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First Online 18 October 2018 Immune-related genes are well-established positive modulators that regulate a

variety of signaling pathways in cells and tissues. However, no information is
available concerning the similarity of immune-related genes between Dabry’s
sturgeon (Acipenser dabryanus) and Chinese sturgeon (Acipenser sinensis). A
previous study showed that Dabry’s sturgeon is seldom affected by infectious
diseases, while Chinese sturgeon frequently dies from a variety of diseases. In the
present study, de novo sequencing was used to obtain abundant high-quality gene
information and investigate differentially expressed genes between Dabry’s sturgeon
and Chinese sturgeon. Protein similarity analysis indicated that 96 immune-related
genes with complete cDNA sequences were obtained from
the transcriptome library of Chinese sturgeon and Dabry’s sturgeon. The similarity of
these immune-related genes was further classified into three groups: 100% (16
genes, 16.7%), 98-99.9% (55 genes, 57.3%), and 80-97% (25 genes, 26%). These
immunity genes were further classified into five signaling pathway, including
complement and coagulation cascade, the Toll-like receptor signaling pathway, NOD-
like receptor signaling pathway, JAK-STAT signaling pathway, and RIG-I-like receptor
signaling pathway. Most immune-related genes studied here belong to the pathway
of complement and coagulation. Collectively, the research demonstrated that
similarity analysis of immune-related genes in signaling pathways might provide
valuable theoretical resources to understanding the mechanism of disease
susceptibility in Chinese sturgeon and Dabry’s sturgeon.
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Introduction sharply in recent years (Gao et al. 2017; Li et al. 2016).
Chinese sturgeon is a migratory fish species that

Sturgeons are one of the most ancient matures in coastal waters and enters into rivers for
vertebrates, with over 200 million years of history, spawning. This species was once widely distributed in
leading to a vital evolutionary position from almost all watersheds draining towards the western
invertebrates to vertebrates (Wang 2013). Chinese coasts of the Pacific Ocean; by contrast, Dabry’s
sturgeon (Acipenser sinensis) and Dabry’s sturgeon sturgeon is restricted to the freshwater of the Yangtze
(Acipenser dabryanus) are both first rank protected River (Li et al. 2016). Among the different sturgeon
aquatic wildlife in China and are considered as precious species, Chinese sturgeon, termed a living fossil in
animals because the sturgeon population has declined aquatic  biology because it maintains certain
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evolutionary characteristics between chondrichthyes
and osteichthyes, and has an important academic value
in the study of the evolutionary history of fish (Liao et
al. 2014). A mitochondrial DNA study showed that
Chinese sturgeon was genetically closest to Dabry’s
sturgeon (Zhang et al. 1999). Thus, Dabry’s sturgeon
was considered a land seal species of Chinese sturgeon.
However, there is little research concerning the
similarity of immune-related genes between Dabry’s
sturgeon and Chinese sturgeon.

Research in sturgeons has mainly focused on
sturgeon culture, including spawning and hatching
(Clouthier et al. 2013; Du et al. 2016; Vicenova et al.
2011; Wang et al. 2017). With the rapid expansion of
sturgeon farming, emerging infectious diseases
represent a main limiting factor in sturgeon farming.
For both Chinese sturgeon and Dabry’s sturgeon, there
is an urgent need to understand their ability to mount a
specific immune response against pathogens.
Meanwhile, to date, around 10 specific viruses have
been found in sturgeons, including adenoviruses,
papovaviruses, iridoviruses, and  herpesviruses
(Shchelkunov et al. 2009). Iridoviruses can impair
growth and cause serious losses in sturgeons (Drennan
et al. 2007). Herpesviruses are complex DNA viruses
that have evolved intimately with their hosts;
capturing, duplicating, and modifying host genes to aid
their evasion of the host immune response (Tomofumi
et al. 2011). A recent phylogenetic study showed that
the viruses WSIV, MRSIV, and SNSV are only distantly
related to the Iridoviridae, and are included in a group
referred to as sturgeon nucleo-cytoplasmic large DNA
viruses (NCLDVs) in the order Megavirales, a new term
that has not been formally adopted by the
International Committee of the Taxonomy of Viruses
(Doszpoly et al. 2011). The pathogen Pseudomonas
alcaligenes and several kinds of Mycobacterium have
been identified in Chinese sturgeons (Xu et al. 2015;
Zhang et al. 2014; Zhang et al. 2017). Moreover,
reovirus particles were observed in sick Chinese
sturgeons, suggesting the existence of primary viral
illness (Zhang & Gui 2012). Systematic studies on
sturgeon diseases have not yet been carried out, and
reports of diseases of Dabry’s sturgeon are rare.
Therefore, research into their immunity-related genes
would be of benefit to prevent diseases in sturgeons.
De novo transcriptome sequencing has become an
important method to study immunity genes (Fan et al.
2015). Transcriptome sequencing facilitates functional
genomic studies, including global gene expression and
immunity gene function. In the present study, the
spleen transcriptomes of Chinese sturgeon and Dabry’s
sturgeon were sequenced using high-throughput
sequencing, and a comparative analysis of the
transcriptome data was performed. Determining the
differences in immune-related gene regulation in the
defense against pathogens in Chinese sturgeon and
Dabry’s sturgeon might serve as a valuable reference to

