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Nut Munpholsri 2014: Development of Microsatellite Markers and Their
Application in Population Genetics Studies of Short Mackerel Rastrelliger
brachysoma (Bleeker, 1851) and Indian Mackerel R. kanagurta (Cuvier, 1816).
Master of Science (Agricultural Biotechnology), Major Field: Agricultural
Biotechnology, Interdisciplinary Graduate Program. Thesis Advisor: Associate

Professor Supawadee Poompuang, Ph.D. 90 pages

The aim of this study was to develop microsatellite markers for population
genetics of R. brachysoma and its congener R. kanagurta from the Andaman Sea of
Thailand. Because the two species share very similar morphology, Truss system analysis
was used to confirm their identification. A total of 413 fish were measured. Mean values
(+ SD) were 15.51+1.14 cm and 18.77+1.19 cm for folk length, 4.31+0.38 cm and
4.64+0.31 cm for body depth, and 3.60+0.16 and 4.04+0.18 for ratio between fork
length and body depth of R. brachysoma and R. kanagurta, respectively. Two principal

components clearly separated fish samples into two groups.

Microsatellites were isolated from an enriched library, of which 64 positive
clones from 331 contained 18 microsatellite loci. Primers were designed for 11 loci and
six loci with dinucleotide repeats amplified DNA samples of R. brachysoma.
Characterization of these six loci in R. brachysoma from the Gulf of Thailand (N = 52)
revealed that the average number of alleles per locus ranged from four to ten alleles.
Cross-amplification of six microsatellites was observed in R. kanagurta. However, two
loci were in linkage disequilibrium (P< 0.05). Population genetics studies of short
mackerel and Indian mackerel were based on data from four loci, including Rbr-7, Rbr-8,
Rbr-13 and Rbr-14. All four populations of R. brachysoma, two from the Gulf of Thailand
(Samutsongkram and Petchaburee) and two from the Andaman Sea (Ranong and Satul),
displayed similar and moderate genetic variation with an average of 5.7 to 7 alleles per
locus and average observed heterozygosity at all loci of 0.44 to 0.5. There was no
genetic differentiation among populations (Fsy= -0.0043). Two groups of R. brachysoma
were displayed by the UPGMA dendogram, with bootstrap values of 68.9 and 71.2
respectively for the Gulf of Thailand and the Andaman Sea. Populations of Indian
mackerel exhibited similar and relatively high levels of genetic variation an average of
7.50 to 9.75 alleles per locus and average observed heterozygosity at all loci of 0.64 to
0.72. There was no evidence to support genetic differentiation between the Andaman

Sea populations of Indian mackerel (F¢-0.0073).

Student’s signature Thesis Advisor’s signature
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UM 16,537 bp (Chen et al., 2013; Jondeung and Karinthanyakit, 2010) Slafieuiu
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Uanana Scomber m’mﬁ&j@ (Jondeung and Karinthanyakit, 2010)
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fiun: Fawlasain http://www.fao.org/figis/geoserver/factsheets/species.html?
species=RAB-m&prj=4326

n1sduunviiauanlaglddayadugiuinel
38 Truss network analysis

N17IATIeRdayadngIuine1dieds TRUSS network analysis tunisfnwidugiu
MYUTIITVANN (Geometric morphometrics) IngaginAuunnm19893U319 (body
form) WUUR9Y unumsinLfiessyesiaszninsgadanauiazganuuiAnEuflagimun
gadane (landmark) Adanaldine uaziisamuluynegeidnu Iaseuagusiauan
Mnduandudulassiunseunquingisne THuanidegussosariiinu wirinaau

g13v09 dUlATITI AT (Jayasankar et al., 2004; Strauss and Bookstein, 1982)
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n13AN®I Truss Network 8188n153LATIz9UTENOUKAN (Principal Component
Analysis) Hunanynisadalunisansuausudsidunniuly THvdediesdauysudnid
NUINANALAZEINNTBTUIEANULUTUTINYBITaYaYRLAN I BIN 1SRN WUl AdY AN T
Taesustudfasruduian dudaduvesdinusiiy wardsnuiutssninvsewnnu
il siad lun1siasiendeyaniifiuusiuiunin fmwdsivi viediusenaundn
(PC) 98Qna31949INN1TTIVTINEIAIANNRUTUTININFUSRuNnFt iy fausenau
nandusn (PC,) innniian dqudiusenaunandifiass (PC,) audariusenaunansa
v < 1 | Q" & o [ 1 -d’j 1
a4aN18 (PCypitag) NATTIVTINLDIANANNUUTUTIUAIUTLUGD wazAIUsEneuanual ozl
P o U fw aa o ) Y a a
fmnuduiusiu 1n38nsiiA1AukUTUTINYRIRIUTENRUNENAILIA (PC,) AeilAngenian

wazanvauadlUaudsiiUsEnoundnfignying (PCap,) (e, 2548)

AANLLUSUTIURIAIUSE N UNENLARLAILS8NIN Eigenvalue (A) tilauaningn

UseNaunantuazaunsnasune LB UL Uswnus L Usnlsuntdesiedde daunis

4

fiansansuausiUszneundniimunzay aeinnsanainsiuiudiuszneundna wusdudia
dndurrunUsUsiuaranet1aidesay 80 wiafuszneundnaduduiifidnaany
wsUTIugInIAAuLlsUTIueds uasdesanndissneundniiaiislmitinainnissu
pnuulsUsInvestaulsiiuenls Aiuansruduiussewinesudsiiiwas i
Sunin AduuszanSanduius (Loading) Svazuansdedvinavessuusiiunsaziiifise
fuszneundniiu lushusznoundnlag 8161 loading vosfauusiiusalasidnunn @nndn
0.5) uanriiuUsiuiuidninamnlunisairsiusenoundntu Gaegnldifumedune
mmwmaﬁuaﬁwﬁzﬂawé’ﬂﬁuﬂ pg (Tawn, 2548)
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f79819n15 bl Tpuadug 1 UluN1SAN®ISUS19UaNTE N1SANEILATIAs19USEINSUaN

aevesdudgldvayadngIuanis TRUSS network analysis Saufiudayaiugnssuain
LA3BINNTY RAPD NuUI1AULUTUTIUYee3Us19Ua1dnndulie iinanndadiuninuniig

v

vesdiTaTundiaesieniuiu udlinuanuuansiduseduiugnssu Jayasankar et
al., 2004) N1sfnwUaw15au (Sardina pilchardus) sedeyadugIuainds TRUSS
network analysis WUANKANAIYBIUTINUATENINNUTEYINTMR UM TlaLaznaulives
yeilmziauennauinveslusenla uideyaiugnssuaniaiommnslulasuevivalasi 4
Fuvs wazdsuluaaIn control region lululmpounIouansiiommmduusyanns

Wenu (Baibai et al., 2012)
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Wugeansuszrnsdunisfinwesduseneu LLazmiLﬂﬁauLLﬂaquﬁ’uqﬂiﬁmaq
Uszrng MAnandadesiieg naitufnwianaudty weraunanisidsundasnnuidu
(auds way fisednd, 25a6; gviv¥md, 2543) Tnsarudnlalunssurunisdsunlag
fugnssuszduUszansivhlfinmzdes dndnnismineins wietneydnvaninsning
uun1sianIsUssrnsdn i lufianisiiessnwanunannuanemsiugnssuld (Yuens,
2551)

Uszvnslugauaidnsunisfneiugmansussvins aunianshuwazlilivesn
nanlifideulafe 1) Wudszwinsvwalng 2) In1swauiugedivdy 3) lifinsdadenmi
N9NSIkaEN1SeY 4) liinsnatenug uas 5) aundnlulinisenenidiean mnUssuing

v v 6

agludaulviludmazilinnudsu wazanuddlulndasiilundiony (eviusn, 2543)
lasasneweusens neanddidinydadediugnueneendunquussyinsdes
WAARTEAUNIIANEINEUTENINANY LTHRRINVAEaWR WU Feinvianegiaians
TEEEUNIININDUATIUATEIVRIAAZUSTTINT WeRnssun1sanen 1udu Tassadned
WnuaNu15095U1elanekUUINeBIaNsLuy LU Mainland-island model, Island

model, Stepping stone model Kag Metapopulation model (Frankham, 2002)

N15UTEIUANUNAINNAIENIRUTNTTUAIEAIAINAINTAIENITRUENTTUA 8Ty
Uszrns il snansda laun
JuIudadaLRdURRRILYLY (Average number of allele per locus) Tagtiu

VINUAIINATBINLIENNFUNUL BAITAIETIUIUAILNULATEINUNY

Do
-
=
)
=
©
)}
D)
=p
D

A1 Allelic richness (Ar) UandeaNUIUdaRas R WU TUBaTEAINIUIY

'
Y

fogne TUSsuiguIuIudadatunsainfleg1efarwiruluminny (Kalinowski, 2004)
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Aennelslelndd (Heterozygosity) vendiuruanudduiifianimduien-
welslana wuslaiduassrfe Ansamelslaln@fainn1sdaunn (observed
heterozygosity, Ho) ldannnisiusiuiusiegslaeassiifanmduenmelsleda uazan
wawelslalndRannnisainnaneg (expected heterozysosity, He) 7ildainnisfuanmin

Ao a 7 a ' g i s ¢ 3
ANudgada lnedsauuAgIuIussnsuuegluaunasnia-lalivesn
AN UaAIRUNAINTAIENRUTNTTUTENINUTEYINT bl

A13EEENNIINUGNIT (Genetic distance) 1991NN1TIAAIIUKANAINIA

v

uqmamamam5é’a§ammaaaﬂizmﬂi (Frankham et al., 2002)

Adudszansion (F-coefficients) wansisnruduiuguosdadanielu
Usyuns Feanunsavenlddnusrmnsiuwisesnidulssanseeselsl Tnsuvsnnudu
wUsnesugnssuduseauauseiu syiudsEmnsTiavan seRuUsEIINTten uay TRy
9879

< I Ao [y ' Ao a | Py =
For luAdinszauanuLanasvasnudsadalulszseinisieg 1ienand

Y

1 < 1 a =l 1
AU luUsENsee8a3 I bl

Fic AR Lﬁuﬁwﬁi’mzﬁummLﬁmLuumﬂau@aaﬁa—hﬁwa%ﬂmm
Usvunseos wavUszuinsiavun auadu mndidduuinuansiiinuavesenmels-
lelnntounitfiinag Ssoradunavesnisuaudendalulszeng WSen155905 9819037
wilsunaadgeiu (Wahlund’s effect) winndanduaumnedianuiveasamelsle-

Tnpanninfinsazidu ﬁqmﬁﬂmmé’ﬂﬁ (Allendorf and Luikart, 2007)
FST =1- (HS/HT) (1)
F|5 = 1 - (Ho/Hs) (2)

FlT = 1 - (HQ/HT) (3)
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luudagdreliwiniu nsiidrengnuinnimisiiduiululseyins (Allendorf and

Luikart, 2007)

n1snedeuaANAasnsA-lliuesn (Hardy-Weinberg equilibrium) tiegin
Uszvnsnanwdulasudnsnanaelainaniiliiugnssuveslssvinsuudsunlas
UszrnsmugufuesensauasliniivesniifiGeulvey 5 Useniseie 1) Ussansivwinivg
2) finsuauiugednegdu 3) Lifinsdnden 4) ldiinsnaneiindu uazs) Ussnslifinig
& - = & = aa d v a d' o
angn Mndulumueulumatiudiuszvinsiuasiinuddu wazanuddadiansiang
agnilegdaengnils Seninvssansiuegluaunasisfuarliniuesn uiluannuduasudn

Uszunslusssuvifetaarldiluluaudeulumanisianun (Allendorf and Luikart, 2007)

nsnageuaNududasyreumInemuny (Linkage disequilibrium) WHunns
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wongm gLy 3 widu linunisenenlugiuii 1 uazlinunisenendrusening

& Ad =2 a a ! 1 Y [y y [y 3 1
WUNN 1 wag 3 ?\NLﬂG’IallmG@’]‘U’N‘UaWm‘ﬂﬁﬂaﬂ’li‘l/lﬂﬂﬂmg’lua@ﬂLL@%&Q@S’JUM?’I L‘U'Llﬂuagﬂﬁjll

A
U a v L4 ¥ U a

Uszrnsgauiu Geaenndesiuganuayiseinn (2508) Ansdaduiugiuinvaiyluanilng

q

unziinsuenludesnguieiinsTuesnuazaziunn iesainauduiusssnineauend

waziminvaIUa1yINTvaRILaILAnA1Ieg e lTEd ARy wavaenadaeiu g3ius (2509)

d' 1 1 ! 1 1 a 1 = a U v 96’ ¥ 1 9;
Vlﬂﬁ']'J'J’]LLM@Q’]’NIGUGU@QUa’WﬂuEJTﬁVIEJlIﬂ'eNLL‘ViaQ Aousdandnnsinandnluluiiun

o s

AU uvawmile dudnunasnausiiuyieilang funndaususearuAItus LIeeaunis

GERICAEDRLY!
nsAnwlassaiiesiugeansuszvinsuamnisilameiaduandy

drumstlimeiaduadunanisfinwgesld wavvwiawivandesuinald (e,
2531; lmisng, 2541) wuiarymnaladunndiuneuuy (ansuseusd 1) iasluauay
nauUszynsiuvatymeilanziadunduneuans (nn1sUTEaem 2 uag 3) LagHanIs

NARBIAALATEINUNY LAgFITY WagAMy (2527) A1RTUa1nIelangladundunouais 919
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Usgneulusevany 2 ngudsvensedes esanlinunsiedeuidniluanssninawnnns
Uszasdl 2 uay 3 wiseanuvedise wazdiues (2539) dddinaminisutnguussninsiany
PIN51899L89 BOBP (1987) nduiimnuniiundainammsilmsiaduasiunaudianinae

Judsznsnguifeniu

euesisy Lardues (2539) tuaonadosiusieunsussyy The 3°
working group on mackerel and scads in the Malacca Straits, FAO/BOBP ‘ﬁLL‘U'ﬂﬂEjiJ
Ussmnstagluuinadeaauzaznild 3 ngu fio 1) nguiiunsnszatemsiuazfusen
yaaneau1n) Uszinadulailidy fanouldveunztifsussimanniade 2) ngud

WNINTLANYUSNIUADUANNYDIUTENANLT DITINIATLUDY 3) NANTNLNINTLINYINND1INII-

q
'

