
s*
CA

rToryart'oufr,u

4t
nl:ltdgl{OOfltlOl?J11 Fatty acyl desaturase $et? Fatty acyl elongase

ruaynrrdgr{n:n'lrrYuii'lri6ru6'aarfi slououoseioufi ci{nr o'ltrYuo rnnor

'lur.f aronqu (Ctarias macrocephalu.r Giinther, 1864)

nun?::Bl fl]tflrunt

. A tJq , A < q 1a ^'ilruruyruEurUufl?ur.ru{tt0{nttflnut9nilfl6inqflril:qqt?ilutfltGrntil?nilil,rist

a/lfltlr]?ullnufllfl]fln: fl ytnuntfllcIgt:

llfi I ? fl u'tctuou n : txt tu

rrt.fl. 2556

-^iolrdltf fl o{ 1{t ?nu I agq ua: txfi I u

User
Rectangle

User
Oval



-

;

FATTY ACYL DESATURA^SE AND FATTY ACYL ELONGASE

EXPRESSION AND BIOSYNTHESIS OF HIGHLY UNSATURATED

FATTY ACID RESPONSE ON SOURCE OF FATTY ACID OF

VEGETABLE OILS IN BIGHEAD CATF'ISH

(CLARTAS MACROCE?HAZIIS GUNTHER, 1864)

KANOKWAN SANSAMAK

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THEREQUIREMENTS

FOR THE DEGREE OF MASTER OF SCIENCE

MAJOR IN AGRICULTURE FACULTY OF AGRICULTURE

UBON RATCHATHANI UNIVERSITY

YEAR 2013

COPYRIGHT OF UBON RATCHATHANI UNIVERSITY

tl

I rnurrij .. . I

| ,,,r,r,,ijo, Y.'Y1 !!in. 
I

I ir,,rio'i il.:..8...fl,|]...?551 I

L_. *----,

User
Rectangle



h t:t n aslYtfnuY{ufi

xtlfl?mutauo a:tffitu

ulflat1? arflrdn: l ot01t9t

dzcnll-lultRugttflldflI n ylnufl:flldgn

A^tlo.i nlSlldFl{OOfl\OIAU Fatly qcyl desaturase UAY Fqtty acyl elongose LLAinl: d5].ln:O [ljllu
.ivr '- - A ,

Yf tlj0Ufl ?q.:yf9l0UdUO.!910tt n{fl 1O [1llUn1nY{Y lUlldlOfiOU (Cl(lriqs macrocephalus

Gi.inther, 1864)

fl?ou ul id't?nufl't::ilr d lsdun:

n6uyfl:: nttdou

alflr:frll:nur

I
:o{fl]dgr:101:u o:.Yr1u110.1 0c1l1rn9r

9t I a e
fl51Ufl',tdfr5t0t:u n:.nuryrv{u [rl.td n!
9t I v 

^fl 52ufl 1dgl:101:U O:.Uiu.vr0l rJ?{d:0U
9t d
,.ls?ufl'lflnt1n1:u o:.nT nuI Tlul1y

J t d tJ
:o{fl tdett tnmu 0t.11:1filgr irxJldufi

:vttun::runt:

n:: ! n1:

nt:t.ln1:

n:: nlt

n::un1:

tA 'attltl l: uYtll5 nlr tfi nn

d(o:.0qnr!1fl 14 {!110{ )

inur: rrynr: uyru: o.: ot nr:rGrJruiyrnr:

ardnt10.1ult1?lturiltj0ua: rTttu

IroJ^,.rd tUno.ftg
9t / ^ I(8s?uf,ldq:101tu n:.nurYIl{u ll nun!)

tA 'a010'l: u11!: nu r:'l1r

(:orrran:rtr:d o:.il:rtin {r}Jrdilli)

/v.4a tu . .....................,....r . . ..

{{riruaraor:r or: ri o:.nrtyour uurv;

e) ,a
o'l i l: ult1l: flu l:1u

4,2 q""J t%i
(: o.: grasr: ror:tii :yna liu fi nfii

dAniuuofl gtn1lfl:fl'ldFn

flnr:finur zsso



fisr6n::ilil:vnrq

,/ r) ,lurlllotton:tut0ull:yqu 4ytufltdn: r0Itu fl 5.f utyi rJ rrmnunl orot:ti
i'< t.i,
frrl5 nur5mu rfrnurifiriruvronn r uLf l#riruu;ri rlunr: uriltiltyn reir I "1 uavn: I t aolud'lt

l,jt < au rrlvlulu utluuoul lfto dDg 5 s 0sr Jdlflo{nttdnutjnu qly)Ufltdfl:tnttd q:.ntqfluI qys
r A B I a)ltav50.lflrd9lt10'l:t, o:.r]:tarn :tuldul.t n:t nl5T -nul j::.liytotfrnud fln1ut1ti

rt - o dqga ", : JfiluuyuI llnyn: r0 n tlJ'tlt0t r'tur llt nIt:Jduu:ruutnundu:oif,tdf,t:t0t:rin:.Tluyto,l

q$ 1[nE 5 s !iu n: i !nt: douTfl urfi ilu f, u dy rili]uf, l det i tor: ti n:.riar fi n u?.l dio u

n::runr:rh:rqarl6ao:Livrurfi T{uf l,in; *',1r{,1',i nu tsraoonu riltu ydroirl 1 rrarn:r o

/^r a ^ !q,,4 t A A
lrn tu )Yluluuun ly!ft I lu dlJU5al u lnu.luu

rontlulou :sq*o*r,nnrrr-,nrf trovrurrirora-oqua:"rynifi fi arira1u 4u
nr:io-oliar.ir'srf;nurlun:r,rd unyroqJouyr:sq nalrili ri rflifi#rfi udsqn a rni #oiilAxG nr5

rvrnlulaBfirnrlr #o,rilqri6nr: )nryuflrdflf : r n'iUflarn:lur,,lrfr:rl:yl.r Unnrn:'lu
l:lruar:om r:n &lnunrf,r.relf rnioul fi1 ud&#0i"1 lunrniryr :lu,rlnvirufinl-orrhfl

,qto P o q er I j6n)rul tl.lfrru:nurorulunJtudya)nlufit q n: dt:rnrl lrnr d0 tufrlu: sr.ri rin r: rirloifl
dt

naofl 0 u.llu 1 0utd: i duus ru

- , I I d' 
'a 

;
{g1rru1J I}ltn]uon: IuIou?l:yrl0t qu od{ly,li}l qiuttuiau dt:du-n: frd1?

#or a r r unsnor uE uif rll ln^n: fid rtlra'oludru n r:f;n u ura; noor{lu rirei'.r10fi drn"usraoor r

Attrx-<t* 4tsdlt\t( rndr?Run't::ol dt:du-ar)
il:q

,.t10 t,

n



dd
ryot50.1

unFrouo

d

n15ttd9l{OOnlOilt U Fatty acyl desaturose UAy Fattv acvl elongase

e h -im,A - )
r rCI v n r : d 5 1 { n : q "h riu fi 'hi 6 u gr"'r q.r fi er o ! d u o i ei o r rn d I n : o'lt ruiu n I n fi y

lurJalqnqu (Clarias macrocephalus Gtinther, I 864)

nun?::0J dt:dru-n:
ao
? yl u'Ifl 'l 6lm 5 il H'l lJ 0I cyl a

d
lnun:fl1d91:

i p yt d ^ dYlU:flU1 : f.l$?Ufl-ld9li1015t, 0:.tU]yl?lU tt?{nilnil{

Iqu

610il5fl1flt1

d'r1-r?Y1

il:ytrun::runr:

flllYldlniu : Fatty acyl desaturase Fatty acyl elongase n:fl'hiliufilrjO'Ur-r4l :JOfqnOu

rJaronoatflurJar#16qryfionfi.rfifinrrrudrriq1vrxrfl:usfi0uo,rrl:yrvrs'lvru flnr:
,i 6 vd, - f e

rilauu LA rrav r-xn t#rilu HUFA loonr:rir.:rurLo{ 
"ruaes 

ua) r,4"lrrnrrJrrru#.rnn

forqrJ:ra.rr{rfiofinuro.rr{rj:vnou rrnunr:rrder{oonro{6u FActes LLdz FAeton[layn1:dflt.t

---r------s!,a-l:l-.-g,- e.. I I rl u a 4 I o q a dn:fl tluuYl 1il0il9t?d{YtgroLJduo{elo[lila{nra ltnuornyly 01nR1:dnuryluirrirri'uilroa
s h l!, o 

t

lo'lvrrin-.rr'rruqtoiEu FArles LLe,y FAelon fiiiruru 1,760 uay r,218 rirud (n:qovfiIurvirn-l
'l1i-d"445 ilav 294 di fl1ucil(i'il n1:ltdniroonro{6u?i.1doi0ny{uluriloroostu uaydilo,r []Joul{

tf,-;
ilatqnourirHfnrqhu 9.8+0.37 nfrusiosl-"1 r6o.rd'ruornrr 7 Tonr:yrqno{ (rlriliuilnrrruon

roo ,,lo$r6rc.{, #rru'urjra'u roo riloirdus{- #,rrrl',Jr^a*rru-urJnliluon s0 riloirfiuoi,

rirtiuo'atuooo'r 100 nlofrfiuqi, rirniuti'rrrdornrarurlrruiuilaruruon so nJo$rdusf, rirruiu

ytluflv{u too nloirfiusf rrav #rru-uvrrusryi'ur.rarrirnYuilaruru'n so njoirfiupi) rflunar
d a Jil d

5 taou Trn:rvririruffi nr-pcn ilunl:rrdo.:oonro{6u FAelon fi:yerlufialn itdu F.tctes uay
9{ada:?0dolJflt:df ti HUFA ri'lrJ?5 Gas chromatography (cc) uu'irfin',loY',., nun finiroei

luril.r 0.64-t.rs fiaa^nfillquilorqnqofir6'u.rd'ruorur:dn:fi s (#ruYurr'rnrfio.:nraru#rlTu
U

I d r Jd I dt ; ^ ^ -, , ):
ilnrmru-n so rrJoirfius{) firirurnflq, ,.,s finfinfil rrarrJnrqnqofirdu,:riruorrlr:asr:fr o

v.
(riru-uvrrunviu 100 rriofrfiuoit firirrioofiaa 0.60 n^adnfru uCIy EpA firirodlurir.r

0.18-0.26 fiaa'nfl rnrllurJarqnqofitdo.rd'ruolr'.trqrrfi l rrirn.urJri{.ue.rou#-,u*urlu'.trr'n
rd4d-dtr'ono

so rrioirfiuafl firirq.rfiqe) 0.26 fiofinfu aqrJki''jrrJorEnqe,fin?rruarrur:nlunridgr{ uay
,v

a r u r : o n : v q u : u o u u o rl HUFA ] o un r : 1#r ru ci I n: ot 1 t ruYu o r n fi ryd r rfl n si r.r d'u

I

I



n

TITLF

BY

DEGREE

MAJOR

CHAIR

KEY WORDS

ABSTRACT

FATry ACYL DESATURASE AI{D FATTY ACYL ELONGA,SE EXPRESSION

AND BIOSYNTHESIS OF HIGHLY I,\iSATURATED FATTY ACID

RESPONSE ON SOURCE OF FATTY ACID OF VEGETABLE OILS IN

BIGHEAD CATFISH (CLARIAS MAC ROC E P HAZ U^S GLTNTHER, I 864)

KANOKWAN SANSAMAK

MASTER OF SCIENCE

AGRICULTURE

ASST. PROF. THANATHIP LAMKOM" Ph.D

FATTY ACYL DESATURASE / FATTY ACYL ELONGASE /

HIGHLY LINSATURATED FATry ACID / BIGHEAD CATFISH

Bighead catfish (Clarias macrocephalus) is a freshwater economic fish in Thailand.

With the function of FAdes and, FAelon, they can change LA and LNA into HUFA. The objecrives

of this study were to characterize the full length of f7 des arrd FAelon and their tissue distribution

and biosynthesis of HUFA. The full length of FAdes and, FAelon was 1,760 and 1,218 bas pair

(deduced amino acid : 445 and 294), respectively, The FAdes and FAelon expression were found

similarly in liver and brain tissues. Experiment of bighead catfish initial average weight of

9.s+0.:z g. The experiment of HUFA synthesis was carried out into 7 treatments (IOO% squid oil,

100% palm oil, 50Yo palm and squid oil, 100% soybean oil, 50% soybean and squid oil,

100% sunflower oil, 50% sunflower and squid oil) for 5 months. The expression of gene was

analyzed using RT-PCR results of FAelon expressed high than Fades. The composition of fatty

acid in muscle was analyzed using gas chromatography (GC). The DHA was found rang of

0.64-1.19 mg. This heatment 5 (50% soybean and squid oil) highest valuable 1.09 mg. and

treatment 6 (100% sunflower oil) lowest of 0.60 mg., while the EPA was found in the treatment l,

2 and3 (100% squid oil, 100% palm oil,50Yo palm and squid oil) rang of 0.18-0.60 mg. this

treatment 3 (50% palm and squid oil) highest valuable 0.26 mg.It can be concluded that the there

is the pathway of HUFA synthesis in bighead catfish and can be stimulate the level of HUFA

using the different sources offatty acid.
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, o u a dS tn d9 t24 iird'urjrnfilo'lmsid'rurjaru 3' (3'end) tol6u FAeton

25 ,{a,{a^fl pcn drurJotu 5' (5'end) to.:6u FAelon
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Highly unsaturated fatty acid

Eicosapentaenoic acid

Docosahexaenoic acid

Arachidonic acid

Linoleic acid

Linolenic acid

Fatty acyl desaturase

Fatty acyl elongase

Endoplasmic reticulum

Open reading frame



,nd ,
rmdr

r.t. nrutfl ururrrornrutirriry

rJarqnqo (Clarias macroceprdlu ciinrher, tto+; rflurJntulrdnro.rlvrufifi

n:udrri'uyrrrs:ugfiordororndlu'riolnryflurur-urildiruuacru0ioanrr,rufiiinir

r:::1ryrfr1ffi il:snolnfurdorJarqnqufififirua'o r rrosrujofi:ayrGfi6 rirl#riluflfiuru1unr:

ri ru rui Innlun:-rG ou d lrunnfisrro,rn r:rvr rudo rrJ n rqnfi 3 r run r:ur ry rda lriluo'uri'r ao r

: o ro rn:Ja rfia lnufirlSlrnr zs uJoirduof tolrfi rL rtur.rarufinrJa ,rll6"n'urr" ia66rJ:rru.:,
, a o . d, ,sr a i. - ,' I -25 54) ud rqnqu0,: 0e]'Jtlrluufi a{ l :etuT d lniu uon0 ln I :0ulundturfr otft nu i r

n: or'ltl-u fi it'rrflu {Essenrial fatty acid, rre) siojrlnra lnurnnry n:o'ltniu fi hio^l n-.rq.:

(Highly unsaturated fany acid, uura) 6,rrJ:ynolr1eun:o'ltn-u1un{u)onrnr : '[duri

Eicosapentaenoic acid (EPA, 20:5n-3) tldU Docosahexaenoic acid (DHA, 22:6n-3) aEn:n'hU-U

lun{llorrnr 6 '}duri Arachidonic acid (ARA, 20:4n-6) (Steffens, r ssz) luilar;16orirulur!

ovu:i'jrfln:o'lcr -u1un{uion:nr 
6 urnn'itnrn'hluiu1un{llournr l rirdrfiornrnrlatriro'q

ruay arms rafinrrudruri olunr: #{rn:rsli HUFA 'ld'rlourrn (riilfin urra#oa, 2s45) orR
ir , Za Anl:fr dlrerafinr:dsduHUFAuInnir otrih)-orfiororn a rryra'kl:-u Hure ntnuflairi

erouluncra6ldtl#fint: asalrol HUFA {i (sreffens, rssz) ri'i#uilardt6ouayrlarmyrn6.r

rililudo.r kiir n: sr'lci uhd drriJu o rn orn r:
s jd1' q , 14 - jq,d -touo n4 t:ytluuul.t a {d tnqlo in:o tluum't or,0txd{d?ul qi"[6rtl0 lndniTyrn

6'rna\nnr:ayauuoifl5o'hiliuluilar vrartas nrlir6ofi:iluuudusrnsirrniu lflur-r'1il

rla-,ryrnocfi S rorn: nl'liudhio^rri'ralarourr rriu ,*o,,i, ,ro 1urJB,-ruun rttrolo-rn

arrsrafinr:asart HUFA'ldlnun:iorno1fir: druanrurolrinou lurtnryfirlaru:ro"nfinr:1#

Linoleic acid (LA, l8:2n-6) lray Linotenic acid (LNA, tt:fn-:) fiiodluotyr:rniorjrrur
,! ddt r! - ja,.{ - a A q ,{ ,r - Jr",a - gdufl: rsl.flUunta Iruur luouetidi tl Nlaion t{ [unt:rylr:n:o]tt-ufr"hiorusi'lallurln rri r

d r. - 3 - , q att " - A Z - t d0n toun l:td:uu't ufl tnUn lrs16luo tfi l5 ufl uin.: doii rdnrfr o rr rndrl-u n rfr : ro ttryl r ir= r

rilruaoiodululun,r,n,r,do,ornnr:firJalirinfirr.:rruarrur:nr 6uun:q'hr:ufiduiju
.r .id ,o | - 4 " aedlIqurq ry LA lras LNA fifioqj'luu ruut rnuy trn l5 tmuurrtnln:o'hru-uluo ry r: n:rslulri



2

ilararrur:orirrurl#lunr:ti'rtn:rsfl#riJun:o'hu-ufi'hi6ruo-'rq.r1ei'loofi6u Fatty ac1,t

desaturase (FAdes) lLdi' Fatty acyl elongase (FAelon)rirnrirfia#r.rrou'lryri Fatty acyl

desattrrase Ltdv Fath, aq,l elongase rilfiou re l#riJu ARA ltdy rxa }?rtlu EpA rray DHA
e, !, d tt d d
9lil uu R15fl n u 10 { nil: v n 0 u1 01il1t FAdes LLd{ FAelon nt: ttdgt {oon1,oituu

drt4-Aatgtrr-jr,rrAu'
nt:frRUturdlto.:n:o'ttriufrilnrasionl:d5'r{n:o'trriufr'trjduoi"'l6s rravrJ3rurarn:o'hru-ufi
q-r4. s,--..q .1t C y.dt. iq - q A I | 4 o j
tuoufl?q{ tunalutuo09rtljuuu?m1{Yldtniu tunl:tylilqiln1fl[uoItoytJ:vdmtntvln'lr16un

A A 4t d
l . 2. l lfl-o fr nu r o i riil : u n o u u o {Eu FAttes ttdy FAe ton lu rJ arn no u

t . z.z rndo finu I n1: [[do,loo nro{6u FAdes LLrt:- FAelonlu rdodoil ara n ou

,t

: : ttti'qnr: rfi rLru nrirr o,rrJal anousq

v a I 
^vr.2 ?9lou:sd{n10{n1t?ou

t .z. r tndofinu l nl: ttdn{oo nto {6u FAdes LLdz FAe lonlu rJ orq nqufi 'ld:-urrr ril
u u ai

R: O tUlJU0lny{tyulmnnl{ nu
i46mo-lrnrlr.l,)"'l

1.2.4 tviorinurilSurotto'rn:o'ltniufihiorusr-ro.rlunai'rrurdorlarsrnoufiairidu
- tlr- id r U v 4 i , - 

n a

fl luua { 01n to 5 u 01fi 1: 1l u[[?r a { fl : 9l llt uu 0 1nl1lTTt t [fl nql{ nu

AU
1.3 uoutt grR'r:?ou

d lr o '
I . 3. I Anu I o.r ri il: c n ou u s tEtu F Ade s uc.:", FAel on lu rfi o rdo r;t"'u rJ orn n o o

I . 3. 2 fl nu I n t: r r det { o o n fl o thu F A des Ltdy, F A e I o nlu rujordo rJ a r o n o uqq

t. 3. 3 oontruuqn:01fi ]:mnao{ z 4o: In urnSuuqn:otfi r: fr fi rrrd.r n:q'hiliuorn

u'rlutroiavqlsr:drrnneir{ri'u g ryfio kiruirirruiur|dru rirn-uti':nra^o.r rrnyrilu-uynuslyiu rray