understanding disease mechanisms in Chinese

sturgeon and Dabry’s sturgeon
Materials and Methods

Animals

Dabry’s sturgeons (100-150 g) and Chinese
sturgeons (80-90 g) were offered from the Yangtze
River Fisheries Research Institute (Jingzhou, Tai Lake,
China). These fish were at eight months, and were
maintained with a flow-through water system for two
weeks. For the A. hydrophila challenge, three healthy
Dabry’s sturgeons and Chinese sturgeons were
challenged with an equal volume of phosphate
buffered saline (PBS). At 24 h post infection, whole
Dabry’s sturgeons and Chinese sturgeons were
sacrificed and their spleen tissues were preserved
separately in RNAlater (Invitrogen, USA) at -80 °C for
total RNA extraction. The experiments were conducted
according to the guidelines of the China Council for
Animal Care.

Establishing cDNA Library and Obtain A Transcriptome
Library

Total RNA from spleen tissue of three Dabry’s
sturgeons and Chinese sturgeons was extracted,
respectively. using the Trizol reagent (Invitrogen, USA)
according to the manufacturers instructions. Total RNA
was digested using DNase | (NEB, USA) to remove
genomic DNA contamination, purified by poly-dT oligo-
attached magnetic beads The cDNA library was used
for sequencing, which was performed on the Illumina
XTen platform in the paired-end read module (Sangon
Biotech Co., Ltd, Shanghai, China). The spleen
transcriptome library was assembled using the
assembly software Trinity.

Bioinformatics Analysis

The immunity-related gene sequences from the
transcriptome library were translated into amid acid
sequences using translation program in ExPASy
(http://web.expasy.org/translate/).  Alignment  of
Chinese sturgeon and Dabry’s sturgeon deduced
proteins was performed using the Clustalw program
(http://www.ebi.Uk/clustalw/). The protein sequences
were aligned using the Clustal X 1.83 program in the
DNAstar software. Finally, these immune-related genes
were classified into several signaling pathway.

Results and Discussion

Protein Identity Analysis

The analysis of the main similarities between
immune-related proteins from Chinese sturgeon and
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Dabry’s sturgeon are described below. Ninety-six
immune-related genes were identified from the
comparative transcriptome libraries between Chinese
sturgeon and Dabry’s sturgeon. The similarity of these
immune-related genes between the two fishes was
further divided into three groups: 100%, 98—99.9%, and
80-97% (Tables 1-3).

Immunity Gene Pathway Analysis

The numbers of full-length immune-related genes
in the three groups were 16 (16.7%), 55 (57.3%), and
25 (26%), respectively (Figure 1). Among these genes,
76 % the deduced proteins shared high similarity
between Chinese sturgeon and Dabry’s sturgeon. These
immune-related proteins were mostly distributed in
five signaling pathways. The highest number of
immune-related proteins were associated with the
complement and coagulation pathway, followed by the
Toll-like receptor signaling pathway, the Nucleotide-
binding oligomerization domain(NOD)-like receptor
signaling pathway, the Janus kinase (JAK)-signal
transducer and activator of transcription (STAT)
signaling pathway, and the retinoic acid-inducible gene
1 (RIG-1)-like receptor signaling pathway.

