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ZRERAI G, U ABCDI IIREETL &5 B K 5 E
TR A H2h R (SO SE, 2018); ABCCT s —Fh
B EE RN, RE AR RS R BRI
“{k.(Zhang et al, 2016); ABCB1. ABCG2 Fil ABCC1
RN LI 25 ) e iz AL, 55968 0 AT 25 1 A 5%
(Robey et al, 2018)% , ABC #4iz i H Z 6 Hr & i i
A5 2 A 5 IR Y R PTE (multixenobiotic  resistance,
MXROHLA , 45 P14 B 22 S0 D A 55 390 vk 32 3 oy
Z AL, X FAAR S HA R R (Xu et al, 2011;
Jeong et al, 2017), Wl ABCG2 7F El i 7 41
(Saccostrea forskali)H & #5612 A HLTG Y ) =T JE 5
1685 B9 4E FH (Kingtong et al, 2007); ABCB1 #1 ABCC5
TE 5 5% J YL B 5 1M 9K 78 (Vibrio  parahaemolyticus) H
RAFEFRBEVEH , IR AT g5 4008 54T S92 i 20 A
*(Fu et al, 2019),

AR R, ABC ¥izHE A8 3 2K,
Horr, %32 F(full transporter, FT)H 2 % H R
2t 4 25 #) 3 (nucleotide binding domain, NBD)Fl 2 4~
5 JiE 25 #4) 38 (transmembrane domain, TMD)ZH i ; %%
iz £ H (half transporter, HT)FH 1 /i~ NBD #1 1 4~ TMD
W, 2 P sERS G N RIKEA B&kizY)
fiE(Ford et al, 2019), H.Ath ABC #4324 11 H 247 NBD
o TMD Z5#43%, 40 ABCE Ml ABCF WK%, EfIA
& TMD, fH7E—Z ke A 2 41> NBD, AH&H iz
Jitie. NBD 55 SIARDRSYE, TR has & IF K i
ATP; TMD Z5Hb stk s SIS ) B8 S PR 44 i ie ¥z
W, ORAFEEAERXT NBD #5822

HR A 7 5 [ I RN 25 AHPE , ABC HeiziE A
438 ABCA~ABCH 8 MK . ABCH W5 H i
AAE B sh ) FBE 5 fa(Danio rerio) . 4 ffi(Carassius
auratus) &5 /0 BT 1 1 28 K o SSe R AR sh v &
Pl (Dean et al, 2005; Popovic et al, 2010; X!l & 45,
2020; Wang et al, 2021), 7EMFLsh4 . B MY h
WA K.

TETLHHESI I, ABC ¥z ARG E T1E
TSIt R L, xR R WRIE g I 72
Y K A% (Bombyx mori) . . 5 I B (Tetranychus
urticae) . I /K & (Tigriopus japonicus)&: > H)

AT T ABC ¥z 8 A R %€ 73 24 (Liu et al, 2011;

Dermauw et al, 2013; Jeong, 2014), EAIKENYH,

H w4 XF B 76 28 1y iF 38 B UL (Patinopecten
yessoensis) . Hi fL J# D1 (Chlamys farreri) F1 K 41 i
(Crassostrea gigas)litl ABC ¥5ia 1 A K IGH T T 240
g 54325, il (Sinonovacula constricta) 2 4k 4 gl