1##rru-urJaruu'nr{lurnrd.rn:n'lslU'ufi hi6rum"'ra,r
9t

1.3.4 ?lqao{rdtl'rrJntqnqu fiflorq : ro^oud'ruqn:ot1.t15tooao{ :yuyr?at 5 r6ou

Jqufio"'fl:rilciou :o pr""rsion:vfi ,lrr, 2l n:yd'{
LT

I . 3. 5 y{ dt fi u Rua y ?o o 1 u ut? u o.: il atmo a o ilu n t r6ou uiu m* nilE ru r flI o I il 1: d

rJ a r n^ u #,: u ru o q n iu r ra y i'a q or n 1 u r^L rd o u a v z n I,r
d ---., & A - I 4 dr " & s a

1.3.6 lnuo?0ul.lluotuoetulo{ilalEnqu4ntgrou riluiltu?u S nf.: lqurfrua*?ou'l{

ri'lrysrnr:mnao{ov : #r travrirnr:finulnt:ttdq{oonu ot?tu F,qdes LLdv FAelon lrurtl
t9,6d

UAlqnqU 0?U?t Reverse-transcriptase polymerase chain reaction (RT-pCR)



.{i t er.r.7 trr old unua lQn Quo r udgr: otltl: ugids dst: ntu 5 [6ou rirn'r:tfilgr-rodr,r
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n AlUlUoU lul llfl:lyl,lU5 l nlO ttUU l OlJflI .l fl)U1t Gas chromatography (GC)
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1.4 Stomnlo?10s to:l|
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r.4.3 yr:ru6{uu ?yrr.r1u nr:ldurri.rn5 o'hil-uotn ttry uag dn rirufi rfiir rcareio

n r : n : s du n r 5 d g1 r n : o'luiu fi 'hi 6l si': al 1u : v n"'lE u
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unn 2

^v 
ji 1,

toRfl 1: {'lu?ouiltnu?toit

dat
2.1 T??nutt,o{ilalonouqq

Iualflnou (Clsrias macrocephalus Gtinther, te64) t{luilordutn^olto{il:ytylg'lma

o-nuuvrftri':fiurorr hjfirnf,sr fiuu'lofrrdufil3nnr3rflljrn (nrvrfi r) 6'rrrflurJnr#r6eryfigr
AiaesaUte,tl'

ufrlfifinrrrudrri'q1vrr.:ta:urfri dlrrio?'ru'lsisrrurruri.:ilrl::rusrsrrTr4nntnrolil:vryrg'lmo
I 4{a oa 

' 
o 

* 

, o * o i, da u r n oilarenQuriudanr:nuorilr:gnil?rurou loutdru?o14to1?n: rrneiludu?o.t t? tunt:nu

or?t'l: ttsinr:rdulilarenoa#ufir1o,u"rn-oludruo-er:rn1:roosnueil rrnvfinr:rr3il16uJfldrlu
! e 

lrilnrqnoufio*olnriuuriluil ar r-uej o u (Petkam and Moodie, 200 1 ) r rsi rfi ol o r n n iu n'ly't rfi ofl rqqqa

6 uayft:avr6oioo6.:r{Jrfifiouru,rflu?Inn d,,,nrrrorfinr:rdusr.lnlonouilrndu ru'o.rorn

r{lurlarfialur:otnlertnvuurCIv{iur-'1d{ro o',u-,ro,drq'ldluanrvrrruris#rfifioonfirouoirq

9d

: r ru m"'r il n r e n o 01il f, rfi u l#lil u r nj yf,u flu n r : 14 A fl il n r rl n fr n o uq { { r i-

nflId 1 a-n u il y Ft 1 uu 0 nx o{ il ntq n q u (Cl arias mac rocep halus Gi.inther, I g64)

AAAATZA
t'lndosl-,{4,{a^flnr:rdu':ilorrir6r' fl n.q. 2554 r{u'jtilnrqnfinrarufrng,rrfluoiuollfi

2 :o{otnilnrfra lrrufiilSrurruruarufiqrrvirnir 100,900 sriu nto zs njo$rdudro.:rJ3rrarrjar

ti16o,rllilile' Ioofiryarirnrarufifl 4,s46,901 drurrm (efi6:J:vu.: , 2ss4)ni#urJarqn6r,fi'srrflu

\



uuei'rJrl:6udA'ltf,tu uastilurrudrrorn:n'hruTufirirriludrnfuixnruruuutiornnr:fiflur1,oir4 - { - --

uJgt
ou: : eru nu uuR? uaynil y (2ss2) ldfl n u ro{riil r y n oilvn.trn fi lu ndrrurdoil o r q n lu rru ri.: rir

,
r:::ryrsr rravilarqnornnr:16o.rlurjoGu nudrn#'.rurduilurqn;itAo'.rnnr:rdu.rfr

'lEr:n6rryo'l:ririluo.rrirl:snouua-n to.+qdoifiudeieuilarrno'.rn,,nnu#rr::rum6fihuYu

rJ:vrnuyloav,lofiilorfjuo.rrirj:vnour dn so.qznjoit6usi ,,ur1rrn6,ro1:ri z.ss nJof r6uri
I

uonornfla-.:vru'jrilarqnfiltuiurfiohjdrun-:oqjlurlSlrorfig{ (47.68-ss.ls rrJoirfiusil rrsi

otjr.:'l:fisrrrun#rurdurlu',qno'.rnr::ruyr6fin:o'lcrfu DHA 7.s7 rrJo$rfiupf rrnv EpA

tz.rarilo$r4uoilurGrurcufia{n'irlundrrurdorlarqnfi'ldornnr:rdurJoufin:o'hl-u ose
. r 4d , 

o 
t dd d u 

n,

ltau EPA 5.43 llJotlcrufl tlau 0.96 lilo:tryun 9t{n1:1,lyt I

j 14 u 6l y I I a I | ! Jd tn]:r{il t n:o lfltJu luna1iltuoila1En01flr::lJT19rtlay01flflr:taul (tru'lu: rrJoirfrusi1Jo.r
he{-}enia ltiluyt{l{ua) (ou5:au ouutrfl? travnily., 2552)

n:o'lrlr-u 9Ata
na liltuoua'ton! 5:uI l9lq

,4rd
notilluoilarontau{

q

LA

EPA

DHA

Saturated fatty acid

Monounsaturated fatty acid

Polyunsaturated fatty acid

8.49

12.18

7.57

35.29

25.73

31.08

14.29

0.73

4.27

38.92

35.45

21.22

rl - iu rA u ^ 
j' ul r - tJn:q"hfufi'hioilel"'relut.:yuo1'l:tnfltu tudrut:0d.ilfl:1u?tuuro.rld'iirrfludol

ttro ' & d , h o i. ar"[riiunrnorut:trirriu iiun'jr n:q'luiliufiiD"rrIlu (Essential fattyacid, EFA) fi z vfio 6o ln
ttau LNA fi.r6'oriJuar:srsreiulun:vurunr:arrn:ryr{n:pr'hniufihi6rusr-'lqrovqnrirhJl#1u

y ? h q i< q u r r i ao t & donl:d{[n:lul'ln:o tflilumiln']1ildlniUFrotr{n"ru ryriliirurunt5uouoystorJ(.1ilu rrayilil"ruru
- ,A J

ilursQtr{u1rlJ (Tocher, zooz) Iqo LA ttay LNA dtul:ouuldlurirniuotn?r4s (mr:r.rd 2) uav
!o-r'

rjrruiu o rnrjarvrr ra 1or r: rlfi :)



nt:l{d z il3rurrun:oltriulu#rtiuvlov (uu'ro, nJo$rfiuoicJorn:ohniu#.rililfl) (Tacon et al.,

2009)

TlJ9I
iua
ulltu?ltx

-,-U---v-. f, - t 1 -i---'. c, S 3 v v 'o - " 
'-nto ltlru ulill{il]ail u1ttl{cl2:flao{ ilu!ililrusryiil ritrluuynira ilrrlu{ralno

l8:2n-6

18:3n-3

2O:4n-6

20:5n.3

22:6n-3

SFA

MUFA

PUFA

n-3 FA

n-6 FA

ll

50

40

11

0

ll

l3

24

64

7

57

l3

23

64

0

64

94

7

0

0

0

13

24

59

1

58

58

I

6457

7

ntrr{d : ilSutarn:qhuiulurirriurjormvra (uil':o: njo$rfiudzuorn:o'hruiunv.r?rrrfl) (Tacon

et al., 2009)

rirn-uilarnvra

rfro
u v Anchovy Mackerel Cod Capelin

Rro lfllJll
(Engraulidael (Scontber.japonicasl (Anoptoponn fmbria) (Mallonrs villosrcl

Squid

I 8:2n-6

I 8:3n-3

20:4n-6

20:5n-3

22:6n-3

SFA

MUFA

PUFA

n-3 FA

n-6 FA

I

I

I

t2

l2

30

40

5

30

2

4

I

I

l3

8

37

24

6

26

5

2

I

I

9

9

49

23

6

24

J

2

I

5

3

62

7

I
ll
2

2

2

I

11

t2

35

24

8

3l

.,
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" " -",.1 -2.2 n:y ? nt:d:l{n:qll uluo 9t?0t{lll al

rlorrilurdori'srffinufiurrSlnn ru'ororn,ilu}l:6ufirrld',irurrnrfiqarnrvi6
Zt, ddt -itr,d -U0nt ln tU OU n1fl i[1JUtl14 d.tUO tn: n lUXJ flt OrJftXdi (Highly unsah[ated fany acid. HUFA)

ldlrri epe, DHA [r6]s ena 6lovuul rnlu arrvra rroy n niro'orrrryfio loun:olqlniufi
u ,j - , ,'[rjo=uo"'r il.rilunu nrdrdrueio ln:.:oit{it{ntflflo.lu uri rrosfrtiruqi:g1unt: iotuld o{ rlag

n',ruu':,'fiu lsurg"rt "t at., 2002) :ru1rl6uu"urn.,ru-n,ornuundrlrdo (chrori"

inflammation) rit!-oinl,rl:of"t1o (Heart rlisease) l:nrl.nrlru (Diabetes) ltagl:a sli.l

(Cancer) (Libby, 2007)

rlar'hjarur:naYrr uune n{rlorrnr 3 rraylorrunr o rrnn:o'hriun{rulorrunr 9

ld(arufi2)(vagnerandSantigosa,20ll)ilarryra'lp{flHUFatrnuualrisrouuayd'sririrfi

r{Juo rr r:'[d]nao: r d rhifin r: as ar: rB r rar n drurdolurJ3 u ru fiq rn j nJn rri r6n lutorsfi

rlathdqfinalnfidr rr0flrrn:rsr{uure'ldornn:oltuiufifiriruruorfuou tsoyoorufiur

luorur: (Sargent et al., 20oz) 'ldlrri LA lray LNA ]naorflana'lnnr:rirtruroltu FAdes ttd:.,

r',leton Si'mfltfiairlrou ltri rarqy acyt desahrase uaz Fdtty dcyl elongct"n darrur: nnldau

r-a l#rilu ARA lray rNe l#rilu EpA lras DHA (Belt et al., 2001) Io uolfl'un:;r ?un.r: rl-,r^u

iurvd (Desahfation) orntou'lti faxy a"yl desqhrase rlaynt:tfi o'11.1?un1f!ou

(Elongation) otnnulwi Fotty ocyl elongase

n: s uru nr: d'lrn: r; rin: olcr uiu fi 1il61n"": q l o vrfin dufirou Inu aral'n r:6qa-l

(Endoplasmic reticulum, ER) (Tocher, 2002) 01nn:nhr-rriuoi', 6u LA tlas LNA loru LA oy

nl6uurflu Gamma-linolenic (t8:in-6) Inuo tfl-oroulmi Ao dorrrz.o"" rirl#tfinn t:lfi iury
!' q t " y jo tr "n I unu 0tnuutolt lqu Fam ac.t.l elonsase oylitt4f )frlun t: tfrruiitu :un ti U ou 2 ft tiUou

o o rA @ lat
rir'lfirfrnnr: a'ltn:tvriritu Dihomogamma-linolenic (20:3n-6) lrdv r-Ne nJ6uur{ju Stearidonic

(18:4n-3) lquorduroulnxiA 6 descitrrase lun1: rfil t-u t v { r rnr-ury o tnrlurou lui ron oryl
. Yi A

etongase 11't:H\Tntl{uoruxun rtuou z n r 
jlou rirh?rfio nr: dltn:-rv #r{lu Eicosaretraenoic

(20:4n-3) ornriuinr:aYrrrou lmi As desqtttrase uirrurrirr#rfirfilrflu rv {ri r}?n: o 1t l-u

Dihomogamma-linolenic (20:3n-6) ttag Eicosatetraenoic (20:4n-3) t{lu ARA ua, ppA ntutirgr-l

oiolrnriun:rrir{flrvu'run1: Elongation 1o trfrrou ltri ror,1- acyl erongase tdlrrrvl-lo'ruru

nrfuourir}{ ana ttav EpA lJd0urilu refiacosatetraen oic (24:4n-6) rlau Teracosapenraenoic

(24:5n-3) enuiilo-tr qioornrfun:n'hliuosnnrGlr-ur;{druroulnri A 6 desqturase \d
n:n'hUiu Tetracosapentaenoic (24:5n-6) ltau Tetracosahexaenoic (24:6n-3) nturilniU uarfle[{l
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':qin: vurunr: B-oxidation d'rHaHfio aflritflrlo rn:cu'lun r: oy'ldn: o ltriu Docosapenraenoic

(22:5n-6) uAs DHA (Sargent et al., 2002) (ntnfi Z;

De novo syslhesis Food

l8:0

I
l8:1r-9

I
l8:2n-9

I
20:2n-9

I
20:3n-9

I
22:3n-9

J
2.4:3n-9

I
24:4tt-9

I
22:4r'r-9

Lgdesaturqse

L6 desqturose

elongase

L5 clesaturase

elongase

elongase

L6 desaturase

B-oxidation

l8:2n-6

I
l8:3n-6

I
20:3n-6

I
20:4n-6

J
22:4n-6

I
24:4rL-6

I
24:5n-6

I
22:5n-6

L6 desaatrase

elongase

L5 desaturqse

I
204n-3

I
20:5n-3

elongase 
22:

elongase 
24.

L6 desaturase
24:

B-oxidalion

J
l8:4n-l

Jln- j

J
5n-l

t,
I

22:6n-3

nrud z nr:airln:oItl-uhio^lo-rqllu:Jar lsargent e t at., 2002)



d. d
2.3 oilFlU:snOUUO{l€rU FAdcs llil{ FAelon

uld,i
frnifi n: vqn f,un a-larrur: onJ 6 uu LA rra v rNa fi fi o qjlu o'rr4 r :'lil ril u Hupe ld

Iqroordtlnr:ritqruto.ttoulmi Fatty qcyl desaturase ttdz Fatty acyl elongas dqnotuqrLlnu

?tu r.,qA"rLLdy FAelonloutnvlrvtoulryri L6 desaturas, ff.rr{luroulryrifirfiurflolnllnr:
v36oqtr-':

d{[n:lv14 HUFA tualOUt[:nUoilRSUll?Un]itT'lUv'lUtUfl (Desaturation) ltOUfllst]i:JO-lUXU

n'l5lJ0U (Elongation) (Vagner and Santigosa, 2011)

Zheng et al. (2004) lddnuro.rriil:vnouto t?tu r,qdes ornrdordosr"'uro,r

rJarr:u]u{tnt^td (oncorhynchus mykiss) rtav:lat'lu (Cyprinus carpio) d'rtrii RACE-PCR

uuirfirirsr"'ufirnfilolvrri'tot1tu F,tcles o"ruru 1,335 dtud (cfiq"'rn:oroyn^lu 444 rir) lurarv

fiilarluftiird'ufien6lolvrri iiruru 1,338 rirud (rirri'un:oovfilu ++s qr-:) fi.rfinatLlndrder.r
uddto'ri'unr:f,nurorriil:vnorto':Eu FAdes LLdy FAeton fifiiirurufi'rn6]o'lvrpirrirri'u t ,362ileft

888 dtUd (Hastings et al., 2005) (nrv{fi 3 trar 4)

o{rfil:uno!uo{Eu FAdes rJ:vnoud'ru Histidine boxes iiruru 3 ritu,
iat

Transmembrane region iituru Z dlu tta& N-terminal cytochrome D, domain fifidruto.t Hem"

binding motif (H-P-G-C) o"ruru r ri:u drrfludruil:snouuo{n:oourJ'Ju (Seiliez et al., 2003)
r d id Jt d

lsulflu?nuflu:'lu'lluuo'l Hasrings et al. (2005) Ytflnuto{nil:yfl0uflo,tu11 FAdes tldy FAelon

lurJarrrryaru oil (salmo satai &taffi pcR rray RACE-pcR ornrdordor,t"'u

Tanomman et al. (2013) finurrireliufirn6lolvrrinv.rur.Jetto{Au FAdes lurjarfio

(oreochromis niloticus) d':offinr: RACE-PCR uujrriro"'ufirndIo'lvrrit ot1tu F,qdes fio'ruru

1,338 dtud (rirnlun:oovfiJu ++s r;r"'r) JquJn:.rair.r6url:snoudruri?uuo.l cytochrom b,
I " gtA r qd

domain d.rrirurirfrturil6rfinEr:ou (Elecfron transfer) rfioruanrfiond.r.nulun:sulunt:

Desturation ttavd'luto.t Fatty acid desaturase domain rirurirfilunr:tgt^ruyliutydlutu'lunr:
v J h u h rA

nl: d.:[n : lul.tR:a tuilu t:Joila )d{d'tr]ul 1

9
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MGGGGQQTE S SE PAKGDGVGPDGGRGGSAVYTWEEVQKHCHRS DKWLV] DRKVYN I TOWAKR;;;L

SHFAGEDATDAWAEHPDPNFVRKFLKPLLTGELATTEPSQDHGKNAVLVQDFQALRDRVEREGLLRARP

LFESLYLGHILLLEALALGLLWWGTSWSLTLLCSLMLATSQSQAGWLQHDYGHLSVCKTSSWNHVLHKF

VIGHLKGASANWWNHRHFQHHAKPNVESKDPD!'},ISLHVFVLGDKQPVEYGIKKLKYMPYHHQHQYFFL]G

PPLV] PVEFT IQIFQTMFSQRNWVDLAWAMTFYLRFFCCYYPFFGEEGSVALI SFVRFLESHWEVWVTQM

NHLPMEIDHERHQDWLTMQLSATCNIEQSTFNDV{ESGHLNFQIEHHLFPTMPRHNYHLVAPLVRALCEKH

GLPYQVKT LQKAI I DWG S LKKS GDLWL DAYLHK-

i o . r at
Rt?Iil 3 il1l FAdes tu:iluuiln:oovu^Iuto'rilarrrryaruoufiuaolriruto{ Histidine box

(nrohu:uur) Cytochrome D, domain (rdum*u) fi.rfirituto.: Heme-binding motif,

H-P-G-G (oon'u"'u) ttflv Transmembrane region (tdurJ:y)

METFNYKLNMYIDSWMGPRDERVQGWLLLDNYPPTFALTVMYLLIWLGPKYMRHRQPVSCRGLLLVYNL

GLTTLSFYMFYEMVSAVWHGDYNFYCQDTHSAGETDTKI ]NVLWWYYESKLTEEMDTFFFTLRKNNHQIT

ELIIIYHHASMLNIWWFVMNWPCGHSYFGASLNSEIHVLMYSYYGLSAVPALRPYLWWKKYITQGQLIQF

FLTMSQTTCAVIWPCGFPRGWLYFQIFY\,ryTLTALFSNFYTQTYKKHLVSQKKECHQNGSVASLNGHVNG

VTP]EI]]HRKVRCD-

io,qras'
n1ilfi 4 Eu FAeton "lugrJrrrrn:oovnJurorilarrrryaruoufi.rrJ:ynoud'?u Histidine box

(gt-:o-nu:uu1) ER retention signal (oenf,u) lldu Transmembrane region (r#urJ:g)

2.4 n] :ucto{ o onuo{du FAdes ilBry F Aelo nlurjailsiavrfi o

lun:yuaunr:a#r.rn:o'lTU-ufi'lildilor-t4rrou'lui rotry acyl desaturar, firr{lu
h /e 9J 4 ) cJ 

^ 
sto

tou tryua?ttin0vfifld:1.10-rnuu FAdes vrnnn:spi'u1#finr:rir.rrurol6urfiodrurirfiairl
rr d I d -" ln / 

