Tissue-specific transcripomes of
Mytilus galloprovincialis
reveal new functions
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Economic importance

Worldwide mussel production (FAO):
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Assembly and annotation statistics

Reads statistics All Hemocytes Mantle Muscle Gill
Millions of raw reads 112.706 111.322 113.045 56.244
Millions of clean reads 107.386 106.060 107.127 53.335
Total Megabases 9,665 9,545 9,641 4,800
% GC content 38.99% 38.32% 38.28% 37.54%
Assembly statistics
Number of contigs 261,332 428,939 313,554 238,650
Number of unigenes 151,320 107,045 131,935 120,572 120,254
Average unigene length 570
N50 unigene length 774
Range unigene length 200-17,690
Number of unigenes <500pb 104,757
Number of unigenes >500pb 46,563
Annotation statistics  Unigenes Percentage
Annotated unigenes by nt 14,207 9.4%
Annotated unigenes by nr 45,182 PASRI
Annotated unigenes by SwissProt 36,656 24.2%
Annotated unigenes by KEGG 31,144 20.6%
Annotated unigenes by COG 14,503 9.6%
TOTAL annotated unigenes 50,998 33.7%

Unigenes with GO terms 18,899 12.5%



KEGG pathways

% KEGG annotated unigenes

Amino acid metabolism

Lipid metabolism

Carbohydrate metabolism
Nucleotide metabolism

Glycan biosynthesis and metabalism
Metabolism
Metabolism of cofactors and vitamins

1Xenobiotics biodegradation and metabolism

Energy metabolism

Metabolism of terpencids and polyketides

Biosynthesis of other secondary metabolites

Translation

Falding, sorting and degradation

Genetic Information Processing Transeription

6 h Replication and repair
2 5 p a t W a ys Signal transduction
Environmental Information Processing Signaling molecules and interaction

Membrane transport

Defense

Transport and catabolism
Cellular Processes
Cellgrowth and death

Signal transduction S

Digestive system

Cancer
Organismal Systems Circulatory sy

Development

Environmental adaptation
Infectious diseases: Bacterial
Cancers

Infectious diseases: Viral
nfectious diseases: Parasitic
N Neurodegenerative diseases
Human diseases :
Cardiovascular diseases

Substance dependence

Immune diseases

Endocrine and metabolic




Mussel vs oyster

C.gigas

total protein sequences 28,027

E-value 10e-05

80% identity

90% identity

Query 4,352 41,984 561 643 1.3% | 5.3% 76.5% 6,583 Query
Mussel]| 24% 90.6% 6.4% | 1.4% 3635 1,49 21,444 23.5% OYStEI'
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M. galloprovincialis
total protein sequences 46,336




Transcriptomes general description

Mantle Muscle
131,935 120,572

Hemocytes 120.254
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® Mantle and muscle Total
® Hemocytes and gill 151,320




Exclusive transcriptomes

Hemocytes top exclusive Mantle top exclusive

Clq domain containing protein MgC1g28 von Willebrand factor D and EGF domain-containing protein

defensin «

mytilin B

fibrinogen-related protein

mytilin-6

Serine protease inhibitor Cvsi-2

complement component 4

Clg domain containing protein MgC1g56

myticin C gene

fibrinogen-related protein (FREP_G1)
Muscle top exclusive

ribosomal RNA

hsp90-2 gene for heat shock protein 90

myticin C ’
Angiopoietin-

stress-70 protein, mitochondrial-like
ficolin-2-like, partial

Clq domain containing protein MgC1g22

Small heat shock protein hspl, mitochondrial

Dnal homolog dnj-10
Macrophage receptor MARCO

Fibroin heavy chain

C1qg domain containing protein MgC1q95
nacrein B3

ADAM family mig-17

fibrocystin L

Gigasin-6

Clg domain containing protein MgC1q69
ATP-dependent RNA helicase A

peroxidasin homolog (Drosophila)-like «
Gill top exclusive

Perlucin-like protein

Clg domain containing protein MgC1q71 «

Fucolectin

Collagen alpha-1(XIl) chain

Clg domain containing protein MgC1q17

Clg domain containing protein MgC1q52

Clg domain containing protein MgC1q36

Clg domain containing protein MgC1g81

fibrinogen-related protein

Fibrinogen C domain-containing protein 1




ression analysis: NOIsegq

Log2(data) Log2(data) Log2(data)

