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Gene structure and expression analysis of mud loach (Misgurnus mizolepis)

alpha actin isoform genes

Jung Ae Lee

Department of Fisheries Biology, The Graduate School

Pukyong National University

Abstract

Three alpha actin isoform genes were isolated and characterized from mud
loach (Misgurnus mizolepis). Mud loach alpha actin isoforms [i.e., a—
skeletal (ACTAI), a —cardiac (ACTCI) and @ —smooth (ACTAZ2)] shared a
significant homology one another at both coding nucleotide sequence and
amino acid sequence levels; also they revealed highly conserved features
typically known for other vertebrate counterparts with a considerable degree
of sequence homology in the vertebrate lineage. At amino acid level, several
amino acid residues are isoform specific, allowing each isoform type to be
distinguished from other isoforms. Molecular phylogenetic analysis of alpha
actin genes revealed that vertebrate alpha actin genes formed a monophyletic
group. Overall, ACTAI1, ACTCI and ACTAZ are divergently visualized in the
phylogenetic tree. Within each isoform group, the tree topology was in
accordance with the patterns of known taxonomic appraisal. Genomic isoform
genes of mud loach alpha—actins showed an identical structure in terms of
the presence of a non—translated exon, 8 translated exons and 8 introns

including one following the non—translated exon. Conserved gt/ag rule was

viii



consistent in every exon—intron boundary region. From the bioinformatic
analysis of the regulatory upstream region of each actin isoform, various
putative motif sites targeted by different transcription factors were predicted.
They included sites for ATF—1, C/EBP, GKLF, MyoD, MEF—2, and SMADS3,
which have been known to be involved in cell differentiation and growth. In
addition, motifs for stress/immune—response factors such as AP1, AHR, GR,
MTF-1, HIF—1 and IRFs as well as potential binding sites for some factors
related with lymphocytes such as E2A, LEF—-1 and TCF—-1 were also
predictable. In spite of very high sequence identity among actin isoforms,
their mRNA expression patterns were highly isoform—dependent and the
patterns of tissue distribution were generally in congruent with their
proposed functions. Mud loach AC7TAI mRNA was observable in wide array
of tissue types including gonadic tissues; however, in a quantitative term, its
basal expression level was highly predominant in skeletal muscle. In case of
ACTCI, mRNA expression was detectable in less number of tissues than was
ACTAI with the highest expression level in heart. On the other hand,
ACTAZ showed more ubiquitous distribution of mRNA expression across
tissues in which highest expression was found in intestine/spleen. During
embryonic development ACTAI/ACTCI mRNA expression began to appear
at the time of myotome formation, peaked at the period from hatching to yolk
sac absorption and reduced afterward the first feeding (3 days post
hatching). On the other hand, ACTAZ2 mRNA expression was not clearly
observable during pre—hatching period. Onset expression was apparent from
hatching, peaked at the period from 2 to 4 days after hatching, and then
reduced afterward. In summary, findings from this study suggest that the
three actin isoforms from mud loach be regulated highly in an isoform—

specific manner in adult tissues and developing embryos, in spite of their



extremely high structural homology. Data from the present study could be a
good basis for future study not only to gain a deeper insight into the
functional diversification or neofunctionalization of alpha actin isoforms in
vertebrate lineage and also to utilize the actin regulators for genetic

manipulation with various theoretical and practical research purposes.
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2h, 8 o7 (%A ofF) e 4 B FHE 7T A P olF 7|Nte
2 3 &% A9 AAEAE FeA"YY(Koumans et al, 1993;
Watabe, 1999). stA|®F actin®] 7|s&°l #st B2 A5 R F2
o = EfFe G, ofFelE 13t o oJFElA actin F71ALE
o] AR7} GenBanks ¥7/0¥ vlolElHo] 2ol 5F 5]

1, FE G actin isoform? WHZAQl AR Eo]

Q] o]F o ZHE t}kdl actin isoform AEES /) vlm, A AT
AHE AR B2 Ashd 23] Astz <l Aejo]t(Venkatesh et al.,

1996). 4tk ofyz} o] Fo A= A T/l alpha actin isoforme9% %=

4y g

l“-‘l.){i-‘t

2 BAEA N EY A5 B T2 FY oFA Hlwd JH
7F A o2 EF (Venkatesh et al.,, 1996; Kusakabe et al., 1999;
Kim and Nam, 2009), actin isoform&3t 5 #od 24 & 7|[EHo=
Gt Zb isoform® TERE W FHYGY (upstream regulatory
region) ol ¥ Hlw AT ofF A AL o]FoAX nl it
) 2} 4] (mud loach, Misgurnus mizolepis)= E5F8# 07 ZFo|7t
(Osteichthyes) %ol (Cypriniformes), w2} (Cobitidae) ol 3=
og Yyt A e Jo EAE= Fo FFolRrEA A8 59
BA o g AAE = oFA ofFolty. AR AAAHETE oyt kA=
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APA A oMY 1F tHAkeH(induced multiple spawning) 7] ©]
Aol 9om AR 3} (sex differentiation) @] Q19A el X Ho| 7153k
olg] ZAE zta Jvk(Nam et al., 1999). o]& g Z7o| ddo] 137+ uj
A (Nam et al., 2001a), ¥4 Y=+ BAF(Nam et al,, 2002), FF %
(Park et al., 2006) % =} o]4 (Nam et al.,, 2001b) & +AFHAFF
AT 2Ale B8, H2 B AFToEYH & A 2E 9 U)s 4
of #3t A& (Nam et al,, 2011; Cho et al., 2012; Kim et al., 2014)
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II. Als 2 9y

2.1. v]3*2}A] alpha actin 3 A} isoformE% cDNA €=

3

2.1.1. NGS dHlo]gj#]o]A & GenBank @714d HH AA
Alpha actin isoforme< BA37] 93] AFESH v]HElA]9] next
generation sequencing (NGS) Hlo]E|H|o] A+ 8l (embryo), *|o1¢] Ao
Al (whole body) % wmFebA] AAY west =H=5 ez 754
dolg o] Attt dlolE o] A AMS T4 7 isoforme HAEHA
Sequencher (Gene Codes, USA) 4] Z2 IS o] §35lo] contigEs Al
Z ZF isoform¥E FASTA #dS w3t ZF isoform HHES U
A6 2 GenBank BlastX (http://blast.ncbi.nlm.nih.gov/Blast.cgi) A<

%3l GenBankel $%¥ AAEW PEHEL stk LS ORF

f
o

finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html) & ©]&3}o] x

]_

O

9719 ©HEQ open reading frame (ORF) 9919 HEAHES g9l

ALt



2.1.2. Isoform ¥ full-length cDNA €24

Bl ol 99 (untranslated region) oA c¢cDNA 24 £ Zzlo]n g}
alpha actin F2#}9] isoform®™¥ RT-PCR Xglo]HE t]zxel 3F3itt
(Table 1). YAkl o cDNA S=2'd & Zepo|H & o|g8 ACTAI= o
g 24, ACTCIZ A3 25 24, ACTAZ: & 244 #2387l
22l cDNAE AHEZ 3lo] PCRS F33F3ltt. PCR AccuPower®
Profi Tag PCR premix (Bioneer, Korea) & ©]€3}% 91, PCR cycle

353]% 95 °C&E pre—denaturation 2 &, 95 °CE denaturation 20 %

58 °C& annealing 20 %, 72 °C& extension 80 % 383} t}. PCR A+

< 1.0 % agarose geldl A7]|9% 3sto] &Rletqly, 3hte] MERE

e

Bl 43S GeneAll® PCR SV kit (GeneAll, Korea) & o] &3 A |5t

om A W kite] TEEFS Wit GANES @uiazAled A
A4 9FeR L dI= Sequencher (Version 4.9, Gene Codes, USA)
Z o] g3slo] A3 B8 cDNA 9714 LS v SR vectorette
PCR Xzlo]HE t]z}el&}dl 01 vectorette PCRS 433l ¢cDNA2 #

A F71AME T 5 W 3 HHY Jods AAYeA T Vectorette PCRoll&=

u]l4t2} 2] 2] cDNA library (excised phagemid stock) 2} AccuPower®

Profi Taq PCR premix (Bioneer, Korea) & ©|€3}% 31, PCR cycle< 35



Table 1. Oligonucleotides used in this study

Thermal
Purpose Primer Sequence (5’ to 3°) cycling
conditions
MM ACTAL 1F ACCAACCAGTAAAACCAAC
gMM ACTAL 1R ACGGCTGAGGCTGATA
35 cycles at
Isolation of MM ACTC1 1F CAGTCTTGTGCTACAACTC 95 °C for 20 s,
full-length cDNA 1\ acTcr 1R AGACGGACGGGTAGCT 58 °C for 20 s,
72°Cfor80s
MM ACTA2 1F GAGTAAGGAAGGACATCCGA
MM ACTA2 1R GGGGAAGTAAAGGGTACGTT
Vectorette PCRto  SK CGCTCTAGAACTAGTGGATC 35 cycles at
5’-upstream 94 °C for 30 s,
MM ACT iso vec 1R GTGTGGTGCCAGATCTTCTC 0
region of ACTA1l 58 “C for 30 s,
72 °C for 30 s
and ACTA1 MMACT isovec2R ~ CTCTTGCTCTGAGCCTCATC )
SK CGCTCTAGAACTAGTGGATC 35 cycles at

Vectorette PCR to
5’-upstream

region of ACTA2

MM ACTA2 vec 1R

MM ACTA2 vec 2R

CCACACGAAGCTCGTTGTAGAATGAA

ATCACTCCCTGGTGTCTGGGTCGA

94 °C for 30 s,
58 °C for 30 s,

72 °C for 20 s
(2")

Vectorette PCR to
3’-downstream
region of ACTAl
and ACTC1

Vectorette PCR to
3’-downstream

region of ACTA2

MM ACT iso vec 1F

MM ACT iso vec 2F

T7

MM ACTA2 vec 1F

MM ACTAZ vec 2F

T7

GTGCGACATTGACATCCGTA

TGACCGTATGCAGAAGGAGA

TAATACGACTCACTATAGGG

CACCATGTACCCCGGTATTGCTGATA

CTGGTTCCCTAATTCTGCTATTGCTT

TAATACGACTCACTATAGGG

35 cycles at
94 °C for 30 s,

58 °C for 30 s,
72 °C for 30 s
(%)

35 cycles at
94 °C for 30 s,
58 °C for 30 s,

72 °C for 20 s
(")




gMM ACTAL 1F GTACTCTGTCTGGATCGGT
gMM ACTAL 1R ACGGCTGAGGCTGATA
MM ACTCL 1F GTACTCGGTTTGGATTGGC 28 cycles at
End-point a 95 °C for 20 s,
RT-PCR gMM ACTC1 1R AGAGCACGTCACAACTTTTA 60 °C for 20 s,
72 °C for20s
gMM ACTA2 1F CAAGTACTCCGTATGGATCG
gMM ACTA2 1R TAGCAGAATTAGGGAACCAG
gMM ACTAL 1F GTACTCTGTCTGGATCGGT
gMM ACTAL 1R ACGGCTGAGGCTGATA
Real-time gMM ACTCL 1F GTACTCGGTTTGGATTGGC
i 45 cycles at
RT-PCR gMM ACTCL 1R AGAGCACGTCACAACTTTTA . 4
95 °C for 10 s,
gMM ACTA2 1F CAAGTACTCCGTATGGATCG 60 °C for 20 s,
72°Cfor20s
gMM ACTA2 1R TAGCAGAATTAGGGAACCAG
Real-time gMM 18S 1F AAGCTCGTAGTTGGATCTCG
RT-PCR of
18S rRNA gMM 18S 1R GCCTGAATACGCAGCTAGG




glol, 94 C= pre—denaturation 2 %, 94 C= denaturation 30 %,

58 CT® annealing 30 %, 72 CT=Z extension 30 % (primary PCR) %
% (nested PCR) 33t} 5 W 3" Wleko g PCRS A% 2 3

sk O 1.5 % agarose geld 7195 3FaL Gel Doc™ XR (Bio—
Rad, USA) 3} AZE9o] L2 73l Image Lab(version 3.0; Bio—Rad)
o7 BAgAT A7 g% BEAE primary % nested PCR AFES 2%

5015} A 9k nested PCR A oA Alo] =7} &= wie S Rl A|sto] A

d

A4 Atk GAE GeneAll® Gel SV kit (GeneAll, Korea) & ©]£3}%)

or Ay W kitd] T2EFS wiith PCR AHE 15 plE 1.0 %

oR

agarose gelolA 130 V A7|9 & 433k = UV illuminatorol A =2 Wl

il
e
o
_°|L‘
2
=
NI\
o
o
®
@,
-

EE du3dte] 1.5 ml tubeol ¥ gel A
Al 3 v} volume? GB (gel binding) bufferE Y1 =<1 % gel 4

9] 1 #H) volume? iso—propanols Y3 mixing 3tFT. °o]E gel

binding spin column®] %31 ¥ &85 3353 3L Collection tube?]

