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INTRODUCTION

Indian white shrimp, Penaeus indicus, is an important candidate species and can be considered
as an alternative species for sustainable aquaculture growth along with tiger shrimp Penaeus
monodon and Pacific white shrimp Penaeus vannamei. Many shrimp-producing countries
import specific pathogen-free broodstock of P. vannamei for seed production to be used
for aquaculture. For many of these countries, P. vannamei is not a native species. Such
dependence on single exotic species is not an ideal scenario for many developing coastal
countries. The culture of native species like P. indicus, has many advantages in restricting
the entry of exotic pathogens via import of exotic species and thereby minimizing the
economic loss to the aquaculture industry (Vijayan, 2019). The growth performance of
this species was reported to be comparable with P. vannamei which showed its potential
as an alternate or complementary to the Pacific white shrimp for culture production
(Panigrahi et al., 2020).

Advances in next-generation sequencing technologies have contributed to the significant rise
in genomic resources of several organisms. However, there has been a slow pace in building
such information generally for crustaceans and specifically for shrimps due to the complexities
involved in the genetic makeup of the organism. Among shrimps, whole genomes of Pacific
white shrimp, black tiger shrimp, and Chinese shrimp have been published recently (Zhang
et al., 2019; Uengwetwanit et al., 2021; Wang et al., 2021) and a total of 25,527, 32,900,
and 26,343 encoding genes were reported for these species, respectively. Each of these species
showed considerable variations with respect to the reported genomic content which could be the
main reason for their physiological differences. With respect to P. indicus, limited information
is available at present on the genetic composition and there is an immediate need to build
such resources to have an in-depth understanding of this commercially important shrimp.
In addition, building resources on intestinal microbiota is also important as it is found to
play a major role in the health and development of shrimps (Tello, 2020). The study aimed
to understand primarily the gene content in the hepatopancreas of juvenile Indian white
shrimps along with the intestinal microbial communities, which would act as a useful resource
for future studies.
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METHODS

Sample Collection and RNA Extraction
In this study, six juvenile P. indicus shrimp were collected from
the demonstration ponds located at Muttukadu experimental
station (12.80◦N, 80.24◦E) of ICAR-Central Institute of Brackish
water Aquaculture, Chennai. At the time of sampling, the stage
of the crop was at 60 days of culture. Animals having body
weights ranging from 3.4 to 5.1 grams with a mean weight of
4.12 g were sampled. Hepatopancreas tissue was selected for
RNA sequencing as it is the metabolically active site of the
shrimp. The tissue sample from each shrimp was dissected,
quickly frozen in liquid nitrogen, and preserved at −80◦C until
RNA extraction. Total RNA from each juvenile shrimp sample
was isolated using the conventional TRIzol method. The quality
and quantity of each isolated RNA sample were checked on
NanoDrop (Thermo Scientific, Brea, CA, United States) followed
by denatured agarose gel.

Library Preparation and Sequencing
The RNA-seq paired-end sequencing libraries were prepared
with good quality RNA using Illumina TruSeq Stranded mRNA
sample preparation kit (Illumina, San Diego, CA, United States).
Initially, mRNA was enriched from the total RNA using poly-T
attached magnetic beads, followed by enzymatic fragmentation.
Afterward, 1st strand cDNA was converted using superscript II
and Act-D mix containing Random Hexamer to facilitate RNA
dependent synthesis. The 1st strand cDNA was then synthesized
to the second strand using a second strand mix. The dscDNA
was then purified using AMPure XP beads (Beckman Coulter,
Brea, CA, United States) followed by A-tailing adapter ligation
and then enriched by a limited number of PCR cycles. The PCR
enriched libraries were analyzed on a 4200 TapeStation system
Agilent Technologies (Santa Clara, CA, United States) using high
sensitivity D1000 screen tape as per the manufacturer’s protocol.
After obtaining the Qubit concentration for the libraries and the
mean peak sizes from the Agilent TapeStation profile, the paired-
end (PE) high-quality libraries were loaded onto the Illumina
NovaSeq6000 platform (San Diego, CA, United States) for cluster
generation and sequencing. On average 35 million paired reads of
length 150 bp were generated for each of the six samples.

De novo Transcriptome Assembly
The quality checking of raw RNA-seq reads was carried out using
FastQC version 0.11.8.1 The contaminant adapters, poor quality
reads, and bases were trimmed using Trimmomatic version
0.39 (Bolger et al., 2014). The good quality reads were then
assembled using the Trinity version 2.4 (Haas et al., 2013) and
the assembly statistics are presented in Table 1. Furthermore,
the unigenes were obtained from assembled transcripts following
the procedure suggested by Chabikwa et al. (2020). Briefly,
the Trinity transcripts were clustered using cd-hit-est version
4.8.1 to filter the redundant transcripts. Then, the longest
open reading frames (ORFs) predicted using TransDecoder
version 5.5 from the clustered transcripts were considered

1https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

TABLE 1 | Transcriptome assembly and annotation statistics.

Description Statistics

Total number raw read pairs 213262755

Total number of filtered high quality reads 202394653

Total number of assembled transcripts 147062

N50 of transcripts (bp) 3,109

Total number of unigenes 28,115

N50 of unigenes (>500 bp) 876

Mean length of unigenes (bp) 499

GC content of unigenes (%) 54.87

Unigenes hits against NR database 18,666

Unigenes annotated against GO database 16,166

as unigenes. Overall, the assembly contained 28,115 unigenes
accounting for a total length of 14,029,914 bp with an average
length of 499 bp.

