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TEUF R B Il (Mizuhopecten yessoensis) T & I SCD
FEPI TSRS B N R I #AEEE 1 (APOL)
e RS HaYIRNENE N R
JEREH , £ SIREREEN (Pinctada martensi) P
FRW Pm-APOL3 5K 2 52018 b Z A",
[F)RETE = WLAE 58 3R B hedpo JEIH KK
5 MR R B IEMA, Beta-Carotene-
15,15-monooxygenase (BCO1) I Beta-Carotene-9,10-
oxygenase (BCO2) NI &2 520 8 N 2 2 2
H) 2 FOCHEREY ., BRILZ Ak, Wang S A STAIE
W LPCAT1 R m] fi S 8 I 3R 7 MR 53 DL 1]
FENL I BUR 5 ke 5™ R FE % B HeLPCATI
BEPITT AE HEREH B N R p0fdAr, HEMR =
MLEE A e B pIE . SR, SREE DR
5 FIREENLE A RARE R, KiE NRAR
RNRTE, D EEE Y MRS GERSE
FIRTEM Nzt Hoh, 25608 M RPN
M2 19 85 H B335 Pi isoform of human glutathione S-
transferase (GSTP1), carotenoid-binding protein
(CBP) 5 fatty acid-binding proteins (FABPs) 45,
GSTP1 J& T4 e H K S-54 % i 5 Wk (GSTs) 1Y
P, TILLGwAS S-HE RS MR A BE" . Bhosale 55
W5 R GSTP1 AN 2EIH S b ReS G HE AT
FRERG G IR BRE W HA A B
WL R GSTP1 e [A 4 fith 1) & H i 52880 % b
RE5G MM AR S RKigis g i
HAER

N T I =AM HeGSTP1 JERI7ESS5 8 b
A IPE R, ARSI vE R TT A A T = A WL
HeGSTPY & R B A K ¥ 31 5 38 3 52 I 9¢ Dl € &
PCR (qRT-PCR) F1 J§i {ii 2% 3¢ (ISH) £ R 5% T
HeGSTP1 3 PR = F LI v 1% 28 38 B v A L 5
FIH RNAi H AR HeGSTP1 S =ik, LIDF
FHGERNY bR WM, it
DI5E . BEREUE I UL HI S Ak o A

1 MRS TT

1.1 SEIe#f Rt

S P = A WL D TR AL 8 A 0 = A
EEBT AL, A SRR A AR, TR B
Hi B AR IBORRT, = A WL 3 5 BN e
R, A5 1 SN 5
@RAREE”, HEEEH Y0 6 Hlit. Phkmi
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KA T KAMHIERRREAE, TSR 7d,
KRR AE (24 £ 2) °C, K& ME 3 i N BR
(Chlorella vulgaris) HARFEFE A o FHALZE LA &EFI
giEK 3 W, CREFERRE . ML, FR. W%
BRI Je i 5 AN, B HeGSTP1 3R By 4H 4
Rik2ER . LI FE P RAE N AR SE I
RSB, I I I KA B A
2l 5 A0 AL AT o
1.2 WFE

% RNA 42 BR & cDNA 4 &, K H TRI-
zol A AR B i . SRR AL, IR B
TCEETHAN 1% AR AL I F VKA T S RNA [k B
AT & o 3 N 3T B BT B cDNA R A TaKaRa
RACE &7 & (Code No. 634858) & /., qRT-PCR
Bt F cDNA X i TaKaRa JZ %% & 5 & (Code No.
RRO47A) &, AR cDNA T —20 °C {84751

HcGSTP1 35 B #9 F, 15 B o #r R4 =
WA &7 4 R S 2H 85080 ) R AR HeGSTP1 A
BB 5, it sl (& ). RH
TaKaRa RACE 5l & (Code No.634858) 1T PCR
Pis(souL ), BEENL, ¥ r=9iEE] PMDI19-
T #& AR I I % 1k 2 K W #F & (Escherichia coli)
DH5a 1, flE SR (IK). L% PCR WiE)5,
FEMRAEA: TA Y TR () ey A PR Rl kAT
IR, D45 S 22 DNAMAN ${4- P55 3] HeG-
STP1 FEH M2 KIFH] . HRYE Zhang 55 Jrikii it
FFA 5y T A = I HeGSTP1 R & XY
G R G