o

Tl g A7 3 & NW (nuclear washing buffer) buffer®
washings 2 3 B3t Spin column® membraneo] Hol U=
ethanol A& &3] AAS 7] H8l F71=2 A2 S 335+ spin

columne 1.5 ml tubeoll &A AA4ES EB (elution buffer) 2 2|43}

Atk AAAE 1 plet 1X dye solution 5 plE &33o] 1.0 %



agarose gelo|A AAAHE 591, 3 119 FAAES TA cloning
o] o] g3ttt 3 w19 AHAAAFES 1 uxl (50 ng)d pGEM T-—easy
vector (Promega, USA), 5 x«19 2X Rapid ligation buffer Z78]3 1 gl
°] T4 DNA ligase (3 units / ¢DE AHelsto] 10 gl volumelZ 12 C
o A 12 AlZF ¥ES-3FItt. ¥rH gl o} transformations XL—1 blue MRF’

= Xz

(Stratagene, USA) & &2 o] 83} t) Competent cell glycerol stock
(= 80 TO)& d&elA =0 A=F 9y} =datdlon, Az H9HE
uhe|lotell AF}lst7] el 42 TellAl 90 %3t heat shock W& 7Fetal
iceolA 2 1k HEEAIFTE 015 800 w19 SOC Hix|¢} &3tate] 37 C
A 50 w3+ sk, MFE #= X—gal/IPTG ampicillin LBell =%
skt WA= 37 TelA 15 AlZF wlF ¥ GeneAll® Exprep
™ Plasmid SV mini (GeneAll, Korea)= ©]83}%] plasmid DNAE F+%

13} 11 plasmid

ok

sttt A¥= 0.7 % agarose geloll A7) % 3fo
DNAE PCR product®} 3] Al 4 o] &35t
o]¢} o] vectorette PCRS F3ll &R full-length cDNAE #HF 2]

oz #alaly] S)s @714 de) 5 9 3 weke] spke §1H 9] Lelou

Z RT-PCRE Fdadt). FIHAELS A5 cDNA Ao o]&3F ==



A 95 Fof genomic AL} multiple alignment 335t A x| s)+=

2.2. u|42}X] alpha actin isoform=<2] genomic DNA &

243

2.2.1. Genomic DNA¢] PCR £3
A FHE cDNA F7]1HLES Hl" S E genomic DNAS T25 53]
7] 91&l gDNAE ©] &3 PCR= G333 th. PCRY Kyratec PCR cycler

(Kyratec, Germany) &+ AccuPower® Profi Taq PCR premix (Bioneer,

Korea) & olgst3lom vt AA oA gx st gDNA 2 pl2 PCRE
Tt Zetoln= cDNA 2] AR A sdd & o] &3
ST (ACTAI: MM ACTA1 1F—=gMM ACTA1 1R, ACTCI: MM ACTC1
1F—qMM ACTCI1 1R, ACTAZ2: MM ACTA2 1IF-MM ACTAZ2 1R). PCR
cycle ¥ 353] 9o, o £3 AL 95 TE pre—denaturation 2
. 95 C= denaturation 30 %, 58 TZXZ annealing 30 %, 68 CT=

beieh A3

il
-1 (

Nl

Oft

extension 6 ¥, 68 C= final extension 5 ¥+ 43§

10



371 98l 0.7 % agarose gelollA 130 VE A7]9% 3392 Gel

Doc™ XR (Bio—Rad, USA) ¥ A E9o] L2 73 [mage Lab (version

3.0; Bio—Rad) 2.2 #4133t} &4 F PCR A5 GeneAll® Gel SV

kit (GeneAll, Korea) & o]&3lo] AA IO FA] S T2EFS

mskth, A AHES TA cloninge 3913l plasmid DNA F& $& <

O

HFeE O 2 primer walking WY S E3] A|EA S A A9 3 Sequencher

2

(Version 4.9; Gene Codes, USA) E o] g3&}o] EA 3%t}

¥

2.2.2. Genome walkingS ©] €3t 5'—upstream FE Y3 F=

ol

ITEREE F4x9 "AAFFZEAQJ A} (transcription factor) £9¢] Agsl=
F7IMYE TR AALzAAAE AR dEE Y3 RNA a9
Agste] AALE Zdske 9Es stk = FdAY 2d 3RS 9Gdst
= ArlelzE BA817] 9al genome walking® ® Z2RE| P9 7]
qEs #Flsttt. Genomic DNA librariest= Genome Walker™
Universal Kit (Clontech, USA)& ©]&3to] kite] TEEFS wef A%
st 7S ARESlSIth ol uwltElx| 9] DNAZE Dral, EcoRV, Pvull %
Stul Y] F5F2] restriction enzyme 2 7Zt7} *2]$t § genome walker

adaptor® F2 & ZAE &3l AZsATE Genomic DNA libraries®

11



T80 7 0] 839y genome walkings A WA exon{-EH 5 ®HFoE
319 21 non—translated exon upstream 202 ZE3F o] (> 2 kb)

o] A7ILS FH3E7] YA genome walking PCRS HHE =3

]_

[et0)
Ol
38

o} Isoform®E R 8 3¢ ACTAIZ 5 3], ACTCI

S
foh
u

AC)

I ACTAZ= 3 3] HEE3Feic)

2.3. BEFR £

2.3.1. EAAS 9 olu|xAt AE &7 £4
n) g} x) 9] alpha actin +AAF isoformESg M E3te] A4 GenBankel

S=9 oy o]F 9 AR alpha actin FHAE WgL

!

M

A E
S Fds3tt. GenBankel 55% alpha actin F3HAE2 isoform?]

-

of\
Y
ﬂllﬂl
det

o
N
=
ofr
o
S
=
[
o
)
§

%2 Zlo] glgiom HAMAY F partial
2 1T F Qe ofn|wAke dlolEeoA AQQAIF o, ojgdA A3t
ofu) A e F 71719 (Table 2). ZF isoform® & 2% 7153 A

G EL ClustalW (http://www.genome.jp/tools/clustalw/) T Z 1S o]

{0

&

O

o] o= A9 il E4] (multiple sequence alignment) S 33} t}.
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Table 2. Information on alpha actin genes used for molecular phylogenetic analysis

Species Gene name Gene® Accession No.
Carassius auratus skeletal alpha—actin actal AY690421
Callorhinchus milii actin, alpha, cardiac muscle 1 ACTCI NM_001292164
Callorhinchus milii actin, alpha 2, smooth muscle, aorta ACTAZ. 1 JX208181
Callorhinchus milii actin, alpha 2, smooth muscle, aorta ACTAZ.2 JX207891
Cobitis choir skeletal alpha—actin 1.1 actal.l GUbS68244
Cobitis choir skeletal alpha—actin 1.2 actal.? GUbLS68245
Coryphaenoides acrolepis skeletal alpha—actin type—2 actal.? ABO021650
Coryphaenoides acrolepis skeletal alpha—actin type—1 actal.l AB021649
Coryphaenoides cinereus skeletal alpha—actin type—2 actal.? AB021652
Coryphaenoides cinereus skeletal alpha—actin type—1 actal.l ABO021651
Coryphaenoides armatus skeletal alpha—actin type—2a actal.Za AB086240
Coryphaenoides armatus skeletal alpha—actin type—2b actal.Zb AB086241
Cyprinus carpio skeletal muscle alpha—actin ACTAIL. 1 AY395870
Cyprinus carpio skeletal alpha—actin actal D50028
Cyprinus carpio skeletal muscle actin, partial actal AY309091
Clupea harengus actin, alpha cardiac muscle 1—like ACTCI NM_001309832

13



Clupea harengus
Clupea harengus
Clupea harengus
Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio
Dicentrarchus labrax
Epinephelus coioides
Gadus chalcogrammus
Gadus chalcogrammus
Gadus morhua
Hemibarbus mylodon

Hemibarbus mylodon

alpha actin

actin, alpha skeletal muscle 2—like
alpha actin

Actin, alpha 1, skeletal muscle
cardiac muscle alpha actin 1

Actin, alpha 2, smooth muscle, aorta
Actin, alpha 2, smooth muscle, aorta
actin, aortic smooth muscle

actin, alpha cardiac muscle 1

actin, alpha skeletal muscle

actin, alpha cardiac muscle 1

actin, gamma—enteric smooth muscle
alpha actin

alpha actin

alpha skeletal actin—1

alpha skeletal actin—2

fast skeletal muscle alpha—actin
skeletal alpha—actin

aortic alpha—actin

actal.?
ACTA1
ACTCI1
actaz.2
actaz.z
actaz
actal
actcl
actcl. 1

actgl

actal.l
actal.?
actal
actal

acta’z

GQ455648
NM_001309834
EF495203
BC045406
NM_001002066
BCO075896
AY398305
NM_212620
NM_131591
NM_214784
NM_001001409
NM_001017750
FJ716131
GU982542
ABO73379
AB073380
AF500273
FJ713567
FJ713568
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Hemibarbus mylodon muscle actin type 1 - FJ713569

Homo sapiens actin, alpha skeletal muscle ACTAI1 NM_001100
Homo sapiens alpha—-cardiac actin ACTCI JOOO070

Homo sapiens alpha—actin ACTAZ. 1 JO5192

Homo sapiens actin, aortic smooth muscle ACTAZ 2 JO5192
Ictalurus punctatus actin alpha sarcomeric/cardiac ACTCI NM_001201266
Ictalurus punctatus alpha actin T AF228714
Larimichthys crocea Actin, alpha cardiac muscle 1 ACTCI KQO042511
Nannobrachium regale alpha actin = AF503592
Notothenia coriiceps alpha actin ACTAI AF503590
Oreochromis mossambicus  alpha—actin ACTAI ABO037866
Oryzias latipes actin, alpha skeletal muscle OIMA 1 NM_001104806
Oryzias latipes cardiac muscle actin ACTCI AB016259
Pagrus major skeletal muscle alpha actin 1 ACTAIL. 1 AB360966
Pagrus major cardiac muscle alpha actin ACTCI AB360965
Pagrus major skeletal muscle alpha actin 2 ACTAL.2 AB360967
Pleurogrammus azonus alpha skeletal actin actal ABO73381
Rachycentron canadum alpha actin—3 - HM754623
Salmo salar actin alpha 1—1 actcl. 1 BT043779
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Salmo salar

Salmo salar

Salmo trutta

Salmo trutta
Scleropages formosus
Scleropages formosus
Scomber scombrus
Siniperca chuatsi
Sparus aurata
Sphyraena idiastes
Takifugu rubripes
Takifugu rubripes
Takifugu rubripes
Takifugu rubripes
Takifugu rubripes

Takifugu rubripes

Trematomus bernacchir

actin, alpha 1—2

actin, alpha 1—-3

alpha actin

cardiac muscle actin

actin, alpha cardiac muscle 1—like
actin, alpha cardiac muscle 1—like
alpha actin

skeletal muscle alpha—actin
skeletal alpha—actin

alpha actin

alpha actin

alpha actin

alpha actin

alpha actin

alpha actin

alpha—skeletal actinl

alpha actin

actcl.?
actcl.3
actcl

ACTCI
ACTCI

ACTAI
ACTAI
actcl. 1
actal.?
actx

actcl.3
actcl.2

actal.l

BT043780
BT043781
AF267496
AF303985
JAROO02004142
JAROO0Z2007090
EF607093
AY395872
AF190473
AF503593
U38959
U38958
U38962
U38961
U38960
U38850
AF503589

. The gene nomenclature not provided.
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MEGA program (version 6.0; http://www.megasoftware.net/) = ©]-&3}
of EAAE EAS 37 Y38 multiple sequence alignment 53 #
output formats FASTAZ A5l =33} t}. Alignmentste] A
FASTA 343 MEGA programolA #43}7] 98 ©o]& MEGA format
o® WStk Alpha actin FA78] F3F FABAS sty 918

A A8FF 17 (Kim and Nam,

o

neighbor—joining methodES E3fe] M
2009) ZA3gkel we} models Jones—Taylor—Thornton (JTT)Z A7
sttt o] W A% 4 (phylogenic tree) 9] topology (clade &A]) <] A1F
L& H7st7] fl#lA bootstrap #4415 1,0008] WHEEHES HAASA AL

gaps/missing datai= 2HAl §lo] A&k}

2.3.2. ZT2RE AXZRE A3 I o= B4

Alpha actin %32} isoformE% X ZREo| &4 3= HAALZRE x}t
2 A= 2EE FAs] A&l BIOBASES] TRANSFAC
(https://portal.biobase—international.com/)& ©]|€3}%] alpha actin
FA2F isoformE2] non—translated exons 7|HS 2 5 Wik H7|Ad
2 kbg AT A4 59 analysis methodi match—search for

TF binding siteE Al®3l1, profile (group of matrices)<

2

FE % (vertebrate) 2 AA3FH O cut—offsi minimize false
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ol
Plo

71807 sfo] 1xF

=
=

positive

to] alpha actin %2 7]

°©

bl

pzs

o
o3

™
)

Fo] isoform™ Hlw &

2~ =
T 5

°

S|
=

A% A7

g

core score?} matrix scoref]

A YA S 0.99% o]

S

B
file)

oo

7HA) (30.1+3.6

19} 57 6119

01-%4\ fm

92

A
]_

k)
pal

2.4. 1B]F2}A] alpha actin isoform=2] %
2.4.1. A3, AA A5 LD A A5 FH
A
A AL Qe A%
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v 2} 4] alpha actin -+dA} isoformE =

g) ZHE ],



ul zpo] FRE fste] 6u]o AdH I FHgA FRIF pooling® L}

o,
Jo
bt
~
rtf
Mo

Mg FAAAZE ARES 9% T2 A 9 Ry Abe
A8 A5 FsRTH(Kim et al, 1994). FAHE FA 2=

256T1 T2 Rap7hA fA3th B FHES F3&2 47 985 %

] el 4]

FS&
=
—
)
)
=

gl 89.3 %3, AEHE Slste] o 300 7He] 7
150v] 7be] Aol & Abgaslh MEdEe 4 §F 0 (4 49), 2, 4,
6, 8 12, 16, 20 2 24 A|Zr(hours post fertilization, HPF) 7}

FAHsG 1, 3 AL 0 UdPE 1, 2, 3, 4, 5, 6 Y 7 2A(days post

hatching, DPH) 7}#] #Fol & M= 319 th.

