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Penaeid shrimp Marsupenaeus japonicus is an economically important and widely
farmed aquaculture species in China. However, information on its functional genomics
or transcriptome is quite limited. Especially the whole transcriptome data from the earlystage embryos of M. japonicus remains unavailable. To discover growth-related genes
involved in embryonic development, we for the first time sequenced and analyzed a
whole transcriptome of gastrula embryos of M. japonicus.
Results:

In the present study, a total of 108,320,302 high-quality reads (approximately 10.84 Gb)
were generated and 46,661 unigenes with an average length of 910 bp were successfully
assembled and using Trinity software. After BLAST against Nr, Nt, Swiss-prot, KO, KOG, GO
and Pfam database, among the assembled unigenes 14,399 were classified into 49 GO
functional terms, 8,290 unigenes were divided into 26 KOG groups and 5, 979 unigenes
were annotated into 244 KEGG pathways. On account of the GO and KEGG annotations,
a total of 37 growth-related genes were identified.
Conclusion:

The disclosure of gastrula embryo transcriptome dataset of this M. japonicus will
provide a valuable resource for future works on the mechanism of embryonic
development, identification of functional genes and genetic manipulation in penaeid
shrimps.
Keywords: Shrimp; Marsupenaeus japonicus; Transcriptome; gastrula embryo; growthrelated gene.
Abbreviations: Nr: Non-redundant protein; Nt: Non-redundant nucleotide; KEGG:
Kyoto Encyclopedia of Genes and Genomes; KO: KEGG Orthology database; KOG:
euKaryotic Ortholog Groups; GO: Gene Ontology; Pfam: Protein family; BLAST: Basic
Local Alignment Search Tool; EST: Expressed Sequence Tags; NGS: Next-Generation
Sequencing; RNA-Seq: RNA Sequencing; WSSV: white spot syndrome virus; TSV: Taura
Syndrome Virus; CDS: coding sequence; SNP: Single Nucleotide Polymorphism; RPKM:
Reads Per Kilo bases per Million mapped Reads.

Madridge J Aquac Res Dev.
ISSN: 2638-2210

Volume 1 • Issue 1 • 1000101

1

Journal of Aquaculture Research & Development

Introduction

Kuruma shrimp Marsupenaeus japonicus, belonging to the
subphylum Crustacea of Arthropoda, is an economically
important and widely farmed aquaculture species in China [1,2].
The high nutritional value, rapid growth feature and key role in
evolution of M. japonicus not only made it beneficial for
aquaculture industry but also get the attention of scientist to
study more about its development, breeding and genetics [3,4].
Although the whole genome sequencing and assembling of
penaeid shrimp are still not finished up to date due to the
extremely high proportion of repeat sequences (private
communication), several methods like cDNA library construction,
microarray and expressed sequence tags (EST) have been used
to analyze the transcriptomes of penaeid shrimps, which can
shed a new light on the molecular mechanisms of many
biological processes, especially the responses of shrimps to
environmental stress and pathogenic infections [5-10].

During the past decade, the next-generation sequencing
(NGS) techniques of Solexa (Illumina), 454 (Roche) and SOLiD
(ABI) were rapidly developed one after another and widely
applied in the genome and transcriptome analysis in a highthroughput, massively parallel and low cost manner [11,12].
RNA Sequencing (RNA-Seq) is a NGS-based method that
allows the entire transcripts to be surveyed in a very highthroughput and quantitative manner [13,14]. Recently
developed Trinity software makes it possible to efficiently
assemble reads without a reference genome [15]. Both RNASeq and Trinity have greatly facilitated the transcriptome
analysis in penaeid shrimps [16-28]. Most of these works
focused on pacific white shrimp Litopenaeus vannamei [1627]. For example, the transcriptomes of early embryo (mixtures
of zygote, blastula, gastrula, limb bud embryo and larva in
membrane) [16], nauplius [16], zoea [16], mysis [16], postlarvae
[16] and 20-d larvae [17] of L. vannamei have been examined,
and improved the current understanding of the molecular
mechanisms of the physiological changes during shrimp
metamorphosis, especially histogenesis, diet transition [18],
muscle development and exoskeleton reconstruction. Gao et
al. further analyzed the transcriptomic changes throughout
the molting cycle of L. vannamei and got new insights into the
molecular mechanisms of molting [19]. The transcriptomic
changes of gills, hepatopancreas or hemocytes of L. vannamei in
response to the challenge of white spot syndrome virus
(WSSV) or Taura Syndrome Virus (TSV) had also been widely
investigated and provided valuable information on the hostvirus interaction, and a lot of immune-related genes
responding to virus infection were discovered, too [20-24]. In
addition, effects of nitrite exposure on the transcriptome of L.
vannamei [25], and discovery of horizontally transferred genes
[26] and single nucleotide polymorphism(SNP) [27] from the
genome of L. vannamei were also carried out by transcriptome
analysis. In contrast, Fenneropenaeus chinensis was another
one species in which whole transcriptome analysis has been
performed except for L. vannamei [28]. However, as far as we
know, no transcriptome analysis has been reported in M.
japonicus.
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Whole transcriptome analysis of early stage embryos of
M. japonicus is of great importance for the discovery of
growth-related genes and molecular mechanism of embryonic
development. In the present study, we sequenced and analyzed
the whole transcriptome of gastrula embryos from M. japonicus
for the first time using Illumina Hiseq 2000 platform and
identified many growth-related genes.

