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SV, A SRR U A e KB o Li S
5 KBTI (Sinonovacula constricta) 2 41 T Ji& G
Ja, ClgDC F:FTE M40 p K RaE, 8%
SR M A0 B A WA FH . Gerdol 25U O s v i 42
G U1 (Mytilus galloprovincialis) P % & 168 4~
C1qDC #esgA; BfE, AR —AMF AR, %
FEHI ClgDC JER B 3 232 AT gedh, Al
Kb 5T 2 B H i 25 R DL C1qDC AT il
B AE R R A e h & A

AHIF 5T DA TR DT 42 5 PR 20 00 2504l vh Az
RUEE T ClgDCHNZM L, IR AWE &
LN HRGEHAACR . HIFHM . Ptk
B LR SC RIATIISR, [FIIS45 G 5% s B0a
SHT T PGER B DR 7 o I T S I 48 i
ClgDC SR RIBEOL, B it — Dt 5 Rk
FEDI ClgDC B IR kA AR X B AR DL 2 fa iz
Jof 25 H R TR P A P B SR Al

1 MREFE

1.1 SR

AR S A0 A B TRBRBE DU R4 L
TG BRI FRGEY) . V5K (65+5) mm,
F2 T 80 L il ukiE/K v, g RALME/ BRI
1.2 SRIFHE
1.2.1 SEKZREN ClgDC EFE Kk K R I iH ik
M Pfam 25 FH K58 (http://pfam.xfam.org/) T 2
ClgDC $£H(PF00386) 1Y et /K Al R AL (HMM),
I N H Bl Eh TR, A
NCBI-CDD (https://www.ncbi.nlm.nih.gov/Structure/
bwrpsb/bwrpsb.cgi). SMART (http://smart.embl-

heidelberg.de/). PFAM (http://pfam.xfam.org/)it —
AR AT 8 4 P RE I Y JE 1

122 REXENWHEMERLEH. RTFERF
ot NaeRERAEEH N ClgDC RN E
HF4, A7 515 1 Clustal W B4 50N S
BOIAT O ] Mega 7.0 FUFHE 48 B2k (ND#Y
HRG KW R Meme #2711 5] C1gDC J¥
F EYORAF B (motifs) . ILALEISEANT: £
AW, BREETE 12 A, BT 9 E N
6~100 N FERR IR HE

123 FtEEMMEREHEGSHT HBire
FNAEFEERE BE ClgDC FEHR YL iA
o f#iH Map Chart #X4F2%:1 C1gDC JEH (R4t
AL B FIAF XS PR S KT, SR FHBE PR 20 I A A Bk
MescanX TR S5 A 2 [8] 9 1 B &2 TR G
SIS 18 KJ/K, calculator B8 KJ/K, FUAE
124 FREEX D S50 4 o 52 WUE S
100 uL %45 5x10" CFU i ¥ IR 4 PBS ¥, X
HRAL T S 45 0 PBS . 1E4T 4 h 5, fiH—
YR T S5 28 SR 4 S 6 2 AN X R A 0 gk £, 57 B
1E.800 g, 4 “CF B0 10 min, WCAE I 400, IF
57 RPFR IO RNA, A48 5 [k ) DL S 4l SO,
A5 T NCBI ) SRA %435 %2 (SRP041567), fifi
VeI A0 AE 22 S 3RIK K ClgDC R 5 HAE
Vs N R R T IS A 2Rk K, i HemlI 4
AR P

125 SERTREEEEPCRIGIE R/ Trizol B4k
HPB'S Xif e 2H 3 3 I PR S8 4L 1% o 240 P o5 1)
M RNA, #%/® EasyScript® One-Step gDNA Re-
moval and cDNA Synthesis SuperMix ] & 1% BH
FHEIT R 5, A% cDNA 55 —4%; BEFLEkIE H 8
MEFRIKN ClgDC R, #&i1519); DA p-actin
VERIN S, IR SRS EE i PCR BiF 3R K
K-, PCRERFUWIT: 94 C 305,94 C 55,59 C
155,72 'C 10 s, 40 MEFF, K 27T 35
ClgDC FEH BYFIXS 357K, S22 5E 7 PCR
SEH MG R 1R,

