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Identification and expressional analysis of green fluorescent
protein genes in amphioxus

XU Wei, Li Wei-Ye, WANG Yi-Quan"

(School of Life Sciences, Xiamen University, Xiamen 361005, China)

Abstract: Endogenous green fluorescent proteins (GFPs) have recently been found in amphioxus, where different
characteristics of light production in different development stages and between different individuals have manifested. We
identified the GFP genes in an amphioxus species Branchiostoma belcheri and monitored real time fluorescence signals
of GFPs during different developmental stages to provide an insight on the GFP function in amphioxus. We found there
are at least 12 endogenous GFP genes in amphioxus genome, and fluorescent expression changes in body position during
different developmental stages. Additionally, GFP expression after metamorphosis development differed significantly
among different amphioxus individuals, suggesting that there are multiple GFP homologous genes responsible for
fluorescent expression. Expression levels of these genes varied significantly during different developmental stages,
indicating that different GFP genes may have their unique functions in the development of amphioxus during specific
phases of growth.
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T, T R I ' B 1 SR () ) D AT R E 91
T, JWIAE RERE X GFP Jk DA S IR S Y gk A DA Je A 7
DReAERE— 22 10, MR GFP A4 Dy e
T

GFP f: 7. /& Shimomura et al (1962)7EF5T A
VE 4k 2 F) K BE(Adequoreavitofia) I ¢ 't 2 Biff I &
HNRIE)—FP RS B R AP 0 ) R T
Morise et al (1974)2li4 TiZ&E AT {EKEBEH 733
PR IX P GFP A2 £ 238 /N2 2 [ 21 Jl 1) — LA
A, Lt GFP 2OG = A A T A1 W
65~67 FL(SYG) I =NRAILMRPTE I LAl bl
JE TSR I, GFP IR dh A 4584 o 2 A s b g
— AN KERESE R, 11 AN FEZE D o BB TEM [ AT
B HT B ) — AN TE LR, IX AN IR 45 4 1 56 4
PEZ GFP P~ A9 LRI $E 41 - GFP XI5 1 1 b2
AR/ HE BT T 56 4 /2 22 JIKBE P 51 AR 5
JE, ML RGBT B T AN, AR
A AT AT 4 B K7 (Ormd et al,1996; Tsien, 1998;
Yang et al,1996; Zimmer, 2002). H M 1992 4
Douglas Prasher 77K B b v 15 21 55—~ GFP 2l
avGFP Ji7, 2 ¥ GFP 3 A th ik e JLAb M Fh 13
FI| 73 [ (Chalfie et al, 1994; Gurskaya et al, 2003;
Labas et al, 2002; Matz et al, 1999; Shagin et al,
2004). IXLE GFP St M =2k 1 Ja A= w Rk
1 41 i ) 4) (Cnidarians ) FI A% A2 25 (Copepods), 1M #E
TV I R A 5 A B ) v B AR R 21 GFP AR

Deheyn et al (2007)7Ek &Pk % Bk L&
ft1 (Branchiostoma floridae)® &I —A GFP J&[A,
T HAE XA P R i 6 1 45 A I 30 A oA o 8
RILT ZETNEARE. MEE—PHNRAKET
MG 7N, SCE i GFP [FRZYRE AT G 61T 5C T M ot
FREN )9 6 8 2 IR — 1) J5 AR Bh A S 1 5%
JHE E TR A HED, AR AMSTIR TS 13
f) G2FP %£ 704 M (Shagin et al, 2004). [ R 7 RCSB
oA H R R DR 27 MR ORI 266
GFP JEPE S5 [ 3 o 1200 7 %o K 6 8 DA g 2 [
SERSETT A TR )RR, AATTRHX 28 GFP Ak DAk
T T RS, JEX GFP [IhRESE T —SLHEM; (H
TR, RCSB 4 FErh A W& kR B
ff) GFP JE K $4f5 (Ong et al, 2011), 13 B falE kK&
AR GFP 5 A (1) 5 e S AR S, 6 3L GFP (1)
HAHEEZ L. 1Eh3)EF %11 (Chordata)
Sk Z &)W V.| ](Cephalochordata) ) 3 5 ff1, fEHEAL