) =

A5¢U AuUDIUSLIUNtan1zUNa (BOBP, 1987) wardanmasdnun1sAne I lagwmIndnang ISSR

Y935525nY way Adia (2551) NlainuAnuuanAesEnIeyssnnsUayandminnsed

Lasdana
Y

agUnsAnuitsnuanlunziadusfunuinuszansuayuinamouaulne-nind
ANuFnsnUInABY uididanuduaulunssuunyssvnsuaiguinamsiadunisiy
pouans Lesanauliiauysaivestoyananfe nanisdnwives lwsne ( 2531, 2541)
THunawiailoFunald Fadudnvauzusngionaldfudninanuulsunuiiaan
dawandeu mndinslédeyaiugnssuiazdielidoyauindeiedstu drunansinuivos

a ¢

A9 wazamy (2527) luusiuniinisnaasdiiesnsaunel uarueiuiivainie

- oA X% Ny & o < o I
wisainggnivaulatesannifissiosar 1 uenaniluaarnnisldvarvunaineravililyl
aunsaiunIsenendIuwn nan1sveaetna1lindudeyailesiunfean1sn1snnae
Wetuduna dmsusignuvedisy kavdiues (2539) linsasudeyangdnssuaiyileeny
Ine Toyaanmgiimans wasnsdunnIsyinisussuvesioniudondu uidwinng
eaaaieatuayuluIAnuY waznsldnsomuneiugnssulowaioaais 9w 49
o 1 a 1% L3 a o v A ! (%
FUUY09 T38SnY (2551) onalimasliiieanalunisheniegAIULANA1aNIIRLENTTY
gnmansAnwilifiuiiedaandwmianseluazaga vilivinn1sinszidoyaningiuves

lassaieuszrnsvaryeaeniuimeilimeiagunidu

1NF189IUNTAN Y ATIFSIUTELINNTNHIUNIINUADENUIN ANUAIUITALUAIT

'
(% v a o

nranulassaieusevinsiuduegivdnwughhundnw vsemaluni1snsiaaeures
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LATBIMUNENINUEN T IULAazyIaTlY $a089AULANAI9IY89YIIAINISAUMBEN LAY

1% '
=] I

A 1 < Y ' d‘ & ~ Y LY =
nsidenunaiudiegsiinseuaguiuiinanuaie g dudunulunisfng
w3asnanelulasuenmalaiuaznisidnwnugatansussyns

lulaswanmalay vunefediuvesidueiinisesdvesdrnuiinnalelnafisniu
o gj 1 = a o I a 1 U 901 = 1 U 1 a
A 1 88 6 wa wazlidwiulaiiiu 100 wiie uwiavyagsesdenueglufiani
a [ o.'/ = v fal U (% gj 1 a d‘ M v v
Weniunasn nunsearemlvludlundnidnszandunds Inenunsludiudlunililaass
TUshuwaznigludiuvesdunainalusiu wazdanuwususiuluseiugs suluuyndves
lulasugvinaladt wudld 3 wuude wuugadiauysal dWululasweanmalanndyagiiies
WUULREIRnsaiy W (CT)y, 130 (GAT),, andliliadlelnaguunsnegnieluwinlvgagivin
F19989ni38n 31 WWunuugaglianysal wWu (CT),AGCT),s wazwuuanyeidululas-

a 1 v a 1

wenalanifiusznaumeyagNuinnInniagafnseiu 138n31YAEMUUNEN WU
(CT)10(GA)pe 88T (CAG)(AG), tHudY TudeliTInusdasuiinasiidrduiinalelnagivani
wANFNSAY AIATIARIINNISIINTNVRIT AR WEITBIINN1sAulaaTesaeRduLe

Y e & [

JENINNTIa0967 (Schldtterer and Harr, 2001) Lﬁaamﬂlu‘[muwmalawuaﬂwmxmu
suianalelnddiiies Seldedonsuy Simple Sequence Repeat (SSR) %#3® Simple
Sequence Length Polymorphism (SSLP) itag Sequence Tagged Microsatellite Site
(STMS) (Liu and Cordes, 2004) fafaoinsidlulasuanimalast Aoiduadowmunofisuied
Tiauuaneegs ausavenaninnisiusinesdu ibiszylulniladadndulelulelng
w39 wwmnelslalng nsiessndlulnianansavilaielagldmadafidons edoenis
Usuna Aduesuduiiisadndes uaznenlaonailalivasuudas Sndlnswesismnig
Tundaziuniawenaiswunglulaswenmalant anunsailuldlalneily iewansiu

grduiiandlelndvadlnaiued uenaniddidindaeiedfienulnddamadfaumsidaeg
Tund aseuaiieanaifeafuaziidduivavuuindlulasuaninalasiinusaniunans
fumie Fsanansaldlalasuenmalalnsiuessiuduld wu nquuainn Yatanse
(Pangasius hypophthalmus) agUanin (Pangasianodon gigas) %ﬂa&ﬂmaﬁ
Siluriformes (Sukkorntong et al. 2008) nguuatugaveauazuannii luaseunss
Salmonidae (Coulibaly et al. 2005) uLaznauualuuaLABLsa Iuaqa Scomber (Tang et

al. 2009) udu
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nsldieseamnelalasusninalavidnuilassaiisuszainsuan Atlantic cod
(Gadus morhua) lne Ruzzante et al. (2000) Tuu3tias Newfoundland waz Labrador
UTEWMALALINT NUADIULANFINIIRUTNTTUVRIUTEYINT 5 NEY kaziwdiaIndnuiaedl
Usganstatnen fiflanuusndinsiugnssumaavdesgdnluvinmi annsinuil

wansliiuinnisidenviaiasesnuislunisAneilnaneanisnsianulasiasiauszeins

n1sAnwIUsEINIUaInUIAIURU (Thunnus thynnus thynnus) Tungiaiuines
wSuileu Tae Carlsson et al. (2004) THaSaanunglulaswevnalay 9 fwnud wagansu
a i ¢ 1 a ' a Y A
fardlelnaves control region vululnApuLase YU 868 ALUA TLATIZUAIDYNNTIVTIY
1 = [y} < =1 ¥ 1 1 1 9] LY} 1 d'
NUaLALINULTULIAN 5 U lmwmmﬂuwummLmﬂquwwqwuqﬂsimmaamamqﬂm‘m
Ty

WussUluunaseaduiu widiegisuaimuiasuiniu anunasesiudnugnssuwaneg

1%
Ya o

LY ! A v o w ! 1 a o Aa a s = = 1 d
AUBYNUUYEALY r;m]aaiﬂmﬂmﬂammmuumu Tunglawdwesisiiaudnisuiadu

Y 9

Usensgaeuaziinsnauiugianiglunguees

luuan Walleye Pollock §338mUi1AUE11150UNTTILUNAINAITENT
Uszw1ns wlsuadufuannznanguuuuvenadesmnglilasusninalayi dadusaain
T8luinad (size homoplasy) Gumm%mmalulmLmeaiaﬁﬁﬁamawafmgULquamm
yhlfanunsonudadedifiomamifuildlfnanussnysndortulduniu dwaling
Uszanamanudmnatugnssufiidesas nsinudfauuzihiansldieiemnedd
anmzvanguuuusEiuUIunas lumsiuunussnnsiifivszansvunalug dnnsnszane

AN kaEdlANUANNIaTLENIIUIENINNUTEYINTTRY (O'Reilly et al., 2004)



1. A1SAUA29819

aUnsaluazisnig

megrelarniieinegnsusianguseneunisidedayuinass Jandn

aunsasnsuluRousuAL WA, 2553 warainiseussusidunndminingsuslusiou

fwaw w.A. 2554 duiregrauaryuazyaraeilingiadundugniiusiuuasfauenyialay

fa o (%

- ngudideiasianuiUs

YUINLLANIIUALTY 21N 3aUTELINVUYNIUTINTATE U

W Qiiin w5 uavana Tulhaudvnny w.e. 2553 uwiadasUseann 50 Aaeg13 (AN599 1

.:4' ) ' v = = ) o Y P ° o a ¢
LAy AN 3) G]'J'E]EJ'N'Ua']Qﬂ‘Uu‘V]ﬂﬂTWL'V]EJ‘UGU‘U']@IﬂU‘bJ‘UiﬁVWI (N9 4) @UITUNITIATIEH

Fnd1uI19N18A878 TRUSS network analysis a1ntudnasumaitluloanages 95% 58

v a
NN19ANARLBULD

M15190 1 gaviudegslaty (R brachysoma) waguandaa (R. kanasurta)

anufLiufegig waiinis waniy 1w

a19u viiauan k Y o
(1i38) Ussaadl  fegg AI9E19

1 R. brachysoma  Uaylle .uainaes gnlvy 2 §.A. 2553 52
9.84NTAINTIY

2 R. brachysoma #3eUsews a.wmasus  8nlne 2 fla. 2554 52

3 R. brachysoma  U.Uay 8.9 3. s¥ues  duasiu 1 a.A. 2553 55

4 R. brachysoma  ygyann o.ile4 2.034 PUANLIU 3 d.A. 2553 56

5 R. kanagurta  viselvelas Suadu 1 @.A. 2553 48
9.199 2.58U89

6 R. kanagurta  ¥1l39ANINT Uiy 1 @.A. 2553 52
9.98MIDY 279N

7 R. kanagurta DIANITATNIUUA UMY 2 @.;A. 2553 27
9.1d09 2.9

8 R. kanagurta  8sANISEZNIUUAN SuAiu 3 @.A. 2553 52

9.\l 2.a99




Velaeun Y

-----------

B R brachysoma

s % * R. kanagurta

»{/ 500 Alawnsg

AW 3 aufIeg1suay (R brachysoma) wagUaas (R. kanasurta)

19
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AN 4 Juiinaindiegrsuadisuiuldussia
2. msuunsiiauaidledayadugiuinel

MIATEideyaduguAMYNEiAT Truss network analysis Fudulagimunge
TA33314 (Landmark) s9us19n18Ua53u 10 90 dail 1) sesriiaiuma 2) aatatsuin 3)
fuuwvesteadawion 4) eaisuduvesiuATUVdSULIN 5) 9aEuiuveIATUNA ST
@04 6) ABAMNNUMUATUMNIMUUL 7) ABavanoufuASUNIEN 8) gaisuduveq
ATUAU 9) gAlsuRuTIATUYIBY 10) SO8RBTENI1NNTEAN preopercle LAYATEAN mandible
(Ml 5) (Faudasann Jayasankar et al. (2004)) anduldlusunsuinszsinmie
SigmaScan Pro Image analysis version 5.0 5’@3888ﬁ1ﬂ%@&ﬁ;@ﬁﬁ’11ﬁu®15 JEHRRRIGITR
a3 aglddurionun 19 ¥y (Fu A 89 9) doumnhessegsandiiuniingeside’s
AATEAIUsENaUNaN (Principal component analysis) TulUsUASUNI9@DH PAST:
Paleontological Statistics Software (Hammer et al., 2001) LAY UINANNES 1N UATNUU

scatter plot

AWA 5 MTIATIERTeyaduguIng1seds Truss network analysis W30UANANUANS

Y

10 90 wazlduLanIssEsRIITEndnegans 19 @y (du A 83 9)
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3. nsnauAsasnunglulaswenmalan

3.1 nsanafLeuLe

cs =~ o U ay a a & = Y  aaa s
deonUanyuilsiunainiludafidwesinasums dedsiiuea aaslswesy Tag

AnLUaIRINI5U8Y Taggart et al. (1992) fisil

Fasegansumiin 20 fadnsu lavaeslulasiwuniihdoun 1.5 faddns
Mniudutines TNES-Urea (10mM Tris-HCL pH 7.5, 125mM NaCl, 10mM EDTA pH
7.5, 0.5% SDS, 4M Urea) USuay 350 pl wag Proteinase K USuna 4 pl (AMULuTY
anvierdu 200 pg/pl) wamasazaneitiuug vailifigamad 37°C uiu 12-16 2l

faunuNanaelea1sazaneNUsynaumeiusanaslsnasy-lalaaliakeanasadusuna

[ 1 [

400 pl wazannnemeasazatenaslsnesu-lelyelaweanageausuiu 400 ul lun1saia

(%

AduanraztunautindIog1lUduIsIm8A111157 14,000 S8UADUNT WU 10 U WA

anansaraeduniddinlanuuu lneseidsuldouseninetu Tdlunasalviietnlulely
U < ¥ £%

Tunounall LAINNASNIUALDULEAIELIANDTDARNULTUTY 95% Thiudn TaslduSuing

@

Juaesvhvesasararvalangaule wdnhluudiuigamgl -20°C uiu 1 93lug

¥ o ! .24' o < \ . a A P
NUUT U TUAILIR8ANUL57 12,000 SOUABUITIUIUN 15 U9 LNBLAUNLNDURALDULD 1N
A1582a18919 LAANNNZNBUNLADNEDIATINIY LOANDEDAANUMINTY 75% luwsazsautu
WINEP8AULET 10,000 SOUABUIT UL 5 UIT NEINITANANTAZA18TILATAINASNDY
Tuss anduazansnznaunaUnwes TE (10mM Tris-HCL pH 7.5, 1mM EDTA pH 8.0)
ATIIAMN MR WE ULz LARa Wegn1suwUsuvalusfukaznisuaninvesiidule

ad v 1

Fapududufiduiedienias NanoDrop Spectophotometer lng35 A1 1sganauuas
3.2 mynaunasosmuglulasiemmalan

wauasesdelulasusninalaianaeis Enriched library Tnaanulasain

v
v A

35015989 Nunome et al. (2006) waziiunaunail

1. mawdeneuntnes 14lealninedlelndansifenasaduie Wuivilauin
21-mer (Oligo 1; 3’ ATCAGGTGCGCATTCGTTCTC 5') waziduiianauuin 25-mer (Oligo

2; 5’ TAGTCCACGC GTAAGCAAGAGCACA 3') snidendniudulodlniandlelnsaiogd
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UmwjéﬁwﬁaLﬁalsﬁsiaﬁ’u%yumuﬁt,é‘ma Tnefiduneusad wew Oligo 1 (500ng/ul) Usuna
16.8 ul waz Oligo 2 (500 ng/pl) Ysuas 20 pl Tumaeafidensuuin 20 ul ieldlaa
duduredledlnindlelndfiaoasiaiu antutidiaiesmueugugl Tnedssougnmgd
F9il 65°C w10 witanudae 37°C w10 wiiiaude 25°C w10 Wit wazaavie

