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2 : Tropomyosin & —F A1) 2 M HAEREL B2 R E E, UL TE BRIl 4 o 78 b S22 K 1y a1
Jii. L RT-PCR #l RACE $i ARG 2|3 E i tropomyosin IER A1, grid—A~F 284 NMEIEIRIRIEM B (5, KL
Eiffi Tropomyosin FHTEILABAFN b 1) FEAREAT LU XA, RIMILAED RN b B4R R0, 574
oy I SR A o RN FEAA SR AL 238 SEIRAR A, tropomyosin TE3L Bt RIR B IFRIE, SR
WK AR 2 I S0 IR G, e Ttk it WIRZ . BIREIRI, tropomyosin 65 HILLE R & H AT FIE
R, WE KRBT, tropomyosin MFRIEFE e HAETAEATT . BHRL. 2] 72 h BRI, tropomyosin [HFKEAT)
SRIENUT N o AR Y A 244 45 R oK, tropomyosin ZENLHT TR RIE KIERE R, MEMLEMR. FRAM
JHE DX SRR TS SR P LIS B BH B 1) 30K, FRAMIR AR B2 MR E RIASAE "5 o WHTTEE R, tropomyosin 3R
EEIEANE . WAL ERINRAEMK, S5 B IRAB S, 0 H RS A aris sl b k%
WmEAEH.
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Phylogenetic analysis and expression patterns of
tropomyosin in amphioxus
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Abstract: In amphioxus, we found a mesoderm related gene, tropomyosin, which encodes a protein comprising 284
amino acid residues, sharing high identities with other known Tropomyosin proteins both in vertebrates and invertebrates.
Phylogenetically, amphioxus Tropomyosin fell outside the invertebrate clade and was at the base of the vertebrate protein
family clade, indicating that it may represent an independent branch. From the early neurula to the larva stage,
whole-mount in situ hybridization and histological sections found transcripts of amphioxus tropomyosin gene. Weak
tropomyosin expression was first detected in the wall of the archenteron at about 10 hours-post-fertilization neurula stage,
while intense expression was revealed in the differentiating presumptive notochord and the muscle. Transcripts of
tropomyosin were then expressed in the formed notochord and somites. Gene expression seemed to continue in these
developing organs throughout the neurular stages and remained till 72-hours, during the early larval stages. In situ study
still showed fropomyosin was also expressed in the neural tube, hepatic diverticulum, notochord and the spaces between
myotomes in adult amphioxus. Our results indicated that ropomyosin may play an important role in both embryonic
development and adult life.
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MG KB LRk G SCE L B M HES) )
—FER R Rzl E, BHEShY TR
W EHONINAY, -2 KPS N VA e we R O PR S
VRS2 4% T 21 5 BN 53 15 (segmentation) i,
BT B — 2 BCH AR (somites), P AR 43
e 3 BN AE s AR AR, R
Koy A O LA LR LR NS5 4R 2128 (Mei
& Ding,1999).

Mo FKF B, AHRINERMNEASS T
EAAFEHESI YR K B LR, it LR
RIS & A AAEAE T A HES ) b, A R
AET B (Holland, 1995; Kusakabe, 1997).
MyoD. Myf5. JI4ifi 4 1% (myogenin) F! MRF4
e 1A MES) P VLA 41 B vk s Ao Ak iR SSBE R 1
(Braun et al, 1989; Davis et al, 1987, Simon &
Konieczny, 1989; Wright et al, 1989; Yun, 1996), ¢
BOs— RPNV L — P 7 1 3RIE, AT A3 40 i 1)
LA T 10 o34 o AN — Rl i i1 B HESh P ) S R
N, SCE AR HEER A A A ENL bHLH K
Fr Bt (Araki, 1994, 1996; Beach, 1999; Meedel,
1997) » X A~ 3C B 1 MyoD 3 [H & ik 3 Al
AmphiMRF1 R AmphiMRF2 34T #5556 35 0158 K20
WY 4] B AR A R IR R b R ik, JL
AmphiMRF1 ¥] 3 15 I} (8] Lo AmphiMRF2 T 1
(Schubert et al, 2003).