Hemocytes
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Tissues differential expression

mytilin B

antimicrobial peptide MGD2b
apextrin-like protein (apelP)
Serine protease inhibitor Cvsi-2
Interferon alpha-inducible protein 27-like Ifi27/isg12
Usherin

BMSP/Protein PIF

mytimycin

vitellogenin 6

fibronectin 3

Myosin heavy chain

trim56

obscurin

Calmodulin

Dynein light chain 1
fibrinogen-related protein 7
collagen alpha-1(X) chain-like
lipopolysaccharide binding protein
big defensin

dermatopontin 2




Hemocytes top expressed
Mytilin B
C-type lectin
Defensin 2b (MGD2b)
Clg domain containing protein
Mytilin-6
Apextrin-like protein (apelP)
Serine protease inhibitor Cvs.i-2
MAC/perforin- and kringle-domain containing protein
Heat shock protein 70
Interferon alpha-inducible protein 27 2B (IFI27 / 1SG12)

Muscle top expressed
Myosin heavy chain
Heat shock protein 70

Clg domain containing protein «

Tripartite motif-containing protein (TRIM56) «
Obscurin

Calmodulin

Dynein light chain 1
Myosin light chain
Calpain-5

Paramyosin

Top expressed sequences

Mantle top expressed
Usherin
BMSP / Protein PIF «
Mytimycin «
L-rhamnose-binding lectin CSL3
Protein diaphanous
Vitellogenin 6
Fibronectin 3
Heat shock protein 70
Hornerin / filaggrin

Chitinase 3

Gill top expressed
BMSP / protein PIF
Perlucin
Fibrinogen-related protein 7
Collagen alpha-1(X) chain-like
Collagen triple helix repeat protein
Lipopolysaccharide binding protein «
Big defensin «
Alpha 1 type V collagen
Apextrin-like protein

Dermatopontin 2




GO enrichment analyses

Qualitative Quantitative

% sequences

% hemocytss W% mantle % muscle W% gill W% referance

% sequences

negative regulation of cellular process

Hemocytes reg of ic process
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carboxylic acid metabolic process

regulation of catalytic activity

cellular lipid metabolic process

protein complex assembly

cellular response to chemical stimulus

regulation of cell cycle

protein ubiguitination

DNA repair

intracellular protein kinase cascade

positive regulation of protein modification process
protein targeting

hemopoiesis

protein localization to organelle

interphase of mitotic cell cycle

regulation of organelle organization

nuclear mRNA splicing, via spliceosome
carbohydrate derivative biosynthetic process
dephosphorylation

histone modification

proteasomal ubiguitin-dependent protein catabaolic process
regulation of cellular catsbolic process

Golgi vesicle transport

tRNA metabolic process

positive regulation of transcription from RNA polymerase Il promoter
carbohydrate biosynthetic process
DNA-dependentDNA replication
ribonucleoprotein complex assembly

regulation of binding

peptidyl-lysine modification

ONA-dependent transcription, termination
macromolecule methylation

transcription initiation from RNA polymerase Il promoter
cell junction assembly

nscription from RNA polymerase lil promoter
transcription elongation from RNA polymerase Il promoter

\lllr[rllll‘l‘ll

regulation of signal transduction

Mantle
protein phosphorylation
regulation of cell communication
transcription from RNA polymerase Il promoter
Whntreceptor signaling pathway
histone modification
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cellular protein modification process
ve regulation of cellular process
phosphorylation

intracellular transport

positive regulation of macromolecule process

macromolecule catabolic process

response to DNA damage stimulus

mMRNA processing.

regulation of transcription from RNA polymerase Il promoter
poietic or lymphoid organ ?

