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T3 WE I (1) S0 72 8 SCUG (L1058 300G . 72 SR
BESCHE | WSSO | NS )4, T AR S
A HANEB DG HS, I L7 TG i N JiE
AL M. FAISENL. R BRFIOKE AL, A
F i SRR G A7 T80 °CUkAi#&

kR DU . N TREMPEEE, 3k
o SR AN TR I A R R L A I B R
MBS R B IR, ik, &.OoIrkfek
ZHEON . ZAEON . A4 . R, RIS, i
g, DIEA A e R A 4 H U HE D
(10 H #) 10 K & WAL G o BT A A HTICA
R, —80 °CLRAF

PMD-18THI K B ¥ i (Escherachia coli) DH5a
YIH A S50 = R, H P PMD-18TI H TaKaRa
FHAEYTROGEVARAF AR, 5] & SMART
RACEfAdvantage 2 Polymerase?*]lJ H Clontech’y
A, BRG] £ 3 TIANGEN, Taq Master-
Mixlg H At BN I A R A R A, 51
b A A R A
12 XI75E

MmCPOXK B cDNA& K ) &[5 H
Trizol¥k #2& B LT 52 SC IR A & b 1) SLRNA,
NanoVueith i & 25 4b 73 6% B 116 RN AR e B2
FAERE, F 1% B e 0% B e i bk ARG T RNA Y ¢
A, R L] £ SMART RACEA A cDNAS —
B, (R AR S SO e S SCEE T REAR R, K
REIMmCPOXFEN M EST Bt , I LA R B 1%
HEIMICO T -FRCO T -R (1), LUSCHINERA
2L cDNA N Bt AT PCRY 4, it A7) & ok
Advantage 2 Polymerase.

| A Touch Down PCRT ¥, 43 3| #4755 -
RACEFI3"-RACEMY 1, ¥l I 1% B fig b 5

B R,k AT A I, O el R R Il st ) xS
1 HL Uk & AT i dlife . sifk s S
PMD-18TH A He i 5, SR 5 & AL B K i 1 1
DHS5a 47 e B . d5cJ5 38 5 T M PCRAS I 5% 4k
SR, BEMUHME RS, 3% BigA TABRA T .

MmCPOXA R &y A1z &% 44 T
Pr4E IS 09 Fe 51 3 i 26 [ S7 AR W R AR b
(National Center for Biotechnology Information,
NCBDAJBLAST (http://www.ncbi.nlm.nih.gov/BLAST/)
PEAT A R % 2 AN I BE 4 5 ORF Finder (http:/
www.ncbi.nlm.nih.gov/gorf/gorf html) 2 & #E 17 T i
el 2 AE 48 2% ; DNAMANS: 4 0 H: g A 114 2 3
MRFP 5 o F I EZ DNAFI R 7 51 4 21T A SMS
(http://www.9 1bio.com/SMS2/) kM i 2 1 5 it 38
et ; FHExPASy ProtScale (http://web.expasy.
org/protscale/)7E £& T HXF H g i 1) 25 1 #E 17 87K
P41 5 3z F SignalP 4.1 Serve (http://www.cbs.dtu.
dk/services/SignalP)Fililll 1% & 1915 5 Ik . 7ECBS
Prediction Servers¥ u% (http://www.cbs.dtu.dk/services/)
b, JHTMHMM#EAT 8 B85 70 A 5 N-J% H2 1
O - 3% 2 1 W 55 4k A7 40 73 791 38 53 NetNGlyc 4.0
ServerflINetOGlyc 1.0 Serverft J¥* 43 #3515 . Swiss
Model (http://swissmodel.expasy.org/workspace/) ¥k
%08 25 P IO v R 4t R A T T

HR P 9 T2 19 Mm CPOXFE IR 4 5 (1) 52 3 1R
Je 5, FIHINCBI Blastx 2k 3% 15 H Ath 4 Ff 1)
CPOXZ KM T3, HClustal WH 4% 317 44
FRRJF I X, FIMEGA 6.08K 14 (145 42 1% (Neigh-
bor-Joining, N £ R GE i AL

