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Expression Pattern of Skeletal-Muscle Protein Genes and Cloning of Parvalbumin mRNA in Dark-banded

Rockfish (Sebastes inermis) by Yo-Soon Jang* (East Sea Environment Research Institute, KORD!, Gyeong-buk 767-
813, Korea)

ABSTRACT Differentially Expressed Gene (DEG) was obtained from Differential Display Reverse Tran-
scription (DDRT)-PCR using Annealing Control Primer (ACP) to search and clone genes related to deve-
lopmental stages of Sebastes inermis. By using 120 ACPs, the nucleotide sequences obtained from 16
DEGs showing higher expression in 6-month-old skeletal muscle than 18-month-old ones and from 22
DEGs displaying stronger expression in 18-month-old than 6-month-old were analyzed and BLAST
was conducted. The results identified that DEGs shared 69~ 95% homology with genes of parvalbumin
(PVALB), nucleoside diphosphate kinase (NDK) B, tropomyosin (TPM), troponin | (Tnl), glyceraidehyde-3-
phosphate dehydrogenase (GAPDH), muscle-type creatine kinase (CKM2), small EDRK-rich factor 2
(SERF2), adenosine monophosphate deaminase (AMPD), Trimeric intracellular cation channel type A
(TRICA), Rho GTPase-activating protein 15 (ARHGAP15), S-formylglutathione hydrolase (Esterase D;
ESD), heat shock protein 70 (hsp70), type 1 collagen alpha 2 (COL1A2), glutathione S-transferase, Mid1-
interacting protein 1 (Mid1lip1), myosin light chain 1 (MYL1), sarcoplasmic/endoplasmic reticulum cal-
cium ATPase 1B (SERCA1B), and ferritin heavy subunit (FTH1). Expression pattern by developmental
stage of DEG14 and PVALB exhibiting strong expression in 6-month-old skeletal muscle was investi-
gated using real time PCR. Expression was reduced as Sebastes inermis grew. Expression of PVALB
gene was extremely low after 6 months of age. Expression of CKM2 showed higher expression in 18-
month-old skeletal muscle than in 6-month-old muscles, and increased continuously until 4 years old,
after which CKM2 expression became gradually reduced. By analysis of tissue-specific expression pat-
terns of DEG, DEG14 was expressed mainly in skeletal muscle, liver, kidney and spleen tissues, where-
as PVALB expression was expressed in skeletal muscle and kidney, but not in liver and spleen tissues.
CKM2 was expressed in skeletal muscle, kidney, and spleen tissues, but not in liver tissues. PVALB
gene was composed of 110 amino acids, which constituted 659 bp nucleotides. The results reported
here demonstrate that the expression patterns of parvalbumin and CKM2 could be used as molecular
markers for selecting fishes exhibiting fast growth.

Key words : Skeletal muscle protein, Annealing Control Primer (ACP), parvalbumin, creatine kinase 2
(muscle-type), Sebastes inermis
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o}, Actins} myosin< YA %4‘3—'1
troponin, parvalbuming ZAlchllAe] <=3t} (Poompuang
and Panprommin, 2010). o} & Z8<twzl ] ojoksl isoform
2 ol whiAS 3 3lele 8AAte] F2-3) alternative
splicing 2+-& ¥A}7]%fo 2 "JﬁP“-‘% Treoialeh 2 A
o] chefFdt isoform o F-2] el ulel chmA WA
u}(Focant et al., 1999), A3} Ulrﬂ e okahg w8eE A
B} 712 oA A dd