T AR ILE AT, ST OE HESh R A
)2 AR JE A (Holland et al, 2004). 113
SR G LA R AR IRARIETT. A4
TRERE, VARILEE A HAT S HESh R R A 1)
[ 2R s, HHEA BB A o — ik
R A, DA ORI g AT T
WAL B AW 5 TN LB 5 ) i e DS A 2 55 T 1)
57 (Theodosiou et al, 2011) . 1575 T 3 & fAsLEK
YRR (Wang et al, 20060, FRATAT LK K
3CE £ GFP JERIEAT 58 Fva B, JERtartasehik
RSB FU AT Al R R TIG IS Y GFP R Rk
AT S0 e AT, 45 A AL S S B AR R
H IR H R, DUHHRH GFP B EA R
AL BRI B2 5, WA RE— T CE
i GFP IhfefE—28Hil . ok, SCEfAAEA—FP
MR A, A5 LLE RIBFIT H GEP AR 1] A AR
5 JE R H R FEAME L R R IE M D BE . AR, SCE
AR KR I IR GFP LR, IXFE AR A Tl
RERgI SR (O R RS SE R A A, DRItk T
X EMNENE GFP RIS MAFDGRE 55— R
R T A, A BT JRATT S G M e B A G R D B
IR A B EAT DS AT LA

1 #RFITTE

1.1 BRXE&MAIKRIERILE

ARSI SR H & 17177 H K S B A (Branchiostoma
becheri) ) ARFIIIEAE A4 KL (Zhang et al, 2006),
X E SR 2009 4 3 H R A JE 1 RKE RIS JE
HEWE, 22—, IR A IS OB A L R
FEON, fE 2010 4 6 HH AR 8 S Ay gigE
MR S E IR, T Trizol HHRFES, B
FERE 5205 VR A T—80 “C 45 ] . Tl OLMPUS ¢t
R A RS B AR AT I EE, DLkt AE Sk
RSP S S SR 3 VN i A 1 T N = T 5 ) RS
178 Trizol H1. AL, XA K E MG A G LR
ORI, MM 6~8 1Ay, MG ITaA H LR
CEHINES S SR
1.2 RNA ZEUFAREE R

XA A D AF HEA L SRS 6~8 AR
Trizol Fffbh, HEAT RNA #i#R, HiES AL
Trizol #EA0I RNA $2HUTEE, #3WE RNA H
DNase (TAKARA A w)ACEE, BRI REFRAT(E
[K41 DNA V5 4%, Jk 9 L0 DL qPCR SE5G 45 15
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Mo Frfs RNA 8 1% 055 b e i v koS ) 56 e 4
PE, FERBICE S R THIAE Aggo FI Ango {H, A5
RNA Mgifs, FEoh8EuREE, Fifd RNA 1 Axo/Asso
EEE 3 E 1.8 ~2.0. & a1 A & #3538 50 £
ReverTra Ace qPCR RT Kit (TOYOBO 7 & B $2HX
] RNA HEAT [ #6554 il ¢cDNA, T )51 qPCR
Iy BT .
1.3 HEXEfS GFP ERMETE

BAVFEA BN SCE A GFP FRAIk A A G
B RE A B e o A7 o CRoE
% HLIA S E ) GFP 25 T AI/EH(LI et al, 2009),
Jl blast J7¥E ) tBlastn & ¥ (E-value=1 ¢”)
(Altschul et al, 1990 i3 [ [ 3C 5 # ) GFP A
ML R AL s A ok, IR mVISTA (W
¥yl http://genome.lbl.gov/vista/index.shtml) T ] A v
FRILR) cDNA JPH. FFHEREANER GFP LA
CDS L R 3000 bp [MIEFLLF51 2 7K IE,
NN 7 T T PR R DR 15 S S5 R PR
1.4 GFP ER

H i MEGA4.1 X {3 2% GFP 28y 41 1E AT
FEXF, AR HotS 45 R T HRE Rt 514, %) GFP JE A
SERE RIS IX () cDNA FEFIBHTH 1. 371 pr
() PCR F=#)id it vk A, XH/E 650~850 bp 4%
WrEAT OIS, [RDCi) F BLiZE 42 31 PGEM-T easy
Hik(Promega A7), AN KA DHSa &2
UM TE R o K45 B 1R BHPE o e 126 3] 4RI (R A )
P, W35 45 5 BIO-EDIT F1 DNA-STAR #5443k
AT 08T, KW A3 2P 4 GenBank H! LLXYT,
B Ji 5 B LB 52 () GFP BE 6 3 471 5 3k IR 4 B e
PR R ) GFP 3 PR () 2 i e 51 1 O HEA T HE R 63
1k
1.5 GFP EEXM RN EE PCR NI RFFR

PR TS

W32 A RSB GFP S A wILIX 7
4, Hl MEGA4.1 X, 72454 GFP [alJ¥ 412 57
BOR B BB VRN BERE 51K qPCR 19514, BA
HEBR AN [F] GFP & I8l (] (R AH B F-PL 1M 52100 5256 45 2R
RIGHIR LS AT AN GFP 5 DA ) 4 ks g R AR,
BT PCR 734, ¥ 3G M2 1.0%ZE I5HE Fo vk RS
U qPCR 5191 Sk, AT & e AN [ 1) GFP 2]
TEIRYE T IAS SRR, SRR e sl .
1.6 RHKEE PCR tRE &R E L R BTN

