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Abstract: Tripartite motif (TRIM) proteins is a structurally conserved protein group that plays an important
role in many biological processes, such as apoptosis, cycle regulation, cellular responses to viruses and in-
flammatory response. Trim47 is a member of the TRIM family. In this study, the CRISPR/Cas9 technique
was employed to knockout trim47 of zebrafish. Brain and spleen of TRIM47–/–(trim47 knockout) and WT
(wildtype) zebrafish were collected for RNA-seq analysis to identify differentially expressed genes (DEGs).
A total of 271 DEGs were identified. After a brief analysis, these DEGs were annotated into Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway and three ontologies following gene ontology (GO) enrich-
ment analysis. DEGs were more concentrated in cell adhesion and glutamatergic synapse signaling pathway
in brain of TRIM47–/– group as compared with WT group. In spleen, DEGs of TRIM47–/– group changed in
complement and coagulation cascades signaling pathway as compared with WT group. The complement path-
way-associated genes in brain and spleen were verified using qRT-PCR, which were consistent with the tran-
scriptome data. These results indicated that Trim47 played an important biological role in spleen and brain,
particularly involved in innate immune function through complement pathway. In vivo infection experiments
showed that trim47 knockout increased the infection rate of Spring Viremia of Carp Virus (SVCV) in ze-
brafish. In conclusion, these findings provided new insight into the function of the TRIM members in innate
immunity.
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The members of the TRIM family were reported
to play many important roles involved in many cellu-
lar processes, such as developmental courses, tumor
suppression, cell cycle regulation and viral response[1].
In mammals, most TRIM members are associated
with cancer. TRIM50 is known to inhibit ovarian
cancer progression by targeting Src and reducing its
activity, which provides a novel therapeutic strategy
for Src over-activated cancers by positive regulation

of TRIM50[2]. TRIM31 was reported to promote glioma
proliferation and invasion through activating NF-κB
activity[3]. Some TRIM members were also reported
to have antiviral effect in fish. Grouper TRIM8, TRIM32
and TRIM39 have been identified as antiviral effec-
tors against DNA and RNA viruses[4]. In common
carp, TRIM32 was described as antiviral effectors and
inducers of type I-IFN response, interfering with
SVCV replication in vitro[5]. Tripartite motif 47 is a
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member of the TRIM family proteins and increased
TRIM47 expression is a negative prognostic predic-
tor in human prostate cancer[6]. Common carp TRIM47
was identified to play an important role in viral resis-
tance processes[7]. Most experimental studies on
TRIM molecules remain in vitro cell with few atten-
tion paid to in vivo experimental test, especially in
fish.

The complement system known as an important
part of the body’s innate immune response plays an
irreplaceable role in host defense against pathogenic
microorganisms and serves as a bridge between the
innate and acquired immune responses[8]. The com-
plement system is composed of more than 30 soluble
and membrane-bound proteins. These proteins inter-
act to form a complement cascade reaction[9]. There
are three different pathways of complement activa-
tion: the classical pathway, the MB-lectin pathway
and the alternative pathway. The complement system
can be activated through “hard-wired” pattern recognition
receptors that have been developed to recognize pa-
thogenassociated molecular patterns (PAMPs)[8, 10, 11].

In recent years, CRISPR (Clustered Regularly In-
terspaced Short Palindromic Repeat)/Cas9 (CRISPR-
associated) genome editing systems have become one
of the most robust platforms in basic biomedical re-
search and therapeutic applications[12]. Recent studies
have shown that the RNA-mediated Cas9 system can
mediate genome editing of embryonic cells of the
trophozoites, zebrafish, mice, rats, barley, pigs and
goats[13—17]. Because of simple manufacturing, low
cost, direct cellular target, and high efficiency (it can
transmit multiple sgRNAs at the same time)[14], CRISPR-
CAS technology has made gene editing more effi-
cient and more conducive to examine the function of
target genes.

In this study, the CRISPR/Cas9 technique was
employed and homozygous selection was performed
to construct TRIM47–/– zebrafish. The brain and
spleen from the TRIM47–/– group and WT group
zebrafish were selected for RNA-seq. Sequencing was
performed by using Illumina Hiseq4000 and differen-
tially expressed genes and functional enrichment were
analyzed. Findings of this study may provide a theo-
retical basis for further comprehensive study to under-
stand the functions of the TRIM genes.

