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Molecular Cloning and Alternative Splicing of Growth Hormone
Transcripts in Greenling, Hexagrammos otakii
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Different types of transcripts encoding growth hormone (GH) were identified from ¢cDNA libraries constructed with pituitaries of a
marine fish species, greenling (Hexagrammos ofakii). GH-homologous ¢DNA clones were isolated using the high-density filter
hybridization and the expressed sequence tag techniques. Of 39 full-length positive cDNA clones, 31 clones (79%) displayed an
identical sequence, however, remaining 8 clones exhibited several polymorphisms in their sequences including (1) the length and
sequence variability in the 5' upstream region, (2) insertional sequences in open reading frame, and (3) deletion and/or single
nucleotide polymorphism in the untranslated 3’ region. Based on RT-PCR and RNA dot blot analyses, these transcripts were proven

to be expressed in a pituitary-specific manner.
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R4 dgdS 2¥T 9]
4 BEAAE A4 gAY

gHoz A A BH3A g geiAn
Atk (Douglas et al, 1999; Nam and Kim, 2001). 84 &% #
AR A4S 24 2 w2 us 3 g 25| o)FoAn
Jgon olF AXIEE HFAAT ¥4 AEAAA NF Fo
A APA BHL ZE de olf2 B2 oFdA FAA
F A2N2A de o/ £HI Utk 1986 FAMNS] 4Fz=R
+34 cDNA7} 229" o]f (Agellon and Chen, 1986) %2
oAFd A AAZTZE FHAESC] E4E w L oF dF
(Devlin et al, 1995), B %24 (Nam et al, 2001) 2 9 (Hi-
nits and Moav, 1999) M= E24YE ARZ3I=E F4x
gDNA & cDNAEL A48 We o] X350 1447 o F
el Abg" vl 9t} (see also Dunham and Devlin, 1999).
2y 4 oFellE B ofFol vld o1y FAHUEL 53
028 AFIEE KA AL HFo] v nug dFe)n
tgo] HARE WEHZ Mido] 4FAY AFHE AF de A
F3 dAel,

FHAx Y] (Hexagrammos otaki)T $uet F8 ik ojFo
ZA N nF FRE AYage} dotdl HAde e Aoz ¢
A oy HZEo Aty 29 2 oF H4H Foz dF 2
ALFe] A A FA 4 don s v FA e o

g FE AL EFF RE 5T £ A gd ol ¥84 € A
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o2 qadEY 53 & o2 1 g9 A7 A3, ¢ AAAA
At do] Halgo) HEH YFd EF F28 o] 43 F4A
ol AR BA&x 2-o] 7hed wek AAg FEAA Y F
A ) TAL FEE FA4 2H 240 fAS H 5 RN
A% 2 FAAY AF 2d2A g2 AHL 23 Y. o
B AdTe A= o #A2 2% ¢ 448 2d=2
Aests] 9% 233 A7 dFfoT B oJF oMY
HAZEE FAZ cDNAE B4, 2231 o589 97149 +

[e]
A5

z 9 98 542 AR darh
NE W 2y
o]

4 3AE g g0 A% R B 99 AR ETH
FAxen Ao (200~350g) AFE FANA FAU L 4T
I A7 §74 4Fe AL & - & & et E 3
%3 71WE 3 HgeA 23L& HE39 DNA libraryl
Zhe o] &-3t5itt.

cDNA library %}

cDNA library® A &37] A3 HAdteA 2H o258 H Total
RNAES 2#34 Total RNA ¥l Tripure Reagent RNA
Isolation Kit (Roche Molecular Biomedicals, Germany)& ©]&-
sgen 23 1g%9 10mLY Tripure reagent® 718 § 23 &
A8 AJ)2 chloroform 2mLe E£% F 94 EgE %34
RNAE X¥d= 459, 993 AdF € DNAS Edte /7]
3oz gt 22d A5 FYF isopropanols