chromatin modification

negative regulation of cellular biosynthetic process
negative regulation of macromolecule biosynthetic process
regulation of catabolic process

cellular catabolic process
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positive regulation of macromolecule metabolic process
cell cycle phase

chromosome organization

positive regulation of molecular function

transcription from RNA polymerase Il promoter
intracellular protein transport

intracellular protein kinase cascade

purine ribont process

nuclear mRNA splicing. via spliceosome
ribosome biogene

FRNA metabolic process

cytokinesis

DNA-dependent transcription, termination
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O extracellular space
Hemocytes O extracellular region
& receptor binding

& G-protein coupled receptor activity
response to stimulus

defense response to bacterium

innate immune response

regulation of defense response to virus
defense response to fungus

killing of cells of other organism

O myofibril
Mantle

O myosin filament
& calmodulin binding

O myofibril
Muscle © myosin filsment
O sarcomere

O collsgen

<& ATP binding

motor activity

calmodulin binding

actin binding

calciumion binding

lysozyme activity

cytolysis

defense response to Gram-positive bacterium

regulation of multicellular organismal process

synaptic transmission

response to calcium ion

blood coagulation

skeletal muscle fiber development

muscle contraction

negative regulation of ryanodine-sensitive calcium-release channel activity
positive regulation of ryanodine-sensitive calcium-release channel activity
regulation of release of sequestered calcium ion into cytosol by sarcoplasmic reticulum
mitotic spindle organization

adaptation of rhodopsin mediated signaling
centriole replication

detection of calcium ion

kinetechore organization

long-term memory

male courtship behavier

metarhodopsin inactivation

positive regulation of NFAT protein impert into nucleus
regulation of cytokinesis

regulation of filepodium assembly

regulation of light-activated channel activity

hexose metabolic process

neuromuscular junction development

skeletal system development

protein polymerization

muscle cell fate commitment

activation of phospholipase C activity

glycogen catabolic process

nerve growth factor receptor signaling pathway

nitric oxide metabolic process

platelet activation

platelet degranulation

regulation of nitric-oxide synthase activity

notochord cell development

embryonic placenta development

regulation of excitatory postsynaptic membrane potential

chondroitin sulfate proteoglycan metabolic process




Hemocytes GO analysis
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Mantle and muscle GO analysis

Qualitative

% hemocytes W% mantle % muscle W% gill W% reference

Complete transcriptomes % sequences
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= Mantle

protein phosphorylation
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wntreceptor signaling pathway
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QO myofibril

“ Mantle O myosin filament
O calmodulin binding
O myofibril

M USCIQ O myosin filament
QO sarcomere

O collagen

{ ATPbinding

motor activity

calmodulin binding

actin binding

calciumion binding

lysozyme activity
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Gill GO analysis

Quantitative

Differentially expressed genes

O cellular component
& molecular function
biological process

regulation of multicellular organismal process

= Gill

synaptic transmission

% hemocytes W% mantle % muscle M3%gill M3 reference

% sequences
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I response to calcium ion

Iblood coagulation

skeletal muscle fiber development

muscle contraction
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positive regulation of ryancdine-sensitive calcium-release channel activity

regulation of release of sequestered calcium ion into cytosol by sarcoplasmic reticulum

mitotic spindle organization
adaptation of rhodopsin mediated signaling

centriole replication

detection of calcium ion

inetochore organization
long-term memory
male courtship behavior
metarhodopsin inactivation

positive regulation of NFAT protein import into nucleus
regulation of cytokinesis

regulation of filopodium assembly

regulation of light-activated channel activity

hexose metabolic process

neuromuscular junction development

skeletal system development

protein polymerization

glycogen catabolic process
nerve growth factor receptor signaling pathway
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platelet activation

platelet degranulation

I regulation of nitric-oxide synthase activity

notochord cell development

embryonic placenta development

regulation of excitatory postsynaptic membrane potential
chondroitin sulfate proteoglycan metabolic process




Conclusions:

Almost 400 million reads obtained.

M. galloprovincialis hemocytes, mantle, muscle and gill
transcriptomes and expression profile was established.

Important known and new functions were found:
Hemocytes: antimicrobial and defense proteins.
Mantle: hematopoietic, sensorial and antifungal function.

Gills: recognition molecules and homeostatic functions.
Muscle: stress and defense proteins.

The immune system of these animals seems to be a key

regulator of many processes not only triggered by
pathogens.
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