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Rap2a, a member of Ras family small GTPases, plays a key role in growth and
development. So far, no Rap2a homolog has been discovered in crustaceans. Herein,
a Rap2a homolog from shrimp Litopenaeus vannamei, named LvRap2a, was cloned and
identified. LvRap2a showed a high level of sequence conservation to other Rap2ahomologs
from different species. LvRap2a was found to be abundantly expressed in hemocytes,
muscle, hepatopancreas and intestine tissues. Importantly, Rap2a knockdown effectively
suppressed the length and weight of shrimp in a growth experiment. Mechanistically,
we found that Rap2a could induce the expression of several Wnts, which are the
positive regulators in cellular growth, differentiation, and tissue homeostasis. Moreover,
LvRap2a expression was observed to be negatively regulated by LvDorsal (NF-kB), a
transcription factor of innate immune signaling pathway. These results indicated that
LvRap2a contributed to shrimp growth probably by activating the Wnt signaling pathway,
and that LvRap2a could be the crosstalk between innate immunity and growth, as well as
that LvRap2a could serve as a potential target for shrimp growth promotion.

Keywords: Rap2a, Wnt, NF-«B, growth, shrimp

INTRODUCTION

Shrimp aquaculture has grown rapidly in recent decades around the world, and it has become one of
the most representative aquaculture activities, contributing to the growing demand for high-quality
animal proteins. In 2019, the aquaculture production of shrimps and prawns is approximately
6,555,000 tons, with a value of nearly 41 billion dollars (Fao, 2021). Litopenaeus vannamei has a
rapid growth rate and a high valuation in business, and thus has been the most popular cultured
shrimp species, accounting for roughly 70% of the world’s cultured shrimp (Fao, 2021). In artificial
culture, L. vannamei has a short production cycle that individual can reach a weight of 15 g (usually
body weight in the market) after about 80 days of farming from the post larva.

A faster growth rate in commercial aquaculture indicates a shorter culture cycle for farm-raised
animals, which can save food consumption and production costs. As a result, it’s critical to figure
out how to improve aquatic animal growth/development rates. Environmental conditions and
nutritional supplementation have been proven to alter the growth traits of shrimp L. vannamei
in several investigations. For instance, L. vannamei cultured at salinity of 30%o grows faster than
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those cultured at salinity of 3%o (Huang et al., 2019), and dietary
supplementation with polypeptides or Buton forest onion
extracts can improve growth performance (Liao et al., 2019),
whereas acidified seawater can inhibit the growth of L. vannamei
(Munaeni et al., 2019; Muralisankar et al., 2021). The genetic
mechanism of growth traits has also been explored, and a few
genes have been identified to be associated with growth traits
(Yu et al., 2019; Huang et al., 2020). Monocyte to macrophage
differentiation factor 2-like (MMD?2) is significantly associated
with body weight, especially the nonsynonymous mutation
named MMDS5 that contributes the most to the trait (Wang
etal., 2020). Rap2a has been found to be highly associated with
L. vannamei growth performance, particularly body weight,
using genome-wide association studies (GWAS) (Yu et al,
2019). Later, the L. vannamei DEAD-box helicase 43 (DDX43)
was discovered as a growth-related gene in a quantitative trait
locus (QTL) mapping analysis (Huang et al., 2020). However,
how the mechanisms underlying these identified genes affect
growth traits in shrimp have not been investigated.