MmCPOXR B £ R R L H 4. FF LR
ABRE o &9 B IR R ¥ 8 Rk o 47 i
Trizoli% 2 HUCIT 100 S 7 AR i o 71 B DL 4
21 e 5Hh 5 0 S0 AhE IFEAH 21 BURNA . A4

®1 ZHAANSIYRFT

Tab.1 Primers and their sequences used in this experiment

519 primer FH(5'-3")  sequence (5'-3") Hi%&  usage
CO1-F CTCGCAAATGGCTTGTCACTTACC 3-RACEY 1
COI-R CCTCTCCAAGTGCTCGGCAAAAATC 5'-RACE# 1

Real-MmCPOX-F

Real-MmCPOX -R

AAACTTTTTAGTAGGTTGAGGTA

ATCTATCCACAATCCACTTCTTA

POGE RIEE 5 Y
POGE RIEE 5 Y

18 s-F CTTTCAAATGTCTGCCCTATCAACT RIEERNZSTIY
18 s-R AGTGACGAAAAATAACAATACGGGA RIERNZTY

http://www.scxuebao.cn
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Promega S % s i & UL B 217 cDNAR & 1, 1E
Sk S Ol R PCRAG N A AR . 26T 2L 32 P 3
I MmCPOXKE RN I FB T 9, iAot &t
5] ¥ Real-MmCPOX-FfIReal-MmCPOX-R (#1),
PL18S rRNAKH N2 5L 47 AH X 8 i . PCRIZ if
K Z #20 uL, f175 SYBR Green Mix (Bio-rad)
10 uL, cDNAKIHRO0.8 pL, [ Fiekstegly
(10 mmol/L)4$1 pL, LADEPC-H,O%h & . {#i JABI
7500 fast7 V6 2w PCRALHEAT Y 4%, H 44 i I
J¥: 95°CHiAE20s, SRIGHATA40MEIR: 95°C
3 s, 60°CIBk15s, 72°CHEMI10s, HAH
21 KE BRI TAT, B A X mRNA
KPR HI2 AT, S R I R v R
(mean+SE)#/~, K SPSS 20.0i 7 One-Way
ANOVARLIHZE 7 2081, P<0.05k & xR,
P<0.01H 3 22 5% o

2 4R

2.1 MmCPOXEREEKFF

i B T A5 21 (1) MimCPOXZE R cDNA 42 K 1490 bp
(GenBank& 3 5: KU095865), H:HTORF41173 bp,
%4 15390 aa, S'UTRK 93 bp, 3'UTR 5227 bp
(K1), FE 4> 12.04 ku, PRS2 5 N
5.05, 454 ExPASy Protscale® {4 FISMARTHK {4 #5i
MZER, ZE AR ERA R -, AR
FERR P 5 LB e, HA R )T A S A R
St S, R REKYE . A H TMHMMAE 244
SYHTIRATAS AR RO Y 2 3 R A O A
FEE I 7 5 A — A5 R L5F 5, Expasy SignalP
AN SR, AR B W R IR G .

2.2 MmCPOXZ F & E B 580 70 4 4

MmCPOX (1 e i 25 Rk B, 1% %
B AT RERL . 5 15 25 #4 38 Fl Coprogen-oxidasZh
B (1512) e AT 7R, MmCPOXEE H
FAHEE2290 . a-BRBE 144 BT A 1AL y-BR
2671 (#13),
2.3 MmCPOXERREBRFIIERMER RS
AL

il I NCBIHK H 5 3005 [7] J& T DU iy Jin M i
% (Aplysia californica, AAP34327.1), X574 45
(Crassostrea gigas, EKC32626.1) Lk 5 HAth 9 Fi 1)
CPOXZAAEMIF ], FHIMEGA 6.0% iy NIiE A4
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ARG AR (K4), T E R L P
XF(E5) e MNIEM R RGBSR RE, ik
ST RS N G R P W R O
REGE, BERAE—E; R R 7Y R
MR —32, BRMBUERRERAR, M5 H
flbAh22 5 W 4

