) mmmwamwumé’umﬂﬂi sndlneg wazisddosun
WIEY (Martins” and  Swal lows) 1158 Subfamily - Hirundininae Wﬂaﬂwu 13 @na WA
Uszinalnawuiies 5 ana fa aﬂaunmmaua’w (Cecropis sp.) @nNaunuILaUNIIY
(Riporia sp.) aﬂauﬂmmaumaﬂm (Ptyongprogne sp.)-dnaunuewswunsiu (Delichon
sp.) dazanaunuIaweauuIu (Hirundo sp.) (Humphrey and Bain, 1990)

2.1.1 dnuasiialuuaz ENOANITUVDIUAUILEUT Y

unuauBuIY (Barn Swallow: Hirundo rustica) sBuuneanewi g svinalneg
ludegguuna uasvsauluuny seirdu (@ind. 2507) B Sernslania (2542) 91419
Hodgson (1836) na1y3aunudaifianwaslndfbs funalysust Apodiformes 746
Apodidae i unueuiau (House Swift) UnuauAna (Gerrman’s Swiftlet) LasUNLOURIA
(Asian Palm Swift) Tusu Imaunmmumuuﬂﬂsumﬂu Lmuanammqnuuﬂuwuaumu
(Barn Swallow) Mtluunanemn dnunizvialuvesunu ey LUUHﬂ@Wl’JLWiEJ'}Laﬂ YUIA
Uszun 14-15 wusluss Uanildsn unmmmammmmuuuua LAUAIREN AL GUIMADY
1 (‘iU‘W 2.10) wiwan (i‘lJ‘W 2.1%) wavmedunniaung dnseuaede? (i‘lJ“Vl 2.1A) vuay
mmam WAUNTIBUNAINEIR LA A e uasd T (39k591, 2553) waduuan
178N LuaLme@aaﬂﬁlummmmnuuwummma Lamgavanwmuwawmmumwaﬂwm
Imwummuanmwam (‘S‘LJ‘V} 2.19)

Boncoraglio et al. (2008) ﬂanm‘wqmﬂssumiLaaamaﬂwaauﬂmmaumu
T,msJaﬂumwm%vlm‘umm'ﬁLLavmmmmﬂwau,mnﬂmﬂanumwmua Lueamﬂaﬂumwmmv
uaﬂwmumqammuuwmwiﬂumu AB uaﬂwwma‘]wawm mlﬁlmmmammmuwmw
INNBLNUN mauﬂmaLLaumuUNﬂummuaﬂuﬂmeﬂmwaam’laﬂumwmua mwﬂwwa
LLiJ‘LJﬂ(ﬂLLaﬁﬂUﬂLWﬁmﬂﬂﬂT}aﬂUﬂLWﬂLﬁJH mammmwﬂwmemmﬂlwmmnmema VSTE
m'(wam'imiﬁaﬂmmauwmmnmﬂmmmj stﬂvaﬂwmumwmaqaqmamwmmalwwmw

ULL“UC'JLLNLLH“‘@JWﬁuﬂ’lax‘]ﬂJ']ﬂﬂ’l’]ﬁdlﬂi?ﬁ]‘ﬂu'lﬂt.aﬂ iliddnsinissendinlunisenenld
WINAIUWALTY i]ﬁﬂﬁ’]?lﬁ’.l’iLWFl%ﬂJE]@]‘i’lﬂ’)Hiﬂﬂﬂ’J’]L‘WﬁLJJEJ wilwideves Saino et al.



- ) = = s £ 1 @ v
(1999) nanisanwueneduguinevesgnuninelisninuauysalidudeafugnunines
rlasunisidesgiiAvannwauduniguriu

]

JUN 2.1 dnwgnasdaugiuineivesunuusutudhia: (n) dvesdrd () wiean
(M) A8 WAEVIDS (3) BUUNIILATAAUANT1IULULIAY
= ’ = aa a
(Ma0: suieleg o5y AavsLav, 2558)

dviudnemeddonilivesunuiausudiu fhazeg ruiuuguas fuvy
VipatiauiuiTa wuﬁ%wiﬁuﬁswﬁqmmqq 2,000 A5 Inseavivzia Dulaudiedu
uuaeiiu Fedavanduuunamisgalmiuegii nauuaysanguiunusulsl w1een
tuFou vioamelwilevinuau (a8ivs, 2547) untnausuthuagiuieunaonsiat a
dunoatimteniinan Taelddussnauvdnduiulraunauio Sagduq 1y suun Tundh
w3pga9szvacun Fefnelidnwaisadiofie (alsad,2542) ununausuthussnasiugiu
ogtioslar 2 afs uaztneiurh W%ﬂﬂﬁd’lf’)ﬂﬁuﬂﬂwuaxLﬁyﬂdﬂgﬂiu%’ﬂ?\]Uﬂ’jTQﬂ‘um}Sﬁu
oonaniald unvlindiiiidunsosgiivrnarasiudiulunaendin dmnilameneu dids
fi3negfiazluduglmi uavasesgiulunasadin fiuununausutuiiezisasidnves
wirdsawnadlelndlAeaiu (Kleven et al., 2006) luifigaiun1sdnyives Saino et al.
(2002) finu3n Anvarmedugiuivnet n1ssls wazdrfunisiinldvesgnunlaid
m'manwuﬁﬂuam‘ﬂmwmuwmanun uinuin inaduazmaidssudstudsgnlusnsdiu
fvinfiu VNU%’IU?N‘UENHﬂUﬂQ"‘UUE]EJﬂU‘UU’]WU@G'N‘VILWﬂNLLﬁuLWﬂLMEJI‘H‘Wﬂl‘U wazdmIume
Fefiflorgunniuasiisougnuniitiosadlunisideg



uennulinsAnwinisnaniuguesunuanauiu (H. r. eutturalis) Taeiiu
Megeanguaniugiuil 18 4 lunsuldvesussmaiu wuniswauiugluiiuiiun foudag
WeuwwigudamaunIng e lu 1 Sagdsznaulumegnunissana 2-5 @ uagvisuaun
@ a5 v w odw P - aa Y <
inazihwindaimisy anvisnsilnleda@uivenmgidnsae (Pagani-Nunez et al., 2016)
dwsvunurskeutnuludsemalnenunisindansla g daday Tnenesma wazaNIa
(2541) $1897UUINELNE T JWIAUIY TANINDINIANUITITIAIIURNIZEUR BN15VINSS
1elrrssunuisusutiy Faanmsanduununsusutuaawad 2537-2541 Tes1uau 2,553
a [l 2 o 7] st [ 7 9/ s =1 s @ (Y
le] lnaﬂuﬂimiquWﬂlmaﬁuau 59 g UASWUUNAILAN ILLWAR 899 @7 WAL LALIY 476
#in Imaﬁé’mﬂdqumﬂ@ﬁameﬁm?ju 1.89: 1 wadlaRananuniumndiuiu 1,119 61 s9ude
wwusnsdumadredelndifes 1: 1 lnvaenndasiunuidoves Ding et al. (2017)
Anwunludusu Passeriformes fla unnssduna/ Veuvides (Prinia flaviventris) M1
axiunndeslivesszimain Taeiudegnanddudisgauansius lignunsiuiu 132 6
wasAwaniug 31 ¢ 3T 194 6 Wansiadetnrsszuimadagmadaniaduana wuin
sndnunagdanaislngalfey 1 1

2.1.2 dU%dgevasunuiasudiy
al¥ddos  wuginauussnsiiidneaddymilousu ndudszunsilae

AIpuAsasiateduang1anuly InidliiAnal dddesnsaniinians (Geographical

J
subspecies) wisaltddoanisiiinminen (Ecological subspecies)
dwSuununwsudndnegluana Hindo Wuanadnsiasuwasdnua
nrdugWIMeosuInuainisutaenal@iddesn mwngiidsans lngannsioauves
Tuner (2004) lpfnwiaarunanuaralualiddesvasunuiwewd (Hirundo rustica) 39
vhalaniivianun 6 alddes lnaudsnuwiiing e Hirunde rusticamustica ordeluviu
glsu vivwensna uazvivialleneiunn H. «. cutturatis wuushameulduazay Tusanves
nIUelEie H. r. tytlerh wuushameIuani@edtissewiviedle H. o transitiva wuusau
azfusenvemziawRwasisdou H. . savieni wuldnlumusiilugluussmasous uay

H. r. erythrogaster wuuSaalGnawmile Ussiwaeniiaudulfagui 2.2



rustica tytleri

gutturalis

~
f A |

- erythrogaster
savignii transitiva

U 2.2 wagilmansvasununausuily 6 aldddosiinusilan
(“ﬁm: https://sites.goosle.com/site/wilkinsbioresearch/ /rsrc/1467139577867
/studysystem/Barn%20Swallow%20Range%20%2B8%20Sampling2.tif?
height=300&width=400)

@1181U398v84 Dickinson and Dekker-(2001) #131304UUn IS UTIUAIY
wading wazdnwasnsdiguiver lundtheded 3 @8dden. 6w Hirundo rustica
rustica - wuluUsamesalungunanuasnivglsy 1o eutturalis * wiuluusswmasade
ALIUDAN UTeNATU UTUeLNIva LLasUssmmﬂﬂu wae H. r. tytleri wulwusewauaalnide
wagnziaaulumavestsemaiale dwiuludsamalvalafisenuainniing uazaund
(2541) s1gnuIMUUNUIBUTU (H, sustica) ey 3 adiddosvindu Wneudsnuunaed
WULUURY AR Hirundo rustica tytleri wulunananaiazniang Tueeniedld H. r. eutturalis
wilunamile uas H, 7 erythrogaster wusnypaa dsnsssuatidddesnuuvainuse
Anauduaulumsszyutsaldddosfianunsnnusiyniuil wdelutisnisenewoaiing
uinuuilAnmaiUAsuiuaswe sl fafufiaulafnvinisssyalidddesnndriuiianile-
vt el uunalFddesvesumniusutiuldegagndosasdniay



2.2 n1581579UsZ¥In5UN
vm"aamummﬂma‘wmmm\amﬁ a1 WAy UGy ﬁ'ri';wiv‘mnsuﬂﬁwmiﬂﬂw
WazFAAYI9Y1 (Leg ringing) L‘Llia‘uLauaumuumﬂivmwwaauﬂ saaLUumii:zmauwmms

Kl
2
=

aNeNlULWLUAURTI Ao ARviiawanuasle LLauwuaﬂmamﬂwaﬂ,m UBNINUGIIN15AR5
i (Leg flag) Lwawuammnlmuuawawmuﬂiwmﬁuuﬂ Imaﬂavmﬁlwamvmmaﬂwmma Aa
adeuazds 3nuisevesauyy wazAnY (2554) ANWIFUNINITONINYBIUNT LAY
Iﬂawuuﬂmmﬁaamﬂﬂiumﬂlmawawiﬂaawﬂivmﬂ U 6 Uszne loun Usuna
2anIIaY UseinAiu U'ﬁ“mﬁauimuwm Ussnainma Yszimauades wasUseinasaalys
Usgnaudae 12 al%d sauauienus 110 & warlulszwalnedamuunoneniifnssdann
AUTEWATININ 9 Useina l@un Uszmreeansidy Usenadu Ussinddaans Ussine
dulatide U'EULW“TEUUU ‘U‘sumﬂmgawa US”L‘H?T‘S&L‘UEJ Uizwadnlus wazUsenalduuy
Usenaume 13 ad3d $9uiuviavua 60 #17 muummmmwma SeFaNSARAMEUN
N3aNeN Uszrng waziihssdslngUilm maiﬁﬂaumm WARINTIBIUVDIRIITAY (2554)
ﬂﬁﬂ‘lﬁﬁﬂﬁi?ﬂﬁﬁu“ﬂ’lmﬂUﬂ?WilLE’fENGIBﬂ’l'ﬁLUUWWW”U"II‘SﬂI“UWmuﬂ NUN 117 al3d s7uds
uﬂummumuiuwuwmw Uszmdlue U 4,076 fhoge Lmsmluwumaiwmuﬂ
(H5N1)

mmumuml@umwﬂcﬂasﬂuﬂauuﬂmwmuunawawmanulumaqwun Toailuun
wmauauamamimaUuLLUaaamwnulmamasmm Luaammuaﬂmaw Suone nyiud
muuuﬂnauumLﬂiaumuauamanwmumqmmaa‘waw Tmmmwmuwammawmu
WA dm3Un LLﬂ“"WUSW”Uﬂa’]’J'J’I unLBNT Ay eldlunivensnamie nIvglsy
wagnIviaLde L:Jamqmwmwuawawmmmﬂmmm’im niduawinn nidedeneuld way
UNdIRIN YRR ALASIaY Lwawuamwmmﬂwun LLﬁu‘mLmﬁda’]WﬁLWEIﬂ’T‘iE]EJ‘iEJW Taeun
ummumuuuawawmnmwﬁmuaam’immaaﬂsymﬁlwa inzuauinmuaie Wiy uSi
g1ty Tauteuiw auuday lwsuiedh ATUNNUIIUAT LazDILNDIUINY Fainezan [udy
MINTUN WA E7 U1 wagiugiSdldvinmssniuunuaeu Tl asinviagn vl
niuteyauszung diiaing, LaavLé’umdmiawawluumma FaLdudunsidalsidaey
Wsrgunataluuandunienisonenle Luaamnamwmmﬁm LASENINLING B ULT U
AINAUALEUN TN YDA (Cotton, 2003)

uﬂ‘maLLaumuamLUuammﬂumaa muum'iﬁ“fﬂi’uuﬂLﬁal,ﬁué'f’aaemmﬁﬂm 99949
AilsdsnnuUasnsevesun ’quﬂlmwmmuuawaﬂ dmiuaunsallunisdnduuneneni
waneUszlam leun avnesnun #91em 839 nse NUAN U 91eanlan uwasviodamiane
U sy 'Lumiammuﬂuwquumvsl’aaﬂﬂmmﬁmamﬂuﬂ (Mlst net) semﬂmﬁamun
VUIRLANTIVUIANAS Immamﬂmamﬂﬂaumwanuamﬂﬂlmuaﬂ maamnmmammmﬂ
Laulaluaau niolndleawmas LL@J'TI?J?’]EN‘WHB’}’JmﬂﬁUWﬂLﬁ]UWLﬂﬂ‘UUﬂUUWU@duﬂL?JE]I‘U
Farsdndui meummmm’[,um'smmaumwmwm 0.61 Wasiun (Spotswood et al.,
2011) LmamwmimUﬂuaqunmaLLaumumuTmummmﬂmaawawmamumu’[uiuwmﬂﬂa
Lf,awmiLm‘tsmﬂuamwmmﬁmlmmmuaﬂuummwnmﬁa’iumqqmawst aﬂmummmma



DIMNSUALUMANTIOYo R MUTIENUTDINNEY Wargund (2541) 878 Tumer and Rose
(1989) wui1 unususuthuludggenewaziisnsinsnieis 70 Wesidud

dunshnsemdreinunususutn silaeTandioiatuuisaunuas udaldidon
luaeuynuisawnuaaiuievdesulsd faguit 2.3n Werneudnuiunduruduusesh f
5Uf 2,39 Wlaunfineanedosduthuneenainmdny faguil 2.3a Taeinisl433 Body pluck
Mg F5UUNBINIINAIYILIINNITIUAIRIUNDEN LAy Feet first Ao A5thunaanainmaie
Taghuneendeududiuusn uaginhdiudugesn (Ralph et al., 1993) Fapsendaain
f1ungy uazmiiiimnuasadevesununndign Tneviluinldis Body pluck usvnani
esunfamsuiunarratsauauiuly 1iiaenldis Feet first (Smith et al, 1997)
n&aniuriuninluged FaguTt 2.34 vadluaitedesiviegadon uarruvesun
ULBUTUARARIUT TnensfaviasytazifudsslenilunisAnvideyaduusseing way
dneingsely

JUN 2.3 gUnsal 35 Mist net Aldlunisanduunnausutu: (n) nsTannuieiuum
auawad (1) n13AsenTe (@) Msiunganatnaig () geinun
(Vn: gUdelae 2558101 Jerddqus, 2559)
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23 ﬂ'ﬁﬁ“’ULWﬂUﬂ

{]wwmﬁmmﬂunmﬂamsaammL.Lavmmsmmmlumﬁ“mwei unfifidnuaznig
ammmwmmmnmmwmauiumwmeLLaWmem (Sexually dimorphic) 2z q1un98Y
L'WﬂlmmﬂmamauLmummﬂmmﬂwluuaﬂwm“maammmwmlmﬂLf\]uivmmwam;aumﬂ
e (Sexually monomorphic) (Ellegren, 1996; Griffiths et al., 1996) muummwiﬂum*ﬁ
FEUNAUNTININ Sexually monomorphic ¥a1835 W n15ad18T83Y (Bone, 1988) Falmy
a'uu'lvmiuﬂmmﬁaﬁé’u%mswﬁ’usJ'mmﬂﬂ'hLWﬁﬁ Adududinswmeadodadseilinly
NIFANANGANTTU L2 ﬂ"lﬁ‘ﬁﬂLE‘{ENSENLLauﬂTiLHEJ'JW’ﬁ']ﬁ Ve T@&J'gﬁmﬂaﬂmaamﬂamu
AT UarUTEauNIsalge ‘LJE)ﬂ%”Iﬂ‘LlEJ‘]EJ‘L!ﬂEN&JNEWIE)H’]‘SLLEIHLWFI@?EJ (5uN3, 2546) Fail
miwwunﬁmﬁvmwﬂ%m'i’lsmaaqaa\i@mmxmalu (Richner, 1989) ¥San13M319daU
swivgesluuealazauvieneulasiu S ifmmegisnlunsuanamszssduge Ty
nswUsHulAde (Hirschenhauser et.al), '1999)

n1sdasesailalng - (Karyotype) (Hatzofe and Getraide, 1990) wie3iAs1es
1aslulay ijaw?ﬂ5(119514%aaiﬂﬂuifﬁmwﬂ’LuunmﬂLﬁml,azl,wmﬂ?ﬁiﬂﬂuimﬁumﬂshaﬁ’u
(Heterogametic sex) mo unmeduillaslulay W nazlaslaley z anunailaslulay
iATImilouty (Homosametic sex). Ag Taslilan 2 warN13AUNUEL Chromo-helicase-
DNA-binding (CHD) (Griffiths and Tiwari, 1995) Fuludufieguulasiulusoanaun ddy
CHD asiwiﬂﬂmhu Z 5undada CHD-Z waruulpslulen W Sgniidada cHD-W
(Griffiths, 2000) muuumwmuaﬁ] I9ada CHD-W wazsada CHD-Z P899% 1 dada d1uun

=l

wa%uaaaa CHD-Z 37uau 2 9ada ﬁNE‘Uﬂ 240 Wog 2.49

Male Z Z Female z
A - el CHD-W
o= B
| fn U

3Tl 2.4 dnuaizvesdu CHD wilaslulauwewasun (n) uniwed (v) uniwedls
(Au: Morinha et al., 2012)