2 #R59H

21 SKKREN ClgpC EEMEES RStk
S

T8 1t HMM B8 Blast T2 586 2% 55 F 40 i
F 2B A, DA ER R R DU 4 35 DR 2 v 0 ok - 2
FE ClgDC 3EH , BBRIUAR G L4 58 1] 285 4l
SEHE C1qDC S5 3R IN B 1791 o AR 4R L fa fA Aoy
B RGO R AT AT 4 (PC1gI~PfC1q285),
J T C1qDC MR GE R B KRR, WRIGALR)T
SIDA NI E T RELZEME 1), WE 1 FR,
ClgDC FIEFEH T LIS 53k 5 At AeiE, 43l 4w
444 Cluster I, Cluster II., Cluster III, Cluster IV,
Cluster V., 1, Cluster I #ERI R EH &£ (112),
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THESE: BRI ClgDC ZEN ZWM I 1 6 5E KKK 3

F 1 EHRHEEE PCR LEHERASIY
Tab.1 Primersusedinthereal-timegPCR assay

A gene 5% prime
PfClql13-F 5'-CCTGACGATAATCTCAACAGCACTC-3'
PfCiq13-R S-ATTTCTTCTCTTCAGCCCTGGTCC-3'
PfCliql7-F 5'-CGGCTCACGGTTACACTGGACT-3"
PfClql7-R 5“TGCTGCTTGGCTTTCACCTCTA-3'
PfClq36-F 5'-GGCAATACAGAGTGTCCCGTGA-3'
PfC1q36-R 5'-CGTAGCCTCCTCCGATGTTCTC-3'
PfC1q45-F 5'-“TCCCCTCCTTTCATTAGTAAGTCCG-3’
PfC1q45-R 5'-GGAAAAGGAGCAGAAACATCCCAAC-3'
PfC1q59-F 5'-GGGTTTGACATTTATTTCAGTGCTT-3'
PfC1¢59-R 5'-GTGCCACACTCAGTCTATTGCCATT-3'
PfCiq145-F 5-TTAGCCCCTTTATCAGGCAACA-3'
PfCilq145-R  5'-GAGGAGGAATGGTTTTCTTCTTGG-3'
PfClq157-F  5'-CTGGGAGCGTTATCTGATGGTAG-3'
PfClq157-R  5'-GAATGTATCCTCCTGCTTGTTGC-3'
PfC1q220-F 5-CACGAAATGACGGAAAGGGAT-3'
PfC1¢q220-R  5'-GGCTACTGGTTTTGAAGCGTATGTT-3'
p-actin-F 5'-TGGTATGGGACAGAAGGAC-3'
p-actin-R 5'-GACAATGCCGTGCTCAAT-3'

Cluster V #1852 80 H 5120 (1)
22 ERZEHREFARDHT

fii J] Meme Suite Web I 55 %5 4} C1qDC EH
MIPRSF P R T2 e, JLRBIE] 10 A F A RS
FJF (motif), KEEM 8~41 MNEIEMRALE, R4
#4 motif 1~motif 10, R KT XFR, % CDS
H1 Motif FF A #4173 Hr(Kl 2). motif 1 15 BEORSFE, T
A1) ClgDC BERF S A Ay, HIKH motif 5;
] — T A B 43 S 26 30 HE A R0 1 L P AL i 61,
PfC1q102 1 PfC1¢q269 47 motif 1 .motif 2 . motif
3. motif 4, motif 5 (& 2),
23 B EMAMELLES T

P FRBRBE DL RN B B, i T
ClgDC JEHFLLE LR 45 R BoR, 285 4~
ClgDC H:HENTE 14 ZAFGEk 1, He, 9
SY R 11 S ER R A 29 4 ClgDC
B, M8 Yk A 34 ClgDC HEFH(E 3),