2.4.2. End—point RT—-PCR £4]

End—point RT=PCR< AccuPower® PCR premix 20 (Bioneer, Korea)

5 o], Al dlZ (internal control) A= #]F2}A] 18S
rRNAE A8 TH(Kim et al.,, 2014). RT-PCR2 7} ZAol|A &4 &
23t total RNAZHFE <A} (reverse transcription) HH$2 =3 A
¢t cDNAE 48] 314 - 2 plE FIo=Z ARESIITH PCRE 95 TellA
2 3t pre—denaturation 13] 438 & 95 C= denaturation 20 %, 60 C
=2 annealing 20 %, 72 C= elongation 20 %9 <325 283 213

s Th ol A3 Zalolw A ACTAIS A$ forward® MM



ACTA1 1F, reverse® gMM ACTA1l 1R, ACTCI1% 7% forward®
gMM ACTC1 1F, reverse® gMM ACTC1 1R, ACTAZ2% forward=
qMM ACTAZ2 1F, reverse® gMM ACTA2 1RE AHE3sH3ith o7 =&
TEHAES] A7)= ACTAIL- 148 bp, ACTCI 151 bp 18]al ACTAZ
+ 163 bp%th. End—point RT—PCR2] A3+ 1.5 % agarose gelo] #

T3383 11, ©]5 Gel Doc™ XR (Bio—Rad, USA) 2] A X E o]

~
o

5

o

[&

2132l Image Lab (version 3.0; Bio—Rad) S o] &3lo] EA3}%c}

2.4.3. Real—time RT—PCR &4

Real—time RT—PCR< LightCycler® 480 II Real—-Time PCR System

(Roche Life Science, Swiss) ¥ 2F4 end—point PCRe] AFE3F ¢cDNA

1

rok

F8& olg3sto] AAE . Multiwell Plate 965 o]g3ko] 4 wl 34
cDNA 2 ul¢} 3 2 =75 4 pl, forward/reverse primer 2 pl, 71831
LightCycler® 480 SYBR Green I Master 10 plE& &33}o] PCR Hh&
TAES Azl ol APl o]&siitt. Alpha actin A}
isoform@ & A3 Zalolw 2 end—point RT—PCRel ARg3 A3}
U3 A AFEFFY S internal control gene®® AFE3F 18S rRNA

9] ¢ forward primer® qMM 18S 1F$} reverse primer® gMM 18S

20



1RE ]399}t Real-time RT-PCR A= A EQo] =z

LightCycler® 480 Software (version 1.5; Roche Life Science, Swiss)

o2 AAZF BS5FE T PCR A3 48 98] 2°—ddCt Wy oz %7

Hog g AE AMZ o) v S H) w1, Student's £ test =¥ one—

way ANOVA (Duncan's multiple range test) & ©| &3ty ZA44 F2x

= P=0.05 oA #AZ3A
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1. 23

3.1. 7|#ax ACTA1l, ACTC1 2 ACTA2° cDNA %
olm| At A £4

v 212 ACTAIS cDNA+ 5 untranslated region (UTR)©] 44 bp,

v

© 9492l ORF (F4 == Al9)7F 1131 bp, 1

3

Fa

ol

ERENGE

g 3 UTR (FA3E taa ¥3Ho] 123 bp=E F+AEHY Q3.

F

Polyadenylation signal< poly (A+) tail2%E — 20 bpel YA st <)

R F7|M LS aataaa® YENSTH(Fig 1). + WAIZ ACTCI% cDNA

+ 44 bp% 5 UTR, 1131 bp® ORF, 183 121 bpel 3' UTR & 4

o] Q] Edk ACTCI9 polyadenylation signal< poly (A+) tail®
HE — 23 bpell Ao AVIAEE aataaa® YEFSTH(Fig 2). wAH
o7 ACTAZ2°] ¢cDNA+= 5 UTRe] 76 bp, ORF7} 1131 bp, 3" UTR9]
421 bpE eSS W, polyadenylation signal< poly (A+) tailZHE —
26 bpe} - 10 bp® F = &lstdlom 7|4 A2 aataaa® UEFIH

(Fig 3).
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-44

46

91

136

151

226

271

316

3el

406

451

541

556

631

676

721

511

8356

501

946

1036

1081

1126

1171
1216

catcagtcttgtgataacaacttgaccaaccagtaaaaccaacc
ATGTGTGACGACGAJGAGACTACCGCCCTCGT GT GCGACARCGGC
M C D D EiiE T T A L V C€C D N G
TCTGGCTTGGTCAAGGCTGGAT TTGCCGGAGATGACGCTCCCCGT
$ 6 L V X A G F A G D D A P R
GCTGTCTTCCCCTCCATTGT TGGAAGACCCCGTCACCAGGGTGTG
A VvV F P 8 I V G R P R H Q G V
ATGGTCGGTATGGGTCAGAAAGACAGCTACGTAGGTGATGAGGCT
M VvV GM G @ KD S Y V G D E A
CAGAGCAAGAGAGGTATCCTGACTCTGAAGTACCCCAT TGAGCAC
Q §s K R G I L T L K Y P I E H
GGTATCATCACTAACTGGGACGACATGGAGAAGATCTGGCACCAC
G I I T N W D D M E K I W H H
ACCTTCTACAATGAGT TGCGTGTGGCACCT GAGGAGCACCCARACC
T F Y N E L R V A P E E H P T
CTGCTCACTGAAGCCCCCCTTAACCCCAAGGCCAACAGAGAGARG
L L T E A P L N P K A N R E K
ATGACACAGATCATGTTTGAGACCTTCAACGTCCCTGCCATGTAT
M T @ I M F E T F N V P A M Y
GTGGCCATCCAGGCTGTGCTGTCCCTGTACGCCTCCGGCCGTACC
v A I QA V L §s L Y A S G R T
ACCGGTATCGTGCT GGACGCGGTGATGGT GTGACCCACAATGTC
T 6 I v LD A G D G V T H N V
CCAGTUTATGAGGGTTACGCTCTTCCTCACGCCATCATGCGTCTG
P Y E G Y A L P H A I M R L
GATCTGGCCGGTCGCGATCT TACCGACTATCTGATGAAGATCCTG
D L A G R DL TD Y L M K I L
ACTGAGAGAGGTTACTCT TTCGTGACAACCGCCGAGCGTGAGATC
T E R G Y § F VvV T T A E R E I
GTGCGTGACATCAAGGAGAAGCTCTGCTATGTGGCTCTGGACTTT
vV R D I K E KL C Y V A L D F
GAGAACGAGATGGCCACCGCCGCCTCCTCCTCCT CCCT GGAGAAG
E N EM A T A A S S § S L E K
AGCTACGAGTTGCCCGACGGTCAGGTCATCACCATCGGAAACGAG
S Y E L P D G @ V I T I G N E
CGTTTCCGTTGCCCCGAGACCCTCTTCCAGCCATCCTTCATTGGT
R F R ¢ P E T L F Q P S F I G
ATGGAGTCCGCTGGTATCCATGAGACCGCT TACAACAGCATCATG
M E § A G I HE T A Y N 5 I M
AAGTGCGACATTGACATCCGTAAGGATCTGTACGCCAACAATGTC
K ¢ D I D I R KD UL Y A NN V
TTGTCCGGTGGTACCACCATGTACCCTGGTATTGCTGACCGTATG
L s GGG T T MY P G I A D R M
CAGAAGGAGATCACTGCCCTGGCCCCCAGCACCATGAAGATCARG
Q K E I T A L A P S8 T M K I K
ATCATTGCTCCTCCTGAGCGTAAGTACTCTGTCTGGATCGGTGGC
I I A P P E R K Y 5 V W I G G
TCCATCCTGGCTTCCCTGTCCACCTTCCAGCAGATGTGGATCACC
s I L. A s L § T F @ @ M W I T
AAGCAGGAGTACGATGAGGCTGGT CCATCCATTGTCCACAGGAAG
K @ E Y D E A G P S I V H R K
TGCTTCtaaatcatcagcaatatcagocctocageccgtacatttgta
c F *
ccgtctocttttactgtatatacatgtaatgttgtaataaaaacag
atcaatgataacasassadaadasaaaadadadaaaasas
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Fig 1. Representative cDNA sequence and deduced amino acid
sequences of mud loach ACTA1. Figures on left and right sides
indicate number of nucleotides and amino acids, respectively. Coding
sequence and amino acids are noted by boldface letters. Asterisk
indicates the stop codon (taa). Putative polyadenylation signal (aataaa)
is underlined. Three amino acid residues and their codons proposed

for the isoform signature motif are boxed.
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-42

46

91

136

181

226

271

3le

36l

406

451

541

586

631

676

721

811

856

901

945

1036

1081

1126

1171
1218

cagtcttgtgctacaactoggaccacctacaccaaaccaatc
ATGTGTGACGACGATGAARACTACCGCCCT CGTGTGCGACAACGGT
M C D D E T T A L V C D N G
TCCGGTTTGGT CAAGGCTGGATT CGCCGGTGATGATGCTCCCCGT
s 6 L VvV K A G F A G D D & P R
GCTGTCTTTCCCTCTATCGTTGGCAGACCCCGTCACCAGGGTGTG
A VvV F P 8 I V G R P R H Q G V
ATGGTGGGTATGGGT CAGRAGGACAGCTACGTCGGAGAT GAGGCT
M VvV G M G ¢ K D s Y V G D E A&
CAGAGCAAGAGGGGTATCCTCACTCTTARATACCCCATCGAGCAC
Q@ s K R G I L T L K Y P I E H
GGCATCATCACCAACTGGGAT GACATGGAGAAGAT CTGGCACCAC
G I I T N W D D M E K I W H H
ACTTTCTACAACGAGTTGCGCGT TGCCCCTGAGGAGCAT CCCACC
T F Y N E L R V A P E E H P T
CTGCTCACTGAAGCCCCTCTTAACCCCAARAGCCAACAGGGAGRAAG
L L T E A2 P L N P K A N R E K
ATGACACAGATCATGTTTGAGACCTTCAACGTTCCTGCCATGTAC
M T @ I M F E T F N V P A M Y
GTTGCCATTCAGGCTGTGCTGTCCCTGTACGCCTCTGGCCGTACC
v A I @ A VvV L 8§ L Y A 8 G R T
ACCGGTATTGTGCTGGATT CTGGTGAT GGTGTGACCCACAATGTC
T G I v L D |5 |6 D G V T H N WV
CCh TATGAGGGTTATGCTCTTCCTCACGCCATTATGCGTTTG

I

P ¥y E G Y A L P H A I M R L
GATCTGGCCGGTCGTGACCTGACTGACTACCTCATGRAAGATCTTG
O L A G R DL T D Y L M K I L
ACCGAGCGTGGTTACTCTTTCGT GACCACAGCCGAGCGT GAGATT
T E R G ¥ 8 F VvV T T A E R E I
GTGCGTGACAT TAAAGAGAAGCT GTGCTACGTCGCTTTGGACTTT
vV R D I K E K L C Y V A L D F
GAGAACGAGATGGCCACCGCTGCCTCTTCCTCCTCCCTGGAGARA
E N EM A T A A 5§58 58 8 5 L E K
TCCTACGAGTTGCCCGACGGACAGGTCATCACCATTGGCAATGAG
s Y EL P D G Q@ V I T I G N E
CGTTTCCGCTGCCCCGAGACCCTCTTCCAGCCCTCTTTCATTGGA
R F R C P ET L F @ P 58 F I G
ATGGAGTCTGCTGGTATCCATGAGACTGCCTACAACAGCATTATG
M E § A G I H E T A ¥ N 5 I M
AAGTGCGACAT TGACATCCGTAAGGACTTGTACGCCAACAATGTC
K ¢ Db I D I R KD L Y A N N V
CTGTCCGGT GGTACCACCATGTACCCTGGTATTGCTGACCGTATG
L s 6 G T T M Y P G I A D R M
CAGAAGGAGATCACTGCTCTCGCCCCTAGCACAATGAAAATCALAG
@ K E I T A L A P 5 T M K I K
ATCATTGCTCCCCCTGAGCGTAAGTACTCGGTTTGGATT GGCGGC
I I A P P E R K Y 858 V W I G G
TCTATCCTGGCTTCCCTGT CCACCTTCCAGCAGAT GTGGATCAGC
s I L. A s L s T F @ @ M W I s
AAGCAGGAGTATGATGAGGCAGGCCCCTCCATTGT CCACAGGARAG
K ¢ E Y D E A G P 8 I V H R K
TGCTTCtaaacttttattaaccaagctacccgtoccgtctgagttt
cC F *
gtactgtgocttttgoctgtatatacattgtaccgttgtaataaaa
gttgtgacgtgctoctcaaaaaaaaaaaaaaaaaaaaa
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Fig 2. Representative cDNA sequence and deduced amino acid
sequences of mud loach ACTC1. Figures on left and right sides
indicate number of nucleotides and amino acids, respectively. Coding
sequence and amino acids are noted by boldface letters. Asterisk
indicates the stop codon (taa). Putative polyadenylation signal (aataaa)
is underlined. Three amino acid residues and their codons proposed

for the isoform signature motif are boxed.
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=75

