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Abstract

Fish are vertebrates and the largest number of biological species, they also have
high degree of biodiversity. In order to survival in different environments, fish
develop many patterns or mechanisms to adapt surrounding changes. For this reason,
there are many fishes look similar but not the same species. To identify a correct
species is an difficult but important issue for fish science.

Today species identification and classification of commonly used molecular
markers including mitochondrial cytochrome b and cytochrome ¢ oxidase subunit I,
But not all of them are applicable for above systems. This study wanted to use
tropomyosin as a new molecular markers for fish identification, classification and
development. Movement proteins are long-standing presence protein, one of
movement proteins, tropomyosin can coordination of regulation and the promotion of
muscle contraction with actin and myosin. This study use highly conserved features of
tropomyosins as a molecular markers by DNA or protein sequences.

The use of the logged database of fish muscle tropomyosin amino acid and DNA
sequences to calculate and simulation five fish relationship including white croaker
(Pennahia argentata), northern bluefin tuna (Thunnus thynnus), tiger pufferfish
(Takifugu rubripes), zebrafish (Danio rerio), Atlantic salmon (Salmo salar). We will
investigate whether tropomyosin can become a good molecular markers or not.

By results, we found the primary and second structure of tropomyosin were
different among the five fishes. The various of structure could help the fish with some
different biological functions to adapt environment. The results of used tropomyosin
as molecular marker to establish phylogenetic tree were more close to traditional
theory than used other markers. This means that tropomyosin can be used as
molecular markers for fish evolution and phylogenetic analysis.

The study wish to take views to explain the relationship between biological

evolution by tropomyosin and a new molecular marker to species identification.
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A 55 h 8 P B (Animalia) % % # 47 * (Chordata) > B # i* 7 ZE 45 &g 7 J1 T
2 % (Devonian) > d R 4-ch 47 4 5F (Agnatha) 7% 41§ 4 & #F (Placodermi)
BEBEN G A LRI L P F AR EAT A5

P deffadd? AR RE R S R RS AR AR - L
",f TREAEEY A2 At Bk AR ARER SRR AL Ak
Pl % - oI 23k e b Lehh 46K & 32900 & (FishBase, ver Nov, 2014
Update)t + o H ¢ Al F 4 (Osteichthyes)sfasg s 5 > # ¥ 4 (Chondrlchthyes)
K2 o AR BB R RAPET R AR EAF A A E A ABAFIESR
23 FK,# M bldrs ¥ 4 (Dzssostlchus mawsoni) iy 2+ £ >t @ H&jE i
A& -k 32 (Fenaughty et al., 2003) > @ £ 38 & (Oreochromis mossambica)R| & 24 £ 3%
#FF 7wt @R %Y (Fiess, et al., 2007) ;5 # = 2 g (Thunnus thynnus)¥ % & f#7F
IR ¥ enja -k @ (Carey and Teal, 1969) » s2 5 4. (Danio rerio) R|if &8 & M ek
"k (Rahman, 1989) o d ** g 37 chg RS E R - § 7 gA kR nhd & 4 iri 7
e fRE i) o de N+ i (Girella punctata) v | g~ + i, (Girella leonina )
WA AR A R ZEF i FrE A B 2 A AN RER R A ST
B EF 7 aekAi(Ttoi et al., 2007) -

EigitenAs F AT F Y 0 0 R SMDNAR S R AL 0 FIR WAL TR
S B 28T 7 s F fe(molecular marker) o F S EDNAY § & fite ’f;{r# s i
A4k H - iz d £b (Cytochrome b, Cytb) > 3 % i » 8 87 7 3R 4
dp Vi E A FNIE S Rse i s L RLeh s 4 F 2 B ehBE T (Arnason et al.,
1995; Lara et al., 1996; Faulkes et al., 1997; LeDuc et al., 1999; Mattheeand
Robinson, 1999) > @ Cyt b+ #% ¢ * furf F 55 # 47 ch4 #5 + (Castresana, 2001) ; ¥
- % Hebert® 4 (2003) #% d1enim?2 & % c§ it f&] (cytochrome ¢ oxidase I, COI)
DNA -

