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E: HTMXBERNEAE D EFREAEXLEEE K ZHKB X I(Mm-SRBI) 5 41 7% &
R R B M, R E N Tk A H 4 A X $E AT SNP ffF & fn X BK AT, A AR K
Ky BEREWLAN T Mm-SRBI &R £, AREXHIERTHREZR. 4
Por, T Mm-SRBI 5 H Wy 45 %5 X i 6 2] 15 N SNP AL &, L THRFFFH L4 NREML
& c.647C/T. ¢ 723A/G. c.818C/T. cl037A/G 541 . B H & HF £ 8 ¥ ¥ 5, H &
CTBAGH AN ERXRE (FREBRRE N HAR), H 4L R AR E 7 EEEH
M, BEARKHNTS A ERLERRY, Mn-SRBIAL AP N EA XL ERERT T A
TXHh, TERFIBUINEELLBENAFTL. AREXY, Mm-SRBI L H & k#*k G
TRARIHAXBALAE NIRRT LEZR, ANTEEKAFABRFSROREN
o

KB #h; 7% SRBI; SNP; & A ki

FESES:Q786; S917.4
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K MRE-MRE I AEYOR, 8RR
s OB ETE RN B, D35 R
FERNE PEREY, WHBRRENE PR
H AT E &0 E 2 F I3 m D seh A 2R 81 8 b
KU, D R R N A R e B
AREHE N R, 1HIE RZIK B 21 (scavenger
receptor class B, member 1, SRBI) 1B —Fp 2 Lk
ZAR, REME G ZFRE N, mifE Esh Y ik
RS PRI Sz, 2R RN
BT R B Y, 4 B TERK & (Bombyx
mori)! " R AR W) v vE BEAS B SRB K
AR, JRIERIH SR NS b ZABA G,
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RS2 . [y 22 s EEEH T Ilseh
FKAE PREEAFGIEMYY, 5] E ke
142 Mm-SRBI 4= 1<, I Kl % BLAT 76 S AhE
J5E rf Mm-SRBI JE R 3% 3% 4 . % 8 T 11 58 SCHa o
SR, HFTXT Mm-SRBI 3 [ 78 £1 5% SCiG b Y 48
S MR A RIEZE T 5 4050 608 0 SR A
W5 i A DL IE o

ENTEMPEANNNE A'S SSPOE S AE
$2 I 7 1 07 1K 43 Bt Mim-SRBI 3 X A 5 5% 6 Bk
) BB A 1R 2 5 M (single nucleotide polymorph-
ism, SNP) i s, My J3Fbric i ik & 42 L3 Ail
FH 5092 92 96 (immunofluorescence, IF) Fl & H %
Ef#F (Western blotting, WB) £ K X} Mm-SRBI &
TE SR AP E R ) AR FE ST 00T, R 98 Mm-
SRBI #ikiEH LR He @B REIM LR, HIRA
FEBT SIS AR N A 8 D R A PR S (A P BE Al

1 MBS IE

1.1 SCIg#t R

ARSI EARS T NS D e )
B LI RHR M H et &R, &/ BWA TG
T 5 O B RHT TR A e . B IRLL SR 5
G4 210 kL, BOMNERAN TR A D E G, )
7T 80 °C ML vk A, JH T 5 22 SNP i ik
SRy SERLLST . HSTICIRAS 5ok, HUBEEANE
BT 4% Z R WP g%, TR
1.2 Mm-SRBI £[X CDS [X SNP §ii ik

AR A A S 86 3 o B A B B9 Mm-SRBIE [
(GenBank & 3¢5 . KY434116) ¥4, {# ] Primer
Premier 5 {4 15 11 H: % 5% /¥ 51 (coding sequence,
CDS) X FF 5519 (R 1), ] Trizol B2 IAL5E |

#F 1 Mm-SRBIE[E CDS F5i #5415 2

Tab.1 Primer sets used for Mm-SRBI CDS sequence

amplification
GIE/E2R S S5 R(5'—-3")
primer sequence (5'—3")
SRBI-F1 CTTTGGAATACTAAAACAGCGTGG
SRBI-R1 TAGCCCATTCAGTGCTCCAG
SRBI-F2 CCTTTGATGACACGCCCTT
SRBI-R2 ATTGTCACCATGACTTGTTACCTG