-45

46

91

136

181

406

451

496

1036

1081

1126

1171
1216
126l
1306
1351
1396
1441
1486
1531

taaatococococococgocccggocagoactgtea
ggtgattgtctcotgttggagtaaggaaggacatcogacttgaaa
ATGTGTGACGACKEAALAARAGCACCGCCCTTGTGTGTGATAATGGA
M ¢ D D $ TA L VvV C D N G
TCAGGTCTGTGTARGGCAGGCTICGCCGGGGRATGATGCTCCCRGA
$ 6 L ¢ K A G F A G DDA AP R
GCGGTGTTCCCCTCTATAGTGGGTCGRCCCAGRCRACCAGGGAGTG
A V F P 5 I V G R P RHOQ G V
ATGGTGGGAATGGGGCAGARAGACAGTTATGTIGGTGATGRAGGCG
M vV 6 M 6 9 K D S Y V G D E A
CAAAGCARAAGGGGAATCCTGACCCTCAAGTACCCCATAGAGCAT
Q §$ K R G I L TIL K Y P I E H
GGCATCATCACAARCTGGGACGACATGGARRARGATCTGGCATCAT
G I I T N W D D M E K I W H H
TCATTCTACAACGAGCTTCGTGTGGCTCCAGAGGAGCATCCGACA
s F Y N E L R V A P E E H P T
TTGCTGACAGAGGCGCCTCTTAACCCARARGCCARCAGGGAGRAG
L L T E A P L NP K A N R E K
ATGACCCAGATCATGTTTGAGACCTTCRAATGTICCAGCCATGTAT
M T ¢ I M F E T F N V P A M Y
GTAGCTATTCRAGCGGTGCTATCCCTCTACGCCTCTGGTCGCRACA

vV A I @ AR V s L ¥ A S G R T
ACRGGCARTTGTTCTCG A GTGRATGGTGTCACCCRCRATGTG
T I V L D D G V T H N V
[alal ACGAGGGCTACGCTCTICCCCACGCCATTATGCGTTTG
P E 6 Y A L P H AR I M PR L

GATTTGGCCGGCCGTGATCTCACCGACTACCTCATGAAGATCCTA
D L A G R D L T D ¥ L M K I L
ACTGAACGAGGCTACTCATTCGTCACCACTGCTGAARAGAGARATT
T E R G ¥ $ F vV T T A E R E I
GTCCGTGACATCARGGAGAAGTIGTGCTACGTCGCGCTGGACTTT
vV R D I K E K L ¢ Y V A L D F
GAGRACGAGATGGCCACCGCTGCCTCTTCCTCTTCCTTGGRAGRAG
E N E M A T A A § S S §$ L E K
AGCTATGAARCTTCCCGACGGACAGGTGATCACCATTGGCRARCGAG
$ Y EL P D G Q V I T I G N E
AGATTTCGTTGCCCTGAGACGCTCTTCCAGCCATCCTTTATCGGA
R F R C P E T L F Q P 58 F I G
ATGGAGTCTGCCGGCATCCATGAGACCACCTATARCAGCATCATG
M E $ A G I H E T T Y N 5 I M
AARATGCGACATTGACATCCGTAAGGACCTTTATGCCARCARCGTG
K ¢ D I DI R K D L Y AR N N V
CTGTCTGGTGGTACCACCATGTACCCCGG TATIGCTGATAGARTG
L $ G 6 T TM Y P G I A D R M
CAGAAGGAGATCACTGCTTTGGCACCCAGTACCATGAAGATCRAG
Q K E I T A L A P S T M K I K
ATCATTGCCCCACCTGAGCGCAAGTACTCCGTATGGATCGGCGGE
I I A P P E R K Y S V W I G G
TCCATCCTGGCGTCCCTTTCCACCTTCCAGCAGATGTGGATARGC
$ I L A § L $$ T F Q Q M W I §
ARGCAGGAGTATGATGAGGCCGGGCCATCCATIGTGCATCGCRAG
K ¢ E Y D E A G P § I V H R K
TGCTTTtaagcggcacctotgaccocttctggttcoctaattety
c F *
ctattgocttecatagoctgtaaactgtgaacgtaccctttacttoo
coctattgtattgtetttgecactgeoccacatctgtttgaatgttt
agatttgatggtgtoctcaagatatagtgttatttoccgatgggte
agaaagcttaatgogctgtcatgatgaaagattggggatgatgta
gocaagactccagagatgagtggatcttgaagaagttttacaatygy
aggaacaaagcttatttaaccttaagtgttaaaaaaatcttgagy
taacactgctgtgggctttcaggcagtotgtatggatategtate
atatgataatgccatgaaggaataaagoctctgcaataataaacag
Ccaaaasaaaaaaaaaaaaaaaa
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Fig 3. Representative cDNA sequence and deduced amino acid
sequences of mud loach ACTAZ. Figures on left and right sides
indicate number of nucleotides and amino acids, respectively. Coding
sequence and amino acids are noted by boldface letters. Asterisk
indicates the stop codon (taa). Putative polyadenylation signal (aataaa)
is underlined. Three amino acid residues and their codons proposed

for the isoform signature motif are boxed.
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u| g} x el ACTAI, ACTCI 2 ACTAZ29 olu|x:-At A = wE
37701, SAA (pD) I EAEo] M]3 5Ao] Alrh THHLS

ACTAI® ACTCI- 5.22%8 F9stal ACTAZE= 5.23%°0H, 4

ol
rlo

ACTAI®] 41958.9, ACTCIS 41974.9 18]3l ACTAZ= 41994.9%
vrebskth, w3k Al 7FA] vl FEEA] actin isoformES alignmentd ¢ 8
oA zbol7F #EEAY. T AT=S Frske] (Venkatesh et al,

1996; Kusakabe et al., 1999) ¢kxl x}o]7} 9l

r1r

ofvl At 7] F 5,
157 2 167HA ofn| At 7 E 7IE o2 v 7} isoformé motif
signature® WHIHATHACTAIY A% Asp’/Ala"’/Val'®  (D/A/V
form), ACTCI9] 75 Asp’/Ser®'/lle’® (D/S/I form), ACTA29 7%
Glu®/Ser®/11e!®” (E/S/1 form)] (Fig 4). u]%# &A1 ¢ alpha actin &4}
9] 7} isoform¥ ©E o7 L AFH9] orthologueE< alignmentdt 23}
vl 2] ACTAIL o5 (Cypriniformes) F Yoy (Cyprinus
carpio), ©15* (Hemibarbus mylodon) 2+ 99 % ©1%4°] s/d& ¥
Yol 98] o ofF Bl 97 % ol 2 AEdes B

\

o
N

| "2k A] ACTAI1S] motif= 273 DAV signaturet alignment$t

[an

© &8 ACTAI orthologuedlX F&FHo®E UeUA= toH,
J o5 (Cypriniformes) 2] oI (C. carpio), &°1% (Perciformes) 2] 27}

2] (Siniperca chuatsi) - 3= (Pagrus major) - X2 =1 gl g}y o}

(Oreochromis mossambicus) X A& & (Sparus aurata) A vz
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ACTAL MCD TTALVCDNGSGLVEAGFAGDDAPRAVEPSIVGRPRHOG VMVGMGQKEDS TVGDEA
ACTCI P 1 Vit i i et m st et s m s m s m
ACTAZ P 1] it i i en s msna s s m s am s s

ACTAL QSERGILTLEYPIEHGIITNWDDMERIWHHTFYNELRVAPEEHPTLLTEAP LNPFANREK
s Tt iie st n s s s ens s nsanasannns
L S i i e e e e

ACTAL MTQIMFETFNVEAMYVAI QAVLS LYASGRTIGI VLDRGDGVTHN VENTEGTALPHAIMEL

L =2 1
L - 1
ACTAL DLAGRDLTDY LMEILTERGYSFVTITAEREIVRD IKEKLCYVALDFENEMATRAS S5SLER
L
F s T s T
ACTAL SYELFDGOVITIGHNERFRCPETLFQESE IGHMESAGTIHETATNS IMECDIDIRED LYANNV
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ACTAZ % %N h......® 5.23 41994.9

Fig 4. Multiple amino acid sequence alignment of mud loach alpha
actin isoforms. Dots in ACTC1 and ACTAZ indicate the same amino
acids with ACTA1 at respective positions. Three amino acid residues
proposed for isoform signature motifs are boxed. Calculated molecular
weight (Da) and theoretical pl value for each isoform are also

provided.
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A9} &AstA DAV motif7} &&= Aok (Fig 5). ACTCIS alignment gt
a3, 4 F o7 F Y= (Cypriniformes) & A B2 4] (Danio
rerio), W 7] % (Siluriformes) @] 22w 7] (Ietalurus punctatus), 5245
(Beloniformes) @] #AYe] (Oryzias latipes), o] E (Tetraodontiformes)
Ol A8 (Takifugu rubripes) 1831 5915 (Perciformes) 8 Zs (P
major) < UlHeA 9} FASHA D/S/19] ofu] Al motif FEHE HP o
B olfe mAraAet 97 % o738 ofv At AE Aol UEtt(Fig 6).
ACTAZ= obn Al alignment A3 B& ofFoA 98 % ©]d9 dsAd
S XA motif T BF E/S/1Y FEE BEh 3/ alignment $F o]
79 FHF=Z25 Yo E (Cypriniformes) 8 o&X] (H. mylodon) 2+ A B.2}3]
A D. rerio), &7+ (Chimaeriformes) & & 240] (Callorhinchus mili)

7 2dE] Y (Fig 7).

3.2. A|FgA] alpha actin isoformE9 XA 587 £

M As B =g BAA o] &

r—{u:

Alpha actin $Ax}2] BEx}A E8-2]
sk A} o] 79 alpha actin A= monophyletic groups 343t

At (Fig 8). Tree®] A2 A HelM AA 5+ e 7HAZ v & =
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*
MCDDDETTALVCDNG BGLVFAGFAGDDAPRAVE P I VGRERHOGVMYEMGORD Y VGDEAQSKRGILT LKYPIEHGIITNWD DMER IWHHT FYNELRVAPEEHPTLLTEAPLNEPKANRER
MCDDDETTALVCDNGSGLVRAGFAGDDAPRAVE P STVGRERHOGVMYGSMGORD SYVEDEAQSKRGTILTIEYPIEHGI TTNWD DMERTWHHTFYNELRVAPEEHPTLL TEAPTNPRANRER
MCDDDETTALVCDNG3GLVKAGFAGDDARRAVE R SIVGRERHOGVMYEMEOR D S Y VEDEAQSKRGILTLIKYPIEHGI ITNWD DMERTWHHT FYNELRVAPEEHPTLLTEAPLNEKANRER
MCDDEETTALVCDNGSGLVRAGFAGDDAPRAVE P STVGRPRHOGVMYGSMGORD SYVEDEAQSKRGTILTIRYPIEHGI TTNWD DMERTWHHTFYNELRVAPEEHPTLL TEAPTNPRANRER
MCDDEETTALVCDNGSGLVRAGFAGDDAPRAVE P STVGRPRHOGVMYGSMGORD SYVEDEAQSKRGTILTIRYPIEHGI TTNWD DMERTWHHTFYNELRVAPEEHPTLL TEAPTNPRANRER
MCDDEETTALVCDNGSGLVRAGFAGDDAPRAVE P STVGRPRHOGVMYGSMGORD SYVEDEAQSKRGTILTIRYPIEHGI TTNWD DMERTWHHTFYNELRVAPEEHPTLL TEAPTNPRANRER
MCDDDETTALVCDNGSGLVRAGFAGDDAPRAVE P STVGRERHOGVMYGSMGORD SYVEDEAQSKRGTI LT IRYPIEHGI TTNWD DMERTWHHAFYNELRVAPEEHPTLL TEAPTNPRANRER
MCDDDETTALVCDNG BGLVFAGFAGDDAPRAVE P I VGRERHOGVMYEMGORD Y VGDEAQSKRGILT LKYPIEHGIITNWD DMER IWHHT FYNELRVAPEEHPTLLTEAPLNEPKANRER
MCDDDETTALVCDNGSGLVRAGFAGDDAPRAVE P STVGRERHOGVMYGSMGORD SYVEDEAQSKRGTILTIEYPIEHGI TTNWD DMERTWHHTFYNELRVAPEEHPTLL TEAPTNPRANRER
MCDDEETTALVCDNG BGLVFEAGFAGDDAPRAVE P I VGRE RHOGVMYEMGORD T YVGDEAQSKRGILT LKYPIEHGIITNWD DMER ITWHHT FYNELRVAPEEHPTLLTEAPLNEPKANRER
MCDDDETTALVCDNG 36 LVEAGF AGDDAFRAVF P 81 VGRERHOGVMVGMGQRD SYVEDEAQSKRGI LT LRY PTEHGI TTNWD DMEK TWHHT F Y NELRVAPEEHP TLL T EAPLNP KANREK
MCDDDETTALVCDNG BGLVFAGFAGDDAPRAVE P I VGRE RHOGVMYEMGORD EYVEDEAQSKRGILT LKYPIEHGIITNWD DMER IWHHT FYNELRVAPEEHPTLLTEAPLNEPKANRER
MCDEDETTALVCDNG BGLVKAGFAGDDAPRAVE P I VGRERHOGVMYEMGORD Y VEDEAQSKRGILT LKYPIEHGIITNWD DMER IWHHT FYNELRVAPEEHPTLLTEAPLNEPKANRER

