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Abstract 

Title Using DNA Barcodes to Identify Local Freshwater Fish Species of Mekong 

Basin, Northeastern Thailand. 

To Identify Local Freshwater Fish Species of Mekong Basin, Northeastern 

Thailand, and evaluate performance of species identification using DNA barcode versus 

morphological characteristics, survey and collection on fish specimens from local 

fisherman and market in Nakhon Phanom, Sakon Nakhon and Mukdahan province, 

Northeastern Thailand was performed. 157 specimens were collected. 149 DNA 

barcode were performed. 119 specimens were identified to 56 species by morphological 

procedure, and 135 specimens were identified to 66 species by DNA barcode. 

Combination of morphological procedure and DNA barcode can identify up to 141 

specimens and 66 species. Thus, performance of morphological procedure and DNA 

barcode combination was higher from 75.80% and 85.99% solely to 89.81%. 134 DNA 

barcode were submitted to GenBank database include 6 new barcodes for COI gene of 

5 species. 



710-can7lan111.1-no 

rriIiimiumnaLg141,011.1i14911t10111919JM11-1111.1YiNfralalliM 
Inflq1Z-Y1-60@fllaEllIV111011011linlIFIvklu 	14iiniugi qvripAn1759-nlrianin-lyllniii 

ilit:irryin-15liimwr1-IYIEn6111.111AAl9J1_17::ann6 2560 Fl 09IJCITOT@UT-11 

uw-i-lyiErl61JT1aJfilLLIFS.Iflii'91ffITYVARI:C11aVATT-1719`11 an 	Srurn u 	oln17-19-0,14, 
74'11,6 

Oill'IM11@1.19j1141i-30i9I1 1,--ncinwiluimJtiriirmnrnylyrinziiJiamrp 
mfi-Ingscalyin fla6:111Ellfilffq5 asIVITTY1U-SEJ113A-111.11.1 	 LALI 

iioap 66N:1-11-111hulin-allAmahl v16n7.1-AN-116-libAi65@q -aallii" 

iThuifiqn.  

4"-/@-0 



irriAlda 

fiainn.anhtn-iwt 

annk, 

ff111J-111W-171,1 

ff171.111.11111A1 

UlT71 

1. VITal 	 1 

2. 3 

3. "n111111173.1111.fiu-niu 	 4 

3.1 vrnuma1nviainmJa1ll-Afliurrim-rr3i4,0@n6aL1161iii@ 	 4 

Liatl:difirnfitiVil alihz 

3.2 lfi5alViklinCgM@In5f4 	 5 

3.3 11111iLfigN1111-101,g1,61.09..nilfiq111-61117711',T1111g1TMIN1 	 6 

4. -1"iklagn-n-lib 	 8 

5. Nqr1-11-1i11 	 10 

5.1 11116-15'ALiatoluir-a@d-mJN1 	 10 

5.2 Tril.ffriWiLguimJamiliqluiLaht-ITT1 	 10 

5.3 ni7of-wifiialmanuFliguimy-iii4 	 11 

5.4 11179.17Affnlln111111111q1 	 12 

5.5 n-n-LiJiuunimic.m@-in-lin-m-nosilm 	 12 

5.6 1117Ri"1.91,f1q011,13,1101g1-61,@1.11i14 	 39 

6. 40 

7. mng-176-141 	 43 



gr-M.9 5.1 filf171111,01116111.1@l416i.J1IWA10,1141Jinfla14, COI 
	

13 

°H.16-'30f..11.11,13,11fliNT FNP015 IJN-11,INIANZLINTI,IN@MI"1 

qi3Elii111,1,1111J MEGA linfl14 7.0.26 

01-111N9 5.2 fhfin3JIAn9ii.11101141i9A-A101,1141.1innall, Col 
	

15 

Tallihnd1Vianf.11,@°11 FNP047 1.1N11,61.1E1119JirT] Mystus singaringan 

unz1JN-160JE1lillalEJ Mystus mysticetus qi'3F.lii.111,1,1111J MEGA 

61@7151-1, 7.0.26 

01111,9 5.3 Filq1713.11,Mflq11,911014191Vinfigi011161Jinflall COI 	 17 

TOOT-.2d11113.1101,N11 FNP126 tlaiLenniardmbn 

MEGA 6`an5`ii-1, 7.0.26 

giim, 5.4 Tinn-n-vianninTir-amillii617-AvulluOaaahl-iiallyn-ri:im-Ngrmum 	29 

i:1115111fI59Alla i:1145.13.111W1W17 LL Accession Number *1.10.41,6 COI 

91-171N9 5.5 InLITMVIIMNifirlf.r.113i1fiakiiiItiinflginl,Y1621011.1innall, COI 	39 

l9.6s19.6i@a4JIN 



MTV 5.1 91-'MEhln11.9.17-MtallfplinVgiianii3nflaigULafigiTelg 	 11 

nlYi 5.2 61-1@thlrnIflYng0911-ItirMianiilnaig`giatlilif4 001 	 11 

PCR 

lrwl 5.3 iqUIMilrMaigq*Ynalnilailai'N@infrn&RIMMINIIN 	 14 

41q1 .111-dfl5Ial,119111inta1-6 001 Tnli=lati-1,91,11.11LILMI FNP015 

ihEITIJ71,14173J MEGA 7.0.26 

MIN 5.4 l,q1,619116M1anin.wraluainAiaffigf-wwinfi-nuiwinqi-bnal 	 16 

M9iisr4-]fi5ialmivint-A6 col '11001--ME11,11,1aJlERNT FNP047 

WIJEJTE11N1E.1 qi'WJIIIILLT115,1 MEGA 7.0.26 

n-wI 5.5 INTSrlq19iN 	flalTAIN1111-69:111,13,11Iliall 	 19 



Raifig,nlitn-n 

IquiT-a11.1rrnllaurmion-intiriSm 

Tflulinilvdininibufraluivinmazfrnmarmilltuinintriiiqm, L1m:WAn.1_4=11 

i'a°6-1711.-irisfa 4-a un-n-ii61-ng,rarrnlii-ut-114'411A1,69i@II 

1r1T17111,TTIT191'"-d@d-wriVN-rn.qi-ar.aliitplUtiTIALIAVi91131,61.1ainfirtilrilwanvii@lum: 

ninttriSmalilmilq7111614,1m-nlinErmN1T-111N1E11,131nYIN @'1`I 

WII3JVIN1TIVIMMINVItitn758i frialVimnvimErr-hrii-ar-rwl rn7n7r.vmvIi4tnnilviKia 

n9:3.11Jmynmin73J-Ir-rg 	 fIll'qnfranhrinn711-0173e151 ni7vonz.v114 

uzrmaringEn iinni7ik1-61r1EIVItil,OLMJ-1:MJ 01-6q1u IqUi'111-177r.10111q11101LIM 

Iquri-311.11is'alq•auinty,-nu-nultanfiii-qiwanliniLiluuniipi-lr-ru,vriezitrivI6-11`b 

7-nrrtm-affatinuirlavnInmulua-nwnt..-.1J7r.'-nuiiginvisa 	 al.h171 

°AMIN ai94r16z1.13V4114n1-1,LniG11vA-7ti6giN 	11@li-1 

a-nig.n4:1211J-in yru 

	

	 rrinrion'UTin 

n 4i 	
C. 	 I 

-ngi-azagg-nin-inuanom- h.r.rilnjwyrryllivriAigilliTE17:105callg viinziorral 

rtlia-r@LiiNan@infil-miN)41,1,11711U6iTig.faVrilli1M1r191@dill-rfilgariltuilarrIvg 

Ni 	 ca-EAwg) 911e-M161-ng.ranlIningilAIN1MTTAJTEJ 

6'-mdilltihria-Reliurn.ranun-179q1mi71fiorn74-roi@o15nia.t@ivm 

tr@vii41441,11,114f19(11.9@q11-3-TnEnv-11111,14,111711:141`71tiNTUI_JnliqUI1111,i 

IMINVI3rILIC51-61,@11-611517fl6G1-116) 	12S, 16S, Cytochrome b, Lat. Cytochrome C 

oxidase I (COI) 
A
Vagnilliill'aliiiNkiAra'Ainliriiirmhnlva-1771.10117Im (Herbert et a/., 

