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A B S T R A C T

As a carnivorous fish, the cannibalism are prone to happen in the early seedling stage in Dongting catfish (Silurus 
asotus), especailly when there is not enough food, which resulting in the low survival rate of Dongting catfish. To 
find clues to improve the survival rate of Dongting catfish offspring, the comparative transcriptomics analysis 
were conducted between normal and malformed larval fish, as well as normal larval fish before and after first 
food intake. In normal and malformed larval fish groups, a total of 881 differential genes were identified, 
including 634 up-regulated genes and 247 down-regulated genes. From these genes related to growth hormone 
synthesis and secretion were screened out as SLA isoform X1, SOCS3, STAT1b, JUNB, respectively. In the group of 
larval fish before and after the first food intake, 4901 up-regulated genes and 3660 down-regulated genes were 
found, from which the differential genes related to protein digestion and absorption pathway and pancreatic 
secretion pathway were screened out as cathepsin D precursor, elastase 2 like precursor, elastase 2 precursor, LPL 
isoform X1, CTRB1 precursor, CTRL precursor, CPA precursor, FABP, SLC15A1, CEL tandem duplicate 2 precursor. 
The differential genes screened for association with amino acid metabolism were ASAOC precursor, PLD3, NDPKs, 
trehalase, UMP-CMP kinase, L-amino-acid oxidase, PLB1, FALDH isoform X2, PLA2 precursor, glucokinase. Mean
while, nine differential genes were selected for qPCR verification. The results confirmed that the relative 
expression trends of these genes were consistent with those found in the transcriptome. These findings provide an 
important reference for developing strategies to enhance the survival rate of Dongting catfish at early seedling 
stage.

1. Introduction

Catfishes are popular food-fish in various countries worldwide and 
good candidate for aquaculture. The catfish family Siluridae contains 
107 described species distributed in Asia, but with some distributed in 
Europe [1]. The Dongting catfish is a local variety of Silurus asotus 
(S. asotus) in the Dongting Lake basin, which is an important fishery 
resource with highly valued economic benefits in Yangtze River in 
China. However, along with the ten-years ban on fishing in the Yangtze 
River, there is an increasing need for the artificial breeding of Dongting 
catfish.

At present, some progress has been reported in the artificial breeding 

of the local catfish in the Dongting Lake basin. For example, han et al., 
analyzed the growth and reproductive biological characteristics of 
S. asotus in the main stream of Yuanjiang River [2], which showed a 
power function relationship between body length and body mass for 
Yuanjiang S. asotus and the sexual maturity coefficients of females were 
higher than those of males. The artificial production and fry culture on 
catfish (S. asotus) in Dongting Lake has also been conducted [3].The 
results showed that after injected with mixture hormones of LRH-A2 
(luteinizing hormone releasing hormone analogue 2), HCG (human 
chorionic gonadotropin) and DOM (Diorone maleate), the spawning rate 
of S. asotus was 93.75 %, the fertilizing rate was 75.35 % and the 
hatching rate was 59.3 %. However, there are still some problems in the 
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breeding process of Dongting catfish, such as the low survival rate of 
large-size seedlings, which greatly restrict the large-scale development 
of its breeding industry.

The development malformation during hatching and cannibalism in 
the early seedling stage are the main reasons for the low survival rate of 
Dongting catfish seedlings. So it is very important to find methods to 
reduce the ratio of deformity and the occurrence of cannibalism of 
Dongting catfish seedlings. During this critical early seedling stage, 
adequate feeds are needed to fulfill the nutritional requirements of fish 
larvae. In pikeperch, it has been shown that the structure and functional 
ability of the digestive tract are affected by the larval developmental 
stage as well as by the diet composition [4]. At present, the genes that 
affect the development and nutrient metabolism in the early seedling 
stage of Dongting catfish (S. asotus) is largely unknown. Transcriptome 
sequencing and analysis is a valuable tool for studying the structure, 
function, and expression of genes in individual organisms. It is also an 
important method for conducting phenotype-gene association studies 
[5]. For examle, shao et al., used RNA-Seq technology to analyze the 
transcriptome of Pelteobagrus vachellii (P. vachellii) under two different 
feeding time treatments [6]. The result showed that shift the feeding 
time from day-time (8:00) to night-time (20:00) may promote the 
expression of genes related to nutrient metabolism and thus contribute 
to the digestion, absorption, and transport of nutrients. The differen
tially expressed genes (DEGs) in the two groups of samples were 
screened to investigate the molecular mechanisms by which feeding 
time affects the digestion and absorption of proteins and lipids in 
P. vachelli.