Functional Annotation of Unigenes
Annotation of unigenes was carried out using OmicsBox version
2.0.24 software (OmicsBox, 2019).2 Briefly, sequence homology
was performed using blastx search against non-redundant
(nr) protein database (Pruitt et al., 2005) and mapping was
performed with OmicsBox. Gene ontology (GO) terms were
then obtained for unigenes through a search against InterPro
and EggNOG databases (Huerta-Cepas et al., 2019; Blum et al.,
2021). Afterward, GO terms were merged and final annotations
along with enzyme codes and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathways were identified for unigenes.
Overall, functional annotations were obtained for 16,166 (57.5%)
of unigenes (Figure 1A). For about 31% of unigenes (8,796),
blastx search (Altschul et al., 1990) did not yield a positive hit
to any entry of the nr protein database at an e-value threshold
of 10e−5. The P. vannamei is the top-hit species for a majority
of unigenes during blastx search (Supplementary Figure 1).
The InterProScan (IPS) search resulted in the assignment of
family/domain information for 99.92% of IPS annotations.
The predominant IPS domain, family, repeats and sites were
ABC transporter-like ATP-binding domain, P-loop containing
nucleoside triphosphate hydrolase, WD40 repeat and ABC
transporter-like conserved site, respectively (Supplementary
Figure 2). GO analysis revealed that the majority of the ontologies
were assigned to Molecular Function (87%, 14,225) followed
by Biological Process (76%, 12,337) and Cellular Component
(59%, 9,607) (Supplementary Table 1). Organic cyclic compound
binding, Organic substance metabolic process and intracellular
anatomical structure were among the top assignments for
Molecular Function, Biological Process, and Cellular Component
categories, respectively (Figure 1B). The GO annotations for
about 31% of unigenes were obtained with the EggNOG database
(Supplementary File 1). The hydrolases and transferases were the
dominant enzyme code classes followed by the oxidoreductases
and translocases (Supplementary Figure 3). About 10,119 of the
16,166 annotated unigenes were linked to 331 KEGG pathways.

2https://www.biobam.com/omicsbox
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FIGURE 1 | (A) Annotation summary of unigenes. (B) Distribution of most abundant Gene ontology (GO) terms. (C) Represented Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways of unigenes. (D) Representation of intestinal microbial composition through Krona plot.

Major KEGG pathway representations include carbohydrate
metabolism (24.82%), amino acid metabolism (18.44%), energy
metabolism (10.76%), and metabolism of cofactor/vitamins
(9.67%) (Figure 1C).

Simple Sequence Read Identification
Simple sequence reads (SSRs) in the unigene set were identified
using MicroSAtellite (MiSA) tool (Beier et al., 2017). The stand-
alone version of MiSA was run with the default parameters
of di-nucleotide repeats >6 tri-nucleotide to hexanucleotide
repeats >5 and the maximum length of sequence between SSRs
at 100. In the unigenes, a total of 2,344 SSRs were detected. There
were 1,284 SSR-containing sequences in which 575 sequences
contained more than one SSRs. Tri-nucleotide repeats were
found to be the most abundant class (1,001) followed by mono
(608) and di-nucleotide (571). Among the di-nucleotide motifs,
AG/CT followed by AC/GT was found to be most abundant and

for tri-nucleotides, it is AAG/CTT. These were also reported
to be the most abundant repeats in two other shrimp species
F. chinensis and L. vannamei in a genome-wide comparison study
of SSRs (Yuan et al., 2021).

Intestinal Microbiome of Juvenile Shrimp
To understand the intestinal microbiota of P. indicus juveniles,
metagenomic reads of V3-V4 16s rRNA regions were generated
from pooled gut contents of six juveniles. Briefly, the pooled
gut contents were subject to c-TAB Phenol: chloroform method
followed by RNase A treatment to isolate the metagenomic
DNA, and the quality of DNA was checked using NanoDrop
2000 (Thermo Scientific, Brea, CA, United States). Amplicon
libraries were prepared using the NextEra XT Index kit Illumina
Inc. (San Diego, CA, Uinted States). The libraries were subject
to quality check on the Agilent 4200 Tapestation (Santa Clara,
CA, United States). A total of 1,85,653 paired-end reads were
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generated using the 2 × 300 MiSeq library on the Illumina
sequencing platform (San Diego, CA, United States). The
microbial communities were identified through the analytical
pipeline QIIME (Caporaso et al., 2010). Proteobacteria,
Planctomycetes, Cyanobacteria, and Tenericutes were found to
be major phylum level associations, while Vibrio, Planctomyces,
and Synechococcus were among the identified highly abundant
genera (Figure 1D). Microbial associations identified for
P. indicus juveniles are similar to the intestinal microbiota of
other shrimps such as P. monodon, Penaeus japonicus, and
P. vannamei (Fan et al., 2019; Angthong et al., 2020; Zhang
et al., 2021). Complete microbial associations of P. indicus gut at
phylum, class, order, family, genus, and species levels are available
in Supplementary Table 2.

CONCLUSION

The transcriptomic and metagenomics resources of juvenile
P. indicus are generated using Illumina NovaSeq6000 and MiSeq
platforms, respectively. The data generated in this study will be a
useful resource for ongoing and future research projects related
to the discovery and expression profiling of genes and the gut
microbiome of P. indicus.
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