4°C ww 30 Wit Mntunvewauweslingumgll -20°C eseldau

2. Mwseuunusy Mledlnilndlolnaniainuiuasi 8 wuuda (GACA),
(GATA)g, (AAAT);, (CAA)q, (CA)y, (AAT)14, (CT);s 48 (AAG),, LUUINTUTIRADEULUNIUTY
P v @ : | a s Ao o goj A & ! [y aaa a [ t:gil a a al
WeneduivTuduAdwe N duvagn Mdudauiu I38wIeudsil nauledlndnale-
Inanfianuiuagne eg19ag 5 ug AU @1sazas 3x SSC (45 mM Sodium citrate pH 7.0,
450 mM NaCl) Usunau 0.4 mL Tunasawuia 1.5 mL Wi Hybond N+ membrane
a o ] A v &
YUIA 0.5x10 LWURLUAT INBIVUNTEAWTU MNUUreaasazatefinseuliugauus-
wswinaiulsEanu 0.5 wuRluns Aeasiusiusulruiannuniadalus antdudndigeudn
] & O ¥ o [ [ v 2 a = a
55°C w1 wilstalu udduusuinatgnslassanililalandiuaz 30 1N UULATDS
Millauaaninnueninau 260 uiluwas Mluiialnudaumsiusuduladuans vuin 0.5x0.5
WUALAT 911U 20 wiy druausulydrsmelavsalawdudninesusuia 10 mL Tu
waoANAaoIuEIn 10 mL gl 45°C unamiaiuieridaledlndiufuiinie
a9 Asswanraendunsing1TEnInensun Weasumvuaamininesinieen
Wudiesiudiiedsniuduneuaudnase Wedrsuausuiasaudintviiwesiniesn wan
anmeUines 2x SSC 9nAse nUULULNNIUTUNLaldnanIuIn 1.5 mL vasnazdss

a

usin LAUTigamndl -20°C sennsldany
3. wisutudwiidue Fatumduedureuduy egnaduuasdetusuatinesi
Uanevisansdng fitunoufe TfiBuevesamiiadaldands 1. uusumnududulivge
100 ng/pl 3enUfAsENstesmeeulniaesfisen (1) luurazuiiseldmoted
WWueUsua 2.5 pl (250 ng), Rsal 1pl (1 unit), 10x Buffer B 5 pl, Bovine Serum
Albumin 0.5 pl uag ddH20 41 pl lidsuasgnsidu 50 pl Tuurasujisen Nt
gaumgdl 37°C uu niledlug wafaudnihjisennisidensse (Lisation) Snasadalus &
drulsznaufe T4 Ligase (3 Unit/pl) 6 pl, T4 Ligase Buffer 6 pl iy adaptor

aaa 1

(500 ng/pl) Usuew 2 pl aalﬂiwaamLauﬁﬁﬂgﬂimmiaaaﬁwLaulsnﬁ dielidudiu
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a & 1Al v Y 4 A a [y 1 1 & aaa 1
mamaﬂmawgﬂmmaLaulezm Rsal \ausnnuUawaULnDT LLa31‘1433‘1/1’3’1&141]{]ﬂ58'1ﬂ’]58@8

o ¢ o a ! ~ o & ] a < A o = [y
@'JEJLEJ‘LJVLSUZLIENQQWWLuumaiﬂLW@@@U@@%UG’JU@LQUL@V]ﬂanﬂL“U@lIﬂULEJ\T

4. NSHLUSLNAUAD UL TIULIN UFIDE19ALDULDTIdRITNlea1INT 3. 119N

UAASeN@1s 91az 4 YR30 ez 50 pl inlviusiazg1vsinananigonsusuna 200 pl

=

WD AN UIUTUAIURA LD ULEReRgAUaLAULM DS T US L LN WE tazifiulaniaduiuwy-

Y

wsuludumeunistavsaled

ALouLe (310D 3.) 1 ul
10x PCR Buffer B S ul
21 wes Oligo 1 (500 ng/pl) 0.5  pl
2mM dNTP 5 ul
Amplitag Gold (5 u/pl) 0.25 ul
MgCl, (25 mM) 5 ul
ddH,0 33.25 pl
Wt TRIELLEY 50 ul

PnudduaIfidens Inedmungaungiluudazsoudsil 1) 94°C w 10 Wil 2) 94°C

WU 15 U 3) 60°C wu 1wt 4) 72°C w3 undt antiuunduludud 2) 30 29 seu

o

a a

5) 72°C w1 15 ufl waz6) 4°C uu 10 wifl Wewddaujisenfidens sunandnfideisves
a <

winggliilagnag 200 pl wanhluianuagen megndnsiendisazy (Real Genomics
HiYield TM Gel/PCR Fragments Extraction Kit)

5. mseusvlulasweninatan (Enrichment of microsatellites) Inan151n

2 a & = a aa s 1% a ¢ w A a vy
FUAIUALDULDTUUUNANTANTD191NVD 4. NWI@U?WI@“UWUL@JNLU?UWNTW?UW@I@Q ""U\‘ilfﬂll']

v
a ! < Aa o

NV 2. LiaAnEanNETUdIURLdUeRdaduas buldlutunausald

dnamusuiedeulildadlunasnuun 1.5 mL fy 21 mer Oligo-1 2
kae Hybridization Buffer (Deionised Formamide, 20x SSC, 0.25mM NaPO4 wag 10%
SDS) 500 pl thuandnfidensande 2.4 firunisieuazetaudinn 30 pl thuvhlngey

2 & = = aa s a o a S o v |
AN UALDULDEELAE IULﬂﬁaﬂW“anﬁ‘W@mWﬂﬂJ 95 C UU 5 UM ANUUIUVYI-ULYUY

9 Y
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YT 2 Wil wafuadlunasaeSoumuusuld dilduud 50 °C uu 48 F1lus nas

ﬂ@ﬂWéﬂﬂﬁ@@LﬁUﬂ%ﬂﬂ’iT&

4:4' a v ]y % ) I3 ° &
Weasuainslavsaladudafdsuniusumetiines 1 91w 5 A3t ay
1 mL wu3 Wil wazdwies 2 8n 3 A9 ag 1 mL uu 5 W17 Lied 19l ulodIuiun
Lailaduiulngu nasandneseugavnauamdninesfe wastinyl 200 ul ihnaaaludud
a (¢] oA Py 1 a & = %Y 1
gaunall 95 "C w1 5 w1l Wielviduduslduleinzegiuinsurgaeenutagluaninaiy

Y Y 9

d‘ - & = 1 1 H < = =~ LY [y LYY
Wwealudr ntusudeuuguRiug 2 wii Wetestunisnauldduiulnsu

Aaa &

AaNnIENYNUSNTeNITe T INaNTaEaeNlARweaeLRgaY taguusli

[ 1 U

waazgdl 4 U{Asen az 50 pl asdulunnazdnazlanandni@esivindu 200 pl wieldlu

JUNBUNITLAAUTS

AEuoaeLfen 10 ul
10x PCR Buffer B 5 ul
21 was Oligo 1 (500 ng/ul) 0.5 ul
2mM dNTP 5 ul
Amplitag Gold (5 u/pl) 0.25 ul
MgCl, (25 mM) 5 ul
ddH,0 24.25  pl
JFumssu 50 ul

WidiaTesidensuazAmunseugauaiiviloulute 4. Weduganszuiuy
A5RTITUA SINNaNANTeNsvaLAazg bR laTay 200 pl warihluviauayennnie
Real Genomics HiYield TM Gel/PCR Fragments Extraction Kit lof19n&InnA19711210

Y o

fAsegens uaituvinAuaye1ng1ee Pharmacia microspin S-300 8nAsaiaingn

[l

(%

a ! Aa < a
Fudrundvuiaaniiuly

6. \ousaTudiuAdueiufBuenIne Aduen meildAe pGEM-T easy

[ [
v a

A Y a o ) A . N o
vector WialtinanuIuluALuAse E. coli lnafliunaundil
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2x rapid ligation buffer, T4 DNA ligase 5 ul
pPGEM-T easy vector (50 ng) 1l
PCR product 3l
T4 DNA ligase (3 weiss units/ul) 1 ul
YFumssiu 10 pl

a

ldugfigamnl 4 °C windudu udaluiud -20 °C aunaldau

Y

7. nsanenan (Transform) nanafinAiduieidnguuaiise 1435%enian
Jou (Heat shock) Litunataiaidnguailise 519N competent cell Wag wWataln
nde 6 ldlunasaruin 1.5 mL wiuuiwdewy 20 wiil anduihlvudluiheamgll 42

°C w50 U9 wadsudesnuduutiudauiy 2 Wil Wiy Soc medium 700 pl hluign

'
a

W3DIUNKUULEIgaumgl 37 °C uu 1 9aluep3e thuuafiSendesuue misgns LB

(1%NaCl, 1%Tryptone, 0.5% Yeast extract, 2% Agar) ﬁl@m 0.1IM IPTG 100 pl, 50 pg/ul

X-gal 20pl Lay LouNIaU (100 ug/mL) Uuﬁ’qmwgﬁ 37 °C w18 Falug

8. mﬁé’mLﬁaﬂiﬂauﬁﬁ%udauﬁLﬁuLaLLmﬂagj AntasnRNIzlAlatNIav1Iun

& ] ¢ = & aa v
LREIFADUUNNALN DTN L UUBIT LB NULDUNTAUANULYUYU 100 pg/mL YA M

wneafnegfidumwan Ynieluidewongamgll 37 “C wiu 18 4alus

9. msananaralinfidwe ldynadnfduednsagy (Bioexcellence) idan
Talafifidesnsatanarainainunamesinan undedusimsivaians LB 3 mL luvaen
vw1A 15 mL iAesfigaumgd 37 °C wiu 18 $alus Mntudrennlavasntuin 1.5 miL ¥
Jumiesd 12,000 rpm u©1U 3 U9 mmiaxmaﬁa LAu d@15azane Cell suspension 200 ul
Tngatuasiielinznouilsluansazats Wuansazans Lysis 200 ul wanuaeandu 1y
11 auasaranetuniinuarlatu duaisazats Neutralize 200 pl nannaenluuniung
UARAzNaUALOWBEY 1YY Judeadt 12,000 rpm WU 10 W19l @mmﬁazmamﬂaﬂgﬂ
e (Uszanas 600 pl) Tanaaslug wulelalnswiusa 600 ul iilennnznoufiiue a1
pznausiY 70% Lafiauoanased Juwissil 12,000 rpm w1 5 undt wansazaneiis an

prnaulyilie avatensnouAdwely TE 40 pl
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o W a = & & o A ad A W
10. Asyasuiiedlelndlazniseanwuulnsues dinatalinfduLenans
Taante 9. wdpelaAuLTUuUsEIad 500 ng/ul fednsas 20 pl d@slumandu
a =~ fa a o a ¢ o w A v o v a = & ° o w H '
Jr-pdlalnenusem luledlad 370n wWislanaaiduilInalalng TN rIaIA UL AT IUD LA
azlaau Tonugn1sAnLaBNANY F395581 (2546) TALANAULEDIABINIIWIUTIUINATT 5 @0
dusulainmdlalng unnnin 4 91 dnsulesiiedlelng wazdesdlitesnin 3 91 dnsu
a = 6 a = 6 a = L3 o U 5
Wasziedlalng unziindlalng wasiangsiinalelnaniudisu antdusankuulns-

wesivurvtsaduiuagn lagldlusunsy Primer3 (http://biocinfo.ut.ee/pri mer3-

.1 IS

0.4.0/) \denalnsiuasnil %GC Yszum 50%, A1 Tm ndifesiu waziivate 3" Ynving
mewa C vise G MnUutayadnuavedlnsweinesnwuulagnindiggiudeaya NCBI

6

3.3 nsveaeulnsiuesd miuuiiseiaeis

s

Weldlnsiwesiioanwuuudftumageumanmiimunzaulunsinujiseidons uas

Usziuaninanuvainrateveuasosanglulasianmalaniunazdumis

1. msUssdiuanmanuvainvaisveuaiewnnslulasuemmalasi lnensdu
191679E19AdUETBIUANY 52 Feg1e Indminayvsasnsin uvhuisenigensiulng-
wosfigneenuuulf Avluusazufitediosdusenoudedl  Mduie Usua 0.1-1 lulasndy,
Uinesiigens wWudu 1X, dndlolndwa (ANTPs) 19wt 0.2 fadluans, uunflideunae-
156 (MgCL) wWudu 2 fadluans, Inswwes wWudu 0.5 lulasluas, teuladfduelndiuess

WUty 0.75 e wazkdntlilausuinssiudu 25 lulasans anntudidases Agens

lngivungamilluusiazsausall

1) wenanedduaduatsmen 94°C w5 w1

2) wanaemuLetduaeneIn 94°C w30 Juni

3) angaumgdlvilnswesauaungiinmunzauvasinsiuasudaze 30 Jud
4) panafduen 72°C ur 30 Junil Mndwaunduludun 2) 8n 29 seu
5) Aeanee1ItuanYinef 72°C wiu 10 wil

6) angaungiasi 20°C W 10 Wil
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A < aaa ° a aa s a a U
LiJ’E]Lﬁiﬂ‘ﬂ{]ﬂiEJ’]U’]NaNaWWG?I@’]iUﬁﬂGﬁ 2 "Laﬁ,mam naunuaneenadly
[ ~ o & aaa = 17
pEALSAL8 AUTNTY 0.8 % LWEJGIT]"\]N@Q’N&I&WLiﬁ]maﬂﬂgﬂiﬂ’l LAZENYUAIMULYUYBDN
a v a [ I a a s v
U ALBULDNUALBULBUINTIZIU ﬂ?EJ‘VIEN"U'WILL‘UIHLE]ﬁL@FJ?JIUiVLQJ(ﬂ LL@%@JN@JWEJIG]LL?N

dansnllawan

o a Ao sal v = 5 a
YNandniTe15NnTI9deunaudd 1nsiaaeudlulnl uaguszilivanimany
- ¢ = a 14 v v =
wanvatgveuasemnglulasuenimalaivulndezasailudaninududu 5% euvun
U oo a o ¢ v o Y 9 a o ¢ o A
AUALBULBNINTTIY hasRaRARNT01TNNTIUIUIALEIINNITIEFUTIAGLa NG Anlden
o A @ & P =

WwIaaIngndangraingluuuszauUuna1sduly weldlunsfinwanuvainvaienis
Wugnssumely danasesmuneilufianizwainguuuu Tudanasiulildnaaeuiuiaisig

gilanaunsoldiujiseidensliviely uaslvuauaufduewmiiouniasisaindany

a8149ls

a a a & | a a [y .
2. maiindinumduevesUaisinsulinluanaieaniy (Cross-species
o . - ] = ¢l @ = <
amplification) tensaaaeuinaTeanglulasweninalaingniaunduluvainiuag
ansaldimuviuamnueludariadunlndfssiulaniely Wesendaviiniianag
Ina%anaiugnssuiussidduvadiuneysndvilouiu lnevariaziumegeuieUaas
lngainflduea1nAIUNIIUAIAINTINTATE U 48 Maee A1ntuihuvinufisenfigens

s

melnswesignimundulng uazasivaeunalussnlsaaa uaglndoza3ailudiaa

AUAAY
4. nsANEINUSAANTUTZYINTVBIUAIN-A9
N3ANYIANUNAINYANENINTUTNTTUYDIUA LAz AT

1. miadauazsiinynafowe atnfldueaindiegislaryaunsansiy inesys
[ [ [ [ t:l' ]
JrUd karn e Uandaseues Wae Quin wavana 531 8 Usewing (ms1eil 1) aniuldlng
WwesnmukazUseiliununainratenan ¢ s (Lewn Ror-7 Rbr-8 Rbr-13 uag Rbr-
14) ywhliseriigerinaaeuiiegnuamnusevinsiulnswesiiazdauasy dmsu
LATDINUBUAAZAMLMUAT B UTWIALAUALO WO TN UALOWBNINTFIU LazFI981911ATF U

nsudlulvduay Mnuuduindeyadlulndiesensimsesinasely
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2. Mybangiveyaiugenansusyins 1Elusunsu POPGENE V. 1.32 (Yeh et
al., 1999) MulsIudada (A) uazAadssuIudadadesuris (Mean A) Aduna
(Ho) wazAAInnda (He) tenmelslelngd 14TUsunsu FSTAT (Goudet, 1995) AuaniAn
Allelic richness (Ar) nadaunisidesuuinnaunasn$a-lhiwesndelsunsu Arlequin V.
3.11 (Excoffier et al., 2005) lagA1uunA1 Number of steps in Markov chain = 100,000
waz Dememorization = 1000 Talusinss GENEPOP Version 4.2.2 (Raymond and
Rousset, 1995) nagauA1 Genotypic linkage disequilibrium Tagiinuaa1 Markov chain
1Ju Dememorization = 1,000; Batches = 100; Iteration per batch = 5,000 waglgnan
Allele frequency-based correlation (Fis Fst thaig Fip) A11735989 Weir and Cockerham
(1984)