=2
=



FAxen] AFZ2E (DNAY @71449 W] 677

A7kt RNAE AAAAoH AT £e€ total RNA 500 g2
FH poly (A) tail& AYd mRNATHE ) B39 mRNA
¥2¥ magnetic particled °]83t9 FA] RocheAl2] mRNA iso-
lation WHHZ FF3F o™ DEPC/F HYE FFF 05 pg/
uLe FEEZ mRNAE 54 2| o] &3} cDNA libraryAl
Z-& Lambda Zap cDNA synthesis kit (Stratagene, USA)E ©]
£3te] F3 34 Reverse transcription ¥-3-2 %38 cDNA st-
randE% FA3AL FAHE cDNA poolZHE 600bp o149
cDNA #AE%E AHFHOZ 3438 7] 93l spin column (CH-
ROMA-400, Clonetech, USA)S s33t¢th £2¥ ¢DNA &8
& UniZap XL! vector (Stratagen USA) 9l ligationA) 2.1 liga-
tion® ¥¢E& lambda phagel 2 packagingstdth. A28 pri-
mary library®] titer® ZAM$ F plate methodE ©] 43}
phageE S FFAIF 29 in vivo mass excision H & F3 pB-
luescript SK plasmid HEHWZ cDNAES 243yt ¢+
HatrA 202 RH Z49) cDNA libraryE A Zagh

Filter hybridization ¥ EST

FAM S 2 transeriptE S R3] g8 F spA gL WY
gt AR, 71&e HuHo de 7 AZIZE FAAY
GNME EAS HBOZ off AF3Z2E FAA BEFHQ
d714 gl & degeneracy primerE A3, probe A4 RT-
PCR product® 43t high-density filter hybridization& 43
AHn A, A5d 47149 E471E o83 random clone
EE Y42 R expressed sequence tagE I, oJF AAZ=E
TG FAE Bole cloneES WE3A T Filter hybridi-
zation®] probe F4E A3 A8 T degeneracy primerd G714
de g3 2o

UniGHIF 5'-GTCTCSACCTTGTGCATGTC-3'
UniGHIR 5'-TTCCYNCWGKMYTTCTGYAACTC-3'

B grINg S vge g H4ZIT2E cDNA 98 ¢ 350bp7h
FEHEE RT-PCRS TH3A RT-PCRE Fxdr] A
A total RNA 1uge WS E Titan One Tube RT-PCR kit
(Roche) & o] &3t £33 Qon AzAly Wiz 50T A
3083 A BEE 9 F 2 94C 1min, 55C 30sec ¥ 72C
Imin® 303 €& $F ¥ FP43Uch 5 PCR A& S
W42 nest PCR e 53 PCR &< 11-digoxygenin-
dUTPE #A %A probeZ ©] &3+ c}. Filter hybridization ¥
SE AEF g LolatA 37] 93 cDNA libraryZ3-E
mass excision®] 93] 4 AZH cloneES WALZ 25cmX
25cm Wl 5329 250078 (50X50)9) dejelo} FE wdE
TEo] B4 AT F 750070 FEES WAFLZ filter hybri-
dization® FH3H 2™ hybridization L detection®] A FAH L
RocheAt9] Non-radioactive Labeling and Detection KitE o] &3
Aot

Expressed sequence tagE T3317] 43l SFE ¢DNA library

ERE TR Awd A FH2AEEY insert 2o|E AF
E4 (Apal ¥ Sach) A€ B3 HUsln offF 4Fz=E #3
A7h &3tElEt A 700~1,200bp B9 insert Zo]E XT3}
© 28 192708 U39 single pass sequencings T#3
Sequencing primer< insert®] 5'Z ) vector’dol $1 3= SK pri-
mer (5'-CGCTCTAGAACTAGTGGATC-3)& °]43th.