U 1995 fswarumsldlnses P2/P3 (Griffiths and Tiwari, 1995) ) lun1sszywweun
afusn  wiilumadunediBueuinmuenen LAZWUAIUUANATIVDITUIARLEULE
Useanal 60-110  giud ounin1sWmun Universal — primer LA Twsiued p2/ps
(Griffiths et al,, 1998) Inswed 1237L/1272H (Kahn et al,, 1998) uavlwsiuas
2550F/2718R (Fridolfsson and Ellegren, 1999) ﬁawmm’iﬂﬂuﬂ'mﬁuﬂ‘%mmaﬁﬂ’uqmm
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TudumisBu CHD \lossymaun ileuanadeizaidninslnisanui MINUSING 2 wau
Y838ada CHD-Z wazdada CHD-W aswlanaindumeaily uddrusingiiies 1 uau vosda
da CHD-Z uwdanailuune Fsordnrmuandnsuinndunseunesdada CHD-W uasdada
CHD-Z Tunsseywne

unualddasnuruindunsouesdada CHD-Z Tuainindada CHD-W (Griffiths et

al., 1998) iiloudanadeisaidninslwidaeswusada CHD-2 Usngegauuudada CHD-W

Faguil 2,50 Fadusienuvesdividvs uazaue (2556) Iaszymmunluanaimlansioidn
(Charadrius ~ spp.) wui iileldlwsiues 2550F/2718R Lﬁmﬂ%uwma1§ﬁ’uqnaiiu uag
WATIANARAUI PCR Aa838B18nTns WS4 umméﬁw%uﬁtéum 1 wou Aiflvuradszana
650 ALud duunimailAaduiidue 2 uay Alvuinussunm 650 wag 450 ALUE 130
NIV Cheng et al. (2006) seymAUAIndoUmIne (Platalea minor tagtwinvas
un 26 M ﬁmwmel,é"amﬁuﬁuwaﬂﬁisumﬂﬁ'wmﬂﬁﬂmaimaqa MnnsESIES
WugnTsuielnswes 2550F/2718R laulanafeisBidntnaInda wasfisvsuiauaua
WueruiduenInsg i wudada CHD-W wuae 850 §1UA wavdada CHD-Z ww1a 600 fl
Lua

dmitunualideagnurnnuesdunsouresdaiia CHO-W, vualnainindada CHD-
Z \ilowlanadeis3ianTnsinsdanynusada CHO-W Usngegauudaga CHD-Z Jensen
et al., 2003) GNTU% 2.59 194 msseywwaunfuneaUInuas (Eurasian oystercatcher) 'Ifuﬂ
Iwswad P2/P8 Ium‘;mwsmmmswuamm Tnoiilawdanameissidninslyi3danun e
AUs1Ng 1 uau gesdada CHD-Z AT 380 AWE LagmeAlgUsIng 2 uau veddada
CHD- WLLavaaaa CHD Z fifivn 400 uas 380 AL MUAIRY (Watson et al.,, 2004) uag
ﬂ’]‘i‘iuULwﬂL‘lﬁElEJ’JU’Jﬁu (Circaetus gallicus) Ima‘i‘ﬁﬂlmmaﬁ P2/P8 (il TiAs I vinan 18]
danlnsln3@a @wnsadeanunanineidada CHOW wazsasacHD-Z 14 9 ALua
laedadia CHD-W divuan 387 goua wazdada CHO-Z fivuan 378 duwa vilvinsuinizaidn-
Inslnsdaliamsnsgymauniinuamumnsriisgsewindada CHDZ asdada CHD-W
w31gdsing 1 L,muﬁeal,wm:t,l,ammﬁa YiinisldmaLia Restriction” Fragment Length
Polymorphism (RFLP)- Bsdiadldianlesiiasunis Haelt fifimtsinneiudada CHD-Z vin
‘Lﬁm@i@ﬁm%u&";uﬁﬁum 2 40U (303 uay 75 guud) tastoulesidadinig Asp7001 il
ArmTuwziudada CHD-W viliwalloUsingdudiuiiue 3 wau (303, 75 uay 387 A
vUd) (Sacchi et al., 2004)

usnaniausaudtymunalndifesiuvesdada CHO-W wasdada CHD-Z an
msldlwsiwed P2/P8 Tnsmseenuuulnswesifinusunizsesada cHD-W (W-specific
primer) ALIUNITEUWALTUNMEIV (Gyp bengalensis) 311U 46 saed salnsiwes
P2/P8 iudada CHD-Z wuIn 383 Auud uazsadia CHD-W wuin 389 Aiua Fauansinaiu
Wies 6 Aua o1 liulanadieisBiannsTudatiananld fufufdldinaia W-specific
PCR @14 P2 1u Forward primer wagld W-specific 10U Reverse primer #u31 lenilein
1 unu vesdadia CHD-W wwim 263 guua udwagliusnguautudiuiidue (Ghorpade
et al., 2012) wialwswes P2/P8 aclvmuinvesdada CHD-Z way CHD-W Snanuuansng
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uties usiaunsnssymAunldvarealdd (Cerit and Avanus, 2007) Bnvanunisllnsies
P2/P8  Tumsszuiwagnunulaleutity szjﬂﬂuammu Annealing  a¢lutyad 48-50 peen-
\alPud lum‘immﬂiiﬂmﬁﬁWUﬁﬂiiuLLﬁuLL‘UaNaW’JEI’DSE]Laf‘lIWin‘i‘Hﬁ Inalgaznilsaiaa 3
Wosidud wudada CHD-Z VUIR 350 @L‘Uﬂ wazdaga CHO-W Yu1a 400 f]L“U?i (Saino et al.,
2002; Malaitad et al., 2015)

CHD-Z and CHD-W fragment Electrophoresis CHD-Z and CHD-W fragment Electrophoresis

Species 1 R Species 1 sentan:2
2—""“‘“""‘—2 3 3 ' Female -"""““'“"'—2 23 3 §|
zi:__“::! [repestorons zm =r=r=r==g |
- i — s = - =y S

:m B | B

MExon [Dintron —» Primer ¥ W Exon [Tliatron — Primer
B Exca lintron. = Primer W oon Dlntron 3 Primer

Migration
g
Migration

ey
<

JUN 2.5 AMumnA1auS B unseuveIdain CHD-Z wassaaa CHDW tasnsulanaina
2 acda o =l e = — W al = [ b ol
AEILaNINSIWERE: (A) USBUNSouYeIdana CHD-Z Hvaluainindada
CHD-W () vilnisunseuvesdada CHO-W fluvnaluainirdada CHD-2

(A1 Morinha et al., 2012)

fc’?m%’“JLWiLua%ﬁﬁauﬂmﬂ*ﬂumﬁsmwﬂuﬂ AT uIIBIOS Wang et al. (2007)
AnwnsssymaunaIndIot19. 80 ‘doeug AsauARY 19 237 laeldlnsuios 2 ¢ Ao ns-
W3 2550F/2718R. wazlnswes 1237112730 ’[um‘nwuﬂsmmﬁﬁwuﬁﬂsmmwuwu
CHD  wuinlwsie$.2550F/2718R _anansassyimmunldatuam 59 arewug Aady 73.75
Wasigud uasliauisassymaunld 2625 \Westdud ldununluied Cracidae,
Caprimulgidae, Musophagidae Pyenonotidae e Accipitridae 1{udiu dmsulwsiues
1237L/1273H anwnsassumaunle 63 arewug Aadu 78.75 wWasidud wazlianansossy
wneunlsl 21.25 1Wesidud laun unluaed Ciconidae, Timaliiae uay Muscicapidae wazésd
s1e9umslglnames 1237L/1273H Tuaed Passeriformes lagszymaunuILautun 6
Hudildur Ussmaaiy wnglosuaud Usznmadaid Useinawesud Uszinaleuda was
Ussmatalde laedada CHD-Z Hwuam 200 Qma wazdada CHD-W flauis 240 Qwﬁ
(Guerrini et al., 2014) uagldlwswas 2550F/2718R Tuunursusuuldin Tneiianislunis
qummma'ﬁwuﬁﬂﬁmLt.mﬂm’mﬂu (Hasegawa and Arai, 2017) iuldinlwswadets 3 ﬂ
annsaldlunisszymeaunldunnsneiy LLm"Lummmumﬂ%‘lum?i LULNAUNNTEADNLNA
(Struthio camelus) awmswwm@lwmuaﬁLwa'lﬂi’ﬂumaizqmeﬂnswanmﬂ (Malago Jr
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et al,, 2002) Yefv99n1552 uweunaamailn PCR Ao Uszudaanldigne 'meamﬁvmwm
waUgLaY qwmammLﬂmvwmaLLava'lmmﬂiuaﬂm‘imﬂuuﬂlwmaawa
uaﬂ‘ﬂ’]ﬂUJJﬂ’Iiia‘ﬁULWﬂﬂ’JﬂL‘V]ﬂuﬂaw] 1ng Weissmann et al. (2013) I¢@nwin1sse ¥u
LWﬂlwlnmlmwmwauwummmamﬁmnaausuﬂuaaﬂuu lAwA Estradiol,  Estrone
sulfate way Testosterone Tu Allantoic fluid Lwaﬂmumwmmxau’luﬂﬁﬁwmﬂiminlu
YAUGREAMNTIUNUI S¥AYU Estrone sulfate lufuit 10 ‘uaqtauuﬂalmlmwmmm“mmm
niwwee] Tnaiweilledian 0.677 wlunsusediaddng wazinayilen 0.193 miummamaaam
nsssunAmemaila Real time PCR Gd\‘iLUUﬂWiLWNUiM’lma’Iiwuﬁﬂim lagay
wansnasenunludnwuzdulds (Curve) AINATUNNINITAANELNEBIFLE ULe (Melting
temperature) vesBuwsiazein lnesuddeves Faux et al. (2014) ladnwnissyymeun
‘wvLammmammmau‘lmmﬂmamqLuaLaa aNa.LAYAINGINIE 6 dna Wisulieuiuun
Wwunuewd (Pygoscelis adeliae) WWTTULWFILLB?‘WUTJ’] um‘wmm U3103) 1 curve U999a-
88 CHD-Z mmwmmmimg 2 curve vaNBaaa CHD-Z Wazdaaa CHD-W
mi‘wqmﬂﬂwmﬂuﬁ Fourier  transform * infrared spectroscopy  (FT-IR
spectroscopy) lagldSedidunngn faemnideuss Steiner of -al. (2016) ‘AnwIn153yLNe
UNWIIU (Columba . livia) ‘[ﬂa’[‘muawaummﬂaanﬁuu A1ETBnasBUN oL e
ARNGULES LLmaqmm‘wmﬁaﬂwu (Functional group) mﬂumﬂﬂiunaumamu Leiun amide |
ey amlde Il ﬁl'iﬂﬂ’]ﬂ’]‘iﬂﬂﬂauLLmWU'ﬂ LWﬁNmUsmm amide nnuwenile Inavenaauiu
unwmwmmmmtaamu'zu 17 672 Wy a’lmsmvmwﬂﬂaawmmaammu 16 M uay
ruiwaliladiunu 1 LumLmﬂuﬂmﬁumwmﬂmaivmwa'ﬁuu WmAtA Real time PCR
uazwaln FT-R spectroscopy WAMI0NTIABULA 0199057 w0 1RE N SFawa AN
ls.iumLﬂiaumawmmmmmLﬂummam ‘N\Luﬂ’lmmLL‘LIﬁNﬁﬂ‘i@UﬂﬁﬂUUﬂWNﬂU“ﬂﬁ&laEJ

2
as

1] aﬂmaqum’lﬂnmamanma

2.4 ﬂ’]iﬁﬂi&ﬂaﬂﬁz}muwﬁﬁﬁmﬁ’]u'}ﬂﬂ’lﬂﬁmwutﬁﬂuL‘W'Fi‘l.lﬂ

unilanwalsLUy Sexually monomorphlc ﬂ’lﬁi:ﬁ‘uLWF?@?EJLV]F]UF]W’NIQJL@H@M?B
L‘VIﬂ‘UﬂEiN‘] vziinnuugdue) LLmLwﬂuﬂmmulummmimzsmwmiuﬂmaumLm Fatfugad
mmatmmﬂmm1uau‘wuﬁivmwaﬂwmumaammmwmnmwﬂuunwmmqF] lnansse J
wevosunludusuiAs fuunuusuty Taun Acrocephalus  schoenobaenus n19a9Y
wilovasUszmaluuaus s1uau 273 m Iﬂahﬁaumi Discriminant  function gaifunns
:)Lﬂﬁ’lmaﬂﬁntmﬂﬂammmﬁﬂﬁmdam Fawun LiJE]Wﬁ]’liﬂﬂﬂ’]'lﬂJEﬁJWUﬁiuiﬁ’J’l\‘iﬂ‘l’lﬂiEJTJ‘LJﬂ
AUANE1IUINLGY ﬂ’]’liiﬂﬂJWUﬁiu‘WJNFI’J’]ﬁJEi’TTJUﬂﬂUﬂ'J’IﬂJEJW'J‘I/i’lﬂf\]“l‘lﬁﬂ’ﬂllﬂﬂmaﬂumi
TEYWAIAU 82 uag 83 wWeosidus LN@L‘U?EJULVIEJ‘Uﬂ‘Uﬂ’ﬁ‘iuULWFTG]?EJLWFM'FWI’NI&JL@HE] W6l
éun13 Discriminant function ’[um‘ii“‘umﬂa’m’lwwaﬂnmaaﬂuumamnwwumnmmaumua
mamauﬂmwaamﬂsﬂsﬂmmu (Wojczulanis-Jakubas and Jakubas, 2011) mamumﬁzu
LWAYBIUAGN WA (Locustella naevia) IﬂEJLﬂUiﬂ'JBEJ’N‘\]’]ﬂU‘iuLWﬁIULLE]‘LJG]’\J’]WJU 224§
Usznaulumeuniofindiuau 161 A7 waziuauTeTuag 64§ LiJEJ’JLF’]i’?uWﬂ’lﬁiuULWFT

AINANUNTT Discriminant function wu7q Ae130n A3LIUIN AN IRIRIUIN et e
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mueMveInsay ansalissymaunluninaualiauaslvinagndes 91 wWesidus ud
mindenfiansaudaiugnUnnisanuenivinesiiniiugndesiie 94 1Wesidud
(Kulaszewicz et al., 2013) atlsAinu NSIFUMAMBANNTT Discriminant function &l
wngzauiunsuszgnaldluninauiy LﬁmmﬂGTaaﬁmiﬁwmmﬁﬂﬁﬁﬁﬂumiisqL'Wﬁ

a*':)umﬁsumemaaunmaLLa'ufJ"lumné’wmvmﬂé’mmu%m AI9UITBUD
Hermosell et al. (2007) dunpanualy maammu'mmwmaaﬂwmvwmm'ﬁmwmemum
i 1un AIUYIIVDINTZHNBN AIUITIVIIUDS AIUYNIVBIVUNNGUDN ATIUE1IVBIVY
wisgly waraueUn lnednvunuiasuiuandssnaauiazUssmaauuiinnuii
'LuLLr;iazﬂq’urff'sashaﬁﬁmm‘lumasﬁuﬁﬁa"wmumﬂé’mﬂﬂ”jm,wmﬁaLgamwm@:’ﬁmmanmzﬁ“m
WaZYUNILINATINALTE ImaLﬁa‘tﬁé’nwmzmmaﬂﬂﬁx@nwﬁmn ATNENIVUN I AUBNLAS
mmmwawumwﬁ,uLmum’w’luaums Discriminant function wuinile D > 0 seysuiweg
way D < 0 seylumedly Fsanursathauns Discriminant function ulUIﬁéﬂumﬁvULWﬂ
uﬂummumuwaawﬁummlmnmawmﬂfm 90 Wasdud vallifienAteves Maller et
al. (2011) MApEIR LIRS SEwIRINATUATIIE R Nt awestn U aue Ut ua Y
LLaWam’lmummmawawwmw unuLguUIwaAggiamslnLas NI WLy
wuiu Bniisideves Dor et ali(2011) FnwiadwenTuuwisguanvaaunuewsuty
1wy 2 alTdgee laun Hirundo  rustica rusticaa1nUsemAddsIaLas Ussing
AVSTRNSNT WAz H. 1. transitiva AN SEIMEBATILEA WUAIAINBIIVUNGUBNTBS H. I
rustica’ 1ANTIAINMBIIVUNNGUENVBS H. 7. transitiva WaiAsIznAI&Ifussening
AUV LN AUANYY Y 2 dUTdgnlaueImeguenTem AN ALY
a&hal‘:;ﬁmumﬁsmwﬁ’f’mmmmaﬂnﬁammmamaawﬁ%ﬁwwam’tumﬁxummﬁﬂ“ﬁu
1@mﬂunmmmamwmamuluauusmmnm'ﬂmumﬂLwimmawwiumaqﬂawaw

mum‘aaqmmwummmenmﬂmumau,ma%auiﬂmmmmm'}ma 3ANE1IVDIVY
‘WN‘VNWJﬂLWE]‘U@ﬂ‘UaLLG?FIWN?%M”J‘NLWﬂE:JILLﬁ&:LWﬂLlJEJ AT N TR TE T IR IR R e RRUVES
FduSaiuunIain (Kose and Maller, 1999) usinAausagldinamiilunising wax
uneainAuesgald luaiuideues Duijns et al. (2011 AfnwamAvasunusLe Uty
alfideon H. r. rustica R mdsemakeande viviewing Tnedunmanzaiueivesuumag
uaN AIULINENYBITUNI WAZAIINETITAUANYIVOMTUM T AUaNdAN U LnAgaziinga
g1vesdnuazaeg snniunedls Tagmmuaniutiedel anuidnvessums mntes
nd1 51 fladums szylumede uazannndi 58 fadwas ssyumes mmenvessumag
uen wintesndt 93 fadwes ssyduwaliouazainnndt 112 fafwns szyumed uay
AINENIYAUANTIVLYUN R UBNEA Mntioend 17.50 fadwnas syyduneidls way
mﬂrm 29.50 fladuns szyrune szm'm'ailamﬂanwﬂwamﬁmwLWﬂUﬂlmﬂnﬂaamﬂ
u Lmaﬂuawmm'ﬁuumﬁunmaLLaumumemmanaa’lumwmmwauammulm Ly
AIULIIENYBIVUNIITENIN 51-58 faflumT AIUEIIVBIVUNIIGUBNTENIN 93-112
lafums LarANNEIIALANYIVLTUNNAUDNEATZN I 17.50-29.50 aflunT

uenaNii Dor et al. (2011) FaAnwALERUSsEINETLUT M UwATLLN
wiuswd (H. r. transitiva) ndsunedasniea lnswudvuunnenvesmadiiEdudundi
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weile dau91u3duves Hasegawa et al. (2010) :e“ﬁmmﬁ‘uuu%nmﬂaLLawamLLﬁmnuwumq
VBIUNUNUBUUIY (H. r. gutturalis) mﬂﬂiumﬂmﬂu Immwmmvmwummﬂawwm wazil
YUIATBIAUSLUIT Ve warsIeay Wilkins et al. (2016) wuunuNWaUUY (H. r. rustica)
PAIUglsy warunuaweuti (5. . transitiva) nviiUie@enyusannag meﬁmw
\danANANNUG Imawmsmmﬂmwmwewummuamuamumnmaﬂwaamﬂw Farfudun
EJ'H]QJF’]’J']@JEHJWMSIUH"I%]’]LLUHLWMUHU’NLLBU‘UWH Lmawmﬂmmmwmmlumimmmlm
Luaamnunummawu’[uq@awaw (Sarah, 2007)