1    Materials and methods
1.1    Ethics statement

All experimental animals were handled in strict
accordance with the recommendations in the Guide

for the Care and Use of Laboratory Animals of the
National Institutes of Health. All animal infection
tests did not involve any endangered or protected
species. Experiments using zebrafish were performed
under the approval of the Animal Ethics Committee
of Huazhong Agriculture University (HZAU). The in-
fection and dissection experiments were performed
under 3-Aminobenzoic acid ethyl ester methane sul-
fonate (MS-222) (Sigma, USA) anesthesia to mini-
mize fish suffering.
1.2    Gene knockout

According to Ensembl ID (ENSDART000000
79207), the genomic sequence of the zebrafish trim47
gene was downloaded from the Ensembl website. The
trim47 gene contains 8 exons and 7 introns and a
gRNA targeting a portion of the first exon was de-
signed. The sequence was GGAAAATGAGAGGCG
ATGATG, which was unique to the zebrafish geno-
me. The target sequence was amplified from the wild-
type DNA and confirmed by sequencing. Then, gRNA
and zCas9 mRNA were synthesized in vitro. The gRNA-
zCas9 mRNA complex was micro-injected into one-
cell stage zebrafish embryos and PCR was used to
identify the P0 embryonic population that generates
targeted mutations. The zebrafish of heterozygous P0
generation were crossed with wild type to obtain F1
generation. The genotypes of F1 zebrafish were verified
and multiple mutation types were screened according
to different types. The selected F1 generation fish
were reared separately according to the mutation type.
After the F1 generation reached sexually mature, the
F2 generation were obtained by inbreeding within
type. Recovered homozygotes were identified by cut-
ting the fish tail sequence.
1.3    Total RNA extraction, library construction and
sequencing

The TRIM47–/– group and the WT group were set
up in the experiment. The brains of the four fish were
taken as one sample, and the spleens were the same.
Three samples were set for each group, four groups
(WT-brain, WT-spleen, TRIM47–/–-brain and TRIM47–/–-
spleen) in total, 12 samples in total. Samples (brain
and spleen) from zebrafish of TRIM47–/– and wild
type were gotten. Tissues were ground to extract RNA,
and the RNA integrity was assessed using the nano-
drop, Agilent 2100 Bioanalyzer, and ABI StepOne
Plus real-time PCR system. Finally, libraries were
constructed and RNA-seq was performed using the Il-
lumina HiSeqTM 4000 platform.
1.4    Bioinformatics analysis

Samples were measured using the Illumina Hi-
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seq4000 platform. Some low-quality of sequenced data
with linker-contamination, and a total of 361588720
clean reads were obtained. HISAT[18] was used to map
clean reads to Danio rerio genome reference. Recon-
structed the transcripts with StringTie[19] and com-
pared the reconstructed transcripts with the reference
annotation with cuffcompare. Clean reads were mapped
to reference using Bowtie2[20], and gene expression level
was calculated with RSEM[21]. The DEG was screened
according to the NoIseq[22] packaging method. The
default criterion for screening DEG are multiples of≥
2 and dispersion probability of≥0.8. With the GO an-
notation result, DEGs were classified according to of-
ficial classification, and also performing GO func-
tional enrichment using phyper, a function of R. With
the KEGG annotation result, DEGs were grouped ac-
cording to official classification, and pathway func-
tional enrichment was conducted by using phyper, a
function of R.
1.5    Quantitative real-time PCR (qRT-PCR) valida-
tion

Transcriptional levels of five complement-asso-
ciated genes (C1q-cln8, C3a, C9, MASP2, HBL4)
were detected using qRT-PCR. All the primers used
in this study were presented in Tab. 1. The enzyme
we used in all qRT-PCR assays was SYBR Green qPCR
SuperMix (TaKaRa). The Roche-Light-Cycler R480II

real-time detection system (Roche, Germany) was
used to detect gene expression levels[23]. We used the
reaction system and procedures recommended by the
reagent manufacturer and make appropriate adjust-
ments. The reaction volume was 20 μL at 95℃ for
5min, 41 cycles, 94℃ for 15s, 58℃ for 20s, and 72℃
for 20s. Cycling conditions included three parallel ex-
periments to confirm the results. The results were cal-
culated using a 2−ΔΔCt analysis[24], and TBP serves as a
reference gene.