BRIEEMESYIT RIS — P Sy . 7E
B AMES T, Bt BRI AEAE R A,
EOEAL T R IR, S Al S A R R LT
D B & e Y G S A PN IR e N D A2
LUME S, $ROEH e A dris /A 45 & (Christ et
al, 2004; Danos & Yost, 1995; Fouquet et al, 1997,
Goldstein & Fishman, 1998; Lohr et al, 1997,
Munsterberg & Lassar, 1995; Pourquié et al, 1993;
Yamada et al, 1991, 1993). 1E 5 — ML, HRIK
ERIER K (TS S TN Cl VS i Y /= U
B P, FR -BEXERKESHE R
T ZARTE R TAE— L5 MESh PR R4k 73 5 L,
L e HRAGHES Y (L) 2K (sturgeon
fifh) %, BRAE AT ER SR HES)
Yih, B RAEMEE P, HEE R R R A
H, 4745 T# 2 A nucleus pulposis 1454

JVLPA R 2 S A BN Ca 25 7R BRI 1

(1o AERHESHY P I HLEL,  JULPA 4 e i i
MM Ca BB fFHEsY i
TS T A K actin W15 A myosin T, 4%
SUPUA U £ B actin R, 0TI LAY
4 F E & myosin 715, Tropomyosin [FI1EH /&
WY actin—myosin A ELAE I ELAE actin [ 4544
FRRNRE, AR AL T A IR 2E

WAL RIAE O NUILA I R & 5 DI RE AT A6,
Tropomyosin 2 E R FLKI/EH (Steven et al,
2003).. /o UL R B0 R A Y, Tropomyosin #24 H
B AEM . ARG T R K
tropomyosin & [ J& X & o-Tropomyosin, f-
Tropomyosin Flo-{2/Jl Tropomyosin o £/ AR
t, a-TE U R B MEHE S Tropomyosin 50% (1)
AP, 25 1EOFIMPAIR T Ca B FHBUREK
F#AIC (Pieples et al, 2002). #A1fii, Tropomyosin [
PSR TE A O EL VLA 5 2 b i B AR LT
IRANERE, a2t — BT .

h T N EAZ AN S LB a0 UL 22 A Ok
()2 FhIh g, Tropomyosin fE4EH K& FRE, H
HH 20 AP B o IX 2 Tropomyosin 44445 71
AR 31 A RNA [Py prkik, BA 4L
ikl ViZ AL A L HAT A SNV 220
ek, RS BRI A 1 AR 1) 43 DX ek
X HAHSC I 22 (1) Dy fie BoAT T2 o IR EEILRI R 5
ARG H R ARG, R, Tropomyosin 5> FE4)
ST TURAT I R R S

ESCE AT, BT OB AR AL ITE R 24,
H AT 5% T Tropomyosin [F4RIE. %3 B M)
Rkt AL ML, AR T B SCE A tropomyosin
JE RIE P R 2 P S AT AL (R R 3R 44 53
A, 900 2 L PR JR Jify 5 AN (] IS S0 BSGAA F) 38
HLWRILPATRG M, ik— B WIS B Ak
LA TG BN R I DI REBEE T & (Al
AT, AT AT LU € SCE B tropomyosin Jk
ESCE ARG K G T RE DI RE, IXH A B T
WISC & A IR iR & 1) 53 1 HLETUL A 2044 1R A 5%
BLHL, IO & E 5 D e LA I ST 4 it
g

1 #RFITTE

1.1 XE&HRERMERRINE
v [E T B SCE A (Branchiostoma japonicum)
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PE RGN R A T 75 5 I3 0 1 g R G i i
o SN NI, HARFEREHEON I 520 G
HdERK, 25 CIEWEE . EAFMKE
I 31, O IR IG e gh iy, —EB7r ] 4% % 58 I (4%
ZREHEE, FH 0.1 mol/L [ MOPS(pH7.5)ECHi, & 1
mmol/L EGTA, 0.5 mol/L NaCI)& & [# 5 1h 5 4 C
IR 2 G, B EETR K 22 70% (DEPC KAL),
=20 CLRAFs 73— B0 B oS4 Jm s in N 24
241, PEHU RNA % . RNA o] B T2 ol e 5 5%
b cDNA A by BE D] v B AAR .
1.2 RT-PCR #3143 S & tropomyosin FEZ

