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x1 HEEAfd2, fzd3a. fzddFfzd10 cDNAE 2

Tab.1 The information for fzd2, fzd3a, fzd4 and fzd10
cDNAs cloned from P. fulvidraco

{5 &2 information fed2 fed3a Jfzd4 Szd10
KB /bp 2176 3243 2509 3021
length

5'JERH% X /bp 179 317 237 237
5-UTR

3R R X /bp 345 842 623 623
3-UTR

TR A /bp 1652 2084 1 649 2161
ORF

AR 551 695 550 586
number of amino

acids

BxRS KY417141 KY221828 KYO053805 KY053804

GenBank accession
number

1.4 F59Hh

FHDNAS tar 5 {44 47 384 15 2 i k% 0 Fr Bt
3URIS R Iy AN BE 4, AT 3RS L I cDNA 4
Ko RSB RRIT I L NCBI#EfTBLAST, LU
Tl 7 12 7 91 % o7 A & PR 7 &Y (http://blast.nebi.nlm.
nih.gov/). [AlH}, iz FHDNAStarfk £ 4% H FF 5]
BLHE (ORF)Jf Bl 2 FE 1R 7 91 o T3 47 L Xof i 2
J 1R[] PR 43 B 4 Clustal-WAR 4 o 2R A 4 FH
MEGA 5.080 R AR 1 (NI 1Y S8 0
T FEAAE AL R ITT+G, AT 8 0 T 5 (H R AT
1 0007 & 52 115 .

1.5 EEMERASHESRIESH

Z: BROCHRY Y, R S I 9O 3 1 PCR(gP-
CR)JFERI , 2t mu| Y W42, qPCRIZ Y
SR, 95°CHIAEME30s; 95°C 55,57°C 305,72 °C
30s, FL40EFR . AHXFRIK AR 2k
P 3k RN 2 (B-actinFl GAPDH) #4745 1
ko TS 50 3R B IX P S N S 4L G A B AN )
2H 2 JL AN () 4] % 8 VR B T IR 3R R OK T A B
5,

1.6 HIESHT

gk R S (8 85 1 1% (mean£SE) R 7~
Gt HrZ AT, R HKolmogorov-SmirnovAs: 4 it
AR WA 3 A o AN TR AR B TE] D7 22 1Y W)
PE{f F Bartletth 50 . 552 96 A BE2H 2 [A] 2E 47 PR R
77 2253 HT FlDuncan[C 2 8 [L ARG 30 . I 3 PEAKF
100.05, K FHSPSS 19.08 4 E 47 %4k 437 o
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Tab. 2 Amino acid sequence identity of FZD2, FZD3a, FZD4 and FZD10 between P. fulvidraco and other species %
B B! H R s Tl /N PN % A
genes Danio rerio _Oryzias latipes Xenopus tropicalis Mus musculus __ Canis lupus familiaris Equus caballus _Homo sapiens
FzZD2 87.6 81.4 80.1 78.9 78.9 81.7 79.5
FZD3a 78.5 74.7 69.1 70.7 70.4 70.3 70.6
FzZD4 74.9 70.5 69.9 70.5 71.0 71.1 70.7
FZDI10 90.3 81.5 76.0 73.7 74.7 76.5 74.8

7:: Ensemble$HE P25 S SWMIRT R UCHPE S o, Fol, i Iig, AR Ry By A

Notes: Ensemble databases accession numbers: FZD2 (ENSDARG00000054438, ENSORLG00000004204, ENSXETG00000008840,
ENSMUSG00000050288, ENSCAFG00000014134, ENSECAG00000017678, ENSG00000180340); FZD3a (ENSDARG00000021664,
ENSORLGO00000015986, ENSXETG00000021149, ENSMUSG00000007989, ENSCAFG00000008293, ENSECAG00000018292,
ENSG00000104290); FZD4 (ENSDARG00000104117, ENSORLG00000010775, ENSXETG00000010434, ENSMUSG00000049791,
ENSCAFG00000004399, ENSECAG00000007698, ENSG00000174804); FZD10 (ENSDARG00000068213, ENSORLG00000013641,
ENSXETG00000002931, ENSMUSG00000081683, ENSCAFG00000006800, ENSECAG00000001633, ENSG00000111432). The order of accession
numbers of each gene corresponds to Danio rerio, Oryzias latipes, Xenopus tropicalis, Mus musculus, Canis lupus familiaris, Equus caballus and Homo