24 MmCPOXEREREXWHARABIE. T
EI4HLE ., FAEIFZEMIIINEFELAGHRIAE
SMoth

FIHQRT-PCREZ A, Xt MmCPOXE R 1 A [l
REBH . ARAL . ARFSE 600G & A
LR RIKZFHAT . BERRY, £ E
BRI, MmCPOXKEE N M DIE 4h i 1 I
WHEBEMEEREX, BAEZH T &0 B R
(P<0.01)(K16)c MmCPOXFEIRTESCIG I JE . AME
I N 7 | N SN 1 s S R R
Fik, BAE MK AN E B P RSB RN R E S
FHABLH L (P<0.01)(1E]7), 2B 5 ifn nhobk A A%
H5E (0 N BRI BUAH OG . Mm CPOXHE [H A5 41 5¢ 3C
WL OBBESCHE . REACCHA L AR L FI5E X
WS ANE R T A s, BAELLFE S0 L S
WL AR Y R R W R T R B SCG
58 SCHA Y Rk (P<0.05)(KI8), Wi HZ 5
T LA 5 AR (658

3 iR

Fenhmi s ALl T2 5 7T &S s
LR MG R AT Z e, A OCH IR
AN . RATILERE . N Z RS
T S iRIE ™, Lee® Pd Il XU 26 b AR 7 H R
SAT T CPOXIN4r T 45k, FHAFoT 1 R A 548 4n
AT 4 1L 21 2 B9 5 B T S BOER BUAE 1Y KA
SR, CPOXKE:AITEBARAF B DI rh, ALAE TN
T SRR R T AR A R R L AR S SRR
AT T SCHE MmCPOXFEH ) cDNA 4= 11490 bp,
S HE ] F HORFRJE 1173 bp, 4539044 Jk
2, 5 9 CPOXFE I 25 3904 2 SE R F1
VPRI CPOXHE A 9 ith 3944 2 JE 1R 11 2% S AN
Ko CPOXHEH Z LR T 5 b Xf Fl 2 Gt it Ak A 43
Wras L, Sl cPOX S IRl Jy DL 2 i hin JH it
. KFFEHWG L R, 5HALEHE
BTGB HE S 5 AR DU s, X SR
WiZEAELEM AR KRES, HEIRR
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ACATGGGGGTACGTGATGATACGTCCATCACCGGCGATTTGACATTTAAGTTGAATCACA
AGTTTTAGATGCATCTAATTGTATTTTGACATTMACACATGTAAATAAACTTTTTAGT
M T H \Y% N K L F S
AGGTTGAGGTATTTCAGAACAATTTCAACGCTTGCATTATTCCAGACAAGACACAAAAAA
R L R Y F R T 1 S T L A L F Q T R H K K
GCAGGATGGAGAGTGGTGTTTGCAGCAGCTGGTCTATCTACTGCATGTGTTGCTACAGTG
A G W R A% Vv F A A A G L S T A C A% A T v
TTCTGCAAGAAAAATAAAGTGTTTGCAGCAACCATGCCGAAATACTGGATGGCAGAACCT
_F C K K N K A% F A A T M P K Y w M A E P
ATAACAGATATGGCTGAAATAGAGAAGAACTCTGACTCTATGAGAATAAAGATGGAGAAA
1 T D M A E I E K N S D S M R I K M E K