A2IME E4

ZEEY ¥714¥ ¥4¢& BigDye terminator sequencing kit
(ABL, USA)E o] &3t $F3AS™ primer extension ¥H3&
A G =F g2 96CAA 10Z, S0CAA 52 L 60CAHA 4
ez dAste 253 wrEE G 3ol $EE extension 4
E94 # primer @ dINTPES AAF7] 43 spin column
(CHROMA-100, Clonetech, USA) & 33931 35 w3 4%
3uLE FHeto ABI 377 AFH7IAE £4718 B3 47149 ©
Holl 8¢ FEE FR3AY. +HE 13 G/1ME ARE Uy
o2 471749 B3 Z2Y< Sequencher (ver. 4.0; Gene Codes
Co. USA)E &3t d7IAg9S EAs9en NCBI® Gen-
Bank (http://www.ncbinlm.nihgov)! ¥£3t 5o} $1& wlo]g vy
o]~ U4 OS2 BLAST searchE Sl o2 AR §4
A%} FAS ZE transcriptE S FR 3

GHE FEEY insert AA dVIMQE £4E YA A2
& e ejol2 i E EgAneEg 232 47] SK primer] 9]
o] T3 (5-~ATTAACCCTCACTAAAGGA-3") ¥ T7 (5-TAATA-
CGACTCACTATAGGG-3') sequencing primers 9 22 o4&
gt 4719 2AYE F714EE AP eHT Sequencher ZE
IHWE o83 contig B4 E transcriptE ] A7 E Mo
AL #Y3Aqom (Nam et al, 2002) oF&3 5'-upstream?]
BE % HH4 open reading frame (ORF) Q] &4 of# 2 3'-
downstream®] B.& ¥ 5& ALY £33 transcriptE 3L si-
ngle nucleotide polymorphism®] A% 94X AN QYx & &%
Ha 3N QMg PEFLE E4%GT

RT-PCR % RNA dot blot& S8 ZX[50[H 25 o 24

B3 28 cDNA transcriptg 9] H844 Sol3 w3y BY
S A Y3 g 2L 422 RT-PCR 2 RNA
dot blot& FH3HTh 471G FRE vioz o 630bpd
RT-PCR &S FEZAZ 4 UE primer setE TP
(HexaGH 1F 5'-CCAGAAGTGATCCCAGACCAGCCA-3' 2
HexaGH 1R 5'-GGGCTACAGGGTGCAGTTGGCT-3) °l&<&
o] &3to] YR EIUH total RNAE S WAL Z reverse-trans-
cription PCR ¥ RNA dot bot& ¢33 ¢ch 23 7 (liven),
¥ 3t4=A (pituitary), % (intestin), ¥ (gut), <& (muscle), £
(skin), A% (kidney) 2 ¥l (spleen) S o2 3gen =
A8z 289 total RNAY DNaseZ (10 U/ug RNA) AFdty
DNA 285 AAAZ ¥ E4 o] &34t} RT-PCRS #H
1 g9 Z3E total RNAE ©| 83} Titan One-tube RT-PCR kit
(Roche)E& 914892 dot blotd 2pug® RNAE nylon



678 ded - 454

membraned] LA3HAIZ F 47] HexaGH IF 2 IR primerZ
ZZ39 PCR productZ probeZ ©] 839 hybridizationg F33
At

2 z}

Frefo| o5t cDNA library

HAxdio) HsAZHE 22 € cDNA libraryES S4E Ta-
ble 1} YERAIiT} & 2E cDNA primary library$) 271 L1~
12X10° pfu/mLEA H3eAgA 2dE & e 948 F34
BE I3y g ¢ F dey & amplified library 2
excised library §4] AZF S TF vl &) 98% ojHoZ EA
Uetgch 792 Aug DNA FEE9 insert B 4o &
ZALE A3 16kb 01402 JEIF S 2 full-length E&E0] O
el ASE ¢ F AN (Table 1).

Table 1. Summary of cDNA library construction from pituitary
of greenling (Hexagrammos otakii)

Library I  Library II

(female) (male)
Size of primary library (pfu/mL) 12X108 1.1X10°
Size of amplified library (pfu/mL)  2.5X10% 1.0X10"
Size of excised library (cfu/mL) 45X 10° 5.0X10°
Percent recombinant clones* 99.5 98.0
Average length of inserts (Kb)** 1.67 173

*Percent recombinant clones were assessed based on X-gal/
IPTG method.