Parvalbuming 37|17} 10~ 12.5kD8] Ex}ako] Z—*}% =
sde ZEAZ WlA Baol Ageel 28 4
=2 A3} 8h} (Arif et al., 2007; Arif, 2009). o] 82] o8} &
A e Ao @l 2~8709] isoforme] FA)3HA|ELE, of
22 ofF wEHAAAA 3~5/47 LHE " (Gillis,
1985; Chikou et al., 1997; Huriaux et al., 2002; Focant et al.,
2003; Arif et al., 2007; Arif, 2009). Brownridge et al. (2009)
& o)o] (Cyprinus carpio) 8ol # 87)2] parvalbumin iso-
formeo] WS A 2~370 9] isoformt Hagke] @ik}
3 R yslgot #F7FRlE parvalbumine] fast-twitch muscle
ofgt 9l Ao ezl glg) A7t (Zawadowska and Supiko-
vé, 1992; Berchtold et ai., 2000; Chauvigné ef al., 2005), Sanuki
et al. (2003)2 white muscled| A= 2~3702} isoforme]
vty ¥ 15}g] . Parvalbumin (PA)-2 atA o e}
W= jsoformell whe} =LA ‘laval’ isoform (PAID}
‘adult’ isoform (PAIN, PAIV, PAV)S. 82 2251 (Focant ef
al., 1992, 1999, 2000; Huriaux et al., 1996, 1997), Focant et
al. (2003)-& pavalbumino] Brycon mooreiz} 732 AdAlo)
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FAA] 715 FAgsy] f3 A9 Azbies
differential screening2- 238 A]29] mRNA ¥3}2 8|z
FAHEI, So] Wd FAAE Frste] 7|5 BA o] s
g 1xp" ¢l -BA ¥ oj}. DD-PCR (differentially display-
PCR)& £-838 ACP (annealing control primer)-base Gene-
Fishing™ PCR-2 wlmstial sh= F 7§ o]Abe] Alg 7t
mRNA 8 HJo]E Holx H4Ix} (differentially expressed
gene, DEG)E ACPZ £ 33]:= 8h o)t} 1%} PCR (anneal-
ing temperature, Ta=50°C)ol| = target ®3 =9} primer 7| %
< St=% 3L, v] target 49 V)5S A 34,2
2k PCR (Ta=65°C)tA|o| A= ] target 4l EojHo =z
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annealing3led & DNAE 92 4 =F = Whiel
t}. 7]1&¢] DD-PCR¥} 4242 (1) 37) <42} anchor dT
(A anchored dT, G anchored dT, C anchored dT)E- AH3-3}<]
cDNAE 37} ©]4F2] sub-population® 2 FAs= 2 (2)
arbitary ACP$} oligo-dT ACT 2322 PCR& 433l
ukglgk xlo]r} A3 PCR AMHEHF €& 4 glew, 1
PCR A& agarose gel Aol Al 431 ZHHs}A &le] 715
e Aol

B A7 B 282 HHEE 285
(MSP, muscle-specific proteiny2} AdAstAd w3
w3led, gAetA o vhel Bolq oz Uy
et & owhE AAsEe 7l o H5E AR
5 9= 2AmbA At Fu $HAE Fu %}31
ek o Fe) AATAE T8RN AeEd FARE
Rk 7120 A7 nud ah glon, WF LIS
o] W& parvalbumin §AAE BExjul] shde)] o] 45}
71 $5ted L&zA A L=
slej o, ARL o] HpolE quawj B-=ko] A 7k parval-
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2. Total RNA £2]

Behe] 28 7h AR 9 wikzAlg Z47h 100mgH
gl & TRIzol® Reagent (Invitrogen, USA) I mL-& #7}3s}e]
homogenizer2 T slgch. A2l S¥7F AR F
chloroform 02 mL& #H7)8le] vortexZ o]-&3led 73317
Apeo A SE7E wkeA Aok f1AlEe] (12,000xg,
4°C, 15%) & A}=AL 3)43}e] isopropyl alcohol 0.6 mL
£ Arpsla, Aol 1087 F5ivh7h 44 ¥ (12,000xg,
4°C, 108)8}e] RNAE E)8lgic).
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3. ACP (annealing control primer)-based GeneFishing™
PCR