ATGATCATGGACATGCAGGCAGATTTTTGCCGAGCACTTGGAGAGGAAGAAGATCAAGAA
M I M D M Q A D F C R A L G E E E D Q E
GGAGATGGTAAGAAGTGGATTGTGGATAGATGGGAGCGAAAGGAGGGAGGAGGTGGGATA
G D G K K W 1 v D R W E R K E G G G G I
TCTTGTGTGATACAGGATGGTAGAGTATTTGAGAAGGCAGGTGTGAACATCTCTGTTGTC
S © \'% 1 Q D G R v F E K A G \'% N 1 S \ v
ACTGGTAAACTTCCATATGCAGCTATACAGGGAATGAGGTCCAGAGGGAAATGTATAGAA
i G K L IR N A A 1 Q G M R S R G K © 1 E
GGAGATAATCTGCCATTCTTTGCAGCTGGGATTAGTTCAGTAATTCATCCTAGAAATCCA
G D N L P F F A A G 1 S S A\ 1 H B R N P
AATGTCCCAACCATACACTTCAACTACAGATATTTTGAATTAACAGACAAAACTGGCAAG
N \ B T 1 H F N Y R Y F E L T D K T G K
GAACACTGGTGGTTTGGAGGTGGAACTGATCTGACACCATACTTCCTTGATGAAGAGGAT
E H w W F G G G T D L T P E L D E E D
GTTGTTCATTTTCACAAGACACTGAAGACAGCATGTGACAAACATGACAAAAGTTACTAC
\4 \4 H F H K T L K T A C D K H D K S Y Y
CCTAAGTTTAAGGCTTGGTGCGATCGTTACTTCTACATCAAACATAGAGGACAGACTCGT
P K 17 K A w O D R e Y 1 K H R G Q T R
GGTGTTGGTGGTATTTTCTTTGATGATATGGATGACCGCTCACCAGAGGATATGTTCCAG
G v G G 1 E) I D D M D D R S 1P E D M F Q
TTTGTCAAAACTTGTGCAGCTGCCGTGAAACCATCATACATTCCATTAGTGAAGAAAAAC
F v K T C A A A A\ K P S N 1 P L \' K K N
AAGGATAAGGGATACTCTTACAGTGACAGGAGATGGCAGTTACTTAGGAGAGGGTACTAT
K D K G e S Y S D R R w Q L L R R G Y Y
GCTGAGTTCAACCTGGTTTATGACCGTGGGACAAAGTTTGGTCTGAATACACCTGAGGCC
A E F N L \'% Y D R G T K F G L N T P E A
AGAATTGAAAGCATTATGATGTCTCTGCCATTAAATGCTAGCTGGGAGTACTGCCATGAG
R 1 E S 1 M M S L B L N A S w E Y (c H E
ATAAAGCCAGGGTCTCCAGAAAAGAAGCTTACAGATGTTCTCACTAATCCAAGGGAATGG
1 K P G S B B K K L T D \ L T N ¥ R E w
GTCMTGACAGCGCCATCAATGACAGCGGTTGTGCCTTCGAGAAACAAATCTGACAAAA

AV
CAACTGTGTGTTCACAAACCTGACAAAACAACTATGTTCGTGACAAAACAACT
GTGTGTTCACAAACCTGACAAAAACATCTATGTGTTCATAAATGTGACAAAACAACTGTG
TTCACAAACCTGACAAAACGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

1 MmCPOXEE £ K cDNAFFI R EHEN R EEEFH

Fig. 1 The full-length of cDNA and deduced amino acid of MmCPOX

The black conserved domains are the start codon, stop codon and the polyadenylation signal sequence, the underline parts are the transmembrance region,

and the grey conserved parts are the Coprogen-oxidas region

http://www.scxuebao.cn
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(@oprogen oxidas

0 100 200 300

2 MmCPOXZE B &EiE Ful
Fig.2 The prediction of the protein functional
domains of MmCPOX

3 MmCPOXZE B Z R LM TN
Lt o iR e SEEONB-HT R WOy M. AEy H AR A
Fig. 3 The prediction of protein secondary
structure of MmCPOX

The red represents the alpha-helix, yellow represents the beta sheet, blue

represents the turn, other residues is white

THEENAE, DGR E LAY
AEs ZIEMF I M & B, 1E85~390HY L & B AT

—~Coprogen-oxidasZh #4438, , 12 25 #4) Jaf J& & N opk
Ji S A il e R T A PR S e AT, GO R
B A Y D RE AL A AR .

TESH AL, CPOXFEIH 7= A 1) 35 bk S5
I 440 Ak It BE A i 0 A= Il S bk 28 4 S5, 1T M ok
Wy 5 e A8 4k S5 BRI Sh W i L E R L TR L
PR M ERCHE, RS M
(Danio rerio)™ w5 CPOXHE R 2 {1l W& A8 i TG 5,
175 WU AR T S B0 a3 i, DAY R R BRI HE
B N p ORI 2 R L Bl W 1LV 1R 4
Fed it Brh R E IR . APFFFIHqRT-
PCRELA & B MmCPOXHE FIAE S L H i) e 38
e, HRCE TR A R LA i H A
SAHZU(P<0.01), X AT fE-S HAEME AL A5 B L i 3%
Hh R I bk S W 5 2 DDA OC o IR R B MR k2R )
FE RS B A AR B g RS Y, I R A
BARZh b BA AR . )T IE T DS AR
USRS, MmCPOXKEIN A SCHA I i 2 1 A
AP R R EAE