Materials and Methods
Shrimp embryos and sampling
After spawning, fertilized eggs of M. japonicus were
collected from a local shrimp breeding farm (Wang-gezhuang, Qingdao, China), transferred to laboratory
immediately and maintained in aerated seawater (26-28°C).
Then the embryos at gastrula stage were sampled at 6-7 h
post spawning and washed adequately first by 0.22 mm filtersterilized sea water and then by phosphate buffered solution
(PBS) [29]. After suspended in TransZolTM reagent (TransGen
Biotech, China), the samples were rapidly frozen and stored at
-80°C for RNA isolation.

RNA extraction and Illumina sequencing
Total RNAs were isolated from the gastrula embryos of M.
japonicus using TransZolTM according to the manufacturer’s
instructions. The degradation of RNA and contamination of
DNA and protein were checked on 1% agarose gel
electrophoresis. The purity, concentration and integrity of the
isolated RNAs were monitored with the NanoPhotometer®
spectrophotometer (IMPLEN, CA, USA), Qubit® 2.0 Flurometer
(Life Technologies, CA, USA) and Bioanalyzer 2100 (Agilent
Technologies, CA, USA), respectively. Then the total RNAs
were delivered to Novogene Company (China) for the
construction of cDNA library and Illumina sequencing.
A total of 3 μg total RNAs was added to generate
sequencing libraries using Illumina TruSeqTM RNA Sample
Preparation Kit (Illumian, San Diego, USA) following
manufacturer’s instructions. Briefly, the total mRNAs were
purified from the total RNAs through poly-T oligo-attached
magnetic beads and then Illumina-proprietary fragmentation
buffer was added to carry out the fragmentation of mRNAs
under elevated temperature. First strand cDNA synthesis was
performed using random oligonucleotides and SuperScript II,
and second strand cDNA was subsequently synthesized using
DNA Polymerase and RNase H. After being purified with
AMPure XP system (Beckman Coulter, Beverly, USA), the
double-strand cDNAs were subjected to end repair and
addition of A and adapter. The cDNA fragments around 200
bp in length were first pooled using AMPure XP beads and
then the DNA fragments with adaptors on both ends were
further selectively enriched using Illumina PCR Primer Cocktail
in a 10 cycle PCR reaction. In the end, based on Illumina HiSeq
2000 platform, the cDNA library of the gastrula embryo
transcriptome were sequenced by Paired-End sequencing
method.
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Trinity assembly and gene functional
annotation
All the raw reads generated from the Illumina HiSeq 2000
sequencer were further filtered to obtain clean reads by
removing adapters and low quality reads containing
polyN(>10%). After that, transcripts were obtained by
assembling the clean reads using Trinity software [15] with
min_kmer_cov set to 2 and all other parameters set default. All
the unigenes (i.e. the longest transcript for each gene) were
then blasted against databases of NCBI non-redundant protein
sequences (Nr), NCBI non-redundant nucleotide sequences
(Nt), Swiss-Prot (a manually annotated and reviewed protein
sequence database), euKaryotic Ortholog Groups (KOG),
Protein family (Pfam), Gene Ontology database (GO) and KEGG
Orthology database (KO) separately for similarity search and
gene functional annotation. Table 1 summarized the used
software, version and parameters for the gene functional
annotation in 7 databases. Based on the annotation results of
Nr database and Pfam database, GO classification of unigenes
was obtained using BLAST2GO program with default
parameters [30]. KOG annotation of unigenes was performed
using NCBI Blast version 2.2.27+ with an E-value threshold of
10-3 against KOG database [31]. KEGG metabolic pathway
classification for all the assembled unigenes was determined
by KEGG Automatic Annotation Server (KASS) against KO
database [32].
The assembled transcriptome was further used as a
reference sequence due to the absence of genomic
information of penaeid shrimps. Thus all the clean reads in the
gastrula transcriptome of M. japonicus were mapped to its
own transcriptome dataset using RSEM software with the
bowtie parameters of mismatch 2, for the read number
counting for each gene [33]. RPKM (Reads Per Kilo bases per
Million mapped Reads), the most common method to
estimate the gene expression level, was used to balance the
influence of both sequencing depth and gene length on the
read number counting [34].