GeneFishingTM PCR%

23q37] 918 8 sl DNAE
2 282 %

oz BE 2z - AR total RNA 3 ug,



GeneFishing™ DEG Kits (Seegene, Korea) W] 10 uM dT-
ACP] (5'-CGTGAATGCTGCGACTACGATIIII(T) 4)-3' 2
uL, 5x reaction buffer 4 uL, dNTPmix (each 2 mM) 5 uL,
RNasin®RNase Inhibitor (40 U/ulL, Promega) 0.5 uL, M-MLV
RTase (200 U/uL, Promega) 1 uL3 A 7}3}o] 42°Col|A] 1A
Zb 30% Bk WeAA ST FAH 2 7k cDNA
= 5ul Bl M3te] Age] o] 8-& wizbx] —20°Cel] ®Fale]
o} ACP-based PCR H}Y (Kim et al., 2004)o]| we} DEG
(differentially expressed gene)E screeningslich. &= 7}
cDNA= PCRe] A A wAelM FAslgdon, 3lM g
g 7} ¢cDNA 50 ng, dT-ACP2 (10 uM) 1 uL, 10 uM arbit-
rary ACP 1 uL, 2x Master Mix 10 uL2 &3} 94°Cef| A
132, 50°Cell A 38, 72°Coll A 137 WA Z e & 7b
cDNA®} 3HAfo] 1 vhg 7 WA &A| 2] PCRL 94°Ce
A 402, 65°CollA] 402, 72°Co A 4022 FH o= 403
W3kl vt 2ZAME-2 2% agarose gelol] A 7]edE3)T1,
EtBr2 <33},

4. DEG (differentially expressed gene)2| Z=2%/1}

AN L

Wde 2o]lE Vehd ©hH-S- pGEM T easy vector (Pro-
mega, USA)E o|-&3te] F2d3}3]3, DEG 282 Big-
Dye® Terminator v3.1 Cycle Sequencing Kit (Applied Bio-
systems, USA) .2 dhgAIZI. A 97149 ub3ArE
-> ABI 3730x] DNA Analyzer (Applied Biosystems, USA)Z
AHg8te] 7]1M & A8} L, Chromas v2.303} BioEdit
V506220 olgstel 7199 R

5. Real-time quantitative PCR &A1

Total RNA 2 ugg& oligo (dT)5509} AMV reverse trans-
criptase 20 U (Promega, USA)-2 A}&-3}ed 42°Col|A] 1A|7}
kS AlA 3 7h cDNAE §A43)9iu). Real-time PCRe))
A8 target -9 2H9] primer (Table 1) poly(A)+ 3o
FE57, 2% 98] Zr)E 70-200 bpelw, Ty, kol
58~60°C7} =% AA st Pre-PCRZ primer %
cDNA 2|2 #<l3lgl). ¢DNA 5 ng, primer (forward+
reverse, 10 pM) 0.8 uL, SYBR Green Master Mix (Applied
Biosystems, USA) 10 uL& #Hr}sle] #HZ By} 20 ul7}
HE=E 233 F,95°CollA 30x, 60°CellA] 30z, 72°Co]
A 3022 27o= 403 vk oFFQl B4 98t
o Ed AR dF 33 ¥lE Aldslel ow, real-time
PCR ¥4 Applied Biosystem prism 7900 Sequence De-
tection System (Applied Biosystems, USA)& A}-8-5}s] 4=3)
it

22} parvalbumin A 22 3

Table 1. Primer sequences used for quantitation of differentially
expressed genes

