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3. Z=chele] gmuio}l My
b NRYG W@ gEUoh WMAEe A7 W)

FeMel Eohds% /191, BE FeodA AWl 21855 Pashs 3
#AAA (Z= 9.711 + 0.1401(T) - 0.0106 (W), r’=0.71, P<0.0001, L

ol4re] Aol A 4&(P<0.001)3 A%(P<0.001)0] ZETHEIS) ARbF BF Rl
g

f2E d&Fe vIHAN, F AR w5282 gIAHH(P>0.05).

o
w
i
o?
82
0

jus)

W A7t B GEYor MidE

BE A719 AETHAA s Ao A A3t B dryol MidEE S8k
1(P<0.001), & oA AFol S7tTFF At B dRYol MHES Fas)

rr

BEFS HATH(LH 4).

400
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(mg TAN kg fish™ d™)

Daily ammonia excretion rate
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.
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10 15 20
Temperature (°C)

a9 4. Z=oE] A5(a¥: 1.0721 g, T9: 3417383 g, large: 103.5 7 110.1 )3 ol

Uzt BF PR} wjuE.

. tASA

ZAEtE] Xo(Bd 6.4 g)E UHSE £ 10, 13, 16, 19 182 22T ZHoA
5643t Atk A3 A T8 A AFS B FAY AF 7= 10, 13, 16, 19 1¢
1 22°ColA Z+zh 18.3, 25.2, 30.5, 32.7, 31.2 g2 e} =& 10T 13CHY
16, 19 18]3 22C7F &4th(P<0.05). HF H+ WA A5, &= 10, 13, 16, 19
T1E)al 22°ColA 27 103.6, 114.8, 120.6, 125.9 183l 125.7 mm& e} 10C
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9} 13 C R} 19°C 9t 22C7F E=UTHP<0.05). AF HT FA A% =% 19C7 7}
A Egko, 16C H 22C o+ < #Fo)7F f1ATHP>0.05).

ZAFWG) A5, & 10, 13, 16, 19 13l 22ColA ZZF 12.0, 18.9, 24.1,
26.3 183l 24.7 g fish'2 Yepgton, @3 ATLG)Y 4%, 2447 223, 34.3,
40.3, 46.0 123l 454 mm fish"2 Yeh} & 10C9F 13CHETE 16, 19 18]l 2
2°C oA =AUTHP<0.05). TAFH M A GA| 2 19C oA 7MF E9ko

3T A —
L, 16°C 2t 22°C o= ol &l AFol7F A THP>0.05).
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Weight gain (g ﬁsh'l)
P

N
Specific growth rate (% d™)

P
e L
>

10 13 16 19 22
Temperature (°C)

AN A E(SGR)Y A9, =< 10, 13, 16, 19 11 22ColA z+zt 1.89, 2.47,
2.77, 2.89, 2.78% d'Z UEY} 19TC7} 10C 13Tl H3] FolFoz E=¢oyt
(P<0.05), 16°C % 22°C ¢}+= ztol7F UATHP>0.05). L8] 16°C &t 22°C 9] IAAH
E2 13C ¢ #Fol7h fIITH(P>0.05).

A2 AIS(FCR)Y 7%, 2 10, 13, 16, 19 18] 22ColA Z+Z+ 0.59, 0.58, 0.55,
62 183 0.57F2A 16°ColA 7} a1 19C oA 7F EUA T, ¢ wE =2}
= $1ATHP>0.05).

I2FFE(FR)Y A%, &€ 10, 13, 16, 19 183 22°ColA Z+2k 1.02, 1.23, 1.28,
1.47 2813 1.31% d'2A 19CA 71 1 10C7F 78 23kA19H(P<0.05), 13,
16 18]al 22°C Alolo= ztol 7t A THP>0.05).
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4. SFHGEY AR o GHEA
7} B xEg

Z=oe] Adad nAades ez 857 A 3 Al 1A A% A3E 1
110 Yepfiieh. Adate] A AP AR Al 18.3 gollA 4F ¥ 6.27 g 1L
4 -

85 % 1647 go= AASAT HIALTY B¢ AP A
434 g 7183 8F ¥ 11.94 g0 & AAsAT. Ao A
52.47 mmoll A 8 A I 8

mm=z AU o3 Aol 45 8F F AUy HAdTel vE| fofst
A =2 A A 4%4-& EAT (P<0.05).

Aty AETy vddae] SAES AR 858 295 21 129 YRS F
Age] A5 A 45 F ALTs wASFe 7H7) 444 g3t 3.22 go2 YERY Al
| %94—8}71] =91 (P<0.05), 7 WA 45 Folx= 27 10.20 g& 7.61 go= U
it A Aol #FoskAl =3 (P<0.05). o)/de] Aol it miAdET
o FA|FL Aol fFoletAl Ekom, AZt A wpep et HAE ] A
o7} B F7tete AoE UeHH AREEY B A 47 F A
247} 138.97%% 133.73%= YElY F ' Abolol= Apol7} gy (P>0.05),
HA 45 ZFole 42 130.17%F 120.47%= UelY AubFo] FolstA =3t
(P<0.05), A A& 71zt 8F) &% 27 132.71%9} 124.14% = Ve Addbito
4tk (P<0.05). ©]4+e] AdolA AIF uATTF AZELLS 5]
Akto] wgkor, Azt Ay wet Adkgto] HAAETET 2 Al 889
sttt
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7zt 30.10%2F 21.57%=2 AdbFo] Ekou, F WAl 45 Fos 27 4.31%%}
52.04%= e AIZF Aol whep At HAS HhE v AR

Aol etk A Ag 713F Bk A A WEge] A gGA AT b
AtS 72y 24.41%9F 77.18% = H| A 7o

2 AAg wet kol wls) AT AT AR =2 AolE

J7o] o] oX A o o Uehgth

Sv
X
X
g:_lql

i)

s

o

{0

iR
S

v

HE AT NARTS DIOE 319 KT 4 FARE F 40 dEhhA,
Z

A3 Zy 25.34 g3} 10.04 ¢
olod, ZAF (WG Z+Z 11.05 g 450 go 2 Aldkgo]l fFolsiA =gkt
P<0.05)

SR 84%/d¢} 1.91%/dZ YEHY

L Ak v ARTEe ZH7t 1.83%/d9t 3.01%/dE UERLY 1)
UEG T (P<0.05). ©]’d2] AdoA njAdite Ao
S BEAA T, SAFT ARG o] Akl nlE] Hof

® 4. FE AT (Selected)® v]AET (Non-selected)?te] SAH & (weight gain,
WG), €33 3E (specific growth rate, SGR), AtE&& (feed efficiency, FE)

a8l AFEAFHE (feed intake, FI) Bl

Parameter Selected Non-selected
Initial wt. (g) 14.29+0.08 5.54+0.05
Final wt. (g) 25.34+0.74 10.04+0.60
WG (g fish™) 11.05+0.70° 4.50+0.55"
SGR (% d™) 1.84+0.09° 1.91+0.17°
FE (%) 98.19+5.18° 59.96+5.90°
FI (% d™) 1.83+0.05° 3.10+0.05°

FY W U AR 0B QFAE s @ (BT SE, n=3)e RHoE UE

(P<0.05).
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I FRAEA N

1. A3 A-E FAA 24

7t A Fe] zolE UeiE AR &R

ACP-based PCR W o g2 & Ak v dd(thz=7) A3t i 2ols veb
= FAAE FHs7] 9t 1" 59 o] screeningst o™ DEG (differentially
expressed gene)E FAFES Ul StringencyE =4 screenings A AR oM, 1344
o5 AddA o] B 7719 DEGe thxvHt o] A2 1719
DEGE &Hst |71 E<s =AsSith

GP53 P54 GPES GPS6_GPST GP53_GPSS GP&D GPS1_GPE2 GPG3 GPS4_GPES GRSE GRS _GPES GP1__GR2__GP3_GP4 _GP5 _GPG __GPT
12492924 24 24 21 2 12 ERE 2

19 5. ACP-based PCR= ©] &3¢ 3w THZE2A o e T Ao] &4 A}

. BEFAAe] EA4 oobE A% A AA

4712 DEG(1,5,7,8)7F oF# 7Zlso] WAA &2 FAACINCH, DEG 4=
housekeeping -+ A1 GAPDH 3] @ty (1¥ 6). DEG 29} DEG 32
muscle type2] creatin kinase %1 Ao 2. ™, creatin kinase A2 poly(A)+ F
o] SFZHEE primerg Azt FE ARG AT AolE A Flstr] Ak

T ZA oA A YLS real-time quantitative PCR #2402 &2l Fo|t).
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DEG No.

Sequence homology search

DEG 1 (BLAST: nr) Similar to

(query:411) > Gasterosteus aculeatus clone CFW196-D03 mRNA sequence Length=1866
Score = 399 bits (442), Expect = 4e-108 Identities = 327/398 (82%), Gaps = 21/398 (5%)
Strand=Plus/Plus

DEG 2 (BLAST: nr) Similar to

(query623:) > Oreochromis mossambicus muscle-type creatine kinase CKM1 mRNA,
complete cds Length=1569
Score = 783 bits (868), Expect = 0.0 Identities = 540/609 (88%), Gaps = 6/609 (0%)
Strand=Plus/Plus
> Chaenocephalus aceratus creatine kinase muscle isoform 2 mRNA, complete
cds Length=1523
Score = 776 bits (860), Expect = 0.0 Identities = 541/610 (88%), Gaps = 11/610 (1%)
Strand=Plus/Plus

DEG 3 (BLAST: nr) Similar to

(query341:) > Oreochromis mossambicus muscle-type creatine kinase CKM1 mRNA,
complete cds Length=1569
Score = 376 bits (416), Expect = 4e-101 Identities = 283/329 (86%), Gaps = 8/329 (2%)
Strand=Plus/Plus
> Chaenocephalus aceratus creatine kinase muscle isoform 2 mRNA, complete
cds Length=1523
Score = 327 bits (362), Expect = 2e-86 Identities = 271/325 (83%), Gaps = 12/325 (3%)
Strand=Plus/Plus

DEG 4 (BLAST: nr) Similar to

(query:847) > Solea senegalensis GAPD1 mRNA for glyceraldehyde-3-phosphate
dehydrogenase, complete cds Length=1383
Score = 958 bits (1062), Expect = 0.0 Identities = 743/870 (85%), Gaps = 42/870 (4%)
Strand=Plus/Plus

DEG 5 (BLAST: nr) No significant similarity found

(query:1006)

> Tetraodon nigroviridis full-length cDNA Length=986

Score = 780 bits (864), Expect = 0.0 Identities = 579/677 (85%), Gaps = 0/677 (0%)
Strand=Plus/Plus

(BLAST: EST) Similar to

> CLJ244-G02.y1d-s SHGC-CLJ Gasterosteus aculeatus cDNA clone
CLJ244-G02 5', mRNA sequence. Length=1245

Score = 971 bits (1076), Expect = 0.0 Identities = 764/907 (84%), Gaps = 30/907 (3%)
Strand=Plus/Plus

DEG 7 (BLAST: nr) No significant similarity found
(query:343)
(BLAST: EST) No significant similarity found
DEG 8 (BLAST: nr) Similar to
(query:365) > Tetraodon nigroviridis full-length cDNA Length=1020

Score = 199 bits (220), Expect = 8e-48 Identities = 279/379 (73%), Gaps = 27/379 (7%)
Strand=Plus/Plus

> Lithognathus mormyrus clone Imos8p08c08 mRNA sequence Length=359

Score = 219 bits (242), Expect = 8e-54 Identities = 146/157 (92%), Gaps = 7/157 (4%)
Strand=Plus/Plus

(BLAST: EST) No significant similarity found

1% 6. DEG 971429 d&48 AA A3}
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o5 23} 2 34 B8 §362 = skeletal muscle growthell 1] negative regulator® 283}
= Ao 7 423 myostatin G+AAS TR GAAR MAst] 44 ARE ARSI QT

(2) % AW BA TR 487 BA
- Peroxisome proliferator-activated receptors (PPARS)
- Lipoprotein lipase (LPL) / - Delata-6-desaturase (d6DES)
- StearoylCoA desaturase b (SCDb) / - Glucose transporter 1 (Glut1)
- Glucose transporter 3 (Glut3) / - Leptin (LEP)

U TR F32 24 &4

LPL 72 %}2] exon 2¥H<S E33lE= I
Mo 3M(Mspl, Alul 2 Hsp921l) 7, s
PCR 4F&9] =Z7]= 1,091bpol o™, exon 2HE :—z@f‘s}—% 99 dFA<
genomic 7% % TS YElA Adasr ARl = 13 8o YyEeERATH
ATE A Mspl ol 23 HolE &Rl om, 22352 7] C7F GE transversion
o] Ho] A=A ke FHO FHAF] EASAL, 2719 iy FHA el o) 3
Mol FAAFES FRlstdth. Al 12791 Wole 33 @7|x|&o] 4779 oy
FAAHA, B, C, D) A3, 1079 FHAgcE T
MY ®WolE YERd Al OVUM A7 1,727, 2,319%, 2
1,727 9715 A-G, 2,319 d7]|= C—»T 283 2,362H 4
transition©] Gt Fefol ATt 107)2

ok

Xz
=
Z

I
(%]

o o]} Zo] LPL f%A+¢] exon 2

b ®lolel o3 A== tE-FAAe}

=4 AFEE Fotstr] st diHfxAt

o] HI=E A3 Utk Mspl EAZL A7IdelZ QIste] ofueit A Fe] st
e}



MI123 4567809 Ml1234567801011121314 M 1 2 3 4 3 0

A B C

I 49 PCR-RFLP ¥4 ZA}

a3 7. = LPL 5244} exon 2¥H *x3g
Alul o] (C) Hsp92ll ®o]

(A) Mspl o] (B)

Mspl
2235) Hsp92Il
Alul ©5Gy Al (2532)
(17f8) (23|60) (T|—>A)
(1451) (G—-A) (A-G) (2541)
(2158) (2355)

19 8. 5 LPL 44} exon 2 X& G4 2] genomic structure$} F71wo] 214

1. & LPL #3174k exon 291 23 o) ol g fx

Restriction enzyme Allele Fragment length (bp)

Msp 1 A 785, 306
B 1091

Alul A 278, 66, 63, 31, 60, 370, 42,181
B 278, 66, 63, 31, 60, 370, 223
C 344, 63, 31, 60, 370, 223
D 344, 63, 31, 60, 370, 42,181

Hsp92 | A 176, 907,8
B 176, 915
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Yo FHFHAAE AAste] HluEdsts WHoz AgAEe £3F 3 Aqt
AT dd Fxe 2523 3 ¥4 ddd fiAAE S4HeE SF53sT. +
Hgda gAe o]g

myostatin FAx}= T4 - Z HAAFYY. YA B4 8§12 = LPL
el exon 29 ZFFA Y WHolE HAZ A¥ 3749 WolE FlFon,
o]

2+e] 7155949 exon

el

3. 3 A F2AY ALY Bd FAA TR vet, g2 9 FHs
7b A= AAd #E FERAA 24

(1) ARAE BE THREAA G o] 2317] 93 total RNA & o 7§xﬂ
Agd F7|EE BEFH 5704 25229 A total RNA = - A A5t

EYF F DEG B4 o HTBA s

ol
=

= 0D determination
= Electrophoresis of 1 ug total RNA

Sample A260/A280
1. M-L { SEM, large ) 218
2. M-S (Z®M,small) 217
3. 5L (| 2T, large) 214
4, 5.8 (4D, smal) 217

9 3. =gy &+8%3 total RNA 27|95 23
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(2) GeneFishing™ DEG Kits2 ©]&3 DEG(differentially expressed gene) &4

dErhele] Aakd #¥E fHAE RS flste] ACP-based PCR W< ol &8st
F 7 22] cDNA T & SZ3la FHF 2o|& B3t ACP-base
Abgsle] AR W v ZSEZA A 6719 As EdEHE

=

o A5 T
PCR primer 2071 &
o

+HAHDEG)S <15t o).

% 4. ACP-based PCR W& o]&3% Arre &5x4 A3¢d

AR skl A,

3) AsEd FAZHDEG)S A7|H<E 27
- 9488, AVEE EFE =Ry I5xFdA EEF Aols: yEd 6719

DEGS] cDNAE A to] 971 9e A% 67] DEG cDNA ©3ie] =
71= 9F 300 bp ~ bpol it 671 DEG cDNA ©#H & AHgH oz AFZE
Qlom, Zzte] A714Ge 19 59 2tk

o

o|N
o

iz
=
900

(4) 5L FAAHDEG) 1 A

- HEF Zo]E W DEGO| HVIMES AAsta A HolEH| o] 28 o] &3l

Ne ANG A, 671°) DEGE ok 7)ol #3179
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DEG1
GOGGATTGCGRGATCTTOC ACTAAL ATCTCTCCACTTTTC AMMATC CTOC TOTAT GOTTTG GGAGTTATGT TGTC ATTCACTGTTGTTGT TIGTGT TG CAC CAGAGAARTGAGA
TGACTAAGARGEAAGG GARC ATGATGTAAAG ATTC ACACTTG TTTATC TCAG GRAAT ATATTGL ALTT G AATTTGTACT TGCAGTTGCATTAAL TCGATGT GTCAGTCC CTAGT
TOTGTAGTGL AGCTTTOC AMGE ABACCT ACATTAATC TGT TTATARTTAAAAL ACTTTOCTEAL AAAMAAASLAAAALAAL

DEGZ

ATCGRACTGG GAGACAL GRAGGTG GAGIT GLLCAL GLGAGGAGTG AN ATTTCAAC TIC TATGATATIGTG (TG GACTT CATCC TGATGGATTC GTTTGAGGACCTGGAG
AATCC AL OGETCT OC ATC CAGAM GTTGTC AMCAG COLITG GLTCAMAGCTCCTTC MG GAMCC GOG GTROL CTOC AGCTGTTG GTCAG TGLTGANGC AGAAMGAG G AGC
ACATEAMGETTCOCGAC GOETTC ATC GLTCATTTCTAC GCAGTETGTGAMC AGATC AGCOC GETCCTRGC CTGGEGC TTICCTGGATCC CAMGAGCTCCCTGCACGACTTCTG
CTGCTICTICAAGGAL C AGGTGL TOL ACTTOCTGAAGGAMATTTT ORAM CTCRACAAL GTRC GTTAC TC GTCCGTRRAGAGTCTEG O GAGGAC ATGCTOC ACCTRCTG CAL
CHCOGLTCOGAGCTOCTGCTGOOCTAC CTGRGCACCGAC COGCTOL GG OLGTC AGC AGTTCCOC GLAGGTRGAGC TGTTGLCC AGLGLTC TGL TGO GGG GGG0CTTC
AGT GAGHG M GAGAGGAGGETTCAGAC GLAGGTCCTC ARMGANC ACAL AMGARMML CAL AT RTTTATCTTC AGLCCCAGTCRGM CAGAGLAME TETCGGTGTGRAMC TA
ACALATC AGAGCETAMGAGE COGAL AGGCTCATGAL TTC ACCTCC AL CATCTG GTGASALTAARTGTC TAL TATAGAATATAAAL GTTAMAL CC ATTTCC CATC AAAALAAALL
AASAALL

DEG 3

AGAATGOAGTC C ATGGAARSTAC ATCAC TAL AMGG GAGLAC GTGT CAM TACC ACAC TGS LC AATAGTGTGG GO0 GAGTE AGGAML CAATGGGCAGT ATGC GTTCTALCA
ACTCATCCAC C ARG GALC ACGTATGGTGC COTCTGACTTCCTRATCC CTGCTC AGTC CCAGT ATC CC ATCAGAGAL AACCTOC ACCAC AMGATCTT GCTGOGC ALCTTCCTGS
CCAGAIC GAGGL CCTGATGAAGGGTALGAC CAL AGHGGUGGL CAGGANGGAGTTG GASGILCAGC GOC GTGAL ASCAGATG AGT TEGARALG ATC CTCC CTCATAAAGTC
TTCC AGGGAME AGGLCAM CAL CTCAATC ATCTTC AAGAALGTGAL AC CTTAL ACACTTGGAGCAL TTATAGE GATGTATGAAL ACALGATE TTC ATC CAGGGTCTGATGTRS
GAGATC AT AGTTTCGAC CAGTOOGGAGT GEAMTG GRCALM AGCTUG AMGAGATCGAGL C UGG CTT AMGEACANGG CAGAGGTCC AT OCCACGAL TCCTCCACC
AAC GGALTC ATCAACTTC CTCAAGAAGAACTTTTCCTGAGCT GAGTCAL AGTCTCCL COCCCCC CLCGGAMCTOL CCTTAMGH G CAMANTTTAAMC COCCOC AGRAGITGL
TGOTTGAC CAGGAMLTCCAMGAGGGGGLGGETINNTC CAM AL GEGGAAGTG GLCCCLCCTTTITGGATTOGG QMGG OC COC AGGGAGTTTTTTGGGTITIGTTCANRA
TTTTAG CCTTAGAGGGAMMC TTTTTTT ATAMAAG GG, EGGANGGC ACATAGAMAMAAT G OCTC OO CCTTOC AAAMATTAGTTTTTTG AMAAMTTTTTC O AC AR AL
FAABLIIND,

