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Tab.l Summary of the SNP identified in BI and Al transcriptomes

BI Al
SNP-unigene 33697 33935 67632
SNP 493243 469752 962995
SNP 50702 54530 105232
SNP 33713 36327 70040
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unigene 4632 (13.65%), 2—10 SNP 36327 (66.62%), 18203  (33.38%)
unigene 15140  (44.61%), 10 SNP BI Al SNP SNP
unigene 14163 (41.74%)(  2) 0.504  0.501; 6
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Fig.5 The cluster of orthologous groups (COG) classification of SNP-unigenes

%2 G%IEBH{EHE X SNP-unigene B KEGG E&E 21
Tab.2 The Kyoto encyclopedia of genes and genomes (KEGG) enrichment analysis of immune-related SNP-unigenes

KEGG ID SNP-unigene
Platelet activation ko04611 86
Chemokine signaling pathway ko04062 78
Fc gamma R-mediated phagocytosis ko04666 69
Leukocyte transendothelial migration ko04670 63
T cell receptor signaling pathway ko04660 50
Toll-like receptor signaling pathway ko04620 46
Fc epsilon RI signaling pathway ko04664 39
B cell receptor signaling pathway ko04662 35
NOD-like receptor signaling pathway ko04621 35
Natural killer cell mediated cytotoxicity ko04650 34
RIG-I-like receptor signaling pathway ko04622 30
Cytosolic DNA-sensing pathway ko04623 27
Antigen processing and presentation ko04612 19
Complement and coagulation cascades ko04610 9
Hematopoietic cell lineage ko04640 9

629
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Tab.3  Specific immune-related SNPs identified in BI and Al transcriptomes

SNP-unigene ID KEGG SNP
B cell receptor signaling pathway/ Toll-like receptor signaling pathway/ T cell receptor
BI comp39780 c0 signaling pathway/ Fc epsilon RI signaling pathway/ Fc gamma R-mediated 7 36
phagocytosis/ NOD-like receptor signaling pathway/ Platelet activation
comp671474_c0 Complement and coagulation cascades/Platelet activation 3
comp290115_c0 Cytosolic DNA-sensing pathway 5
comp732503 c0 Cytosolic DNA-sensing pathway 4
comp51341 ¢c0 Fc gamma R-mediated phagocytosis 1
comp57855 ¢0 Hematopoietic cell lineage 1
comp44879_¢c0 Leukocyte transendothelial migration/ Platelet activation 3
comp59941_c0 Leukocyte transendothelial migrationg;:ﬁ;c;;e;t activation / T cell receptor signaling 3
comp1007_c0 NOD-like receptor signaling pathway 3
comp653385_¢0 NOD-like receptor signaling pathway 2
comp229504 c0 Platelet activation 2
comp738091_c0 RIG-I-like receptor signaling pathway 2
Al comp1306306_c0 Leukocyte transendothelial migration/Platelet activation 1 87
compl4833 _c0 Hematopoietic cell lineage 1
comp1620486 c0 Chemokine signaling pathway 4
comp19568 c0 Leukocyte transendothelial migration/Platelet activation 1
B cell receptor signaling pathway/Chemokine signaling pathway/Fc epsilon RI signaling
comp22997 c0 ) pathway/F ¢ gamma R-medi_ated phagocy.to_sis/Leukocyte .traqsendothelial 4
migration/Natural killer cell mediated cytotoxicity/Platelet activation/T cell receptor
signaling pathway/Toll-like receptor signaling pathway
comp2349 c0 Complement and coagulation cascades/Platelet activation 2
comp340170_c0 Chemokine signaling pathway/Platelet activation 5
comp35583 ¢c0 Cytosolic DNA-sensing pathway 3
comp364321 c0  Fc epsilon RI signaling pathway/Fc gamma R-mediated phagocytosis/Platelet activation 5
comp44949 ¢c0 Fc gamma R-mediated phagocytosis 9
comp47012_c0 Fc gamma R-mediated phagocytosis 5
comp509876_c0 Hematopoietic cell lineage 3
comp51181_c0 Complement and coagulation cascades 8
comp524944 ¢c0 Chemokine signaling pathway/Platelet activation 1
comp54383_c0 Leukocyte transendothelial migration/Platelet activation 1
Chemokine signaling pathway/Fc epsilon RI signaling pathway/Fc gamma R-mediated
comp55367_c0 phago.(:}'/tosis/Leukocy.te tfansendothelial migr.atioq/Natural killer cell‘ mediated 5
cytotoxicity/Platelet activation/T cell receptor signaling pathway/Toll-like receptor
signaling pathway/Platelet activation
comp57390 c0 Hematopoietic cell lineage/Platelet activation 7
comp579306_c0 Fc gamma R-mediated phagocytosis 6
competrus co Fospslon 1 Sutlingpahvey s g Rmdid shagoonisevoore
comp631969 c0 Hematopoietic cell lineage/Platelet activation 1
comp63931_c0 Cytosolic DNA-sensing pathway 5
comp748376_c0 Platelet activation 7
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Tab.4 SNPs identified in differentially expressed immune-related unigenes