**Average lengths of inserts were determined by restrction dige-
stion of randomly chosen 36 clones and analyzed by electro-
phoresis onto agarose gel.

Filter hybridization0f 2|8t 4ES=22 ¢cDNA EhAY

AZE membrane arrayE °]-83td F 75009 E8ES A
ag Az 7 250009 &S £8% XTH8E membrane ar-
rayd 1971, 1470 2 11709] F&E9] degeneracy primerZ A &%
probe9+2) hybridizationl A 23 FANEE BJon o5
g d71Mde BAE An 242 1970 (100%), 1474 (100%) B
10 01%)/4e 22880 4A328 FAASS FAEE Ze A

22 YR

ESTE 0|88t MXS22 cDNA 4

47) filter hybridization ¥} ¥ 3te] +8g EST AMlA
Z 19249 SEEL 4o R d/IAY AE F3F 27 )
o] EST §250] 4332E FAAd A E e 2oz v
By o] % 5% upstream region® ATG 7]A] ZEo] B
Z9 full-length cDNA cloned) 7F54E& el oh23 A
A52E EST S8F o9ox 4§ EST AHE FEHI
on AA% #d DNA BA, dA 53 #ddE g718 850
el gl ot} (data not shown).

Full-length Q7IM¥ U transcriptE2t H7[ME #Ho| &4

AZ g9 A0d 43709 YAITEE FA} transcriptE S WY
o2 AA G7AE B4s Pigoz vty gAgoEH 4F
Z9] cloning site¥] BZ& %, 5’ upstream ¥, AAZE R F
AF3EES X§% open reading frame, 3’ downstream ¥$ Z poly
(A) taild) BE /55 BM3Ac BAE 434 F 3970 8850
47 298 ZFE & BHEIHL glv AR vEHgo BT
FUS 97 NS 23 UAE Fuch HAF Add 3909
EE9 97INEL 7t Helg Wol g et AA 3970 F
9% dZ3te 30 BEEC) FYT VMG E ZA o] 7}
Z gL Wxe dEAE "1 e (Fig. 1) € cDNA
cloneEL 70bpd 5'-upstream ¢, 203719) ope|:=4HE X33}
¥ 609bpel ORF, TAG %7 A&, 266 bp2 poly (A) ils T
g3t 3'-downstream FH 2 FAH YAt AT F7IHNES
oA} JFE (A5, 9T}, 97, wnaf, 7HAF 5)9
AFZTE2E (DNAEH FAMES vad 23 52N o 2 &

ZEHE 66~67%, FOIFY4= 85~87%, BEtHol7 e §7~
88%, tunaf 9 87~92% & FrAHdo] HEto|= FEAN BEH
Act. #38 dEH GH transcriptl = &9 ©hE GH transe-
fptEL 5% 47149 & 2 Mo, frame-shift F4& YHebE
4 9l& ORFUY H71ME A4, 359 dd H71M g9 o]
%< JYedidd (Fig 2.

TSN HEH 4

RT-PCR ¥4 Z# 2 A7dA 249 AFZEE transc-
aptE e HakgA 5ol ddYYE Yehlle Aoz 43y
Atk 2 2A & IFE F 8FF 23 & HHLEF RT-PCR
SN 23 HIAFAAAT FEH AEe] AEHAULH FF
d A8 AJGFA Ho] A JAHE transcript Bolt F &
3 dx)3ke A2 UEY (Fig 3A). Digoxygenin2 2 ¥/ €
AR5 EE cDNA probeE ©]43 RNA dot blot EAME ¢
A HeA ZH A hybridiztion ¥4 ¥Eol HEHo
A7 FME transcriptEe] HAdFH HolHY HAz=E
cDNA #AA4YE & B F3 At (Fig. 3B).

