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ABSTRACT

Reproductive cycle of female walking catfish, Clarias macrocephalus is normally
interrupted by the presence of a resting phase as observed in other catfish species. Ovarian
development and monthly change in GSI of females held under pond conditions was monitored
over a 1-year period from April 2008 to March 2009. In October, fourteen-month old female fish
were randomly collected from earthen pond and exposed to elevated temperatures at 30°C and
35°C under hatchery conditions for six weeks. Ovarian growth was determined at a 2-week
interval. Significant variation of mean GSI values (P<0.05) was observed among months with the
highest value (13.91+3.63%) in July. Histological examination of ovaries revealed that in females
held under 30°C and 35°C, the number of vitellogenic oocytes progressively increased from 0.5
and 4.7% at week 2 to 4.6 and 19.7% at week 6, whereas in the earthen pond, ovaries remained
in resting stage. Although fully matured females could not be obtained, the present study
suggested that temperature manipulation was probably the practical way to increase the number

of maturing females outside the reproductive season for walking catfish.

Two different cDNAs encoding heat shock cognate protein 70 genes were isolated from
liver of walking catfish. The length of complete cDNA sequences for walking catfish HSC70-1 and
HSC70-2 were identical (2,278 bp), with the open reading frame of 1,950 bp and a predicted 649
amino acid protein. Amino acid sequences of both proteins shared 94% similarity with 38
substitutions. The walking catfish HSC70-1 and HSC70-2 proteins shared 82-95% identity of amino
acids with other teleosts, chicken and human. Under normal conditions, HSC70-1 and HSC70-2
transcripts were expressed at similar levels in liver, gills, brain, and skeletal muscle of walking
catfish. Bacterial infection by Aeromonas hydrophila differentially induced the expression of
HSC70s in these tissues during 48 h. The HSC70-1 was constitutively expressed at low levels in
most tissues, whereas, the HSC70-2 was up-regulated at moderate and high levels in liver and
skeletal muscle respectively. The significant increase in the expression of HSC70-2 in these tissues

may relate with the role of HSC70-2 in immune response of walking catfish.

The complete cDNA sequence of walking catfish myostatin (MSTN) (1,784 bp) contained
147 bases of 5'-untranslated region, an open reading frame of 1,191 bp encoding 396 amino
acids, 446 bases of 3'-untranslated region, and a poly(A) tail of 27 nucleotides. The deduced
amino acid sequence of walking catfish MSTN shared 94%, 78%, 75%, and 60% identity with
MSTNs of channel catfish, common carp, rainbow trout and higher vertebrates, including avians
and mammals, respectively. Results indicated that nucleotide and amino acid sequence of fish
were more variable than those in higher vertebrates. Unlike terrestrial animals in which MSTN
transcripts were expressed only in skeletal muscle, walking catfish MSTN mRNA was detected in
other tissues, including brain, gills, stomach and skin. Temporal expression of MSTN was
determined in whole fish during one to three weeks post hatch and from skeletal muscle from
one to six months. The MSTN mRNA showed highest levels of expression at 3 weeks and the

expression was lowest in 3-month old fish.
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Ly
MyoD A Proliferation R‘A I’Q Differentiation q&%@&%
B FT

Myaoblasts  ppee y' .
| C omnmtetl yotubes

e +- . Myoblasts
Myostatin p2l Cdk2

a ° ° . ' o 1% & a .
AN 2 LUUINEBINTITNINUYDY Myostatin SENINNRAIUINITUBINAINLUD AW A U Myostatin
AILANNITHUIAE Myoblasts uazn1w B: 1ifl Myostatin (M111: Thomas et al. 2000)

McPherron and Lee (1997) ugfiunugu MSTN Tuny lneg3delaldinailn Gene-
targeting ¥atedeadu MSTN fiasslusfiusu C-terminal ﬁﬂﬁmmaﬁuﬁ:ﬁlﬁ%’uguﬁ
{fian1snane (Mutation) Swiindsnnnimyunisisaeain nenudmyiiianisnaieasd
ﬁi’wmuuazﬁuummaqﬁmﬂé’mLﬁamﬂﬂﬁmgﬂﬂa AOUHNITUAUNUNITNAIUAUTTIUYIAVD
fu MSTN luanewuglaiile (Belgian blue) Fuilsfindandenunalnginilailound 200
uaziSendnuaiziidn Double muscle MnninseilasassBuiiinnsnatenuinfang
Tolnsludu Exon 3 Mamely 11 guua vilAiAnnsnanefiBendn Frame-shift
mutation Gsfisangamsdaasesilusiu (Stop codon) Unngiuaismii aelndulng
fdaameituiaduniiund mmensaesiludiu Cterminal el 102 viiae Tsiu MSTN
ﬁlﬂiai\l‘giﬂﬁﬂﬁmmm‘1/‘1’7\‘11‘141511 (Grobet et al. 1997; Kambadur et al. 1997; McPherron
and Lee 1997)

nmsdumuBu MSTN lunyuasladlesauisunuimuedlusiiu MSTN dewalifs)
ns@nwgu MSTN Tudariundnuaievlianiaun 1w g (Shelton and Engvall 2007) N3
(Yu et al. 2007) 1n (Kim et al. 2007; Ye et al. 2007) wazkne (Boman et al. 2009) umu
s du MSTN Tudanfldumuailainniusuiionty fsenunisirauiuwasdne
AdNBY TIMILansoanuesiiy MSTN lussgimunnsnniisoudussesiutely
Uamanevia WU Uan Gilthead seabream (Maccatrozzo et al. 2001) Uansuluiingi
(Ruscan et al. 2001) Uan channel catfish (Kocabas et al. 2002) Uan orange-spotted
grouper (Ko et al. 2006) Uan yellow catfish (Pan et al. 2007) Uan Japanese sea perch



(Ye et al. 2007) wagUa Asian sea bass (De Santis and Jerry 2011) iu@u ¢uidelng
Acosta wazmay (2005) Wuiemada RNAI (RNA interference) anansadiudanisadna
TUsiu MSTN Tutan zebrafish vinldUaniidmdndaiiatu 45% owssudiousudandnd
LLaSLﬁQL%’JﬂﬁJ Lee wazandy (2010) laAnwn1suansoanaos MSTN-1 prodomain anUan
Japanese flounder lu E. coli waziloth MSTN prodomain Tuaalwlansuluinimui
annsadudsnisuaneanvesdy MSTN vhlvanivhuindfiatuds 40%



52108U75398 (MATERIALS AND METHODS)
NavaInsNguugTrewaLN1TYasialdUannge
1. mswiziugUaignae
1.1 msideavagnasluvaiy

Jmangeifliluntmeasddunnuoyemeian quiitelszuninda nsu
Usza Jaminunusid lussudamneu 2550 ladimsinzdainnaslagisan
gosluunaiunoUan 10 1 (dwiiniads 202412 n$u) wazusian 40 i
(miiniade 210+26 n3w) syuragnualdlutoyuuun 6 MIaLRT (2x3x1)
ATV 3,000 Fsans1auns Wunan 2 wew udidegnuaidiuau
3,000 faadsdlutofuruin 800 ASIALAT (20x40x1) Tomnadadniagy
TlUsfu 25% U3 2% vestmiing uar 2 s evaiony 8 Weu du
\Rushegsuanngamaile s1uu 15 § yavieu Wusveznan 1 T Taeidy

'
=

AausilPiEUIYIEY 2551 Badsuiiuiay 2552 aTadnnunimintuteduluiai
usegslainnifion waziiudoyaUsunaruusaziiow dalminduazin

anueTITageUan dmnusily dadmindaldwazunaaduinisadyiug
(Gonadosomatic index: GSI = [WniinSslu/Auindal x 100)

1.2 msAnwminuinsvessalvvaignae luseut

idnsiluvaianaesaindiegnsusiazifiow uluaisazane Bouin WWurian
24 $3lus Eradeiosuea 79% luinies Tissue Processor Lilesmiioite uax
fouiedoded Haematoxylin (@1dw) uaz Eosin (@uns) asaiieidessls
neldndesgansseu wusszeziaunisvesluidy 6 szezm1u3sues Groman
(1982) fsid

svoedt 1 lfanmiduiooioniu (Connective tissues) 7iglaiimun
Usnalelananadudendnd Eosin Tunduatvuinlvgjegnaisead

sveed 2 Taflvualna@u (Primary oocytes) WuszeBudunsulagad
wuululeda lidouind Haematoxylin ndeaiivuwnlvgjegnaraadiasiinis
Feufuredlasinfiu

sveeil 3 1?J'ﬁeummslmyjmmﬁﬁu ﬁﬁmmmimmlﬁaﬁn (Follicular epithelium)
warlelanaraduifivvunnegrsmuilafeuduldssesd 2

svugil 4 lalawanaTudoufnd Haematoxylin 133050y Euvitelline
nucleoli soulBeruiandea uavlundsadoudnd Eosin widlising
Nucleolus vuUUNT Vitellogenesis Lﬁ@%ﬂﬂﬁdizwﬁ 1n15a3519 Yolk-vesicles
uaz Yolk granules i Fat vacuoles Usnglulalanana@uudinubeviuigad
@1UN30U8NTU Zona radiate 8ana1n Follicular epithelium

svasdl 5 Yolk vesicles lulalanana@uflvwalvaiunntu snuusnadan
fulluedea uay Euvitelline nucleoli luflupdsaiidnnuanas Weriuiandea
Sudeylusvesil



svegd 6 193 Fat vacuoles wag Yolk granules 91uausnn wazlalananadu
Usnguluduunse@niu Zona radiate
svoedl 7 liszusiaatssn (Atresia)

X o A a Aa o 'Y o '
nsaeslaignasludnszaniiiiuanmaiiinafneanunisvaessly
Tudounanau 2551 Wevanmdesliluveduiiony 14 wau AnUainnasine
Wed1uiu 300 1 Adlvunalnasdesy (Wndnmde 108+12.7 NSU) katuwntd
Tudayuuunn 50 m319RT (5x10x1) [eUTUANMLAZIATEUAIUNTBNNDUNTS
naged 7 YU 3nduduuan 180 éfﬁdé’mmﬂmwm 50 8015 (90x45x45 \GURLLIAT)
37U 15 éﬁ]ag 12 fn LLﬂag’fﬂmLﬁu 3 NGY (YANTNAADI) WARZYANITNARDY
Usgnaudag 5 91(g) il
YANTVABRIT 1 QunRumINsIINYIA (25-27°C) WugnauAw
¢NI a goj ° YV 6
YANIINARDIN 2 AuANn it 30°C lagldanines
d‘ a %; o = 6
YANITNARDIT 3 AauANnHtT 35°C lngldanines
duuanduau 15 fseyanisnaasy wasndeslandune 2, 4 uas 6
Fat WrdaAuSsladaimdniiamuimuen GSI haz@nwimuin1suessala any
151w 1.2

milﬁ‘uLﬁaﬂﬂmtﬁaﬁLﬂi’]xﬁszéﬁ’uﬂas‘asvaauasﬁ’lmangiﬂa
Nusmegradanualaeltlesusuunn 1-ml wagiduvuin 23-G wagld Na,-
EDTA (Titriplex Ill, Merck, Darmstadit, Gerrmany) ietieatiunisudasnvesden 1
Gonldlunaoanarafnuaztumiesfinnnusy 1,500 ¢ 9auM il 4°C WY 10 Ui
Audalalionmgil 20°C suniragihaiiaszs
AInszisriunesivealagldyainsnziidniagy Cortisol Bridge kit
(TKCO1, L&R enterpriser co. LTD, Thailand) Ftas1evusanainglaalaeyeiiasisy
ﬁ%%ﬁ]gil (no. 124 028, Boehringer Mannheim GmbH, Mannheim, Germany)

NNFAATIEVINADA

FnmAadssAndonuninnsgu dmiu GSI dnduiamuinisliszey
m199) izé’uﬁwmaﬂﬂmLL@zﬂ@%ﬁ%aaiuLﬁam NAFBUAIALANAIALRREVDS
madwosluusazfoudmiuanngeiiasdutofu warseringumaaeslug
nszandifiugamgil TnensinseinauUTUsIU (ANOVA) felusunsy
Aoufiumes SPSS 11.0 waziUFeuifisumnuuanidiadevemniinesluusiay
WU ¥38YANIINAGY A5 Duncan’s multiple range tests AMvuAsyauEAty
N 9adiAfl P<0.05 WnsgsiEinsatuilonadeumnuduiussenine Gl vesainn
aeluvefuuarUinaniny wasanudiiusseninsundlissesd 6 fud GSI de
TWsunsumeufinmed SPSS 11.0 wasrfuuassutivdfayviadai P<0.05



n15laaudu Heat shock protein 70 (HSC70) waznsudnsaanvasgulunis
nevsuasnsandauuaiiise Aeromonas hydrophila
nﬂsT,ﬂaué’ﬁﬁuﬁfaﬂﬁh‘lﬂﬁﬁaugsnﬁ&um cDNA d%3u8u HSC70 1ne?s RACE
1.1 mseanuvulwsiueas
\esnngideiidoyatanalelndunsdinvestu HSC70 msUanedinu 3’
(Expressed sequence tag ¥U1m 371 f;jlfua Accession number EB360505) 210
NUITYVBS Panprommin wagAmy (2007) n15laau cDNA w9981 HSC70 Tunns
npasslasduaTziarzlaes 5" [¥lnswesiivsnuuuandduianalong
499 EST 998 sauandluansnedi 1

1.2 n15lAay cDNA Uaeau 57

mﬁmﬁuﬁa@aﬁuﬂmaﬂqa 1 ¢ (i 152 ndu) uazarta Total RNA
sheasazans TRizol reagent udWhlsUgvdseyniinszsidsagy
QuickPrepTM Micro mRNA Purification kit (Amersham Biosciences,
Buckinghamshire, UK) N MRNA 1ndaas1esf First-strand cDNA Uane
sy 5 (@F0n136131 5'-RACE-ready cDNA) Iaeldepiiasnzvidi3agy BD
Smart™ RACE cDNA Amplification kit (BD Biosciences ClonTech, San Jose,
CA, USA) v‘iﬂmmﬁﬁaﬁmamﬁaﬁIuﬂﬁﬁ%mﬂizﬂaué’w mMRNA USuey 1
laulasnsu @sazane BD Smart Il A oligo (5'-
AAGCAGTGGTATCAACGCAGAGTACGCGGG-3) U3uns 1 Tulasdns wazlng
o3 5'-CDS primer (5'(T),sVN-3", N = A, C,Gor T; V = A, G or O) U3unas 1
131A58ns @9 5'-RACE-ready cDNA T 8usuuuulunsdaasiziindlola
Uaneenu 5" lulfiseigensusunnssu 50 lulasans Usznausie (1) 5'-
RACE-ready cDNA U331015 2.5 lulasans (2) 10x BD Advantage 2 PCR buffer
U3u1ms 5 lulaséng (3) ANTP Mix Usuns 1 lulasans (4) 50x BD Advantage
2 Polymerase Mix U3u1as 1 lulasdns (5) 10x Universal Primer Mix (UPM)
Fausznoudie Tnswwesen (5'-CTAATACGACTCACTATAGGGCAAGCAGT
GGTATCAACGCAGAGT-3"anuidiudu 0.4 lalasTuand) waglnswesdu (5'-
CTAATACGACTCACTATA GGGC-3" Aty 0.2 lalasluas) Usung 1
11lnsa0s wae (6) lnswassmz (ms19fi 1) anududu 10 Tulasluans
U3ims 1 lulasdns isnuadueiesaaunugagd 25 sou meldaniedel
1) 9aungil 94°C Wy 3 Ur¥l 2) gaumil 94°C uw 30 W9 3) gaunil 60°C
WL 30 U7 wag 4) gaunigil 72°C Wi 1 U1l 30 TN uenvuInHAKERRTeNS
VUDZNLIAAANUTNTY 1%



A15199 1 seFelnswasinmie anuilrdlelnavasluswasiasiunisasdulunistiaaudu HSC70-1
uaz HSC70-2 luvananae

. . . fumatiapdlelve* . .
Folwswos awuihmdlelng (5'-3") nnUszasA
HSC70-1 HSC70-2

HSC70-1R1 CCAATGCCTGGTTTGCCTTGAA 2210-2231 5'RACE

HSC70-1R2 GTCTCTGCTGTTGACAAGAGC 1495-1515 5'RACE

HSC70-1R3 CCAGTATTGAGATCGACTCCC 872-892 5'RACE

HSC70-1R4 GCTCTGAGAGAAATGTCCTTATTTTCGA 602-629 5'RACE

HSC70-2R1 CCAATGCCTGGTTTGCCTTGAA 2210-2232  5'RACE

HSC70-2R2 GGAGTTCCTCAAATCGAAGTG 1441-1461 5'RACE

HSC70-2R3 CTACAGCAGGAGACACTCACC 695-715  5'RACE

HSC70-2R4 CTCAGCGTCAAGCCACAAAAGATGCTGG 491-518  5'RACE

HSC70F1 CAGATTGAGGTCACATTTGAC 2085-2106 1820-1841  Genomic cloning
HSC70R1 CCAATGCCTGGTTTGCCTTGAA 3088-3110 2822-2845  Genomic cloning
HSC70F2 GCTATTGCCTATGGGTTG 800-818 800-818  Genomic cloning
HSC70-1R2 GTCTCTGCTGTTGACAAGAGC 2119-2130 Genomic cloning
HSC70-2R2 GGAGTTCCTCAAATCGAAGTG 1843-1865  Genomic cloning
HSC70F3 CCAGCTGTTGGCATTGATCTG 46-67 46-67  Genomic cloning
HSC70-1R3 CCAGTATTGAGATCGACTCCC 1169-1190 Genomic cloning
HSC70-2R3 CTACAGCAGGAGACACTCACC 903-924  Genomic cloning
RTHSC70-1F GCTATTGCCTATGGGTTGGAC Semi-quantitative RT-PCR
RTHSC70-1R GTCTCTGCTGTTGACAAGAGC Semi-quantitative RT-PCR
RTHSP70-2F GCTATTGCCTATGGGTTGGAC Semi-quantitative RT-PCR
RTHSP70-2R CAGAAACTTCTGCAGGACTTC Semi-quantitative RT-PCR
IpB-actin-F** AGAGAGAAATTGTCCGTGACATC Semi-quantitative RT-PCR
|pB—aCtin—R** CTCCGATCCAGACAGAGTATTTG Semi-quantitative RT-PCR

*unisdandlelnaensdsandu HSC70-1 (Accession number JX273642) Lagdu HSP70-2 (Accession
number JX273643) 983Ua1nnge
*|wsiwesvesdu Sactin (Accession number AY555575)



1.3 msuasizviaraviandlalned
fintudunaiinandniideniuazshliuianidhogninneidniasy

GeneJET™ Plasmid Miniprep kit (Fermentas, Germany) dlosniidue
Usnguuaa 2 uau fRfeddanufiBuerasuauuendu Wousofdueiy
LALHDS pGEM®—T Easy Vector (Promega, Madison, WI, USA) LLazﬁ’lLsﬁﬂé
\WARLUATISE £. coli angug JIM109 Anidenlaaurauiniavaninnalaingle
YPIAT129d593U GeneET™ Plasmid Miniprep kit waadwiiegananadin
Unes 3 lulasdns dwiesufoRnisvesenyu iielasgiaduiianalelng

1.4 N15ATISAAIINAUNUSNINTINYINTG

dduilrdlelnauniesesianumiisuiviulugiuteyauasyiiunedsu
nsneziluniglusinsu BLAST (NCBI, http://www.ncbi.nlm.nih.gov)
Wisuiiguanumilowvasnsneiiluvesdu HSC70 lulaignaeiunsnaviily
¥038U HSC70 vide HSC71 Tulauasdn fulndudelusunsy Clustal W
(Thompson et al. 1994) KAz UNUAIALALN UG TAIUIN1TT08 Y
HSC70 #2833 Neighbor-joining method (Saitou and Nei 1987) fuuadnvign
1000 A3 #aeTUsUNTU MEGA v. 3.1 (Kumar et al. 2004)

2. nslaaudluiinfduLe
2.1 n1seanuuulnsiyes
1H1999INN1SNARBITULALAAL cDNA V98 UaDIduLasAITDIN HSC70-1 way

HSC70-2 msleauilufinfduevewisaesdu Jslddayadauimrdlolnduves
cDNA Tun1seanuuulnsitasnunisen 1

2.2 nrsanadluiaftdue
o A A o 2 a a o v a Ao ¥ v A @
Wniladeduusunu 20-30 Tadnsuunaiadluafduelagldynainfidue
o & 2 Y o & N I R = v g 1
d115953U (Fermentas) felitunounall uallaibeduliasidun uwaldansazany
Lysis solution U3ums 400 lulasans wanhluuuiigamall 65°C Wurian 5
Wil hanldaaslsnesuysuins 600 lulasdng udrnhlunyumiewnaznaui
< ' ] = Y ! a
AIUL57 10,000 SoUsauI U 2 Wil antudeansaratvdulaniy
Precipitation solution U311%15 800 lulasang udnhlunmyuuiesmnaznoud
AILET 10,000 s0URBUNT WY 2 Wil thagnaufidueazatesie NaCl (Aany
Wty 1.2 M) Usuns 100 Tulasing wddiunduesiueaduins 300
lulasdns dansavaneilalluidulingamall -20°C uaan 10 wiil Aeuaz
lunyumiesmnaznauiin1ugy 10,000 s8URUIT U 4 W deRzneud
< 1% a v I = T
WULEMILEANTaTAI8LEIIUeA 70% avanenznaumlduemMenfIlideusng
100 lulpsdns ivansazaneliNnaamall -20°C


http://www.ncbi.nlm.nih.gov/

2.3 mslpaudludadioue
Tuujisefidensusuinssm 25 lulasdns Usznoume (1) AOueAuLUY
Usuas 1 lulasées (2) 10x buffer Ysung 0.75 lulasans (3) dNTPs ognsay
1.5 lulasang (4) a1sazans MeCl, Ui 0.75 lulasans (5) Tnsiuesdiunii
uaglnsiuesaiunaussisas 1 Wlasans waz (6) 1 U Tag DNA polymerase
Usums 0.2 lulasans

duUSnuiiBuedeniesaunugungid i 26 sou meldaniiedl
1) gl 95°C WU 5 Wl 2) gaunail 95°C Wl 30 W 3) gaunil 58°C
WL 30 N9 uag 4) gaunigi 72°C Wy 1 udl 30 Fuit dnanAniidensun
ATIRdRUUUBENIlIARa 1.5 % lngltBanlaslnidaidseuiigurunniu

GeneRuler ™ Express DNA Ladder (Fermentas)

2.4 prsanaaduieaniaalaeld GeneJET™ Gel Extraction Kit (Fermentas)
Ynandnfidorsunuenuuesnlsamanuduty 1% famanseusindia

wauRBueiisonis ldlunasananaiin udldansavas Binding buffer lu
Snsduintuimdnaiild anduihluafigamaf 60°C unan 10 i
wdrandulelelnsmuea Tuusnadiviiu nsesasazatssunedunl uas
ﬁwlﬂmum’%mmnmzﬂau%’nmL%q 12,000 S9UMADUY WU 1 U7 a19mznauly
Aodutifeansazany Wash buffer U3inns 700 lalasans thlunyusies
AnmynausnASIiAIE 12,000 SOUABUNT w1 unil azanedEuedilalng
ldansazane Elution buffer Usuns 50 lulasdng assnanspadutl waunbungu
WABIANALNEUTIAINEY 12,000 SoURDUNT WL 1 UTl IRURBueTiaele
gaunil -20°C

2.5 158519 Competent cells

AeawuaiFe £ coli vuaadesdo LB agar Insvuntudufufigumgd
37°C Mntudenuuadideilulalaiionnidswielusms LB broth Usina
3 faddns uduuiwAuigumall 30°C wazlugvhemnuisa 150 seusieund
inUsinaunuadiBeildlaeundsduenns LB broth Ui 10 fadans udn
Unilgaumgil 37°C uazivg1snenand 150 seuseundt Wuan 2 4alue 30
9] ﬁwiﬂwgumﬁlmmﬂmﬂauﬁmmL%’J 5,000 FRUsEUNT QNN 4°C WU 3
w9l ldansazane CaCl, ANuudy 100 mM lUuungnauraskuaiedsungs
3,750 lalasans wanansiilalmdnfuudsluwuunudessana 30 wiit udn
Fafmulssmnagnoudnadsiiarunis 5,000 souseundt igungd a°c
WL 3 Wil dezneudilduiiy CaCl, mnududy 100 mM Aifindlsesea 15%
U31195 2,250 lalasans 1y Competent cells ﬁﬁqmmﬁ -80°C



2.6 msifeusafiouenunnas (Wa1ain)
nAwesildie pGEM®-T easy (Promesa, USA) Usznausielustuwmes T7
LAY SP6 TI@NTAAUANNITLANIDDNYDITY LacZ wagilanaudRfuniuen
UfTnuzuonfiddu Wensedidueidmneiunamed InawIouasazasly
Ligation reaction Fausznaudie 2X Rapid ligation buffer Way pGEM®—T
easy vector a1sazanefidue waztdulyil T4 DNA ligase Inediusunasanving
Hu 10 Tulasang nduthamiufigumnd 4°C w16 9l

2.7 mahaguatgivaaiirgiu

1} Ligation reaction fiw3ewld Usunas 2 Tulasdns uildlu Competent
cells U3ums 100 Tulasans wenlfansiaesdniuung tilvwdlFuuiuds 20
it wdrhuaudeusgesiniiilu Water bath figamadl 42°C Wuran 50
il udrFahnduudluiudeiuiin 2 wiit danifivens SOC medium
Usas 700 lailasdns udahluvadigamgil 37°C wiouwgisneanuisa 150
sousowd WWunan 1 93las 30 wift thansazanedild 100 lulasdas wndeuy
pINsLABNTD LB agar Aifio1UfTusuouiidau udndwufigamnd 37°C

2.8 msananamdafguia
Fadenialadifevesunaise £ coli 3017970 LB agar plate #iflen

UfTuzueni@au Fwanvhifuduvesdmiduedidesnmsunideeluemns LB
Broth U31ms 5 fadansiinauuenfidau udsdrudu feamgdl 37°C uazive
feAILET 200 e uEFsu U IBIRnRznouiamIE 8,000
sousounTl w1 2 Wil azanemznaudilidie Re-suspension Solution U3x1ms
250 lulasdns Td Lysis Solution Usung 250 Tulasans wadlwgiung nauas
A1 Neutralization Solution U330 350 lalasans widadluvsumies
ANAZNEUTIAINMLET 12,000 SoUAWNT Wu 5 uifl Wansazanediulaurldly
Aodu Ui vuRBsnAENaURiANEI 12,000 soUADUNT U 1 Wl
Mntuireduting1eiae Wash Solution Usias 500 lalasans wagiiian
VI BIANAZNBUTIATIILSY 12,000 SoURBUNT w1 Uil nouazdiade
Wash Solution $18nass avanewanadinfiogluaeduilagldansazans Elution
Buffer U3anms 50 lulasans 7isliunu 2 unft wdhdsdarmsuiieswmnaenoudi
ANLTY 12,000 SUMBT U 2 Uil uwanadialifigaumnd -20°C

2.9 msnvIedauTuasuangouluianduwz
° a 2 aw a aAw = [
nanadnunsIde UMIUAIUEYBIEUNRRINSIUN SN LU pGEM®-T
easy vector lagL#38 Reaction mixture faUsznouiy (1) 10xFast Digest
buffer (2) Fast Digest enzyme (EcoRl) (3) wanaila Lag (4) Nuclease-free
water Ingfiu3uasgavineidu 20 lulasdng antuhllvuiigamgll 37°C uu



5 unil ngaufisenveduludiigamni 80°C Wy 5wl thansaganeiilaun
X aa = % Y v = =
nyRaeuTURRUelaauliuteznlana AUty 1% Wisuweurun

Aowenlaniu GeneRuler ™Express DNA Ladder (Fermentas)

2.10  msuaswiamvidinalelnduaznisinyinaanyasvesdu
wineTdeundiduiiFesnislunatain dmaradinluesjiRnisves
Uitienvu Lilensraseuaddiuiiindlelnd Aumdan Intron wag Exon ¥es8uy
HSC70 Tngihasuilndlolvdluguilufinfduennuseuiisuiuaduiegle
Inavas cONA Tngldlusunsureuiiawes Wisuifisuanumilouvesaduilong
Tolndfutoyalu GenBank faelusunsu (BLASTN) euiule
http://www.ncbi.nih.gov

3. NsuEngeanvasdu HSC70 luillaidauaignaenigldaniizuniinaeds RT-PCR
usegalledoauss witen suwaznauiledunaaninlaigngeiiaedly
Uefuuazann Total RNA annillaidaudazyiin uaat1 RNA Ui 1 lulasnsu

1FUATIEN First-strand cDNA Tagls iScript™ Select cDNA Synthesis kit
(BIO-RAD) Inswesildnsnaeunisuanieanvesdu HSC70 panuuuandIsiu
cDNA (3791 1) TuufATeniidensuiinm 25 lulasans Usznoude (1) 1x
Taq buffer (2) MgCl, ANULULTY 0.75 mM (3) dNTPs LiazstinAuiuty 0.2
mM (@) Twswesanududu 0.4 lulasluans (5) wulwsl Tag DNA
polymerase AULUNTU 1 U (Fermentas) wag (6) First-strand cDNA U3unad
0.5 lalAsans WinSinausheiniesmunugaumgdl 26 50U il 1) gaungil 95°C
W 5 U1¥ 2) gl 95°C uu 30 Wi 3) gaunigil 58°C W 30 TNl uay
4) gaungdl 72°C un 90 Tl upzsoUaRTNERIgMNgl 72°C 3n 5 wnil uavld
nsuanseanuasiu Sactin iushauaunely thuandeditensanidodeus
zrtinuszana 10 Tulasdns susnvwinuuesnilsaan ity 1.5% Tu
Unlles (1xXTBE) sunszualil 100 Volts waziiieuruaiufidueninsgiu

4. msuanseanvasiiu HSC70 lun1smavsauasdaiouuaiise
4.1 N15INUNUNITNAGBY
fndentannngeeny 4 Weu fiusmanlsadiuau 100 # dwiiniade

29.7+6.4 n3u MnUsRuvesIAIY N ABIEI T A UsEA
UINIRENEATAIENT WIMNTUGINAIERNAINY 250 895 T119U 5 09 faay
20 ¢ viteUsuan AU snaaesiuan 7 Fulemsdiiagy 5% ves
hwiindaesadatuaniy warduuauiadu 2 ndu el

nawit 1 Hunguaauau daiundeanuidudu 0.85 % Uuns 0.1 Tadans

Mevesasausiazia


http://www.ncbi.nih.gov/

' { g . [ 8 a
NauN 2 AnWeUUATISY A. hydrophila ANaduYy 107 CFU/ml USuns 0.1
faddnsmevesiosalusiaziy

4.2 N153tAsILYNIsUanIeaNYaNdunenAila Semi-quantitative RT-PCR
Wuitledeaues wlen fu wazndnande anuandte 2 ngu nguaz 5 & 7
e 6, 12, 24 waw 48 Falus vilanndndevietinge thideiemnardn Total
RNA fmgansazate TRizol reagent wavdaiaAsneyt First-strand cONA lngldyn

WnT1ed 593U RevertAid™ First Strand cDNA Synthesis kit (Fermentas)
111 Total RNA Usuns 1 lulaséns unuuiu Oligo (dT);s Usuns 1 lulasdas 91
gaumgll 70°C Wwnian 5 Wil waskaw 5x Reaction buffer Usuns 4 lulasing

flu Ribonuclease inhibitor (RiboLock™) U3u105 1 lulasdng uag dNTP Mix
ANULLTY 10 mM Usans 2 Tulasdns dilduuiigaumgil 37°C uiu 5 unil

udLhu RevertAid™ M-MuLV Reverse Transcriptase Usunas 1 lulasans
wasliiiniy dnluuniigamall 42°C Wi 60 Wil siasigaumgil 70°C Wl 10
Tl

luufiseni@ensusunssin 25 lulasdns Usenausie (1) First-strand
cDNA template 311915 0.5 llasans (2) ANTPs wsasstinauLtud 0.2
mM (3) a3 (1x Taqg buffer) (4) Tag DNA polymerase A3t udu 1 U (5)
lsiesdumiuaylnswosdunduedisas 1 lulasluans lnafasanameld
annedall 1) gamnd 95°C w2 Wfl 2) gaungll 95°C wru 30 3unit 3)
QoM il 58°C U 30 JUW ua 4) gl 72°C Ww 90 T I 26 58U
MegUNll 72°C 8n 5 Uil wenTIARaKERTTe1SUNBNLTALIAAITY

Fudu 1.5% Jannuduvesauiduelneiaias FluorChern™ 8000
Advanced Fluorescence, Chemiluminescence and Visible Light Imaging
(Alpha Innotech Corporation) TlusinsuABNRIWBIB1UANUTLLAUADULD
JuA1 Pixel density values (Integrated Density Value #3e IDV) #1@1 1DV 1
AR IEIUNISIEnseanYesd Ut nLNY IWIsUEUAUNSLERIDDNURIB U
S-actin Faazsmuaen IVD wiriu 100

4.3 N153ATIHN 1T
foyanisuanioonvesdu HSP70 azuandusuvesaade £ dudsauy
UINTFIU JATIZVANUUANANNITHAAIDDNTDITULAB TUTENTNNT IR
NTIATIZRANLUTUTIU LAZIATIZAALLANANIZNINAILANIDDNUDIBY
TeEpsTitaaanieatiusie ttest fuuasyiuTudRaT P<0.05



n1slaaudu Myostatin (MSTN) kagn1sHanI@aNIEnINNIsRsAUlnvasla1nnge
1. n1slAau cDNA 4848y MSTN
1.1 mssansuulwsiues
desndilaifiseaudduiiedlolndves cONA vesdu MSTN Tudannge

Se#e300nUUU Degenerate primers Faildunausail vidsuiandlelndvesty
MSTN lutananewsiu ictalurus punctatus (AF 396747.1) Fauduvaniifianny
TnédBemaifaunisiulainngeunniign THlUsunsu BLASTn Wisuileudu
Suihndlelndvesuaviaduafifinsmenulugiudeya GenBank database
(http://www.ncbi.nlm.nih.gov/) laun I furcatus (AY540992.1) Ameiurus
catus (AY540994.1) Pseudobagrus fulvidraco (DQ767966.1) Megalobrama
pellegrini (GU553284.1) Gobiocypris rarus (FJ482232.1) Labeo rohita
(GQ332409.1) Procypris rabaudi (GU553283.1) Cyprinus carpio
(GQ214769.1) Ctenopharyngodon idella (EU555520.1) uwag Pimephales
promelas (EUT14297.1) antunSeudiousduinadlolnvaualngld
TUsunsu ClustalW (http://www.ebi.ac.uk/Tools/clustalw2/index.html)
wdwnty senuuulnsies (sl 2) uasneaeulnswesielusunsy
FastPCR (http://www.biocenter.helsinki.fi/bi/Programs/download.html)

A15199 2 S1eFelnsiuasinmie aduiirdlelnavesluswesiasiunisvasdulunisiraudu

MSTN ludannnae
Folwswes Seuthadlelng (5'-3") FLegu* IngUszasd

MSTN1 _F TGCAGATATCGCGACTCATGC 578-598  cDNA cloning

MSTN1 R CTTGCCGTAGATGATCTGCTC 1132-1152  cDNA cloning

3’ RACE MSTN  CTGGTGAAGAGGGACTGCTTCCATTCTTGG 1-17  cDNA cloning

5’ RACE_MSTN GCACATAGTCACACACTCGCCCGAGCAGTAGT 411-431  cDNA cloning

MSTN2 _F ATCATGCATTTGGCGCAGGT 983-1012  s5'RACE

MSTN2_R GCCATGCTCATGACGGTCTC 794-823  3'RACE

RTMSTN_F CAACGATCTGGCTATCACTTCTGC 765-789  Semi-quantitative RT-PCR
RTMSTN_R CGAGCAGTAGTTAGCTTTGTAGCG 969-993  Semi-quantitative RT-PCR
IpB-actin-F** AGAGAGAAATTGTCCGTGACATC Semi-quantitative RT-PCR
IpB-actin-R** CTCCGATCCAGACAGAGTATTTG Semi-quantitative RT-PCR

*funiafiandloeensdeaindu MSTN (Accession number JX456396) vasUannay
“nsiesvesdy B-actin (Accession number AY555575)

