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1,20 1 1,2
(1. 266003; 2.
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, Smad (CEBP/¢) ,
Smad
s , Smad
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, Smad3  Smad6
; Smad5 Toll ; )
Smad5 s Smad5 Toll s
Smad
s Smad ; ;
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, Smad T

>

(Massagué et al, 2000;
2000; Derynck et al, 2003)

Weinstein et al,

(Datto et al, 1999)

>

Smad 3 , 2003) , Smad
: Smad(R-Smad) Smad ,
(Co-Smad) Smad (I-Smad), R-smad (Hu et al, 2017)
TGF-p Smad  BMP Smad Smad
N mad homologous domainl ( , 2011)
(MH1) C mad homologous domain2 (MH2) 90 s
(Grishin, 2001; Wu et al, 2001) , s
Smad3 (Vibrio anguillarum)
(CEBP/¢) ,
( ,2014) , 2005) , Smad
) (
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al, 2014; , 2015), Smad melanogaster) (Nematostella vectensis)
s (Strongylocentrotus purpuratus) (Crassostrea
Smad gigas) (Pomacea canaliculata)
, Smad (Patinopecten yessoensis) (1) TBLASTN
, Smad
, Smad , (e le-5),
Smad (e le-5)
s Smad
1 scaffold SMART (Letunic et al,
1.1 Smad 2018) Smad ,
Smad , Compute pl/Mw (Bjellqvist et al, 1993) Smad
Smad (pD) MEME (Bailey et al,
(Li et al, 2017) , 1994) Smad
(Homo sapiens) (Mus musculus) IBS1.0.3 (Liu et al, 2015) Smad
(Lepisosteus oculatus) (Drosophilidae

R1 Smad BEREEDWFAZEFIEMS

Tab.1  Accession numbers of Smad proteins used for Smad gene identification

Smadl AAC50790.1 Smadl XP_006629559.1
Smad2 AAC39657.1 Smad? XP_006627302.1
Smad3 AAL68976.1 Smad3 XP_006628801.1
Smad4 Q13485.1 Smad4 XP_015224305.1
H. sapiens Smad5 AAB92396.1 L. oculatus Smad5 XP_006631964.1
Smad6 AAC82331.1 Smad6 XP_006628799.1
Smad7 AAL68977.1 Smad?7 XP_015224305.1
Smad9 AAT04763.1 Smad9 XP_006628242.1
Smadl AAG41407.1 Mad NP_477017.1
Smad2 AAH89184.1 Smox NP_477017.1
Smad3 AAB81755.1 D. melanogaster Med NP_524610.1
Smad4 AAM74472.1 Dad AAN13728.1
M. musculus Smad5 AAC83580.1 Smadl1/5/8 AHB37076.1
Smad6 AABS81351.1 Smad3 XP_011441244.1
Smad7 AABS81353.1 C. gigas Smad4 AHB37077.1
Smad9 AAI04763.1 Smad6 NP_001295807.1
Smad1/5 ABC88374.1 Smad3 OWF37852.1
Smad3 XP 001631657.1 Smad4 OWF37845.1
N. vectensis Smad4 EDO31382.1 P. yessoensis Smad5 OWF47058.1
Smad6 ED039628.1 Smad6 OWF38654.1
Smad3 XP_025084166.1 Smad3 BAF45857.1
Smad4 XP_025081820.1 Smad4 XP_030853090.1
P. canaliculata Smad5 XP_025086090.1 S. purpuratus Smad5 XP_030836187.1
Smad6 XP_025080867.1 Smad6 XP_798238.2
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1.2 Smad , FDR
(H. sapiens) (M. musculus) (L. P (adjusted P-value)<0.05 ,
oculatus) (D. melanogaster) (N. vectensis) GO term
(S. purpuratus) (C. gigas) (P 1.4
canaliculata) (P, yessoensis) (Vibrio anguillarum)
Smad Cong (2008) 28 °C 2216E
ClustalX (Larkin et al, 2007) , (5 g/L , 1 g/L 0.1 g
MEGA7 (Kumar et al, 2016), Cg¢HsFe-5H,0, pH=7.6) , 2000 g
(Maximum Likelihood) , Bootstrap 1000 5 min ,
iTOL (Letunic et al, 2007) (0.22 pm ), 1x10” CFU/mL
1.3 Smad 1 ,
GO 3d
STAR (Dobin et al, 2013) 50 , ,
( 0 5 24 48 72h ,
) (Li et al, 2017) 5
, Samtools (Li et al, ,
2009) , featureCounts (Liao et 800 g, 4 °C 10 min
al, 2014) counts ) —-80 °C
TPM (Transcripts Per Million)
23 506 TPM>1 1.5 RNA PCR
, ““WGCNA”” (Langfelder et al, 2008) RNA (Hu
(WGCNA) et al, 20006), Nanovue Plus (GE
S softpower=13, Healthcare, NJ, USA) RNA R
networkType="“unsigned”, RNA
minModuleSize=450, (MMLV) (Thermo, USA)
detectCutHeight=0.997 cDNA PCR Smad
(Wang et al, 2020) “pheatmap” , PCR
SsoFast™EvaGreen® s 2,
EnrichPipeline (Huang et al, 2009) LightCycler480 PCR (Roche
%2 WHER PCR3IYTI%
Tab.2  Primers used for qRT-PCR
Smad3-F 5'-CTCAAGAGGGATGAAGTGTGTGTA-3'
Smad3-R 5'-CTGTGGAAATTTGTCTGGAACC-3'
Smad4-F 5'-CACCAAGTCTGGCTATTACAGGAAG-3'
Smad4-R 5'-GACATGATCAAGCCCCTAGGT-3'
Smad5-F 5'-CTAGAACTGGAGGAAGCACTGG-3'
Smad5-R 5-CCACGAACTGAAACCTCTTGAAT-3'
Smad6-F 5-CGCTGTCGTAACTCCCAATAG-3’
Smad6-R 5'-GAAACGGGAAACACACCTACC-3'
EF1A-F 5'-AGCAATGTGAGCGGTATGGC-3'