Bl 1 DHIRERAEDL ClgDC B DR G0 LA 1 R G0 % & A
Phylogenetic tree of members of the C1¢gDC gene family in Pinctada fucata

Fig. 1
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Fig. 2 Motif structure analysis of CI1¢gDC genes in Pinctada fucata
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Fig.3 Chromosome distribution of CI1¢gDC genes in Pinctada fucata

LR G R R LI 68 X B HIBLG (E
2)o HEPR R M OC R o B 4 B — X v B A 2
K (PfC1q43 F1 PfClqlony(& 4), Ab, KB4y
ClgDC R I T K /K AHY/NF 1, KK
ZH ClgDC FHAE R sk rp &y 1 58l
AR GR 2),
24 EERZEXSHT

FEF AT 2 QR AE DU I 40 A Eb s S A1 i
MR, HH 56 4 ClgDC HEH )k K EAE
BN E R R E R EES . H, 324
ClgDC R FRE G B3 LJt, 1 24 1~ ClgDC
FER 2T R EE 5). Bk i s 41 808 1y mT
SR, BEPLERE 8 4> CIgDC BN, FfExfHFRIAK
AT S S8 E B PCR KGN, 45 9 WoR, WU
S TR BCHE A e 3R AR B 20 B S A B — 3L
(K 6),

31 CliDCEEREHERE

FIMAR R G5 S 1 12 2 R B 2 R I P A 2 AR X
a1, fEdB e b LA BB, Cl1qDC &
12 AR Bl ) 56 R S e SO i i OB ), 7T
HHE S Y 32 A A \jJ'JXﬁ:(pattern rec-
U 22 g Dt 1A AH O
7 F 3 (pathogen-associated molecular patterns,
PAMPs), V3 55 | & AW AE ., T 5 3115 B
RIEA H P, T ClgDC RN F R IIRER)
ZREME LR, SRS DRI TR
WHFE . SR, AREHFNIE] C1gDC PR G0 1 5L iy
AR ES, TEpt Do FL K 4 rh 48 e 3] 52
A ClgDC FEFM M it 28 D1 PP
WG (Crassostrea gigas)**'#l §'§YJ‘|‘| H W5 (Crassostrea

ognition receptors, PRRs), 1



FHES: GIRERRED CIgDC FEP ZEM5 1 51 1 % 72 KRk o b 7

2 LDRERFEN ClgDC EE AL IER KJ/K
Tab. 2 Selection pressure of C1gDC gene in Pinctada fucata

H X H &2 3L A tandem duplication gene B E R K /K,

HIEEH& JE [ tandem duplication gene

BEALE A K/K,

PfC1q93&PfC1q94 0.672018
PfClq167&PfC14168 2.118770
PfCIql66&PfC1q167 1.597370
PfCIq168&PfC1q169 0.244935
PfCIq176&PfC1q177 1.561960
PfC1q95&PfC1496 0.142122
PfC1q231&PfC14232 0.267266
PfCIg199&PfC14200 0.387736
PfC1g48&PfC1q49 0.385330
PfCIg49&PfC1450 0.280602
PfC1g280&PfC14281 0.234080
PfCIg104&PfC1q105 0.311568
PfClq10&PfClq11 0.206378
PfCIq9&PfC1q10 0.190300
PfCIq186&PfC1q187 0.336715
PfCIg37&PfC1¢38 1.132260
PfC1g255&PfC14256 0.476308
PfC1q256&PfC14257 1309110
PfC1q257&PfC14258 0.318349
PfCI1q258&PfC14259 0.176466
PfCIq214&PfC1q215 1.716730
PfCIq56&PfC1q57 0.345807
PfC1q87&PfC1488 0.160446
PfCIg140&PfC1q141 0.247029
PfC1q139&PfC14140 0.199575
PfCIq161&PfC1q162 0.521138
PfCIq30&PfClq31 1.224320
PfCIq123&PfC1q124 0.305241
PfCIg17&PfCiq18 0.234658
PfC1g222&PfC14223 1.673210
PfC1q188&PfC14189 0.234541
PfCIq172&PfCIq173 0.311970
PfCIq276&PfC14277 4.426920
PfCIq81&PfC1q82 2.110500