* *
MTOIMFETFNVEAMY VATOAVL ALY ARGRTTGIVIDAGDGVTHNVEVYEGYALPHATMRLD LAGRD LT DY LMK ILTERGY SF VT TAEREIVRDIKERLCY VALDFENEMATAA RS SSLER
MTOIMFETFNVEPAMY VATQAVLELYARGRTTGIVIDAGD GVAHNVEVYEGYALPHATMARLD LAGRD LT DY LMKILTERGY 8F VI TAEREIVRDIKERLCY VALDFENEMATAA RS SSLER
MTQIMFETFNVEAMY VATQAVL ST Y ASGRTTGIVIDAGDGVTHNVEVYEGY ALPHATMRL D LAGRDLTDY TMK T L TERGY SF VT TAEREIVRDIKERLCY VAL DFENEMATAA S S SSLER
MTOIMFETFNVEPAMY VATQAVLELYARGRTTGIVIDAGDGVTHNVEVYEGYALPHATMALD LAGRD LT DY LMKILTERGY 8F VI TAEREIVRDIKERLCY VALDFENEMATAA RS SSLER
MTQIMFETFNVEAMY VATQAVL LY ASGRTTGIVIDAGDGVTHNVEVYEGY ALPHATMRL D LAGRDLTDY TMK T L TERGY SF VT TAEREIVRDIKERLCY VAL DFENEMATAA S S SSLER
MTOIMFETFNVEAMY VATOAVL ALY ARGRTTGIVIDAGD GV THNVEVYEGYALPHATMRLD LAGRD LT DY LMK ILTERGY SF VT TAEREIVRDIKERLCY VALDFENEMATAASSPSLER
MTQIMFETFNVEAMY VATQAVL ALY ASGRTTGIVID 3GDGVTHNVE TYEGY ALPHATMRLDLAGRDLTDY LMK T L TERGY SF VT TAEREIVRDIKERLCY VAL DFENEMETAAS S SSLER
MTQIMFETFNVEAMY VATQAVL ALY ASGRTTGIVIDAGDGYVTHNVEVYEGY ALPHATMRLDLAGRDLTDY TMK I L TERGY SFVT TAEREIVRDIKERLCY VAL DFENEMATAASS SSLER
MTQITMFETFNVEAMY VATQAVE ST YASGRTTGIVIDAGDGVTHNVEVYEGY ALPHATMRLDLAGRDLTDY TMK T L TERGY SF VT TAEREIVRDIKERLCY VAL DFENEMATAAS S SSLER
MTQITMFETFNVEAMY VATQAVL ALY ASGRTTGIVIDAGDGVTHNVEVYEGY ALPHATMRLDLAGRDLTDY TMK T LTERGY SF VT TAEREIVRDIEERLCY VAL DFENEMATAASS SSLER
MIQIMFETFHVEAMY VATQAVLSLYASGRTTEIVIDAGDGYTHNVEVYEGYALPHATMRLDLAGRD LT DY LMK T LTERGY SFUTTAERETVRDIKERLCY VALDFENEMATA A SSSSLER
MTQIMFETFNVEAMY VATOAVL AL YASGRTTETI VIDAGDGYVTHN VPV Y EGY ALPHATMR LD LAGRDLTDY LMET LTERGY SF VT TAERENRARHOGEACY VALDFENEMATAA S SSLER
MTQIMFETFNVEPAMY VATQAVLELYARGRTTGIVID 86D GVTHNVE IYEGYALPHATMALDLAGRD LT DY LMK ILTERGY SF VI TAEREIVRDIKERLCY VALDFENEMATAA RS SSLER

SYELPDGQVITIGNERFRCPETLFQP SFIGME SAGIHETAYNSIMRCDIDIRRD LY ANNVLSGET TMY PG TAD RMOREITALAR S TMRIRITAPPERRY SV IGGEILASLETF QQMWIT
SYELPDGQVITIGNERFRCPETLFQP SFIGME SAGIHETAYNSIMRCDIDIRRD LY ANNVLSGET TMY PG TAD RMOREITALAR S TMEIRITAPPERRY SV IGGEILASLETF QQMWIT
SYELPDGQVITIGNERFRCPETLFQP SFIGME SAGIHETAY NS IMRCDIDIRRD LY ANNVLSGET TMY PG TADRMOREITALAR S TMEIRITAPPERRY SV IGGEILASLETF QQMWIT
HYELPDGQVITIGNERFRCPETLFQP SFIGME SAGIHETAY NS IMRCDIDIRKD LY ANNVLSGE T TMY PG TADRMOREI TALAE S TMRIKITAPPERRY 3 VITIGGEILASLETF QCMWIT
SYELPDGQVITIGNERFRCPETLFQP SFIGME SAGIHETAY NS IMRCDIDIRRD LY ANNVLSGET TMY PG TAD RMOREITALAR S TMEIRITAPPERRY SV IGGEILASLETF QMWL 2
SYBELPDEOQVITIGNERFRCPETLFOP SFTGME SAGTHETAYNITMECDID I RED LY ANNVL 36T TMY PG TADRMOEE T TALAP STMETKITAPPEREY 3V I GGITLASLATF QMW T
SYELPDGQVITIGNERFRCPETLFQP SFIGME SAGIHET TY NS IMRCDIDIRRD LY ANNVLSGET MY PG TAD RMOREITALAR S TMEIRITAPPERRY SV IGGEILASLETF QMWL 2
SYBELPDEOQVITIGNERFRCPETLFOQP SFTGME SAGTHETAY NI TMECDID T RED LY ANNVL 36T TMY PG TADRMOEE I TALAP STMETKITAPPEREY 3V I GGITLASL ATF QOMWT &
HYELPDGQVITIGNERFRCPETLFQP SFIGME SAGIHETAY NI IMRCDIDIRRD LY ANNVL G T TMY PG TAD RMOREITALAE S TMRIKITAPPERRY 3 VITIGGEILASLETF QCMWI 3
SYBELPDEOQVITIGNERFRCPETLFOP SFTGME SAGTHETAY NI TMECDID T RED LY ANNVL 3G T TMY PG TADRMOEET TALAP STMETRITAPPEREY SV I GGITLASL ATF QOMWT &
SYBELPDEOQVITIGNERFRCPETLFOP 3FTGME SAGTHETAYNITMECDID T RED LY ANNVL 36T TMY PETADRMOEE T TALAP STMETKITAPPEREY 3V I GGITLASL ATF QOMWT &
SYBELPDEOQVITIGNERFRCPETLFOQP 3FTGME SAGTHETAYNITMECDID T RED LY ANNVL 3GET TMY PG TADRMOEE I TALAP STMETKITAPPEREY 3V I GGITLASL ATF QOMWT &
SYBELPDEOQVITIGNERFRCPETLFOQP SFTGME SAGTHET TY NI TMECDID T RED LY ANNVM 3G T TMY PG TAD RMOEE T TALAP STMETRITAPPEREY 3V I GGITLASLATF QMW T

Identity pI it Accession #
FREYDEAGE SIVHRKCF 5.22 41958.9 Present study
FQEYDEAGESIVHRKCE 99 % 5.22 41928.8 AARD442Z5.1
FOEYDEAGPSIVHRKCF 100 3 5.22 41958.9 BAADS755.1
KQEYDEAGP STVHRECFEF 99 % 5.23 41972.9 ACNE1E31.1
FQEYDEAGPSIVHRKCF 99 % 5.23 41958.9 NE_001098276.1
FQEYDEAGPSIVHRKCF 99 % 5.23 41982.9  aaH45406.1
FOEYDEAGPSIVHRKCF 98 % 5.22 41976.8 AACSPE93.1
FQEYDEAGPSIVHRKCF 99 % 5.22 41944.8 AAPEJEET .2
FQEYDEAGESIVHGKCE 99 % 5.15 418239.7 BAFB0059.1
FQEYDEAGPSIVHRKCF 99 % 5.23 41972.9  AMOZ1697.1
FQEYDEAGESIVHRKCE 99 % 5.22 41944 .8 BAASDEBS. 1
KOEYDEAGESIVHRKCE 97 % 5.28 41B69.6  AAFZZE46.1
FQEYDEAGESIVHRKCE 98 % 5.23 4z051.0 NE_001051.1
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Fig 5. Multiple amino acid sequence alignment of mud loach ACTA1
along with orthologues from teleosts and human. Three amino acid
residues proposed for signature motif of mud loach alpha actin
isoforms are indicated by asterisks. In the alignment, the residues
showing the same amino acids with mud loach ACTA1 are shaded.
Species abbreviations are as follow. MM=Misgurnus mizolepis, CC=
Cyprinus carpio, HM= Hemibarbus mylodon, OL=COryzias lateipes,
DR=Danio rerio, TR= Takifugu rubripes, SC= Siniperca chuatsi, PM=
Pagrus major, NC=Notothenia coriiceps, OM= Oreochromis

mossambicus, SA=Sparus aurata, HS=Homo sapiens
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*
MCDDDETTALVCDNGSGLVEAGFAGDDAPRAVFE STVGRPRHOGVMVGMGQRD 3YVEDEAQSKRGILT LRYPTEHGI ITNWDDMEKIWHHT FYNELRVAPEEHPTLLTEAP LNPEANRER.
MCDDDETTALVCDNGSGLVREAGFASDDAPRAVFE STVGRPRHOGVMVGMGQRD 8YVGDEAQSKRGILT LEYPTEHGI I TNWDDMEKIWHHT FYNELRVAPEEHP TLLTEAP LNPRANRER
MCDDDETTALVCDNGSGLVEAGFAGDDAPRAVFE STVGRPRHOGVMVGMGQRD 3YVEDEAQSKRGTI LT LEYPTEHGI ITNWDIME K IWHHT FYNELRVAPEEHF TLLTEAPLNFEANRER
MCDDDETTALVCDNGSGLVEAGFAGDDAPRAVFE STVGRPRHOGVMVGMGQRD 3YVEDEAQSKRGTI LT LEYPTEHGI ITNWDIME K IWHHT FYNELRVAPEEHF TLLTEAPLNFEANRER
MCDDDETTALVCDNGEGLVEASFAGDDAPRAVEFE SIVGRPRHOGVMYGMGORD SYVGDEAQSKRGILT LRYPTEHGIITNWD IME K IWHHT FYNELRVAPEEHPTLLTEAP LINEFANRER
MCDDDETTALVCDNGEGLVEASFAGDDARRAVEE SIVERERHOGVMYGMGORD SYWEDEAQIKRGILT LEYFIEHGII TNWD IME RKIWHHT FYNELRVAFPEEHFPTLLTEAF LNEKANRER
MCDDEETTALVCDNGSGLVRAGFAGDDAPRAVFE SIVGRE RHQGVMVGMGQRD 3YVEDEAQRKRGILT LRYPIEHGIITNWD DMEKIWHHT FYNELRVAPEEHP TLLTEAP LNERANRER
MCDEEETTALVCDNGSGLVRAGFAGDDAPRAVFE SIVGRP RHOGVMVGMGORD 3YVEDEAQRKRGILT LRYPIEHGIITNWDDMEKIWHHT FYNELRVAPEEHE VLLTEAP LNERANRER
MCDEEETTALVCDNGSGLVEAGFAGDDAPRAVFE STVGRPRHOGVMVGMGQRDAYVEDEAQSKRGILT LEYPTEHGIITNWDDME K IWHHT FYNELRVAPEEHP TLLTEAP LNPEANREE
MCDDEETTALVCDNGSGLVEAGFAGDDAPRAVFE STVGRPRHOGVMVGMGQRD 3YVEDEAQSKRGILT LRYPTEHGI ITNWDDMEKIWHHT FYNELRVAPEEHPTLLTEAP LNPEANRER.
MCDDEETTALVCDNGEGLVEASFAGDDARRAVEFE SIVERERHOGVMYGMGORD SYWEDEAQIKRGILT LRYFIEHGII TNWD IME RKIWHHT FYNELRVAFPEEHFPTLLTEAF LNEKANRER