EFIA-R

5'-TGATCCCCCTGCTGGAGTAG-3'
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Diagnostics , , ) PCR 3) Smad SMRT
50 °C 2 min, 94 °C 10 min, 40 , 94 °C 15 s, ( 1,4 Smad N MHI1 C
62 °C 1 min, EFI1A MH2
PCR (Li et al, 2016) , R-Smad
Primer Premier5.0 , Motifl1-13 Motif
BLASTN (le-10) , Motifl Motif2 Motif4  Motif8
H-BACt
Smad SPSS20.0 2.2 Smad
(IBM, 2013) t , Smad
Smad , Smad 4 R
5 TGF-p R-Smad BMP R-Smad Co-Smad
I-Smad ( 2) TGF-p R-Smad  BMP
2.1 Smad R-Smad R-Smad
Smad3  Smad4 Smad3 Smad4 Smad5 Smad6 TGF-B
Smad5  Smad6 Smad ( 3 R-Smad Co-Smad BMP R-Smad  I-Smad
, Smad3 , 50 088 bp, ,
Smad5 s 13 759 bp , Smad 4 Smad
Smad3 , 13 , Smad6 , 5
Smad 41.28 Smad s
62.46 kDa, (pD 6.34  8.37 ( Smad3
*3 MILEN Smad B RERIEFFIHFFE
Tab.3 Sequences of C. farreri Smad genes
(bp) (bp) (aa) pI (kDa)
Smad3 50 088 1286 10 431 6.39 48.57
Smad4 23264 1718 13 575 7.34 62.46
Smad5 13 759 1376 6 461 8.15 51.44
Smad6 39942 1079 5 362 8.37 41.28
‘ll 2|6 1|50 2i|’:6 407 431 3 Motif1
Smad3 B Motif2
- VI ' | SLLZ L] B Motif3
1 31 140 343 552575 B Moti4
s | | | | | | B Motif5
mad4 [ VIET l ] MH2 ] 3 Motif6
[ - | N | Al = Motif7
? 3|0 1|39 2e|55 437 4e|31 & Motifs
Smad5 [ [ WIFT | | MH2 ] B Motifo
T T T T I I T | B Motif10
‘ll 3|5 1?8 1?4 359 BE= Motif11
Motif12
smade i — ' g | : MZ::ﬂs
— ‘ :
L e 3(132 1 Motif14
=1 Motif15
1 Smad
Fig.1 Domains and motifs of Smad proteins
MHI1 S MH2