PTG W P R EZ LT, T2 5040 T8 K
Y% 5 (4 TB)H AT K 8 (Zhao et al, 2017), J2FR[E
B DU KK IR DL 22— TR R IR, PR =+
Jolp 361 £) 48 4 075 (Crassostrea angulata) ', ABCBI1 A
e & LA A0 AE I (Shi et al, 2015); Bt MR DL
(Dreissena polymorpha)H, 7 ] if5 5 ABCB1 5 ABCC
FEFEWFRIL, S5 MM 3% N (Navarro et al,
2012); 76 Hb Hh R IR D1 (Mytilus galloprovincialis) i 5 fiT
JBE R 4149, ABCB il ABCC W %1% 4K 11 Al i 1 41
HEAR B AR 1E ] (Torre et al, 2014), X1 ZR
(FNIEE, 2017) 5 1L AR (R WIS, 2016)3 X i /K B 4
R ARG i 3, 0 43 7K e e 4 TR b A A A
DR, b Hh DL SS9 A 77 58 T A . ABC #%iz ik
F A LG LR dE T RE, XT4ilE ABC %%
iz R VI He W5 A B T 40 W98 i ft R 7R 5 NG T
KA EER . R4 ABC B8 85 1 KR I % E
FEIRBEA ST G R WARE . AR X 4% ABC §4iz
AR FIR AT RS | SRR RN R ik B
AT, BTG BUARZhY) ABC §%ia 8 L i
b4 1% ABC iz 5 I RE M 5T S L BL Rl 2L .

1 #REFE
11 %W ABCEREZEBAFREHRALE

FHTHE 4% ABC ¥z iE Ay Bdakii T2 &
110 i 19 DKL 2H R S 21 495 (Ran et al, 2019; Dong
et al, 2020), F|H AZ(Homo sapiens). — i i
(Dermauw et al, 2013), #F 3 ks D1 | AL B3 DUAIH 41 405
ABC ¥ia 5 U5 117 51 (Wang et al, 202 1)fFE £
WES, ik A BLASTP F4 ¥ 7E 40 3 K 4 2 A
Bl PEBEA TR X, EMEIEA 131075 [FRF, A
FHEREE B DL . FlifL B DURH A W5 ABC iz 8 K%
HEFIER AT S, Gl it A H TBLASTN #2775
4 108 e DKL 2H VG S 2 B P v it — B R TR, E{E
BCEY 13107, 4518 ABC iz 1 CDS 5H AT
B &%= Figshare [ ¥ (https://figshare.com/articles/
dataset/52 razor clam ABC/21454542),

1.2 ABCHEEZZEALEMIENH

FIFH SMART [ ¥} (http://smart.embl.de/) T il 4
1% ABC iz A Z5H IR, @it Softberry M3 (http:/
www.softberry.com/)y) FGENESH+1T_E.(Solovyev, 2007)
X4 ABC % iz A5 R 52 8 81, LAIRSE
i DUER 791 o 22 A T IR IR T ok 4 42 17 81, I8
BRI SMART R 3 T 2 11 45 #4388
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1.3 ABCHIEZERERELBMEMEN

A NCBI b~ #k 14 4 9% JE X 41 7 51 (Dong
etal, 2020), it A BLASTN #2F#41T ABC #iz
EHFRERFE Y e, i1 Maplnspect
5t AEE
14 ABCHIZERERZLEMH

Wi A BLASTN FEfris4it ABC #tiziiH
CDS Py s 2= B, HRRENERGFEL . A
GSDS K3 (http://gsds.gao-lab.org/)(Hu et al, 2015)%
piE PSR =

48k ABC RIZEB KK RFEH L ME

PEICHR T B3 DL | FSFLAR DU | A5 FI4R 1 () ABC
iz AR, ifid ClustalW (Thompson et al, 1997)
P AT 275 X, SR)5FIH MEGA X (Kumar et al,
2018) 54 iy f3 KA SR 125 (maximum  likelihood, ML)#4
ARGV, BEPE ITT HFFEA (Jones et al, 1992),
H J&{f (bootstrap)i% & A 1 000,

16 AE4FIE ABC HiZEARKMESHENLLE

PEH 6 A HEShY), HD A2 (Dean et al, 2001),
/NEL(Mus musculus) . FEPHJTUIE (Xenopus laevis) | 4
(X &4, 2020), BELffi(Annilo et al, 2006)F1ifF L
i 45 (Petromyzon marinus)(Ren et al, 2015)F1 7 F L&
HESN Y, RIS K B (Diaphorina citri)(Wang et al,
2019) . — 5 i (Dermauw et al, 2013) . JI\ 520