Ras proteins, which belong to the small guanosine
triphosphatase (GTPase) family, are essential components of
many signal transduction pathways and play crucial roles in
growth and development (Karnoub & Weinberg, 2008). Rap2a,
a member of the Ras family of small GTP-binding proteins, has
been shown to regulate growth and development via its ability
to modulate the activity of Wnt signaling pathway in two ways.
On the one hand, Rap2a activates the Wnt signaling pathway by
promoting the autophosphorylation of TRAF2/Nck-interacting
kinase (TNIK) by binding to its C-terminating citron homology
(CNH) domain (Taira et al., 2004; Mahmoudi et al., 2009). On
the other hand, Rap2 can directly interact with low-density
lipoprotein receptor-related protein 6 (LRP6), an upstream
receptor of Wnt signaling pathway, and maintain LRP6 stability
(Park et al., 2013). Thus, Rap2a can maintain the activation level
of Wnt pathway, which results in the expression of growth-related
genes that stimulate cell proliferation and body expansion (Park
et al., 2013). Previous study points that a sequence encoding a
potential LvRap2a could be a growth regulated gene via a GWAS
analysis (Yu et al., 2019), but the exact function of LvRap2a in
regulating shrimp growth is not confirmed. In this study, we de
novo cloned and identified the Rap2a homolog from L. vannamei
(named as LvRap2a). Our results demonstrated that there is
a reliable link between LvRap2a and shrimp growth. LvRap2a
was able to positively regulate the expression of several LvWnts,
while LvRap2a itself was negatively regulated by LvDorsal, a
transcription factor of Toll pathway. These results might provide
some information for the possible use of Rap2a expression as a
growth trait parameter for selective breeding.

MATERIALS AND METHODS

LvRap2a Sequence and

Phylogenetic Analysis

NCBI was used to retrieve probable LvRap2a sequences
(GenBank No. QCYY01001773.1). To confirm the sequences,

Rap2a-F/Rap2a-R primers were developed to amplify the
nucleotide sequences from L. vannamei cDNA library. The
PCR fragments were cloned onto a pEASY-T1 Cloning Vector
(TransGen Biotech, China) and sequenced to determine their
identity.

BLAST searches were used to find protein sequences of Rap2a
homologs from different species in GenBank. We used the
Clustal X v2.0 tool (Larkin et al., 2007) to align LvRap2a and its
homologs, and the identities between LvRap2a and others were
examined using GeneDoc software and manually labeled. Using
MEGA 5.2 software (Tamura et al., 2011) and the neighbor-
joining (NJ) method, a phylogenetic tree was built based on the
full-length amino acid sequences of Rap2a proteins.

Plasmids and dsRNA Construction

Based on the results of the nucleotide sequence, a reporter gene
plasmid containing the 5’ flanking promoter region of LvRap2a
was constructed into the pGL3 vector and the expression
plasmid containing the ORF of LvDorsal was constructed into
the pAc5.1A-HA vector with corresponding primers (Table 1).
In vitro transcription of LvDorsal dsRNA, LvRap2a dsRNA, and
GFP dsRNA was performed with the T7 RiboMAXTM Express
RNAI System kit (Promega) and the primers listed in Table 1.

Expression Pattern of LvRap2a in

Different Tissues

The tissue distribution templates were obtained from a previous
study (Wang et al., 2015). In brief, the shrimp tissues including
scape, gill, stomach, heart, nerve, intestine, hepatopancreas,
muscle, and hemocyte were sampled from 15 shrimps. The
expression levels of LvRap2a in various tissues of healthy shrimp
were determined using quantitative PCR (qQPCR) and the primers
listed in Table 1.

Dual-Luciferase Reporter Assay

A dual-luciferase reporter assay was used to detect the induction
of LvRap2a by LvDorsal overexpression. In particular, Drosophila
S2 cells were seeded in a 12-well plate. The cells in each well were
then transfected with 0.5 ug of pGL3-LvRap2a, 0.1 pg of pRL-TK
renilla luciferase plasmid (internal control; Promega), and 0.5 ug
pAc-LvDorsal-HA or 0.5 pg pAc5.1-HA plasmid (as controls).
The cells were harvested 48 hours after the transfection. Half of
the cells were used to measure the induction of LvRap2a with
Dual-Glo Luciferase Assay System (Promega, USA). Half of the
cells were used to perform western blotting with rabbit anti-HA
antibody (Sigma) and mouse anti-actin clone C4 antibody
(Merck Millipore).

Shrimp Culture System and

Samples Collection

In an indoor culturing pond (70 cm in length, 43 cm in width,
and 41 cm in height), healthy cultured shrimp (supplied by
Guangdong Hisenor Group Co., Ltd, Guangzhou, China) were
cultured. The average initial weight and length of shrimp are 7.17
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TABLE 1 | Summary of primers in this study.