DEG 4
GTTCAGAGCCTCAACAGCTCAGAGCCATGATGTACTCAGGAGATCTGAAATTTGAAAGGAGAACATCATCAGCTCAGATGGAGGGT
GGAGTCCACAGCATGCACAGCTACGAGAAGCGTCTGTTTTGAGGACGTTTAGCCAAMAGATGAGGAATCCTTCCAAAAGACATTAT
GCAATCACACTACTTGC CAGACCCTCTCGTTTCATACTCTACACATGCAGACTAACTTTTCATACAAATGC GTCTCTAAAGATCAGTT
GTCACACACACACTCTTCCAAGGATCATCGGTCTTCCTGCCAGTGCCATCTATGCATCGTCTGTGTTITTATCCGTTIGTGTGTGAAG
GAGGGTACTAAGCATTTCTATGTATTTATCAGTAC ATGTGTGATTGAATCCTCCAATGCCTTCGTGTCTCCAGTTITACTGCTGTGATCA
TTCTAAGGCAAAABRAGTTGTCCAATAATAATAAAGCTCTTGTTTTTTCCACAAAAARARAAAAAANAA

DEGS
AATGGAGAGGCTGANACCTGGCCATGAAGGGTGGLAAGAAGCAGCTCCAGAAMCTGGAGTCTAGGGTGLGAGAACTTGAGTCAGA
GATTGAGGCTGAGCAGAGACGTGGAGTAGATGCTGTTAAGGGTGTCCGCAAGTACGAGAGGAGAGTG AMGGAGCTCACCTACCAG
ACTGAGGAGGAC AMAGAAAACGTTTCCAGGCTGCAGGATCTGGTTGAC AAGTTGC AGCTCAAGGTGAAGGCCTACAAGAGGCAGT
CTGAGGAAGCGGAGGAGCAGGCCAATAGTCCACCTOTCCAAGTGCAGGAAAGTTC AGCATGAGCTAGAGGAGGCTGAGGAGCGTG
CTGACATTGCAGAGTCCCAGGTCAACAAACTGAGAGCCAAGACCCGTGACTCTG GAAAGG GAAAGGAGGL AGCTGAATAAAGGAC
TATTGAGTTGTTTTCAGTCATATAATATGATGTGAAATATACT AC AATAARATACCTTTTCTTCCG AARARAAAAAANARAA AR

DEGB
AGAANGCACAGAALCTCTGGATTCACGTCTGTGEAGATGGACTCAAACACCOCTCCAAACTAATATGGAGCCGTGTCATCGAGTGAA
TATTCATAATCATC TACGTGTCTTTTTICTITICATGTCCGTGTGTGAGT TTGTGACCCTGTTGTICGGTTICCATCATCGAGTCTTITCTC
TTTICTITTTGTAACAAMCATAGTCGCGGTTAMACTGTCGTGTGCGGACTTCATATTTATTGC TAAATGTTCAGTGATAACTTTGTGAT
AGCAATTTITCTTTGTGTAATAAAATAACTATCAACTGCTAAAARAAAAAAAALA

7% 5 ASUAFAAL] 974 L(DEG 1~6).
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# 1. 67} DEG #3A HX A A3}

DEG No. Sequence homology search

DEG 1 (BLAST: nr) / (BLAST: EST)
(query:297) |No significant similarity found

(BLAST: nr)
No significant similarity found

DEG 2  |(BLAST: EST)
(query:774) |No significant similarity found
>gb|CA377493.1] _ 656091 NCCCWA 1RT Oncorhynchus mykiss cDNA clone 1RT39A09_A_A05 5', mRNA
sequence. Length=629 Score = 494 bits (267), Expect = 4e-136 Identities = 416/487 (85%),
Gaps = 13/487 (2%) Strand=Plus/Plus

(BLAST: nr)

No significant similarity found

(BLAST: EST)

No significant similarity found

DEG 3 >gb|DN792796. 1] Hh_juG_17F06_T3 Fast muscle from juvenile (420 g) Atlantic halibut
Hippoglossus hippoglossus cONA clone Hh_juG_17F06 5' similar to emb|CAC83779.1|

(query:894) phosphoglucose isomerase-2 — Mugil cephalus. Score = 272 bits (695), Expect = 3e-72, mRNA
sequence. Length=474 Score = 767 bits (415), Expect = 0.0 Identities = 449/466 (96%), Gaps =
0/466 (0%) Strand=Plus/Plus
>emb |FM147173. 1] FM147173 cDN16 Sparus aurata cDNA clone cON16P0013D03 5', mRNA sequence.
Length=777 Score = 761 bits (412), Expect = 0.0 Identities = 542/604 (89%), Gaps = 11/604
(1%) Strand=Plus/Plus

(queDrf/iéer) BLAST: nr) / (BLAST: EST)

No significant similarity found

(BLAST: nr)
No significant similarity found
(BLAST: EST)

DEG 5 |No significant similarity found
(query:490) |[>gb|ON794357.1| Hh_ystG_05D10_T3 Trunk of Yolk-sac Stage Atlantic Halibut Larvae
Hippoglossus hippoglossus cONA clone Hh_ystG_05010 5' similar to emb|CAC27777.1| MyoHC-A3;
myosin heavy chain — Notothenia coriiceps.
Score = 331 bits (849), Expect = 7e-90, mRNA sequence. Length=635 Score = 680 bits (368),
Expect = 0.0 ldentities = 442/475 (93%), Gaps = 18/475 (3%) Strand=Plus/Plus

(BLAST: nr)

No significant similarity found
DEG 6 (BLA?T:.EsT) o )

No significant similarity found

(query:305) |, b |FE215020. 1] LO74HO3 Antarctic fish Dissostichus mawsoni adult liver library Dissostichus
mawsoni cDNA, mRNA sequence. Length=508
Score = 187 bits (101), Expect = 3e-44 ldentities = 182/219 (83%), Gaps = 13/219 (5%)
Strand=Plus/Minus

2

A= A4 BE SRR T EY AL

HARAz Aoy vl 248 Real-Time Quantitative PCR & o] &3ldth 1
13 zpolE yeEMd 6712 DEG 714 ES ZAZE primers A &3 oH,
A AWAL #E SR GARE BA 23e9 T House keeping A
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© B-actin? GAPDHE o] &3, F5 IS2Z A A4AE #4d AR AA
gk CKM1(Creatin kinase muscle type) 32 HERE FEtigle] HE8T F JES
HYA A AEvhe] T522 SdFd B0 &8313t

18 62 19C oA AFS3te] Mgl large 2 small group A& 522 oA &
st FAAe wEYE & HlwiEAd Ado|tt. cDNAE  B-acting FAAER

normalization 3} 2™, CKM1, DEG01, DEGO02, DEG04, DEGO06, PPAR-p
(Peroxisome Proliferator-Activated Receptor-beta), SCDb(Stearoyl-CoA Desaturase b)
Aol T FS B4ty vwdtg . CKM1 FAAe] ZdAZFLS small groupol A
Bt} large groupollAl oF 5u] wekth DEGO1, DEG04, DEG06 F7zte] i o
large group®ll Al °F 2,587} B-& REH| DEG02 +x A= small groupoll Al && gol
254 7teF Bkt AoiAF #H /XA F SCDbe| A2 large groupoll A of
1.98] WA, PPAR- B FAAS] BdAFS F TIF5IE Zol7t fldu. ol FA A
7S FA837] fA% 27 Bold E42 1 2ACAA A FdgoH, Hd {5
i 5 43 Y. 1+ 2% cDNAE GAPDH #ZAAE normalizer AF-&
Fgom, CKM1 Fx27F b 22 oA dAHE=A AFE AR A3, CKM1 F32
= 2 Ao 23 A eskth. 7k =2 o4& DEG01, DEG02, DEG04, DEGOS,
PPAR- 8, SCDb, IGF-I A7} A= Uglew, T3 7o yepdnte}l o] A
AN &9 group 7+ HEF zol= glATE IGF- 1 (Insulin-like Growth Factor-1) -f71 =}
X33t LPL(Lipoprotein lipase) % IGF-1I Ao ddHGFS E4 Fo ot

ok

Ll

Target Association
T001 | Actin B | A001 | 19-Muscie-Large
TOO1 | Actin B | s002 | 19-Muscle-Small
TOO3 | CKMA AdDT 19-Muscle-Large
[i] [ ] TO0Z | CKMA A002 | 19-Muscle-Small
TOO4 | DEGOT ADDT 19-Muscle-Large
TO04 | DEGO1 A002 | 19-Muscle-Small
TO05 | DEGOD2-2 AdDT 19-Muscle-Large
TO05 | DEGD2-2 A002 | 19-Muscle-Small
Too6 |DEGO4 [ | A001 | 19-Muscle-Large
TOO0G | DEGO4 I | A002 | 19-Muscle-Small
7007 |DEGos [ | ~001 | 19-Muscle-Large
Too7 |{pEGos [ | A002 | 19-Muscle-Small
To0s |PPAR-beta [N | A001 | 19-Muscle-Large
To0a | PPAR-beta [ | A002 | 19-Muscle-Small
. ' - TO09 | SCDb B | ~o01 | 19-Muscle-Large
..... TO09 | SCDb B | c002 | 19-Muscle-Small

12 6. Real-Time Quantitative PCR W o2 B35 7txrhe]
Z}ol,

rl
Ho
BN
N
29
o)

L
e



Target Association
To02 |GAPDH [ | A001  |19-liver-Large
7002 |cAPDH [ | A002 | 19-Liver-Small
) T003 | DEGOT i || Aoo1 [ 19-Liver-Large
To02 |DEGO1 | | | A002 |19-Liver-Small
2 T004 | DEGD2-2 AD01 | 19-Liver-Large
T004 | DEGOZ-2 A002 | 19-Liver-Small
2 TOO5 | DEGO4 A001 | 19-Liver-Large
TO05 | DEGO4 A002 | 19-Liver-Small
Toos |DEGO6 [ | A001 [19-Liver-Large
< Too6 |DEGOE [ | A002 | 19-Liver-Small
7007 |PPAR-bets [ | A001 |19-Liver-Large
7007 |PPaR-beta [ | 2002 | 19-Liver-Small
T008 | SCDb B | ~001 |[19-liver-Large
T008 | SCDb B | -o002 | 19-LiverSmall
T009 |IGF-1 I | -o0t | 19-liverLarge
T009 | IGF-1 B | o002 | 1o-liver-Small
L

A dgF zkolE YERA creatine kinase(muscle type) %A}
ey A #E fFRAR AR, 7S 857 fste v
S A3k 19 82 CKM1 faAte] A
4% A2 HA AFLEQ 19CAA AHSH Z
the] 523 ol A P ZolE 1T F A
o, 22ColA A5E groupollAe FLe TAFYS BT 10C, 13C, 16Tl
A ARSE groupdl A G0l A Aolglom, 3t A A TAHA FRo

, AdEA, A=, oprtn], oA TAFHJATHIH 9).

large group

Y
[72]
3
Qo
Q
o
[
©
r\l
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tive M)

Relative Guantity (2nd D

—l=lTw||n|a]|n|o|a

] Target (§F X Association (A[=)

1 A | Actin 10°C-Large-rnuscle
[ 10°C-Small-muscle
L B | CKMI-10°C 12°C-Large-muscle

] C | ckmidzc 13°C-small-muscle

k ’ 16°C-Large-muscle

014 ' T D | CKML1-16°C 16°C-small-muscle

3 - 19°C-Large-muscle

1 E | CKM1-19%C

1 il [ 19°C-Small-muscle

i il E CKM1-22%C i 22°C-Large-muscle

j 22°C-Small-muscle
001 ; -

s Ab Ac Ad Ae A Ag Ah M A B Bb
TargetAsrociation

0¥ 8 ASLET GE ZETE 282Ad e CKM1 37 HE o,

12345678910

T 9. CKM 1 7S] 22 Eold waepy 24

Z=the] CKM1 f+32k2] mRNA AA ARE Rt d7|AdeS £43 23 3
71+ 1,590 bp °ollow, 5Eke 93|22 FAE Hgsst FHLrt JJTHIH
10). 94¥ A& 7] ATGUIAIZE=)ZHE 1168 ¥7] TGA(ZZAZE)7HA 1074 bp2
H7]2 o]Fox 3 7lo] ORF(Open Reading Frame)7} A1tk 7] 1071 ~1590H
7FAl 3Fakel 520 bp =719 BIYE st F97F A, 3ETl poly(A)” tail 2F-E
FRE 58HAIQl 1500 ~ 1505 A7) x| 3 /N2l poly(A) polymerase <12)vj<d
9l 5-AATAA-37} AATH F<ld 3 719 ORFE 35971 2] oju|i-ato g o] FoH ),

ZEthE creatine kinase FXALE &8st ALY BHE urAE JNESH] f8k
creatine kinase FA #FHdA F9E& FRIJFIAH(IE 11). Z7]= 3325bpo] o,
CKM1 §d=e] o353 dd2 9719 exond 8719 introno. & FAEH AUt Z
=g CKM1 ke 248dd BRE votsta A4 #d 47)Hol 75 1
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ofstel Yol 2 FErhy A ol §F 4 9l

rr

WAE ATstel et @

1 GGGGTGCCCCTATTTTGGCTGTGGTGAACAGGATCTGATCCCAAGGACTGTTACCTTTTG
61 TTCTTGTCTGGTGTGCAGTGTAAGAAAGCAATCATGCCTTTCGGAAACACCCACAACAAC
M PFGNTHNN
121 TTCAAGCTCAACTACAAGGTCGAGGAGGAGTTCCCCGACCTGAGCCTCCACAACAACCAT
F XLNYZKXKVEEETFZPDILZ STI LUHNNH
181 ATGGCCAAGGTTCTGACCAAGGAGCTGTATGGCAAGATTAGGGACAGGCAGACACCCAGT
M AKVLTI XELYGIKTI RDIRAQTU?PS
241 GGCTACACTGTGGATGATGTCATCCAGACTGGTGTCGACAACCCTGGTCACCCCTTCATC
6 YTVDDVTIO QTS GVDNZPGHZPTFTI
301 ATGACCGTTGGCTGCGTCGCTGGTGATGAGGAGTCCTATGAGGTCTTCAAGGAGCTTCTG
M TVGCVAGDEET SYEVTFZ KETLTL
361 GACCCCATCATCTCAGACCGTCATAATGGATACAAGCCTACTGACAAGCACAAGACCGAC
DPITISUDRHNSGYZ KZ®PTUDI KHTI KTTD
421 TTGAACTTCGAGAACCTGAAGGGTGGTGACGACCTGGACCCCAACTATGTTCTGTCCAGC
L NFENTLIXSGGDIDTLDZPNYVL S S
481 CGTGTCCGTACTGGACGTAGCATCAAGGGATTCACCCTGCCCCCCCACAACAGCCGTGGC
R VRTGRISTII KS G FTILUZPPHNS ST RG
541 GAGCGCAGAGCTATTGAGAAGCTGTCTGTTGAGGCTCTGGCCAGCCTGGATGGTGAGTTC
ERRAIEI XK LS SVEALASTLUDSGTEF
601 AAGGGAAAGTACTACCCCCTGAAGTCTATGACTGATGCCGAGCAGGAGCAGCTGATCAGT
K 6 KYyYyPLI K SMTUDAEU QE QLTS
661 GATCACTTCCTGTTCGACAAGCCTGTCTCCCCCCTGCTGACCTGTGCTGGAATGGCCCGT
DHFULU FDI X?PVSPLVLTZ CAGMMATR
721 GACTGGCCTGATGCCAGGGGCATCTGGCACAATGAGAACAAGTCCTTCCTGGTCTGGGTC
DWPDARGTIWHNENI KS ST FTLUVWUV
781 AATGAGGAGGATCACCTGCGTGTCATCTCCATGGAGCAGGGTGGCAACATGAGGGAGGTC
NEEDHTLU®RVYVISMEA QGG GNMMR REV
841 TTCAAGCGTTTCTGCGTTGGCCTTAAAAGGATTGAGGAGATCTTCAAGAAGCACAACCAT
F XRFCVG6LI KT RTIETETITFI KT KU HNH
901 GGCTTCATGTGGAACGAGCATCTCGGGTACATCCTGACCTGCCCCTCCAACCTGGGCACT
G FMWNEHTLSGYTIULTT CPSNTILTGSGT
961 GGACTGCGTGGTGGTGTCCATGTCAAGCTGCCAAAGCTGAGCACACATCCCAAGTTTGAT
6 LRGGVHVYVKTLUPI KT LT STHZPI KT FTD
1021 GAGATCTCACCAGGCTGCGTCTGCAGAAGCGTGGAACAGGTGGTGTGGACACAGCCTCTG
EI SPGCVCRSVEAQVVWTA QPTL
1081 TGGGTGGTGTGTTCGACATCTCCAACGCTGACCGTCTGGGCTCCTCTGAGGTGGACCAGG
WvvCcSsSTS?PTULTUVWAPTLTR RWTR
1141 TCCAGCTGGTGGTTGATGGTGTCAAACTGATGGTTGAGATGGAGAAGAAGCTGGAGAAGG
S S WWILMV SN x
1201 GAGAGGCAGTCGACAGCATGATCCCTGCCCAGAAGTAGAGAGGAACAATCTCATCTTTTT
1261 CCGTGACCATTCATTTATGTTCAACGGAGCCAGCTGATGGCTTTGCAGAGGAAACAGCTG
1321 CTCACCTAGAGACTCTTGACTCCGCTCACCTTTTTTCTCCATACAGCTTTTTCTTTCTTT
1381 CCCCGTCATCATTTTTTTTTTCAAGTTCTCCTGTGTTGGTTGGAAAAATCCCTGGGATCA
1441 CCCCCCACGGGGCTGGGCTCCCCTAGCAAACGGGGCATCCCCCAGTTTTTACAGCTAAAA
1501 ATAATGTTTATTGAAGGGGTTCATATTACTCAAAAAAAGGGGCCCCGGGAAACAACTAAA
1561 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

1% 10. A=uE] creatine kinase (muscle-type) cDNAS] 714 gy oAt wd.
GenBank Accession No.GU062902.
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ZEC}E| Creatine kinase ( 3325bp)

180 780 221 135 138 139 (bp)
e I ﬂ IIIIII}'
58 15 ) 132 171 123 189 609 (bp)

19 11. 4=t Creatine kinase (muscle-type) ZA| fFx2ke] 2.

4. o] & 7153 FEHFAA A B2

ZEoy A B9 SHRGAA 4701(DEGO1, DEG02, DEG04, DEG06)e] 71%%
Fste] wpA ol o] &8l Aol WAYLS EA4T A% (O™ 12), &
Sz oA vz xo]E YelHd DEGO1, DEG02, DEG04, DEG06 #dA&= 1+ =
2], Az, opytn], Axgu], QA BF LPHUT. CKM1 FHxtet dd ek
ol o] #r &k (down-regulation)& YERHA DEG02 %A= cDNA FxA HX
E EUZ Zxte gAY vpA el 83 4 9t

12 345678 910 12 345678 910
ll

TN TN W W -
YL L

=
E DEGO1 - DEGO2

1 2 345675910 1 2 3456789108

DEGO04

e

1,2: 7t 34: ME 56 O}7pn| 7,8 X|=ajm| 9,10: Slo
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5. CKM1(creatin kinase muscle type) %3 A¢ &3 f=

ZFE=tE] CKM1 3822l mRNAE 1,590 bp ©]%low, 1,074 bp & o] FoA 3 7))
o] ORFZ7} AATHZH 1). FE CKM1 #3A mRNA Z7]= 1,511 bpelslor,
ORF9] Z7]+& 1,146 bp °|ATHLE 2).