15

(Zeugodacus cucurbitae)(Xu et al, 2021), ¥F3E 5 I |

MiFLE DT K405 (Wang et al, 2021)F14i#% , #5417 ABC
12 8 P WG R 28 58 e s i /D BRVS AR IR
i ABC ¥zt X 5 B E H Ensembl 4

(http://www.ensembl.org/index.html)
1.7 ABCHIEERERRIZEEASN

FI B & 22 10 45 18 AN [R) & 75 15 300 /0 B 1 AS [R] 2
2 S 2 B (Dong et al, 2020), fdi % E Mev
490 Z:ilgaR iy . 2. SN, FFEEDE . SR
KA BN SR 8 AR R AL ZURIBE | 4 i
. R R R4 . D B4, KT
HOFIHE DL 8 AN A& & BT ABC f%iz 8 36N %
R

2 H#R

2.1 4it¥ ABC HiZZEH RIKM R EE SHHEHIR

) FH 445 0 5 DR 2 R e St 2 8508l 8 0o e 40 TR R LG
X orHT , FEAFEP ALK S E T 52 4> ABC His
HHEH, 73 AE 8 MK KE(A~H), Hdr, 74> ABCA |
10 /> ABCB, 13 4~ ABCC, 3 > ABCD. 1 4~ ABCE,
34~ ABCF. 14 4~ ABCG #1 1 > ABCH (£ 1), #¥5
B, 2824 M efhiaEn . 24 MEieE
FAK 4 DM E A, ABC 5458 5 g 3 H K
JEIX[A] A 1 588~7 224 bp, TN H 75K LB R
382~2 408 aa,

K1 4@Es2/) ABCHIZEARER
Tab.1 Information of 52 ABC transporters in razor clam
EOAK RAKE oery SETHH  Gmions  gmckg  REWED
Protein name  Protein length/aa ~ Domain structure ~ Exon number CDS status CDS length/bp chromosomes
ABCA1 1992 (TMD-NBD), 34 #R47 Partial 5979 Chr01
ABCA2a 2225 (TMD-NBD), 39 55%% Complete 6678 Chr01
ABCA2b 1929 (TMD-NBD), 36 #l4> Partial 5787 Chrl18
ABCA3a 1539 (TMD-NBD), 18 #k4> Partial 4617 Chr05
ABCA3b 1733 (TMD-NBD), 21 564& Complete 6 696 Chrl1
ABCAS5 1557 (TMD-NBD), 30 5E3% Complete 4617 Chr05
ABCA12 2 408 (TMD-NBD), 44 5E3% Complete 7224 Chr05
ABCBla 1339 (TMD-NBD), 24 5E3% Complete 4 966 Chr12
ABCBI1b 1323 (TMD-NBD), 22 55%% Complete 3969 Chr12
ABCBIc 1235 (TMD-NBD), 27 55%% Complete 3705 Chrl6
ABCBI1d 1309 (TMD-NBD), 16 564& Complete 4 662 Chr03
ABCB6 832 TMD-NBD 16 5E3% Complete 2499 Chri12
ABCB7 777 TMD-NBD 15 5E3% Complete 2331 Chr06
ABCBS8 635 TMD-NBD 17 #l47 Partial 1 908 Chr04
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Protein name Protein length /aa Domain Exon number CDS status CDS length /bp s;llreor?lzzt(;fnnesn