WL IGUES A ANFE GFP 3 K741 1 BH P v b,

A 4 mL & Amp ¥ LB WK F:IEF 37 C,
180 r/min PRI, PEHCELUTRL, HME RNy
N6 E TE I 52 By $E BUTURL R W G B (Asgo A1 Aggo
{8), LA S PR I TOR iR B R B ok 4 .
PR R R e A, THETOREH (1) DNA 5 DU LFRUE
FORLA 10% $2 DUAE S AR YK 10 f5E0 RS 107 $ 11
NN e AR, 193] 7 ANKRBERRRE, ARG HET 5%
JE5E i PCR. LEARFU S0 ok i o [R] I8 2 TCABEAR 1)
BAPEXS IR, BEANFES TR 39K, WAE Qiagen AT
f*] Rotor-Gene 6000 3 PCR 1 _Fi1T, gPCR 14
P 2% B M e FRL KB AT 36 AE, AR R 5256
IHERRTE . 2968 R PCR N &5 o o bV v gt ith
2k, B T B R e fin By 1 p 2 v I B ELR B
S KRB S R P8, AR dE 2R (Giulietti et
al, 2001).
17 XEBEKAFTHEFRLANE

A5 77 G 255 ISCAE S B A (1 B 4T RN 52 RS B
SN H A2 30 mm FIEFFE LA, H Olympus %8 61K
WL WR4 10 SR AN R V0 SC B i 1 52 K5 B0 R 6 o
ES SERS Y = SUIE <35 RGN N EEA EATE =g A S i)
PNMAR, NG ERCERAELEARE
B BRI IA R, IR T M8 SC Bk N SR
FIRIBTE ARk . XS S B IR R B2 5 0 R & 2
36 h ek R B R, 4 3 ASFE LA T
8, RS- 50 MG, 2 BIE A E RISk (B2
JEIIE Gl ISR REAT R, FA RSN 30 min,
SRIGARAEE Fr o RFF 36 h Z04RS) 10 d 44k, W25
R, HIRMEHEAEEAD TSR, X+ 10d
JEIIEIARNIAE 5 R 1 IR E RIS R SE R4, AT
sk, BERTAMYIE, & 15 RWEIF 1 X,
T B SC B A0 R 9 1 B2 43 3 HEAEAS R ) e v
50 45 3 B A I G R IE T BRI T 58T

2 4 R

21 HRXEf GFP EEREERE

Wi A Bf-GFP 8 17 H1 A AR B IR B fa
FEDRZH # s J4E oP A8 tBlastn J7¥2:3k75 24 N 5 GFP
FERAR OB P #1 F F Be ) scaffold, 4R 5 ] mVISTA
SERAFTIINIX 28 scaffold H Y GFP JEN, 38 % By
#3 GFP JEPR BN AT 20 A, N AR I F0 45
R, 1530 12 M IREN GFP 2L 142K CDS J¥41
IS E ) 12 A GFP JE R0 A 1E 8 /) scaffold I,
Hrfr 4 4> scaffold E#AF/EA 2 > GFP JEPH, X 48
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SE DR o 40 0 DX sl KA L 5 kb, — (3 kb
itio B GFP BERIHR A 6~7 ANA A 5~6
MAE T, BRI X AR AE 651~666 bp ZIH,
it 217~222 NEIER, SERLRKINE GFP
FEDRR /Ny — 3, (HHIELE K BE & BLE) GFP %
AT B B Al i — 2 o T S TR KN R AR AL AT A
it DA 3 FIES 6 NI, ZERAE 3~12 bp
Z RS X5 Lietal (2009) X% Bk B4
GFP K& DR 4 A6 R i 1 KRS DR 1 1) 2 AT R 45 202 —
R o MG 2 52 15 3 (1) GFP LR P51 B 52514,
PL3C & A [\ & & I cDNA h Bif, H
RT-PCR W7k, 34152130 101> GFP 2L A 2
Fgifd X K5 T Bb-GFP11 F Bb-GFP12),
FHWG LT3 B 10 GFP SN Rk & 81. th T H
HUXSC 5 1 GFP JE R A 48— I im 44 A0, 3RATD
IEFE Li et al (2009)5 HI i 44 773256 H [ B
GFP JER BT A 44 o 7ERE S 8 1P 51 EEXEF R 48
B> MR, R B Bj. Bl ) GFP & A ¥4
#K A Li et al (2009)73#71k R34 GFP & 1L
A E TS FRATH 04 TEA SCE
GFP HHEMFHE 1), KIVEATHE AR
R, CEM GFP K2 AT 58 AH R ) A (55 4,
R H 2R - 2 - H 2R
22 M Ef GFP EEMHKLXER