1 GGGGTGCCCCTATTTTGGCTGTGGTGAACAGGATCTGATCCCAAGGACTGTTACCTTTTG
61 TTCTTGTCTGGTGTGCAGTGTAAGAAAGCAATCATGCCTTTCGGAAACACCCACAACAAC
M PFGNTHNN
121 TTCAAGCTCAACTACAAGGTCGAGGAGGAGTTCCCCGACCTGAGCCTCCACAACAACCAT
F XLNY XV VEEETFZPDI LI STI LUHNNH
181 ATGGCCAAGGTTCTGACCAAGGAGCTGTATGGCAAGATTAGGGACAGGCAGACACCCAGT
M AK VLTI XKETLYVYGKTIRDT®RAOQTPS
241 GGCTACACTGTGGATGATGTCATCCAGACTGGTGTCGACAACCCTGGTCACCCCTTCATC
G Y TVDDVIQTSGVDNUZPGHUPTFI
301 ATGACCGTTGGCTGCGTCGCTGGTGATGAGGAGTCCTATGAGGTCTTCAAGGAGCTTCTG
M TVG6GCVAGDETET SYEVFZ KETLTL
361 GACCCCATCATCTCAGACCGTCATAATGGATACAAGCCTACTGACAAGCACAAGACCGAC
bDPITISDURHNSGYI KU®PTU DI KHTE KTTD
421 TTGAACTTCGAGAACCTGAAGGGTGGTGACGACCTGGACCCCAACTATGTTCTGTCCAGC
LNFENTLIKSGSGDUDTLUDZPNYV VLSS
481 CGTGTCCGTACTGGACGTAGCATCAAGGGATTCACCCTGCCCCCCCACAACAGCCGTGGC
R VRTGRI ST KG G FTILUZPZPHNSTRGEG
541 GAGCGCAGAGCTATTGAGAAGCTGTCTGTTGAGGCTCTGGCCAGCCTGGATGGTGAGTTC
ERRAIEI KT LI SVEALA ASTLUDSGEF
601 AAGGGAAAGTACTACCCCCTGAAGTCTATGACTGATGCCGAGCAGGAGCAGCTGATCAGT
K 6 KYYPLIXKSMTT DA AEZ QEA QLTS
661 GATCACTTCCTGTTCGACAAGCCTGTCTCCCCCCTGCTGACCTGTGCTGGAATGGCCCGT
bDHFLUPFDI K?®PVSPLILTZ GCAGMATR
721 GACTGGCCTGATGCCAGGGGCATCTGGCACAATGAGAACAAGTCCTTCCTGGTCTGGGTC
DWPDARGTIWHNENTI KT ST FTLUVWUV
781 AATGAGGAGGATCACCTGCGTGTCATCTCCATGGAGCAGGGTGGCAACATGAGGGAGGTC
NEEDHTLU RVYVYVISMEU QG GNMR REYV
841 TTCAAGCGTTTCTGCGTTGGCCTTAAAAGGATTGAGGAGATCTTCAAGAAGCACAACCAT
F XRFCVG6LI KT RTIETETITFI KT KU HNH
901 GGCTTCATGTGGAACGAGCATCTCGGGTACATCCTGACCTGCCCCTCCAACCTGGGCACT
G FMWNEHTLGYTITLTT CPSNTILTGSGT
961 GGACTGCGTGGTGGTGTCCATGTCAAGCTGCCAAAGCTGAGCACACATCCCAAGTTTGAT
G LRGGVHVYVYKLZPI KILJ STHZPIKTFTD
1021 GAGATCTCACCAGGCTGCGTCTGCAGAAGCGTGGAACAGGTGGTGTGGACACAGCCTCTG
EI SPGCVCRSVEQ QVVWTA QPTL
1081 TGGGTGGTGTGTTCGACATCTCCAACGCTGACCGTCTGGGCTCCTCTGAGGTGGACCAGG
WVvvCcSsSTS?PTLTUVWAPILIRWTR
1141 TCCAGCTGGTGGTTGATGGTGTCAAACTGATGGTTGAGATGGAGAAGAAGCTGGAGAAGG
S S WWILMV S N x
1201 GAGAGGCAGTCGACAGCATGATCCCTGCCCAGAAGTAGAGAGGAACAATCTCATCTTTTT
1261 CCGTGACCATTCATTTATGTTCAACGGAGCCAGCTGATGGCTTTGCAGAGGAAACAGCTG
1321 CTCACCTAGAGACTCTTGACTCCGCTCACCTTTTTTCTCCATACAGCTTTTTCTTTCTTT
1381 CCCCGTCATCATTTTTTTTTTCAAGTTCTCCTGTGTTGGTTGGAAAAATCCCTGGGATCA
1441 CCCCCCACGGGGCTGGGCTCCCCTAGCAAACGGGGCATCCCCCAGTTTTTACAGCTAAAA
1501 ATAATGTTTATTGAAGGGGTTCATATTACTCAAAAAAAGGGGCCCCGGGAAACAACTAAA
1561 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

% 1. Z=ge] CKM1 34 ORF(open reading frame)2l 714<¥ GenBank Accession
No. GU062902.
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1 TGTCTGCTGTGCAGTGTTAGAAAGCAATCATGCCTTTCGGAAACACCCACAACAACTTC
M PFGNTHNNF
60 AAACTCAACTACAAAGTTGAGGAGGAGTTCCCCGACCTGTCCAAGCACAATAACCATATG
K L NY X VEEETFZPIDILSI KU HNNUHWM
120 GCCAAGGTTCTGACCAAGGAAATTTATGGCAAATTGAGGGACAAGCAGACACCCAGCGGC
A X VLTZ KETIYG XKL RDI KU OQOTU?PSG
180 TACACCCTGGATGACGTCATCCAGACTGGTGTGGACAACCCTGGTCACCCCTTCATCATG
Yy TLDDVIQTGVDNZPG GHZPTFTIMWM
240 ACTGTTGGCTGCGTCGCTGGTGATGAGGAGTCCTACGAGGTCTTCAAGGACCTGCTGGAC
T v CVAGDETES SYEVFI XUDTLTILTD
300 CCCATCATCTCTGACCGTCATGGTGGATACAAGGCCACTGACAAGCACAAGACCGACCTG
P I I SDURHG GY X ATDI KU HTE KTTDTL
360 AACTTCGAGAACCTGAAGGGTGGTGATGACCTGGACCCCAACTACGTTCTGTCCAGCCGT
N FENTLIKSGGDDT LT DZPNYV VLS SR
420 GTCCGTACTGGCCGCAGCATCAAGGGATTCACCCTGeecccccACAACAGCCGTGGCGAG
VRTGR STII XSGPFTTLU®PZPHNST RGE
480 CGCAGAATCATTGAGAAGCTGTCCGTTGAGGCTCTGACCAGCCTGTCTGGTGAGTTCAAG
R RITEZ KT LS SVEATLTS STI LI SSGETFK
540 GGAAAGTACTATCCCCTGAAGTCCATGACTGATGCCGAGCAGGAGCAGCTGATCAATGAC
G K YyYvYPLI K SMTUDA AEU QETU QTLTINTHD
600 CACTTCCTGTTTGACAAGCCTGTCTCTCCCCTGCTGACCTGCGCTGGTATGGCCCGCGAC
HFLVFDIK®PVSPLTLTTZ CAGMATRID
660 TGGCCCGATGCAAGAGGCATCTGGCACAACGACAACAAGACCTTCCTGGTCTGGGTGAAC
WPDARG GTIWHNIDNIKTU FILVWUVN
720 GAGGAGGATCACCTGCGTGTCATCTCAATGCAGCTGGGCGGAAACATGAGGGAGGTCTTC
EEDHLI RVISMQLGGNMREVF
780 AAGCGTTTCTGCACTGGCCTGAAGATGATTGAGGACATCTTCAAGAAGCACAACCACTGC
K R F CTOGILI IXMTIETDTITFI KI KHNUHSTEC
840 TTCATGTGGAACGAGCATCTCGGCTACGTCCTGACCTGCCCCTCCAACCTGGGTACCGGC
FMWNEHLGYVLTT C?PSNILGTG®G
900 CTGCGTGGTGGTGTCCACGTCAAGCTGCCCAAGCTGAGCACACACCCCAAATTCGAGGAG
LRGGVHV XL LUPI XTI LU STHZPZ KT FEE
960 ATCCTCACCAGGCTGCGTCTGCAGAAGCGTGGCACAGGTGGTGTGGACACCGCCTCCGTG
I LTRLIRLU QKU RGTG GG GVDTAS SV
1021 GGTGGTGTGTTCGACATCTCCAACGCTGACCGTCTGGGCTCCTCCGAGGTGGCCCAGGTC
G 6 VFDTI SNADT RLSGSS SEUVAOQV
1081 CAGCTGGTGGTTGATGGTGTCAAGCTCATGGTTGAGATGGAGAAGAAGCTGGAGAAGGGA
Q LVVDGV XL LMVEMET KTI KTELETZKS®EG
1141 GAGGCCATCGACAGCATGATCCCCGCCCAGAAGTAAAGAGAGACAATCTTATGTTTTICT
E ATI DU SMTIUPAAQTZK =*
1201 TGTGACCATTCATGTGCAATGGAGCCAGCTGACGGGCGGGCAGAGGAAACAGGCGCTCAC
1261 CTAGAGACTCTTGACTCTGCTCCCCTCTACTTCTTCCTTCCAGCTTGTTTTTTTTTCTTT
1321 TTTCCACCCCTTTTTTTTCACGTCCTCCAGTGTTGGTTGGGTAACATCCTGGGATCACCC
1381 TCCACTCAGCTGGGCTTGCCTGGCAAATGTGGCATCACCTACTTTTTGTTATAAAAAGTA
1441 ATGATAATTGAAGCTGTTCATACTGCTCAATAAAAAAAACAGGGCCCCTGGAAAAAAAAAA
1501 AAAAAAAAAAA

1% 2. #5 CKM1 732 cDNAS} ORF(open reading frame)e] 714 <&
(GenBank Accession No. GU135652)

= CKM1 #7#2] ORF 9<9S pYES2(Invitrogen Cat. no. V825-20)
o] pYES2-P-CKM(6.97kb)3} pYES2-R-CKM(7.04kb) = E{A| =8-S Z}2z}
Z3FATH L™ 3). pYES2(5.9kb), pYES2-P-CKM1(6.97kb), pYES2-R-CKM1(7.04kb)
o7 Z}7t JHAASH S, cerevisiae INVSc 1S v okatn AAME-S A3 Ay
4), &1 2 Ay flo] WER =9 yeastet CKM1 3127 A= #E7}
JE yeast Ttoll AFTEHL FASIATE Yeast AlEZ7F CKM1 32 Aoz <l
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doly= 7043 #ilF Foll= CKM1

o] ARAEI R AL e YEAT olgd olf= el

2 4] £ creatine kinase?] ¥ gol 7]¢l5t=

Ao 2 Bty ZAEue s FEo CKM1 A= ddxs | A2y A= &
(o]

—I 2u ori I< F1 ori JGAHpromU{er cyerTr HpUC Dril—

SnaB | SnaB |

PYES2-P-CKM
(6.97kb)

Cla | Cla | URAS
N he
e | Apal i

he |
-| Juori |-< F1ori HGALlprﬂmrﬂer cvertt ffpucorif—

SnaB |

pYES2-R-CKM
(7.04kb)

Apal

¥ 3. ZEgeEet FE CKM1 37 ORF 39 2dFEE AT HHA 2"
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35
3 i
i [!'i —$—pYES2 (15°C)
: '
2 //
ﬁ ~8—pYES2-P-CKM
(15°C)
—4—pYES2-R-CKM

(15°C]

a9 4. =gt FE CKM1 A= PEAH yeast Az BAAHE

6. Z=thg] CKM1 3 A9 =2dFY &R Hol &4

FETE CKM1 F32F dAz2H 99 oF 1,1kbE F2Y3t d7IAES #4% 2
FH1H 5), AARIA TFI D2 ZA3EH<Q TATA-box HiEZ HAFEAAA] Sp12]
AgH-2 2l GC box HlEo] EA ATt =3 8 myocyte-specific nuclear factor$!
E-box #l@[CAnnTG] 10717} A3, CAAT-box, CGTCA-motif, GARE-motif <] Hl
go| EAsFAT.

[
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1444

E-box E-box
AAGATTGTTTATATTACACAAATGCACGTTCAAATGCTCGGTAAAGTTTTGACTCCAGTG

-1051 E-box
AAGAGCAAAGAGACGTCGCTCGAGGTTTGTTGTTTTCCTCTCCACTGTCGCCAAGTGCCG

-991
GCTCACTGTGGGATCTGTTGGGTTTCACTCTATAATATTGCAAAGCCCTGGCCTTAAATG

-931 E-box
CCTCGATATAATGCATGTTGTGATTTGGTGCTATAAATATAAAACTGTATCGAATCATTT

-871 E-box TEF-1
GAGAGGAAAAAAATTACAGAGACAGATGTGGATTTTCTCCCACATTCCTCTTGTTCTICTC

-811 E-box
AAAACGGAGTCCGCATGTGAATATGCAGAATCTGTACGGAAGAGACACATTTTGATTTCT

=751 E-box
GTTTTTAGTTTGACGAATCACATTTGAGCAGGCTTTGGTCGGCAGCAGCTTAATAAGTTG

-691
TTTGGACCTAAACAAAAAGCATCAACGTTTATGTTTTGTGTGGAGAAACGTTCCACTCGT

-631
GTGACTAAAGAAACTAAAGAAGTCTTGGCCTGGATATCTGCACACGGAGCCCCAAAATAT

-571
TCGCTTTTGCACCAAGTATCTAATTCTTTGACATAGTCGACATAAGGCTAGACGAAAAAA

-511
TAAATAAAATAGGAATGACTTATTTTGCATTGCTCCAATTAAGATTGCTCCAATTAAACT

-451
TCCAAACCATTTCAATTCCAATTGTTCATCATTCATCCATACGGAGTTTGAATTTAAATC

-391
AGCTTCCTGAATTGTAATGGCTTAGACACTGCTTCTGACTATGTGAATGAAATCATTCTG

-331 TGCAG-motif E-box Spl
AAATATGATCTTGACGGATGCCCACTTAGCAAGTGAACCCCAAAACTACCCGCCCCCATC

-271 E-box E-box
CACCATGCTAACCTCTGGACGCAAATAAGTGCCACATGTGCACCGACCAACTGGTGCTAT

-211 E-box
GTTTGGGCCAAGGGGGGCCAGAGGGGCGTCAGGGATACAGCTGCAGTACCCGTCTTGGAT

-151
GACCGAGACGTAAATGTGACCCTTTCATAAGCTGTTCAGAGTATCGTTGCAGAGGCTCTG

-01 CAAT-hox
GCCAATGAGGGCTCAGCAGGCACTAAAATGGCCTGACCAATGACAGAGCGTTTGCCAGCT

-31 TATA-box +1
ATATAAACTGGGAGCAGGGACCCCCAGATTTG

0% 5. A=rke CKML 84 A2 99 971493 mel 9%
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ZA=the] CKM1 Z2RE 99 o] #o]lS TATA-box vl dlA 717t
450bp =712l FHolA T8 Eo]F<2l enhancerd! E-box HldS FTACZ WHolE
gAgt A, 1811 A7) A7 GE A FE JE FASAT (IH 6(A). o] |
& A%ol =59 small 152 7/HAA 1= om, 7] A7 GE uv A
= ATEA Hpyoolel 93] Het=o] A HET & AATH

Mo
o%
oSt
z
Tl
19

o
>

331 TGCAG-motif E-box Spl
AAATATGATCTTGACGGATGCCCACTTAGE AAGTGAACCCCAAAACTACCCGCCCCCATC

-271 E-box E-box
CACCATGCTAACCTCTGGACGCAAATAAGTGCCACATGTGCACCGAC TGCTAT

211 E-box

GTTTGGGCCAAGGGGGGUCAGAGGGGC GTCAGGGATACAGCTGCAGTACCCGTCTIGGAT
G

-151

GACCGAGACGTAAATGTGACCCTITCATAAGCTGTTCAGAGTATCGTTGC AGAGGCTCTG

-91 CAAT-box
GCCAATGAGGGCTCAGCAGGCACTAAAATGGCCTGACCAATGACAGAGCGTTTGCCAGCT

-31 TATA-box +1
ATATAAACTGGGAGCAGGGACCCCCAGATTIG

(A) (B)

18 6. A=t CKM1 #382 #AAzd 99 U I7144E #Hol(A)¢ Hpy9ol Aok
3 € (B)

7. CKM1 3% ORF 94 U ®o] &4

ZEtE] CKM1 #%A ORF 949 4 f7]do] A A A 671 F7|HolE &3}
ATh cDNA €714 8-S 7[+o2 1951 H7](G—T), 500¥ H71(G—T), 756¥1 7]
(G—A), 926 ¥7](G—T), 971 A7](G—C),1008 I 7](T—C)ol Wol7} AUt
(2™ 7A). 50011 71, 9261 7], 9719 7|9 WolE ofuAl Yo WHIE
z o, 53] 5008 97] Hol= large LFoNAT E1= S
& CKM1 22 ORFollAl 1719 7iWolE dga, /MAEZE wELdo=ER
B 75U A 7] G7F AR X Ek(transition mutation)E] At} o] @rX| o=

Eak AEd A It 7B).
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GOT oA g T @ & A e T

a9 7. Z=gEA)e #

8. IE CKM1 $4Ax #+=x

Creatine kinase FAAE &2 A4HA

370

o 24P W

%(B) CKM1 $-7 ORF 9¢

WMo g4y
#a w7 Aol B8a7] ekl WA

qE FRYsa 725 B3I (18 8). FE CKM1 +Ax= 8719 exonit} 7
Me introno 2 FAE ARow, AA Z7|= 3,928 bpolAth. F=rhe] CKM1
ALt AAA] FE2E AR S Y exont intron 2717 @50, ¢F 80%2] 4
T4 YT, & 12 35 CKM1 F4 A9 intron-exon junctione YERH A
© 2 splice donor site¢} acceptor site2] F7]Ado] A2 2 HEFH o AU
E 1. FE CKM1 AA 77139 intron-exon junctions
I
|
Splice donor sites ! Splice acceptor sites
Exon Intron : Intron Exon
|
A A l C G
Consensus AG: GT AGT I AG G
C G ! T T
Exon  Size : Intron  Size
no.  (nt) | no. (nt)
1 63 TGCTGTGCAG GTAAAGAAAGACGAT : 1 1,344 TCCTCTCTTC TGTTAGAAAG
2 210 CAACCCTGGT GAGACACTTAAATTC : 2 122 GTGCCTTCAT GTCACCCCIT
|
3 153 GAACCTGAAG GTACAGTAGAAAGGA : 3 173 TTGTCATTAG GGTGGTGATG
4 132 GTCCGTTGAG GGTAAGCTACTGACA : 4 208 GTCTCTCCAG GCTCTGACCA
5 175 AGGCATCTGG TAAATATGAGTAAAG : 5 126 CTCCTCACAG CACAACGACA
6 123 CCTGAAGATG GTACGTATTAAACCA : 6 89 CATCTGCCAG ATTGAGGACA
7 192 TGGCACAGGT ACAAATGTATTCCCC | 7 327 CTCTTCAGGT GGTGTGGACA
|
8 178 [
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1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381

1441
1501
1561

1621
1681
1741

1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401

2461

2521
2581

TTGGCTGTGGTGAACAGGATCTGATCCCTAGGACTGTTACCTCTGTTCTTGTCTGCTGTG
CAGataaadaaagacaattaatttaacaaaattaaataaacaacacaagatatttacaaa
cttatataaatttagacaactatacaaacatttacgaataacaaaaatctttttaactact
ttttattctacaataaaaatttttaaacccaaaatctataataaaattaaaaaataaata
cacaactatttctaagaatatttaaatccatataatacattettaaacaaaagaaacctac
taaattttacaaattactaaattttatcacataaataaaataattaataaaaaatataca
taaacataatatttaaacataacaataactacattactattacattaactcatatectete
tatagatttatactatacaaatatctectetecatectaaacaataatttatataaacaaata
cctcacagacatatagatataagaaactacctaaaaaccctacatatccaataattaattt
taaccatttaacaagttacacttttaagataactttttcaactttaaactaacaaagagaac
tattecttaacaaaataattactacatcaaaatattttattacataaactaatataacata
ttaccaaaatactatactacaccatacaaatcacatttcatataatatcataaatacate
attacaaacatcaatcttectataaatcatattatcaacctatcaaaacaagataaaagaa
ataactcaaaataacatatatacctatagacattagaaataataagatattaatacgatcat
aatagaatagactaagacgagaagacatcetacaactecataacttetatcacaaattcaacata
atcataactttaaatatttaaaataatacaaatataatacatagaaactacaattttttt
ttaaacagaacatatctatcaaacataaccaactaacactecttecatacattecatatate
aacatataaactagacaactagacttatatatataccaacgacaattaaaatactactcat
atatactagaagatattttatataaatacacaatcagatatactaatactaaaaataccca
accaacacacactctcececcecctactetatttcaacttaacatataateccatcaagaatta
aatatcacttatteccaagaattettetatcaacaccatttaaactetacaactatettac
adaatatcccatatctccaaatactaaagaatatttatagacattcatatcaccttcaca
gacadgtatcagattaagaatagaactactttataatcatacctaacctetatttcaatttac
tcatcctatttattectetettcacaaTGTTAGAAAGCAATCATGCCTTTCGGAAACACC
M P F G NT
CACAACAACTTCAAACCCAACTACAAAGTTGAGGAGGAGTTCCCCGACCTGTCCAAGCAC
HNNUVF KP NY X VEEE F PD L S K H
AATAACCATATGGCCAAGGTTCTGACCAAGGAAATTTATGGCAAATTGAGGGACAGGCAG
N NHM A X VLT KETY 6 KUL RDTI RDO
ACACCCAGTGGCTACACCCTGGATGACGTCATCCAGACTGGTGTGGACAACCCTGGTgayg
T PSS G YT L DD VIOT 6V D NUPG
acacttaaattcagacaaacaaatctttttaaaaaatcataaaatcatccaaatctacta
aatcaaataacactacatcttcccactectactttectattttetetataccttecatatC
ACCCCTTCATCATGACTGTTGGCTGCGTCGCTGGTGATGAGGAGTCCTACGAGGTCTTCA
H P F T M T vV 6 ¢ V A G D E E S Y E V F
AGGACCTGCTGGACCCCATCATCTCTGACCGTCATGGTGGATACAAGGCCACTGACAAGC
K DLL DP I T S DR HGG Y K A TDK
ACAAGACCGACCTGAACTTCGAGAACCTGAAGgtacagtagaaaggaatgtggagaaata
H K T D I. N F E N I. K
tcacaagacaacataagacagaatatataagactatcagatattaaaccaaacacaacta
gataaatagaaaattatcagatcataatacacaataccttceccatttataatetetattta
attttotaatagacttttatcattaaGGTGGTGATGACCTGGACCCCAACTACGTTCTGTC
G 6 DD IL.DPN Y VIL S
CAGCCGTGTCCGTACTGGCCGCAGCATCAAGGGATTCACCCTGCCCCCCCACAACAGCCG
S R V R T G R S T K G F T I. P P H N S R
TGGCGAGCGCAGAATCATTGAGAAGCTGTCCGTTGAGagtaagctactgacagtttaaaa
G ER R TITI E XK L S V E
acataaaaacacaaadgtattagacgaataadactaaacctttcccaaacaataaattattca
caadgacatagaaaatttaaaagattagaaagtaaaatatagaataataaacccaacaadacaa
acacactcttaacatctatactattacacgaacdaacaatctectaactatacatecatete
tccaaGCTCTGACCAGCCTGTCTGGTGAGTTCAAGGGAAAGTACTATCCCCTGAAGTCCA
A I. T S . S G E F K G K Yy V P I K S
TGACTGATGCCGAGCAGGAGCAGCTGATCAATGACCACTTCCTGTTTGACAAGCCTGTCT
M T D A E Q E Q L I N D HF L F D K P Vv