ABCBY 708 TMD-NBD 13 #B4> Partial 2127 Chrl5
ABCBI10a 628 TMD-NBD 14 #B4> Partial 2978 Chrl5
ABCBI10b 630 TMD-NBD 11 #B 4> Partial 1 890 Chr02
ABCCla 1541 (TMD-NBD), 28 5E3% Complete 4626 Chr05
ABCCl1b 1552 (TMD-NBD), 29 5E3% Complete 4659 Chr09
ABCClc 1315 (TMD-NBD), 25 5E3% Complete 3576 Chr08
ABCC1d 1439 (TMD-NBD), 30 5E3% Complete 4320 Chr02
ABCCle 1459 (TMD-NBD), 24 5E3% Complete 4380 Chr19
ABCCIf 1 492 (TMD-NBD), 31 5E3% Complete 4479 Chr17
ABCClg* 1239 (TMD-NBD), - #B4) Partial 3720 -
ABCC4 1476 (TMD-NBD), 24 5E3% Complete 4428 Chrl13
ABCC5a 1169 (TMD-NBD), 24 5E3% Complete 3510 Chr07
ABCC5b 1313 (TMD-NBD), 26 5E3 Complete 3939 Chr07
ABCC5c 1180 (TMD-NBD), 24 5E3% Complete 3543 Chr07
ABCCS8 1 601 (TMD-NBD), 32 5E3% Complete 4803 Chrl5
ABCC10 1470 (TMD-NBD), 18 5E3% Complete 4410 Chr02
ABCD2 619 TMD-NBD 8 #B4) Partial 1859 Chrl1
ABCD3 657 TMD-NBD 18 5E3 Complete 1 826 Chr01
ABCD4 635 TMD-NBD 8 5E3 Complete 2196 Chr02
ABCE1 609 NBD-NBD 12 SE¥& Complete 1830 Chr07
ABCF1 811 NBD-NBD 21 5E3 Complete 2433 Chrl8
ABCF2 618 NBD-NBD 13 5E3 Complete 1857 Chrl2
ABCF3 717 NBD-NBD 16 5E3% Complete 2 154 Chrl6
ABCGla 667 NBD-TMD 16 SE¥& Complete 2001 Chr09
ABCGI1b 382 TMD 13 #B4) Partial 2122 Chrl2
ABCGlc 624 NBD-TMD 14 5E3 Complete 2118 Chrl0
ABCGI1d 561 NBD-TMD 12 5E3 Complete 1 683 Chrl0
ABCGle 639 NBD-TMD 12 SE¥& Complete 1917 Chrl5
ABCGIf 535 NBD-TMD 10 SE¥E Complete 1 605 Chrl5
ABCGlg 522 NBD-TMD 8 SE¥& Complete 2020 Chrl7
ABCGI1h 555 NBD-TMD 12 5E3 Complete 1 667 Chrl7
ABCG2** 529 NBD-TMD 13 5% Complete 1588 -
ABCGS5a 639 NBD-TMD 10 SEEE Complete 1917 Chr02
ABCGS5b 647 NBD-TMD 12 SEEE Complete 1 941 Chr02
ABCG5c 658 NBD-TMD 11 SEEE Complete 1974 Chr02
ABCGS5d 646 NBD-TMD 14 SEEL Complete 2366 Chr02
ABCGS 635 NBD-TMD 11 SEEE Complete 1 905 Chr02
ABCHI1 749 NBD-TMD 16 5¢4% Complete 2 945 Chr09

*: ABCCIg Hk PH % T4 M e s LA, i/ A0 0 T8O G G MOGE L5 R s ** . i TORTE G IE G (0 A8 2%t x
N 781 T e /> ABCG2 5 VA . o

*: Exon number and chromosome location information of ABCC1lg was missed as it was identified from transcriptome data
of razor clam; **: Chromosome location information of ABCG2 was missed as there was no searched corresponding sequence in
chromosomes of razor clam.
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Fig.1 Graphical representation of SCABCs locations on chromosomes

JTRE A BRI A B R AT RE & A ad HRIBR A, e Ze A e L PRRE X B (Mb) 7R AR .
Genes within the rectangle box are putatively tandem duplicated, the scale (in megabase) on the left
depicts the relative lengths of the different chromosomes in razor clam.