it ba g A ERin 2z - o KH et IV O ERD
WL s Ry RAE S LBERTE - AR UL & 2
FUR B 3-v 5 & 4550 3o (actin) ~ PUiE 30 (myosin) 1 2 ATI $ev
(tropomyosin) » = fEEF R E Y LRIk ey 2 R R E S 23 2 m/y ) o E
¥ i3 f? 48 ¢ (Hitchcock-Degregori and Varnell, 1990) o &&= 5 1 * &4 ] 4
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RpROAUIR 3w B S T § AR g g (Cyprinus carpio, Hamoir, 1951) > §
%u}wﬁmﬁﬂiﬁﬁmpmfBnnfwwwéﬁpx%mwﬁamﬁﬁm
B Ryerk F-9 23 - §& (Ochiai ef al., 2001; Huang ef al., 2004) » F]* i vosf v
e IS —f"ﬁ # LZ‘ A 3g erfiie - Wang % (2011) 1 * Jn 3oz o #&:F % (TM code
sequence) ¥ & A+ Hhis » A 743G E 2 B 5 > BEor Rk B0 ¥ OIF G -
e+ i

PO R R AT R AN ROIRERRE GHELER AT R
viep gY sk v 2 HDNAZ AR FLATH R 4157 fEF F A
¥ ¢ 7 v v 4 (Pennahia argentata) ~ #* > 2§ (Thunnus thynnus) ~ 7.7 @
(Takifugu rubripes)~s2 % 4. (Danio rerio)~ ~ & *fk (Salmo salar)~ fa & v % £ >
TRyt dv 2 Cytb~COL: AA#2 MG Rk B - T2 @2 §iga)

A A St B R e (TR A S e T

?\ ‘x;:t;Zv;;;:

~ < DNA 2 "4k fik i 7B~ 18

A LEY 2 ABEY AT i e (ML 1986)
EF At hAR(Rl- ) B - BRI RAL ERT BAE T o

fruitfly

salmon

zebrafish

pufferfish

croaker

tuna

Fig.1
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Bl-~IfasEs 79 v & (f§ 8 5 croaker, Pennahia argentata)~#* = 2 i (tuna,
Thunnus thynnus) ~ 7. ;@ @ (pufferfish, Takifugu rubripes) ~ 325 4. (zebrafish, Danio
rerio) ~ ~ & Ffk (salmon, Salmo salar) % % ¥ (fruitfly, Drosophila melanogaster)

2_ B 7 Newich tree format ;& i“ B - B2, Wit p 28V ad 8 (ML
1986) E F 4 #5iF 1“ % St

#F I A 79 v h (Pennahia argentata) ~ # > 2 g (Thunnus thynnus) ~
@ @ (Takifugu rubripes) ~ 335 4. (Danio rerio) ~ ~ & Zft ( Salmo salar) % 5 ¥
(Drosophila melanogaster). & % ¥ F #% & National Center for Biotechnology
Information , NCBI (http://www.ncbi.nlm.nih.gov/guide/) B~ {8 4. #f ek 33k F=v -~
COI 2 Cyth 2. DNA fo¥efhfa B 7| o #1722 fA5E 2 B I B &/ 5ihe™ £ ¢

- S FHEY pfEC E LS L

27

P2 L ¥ gz A3 (B)
iR b pufferfish Takifugu rubripes #25 B (Tetraodontiformes)
v A croaker Pennahia argentata i3, P (Perciformes)
il % ] tuna Thunnus thynnus %75 P (Perciformes)
mE A zebrafish Danio rerio #25 B (Cypriniformes)
< 7 EhE salmon Salmo salar #£75P  (Salmoniformes)
5 1 fruit fly Drosophila melanogaster gz p  (Diptera)
4 ~FEBE T 4462 TM, COL Cyt b DNA 2 ¥ ik it /i 71 % &%
LA A (TM DNA/*%&3BL) (COI =4 ) (Cytb =i p8)
L 2] AB080271 /BAC10576 NP 694917 NP 694927
A ) AB045645/BAB20881 YP 004285959 YP 004285969
el % 0] AB109447/BAD01050 YP_ 003587397 BAC78542
5 & M24635/AAA50021 COX1 15414 CYTB 15414
* & A L25609 /AAB36559 COX1_14000 ACB30582
515 NM_169634/NP_732002 AAFT7227 AAFT7227