HT TR AR SCE A GFP LR E R, [
)G Ll A 4 ik DR 20 250408 S RF I Rl SC B A B,
floride 1 B. becheri GFP &K ZJRAEHEAL _E 18 22 572,
BATUARR AR5 f 2 GFP JERE A MR, 855 0T
HOASCEM GFP [WEEFFAMET NI (&
2)(Saitou & Nei, 1987). KGRI 7R 3 E 4 GFP
FEDRI AT LA AN TR B 6 156 B R AEL 53 24 99+ 100
97. 100, 100 100), A[FIFAEH 1) GFP JEH 1% H
WA—FE. a2 Bk CE M) 14 A~ GFP HE
IALE 5 MRS T clades); BRI E ) 6 A
GFP JER A EBA7 T% 1, HASC Bl 3 4~ GFP &
R34 1E 3 AN (cladel, clade2, cladeS); T
KX E T 12 A GFP JERNARAE 5 MEEER T
claded). {EREALA HHERATT R IR SC & A fig &
LAt 3 FSC E 1 GFP 2[RI JE BT S8 1 B & [FYR O R,
T oAt 3 S0 B A ) R RIS R 2 BT AN A%
1(Bf~-GFP7. Bb-GFP7 1 Bj-GFP7), #% 2(Bf-GFP9-.
Bb-GFP9Y 1 Bj-GFP9) 1% 3(Bf-GFP10 F1 Bb-GFP10)
ARG 3 % GFP R A TSN ERFBEXR,

I ALAb Y GFP L PR B v A L5 7 HL IR RS DR /]
FEMERFFEXR.

A FEA A AT LR B 2 i 2 P R A e ds
DRV 2H B 2 SRR SC B £f1 B. floride AN B. becheri 1)
GFP SR A7 e 22 5, 1 HAE /A B 2
W, KPR SCE I GFP JERIER LA T2 i 5
. FEANA] %2 1], Bb-GFP 1 Bf-GFP 2 [i] ]
HH WA 5346, B. floride 1 B. becheri
KA 1 FEH O GFP 3K, B. becheri ¥ 1]
GFP-clade5 A5 1 ANEN, 12 DA 76 P b 7 RT3
BT IAELE, {HALE B. floride W¥AH %M. B.
Sloride 1f] GFP-clade4 DX [H & =ik 3 4>, (HAE
B. becheri 1WA IXHEIERH . LA EXT B. floride F1
B. becheri If] GFP FE[K 43 T IR &5 7R, ANFFR L
B0 A 1 GFP SRR AN, JEAREERSCE
& 5E 44 6 7% GFP JEDN . AR B (e &
g ) GFP LKA H A5 AR ] o X 8] i 5 30
B LU, & FFE T AR I AR 76 BB rh 2 (1) 3
BRI Z=RA XK.
2.3 X E& GFP ERE K54 R0HF S 4G

T B GFP JEDH ] fE o i — AL
LR OK, il Sequencher 4.2 X HLFEAT ¥4
Hoxs, RIVEAT CDS P AL e s, 7 1
B FHALEE 7 98% LA F (Wl Bb-GFP 5 Fi1 Bb-GFP 6),
N, %5 EIRAE R T GFP LK) qPCR 5|43k
AT 5 e S A I, ULy F S S g R — 7%
W HFFI AR A 5 1K) GFP 5106 . 4 Bb-GFP
SR ZE T, Bb-cladel WA %A Bb-clade3 .5 ik
BN, i HIEE PSR,
Bb-cladel WG TR 4 AR 4Kgnig X
J¥#1, Bb-clade3 VA5 ) E 3 ALK T
Bb-GFP12), XY 81X 7 AL 5| 4 AT
R, iR BIRIX 7 NG IRERER, WA
HHE GFP K p I srRL (B [P 1) (1) AR
FEPEYTIE, X TR T P IR RS SRV, i
TR )5 qPCR S50 45 L i HERfi T
2.4 KHEE PCRFREMZL R A E S 0N

A H W BEA K7 5110 00K R B A A
N E SR ARE L, P E R PCR JE, MRS
e M vk e e e, B SR R neesL,
Rotor 6000 %¢ 652 5t PCRAX b [F 7 1) 22 IR 23l
FRUEZk . 955 278 SYBR Green I PCR FrifE
i 28 %) 1 RASE AR (1) Tk B B R AR U R R M G R
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Fig. 2 Phylogenetic relationship of GFP protein
sequences in amphioxus

RGN QA RA R BRAM L, 1 SR BSI AT 1 AR RS
i GFP J&HURET T-AME, BB R oR 3 AR GFP R 23 AN 75 L I
FHERE

The GFP Phylogenetic tree was reconstructed by neighbor-joining method
with protein Poisson distances. The sequences from Cridaria and Copepoda
were used as outgroup. Bootstrap percentages over 50% were shown on the
interior branches.