ek

i

F AR3EEL 9 22000 daltond] F3e ©d e @
WA (single chain polypeptide hormone) 24 WH& o]Fd]A
A5 EolHoz Hddle AME JFolelE /A oF
o #4 AL 59 (Young et al, 1989), &F3HE 2 AW At
(Nam et al, 2001), & 473 (Devlin et al, 1995) T 4
Bodle Aoz 434 st o} Fad AR ¥ 7%
o}F gAes AFIEE FAAE L2 A 2 A7
APga 93 53] HAAF S BT 1547 o F Aty Y4
HQ §A44 2424 9 o453 9125 (Dunham and Dev-
lin, 1999), =g 4% Aoj3} ojZ M HAFTEE pseudo gene©l
A (sex) dBH0o] 5o WEHAAN BALEGZH 4 BF



HAwelv) AFZ 2 cDNAY F71AME Hol 679

1  GGCACGAGGCTGACCTAAGATCCGATAAAGCAGAACCTGAACCTGAACCAGAAGTGATCCCAGACCAGCC ATG GAC AGA GTT GTC CTC CTG 91
1 M D R v 4 L L 7

92 CTG TCG GTG GTG TGT CTG GGC GTC TCC TCT CAG CCG ATC ACA GAC GGA CGT CTG TTC TCC ATC GCT GTC GGC AGA 166
8 L S v v c L G v S S Q P I T D G R L F S I A v G R 32

167 GTT CAA CAC CTC CAC CTG CTC GCT CAG AGA CTC TTC TCT GAT TTT GAG AGT TCT CTG CAA ACC GAG GAG CAA CGT 241
33V Q H L H L L A Q R L F S D F E S s L Q T E E Q R 57

242 CAA CTC AAC AAA ATC TTC CTG CAA GAT TTC TGC AAC TCT GAT TAC ATC ATC AGC CCC ATC GAC AAG CAC GAG ACC 316
58 Q L N K I F L Q D F C N S D Y I I S 4 I D K H E T 82

317 CAA CGC AGC TCT GTG TTG AAG CTG TTA TCC ATC TCC TAT CGA TTG GIT GAG TCT TGG GAG TTT CCT AGT CGT TCC 391
83 Q R s S v L K L L S I S Y R L v E ) w E F P S R S 107

392 CTG TCT GGA GGT TCT GCT CCT AGA ATC CAG ATT TCC CCC ARA CTG TCC GAA TTG AAG ACG GGA ATC CTG CTG CTG 466
108 L s G G S A P R I Q I S P K L s E L K T G I L L L 132

467 ATA AAA GCC AAT CAG GAT GGA GCA GAT CTC TTC CCT GAT AGC TCC GCC CTG CAG CTG GCT CCT TAT GGA AAC TAC 541
133 I K A N Q D G A D L F P D S S A L Q L A P Y G N Y 157

542 TAT CAA AGT CTG GGA GCC GAT GAG TCG CTG AGA AGA ACA TAC GAA CTA CTG GCC TGT TTC AAG AAA GAC ATG CAC 616
158 Y Q S L G A D E S L R R T Y E L L A C F K K D M H 182

617 AAG GTC GAG ACC TAC CTG ACG GTG GCT AAA TGT CGA CTC TCT CCA GRA GCC AAC TGC ACC _CTG TAG CCCCGCCTCTC 693
183 K v E T Y L T v A K C R L s P E A N C T L * 203

695 TACTCTGAGGCCACGCCTCGTGTGGATGATGTAATCCTGTGTTTTCTGTAGCCCCGCCTCCATGTCATCTAACTCTGTTAACTAGCAATAGTGTTAGTG 752
795 TTAGGCTCAGTTCAGTGGTTTGTTGAGTGTCTCTGTGCTGATGATGAAATGTTTTCTGATGTTATGATGATGACAGTTGTGAACAGGARGTGGTGTCAT 891
895 ACTGTCAAGATGTGAAATAAAGTGTTCTGTGTTGCAAAAAAAAAARAAAAARAAAAA 948

Fig. 1. The complete nucleotide sequence of the main type of GH cDNA expressed in pituitary of greenling. Deduced amino acid
sequences are shown with a single letter code below the corresponding codons. The oligonucleotide primers used for RT-
PCR in analysis of tissue distribution were underlined. Polyadenylation signal sequences at 3'end is shown in boldface letters.