~ DNA £ 3-v F - :z;‘:v}#_& B 71|V A 45

1 * #ix ¥4 European Molecular Biology Laboratory-European Bioinformatics
Institute (EMBL-EBI) - Clustal W2 (http://www.ebi.ac.uk/Tools/msa/clustalw?2/) #-2~
B2 gagrepg Roegk d-d ~ COI~ Cyth snDNA 2 Pl fa B 7B 7 v 4 47> &
v £ B Mg ek w8 (Drosophila melanogaster) 5 7\ 1% & #F38L ¢ (outgroup)

ljig%clq\ ﬁ'm_% }io
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1 * Protein Variability Server (PVS)(http://imed.med.ucm.es/PVS/)(Shannon,
1948)3 5 - 2 AR Z LB 2 ¥ o M BT BAKIE RO o -
XEIVHEERREFA NEHE A BRRBRB DY T A BE =
Boor? FHEARERZPE

s Fn S B HEA

F1* # %8 GOR 1V secondary structure prediction methods (Garnier ez al., 1996)
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_gor4.html)#-B~ {7 e
p://npsa-p p
e TM 3 8- IR 7 B8 2B RS fBAE R ikt b o

T~ F-v ?\ﬁ_.‘: =X "L’]‘]E’JF' B

}w?:cr*ﬁﬂﬂﬁxébw7 B AH N AP ER LR F8 P2
SR ARRIF A1 g8 SWISS - MODEL Automatic Modelling Mode
(http.//sw1ssmodel.expasy.org/workspace/mdex php?func=modelling_simplel) o #-B~
Feng g g TM Fev [TiB (7 = S0 B3R o 2 1% #3540 18 Swiss - Pdb
Viewer (http://spdbv.vital-it.ch/) (Biasini, et al., 2014) & 3L 5 d 3+ 5 & {8 o fifg if
iR B °

2N BB G A

F1#* Mk k% (phylogeny) ¥ M AEH P AT L 2 D e HEFE T B2 TS
AAH T AL A - LR 72 (distance matrix method) > ¥ - Z AR i
/% (character state method) © §E3L {7 712 & 7 T 32§Edt ;3 (Unweighted Pair Group
Method with Arithmetic Mean, UPGMA) % 3T 4% 4% & /2 (Neighbor-joining method,
N-J method) o 2} B fs 72 3 &~ 4p 02 & 2 (maximum likelihood method, ML
method) % - 4 47 #ic %8 Molecular Evolutionary Genetics Analysis 6 (MEGAG)
(http://www.megasoftware.net/mega.php) ¥ 12 & 31 % fr f& 7 &Eé}éﬁ(distance) » &
bootrap value 2. & » 335 33k -9 ~ COI 2 Cytb chj-v F - =«. f#ﬁ Z bt %

A 47 5 5 g B IR B T A5 B> bootrap value 22 N g 5 1000 (Felsenstein, 1985)
& 47 $55% 12 Jones-Taylor-Thornton fi3¢ i& & (1992) > # 22 & B4 fad 25 (M4l
EA 1986) 2B ML i

§ A /fmf'sg b op gl NLARE - R U AR U E I S C O 1o S A PES
(N-J /é) T yopdg = (UPGMA %)% B % 48 02 % (ML 7% )3 5 o

i3 A BAERE k3t 0 - E_bootrap value #iciE 2 < 0] 0 ¥ - E4345
TS A REARBEF 1Y A2 AR 2R R B 3= 2 R . bootrap value H - fE: =
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~ “DNA B 71t 4 45

v 4. (Pennahia argentata, AB045645) ~ #* > 2 fir (Thunnus thynnus,
AB109447) ~ za 5 4. (Danio rerio, M24635) ~ ~ & iFfk (Salmo salar, 1.25609) -~
P ,&#ﬂ(Tak{fugu rubripes, AB080271) e #vak 3= 2. DNA B 7| 4 472 & 40
Bl= #70 B 7| ¢ %2 & # @ 395 Shannon entropy analysis (Shannon, 1948)3* &