DEG No. Target gene

Primer sequence (5'—3")
FW: CAGAGTGAACAGATATGGAAC
RV: TACGAAGGGGATAGTGCTGA

FW: TCATCCGCAGTGAGGCTGCT
RV: CTCATCACTGCCTACCACCA

DEG 14 Unknown

DEG 38 Parvalbumin

Creatine
DEG 60 kinase 2 FW: CTTACGGATGTCGACATCAC

(muscle-type) RV: GACTACCTCATGAAGATCCTG

6. RACE (rapid amplification cDNA ends) PCR&
0|23t cDNA 224

EA35= cDNA w2 SMART™RACE cDNA Ampli-
fication Kit (Clontech, USA)-8- o]&3s}e] cDNA et 937]
Made xgsle @HE d%ch RACE PCRej| ARg-3F
primert= GC &3Fo] 50~70%, Aoy 23~28%7], Ty %
£ 70°C o)ibe] HxE AAT] Tk R, S W 3
RACE-Ready cDNAX= total RNA 1 pgg 5'-CDS primer [5'-
(T),sVN-3)¢} 3'-CDS primer A [5'-AAGCAGTGGTATC
AACGCAGAGTAC(T)5,VN-3'12} SMART II A oligo [5'-
AAGCAGTGGTATCAACGCAGAGTACGCGGG-3'1E o]
438le] A3k 5' 9 3-RACE PCR2 10w 34
c¢DNA 2.5 uL, primer 10 pM, 10x Universal Primer A (5'-
CTAATACGACTCACTATAGGGCAAGCAGTGGTATCA
ACGCAGAGTACGCGGG-3") 5 uL, ANTP mix 10 mM,
50xBD polymerase mix& | &X3|7} 50 ul.7} ¥ =2 %3
&lod, 94°Coll A 30%&, 72°Ceol|A] 387} 53] vl-$A)17 12, 94°C
ol A 30%, 70°Cell A 30&, 72°CollA] 38-2] =7do = 53]
ZF7t2 ¥kEA]F] Feof] 94°CollA] 30, 68°Col|A] 30%,72°C
o] 38 z7lo=2 253] HkEAIFct PCR AFE-2 2% aga-
rose gel A7]dF o2 #slgal, target THHE 3|45}
pGEM T easy vector system= AF8-3}o] TA cloning &}t

wehel ek B 7154 HAE SIS s
L8z A 3 AAre] HA 7
o 18R THERAAAM HHHE AR 120709
ACPE AMg-she] wlawslgieh U8t f2] mRNAZILE]

; Ae A7) 5stod 64U
Z8-zA Al wtEZ 2te]E el DEG (differentially
expressed gene) 16712} 18743 Z&-=A A wdgf =}
o/% ehd 2209 DEGE #elshgi} (Fig. 1). DEGE
cDNA wt3ie] =7]E 300bp~1kb ¥He2 Aslgorn, &
U3 ACP= TtEoi7l dHE2] AAdAl w7l 28 sty
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Fig. 1. Results of ACP-based PCR for identification of differentially expressed genes (DEGs) from two developmental stages of the dark-banded
rockfish. The amplified cDNA products are separated on 2% agarose gels and stained with EtBr.

Awubslglch Fig. 1ol 3t g A3 49S DEG=2 Al
Astglod, B8 Aole vehd HF =7)7} 300bp
oghe] Aut 1kb o)AFel w2 22 g4 oy o RE
Hst7] Yot o] 5] BA oA A 3T

AAIA A A5 oFAFS Vehle] A1) DEG:

7N LE At A ARE Hustm dFHal V)
3¢ vosigdv} (Table 2). 367019] DEG 5 270% 7]%9
FAA e AR s 18798 T8RAR
o 67§93 FExAea wEge] w2 DEGY parval-
bumin (PVALB), nucleoside diphosphate kinase (NDK) B,
tropomyosin (TPM), troponin I (Tnl) 532}l s st 2,
69~95%2] AFAE veh e 189 T8N
W zke] @2 DEGE: glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH), muscle-type creatine kinase (CKM2),
small EDRK-rich factor 2 (SERF2), adenosine monophos-
phate deaminase (AMPD), Trimeric intracellular cation chan-
nel type A (TRICA) RHO GTPase-ACTIVATING PROTEIN
15 (ARHGAP15), S-formylglutathione hydrolase (Esterase D;
ESD), heat shock protein 70 (hsp70), type 1 collagen alpha 2
(COL1A2), glutathione S-transferase, Mid1-interacting pro-
tein 1 (Mid1lip1), myosin light chain 1 (MYL1), sarcoplasmic/

endoplasmic reticulum calcium ATPase 1B (SERCA1B), fer-
ritin heavy subunit (FTH1) 43 zte]] sldsigdc}. ol& §4
A F)5e 2 WFIN B 9 TEEH oA A
of BR $94 28 S,
AArAe] aieh Aedd opds el DEG £ 6714