1 200 400 600 800 bp

‘c—l- .' I‘
A

V- V- V-1t V-iv
VA

N GGCACGAGG: : : :: : CTGACCTAAGATCCGATAAAGCAGAACCTGAACCTGAACCAGAAG

| GGCACGAGGGAACAACTGACCTAAGATCCCGATAAAGCAGAACCTGAACCTGAACCAGAAG

D GGCACGAGG: ::::::::::CTAAGATCCGATAAAGCAGAACCTGAACCTGAACCAGAAG

DGGCACGAGG: :::::::r:sssrsssrrrsssstzssersssszese::::CCAGAAG
Vil

N CTGTTTCAAGAANGACATGCACAAG: ::::::::::::::::::GTCGAGACCTACCTGA

| CTGTTTCAAGAAAGACATGCACAAGATGATGTTTGAGTTTACAGGTCGAGACCTACCTGA

Vil
N TGTCATCTAACTCTGTTAACTAGCAATAGTGTTAGTGTTAGGCTCAGTTCAGTGGTTTGT
D TGTCATCTAACTCTGTTAACTAGCAATAGTGTTAGTGTT: : & : : : : : TTCAGTGGTTTGT
P TGTCATCTAACTCTGTAAACTAGCAATAGTGTTAGTGTTAGGCTCAGTTCAGTGGTTTGT
*
Vv
N CAGGAAGTGGTGTCATACTGTCAAGATGTGAAATAAAGTGTTCTGTGTTGCAAARAAAAA
D & P CAGGAAGTGGTGTCATAGTGTCAA: : s ::z:::z:::::::::: TGTGTTGCAAAAAAAAA
*
N: normal sequence I: inserted sequence
D: deleted sequence P: point mutated sequence

Fig. 2. Sequence variations of greenling GH transcripts. The variation includes sequence and length differences at 5-end (V-1),
additional insertion in ORF (V—1II), and deletion and/or single nucleotide polymorphism at 3'-end (V—III & V— IV). Hat-
ched box indicates the open reading frame of GH transcript.
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Fig. 3. Tissue distribution of GH transcripts. (A) RT-PCR
analysis to show the pituitary-specific amplification.
Primer sequences are shown in Fig. 2. (B) RNA dot
blot assay with total RNAs (2 ug each) obtained from
various tissue sources. Positive controls were made with
5~50pg of plasmids containing full-length of GH
¢DNA. Negative CON was the 100 pg of plasmid vec-
tor containing no insert.

(molecular sexing)® ET2E ZFQAHE 9lth (Forbes et al,
1994).

HAxgole $euel doagel g MAdte F8 4t FF
oz At §EVF vaE 41, 4o A7 o 22, iy
©AE AT FAx 2 FFo] Lo wet G KA
YARE d3nd2 AN g AHE 21 & Bl 2
o ¥ AL AL 2R I 7HAE AL Yok wEtA &
5% Edz AEsr] 94
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a4 sah,
Axen NaprAo e Ao
2 welt waEYen Y &

32 F9 4AEEE transcripts
U (79%)2 2dste i

A transcript ST 5'- 2 3 o] AriMgE Wo|g HAHEL
BE 9Y 97144 do] g4 HAEHo] FuEE FHE YE
At ol 71E9 oF AFIEE dVINEE Buge UE =
BEgde gy & d7ddA 4% ’_E_‘_ FAA transcriptE & o
2 HEFoEN ol AFEM ofF AT EE FHR LF
Z4% T&‘?"’_E A oz A3 W %—% ]%"Q F Qltta ddg
th o83 AAITEZE transcriptEZF UL dwAOE ofE
& ¢ANEY kAR st P52 E F44 (genomic

gene) ol Al preemRNA7ZF §43 € ¥ post-transcriptional modifica-

L)