X ABC iz 8 B PRI G4 R 1Y 28 A IF ST ks
(1), >k ABCB. ABCC & ABCG W5 Ji% 138 43 3
PRI T BEAEE A ik 7 v S A o HR IR A2 A v Hp K o A
DA S R 1 — 2050 % B0, & A H B A ol 1) 356 PR i
R AR PEAR R, HEARR 20 SCSCRRRTE 95%L) I,
HEAKEMIL; S4B KE RN K ERE—E2E
S, RSN FE IR, BEMHZE 44

ABC $5iaE FABE NG THH  8~44 4>, &%
15 P g A B ROH R 2 TR is G
A LR R ) 3 (R ] UTR K2 22 1500 &, 4 ABCC4
[ 5'UTR K JE I A T HoA LA (B 2),

A WHEAHE 14 ABCAL. 2> ABCA2. 21
ABCA3. 1/~ ABCAS Fll 1 4~ ABCA12, 3L 7 N6,
¥IheiEaE A, B WRBEARE 4 ~2fkasEn, B
ABCB1a~ABCBId, A& 6 4%z EH, R
ABCB6~ABCB9 Hil 2 4~ ABCB10, 3t 10 Palifi, C
W KBS 74 ABCC1. 14 ABCC4.3 4~ ABCC5.
1 ABCC8 #il 1 > ABCC10, 3t 13 P uiht, 1 h4
s

D W Ef4HE ABCD2~ABCD4, It 3 N RiH,
ZF R R 45K 43 TMD-NBD, & T2f54i8 1
H. E WHEM F ERGENEFZEA, ¥H 2 4
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Fig.2 Gene structure of SCABCs

NBD # i, N5 TMD, E WA % £ 1 4> ABCEI,
F VX G43% ABCF1~ABCF3, 3 b, G X
% AuFE 8 1~ ABCG1.14> ABCG2 .41~ ABCGS5 Fl 1 4
ABCGS, 3t 14 aft; ABCH WREI LS EH 14
5t ABCHI, ABCG 5 ABCH 2 i it 4 hy 2 i
BHEM, HAHIER R 2R, B NBD-TMD.

22 NEABCHIBEELTRKEMABFNLST

IRBEUR R Fe DL . MIFLRS DL . K45 54508 ABC
Azt TS EIEYE, 25 4 FRGE2E ABC $ia

EARGER G IR (A 3), WY F ABC ik
250 B 51 3R A LA, R 3R i DL 5 A5 FL RS DL Y ABC
S R AR e DUR R 1Y SRR R T S i, 75
545 05 ol A AW Y FE SR R o

YRGS F ABC F5iz 15 R 5 B0 H 28 k1T
Fos, KBUEFFE RS D ABC #4ia 5 F 8N 67, Hifl
B3 UL 64, KATUEA 58, Mi4iik A 52, ABCA WK
W, BRASFLES DLAN, HoAth DU2RIE A 14 ABCAL2;
B WEE S, 4iug. 2 Fiks Ul K45 HA ANFE R
ABCBI1 %, FifLR 5K 415 ABCB6 £iiEh 2,
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Fig.3 Phylogenetic tree of ABC transporters from four bivalves

YiFh KRS PY: SRR (B EIETTIE); CF: AL I (G EIE=MIE);
CG: KHWGGEOE =MIE); SC: Ll (Ll (R x)
Species and abbreviations: PY: Patinopecten yessoensis (orange squares); CF: Chlamys farreri (green triangles);
CG: Crassostrea gigas (blue inverted triangles); SC: Snonovacula constricta (red dots)

250k 5iRg R Dl ABCB6 ¥ h 1; C WHEEH, RECH 22 5, $ER WG 2 Yt b #2 b mT 5E & 2k
ABCCL1 Fl ABCC5 7t 4 FpllZEh G2 901, m Pl &S0,

ABCCL0 (7L 2 R LIRS HZIE N4 FNED B 5 sy i ABC 4412 @R A R BT 5t
F A H WK GRS M2 580 —8G 7 G ERGT,

ABCGL %45 ML, ABCGS fE KAt Jy it JEIR © MR 7 FULAS ST, FHE S
SEA L 7 A DL SRR AR 34 ANFE DL N[ 13 Bt IR FL S NS5/, PR sh AR TOE a2



