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1. 2X master mix (Thermopol, USA)

10X buffer 2 lulnsans
10 mM dNTP mix 04 lulasans
5X Q-solution 1 lulnsaas

250 unit Tag DNA polymerase. 0.1 ‘lulasans

E 1)
1@111151919710 nuclease 6.5 lulnsans

2. 2X master mix (Vivantis, Malaysia)

10X buffer 2 lulasdas
50 mM MgCl, 0.6 lulnsans
10 mM dNTP mix 04 lulasias
250 unit Taq DNA polymerase \ 0.2 lulnsdas
{Aarinls1#910 nuclease 16:8 luTnsans
3. 5XTBE
Tris base 54 3w
Boric acid 27.5 AN
Na,EDTA 3.72 N3N

PR SN o ) U a o (e &
winhndudlazanliithuiia@erdy uawimsdsulsuesasazaiedlu 1,000

naaas

4. Cell lysis buffer

¥
asasaswiian1en Al

10 mM Tris-Cl (pH 8.0) 500 lulnsans
1 mM EDTA (pH 8.0) 100 lu1n5anT
0.1% SDS 500 luTnsans

b1 8 1
H11911597970 nuclease udwanldidhudlodoaniu mimintinsUsulsuns

Arsaraneily 50 Haaans



X | 2008
Nae |
Sca | 1890 \ 2707 T7
1 staft
1 ori Apal 14
Aatll 20
Sphi 26
BstZ | g;
Amp’ Ncoi
P POEM*-TEasy facz BstZ1 | 43
b Y Seen (P43
{3013bp) EcoR1 | 52
Spe | 64
coR 1 70
Not | 77
8stZ 1 77
1 Pst'l 88
ori Sall 90
Ndel g7
Sacl 109
B5tX 1 118
Nsil 127
141
56
'PGEM®-T Easy Vector

T7 Transcription Start

5 ... TGTAA TACGA CTCAC TATAG GGCGA ATTGG GCCCG ACGTC \GCATG CTCCC GGCCG CCATG
3'... ACATT ATGCT GAGTG ATATC CCGCT TAACE CGGGC TGCAG”CGTAC G]AGGlG CCGGCHGGTAC

T7 Promoter

Apa | Aatll Sphl szt Neol

GCGGC CGLGG GAATT CGATTS
CGCCG GCGCCEIC TTAA GICTA
31’@5“&, g iy eraalY

Spe)
BsiZ | P B3t |

(cl b inser() ATCAC TAGTG AATTC GCGGC CGCCT GCAGG TCGAC

SP6 Transcription Start

CATAT GGGA GAGCT CCCAA CGCGT TGGAT GCATA GCTTG AGTAT TCTAT AGTGT CACCT AAAT ... 3
GTATA CCCT CTCGA GGGTT GCGCA ACCTA CGTAT CGAAC TCATA AGATA TCACA GTGGATTTA. .. %

I " I J SP& Promoter
Ndel Sact BstX1 Nsi§

P Ao o g
NN A-1 BRUAUILTUDIARUIDNIME pGEM®-T easy Vector

(Pusan National University, 2008)

FTTAGTG ATCAC TTAAG CGCCG GCGGA CGTCC AGCTG
i s |

VATIVAGSEA

LEY TMADGIOA

96
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myienzanmanrawmaiugnssuluuSnudiy ND4-NDs veadaimigu
(Amphiprion spp.) MMATiA PCR-RFLP
ANALYSIS OF GENETIC DIVERSITY IN THE ND4-ND5 GENES REGION
OF CLOWNFISHES ( Amphiprion spp.) USING PCR-RFLP

o

a3fis Senana’, gm1 yyAnd®

1. Tassmsdudadne awinsmanitusdey auginoimans uniinandoyint 4 w3 20131

2. mAinTiine ausinemaad sminodeysm v vays 20131
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2. Department of Biology, Faculty of Science, Burapha University, Chonburi, 20131, Thailand
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unAnLe
Joniumaianwegdiinoiuiiunumdnguazinmlszandl9fngn numanaion
Fugnssuuamatidyiavesdalidiaduadunieene  anfnyrnsmanraemaiugnssuluszau
o =3 ' o a
Uszyinsvealaimiquanuiuarssausiiassnnainisgu 4. wia  (dmphiprion  polymnus. A,
¥ ¥
sandaracinos, A. ocellaris 0% A. percula) TuaiaiiiinsinzuSutu ND4-ND5s vealuInaswaion
. ¥
aduednlfnien pCr Taoldg Inswesiumziesatuuiulvi (ND4-L2NDS-R2) dsingirldnanda
a " w < e A ' A o a u oy a o
PCR filvinammiduluidaimsqunneiia Ao 895 fua  uanilenanands PCR W lAAImsanindy
# = 4 e 3 v - ¢ o ]
ou'lwil BaC! nag Ddel Ui inggiuudwuweniinnuinmziuriavealansgu ua iiwuanuuandis
] ¢ y A o w ¢
vasglunvdisuenihalszains (=200 weulamiigueiuiiedadimeulsl  BACH,  Ddet,