B GFP J#41¥ 7415 Wl (GenBank identities for GFP genes are as
followed) : anmI1GFP1, AY485334; ppluGFP1, AY268071; BI-GFPI,
EU482388; BI-GFP2, EU482390; BI-GFP3, EUA482393; BI-GFP4,
EU482400; BI-GFP5, EU482404; BI-GFP5, EUA482404; BI-GFPG6,
EU482405.

10 45 HIZR 0 R® (B KT 0.980, i AR il 2k £ 37
T o

ASZIGH PCR (RSN R B 7 10°~10° $5 D1/
ul, XS ER M, AR T ov Hik#T
FIMEVEAY, AT 12 18158 2 B PCR 45 SHE
B A S a ok B P A B R, IR ZE 1R DS,
AR RE 1.6%, VA% PCR S8 45 A
FRF RS R M, MO ARAIE T AS [FRE SRS
M5 R e,

2.5 HKXEf GFP £EBF KL

AT 2] 52 s X P A0 10 A KT
Fi i GFP JE R b A 9O BRI 4l 6~8 4475
A PR 5645 5 o B Bk I A 4 21 GFP 3
RIS AT T 58 M7
2.5.1 GFP JERRAE NS flzih A /08 LA
133 B R ZU IR DO I A 41 28 cDNA S RFFT R
%, %F 10 A~ GFP JEH R IE BT /M (Kl 3), 45
R RIZI 10 A GFP JERIYHE £k, HEAH
DRIE %I W) (R T 2 K, #E 14X 10°~1.7
X 10° ¥ DU/TF 2 i), Serp Bb-GFP7 (1335 B,
I Bb-GFP9 FAK, 2 57ik5%) 1307 f%. 0 #r KIAE
ZHLA P RIEEFEEE &K GFP 5K KA
Bb-GFP7. Bb-GFP3. Bb-GFP10. Bb-GFP5 4t 4
A GFP A, frizd2ih GFP AEPRIRIE B w1
97.6%, .1 Bb-GFP7 FRIA T, 204 25 &
(1) 57.6%, & GFP Jk KR IA B A .

2.5e+5 1
2.0et5

i 8’5.0e+4 F

*
Express level (copy/uL)

o ANl

GFP1 GFP2 GFP3 GFP4 GFP5 GFP6 GFP7 GFP8 GFP9 GFP10

K3 ML % Bb-GFP FERI 0L 42
Fig. 3 Abundance of Bb-GFP gene expression on the oral cirri

252 GFP JEHE 6~8 AT 2h kb RKIE M Hr
PARIJTF 4596 6~8 A5 41k cDNA b2 #r
X5, X 10 A~ GFP R Rk w1 T 40 (K 4),
R W ORZE ] 10 A GFP ZEN [ AR Rk, H
FANIEDIAE I BRI IA 2 e IROK, BRI
SRR 15X 10*~6.2X 10° # Jl/uL 2 [,
Bb-GFP10 WK is s, 1M Bb-GFPY HAK, %5
il 4133 e AT RIS BRI 22
Bb-GFP10 1 Bb-GFP6.3% 2 ™31k ¥) GFP J& A,
ZA A GFP S RIA S H T 96.0%, Hor
Bb-GFP10 MRIEEL N BDER 79.3%, mHE
GFP BE R 21k ARG LA
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e T PILROTON, SREINR 1 BRI AT SR (4
Rl Yo MR E A S, S 6~8 AT
%ﬁ? (N, 7E4E R ARSI I R 2 R R S 0
a8 ) ™ (77.8% MES L), MEHE 11~13 T,
a2 BRI B 28 B 35 A I, T AL A 3 A A 0, 5
¢ Yo, T HAAMAE T LU RIS 36, HR RS
@ rwﬂ W 255 1E 36 h SR SRESRITTUATE ) 58 €6

) _ Yok BIAMM AT, BBEMER KT, G065
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Fig. 4 Abundance of Bb-GFP gene expression on
6-8 somite stages

2.6 REBRAENEBREFRAEL

N T AEANTR] R H I IS0 B A Ak e i 3R Ik
M, AT ZOCAMBE R 5 T 1 IS &
MR H TR B0 80 5208 i A 2 AR I 2 0 5l i
FARIETHOLCR 1) R BB 0 B0 S2RE T 2 WA