In this study, we analyzed the transcriptome of Dongting catfish at 
different states and identified key genes affecting their development and 
nutrient metabolism in the early stage of opening. The findings provide 
an important reference for developing strategies to enhance the survival 
rate of Dongting catfish seedlings at the early stage.

2. Materials and methods

2.1. Experimental animal

Adult Dongting catfish were collected from the water area of 
Dongting Lake under the permission of fishing licences. The Dongting 
catfish seedlings were gained by artiticial reproduction. The first food 
(fairy shrimp, Artemia salina) supply were given at 48h after hatch. The 
fry that have in-taken the food which are characteristic by a distinct red 
color in the abdomen, are collected 24 h after the food supply. Normal 
Dongting catfish (control group) larvae and malformed Dongting catfish 
(treated group 1) larvae were collected 24 h after hatch and Dongting 
catfish larvae after first feeding (treated group 2) were collected 72 h 
after hatch. Three samples were taken for each group.

2.2. RNA extraction

The samples were used to extract total RNA following the manu
facturer’s instructions for TRIzol® Reagent. RNA quality was assessed 
using the 5300 Bioanalyser (Agilent) and quantified with the ND-2000 
(NanoDrop Technologies). Only high-quality RNA samples (OD260/ 
280 = 1.8–2.2, OD260/230 ≥ 2.0, RIN≥8.0, 28S:18S ≥ 1.0, RNA 
mass>1 μg) were used for sequencing library construction.

2.3. Library preparation and sequencing

RNA purification, reverse transcription, library construction and 
sequencing were performed at Shanghai Majorbio Bio-pharm Biotech
nology Co., Ltd. (Shanghai, China) according to the manufacturer’s in
structions (Illumina, San Diego, CA). The Dongting catfish seedlings 
RNA-seq transcriptome library was prepared using Illumina® Stranded 
mRNA Prep Ligation kit from Illumina (San Diego, CA) with 1 μg of total 
RNA. Firstly, the mRNA was isolated using the poly A selection method 

with oligo (dT) beads and then fragmented using the fragmentation 
buffer. Double-stranded cDNA was synthesized using a SuperScript 
double-stranded cDNA synthesis kit (Invitrogen, CA) with random 
hexamer primers (Illumina) secondly. The cDNA was synthesized and 
then subjected to end-repair, phosphorylation, and ’A’ base addition 
following Illumina’s library construction protocol. The libraries were 
size-selected for cDNA target fragments of 300 bp on 2 % Low Range 
Ultra Agarose. Afterward, they were PCR amplified using Phusion DNA 
polymerase (NEB) for 15 PCR cycles. The paired-end RNA-seq 
sequencing library was sequenced using the NovaSeq 6000 sequencer (2 
× 150 bp read length) after being quantified by Qubit 4.0.

2.4. Quality control and read mapping

The raw paired end reads were trimmed and quality controlled by fastp 
[7] with default parameters. Then clean reads were aligned separately to 
reference genome [8] of Silurus asotus downloaded from the NCBI website 
(https://www.ncbi.nlm.nih.gov/datasets/genome/GCA_024362625.1/) 
with orientation mode using HISAT2 [9] software. The mapped reads of 
each sample were assembled by StringTie [10] in a reference-based 
approach.

2.5. Differential expression analysis and functional enrichment

To identify DEGs (differentially expressed genes) between two 
different samples, the expression level of each transcript was calculated 
according to the transcripts per million reads (TPM) method. Gene 
abundances were quantified using RSEM [11]. Differential expression 
analysis was performed using DESeq2 [12] or DEGseq [13]. Genes with | 
log2FC| ≥ 1.5 and FDR < 0.05 (DESeq2) or FDR< 0.001 (DEGseq) were 
considered significantly differentially expressed. Additionally, func
tional enrichment analysis, including Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG), was conducted to identify 
differentially expressed genes (DEGs) significantly enriched in KEGG at 
P-adjust of less than 0.05 compared to the whole-transcriptome back
ground. GO functional enrichment analysis and KEGG pathway analysis 
were performed using Goatools and Python scipy, respectively.