1.6    Western blot
Western blot was used to detect protein changes.

SDS-PAGE gel was prepared. After gel electropho-
resis, the protein was transferred to polyvinylidene
fluoride membrane (PVDF) (Bio-Rad, USA) using
transfer buffer. Following blocking with TBST solu-
tion containing 3% bovine serum albumin (BSA) at
room temperature for 3h, the membrane was im-
mersed with the primary antibody [TRIM47 poly-
clonal antibody (1﹕1000 dilution), anti-β-actin (AB-
clonal, 1﹕10000 dilution)] for 2h at room temperature.
After washing three times with TBST solution for
10min each, the membrane was incubated with se-
condary antibody (anti-rabbit IgG, 1﹕3000 dilution;
ABclonal, China) for 45min. Washing three times
with TBST buffer for 10min each. Chemilumines-
cence detection results were used finally.
1.7    Infection experiment

Adult wild-type AB strain male zebrafish were
purchased from the China Zebrafish Resource Centre
(CZRC) to ensure a clear genetic background and no
pathogenic infection. The purchased zebrafish were
infected for 7 days after adaptation at 17℃. The
TRIM47–/– group and the WT group were set up in the
experiment. There were two groups of 30 zebrafish in
each group. Intraperitoneal injection of SVCV (ATCC:
VR-1390). Using anesthetic before injection, and
MEM medium was injected into the control group.
The survival rate was calculated.
1.8    Statistical analysis

The results of the analysis of the experimental
data were expressed as mean±SEM, and survival rates
were compared using two-way ANOVA. For qRT-
PCR results analysis, P<0.05 was considered signifi-
cant and marked with *, and P<0.01 was marked with
**, 0.001<P<0.01 with ***, and P<0.001 with ****.

2    Results
2.1    Successful knockout of trim47 in zebrafish

A gRNA target for exon 1 of trim47 was designed
and CRISPR/Cas9 was used to knockout trim47. Fol-
lowed observation revealed no significant difference
in growth and reproduction between the two groups.
The tails of TRIM47–/– and WT zebrafish were cut off
to sequence. One mutant line of trim47 was identified
as 5 bp (–5) deletion. Compared with WT, this TRIM47–/–

group contains 5 nucleotides (TGATG) deletion at
positions 153—157 of the wild-type trim47 coding
sequence (Fig. 1A). A peak analysis of the sequen-
cing results was performed and confirmed that both
WT zebrafish and mutant TRIM47–/– groups had a

Tab. 1   Primer sequences used for qRT-PCR

Gene ID Sequence (5′—3′)
C1q_cbln8(ENSDARG
00000019294)

CCGGTGAAGGGAGTGTACT
TTTTTCTTGTGATGGGCTG

C3a(ENSDARG
00000087359)

TTTTTGAGTCCAACACCG
TCATCCCATCATAGCAGC

C9(ENSDARG
00000016319)

GGAAAGAGCATAACAGACCC
CTTCAATACTCCTAGAGCGA

MASP2(ENSDARG
00000007988)

ACGCAGAGAAGAACGAGAT
ATGAGCAGCGGTGAGAACC

HBL3(ENSDARG
00000068220)

GGCTCTTCTGCTCCTTCA
CCAGTGGCTCCATCTCTT

HBL4(ENSDARG
00000054202)

GTGAGGATGAGAATAAAGTGCT
GTTAGTGAAAGTTAGAGGCTGG

TBP (ENSDARG
00000014994)

TGGAGGAGCAACAGAGGC
TGGCAGGAGTGATAGGCG
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single sequencing peak (Fig. 1B). Zebrafish from the
TRIM47–/– and the WT groups were taken respec-
tively, and RIPA Lysis Buffer was used to grind the
lysed tissue. Trim47 polyclonal antibody was used to
detect Trim47 protein. The results showed that the ex-
pression of Trim47 protein in TRIM47–/– group was
not detectable (Fig. 1C), indicating a successful knock-
out of the trim47.
2.2    Transcriptome sequencing summary