1.2 n1sana Total RNA uaznislpauaiauilinalalnduivaauvesdiu MSTN
aftn Total RNA mnnénanileuinnsddnuuuesuannngelald TRIzol
reagent fI539dBUUSHILALALNN Imaﬁﬂlﬂﬁ’mm@mﬁuuaaﬁmmmm'ﬁu
260 WLULUAT LAZATIFEDUNAMAIINITUEN MRNA ULBgNLIaaa ALY
1.5% antiudaasest First strand cDNA lagldadiamesidngasy
RevertAid ™ cDNA Synthesis Kit (Fermentas) 1% First-strand cDNA 1Ju
Funuy WeiudTunasneujitenidens nefvunanniznisianu 40 seu


http://www.ncbi.nlm.nih.gov/
http://www.ebi.ac.uk/Tools/clustalw2/index.html
http://www.biocenter.helsinki.fi/bi/Programs/download.html

il 1) gaumigfl 94°C w1 Wfi 2) grungil 58°C u 1wt 3) gamgdl 72°
w1 U7 upgsouanTnesiguugll 72°C i 10 Ui uenwuinnanAniites
vueznlsanan ity 1% Mniudmaauinauauiivesnsiiliuiavsing
Tdgaiiasziidnsagy GeneJET™ Gel Extraction Kit (Fermentas) w&21i1u1

Tnaulnedeusetuduiidueiniunanes pEM®-T Easy Vector
(Promega) Ugnaiinguuailise £ coli anesiug DH10B lagldis
Electroporation WagUuiigaungil 37°C w¥osivguu 90 w1t antiudaien
Blue-white colony Inethideuuaiiiesnasuuaiuennsasaie LB agar i
weneUFTuzueNTAY a3 X-Gal uazans IPTG uduinilgaumgil 37°C Thaifu
Fadonamzuuniidefifialaddvdeauuemsidsnde LB-Ampicilin ud
Uuiigaungdl 37°C undhui elfifiu Master plate andudnidoninauves
wumiisenauinlagldinaia Colony PCR Ingldlnsiues 2 viin Ao M13 way
Degenerate primers fisanuuuinedu e munanzn1synny 40 seu feil
1) geungil 94°C W1y 45 Fuil 2) gl 58°C U 45 TNl Uay 3) gaungdl
72°C wiu 1 il vintunsnaeunananiidensuneznlsaanududy
1.5% daidenlraurauinifeants Yundedduewmnsideatds LB-Ampicillin
wuuwan U3nns 5 fadans Unfigamndl 37°C wieswenaoaian uu
Uszann 12-16 Falus udnhanadn wanadalneliyaiinszsidniagy
GeneJET ™Plasmid Miniprep Kit (Fermentas) Tniudananadalunsavgeu
sduiedlolvd fiusnluledlsd $1dn Tneld Universal primer T7

1.3 msaasieviarauiindlalng

Wdwuilralelnduisdiu (696 etua) vewdu MSTN Tuvamneely
Wisuiflsupnuadneadstulasiadu Tagldlusunsy BLASTN wudifiaay
AdendannTigaiudu MSTN Tudannewniu (. punctatus) Tneliai
ARBAGY Wiy 536 bits Wag E-value Wiy 0.0 Iteyadduiindlalnsives
gu MsTN Tuuamngeesniuulnswesiifinnusungdnadmils iteldmardu
ﬁ’mﬁiaiwﬁﬁauuusaié’ammﬁﬂ Rapid Amplification cDNA Ends (RACE)
\il9$91n cDNA vosu MSTN Tudannenfiu (. punctatus) Fslfiduteya
91989 Tmnueniuszanas 1,170 gua wunlu 3 dw dud 1 Pulanenesu

5" wavdiun 3 Wulaienieniu 3’ fedrsutanalelnanislaieieanisuay

Traulnemaila RACE @il 2 vasiuazlaauainiluilanduelasldlnsuasn
AN WINE (A15199 2)

1.4 nslpaugiunaemaia Rapid Amplification cDNA Ends (RACE)
aftn Total RNA annénanilavannngs o1gUszanm 2 ¥ 9annaie
wnzEsdnith AazUssus unTivendenuasenans Tngld TRIzol reagent wan
nyvasuUnaazannn Tnsthluiarganduuasiinimenindu 260 wilu



LIRS LATRTINEDUNAMIBNITUEN MRNA UL Formaldehyde agarose gel A1
Wty 1% anduth Total RNA ildunuen mRNA $e QuickPrep mRNA
Purification Kit (GE Healthcare) Wa&aAs1g9 First-strand cDNA Imﬂi’ﬁ;m
Wp1zvidnsgU SMARTer TMRACE cDNA Amplification Kit (Clontech) Ing
LENFNATIZN 2 NABANAEY NABAWSNENATIZY 5’ RACE Ready cDNA wiald
DusuwuudmiuuizeniidenineUats 5 uasvaoafiaesduasizi 3'RACE
Ready cDNA titelfidudunuudmiuuizenfidorimaats 3 lngdivua
4018 IVNULUY Touchdown @sflanmznsvhausisd 1) gaunnil 94°C 30
1% 2) gaumnigdl 72°C 3 Wl 31w 5 50U 3) gl 94°C 30 Wi 4)
gauuQil 70°C 30 TN 5) gaungil 72°C 3 W1l I 5 50U 6) aaumnnil 94°C
30 JuN91 Doaungil 68°C 30 Tudl uaw 8) gaungil 72°C °C 3 unl F1u3u 25
sou InelunevidfAsenfidenstdunauvesansarangluufisedd (1)
5'RACE Ready cDNA 50 3'RACE Ready cDNA Usuns 1.25 lulasans (2)
10x LA PCR buffer Usuns 2.5 lulasdng (3) dNTP Mix adaidudu 10 mM
U195 4 lulasdng (8) LA Tag polymerase Usuns 0.25 lulasdns (5) MgCl,
AMULTNTUY 2.5 mM Usues 2.5 lalasdng (6) Universal Primer Mix (UPM) 5'
CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT 3’ Usunms 2.5
lulasdns () nswesmeaudate 5" Tadulnswesdiundu waglnswes
magutans 3’ Tdulnswesdnmin et 2) edsay 1 llasang uwasiiv
¥ 11 llpsansiiteliléusinnssay 25 Tulasans winhnandefigonsluuen
VUIAUUDZNLTALAAATUTY 1%

MNluAARaUSMLIUNFBINTS thuviliusansieeldyninseidsagy
GeneJET ™Gel Extraction Kit (Fermentas) udathulpauiiomaiduilingle
9 Tnedeuretudiumdueiniunames pGEM®-T Easy Vector (Promega)

LLé’aé’waLsﬁmLUﬂﬁﬁa E. coli aneiug DH50L 1081938 Heat-shock waainluyy
‘I/lEJiL!‘MﬂlI 37°C ‘waawum U 90 mw mﬂuuﬂmaaﬂ Blue-white colony lng
thideuuafieuindsuuauemsiasade LB agar Minausufiiuzuoufigay
@13 X-Gal uavans IPTG wdmhluufigamail 37°C iy fadonians
wuaiideiiilalaiifvnauusmsiaeade LB-Ampicillin agar udauiluvi
gaunfl 37°C iy ey Master plate Imifudnidenlnaunauaniinan
Aedluomnaidsaie LB-Ampicillin wuuwan USuns 3 Sadans Unitgaumgi
37°C wieuvenaennaUszann 12-16 $lus wdnianadawanadinlagliep
BnT1ednsagu GeneJET™ Plasmid Miniprep Kit (Fermentas) #539deu
YWAvaITUdIY CDNA fifiosnssemaia Restriction enzyme digestion e
T48ules] EcoRl #n Recombinant DNA wiefutiunadildainnislaau Sedunay
vosasazangluuisenusenaume (1) warade Usuns 2 lulasins (2)



10xbuffer Eco Rl U3ues 2 lulasdns (3) wulwsd EcoRl Usums 0.5 lulasans
wae (4) 1isums 5.5 lulasans auldusunssau 10 lulasans anntuiluvy
flgaunail 37°C Uszana 2 Halus asaaounavesfidelasusnuauuueyn
Tsanaa anududu 1% luansazane 1XTBE buffer finusnsdnsladia 100
a6 As19daULaUALDUBRABA1SERN fae Ethidium bromide walunludes
msfléﬂmq%é’wm%a Gel Documentation ntudslunsiaseugiuinaale
IneTiuSTm Macrogen, Inc.

nslaaudduinadlelndludii 2 alaauaniluiiafiduediatnan
AsuMaUannaelaeds Phenol/chloroform finuuasannioves Tagsart wag
Anuy (1992) MndufisSinafiBuedeuisenidens lnetwuaanmens
v 30 s0U Fal 1) 9aunQil 95°C U 30 JuW 2) gaunil 58°C U 30
MW 3) gl 72°C Wl 90 T Uag 4) SeuaANERMNE 72°C U 5

s
2

= o a aa % v o Y a
W9l inandnidonsluientuinunesnlsalaan Uty 1% wagyinliusans
I@ai%ﬁmﬁm%ﬁﬁ’ﬁ%gﬂ GeneJET™ Gel Extraction Kit (Fermentas) ta2
Thauleauiemasuiiedlelng Ingdaunadudiuaduednfunemes

pGEM®-T Easy Vector (Promega) wenénaidnguuniise £ coli anemug

DH50L Tael#38 Heat-shock wéilutuiigaumanil 37°C wieuiwgn wiu 90 und
Mniudiniden Blue-white colony TngidouuafiBeunasuuauamsiaes
W0 LB agar finauenUfTiusuonii®au ans X-Gal uazans IPTG udahlduui
gaumndl 37°C dwfunds AndeniamzuuaiiGeiileladdvideasuems
Avaido LB-Ampicillin agar udnitlutnftonmad 37°C wiudrudu ielhidu
Master plate anndudnideninauvosuuadiBenauingrewmaia Colony PCR
Tngldlnsiwesidanusumedudu MSTN lulainngy wagtiinSinafidule
felAdosmIUALgAMNT AmuAan1IENNTINY 30 50U fatl 1) gaungil 95°C
W 30 FU9 2) gl 56°C U 30 U9 wag 3) aaungil 72°C W 90
N9 asdeuNaNdnfiganTuLesnlsaan LYY 1.5% Anldeniaau
nauIndesluemMsEe e LB-Ampicillin wuuwias U3unns 5 Hadansuud
gaumgil 37°C wouvgmasAaUsEaNal 12-16 T2l thinadawanadaves

TT™

wuaselagldyniiaszidnsagy Genelk Plasmid Miniprep Kit

(Fermentas) antiudslunsivaeuarnuiianalelng AUsEn Macrogen Inc.

1.5 msaasiziaiauidandlalng
densaeuduinedlelnduesdu MSTN Tuanngeuds iy
Wisueuanumaneniswesaisuianalelnalaznsnesilulaelalusins
BLAST (NCBI, http://www.ncbi.nlm.nih.gov) Iaglulusinsy BLAStn fnuumli
finuadnendwesiiandlalvduinndy 100 awa wagssalaanuinazduves
n154An Random matching (E-value) ffosnin 10° drunsiUSeulfieua



AangAaINUYeINIARLd lultlUSHATY BLASTX IngUsiufilanuaanenaanuiy
fosilduruvesnsaesilulitesnin 10 miie Jenuaansedsiulidesnii 45
§ (3 ISP 1 [ a . 1%
WUBILYUA LazdAIANUILLUUIDINIAA Random matching (E-value) Wvy

. 4
A71 10

THlUsunsy Genetyx version 7.0 fimaau 5’ UTR wag 3'UTR ¥09 8u MSTN
panfew udhdwuihnalolmiuasaduvesnsaesiiiunamn umAIAIn
L‘vmau (Idermty) WAz ANUARIBARS (Slmltanty) Wisuiguiudu MSTN Tu
aaummauq pelUTNTI MatGAT2.01 9InTumIsmis Hydrophobic leader
peptide wazsinduiloanlneldlusunsy DAS Transmembrane prediction

(http://www.sbc.su.se/~miklos/DAS/)

1.6 NTUATISHAIINAUNUSIFITIAUINT

Wisuieuddunsneziluvesdu MSTN veslagngefuadidindun tngld
Tusunsy Clustalw 9ntuasaunugfienuduiudidaiiauins Ineldlusuns
MEGA version 5.1 lagfimuneinisgy (Bootstrap) iy 1,000 a%s 24dlTn
(eiavd1dvesditunsnegily) AldlunisFeudisufie Ua1 White catfish
Ameiurus catus (AY540994.1) UYan Common carp Cyprinus carpio
(GQ214769.1) Yan Zebrafish Danio rerio MSTN-1 (AF019626.1) wag MSTN-2
(AY687474.1) Uan Organe-spotted grouper Epinephelus coioides
(AY856860.1) Uan Blue catfish Ictalurus furcatus (AY540992.1) Uan Channel
catfish Ictalurus punctatus (AF396747.1) Yan Wuchang bream
Megalobrama amblycephala (JQ065336.1) Ua1 White perch Morone
americana (AF290911.1) Ua1 White bass Morone chrysops (AF197194.1)
Uan Striped seabass Morone saxatilis (AF290910.1) Uan Cutthroat trout
Oncorhynchus clarkii MSTN-2a (JN990758.1) Ua1 Rainbow trout
Oncorhynchus mykiss MSTN-1 (AF273035.1) wag MSTN-2 (AF273036.1) Uan
Sockeye salmon Oncorhynchus nerka MSTN-2a (JN990761.1) Ua1 Yellow
catfish Pseudobagrus fulvidraco (DQ767966.1) Uan Atlantic salmon Salmo
salar MSTN-1a (AJ344158.3), MSTN-1b (AJ297267.3) ilaz MSTN-2a
(JN990763.1) Uan Brook trout Salvelinus fontinalis (AF247650.2) Uan
Gilthead seabream Sparus aurata (AF258448.1) a1 Fugu rubripes
Takifugu rubripes (AY445322.1) Yan Grayling Thymallus thymallus MSTN-
2a (JN990766.1) Uan Tilapia Tilapia mossambica (AF197193.3) Ua Shi-
drum Umbrina cirrosa (AF316881.1) ¥ Anser anser (AY448009.1)
UNWIIU Rock pigeon Columba livia (AF440863.1) un Quail Coturnix
coturnix (AF407340.1) 1 Gallus gallus (AY448007.1) lns1s Meleagris
gallopavo (AF019625.1) 1 Cattle Bos taurus (AF019620.1) auv Canis


http://www.sbc.su.se/%7Emiklos/DAS/

familiaris (AY367768.1) uwg Capra hircus (GU377303.1) 111 Equus caballus
(AB033541.1) wwé Homo sapiens (AF019627.1) 84 macaque Macaca
fascicularis (AY055750.1) ¥y Mus musculus (BC105674.1) &1 Baboon Papio
hamadryas (AF019619.1) iy Rat Rattus norvegicus (AF019624.1) hagvioe
Japanese scallop Chlamys farreri (DQ988329.3) \Uu out-group

2. NMSUENIDNVBIEU Myostatin
2.1 msuanseanvyasgy MSTN Zuzﬁlazﬁada'/@négyfwywmﬁﬂ RT-PCR
idiniuiferdoauss wien wila &11d 1n fu nssnzems ndile
Rl wawdhy 9nUainnge egUszanm 2 U (dwiinda 183 n3u) afn Total
RNA Tpgls TRizol reagent udnsivaauysunauazaunm Inetiluing
@Jmﬂﬁuuaaﬁmmmm?{u 260 WNUIATLAZATIADUNAMIENITUEN MRNA YU
Formaldehyde agarose gel A3udU 1% 11 Total RNA 1 lulasnsugesse
wulwal DNase | (Fermentas) uaadaAsizii First-strand cDNA ¢ae %gm’qamiwﬁ
ﬁﬂﬁﬁ]gﬂ RevertAid ™ M-MuL Reverse Transcriptase (Fermentas) ¢
oligo(dT),s primers (Fermentas) 14 First-strand cDNA Dufuwuuiinuina
Freufizeniidens nedmunaniazmavhe 30 seu fall 1) gangd 95°C
WY 30 FUW 2) gaumgil 58°C Uu 30 Wi 3) gaungil 72°C Wi 90 Jundl
ua 4) souannesagangll 72°C um 5 Wi Tngldlwawesfifipusumzse
81U MSTN (RT_MSTN-F 5'-CAACGATCTGGCTATCACTTCTGC-3" uag
RT _MSTN-F 5'-CGAGCAGTAGTT AGCTTTGTAGCG-3") warldlnsiuesad
AMUTUNIZAOBU B-actin (B-actin-F 5'-AGAGAGAAA TTGTCCGTGACATC-3'

waz B-actin-R 5'-CTCCGATCCAGACAGAGTATTTG-3") iusmuaunielu 1
nandnfidesTlalunenuuauuesnilsawannududu 1.5% Tu 1xTBE buffer
Fanusedndlii 100 Tad avaaeuwauABuwedansday Ethidium
bromide wénthludesnelduasgsneiaios Gel Documentation

2.2 N1suanI0anvadgy MSTN sENTNNMUINITIZELAINY
Yanmngefilflunanasesindailsamedln madmzdedarit e
Useals aminendsinuasmans Beslaifienusuuiiy 60 Fastemiamns T
delvluednaravuin 1,000 dns Wuszeziaa 6 e e mnsndlusiu 32%
Yuaw 2 ada iudedeuannaeiaiisves 1, 2 way 3 dUmvindsinnisiin
Husuds dhmlagngeeny 1-6 Weu anfuiediaamaiieBoniuiile
svevay 5 ¢ Medrmamaiuly TRiZol reagent Wiiaarin Total RNA 1 Total
RNA 1 lulasnsu geesne ulwsl DNase | (Fermentas) W&IdaAs1z First-
trand cDNA #e ¥a3iAT1eHd 593U RevertAid" M-MuL Reverse
Transcriptase (Fermentas) wa oligo(dT)ys primers (Fermentas) 1% First-
trand cDNA ilusunuuiinuiinaudeuiiseitens fuuaanignisieu



a

30 50U ¢iall 1) gl 95°C U 30 W9 2) 58°C WL 30 FU¥ 3) RN

Y
=

72°C 90 3t wae 4) sougaThessonmnd 72°C wiu 5 unit 1lnsesiia
ANNTUNIZADEU MSTN (RT_MSTN-F 5'-CAACGATCTGGCTATCAC TTCTGC-3'
uaz RT MSTN-F 5'-CGAGCAGTAGTT AGCTTTGTAGCG-3") uarldlnsiuesiid
AU WIIEADBU B-actin (B-actin-F 5'-AGAGAGAAA TTGTCCGTGACATC-3'
wag B-actin-R 5'-CTCCGATCCAGACAGAGTATTTG-3") iludiaumuniely 1
narAeRFosldluuenunnuuernilsama Aty 1.5% Tu 1XTBE buffer
fiannueedngludin 100 Thad asveaeuLauRBuedionisdey Ethidium
bromide wdihludesnelfuasginaynsziunrunduveuauiiduesoieios
Fluorchem " 8000 Advanced Fluorescence wagldlusunsunanfinmesen
Auduealuan Pixel density values (Integrated Density Value #38 IDV)
e IDV TuAnadndunsiansesnvesdudvne wWisuisuiunis
LARIDBNTBITY Bactin Bz munal VD wihiu 100

AMnMARAsLATINULINATT TR ILANDEN BB MSTN Wity
m’mmm@iwuawhLaﬁanﬂizaxﬁmu1ﬂ15imaﬂﬁiiLﬂswﬁmmuﬂﬁﬂsau
(Analysis of variance) lngldlusunsu SAS (SAS, 2003) wagiUsuulisuanu
WANAIYBIATLRRENTLARIDBNTEMI T IRAUINIT $1835 Duncan multiple
range test MvunsERUTEd AT P<0.05



WAAWS (RESULTS)
NavaINTNgUugRrewANYasTeliUMAngend gz LS
1. sinnsluseuTlvessilduargnaeiidedluvadu

sgriamafudegnsaangeidedulefudunm 1 9 Fdufinu
ey uazgaumgiiadsluusiaifeu (nwil 3) Uénngdwqmmﬁfﬂuﬂaauﬁﬁm?{a
pej5wine 25-30°C Insgamntsngalufousunauuazinsiay Uuaninuiien
0 faduns sausdeusunaufnuniusuazannian 313 Sadues ludeu
nsng1ay druen GSI luseulinmaAsunlatuasiinruuandsegalitoddymis
afiA (P<0.05) sEminaiiteusmeuRdenay Auade GSI agsyning 5.7+2.0%
11.3+6.3% lnsAiade GSI geanlulfiounsnginy (13.9+3.6%) Aadey GSI anas
Fousireufugneuieiannu (0.8+0.29% B9 0.9+0.5%) uavAads GSI Aay iy
FausiFouunTANEeiuney (2.241.5% 81 9.3+2.1%) Han1TiaseiEinsatunuin
A GSI LLaziﬁmmﬁwNuﬁmmﬁmﬁuﬁ‘aéwaﬁﬁaﬁwﬁmﬁa (r=0.656, P<0.01) (Al 4)

‘ C—GSI  —«—Temperatire  —s—Rainfall ‘
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Stluvannaeusiasifouliimuinisuandeiu anunsasussseglaluslale 6 ssuy
(n il 5) Tszesnaddnadoduihgudnansdsd lissosd 2 (0.0a6 fadiuns) ldsvesil 3
(0.062 Tadns) luszeedl 4 0.185 fadums) liszozd 5 (035 faduns) waglvszesil 6
(1.0 fadins) 1145]@LWWzﬁuéﬂaﬁﬂﬂqEJé]j\TLLG]'LaEJuLZJHWEJuﬁ\TﬁuEJ’]EJu $ilvagildndnlaszeosi
6 wnfian (30.10.7 fis 59.0+1.39%) (Ml 6) ndsqauaviuifuAiFounaALEs
wrdneu linuldszesil 5 wag 6 Tnowuin$dlvasildndwlvszesi 3 iniign (46.8+1.4
fl963.121.5%) Tuidousunaulyifmunadngszesil 5 (12.8+1.6%) uazszesd 6
(1.9+0.4%) wazdndnliszesd 6 ?’1'@8ﬂLﬁNN’]ﬂ‘ﬁUﬁ]ﬂﬁﬂLa@uﬁUWﬂm (26.7+1.4%) LALATI
wulanszerlusily nansiesesiEinsadunuine GSI wazdadanlaszosd 6 1
auduusesafitudfaBa (=0.803, P<0.001) (M 7)

| Stage 4 | | Stage 5 |
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(@) (b)
(©) (d)

A 5 Wawnsvesstlissezinenluvainngeiidedduienu
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2. sannisvessslyuaignasitiaeslugnszenuaziiugamginh

wasuaaﬂmwmzu‘vmummawwmmimmﬁﬁlmﬂmmawLaaﬂummufﬂmﬂu
en 6 dmviuandun il 8 ludanid 2 Klddans 3 nauillasves 2 feszewd
4 Tudndruminfu wiluduawid 4 vaniledugnssaniiaaunugamgini 30 uay
35°C annisvedlidngszesd 5 luvaefisvlsvesagaiidedugnszand
paungihuniuassiliannaslutefuiiimunnsegianesssd 2 fasvesil 4
wirtiu TudUaidl 6 armusnsnsvesiannsvessladardaauuiniu Tneva
fideeftonmnd 35°C Tlaszoed 5 Usvanas 19.7+1.1% (wdl 9) luvaugiivaidn
aoanguilidedlugnszanidnaanluszesd 5 ifins 6.520.6 1 4.6+1.7% waridldes
Uanmngefiasdutenulifininudsunuasmnduavid 4 uasasranuanglissey
2 faswoedl 4 ity uonanianads Sl fiszesnan 6 dUanivesUaniidestug
nszanuazfinguugiindenaini (0.64-0.68 %) Uaildesfigungiuniluvedu
wazlugnszan (0.42-0.47%)
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wansnsdeanuianngeiiasdugnrannieldonmnd 35°C Wunan
6 &Un9i azilsedumeSivenguiniuaiassilgamglunduasfl 30°C (aeeft 3) B
sefuposfivealulmannauiiimadsuanfivadntiosluszosina 6 U
Uagnaeiidesiigungfl 35°C TnsedunesivenldgeanludUnvid 4 (313.6+30.5
uluniusiediadns) uavsviunesAveaanandniosiileTaludunii 6 (251.5:18.6
wlunsusiediadng wansesaaszduihmangladludennuinfrigean (123.412.7
fodluasiodns) lunduuaiiassaeligamgd 35°C TudUn 9 6 vosnismaaes us

ANSEAULIMANGLAALWUNNYANITNIAGBIRALNNYILIATTIN lITAULANAIN1EDR

M19199 3 ARGYLS.E vassEAunasiveatazniangladlulivamnasiidedudnszani
AuRNgamadl 3 seau Junan 42 fu

Tu-gaungll AosATea (ng/ml) nalaa (mmol/\)

14

25°C 157.46+9.53 79.57+5.01
30°C 121.43+3.14 81.86x11.12
35°C 299.67+29.30* 101.25+8.17
28

25°C 199.72+10.75 61.72+5.46
30°C 133.69+17.18 79.13+3.98
35°C 313.61+30.5% 92.67+3.83
42

25°C 104.93+8.01 73.84+10.53
30°C 133.16+5.18 71.92+7.19
35°C 251.54+18.62* 123.41+£12.70

*anaAnuLanaIeg1iitedfyn1eludUan (P<0.05)



A1slaaudu Heat shock protein 70 (HSC70) wazn1sidnsaanvasdulunisnavauas
= d’l o A .
N1IRALYBLLUANLIY Aeromonas hydrophila
1. n15lpay cDNA %898y HSC70
Han13laaw cDNA Usnginsaesdudidnunuianilelnawiiiu (2,278 dwa)
Usgnausie Open reading frame (ORF) 31u3u 1,950 dwadiawlasialansnaziily
U 649 MY way cDNA vpssdasduysenauusaiimalenanlilawuasia

fiuanesu 5" (5" Untranslated region, UTR) $1uau 33 giua uaztansdnu 3’ (3/

UTR) $117u 295 ghua uandmnidaediu 3’ azdnngaduiandlelnd TAA Saduy
iﬁa?;luqmﬂﬁé’mswﬂﬂﬁau AU AATAAA Fadu Polyadenylation signal
Uimgﬁsﬁ’%mmwa 19 Tndlelndneuiisusianans poly(d) (A wd 10 wag 11)
dwiinluanavedlusfiu HSC70-1 uag HSCT0-2 whity 71.24 uae 71.27 Alamady
AUEIRU HansAuTAumiewveslsiuassulingaelusunsy BLAST anansa
seyldrivisandlusiufe HSCTO0
memzigsunsaezilunuiuszneusiedfuiilu Sienature
sequence YoslUsAY HSC70 Us1ngeg) 3 diufie ddu IDLGTTYS AluTiam N-

o

terminus fnsndud1iU IFDLGGGTFDVSIL uay IVLVGGSTRIPKIQK Usingfitasnans
voslnanalusiu uazfuTian C-terminus Usngandiu EEVD (nwdl 8 uag 9) ile
Wisuiisunsaeziluresiiaediushiunuin UShas Cterminus W09 HSCT0-1 Az
U314 Tetra-peptide motif (GGMP) 1 %1 Tuwausit Cterminus vas HSC70-2 9%
U51n4) Tetra-peptide motif (GGMP) 2 1 Wassuiisuruilonvesdii
nsnoziilu Unnginvhaesiushufinsnerdlufimiloutu 94% uaziinsnozilud

LANANGNY 38 K128 (NN 12)

SowSeuidivuadiunseerdluvedusiiu HSC70-1 wag HSC70-2 waatagn
gefulUsiu HSC70 way HSC71 TudnitugauasUaelindunudn Ustan Signature
sequence uay EEVD Wudwiiiiniseydnvgean sruunsmexfiluveslusiuluyand
Fdaus 612 9 650 e Tasdrununsnesiluvestusiiu HSCT0 Tutanngs way
Uanpnowifuisunumitiufe 649 mine Tuvasfidiunsaesiluveslusiy
HSC70 Tunuuazayudisiuau 646 e (Ml 13 uazansnadl 4) Tasa s
ANUMETEUYRIEIAUNIARYILUAMSU HSCT0-1 Uag HSC70-2 luvaanae fAulan
yindunardnitugsdanszming 82-95% (neefl 5) {Adelddsddunsnosiluves
TUsfu HSC70-1 uaw W5y HSC70-2 Tulagnae ieweunsluguteyaasisas
GenBank wazl#¥u Accession number tiBld81aBadstl JX112294 dwsulusiiu
HSCT70-1 wag JX112295 d@miu HSC70-2
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ARCTTTCTARACSTGCTCEARGRAATTTTGTAACCATGTC TARGSGEACCAGCTETTEGCATT &0
M S K G P A V & ]
GATCTGGEGACCR TTGGAGTCTTCCAGCATGECARAGTGEALATCATT 1z0
O T & T T G v E I I 29
GCTARTGECCALG BCRCC GRTAGCGARAGSE 130
2 ®M D Q & T E o5 E R a9
TTEATTGETGATS CRGGET BCRARTCTTTGAT za0
L I G D & o v T I F D £9
GCCARACGTCTGR TTTGE T GRCATGAAACAT 300
L K B L I F E = D M K H a9
TG TTC = ! GETGGRCGETC TGRATATAEALGCE L
W F K W I =5 = = B P v E ¥ K & 109
GRGACTALGRACTT C CARATCTCCTOCR TEGTGAAGATCGAAGGRAR
E T K N F E E S M V L VWV K M K E
ATTGCTGRAGCCTATCTTGERARRGEC! CCRARTGECTETEATCACAGTACCAGCTTAC
I »n E & ¥ L G K T M & Vv I T Vv P B X
TTCARTGACTCTCAGCETCRARGCCAC ATGCTEGCACCATCTCTGETTTARATGETC
F W o0 s © =®B € & T A 6 T I 5 6 L W W
CTECEAATTATTAATGASCCTACTECTGCTGCTATTSCCTATGEETTGEACARAGGERARG
L R I I W E P T & & I 2 ¥ G L D K
ARRACAGRGCOGCAARCTCCTTATTTTC TTGECESETEETACTTTTS CATC
¥ T E R K L L [T _F G G G T F T
CTEACCATTGATEATGECATCTI TCALRG IGARAGC TACAGCAGGAGE GEET
] T I © D = z R G D G
GGLGRAGLCTTTEACHR GTGEAGGRATTT GCRC
z E D F D ™ v ¥ F ¥ E E F H
ARAGARAGECATCAG C CCTGAGGAGGCTGCETAC: GTERCEAGE
K K D I 5 E B » L B R 1L B T & R
GCCARGAGARCCCT! CRGTTCTCARGCCAGCATTGARATTGETT ATGLG
L K B T L £ = o &A 5 I E I D = =
GGCACCGECTTTTAL CARTCACCAGAGCACECTTTGAGGRGCTGT CCoTG
G T D F ¥ = L B F E E L < S D L
TTCAGAGGRACACT GAARGCCCTALGAGATGCCARRRTGEACERETCC
F R G T L K A L R D &L E M D K 5
CRAGATCCATGARATTET TCTACAMGAATCCCCARGRETCCAGRARCTT
2 I H E T I ©r E I o ® L
CTGECRGGACT G ARRARGCATCARCCCAGATGAGGCAGTT
L Q D F G E K = I WM F D E & W
GCTTATGGTS CRGG TTCTEGTEACACTTICTGGERARR
n G I o B S & D T 5 G W ¥V Q
GR GCTGC GTGS CCTGEGCATTGAGACAGCAGGAGGAGTC
o] L L L W R E = L & I ®E T & & & W
TGACCCCACTCATCARACGCARCACCACTATTCCCACCARARCAGACACARRCCTTTAGC
M P L I ¥ R W P T ¥ © T @ T F S
ACCTACGCAGACAATCTECCCEE CCAGETGTATGAARGETGRRALGAGCCATG
T ¥ A D N L P G o v ¥ E G E R B M
ACCARRAGRCRAACAACCTECTOSS TCTGACASGCATCCCACCTECACCTOSE
T K D W N L L G K L T @ I P P BB P R
GGAGTTCCTCARATCGARGTGRCCTTT CEATGECCAACGSCATTCTGARCGTCTAT
= v P Q I E W T F D A2 N 6 I L N WV ¥
GRALGETGACAACAGCACTGGCRARR GATCACCATCACTAATGACARRCGGTALT
E G D K S T G K I T I T W D K G MW
TTEAGTALGEAGCACATTGRAGCEC? GELAGCTCAGARATACARRACCTCGAGGAT
L S E D I E R E A~ E K ¥ K 2 E D
GATGTGCAGCGTEATARCGTETCTECCAACGARTGETCTGEASTCTTATECTTTCAACATS
r v ¢ R D K ¥V § » K N 6 L E S ¥ A F H M
AACTCCACTETACAGGATGAGRAGC TARAGEGATARAATCAGTGATGAGEATARCCACRARG
K S T ¥ E D E EK L I s D E D K 2 X
ATTCTTGRACRAACTGCAATGARGTAL GACLAGAACCAGACCGCCGAGRRG
I L D K © M E W I S oD K N @ T R E K
GRLGAGTATGAGCATCARCATARGGAGCTGGAGARGGTCTGTARCCCARTCATCACCARR
E E ¥ E H o K E L E K c m P I I T =
CTGETACCAGAGTECTGETGGTATGCCAGGTGETA’ TEATGEEATGCCTEGTEGTTTC
L ¥ ¢ 5 A 6 6 M P G G M oL M P & & F
CCAGGERAGCCEGAGCTGCTCCCGETGGCGEATC T TCTGGTCCCACCATCGAGGAGSTTGAT
P G A G A AL P G G G S5 S 6 P T I E K D
TRAGCCATTCTARACCTECTCTACCTCTCCARTGTTTACTGCCCTTTGTAGCARRATTCC
*
TGLRGACCCTATTAATGTET TGEGGCTTTAGAT I TTTTCTGCTGCAGAGTSARTGCTTATT 2100
TARATERLA R A GEEEEGAGATTEAGGGEATCACT TCATCACAGGEARCASTTTTATTT 2180
GRATGTTGCACARCTTCTCAATTATAGE r % TTTTGCCAATECCTGE 22z
TTGRACTARATCTGARTARAGTGEACTTTTTCCCCCCTCARRRARARALAART 2278

A 11 drsuihedletnauasninesiluvesdu HSC70-2 dwiulainnge a1y Signature

sequence Y09lUsAY HSC70 wanslunsaudvdey fe arnunsnesdluniaduldne
Signal sequence way EEVD fin Consensus sequence flauaUYIAoR LAY
Trdlelnauaznsnezilu a19u AATAAA A Polyadenylation signal
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MEEGPAVGIDLGTTY 5ICVEVEQHGEVEI IANDQGHNRTTESYVAFTIDSERL 50
MEEGPAVGIDLGTTY 5ICVEVEQHGEVEI IANDQGHNRTTESYVAFTIDSERL 50
HER RN T E RN NN AR RN N AR ERNN AT A RN AT RN AT ERNANA TN AR T TN

IGDARENOVAMNPTNT IFDAKRLIGRRFEDSVVOSOMEEWEFFEVISDGGR
IGDARENOVAMNPTNT IFDAKRLIGRRFEDSVVOSOMEEWEFFEVISDGGR

HER RN T E RN NN AR RN N AR ERNN AT A RN AT RN AT ERNANA TN AR T TN

PEVEVEYEAETENFYPEEISSMVLVEMEETAEAYLGETVIHAVITVEAYEF 150
FEVEVEYEAETENFYPEEISSMVLVEMEEIREAYLGETVINAVITVEAYF 150

HER RN T E RN NN AR RN N AR ERNN AT A RN AT RN AT ERNANA TN AR T TN

HDSQRCATEDAGTISGLNVLRIINEFTARR TAYGLDEEVGSERNVLIFDL 200
HDSQRCATEDAGTISGLNVLRIINEFTARR TAYGLDEGEETERFLLIFDL) 200

Rk kW Rk kW R RN W W R R W W W W R W ol W W o b e ke kW e W oo W W W

GEEIFDVSILTIEDGIFEVESTAGDTHLGGEDEFDHEMVHHFTAEFEREYE 230
GEETFOVSILTIDDGIFEVEATAGDTHLGGEDEFDHNEMVIHEVEEFEREHE 250

HER RN EREENTE s RN THEAN AR ATEAAATENNNTE WN s EENTH &

EDISOHERAVRRELETACERAERTLSSSTOASTEIDSLYEGVDFYTSITRR 30
KDISONERALRRLRTACERAKRTLSSSSQASIETIDSLYEGTDFYTSITRA 300

FRE K o HEN N WEHRNATFENNTRRNNTT chkh TR w b wwwh whdhhwwrw

RFEELNADLFRGTLDEFVEESLEDAELDESQIHOIIVLVGGSTRIPEIQELL 230
RFEELCEDLFRGTLDFVEEALRDAEMDESQIHE|IVLVGEGSTRIPEIQELL 330
wHREKEN AN NN A EERNATFEN o FFRNN s TRR AT o Whhwww b wwdhhwwrw
CDFFNGEELNESIRPDEAVAYGRAAVORATLSGDESENVODLLLLDVIELS 400
CDFFNGREELNESIRPDEAVAYGRAAFORATLSGDTSGHVODLLLLDVAEPLS 400
FHREKEN T e NN T ERNATFRENNTRRN o hFRbbhw® b wREkhwwEhd s wkk