Wik TS E A tropomyosin FERIK 51
Pl: 5-CGATTCCGTGATTGACTC-3"; P2: 5-TCCT
TGCTCTCTCGCTCT-3's il RT-PCR [ /72453
FEPE A BE, 4 N OB ok, i Pk v b, e
K2 vl FOREEAT I - 4% SMART RACE cDNA
Amplification Kit(Clontech Laboratories, Inc.)i{ 7l &
Ve, FEF WP tropomyosin J7 5514,
5'-GCAAGGAAGGTGCTGAGTAACGAGG-3', | T
G IE 3K, G T PCR 471, K3k43
K7 4)%EXN pGEM-T-Vector(Promega) 3l /77, #% /)i
H Contig FAREAT P 5 DA 2583 1K) 3K 0, 43
2| tropomyosin FEH 2K PH1 .
1.3 FHIEEE LR R REHE L E SR

PASCE L tropomyosin F& RIFEN 1) = FE R 427
FIR AR, A RIAEZ 7 T H NCBI-blastx, M
NCBI ] GenBank H'# %& 3k 3 % > W i 1
tropomyosin [F] 51741, FIH Clustalx 1.8 # -4 ix Lt
F B REAT L B FUARABLE 4347 Tree-puzzle 5.2
DU KARUAR ¥ (Maximum  likelihood, ML)#4 & R 4t
B, HFFRIH TreeView (Win32)#t s b it
R BEA AR o
1.4 XE&REBRMMIEIERASZMRIEIT

FHAS S5 % AR (1) J7 Wb id 1E SCRT e SCER
£ (Liang et al, 2004). #REFKERKLITE 700 bp~1 kb
Z ). JEPERE S0 B A IRIR RIS ik, AN 40
A, R R IR R 5 2RI . 95 (Zhang &
Mao, 2009) 7K H 1 I0i2:, CASRAS I B S B
tropomyosin 7 BRI A ERE, FIE BREN A8
S5 A N S0 . 6] S E A R R B A I I
BRGAIEAT IR A4AS . WA, AL,
B HEAH .

2 ZREHMH

2.1 X Ef tropomyosin EE BT [E

RV 105514, 2 RT-PCRY 5153 1
B 520 bp A ST ISR R 41 o AR 3R AT 1)
kY, ik 3RACE ¥ 3845 2 Z LA 1) 3",
2Pz, #32ICE M tropomyosin 158 3T
BAE) cDNA B IRIT 4, 4K 1210 bp. ML
HEAE 81 ALZHIRAMAT IS 5 ATG, £ Uit
AU kozak 45K (Kozak,1986), 7& 932 fik%H iz
RoAT— 2 BT TAA, Fifid—A> 284 NIRRT
FEA AR ER . 1035 nebi 1) Genbank 9 (1504
HEATHOXT, AIFRATT v 45 3] 1) 91) 45 ek R 24 4 A4
W3 20 A K SCE ) tropomyosin JEK 7
51(GenBank %32 GI:8439520) (Suzuki & Satoh,
2000)4 .

2.2 X Ef tropomyosin R EISHT

HEM 15 2] Tropomyosin £ [ 5 HAWY) Fh i)
Tropomyosin £ [ Z [A1 B AFAE—E M [FEYE (8] 1),
i i % HLik S B Tropomyosin 223 B 11— 20 5
M 92%; 5N (Xenopus laevis) Fla PG -4l 1]
Wi (Ambystoma mexicanum) Tropomyosin 28 3E M ]
—EMEN 70%; HREBILLR (Trichinella spiralis)
M—2 e 58%, S5IHLAEMESH BT 4 (Danio
rerio)s 4 (Gallus gallus)~ /N (Mus musculus) #1
N (Homo sapiens) ZIEMRIT—ENED 5K 68%-
68%-+ 69%AF1 69%.