BuCl+Healll Uag Ddel+Healll

f1d1Ay: saddleback clownfish/ Amphiprion, ND4/ND5/ mitochondrial DNA/ PCR-RFLP

umi

Uszmalnelinsdiesnlamzadsaiamasouniiudumdmieiidnlsammduyanmate
guum Fedamidquilhnlamenusianilfifdduasann vas lEuamiiovodunsva il
damsguainsssumdgnanasuiuilusnouun (gule $augins uazamz, 2548) danaliuou
Uszrnsveadamiguaiiedns 4 araunnauioudinizingd lasinmeoddalamiauendh
(saddleback clownfish; Amphiprion polymnus) ”?GL‘ﬂu 1u2 mﬁﬂﬁ'wﬂu‘nuaﬂaéﬁlm

Jarmiguidhularfignineglunseuailaradaiu qnms gnimdes, 2542) Tegiu
tamsguluuounmaynssula-ul$ia fivianua 27 il iiluena Amphiprion Wazana Premnas 80 1

= 2 o =g 3o & <t vd oa
yila Fednvuzilyiwunlarana Premnas 0809 0N Amphiprion fie mstivumvnalvgfivsion

9" National Grad Research Conference 14-15 March 2008, Graduate School, Burapha University



DT INGH@YEY T AT YLD B DY W OIS ATCH 9 GHT 14-15 103/ 2551 RIRQOHENGY M9 @w;@fmﬁm

1 < o o a 1 @ @ . =
18an ed1lsimmdnvazdugmwinnmeusnlurniveeuvesdaimigud hisuwsouenyiineenain
o MY 1w . ¢ ] . s ' PP
Au'lfedadanu wu amisaudunna (4. ocellaris) nazlamsguinegat (4. percula) NigUuLLLDE
o oa = o =t e A oa H ] g a ¥ T 3 = [
dulndifivaiuinn Tiflsaouddiidaiulug latuiovealmmigumenauiniuiiensouwen
Y ¥ v @ axde o 7 Y < = a A &
aenvIniu 1A (Allen, 1974) AniuIsndwunyiiadaimiguldedusiaiilasmsnuluszdudusun
doyalussdviugnssudaiinsnssunaiigndes danu swdhnlsz Temisdndidmiumsiants
ninmnasuaznseysnmidaimsquueine
= Y o ar =t = d - Y
nsfinedoyaluszauiugnssulasmwizlulu Innewassafoweiiseau Bedranning
(Cameron & Whiting, 2007; Jonniaux & Kumazawa, 2007 (182 Ponce et al., 2007) tazWuiianunlsiu
a a =) =l o M & A Aa 3 [
nnluszavudszyins Taomwiz TuuSutn ND4 99 ND5 (Miva etal) 2005) atluduineiveany
nsndandenuliiueed dwuiinglelnd liTnaowasdafemeliensinmsiinddauimsgani
o a oy d ' ar v ' Ty oA @ . v
fundesadueuazmstwmeaiugnssuilumsnmeadnmani hidanssauiugnssuandheread
1 = a da g g o a P ) o ' ] P
anniniundeialduei Ihnanwadoqiuazwad 1 (uns dsuaidana, 2547) lunaewaiead
o o  JFoto a8 A A\ a ° @ s =t v
wueveadadliswauiing lelnanamuel sz 16-20 Alawa SwmdudamiguiisisanBmwalm

2

MFgudnuiiiuag 16,649 giud (Genbank sananaay AP006017.1) dwuiiand leInasewnhauiion