CTCCCCTGCTGACCTGCGCTGGTATGGCCCGCGACTGGCCCGATGCAAGAGGCATCTGG
s pL L TC AGMA RDWP DA RG I W

taaatatgagtaaagattgtcagctgtgacaacacttttgaaaactctctecatgaatty

O9 8 FE CKM1 AA 712 97149 (GenBank Accession No. HQ386731)
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2641 acactttcattatatttctacatcacctatatetttaoattaatcatttacattecatetee
2701 tcacaaCACAACGACAACAAGACCTTCCTGGTCTGGGTGAACGAGGAGGATCACCTGCGT
H ND NXT F L VW VNEE DH L R
2761 GTCATCTCAATGCAGCTGGGCGGAAACATGAGGGAGGTCTTCAAGCGTTTCTGCACTGGC
Vv I S MQ L G G N M R E V F X R F C T G
2821 CTGAAGATGgtacgtattaaaccatgatctcactgagtgaaagcagtttggattgtetee
1 k m
2881 aaatatccctctaactetecctttttetecatetaccaaATTGAGGACATCTTCAAGAAGC
I E D I F K K
2941 ACAACCACTGCTTCATGTGGAACGAGCATCTCGGCTACGTCCTGACCTGCCCCTCCAACC
HNH CFMW N EHLG Y VL T CUZP SN
3001 TGGGTACCGGCCTGCGTGGTGGTGTCCACGTCAAGCTGCCAAAGCTGAGCACACACCCCA
L 6 T 6L RG 6 VHV X L PZK L S T HP
3061 AATTTGAGGAGATCCTCACCAGGCTGCGTCTGCAGAAGCGTGGCACAGGTacaaatgtat
K F E E I L T R L RTULIOQZ KU R G T G
3121 tcccectattaacttagacgacccaataaataatttaaagaagaaataccacccecttettaa
3181 cctgtccececcectetecateccctagtageggagggtgcatgggecagttgtttaattgaac

3241 aaattaatctttacaacctaactcattattecatttatctoactaaatacatataactata
3301 aaactaaoattaaaattaaagattaaaaatcaadaaaccacagactatatacacttataaa
3361 tcaaaactaaaaatccattaagatctccacagacacttaatctatcactecactecttete
3421 ctttatectettecaaatGGTGTGGACACCGCCTCCGTGGGTGGTGTGTTCGACATCTCCA
G V. b T ASVG 6V FDTIS
3481 ACGCTGACCGTCTGGGCTCCTCCGAGGTGGCCCAGGTCCAGCTGGTGGTTGATGGTGTCA
N A D R L G S S E V A Q V Q L VvV D G V
3541 AGCTCATGGTTGAGATGGAGAAGAAGCTGGAGAAGGGAGAGGCCATCGACAGCATGATCC
K L M V E M E K K L E K G E A I D S M I
3601 CCGCCCAGAAGTAAAGAGAGACAATCTTATGTTTTTCTCGTGACCATTCATGTGCAATGG
P A O K =x
3661 AGCCAGCTGACGGGCGGGCAGAGGAAACAGGCGCTCACCTAGAGACTCTTGACTCTGCTC
3721 CCCTCTACTTCTTCCTTCCAGCTTGTTTTTTTTTCTTTTTTCCACCCCTTTTTTTTCACG
3781 TCCTCCAGTGTTGGTTGGTAACATCCTGGGATCACCCTCCACTCAGCTGGGCTTGCCTGG
3841 CAAATGTGGCATCACCTACTTTTTGTTATAAAAAGTAATGATAATTGAAGCTGTTCATAC
3901 TGCTCAATAAAAAAAACAGGGCCCCTGG

a9 8 FE CKM1 AA 7384 9714 9E (GenBank Accession No. HQ386731).

FE CKM 1 FAAe] 2499 oF 1.18kbE F2Y3 F, &5 #H {FAAY AHAA
o

=
g -3 =vU binding sites ARSI 25%3 Soldoz iy

ok 270¢] E-box7} 2 HEH Jem FE CKM1 =HFH W 6HA E-boxd]
7] G7F AZ ¥ 7)ol g F
SR THZE 10B). ©] Wole o =2

E-box”} enhancer2¢] 715< ¢S Aoz AuxEH, 2Hd9Y Y &A8E= E-b
o] Wsts st & AT

o= 3719 dridels ISt 10).

=3
9), TATA box Bl€ 3} 717be WeEo 2 <F 300 bp =77 85%9] 54 YeEA
=
5

o
oh
pash
2
2
o
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uv
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Rsb
Pal

Rsb
Pal

Rsb
Pal

Rsb
Pal

Rsb
Pall

Rsb
Pal

Rsb
Pal

Rsb
Pal

Rsb
Pal

Rsb
Pal

Rsb
Pal

Rsb
Pal

-1187
AAAACAAGTCTCCATCTACTTCAGTTGTTTAGGAGAATGCTGCCACGCTGTTTCGCCGTGAAGCCCCAGAAATGTTTTGTGGACTACGAAACTTCACCTG

-——.AG.T.G.TT. .A.TACA. . AA. .CACGTTCA...... -.GGTAAA. .. . T.A.TCC.GTGAAG. .C. . A. AGAC. . C.CTCGA. GTTTG. TGIT.T
-1087
ACTTTCCATCAGCATGAGGTTGAGGAGATAGTGACAGAATTTTCATTTTCGGGTGAACTCTTCCTTTAACAAAAGAAGATAAAAAGAAGAAAACAATAAC
C..C....CT6T.6CC. - ....C.6.-——-C...C.6.6..A.CTGT.66—-G...C. . TCT.T..T. . T6C. . AGCCCTGG.CT. . .A
-987

AACTAAGATTTAGTTGTTGTCTTGTGCCTGTCTCTGTACTTGGGTCACAGATTGGCACTTACATTGAGGCCTTGATAATAGTGCAGGCTTCATGAAATAC
TG.CIC...A..A.GCA...TG..-ATT. .GTG..A. .AA. ATAAA. . T.TA.C.-.A.C.T-..... AGGAAA.A.. TACAG..A.A-——-..TG.GG

-887
ATTTTTTTATCTGTTCTTCTGGACAAAACTGTGTTGAAGCATTACATTAAGCAGCTGCGGAGCATATGCATTAGTGAAATAGTGTGAGACAC-TTGAGAG
..... C.CCCACA...C...T.TTCICT. AAAACG. .GT.CGC. TG.G. . TA——-.. . A. |ATC.G.A.GGA. .A. .C.C.T.T.. TTICTG..TTT..

-788
AATAGAGTATCAAAGAAGGGAGGGCTAATGAAGTTAATGTCAAAGACGGCATCATCTTTCATCCTCAACGTTCCATCTGACAGTCAGTATTCCCATCTAA
TT.GAC.A....C.TIT.A.CA. .. ——- ..G——...GGCAG.A..T.A. AAG.TG.TTGG.C. —————- TAA. . ARA. .C..CAA.G.T..T

-688

GATTCGATGTCTGATAATTGGGGTATCAATTAGAGCCGGACTGAGTCATGGCTGGTTTGAGGTAGCCATGTGAGTTGGGGACAACATAGAGTGGGTGAAC
JT..T.-...6G-..6. . AC.TTCC.CTCG.—-.T.A.TA. AGA. ACT.AA.AA. TC. . .GCC.G.AT. .C. .CACAC. .AG.CC. . A.ATA TC.CTTIT

-588
ATAGCAACAGTATCACTACAACCTAATGCTACCTATTCAGCAGCACCACAAAATGAAAATTTTAATCTTCTCAAAATCTCTTTGAGTCTGTGTTAGAGAG
GC.C...GTA.C.A.T.-. TTTGAC. . AG.CGAC. . AAG. .TAG..G.A..... A .T.AAA .GGAA.GA.TT.T.T.GCA.TGC..CAAT.A...TT.

-488
GTGTGGCTTCATCTCTATGGAATTTTTTGATGGACCGGCATCCAAAATGCTTCTCTGGACTGAATTTCTACAAGGTGCCATTTAATGAGTGAAAAGAATC
C.CCAAT.AA.CT..C.——-..CCA.. C.ATTC.AATTG.T..TC..--.CA..CAT..G..G...GA TTTAAAT.AGC..CC.. A TGT..TGGCT

-388
CGAACTCT--TTCCAACTCTTTCACACCACTCAAG--GACCCGTAATCTCCACAG-—-CATTCTTGGCAAAAGTAAAGCTCAGCTTTTTTCTGTTGCTTC
TAG..A..GC...TG...A.G.G.ATGA.A. . . TICT. AATA.G....TG..G.ATG.CCA...A...—...G..C.C. ARAC.ACC.-—-..CC.

-295 E-box
AACTCCCTCCCCCCAAACACCATCCCTCACACACCCCCACTGTCTCCCACCATCCAACTGGCGCTATCTATGGGCCAAGGGTGEGETGEGGETGETGGCE
C.—T..A..ATG.T...CT.TGGA.G..A.T.AGTG.CACA.G.G.-.. .GA.|..... Too G.T........... -...CCAA . —-...

-195 E-box
GCAGTGGTACAGCTGCAATACCCGTCTTGGATGGCTGAGATGTAAATGTGTCTCTTTCACAACCTGTTCATAGTATCAGCACAGAGGA-CTGGCCAATGA
T...GA |....]. G AC...C........ AC...... T.G....... G...... GTTG. ..... CTo.l.

-96
GAGCGCAGCAGGAACTAAAATGGCCAAGCCAATGGC-GAGCGTCTGCCTGGTATATAAACGGGGAGCAAAGACCTCCAGAGTTGGGTGACCCCTATT
Gl To Coovviinnn. TGA...... AA...... T....AC........ T....... 6G....C..... T...——————

O" 9. FEH A=Y CKM 1 FAAe] HAAF 249 vl

e
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AluI(C—G) Pvull (G—A) XspI (C—Q)

(A) B) ©

138 10. #ZE CKM1 232 A 2499 U @719

(A) Alu | Ag3E, (B) Pvu Il A&3E, (C) Xsp | Aald

AbgEAI Age] FULF FEHDANAM GAAzE wet 2789 IF(Large, Small)

F CKM1 #x7e ORFollA &g drideolE &-83te] 47)
3 39S Ddel, Scal, Xspl AZ}aALE Adsjr o
ol tHFHAF(AA, AB, AA)S HEHHE 7HAIE Jol2 FRSATH (L 1),

Ddel Scal

Xspl

a8 1. FE A Adke &83 CKM1 3 x#ke] #A|gta
AAE

B>
R
e
=2
Lo
e
e}
o
Jo

BAAFESE CKM1 fF324 ORF ¥4 riwels &gste Add Jojydde
CKM1 §7AFe] wd e zfo]lE B4 =
BT} uhg o] ghokrh.
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g

S
=i & 7 | Z Target Gene name Association  Sample name
e —— A Actin
z ! "|_ a N S {non selected)
£ - B CKM1-750F
‘ ) : C CKM1-984F
s ] | | b S (selected)
i l ‘ D CKM1-1239F
¢ uyl | |
i T T ! —
b h By

a9 12, #F8& FAA B o2 A3 FE SS522 0 CKM1 FA A TS

10. A& MY 58 AR FAA 2R A 8r|ed EEF
el BAARE dofsta CKM1 fradz ®o] gl a o] 7jzste] EF Xof
ZHE Ak Ao $HS ARG F, ofFo] A #E FAA 2AE WL
71 918k A& CKM1 F37 ddFdE ZASAT (28 13). F& 34 B4
& aufste] Aakd AL O & =AM E CKM1 frdate] dd o] o
279 SH2HNA B gkt o9 22 AAE ZAE CKM1 fHdA& &85}
o f8& fFHAE Bfsta Aol £& ol FH A& Jhed A &4

Mg Foll Aok E=Z EE FHAA FAE DNA T4 Agsta 4A o] &
o

(

l‘
¢

-

Sand
N
)
o

i

v

Target Gene name Association Gene name
A Actin a N S (non selected)
B CKM1-750F b *S(F1)-1
C CKM1-984F e * 5(F1)-2
D CKM1-1239F d +5(F1)-3

[
b kb ke M B Bb Be B4 T2 Ch Ce 04 De
Torgetdisaouten
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. B4 #48 {12 £4 FRAE & 74749 75 24

1. A9 #E /&4 bank 7=

194 7oA FEG A4IH FERFHEA T oAUA A Z5HA 38 /At
£ Addste] Fa ARE FHREAH. A AL Fd F32 ARE FEnE o
phosphoglucose isomerase (PGI)¢} inosine monophosphate dehydrogenase 2
(IMPDH2) & & R3l3t. PGl= glycolysise] 2 A @A 2} glucogenesis HH-g-ofl 2

o=
2

£3t= 42, poly (A) taile E3H3F 911 bp =712 mRNAS Z243le] H7|A<E
< B

A& Az (29 1), 929 PGl mRNAS 93%° A4S JeEfdTh
IMPDH2E 71838l wkg-o #oddts= @4 oW, poly (A)' tail> £33 505 bp =7]
o] mRNAE Z24Ys3std (¥ 2), % AME Axt Aol IMPDH2 mRNA%}
parvalbumin (PVALB)S A1 3} o,

s XHsE Ao=E It AEn

A

2
Fi
Lo rr o

A
oo

ﬂll

g, 9], I=, 4=, , B8, 2, xyEg 1150], 7#78°] PVALB mRNA
2 F2Y3tn drA9S B9 (18 3). 979 PVALBLS 110719 ofm] 4k
°F o]Foixl =77} vinA 2 dmAo|glom, ORF F99S EEste] 445 bp

2719l mRNA FJEE FE3YHTH 107] o152l PVALB mRNA= tiA|2 2 BEE o
Ao o]F FriatolE YER = 8719 G717 AT (LY 4).

-

1 AGAATGGAGT CCATGGAAAA TACATCACTA ACAAGGGAGC ACGTGTCAAC TACCACACTG
61 GGCCAATAGT GTGGGGCGAG CCAGGAACCA ATGGGCAGCA TGCGTTCTAC CAACTCATCC
121 ACCAAGGAAC ACGTATGGTG CCCTCTGACT TCCTGATCCC TGCTCAGTCC CAGCATCCCA
181 TCAGAGACAA CCTGCACCAC AAGATCTTGC TGGGCAACTT CCTGGCCCAG ACCGAGGCCC
241 TGATGAAGGG TAAGACCACA GAGGAGGCCA GGAAGGAGCT GGAGGCCAGC GGCGTGACAG
301 GAGATGAGCT GGAAAAGATC CTCCCTCATA AAGTCTTCCA GGGAAACAGG CCAACCACCT
361 CAATCATCTT CAAGAAAGTG ACACCTTACA CACTTGGAGC ACTTATAGCG ATGTATGAAC
421 ACAAGATCTT CATCCAGGGT CTGATGTGGG AGATCAACAG TTTCGACCAG TGGGGAGTGG
481 AACTGGGCAA ACAGCTCGCA AAGAAGATCG AGCCCGAGCT CAAGGACAAG GCAGAGGTCC
541 ACTCCCACGA CTCCTCCACC AACGGACTCA TCAACTTCCT CAAGAAGAAC TTTTCCTGAG
601 CTGAGTCACA GTCTCCCCCC CCCCCCCGGA ACTCCCCTTA AAGGGCAAAA ATTTAACCCC
661 CCCCAGGAGC TGCTGCTTGA CCAGGAAACT CCAAGAGGGG GCGGGTTNNT CCAACACGGG
721 GAAGTGGCCC CCCCTTTTTG GAATTCGGGA CGGCCCCCAG GGAGTTTTTT GGGTTTTGTT
781 CANNATTTTA CCCTTAGAGG GAAAAACTTT TTTTATAAAA GGGCGGGGAA GGCACATAGA
841 AAAATGCCCT CCCCCTTCCA AAAAAATTAG TTTTTTGAAA AAAATTTTTC CCACAAAAAA
901 AAAAAAAAAA A

a3 1. ZF=tg] phosphoglucose isomerase cDNAS] E7]A <&
(GenBank accession. JN581984)
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1 GTTCAGAGCC TCAACAGCTC AGAGCCATGA TGTACTCAGG AGATCTGAAA TTTGAAAGGA
61 GAACATCATC AGCTCAGATG GAGGGTGGAG TCCACAGCAT GCACAGCTAC GAGAAGCGTC
121 TGTTTTGAGG ACGTTTAGCC AAAAGATGAG GAATCCTTCC AAAAGACATT ATGCAATCAC
181 ACTACTTGCC AGACCCTCTC GTTTCATACT CTACACATGC AGACTAACTT TTCATACAAA
241 TGCGTCTCTA AAGATCAGTT GTCACACACA CACTCTTCCA AGGATCATCG GTCTTCCTGC
301 CAGTGCCATC TATGCATCGT CTGTGTTTTT ATCCGTTTGT GTGTGAAGGA GGGTACTAAG
361 CATTTCTATG TATTTATCAG TACATGTGTG ATTGAATCCT CCAATGCCTT CGTGTCTCCA
421 GTTTACTGCT GTGATCATTC TAAGGCAAAA AAGTTGTCCA ATAATAATAA AGCTCTTGTT
481 TTTTCCACAA AAAAAAAAAA AAAAA

. 7=t inosine monophosphate dehydrogenase 2 cDNAS] A7]A <&

1. Z=C}2| parvalbumin mRNA (445bp) (GenBank accession JN571754 )

1 ATGGCCTTCG CTGGTTTCCT CAGTGATACT GATATCAAAG CCGCCCTGGC TGGCTGCTCT

61 GCTGCTGACT CCTTCAGCTA CAAGACCTTC TTCAAGGCAT GCGGCCTGGC CAGCAAGTCC
121 GCCGATGAGT TGAAAAAGGC CTTCGCCATC ATTGACCAGG ACAACAGCGC CTACATTGAG
181 GAGGAGGAGC TCAAACTGTT CCTGCAGAAC TTCGCTGCCG GAGCCAGAGC TCTCACCGAC
241 AAGGAGACCA AGGCTTTCCT CGCCGCTGGA GACAGCGATG GTGATGGCAA GATTGGAGTC
301 GATGAGTTCA CTGCACTTGT AAAGGCATAA ATTTCCACTG ACCAAGATCC ACTTCTTTTC
361 ATGGAACGGA GAGCTCCTTG CAAGATTCCG TAACCACCAG CTGAAAGAAT ATTTTTTTAT
421 ATCTTATTTA TGAGTTGCCT GCGGA

2. Y X| parvalbumin mRNA (445bp) (GenBank accession. JN571755 )
1 ATGGCCTTCG CTGGTTTCCT CAGTGATACT GATATCAAAG CCGCCCTGGC TGGCTGCTCT
61 GCTGCTGACT CCTTCAGCTA CAAGACCTTC TTCAAGGCAT GCGGCCTGGC CAGCAAGTCC
121 GCCGATGAGT TGAAAAAGGC CTTCGCCATC ATTGACCAGG ACAACAGCGC CTACATTGAG
181 GAGGAGGAGC TCAAACTGTT CCTGCAGAAC TTCGCTGCTG GAGCCAGAGC TCTCACCGAC
241 AAGGAGACCA AGGCTTTCCT CGCCGCTGGA GACAGCGATG GTGATGGCAA GATTGGAGTC
301 GATGAGTTCA CTGCACTTGT AAAGGCATAA ATTTCCACTG ACCAAGATCC ACTTCTTTTC
361 ATGGAACGGA GAGCTCCTTG CAAGATTCCG TAACCACCAG CTGAAAGAAT ATTTTTTTAT
421 ATCTTATTTA TGAGTTGCCT GCGGA

13 3. oJ=¥ parvalbumin mRNA2] 71 A d (ol Al<%)
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3. &H& parvalbumin mRNA (445bp) (GenBank accession. JN571756 )

1 ATGGCCTTCG
61 GCTGCGGACT
121 GCCGATGAGT
181 GGGGAGGAGC
241 AAGGAGACCA
301 GATGAGTTCA
361 ATGGAACGGA
421 ATCTTATTTA

CTGGTTTCCT
CCTTCAGCTA
TGAAAAAGGC
TCAAACTGTT
AGGCTTTCCT
CTGCACTTGT
GAGCTCCTTG
TGAGTTGCCT

4. ZME parvalbumin mRNA

1 ATGGCCTTCG
61 GCTGCTGACT
121 GCCGATGAGT
181 GAGGAGGAGC
241 AAGGAGACCA
301 GATGAGTTCA
361 ATGGAACGGG
421 ATCTTATTTA

CTGGTTTCCT
CCTTCAGCTA
TGAAAAAGGC
TCAAACTGTT
AGGCTTTCCT
CTGCACTTGT
GAGCTCCTTG
TGAGTTGCCT

CAGTGATACT GATATCAAAG
CAAGACCTTC TTCAAGGCAT
CTTCGCCATC ATTGACCAGG
CCTGCAGAAC TTCGCTGCTG
CGCCGCTGGA GACAGCGATG
AAAGGCATAA ATTTCCACTG
CAAGATTCCG TAACCACCAG
GCGGA

CCGCCCTGGC
GCGGCCTGGC
ACAACAGCGC
GAGCCAGAGC
GTGATGGCAA
ACCAAGATCC
CTGAAAGAAT

TGGCTGCTCT
CAGCAAGTCC
CTACATTGAG
TCTCACCGAC
GATTGGAGTC
ACTTCTTTTC
ATTTTTTTAT

(445bp) (GenBank accession. JN571757 )