Name Sequence (5’-3’)
Quantitative RT-PCR

LvEF-10-F TATGCTCCTTTTGGACGTTTTGC
LvEF-10-R CCTTTTCTGCGGCCTTGGTAG
Dorsal-F GATAGAGAACCCCATAAAGGTGTAC
Dorsal-R GCAAGGTAACGACTAATCTTCTCTG
Rap2a-F GACGGTGCAGTTCGTGTCCGGGTGTTTC
Rap2a-R GATGTCCTGGAAGGTCTGGTGGTTCGTGAGC
LvWnt1-F ATGTGCTTACTCATTAGGGC
LvWnt1-R GTGACAGCCTCTCTCCGCAG
LvWnt2-F TAGTCACCAGCCACACCTCG
LvWnt2-R TTCAGGAGCATTGGGGAC
LvWnt4-F TGGCGACTCTTCTAGGTAGAC
LvWnt4-R TACGAAGTATGGCGGAACC
LvWnt5-F GTCTGTGTCGGAATTGCC
LvWnt5-R ACAACGTGGGATTCGGCTAC
LvWnt6-F TCCCGACCTCGTTGTTGTG
LvWnt6-R TGTGGTGGCGTGCAAGATG
LvWnt7-F CGGGGTTGAAGTCGCAGTAGT
LvWnt7-R GCCCGACGCCTTGTCTATCT
LvWnt8-F CTTCGCCACATCCTTTCCTC
LvWnt8-R CGGCGACAACCTGGCATAC
LvWnt9-F TCCCCGCATAGGCGTTGT
LvWnt9-R ACCTGTCAAGACTGCTCGGA
LvWnt10-F GCACAGAGAACCTCGTAGGT
LvWnt10-R CAGCGTGTCATTTTTTTACC
LvWnt11-F TGTTCACAGAGAGTCCCATTC
LvWnt11-R TGCTTGCCGTTGGAGTAA
LvWnt16-F AAATCCCCGAACTACTGC
LvWnt16-R TCCGACAACATCGCCTAC
LVWntA-F TTGCACTCGACTCGCATG
LvWntA-R ATGTGCTTACTCATTAGGGC
Plasmid construction

Rap2a-F ATGCGTGAATTCAAGGTGGTGGTGC
Rap2a-R TTACTCCCCATGAGTGGGAGTGACC
Rap2a-F-pAc GGGGTACCATGCGTGAATTCAAGGTGGTGGTGC
Rap2a-R-pAc CCGCTCGAGCTAGACATACCCAGGGGGCACG

Rap2a-F-pGL3
Rap2a-R-pGL3
Dorsal-F

Dorsal-R

dsRNA templates amplification
dsRNA-GFP-T7-F
dsRNA-GFP-R
dsRNA-GFP-F
dsRap2-F
dsRap2-R
dsRap2-T7F
dsRap2-T7R
Dorsal-F

Dorsal-R
Dorsal-T7-F
Dorsal-T7-R

GGGGTACCTCGGAGAACTGTAGTGCACGCC
CCGCTCGAGCGTCTCATTATAGCACCTGCAAG
CGGAATTCATGGCTGACCCAATGTTTGTTGC
AACGGGCCCTTAGTGCTTGGATGTGAGCTGATTGAGA

GGATCCTAATACGACTCACTATAGGCGACGTAAACGGCCACAAGTT
ATGGGGGTGTTCTGCTGGTAG

CGACGTAAACGGCCACAAGTT

ACGGTGCAGTTCGTGTCCGGGTGTTTC
ACATACCCAGGGGGCACGTCGAGCGGAC
GGATCCTAATACGACTCACTATAGGACGGTGCAGTTCGTGTCCGGGTGTTTC
GGATCCTAATACGACTCACTATAGGACATACCCAGGGGGCACGTCGAGCGGAC
TGTATGGAGGGGTACAGATGGGAGG