HaLazATal
1. msduunviiavaiddedayadagiuinga

fegnatauarUandsiidnwadsifvuaauenidoumaadowity 15.51+1.14
WURLLAT WAz 18.77+1.19 wuRuns susiiuaunisaisaiivuinedsyindu 4.31+
0.38 WWURAMAT LAy 4.64+0.31 WURLLAT AUAINU HANITINEAAIUAINNENIEDURIIAE
Anun1eadi nuinanyilddatenndtuands danadewindu 3.60+0.16 druUatdsdl

ARaeYINtU 4.04+0.18 (A15197 2)

AN5199 2 ANEMIEDUNNNLARE AUNINNLARE LAZEAFIUTDIAINNYIINDAIIUNIG

P mjmmaé’aww m:m”iwé"]éh é’mi':mmma:aé’?uv
a8y (9.4.) a8y (9.4.) NIFBDAIUNINNAIND

1 Jamaynsasasiy 1451 = 0.87 3.88 + 0.29 3.74 + 0.10

2 Uaminsys 16.67 = 0.41 4.54 + 0.11 3.66 = 0.08

3 Uanyseued 15.44 + 0.66 4.52 + 0.20 3.41 + 0.11

4 Uannss 15.45 + 1.24 4.29 + 0.39 3.60 + 0.10

5 Uandaseues 18.70 + 1.07 4.75 + 0.29 3.94 + 0.16

6 Uandawaan 18.11 + 0.77 4.47 + 0.27 4.06 + 0.14

7 Uadagiie 18.38 + 1.25 4.70 + 0.39 3.92 + 0.11

8 Jaasana 19.71 £ 1.04 4.69 + 0.28 4.20 £ 0.15

TaenaluuanyazisuingJeiasayiug Wellvuinaugninaendiuseanu 16

v IS

a ) Y & = 1 a !
Wwudues wagrunndnnulanilufedag 15-20 wufuns drulanasasiauinaninugn

a v 6

naoafLilalsug ISy RugUssI 17-20 Wwuung wazauendnnulemlulufe 25

Y
(%

WURLWAS (TFNa wavang, 2550; Carpenter and Niem, 2001) aiiialunisAnwiaseiidu
A1ANENIFRNNTEAIAINIIAIANEIRREAR RTINS B ULisued dntiay windl
Auaenrdesiu wazrluszninauiuimegaznuitandnnisliuazgaingennsoy

LATEYITUGIAD
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% 1 174 1 1 a = d”
ARFIUAINUYNIFADURIIADAINUNINERAYUDINTITANWYIU (Uamﬂﬂ.ﬂ—&?uazﬂm

§9=3.9-6.2) fiAdninlusiesves Carpenter and Niem (2001) (Uay=3.7-4.3,
Ua1de=4.3-5.2) usaenanesiuinueinisdnuundailuana Rastrelliger vesfilaliasem
Wuguan (Yan=2.8-3.4, Ua1a4=3.4-3.8) (AzUseaa, 2528) Fedmarufinuil lLiflgaed

FAUNUNUTENINTRA ANUITOLYNANUAITEIINVTALATALIY

v 1 d‘ o ¥ 1 gj d' v o

31NN151RssEEIIeIgaiirualinsauaqusenielana 10 9a (219 5) Laa
sregviesin 19 A1 gnusuenlvallagldrianugndeuniammnen tieanaulsusui
a A | Y W o | g va & ' |
AiNINTUIAYRIUATILANAITY ANFIRUTT 19 ArldTasierRauuansnsvasguielan
PPy A | ° ) Y  ac a x> Y] W |
ANy Wer1uN1TanduILAILUIAIEITNTIATIERUTENaUNEN wudrduusiraifgn
A519UL L9 3 AwUSWINEIUISTO MBS UIEAMULUSUSIUENUAILUSAULADY 77.85%
(15797 3 Uazani 6) lagdiusznaundniiusn (PC1) fA1AulUsusiuganviniu
46.59% LUUAIUNUAILUTALNLEAIDIAULANAIIATUAIUANEI 1N5128lAT Loading
YBIMIUWUTLANEIGAN LU L= 0.43 uagldy P=0.43 (m15297 4) Musenaundniifass
(PC2) TANANUBUTUTIUTDIAIUNYINAU 23.18% LAAIAINULANANATUAINNYIIAIRIT
P18 (AN5199 4 LdU E hag R) fausenaunansmnay (PC3) 1a1mnukUsusiuwinny

8.07% WAMIAIIULANAIIAIUAINUNINNTINANEIR (IS99 4 1EU Q way H)

Eigenvalue %

0 T T T T T ! t t *
0 2 4 6 8 10 12 14 16 18

Component

AN 6 LN LERIAIANLUSUTIU (A; Eigenvalue) vesiusznounan (PC)
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A1919% 3 Arlawnu (A) v99FUsenaunan A1sesazAULUSUSIU wazASauazAIL

wUSUTIUEE AN

PC Aoty (L) JorarAULUIUTIU SesasAuLUSUSIES AL
1 0.0018839 46.5920 46.5920
2 0.0009374 23.1830 69.7750
3 0.0003266 8.0780 77.8530
4 0.0002271 5.6174 83.4704
5 0.0001983 4.9031 88.3735
6 0.0001334 3.2995 91.6730
7 0.0001259 3.1136 94.7866
8 0.0000741 1.8330 96.6196
9 0.0000396 0.9805 97.6001
10 0.0000314 0.7765 98.3766
11 0.0000208 0.5148 98.8914
12 0.0000138 0.3403 99.2317
13 0.0000118 0.2929 99.5246
14 0.0000070 0.1735 99.6981
15 0.0000060 0.1486 99.8467
16 0.0000042 0.1037 99.9504
17 0.0000014 0.0340 99.9844
18 0.0000006 0.0157 100.0001
19 0 0 100.0001

thraazuuureslatusazdianai s muuunszans Tagldfudsiiaisduln
wazdAnanuuUsusiugege Aelisauszneundndausn (PC1) uunuueou diusiuszney
ndndaitans (PC2) WWuunuss edinmegiiuiouifiovssuinemsia nuhamsadangy
weniegeUarisanniialg (nnil 7 uay 8) Inesegrsiigninnduaduniedauiiy

n13gnIAnguIzgnineananMTInTeikagliinluinseilusedufiduenaiedosiu

nsduaulun1siaseiveya
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A9 4 LansAdNUsyansanduius (Loading) Tulsiazdausznoundn (PC)

Factor PC1 pPC2 PC3 pCa PC5 PCé PC7

A 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
B 0.1727  -0.3589 -0.3094 -0.1224 -0.2294 0.5333 0.0634
C -0.1330  -0.0725 0.0454  0.4729 0.3896  -0.2496  0.2038
D -0.0544 -0.0621 0.2708  -0.6938 0.1683  -0.0544  -0.0557
E 0.0966 0.5101 -0.1047  0.1166  -0.1600 0.1723  -0.1096
F 0.0413  -0.0022 -0.0004 0.0019 0.0273 0.0124  0.0053
G 0.0386  0.3128 -0.1214 -0.1708 0.3419 0.0797 0.2424
H -0.1529  0.0633 0.6310 0.2968  -0.3486 0.2534  0.1041

-0.0090 -0.1107 0.0006  0.1135 0.3196  0.1296  -0.7448
0.2283  -0.1253 -0.1909 -0.0022 -0.3264 -0.4290 0.2542
0.3852  -0.0480 0.0479 0.0788 0.0775 -0.3384  -0.1535
0.4388  -0.0653 0.0892 0.0983 0.1219  -0.0493  0.0799
0.2346  -0.1976 -0.0345 0.2573 0.2322 0.2981 0.0174
0.3655 -0.1079  -0.0986 -0.0156 -0.1253 0.1370 0.0048
0.3051 0.1144  0.3848  -0.1600 -0.1700 -0.1582 -0.2293
0.4334  0.0967 0.1290 0.0361 0.0927 0.0030  -0.0046
0.1569  -0.1183  0.4051 -0.0514  0.2472 0.2613 0.3218
0.1413 0.5268  -0.0955 0.0846  -0.1211 0.1207  -0.0963
0.0795 0.3175 -0.0974  -0.1317  0.2999 0.1290 0.2340

—

w ™™ O UV O zZ zZ M X
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AN 7 AdNUsEaNsanduius (Loading) Tulsaziusznaundn (PC) uansuudivan
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MAsznaunani 2

0.1
0.05
0
-0.05
-0.1

".01 -005 0 005 0.1
fiilsznaunanii 1

a a 6 ! ! [ (% s v
ATWN 8 WHUNINNTEIBVINTITIATIENIUINTEINUANY (deyanuwad O) uazUaas

o (Y L3

(Fyanwal A)

N

¢NAUNINT

Ails

0.1
0.08
0.06
0.04
0.02

0
-0.02
-0.04
-0.06
-0.08 | | | .

-0.1 -0.05 0 0.05 0.1
filsznaunanii 1

dl a [ 1 ! U
AR 9 UNUNINATEBVRINNTIATIEFUITENINUaIUazUaIng 8 Userns

(Fydnwal @ Uawmaunsainsiy, B Uammasys, o Yaiyseues, A Uaiynsy,

O: Uanaaseuay, O: Yarasnadn, o: ﬂmé’aglﬁm, A: Yaasana)
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2. nswauasasuglalaswanialaiadute

Tutuneunisdndonlaauiiifudmfiduouniney Aadonanslalainaviniiag
leawu 331 TpaunaziilUadanatadinfowe udrguidonnatadinfouediuiy 64
Fregns Wisidsuianalelng nuidudiumiduedvuinedowinfu 380+120 bp &
YPUIALENGAWIAU 180 bp LLazsummIm,jﬁqﬂwiﬁU 632 bp MSassRaduLUaT Iy
Suiuaswuuidusmimalasivunn 30 bp 91U 5 Fwilesuais (TAGACCCRCCACGCT
GACSYRGAACCAGAC) nudhdusuasmunasinimunindululasusmnalast s1umu 18
Funieann 15 fege Andudosas 23 vesfegsiidumndiduiandlelnd lulasuemina-
lavifinudanndudisuiuasiuuugias (dinucleotide) $1uau 14 suvds wonidugsu
g1 [GTIn 7 funis 816ugh [CAIn 5 shuvis d@audndiusn [CTIn wa [GAIn wusghsaz
wiasuvs wusduluagLuUEy (trinucleotide) nilsiumisie [ATTIN daudduiug

FUUTE (tetranucleotide) wuanuswmus 1@un [CACTIn [ATTTIN wag [TTTGIn

nanFInszisnuianalelng wuitaindiedefidgdlumaduiinnalelng sauau
64 §no819 WU 15 Feee dduiuasiiigesns Gadu 23%) 8n 49 fetafimdeny
Suiua S1tuaiswauliitenunaet vieluunsinegidinudduuasiaes Jawmi
wansiaszansnmlusunounisleuialad Nunome et al. (2006) wuziindsiisinase

UIZANTAINVDINITLOUSVLLUR ABINUIUNITANNAENAIINASbaUSAlad Nazsr8ananuIu

Y ] a & Ao (R 1 1 = 1 o A & ! [ 1
Fuadraduenvegiulnsulduuuissnliisduvandugauiulnsuesnly winaves

Y

aamafisgninanislavialad (50-55 °0) Lifinaseaudnsa wwimenisiialenanudidiu

WATINA89N159NI5NTIAD NISINIUNDUARNT DT UNEDINUdIRI98 19 UM AR UL UaT
WU Li et al. (2007) laifpsnisdrduivatiwuutians iasannnudymuaudiduledouriv

' v Y
aa o v ) o a

Ay (Stutter band) FIUNNTUNL P ULUAT LUV EAIUNADINISUIAANTDITBUABY WU
anusaLiulanIanuasuLUAE lIUINTU NALRY 15% 10U 70%-85% s0dn5nilavad
Renshaw et al. (2009) 1435Andenlaaulaevitufiseizens Tdlwswesdrmiady
aunaUwmas 1olnswesdntrandadudsuuatingsdnis leaulalinandnfideisiauinni
=3 &g = a A & ¢ o % =3
piakaviotdunauin wsizidunandnuadlnsuas N IuswaUnoSNIa0It N TILay hay
a \ o & ¢ o & o w Y Aw a =) -
NANANTE NSNS T uswaUmasNULNSU ST WP ULUAT 1 NIADINISBNUTILAUNT D

11NN
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Mnduindlelndvesdduiuasiie 18 sunisauisassnuuulnswesdmnsu
UfRTeNATesloiles 11 dumis (15197 6) ilesarnursdumislisidduiuarunutng
widenelvieanuuulnsiues nandniidersivuineglugie 134 bp - 243 bp lagdduiua
Lmua'auumLﬁuﬁwﬁuwagwaamwamﬂiﬁ (perfect dinucleotide repeats) wuadu [TGIn
$1U9U 3 s [CAIn $1U3U 2 fuvts wag[GAIn, [TCIn a8 vasnilemunis so9a3
Budduivaunuuuuinaedliauysal woadu [CAINNNNNICAIN $1uau 2 fuvinis uag

[TGINNN[TGIN AIALAUS @IUAFULUALNULUUTIAN UL AT ISIwAUIAD [ATT]N
3. n1snaaauLAsawunglulasuenialannLdue

snlnswesfieanwuu 11 fums Lﬁaﬁhm‘wmaauwuiwama%w@ﬂzjmmiﬂﬁ
nandnfidens uauiswedldaudn WuauiBweiilidesnis wiolddmnunainvane
InswefiamsovhufAzenfideonuazlinananiinisiuiu 6 alwswes léun Ror-7 Rbr-8
Rbr-9 Rbr-12 Rbr-13 way Rbr-14 anwiwmgaslunsvitujiseniidens luusung 10 pl
Usgnouse AuLe 100 ng, 1 X PCR buffer, 1 mM MgCl,, 0.167 mM dNTPs, forward
WAy reverse primer 9819a% 0.5 UM, Tagq DNA Polymerase 0.2 unit (mi’m'ﬁ 5) o
fsrungangilundazsoudsd (1) 94°C wru 5 Wit (2) 94°C wm 30 Jundt (3) 60°C u
1 undt () 72°C w3 wiit arntuaunduldduil (2) 8n 29 seU (5) 72°C uu 10 Wi waz
(6) 20°C w1y 10 U9l