CAGTGATACT GATATCAAAG
CAAGACCTTC TTCAAGGCAT
CTTCGCCATC ATTGACCAGG
CCTGCAGAAC TTCGCTGCTG
CGCCGCTGGA GACAGCGATG
AAAGGCATAA ATTTCCACTG
CAAGATTCCG TAACCACCAG
GCGGA

CCGCCCTGGC
GCGGCCTGGC
ACAACAGCGC
GAGCCAGAGC
GTGATGGCAA
ACCAAGATCC
CTGAGAGAAT

TGGCTGCTCT
CAGCAAGTCC
CTACATTGAG
TCTCACCGAC
GATTGGAGTC
ACTTCTTTTC
ATTTTTTTAT

5. H0| & parvalbumin mRNA

1 ATGGCCTTCG
61 GCTGCTGACT
121 GCCGATGAGT
181 GAGGAGGAGC
241 AAGGAGACCA
301 GATGAGTTCA
361 ATGGAACGGA
421 ATCTTATTTA

6. =5 parvalbumin mRNA (445bp) (GenBank accession. JN571759 )
1

ATGGCCTTCG
61 GCTGCTGACT
121 GCCGATGAGT
181 GAGGAGGAGC
241 AAGGAGACCA
301 GATGAGTTCA
361 ATGGAACGGA
421 ATCTTATTTA

CTGGTTTCCT
CCTTCAGCTA
TGAAAAAGGC
TCAAACTGTT
AGGCTTTCCT
CTGCACTTGT
GAGCTCCTTG
TGAGTTGCCT

CTGGTTTCCT
CCTTCAGCTA
TGAAAAAGGC
TCAAACTGTT
AGGCTTTCCT
CTGCACTTGT
GAGCTCCTTG
TGAGTTGCCT

(445bp) (GenBank accession. JN571758 )

CAGTGATACT GATATCAAAG
CAAGACCTTC TTCAAGGCAT
CTTCGCCATC ATTGACCAGG
CCTGCAGAAC TTCGCTGCTG
CGCCGCTGGA GACAGCGATG
AAAGGCATAA ATTTCCACTG
CAAGATTCCG TAACCACCAG
GCGGA

CAGTGATACT GATATCAAAG
CAAGACCTTC TTCAAGGCAT
CTTCGCCATC ATTGACCAGG
CCTGCAGAAC TTCGCTGCTG
CGCCGCTGGA GACAGCGATG
AAAGGCATAA ATTTCCACTG
CAAGATTCCG TAACCACCAG
GCGGA

CCGCCCTGGC
GCGGCCTGGC
ACAACAGCGC
GAGCCAGAGC
GTGATGGCAA
ACCAAGATCC
CTGAAAGAAT

CCGCCCTGGC
GCGGCCTGGC
ACAACAGCGC
GAGCCAGAGC
GTGATGGCAA
ACCAAGATCC
CTGAAAGAAT

TGGCTGCTCT
CAGCAAGTCC
CTACATTGAG
TCTCACCGAC
GATTGGAGTC
ACTTCTTTTC
ATTTTTTTAT

TGGCTGCTCT
CAGCAAGTCC
CTACATTGAG
TCTCACCGAC
GATTGGAGTC
ACTTCTTTTC
ATTTTTTTAT

a8 3. (A%)
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7. S2F parvalbumin mRNA (445bp)
1

ATGGCCTTCG
GCTGCTGACT
GCCGATGAGT
GAGGAGGAGC
AAGGAGACCA
GATGAGTTCA
ATGGAACGGA
ATCTTATTTA

61
121
181
241
301
361
421

CTGGTTTCCT
CCTTCAGCCA
TGAAAAAGGC
TCAAACTGTT
AGACTTTCCT
CTGCACTTGT
GAGCTCCTTG
TGAGTTGCCT

CAGTGATACT GATATCAAAG
CAAGACCTTC TTCAAGGCAT
CTTCGCCATC ATTGACCAGG
CCTGCAGAAC TTCGCTGCTG
CGCCGCTGGA GACAGCGATG
AAAGGCATAA ATTTCCACTG
CAAGATTCCG TAACCACCAG
GCGGA

CCGCCCTGGC
GCGGCCTGGC
ACAACAGCGC
GAGCCAGAGC
GTGATGGCAA
ACCAAGATCC
CTGAAAGAAT

(GenBanK accession. DQ374441 )

TGGCTGCTCT
CAGCAAGTCC
CTACATTGAG
TCTCACCGAC
GATTGGAGTC
ACTTCTTTTC
ATTTTTTTAC

8. XIU|=Z2F parvalbumin mRNA (445bp) (GenBank accession. JN571760 )

1 ATGGCCTTCG
61 GCTGCTGACT
121 GCCGATGAGT
181 GAGGAGGAGC
241 AAGGAGACCA
301 GATGAGTTCA
361 ATGGAACGGA
421 ATCTTATTTA

CTGGTTTCCT
CCTTCAGCTA
TGAAAAAGGC
TCAAACTGTT
AGGCTTTCCT
CTGCACTTGT
GAGCTCCTTG
TGAGTTGCCT

CAGTGATACT GATATCAAAG
CAAGACCTTC TTCAAGGCAT
CTTCGCCATC ATTGACCAGG
CCTGCAGAAC TTCGCTGCTG
CGCCGCTGGA GACAGCGATG
AAAGGCATAA ATTTCCACTG
CAAGATTCCG TAACCACCAG
GCGGA

CCGCCCTGGC
GCGGCCTGGC
ACAACAGCGC
GAGCCAGAGC
GTGATGGCAA
ACCAAGATCC
CTGAAAGAAT

TGGCTGCTCT
CAGCAAGTCC
CTACATTGAG
TCTCACCGAC
GATTGGAGTC
ACTTCTTTTC
ATTTTTTTAT

9. 115 0{ parvalbumin mRNA

1 ATGGCCTTCG
61 GCTGCTGACT
121 GCCGATGAGT
181 GAGGAGGAGC
241 AAGGAGACCA
301 GATGAGTTCA
361 ATGGAACGGA
421 ATCTTATTTA

CTGGTTTCCT
CCTTCAGCCA
TGAAAAAGGC
TCAAACTGTT
AGACTTTCCT
CTGCACTTGT
GAGCTCCTTG
TGAGTTGCCT

(445bp) (GenBank accession. JN571761 )

CAGTGATACT GATATCAAAG
CAAGACCTTC TTCAAGGCAT
CTTCGCCATC ATTGACCAGG
CCTGCAGAAC TTCGCTGCTG
CGCCGCTGGA GACAGCGATG
AAAGGCATAA ATTTCCACTG
CAAGATTCCG TAACCACCAG
GCGGA

CCGCCCTGGC
GCGGCCTGGC
ACAACAGCGC
GAGCCAGAGC
GTGATGGCAA
ACCAAGATCC
CTGAAAGAAT

TGGCTGCTCT
CAGCAAGTCC
CTACATTGAG
TCTCACCGAC
GATTGGAGTC
ACTTCTTTTC
ATTTTTTTAT

10. M Z 0| parvalbumin mRNA (445bp) (GenBank accession. JN571762 )

1 ATGGCCTTCG
61 GCTGCTGACT
121 GCCGATGAGT
181 GAGGAGGAGC
241 AAGGAGACCA
301 GATGAGTTCA
361 ATGGAACGGA
421 ATCTTATTTA

CTGGTTTCCT
CCTTCAGCCA
TGAAAAAGGC
TCAAACTGTT
AGACTTTCCT
CTGCACTTGT
GAGCTCCTTG
TGAGTTGCCT

CAGTGATACT GATATCAAAG
CAAGACCTTC TTCAAGGCAT
CTTCGCCATC ATTGACCAGG
CCTGCAGAAC TTCGCTGCTG
CGCCGCTGGA GACAGCGATG
AAAGGCATAA ATTTCCACTG
CAAGATTCCG TAACCACCAG
GCGGA

CCGCCCTGGC
GCGGCCTGGC
ACAACAGCGC
GAGCCAGAGC
GTGATGGCAA
ACCAAGATCC
CTGAAAGAAT

TGGCTGCTCT
CAGCAAGTCC
CTACATTGAG
TCTCACCGAC
GATTGGAGTC
ACTTCTTTTC
ATTTTTTTAT

713 3. o= parvalbumin mRNA2] 714 <
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¥ 1. 107) ©]= parvalbumin Zd I B2 3 primer X L w27

Product
Primer name Primer sequence ( 5 — 3 ) . Reaction condition
size (bp)
PVALB 115F AAGTCCGCCGATGAGTTG 141 1: 95T for 1min
PVALB 255R  AGCCTTGGTCTCCTTGTC 2: 95C for 10sec
3: 58°C for 10sec
PVALB 279F TGGTGATGGCAAGATTGG 165 4: 72°C for 10sec, plate read
PVALB 443R  CGCAGGCAACTCATAAATAAG 5: Goto 2, 39 more times
6: 95°C for 10sec
PVALB 10F GCTGGTTTCCTCAGTGATAC 123 7. Melt curve 65°C to 95°C,
PVALB 132R  CAACTCATCGGCGGACTT Increment 0.5°C for 5sec
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M 123 456 78 910 123 4567 8910 12 3 45678 9510

PVALB 115F+PVALB 255R PVALB 279F+PVALB 443R PVALB 10F+PVALB 132R

1. 2=t

2. 5. #ofl=
6. 2= 7. O

4. =
9. o 10. FH740|

B.
8.

1% 5. 107) o1=9] parvalbumin A FZAE

et

TL =AM AsH 130EE AETEE AR wEl % 29 o] S
(small, n=20) &3 L (large, n=20) I1F°o= A& F

2o gAARE Fusigor], BHd A8 ARE Lage) AT SIF
of 29 At}

£ 2. AAAAE FAAEA Fuo A48T FEnE A8 AR
o] % Sk a5 AR AEA R =20 ) LAFAA EHAE n=8 )
A 12.3~14.0cm 12.5~13.5cm
T 13.1+0.8cm 12.9+0.35cm
Large (L)
A= 57.43~107.37g 72.04~80.85¢
B 58.02+23.73g 76.68+3.34g
ZEtEl 13M¥EH
A% 8.2~11.7cm 9.7~11.0cm
i 10.4+0.9cm 10.5£0.49cm
Small (S)
AZF 20.30~48.68¢ 33.63~41.00g
B 36.49+7.39g 36.17+2.80g

rlo

B

Z5tie] PVALB §dAe] wE ke 2827 total RNAS ©|&3le] g-actin
ZFZ normalize ¥+ &, 548 Agoz AL LAFES ALSHT. 18 63 2o
=tg] PVALB #AAe] @dZES S1E (3.878+2.606)2 AlEo] L1
(0.517£0.229)2] /MAE Hot <F 7.54] Bt ol9} £ HAF}Z PVALB 3=
Zethg] o] AT AR FA AR &8 7te s FRlskATh

o}

o
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27l g2 Zeog J oA parvalbumin A 2E@ kA B4

o] Aslggon, zol of 297F HE= A
Aot ATt
3 ANATE FAAEA Fro| AT B Aw AR
SIS A a5 AR & AEAE (n=30 ) 12} EAAAE (n=8 )
A 7 4.0~4.7cm 4.2~4.7cm
S 5.5+0.19cm 4.5+0.17cm
Large (L) -
A 5 2.20~2.98g 2.60~2.98g
g 2.45+0.20 2.75+0.13
5799 ° & &
A A 3.3~4.2cm 3.3~3.9cm
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B 10.06+1.24g 10.38+0.26g
=) 7 5.8~7.3cm 5.8~6.8cm
T 6.7+0.35cm 6.4+0.38cm
Small (S) As 4.40~9.06g 4.19~5.96g
B 6.59+1.22¢g 5.22+0.70g
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1 ATGCCTTTCG

61 CCCGACCTGA
121 AAGATTAGGG
181 GTTGACAACC
241 TCCTATGAGG
301 AAGCCCACTG
361 CTGGACCCCA
421 ACCCTGCCCC
481 GCTCTGACCA
541 GATGCCGAGC
601 CTGCTGACCT
661 GAGAACAAGA
721 CAGCAGGGTG
781 GAGGAAACCT
841 CTGACCTGCC
901 AAGCTCAGCA
961 GGCACAGGTG
1021 CGTCTGGGCT
1081 GTTGAGATGG
1141 AAGTAG

GAAACACCCA
GCCAGCACAA
ACAGACAAAC
CCGGTCACCC
TCTTCAAAGA
ACAAGCACAA
ACTACGTTCT
CCCACAACAG
TCCTGGATGG
AGGAGCAGCT
GTGCTGGAAT
CCTTCCTGGT
GCAACATGAG
TCAAGAAGCA
CCTCCAACCT
CACACGCCAA
GTGTGGACAC
CCTCAGAGGT
AGAAGAAGCT

CAACAACTTC
CAACCATATG
CCCCAGTGGC
CTTCATCATG
ACTGCTGGAC
GACCGACCTG
GTCCAGCCGT
CCGTGGCGAG
TGAGTTCAAG
GATCGCTGAT
GGCCCGTGAC
CTGGGTCAAT
GGAGGTCTTC
CAACCACGGC
GGGCACTGGA
GTTTGATGAG
TGCCTCCGTG
GGAGCAGGTC
GGAGAAGGGA

AAGCTCAACT
GCCAAGGTTC
TACACCGTGG
ACCGTTGGCT
CCCGTCATCT
AACTTCGAGA
GTCCGTACTG
CGCAGAGCTA
GGAAAGTACT
CACTTCCTGT
TGGCCTGATG
GAGGAGGATC
AAACGTTTCT
TTCATGTGGA
CTGCGTGGTG
ATCCTCACCA
GGTGGTGTGT
CAGCTGGTGG
GAGGCCATCG

ACAAAGTTGA
TGACCAAGGA
ACGATGTCAT
GCGTCGCTGG
CTGACCGTCA
ACCTGAAGGG
GCCGTAGCAT
TTGAGAAGCT
ACCCCCTGAA
TTGACAAGCC
CCAGGGGCAT
ACCTGCGTGT
GCGTTGGCCT
ACGAGCATCT
GTGTCCATGT
GGCTGCGTCT
TTGACATCTC
TTGATGGTGT
ACAGCATGAT

GGATGAGTTC
GATGTATGGC
CCAGACTGGC
TGATGAGGAG
TGGTGGATAC
TGGTGATGAC
CAAGGGATTC
GTCCGTTGAG
GTCTATGACT
CGTCTCCCCC
CTGGCACAAT
CATCTCCATG
GAAGACGATT
CGGGTTCATC
CAAGCTTCCC
GCAGAAGCGT
CAACGCCGAC
CAAACTGATG
CCCTGCCCAG

% 9. 2 muscle-type creatine kinase (CKM1) mRNA 27141 <€
(GenBank accession. JN187085)
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13 10. & muscle type creatine kinase (CKM1) A} & A4k
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IV. §$AAERA A=
1. FAAEA 2 #43 WHol A

(1) CKM1 2 PVALB SAAREX S #AZ WHol A
7t #ZE 2 AEgE]e] CKM1 £ Hol HE 9 F8

L HE CKMI R4 W] AWZ

(i

o] o A

25 30712 (A% 16.6-24. 8cm)4 AAE A4ke SFrale] CKMI fAA 4 Fode
PCR ZZo2 RestithId 1, ¥ 1). 72 #d4 9 Z2xe Y % 32 7
A 7] dol7t FARAHIY 1). 47] Wols B2 472 NBHAY FFAA
o} o] ¥ 717 FY Fo] BRHE A 2

HolRQal, intron GHoA+=
o

Z exon 5 992 F €719

O

rE

%] & adenine(A) — guanine(G), adenine(A) — cytosine(C)|o.2 13t o}r| =4t
3} [asparagine(Asp) — alanine(Ala)l7} AR Z8lAd F7F AAAE BEA A

exon 2, T2 RE g3} olu|iit X Fo] WAYSI= exon 5 YYEYE T8 FHo

XA

l-m_

Exon 1 (non-translated exon) ‘

> [
+» B 4 -+ -+ -+ +
P 2CKMT 1F PM gCKMT seq 2F PM 2CKMT seq 3F P 2CKM1 seq 4F P 2CKM 1 seq BF PM 2CKMT IR
i 3 4+ -+ <+
PM gCKMT PW1 PM gCKM1seqRVI  PM eCKMI seq FW1 PM 2CKM1 RV
5 ‘ Exon 1 (non-translated exon)

D | @rlo) 22 @

5 <+
PM_eCKM1_pR_3F PM eCKMT R 1R

1% 1. = CKM1 (muscle-type creatine kinase) 2+ WHo] A AZF I 9.
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F 1. FE9 CKM1 3 ®lo] 99 &4& zgfoln| HKH
Primer sequence (5'-3') Purpose
PM gCKM1 1F TTGGCTGTGGTGAACAGGAT FAA} 99 =
PM gCKM1 1R GAGCAGTATGAACAGCTTCA FAA 99 =
PM gCKM1 pR 3F GTCTTGTGCCTGTCTCTGTA TERE 99 ZZ A9 B4
PM gCKM1 pR 1R CAGCAGACAAGAACAGAGGT TERE 99 Z2Z A9 B4
PM gCKM1 FW1 TCCTCTCTTCGCAGTGTTAG T2 99 FF
PM gCKM1 RV1 TACCAGATGCCTCTTGCATC T ¥ FF
PM gCKM1 seq RV1 CAGCCAACAGTCATGATGAAG A7IME 4
PM gCKM1 seq FW1 AGAATCATTGAGAAGCTGTCCGTT A7IME 4
PM gCKM1 seq 2F  AGAACTGGGCTTGTGTGTGT HQ71HE 4
PM gCKM1 seq 3F  CTTCATCATGACTGTTGGCTG A7IAE 4
PM gCKM1 seq 4F TGTACATCCGTCTCTCCAGC A7IAE 4
PM gCKM1 seq 5F  AAGCGTGGCACAGGTACAAA A7IAG B4
PM gCKM1 pR 3F GTCTTGTGCCTGTCTCTGTA A7IAE B4

3E 2. FFY CKM1 72421 Wo] g9 A

F7IME HH

A= from = from
ATG Seq-l Seq-ll Seqg-lll ATG Seqg-l Seg-ll Seqg-l
CKM1 (bp) CKM1 (bp)
Intron | 193 C CIT Intron VIl 1959 G’ G/T
-94 c A C/A 1983 C T c/T
-62 G G/T Intron VIII 2216 C’ T C/T
-36 A T A/T 2248 C’ T Cc/T
Intron Il 488 G G/IGG 2367 G GG
501 G AG
532 T T/TT Exon |l 75 G
533 G T GIT Exon I 359 G A/G
546 C T Cc/T Exon V 1067 A’ G AIG
564-565 In/Del 1068 A’ C A/IC
608 G A/G Exon VI 1346 A’ C A/C
Intron IV 942 G T G/T Exon VI 1577 C’ T Cc/T
Intron V 1176 A T AT 1642 C’ T
1214 T T T/TT
Intron VII 1730 T C/T
1790 G A/G
1798 G’ G/GG
1811 A G A/G
1883 A’ A/AA
1940 A’ A/AA
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ZF 2430} (A A 34.3 - 58.7cm)] AHolE UIHSE exon2, 5, ZTEZEE FHo] F
o= Z
- vl

Az Mol 45 st
T3 Ay 11F72] 5ol d4ENeH

a2 ke Mg we wE
&

BT by Ee W

E2(G)-E5(G/A, CIA)-P(A), E2(G/A)-E5(G/A, CIA)-
a8y HE TAVE M8 =S genotyped E2(G/A)-E5(GC)-P(G) I150% Bt
E2(G)-E5(G/A, C/A)-P(A) LEolA T 7 A
3). °] 7}
FHFA

7} 3,625 golaL, 7HE & genotype
47} 1u)gtel] gl oo}
oH AEHRS 93 Ao AAg FAF
.]

AP ABAES vl

FAAP EAL BASE ojel UthE
AR A AN T
4 212 AA3 g

3E 3. FEY CKM1 22 Wo] HHel £4 7] HK

12} WMo]E o]83}la] genotypes
19 7159 genotypeo] TZH <t
5(GC)-P(G)2] genotypeo. & <t
o HES E2(A)-E5(GC)-P(G),
P(G/A)] genotype o & &<l % Qi

vl

Genotype Bxe('g) Genotype BC\;"?:q)
E2(A)-E5(GC)-P(G) 3,270.0 E2(G)-E5(G/A, C/IA)-P(G/A) 2,637.5
E2(A)-E5(GC)-P(G) 2,750.0 E2(G)-E5(G/A, C/A)-P(G/A) 3,042.9
E2(G)-E5(AA)-P(G) 2,430.7 E2(G)-E5(G/A, C/A)-P(G) 2,450.0
E2(G)-E5(AA)-P(G) 2,807.5 E2(G)-E5(G/A, C/A)-P(G) 2,611.8
E2(G)-E5(AA)-P(G/A) 2,586.7 E2(G)-E5(G/A, C/A)-P(A) 2,250.0
E2(G)-E5(AA)-P(G/A) 2,556.7 E2(G/A)-E5(G/A, CIA)-P(G/A) 3,250.0
E2(G)-E5(AA)-P(A) 2,842.0 E2(G/A)-E5(G/A, CIA)-P(G/A) 2,556.0
E2(G)-E5(AA)-P(A) 2,524.0 E2(G/A)-E5(G/A, CIA)-P(G) 3,150.0
E2(G)-E5(GC)-P(G) 2,618.9 E2(G/A)-E5(GC)-P(G) 3,625.0
E2(G)-E5(GC)-P(G) 2,598.7

-E2: exon 2, E5: exon 5, P:

promoter (5°-flanking region).
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o] CKM1 32 Hol AF

ot
H

ZE=the] 30k (A7 19.6~31.2cm)e| W40 E CKM1 ZEZEEFEH 34 A 3
S PCR EHSATHIE 2, & 4). ZZFH 1 99, exon 2, 4, 5,6, 7 U ZF 11
¥4 intron 2, 4, 5 Ul F 5 99 |@7I¥olE Ul FE AATE FASHA
@71 Wole vE f71Z AFHAY P FAet o] F d717F v FYol #F
HE Ao gRrEoZ FHJTHE 5).