However, these results were compared with
whole transcriptome reported by (Zhu et al. 2016), in
which some immune-related genes were found, such as
interleukin (IL) 3-5, C-type lectin domain containing 7A
(CLEC7), caspase recruitment domain family member 8
(CARDS8) and tripartite motif containing 29 (TRIM29).
CARDS, IL2, and IL3 were detected in transcriptome
library of Chinese sturgeon, while CARD11, IL1, IL2, IL3,
and IL5 were detected in the transcriptome library of
Dabry’s sturgeon. Interleukin-1-beta is an important

Table 1. Immune-related genes between Acipenser sinensis and A. dabryanus showing 100% similarity at the protein

pro-inflammatory cytokine that can mediate immune
regulation in both the innate and adaptive immune
defense mechanisms (Modanloo et al. 2017). Thus, IL1
genes in Dabry’s sturgeon would directly enhance the
immune response compared with Chinese sturgeon.
Compared to the immune genes of the Acipenser
sinensis, superfluous immunity immune genes had an
important impact on increasing immunological
responses to the invasion of pathogens for Dabry’s
sturgeon.

The present study revealed that 25 immune genes
that had low similarity and had a remarkable effect
between the two fishes. Sturgeons display innate
immunity and adaptive immunity, with the innate
immunity system responding before adaptive immunity
(Rauta et al. 2012). The innate immunity system
comprises signaling as the first line of defense against
invasive pathogens. We performed signal pathway
analysis to compare the immune-related gene
difference in response to infection. Many signaling
pathways associated with the immune response have
been reported in numerous species, including the Toll-
like receptor (TLR), chemokines, NOD, and antigen
processing and presentation signaling (Zhang et al.
2018). Three signaling pathway are associated with
immune-related gens that showed remarkable
differences in similarity between Chinese sturgeon and
Dabry’s  sturgeon, JAK-STAT signaling pathway
(suppressor of cytokine signalling (SOCS)5, SOCS3), the
TLR signaling pathway (nuclear factor kappa B subunit 2
(NF-k Bp100) and mitogen activated protein kinase 1
(MAPK1)) and RIG-I-like receptor signaling pathway
(CARD14, CARD10) have been extensively analyzed.

The JAK-STAT signaling pathway plays a central
role in transducing stress and growth signals in the

level
Gene name Description Gene name Description
Complement and coagulation cascade JAK-STAT signaling pathway
Cc3 Complement C3 like PIAS2 E3 SUMO-protein ligase PIAS
F8 Coagulation factor PIAS4 E3 SUMO-protein ligase PIAS
M _binding lecti
MASP1 annan-binding lectin SOCs4 Suppressor of cytokine signaling

serine protease
Toll-like receptor signaling pathway

TLR13 Toll-like receptor 13

TLR3 Toll-like receptor 3

TOLLIP Toll—lnteractlng protein FAS-
associated

Other immune molecules

Lysozyme C Lysozyme

HSP90 Molecular chaperone HtpG

REX1 MHC class Il regulatory

factor

RIG-I-like receptor signaling pathway

ATG5 Ubiquitin-like modifier activating enzyme
Chemokine
CXCL14 C-X-C motif chemokine 14
EDAR Tumor necrosis factor receptor superfamily
member EDAR
TNERSF6 Tumor necrosis factor receptor superfamily

member
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Table 2. Immune-related genes between Acipenser sinensis and A. dabryanus showing 98-98.9% similarity at the protein level

Gene name

Description

Similarity (%)

Gene

Description
name

Similarity (%)