S BRI SR HEE 9 K, Sl
T 5 AMEZ, IR R AR OT 45 H BB R K 2R
FOBA2%MAHI): BH 20 K, Pk 8
I, AT AN AAE IR AT AR B 2R 2% 19K,
(B RHT R 2 OO 2l ik, H 214032 248
W, BHENEARSRSER, [P R2x (56
B s 5E A A LS B AT 70.8%
FE A AR BB R 2 (9, XA LR —H
PEBEE AR T A T XS B M PO RIE

F1 XEBEKREEMPAREBERGE T

Tab.1 Statistics of amphioxus individuals with fluorescence expression at different developmental stages

5% (A ., . 2 A A R " N % sy . ]
J— e nuﬁ(ﬂ' ) IOLEPHGEMEE  JOUBMBRE M RO OGRS L)
Developmental stage amphioxus Number of individuals with Number of individuals Number of individuals  Proportion of individuals
p g in dri)vi duals strong fluorescence with weak fluorescence ~ with no fluorescence  with strong fluorescence (%)
AEZRG U Eggs 176 0 0 176 0
ﬁ;l%g[] 247 0 0 187 0
Fertilized eggs
2-16 cell 236 0 0 236 0
32-128 cell 208 0 0 208 0
& i A
LU 187 0 0 187 0
Gastrula period
P2 Nl
FRERE] 157 0 0 157 0
Neurula stage
8 A I
6-8 12]&13 i 208 105 63 40 50.4
6-8 somites stage
13 8 184 143 41 0 77.8
11-13 somites period
36 h 4k
36 h larvac 51 51 0 0 100
RELNE
3 @‘?%ﬁ/ﬁ 32 32 0 0 100
3 gill slits stage
5 N 3] .
5 gill slits stage 3 35(12) 0 0 100(34.2)
8 BN H
8 gil;%i]ijtts J:tage a3 43(43) 0 0 100(100)
37 RAESYII A
37 days initial 37 37(37) 0 0 100(100)
metamorphosis larval
50 RARELH
50 days complete 24 17(14) 7(10) 0 70.8%(58.3%)
metamorphosis larvae
86 KLtk
86 days of Sub-adult 15 6 0 0015) 40%(0)
Bk Adult 150 83 67 0 59.2%

* 5 SHALIN 1) 86 TV SRR ST E A 4 (R M ERHT B B T SR AL I G (.9, /NG5 T I EC AR IR AR R AT IR 4% (0 OB I RS 1 Bt o
*: 5 gill slits larvae to 86 sub-adult amphioxus both appeared a strong expression of green fluorescence in the front of the ring. The data of green fluorescent

expression in these special areas is represented in parentheses.



339 B IsE. SCE M GRP BRI E RIS T 311

TOUANE R T, FATRENLIZI 1 3 #E# 50 4%
JEARSC B A PRI DL AT I e v, RBLA
OB M OO0 LRI B, IOk
IR G A AL B T O T AR R SE AR Ak 2 Ak, 1 AR
B SR EN LR O CANAN IR EL IO LEBIE LY 6 4,
RPN AL 58 4B 2RO PO NSRS E

3 it it

H A 40 FERTAATERE T avGFP LUG, $xAS
MURE S R O3 (RO A 45 S, H HTAT GFP 980
KA e AR I A TG A i P JFUR
P21 03 T AL A RO B 22 Ve R 2 T IR
NI T fif . GFP B4 5L (RF 50k g S LA £ 3
R 20, Al AT e AR kA BA & Dy g F 1
— R TR IR . HATIRZ 5 GFP
DRLAH G (R 90 R SR 8 BEAR v A i S AR 2 2K 30 )
) GFP I, 3CE 4 GFP 3R BT TAE A% HAE
(RIF R, AR R e ——ANE S HB AR A R AR
PNEAM S E M, RKGHE N0 ANA#ET
], Deheyn et al (2006)7E%} GFP HEA4L /3 HT A
N, GFP SERXFHE SN 5t (WA HL s 0o A1,
AIREME e S R ARSI REE P AL 11 AMRUE a-
WETE JIT R IP) B-H DR B 1 KA A RS N AR
R, XL AWVFIFA AT 2%, AT 2
A& B RIIRE, BSWERA RIS, Bk
Z 805 AR B W A W 1 I T A G 4 ) G2FP
JCHEE .