2003) IquVviii--n7114-wiiil-afigi@Irdt N'alalislmscalAntititalfi-riaJf16'1E1flgliiit 

fl.Ff. 2003 'firrili-Da10°B@Tinb 	 Tanridi 

odnnz.vd-hnhnywrin Consortium for the Barcode of Life (CBOL) 

anqn-rmaNttiilolurmaiNC5umuliifimmAiiiii-19-nramill ri-aTati /1111111WALg11 

1,09J1i141114R9111,q3J111 Hebert et al. (2003) ViViLg`glninfla14 Cytochrome C oxidase I 

(COI) vtlIta-ufrnaJ4--iii@flut-iluAl-fannn-i-ruivarag'14 
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9J5daJ'ltlb 650 	r13111111,Aanlianta-aellArILllaf3J191131161AlnilazilliTall'irrilAl 

fi-ralllqn9i11111iirffialqi-naJaVIVIn4T1961,63J-In14 (Folmer et a/., 1994) nimireal 

001 W13,117Minl,q1M114-161.111-3qM0111A10.94V, C01111 

v1nq1'lati1mkalrmlnorann19..l5mnfinuriii4-16irrnfigi@ixAmsfowill OW 

Yain-33J1-5114S-11-0103:ula 61119,111i11711rilfallelir-aad"1.11tA1 nd111,111A6.1Alfkillzrrmill,'Al 
601143110103,dairaliiirovinkm-vil-afiginInklialgiigiumni141onfant4,0E,Irialua-atil 

nifiqin-1.6non16,ElliVifin3741-641.11614,VitLiel.IMI111-6fflanaNnttfllYtiviaNnolLIIT,L110 

1,110 ii113,111-14-iiifpnlEJR1E.1111U111-1, '01110103,11111Aq1E.11,1,141 	 Lushilaila 

kealvilluficifi-nuvamaJviltt 

(viz-Naamauliviii@) 

ningli1M1101A9,1141,1S1 8 	 •4-111-N 

111-60.11r-a4-1,0,1  -̀11/1-3-911qE.I i:11A-NffnP1,6fil• '4:11,1"N1e4f1llA1a i:vvi.-1G13Inq11,11111Nn-11A-N 

6-1143-11A5l11 rifilacillaniltantil 46,932 WiTleiaL3J917 1111100rAU 29 9:34-IRTirl 5 119:3,1 

nlanlmilvninvlimnluluiLahiniTaarmn-i-i 2,000 %cal 

(Rainboth, 1996) 

n174-11Jamliimnr553rr-1Cvwior4ir-ov i th.611.4G1MG1YI'19Jr7 i:11)1-NWiebolfilEJ 

'',111-N14A-11.111-63,1 

at.  40 110.11Thnt149ial7f1VI3Jq LlatAltiJa1414,1:00193J11141 80 •1117w1 

gPc-i Liqzfiraz, 2550) 91:414T-rnfinigrifraluma-urvimErynrisi-anivAmin-ignawaymmeaa 

6111:-.31.ytnJa-rdiin-in 

innwiramm.nlaTriellunlIaraurm1winaoughli 

611arn74- ti6ti611-11koltillEnnii-3un-nlignmzir16p1.6rnuu@n Liazn-n.a.aufnanini'n 

ni716mi'mnriEfeitZumuli14411,flugn 

ynligenfialannmarnImimin-Rinvi-and-wfuliunInnurminhatILAan174-1LS-M 



urn i2 

-roin9ihgAN34 

1. 11409.linrrillin'hfirnINTMI'llIzi_91,311919iNlqi'MTY1111951fli@l111110111,g1IL@IllilfT91 (DNA 

Barcode) 

2. 1,14@9-ill@ffall'ill1W110.111ailwriNfiuml-liallnlfiqm-ii-ta@nian1LwriaTalt111.-vnoiliu 
3. LAURT-111,F(40.1113J101,g941@ini141 (DNA Barcode) efiViiinzl_pi71,9111@ltlaitiniqi1.11 

117,1:LYWITYln 



unii 3 

11111111111.1111,11E1121@‘9 

3.1 wy-tania-inviaioumJa-ra-aolunimmiiteanammila uaninin 

ihnnot9 

Ilm.a-liqcifiTiol-rwm7iLvvirntvIn1wWwillhnriflInuilytiviaJfl 823 	(Froese 

and Pauly, 2016) 91.1V11,61113.6113JY1.11AlLq1A11:1114, (endemic fishes) IJMIJII41111t (native 

fishes) Liania-rilnidil (introduced fishes) uonv-irniiiTlEknunlAny-ifrnlivia-aviniEJ 

onan11116 -jiin-im-IN 1@,11.11nriftInn8nvimnivvidl ni1,6l1,6rr1ficL-.11,6e onLaulLvillm 

LfilmilEnZn-IibiNnTiu lanilanyiamud-w (2548) YILkrrgearm4-11-roii.tftlmluili 

1113,1110,913J11-1ENF1713a1814.1111:14'hIll1181-1A1WIMJ 2546 tilLka.11-6.1f13J 2548 INIJLIM 

Y1d1,ian 125 °Iraq lut-rwaudithaJalunvis-164-114,-rg 11711171M util@oniflu 3 nlu 

11,11-1611141.1N-141-6f11)9:11111ff.lf11.111 58 Is16q 
t, 

fflfiT111 59 TT-WI IIN:310119IIITIFAulJa-wilaufflai Liilifilviiiiiqh,Oanlil°111194,114, 8 

q103J-11,1,691l 2554 nic,rulif ISIINE1I3J ILN:',VIINY1f1AILIFliff'114,411E.IIITIV1174117TIA111111 

tla-11,14,i-amr,lno1wihmehhl'u,iond-unmalal @-1112911411V‘1163J G1d1,1110181AVIr.4111f13,1 lld 

014alaplf13J 2553 INIJIJR11/19614 52 '111701 111, 9 61-1,qi-1J 19 'Nif 46 ffrp 114.4— g-noiaddimfi  

ay:liarnurnvAn6nintirvii4,V114-ni, 3 '1111qga iJa-marinN1.1 (Tenualosa thibaudeaui) 

liN11,111V1 (Pangasius sanitwongsei) Lian1N1LRafloniuLif1 (Datnioides undecimradiutus) 

qiun 	 L3JgE161,69111,6 (2555) 11E.11-mNan-177-nrymioviiv4Vainashlii.im 

flo.14-ilvin6-iin@Lciu.iffi-rutildlui@thnim vvinAlLailliildlavYwffi'iwawn'',3vian 270 

1511q1 LD141JalLiliqi 181 'AU 1,IN:',LIP-119i1t1 89 1511q1M 2558 ilwrisa trinelian, 1_111:Nal 

wri-nn 	 1N3,11All Inknurn74-17-1@fralawa-imsilmimntlalluillilmi.vm 

i',11,15-111,InmAT lorwIllig@I6fi1,671flaJ 2555 611.01@1,1,11i1EY1E11-1, 2556 1A111111.1@l11.41-1) 23 '11.11q1 

11,6 13 114 19 ffila 

ltarn-indilliullun-Any-Ifi-rianiNumfo-nia.n.ln-AuLtyld.ntilurgiii1J11Mill gn 

6L'orolAlLianurib q2.11 (2553) 1-121d-rafrnanialt-nsilma,11Jai 

(lailliallITIM1lan63i11-11111a1@1,1,1J11,)111,1,TV16-arimiain5o i'll`Vii"q111,11.1, 

1:111111A014, 1-1111 -1f13,1 2551 el,96g0111:1,3J11.1V41,i 2552 V\I9J9JN-11M1,6 43 Iraq% 7 giall 

13 -mvi 32 arp vunl -rivii,a.hq1213171E11111n-nuvqin7niuluInnnuilinLi-ivm.fn 3 Vra 
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3 7117691 Qinan 01.17i11 60110.1A1 1,1,n1N77111INI• /ran (2554) 11P11114NaiM 

6.17-Afrri3JVialireallIN1IN1VIALL111/10-1-] (113j911F1111118.11&11,1,1111111,114,91@l41.114,) @-.11,6q1 

11111 	 28 niunn, 2552 al 24 11311111Ara 2553 lAlinialytli14, 59 lira 11-I, 

8 61-1,69J 18 ')111 43 fffr 1M-rwauthflulJaiqiNfru, 4 '15ftql VA 2556 Fiiiin.91-1 

lalflaJ 2555 11611,3,111-1g1 1^11.111W-11/1'.111M-1 82 ISVIM 57 fflp v-In 22 -a uardallwalii 