2.5  MsANEIAIURAINNAIEYRIUNG8E G UTAaTe NG

@

msAnmAudniuslussivaliduieadTddonvnadaitinaunsafnuwid sy
tndlelnalululnaouwasouariiadea Tﬂamﬂﬁwam‘uamsﬂma (2535) finanads
anudAgassiuwmlsdululiivaewesedndy Control region wumwwmmmaamavu
nMsnaneiugInAMEEueINTItAded LLavmmmmm%aaummauwuﬂuammmunau
5] Lwawvmamamﬂluiwﬂaumwmmsamwaﬂmmmﬁaﬂlm Bnatadamnzfunsiase
Fo89esdsliTiniiiusyteaniet o mammm}qmm’mamaS]Laaﬂﬂﬂmmmwavmmﬂmﬂ
anuihedlelndnmeulusunililneoueds fas11358989 Hebert ef dl. (2004) @nwn
anuihadlemavesunlumidewsnumiie 260 atdd wasledy Cytochome C oxidase
(con) ulinmaugsslunissiunnuit daumdeudinananmn s oL AmOLLa e N
MnalPefle uazgmnsaldilusiaussinda  (Barcode)  waausasaldd lnsunuisusy
(Swallow) Aflumilslusuauunininn@ne Sasedelvuisovas Malaitad et al. (2016) i
Anwunuiseutululsayalvsandmiauiy WaZNTUVWINIUAT 913U 15 69 Taely
AUWUS Nicotinamide adenine dinucleotide dehydrogenase-subnit ( NDZ) ‘[.umﬁwﬂ‘d
FeleiDuUBIUNUAILTUU Y Wisuiiguiumegnsaingudoya GenBank wamis 5 aldddes
leun Hirundo rustica rustica, H. r.gutturalis, H. r. transitiva, H-.r. savienii wag H. r.
erythrogaster Iaoatddos +. r. tytlerr lilfinadmseinuit UnusugutusuIL 14
fet19 (NBS20, NBSO7, NBS24, NBS51; NBS101, NBS110, NBS115,,NBS119, BS66, BS81,
BS82, BS85, BS86 waw BS90) seywihual@deion H. v eutturalis waswu 1 deea (BST6)
sedssyiniu H 1. enthicgoster fauFandasliiiiununeusutuegaton 2 aUdd
dosfienenunlsemalne LLﬁiﬂga‘lfmiﬁﬂmwmﬂmmaﬁmwﬂuﬁdﬁma%’mau Wi T
ATl

Ericson et al. (2003) Anwanudunusvasunluied Passeriformes $1u7y 48 win
edviuiindlalndmumisidueluiueioa fe cmye fuiduelululnsaounds de
Ctb amnsadanguunisdild 4 ngu fe aguil 1 1§ Sunbird, Flowerpecker olive
warbler, Accentor, Weavers, Blackbirds, Finches, Wagtails wa¥ Sparrows ﬂd:u‘ﬁ 2 leiuA
Long-tailed tit Babbler, Old world warbler, Parrotbill, White- -eye, Bulbul, Swallow
Lastk nguit 3 T§ud Nuthatch, Gnatcatchher was Wrens ﬂaam 4 laun Stal’lli’lgs
Mackingbird, Dipper, European robin uag Flycatcher Imam’;amwaauﬂumwumuwag
Tungui 2
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Sheldon et al. (2005) AnwiAuduRUSUTRIUNISA Hirundininae fedduiinaale-
Inadumisiidueluiinndea Aa Bfibrinogen intron 7 (Bfib7) 1uau 47 adiTd wardrsu
tndlolndsumisiiouelululnaewais Ao Gt-b s1wu 74 aUTd waz Nicotinamide
adenine dinucleotide dehydrogenase subnit (ND2) "\T’IUTLJ 61 aU¥d lnsaansauusluy
2 Hirundininae suamﬂuwl,l,au sanillu 3 nqu e naam 1 vh¥inlaau lawd ana
Hfrundo mmmammumaaum wmmnuamaw@aaumma wazdna Ptyonoprogne il
mmmmauﬂum ﬂaLLau@ﬂﬁE}Buﬂ’J’lLaﬂuaﬂ ﬂamn 2 Core Martins loiun ana Riporia 1Tu
‘lIUﬂ‘Vlﬁ}”E)EJi’JﬂJﬂﬁﬂJﬂUUﬂu"I\‘?LLE]UU’Iu Fednuwaziiuanssie fuaumaondans LLauﬂJ“U(ﬂG}ﬁﬁ
NANLAY Wagana Pheding d102&WM snluanefundnuuzadsatode ﬂﬁ?,.l'ﬂ 3 Basal
Relicts leiwn @na Cheramoeca a191891701 dnssntonuasy L,mummmmm dana
Pseudhirundo §16281113u NOILaY ﬁaﬂﬁlﬂﬁ“ﬂ’!’l hasnse vxuammma hazdna
Psalldoprocne mmmuammammmauwmm

Zink et al.(2006) Anwmnmainmmeludumdsdu NO2 Yesununausungud 1
\Wuunuisusudnu (Hirundo rustica) WUN1INTEIWAWINGUUEYINTBE 9N I190279 Toun
mﬂfﬂsu Mm%y vivowsn wasnaaauluaia Usemesade Im&mwuﬁﬂiﬁwmﬂmm
azituil LmeaamwLmaa:uuJasmlUumsmaumu‘uawuwmLﬂmmimaaqumﬂﬁﬂumi
Mssdin viTldiRnanubUstiumeaiugnsaniianisusuihlifuuasauiuan muadon Jof
nsfnyIAEa INMaIsvesuALLen TRl uuAaz T IHLA unuaeunale Ut LAY 74
seg1e InefnuiluggresniusuamIvgsids 13 fuil saswidewsnmile 6 fiui uaxly
nRenentesymALeWinlfLas Ussunednlusnudn amnsaldiundadu ND2 uiaunuia
wansutlinuiinggg 163 ndu fie naul 1 AVglsy ngudl 2 viddmnds wavnqudl 3
vIvsuinmitleuasnsaauluniaveslssinasaids

Dor et al. (2010) Wisrusauieensuninaldutiud uau 29 feg1e Usznausie 14
a8 sl vilan Tagaseunaunia 6 atdddsuiiusienaamiufinu arnduiiun
AnAruduiussgauiinalelndly- 6 wuvmislulylvaounie was 1 duwialy
thindeanudn Awmisdu ND2 uaz Cyt-b-ansaudsunuaduthusenidu 2 naulg o
Asia-American fidnwnizuaumnenlidanuuasiav WA Hiwnde rustica eutturalis a7n
wiliedenziusan uay H. - erythrogaster MWIVELSM Fadladmduiusvnaiugnasu
IndiAsafiuundu H. r. tytleri  anvIUBIRgns Tuanidoanile was Furopean-Middle
Eastern fidnwazuaumnenidy Tasaznivwazdoiau lhun H. r. rustica :nnmidglsuuag
vIllewWenans H. r. savignii uay H. r. transitiva 3nviveduns Yuaannans sewnilanise
w83 Dor et al. (2011) lofinwimnumainuatesswing H. r. rustica Wungulszdauly
UsenARaASWaa NU H. 1. transitiva ﬁgﬂun&juawawmé'faﬂazmﬂﬁaiﬂLaa dlafnwdegisiu
healalnalushumisu ND2 uay Cyt-b wumMUANANNIRUGATINTENIN H. 1. rustica
uay H. r. transitivo

= 8 1

HE]ﬂ'ilWﬂ‘UEl\mﬂq‘iﬂﬂiﬂ’lﬂﬁl’lllﬁiiWUﬁivW]’]\?ﬁ‘UUﬂUﬁﬂ%ﬁﬁJE]El U51891u91nURen (2539)

" i

91309 Dillon (1983) ﬂﬂ‘t-)’liUUﬂﬁ]ﬂlmy (Parus major) mmawaamﬂaﬂsamammmgwwa

U
124

' o Y= ] i [ I i ' L4 o
WU U 29 alvdeey awnsouusesnilu 3 naulvg laun wiees Mduden wavay
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vieamaes) luwes dwaznadilloiwniiviesnn) wardiueised (mdsuaznieding) Tnewy
Uszangiia 2 nay wawugiuluaeidnuinasoty Wy nauLLIeinsaunsatunluylsy
e mladeauaunzialenenar fnsnandwaliddoslunguiueea aseunsesiioy
ofeluenty uasinisauen ilildgnuanifdnuazvesduuuinamds uazenfiudsunyag
A Tdvuvundmauiuseninedideazn diuduuuinueniidvnuazimdes
dmsvunususudununisnandnaldddosainsisaiu Scordato et al. (2017)
namununweutu 3 aldddes laun H. r. rustica, H. r. tytleri Wag H. r. eutturalis Wes
ugiuadddeslunidtuiifndety slignuaniinumrvesdvuuiinnenwazauen
Unflldsuudas idafimsAnwauuandtamaiugnssusenirawelaeldiumdagy
ND2 1911336903 Guerrini et al. (2014) Anwluununsusutiu (H. r. rustica) auun 186
Mlu 6 Ussmaldun Usenaati Ussnada1d Ysenaosudl Yszinalausa Usze
ewdle uaziniglofuauanud aunisdy ND2 lalanunIouenaauLANA YD LNALLAZINA
e WieamnwuAa s msiugnasy (Fy) Tungamedioniniv -18.449 uaslunguineg)
A1 Fy WU/ -13.178 uan%wnﬁﬁaﬁmsLLamm”nmmshqm\aﬁuqnﬁm‘[.ué’nwmz?{uﬂ s
IndiAesiuluseniranagivindidie winuda anansaldswmvsdu M02. Tunisuenun
uawsu U Ussmasaduesnatnunaddudnduussmaaug 16 eiddanunsaldinada
Microsatellites Tumsilaszsimauuandesenirawadiazmaidels Taowuh Aedsves
naunekilezda Fy Wany 0.022 “ﬁ\‘iu’lﬂﬂ’jﬂﬂdm‘v\lﬂgﬁﬁﬁ%aﬁﬂ Fo W70V 0017 @S
AUANN IR UGATIIIENINUNU KBTI U AR LazeLsasuIsla v n wo BN suva L We
WeazeAtluunasiogimiageg dumagidteiduundndiseviinisenendeiugiu v
Tinsmsedinvesneuasnmilodneiuiosanendegluwdaiogiianmiandousiaiy
SauFailviusnssmmstmaiavmadouan ety
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uni 3
A5N15A 1 IUIUITY

aunsal

311
3.1.2
3.1.3
314
3.1.5
3.1.6
Sil.r
3.1.8
2.18
3.1.10
Ky 4 4
Fyiz
Pa.1%
3.1.14
AL
DY . ke
1R14
3N\ \8
314X
2.1.20
914
Sl 2
2.1.23
3.1.24
3.1.25
3.1.26

Autoclave

Balance

Beaker 100 ml
Capillary tube
Centrifuge

Cooling box

Dot grid (mm’)
Electrophoresis system
Fast Technology Analysis Card (FTA card)
Forceps

Gel documentation
Heat box

Miero centrifuge tube 0.2 and 1.5 ml
Micropipette
Micropipette tip
Microwave

Neddle size 26

PCR thermal cycler
Plate (90x15 mm)
Poucher.(2mm)

Ruler (mm)

Scalpetl

Spectrophotometer (Eppendorf bio photometer)

Spin down
Vortex
Water bath



3.2

d19ad

3.2.1 10X Standard Tag reaction buffer

3.2.2 2X Tag master mix

3.23 50 bp DNA ladder,100 bp DNA ladder a
3.2.4 6X gel loading dye blue

3.2.5 Absolute ethanol wag ethanol 70%
3.2.6 Agarose

3.2.7 Boric acid

3.2.8 Deoxynucleotide Triphosphate (dNTPs)
3.2.9 Dionized water (DI water)

3.2.10 Ethidium bromide

3.2.11 Ethylenediaminetetraacetic acid (EDTA)
3.2.12 FTA purification reagent

3.2.13° GF-1 Ambiclean kit (PCR&Gel)

3.2.14 GF-1 Blood kit

3245 GFE-1 Tissue kit

3.2.16 Magnesium Chloride (MgCly)

3.2.17 Nuclease free water

3.2.18 Primer AaLARINIT N7 3.1

3.2.197 Proteinase K

3.2.20 RNase A

3.2.21 -Tag DNA polymerase

3.2.22 Tris-HC|,
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nd 1 bp DNA ladder

A157199 3.1 vdakardnuted ke luavadlnswesitdlumsdne

Iwswed anutianalalung (5->3%) fian
P2 TCTGCATCGCTAAATCCTTT Griffiths et al., 1998
P8 CTCCCAAGGATGAGRAAYTG
2550F GTTACTGATTCGTCTACGAGA Fridolfsson and Ellegren, 1999
2718R ATTGAAATGATCCAGTGCTTG
127 2H TCCAGAATATCTTCTGCTCC Kahn et al., 1998
12371 GAGAAACTGTGCAAAACAG

ProgND5F  CACTCTGGCCTAATCAAGTCCTAC
ProgCBR  GGCAGTCTTCAATCTTTGGC

METB
TRPC

CGAAAATGATGGTTTAACCCCTTCC
CGGACTTTAGCAGAAACTAAGAG

Dor et al., 2010

Dor et al., 2010
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3.3 A5n1s
33.1  mMsiufaeg

Wuiedsunuausutiuaingnat J9inuu wazauuday wautedn
NTUNNUNIUAT mU‘Ltﬁ'm‘mLLamaaamﬁ?%’aﬁmiﬂﬂﬁwaﬁvme nauITadn iUl ddnau
auinddaith ﬂ‘mawmmmwm amﬂmauwuﬁwszj edEnsldnnang (Mist net) Tnelunns
mn%uun%vmmma maunwmmmmm :,m:funaaﬂmmmmaLLavamanwmmwamﬁm
I 11 dnwae gun dwin AN ANNEIIIIRIUIN AnLeTn AW
L mmmwumaﬂuaﬂ AUETUNNALY A dENYBITUMNY BYuUSiimen ANEN
LLauW‘LlWZJE]WﬂLLWEJ“U’]’JUU“UUWNHUEIH Iﬂauaﬂﬂimmmuﬂﬂmaﬂwmvm@ammmwm (U
3.1n) munmulmmmmmq‘mLwaiuummu (TU‘VI 3.1%) smumun inuadunsy (TU‘V] 5.1
f) ’mmmmwwwﬂuamm VU9 (51J=w 3.19) ATILITIBAVBIVUN AUEILAS LT
ﬂuawmmwm (‘sﬂ‘m 3.19) Avuusiinien (‘S‘U‘W 3.12) Imam‘ammwmawmamumaamm
LLakuwwmmﬂummauaamm waqmnuummuawmwamlﬂaﬂmmauLa Tneiailoiie
YUNAR (‘i‘lJ‘W 3.2n) ussylaviaan Micro centrifuge WWIA 1.5 1adans LAuenIuea 70
Lﬂamum LLanthamwnwawsammanmmvmmaamummmuamawmnai 26 (34
71 3.29) udalduaes Capillary intidaald Micro centrifuge 970 1.5 Sindsas (5U7 3.2n)
LLﬁ’JLﬂUl’JWeJﬁJ‘MﬂiJ 4 2IAUYAL T uanmnuamms’[wﬂsvmw FTA card 2funsatheven
\Gon (‘i‘lJ‘VI 3.29) Uldwasn Micro Centrifuge WU 1.5 Jadans (gﬂ‘w 3.29) Auly
amiiiviosuardssrunuiduiioh idlunsasaisusss

Imanwwnwuﬂma’lmﬂumaawq'lummmmmwLnNuJu 3 | AONN A4
wanalunissi 32 leun qmawawm 1 fnduludui 26 uN3IAY 2558 aauuday vun
UN93N ATMNUAT uuttamn 61 fRag qmawawm 2 finduluiun 22-23 Suaneu
2558 et fansnuay WU 120 fameng baglutuii 11 unsimy 2559 mmwauu
dou Lumunssh NTANNUNIUAT FTUIU 30 mamq AU 150 FE19 uonIndie
mmmmwayaaﬂwm“mdammwm ur Yt A8 AEIReUIn ALeT)
Un mmmwmum ANLENIYUNISAUBN ANENIYUN ALY AL EN VYU A7
F;l’]’JLLa“‘Wu‘VI"UEIx?’ﬂﬂLLG]&J“U’V)UH‘UUWNF]UE]ﬂ mwaualmmmu 147 Aye819 @ msudauusiin
aﬂanaualmmmu 146 spena qmawawm 3 anauluuil 20-21 ﬁm'lml 2559 figneth
WU WU 72 fege wazsndulutui 23 unSIAN 2560 Tauuday LUAUI9SN
NTUNNUNIUAT WU 17 M98 TINFUIY 89 Faeg LLa“flmLﬂwauaaﬂwmmwamm-
IsnNBIUdnuale Taun AINLENIVBIVUMNSAUBN ANNYIIVBIYUNIE LY AIINBIIVBITN
Lmenuufuummuan wazAULINANYeIIUIg Balds1uau 87 Aa9819 drudvuusimen
m‘usuaualmmmu 84 AL muammaua’ium‘mw n-1, N-2, N-3, wag n-4
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A o L 1 1 2 =3
M99 3.2 UIUAID EJW\‘;‘UﬂU’NLLﬂUU’mm“ﬁUﬂ’ﬁH NI

U (A7)

. g . Gk AR89
a9 i v de o AU AENNUNTT L o
fg01uUn AWNNUAIDENN » N 1NN H
AWEN M29819UN GGG A
. - - L
wusut fugndnedug
Ustaen
1 NIUNWUMIUAT 26 1.@. 2558 61 - -
) JINWIAUIU 22-23 §.A. 2558 120 157 117
ATUNWNMIUAT 11 u.A. 2559 30 30 29
: JIUIAUIY 20-21'5.A. 2559 72 70 67
NINWUNIUAT 23 31.A. 2560 1 7 il
4 B < 300 234 230

k

.' I ‘ q.i’_) 2
JU7 3.1 nifiudeyadnuazmisdugiuiveeununausutu: (n) gunsalilldlumsin
(@) Nslaswane (m) NMSTYEN (1) MIIANNEIINE (3) NMSEFLARAIILEND