*
MTQIMFETFNVEAMY VATOQAVLSLYASGRTTGIVLDS GDGVTHNVPIYEGYALPHATMRLD LAGRD LT DY LMETLTERGY SFVI TAERETVRD TEERLCY VALDFENEMATAASSSSLER
MTQIMFETFNVEAMY VATOQAVLSLYASGRTTGIVLDEGDGWTHNVP I YEGYALPHATMRLDLASRD LT DY LMETLTERGY SFVI TAERETVRD TEERLCY VALDFENEMATAASSSSLER
MTQIMFETFNVEAMY VATQAVLELYASGRTTGIVLDSGDGVTHNVP I YEGYALPHATMRLDLASRD LT DY LMEILTERGY SFVI TAERETVRD TEERLCY VALDFENEMATAASSSELER
MTQTMFETFNVEAMY VAT QAVLALYASGRTTGIVIDS GDGVTHNVRPIYEGYALPHATMRLDLAGRD LT DY TMETLTERGY SFVI TAERETVRD TEERLCY VAL DFENEMATAASSSSLER
MTQTMFETFNVEAMY VAT QAVL ALY ASGRTTGTIVLIDS GDGVTHNVRPIYEGY ALPHATMRLDLAGRD LT DY TMETLTERGY SFVT TAERETVRD TEERLCY VAL DFENEMATAASSSSLER
MTOIMFETFNVEAMY VATOAVLELYARGRTTGIVLDS GDGVTHNVPIVEGY ALPHATMRLDLAGRDL T LY LMEILTERGY SF VI TAERETVRDIEEFLCY VALDFENEMATAASSESLER
MTOIMFETFNVEAMY VATQAVLELYASGRT TGIVLDS GDGEVIHNVFIYEGYALPHATMRLDLAGRD LT LY LMEILTERGY SF VI TAERETVRDIKERLCY VALDFENEMATAASISSLER
MIQIMFETFNVEAMY VAT QAVLE LY ARGRTTGIVLDAGDGVTHNVE VY EGYALPHATMRLD LAGRD LI DY LMEILTERGY BF VI TAEREIVRD IKERLCY VALDFENEMATAASSSELER
MIQIMFETFNVEAMY VATQAVLELYARGRTTGIVLDE GDGVTHNVP I YEGYALPHATMRLD LAGRD LI DY LMEILTERGY BF VI TAEREIVRD IKERLCY VALDFENEMATAASSSELER
MTQIMFETFNVEAMY VATOQAVLSLYASGRTTGIVLDS GDGVTHNVPIYEGYALPHATMRLDLASRD LTDY LMETLTERGY SFVI TAERETVRD TEERLCY VALDFENEMATAASSSSLER
MTQIMFETFNVEAMY VATOQAVLSLYASGRTTGIVLDE GDGWTHNVPIYEGYALPHATMRLDLASRDLTDY LMETLTERGY SFVI TAERETVRD TEERLCY VALDFENEMATAASSSSLER

FYELPDGOVITIGNERFRCPETLFOPSFIGHME SAGIHETAYNSIMECDIDIRKD LY ANNVL 85GTTMY PGTADRMORETI TALAR STMEIRITAPPEREYBVWIGEEITASLSTF QUMW &
FYELPDGOVITIGNERFRCPETLFOPSFIGHME SAGIHETAYNSIMECDIDIRKDIYANNVL 835G TTMY PGTADRMORETI TALAR STMEIRITAPPEREYBVWIGEEILASLSTF QUMW &
SYELPDGOVITIGNERFRCPETLFOPSFIGME SAGTHETAYNSTMECDIDTREDLYANNVL 365TTMY PGTADRMORETTALARP STMETIKI TAPPEREYSVITI GG ILASLSTF QUMW IT
SYELPDGOVITIGNERFRCPETLFOPSFIGME SAGTHETTYNSTMECDIDTRED LY ANNVL 836G TTMY PGTADEMORETTALAP STMEIKI TAPPEREYSVITI GG ILASLSTF QUMW 5
SYELPDGOVITIGNERFRCPETLFQPAFIGME SAGTHETAYNSTMECDIDTRED LY ANNVL 36T TMY PG TADRMOEET TALAP STMETIET TAPPEREYAVII GG TLASLATFQOMWT 3
SYELPDGOVITIGNERFRCPETLFOPAFIGME SAGTHETAYNSTMECDIDTREDLY ANNVL 36T TMY PG TADRMOEET TALAP STMETET TAPPEREYAVITI GG TLASLATFQOMWT 3
FYELPDEQVITIGNERFRCPETLFOPSFVGHME SAGIHET TYNSIMECDIDIRKDLY ANNVMESGTTMY PGTADRMCORETI TALAR STMEIKITAPPEREYEVWIGGEITASLSTF QUMW 2
HYELFDEQVITIGNERFRCPETLFOP SFIGHME SAGIHET TYNSIMRECDIDIRKDIYANNVL 85GT TMY PGIGDRMORETI TALAR S TMETFMIAFPPEREYSVWI GG ITASLATF QUMW &
SYELPDGOVITIGNERFRCPETLFOPSFIGME SAGTHETTYNSTMECDIDTRED LY ANNVL 365G TTMY PGTADEMORETTALAP STMEIKI TAPPEREYSVITI GG ILASLSTF QUMW 5
EYELPDGQVITIGNERFRCPETLF QP SFIGME SAGIHETTYNSIMKCDIDIRED LY ANN VMG MY PG TADRMORETI TALAR STMKIKI TAPPERRYSVIWIGEEILASLETF QUMW 2
SYELPDGOVITIGNERFRCPETLFOPSFIGME SAGTHETTYNSTMECDIDTRED LY ANNVL 365 TTMY PGTADRMOEETTALAP STMETET TAPPEREYSVIIGGITLASLATF QUMW 3

Identity pI g Accession #
KQEYDEAGE SIVHRRCF 5.2Z2 41974.3 Present study
KQEYDEAGE SIVHRRCEF 100 & 5.22 41974.3 BAA31946.1
FEQEYDEAGP 8 TVHRECF 99 % 5.22 41988.9 NP_001188195.1
KQEYDEAGE STVHRRCF 99 % 5.22 4Z004.3 NP_001002066.1
KQEYDEAGE STVHRRCF 100 % 5.22 41274.9 AACS59B584.1
KQEYDEAGE 3TVHRECF 100 % 5.22 41974.9 BAFEBOOSE.1
KQEYDEAGE 3TVHRECF 98 % 5.22 4z2022.9 KKF14002.1
KDEYEEAGP 3TVHRECF 27 % 5.18 41975.9 NP_001z%6761.1
FQEYDEAGE 3TIVHRECE 98 % 5.24 4z017.0 NE_001272093.1
KQEYDEAGE STVHRRCF 99 % 3.23 4z037.0 KPPAES064.1
KQEYDEAGP SIVHRKCF 99 % 5.23 4z018.9 AABSPE15.1
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Fig 6. Multiple amino acid sequence alignment of mud loach ACTC1
along with orthologues from teleosts and human. Three amino acid
residues proposed for signature motif of mud loach alpha actin
isoforms are indicated by asterisks. In the alignment, the residues
showing the same amino acids with mud loach ACTC1 are shaded.
Species abbreviations are as follow. MM = Misgurnus mizolepis,
1P=/ctalurus punctatus, DR=Danio rerio, TR= Takifugu rubripes, PNM=
Pagrus major, LC=Larimichthys crocea, CH= Clupea harengus,
CM= Callorhinchus milii, SE= Scleropages formosus, HS=Homo

sapiens
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*
MCDDEESTALVCDNGEGLCRASFAGDDAPRAVFESIVGRP RHOGVMYGMEOKD 3YVGDEAOSRRGILTLRYPIEHGIITHNWD DMEE ITWHHS FYNELRVAPEEHPTLLTEAPLNPEANRER
MCDDEESTALVCDNGSGLCRAGFAGDDAPRAVFESTVGRP RHOGVMYGMSORD SYVGDEAQSKRGILTLEYPTEHGT ITHWDDMEETWHHSFYNELRVAPEEHP TLLTEAPT NP RANRER
MCDDEESTALVCDNGEGLCRASFAGDDAPRAVEE ST VGRE RHOGVMVEMEORD S YVGDEAQSRRGILTLRYPIEHGI I TNWD DME R IWHHIFYNELRVAPEEHE TLLTEAPLNE KANREE
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Identity PI M Accession #
KQEYDEAGE STVHRKCF 5.23 41994.9  Present study
EQEYDEAGE SIVHBRRCEF 100 % 5.22 41574, 9 ACNELE3Z. 1
KQEYDEAGESIVHEKCF 100 % 5.23 41934.9  AAHTS5896.1
KQEYDEAGESIVHEKCF 53 % 5.23 ARQITTIE.1
KQEYDEAGESIVHEKCF 99 % 5.23 0 NE_997785.1
FPEYDEAGP 3TVHRECE S8 % 5.z24 418242.8 AFMBE495, 1
KEEYDEAGESIVHRRCE 98 % 5.24 42034.0  AFMBE205.1
KQEYDEAGESIVHEKCF 98 % 5.24 42108.0  aaA51577.1
RQEYDEAGESIVHRKCF 99 % 5.24 42008.9  NP_OO1135817.1
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Fig 7. Multiple amino acid sequence alignment of mud loach ACTA2
along with orthologues from teleosts and human. Three amino acid
residues proposed for signature motif of mud loach alpha actin
isoforms are indicated by asterisks. In the alignment, the residues
showing the same amino acids with mud loach ACTAZ are shaded.
Species abbreviations are as follow. MM = Misgurnus mizolepis,
HM=Hemibarbus mylodon, DR=Danio rerio, CM= Callorhinchus milii,

HS=Homo sapiens
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— Cypainus capio ACTAT.1 AY393870
Cypninus o acta 050028
Cabifis chai acfal.1 GLBEB244
YE90421
— Cobitis choii scis1 2 GUBBEMS
Denio enio actal N 131591 Beloniform
| Do rerio ACTAT BC045408
Hemibarbus myfodion acis? FT 13568 % | Cypriniform
Epnsphalus coides GLBEZ42 Perciform
Menncbrachium regale AF503582 Myctophiform
|- Rechyoentron carnedum HWW5462
|— Pagus major ACTAT 1AB360966
Crecchromis mossambicus ACTAT ABO3T266 Perciform
| | Scomber scombrus EFS07093
ipercs chustsi ACTAT AY395872
Sperus susts ACTAT AF190473
u b tipes sctel 1 (83350 Tetraodontiform
— Notothenis coticeps ACTAT AFS03590 Gadiform
| Sphyrecns idestes AFS03503 Perciform
Conyphaenaides scraeps sciz 1.1 ABO21649
Coryphsenoides cinereus sciet. 1 ABO2E5T Gadiform
|- Dicentarctus lsbex FIT16131 Perciform
Gecis chelcogrammus actz1.1 ABO Gadiform
M | Tremztomus bemecchi AFS03589 Perciform
Cryzizs fetipes O T N 001 104006 Beloniform
Plawogrammus szonus 2ca 1 ABIT 3381 Scorpaeniform
Saimo uls AF2E74% Salmoniform
Clypsa herengus ACTCT NM 001308832 & N
| Cupes hersngus EF49520 Clupeiform
Hem ibarbus mylodon FJ7 13569 Cypriniform
Cayphesnoides sadispie acis1 2 ABO21E5)
Cayphesnoides cinersus acfal 2 ABO2 1652
Cayphesnoides smaius sc=1 23 ABISE2A0 Gadiform
Gedus morhus act 1 AFS00273
|—— Coryphasnaides amsius sdis1 2% ABDSEX1
Gadus chalcogramm us sci1 2 ABOT3380
Clupes harengus scis? 2 NUM0D130983¢ Clupeiform
A1 Danio refia o] NM214T84 Beloniform
Qupse s GR4TEEE Clupeiform
Oyptinus caipio 2ctsT AYI009T & Cyptiniform
Ictaluns puncistus AGTGT N 001201266 Siluriform
Ssimo seler sciet 1 BT0437T9
imo saler scict 2 BTO43TE) Salmoniform
n Ictgums puncians AF2287 14 Siluriform
Sdempages fam csus ACTCT JARDM2007080 Osteoglossiform
Danio reia ctc!. 1 N 01001408 Beloniform
Saimo fate actc1 AF30B55 Salmoniform
Pzgrus major ACTCT ABX0BES Perciform
25 ACTCT ABIIS2D Beloniform
Tetraodontiform
iU mbripes acicl.2 U3B960
Homa sapiens ACTCT JOQOTO
I_D major ACTA1.2 ABIB096T & Perciform
. — Lanmichiys cooss ACTCT KQI42511 Primates
ﬂ:‘mpe;es famosus ACTCT JARCO2004142 Osteoglossiform
— Callorhinchus mili ACTCT N 00292164
.+, Callorhinchys milli ACTAZ 1 JX20381 Chimaeriform
nchus mili ACTA22 JX207881
s mylodan aciz] FJT135%7 % Cypriniform
_ | Denio resio o2 2 BCOTSE96
- o DBnio £ sete2 2 AY39E Beloniform
[Cenio irio scta? N 212620
Homo sapisns ACTAZ 1005192 .
Hamo sapisns ACTA2 2 JOS192 Primates
DCenio rerio sorg? NMODIITTS0
-I: Beloniform
|— Taitigu wbrpes saie1 2 LG3058 Tetraodontiform
Denia rerio ACTCT N O0ID0R066 Belonifor
Lorpes ot LE%2 Tetraodontiform
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Fig 8. Molecular phylogenic tree of alpha actin amino acid sequences
assessed by MEGA program based on neighbor—joining algorithm.
Mud loach alpha actin isoforms are boxed. Different isoform of amino
acids in any clade are indicated by asterisks. Bootstrap values only

higher than 50% are noted on the clades.
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3.3. "u]F*2}A] alpha actin isoform=2] genomic DNA