ND4 fia NDS Hvuavianua 3,245 giua gaiitu RNA™, RNAT " yag RNA™ ™ Auet (Mabuchi er

al., 2007) ttazdaemaila PCR-RFLP (RFLP; Restriction Fragment Length Polymorphist) -1 1915 an3 niu
wou'lnidsfiunasadwudiduiong o nded s umedaib e nsindumsiignaailiidai
wanHaitvesFutLAGe z’a“nym:w?agﬂuuuﬁnﬁﬂ?fumcmﬁqmnmnéudmﬁt%‘umé’wa:nﬂia
waddn Ins S azinausumefusiansoiinnmuansisluiwazdseduinnuiedduiangTe
Ulﬂﬁl.mﬂ@iﬂf‘fu (Chirstian et al., 2000; Klossa et al,, 20027 Moyses & de Almeda, 2002; Miya et al., 2005;
Alam et al., 2006; Zang e 4L, 2006 {8 Hsich et al,, 2007) Aaulumsdnudiielfnquszaadifednm
AUMAINHAWN RGNS S5 LV MerTaveaaimisau 4 wiia uazmolulszannsvesdaimigueiuth

TavAuAuluuSseni1301 ND4-ND5 we4 lu Tnaowas safiovudmatin PCR-RFLP

35n1Inaaad
(o ! @ = o
1 .faeehauazmsanadicie
froonlamiqudnna . ocellaris) Ya1msauimena (4. percula) nazlaimiguauids
3 o Y '
unady (4. sandaracinos) {Hmlaimiguinduwaz 1dfunnuewnsziviniu dunlaimiguemh
(4. polymnus) 1Huf186199 1055 70908 luuSnamyinzuaums 1. vays uvndedn ldfunuepns iz
s & ¥ & o "o ' o ! ¢ Y o
p1nvhisu Fensrlssuazninhuvnisdamsauddiunainanenlne dednlainigquldiia
¥ ¥ 2
ag 3-5 At uadmivdaimsguenahldiimua 20 dedn adad Tuidndduevindieweusiuasy
o 4 w 9 o TR | ) o a i
waigainuine I lueniuea 100% waannszmaeniueauds dmiiede i uauan @y Extraction
Ed
Buffer (0.5% SDS, 100 mM Tris-HCI pH 8.0, 80 mM EDTA pH 8) 21N UIAY Proteinase K (100 pg m]']),
Y &
4.5M Nacl udrafadonaslsvesy mmiuanaznoudidued monuea (Miya et al., 2005)

¢ B = a
2.n Tf@aﬂUUU?WjﬂJaﬂlﬁ;‘fﬂ ]ﬂ]?lWﬂ?‘ﬂ)Uﬂuﬁlsulﬂ
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senuuy Twswesimemuimauszniu ND4-NDS Tasdududeyavasdrwumausnu
o Ada & e <4 LU X =t
ND4 ag ND5 mnlamasdadidiaau q almsnsaumsanswaziuindeya 13 lusumstu
EA F 1o d i 7 “
(Genebank) 1au14T1/51n3% Primer 3 (Rozen & Skaletsky, 2000) fia0we Insieinieanuuufe ND4-L2
oy NDS-R2 Ui 1duuadifl $-GCACGAGGCCTACAAATAGC Hae S-TATAGGGCAATTGGGGTGAA
¥
sy Insweitdunszd laguSuinmenyu (Invitrogen™ Life Technologics) Witlfiisuiaers iy
USiassan 20 lulasdas Mlszneuday 100 mM Tris-HCI; pH 8.4, 50 mM KCI, 1.5 mM MgCly, 19a1@y
100 ug ml”, 0.2 mM dNTP, g 1nsiued ND4/NDS 861382 0.5 pM, Adwenl3u1ar50-100 ng ay 0.5 yiin
Tag DNA Polymerase (QIAGEN Inc.)
1 [l ¥

Wl§iTenfigeisdail Sudy Denaturation 94°C (a1 3 il samiwinl§asedn 30 sou
TAuI5191n Denaturation 94°C 1Tu13a1 50 U1 Anrealing 55°C 1UMI387 40 3179 tla Extention 72°C 11y
1981 70 UM Extention #i 72°C 1flunan 10 il tdaitlndneaiderin ldasnaeuguamluezmismea
Taol4 1.0% Seakem® LE Agarose (CamBrex Corp) 1anuaadnd 1 80 Trad amniiudendoe

& e '3 ¥ v ik y ' 9 ar A a o =
i@y Tus lwaanududu 4 pg ol udniwsalildeanwlduadansi i TemmnoguavAdueiiling
Y o & 14

udniuninninl’

3 .Alpaudnddue msmawuaLazMIRAUENIY

A |

o = -~ a r‘!. & s 0 [s
umaﬂwawmm{mmmnm ND4-ND5 'ﬂLWU"U?ﬂﬂulglJﬂ'lﬂﬂ'JaUNﬂﬁ"lﬂﬁ(ﬂllﬂ“lﬂf]t!ﬂd'gll

2 <.