All samples were sent to Huada Company for se-
quencing on the Hiseq4000 platform. The sequencing
results were analyzed and summarized in Tab. 2. The
sequencing error rate of 95% of bases was less than
1%, and the sequencing error rate of more than 90%
of bases was less than 1‰. These data were used as
preliminary sequencing results. The high-quality
clean readings were then compared to the correspond-
ing reference genome. The genomic localization rates,
gene numbers, expressed transcripts and new tran-
scripts for the aligned information and samples were
shown in Tab. 3. These results indicated that our se-
quencing results were accurate and the sequencing
quality is high.
2.3    Analysis of differentially expressed genes

The HISAT was used to compare the control
clean reads to the reference genome to obtain a new
transcript. Then differentially expressed genes were
obtained by analyzing the expression of the transcript.
Bioinformatics methods were used for DEGs analysis.
As compared to WT group with 156 genes in brain
and 115 genes in spleen differentially expressed, there
are 121 genes up-regulated and 35 genes down-regu-
lated in brain and 24 up-regulated and 91 down-regu-
lated in spleen, respectively, in TRIM47–/– group (Fig. 2A).

Volcanoes and MA maps were identified based on the
expression levels of differential genes after knocking
out trim47 in brain (Fig. 2B and 2C) and spleen (Fig. 2D
and 2E). These results showed that there were signi-
ficant differences in expression levels of these diffe-

Tab. 2    Summary of the Illumina HiSeqTM 4000 sequencing output for all samples

Sample Total raw
reads (Mb)

Total clean
reads (Mb)

Total clean
bases (Gb)

Clean reads
Q20 (%)

Clean reads
Q30 (%)

Clean reads
Ratio (%)

WT-Brain-1 32.66 29.83 4.47 96.91 92.6 91.31
WT-Brain-2 32.66 29.58 4.44 96.98 92.76 90.57

WT-Brain-3 32.66 29.85 4.48 96.82 92.38 91.39

TRIM47–/–-Brain-1 32.66 30.51 4.58 96.44 91.57 93.39
TRIM47–/–-Brain-2 32.66 30.6 4.59 96.28 91.27 93.68
TRIM47–/–-Brain-3 32.66 29.55 4.43 97    92.77 90.46
WT-Spleen-1 32.66 30.46 4.57 97.86 94.64 93.24

WT-Spleen-2 32.66 30.15 4.52 97.63 94.22 92.29

WT-Spleen-3 35.93 30.74 4.61 97.25 93.25 85.55

TRIM47–/–-Spleen-1 32.66 29.45 4.42 96.3 91.3 90.15
TRIM47–/–-Spleen-2 34.3 30.72 4.61 96.4 91.44 89.58
TRIM47–/–-Spleen-3 34.3 30.16 4.52 97.22 93.19 87.95

Exon1 Exon2 Exon8

WT: GGAGGCGATGATGTGGGTTACCA

KO: GGAGGCGA ----- TGGGTTACCA

TRIM47

Actin

TRIM47-KO       WT

WT

TRIM47 -/-

A

B
G G A G G C G A T G A T G T G G G T T A C C A

C

G

140

A G G C G A AT G G G G GT T T TAC C C C G

150 160

140 150 160

 
Fig. 1   Sequencing results of TRIM47–/– and WT groups

A. Targeting strategy for generating mutations in the exon 1 of
TRIM47. TRIM47 sequence differences among the one mutant
(−5 bp deletion) and wild-type is indicated; B. Sequencing peak resu-
lts, WT stands for wild-type zebrafish, and TRIM47–/– indicates
homozygous zebrafish for knockout TRIM47; C. Detection of
TRIM47 protein levels in TRIM47–/– group and WT group
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rentially expressed genes both in the brain and spleen
between the two groups after knocking out trim47.
2.4    GO analysis

To further understand the function of Trim47,
GO functional analysis and hierarchical clustering
analysis were performed on differentially expressed
genes in brain and spleen between TRIM47–/– group
and WT group. After GO analysis, DEGs in brain
between TRIM47–/– group and WT group distributed
biological process category: cellular process (most),
single-organism process (second). In cellular com-
ponent category: cell (most), cell part (second). And
in molecular function category: binding (most), cata-
lytic activity (second) (Fig. 3A). For spleen, biologi-
cal process category: cellular process, metabolic pro-
cess. In cellular component category: cell, cell part. In
molecular function category binding and catalytic
activity (Fig. 3B).
2.5    KEGG pathway enrichment based on DEGs