BAXE AT R EARAF > &4 1995 Shannon #H ¥ 2 ¥ £ A4 5 Shannon
% 2 & (ShanonVariability) °

\T\

79

croaker ATGGATGCCATCAAGAAGAAGATGCAGATGCTCAAGCTCGACAAGGAAAATGCCTTGGACAGAGCTGAGCAGGCTGA q AGACAAGAAAGCATCAGAGGACAGAAGCAAACAGCTTGAG 120
tuna . 120
salmon . .. .. . . .. 120
pufferfish . . e . . . .. 120
zebrafish 120

croaker
tuna
salmon
pufferfish
zebrafish

croaker TGGATCGTGCTCAGGAGCGTCTGGCTACTGCCCTGACCAAGC
tuna
salmon
pufferfish
zebrafish

croaker A 'GGAGCTGC: CCAGCTGAAAGAGGCCAAGCACATCGCTGAGGAGGCTGACCGC
tuna .. .

salmon
pufferfish
zebrafish

croaker AAATATGAGGA( CCGTAAGCTCGTCATCATT
tuna ..G. ...G .-
salmon
pufferfish
zebrafish

croaker ACCAACAACCTGAAGTCACTGGAGGCCCAGGCTGAGAAGTACTCACAGA AAGTAC 'CAAGGTCCTCACCGACAAGCTGAAGGAGGCTGAGACTCGTGCTGAG 720
tuna
salmon
pufferfish
zebrafish

croaker
tuna
salmon
pufferfish
zebrafish

croaker ATGACTTCCATATAA 855
tuna L.l 855
salmon ........ T.oo.... 855
pufferfish .....
zebrafish .....

Bl= ~TM DNA F 71 4 478 % o WSt R Al A58 W ? 71 R
e U 4 (croaker, Pennahia argentata,) & Ztk} “e” RAZIE DNA B F R
Bk 5 7 REAEBEI| i i T B REFL ARB IO - Bl o ¥k
FRABRAFECE T AR DNA BT 4™ 16 v & (Pennahia argentata,
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AB045645) ~ #* * 2 @5 (Thunnus thynnus, AB109447) ~ = & X4t (Salmo salar,
L25609) ~ 7 i@ @ (Takifugu rubripes, AB080271) ~ za.5 4. (Danio rerio, M24635) -

ity
.

79 403 556

Shanmon Yariskoil

I H{ AN
i T T T T T T T T T T

BE5 50 7Y 160 123 150 179 200 225 230 27D 10O 2D 300 373 400 423 430 473 500 D23 90 G0 60O £25 630 675 70O 7E5 750 775 900 923 450

Sequence

Bl- -DNA ¥ 2 B 437 -d DNA LR AL 77 J‘l'?j A5 8 v 4 (Pennahia
argentata, AB045645) ~ # > 2 ga (Thunnus thynnus, AB109447) ~ sa 5 & (Danio
rerio, M24635) ~ =~ & &4t (Salmo salar, 1L25609) ~ 7@ @ (Takifugu rubripes,
AB080271) 3 7f @52 % R R % IR A~ B = % (ShanonVariability # g 3
1.522)» & % 5 79,102, 159, 201, 252, 321, 525, 687 - =t B ¥ (ShanonVariability %
1.371) 430 u‘_’L ¥ & w 5 96,237, 315,387,403, 507, 555, 556, 648 % -3+ &

¥ % @ * Shannon entropy analysis (Shannon, 1948) -

1295 DNA B 7|+t $F 4 47 ‘&%%ﬁ—’r I RANZBRARE RN ANBEE
(ShanonVariability #icig 5 1.522 ) & B 5 79, 102, 159, 201, 252, 321, 525, 687 -
=X % % (ShanonVariability = 1.371),,IFL a4 BB~ w5 96,237, 315,387,403,
507, 555, 556, 648 % - H ¢ L = T[},—"gifé‘ﬂ?‘zt’ 379403556 £ 3 B3 %P
RRED GRS CES R R i SRR R - 8
BRREFREED u‘_%?',:_ [ SR #é:f“w._pm(WObble base pair) > #.* % & 2 e
AR PP aF A