Table 1 Summary of software, version and parameters used in 7 databases
Database name
Nr
Nt
Swiss-Prot
KOG
Pfam
GO
KO

Software
NCBI blast
NCBI blast
NCBI blast
NCBI Blast
Hmmscan
Blast2GO
KAAS

Software version
v2.2.27+
v2.2.27+
v2.2.27+
v2.2.27+
v3.0
v2.5
v1.69x

Software parameters
1.0e-5
1.0e-5
1.0e-5
1.0e-3
Default
Default
Default

Identification of growth-related genes
In order to further analyze the mechanism of embryo
development of M. japonicus, growth-related genes in the
gastrula embryo transcriptome were screened out from
Growth term of GO classification and Cell growth and death
pathway of KEGG classification. The transcript IDs of growthrelated genes were then selected and located to the Nr, Nt,
Swiss-Prot, and Pfam databases. Finally the names, the lengths,
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E-value and RPKM of the growth-related genes selected were
summarized in a table.
Data Availability

The sequence data in this study have been deposited into
the NCBI Sequence Read Archive database and the accession
number is SRS1609831.

Results
Illumina sequencing and assembly of
gastrula transcriptome of M. japonicus
To globally understand the expression profile of genes
involved in the early embryonic development of M. japonicus,
a cDNA library was constructed from the total mRNAs of the
gastrula embryos and the RNA-Seq was performed using the
Illumina HiSeq 2000 sequencing platform. It was found that, a
total of 112,125,092 raw reads with an error percentage of
0.03% were obtained. After removal of the adapters and lowquality reads containing N (>10%), a total of 108,320,302
clean reads, with accumulated data volume of 10.84 Gb and
GC percentage of 46.69%, were generated and assembled
into 67,183 transcripts, ranging from 201 bp to 14,938 bp in
length, with mean length of 1,216 bp and N50 length of 2,405
bp. Among the 67,183 transcripts, 45.01% (30,241) were in a
length of 200-500 bp, 19.61% (13,174) were 500-1 kb, 16.73%
(11,240) were 1-2 kb, 18.65% (12,528) were >2 kb. A total of
46,661 unigenes with average length of 910 bp and N50
length of 1,735 bp were obtained, of which 2,480 (52.46%)
with 200-500 bp, 9,047 (19.39%) with 500-1 kb, 6,579 (15.0%)
with 1-2 kb and 5,555 (11.91%) with >2 kb (Table 2 and 3).
Table 2 The size distribution of transcripts and unigenes.

Length interval (bp)
Type Number of genes
Transcripts
Unigenes

200-500

500-1 k

1-2 k

>2 k

Total

30241
25480

13174
9047

11240
6579

12528
5555

67183
46661

Table 3 Summary of the assembly length of transcripts and unigenes.
Length type
Type Length (bp)
Transcripts
Unigenes

Min
Length
201
201

Mean
Length
1216
910

Max
Length
14938
14938

N50

N90

2405
1735

451
330

Notes: Min length, minimum length. Max length, maximum length.
N50 and N90 define the assembly quality. N50 length is the shortest
sequence length for which the collection of all contigs of that length
or longer contains 50% of the given set of contigs [33]. N90 length is
the length for which the collection of all contigs of that length or
longer contains at least 90% of the given set of contigs.