(A sandaracinos) W Inaunazmd g Taosunmhrdanaideorsu i liusans lnoldyaTins iz

Y oo -4

d15931 QIAquick PCR Purification (QIAGEN Inc.) ansAinunzihlnsusindndn udnsouaeiv

u

¥

Waaiin pCR®2.1 Plasmid (Invitrogen™ Life Technolagies) i]mifummzfﬂai’umqwaﬁs%ﬁﬁ’m E. coli
TOP 10 udrfadeninouduuuiaunlavlfisunagdunazatanaraiiadiduie Taul¥ya QIAGEN
Plasmid Mini Kit (QIAGEN Inc.) 35 s aduaveswataiiai 1 fuussnensu (First BASE
LaboratoriesSdn Bhd; Malaysia) @ autfaimiguainii (4. polymaus) s1ud1sumualavasaninkinna
ﬁc?fmi'ﬂwﬂifuﬁﬁagaa’ﬁumamamda:ﬁmdnﬁdm 2 fimmanlSsudfisunnumiieunazasndoy
(NP AHAE IR U a8 ND4-NDS ludaimiquTasTusunsy Bioedit version 7.0.0 (Hall, 1999) uaz
BLAST (Altschul et al., 1990) A14d 1A

¢ Snedmdunmiaaimanzanvowdanaiders

ileyamAutindle Indvesiiediala1nmiqu 4 sandaracinos Was A. polymnus MR MLS
Faefaidonisanindueulmfluuine luTnaounisadiduevesdu NDa-NDs TasldTisunsy
Webcutter 2.0 (Heiman, 1997) Aaidon &ioulal 84Cl waz Ddel mi%ﬁnmﬁuﬁaadnﬂmm{q}uﬁq 4 %iin
drumsnamusfussduiugnssumehalssannsvenamdquonainiuiunisdadae Haert
3n 1 eulaniswiunis 1ieuland 2 wiiadns 1wy Ao BACI, Ddel, BuCl+Healll uay Ddel+Healll oy
ﬂﬁﬁ?mmiﬁmauau"lmﬁﬁy@wamﬁyﬁﬂuﬂ?mmmn 20 ul Falsznoudo nanda PCR Yszaal | ug
wou'lwd 10 yiln (New England Biolabs, UK) Ua% 2x Digestion Buffer 10 pl ud11u'14# 37°C iluiaan 3
1T emfuhdudauigndenmimsuendaosionns Wi Fa 1ao1 2.0% Seakem® LE Agarose
(CamBrex Comp) 1A 1muaradingnih so Taad Wunanlszinm 2 497w 30 wrft mnubondas o

a o o 3 9 -1 14 =l =1 oo o« [l =
niRon Tut ludnamududu 4 pg m” udwSouiougluuufBuevenlaimiquuaaswia
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namInaasazenlsiswanianaaes
ﬂmm%’auﬁd 4 %ilq (4. ocellaris, A. percula, A. polymnus UDE A. sandaracinos) TUITOUNY
$uudldueuine ND4-NDs Tul§isnRdersiiie 4 lnswesheanuuu i (ND4-L2 1az ND5-R2)
TRuvnamiinudie 895 guua dweadluamil 1 Faudunadions Tnaurazeudwumaludaimsgu
BuRouRIdY (4. sandaracines) wazanaaviiind lo Indundiuvesaimsqueush (. polymnus)
Humsedduanneanaaiianis lasase movasnndamonyiiaveusaninduey lnintiuin
o oo & = U L o o e ' ¥ A o = o ates L ¥ o g
st uudeutang 1o Ind lutlamiaesriaaina 1udl nuduloanndananiaiido199 10U to B/l
! o o : 2 a0 q P
Az Ddel WuAINHANAYBIZUNUVADWEIznnfaImsaua 4 wilaTudedis 19 BacT jluuuFou
'y o as = d ]
eiunzndwalulanisqueninlsinggluuudowenoudy 4 tou (vl 129, 207, 274 uag 305 5
3 a = ¥ a2 g i 4 1
wa) amsguduReunsdudsingglaunfoueidy 3 uou (129,205 way 561 ) Uanisgumega
o T i
Usingguuuudiauedy 3 ua (129, 178 uaz 570 grua) dautlainsauduuail 3 uou (129, 178 uaz 588
' &£ a d e o ' ' Y A = a g v =
A Flunmaduehlivinamnndi 100 guiadsing hivanueniennnndinamdueiosdu
- ad - & Ay LA anyy o o o . - - o A\ q y
wioomilumszdiduedudy q ihuaifenand Iissnhdidueduiivnini Tuiweaderdiield
u'lml Dael TwdaninusnsilsingFanu 3 uau (176, 193 uaz 526 gua) armsgudndouaidu
= o d o 1 ' ™
flunuAdued iz 3 1o (176,193 naz 406 fiud) Yaimsaumenan)singuavudd uiedani 3 uoy