2.6. qRT-PCR

In this study, seven differential expressed genes were selected for 
experimental verification. The cDNA were synthesized using the RT-PCR 
kit (Takara, Japan). The qRT-PCR primers for the target genes were 
designed using the NCBI website (https://www.ncbi.nlm.nih.gov/tools/ 
primer-blast/). The qRT-PCR was performed using the ChamQ Universal 
SYBR qPCR Master Mix (Vazyme, China). The amplification procedure 
of qRT-PCR was: 1 cycle of 95 ◦C/10 min; 40 cycles of 95 ◦C/15 s, 60 ◦C/ 
1 min. The data were analyzed by the 2− ΔΔCT method. Data were 
normalized by β-actin expression as the internal control. Primers used 
for qRT-PCR assays are described in Table 1.

Table 1 
Primer sequences used for real-time PCR.

Genes Forward primer(5′-3′) Reverse primer(5′-3′)

elastase 2 like 
precursor

TGGAGGAGATGGCATTGTGT TGTGGGCTTCTTGAGGTAGT

CTRB1 precursor TTCCCGCCATTTCTCCTGTC TCTCCAAGGACCACAACGTG
FABP CACTCAACGGCACATGGAAG GGTTGTCATGTTCTGCCAGC
ASAOC precursor GACCCATGGGAACCTGTTGT CAGAGTTTCCGGGAGTTGCT
NDPKs GATGGCCGCTGTAACACGAT TCAGACCTACCAAGCGGAAC
trehalase CACGGTGCTATTCTCAGCCT TGCCTTCCATCGAGTCAAGC
PLB1 GCATCGTTCTATTGGTCTCT CAAAGTTAATTCGCCTGACC
SOCS3 TGCGTTACAGCACACCTCTC CACGCGGACATTCTTGATGC
STAT1b TCCAATGAGAGAGGAGTCGC CACCCACGTGATGGTGATCC
β-actin CCACCATGTACCCAGGCATT CGGACTCATCGTACTCCTGC
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3. Result

3.1. Statistical analysis of transcriptome sequencing data

A total of 58.4 Gb of clean data was obtained from this transcriptome 
sequencing, and the clean data of each sample reached 6.12 Gb or more. 
The percentage of Q30 bases in each sample was above 92.95 % and the 
samples were of good quality for subsequent analysis. Sequence com
parison of clean reads from each sample with the specified reference 
genome was performed separately, and the rate of comparison that 
could be localized to the genome ranged from 85.46 % to 89.85 %, with 
2.87%–3.58 % of clean reads having multiple comparison positions on 
the reference sequence, and 81.88%–86.95 % of clean reads having a 
unique comparison position on the reference sequence (Table 2).

PCA analysis was performed among the samples, and principal 
component 1 (PC1) and principal component 2 (PC2), contributed 
84.56 % and 5.31 % to differentiating the samples, respectively. The 
results showed high similarity between samples within groups and 
strong correlation between biological replicates, but exhibited very clear 
separation characteristics between groups, which indicated significant 
changes in the transcript levels of Dongting catfish seedlings at different 
states (Fig. 1).

3.2. Functional annotation analysis

All the genes obtained from the transcriptome assembly were 
compared with six major databases (GO, KEGG, EggNOG, NR, Swiss- 
Prot, and Pfam), of which 18172, 17686, 22268, 23113, 21296, and 
21036 genes were obtained with functional annotations in the GO, 
KEGG, EggNOG, NR, Swiss-Prot, and Pfam databases, respectively 
(Fig. 2A).

Genes obtained by transcriptome assembly were categorized by 
functional annotation using the GO database, including biological pro
cesses (BP), cellular components (CC), and molecular functions (MF). 
The genes obtained from transcriptome assembly were mainly anno
tated to molecular functions of binding and contact reactions, cellular 
and membrane components in cellular components, and cellular pro
cesses, metabolic processes, and bioregulatory processes in biological 
processes (Fig. 2B).

The KEGG database was utilized to classify the functional annota
tions of genes obtained from transcriptome assembly, including Meta
bolism, Genetic Information Processing, Environmental Information 
Processing, Cellular Processes, Organismal Systems, Human Diseases, 
and Drug Development.

The genes obtained from transcriptome assembly are primarily an
notated to signal transduction in Environmental Information Processing, 
immune and endocrine systems in Organismal Systems, and to a lesser 
extent, transport and catabolism in Cellular Processes, and cancer and 
viral infectious diseases in Human Diseases (Fig. 2C).