" 
i u d u o iura @ o

lou tryil t1utoU?nllloU tcUil Fatg'acyl elongase tllod.ltfltlYilnSo ltiluT tuoilgt?q{filil5U

nr:rjrIill#rJ:vluryflu6iruoirrlto.titrntu (Morais et al., 20ll) otnnr:r'lr,.riuuo.l

Supamas et al. (2013) nrire'irrucordosriurflurdordor.ra-nfi16ardorri'un:yilluntida1u rrouflts



ll

air.:n:s'hriuluirrnru ornnr:finutrlo.l Li et al. (2008) finurnt:rldo loonrolEu ru./",
" 

ji.
lu rfi o16orJa r an-n fru (siganus cunalicrrlaac) rlaoi6nr: nt-pcn ul'jtfinr:udn.:oontol6u
. q i.l - , i d d oury y 3 ^ t Ad{ 1n tuluoluo9rullny d or dluruoluol .:on dt td tlas ndtttt]orn t:rldnn oonf ouutn d{

aorodu,nirn',trfinurfl ot Ren et al. (20t3) dlnt:finutn1:udanoonro{6u 17,/r, luruiouJ'o

erlr rir'ld rYrlo 'lsr ndrlrdo uaca o.rllo{ ar'ludroi6 nr-pcn n!'irfinr: uaq{oona{ rn
q i i - qva , j zl - a d, J .i " , jdt ruott oflu ttasd 0.: rrdFt.r tHrr.l u 1llu 0tu 09tu nI1 d tflrurlaytllur 0ruogi lltxu t5nfr

c, r qh,.i o
nr: dir{n: q'htlju'[ridldr l.: 61fi:ra,:runr:frnurnr: uds,toonro,:Au1u a]usinsryfio unc

. qy4 < , rr u )"qtro , 
^ 

t-
0n rul lTrfloflnuln ti9t01J du0.l9l01l n n0n l0u 0 nTyil 1LlJr{afl on l tdn { 00n10{Eu1l I do.l

;ilrrux
rlo,l"'arfi liifiru osion ti rrdo,: oonr o sdu FAde.y Ltd!, FAeton n'oo{ rirl: yn ortos

n:o\tliuluorr.rr: 'lolrri r-,t uas LNA orn: tunruflr:dnut{0.: zheng et al. (2004) dnltnli
Idnioonroi6u FAdes LLd-- F.qeton dtalX e-pCR ]ouroao.rrdul orurynruouriJurrar

r e i- ! 3 - - 4 i- , ,20 dlJO114 O )U0tfit:11rJdlUHdtJUO,tul:.jUnU{91 (Linseed oil) Ttdlu!:ynou d-ntlJu

LA rray rros lNe. eioritl-u rJarunilal] 2s, s0, 7s uay too rilofrdusi u.it6u Fldes rrdy

FAelon itnf i u.ra{ oo nu rnd da l rlu',dr"uuu,du.roiroan:orr.rr:dzuaurhriu6ufio

too ulofrdud

Zheng et al. (2005) finurnt: tlaoloonl olau FAdes tLd,y,ruetoz rlltrii q-r,cn

louvroaorr6ol nru.raxrou rflunar zfl d'ruo nr r:fifi ri':ufldilro.rd riliur4r"ykYuri rjr:riu
r<. Zy t! ?--< i - ' d, , ,t:l]$a UIUUUIAU llnyul uauryO tU09l:ld11t 3:7;2 ttludlU :rnouydntoi LA AB LNA

, : - r t4 t t d tsiorirliu arun du 75 lrd; t00 ril0ilduri luit0u Fl.i"s finr:rrdoloonrurnflqolurJar
j j , ; z-
frmoaorrdnld:oan5o ll.nlfrr{dxrir -u0rn r too riloirfiuri lurorsfidu FAeton itnn
rudo{oon lnlu nrfiyroaolrdordru0lHlsdfidxufld floidr -u 6 rrnrJ6u roo u.lof,dud

Ling et al. (2006) dlnr:dnu'lnl ldo{oonro tdu rldes ttaz FAebndttTl
.J

Q-PCR lnuronolrdur nr r{oru (xiphophorus he erl dtao'm"t:ififlairu p.ralto,rrll-u

ilarun'n too rilofrduoi, riru-uilarvfinsioriru-udu6s r:l uasrir:iuau6n roo uiofrffud

rirnr:rduuflu: y ay l?ai 26 diln r# ilrL.jr6u ms.r ao{; ilur r fi nr: uanloon r:rnfiqo1urJarfi

monuudalrlaaae':01il15drud:Jlir:Jiudu6o roonlofrdusirrayilnrfi'lsl:iro,r'rdi,i:uzuau

rorrhruiuFufioosri.rruarirl#fin r:asdtuuoi LA uns LNA qidu

Almaida-Pag6n et al. (2007) 1itn1:flnutnt:lldfi{oontonEu Fl.Ier uay FAelonlu

arm:rurrnr (Diptodus punta::o) si'ltrii e-pcn lo urdolrJardroqei: otyt:dfirrxd{n:o'hilh
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ffuflneirrri'u leiuri rirrliurlnr 6rrl:cnourtru surn riluolrirj:s n oludn drru-un'.:rr6o,rfi

rua r{luo.:rirl:;nourei'n unyrhl-ua;rjlfi ln riluo,rrirJ: snoura-n ur.irnr: uanloo nto.r
-.1 j

Eu F,qdes Jax FAelon otn arfiqnnoaol16u,:fi:flAfl:otHr:,rsinsqo: nr:rraoloonfl'lrj

;ua ; _
UOnn'lnUUnUfl 15f,fl U'lfl t: d9t{OOnUO,IUU F,4des t[dv FAelon LOtdfl n:yU']Unt:

nlduu L,{ uny rr'ra b1riju uure 1u a'sririrr nrayfiouljor{iuuu ryrtlu nr: drunri{ u o{n: n

1rru-uornu'ryur1{rl:ylamilunr:rvrrrrdulf,sririrfifiruaqionr:rri rGulfluaro*n,n,du



,nd s

a4o 4 av
?fi9t1luun]t?ou

r.r nr:f,nurosnirJ:vnourosdu FAdes ucr:- FAeton

r.r. r rJarqnqudlfl unr:f, nur

{ruoirodr.rrJarqnqaiiru?u 3 el"'? rlrnrinra6u 9.16-10.39 nYrueiora""l rirrutir
du,&j-*Cj"4o

n1:lnilst?oul.1lilotdoeiil Iouttuntuot8oar"[urnoorfiusr-?odrr (Eppendorf tub"l rfiulfluflrrri
dqdttl{qililnu -80 o{ffi rryarcrud

3.1.2 fll:OOfltlUU Degenerate primer

rir ar u fi :nd I o lvr rit o.16 il FAdes urry FAelon ci o { il a rr rei a v rfi o lu g r u rlo 
ry a

GenBank(http://www.ncbi.nlm.nih.gov/) drrurtfiulriro-uto.rfien6]o'lvrrilRlign-.nO lflald
}J:rrn:rudrr$ogrJ Clustalw2 (http://www.ebi.ac.uk) rfioriruSrrarfifr{ruarnfiourYulu4n 1

artlfirndlo'lmri 1conr"*ed region) utoonttilu Degenerate ror*u.a"p.i.er ttoy Degenerate

reverse primer drnflnr:finutdrn-ufian6lolvrrito tdu r.laes LLIH FAetonornrJarr{.ruruo

Z rfio ldwi Spo*s aurqtct (AY055749), Epinephelus coioides (EU715405), Lates calcarifer

(GU047383), Oncorhynchusmvkiss (AF301910), Q1,priru$ carpio (AF309557), Labeo rohita

(F,F634246), Danio rerio (AF309556) ttavrirmiunr:frnurrirolufirndlolvrri6 il FAelon lurlor
& o hv r

Ylrll'lUfi 6 YUo LFtLLn Danio rerio (AF532782), Clarias gariepiruts (AY660880), Salmo salar

(AY170327), Oreochromis niloticus (AY170326), Scophthalmus maximus (AF465520) ttau

Gadus morhtm(AY660881) ornriurirlvr:uLofdoonrruu'kirurrJ:yrfiunalaruri6d'.;ulrJ:rrn:ru

FastPCR nofriu o.t

3.1.3 Rltdn-o Total RNA

rj I sl-e o d r { r do t d o sr-u u o.r il a r o n q o fi r r fi u 1 id {'r r rir r {.r q ar u 4 ru^ -so o r n r

tryarfiud leiluJni{uo16:L'luJfl:rournarl#vi'rruri'rotiruorl#rilunr,:ny16uqer-nd:odr.rrdordo
i o 6 ra
fruolavtduo"lrilu eppendorf tube tulo 1.s fiafi6sr:rjryilror so fiafinfru lirnr:an-o Totat

nNe ri''luqodrYo trizol reagent (Invitrogen) Iorur6ru#rur'lm:ryoa t fiafrfisr: uerol-lodr{6nn#.1

lurirurlvr:ryoa nrnliu#.rr-.otjr,drlifiqaru4fi#o.r r0 urfi rjrhJriuruiurd'ron:rrrB:

14,000 :ousiourfi fiqart4fi 4 oiflrrryarfiua rflunar l0 urfi gndr:asarudrulaarlu



t4

Eppendorf tube tillo t.s fiafifin: rfrruar:avarunaol:do{u (chloroform) zoo 'lru]n:fin:

rjrhhiunriurr$etfluraar ts ?urfi #uo,rurululiulifiq*n4fi#o.rrl:vrurru l urfi rirhJrlu
jid'

ntiulfin'l'rrutEr 12,000:ousiourfi fiqarn4fi + orsrrryarfiua rflunar rs urfi gndr:aun'ru

eirulaorlu Eppendorf tube ulJ'ler t.s fio66sr: tfirudr:avaru'[oIryJu:yrruoa (Isopropanot)

soo lruln:fifl: nii'uilnoo'lilrurrur r rtrlfuf itienru4n^rflorilieu10r to urfr rjr'lrjrluruio,rfi
d -- --- r d j o . d1 a J ,tn?11Jt:? 12,000:ouaou'lYl mqiu?18u 4 0{f,lt,rotqoa rilutror t0 u'tyt tytdt:oyo1ufrl dr,t

n v n o u el? u dt : a v a l u to r r u o o ulru rTu zs nJ o f 16 u pi t fi a fi n^ sr : a r lu m n oq d'r o dr.r ri r hJ rlu
j i d r oi a d 4r ^ ,e

tm?urfrnrrruG'l z,soo ioueiourfi fiqarrqfi 4 o.rfllr,uarfiua rfluranr s urfi rmar:arorufi.rot
a4rtfiuBuriruto.r Total RNA nlnr[#{nsnoulflurxnr 10 urfi asarsri'ro DEpc-water

zs'lru Jn: 6sr : r6u sr-ro drr Total RNA li'lu flr mir rfi { q flr ?r Q U' -80 o{flrrryo r6ud

R'rlsr:?odourJSrurru uayntuRryruol Totat RNA

o:'lo'l-Err]3rutil Totat nNa loeidrsr-?0d1.: Total RNA fiari'old'rurlirnr:ro'o

orloiruurfrr.irunr:,rirtfo iorirnr:qqnAuttd'r (Absorbance;1uo-or:rd'lu1Jo{ Total RNA

z'lruIn:fiEr: rrovrirfir.irunr:,Iirrdo qs lilln:6q: (o-sr:rriru r : 50) drutnto.rr-oqr,nn'urra.r

(Spectrophotometer) (Eppendorf Biophotometer) ov'ld'n'lrrur{rur?utot Total RNA fifiurjlurfiu

urlunfirsiolru In:fi n: (ngul)

foqtunrn Tohl RNA d'ruiG Formaldehyde agarose gel electrophoresis Isrol#

Total RNA: 'hJn:an: nrarunlu Loading aye rfiol#tfiq? z'lilJn:fin: rsriuru 1% formatdehyde

agarose gel ftdu Ethidium bromide :ohfltonrrfiral"':il:yruror r r?rlrt.r uuor;t"'rotjr,:n{u,'iuroa

Jqul#flrrileir.rs'nu1v,lflrfi too llaqirflur:ar t #'lh.r orn#uriruniuroo'lilsr:r0quou RNA

nrobflnto.r UV transilluminator rvtioil:vrfrunrrruu7ru{urravqarntfluo.: nrta pi''lurn30{ Gel

document (Dolphin- I D,WealtecBioscienceCo.,Ltd)
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3.1.4 nlretn:rvr{iirfrufiandlolmsit ot?tu F.td", udy FAeton fiatrif; RT-pCR

n r : :^tn : t v #rir n"'u fi r n 6 I o'l vr rit o rE u FAd e s tldy FAe lo n r r n pr-r o ti r I totrl

nNa fiari'nld'ornst-aodxrdordosiu:JotEnqu lprul# Forward primer ttau Reverse primer DF-

I [[av DR-l drnYuEu FAdes ttav'ln:truoi pr-r rrau ER-l drnfuEu FAeton (nr:r.rd +)
a /Y € s d J t
Ttrr:rvfideuTE nr-pcn lqurerSr,ilorriil:vnouro.rrJq^ffiurrJ3rura: 20'lruln:fisr: srruiGnr:

0lRTgfl'vl SuperScript@ III One-Step RT-PCR System with Platinum@Taq (Invitrogen)

rJ:vnoud':u 2x reaction mix t0 lruIn:fin:, l0 uM forward primer o.+ hln:o^9,n, l0 uM

reverse primer o.+'lruln:a^ni, Total RNA l 'lruIn:nfu, superscript III o.s 'lillo:6gr: ttovdrfi

rirunr:+irrfiorJ:-urJirurn:lti'n:u zo lruln:6qr: rirrr?rrnto{ Thermal cycler uriorfr'ruil3rurar

Jouri.r}J:,,n:rudrufunr:flnurq\d qarn4ru^ 55 o.:fl1rryarfiua :o urfi rrayoormnu' s+ orar

rryorfiue 2 urfi nrilrl:ulil:,,orunlr,**urJiul*6,6uro iiruru 40 :ou fioarrnru^ 94 o{fll
dad

tryalBud t5 Turfr qilil4u Annealing 55 o{f,'rrcuarfiua:O iurfi drrfrnlrannra tA FAdes

3-- .o - a d o u a d a dtt0vqilHQu 53 o'lfl"ltcUatcUtJd 30 ?ulYl cl.ll4Tunl:flnUlUU FAelon q0IHAU 68 o{fllttatBud

I urfi ttavoiur4fiqori'ro 68 o.lflrtsarfioa s urfi I rou a:lodou pcRproduct ri':oiidrfin

lvr:hGfialuovnrI:atoa nrturrTudu r nJoir6uoinEuurfiuuzuuroro.:6rdun-u r00 bp

DNA marker (invitrogen) Ioal#narusir{d'ndldilr too hasi rflur:ar r .i'rJrur orn#urirrur

elt?0dourl'lu1eYrn6o.r UV transilluminator ttaudn-q PCR product fi1d'1#u3qrf; ri'llr.lr.i.l,

n:vu2unr:'larrn'fi'u Inaufrl uava:?0douilnrafiq6r5urod'ruffi pcR rray6i{ero:ry#rfro,u

firn6lolvrri o-,nrirri',fi.n6loIvrs{fikYruroonrruu'ln: ruoffriirrynuxo{6ucirnfulflunr:

irn : ry #rf r ri'u fr rnd J o 1 n rin r.r dr u il a r u 3' r rn u s' si o lil
3. l. s n r r fl n-o nr a r.r a'sr fi fi o r * o r n o y n rI: a 1 #u? cr vr rj

ari'o pcn product ornrJfl'ffiur nr-pcn druqofivr Favorprepru GEL/ICR

Purifi cation Kit (FAVORGEN Biotech CORP) I o uilrr rri u o y nr J: aro a n:'t 0 llo u pCR product
qv d Y 'nto'lsirnSot UV transilluminator ttflliun,oBuriruto.t PCRproduct fist'rrrilil{rfllrrrutuallu

Eppendorf tube t.s finfia^n: tAu FADF Buffer soo kln:fin: allunaoqet-rodr{r{aruh{rflrnlu

rirlilrirufieor?ir^rr.r^ 55 orqrtryordua uru r0 urfi rSooun'irduroaoyCIualufiiler ornriurjrrur
o q9d 

"o

whlfirUu tq3uillraon FADF Column rr{luuaoq Collection rube B9tdt:ayatum-iodrl
il:vttriu soo 'hln:fisr: firdurrdrn{'luilaoq FADF column rirhhlunriurEirun:rrur*:

rddra't
14,000 :olsiourfi tflutror t urfi tmdr:avorufioqilu Collection tube fil rfiru wash Buffer
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zso 'hln:6n:orlu FADF Column rirhjrlunriurdaunerilr* r 14,000 :ousiourfi rflurrnr

t urfi tuar:avnrufioqjlu collection *u. du rirlilrlunriu{6nn9{d'lunarur$: 14,000:ousio
adrdutfr tiiunnr: urfr ririlaoq FADF Columnrt.rlu Eppendorf rube 1.5 nafi'fisr: rfit El,rtion

Buffer +o 'luJn:fio: ?ruqa{nar{ilaon FADF column ri.fiot;, urfi orn#urir'lr}Juruior
9, d r a dt d d rayj aq?un?lult') 14,000 :ousrou'r1r tUut?ar 2 ulyt rflu PCR produd 'tfmqarunll -20 o{fll

rryarfiud

:.r.0 rlfrffiur'larnfru (Ligation)

tcfi uil ar: a v n r o lu n r : rdo ru si o u7t riu r: n rfl o $ pGEM-T Easy Vector (Promega)

ilSrLtrr: to hln:fisr: rJ:vnoudru 2x reaction buffer s 'hln:a'n:, pGEM-T vector

t 'lilIn:fifl:, T4 DNA ligase I 'luJn:6sr:, pcR product: 'luJn:6n: orn#urir'hhjrufiErurnfr

4 o,tdltryatfiua il:srutru to-ts f?lilr r?rrufiu (overnight) orn#urfiusr-rodrlnnrnof*n^out'i
iad
mq6uuQlJ 20 oirflrrryarsud

3. 1.7 nl:Yt:ruv{orru*u (Transformation)

rjlrlnroto{4nruatrrTrqiCompetent cell: Escherichio coli arod'ud JM t0S d:u
,o

i6 ueat shock transformation Inuri, 
"l-ro"nt 

cell 30 tuln:fisr: firni -so olarrryarfiua rr,r
3 acgt !' o drlurirrri.r}idvalu otnfudrrrntnofnnr.rdu : 'hln:6n: ruduanlillu co-petent cell rrd

sr-rotjr.:'l'slurirrrfi.rriJuraor 30 urfi ttnudrl-raonsr-rodrqrurrrdludr.rrmi (Incubator) fi:Jfu
olf Yj -- d a d o q ,/ d r d r ro 9" d

Qolilnu nn 42o{flltryolcrud u ru 45 ?uryr yn ll4ruu a {ou'l.t: 1ot: 1 taunl: rrt tuuluu{rflu
d6u'rn-

t?ar 2 urfr tfrruorur:rdu.:rfrorrutlrila? (SoC media) zso lruIn:a^fl: drlililrufiouunn'

37 o{f,1rcrarfioa r:or t dtlul rnjorir'h.lInnufi,rsiolil

3.I.s ntrlnaufis lCtoningl

druunfi riofi fi r?nrnoffi Firufl :yulu nr:yrirur{oril,i'u rurrdu{uru-,n-,r,duo
id'

tfrotruuttfil (LB agar) IflursGuuorrrrfizuduur:Jflfiruvuorufififiu (Ampicillin) dtTauatu

IPTG 4'lruln:6sr: uavdlsavoru X-gal zo'hln:6sr: rirufiqarn4fi :z olqrrryarfiud rflunor
o J << da / -- r,r s a j & o

30 ulYl olnuuergrdl:ovorullufilr[tufirJ[?nrn05 100 
'lrj In:an: a{uuo1r41:r6Ulr60 rirnr:

j qy& I Z , j
rndulriri'ro1uo'll.n:rnu{[To rrnuuumqililQrJ^ 37 o{fltrcrarfioa rl:yruril l6-ts .f'rIil,1

et:'t0douJn lafi to.rrryndtrunfi G ulpr uuarafi nfi hifi durirur o.rG rduro fi do rnr: o y fi In lofi
rilufrflr ciruJnlnfifififitrruaovilijurryaa'fi'ld'fuuararu'qfifidudrdutofiolornr:rirryroyr