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

176 SCUE 7 540 41 RNA, K B TaKaRa 2 7]
PrimeSecript™ RT 3277 & 56 43 S % 555 B cDNA,
PCR 4384 J& FH 1.0% Byt i B 58 e L vk A5 PCR ™
Y, YIS R B 250 1Y PCR P4k (ht
MR A= M), FIF ContigExpress 5 {4 X ] /7 4%
RUEAT PR, 3L F )P 51 X ok A 4k SNP v 45,
{ifi H Mutation Surveyor 3 4 & Il J3 [ 335 >k i2E 17
N TAEXT UL Je Geit R A8 5, FH SPSS 22 #f4%f
57 AR OB AY SNP 37 s, 3 R A 18 17 A0 26
53T I POPgen 32 AR {41155 P A 7 4 SCIG HF
1 Mm-SRBI £ H (1) SNP £ 545 8., FIH L 5
1 M ¥h  (http://analysis.bio-x.cn/myAnalysis.php) 43
M 9 A8 A7 a5 18] (14 3% BEASF- 4 (LD)s

1.3 Mm-SRBI & H RIARH LA E L

B 4% 2R PR 2 arse . [Hoe b 4h
EWNGHLN, GRE LK, ZWARAET
EE W], AN (RN 4 um), HE RS
ALY R, S WRBE, B LS K, PBS
gk, Tris-EDTA HUE R, H 5% BSA & W
ZiRE 1 h, T3 Mm-SRBI —¥t (1 : 200),
VIR VT 4°CWERE TR ; PBST ik
3x10 min, PBS # ¥k 2x10 min, 7£ KF % o i hn
FITC % )t ic 19 BB #R 1gG — 9t (1 : 150, &
DAPI), =R BEIFE 1 h; B3 A % T PBS h
Vet 3x10 min; 7F Nikon 80i 7¢ G i fs 55 F WL %2
(NG

1.4 Mm-SRBI & H#) WB &1

Werse . |t b EEA L, A
i i RIPA 24, 219 FIH BCA 00 8 1 BT
Wl B A EHRIE R SDS-PAGE #Elit, & F
B, HEHRZYIE G5 % PVDF B I, H 5% it
SR B PR TRIEE 1 h, A J AR R 1Y
— ¥t (1:100) 97 H 48 4 °C i 7% ; TBST iF ¥k
3x10 min, Sl A4 % HRP bric 9 BT 4 —
L (1:2000), =% F 1 h; TBSTE ¥ 3x10
min; B % o AL E Y 5 b 2% & Ot 15 (enhanced
chemiluminescent, ECL) &% YR ¥R G, TWINE
PVDF [ -, Bio-Rad & B¢ BL 12 A 40 15 I H
Image J X 2058 . HFESCIRAMERR  SRBI %
IR ) WB 45 R K BT FH SPSS 22
B XTEL . e 0 S I B BRI K S R AT ¢
Kige, srdr i E R,
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2 4
2.1 Mm-SRBI £ & SNP i 5%k 5= 47

XF Mm-SRBI F& R 4 i X gE 47934, Rl il
¥ 7 181 kil 5e 30y . 207 B A7 s, B I
Xt 3% B 15 4~ SNP v/ £, SNP 43 /5 1 L B iy 44

DL Mm-SRBI 3 A i mRNA 4 K 5 91 45 1 03 i K&
FEES H Y SNP {7 S TR E , X 15 4> SNP i
S AR B AR P AR | AR 3R R S A B PR AR
R CIAEST 0, SRERIEL . [T
ORHAT, ¢.647C/T, ¢.723A/G. ¢.818C/T. ¢.1037
A/G H 4 M7 S 5E OAFE R SR (P<0.05)( 2)

2 WME G Mm-SRBI B F SNP fi o £ & B & B F 57
Tab.2 Genotype and gene frequency of SNPs sites in Mm-SRBI gene of two shell color M. meretrix