CAR Y

¥ LA 4l ABC ¥z 8 R G I 5 4k

&

21 %0 B ek B AT 179

4 < A0 RIBE ) £01, O AR Y ¥ 88 5 TCH HESh 4 (2
0 RS IR AR EL . RS, ARk s
AW . UFFE DL, ML DL S 40, X2 Y
ABC iz 3 5L N S 03 B B AT T LB i
(% 2). SRR, ABC ¥z 8 H R S0 e A
Y BONRSY , TR S T CRE AR, By
Yifh ABC izt HEE R 23k — LA B A2K ABC
s AT A5 CIEEIE S A MR A2

NEAEEMTUER) A 5 B WRESAH RN RZE,
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Tab.2 Comparison of ABC transporter gene family among 13 species

ASCHE o nm T e pen LR AT IR R SRR
subfamily sapiens  musculus laevis auratus D. Rerio marinus urticae citri cucurbitae gigas yénsis farreri constricta
A 12 16 9 10 9 7 9 4 7 9 10 7 7
B 11 12 11 14 12 10 4 4 7 13 11 12 10
C 12 11 7 13 16 10 39 5 10 14 18 24 13
D 4 4 3 5 6 3 2 2 2 3 3 3 3
E 1 1 1 1 1 1 1 1 1 1 1 1 1
F 3 3 3 4 4 3 3 4 3 3 3 3 3
G 5 6 5 7 8 3 23 18 16 14 17 16 14
H 0 0 0 1 1 0 22 15 3 1 1 1 1
BB Total 48 53 39 55 57 37 103 53 49 58 64 67 52
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Fig.4 Expression profiles of ABC transporter genes in different tissues (A) and during development stages (B) of razor clam
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Genome-Wide I dentification and Expression Pattern of ABC
Transportersin Razor Clam (Sinonovacula constricta)