LEIETAGGVMIALIERNTSIFTEQIQIFTTYSDNOQPGVLIOVYEGERAMT 450
LGIETAGGVMIPLIERNITIFTEQIQTFSTYRDNLEGVLIQVYEGERLMT 450

FEEK AN TENNNT ENAHFE N TFRNNT TR bk W hwRE b NwwEh o wrw

KDNNLLGEFELTGIFPAPRGVEQIEVIFDIDANGILHVSAVDESTGEENE
KONNLLGEFDLIGIFPAPRGVEQIEVIFDIDANGILHNVYEGDE STGEENE

FREK KN TEN N c WEENTEFENNTH RN N T RN A w kR WEERN T HEWN

ITITHDEGRLSEEDIERMVOQEREEYFAEDDVORDEVSAENGLESYAFHNME 550
ITITHDEGHNLSEEDIERMVOQEREEYFAEDDVORDEVSAENGLESYAFHNME 550

wEEK KN TEN AR EENAEFENNTRRRNTTRRA D TRNbhwmwhhwwwhhwwe

STVEDEELEDEISDEDEQTILDECHEVISWLDENQTAEEEEYEHQHEELE &0
STVEDEELEDEISDEDEQEILDECHEVISWLDENQTAEEEEYEHQHEELE &00

Rk R R R N R E RN W R R R W R R R R W W R Wk Wk Rk o Rk W wk

EVCHPIITELYQSAGDMPGGMPDGMEPGEFPGAGALAPGEGSSGPTIEEVD €45
EVCHPIITELYQSAGGHMPGGMPDGMPGEFPGRAGALAPGEGSSGPTIEEVD €45
FEA KRR RN NN A EENN  FERA TR R LR R RN RN A RN N TR RN TRk w R

awil 12 Wisuiisuddunsnogiiluresdu HSC70-1 uay HSC70-2 luvainnge Tag

Wiy (%) uanansnezdilufiniliout wiomne () wannsnesiiluid
AudTUSUsEAUES a3y () wanensnesdlufitduiusiu
FLAUAUTILEAILIUINTAREILU Signature sequence VSlUSAU HSCTO
wanslunseudmaey



HSPT70_Salmo

MSSAKGPSIGIDLGTTY SCVGVEQHGEVEI IAND)GHNRTTP SYVAFTDTERLI GDARKNG

HSP70_Acanthopagrus MAPRKGVAIGIDLGTTYSCVGVEQHGEVEI IANDGNRITPSYVAFTDTERLIGDARKENH &0
HSP70_Megalobrama MSSAKGVAIGIDLGTITYSCVGVEQHGKVEI IANDOGNRTITPSYVAFTDTERLIGDAAKND &0
H5P70_Carassius MSSAKGVAIGIDLGTTYSCVGEVEQHGEVEI IANDOGNRITPSYVAFTDTERLIGDAREND &0
HSP70_Fundulus MSSAKGISIGIDLGTITYSCVGVEQHGKVEI IANDOGNRTITPSYVAFTDTERLIGDAAKNG &0
H5P70_Paralichthys MSSAKGISIGIDLGTTYSCVGEVEQHGEVEI IAND)GNRITPSYVAFTDTERLIGDAREND &0
H5C70-1_Clarias —MS-KGPAVGIDLGTTYSCVGEVEQHGEVEI IANDOGHRTTPSYVAFTDSERLIGDAARND 5
H5CT70-2_Clarias —-MS5-KGPAVGIDLGTTYSCVEVEOQHGEVEI IANDOGHRTTPSYVAFTDSERLI GDARKNG 5
H3CT71_Ictalurus —MS-KGPAVGIDLGTTYSCVGEVEQHGEVEI IANDOGHRTTPSYVAFTDSERLIGDAARND 5
H5CT70_Fundulus —MS5-KGPAVGIDLGTTYSCVGVEQHGEVEI IANDOGHRTTPSYVAFTDTERLI GDARKNG 5
H5CT70_Acanthopagrus —-MS5-KGPAVGIDLGTTYSCVEVEOQHGEVEI IANDOGHRTTPSYVAFTDSERLI GDARKNG 5
H5C7]1_Paralichthys —MS-KEGPAVGIDLGTTYSCVGVEQHGEVEI IANDOGHRTTPSYVAFTDSERLIGDARAKNG 5
H5CT70_Pimephales —-MS5-KGPAVGIDLGTTYSCVEVEOQHGEVEI IANDOGHRTTPSYVAFTDSERLI GDARKNG 5
H5C70_Megalobrama —-MS5-KEGPAVGIDLGTTY SCVGVEQHGEVEI IANDOGHRTTPSYVAFTDTERLIGDARKNG 5
H5C70_Danic —M5-KEGPAVGIDLGTTY SCVGVEQHGEVEI IAND)GNRTTPSYVAFTDTERLI GDAAKHG 5
H5C70_Cyprinus 0 0——————— AVGIDLGTTYSCVGVFOHGKVEI IANDOGNRITPSYVAFTDTERLIGDAAKNG &
H5CT70_Carassius —M5-KEGPAVGIDLGTTY SCVGVEQHGEVEI IAND)GNRTTPSYVAFTDTERLI GDAAKHG 5
H5C70_Gallus —M5-KEGPAVGIDLGTTY SCVGVEQHGEVEI IAND)GNRTTPSYVAFTDTERLI GDAAKHG 5
H5CT70_Homo —MS-KGPAVGIDLGTTYSCVEVEQHGEVEI IANDOGHRTTPSYVAFTDTERLIGDAAEND 5
HSC70_Xenopus —M5-KEGPAVGIDLGTTY SCVGVEQHGEVEI IAND)GNRTTPSYVAFTDTERLI GDAAKHG 5
HSP70_Xencpus —MS-KGPAVGIDLGTTYSCVEVEQHGEVEI IANDOGHRTTPSYVAFTDTERLIGDAAEND 5
H5CT0_Salmo —MS-KGTAVGIDLGTTYSCVEVEQHGEVEI IANDOGHRTTP SYVAFTDSERLIGDAAEND 5
HSP70_Gallus —MSGEGPRIGIDLGTTYSCVGEVEQHGEVEI IANDOQGHNRTITPSYVAFTDTERLIGDAAENDG 5
H5P70_Homo MATAKGIAIGIDLGTTYSCVGEVEQHGEVEI IAND)GNRITPSYVAFTDTERLIGDARKEND &0
A L
H5P70_Salmo VAMNPNNTVEDAKRLIGRKFNDOVVOADMEHWPFEVVSDGGEPEVOVDYEGENESFNPEE 120
H5P70_Acanthopagrus LALWNESNTVEDAKRLIGREMODOVVOATMEHWEFEVVGDGGEPEIQVEYKGEDETFYPEE 120
H5P70_Megalobrama VAMNPNNTVEDAKRLIGRKFDDEPVVQSIMEHWSFEVVSDGGEPKVOVEYKGENKTFNPEE 120
H5P70_Carassius VAMNPHNNTVEDAKRLIGRKFEDPVVQSIMEHWSFQVISDGGEPEVQVEYKGENKTFYPEE 120
HSP70_Fundulus VAMNPTHTIFDAKRLIGRRFDDAVVQSOMELWPFEVINDNGEPEVQVEYKGEIKTFCPEE 120
H5P70_Paralichthys VAMNPTHTIFDAKRLIGRKFNDS IVQSOMELWPFEVISINGEPEVQVEYKGETEAFYPEE 120
H5C70-1_Clarias VAMNPFTHTIFDAKRLIGRRFEDSVVQSOMEHWPFEVISDGGRPEVEVEYKAETENFYPEE 118
H3CT70-2_Clarias VAMNPTNTIFDAKRLIGRRFEDSVVQSIMEHWPFKVISDGGRPEVEVEYKAETKNFYFEE 1186
H3CT71_Ictalurus VAMNPTHNTIFDAKRELIGRRFEDSVVOALMEHWFFEVISDGGRFRLEVEYKGEAKNEFYPEE 118
HSC70_Fundulus VAMNPTHIVFDAKRLIGRRFDDAVVQSOMEHWPFNVINDSTRPEVQVEYKGESKESFYPEE 118
H5CT70_Acanthopagrus VAMNPTHIVFDAKRELIGRRFDDAVVOSCMEHWEFNVINDNTRFEAQVEYKGESKSFYPEE 118
H3C7]1_Paralichthys VAMNPTHIVFDAKRELIGRRFDDAVVOSIMEHWEFNVINDSTRFEVOVEYKGESKSFYPEE 118
H3C70_Pimephales VAMNPTNTVEDAKRLIGRRFDDTWVQSOMEHWEE TVINDNTRPEVOQAEYKGETKAFYFEE 1186
H5CT70_Megalobrama VAMNPTHIVFDAKRELIGRRFDDGVVQSIMEHWEFNVINDNTRFEVOVEYKGETKSFYPEE 118
H5CT70_Danic VPLNPYNTVFDAKELIGAKFDDPVVOVIMEHWEFNVINDN SRPEVOVEYEGESESFYPEE 118
H5CT70_Cyprinus VVMNPTDTVEDAKRLIGRKFDDGVVOSIMEHWEFNVINDNTRPEVOVEYEGETKSEFYPEE 113
H5CT0_Carassius VAMNPTHIVFDAKELIGRRFDDGVVQSCMEHWEFNVINDNTRFEVOVEYKGETKESFYPEE 118
H5CT0_Gallus VAMNPTHIVEFDAKRLIGRRFDDSVVQSIMEHWEE TVVNDAGRPEVOVEYKGETESFYPEE 118
H5CT70_Home VAMNPTHTIVEFDAKRLIGRRFDDAVVQS IMEHWPFMVVNDAGRPEVOVEYKGETESFYPEE 118
HSC70_Xenopus VAMNPTHIVFDAKRLIGRRFEDAVVQSOMEHWPFNVVSDSGRPEVQVEYKAETESFYPEE 118
H5P70_Xenocpus VAMNPTHIVFDAKRLIGRRFEDAVVQSOMEHWEE TVVSDGGRPEVOVEYKARTESFYPEE 118
H5C70_Salmo VAMNPCHIVFDAKRLIGRRFEDTVVQSOMEHWPFNVISDSGRPEVEVEYKGETESFYPEE 118
HSP70_Gallus VAMNPTHTIFDAKRLIGREKYDDEIVOS DMEHWFFEVVNEGGEPEVOVEYKGEMETFFFEE 119
HSP70_Homo VAMNPQONTVEDAKRLI GRKFNDPVVQALMELWEFQVINEGGKEPEVLVSYKGENKAFYFEE 120
. phk  mok ke kW H HE ek dkwk ok ok ko Tk LRk ks ke ko
HEPT0_Salme ISSMVLVEMREIAEAYLGOEVSNAVITVPAYFNDSQROATKDAGVIAGLNVLRIINEFTA 1380
HEPT0_Acanthopagrus ISSMVLVEMEEIAEAYLGOOWSHAVITVPAYFNDSQROATKDAGVIAGLNVLRIINEFTA 1380
HEPT0_Megalobrama ISSHMVLVEMKEIAEAYLGOEVINAVITVPAYFNDSQROATKDAGVIAGLNVLRIINEFTA 1380
HEPTO0_Carassius ISSHMVLVEMKEIAEAYLGOEVINAVITVPAYFNDSQROATKDAGVIAGLNVLRIINEFTA 1380
HEPT0_Fundulus ISSMVLVEMREIAEAFLGOSVSNAVITVPAYFNDSQROATKDAGVISGINVLRIINEFTA 1380
HEPT0_Paralichthys ISSMVLVEMKEIAEAYLGOEVSNAVITVPAYFNDSQROATKDAGVISGLNILRIINEFTA 1380
HECT0-1_Clarias ISSMVLVEMKEIAEAYLGKTVINAVITVPAYFNDSQROATKDAGTISGLNVLRIINEFTA 178
HECT0-2_Clarias ISSMVLVEMKEIAEAYLGKTVINAVITVPAYFNDSQROATKDAGTISGLNVLRIINEFTA 178
HSCT71_Ictalurus ISSMVLVEMKEIAEAYLGKS INNAVITVPAYFNDSQRORTEKDAGTISGLNVLRIINEFTA 178
H5CT0_Fundulus ISSMVLTKMEEIAEAYLGKTWVNNAVITVPAYFNDSQROATKDAGTISGLNVLRIINEFTA 178
HECTO0_Acanthopagrus VSSTVLTKMEKEIAEARYLGKTVNNAVITVPRYFNDSQROATKDAGTISGLNVLRIINEPTA 178
HSC71_Paralichthys ISSMVLTKMEEIAEAYLGKTWVNNAVVIVPAYFNDSQROATKDAGTISGLNVLRIINEFTA 178
HECTO0_Pimephales ISSMVLTKMEEIAEAYLGKTITHNAVVIVPAYFNDSQROATKDAGTISGLNVLRIINEFTA 178
HSCT0_Megalobrama ISSMVLTEMEEIAEAYLGKTVSNAVITVPAYEFNDSQROATKDAGTI SGLNVLRIINERPTA 178
HSCT0_Danic ISSMVLTEMEEIAEAYLGKTVSNAVITVPAYEFNDSQROATKDAGVLAGLNVLRIINERPTA 178
HECTO_Cyprinus ISSMVLTEMEEIAEAYLGRIVSNAVVIVPAYFNDSQROATKOAGTI SGLNVLGIINEFTA 173
HECTO0_Carassius ISSMVLTKMEEIAEAYLGKTVSNAVVIVPAYFNDSQROATKDAGTISGLNVLRIINEFTA 178
H5CT0_Gallus ISSMVLTEMEEIAEAYLGKTVINAVVTVPRAYEFNDSQROGTEKDAGTIAGLNVLRIINERPTA 178
HSCT70_Homo VSSMVLTEMEEIAEAYLGKTVINAVVTVPAYFNDSQROATKDAGTIAGLNVLRIINERPTA 178
HSCT70_Xenospus ISSMVLTEMEEIAEAYLGKTVINAVVTVPRAYEFNDSQROATKDAGTI SGLNVLRIINERPTA 178
HEPT0_Xenocpus VSSMVLTKMEEIAEARYLGKTVINAVVIVPRYFNDSQROATKDAGTISGLNVLRIINEPTA 178
HSCT0_Salme ISSMVLVEMEEIAEAYLGKTVSNAVVTVPRAYEFNDSQROATKDAGTI SGLNVLRIINERPTA 178
HSPT70_Gallus ISSMVLTEMEEIAERYLGEKEVONAVITVPAYFNDSQROATKDAGTITGLNVMRIINEFTA 179
HSPT70_Homs ISSMVLTELEETAEAFLGHPVINAVITVPAYEFNDSQROATKDAGVIAGLNVLRIINERPTA 1380
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HSP70_Salmo
HSPT0_Acanthopagrus
H5P70_Megalokbrama
HS5P70_Carassius
HSP70_Fundulus
HSFT0_Paralichthys
HSC70-1_Clarias
H5C70-2_Clarias
HS5C71_Ictalurus
HS5C70_Fundulus
H5CT0_Acanthopagrus
H5C71_Paralichthys
H5CT0_Pimephales
H3C70_Megalokbrama
HS5C70_Danic
H53CT70_Cyprinus
HS5C70_Carassius
HSC70_Gallus
HSCT70_Homo
H5C70_Xenopus
H5PT0_Xenopus
H5CT70_Salmo
HS5P70_Gallus
H5P70_Homo

HSP70_Salmo
HSFT70_Acanthopagrus
HSFT0_Megalobrama
HSP70_Carassius
HSP70_Fundulus
H5P70_Paralichthys
H5C70-1_Clarias
HSC70-2_Clarias
H5C71_Tctalurus
HSCT70_Fundulus
HSCT70_Acanthopagrus
HSCT71_Paralichthys
HSC70_Pimephales
H5CT0_Megalokbrama
HSCT70_Danioc
HSCT0_Cyprinus
HSCT70_Carassius
H5C70_Gallus
HSC70_Homo
H3CT0_Xenopus
HSFT70_Xenopus
HSCT70_Salmo
H5P70_Gallus
HSP70_Homo

HSPT70_Salme
HSPT70_Acanthopagrus
HSPT70_Megalcobrama
H5PT0_Carassius
HSPT70_Fundulus
HSPT70_Paralichthys
H5CT0-1_Clarias
HECT70-2_Clarias
HS5CT1_Ictalurus
HSCT0_Fundulus
HSCT0_Acanthopagrus
HSCT1_Paralichthys
HSCT0_Pimephales
HSCT0_Megalcocbrama
HS5CT70_Danic
HSCT0_Cyprinus
HSCT70_Carassius
HS5CT0_Gallus
HSCT70_Homo
H5CT0_Xenopus
HSPT70_Xencpus
HS5CT70_S5almo
HSPT0_Gallus
HSPT70_Homo
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AR TAYGMDEG--MSEERNVLIFDLGGGTFDVSILTIEDGIFEVEATAGDTHLGGEDE DNE
ARIAYGLDKG--KTGERNVLIFDLGGGTFDVEILTIEDGIFEVEATAGDTHLGGEDFDNE
ARTAYGLDEG-—-KRAAERNVLIFDLGGGTFOVEILTIEDGIFEVEATAGDTHLGGEDE DNE
ARTAYGLDKG-—KASERNVLIFDLGGGTFDVSILTIEDGIFEVEATAGDTHLGGEDE DNE
AR TAYGLDEG-—-KRGERNVLIFDLGGGTFDVSILTIEDGIFEVEATAGDTHLGGEDE DNE
AR TAYGLDKG-—-KRGERNVLIFDLGGGTFDVSILTIEDGIFEVEATAGDTHLGGEDE DNE
ARIAYGLDEE--VGEERNVLIFDLGGGETFDVEILTIEDGIFEVESTAGDTHLGGEDEDNE
ARTAYGLDEG-—KETERELLIFDLGGGTFDVSILTIDDGIFEVEATAGDTHLGGEDE DNE
ARIAYGLDEE--VGEERNVLIFDLGGGETFDVEILTIEDGIFDLESTAGDTHLGGEDEDNER
AR TAYGLDEE--VGEERNVLIFDLGGGTFDVEILTIEDGIFEVESTRAGDTHLGGEDE DNE
ARIAYGLDKE--VGEERNVLIFDLGGGTFDVSILTIEDGIFEVESTAGDTHLGSEDFDNE
AR TAYGLDEE--VGEERNVLIFDLGGGTFDVEILTIEDGIFEVESTRAGDTHLGGEDE DNE
ARIAYGLDKE--VGEERNVLIFDLGGGTFDVSILTIEDGIFEVESTAGDTHLGSEDFDNE
AR TAYGLDEE--VGAERNVLIFDLGGGTFOVEILTIEDGIFEVESTAGDTHLGGEDE DNE
AR TAYGLDEE-—-VGAERNVLIFDLGGGTFDVSILTIEDGIFEVESTAGDTHLGGEDE DNE
AR TAYGLDEE--VGAERNVLIFDLGGGTFOVEILTIEDGIFEVESTAGDTHLGSEDE DNE
AR TAYGLDEE-—-VGAERNVLIFDLGGGTFDVSILTIEDGIFEVESTAGDTHLGGEDE DNE
ARIAYGLDEE--VGAERNLLIFDLGGGTFDVEILTIENGIFEVESTAGDTHLGGEDFDNER
AR TAYGLDEE-—-VGAERNVLIFDLGGGTFDVSEILTIEDGIFEVESTAGDTHLGGEDE DNE
AR IAYGLDEE--VGAERNVLIFDLGGGTFDVEILTIEDGIFEVESTAGDTHLGGEDEDNER
AR TAYGLDEE-—-VGVERNVLIFDLGGGTFDVEILTIEDGIFEVESTAGDTHLGGEDE DNE
ARIAYGLDKE--VGAERNVLIFDLGGGTFDVSILTIEDGIFEVESTAGDTHLGSEDFDNE
AR TAYGLDEEGTRAGEKNVLIFDLGGGTFDVSEILTIEDGIFEVESTRAGDTHLGGEDE DNE
ARITAYGLDKG--GOGERHVLIFDLGGGTFDVSILTIDDGIFEVEATAGDTHLGSEDFDNE
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LV SHFVEEFKRKHEEDISONERALERLRTACERAKRTLESSSQASIEIDSLFEGIDEYTS
MVNMHFVEEFKRKHEEDI SHNERALRRLETACERAKRTLSS550ASIEIDSLEFEGVDEYTS
MVNHFVEEFKRKHEEDI S ONERALERLRTACERAKRTLESSSQASLEIDSLYEGIDEYTS
MVNHEVEEFKRKHEEDI SONERALERRLETACERAKRTLSSS550ASIEIDSLYEGIDEYTS
MV SHEVEEFKRKHEEDI SONKRAVERLRTACERAKRTLSSSTQASIEIDSLFEGIDEYTS
MV SHFLEEFERKYEEDI SONERAVERLETACERAKRTLSSSTQASIEIDSLFEGIDEYTS
MVNHF IAEFKRKYEEKDI SDNERAVERLRTACERAKRTLSSSTOASIEIDSLYEGVDEYTS
MVTHEVEEFKRKEEEDISONERALERLETACERAKRTLSSSSQASIEIDSLYEGIDEYTS
MVNMHF IAEFKRKHEEDI SCHNERAVERLATACERAKRTLSSSTQASIEIDSLYEGVDEYTS
MVNHE IAEFKRKYKEDI SDNERAVERLETACERAKRTLSSSTOASIEIDSLYEGVDEYTS
MVMHF IAEFKRKYEEDI SCHNERAVERLETACERAKRTLSSSTOASIEIDSLYEGVDEYTS
MVNHF IAEFKRKYKKDI SDNERAVERLETACERAKRTLESSTOASTIEIDSLYEGVDEYTS
MVNMHF ISEFKRKYEEDI SCHNERAVERLETACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVMHFITEFKRKHEKDI SDNERAVERLRTACERAKRTLSSSTOASTIEIDSLYEGIDEYTS
MVDHFITEFR-KHEEDI SDHNERAVERLRTACERAKPTLSSSTOASIEIDSLYEGIDEYTS
MVNMHFITEFKRKHEEDI SCHNERAVERLRTACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVNHF ITEFERKHEEDI SDHNERAVERLRTACERAKRTLSSSTQASIEIDSLYEGIDEYTS
LVNMHFIAEFKRKHEEDI SENKRAVERLRTACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVNHF IAEFKRKHEEDI SENKERAVERLETACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVNHEVAEFKRKHEEDI IDNERAVERLETACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVNHEVAEFKRKHEEDI IDNERAVERLETACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVMHF IAEFKRKYEEDI SCHNERAVERLETACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVNHEVEEFKRKHERDIAGHNERAVERLRETACERAKRTLESSTOASTIEIDSLFEGIDEYTS
LVSHFVEEFKRKHEEEDI SONERAVERLETACERAKRTLSSSTOANLEIDSLYEGIDEYTS

sk dedew  dkdes kadkondkk deakk sk ohdedeckobokd kb s dkk | wokshdkobde s bk kdkdkokok

ITRARFEEMCSDLFRGTLEPVERALGDAKMDEAQIHDVVLVGGSTRIFKVOKLLO-DEFN
ITRARFEELCSDLFRGTLEPVERALRDAKMDEAQIHDIVLVGGSTRIPKIQKLLO-DEFN
ITRARFEEMC SDLFRGTLEPVEFKALRDAKMDESQIHDIVLVGGSTRIPKIQKLLO-DFFN
ITRARFEEMC SDLFRGTLEPVEKALRDAQMDES QINDVVLVGGSTRIPKIQKLLO-DFFN
ITRARFEELNSDLFRGTLEPVERALODAKLDESKIHEIVLVGGSTRIFPKIQELLO-DEFN
ITRARFEELNSDLFRGTLEPVERALODSKMDESKIHEIVLVGGSTRIFPKIQEFLO-DEFN
ITRARFEELNADLFRGTLDPVEKSLRDAKLDESQIHDIVLVGGSTRIPKIQKLLO-DFFN
ITRARFEELCSDLFRGTLDPVERALRDAKMDESQIHEIVLVGGSTRIFKIQKLLO-DEFN
ITRARFEELNADLFRGTLDPVERALRDAKMDEACVHDIVLVGGSTRIPKMEEKLLO-DEFN
ITRARFEELNADLFRGTLDPVERSLRDAKMDEGQIHDIVLVGGSTRIFPKIQELLO-DEFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDEGQIHDIVLVGGSTRIPKIQKLLO-DFFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDEGOIHDIVLVGGSTRIPKIQKELLO-DEFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDESOVHEIVLVGGSTRIPKIQKELLO-DEFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDEAQIHDIVLVGGSTRIPKIQKLLO-DYFN
ITRARFEELNADLFRGTLDPVEKALRDAKMDEAQIHDIVLVGGSTRIPKIQKLLOQDYEFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDEAQIHDIVLVGGSTRIPKIQELLO-DYFN
ITRARFEELNADLFRGTLDPVERSLRDAKMDEAQIHDIVLVGGSTRIFPKIQELLO-DYFN
ITRARFEKLNADLFRGTLDPVEKALRDAKLDESQIHDIVLVGGSTRIPKIQKLLO-DFFN
ITRARFEELNADLFRGTLDPVERALRDAKLDESQIHDIVLVGGSTRIFPKIQELLO-DEFN
ITRARFEELNADLFRGTLDPVEKSLRDAKLDESQIHDIVLVGGSTRIPKIQKELLO-DEFN
ITRARFEELNADLFRGTLDPVEKSLRDAKLDESQIHDIVLVGGSTRIFPKIQELLO-DEFFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDEACVHDIVLVGGSTRIPKIQKLLO-DFFN
ITRARFEELNADLFRGTLEPVERALRDAKLDEGOIQEIVLVGGSTRIPKIQKLLO-DEFN
ITRARFEELCADLFRGTLEPVEFALRDAKMDEARIHDIVLVGGSTRIPEVORLLO-DYFN
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HSP70_Salmo
HSF70_Acanthopagrus
HSPT0_Megalobrama
HSP70_Carassius
HSP70_Fundulus
HSPT70_Paralichthys
HSCT70-1_¢Clarias
H5CT0-2_Clarias
H5C71_TIctalurus
HSCT70_Fundulus
HSCT0_Acanthopagrus
HSC71_Paralichthys
H5CT0_Pimephales
H3CT70_Megalokbrama
H5C70_Danio
H5CT70_Cyprinus
H5C70_Carassius
H5CT70_Gallus
HSC70_Homo
H5CT0_Xencpus
H5PT70_Xencpus
HSCT70_Salmo
HSP70_Gallus
HSP70_Homo

HSP70_Salmo
HSPT0_Acanthopagrus
H5P70_Megalobrama
HS5P70_Carassius
HSP70_Fundulus
HSF70_Paralichthys
H5CT70-1_Clarias
HSC70-2_Clarias
H5C71_TIctalurus
HSC70_Fundulus
HSCT70_Acanthopagrus
HSC71_Paralichthys
H5CT0_Pimephales
HSCT70_Megalobrama
HSC70_Danio
H3CT0_Cyprinus
HSCT70_Carassius
HSCT70_Gallus
HSCT70_Homo
HSCT0_Xencpus
HSF70_Xenocpus
HSCT70_Salmo
HSP70_Gallus
HSP70_Homo

HSP70_Salmo
HSPFT0_Acanthopagrus
HSFT0_Megalokrama
HSP70_Carassius
HSP70_Fundulus
HSET0_Paralichthys
HSCT70-1_Clarias
HSCT0-2_Clarias
HSC71_Tctalurus
HSCT70_Fundulus
HSCT0_Acanthopagrus
HSC71_Paralichthys
H5CT0_Pimephales
H5CT0_Megalokbrama
HSCT70_Danic
HSCT0_Cyprinus
HSCT70_Carassius
HSCT70_Gallus
HSC70_Homo
HSCT0_Xencpus
HEPT0_Xenopus
HSCT70_Salmo
HSP70_Gallus
HSP70_Homo

2nH 13 e

GRELNES INFDEAVAYGAATQAATLSGDESENVODLLLLDVAPLSLGIETAGGVMTALIE
GRELNESINPDEAVAYGAAVORATLSGDTSGNVODLLLLDVAPLSLGIETAGGVMTSLIK
GRDLNES INPDEAVAYGARAVORATLMGDT SGNVODLLLLDVAPLSLGIETAGGVMTALTE
GRDLNES INFDEAVAYGAAVORATLMGDTSGNVODLLLLDVARLSLGIETAGGVMTALIE
GRIDLNES INPDEAVAYGAAVORATLMGDT SENVODLLLLDVAPLSLGIETAGGVMTPLIK
GRELNES INFDEAVAYGAAVORATLMGDT SENVODLLLLDVAPLSLGIETAGGVMTFLIK
GEELNES INPDEAVAYGAAVORATLSGDESENVODLLLLDOVIPLSLGIETAGGVMTALIK
GRELNESINPDEAVAYGAAFQAATLSGDTSGMVODLLLLDVAPLSLGIETAGGVMTPLIK
GEELNES INPDEAVAYGAAVOAESSLGDESENVODLVLLDOVTPLSLGIETAGGVMTVLIK
GEELNES INPDEAVAYGAAVORATLSGDESENVODLLLLDVTIPLSLGIETAGGVMTVLIK
GEELNES INPDEAVAYGAAVORATLSGDESENVODLLLLDVIPLSLGIETAGGVHMTIVLIK
GEELNES INPDEAVAYGAAVORATLSGDESENVODLLLLDVIPLSLGIETAGGVMTVLIK
GEELNES INPDEAVAYGAAVORATLSGDESENVODLLLLDVTPLSLGIETAGGVMTILIK
GRELNES INFDEAVAYGAAVORATLSGDESENVODLLLLDVTIPLSLGIETAGGVMIVLIE
GEELNES INPDEAVAYGAAVORATLSGDESENVODLLLLDOVIPLYLGIETAGGVMTVLIK
GRELNES INFDEAVAYGAAVORATLSGDESENVODLLLLDVTIPLSLGIETAGGVMIVLIE
GEELNES INPDEAVAYGAAVORATLSGDESENVODLLLLDVIPLSLGIETAGGVMTVLIK
GEELNES INPDEAVAYGAAVORATLSGDESENVODLLLLDVTPLSLGIETAGGVMTVLIK
GRELNES INFDEAVAYGAAVORATLSGDESENVODLLLLDVTIPLSLGIETAGGVMIVLIE
GEELNES INPDEAVAYGAAVORATLSGDESENVODLLLLDVTPLSLGIETAGGVMTVLIK
GRELNES INFDEAVAYGAAVORATLSGDESENVODLLLLDVTIPLSLGIETAGGVMIVLIE
GEELNES INPDEAVAYGAAVORATLSGDESENVODLLLLDVIPLSLGIETAGGVMTVLIK
GEELNES INFDEAVAYGAAVORATLMGDESENVODLLLLDVTPLSLGIETAGGVMTALIE
GRLLNES INPDEAVAYGAAVORA TLMGDESEEVODLLLLDVAPLSLGLETAGGVMTALIK

Wrop kA ko ke k| ko ok ok xkkk ke ko kr ok kR ok kR kkk ko

RHTITIFSEQTOTF T TY SDNOPGVHIOVYEGERAMTRDNNLLGKFELSGIPPAPRGVEOIE
RNITIPTEQTOVEITYSDNQPGVLICOVYEGERAMTEONNLLGKFELTGIPPAPRGVEQIE
RHTITIFTEQTOTF T TY SDNOFGVLIQVYEGERAMTRDNNLLGKFELTGIFPAFRGVEOIE
RHITIFTEQTOTFSTY SDNOPGVLIQVYEGERAMTHKDNNLLGKF ELTGIPPAPRGVEOIE
RNITIPTEQTOIFSTYSDNOPGVLICOVYEGERAMTEKDNNLLGKFELTGLPPAFPRGVEQIE
RHITIFTEQTOIFTTY SDNQPGVLIQVYEGERAMTHKDNNLLGKF ELAGIPPAPRGVEOVE
RNTEIPTEQTOTFITY SDNOPGVLIOVYEGERAMTEDNNLLGKFELTGIPPAFRGVEQIE
RNITIFTEQTOTFSTYADNLPGVLIOVYEGERAMTEDONNLLGKF DLTGIPPAFRGVEQIE
RHNITIFTEQTOTF I TY SENQPGVLIQVYEGERAMTHKDNNLLGKFELTGIPPAPRGVEQIE
RNITIFTEQTOTF I TYSDNQPGVLIOVYEGERAMTEDONNLLGKFELTGIPPAFRGVEQIE
RHNITIFTEQTOTF I TY SENQPGVLIQVYEGERAMTRDNSLLGKFELTGIPPAPRGVEQIE
RNITIPTEQTOTFITYSDNOPGVLIOVYEGERAMTRONNLLGKFELTGIPPAFRGVEQIE
RHNITIFTEQTOTF I TY SENQPGVLIQVYEGERAMTHKDNNLLGKFELTGIPPAPRGVEQIE
RNTITIFTEQTOTFITY SDNQFGVLIQVYEGERAMTKDNNLLGKF ELTGIFPPAFRGVEOIE
RNITIFTEQTOTFITYSDNQPGVLICOVYEGERAMTEONSLLGKFELTGIFPPAFRGVEQIE
RHTITIFTEQTOTF T TY SDNOPGVLIQVYEGDVPLTRDNNLLGKF ELTGIPPAFPRGVEOIE
RNITIPTEQTOTFITYSDNQPGVLICOVYEGERAMTEONNLLGKFELTGIPPAPRGVEQIE
RHTITIFTEQTOTF T TY SDNOPGVLIQVYEGERAMTRDNNLLGKF ELTGIPPAFPRGVEOIE
RHNITIFTEQTOTF I TY SDNOQPGVLIQVYEGERAMTEDNNLLGKFELTGIPPAPRGVEOIE
RNITIPTEQTOTFITYSDNQPGVLICOVYEGERAMTEONNLLGKFELTGIPPAPRGVEQIE
RHNITIFTEQTOTF I TY SDNOPGVLIQVYEGERAMTHKDNNLLGKF ELTGIPPAPRGVEOIE
RNTITIPTEQTOTFITYSDNOPGVLICOVYEGERAMTEKDNNLLGKFELTGIPPAFRGVEQIE
RNITIFTEQTOTF I TYSDNQESVLVOVYEGERAMTEONNLLGKF DLTGIPPAFRGVEQIE
RHSTIFTEQTOIFTTY SDNQPGVLIQVYEGERAMTHKDNNLLGRF DLTGIPPAPRGVEQIE
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VIFDIDANGILNVSAVDESTGKENKITITHDEGRLEKEDIERMVODADKYKAEDEAQREE
VIFDVDANGILNVSAVDESTGKENKITITNDEGRELEKEEIERMVODADRYKAEDDLOREK
VIFDIDANGILNVSAVDESTGKENKITITNDEGRELEKEDIERMVOERADOYKAEDDLOREK
VIFDIDANGILNVSAVDESTGEENKITITNDEGRELSKDEIERMVOERADKYKAEDDLOREK
VIFDIDANGILNVEAVDESTGKENKITITNDEGRELSKDEIEEMVODADKYKAEDDOOREER
VIFDIDANGILNVEAVDESTCGKENKITITNDEGRLEEQEIEQMVODAEKYKADDELERDT
VIFDIDANGILNVEAVDESTGKENKITITHDEGRELEKEDIERMVOEAEKYKAEDDVORDE
VIFDIDANGILNVYEGDESTGKENKITITNDEGNLSKEDIERMVOEREKYKAEDDVORDE
VIFDIDANGIMNVEAVDESTGKENKITITNDEGRELSKEDIERMVOEREKYRKAEDDVORDE
VIFDIDANGIMNVEAVDESTGKENKITITNDEGRELEKEDIERMVOEAEKYKAEDDVORDE
VIFDIDANGIMNVEAVDESTGKENKIQITNDEGRELEKEDIERMVOEAEKYKAEDDVORDE
VIFDIDANGIMNVSAADESTGKENKITITNDEGRLSKEDIERMVOEREKYKTEDDVORDE
VTFDIDANGIMNVSAVDESTGKENKITITNDEGRELSKEDIERMVOEREKYKSEDDVOREER
VTFDIDANGIMNVSAVDESTGKENKITITNDEGRELSKEDIERMVOEREKYRKAEDDVORDE
VIFDIDANGIMNVSAVDESTGKENKITITHDEGRLEKEDIERMVOEAEKYKAEDDVORDE
VIFDIDANGIMNVSAVDESTGKENKITITNDEGRELEKEDIERMVOEREKYEVEDDVORDE
VIFDIDANGIMNVSAVDESTGEENKITITNDEGRELSKEDIERMVOEREKYKSEDDVOREK
WTFDIDANGILNVSAVDESTGKENKITITNDEGRELSKEDIERMVOEREKYRKAEDERKQRDE
VIFDIDANGILNVSAVDESTGKENKITITHDEGRLEKEDIERMVOEAEKYKAEDEKQRDE
VIFDIDANGILNVSAVDESTGKENKITITNDEGRLEKEDIERMVOERADKYKAEDERKQRDE
VIFDIDANGILNVSAVDESTGEENKITITNDEGRELSKEDIERMVOERETYKAEDEQQORDE
VIFDIDANGILNVSAVDESTGEENKITITNDEGRELSKEDIERMVOEREKYKCEDDVORDE
VIFDIDANGILNVEAVDESTGKENKITITNDEGRELSKDDIDEMVOEREKYKAEDEANRDE
VIFDIDANGILNVTATDESTGKVNEITITNDEGRELEKEEIERMVLDAEKYKAEDEVOREE

ok ko kk ok Wk Hokkkkk ok ok kkk hkk gy sk arowk shs wk xks oz ks

417
417
417
417
417
417
415
415
415
415
415
415
415
415
415
410
415
415
415
415
415
415
4186
417