tion/editing 3 NA FA € alternative splicing®] A2 2 AT
U (Brett et al, 2000) ©1& M2 & transcriptE°] W3 &
AgeHe vA 5S¢ gBde Al dEMe FF g A7
7} o] FolAop & Aoty 53] ¥ AT #EE ORFU
frame-shift @4-& Wl =7 Z¢24 cDNA 229 34 § 2
AF 25 £5 oy AA Hidn HiFAds 2 al-
ternative splicing® AH2Y 44, translation &3 3'% opn]izi}
e 4743 WIE opy|AIL AEHH Vs EdsAY
LE UE V5E e @Ay Ao A mBaA o F
Holo] tld B} MG F3& ¥ genomic fragment®] PCR
typing, in vitro translation % proteome 33 Fo & HFol
Hujetold Ao g #G A} Alternative splicingol & %34
BHE proteomed TEF AAY LA FEY ddHg Sds
37 93 71Fer gAUA HAZ B2 Bl FFHAL Y

(Graveley, 2001). 917+9] A4A3 2829 %% intron splice enhan-
cer (ISE)o] #ol3lE alternative splicing®l o3 #H4 3743 3§
Bol AATZE transcriptEo] HEE v glon o5& WA 9
ANsEs #Age 2oz AL Yot (McCarthy and Phil-
lips, 1998; Untergasser et al, 2000). ¥ o FoAME dte) £

Az A FE9 EST RS0 FHHY] A F3HA olf &

A9 pre-mRNA editingd] @8 ATEo] o]FojAL glan
old] 2 2d oJF zebrafisholl A HA ] Boste FHAA

neogenin I (Neol) 29 alternative splicingel B2 8 ut 1t}
(Shen et al,, 2002).

a2} alternative splicing 7H84 o8z £ A19 GH tra-
nscriptsE3F ¥o]7t mRNA7ZF obd gDNA FEAA op71=le
AA 9A) 473 AT e vk E A7 AR A3
of, Ax#iu)7} A)F 43 w43} (ie. genome tetraploidization)
g 54 A8 £ oy detyole A AYH 53
% 5 AA (genome) WM AF228 {729 duplication 5 ©]
dolxte 754 (Ber and Daniel, 1993) £ Yooy 7d F
N AF32E ¢DNA A g3 M2 & GH mRNAS
o] HAHNE 75 FA FF AT T AHEerT & A
|tk (Chiou et al, 1990). #gtopzt & AN HEE 4%
Fa22y 99 97 Hol4 (single nucleotic polymorphism) =}
#FEHME o)F Wo] Fert MR Wol AA EE AAY tran-

script 7t WOl A8 FHT 2N A4 BAZA E8 7154

2E gsol & Foltt (Gallo et al, 2002).

B AFdqA Aol Hxwen AFI2E KA FEE v
gor ARTEE FA2 genomic cloned] ¥ T T 4,
2 72 79, F8A% 9e A 5ol s 2 Aoz ud
B o1& thokdk WMoY g 2t Fx=#n] transcripte ] A
234 nA7s 33 283 o9 FHAN A F¥ T
2oz FAxdn EAEF 7€ Add &8 Azgz &
€9 F 3lg Aot p

ok
=5

HAx# vl (Hexagrammos otakii)
g2y o)e drIMIH

St 38 #H4k ojFQ
Hel 44528 §42 cDNAS



FAxn 4Z22E cDNAY 9714 E ¥l 681

2 548 2434 Ha5A 22 2R E DNA libraryS
A %8R 2™ membrane filter hybridization 2 expressed seque-
nce tag7lEE o183t HFSE2E cDNA transcriptE S ¥
t2a gk ¥ B2 full-length clone 3971% 31717 59% §
HE degoud UvA FEsdMe 7E%9 971449 "o,
ORFW 9 G744 49l, 3% A7IAde o] Fo ZEHS
t. RT-PCR¥ RNA dot blot #4-& #33 A3 E AFo)A
Ao Axdgn YHFIEE transcriptES H3teA S0 A
A o F APz 2E 9¥ 54L& Jehhdd
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