(Y5 T b 25 S LI 1, B iR X 3
SRR SF X, XL X S 47 A1 Tropomyosin £ [ 45
MBS, ] LU 2] Tropomyosin 4 [ {E V)
) A b BEAR ST I . ANREA AR R
Tropomyosin IR 5 BN 73 S5 vh & P Fil
A (B 2). T SCE ALK (Sepia
esculenta) UL e BIE 2 . (Trichinella spiralis) 1t
Wi BAER AR, JF H H iR S A —A
5 UL, EATR AT R Al T35 MEZh P 5 DR H 3 PRI A%
42
2.3 X2 tropomyosin EEHIRIEERX 2T

FHIEA, 2448 (in - situ hybridization, ISH)I¥)J5 2,
Kr - tropomyosin 764 WM & B W I LA S sk 1)
RARFF e, 25 R WK 30 7 ORI A )R %) K
W Efh tropomyosin FRi1K, TE 57 IEM A #H £ I8
YU e Rk, B OaEa T kR, b
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Sequence alignment analysis of amphioxus Tropomyosin

Fig. 1

Trichinella spiralis

Sepia esculenta

Amphioxus

100 Gallus gallus
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100
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B2 & Tropomyosin & [ RS K AN HTH
Fig. 2 Phylogenetic tree of the Tropomyosin

LU A2k U FIUEE S R AN, & B AP AIIIE . Genbank, 73324
e B L HU(AAL14704) . % (BAES54429) . #%(AAA48580.1). JTUl:
(NP_001128548.1). B T 1 (CAI11496.1)FI A\ (NP_689476.2).
Sequences were extracted from NCBI and aligned using the CLUSTALX.
Neighbor-joining tree was constructed using sequence 1-240 from the
alignment in Fig.4 and 1000 bootstrap replicates with the treepuzzle
program. The Suberites domuncula Tropomyosin was used as out-group.
Numbers were bootstrap percentage.

TG I & &, AT BAAE 3 il b i 2 o U ¢ 2|
tropomyosin $E5RZRIE o NI E 10 IR it 1F 75 DU ]
DA ZI7E S 4 10 15 il b S iR e 0 & & b g LR
AR EmRL . A4 RN AT
FR(Conklin, 1932), fi 3% IA X 35 M\ 15 T A AT K A1 52
ANKIFRI) o BEAE B IRHEAT 5 55 7 0328 T 1) )i SEE A,
A IR BRI PR R FE RIS . MG |
AFLLE B, WU R 8 3 BT LT 22 18] 1) 53 B
Ak o FEARE AN JZ R 55 IR KB tropomyosin
B ik . 48 h [ 4l Hrp s BE R I 2
tropomyosin 15 )8 2F P IIERIA, [ I iZ LKA SR TE
O e AR R B FE b U Rk h Rk
g I S BRI R T ropomyosin AE LB,
WU IERIE . MIEYI A 2R, tropomyosin TENLY
MBERPEAERE . &Y R R 22 R W,
tropomyosin 18 EHPPE R PARA LIS, JF BAE
JULIAI TR TE] B v A 99 23k, RIS FRATT A B, 7 IR X
[FIEHE AL tropomyosin IR L .

3 #

X E L tropomyosin KK Gtz B8 41 5 H
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Fig. 3 Tropomyosin expression in amphioxus embryos, larvae
and adults detected by whole mount in situ hybridization
followed by sectioning
A) BRI B) RBIERY, AL B thEAE KL tropomyosin [NFKIE; C
—G) RN, D) E MIBEYITH; H) 4hHud) s 1—01) H #REOKR, W)
A UL AR & M—O0) 7R ropomyosin 153 B fi R TR
i5 . n—notochord &, nt—nerve tube £, m—muscle; N— @R
FRGRAEHIERE; O— BoRUEBREFIIE M RIE. P-Q A tropomyosin
T SCERET IR 23 52 AR Sy BT 1 o o A 7 21 A8 P B A S 5 T 41389 Ay )
W, ZEM s, 77 A0, Eedl AR 100 pme Y))7 34 AR D) T,
EJr A, B RARE 50 pm.
For side views of whole mounts (A, B, C, E, F, G, H, I, J, K and L), the
anterior is to the left and dorsal is up. Cross-section was counterstained pink
and viewed from posterior to the animal. (D, M and O) (A) blastula; (B) late
gastrula; (C—G) neurula ,(D) cross-section of (E); (H) larvae; (I-L) detail
view of (H), showing asymmetric development of somites; (M—O) adult;
(P—Q) negative control. Scale bars, 50 pm of cross-section and 100 pm of

whole mounts.