: X , r d lryi a 4 @ 4 * e do'rHr:rnu{lsoo{nat?rn:J t?TqoJ?r4il 4 o{fltt.xalcrud noufl'lnt:nqto'on tn loil
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1 start
14
w
26
31
37
43
43
49
52

64
70
77
77
88
g0
g7

109
118 g
127 B'141 S{t

Ntt

T7 Transcription Start
#
I

5', , , TGTM TACGA CTCAC TAIAG GGCGA ATIGG GCCCG ACGTC GCATG CTCCC GGCCG CCATG
3', Ac.Arr ATGCT GAGTG ArArC CC9Cr rAACC CGGGC rGCAG CGTAC GAGGG CCGGCGGIAC

17 Pronorar r-------ll ll I I ll
Apal Aalll Sphl Bstzt Nco

GCGGC CGCGG GAArrCGArr3T ,^.^",---*\ ArcAc rAGrG MrTc GccGC CGCCT GCAGG ICGAC
CGCCG GCGCC OTTAA GCTA \".", "" ,, ,*, ./3'TTAGTG 

ATCAC TTAAG cGCcG GCGGA CGTCC AGCTG|r r rt ll l
lhr^rlJUJr*" lsactt EcoFil

Bs,z I
h=--#wLE#

SP6 Transcription Start

I

CATAT GGGA GAGCT CCCM CGCGT TGGAT G6ATA GCTTG AGTAT TCTAI AGTGT CACCT AAAT , , , 3'
OTAIA CCCT CTCGA GGGTT GCGCA ACCTA CGTAT CGMC ICATA AGATA TOACA GTGGA TTTA , . , 5'"rt

\del Sacl

nrud s [lruuduo.t pGEMe-T Easy vector ttavrir,t"'rfirn6]o'lvrrizuo{y{atdil^or?nlflo$

pCfUt-f Easy Vector (Promega)

dadd
3.1.9 nrfl gt:UilY\lAldilOOtOUlO

SP6 Promoter

u d s s aioo '
niq roo n I n I nfr fr fr fr t rr (Blue-white colony screening) il : s ru ru : Jn au rurrd u,r

q yi^ X Iluuaonttrirfrtsiuotilr:t6o.tt8otturtila? (LB broth) 2 fiafinn: zuaruurrJfrfi:uerrorufi66u

+'lilIn:an: rirulucjrursifiqaru4n- 37 o,lflrcrarfiua rJ:yruru to-rs.fi'eI:Jr orn#urirr,r"'rotir,r

oonilldfi'911tataru^orhuqn6m FavorPr"pt" Plrr-id DNA Extraction Mini Kit (FAVORGEN

pGEMs-T Easy

Xmnl2009

Scal
Apal
Aalll
Sphl
BstZl
Ncol
BstZl
Notl
Sactl
EcoRl

$pel
EcoR
Nstl
BstZl
Pstl
Sall
l.Jdel
Sact
BstXl
Nsil
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Biotech coRP) qatrunfifiu z fi4fi6q: arlu Eppendorf tube rjrlilrlunriuld t+,ooo :oueio
<dr<rq{a-'t*o&-urfi rtlutaar 1 urfr rmcirutafr.r t6u FAPDI Buffer firsr^il RNuse e zoo "[rln:dn: ornuiuretrr

FAPD2 Buffer zoo 'lruIn:fin: fla-llilaoo Eppendorf tube l0 n#.r nssii.rlifiQarrflfi#oluru

z urfi rfirL FAPD3 Buffer roo'lruIn:6n: na-uuaoo Eppendorf tube 10.#, ,:ltrlrlrrriu.rrBa
jradr o!,
fr t+,ooo :oileiourfi ruurrar 5 urfi 0tnuuvnflr:?'rrrilaoo FApD Column luilaoel

Collection Tube rtdaq n ti:u lat o r a1: a y a luo dl r : y u-o : y'l-rallu repo Cotumn rir hJ rlu

tviu.rtB:fi 14,000 :ouqiourfi rflurrar t urfi rmdrulaluraoo collection rube d.r rsl^rJ wt

Buffer +oo 'hln:6fl: a{lufiaoo FAPD column rir'hjrlurmiu.rrEafi 14,000 :ousiourfi rflu

t?at I urfi rvrri'lulalunaon Collection rrrb" dr t6u wash Buffer dror^ru Bthunot

ooo 'lruJn:fim: a{luilaoo FApD column rirhjriuntio.rrB:fi r4,000 :ousiourfi rflumar
d r o o ' * j a < J j I d dr

t urfr rmeiru"la'luuaon Collection Tube fir r]uruiorrBrdnnirfi 14,000 5oueioulfi rflunar
o'-3 u1fr 01nu"ild1fiaoo FAPD Column ?r{lufiaon Eppendorf tube r6ruElution Buffer

:o'lru]n:fisr: a{fl:irna1{uaoo FApD column #odotliiu*nnfi#o.r 2 urfi rrnriurirhjrlu
i a i r < dr d d a lryi d

t?t?u.lr:?yt 14,000 r0u9r0u1vr rilul?a1 I ulm rnun?u1iry{oldiln tiyt -20 0.1fl1[.uarcxud

3. 1. I 0 n-r let: ?ofl ou y{01 crfi odr6urodlnou'lfi 6a€,ifr pcn

dr n a r aru'n6 rd u ro fi a ri'o'l d'ru r o : : o ao u p.r a ru 6sr d',l uiB pcn I o u 1 #'l il : ru o f
DF-1 rras nR-t rirr:-u?tu t.ld"r rros'ln:rruoi er'-t rray ER-l druf:L6u FAelon(mr:rlfr +)

IorutsGuilo.rriil:vnorto.rrJg^ffiurfifiorfrl3rursr: zs'lilIn:fifl: il:ynourYeu l0x pCR buffer

z.s 'lruIn:finr,25 mM Mgcl, t.s'luJn:a'sr:, l0 mM dNTp mix o.s 'hln:a^fl:, l0 pM forward

o.s 'lnln:nfli tlos l0 pM reverse o.s 'hln:6fii,Toq DNA polymerase (SU/ul;rJ3uror:

o.zs'lruln:a^n:, flardfiflfirduro t'lruln:on: rjfiLrJEurfl:drurirfirirunr:.rirrdo1#firjirurn:

n:u 25'hIn:fisr: rjrr{rrn*o.r Thermat cycter u'liotfirurJSrurnrdrduroIou#,rIilrrrniilritfifil

nr:finurd'ld qor?i8tJ^ 94 o.rf,rrryardua : urfi srrudralil:rrn:runr:ul-ruil3ruru6rduro druru
-i a d

35 5ou ri.:fi qnrm4fi 94 oilflltcrntfiua :o iurfi qarr4fi Annealing fiqorr4fi 55 o{firryarfiud

:o iurfi dtrfuEu FAdes trovqarn4ru'53 o{flrtsatfioa :o :^urfi drrf uitu FAeton quu4u^

72 o{flrtcratfroa t urfi rravqortnfi 72 onf,lrsarfiua s urfi t :ou et:?rflou pCR product

si'rui66rdnlvr:}Gfialuoun1J:dtoo n:rruuh.rrIu r uJo$r4uqi ujiourfroururerro{ pcR

productri'u too bp DNA marker (Invitrogen) louldnarrusir.ro'n#lrlflr too leasirflunar
"!s 

d 6 ddt 'fi'rlru.r tnSuuuarauoetouto!:lJ-rer: to hln:fisr: rn^orir'hJnrrird'ufia116]olvrr{lu

r?unousiol:J
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3. r. 1 r nrierntrvr{ cirfrufi andlo'lyroi (Sequencing)

rsrS oru uar afi n d rdu rorji ru rfl : l 0'lil I n : fi fl : rft o ci.:irn : ry rid'u fi : n 6 l o l vr rf

fiu3uh Macrogene loul#'lu:nrof spo dfiorlu,onrvniunnrnof ornriu,r'oki'rirsi'ufirn6

iolnr{ drrurq:rodoun?rild}J!:nitorrirri'ufirn6lolmsid'rulil:rrn:ru Chromas rrof"f;'u z. t:
ritnr:oiotanrflofgi?u'iil:ttflixJ vecscreen (http://www.ncbi.nlm.nih.sov) fl:?0doun?tilrfiu'ou

torriro-rfi rn6Jolvrri'ro'rEu FAdes LLdy FAelon dtulrJ:rrfl iil BlastX

(http://www.ncbi.nlm.nih.gor) ornriurirrireriufirn6lolvrr{iildrurrirnr:oonrrul'ln:nrofd

iirrvrrvdrnfuldlunr:finurdrrriufirn6lolvrriro tlu rkl", ilay, FAeton mr,:d'ruilaru 3' rray

s'siohJ

r.r.rz nt:ffrtn:rvri First strand cDNA (3'RACE cDNA)

afr'rartl First-shand cDNA ntruiBnt:ornEerfim 3' Rapid Amplification of

cDNA Ends 1lo{!3uh Invitrogen dt Totul nN,q fiari'oki'trnrdot6oor"'urJnrqnqu t 'hln:nYu

zuarunir#rfir.irunr:qirr#oniohflloYrJSruror:qori'ru t t 'lruln:fisr: r6ru'lu:ruo{ r0 1rM al
t 'llln:a^sr: nrarul#uirri'u rir1rjriufioarunfi zo orsrrryarfiua rflunar to urfi rraydrrurrr.r

'"adra'-on:ludrttfr.t tilutrar 1 urfr orntiurn3oruorri:J:vnouto.::Jfrffiuril:rnourYru 10x pcRbuffer

z 'luln:fin:, 25 mM MgCl, z 'hln:fin:, l0 mM dNTp mix t 'luln:fiqr: [[nu 0.1 M DDT

z'lilln:fifl: r.raruar:1#rdrniu rirlrhirufionnrnfr 42 o.rfl1rryarfiua rflumar s urfi ornriur6u

rou'lryrisuperScript II reverse t.unr..tptur" , lrlorAr: rrayrir'lrJriufiqrur4ru^ 42 o.:fl-l

tvatfiua rflutrar so urfi uqnrJfl'ffiurri'roqonr4fi 70 o.:flrrryardua rflunar rs urfi drl#tdu
sof;aJoh*

a.: lnudrurrxludrtttn 0tnuutflil RNase H t lru'in:frrr: rrnrrir'lilrirufioantnfi 37 onfll
a dt d d v I VttAl r d a 4

lcrarryud rilur1aI 20 u111 rnuqrrour l'[fvr$rrrrml qflJ ?rnil -20 o{qrrrynrBu tr
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poly {Al rrir

-AAA...AAA^{rrr...rrrrrs'
A4...

+
AP

AAA...AAAN

Annrar o lgo(dT).contrlnlrE
Ade$r Pnm.r (AP) to mRNA

ExEnd AP urrrq
Sup.rscriptil ll Rf

OrEr#. RNA Dmpl.E
u!.ng RNara H

PCR amdify cOilA u3lng
u!.rd6lgnad Gfi.€p.cnc
fttmcr (GSP) end Unlvfical
Anplt{hilo.r Prrmr (UAP} or
Abrtdgad Unhfir.l Amplific$o.I
ftim-(AJAP)

Rr.mplfy p.lmey PCR prEducr

ucirg LAP, orAUAF, and
'nGLd'GgP

3 <--- - - - {rrr'.,rrrr--------r5

I
Y

-/-r'--\ -T-- l!'

TTT...TTTrls.+
AIJAP

;
Rl?{n 6 I[P.lURll'!fl :yU?Unl: 3'RACE (Invitrogen)

3. r. I 3 n'l :etnr ty # ii t6'ufi aa dlo'lvroiuo.tu'u F A de s udy F A e I on dasif;

3'RACE-PCR

+
USFr) Es'+

ATIAP

+ncstrd
GSP

s'

3',

rfl3uu coNR rdorirrurrn^rur.J3urnr6rdurod'ruffi 3'RACE-pcn Ifl ul#'Ifl :
4-- o u 4 dlU0i DF-2 (Forward primer) dtrfunr:dnulEu FAdes tlay EF-2 (Forward primer) drr.riu
a. o 

- - j rty o jo ant: fr n u tEu FAelon fi o o nttu u'kio r n uE n u yr 0 r lvn v r o { dr u u t n A lo'lvr ri'r o l6u FAcles udy

FAeloniikiornrJfrffiur RT-PCR ttavld'ln:mrof euap (Reverse primer) 0ln1qfim 3,RACE-

PCR t o': uB uh Invitrogen ( sr r : i l d +) rflS u u o r riil : y n o u r o l rJ 
fl^ 

ffi o r rJ3 u 1 er : 2 5 h In : 6 qr :
rJ:vnoud'ru l0x pcR buffer 2.5 'luIn:fisr:, 25 mM Mgcl, t.s 'luJn:fisr:, l0 mM dNTp mix

o.s ltln:fifl:, l0 pM forward o.s lruIn:n^a:, 10 prM reverse o.s 'lru]n:fiflt, zaq DNA

polymerase (2u/ut) o.zs lruIn:fifli, cDNA (3'RACE cDNA) t'lruJn:6sr: rrayrJiurJBurn:eY?u

#rfir.irunr:'lirrdol#fiilBilrn:n:u zs 'lruln:fin: riruTrrndo{ rhermal cycler rdorvlAruilSrurnrG

rdurolquers':1il:rrn:rudrnfunt:finur n"":d qarr4ru^ 94 o.rflrrryCIrdud g urfi flrileho}J:rrn:u
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n r: rdrrJi ru rnrdrduro iiruru 35 rou fiqilil{fi 9+ oiqrrryardua :o iurfl qrurqfr anneating

55 orarrqar4ua 3o iurfi drnilnr:dnur6u Fldes uduQ nfi so o.rwrtryarfiua :o iurfi
drtfrnr:finur6 \ FAelon qilflgu^ 72 o{arrryar4fld t urfi ua;qorr4ru^ zz o.rarrryarfioa

5 ulfi I rolr sr:xodor pcR product ri'roii o'rHn In: lrG4alu oyn rl: aroa flxr t{udu

r uJo$rdud nG urrfiurtu roro'r pcR producr fl1! 100 bp DNA marker (invitrogen) loa'ld

n r rleir.rdn ri'h',|flr too l':asirflurlal 1 f?lu{ orn#urirrrqr::raornroldrn*o,r uv
rransilluminator [[avdn-o pcR producr iiti}lr3 qrd ,,utrirt]urlrJB utor6rduro6no:sldrui6

nested pcR6nng{Iora1#'lu:rtoiqo16ordu uasan-o pcRproduct dldl#uiqnd rjrhlriru

n: vurunr:'larrn.i'u lonufir uayn: rodouilaldfiq616urorhoi6 pcn ua; ri,rirn: ry ririrerix

urna lo tTo
v1

3.1.14 nl:3Istntlsfi First strand CDNA (5'RACE-cDNA)

dflrldrU First-stranrl cDNA nu?Gnt:ornqo6T SMARTeTN RACIj cDNA

Amplifioation Kit roiuSlh clonrech loodr Total RNA dad'n tiorn rdordosiu:J o re n o u

t 'hln:nYl ruarun-r'h:ruo$ s'cDS primer A t hln:6n: rrd'rrlflrl3 t rn: d-, orilii r'i',rrr n-r:

*iudolr{lrYrJ3ursr: i.75 luIflrAfl: Haulr?nirnlu rir}Jriruiiqtur4fi z2 orsrrrynrdua r{iu

rrar 3 urfi aoqanr4fia.r +z o{flrrrynrfifla rflur:nr z urfi orn#urjrhlurirdu uasrir'lilriu
ddle

ruiurri r to iurfi rrlurjlrfi116ru slrlant IIA oligo I 'llln:a^q: uayrnSulolri :ynor

r o'rrJfrffiurrJ: rn oudtu 5* Fir.r rt und buffer 2 llln:6sr:, 20 mM DTT t llln:a^n:, to -rvt
dNTP mix t hln:6sr:, nNase inhibiror (40 U/1uln:6n:) 0.25 'llln:frn: lrds SMARTScribe

reverse transcdprase (100 u) t 'll'in:an: ornrir l{lu ln: bJuJorqn a i: du n.r}iuirflu os Li
3lrn::ru to kln:6n: rirlilrjuuriolrBl ua;rirLfiourrnfi a: uuol,"ru,6oa,ilu,ru.'

so u rfi lurn* ol thermar cycrer rfiunrrrfoufiqun4r' )o ,u"-,,*urfiua rfluno'r to urfi
!,-,,

o rnfu as nroai'rootnritu rrioine-EDTA buffer 100'hln:fisr: rfiust-rotir,r 5, RACE cDNA li
jv r A ac)a,fr{'uriqtuu4fi -zo o':flrlrydlfisdrfioldrilu Temptatc 1un r: irn:rsriorrirl:y noul olEu r,ar/",

t?fl FAelon rhsi?nr: 5'RACE-pCR eiold
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poly A+ RNA

-

t7

I

lhonlP 

-
,-Ee--,

:
Double.rtranded 5'.HACE tra gment

drvnTn--

I 
l'c't- 

BxA,Torir.ranilqntrdr
I

sH\8trr lt a t
4Er.(rr(flvr rvHt ,r rrmnm ,t r{! Alaa-r

I

I mhrtlx.rwldrirr

S'.MCE.fieady c[NA !--ry{xJvyyyyuttvrvywyv ,tBtlAAA-,
r--,vfr:vE-'

5'-RACE PCR

til rotrd of PGR
I ncomoiltion of tuoorataion
PCF rhveftd rago*'
slom6nts: 

-by long Univertal Prim*

ircond tuna ot F0R
uana.6p6cfi c tYYt0l Ntl!