HcGSTP1 3K B #) &35 547 R HeG-
STP1 #:H 4K 7%, Ll EFla-F. EFla-R HH
Z ) %1t qRT-PCR R 519 (& 1), 4
TaKaRa ¢ )6 5 87 & (Code No. RR820A) 117
qRT-PCR (BRANFE S AT 3 R 90 55), Kl i
BE RN R A SN B R R KTk o i Excel 5k
AT BEAL B, 27 AACT P AR SRR N ek i,
1£ IBM SPSS Statistics 11 GraphPad-Prism-7.0 %X {f:
AT 2 SRR E AT

BT R 24 S R S 1 (6 1) Il R 5T
(—80 °C IRATE FH) o BULE Ik AN E s 4H R [ 2 7E 4%
ZRWPEERERT, BEA 140, ik, EH .
2 AR — R IR & G R Zescad
T2 2 HRARURC I o 750 J A7 s A R & 1T (i
WEIREE) VAR B T, DFFRER T S SL g 25 R 4
HRIC %o
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&1 HcGSTP1 EEZWFTASIH
Tab.1 Primers for HcGSTP 1 gene experiments

514 F#31 (5-3) H

primers primer sequences (5'-3") purpose
GSTPI1-3"-outer TAATGATGGAGTGGAGGACTACCG 3'RACE#" 1
GSTP1-3"-inner GAGATAGCCAACCGACCAAACA
GSTP1-YG-F TGACGTCAAGGAAGGTGCTC qRT-PCR
GSTP1-YG-R GGTCGGTTGGCTATCTCCTG
EFlo-F GGAACTTCCCAGGCAGACTGTGC
EFla-R TCAAAACGGGCCGCAGAGAAT
GSTP1-YW-F TGACGTCAAGGAAGGTGCTC JRL AR AE
T7-GSTP1-YW-R TAATACGACTCACTATAGGGGGTCGGTTGGCTATCTCCTG
GSTP1-GRNAI-F GAAGACGTGAATTGCAGCGA RNAiT#

T7-GSTP1-GRNAIi-R
GSTP1-GRNAIi-R
T7-GSTP1-GRNAI-F
T7-GFP-GRNAI-F
GFP-GRNAIi-R
GFP-GRNAI-F
T7-GFP-GRNAI-R

TAATACGACTCACTATAGGGTTGATGTTTGGTCGGTTGGC
TTGATGTTTGGTCGGTTGGC
TAATACGACTCACTATAGGGGAAGACGTGAATTGCAGCGA
TAATACGACTCACTATAGGGAAGGGCGAGGAGCTGTTCACCG
CAGCAGGACCATGTGATCGCGC
AAGGGCGAGGAGCTGTTCACCG
TAATACGACTCACTATAGGGCAGCAGGACCATGTGATCGCGC

RNA F# W HcGSTP1 3K %11 RNA
TR R VET Y, T A IE ST 1) 5 s i T7
JasF (& 1). £ PCRY MG (50 pL. iR M
& ¢cDNA) U B f5, H T7 i 5] & (JT101-01)
BT LEE . BEALEE 6 H LIk 3 41 (5
2010 ). SCE Al (7S GSTPI-GRNAI T4
By, A5 OO B [ SRR RR Fh 2 phES U (PBS)] LA
FeIPERT R4 (FEST GFP-GRNAI T-44%), 4 H %
e VR 5 B R BN 60 g (T H0EE (SR N
H5e ). 48 h G BG4, HT gRT-PCR
FLEEHE PRGN, SHINHIRER 1T
DT N RS R TR

2 4

2.1 HcGSTP1 EEFHHFEMBIL D H

HcGSTP1 %: [H 4= K cDNA &y 1 317 bp (Gen-
Bank: OP 963708, [l 1), Hi 56 bp 5'-UTR. 643
bp 3'-UTR Fl 618 bp ¥l & iSZHE (ORF) 411, %
T 205 NEEER; £ InterPro T EAE 3~74 4
B2 (AA) &bk GST-N-Pi £5 Ky 38 F1 83~205 AA 4b
}3 GST-C-Pi Z5#3ak, X 2 45380 GSTs FK ik
RS D) pe B, DA% LK 8 T PiZE GST!Y,
Expasy UM% 2 1Y) 43 F #2978 23.38 ku FIERIE

R E K7 2: 2 E /) sponsored by China Society of Fisheries

SEHL RN 6,90, F IR AL N h e E R 1 B B,
N 12.70%.