For understanding the genetic information, ana-
lysis of differential genes using the KEGG database.
The cell adhesion and glutamatergic synapse signal-
ing pathway play an important role in the brain of
both TRIM47–/– and WT groups (Fig. 4A). However,
complement and coagulation cascades and staphylo-
coccus aureus infection signaling pathway response to
trim47 knockout was different in the spleen between
TRIM47–/–- and WT-group (Fig. 4B). These results
indicated an important function of Trim47 on affect-
ing various life processes. In addition to participating
in the cellular process, knocking out test also indi-
cated that Trim47 may exert immune function through
complement-related pathways. In order to further
study the changes of differential genes in the signal-

ing pathway after knocking out trim47, we performed
heat map analysis on cell adhesion and glutamatergic
synapse signaling pathway (brain, Fig. 4C) plement
and coagulation cascades signaling pathway (spleen,
Fig. 4D).
2.6    Validation of DEGs by qRT-PCR

After pathway analysis of the differential genes,
the differential genes were validated because of our
interest in the enrichment of the complement hemag-
glutinin pathway after deletion of trim47 in spleen. To
further validate this conjecture, some genes related to
complement were selected after knocking out trim47
to detect their mRNA expression levels in the brain
and spleen. The differential expression levels of the 5
genes associated with complement were comparati-
vely quantified by qRT-PCR between the WT and the
TRIM47–/– groups. The fold change of the target
genes was compared through the RNA-Seq expres-
sion profile and presented in Fig. 5 (A for brain and B
for spleen). There was a down-regulation of the gene
between the WT and TRIM47–/– groups. The results
indicated that the RNA-Seq data was reliable, which
further verified the conjecture.
2.7    Survival curve

To further determine the role of Trim47 in im-
munization, survival experiments were performed
(Fig. 6). The WT group and TRIM47–/– group zebra-
fish were intraperitoneally injected with 105 pfu/
mL of SVCV, and the control group was injected
with 10 μL MEM medium. Based on the pre-experi-
ment results of the previous period and combining
the existing publications[25, 26], we finally selected
105 pfu/mL as the infection dose for subsequent ex-
periments. In the virus infection experiment, we can

Tab. 3    Summary of the transcriptome data

Sample
Total

mapping
ratio (%)

Uniquely
mapping
ratio (%)

Total
gene

number

Known
gene

number

Novel
gene

number

Total
transcript
number

Known
transcript
number

Novel
transcript
number

WT-Brain-1 61.48 54.09 21694 20409 1285 33371 25937 7434
WT-Brain-2 60.43 53.25 21379 20087 1292 32480 25197 7283

WT-Brain-3 60.98 53.69 21713 20379 1334 33636 26071 7565

TRIM47–/–-Brain-1 58.02 51.05 21463 20158 1305 33519 25983 7536
TRIM47–/–-Brain-2 56.83 49.91 21399 20097 1302 33313 25804 7509
TRIM47–/–-Brain-3 60.91 53.44 21831 20506 1325 33707 26184 7523
WT-Spleen-1 70.75 55.35 20210 19044 1166 30963 24176 6787

WT-Spleen-2 65.81 44.19 19693 18532 1161 29789 23155 6634

WT-Spleen-3 68.90 50.34 20370 19181 1189 31184 24382 6802

TRIM47–/–-Spleen-1 60.78 42.36 19083 18018 1065 28423 22109 6314
TRIM47–/–-Spleen-2 61.41 45.94 20529 19342 1187 31424 24520 6904
TRIM47–/–-Spleen-3 66.01 47.39 20280 19054 1226 31121 24186 6935
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see the typical symptoms of SVCV infection in the
infected group. For example, protruding eyeballs,
bleeding, bleeding on the body surface, bleeding in
the head, and ascites[27]. The uninfected group had