PfC1g80&PfC1¢81 0.164441
PfC1q224&PfC14225 0.985258
PfC1q225&PfC14226 0.986139
PfC1q226&PfC14227 2.014750
PfC1q227&PfC14228 0.474522
PfClq154&PfC1q155 1.894650
PfC1q153&PfCI1q154 0.479226
PfCIg113&PfClq114 1.740130
PfC1q241&PfC14242 0.636515
PfC1q277&PfC1q278 0.862138
PfC1q242&PfC14243 0.344811
PfC1q243&PfC 14244 0.226221
PfC1q244& PfC14245 0.314219
PfCIq126&PfC1q127 0.226929
PfCIq118&PfC1q119 0.840832
PfC1g90&PfC1g91 0.463798
PfC1g190&PfC1¢191 0.673685
PfC1q191&PfC1¢192 0.595861
PfC1q192&PfC14193 1.260650
PfC1q97&PfC1¢98 0.852252
PfC1q62&PfC1q63 NA

PfC1q237&PfC14238 0.302464
PfC14238&PfC14239 0.516463
PfC1g28&PfC1429 2.142760
PfC1qT0&PfC1q71 0.600112
PfC1q68&PfC1969 0.317917
PfC1q67&PfC1968 0.361095
PfCIq136&PfC1q137 0.268440
PfC1q2&PfClq3 1.723610
PfCI1q39&PfC1g40 1.266460
PfC1q269&PfC14270 2.144230
PfC1q75&PfC1476 0.524691
PfC1q265&PfC14266 0.152615
PfC1q20&PfC1q21 0.527602

virginica)”> W43 51 % 5E $1 232,335 476 4~ C1gDC
LA, ABIF 5T N E QR DL 42 55 R 40 25l rh 42 48 2
285 1~ ClgDC #:H . WP C1qDC % 5%
KEEHMNZEZEY, ClgDC HRF Y KA gL
BRF Tl dE— s & B, ClgDC %
PR R 5 L A 0 RS 20 T BRI I 4R L 14
TEZR, T SR A S T L A
3.2 ClgDC EREFKRKEEH WK PHRTFIE

SR H R AR AR AN YIS, 1

FERIREE A R B o X [RER B DL 43t I 4
i ClgDC &N 7= A I I & i Ak 7 by, 45
RILL I 68 XTI HI A 1 X} 7 B & il e F
A2 il W D 6E oAb 2 3 DR 4] Rk B B B SR Bl
Z—, QR YFR T A T e SR DR i T R s P
HULIEDN ClgDC FERZFEMY K T fEE P IR
il A1 R B il S [ a5 5, i HLRT A T e

T GVEHP, ClgDC 3 R AR K Az o3 HE R HES)
Wi AR, RTEXNGE DL, E REREEDL K
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Fig. 4 Segmental duplication of C/1¢gDC genes in Pinctada fucata

5 0 v VA R DI DL v A A R 1 R TR
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X — BG4 JE R ] e R JG A Sh 4 e = 5 17 1 4
, TRAEAN A RLEREE A IR G RE s A 560,
By T IER R AN AN, 55N
FakEEEA KPT X FREREE DL AR ST I AT
STt & B, Motif 1 PRSP s, 7ERTA7 3R
FER S AT %L, R Motif 1 L) AR
C1qDC 25 a3k & ¥ VA B R o TRl — itk by
RO A ELAG AR AL PR SF P ALk, AN TR 4332 1Y
B 5B SR P A, X SERRIR R ST 58 5 1]
fERARA ClgDC RHN S5 AT AW EER
FERH HEGA 5 R FEIRERMT K/K, &
MK ZE KK AEDNT 1, TR ZHE BRI
ClgDC &R 7E 3 Ak 1 7 v 1a) Sk 46 1k 15 250k 1
WA ERAr, 5 E BB &R 5 00 L I AR SR
REPEREAE T X —5 8, Wy ClgDC B