GGTGGGGTCGGTAAGGTGGGTC
GGATCCTAATACGACTCACTATAGGTGTATGGAGGGGTACAGATGGGAGG
GGATCCTAATACGACTCACTATAGGGGTGGGGTCGGTAAGGTGGGTC

+ 0.87 g and 8.48 + 0.46 cm, respectively. During the experiment
period, the water temperature was 25°C, and the salinity of the
water was 30%o. Every day, shrimp were fed four times with
commercial feeds at 7:00, 11:00, 15:00, and 20:00. To investigate
the roles of LvRap2a on shrimp growth and LvWnt induction, 30
shrimp were marked with eyestalk rings and randomly divided
into two groups. Shrimp in the treatment group received dsRNA-
LvRap2a (14 pg dsRNA in 50 pl PBS) injection, while shrimp
in the control group were injected with dsRNA-GFP (14 ug
dsRNA in 50 pl PBS). The weight and length from each shrimp

was measured on day 0, day 5 and day 10. We were able to track
the growth traits of individual shrimp because each eyestalk ring
was printed with a unique number. In the meantime, a parallel
experiment with 60 shrimp (30 shrimp in each group) was carried
out to assess the efficacy of dsSRNA-LvRap2a and the activity of the
Wnt pathway. On day 0, day 2 and day 10 post dsRNA injection,
hepatopancreases and muscle of each group (3 shrimp per sample,
3 samples) were collected for total RNA extraction and further
qPCR detection. The experiments were performed twice. Primer
sequences were listed in Table 1.
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Knockdown of LvDorsal by dsRNA-
Mediated RNA Interference

Shrimp were divided into two groups. Shrimp in the
experimental group received dsRNA-LvDorsal injection, while
shrimp in the control group received dsRNA-GFP injection
(each shrimp was injected with 14 ug dsRNA in 50 pl PBS). The
hepatopancreas of each group (three shrimp per sample, three
samples) were collected 48 hours after dsSRNA injection. Total
RNA was extracted with RNeasy Mini Kit (Qiagen), and reverse
transcribed to cDNA with TransScript One-Step gDNA Removal
and cDNA Synthesis SuperMix (TransGen Biotech) following
the manufacturer’s instructions. gPCR was used to detect relative
expressions of LvDorsal or LvRap2a. Quantitative PCR primers
for LvDorsal or LvRap2a were each listed in Table 1.

Quantitative PCR

qPCR was performed via the LightCycler 480 System (Roche,
Basel, Germany) in a final reaction volume of 10 pl, which was
comprised of 1 pl of 1:10 cDNA diluted with ddH,O, 5 pl of
GoTaq qPCR Master Mix (Promega, Madison, WI, USA; cat. no.
A6002), and 250 nM of specific primers (Table 1). The cycling
program was as follows: 1 cycle of 95°C for 2 min, 40 cycles of
95°C for 15 s, 62°C for 1 min, and 70°C for 1 s. Cycling ended at
95°C with a 5°C/s calefactive velocity to create the melting curve.
The expression level of each gene was calculated by using the
Livak (2-22€¢T) method after normalization to LvEF-1a (GenBank
accession No. GU136229). Primers were listed in Table 1.

Statistical Analysis

All data were presented as mean + SD. Student’s t test was used
to calculate the comparisons between groups of numerical data.
The following p values were considered statistically significant:
*p < 0.05 and **p < 0.01.

RESULTS

Sequence Confirmation of the ORF

of LvRap2a

The results of nucleotide sequencing were not entirely consistent
with the predicted LvRap2a sequences in NCBI (GenBank
No. QCYY01001773.1), After PCR, plasmid construction
and sequencing, we found that compared with the predicted
sequence, there were two “T” missing at 401-402 bp, resulting
in subsequent sequence frameshift and advance of termination
codon. Therefore, the ORF of LvRap2a identified in this study
was 402 bp in length and encoded a putative protein of 133 amino
acids with a calculated molecular weight of ~15 kDa (GenBank
No. OM972663).