477
477
477
477
477
477
475
475
475
475
475
475
475
475
475
470
475
475
475
475
475
475
478
477

537

537
537

535
535

538
537



HSPT0_Salmo
HSPT0_Acanthopagrus
H5PT70_Megalobrama
HSP70_Carassius
HSPT70_Fundulus
HSPT0_Paralichthys
HSCT0-1_Clarias
HSCT0-Z2_Clarias
H5CT1_Ictalurus
HSCT70_Fundulus
H3CT0_Acanthopagrus
HSC71_Paralichthys
H3CT0_Pimephales
HSCTO0_Megalobrama
HSCT0_Danio
HSCTO_Cyprinus
HSCT70_Carassius
HSCT70_Gallus
HSCT70_Homo
H3CT0_Xenocpus
HSPTO0_Xenocpus
H5CT0_Salmo
HSPT70_Gallus
HSPT70_Homo

HSPT0_Salmo
HSPT0_Acanthopagrus
HSPT0_Megalobrama
HSP70_Carassius
HSPT70_Fundulus
H5PT70_Paralichthys
HSCT70-1_Clarias
HSCT0-2_Clarias
H5CT1_Ictalurus
HSCT0_Fundulus
H5CTO_Acanthopagrus
HSCT71_Paralichthys
H3CT0_Pimephales
H3CT0_Megalobrama
HSCT70_Danio
HSCTO_Cyprinus
HSCT0_Carassius
HSCT0_Gallus
HSCT0_Homo
H3CT0_Xenopus
H5PT0_Xenopus
HSCT70_S5almo
HSPT0_Gallus
HSPT70_Homeo

Ani 13 6o

IAAKNSLESY AFNMESSVEDDNMEGEI SEEDEKEVVDRCDOTI SWLENNGLGDKEEYEHC
IAANNSLESY AFNMESTAQDDNLEGELSEEEQRKLVEK-DETI SWLENNQLADKEEY OHR
IAAFNSLESY AFNMENSVEDENLEGKISEDDEKEVIEKCHNDTI SWLENNOLADKEEYEHC
IAAKNSLESY AFNMENSVEDEDLEGKI SEDDEKEVIEKCHEAVSWLENNQLADKEEYEHH
VAAKNSLESY AYHMESSVEDES LEGKISEEEKKLVVDECNOTI SWLENNQLAEKDEYERD
ISARNELESYVYHMEESVEDDSMEGKIQEEDEKIVIDKCHOTI SWLENNOLAEKDEYEHD
VSAKNGLESY AFNMESTVEDEKLEDEISDEDECQTI LDECHEVI SWLDENGTAEKEEYEHC
VS5AKNGLESY AFNMESTVEDEKLEDEISDEDECQKI LDKCHNEVI SWLDENOTAEKEEYEHC
VS5AKNGLESY AFNMESTVEDEKLEGEISDEDEHKI LDKCHNEVI SWLDENOTAEKDEYEHC
VSARKNGLESY AFNMESTVEDEKLAGKI SDDDERKI LOKCHEVI SWLDENQTAEKDEYEHC
VSAKNGLESY AFNMESTVEDEKLAGKISDODEQKILDECNEVI SWLDKNQTAERDGYERD
VSAKNGVESY AFNMESTVEDEKLAGEI SDEDEQKI LOKCHNEVI SWLDENQTAEKDEYEHO
VEAKNGLESY AFNME S TVEDEKLAGKI SEEDKQKILDKCNEVI SWLDKNQTAEKEEFERD
VSAKNGLESY AFNMESTVEDEKLEGEISDEDEQKI LDEKCHEVI SWLDENOTAEREEFEHC
VS5AKNGLESY AFNMESTVEDEKLEGEI SDEDECQKI LDKCHNEVIGWLDENGTAEREEFEHC
VSAKNGLESY AFNMESTVEDEKLEGEISDEDECQKI LDKCHEVI SWLDENGTAEKEEFEHC
VSARKNGLESY AFNMESTVEDEKLEGEI SDEDEQKI LOKCHNEVI SWLDENQTAEKEEFEHC
WVS5SENESLDEY AFNMEATVEDEKLPGEILDEDHONI LOKCHNEI INWLDENCOTAEKEEFEHC
VSSKNELESY AFNMEATVEDEKLOGKINDEDKQKILDKCNEI INWLDKNQTAEKEEFERD
VSSKNSLESY AFNMEATVEDEKLEGKISDEDKQKI LEKCNEVIAWLDKNQTAEKEEFERD
VS5SKENSLESY AFNMESTVEDEKLOGEI SDEDEQKI LEKCHEVV SWLDENOTAEKEEFEHC
VS55KENSLESY SFNMESTVEDEKLOGEISDEEETKI LDKCHNEI IAWLDENGTAEKEEYEHC
VGAKNSLESY TYNMEQTVEDEKLEGEI SDODEQKVLDECOEVI SWLDENCMAEKEEYEHE
IAAKNALESY AFNMESVV SDEGLEGEKISESDENKI LDECHELLSWLEVNQLAEKDEFDHE
ek s kk s ek e s e o« s Seas s s Kk KK aas sk

LEKELEEVCQFIITELYQOGGMPTGC————————— CGDOARTSS5GASSOGPTIEEVD 644
OKELEEVCOPIISELY-QGGTARGS———————- CGAQR——-GAGEQGPTIEEVD 638
LEKELEEVCHFIITELY-QGGMPAGG————————— CGAQARGGSGARSOGPTIEEVD 643
LEKELEEVCHNFIITELY-QGGMPAGG————————— CGAQTRGGSGPVLRGPTIEEVD 643
ORELERVCEFVVTELY--QGARAGS————————— CGES--—-DAGDTSQGPTIEEVD 638
QRELEEVCHNFIVIELY--QGAAFPP-———————— GGES5G-—-HAGGNVDGPTIEEVD &40

HKELEKVCNEIITELYQSAGDMPGGMEPDEMPGGFPGAGAAP- - GGGS5GPTIEEVD 643
HKELEKVCNPIITELYQSAGGMPGGMPDEHMPGGFPGAGAAP- - GGGS5GPTIEEVD 649
OKDLEKVCNPI ITELY(S DGGMPGGMPDEMPGGFELGARP- - GGGSSGPTIEEVD 649
OKELEKVCNPI I TELY Q- ———————— === ——m————m e e 612
OKELEKVCNPIITELY(SAGGMPGGMPEGHMAGSFPGAGEAAP-GGGSSGPTIEEVD 650
OKELERVCNEI I TELYQ——————— == === m ————m e 612
OKELEKVCNPIITKLY(SAGGMPGGMPEGHMPGGFPGAGEAPS-GGGSSGPTIEEVD 650
OKELERVCNHEFT T TELY (m mmm == —mm = m e e 612
OK-LEKVCNPIITELYQSAGACLVECPN-VPGGFPGAGAAPAGGGSS5GPTIEEVD 649
OKELEKVCNFIITELY(SAGGMPGGMPDGMPGGFPGAGSAP- - GGASSGPTIEEVD 644
OKELEKVCNFIITELY(SAGGMPGGMPEGMPGGFPGAGSAP--GGGS5GPTIEEVD 649
OKELEKVCNPIITELY(SAGGMPG—— - GMPGGFPGGGAPPS-GGASSGPTIEEVD 646
OKELEKVCNPIITELYQSAGGMPG—— - GMPGGFPGGGAPPS-GGASSGPTIEEVD 646
OKELEKVCNFIITKLYQSAGGMPGGME GEMPGGFPGAGEAPT-GGASSGPTIEEVD 650
OKELEKVCNFIITKLYQGAGGMPG——-—GMPGGFPGAGAAPS-GGASSGPTIEEVD 646

QOELEEVCHNFIITELYQ————- 612

OKELEELCHFIVIKLYQGAG———— 634

REKELEQMCHFIITELYOGGCTGPA————————— CGTGYVP--GRPATGPTIEEVD 641
- LRI I RN



M19199 4 WiguiiguIunsaeediluvesdiu HSC70-1 uay HSC70-2 lulamnnaeiulainszgn

wisnavdnivindu

AeilTin ORF (diua)  d1wiunsnexily
Clarias macrocephalus HSC70-1 1950 649
Clarias macrocephalus HSC70-2 1950 649
Ictalurus punctatus HSCT71 1950 649
Fundulus heteroclitus HSC70 1839 612
Acanthopagrus schlegelii HSC70 1953 650
Paralichthys olivaceus HSC71 1839 612
Pimephales promelas HSC70 1953 650
Megalobrama amblycephala HSC70 1950 649
Danio rerio HSC70 1950 649
Cyprinus carpio HSC70-2 1935 644
Carassius auratus gibelio HSC70 1950 649
Xenopus laevis HSC70 1953 650
Gallus gallus HSC70 1941 646
Homo sapiens HSCT0 1941 646

A15199 5 AnAUWdeu (Identity) wagauaaieadany (Similarity) vesnsnesiiluvesduy HSC70-1 way
HSC70-2 Twlagnaeiulannszgnuduasdniviindu

AsdiTin HSCT70-1 HSC70-2 MIEIaTY
Identity Similarity  Identity  Similarity 91994

Ictalurus punctatus HSCT71 94 96 90 94 P4AT7T3
Fundulus heteroclitus HSC70 95 91 90 89 DQ202278
Salmo salar HSC70 95 91 90 89 BT059361
Acanthopagrus schlegelii HSC70 94 83 89 80 AAX07833
Paralichthys olivaceus HSC71 95 91 90 89 AB006814
Pimephales promelas HSC70 93 95 89 93 AAS46619
Megalobrama amblycephala HSC70 95 91 91 89 EU623471
Danio rerio HSC70 91 94 87 91 CAAT2216
Cyprinus carpio HSC70-2 93 95 90 89 AAP51388
Carassius auratus gibelio HSC70 94 97 91 95 AAO43731
Gallus gallus HSC70 90 93 87 91 NP_990334
Homo sapiens HSC70 91 94 87 91 NP_006588
Xenopus laevis HSC70 93 96 89 93 AAHA41201




2. lAseas1edu HSC70

Tunslpawdlufiafiduevetu HSC70-1 way HSC70-2 {ideldmanuuulng
wesanawiuiaalelndues EST (EB360505) Tutanngy dwmiudu HSC70-1 3y
mslaausglwswesausn (HSCTOF1-R1) litufiduiovunn 1,048 dua Twsiedei
d83 (HSCTOF2-HSC70-1R2) léTufiduowun 1,351 dua uazlwawosadia
(HSCTOF3-HSC70-1R3) létufiSuionun 1,165 gua Iufafiduevesdu HSC70-1
fidduilandlelvdsa 3,179 g Uszneushearduinaalelndiidusialusiu
(Exons) §112u 8 YUIARIAU (205, 206, 153 556, 203, 199, 233, uay 195 A
wa) wazahuitlildasrelusiu (ntrons) $1usu 7 $u wwaseiuq (144, 85, 89,
203, 199, 233, uaz 195 giua) (Ml 14) Faneiavdsdwesdluliafiduedmsy
8u HSC70-1 vasUannaslugiuteya GenBank A JX273642

mslaaudu HSC70-2 Tdlwsiues 3 @ Ao gilnils (HSCTOF1-R1) giiaes
(HSCTOF2-HSC70-2R2) Wwawafianu (HSCTOF3-HSC70-2R3) ddufiduie 3 Tuwun
#1997 (921, 1,094 uag 1,110 awua) arauindlelvdsinvesdu HSC70-2 Wiy
2,980 g Usznaufuaiuilandlelndifusitalusiu (Exons) $1umu 8 Fu
YuAsneiue (205, 206, 172, 539, 201, 213, 219 uay 195 giua) wazauilile
a%1alUsAU (Introns) 1w 7 3y VUAANNAUS (144, 85, 22, 64, 117, 126 Wag
144 giva) (Ml 14) Fneiavdnsdwesdlulinfiduedmsuiu HSC70-2 veq
Uanneelugiudoya GenBank Ao JX273643

WaSeuieudluiinfduLenisaaadunudn Fxon 3u 3, 4, 5, 6 way 7 U89
UM VLINAIINY WaY Intron YUN 3, 4, 5 LAy 6 VBIEUNERINVUINAINIY

33 205 206 153 556 203 199 233 195 295

W - H -

5" ATG 144 85 89 198 119 122 144 TAA 3
HSC70-1

33 205 206 172 539 201 213 233 195 295

W H O —

5" ATG 144 85 22 64 117 126 144 TAA 3
HSC70-2

A 14 Taseas1awesdu HSCT0-1 wag HSC70-2 Tudainnay naesdvifie Exon naesdnife

5'UTR wag3'UTR w@udiounassdvnife Intron fLauAeuinved Exon kag Intron



3. AWFUNUSNINTIRUINIT

NTIATILVANUFURUSINTTINUINTVRIEUY HSC70-1 wag HSC70-2 v
Uaange InslnsgidiunsnesiluresisaesBusiuddunsnesiiuvesdu HSC70
way/vive HSC71 luvansznudauazdniviindun 15 vila ansnsausnngy
AuEIRLSIITannnsld 2 nquegnstinau nauusnUsznaumelaInsygnuls
naufidesusEnoudedniinssgnaundsdugs Ao nu I uazanyud (nwdl 15) Tu
nauUanszanuds Uamngesiueglungugesiieniulainnawsiu fevaniades
yiafuaindn Order Siluriformes ngueosanszgnuisnguiassszneuseyan
Fduaundn Family Cyprinidae laauar common carp Uan Wuchang bream
Uan zebrafish Uan fathead minnow wazUan Japanese flounder

Ml 15 anuduiusvnadiaunsvesdu HSC70-1 way HSC702 luldaanaeivuansegnuduas
doillndu duavferInsdu (%)



nsusneeanvesdu HsC70 lunisnovausentsandauvniisy

melaanneun@du HSC70-1 wag HSC70-2 insudaieanluszauinegiu
ludleidodu wilen auaqLLazﬂé”mLﬁfaé’wé’wawm@ﬂqs Sevarlazumsinde
wuAiiSe A hydrophila wuinduisassiinisuanseeniiwanseiuluiledouay
Fraineaeu Tuiledeauesaiidndenuinszdiu mRNA vesBuisaesiiusun
liunansefudayamuau snviudl 12 alus Usunas mRNA ¥es8u HSC70-1 gsnin
YAAUANYTEANM 0.5-1 Wi waguansnstusgsiitodidey (nwil 16) Tumienves
Uanidmonuinu3utas mRNA ves Su HSC70-1 wWasuulaufivadndesly
syoziaan 48 HluauarliunnnsnnynaunN vaie?l mRNA Yesdu HSC70-2 &
sefugatuil 24 Falusuazasiiiie 48 Falus nimsgiilodesunuinsedu mRNA
faesBufiamuuansatuegaiteddynntiam sefumsuanseanvesiiu
HSC70-1 visRudnifosd 12 Filuwarhiuasuwlasis 48 $alus luassesu
MRNA was8u HSC70-2 viiwtud 24 Filuuaranseiueghedniaud 48 $alus ns
Anszaindruilodundanuingesiu mRNA vasiiu HSC70-2 Aogquiiuduainiaan 6
Hlusuazgeand 48 Halue Weiflsuiungueuauusngiiszdumsuanseenyes
HSC70-2 TulanfidaiBoganinangmenuauis 3 wh uasnuin mRNA 1838y
HSC70-1 finsWasuwlasdfisndntounasn 48 Halus (Al 17)

Control Treated
6 12 24 48 0 6 12 24 48 hr

HSC70-1

D R e e e —  —  (— —

HSC70-2

[-actin

ATl 16 USuas mRNA weadu HSC70-1 wag HSC70-2 Tuiiloidoanasannnaeilldiuide
A. hydrophila W3guiiguiulaigaaiuns Tusseziial 48 dalus



Control 6 12 24 48

Relative expression of HSC70s

4.0 -

3.0

2.0 4

1.0 A

0.0 +

Relative expression of HSC70s

Control 6 12 24 48

4.0

Relative expression of HSC70s

Control 6 12 24 48

OHSC70-1
B HSC70-2

Relative expression of HSC70s

Control 6 12 24 48

Time (h) after Aeromonas hydrophila challenge

AT 17 N15UANIBENTEIUBIEY HSC70-1 wag HSC70-2 Tuiladouannaeiilasu
W A. hydrophila Wisuwieuiuuaiyaniuau Tusseeiaan 48 43l
A=auey B=wilen C=du D = nduiiledunds



n1slaaugu MSTN Tuuananae

1. nslAau cDNA

nnnsleaudiuindlelndfiauysaivesdu MSTV luvainnaslagldinada Rapid
Amplification cDNA Ends (RACE) Busiuainniseenuuulnsiwesaifianusimslngld
Foyadwuiandlelndursdinves ONA wiilesnndidlifisenudduianalolndves
gu MSTN Tulannnae Fa10usivaeenuuu Degenerate primers Ao MSTNL F wa
MSTN1 R (#1574 6) iitevnanduiindlelnduisdiuvesdu MSTN dew wenswuddu
Thadlelnddnnu 575 guwa Tseenuuulnsmesifamusumzsiodu MSTN Aolwsiues

3'RACE_MSTN uaz 5'RACE_MSTN anuadiu (m131497 6) nistaaudiunisaudane 5’
eduvesdudnuiu 821 gua wagnmslaauBumesulate 3" ldvesduinuiu 845

diua Wethdwiuihedlelnsvmasuuats 5’ uazUas 3’ sideudefuldmuensm
852 ALua J9inmsAnwdoyadu MSTN TuddTindugnuidwuianalolniauysal
283 cDNA dA3ue1Useann 1,100 Awa kazannsileuiisuanuaaenfeiuyes
avuihedlelnalagldlusunsy BlastN vitlimsvinanuiaedlelnanisinulans 5'
yamelUuszanm 300 duua Jseenuuulnsies MSTN2 F uaz MSTN2 R (A151471 6)
delanudduiandlelndfivinmelud nanislraulddiuvesdusiuiu 434 dua eth
Sreuilanalelnsin 3 dusniFousoruaglddiuinnalolndfiauysaivesdu MSTN
vaaanngy filnueviavan 1,784 diua Ussnaude dduiiandlelndfiannse
pansalunsaoriilu (ORF) daugwindu 1,191 @J'Luaé?faLLUasﬁaL’fJumﬂazﬁIulé’
Wi 396 e uazdduinadlelnaildiedestunisadalusiiu (Untranslated

region) Mesulane 5" wagUany 3’ fiAnuendwindu 147 uay 446 giud Auddu
[

duihnalelndiliu Start codon (ATG) agdumiisdl 147 uay drviuiaalelndfiy
(TGA) agsinuviiai 1,338 (1w 18)

defansandduvesnsnesiiiununsaeziilu Cysteine finsafudad@indus s1uau
9 AU Gﬁqﬁju Signal sequence Y0BU MSTN haIUsLI Proteolytic processing
(RXXR) (il 19) waznusuaues N-glycosylation sites (NXS 9158 NXT) 2 Sumis
Fasunnis N-linked 1Junisifia Dolichol Phosphate adlu7i Amide group 7i Side
chain U84 Asparagine Ud ER membrane 39 N-linked i 1u Cotranslational Process
Favzraelunszuiunsvesihuiuvesiusiu (Protein folding) PrelwlusAusuRuFTUT
uwzla



10

91

181

12

271

42

361

72

451

102

541

132

631

162

721

192

811

222

901

252

991

282

1081

312

1171

342

1261

372

1351

1441

1531

1621

1710

ACATGGGATCAACGCAGAGTACATGGGGATGCCGTCTGCCGCTACCTGTCCGGTGTGCATGGCGCACGGTGTTATTGTTACTGCTGCCAC
ACAGAGACGCACCAGTTCCTCCGCACTCACTCACGCGCCGCTCTGACCGCGCTCATCATGCATTTGGCGCAGGTTCTCATCCCGCTGGGT
M HLAQVTILTITPTLG
TTCGTGGTGGCTTTCGGCCCGATGGCGCACACTGACACCGGAGCACCGGAGCACCAGCAGCAGCAGCAACACCCGCAACACCCGCAACAG
FVVAFGPMAUHTDTGAPTETHI QQQQQHTPIOQHTPIOQRQ
CAGCAACCCACCGCCGTGACCGAGGAGGCGCAGTGTTCCGCCGCCAGCGTGTGCGCGTTCCGCCAGCACAGCAAGCAGCTCCGTCTGCAG
Q QP TAVTEEAQCSAASVYC CATFRGI QHSEK KT QLT RTLDQ
GCCATCAAGTCTCAGATCCTGAGCAAGCTGCGCCTGAAGCACGCGCCCAACGTGAGCCGAGACGTGGTCAAGCAGCTGCTGCCGAAAGCG

Al K S Q1L SKTLRTLIKHATPI

L,

§$ RDVV KOQLLPKA
CCGCCCGTGCAGCAGCTGCTCGACCAGTACGACGTGCTCGGGGACGACGGCAAGCCGGGCACCGCGCTCCCGGACGACGAGGAGGACGAA
PPVQQLLDO QYDVLGDDSGI KZPGTALU®PUDDTETETDE
GAGGAGCGCGCCACCACCGAGACCGTCATGAGCATGGCGGCCGAGCCCAACCCCGACGTTCAAGTAGACCAAAAACCGAAGTGCTGTTTT
EERATTETVMSMAAEUPNPDVQVDOQKWPKTCTCF
TTCTCCTTCAGCCCAAAGATCCAAGCGAGCCGCATTGTAAGGGCACAGCTTTGGGTGCACTTGCGCCCAACGGACGAAGCAACCACATTG
FSFSPKI QASRI VRAQLWVHLRPTDEATTIL
TTCTTGCAGATATCACGACTCATGCCTATCAAAGATGGTAGAAGGCATGTAAGAATACGTTCGCTGAAAATCGACGTGGAGGCCGGTGTC
FLQIISRLMPI1I KD GRRHVRIRSLIKTIDVEASGYV
AGGTCGTGGCAGAGCATCGATGTCAAGCAGGTGCTTGCGGTGTGGCTGAGGCAACCGGAAACCAACTGGGGGATCGAGATCAATGCGTTC
R S$SwWQ S1 DVKOQVLAVWILIROQPETNWGTIETINAF
GATTCCAAAAGCAACGATCTGGCTATCACTTCTGCAGAGCCTGGTGAAGAGGGACTGCTTCCATTCTTGGAGGTCAAAATTTCCGAAGTG
b S KSNDWLAITSAEWZPGEETGLTULWPFLEVKI S EV
CCCAAGCGAACCCGGAGAGAATCGGGACTGGACTGTGACGAGAATTCGTCCGAGTCCCGCTGCTGCCGCTACCCCCTTACGGTGGACTTT

$¥E S RCCRJYPLTVTDF

P K[R_ZT_RRJIE S G L D C D E i
GAAGACTTCGGCTGGGATTGGATTATTGCCCCGAAACGCTACAAAGCTAACTACTGCTCGGGCGAGTGTGACTATGTGCATTTGCAGAAG
EDFGWDWTIIAPKR RYJ KANYT CSGETCDYVHLQK
TATCCGCACACGCACTTGGTAAACAAAGCCAACCCGCGTGGCACTGCCGGTCCCTGCTGCACGCCCACCAAGATGTCTCCCATCAACATG
YPHTHLVNKANPRGTAGPTCCT®PTI KMSPI NWM
CTCTACTTCAACGGAAAAGAGCAGATCATCTACGGCAAGATCCCTTCCATGGTGGTGGATCGCTGTGGCTGTTCGTGATCGATGTGCCCA

LYFNGIKE®QTIIIYGIKTIHIPSMVVYDRTZCGT CS *
TGCAGGGACTTGTGCCGTTCTGTTTCCAAACATTTCCCTCTGGACTTCTTTACGACACCTTACAACCATTATCCATGCTAACACTGTGCA
ATATGCAATAGAACCAGAATCGCAGCAAGCAAGGAACCATCCACAGAGCACCGCTTACTTTCACTGACTTTTTATTCGTTTACGCTTTAT
CTGCATCTTGGGGTCAGAGGTCTCATGGACGTACTGAAGGAATGTAATGCCGGTCCAACTTGGAGGAATGGACGAAAAAATAATCTATAC
AGTTCACGTAGTACCAAAAAAACACACGTTTTGTTCAAACCTGCTCGACAATATCCATTTAGTCATGTTCTCACTCCAAACAGCTGTTGA

GAGTCAAGTATCCAAGAGCAACAGAGAGGGACTCAAGGACACTTTTGAAAAAAAAAAAAAAAAAAAAAAAAAAA

mui 18 Svuihedlelvduasnineziluvestu MSTN Tulainnge ATG Ao Start codon uay TGA

flo Stop codon C fiensaesiilu Cysteine finsstudaidindus 9 dumis dr1dunsaesiil
NSS TunseudindeuduuseAe N-glycosylation sites (NXS w3a NXT) wazddunsaezily
RXXR lunseudmaeufie Proteolytic processing sites fataunnedneLazaAos U
Thedlelnauazninoziilu

90

180

11

270

41

360

71

450

101

540

131

630

161

720

191

810

221

900

251

990

281

1080

311

1170

341

1260

371

1350

397

1440

1530

1620

1710

1784



Rat
Human
Dog
Cattle

Quail

Chicken

Zebrafish

Common carp

Atlantic salmon
Rainbow trout
Orange-spotted grouper
Shi drum

Tilapia

Blue catfish

Channel catfish

Yel low catfish

White catfish

Walking catfish

Rat

Human

Dog

Cattle

Quail

Chicken
Zebrafish
Common carp
Atlantic salmon
Rainbow trout
Orange-spotted grouper
Shi drum
Tilapia

Blue catfish
Channel catfish
Yel low catfish
White catfish
Walking catfish

Rat

Human

Dog

Cattle

Quail

Chicken
Zebrafish
Common carp
Atlantic salmon
Rainbow trout
Orange-spotted grouper
Shi drum
Tilapia

Blue catfish
Channel catfish
Yel low catfish
White catfish
Walking catfish

Rat

Human

Dog

Cattle

Quail

Chicken
Zebrafish
Common carp
Atlantic salmon
Rainbow trout
Orange-spotted grouper
Shi drum
Tilapia

Blue catfish
Channel catfish
Yel low catfish
White catfish
Walking catfish

Rat

Human

Dog

Cattle

Quail

Chicken
Zebrafish
Common carp
Atlantic salmon
Rainbow trout
Orange-spotted grouper
Shi drum
Tilapia

Blue catfish
Channel catfish
Yel low catfish
White catfish
Walking catfish

1:MIQKPQMYVY1YLFVL I AAGPVDLNEDSE - -
1:-MQKLQLCVYIYLFML I VAGPVDLNENSE
1:-MQRLQICVYIYLFVLIVAGPVDLSENSE
1:-MQKLQISVYIYLFML I VAGPVDLNENSE
1:-MQKIVVYYIYLFVQ I SVDPVALDGSSQ
1:-MQKLAVYVYIYLFMQ I AVDPVALDGSSQ
--MHFTQVLISLSVL IACGPVGYGDITA--~
-MHFTQVLISLSVL I ACGSVGHGD ITA--~
-MHLTQVLI'YLSFMVAFGPVGLGDQTA
-MHLTQVLIYLSFMVAFGPVGLGDQTA
-MHLSQIVLYLGLL FALGPVVLSDQET —--
-MHLSQIVLYLSLL IVLGPVVLSDQET —--
~MHLSQIVLYLSLL IALGPVVLSDQEA -- -

- ——-REANVEKEGLCNA---CAWRQNTRYSR IEAIK IQILSKLRLET
—QKENVEKEGLCNA-——CTWRQNTKSSRIEAIK IQ ILSKLRLET
—QKENVEKEGLCNA-—CMVRQNTKSSR IEAIK IQ ILSKLRLET
~CLWRENTTSSRLEAIK IQILSKLRLET
~CTWRQNTKSSR IEAIK IQILSKLRLEQ
~CTWRQNTKSSR IEAIK IQ ILSKLRLEQ
—HQQPSTATE-ESELCST- -~ CEFRQHSKLMRLHAI KSQ ILSKLRLKQ
——HQQPSTATE-ESEQCS T- -~ CEFRQHSKLMRLHAI KSQ ILSKLRLKQ
HHQPPATD --DGEQCPT- -~ CEVRQQ IKNMRLHAI KSQ ILSKLRLKQ
HHQPPATD--DGEQCS T--- CEVRQQ IKNMRLHAI KSQ ILSKLRLKQ
——HQQPSATSPEDTEQCAT---CEVRQQ IKTMRLNAI K SQ IL SKLRMKE
——HQQPSATSPEDTEQCAT-——CEVRQQ IKTMRLNAI K SQ ILSKLRMKE
HQQPSVSTPVDTDQCAT- -~ CEVRQQ IKTMRLNAI KSQ ILSKLRMKE
-QQQQPTAVTEEREAQC SAASACAFRQHSKQLRLQAI K SQ ILSKLRLKH
- ——QQQPTAVTEEREAQCSAASACAFRQHSKQLRLQAI KSQILSKLRLKQ
-QQQHQQQPTAVTEEREAQCSAASACAFRQHSKQLRLQAI KSQ ILSKLRLKH
~MHLAQVLI SLGFVVAFGPMARTD TGAPEHQQ - —- —HHQQQQQPTAVT EEREAQCSAASACAFRQHSKQLRLQAI KLQ ILSKLRLKH
——MHLAQ\/LIPLGFVVAFGPMAHTDTGAPEHQQQQQHPQHPQQQQPTAVTEE——AQCSAASVCAFRQHSKQLRLQAIKSQILSKLRLKH
) st

RPRRPP

e

70 :APNI SKDAIRQLLPRAPPLREL IDQYDVQRDDSS -
69 :APNI SKDVIRQLLPKAPPLREL IDQYDVQRDDSS -
69 :APNISRDAVRQLLPRAPPLREL IDQYDVQRDDSS -
69 :APNI SKDAIRQL LPKAPPLLEL IDQFDVQRDASS -
69 :APNISRDVIKQLLPKAPPLQEL IDQYDVQRDDSS -
69 :APNISRDVIKQLLPKAPPLQEL IDQYDVQRDDSS -
70 :APNISRDWKQL LPKAPPLQQL LDQYDVLGDDSK -
70 :APNISRDWKQLLPKAPPLQQLLDQYDVLGDDSK -
69 :APNISRDWKQLLPKAPPLQQLLDQYDVLGDDNK -
69 :APNISRDWKQLLPKAPPLQQLLDQYDVLGDDNK -
71 :APNISRD IVKQL LPKAPPLQQL LDQYDVLGDDNK -

~-DGSLEDDDYHATTET 11 TMP TESDFLMQADGKPKCCFFKFSSKIQYNKVVK
—~DGSLEDDDYHATTET I TMPTESDFLMQVDGKPKCCFFKFSSKIQYNKVVK
-DGSLEDDDYHATTETVIAMPAETD L LMQVEGKPKCCFFKFSSKIQYNKVVK
~-DGSLEDDDYHARTETVITMPTESDLLTQVEGKPKCCFFKFSSKIQYNKLVK
—-DGSLEDDDYHATTET 11 TMP TESDFLVQMEGKPKCCFRKFSSKIQYNKVVK
-DGSLEDDDYHATTET HI TMPTESDFLVQMEGKPKCCFFKFSSKIQYNKVVK
-DGAVEEDDEHATTET IMTMATEPDP IVQVDRKPKCCFFSFSPKIQANRI VR
—-DGAMEEDDEHATTEN IMTMATEPDP IVQVDRKPKCCFFSFSPKIQANRIVR
—~-DGWEEDDEHAITET IMTMATEPQS IVQVDRKPKCCLFSFSSKIQWNRIVH

-DGLMEEDDEHAITET IMTMATEPES IVQVDRKPKCCLFSFSSKIQWNRIVH

-DVWEEDDEHATTET IMMMATEPESWQADGEPKCCLFSFTQKFQANRIVR
71 :APNISRXIVKQLLPKAPPLQQLLDQYDVLGDDNR - -DVWEEDDEHAI TET IMMMATEPES IVQVDEEPKCCFFSFTQKFQANRI VR
71 :APNISRE IVKQLLPKAPPLQQLLDQYDVLGDDNR-----EEVLEDDDEHATTET IVMVATEPDPAVQVDGQPKCCFFS I TQKFQASRVVR
80 :APNVSRDWKQLLPKAPPVQQLLDLYDVLGDDGKPGTALQDEEEDDEEHAT TETWSMAAEPNPDVQVDQKPKCCLFSFSPKIQASRIVR
79 :APNVSRDWKQLLPKAPPVQQLLDLYDVLGDDGKPGTALQDEEEDDEEHAT TETWSMAAEPNPDVQVDQKPKCCFFSFSPKIQASRIVR
83 :APNVSRDWKQLLPKAPPVQQLLDLYDVVGDDGKPGAALPDEEEDDEEHAT TETWSMAAEPNPDVQVDQKPKCCFFSFSPKIQASRIVR
83 :APNVSRDWKQLLPKAPPVQQLLDLYDVLGDDGKPGTALQDEEEDDEEHAT TETWSMAAEPNPDVQVDQKPKCCFFSFSPKIQASRIVR
86 APNVSRDWKQLLPKAPP\/QQLLDQY[NLGDDGKPGTALPDDEEDEEERATTETVMSMAAEPNPD\/Q\/DQKPKCCFFSFSPKIQASRIVR