3.3. Identification of differentially expressed genes

In this study, differentially expressed genes were screened by further 
comparing the transcriptome expression between samples from treated 
group 1 and control group, treated group 2 and control group (p < 0.05). 
There were a total of 881 genes that differed between treated group 1 
and control group, including 634 up-regulated genes and 247 down- 
regulated genes (Fig. 3A). The total number of genes that differed be
tween treated group 2 and control group was 8561, including 4901 up- 
regulated genes and 3660 down-regulated genes (Fig. 3B). The distri
bution of DEGs in Fig. 3 shows significant changes in the transcriptome 
of Dongting catfish at different states.

3.4. GO and KEGG enrichment analysis of DEGs

In this study, the differential genes were enriched and analyzed in 
KEGG and GO databases, differentially expressed genes between treated 
group 1 and control group were enriched and analyzed in the KEGG 
database (p < 0.05), and 75 of these pathways were found to be up- 
regulated and 7 pathways were down-regulated. The up-regulated 
pathways were mainly involved in osteoclast differentiation, TNF 
signaling pathway, IL-17 signaling pathway and Toll-like receptor 
signaling pathway (Fig. 4A). Down-regulated pathways mainly include 
Vitamin digestion and absorption and Fat digestion and absorption, 
Cholesterol metabolism, and Protein digestion and absorption (Fig. 4B).

In GO enrichment analysis, the 4901 up-regulated differential genes 
between treated group 2 and control group were mainly involved in 
immune system process, oxidoreductase activity, immune response, 
extracellular space and small molecule metabolic processes (Fig. 5A). 

Table 2 
A summary of transcriptome sequencing information of S.asotus larvae at three different states.

Group Control group Treated group 1 Treated group 2

Sample Control 
group-1

Control 
group-2

Control 
group-3

Treated group 
1-1

Treated group 
1-2

Treated group 
1-3

Treated group 
2-1

Treated group 
2-2

Treated group 
2-3

Raw reads 48134808 44685716 43679634 43014796 45432752 45201696 47494430 48926308 45933370
clean reads 47369646 43995246 42947172 42289568 44700740 44350714 46783194 48119540 45209244
Q30(%) 93.22 93.1 93 92.95 93.26 93.03 93.15 93.26 93.28
GC content(%) 49.03 48.98 49.06 48.94 48.82 48.93 49.2 49.18 49.19
Total mapped 

(%)
89.77 % 89.68 % 89.85 % 89.26 % 89.31 % 89.38 % 85.46 % 85.62 % 85.53 %

Multiple 
mapped(%)

2.98 % 2.91 % 2.9 % 2.92 % 2.87 % 2.93 % 3.58 % 3.48 % 3.52 %

Uniquely 
mapped(%)

86.79 % 86.77 % 86.95 % 86.34 % 86.44 % 86.44 % 81.88 % 82.15 % 82.01 %

Fig. 1. PCA analysis of the tested samples (A). normal Dongting catfish larvae 
before first food intake. (B). normal Dongting catfish larvae after first food 
intake. (C). malformed Dongting catfish larvae.
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Fig. 2. Functional annotation results of the different Dongting catfish larvae samples (A). Unigenes annotated result of each functional database. (B). GO annotations 
analysis (Level 2). (C). KEGG annotations analysis.
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The 3660 down-regulated differential genes between treated group 2 
and control group were mainly involved in nucleus, DNA binding, and 
intracellular membrane-bounded organelle (Fig. 5B).

3.5. Screening for key DEGs

In order to study the key genes affecting the development of 
Dongting catfish, the four genes related to growth hormone synthesis, 
secretion and action were screened between normal and malformed 
Dongting catfish larvae. The fold change was analyzed and four key 
DEGs with the highest fold change were screened as SLA isoform X1 
(somatolactin alpha isoform X1), SOCS3 (suppressor of cytokine signaling 
3), STAT1b (signal transducer and activator of transcription 1b), JUNB 
(JunB proto-oncogene) (Fig. 6A).

In order to study the key genes affecting the nutrient metabolism of 
Dongting catfish seedlings, the pathways and genes related to digestion 