sapiens, respectively
2 4

2.1 fzd2. fzd3a. fzdd4F0fzd10F 580 5 F45
fE R o

A B 5% 8 2 RT-PCRFIRACEJ7 i 3K M fzd2
fed3a. fzddFifzd103E K () cDNAL K P41, K&
S22 176, 3243, 2 509F13 021 bp(F 1), 4
A3 BT B8 E AT cDNAJT 51 ORFH &£ 43 R 1 652
2084, 1649F112 161 bp, B IFRLHE H TS 2] A9 &
FEFRASBU ) 551, 695, 550H1586, i it
f2d2. fed3a. frddRfzd107E A RSV ER & A 74 15 I
B, 25 A AN AR R PR S Y 2F e A R B
B, NG F B 2N AR NG REAL AL 5. fzd3afh
Szd4A 130 L A0 R N 1 1 2F D 2 iR A B, Ml
Szd2 R fzd 1045 127> o 2 JIK)F 3 LbXof & 9 5 i £
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78.5%. 69.9%~74.9%F173.7%~90.3%(F2).
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e Wi, AR 2 2 TG i 2R e (A L
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() 2 TR K- fe i, SRIE AR UM . JILP A0 i s
I 7E Al 2 20 b TG 0 2 1 22 55 (I812-b) s fzd4 7 R
IE b Rk e, HUORAG I . 68 WG . AFAER
LA, e A 20 20 OE 8 M 25 57 (B 2-c); f2d10
FENLA ik e, HROENR I . AE . R
AU, 178 JHE S A v JE B 3 22 5 (R12-d)
2.3 IKIKIARE X f2d2, fzd3a, fzddF fzd10
EEREKFERNEM

TERTR28 AN, fzd3a mRNAJK Y- Fifi 25 4 e
AR e, (H 2 f2d2 . frdAR fzd 1 05 [H ik
Ak PR T R 3 M 25 S (81 3-2) . TE R ERS56 d,
fzd2 mRNAKE7E30 pg Cu/LA fe iy, HAb2A 4
ERARBE, fzd3a. fzdARfzd1 0 H K F 878
34 2 8 41 44 TG b 3 v 25 S (&1 3-b).

3 WTie
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ESHL S
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B, W7 . 2 T AN IR R
R A% 3, DA KNI 19 240 Vs 76 N 4 7 5 07
SrdFERINSG & 5 2F e 2R 45 14 3 5 Wnt i 44 (14 25
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Je % ¥ Ak 1 Oreochromis niloticus FZD3ENSONIG00000001234 FZD3
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10032 HU& Pelteobagrus fulvidraco FZD4 |
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£ 74 5 10 8 B2 Astyanax mexicanus ENSAMXG00000003697 FZD4 !
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Too /M B Mus musculus ENSMUSG00000049791 FZD4
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100]
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H Equus caballus ENSECAG00000001633 FZD10
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85 rﬁi‘?ﬁ@Pelteobagrusfulvidraco FZD10]

58 7 =F W Ag 6 Astyanax mexicanus ENSAMXG00000015445 FZD10
BE I 1. Danio rerio ENSDARG00000068213 FZD10