; - 19 ! @ = =
WAZNUTIYALANYIIVBIVUNNALDN () MIdunaduuuImen
l:l ! = aSa a

(Mn: gudnelay oy A, 2558)
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o aa e “w 1 v = ) “ d v oA
JUN 3.2 T8MNUARDYIUNUIIENUI: (7) AISINTURAR (V) NNSWNzIaenillduLben
Ushiadw () nslavaen Capillary ihuiden (8) mstuniethoidonmionszny
FTA

=

(fiun: JUelng o3dly Aavsiav, 2558)
332 nsananaue
[HosnegvilifivldiviatioBeuasidon Jusnsatnfisuiessi
3321 nnatafidueandediuiaide
nsdifodraurundnvatafiduonndedaidododifnmniy

vasnwu Tnedauinnasnuulilimnaenisulssuns 0.2-0.5 wuns uiieaiaiidule
lngldynainAdue GF-1 tissue DNA extraction kit (Vivantis, Malaysia) thauunduly
aztdon lngld DI water USuns 100 lulasang neaneuduiitatesiunisianszaisves
M08 NaAINduazideaualllldanasa Micro centrifuge AW 1.5 Hadans aiualy TL
buffer Usums 200 lulasdns Proteinase K Anuwduduy 20 fadniu/iiaddns Usuns 20
luTAsAns was Lysis enhancer U3uas 20 lulasans wluuslu Water bath figumgfl 65
ssmwaidea \Wuszezinan 4 dalue Inenduvasann 30 wil ieAsuaLAL RNase A
anudindu 20 fiadnsu/diadans Uiuns 20 lulesdns udrthlutaly Incubator guvnd
37 asmuaidua Wuszesnan 10 wiil ndwndudy Buffer T8 Usuaalu 2 wihwaes
ansazangreunth niunasaiflenanlyiiriuudniivaly Water bath figamgdl 65 -
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wawded 9nase Wuszezan 10 uidl antuduieniuea 99.5 Wasidud Mdudn Usuies
200 lulpsdns wawlidriuiuiudaidill spin down gadiulaas Column Aewiludu
a o 2 o a P ] o o '
WREINAIINGITU 5,000 59U/UT aaungil 4 asenwaldea WWusreriian 1 uiil uawdiu
Taia 819 Column A7e Wash buffer USuas 650 lulasans drludumndganimnusiseu
5,000 sou/unil Ngamgll 4 ssmwadea Wuszaziiar 1wl udandiulaiia vinduneu
819 Column Mauum 2 Ase 9wy Column Twialaanistuwissiaiuisiseu 14,000
o oA a - I o v 7
sou/U Mgl 4 esmeadva WWuszesiian 1w 61 Column asluvaesn Micro
centrifuge Yu1A 1.5 fadansiud uaaudn Elution buffer Usuns 50 lulasams fanialiidy
szeziian 2wl Seflumlssiieannusiseu 5,000 sav/unil gungll 4 ssrwaldes Uy
sreslann 1wl delanduie asvdeunmnmuwasUiinn dniulinoumgil ¢ aeen-
ALY

3.3,2.2 NsaiamouleanAIeedien

dadenuiuang 1020 lulasdng waeinfdutedleyn GF-1 Blood
kit (Vivantis, Malaysia) Tnen1st@al BB buffer USinms 200 lulasans. waz Proteinase K
ANLILTY 20 Hadnsu/diadans Usuaes 20 lasang aaunulaonaumraoniun? wauily
Uil Water bath figruugii 65 admiwaidea umu 54l Tasndunaosnn 30 unit iilensu
12874AY Rnase A A1WWUNTY 20 dadnsu/deddnT Yaums 20 lilasdns wdahluunlu
Incubator #gnmail 37 sveriaattea Wussesim 5 unil n§imntiafueniuea 99.5
Wasidud Fibude Viuans 200 lulasiies aduvaesviui aanduthgansas Column thlu
Juieaiinmi5a5eu-5,000 50U/unl gungil 4 seeniaaidea Wustozinan 1 unit indou
Taiis i Wash buffer 1 1itadas Column USunms 500 leilasans diluilumieiinams
50U 5,000 50UANT auM 4 asngaldsaduseesinat 1 uiit indilaia sieantudng
Column defae Wash buffer 2-U3unns 500 lulasdng udailuiumisssneainnsiseu
s wdamdaulads siviusidagmstuinsfianiiiiseu 14,000 saU/uit gumad 4
sernwalded 1Wnszegiian 3w E1e Column-adlumase Micro centrifuge au1m 1.5
fiadanslul wduin Elution buffer Usias 50 lulasams wanaldifuszezina 2 und Seiu
WiBIdeAIEITOU 5,000 S8U/UTH goumndl 4 adrnaaoa \Wuszaziia 1 ui dlola
WBute asedpuRMALasySINA tniuliTigamaii ¢ ssmwaldua

3.3.3 A3 nsea1e FTA card U‘%fc}w‘é

nsddegndensglu FTA card  agvilifiduouunsemwuansnou 14
Poucher wum 2 fHadwns lzuunszany FTA udaléfudunseavadlunasn Micro-
centrifuge 1 0.2 faddns wniuwihliuianslnedaulamisisnisvesaing wasame
(2555) ¥msiiu FTA purification reagent Usunas 125 lulasans aaiely 5 wift devay
Vortex ndsaniurirlunglu Heat box goumnfl 65 sarwaldioa a1 10 wil WleasuLia
Vortex ﬁﬂﬂ%'jmé’a@mﬁhuiaaaﬂ (18180 1 ade) udaTaudu TE buffer auidudu 0.1
fiadluand Usuws 125 lulasans Lﬁawqmmﬁﬁwmmm FTA purification reagent aantiu
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Vortex nauirluwaly Heat box i gaunnil 65 s Lvaldya L‘t’junm 10 W Lﬁam‘una’l
I1e9na1n Heat box W& Vortex aﬂﬂsaﬂauawﬂmmu‘laaaﬂ (hgEn 1 ad) wdh
nseay FTA fleviliusase Heat box gl 65 asmnwalded Wuial 10 uadl a1uisa
u']IUmeﬂﬁmmm‘iwuﬁnﬁuIﬂEJ"L;JsaaamwaavmumwuawﬂimmmLama

3.3.4  miszymadsmaianiduana

Iumm%ulﬂﬂﬂLaanIW'iL;JaiWLﬁmuamﬂUﬂﬁi 2YWA Usznausie 3 ¢ fe
P2/P8 (Griffiths et al., 1998) 1237L/1272H (Kahn et al, 1998) uas 2550F/2718R
(Fridolfsson and Ellegren, 1999) 'Lumigﬁuu%mmmsﬁuﬁmsﬂuﬁwwu’aﬁu CHD
maaunumamquﬂmmaumu 2 et Wisuifisuiummuauiinsumauda (lrivwee]
wazinailey) mﬂuummamawaﬂmlmmmaaﬂwsawmmwumu 300 wilunfy fu
arsavaneidudiudssnoulunisyi PCR gl 2x Taq master mix Usuns 12.5 lulasans
dlnsweinududu2o dlaslua/lailasang ettvas 4 lulasans 14 Nuclease free water
1.5 lulnsdns Lwamumﬂiuﬂimm{lwLma“waamuﬂsmmmu 25 lulas@ns WiudSunaans
wusnssulagivunanads sadaLdasn Wang 'et  al. (2007) mnuuuﬂawammsagaﬂ-
nsls@adpernilsawanutudn 3 \Wassus \lBuERATIAASITE e WdaRndi
1mﬂ1wsmawmmwamLLamvmm'ﬁwumeumamwnmmaumwﬂmamwammlm
dwiulupsdss A ueUNNTE e FTA T wasnsedanszne FTA fivinle
USqududminiuasiaiiisay ianaliidsians 25 hilmsfny lon 2X Tag master mix
125 bilesdes dlwswasarudutu 20 flaluaAulasans sevas 4 tulasdns wazldy
Nuclease free water 4.5 lulasans Ene.qummmmswuﬁﬂsszmqmsww 3.3 wazulanaloe
Laznlsanmdidu 3 Wasifud dnlng) 2 wou wlanadafumeile WAtYsINg 1 woy
LLanamUuLWﬁw

135190 3.3 \dwnow gamgdl et taydnruseullun SRS TR S Uy

CHD
Junay gauundl (°C) 181 (i) 31U (500)
Initial denaturation 95 300 1
Denaturation 95 60
Annealing 50 60 35
Extension 72 60
Final extension 72 600 1

Cool down q - -
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335  NMSAATIEINIANUENR SN IE g IuAnE U

Lﬁj@lﬁwaﬂﬁix‘qL‘WF‘W]’NT@JLﬁQﬁLLﬁ?%GﬁW%@HﬁiUQ@aWEJW‘ﬁ‘ 2 Fwau 147
A9t wmnauduiusiudeyandugiuinevesununueutiu Tdun Arme1an
ANUEIIITUIN ANEIUN Ame I mmmaﬂ‘ummumq AYTIUETIVRITUNIE
lu mmgnvesumaguen mmmmmmmnwwumaﬂuan i Lgauwuwuawmmu
PIVUIUNGUBN Imammmawmmﬂuuaamm dwinmienduniu LLa“’WUWU’a\ﬁ]ﬂ
uinyIUUYUNeguen dnheidumsfiaduns uansdeyadinisenianuan n-1 uay n-2
nnagimanuduiusaelusunsy Rapid miner studio (Rai et al., 2014) Wisuifiey
funsssymademeiiamsuana Welddnsuemeduguinefiduiusfumauds thun
neadavssymaivunuusutiluggeneni 3 uansdeyadinisenianuIn n-3 wag n-4
u,axmfg%aa'ummaﬂﬁaaﬁuaamsi“ULWﬁé’anﬂﬁﬂmqimaﬂa uenani Ssdunmdvunion
anma&uniuqmawawm 2°Ua% 3 M50 1ARLANT - 1, N=2, A3 way n-4 lawdl 5 JULUY
"me ondduidy enddutiunaiy ondduseudatsvsddudn onddugeu uazenivd
awﬂummﬁ1wmwﬁuwuasxmwamumnmaﬂﬂumﬂmwmEjmﬂuﬂmqimaqa

3.3.6 msﬁnmm']wmﬂwmaLLazﬁzqﬁﬂ%ﬁdaﬂﬁQHﬁwﬁuﬁqﬂ?ﬁﬂlm‘

Lﬁaas‘fuﬁnﬂ“1ﬁmiwﬁwnmmé’uﬁuﬁmaﬁuﬁﬂﬁmmnﬁﬁma’tué’aﬁa CHD-
ZIﬂﬂaumamauﬂummumuLwﬂmmmu 5 f70814 quﬂ‘immmswuﬁmmmalwnuas
P2/P8 AMumI3 19 33 antusanalngliasnlsamaninduiu 1 wWosdus udavili
HERANA PCR mqmma Kit"GF-1' Ambiclean (PCR & Gel) (Vivantis, Malaysia) nouss
Insgiawuiadlalusaieuitin Bioneer  Ussmanvala ddduiianalelnsiilau
wWisuigummwdussaens Blast uaziUSauiiieuiUgutena GenBank Tu National
Center for Biotechnology Information (NCBI) Ftastevidasuiaralalndlesldlusunguy
BioEdit 1983591°7.2.5 Ima%vmﬂ‘awﬁéﬂﬁuﬁ’mﬁialwét,ﬁam'méi’uﬁ’ué’wNﬁ'uﬁﬂiiﬂu
AIWAUIBY CHD. Aaglusunsy Phylip e 3.6 Luaamﬂ'ﬁﬂu,uu Dendrogram ildan
TUsunsuildunasiinsiziuuy Kimura Zpatameter  Gauminzdmsunisusziiualmu
AU

mﬂﬁguﬁmﬁmaaumam’wﬁmmvaﬂumiLﬁuu‘%mmaﬁﬁuﬁmwlu
Fuvsiu ND2 way Cyt-b Tnadudiage 2 §1egns mwmaaumeﬂimmmﬁwumimmm
Insiwedamnaed 3.1 fausasfetasiidudsenauues Master mix fil fEuaiads
ldarniden arudiudu 100 unlundu Uues 1 Tulasans 10X Standard Taq reaction
buffer Usuns 2.5 lulaséns 50 mM MeCl, Usuas 2 lulasdng Inswesudasanuduiy
20 Wiastua/lulasdng Ysuns 1 lulasims 5000 gila/iaddns Tag polymerase Uums
0.2 lulasdng 1.25 mM dNTPs Usuns 4 lalasing udrusuusunsenetin O water 1
Usimsgavihaluusiazmaendu 25 lulasang vdsntutuduedes Thermal cycler
anneanulaInue1uiddeues Lovette and Rubenstein (2007) Taeiinsleen Annealing
temperature (T,) ogluguvigil 54-62 ssrwadvalunismaaeu Wensiuanefimuza
LLé"J'ﬂzﬁwmifjmﬁaaa'wﬂqu]awawﬁ 2 91171 10 faeehe uazggenewil 3 $1uu 10
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AL ‘mﬂﬂ’]‘iﬂmﬁ@ﬂﬁﬂi&%&!uﬁ“ﬂUUﬁL?ﬂJ@ﬂ‘ﬂLLGlﬂﬂ'NﬂULLﬂ']U'l?,ﬂLWZJ‘UiﬂJ’lmﬂ’l‘iW‘lJﬁﬂ‘i‘iﬂiﬂ\‘]
5]']3’]\‘1‘1/] 3.4

1399 3.4 Funou gamail a uazuuseuTlFlumsuUTuE SuefumeEy ND2

way Cyt-b
Tupou gauunil (°C) a1 (Juai) U (50)

Initial denaturation 95 300 1
Denaturation 95 60

Annealing 62 60 30-35
Extension 72 180
“Eneét extension fi | 300 i

Cool down q . -

=

MR IERREaRLT PCR medsoianlnsnida Ineldeznilsalaa Ay
\uty 1 Wesiud dviiasrediinduinadlonddaeusev Bioneer Ussnetnwidld iole
anuilanglolve thaiuiindlelnaluiFsuieunuaed dialnalaadtus s uisa sy
mﬂﬁm"ﬁaua GenBank w84 National center for b'otechno{ogy information (NCBI)
Imamwuuﬂuwuaumu 6 aUTdgae 91n Dor et al. (2010) mnwwmaﬁ] lan anidu
wasvaduiealelndaslusunsy Bio Edit 17039 7.2.5 Lagldm Phylogenetic tree
melUsnTi MEGA 6 suammsmimmmu Phylogenetic tree lagdlasngiuuy Maximum:-

likelihoad waz Bootstrap iy 1,000 mmmsmmmzqaﬂmaawmuﬂwLLaumu
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NAN1SIeLaZaNUS1gNE

4.1 Han1snNUAIeg1sunUNILEutiu

n’\mmiad‘ﬁuﬁlﬁaLﬁuéhamwmmjmmﬁaﬁmiﬂ’l NIUGNYIULINF dndUn wazwug
Wy waganiidednivrdevasein 910 2 Ve 1dun et Yewadu (swalunis
vAaed: NBS) wavauuday 1wauedn nyamnumiuns (alunisveaes: BS) wiadu 3
981 w3e 3 geamew ffewhimun 4,522 & duununawsuthusnlflumsAnwiaded]
19U 300 i Andiu 6.63 Wesidud fauandlunisned 4.1

VINAITINUDT awnsadnduiniivasaiiiastduse3onin Retraping lagunuialou
ﬁ"mﬁdumﬁﬂmﬁwm 4,522 77 WU Retraping 123 é"h Toelusegeildlunisine
mmu 300 @2 wummu Retraping 5. #73 laun qﬂawawm 2 S%d vnaes NBS19 Tdvaeen
uil 9 SUIIAN 2557 mmmﬂmu LLa”i}wﬁﬂmuw 22 §UAY 2558 m%wmmu el BSS?
Tdvasunufl 10 fuapy 2557 fingunnaniuns bazduligriui 11 unsiau 2559 7
NIUMHLYUAT QABWEWA 3 sa NBS125 ldvianiuit 9 fumnau 2557 ffaniaiiu swa
NBS189 iz NBS165 Iﬁmwﬁ’uﬁ 23 Suripn 2558 e Tavau daa 3§ Suldeniuil
20-21 FuanAn 2559 Adenianau ndogan1swu Retraping datnaleinnaulssuinsvasun
u*mLLaumu’LuLLmakuum'sawUWﬂaUMLmawaamﬁmﬂu Ao ununauauthuliedniuls
1ndaninituiinisensnnduudnaefismiaui warunuasuthuiinedniuldann
NFUVWIVUAS SIMIEWENAAUININATIAINTINNE AT Tnemudnuuzuilunngaanen
wazliwumsugdutusgriidiorindiuasn sumwamuas Gsdufiveruiununusuiu
2 gffw"i’ﬂawawmmﬂﬁiwﬁuﬁﬁ’uﬁammfluunawawnejmﬁmﬁ'u wilukiazTanindl
93AUTENDUIDIVIEYINFTLANAITY é‘f&ﬁ?ﬁqﬁaaﬁqﬂﬁﬁaUﬂﬁﬁﬂmmmma’mwmaﬁw
wailanaluanansly

15199 4.1 Fuiedunuisusuiuidulalusdazggonen

= SR A7UUUN
qﬂ o v oa ol w ' 7UIU v 3 i wes
v #07UN AUNLNUANIDEY . @an SGh,
NN (m7) ) o
(Retraping) (m7)
1 NIUNNLMIUAT 26 3.A. 2558 485 27 61
2 JIWIAUIU 22-23 5.A. 2558 1,881 19 120
NTIMNLMIUAT 11 W.A. 2559 a02 21 30
3 NIAUIY 20-21 85.A. 2559 1,548 47 72
NFUNNUNIUAT 23 1.7, 2560 206 9 17