and metabolism were screened between seedlings before and after first 
food intake. Differential genes were obtained for the protein about 
digestion and absorption pathways and pancreatic secretory pathway, 
which were screened for cathepsin D precursor, elastase 2 like precursor, 
elastase 2 precursor, LPL isoform X1 (lipoprotein lipase-like isoform X1), 
CTRB1 precursor (chymotrypsin B1 precursor), CTRL precursor (chymo
trypsin-like precursor), CPA precursor (carboxypeptidase A precursor), FABP 
(fatty acid-binding protein), SLC15A1 (solute carrier family 15 member 1), 
and CEL tandem duplicate 2 precursor (carboxyl ester lipase, tandem 
duplicate 2 precursor) (Fig. 6B). Ten key DEGs related to amino acid 
metabolism were obtained as ASAOC precursor (amiloride-sensitive amine 
oxidase [copper-containing] precursor), PLD3 (phospholipase D3), NDPKs 
(nucleoside diphosphate kinase, mitochondrial), trehalase, UMP-CMP ki
nase, L-amino-acid oxidase, PLB1 (phospholipase B1, membrane-associ
ated), FALDH isoform X2 (fatty aldehyde dehydrogenase isoform X2), PLA2 
precursor (phospholipase A2 precursor), and glucokinase (Fig. 6C). These 
DEGs are mainly involved in histidine metabolism, arginine, proline 
metabolism and tryptophan metabolism.

3.6. Validation of transcriptome data by RT-qPCR

Nine DEGs were screened from DEGs of Dongting catfish for RT- 
qPCR validation, which were elastase 2 like precursor, CTRB1 precursor, 
FABP, ASAOC precursor, NDPKs, trehalase, PLB1, SOCS3, STAT1b. The 
expression measured by qPCR was plotted by taking the logarithm with 
2 as the base, as shown in Fig. 7, and the trend of the expression of the 
selected genes was consistent with the results of RNA-seq analysis.

4. Discussion

In this study, we sequenced the transcriptome of normal and mal
formed Dongting catfish seedlings before first food intake, and normal 
Dongting catfish seedlings after first food intake to investigate the key 
genes affecting development and nutrient metabolism in the early 
seedling stage of Dongting catfish. The key genes affecting the devel
opment of Dongting catfish seedlings were explored by analyzing 
differentially expressed genes between normal and malformed seed
lings. The omics data showed the up-regulated pathways were mainly 
involved in osteoclast differentiation and immune response, such as TNF 
signaling pathway, IL-17 signaling pathway and Toll-like receptor 
signaling pathway. Osteoclasts play an important role in bone meta
bolism, and the differentiation and function of osteoclasts are regulated 
by a variety of cytokines and growth factors [14]. In addition, the 
down-regulated pathways were mainly involved in digestion and ab
sorption and metabolism. In this study, four differential genes (SLA 
isoform X1, SOCS3, STAT1b, JUNB) related to growth hormone synthe
sis, secretion and action were screened from the DEGs between the two 
groups. SLA is a close relative of growth hormone (GH) secreted by the 
central pituitary gland in fish. In addition, Sasano Y found that SLA 
significantly affected the skin color phenotype of medaka [15]. The 
SOCS family is a key negative regulator of cytokine and growth factor 
signaling [16], and plays an important role in regulating a variety of 
signaling pathways in the body, including immunity and development 
[17].

For the pathways related to fish nutrient metabolism, ten key DEGs 
(cathepsin D precursor, elastase 2 like precursor, elastase 2 precursor, LPL 
isoform X1, CTRB1 precursor, CTRL precursor, CPA precursor, FABP, 
SLC15A1, and CEL tandem duplicate 2 precursor) related to protein 
digestion and absorption pathway and pancreatic secretion pathway 
were screened. Cathepsin D (CD) is a soluble lysosomal aspartic endo
peptidase synthesized in the crude endoplasmic reticulum as a histone D 
precursor zymogen involved in nonspecific protein degradation. CD has 
an important role in the regulation of apoptosis, interacting with other 
important molecules and influencing cell signaling. It’s not essential for 
seedling development, but is essential for seedlings (postnatal) tissue 
homeostasis [18]. It has been demonstrated that CD has protease 

Fig. 3. The changes of DEGs in the different Dongting catfish larvae samples 
(A). Volcano plot of DEGs in malformed Dongting catfish larvae compared to 
normal Dongting catfish larvae. (B). Volcano plot of DEGs in normal Dongting 
catfish larvae after feeding compared to normal Dongting catfish larvae before 
first food intake.
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activity in fish [19–21]and plays an important role in the fish innate 
immune system [22]. Dong [23]found that the mRNA expression of CD 
gene showed a gradual increase during the development of grass carp 
fry. Elastase is stored as an zymogen in the pancreas of catfish [24], and 
it is closely related to the digestive and immunophysiology of grass carp. 
Xu [25] applied molecular biology techniques for gene cloning, 
sequence analysis, and tissue expression studies with elastase. LPL is an 
important digestive enzyme in fish and plays an important role in the 
absorption of nutrients as well as energy gain in fish [26]. FABPs are key 
genes in fat metabolism in P. vachellii [6]. It plays an important role in 
the uptake, transport, and oxidation of fatty acids and their derivatives 

in animals. Moreover, it is also considered a key fatty acid carrier protein 
in cells [27].