Exon 1 (non-translated exon) Exop 2
5 ——-

PS aCEM1 1F PS gCHM1 seq 1R PS gCKM1 seq 2F PS sCEM1 seq 3R PS gCKM1 seq 2R PS cCEMT 1R
[ @71wo 2z 2

I8 2. ZAEvE e CKM1 F242F Ho| Ad= 94,

% 4. ZEriele] CKM1 §34 Wo] 9o £48 zajoln] An

Primer sequence (5'-3) Purpose
PS gCKM1 1F CTCAGCTTTTTTCAGCTGCT fHAA ==
PS cCKM1 1R GAGTAATATGAACCCCTTCA SRz ==
PS gCKM1 seq 1R AGTCTTTACCTGCACACCAG Mg B
PS gCKM1 seq 2F TCAGACAACCCTCAGAGACA A7 E 74
PS gCKM1 seq 3R GTGCTTCTTGAAGATCTCCTC A7IME A
PS gCKM1 seq 2R TTGACACCATCAACCACCAG A7NAE 724
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5. ZF=HE Y CKM1 43 Hol 949 HAE 9 71 g1 I9
702?(3131 ATféor;:)p) Seq-l Seqll Seq-lll
5'-flanking -1054 A AIG’ G
Intron-II 390 C T cIT
Intron-1V 919 T AATCTGTAAATTTTCT T/AATCTGTAAATTTTCT
948 C CcC c/cC
959 C c/CcC
Intron-V 1191 A o} A/C
Exon-I| 102 G GIT
Exon-1V 770 G
790 c
838 G GG
Exon-V 1019 C C/CC
1098 C C/CC
Exon-VI 1247 G
Exon-VII 1455 T C/IT
1509 G
1554 G
1591 C CIT T
- O] A A B A7 DE BAL
- Exon-V(1019)l &7|Wlols 5o A4 gl
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(2) A9 CKM1 £ 38 X 4 € AZ A% A7 A3 /F 24
7h AE(FE 3 2714)Y 4% 2 533 genotyping

-

MELG S 10007 A& & FAHR Ao 500 vlE Adste] A it Z2E
AAT & CKM1 #+34 exon 2, 5 99< PCR &3t A& dolx a2

genotypeS £ 7 FHASH E2(G)-E5(G/A, C/A), E2(G)-E5(AA)] genotype2] 71
7V 7HE e AR UeyT ol& ofuZiA Zhedl E2(G)-E5(AA)SE E2(G)-E5(GC)
genotype®] &, & ¥Bl&©°] T genotypeol HIEt =7] Wi}l Ao ATGHET. 1

H B EAE E2(G/A)-E5(AA)0]l 71 E=gkom E2(A)-E5(GC)o] 7}
& ko o] T genotypes Zte MAIFTE 3] Ho] HFHAPS tiEAFES BT
dl= AL Ebs sETh o] 9 genotypedl A& E2(G/A)-E5(G/A, C/A)O] w3t
E2(G)-E5(G/A, CIA)S Ho FAZE ¢F 30% O %A Welsa, E2(G/A)-E5(GC)ol H
st E2(G)-E5(GC)7F oF 10% O A UetHAT 5 +438 1549 7HA 3t #Jx

A WS ZA BFPOEM FAR frelats AP ol UTHE 6).

2] 31 genotype

# 6. Ao AT F 271d)e A B O5E 4% ¥4 BE

Ave. Ave. Ave. Ave. No.

tcai
Strain Genotype BW (g8 TL (em) BL (em) CF (%) Fish

KK E2(A)-E5(GC)  0.12 2.35 1.95 1.62 i
KK E2(G/A)-E5(AA) 029 2.92 2.33 2.05 3
KK  E2(G/A)-E5(G/A, C/A)  0.19 2.63 2.17 1.79 37
KK E2(G/A)-E5(GC)  0.20 2.63 2.16 1.89 17
KK E2(G)-ES(AA) 0.4 2.74 2.25 1.88 189
KK E2(G)-ES(G/A, C/A)  0.25 2.75 2.27 1.89 212
KK E2(G)-E5(GC)  0.23 2.72 2.23 1.92 41

U AE(FE * 571 9)9 =7 3 AERF I genotyping A A
A7) wet large I3 small 1FSE o] ZF 25w
T QUMY BAS FIsAth 7 OOF ETFAA FFFHOE E2(G)-E5(AA),
E2(G)-E5(G/A, C/A), E2(G)-E5(GC), E2(G/A)-E5(G/A, CIA)S] 4%F genotype©] 3¢l
At} Large 1E-& E2(G)-E5(AA) genotypeol 7HAI7} 16w 2 71 ®okar

il
s
i
o
ol
ol
£
12X
2
Ao
i)
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o do

—_—

o

0
|

o2 E2(G)-E5(G/A, C/A) genotype®] 7}A7} 7r1= &el=gith W small 18
E2(G)-E5(G/A, C/A) genotype®] 7WA7} 1102 7}a @oton] E2(G)-E5(AA)E
n2 ZlE ). Large®}t small 15 7te] /WA H FA= ZF 237 g, 102 g
R, AL 10.7 cm, 8.3 cm oo™ AL 9 cm, 6.9 cm=E A=A TH(IE 7).
7. A7 Ao NA(F-3 5 570€E) CKM1 #F32F ®o] 9o Frel 4A4Fd Hu
;ﬁggg Exon 2 Exon 5 BW (g) TL (cm) BL (cm) CF (%)

1 G AA 23.2 10.5 8.7 3.5

2 G GC 28.3 11 9.3 3.5

3 G AA 26.2 10.9 9.3 3.3

4 G AA 25.7 10.9 9.2 3.3

5 G/A G/A, C/A 24 10.8 9 3.3

6 G G/A, C/A 22.7 10.6 9 3.1

7 G AA 23.7 101 8.8 3.5

8 G AA 23.4 11 9 3.2

9 G AA 21.8 10.2 8.5 3.5

10 G G/A, C/A 22.2 10.2 8.7 3.4

11 G AA 211 10.3 8.6 3.3

12 G AA 19.3 10.2 8.6 3.0

13 G AA 25.3 11 9.3 3.1

14 G AA 25.3 11.2 94 3.0

15 G G/A, C/A 21.4 10.7 9 2.9

16 G AA 21 10.6 9 2.9

17 G AA 23.4 10.7 9.1 3.1

18 G AA 25.5 10.8 9.1 3.4

19 G G/A, C/A 28.3 11.4 94 3.4

20 G AA 25.3 10.8 9.3 3.1

21 G G/A, C/A 21.6 10.2 8.6 3.4

22 G AA 24.3 10.7 9.1 3.2

23 G G/A, C/A 21.5 10.5 8.9 3.0

24 G AA 211 10.5 8.6 3.3

25 G G/A, C/A 26 11.2 94 3.1
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Small

group Exon 2 Exon 5 BW (g) TL (cm) BL (cm) CF (%)
1 G AA 10.6 8.5 7.3 2.7
2 G G/A, C/A 8.6 8 6.5 3.1
3 G GC 9.2 8 6.6 3.2
4 G AA 12.7 8.9 7.3 3.3
5 G AA 10 8.2 6.8 3.2
6 G AA 10.8 8.5 7.1 3.0
7 G G/A, C/A 8.4 8 6.5 3.1
8 G AA 9 8 6.6 3.1
9 G AA 7.4 8 6.4 2.8
10 G AA 8.9 8.2 6.6 3.1
11 G G/A, C/A 11.4 8.5 7 3.3
12 G GC 9.7 8 6.6 3.4
13 G/A G/A, C/A 10.3 8.5 7 3.0
14 G GC 11.2 8.7 7.2 3.0
15 G AA 7.4 7.5 6.4 2.8
16 G G/A, C/A 12.5 8.9 7.2 3.3
17 G G/A, C/A 1.7 8.5 7.1 3.3
18 G G/A, C/A 10.1 8 6.6 3.5
19 G G/A, C/IA 9.2 8.2 6.6 3.2
20 G G/A, C/A 12 8.7 7.1 3.4
21 G G/A, C/A 14 9.5 8 2.7
22 G AA 12.9 9 7.7 2.8
23 G AA 10.3 8.4 7.1 2.9
24 G AA 8.6 7.7 6.4 3.3
25 G G/A, C/A 8.2 8.1 6.7 2.7

(3) CKM1 F4% I&F(A<E)e #d F3dAEs 438 54 H7}

7F A% - #oAdte AE FRAARAEY d=E 2 FAA 2 24

Large, small Z1& 8 7§A19 o, ol7bu], 7F, 2§ X2 O F total RNA #2]¢ cDNA
FAAE TR, FAA Fd E4-S semi quantitative RT-PCR 7]'H-& ©]-8-3}¢]
FSF . dv] AFES FI 4 FAAEE 24 O 23S AT & 0 A
S FP3FATHE 8). CKM1, PVALB, PPAR-b FAA2] H$ HA3 %2 oA
F OF P dEAE FoFQl Aolrt AEFHA gUTE SCD-b B¢ H, obriH]
ZA A= FAAo|7F A FAAE IE EAS YERS BEE ¥ 9 oprn] 2F
= @] SCD-bv 1+ A A A I+ Ad #d AXE UERHAA T large R
RAt AT K ZZ oA large

O~
= T
2 small 1§ 7 SCD-be] & £& o)} #EHUT WIS IF O A4 A
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27 BZE QAT small 1ERTH large1EolA SCD-be] #do] Foldoz =4
Uetue A& mle FEEAH. GHY A =& Hd &S Hole /fAIE°] small
TOFolA Bo W3] #EEFHJAAT AA I B2} large 2 osmall 1E 5ol A
A YeEtH(E 3).

38 A% dd ¥ mA TEEYE =ZEoln AR

Forward primer (5'-3") Reverse primer (5'-3') Amp
size (bp)
qPM GH FW2 GATGGGAATCCATCTCCTGA qPM GH RV2 TCTCCACCTTGTGCATGTCT 179
qPM CKM1 FW2 CTTCAAGCGTTTCTGCACTG qPM CKMI1 RV2 TGGTGAGGATCTCCTCGAAT 194
qPM PVALB FWI1 TCATTGACCAGGACAACAGC qPM PVALB RVI1 ACTCCAATCTTGCCATCACC 151
qPM PPAR-b FW1 ATGGCGTACACGAGGCTATT qPM PPAR-b RV1 TCATTAGCCCAGGACGATCT 246
qPM SCD-b FW2 CTGCTCATGTGCTTCTTCGT qPM SCD-b RV2 CGTGGGTTGATGTTCTTGTC 182
Large Small

g s, | ' ° AHE(E)2) CKM1 SRS
~ABCDEFGJabcdefghii . _ )
GH BB - SeS®e @« bBran Afa), B(b), C(c) : E2(G)-EB(AA)

D(d), E(e), F(f) : E2(G)-E5(G/A, C/A)
L L L L T T T pppp—_l G(a), H(h), (i) : E2(G)-E5(GC)
. J(j) : E2(G/A)-EB(G/A, C/A)
PPAR-p ' "% 5 S5 G5 S o o S 0 0 0 0 0w e Liver

. Brain & Bos -
SCO-b - X THAI(5L3) S 574Y) =X A=

- Brain

SCD-b W = o -—-——- wew Musce g total RNA & cDNA
- Liver

(CD-h WESEESESERsEssseee G - Muscle

SCD-b e e - o me e e Liver c g Oy 9T

DVALE 00 0 0 0 0 0 0 0 0 4 O 0 0 0 8 e  Miuscle - GH: growth hormone
- PPAR-b: peroxisome proliferator-
CKML s o o o o s dh e [Vuscle activated receptor beta
’ - 8CD-h: stearoyl CoAdesaturaseb
KMl weweseseessedeseede G PVALBE parvaliiiin
1BSIRNA weeweweeeSgeweeweeew - CKM1: muscle-type creatine kinase

TOE 3 AREE A 2 E48 RT-PCR #719%F
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V. FAAEA A&

[Trial I]

1. Z|2F G A Ad A FB

T%9 MRC <A A& F< 5, 614 FES 7I2FHo =R st FHAEAE A &3t
of Ast A= Fig. 19 YEHT F 3367 (H+ A5 2,095£626.1g) & Al
AAGFE 1230t (HFE #AF 2,343.7g, 694 71F)Ah

w

Cull : BW 1,911+647.1g Select : BW 2,343.7 + 502.1g

T T T 1
1000 2000 3000 4000
Body Weight (g)

Founder Select Cull
Number of individuals 294 84 213
Mean Body Weight 2095.4 2343.7 1912.0
% Selected 28.6

13 1. SCDb FZAAFEA] Aukst F&m Adrs} vjXddE oy o] A8,

* full line; select, dotted line; cull.

SO AL, A3 Y 24 5 2400 AAER & HIsEAY 19

3l HF 99mtelE Y MRCSF AFibAdATae AS FolH,
AZ2 A2 EES £33 RFID numbers Table 19 YERAATH

2
L
]
et
=
i—";
o}m ofN

=

_68_



¥ 1. SCDb FHAA7EA AAdel z+

= %

o

ofo] AR AT AAAE B2 HE

Body Weight (g) RFID No.  Sex Body Weight (g) RFID No.  Sex
3,142 00063BBA97 y\ 2,296 00063BCO5F %
3,141 00063B89A1 2 2,284 00063BC179 2
3,112 00063BD1B5 ¥ 2,244 00063BC844 N
3,109 00063BB7EB 3 2,228 0006383CE4 %
3,017 00063BC484 ? 2,227 00063BE24F 3
2,921 00063BCEB7 i\ 2,209 00063B179D 2
2,866 00063BCAA7 2 2,190 0006381DC6 2
2,849 00063C0153 ? 2,173 0006383D99 %
2,815 00063BAAF5 £\ 2,154 0006381B4A 2
2,741 00063BD8BD ? 2,150 00063BC3B5 %
2,741 00063B76EB f> 2,134 00063BES6A 3
2,740 000637F15A ) 2,132 000637EF09 %
2,680 00063BC973 3 2,129 00063 82347 £\
2,635 00063BEB85 £ 2,118 00063BDC6B N
2,631 00063BFA08 3 2,116 0006383BB1 ?
2,617 00063C1445 ? 2,116 00063BC38F el
2,557 00063 81936 ? 2,115 00063BCE61 %
2,556 00063BD6CE 2 2,099 00063BD3FF 2
2,532 00063AFD7E N 2,094 00063BCE54 d
2,510 0006380A AB 3 2,092 00063C0OC5D 2
2,505 00063BAADD ¢ 2,088 00063BC559 %
2,475 00063 80570 Rl 2,073 000637E719 N
2,469 00063BA2ES f) 2,055 00063BC5D8 Y\
2,453 00063BC174 2 2,052 00063BA991 2
2,444 00063BD13B N 2,010 00063BB4B7 N
2,420 00063BA6E2 3 2,010 00063BC5BD =l
2,418 00063BA98C ? 1,996 00063BB6BC el
2,327 00063BCA7E 3 1,973 00063BA723 %
2,321 00063BD4AB f> 1,964 00063BCB47 y\
2,312 00063BBC6F Y\ 1,963 00063848D5 y\
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Body Weight (g) RFID No. Body Weight (g) RFID No.
1,840 4B0B084C38 2,260 4B0A6B453C
1,740 4B0OA5F0706 2,350 4B0B066675
2,560 4B0A775C10 2,190 4B05282F63
2,850 4B05326B5C 1,470 4B0B47486B
2,510 4B0B4E4763 1,980 4B0B19122F
2,600 4B0B49440B 1,620 4B0B455A46
2,870 4B0B3D0773 2,070 4B0B120041
2,210 20305F6F62 2,000 4BOB5B613A
2,280 4B052A1957 2,080 4B0A68512B
2,060 4BOB5E1312 1,710 4B0B216B62
2,350 4B0B471727 2,030 4B0B562C73
1,460 4B051C4E4D 1,780 4B0A761E49
2,140 20305E2032 2,540 4B0B0B3227
1,970 4B0B536B1F 1,740 4BOA7AOF4F
1,780 4B0B212C16 1,690 4B0B435F14
2,640 4B0B0B2554 1,250 4B053A0214
2,370 4B0OBOE0242 1,300 4B0B15657D
2,010 20306D764D 2,140 4B05326F46
2,260 4BOA65557E 2,170 *
2,140 4B0B471F61 * operculum punching

2. FAAREAE L3t R -FAD A& 47 F Agayg

(1) FHALLE A8 AHEE Ada vjdE o7 B+ AF

NzxFdoz iy Awg Jaoz Ry Mo 84S AF3] ste] 4493
BoA Fo LS AEEROH, ofE ] AREF Add wAdE o] Wit
AFL 747+ 2,392+588.697 2,366+431.6g ©] U tH(Table 2).
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—

£

el it AF

Brooder strain

Selected

Non-selected

Mean body weight (g)

2,392+588.6 (n=60)

2,366+431.6 (n=60)

(2) Mg} AT AJFLOZRE AHF AL 7] HF(2~574DH)
a9 19 A Aol F 60vhelE Aushel ANE AEe] AT 271

71)ell 1.34+0.09g, 3.571 Lol 9.42+0.37g 18] 571 L& o] 48.96+0.93= A u]Aldt

= o o
Zl =2 U=

-

ofzell Hlsl sl

o

=u

=

BHom, old wWE SGR (specific growth rate)

2 F AFET7IZE B A RojTte] Ap&so] 3.9982%/dayE A MY XojTe] A

(3.950%/day)ell B3] ESkTHTable 3).

F 3 e A A e AEe] YASENER)
Age Brooder strain
(months) selected non-selected
Total length (cm)
2 4.6+0.08 4.4+0.07
3.5 8.4+0.12 7.7+0.09
5 11.6+0.22 10.1+0.18
Body weight
2 1.34+0.09 1.18+0.06
3.5 9.42+0.37 8.24+0.27
5 48.96+0.93 41.29+0.84
Weight Gain (%)
2-3.5 603.0 598.3
3.5-5 419.8 401.1
2-5 3554.7 3399.2
Specific growth rate
(%/day, SGR) 2-35 4.334 4.319
3.5-5 3.663 3.581
2-5 3.998 3.950
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(3) € W& LA

3 20 Yehd AE HojFH nlad oo Ao AR AAZREH MARaAE
ZAMgE A, 27 d#EH o= 13.6%, 3.57/MEH A= 14.3% 1812 5L H o= 18.6%
AT

=<

4).

& 4. SCDb FAAEA oF 438 A% T3}

Age (months)
2 3.5 5

Cumulative selection response (%) 13.6 14.3 18.6

3. ¢Fzoje HAE A ot

(1) DARD A2z} Y4 =4

7b AHE g2 AF

Ao A =0l A7 BA MRCOA AFS <l Hole] WAL &5 2%
A

(GSly= ¥ Holo] 4.82+0.69, HAH HojFo] 4.68+0.8124 FoF 2o

%

52
PN
=<
)

3E 5 FE AT vAdE A ojo) AAL 7 T ANE w5 A 4(GS)

mid-spawning season

selected non-selected

Gonadosomatic index 4.82+0.69 (n=6) 4.68+0.81 (n=7)

. A+ wj

(7hH SRS AAEF

Ak 7<101§TE1 5143t % 101,850 mle] A gho] AAtEAom, AT o=
B+ 50€%F % 91,070 ml AAHE IS (Fig. 2, Table 6), ¥ t
0] 1997.17H, H AR ool 182147, oA nigd A
3395.07), HIAY lojito] 3035.77H, A @ AlF(kg) & AabEe AY %
986.671, Bl Fojto] 899.871 A th.

S
o,
[
of
flo
2
l-uu:
)
L2 o
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(W =4& =27, 7 & € "ASFE i HlE

FAT A7) A o]Fo] 0.93£0.02mm, Bl AT ZoFo] 0.94+0.81 mmo]| e
M (Table 7), 3@ FAS Hsts 2424 475 vASE 2FELS AL
Foj7to] ZHz 1.0120.0370 ¢ 67.2% 24 HAE o3} xpolE= AT

3,000

B Selected ™ Non-selected
4,500

4,000

3,500

3,000 -

2,500 ~

2,000 -

Amount of eggs(ml)

1,500 -

1,000 -

500

A
21 2325 X7 29 31 33 35 37 39 41 43 45 47 49 51

U 4

Days after brooder stock
09 2 FE AL AE AojRwe] 9 FAT A

3£ 6. Amount of fertilized eggs produced from selected and non-selected Red Sea

Bream (Pagrus major) during spawning season

Spawning Season

selected non-selected
Eggs production Duration 51 50
Amount of fertilized eggs produced (ml) 101,850 91070
per day 1,997.1 1,821.4
per female brooder 3,395.0 3,035.7
per female body weight (kg) / day 986.6 899.8
(Th A4 Te] Ratg 2 Hahziole] =7
5047t Hatd Y T 7Y HHo = 9xtdlo] AH Fitee AR Ay, AT
L (H T 92.544.4%)7 BT Z10](93.0244.4%)3t frol @ Atel= flSATHFig. 3).
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Fepxtole] 7)1 Al JojFolAl AikE AT R3iztoirt 2.64+0.10mmE A
] A %10]7(2.67£0.09mm)3} =0l 7} §1%iTtH(Table 8).