L8] il Tetraodon nigroviridis ENSTNIG00000005797 FZD10

#H il Oryziaslatipes ENSORLG00000013641 FZD10

I ¥ 1 8 Ciona intestinalis ENSCING00000006849

1 ETNEEHZ BT YIFZDE E 8 7 5 #) & Gt (e i

Bootstrapfa % 1) 2 5 X £ 1 000K

Fig. 1 NJ phylogenetic tree of amino acid sequences from vertebrate NK-lysins

The tree is based on a 1 000 bootstrap procedure

http://www.scxuebao.cn



http://www.scxuebao.cn

5 14 SRS, 5. WBMAFZDRGANFLH B TIME . 221335 SR 04 i g 629
glo' _f_ : 2.501 q
% 5 5 b b b mﬁ : ‘}
¢ o 5 R
. 7 - >
®s | m N K S ¢
=3 23 1.251
?ﬂé 2T + mazc . b
E= < c
=5 | = 8
> a = a a
soll i lal il 1l 1m ¢ Jldhad [l 1e]
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
H A HR
tissues tissues
(a) (b)
o 41 = 10
o o d
7 d 7 —1
S 5] g o be
X & 9B 5 c
® 2 ® 2 N
'\T’< i -‘T,Q: -
=z 2 be c XZ -
B abc =
E i E ab ab ab ab
= a a a = a a
8 0 T T |_T.I T I_T-I m T II—| |%| 2 0 T T ,?l T T T T &l T
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
H R HR
tissues tissues
(¢) (d)
E2 =G LdERRBALARNRILER

LW, 200, 3%, 4.6, 5O0AE, 6. WA, 70805, 8 HFAE. 9. 60, ARTFHRRIAREELRER, TH

Fig. 2 The relative expression of P. fulvidraco fzds in different tissues

(a)fzd2; (b) fzd3a; () fzd4; (d) fzd10. 1. brain, 2. spleen, 3. kidney, 4. gill, 5. heart, 6. muscle, 7. fat, 8. liver, 9. ovary; different letters indicate significant

difference, the same below
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Fig. 3 Effect of Cu exposure on the mRNA levels of genes in the ovary of P. fulvidraco on days 28 (a) and 56 (b)

1. fzd2, 2. fed3a, 3. fzd4, 4. f2d10
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(IR 4R T,
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P28 A4 8 b T fzd3aImRNAJK -, {H 2%}
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56d, fzd2 mRNAJK-7£30 ug Cu/L4Hfer, HoAth
MU EF AR E; KIEE RN fzd3a. fzd4F
Sfzd 10K R E 2 . BT A W 5% 25 B 4
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Molecular characterization and tissue distribution of Frizzled (FZD) in
yellow catfish (Pelteobagrus fulvidraco) by copper exposure

ZHANG Lihan, LUOZhi’, YOU Wenjing, LIDandan, WU Kun, PAN Yaxiong

(Key Laboratory of Agricultural Animal Genetics, Breeding and Reproduction, Ministry of Education,
College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Four complete FZD cDNA sequences, designated fzd2, fzd3a, fzd4 and fzd10, were amplified by RT-
PCR and RACE approaches from Pelteobagrus fulvidraco. The validated cDNAs encoding for fzd2, fzd3a, fzd4
and fzd10 were 2 176, 3 243, 2 509 and 3 021 bp in length, encoding peptides of 551, 695, 550 and 586 amino acid
residues, respectively. The amino acid alignment and phylogenetic analysis revealed that Fzd sequences were relat-
ively conserved among different vertebrates, and fzds of P. fulvidraco were more closely related to those of Ictalur-
us punctatus. All fzds mRNAs were expressed in all tested tissues (brain, spleen, kidney, gill, heart, muscle, mes-
enteric fat, liver and ovary), but at variable levels. On day 28, fzd3a mRNA levels increased with increasing water-
borne Cu concentration, but mRNA expression showed no significant differences among the three groups. On day
56, fzd2 mRNA levels were the highest in 30 ug Cu/L group and showed no significant differences between other
two groups, and mRNA levels of fzd3a, fzd4 and fzd10 showed no significant differences among three groups. The
present study will be helpful to understanding the physiological functions of fzd genes.

Key words: Pelteobagrus fulvidraco; Frizzled (FZD); molecular characterization; tissue distribution;

copper exposure
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