I

firmainim rmrdr PGB
Amptrfi caion ol 5' trrgmem

RITIY| 7 lt9{ilRlfl n i y U ?U n]: 5' RACE (Clontech)

3. 1. I s ntietfl r ty tl ii l6'u fi an dlo'lvrsit o {u'u FAdes tldy, FA e lon das?f;

5'RACE-PCR

rsriuil cDNA tnjodrurrfirurJSrurnrdrdurodruiG 5'RACE-pcR Ioald
Ul 4v44
lvt:truo: DR-2 (Reverse primer) tituiunr:dnutEu FAdes ttau ER-2 (Reverse primer) drrfl

4 d 
- i rr, o jo anr:f,nurEu FAelon fioonttuu'[dornuEnum0lrn'rylJo.1d1uu?ndIo'lvroito.r6u FAdes LLd--

FAelon i,ilrtornil6fi3ur nr-pcn uavl#'ln:rilo$ upM (Forward primer) ornqefim

SMARTeTT RACE cDNA Amplification Kit toiuSu-m Clonetech (qt:rtd 4) lfliuil
o{riil:vnouflo{ilfifi;urrl3rurfl: zs lruIn:6sr: rJ:snoudru pcR-greade warer

t z.zs'hln:6fli, l0x Advantage 2 pcR buffer 2.5 'hln:fin:, l0 mM dNTp mix o.s 'luIn:fiqr:

, 50x Advanrage 2 polymerase 0.5 'lruIn:fiqr:, 5'RACE-cDNA 1.25 'luln:fim:, l0x UpM primer

z.s 'luln:fifl1 ttou Reverse primer o.s 'Iru]n:fisr: ornuJurirrrirrndo.r The,nat cycler rvliorfrru
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rjsrurorGrdurolrroritJrj:ttn:rudrr:-unr:finurri'sd oumnru^ 94 o{flrrryorfiua : urfi nrrudao

Iil:rrn:runr:rfirurJirLrnr6rduro iiruru :s ,., iiq*n4n'94 ornrrryarfiua :o iurfi
qotrqru^ Annealing s8 o{f,l[ryatfiua:O iutfi rirrfunr:finurEil FActes uavqum4fi 60 o{fll

rryatffua :o iurfi drnfilnr:dnur6u FAelort qorm4ru^ 72 o{fllrryotfiua t urfi rravqarr4ru'

72 o{flttsatfiua s urfi t :ou er:?odou PCR producr d'eui66rfinlvr:lrGfialuoynrl:amn
9t9ttl4JFden?liltttJUu I t1l0;tryua til:uullluututftu0{ PCR product nu 100 bp DNA marker

(Invihogen) Jflut#nrrueir.rri'nei'lr'lilr too Jraqirflunor t rirlur ornriurirrursr:roaounruld

,o*uo uv transilluminator trdvdti'n PCR product Aloil#r;qrd rrayrjr'lrJru"rurJirLru6rduro

9l?U?I 5'RACE-nested PCR

s. r. r o nr :i rn: ry ri ai r6'ufi eadlo'lvroirotEiu F Ades ileft FA e ton drgi6

S'RACE-Nested PCR

rir pcn product ii ld'o r nrJ fr ffi ur s' -RACE-pcR ru rril' ru rJB u r nr 6 rd u ro oi'r ur^6

S'RACB-Nested PCR loul#1vr:nro$ nn-z (Reverse primer) rirrfrnr:dnur6u FAdes ud:-

ER-2 (Reverse primer) drnflnr:f,nur6u FAelonttasld'ln:rruof xup (Forward primer) orn

qo6vr SuanTerru RACE cDNA Amplification Kit to{il3u'yr Clonetectr (flt:t{d +) rniuil

o.rrirJ : s n o ur o.r rJ 6^fi3 ur il3 rursr : zs 1ru l n : fi sr : rJ : s noudro pCR-greade water

tZ.ZS'lrLJn:6fli, l0x Advantage 2 PCR buffer2.5 'hJn:6sr:, t0 mM dNTp mix O.S 'lruln:6sr:,

50x Advantage 2 polymerase 0.5 'luln:6fl:, pCR product t.zs 'hln:fin:, l0x UpM primer

z.s 'lilIn:6n: ttav Reverse primer o.s 'lilIn:6fl, o'.tn#urilrrhto*or Thermal cycler ruiorfir

rJitrardrdurols,o#.r}J:rrn:rudrufrnr:finurd'.:d qant4fi 94 o{flrrryardua : urfi flrrueiru

Iil:un:runr:rfiruil3lrar6rduro iiruru :s ,u, dq*n4ru^ 94 orarrryarfiua :o iurfi
qarn4fi Annealing 58 o.lfllryatfioa:O iurfi tirnfunr:finu16il FAdesuarqarrnfi 60 o{flr

dadov4d
tryatBue 30 Tutfr drnfunr:frnurEu FAelon qornqfi 72 o,lflltryarfiaa t urfi rrnrqnrunfi

72 o{tfllrryarfioa s urfi I :ou er:?odou pcRproduct d'luiGdr6nlvr:JrGfialuoynrJ:aron
Y Y I Jd d 6 d en?]ill1u1Ju I t1Jo5tryun lil5U1ltliUUzuu1oUo{ PCR product n-u tOO Up DNA marker

(invihogen) JouldnruJeirrri'ndlv{flh too l'raoirfJundr I r?rlur unr?urjrrurn:roaounro'ld'
j --_ - jue,rrlra XtnEol w transilluminator It0udr]er PCR product filffh{u3qvrG rroyrir'lr]rfiruil?rurruG16uro6n

n#.rrirtli6 nested pcn 6nn9.:Ioulflu:nrofqordurriu rraudri'Fr pCR product fitoilrer:qr,f
rirhJilrun:vr:unr:'larrn#u Inaufir uayn:rodouilardil'qdr6urod':u?G pcn rrayrir
a /o q a ds h ??rfl:ryilatauu?fla to tro
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3.2 nlrf;nulnlltlflo{oontlo{6u FAdes tary FAetonluru^orfiorJaroflou (Tissue distribution)

3.2.r ila10nouifl&lunr:f,nurqq

{rurr-rodr.:rJarEnquri'r}.ru-nto6u e.l6-10.39 nfrusion-a siruau 3 s)-'r drurrrun

,du,du ld'ruiruton mxr6uo-rmr: #rru aruor piorulo{alo{ nd'.ru,du rrayel-u Iru,,un,du,duuu
Ed
lu Eppendorrtube rnl'li^lu{'tnittfi.rqorfifl:J^ -80 o{grtryarBua orn#urirusiasrdorfiourdn-er

Total RNA rI:u Trizol reagent (Invitrogen) rjtlrairt cDNA ttayfinurnrsrrflel{oonrol6ulu
,iAc,<

I lm AU tU OIU O 9l 1 U'] I Reverse transcriptase PCR (RT-PCR)

s.z.z nt:fisra:ry# cDNA ota Totat RNA

r#x coNe ettui6nr:o1nTnfim ImProm-IIrM Reverse Transcription System

(Promega) ]nurntuil Total RNA tolrrsiasrdordo t 'luln:nf,ru ndilniu primer oligo (dr),,
--- tl s u ' i a d dt d tq t a u ddt0.25 til tn:n:il lJtJTqolrnu 70 o.lf,1lryalryud tilut?ar 5 urm uyluiltrr{nvrufrrilur.]ar

s urfi rirhJrlurrio'rrEr to iurfi orn#ursriauo{riil:ynoutoulfrffiuril:ynourYau lmprom-

il" 5x Reaction Bufferz'lruIn:fisri, 1.5 mM Mgcl, o.o k]n:fifl:,0.5 mM dNTp mix

0.5 'lilIo:asr:, Recombinant RNasin Ribonuclease Inhibitor (10 gfinoiolrulfliAn:)

o.zs 'lUIo:nfl1, ImProm-IITM Reverse Transcriptase o.s 'Iru'[n:fin: tray Nuclease-Free Water

rjfurisrursr:dr:ovaludori'rurvirri'r z'hIn:am:ruarul#ar:asarurflrnlu rirhjriild'eurnio.l
ioadroi

Thermalcycle frouunfi zs orgttryatfrud riluraar 5 urfi. fiqorr4fi 42 oifllryarfiua rflunnr

t '$'rlru.r uqorlfrffiurfiqiun4ru' 70 oirfl1rryarfiua rflur':ar r5 urfi rir cnNa iitA6rt;ii
qilH8rJ^ -20 o'lfltttxarfioa tiruful"flrflJu Template lunr:irn:rv#ni:rraqloonuo16ulurrsias
lirur

tuoluoa0 til

3.2. 3 nlretnrtst{ nttttfl o,rlo o nfl o {6u FAdes ud{ FA e lonlutu{olujo :J o to Rou

itn : tv#n t: ttder': o o n u o tdu tt,qde s tLdy FAelonlu rrsi a y rdo,du A*:i ra*
Ioul#'lu:urof or'-r (Forward primer) [[au DR-T (Reverse primer) drufunr:finurnr:
ttdo'toofluoldu plctes ttaulv{:tuof gp-r (Forward primer) ttay ER-T (Reverse primer)

4adrniunr:frnutntiudo{oonto{6u FAelonfioonuur'ldornuEnufiiirrurvro.rarufirnd
t_r.t--_e-& d _ j d t tto lvloYr{ilil01o{Bu FAdes ttdy FAelon (nr:rlfr +) rqr3oruolriil:ynouro.rrJq^ffiuril3ruror:

ro lruln:fisr: il:vnordru l0x pcR buffer r.o lruIn:fiEr:,50 mM Mgcl, t.s'luln:fisr:,
10 mM dNTP mty o.s luln:a^fl:, l0 pM forward primer o.+ 'lruln:fiqn, l0 uM reverse primer

o.+ lruIn:6sr i, Taq DNA polyrnerase 0.2 'Iru]n:a^sr:, cDNA template o.+ kln:6a: trouil:-u

rjiurn:d'?u#rfinirunr:.lirrdol#fiil3urn:n:u ro 'hIn:dn, o-.lnrfrri,rrTrrnf or Thermar
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vy
cycler foun-':JrJ:rtn:udrnfunr:finurri'.rfi Qarmnn^ 94 o{fllrcrardua : urfi srrrurYruc{

Iil:ttn:runr:rfr-rurJirurrudrduro riru'lu 30 :ou ri'.rd qnru4ru' 94 o.rfllrryarfiflJa :o iurfi
qorn4fi Annealing ss o'tgttryatfioa :o ?urfi drnfunr:finutnt:udoloonzuolEu FAdes

rtovqatu4ll^ 58 o{flltryatfioa :o iurfi riruYunr:finurnr:udaioonro t?tu pA"ton oru14f,iil^q{cq

72 o.lfllteratfiua t utfi ttavquuAfi lz o{qrrryarfiua s urfi I 5ou fl:?o6yountirldpl{oonq{

to.r6uri''ruffi6r5nlvr:lvGfialuovnrI:droa nrrurrTruriu rriloirfiuainjiuurfiuururori'u

100bpDNAmarker(tnvihogen)Igruldn:iileir.:c'nd'h{flr tooLodrilurrar r rirJru.: oln#u
qv A i o ? Y

u lu lfl: :o trounru'lpitn3 ot UV transilluminator tl{o'ltfr5'ty il n1:Itdet.toonto16ulu rfiordo

cd6.
3.3 Rl:f,RUrRr:uflnnoontorfiu FAdes ilav FAebnluilorqnouil6'sorn\fiYuorrnrrfiiirrmei.lqa

l[ u 4 i r v6 r d
R:O tlnJllo'rRfl rymttnnn1{Ru lurlnns roou

,'
3.3. r uoronoufi'lfflunr:f; nutqa

rJ a r e n o ufi ldlu n r : r o a o'r'l do r n n r : rn r r d'r u i6 n r : fl d lJ rfi uru o r n y,l r f ru

il:vnr ooryrnufl:fllorirr,;nula-uoua:1yrrfi rravrirnr:aurralurio6u ri'aoorur:ilar

qnturnrdn l:J:6uhjsirndr ao,rlu$,6r0{ rufiorq : rn^ou o'.r*irri'.rn',:{run-orJorrirru-n

raduGueiu 9.8+0.37 nfusiorflr iiru:u 630 ri"r ,,riuuulrnrv#rmnaortrrr',,,r.a, ,ur, ,i..t

,t tnoi,3-e
siausrrriru'luoounhntfi to srtqionr:rlfrr iiruru zt n:v,fr'l n-.roqjluilotuter 40x40 rilq: lou
4u |, v t @ .r o d !; u a ? j alJ0n:1n1:ilaou 30 9lxflon:us{ [au?rnr:tnuqnout.:riryr:sorun:rilancJo.rdtfr :O tryugt=flsr:

raoouay z n#,r (srr:r.rfi o)
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.ia/61 aJlgtl:l,tyl 6 1,{ t: 1ut9t o: [u nt5']tfl:'ty]ln ol n lilrit

^e?,1-HllJtglo: orJn:cri
Fcrai'

rjirurnr rirryoonEroufr ay nrulurir (ppm o.)

drdrr
n ttilt1lufl:otilu9lt I

a-3
tnE ovlo qor n r u drm a I o qt-r r ril :
(YSr-5s6 MPS)

d-l-,
tn : o{ ?onflJ n 1y'|il lil a lu9txt tlJ :

Sulphanilamide spectrophotometric

Cadmium reduction spectrophotometric

(YSr-5s6 MPS)

nerrutflUrir.r (ppm as CaCO,) Titrimetric to pH :4.5
< a ia,

tloU [lJIuUYl[lJu?lU (ppm NH.-N) Phenate spectrophotometric

'luln$m (ppmNo. -N)

'lutsr:m (ppmNor-N)

qilHQrr^uoilit (oc)
i-ro-,

tfi: o i ?9tft[un-111u tH a]ufl ?tt!:
I

(YSr-ss6 MPS)

v4
3.3.2 ?9100UOrfi-l:nooo{c

3.3.2.1 r]oTlu

")a3,3.2.2 nrno?lra0n
od

3.3.2.3 itAUlOUn

3.3.2.4 ru-u drily rei'ruo
AAI

3.3.2.5 ?9r',tlJUItoytt:I]E

3. 3.2. 6 rir niu rh riru #r riu ti'l nr f, o.: rir fu vr r u q v i'u ua y #r ru-u il a r u ru'n

3.3.3 0-l?I-HnflAO{l

orur:fi 1#[unr:moao{t'ldoinnr: oonrriluqJa: o-r?r1: fi fi n r : l#rirruiu o rnfi ry

drrh-A
rijuunril'ltruiufirrsrnsir.rnYu z qn: (qrr:r'rfi zy rirr-orqfiururdrnr:irn:rvr{o.rrirj:ynouyn{

rnfi kittri }.1:6u n:rrudu 'ltru-u 16o1u rravrdr qrrrui6nr:uo{ AoAC (199s) rfioriru:arqn:

or,r'r: lflurirrunhi'gor:ornr:ilnoo{unqfl:fiJil:6uil:vrurcu +o uJofrduqi rrny'hruiu
r _ t dd t !,il:vuru o ttJoitfrusi otnriudlit?ur.rduro{i'etq6urroiavqor: (orr:r,:fi 8) r"rarul#uitflud'ru
i-e

lnEo{rlduo11'11:tluufi-'tuou (Horizontal mixerl rfirurjtrJ:yutil 30 nJo$rfiuri CInrndl1#
-t, -.-.-..9v3,^^^^!,^--e-l,l-t-.,rdoJr",rY?uHdulfllnum{ililel0lfluuil1 til0elfi?utnso.:Uoot14't:uUU}J-ulryoi (Mincer; r.iru;r.rrirrriu

lrurer 6 fiofinLn: or?n:0vfiohuiuvrfJurrvirurr rjrrurd.rrroql#rr#{ rrayrt'nl#riluviourfinl

I o u 1 #il r u r n l -2 rryu er^ uJ fl : r fi ! o r 14'r : 1 {fi ri'o.r rE u rdo dr n r : yr o a o.r ri o 1 il
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3.3.4 R'lt?1{tffiUnttilooo{

d'nttplu n r: m o n o rttu u {l or aoo ( Completely Randomized Design, CnO) Io u

ttrilqotnr:mqoo{rflu 7 Tfln1:meroo.l (Treatmeng ttoiovqonr:nooo{fl 3 #r (Replication) Iou
dtlovvrrrrou9
Y.tu'lilun ttau?fln?lilulxilalmnao'rriour.Jciounrlun:v"f'rmano{ moaoitau{ild10noud?u

4r
der:olltlivroao{tilu:yuutlal 5 ro'ou Ioul#orfir:luil3il1nr : ulofrduu(nuuri'lrrind'eilnr
-Xraqqg,tdt40lua'v 2 Fr:{ flol1or 09.00 u. ttaul?ar 15.00 u. ua{orn tf orur:ila]lilul?at 30 utyt firnr:

rfiuorvr:rrn^orurourr#.rrravf.:rirruh rnjodrt]rnu-nfiki'rnhornrJBurilo-l1.n5dh?hjlurrqiay
!,AAot.i,f,uvin:{ tll0fi:lJfl114ufln1:Yrano{4n "l I toou ur1lalmaa0.:unq?u.lu]ilun ttay?ofl?lilu1'l[w0

rirrioryadld'hJirnr:rv#oh:rn1:r0Siurfiulsrrruiorirnrirnno{rdu.rouratodu:yuyrlar s 16ou

rirnr:rfiuEr"'aodr.rnd'rrurdoilorsnoudr'hJrfrnr:itn:ryv{:rlrruurraril;uriun:e'huiu flaoer
lqya d 3:vuv[?a'luonRlt?rfloo'rli'rn15nxunil:vFriudr]filnrrilanro{dt 1.2 tila: rlousts?ofqn[untilcq

'" -r l, '-urun 1 2 dil9111.rfl0n:.1

i-rrt{uf,qa'"-r4
9r'H1{Yt 7 dA d?U1JO{1tilA{n:O t1,,UU0rnUlUU?{UltAeU1ilUilA1ilrun

cYgttol?tt

iloao{

druaurJar(6'a)

/n:vff.l

vltUviuAt
c[ofl ?uu0nrrra{lntn lt,iluotnu]ilu1{!116vuilai

n : oxlt u-u o t nri r r7u rJ o r n fi n

30

30

30

30

30

30

30

#rruiurlarmru'n r oo ril ofrfi uoi
lo 

- t d t Jd 4
u1uuillau 100 [ljo:rryugt

y'o-tlY"-

uruulJloilruduutuuilntuuon 50 nJofrdud
3 - ") 4 t dd d

utuu0?t1100{ I 00 tilO:rryugt
y'o 

- & 4 f, - r d t td d
u1uufl 'ilfi ao{HduullJuila 1riln 50 nlo:rryu9t

rjluiun ruoviu t oo rrlo$rfi usi
f, - u , Yo 

- r .g t dd J
u 1 lJ U 1l 1 U 9t g',t U p'ld3.l U 1 U U il A 1 U U n 5 0 til O 5 rcXU Si

:
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er r : 1 { d s rln q 6 u fi 1 d'1 u q n : o r n r : m q a o { t uJ o $rfi u dzu u., rir n u-n r r r{. )

?9toolJ flgr: I der: 2 flel5 3 flgt: 4 dgt: 5 ds,-x 6{ u s Ei q''- - q - dnl 7{
rJorrJu

i4
n1R0?tfiao.1

l@

uud-rllvHni

fr
A4 I

?9rlUUttdutt: I'l9r
r'o-ta

ullJU1lAlillJn
!-ti

ultJuilrau
!- J, a

UltJUfl?tUA0'1
g-

uluumlumv?u

35

44

8

7

2

4

0

0

0

35

44

8

7

2

0

4

0

0

35

44

8

7

2

2

2

0

0

35

11

8

7

2

0

0

4

0

35

44

8

7

2

2

0

2

0

35

44

8

7

2

0

0

0

4

35

44

8

7

2

2

0

0

2

6

r.ru-ruluq isrrnu:tlluot?n: I nn. il:ynoud'.lu isrrru'uro 0.04 d'ruurjruarnn, inrn^u6

zo uriruarna, iqru^urn 4 uR., inru'ufi 100 un., n:el?,16n 30 iln., rafifru 60 iln.