B (FEHE AR /%) SR BRI %
(VA= E-375pi number (genotype frequency) S FE A allele frequency 1 (PfH)
locus genotype 215 A% allele 5% SE 1 (P -value)
red shell white shell red shell white shell
c.647 C/T CC 77(25.97) 68(32.85) C 58.01 47.58 6.201
CT 56(30.94) 61(29.47) T 41.99 52.42 (0.045)
TT 48(26.52) 78(37.68)
c.723A/G AA 75(41.44) 128(61.84) A 63.54 73.43 20.626
AG 80(44.20) 48(23.19) G 36.46 26.57 (0.000033)"
GG 26(14.36) 31(14.98)
c.818C/T CC 67(37.02) 57(27.54) C 56.91 43.96 12.966
CT 72(39.78) 68(32.85) T 43.09 56.04 (0.002)
TT 42(23.20) 82(39.61)
c.1037A/G AA 64(35.36) 46(22.22) A 55.80 37.68 12.598
AG 74(40.88) 64(30.92) G 44.20 62.32 (0.002)
GG 43(23.76) 97(46.86)

W N RIS 25 R P<0.05
Notes: * represents P<0.05 of 5 test results
XL AR B AR 2 ST b,
H ¢.723A/G i A AR TR) XC5E A8 Fr A6 A7 s Gt i 11
SRR (le) 2278 MR R (Val), HARN K
) 278, T A A g s 1 JE e R & B A8 4.
XF 15 /> SNP i 45 58 48 K B AT 48 1 53 7
K I Mm-SRBI FE P AE 58 A8 580 | H A7 78 e ¥ Fl
F 400 T o A8 S AR L F o A o ) R R T A
IR, —H IR 3 0 135 3).
22 SNPLEZESMERREBASFEEHSH
X Mm-SRBI 3[R CDS [X. SNP 1/ 5.3 47 50 #r
3] 575 (0 0 R 4 4> SNP 7 S AEL40 7% . A
FERER T AL S (R 4). K I/ Botstein %5
R JE], A 5 8 PIC {HAE 0.25~0.5 24,
PIC<0.25 WKL Geit kB, HootHcHk
() 4 A~ 5 A8 SRR 8 T v B 22 A R A A (0.5>
PIC>0.25), TELL50 SO BER A, LI 2% & B A
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0.309 4~0.442 0, HWEH 4 &N 0.468 8~0.494 6,
B LB 1.863 4~1.973 4; [ 5e SCis#E

#*3 EWMEE Mm-SRBIEFBHNT R LR R
Tab.3 Variation type and number of genotypes in

two shell color M. meretrix SRBI gene

A SR Bt R i s S¥ A4
variation type  genotype sites total number
S GA 723, 944, 1037. 1043, 6
transition 1190, 1316

CT 503, 647. 653 5
818, 974

JLELS TA 1049 1

transversion
AC 992 1
GT 1061 1
CG 1091 1

o E K P2 2 320 sponsored by China Society of Fisheries


https://www.china-fishery.cn

11 RGNS, % . UG SRBI A

RSN R NP S 1807

=4 FIHEBEK Mm-SRBIERE SNP LS ZA5MER

Tab. 4 Polymorphic parameters of SNP loci of Mm-SRBI gene in two shell color M. meretrix strains

EIN L5 MG FE WA T AL BE R %L ZEMEGEESRE
strain locus H, H, N, PIC
AW c.647C/T 0.3094 0.4885 1.9499 0.3685
red shell M. meretrix
c.723A/G 0.4420 0.4688 1.8634 0.3560
¢.818C/T 0.3978 0.4918 1.9626 0.3702
¢.1037A/G 0.4088 0.4946 1.9734 03716
58308 c.647C/T 0.2947 0.5000 1.9953 0.3744
white shell M. meretrix
c.723A/G 0.2319 0.4939 1.6399 03141
¢.818C/T 0.3285 0.3244 1.9712 0.3713
¢.1037A/G 0.3092 0.4708 1.8855 0.3594

M, WL 2% & B 0.231 9~0.328 5, WIEEL A
JE°M 0.324 4~0.500 0, A %05 v FLHECH 1.639 9~
1.995 3,

Mm-SRBI % PH 58 75 {37 55, 8] 1) 3% 8 AS - 5 43
Mrivos, TEL058 . Foe SO BRI 5 50 8 OC K
1) 58 AR A g1, 22 [E) &R A7 7 5k 7 A P-4 (D'>0.75),
FE X L] AP — R L SR E R
(# 5.