BT EIERFHVRIIEME A, =AM SRS
i (Cristaria plicata) W RIJEPER S, M 95.12%,
BioEdit Z P3| LA &5 R on, —MWEE HeGSTP1
B TR 5 08 ek i 235 4 B AR DL B e o DABEEh £
(Danio rerio) TR VG (Salmo salar) R HMEE,
5 HAB I Y Fl GSTP1 FEH Z LR 751 FE XI5 48
PR R, =MW HeGSTP1 & 52751
SWEUE M R EGE, B — R, KR RIE;
HR 5 L0601 (Mytilus edulis). BRI A: G (Ostrea
edulis) F1HAEF 45 Iy (Ruditapes philippinarum) %
K—RK3Z, SEEN LR HIE (Cipangopalud-
ina cathayensis) FLEAR (B 2. & 3), JEH L
KRG A FEA — B, SR E #E LA
22 HcGSTPI ERETRIR & =AMERA
RNEFRFIK

HceGSTP1 FERTE I SEA AU P A R X,
HHEAEA R AL RIRAAEAE R E R, T8
SCRER IR AN 7R R b Rk R R . HeGSTP ik
PRITE 58 B (00 I DR R R 75 A2 vh i a8 B i 3 s T
F1IE (P<0.01), HcGSTP1 3 R 78 48 I i) v e BRI
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91
12
181
42
271
72
361
102
451
132
541
162
631
192
721
811
901
991
1081
1171
1261

T TEHREH ATG Rl TAA 4 SRR IR B F &L %0 F . T RIZE /10K GST-N-Pi (3-74 AA) 45MHk: W15 # 4 A3 GST-C-Pi (83-205

agttacaaccagctttaggcctagtctcagtgagtaccggcatagctagcagaacCGGCATACAAGCTTGTCTACTTCCCTATTA
M TAYZ KLVYFZPTI

GAGGTCGTATTGAGCCAATCCGTCTCCTGCTTGTTGACAATGGTCTCTCCTACGAAGACGTGAATTGCAGCGATGGCTGGCCAGACAGCT
R GRTIEPTRTLILTILVYVDNGTLS SYEDVNTCSDGWE®PTDS

GGAAACCAAAACTGGCTTTTGGACAAGTGCCACAGTTAATTGATGGTGACTTTGAACTTGTACAGTCCAACACCATGCTGAGGTATTTGG
WEKPKLAFGQVPQULTIDGDTFETLVQSNTMLTR RYTL
GAAGAAAACATGATCTATATGGTGCTGACGTCAAGGAAGGTGCTCATATTGACATGATTAATGATGGAGTGGAGGACTACCGACTTGCAT

G RKHDULYGATDYV
ATGTGAAACTGATCTATCAAAACTATGATGCTGGAAAAGAAGAGTTCATTGCTGGCTTGCCTGCCAAATTCCAGTACCTAGAGAAACTGT

TGAAGGCTTCATCTGGAGCAATTATTAAGGGGAAGAAAACCTATGCCGACTACAACCTTTTTGATCTCCTTGACATTCATCTTTTGCTGG

CACCATCATGTCTGGATTCCTTCCCAACCCTGAAAGCCTTCCATCAGGAGATAGCCAACCGACCAAACATCAAGAAATACAGAGACACCG

ATGCCTGGAAGAAGCTGCCTGTTAATGGCAATGGAAAACA e: tcaccagaaaagacattgaataatagaaacaattcatagacagta

*

ggacagatgtgaatggtaaatcaccagaaaagacgtcagacaatataaaattcatagaccgtaaatggcagtattttattttgaaacctc
tgataacttttatcaccatgggcattgtggtattctttaattaaaaatgtcaacccaaaaaaattacaggttttctttcaaacaaatcca
gtcacatttacggaaaaagtattgagttttcattattatttttgtttatctgattttgtggagtactcagatttgecaagtttgagetaa
gagttttagagaaaatgctgettttecttttttgttttgtgetttttcatttatacactattttgtttttgecattatgtcaattttaaatg
tttcactgtacaggagatactcttaaattcagtctttttcttcatttaaaggttagtttttatctttagttaccagtggtttatatgate

accttaatgatgataaaatttgctgtctaagggtgatgcatttaacaatcttgaaggtggaattttactacttgtgttcacttccgacaa

taggaccattgtgtaacttt‘
1 HcGSTP1 £ [ cDNA FI R EGmBRERFT

AA) G518, SETAAE aataaa F oIS 567 5.