,Jn6u 200 un., inrn'u6 8 iln. rrasierrru^ufi:.lru 40 un.
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3.3.s ntrtfl;uud'aodrq Total RNA

rirnr:{rurfiucl-rodtrilarmoao{ii-ru?u 3 or'roioqonr:moao{ Tn 1 r rel^ou rflu
{o

r?ar s toou ,'lu',,,rn,durdofil#drnfurirnr:f,nurn1:rrdpriroonnr,ru louuunruiurdorfiuli

YlglllTqflluQtJ -80 oirflrtcralryud 0rnuuu1tJldfl9r Total RNA ttayrstiuudlu cDNA mruiBnr:

flrile6nr:ornqnn^vr ImProm-Ilru Reverse Transcription System (Promega) rmdoldrilu Template

1 u n r : fl n u r n r : r rdo.: o o n r o l6u lu r?u fl o u si o'l il

:.s.0 nr:?t n: r v # n r :ttoo { o o n fl o nEi il FAde s ud{, FA e to nl uusi a y ro'o u tr d't or n
Ur/u dd t Ul v 4 d r v

t o : u o 1 ?r r : 1l N I tff a { nt fl 11, tJ u o r n fl ilfl I tn no I { fJu

tmturu cDNA fildorniGnti otnqgfim ImProm-Ilru Reverse Transcription

System rirnrdnurnt:ltdrr{oontor6u FAdes LL?t{ FAelon rfiuurYuEu b-actin rilu6udr.r6.r

u'tel:Stu (qrr:r'rfi +) lunt:irn:rvr{nr:trafl{oon Ioueirrfiunr:srrru#unoulur-tr?0fi l.z.:

3. 3. 7 n r re r fl : r v r{ :JB ru r or n : o'l r rTu d\ d 6 ru 6'a g.r1 u n ff ul fi o rJ a r E n 
E u

4i
rru-o d u q o n r : m a a o { ri r rJ a r q n q u iir u r u o qr-r qi o n r : n n a o I :l r ri r 1 #a o u rY'l u

f; a o ,t & & , o @ a d6 rn oulttfl't vr-rn'r:llunnnrri[uoyr.r14noro':ilnriilu?u 100 niru irn:rvrirj3ilrarn:q1clfufilil
A-etA
OUflXq{ q?Uln:0{ Gas Chromatography (GC)



j
ul1Yr 4

P{ant:enul

4.1 o{dil:unouto{6u Fatty ocyl desatursse (FAdes)

{i-
4.1.1 il?NtCIl uoyoruntr,t Total RNA 0tnlu-orr!-09't-un,y

ri'e o tir r Toral nNa fi 1 d'o rn n 1 : dri'o 0 r n rfi o 16o al"'r rJ a r q n q u rfi o rir ru r
FYAa44grror

a:10doulEu10Iei?utn:0.1?oR1tf!nnnuud.r Lin?ril11,u1Juoutury1{ 1.78-2.07 'llIn:nfllsio

ru'afifin: ttnvdril'ra:?odouqiln;Iqu1#roaovn1I:d teg".*. gel) n?riltfluriu r nlofrduqf

luar:aroru lx TBE buffer dtullorrunrulo 28S uay l8S rRNA'ld'ferrtu (nty{fi 8)

n r n d s rotal RNA fi a ri'pr 1 do r n r do ru'o griu il a r fl n o u

+. r. 2 ciro-ufi a n dlo'ln si r o tfru FA d e s ornrJ fr ffi ur RT-pcR
do

lilou1 Degenerate forward primer (DFl) ttAV Degenerate reverse primer (DRl)
ly <rirnr:Ttn:rvriri:uTG RT-PCR rfrtfiunr:srrilsofimro.ru3u-m Invitrog", Ioold Totat RNA fi

ari'oornri'uto'rilarqnqurfluoiurruunudr nrarua'sr pcR finrrruo n 478rirua (nrnfi g)
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nrflfi 9 flaflAm PCR ornilAffiur Rr-pcR rol6u FAdes (M) 100 bp DNA marker,

(l) p{ailafl PCR

m a-r o r n ad'n rua rufifl pcR r rd'? rir lrj niru r u 1 u n'r: I u ? u n r:'larn #u, I n a u fi r,

rravm:rudv{otrufu rujol#'ld'r,rarafierdrduro uarrjr'lrlvroaoupYaoii pcR (n1ilfi ro) ,no,
d q 6 t I a / o ry q d< h d
Uu Uu ruaruaa nou dn ?[fi, 1& il alqilu?na lo lyto (Sequencing)

--478 bp

i o aanrilii l0 uardru-nfirduroro{Eu FAdes fisr:roaoudeuffi pcn (M) 100 bp DNA marker,

(1-3) ruaruafl PCR

tttiost:loaoun?rudtJUsErito.riireriufirn6lolvrr{fi1d'rYau}J:unru chromas

nofdu 2.33 ttavrirnr:oi'onntno{torarufirn6iolmr{ druJil:rrn:u vecscreen uu-ir riro"'u
6 dS h / d ,^^^ilrndlo"lvrrifloiEu F.4des orn:J6^fi3ur RT-pcR finrruorr +zs {rua (nrufi 1t) uay

r:JSuutfiuuriro"ufirn6IoTvrrilugrurTo{Gi GenBank (http:/iwww.ncbi.nlm.nih.gov/) Ioul#
lrj:rrn:u Blastx 1ru'ir rirolufien6lolvrrfdld'finrrrun#run6.rniuEu FActeslu:JorrvrJyr

500 Ff-r.,
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(Pangasius larnattdii, KC994461) q+ rilofrfiup{, rJararrtl (Pangasianoclon hypophthalmus,

Jx0358ll) SO rilofrdusi, rjarrrryauou (Satmo satar, GU29489) 70 njofrdusi uayilalfia
(oreocbomis niloticus,KF268464) zo nJoir6us{ 6.r}i'rjrhJrflu6'urruulunr:irn:ryyia'ra
a ds v a!, q dfr:n6lo"lvrrin-lrto (Ful tength) d:uffinr: 3'RACE-pcR uay 5' nncp-pcn sio'hJ

5' AGCAT GACTT CGGTCATCTGTCAGTC T TTAAAAATTCCACC TGGGATCACATTGT GCA
TAAATT TGTCAT TGGACACC TGAAGGGGGC TTCTGCAAATT GGTGGAAC CATC GGCACTT
TCAGCACCATGC TAAGCC CAATGTGATCAC TAAGGACCC TGAT GTCAACATGATTAACAT
ACTGGTCT TGGGAAACAT CC TGCC TGTTGAGTAT GGGGTT AIUUU\GGTGAAGAACATGCC
C TATAACCATCAGCACAAGTAC T TCTTTTT GATTGGCC C TC CCCTGCTCATACCCTTGTA
C TTCAACCTACACATTTT GCAAAC TATGTATTCACAAC GGGAT TGGGTGGAT T TCGCCTG
G TAT C T GT C C T T C TAT GCAC GT TAC C TC T C GT GC TAT G T T C C C TAT TAT GGAAT T C T GG G

T T C T TT GG T GC T TC TGAC T T T T GTAAGG T T T C TAGAGAG T CAC TGGT TT GTAT GGGT GAC 3'

nrilfi r r rirn1ufi rndlo'lvrrizuo l6u FAdes o r nrJfl ffi ar RT-pcR

a. r.s aird'ufi andlo'lmsit o sfru FA des dars 3' (3' end)

dlu Firsl-strand cDN A 0'tfl Toral nNe fi ari'q lslo rn rdordopiu u o I rl n rfl fl o uo n
o dr I q 

^ 4 ds lr J I tritutriJusiuuut'lunr:Trn:rvriiitoiufr'rn6lo tyreryn.lo-luilatu 3' Ioudrrn:ry# First-strand

cDNA sr1ila6n1: 3'RACE (Invitrogen) ornriurjr oDNA;itA'trl,n^rrnruror d''lui6 pcn Ioul#
rn ti"'lu:mroifriirtnrvtol6u FAdes 6o or'-z (Specific forward primer) i:rLn-u AUAP ornryorfiyl

Ha-{01nn:lodouttou6rdurofild'd''luffioynrI:aroao^rf;nlvr:IvG8a rJ:rnqrrnuGrdurofifi

n?ruu'r.: zrs {rua (nryrfi rz-n) orn#uan-o6rduroornoynrJ:amnbfl uBCvrd uasrir'hl

Ttn:rsridrui6 uested pcn 6nn#.rJeul#'Ifl:rilofEer16urrYu uuirr^rar^rfisr ptn fio.ruu',,

z:a {rua (nrvlfi rz-t)



l6

(n) (x)

i-nrnii 12 Handa PCR ro{ou Flrles otu l'
(n) Ha an pCR ntnilAfi;ut pCR (M) 100 bp DNA marker, (l) r.tn an pCR

(t) Horian PCR nrn qffior nested pCR (M) t00 bp DNA marker,0) a An pCR

r r n u'u a n-n 6 r 6 u ro n r n os n i I r dro a 1#ri qmd rir ru a ru 6 n pcn 1 rJ rir u

tu'lunrrru?unr:larn#u, lnaufi ,:, uas r:-rudr.lorufu ru'ol#ldnarafin 6rduro rrnriu
.rrt r e < j trarir'lrjmoaolriluTG pcR (nlflfi rrt rx-o0uuhHanfinriourilirn:rsf.irniufirn6lollld

--73E bp

; - -d rnrflfr13 nardfroardurofirn aatrirui; pCR (M) 100 bp DNA marker, ( l-3) H6 AnpcR

A..-- ^riiorirriraiuilrn'tilolyrdro.:ruoru6sr pcR rner:.l0douo rru al1: nito,rtirniu

firn6lolnrisiaul :rrn:r Chromas rxoidu 2.33 rirnr:o-nnnrflofto,r arufirn6'io'lndriru

}i:un:l Vecscreen (htg://www.ncbi.nlm.nih.gov/) !.ir rirn"'lfirn6lo lnrirDi6u F,4./es 0rn

ilfrffi0r :'nncr-pcR fin?r uri 738 drud (nr,rfl r+) ,li0urfiflu.irri'ilfirnfilolnrilu

500 --r-
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gluflorya GenBank (http://www.ncbi.nlm.nih.gouD Inul#Jil:rtn:u Blastx ul'jrfitn6lolvrrffi
hrd I 4'ldil n': rrun dt an a l ri'u6u FActes lu il arryfi n du lsi'rrri il nr rvr Jn (pangasius larnaudii,

t Jca J t I dd dKC994461) 99 [1Jo:lcrufl, ilAld]1U (Pangasianodon hypophthalmus,JX0358l t) SZ riloirfrUsi,

rjarfia (oreochromis niloticus, KF268464) zo rrjo$rfiuo{ rrayilarn !,\tl (Lates colcariJbr,
t Jd 4

GU047383) 75 rljo:tcuuet

5' CACGTTACCTCTCGTGCTATGTTCCCTATTATGGAATTCTGGGTTCTTTGGTGCTTCT
GACTTTTGTAAGGT TTCTAGAGAGTCACTGGT T T GT GTGGGTGACCCAAATGAACCACAT
T C CCATGGACAT TGAC CAT GACAAAAATGATGAC TGGC TCAGCATGCAGTTGAAAGC TAC
T T GTAATAT T GAGC AG T C GC CAT T CAAC GAT T GG T T CAG T G GC CACC TTAAC T T T CAGAT
TGAACACCATCTCTTTCCCATGATGCCTCGCCATAACTATAGCCGTGCAGCTC CT CATGT
ACAAA.A ACTT TGTGAGAAGTATGGTGTTGTGTATCAGGTCNU\GGCCTGTGGGAATCCTG
GTGTGACATTGTCACGTC TT TGAAGAAGT C TGGTGAGCTGT GGC TAGATGCATACC T CCA
CAAATAAT CATC TC TC CT GT TT TTCCTT CAGT GC TTGTTCAAAAC TATATATACATTGTA
AC CACAGT T CAACAATAT TGACCTAGGAT T TTAAT T TAATATCAGGAATATCCATAACAA
T T CTTGAAT T CACATGTTAATCC T CATGTTATAT C T TGTCC TATATGCT GGAACTAATGT
GGTATTTTGGTACTTTAT TT GTAAGTGAAT TGGGACCACAGATCTCTCTTGAATGAAAAT
GTTTTTTTATCT TTCCATGCTGTTGGTTACTCCGACAC NV\TAJUU\TCAAATTATAGTGC
TGGAAJ\l\l\lUU\l\l\l\l\l\AAAA3'

i . - ^ d<
nrrrii t4 rirstiufr rnfiIolvrdrirur]atu 3, (3, end) ror6u FAdes

r.r.l iird'ufierrdlo'lmsir otfru FAdesilaru 5' (5, end)

d'l u First-strand cDNA 0 
-tfl Total nNe fr a n-o'l do r n rdo rdo oril t o.r rl a r q n q u

S o d; ,t q q /o cloluonululluugtuttuu tunr:itn:ryfidro-urudmr.rdrurlaro S, IfluiGnlr 5,RACE-PCR

r^razufinfild'qnrjrhJrfirurJ?uril6u FAdes druiG pcn Jqul#h!:ruoffiif,rurydoonuuuorn
ds h I

dreiufran6lo'lvrr{ornilq-ffiur Rr-pcR flo{6u FAdes 6o on-z (Specific reverse primer)

i:runlu uPM 0rnTqfin ila-':ornn:'rodourrorfirdurod'roiGovnrl:aroa6rfinlm:}GGa

rl:rngrrnr6r6urofifinrrilulr 900 {rua tnlrfi I5-n) 0rnriuan-o6rduroornoynrl:droah?

uiqvrdrirlilirn:rvfdrui6 Nested pcn 6no9.rInul#ln:rruo$ on-z (Specific reverse primer)

i:nnlu'ln:nrof Nup olnTon^m nyiraraprasr pCR finarruu n 795 {rua 1nrnfi t s-ty

a
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--900 bp

500 bp-

ia
nrrrfr 15 rua?{an pcn rYruilnlu 5'(5'end) xo{6il FAdes

(n) r.laruAn PCR ornilf,ffiur pCn (M) 100 bp DNA marker, (t) Harufisr

---795 bp

(1j)(n)

(t) ruanrdsr PCR ornilqffiur nested PCR (M) 100 bp DNA marker, (l) ruap{Ao pCR

!, -- o d s q/ a J"
0 I n u u d ri'q 6 td u to o r n o y n r I : ar r a 1 #rLE qvr r- dr ar a H Ao pCR'hJ p.i I u r u r u n r :

r,r "i s j dr i < qyuy dd !, otu?unl:'[atnfu, lnaufrl, ttav ntrudy{otusu tno nr to]rotdun eloulo otnuuutulil
. I ,<- -- ; - zi a r t a /o ry a ds h dvrodouo?u?r PCR (R]ilm I 6) n{ouuuuruar{afl nou dlirn: rsririrouurna Io"lmri

---795 bp

j-- -a ad A 9 ad
nt?rm 16 Ttardu=onrdutofrnndoudruTG pcR (M) 100 bp DNA marker, (l-3) ruarufin pcR

.4_-.- . - o dS h / a d o v
til o u 1a'l9l u u'l n a I 0 t vr 9r u o.: r{a runfl PCR ulsr : ?0 do lJ n ? I u du U : fli fl o.t iit fi u

firndlolvrrid':oJ:J:rrn:lJ Chromas nofqiu z.lt rirnr:sr-eu?nrfloflo.rarufirn6lolvrripiru

IrJ:rrn:u vecscreen (http://www.ncbi.nlm.nih.gov/) uu'jr rirri'ufirn6Io'lnriro.r6u FAdes n1fl

rJfr ffi ur s'RACE-pcR fi nrrru ur 1 7es flfla (nrvrfi rz) nE uurfi ourirnirfi rndlolvrrflu

M

TE,

500

I-re!
1;
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gludo{a GenBank (http://www.ncbi.nlm.nih.go'*rD lertlldlil:ttn:ru Blasrx urL'jrfian6Io1vrr{fi

Id'finrrrundrtlnfi{n-uEu FAdes lurlnrarro (Pangasianodon hypophtholmw , x0358tl)

so rilo{t6usi, :Jarrm]u (Pangasius lannudii,KC99446l) ss rilo$rfiuei', ilatrrryaruo u (Satmo

salar, GtJ29448g) 73 trjo{rdusi ttauilatnsil 1 (Lates calcarifer,Gu047l83) ZS rrlofrfiusi

5' ACAT GGGGAC TGATAACACC GAGGACACGCAC TCAGCACGGAGGACT GAGC TC CGTTA
AATGCGCGTCAC GT CTAC GTGCATGCAAAGAAGC GGCACCCGAACGAAGAGATGGGC GGC

GGAAGACACCGGGGCGAGCAAC TGGGGT CAGGAGAGACAAGTTCATGCAAACAGTACAC C

TGGGAGGAAGTGCAGAAACACAATCGCAGGGGTGAT CAGTGGGTT GT GATCGAGAGAAAA
GTGTACAATGTGACT GAGTGGACAAAAAGACATC CT GGAGGACACAGAGTT CT TGGGCAC
TATGCTGGAGAGGAT GCAACGGAAGC CT TTACAGC C TT CCATCCAGAT CAGCGT T TTGT G

C GGAAATACATGAAGC CGCTGC TGGT GGGAGAGTTGGCGTCCTCAGAGC CCAGTCAAGAC
CACGGAAAAAACGT TGCTTTAGTGGAAGAT TTCGAGACT TTGCGTAAGCAGTTGGAGGCA
CAGGGCTTATTCCGCACCAGGCCATTGTTT TTTATCCTATATCTTGGCCACATTCTTCTC
TT GGAGGC CC TGTC TTTAGCAC TACTTT GGACAT TTGGCAATGGC TGGAT TAT TACAGCA
C TAATATC TGTCATACTAGCAACTGCACAGGCTCAGGC T GGAT GGCTTCAGCATGACTT T
GGCCAT C TGTCAGT CT TTAAAAATTC CACC TGGGATCACAT TGTGCAT AAATT TGTCAT T
GGACACCTGAAGGGGGCT TC TGCAAATT GGTGGAAC CATCGGCAC TTTCAGCACCAT GC T
AAGCCCAATGTGATCAC3 '

i"-^d<
nrrlri 17 rireuurna iolvrripirurjaru 5'(5'end) ror6u FActes

+. r.s eird'ufi anrdlo'lvrsifi arug:rri (Futl len gth) 1,o{fi u FAdes

0 1 n n r : ilr ri1 ri'u fi e n 6 j o 1 vr rio r n i6 n r : RT-p CR ( ra"'e o-n u : m u I ), 3' RACE-pcR
. rl d . , rt I o d o u 6 ds Ul ll, 4(tduvtu) uay 5'RACE-pCR (tduil:y) rj-rrurrfiornluyru'jr rirsl,rfi'roa to lmoyt{ilrJoro,tull

yr

FAttes lurJarqnqo fin:rruurrvi':Hila 1,760 {rla {nrnfi tsl

!
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ACATGGGGAC TGATAACACCGAGGACACGCAC TCAGCACGGAGGAC T GAGCTCCGTTAAATGC GCGTCACGT 1 2

CTACGTGCATGCAAAGAAGCGGCACCCGAACGAAGAGATGGGCGGCGGAAGACACCGGGGCGAGCAACTG L42
MGGGRHRGEOL

GGGTCAGGAGAGACAAGTTCATGCAAACAGTACACCTGGGAGGAAGTGCAGAAACACAATCGCAGGGGTGAT 274
GS GE T S S CKQYTWEEVQKHNRRG D

CAGTGGGTTGTGATCGAGAGAAAAGTGTACAATGTGACTGAGTGGACAAAAAGACATCCTGGAGGACACAGA 2 8 6
QWVVI ERKV YNVTEWTKRHPGGHR

GTTCTTGGGCACTATGCTGGAGAGGATGCAACGGAAGCCTTTACAGCCTTCCATCCAGATCAGCGTTTTGTG 3 5 8
VLGHYAGE DATEAFTAFH PDQRFV

CGGAAATACATGAAGCCGCTGCTGGTGGGAGAGTTGGCGTCCTCAGAGCCCAGTCAAGACCACGGAAAAAAC 4 3 O

RKYMKPLLVGELASSEPSQDHGKN
GTTGCTTTAGTGGAAGATTTCGAGACTTTGCGTAAGCAGTTGGAGGCACAGGGCTTATTCCGCACCAGGCCA 502
VALVE DEETLRKQLEAOGL FRTRP

TTGTTTTTTATCCTATATCTTGGCCACATTCTTCTCTTGGAGGCCCTGTCTTTAGCACTACTTTGGACATTT 51 4
L F FI LYLGH I LLLEAL S LALLWTE

GGCAATGGCTGGATTATTACAGCACTAATATCTGTCATACTAGCAACTGCACAGGCTCAGGCTGGATGGCTT 646
GN GW I I TAL I S V I LATAQAQAGWL

CAGC,ATGECTTCGGTCATCTEICAGTCTTTAAAAATTCCACCTGGGATC,rcATTGTGCAIAAATTTGTCATT 7 1 8

QHDFGHLSVFKNSTWDHIVHKEVI
GGACACCTGAAGGGGGCTrcTGCAAATTGGTGGAACCATCGGCACTTTCAGCACCATGCTAAGCCCAAEGTG 7 gO

GH LKGASANWWNHRH EQH HAK PNV
ATCACTAAGG,ACCCTGATGTCAACATGATTAACATAETGGTCTTGGGEAACATCCTGCCTGTTGAGTATGGG 862
] TKDP DVNM I N I LVL GN I LPVE YG

GTTAAAAA@TGAAGAACMGCCCIATAACCAICAGCACAAGTACTTCITTTTGATTGGCCCTCCCCTGCTC 934
VKKVKNMPYNHQHKYEFLIGPPLL

ATACCCTTGTACTTCAACCTACACATTTTGCAAACTATGTATTCACAACGGGATTGGGTGGATTTCGCCTGG 1 OO 6
I P L Y FNL H I L Q TMYS Q RDWVDFAW

TATCTGTCCTTCTAT 1OTS
YLS FYARYLSCYVPYYGI LGSLVL

CTGACTTTTGTAAGGTTTCTAGAGAGTCACTGGTTTGTATGGGTGACCCAAATGAACCACATTCCCATGGAC 1 150
L T EVR FL E S HW FVWVT QMNH I PM D

ATTGACCATGACAAAAATGATGACTGGCTCAGCATGCAGTTGAAAGCTACTTGTAATATTGAGCAGTCGCCA 1 22 2
I DH DKNDDWL S MQLKAT CN I EOS P

TTCAACGATTGGTTCAGTGGCCACCTTAACTTTCAGATTGAACACCATCTCTTTCCCATGATGCCTCGCCAT 7294
FNDWFS

AACTATAGCCGTGCAGCTCCTCATGTACAAAAACTTTGTGAGAAGTATGGTGTTGTGTATCAGGTCAAJ\GGC 1366
N Y S RAA P HVQKLC EK Y GVVY QVK G

CTGTGGGAATCCTGGTGTGACATTGTCACGTCTTTGAAGAAGTCTGGTGAGCTGTGGCTAGATGCATACCTC 1438
LWE S W C D I VT S LKK S G E LWL DAY L

CACAAATAATCATCTCTCCTGTTTTTCCTTCAGTGCTTGTTCAiUU\CTATATATACATTGTAACCACAGTTC 1 5 1 O

HK
AACAATATTGACCTAGGATTTTAATTTAATATCAGGAATATCCATAACAATTCTTGAATTCACATGTTAATC 1582

CTCATGTTATATCTTGTCCIATATGCTGGAACTAATGTGGTATTTTGGTACTTTATTTGTAAGTGAATTGGG 1654

ACCACAGATCTCTCTTGAATGAAAATGTTTTTTTATCTTTCCATGCTGTTGGTTACTCCGACACAAATAAAA 1726

T CAAAT TATAGT GC TGGAAAAAAAAAAAAAAAAA 71 6A

i . - ^ ds l,t dY-nrflii l8 rirerluilendlo'lvrsiri.rilruqrrav6irelun:floru^luro.r6u rla"t luilarqnou
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4.2 o.tfiilrynoutonEiu Fany ocyl etongase (FAelon)