(158, 240 uaz 335 gua) dwtlamsauduuninouRiBuedunag 2 uat ( 369 laz 460 guue)

1690 bp

soobp

1 = g a = a '
Al 1 uouADWeveIHaarafF 15 uuSin ND4-NDS vu1a 895 fuaveslaimiauuunasynlsa
1% 994 1-3 fio a1miquodi (4. polymnus) 584 4,5 fio Uaimigududouasdy
(A. sandaracinos) %84 6, 7 fg UaINTauduu11 (4. ocellaris) waz¥ea 8,9 Ao lanigumona
Ll

' = d aaa Sl ot o ' a
(4. percula) %04 M fin ADWBINASFIU Y1IA 100 bp YFATe1 PCR Aruaui TufiAdueriu lida

waana (lilduaaana)
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10 8% bp

$09 b

€

< = m \\. vfﬁ\)w ¥ ¢ ' i

Wi 2 giluuy PCR-RFLP TuuSnar D4\§{§sm:m anaaeow lanl BACI (83 1-4) Lay Ddel (7049 5-
8) veulamiiqu 4 ¥ila %04 1, 5 Ao Uminiguensh (4. polymnus) ¥4 2, 6 Ao laimigu
Suidonasdi (4, sandaracinos) We4 3, 7 fio UmMIqUINGRaAT (4. percula) (1703 4,8 o’

Y guduu (4. ocellaris) d8a M Ain ADUIBIIATFILVUTA 100 bp
A

\\> \

7\ 8\ 910 11

12 13 14 M

freee

5S¢0 bp

300 bp

i

{

100 bp

(A)
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1 iz M

1
!

ATW# 3 3uuuy PCR-RFLP Tiui51ao ND4-ND5 vealaimisgueuihluudazdiedaniends

ARPY BfiCH Healll (A) oz Ddel+Healll (B)

dwmfunmisamnanmunlsdunaiugnssumesludszansvenlainiigueud (n=20) vuile
SadiB AR S IuUTIN NDANDS Tundazdaetiedation sy 2 wilasauiu Ao BACH Healll uay
Ddel+Healll wudumuﬁﬁmaﬁﬂsmgmwﬁaﬁﬂﬁw BfuCl+Healll vola1miguemiinnaledail
sUuvumiiouilsinguou@duedman 7 unu (vieilszia 87,96, 111, 130, 143, 180 1o 259 guua)
Fuaalunwdl 3(A) (uama 14 $0679) uaseuReafuiun1sdad e Ddel+Healll juutnifduendada
‘hinansrafiulundagdloing dodninglovdduedudau 5 uou (vuelszuw 60, 165, 176, 240

way 286 FIua) teradlunIwi 3 (B) (uead 12 A1981)

- /e i iy A ad ¢ e a
nan lagagy lwsweinesnuuulwiluasifiannsamsunisfdueve nlaimspuis 4 vie
ANy (A. ocellaris, A. percula, A. polymnus W82 A. sandaracinos) 1Rvnamiiiufe 895 @:LU’;T waziile
a = g @ ar 1 [ =Y
Awneiluuuiduemendiadisen el B uaz Ddel wummuanavanlamiguusazwiia
. o g = o i o W o a 1 = ] 0’1‘ ' I
addaioy eanngluuudnuen Ididauznmzdmivlamsquudazstiavimiu ud linuany
' ad o ' ¢ 3 1o 4 o W a o oA
wanavegtuuuaeue ludednlaimigueniiuasinlamedadseu el 2 wiaswiu fe
¥ ¥ L4
BACI+Healll Uz Ddel+Healll WationniiuimatzuTion ND4-NDs fau)sduliuminasad 14
Tuszauata ua liannsougaannuuande luszdudszannsuraziisdnveadariia@endiy wiseto
ulsfsl P = P 0w @ o e ' o ) o - S a &
wulamiimsnlSoudfioudiauiing Te Tndna 895 gualunnaaedn WelladsiissAnuluuinusulu
= = od oo ] o ¢ 1 ¥ 1
luTnaowasvafidueniiarndrnisanuluainissinudas i u 165 rRNA (Klossa et al., 2002),
128 rRNA (Zang et al., 2006), D-loop (Asntini & Polaceo, 2006) 118 cytochrome b (Christian et al., 2000) ﬁflu
) 4 a w o % L o
au ey Temalumsasewuanudualsmaiugnssuvanlaimsquaiuth Fsnuiteiiiy