3

A1319% 5 anmiwnzanlunisyiugiseniigens

§du anssasy Anududugaineg  Usuns (pU)
1 dH20 - 6.726

2 10XBff 1X 1

3 25 mM MgCl, 1 mM 0.4

4 5 mM dNTPs 0.167 mM 0.334

5 10 uM F+R Primer 0.5 uM 0.5

6 5 Unit/pl Tag DNA Polymerase 0.02 Unit/pl 0.04

7 100 ng/pl gDNA 100 ng 1

YFUIRM559U 10
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= v .:4' ¢ .
M1319% 6 AauaNvuzAsemInelulasuenmalas wagvanea (Accession number)

a[R%IN] AUNYLAY aeuiimalelng (5'-3") 7,0 guuuivadh  wuindada

Rbr-2  JX488044 : TGTGGATACAGATAGGGAGTC 60  [TGl,, 150
. GCCTTTGAGTCAGTCACATTA

: TCATCTGCTGACGTTTCC 54 [ATTIA 214
: TCTATTACCAGGATGACGCG

: CCACCCACTACCTGGCATC 60  [TCly, 134
: ATGTGCTGGAGCCGCTAAC

: GCAACGTTCAAGACACTCAC 60  [GAl 166
: GAAGCATCACAACTCCTATCAC

. CACTCCCTGAATCTAGAAGTG 60  [TGl, 216
: CAGCTGCTCCCAGAGATG

: CTCATCTCTGGGAGCAGCT 60  [CALCCCG 243
: CTGTGTGGCCTTGTAATCG [CALL

: ACAAGCCCGTGGTGTGAC 60  [TGl, 168
: TGCTCCCAGAGATGAGGTG

: ACCTCATCTCTGGGAGCAG 60  [CAJCCCG 181
: GTCTGTGAGTCGTCAGCATG [CAlL

: ACGTAGAAGAGCACGCACAG 60  [CAL 202
. TTTCAGCCTGGTCACTTGC

: CGAGAGAGTCCGCTGAAG 60  [TGlCGITG, 186
: GGGAATGTTGGGTGTCTTC

: TCAACCTCTCCAAGGACAC 60  [CAl; 164
: GGCAATGTATAGCGATCAC

Rbr-3 -

Rbr-7 JX488046

Rbr-8 JX488047

Rbr-9 JX488048

Rbr-10 JX488048

Rbr-12 JX488049

Rbr-13 JX488049

Rbr-14 JX488054

Rbr-15 JX488051

Rbr-21 JX488050

o M Xx M Xx m Xx m X T x M X M X M D M D M D T

3.1 msussifiuanmanunainrangveuasoamnglulasuaninalan

a U d‘ L3 o ! lﬂl
wamiﬂizLamQmaﬂwmzmi@wmahimuwmala‘w 6 munusilenadauly

a 1 o 1

Uayaynsainsid 52 §39e19 (A5199 7) Fduiudadanud 4 - 10 dadasesuni
AurdanuIIUILsadamigane Ror-8 wag Ror-9 wu 4 dada munusinuduiudaia

Q{I = U a o U a ‘2" ¥ U o 90/ o L !
gINdnAe Rbr-13 WU 10 8888 INUIUANANNUADAAIDINUINUIUYIVBIANAULUALNY bYU

Y 9
o 1

FIWNUS REr-8 Rbr-9 Rbr-12 wag Rbr-14 T31u1ug 1 uada1sutuaknu 7-9 €1 ANUIIWIU

v a

9884 4-5 9838 MUVULT ALY Rbr-7 hag SLAUY Rbr-13 J31UIUTNU89aNA UL ALY



38
%:’ @ o U Aa &{ I3 v a v [ ddll ) %z’ o
14-15 91 Anvdurudadauinduilu 9-10 dada @aonAaeIUNgENINTIUIUGIVRIEIRNY
WaknutuinanemunaInatevawasasnunelulaskanwmatan (Jin et al,, 1996; Wierdl
4{' a a 5 o LY a g 1 a d'
et al., 1997) 1Hp991MAAANURANAIAMTUADUNITINaBIRAve9R 0 useaNglul LHANSAY
108999 8RO AINALALNISLANTUNS 9aNaIUD9TIUIUTT (Schistterer and Harr, 2001)

IS 1

waNIINTWINGIET JURULVBA LA NTINadednsIn1siansauloadie Tneluadhuy
GT %178 CA 2¢i8NI189a0 T09UABLUATILUY GA %30 CT duluu AT v3e TA asildnsn
n13iinean (Bachtrog et al., 2000) @anpaesiunafinululAsoIvaunedIwmua Ror-7 uay

AWML REr-13 AINUAUVAINYA8E9EANTITULUUYB LA MUY TC %5 CA MINEIAY

U

Weonaaaunududaseranu (Genotypic linkage disequilibrium) ¥e9
wsaauney nuinasesmnglulasuamalan 3 suwnidiludassreduliung Rbr-9 uas
Rbr-12 ¢ Rbr-9 uaz Rbr-13 Uag Rbr-9 Uag Rbr-13 lagilen P-value < 0.05 (A51497 8)

M990 7 audnyuziasemnglulasianivala 6 dunie ienegeululaiy

dHNIFINIU

Usywu1ns (N) Rbr-7  Rbr-8 Rbr-9  Rbr-12 Rbr-13 Rbr-14 Aade

RBSS (52) (52) (52) (51) (52) (35) (52) (48)

A 9 4 4 5 10 5 6.1667 + 2.63
Ho 0.6154 0.0962 0.6078 0.5962 0.6286 0.6731 0.5362 + 0.22
He 0.6462 0.1288 0.6591 0.6662 0.7542 0.6701 0.5871 + 0.22
Fis 0.0481 0.2555 0.0785 0.1060 0.1666 -0.0045 0.0818

HWE 0.0586 0.1919 0.6574 0.5743 0.1094 0.9103
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] ! = 1 1 a 1 [y
M195799N 8 A1 P-value (tWUBLUINLEY) WazA S.E. Tunisnageuanududasynonuved

WA3BIMINY 6w Tuuaiyaynsasnsiy nlusunsy Genepop

LAY Rbr-7 Rbr-8 Rbr-9 Rbr-12 Rbr-13 Rbr-14
Rbr-7 0.7411 0.0568 0.0426 0.1399 0.6868
Rbr-8 0.0183 0.1678 0.1761 0.4766 0.2589
Rbr-9 0.0076 0.0070 0.0000 0.0073 0.4932
Rbr-12 0.0087 0.0065 0.0000 0.0000 0.3381
Rbr-13 0.0217 0.0176 0.0023 0.0000 0.0120

Rbr-14 0.0210 0.0094 0.0123 0.0101 0.0044

3.2 nsdiindsnafidueveslaisssiinluanaieniu

a ¢ & o 1 a a a = (Y
Lﬂi@QMNWEJVLSJIﬂiLL‘UVIL‘V]ala‘VWI\‘i 6 ALY @1UITOLNNUINIUALDULDVDIUARAS

a

1o neldannilvangay wazgaumgiluwdazsevlunisiujiseri@ensimiouiunldly

1 a

a1y maruviaInvatgveIlatas Weiansanfiaduiusadadesumia nudiudaia

'
v a [ o

lugae 4-16 dada danadewindu 7.5 gandrinululany dmundsinudadadnuiudignas

a 1 [J

Rbr-12 Wu 4 dadalnaiAesiuuaiy@mu 5 dada drudmundsinudadainuiugsgadu
dundsfgInuludaimee Ror-13 udnuiuiugadaninnit (16 dada) iaseaanelalas-
wanimalariituvardsdinannagnuduiudadaaindivany eniusiumis Ror-7 Felulay

WUD9 9 9aaa WA UUANAINAUNULNEY 5 9aaa (AN5199 9)

nansvageuLAspsnglumsinUsnaisuevesUamsialuaded ldwy
aymnsldlnswestuvdia wilewluvandu wu Ya1 Scomber australacicus anunsald
wiewunglulaswemnalavivesan S. japonicas 1 8 970 9 dumis (Yagishita and
Kobayashi, 2008) Uan S. japonicas ansaldieseomneglulasusnmalariveslan S
australacicus 19 9 310 10 dwnus (Tang et al., 2009) Yaunlw (Pangasius larnaudii)
Uaunnn (P. sanitwongsei) waglar@ine (Pangasianodon hypophthalmus) @snsald
wiownnelulasuaninalavivesuandn (P. gigas) I8 6, 7 waz 8 FuntannudIdu 910 10
ALiUe (Na-Nakorn et al., 2006) nnsalvesatnlnuazUannnitiu nsuszau

Audsavesnsuageunsevnelilituiuanuniwesianioanauintu ulidurie



40
a Y] T i ) ) & v A ] ) MY Y
LﬂEJ'JﬂuLLG]ﬂJﬂ'J']@JLLC°']ﬂmqﬂwqﬂwuqﬂﬁii\lﬂu&l’]ﬂﬂ@']ﬂi%l;ﬂi@ﬂ%ll']ﬁ]i'ﬁllﬂu‘llllﬂ LYU I'Hf]‘ﬂ
NUNIY (Macrobrachium rosenbergii) INUAIIULAN ANAUNINTENINNFUTIARE TUDDN

wasArnsTUANAULEULUIYDIENEY (Huxley’s line) auldaiunsaldindasnunaAwmuiun

mﬂ’ﬁﬂﬂﬁjmlﬁ (Charoentawee et al., 2006; de Bruyn et al., 2004)

NANAADUAMUIUDATEADAUVDWATIINUNYNT 6 AN NULASarunelulas
wonwatan Rbr-9 waz Ror-12 liudasesaiu daA1 P-value < 0.05 (1157197 10) fatiu
n1sideniasemunelUAnwiugeansuseanseresinnsaesiuvslioanluinieiies 4

ALY AB Rbr-7 Rbr-8 Rbr-13 way Rbr-14

M13197 9 AudnwuziATenglulasuanmalan 6 dunie ienegeululaideszues

AU N
Uszu1ns (N) ALRAY
Rbr-7  Rbr-8 Rbr-9 Rbr-12 Rbr-13 Rbr-14

RKRN (48)  (47) (46) (45) (47) (41) (46) (45.33)

A 5 7 5 4 16 8 7.5000 = 4.41
Ho 0.6596 0.7174 0.2667 0.2553 0.8781 0.6087 0.5643 + 0.25
He 0.6410 0.7568 0.2617 0.2819 09178 0.7831 0.6070 = 0.27
Fis -0.0292 0.0526 -0.0193 0.0951 0.0438 0.2246 0.0717

HWE 09164 0.3303 0.4931 0.3760 0.2714 0.0001

A1979% 10 A1 P-value (Widakunued) kazan S.E. lunisveasuanududasyronuveg

LATD9MNY 6 funus Tudandsszuss anlusuns Genepop version 4.2.2

fvue  Rbr-7 Rbr-8 Rbr-9 Rbr-12 Rbr-13 Rbr-14
Rbr-7 0.5698 0.1810 0.4280 0.5469 0.1155
Rbr-8 0.0217 0.8167 0.4630 1.0000 0.5928
Rbr-9 0.0102 0.0116 0.0000 0.7589 0.3422
Rbr-12 0.0142 0.0153 0.0000 0.5616 0.1392
Rbr-13 0.0256 0.0000 0.0184 0.0178 0.6212

Rbr-14 0.0118 0.0235 0.0153 0.0092 0.0272
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4. nsAneIRugAERTUIEEINTUauasUands
4.1 msAnwiugmansuszvinsuany
4.1.1 anuvaInvatenIeiugnssunelulseyng

n1sfinwiANuvaInvatenaiugnssululay 4 Usznsldniosmne
lulasugnnalan 4 Auwnus meﬁgﬁy’qa UsgannsimnunainrateseauUIunas kagian
TndLAsaty (m5197 11) SwudadaladeudazUsznsilan 5.75-7.00 dada A1dadadnse-
wa (Ar) Waeiian 3.77-6.30 Ardanmenmelslalndi (Ho) fldwvindu 0.44-0.50 1ile
finsananuvanvanelIeuliisuseninssvnsileenilne (A4NTAIATINLALINYTYT)
fudledunnify (ssusauazm3) wudrieenlng (Ar = 4.1-4.3, Ho = 0.49-0.50) azdlfngand1
Hasunsu (Ar = 3.7-3.8, Ho = 0.44-0.48)

Ardunapnudienmelslelng (Ho) wislunsazUszannsiosniie
Aevie (Ho) wagdien Fe liuuan widlefiansaniiazsunidunsasUszng wuuns
AR Ho 10031 He LauA siwds Rbr-14 Tuvaiyaymsasasiy sauvs Ror-8 Tu

Uanyseued sunids Rbr-7 uae Ror-8 lulamana

HAN1INAAUNITIUFaNAas15A-lalluasn LilelisanTevngiaz
AU WUTIUWIS Rbr-7 Rbr-8 uag Rbr-14 agluaunalunnuseyns (P> 0.05) ue
AU Ror-13 veauanmesysliegluauna (P< 0.05) Tnefian Fis iluuan wanatianisny

waeLnalsbolnategsiull

4.1.2 mwwmﬂ‘wmwww"v’uqmamwdwﬂizmﬂi

NAAIHULANANNTEWINIUTEIINTIINAT Pairwise For (AN51991 12) Wazal
For 594 (119799 13) ldnuanuunneneseninedsesnng uagdnliuanng 4 Ysswnsilu
nauUsEyInIigItuLdIzanndafangia uinanisasisunugdsulivuy UPGMA sening

Ua1y 4 Yseuns arunsadanguuainaingniinewasduniduienainiuls dan Bootstrap

WU 68.9 way 71.2 auddu (A 9)



a4z
Han1sAnwluvainassllinulassasisseuing wasdalvivainie 4

Ussmnsidunguuszvinsideafuuiiazanaindilmeia daudsiunanisfnuvayieu
wiiil AldiaTeaane ISSR $1uu 49 fums wuanusmnaRugnssuesafitedy
seminalsznsansilaneia (Fo = 0.37) (Srinuleray, 2008) wazdaudstunanisanuludng
drduu luaiinenuas (Epinephelus coioides) In3psmnelalasusnalasi 4
FILAUS NUAIUANITEUINNUTEVINTIINGSI LALUATAIEIINITIY (For = 0.074) (Antoro et
al., 2006) Tuneyany (Paphia undulata) Isﬁm%wma ISSR 974721 300 AILALS NUAIY
#195EnIUTEIINTIINGT WY $578 Uazanaseeun (Fs = 0.48) (Donrung et al., 2011)
Tumesinge (Haliotis asinina) IHdewmmnglulasusnmalayt 3 fumds wuaEAfg

