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BACKGROUND

The blue crab Callinectes sapidus is native to the western Atlantic Ocean from Uruguay toNova
Scotia (Millikin and Williams, 1984; Johnson, 2015) where it represents a commercially valuable
shellfish product (Mancinelli et al., 2017). The blue crab is the target of several large recreational and
commercial fisheries ($219 million annually in the U.S.) (National Marine Fisheries Service, 2016),
and playing important roles in the ecologically environments they inhabit (Roegner and Watson,
2020). Considering their economic and ecological significance, several studies have been conducted
to explore the mechanism of spawning, soft shell crab culture, and physiological processes in blue
crab. For example, Bembe et al. studied the optimal temperature and photoperiod for the spawning
of blue crabs (Bembe et al., 2017). Spitznagel et al. (2019) investigated the risk factors for mortality
and reovirus infection in aquaculture production of soft-shell blue crabs. Further, Roegner and
Watson (2020) reported de novo transcriptome assembly and functional annotation for adult blue
crab Y-organs; they also performed Illumina sequencing for differential gene expression analysis
between Y-organs of intermolt and premolt crabs. Yednock et al. (2015) used RNA-Seq to examine
short-term transcriptomic responses in two tissues from juvenile blue crabs exposed to crude oil in a
laboratory exposure experiment. The genome assembly at the chromosome level of blue crab has
been completed, resulting in a 985Mb assembly with a scaffold N50 of 153kb, 88% (888/1013)of
which were complete and single copies by arthropod BUSCO (Benchmarking Universal Single-
Copy Orthologs) (Bachvaroff et al., 2021).

Single molecule real-time (SMRT) sequencing can generate kilobase-sized sequencing reads,
facilitating the assembly of FL transcripts (Eid et al., 2009; Sharon et al., 2013). The FL
transcriptome has a lot of advantages. First, FL transcript sequences can be directly obtained to
provide detailed information pertaining to the transcriptome of sequenced species. Second, various
alternative splicing events can be detected. Besides, new functional genes can be discovered, and
perfectideal genome annotation is feasible.

Herein we used Pacific Biosciences (PacBio) SMRT sequencing to report, for the first time, the FL
transcriptome of C. sapidus. Based on the obtained data, we conducted some important studies,
including transcript functional annotation, coding sequence (CDS) prediction, lncRNA prediction,
transcription factor (TF) prediction, and simple sequence repeat (SSR) analysis. FL transcriptome
in.org June 2022 | Volume 9 | Article 9221881
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database can prove valuable for studying, for example, the
genetic evolution, genetic breeding, and physiological
mechanisms of C. sapidus.
DATA DESCRIPTION

Sample Collection and RNA
Sample Preparation
Six healthy adult C. sapidus (223.4 ± 18.4 g) were purchased from
an aquatic product market. The crabs were reared for a week in
an indoor closed seawater tank (water, 10,000-L; temperature,
19°C; salinity, 30 ppt; pH 8.0). Subsequently, the hemocyte,
eyestalk, muscle, hepatopancreas, heart, stomach, gill, and
thymus were extracted from three randomly chosen crabs,
respectively. These samples were frozen in liquid nitrogen.
Total RNA was extracted separately using TRIzol (Invitrogen,
USA). RNA quality was assessed by NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific, USA), and a
mixed pool sample was used for single molecule FL
transcriptome sequencing.

Library Preparation and SMRT Sequencing
The cDNA sequencing library was constructed using the
aforementioned mixed pool sample, which was sequenced on a
single PacBio SMRT cell. Briefly, first- and second-strand cDNA
was generated from mRNA using the SMARTerTM PCR cDNA
Synthesis Kit (Pacific Biosciences, USA), and >4-Kb size
selection was performed using BluePippin® (Sage Science,
USA). Subsequently, >4-Kb cDNA was mixed in equal
amounts with non-size-selected cDNA. SMRTbellTM hairpin
adapters were ligated after a round of PCR and end-repair. On
exonuclease digestion, a cDNA library was obtained.

PacBio Long Read Processing
With minFullPass = 1 and minPredictedAccuracy = 0.80,
subreads were processed into error-corrected reads of insert
using the Iso-seq pipeline (Pacific Biosciences, Menlo Park,
CA, USA). By searching for the polyA tail signal and 5’- and
3’-cDNA primers in reads of insert, FL, and FL non-chimeric
(FLNC) reads were identified. Iterative clustering for error
correction was used to obtain FLNC consensus isoforms. The
LoRDEC software was employed to correct polished consensus
isoforms using Illumina short-read RNA-seq data (Salmela and
Rivals, 2014). The CD-HIT software was used to remove
redundancy of high-quality transcripts (Fu et al., 2012). Gene
function was annotated by BLAST v2.2.26 (Altschul et al., 1997)
based on the databases of NR (Li et al., 2002), GO (Michael et al.,
2000), NT, Pfam, KOG/COG (Tatusov et al., 2003), KEGG
(Kanehisa et al., 2004), and Swiss-Prot (Bairoch and
Apweiler, 2000).