BI-SNP AI-SNP
Alpha-L-iduronidase 14 49
Apoptosis regulator R1 51 95
Arrestin 79 45
cAMP-responsive element modulator 64 69
Cytosolic phospholipase A2 41 37
Dual specificity protein phosphatase 10 29 43
Dual specificity protein phosphatase 7 49 46
Heat shock protein 90 56 47
Interleukin-1 receptor 53 60
MAP kinase-activated protein kinase 2 75 77
myeloid differentiation primary response protein 88 0 41
Nuclear transcription factor Y subunit alpha 34 62
Putative inhibitor of apoptosis 6 15
Serine/threonine protein kinase NLK 20 68
Toll-like receptor 2 39 37
Toll-like receptor 3 38 45
Tumor necrosis factor 52 58
700 894
; ( ) )
2012) , (Fenneropenaeus chinensis) SNP
, , /
0.5( ,2013; ,2015; ,2013)
s SNP « ”(Gojobori et al, 1982; Li et
( ,2012) al, 1984; Collins et al, 1994) /
Hiseq-2000 67632
unigenes 962995 SNP , SNP (Zhao et al, 2002)
0.0098 0.0093( 100bp 1 SNP
SNP), (Aequipecten opercularis) ,
(Mimachlamys varia)SNP (1 ,
SNP/100bp) (Arias et al, 2009), SNP ( , 2014) 67632
(I ~ SNP/40—60bp) (Sauvage et al, 2007), SNP-unigenes 30376 18150
SNP (1 SNP/ 10981 SNP-unigenes GO COG KEGG
426.5bp) ( , 2013) SNP , unigene
( ) )
( , 2015), , SNP-unigene
EST SNP ( , 2013) ,
SNP ( : , SNP
) ( )
, , SNP
0.5 , BI Al

SNP SNP 0.504  0.501, , SNP



2 : (Pinctada fucata)

SNP 411

(2014)
SNP WSSV ,
681  SNP
: (2013) SNP

SNP ,
SNP
, SNP ,

unigene , 629
SNP unigenes,
“Platelet activation”

KEGG SNP

123

> >

SNP
SNP-unigene SNP

SNP ,
962995 SNP , 1
SNP/100bp; 629  SNP-unigenes
; SNP ,

123 SNP

, , , 2014.
(Scophthalmus maximus)SNP
,45(6): 1300—1307

,2013. SNP
: (
)
,2012. SNP
, 2014. SNPs WSSV
: (
)
, 2010. (Cynoglossus semilaevis) SNP
, , , 2013. SNPs
, (8): 7—11
,2015. SNP

, 22(3): 393—401

, 2013. EST-SNP
, (D)

56—63

, 2012.

. ,30(5): 607—611

,2013.¢ 2 7 SNP

WSSV

Arias A, Freire R, Boudry P er al, 2009. Single nucleotide
polymorphism for population studies in the scallops
Aequipecten  opercularis and  Mimachlamys  varia.
Conservation Genetics, 10(5): 1491—1495

Collins D W, Jukes T H, 1994. Rates of transition and
transversion in coding sequences since the human-rodent
divergence. Genomics, 20(3): 386—396

Cui J, Wang H D, Liu S K et a/, 2014. Transcriptome analysis of
the gill of Takifugu rubripes using Illumina sequencing for
discovery of SNPs. Comparative Biochemistry and
Physiology Part D: Genomics and Proteomics, 10: 44—51

Cui Z, Li X, Liu Y et al, 2013. Transcriptome profiling analysis
on whole bodies of microbial challenged Eriocheir sinensis
larvae for immune gene identification and SNP development.
PLoS One, 8(12): e82156

Du X, Li L, Zhang S et al, 2014. SNP identification by
transcriptome  sequencing and candidate gene-based
association analysis for heat tolerance in the bay scallop
Argopecten irradians. PLoS One, 9(8): €104960

Gojobori T, Li W H, Graur D, 1982. Patterns of nucleotide
substitution in pseudogenes and functional genes. Journal of
Molecular Evolution, 18(5): 360—369

Grabherr M G, Haas B J, Yassour M et al, 2011. Trinity:
reconstructing a full-length transcriptome without a genome
from RNA-Seq data. Nature Biotechnology, 29(7): 644—652

Houston R D, Taggart J B, Cézard T et al, 2014. Development
and validation of a high density SNP genotyping array for
Atlantic salmon (Sa/mo salar). BMC Genomics, 15(1): 90

Lander E S, 1996. The new genomics: global views of biology.
Science, 274(5287): 536—539

Li R Q, Li Y R, Fang X D et al, 2009. SNP detection for
massively parallel whole-genome resequencing. Genome
Research, 19(6): 1124—1132

Li S J, Liu H, Bai J J et al, 2017. Transcriptome assembly and
identification of genes and SNPs associated with growth
traits in largemouth bass (Micropterus salmoides). Genetica,
145(2): 175—187

Li W H, Wu C I, Luo C C, 1984. Nonrandomness of point
mutation as reflected in nucleotide substitutions in
pseudogenes and its evolutionary implications. Journal of
Molecular Evolution, 21(1): 58—71