L Rk ek k% Sk * sk ok * ko *

155 :AQLWIYLRAVKTPTTVFVQ ILRLIKPMKDGTRY TGIRSLKLDMSPGTG IWQSIDVKTVLQONWLKQPESNLG IE I KALDENGHDLAVTFPG
154 :AQLWIYLRPVETPTTVFVQ ILRLIKPMKDGTRY TGIRSLKLDMNPGTG IWQSI DVKTVLONWLKQPESNLG IE I KALDENGHDLAVTFPG
154 :AQLWIYLRPVKTPTTVFVQ ILRLIKPMKDGTRY TGIRSLKLDMNPGTG IWQSI DVKTVLQNWLKQPESNLG IE I KALDENGHDLAVTFPG
154 :AQLWIYLRPVKTPATVFVQ ILRLIKPMKDGTRY TGIRSLKLDMNPGTG IWQSI DVKTVLQNWLKQPESNLG IE I KALDENGHDLAVTFPE
154 :AQLWIYLRQVQKPTTVFVQ ILRLIKPMKDGTRY TGIRSLKLDMNPGNG IWQSI DVKTVLQNWLKQPESNLG IE I KAFDENGRDLAVTFPG
154 :AQLWIYLRQVQKPTTVFVQ ILRLI KPMKDGTRY TGIRSLKLDMNPGTG 1 WQSI DVKTVLQNWLKQPESNLG IE I KAFDETGRDLAVTFPG
155 :AQLWWHLRPAEEATTVFLQ ISRLM-PVKDGGRH-RIRSLKIDVNAGVT SWQSI DVKQVLTVWLKQPETNRG IE INAYDAKGNDLAVTSTE
155 :AQLWWHLRPAEEATTVFLQ ISRLM-PVADGGRH IRIRSLKIDVNAGVT SWQSI DVKQVLTVWLRQPETNWG IE INAYDAKGNDLAVTSAE
154 :AQLWWHLLPADEVTTVFLQ ISRLM-PVTDGGRH I GIRSLKIDVNAGVSSWQSI DVKQVLSVWLRQPETNWG IE INAFDSKGNDLAVTSAE
154 :AQLWWHLLPADEVTTVFLQ ISRLM-PVTDGGRH I GIRSLKIDVNAGVSSWQSI DVKQVLSVWLRQPETNWG IE INAFDSKGNDLAVTSAE
156 :AQLWVHLRPADEATTVFLQ ISRLM-PVTDGNRH IRIRSLKIDVNAGVSSWQSI DVKQVLTVWLRQPETNWG IE INAFDSRGNDLAVTSAE
156 :AQLWVYLRSSDEATTVFLQ ISRLM-PVTDGSRH IRIRSLKIDVNAGVSSWQSI DVKQVLSVWLRQPETNWG IE INAFDSRGNDLAVTSAE
156 :AQLWWHLRPSEEVTTVFLQ ISRLI -PVTDGNRH IRSRSLKIDVNPGPASWQSI DVKQVLTVWLRQPETNWG IE INAFDSRGNDLAVTSAE
170 :AQLWWHLRPADEATTVFLQ ISQLM-P IKDGKSNEQIRSLKIDVDAGVNSWQSI DVKQVLAVWLRQPETNWG IE INAFDSKSNDLAI TSAE
169 :AQLWWHLRPADEATTVFLQ ISRLM-P IKDGRRHVRIRSLKIDVDAGVS SWQSI DVKQVLAVWLRQPETNWG IE INAFDSKSNDLAI TSAE
173 :AQLWVHLRPADEATTVFLQ ISRLM-P IKDGRRHVRIRSLKIDVDAGVKSWQSI DVKQVLWWLRQPETNWG IE I KAFDSKSNDLAI TSAE
173 :AQLWVHLRPADEATTVFLQ ISRLM-P IKDGRRHVRIRSLKIDVDAGVNSWQSI DVKQVLAVWLRQPETNWG IE INAFDSKSNDLAI TSAE
176 :AQLWVHLRPTDEATTLFLQ ISRLM-P IKDGRRHVRIRSLKI DVEAGVRSWQSI DVKQVLAVWLRQPETNWG IE INAFDSKSNDLAITSAE

ke LKk kA Kk kk kR K ARk kA kk Aok dokk K ddokk Kk ok

245 :PGEDGLNPFLEVKVTDTPKRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWDW Il APKRYKANYCSGECEFVFLQKYPHTHLVHQANPR
244 :PGEDGLNPFLEVKVTDTPKRSRRDFGLDCDEHS TESRCCRYPLTVDFEAFGWD APKRYKANYCSGECEFVFLQKYPHTHLVHQANPR
244 :PGEDGLNPFLEVKVTDTPKRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWDW Il APKRYKANYCSGECEFVFLQKYPHTHLVHQANPR
244 :PGEDGLTPFLEVKVTDTPKRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWDW 11 APKRYKANYCSGECEFVFLQKYPHTHLVHQANPR
244 :PGEDGLNPFLEVRVTDTPKRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWDW 11 APKRYKANYCSGECEFVFLQKYPHTHLVHQANPR
244 :PGEDGLNPFLEVRVTDTPKRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWD APKRYKANYCSGECEFVFLQKYPHTHLVHQANPR
243 :TGEDGL LPFMEVKI SEGPKRIRRDSGLDCDENSSESRCCRYPLTVDFEDFGWDW Il APKRYKANYCSGECDYMY LQKY PHTHLVNKASPR
244 :PGEDGLLPFMEVKI SEGPKRIRRDSGLDCDENSSESRCCRYPLTVDFEAFGWDW Il APKRYKANYCSGECD YMHLQKYPHTHLVNKANPR
243 :AGE-GLQPFMEVTI SEGPKRSRRDSGLDCDENSPESRCCRYPLTVDFEDFGWDW Il APKRYKANYCSGECE YMHLQKYPHTHLVNKANPR
243 :AGE-GLQPFMEVTI SEGPKRFRRD SGLDCDENSPESRCCRYPLTVDFEDFGWD APKRYKANYCSGECEYMHLQKYPHTHLVNKANPR
245 :PGEDGLQPFMEVKISEGPRRVRRDSGLDCDENSPESRCCRYPLTVDFEDFGWD APKRYKANYCSGECE YMHLQKYPHTHLVNKANPR
245 :PGEEGLQPFMEVKISEGPRRARRDSGLDCDENSPESRCCRYPLTVDFEDFGWDW 11 APKRY KANYCSGE CE YMHLQKY PHTHLVNKANPR
245 :PGEEGLQPFMEVKISEGPRRARRDSGLDCDENSPESRCCRYPLTVDFEDFGWDW 11 APKRY KANYCSGE CE YMHLQKY PHTHLVNKANPR
259 :PGEEGLLPFLEVKISEVPKRTRRE SGLDCDENSSESRCCRYPLTVDFEDFGWD APKRYKANYCSGECDYVHLQKYPHTHLVNKANPR
258 :PGEEGLLPFLEVKISEVPKRTRRE SGLDCDENSSESRCCRYPLTVDFEDFGWD APKRYKANYCSGECDYVHLQKYPHTHLVNKANPR
262 :PGEEGLLPFLEVKISDVPKRTKRE SGLDCDENSSESRCCRYPLTVDFEDFGWDW Il APKRYKANYCSGECD YVHLQKYPHTHLVNKANPR
262 :PGEEGLLPFLEVKISEVPKRTRRE SGLDCDENSSESRCCRYPLTVDFEDFGWDW Il APKRYKANYCSGECDYVHLQKYPHTHLVNKANPR
265 :PGEEGLLPFLEVKISEVPKRTRRE SGLDCDENSSESRCCRYPLTVDFEDFGWDW Il APKRYKANYCSGECD YVHLQKYPHTHLVNKANPR

Kk dk Ak kK * ok * * * kK

335:GSAGPCCTPTKMSP INMLY ANGKEQI 1Y GKI PAMWDRCGCS
334 :GSAGPCCTPTKMSP INMLYFNGKEQI IYGKIPAMWDRCGCS
334 :GSAGPCCTPTKMSP INMLYNGKEQI IYGKIPAMWDRCGCS
334 :GSAGPCCTPTKMSP INMLYFNGEGQI IYGKIPAMWDRCGCS
334 :GSAGPCCTPTKMSP INMLYFNGKEQI 1Y GKIPAMWDRCGCS
334 :GSAGPCCTPTKMSP INMLYFNGKEQI 1Y GKIPAMWDRCGCS
333 :GTAGPCCTPTKMSP INMLYFNGKEQI IYGKIPSMWDRCGCS
334 :GTAGPCCTPTKMSP INMLYANGKEQI I'YGKIPSMWDRCGCS
332 :GTAGPCCTPTKMSPUNMLY FNRKEQI IYGKIPSMWDRCGCS
332 :GTAGPCCTPTKMSP INMLYFNRKEQI IYGKIPSMWDRCGCS
335:GTAGPCCTPTKMSP INMLYFNRKEQI IYGKIPSMWDRCGCS
335 :GPAGPCCTPTKMSP INMLYFNRKEQI IYGKIPSMWDRCGCS
335 :GTAGPCCTPTKMSP INMLYFNRKEQI IYGKIPSMWDRCGCS
349 :GTAGPCCTPTKMSP INMLYFNGKEQI IYGKIPSMWDRCGCS
348 :GTAGPCCTPTKMSP INMLYNGKEQI I'YGKIPSMWDRCGCS
352 :GTAGPCCTPTKMSP INMLYANGKEQI I'YGKIPSMWDRCGCS
352 :GTAGPCCTPTKMSP INMLYFNGKEQI IYGKIPSMWDRCGCS
355 :GTAGPCCTPTKMSP INMLYFNGKEQI IYGKIPSMWDRCGCS

*

A 19 Wisuiiguddunsnesiiluvesdu MSTN veslaigngeiulaaydniau
LASBINUNY () wansnsaadluimvilouny wasseamuny () wanansnazilunianuduiusiu
AAAVATUVINEAIAAUINTABEA LU
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70
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9
78
82
82
85

154
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153
153
153
153
154
154
153
153
155
155
155
169
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175

244
243
243
243
243
243
242
243
242
242
244
244
244
258
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261
264

334
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333
333
333
333
332
333
331
331
334
334
334
348
347
351
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V038U MSTN veslaiqnaeiuddidindus (m191eh 17) nudrAanumileuiuvesdsu
fndlelnavedu MSTN agsening 47.7-90.3% lagaauindlelvavesdu MSTN ves
Uagnee daduihedlelndwilouiuiu Ameiurus catus 1n#anda 90.3 % 5098931

Ao Ictalurus furcatus Winfu 89.2% wag Pseudobagrus fulvidraco Winfiu 88.6% uag
AAilouiuvesifunInarilluvesdu MSTN 8gsening 27.4-94.5% lagadu
nsneeiluvesdu MSTN vesUaignay Iasunsneziiluwmilouiuiulal white catfish
(A Catus) 1nnilgaiis 94.5% se3a1Ae Uan channel catfish (. Punctatus) Wiy
93.7% Waz Uan yellow catfish (P. Fulvidraco) Winfiu 93.2 % Faavadudaiidu

@113 Order Siluriformes

A5197 17 Wisuiisuaamiiou (dentity) waganuaa1eaaeny (Similarity) vesaduiiindlelng

wawnsnezdluvesdu MSTN vesuainnaeiulainszgnuduasdniviindu

ERN— Accession ANUTOU (%) mmﬂﬁlﬂﬂﬁwaa
Number dwiuihedlelng  nImesdlu nnoziily (%)

Uanszgnuds

Ameiurus catus AY540994.1 90.3 94.5 96.2
Ictalurus furcatus AY540992.1 89.2 925 95.5
Ictalurus punctatus AF396747.1 81.8 93.7 95.7
Pseudobagrus fulvidraco DQ767966.1 88.6 93.2 96.2
Cyprinus carpio GQ214769.1 735 78.3 85.6
Danio rerio MSTN-1 AF019626.1 72.0 77.3 83.6
Danio rerio MSTN-2 AY687474.1 63.3 59.8 73.2
Epinephelus coioides AY856860.1 719 74.1 83.6
Megalobrama amblycephala JQ065336.1 62.8 60.1 74.0
Morone americana AF290911.1 72.0 73.1 83.8
Morone chrysops AF197194.1 718 71.9 83.1
Morone saxatilis AF290910.1 719 73.1 83.8
Oncorhynchus clarkii (MSTN-2a) JN990758.1 60.7 59.8 73.0
Oncorhynchus mykiss (MSTN-1) AF273035.1 71.1 75.8 81.8
Oncorhynchus mykiss (MSTN-2) AF273036.1 72.1 75.5 82.7
Oncorhynchus nerka (MSTN-2a) JN990761.1 63.2 60.1 73.2
Salmo salar (MSTN-1a) AJ344158.3 71.9 75.3 81.8
Salmo salar (MSTN-1b) AJ297267.3 72.1 74.5 82.8
Salmo salar (MSTN-2a) JN990763.1 52.3 46.2 60.4
Salvelinus fontinalis AF247650.2 1.7 74.5 82.8
Sparus aurata AF258448.1 73.6 74.0 84.3
Takifugu rubripes (MSTN-1) AY445322.1 71.1 69.4 79.3
Takifugu rubripes (MSTN-2) AY445321.1 63.4 61.8 74.2
Thymallus thymallus (MSTN-2a) JN990766.1 63.0 59.4 74.0
Tilapia mossambica AF197193.3 67.0 72.0 83.1
Umbrina cirrosa AF316881.1 71.9 729 83.1




A15197 17 ¢

8B menenan Accession AT (%) mwuﬂéﬁa&mﬁwaﬂ
Nurmber autlmdlelng nynezily nynozdlu (%)

#niln

Anser anser AY448009.1 61.1 60.8 76.5
Columba livia AF440863.1 61.7 60.5 77.0
Coturnix coturnix AF407340.1 61.1 60.5 76.5
Gallus gallus AY448007.1 62.7 60.4 76.3
Meleagris gallopavo AF019625.1 61.1 59.7 75.3
Fnfidsagniaeun

Bos taurus AF019620.1 60.6 58.9 73.8
Canis familiaris AY367768.1 62.3 60.9 77.5
Capra hircus GU377303.1 59.8 58.4 75.8
Equus caballus AB033541.1 60.7 60.2 773
Homo sapiens AF019627.1 60.1 60.7 77.8
Macaca fascicularis AY055750.1 59.9 60.4 77.5
Mus musculus BC105674.1 61.1 59.3 76.5
Papio hamadryas AF019619.1 59.9 60.2 775
Rattus norvegicus AF019624.1 61.8 59.3 76.3

ANdTUSEa Tmunnsvesdu MSTN Tulanmngeiuvainszgnudanazdnidusn
42 wile wiadu 2 naulvg Ao naudnindnsegndundswazngudn inlifinssgnaunds
Tnelungudnififinszgndutsznouse 2 nquees Aenaulainszgnuds uazngudnitn
fsmogifudnidssgnioun WefinnsanTusiu MSTN Tunduvasainud & 2 suuuy
(Isoforms) wagluguuuudt 1 (MSTN-1) waidu 2 ngugos Aonguuaniindn uazvailaidl
indn B3 Tmunnsvesdu MSTN vesUanngegnineglunguianlsifiindn (nwil 20)



AL().O_l: AF290911.1 White perch MSTN —

AF290910.1 Striped seabass MSTN
65

AF197194.1 White bass MSTN

AF316881.1 Shi drum MSTN

63

AY856860.1 Orange -spotted grouper MSTN
]2

AF258448.1 Gilthead seabream MSTN

AF197193.3 Tilapia MSTN

AY445322.1 Fugu rubripes MSTN-1

I: GQ214769.1 Common carp MSTN

AF019626.1 Zebrafish MSTN-1

4@_‘: AF273035.1 Rainbow trout MSTN-1
81

AJ344158.3 Atlantic salmon MSTN-1a

89

100 99 — AF247650.2 Brook trout MSTN

99 I: AF273036.1 Rainbow trout MSTN-2 - Fish
72

AJ297267.3 Atlantic salmon MSTN-1b

JX456396 Walking catfish MSTN

DQ767966.1 Yellow catfish MSTN

00 [ AY540992.1 Blue catfish MSTN

{ AY540994.1 White catfish MSTN
79

AF396747.1 Channel catfish MSTN

100 ,— AY687474.1 Zebrafish MSTN-2

JQ065336.1 Wuchang bream MSTN
100

AY445321.1 Fugu rubripes MSTN-2

IN990766.1 Grayling MSTN-2a

99

IN990763.1 Atlantic salmon MSTN-2a

97 _|: IN990758.1 Cutthroat trout MSTN-2a
80 -

JN990761.1 Sockeye salmon MSTN-2a

_éﬁ_l: AY448007.1 Chicken MSTN

75 AF019625.1 Turkey MSTN

100

AF407340.1 Quail MSTN - Avians
100

AY448009.1 Goose MSTN

AF440863.1 Rock pigeon MSTN -

100 AF019620.1 Cattle MSTN

GU377303.1 Goat MSTN

8 AY367768.1 Dog MSTN

{BCIO%MJ Mouse MSTN
70 ~  Mammals

AF019624.1 Rat MSTN

63 — AB033541.1 Horse MSTN

AF019619.1 Baboon MSTN

88

AF019627.1 Human MSTN
86

AY055750.1 Crab-eating macaque MSTN -

l_ IN684903.1 Bay scallop MSTN

100 L DQ988329.3 Japanese scallop MSTN

— NM_182873.1 Zebrafish TGF-betal

100 L NM_021578.2 Rat TGF-betal

Ml 20 AnudiusTaunisvesdu MSTV ludaignae Wisuiiisuiulainszgnudaardniduy
favABeAINITEY (%)



2. Nsuanieanyasdu MSTN

fu MSTN Sinsuansesnluiiiediesieg fio aues witen Wila 811§ nsvinng Aol
wazndunile (Ml 21) msuansoanuesiiu MSTN vesUanngefiszeritaninis fo
é?qLLqumJamﬂquﬁﬂaaﬂmﬂlﬁdLﬁuﬁawﬁqﬁﬂmﬁﬁ unsyisUaIAngeeny 6 Lieu wui
ANRAEYBITERUNNTHARIDBNUBIBU MSTN Tiszavsneqdnnuwansistuesiefitudfy
84 (P<0.0001) Ineagnaefisves 3 dUawi wagtaignaseny 1 ey Jszfuns
WAR8aNYBIEU MSTN a%dn wazla1nngeely 3 laouilseaunisianiaanyasdu MSTN
Gi"']qm (AWl 22)

B G H | K L St Sk M So -ve Std
MSTN
Bactin
AW 21 Nsuanseanvedu MSTN lulleleUainnge B = auss; G = wilen; H = #ile; | =
ald; K = o L = 6U; St = nsztwigemns; Sk = davids; M = nanullodunds; Sp = dy; -ve
Ao fMmunuNaau Lay Std AefldueruaunIgIu
0.6 -

=
n
1

=
.
1

Relative Expression of MSTN
= =
iv w

=
-
1

a a
b b
C
. 4 dc
I I o B
0 | T T T T T - T T T

1week 2weeks 3Iweeks 1month 2months 3months 4months Smonths 6months

Ages

AN 22 NSUARIBANYBITU MSTN NWAIUINTTEEEANvRIUa1ANaY



anUsnewa (Discussion)

NavaINsuguMgisewaNsYassliUanngend gz g
m'imamﬁuﬁ:maqmﬂum%au%u%L‘%Mé’ulﬁalﬁ%’ué’zyiyﬂumﬂ?iQLLamé’auImaLawszu
(Freund et al. 1995; Tan-Fermin et al. 1997) dm3ula1nngeganiaveansiniziugay
Bulufuggrusmieunguninuseiiesdafiounaay nan1meassnssidlmiuinvainn
goiliannsvesssligeaaluieunsngiay (GSI wihdy 13.91+3.63%) Faduiieuns
U'%mzuﬂummﬁqﬂmwﬂ (313 daduns) LLasLﬁaq@ﬁJuéJuqmﬁy’aLwiLﬁau@mﬂuﬁqmimm A"
GSI anavegsreioauariimmgalufeungainieu (0.41 + 0.26%) MGSI vesUatnngely
nsnAaBInSitdenndoeiusIBLTed Panprommin tagAy (2008) dlofinrsanwawinis
vosdslimaaieununiusiafoutusneu nudie Gl ifindu 115% lnsawziieu
nannIANfifien Gl geantulusiliasidndanlissesd 6 1nfin (58.8+1.3%) uasiileduan
qownziussErhafeunaauLarngAiney wui GSI fiedgauaglinuliszesi 5 uas
6 Tusdluwaivan dnlden GSI uayszazinuinisvassaliilunasiiunismisiugaznuiinig
nauienannaslasnisasesluuansasuldfumioununiusFesluauiufou
fuenou uinssaufssanngefuditounaauianseueaeylildnaiionn
fimunisvedlteglusvesi 2-3 Wudwann Tneluiamgldsvesdl 6 wihdulanunsosdy
anligdensdnsesluuniely 16-18 93lus (Ngamvongchon et al. 1988) agdlsfn
S1801UT84 Tan-Fermin waganiz (1997) svyimsdnsesluuiloissnisanlinaentid
ansnsovildluusivaigneseny 2 Buly esmnlussldasilissesdl 6 S1uaumnn

sruvdviuguesUainnasegnnelinismivanvasnalnaielu 1w sesluu uay naln
ABUBNTNNBSOANNWINGEY 19U 9ol Frguas wazrUTunamu [usu
(Ngamvongchon et al. 1988; Freund et al. 1995; Tan-Fermin et al. 1997) dwsuuanlu
wndeutuiiu Wuivensuiuiniedodundey wWu qm%gﬁﬁwﬁmmé’ﬁmﬁamm%zyﬁuﬁ:
tovniarluwmnun eghdlsinuiisenuifnudvinavesgamaieimuinisssuy
duitusesUagndny (C. eariepinus) wagUaeu (snakehead) %4 Richter Lagay (1987)
Menuinsdsusiiuiuanndnslulsadouiiaunugungiilfilseduasi 25°C anansn
fnsrznanmsnyiusuaranszeznafisslngansisiaiulnen 4-7 ieundeiies 2
Feudeggnia deiSeudsuiunsidsusiiuialutofufigamaiiluseuliinig
Wasuuassening 15-30°C wagdideldmeruiufuhgamgiindutladeniddvinaly
N13MIUANNITBUNAILINTTTReUNnInTadediauas ﬁm%’wawiauﬁ?uﬁ‘i%’ammmdm’ﬁ
Lﬁ'uqmmﬁﬁﬁ (30°0) uaznsldtauasiionuannsonssduiannssiluasues
Frsnamanetuiairou (Srivastava et al. 1991) mannaeslutaigngensailiu
yhusafeaiu tuewiuguannaefideduihiiniuaugungl WWunan 6 dansi asi
fiaunisveslszesd 6 Wutu deifleutuuiaidedulefuiifigungiiiais
27+2.5°C Tuieunaauuasngainieu Asslifiangliszey 3 wavsves 4 whi seddslsl
mmaaa%maléf%’mLaudﬂqmugﬁﬁﬂﬁqaﬁuﬁqmasiaﬂaiﬂmsmuqmmm%mmaa%’ﬂﬂﬂmma&J
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0614ls willnenudugszyihgamaiienadsalnenssselasmsdouiensaindly msaia
Twmalaauiiy LLa3mWé"qaaﬁuuiswﬁuﬁuﬁ:mﬂﬁiaulﬁamaa (Lam 1983; Richter et al.
1987) dwsuuaunieu Lam (1983) izqdﬂqmmﬁﬁqqsﬁumzﬁumiﬁw Yolk vesicle Tu
lsgoedt 5 dnlulamounuihgumgdiiistunieniliinnamdeeslu
Gonadotropin Asiinadensiaiyvesiilisvezgaring (Srivastava et al. 1991)

nanmTnneidonuianngslugnszannuiaiidssmelfgungd 35°C e
nosArealudenginitUa1dn 2 ngu maenszeziian 6 §Uni Tasvhluuananansauiuim
dienouauasmmATEaiin N AwndeufiuAsuaniledesondluanmuandoutius
Huszeznaun filtin anuedensie Wy sesluunesiven uazthmangladluidon
Jangilssduiiatulutsssesnaiuusn vdmndusiamimedonisdianasilaUa
anmnsnUFuanwlidniudanadeniy ﬁm%’uiumumaaﬁmiLﬁyaaﬂm@ﬂqaﬁqmmﬁﬁw
35°C Wunan 6 danmt iliAnnseTenegwieilles iuldnsefuaesAvealudond
anauiisadndes fdswivarluanniiu 6 fuanienaiinansenudenisiasaivia
Wansvessilinasseuuniiduiuvesuan (Barton, 1997; lwama et al. 1999)

AosAweauenanfiunumdsnlunsrevauerueSEaLE) fnsAnufiTieay
UnumvesneRTeadesyuuAUTugluUa (Pankhurst and Van Der Kraak 1997) lngy3de
nenrihmndseeifveadngnszuadon vlilinalumanszduvdedudimasiyvoaad
Auiugeastufuszosiaunmsveneadduius Billard wazaniz (1981) Teuinesiven
Husisanseuaunis Vitellogenesis Liesnuduandiflaszes 4 uaz 5 Twdonaxiiusuna
AosAveagInIuivanilliszozaaine (see 6) Aeunsmnly uiluvanunsiawuingssu
poshvoaludeniiinanauesninadudaianinisessild dwiululamngesesu
poshvealunszuaiBondifiutuenaiinanszdumsaiishalaniy vilfuluaniidesd
gaumndl 35°C MnesAvealudongeainsliszey 5 S1uruann

A1slaaudu Heat shock protein 70 (HSC70) wazn1sidnsaanvasdulunisnavauas
n152aBLuATitsy Aeromonas hydrophila

nslaaugu HSC70 TuamAdeilidusenuaiusndmsulainnaedadulaiiniai
drfydmsunmsmeidesdniindnvesseinalne fIdulaliveyailewuvesdu HSC70 vos
UannNgeaINs183ues Panprommin uazanz (2007) adudduiedlelndves EST N9

Uanediu 3’ (Maneiavénsds EB360505) vunm 371 guua slunnsadna cONA library s
dedesuvamnadsfiieduaniizunilundaiu Unngiaunsasiuun EST vesdu
HSC70 lgauauann lumsleau cONA uazdlufiefiduedaldeanuuulnswesandidu
Thedlelndves EST Aindnfsthesiu waznuiilussninnsiuiansunnguau cDNA vun
Ustana 70 kDa $1uau 2 uauuueznilsaa 3eldlaau cONA faesauuendu §3de
auduguilulanangeiifu HSC70 wnnnin 1 Bu Fuade cONA saeutiy HSC70-1 uax



HSC70-2 Lﬁ'a"flmeﬁﬂmé’ﬂwmzﬁumﬁma cDNA nuniauewviniuae 2,278 Alud uae
Open reading frame (ORF) 4119 1,950 giuaunaziusiialaninasily 649 v d1au
nsmoziluiiassaneiinnumilou 94% ewSsudisuiudsunsaesiluvesdy HSC70 Tu
Uanszgnuderiindus danumilouuszann 85-90% lidudiildin cONA vesUainnge
ﬂgqammaLﬂuﬁuﬁmqﬁ’uuaza’]’mayﬂu HSP70 gene family

NFIATIALATIET9vRI8 Y HSCT0- 1 uay HSC70-2 Uswﬂg’nmaawuﬂiuﬂauma
Exon uaz Intron $1uauyinii fie Exon 8 Fu uaz Intron 7 T ualivuednaty A
uanssfitatauAe TN Intron 71 4 Taeflvunn 198 guualuiiu HSC70-1 uazfivunn 64 glua
Tudu H5C70-2 \flssnmenulassainvesiiu HSC70 Tuandailiunutdosmnnislodieudu
316914 cDNA aglsinunulassad19s8u HSC70-1 waz HSC70-2 Tulaigngediaay
adneffuBu HSC70 Tuuaviindu i Uan Rivulus marmoratus (Park et al. 2001) Uan
common carp (Ali et al. 2003) kagUan Wuchang bream (Ming et al. 2010) Juihaula
11 Exon ves8u HSC70-1 Tudananaeiivunawinfiu Exon ¥898u HSC70 luual Wuchang
bream ug Intron Huwarsuluanisaesiin nisusngues Intron lulassasnedudy
AudnwzdAfuesdu HSC70 fiflmsuansoenluwadnelian1izund (wama et al.
1998) wauzdl Intron azlsiusnglulassaiiavesdiu HSP70 Fsaziiuansoonilevaderly
anmediinannsssund vielewadlasumnueien vilveadaunsaneuauedlnenis
a¥alusiu HSP70 egnmandaudesanlifewiiunszuauniseia Intron (Basu et al. 2002)

ilesanauddnestsiu HSP70 Tuns$hwaunasiene Feiffavlafnymeim
v0adu HSC70 TisatpsiuszuugiduiuvesUauasinonuiFesisiununaisaty u
unumesiu HSC70 dagiiduiuraslauardn i dundilidnnuasinonuroutieios
fegnaty MenuAsiunsUasuLassEsU mRNA Y38 HSC70 Aldunisnszdusie
FouvaiiGeluilaBornevesan fmsauasvioszia 15y Ramaglia wagAny (2004)
swnuilusmeiaiilddunsiade Citrobacter aiisydulusiiu HSC73 gatuluidaibo
ALDILALAU Deane wawAny (2004) 893N Silver sea bream AldSude Vibrio
alginolyticus axiinsuansesnuasiu HCS70 luilaflesuriindy WuiRentulal Wuchang
bream il#¥unisaitio A hydrophila 2xiisdu mRNA vasBu HSC70 Wiugsanily
sy 6 lumddldsudonazansysuadudiluedl 12 (Ming et al. 2010) ludnfihay
i fanandmuiinisande V. harveyi vinlszdulusiu HsC70 Tuilodewionifiuialy
a1 12 Falumddldfuideuazanasgseduuniinelue 72 dalus (Rungrussamee et al,
2010) uazluvesmisia (Veretrix meretrix) Alésuide azfiseiulusiu HSCT1 WiuTuludy
wazwitonnely 12 iluuazanseuiivnen 24 Slumdsdnde (Yue et al. 2011)

NIUERIOBNTDIEU HSC70-1 Waz HSC70-2 anunsansianuluillofonaisviinlu
Uagnaeidesluan1isund willoUainngelasuauasenannIsaneluaiise A
hydrophila wunnBunseesdinisuanseonaiuluiiofoansd ien Aulaznailodu



i Tusvezna 48 Hlumdinsdnie Bu HSC70-1 finsuamsenszdiudluiawdors
otnrluangumuauuasUaiildiude sazivanildsudeuvaiFety fu Hsc70-2 &
nsuanseenidniosluauesuazion walisysunisuanseensesutunadluilodosiuuas
néaledundailefouiuuangaeunu Tulawdinduiiinisdunudu HSC70 aesBuf
eNUIBUY HSC70 waesBuiinsnevavenamziedouarenunasaiiuanaiati wu Tu
Uan common carp wuisesu HsC70-1 Tusiuiiudusiovanduiatulavevdnuandon us
devaldsunmubuetnasingeiissiunsuansesnvesiiu HSC70-2 Watulunduile
(Al et al. 2003) mannaeslumstdsaiobodiumesan yellowtail §3de3189Mm318Y
HSC70-1 fimsuanseanisluansUnfuazannildsuanudousgadundu (Heat shock)
widu HSC70-2 wanseaniiloldsunrueustedunduringu (Yabu et al. 2011) Fawanis
noaedulagnesnsiaonadosfumenudnaiy dufeu HSC70-1 finmsuanseanty
dodennetegluanmeund vty HSC70-2 Snsuanseenidealdsunsdaidoans
use Tz

wuAiiSe A hydrophila \HudefiviliAalsa Hemorrhagic septicemia Tuuai
Iavanein Auguswadlsavilivatneniely 24-48 Fluandaldsuido (Areerat 1987;
Angka et al. 1995) Uaangeiiidulsailemsmeuendidanalse vaniinsanideniiusiom
AUy desviasfifimannideniiuiioadu mafissiunisuanseanveadu HSC70-2 wistulusv
uaznduiiiovanngeildiude enuifsrfostuunuinues HSC70-2 deszuugiduiuves
Uannnge Fsn1suanssenvesdu HSC70-2 ludlodeuliseiugeaniivann 24 Haluuazan
sEiuMIIanseeniTiUaYARIUANnGT 48 1l Fsanisnaassluvainngsadiedu
MsAnYves Ming wazani (2010) fistesuranisanide A hydrophila Tlan Wuchang
bream wazNUINNsHARsERNvEITU HSC70 uduiingsninayamuguiilenatsiuly 6
Fluwdamsdnde uagnsuansoonvesBuanasgazsuiieaiugamunuludalusd 24
uananinuihmsandeliiamngensedulinisuanseonvesdu HSC70-2 lundaiiiedu
nafingsand 48 il

nsneaesiinuiin1siaie A hydrophila Wuaanaslilldinszdunisuanseanues
vaostuludedeauondodsuiuuananuay feddslifnemuunumuesdu HsC70 Tu
auaweslailafumsandouuniiie uiseeulusngalag Ramaglia wazaa (2004)
wuiudlawhmzaldiudeuuaiieasiimauanseanvesiiu Hsc73 Tuiloidoavenfiniuis
anfidisdestiuunumuesisiu HSC73 lunsvihmdhfiedoudne Synaptic vesicle
dolemeiiladeniontesuanngeiildunisinidonuinsedu mRNA vesiiu HSC70-2
Winganiuanyamunuidniesiinan 24 $lus Famsuanseenvesdu HSC70-2 Tuwien
Uanmngeiinazifetesiuszuumuntaugalosy



N13lAAUEU MSTN UAZNISHANIABNTENINNAININITTEELAN99YaIUaNae

Siuihnalelndluguves cDNA flawysalvesdu MSTN vesagnge Jamen
1,784 duua nenssiailunsneziily 396 iy Fuldrnunsnoziiluinnnidnivindug
snciuusivies Bay scallop (459 iay) dmiuiiu MSTN Tunguvesdniidesgnineuud
FuUNIAEdlY 375-376 e NauvesdiUniiduiunseesiily 362-375 iy uagly
nauvesUaTifidu MSTN-1 agiidruaunsaexlu 373-393 e drunguvesaidou
MSTN-2 Sidnnunsaesiilu 307-365 wihedsfosninnsnoziluveatiu MSTN-1 dwfudan
angedu MSTN finsneziludunulndiAsstuailuasd Siluriformes B9 Ao Ua White
catfish waz Uan Yellow catfish Ao 393 wiiay (Gregory et al. 2004; Pan et al. 2007) Uan
Blue catfish finsaazdlu 390 iy (Gregory et al, 2004) wag Ua1 Channel catfish &
nanoxdilu 389 e (Kocabas et al. 2002) Insa ey MSTN vasainguiasisiumu
nsnorilusnnindn ifinsandundseiindu ssiliilesarnlu Exon dduiindsvesiu MsTi
Tuvannguil fimssrvesdiuiiandlelns CAG Fadasiadunsnosilu Glutamine dnweus
tagliniludnfinssgniundsdugs Swaunsimesdduinadlolnd CAG Tuausiazvia
Ailaiwindiu

gu MSTN Tunquuainsegnudslianduiindlolndnvainvateuinnitngudnides
anAul 913t lesINNTEU MSTN Tulanfinsuansesnluilalgeduguenainnaiuiile

Y
2
a Y 4

Snvihiivesdu MSTV ludandslinsuuida (Zhone et al. 2008) wonaniudu MSTMu
Uaunawila 41 2 JURUY Wugu MSTN-1 uay MSTN-2 Tudan Zebrafish (Biga et al. 2005;
Kerr et al. 2005) wazUantungu Salmonids (Garikipati et al. 2007; Ostbye et al. 2007) il
MsuanseaNTWANANY Fuvtansnesiilu Cysteine 9 fuvis Fadu Signal peptide vos
Su MSTN Tuudnaseanddunsnesdilu RXXR @adusumis Proteolytic processing
site) TUyna C-terminal vaslusAuuazdivihiiddnlunisauaunsiaiues Mature
peptide fsnenuimsunuiinsnezilufiusnaiazdudsnmsyhmiifives Mature peptide
LLasé’UgaﬂﬂiL%%@LﬁuimmaaﬂﬁwuLﬁa Fog9U N1sndnwMe Double muscle Tuin
Wiesannsunudinsnesiilu Cysteine s nsnawiily Tyrosine Tu Exon 7 3 vil¥iBu
MSTN L?ﬁwﬁﬁwmu"l,aimmmmuqmWiw‘%ﬁg@dmaﬂﬂé’mu’ffa (Kambadur et al. 1997)

nslaaumngduiandlelndfiauysaivesiiu MsTh luadsilldnadeudnauny
dosnedausngidelduanangseny 6 Weu duluszeriifinsuansoonvasdu MSTN Tu
seiuAsutiem lilanusaatn mRNA TldUSinanfivswedmiunslaauiu §isedauaen
ulivannngeeny 2 Plumsneaes ddluszezina 6 Weulamngeddnmmaaiyiduls
Szt 056 Wedldusiratu :InTBeues Coniza wagAny (2003) Wunsiass
Uaangesgemsiilusiu 28.9 % e 120 Fu Uafidnsinmsaigiuladumey
Wi 2.9 wWesWudreiu nawsaivlavesUamnaeaziduliegnesingilu 6 Weuusn
melusgeeiian 1 Y ansadiunmigiugha (Panprommin et al. 2008) wazn15saseyLiule



ﬁlzﬁé’haatﬁaﬂmﬁmqmﬁu 91N51847UY89 Kocabas uazAg (2002) Wuin Uachannel
catfish 91g 2 insuanseonvesdu MSTN gean waznsuanseentiosauilovariiony 3 U
Pl Tassadavasdu MSTN Tutan channel catfish Usznauluse Exon 3 du uag
Intron 2 @ wagaauiinalolnavesdu MSTN Tudan channel catfish IA1unaInvany
adlngianzlu Exon vdlaiinisdiiuresdiiu cAG dudleutasiafunsnosiluayly
Glutamine va18ule (Polyglutamine) Wutfgaiuanuiiindlolvnavesdu MSTN voslan
ANy wazUan Catfish Buf (Gregory et al. 2004; Pan et al. 2007) M3FTuLBIERY CAG
wulalunguuanfiindaunsuiin 1 Uan sea bream (Maccatrozzo et al. 2001) s Tudn il
nvgndundstugs 1wy ayud, wy, $2 warla luny Polyglutamine uananiédisesuin
WU Microsatellite wag Single Nucleotide polymorphism (SNP) wanadiuisluaduiong
lolnavesdu MSTN wu in15wu Microsatellite 4 fiuuia wag SNP 8n 19 suvislutan
Japanese flounder (Zhong et al. 2008) Lazin15wu Microsatellite 5 filUe wag SNP
11 fumtisluuan Channel catfish (Kocabas et al. 2002) Wusu Fupiomnefiduie
wianiiusslemilunuidemnane