94 - - 4,522 125 300
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lusAtedvhmafiusedaa 3 suuuu 1eun dudaideuinauasnuu Tnsfvunds
vinalnuieinuidansie Capillary tube uagiiuidensie FTA card Tnsianzidenainidu
donuSawnun Fuduuinuiivaendedauntuiadn Owen, 2011) Tasmsifudiogis
ulusimedilsfiannuvasndovesunuas iagussasalunsiidedalufine Tnsutanis
Wudegweandu 3 nsdl Taun nsdlil 1 manvrusdausnadnvesunszfiuamsaunda
vosunifieliunliiinuiauaa Taslunsddssldidaifevasnvuruinusumm 02-03
LYUALLNS %‘wxlﬁ'%’uﬂ%mmc‘ﬁLﬁumLﬁmwaL,Laxmmsmiﬂumﬁsumﬂuﬂﬁaamﬂﬁﬂm@
Tuanald udliwmngdunsdnwanunainwatsuasseyalidgesdodduinalelns
esmnmsfinuieiBisndudeddietriusenmstuidiou famslimedrsainay
’m%Lﬁﬂﬂ"l‘iﬂul,ﬁau%’mL‘?T@I'ﬁﬂ&hd‘]ﬁaﬂu’lﬁUTUUﬂlﬁ n3did 2 winlinuvundauinadn 39
Juluseaiuiden Tnsnsifuiaentie Capitlary- tube azlddenU3ua 20-30 lulasans 54
vinlitiusinadidueiganelunisdnmnmsssymaundemaianisluana Snvialainy
{]zw'mﬁﬂuﬁaua'mﬁla&mﬂ Yeauisaluldlunsfinwaavainuate siufianissey
aliddesvosununausutudweainuiliadlalng uildaunsoivdegadenlilduiy
ﬁaﬁ?u?ﬁé’fauﬁuﬁﬁqmmﬁ -20. par@oaiva iaagnaliaan dusunsdlil 3 mnifu
fethadeasme FTA ~card _aglifuuniaiiliannsamisdenlivdamn (Fesnin 20
lilpsang) el iuniiaauuinduainifuaes uessothadenaan FTA card axldnu
Wisan1ssvymafosmadanitlienaini msgasineaiidetnisusuiniiuely
msAnwuisdnties Snvfadsemnaaivisgadealile FTA cad idunarunuly
gampiidet ualiiarsnldlunsinwastuvainuaianagnisssyaliddesls iwsed
Usmnaudiouiebidisanalunsfinun

LﬁadﬁuﬁwmiﬁnmmemunmaLLéuﬁ'ﬂu’Lquawawﬁ 13w 61 _maeeg1e lasldiies
nMafiuiediuunsafi L Aefuidiedoudnaiasnty Wessnumntguthuinuly
Uszinalngaglushauannguaniuseeiinsndnuy ainnsiusegiilidnamuiiun
unusuthuinuidnensyesdvusnamnivainuatg 3959105188110 Tuner (2004) Wy
anundsiuvesduuinaenyesunusguilugguaniug Tnsautsouvadu 6 dnwus
mualdddon ldun Hirundo rustica rustica and@en H. r._guttdralis andduduan H. r.
tytleri anddudu H. r. tronsitive-andduuiunae . r savieni endthena uaz H. r.
erythrogaster enadusau siam’lumiLﬁwﬂuml,éuﬁwiuqaawawﬁ 2 97U7U 150 f28819
wazgganenii 3 §1uau 89 feg Tnsdulnglfiiuietuuunsdd 2 Ao tiuneaden
a8 Capillary tube LﬁaﬁﬁlﬂﬁmenmvwmﬂwmaLLax?zqaﬂ?u‘éﬁiaaﬁwﬁwé’uﬁmﬁ‘[alwﬁ el
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duiudiiueie andrsosvumAunu syl sonelvoldignio unnigadauansnisssy
wrunnawautulun AR

4.3.2 wan1sszymAunuugutuluniagauny

MniindRLEIIENYals A e IRAUE LT NI uen AT A nTe s
fenudniusiumea TaglidoRawatadosfian avuniussuiieuiupisszymevndliana
wiagalansszywmalunipauuindusesoifeaiusaniEilunisdang Fedanndnaiu
NUITures Kulaszewicz et al. (2013) wuaa wislddnvazaonadnvieaueniuiniy
mﬁzqmemmmummé’ﬂwmzLﬂmmmmimaiun"quLWﬂgﬂmaqmﬂmwmiﬁmsm
vanednvaz Insnuindethzuuuunsssymalunaaeufuununausuduidniuldlugg
aweni 3 990 2 Ym¥a s1uau 89 i Tmeidl 2 ﬁaafjwqhﬂﬁﬂ'}mﬁvuwmmﬁmmnhiﬁ%’aya
meduginer faudedidednatmmn 87 degilunmmadey fms1ed 4.4 devihue
IWARINAINYTIIALALYIIULVUN NALBNEILNTAVIIUNEgNABITIwIL 73 67 Anvdu 83.91
Wesitud viuneiaies 14 f WINVINEIMAREANILIENTBIUnNaRNTaYIuIEgn 46
i Ay 52.87 Wesidud vunefin 41 6 wazdleRansane 2 dnwaziuiuaus
vinunegn 48 s Ay 55.17 Wasidus vueiia 39 LﬁaﬁwLU@%Lﬁuﬁmﬁixmwmmun
umwumu’lquawawm 3 Lﬂiwmﬂmuqmawww 2 AEWUIIAIAIILEIIAUALYIIUUYY
WNAUBNYBIWIE 2 geenew dadugneasslndiAseiu Iﬂaiuqmawaww 2 ansuaudld
wadey 147 f anansnszumalagnsies 123 67 Andu 83.68 Wasidud
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dlewFeuiisuAaruidnvemumly 2 QRONEW WUTIQENENT 2 auNTnTEY
weldgnies 82.32 wWedidud Jannndmssaymalugaenanil 3 §1 29.45 Wosdus uax
fmﬁwuLWﬂmnﬂiJmmaﬂﬂawumanummmﬁ]mmmnuuﬁnwwﬂuaﬂmmimumwmlﬂ
014 86.36 Wesidud @ mmnmmmawawm 3§19 31.19 Wasidud nAmuianvesuuned
LUaiLsnumamaﬂumiisqLWﬁunmqLLaumumam@awww 3 lawnununsusuthulunday
aqewenetaiimuunninuiuegendevieaninuindeuiuasuuadly vlidadiu e
LLmauUiu‘mmmmmLmﬂmqﬂumaunawummam‘uuaaluau‘um Mliiaanuianain
mnmﬁuumﬂmﬂanwmvulm aﬂm“lumim‘uauLﬂ‘umamaunmaLLaumuuu&Nlummtm
LLEJﬂﬂT]EJLLG]ﬂﬁl’ld‘iuﬂz‘i?’]\‘iuﬂﬁl’JIQJLﬁN’aﬂﬂUUﬂﬁl?muT&JlﬂaH’ldsﬁﬂL‘ﬂu Mlwn1siiasigiuie
dneaeNENgIANgIAnANLAIAE O wimansallaindunguessundafiviediosin
‘uﬂuwLLaumuwmmmuuaaﬂmmimuiwmL‘LJummma Tﬂaummaaamymm 2-3 1 39
zUUaNEN muumLiluma&uﬂﬂmmaauiuqmawawmmnﬂuu mu’[,umﬂmmmmmmwyan
Tunsszymeas TalRe sdnuaizlie usruiiandeaumadosiage 2 Snvarldud
1IN TUMIAUDN LATAINYIIUBIYUN ALY cﬁaﬁﬂmmmwawum«gjuaﬂmauﬁw
AINBIIVBITUN I b ’?]"wmmmmmmmmﬁwﬁﬂmawuma Falunmauudonts
mwm’msa’tumﬁuumm muumm%umLaaﬂlmwmmmmwmmenuumummuaﬂlu
msivmwﬁlumﬂaum Lummﬂummaﬂmaﬂumssummmnwam WS 1ZUUINAIILETIYN
Lmumﬂuuﬂm‘lmmeamauﬂmmmauwum%ammnu ma'l‘uaﬂmuuuwmsm%wmawu
ANHANAILTBUANT0Y LaZaRNT0anAIAI LR ANA N RARLA NN S B Ve UL
visnngauuliauysalluunuawsutinle

A5199 4.4 wamiﬁvmaLWﬂ’Lumﬂamuﬁ:]aé’wmzmmm%@mlﬁmnwwmafjuaﬂLLas
AINWINANYDUUNT

FUnuUMsimeA e NFIBLWALALISWBUT T UggEaweWdl 3 S1uau 87 6

AUAUVIIVUIURINGUEN Aeninuy NIUNWUNILAT
(mm) vinuregn (69) iuneia (77) viunegn (A7) vinuneiia (@7)
AINETIIALALY T
60 10 13 q

(>20.5=1weiE], <20.5=ineinile)

AILIENVDIVUN

v - 34 36 12 5
(>38.5=1A, <38.5=ineiile)
ANENIYAUAUUT
W > 21.25 > 1hly
AnTiANuansumg
34 36 14 3

AMILIIANUDIVUNIY

WAR> 47 > ey
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nndeyaveansad 4.4 Wudeyavesununausuduluggenend 3 Wewdsudisy
fudeyanissymavesunuiusutuluggenewd 2 villimsiuinisfiansaneiuemyn
LLﬁmnuuﬁuumﬂﬁuan’tﬁ%mﬁﬁau%’wmﬁiumaﬁdmamﬁﬁg& 2 QRanen Ao q@awﬂwﬁ 2
seygnenadnlu 83.68 wWasidud LLauqmawaww 3 syygneied 83.91 LWesigus Liesinid
1891Uv83 Kose and Moller (1999) wuituiivesgauduunivumumsguanluunuisisudy
flaisuisuagdusiuteddadiunesiuiionuduamiflndidestu Swanunsalddnuarilums
symAligniesniign widiefinsannisseymmndnsazainugausiuLTIuINNg
wen lagugndaninnuidwminuuiuemagnaasdiuag 60 & Andu 85.71 Wesidus
dungammumuasITwIemeAgndesdIuIl 13 da Andu 76.47 wWasidud suiuldinnis
viwemaunuatsutuvsingammumuesiefidudnavinnegnandndm it Vil
p1atflesnnngamuvuasiiun s arealidedes vilidndudnumynisdug
Ieiianuuandnafusedfdden fuiumsfiannarminagauiurmuurusEuanyes
unuausutupAFIIMILRT SanudAnnaalunmsinusindunnnindan i v
FoafinsAnuemmainuasiag Ty YadTddesioiudunansaaei
4.4 wansAnwIANIVaINaIeuassEUsUdgaenleanulianalelne
lumifinwauainuaisuun iy 2. dnvaly A msﬂnmmmwmﬂwmaiuﬁumﬂq
Bu CHD | uazns@nwimnsvainuanslusavis Ga-br iU ND2 F991nnisAnuialy
warnuateuad Svenunsaunnldlunisssyaldddes Srufenisaapzdunisanenyeun
WaLautIY
4.4.1 N13ANYIANUNAINUANYABFWMAUIEY CHD
Mstszidlupaumanvatelanaaesduiieg 1919 InunNILaLYILYSIN auuday
nssmnavuns lungewsnil 1 mAgdiuau-5 Aiethe (B517, BS18, BS19, BSA1 uay BSA4)
S'E'}ﬁmmmel,é'amﬂm'ﬁ:ummﬁwmﬂﬁﬂmaimaqa laedasigvmasivianalolndluy
AunisBy CHD dhelnswes P2/P8  wazulawanieisoidninsnidalasldeznlsaiaa 3
wWesldud wuiuiidmevesdada CHD-Z duntssanng 350 fiua agdil 4.2 udilleTiaged
nsdndesdiuinealelndluiuiiuevesdadia CHD-Z FaeWsinsy Biokdit dnnsansu
fsuiinalolvdiuusu iivune 356 dwa Gsdinmulsiuvesiduianlolndifsndndas
TneiiniswAguulasiuaiiss 1 wa (Single Nucleotide Polymorphisms: SNPs w3aailud)
WU Transition 58339Ua C wag T $1uau 4 s ludumdsit 1, 2, 4 uay 304 Ay
1.10 Wosldus uaznunisiuasulladuanuy Transversion 5w G wag T $1UIu 1
suvnis Tusumied 284 Andiu 0.28 Wesidud Wethdwuiandlelndvesunuisusutiy
1 Blast wW3iguiisuiiugiudeya GenBank Tu NCBI ldnudayamsfinwivasunuiauwaudu
Tushumdstiu CHD-Z wailluunlunsd Passeriformes agetfas 10 vila leiun KC695808
(Delichon urbicum), KMO058237 (Pycnonotus jocosus), AF355150 (Phylloscopus
trochilus), GU370351 (Passer momtanus), KC119393 (Neochmia ruficauda), AF288491
(Hemispingus ~ frontalis), DQ517891 (Turdus merula) FJ641875 (Copsychus
malabaricus), JX456403 (Pyrrhocoraax pyrrhocorax) wag JX456407 (Sylvia undata) 3
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dhanfnunanuduiusivunuausutinu delinsedauduiuddnglusunsy Phylip wui
unnszd (Phylloscopus trochilus) fmnuduiuslndidsstuununausutiu dauanddugui
4.4 Inglvinagonnansiuuidn Ericson et al. (2003) AnwiAuduiusuesunluied
Passeriformes 91u3u 48 viln lnganusodnnguidu 4 nqu Tngnauunuiausy (Swallow)
dnaglunguideaiunguunnszdu (Old world warbler) ﬁu’qﬁé’qmmimmamjmﬂuwLLa'u
thusenifu 2 neu 1éun BS17, BSA1 war BSA4 U BS18 uar BS19 dedluualiuitun
wausuthuiinuludsewalnedogaies 2 al3ddes

Accession _
number Species

KC695808 Delichon urbicum

KMO058237 Pycnonotus jocosus

AF355150 Phylloscopus trochilus

é

s BS17 Hirundo rusrica_‘

== BS44 Hirundo rustica ' Group 1
33 4 '
73 W) i b W

100

78

........ “
i
88 | sl Group 2
]
—— BS18 Hirundo rustica |

I-—— GU370351 Passer montanus

10 33 A

e KC 119393 Neochmia ruficauda
27
b AF288491 Hemispingus frontalis

—t 100 1

= DQ517891 Turdus merula
35
b—— FJ641875 Copsychus malabaricus

= JX456403 Pyrrhocorax pyrrhocorax
38
—— UX456407 Sylvia undata

JUN 4.4 unugilauduius (Dendrogram) Y8eunNUNBUUINIINIY 5 #9819 wazunly
1 Passeriformes 41uu 10 Megrsnidnwauduiusaglusunsy Phylip
11939U 3.6 AATIBALUU Kimura 2-parameter
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4.4.2 MsAnwIAMUAINUAIELAZIEUaUTddasaeRunaEY ND2 was Cyt-b

otfun1sdusunanisudsnguunuiausutiuyesdiunuadu cHD-Z 39
ymsfinanamainvangludunds ND2 way Cut-b Ay e neuidoves Dor et
al. (2010) wuranunsald 2 dumdsilunisuvsnguununsusutiuie 6 adTddeniu 2
naulve) Ao nqu Asia-American lawn H. r. gutturalis, H. r. erythrogaster wae H. r. tytleri
ﬂEjJJ European-Middle Eastern lewn H. r. rustica, H. r. transitiva Wag H. r. savignii
mﬂﬁy’uf-ﬁ’ﬂLﬁaﬂﬁaaaiw'lw,l,sfazq@awaw Fefadonamuinuidnduld wazdauusnuend
uansneiu Tuidesiuduiagisluggewewd 1 1dun BS30 wag BS31 (ievadeuvnanizd
wineaslumsiinuTnauaswugnsy Tusums ND2 wag Cyt-b Taeldlnsuwesivunzan
A4UAT8ve Dor et al. (2010) Ao lwsweas METL/TRPc lusuwisdu ND2 wae
ProgND5F/ProgCBR Tusiumiiadiu Cui-b-uaeldgaumail Annealing Munzavegludas 54-
62 peraaidoa niunadould Annealing 7 54 Ay 60-asraidea wuiUsINguaU
WAV 2 AWML TnganMsAINgns (T.-5 = T,) leaamgil Annealing PNz
YRIMUNUY Cytb fip 61 aurlwaidua UALMUWLI ND2 fip 64 perlwalded JaadauLiiy
vl Annealing (91 61 war 62 asawaidsa Weliiausinzuiniu Taswuds
guugil Annealing 71 62 asmisaidsaamuisaiuUinaamsiugnssuldimazanion 2
fumnia ouanameisEningingda dwovailsaes 1 weddud wurwntudiuvesd-
wurelusiumis ND2 Usvaned 1,200 Alud wazdaunts Cyt-b Uszana 1,300 gLud faudns
Tuguil 4.5

Cyt-b  ND2 Cyt-b  ND2
Annealing 61 °C  Annealing 62 °C

1000 bp

500 bp

T€Sd
ogsa b
TESY
TESH
0€sg
TEsd

dq 00t
0€S9

JUT 4.5 M3USeuiieugamgll Annealing NN USINasUgNI sl UMby
ND2 uag Cyt-b 9p3unuuwaul1u (Hirundo rustica: BS30 uag BS31)
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dlonsiuaniy waglwsiosivunzauundy 3 Tedndenmoteandnyuzdvuuiion
aﬂmtwmﬂﬁmmmswuammLi,avammuwmmumﬂaialwm lneluggewend 2 s 10
meea laun ddudy (NBSO7) &duuunan (NBS119 uag BS86) anddusey Ualgdiuaisd
duiy (BS?6) ddugou (BS81 uay BS85) dv717 (BS66, NBS20, NBS110 uag NBS115) g9
onewnil 3 $9u9u 10 Faoge leur & dduidu (BS100) Aduurunans (BSOS, 8596 NBS142
waz NBS148) ddusau (BS94, NBS138) vy (BS104, NBS125 uay NBS133) iiledinsess
areviadlelndlusumisdiu ND2 awnsavsusueiuiuewesduiidue de 1 151 glud
mumnLﬂ'3’1vwawﬂuuaﬂﬁialwm”luml,muwu Cyt-b @NNTONTIVIUIATRULO VBT URLEY
@ A. 1,260 ﬂl,ua LuaamaaﬂmamaummLLaumu s¥a BS95 U Blast Lwamia‘umau
mmamwuﬂumumama GenBank lugiuwis ND2 Hararumilay (identity) 98 wasigus
TueUddeon H. r tytleri, H. r._savienfi, H. 1. erythrogaster waz H. r. rustica wa=A1AINyl
Wwidlau 99 Wasigus luallddeos H. r gutturalis, H. r.transitiva H. r. rustica dwsuly
U Cyt-b drmativilen- 94 WWesiud 1atTdses H savignii Waz H. r. transitiva
fifnumilou 95 Wedus Ty alddees 1 7 tytleri wag H. r. savignii WazA1AIMILUITDY
96 L“LJaiLsuum lualTdeden H. r sutturalis, H. . erythrogaster, H. r. transitiva LLau H: .r;
rustica mﬂuumayLaaﬂmamqmﬂmwauamLUiaJumﬂumﬂ'umﬂaialm #3919797 4.5

mﬂwamiLUisJ‘uma‘uawumﬂaiaiwmaﬂﬂﬁ'au'uauaauLaaﬂmamammmm
willounnanda 94 Wesidus W uau 47 sheens Insludhegemanarndusiegneain
NWINEURY Zink et al. (2006) wisuatitdees A r gutturalis (gu2 wag cu3d) uas H. r.
tytleri (tyl Way ty2) MavtinaIndnisues Dor et al. (2010) fatiideay H. r sutturalis
(gul) H. r. erythrogaster (erl, er2 way er3) H. r. savignii (sal Way sa2) wag H. r. rustica
(rul uag ru2) Lavdaed991MeN3Vered Dor et al. (2011) fidtiddees 4 7. transitive (tr1,
tr2, tr3 ugy trd) uas Hor rustica{tu3) UWEJWIEIILWE]WIF]'J”IﬂJﬂMWUﬂU'SULL‘U‘U Phylogenetic
tree IaeldlusuAsn MEGA 6 1ledlas ety Maximam-ikelihood. s Bootstrap 11y
1,000