> s
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Fig.2 Phylogenetic tree of Smad genes
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Fig.3 Distribution of Smad genes on chromosomes and scaffolds
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Tab.4 GO enrichment analysis of the M14 genes
GO GO P
GO: 0048522 Positive regulation of cellular process 0.006 6
GO: 0008283 Cell proliferation 0.022 2
GO: 1902578 Single-organism localization 0.022 4
GO: 0009719 Response to endogenous stimulus 0.026 6
GO: 0009893 Positive regulation of metabolic process 0.027 3
GO: 0019222 Regulation of metabolic process 0.035 44
GO: 0042221 Response to chemical 0.038 7
GO: 0043021 Ribonucleoprotein complex binding 0.041 2
x5 MIR2IERRERE GO ERER
Tab.5 GO enrichment analysis of the M12 module genes
GO GO
P
GO: 0006996 Organelle organization 0.000 37
GO: 0065008 Regulation of biological quality 0.000 21
GO: 0044237 Cellular metabolic process 0.001 298
GO: 0016043 Cellular component organization 0.001 51
GO: 0044238 Primary metabolic process 0.006 337
GO: 0007155 Cell adhesion 0.007 6
GO: 0006807 Nitrogen compound metabolic process 0.007 175
GO: 0071704 Organic substance metabolic process 0.008 357
GO: 0051641 Cellular localization 0.025 36
GO: 0051649 Establishment of localization in cell 0.042 34
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F6 MIERYD DI HZHRESEBHXERER 2.4 72h  Smad
Tab.6 The key genes of Toll like receptor signaling pathway in Smad
M9 module ma
72 h Smad
TLRI TLRI TLR2  TLR6 , Smad3 24h
TLR2 5 48 h Oh Smad5
TLR6 24 h 1.74
TLRI3 NF-kB 48h , Smad5 24 h
TRAF?2 TNF-R1 NF-kB 0h 72 h, Smad5
TRAF3 TLR , 0 h
MyD88 ( 9 Smad3  Smad5
NFkB2

KT MIBHR GO ERHER
Tab.7 GO enrichment analysis of the M9 module genes

GO GO P
GO: 0051716 Cellular response to stimulus 0.003 129
GO: 0023051 Regulation of signaling 0.007 17
GO: 0048583 Regulation of response to stimulus 0.012 17
GO: 0044765 Single-organism transport 0.015 74
GO: 0043234 Protein complex 0.020 25
GO: 0043227 Membrane-bounded organelle 0.030 38
GO: 0008047 Enzyme activator activity 0.001 12
GO: 0060589 Nucleoside-triphosphatase regulator activity 0.002 12
GO: 0005515 Protein binding 0.004 305
GO: 0043167 Ion binding 0.018 233
GO: 0038023 Signaling receptor activity 0.034 58
GO: 0016787 Hydrolase activity 0.043 109
R8 M6RR GO BELR
Tab.8 GO enrichment analysis of M6 module gene
GO GO P

GO: 0006955 Immune response 0.000 9
GO: 0044238 Primary metabolic process 0.002 193
GO: 0051707 Response to other organism 0.003 3
GO: 0071704 Organic substance metabolic process 0.004 212
GO: 0048584 Positive regulation of response to stimulus 0.008 3
GO: 0002682 Regulation of immune system process 0.010 2
GO: 0051606 Detection of stimulus 0.010 2
GO: 0006807 Nitrogen compound metabolic process 0.010 87
GO: 0009605 Response to external stimulus 0.015 3
GO: 0044237 Cellular metabolic process 0.033 171

GO: 0009607 Response to biotic stimulus 0.042 4
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EXPRESSION CHARACTERISTICS OF Smad GENE FAMILY AND ITS IMMUNE
RESPONSE TO VIBRIO ANGUILLARUM INFECTION IN CHLAMYS FARRERI

DONG Zheng', ZENG Qi-Fan"?, LIU Liang-Jie', WANG Shi"?
(1. Key Laboratory of Marine Genetics and Breeding (Ministry of Education), College of Marine Life Science, Ocean University of

China, Qingdao 266003, China; 2. Laboratory for Marine Biology and Biotechnology, Pilot National Laboratory for Marine Science and
Technology (Qingdao), Qingdao 266237, China)

Abstract Chlamys farreri is one of the most important scallops in Chinese mariculture industry. However,
bacteria-caused diseases occasionally break out in scallop aquaculture in recent years, resulting in huge economic losses.
Therefore, the immune defense mechanism of scallop was studied to improve germplasm and cultivate disease resistant
strains. It has been found that Smad genes could mediate neutrophil maturation and functional polarization by regulating
enhancer binding protein & (cebp/e), which plays an important role in the innate immune regulation of vertebrates. At
present, most of the researches on Smad genes and their roles in immunity focused on vertebrates, those on shellfish are
relatively scarce. Therefore, we characterized the phylogeny of Smad gene family in C. farreri, constructed the
co-expression network, and analyzed the immune response to V. anguillarum infection, in order to analyze the expressional
regulation mechanism of Smad genes in shellfish and its role in immune response. The results show that Smad3 and Smad6
co-chromosomes existed in the common ancestor of bilateran animals. Smad5 was co-expressed with a large number of key
genes of Toll-like receptor signaling pathway in C. farreri. Smad5 was significantly up-regulated in hemolymph after
infection by V. anguillarum, which indicated that Smad5 might participate in the immune function through interaction with
Toll like receptor signaling pathway. This study provides an important reference for further study on the role of Smad genes
in the innate immune system of shellfish.

Key words Chlamys farreri; Smad gene family; expression pattern; immune responses