NMIBEnIANUATERaiurasdruiliadlelndvedu MSTN WisuWeuiulan
uaydaidus wuin Bu MSTN vesUmgngeiinuadieadaiunguuan Catfish 1niign
(95.5-96.29%) ArmidiusiB i iannmsvesdu MSTN veslagngeiisuiiiouiuaedidin
Juq8n 42 vile wiadu 2 nau fe ngudnitinsegndunds uazngudninlsifinszandunds
Inengudnifinszgndunaadauisoutseendu 2 nauges Ae nguveslan (Fish) uwaz nau
vosdn idssgndneun (Mammals) Ssramegiudnidn (Avians) WoRrsaneudiniusids
Taunnisimglunguvesuan aswuindu MSTN vasUaigngeiianulndtniunguuan
catfish adenadasiunsAnuanuadeedsiuvesifuiiadlolndazninesily
uennidoganuduiusluda iaumsvesdu MSTN vesUaruisngumuindu MSTN
2 SUUY Fogepedu MSTN-1 uag MSTN-2 luuan Zebrafish (Biga et al. 2005; Kerr et
al. 2005) FaBusaovuiisuuvenInerdTuiy 374 uag 366 Mhenuddy uaxd
NsLAnIDENTLANGA1STUY Helterline waganiz (2007) 1e4muilulan zebrafish Bu MSTN-
2 fimsuanseengsluszes Somitogenesis Pasdutszanas 11 Faluamdsmsufaus us Bu
MSTN-1 finnsuanseangsluszey Somitogenesis Fastansuszanal 15-19 luemdans
Ufaus dwludan zebrafish fufuienuinnisuanseonvedu MSTN-1 11nn31 Bu MSTN-
2 ludlodefidnumniede snuideidom uaznssmzan lulanssgnudssiaduny
nsuanseenvasiu MSTN luilafeduquenmieannduniewuiendu Tulan Rainbow
trout 18U MSTN-2 8¢ 2 JULUU (Orthologs) Aifinsuanseensnaiu Inedu MSTN-2a 2t
uansoonamziianes dau Bu MSTN-2b fmsuanseenlunnidoidefidinu (Garikipati et
al. 2007)

ludndidegnargundnlvgnunisuanieenvedu MSTN Anauilodumas
(McPherron et al. 1997) uagnanuiileila (Sharma et al. 1999) Nsuanseenvesdy



MSTN Siauaenndssiunsimuivesndiuie uilulainisuanioonvastu MSTA fianu
Fugpuun Wi Yardla wag Uan Gilthead seabream agnunishansaanvasduy MSTN Tu
svpgvdaiinwintiy wildnuluszesiigeu (Maccatrozzo et al. 2001; Rodger et al. 2001)
dusulan Japanese flounder i51897Ulay Zhong wagAue (2008) T1EINITONTIANUNIT
L@nIBNTYBIBU MSTN ”Luszasé?uwﬂﬂé’ﬂﬁﬁau% (Unfertilized eggs) nouasiaseey
Neurula Fsn1suanseanvesdiu MSTN fisduasit Wesanluszezddliiinisa®e Somite
w19 Nsyey Neurula Msudnseenvesdiu MSTN Wiistusgrwieiies aufssvavadiniile
NSuARIEBNURITU MSTN anasanteevasanlilarfindusiiinisianseanvedu MSTN
Lﬁwﬁu Fansuanseenvesdu MSTN Tulan Japanese flounder @AAABINUNTLUIUNTT
Somitogenesis Wilaunshanioanuedu MSTN-1 lulan Zebrafish uazn1sAnwluvaian
guAsainudnBu MSTN fimsuansendivtulussesndsilndus masaivlavesgnuan
SogouszosilunananmsiisuuLasssvnveniand e (Kounans and
Akster 1995)



ayunauazdatauauug (CONCLUSIONS AND RECOMMENDATION)

M31Aaedfl 1 nansvnaekansliiuinsingamaiiul (30-35°C) Wuwia 6
dam nszdulvsaluuagnasiiaunnisieliedinmdmingaraniuguniseninusou
narAudang AN Faseliuangnaviimuninisvesliidngssey 4-5 vauesnsdluivainnay
o & A £ = & a an d' < | 1
Magdluvenuwarlugnszandaduyanivaugamgiagveailyssesi 3 1Wudulvg
YuzRgInuNStaamniitarnsifedugnszanyiliuivaninanuasendeinlaan
seaupesfvoaiiuTuluwivaMidedlugnmgll 35°C wavszaunesivenanatiisndniios
dowsadunaneaeil 6 daniuansinuivandsliansauudilidrivanimiindeulds

A Y o =1 - ad | a o YR a wa A
whiians fdsnsdsalanaamaiitseluonvdmadesdonsiaunialy Tumefiane
nszuliusivarasialnaanggnisimneiusiy fIdulivetauanuednnsiiessuTiwilal
AngeaInUenu thundedulsuseuimuaugumn)iinfissiv 30°C Ansoiuluszes
Uszana 3 neulsusasuangganuseng i

nsveasit 2 §idelilaauBudvdenlusiufedu HSC70-1 wazdu HSC70-2 Tuvan
ange Fendealusiuiiunumddndwioszuuaunaressisne dsnsadndealsiuas
dfinunniunfdlewadldsuanueden sndenlusiuidiesondndedn Stress proteins
NEeTU cDNA wudlusiuaesiaiisaunsaesiluwiiuie 649 mie uariaa
willouresnsnoziilu 94% wavdiuves Signature sequence Tulusiusdinfiniseusntlu
swivguilofiouiuUauarasidindus Tassadrswesdu HSC70-1 wagdu HSC70-2 Tuuan
anaeiimundefulasiadnedu HsC70 lulauardniaug uiindudndenlusiunsaedu

WA
a A

Buiiinisuanseenluannrund msdadouuafiFoimosiosanngeiiionagounis
uansoonnuinBuisaesfisuuuumsuansoanyasinatu mdndevilfAnnsdeunas
Y893¥U MRNA vostu HSC70-2 luiloidosuuasnduiiiontaiifoddnlutanan 48
Flumdsdnde uanviBu HSC70-2 orafidnuieatostiussuugiduiuvasianngs
Tuvaiedisziu mRNA 183 HSC70-1 fiouthansil fideiidelausuuzinmsinunaasaile
AnwInisuanseanuesdu HSC70-1 wagdu HSC70-2 Wiaidlaunumvesdulunmsneuaues
AranaTeadnuardy 1w anufeu mstuideulavewiin anmedondaulutheh sautins
TAaudu Heat shock protein 70 (HSP70) Faduduiiliuanseantuwaduni uivzuandoon
dowwadlésuanuaioaniiu feguauiRtidinmessafiofnuamudululidmiy
nsl4TUshu HSP70 Wu Bioindicator dwsuaaiedesludaii WhvsneusniFues
Tnssmsifeiifemsiaaudu HSP70 wdlesnnlumssusuegadiearn Total RNA Hu
iAseldseshatadesuuamngeiidduanimund mseaadngBu HSP70 dnasdins
uansganlusdus wildoth mRNA uvhuiavsusnginlélams Transcript vesdu Heat
shock cognate protein (HSC70) vildpaiUAsuinguszasdvasnsnaasafunsdnudy
HSC70 uaglusgsrianislaau cDNA wuinaangeiidu HSC70 2 Bu Jadsdoidu HSC70-1
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Effects of Warm Temperatures on Ovarian Development of Walking Catfish

Clarias macrocephalus (Gunther, 1864) During Post-Spawning Season

Pornpun Poompoung®, Supawadee Poompuang'”, and Wongpathom Kamonrat?

ABSTRACT

This study aimed to determine the possibility of using temperature
manipulation to stimulate ovarian activities of Clarias macrocephalus during post-
spawning season. Ovarian development and monthly change in GSI of females held
under pond conditions was monitored over a 1-year period from April 2008 to March
2009. In October, 13 month-old female fish (weight = 108 + 12.7 g) were randomly
collected from earthen pond and exposed to different temperatures at 25, 30 and 35°C
under hatchery conditions for six weeks. Results indicated that change of GSI
appeared to be correlated with the amount of rainfall, but not to variation in seasonal
temperature. Significant variation of mean GSI values (P < 0.05) was observed among
months with the highest value (13.91 £ 3.63%) in July. Histological examination of
ovaries revealed that in females held under 25, 30 and 35°C, the number of
vitellogenic oocytes progressively increased from 0.5- 4.7% at week 2 to 4.6-19.7% at
week 6, whereas in females held in the earthen pond, ovaries contained only immature
oocytes. Exposure to warm temperatures resulted in significant elevations of plasma
cortisol but not glucose concentrations. Although fully matured females could not be

obtained, the present study suggested that temperature manipulation was probably the
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practical way to increase the number of maturing females outside the reproductive

season for walking catfish.

Keywords: Clarias macrocephalus, GSI, ovarian development, reproductive season,

vitellogenesis
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INTRODUCTION

Aquaculture of catfish Clarias macrocephalus (Clariidae) is well established
in Thailand and has been the popular species for domestic consumption for more than
40 years (Na-Nakorn et al., 1993). Since the early 1990s, hybrid catfish (C.
macrocephalus x C. gariepinus) has replaced the culture of C. macrocephalus because
they grow rapidly and are more resistant to diseases (Nukwan et al., 1991). In 2009,
hybrid catfish production was ranked second behind tilapia production with a total of
130,064 tons valued 4.9 billion Baht (Department of Fisheries, 2009). The expansion
of hybrid catfish farming has led to increased demand for C. macrocephalus
broodstock. Moreover, the availability of ripe females is low at the end of breeding

season, precluding a year-round fry production.
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Female C. macrocephalus reach sexual maturity at about one year of age. In
Thailand, the spawning season starts at the beginning of rainy season in May and
continues through September (Jarimopas et al. 1995; Panprommin et al., 2008). It is
well understood that induced spawning of catfish by hormone injection outside the
natural breeding season is difficult due to low numbers of maturing oocytes (Tan-
Fermin et al., 1997b; Panprommin et al., 2008).

Temperature is the important environmental factor influencing reproductive
cycle and maturation in fish. Long-term manipulations of water temperature have
been employed successfully to stimulate ovarian development and to extend the
spawning period in African catfish C. gariepinus (Richter et al., 1987), snakehead
Channa punctatus (Srivastava and Singh, 1991), and in cold water species such as
striped bass Morone saxatilis (Clark et al., 2005). Temperature manipulations,
however, have not been practiced to enhance reproduction capacity of C.
macrocephalus. In the present study, we determined the possibility of using warm
temperatures to stimulate oocyte development at the end of breeding season. In
October 2008, 13 month old female walking catfish were randomly selected from the
earthen pond and subjected to warm temperature at 30°C and 35°C in the hatchery for
six weeks. Timing and duration of exposure coincided with the post-spawning period
of catfish. Seasonal changes of reproductive development under pond conditions were
monitored over a 1-year period from April 2008 to March 2009 by measuring gonado-
somatic index (GSI) and histological examination of ovaries. Because exposure to
increased water temperatures may be stressful, therefore, plasma cortisol and glucose
concentrations were measured and compared among different groups of females to

determine their response to temperature stress.
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MATERIALS AND METHODS

Fish rearing

Fish used in this study were produced by artificial fertilization of 40 females
(weight 210 + 26 g) and 10 males (weight 202 + 12 g) in August 2007 and were
obtained from the Pathumthani Inland Fisheries Research and Development Center,
Pathumthani Province. Larvae were reared in concrete tanks (2 x 3 x 1 m) at stocking
density of 3,000/m? for two months (length = 5-7 + 1.6 cm). Thereafter, 3,000 two-
month old juvenile females were stocked in a 20 x 40 x 1 m earthen pond. They were
fed commercial catfish pellet with 25% protein (2% body weight) twice daily at 0700
and 1600 hours. Water quality was measured every month throughout the experiment.
Fifteen females were collected from the earthen pond monthly from April 2008 (age =
8 months) to March 2009, measured and weighed. Ovaries were collected and
weighed for calculating the gonadosomatic index (GSI = gonad weight/body weight x
100).

Ovarian tissues were fixed in Bouin solution for 24 hr, washed in 79% ethanol,
and dehydrated using the automated tissue processor. The tissues were embedded in
paraffin, sectioned to 5-10 um, mounted on slides and stained with Haematoxylin and
eosin. At least three hundred oocytes from the anterior, middle and posterior parts of
the ovary of a female were examined using light microscope. Oocytes were classified
into six stages of maturation according to Groman (1982) as follows: stage I: oocytes
are undifferentiated and occur in nests with large nuclei and acidophilic cytoplasm;
stage Il: oocytes increase in size, each contains a large nucleus with basophilic
chromatin; stage I11: oocytes show a well defined follicular epithelium and basophilic

cytoplasm; stage 1V: oocytes are characterized by the appearance of euvitellin
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nucleoli along the nuclear membrane, the presence of yolk granules in the cytoplasm,
and a more distinct zona radiata in the cell membrane; stage V: oocytes are larger with
abundant yolk vesicles, showing fewer euvitellin nucleoli in the nucleus and a
degenerating nuclear membrane; stage VI: oocytes are fully grown, containing large
amount of acidophilic yolk granules in the cytoplasm. Additionally, oocytes of C.
macrocephalus can be classified as immature or pre-vitellogenic (stages I to 111),
maturing or vitellogenic (stages IV and V), and mature or post-vitellogenic (stage VI)

(Richter et al., 1987).

Ovarian development under warm temperatures

Three hundred female fish (age = 13 months; weight = 108 + 12.7 g) were
collected from the earthen pond during October 2008 and transferredto 5x 10 x 1 m
concrete tanks seven days prior to the experiment. One hundred and eighty fish were
stocked randomly over fifteen 50 L aquaria (length, 90 cm; width, 45 cm; depth, 45
cm.) at a density of twelve fish per aquarium. The fish were divided into three groups.
Fish in the first group were maintained at an ambient temperature of 25 + 2°C. Fish in
the second and third groups were raised in the aquaria containing aerated water heated
by immersion heater to 30°C and 35°C respectively. The experimental fish were fed
commercial pellets containing 25% protein at 2% body weight twice daily and
maintained for six weeks. Dissolved oxygen and pH were measured daily. Blood
samples and ovaries were collected from fifteen individuals from each group after
two, four and six weeks of rearing. Based on information from our preliminary study,
the range of temperature and duration of exposure were non-lethal for this species

under hatchery conditions.
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Before tissue and blood collection, fish were anesthetized with 2-
phenoxyethanol (0.75 mg.L™). Blood samples were taken from the caudal vein using
1-ml syringes coated with Na,-EDTA (Titriplex 111, Merck, Darmstadt, Germany),
placed into 1.5 ml microcentrifuge tubes, and centrifuged at 1,500 rpm at 4°C for 10
min. Plasma was stored at -20°C until use. Cortisol levels were quantified by
radioimmunoassay (RIA) using a commercial kit (Cortisol Bridge kit, TKCO1, L&R
Enterprise Co. Ltd, Thailand). Plasma glucose was measured by colorimetric test

using a commercial kit (no. RA 122-10: End point, BIOTECH, Bangkok, Thailand).

Statistical analysis

Data on GSI, percent of eggs in different stages, glucose and cortisol levels
were presented as means * S.E. Statistical differences between groups were analyzed
by one-way analysis of variance (ANOVA), followed by Duncan’s multiple range
tests for comparisons of means by stage of development. Simple linear regression
analysis was used to evaluate the relationship between GSI and rainfall as well as
between GSI and proportion of post-vitellogenic eggs. Analyses were performed
using the Statistical Package for Social Sciences (SPSS 11.0). Results were tested for

significance at the 95% level and highly significant results at the 99% level.

RESULTS

Reproductive cycle of walking catfish under pond conditions
Monthly changes in GSI of mature females, water temperature, and rainfall
were monitored over a 1-year period (Fig. 1). Water temperatures varied from 25°C to

30°C, with the lowest temperature in December and January. The amount of rainfall



149  varied from 0 mm during December to February to 313 mm in July. Significant

150 variation of mean GSI values (P < 0.05) was observed among months. From April
151  until August, mean GSI values ranged from 5.7 £ 2.0% to 11.3 *+ 6.3% with the

152 highest value (13.9 + 3.6%) in July. The GSI decreased in September and October and
153  remained low in November and December (0.4 £ 0.2% to 0.9 + 0.5%). From January
154  to March, the GSI gradually increased from 2.2 £ 1.5% to 9.3 £ 2.1%. There was
155  significant relationship between GSI and rainfall (r = 0.656, P < 0.01) (Fig. 2).

156 Histological analysis of ovaries exhibited seasonal patterns of oocyte

157  development and were classified into six stages. Mean oocyte diameters were 0.046,
158  0.062, 0.185, 0.35, and 1.0 mm for stages 2 to 6 respectively (Fig. 3). During the

159  natural breeding season from April to September, the ovaries contained large

160  quantities of post-vitellogenic (stage 6) oocytes (34.1 + 0.7 to 59.0 + 1.3%) (Fig. 4).
161  During the post-spawning season in October and November, no advanced oocytes
162  (stages 5 and 6) were observed, but the ovaries contained high proportions of

163  previtellogenic (stage 3) oocytes (46.8 + 1.4 to 63.1 + 1.5 %). In December, oocytes
164 instages 5 (12.8 £ 1.6%) and 6 (1.9 £ 0.4%) were observed and the proportions of
165  stage 6 oocytes gradually increased until March (26.7 £+ 1.4%) when ovaries of

166  females contained oocytes at all stages. Positive correlation was found between GSI
167  and the proportion of stage 6 oocytes (r = 0.803, P < 0.001, Fig. 5).

168

169  Oocyte development under warm temperatures

170 Oocyte development was examined in fish exposed to different levels of warm
171  temperatures and at ambient temperature of 25°C (Fig. 6). At week 2, percentage of
172  oocytes at stages 2 to 4 was nearly identical among groups. At week 4, oocyte

173 development of females in the treated groups proceeded into stage 5, while oocytes of
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females held at 25°C as well as those of females in the pond remained at stages 2 to 4.
The difference of ovarian growth was pronounced at week 6, with increased
percentage of vitellogenic (stage 5) oocytes (19.7 £ 1.1%) in fish held at 35°C
compared to 6.5 £ 0.6 and 4.6 £ 1.7% in the 25 and 30°C groups, but ovaries of
females in earthen ponds were unchanged and contained only previtellogenic oocytes
(Fig. 4). Similarly, at week 6 GSI values were higher (0.64-0.68 %) for fish in 30 and
35°C groups, compared to 0.42-0.47% for those in the pond and fish held at 25°C.

Plasma cortisol levels were higher at elevated temperatures during 6 weeks of
exposure (Table 1). Cortisol concentration was unchanged at 25°C and 30°C.
However, at 35°C, cortisol level was highest at week 4 (313.6 + 30.5 ng.mL™) and
slightly decreased to 251.5 + 18.5 ng.mL™ at week 6. Although glucose
concentrations (123.4 + 12.7 mmol.L™) were highest at 35°C of week 6, the values
did not differ significantly across temperature levels throughout the experimental

period.

DISCUSSION

Reproductive seasonality of tropical freshwater fishes — including walking
catfish — is synchronized by environmental cues, particularly rainfall (Freund et al.,
1995; Tan-Fermin et al., 1997a). In Thailand, the onset of C. macrocephalus
reproduction occurs at the beginning of rainy season (May) and continues through
October. Results in this study indicated that the highest reproductive investment of
female catfish reared in earthen ponds was in July (GSI = 13.91 * 3.63%) when the
amount of rainfall was highest (313 mm). At the end of the rainy season from October

until January, the GSI significantly decreased, with the lowest value in November
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(0.41 £ 0.26%). Our results were in agreement with those of Panprommin et al.
(2007). However, the GSI values in this study were lower than those reported by, Tan-
Fermin et al., (1997a), likely due to the differences in age and size of females and
culture conditions.

During February to September, recruitment of ovarian follicles to maturation
resulted in a 115% increase in GSI. The highest numbers of post-vitellogenic (stage 6)
oocytes (58.8 £ 1.3%) were observed as the GSI value peaked in July. At the end of
breeding between October and November, GSI was lowest, with the absence of
advanced-stage eggs (stages 5 and 6) in the ovaries. Based on GSI values and
distribution of oocytes, induced spawning by hormone injection can be performed as
early as February and continues through September. Induced spawning, however,
would be difficult from October to January, when pre-vitellogenic oocytes dominate
the ovaries. Generally, only stage 6 eggs can be induced by hormone treatment in
which ovulation occurs within 16-18 hr post injection (Ngamvongchon et al. 1988). A
study by Tan-Fermin et al. (1997b) reported that induce spawning of 2 years old
females throughout the reproductive cycle was possible, because the ovaries contain a
large number of post-vitellogenic oocytes which development is arrest during the off-
season.

As in other teleost species, endogenous mechanisms of reproduction are well
understood in walking catfish, but little is known about environmental control of their
reproductive cycle (Ngamvongchon et al., 1988; Freund et al., 1995; Tan-Fermin et
al., 1997a; Tan-Fermin et al., 1997b). Nevertheless, results of the present study
implied that endogenous mechanisms rather than environmental factors may suppress
reproductive activity. The inference is based on the observation of reduced ovarian

size in October and November despite favorable conditions to oocyte development,
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I.e., moderate amount of rainfall and optimal temperature. In some species, ovarian
regression coincides with the presence of a refractory period during which ovarian
recrudescence is suppressed regardless of environmental conditions and their origin
(Lam, 1983; Richter et al., 1987; Van Oordt et al., 1987; Freund et al., 1995).
Although temperature is considered less important in tropical species (Lam,
1983), several studies have documented the influences of temperature on reproductive
maturation. For instance, in African catfish (C. gariepinus), ovarian development was
enhanced and the resting period was shortened from 4-7 months to 2 months when the
fish were kept at a constant 25°C water temperature compared to those kept in
outdoor ponds with ambient temperature fluctuations (15° to 30°C) (Richter et al.,
1987). Additionally, the authors suggest that water temperature plays a more
significant role in regulating the ovarian cycle than photoperiod. In snakehead, a
combination of warm temperature (30°C) and long photoperiod stimulated
reproduction and extended the spawning period during the annual reproductive cycle
(Srivastava et al., 1991). In this study, increased quantities of vitellogenic eggs were
observed in females held at warm temperatures after six weeks of exposure.
Moreover, ovaries of fish held at 25°C also contained low proportions of vitellogenic
eggs (6.5 £ 0.6%). In contrast, no vitellogenic oocytes were observed in fish held in
earthen pond under seasonal temperature regime (27 + 2.5°C) during October and
November. It is not clear how elevated temperature exerts its effects on oocyte
recruitment in walking catfish. Studies suggest that temperature may have direct or
indirect effects on initiation of oogenesis, production of vitellogenin, or secretion of
pituitary and reproductive hormones (Lam, 1983; Richter et al., 1987). For tropical
species, warm temperatures were found to stimulate the formation of yolk vesicles in

maturing oocytes (Lam, 1983). In snakehead, high temperatures were reported to
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induce a release of gonadotropin, resulting in complete maturation of the ovary
(Srivastava et al., 1991).

Walking catfish exposed to constant temperature at 35°C had higher levels of
cortisol compared to fish held at 25 and 30°C and the cortisol concentration in fish
held at 35°C remained high throughout the experiment. Generally, a fish has the
ability to adapt to altered environments caused by long-term stress (Barton, 1997).
However, a slight reduction in cortisol levels after 6 weeks of heat exposure implied
that stress due to high temperature may exceed the adjustment ability of walking
catfish. In such a case, a longer period of thermal stress would severely affect growth,
reproduction and immune response in fish (lwama et al., 1997; Barton, 1997).
Cortisol is known to mediate the effects of stress on fish reproduction in addition to its
role in physiological stress response (Pankhurst and VVan Der Kraak, 1997). The
release of cortisol into the circulation can have either stimulatory or inhibitory effects
on the reproductive capacity of fish, depending on the stage of gametic development
(Pankhurst and VVan Der Kraak, 1997). Cortisol is thought to accelerate vitellogenesis,
which is inferred from a higher level of plasma cortisol in maturing females than in
fully mature females (Billard et al., 1981). In some species, long-term elevation of
cortisol suppressed the production of mature oocytes (Pankhurst and VVan Der Kraak,
1997). For walking catfish, increased levels of cortisol may enhance the production of
vitellogenin, which was inferred by an increase in number of stage-5 oocytes in

ovaries of females kept in the hatchery.

CONCLUSION
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The present study demonstrated the use of warm water temperatures to
stimulate ovarian development of female catfish at the end of natural breeding season.
Significant proportions of vitellogenic oocytes were observed, when females were
kept in the hatchery at constant temperatures (30 and 35°C) for six weeks compared to
fish held at 25°C. Increased plasma levels of cortisol in treated fish may have a
stimulatory effect on yolk protein synthesis. Although post-vitellogenic eggs could
not be obtained by short-term exposure to warm temperatures in the hatchery, this
study suggested that temperature manipulation was probably the practical way to
increase proportion of maturing oocytes during the off-season. It would be useful to
determine whether long-term exposure, i.e., 3 months of heat stress during dry season
can induce a formation of post-vitellogenic oocytes. However, factors such as
stocking density and water quality also can cause additional stress in fish and may
affect reproductive performance. Further research is required to determine the effects
of cortisol on final maturation as well as the possibility of manipulations of other

environmental factors to enhance year-round breeding for walking catfish.
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Table 1 Cortisol and glucose data (mean = S.E.) for female walking catfish exposed to

different temperatures for 14, 28, and 42 days.

Cortisol (ng/ml) Glucose (mmol/Il)

Week 2

25°C 157.46 £ 9.53 79.57 £5.01
30°C 12143+ 3.14 81.86 +11.12
35°C 299.67 + 29.30* 101.25 +8.17
Week 4

25°C 199.72 £ 10.75 61.72 £ 5.46
30°C 133.69+17.18 79.13 £ 3.98
35°C 313.61 + 30.5* 92.67 + 3.83
Week 6

25°C 104.93 £ 8.01 73.84 £ 10.53
30°C 133.16 +5.18 71.92+7.19
35°C 251.54 + 18.62* 12341 +£12.70

Asterisk indicates significant difference (P<0.05) within week.
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Captions for figures

Fig. 1 GSI values, temperature and rainfall (mm) throughout the reproductive
seasonality of female walking catfish. GSI levels associated with histogram
bars with the same letters do not differ significantly.

Fig. 2 Correlation between GSI in female walking catfish and rainfall.

Fig. 3 Oocytes at different developmental stages (2-6) in the ovary of a mature female
walking catfish (scale bar = 0.5 mm).

Fig. 4 Proportion of oocytes at different developmental stages through the
reproductive seasonality of female walking catfish. Values with different letter
for each stage indicate significant differences (P<0.05).

Fig. 5 Correlation between GSI and stage 6 oocytes in female walking catfish.

Fig. 6 Proportions of oocytes at different developmental stages (2-5) in females held
under elevated temperatures for different durations. Values with different

letter for each developmental stage indicate significant differences (P<0.05).
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ABSTRACT

Two different cDNAs encoding heat shock cognate protein 70 genes were
isolated from liver of walking catfish. The complete cDNA sequences for walking
catfish HSC70-1 and HSC70-2 were of identical length (2,278 bp), with an open
reading frame of 1,950 bp and a predicted 649 amino acid protein. Genomic
sequences of the walking catfish HSC70-1 and HSC70-2 genes were composed of
eight exons, and seven introns, but exon and intron sizes were different. Amino acid
sequences of both proteins shared 94% similarity with 38 substitutions. The walking
catfish HSC70-1 and HSC70-2 proteins shared 82-95% identity of amino acids with
those of other teleosts, chicken and human. Phylogenetic analysis revealed that
walking catfish HSC70-1 and HSC70-2 clustered with channel catfish HSC71. Under
normal conditions, HSC70-1 and HSC70-2 transcripts were expressed at similar levels
in liver, gills, brain, and skeletal muscle of walking catfish. Bacterial infection by
Aeromonas hydrophila differentially induced the expression of HSC70s in these
tissues during 48 h. HSC70-1 was constitutively expressed at low levels in most
tissues, whereas, HSC70-2 was up-regulated at moderate and high levels in liver and
skeletal muscle respectively. The significant increase in the expression of HSC70-2 in
these tissues may relate to the role of HSC70-2 in the immune response of walking

catfish.

Keywords: Clarias macrocephalus; HSC70; Aeromonas hydrophila; cDNA cloning;

genomic cloning; bacterial infection
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INTRODUCTION

Exposure to stress causes protein disruption and results in an accumulation of
denatured and aberrantly folded proteins within the cell (Krone et al. 1997). Heat
shock or stress proteins (HSPs), are ubiquitous, highly-conserved proteins that play a
central role in controlling cellular homeostasis in response to a wide range of stresses,
including heat stress, oxidative stress, heavy metals and bacterial infection (Iwama et
al. 1998). HSPs are found in all organisms from bacteria to fishes and mammals,
among which heat shock protein 70 (HSP70) is the most widely studied group of
HSPs (Feder and Hofmann 1999). HSP70 is not expressed in most tissues, but is
highly inducible under stress conditions. However, some members of the HSP
families are constitutively expressed in cells under normal conditions, such as the 70
kDa heat shock cognate protein (HSC70) (Iwama et al. 1998). HSC70 acts primarily
as molecular chaperone for other proteins to facilitate protein synthesis, folding,
translocation, assembly, and degradation (Feder and Hofmann 1999). HSC70s have
received attention in fish and shellfish due to increasing evidence of the involvement
of HSC70 in the immune system (Basu et al. 2002; Robert 2003). HSC70 and HSP70
levels in liver and hepatopancreas tissues were modulated during bacterial and viral
infections (Leung and Hightower 1997; Deane et al. 2004; Chuang et al. 2007; Ming
et al. 2010; Rungrussamee et al. 2010; Yue et al. 2011). It has been suggested that the
role of HSC70 during infection is associated with various pathways of protein
translocation, whereas HSP70 is able to stimulate innate immune response through the
nuclear factor (NF)xb signaling pathway (Basu et al. 2002; Robert 2003; Deane et al.
2004). HSC70 genes have been cloned from several fish species, including platyfish
(Yamashita et al. 2004), Wuchang bream (Ming et al. 2010), and grass carp (Zhang et

al. 2011). In addition, two HSC70 genes were identified in zebrafish Danio rerio

Aquaculture Research
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(Graser et al. 1996; Santacruz et al. 1997), common carp Cyprinus carpio (Ali et al.
2003) and yellowtail Seriola quinqueradiata (Yabu et al. 2010).

Walking catfish Clarias macrocephalus (Clariidae) is an important species for
domestic consumption in Thailand. It commands high retail prices due to its superior
meat quality. Although C. macrocephalus is widely distributed throughout Southeast
Asia, culture of this species is well established in Thailand for more than 50 years.
However, during the culture period, walking catfish may suffer from hemorrhagic
septicemia or ulcerative disease caused by the Gram-negative bacterium Aeromonas
hydrophila (Angka et al. 1995). The outbreak of the disease appears to be secondary
infection of stressed fish. A. hydrophila was reported to be the cause of high mortality
in walking catfish from nursing to grow-out periods, resulting in heavy economic
losses (Areerat 1987; Angka et al. 1995).

In the present study, we cloned cDNA and genomic sequences of two cognate
HSC70s from walking catfish in order to predict amino acid sequences and determine
their evolutionary distances from those of other teleosts and higher vertebrates. The
HSC70 EST clone obtained from previous work (Panprommin et al. 2007) was used
to design primers for RACE techniques. To investigate the role of HSC70s in the
walking catfish immune system, the fish were injected intraperitoneally with A.
hydrophila. The expression profiles of the two HSC70 genes determined by semi-
quantitative RT-PCR were compared in brain, gill, liver and muscle tissues during 48
h post injection. This is the first report describing the cloning and characterization of

HSC70 genes in walking catfish.

MATERIALS AND METHODS

Aquaculture Research
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Rapid Amplification of cDNA Ends (RACE)

The 371-bp HSC70 EST clone (EB360505) containing the partial open reading
frame and the 3’ untranslated region (UTR) was obtained from the previous work
(Panprommin et al. 2007); therefore, only 5" RACE was performed. Total RNA was
extracted from liver tissue of an adult female (152 g) using TRIzol reagent (Molecular
Research Center, Cincinnati, OH, USA) according to the manufacturer’s instructions.
The extracted RNA was purified using a QuickPrep™ Micro mRNA Purification kit
(Amersham Biosciences, Buckinghamshire, UK). The 5" RACE technique was
utilized to recover the 5’ information of target cDNA using a BD Smart™ RACE
cDNA Amplification kit (BD Biosciences ClonTech, San Jose, CA, USA) according
to the manufacturer’s instructions. Approximately 1 pg of mRNA was used for first-
strand cDNA synthesis. For the 5'-RACE-ready cDNA, 1 pg of mRNA, 1 ul of BD
Smart II A oligo (5'-AAGCAGTGGTATCAACGCAGAGTACGCGGG-3") and 1 pl
of 5'-CDS primer (5'-(T)2sVN-3', N=A, C,Gor T; V = A, G or C) were used to
generate the nucleotide sequence at the 5’ end. After first-strand cDNA synthesis, the
5'-RACE-ready cDNA was used as template to generate the nucleotide sequence at
the 5" end. For RACE PCR reactions, a 50-ul PCR reaction mixture consisted of 2.5
pl of 5'-RACE-ready cDNA, 5 ul of 10x BD Advantage 2 PCR buffer, 1 pl of 10mM
dNTP Mix (each at 2.5 mM), 1 pl of 50x BD Advantage 2 Polymerase Mix, 5 ul of
10x Universal Primer Mix (UPM: Long (0.4 uM), 5'-
CTAATACGACTCACTATAGGGCAAGCAGT GGTATCAACGCAGAGT-3" and
Short (2 uM), 5'-CTAATACGACTCACTATA GGGC-3'), and 1 pl of 10 uM of gene
specific primers, HSC70-1R1, HSC70-1R2, HSC70-1R3, HSC70-1R4 for HSC70-1

and HSC70-2R1, HSC70-2R2, HSC70-2R3, HSC70-2R4 for HSC70-2 (Table 1),
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under the following conditions for 25 cycles: 94°C for 3 min, 94°C for 30 s, 60°C for
30 s, and 72°C for 3 min.

The RACE products were gel-purified using the GeneJET " Plasmid Miniprep
kit (Fermentas, Germany) according to the manufacturer’s instructions. Band doubles
at 1,000 bp were observed on the agarose gel; therefore, two bands were cloned
separately. The DNA fragment was ligated into pGEM®-T Easy Vector (Promega,
Madison, WI, USA) and transformed into E. coli strain JM109. The positive clones
were selected for extraction of the plasmid using GeneJET  Plasmid Miniprep kit
(Fermentas) according to the manufacturer’s instructions. Three pl of extracted
plasmid DNA was sequenced using the Thermo Sequence Fluorescent Labeled Primer
Cycle Sequencing kit (Amersham Pharmacia Biotech, Uppsala, Sweden). The M13

forward and reverse primers were used for nucleotide sequencing of the inserts.

Genomic cloning of two HSC70 ¢cDNAs

The two heat shock cognate cDNAs obtained in this study were called walking
catfish HSC70-1 and HSC70-2. Primers for genomic cloning of walking catfish
HSC70-1 and HSC70-2 were designed based on the full-length cDNAs (Table 1).
Genomic DNA was extracted from liver tissue (20-30 mg) of a female fish using a
Genomic DNA purification kit (Fermentas). The extracted DNA was subjected to
PCR amplification using eight primers (Table 1). A 25-ul PCR mixture consisted of
1ul of genomic DNA, 2.5 ul of 10x Tag buffer, 0.75 ul of MgCl,, 1.5 ul each of
dNTPs, 1 pul each of forward and reverse primers, 0.2 ul of 1 U Tag DNA polymerase,
and 17.05 ul of sterile water under the following conditions for 25 cycles: 95 °C for

30s, 58 °C for 30 s, 72 °C for 1 min 30 s. PCR products were cloned and sequenced

Aquaculture Research
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as described above. The genomic nucleotide sequences were compared to cDNA

sequences to determine the exon-intron boundaries of the genes.