Cyprinidae 1Aniannirlqai@ 4 1 151-1g 

3.2 LA@NIViastioiii,gmaini1Vin 

Cg14,1@illii41g@inapAlibibflAll@v1,114111,1flai-a@OrtaliguLeuivaralquirara 

ilnfiMaInkticauRAhviugq-nwatniuMielq 6:rit'uvrinvflwrilflairran-m:-.alfiliu 

LLazfi-nufaingCrwiwnuumnghT221416iyil-afigi@vlyd 

iti,Er.niitraiii@ln-ufraluiisivNinillikrairrmiNkricilginlamill md-ntoi-au 4E1 

IJIzn-ninn 

4-wiinl-afiCalmiliolvinnutaivalfi-nuinnviNanimmizgianTrawnS\151.71-1m-iNvral 

n-14@anvinritit1,4ilivinv,rriiiwaluinnginlniulvoscalArarimr,@0&nrmielajihau 

fiff01 k1LNALg14,1,0f1119Jinfial;b*114: ala,117nlitlynuAtingn3,-ntfirMA universal primer 

allrialliViViznlgaihnntli, 500 - 800 !jiain.  g-Ttfunmi@nuivartArannliAaLguLa 

IniT4rifiaialwyma'-wiipnn wird@nilvniznirlirrawviqon9:01`ffIgnlemyRz 

',INalvig"-liT1-111.12gLg14,1,0111i16-41431.11zRyi`inlvl al3J17n104,11,1JVing.flEl 

TrainITAg1-61,01J1i1411-6A-14.1q.AITALI Hebert eta/. (2003)11-61.hzingtiMM-1 

IMA6v6lignriktiinl'"AgialifihitAk1)9 

ISTATIVil@d14 Cytochrome c oxidase I (COI) °I.11,61V1Inanfil 650 fiiitlff 

lrinvv@ci@nuirrliftwuNii-i-N-hrrilgn-monvint-ii4v1kEi-w*R11 luTrarrimulweim 

Lhraritiulfillunnqi-hirliAlrmarinviViairhpu 	 cot lurnAnyi 

gLgumnilfiq Tin-n.finy-AguimniT431qi-mfila@.11111"a1111fin 

3,11q13-114,1,14@lillIWA341N61.1g.TVii@LLIVEML1101.1 

@inirriapu-lr-rgalfrnutihrrinfp, 

rjrwimiuriou IL6iCiaii1CguLainil4fonLAaLfluirea.,,Ja6-11E1TOTifflMiti, LL61-311'-ik 

Liiergimemna (vnnt7.16 SliTuz'alvf 	ovaiint afiTm, 2554) gnavrn1,144114, 

iNnilligigumnii4LvInn-mzyrilqt@lqi-a@EINArf'f@Whig-amt-myrileld191"-au 
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vilui-a EiNfilai ffamii7nt TqlEITY-1711161q1-9J11-afigiallikuoluivaluqu 

anmot-mv-in91--aod1.1 fia14, COI minvivantdui 

lurrgiaaja ViN-alnIti4,1,114.1q1-9.111-AI@II141141,1J911-3@ff@tlitlinuninuniigig9,610 

ri@zihi.iymmsfm2,16-1-5.1tavlqi 

vi`fialwrim4"-ILMCIITOEJ u-i7n 	 3,11,a g igiumniliqn nrm 

(q• 

1J114,INTIMS1Wilf, 2556) 

3.3 rrillilLoAeTvianoilLguLainitoiolanillticiiiquutlai 

n-171,111fiqum EALgui, u-441144-1111-.Trilyvnitlailtal7zaufrai 3,1 Cm 

3,111111,111a1EASiyi-aINn vivt, Ward et a/. (2005) liifi40.1113.11 LgUiMn5`1491v5nt-1.iA6 

COI LA aT,'.:1_011-4,q111 @NI 9.1 al 207 V110,1431,114,1111.1011111Jaeff0171gER'In'llt-niN1:11,13,1q 754 

Lal@ihn-nurinvifirmfi-nuL111/16-1.911@.14-161111"figi@Trih.-.1,1111/19:3J1,14,4-iii.A 

111,1@161 1173J5V19,119-1E11,6 Kimura two parameter (K2P) distance vuJiAlt,a5mi-nanoirwill 

nlolvorawriltilibrnz 0.39 n-mliorpfinaz 9.93 ME111,43-3.4fiF1az 15.46 111f111,66'10-1-1J 

faun 22.18 unznloluctufauaz 23.27 fillgi3n7figVviqiti M5allA3rIalg1121.115`161 

IiatuAVI, COI iiRlarlItlifimninzyrilq111MJN114 qiO3,11 Zhang LL Hanner (2011) 

11-iiwg@Cs1ani1li9-1ff@MhzRY1'inlVITUir111i1AellusnaigUl@in1i6al56'analt COI TN 

1A111:-.1311411-111,11141114k111M4, 158 'Iraq YtIvalq 229 q--]@Eill INUtif1'aianANT11.1 

Ailn173JlanzVill.rinUtinlii1'1EAWA9161 60 LYI1 IM117N-17t41Vinfil K2P ia40 

7:-.141-hrisfalLyilribfenat 17.6 lirilnur.tilinrilwisilA4 trarinalfilLfir.ilibuaz. 0.3 Vvii1t4 

14,@n -inclir.im- olugnNalifiLtiwinnzm-illtlal 2 ‘graq1i-au 

mialuniArn_41 

Tall Henriques et a/ (2015) lun-nliilmia.rviaria68.14,101J1i16111,111-117:111511MINIJO-111-1, 

3,1176'i Ribeira de Iguape Basin ItAzioht-19-rium,wris-mer1114,Tyyinithia 1.111:111911J11671a 

qi-mEillITYPian 805 91-JnE.Ki In.01194-JEST-ngiUtiatillair 89 Ttitql LiazialmIlLihnosfw 

4=aul,flieJ113.11E1Cfi,1,01111161VVIA-ILLEIT-11.eill-111119-1 109 nO3si 

7z 1,1 	 1,M11.111,11i11,116:13̀11-19:mstityrAli, species complex 6114c1- 1gi-16z 

mri4114,11 ru,2114'n watz yr-1 1"1-1,6V1173JUN111,1,1J71,691 n 	@n1,11 Lig-a 

uldilimin-animimnriaLgIAMILIJIlirli143.111i11,61-1117:51! 

1511W11011.11114"-)11@ZSI1'1LIT-11-111171°111,141JP-19111n011in-141,1391 	19n61  1J ll6vN1V1aJ 

null{ 1.041J1 Vild@l4fi.9 	 thuvvIvialwrif (2556) 71H.1111,NanlIAT114141q1-1.1 

c'UflgT@Tilkil@lq11, COI luiJa-prs-r-adou Rasborinae t11,6T14, 12 'S9-1 61,NzIJN-ITIT2Y-11N11 
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EILLilvitlq-rtlanion InriimamnliLLunffrpTe.n.laTiniu-alkin Rasborinae 

6@an 	9.111-14179A3J311-6Ylf 3J1rq1ql 1,01al1f 61,M3131-1111 9ITI61AI5II3J319,61/1{ (2557) 

TiEbTraimliThglAinr-441.1ii-ga`g COI L1Nnn-MiLLUTIVra9lN1111341 14 °111-4M 1n 59 

qi-')OFiNIAnYiirnialilir,11,017-il.k111,64-glifbfigietrkll@AI, 00111111-1403,JuN GenBank 

11 'ffilq tazhiriWiraklia BOLD 5 °Iraq iinirleiif=44-1411111fig@1,1141/11ri'larnn7n 

6111.31113,111N-11,1341:11ffaff14'N/TIMI11.1@r73J1b11,1 llnff-13,117fILLEMISIIMINIJNMA30-3111,Vitl1 

nnw- milt"gunLivi 	LLn9JNinr5El1u9flau-an114 	11-111VVIVi3,1311,111f Lin 

16i6115 1.1-1mAnya3Jv6r15 (2557) YiE1.1114,inIcinEllikULPH.141611117figi@l1411041-1, COI 

ifi@liVilalfidiaMriEgiLg`almni14114,MT4iiiWigraltlq-n.WILioq@Th,T14, 4 151760 4.1E1.1 