¥ L + [ »
msfnyudesduinerideyain 18 T 1l uszduigeiunas i liifimls: Tonide Tl
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fndnssulszme
mdtetiunduidsunsmivayulunuitoninsulssnausduau dninauaaznssums
aw \ a as g w fo ¢ 4 g 3 =
Fouvand (1) wazamunay waginey Aldarwewanzdaleoadaimigune1slumsinum

Vo a A
ANSHIVYVDUVDUAUN U Bl

1BNA150 1984
o sl o & e el o o &l o o
duns UssiaTgasena. (2547). Wugmans lmaga (WURATIN 1 agannd: dninium IS
gnINs gaamaes. (2542). TuTner says: miteitomsmnzan feiss anduinnmaninina
UMIINOAUYTHI.

s

nd anamuyod uazeus: veal . (2548). M Ty

=

gule Saugans, nssaim Fyaiy, Wy
o
§

misvianveda 200 ala 11591014807 (dmphiprion polymnus Linnaeus). T18914N1539¢
aonfuineenanivamia miinedoysm. vays: aoniuinnmaainanga urinedo
Y.
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DNA ISOLAION AND ANALYSIS OF THE
ND4-ND5 SEQUENCES FROM SADDLEBLACK
ANEMONEFISH (Amphiprion polymnus)
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In this study, we examined DNA isolation methods from 10 specimens of frozen
and 100% ethanol- preserved fin clip of thesaddleback anemonefish (Admphiprion

polymnus). Four different methods; 1) GF-1 tissue DNA extraction kit, 2) PCR-ready

genomic DNA, 3) Chloroform, and 4) Guanidine Thaiocyanate were tested. The results
allow us to propose for DNAisolation the PCR-ready genomic DNA. It'is the simplest
method; quick, using small size of fin-clip and requires no hazardous chemicals. The
sample can be process directly for PCR and the ND4-NDS mitochondrial region was
successfully amplified from all samples tested. The PCR-ready genomic DNA method is
suitable for simultaneous processing of a large number of samples. Analysis of the
ND4-ND5 gene sequences of the saddleback anemonefish compared to that of other
available database in GenBank revealed a 26 bp insertion, which is specific to the genus
Amphiprion. Therefore, would be use analysis genetic diversity for identification of
anemonefish from another fish and expect that the ND4-NDS5 mitochondrial sequences can
be used for the saddleback anemonefish genetic analysis at the population-level.

Keywords: DNA isolation, ND4-ND5 mtDNA gene, Amphiprion polymnus
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Abstract

Molecular methods are becoming increasingly important in taxonomic identification and
classification of living things. To enable anemonefish species identification, the regions of 28s
ribosomal RNA and mitochondrial ND4-ND5  genes from four species of anemonefish
(Amphiprion ocellaris, A. percula, A polymnus and A. sandaracinos) were PCR-amplified by
specific primefs developed in/this study. Great variation in product fragment length of 28s
ribosomal RNA gene was found between the different anemonefish species. While a unique
fragment of approximately 895-bp of mitochondrial ND4-NDS5 gene region was obtained from
different fishes. Further analysis of ND4-NDS5 mitochondrial DNA digested with BfuCI and Ddel
endonucleases, provided specific restriction profiles that enabled direct visual identification of
the anemonefishes analyzed. In this investigation, therefore, both nuclear 28s ribosomal RNA
-and mitochondrial ND4-ND5 genes provide a power tool as genetic markers for anemonefish

species identification.

Keywords: anemonefish, clownfish, Amphiprion, 28s rRNA, ND4/NDS5, mitochondrial DNA,
mtDNA
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ABSTRACT

To enable anemonefish species identification, the region of mitochondrial ND4-NDS
genes from four species of anemoanefish (Amphiprion ocellaris, A. percuja, A. polymnus and
A. sandaracinos) was PCR-amplified by a pair, of specific primers, ND4-L2 and ND5-R2,
developed in this study. A unique fragment-of approximately 895-bp was obtained from
different fishes. Analysis of ND4-ND5& mitochondrial DNA digested with BfuCl and Ddel endo-
nucleases, provided specific restriction profiles that enabled direct visual identification of the

anemonefishes analyzed,

Key words:-anemonefish, clownfish, Amphiprion, ND4/ND&, mitochandrigl DNA, mtDNA,
PCR-RFLP