Fish require the participation and cooperation of a variety of func
tional enzymes in the metabolic process, such as amylase, protease, 
lipase, esterase, etc. In this study, ten key DEGs (ASAOC precursor, PLD3, 
NDPKs, trehalase, UMP-CMP kinase, L-amino-acid oxidase, PLB1, FALDH 
isoform X2, PLA2 precursor, and glucokinase) related to amino acid 
metabolism were identified between the Dongting catfish seedlings 
before and after first food intake. Partial of these genes had been re
ported to be involved in nutrient metabolism. For example, shao [6] 
screened key genes related to amino acid metabolism, including ASAOC 

Fig. 4. KEGG pathway enrichment analysis of DEGs in malformed Dongting catfish larvae compared to normal Dongting catfish larvae. (A). Significantly enriched 
pathways of up-regulated DEGs in malformed Dongting catfish larvae compared to normal Dongting catfish larvae. (B). Significantly enriched pathways of down- 
regulated DEGs.
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Fig. 5. GO enrichment analysis of DEGs between normal Dongting catfish larvae before and after first food intake. (A). Top20 significantly enriched GO terms of up- 
regulated DEGs in normal Dongting catfish larvae after first food intake compared to normal Dongting catfish larvae before first food intake. (B). Top20 significantly 
enriched GO terms of down-regulated DEGs.
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precursor, trehalase, PLB1, PLA2 precursor, glucokinase from intestinal 
samples of P.vachellii, under the influence of different feeding times. 
NDPKs are highly evolutionarily conserved from yeast to humans, sug
gesting that members of this protein family have critical cellular and 
developmental functions. NDPKs are essential for the regulated uptake 
of objects for example micronutrients, and this evolutionarily conserved 
endocytosis contributes to nutrient supply, energy consumption and 
receptor internalization [28]. L-amino-acid oxidase, a flavonoid enzyme 
involved in amino acid metabolism, is widely distributed in a variety of 
organisms from bacteria to mammals [29]. In addition, I-amino acid 
oxidases extracted from several fish species has been found to be 
bioactive molecules with strong antimicrobial and antiparasitic activ
ities [30–33]. The expression of cPLA2 (cytosolic PLA2) gene, a key 
enzyme in phospholipid catabolism, showed regular changes during the 
early metamorphosis from larvae to juveniles of Larimichthys crocea (L. 
croceal), which may be important for the body to maintain the dynamic 

balance of phospholipids in the body, and to maintain the fluidity of the 
cell membrane. To some extent, the trend of cPLA2 gene expression in 
larvae and juveniles can be a measure of the development of L.croceal 
digestive system [34]. Glucokinase (GK) enzyme is essential for the 
utilization of dietary glucose as it is the first enzyme that phosphorylates 
excess glucose in different key tissues such as pancreas and liver [35].

Feeding is a direct way of obtaining nutrients and it is the basis of 
nutrition, so the condition of feeding directly affects the nutritional 
status of fish, which influences the growth, development, reproduction 
and survival of fish [36]. The investigation of key DEGs affecting the 
development and nutrient metabolism of Dongting catfish provides a 
theoretical basis for the development of artificial breeding feeds. 
Nutritional requirements of Dongting catfish are satisfied by artificial 
breeding feeds. It has been reported that nutritional deficiency and 
starvation were the key induce factor for cannibalism in the early 
seedling stage of carnivorous fishes. The results in this study provide 
information for the development of specific forage for Dongting catfish 
seedlings, which might fulfill the nutritional requirements and reduce 
starvation of Dongting catfish seedlings, avoiding the cannibalism and 
thus improve the survival rate of Dongting catfish seedlings in artificial 
breeding.

In this study, the transcriptomes of Dongting catfish seedlings at 
different states were analyzed by transcriptome sequencing technology. 
The key genes and signaling pathways that regulate the development 
and nutrient metabolism of Dongting catfish seedlings were explored, 
which provided important references for the molecular marker assisted 
selection on Dongting catfish and the development of composite catfish 
feeds to improve the survival rate of Dongting catfish seedlings.
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ASAOC precursor, NDPKs, trehalase and PLB1 are DEGs in treated group 2 vs 
contrrol group.
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