',3J315 -HATt111431WilokliaYiNI GenBank Lin BOLD -1T-1/117-11,f11-1Z1f1A11.11141ibil-)flgiel,114 

`11@l'ilt COI alamnlaiLwrillalminolifiq@@nv-Inntitlqini-hriNi@vi LinonraniLuntlal 

-alifft@@m-mtlg-ragOiln6lguln-uldignqi-an liznyind 	111111AIIVIaSnnif LLn-Ffi 

dllat d-auNit-LI (2557)1.471E.MUNNI- 15lig1g14401.n5lf1q1Jinw0'll, COI 114m14.11,1,1,1  111111q 

Iln.ILIM1,1-61%\111S11.111dT1VZIIT1173,1fi°11 3.1111111EY161.1VJZIEJ-1 VilYilg13,1171-4-11.114111111flIJN11,4 11 

`7111q110EINt:ilillqi@lIqU.31fi-313JUT3LalEril@.94161111'3figi@lmiihz.v-int, 625 tiLLIff 0(11-1Ahl 

591 - 639 f11:1,1Jff LI,NZIJaT3111m6gEllliti13141q1-1.1il'AIDIY1411Nill, C01 1 fJ1 1 711 i1J119J 

Ni@3,11@fig 111141"11113J31`14,Y1{ 	ii-6115fG1 (2558) 71E.11114,111111119.41friTh 

VIMTIVIME.111@:',11-1741111411.7511mIqUligl,g1,61,@3_11i14115Vgall, COI 11@.19.1P111,6111q1TIE-17 

ff-3116 giyiErmulln'iimavg-11 	 2555 WillialYtilt 2 

61M1J 4 -347 gir 8 °Iraq 41q1-1111-3fIgUY1431f1'313A11-41,6111,1111 621 - 639 til,U ff 

laZIJMLIANVIII1q13141q11111-3q1A1017141171L11711J1,11.11JAIFY3 31 3 TilqicilEr.113,13111M14,4169J 

cdraflginl,142.10414, COI Yt11,14111-ViinViiN GenBank U, BOLD LLP:-.41qiiir-InfigetYlkilnAl, 

COI g13,117nliiliun9Ja-rri 8 111191n@rmniii6llad-kvirflivg 



ingil 4 

4.1 nild-m@lwitiwii 

Q, 	2r 	41 4.1.1 ql-AffaLlia3OLIJNWIV110.11A114,11FinWILVIa7111,1,N1-611-171,;h1,11116'17)91,Lnlfill 

4.1.2 00114-1119ILanfnm--aad-io-nuumbitiiii-moMIquaan -11-avrtvim 3 

f14.11,14,101.1 1 fl Ivi@l147mAplInntrna1,14,rmkiya@Loiazfif., iflualbLia 

tlami-11491miwiirrrov 	 Lwid,Ifiln Vii03411  

4.2 nilltlimilafi-h3 

4.2.1 tiroq--ani-11431-1-mhzan mialrynNalnnidi 

rrinzloica-14-aun-111-141rngi-m-ii-ui-mn-lE114,@1-1 1171ilti1911-a ad-on:I@ E,1110/11V1 

Mnpni, 

4.2.2 irn.A--aod-wt.doLfielJal (flit] n4'nanito LLNzvi-v)@-miriati-milfioy:ViaTITIA1 

MJ11.111111:LIaztrullIgrrniva-aliiiall-1.1ffr-N6iLguio Ingi-a@dilva@ifiaLT-Tu 

iiiwavu@fiattoanorad'frnaniutillfouaz 99 I9101Ji3J-IfIl 

4.3 11-111111.0'401 oi-avan-i1114, 2 

4.3.1 i'"10L1111,1ffan9pd11:10111919)%nni11,iiii-n91-u,zn-inban uzphilutiJimaiou 

riiiprarrgalviiimargtim 11,n`1103,Juaang.nt,z'AJIT, -ristim 

amontvliqn wihzdu.4"-) Rtiqiirlo@lnrimmt-hou3:r..iinyineiwitAlneF-1 

4.3.2 91--2d-wLitoLdo tinanal-Ngl,g11,1.@9i-a2P/191ffe(914--uilpi 
9 

aflolt,guLatni1491"-aunilvoludiantall,g141,flimAriruivanalorwin-nain 

Cytochrome c oxidase I (CO I) IM.11,411A171.3J@f4-11,1A11Z9T-MVIlfrilfl PCR 

V-11161,11-IrsMNblillUk9111WILM-12:141'14-191-9JEr-hfl5I011/14 ajo1,91iim n6ii 

ana-nInNafildiLlq111@ff@INITIStimilmlaiLigim-.6--aed-will-rwroap 

vli-1-rrnu Fish BOL 	GenBank 
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4.4 nii5Lnlinfirakia 
4.4.1 61iiminlEmesian-177nrisrwiti@1nyia.NLiwa7m-i-119ie4NLvirinuvii@91-wriu 

min13,1 ad-111,7 

4.4.2 ih,tirmhzbi'finTiAnurrillTiiigumni141144-1177:aprilminliJR-1 

4.5 n-177-nn-adiaajaiiL614,LainiTeio 
4.5.1 `arrii@iJuaiig14,1,@1n1141.11:ATII119n@.11] -1clir4-11-111-17911-Aff@l_lf171311-191'@.1 

a-A.1 L'Ill tiTi rliqp Fish BOL UN:: GenBank iAali5711g.liazIn.0311911101 

lia4-ig91114,1hz.lxiFil,Y109-101,1.1 



5.1 nilitiT-nuangin-i-aodinlai 

v-mn-176-n-Num‘r.Liluq--2d-m..11114,9:3aLajviliallom`;1M-M-In6f17 @-.111-3°"q1-6f1711113.1 

tar41W-3-q1N11191-111-171ATiad-IJIJ -11/tVillq 157 gl--)ad-11 (gm-il 5.4) I9MILEff1gn3.111Mkiil 

61770111
a. 
 i 

• q1a-Mfffll'irIg111 @M IN 'ffnalifil. 	 *-11,6-1g 33 91--Mdil 

• qawmiLlicana 1 o.@-m-1g6111-"M"@.NT16N14f17 	'-114,--3146 18 91-)ndi1 

• qN1qq°11-1111n Pl inlin 	 '11-6T1,1, 1 (l'] EJ Lill 

• 91N-Iqf1N@183.1 G1.R113JV '@.11,f17Vg1433J 	 '-1.14,-)11 17 ii-)0EiN 

• qalqffqfilIfflf11-13.1 .1f171A1143,1 	 '-11,671,6 13 91'2E.I11 

• q1N-lqara .9,1f11111143J 	 .411111 24 vi-aad-k3 

• qM911A111,1Ar111. @.3.ili flq119,111. 	 t11,1-314 20 Vi--30r.h.1 

• gia-MLYWrinaa.prIVM '.a,Jam-r-n/n7 	 '11,1,-"nt 22 91-aad-11 

• viaiqvii",inimriaNnw-wm. .4-wrg 2 qi-aod-w 

• qm-lqvi.gal 	' qi., 	.1.11-1q1-11)117 '-11-6714, 1 9.r-30Eill 

• 9-1 -1q1I1V16117-1E1 .4-11-n4 6 G1 Je7FJ 1J 

7111Y*11113al 157 HJ'11 

5.2 frilgtriallgutallami-Aoanuiliiml 9 
an-qqiiguinlq1111"419:3JillhillITNITITlq@d1111.1113J016111.1,611.19144.14@-,Ivii91 

1fiTIAI143,1 	 Genomic DNA Extraction Kit (Real 

Genomics) ii6-am-ngaill-an-nAILLaziJim11.1:911g14ai-auLywrilf)5LinignivIllisalumazin 

17fffilialLifl21u5aI6NZ 0.7 LlE111111111.6n9inliarim 

i'911.-11-3101,Nq irwrininvki ulonJinifinuriiinnu6'iguLurimly,-nt 	fiLguin61"0 

fjanmACii (G1Jn-rw 5.1) 1,1-11,111iav1.91,0.9-ifniaRiM11 20 11lihn5iillaslifi7R9II 

1.1611iEnqniqhma5LaJoi7gqiold 

5 
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co 	,Sr-.‘ 	
N 	 tr) V 

N 

z 
8 	c, 	R 	N  cp 	N  c> 	c) a.   