INTRODUCTION

Anemonefishes are-members of the Pomacentridae, one of the largest families in the
order Perciformes. At present there are 27 species of the Indo-Pacific anemonefish genus
Amphiprion and- the monotypic anemonefish genus Premnas (Fautin and Allen, 1994).
Morphological atiributes-are commonly used for anemonefish identification. However, these
criteria-lack reliability when apply to discriminate the juvenile stages, in particular between
closely related species for example A. ocellaris and A percula. These two fishes (being
known as the fault and true percula clownfish, respectively) can only be morphologically
distinguisted by black stripes presented in adult stage of A. percula (Allen, 1974). In addition,
hybrid crosses between many closely related anemonefish species have been produced in
captive conditions. Therefore, a quick and reliable method for species-specific identification
would be greatly useful.

In the field of teleost species identification, PCR-RFLP (RFLP: restriction fragment
length polymorphism) mitochondrial DNA fragments has been widely used (see Chirstian et

al., 2000; Klossa et al., 2002; Moyses and de Almeida, 2002; Miya et al., 2005; Alam et al.,



2006; Zang et al., 2006 and Hsieh et al., 2007). This methodology does not require
sequencing of each unknown sample, which is costly and time-consumption. In addition with
the available sequencing database and several computed programs allowed the appropriate
restriction site of endonucleases can be easily obtained from the detailed seqguences
comparison. Selection of suitable restriction enzymes can be analyzed with the reference
samples. This is to improve selection of suitable endonucleases that recognize sites for
species identification (Chirstian et al., 2000). In this study, our goal was to 'assass whether
the ND4-ND5 region of the mitochondrial genome contained sufficient genetic variation to be

useful in species identification of anemonefish.

MATERIALS and METHODS

1. Samples and DNA extraction

All experimental anemonefishes were obtained from Percula Farm, Sameasan,
Chonburi, Thailand/About 3-5 reproduced juvenile fishes of each species were callected for
study. Genomic \DNA ‘was isolated from fin-clip ethanol-preserved tissues, digested in
extraction buffer (0.5% SDS, 100 mM Tris-HCI pH 8.0, 80 -mM EDTA pH 8) including
proteinase K (100 pgml'1), purified by 4.5 M NaCl and chloroform extraction and precipitated
with ethanol (Miya et al., 2005).

2. ND4-NDb5 primers design and DNA amplification

A pair of DNA 'primers, ND4-L2 (5 -GCACGAGGCCTACAAATAGC) and ND5-R2 (5 -
TATAGGGCAATTGGGGTGAA), was designed following the alignment of various teleosts
ND4-ND5 ‘sequences available in GenBank, and synthesized commercially (First BASE
Laboratories Sdn Bhd, Malaysia). PCR reactions were performed in a 20 pl volume containing
100 mM Tris-HCI pH 8.4, 50 mM KCI, 1.5 mM MgCl,, 100 pg ml” gelatin, 0.2 mM of each
deoxynucleotide triphosphate (dATP, dCTP, dGTP and dTTP), 0.5 uM of each primer, 50-100

ng of genomic DNA and 0.5 Units of Tag DNA polymerase (QIAGEN Inc.). The PCR thermal
cycling profile was as follows: initial template denaturation at 94°C for 3 minutes, followed by
39 cycles of 94°C for 50 seconds, 55°C for 40 seconds, and 72°C for 70 seconds, and a

final 10 minutes elongation cycle at 72°C. PCR amplified products were evaluated by
agarose gel electrophoresis using 1.0% SeaKem® LE Agarose (Cambrex Corp.), run at 5 cm

h'', and stained with 4 ug ml 'ethidium bromide.



2.3. DNA cloning, sequencing and gene identification

In order to identify the amplified PCR products as the mitochondrial ND4-ND5 region,
the produced PCR fragments only from A. sandaracinos were cloned and sequenced. The
amplified products were initially purified using a QlAquick PCR purification kit (QIAGEN Inc.),
cloned into the pCR®2,1 plasmid (Invitrogen™ Life Technologies) and then transformed into
TOP10 competent cells provided with the kit. Positive recombinant clones were selected
using ampicillin, and plasmid DNA was isolated with QIAGEN Plasmid Mini Kit (QIAGEN Inc.).
DNA sequencing was performed commercially (First BASE Laboratories Sdn Bhd, Malaysia}
using M13 universal primers. The consensus nucleotidesequences were assembled with
BioEdit version 7.0.0. (Hall, 1999) and analyzed using the Basic Local Alignment Search Tool
(BLAST) (Altschul et al., 1990).