Gene functional annotation of gastrula
transcriptome of M. japonicus
All the assembled unigenes were submitted to
corresponding sequence alignments for gene functional
annotation with Nr, Nt, KO, KOG, GO, Swiss-Prot and Pfam
databases. As shown in Table 4, among the 46,661 unigenes,
13,265 unigenes (28.42% of the total) were successfully
matched in Nr database, 2,590 unigenes (5.37%) matched in

Volume 1 • Issue 1 • 1000101

3

Journal of Aquaculture Research & Development
Nt database, 5,979 unigenes (12.81%) matched in KO
database, 11,321 unigenes (24.26%) matched in Swiss-Prot
database, 13,980 unigenes (29.96%) matched in Pfam
database, 14,399 unigenes (30.85%) matched in GO database
and 8,290 unigenes (17.76%) matched in KOG database. A
total of 1,476 unigenes (3.16%) were annotated in all
databases and 17,439 unigenes (37.37%) showed matches in
at least one databases.

All the successfully annotated unigenes were further
applied in protein similarity search against Nr, Swiss-Prot and
KO databases in priority order using BlastX software and the
0pen reading fragments (ORF) of the unigenes were
determined by the optimum match results. Subsequently, the
coding sequences (CDS) and amino acid sequences were
confirmed based on Standard code table, resulting in 13,218
CDSs. The remaining unmatched unigenes with abovementioned 3 protein databases were further taken into the
prediction of CDS using ESTscan (v3.0.3) and translated into
peptide sequences. The CDSs of 15,333 unigenes were
successfully predicted covering 32.86% of the total unigenes.
Table 4 Summary of the number and percentage of annotated
genes in different databases

Annotated in the public databases
Annotated in Nr
Annotated in Nt
Annotated in KO
Annotated in Swiss-Prot
Annotated in GO
Annotated in KOG
Annotated in Pfam
Annotated in all databases
Annotated in at least one database
Total unigenes

Number of unigenes
13265
2509
5979
11321
13980
14399
8290
1476
17439
46661

Percentage (%)
28.42
5.37
12.81
24.26
29.96
30.85
17.76
3.16
37.37
100

GO, KOG and KEGG classification
Based on the annotated protein results from Nr and Pfam
databases, the software BLAST2GO was used for Gene
Ontology (GO) classification and 87,158 GO term annotations
corresponding to 14,399 unigenes were successfully matched
and divided into 3 categories and 49 functional subgroups.
Among 87,158 GO terms 40,360 (46.31%), 17,789 (20.41%)
and 29,009 (32.28%) terms were mapped to the three
categories of biological process, molecular function and
cellular component, respectively (Fig.1). The biological process
was classified into 21 groups, the top three groups were
cellular process (20.94%), metabolic process (17.93%) and
single-organism process (12.17%), followed by biological
regulation (8.41%), regulation of biological process (8.05%),
localization (6.25%), establishment of localization (6.15%) and
response to stimulus (5.75%). Among the 17 GO functional
groups of cellular component, cell (19.60%) and cell part
(19.58%) were the top two groups, followed by organelle
(11.63%), membrane (10.47%), macromolecular complex
(10.0%), membrane part (9.80%) and organelle part (7.7).
Among the 11 GO functional groups of molecular function,
binding (45.48%), catalytic activity (32.89%) and transporter
activity (7.39%) were assigned into the top three groups.
Madridge J Aquac Res Dev.
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Figure 1: GO analysis of the unigenes.

As shown in Fig. 2, KOG classification was performed by
NCBI Blast (v2.2.27+) with a cutoff value of E-value ≤1.0E-3 and
8,290 unigenes were searched against KOG database and
classified into 26 KOG categories, of which the cluster for
general functional prediction (1,802, 21.74%) was the largest
group, followed by signal transduction (1,391, 16.78%), posttranslational modification, protein turnover and chaperon
(834, 10.06%) and coenzyme metabolism (731, 8.82%). Taken
together, a total of 1,953 (23.56%) unigenes were involved in
the process of replication, transcription and translation,
indicating that the transmission and expression of genetic
information was a surprisingly complex event requiring
massive regulatory factors. This is also in agreement with the
fact of active mitosis and growth occurred in the gastrula
embryos of M. japonicus.
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Identification of growth-related genes
from gastrula transcriptome of
Marsupenaeus Japonicus

Figure 2: KOG analysis of the unigenes. A:RNA processing and modification;
B: chromatin structure and dynamics;C:energy production and conversion; D:
cell cycle control and mitosis; E: amino acid metabolis and transport; F:
nucleotide metabolism and transport; G: carbohydrate metabolism and
transporn; H:coenzyme metabolism; I: lipid metabolism; J: tranlsation; K:
transcription; L: repliaction and repair; M: cell wall/membrane/envelop
biogenesis; N:cell motility; O: post-translational modification, protein turnover
and chaperon; P: inorganic ion transport and metabolism; Q:secondary
Structure; R: general functional prediction; S: function unknown; T:
signaltransduction; U:intracellular trafficing and secretion; V:defense
mechanisms; W: extracellular structures; X: unamed protein;Y: nuclear
structure; Z: cytoskeleton.