z 	 Z" p., 	E 	E 	L, 
I 	I 	 I 	I  

r 1 f 1 (-1-1 r 1 i 1 n-1-----) 
m 

111 	V-1 	W 	W 	f-1.1 	r14 	V-1 	1.1.1 	f-T-1 	LI-1 	V-1 

1K 

500 

nivi 5.1 91--]@EiNni7q7-3@ffaUlfairnAilIniii&ntallgiALdiffn''ql1,q1' 

5.3 n1n-844'-5i4140TVIWIEJilLgIAL01.1-111-W1ol 

11i7LIAlanliant16G16g1uouivan6 001 °H.WT-3@d1.1 V-11111111,1killinIAJOf VFl_tl, 

FishF2t1, FR1dt1 L1I FishR2t1 	 PCR aTall.119-173@ffalnalluli6fTiEn 

luRa og.-4-nbMITM vairufa um; 1.0 imnIvivitirmi@ 

tl5an9-17 11-16ies1vaaLMNT1(166g,16am-A-JiaLaq vut-i-iLtiquaLguL@Twiqnhtant-u, 700 

t1:61.1ff (q1'.91111N1'11  5.2) 

N 	VD O. O O. N d cn 	r-- 
gzt 1/4.c) vD 1/40 t•-• 	 M
0 0 0 0 0 0 0 

	 N 
 

a. a.a, a. a. a. a. a. a, a. a. a. a. a. 
ZZZ ZZZZZZ ZZ ZZZ 

f-L, w Lz. 

N 
O 

401m1M11.  

M.11.11 
	

4111.111, 	 ut....11 ihimari *wog* Will, *swab 0000 41hoimii 
4=0=i 

111••19111.• 

1K 
500 

n-rvu 5.2 ql-i@d-blniIIITAffnIntn1VVIIniriannalIgiiaLliiM 001 	 PCR 
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.1rin11nrianJiant-uSiLgu1o9Jivarui'v, col 	 PCR 

1.1i1111116116.1,61.a91MT-3@EiNIJN-11,9T 149 6'201 ilneMeaqtillgallIqi7-3@ff@thin4i6iiil'A 

i@vtirdvvirilNuiRmintltfiiEn PCR1.10.16--2d1111a11,1,9in`YrnikrYMEY1721014161111A 

TavbrikaA6 COI G11S n-14, IquilfrnuErynamhant-u, 640 tiL'Uff @y:11.6.1i-3.3 570 - 671 

tj1,11ff 1,11NafillAJ171111-17q111@n1A140111.0111q1 LIPZIl1ky,'19,611@kim GenBank 

5.4 imon-agoinLar,laarlsilo 

5.4.1 rnIon-ngauLtar.Trapit01@ininig,nmintEnanEn 

TI-179111@ff@lluzlntrilm-mii-n4ntzirity,-m-TnEn 

V117111-J1J113.1.1Vii@Flala111111:',1911Proll,A110119%) 119 g1']ad-1.1&11111TOLIPZ 75.80 1,I,NVPI 

13,1F111`11f17:',1011,1q11,R-11,1'31,6 38 91-i@EIN 

5.4.2 Wilffill@g@UTialoot27to4uilailLguLainiteim 

vt-ii"-and-Awav, 157 91--2d-11 013,11111R/1-91 DNA 	157 gi'2Ehl LLGI 

glamnifianSivit-Agiumiinntiv, COI daIinluifii0.11,13,11flgl,g1,61,0111i1411i1A01 149 

i1'J@E.111 1,0011-111.11ufivaug-raialpLvianilouvriEm4-161n1-afig101,mifin@ellurivtiqa 

Genbank LIAZ BOLD alanIn7zipPriqi1,91i.ril, 

5.4.2.1 .'11,6'n•ifl17:1_911911qtElliaNJual2.1GenBank 123 9T-1001 58 °Irrtm 18 '314 

5.4.2.2 A*114,71411110117:1_911,gq1EMNIPTU BOLD 108 6-'7@d1.1 56 '11174,91 19 1a1.  

5.5 nilaliEnniimue4avinTinillnoclo 

vin(1`amillfia-nJ15€1ffn-qgLg1.66n6LnalmJimf16G1ig1.6i0uirm6i1.6 col 11149 

9'1-'201 iihti1Na@1nn155aapPrign/1 3 -Tiandinwrinuacill Lni1001-1014, 5 nOu91.4 

5.5.1 	11111.Z.9.0111q1ffNlf160111-1-611.1 3 	.41.14-au 101 G1a0d-N 50 %VIM 17 -1,4 

5.5.2 rmlzyrraNT')Elitay,11,13971E1-1q1111-1-1JTMIZ.1.011,1q9i7EITirli@ap GenBank 

•41.4-ni 17 qi-a mill 12 111191 7 -alfi 

5.5.3 fIllTr.irlIftahUi-f113-194511EYM.111̀11 /1177:',IpcmiaurrgiokliN BOLD 

•411,6-314 17 91)nE11l 13'351691 8 -314 
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5.5.4 ni55t1.0511qIii'3E.Iii11111511f11*1.9V1T1 DNA VilaM955 -11,6')1,6 5 91)0E11.9 

Lfi@l1,14-1Arilifigiel,11411@l41-6 COI iii10011111i@liinAmanniinuitin v19Jril8J4-1.6'-ru, 

5 i"-amiNfilab17.1/111131,1q1"6nei-mailgiulyun 

5.5.4.1 	 rij 	1:r.1.05titQlqi-MittitillerflElA1,6 1.1N1 

Oreochromis niloticus Isc-wribqkiny,Tgioap;iLgumgatInTraorILLQN 

Coptodon rendalli is'NnJa-rnijamrisratital6imi-arynlintrufif14"-lurii-63.11T1 1,31011141qifil 

COI 	 6a:LIN-01 

NanLim.-1/1.31116Mell1VilfilfiT13JUIT16.1.1111.11ANVIIIINI=ILITIJILLI-111J MEGA l."]@i°A-6 

7.0.26 IMA7rig Kimura 2-parameter model 1,4.1a91-.MTINI 5.1 

V1-171N9 5.1 filfrrall,Ninqh.ril@l41q)..11-4'Niii@liffitlitTat.411, 001 toNwiaadilvanERNT 

FNP015 1.1NTriALINnialfaanlallillf.II1J71,1,T173J MEGA Mafifvh 7.0.26 

1 2 3 4 	5 

1. FNP015 

2. Oreochromis niloticusJX173759 0.1351 

3. Oreochromis niloticusJQ742043 0.1413 0.0831 

4. Coptodon rendalli KY454444 0.0034 0.1306 0.1368 

5. Coptodon rendalli UDEA093 0.0034 0.1306 0.1368 0.0000 

ni7ditwoluukArr-vafigUmillalivantiu COI 1N9r1l8Jf1' 111.111ThtitIl1i'11.1 

91--2d-1,1 FNP015 	Oreochromis niloticus 00711 0.1351 - 0.1413 6-rgfrnantah 

FNP015 	 Coptodon 

rendalli OEuilli 0.0034 vri- atit, 91m1:11,11-ifi-m-nu6011161.111-1114-1-6Vr1171111@lilinflall, COI YI 

1,i1:111T-Ifff110116IMLL1111J 1,1,a11.1f1713,4111141111@.191'20.1V13J1Elin FNP015 	 2 

UPGMA IMAin-1IATIATC44`1 1,000 Fii.AAMTNLITnAl 5.3 
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91 

100  

Coptodon rendalli KY454444 

Coptodon rendalli UDEA093 

FNP015 

Oreochromis niloticusJX173759 

Oreochromis niloticusJQ742043 

iVi 5.3 0-11,aq1111,1111J (dendrogram) 11amt-rnuiln Ali-Lifiaf n 

	

	 ilTintynano-inghao.14-iiii 

il-afi§10,11G11J5vanav, col TO.IihnE.11.1110J1EJEAT FNP015 tlaillaiLanJa-nla@n 

11,91,9 ihLII1116611I3J MEGA 7.0.26 

9-monamumannivAkirwiiii-auhlvianuLaT FNP015 ati,1114,nlaa'n-rt-litrib 

(Coptodon rendalli) CO71.6'1Naitailm-a9ffo9Jn19Snm-azyriliiairwai 

ic.91,briga apitiiThq--JoEhlviarunat FNP015 LfluLlw- ilaann., 4.111.61.17nywiTim 

5.5.4.2 irlath.1113J'106n FNP047 In.rgrainlailtyntiY1W11,41a61JN1 

ll0i1L1.111.1frd Mystus singaringan LW-1'111aWr/17:1_,Ilklngl,g1,61,9 4MJN-11.111L1111'11N-IEJ Mystus 

mysticetus fi'111-1191719ffmnfaaiaJimm-nitiviklq-1111-)qlgI61.11ANI_IN'IYfl 2 vrafiCqi1.11 

