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dipecten subnodosus
de leon : lion-paw scallop

An important fisheries and aquaculture
species in Northwest Mexico

Large adductor muscle size and
high economic value

Petersen et al. 2010. Mar.Biol. Maeda y Lodeiros (Eds) 2011, LIMUSA

Triploids present g5% sterility
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Understanding the molecular basis for
such large sterility is important for
future applications in controlling
reproduction
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Today s effort in sequencing Mollusks
riptomes - MegaBases

Venerida 26 lllumina HiSeq2000 (1 exp), GAllx

Solemyidae | 1 454-FLX: lllumina GAllx
Ostreidae 10 454-FLX; SOLID; GA
Laternulidae 3 454-FLX
Pectinidae 1 454°FLX
Mytilidae 54 FLX
Pteriidae 1 454-FLX
Yoldiidae 1 454-FLX
Nuculidae 1 454-FLX

1 10 100 1000 10000
Mb (SRA - NCBI)



In order to Isolate genes up/down regulated during
Spermatogenesis
le control, and gamete development),
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Inactive male gonad

(postspawn)

Reciprocal SSH libraries



a suppression polymerase
R) technique

obtaining' ow-a oundance differentially expressed
cDNA’s

Applicable to many comparative and functional
genetic studies for the identification of
differentially or uniquely expressed genes

Lukyanov et al. 2007; Diatchenko et al. 1996



Methods

Please see poster

Po675 : Aquaculture
for details on SSH libraries
preparation
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Next generation sequencing of SSH libraries identifies spermatogenesis
gene transcripts differentially expressed in inactive vs. maturing male
gonad of the scallop Nodtpecten subnodosus

RAUL A. LLERA-HERRERA, A. GARCIA-GASCA, A. HUVET, A.M. IBARRA S~
Centro de Investigaciones Biolégicas del Noroeste S.C. - Mexico I
raul.llera@gmail.com; aibarra@cibnor.mx Bmerone LasomaToR

INTRODUCTION: The lion-paw scallop (M. subnodosus) is an
important fisheries and aquaculture resource in Northwest Mexico
because of it's Iarge adductor muscle and high economic value
(Ponc tal. 2011). It's a functional hermaphrodite (Ruppetal 2011} that
develops an ovotestis and male and female gametes synchronously.
Previous research has shown that tri ds of this species are 95%

nado-Amparo et al. 2004). Understanding the
molecular basis for such large st y is important for future
applications in controlling reproduction of this and other mollusks.

METHODS: SSH (Suppressive Subtractive Hybridization) libraries

tehenko et al. 1996) were developed to obtain genes specifically
expressed during spermatogenesis for identification of differentially
or uniquely expressed genes involved in meiosis, cell cycle control,

gametogenesis. Gonad fragments were collected individually (6
organisms per gonad condition), quantified and pooled Poly(A) RNA was
selectively isolated from total RNA using Poly(A)Purist(R) (Ambion) cona

was synthesized according to PCRSelect{R) SSH protocal (Clontech, Palo Alto, CA)

-SSH workflow:
Male gonad in DA g o
active i !
Rl digestion

(among other

Ading primers

-454-FLX sequencing adapters were added to the SSH-cDNA
fragments by ‘tailing-PCR) (Amplicon library protocol)

Farward primer

Reverse pr1mer (Prlrner B, le

(NESTED_| PRIMER

NESTED_PRIMER_1 and NESTED_PRIMER_2R sequences were taken
from Clontech PCR-Select® cDNA library construction kit user manual.
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RESULTS & DISCUSSION:
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The distribution size of the nested-PCR
fragments produced by tailing-PCR were
adequate for direct sequencing in the 454-FLX
instrument (200-1500 bp)

Sanger 454-Roche

Comparative
sequencing throughput 564 reads 32,711 reads
ic" 12 libraries) (2 librarias)
ng: same
cost, 56X reads $1,692 Blls $ 1,500

Pre-processing of reads
Total number 13,181
of reads
: ' 13,105

4,689
ering/assembly

Only 637 contigs
were redundant

Annotation by BlastX and GO (Blast2GO)

MATURE MALE GONAD
(No. of contigs: 9,783)

INACTIVE GONAD
(No. of contigs: 4,689)

each SSH library

-We identified genes (ESTs) specifically involved in meiosis, cell cycle, and
spermatogenesis as well as genes involved in apoptosis and anti-apoptosis.
~There is great potential on discovery of other, new reproductive-related genes, because
there was a large number of ESTs without any similarity to known genes (no-Blast hit).
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Deep sequencing of the ‘M’ and ‘I’ SSH
libraries by 454-FLX (Roche)

ument can sequence thousands of mid-size reads
- using an adapted_protocol for amplicon library

"23: of the 8 libraries were for the
present study

454-FLX sequencing requires two adapters (Lib-L/A and Lib-L/B) in
both sides of PCR-fragments; they were included in SSH amplicons
by adapter-tailing-PCR

MID-tags (unique 10bp
codes) were used to
discriminate between
fragments from each
library (M or IM)

564 plasmid clones were i .
More details in the poster session
sequencedalso by Sanger




Bioinformatics Pipeline

Roche-454 FLX sequencing files (.sff)

(two % lanes; 2 of 8 total libraries)

Librar ing N ID-adapters (tags library-specific)

quality-tri
Roche and

e > 20), adapter removal (vector adapters,
) adapters) - (SeqClean, SnoWhite Perl scripts)

\ 4
reads assembly (3 rounds of MIRA and one round of CAP3,

chimera screening by MegaBlast; implemented in iAssembler script)

\ 4
BlastX and ontology annotation (Blast2GO)

Phred: Ewing & Green (1988). Genome Research 8: 186-194. SnoWhite: Barker et al (2010) Evolutionary Bioinformatics 6: 143-149.
iAssembler: Fei Lab (Boyce Thompson Institute for Plant Research). Blast2GO: Conesa et al (2003) Bioinformatics 21: 3674-3676.