*5 MMTECEEE Mm-SRBI EH 4 1
SNP i =3 1 A - 181 53 4
Tab.5 Linkage disequilibrium analysis of four SNP loci of

Mm-SRBI gene in two shell color M. meretrix strains

(D=

loci .647C/T ¢.723A/G c818C/T  c.1037A/G
c.647C/T 0.973 (1) 0.918 (1) 0.940 (1)
c.723A/G  0.750 (0.328) 1(1) 1(1)
c818C/T  0.814(0.864) 0.766 (0.284) 1(1)

c.1037A/G  0.807 (0.666) 0.725 (0.219) 0.945 (0.771)

T ML ETTRD, MMETITINR, $65 AN T SO A
RAEE, 55 ANARUIGEHR M AER

Notes: the figure above the diagonal represents D', the figure below the
diagonal represents R’; outside the parentheses is the linkage
disequilibrium analysis of red shell color M. meretrix strain, inside the
parentheses is white shell color M. meretrix strain

2.3 Mm-SRBI &R0 5> % M E L

G E D e 45 R R, Mm-SRBI 2 [ 78 SCHA
AP B A BB A 1 A R Gk (FITC 4% (558 615 5),
BrEaF b RsEHE & T A0S (&,
TEANERA A, Hh G W9 E 5 B
T HALFEA, . DAPL Y0 BoR, 4 ZL4F
T A RKEHD 50 )2 AR A i, Ha
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DAL EMILAYE ., SR ER, GEaEtS
WEPEERES, £ Mm-SRBI & [ N4 E
F, fEANERA LT, %I N4 i Mm-SRBI
LA E S Y

24 SNERE Mm-SRBI ZEARZER

WB 45 % W7, fE 1 Mm-SRBI 5 14 F
R/ 56.82 ku kb B H Y 4k, 1 Mm-
SRBI £ £1. 5% SC i AN B4 20 (19 32 3% it I 8 5
T 7 S0 (K 2-a), WB 45 5 10 1K Ji {8 43 7 5
IR, LSTSURIREEE TR 5.9%10°, HFEUG A 1.3x
10°, AR R 3 25 57 (P<0.01)(&] 2-b).

3 TR

AR N T R R RRIE B A AR R A
HAFEY T REORWIEN. RIHFRE
B, 17 bz 4 4% SRBI #%iz 2 1 7 3% -1
oNEL B MR, MEE. BRI ESERY
3N Z I, IR A N S BIAH
(4 240 i P 2, SRBI 2K 1Y 25 S 638 S i 25
YR NREE RN AR, ERAE FREK
SEASARAYZH 400, SRBI & 1 %35 F I, 74,
HEH R T RIS Yy 1k 0998 26 i) 280 3
N2 E T R AL, HEI SRBI & Y
o A P EOZ X I BB SRR T, e DL
i, CAWIICIER SRB BN 5608 N RGBS
KA ARG, 458 SR ANE RN R R
iKW Mm-SRBI X Al fig 5 m KPR 8 MR
G, 2 mis Dl e g (o #

2 B X 5 70 7 I8 358 R 4 B 2 P B bl %
TR, MR MR . 72 FKFE R, B
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white shell M. meretrix

() (@ ()
1 Mm-SRBI ZEBHERMZ B IPERFHRIESHE
ML N —H. 1 ~MT RO BB g set: 1 st [T MEX A, TOE A A IV ~Vh A 73R 4
B gt Vo Sied, VRAREEA, Vv A4, 65855 FITC, W E%I6(E S DAPL, H 6 & <" i ]
HAMEIRH D . b5 RN 50 pm
Fig. 1 Distribution of SRBI in mantle of two shell color M. meretrix