2 T8z oA waske] whe parvalbumind} 7]%5e] ¥
2% ok DEGI4, 187]93 Z&xAo|A] Bagke]
L.

& creatine kinase muscle-type 2 (CKM2) $-8#}-¢] w8 oFAk
& o] T TH2A ARFE o83 AAIZE mRNA
Aaky o 7 uwslgdc} (Fig. 2). DEGI4E: 67143 8=
AollA 743 ol LW ARl mel dd e} i
s on, 44 ofel M= WEFFe] A9 §igit. Parvalbumin
AR A7 el Tt el BEH%A, |
o] Z7}gel] wel wiske] FA3F] Fraslsdv}. Parval-
buming 2718 TRelMT B Aoz BU
o, CKM2 401 474t wheh waske] Z7h5e] 30
AQY Za2AN 71 ol BAHAeH Aol £
ol wle} waleks 7hasle oS Bt} o9 ;w% A
#3= parvalbumin XA {2 AlAzI| 28 A
of Bofahe 04 Tgol Sahml, CKM2 44 4%
A7\ AR A4sHe $84 28 THRE AR
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Table 2. Identified skeletal muscle cDNA of dark-banded rock fish that were selected in the ACP-based PCR

DEG No.  Specificity a(gz;l:i}sslgo. Sequence homology search
DEGO1 6M AY626067 Lates calcarifer isolate UKM/01 parvalbumin (PVALB) mRNA
DEGO3 6M GU982527 Epinephelus coioides nucleoside diphosphate kinase (NDK) B mRNA
DEGO6 6M AB045645 Pennahia argentata mRNA for tropomyosin (TPM)
DEGO7 oM GU982554 Epinephelus coioides troponin I (Tnl)-like mRNA
DEG14 6M Unknown
DEG15 6M GU9B2554 Epinephelus coioides troponin I (Tnl)-like mRNA
DEG17 6M AYS550962 Sparus aurata parvalbumin (PVALB)-like protein mRNA
DEG23 6M AY550962 Sparus aurata parvalbumin (PVALB)-like protein mRNA
DEG28 e6M CR731712 Tetraodon nigroviridis full-length cDNA
DEG32 6M AY626067 Lates calcarifer isolate UKM/01 parvalbumin (PYALB) mRNA
DEG38 6M AY550962 Sparus aurata parvalbumin (PVALB)-like protein mRNA
DEG42 oM GU982527 Epinephelus coioides nucleoside diphosphate kinase (NDK) B mRNA
DEG45 6M AY550962 Sparus aurata parvalbumin (PVALB)-like protein mRNA, complete cds
DEG54 6M AY550962 Sparus aurata parvalbumin (PVALB)-like protein mRNA
DEGO02 18M AY863148 Dicentrarchus labrax glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA
DEG04 18M BX649445 Zebrafish DNA sequence from clone DKEY-177H9
DEGO5 18M AY034098 Oreochromis mossambicus muscle-type creatine kinase (CKM2) mRNA
DEGO8 18M CR724420 Tetraodon nigroviridis full-length cDNA
DEGO9 18M AY522631 Oreochromis mossambicus small EDRK-rich factor 2 (SERF2)-like mRNA
DEG10 18M EZ847777 T8A: Oncorhynchus mykiss 84443 .Onmycontig mRNA
DEGI11 I8M AY660017 Platichthys flesus adenosine monophosphate deaminase (AMPD) mRNA
DEG18 18M BT082672 Anoplopoma fimbria Trimeric intracellular cation channel type A (TRICA) putative mRNA
DEG19 18M BT059062 Salmo salar Rho GTPase-activating protein 15 (ARHGAPI15) putative mRNA