=z

vl t2}x] 9] alpha actin F+4AF isoformE2] genomic DNA 7|4 4L
apRro v 12k 425 A48t (Fig 9). vl ek alpha actin 2}
isoformE< 55 170¢ non-—translated exon, 87H% exon, 181
8709 intronC® FA T glloen, Z+ exon—intron boundary
FoollA gt/ag FHS F w21 YU EI EE isoform] 1 W

exon°l= cDNAS 5" UTR ¥% @7IMLDs E3eto], WA IZ= ATG7

ACTAI® 21 bp, ACTCI+= 23 bp 18|13l ACTA+ 44 bpell $1*sF .
Alpha actin F3%F isoformE2 exon ZAolx= XE  isoformolA
T34 yey=d 1 Zdol:= 1 W exon®] 129 bp  (untranslated
region A1%]), 2 ¥ exon°] 129 bp, 3 ¥ exon®] 111 bp, 4 ¥ exon?]
85 bp, 5 ¥ exon©] 162 bp, 6 WM exon®] 192 bp, 7 ¥ exon®] 182 bp
12]31 8 ¥ exon®] 144 bp=E &JAH ST} Intrond Aol isoformE =
Az 924 Yebow 7 intron® Aol Table 3o YWERJSITH

22 W non-—translated

ol

n)322}2] alpha actin SA#F2] Zo]E Hlw
exon-Bl FAFEINA ACTAIL 3,011 bp, ACTCIS 3,107 bp 18] 1L

ACTAZ= 5,636 bpE ZelEdt},
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NTE El E2 E3 E4 ES E6 E7 E8

ACTCT | ATi
El

E2 E3 E4 ES E6 E7 E8

11.5_

ACTA2 I ATi I I I I l I I
I El

E2 E3 E4 ES E6 ET E8 500 bp

Fig 9. Schematic drawing to show genomic DNA structure of mud loach ACTAI1, ACTCI and ACTAZ isoforms.
Each isoform possesses non—translated exon (NTE), 8 translated exons (noted by E1 to E8) and 8 introns

including one following the NTE. Start codon (ATG) and stop codon (taa) are also indicated.
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alpha actin isoforms.

Table 3. Summarized information on the mud loach

ACTA1 ACTC1 ACTA2
Total length (bp)- 1268 1273 1607
5’ UTR (bp) 44 44 76
3’ UTR (bp)» 123 121 421
cDNAs
ORF (bp). 1131 1131 1131
Stop codon taa taa taa
Polyadenylation signal aataaa aataaa aataaa
No. amino acids 377 377 377
Amino Molecular weight 41958.9 41974.9 41994.9
acids Theoretical pl 5.22 5.22 5.23
Amino acid motifs DAV DSI ESI
Non-translated exon (bp) 24 22 33
Intron | (bp). 876 849 1290
Exon | (bp). 149 (20) 151 (22) 172 (43)
Intron 11 (bp) 182 445 1300
Exon I1 (bp) 129 129 129
Intron 111 (bp) 99 147 598
Exon 111 (bp) 111 111 111
Intron IV (bp) 99 77 329
gDNAs Exon IV (bp) 85 85 85
Intron V (bp) 211 103 86
Exon V (bp) 162 162 162
Intron VI (bp) 87 91 646
Exon VI (bp) 192 192 192
Intron V11 (bp) 82 138 88
Exon VII (bp) 182 182 182
Intron V111 (bp) 197 79 89
Exon V111 (bp) 144 144 144

a Excluding poly A(+) tail.
b Including stop codon and excluding poly A(+) tail.
¢ Excluding stop codon.

d Between non-translated exon and exon |.

e Exon | composed of untranslated region and translate region. In parentheses, length of untranslated
region are indicated.
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3.4. 1] 8}A] alpha actin isoformE9 T2 XE F+Z% %

B4 AAEE QA5 95

Genome walkings 383t A3 ACTAIL 3,143 bp, ACTCI&

o

3,020 bp 181 ACTAZ= 2,370 bpe ZEEEH 99 dA7Ad
gradltt. 2ey Fdd Hold <SVIMECA  HAlxzdE IAE
Hlwstz]  fldl  EE  isoformelA 2 kb EZEEEWE 24
ol &3tk (Fig 10). A48 A3 Al isoform EF TATA-less
= FlHdtt. ACTCINA CCAAT box:E non—translated

exonO. ZHE - 915 bp, ACTAZS] 4$+ - 1,849 bpell g9 F o,

ACTAIM = &4E  ®S del &dHA Atk CArG  box
(CCIW=A/TIGOH = F4H= FES ACTAIR ACTCIS 7+
ccctaaaage® [I7IMLER LA UENSI, 91X+ non-—translated
exonB — 912, — 936 bp AFC = =4 YEtWt. ACTAZ= 3
29 97 do]l CArG box® FAHW, A7|MELE ccaatgtteg (— 643

bp), ccctataagg (— 144 bp), ccttgtttgg (— 92 bp) 7} A AT HAAI =}

sole 28 AEY Z3kl wdd dAEel qdew Al THA

T

isoformel A4 FE&O= Bl EFF+= myocyte enhancer factor—2

(MEF=2) ¢t MyoD7}F A3lvh. gt Ala2e) st 23, £ 5ol
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O Y ? ? ? Y @ Y + % ACTAL

* oY Y Y ¥ * o ¢
7 t Yy e Y M o 1 T e
1 200 8 500 500 4 1 ;
[ I I I I I I [ I I I I [ I I I I I I 1
4 * (P ? ? ? W Y ACTA7
I v|1_" L ] T < o ? A < Y < ACTCH
® 6 Y & y Y Y% L
f AHE (P C/EBF T oxrr ? TTE-1 ¢ TCF-1 ¥ svaps ¥ CarGbex
Y APl I'|_" CCAATbox * GR * MyoD ;P C-jun * IRF
? ATF-1 'P E2A Y MEF-2 @ SREBP-1 ? LEF-1 ’% HIF-1

Fig 10. Comparison of putative transcription factor binding motifs in the regulatory regions of mud loach ACTAI,
ACTCI and ACTAZ genes. The 5 —flanking region (2 kb) upstream from non—translated exon of each isoform

was analyzed with TRNASFAC software (https://portal.biobase—international.com/).

45



dy  QIxEE CCAAT—enhancer—binding proteins (C/EBP),

ry

kruppel—like factor 4 (GKLF), activating transcription factor 1
(ATF—1) 193 mothers against decapentaplegic homolog 3
(SMAD3)7} &R1¥ 33, ATF-19 A9t ACTCIOW 2lskgith
ACTAIZE ACTCI®l F&ox v Woas JAE+=  interferon
regulatory factors (IRFs)7} Qlgla, o] wloleixo] 9 A

Skl 215 AAE= QIEHES At 1 99 ACTAISY WYd#

o

?1zx+= aryl hydrocarbon receptor (AHR)Z c—jun®] UAoH,
ACTCIZ glucocorticoid receptor (GR)S zta I%th. ACTAZ2Y

HA7Ad QA= activator protein 1 (AP1), c—jun3® metal regulatory

rJ

transcription factor 1 (MTF-1)¢] o™, c—june ACTAINE
Z2U&A et MTF-1S metallothionein® @&y @& # Az =z
SuH s 2 giArel BAE vk At Aol whEgshe IR E =
hypoxia—inducible factor 1 (HIF—-1)7} &A= ol ACTAIY
ACTA2 4 & 4 A2t} Alpha actin isoformolA H>x A3 #Ad
H QAE gAY 4 glelen, ¥FEoE gl ¥ JAXE+= lymphoid
enhancer—binding factor 1 (LEF—1), sterol regulatory element—
binding protein 1 (SREBP—1), transcription factor 7 (TCF—-1) -5°]

FAH QL ACTCIF ACTAZ= E2A% F712 #2138t
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Fig 11. Distribution patterns and expression levels of alpha actin transcripts in female and male mud loach tissues,
as assessed by end—point RT—PCR. Abbreviations for tissue types are brain (B), eye (E), fin (F), gill (G), heart

(), intestine (D), kidney (K), liver (L), skeletal muscle (M), spleen (S), skin (Sk), ovary (O) and testis (T).
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Fig 12. Distribution patterns and expression levels of ACTAI (A),
ACTCI (B) and ACTAZ (C) transcripts in female and male mud loach
tissues, as assessed by real—time RT—PCR. In real—time RT—PCR,
Cp value calculated by SYBR Green I. Abbreviations for tissue types
are brain (B), eye (E), fin (F), gill (G), heart (FH), intestine (D),
kidney (K), liver (L), skeletal muscle (M), spleen (S), skin (Sk) and

gonad (Go). Asterisks indicate the significant difference in expression

level between female and male based on the Student's ¢ test (P <

0.05).

52



calibrator) il

4 (ACTAIS)

vt

24N 71

o|
HH

—

3l Student's ¢

P 9

S

A 709 ACTAI $94e 24

PN
T

P < 0.05 FZFolA

T
T

, sAAE

Akol7F YT ACTCI°] real—

ol &

o
T

ZH A

3%

vl e

time RT—PCR A}, calibrator+= % 9]

==
"o

Zroll

J|Eo g ot

=
=

Calibrator

°F 2.8 #f zol7h yrERRiT

;A 29 A5 A0 ARG 4R ACTCIO] T

[e]
E=1

M

o

Nd
J|

—_
fite)

ol
)
Gl

ol
HH

—_
o

ol

;OL
=

ol
He

P ACTCI19 oA

Student's ¢ testE

53



jubad
o3l
o
B~
rid
Ho
[
ich
=
iy
-z
=
>
Jo
1o
=
2l
o
Nl
=
ul

T
=
N
A
©
o
9

3.6. #|#&}R] alpha actin isoformE2 YAGAE 4

P £

u]ehA] o] A ERAE alpha actin mRNA & S BA437] 93] 9
GA1°] embryo 2 8719 3} zo] @AY st end—point RT-PCR<
T3 ch(Fig 13a). #A7|9d%o=z s A3, <4 (myotome)©]

A7) A ZeleE @Al 4 3 12 A7 (12 HPF) ol ACTA 13}
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(A)

B OER R K
s e E b EEEEEEEEEEEE
oD ZE T N = A AaAAAAAA
(=2 s B A - D DY o B o =Tt TR o e T T = |

O HPF: Fertilization

2 HPF: 32-64 cells

4 HPF: Blastula stage

6 HPF: Gastrulation

8 HPF: Post-gastrulastage

12 HPF: Optic vesicles 3-4 myotomes

16 HPF: 20-21 myotomes

20 HPF: Formation of eye lens, specialization of brain
HPF: Hours Post Fertilize

DPH: Days Post Hatching
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Fig 13. Distribution and expression levels of alpha actin transcripts in
developing embryos and early larvae assessed by end—point RT—PCR
(A) and real—time RT—PCR (B) assays. In (B), Cp value calculated

by SYBR Green I in real—time. Means with different letters are

significantly different based on the ANOVA followed by Duncan's

multiple range tests at < 0.05.
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ACTCI®) MEE A5 &led & QA om ACTAZ:= F3 5 1 dA4x1
DPH)ol Wi=E Felsqlch. A wWE=rE vepd A" oo A%
HEss S 4 5 A9la, HATA ] wel M= Apo]=2o] xpo]7) tha
WEs T End—point RT-PCR 23 ZA#}E WP OZE real-time RT—
PCR 483}4 alpha actin isoform&2 &g &4 3F3ith(Fig 13b).
[soform¥ 2 real-time RT-PCRS Fdste] od& Cp 2 7
AT AE 18S rRNAS Cp #tell diall ACt #2 T3t1, end—point
RT-PCR A#E Haste] FHzx Td AHoer He SAGAE
calibrator® 3}o] AACt 3= T8tk olwl ACTAIY ACTCI9

calibrators= 12 HPF, ACTAZ29] calibratore= 1 DPH=Z A3t}
ACTAISl AY A3, 12 HPFHY 2do] A F7kskw 2 DPHe
Fadog 7 w2 wdo] Ui, 2 DPHO wdz2 12 HPFY
452u] e #Fetgitt. 2 DPH o] %= thA] FFastel 0 DPHE 23w
oo & FrpehA kgkth. WbA ACTCIL 12 HPFHE ZF71sle] 0
DPHel 74 =& 9&S B3 0 DPHO Zadze 12 HPFQ 79u]el
& ACTAIY fAFEE A% 0% 3 DPH ©]$+ 20 HPF:TE o
=2 WEo]l yEelx ke Zow yEhwt ACTAZ= 1 DPHE