5¥IN9UsEAINTINNNEAUS Lavingadin (Fer = 0.21) (Tang et al., 2004)

nansAnwaSsiaenndasiunisineilulandeunsia (Rachycentron
canadum) flinuanuuanatsveslssrnsserineileeninewassunsiu Fsnsinwvan
Founziadlfindosunglulasusmnalast 7 sunvs @1 A wae= 17.7, A1 Ar 1ade =
12.5, A1 Ho 1@Ae =0.775) iusiegnsaiainsivgaiuunas wagainnesiasuaisiudnany
WA unasas 40-47 feog1e nan1siUSsuiisumanuananssEninslssensiiaisuay
Ldnuauunns1seg1aliiudfey (Fsr =-0.0032-0.0081 ua Rst= -0.0109-0.066) lner33e
Timraiusiauamsuangiiduegiissozvnaia 1,640 Alawns udUardounsiatiuf
annsnanewlalnadis 1,000 Alawas (660 lud) waziingfnssuonennudninziasuin
Tngjogneaanunm enatieduasuldenenldlnaddulusn venanimsarembusewing
Usgrnsoraiinainnisdasansveafisoumunszaimziasudefly aavediteaiui
Tuowiannsiinsunianiomuglulasusnmalayt waziiiunisinuludiuveslulnnou-
w3paztasliiiusisandonldunndu (Phinchongsakuldit et al., 2013) uazusiinnisAn
Ua1mvea Srinulgray (2008) F81A30aMINY ISSR TUaTNUANULANAIITERINIUEINTN
aosilinzia winanis@nuludiu control region aslulnAeuinde WA 539 bp NEUNU
AMULUSUTILE (FuawUsusauny 7 sunids wazdl 10 haplotype) LLathwugﬂLLUUﬁ
Fumgseningninguaznziadunduiuiu dedliaserisiuiuteyadu cytochrom b

YUIA 627 bp F9az@rTauandlATIASIIUTEIINT TN anziala
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Han15UsEIIA N, 989Ua19#18733 Linkage disequilibrium v 4
Usznsaaeunn (a1s1eil 14) (Ne = 18.7-133.9) dlewisuiuuan Atlantic mackerel
Scomber scombrus (N, ~1.8x10°-6.1x10") (Zardoya et al., 2004) Yadenilsfidnane
nsiUAuLlase Ne Aemswauiusiiisnsdrumalivindunils niouszvnsilaundniid
o1ginsiudusu 9 wishsdrumavesaryazdailndifsmils Qusnlned=1:1.15 Tu

Y]

neadunuilA1=1:0.85) (ena wagany 2550) WAN1TINGANTTUNANAULUUNFUTIY

a a

Uamnieonslildaenendadagiudely ngulaiilddienendadagiunalias fenad

[ ] [ 1 {

dadiumandeaniime uazdndiuvesgnilaainnewdudazeinldvinfuinliey N, den

'
o

1 (@viesmid, 2551) wananilnisiuse¥nsuatgniinUseuseg 1 antnauAuMaInITWEs
YMIANANENANAID819ADLLBITENINGU W.A. 2548-2552 (NSUUSEUY, 2553) D1AdIHALMALAA
nsvIngnsiugnssulufiemeiviniussrnsiivwndnas visdadaagye viligulu

anlalulanaanas wariiname N, luuseansaie

= v A ¢ & o | '
wazilosnnuanisidiasesunelulasuaninalaivie 4 suviansialyl
wulaseadauszeinsveslan lun1suszanaen Ne 395uUsensiaaymsainsiuiag
UanynasuSidmeiudulszansdamiesilne warsiudeyaainuszainsiaiyszues
v Y v [y < y [ Y d" ' nl o 1Y '
wazasemeiululsyuinsuaryilangiadundy auszaiman N W3guiguiunudn
Uayilangiadunduiian N, Duetdud dwtlsenivediawindu 431.1 Aguanudediun
$oway 95 vaaUsznsisaeinguiivouwnuugnluetud (m5197 14) Faawnniinis
Uszanauan N, tuetdud Waples and Do (2010) @gdineaiinainnisgusiegnetesiuly
lududununfveslszrng Ussannsiiauialvguinilinisussanualiianuifiemss
= Yo a da a0 P~ ] vy =i = o
finsldgadanianuilunisuseanuaidazdmaliannuiiiewsanas 131uu
wissnedesiuly AuumsiinduuesemugwarIuIudadadsdsigiiuniy

wauglunsUSENIUA8 YU



M157991 11 AISEAUANUNAINTMAIENIINLENTTNYEUaN (R brachysoma) Wisld

wInsunglulasuamalan 4 dnlurus
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Uszr1ng (N) e Aade
Rbr-7 Rbr-8 Rbr-13 Rbr-14

aynsasnsiy (52)  (52) (52) (35) (52) (48)
A 9 4 10 5 7.0000 + 2.94
Ar 5.215 1.967 6.093 3.926 4.3002
Ho 0.6154 0.0962 0.6286 0.6731 0.5033 + 0.27
He* 0.6462 0.1288 0.7425 0.6701 0.5494 + 0.28
Fio* 0.0481 0.2555 0.1666 -0.0045 0.0746
HWE 0.0656 0.1955 0.1129 0.9069
WYsYs (52) (52) (38) (35) (52) (44)
A 9 3 9 5 6.5000 + 3
Ar 4,711 2.052 5.836 3.962 4.1402
Ho 0.5769 0.1315 0.6285 0.6346 0.4929 + 0.24
He * 0.5774 0.1715 0.7407 0.6740 0.5409 + 0.25
Fio* 0.001 0.2355 0.1534 0.059 0.0781
HWE 0.8813 0.2593 0.0000 0.3479
SeUd (54) (49) (45) (27) (54) (44)
A 8 2 8 S 5.7500 + 2.87
Ar 5.083 1.682 5.196 3.578 3.8847
Ho 0.6122 0.1111 0.5925 0.6296 0.4863 + 0.25
He * 0.6231 0.1061 0.7148 0.6507 0.5237 + 0.28
Fio* 0.0177 -0.0476 0.1738 0.0327 0.0538
HWE 0.4849 1.0000 0.2471 0.8784
n39 (54) (49) (52) (45) (48) (48.5)
A 7 3 10 6 6.5000 + 2.88
Ar 4.305 1.863 5.088 3.862 3.7795
Ho 0.5918 0.1346 0.5555 0.4791 0.4402 + 0.20
He * 0.5701 0.1278 0.6871 0.6747 0.5150 + 0.26
Fig* -0.0384 -0.0531 0.1933 0.2921 0.1433
HWE 0.1562 1.0000 0.0828 0.0518
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A5 12 AN53EEYINRUENITTUNUTUAILAIYBS Nei [Nei’s unbiased measurement

of genetic distance (1978)] anlUsunsu PopGene V.1.31.A1 Pairwise Fsr

91nlUSUNTU Genepop V.4.2 UagA1 P-value ¥8e Pairwise Fs Seninauany 4

Us291n3 91n1UsHNTH Arlequin V.3.11

AuszvnsUayiiTeuiiou mif%mq A" Pairwise Fsr 1 Prvalue oS
NINNUGNTTU Pairwise Fsr
AUNTAIATIN LNYTUI 0.0004 -0.0064 0.9909
AYNIFIATIN TTUBY 0.0072 -0.0020 0.9909
WWYTUS JTUBY 0.0065 -0.0026 0.9279
GG EREY n3q 0.0043 -0.0029 0.9909
IWYTYS n3q 0.0026 -0.0048 0.9818
TZUDY M3 -0.0003 -0.0071 0.9909

A15199 13 A1dUUsEaANS F TuleSosnuignmasfwiua maﬁ’fagaﬂmmm 4 Usza1ns 210

1Us1n33 Genepop V.4.2

WS aeme £ = Fr
Rbr-7 0.0091 -0.0032 0.0060
Rbr-8 0.1082 -0.0088 0.1004
Rbr-13 0.1726 0.0007 0.1732
Rbr-14 0.0912 -0.0082 0.0837
SN 0.0878 -0.0043 0.0838
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I | |
I 1 |
0.020 0.010 0.000
Uamssuas
T2
Uaada
100
Uayaynsaansiy
68.9
Uainysys

Al 10 unugidulifuuu UPGMA sewinsUany 4 Uszans adralaslusunsy TFPGA

A15199 14 ArUsTa N, Guaaﬂizsmﬂiﬂammﬂiﬂﬂmw NeEstimator V.2.01

quNS- NYTYS sy szueq M3 sauila
AR a1lny Junu
AUTZUNEY Ne 133.9 27.3 431.5 18.7 100 oo
Fr3p1doii 95%
VDULVAUU 42.5 16.3 102.7 11.1 37.6 154.6
YDULVAAN oo 56.3 oo 37.5 oo oo

4.2 miﬁﬂmmﬂwmﬂumwwﬁ’uqmimaqmwé’q

4.2.1 anuvaInatenIeiugnssunelulseyng

IS (% 1

Uandans 4 UsennsilseiuanuvainaigaaudiegelnalAgiu (1519

#1 8) uaggeninflaifiguiulany Yadliduiudadamisusazsyuinsmintu 7.50 -9.75

(3

Adanafwnle ANdaaaaRsYIUE (Ar) WLABIAT 5.94-6.39 A1AWLNAAIIUDLEANDLS blne

a0 1

(Ho) #Awiniu 0.64 -0.72 sgauanuuainnateNnuilaennassnunanisanwivaias Iagly



a7
feyalulnneusdsdin D-loop wuirdlanuvaInmanegen (Aiads nucleotide diversity
- 1.14% ALady haplotype diversity = 0.9-1) (Ghazali et al., 2012)
Adanaeudienwelslelng (Ho) waslundazusznstosnii
ArAnIne (He) wazdien Fouduuan umilefiansanusazsundsdunsazuszenng wuung
FwnadiAn Ho 190031 He b swmds Ror-7 lutandessussuasyandagiin diumi

Rbr-13 Tulaiaanaan

HAN1INAFOUNTLUdaNNaaTSA-Laluesn taTeaaneduunagly
auna (P> 0.05) snviusunus Ror-8 Tuladsana siuns Rbr-13 Tuandagiin uay
Funua Rbr-14 Tulandeszuee lnevieanusiunuaiian Fis Sanduuin wanafanisnuLen-

welslelnatesiiuly
4.2.2 ANMUNAINVAIYNNNUTNTTUTENINUTEVINT

HANAOUALLANANITENINUTEHINT A7 Pairwise Fer (1151991 16) AN
Fer 539U 0.0073 (A15797 17) liwulaseadrauseanns wansisensuandans 4
Hunguieduimuananisadaunugddulinunsinnduasnadosiusszinamis
piienans Uandeszusanasiandeogiminfniuiinulnddafuundign daunduvaids

nuAn druadnInagainnuuan1eanUssrinsduniniign (Amd 10)

nan1sdanaulandmsilmziaduadufundulsernaiiieadiuil
aoandeafiunanisAnya1daainige v (Sabah) Ussmminiaide flideyalulnneulnie
d@u D-loop wagnalinulassaiaszrnsaindiedne 5 unds souweileizuuii
Sreyn195INUsTaIM 800 Alawns (Ghazali et al., 2012) Lwima‘équmsuaaﬁaa@aﬁ?uﬁ
sregnaiies 500-600 Alawnsivinby Jalidifuguassalunisunsnszatedivesvards

wannifiaenndesiunsfinwiiansea1uviaiie (Thenus unimaculatus) Ingldvoyadiu
12sr DNA waggu COl lululapauinIenuinusennsnamasniuigeilimeiadunidu 210
= < = Y & S A S o
sruasivagaluuszunsinediu lneilunaannjuuuunseuainyisnszanggniaieseu
lusn1sa18mBuszingny (Wongruenpibool and Denduangboripant, 2013) wag

ﬂﬁﬁﬂ‘lﬁlﬂluﬁu (Episesarma versicolor) (Supmee et al., 2012) Iﬂ&ii’f‘i’f@gamu control



a8
region lululppawnsenuinuszansyuaunasnwuivielmeiadundudulseyins
Weiu lngnavesnseuatinadenisatgmduseninalssunsyiduiu

v 1

Han1sIAnguUaNdmlangiaduadutl ddeyauidiuaanndasiunis

AnTran ngleansniinanelassaiieuszvinsuaylungaduniiuredise wazdiues

v 1
Y v A

(2539) wimsimsidiuluiivay uifneazusuldiudandslunziaduniuld fail
anmiuingasuatunouauinae R Larensed Snnuenveuiliseus
Uszanes 120 luangia wazanlidiiu 35 1ums Uamuazﬂmé’ﬁfqLfﬂuﬂmﬁ’aﬁwumﬂmq
Uavanunsauninszaeldvhis wazenaniidlnaiivveuwedlaiausnasminaSiitiuries
neialufinuwanseiu nanfsladinreiadundunauans Aeguinuazanalu
nsAnwaSaiiunazaunsaunsnszagluuniieiulg vildananusissenineszns

1 a

dauanmgieanivemeiadundunsuuuuinadminssues Miluauaulng-wintu &
& < ! 5 & v Y A '3 1l o v Y [J
funstallug iy anuaiatulesy dUiveaukazuiinlnansgsd viliviemeialu
laaudunse wilwwn 8.0584% 0.0MIU1 Lag 2./ewilles Janianae vemsiasiiniy
arndugennn Nuvewsiaiduluniiu 91nAnuastunsiinasd odun 19N IS AUNLAZNTS
wnsnszaela FeaindoyalivindlaseadauszensinTunaIsnuAMUAIsEnINYIEEINg

PNZLADUANNUNDUUULALNDUAN

d‘ =) 1 U 1 o
WaNa5anAT N, Wens18UsEannsnulIINanI1suseaiua N, 999Uanaq
FAILANAN98E19UINTENINNUTLVINTIINNLLADUANN UADUUULATADUAS TUUA1E997N
sruesuaziafidrgannidueiud dudssainsgiinuazagailaniiiu 16.8 uag 60.9
AIUBIAU LAKNANITIATIEVIRELAT oL lulaswemnalarlununisiinlasaasnausesing
1 [ :.J/ < | a [ 1 = v
waRUTEYINTUAIRIMIUUALIUNgNLABINY N1TUTENIUAT Ne 2952UNNUTzyINTLYn
pefuwarusraiar N dlawindu 1,047 1 (a151991 18) waAlanuinddreainy
Weotuiesay 95 NN1NNUINLAXHUDULYAAMNLTDIURIADUUR T Waples and Do (2010)

a

wuriImnUszrnsifnundvuialvg NsUTEIaAIYoUAUUALLIUEI Y lAEIN BT

v a

a v aa a o I a o v ' v
wazyndnislagadaniaudalunisussununazduinlinisuszanaa N, Tiaemsaenn
a dg{ dy Y 1 pR| [ % aa a 1 a o v a
897U uonanTn1Tts gl UL nuNAve1UsE¥INTsTINING WwudduwiutesAuly
Aonvdanalianuseunn N, Tuadusifudls nsiinsuiuassamunglunisdnedialile