From top to bottom, each line is a group. [ -III are the red shell M. meretrix mantle immunofluorescence: [ is the experimental group, Il is the negat-
ive control group, I1I is the blank control group; IV-VI are the white shell M. meretrix mantle immunofluorescence: [V is the experiment group, V is neg-
ative control group, VI is blank control group. Green fluorescence signal FITC, blue fluorescence signal DAPI, yellow dotted line-----banding of mantle

tissue in control groups. Scale bar: 50 um
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W 21575 CHs red shell M. meretrix

T C A5t white shell M. meretrix

-
1

1 2
seth

shell colour

(b)

2 S B30 Mm-SRBI & B & ZENil 45 R 547
()WB £ R 8], 1~3 JKIENLLFETHE, 4~6 kIE N HFE: (b)) KEMDITE, 145, 2.85%, *UREREE (P<0.01)
Fig.2 Analysis of Mm-SRBI protein and the result of Western blotting in two shell color M. meretrix

(a) result of WB, 1-3 represent red shell, 4-6 represent white shell; (b) gray value of WB, 1. red, 2. white, ** represents extremely significant differences

(P<0.01)

Wit e 2 Atk (SNP) bric fE 45 =10 Thric
A S w . BfefRE. 2 TammsEIia,
Bz AL VR BRI IR B A FE
Fohh BB A ER X SRBI 3R 22505 Ak
PEAR I S 2 B, e /NI A, SRBI 3
PR 22 25 M 2 3 1M Y I 2 1 R0 H Il R T A K
S, DN I RS TR R i 2 A Rl i) 22 50,
AN ) 5 R A Al 5 i TP R 2 8 N R S
FHOCHREY; FE 2 SRBIFE N 28 A8 2 i IR 38
N EF e, SECHEE O LA,
Xof AR S 238 SRR 15 A4S SNP 7 HE AT 15 BTE R,
RIRMAE G AR |- L AE A 2 40 T B 40 7 Fp S 8
H CT Z Al 5 35 % KT AG, A REJE 0 g
WERE (C) &AW Ak, B & W28 B p v ie
(T)o &JFHNXT R, Hro i N 4 4~ SNP
{7 SABDL T Mm-SRBI FE RSP 17 %) L, JF HAE
[ LS AR5 a5 €. 723A/G ff TR SR A7 55 o B
BB EEMWEABMIZ —, WA SR A
SEEAMIIRE . B BT A AR AR, A EE I
PR VI R N A R A8, BB A
) % iz Uy fig & A AR AR R & 1 CD133 Y
R S ATl (AR B N 1 AR (B S E
Rl L HE , Mm-SRBI 3 A I ¢.723A/G v 5. 2 7
PERTREM R E AN SIEE AL AR &
AR AR, DTS B AR I A 20 8 R
RUFAKE I 25 55 HAxy 3 AN i B R [A) 78,
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F S € T TR Sy Rk (A (E R R SR 0/ hAT
W ) )2 78 ] B2 0 mRNA B 8 4% | & M g
F LA Bz (RNA Y B, DA 52 0 48 1 54 B
DI REDY, (A ZEUE B SE A g 2848 4T [ SR
A bR 2 RO R — 25
G JE 7 S RN 11 A 938 B0 B AR NG B gk AT
AIAAL X H AR R TR I A AL, EAR K
R B R R B A BRI AR T I FE A FOKF
1, BB UE Mm-SRBI 3 [H 7 £1 7 SR A I 4
IR A T HE S, A 2250,
HEEAKTE L, XREHN M N4 SRBI
EAMEMAH P ER, ZEAXRIVENMT
YRR . ASLER SRR W], Mm-SRBI & [17F
IR AN RE R A Rk, H 3 SR I AE SO S
TRGh L £ LM -, H 2058 CiG iy
EARIEBER TR, WBE R B/RAE
i Mm-SRBI & 114> 7 1 K/ B4, K
JEE{H A & P, Mm-SRBI 2K [ 75 21 55 A B i op
ZRIR LN e 4.4 £, 5 1IF 25 R 55,
NP EAHFIR LI, SRBIEHMHASS
BN N A IR RIE TR, Tk
SRBI 5 1413 155 25 B i 28 1 %) I [T s s 1Y) 326 %
PERREC, JF XA M N 2 8 N R A kAT
$eim, WG N R AR W is i E A N Y
HYUPM WL, #EWLFE . 15 SO T Mm-
SRBI & R AfFE 2 Rl aE 5 HFE P RR
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45 %