SETT Li et al (2009) VA TE 3 AR 3C 2 fa f4
BRI T GFP DN, FARTE EAT 548 2 R 41 5K
P FE SR I B 2 L SC BRIV T 13 /> GFP A
A2 AMEZER, HZRRM SCE fafn H A S B A A
1330 7 /D81 GFP B 5 ds, DAL AR R
L E 1 GFP BRI B R RO R 7AW
(1%, IR = A2 40 1R B30 ) S 2 £ N 1) GFP &
RIE— N TE I R R AL BT o TATTHERT 1 ST
B A0 R i T S e 15 2 T 12 > GFP A
FKIRH G, X5 Baumann et al (2008)F1 Bomati
et al (2009)7E %] {9 2" HL ik Ik PR 4 Z50408 2 40 B I R AL
[R3E 4 A 1B K GFP BN SRk IR 45 SR — 3, Ui BHAE
R ME——NTEJG B R R GFP JER )
Tl B A iy B S SEAE AR R GFP SEA . Bl S
AT S50 B GFP 3T T Rgcit sy
BT, ¥ E At GFP 4324 6 f&, RILCKNM 4 FpC

Ffarh GFP KIGFIEATEAEE R 6 NN %, i H
ARl GFP LR 8 H WASAR IR, eh b HE T A7
FHCE A GFP RER M Z LR — AN E M
GFP JE PRI 5610 1k B IBC A 3 R S BT, BAFAS R
SCEA GFP BEPE S5 AE Rl () FOFp Py - 55 8 4 H
ZE ) AE 5 TR A% B T () A0 o R v ok AR A 1
KA HBLK, SCE 6 7% GFP KL K (141 26 & 7EBILAT
FTA SCEfRSE  L LL T A7 AE T -

BATAERT 4 B B A1 GFP LK1 3 11 7 41 Ee ot
I AR E AR s IR e~y vk, T H. B.b-GFP
MR BLGFP ZEK WA, it 6~7
NI TR 5~6 DMNE T, BN TR L
W AERSE AR, X PR AR50 bR sy vk
— I RSB GFP fEE Al F v i 52 21 R i
(PERE IR ), S eAIAE S 5 Mt F o] g ke
FHARH E B o X PRl JE D A B0 S
(132 B £ty GFP & [R]85 46 LA R B G 1R R Ge sk 43 #7
FATAT AT A 2 i e GFP JEPRI# sk 5 — ANt
[ A5G, AR H TR KR . Si4h,
ZEXF G E 1 GFP R Li et al.(2009) 5% B R IE 1) 3
Bl SCE 1 GFP 35T (1) = ik & o6 3k [ Bk B,
Bb-GFP J1-% 45 BAGFP P I H A IR- I 2 R - 1A
AMIX—Fr Rk 4. Delagrave et al (1995)F1
Wall et al (2000)[1JHF 7045 F 275 3 AL H 2 RAE
SRR E R B A R, i HLAE
P BRI AN TG 9 i A o B #%A AE
XXG =ikl b e BE T o X A7 5¢ 3R BE DR 20 B J27 <2
FEI0 Bb-GFP SERFR B T8 b &5 1, i —
T GYA =R CSER b B HLIA ST B fa it
R o FHULUE, SCE MBI GFP JRBATESE —
AN SR N 2R IR R R, 20 BLIASC B A T HY
RS R B IE ] GYA AT RERAESC B AR oLl
Jr SRAR IR 4 . S0 B i GFP 2R (1R HI4E Ak Lk 2
FAK, 1 HILCFETfA S A 2 5. DL
7 K2 B0 B ) GFP = Ik (e T E XYG 45
o, B B LR S B A0 B P AR e G vk 1R
R EOEER I T GYA M=IkRAR G, [FIFE
WAEAFIRAT 2RI

AW AT RT-PCR J5 145 3C 5 A AN [
RE WA F AL cDNA § 1841 5)] 10 4> GFP
FEDR ) e AR U gm A X 741, XX 10 /> GFP %
DRILE 5 S 9O G HIBRI 6~8 AR5 IS IR, LA K&
A5 Rb 9 6 AR TR LR AR SC B Al A AL AP R AR
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REYAT 0T E R BoRBEM Bb-GFP JERIAE S
AN R R B I IR A 2k, ot K2 5 GFP R
FESCE AR A R IARBIR, (H2 X4 GFP 2B Y
RIEBEIFA R — AL W4 &P GFP JEKI{EA
(7] IR $93 FR) S A P ik B AR A 5L AT A R
A, R BA DX AR I A P IE A A 0 2,
HRAEXT L EPANRRIRIN 0] GFP SRR A kB
RN GFP JER AT 2~4 AN, H147%] GFP JEA
FIEBFM) 96%LL . X5 Bomati et al (2009)F!
Li et al (2009)73Hrfl  HLik 3CE AR NI OR 32
N, JRBGFIBAR) ) EST i RN 97.5%#52 H
13 A~ GFP JED ) 2 A oTlkif g A —5. W]
WIEAEPTAT ) GFP EDEI A S & 1K) 5615 5k
YEER, — AT 2~4 A~ GFP LR = 211
H.