I a o c’{ 1 < a o [ o v v v [
A1 N PfauTuisduddudulunsdnerdeyaluldinununisdnnismineinsuany

wazUanaslueunan 31nN15ANIv0e Waples and Do (2010) Hulddnassyndayaduuiiie
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Usziuanuuiuglun1suseunuai N, 91833 Linkage disequilibrium wuiaiaaswiugn
Tun1suszanauen Ne S?Tuﬁ’uwaﬁuaamiejméf’aasmLLazsummsum N, Ao 1uvnUszwnsd
$1uru 100 f1 nsgudnedng 25 f uaglfiasesnglulasuen 20 fuvis agansn
Uszanaen N, Teusdugiunn @anaindssuiadovay 1.6) umieoldiaiowmnefios 5
Muvtisuazgusiegnamn 25 f mMsUszanuen N, aghifanuindedelasusiussmnsaydl
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A15°97 15 A15EAUANUNAINVAIENINUEINTTUNVRIUAIAY (R kanagurta) wiald

winsunglulasuamalan ¢ dlmrus

AU ,
Usgw1ns (N) ALRde
Rbr-7 Rbr-8 Rbr-13 Rbr-14

8UB9 (48) (47) (46) (41) (46) (45)
A 5 7 16 8 9.0000 + 4.83
Ar 3.802 5.062 9.935 5.706 6.1262
Ho 0.6595 0.7173 0.8780 0.6087 0.7159 + 0.11
He * 0.6410 0.7568 0.9178 0.7830 0.7746 + 0.11
Fie* -0.0292 0.0526 0.0438 0.2246 0.0772
HWE 0.9158 0.3365 0.2803 0.0002
391 (52) (14) (19) (20) (35) (22)
A 3 8 12 7 7.500 + 3.69
Ar 2.997 6.597 8.666 5.53 5.9475
Ho 0.35714 0.73684 1.00000 0.62857 0.6806 + 0.26
He * 0.63757 0.83357 0.88205 0.78592 0.7847 + 0.10
Fie* 0.4492 0.1189 -0.1377 0.2026 0.1302
HWE 0.0171 0.5570 0.2315 0.0744
Qa (49) (45) (50) (50) (36) (45)
A 4 6 Al 8 9.7500 + 7.67
Ar 3.561 5.278 10.451 6.27 6.39
Ho 0.7111 0.7600 0.7800 0.6388 0.7225 + 0.06
He * 0.6122 0.7802 0.9224 0.8153 0.7825 + 0.12
Fo* -0.1636 0.0262 0.1557 0.2188 0.0715
HWE 0.5013 0.2810 0.0056 0.1059
ana (52) 9) (37) (14) (39) (25)
A 7 8 9 7 7.7500 + 0.95
Ar 7 6.001 7.413 4.973 6.3467
Ho 0.7777 0.5675 0.6428 0.5897 0.6444 + 0.09
He * 0.8627 0.8156 0.8492 0.7405 0.8170 + 0.05
Fo* 0.1040 0.3071 0.2500 0.2058 0.2413
HWE 0.4038 0.0000 0.1141 0.2020
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A3 16 A1I¥ELIIINNRUTNITUNUTUAILAIVES Nei [Nei’s unbiased measurement

of genetic distance (1978)] annlUsATU PopGene V.1.31.A1 Pairwise Fsr

nLUIHNTN Genepop V.4.2 LagA1 P-value 994 Pairwise For 5313119Ua184

4 Usgrns anlusunsy Arlequin V.3.11

@J'Uszmﬂiﬂmé’aﬁm%amﬁw mszua:;mq A1 Pairwise Fsr 1 Prvalue wos
NNNUGNITY Pairwise Fsr
Uanasszues  Uanasiien 0.0255 -0.0040 0.7657
Uandeszues  Uandagin 0.0548 0.0080 0.4774
Jandesgues  Uandsana 0.0768 0.0057 0.0720
Uandaian  Uandagiin 0.0549 0.0064 0.7747
IGRENIENY Janasana 0.1241 0.0064 0.0540
Uandagiie  Uandsaga 0.1597 0.0253 0.0360

A15199 17 A1duUsEans F TlueSasuignmasfwiua maﬁauﬂaﬂmﬁﬁw a4 Uszunng

nlUsINTN Genepop V.4.2

Za[INVAIK Fis For Frr
Rbr-7 0.0553 0.0115 0.0662
Rbr-8 0.1335 0.0008 0.1342
Rbr-13 0.1672 0.0100 0.1755
Rbr-14 0.1892 0.0022 0.1909
RN ITRN 0.1417 0.0058 0.1467




0.100

100

0.075 0.050

0.025

1
0.000

Janasszuaa

71.9

Uandariean

B1.6

Uardagiin

Uandsana

52

Al 11 unugRdulifiuuu UPGMA sevinsUanda 4 Uszung aslaslusunsy TFPGA

A1519% 18 ATz N, 9e9Uandsa1nlusunsy NeEstimator V.2.01

JPUeY W gl dea sdanaeiledunidu
A1UsENN Ne oo oo 14.8 60.9 1047.2
41ANULTDIY 95%
VULV UU 327.3 26.8 8.4 10). 1 311.1
YDULUNEN oo oo 38 181.6 oo
I 1 1 t |
0.600 0.450 0.300 0.150 0.000
AP UamIzuad
damnis
100 N
I{ UsTayNIEIATIH
68.8 Uamnwysys
100 y
— Uaaeszuas
66.9
832 | dadswan
99.8 Unndagifia
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AN 12 wrugdsuliivuy UPGMA s81719Uay 4 Useens wasUands 4 Useeins aie

Tneluswnsy TFPGA V.1.3
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AUdaNTauLnA, NTUUTEUY, NIENTIUNYATUAZAVNTAL.

ASUUSELd. 2556, MU9ERdDRNU2855NaN1SUTTNS W.A. 2554, Lona15auUN 13/2556.
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NANIdLLaYIATIERANANITUTENS Audasaumna nsuUseaa.

fagn ndydayyn. 2548. n1simTgidayanatedauds. n1adnadi Anndvemans

Ly

wazNSUNY MAINTAINMINGIRY, NTUNNIIUAT.

ANEUTTLY. 2528, AiBTATIENNUGUAT. AuTUTEUS UNTINYIREINEATAIENS,

NIWNNURIUAT.
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annsal

. , bsng ansinsal wavana gwediug. 2527, n1sAne13deUsEYINTUAY
(Rastrelliger brachysoma (Bleeker)) Tngn15inLA389Mu18n1984nLaaunn
fiu.s1enuivinisatun 48, devaiinhuazaniiduszumeadwingiie, nes

USEUaNzLa,NSUUTEHY, NIENTINNEATUATERNTAL. 36 UL,
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Uany Rastrelliger brachysoma (Bleeker, 1851) uasuanas R. kanagurta

(Cuvier 1816) Tutnutnlne. 1@na153v1n1520U% 19/2551 d1inIdekazwniud

UTrUanesa NSUUIEU9.36 Wi,
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§3¢3nY MILIANTIE. 2551, AINUNAINVAIENNUINTINVRIUTEYINTUAY (Rastrelliger

brachysoma) lug1ilnewasnziadunidu. Ineinus, Painsaluninglde.

yayde Wendiw. 2523, msilSsuiisuansasniuliuazdneaslasesisvasuananay-
89 Tugnalne. s1eudnnisadun 11, Nulaiadi, nesUssuansia, nsuusea,

NIENTUAWATLATEANN T

Usenn Jauna. 2542, unasazggdslivesiany Rastrelliger neglectus (van Kampen
Unaenlneilmy fuanpeuuy (Usauaidus-gumy). Ty wauideuszumsia
2533-2541 w@ud 2: Uafiati, AuRAILIUTELMEIA1IIEROUUY, NBIUTEUS
VeLa, NINUITEUL, NIENTIUNYATLAZANNTAL. 524 wi
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Arnaneasansuazdaine aseil 4 avrivuaziainen fuarudad 27-29
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Y99UsENAlNg, NN 205-225. $189IUNISENNUIIVIN15USEINU 2531 NSy
Useus. TuN 21-23 Auengy 2531 o @ UuUseNanINLAINR U1, NS

Usgay, NTINneL

_____ 2541. é’nwmzw’]ﬁ'ﬁwﬂwmﬂam (Rastrelliger brachysoma Bleeker,

1985) nedansiaduaduvasussinalne. Lena1smiadvinisaluin 44/2541 aue

WAIUIUSELS NeLatladum sy, NSUUSENS, NSENTIBAYATLALENNTAL. 111 UH.
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______ 2528. MsAnwIaRUsEYINTUAIUTIMEIenauly 90 LDH Isozyme. Tu
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Microsatellite Markers Suggested Moderate Genetic Variation in
Indian Mackerel (Rastrelliger kanagurta) Populations from the
Andaman Sea, Thailand

Nuot Munpholsri'?, Supawadee Poompuang®*, Wansuk Senanan?

and Wongpathom Kamonrat®

ABSTRACT

The Indian mackerel (Rastrelliger kanagurta) fishery in Thailand has experienced declining
catches during the past several years and was identified as over-exploited. The study obtained population
genetic information to support the ongoing management of the fishery. Six microsatellite loci from
short mackerel (Rastrelliger brachysema) were screened to assess the genetic diversity in Indian
mackerel stocks from four localities on the Andaman Sea coast. All population samples exhibited similar
and moderate genetic vanation with an average of 6.5 to 7.8 alleles per locus and average expected
heterozygosity at all loci of 0.60 to 0.69. There was no evidence to support population substructure
(overall genetic differentiation = Fgp = 0.012; non-significant pairwise Fgyp values). Gene flow was
detected through the presence of rare alleles at three loci across samples. The contemporary estimated
effective population size was approximately 330 if a single stock unit was considered. This moderate
size of the breeding population is crucial for the short-term conservation of genetic variability in Indian
mackerel stocks. Genetic data from the present study provides baseline genetic information and supports
the management of Indian mackerel as a single unit.

Keywords: microsatellite, genetic diversity, gene flow, effective population size, population structure

INTRODUCTION

Short mackerel (Rastrelliger brachysoma
Bleeker, 1851) and Indian mackerel (Rasirelliger
kanagurta Cuvier, 1817) are pelagic species of
the family Scombridae, widely distributed in the
tropical waters of the West Pacific and Indian
Oceans (Collette and Nauen 1983). These two
closely related species can be found in both the
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Gulf of Thailand and the Andaman Sea. They are
important food and export items for Thailand and
the Southeast Asian region. Indian mackerel is
the major target species for both commercial and
small-scale fisheries along the Andaman Sea coast
(Krajangdara et al., 2007). The average annual
catch of Indian mackerel was 20,000 t during
1997-2007, but decreased to 17,000 t in 2009
(Department of Fisheries, 2010). Recently, stock
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assessment based on catch-per-unit-effort data
identified the status of Indian mackerel in Thailand
as fully exploited with a total catch of over 30% of
the maximum sustainable yield (Sumontha et al.,
2010). Moreover, Indian mackerel caught from the
Andaman Sea were 67% smaller than the average
size at first maturity. As a result, 1t is likely that
the size of spawning stock and recruitment will be
drastically reduced in the near future (Sumontha
et al., 2010). Further, it 15 not known whether
Indian mackerel populations along the Andaman
Sea coasts of Myanmar, Thailand, Malaysia and
Indonesia are composed of one or several stocks.
However, the Thai Department of Fisheries has
managed the stock in Thai waters as a single
unit, with no area or sector-specific allocations.
The management measures include spatial and
temporal closures, the reduction of fishing capacity
and licensing of fishing gear.

The genetic diversity of a population is
an important issue in the fisheries management
of exploited species. Genetic data can provide
information about the stock structure and status
of the population (Bagley et al., 1999; Hauser
et al., 2002). Genetic diversity is necessary for
a species to respond to short-term and long-term
environmental changes. However, despite its
commercial importance, there is no information
about the genetic diversity of the Indian mackerel,
and the population structure of this species is
mostly unknown, in particular for the Andaman
Sea.

Marine species are generally believed
to possess high levels of genetic diversity within
populations, but to display low between-population
differentiation. This is due to their large population
sizes, high fecundity and extensive gene flow
(Waples, 1998). However, this perception has been
challenged, as an increasing number of studies
have compiled evidence of the genetic structure
in marine fish species over both small and large
geographical scales. Therefore, the ability to
detect a weak population structure is critical for
fishery management plans (Zardoya et al., 2004).

In the past, allozyme electrophoresis has been the
standard tool in genetic studies of fish populations.
However, most studies that employed allozyme
markers have reported low levels of genetic
variation (Menezes ef al., 1993). The use of DNA
markers has revolutionized how the structure of
populations of marine species is viewed (Waples,
1998). Although other types of genetic markers
such as ISSRs (inter-simple sequence repeats) have
been developed for short mackerel (Snnuangray
and Piyapattanakom, 2009), these dominant
markers are not applicable for estimating the
effective population size or migration between
populations. Conversely, microsatellites have
proven to be useful genetic markers in measuring
the genetic diversity and evaluating the dynamics
of populations (Bagley et al., 1999; Broughton et
al., 2002; Chiang et al., 2006, 2008).

The objectives of this study were to
assess the genetic diversity and population
structure among four population samples of Indian
mackerel. Because microsatellite markers have not
been developed for Indian mackerel, microsatellite
loci from short mackerel were used in this study.
Cross-species amplification of microsatellites
was determined in Indian mackerel. The use of
short mackerel microsatellites for population
genetic analysis, was validated by testing for
heterozygosity, Hardy-Weinberg expectations and
linkage disequilibrium in a sample of 30 individuals
of Indian mackerel from the Gulf of Thailand. The
null hypothesis was tested that Indian mackerel
comprised a single homogeneous population along
the Andaman Sea coast of Thailand. This is the first
report on genetic investigations of Indian mackerel

from the region.

MATERIALS AND METHODS

Sample collection

A sample of 30 individuals of Indian
mackerel from the Gulf of Thailand was used for
the cross-species amplification and validation of
short mackerel microsatellites. During 2009 and
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2010, 176 individual Indian mackerel samples
were collected from purse seine nets from four
fishing sites along the Andaman Sea coast: Ranong
(RN), PhangNga (PN), Phuket (PK ) and Satul (ST)
(Figure 1). To maximize the chance of detecting
any genetic differentiation among four locations
(if present), similarly-sized samples from these
locations were collected at approximately the same
time. Fin-clips were placed in 95% ethanol until
DNA extraction. The DNA samples were used for
assessment of penetic variation.