Comfort55 "™ FLYE 195 14E R & I, Nhubkfb
B RAFTET WA WKy — AR, KNIE
AL R B HOLH 26 FORTE R 2 2k I
(Peteria penguin)s 3% K Il 21| Wb S 9 5 14 477 5
PN I A P XA 2R PG 1% AU Z R DL e i B
PRIZFAT TARI, R BRI 0k ) B — R A AL
ORME RS TSI, Wk 2 Fh L
KA G, TR A Y — DL B
WRAFTE, RMES ST R s, Xy HE Y

{ A 5 Meretrix meretrix
NN Aplysia californica

KV-PE4EYE Crassostrea gigas

LI . Danio rerio
KVGLEGE Salmo salar
R 5% T4 Ophiophagus hannah

KAT WWHE Macaca mulatta
— AR FUL Zootermopsis nevadensis

B — B Drosophila virilis

FI BRI Harpegnathos saltator

BB FES Culex quinquefasciatus

K Z& Bombyx mori

{ KA BEIE Danaus plexippus
01 FWELIE Riptortus pedestris

L |

El 4 ETMmCPOXTEFMENRGFHLH
Fig. 4 Phylogenetic tree constructed with the amino acid sequence of MmCPOX

http://www.scxuebao.cn
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Me-CPOX
Cg-CPOX
Bm-CPOX
Dp-CPOX
Hs-CPOX
Zn-CPOX
Dv-CPOX
Cg-CPOX
Rp-CPOX
Ac-CPOX
Ss-CPOX
Mm-CPOX
Dr-CPOX
Oh-CPOX

Me-CPOX
Cg-CPOX
Bm-CPOX
Dp-CPOX
Hs-CPOX
Zn-CPOX
Dv-CPOX
Cg-CPOX
Rp-CPOX
Ac-CPOX
Ss-CPOX
Mm-CPOX
Dr-CPOX
Oh-CPOX
Me-CPOX
Cg-CPOX
Bm-CPOX
Dp-CPOX
Hs-CPOX
Zn-CPOX
Dv-CPOX
Cg-CPOX
Rp-CPOX
Ac-CPOX
Ss-CPOX
Mm-CPOX
Dr-CPOX
Oh-CPOX

Me-CPOX
Cg-CPOX
Bm-CPOX
Dp-CPOX
Hs-CPOX
Zn-CPOX
Dv-CPOX
Cg-CPOX
Rp-CPOX
Ac-CPOX
Ss-CPOX
Mm-CPOX
Dr-CPOX [ 8%ae { 5 MRPRENMEE PTRCTXPREM LESAR N
Oh-CPOX ( 5 I MRIOENMELPPENSKPIAE I LESAAR H)ebd

B 5 xis5HE i CPOXE E N & EE 5580 % F 5tk xF
Me. SC¥; Cg. KT P45 ; Bm. ZK 4% ; Dp. KLPEME; Hs. B[R BRI Zn SR A0 Dy, BSRWR; Cq. B0t B0 Rp. s 0 200 Mm. AT I BRI
Dr. Bt 5 f; Oh. IR T i

Fig. 5 Part of multiple sequence alignment of the deduced amino acid sequence of MmCPOX with other species
Me. M. meretrix; Cg. Crassostrea gigas; Bm. Bombyx mori; Dp. Danaus plexippus; Hs. Harpegnathos saltator; Zn. Zootermopsis nevadensis; Dv.
Drosophila virilis; Cq. Culex quinquefasciatus, Rp. Riptortus pedestris; Ac. Aplysia californica; Ss. Salmo salar; Mm. Macaca mulatta; Dr. Danio rerio;
Oh. Ophiophagus Hannah
WA 5 8 R T AR K IRIME, SR — 223 R I NS R S 8 v i) €8 3R ] 0 5 3% (8 R R A7 ) 42
NEERMIENGINER MG, mdan et fEscah, SA RN E R
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2% 2500 | a $E w0} a 8
788 =88
<= 5 2000 | x50 8
52 »n a0 _% »n on
£ 2% 1500 } 22X 6
=R " ER .
E@ gg 1000 jﬁ o0 4