DEG20 18M BT083221 Anoplopoma fimbria S-formylglutathione hydrolase (Esterase D; ESD) putative mRNA
DEG25 18M AY436787 Rhabdosargus sarba inducible heat shock protein 70 (hsp70) mRNA
DEG27 18M Unknown
DEG29 18M GU982549 Epinephelus coioides type 1 collagen alpha 2 (COLTA2) mRNA
DEG30 1M EU719618 Siniperca chuatsi glutathione S-transferase mRNA
DEG31 18M AY034098 Oreochromis mossambicus muscle-type creatine kinase (CKM2) mRNA
DEG37 18M CR697755 Tetraodon nigroviridis full-length cDNA
DEG40 18M BT049024 Salmo salar Midl-interacting protein 1 (Mid1lip1) putative mRNA
DEG41 18M CR687638 Tetraodon nigroviridis full-length cDNA
DEG46 18M AB042040 Pennahia argentata mRNA for myosin light chain 1 (MYL1)
DEG47 18M MNU65229 Makaira nigricans sarcoplasmic/endoplasmic reticulum calcium ATPase 1B (SERCAIB) mRNA
DEG56 18M DQI15952 Epinephelus awoara ferritin heavy subunit (FTH1) mRNA
DEG60 18M AY034098 Oreochromis mossambicus muscle-type creatine kinase (CKM2) mRNA
207 o= emonthold FA FolAql WERYE EAM3it}t. DEG14, parvalbu-
o 4 monthold min, creatine kinase muscle-type 2 (CKM2) 531 242} z3]&
1.5+ oA el Wi okAlE #AVEE A3 (Fig. 3), DEGl4+:= +&3
o)
E Mg 23] AR B A 2AM R 2R Y]
% o, parvalbumin AR TE&F ARz e WEE
% o] o} 7t3} w)ARFEA | A= BE =] okl CKM2 -§4
. A 25,404 9 R AT BaEg e 2ael
A= whEE R okekol Parvalbumin® CKM2 437 7F
A AL BEEA ke Ao olF NS 2HAA
Parvalbumin Creaune Kinase 2 g HampA Ate] 4ol 7Peshe skt

Fig. 2. Relative expression levels of differentially expressed genes in
the different growth stage of dark-banded rockfish skeletal muscle, as
quantified by real-time PCR.
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), 2+¢] parvalbumin mRNA Z7]& 659bpolg.em, 110
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< skt 8 Z%2A A Z23 parvalbuming]
mRNA $7]4 9§ BLAST A3 A5}, mRNA $FEA =
Siniperca chuatsi parvalbumin 3 mRNA %} 88% (569/652),
Sparus aurata parvalbumin-like protein mRNA} 87%
(575/666), Epinephelus coioides parvalbumin 2 mRNA 3} 87%
(565/652), Oreochromis mossambicus parvalbumin®} 86%
(484/566), Lepidorhombus whiffiagonis parvalbumin®} 80%
(522/654)7} L=A|3tg ). olm| Al Fo)\ M= Epinephelus
coioides®] parvalbumin 28} 927]2] o}u]xAle] FA3}e]

DEG14

Parvalbumin §&s

CKM2

B-Actin

Fig. 3. Tissue distribution of the DEGs in dark-banded rockfish. Tis-
sue-specific expression of the mRNAs corresponding to the DEG14,
parvalbumin and creatine kinase muscle-type (CKM2) was examined