Complement and coagulation Pathway

Toll-like receptor signaling pathway

F5 Coagulation factor 99.8 TLR2 Toll-like receptor 2 99.4
F4 Coagulation factor 99.1 AP-1 Activator protein 1 99.7
F10 Coagulation factor 99.5 JAK-STAT signaling pathway
F13 Coagulation factor 98.9 SOCS2 Suppressor of cytokine signaling 99.6
C3AR c3a anap!'\ylatoxm 98.5 SOCS4 Suppressor of cytokine signaling 99.5
chemotactic receptor
C5AR C>a anap!'\ylatoxm 98.1 STAT1  Signal transducer and transcription Activator 99.7
chemotactic receptor
CFD Complement factor 98.8 JAK1 Janus kinase 99.7
c5 Complement C5-like 99.4 Chemokine
Vwf Von willedbrand factor 99.3 TNFAIP3  Tumor necrosis factor alpha-induced protein 99.8
C1(q,r,s)C6 Complement component 98.5 CXCR4 CXC-chemokine receptor 99.7
C1(q,r,s)C7 Complement component 99.4 CXCR1 CXC-chemokine receptor 99.2
C1(q,r,s)C8 Complement component 99.5 XCR1 Chemokine XC receptorl 99.3
Other pattern receptor signaling pathway TNIP1 TNFAIP-interacting3 protein 99
CLEC19 C-Type lectin domain family 99.5 TNFRSF1 Tumor necrosis factor receptor superfamily 98.7
member member
CLEC1S C-Type lectin domain family 99.1 TNFRSF11 Tumor necrosis factor receptor superfamily 983
member member
CLEC4 C-Type lectin domain family 98.4 NOD-like receptor signaling Pathway
member
SCARB1 Scavenger receptor 98.8 ipap LR family CARD dom:'”'conta'”'”g protein g9 5
SCARAS5 Scavenger receptor 98.3 TRAF1 TNF receptor-associated factor 99.5
SCARF2 Scavenger receptor 99.4 TRAF2 TNF receptor-associated factor 98.4
SCARF1 Scavenger receptor 99.3 CITA MHC class Il transactivator 98.6
SCARA3 Scavenger receptor 98.2 nopy  Nucleotide-binding oligomerization domain o ,
containing protein
RIG-I-like receptor signaling pathway
STING stimulator of interferon 98.7 cGAS Cyclic GMP-AMP synthetase 98.3
genes protein
RIP1 Receptor—mte;actlng protein 98.6 LRRFIP1 Leucine-rich repeat (in Flightless 1) interacting 98.9
FADD FAS-associated d‘eath domain 99 CARDY Caspase recruitment c!omam-contalnlng 99.1
protein protein
B-cell receptor signaling pathway IRF1 Interferon regulatory factor 99.7
BLNK B-cell linker protein 98.2 IRF3 Interferon regulatory factor 98.6
IGSF3 immunoglobulin superfamily 99.3 Other immune molecules
member
IGSF5 immunoglobulin superfamily 98.8 P53 Tumor suppressor p53 98.3
member
IGSF8 immunoglobulin superfamily 99.5 MHCII Mannose receptor 99.5
member
T-cell receptor signaling pathway TF Transferrin 99.6
PI3K PhOSphiit;iZI;n;S'tOI 3 99.8 Antigen processing and presentation
IRF5 Interferon regulatory factor 99.4 GILT Interferon gamma-inducible protein 30 98.9
IRF2 Interferon regulatory factor 98.8 CALR Calreticulin 99.8

hypertrophic heart (Truong et al. 2017). The signaling
pathway formed by these ligands and their IL6-a/gp130
receptor plays an important role in biology and has
long been representative of the JAK-STAT pathway
itself. However, the JAK-STAT signaling paradigm is
representative of only a portion of the signaling

pathways that use JAK and STAT proteins to transmit
extracellular signals (Wagner and Siddiqui 2012). The
SOCS family can trigger inverse regulation of cytokines
and mediates hormone signaling through the JAK
signaling pathway (Liu et al. 2016). Previous research
showed that SOCS5 gene is expressed in tissues of
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Table 3. Immune-related genes between Acipenser sinensis and A. dabryanus showing 80—89% similarity at the protein level