Fig.1 cDNA sequence and encoded amino acid sequence of HcGSTP 1 gene

In the square box, ATG and TAA represent start and stop codon. The underline part represents the GST-N-Pi (3-74 AA) domain; the shaded part repres-

ents the GST-C-Pi (83-205 AA) domain; rectangular box aataaa represents tail signal site.

P2 B Y ek IR 2 T A (P<0.05), [HTE
ML 2k B i 22 5% (P>0.05) (K 4).

23 HcGSTP1 EFHEIINEBFEALT B FRIA
$HE

A B RNA BREF, X = ff LI A1 £ 5
VIR A7 IR 22 28 500 . S5 WoR, HeGSTP1 %
WIEANERE 5 4 Feak . Hih, AME L EREIX
WX . MRS 5 P oRE B R A DA R 4 Th RS (OF .
VM. DM. MF) [ S5 T A #E (IF) (& 5-a).
BT BE AR N ZH 2 R 38 o 2= 32 (55 (& 5-b).

24 T HeGSTP 1 E[F G =AYb E
LRPE NESETUDWR

TE dsRNA TG 15 5E D 2 41 21 cDNA
H, dEad qQRT-PCR Kl HeGSTP1 3 [H] (1) AH Xf &
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ikt (B 6). Z5R R, SIA HeGSTP1 BN
FoIR R AT T IR ZH A0 BA P X IR 4H 2 A (<
0.05), F#AIX 83.74%, THLEELIIING T HeGSTP
FH ML

R T4 48 h J5 — FAWLIE 2R Al 21 2
8 MRS E (TCO)., 45 RN, H4 PBS4
ML TCC (3% 2) M (33.47+0.13) ng/g, TES GFP
20 T S T A 4L S 5 TCC 430908 (33.21+
0.19) pg/g M1 (23.39£0.27) pg/g, KW H P ES &
TE 2 A% R R G . 3% 25 5 (P>0.05), {H RNAi 4
JEAE N FE A L IR A B PR AR (P<0.05), [
T 30.12%., VLHH HcGSTP1 JE 4 i 26 31K A fig £
FANESID N N il LN LS ay

3 Wi

HcGSTP1 FEH A i RS, RIfE 80 E . Rk
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2 GSTP1 EESE T EERRFIELxT
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Fig.2 Amino acid sequence alignment of GSTP1 genes with other species

The depth of color represents the degree of similarity of the protein sequence, and the darker the color represents a higher degree of similarity.

KIGUL M. edulis

95

(AAS60226.1)

WAL O. edulis

75

(XP 048768782.1)

FHREMW R philippinarum
(ACM16805.2)

FoUEs:  C. plicata
(ADM88875.1)

100
I— =S H. cumingii

(OP963708)

PAEF I C. cahayensis
(ACJ03598.1)

100

PEL L D. rerio
(BAD98445.1)

KoGeEtd: S salar
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—_—

& 3

(XP 014054777.1)

GSTP1 EREFEBLF AR PO NJ R LR

Fig. 3 Phylogenetic tree of GSTP1 amino acid sequence in different species

DN % 5% T DL 25 5% DL 2 — = A i
HcGSTP1 H& [H 438 GSTs F 1 #8 fi o)y fig dof——
GST-N-pi 25 ¥4 35 il GST-C-Pi 4% #aydek, 15 BH % %k
K& T pi 25 GST', R4 R G , RAKIGE

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

D126 =MW HeGSTP 5 #8 80 i GSTP1 15 56
BR—Ar3, BRI S5IAKNTE D2 (IR DL, KR
s S AR AT i) R — K3, e S5 EN
AR (5] AR SR — 3, RPRK IS D2 gk
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100
20 sk FHif white mussel
mm 200F purple mussel
= 60
2 40
0 2 .
K8 20 ==
K3 *
2 6
o=
w s
) 4 *
—
2 i
0 |
H MC PM AM F
HH
tissues

4 HcGSTP1 ERHZHSBATPRENREAKF
H. B, MC. e, PM. AR, AM. BI5ENL, F. %8 <
RoRERFBE (P<0.05), “**FnzEFREE (P<0.01); TH.

Fig. 4 The relative expression level of HcGSTP 1 in
various tissues of white and purple mussel

H. hepatopancreas, MC. middle mantle, PM. fringe mantle, AM.

ko

adductor muscle, F. foot; indicate the significant difference in the
level of P<0.05 , ”**” indicate the significant difference in the level of

P<0.01; the same below.