Transcriptomic information obtained for the lion's
paw scallop (Nodipecten subnodosus) through two
sequencing platforms:

454-Roche|

564 reads
(2 libraries)

32,711 reads
(2 libraries)

$ 1,692 Dlis $ 1,500 DlIs

Deep sequencing by 454FLX under a tailing PCR
and multiplex strategy provides cost-effective,
deeper coverage than traditional Sanger sequencing for the
isolation of EST's in SSH libraries



454-Roche Sequencing Statistics
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Pre-processing of reads

Totalnumber
of reads

Valid reads
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Only 637 contigs were redundant



454-Roche Sequencing Statistics

Pre-processing of reads

ure male

Inactive gonad

Totalnumber
of reads

Valid reads
(50 bp min; quality
score > 20 (Phred
score))

Post-
‘A clustering/assembly

Only 637 contigs were
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tatistics stz

MATURE MALE GONAD
(No. of contigs: 9,783)

no GO
annotation
8%

significant GO
annotation
15%

ONAD
(No of contigs: 4,689)

no blast hits
77%

28% Blast hits for Patinopecten yessoensis (454-Roche full-plate). Hou et al. 2011



Suppressive subtractive hybridization allowed for
the identification of genes over- or uniquely
expressed during spermatogenesis
(meiosis, cell cycle control, and gamete
lopment) through Gene Ontology

GO Biological Process
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Suppressive subtractive hybridization allowed for
the identification of genes over- or uniquely
expressed during spermatogenesis
(meiosis, cell cycle control, and gamete

elopment) through Gene Ontology

. GO Biological Process
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Suppressive subtractive hybridization allowed for
the identification of genes over- or uniquely
expressed during spermatogenesis
(meiosis, cell cycle control, and gamete

elopment) through Gene Ontology

- GO Biological Process e




antiapoptosis

cellular membrane organization
apoptosis

positive requlation of meiotic cell cycle
regulation of meiotic cell cycle
meiotic nuclear envelope disassembly
meiotic sister chromatid cohesion
pachytene

sexual reproduction

female gamete generation

germ cell development

spermatid development

spermatogenesis

10 a5 20 25

W inactive

Genes ID for:
meiosis, cell
cycle
control, spermat
ogenesis

& some other genes

mature male



positive regulation of meiotic cell cycle

regulation of meiotic cell cycle
meiotic nuclear envelope disassembly
meiotic sister chromatid cohesion
pachytene

sexual reproduction

10 15 20 25

MEIOSIS - CELL CYCLE GENES

Is27 / Speedy protein 1-B
cdc2s-like protein phosphatase twine
cyclin b1 interacting protein 1
horma domain-containing protein 1

cell cycle checkpoint protein rad-like

meiotic recombination protein dmca lim1g
homolog

fk506 binding protein 4

dna replication licensing factors mcmg

M inactive B mature male
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MATURE MALE
ropporin-1-like protein

outer dense fiber of sperm tails 3-like 2
kelch-like 10

e3 ubiquitin-protein ligase ccnbaip-like

nucleoside diphospfp_akte kinase homolog 5-
ike

sperm associated antigen 16
testis-specific serine kinase 3
h1 histone member oocyte-specific-like
heat shock protein 40

synaptonemal complex protein 3

spermatid development

spermatogenesis

M inactive

INACTIVE GONAD

heat shock protein 70
heat shock protein 70 b2

dnaj-class molecular
chaperone

cyclini

baculoviral iap repeat-
containing protein 2

B mature male



antiapoptosis

cellular membrane organization

apoptosis
MATURE MALE INACTIVE GONAD
son dna binding isoform cra_g heat shock protein 70 ANTIAPOPTOSIS

nucleoside diphosphate kinase homolog

5-like baculoviral iap repeat containing 2

tnf receptor-associated factor 6

ubiquitin ¢
bag family molecular chaperone
requlator 3
e3 ubiquitin-protein ligase ccnbaipi-like dnaj-class molecular chaperone APOPTOSIS
trichoplein keratin filament-binding histidine triad nucleotide-binding
protein protein mitochondrial-like

cyclin ba interacting protein 1
wd repeat-containing protein 92
heat shock protein 40

mitochondrial isoform d

nadh dehydrogenase fe-s protein
isoform cra_a



xt: The expression analyses of this set of
meiotic-relevant genes in the context of triploid-
iInduced sterility.

Deeper transcriptome sequencing with Illumina.
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fuchas gracias y hasta la vista!
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Methods to find out the expression of activated genes
Sten Z Cekan* 2004, 2:68

Test Control Test
cDNA cDNA cDNA

Rsal digestion

Ligation with
Adapter A

Rsal digestion

Rsal digestion

Ligation with
Adapter B
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Pooling, second hybridization

B i

(among other products)
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Adding primers