+.2. r airfi'ufi andlo'lvrsit o sfru pA eton ornrJfr ffi ut RT-pcR
io

tUOUl Degenerate forward primer (EFl) UAe Degenerate reverse primer (ERl)
o a Jrt € 6 a

rirnr:itn:rsrisi:uTG RT-PCR rittfiunr:srtruqern^vrro'ru3u-yr Invitrogen lould Total RNA fi
i i - t dt y t a d juy ta6a ddnoolnluoluoeluilalnnoulilugiu[[uul{u?rnrouroyr16ornilflnSut RT-PCR ilnrrruutr

stz {rua (nrnfi tg-n) firflailfiflornii RT-pcR flilSrurar#otnnn 6.rari'qdrduroornosnll:d

roal#u3qvrf rravrir'lilirn:rv#daui6 Nested pcn 6nn9.rlerol#'[u:rruo$uerr6ornlu yruir
A,<a'

ro{ruailanornTB Nested pCR fin:rruU Tt 517 d[1]d (n1v\lfi l9-r)

500 bp- 17 bp
500 bp-- --517 bp

nrild t9 ruaruaa rcn 1urJfrffiu1RT-pcR 1o{6u FAelon

(n) r.rap.rfrn pcR ornilAffiur RT-pcR (M) 100 bp DNA marker, (t) ruailAa pcR

(zu) nronrfin PCR olnilg^ffior Nested-pcR (M) 100 bp DNA marker, (l) ruar{6n pCR

u a-r o r n ario zua ruA fl pcR rr #r ri r'lil r.i r u r r r u n r :'l n rn.i'u, I n a u fi r, rra y

mtlud?'{oturiurfiol#lduardil^o 6rduro ornr?urirhJmndoud''ru:6 pcn (nrnfi zo) rn'o

6u uiu ru a nr 6 fl ri o u ti,r i r n : r y #rir o-u fi r n 6 I o 1 vr ri ( S e quen c i n g)

(n)
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--517 bp

i a ad A I d
nl?rfr 20 ilatdunhrdurofrn:?0doudruffi pCR (M) 100 bp DNA marker, (t-l) ruarufin pCR

.{--9-o - o 4s ut J a d o v
[]J O U 1 A1 q ! U ? n A t O I vr O I O.: HA r{An PCR rJ I 9t : ? O 6t O U n ? 1 U d rJ U : Oi I O i.it eiu

firndlolvrripi:uIil:un:il Chromas rroffu 2.33 uasrilnrrer-or?nlflof.uo{arufi:n6lolyrri
,sr
si:ulil:rtn::L vecscreen (htB://www.ncbi.nlm.nih.gov/) lru'jr drri'ufirnfiIo'lvrriro.rEu FAeton

ornrJfrfiStrr RT-PCR finrruarr stz {rua (nrnfi 2r) riliurrfiauriroirfi:nfilolvrrilu
Igluflo{a GenBank (http://www.ncbi.nlm.nih.govf )nul#Iil:trn:ru Blastx ul'jrfi'ln6IoTvrr{fi

Id'finrrnnd'rond.rnludu FAelon lurlarrvrln (Pangasius tarnqudii. Kcgg446t)s+ rilofrfiuei,

rJataetu (Pangasianodon hypophthalmus, Jx0358lt) so rilofrfiud, rJarrrc[cruou (Salmo

salcrr, GrJ2948g)70 nJo$rfiusi rrovila1fia (oreochromis niloticus, KF268464) zo nlofrdusi

61ld'rirhjriluduuuulunr:irn:rsfarufirnfiloTvrr{#wrua (Full length) d:oi6nr:
3'RACE-PCR IIay 5'RACE-PCN sioIil

5' CATGGATGGGTCCAAGAGATCCTCGTGTGAGAGGCTGGCTACTGCTGGACAGCTATCT
ACCCAC TCTGGCCTTCACCATCAT GTACCTCCTGATCGTGTGGATGGGGCCAAAGTACAT
GAGGAACAGGCAGCCT TTTTCCTGCCGGGGAATC TTAGTGC TGTATAATCTGGCAC T CAC
TTTTCTCTCCCT TTACA?GTTTTATGAGCTTGTGAC TGGTGTGTGGCAAGGTGGCTATAA
C T TC T TCTGCCAAGACAC TCACAGT GGAGGAGAAGC TGACACCAGGAT TAT TCAC GTGC T
GTGGTGGTACTACTTCTCCAAGCT CATCGAGT TTATGGATACCTTCT TCCTCATCCTGCG
CAAAAACAAC CACCAGATCACC TT CC TGCACAT C TACCACCAT TCCACAATGCT GAACAT
CTGGTGGTTTGT GATGAACTGGGTGCCATGTGGACACTCCTAT TTCGGAGCCACCTT TAA
CAGCTTCATTCATGTGCTCATGTATTCC TATTATGGGC T 3'

i " - o ds ur d d
n r 1^l fr 2 I rf r o"'u fr a o 6 I o'l vr ri r o .rE u F A e I o n o r n rJ 

fl^ 
ffi u r R T- pC R

r-E



+.2.2 drfrufiendlo'lvrsit osdu FA"to, ilaru 3' (3' end)

dl u F irst-strand cDNA 0 I fl Total nNe fi a ri'o'l oi'o I n rujo rdo sriu t o I il a I o n o u

looti'ltn:rv# Fir.t-rtrund cDNA srrruiGnr: 3'RACE (Invitrosen) 0rntiudr oDNA df af i,t,
rJ3rurnr nrsa ri'aui6 pcn loul#'lu:,uufd,ilryrrvroq6u FAelon 6o sr-z (Specific forward

primer) d'lrunh'lyl:nrof auRp ornqo6n ro-.:ornn:roaorrroudrdurofild'ri'rui6ovnrl:a

roa6r6nlm:lvGfia rJ:rnquoudtdurofinrrru tnx s71{rua 1nrnfi zr-n) o-ln#urn-n616uro

ornosnrl:aroal#u3dvrd rravrirhJirn:rv#d'ruiG Nested pcn 6nn#llquld'lil:ruo$vo

r6arriu uu'irr.rarufio pcn fiur.rru 11 57tnitua (nrvrd zz-r)

--571 bp --571bp
500 bp--

ionruii zz HaruAfl pcn dru:loru 3' (3' end) rolEu FAeton

(n) runnrfisr ecn ornrJ6'ffiur pCR (M) 100 bp DNA marker, (l) ruaflAa pCR

(t) nrarufisrrCn ornilfrffiur Nested PCR (M) 100 bp DNA marker,lt; ruanrfior tCR

!-adsqraA
0 1 n fu a ri'o 6 rd u ro o r R o v n r I : a r o a l#rt qvr r' rjr zu a r^r 6 fl pcR 1 rJ nir u

U o) s A tt { A qyrtgt q ad !, "luxun1:'[atnfu, ]naufri, ttnv vr:tuc?t'Jonruurr.ro tu tery'tdtduet nrouro ornuuur'hl
. 9) ^d - -- i --. 

j a u a r r a J o a a ds n dyrodouel?u tr PCR (R tlryt 23) lfl ouuuu ruar{afl noudrern: ryf rirouu roa to"lmri

(n) (1)

43
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--571 bp

i ^ aa A c) ad
nr?rfr 23 y{ardil=flhldulofryletdoudruiG pCR (M) 100 bp DNA marker, (l-:) zuazua^n pCR

rfi o rir rir sriu fi : n H Jo l vr oit o { ru a ru fifl pcR }J r er 5 ? 0 d o u n ? r u du u : afu 0.:.ir o"'uU

firndIolmdoirolil:ttn:u Chromas rro$#u 2.33 rirnr:6'orenrsrofuo.rdrufr?nAIolvrrf

ri'ruJrJ:rrn:t vecscreen (htp://www.ncbi.nlm.nih.eov/) y,tu'jtcirq"'ufirn6]otvrri'to.:6u FAelon

ornrJfrffiur 3'RACE-IcR finrrruara szt {rro (nrvrfi z+) nJiuurfiourirolufirn6Iolmoilu
I

glu{orya GenBank (http://www.ncbi.nlm.nih.gor/) 1oul#LJ:rrn:u Blastx nrL'jrfirndlolvrrifr
tld Y d @ d q I q d tn9 | |"ldilnrrnndrooatn]uEu FAelon luilarryfioo'u kiuri rJarqnYarfiu (Clqriss gariepinus,

AY660880) ss riloirfiusi. rjarn4lil (Pangasius larnattdii, KCss4462) ss rilo{rfiusiuav

rJai'lu (Cyprirux carpio, JF836160) Z+ rilo$rduei

5' GAAC T GGGTGCCATGTGGACAC TCCTAT TTCGGAGCCAC CT TTAACAGC T T CATTCAT
GTGCTCAT GTACTCTTATTACGGGCTTTCAGCCATTCCCGCCATGCGACCGTACCTTTGG
TGGAAGAAGTATATAACACAATGCCAAC TGATCCAGTTC GT TC TGACCATGAT GCAGACA
TCCTGTGCTGTGGTGTGGCCTTGCGGTTTCCCTAAGGGTTGGCTGTATTTCCAGATCAGT
TATATGATCACCCTTATTAT TTTCTTCTCA'U\CT TCTACAAACAGACTTATAAGAAGCGC
GGGGAT GC TC TGAAAAGCGATCACCAACACAACGCCGT TAAGTC TGTGAATGGCCAC TC G

AATGGGGC GACTCCTAAAGACACAGT TA'U\CA'\i\GGAAGCC GAGGGGTGAC TAAGGACC T
GTACATT C GTCCAGTTCC TCT TTAGCTGTGTAACACTTC TG CGAATGTGTTGATC GAC T T
CCCGAGTC TACACACTGCAGAGACAGGAGC AlU\i\TAi\l\l\GT GAAAGGATTTTATTGT TAA
AAAAAAAA 3'

nr?{fi 24 rirri'ufi rnd lo lm ridru rl ar u 3' (3' end) cro{6u t-Ae t on

rrrrl
-
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a.z.s iir6'ufiandlo'lvrrir oldu rA"u, ilars 5, (5, end)

dlu First-strand cDNA 0 I fl Total nNn fi ario'ld'o r n rdordon-ut o I il arq n g u

S o dt ,t q a /o o

tnuQniltlJ'ttllustuttuu lunr:1[n:rvfia'rFfuludnrqdruilaro s' Irrtri6nr: s'nacp-pcn

^u^arnlA'qnrjr}JuiurJSilrotAu 
FAetondrui6 pcn Joul#lu:ruofdo"rr*',rduuo,,rro-,n

cireiufirnfi]olvrriornrJfl'ffiur nr-pcR to{6u FAelon n'o ER-2 (Specif,rc reverse primer)
r o vl / a u da iirruri'utvr:rroi uPM 0lnuonm nd{o1nn:roaourrnu6rdurofi'lddrui66rdnlvr:Iffifia
I da i< ' i !, -o d arJ:rnqrrnu6t6urofifinrrurnl3zz {rua 1nrvrfi 25-n) 0lnfuan-or6rduroornounrJ:droa1#

uBqvrfiirlilitn:rv#dtui6 Nested pcn 6nn9.rIoul#'lu:truof Bn-z (Specific reverse primer)

*:uri'u'[u:ruo$ Nup ornqflfin nu'jrp.ranrfirr pcR finrrruu n 3zz{rua 1nrvrfi zs-zu;

500 bp--

---322bp

,lrrd ,s HaHfin pcn oYruilalu 5' (5' end) tol6u FAelon

(n) r.rnr.rfifl ncn ornrJ6^ffiu1 pcR (M) 100 bp DNA marker, (l) flaruAn pcR

(t) r.rarufisr ncn ornrJflffiur Nested PCR (M) 100 bp DNA marker, (1) p.{ar"laa PCR

o r n r?u a n-pr 6 rd u ro o r n o y n r J : aro a l#u3 q vr drir ru a ru fr n pcR hJ ni r u t u r u n r :
'lornfu,lnaufir, trav vr:rudr.lorruriurfiol#ldnarau^o 6rduro orn#urirTrJmoaordeui6

j i a - | a ]o u a d< h J
PCR (n r?{1r 26) ril0uu uu rua9{afl n0u d.r 1rn5 ]u ualouu ?n a t0 lyr gl

(lJ)(n)
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--322bp

i - A dd A y ad
nl?rti 26 v{atdilodrdurofrmndouriruTG pcR (M) 100 bp DNA marker, (1-3) nrnnrn^a pcR

rfi o rj r rir rYu fi : n fi I o 1 m rit o.1 p{a il A q pcR il r Fr : r o d o il n ? r u d il q : nir o r rir n"u

firndlolyrr{ri''rulil:rrn:u chromas no$riu z.lg rirnr:orhr?nrnofflo{arufirnfilolvrdri'lu

lrj:rrn:ru Vecscreen (http;//www.ncbi.nlm.nih.gov/) mu'jr riro"'ufirn6]o'lvrriro.r6u FAelon

ornrJ6ffiur s'RACE-rcR finrrruorr tzz qrr,a (nrufi zz) nftuurfiuurirsriufirn6lolvrrflu

grurTorya GenBank (http:i/www.ncbi.nlm.nih.govD lool#}J:trn:ru Bhstx uu'jr fian6lolvrri'
juy- il 4 u a d | ^ i u, r Ifrlrifrn:rruadruna.rri'uE\t FAelon luilarsfino^u 'kYuri rJarqnfarfiu(Ctarias gariepinus.

AY660880) gO riloirduef, rjarlu (Cl,prinus carpio, JF836160) ao rrjofrfiuai', rjarrmlu

(Pangasitrs larnauclii, KCgg4462) gZ riloftdugf, ilottrryoru o\) (Salnto salar, GU324549)

SO tilofr4ue{ ttavilntioumvra (Rachycentron canadum, Ft440z3g) AO nJolrfiupi

5' ACATGGGGAC GCAATGGT TTCC GT GT GGAAAGTGAT TGTCTTAACAT GATGGAGAGAA
AAGT TACAGC CGGAGCAACACGTGTTAC TGT TACAGAATACCGAGAT C T CC T TATATGGT
AAAATAGGTTCTAATAAATATCAAGGAAAT CCATGC CAC TT CATAAGAGTAAAAACATGG
AAAT CT TTAACCACAGAC TGAACAAC TATAT TGAC T CAT GGAT GGGTCC CAGGGATC C T C

GTGT GAGAGGCTGGCTAC TGCTGGACAACTATCTACCCACTCTGGCCTTCACCATCATGT
ACCT CCTGATCGTGTGGATGGGGC 3'

i"--ds
nrrrii 27 rf r olufr rnfr lolvrri'dru rJntu 5' (5' end) ro,:6u FAeton

+.2.c air6'ufi rndlo'lvrsidorup:ni (Fult ten gth) uo{Au FAeton

0'r n n r : dr dr o-u fi l n 6 I o 1 m pio r n i6 n r : RT-pcR ( qr-r d'n u : r u I ), 3' RAC E-pcR
. r) a It t 4 v r o u a ds Lt e!' d(rduYru) rrau 5'RACE-PCR (rdulJ:s) u'rultvruunu?IlJ?]aloljulna to lytoytitlluolo':uu

FAelon lurJorqnqo fin'lrtLurrri'.tl.rtJo 1,218 {rua tnrnfi zs;
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ACATGGGGACGCAATGGTTT CCGTGTGGAAAGTGATTGTCTTAACATGATGGAGAGAAAAGTTACAGCCGGA 7 2

GTTACAGCCGGAGCAACACGTGTTACTGTTACAGAATACCGAGATCTCCTTATATGGTAAAATAGGTTCTAA 1 4 4

TAAATATCAAGGAAATCCATGCCACTTCAIAAGAGTAAAAACATGGAAATCTTTAACCACAGACTGAACAAC 2 1 6

MEIENHRLNN
TATATTGAC TCATGGATG@TCCAAGAGATCCTCGTGTGAGAGGCTGGCTACTGCTGGACAACTATCTACCC 2 8 8
Y T DSWMGPRDPRVRGWLLLDNY LP

ACTCTGGCCTTCACCATCATGTACCTCCTGATCGTGTGGATGGGGCCAAAGTACATGAGGAACAGGCAGCCT 360
T LAFT IMY L L ] VWMG PKYMRNRQP

TTTTCCTGCCGGGGAATCTTAGTGCTGTAIAATCTGGCACTCECTTTTCTCTCCCTTTACATGTITTATGAG 432
FSCRGILVLYNLALTFLSLYMFYE

CTTGTGACTGGTGTGTGGCAAGGTGGCTATAACTTCTTCTGCCAAGAC.ACTCACAGTGGAGGAGAAGCTGAC 50 4
LVT GVWQGGYN FTCQ D TH S G GEAD

ACCAGGATTATTCACGTGCTGTGGTGGTACTACTTCTCC.AAGCTCATCGAGTTTATGGATACCTTCTTCCTC 57 6

T RI I HVLWWYY ES KL I E FMDT F FL
ATCCTGCGCAAAAACAACCACCEGMCACCTTCCTGCECAICTACCACCATTCCLCAATGCTGAACATCTGG 64 8

I LRKNNHQ I TELH IYHHS TMLN IW
TGGTTTGTGATffiCTGGGIGCCATGTGGACACTCCTATT T2 O

W FVMNWV P C GH S Y FGA T FN S F T HV
CTCATGTACTCTTATTACGGGCTTTCAGCCATTCCCGCCATGCGACCGTACCTTTGGTGGAAGAAGTATATA 7 9 2

LMY S Y YG L S AI PAMR P Y L WWKK Y I
ACACAATGCCAACTGATCCAGTTCGTTCTGACCATGATGCAGACATCCTGTGCTGTGGTGTGGCCTTGCGGT 864

T OC Q L T Q FV LT MMQ T S CAVVW P C G

TTCCCTAAGGGTTGGCTGTATTTCCAGATCAGTTATATGATCACCCTTATTATTTTCTTCTCAAACTTCTAC 93 6
F PKGWLY FQ T S YM I T L I I EF SN FY

AAACAGACTTATAAGAAGCGCGGGGATGCTCTGAAAAGCGATCACCAACACAACGCCGTTAAGTCTGTGAAT 1 O O B

KQT YKKRGDALK S DHOHNAVK SVN
GGCCACTCGAATGGGGCGACTCCTAAAGACACAGTTAAACAAAGGAAGCCGAGGGGTGACTAAGGACCTGTA 1 O 8 O

GHSNGATPKDTVKQRKPRGD
CATTCGTCCAGTTCCTCTTTAGCTGTGTAACACTTCTGCGAATGTGTTGATCGACTTCCCGAGTCTACACAC 1 1 52

TGCAGAGACAGGAGCtuU\ATAiUU\GTGAAi\GGATTTTATTGTTAi\i\AA,\ArU\i\Ar\Ai\,\i\N\zu\r\,\i\ l2LB

nlvld 2s rirri'rfi'rndlslvrri#.rnruq rravcirri'un:novu^Iuro{E \ FAeton'lurjarsrnou
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4.J nr:tt o{oonfloif F,4des tros fz"/r,luruiorgiotol atonog

' Cd,
ulsrlour':lu orao! a rq nQU tolrn rr.r'on r1116uoryrr- rlr a olciollsi'arol

vC
ndrutu-o ttasctir tdnh Total RNA f1?0 Trizol reagent (Invitrogen) sl:?odo! ;utalri-tu
_^4_-------,4r,euslnso ilqn rt 0qn6utrd I rnttlJrluuuoutusti t.65- t.80 tu ln:n j nordainn: rlasfl:.todou

qarnry{lfluldrodoyntI: d (Agarose get) n':rlu7urlu t rrJoir6uei' luar:dydlrJ tx TBE buffer

ornfudl Total RNA fian-olurrriasrdoruio a#r,rara cDNA nr iGn1:ro,lyo6u Improm-IlrN'