LiY, Liu SK, Qin Z K ef al, 2014. Construction of a high-density,
high-resolution genetic map and its integration with
BAC-based physical map in channel catfish. DNA Research,
22(1): 39—52

Liu Z J, Cordes J F, 2004. DNA marker technologies and their
applications in aquaculture genetics. Aquaculture, 238(1-4):



412

49

1—37

Lv JJ, Liu P, Gao B Q et a/, 2014. Transcriptome analysis of the
Portunus trituberculatus: de novo assembly, growth-related
gene identification and marker discovery. PLoS One, 9(4):
€94055

Mastrochirico-Filho V A, Hata M E, Sato L S et al, 2016. SNP
discovery from liver transcriptome in the fish Piaractus
mesopotamicus. Conservation Genetics Resources, 8(2):
109—114

Mir R R, Hiremath P J, Riera-Lizarazu O et al, 2013. Evolving
molecular marker technologies in plants: from RFLPs to
GBS. In: Liibberstedt T, Varshney R eds. Diagnostics in
Plant Breeding. Dordrecht: Springer, 229—247

Nufiez-Acufia G, Gallardo-Escarate C, 2013. Identification of
immune-related SNPs in the transcriptome of Mytilus
chilensis through high-throughput sequencing. Fish &
Shellfish Immunology, 35(6): 1899—1905

Pante E, Rohfritsch A, Becquet V et al, 2012. SNP detection from
de novo transcriptome sequencing in the bivalve Macoma
balthica: marker development for evolutionary studies.
PLoS One, 7(12): €52302

Sauvage C, Bierne N, Lapegue S et al, 2007. Single nucleotide
polymorphisms and their relationship to codon usage bias in the
Pacific oyster Crassostrea gigas. Gene, 406(1-2): 13—22

Sellars M J, Dierens L, McWilliam S et a/, 2014. Comparison of
microsatellite and SNP DNA markers for pedigree
assignment in Black Tiger shrimp, Penaeus monodon.

Aquaculture Research, 45(3): 417—426

Tsai H Y, Robledo D, Lowe N R et al, 2016. Construction and
annotation of a high density SNP linkage map of the Atlantic
salmon (Salmo salar) genome. G3: Genes, Genomes,
Genetics, 6(7): 2173—2179

Wang J L, Li Q, 2017. Characterization of novel EST-SNP
markers and their association analysis with growth-related
traits in the Pacific oyster Crassostrea gigas. Aquaculture
International, 25(5): 1707—1719

Wang Z L, Wu Z H, Jian J C et al, 2009. Cloning and expression
of heat shock protein 70 gene in the haemocytes of pearl
oyster (Pinctada fucata, Gould 1850) responding to bacterial
challenge. Fish & Shellfish Immunology, 26(4): 639—645

Wang Z L, Wang B, Chen G et al, 2016. Transcriptome analysis
of the pearl oyster (Pinctada fucata) hemocytes in response
to Vibrio alginolyticus infection. Gene, 575(2): 421—428

Yu Y, Wei J K, Zhang X J et al, 2014. SNP discovery in the
transcriptome of white Pacific shrimp Litopenaeus vannamei
by next generation sequencing. PLoS One, 9(1): e87218

Zhan X, Wen H Y, Shi Y H et al, 2016. Association between
novel EST-SNPs and commercial traits in Pinctada fucata
martensii. Aquaculture Reports, 3: 209—213

Zhao Z, Boerwinkle E, 2002. Neighboring-nucleotide effects on
single nucleotide polymorphisms: a study of 2.6 million
polymorphisms across the human genome. Genome

Research, 12(11): 1679—1686

SNP DISCOVERY AND FUNCTIONAL ANNOTATION IN TRANSCRIPTOME
DATASETS FROM HEMOCYTES OF PINCTADA FUCATA
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Abstract
characterized by analyzing reads from hemocytes transcriptome. A total of 962995 SNPs of high quality were predicted

To enrich more SNP markers for prospective genetic studies in Pinctada fucata, SNPs were predicted and

from 67632 SNP-unigenes. The average SNP frequency was one SNP per 100 bp and the estimated ratio of transition to
transversion was 0.5, which is in coincidence with the theoretical ratio. A/T was the most abundant SNP type among the six
SNP mutation types. By matching GO, COG and KEGG databases, 30376 (44.91%), 18150 (26.84%, “general function
prediction only” was the most dominant group) and 10981 (16.24%, “signal transduction” was the largest group)
SNP-unigenes were annotated, respectively. Further enrichment and SNP distribution analysis indicated that 629
SNP-unigenes were enriched in some well-known immune-related signal pathways, and 36 and 87 specific immune-related
SNPs (123 SNPs in total) were detected from pre- and post-challenged transcriptomes, respectively. Additionally, 1594
SNPs were predicted in 17 differentially expressed immune-related unigenes based on the analysis on normalized gene
expressed level.

Pinctada fucata; single nucleotide polymorphism; molecular marker

Key words transcriptome;