Phylogenetic Analysis of Rap2a Proteins

Rap2a homologs have been discovered in a variety of species,
ranging from invertebrates to vertebrates. Rap2a proteins
from different species were conserved in the characteristic Ras
domains, which were boxed with red lines (Figure 1A). In the

effector domain, there were two characteristic amino acids,
namely Phe residue at position 39 (marked with black triangle)
and Thr residue at position 61 (marked with red triangle),
suggesting that LvRap2a may belong to Rap2 family (Figure 1A).
Besides, a neighbor-joining (NJ) phylogenetic tree revealed that
Rap2a proteins from vertebrates were clustered as a group, while
Rap2a proteins from invertebrates and cephalochordate formed
a separate group that contained the LvRap2a (Figure 1B).
These results suggested that LvRap2a was conserved in protein
sequences and could be classified as a new member of Rap2a
family.

Tissue Distribution of LvRap2a in

Healthy Shrimp

The mRNA of LvRap2a could be detected in all tested
tissues, including scape, gill, stomach, heart, nerve, intestine,
hepatopancreas, and hemocyte (Figure 2). In details, the LvRap2a
was especially abundant in hemocyte, muscle, hepatopancreas
and intestine. The hepatopancreas was the primary organ for
nutrient absorption and storage (Cervellione et al., 2017; Vogt,
2019). And muscle was tissue related to growth So hepatopancreas
and muscle were chosen to investigate the expression changes of
LvRap2a and growth-related genes by subsequent quantitative
RT-PCR.

Roles of LvRap2a in Shrimp Growth Traits
To investigate the role of LvRap2a on shrimp growth, a 10-day
indoor culturing experiment was performed. Shrimp labeled
with eyestalk rings were divided into two groups and received
dsRNA injection (Figure 3A). dsRNA-LvRap2a was utilized to
precisely suppress LvRap2a transcription, while dsRNA-GFP
was utilized as a control. Every 5 days, each shrimp’s growth-
related data (body weight and total length) was measured
(Figure 3A). A parallel experiment was also carried out to gain
hepatopancreas samples on day 0, day 2 and day 10 for gPCR
detection (Figure 3B). The initial weight (p = 0.256) and length
(p = 0.246) of shrimp at day 0 from the two experimental
groups were almost identical and have no significant difference
(Figures 4A, B). At all measure points, shrimp treated with
dsRNA-GFP were considerably longer than shrimp treated with
dsRNA-LvRap2a in body length (Figure 4A). On day 10, the
final shrimp lengths were markedly different (10.73 + 0.44 cm vs
10.13 + 0.65 cm) (Figure 4A). Besides, the average weight of
LvRap2a silenced shrimp was lower at day 5 (7.53 + 0.03 g) and
day 10 (8.05 + 1.02 g) than those of the dSRNA-GFP treatments
(8.34 +£1.00 g on day 5, 8.97 + 0.86 g on day 10) (Figure 4B). The
visible growth performances of LvRap2a silenced shrimp and
control group at day 10 were shown in Figure 4C. In the parallel
experiments, hepatopancreas sampled on day 0 and day 10 were
used to determine RNAI efficiency. As shown in Figure 4D,
the expression level of LvRap2a was dramaticlly decreased with
dsRNA-LvRap2a injection, which was down-regulated to 32.64%
of the GFP dsRNA injection groups, indicating that dsRNA-
LvRap2a successfully inhibited LvRap2a expression during the
10-day growth experiment.
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FIGURE 1 | Multiple sequence alignment and phylogenetic tree analysis of Rap2a proteins. (A) Multiple sequence alignment of Rap2a proteins. The conserved Ras
domain was boxed with red lines. The Rap characteristic Thr residue at position 61 was marked with red triangle and Rap2 characteristic Phe residue at position 39
was marked with black triangle. (B) Neighbor-joining method was used to construct the phylogenetic tree of Rap2a proteins.
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LvRap2a Contributes to Shrimp Growth
Through Inducing LvWnts