Microsatellite genotyping

Six microsatellite loci (Rbr-7, Rba-&,
Rbr-9, Rbr-12, Rbr-13, and Rbr-14) 1solated
from short mackerel were tested for cross
amplification and validation in Indian mackerel.
DNA extraction was carried out from the fin clips
of the Indian mackerel samples using a standard
phenol-chloroform extraction procedure (Taggart
et al., 1992). The polymerase chain reaction
(PCR.) was performed in a 10pL reaction volume
which contained 20 ng of genomic DNA, 5x
PCR buffer (10= Tag buffer with (NH4)2504),
1.5 mM MgCl12, 200 pM of dNTPs, 0.5 pM of
each primer and 0.1 U of Tag DNA polymerase
(Fermentas; Vilnius, Lithuania). The PCR profile
was: initial denaturation at 95 °C for 5 min; 35

cycles at 95 °C for 30 s, 60 °C for 45 sand 72 °C
for 1 min; followed by 1 cycle at 72 °C for 7 min
in a PTC-100 Programmable Thermal Controller
(MJ Research; Waltham, Massachusetts, USA).
The annealing temperature was set at 60 *C for
all six loci. Following amplification, the reaction
products were mixed with sequencing dye (0.1%
bromphenol blue, 0.1% xylene cyanol, 2% of
0.5 M EDTA pH 8.0 and 98% formamide). The
reaction mixtures were heated for 5 min at 95
°C and subjected to electrophoresis on a 4.5%
denaturing polyacrylamide gel in 1 TBE running
buffer at 60 W for 2-3 h in a sequencing gel
apparatus ( Bio-Rad; Hercules, California, USA).
The gels were denatured at 100 °C for 30 min
before electrophoresis. The DNA bands in the
gels were visualized by silver staining. Allele sizes
were estimated by comparison to an M13 sequence
ladder.

Data analysis

To validate the use of short mackerel
microsatellite loci, estimates of genetic variation,
including observed/expected heterozygosities and
genotypic disequilibrium were calculated based on
the allele frequencies of 30 individuals of Indian
mackerel using the computer program GENEPOP
version 4.0 (Rousset, 2008).

-

Andaman Sea

SCALE (KM
0 T
,
W m

W o

Figure 1 Sample collection locations (%) for Indian mackerel along the Andaman Sea coast.
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The program MICRO-CHECKER
version 2.2.0 (Van Qosterhout ef al., 2004) was
used to test for the presence of null alleles in four
population samples of Indian mackerel. Genetic
variation within a population including the mean
number of alleles per locus (A), allelic richness
(A;) which is allele diversity independent of
sample size, and observed (Hy) and expected (Hg)
heterozygosities were calculated using GENEPOP
version 4.0. Hardy-Weinberg expectations were
tested by the exact P values and calculated by a
Markov chain randomization method (Guo and
Thompson, 1992) using ARLEQUIN version 3.0
(Excoffier et al., 2005), which was also used to
calculate the pair-wise Fgp (genetic differentiation)
values and P-values between all pairs of samples.
The number of migrants between population pairs
was estimated using POPGENE V. 1.31 (Yeh er
al., 1997).

The single-sample effective population
size based on the linkage disequilibrium method
was estimated using NeEstimator version 1.3
(Ovenden et al., 2007). The gene flow between
pairs of populations based on the frequencies of
prvate alleles was calculated using GENEPOP. The
program STRUCTURE version 2.3.4 (Pritchard
et al., 2000) was used to assign individuals into
K clusters, without any prior knowledge of the
population membership. The likelihood values
suggested by STRUCTURE for each K were relied
on to determine whether the K value was likely to
be more than one. If population structure exists,
the likelihood values should show some marked
changes between successive K values. Twenty
independent runs for K = 1 to 6 were performed
using 100,000 iterations after a burn-in period of
25,000 runs. The distribution of AK (an ad hoc
statistic based on the rate of change in the log
probability of data between successive K values)
was examined and the K value most likely to
explain the population structure is the modal value
of this AK distribution (Evanno er al., 2005).

RESULTS

All six microsatellite loci of short
mackerel were cross amplified with Indian
mackerel samples (Table 1). The number of alleles
per locus ranged from three to 14. The observed
heterozygosity ranged from 0.17 to 0.96 and
the expected heterozygosity ranged from 0.16
to 0.91. All loci conformed to Hardy-Weinberg
expectations. There was no significant linkage
disequilibrium for all pairs of loci (P> 0.003 after
Bonferroni correction).

Atotal of 176 Indian mackerel individuals
were genotyped at six microsatellite loci (Table 2).
All four population samples exhibited similar
and moderate genetic variation with the average
number of alleles per locus varying from 6.50
(ST) to 7.83 (PK) and average allele richness
from 4.97 (RN) to 5.14 (ST). The average
observed heterozygosities across loci ranged from
0.54 (PN and ST) to 0.56 (RN and PK) and the
average expected heterozygosities ranged from
0.60 (PK) to 0.70 (ST). The average observed
heterozygosities were lower than expected in all
populations. However, neither allele richness nor
the expected heterozy gosities differed significantly
(P = 0.05) across all populations. None of the
samples showed indications of null alleles at any
loci. Significant departures from Hardy-Weinberg
expectations were observed at locus Rbr-7 in the
PN population, locus Rbr-8 in the PK samples
and locus Rbr-14 in the RN population, using the
criterion P < 0.0083 after Bonferroni correction
for multiple comparisons. Significant {7 =0.0083)
deviations at the three loci displayed heterozygote
deficiencies.

The overall estimate of Fgr (0.012)
indicated that genetic differentiation among
stocks was very low, that is, only 1% of
the detected variation arose from between-
population differences and 99% was within
population differentiation. All population pair-
wise comparisons exhibited non-significant Fgy
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values (P > 0.05, Table 3). Estimates of migrants Clustering analysis in STRUCTURE
per generation ranged from 4 between PK and ST~ revealed that all individuals were grouped
and between PN and ST to 10 between PN and together in one cluster (Figure 2). Log likelihood

PE. The effective population size estimated over  was highest at K = 1. In addition, the values of
all four stocks was about 335 individuals (95% AK changed only shghtly between successive K
confidence intervals (CI): 165-3,233). values.

Table 2 Genetic variability at six microsatellite loci in four populations of Indian mackerel, including

sample size (N}, total number of alleles (4), allelic nchness (4,), observed heterozygosity (H,),
expected heterozygosity (H,), fixation index (F,.), and P value for test of Hardy-Weinberg

expectations (HWE).
Population Locus Average
(N) Rbr-7 Rbr-8 Rbr-9 Rbr-12 Rbr-13 Rbr-14 across loci

RN (48)
A 5 7 5 4 16 8 T.50+4.42
Ay 3.80 5.06 274 2.58 9.93 571 497+323
H, 0.66 0.72 0.26 0.26 0.87 0.61 0.56 = 0.25
H, 0.64 0.76 0.26 0.29 0.92 0.78 0.61 =027
Fy -0.03 0.05 -0.02 0.09 0.04 023 0.07
HWE 0.9156 0.3311 0.4855 0.3750 0.2748 0.0001

PN (41)
A 3 ] 6 4 12 7 6.66 +3.20
Ap 2.99 6.60 322 2.89 8.67 553 4.98 =236
H, 0.36 0.74 022 0.28 1.00 0.63 0.54 = 0.30
H, 0.64 0.83 0.29 0.30 0.88 0.78 0.62 = 0.26
Fis 0.45 0.12 0.24 0.08 =0.14 0.20 0.14
HWE 0.0003 0.5537 0.0785 0.0657 0.2299 0.0688

PK (35)
A 4 6 4 4 21 8 T7.83 = 6.66
A 31.56 528 2.50 2.67 10.45 6.27 5.12+274
H, 0.71 0.76 0.22 0.22 0.78 0.64 0.55+0.26
H,. 0.61 0.78 0.24 0.27 0.92 0.81 0.60 +0.28
Fis -0.16 0.03 0.07 0.18 0.16 0.22 0.08
HWE 0.5003 02816 0.0792 0.1001 0.0051 0.1000

ST(52)
A 7 8 4 4 9 7 6.50+2.07
A, 6.00 6.59 281 288 741 497 5.14+2.05
H, 0.78 0.57 0.32 0.38 0.64 0.59 0.54 +£0.16
H. 0.86 0.81 0.46 0.46 0.84 0.74 0.69+0.18
Fy 0.10 0.31 0.30 0.17 0.25 0.21 0.22
HWE 0.4029 0.0001 0.1525 0.4748 0.1005 0.1999

RN = Ranong; PN = PhangMNga; PK = Phuket: 5T = Saml.
P values were adjusted for multiple comparisons using the Bonferroni correction: P < 0.0083 (0.05/6).
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Table 3 Pairwise genetic differentiation (above diagonal) from program Arlequin V.3.11 and

estimated number of migrants between four Indian mackerel populations (below diagonal)

from the program POPGENE V.1.31.

RN PN PK 5T
RN ) 0.0049 0.0052 0.0192
PN 5 FEE 0.0034 0.0193
PK 7 10 wEE 0.0036
ST [ 4 + A

RN = Ranong; PN = PhangMNga; PK = Phuket; 5T = Satul. *** = Not applicable.

-1,500
T 2,000 iy
= )
=
=
T
= 2,500

3,000

1 2

3

Number of K

Figure 2 Mean (closed circles) and standard deviation (vertical lines) of log likelihood values for
K, the number of putative clusters of Indian mackerel calculated using the STRUCTURE

program.

DISCUSSION

The Andaman Sea stocks of Indian
mackerel exhibited moderate levels of genetic
variability within populations and no population
structure (Fgp = 0.012). The four stocks were
very similar in terms of allelic distribution
and the amount of heterozygosity. The results
suggested that a lack of genetic differentiation
was likely due to the impact of migration. For
marine species, migration can have a substantial
impact on the extent of population substructure
(Hellberg, 2009). It is believed that adult Indian
mackerel migrate from coastal waters to spawn
in the open sea where sufficient food is available
and environmental conditions are optimal (Collette
and MNauen, 1983). Individual fish may spawn five

times or more per year and release multiple batches
of 25,000 eggs per spawn (Sumontha et al., 2010).
Indian mackerel are found to spawn year round,
peaking in two phases, from December to March
and from August to September (Krajangdara,
2007), and they are believed to spawn in the
open sea from Ranong to Satul provinces. The
migratory behavior of Indian mackerel may lead to
a congregation of fish from different geographical
origins. To avoid sampling of individuals from
the population mixture, Indian mackerel samples
from the four locations were collected at about the
same time. The samples of Indian mackerel in this
study appeared to represent fish of a similar age,
based on length-frequency distributions (data not
shown). This lack of population structure also was
supported by non-significant (P > 0.05) pairwise
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Fgr values and population assignment analysis.
All four samples were assigned to the same cluster
with the highest probability. For the few studies
that have assessed the genetic stock structure
of Indian mackerel in Peninsular India and the
Andaman Sea (Menezes et al., 1993; Jayasankar
et al., 2004), there were no genetic differences
reported among populations.

The genetic connection between the
four sampled sites is further demonstrated by
the number of migrants estimated between
populations. Gene flow can be expressed as
the product of the effective population size
and the fraction of migrants per gemeration
{Hedrick, 2005). Alternatively, gene flow can be
determined from the number of migrants using
rare allele frequencies from samples of different
populations (Barton and Slatkin 1986). Alleles
that are relatively rare overall but common in a
few populations suggest these populations are
connected by gene flow (Hellberg, 2009). The
current results indicated that rare alleles were
present at loci Rbr-7, Rbr-8, and Rbr-13 with
frequencies ranging from 0.003 to 0.009 in all
samples. The estimated exchange of individuals
varied from 4 to 10 across neighboring populations.
Migrating Indian mackerel are believed to cover
over 100 km (Krajandara ef al., 2007). Studies in
marine species have indicated that the relationship
between the gene flow and distance vares at
different geographic scales. At small spatial scales,
movement among populations is equally likely and
there will be no relationship between the gene flow
and distance (Hellberg, 2009). In the present study,
it was likely that a lack of association between the
gene flow and distance was due to the relatively
small area that was studied, where the distance
between sampling sites ranged from 140 to 500
km. This observation also was reported for stocks
of spotted mackerel (Scomber australasicus) off
Taiwan (Tzeng, 2007). In other studies of pelagic
fishes, there was no evidence of a migration
pattern even over large geographical scales for
king mackerel (Scomberomorus cavalla) in the

western Atlantic Ocean and the Gulf of Mexico
(Broughton et ai., 2002), for chub mackerel
(Scomber japonicis) across the Mediterranean Sea
and Atlantic Ocean (Zardoya et al_, 2004) and for
bigeve tuna (Thunnus obesus) in the Pacific and
the Indian Oceans (Chiang et al., 2006, 2008).
Reductions in the effective population
size (N.). which are crucial for maintaining
variation, adaptation and survival of populations
have been documented in commercial species
of marine fish. For example, overfishing was
reported to be a major factor causing a significant
reduction in the effective population size and
reduced genetic diversity in an exploited stock of
Mew Zealand snapper Pagrus auratus (Hauser er
al., 2002). It is understood that the number of fish
in the population i1s much larger than N, because
of overlapping generations, skewed sex ratios
and the variation in the reproductive success of
breeders (Bagley er al., 1999). The effective size of
a population can be estimated for the contemporary
(local) or long-term time frame. While the long-
term N, is important for the maintenance of genetic
variation and adaptability, the local N, is crucial
for determining the impact of short-term threats,
such as genetic drift and inbreeding (Luikart er
al., 2010). Because the contemporary N, 1s more
relevant to the current status of Indian mackerel
stocks, the present study estimated local N, using
the linkage disequilibrium {one-sample ) method. If
a single demographic unit of Indian mackerel were
assumed, the estimated effective population size
would be moderate (N, =336; 95% CI: 165-3233)
based on the minimum size of 50 individuals for
the short-term conservation of genetic diversity
(Nelson and Soulé, 1987). The current findings
imply that the Indian mackerel stocks seem in little
danger of inbreeding and genetic dnft. To obtain
reasonably precise estimates of N, for exploited
migratory fish species, researchers may need to
sample repeatedly over the course of the spawning
period (Hallerman, 2003). However, it would be
useful to obtain fisheries data on the spawning
stock biomass to estimate the census population
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size (N) and to obtain the ratio of NN, Low
N,:N ratios appear to be characteristic of highly
fecund species with high juvenile mortality and
the information provides powerful insight into
spawning behavior and recruitment of marine
species (Hellberg, 2009; Waples and Do, 2010).

CONCLUSION

This study demonstrated that
microsatellite markers developed from short
mackerel were useful for estimating the genetic
diversity and population structure of its congener,
Indian mackerel. Moreover, these estimated
genetic parameters were used to reveal the stock
structure, migration pattern and effective breeding
size of the population. The results suggest that
the Andaman Sea stocks of Indian mackerel
constitute a single population with moderate levels
of genetic vanation. These findings also support
a management strategy by the Thai Department
of Fisheries for Indian mackerel to be considered
as a single stock. The effective population size
estimate of these Andaman Sea samples was about
330 based on a single stock unit, although a more
precise estimate would be needed. The present
study provides baseline information on the genetic
component of the Indian mackerel. This genetic
data can be integrated with population dynamic
data to establish the stock extent and composition
for the effective management of the fisheries. In
addition, sampling across temporal scales would
be useful for monitoring genetic changes in the
long-term. Sampling over the full extent of the
species’ range from Africa and the Red Sea in the
west to the Pacific islands and Japan in the east
would yield a complete picture of any geographic
genetic stock structure.
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