Inlqaz 2 wadi .1 

il'''3E.111.111,1/173J MEGA 7.0.26 Iqinibrig• Kimura 2-parameter model idle.IN6.1qi'171.1 5.2 
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wilw 5.2 filfriallniT19i1111N4-N1-111761fIgI01,1141.1iM16:416 001 11011g1--]ad-11113,11fliall 

FNP047 liaiLiTU41.1°111-] Mystus singaringan 	 Mystus 

mysticetus MEGA 1,-] +314 7.0.26 

1 2 3 4 5 	6 

1. FNP047 

2. FNP110_Mystus singaringan 0.1742 

3. Mystus singaringan_JQ289146 0.1840 0.0137 

4. Mystus singaringan_KU692662 0.1760 0.1143 0.1279 

5. Mystus mysticetus_JQ289145 0.0157 0.1862 0.1886 0.1854 

6. Mystus mysticetus KF805375 0.0383 0.1666 0.1763 0.1710 0.0422 

TrimlinuifimAiiiillafint-du cot 1v9rilfif1 ]lannheli4,°H,14-1iiJ96-atl'ALT@1,14 

7:r.vri-ilvi-a@d11113J-1211,N11 FNP047 /1-1JLIP1111M111.11V1-) Mystus singaringan @E,t1711  0.1742 -

0.1840 '')1-1,Fi71111.1.11141,11@•141q1-1.11711FigI01,Y1AtTri'llii-3@d-1.11,111-101.N11 FNP047 

1,611EkrrialEJ Mystus mysticetus ny:fl; 0.0157 - 0.0383 VA.11,110,qiilihad1.11,13,11Enn1J 

FNP047 rlinJa-uniuliialtyviummi 5 ilMfi-insalMngillYINVIiInnT 0.0157 611.11100 

nlifiiMIULlqinqh.11111VZ11/11111111,11-119ialLLTUTINIMf1131@ Utifluy,-nhainvia 0.0422 LLaz 

Lii@g-ifi-ityrminnqi-wyrilvii111173,111@,11.1iMaall col iiidnbanaT1.1LWIAIMLLT173.1 LLMI 

frillli3JVh,f210.96@d-1.11,13J-101a°11 FNP047 r11J9.ialumkn1'aion.lalLymri1`laluqi-m11 

UPGMA 	 1,000 A1.41a6;irrrim 5.4 
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FNP047 

Mystus mysticetus JQ289145 

Mystus mysticetus KF805375 

FNP110_Mystus singaringan 

Mystus singaringan_JQ289146 

Mystus singaringan_KU692662 

99 

100 

100 

nivi 5.4 Mili9176LnIULLM-11Frialiarkl.tifini'llV-InfiT-13.illqnqhlain.941AJtiMM@vi,MT 

	

Vit.-m..4u col 	 FNP047 1.A-116110.111riiMMIVIJN1 1,1,110,1 

ii-ani1i110111J MEGA 7.0.26 

	

91flOntiq111,111111 	 FNP047 q111E.1111113,111@liJaiLLTE.11 

Mystus mysticetus gililditlVZ-3@d1111,13.1-101q11FN P047 1,fll,vda-160.1019`21-11N-10 

Mystus mysticetus 

5.5.4.3 q1-1@d1.1113J`106all FNP073 

lrel 1611 Wallago micropogon V1T1T1-111,1J511111,11011f17111F4104911@l4-1q1)JrnflgION191.110.1 

"41,6 CO I luinniqa 	 GenBank Mat BOLD EM13,131n1171EAM,64-A1 

tinfiginilikllAV, COI 11011iN'Ilfi'14-1 3711,140.1110111-600:MIAllVIA114111-M Wallago attu 

olio3,104ny-11,q1,14,fii-'11i Critai-a@d-hrailk111-1T117ssinym-riwrann 

q1-39ffmnnIqlfluazigumiaLlalmbilivilnioyu nkiqiinlifigT@TriqicHAL col Lail 

ir-261.19/13,11LILMI FNP124 

Cyclocheilichthys enoplos °et 	 galialatrrin Cosmochilus 



17 

el 
harmandi 91110Eul 	 (Cyprinidae) lilLaifY)/1-14 1.11116'']@til.11,1J911-3@ffaIJ 

1,1JVM.11,110114iTNITI,ZITlailly11,1bInngENITT1111M11°,1 2 TVA lAnri-191--aod-wviarimaa1 

FNP124 	 FNP124 pia 

iJaiqzrrin Cyclocheilichthys enoplos multn171714801,g1.160111i1q1W1W13J-17flIgarlItit91 

11@l1JP1vIki911,@IZITIY1143 

FNP126 Irirraq@lnr;FilliTiNt114,01,61iNliNqz 

Pangasius bocourti 111131-n%tii.iff14,11`11.Jailun9:anitt-risilmleaia ii flIaJa Pangasius 

conchophilus 	 I.J&-iLer-Inti401Frar194, gfill-v liNTITt.1 2 Vrihrii 

gnytiiraileilon9nwri@linniN 11,13101,111-1aMMVIEJ 

IJaiLenz 	 tlaunl 

Lfim1-14-19iinl 

-afign1n9ivb..19n--Na•uu1us-1lkainvipA9 -i-m-,i.rgfa-ii,qIAL Pangasius conchophilus at; 

4-16-1A-4-)fm@imettivilfi-Ifnum-16-1.1ymvq-uvin173., 14'NN91-1V1-17-11 5.3 

o1151h9 5.3 filf1-3111601119.1-1.11M41911IrmlgialY1411illtalt COI *1.1@lg1'MEil.1113J1EILMI 

FNP126 IJa1LN-Ltuntla1I1A 9i-aLaihiin53J MEGA vaafitit 7.0.26 

1 2 3 4 5 
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4. Pangasius conchophilus EF609426 0.0000 0.0718 0.0736 

5. Pangasius conchophilus KT289885 0.0016 0.0737 0.0755 0.0016 

mILIJimnirinkiquinl-afigioimibuivaraiu, col varilalfrauLahesiv, 

IZVil'119-1-'80111,13J1EJLP11 FNP126 1T1J Pangasius bocourti qti'll 0.0718 - 0.0736 4"alt 

q1713,11,LIJI'N-1,61.1@.14191-1.1fbflgi@lilk.'111-119T-3@fi'll`PUTIERN°11 FNP126 TTIJ Pangasius 

conchophilus mei 0.0000 - 0.0016 4114.191--2d-11 ViallEJLNT FNP126 /11J Pangasius 

conchophilus 1913J1E.16NT 4 Lialfinfrraniqmi-m-ilv,i4muLan 

rii FNP126 fin Pangasius conchophilus Tinqhfi-n3JILVITWINITINIVZ11/1711Jfillkill 

1.1N-17tIffa.r/frallififITI3J1nRwrrillAiiivinmann 1unwifIgnia-atiffe,1 

vamifrnilnillinigramnignccianciaR6i3J 
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Yini'-"J@EhltillnilItirri-MT'Ali-a611143qiialn DNA .-11,11d1A 5 ql--)0E.F1411  

nl-aani-Niii,6Rlan7nlillfiimisarIUM1421.11i1411,1i13J-li'30114/111IZIOrrolfirjrNiullt 

IJN-ifiiiii-rwmarkiii-4,7,1141,3,1i'fl191,6 140 fisisl@riNfivolivirinwrii4,11 

vra-CfirrilInrinlq1,11ffaff14'un'iViirt.1 3 	•411,611,6 9 iria 	Lalatininv 

4-iiinl-fiCallihN'h cot frii@Ed111-1.4.10VIT.Iffe.13J-ILIJ101.1111E11.1 IN1J1-111:1 9 9"‘NOEhl 

flin-Mnrirrallainlivhjaintlia341,a1m-mnitigwri ql°"'"dadllVilYIULN1.1 FNP011 FNP029 

FNP046 FNP113 FNP065 FNP106 FNP117 FNP153 Liaz FNP155 

g-rgioviim,6alulnlimnfiEruirtanigluzyna'atirgiriErnhlriaiiii-aati-agnIuliET11.3j 

giann-nryinIqUiumu 311,11Elli'ME1111A3r1EILN°11 FNP011 fiff-13,111r111:1411111M'IT14-T11411,1Z. 