W
&

R 2R, Z BB E SR IR B, LAHRAE
B ERIEE AR 5750 22500018 )
TS B T i = R SR S [ A A A
3.3 £¥hEXT ClgDC EE K ik 8 &0
ClqDC H A FEH —KE TR REKERK
J5FE X (collage-like region, CLR)FI C K Clq Ek
REEH IR (C1)H W7, gClq ZEHEAE N
C1qDC MZ.O A A 77, FETReE/EN PRR B
B 590 B2 A AR, A5 40 M
g0, MRS M, ClqDC ] i iR 51 3F
i 2R PAMPs, BGAMAZ LIRSS, KGR
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Fig. 5 Relative expression levels of C1gDC genes in the hemocyte of Pinctada fucata
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| dentification and expression patterns of members of the C1gDC gene
family in Pinctada fucata

WANG lJing, LI Guiying, LIN Kaiqi, LIUFU Bai, LI Jinfeng, HUANG Baosong, WANG Zhongliang
Fisheries College, Guangdong Ocean University, Zhanjiang 524088, China

Abstract: The complement system is an evolutionary and crucial component of the innate immune response, which
is key to detecting and removing invading pathogens. C1g-domain-containing proteins (C1qDC), as the first sub-
component of the classical pathway in the complement system, can bind immune complexes and activate the clas-
sical pathway. Although recent advances in many species have reported the characterization and functional roles
of C1gDC in innate immunity, systematic knowledge of C1qDC is still lacking in Pinctada fucata. In this study,
the phylogenetic relationship, sequence structure, motif composition, chromosome location, and expression pattern
of identified C1gDC genes from the sequencing data of the whole genome of P. fucata were analyzed. The results
showed that 285 CIgDC genes were identified and divided into five groups. C/¢gDC genes have been studied in
many species, but the transcript number varies greatly among different species. In previous studies, 232, 335, and
476 ClgDC genes were identified in Mytilus galloprovincialis, Crassostrea gigas, and Crassostrea virginica,
respectively. The transcript numbers are far more than that of C/¢DC genes in fish and humans, and this is likely
related to the lack of adaptive immunity of invertebrates and a weak ability of bivalves to resist adverse external
environment and pathogens. The massive gene family expansion has occurred in bivalve evolution and is also
common in the bivalve genomes. Structure analysis revealed that all the C1qDC proteins of P. fucata contained
motif 1 and were randomly distributed on 14 chromosomes. Additionally, 68 pairs of tandem duplication and one
pair of segmental duplication events were found. The higher synonymous substitution rate relative to the
non-synonymous rate observed in P. fucata evoked ClgDC genes to evolve under purification selection. Some
ClgDC genes showed high levels of polymorphism and were driven by selective pressure to fight off the noxious
pathogens. Adaptive evolution of sequence polymorphism likely reflected the coevolution or interplay of host and
pathogen. Recent research showed that C1qDC mainly functions as a pattern recognition receptor to mediate cell
phagocytosis and agglutination via directly interacting with the receptor on the cell outer membrane. According to
the transcriptome data, 56 C/gDC genes (32 upregulated and 24 downregulated) were significantly differentially
expressed after the Vibrio alginolyticus challenge. Additionally, real-time PCR was implemented for eight
randomly selected Ci¢gDC genes, and agreement was confirmed between the high-throughput sequencing and
real-time PCR data. The expression of the C/¢gDC genes increased in the hemocytes of P. fucata, which indicated
that C1gDC might be involved in the immune response related to V. alginolyticus infection. These results provide
a theoretical basis for further analysis of the evolutionary pattern of the C/¢gDC genes and the regulatory roles in
the immune response in bivalves.
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