Sequence analysis and phylogenetic analysis

The nucleotide and deduced amino acid sequences were searched for homology
and compared using the BLAST programs (NCBI, http://www.ncbi.nlm.nih.gov)
(Altschul et al. 1997). The Clustal W program (Thompson et al. 1994) was used for
multiple sequence alignment of amino acids from HSC70 and HSC71 proteins of other
teleost species. These amino acid sequences were used to construct the HSC70
phylogenetic tree by the neighbor-joining method (Saitou and Nei 1987) and

bootstrapped for 1000 replicates using MEGA version 3.1 (Kumar et al. 2004).

Tissue distribution by RT-PCR

Total RNA was extracted from gill, liver, brain and muscle tissues of five walking
catfish (150+5.3 g in weight) using TRIzol reagent (Molecular Research Center)
according to the manufacturer’s instructions. Approximately 1 pg of total RNA was
used for first-strand cDNA synthesis using iScript™ Select cDNA Synthesis kit (Bio-
Rad) according to the manufacturer’s instructions.

PCR amplifications were performed using the primers listed in Table 1. The level
of expression of B-actin was used as an internal control. Primers for the -actin gene
was based on information obtained from channel catfish Ictalurus punctatus
(AY555575). PCR was carried out in a 25-ul reaction mixture containing 1x 7ag
buffer, 0.75 mM MgCl,, 0.2 mM of each ANTP, 0.4 uM of each forward and reverse
primer, 1 U Tag DNA polymerase (Fermentas) and 0.5 pl of first-strand cDNA. The

PCR was performed under the following conditions: pre-denaturation at 96°C for 3
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min, and 26 cycles of denaturation at 95°C for 30 sec, annealing at 58°C for 30 sec
and 72°C for 1 min. The last extension at 72°C was extended for 5 min. Ten pl of
each PCR product was subjected to electrophoresis through a 1.5% agarose gel in 1x
TBE buffer at 100 volts. A 100-bp DNA ladder was used to estimate molecular
weight. The gel was stained with ethidium bromide (0.5 mg/ml) and amplification

products were observed under UV light.

Bacterial challenge

One hundred four-month old healthy fish (body weight = 29.7+£6.4 g) were
collected from an earthen pond at the Department of Aquaculture, Kasetsart
University, and transferred to a 6x4 m? concrete tanks seven days prior to the
experiment. The fish were stocked randomly into two 250-L fiberglass tanks at 26-28
°C at fifty individuals each. Fish in the first group were injected intraperitoneally with
0.1 ml of 0.85% NaCl and served as a control. Fish in the second group were injected
with 0.1 ml of 10° CFU/ml of 4. hydrophila by the same route as control. The
experimental fish were fed commercial pellets at 5% body weight twice daily. Tissue
samples, including brain, gills, liver and skeletal muscle, were randomly collected
from injected and control fish at 6, 12, 24 and 48 h post-injection for total RNA

extraction.

Expression of HSC70-1 and HSC70-2 mRNA by semi-quantitative RT-PCR
Total RNA was extracted from brain, gills, liver and muscle tissues using the

TRIzol reagent (Molecular Research Center) according to the manufacturer’s

instructions. First-strand cDNA synthesis was carried out using a RevertAid™ First

Strand cDNA Synthesis kit (Fermentas) according to the manufacturer’s instructions.
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Approximately 1pg of total RNA was incubated with 1 ul of oligo(dT),s at 70°C for 5
min. Four pl of 5x reaction buffer, 1 pl of RiboLock™ Ribonuclease inhibitor and 2
pl of 10 mM dNTP mix was added and the reaction was incubated at 37°C for 5 min.
One micro-liter of RevertAid™ M-MuLV Reverse Transcriptase was added and the
mixture was incubated at 42°C for 60 min, followed by 70°C for 10 min.

PCR reactions were performed using two sets of gene-specific primers,
RTHSC70-1F, RTHSC70-1R, RTHSC70-2F, and RTHSC70-2R (Table 1). PCR
amplification was carried out in a 25-pl reaction volume containing 0.5 pl of cDNA
first-strand template, 0.2 mM of each dNTPs, 1x Taq buffer, 1 U of Tag DNA
polymerase, 1 uM of forward primer, and 1 uM of reverse primer. PCR profiles for
26 cycles were as follows: denaturation at 95°C for 30 sec, annealing at 58°C for 30
sec and extension at 72°C for 1 min. The level of expression of B-actin was used as an
internal control.

The PCR products were separated and visualized on a 1.5% agarose gel
containing ethidium bromide (0.5 mg/ml). The density of bands was measured by
FluorChem™ 8000 Advanced Fluorescence, Chemiluminescence and Visible Light
Imaging (Alpha Innotech Corporation) which corresponded to pixel density values
(Integrated Density Value, or IDV). Expression of the HSC70-1 and HSC70-2 genes
was measured as pixel density values. The pixel density value of each product was
used to calculate the ratio of the selected gene’s expression relative to B-actin

expression. The expression of f-actin was normalized to 100.

Statistical analysis
Data on relative expression levels of the two HSC70 genes at four time points

were presented as means + S.E. for each tissue, where n = 20 fish. Statistical

Aquaculture Research
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differences in gene expression levels between groups were analyzed by one-way
analysis of variance (ANOVA) using SPSS 11.0. A student’s #-test was used to
compare means between groups of HSC70 genes at the same time point. For all

statistical tests, significance was set at P<0.05.

RESULTS
Cloning of two full-length HSC70 cDNAs

The full-length cDNA sequences of the walking catfish HSC70-1 and HSC70-
2 genes were 2,278 bp, with an open reading frame of 1,950 bp encoding 649 amino
acids. Both cDNAs contained 33 and 295 bases of 5'- and 3'-untranslated regions
(Figs 1 & 2). The 3’-untranslated region of both cDNAs included the termination
signal (TAA) and a conserved polyadenylation signal (AATAAA) located 19 bases
before the poly(A) tail. Molecular masses determined from the deduced amino acid
sequences were approximately 71.24 and 71.27 kDa, respectively, for HSC70-1 and
HSC70-2. A homology search of these proteins using the BLAST program revealed
highest homology to the cytosolic and constitutively expressed HSC70 family.

Amino acid sequence analysis identified three signature sequences of the heat
shock protein 70 family: IDLGTTYS in the N-terminal domain, [IFDLGGGTFDVSIL,
and IVLVGGSTRIPKIQK in the middle domain, and the EEVD cytoplasmic motif at
the C-terminus for both HSC70-1 and HSC70-2 (Figs 1 & 2). One repeat of the
tetrapeptide motif (GGMP) was present in the C-terminal region of HSC70-1, while
HSC70-2 contained two GGMP motif repeats. Overall, HSC70-1 and HSC70-2
sequences were 94% identical, with 38 substitutions between the two predicted

proteins (Fig 3).

Aquaculture Research
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Alignment of the amino acid sequences of HSC70-1 and HSC70-2 with
HSC70 and HSC71 from other species revealed that the three signature sequences of
heat shock protein 70 family and the EEVD motif were highly conserved. The two
HSC70 proteins of walking catfish contained 649 amino acids, similar to those of
zebrafish HSC70, channel catfish HSC71 and Wuchang bream HSC70. The HSC70
amino acid sequences of all fish species varied from 612 to 650 residues, whereas
clawed frog HSC70 and human HSC70 contained 646 amino acids (Table 2). The
HSC70-1 and HSC70-2 shared 82-95% identity of amino acids with other teleosts,
chicken and human (Table 3). The amino acid sequences of HSC70-1 and HSC70-2
were submitted to the GenBank data base with accession numbers JX112294 and

JX112295 respectively.

Genomic DNA structure of HSP70-1 and HSP70-2

Initially, primers (HSC70F1-R1) were designed based on information of a
371-bp EST clone (EB360505) of C. macrocephalus. These primers were used to
clone a fragment of 1,048 bp. Subsequently, primers HSC70F2-HSC70-1R2 and
HSC70F3-HSC70-1R3 were designed and were used to clone a 1,351-bp and a 1,165-
bp fragment, respectively. A genomic sequence of HSC70-1 (3,179 bp) was obtained.
The coding region consisted of seven introns (144, 85, 89, 203, 199, 233, and 195 bp)
and eight exons (205, 206, 153, 556, 203, 199, 233, and 195 bp) (Fig 4). The genomic
sequence of the walking catfish HSC70-1 gene was deposited in GenBank under
accession number JX273642.

Primers HSC70F1-R1, HSC70F2-HSC70-2R2 and HSC70F3-HSC70-2R3
were used to clone three genomic fragments (921 bp, 1,094 bp, and 1,110 bp

respectively) of HSC70-2. A genomic sequence of HSC70-2 (2,980 bp) was obtained.

Aquaculture Research
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The coding region of HSC70-2 consisted of seven introns (144, 85, 22, 64, 117, 126,
and 144 bp) and eight exons (205, 206, 172, 539, 201, 213, 219, and 195) (Fig 4). The
genomic sequence of the walking catfish HSC70-2 gene was deposited in GenBank
under accession number JX273643. Comparisons of genomic structure revealed that
the exon and intron sizes of the two genes were different for exons 3, 4, 5, 6 and 7 and

for introns 3, 4, 5 and 6.

Phylogenetic analysis

Phylogenetic analysis was performed based on 15 amino acid sequences of
HSC70 and HSC71. A phylogenetic tree showed two distinct braches for fishes and
clawed frog, chicken and human (Fig 5). Among teleosts, the HSC70-1 and HSC70-2
sequences of walking catfish were clustered with channel catfish HSC71, which
would be expected given their membership in Order Siluriformes. A second group of
teleost sequences comprised members of Family Cyprinidae, including common carp,
gibel carp, Wuchang bream, zebrafish, and fathead minnow, and sequences from
Japanese flounder and killifish. The two clusters joined the sequence from Atlantic
salmon. The second major branch consisted of sequences from higher vertebrates,

including human, chicken and clawed frog.

Expression analysis of HSC70-1 and HSC70-2 in response to A. hydrophila
challenge

Under normal conditions, the mRNA levels of HSC70-1 and HSC70-2 were
similar in liver, gills, brain, and skeletal muscle of walking catfish. The temporal
expression of HSC70-1 and HSP70-2 after a bacterial challenge was analyzed in the

same tissues. The A. hydrophila challenge resulted in differential expression of the

Aquaculture Research



Page 13 of 31

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306
307

308

309

310

311

312

313

314

315

316

317

Aquaculture Research

13

two genes in walking catfish tissues during a period of 48 h (Fig 6). The expression
levels of the HSC70-1 and HSC70-2 in the brain were similar at each time point
(P<0.05). However, slight but significant differences in HSC70-1 mRNA levels were
observed in the brain at 12 h, with 0.5-1.0 fold increase (P<0.05) in comparison with
the control. The HSC70-2 was up-regulated significantly in gills at 24 h post-injection
and remained unchanged at 48 h, whereas the mRNA level of HSC70-1 changed only
slightly during a 48-h period. In the liver, results of ¢-test showed that the expression
levels of HSC70-1and HSC70-2 were significantly different at each time point. While
the mRNA levels of HSC70-1 in liver tissue increased slightly at 12 h and remained
unchanged at 48 h, the HSC70-2 was significantly up-regulated at 24 h and decreased
markedly at 48 h post-injection. In skeletal muscle, the HSC70-2 concentration
increased gradually from 6 h and peaked at 48 h post-injection, with 3-fold increase
compared to that of the control. In contrast, the mRNA level of HSC70-1 changed

only slightly during a 48-h period.

DISCUSSION

In the present study, we isolated and characterized two cognate heat shock
protein 70 cDNAs from liver of walking catfish. Band doubles at 70 kDa were
observed on an agarose gel for purification of cDNA; therefore, the two bands were
cloned separately. We obtained two complete cDNAs and were designated HSC70-1
and HSC70-2. The lengths of HSC70-1 and HSC70-2 cDNAs were 2,278 bp, with
ORFs of 1950 bp encoding 649 amino acids. The walking catfish HSC70-1 and
HSC70-2 proteins shared high amino acid sequence identity (85-90%) with those of
HSC70s from other fish species and, therefore, were placed in the HSP70 gene
family. The amino acid sequences of fish HSC70s showed a high degree of similarity

at the N-terminus, whereas the sequences at the C-terminus were more variable.
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Characterization of genomic sequences revealed that the walking catfish HSC70-1 and
HSC70-2 genes were composed of eight exons and seven introns. Differences in exon
and intron sizes were observed between the two loci. The major difference was in the
size of intron 4, which was larger (198 bp) in HSC70-1 than in HSC70-2 (64 bp). In
common carp, the similarities of HSC70-1 and HSC70-2 were 88% and 78% at the
protein and DNA levels respectively (Ali et al. 2003). There were 69 substitutions
between the two common carp proteins, 31 of which located in the C-terminus.
Walking catfish HSC70-1 and HSC70-2 sequences were 94% identical, with 38
substitutions between the two predicted proteins. Nucleotide sequences of the two
cDNAs shared 91% identity.

Genomic structures of the two loci were similar to those of other teleost fishes,
including Rivulus marmoratus (Park et al. 2001), common carp (Ali et al. 2003), and
Wuchang bream (Ming et al. 2010). Interestingly, exon sizes were identical between
walking catfish HSC70-1 and Wuchang bream HSC70, but the intron sizes were
different (Ming et al. 2010). The functional significance of this similarity, however, is
not known (Basu et al. 2002). The presence of introns is a major characteristic of the
constitutive forms of the HSP70 family, whereas the inducible forms do not contain
introns (Iwama et al. 1998). The lack of introns in the inducible HSP70s allows rapid
translation of mRNA into nascent protein during stress (Basu et al. 2002). It has been
suggested that multiple forms of HSP70/HSC70 in fish genomes arose by gene
duplication during vertebrate evolution (Yamashita at al. 2004; Yabu et al. 2011).

The heat shock protein (HSP70) family contains both inducible and
constitutively expressed members. The role of inducible HSP70 in immune system of
fish is well characterized, but the function of HSC70 during bacterial infection has yet

to be elucidated. Until recently, studies reported that bacterial challenge modulated
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the mRNA levels of the cognate HSC70 in various tissues of fishes and shellfishes.
Ramaglia et al. (2004) reported an increase in protein levels of heat shock cognate,
HSC?73 in liver and brain of the western painted turtle infected with Citrobacter spp.
the causative agent of septicemic cutaneous ulcerative dermatitis. Deane et al. (2004)
reported an increase in expression of HSC70 in liver of silver sea bream after Vibrio
alginolyticus challenge. Wuchang bream that received an injection of A. hydrophila
showed that HSC70 levels in liver tissue peaked at 6 h and decreased to baseline after
24 h (Ming et al. 2010). Tiger prawn (Penaeus monodon) exposed to V. harveyi had
increased levels of heat shock cognate HSP70 in gill tissue after 12 h of treatment,
and expression returned to the same levels as controls after 72 h (Rungrussamee et al.
2010). In addition, Yue et al. (2011) reported that the HSC71 mRNA levels in
hepatopancreas of gill of Asiatic hard clam (Meretrix meretrix) were significantly
increased at 12 h post injection of V. parahaemolyticus and decreased to baseline at
24 h.

In this study, the expression of HSC70-1 and HSC70-2 was detected in various
tissues of walking catfish under normal conditions (data not shown). By contrast,
bacterial infection differentially induced the expression of the two genes in brain,
gills, liver and skeletal muscle of adult fish during a 48-h period after A. hydrophila
challenge. HSC70-1 was constitutively expressed at low levels and was slightly
induced in most tissues. HSC70-2, however, was slightly expressed in brain and gills
and moderately up-regulated in liver and skeletal muscle. The mRNA levels of
HSC70-2 peaked at 24 h and returned to the same levels as controls after 48 h. In
contrast, the HSC70-2 transcript in skeletal muscle gradually increased after 6 h and
its level was highest at 48 h. Stress-inducible HSC70 isoforms have been reported in

zebrafish, common carp, and yellowtail. Expression patterns of these genes were
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different under various stress conditions, e.g., heat stress, cold shock, and heavy metal
treatment, and appeared to be tissue-specific. For instance, common carp HSC70-1
was expressed at high levels in liver after cadmium exposure, while the expression of
common carp HSC70-2 was induced by cold shock in muscle (Ali et al. 2003). In
culture tailfin cells, yellowtail HSC70-1 was constitutively expressed under normal
and heat-shock conditions, whereas HSC70-2 was up-regulated by heat shock
treatment (Yabu et al. 2011). Our results showed similar findings, suggesting that
HSC70-1 was constitutively expressed in most tissues, whereas the expression of
HSC70-2 was induced by bacterial infection in a tissue-specific manner.

The bacterium A. hydrophila is a causative agent of hemorrhagic septicemia,
an important disease in freshwater fishes. Systemic infection results in mortality
within 24-48 h (Areerat 1987; Angka et al. 1995). The most common clinical signs
and lesions are hemorrhage in skin, fins, abdominal cavity and muscles (Rey et al.
2009; Silva et al. 2012). Histological changes include focal cellular necrosis in the
liver and haemopoietic cells, heart and skeletal muscles (Rey et al. 2009). In this
study, the significant increase in the expression of HSC70-2 in walking catfish liver
and muscle may relate to the role of HSC70-2 in immune response of these tissues
after bacterial infection. Ming et al. (2010) reported that A. hydrophila injection
modulated the expression of HSC70 and HSP70 in liver of Wuchang bream in a time-
dependent pattern. Both HSC70 and HSP70 mRNA levels significantly increased at 6
h and returned to baseline at 24 h. A similar pattern of HSC70 expression was
observed after walking catfish were infected with A. hydrophila in this study. The
HSC70-2 mRNA concentrations peaked at 24 h and decreased to level of the control
at 48 h. Unlike liver, the HSC70-2 mRNA level was very high in skeletal muscle at 48

h. Because fish infected with A. hAydrophila showed severe skin and muscle lesions at
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the injected site, the high level of HSC70-2 in muscle may suggest the involvement of
HSC70-2 in cell protection and survival.

A. hydrophila infection did not modulate the expression of both HSC70
isoforms in brain of walking catfish. There has been no report on the role of HSC70 in
brain tissues of other teleosts under infectious challenge. Nevertheless, a study in
western painted turtle (Chrysemys picta bellii) reported that bacterial infection
induced significant mRNA levels of constitutive HSP73 in the brain (Ramaglia et al.
2004); high levels of HSP73 in the brain may suggest the role of this protein in
translocation and synaptic vesicle recycling.

The expression of HSP70-2 in gills of walking catfish slightly increased after
injection with A. hydrophila at 24 h. It was likely that HSC70-2 was insensitive to the
bacteria at the early hours following injection. The increased levels of HSC70-2 in
gills may correlate with osmotic regulation in the walking catfish.

In conclusion, we cloned and characterized two cDNAs encoding 649 amino
acid heat shock cognate proteins designated HSC70-1 and HSC70-2 in walking
catfish. The two HSC70 genes showed high levels of similarity of protein products,
but less similarity at the DNA level. Gene structure and deduced amino acid
sequences of these heat shock cognate protein 70s in walking catfish were similar to
those of homologous genes from other species. A. hydrophila infection caused a
tissue-specific expression of HSC70-2. The mRNA levels of HSC70-2 were
modulated in liver and skeletal tissues, but not in brain and gills. The expression of
HSC70-2 might be associated with the immune response of walking catfish. Further
research is needed to elucidate the role of the two copies of HSC70s in response to
other stressors and to determine the functional significance of the two copies of

HSC70 in the walking catfish genome.
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Table 1 List of gene-specific primers, nucleotide sequences and positions of primers
used in this study

Primer Primer sequence (5’ to 3") Position” Objective
HSC70-1 HSC70-2

HSC70-1R1 CCAATGCCTGGTTTGCCTTGAA 2210-2231 5'RACE

HSC70-1R2 GTCTCTGCTGTTGACAAGAGC 1495-1515 5'RACE

HSC70-1R3 CCAGTATTGAGATCGACTCCC 872-892 S'RACE

HSC70-1R4 GCTCTGAGAGAAATGTCCTTATTTTCGA 602-629 5'RACE

HSC70-2R1 CCAATGCCTGGTTTGCCTTGAA 22102232  5'RACE

HSC70-2R2 GGAGTTCCTCAAATCGAAGTG 1441-1461 S'RACE

HSC70-2R3 CTACAGCAGGAGACACTCACC 695-715 5S'RACE

HSC70-2R4 CTCAGCGTCAAGCCACAAAAGATGCTGG 491-518 5'RACE

HSC70F1 CAGATTGAGGTCACATTTGAC 2085-2106  1820-1841  Genomic cloning
HSC70R1 CCAATGCCTGGTTTGCCTTGAA 3088-3110  2822-2845  Genomic cloning
HSC70F2 GCTATTGCCTATGGGTTG 800-818 800-818  Genomic cloning
HSC70-1R2 GTCTCTGCTGTTGACAAGAGC 2119-2130 Genomic cloning
HSC70-2R2 GGAGTTCCTCAAATCGAAGTG 1843-1865  Genomic cloning
HSC70F3 CCAGCTGTTGGCATTGATCTG 46-67 46-67  Genomic cloning
HSC70-1R3 CCAGTATTGAGATCGACTCCC 1169-1190 Genomic cloning
HSC70-2R3 CTACAGCAGGAGACACTCACC 903-924  Genomic cloning
RTHSC70-1F GCTATTGCCTATGGGTTGGAC Semi-quantitative RT-PCR
RTHSC70-1R GTCTCTGCTGTTGACAAGAGC Semi-quantitative RT-PCR
RTHSP70-2F GCTATTGCCTATGGGTTGGAC Semi-quantitative RT-PCR
RTHSP70-2R CAGAAACTTCTGCAGGACTTC Semi-quantitative RT-PCR
Ipp-actin-F® AGAGAGAAATTGTCCGTGACATC Semi-quantitative RT-PCR

Ipp-actin-R®

CTCCGATCCAGACAGAGTATTTG

Semi-quantitative RT-PCR

* Nucleotide positions are based on walking catfish DNA sequences submitted to
GenBank (Accession number JX273642 for HSC70-1 and accession number
JX273643 for HSP70-2).

b - . .
Primers for 3-actin are based on GenBank sequence (Accession number

AYS555575).
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1 Table 2 Comparison of HSC70 amino acid sequence of walking catfish with those of

2 teleosts and other species.

. ORF Amino acid
Species

(bp) residues
Clarias macrocephalus HSC70-1 1950 649
Clarias macrocephalus HSC70-2 1950 649
Ictalurus punctatus HSC71 1950 649
Fundulus heteroclitus HSC70 1839 612
Acanthopagrus schlegelii HSC70 1953 650
Paralichthys olivaceus HSC71 1839 612
Pimephales promelas HSC70 1953 650
Megalobrama amblycephala HSC70 1950 649
Danio rerio HSC70 1950 649
Cyprinus carpio HSC70-2 1935 644
Carassius auratus gibelio HSC70 1950 649
Xenopus laevis HSC70 1953 650
Gallus gallus HSC70 1941 646
Homo sapiens HSC70 1941 646
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Table 3 Percent identity and similarity of walking catfish HSC70-1 and HSC70-2
amino acid sequences to those of other fishes, clawed frog, chicken and human
HSC70 and HSC71 amino acid sequences.
Species HSC70-1 HSC70-2 Accession #

Identity  Similarity Identity  Similarity

Ictalurus punctatus HSC71 94 96 90 94 P47773
Fundulus heteroclitus HSC70 95 91 90 89 DQ202278
Salmo salar HSC70 95 91 90 89 BT059361
Acanthopagrus schlegelii HSC70 94 83 89 80 AAXO07833
Paralichthys olivaceus HSC71 95 91 90 89 AB006814
Pimephales promelas HSC70 93 95 89 93 AAS46619
Megalobrama amblycephala HSC70 95 91 91 89 EU623471
Danio rerio HSC70 91 94 87 91 CAA72216
Cyprinus carpio HSC70-2 93 95 90 89 AAP51388
Carassius auratus gibelio HSC70 94 97 91 95 AA043731
Gallus gallus HSC70 90 93 87 91 NP 990334
Homo sapiens HSC70 91 94 87 91 NP_006588
Xenopus laevis HSC70 93 96 89 93 AAH41201
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Captions for figures

Figure 1 Nucleotide and deduced amino acid sequences of walking catfish HSC70-
1. Three signatures of the heat shock protein 70 family are shown in boxes, a
putative nuclear localization signal is underlined, and a consensus sequence
EEVD at the C-terminus is indicated in italics. The numbers on the right are
positions of the nucleotides and amino acids. The polyadenylation signal
(AATAAA) is underlined.

Figure 2 Nucleotide and deduced amino acid sequences of walking catfish HSC70-2.
Three signatures of the heat shock protein 70 family are shown in boxes, a
putative nuclear localization signal is underlined, and a consensus sequence
EEVD at the C-terminus is indicated in italics. The numbers on the right are
positions of the nucleotides and amino acids. The polyadenylation signal
(AATAAA)is underlined.

Figure 3 Alignment of amino acid sequences of HSC70-1 and HSP70-2. Identical
amino acids are marked with asterisk (*), highly related amino acids with a
colon (:), and related amino acids with single dot (.). Numbers refer to the
position in amino acid sequence.

Figure 4 Predicted gene structures of walking catfish HSC70-1 and HSC70-2. White
boxes represent exons, black boxes are 5'- and 3'untranslated regions, and
lines represent introns. The sizes (base pairs) of each exon and intron are

indicated. The start codon (ATG) and stop codon (TAA) are also indicated.

Figure S Phylogenetic tree showing relationships of HSC70-1 and HSC70-2 deduced
amino acid sequences of walking catfish and amino acid sequences of
HSC70/HSC71 from other species. GenBank accession numbers are as

follows: Clarias macrocephalus HSC70-1 (JX112294), C. macrocephalus

Aquaculture Research
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HSC70-2 (JX112295), Cyprinus carpio HSC70 (AAP51388), Carassius
auratus gibelio HSC70 (AAO43731), Danio rerio HSC70 (CAA72216),
Ictalurus punctatus HSC71 (P47773), Pimephales promelas HSC70
(AAS46619), Megalobrama amblycephala HSC70 (EU623471), Salmo salar
HSC70 (BT059361), Fundulus heteroclitus HSC70 (DQ202278), Paralichthys
olivaceus HSC71 (AB006814), Xenopus laevis HSC70 (AAH41201), X.
tropicalis HSC71 (XM002937528), Gallus gallus HSC70 (NP_990334), and
Homo sapiens HSC70 (NP_006588). The numbers at branches indicate

bootstrap values after 1000 replications.

Figure 6 Relative expression of HSC70-1 and HSC70-2 in brain (A), gills (B), liver
(C) and muscle (D) after bacterial challenge. Levels associated with histogram
bars with the same letters do not differ significantly at P<0.05. Asterisks
indicate significant differences in expression levels between HSC70-1 and

HSC70-2 at the same time point.
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ABSTRACT

The complete cDAN sequence of walking catfish myostatin (MSTN) (1,784
bp) contained 147 bases of 5’-untranslated region, an open reading frame of 1,191 bp
encoding 396 amino acids, 446 bases of 3'-untranslated region, and a poly(A) tail of
27 nucleotides. The deduced amino acid sequence of walking catfish MSTN shared
94%, 78%, 75%, and 60% identity with MSTNs of channel catfish, common carp,
rainbow trout and higher vertebrates, including avians and mammals, respectively.
Results indicated that nucleotide and amino acid sequence of fish were more variable
than those in higher vertebrates. Unlike terrestrial animals in which MSTN transcripts
were expressed only in skeletal muscle, walking catfish MSTN mRNA was detected in
other tissues, including brain, gills, stomach and skin. Temporal expression of MSTN
was determined in whole fish during one to three weeks post hatch and in skeletal
muscle of fish at one to six months. The MSTN mRNA showed highest levels of
expression at 3 weeks and the expression was lowest in 3-month old fish. The MSTN
expression profile of MSTN gene reflected specific growth rate of walking catfish

which was lowest during larval stage and highest during 3 to 6 months.

Keywords: Clarias macrocephalus; Myostatin; cDNA cloning; muscle growth; gene

expression



42

43

44

45

46

47

48

49

50

o1

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

INTRODUCTION

Myostatin (MSTN) is a member of the Transforming Growth Factor-§3 (TGF-
) family that plays an essential role in regulating skeletal muscle growth (McPherron
and Lee, 1997). The gene was first discovered in mice. During embryogenesis of
mouse, myostatin was found to express in the myotome compartment of developing
somites. Myostatin continues to express throughout development and in adult animals.
Adult mice that lack the gene were 25-30% heavier than the wild-type (McPherron
and Lee 1997; McPherron et al. 1997). Myostatin also was found to express in
developing and adult skeletal muscle in other higher vertebrates, including human,
cattle, pig, chicken, and goat. The naturally occurred mutation of MSTN gene in cattle
leads to hyperplasia and hypertrophy of skeletal muscle known as double muscling
phenotype, resulting in 40% increase of body weight (Kambadur et al. 1997;
McPherron et al. 1997; Grobet et al. 1997). The MSTN gene is highly conserved
among terrestrial vertebrates. In particular, the predicted proteins of these species are
identical in the carboxy-terminal region of mature protein (Kambadur et al. 1997;
McPherron et al. 1997; Boman et al. 2009). Because of its relevant role in muscle
growth regulation, myostatin is an important candidate locus for improvement of

animal production (De-Santis & Jerry 2007).

After the discovery of myostatin function in mice and other vertebrates, the
MSTN genes have been cloned from several fish species, including zebrafish (Biga et
al. 2005), orange-spotted grouper (Ko et al. 2007), channel catfish (Kocabas et al.
2002), gilthead seabream (Maccatrozzo et al. 2002), rainbow trout (Garikipati et al.
2007), Atlantic salmon (Ostbye et al. 2007), tilapia (Rodgers et al. 2001), and white
bass (Rodgers et al. 2001). MSTN is a highly conserved protein of 373-376 amino

acids. Unlike terrestrial vertebrates, the MSTN transcripts were detected in other
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tissues, including eyes, brain, intestine, kidney, gill, heart, ovaries, spleen and testis.
The expression of myostatin in these tissues suggests that myostatin of fish may have
multiple functions.

In the present study, we cloned cDNA of the myostatin locus from walking
catfish (Clarias macrocephalus), an important freshwater species in Thailand.
Walking catfish commands high retail prices due to its high meat quality. However,
culture of walking catfish is diminishing due to its slow growth rate and susceptibility
to diseases. Since the mid-1990s, hybrid catfish (C. macrocephalus x C. gariepinus)
has replaced most of walking catfish production. Hybrid catfish grow faster and are
more resistant to disease. Selection for growth in walking catfish in the past resulted
in slight or no improvement (Na-Nakorn et al. 1993). Molecular characterization and
expression analysis of the myostatin locus from walking catfish would be useful for
understanding muscle growth and development. Myostatin may prove useful as

candidate growth gene for this species.

MATERIALS AND METHODS
Experimental fish

The fish used in this study were produced from a full-sib family in June 2010
and were obtained from the hatchery of Department of Aquaculture, Kasetsart
University. Larvae were reared in concrete tanks (2 x 3 x 1 m) at stocking density of
3,000/m? for two months (length = 5-7+1.4 cm). Thereafter, juveniles were reared in a
1000 L fiberglass tank at stocking density of 60/m? and reared until 6 months. They
were fed commercial catfish pellet with 25% protein (2% body weight) twice daily at
0700 and 1600 hours. Larvae were sampled at 1, 2, 3 and 4 weeks post hatch for

measurement of length and body weight and samples of whole fish were kept in
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TRIzol reagent (Invitrogen™ life technologies) for total RNA extraction. From one
month to six months, fish were sampled every month for measurement and collection
of skeletal muscle for total RNA extraction.

Rapid Amplification of cDNA Ends (RACE)

All primers used in this experiment are listed in Table 1. Degenerate primers
were designed from conserved sequences of MSTN from Ictalurus punctatus
(AY540992.1), Ameiurus catus (AY540994.1), Pseudobagrus fulvidraco
(DQ767966.1), Megalobrama pellegrini (GU553284.1), Gobiocypris rarus
(FJ482232.1), Labeo rohita (GQ332409.1), Procypris rabaudi (GU553283.1),
Cyprinus carpio (GQ214769.1), Ctenopharyngodon idella (EU555520.1) and
Pimephales promelas (EU714297.1). Multiple sequence alignment of MSTN was
performed using Clustal W (http://www.ebi.ac.uk/Tools/clustalw2/index.html). The
program FastPCR (http://www.biocenter.helsinki.fi/bi/Programs/download.html) was
used for design of primers.

Total RNA was extracted from skeletal muscle of a 2-year old fish (220 g in
weight) using Trizol reagent (Molecular Research Center) according to the
manufacturer’s instructions. Approximately 1 ug of total RNA was used for first-
strand cDNA synthesis using RevertAid™ cDNA Synthesis Kit (Fermentas)
according to the manufacturer’s instructions. PCR amplifications were performed
using degenerated primers listed in Table 1. PCR was carried out in a 25 ul reaction
mixture containing 1x Taq buffer, 0.75 mM MgCl,, 0.2 mM of each dNTP, 0.4 uM of
each forward and reverse primer, 1 U Taq DNA polymerase (Fermentas) and 0.5 ul of
first-strand cDNA. The PCR was performed under the following conditions: 40 cycles

of denaturation at 94°C for 1 min, annealing at 58°C for 1 min and 72°C for 1 min.

The last extension at 72°C was extended for 10 min. Ten ul of each PCR product was
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subjected to electrophoresis through a 1% agarose gel in 1x TBE buffer at 100 volts.
A 100-bp DNA ladder was used to estimate molecular weight. The gel was stained
with ethidium bromide (0.5 mg/ml). The PCR products were gel-purified using the
GeneJET" Gel Extraction kit (Fermentas, Germany) according to the manufacturer’s
instructions. The DNA fragment was ligated into pPGEM®-T Easy Vector (Promega,
Madison, WI, USA) and transformed into E. coli strain DH10B and incubated at
37°C. The positive clones were selected and colony PCR was performed using
degenerate primers and condition as previously described. Positive clones were grown
overnight in LB-ampicillin broth. Plasmid extraction was performed using
GeneJET™ Plasmid Miniprep kit (Fermentas) according to the manufacturer’s
instructions. Three ul of extracted plasmid DNA was sequenced using the Thermo
Sequence Fluorescent Labeled Primer Cycle Sequencing kit (Amersham Pharmacia
Biotech, Uppsala, Sweden). The universal primer T7 was used for nucleotide
sequencing of the inserts. The cDNA sequences were searched for homology using

the BLAST programs (NCBI, http:// www.ncbi.nlm.nih.gov) (Altschul et al., 1997)

and were used to design gene-specific primers for the rapid amplification of cDNA
ends (RACE) of MSTN.

Total RNA was extracted from skeletal muscle of a 2-year old fish as
previously described. The extracted RNA was purified using a QuickPrep mRNA
Purification Kit (GE Healthcare). The RACE technique was utilized to clone full-
length cDNAs in the 5" and 3’ ends using a SMARTer™ RACE cDNA Amplification
Kit (Clontech) according to the manufacturer’s instructions. Approximately 1 pg of
MRNA was used for first-strand cDNA synthesis. For the 5'-RACE-ready cDNA, 1
ug of mRNA, 1 ul of BD Smart Il A oligo (5'-

AAGCAGTGGTATCAACGCAGAGTACGCGGG-3') and 1 pul of 5’-CDS primer
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(5'-(M)sVN-3, N=A,C,GorT,; V=A, Gor C) were used to generate the
nucleotide sequences at the 5’end. In the other tube, the 3'-RACE-ready cDNA, 1 ug
of mMRNA and 1 pl of 3'-CDS primer
(5AAGCAGTGGTATCAACGCAGAGTAC(T)30VN-3',N=A,C,GorT; V=A,
G or C) were used to generate the nucleotide sequences at the 3’end. After first-strand
cDNA synthesis, the 5" and 3'-RACE-ready cDNAs were used as templates to
generate the nucleotide sequences at the 5" and 3' ends, respectively. For RACE PCR
reactions, a 25-ul PCR reaction mixture consisted of 1.25 ul of 5’ or 3'-RACE-ready
CcDNA, 2.5 ul of 10x LA PCR buffer, 2.5ul of MgCly, 1 ul of 10mM dNTP Mix, 0.25
ul of LA Tag polymerase, 2.5 ul of 10x Universal Primer Mix (UPM), 5'
CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT 3'and 1
ul of 10 uM gene-specific primer (GSP).

The 5’-RACE was carried out using reverse primers, 5’RACE_MSTN and
Universal Primer Mix (UPM) under the following touchdown conditions: 94°C for 30
s and 72°C for 3 min for 5 cycles, 94°C for 30 s, 70°C for 30 s and 72°C for 3 min for
5 cycles, and 94°C for 30 s, 68°C for 30 s, and 72°C for 3 min for 25 cycles. The 3'-
RACE was carried out using forward primers, 3’'RACE_MSTN and UPM under the
same conditions as the 5’-RACE amplification.