84%2] UAx|A-& yehd 1, Sparus aurata parvalbumin-like
protein®} 81% (89/110), Siniperca chuatsi parvalbumin 33}
81% (89/110), Oreochromis mossambicus parvalbumin}
80% (88/110) 18] 1. Cyprinus carpio parvalbumin®} 80%
(88/110)7} L =)3}eirt.
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myosinZ} myosin-binding protein
3%l thick filament, actin®} troponin 3 tropomyosin
o=z FAHE thin-filament, Z-line protein, sarcomere Z3 3}
o] gl giant protein @ 2 o]Fo|H )} (Zhu et al., 2009).
AZ-E 7124l helix-loop-helix myogenic regulatory
factorel] 23t oA AL AA FAHG (Lluisa er al.,
2006). EAQ 8
2 thin filament proteine}™, Venkatesh et al. (1996)2 Fugu
rubripes]l A 970€] actin isoform-& &¢lsle] B y3lgE
H), 670

cardiac actin 37J], alpha-anomalous (testis type) actin 17]]e]

St zl ¢l actin, tropomyosin, troponin

muscle-type actin [alpha-skeletal actin 27), alpha-

17, 37)+= cytoplasmic actin [beta-cytoplasmic actin 27, beta-
cytoplasmic (vascular type) actin 17}]]10] %]}, Tropomyosin-
hetero- i homodimer €& &3} (Lees-Miller and
Helfman, 1991), tropomyosin cDNA &2 MacLeod and

by RT-PCR.

Fig. 4. Complete cDNA and predicted amino acid sequencd of dark-banded rock fish parvalbumin. The start and stop codons are bolded
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Gooding (1988)0] A#e] Z-8-%3] libraryel| A ®2]slgitt

TGGCGGGCCGTCCTCGCCCTCACGCACCCCAAAGAATAAARAAATGGCCTTCGCTGGTIT 60
M AF A GF
CCTCAGTGGTACTGATATCAAAGCCGCCCTGGCTGGCTGCTCTGCTGCTGACTCCTTCAG 120
L S$6TDTIZ KA AALAGCSA AADS ST FS
CCACAAGACCTTCTTCAAGGCATGCGGCCTGGCCAGCAAGTCCGCCGATGAGTTGAAAAA 180
HKTTFFKACGLASI KSADETLZKHIK
GGCCTTCGCCATCATTGACCAGGACAACAGCGCCTACATTGAGGAGGAGGAGCTCAAACT 240
A°FAITIDA QDNSAYTIETETETETLTZ KIL
GTTCCTGCAGAACTTCGCTGCTGGAGCCAGAGCTCTCACCGACAAGGAGACCAAGACTTT 300
FLQNFAAGARALTDI XETI KTF
CCTCGCCGCTGGAGACAGCGATGGTGATGGCAAGATTGGAGTCGATGAGTTCACTGCACT 360
L AAGDSUDGDGI XTIGVDETFTA AL

361 TGTAAAGGCATAAATTTCCACTGACCAAGATCCACTTCTTTTCATGGAACGGAGAGCTCC 420

421
481
541
601

V XK A «x
TTGCAAGATTCCGTAACCACCAGCTGAAAGAATATTTTTTTATATCTTATTTATGAGTITG 480

CCTGCGGATTATTTCTTAACATGGTACACATAATTTTACTGTGAATGTTATCCTCAGATG 540
TGTTAAATGTTCTGAATGACTCTTGCAAACTGTATAACACCATATGCACTTTTGAGGAAG 600
AGTGAAAACCAGGAATAAATACTCTTTTGGTTTAAAAGTTAAAAAAAAAAAAAAAAAAA 659

(GenBank Accession No. DQ374441).



157§¢] exono2 A% H3%E-2| alpha-tropomyosin -
A= 5709] exono] ®E AAF oA wbAE = ubd, o}
2 10719] exon® ©}E alpha-tropomyosin RNAo| A w7
o}A] o]-&-H v} Tropomyosin £ A= 479 delr} o=
A 331, 22 Eolx ol Wb ez WY, alternative splic-
ing 71=tell oj8] =4 3 (Lees-Miller and Helfman, 1991,
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