11 	 6'0 liairmiur gmilii-2E.1-dlunludLaid111.1Jiwiiilurnvil@3e11:1 

ff@lLfwAanAnrilfirnmEN-1114-141i11-filgl@l,M1.14).3-1wir@ITINLL9inISVIMIXOUannviiaull 
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111111111111111111111111 
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01111111•11111ti' 

FNP003 Oxyeleotris FNP004 Oxyeleotris marmorata 	FNP005 Puntioplites proctozystron 

marmorata 

FNP006 Puntioplites proctozystron FNP007 Osteochilus vittatus 
	FNP008 Osteochilus vittatus 

FNP009 Osteochilus vittatus 
	FNP0010 Hampala dispar 	FNP011 Hampala dispar 

1111111111111111ftim 
	

111111101.11.111110WAThi 
FNP012 Puntius brevis 

	 FNP013 Osteochilus vittatus 
	FNP014 Pristolepis fasciata 

FNP015 Coptodon rendalli 	FNP016 Cyclocheilichthys 

armatus 

nivif  5.5  LIalvilmin., ilkiyaviulti,9:anahl-illki 

FNP017 Labiobarbus lineatus 



FNP018 Nandus oxyrhynchus FNP019 Ompok bimaculatus 	FNP020 Ompok bimaculatus 

FNP024 Macrognathus 

siamensis 

FNP025 Chitala ornata FNP027 Notopterus notopterus 

FNP030 Pangasius elongatus FNP029 

FNP031 Channa striata 	FNP032 Channa striata 

5.5 ((ia) 

FNP033 Trichopsis cf. vittata 

Wolf 

4.11 Olo 

11=111111111111MA 

FNP028 Mystus mysticetus 

4011PPOr 
1111111111111avi:- 
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1.1111MIMMIlla 
FNP021 Phalacronotus apogon FNP022 Xenentodon sp. 

(N011 

1111111111=11; 
FNP023 Xenentodon sp. 

FNP osp. FNP 031 
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filliti111.1!7 	' 
- ii I  
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FNP037 Amblypharyngodon sp. 
• 

FNP038 Clupeichthys 

13 - 14  

• 

FNP039 Rasbora borapetensis 
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FNP034 Channa striata 

••••• 114 	15 

FNP035 Crossocheilus atrilimes FNP036 Osteochilus lini 

aesarnensis 

0 

L 

4111111111010, 
Friroai 

I 2 	I :1 - 	I I1 
I7 	l• 

FNP o140 

FNP040 Rasbora borapetensis FNP041 Channa striata FNP042 Osteochilus vittatus 

Fre 0115 

FNP045 Henicorhynchus 

ornatipinnis 

411122 ;t:  
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FNP046 Hemibagrus sp. 	FNP047 Mystus mysticetus 
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FNP044 Systomus nubripinnis 

FNP048 Channa striata 

znif 5.5 (q10) 
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FNP056 Mystus bocourti FNP057 Kryptopterus cheveyi 
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FNP049 Macrognathus 
	

FNP050 Pangasius macronema FNP052 Pangasius lamaudii 

siamensis 

FNP053 
	

FNP054 Mastacembelus favus 
	

FNP055 Mystus singaringan 

Hampala macrolepidota 

1111111e-,. 

FNP058 Acantopsis sp. 

FNP059 Clarias batrachus 	FNP060 Puntioplites falcifer FNP061 Clarias macrocephalus 

FNP062 Cosmochilus harmandi FNP063 Pangasius lamaudii 

11-1111 5.5 (yin) 

FNP064 Pao suvattii 



FNP067 Barbonymus altus 
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1:5 	1 ti 	1 7 .  
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thynnoides 

FNP071 Ompok bimaculatus 

FriPoi/ 
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11r 	18t 19 

01 . 
FNP075 Ompok bimaculatus 

FRP ont 
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14 L5 L6- 

FNP078 Trichopsis schalleri 

--4111160111111." 
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11 	15 
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FNP076 Macrognathus 

siamensis 
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FNP066 Pseudomystus 
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FNP080 Xenentodon sp. 

-14 115 Llr 
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111111111111111111111111111 11111111111111111111111111•1 
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FNP083 Barbonymus altus 
	

FNP084 Cyclocheilichthys enoplos 	FNP085 Parachela williaminae 

FNP086 Esomus metallicus 	FNP087 Esomus metallicus FN P088 Mystacoleucus 

marginatus 

   

Fill' Ott 

FNP089 Mystacoleucus marginatus FNP090 Epalzeorhynchos frenatus FNP091 Parambassis ranga 

PIP 013 

110111.111.11.111111111111111.111111111.11.1 

FNP092 Parambassis ranga 
	

FNP093 Puntioplites falcifer 
	

FNP094 Cyclocheilichthys enoplos 

FNP095 Nandus oxyrhynchus 	FNP096 Epalzeorhynchos frenatus FNP097 Hemibagrus 

wyckioides 

inrifil 5.5 (qi@) 



FNP098 Trichopodus 

trichopterus 

FNP099 Bagarius sp. FNP0100 Hemibagrus 

wyckioides 

FNP104 Mystacoleucus marginatus FNP105 Puntioplites falcifer FNP106 
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FNpioi 
III 	

110 
91.. . .4r4+ 	'444,24 	41 49444411.1111 

FNP101 Parambassis ranga FNP102 Mastacembelus favus FNP103 Mystacoleucus marginatus 

FtiP ten 
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.•;1441111141%11111' 

2 	......44,kaL,11,k 

FNP107 Phalacronotus apogon FNP108 Phalacronotus apogon FNP109 Hemisilurus 

mekongensis 

FNP110 Mystus singaringan 
	

FNP112 Bagarius yarrelli 	FNP113 Hemibagrus sp. 
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O11•5 
INI,!!!!!!'77:!91111111111)*1111111111F1111111H1111111111P1/111111111111111 
13 14 	1 5 18 17 	18 .09 210 211 

FNP121 Puntioplites falcifer FNP119 Poropuntius normani 	FNP120 Puntioplites falcifer 

FNP122 Anabas testudineus FNP123 Anabas testudineus FNP124 Cosmochilus harmandi 

'0 It 12 13 14 15 16 17 18 19 20 21 
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1.3 1.4 115 VG 17 118 110 210 21 
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FNP127 Barbonymus 

truncatus 	 conchophilus 	 schwanenfeldii 

-‹*°417,1111111111Mow 

   

   

      

    

. ,41-41-tizttilKtIzt 

 

FNP128 Macrognathus 

semiocellatus 

FNP129 Monopterus albus 
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FNP149 Hampala dispar 
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3 Nandus oxyrhynchus limlaril MK448084, MK448149 

4 Hemisilurus mekongensis 1.1a16.1Liql MK448161 

5 Belodontichthys truncatus 
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7Z;11511q1ih 4i-114all'it-1111,619(1E111f14, ir-and-mtian.4-iiflainlalangiltzymnairm-lr-rwri 

Fauti-ra Vina_41-Alainlrmralaailtrrannilunin-npriULNad14 unnv-indn-niuqica 

1:imaiazaTuriu qii,610-rintlan,an-Rvilu-rannpinia-LiwinnlaJ q1:111),L1-117frnwila-h4'nEllt:', 
x el 

frnaniaiMil1ULTSIVIUY161INNIUY11.1-11-61-iinJa-mirimmun9:3J fl-R&I@1@lirucp-aul-ra 

•-ri.1-altaJimailn1ifil.nufiqa.nralasivia-vnaismuytman 

kiviiin-nntariliU191E1CgltlaatualtlIzRyi'irnallq.a glanl-nqi-ILf.atn-171,Aiarq--andl.9 

140F119,111-111,6111711Jui-a tazo-NaiiI4m.11,aiim111,14T-aatilanu (non-invasive) 

flt-u,n-michkrvunc6.1,-iNhaihi-Tim PCRU-11R0rinu iLaniNgianlmf,lanliannolLgaun 
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Vint-uAwriLinnUT LLazfikifiVo 