NATSI9 45 mmumﬂaialwmamﬂwLLaumuwummnmm'saumEJU’Lumuu
iy mmﬂmﬁﬂﬂmﬂawmu LLUQLUUﬂ’l‘iﬂﬂE’]’JQEJ‘UaG Zink et al. (2006) s Accession
number mumuma DQ mmﬂwmamalumwm ND2 wasaU3dens H. r sutturalis way
H r. tytleri WAy 1,041 ALua NMUITeveeDor et al. (2010) Tny Accession number
Fuduse GU wiadurunvesduiiduelusum ND2 yu1m 1,023 uua wazsiunus
Cyt b fua 1,143 m‘ua WaEN15ANWIIT8ve9 Dor et al. (2011) Tae Accession number
Jududay IN wmm‘aumama’lummm ND2 wum 1,041 Auud wazsinuuwis Gyt-b guim

1,110-1,143 fLua
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A19197 4.5 uaneswa alTdeos Accession number & identity wazUssing Aldlunis
Anvat¥ddesluunuiaugutiu mingrudoya GenBank wWisuiuivun-
UNLBUUIUSIE BS95

- Ui ddon Accession number Identity (%) o
ND2 Cyt-b ND2  Cyt-b

tyl  H.r tytleri DQ176557 GUAE0259 98 95 Sy
ty2  H. r. tytleri DQ176567 GUA60260 98 95 Jade
sul  H. r. gutturalis GU460321  GU460261 99 96 fﬂ"l]‘u
QU2  H. r. gutturalis DQ176547 GUA60265 99 96 Sange
gu3  H. r. gutturalis DQL76551--GUA60264 99 96 Jagey
erl  H. r. erythrogaster™ GUA60315 GUA460253 .98 96 L3N
er2  H.r. erythrogaster- ~GUA60317 / GUA60255 98 96 aLISN
er3  H.rierythrogaster » —GU460318 ~GU460256 . 98 96 215l auAYN
sal « H. r. squignii GU460310 - GU4s0248 98 94 atiua
sa2 | H. r.savignii GUA60312 | GU460250 . 98 95 doUA
trl A r. transitiva JN642496  IN642406 99 96 DaTL08
tr2 “H. rtransitiva IN642510  IN642420 99 94 De51108
tr3 M. r transitiva IN642513  IN642423 99 96 da3108
trd “H r. transitiva IN642515  IN642425 ~ 99 96 ad3sLea
rul. Her. rustica GU460302 GU460238 . 99 96 L3N
ru2, \H.-r.sustica GU460303  GUA460240 (98 96 wawsnle
ru3 H.r. rustica IN642437  IN642347 99 96 24N

‘[,um'mhaumaua’lm‘umﬂaialmmuﬂmmaumummu 20 deene leiun g
anemil 2 S1uau 10 M98 LLa”qmawaww 3 #1710 Faea ﬂumu"uam GenBank 19
denldiis 2 mwummmmnuﬂu'LumﬁuUaﬂmaaaama\mﬂmmaumu RUFRERTVRIY
“LiumuﬂLauaalumwauammmamumﬂaialwmmﬂmwﬂumwnanmua’s oty
ﬂ’l‘mmﬂmwumaumami'} ssunaii ND2 FifuRueuun 1,014 ALUE LLaumtmu&
By Cyt-b AifTumSwerun 1,012 dia Ineflvuaduidues 2,026 AU iy

Luammmumﬂa‘lalwmadm%muau ND2 uaz Cyt-b 91U 2,026 FLuaasun
wwsutululszmalngsuay 20 GI?E]EJNLLﬁu‘UﬂUNLL@UU’]UEHﬂﬁ’]U‘UE]ﬂJaW{I 6 alTdgny
91U 17 faeng wuansaduunngueanidy 4 nay Ao ﬂﬁlJ‘Vl 1 1ﬂLLﬂ TWa rul, ru2,
ru3, sal, sa2, trl, tr2, tr3 way trd Usmaulﬂmaaﬂwaaaa H. r. rustica, H. r. savignii ey
H. r. transitiva lagliiidhagnsununusudmanysamalne nguil 2 16un s ert, er2,
er3, tyl, ty2, BS76 uag BS100 Usznaulumwaliddes H erythrogaster was H. r.
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tytleri Tmenwuunueautusia BS76 uay BS100 danuduwuslindiAesiu H. 1. tytleri
wgslsdannsaszyldegdaiou esaninaldddes A r. tytlen faruduiudlngifosiu
winiual@dedos H. 1. erythrogaster ngudi 3 ldun v gul, gu2, gu3 BS66, BSS1, BSSS,
BS86, BS95, BS96, BS104, NBSO7, NBS20, NBS110, NBS115 Way NBS125 lagwuiiesaUdd
g8 H. r. gutturalis ﬁdmﬁlﬂEi’l’ﬂ@f’i?uﬂluﬂduﬁgﬂuaﬂ%ﬁéaEJ H. r. gutturalis ﬂfjuﬁ 4 e
Wa NBS133 NBS138 NBS142 waz NBS148 hilamnsaszyatideesls 1iesainlaflatdd
desnngudenasiueglungy suiuunurusutlulssmalneenaudaiu 3 ndulvg) Tne
dnilngiineglunquittinrwduiusindldestiu H. r. eutturalis Sduiiosdiduiussu H. r.
tytleri wazdiszylilddaaudn 1 ndu Fsaenandaaiuanuideues Dor et al. (2010) Autsun
wawdududu 2 ngulue) Tnenguit 1 Useneusiae Hiundo rustica rustica, H. .
transitiva wag H. r. savignii G'?iﬁma%ﬂumju European-Middle Eastern wgnaenannngs
Asia- American ﬁﬁﬁﬂ%ﬁ&iaa H:r. gutturalis H. r. tytleri. Wag H. r. erythrogaster MILERY
Tuguil 4.6

ilofianssinnsssyaliiddasunas Suin Tnedaminiunusesaiidauduiug
Indimssnualiideon H. . gutturalis Laun $9a NBSO7, NBS20, NBS110 way NBS115 dau
nyumwIuAsWUMeE wiTRnudLFnd RestuatBdees H. . eutturalis Wéun W
BS66, BS81, BS8S, BS86, BS95, BSI6 wag. BS104 uasfatieiiinndmiusinglfsaituad-
Tddou H. 1. tytler Iuisvia BST6 kay BS100 Vailannsnthdayadena iesinnisszyine
NNANYUAINIENITAALVIIULTUN I UDN Y8 LN LB UTUI NN NN LATATAY
AuRaNE AN uIUskeuT I ATt LeainnsuwLuATTuAY1LE T
athatlor 2 alTdden Sudlmuuusiuvesdorainnniidarinthuiinuagntoy 1 aldddes

drunsfiansananudiusserianenzvesdauus puendvaldddes wuin
dhwardvuuinuenhifienuduiusivat@ddos Taoiawislupdai 3 fduuusuenifeu
wnanwuglaun dduty dduUmnaty ddugou ey senndesiusigsiues  Sarah
(2007) findidnesiimmuusiutesduuluggnisewem Seliaudsnssyatdddenainns
dunpdvuuinnenluunuissuiutigaeneuls
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64 rul
2
8 sal
. " European-Middle | s,
&1 Eastern
2
3
o tr1
o sa2
er2
91 erl
erd
€ BS76  (3) quonunil 2 gy 2
ty2
&s ty1
€& BS100. (1) qenewil 3
% BSH  (4) nuenuwd 3
NBS125 (1) qRenewil 3

/,_._uaszo (5) nenuwR 2
50 \—_ gul
_— 8395 < (2) qqnmmi' 3

HES110 () qnowewit 2
BSSE (2) apemund 3
BS81 . (4) 94PNeM 2 | Agjan-American | ngu 3
81 BS86 () qqununﬂ 2
gu3
: NES119 (2) quonund 2
57 — BS8E . (4) qqanunﬂ 2
s BS65  (5) qRONLWT 2
% NBSO07 (1) qgnwuai' 2
NBS115 (5) qRawLnT 2
o gu2
1) 85104 {5) qnowenm 3
NBS148 (2) qnewemy 3
9 NBS133 (2) qqaﬂu'm'{ 3
HBS138 (4) qrowend 3
81 NBS142 (2) quowand 3

neu 4

JUN 4.6 Phylogenetic tree waiunUNKBNUILTIATIEIMELUIUNTY MEGA 6 07870
Maximum-likelihood lagvingn 1000 A5y Mnaduiiadlalnafuius ND2 waz
Cyt-b Wisuiisudwuiandlelndiugiudeya GenBank dwsuiuasluridu
wansdvuusiomen laun (1) @ty (2) dulunans (3) enddusoulaiediuans
=5 v =l v 1 =
dduLuu (4) dduoou way (5) @
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Luamsaumaummumﬂa‘[alm‘lum'nmuaau ND2 uag Cyt-b Ua9unUIwauTIU
lagNaTandumisiu ND2 Nnnamuiliadlalneg 1,014 Awa Jadud  (SNPs)  wuu
Transition 973U 2 JUuuu laun A MU T waz € AU G uarfladuduuy Transversion 974734
3sduuu L ARUG CARUTuas G AU T waldinugunuu A fu C laglushadangui 3
U 14 Feg mmmﬁmwuﬂnammﬂu H. r. gutturalis Tafduduwuu Transition 0. 30
wWosiduduvaduy AT uag C-G U 0.20 Uag 0.10 Wastdud audigy waziaduduuu
Transversion 1.28 Wasidud wuaiu A- G, C-T uag G-T 91uu 0.69, 0.49 wag 0.10
Wosldud auddy finasaumauasundasuaime 1.58 Wasiud mumamaﬂam i
MU 2 Feg wummamwué‘iﬂammﬂu H. r. tytleri wuailUduuu Transition Amdlu
0.60 Wasidud wiadu AT uaz C-G Sy 0 30 uag 0.30 Wosidud AudIAU uaswuy
Transversion Aadu 1.29 wWesigud LUwdu A G, C<T.uay G-T 97u2u 0.20, 0.79 waz 0.30
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2A81639 NBS110 Wy 15.4 11.6 28 114 11 02 a3 29 20 13 2
2A81640 NBS111 :‘:I: 15.7] 0.9 2911 120 1 95 as 50 23.5 12 9
2AB1641 NBS112 Wy 16 12:2 283 116 10 82 a3 39 18 10 2
2A81642 NBS113 Wile 13 11.9 283 116 10 70 41 29 135 7 3
2A81643 NBS114 I:E 15.6 132 29.6 114 10 74 42 32 26 13 Y
2A81644 NBS115 Wy 13:9 119 28 114 10 76 s 32 14 6.5 q
2A81645 NBS116 Q‘ 14.7 114 282 M2 10 62 43 19 13.5 6 3
2A81646 NBS117 c:J: 15.9 R 28.7 42 10 80 43 37 21 13:5 N
2AB1647 NBS118 ﬁg' 14.9 11.5 285 119 10 108 45 63 35 19.5 3
2A81648 NBS119 I::\‘!' 15.2 10.8 28.7 117 10 103 a5 58 26 17 gl
2AB1649 NBS120 W 14.9 12 287 116 10 82 a6 36 15 9 1
{an: Foyasimiiuazdnunzmedigmiellssuamtoyensinaniisedaithdeszii)

89



AINNANUINT 0-2 fethagaeneni 2 Andutudl 11 unsiau 2559

. AUL129A ﬁuﬁwaqm
3zqmﬂ v ATUE7 ATUETD AUBII AAUEIVU AU ANULINANVDY @ ” VU
v . . - . umun . ANYND . . RANUIIUUTY  LANY1IUY -
TUEANNUN IdANAaDY AAULNAUA Un wansuan = TUILLUY ‘VI'NQ‘IJEIH “i.luWNin‘u VUM ; s UL
(g) Un (mm) waFuan YUKNAYDN
ma‘lmaqa (mm) (mm) (mm) {(mm) (mm) (mm) an
(mm) (mm?)

2A42501 BS62 Wiy 14.5 12.3 288 111 10.5 81 aq 37 12,5 5.5 &|
2A42502 BS63 Wy 14.6 1831 29.2 117 10.9 76 45 31 15.5 8 3
2A42503 BS64a Wil 14.8 11.4 28.6 uanTudn 10.5 90 42 as 24 12 )
2A42504 BS65 Wy 14.1 12.6 28.1 117 10.9 86 49 37 255 14 0
2A42505 BS66 5 14.2 .7 28.9 113 111 90 41 49 30 17.5 0
2A42506 BS67 1 15.3 122 29.2 115 101 102 40 62 23 6.5 Y
2A42507 BS68 g 15.2 12.8 292 116 10.9 74 Ty 34 26.5 16 .
2A42508 BS69 cj 16.5 124 29.8 116 10.8 71 42 29 29.5 13.5 Y
2A42509 BS70 1 16.1 123 29.3 112 11.2 71 39 32 285 95 9
2A42510 BS71 1 16.1 126 294 114 10.8 94 a1 53 215 12,5 9
2A42511 BS72 ] 16.7 11.3 28.8 116 10.8 62 az 20 22.5 12 9
2A42512 BS73 1 15.4 125 293 115 10.2 92 aq a8 24 11 Y
2A42513 BS74 o 15.1 116 287 111 10.3 87 a4 43 23 9.5 9
2A42514 BS75 g 15.4 2% 28.4 120 10.6 85 43 a2 31.5 13 3
2A42515 BS76 i 13.6 124 28.6 112 10.1 72 a1 31 23 9.5 9
2A42516 BS77 1 125 12.8 29.1 113 9.5 86 41 45 23 125 9
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i AUYIA ﬁuﬁwaagﬂ
‘SS'L!LWﬂ y A8 A48 AU AUYIIVU AUBII ANULIANVDY G % ﬁ‘ll‘u
v . _, . Wmun i AU E b ) WANYIUUIY AU -
IWENNYT UEAVAEIS Arewala uUin winstn WYY WIAUDN Yung Y YUNY . . Uil
Un (mm) wguan TUNI9AUaN
maluana (mm) (mm) {mm) {mm) (mm) (mm) an
(mm) (mm?)
2A42517 BS78 ] 15.6 11.8 28.7 121 11 86 42 a4 30.5 13 9
2A42518 BS79 ] 13.7 11.7 28.9 115 10.3 72 a4 28 225 8.5 9
2442519 BS80 cg' 14 12 28.8 112 99 08 a1 57 27.5 14 4
2A42520 BS81 ] 14.7 118 29} HaauUn 1011 109 a9 65 20 10 3
2A42521 BS82 ] 14.8 12 285 108 10.1 79 40 39 195 9 1
2A42522 BS83 1 16 124 29.7 119 10.7 101 a8 53 33 21 4
2A42523 BS84 Wl 13.3 fiap 29.1 112 9.8 76 a3 33 26.5 8.5 3
2A42524 BS85 We 145 12.5 28.9 115 10.8 76 a6 30 16.5 5.5 3
2A42525 BS86 H 14 117 29.4 13 10.8 90 42 a8 30 T 9
2A38848 BS87 1 14.3 12 29 113 10.5 88 44 44 13 4.5 3
2A42526 BS88 Y 138 124 29 112 9.8 78 a1 37 17 5 4
2A42527 B8589 \ile 144 115 288 114 101 84 aq a0 12.5 4.5 4
2A42528 BS90 Wle 14.2 12.1 293 115 10.9 88 43 45 16 6 9
2A83611 BS91 ] 15.3 12 28.8 118 10.2 103 41 62 27 6 3
ci LY 1 7 %] = as a o e 1 = <
(Nu": %’auﬁaswamamLz,asaﬂmuzmaamg'lm‘mmlﬁsummawmwﬁmnamﬁwaamiﬂwuwaimﬂ)
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e A713187199A ﬁuﬁﬂaagﬂ -
iz‘l..‘ll,wﬂ ¥ AUBD A1 A48 AMUBIIVU AU ATULINANVDY & 5 AYU
= . ” - UIvun . AU - - , WANYIIVUIY LAUYIIUY =
TUEANWU INEANNaDY ABLNAUA U1n #ansuIn a4 WU maquan wmafﬂu YUN , ; UL
(® un (mm) weduan TUNINAUDN
vluiana (mm) (mm) (mm) (mm) (mm) (mm) an
(mm) (mm?3)
2A48061 NBS121 i . 2 - 3 / 103 42 72,5 285 . 5
2A48062  NBS122 1 - - : L 85 a1 63 225 - -
2A48063  NBS123 g - y - - - 101 42 715 315 s -
2A48064 NBS124 Wy - - - s 78 a3 60.5 19 - 0
2A57947 NBS125 \e - - < ¢ 4 85 41 63 19.5 - 0
2A48065 NBS126 1 - . - 7 g 42 70.5 2is - 1
2A48066 NBS127 Wie - - - . - b 45 61 19 - 3
2A48067 NBS128 1 - . - : : 81 a5 63 26.5 = q
2A48068 NBS129 iy - e } : 76 44 €0 15 - 2
2A48069  NBS130 1 - e - - : oT 43 70 20 - y/
2A48070 NBS131 Wiy - . g £ = 70 42 56 14 - 4
2A48071 NBS132 Wl - - - - - 75 46 60.5 14.5 - 4
2A48072 NBS133 o . - - - 96 42 69 21.5 - gl
2A48073 NBS134 Wiy - % s J . 73 a3 58 13.5 - A
2A48074 NBS135 Wil » - - = \ 74 43 58.5 18.5 - fl
2A48075  NBS136 i . - - - 107 a5 76 25 - 1
i o i % s = s s = @ 1 @
(AuA: ”a:ifawamwmazaﬂwmwNamgflu'maﬂé’summaumwmmamﬁq%’aamiﬂﬂﬁwaﬁsme)
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o - AIUENIIA ﬁuﬁ%ﬁm
TS‘QLWF’T ¥ o AUBI7 AU AU AMUYIIVU AUE11 AMULINENVDY = . ﬁ‘ﬂu
o . . . . UIAUN . A7UE17 W ; LAUUIIUUVY WANUIIUU =
TUANIUN INdANNaDY AYLVIAUA Uan wangudIn . WUILLUY ma@uan ‘U"I.I‘HNQ‘LH UYUAY ’ ; U3l
(2) Un (mm) wIsAuan YURIIFUBN
walaana (mm) (mm) (mm) (mm) (mm) (mm) an
(mm) (mm32)
2A48076 NBS137 e - - - < f 83 44 63.5 15 - 1
2A48077 NBS138 dly - - - ! 76 42 59 22 - 3
2A48078 NBS139 iy - - - 82 a6 64 21.5 - 0
2A48079 NBS140 e * - - ) 70 42 56 18 - Q
2A48080 NBS141 e - - 87 43 65 20 - 1
2A48081 NBS142 i - . s { 92 39 65.5 27.5 - 9
2A47569 NBS143 ] - 2 - - - 104 42 73 29.5 - 4
2AB2898 NBS144 Y . 3 . 3 2 90 43 66.5 20.5 - Y
2A48082  NBS145 g g . - - - 96 43 69.5 255 - 1
2A48083 NBS146 1 - - - - 3 79 39 59 24.5 - Y
2A48084 NBS147 e - - - ¢ 79 45 62 20 - %
2782897 NBS148 ot - - . = 2 88 42 65 19.5 - Y
2A48085 NBS149 Wy - - - 78 43 60.5 23 - ]
2A48086 NBS150 ey - - - < 87 48 67.5 19.5 - 2
2A48087 NBS151 Wy - - - - 87 a4 65.5 19.5 - o
2A48088 NBS152 o - - X 3 86 a5 65.5 30.5 - X
i o o [l s s =< e '3 a o e [T -]
(w mga'a'wamw’lLtaSaﬂ‘l:mmwmamgm’mEJ'fLﬂ'S‘UmmaqLﬂ'i'lsmmnamﬁaf\lﬂamiﬂ’mwaimwm)
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—_ A37U81I9A ﬁuﬁwaagﬂ
ITYLWA y A7l AU A48 ANYIVU AU ATULANYDY - o dyuy
. e N - Uvun . - AU o B ) WANYIIVUUUY HALYIIUY -
TUENIIU IVENNADS nIENAUA dan wanaUIn - WUV WHAUaN wmaq”lu VUWY , ; UL
Un (mm) waguan VURIAUAN
waluiana (mm) (mm) (mm) (mm) (mm) (mm) an
(mm) (mm?)
2A48089 NBS153 e - - - - - 85 43 64 19 - g
2A48090  NBS154 1 2 = / 76 a3 59.5 29 % 1
2A48091 NBS155 e - - - - 70 a2 56 17 < 4
2A48092 NBS156 1 % " g - 104 42 73 36 3
2A48093  NBS157 it - - - - 104 a3 735 22 - !
2A48094  NBS158 ] : : - v 103 43 73 235 . 3
2A82894  NBS159 ] - . - : - 88 43 65.5 27 %
2A48095 NBS160 ) = - - - 5 94 aa 69 22 - 4
2A48096 NBS161 Wy . - - - 74 43 58.5 18,5 - 4
2A48097 NBS162 e - . - - 79 44 61.5 19.5 - 1
2A48098  NBS163 ] - . - - - 91 42 66.5 21 - 4
2A48099  NBS164 1 - - : - > 85 43 64 195 - 3
2AB2737 NBS165 Wiy 5 3 : - 90 a4 67 17.5 ? !
2A48100 NBS166 1 - 3 - - - 89 aq 66.5 19 - 3
2A48701 NBS167 il - - é . X 96 41 68.5 25.5 - 3
2A48702  NBS168 e - - - - - 78 44 61 16.5 - 9