Tl A A [ 23— B EE L, AR SRS
(G HESh Py R el i, 382 58 HES) LU AR,
H—8 ML 64% L L, W25 NKm
tropomyosin JL—EMEHIER] T 69%. 75k, LEM
tropomyosin [T B4 54— Tropomyosin F 4514
dak, 1% S5 352 Tropomyosin 28 FH P FIRFA B 7E1%
SERIIR N E R ) — 3 S . TR A — Bk A L
PR ST 25 o S50 1) A A U W 2 R 1) I e e kA o 7
HEE IR ST, AR LLBCR IR ). Si4b,
W 7~ S E i Tropomyosin 55 A MESh ) [F] Y5 &
EANE TR — kR, Hoo S TR HESh P73 3 1)
HEHR, X5 E At A, — 3, BB fETS
B HES P 10 B MESh P P2 RSk R B R AL [R] IR,
3L E A Tropomyosin BALT-H MES)H) H ILSE KK

RS 2 J X — Bt 7R e .

TEHFX AR RYh, BRAAE T IRIR I
HUAT LA sk i 4 doill], $R40% 112 30 I i L2 il
) SCFF (Satoh, 2003). HIHEEL, fELREYPH
FATIE a2 D2, 1 HARAE T2 A A I 3
(Holland et al, 2004). 75 % cDNA 3L HL[fii ) EST
A AT R, A 1% mRNA S& VLA AH I
3CE AR L AR T L2 R YR & M D fe,
T L2218 Dy i 2 £H UL R A DG 35 DRT PR 0 4 3 38 4 ¢
1. BIERIBTFC RN, KME—A L RS S UL
FHOGHE PRIARAE SC B B )R R A0 b Rk, XL
H 9 5 AT, 8 S A A 50 A JUL 1A WA 4 1A DG R PR
Tropomyosin & [JL A Yt 4 ik 4 v = 22 (1) 3 7 B2
ot Hobg B S R e S UL B A 4 AT ULS)
AR E TRAIRE, I RIS & A Z A1)
FHELAE H, AT A5 77 4 M Re 3« 40 i % 3 Fids
SN E T mEE TS, CEM
Tropomyosin 5K & MG T AP AENLT HPF R AL,
JVR I IS 30T ) I A B AR S T B R iR K H
I 30 1K) 5 R 1 T8 pl BL LS 5 LA R R A
tropomyosin FAELZLIVER], (HIEH] T Ak, 7o
258 A1 I RN B R A ATS R T DA I 1) 23K 1 W Yk A
fEo X—IGAEW B i A+ Tropomyosin 7]
sz 27 4 i e 4 7 8 B VI K &R o Tropomyosin
FEA L 22 T 5 LB 3 1 (actin) SR AT A74E, 7T 5%
Wi I LB BR R 2 TR AR EAE L, Y15 UL A
i R RN FIE R Y tropomyosin [1[F]
Iy 38, AR LT R 0 2k Ao EL Bk 59, FkdT]
HEW S E AL W 4 fie ) AN 2R 5, B =L
TR RERIN 2 53 A A AMRZE )

FATTAE ST B s A4 MR DX () 08 e A Az ) 281 1
tropomyosin #5812 1A, Huang(2007)%f 3C & £ [ &
SR A TUR I, SCE AR IR S A KR Rk e
FEANME, FOX LS00 M AR e Jo ARG . 1E— 2D X
B AT LSS R AL 24 90 R B, — 2 Sk e an
L E A3 A DIAH G I R BN, X S8 PR A S 41
WG JE R W] W A, JR A 2R S R o, x4
JE DR PR R A7 3= A7 T o X i B S 4 ) B e
S RERIR T SCE . RN, AUEEIR RS E
RERAV IR I DU s R AN Y 1) 7 B S T s i o
FEAEH (Lin et al, 2011). 1] tropomyosin {E AR
I RLAE A B i R IE, HEAA LB D,
Tropomyosin 745 — & I L SR 1, 1 HAEF HES)
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