7o % 2 DPHYH 4 DPH7FA] 10 ®] o] =& 23

e

& A3 5

DPHYE = thA] @éo] #Asg o, 2 — 4 DPH #5228 ZF718kA
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¥kt Alpha actin isoforme2 TAGAE TAF FIHS HF
& P = 0.05 FFN4 one—way ANOVAZE F3lstglon, Ho

e OFHE il LB R Iwsiete] gz 278
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oo E fEye skl AAeke tiEAQl '@ o ®dl
ek s dd Ed®E ARESe]  alpha acting F3AS] Al F
isoformes  wgsty, FAA FRE BASNoH, of&d olF
isoforme¢] AL Hd EA S AT

vl 4t2} <] alpha actin @ FAA  isoformE(ACTAI, ACTCI Y

ACTA2) S cDNA @7IMLES 4% Ay 25 37771 ofv] Al

S
o

b g

o

ol 3l Qe 1131 bpe d7widsS 44

Ade AZ 97 % o14e FAES vtk obvlwit AL g

of Foll M & isoformell ARl AR 377702 el Oon o] 77} ofbd

of\

NME FLAY vt WN+-= YErsth(Hanauer et al.,, 1983;
Reddy et al., 1990; Venkatesh et al., 1996; Moutou et al., 2001; Wang
et al., 2008). m %4 &A] Alpha actin &=} isoformE2 ofv] AFS

alignment ¥ w 5, 157 281 167 WA ofn|wAS 7]

AN
o
i

isoform™ motifE AR OoH ol= FAXEH FA (0. latipes)
alpha actin®} HoJ59 A8 (F  rubripes)® actin isoform&

alignment3 S W zpo]7} A7]= HES 7|07 A tH(Venkatesh et
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al., 1996; Kusakabe et al., 1999) ACTAI% motifi= Asp/Ala/Val
(D/A/V form), ACTCI= Asp/Ser/lle (D/S/1 form), ACTAZ22 S+
Glu/Ser/lle (E/S/I form) .2 YEFTE Motif F+ &l 7, 19, 91, 280,

36094 ofu] At AolE WAAT of

rir

2 3RO ofRelE A§

rl

7}538H4], isoform®E®E 2ol AL 7R =xo] W vlwrt © Qs

‘

v gk x]) ¢} thE o]EE7FY isoform™® oFn] Al alignment Ai}eoA =
DAV, DSI, ESI motifE EF WEX] AT ACTAIL- DAV formC =
el Aol weA = Ast 1278 A F 670, ACTCIS DSI
forme] 1178 A9 = 57/, ACTAZ= ESI forme| 87§ AA=Z vrepyict.

o] A3t 27he] motitrt BE olFel Bgatol 2o/l oA

)
N
N

flo

Fe ol FE BIES theks JRAIS vl O ded Fog yEkR

w3t ACTAZ2% ESI form< alignmentste] B3k 7§A 71 th&
isoforme] W3] A, wlwet MAES ACTAZ sub isoform=
Hlugt oA motifE AAsA #dS gyl oHHiT. EE

isoformel A 7, 19, 91, 280 18] 360 A ofw|=Ate] A3t el

ol -aks MER BAAE 45 3 243 monophyletic groups
A FABA N Y= Folut isoform? EFHE cladeE A=
UElsth. o] alpha actin @ F-@A7E U] 24O ZEHE

=
F3legdctE AP alpha actin F-81A= £ 23 o]de] isoform
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I} =  bootstrap valueZ} o} A E{FIF HA LS
stelsltt. w3t ACTCI1, ACTAZ7Y E3F ® cladeol:= 2 57 o]AH9

isoform®] 32 cladeolA YER}Z|E dl=d o] RS ERFAEEA O

O

=

o]-&% HolE e <Fo] FHeAY FAAY E3t W Erh APFFTA

HAoz ols|g 4 Qrf. o]e} T AYE uHFor UE ofFolL
X7 ofu| - ARS ¥ 3tE 79 alpha actine isoformEE I1ES

ot
o
%

g Zojgt= A g A isoforme E3817F oj@A HE=THE
F= & 4 A (Kim and Nam, 2009).

o kR 9] ACTAI, ACTCI, ACTA29] gDNAx TEFA°= 1719
non—translated exon, 8702 exon¥} 8719 introns 7}A™ gt/ag rule®]
& BEH S AW intron®] Aol Ape]2 ACTAI, ACTCI= ACTAZ%

°F 28 AXxe Aol Aol7t 3Ue= E{H mHERA alpha actin

rO

A TR vE BEEH AolE e T dolE oF
A B2}g Al (D, rerio) alpha actin® @A FFE dws] B
vl (Bertola et al., 2008) exon 8712 &d3 /55 A O non—
translated exon< 1T 4 glolen & o7 ASY ELHFE
goldlS uwl= non—translated exon< Q1A E3FAY(Min  and

Foster, 1990; Miwa et al., 1991; Kim et al., 2000). =3 A7) £5&

6 2



non—translated exon® HFF& H]ESY exon® introne] & ESH

thekaldtt, TUdk %2 alpha actin isoform®%Z TFX7F tE A%
AR=d, AFEFY A7l 1 ol a—skeletal, @ —cardiace 6719

exon} 6709 introne 7}FA A% @ —smooth= exon¥} intron®] {87|=

stolm et o]F9 alpha actin F8A FFE isoform¥EE B w gt

+
rlr
2

AR

o

A7 Qo] mHFER Y BE isoformd} H]wEh 9]

=
ofo
tlo

HpEr O 2w He}x] 9] alpha actin A Fx2E TS F3 xfol7t

30,
dlo
o
fo
rO
ol
3%
)

Ul ERA]  alpha  actin FAAFS] Az QIAE A A Al
isoform< EF TATA-less FEjo]™ CArG box (CCIW=A/T]sGG) =

stolgr 4= QAT TI ACTCIT ACTAZNE= CCAATES g9d

Adem Al 7HA isoformeld  FECE  UEE FFE myocyte
enhancer factor—2 (MEF-2)¢ MyoD7} 9Stt. MEF-2+

<A (myogenesis) ol ol A2 S ddstd A%, =4 ¥
g 25 AlEe] e sty <EA dvk(Black and Olson,
1998; Ju et al., 1999; Funkenstein et al.,, 2007). E3 MyoD%
Lol Aol wl W ste] MEF-2¢F 37 dg35te] 253t (Wang

et al, 2001). o9 AAZI FARGE Adw, Axo LAY £33}, £4

6 3



5ol ##HyE AR E+= CCAAT—enhancer—binding proteins (C/EBP),
kruppel—like factor 4 (GKLF) Z1¥]3 mothers against decapentaplegic
homolog 3 (SMAD3)7} ¥5A o5 3%l 1l, activating transcription

factor 1 (ATF—1)9 A$LE= ACTCIAW EA35+9 T GKLFE E3) H,

Xo]-

)

A~ ZA % smooth muscle?] oA =& W3S HolH

Usors A% WA,

i
)

4 TO® & HdE HAth(Adam et
al., 2000). =EF ATF-12 AAitael #gsksdl A3}3d hypoxia—
inducible factor 1 (HIF—1)¥ Agsto] ZEsh= A0 Hop AA4kA
AEY A o3t ASS AT = 3t (Kvietikova et al., 1995).
ACTAIZ ACTCIY ¥%o=Z Qe wWYsd <QIxZ+=  interferon

regulatory factors (IRFs)7} A3, o]= wlojg|Xe] HA A

oo\'

g S Aiste QIHHAES AT EE isoformolA YERYE
c—june AP13 &7 JUN gene¢ldty EdE A 1859 FH=
Az el M Abst AEH A vpo]g Ao vEgskE 9 dS dth(Rao et
al., 1995; Turner et al., 1998). ACTAZNA &<l 3 metal regulatory
transcription factor 1 (MTF—1)< metallothionein® a3 ##H #
AR FoHe] a5 2@ dakel #A7E vk (Heuchel et al, 1994;

Saydam et al., 2002). MTF—-1& 7l %, o}, 78 181 &3 7

HU

suHel & #gety] "ol TEE kel i wds VIdE

& Aoltp., 1 Qo WATH A2 ACTAIS aryl hydrocarbon

6 4



receptor (AHR), ACTCI19] glucocorticoid receptor (GR)& EF A A|
ol= tdl] WANtS-S st AAE vlolel A S #8S st} Alpha

actin isoformo|A HX G I #IAH H JAAE s = U

rir

o],
FE 07 39l ¥ <lxE = lymphoid enhancer—binding factor 1 (LEF—
1), sterol regulatory element—binding protein 1 (SREBP-1),
transcription factor 7 (TCF-1) %°] &elHgqx ACTCI¥
ACTAZ2ol= E2A% F7t= Zalgigith, d=3 QA w3 49z
YA B-cell B T—celld] A3 d@, HIA ZHoA A
28-S Aoyl Ta% AAEo It (O'Riordan and Grosschedl,
1999; Reya et al., 2000; Yu et al., 2012).
uekA]  alpha  actin AR 2AE T <t GAGANE
13 ddS end—point RT—PCR¥ real-time RT-PCRS %3}9
glsttt. Ml 7FA isoformes HRIY FR A 127 UFe=R
et A%, ACTAIE &%, ACTCIS A%, ACTAZ:= %3 v elA
7 S ddS B o)t 2 Ave dubdo=® 4zl isoform™
= F  RHoFH B oFET Hlesh Bl e
e Tl (Venkatesh et al., 1996; Kusakabe et al., 1999; Glenn et al.,
2012). WA ACTAIS 25§ xA o] olo] Za 7 xA ] H&
¥ S YeERA=dl, &2 smooth muscled] 31334 % muscular wall©]

 ®de] ®xsta glom, v mek 25 A A 91l QY]

65



B TN o ®m T T dp O
- BN T o T O O W R
% TR ¥ T X OE
I M A R IR
d o ~ oW o< M
5 R o oo o o B W
o S~ T T~ . S~ B o
o - 4] - X o <= 1 AT
T o £ By T oW o
=r N 5 B wm o oz N if
X il [ = X la N
N s = G () b
2 e B © o e
~ .
<o oot o P om x Mo
- N —_— N —_—
R = S N S -
A SR 2 O g WO
S T X T ER® g8
5 . & °F T O 5 <
< EB £ = % ojy M 2y -
.o = S 0 B g E o p I
‘Dl 3 - WA : = Q N nJ e <
% 3 fe} - a X
Al o 4 L) SO
4 N T w2 S :
ol Mo ER I
ol B Jr Cl T — 3 T %
- TP Wﬁ B8R
) Mﬁ ol o ou  BX g 5
ol L S - M- B SR
™ Gl o o )l B ~ = o/
23 3 = ﬂl o
— _— _ ~ ,._ — A 4 ~ L !
o T T B o M 2 o E
A~ - S R
T OM M o M O ® g T T K U

=
R
L

T

Al

1

=

ow

1

=)

(o)
embryo A|7]¢]

-

ACTAZ

=5 (skeletal muscle) H.t}

A A

H
= Al 579 alpha actin 7% %}

15
o

-

Hol= AHAlZF LpentA
=}

27

23]

66

t}(Virta and Cooper, 2009).
=13

$-of]

o
o

217714
A=t
ED

2
e S Hol|tlhrl 5

bof 1) e}x] ol A

o

A7}

°©

ST
=

7
S

Holx| vt -3}

g (smooth muscle)
A=

LA 7HA]

A3k glol
2

5]

4



54e 24 % BHstel Bgth o ATE Ed she] %oz Of

theket FolA alpha actin RS FReF AAFRAE QI A o]

st ool wARA B4, AT zdd me fude wd o
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Actine 8 AES] AE 7|5 3o cell division®]Y} migration,
transcriptional regulation, cell shape regulation = 5-& W$o odsrs
st} B AFE v ek A] (Misgurnus mizolepis) %€ alpha actin (a—
actin) FAAFE] 37FA] isoformel djst A Fxot wd 5AE
A Y. #8¥ a—actin isoform® FFE  a—skeletal muscle
(ACTAI), a—smooth muscle (ACTA2), a—cardiac (ACTCI) o2 Z}+
isoform< ¥&HO=E ofu|Al MYo] =2 AsAES Holw genomic
FA2= 25 1719 non—translated exon, 871¢ exon¥ 8719
intron®. 2 o|Fojx Ql%lal, gt/ag rulee] #F HEH QAT BE
isoform?] exon< Z}z}e] o)z} O} intron®] Ao|7} thFstATt. a—
actin AR AAEA QAAE FARSE A3 BE isoformS TATA-
less FEIZ CCAAT box, CArG boxE &3tk 1 9o <89
BRI Edel #AlEE MEF-2¢ MyoD, AlX & 9 3o A
A C/EBP, GKLF, SMAD3, ATF—1¢] QIgith W 9 »~Egx #d
AAZ= FFHCE IRFs7F A3l c—jun, AP1, AHR, GR, MTF-1,

HIF—19]

x2

o}

faiu)

I FAT BA Qe AR AT 5 ldeH

x2
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el

W mRNA

F A2k isoform¥ %7

oAl 7+aF
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S
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=8 Z2
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pas
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mjJ
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