Since the Wnt signaling pathway is highly related to growth, we
wondered if LvRap2a contributed to shrimp growth via affecting
LvWnts. We detected the expression of 12 known LvWnt in
dsRNA-treated shrimp. We found that in both hepatopancreas
and muscle, dsRNA-LvRap2a could significantly suppress
LvRap2a expression (~0.28-fold in hepatopancreas, and ~0.04-
fold in muscle) at 48 hours (2 days) after dsRNA injection
(Figure 5). The knockdown of LvRap2a in hepatopancreas could
down-regulate the expression of five Wnt members including
LvWntl (~0.23-fold), LvWnt2 (~0.37-fold), LvWnt9 (~0.07-
fold), LvWnt10 (~0.49-fold) and LvWntA (~0.20-fold), implying
that LvRap2a may induce those LvWnts to promote shrimp
growth (Figure 5A). As for muscle, RNAi of LvRap2a inhibited
the expression of LvWnt2, LvWnt5, LvWntll, LvWntl6 and
LvWntA (Figure 5B). However, the expression of LvWnt7 was
up-regulated by LvRap2a knocked-down (Figure 5B). Some of
the LvWnts were undetectable in the hepatopancreas or muscle
because of their low expression in those tissues (Figure 5).

LvRap2a Is Negatively Regulated

by LvDorsal

To explore how LvRap2a was regulated, we analyzed the
promoter sequence of LvRap2a. As shown in Figure 6A, two
potential Dorsal binding motifs present in the promoter region

of LvRap2a, located at -211 to -201 and -174 to -164 from the
transcriptional start site (TSS, +1). An in vitro experiment was
performed to test whether LvDorsal could regulate the promoter
activity of LvRap2a. We constructed a reporter plasmid that
contained promoter regions of LvRap2a (Figure 6B). A dual-
luciferase reporter assay showed that LvRap2a was unexpectedly
down-regulated by ectopic expression of LvDorsal in Drosophila
S2 cells (Figure 6C), suggesting that LvDorsal could inhibit
LvRap2a induction in vitro. To confirm this, we further explored
whether endogenous LvDorsal could be able to inhibit LvRap2a
in vivo. LvDorsal expression level was lower in shrimp injected
with LvDorsal dsRNA than in those injected with dsRNA
GFP (Figure 7A). Injection of dsRNA-LvDorsal significantly
increased LvRap2a expression level in vivo (Figure 7B), which
were in line with the results in vitro. To sum up, these results
strongly indicated that knockdown of LvDorsal increased
LvRap2a expression, which in turn triggered LvWnt to promote
shrimp growth (Figure 7C).

DISCUSSION

The Rap gene family, including five different members of
Rapla, Raplb, Rap2a, Rap2b, and Rap2c, is widely conserved
across eukaryotes (Gloerich & Bos, 2011). The Rap branch of
Ras superfamily has a characteristic Thr residue at position 61,
whereas most other members of the Ras superfamily of proteins
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have a glutamine residue in this site (Bokoch, 1993). Rap2
proteins appear be functionally analogous to Rapl members,
but the amino acid 39 (position) in the effector region of Rap2
is Phe that differs from those of Rapl it is Ser (Taira et al., 2004).
In the present study, we observed that LvRap2a contained a
conserved Thr residue at position 61 and a Phe residue 39 in its
effector domain. Besides, Rap2a proteins from both invertebrates
and vertebrates displayed high sequence conservation in the
Ras domains. The amino acid sequence conservation and these
characteristic amino acids in LvRap2a suggested that LvRap2a
could have a similar function to other Rap2a homologs in
different species.