Predicting Gene Structure of Isoforms
To identify protein CDSs from cDNAs, we applied the ANGEL
pipeline (Shimizu et al., 2006). Animal TFDB 2.0 was used to
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analyze TFs (Zhang et al., 2015). CNCI (Sun et al., 2013), CPC
(Kong et al., 2007), Pfam (Finn et al., 2016), and PLEK (Li et al.,
2014) were used for lncRNA prediction. SSRs of the
transcriptome were identified using MISA (http://pgrc.ipk-
gatersleben.de/misa.html).
RESULTS

Data Summary
In total, we obtained 17.19 Gb of subreads, including 6,986,978
subreads with the average length of 2,461 bp and the N50 length
of 3,079 bp. Further, 368,306 circular consensus sequence reads
were extracted, including 279,032 FLNC reads with the mean
length of 3,010 bp. In addition, 142,291 consensus reads were
obtained with their mean length of 3,072 bp. Polished transcripts
were corrected by Illumina short reads; 142,291 high-quality
transcripts with mean length of 3,087 bp were obtained for
subsequent analyses. On subjecting high-quality transcripts to
redundancy removal, we obtained 66,780 genes. The length of
1,147 (1.72%), 951 (1.42%), 7,580 (11.35%), 22,709 (34.00%), and
34,393 (51.50%) genes was 1–500 bp, 500–1000 bp, 1–2 kbp, 2–3
kbp, and >3 kbp, respectively (Table 1). In total, 13,626 genes
have at least two transcripts (Supplementary Table 1).
TABLE 1 | Reads and annotation statistics for the ISO-seq transcripts.

Type Subreads consensus
reads

Transcripts
corrected
by Illumina
RNA-seq

data

CD-HIT
transcripts

Reads number and length distribution
Total_reads_number
Average_length(bp)
<500 bp
500-1,000 bp
1,000-2,000 bp
2,000-3,000 bp
>3,000 bp
Annotaion
Functional
GO
NR
KEGG
Swissprot
KOG
Pfam
NT
Annotated_in_all
At_least_in_one
Structural
CDS
TF
SSR
LncRNA

6,986,978
2,461

1,006,131
463,323
1,230,491
2,324,191
1,962,842

35,853 (53.69%)
49,602 (74.28%)
47,373 (70.94%)
43,233 (64.74%)
38,168 (57.15%)
35,853 (53.69%)
24,946 (37.36%)
15,955 (23.89%)
52,970 (79.32%)

65,345
1,740

119,404
10,271

142,291
3,072
1,749
1,620
19,441
60,555
58,926

142,291
3,087
1,737
1,606
18,959
61,079
58,910

66,780
———

1,147
951
7,580
22,709
34,393
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Gene Annotations
We observed that 52,970 (79.32%) genes were successfully
annotated by aligning to one or more of the seven databases, and
15,955 (23.89%) genes were annotated in all the seven
aforementioned databases. Furthermore, 35,853 (53.69%) genes
were annotated in GO, 49,602 (74.28%) in NR, 47,373 (70.94%) in
KEGG, 43,233 (64.74%) in Swiss-Prot, 38,168 (57.15%) in KOG,
35,853 (53.69%) in Pfam, and 24,946 (37.36%) in NT
(Table 1), respectively.

The genes were assigned to 55 GO terms belonging to the
following three main categories: cellular component, molecular
function, and biological process. For biological process, most GO
termswere enriched in cellular process (14,923, 41.62%), metabolic
process (14,337, 39.99%), and single-organism process (10,618,
29.62%). For cellular component, the most abundant GO terms
were cell (9,175, 25.59%), cell part (9,175, 25.59%), and organelle
(6,197, 20.12%).Binding (21,792, 60.78%), catalytic activity (15,608,
43.53%), and transporter activity (2,522, 7.03%) represented the
activity categories of molecular function (Figure 1A).
Approximately 18,310 (36.91%) genes were aligned to Hyalella
azteca, followed by Zootermopsis nevadensis (2,236, 4.51%) and
Scylla paramamosain (1,426, 2.87%), by sequence alignment on the
basis of the NR database (Figure 1B). With regard to KOG
annotation, genes were divided into 26 subcategories, such as
function R (general function prediction only), function T (signal
Frontiers in Marine Science | www.frontiersin.org 3
transduction mechanisms), and function Z (cytoskeleton)
(Figure 1C). In total, 357 pathways were derived from the KEGG
database, and the pathway with the most genes was “metabolism”
(116, 32.49%).Thehighestnumberofgeneswere involved in “signal
transduction” (5,691, 12.01%), followed by “cardiovascular
diseases” (3,140, 6.63%) (Figure 1D).

CDS, TF, lncRNAPrediction and SSR Analyses
Using ANGEL, 65,345 CDSs were identified, including 33,461
complete CDSs (Supplementary Figure 1A). Besides, 142,291
high-quality transcripts were predicted to be TFs by searching the
hidden Markov models of all the TFs in animal TFDB 2.0, which
comprise 55 TF families. Supplementary Figure 1B shows the
distribution of the top 30 TF families. In total, 10,271 lncRNA
transcripts were predicted by all four computational approaches
(Supplementary Figure 1C). Collectively, 88.04% lncRNAs were
<4,000-nt long, and most were 2,000–3,000-nt long. Further,
142,291 high-quality transcripts were subjected to SSR analysis,
including 119,404 SSRs. The numbers of mono-, di-, tri-, tetra-,
penta-, andhexanucleotideswere 26,035, 30,524, 22,474, 2,508, 433,
and 115, respectively (Supplementary Figure 1D).

Reuse Potential
To the best of our knowledge, this is the first study to report the
FL transcriptome of C. sapidus. The transcriptome data reported
A B

DC

FIGURE 1 | Characterization of functional annotation. (A) GO functional annotations. (B) NR functional annotations. (C) KOG functional annotations. (D) KEGG
functional annotations.
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herein should support further studies on C. sapidus genetics and
genomic information. Moreover, our data should be valuable to
chromosome-level genome studies of C. sapidus and other
related species.
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