Gene Description Similarity Gene Description Similarity
name P (%) name P (%)
Toll-like receptor signaling pathway Cytokines
TPRF TNF receptor-associated factor 97.9 TNFRSF13 Tumor necr05|§ factor receptor 87.4
superfamily member
TLR2 Toll-like receptor 2 979  TNFRsFg  |umornecrosis factor receptor 96.9
superfamily member
TLR5 Toll-like receptor 5 97.4 JAKT-STAT signaling pathway
MAPK1 Mitogen-activated protein kinase 93.7 SOCS3 Suppressor of cytokine 97.9
SARM Sterile alpha and TIR motif-containing 97.4 S0CS5 Suppressor of cytokine 915
protein
NFkBp105 Nuclear factor NF-kappa-b 97.5 Complement and coagulation pathway
NFkBp100 Nuclear factor NF-kappa-b 89 CFB Complement factor 96.2
TANK TRAF family member_assomated NF-kappa-B 96.1 B-cell signaling pathway
activator
NOD-like receptor signaling pathway IGSF6  immunoglobulin superfamily member 95
NOD1 Nucleotlde—blndmg (l)llgomerllzatlon domain 97.9 RIG-I-like receptor signaling pathway
containing protein
RIP2 Receptor-mteractl.ng §er|ne/threon|ne- 96.8 CARD10 Caspase rec‘rllJltment d.omam- 871
protein kinase containing protein
Other immune molecules CARD14 Caspase rec'rljutment d'omam- 84.6
containing protein
FcgRl High affinity immunoglobulin gamma Fc 97.4 Other pattern recognition signaling pathway
receptor
Bax Apoptosis regulator BAX 96.8 CLEC1  C-Type lectin domain family member 97
Cytokines IRE2BP1 Interferon regulator\{ factor 2-binding 972
Protein
TNFRSF25 | UMOr necrosis factor receptor superfamily oo TFR Transferrin receptor 96.9
member
TNERSF16 Tumor necrosis factor receptor superfamily 95.4
member
40+
+ 301
<5}
o
=
= 204
<}
c
D
O 10-

100 99-99.9 98-98.9 97-97.9 96-96.9 80-95.9

Protein similarity(%)

Figure 1. The number of genes with different similarities at the protein level between Acipenser sinensis and A. dabryanus.

Cynoglossus semilaevis (Hao and Sun 2016) and
Crassostrea gigas (Li et al. 2015), with particularly
abundant levels in the spleen and kidney, which are the
major immune organs of teleosts. In this signaling
pathway, SOCS5, whose gene expression varied greatly
between Darby’s sturgeon and Chinese sturgeon, may
participate in the regulation of the immune response.
The TLR signaling pathway, a vital class of pattern

recognition receptors, plays a key role in the innate
immune response by recognizing antigens through
inducing signaling transduction, which results in the
expression of genes associated with antiviral
responses, culminating in the activation of inducible
transcriptional factors, such as nuclear factor kappa B
(NF-kB) to increase the immune response (Wang et al.
2018; Zhao et al. 2015). NF-k Bpl100 and MAPK1
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showed obvious differences in protein similarity
between Chinese sturgeon and Darby’s sturgeon. In
addition, they have different biological functions in the
immune response. The differences in protein similarity
observed between Darby’s sturgeon and Chinese
sturgeon might be in part caused differences in the fish
species, life stage, and the type of immune-related
genes present in each fish.

RIG-I-like receptors (RLRs) play crucial roles in
virus recognition and antiviral innate immunity in
teleosts (Shen et al. 2016). The RLR signaling pathway is
closely associated with the regulation of the immune
response (Han et al. 2016). CARD14 is a conserved
protein that mediates TNF receptor associated factor 2
(TRAF2)-dependent activation of NF-kB signaling, which
enhances the production of certain chemokines and
strengthens the function of keratinocytes (Berki et al.
2015; Jordan et al. 2012). CARD10 controls signal
transduction, and shows changes in its expression in
response to illness, CARD10 and CARD14 in signaling
pathway show significant differential function between
the two fishes. It has been suggested that different
immune related genes in the same signaling pathway
might exert different effects on the immune functions
of Darby’s sturgeon and Chinese sturgeon; but the
mechanisms involved remain to be clarified.

Taken together, the analysis of pathways
associated with immune-related genes in Darby’s
sturgeon and Chinese sturgeon suggest differences
between these to fishes in terms of regulation of the
immune response to defend against pathogens. Further
study is required to identify the functions of the
immune-related proteins to better understand their
involvement in defense against pathogens in Darby’s
sturgeon and Chinese sturgeon.
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