KA SC I . 21 58 SO A A T 1 A U
BN R R, A AR R SCG DL
A E 8, R IA A SRBI A 14 ik H X 280
PN QS S 15 EARN = B
AN 225

ZE LR, ARSLETE SRR NI S MR
R 35 HE 56 Y 56 B L ) Mm-SRBI h i #5 2] 4 1 5
7o O AH SR Y SNP 7 55, I X Mm-SRBI 2 1 7
COESY ST 345 BN L | el V| B v o VT
W8 25 5 0] oh A J5 21 52 60 SCUG 43 %l B & 4
PR RR I, AR AT SCIG S 8 N Z A
AR S5 2078 T8 LA AL AT 5T 3 L ERIS S At
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Mutation in SRBI gene and its association with the red shell
color in Meretrix meretrix

SHI Heming ', DONG Yinghui ", YAO Hanhan', BAO Yongbo', LIN Zhihua "*’

(1. Key Laboratory of Aquatic Germplasm Resources of Zhejiang, College of Biology and Environment Sciences,
Zhejiang Wanli University, Ningbo 315100, China;
2. Ninghai Marine Biological Seed Industry Research Institute, Zhejiang Wanli University, Ningbo 315100, China)

Abstract: The hard clam (Meretrix meretrix) is one of the most commercially important cultured shellfish in
China. The red shell clam is richer in carotenoids, which makes its shell color red and has higher nutritional value
compared with the white shell clam. In order to understand the mutation of scavenger receptor class B type I
(SRBI) and its association with the formation of red shell color in M. meretrix, we analyzed the SNPs of Mm-SRBI
gene CDS by using direct sequencing among 181 red shell clams and 207 white shell clams. Immunofluorescence
(IF) and Western blot (WB) were used to analyze the expression characteristics of Mm-SRBI protein in the mantle
of two shell color strains. The results showed that a total of 15 single nucleotide polymorphisms (SNPs) were
detected, and there were only two types of mutation in Mm-SRBI: transition and transversion, and the ratio of the
two was about 3 . 1. Among the 15 loci, 4 loci were significantly associated with shell color. The statistical results
indicated that in red shell strain the range of H, was 0.309 4-0.442 0, H, 0.468 8—0.494 6, and N, 1.863 4—
1.973 4, while in the white shell strain A, was 0.231 9—0.328 5, H, 0.324 4-0.500 0, and N, 1.639 9-1.995 3. The
PIC value evidenced that these loci were all moderately polymorphic (0.5>P/C>0.25). Additionally, all of them
were in conserved sequences, in which ¢.723 A/G site was non-synonymous mutation that led to amino acid
changes Ile723Val, and 4 loci were genetically strongly linked (D'>0.75). The results of IF and WB revealed
that Mm-SRBI protein was higher expressed in the mantle of red-shelled clams compared to that of the
white-shelled clams and was mainly expressed at the outer epithelium of the mantle. Moreover, the
quantitative analysis of gray values demonstrated that Mm-SRBI protein expression in red-shell clams
was approximately 4.5 times higher than that in white-shell clams. In summary, our results suggested
that the mutations of Mm-SRBI and the high expression of its protein may lead to differences in the metabolism
of carotenoids in M. meretrix, which may further lead to the formation of red shell color. It also provided a helpful
basis to explore the molecular mechanisms of carotenoids metabolism underlying shell coloration and could be

potentially applied to marker-assisted selection breeding programs for M. meretrix.
Key words: Meretrix meretrix; red shell color; SRBI; SNP; protein expression
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