o g
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.3 ALY ﬁuﬁmmqm
iz‘L‘leﬂ y AHE7 AU ALY AULNIVU A71U817 AFTULIIANVDY ” & duu
. - v = UInUA P AUB17 s T , UWALYIUUYY LALYIIVY -
TVENUT IUENARDY  AEIMALA Un wansdn WU WHAUDN YUMeA LY YUWN , . U
(9 Un (mm) nAYDN YUWINAUDN
maluana (mm) (mm) (mm) (mm) (mm) (mm) an
(mm) (mm?)

2A48703 NBS169 Wy - - - - - 80 44 62 18.5 - 4
2A48704 NBS170 e - - - : ; 87 42 64.5 155 i 3
2A48705  NBS171 1 - 4 - - - 86 45 65.5 29 . “
2A48706  NBS172 ] . 4 - 3 ; 81 52 66.5 29.5 - v
2A48707 NBS173 Wy - . - - - 80 a5 62.5 16 - 3
2A48708 NBS174 1 - - - - - 96 41 68.5 32 - 3
2A48709  NBS175 1 - ¥ - X - 83 a1 62 19.5 ~ i/
2A48710  NBS176 1 - y . % - 90 42 66 22 - k)
2A48711 NBS177 e - : - - - 82 a6 64 17 - 3
2A48712 NBS178 e - - - - . 73 44 58.5 18.5 = Rl
2A48713 NBS179 e - - - - - 78 a6 62 13 B gl
2A48714 NBS180 e - 4 - 3 75 45 60 16 s 3
2A48715 NBS181 Wy - - - - - 78 a4 61 19.5 |
2A48716 NBS182 Wy - % - - - 77 44 60.5 205 - )
2A48717  NBS183 i 5 7 - S 86 - 65 27 a
2A48718 NBS184 iy - - - - 77 a3 60 15 q

=b.
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- ANLIIYN ﬁuﬁﬂa&qﬂ i
szqmﬁ ¥ o AU A8 AU AUYIIVU AU AIULINANUYDS o . HUU
v . 5 . - umn o A21NY12 3 s . WALYIUUIY uANYIIUY "
TNV TNANAaDY AABLNAUA Uan wanaun - WUILLYS ‘HN@UEJFI ‘TJU‘WN@;LU UYUNS ; , UL
(g) Un (mm) wIAUDN YURNAUDN
nulaana (mm) (mm) (mm) (mm) (mm) (mm) n
(mm) (mm?2)
2A48719 NBS185 Wy - . 2 - / 73 41 57 15 S 3
2A48720  NBS186 1 . - - - : 85 a3 64 17 - q
2A48721 NBS187 NA - - - - . - - - - - g
2A48722  NBS188 1 g ; - - - 87 42 29.5 64.5 - 3
2A81557 NBS189 We - - - : 4 76 a2 18.5 59 3
2A48723  NBS190 ] 5 - - - - 85 a6 p7.5 65.5 - 3
2A48724 NBS191 NA - - - - - - - . e .
2A48725 NBS192 Wy - - = - - 73 a2 18.5 57.5 - ]
dl s I 1 & A u L s 4‘
A1TNAANUINT N-4 maﬁl’muﬂummumuq@awaww 3 ANAUIUN 23 UnSIAL 2560
& 4
— FI'J'}HEJ’!’JQG) W'Ll‘r‘l‘!li)\iqﬂ
i:."l,‘l[.wﬂ Y@ A48 AUHIT ANUEND AUYIIUU ANUBID AIULINANUDY - N ﬁw
i & o - UIAUN o - AU e . - LWANUIIUUYU LAdU1IUY -
TUEN9UI ThdANnNang AAULNAUA U1n wanaun * WUALLYUS mqquan 'U‘I.JWNQ'HI‘IJ VYUK , - Ukl
Un (mm) wNAUDN YUANFUBN
naluiana (mm) {mm) (mm) {mm) (mm) (mm) an
(mm) (mm?2)
2A51001 BS92 5 . - . - - 96 53 325 43 = A
2A51002 BS93 1 2 - - 96 40 30.5 56 - %
1 @ 1 s @ = s s a v o I o
(N ”al‘gawamqﬁumazaﬂwmzmqamgnmwmlr;fi‘ummaqLﬂﬁwmnamﬁawamiﬂwﬁwamwm)
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. ANUYNIYN 'ﬁuﬁﬁmqﬂ
LYW y AIUEN ATUL ATNENT ANUENVY AU AYNULINANUDY = " UU
G . " = UIUN - ANY17 — ) UWANYIIUUYY LAYV .
TNENWYT THANAADY AJELMAUA uan wineln - ULV wuauan ﬂuuma@‘lu VU : . UL
) Un (mm) wisguan YUNAUEN
nsluana (mm) (mm) (mm) (mm) (mm) {mm) an
(mm) (mm?3)

2A51003 BS94 g - - - - f 80 40 24 40 - 3
2A51004 BS95 & - y 2 - - 80 41 22.5 39 - v
2A51005 BS96 1 . 2 - - 2 110 40 275 70 - g
2A51006 BS97 B 2 : . . - 101 4 26.5 57 - v
2A51007 BS98 1 - - ; - 90 40 24.5 50 e A
2A51008 BS99 1 - = = \ £ 75 40 25 35 - Y
2A51009 BS100 i a : : X 5 97 40 275 57 = n
2A51010 BS101 o = 0 - : - 92 42 17 50 - n
2A51011 BS102 i : . 2 ; - 89 41 315 48 - n
2A51146 BS103 1 - ; - A = 4 39 20 35 - g
2A51012 BS104 g 2 . ¢ 2 - 82 43 235 39 - 3
2A51013 BS105 1 & 3 - . - 80 42 28 38 - n
2A51014 BS106 i § X - € - 61 43 9 18 - 3
2A51015 BS107 1 - - - - - 62 42 12 20 - 3
2A51016 BS108 1 . - - - 90 42 21 a8 g 1
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s ﬂqitﬁ%ﬂﬂﬂqﬁﬁﬂaqﬂ

1.1 10X TBE buffer U3u1m3 1000 ml

- &9 Tris base $7u7u 108 ¢ 93 Boric acid §1uaU 61.83 ¢ uazds EDTA 1uau
9.305 g thansfitenavarsthnduu3unms 500 ml Usu pH liviniu 8 udausu
Uinnseinnduaunsu 1000 ml anuniilusndasheedes Autoclave mnudiuled
gamail 121 srnwadud 1Wuaan-15ui

- fifeamaun3on IXTBE buffer U3amns 500 mi ol ignansazans
10XTBE 111 50 mludaldinduduuianasils 500 mi

1.2 0.5 M EDTA (PH 8) U331195 500 ml

~ 1 EDTA $1121793.06 ¢ (Atinnauusings 300 weaulifidniugne Magnetic bar
quansazanela vntuliu PH Wiy 8 UiudSinesaaineliidu 500 mUailuside
sheiaded Autoclave masisuladigamgil 121 esigaidea Wuoan 15 uni

1.3 1M Tris-HCL (PH 8) Y5u1a5 1000 ml

-1 Tris 121 ¢ 1igihnau 500 ml wdauu PH 1HvihAU 8 dae 1M HCL
mnuliudiiasgavneseihnduliviniu 1000 ml thivsndosetaios
Autoclave pimidulefigmvinll 121 ssrnsalded (Wuian 15 il

1.4 10 mM TE buffer U3u195 100 ml

- gA 1M Tris=HCL (PH/8) 1nU311%3 10 ml uavge 0.5 M EDTA(PH 8) 1nuiuns
2 ml wdUiudSumssasinauduasy 100.mt nduthlueudesendes
Autoclave avwidiulefiguinil 121-ssmngaldea e 15 i

- 819 TeIEN 0.1 mM TE buffer lviga 10 mM TE buffer U311as 400 pl
LEUSUUSmsEthnduauAsU 40 Ml

1.5 20 mg/ml RNaseA U3u1ns 1 ml
- 9 RNase A ldwasn Micro centrifuge aum 1.5 ml naufiuul DI water U3uns
1 ml 9n%iu Vortex auansazanauilowdioaiu



e

2. nsiassumatianislaiana (PCR)
2.1 20 pmol/ul Primer (P2/P8, 2550F/2718R, 1272H/1237L, ProgND5F/ProgCBR
wag METB/TRPC) Usuias 20 pl
- A 100 pmol/ul Primer U31nas 4 pl waufuth DI water Vunas 16 ul

2.2 1.25 mM Deoxynucleotide Triphosphate (dNTP) U315 100 pl
- 49 100 mM dATP, dGTP, dCTP uaz dTTP luusiaswasauimunsegneay 1.25 ul
weuAuLn DI water 95

3. NMaaseNaEs U an lns WS ae
3.1 NMsA3BNRzNlsaRa 1% waz 3 % Usuas 20 ml
- F902nl3@ 0.2 ¢ uaE 0.6 ¢ MBI KA 1X TBE buffer.20 ml

3.2 MInIENREALIAEE 1% Las 3 % USuns 40 ml

- dsewnlsa 0.4 ¢ Way 1.2 ¢ @IUa191U Wawiu-1X TBE buffer 40.ml
lersamlsauag 1X TBE buffer mmsisiiuiigesn-suds Jaudn Microwave iely
asanenthuiloiie iy wisminiumldendwiumdsted Fadsliianmnivesileliioauds

3.3 mManeal 3X Gel loading dye USuas 200 ul
- 791 6X Gel loading dye 13113 100 pl udLANY DI water U31193 100

4. n1swwssuleSieeuluslug (EtBr)
79 10 me/ml EtBr U3ums 500 plasluntwusiiaionli udndiu 1X TBE buffer Usunns
499.5 ml waeaalliig iy
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Sex identification in barn swallows (Hirundorustica Linnaeus)
by molecular technique
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Malaitad, T., Poeaim, S. and Eiamampai, K. (2015). Sex identification in barn swallows
(Hirundorustica Linnaeus) by molecular technique.Journal of Agricultural Technology. 11(8):
2411-2418.

Sex-ratio of birds is an important understanding behavior, population structure, patterns of
migration and estimating extinction risk. However, it is difficult to understand in some
birdsbecause their external features are sexually monomorphic. In Thailand, the barn swallows
(Hirundorustica Linnaeus) - asa migratory bird that the female is similar in appearance to the
male. So, the polymerase chain reaction (PCR) technique for determination of the sex were
investigated. Birds sexing can be identified which based ' onchromo-helicase-DNA-
binding(CHD) genelocated on sex chromosomes.Male birds are homogametic sex (ZZ sex
chromosomes)while female birds are heterogametic sex (Z and W sex chromosomes). To
selection a suitable primer for gender identification,the PCR reactions were used three primer
sets, including P2/P8, 1237L/1272H and 2550F/2718R. primers.As results, P2/P8 primers
wereclearly differed between CHD-Z and CHD-W allele by agarose gel electrophoresis
analysis. Therefore, sexing identification was attempted in 61 samples of H.rustica-using P2/P8
primers.The sample consisted of 41 males (67.21%) and 17 females (27.87%): however, three
samples (4.92%) could not amplify. The results of molecular sexing would also have
implications for sex-ratio data ofbarn swallowsin Thailand.

Keywords: Sexing identification, chromo-helicase DNA binding (CHD), barn swallows

Introduction

The barnswallows (Hirundorustica Linnaeus) are migratory bird that is a
group of passerines in the family Hirundinidae. They migrate northwards into
Thailand after the breeding season. In Bangkok, they are very numerous during
peak migration period between November and January. Physical characteristics,
the barn swallows are small to medium-sized birds about six inches long. They
have a dark blue upper body and head, extending in a line through the eye.
Their throat and forehead is brown or dark rusty orange with a paler orange
chest and underside. The outer couple tail is the longest with a deeply forked

" Corressponding Author: Supattra Pocaim, E-mail: poeaim@hotmail.com
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tail. Juveniles look similar to adults, but have much shorter tails. Including,
these migratory birds are sexually monomorphic, which means that the female
is similar in appearance to the male. However, some reports showed that the
female's tail is a little less forked and her underparts are a little paler (Brown
and Brown, 1999). In bird,colorful and elaborate feather are important traits in
mate choice.Like the barn swallows, white tail markings or white spots and the
length of the outermost tail feathers are importance and quality for sexual
selection (Kose et al, 1999). In particular,the length of the outermost tail
feathers used to determine the sex that males had significantly longer outermost
tail feathers than females (Smith and Montgomerie; 1991; Hermosell ef al,
2007). However, this observation might uncertain because the dual tail is
broken from migration or flight. So, several papers showed significant positive
correlation between the lengthor area of white spots and gender (Moller ef al.,
1995; Kose and Moller, 1999). For example, Duijns et a/.(2011) were found
that the length of white spots less than 17.5mm- as females-and those with a
white spot length more than 29.5 mm as males.However, this method is
difficult to applyin the field and also take a long time for the measurement. So,
the molecular techniques for birds sexing are developed.

Nowadays, birds sexing can be identified which bascd on chromo-
helicase-DNA-binding (CHD) gene located on sex chromosomes. Male birds
are homogametic sex (ZZ sex chromosomes) while female birds are
heterogametic ‘sex (Z and W sex chromosomes) (Griffiths and Tiwari, 1 §95;
Ellegren, 1996; Griffiths and Korn, 1997; Ellegren and Sheldon, 1997; Griffith
et al., 1998). Because of the intron length difference between the CHD-Z and
CHD-W allele, amplicons with a single band are observed in males and two
bands in females. However, the universal primers in bird sexing take advantage
of size differences in the CHD-Z and CHD-W allele sush as P2/P8 (Griffiths et
al., 1998) 1237L/1272H (Kahn et al., 1998) and 2550F/2718R (Fridolfsson and
Ellegren, 1999) primer.Those primers has been a commonly used primer set for
sex identification - in short-toed-eagle (Sacchi et ‘al, 2004), black-faced
spoonbill (Cheng er al., 2006), Eurasian oystercatcher (Watson er al., 2004),
some plover (Poeaim et al., 2014), black-winged stilt (Siripong ez al., 2015). In
Thailand, sex-ratio has not been reported in barn swallows. Therefore, the aims
of research findings were investigated by the PCR technique for sex
identification in barn swallows. Furthermore, the different primers (P2/P8,
1237L/1272H and 2550F/2718R) to select a suitable primer for gender
identification were also determined.
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Materials and methods
Sample collection and DNA extraction

The barn swallows were captured inJanuary 2015 at Si Lom Road, Bangkok,
Thailand which this site is a traditional roosting place of barn swallows during
migration season. The barn swallows were identified into species based on
morphological characters and banded by the staff of the wildlife research
division, Department of National Parks, Wildlife and plant Conservation,
Thailand.The feather quill contained soft tissue which were collected from
individual barn swallow and placed in a 1.5 ml microcentrifuge tube containing
70% ethanol. A 0.2-0.5 cm section was cut from the terminal portion of feather
quill, and used for DNA extraction with GF-1 tissue DNA extraction kit
(Vivantis, Malaysia). The yield of the extracted DNA was quantified by
spectrophotometry and DNA concentration was also checked by agarose
electrophoresis method on 1 % agarose gel in 1X TBE buffer.

PCR amplification

In order to select a primer set, molecular sexing was run according to the
procedure described in Poeaim e al., (2014). In a preliminary test, two
examples of barn swallows (BS19 and BS20) were used to amplify with
chicken which know sex used as positive control (cock: C1 and hen: C2). For
61 barn swallows using PCR amplification of slightly modified. Briefly,
samples were sexed using three universal targeting two different sizes of CHD-
W and CHD-Z alleles. PCR reactions are consisted of 300 ng DNA template,
12.5 pL. of 2 X Tag master mixes (Vivantis), 4uL of each 20 pmol/ul primers
and adjusted by 1.5 uplLnuclaese free water. The conditions for PCR
amplification conditions were determined an initial denaturing step at 95 °C for
5 min, 35 cycles of 95 °C for 1 min, 50 °C for 1 min,and 72 °C for 1 min, and
final extension at 72 °C for 10 min: PCR products were separated by 3%
agarose gel (Vivantis) electrophoresis with 50 bp DNA Ladder (New England
Biolabs) that used as size markers.