DM
VM
/ F
e N
e ?
¥ bt S MF
= ol L
100 pm
(a)
DM VM OF
/ A N
vk F
,,,./ 3 ;S
! «MF
ot - = N
IF
100 pm
(b)
5 =AMMEINEES HeGSTP 1 EE MW
FTIRENL

() FTEAS 5B, (b) BIYEXT I, IF. WAY, MF. 148, OF. 4k
i, DM. KIRIX, VM. JEREIX
Fig. 5 Expression and localization of HcGSTP 1 in the
mantle of H. cumingii

(a) the location map of positive signal, (b) the negative control; IF. inner
fold, MF. middle fold, OF. outer fold, DM. dorsal mantle, VM. ventral

mantle.

XGE VLA RS, e N Z A ALH
Jr il BEAFAEAN R DN RE 5 IR K £ 5 Wi R AR A S
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A FIA B
relative expression
N

0
PBS GFP  dsRNAi
ol
groups
Bl 6 T HcGSTP1 fE LA SEFMRIEA
Fig. 6 The expression of HcGSTP 1 in the fringe mantle

of purple mussel in interference experiment

®2 FHREEEBGES TCCNE
Tab.2 Changes of TCC in fringe mantle of purple mussel

in interference experiment

3 groups TCC/(uglg)
PBS 33.47+0.13°
GFP 33.21£0.19°
dsRNAi 23.39+0.27°
H: FRMERRERFARE (P>0.05), FRARERERLE

(P<0.05).
Notes: The same letters indicate no significant difference (P>0.05), with
different letters indicating significant difference (P<0.05).

AR N FZACLHD I S AR E R, e
(Carassius auratus). B8 (Cyprinus carpio) F1Z1
(C. flammans) 5 R HIRK BIERENG I B M &K
FEAVIRT 2, R 6E A K 0 2 H) Bl = e A 28
MR IINEE S N AR AR AN AR
e, ST, HeGSTP1 3 DX 7 2 06 JT A A
# R B R (P<0.01), EAMRERNE=
FMRAE B 250 2 DRl HA 25,
HF R BRAE R0 % | 2R UURUA L Al ol 8 224
AT, FEMTFL B DL (Chlamys farreri) ", CfGSTpi
SENTEA LB A RILHAEES, TR
Rkt , ASEUh R IR EARRY, X —4553
HARPGEEMEH A RIRE B, EREPHIRE
W1 S L AR (Paphia undulata) 55 J& %5 Ho A 2H 41
KW PREGEE, HEAUIIEER, TATHEN
=HANEETEF R TP RIS PR E RSB kit
Wy AU RIS K B, HeLPCAT 3 DR 7 i 4 i o
R E SR, UV R RRTEEIHE MR
Hzid A EEM O, W, HeGSTP1 JEHTE
SE I v g R 320 5 5 Y 2R 8 R R T
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(P<0.05), TMiAMNERAE I 52 FIBERRIE RS @ rp
EAER, P, HeGSTP1 K: PR 7E 22 0 1 )1 ik
. FRMIMER R E RS, UHZIEEH AT R
Z 58 MRz, IFrTRe S =Mkl e
BIRMIE B A% UG, SR, 41K HeG-
STP1 e AR 20 4 vh e ik ik 22 5 1 s XL K AE )
FUIREIA R — 25

A5 R GSTP1 T 45 A8 P RAESK
A N R E B R EEEAEM ., XY MR
FHEUEARSG G WL ETEY T, £
RN AL 73 5, SRIG e 48 rh 5 H AL AR
R FLACTE L FLBE WUk, 5 5 B2k A 2 ol bk o
PHOB L, HRETAB, TR N ZEK
P, T RTTEMEN YIS, HAARN 2
# NRAEERMEARMLS S, Bl h&R
ZiaEn, MNMMETRNAE hRWRE. Pt
TP RS TR MR GHEAEIRNY MR
s P R AR, 4R dsSRNA XHA Y
) HcGSTP1 #£47 RNA THf5, #£HLUN5 e
SRR, IR R E, iRk
R E; SRS PBS A AXT A LA BT
BRkas, SubREe, B2 N A W
. 28 BTk, HeGSTP1 BEDAE =MW EE g5
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Cloning and expression of glutathione S-transferase pi gene and analysis of
carotenoid transport function in Hyriopsis cumingii