> & a a =z 8
SES 500 SES 2 b
St Jlob v v owon (I §E7, &
g g
= 1 2 3 4 5 6 7 8 9 10 S 1 2 3 4 5

& 6 MmCPOXEFT[E % BETHIA B8 A[EFHEEHINEREALE b MmCPOXEE K

5 714 RIE (0>500)
LRSZAEON, 2.2 K5 00, 3.40 fu 38, 4. 38 iE, 55 B I, 6 4048 4 iy,
7.DJE 4, 8.5 T 4, 9.HR A Al e, 107 DL(10 H i#%). 7 B A [F 3R
IR 22 5 3 (P<0.01), T
Fig. 6 Analysis of expression difference in different
development stages of MmCPOX (n>500)

1. unfertilized mature eggs, 2. fertilized eggs, 3. cells period, 4. blastula,
5. gastrulae, 6. trochophore, 7. D-shaped larva, 8. umbo larvae, 9. larva,

10. juvenile (10 days). Different letters mean significant difference
(P<0.01), the same below

H-]EH 30000
a
%Té% 25000
'TT'CO
=2 B 20000 &
=5
2 25 15000
K %
gﬁgloooo
>
SES 5000
§® b b b b b
0
S
= 1 2 3 4 5 6 7

7 MmCPOXEREEREHLAHHILER
RIBFHE(1=4)
12, 2ANERE, 30K, 4. 52 UL, 5.68, 6.4 ik [, 7.1 9%
Fig. 7 Tissue-specific expression of MmCPOX gene in
different tissues (n—=4)

1. foot, 2. mantle, 3. siphon, 4. adductor muscle, 5. gill, 6. digestive
gland, 7. blood

NN . 458, LR AR, Hrp
LSBT W IR B S T BE, AN
i1 Gk 1 €0 2% A0 L I 1) £ 2 0K 5 DL 5 R TR
B A6 SO B A O AR R B Mm -
CPOXFEHAESCIR AN E A A b Rk &R, H
EARRFEAIEBEARTHREIGREES,
2I5e . BESL. LSO AN E R R A R B
T T B BE A 5 S0 (P<0.05), M3 Y IR WL 4%,
56, BESL, MBS ERam e, Ham
FEREAR —, i RRBRIE W) T RE A T8 BB £ . AL
o, RE AR EB A EEa 2, KR
7240, SO MmCPOXFE IR i 26 35 B 5 DL 5841 (0 I
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Fig. 8 Analysis of expression difference from
different colors of MmCPOX gene (n=5)
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Gene cloning of CPOX and correlation analysis of
shell colors in Meretrix meretrix

ZHAN Yanling', DONG Yinghui', HELin", RUAN Wenbin’, GAO Xiaoyan', LIN Zhihua '

(1. Key Laboratory of Aquatic Germplasm Resource of Zhejiang, Zhejiang Wanli University, Ningbo 315100, China;
2. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Coproporphyrinogen-III oxidase (CPOJX) is a key enzyme in the synthesis of porphyrins, which plays an
important role in the formation of pigment. cDNA of Meretrix meretrix CPOX (MmCPOX) was cloned by SMART
RACE techniques, then the bioinformatics and expression profiles in different tissues and developmental stages
were analyzed. The results indicated that the full length cDNA of MmCPOX gene was 1490 bp, containing a 1173
bp opening reading fame(ORF) encoding 390 amino acids. The molecular weight of MmCPOX was 12.04 ku and
pl was 5.05. It was also predicted that protein MmCPOX had a transmembrance region and a Coprogen-oxidas
region. Comparisons of amino acid sequence, MmCPOX was highly homologous with Aplysia californica and
shares 64.5% similarity. The result of qRT-PCR showed that MmCPOX gene was expressed in all stages, and
significantly increased from D-shaped larva stage (P<0.01). MmCPOX was expressed in all seven tissues, in which
the expressions in mantle and blood were significantly higher than those of other tissues (P<0.01), indicating that it
was related to synthesis of hematoporphyrin and formation of shell porphyrin. Considering different shell colors,
the relative expressions of mantle in red color, dark fringe and thin checkered shells, were significantly different
from the black and white shells (P<0.05), suggesting that MmCPOX gene was responsible for the formation of red
and brown shell color.
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