Numerous studies have shown that Rap2a is strongly linked
to growth and development. In Xenopus laevis, Wnt/beta-catenin
signaling during dorsoventral axis specification is thought to
be mediated by Rap2a (Choi & Han, 2005). Also, knockdown
of Rap2 results in a shortened body axis (Choi & Han, 2005).
In mice, Rap2a regulates neurite growth and arborization in
mammalian neurons (Kawabe et al., 2010). In Clonorchis sinensis,
Rap2 is shown to be involved in normal growth, differentiation,

and proliferation during its life cycle, which results in the growth
of this parasite (Chen et al., 2011). In this study, our results
demonstrated that LvRap2a contributed to shrimp growth from
three perspectives. Firstly, LvRap2a was highly expressed in the
hepatopancreas and intestine (Figure 2). The hepatopancreas
is the main organ of metabolism (Vogt, 2019). R-cells in the
hepatopancreas are responsible for nutrient absorption and
metabolization, as well as the storage of energy reserves and
minerals (Vogt, 2019). Intestine is the main site of the digestive
system for nutrient absorption. So, the abundant expression
of LvRap2a in these two tissues suggests that LvRap2a may be
related to the growth of shrimp. Secondly, the length and weight
of shrimp were both significantly lower in LvRap2a silenced
group compared with the control group. RNAI is an effective and
convenient method for understanding growth (Sanchez Alvarado
& Newmark, 1999). For instance, knockdown other growth-
related genes, such as MSTN/GDF11 or GSK3, significantly affect
the growth of shrimp (Lee et al., 2015; Pang et al., 2021). Finally,
we found that LvRap2a could regulate several LvWnts induction.
It is widely accepted that Wnt proteins play key roles in cell or
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individual growth (Pfister & Kiihl, 2018). A total of 12 Wnt genes
representing 12 Wnt gene subfamilies have been identified in
L. vannamei (Du et al., 2018). Screening the expression level of
those 12 genes in dsRNA-LvRap2a treated shrimp revealed that
LvRap2a promoted the expression of some LvWnts (Figure 5).
LvWntl is closely related to the development of body segments
and appendages in shrimp (Du et al, 2018). In Rex rabbits,
Wntl0b promotes hair follicle growth and dermal papilla cell
proliferation via the Wnt/beta-Catenin signaling pathway (Wu
etal., 2020). LvWntA, LvWnt2, LvWnt5, and LvWnt16 were highly
expressed throughout the molting process, which was important
in shrimp growth (Du et al., 2018). Wnt11, acted as a directional
cue toorient myocyte elongation through the noncanonical Wnt/
PCP pathway (Gros et al., 2009). Combining the results above,
we believed that LvRap2a might be a key factor in promoting
growth via regulating the expression of Wnt members.

In addition to its roles in growth and development, Rap2a
is also involved in immune response in mammals. Rap2a
inhibited LPS-induced NF-kB activation by interfering with
upstream signaling events, leading to decreased p65 serine
536 phosphorylation (Carvalho et al, 2019). In shrimp, Rap
homologs have been identified in Fenneropenaeus chinensis and

Marsupenaeus japonicus. Studies in both of them are focused on
the relationship between Rap and white spot syndrome virus
(WSSV) infection (Ren et al., 2012; Huang et al.,, 2016). As for
LvRap2a, it is interesting to find that the expression of LvRap2a
was negatively regulated by LvDorsal, the p65 homolog in L.
vannamei. LvDorsal is famous for its anti-bacterial and anti-
viral roles in shrimp (Li et al, 2018; Li et al., 2019). So, the
negative regulatory relationship between Dorsal and Rap2a
might raise a potential immune-growth antagonism model
in shrimp (Figure 7C). LvDorsal was activated after suffering
from pathogenic infection, which inhibited the expression of
LvRap2a, and then restrained the activity of Wnt pathway, and
finally leading to restrict shrimp growth. Indeed, shrimp growth
was slowed by pathogen infections such as hepatopancreatic
parvovirus (HPV) (Safeena et al., 2012), Penaeus monodon
nudivirus (PmNYV) (Yang et al., 2014), infectious hypodermaland
hematopoietic necrosis virus (IHHNV) (Chayaburakul et al.,
2005) and Enterocytozoon hepatopenaei (EHP) (Chaijarasphong
etal., 2021).

In summary, our results revealed that LvRap2a facilitated
shrimp growth by positively regulating the expression of several
LvWnts, and LvRap2a was negatively regulated by LvDorsal. Our
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findings in this study might help in development of selective
breeding using LvRap2a as the growth trait parameter, and might
provide insights into the interaction between innate immunity
and growth.
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