Resultsand Discussions
In this study, the genomic DNA from featherswere isolated that the DNA yield
was sufficient in quantity andquality.Although blood is highly recommended

for DNA extraction however, the birds become stressand trauma.ln order to
select a primer set, three primer sets (including P2/P8, 1237L/1272H and
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2550F/2718R) were used for gendering identification of CHD gene of barn
swallows.The results were shown that 2550F/2718R and 1272H/1273L primers
were not suitable for sex identification ofbarn swallows.Although,
2550F/2718R primers would give a difference in length between introns in the
CHD-Z and CHD-W alleles, it seems that the deepness of CHD-W bands was
not clearly shown. The 1272H/1237L primers were not stable both
expressedmultiple bands and not clearly shown the bands between male and
female birds.Nevertheless, P2/P8 primers were differently cleared between
male and female birds by fragments on anagarose gel electrophoresis. The
females had two PCR products of 400 bp (CHD-W) and 350 bp (CHD-Z) while
males shared a single product of 350 bp (CHD-Z) (Figure 1). The reduced PCR
products about 50 bp, enhanced the relative size contract between the two PCR
amplicons with not easy and clear resolution in routine 1% agarose gel. So, a
little higher 3% agarose gel was then used, running the gel slower than usual
could help resolution and fresh buffer are always useful.In these barn swallows,
the size differences ranged from 50 bpbetween the two ZW alleles.In general,
the difference in size between CHD-Z and CHD-W fragments amplified with
the P2/P8 primers ranges from 10 to 80 bp. These results were similar to the
works of Fridolfsson and Ellegren (1999), Jensen et al. (2003) and De Marchi
et al. (2012). For sexing determination,the P2/P8 primer sets usually used to
amplify the CHD genes in barn swallows was also explained by Kleven er al.
(2006), Boncoraglio et al. (2008) and Vortman et al. (2011). Therefore, P2/P8
primers were used to identify the gender with all samples.

[%4)
o
o
b=

Figure 1. Comparison of PCR products in barn swallows (Hirundorustica: BS19 and BS29)
and chicken (Gallus gallus: C1 and C2) from P2/P8, 12371/1272Hand 2550F/2718R primers
by 3% agarose gel electrophoresis.M = male andF = female
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To identify sex in 61 barn swallows, thesuitable condition toamplify
DNAwas found which the period of annealing at temperature 50°C by using
primer P2/P8. The PCR products are the most shown clearly bands. After 3%
gel agarose analysis, imager to check for the presence of bands; female PCR
productsappeared as two separated bands (BS53 and BS58) and male PCR
productsas a single (CHD-Z) band. The samples codes BS10, BS11, BS12,
BS13, BS14, BS15, BS54, BS55, BS56, BS57, BS59, BS60, BS61 are male as
seen in Figure 2.
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Figure 2. Sex identification in barn swallows (Hirundorustica) with P2/P8 primers for CHD
gene. The PCR products were separated on 3% agarose gel. Female have two band (about 400
and 350bp) and males have one band (350bp) and marker DNA 50bp (lanel) M = male and F =
female

Table 1. Expession ofsexing identification of barn swallows

Sexing Number of samples Percentage(%)
Male 41 67.21
Female 17 27.87
No band 3 4.92

Sexing identification was attempted to distinquishin 61 samples of H.
rustica using P2/P8 primers. The samples consisted of 41 males (67.21%) and
17 females (27.87%). However, three samples (4.92%) were failured to amplify
or no band (Table 1). Other three sampleswere not identified because there
were shown less concentration DNA. For the examples ratio of barn swallows
in the period of January 2015 in Thailand, found that the ratios of male and
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female were 2.41:1.00 which males were shownmore than females. In a recent
experimental study, many researchers reported that brood sizeenlargement had
larger negative impact in male than femaleoffspring when compared to brood
reduction. Hence, male offspring appear to suffer more from chronic food
intake reduction as similar reports from Kleven et al. (2006), Boncoraglio et al.
(2008) and Vortman, et al. (2011).

Conclusion

Some bird species are dimorphic, which-means there are visible differences in
appearance between male and female birds plumage. In Thailand, the period of
migration, barn swallows are hard to identify sex by using these external
features. So, PCR technique by using CHD gene with P2/P8 primers can be
used. For analysis, the PCR products were separated on 3% agarose gel. Female
showed two bands clearlty as 400 and 350 bp and males showedonly 350 bp
band. For 61 barn swallows in January 2015, the ratios of male and female were
2.41:1:00 which -males had more than females.The results of molecular sexing
would also have implications forunder standing behavior, population structure,
patterns of migration and estimating pollution risk.
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Abstract

Barn Swallows (Hirundo rustica Unna@s) are six currently recognized subspecies: Hirundo
rustica rustica, H. r. gutturelis, H. r. tyti’eﬁ; H. r. transitiva, H. r. savignii and H. r. erythrogaster. These
subspecies vary in morphological appearance and geographic. There are two Asian subspecies: H. r. gutturalis
and H. r. tytleri. In Thailand, Bam Swallows are divided into three subspecies. However, there have been no
reports of the subspecies using both morphological traits and/or molecular techniques. Therefore, the aim of
this study was to investigate the genetic diversity of Bam Swallows using DNA sequencing. Five male birds
were sampling from 61 samples that were sexing by molecular DNA sexing technique which were captured
using mist nets at CP Tower, Silom road Bangkok on January 2015. Chromo-helicase-DNA-binding (CHD)
gene sequences from P2/P8 primer about 345 base pairs that were shown different and divided into two groups.
This result suggests that Barn Swallows which migration to Thailand have genetic diversity and possibility of
subdividing into at least two ‘subspecies. However, other regions should be sequence such as Nicotinamide

adenine dinucleotide dehydrogenase subunit 2 (}UDl) or Cytochrome b {Cy1-b) as well as difference sampling



sites like Amphoe Pua, Nan province. In order to provide ether population structure or genctii: databases as well

as flyways of Bam Swallow were further analyzed.
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The Barn swallow (Hirundo rustica Linnaeus) is one of the most abundant birds and widely
distributed. They have long outer tail feathers and white spots across the outer end of
the upper tail. They are weak evidence of sexually dimorphic meaning both sexes are identical.
There are six currently recognized subspecies: Hirundo rustica rustica, H. r. gutturalis, H. r.
tytleri, H. r. transitiva, H. r. savignii and H. r. erythrogaster. In Thailand, barn swallows are
migratory birds that the appearance of both genders is similar and there is little information on
there subspecies. Therefore, the objective of this study was to assess the gender and subspecies
of barn swallows. Sixty samples were collected using mist net method from Nan province for
gender identification. Based on chromo-helicase- DNA-binding protein (CHD) gene, the
resulting PCR products from P2/P8 primers revealed one band in male and two bands in female
birds with DNA fragments of different sizes clearly about 50 base pairs. The white spot length
on the outermost tail feather was significantly related to genders: males (> 21.25 mm, n=25)
and females (< 21.25 mm, n=28). However, seven samples were not identified (11.67%). For
subspecies identification, we -analysed 15 informative partial Nicotinamide adenine
dinucleotide dehydrogenase subunit (ND2) sequences compared with five subspecies sequences
from GenBank. The sampling can be divided into at least three subspecies. Barn swallows
which migrate to Thailand have genetic diversity.

Keywords: Chromo-helicase DNA binding (CHD), Barn swallows, Nicotinamide adenine
dinucleotide dehydrogenase subunit (ND2), Gender identification
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Introduction

Barn swallows (Hirundo rustica) are small birds that are widely
distributed swallow species in the world. These birds are divided into 6
subspecies corresponding to geography and differing only the coloration of the
underparts. Hirundo rustica rustica which breeds in northern Eurasia, Africa
and west Asia; H. r. gutturalis from southern and eastern Asian; H. r. tytleri
from eastern Russia and may also reach Australia; /. r. transitiva from eastern
of Mediterranean; H. r. savignii from the Egyptian delta region and H. r.
erythrogaster from northern America, Alaska, Canada, and central Mexico
(Turner and Rose, 1989; Zink et al., 2006). In addition, the researcher
commonly used molecular markers for < assessing genetic diversity in
Hirundinidae (Sheldon and Winkler, 1993; Sheldon ez al., 2005). Furthermore,
using six regions of mitochondrial and nuclear DNA that can divide 6
subspecies of barn swallow into two groups: Asia-American and European-
Middle Eastern (Dor ef al., 2010). However, barn swallows are migratory birds
which migrate to Thailand in winter. At least three subspecies such as H. r.
tytlerii, H. r. gutturalis and H. r. manchurica were previously reported
in Thailand but their distribution was not established.

Furthermore, barn swallows are sexually monomorphic, differences in
the sexes are usually less distinct during migration. In many birds's species,
a polymerase chain reaction (PCR) technique, targeting a chromo helicase DNA
binding protein (CHD) gene, is used to determine gender (Griffiths ez al., 1998;
Cerit and Avanus, 2006; Morinha et al., 2012; Poeaim et al., 2014). Like the
barn swallow, molecular sexing has been used to build discriminant functions
to morphological data, population structure and behavior (Saino et al., 2002;
Boncoraglio et al., 2008). In previous reports, the lengths of outermost tail
feathers, the fork length and the white spot on the outermost tail feather are
often used to distinguish between males and females in barn swallows (Samuel,
1971; Hermosell ez al., 2007; Duijns et al., 2011). Therefore, the objectives of
this study were to evaluate the subspecies of Barn swallow using Nicotinamide
adenine dinucleotide dehydrogenase subnit (ND2) gene sequence as well as to
determine the correlation between the white spot size on the outermost tail
feathers and gender.

Materials and methods
Sample collection and DNA extraction

Barn swallows were trapped by the mist nets method, when they migrate
to Thailand (November-January). The barn swallows were captured and
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identified to species based on morphological characters by the staff of the
Wildlife Research Division, Department of National Parks, Wildlife and Plant
Conservation, Thailand. For gender identification, the sixty samples were
collected from Pua district, Nan province (NBS) in November 2015. After
being trapped, the bird measurements were made such as: wing, bill, head, tar,
tail, weight, fat content as well as the length (mm), width (mm) and area (mm”?)
of white spots on outermost tail feather (Figure 1). Additionally, the blood or
the feather was collected for DNA extraction. For subspecies evaluation, the
eight blood samples were sampling from Nan province (NBS) and seven
samples from Si Lom road, Bangkok (BS) in January 2016. DNA extraction
was as described in Malaitad ef al., (2015).

Gender identification

For sexing, P2/P8 primers (Griffiths et al., 1998) targeting the CHD gene
were used in this study, PCR reactions and conditions were as reported by
Malaitad et al.,(2015). To determine the correlation between the white spot
size on the outermost tail feathers and gender, the data were analyzed by data
mining approach. In this paper, we used RapidMiner Studio version 7.1 to
predict correlation between gender and white spot size on outermost tail feather:
length, width and area. A decision tree algorithm was used for data
classification. First, decision tree model was created from the data, followed by
testing the efficacy of the model, then the new data prediction. Finally, an
automated decision tree approach to predicting white spot size was compare
with molecular sexing.

Subspecies identification

The NDZ2 region is located in mitochondrial DNA was amplified using
METB and TRPC primers (Dor ef al., 2010). Amplification was performed in
25 pl total volume that contained 100 ng DNA template, 2.5 pl of 10X standard
Tag reaction buffer, 0.2 pl of Tag DNA polymerase, 4 pl of 1.25 mM dNTPs, 2
pl of 50 mM MgCly, 1ul of 20 pM each primer and adjusted by 13.3 nul of
nuclease free water. The PCR condition was an ininitial denaturing step at 95 'C
for 4.5 min, 35 cycles of 95 °C for 1 min, 62°C for 1 min, and 72 °C for 2 min,
and final extension step at 72 'C for 4.5 min.

After that, PCR products were examined by agarose electrophoresis
method on 1% agarose gel in 1X TBE buffer. PCR products were sequenced at
Bioneer (Korea). Our sequences were compared for relationship with six
subspecies of barn swallows which were taken from the GenBank DNA
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database. The phylogenetic tree was constructed based on neighbor-joining (NJ)
analysis using Phylip program version 3.6.

length width area

Figure 1 There are 3 scales of measurement, the length (mm), width (mm) and the area
(mm?) of the white spot on the outermost tail feather

Results

Generally, sexes in barn swallows are similar in morphology with the
exception of the length of the outermost tail feathers which are significantly
longer than in males. Therefore, the researcher used this morphomethic for
sexing in the field. In Thailand, barn swallows are migratory birds which have
breakage at the tips of the outer tail feather and tail moult, sexing becomes
unreliable or even downright false. In this study, differences in the white spot
size on the outermost tail feathers in Barn swallows were investigated using the
length, width and the area for sexing. For molecular sexing, P2/P8 primers were
used and determined with the white spot size on the outermost tail feathers, the
data were presented with RapidMiner Studio version 7.1 (Figure 2).

| Length of white spot | [ Area of white spot’
> 21 250 <21.250 >9750 < 9.750
~ %

female male female

) male

Figure2 The decision tree with Fisher's exact test showed white spot length and white spot area
on the outermost tail feather for sexing identification (Blue color = female, Red color = male)
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As results, P2/P8 primers were clearly differed between CHD-Z and
CHD-W allele by agarose gel electrophoresis analysis. Sexing identification
was attempted in 60 samples which consisted of 27 males and 33 females. Our
data have the range of length, width and area of the white spot on the outermost
tail feather are 10.50-35.00 mm, 2.50-7.00 mm and 4.50-21.00 mm’
respectively. From the decision tree with Fisher's exact test, the length of the
white spot on the outermost tail feather had positive correlation with gender.
The white spot length less than or equal to 21.25 mm for female and greater
than to 21.25 mm for male.

Discussion

Consistent with the previous report by Duijns et al., (2010), this result
showed the length of the white spot on the outermost tail feather is sexually
dimorphic. The 101 adult barn swallows were caught during the non-breeding
season in Zambia, the white spot length less than to 17.50 mm as a female and
greater than to 29.50 mm as a male with 95% accurate. However, the rang
between 17.50 to 29.50 mm wasnot reported. In this report, sex
determination using the white spot length is 88.33% accurate. Only seven
samples are error, it could be from juveniles birds. Because spot size increases
with age with the total area of spots differing significantly between juveniles
and adults, with the latter having larger spots than juveniles. The area of the
white spot on the outermost tail feather was significantly related to the tail
length of males, adult males had on average a total area larger than adult
females (Kose and Muller, 1999). The area of the white spot on the outermost
tail feather was weakly significantly correlated with male, but not in females. It
was found from the decision tree that the white spot area less than or equal to
9.75 mm” as a female and greater than to 9.75 mm” as a male. However, sex
determination using the white spot area is 70% accurate which eighteen
samples are unreliable. Nevertheless, the females have the white spot area on
the outermost tail feather smaller than the male. There was no significant
correlation between the width of white spots of the outermost tail feather with
gender since the RapidMiner can not make the decision tree.

For the subspecies and genetic diversity of barn swallows were evaluated
using ND2 sequences. The fifteen birds (eight samples from Nan province:
NBS and seven samples from Bangkok: BS) were analyzed for the relationship
with five subspecies (six of Hirundo rustica rustica: ru, only one H. r. gutturali:
gu, four of H. r. tranmsitive: tr, two of H. r. savignii: sa and four of H. r.
erythrogaster: er) in NCBI database. The phylogenetic tree was divided to two
groups. Most of them in this study are in the same group which relate with A. r.
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gutturalis with 93 bootstrap. However, only one sample (BS76) was related
with H. r. erythrogaster with high bootstrap values (100%) as shown in the
figure 3. The bootstrap values can be used for confidence levels for
phylogenetic trees (Efron et al, 1996). Moreover, fifteen Barn swallows are
probably relative with . r. tytlerii toward having no sequence of ND2 region in
NCBI database. We also found H. r. rustica, H. r. transitiva and H. r. savignii
in the same group as well as H. r. erythrogaster and H. r. gutturalis in the other
group. The result was consistent with the result of Dor ef al., (2010) that
divided genus Hirundo into Asia-American and European-Middle Eastern with
ND2 and Cyt-b sequence. Therefore, Hirundo rustica-in Thailand may be in H.
r. erythrogaster, H. r. gutturalis or H. r. tytlerii. However, the diversity of H.
rustica in Thailand could be study in another region in mitochondrial DNA
such as Cytochome C oxidase subunit [ (COL) or Cytochome b (Cyt-b) (Sheldon
and Winkler, 1993; Hebert et al., 2004; Sheldon et al., 2005; Dor et al., 2010)
that will decrease our ability to determine the relationships among them.

Conclusion

The objectives of this study was to determine the correlation between the
white spot size: the length, width and the area of the white spot on the
outermost tail feather and gender. Sixty samples were collected from Nan
province for analyzed. Our finding indicate that the length of the white spot on
the outermost tail feather had positively correlation with gender. The white spot
length less than or-equal to 21.25 mm as a female and greater than to 21.25 mm
as a male. Future research, this trait will be applying to sexing of barn swallows
in the field. Forthemore, this study shown the diversity of /. rustica which may
be in H. r. erythrogaster, H. r. gutturalis or H. r. tytlerii.
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Figure 3 The phylogenetic tree showed the relationship of barn swallows in Thailand
(NBS= sampling of Nan province, BS = sampling of Si Lom Bangkok) with five
subspecies of Barn swallow.(Hirundo rustica rustica = ru, H. r. gutturali = gu, H. r.
transitive = tr, H. r. savignii = sa and . r. erythrogaster = er)
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ABSTRACT

Barn swallow (Hirundo rustica) are migrate to Thailand during the non-breeding season.
In non-breeding plumage, the female is very similar m appearance to the male that sexing is
proving to be quite difficult. Therefore, the purpose of this study was to relate between
appearances and sex identification. The 113 samples were collected from Pua district, Nan
province during December 2015. The appearance such as bill length, tarsus length, outermost
tail length, tail fork depth, wing length, white spot area and length of the outermost feathers were
measured and recorded. Including, sexing with molecular technique, the P2/P8 primer was used to
amplify chromo-helicase-DNA binding (CHD) gene and the resulting PCR products were
analyzed by agarose gel electrophoresis. Samples from the females produced two bands, which
are 400 b;p (CHD-W) and 350 bp (CHD-Z), whereas samples from the males produced only a
single band about 350 /by’ (CHD-Z)] The reshilt shows -a'Sgaificant (relationship ‘between
tail fork depth, white spot area and length of the outermost feathers and sex. Program R shows the
error of identifying the sex is 22.12, 27.43 and 30.97%, respectively. In the same way, Rapid
Miner Studio 7.1 shows the emror of identifying the sex is 14.16, 19.47 and 15.04%, respectively.
The length of the white spot on the outer feather could be suitable for sexing in the field.

Keyword: Barn swallow, White spot length of the outermost feathers, Sex identification
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