*}
m

A Resk B MR- B AR B AR B A §

v v 4 (Pennahia argentata, AB045645) ~ # = 2 g5 (Thunnus thynnus,
AB109447) ~ ~ & E & (Salmo salar, 1.25609) ~ 7 7 @& (Takifugu rubripes,
ABO080271) ~ 35 & (Danio rerio, M24635) 11k ¥oxf G-d V&L % - .f‘é»,fé‘—;-f#/v\ 7
54cBlz AT o R B FE L1785 (B= B4 27(DNAT9 %)~
135 (DNA 403 = %)~ 186 (DNA 556 %)% = B3 R % B chi=% » 274345 DNA
BAgREMELoITPIZEE R 28



(A)

croaker
tuna
salmon
pufferfish
zebrafish

croaker
tuna
salmon
pufferfish
zebrafish

croaker
tuna
salmon
pufferfish
zebrafish

croaker
tuna
salmon
pufferfish
zebrafish

croaker
tuna
salmon
pufferfish
zebrafish

Bl= ~(A)

pal
7

AB109447) ~ +
AB080271) ~ .5 & (Danio rerio, M24635) s #vak F-v MLk - = ..%1‘]&/,} 5 o

g 5 i‘l PR

113 o ” ?x ig

REZIZE

JRILER S A2 S RANL P 2 A 22 2 e R A (R AT

27

MDAIKKKMOMLKLDKENALDRAEQAKSDKKASEDRSKQLEDDLVALQKKLKGTEDELDKY 60

.............................. E..........G............... 60
....................... G. N N -1
......................... S <10
......................... AE.................A........ 60

....................... E. i e i . 120

S..... ... \% T..... A e e 120
...................... AE. . ...t GLlLoaoaaL 120
.................................................. Q......... 120

186
ERAELSESKCSELEEELKTVTNNLKSLEAQAEKYSQKEDKYEEEIKVLTDKLKEAETRAE 240
[ 240
Gt e e e e e e e 240
A e ettt et e e 240
G.. i M........... S 240

............................................ 284

4. (Pennahia argentata, AB045645) ~ #* =
& F#E (Salmo salar, 1.25609) ~ 7@ # (Takifugu rubripes,
SOSR R Y REae T g (Pennahia argentata) » & ;

PORAMAKIPEIPR S EL 3 RAEETE 0 2L KT
“EDNA G| 2 B R - HFALABRFEE o

394

2.9 1

1.5

Shammon Yariakility

4.9 4

27

135 186

B~ AR B 51]?%ﬁ']t«‘_(PVS)/’>%fr,3i% CBRERT
L1.522)8F 27135186 % = fhe e

SB 73 168 125 13@ 173 2h0 23 250 273

Bhi R R P 0 Gihh G BB R

2t (Thunnus thynnus,

¥ (ShanonVariability #c &

31
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B o35 1235 * Shannon entropy analysis (Shannon, 1948) -
#¥ 27135186 % = =% o >0 4 1 A% A % B (ShanonVariability
Beig o 1.522) FtF ac i PRIk v aii il o Aﬁ"‘ﬁ‘
R e “"f#,&v}%
PR ASTE Ra R C BB AR (Rl Sw)
24—28 133—1371|r 185—189
<A>"WWWWWWMWMWWHW\ WWWWWWWWWMWWNWWWWWWWWWWWWM

o P88

T

IR Il
o il H\H\ﬂll\I\HHHHH"IH\H |>|nmumnnmmnH uuuunmuuunnuﬂuu |||umun||||muw TR
AT

<D)%WWWW\ I WWWW,
@)\WWMWWWWWM (T

o R

MWWW

Bz ~f1% gk (GORIV) 247 g 0mp ROk v Fv Fo BB itie % (A)
v U 4 (Pennahia argentata, AB045645) ~ (B)#* = 2 @5 (Thunnus thynnus,
AB109447) ~ (C)* & 4E (Salmo salar, 1L.25609) ~ (D)L ;7 ¢ (Takifugu rubrlpes
ABO080271) ~ (E)s.% 4. (Danio rerio, M24635) 2 3 Jfaerk v F-d B - =
A1 o 4 fa~helix > % 4 % random coil > iz 4 * % extended strand ° k=
ot 2R A 7 = 8 27,1355 186 i ® o