14,14,9 1,1,111 WIT@ kliN L ri a tianzIVIVIM141-61M 	 9 
qi-a@d-w viinItyrra-irlmvaielgu@nvinit 	 mtu-n-u-nlvii@diaiougli., 

61.11T1111194f11711'1051191T Nil 	RA1110.1-1,rm wm-al 	nalvit"wrici 

iNi1111761739tozifniii-and-Annumn 614q1-1111711f1-31*-11,11nr1177Virrilqii') 

ii1111111'1E11A-111ill 91''') Eftlilf171.11i-nd, R13.1171-17ZTIliVi,Apkwurmi'nov7u-lynAlg 

LvinvfluninhtmErmnhgantliinnai 

1,1,111,914@1,11R-13J11f17:.'irIllq11.qillilaqi0.11111I1119ROW11111-cp-Tu 

qi-auCgmagiell.1 unn9irni L.WeiNn-n-aluinaplifiInvflannlmi-m 1i3nrillem 

Cg1,61,01r1i16111,619111,ilemi@LJNg11.9 

qin1.11 lurnAnwif14.111,1,*-101-16034110V111-11111IITAffnULL674-rwrg 134 r 

GenBank 	1 1,6 714 all'UlJu  a 6 °VI 9-in 6 VilallthrilOOMI 

1,11411intdil COI 	 GenBank anrin, 

6.2 daiiMoluvia,311149:adirwriloon-N,aarnasmif.touom.17r.matlio 

v-Inlynall-nuantlui"-a@d-knin-railq1,1trinlfillA U11'1111.1 1,a1q1,11,1-]°"q1,43f171141-63J 

16q:',@°;IVii-MIT-N111,117 VILIIIN111.1113Jq 69 11176q 19 -Alf 	1) -AFT 

Ambassidae 1 'Iraq 2) -altif Anabantidae 1 %VA 3) -314 Bagridae 6 %Tim 4) -mpi 

Channidae 1 11`aq 5) 'lifiCichlidae 2 VIZ 1 6) -3 	Clariidae 2 °ISM 7) -],w1Clupeidae 1 

111-491 8) -).191 Cyprinidae 27 Visa 9) ')1F1 Eleotridae 1 Tag 10) 'a Mastacembelidae 3 

'Iraq 11) -J4i" Nandidae 1 Vri,q 12) ']ligiNotopteridae 2 °MU 13) -)1140sphronemidae 4 

%VA 14) -Nif Pangasiidae 5 ISM 15) -)14 Pristolepididae 1 'iraq 16) 'aSiluridae 7 

Vilq 17)114 Sisoridae 1 `1111q 18) -N9T Synbranchidae 1 151,76q 19) -"alif Tetraodontidae 

1 Iraqi 

•4-114,-nt 270 °Iraq olfinvvn.ril 

Lartrul-qat , 2555) VVIT4111a111,6dilinrnlaig.wmUq01,6d14-11-6-rg 125 'ISM 
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(ifiiminin59-E.AmTiv, 13J1.61f11111MVA111, 2548) iiaz 
11461A1 L n Lalal i.IVii-q11fiTIA1113J -11-6T11 52 'Iraq (a317616171.  LYIEIdfi551J unzveylilAaf 

Ftio-nai, 2554) 9Z1,1/11,611'4111TIVISIM611.119,111111T1141f14'AfieW1111111:0 Lii@lihtlfliJINJuN 

fialqflaVIMIT1 llin19-InTaumniAnwiapaug-n-avdmfialn-nliihziEnnt.nqaent, 6-1,1 
jaqhymonitiNvil on-rnhnswilEnnl-larrinulmaw 

4-npmt, int:qa-mawri"-ALIny:LNIJ7r4-1 



1.11111 7 

Long-nial 

If15M1lfl16T1 19E111111-111 9:1111'1fflfil`18J 1E14A11. 2548. 11461g9JN-11119:11Y113J : flY13,11411f114110.9 

911,6Vi'll1N-1111111%1M111g101-1A11. 	Ifmirn7av,itTni.Liatlith-zIEnrafrn3J 

LuVri, 	2555. VI-1-141.1N11,634111111qUI4d1.1@invilulfl-rufi.n.hrnsu. 

api,tityi vdE1 r7u ILazveriiitiEiFfiamai. 2554. ni7417-min.nala-Alti-amIin@llokal 

nrht 1111°11q611,110131a.1 	 717R113JW-11Y1E114114M7V1113,1, 1(2):16- 

23. 

91@n6ilk11-61\179911n1wrif. 2556. gIg1,131,@1.11ii?lq111-61.1alimr,rinnJ72-,Epili. 717g-171-1,LIFM 

I4VI1'1, 6(3): 174-184. 

191-1g 11-rminviaiwn{ unuwn51J-1141/41M115114115. 2557. 61igI66MJ-4691i1Non-MiLiun 

`21V1419JaTall@q10. 1,11-114,1,1194917, 42 (a9l-1.11N0;1W 1): 742-748. 

IJ-1146nv18J8Jn6Y15 	9ti611i191. 2558. fi-plYIIMT1VialEllmJaluzfri*Lt.un 

7silqiquVisligumniT4114,11"-Ninu-n.ff-n-74 9inn16LnAlls- iirp-m 9-11A-Nvgzun. 

1,1,1-1161.111_017, 43 (aLliJVILVN,  1): 542-547. 

q191-161  thuvninawrif, 10.411.9 915daltfil Liazuwni 1J-1ti61nv18J8Jur5 2556. 11-1111661,13111111q 

Rasborinae 12 Iraq IqEfigligUlailli161. uriuirnon., 41 (all 

Itil,FI9J 1): 459-465. 

11111VVITI3Jr1Wilf, 1116Ml1 MAW LIAZI-69,111i 11-11-61,171,11131,04. 2557. gLgumniifiq 

llq@f1-11111,1.1-1411511919iN119 14 °ISM.717g'115iblIff111-agil/1171.1%1A, 8(2): 20-30. 

1@tig 9JTI6INTIA3S111115iLaz.Fiimd 6-au6all. 2557. gig1,61.01.1-1fl61114@fr11111,6111`491 

tla-awhirilJnInvliqn7nAs uvrilrEniVIAIZLErl. 717g1716L5inTIAIZLE.11, 7(3): 

226-232. 

ft1215911.1. LtigalEargai, 	 quNfril q1-6117T911111PrlIt-Mr1111:ETIA, 

2550. TrngtnwiatIInmrrnqi-IAyg-auwwryiufiau,n-mc,-ititaonLanlLvva'o 

qnwinrilmhzirftlym. nvirvv9. T17119J7Z8JNI 
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cao- ra qua-nn, 	quirinn 11ag,19,1-1T911-1, Amyl. 2558. finaniflinVti6Glm..1a111.6 

1111161/11017, 43 (ailiriAlong,  1): 609-614. 

WM174 FiTuzalvf 	 a-17-m1. 2554. eagUlainilii1911,140111711:10191qTal 

R\151`Y191 /17610f1Y1: g1-1, Cytochrome c Oxidase I (CO I) '116a-iii 717F-17 

3JIATIYIE.1161171`111TD3JVilg'17filaJ, 6(2): 205 - 210. 

um-,einZwri q-antuTnil 2556. walanin-mmErnmfan.la-ilutak 

uriumwm, 41 (aliuciLow 1): 116-122. 

@3,17111.1 6@ll@NIA1 um.'1A177tuv,i7 rpm. 2554. fi-nanmirrisilmio,nia-avathi-m-ra (LIA111 

MinTUOIDATI:01-MailMt) 9'.116V6n1e6. 	 M1111 49 (Vki 

454-462) nilLY1113JVI'lltf17: MITTY1E11NIRT114911WINIl5. 

A'unalfil uag,-Lorrin walk 2553. frY13,Mirriscornutlai1u0ant,arrYi 

Trinamllanuicainhamtvg) 1141,11q6iinminmg@ i:ivra-wa-m. 131 n-n-ihrlaJ 

-1%-m-17 f11f11  48 (wt-qh 415-426) nilLynAnni-rum: ayvri-IrmaInnwmiriggif. 

Folmer, 0., Black, M., Hoeh, W., Lutz, R., and Vrijenhoek, R. 1994. DNA primers for 
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