Reverse Transfiiption System (Promega) 0tnRt:f;nut l'jtnr:ttdo roonto{6u 17,/€s dtrt:o
",,. c nu'[ 1 rfior0oduole]iu uasduon niurdornlln-r: flnu'lron Atiyu-paiko et al., (2013) o-.luau

la-"
E':ri'nra=onrfror0oalt"'l dry:-lrir'hJfinurnrrudo,:oonro{Au FAdes (n1ufi 29)

s00 bp--

nrild 29 nr:ttdsxoontolEu ru,i", lurdordoxoi atEnoo (M:too bp ladder. l=rrnon,

2-n : vrl,r ry o ry r:, 3 drrj, +:al o l, s-si oilleiauo,l, 6=n dlxrujo, 7=er-r r)

n rnn t:flnu ty,tu't tn t: udo io0nro tE \ FAelon fln r: u As lo onfirdordoqtil Alor
y 1 { d -. jt n:gl1{li01141: tldyn4.:on fltu6t0u luotuonuunl:udonoofl!lnn.ltoiu.lytiult6yon l]

rqiu16a:ri'uniln r:fiflu ti,o.l zheng er al.. (2009) eiriu6lnh16onruiorflioo-ud riliud r1ilflns r

nr:lldo{oonrjo.l? u FAelon (t't11qi'1 30)

500 bp-
237 bp

nrfld 30 nr:udo{oonro{E t) FAelon lurdordorolrJarqnqu (M=100 bp ladder. I tu3on,

2=n:vrv|lvol14r:, :=#u, +:aror, :=sioilldaxjor, O:ndurdo, Z=orir)



< 6 a .t tnc,
4.4 nr:uflo{oonro{Eu FAdes ilefi FAetonluilarenosua-lo-rn'lfiiuornr:iifiundsn:o
lJl u 4 i t u6 r d
lt,tJlJOlnv{flYillnnnl{Ru luugtoytool{

-4 r '. - iA r -olflnlSvl9loonlauiuarqnquur?runrilaut:u9tu 9.80+0.37 n5ugtogn iitu'lu 630 9l?
I d q u I o - !, rolluila.:laui lun:vT{llflao{tula lxlxlxl.2 anulflfitiln: iilu?u 2l n:yd'i or-loqilurioturor

40x40x40trun: Inufio"'srttnt:ild00:o sr-reion:s#r rirnr:i'nqrunrvrdrlurioileaolro'ouny
l,^!r,tqa"X'o,do{ni{ rrnyr6udrr{nio4n 1 z iu 0rn nrsern: rvriq or n rurirlurj ovroa o l (nr: r{fi r)nu.jr

,r

qarnrnrirlurjoilflaolflaoq:uuut?a'rdrirnrrn.oorfirJBrurorfrrryoonSroudayarulurir firir
lt

oq:sfi11rl 5.32+0.87 dafinfirqionfl: (ppm or) qnrn4l^to.r#r firir zo.ss*t.54 oilfllrryarfiud

rirnrrrutflun:orrfjupirrruori, firiroqi:vn'ir{ 6.62+0.31 il3rrarrrorLlrurfiufirfjufiufieirod{ ' '-"---. '-i,

:yrjrl 0.01+0.00 fiaa^nfusiofin:ro.:rrotIrurflu-'luIsr:rru (ppm NH3-N) firoqjlu:volufi

r?t rJ r u dil ei o n r: ro3 q1r6 u I n I o { il d 1r o ao.r (Iryn #u ur 6o.r q'r rJ : rfi fl , zs+s)o

j -- 3 q
9t1:tillr l0 nolRlllut [uljom9ao{

A?y{1:1lil910: Fl6URlYlUt

hcr^J'
rJSrutnr iirryoonfrrrufi ay aruluu"r (ppm o,)

drd
nlrurlJun:qriluor.r

nrrrur{lurir,r (ppm as CaCOr)

s a id,
ttOU tUtuUYltilUilU (ppm NH.-N)

lulsrfn (ppm No, -N)

'lutst:tt (ppm No, -N)

^3noil?rCIrJUo iu1 (-C)

5.32+0.87

6.62+0.31

46.50+13.75

0.01+0.00

0.01+0.00

1.27+0.26

26.55+1.54

4.4.1 Rl?uflFr{oonflo.ru^ u FAdes ucr{ t-Aelon'lurjoronou'ldiuormr:fiiirrmdsn:o
tt e 4 i t v6r r d
:utJuolnfl Tfl ltgrR9rl{R1I l1{ttgrostglou

Y,ct'
ornrAuiilorE nq uei?uqfl i o rrr: fifirrrri.:n:o'hruTuorn fr'vusrn qir,rri'u rflu

:vuur?ar s 16ou ]eudrn"'rodrrilarqnoululteinuuonrsilono{ nnrirurEi'.:#rrrinrrayr-en']rxlqqq{

{ o j a u t J j - dr -4 q , r d o & o

u't?Yt{1ttJ9t Yrlnl:dnu [v{0rniln?00'r.1[uoruostlj njul?at 5 r9tou tueilyrrl{ -80"c nlnuuil]
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i - e u d qv dnrilii 37 n rruri'ruyiluf m1{Tifl uIn'l:uo{Eu FAdes lur.J arqnq u

(dru ru : ou t o.rn r: dr #r, bootstrapping : t,0oo n #.r)

4 I I d
tln n1: fr n u 1 o I ri il: v n ol x o{Au FAelon 1u rJ a r q n q u I o oTG n r: I n d il cDNA lJ o.1

?su pAeton nu'jrfiriruto16u#.ruruo (Full length) trird'l t,zra {rua (accession number
j r dr o 6s dt

KF006249) tll..otttjotilu:r"an:oosulufrcitu onp rrirniu zs+ n-'l (accession number

AGR45590) Jsrofrln:.rafi'rtolIrJ:6urJ:vnoudrudruro.r Hisridine box iiruru r airunril

Transmembrane regions ifru'lu z gilrrul ttav ER retention signal iirutu r siltuul (nrilfi :S)
istva
fr{aoqndorti'unr:frnurto.r Hastings et al. (2005) :ru{1u'jln:provru'luro.ritu FA"lon lurJar
f;a t s

rjro-orJ:lnourirotiruzuo.l Histidine box, Transmembrane regions uov ER retention signal tflu

In:':air.rvn'n lpruluilarrJa'rrrrynuoufirirq"'ufirn6lo1vrri ass {rua rrnvfiri?u oRF riruru

29s &1 (Hastings et al., 2005) ff.:firi:ufiriluIn:rairrlrl:6ufind'run6.rn1u lounu'jrn:ooyru^

Iuto':6u FAetonfinrrrulndrdu'rri'ulundrurjarrir6oLi'uri rJarenfa tda Osq sl"':) ilarrmlvr

. 0.0:r-::l t

Bighead catlish (AGR45589)
I 000

- 
Striped catfish (AFN21428)

9-91- Black ear catlish (AGR45585)

Spotted grouper (ACJ62848)

Gilthead seabream (ADD50000)

Barramundi (ACY2509l)

Nile tilapia (AGV52807)

Climbing perch (AFJ97304)

Cherry salmon (8A863440)

Atlantic salmon (AAL8263 l)

Rainbow trout (AAK26745)

Human (AAD200l8)

House mouse (AAD200l7)

Common carp (AAG257l l)

Rohu (ABV0l368)

Zebrafish (AAG25710)

1000

1000 I 

-
L

646



57

(2e3 er-'r) r]arfia Qst &t) rravrJarrTraro (zsr or-'l; uavlun{urJorvrvra'ld'rrri rjarrrryaruou

Oss dirravilarnoo (288 sr-':) ,durr.oourn:rundrundcuo{n:oosfiIurol6u F,qdes tla-t

qnqulugrurIorya c"rnant loal#hJ:rtn:ru Protein blast uu'irfinrrrundrunf;IrYurJaren

fatfiu (Accession number AAT8l405) sS rilofrfiugi r]alvrlyr (Accession number AGR45586)

ss rilo$rfiusi rravr]nr'lu (Accession number AAT81405 ) zq njoirdupisrrurirq"'u rrdyotn

nr:dnuriislurnt:totilarqnQuIould]r.J:rrn:u clustatX rraynr:d#l{ur.runfio{u'h?nu'ji
t4Jqravt

rJ a r q n q ufi n r r u d'ru vliu f 1 n dfi o ri'u rJ a r q n f a rfi u ru r n fi q er ( n r il fi : s)
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F-q.q2--l

Black ear catfish (AGR45586)

African catfi sh (AAT8 1 405)

Bighead catlish (AGR45590)

Zebrafish (AAN77156)

Grass carp (ADU04500)

Common carp (AER39746)

Daggertooth pike (AGP25l l2)

Japanese eel (ACI32414)

Atlantic salmon (AAO13 175)

Atlantic cod (AAT8 1406)

Spotted grouper (ACJ26847 )

Cobia (ACJ55150)

Turbot (AF465520_l)

Snakehead murrel (ACD02240)

Nile tilapia (AAOI 3l 74)

House mouse (NP_599016)

Human (AF231981 1)

nr fl d 39 n r r u ti'ru vliu f,vr r ti fru u r n r : u o {E u F A e I o nJ u rJ a rpr n o u

5.2 fl r : rrGyo{ o on$o {du FA de s u?r{ FAe to nlurudoruiolj o silaro no u

nl:Anulnl:ttdo.looRfl ot?tu F, des LLdy FAelon lurdordoro.rrjarsrnou 'lelrrri

rvton nistv{"tuo1ilr: #rru auo'r siouloi'aro.: n#rrurdo tlayeliu ri'rui6 Reverse transcriptase

PCR (RT-PCn) mu'jrfinr:ttdo{oont ot?tu F,tdesrurnfiaofirdordocfu :o{a{il16o dilo{ Iou

QniluteiutAulrYuii'lrJatttsouou (Zhenget al., 2005) rrayrJarriralu (Monroig et al., 2009)

aoqndocnlunt:finutIo.t Ren et al. (2013) flnurnr:rraq{oonflo{E,vt FAdesluru{ordorlat'lu
i o i o C A. r d u td
frnunr:ttaonoonto{Auilrnfrqqlurfio16or,t"'r rrdvduo.rriurGu'lriu rrayil!irAu FAetonlu

ila r o n o u fi n rs ud o { o o n fi rdo rdo sr'r dil o{ #r u R : y rm "r y o r1.r 15 r r a y ru^14 o n n r ildr o-rr I q u

rucordori'ufinr:ttdo{oonurnn'iro?-u'rvodurrargnvrur.ilu16orri'uri'unr:f;nuruo,r Zheng er al.,
,

(2009) luilnrriouvrYLd (Racht,centron canadunr) uonornfi Aliyu-Paiko et al. (201:) f;nutnr:
d

rrilFr{oonto fiJt) FAdes LLlr{ FAelonlun#rrurdo ri'u auor i.rhi or#rrdo cir'l# ln rrayrurii
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,, 4 , ji-
nairulfrotol dryot) tchqnna striata) flu jtrfiot0ogiU lldsd oifint:udoioonrotEu tTdes

LLd,v FAelonlrnfiqn 6.r n r: rrarx oonr otdufi u ulu rdoro'oqr"'l rraca o.rudn{6,: pl"ruur.i,r fi

drn"'rglunr:d'rro:rsr{ nura tJ{oforvrirucitll nolirlnro (Zheng et al., 2009)

rdu16arrirlur]arr:ulrlin:roi(n"netal.,200l)]nanrirrld.irrdordori.raolrirur{luoiu.ry
- ji e @ u -.in,l -uanmlndlflo{nunttditn:ly n:o 11rJuyt luouFtl{{

5.3 fillfldorloonflol1u FAdes ttaz FAelrz lu otenoufiooueuolsioutiGion:ft'h,#uotnfi't

otnnt:frRUlntruaoloonrolau FAdes Lta--ruelon lu arqnoofirdaldrootxt:
-i- , ,4 q a.i ) aa j - d 2lllJtl]tdin:n tt u 0tnltlytllgtnfi I inuflIxt lutfiou11 I oitFlouT 5 du F.,4de.r nt:ltdonoonfr

nouduo.reior[ 6i.rn: n'huiuornx'sfinflroon'.r n-u rqiurd urnlun-udu r'lelor dfin]:rraoooon

rfrtrdulu4nqn: orn-r: rraoll#r#u'jrfinr: rirrru n o.:rou'l"rrito rrr'r ao wfiofirirnrirfi1u

:yuunr:r 6oun:o hl-ufiiirr{lu1uo rur:hirfiun: o hu-ufihi6leridl'lqi'rFrancis cr at..

2009; Tocher et at., 2004) nr:dn u tlun #.rd ro on#ol n-rrn r: dnu'1fl o,r Ren et al. (2013) d
, r ,1 .jj y .i4 : - , .idilu, u UnrtuYtlarr]rfirudnsdt? :munt:itdlJut]tuuatlluDHA.EpAllnsARAllagf,gtt

.i 3 - , * 'r.,
o ry r: frruauri rliuri-r: I nnfrrilu rrr rinuo.t LA finr:udsxoonlo tltu FAd", liluornsir.rriu

lurorsfi Zhens et aI. (2004) ujl aruuarl ou firdordroornr: fi ruarrirruiu fiu fiofi n r:
rudn':ooncro{6u:J rnn i rrlnrfi,dard':r,orv r:drual,ri rriurlnrvfin 6ln,ilnn r: yirl ruto,:6uri,r
. I <d - " < .i" yj e .t ut t

d0 t! ljrluu 0 i1,unuYu9tfl 0.rljd I tldy n ]t I tlu uo.ldunfi lH{ tTn tufl nt5d5rrrdu"lqr
ae r u,r ,, / ' aiJrtJol,{01: tntsdgdllloin:o tfl u lunaituluo dtrtJ-odudont:mndo{ 4 ryro n-o

niohiliu LA, LNA, ARA, EpA uas D[rA lurJarqnqufirdu.rrhtr6or:otr:fifiu .iintn
'ltl-uornfiry rflu:yosrlni 5 r6ou nu'irlundruruzorlnrinqofirJiul0r LA ilrndqnlu{nTn

nr:rnaon lutaryfihinu'irfinr: dy dlnrorn:n'lrniu LNA uay ene lun#uludodru:rruiun'ry

d1*lu rrr o r, ,, oyrflurrm d rto ln:ohriu re riluo,rrirl:ynouuii'nrir1#finr:ayarlurujo

ilar1urJ3 urnr qln'jrn: o'lt ruiuvfi n 6u 1 Bahurmiz and Ng. (2007) nrirrirnr:asarun:n
" -" t , ^tl,uu lutusrJdrun:rrudruuurnr Sltat n: q'htiuluoT.it: uonotRflfint:dyd:J EpA 1

t' I ' lJ ,, A | - r a , ta t | - , t
nnluluo!atTlnuiFrtuonfl:11ruduutuuUaly n 100 lUo)-lsufl utuu la t00 l o:lryua

ruacdrfuilrdrlHarlrilriurlarvfin so uJofr6ur{ uasfinr:dydlL DHA :yxnru
I dd r

o.o-t ulo6rfiuci onn f,o{nlunt: finurrol aorfnd u'liqnfrorld uasnals (2ssl):tr,.ltu'jl

nrsdsdxr EPA uay ofre lun"rrlnr rlaBst-r at EpA 0sfi nt: ds dulurli Urardriou c?r{#ou
a t ld Irtai flt dr TJU.t 1tllo:tqugl
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agrJr.ranr:noao{

n r : fl n u I n r : I I dn il o o n fl o t?tu pl d"s tLd:- FAe lon r r a y il3 ru r ru n : q h iliu fi 1 il 6il gia

i,rnuaoq{frflouduolsiourri': n: q'[rilIuornfirluorur:ilarqnqo dlursod?il zuanr:rirrfiunr:
tr,- i

mflao{ loo{u

(1) 01nn1:finurdrolufirndlolvrriro.:6u FAdes 1ro{ilorEnqufirirurorEu

fi'wruo 1,760 dtud ficiru onr rrirri'l qqs frt (Accession number Kr006248) rJ:vnoudtudru

uoil Histidine boxes iiruru : gitttrri':, Transmembrane regions it'ruru z gitttttut trav

Cytochrome b, domain iiruru t oirttuilt finrrrundronf;rtordra"'un:noy:l'luri'urJarrfiooirtl
fq I r d d J

0u lury?{ 70-93 r1J0:rryuqt" 
,r, ornnr:dnurrirq"'ufirn6lo'lvrpito.rEu FAelon torilarqnqufiri:utoq6u

tt,lu:lo 1,218 fitud firiru onr rvirnil 2s4 fr1(Accession number KF006249) rJ:ynoudruci'tu

to{ Histidine box il"tueu t gl"rtttUil Transmembrane regions iirUtu z oirttr.ril.: ttaU ER

retention signal iitu:u r sirttru.r fin'lrrundruno'rto{6ire1un:oosru^lunllrJarvfioroir.:1 oqj

a r r Jd ?
tury1{ 75-96 lljo: tcuugt

(3) nl:finurnrr rrdqnoonro t?tu pActes lurdordororrJorqnqoarilr:oer: ?0nu

R1:ttdn{oonrurndqolurdordoe,r"'u [[ovduo.1 srrruriri"u uasnl:flnutR1:[[do.:oonflo{6u

FAelon d-lu1:0elT?0lluR1:ltder.loonurnfiqqlurdor6osrlu dilo{ r?tu n:ur}nyo1?i1: uau
4ou

lfi{on fl1ua1nu

(4) nr:f;nurnr:tldfi.:oonto t4tu rld", LLeril FAelon tfiouniu6u b-actin lurjar
A:gtAarudairqnQUvtmnao{tau{oluder:or1{r:frfrrtriirn:n'hriuornu-rfrrrnnsir.:ri'umu'ir lumnan:o-nr-t:q q ''-q-''-qi'---

?tu r.tdr, finr:ttanroondsrouauo.rqiornrdrn:n'ltruiuornn^vr.iu16oenlu f,uiu r,q"nr rrao{

l#rfiudr rjorqnoufituaunr:nr:ti'rtn:rv#n:er'hriufihj6usr-ra{ fifiEu FAdes LLdy FAetoncqs

" yA e d h d
n'11'lUlmfl?UqUnlTd:l{[OU tcXU Fatty acyl desaturase LLdil elongase



(s) nT :f,nurorrirl:;norto.rn:o'ltriulurdorJarqnquurL la fi riroqi:vndrl

0.78-1.85 ln oua iriroqj:rr-irl o.o+-r.rs ln rray EpA firilo(iiyu jrl o-0.20 ln rJarqnqufi
.1 y :*, a 2-rau{e1uutuu!at 1lnltavUr uT,iulu fq ri-tudltflnsirlniu a'u:r:nul6ou rA l#ri]u nne

uav EpA 'ld'lurl3lrorfiunnqixri'u loorl nua fiil3rutar4,r1uqn:orut:dfinr:ldrjrrrtu

d'rruf,o,rruarurirn-u rlarv:r'n so % (1.19 n) ua;rfil-uvrrunyiu zuauririuilnrrn'n so z
(t.os:rnr rrei'hj u Epe lurarsd DHA ua; era gnnrlugnr o rv rr-fifi n r: ldrirriurlo rufin

100 % (0.64 llar o.19 r:n) #rt-uilta' t00 % (0.66 uas 0.18 rn) uas ritru-urlralr.r auri'lrirru-u

rJarnl*n so x (0.07 rrar 0.26 n)
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n{ruToiurravTtn:rvriafrfrnttil5ril{ qudflridurmfl n:ilil:vrJ.r. Uorirruonrdsrnr:rde.l

Jry0"fi'u

uEu cngl

http ://www. fi sheries. go.th/it-stat/. lJ Ri 1 ft lJ, 2 5 5 7.

4 | d @ : - tf; a a * { < /rilao{r?il:]or9t. uannt:tillsrau{dq?il'1. n?{[11]t.1 : fror5 iliust.l : lilirury, zs+s.

u?.:diou.

rirliu rJ n rU ur. ivr orfi nu rfilS ry ry rl m ru u rriru fi Er : rur rin urd'urnu n : flr fl sl $,

2545.

qorYnri u?:EnfitQa rrnynilu. "ryfioro{'hriufiru:lryaruluorrr:rJnturJo,,, luronar:
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