R sk e R - X BHEAITE Rk e - BB HA TR EF R
¥ 135 2 186 Bk e @ $ 3 B ARV v - BB L R 027
AR R A AR - A AN BARE LY EH S BB AP
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AR > @ 1355 piies 3 REE > LB T EAE(Salmo salar)2- ik
v D BBt o
20 80~90% 170~ 180 5LIE ki i 7| T I A I 4 60 ol Bov chs bt
T#—P TP RE RS SRR AR R - BB TR ARE PA 2
- I BRFOEERR P R R T IRARA S H - g‘_}qmrg BB -
™ 4 i—f?m%ﬂ A BEHAESRY TR Pf#_mf%_,ﬁl

N A U SRR
R N 2 Y it

BT A AT AR B C BB T2
p*#ik?‘* 1/‘ J?? —’E‘K-ﬁ;
=

..‘%ﬁé » = & d SWISS-MODEL % Swiss-Pdb Viewer 2. =
GBI RR RS ALY SE Y T B AR Rk 3ed B
WhzBH A RApk - BAR- B 3 kBIRARPE L2 -2k
W FLFIR o RRRN A IBEEM S EPALE 1351186 A 4
FRSERTEIRZ AP TEAAIT I PEREA RS B2 %4
92 = SRR \g%aﬁ B (BI) #7

(A) (B) ©)

BT ~ 1% #c48 (SWISS-MODEL) iRl 7 “p Ry 3k v = X 5% - BY
S IR EORAFEA 7] 135 =¥ o (A)L P @ (Takifugu rubripes, AB080271) ~ (B)
v U 4 (Pennahia argentata, AB045645) ~ (C)# > 2 f (Thunnus thynnus,
AB109447)~(D)sa 5 & (Danio rerio, M24635)~(E)~ & *4& (Salmo salar, 1.25609)
2 Aep IR g2 S SR IER]

(A) (B) (©)
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I ~AU* 48 (SWISS-MODEL) Rl g 3vp Rivsk v = =t gl le % - BlY
Sd Wi SR R 7] 186 % o (A)L @ # (Takifugu rubripes, AB080271) ~ (B)
v U 4 (Pennahia argentata, AB045645) ~ (C)#* = 2 @ (Thunnus thynnus,
AB109447)~(D)sa 5 4. (Danio rerio, M24635)~(E)~ & Z4& (Salmo salar, 1.25609)
2 ROACIR e = G ARIER]

TN GRS

F1* MEGA6 1345 /i ovik d-v ~ Cyt b ~ COI "%z fa vt 45 % 11 maximum
likelihood i - neighbor-joining method ;2 2 UPGMA 2 g Bl 3Ll B (5 bk Bl 4e
TR (Bl= ~ Ble) o a3 Cyt b fo COL > veafk oo il B Ak BlAS
bootrap s eh'E % o A FL % B 3+ 5 P2 Jones-Taylor-Thornton model (1992) & %
g{o

(A)

—  croaker
sl 0.004
34 0.008 — T
0.010

] 0.003
0.029 0,032

zebrafish

salmon
pufferfish
fruitfly

0.299 0.036

0.000

0.363

(B)



IR BRI £ SR 2 At 2 2 B B (R AL

zebrafish
40 0.083
3 0.024 salmon
0.081
6 0.018 croaker
0.021 0.063
tuna
0.104 0.077
— pufferfish
' fruitfl
0.254 v
©)
ufferfish
43 0.015 P
a0 0.005 salmon
0.020
0.0 zebrafish
0.113 0.025
. croaker
100 0.000
0.039 tuna
0.000
fruitfl
0. 167 Y

Bl = ~ L@ @ (Takifugu rubripes) ~ v v 4 (Pennahia argentata) ~ #* = 2 i
(Thunnus thynnus) ~ 32 5% & (Danio rerio) ~ = & X f& (Salmo salar) % % ¥&
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