The RACE products were gel-purified using the Wizard® SV Gel and PCR
Clean-Up System kit (Promega, Madison, WI, USA), according to the manufacturer’s
instructions. The DNA fragment was ligated into vector using pGEM®-T Easy Vector
(Promega, Madison, W1, USA). The positive clones were selected for extraction of
the plasmid using the Aurum™ Plasmid Mini kit (Bio-Rad, Hercules, CA, USA)

according to the manufacturer’s instructions. Three ul of extracted plasmid DNA was
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sequenced using the Thermo Sequence Fluorescent Labeled Primer Cycle Sequencing
kit (Amersham Pharmacia Biotech, Uppsala, Sweden). The M13 forward and reverse
primers were used for sequencing the 5” and 3’ends of the cDNA. The cDNA
sequences were searched for homology using the BLAST programs (NCBI, http://

www.ncbi.nlm.nih.gov) (Altschul et al., 1997).

Sequence alignment and phylogenetic analysis

The 5" and 3' UTR sequences of the full-length MSTN cDNA were removed
using Genetyx version 7.0. The Clustal W program (Thompson et al., 1994) was used
for multiple sequence alignment of amino acids from MSTN of Ameiurus catus
(AY540994.1), Anser anser (AY448009.1), Bos Taurus (AF019620.1), Canis
familiaris (AY367768.1), Capra hircus (GU377303.1), Chlamys farreri
(DQ988329.3), Columba livia (AF440863.1), Coturnix coturnix (AF407340.1),
Cyprinus carpio (GQ214769.1), Danio rerio MSTN-1(AF019626.1), Danio rerio
MSTN-2 (AY687474.1), Epinephelus coioides (AY856860.1), Equus caballus
(AB033541.1), Gallus gallus (AY448007.1), Homo sapiens (AF019627.1), Ictalurus
furcatus (AY540992.1), Ictalurus punctatus (AF396747.1), Macaca fascicularis
(AY055750.1), Megalobrama amblycephala (JQ065336.1), Meleagris gallopavo
(AF019625.1), Morone Americana (AF290911.1), Morone chrysops (AF197194.1),
Morone saxatilis (AF290910.1), Mus musculus (BC105674.1), Oncorhynchus clarkii
MSTN-2a (JN990758.1), Oncorhynchus mykiss MSTN-1 (AF273035.1),
Oncorhynchus mykiss MSTN-2 (AF273036.1), Oncorhynchus nerka MSTN-2a
(JN990761.1), Papio hamadryas (AF019619.1), Pseudobagrus fulvidraco
(DQ767966.1), Rattus norvegicus (AF019624.1), Salmo salar MSTN-1a

(AJ344158.3), Salmo salar MSTN-1b (AJ297267.3), Salmo salar MSTN-2a
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(JN990763.1), Salvelinus fontinalis (AF247650.2), Sparus aurata (AF258448.1),
Takifugu rubripes (AY445322.1), Thymallus arcticus MSTN-2a (JN990765.1),
Thymallus thymallus MSTN-2a (JN990766.1), Tilapia mossambica (AF197193.3) and
Umbrina cirrosa (AF316881.1), which were used to construct the MSTN phylogenetic
tree by the neighbor-joining method (Saitou and Nei 1987) and bootstrapped for 1000
replicates using the MEGA version 5.1 (Kumar et al. 2001). The TGF-Bal sequences

from zebrafish (NM_182873.1) and rat (NM_021578.2) were used as out-groups.

Tissue expression by RT-PCR

Tissues were collected from different tissues of adult walking catfish (gills, heart,
intestine, kidney, liver, ovary, skeletal muscle, skin, spleen and testis). Total RNA
was extracted from these tissues using TRIzol reagent (Invitrogen™ life
technologies). First strand cDNA was synthesized using RevertAid™ First Strand
cDNA Synthesis kit (Fermentas). PCR amplifications were performed using the
primers listed in Table 1. The level of expression of B-actin was used as an internal
control. Primers for the B-actin gene was based on information obtained from channel
catfish Ictalurus punctatus (AY555575). PCR was carried out in a 25-ul reaction
mixture containing 1x Taq buffer, 0.75 mM MgCl,, 0.2 mM of each dNTP, 0.4 uM of
each forward and reverse primer, 1 U Taq DNA polymerase (Fermentas) and 0.5 pul of
first-strand cDNA. The PCR was performed under the following conditions: pre-
denaturation at 96°C for 3 min, and 26 cycles of denaturation at 95°C for 30 sec,
annealing at 58°C for 30 sec and 72°C for 1 min. The last extension at 72°C was
extended for 5 min. Ten ul of each PCR product was subjected to electrophoresis

through a 1.5% agarose gel in 1x TBE buffer at 100 volts. A 100-bp DNA ladder was
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used to estimate molecular weight. The gel was stained with ethidium bromide (0.5
mg/ml) and amplification products were observed under UV light.
Temporal expression of MSTN by semi-quantitative RT-PCR

Total RNA was whole fish of 1-4 week old larvae and from skeletal muscle of
five fish sampled every month for six months using the TRIzol reagent (Molecular
Research Center) according to the manufacturer’s instructions. First-strand cDNA
synthesis was carried out using a RevertAid™ First Strand cDNA Synthesis kit
(Fermentas) according to the manufacturer’s instructions. Approximately 1ug of total
RNA was incubated with 1 pul of oligo(dT);g at 70°C for 5 min. Four ul of 5x reaction
buffer, 1 ul of RiboLock™ Ribonuclease inhibitor and 2 pl of 10 mM dNTP mix was
added and the reaction was incubated at 37°C for 5 min. One micro-liter of
RevertAid™ M-MuLV Reverse Transcriptase was added and the mixture was
incubated at 42°C for 60 min, followed by 70°C for 10 min.

PCR reactions were performed using gene-specific primers, RTMSTN_F and
RTMSTN_R (Table 1). PCR amplification was carried out in a 25-ul reaction volume
containing 0.5 ul of cDNA first-strand template, 0.2 mM of each dNTPs, 1x Taq
buffer, 1 U of Tag DNA polymerase, 1 uM of forward primer, and 1 uM of reverse
primer. PCR profiles for 26 cycles were as follows: denaturation at 95°C for 30 sec,
annealing at 58°C for 30 sec and extension at 72°C for 1 min. The level of expression
of B-actin was used as an internal control. The PCR products were separated and
visualized on a 1.5% agarose gel containing ethidium bromide (0.5 mg/ml). The
density of bands was measured by FluorChem™ 8000 Advanced Fluorescence,
Chemiluminescence and Visible Light Imaging (Alpha Innotech Corporation) which

corresponded to pixel density values (Integrated Density Value, or IDV). Expression
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of the MSTN gene was measured as pixel density values. The pixel density value of
each product was used to calculate the ratio of the selected gene’s expression relative

to B-actin expression. The expression of 3-actin was normalized to 100.

Statistical analysis

Data on relative expression levels were presented as means * S.E. Statistical
differences in gene expression levels between groups were analyzed by one-way
analysis of variance (ANOVA) using R program (R Development core team, 2008),
and followed by Duncan’s multiple range tests for comparisons of means by month.

All significance levels were set at P < 0.05.

RESULTS and DISCUSSION

The complete cDNA sequence for walking catfish MSTN (GenBank accession
number JX456396) is shown in Fig. 1, together with the deduced amino acid
sequence. The 1,784 bp sequence contained 147 bases of 5’-untranslated region, the
open reading frame of 1,191 bp encoding a 396 amino acid protein, 446 bases of 3'-
untranslated region and a poly(A) tail of approximately 27 nucleotides. The 3'-
untranslated region included the termination signal (TGA).

The MSTN’s conserved RXXR proteolytic processing site and nine cystein
residues were present. Mutations in the C-terminal part of mature peptide lead to the
loss function of MSTN. For instance, a substitution of tyrosine for cystein resulted in a
double muscled phenotype of the Belgian Blue cattle breed (Kambadur et al. 1997).
The carboxy terminal region of MSTN was highly conserved among teleost species,
with 241 identical amino acids. The conservation of this region was highest between

catfishes (Order Siluriformes), with 356 amino acids (Fig 2). The amino acid
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sequence of walking catfish was 396 residues, while those for white catfish, yellow
catfish, blue catfish and channel catfish were 393, 393, 390, and 389 residues
respectively. The variation of amino acid in catfishes was due to the different number
of CAG, a codon encoded for glutamine (Gregory et al. 2004; Pan et al. 2007). This
characteristic also was observed in gilthead seabream (Maccatrozzo et al. 2001), but
not in higher vertebrates.

The deduced amino acid sequence of walking catfish MSTN shared 94%, 78%,
75%, and 60% identity with MSTNs of channel catfish, common carp, rainbow trout
and higher vertebrates, including avians and mammals, respectively (Table 2). Results
indicated that nucleotide and amino acid sequence of fish were more variable than
those in higher vertebrates.

Phylogenetic analysis was performed based on 42 amino acid sequences of
MSTN. A phylogenetic tree showed two distinct groups for fishes and terrestrial
vertebrates (Fig 3). Among teleosts, the MSTN sequence of walking catfish was
clustered with sequences of yellow catfish, blue catfish, channel catfish, and white
catfish which would be expected given their membership in Order Siluriformes. A
second group of teleost sequences comprised members of Family Cyprinidae,
including common carp and zebrafish, sequences from salmonids, and sequences from
seabream, sea bass, and tilapia. The two clusters joined the sequence from Atlantic
salmon. The second major group consisted of sequences from higher vertebrates,
including mammals and avians.

Tissue expression analyses of particular proteins are used to confirm that
genes of interest are expressed in appropriate tissues and to determine their expression
in tissues of other systems in fish body. In terrestrial vertebrates, the expression of

MSTN is restricted to skeletal muscle (De-Santis and Jerry 2007). The role of MSTN
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in regulating muscle growth and development is well understood. However, in
walking catfish, expression of MSTN was expressed in various tissues, including
brain, gills, heart, skeletal muscle, skin, stomach, and intestine. The MSTN mRNA
levels varied among tissues, with highest in the skeletal muscle, intermediate in brain
and skin. This suggested that MSTN may involve in other physiological processes in
fish. Differential expression of MSTN in tissues of walking catfish was similar to
those reported in other teleosts (Kocabas et al. 2002; Maccatrozzo et al., 2001; Rodger
et al. 2001). In rainbow trout, two MSTN orthologs were identified (Rescan et al.
2001). While the rtMSTN-2b was expressed in all tissues, the rtMSTN-2a was
exclusively expressed in the brain.

From larval, juvenile to adult stages, the expression of MSTN was highest at
3-week post hatch and remained unchanged at 1-month old (Fig. 4). However, the
levels of MSTN transcripts decreased dramatically at 2 month and remained low until
fish were 6 month old. In walking catfish, from larval stage to fingerlings, the growth
rate is slow. Fish grow faster during juvenile stage at 3-6 month old. In channel
catfish, MSTN expression was detected in 1-day-old embryo and gradually increased
and was highest in 2 weeks post fertilization (Kocabas et al. 2002). In older channel
catfish, expression was high at 3 years of age and dropped three to five fold at 4-7
years. Expression of MSTN during growth and development in fish differed across
species. For instance, zebrafish was found to express two MSTN isoforms, zEMSTN-1
and zfMSTN-2, encoding 374 and 366 amino acids respectively (Helterline et al.
2007). While the zfMSTN-2 was highly expressed during early somitogenesis (11
hours post fertilization), the expression of zfEMSTN-1 was strong during late
somitogenesis (15-19 hours post fertilization). In adult zebrafish, higher levels of the

zZfMSTN-1transcripts were detected in all tissues except eye and gall bladder
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(Helterline et al. 2007). In other studies, the MSTN expression of tilapia and gilthead
seabream was detected in post hatched larvae but undetectable in embryos
(Maccatrozzo et al. 2001; Rodger et al., 2001). In Japanese flounder, MSTN was
detected in unfertilized eggs and the transcript levels remained constant through the
neurula stage and the expression increased steadily to the heart-beating stage and
continued until hatching (Zhong et al. 2008). Similar expression of MSTN was also
observed in the Chilean flounder (Paralichthys adspersus) (Delgado et al. 2008).

In conclusion, we cloned and characterized MSTN cDNA encoding 396 amino
in walking catfish. Deduced amino acid sequence of MSTN in walking catfish was
similar to those of homologous genes from other species. In contrast to land
vertebrates, MSTN of walking catfish was expressed in other tissues, including brain,
gills, stomach and skin. However, the functional significance of MSTN in these
tissues was not known. The expression of MSTN was highest in 3-week old larva and
lowest in 3-month old fish. The expression profile of MSTN was in agreement with
muscle growth and development of walking catfish. However, further research in
needed to elucidate the gene structure and evolution of MSTN in the walking catfish

genome.
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Table 1 List of gene-specific primers, nucleotide sequences and positions of primers
used in this study

Primer Primer sequence (5’ to 3') Position* Objective
MSTN1_F TGCAGATATCGCGACTCATGC 578-598 cDNA cloning
MSTN1_R CTTGCCGTAGATGATCTGCTC 1132-1152 cDNA cloning

3'RACE_MSTN CTGGTGAAGAGGGACTGCTTCCATTCTTGG 1-17 cDNA cloning
5'RACE_MSTN GCACATAGTCACACACTCGCCCGAGCAGTAGT 411-431 cDNA cloning
MSTN2_F ATCATGCATTTGGCGCAGGT 983-1012 5'RACE
MSTN2_R GCCATGCTCATGACGGTCTC 794-823 3'RACE
RTMSTN_F CAACGATCTGGCTATCACTTCTGC 765-789 Semi-quantitative RT-PCR
RTMSTN_R CGAGCAGTAGTTAGCTTTGTAGCG 969-993 Semi-quantitative RT-PCR
IpB-actin-F** AGAGAGAAATTGTCCGTGACATC Semi-quantitative RT-PCR
IpB-actin-R** CTCCGATCCAGACAGAGTATTTG Semi-quantitative RT-PCR

*Nucleotide positions are based on walking catfish sequence submitted to GenBank
(Accession number JX456396 for MSTN).
**Primers for B-actin are based on GenBank sequence (Accession number

AY555575).
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Table 2 Identity and similarity of nucleotide and amino acid sequences of walking
catfish MSTN with other teleosts and higher vertebrates.

Accession Identity (%) Similarity of
Species Number Nucleotides ~ Amino acids amino acids
(%)
Teleost fishes
Ameiurus catus AY540994.1 90.3 94.5 96.2
Ictalurus furcatus AY540992.1 89.2 92.5 95.5
Ictalurus punctatus AF396747.1 81.8 93.7 95.7
Pseudobagrus fulvidraco DQ767966.1 88.6 93.2 96.2
Cyprinus carpio GQ214769.1 73.5 78.3 85.6
Danio rerio MSTN-1 AF019626.1 72.0 77.3 83.6
Danio rerio MSTN-2 AY687474.1 63.3 59.8 73.2
Epinephelus coioides AY856860.1 71.9 74.1 83.6
Megalobrama amblycephala JQ065336.1 62.8 60.1 74.0
Morone americana AF290911.1 72.0 73.1 83.8
Morone chrysops AF197194.1 71.8 71.9 83.1
Morone saxatilis AF290910.1 71.9 73.1 83.8
Oncorhynchus clarkii (MSTN-2a) JN990758.1 60.7 59.8 73.0
Oncorhynchus mykiss (MSTN-1) AF273035.1 711 75.8 81.8
Oncorhynchus mykiss (MSTN-2) AF273036.1 72.1 75.5 82.7
Oncorhynchus nerka (MSTN-2a) JN990761.1 63.2 60.1 73.2
Salmo salar (MSTN-1a) AJ344158.3 719 75.3 81.8
Salmo salar (MSTN-1b) AJ297267.3 72.1 745 82.8
Salmo salar (MSTN-2a) JN990763.1 52.3 46.2 60.4
Salvelinus fontinalis AF247650.2 71.7 745 82.8
Sparus aurata AF258448.1 73.6 74.0 84.3
Takifugu rubripes (MSTN-1) AY445322.1 71.1 69.4 79.3
Takifugu rubripes (MSTN-2) AY445321.1 63.4 61.8 74.2
Thymallus thymallus (MSTN-2a) JN990766.1 63.0 59.4 74.0
Tilapia mossambica AF197193.3 67.0 72.0 83.1
Umbrina cirrosa AF316881.1 71.9 72.9 83.1
Avians
Anser anser AY448009.1 61.1 60.8 76.5
Columba livia AF440863.1 61.7 60.5 77.0
Coturnix coturnix AF407340.1 61.1 60.5 76.5
Gallus gallus AY448007.1 62.7 60.4 76.3
Meleagris gallopavo AF019625.1 61.1 59.7 75.3
Mammals
Bos taurus AF019620.1 60.6 58.9 73.8
Canis familiaris AY367768.1 62.3 60.9 77.5
Capra hircus GU377303.1 59.8 58.4 75.8
Equus caballus AB033541.1 60.7 60.2 77.3
Homo sapiens AF019627.1 60.1 60.7 77.8
Macaca fascicularis AY055750.1 59.9 60.4 77.5
Mus musculus BC105674.1 61.1 59.3 76.5
Papio hamadryas AF019619.1 59.9 60.2 77.5
Rattus norvegicus AF019624.1 61.8 59.3 76.3
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Captions for figures

Figure 1 Nucleotide and deduced amino acid sequences of walking catfish MSTN.
ATG and TGA are start and stop codons. C represents the conserved amino
acid cystein. NSS and RXXR represent N-glycosylation and proteolytic
processing sites respectively. The numbers on the left and right are positions
of the nucleotides and amino acids.

Figure 2 Multiple alignment of amino acid sequences of MSTNSs. Identical amino
acids are marked with asterisk (*), highly related amino acids with a
colon (:), and related amino acids with single dot (.). Numbers refer to the
position in amino acid sequence.

Figure 3 Phylogenetic tree showing relationships of MSTN deduced amino acid
sequence of walking catfish and amino acid sequences of MSTN from other
species.

Figure 4 Relative expression levels of walking catfish MSTN at various stages. Levels
associated with histogram bars with the same letters do not differ
significantly at P<0.05.
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ACATGGGATCAACGCAGAGTACATGGGGATGCCGTCTGCCGCTACCTGTCCGGTGTGCATGGCGCACGGTGTTATTGTTACTGCTGCCAC
ACAGAGACGCACCAGTTCCTCCGCACTCACTCACGCGCCGCTCTGACCGCGCTCATCATGCATTTGGCGCAGGTTCTCATCCCGCTGGGT
M HLAQVTLTIPTLG
TTCGTGGTGGCTTTCGGCCCGATGGCGCACACTGACACCGGAGCACCGGAGCACCAGCAGCAGCAGCAACACCCGCAACACCCGCAACAG
FVVAFGPMAUHTDTGAPTETUHI QQQQQHTPI QHTPI QRQ
CAGCAACCCACCGCCGTGACCGAGGAGGCGCAGTGTTCCGCCGCCAGCGTGTGCGCGTTCCGCCAGCACAGCAAGCAGCTCCGTCTGCAG
Q QP TAVTEEAQCSAASVYCAFR R QHSTI KT QLT RTLDQ

GCCATCAAGTCTCAGATCCTGAGCAAGCTGCGCCTGAAGCACGCGCCCAACGTGAGCCGAGACGTGGTCAAGCAGCTGCTGCCGAAAGCG

Al KS Q1L SKLRTLTZEKHATPI

L,

R DVV KQLTLTPKA

CCGCCCGTGCAGCAGCTGCTCGACCAGTACGACGTGCTCGGGGACGACGGCAAGCCGGGCACCGCGCTCCCGGACGACGAGGAGGACGAA
PPVQQLLDGOQYDVLGSGDDGT KTPGTALTPUDDTETETDE
GAGGAGCGCGCCACCACCGAGACCGTCATGAGCATGGCGGCCGAGCCCAACCCCGACGTTCAAGTAGACCAAAAACCGAAGTGCTGTTTT
EERATTETVMSMAAETPNPIDVOQVDOQKTPEKTCCEF
TTCTCCTTCAGCCCAAAGATCCAAGCGAGCCGCATTGTAAGGGCACAGCTTTGGGTGCACTTGCGCCCAACGGACGAAGCAACCACATTG
FSFSPKIQASRIVRAQLWVYHLRPTDEATTL
TTCTTGCAGATATCACGACTCATGCCTATCAAAGATGGTAGAAGGCATGTAAGAATACGTTCGCTGAAAATCGACGTGGAGGCCGGTGTC
FLQISRLMPIKDGRRHVRIRSILEKTIDVEATG GV
AGGTCGTGGCAGAGCATCGATGTCAAGCAGGTGCTTGCGGTGTGGCTGAGGCAACCGGAAACCAACTGGGGGATCGAGATCAATGCGTTC
R SWQSI1IDVEKQVLAVWLRQPETNWGIETINATF
GATTCCAAAAGCAACGATCTGGCTATCACTTCTGCAGAGCCTGGTGAAGAGGGACTGCTTCCATTCTTGGAGGTCAAAATTTCCGAAGTG
DSKSNDLAITSAEPGEETGTLTLPFLEVEKISEYV
CCCAAGCGAACCCGGAGAGAATCGGGACTGGACTGTGACGAGAATTCGTCCGAGTCCCGCTGCTGCCGCTACCCCCTTACGGTGGACTTT
P K[R_ZT_RR]JE S G L D C D E

GAAGACTTCGGCTGGGATTGGATTATTGCCCCGAAACGCTACAAAGCTAACTACTGCTCGGGCGAGTGTGACTATGTGCATTTGCAGAAG

E S RCCRYPLTVDF

EDFGWODWTII APIKRYKANYT CSGETCTDYVHLAOQK
TATCCGCACACGCACTTGGTAAACAAAGCCAACCCGCGTGGCACTGCCGGTCCCTGCTGCACGCCCACCAAGATGTCTCCCATCAACATG
Y PHTHLVNIKANZPRGTAGPTCCT®PTI KMS®PI1INWM
CTCTACTTCAACGGAAAAGAGCAGATCATCTACGGCAAGATCCCTTCCATGGTGGTGGATCGCTGTGGCTGTTCGTGATCGATGTGCCCA

LY F NGKEOQIIIl1YGKI11PSMVVDIRZCSGTCS *
TGCAGGGACTTGTGCCGTTCTGTTTCCAAACATTTCCCTCTGGACTTCTTTACGACACCTTACAACCATTATCCATGCTAACACTGTGCA
ATATGCAATAGAACCAGAATCGCAGCAAGCAAGGAACCATCCACAGAGCACCGCTTACTTTCACTGACTTTTTATTCGTTTACGCTTTAT
CTGCATCTTGGGGTCAGAGGTCTCATGGACGTACTGAAGGAATGTAATGCCGGTCCAACTTGGAGGAATGGACGAAAAAATAATCTATAC
AGTTCACGTAGTACCAAAAAAACACACGTTTTGTTCAAACCTGCTCGACAATATCCATTTAGTCATGTTCTCACTCCAAACAGCTGTTGA

GAGTCAAGTATCCAAGAGCAACAGAGAGGGACTCAAGGACACTTTTGAAAAAAAAAAAAAAAAAAAAAAAAAAA
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155 :AQLWIYLRAVKTPTTVFVQ ILRLIKPMKDGTRY TGIRSLKLDMSPGTG IWQSIDVKTVLQNWLKQPESNLG IE IKALDENGHDLAVTFPG
154 :AQLWIYLRPVETPTTVFVQ ILRLIKPMKDGTRY TGIRSLKLDMNPGTG IWQSI DVKTVLQONWLKQPESNLG IE I KALDENGHDLAVTFPG
154 :AQLWIYLRPWKTPTTVFVQ ILRLIKPMKDGTRY TGIRSLKLDMNPGTG IWQSI DVKTVLQNWLKQPESNLG IE I KALDENGHDLAVTFPG
154 :AQLWIYLRPVKTPATVFVQILRLIKPMKDGTRY TGIRSLKLDMNPGTG IWQSIDVKTVLONWLKQPESNLG IE I KALDENGHDLAVTFPE
154 :AQLWIYLRQVQKPTTVFVQILRLIKPMKDGTRY TGIRSLKLDMNPGNG IWQSIDVKTVLONWLKQPESNLG IE I KAFDENGRDLAVTFPG
154 :AQLWIYLRQVQKPTTVFVQ ILRLIKPMKDGTRY TGIRSLKLDMNPGTG 1 WQSI DVKTVLQNWLKQPESNLG IE IKAFDETGRDLAVTFPG
155 :AQLWVHLRPAEEATTVFLQ ISRLM-PVKDGGRH-RIRSLKIDVNAGVT SWQSI DVKQVLTVWLKQPETNRG IE INAYDAKGNDLAVTSTE
155 :AQLWVHLRPAEEATTVFLQ ISRLM-PVADGGRH I RIRSLKIDVNAGVT SWQSI DVKQVLTVWLRQPETNWG IE INAYDAKGNDLAVTSAE
154 :AQUWVHLLPADEVTTVFLQ ISRLM-PVTDGGRH I GIRSLKIDVNAGVSSWQSI DVKQVLSVWLRQPETNWG IE INAFDSKGNDLAVTSAE
154 :AQUWWHLLPADEVTTVFLQ ISRLM-PVTDGGRH I GIRSLKIDVNAGVS SWQSI DVKQVLSVWLRQPETNWG IE INAFDSKGNDLAVTSAE
156 :AQLWVHLRPADEATTVFLQISRLM-PVTDGNRH IRIRSLKIDVNAGVSSWQSI DVKQVLTVWLRQPETNWG IE INAFDSRGNDLAVTSAE
156 :AQLWVYLRSSDEATTVFLQISRLM-PVTDGSRH I RIRSLKIDVNAGVSSWQSI DVKQVLSVWLRQPETNWG IE INAFDSRGNDLAVTSAE
156 :AQLWVHLRPSEEVTTVFLQISRLI-PVTDGNRH IRSRSLKIDVNPGPASWQSIDVKQVLTVWLRQPETNWG IE INAFDSRGNDLAVTSAE
170 :AQLWVHLRPADEATTVFLQ ISQLM-P IKDGKSNEQIRSLKIDVDAGWSWQSI DVKQVLAVWLRQPETNWG IE INAFDSKSNDLAI TSAE
169 :AQLWVHLRPADEATTVFLQ ISRLM-P IKDGRRHVRIRSLKIDVDAGVSSWQSI DVKQVLAVWLRQPETNWG IE INAFDSKSNDLAI TSAE
173 :AQLWWHLRPADEATTVFLQ ISRLM-P IKDGRRHVRIRSLKIDVDAGVKSWQSI DVKQVLWWLRQPETNWG IE I KAFDSKSNDLAI TSAE
173 :AQLWVHLRPADEATTVFLQ ISRLM-P IKDGRRHVRIRSLKIDVDAGWNSWQSI DVKQVLAVWLRQPETNWG IE INAFDSKSNDLAI TSAE
176 :AQLWVHLRPTDEATTLFLQ ISRLM-P IKDGRRHVRIRSLKI [NEAGVRSWQSIDVKQ\/LAVWLRQPEI'NV‘EIEINAFDSKSNDLAITSAE
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245 :PGEDGLNPFLEVKVTDTPKRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWDW 11 APKRYKANYCSGE CEFVFLQKYPHTHLVHQANPR
244 :PGEDGLNPFLEVKVTDTPKRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWDW 11 APKRYKANYCSGECEFVFLQKY PHTHLVHQANPR
244 :PGEDGLNPFLEVKVTDTPKRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWDW 11 APKRYKANYCSGECEFVFLQKYPHTHLVHQANPR
244 :PGEDGLTPFLEVKVTDTPKRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWDW 11 APKRYKANYCSGECEFVFLQKYPHTHLVHQANPR
244 :PGEDGLNPFLEVRVTDTPKRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWDW 11 APKRYKANYCSGECEFVFLQKYPHTHLVHQANPR
244 :PGEDGLNPFLEVRVTDTPKRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWDW I APKRYKANYCSGE CEFVFLQKY PHTHLVHQANPR
243 :TGEDGL LPFMEVKI SEGPKRIRRDSGLDCDENSSESRCCRYPLTVDFEDFGWDW I 1 APKRYKANYCSGECDYMY LQKY PHTHLVNKASPR
244 :PGEDGL LPFMEVKI SEGPKRIRRDSGLDCDENSSESRCCRYPLTVDFEAFGWDW I 1 APKRYKANYC SGECD YMHLQKY PHTHLVNKANPR
243 :AGE-GLQPFMEVTI SEGPKRSRRDSGLDCDENSPESRCCRYPLTVDFEDFGWD APKRYKANYCSGECEYMHLQKY PHTHLVNKANPR
243 :AGE-GLQPFMEVTI SEGPKRFRRDSGLDCDENSPESRCCRYPLTVDFEDFGWDW I 1 APKRY KANYC SGE CE YMHLQKY PHTHLVNKANPR
245 :PGEDGLQPFMEVKI SEGPRRVRRDSGLDCDENSPESRCCRYPLTVDFEDFGWDW I 1 APKRY KANYC SG E CE YMHLQKY PHTHLVNKANPR
245 :PGEEGLQPFMEVKI SEGPRRARRDSGLDCDENSPESRCCRYPLTVDFEDFGWD APKRYKANYCSGECEYMHLQKY PHTHLVNKANPR
245 :PGEEGLQPFMEVKI SEGPRRARRDSGLDCDENSPESRCCRYPLTVDFEDFGWD APKRYKANYCSGECEYMHLQKY PHTHLVNKANPR
259 :PGEEGL LPFLEVKI SEVPKRTRRESGLDCDENSSESRCCRYPLTVDFEDFGWDW I 1 APKRY KANYCSGECDYVHLQKY PHTHLVNKANPR
258 :PGEEGL LPFLEVKI SEVPKRTRRESGLDCDENSSESRCCRYPLTVDFEDFGWDW I 1 APKRY KANYCSGECD YVHLQKY PHTHLVNKANPR
262 :PGEEGLLPFLEVKISDVPKRTKRESGLDCDENSSESRCCRYPLTVDFEDFGWDW I APKRYKANYCSGECDYVHLQKY PHTHLVNKANPR
262 :PGEEGL LPFLEVKISEVPKRTRRESGLDCDENSSESRCCRYPLTVDFEDFGWD APKRYKANYCSGECDYVHLQKYPHTHLVNKANPR
265 :PGEEGLLPFLEVKISEVPKRTRRESGLDCDENSSESRCCRYPLTVDFEDFGWDW 11 APKRYKANYCSGECD YVHLQKY PHTHLVNKANPR
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335 :GSAGPCCTPTKMSP INMLYFNGKEQI IYGKIPAMWDRCGCS
334 :GSAGPCCTPTKMSP INMLY ANGKEQI 1Y GKI PAMWDRCGCS
334 :GSAGPCCTPTKMSP INMLYANGKEQI 1Y GKI PAMWDRCGCS
334 :GSAGPCCTPTKMSP INMLYFNGEGQI IYGKIPAMWDRCGCS
334 :GSAGPCCTPTKMSP INMLYFNGKEQI IYGKIPAMWDRCGCS
334 :GSAGPCCTPTKMSP INMLYFNGKEQI IYGKIPAMWDRCGCS
333 :GTAGPCCTPTKMSP INMLYFNGKEQI IYGKIPSMWDRCGCS
334 :GTAGPCCTPTKMSP INMLYFNGKEQI IYGKIPSMWDRCGCS
332 :GTAGPCCTPTKMSPWNMLY ANRKEQI IYGKIPSMWDRCGCS
332:GTAGPCCTPTKMSP INMLYANRKEQI IYGKI PSMWDRCGCS
335:GTAGPCCTPTKMSP INMLYRNRKEQI IYGKI PSMWDRCGCS
335:GPAGPCCTPTKMSP INMLYFNRKEQI IYGKIPSMWDRCGCS
335:GTAGPCCTPTKMSP INMLYFNRKEQI IYGKIPSMWDRCGCS
349 :GTAGPCCTPTKMSP INMLYFNGKEQI IYGKIPSMWDRCGCS
348 :GTAGPCCTPTKMSP INMLYFNGKEQI IYGKIPSMWDRCGCS
352 :GTAGPCCTPTKMSP INMLYFNGKEQI IYGKIPSMWDRCGCS
352 :GTAGPCCTPTKMSP INMLY ANGKEQI IYGKI PSMWDRCGCS
355 :GTAGPCCTPTKMSP INMLY ANGKEQI IYGKI PSMWDRCGCS
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	2
	 Two different cDNAs encoding heat shock cognate protein 70 genes were isolated from liver of walking catfish. The length of complete cDNA sequences for walking catfish HSC70-1 and HSC70-2 were identical (2,278 bp), with the open reading frame of 1,950 bp and a predicted 649 amino acid protein. Amino acid sequences of both proteins shared 94% similarity with 38 substitutions. The walking catfish HSC70-1 and HSC70-2 proteins shared 82-95% identity of amino acids with other teleosts, chicken and human. Under normal conditions, HSC70-1 and HSC70-2 transcripts were expressed at similar levels in liver, gills, brain, and skeletal muscle of walking catfish. Bacterial infection by Aeromonas hydrophila differentially induced the expression of HSC70s in these tissues during 48 h. The HSC70-1 was constitutively expressed at low levels in most tissues, whereas, the HSC70-2 was up-regulated at moderate and high levels in liver and skeletal muscle respectively. The significant increase in the expression of HSC70-2 in these tissues may relate with the role of HSC70-2 in immune response of walking catfish.  
	สรุปผลและข้อเสนอแนะ (CONCLUSIONS AND RECOMMENDATION) 
	 
	 การทดลองที่ 3 การศึกษาการโคลนยีน Myostatin และศึกษาการแสดงออกของยีนระหว่างพัฒนาการระยะต่างๆของปลาดุกอุย ลำดับนิวคลิโอไทด์ของยีน MSTN ในรูป cDNA ของปลาดุกอุยมีความยาว 1,784 คู่เบส แปลรหัสเป็นกรดอะมิโนได้ 396 หน่วย และพบตำแหน่งอนุรักษ์ของกรดอะมิโน Cysteine จำนวน 9 ตำแหน่ง การศึกษาความคล้ายคลึงกันของลำดับนิวคลีโอไทด์ของยีน MSTN เปรียบเทียบกับสิ่งมีชีวิตอื่นๆ พบว่า ยีน MSTN ของปลาดุกอุยมีความคล้ายคลึงกับกลุ่มปลา catfish มากที่สุดประมาณ 95% การศึกษาความสัมพันธ์ทางวิวัฒนาการของยีน MSTN ของปลาดุกอุยเปรียบเทียบกับสิ่งมีชีวิตอื่นๆอีก 42 ชนิด โดยการสร้าง Phylogenetic tree สามารถแบ่งความสัมพันธ์ออกได้เป็น 2 กลุ่ม คือ กลุ่มสัตว์มีกระดูกสันหลังและกลุ่มสัตว์ที่ไม่มีกระดูกสันหลัง  โดยกลุ่มสัตว์มีกระดูกสันหลังสามารถแบ่งออกเป็น 2 กลุ่มย่อย คือ กลุ่มปลากระดูกแข็ง (Teleost fish)  และกลุ่มสัตว์เลี้ยงลูกด้วยนม (Mammals) ซึ่งรวมอยู่กับสัตว์ปีก (Avians) เมื่อพิจารณาความสัมพันธ์ทางวิวัฒนาการเฉพาะในกลุ่มของปลา จะพบว่ายีน MSTN ของปลาดุกอุยมีความสัมพันธ์ใกล้ชิดกับกลุ่มปลา catfish ด้วยกัน  ยีน MSTN ของปลาดุกอุยมีการแสดงออกมากในกล้ามเนื้อสันหลังและพบการแสดงออกของยีน MSTN เล็กน้อย ในสมอง เหงือก หัวใจ ลำไส้ กระเพาะ และผิวหนัง ส่วนการแสดงออกของยีน MSTN ของปลาดุกอุยที่ระยะการพัฒนาต่างๆ คือตั้งแต่ลูกปลาดุกอุยฟักออกจากไข่เป็นตัวหนึ่งสัปดาห์จนกระทั่งปลาดุกอุยอายุ 6 เดือน พบว่าค่าเฉลี่ยของระดับการแสดงออกของยีน MSTN ที่ระยะต่างๆมีความแตกต่างกันอย่างมีนัยสำคัญยิ่ง โดยปลาดุกอุยที่ระยะ 3 สัปดาห์ และปลาดุกอุยอายุ 1 เดือน มีระดับการแสดงออกของยีน MSTN สูงสุด และปลาดุกอุยอายุ 3 เดือนมีระดับการแสดงออกของยีน MSTN ต่ำสุด  
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