As shown in Fig.3, the assembled unigenes were annotated
into KEGG classififcation using KASS program corresponded
to KO database and a total of 5,979 unigenes were assigned
to 244 metabolic pathways, which were categorized into five
classess of cellular processes, environmental information
processes, genetic information processes, metabolism and
organismal systems. Among the KEGG annotations, more
unigenes were involved in the pathway of signal transdution
(614, 10.27%), followed by transport and catabolism (416,
6.96%), foling, sorting and degradation (380, 6.36%) and
translation (336,5.62%). A lot of embryonic developmentrelated pathways inclding signaling pathways of Wnt,
mitogen-activated protein kinase (MAPK), P13K-Akt, TGF-β
etc. were successfully annotated in the KEGG database .

Figure 3: KEGG analysis of the unigenes. A:cellular processes;
B:environmental information processes; C: genetic information
processes; D:metabolism; E:organismal systems.
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In order to identify functional genes specifically expressed in
the embryonic development, we constructed a cDNA library from
gastrula embryos of M. japonicus and carried out Illumina
sequencing. According to the growth term of GO annotation and
cell growth and death pathway of KEGG classification, a total of
37 growth-related genes were identified and summarized in
Table 5. We found that the expression abundances of these
growth-related genes were quite different among them in a view
of RPKM. Of them, the ring box protein and G2/mitotic-specific
cyclin-B3 isoform 1 showed the highest expression level with a
RPKM value of over 100, inferring their important role in the
cellular proliferation and growth during the embryonic
development of M. japonicus.
Table 5: Summary of the growth-related genes in the gastrula
transcriptome of M. japonicus