Table 7. Egg diameter, number of oil globule and minute black spot of fertilized
eggs produced from selected and non-selected Red Sea Bream (Pagrus major)

during spawning season

spawning season

selected non-selected
Egg diameter (mm) 0.93+0.02 0.94£0.81
Number of oil glouble 1.01+0.03 1.00+0.04
Appearance of minute black spot (%) 67.2 71.5

Table 8. Total length of just hatched larvae of selected and non-selected red sea

bream (Pagrus major) at mid-spawning season

Spawning season

Selected Non-selected

Total length (mm) 2.65+0.10 2.67+0.09

B Selected B Non-selected
100

a0

&0

40

Hatching rate (4)

20

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
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Fig. 3. Hatching rate of fertilized eggs produced by natural matings between

selected and non-selected red sea bream (Pagrus major).

B

10]7-0] 14.9% = A,

all

ool 15.1%, HIAE

AtHTable 9).

G5
)

Table 9. Early survival rate of offspring during 60 days of seed production period

Spawning Season

Non-selected

Selected

800,000 800,000

Number of fertilized eggs stocked

119,000

121,000

Number of fish produced

14.9

151

Survival rates (%)

B
Ho
°

171 913}e] Table 109

3]

bolg A}

bl 49x48 2T m)

S

X

A

!

=
L0

A} u
A A

Fig. 8l Yet At

L=
T

A2

P
T

]

all

Ho

°|(S-1¢, S-23)% <

=l

] (NS-1

PN
T2

BL)

ol

62.26%, 45.23%, ¥l

7_|1—

@ wEee 2

3

s

483}

A

o T

ﬁo

o}
o
ﬁo

Zl
Bol&2 247 52.41%, 15.24%, vlAE =71 XoJ(NS-18, NS-20)¢ AF &

40.55%, 25.16%,

(818, S-28)%F <

NS-23 )<t

*{(NS-17,

21

T2

A

d

]

H

°{(s-13, S-23)¢ 2

2]

) XL
NS

5

%

A

o Fshgd 77 42.10%, 22.21%, H

(NS-18, NS-23)9} ¢
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2 4 AR ATelA, $4E7 RHEe T Ak fAA0) 2ol nyh A v
Hol Fe W AL AT

Table 10. Profiles of selected and non-selected red sea bream (Pagrus major) for

artificial mating

% TL SL BW Fatness [D serial no. Strain
1 46.5 38.2 1540 2.7627 00063B87FE Selected
2 56.2 442 2670 3.0920 00063BA770 Selected
3 56.5 455 2880 3.0574 00063BB36F Non-selected
4 43.5 33.0 1620 4.5079 0006381D16 Non-selected
p) TL SL BW Fatness /D serial no Strain
1 53.0 43.7 2820 3.3791 00063BDCOA Selected
2 46.2 36.1 1580 3.3584 00063BD483 Selected
3 59.3 48.0 3170 2.8664 00063BC40C Non-selected
4 53.2 411 2030 2.9240 00063825E2 Non-selected
£ 100 -
lgg | S5-12  mfertilazation rate hatching rate ag - 5-2% m fertilazation rate hatching rate
80 - 80 -
g 70 - 70 1
& 60 - 60
e ¢ 50+
g 40 - 40
5 30 - 30 -
? 20 20 -
10 10 -
0 - : U
N5-18 N5-2 & N§-14 NS-24
l{;g - NS-19 = fertilazation rate hatching rate l{;g - NS-22 m fertilazation rate hatching rate
80 - 80
E 70 - 70 -
.g 60 60
% 50 - 50 -
Z 40 - 40 -
5 30 - 30 -
7]
20 - 0 -
0 A . o

NS-14" NS-2d NS-1d
Male Male

Fig. 4. Fertilization and hatching rates of eggs produced by artificial matings

between selected and non-selected red sea bream, Pagrus major.

_76_



Table 11. Early survival rates of hatched larvae produced by matings between

selected and non-selected red sea bream (Pagrus major)

Selected-1 ¥ Selected-2 ¢ Non-selected 1% Non-selected 2%
Male % survival | Male % survival | Male % survival | Male % survival
S-179% 85.45 | S-1 9% 93.98 | S-1 9% 80.91 | S-1 79 87.27
S-27% 84.55 | S-2 % 92.86 | S-298 79.09 | S-2 9 88.18
NS-1 73 81.82 | NS-1 9 92.22 | NS-1 9 82.73 | NS-1 3 84.55
NS-2 ¢ 94.00 | NS-2 0 93.18 | NS-2 % 8455 | NS-2 0 82.73
Mean S 85.0 | Mean S 93.4 | Mean S 80.0 | Mean S 87.7
Mean NS 879 | Mean NS 92.7 | Mean NS 83.6 | Mean NS 83.6
Total 86.5 Total 93.1 Total 81.8 Toeal 85.7
mean mean mean mean
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[Trial I1]
1. 712ATAA AE QA
(1) FAAEA 76 Ho] A

€9 MRCOA Abs#e] F<l 69 Fae 712D st FdAEAE 2835

372vlE](HT AF 2,645.4+608.69) F

of ARt Ay= 19 3 UEUWAT. &

Ak A ASE 132vte)(FF AE 2,828.6:633.3g, 694 7]F)A T

Cull : BW 2,471.4+630.4g

Select : BW 2,828.6 + 633.3g

| |

2000 2500 3000 4000
Body Weight (g)
Founder Select Cull
Number of individuals 372 132 240
Mean Body Weight 2,645.4 2,828.6 2,471.4
% Selected 35.5
a9 3. FE E2A A JogHTEe] AFEE

At §9 MRCSH Ag+aAdaias] A8
[©)

J
o, 5= SO, A2A A 24 5 400 AHEsi Al

MA 2L 93 RFID number= ¥ 69 UEN QT

_78_

A7 s a5z



F 6. Fw FA AE e AlF3 RFID AE(6d4 132 vhe)

Body weight (g)  Sex RFID No. Body weight (g)  Sex RFID No.
4310 d  00063BB884 3550 c 00063BCA7E
4350 d 00063BA67E 3300 o} 0006FEOCF8
4250 d  00063BB28E 3750 c 00063B7255
3850 d 00063BA7F6 3600 Q 00063BD6DD
3870 @  0006382FB9 3150 Q 0006FEQF41
3850 d  00063BB5BC 2870 Q 0006FB8238
3690 @  00063BBIEO 3450 Q 0006381427
4250 @ 00063BCFDF 3190 c 0006FEOAOB
4250 d  00063BA99C 3150 c 0006BD31E
3950 d 00063BC174 3400 c 00063BB6BC
3950 d  00063BB12D 2850 o 0006382347
3950 g 00063BB084 2960 &  0006FDDDC9
4600 @  00063BFC80 2580 Q 0006FDEES89
3780 @ 00063BD811 3100 Q 0006FB91BC
3310 d 00063B1A4F 2950 Q 00063BB36F
3640 @ 0006391D92 2950 Q 00063BBF7B
3250 d 0006FDE8SCO 3200 &  00063BCAA7
3400 @ 0006FDF234 2540 c 0006FDEbL97
3550 d  00063BCD90 3550 &  0006FDF9C3
3550 d 00063BCATE 2850 Q 0006FEQ7BE
3300 & 0006FEOCF8 2830 Q 0006FDE493
3750 d  00063B7255 3650 o 0006382025
3600 @ 00063BD6DD 2850 Q 00063809D6
3150 @  0006FEOF41 2950 Q 0006FDFA4F
2870 @  0006FB8238 2950 Q 00063BAB99
3450 @ 0006381427 3050 c 00063BCE61
3190 & 0006FEOAOB 3400 c 00063B89A1
3150 d  0006BD3I1E 2280 d 0006FE4721
3400 d  00063BB6BC 3100 Q 00063BE86A
3550 d  00063BCD90 2850 &  0006FDDBA5S
2150 & 00063BDI10OE 2300 o 000637F15A
2550 @ 00063C15D0 2050 Q 00063B87FE
2150 @  00063ABF03 2350 Q 00063BCB8B
2050 d  00063BD8BD 2400 c 00063BCEb4
1920 @  0006FE0AS82 2150 Q 0006FEOAEG6
2250 @ 00063BBFA4 2100 c 0006FE266C
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% 6. A%

Body weight (g) Sex RFID No. Body weight (g) Sex RFID No.
2680 d 0006FDFC85 2550 d 0006FDFEA6
3250 @ 0006383D26 2610 Q 0006FE083C
3200 d  00063C00C4 2550 Q 00063BA723
2970 @ O00063BFEEA 2550 Q 00063B7A22
3450 @ 00063BD6B4 2850 Q 000638298A
2510 @ 0006FE3DEB 2650 d 00063B0O3F9
2930 @ 0006F934D1 2350 d 00063BCB47
2640 d  0006FDF827 2’720 Q 0006FDFFBI1
3150 d  00063BCEB7 2250 Q 00063BD1B5
3250 d  00063AD780 2550 Q 00063BA840
2’700 d  00063BBA40 2550 d 0006FDF944
2930 d 0006FDFD8F 2500 d 00063BEESA
2’750 d  0006383CE4 2250 d 0006FEOF98
2950 d  00063BB4B7 2490 Q 0006FDEES&7
2660 d 0006FDFBF3 2350 Q 0006FDF8B5
3450 d 00063BD6CE 2350 Q 00063BE4DC
2950 d  00063BBAS7 2300 Q 00063BCDYD
2400 d  0006FE2459 2’750 Q 0006F94794
2750 @ 00063BC844 2450 d 00063BC88E
2950 @  00063800EE 1890 d 0006FDDA1B
2800 d  000637E719 2300 Q 0006FDD71B
2870 d  0006FDF098 2250 d 0006FEODSF
3450 d  000637EBI19 3000 Q 000637F3FC
3000 @  00063BA770 2250 d 00063BD8E2
2840 @  0006FB967B 2100 Q 0006FEQ91C
2400 @  0006FE24DE 2550 d 00063BD4AA
2520 ?  0006FE34D1 2300 d 0006381DC6
2220 d  0006FEO7BD 2100 d 0006FDD845
2380 @ 0006FDD7F6 2050 Q 0006FDESB7
2460 d  0006F93995 2070 d 0006FDEF08
2450 d  0006FDE8B8 2050 Q 0006FEQOF9B
2100 d  0006FE3F82 1640 Q 0O006FDDES33
1750 @  00063C04DF 1900 d 0006FDDC11
2650 @  00063bebe3 1950 d 00063BC559
1860 @ O0006F93A1E 1850 d 00063BC3B5
2450 d  00063COBOF 2300 d 00063B76EB
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(2) FARER 7 Wo] AL2RE TN L AL£AA

7L SHALS 38 AR Ad v Roj7e] B AF

FAAEAS Heste] Ma AoYHE 6)9) AL FEAHS AZF7] At 4
AA A2 AlEAA o A4ke AESAT o] 7)o mE ARadE LA s}
7] Sla) Aas) mAdE Wolze AF L FAEA Adstgon, HE AFe

o] 2,600.0+437.2g 18]3 HAuto] 2639.4+419.8g ¢ ATHE 7).

g

7. T B AEAAS Al AFERE ARt B Mo Tl BEAF

»ﬂ

Brooder strain

Selected Non-selected
) 2,600.0+437.2 2,639.4+419.8
Mean body weight (g) (n=41) (n=41)

v A vAdd Jojro B RE A A& AR

a9 39 A o7 F MMutgE AEste] AL A AT 1.571EH e

o%k 2ol Ao, SAEH = Aol F Aol 22.3go 2 H|ARH o] A=

(19.2g)°ll Hl3l frolstAl =2 #h= EATHP<0.05). olo] & SGR (specific growth

rate)> & ARS7IZE BQF A oo Aol 4.54%/dayE Al vIAE Flolite] A}
£(4.39%/day)°ll H3] =ShTHE 8).

r

M

8. MW vHE Ao TORRNE ANT ALl 54U Feke] YHEA

Age Brooder strain

(months) selected non-selected

Body weight

1.5 0.19+0.09 0.18+0.09
5 22.3+3.07 19.24+4.01
Specific growth rate (SGR, %/day)
1.5-5 4.54 4.39
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3. FAAEAE HEsto Add 3ojo] HANE EAHIL

(1) A} vjxE Moo AL &=

A abgko] 2 Fo Al7]o] BY MRCOA AFS F9 ¢ Hojo s &%
TF(GSHE A oA Hojito] 4.15+1.05, HIAET A ojFo] 4.11+0.93 0 2 A

A%

12 A9 A7) B ARSI mAE "ol AR ANk SEAS

A

mid-spawning season

selected non-selected

Gonadosomatic index 4.15+1.05 (n=10) 4.11+0.93 (n=10)

(2) AQaulE T3 HA BEA =AF

7t SRS AL

At o2 RE 69Y€3t F 117,240ml, ¥4 2 RE 70¥€7F F 114,380ml A3
2bEIRom(ag 5, & 13), Y3t AAES A Mool 1,699.1ml, vl o+
°] 1.657.7ml, 4H v AT AP ZojFo] 4,689.6ml, HIAE Zlo]Fo]
4,575.2ml, 4A DA F(kg) T AAEFS A Foj7to] 653.8ml, HIAAY Koo
628.7mlo] A TH ¥ 5).

SY

. FRS 27, 7 7 2 ASE i Bl
TATY A7+ A %101%& ] 0.97+0.12mm, B]A Zloj7o] 0.97+0.

H(E 14), TATGY] FHEE ot 8 AREA FFTe HA S
ool 2+ 1.01+0.0471 ¢} 56.7% =4 HlAE XojFd} Aol&=

N
EE ke
o

_1
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4,500 -
4000 - W selected M non-selected
3,500 -
3,000 A
2,500 -
2,000 -
1,500 -

500 -
ol il

Amount of eggs (ml)

1 35 7 91113151719212325272931333537394143454749515355575961636567697173

Days after brooder stocked

99 5 g AL FEe AdwiA 9 FH P4

S,

-~

g W3k

e

13. 5 A wdd Mojate] AAnufol] ot g A

Spawning Season

selected non-selected
Eggs production Duration 69 70
Amount of fertilized eggs produced (ml) 117,240 114,380
per day 1,699.1 1,657.7
per female brooder 5,862 5719
per female body weight (kg) / day 653.8 628.7

o SR F3g 9 7

7097 3 FAT F 7Y A0 1030 2H REES AR A, Ad 2
o TH(H T 89.7£5.9%)3 M A X1 01F(90.0£5.3%)3tF 3 Zol= (1 tH(Table 8).
ool e] Fr]e Al XojFo A Aakd FAFTe] HeAtort 2.7120.13mmEA]
Hl X 210)(2.7240.11mm)3 2Fo]7F IATHE 15).

oL
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spawning season

selected non-selected
Egg diameter (mm) 0.97+0.12 0.97+0.11
Number of oil glouble 1.01+0.04 1.02+0.03
Appearance of minute black spot (%) 56.7 55.3

%15 A0 WA AojHdezNE AAdTuE B AN FAw FuE)
w870l o] 7]

Spawning season

Selected Non-selected
Hatching rate (%) 89.7+5.9 90.0+5.3
Total length (mm) 2.71+0.13 2.72+0.11

16.7%(trial | 20.0%, trial 1 13.4%)24, 5 A4k o] 27t 2ol UATHE 16).

316, Add v o g o 2R AAulE Fok] A4td e TR
[e)
=

Spawning Season

Selected Non-selected
trial 1 trial II trial 1 trial II
Number of fertilized eggs stocked 550,000 500,000 550,000 500,000
Number of fish produced 95,000 78,000 110,000 67,000
Survival rates (%) 17.3 15.6 20.0 13.4
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s WA ot ol 3l S

25 W4

B4 2AE A5 AT

NS-3g'
Male

NS-43

AR} 3 Moje] =23
Q TL SL BW Fatness /D serial no. line
# 1 61.4 50.2 3550 2.8062 00063BCD90 Selected
# 2 53.0 42.4 2100 2.7550 0006FDD71B Selected
# 3 49.7 39.5 2050 3.3263 00063BB1A9 Non-selected
# 4 49.9 38.5 1750 3.0666 00063BB282  Non-selected
d TL SL BW Fatness /D serial no. line
# 1 58.8 48.4 3550 3.1311 0O006FDF9C3 Selected
# 2 50.6 43.0 2250 2.8299 0O006FDE8B8 Selected
# 3 53.0 43.1 2200 2.74778 00063848D5  Non-selected
# 4 52.2 43.6 2400 2.8957 00063BAZ2E8 Non-selected
138 | §-3% W fertilization W hatching 138 | s-4% ® fertilization M hatching
_. 80 - 80 -
X 70 - 70
£ 60 - 60 -
s 50 - 50 -
2 40 - 40 -
S 30 - 30
v 20 - 20 -
10 - 10 -
0 - 0 -
NS-3¢ NS-48 NS-38 NS-48
1[9}8 : NS-39 | fertilization B hatching lgg : NS-49 m fertilization B hatching
_. 80 - 80 -
s 70 - 70 -
£ 60 - 60 -
= 50 - 50 -
2 40 - 40 -
E 30 - 30 -
@ 20 - 20
10 - 10 -
0 - o e

NS-33 NS-43
Male

a9 6. s Ads v Moo JAFan) Al e FiE
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E18. AHE Muw sl Alojo] Agwuls Sstel AT U YR E4)
SHT72AI1%Y) o 7|\ BES
Selected-1@ Selected-2Q Non-selected 1@ Non-selected 29
Male % survival Male % survival Male % survival Male % survival

S-19 60.3 S-19 63.4 S-19 58.4 S-19 43.2
S-2& 62.4 S-28 62.2 S-2& 60.1 S-28 38.7
NS-1& 61.0 NS-1¢ 62.3 NS-1& 58.3 NS-1¢ 54.3
NS-2¢& 63.8 NS-2¢ 60.7 NS-2¢& 61.4 NS-2¢ 50.2
Mean S 61.35 Mean S 62.8 Mean S 59.25 Mean S 40.95
Mean NS 61.7 Mean NS 62.25 Mean NS 59.2 Mean NS 46.5
Total mean 61.875 Total mean 62.15 Total mean 59.55 Total mean 46.6

_87_



A3 AT A3 S EAY

_88_



SN
= VA S|

Ankorion, Y., 1966. Investigation on the heredity of some morphological traits in the
common carp,Cyprinus carpio : Ph. D. Thesis, The Hebrew University, Israel.
AOAC. 1990. Official methods of analysis. 15th ed. Association of Official Analytical

Chemists. Arlington, Virginia, USA. 1298 p.

Arnault, F., Etienne, J., Noe, L., Raisonnier, A., Brault, D., Harney, J. W., Berry, M. J.,
Tse C., Fromental-Ramain, C., Hamelin, J. and Galibert, F. 1996. Human lipoprotein
lipase last exon is not translated, in contrast to lower vertebrates. J. Mol
Evol.,43:109-115.

Bakos, J. and S. Gorda., 1995. Genetic improvement of common carp strains using
intraspecific hybridization, Aquaculture, 129:183-186.

Ballestrazzi, R., D. Lanari, E. D'Agaro, and A. Mion, 1994. The effect of dietary protein
level and source on growth, body composition, total ammonia and reactive
phosphate excretion of growing sea bass (Dicentrarchus labrax). Aquaculture,
127:197-206.

Bi, N., F. Wang, X. Zhao and L. Huanliang, 1998. The oxygen consumption and energy
metabolism of Chrysophrys major. J. Shanghai Fish. Uni. 7:154-158 (in Chinese,
with English abstract).

Biswas, A.K., M. Endo, and T. Takeuchi, 2002. Effect of different photoperiod cycles
onmetabolicrate and energy loss of both fed and unfed young tilapia Oreochromis
niloticus: Part 1. Fish. Sci., 68:465-477.

Biswas, A.K. and T. Takeuchi, 2002. Effect of different photoperiod cycles on metabolic
rate and energy loss of fed and unfed adult tilapia Oreochromis niloticus: Part II.
Fish. Sci., 68:543-553.

Brett, J.R. and C.A. Zala, 1975. Daily pattern of nitrogen excretion and oxygen
consumption of sockeye salmon (Oncorhynchus nerka) under controlled conditions. J.
Fish. Res. Board Canada, 32:2479-2486.

Brett, J.R. and T.D.D. Groves, 1979. Physiological energetics. In: Hoar, W.H., Randall,
D.J. Brett, J.R. (Eds.), Bioenergetics and Growth, Fish Physiology. vol 8. Academic
Press, New York. pp. 279-352.

_89_



Burel, C., J. Person-Le Ruyet, F. Gaumet, A. Le Roux, A. Sévére, and G. Boeuf, 1996.
Effects of temperature on growth and metabolism in juvenile turbot. J. Fish. Biol.,
49:678-692.

Cataldi, E., Marco, P.D., Mandich, A and S. Cataudella. 1998. Serum parameters of
Adriatic  sturgeon Acipenser naccarii  (Pisces: Acipenseriformes): effects of
temperature and stress. Com. Bio. Phy. Part A, 121:351-354.

Caulton, M.C., 1977. The effect of temperature on routine metabolism in Tilapia rendalli
Boulenger. J. Fish Biol., 11:549-553.

Chakraborty, S.C, K.G. Ross, and B. Ross, 1992. The effect of photoperiod on the resting
metabolismof carp (Cyprinus carpio). Comp. Biochem. Physiol., 101A:77-82.