YAN Ling ', ZHONG Jingyan', YUAN Yongbin', ZHANG Yao',
HU Honghui ', LU Tingting', BAI Zhiyi "**
(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China,
2. Shanghai Collaborative Innovation Center of Aquatic Animal Breeding and Green Aquaculture,
Shanghai Ocean University, Shanghai 201306, China,
3. Shanghai Aquaculture Engineering Technology Research Center, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Hyriopsis cumingii, a pearl mussel endemic to China's freshwater waters, produces more than 70% of
the country's freshwater pearls. However, the low quality of pearls is a crucial issue, among which color is one of
the main factors affecting pearl quality. Carotenoids are the class of fat-soluble natural colorants, and many studies
have shown that carotenoids metabolism significantly affects the color of aquatic objects, and pearl color is closely
related to carotenoids. Carotenoids cannot be synthesized directly in most animals and must be ingested from food.
The metabolism of carotenoids in shellfish is a complex process, and the mechanism of absorption, transport and
cleavage in the body is regulated by multi-level and multi-level factors, involving many key genes. Carotenoids are
important natural pigments, and it has been found that carotenoids metabolism is significantly related to shell color
of shellfish. Glutathione S-transferase Pi (GSTP1), a carotenoid-binding protein, was used to elucidate the func-
tion of the HcGSTP1 gene in carotenoids transportation in H. cumingii and to explore the correlation between the
expression of HcGSTP1 gene and shell color of H. cumingii. HcGSTP1 gene was cloned and identified in this
study, its sequence characteristics and evolution were analyzed. The expression and localization of HcGSTP1 gene
in H. cumingii were detected by qRT-PCR and in situ hybridization technology. The function and mechanism of
HcGSTP1 gene were preliminarily analyzed by RNAIi technology. The results showed that the full-length cDNA
sequence of HcGSTP1 gene in H. cumingii was 1 317 bp, of which opening reading frame (OFR) was 618 bp,
encoding 205 amino acids and containing a GST-N-pi domain and a GST-C-Pi domain. The results of qRT-PCR
showed that the expression level of HcGSTP1 gene in hepatopancreas and axetopods of purple mussel was signi-
ficantly higher than that in the corresponding tissues of white mussel (P<0.01), and the expression level in the mar-
ginal membrane and central membrane of purple mussel was significantly higher than that in the corresponding tis-
sues of white mussel (P<0.05). The results of in situ hybridization (ISH) showed that the positive signals appeared
in the outer fold, dorsal mantle, ventral mantle, partial middle fold, and junction of outer fold and middle fold of
pallial mantle. RNAi technology results showed that the interference rate of HcGSTP1 gene expression in the
fringe mantle reached 83.74% (P<0.05), and the total carotenoids content (TCC) in the fringe mantle was reduced
by 30.12% (P<0.05). These experimental results preliminarily validated the vital function of HcGSTP1 gene on
carotenoids transportation in H. cumingii. Furthermore, it might affect the color of shells and pearls, and would
provided molecular basis for further understanding of the mechanism of carotenoids transport and color formation

of shells and pearls in H. cumingii.
Key words: Hyriopsis cumingii; HcGSTP1 gene; carotenoids transport
Corresponding author: BAI Zhiyi. E-mail: zybai@shou.edu.cn

Funding projects: National Key Research and Development Program of China (2022YFD2400105); China Agri-
culture Research System (CARS-49); National Natural Science Foundation of China (31872565)

https://www.china-fishery.cn HREK P24 )5 sponsored by China Society of Fisheries

10


mailto:zybai@shou.edu.cn
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

	1 材料与方法
	1.1 实验材料
	1.2 实验方法
	 总RNA提取及cDNA合成
	 HcGSTP1基因的克隆及分析
	 HcGSTP1基因的表达分析
	 RNA干扰


	2 结果
	2.1 HcGSTP1基因序列特征和进化分析
	2.2 HcGSTP1基因在不同壳色三角帆蚌的组织差异表达
	2.3 HcGSTP 1基因在外套膜组织空间表达特征
	2.4 干扰HcGSTP 1基因后三角帆蚌边缘膜组织类胡萝卜素含量变化分析

	3 讨论
	参考文献