Gene names
Length(bp) RPKM
E-value
Ring box protein
864
179.90 1.6439E-62
G2/mitotic-specific cyclin-B3 isoform 1
2357
140.72 1.5122E-105
Wee1-like protein kinase (WEE1)
2917
85.40
3.14E+08
Aurora kinase A
2107
64.01 8.5748E-132
Mitotic spindle assembly checkpoint
1813
52.68 5.71485E-81
protein (MAD2A)
DNAJ homolog subfamily C member 2
2097
51.11 2.2866E-162
(DNAJC2)
Serine/ threonine-protein kinase Chk1
3105
42.71 1.0832E-168
Mitotic checkpoint serine/ threonine
4929
40.49 1.86373E-58
protein kinase BUB1 beta
Cyclin-dependent kinase inhibitor 1B
1493
40.08
6.9624E-11
Cyclin E-like protein
2521
37.28 2.08104E-100
Cyclin E
2521
37.28 2.08104E-100
STE20-like kinase
5683
17.25 2.9058E-123
Transcription factor E2F3
3114
16.40
1.1035E-70
Protein phosphatase 3, regulatory
715
10.31 9.3908E-102
subunit
Anaphase promoting complex subunit 10
1043
8.51
4.49005E-83
Mitotic spindle assembly checkpoint
2081
7.68
3.1568E-43
protein (MAD2B)
Nemo, isoform E
2339
6.70
0
Cell division cycle 7-related protein
5296
6.58
2.06368E-33
kinase-like
Cyclin D1
3749
5.68
6.00902E-55
RING finger and CHY zinc finger
803
5.32
1.60369E-62
domain-containing protein 1
DNA damage-binding protein 2
1819
4.81
2.6317E-109
p90 ribosomal S6 kinase
1836
4.68
1.21675E-24
e3 ubiquitin-protein ligase Mdm2-like
2817
4.52
4.2742E-15
Cell division protein kinase 4
3993
4.09
8.0683E-113
Cyclin D2
1952
3.78
4.30462E-66
Calmodulin
691
3.66
2.94358E-82
Phosphati-dylinositol-3,4,5-trisphosphate
3-phosphatase and dual-specificity
3565
3.22
7.41943E-99
protein phosphatase PTEN
Serine/ threonine-protein kinase Chk2
2377
2.17
5.0572E-115
Effector caspase
1753
1.44
4.54336E-79
Anaphase-promoting complex subunit,
1046
0.90
7.17014E-94
putative
Anaphase-promoting complex subunit
1392
0.92
3.26325E-54
7-like
Protein MIG-2
348
0.53
4.25479E-30
Pex5 protein
268
0.51
4.75427E-42
Adenylate cyclase 3
640
0.50
3.14107E-07
Inositol1,4,5-trisphosphate receptor type 1
248
0.19
1.18354E-33
Adenylate cyclase 9
242
0.19
1.25571E-21
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Discussion
Penaeid shrimps are economically important and widely
farmed aquaculture species in the world. However, the
absence of a fully assembled reference genome has heavily
hindered the works on gene identification, functional
genomics and genetic manipulation in shrimps. With the
emergence of the new generation of high-throughput
sequencing technology, methods for transcriptome analysis
have been continuously improved, especially the application
of Trinity software has made it possible to efficiently assemble
reads without a reference genome, thus greatly facilitated the
transcriptome analysis in penaeid shrimps [15,16]. Today,
many transcriptome sequencing data have been reported in
F. chinensis and Macrobrachium rosenbergii [16-28]. However,
no transcriptome sequencing data for the early-stage embryos
of M. japonicus are available.
In the present study, we analyzed the whole transcriptome
of gastrula embryos of M. japonicus using Illumina sequencing
technology. A total of 108,320,302 clean reads (nearly 10.84
Gb) were generated and 67,183 transcripts and 46,661
unigenes were successfully assembled by Trinity software. The
mean length of these transcripts was about 1,216 bp and 910
bp for the uingens, quite better in assembly quality than other
transcriptome data reported [15-28]. The assembled unigenes
were subjected to similarity search against Nr, Nt, Swiss-prot,
KO, KOG, GO and Pfam databases and approximately 37.37%
of the total unigenes (17,439 unigenes) were annotated in at
least one database mentioned above. In contrast, 19%
annotation percentage was reported in M. rosenbergii
transcriptome [10], and 46.28% annotation percentage in F.
chinensis transcriptome [28]. Limited information on the
genome and transcriptome of crustaceans and related species,
the existence of non-coding RNA in the assembled unigenes,
such as long non-coding RNA with polyA structure which
cannot be annotated in the public database, etc. might
account for the relatively low annotation rate in penaeid
shrimp transcriptomes. For the unannotated unigenes, we
used Estscan (3.0.3) software to predict their CDSs and
translate them into peptide sequences. Through this manual
method, a total of 15,333 unigenes (32.86% of the total
unigenes) were successfully predicted, which offered a rich
resource for identifying novel genes. It can be expected that
with more transcriptomes and genome sequencing data of
shrimps disclosed, the annotation rate and identification of
novel genes will be significantly increased.
To further analyze the functional annotation data, we
assigned the assembled unigenes into GO, KOG and KEGG
annotations, respectively. Based on the obtained GO and
KEGG classifications, we identified 37 growth-related genes,
which were essential to better understand the mechanism of
embryonic development of penaeid shrimps and will facilitate
the design of strategies to improve the breeding and
aquaculture of penaeid shrimps. In a view of the RPKM value
of these growth-related genes, Ring box protein and G2/
mitotic-specific cyclin-B3 isoform1 were the most abundant
two genes. Ring box protein has been reported to be involved
Madridge J Aquac Res Dev.
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in the formation of SCF (Skp-Cul1-F-box) complex, which is a
kind of E3 ligase enzymes catalyzing the ubiquitination
process of proteins [35]. The ubiquitination process is closedly
associated with the embryonic development [36,37],
suggesting a possible reason for the high expression level of
Ring box protein. G2/mitotic-specific cyclin-B3 is a kind of
cyclin-dependent protein kinase (cdks) which is dispensable
for mitosis and thus highly needed in the embryonic
development of M. japonicas [38,39,40].

In conclusion, a whole transcriptome of gastrula embryos
of M. japonicus was successfully sequenced, de novo assembled
and annotated in this study. The disclosure of this gastrula
embryo transcriptome dataset and identification of 37 growthrelated genes of M. japonicus will provide us a valuable resource
to facilitate our future works on the genetic manipulation and
mechanisms of target biological processes interested.
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