Chambers, J.R., J.S. Gavora and A. Fortin, 1981. Genetic changes inmeat-type chickens in
the last twenty years. Can. J. Anim. Sci., 61:555-563.

Conover, R.J., 1966. Assimilation of organic matter by zooplankton. Limnol. Oceanog.,
11:338-345.

Cooper, D. A., Stein, J. C., Strieleman, P. J. and Bensadoun, A. 1989. Avian adipose
lipoprotein lipase: ¢cDNA sequence and reciprocal regulation of mRNA levels in
adipose and heart. Biochim. Biophys. Acta., 1008:92-101.

Crawford, R.D., 1990. Poultry Breeding and Genetics. Elsevier, Amsterdam.

Cui, T. and R.J. Wootton, 1988. Bioenergetics of growth of a cyprinid, Phoxinus
phoxinus: the effect of ration, temperature and body size on food consumption,
faecal production and nitrogenous excretion. J. Fish Biol., 33:431-443.

Danzmann, R.G., M.M. Ferguson and F.W. Allendorf, 1987. Heterozygosity and
oxygen-consumption rate as predictors of growth and developmental rate in rainbow
trout. Physiol. Zool., 60:211-220.

Dobson, S.H. and R.M. Holmes, 1984. Compensatory growth in the rainbow trout, Salmo
gairdneri Richardson. J. Fish Biol., 25:649-656.

Dosdat, A., F. Sevais, R. Metailler, C. Huelvan, and E. Desbruyeres, 1996. Comparison of
nitrogenous losses in five teleost fish species. Aquaculture, 141:107-127.

Dosdat, A., R. Metailler, E. Desbruyeres and C. Huelvan, 1997. Comparison of brown
trout reared in fresh water and sea water to fresh water rainbow trout: I. Growth
and nitrogen balance. Aquatic Living Resour., 10:157-167.

Doyle, R.W. and A.J. Talbot, 1986. Artificial selection on growth and correlated selection

_90_



on competitive behavior in fish. Can. J. Fish. Aquat. sci. 43:1059-1064.

Dunham, R.A. and R.E. Brummett, 1999. Response of Two Generations of Selection to
Increased Body Weight in Channel Catfish, Ictalurus punctatus, Compared to
Hybridization with Blue Catfish, 1. furcatus, Males. J. Appl. Aquacult. 9:37-45

Dunham, R.A. and R.O. Smitherman, 1983. Crossbreeding channel catfish for improvement
of bodyweight in earthen ponds. Growth, 47:97-103

Dunham, R.A., 1996. Contribution of genetically improved aquatic organism to global food
security. International conference on sustainable contribution of fisheries to food
security. Government of Japan and FAO, Rome, 150pp.

Dunham, R.A., K. Majumdar, E. Hallerman, D. Bartley, G. Mair, G. Hulata, Z. Liu, N.
Pongthana, J. Bakos, D. Penman, M. Gupta, P. Rothlisberg and G.
Hoerstgen-Schwark. 2001. Review of the status of aquaculture genetics. In:
Proceedings of the Conference on Aquaculture in the Third Millenium. Subasinghe,
R.P., P. Bueno, M.J. Phillips, C. Hough, S.E. McGladdery and J.E. Arther, eds.
NACA/FAO. Bankok and Rome, pp.137-166.

Durbin, E.G. and A.G. Durbin. 1981. Assimilation efficiency and nitrogen excretion of a
filter feeding planktivore, the Atlantic menhaden, Brevoortia tyrannus (Pisces:
Clupeidae). Fish. Bull., 79:601-616.

Elliott, J.M., 1976. The energetics of feeding, metabolism and growth of brown trout,
Salmo trutta, in relation to body weight, water temperature and ration size. J. Anim.
Ecol., 45:923-948.

Elvingston, P. and K. Johansson, 1993. Genetic and environmental components of variation
in body traits of rainbow trout (Oncorhynchus mykiss) in relation to age.
Aquaculture, 118:191-204.

Enerback, S. and Bjursell, G. 1989. Genomic organization of the region encoding guinea
pig lipoprotein lipase; evidence for exon fusion and unconventional splicing. Gene,
84:391-397.

Folmar LC. 1993. Effects of chemical contaminants on blood chemistry of teleost fish : A
bibliography and synopsis of selected effects. Environ. toxicol. Chem. 12:337-375.
Gjedrem, T. 1997. Selective breeding to improve aquaculture production. World
Aquacult., 22:33-45.

Gjedrem, T., 1979. Selection for growth and domestication in Atlantic salmon, Z.

_9"_



Tierzuch. Zuchtungsbiol., 96:56-59.

Gjedrem, T., 1997. Selective breeding to improve aquaculture production. World Aquacult.,
22:33-45.

Gjedrem, T., 2000. Genetic improvement of cold-water fish species. Aquaculture Research,
31:25-33.

Gjerde, B. and L.R. Schaeffer, 1989. Body traits in rainbow trout. 2. Estimates of
heritabilities and of phenotypic and genetic correlations. Aquaculture, 80:25-44.

Gjerde, B., 1986. Growth and reproduction in fish and shellfish. Aquaculture, 57:37-55.

Grisdale-Helland, B. and S.J. Helland, 1998. Macronutrient utilization by offspring from
wild and selected Atlantic salmon. p. 221-224. In: Energy metabolism of Farm
Animals. eds by K.J. McCracken, E,F. Unsworth, A.R.G. Wylie. CAB International,
Oxon, UK.

Gunnes, K. and T. Gjedrem, 1981. A genetic analysis of body weight and length in
rainbow trout reared in sea water for 18months. Aquaculture, 24:161-174.

Handy, R.D. and M.G. Poxton, 1993. Nitrogen pollution in mariculture: toxicity and
excretion of nitrogenous compounds by marine fish. Rev. Fish Biol. Fish,
3:205-241.

Harikrishanan, R., Rani, C. and C. Balasundaram. 2003. Haematological and biochemical
parameters in common carp, Cyprius carpio, following herbal treatment for
Aeromonas hydrophyla infection. Aquaculture, 221:41-50.

Harvenstein, G., P.R. Ferketet, S.E. Scheideler and D.V. Rives, 1994. Carcass composition
and yield of 1991 vs. 1957 broilers when fed 'typical' 1957 and 1991 broiler diets.
Poultry Science, 73:1795-1804.

Hershberger, W.K., J.M. Myers, R.N. Iwamoto, W.C. Macauley and A.M. Saxton. 1990.
Genetic changes in growth of coho salmon in marine net pens, produced by ten
years of selection. Aquaculture, 85:187-197.

Hrubec, T. and S.A. Smith. 1999. Differences between plasma and serum samples for the
evaluation of blood chemistry values in rainbow trout, channal -catfish, hybrid
tilapias, hybrid striped bass. J. Aqua. Anim. Heal., 11:116-122.

Jobling, M., 1981. Some effects of temperature, feeding, and body weight on nitrogenous
excretion in young plaice, Pleuronectes platessa L. J. Fish Biol., 18:87-96.

Jobling, M., 1994. Fish Bioenergetics. Chapman & Hall, London.

_92_



Jobling, M., O.H. Meloy, J. Dos Santos and B. Christiansen, 1994. The compensatory
growth response of the Atlantic cod: effects of nutritional history. Aquat. Int.,
2:75-90.

Jonassen, T.M., AK. Imsland, S. Kadowaki, and S.O. Stefansson, 2000. Interaction of
temperature and photoperiod on growth of Atlantic halibut Hippoglossus
hippoglossus L. Aquacult. Res., 31:219-227.

Kaushik, S.J. and C.B. Cowey, 1991. Dietary factors affecting nitrogen excretion by fish.
p. 37-50. In: Nutritional Strategies & Aquaculture Waste. eds. by C.B. Cowey and
C.Y. Cho. Univ. Guelph. Canada.

Kaushik, S.J., 1980. Influence of nutritional status on the daily patterns of nitrogen
excretion in carp (Cyprinus carpio L.) and rainbow trout (Salmo gairdneri). Reprod.
Nutr. Dev., 20:1751-1765.

KFYB (Korean Fisheries Year Book). 2004. Korea Fisheries Society, Korea, pp. 476. (in
Korean)

Kim, LN., Y.J. Chang, and J.Y. Kwon, 1995. The patterns of oxygen consumption in six
species of marine fish. J. Korean Fish. Soc., 28:373-381.

Kinbb, W., et al., 1997. Selection for growth in the gilthead sea bream. Israel J. of
Aquaculture (Bamidgeh), 49:57-66.

Kinbb, W., G. Gorshkova and S. Gorshkov, 1997. Selection for growth in the gilthead sea
bream. Israel J. of Aquaculture (Bamidgeh), 49:57-66.

Kincaid, H.L., 1983. Results from six generation of selection for accelerated growth rate
in a rainbow trout population. The future of aquaculture in North America
(Abstract), p. 26-27.Fish. Cult. Sect., American Fisheries Society.

Kincaid, H.L.,W.R. Bridges and B. Von Limbach. 1977. Three generations of selection for
growth rate in fall spawning rainbow trout. Trans. Amer. Fish. Soc., 106:621-625.

Knibb, W., 2000. Genetic improvement of marine fish - which method for industry?
Aquacult. Res., 30:11-23.

Lee, C.S., CH. Kim, K.Y. Park, K.E. Hong and K.K. Baik, 2001. Growth, respiration
and assimilation efficiency of fingerling of chum salmon, Omncorhynchus keta. Bull.
Nat'l Fish. Res. Devel. Inst., 59:40-145 (in Korean).

Lee, S., Lee, J.H. and K. Kim. 2003. Effect of dietary essential fatty acids on growth,

body composition and blood chemistry of juvenile starry flounder (Palalichthys

_93_



stellatus). Aquaculture, 225:269-281.

Leung, KM.Y., J.C.W. Chu, and R.S.S. Wu, 1999. Effects of body weight, water
temperature and ration size on ammonia excretion by the areolated grouper
(Epinephelus  areolatus) and mangrove snapper (Lutjanus argentimaculatus).
Aquaculture, 170:215-227.

Li, M.H., E.H. Robinson, and W.R. Wolters, 1998. Evaluation of three strains of channel
catfish Ictalurus punctatus fed diets containing three concentrations of protein and
digestibility. J. World Aquacult. Soc., 29:155-160.

Lovell, T., 1989. Nutrition and Feeding of Fish. Van Nostrand Reinhold, New York, 260
pp-

Lyytikainen, T. and M. Jobling, 1998. The effects of temperature fluctuations on oxygen
consumption and ammonia excretion of underyearling Lake Inari Arctic charr. J.
Fish. Biol., 52:1186-1198.

McDonald DG and CL Milligan. 1992. Chemical properties of the blood. pp. 133. In:
Fish Physiology (Hoar WS, DJ Randall and AP Farrell, eds.) Academic press, San
Diego.

McMillian, I., R.W. Fairfull, R.S. Gowe and J.S. Gavora, 1990. Evidence for genetic
improvement of layer stocks of chichens during 1950-80.World's Poult. Sci. J., 46 :
235-245.

Menard C, Brousseau R, Mouton C. 1992. Application of polymerase chain reaction with
arbitrary primer (AP-PCR) to strain identification of Porphyromonas (Bacteroides)
gingivalis. FEMS Microbiol Lett. Aug 15;74(2-3):163-8.

Ming, F.W., 1985. Ammonia excretion rate as an index for comparing efficiency of
dietary protein utilization among rainbow trout (Salmo gairdneri) of different strains.
Aquaculture, 46:27-35.

Murata, O., S. Miyashita, K. Izumi, S. Maeda, K. Kata, and H. Kumai, 1996. Selective
breeding for growth in red sea bream. Fish. Sci., 62:845-849.

New, M.B., 1999. Global aquaculture : Current trends and challenges for the 21century.
World Aquaculture, March (1):63-79.

Nilsson-Ehle, P., Garfinkel, A. S. and Schotz, M. C. 1980. Lipolytic enzymes and plasma
lipoprotein metabolism. Annu. Rev. Biochem., 49:667-693.

Noh, C.H., K.P. Hong, S.Y. Oh, H.J. Choi, Y.J. Park, J.G. Myoung, and J.M. Kim, 2002.

_94_



Selection and intraspecific hybrid for growth in the red sea bream (Abstract). p.
41-42.. In: Proceedings of 2002 Korea-Japan Joint Symposium on Aquaculture,
Kunsan, Korea. October 10-13. Korean Aquacult. Soc.

Ogata, H.Y., H. Oku, and T. Murai, 2002a. Growth performance and macronutrient
retention of offspring from wild and selected red sea bream (Pagrus major).
Aquaculture, 206:279-287.

Ogata, H.Y., H. Oku, and T. Murai, 2002b. Growth, feed efficiency and feed intake of
offspring from selected and wild Japanese flounder (Paralichthys olivaceus).
Aquaculture, 211:183-193.

Ogino, C., J. Kakino, and M.S. Chen, 1973. Protein nutrition in fish - II. Determination
of metabolic fecal nitrogen and endogenous nitrogen excretion of carp. Bull.
Japanese Soc. Sci. Fish., 39:519-523.

Oh, S.Y. 2001. Nitrogen loading rate of nile tilapia and nitrification rate of rotating
biological contactor. Korea. Ph.D. Thesis, Pukyong National University. 155 pp.
Okamoto, N. et al., 1993. Resistant of a rainbow trout strain to infectious pancreatic

necrosis. Aquaculture, 117:71-76.

Oku, H., Ogata, H. Y. and Liang, X. F. 2002. Organization of the lipoprotein lipase gene
of red sea bream Pagrus major. Comp. Biochem. Physiol. B Biochem. Mol. Biol.,
131:775-785.

Padi, J.N., 1995. Response and correlated response to four generation of selection for
increased body weight in the Kansas strain channel catfish growth in earthen ponds.
Ph. D. Thesis. Auburn University, US.

Peck, M.A., L.J. Buckley, and D.A. Bengtson, 2004. Inter-individual differences in rates
of routine energy loss and growth in young-of-the-year juvenile Atlantic cod. J. Fish
Biol., 64:984-995.

Peruzzi, S., Varsamos, S., Chatain, B., Fauvel, C., Menu, B., Falguiere, J., Severe, A. and
G. Flik. 2005. Haematological and physiological characteristics of diploid and
triploid sea bass, Dicentrarchus labrax L., Aquaculture, 244:359-367.

Porter, C.B., M.D. Krom, M.G. Robbins, L. Brickell, and A. Davidson. 1987. Ammonia
excretion and total N budget for gilthead sea bream (Sparus aurata) and its effect
on water quality conditions. Aquaculture, 66:287-297.

Rezk, M.A., R.O. Smitherman, J.C. Willams, A. Nichols, H. Kucuktas, R.A. Dunham,

_95_



2003. Response to three generation of selection for increased body weight in
channel catfish, grown in earthen ponds. Aquaculture, 228: 69-79.

Roche , H. and G. Boge. 2000. In vivo effects of phenolic compounds on blood
paramaters of a marine fish (Dicentrarchus labrax). Com. Bio. Phy. Part C,
125:345-353.

Ross, L.G., and R.W. McKinney, 1988. Respiratory cycles in Oreochromis niloticus (L.)
measured using a six-channel microcomputer-operated respirometer. Comp. Biochem.
Physiol., 89:637-643.

Rueda, F.M. F.J. Martinez, M. Kentouri and P. Divanach, 1998. Effect of fasting and
refeeding on growth and body composition of red porgy, Pagrus pagrus L. Aquat.
Res. 29:447-452.

Russell, N.R. and R.J. Wootton, 1992. Appetite and growth compensation in the European
minnow, Phoxinus phoxinus (Cyprinidae) following short periods of food restriction.
Environ. Biol. Fish., 34:277-285.

Rye, M. and B. Gjerde, 1992. Phenotypic and genetic parameters of body composition
traits and flesh color in Atlantic salmon. Ph. D. thesis. Agriculture University of
Norway, 33 pp.

Sadler, J., Wells, RM.G., Pankhurst, P.M. and N.W. Pankhurst. 2000. Blood oxygen
transport, rheology and haematological responses to confinement stress in diploid and
triploid Atlantic salmon, Salmo salar. Aquaculture, 184:349-361.

Semenkovich, C. F., Chen, S. H., Wims, M., Luo, C. C., Li, W. H. and Chan, L. 1989.
Lipoprotein  lipase and hepatic lipase mRNA tissue specific expression,
developmental regulation, and evolution. J. Lipid Res., 30:423-431.

Strickland, J.D.G and T.R. Parsons, 1972. A practical handbook of seawater analysis. J.
Fish. Board. Canada. 167, 310 pp.

Taniguchi, N. and R. Perez-Enriquez, 2000. Genetic evaluation of brood stock for
aquaculture of red sea bream by DNA markers. Recent advances in marine
biotechnology vol. 4.Aquaculture, (eds) M. Fingerman and R. Nagabhushanam,
Science Publishers, Inc. UK, pp.1-16.

Taniguchi, N., S. Matsumoto, A. Komatsu and H. Yamanaka, 1995. Differences observed
in qualitative and quantitative traits of fisve red sea bream strains propagated under

the same rearing conditions. Nipp. Suis. Gakkai.., 61:717-726.

_96_



Tave, D. 1993. Genetics for fish hatchery managers, Chapman and Hall, UK, 415 pp.

Thodesen J., B. Grisdale-Helland, S.J. Helland, and B. Gjerde, 1999. Feed intake, growth
and feed utilization of offspring from wild and selected Atlantic salmon (Salmo
salar). Aquaculture, 180:237-246.

Valente, L.M.P., B. Fauconneau, E.F.S. Gomes, and T. Boujard, 2001. Feed intake and
growth of fast and slow growing strains of rainbow trout (Oncorhynchus mykiss) fed
by automatic feeders or by self-feeders. Aquaculture, 195:121-131.

Vandeputte, M., 2003. Selective breeding of quantitative traits in the common carp
(Cyprinus carpio): a review. Aquat. Liv. Res., 16:399-407.

Vangen, O., 1984. Framtidig avlsopplegg pa svin i en KS-situasjon (Future breeding in
pigs in a situation with artificial insemination). Aktuelt fra Statens fagtjeneste for
landbruket 1, 300-306, In Norwegian.

Wang, Y., Y. Cui, Y. Yang and F. Cai, 2000. Compensatory growth in hybrid tilapia,
Oreochromis mossambicusxO. niloticus reared in seawater. Aquaculture, 189:101-108.

Watanabe, T., T. Takeuchi, and S. Satoh, 1988. Studies on evaluation methods for dietary
energy in fish. p. 1-100. In: Research report of grant-in-aid for scientific research.
The Ministry of Education, Science and Culture of Japan.

Welsh J, McClelland M. 1990. Fingerprinting genomes using PCR with arbitrary primers.
Nucleic Acids Res. Dec 25;18(24):7213-8.

Wion, K. L., Kirchgessner, T. G., Lusis, A. J., Schotz, M. C. and Lawn, R. M. 1987.
Human lipoprotein lipase complementary DNA sequence. Science, 235:1638-1641.
Withey, K.G. and R.L. Saunders, 1973. Effect of reciprocal photoperiod regime on
standard rate of oxygen consumption of postsmolt Atlantic salmon (Salmo salar). J.

Fish. Res. Board of Canada, 30:1898-1900.

Wolfarth, G. 1993. Heterosis for growth rate in common carp. Aquaculture, 113:31-46.

Wuenschel, M.J., R.G. Werner and D.E. Hoss, 2004. Effect of body size, temperature and
salinity on the routine metabolism of larval and juvenile spotted sea trout. J. Fish
biol., 64:1088-1102.

Xie, S., X. Zhu, Y. Cui, R.J. Wootton, W. Lei and Y. Yang, 2001. Compensatory growth
in the gibel carp following feed deprivation: temporal patterns in growth, nutrient
deposition, feed intake and body composition. J. Fish Biol., 58:999-1009.

Yager, T.K. and R.C. Summerfelt, 1993. Effects of fish size and feeding frequency on

_97_



metabolism of juvenile walleye. Aquacult. Engineer., 12:19-36.

Yang, S.D., C.H. Liou, and F.G. Liu, 2002. Effects of dietary protein level on growth
performance, carcass composition and ammonia excretion in juvenile silver perch
(Bidyanus bidyanus). Aquaculture, 213:363-372.

Zhu, X., Y. Cui, M. Ali and R.J. Wootton, 2001. Comparison of compensatory growth
responses of juvenile three-spined stickleback and minnow following similar food
deprivation protocols. J. Fish Biol., 58:1149-1165.

A3 ARE, S99, 25, AAS, ol9wE AAIAL 2004 FAE HiEE EREE] oF AR
A7Vl W& GR), Paralichthys olivaceus®] THeZ WFol| wX= G =0y etd] A,
17:57-66.

A7s, W19, 99, AE A, R s, 2003, 2)0)7] 29 EEe] AR W ouA|

o & 2 A vAE Y I=PAeEA, 16:88-93.

A3l 1999, =oojIy] defujofp Ao Ae] Ak avel ti7]S Ak I B,
F7dthstal, 124 pp.

AT, AsE], olAE 1995, Staphylococcus epidermidis® AA7FAE 2 HX|Paralichthys
olivaceus®] BNAG HE. FIUATHIL, 49:149-155.

B3], AT 1992. HAAG Alstell AR ARl oigk Ay AT FRYATE,
46:151-160.

Z4, 9129, 7%k 2002. HCBS}F PCBsollol] =28 yd"eta o}k Oreochromis niloticuse] S
g Hgk Fraibeke)A], 35:110-114.

FHalls, v, AT 2002, A7) wFe H3te ERAHE Ao eE)A], 15:43-48.

-

>

_98_