YANG Fan'*, LI Zhiping"**, DONG Yinghui’, REN Jianfeng'*"
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Abstract The razor clam (Snonovacula constricta) is an economically important species and one of
China’s four traditional mariculture mollusks. The ABC transporter family is one of the oldest membrane
protein families, widespread across prokaryotes and eukaryotes. By utilizing the energy released by ATP
hydrolysis, ABC transporters function to transfer amino acids, lipids, antibiotics, and many other
substances across membranes, thereby participating in various physiological processes such as nutrition
uptake, antigen presentation, drug excretion, and lipid homeostasis in living organisms. ABC transporters
can be classified as full transporters, which contain two nucleotide-binding domains (NBDs) and two
transmembrane domains (TMDs), a half-transporter (composed of one NBD and one TMD), and a
non-transporter (composed of either two NBDs or two TMDs incapable of transporting). The NBD
domain is responsible for binding and hydrolyzing ATP, whereas the TMD domain determines substrate
specificity. NBD domain sequences are relatively more conserved. Several investigations of heavy metal
pollution were conducted in mollusk culture areas, and it was found that the concentrations of some ions
exceeded the limits. Previous studies have reported that the multixenobiotic resistance (MXR) mechanism
in bivalves is mediated by ABC transporters from the ABCB, ABCC, and ABCG subfamilies, which are
important for the cellular efflux of noxious metallic ions. Obtaining a greater understanding of ABC
transporters may contribute to the development of a healthier and more scientific method of mollusk
culture. Until now, the identification of the ABC transporter family in mollusks has only been
systematically performed in three bivalves: Patinopecten yessoensis, Chlamys farreri, and Crassostrea
gigas. The analysis and expression pattern of the ABC transporter family of the razor clam have not yet
been reported. To systematically study ABC transporters and facilitate an understanding of the evolution
and function of ABC transporters in razor clams and mollusks, depending on the genome and
transcriptome data, 52 ABC transporter proteins were identified using the local and NCBI BLASTP,
TBLASTN programs, and the ExXPASy website. The SMART(simple modular architecture research tool)
website and FGENESH+ were used to further predict the domain of ABC transporters. After applying the
local BLASTN program to the published genome data of the razor clam, the Maplnspect software and the
CSDS (gene structure display server) website were used to generate graphical representation of the
locations of ABC transporter genes on chromosomes and gene structures, respectively. Six vertebrates
(Homo sapiens, Mus musculus, Xenopus laevis, Carassius auratus, Danio rerio, and Petromyzon marinus)
and seven invertebrates (Diaphorina citri, Tetranychus urticae, Zeugodacus cucurbitae, Patinopecten
yessoensis, Chlamys farreri, Crassostrea gigas, and Snonovacula constricta) were chosen to compare
and discuss the differences in subfamilies among species of various evolutionary status. Using the Mev
4.90 software, based on transcriptome data, the heat map of ABC transporter genes expression levels in
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eight tissues (gill, foot, adductor muscle, hepatopancreas, mantle, siphon, female gonad, and male gonad)
and eight development stages (egg, cell, blastula, gastrula, trochophora, d-shaped larvae, umbo larvae, and
spat) of the razor clam was completed. Based on sequence similarity, MEGA X software was used to
divide the 52 ABC transporters into eight subfamilies, namely ABCA~ABCH, and phylogenetic trees of
ABC transporters from four bivalves were drawn. The total of 52 ABC transporter genes was divided into
7 ABCA, 10 ABCB, 13 ABCC, 3 ABCD, 1 ABCE, 3 ABCF, 14 ABCG, and 1 ABCH. The ORF lengths of
these genes ranged in size from 1 588 to 7 224 bp, the number of exons ranged from 8 to 44, and the
deduced proteins were between 455 and 4 560 amino acids in length. Based on the composition of the
protein domain, 52 ABC transporters could be divided into 24 full transporters, 24 half transporters, and
four non-transporters. The ABCA subfamily consisted of 1 ABCAI, 2 ABCA2, 2 ABCA3, 1 ABCAS,
and 1 ABCA12, all of which were full transporters. The ABCB subfamily consisted of four complete
transporters, namely ABCBla~ABCBI1d, and six half transporters, namely ABCB6~ABCB9 and
ABCB10a~ABCB10b. The ABCC subfamily comprised 7 ABCC1, 1 ABCC4, 3 ABCCS5, 1 ABCC8, and
1 ABCCI10, all of which were full transporters. The ABCD subfamily included ABCD2~ABCD4, all of
which were half transporters. Non-transporters were observed in the ABCE and ABCF subfamilies,
namely ABCE1 and ABCF1~ABCF3. The ABCG subfamily, consisting of 8 ABCG1, 1 ABCG2, 4
ABCGS5, and 1 ABCGS8, was the largest subfamily and its members were all half transporters. The ABCH
subfamily contained only one member, ABCHI, which was a half-transporter. The comparison of ABC
subfamilies between different species revealed that tandem duplication events might have resulted in an
increase in the numbers of several ABC transporter genes during molluscan evolution and that some genes
with functions related to immunity, such as ABCB1 and ABCC5, had multiple copies, indicating a positive
influence on the environmental adaptation of mollusks. The analysis of the expression level of ABC
transporter genes in different tissues and developmental stages of razor clam showed that the gill and
hepatopancreas have relatively more expressed genes, which may be because of their detoxification
function. The expression of ABCA and ABCG subfamily genes increased with razor clam development,
and the expression levels of many ABCC and ABCG subfamily genes peaked in the spat stage. In general,
several members of the ABCB subfamily, as well as all ABCE and ABCF subfamily genes, remained
highly expressed in all eight tissues and all eight development stages. The ABC transporter gene family
has only been investigated in three species of mollusks. Systematic identification and expression pattern
analysis of ABC transporters in razor clams can promote our understanding of the evolution of ABC
transporters in mollusks and provide an essential foundation for functional research on ABC transporters
in mollusks, which may contribute to healthier mollusk culture.
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