2.4 Reslriction site analysis of the PCR products

The amplified DNA fragments were further used without purification. Restriction\maps
of the mitochondrial ND4/NDS products from A. sandaracinos were obtained from Webcutter
2.0 (Heiman, 1997). From the detailed analysis, BfuCl and Ddel (New England Biolabs) were
selected as suitable candidates for discrimination of the five anemonefish species. Digestions
with BfuCl and Ddel endonucleases were individually ‘performed in a total volume of 20 pl
containing 100-200 ng amplified DNA, 10 units of enzyme, and 10 pl of 2x digestion buffer
recommended by the manufacturér'-“The digestion reaction was incubated at 37°C for 3
hours. The digested fragments were then separated by electrophoresis in a 1.5% SeakKem®
LE Agarose (Cambrex Corp.), run at 5 cm h"' for 1 hour and stained with 4 Hg ml” ethidium

bromide.

RESULTS and DISCUSSION

PCR amplification using a pair of designed primers developed in this study (ND4-L2
and ND5-R2) produced a unique fragment of approximately 890-bp from four anemonefish
species analyzed (A. ocellaris, A. percula, A. polymnus and A. sandaracinos) as shown in
Fig. 1. The ND4-ND5 gene fragment only from a representing species was then cloned and
sequenced. The actual length of this fragment was 895 bp in A. sandaracinos. According to
BLAST analysis, the sequences of A. sandaracinos mitochondrial ND4-ND5 genes region
were highiy similar to those of other fishes, in particular with A. ocellaris (GenBank accession

number AP006017.1), exhibited 90% DNA identities (data not shown).



The resulting of similar lengths of the ND4-NDS PCR products obtained from each
species, this amplified fragment cannot be served as identical marker for anemonefish
species discrimination. Therefore, further digestion of the amplified fragments (PCR-RFLP)
was then performed. According to sequence analysis, there are 2 restriction sites for BfuCl in
the sequence of A. sandaracinos that cleave the PCR products from this species into 3
fragments (129, 205 and 559 bp) and the digested PCR products were correctly presented
on electrophoresed agarose gel. On the other hand, there are 2 restriction sites for Ddel in A.
sandaracinos PCR products. This should yield 3 fragments of 65, 194 and 636 bp. Digestion
of this represented species of PCR products only with BfuCl (Fig. 2 (A)) was in agreement
with the expected sizes of the restrictioro fragments inferred- from sequence analysis.
However, digestion of A. sandaracinos PCR products with Ddel (Fig. 2 (B)) consistently
yielded different sizes from individual’'samples analyzed.

The distinct restriction”patterns from each individual anemonefish/ species were
observed from digestion of ND4-ND5 gene fragments with BfuCl and Ddel (Fig.2 (A) and (B),
respectively). Overlapping restriction patterns between different species'were not observed in
this study. The species-specific PCR-RFLP marker, a single enzyme digestion patterns could
discriminate among species of anemonefish (Fig. 2).

In summary, we have found-that the sequence of the ND4-ND5 region of the mtDNA
that we examined contains information for discriminating between the anemonefish species
analyzed (A. ocellaris, A. percula, A. polymnus and A. sandaracinos). This was achieved by
polymerase’ chain reaction (PCR), followed by analysis of the polymorphism of the fragments
generated by appropriate restriction endonucleases (PCR-RFLP). Either BfuCl or Ddel can be
used toproduce RFLP specific patterns suitable for discrimination of these four anemonefish
species studied. Interpretation of the restriction profiles was obvious and could be performed
visually by comparison with reference samples, without knowing their sequences. This
approach would be less costly than conventional sequencing of PCR products, especially

when large numbers of samples are to be analyzed.
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Fig. 1. PCR products of ND4-ND5 produced(from four-anemonefish species, Amphiprion
polymnus (1, 2, 3), A. sandaracinos (4, 5), ACocellaris (6, 7) and A. percula (8, 9). Lane M is

a 100bp DNA ladder.
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bp

(A) (B)
Fig. 2. PCR-RFLP patterns of ND4-ND5 digested with BfuCl (A) and Ddel (B) obtained
from the anemonefish species, Amphiprion polymnus (1, 3 to 5), A. sandaracinos (2, 7), A.
ocellaris (6, 9, 10) and A. percula (11, 12). Lanes 8 and 13 are undigested ND4-ND5

amplified product. Lane M is a 100bp DNA ladder.