FRATTIE X 35 IR R B AR R A [R] B B
(RGBT BT T RG ML %, 45 RNk
5O ST S S RAHL, SCE S OO
26 ik Z1 3 1k A v A 40 A 0 I S R 58 R e 5 AN
TR 31T, B IS 5 6328 0 1) 4 v 38 R o i s 1 141 5%
25 20 23 i (Baumann et al, 2008; Bomati et al,
2009; Deheyn et al, 2006; Li et al, 2009; Yu et al,
2004) . AN A IRATE A IRSCE BRI K 7
FEBAT B I STHR B 3] 1) 75 52 K5 B R 8 21 00 2 IR )
WU 2 (.58, FRATTIA A 1E OX Fh 22 7 — J7 1
FTREEIRI I 220 3 — 7 TR FA DI 4 {0 5%
DG BEGIN [, S B b VF 2 W) U2 WOR 5 #R AT
LR R, A R BRI IR TR) S 7S R R 59 11 1)
A3 AR 9 BRI AT BE S BLAl 52 . Ak, ]
T AR 5 SRR AN AR IR 2 IR AR J A (1 ik
o R A, T [ A i i A7 98 B A 1) 4 (5,91,
KR i AR 5 SRR 4, Y 8
TR a8 v W, 2 J5 B SRR B 1 i
s, L3 S5 AR 58 AR AT O A S A I
%55, 1t 86 d IR TP HEAT 9GS 58 4
Ko XM SR AL R XU GAE AT SC B L[] 5 34
i, T[] E 2 S B JHE PR 3 1R A A

SE K-

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local
alignment search tool[J]. J Mol Biol, 215(3): 403-410.
Baumann D, Cook M, Ma L, Mushegian A, Sanders E, Schwartz J, Yu CR.

PR FUR IR S 0 SOGIIL R FF AL 40 2K,
AR 7R AN GFP AJ ReAE 30 & £ 1) AR A R A
B BT i Pk A — e AR

HAEGXSCE 1 GFP LR 1) DhRes = 2 88 1A
W, RZ 56K I D RE B Aot B2 MO IR 37
VERAE, X segh BRI T /K 55 Fh e GFP (1)
TR« BATIHE S E 0 GFP A [ 2R IK 3 2047 LA %
XA I S5 e DL s ge v, W LA E 3
3CE A ANE RE N R 56 R IA B, T H A
GFP HEPE 7 3C B AN R B K B I IR AT ik, (HJF
LT GFP BEPRIH 5200 1) 7 AR ke 4 v e MEAEHT
PL4E Baumann et al (2008)F1 Bomati et al (2009)%%
TEXT 5 ANl 2 LI SC B £t GFP £ 1 160 2% 70 AT 4
FAl 8o HAG /D3 GFP SRR BRI 2O, M4 K2
£ GFP 2GRN GG HE R AT RIL, XU 555R
L) GFP s BAT B = MG R A, sREAT IR SR Bt
FUALTE, BRI SCE AR 20T 4 BN [F D)ReR
I GFP A7AE, HIMLIRATHERIFAZ P A GFP
HEDRI RN 9 GG 1 IS e o PRI FH, AEAN T
(1) RH IRl GFP JEDR Al fig & AEAT & AR
RIZhfE. X1 Ja A s e — N GFP L[R2
H—— BN NIEYE GFP DiReriE— 2 1wt
FU, AT LG5 L LT3R gPCR IR, A
RNAQ G S 2 R B 45— AR 91 5 2ok 50X
L6 GFP LA ) A BE D) RE, AR m] DAAER 1 /KP 0 X e
GFP H F DG 22 M FUEATIR AN IR, [FIN 455
G L 27 B 7 VO X 8 B R IR 2R 0A 9 G 5 BE DA A
NI P KGR FUEAT R G0, AT A iF
— T GFP BEPAESCE AR A ) D REBE i I S
[t o ABFF00 SC B fl GFP RIS DL 2 A 2
DAL — 41 22 SEHG 35 97 5 30 B A LR A AR,
P, AR e eAGRAE AR T B POk
IR ARG, Ak, FRATTIE I 0 3B A TR
MG RIS E A NG IAE, BlanEhaE . el &
37 S P BE 25— R A S S5 AR T R B RS
PRI~ T~ 3C B AR P S 00 2 i B 1 R I L )
o, WA RRE— LTS
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