no such symptoms. Zebrafish died from the third
day, and the death rate accelerated from the third to
the fifth day, which was consistent with the report[26].
After 7 days of infection, the zebrafish survival rate
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Fig. 2    Analyzing DEGs in brain and spleen between TRIM47–/– group and WT group
A. Statistical results of differentially expressed genes in brain and spleen between TRIM47–/– group and WT group. X axis represents com-
paring samples. Y axis represents DEG numbers. Red color represents up regulated DEGs. Blue color represents down regulated DEGs;
B. MA plot of DEGs in brain between TRIM47–/– group and WT group. X axis represents value A (log2 transformed mean expression level).
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DEGs. Black points represent non-DEGs; C. MA plot of DEGs in spleen between TRIM47–/– group and WT group. The description of the
figure was the same with figure B description; D. The brain of TRIM47–/– group and WT group Volcano plot of DEGs. X axis represents log2

transformed fold change. Y axis represents-lg transformed significance. Red points represent up regulated DEGs. Blue points represent down
regulated DEGs. Black points represent non-DEGs; E. The spleen of TRIM47–/– group and WT group Volcano plot of DEGs. The descrip-
tion of the figure was the same with figure D description
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in the experimental group was lower than that in the
control group.

3    Discussion
In the transcriptome results, 156 up- and 115

down-regulated genes were differentially expressed
and detected in the brain and spleen from knocking
out trim47, respectively. These differentially ex-
pressed genes were enriched into the signaling path-
way. After knocking out trim47, cell adhesion and
glutamatergic synapse were enriched in the brain, in-
dicating its important role in these cellular processes.
In the spleen, these differentially expressed genes
were enriched into the complement and coagulation
cascades signaling pathway, which was novel and in-
teresting. Complement system is a central component
of innate immunity and can function as an important
defender against pathogens, which is now known as

an essential humoral system of innate immunity as
well as a link between innate and adaptive immune
responses[28—30]. Complement not only kills pathoge-
nic microorganisms within an organism, but also par-
ticipates in a variety of humoral and cellular immune
responses[31]. Complement can transmit stimulation
and inhibition signals to many cell types, regulating
multiple life activities of cells, including cellular ac-
tivation, differentiation, proliferation, cell movement,
adhesion, secretion, and programmed death. Comple-
ment transmits signals through traditional cell mem-
brane receptors, and signals can also be delivered to
cells via membrane regulatory proteins or MAC com-
plexes[32]. We selected complement-associated genes
to validate transcriptome data. respectively, for two
purposes: to verify the sequencing results and to de-
termine the spleen differential gene enrichment path-
way after knocking out TRIM47. it was hypothesized
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that TRIM47 may function through the complement
pathway in the zebrafish spleen.

For infection experiments in zebrafish, we chose
to use the SVCV, a virus caused severe disease in
common carp[23]. The results showed that there was a
difference in the mortality rate after knocking out the
trim47. Survival rate test was designed to simulate the
influence of infection on survival rate under natural
conditions. It is undeniable that after the Trim47
knockout, the susceptibility of zebrafish to SVCV is
enhanced, and the mortality rate is higher. But this

difference has not reached 50% or more. The func-
tion of single gene knockout is limited. Whether to
apply the gene knockout technology in the preven-
tion and control of fish diseases requires further re-
search, and whether knocking out a single gene can
promote other diseases also needs further investiga-
tion.

In summary, the model organism of zebrafish
was used as the experimental object in this study, and
knocked out trim47 at the individual level, and per-
formed transcriptome analysis. Differential gene ana-

1

1

11

1

4

24

8

1

1

8

8

2

35

10

4

1

5

9

16

2

22

16

16

2

12

6

6

8

8

7

3

1

27

26

6

4

2

2

2Transporter activity

Structural molecule activity

Receptor activity

Molecular transducer activity

Enzyme regulator activity

Catalytic activity

Binding

Antioxidant activity

Organelle part

Organelle

Membrane part

Membrane

Macromolecular complex

Extracellular region part

Extracellular region

Extracellular matrix

Cell part

Cell

Single-organism process

Signaling

Response to stimulus

Regulation of biological process

Positive regulation of biological process

Negative regulation of biological process

Multi-organism process

Multicellular organismal process

Metabolic process

Locomotion

Localization

Immune system process

Hormone secretion

Growth

Developmental process

Cellular process

Cellular component organization or biogenesis

Cell killing

Biological regulation

Biological adhesion

Behavior
B

10 20 30 40

Number of genes

B
io

lo
g
ical p

ro
cess

C
ellu

lar co
m

p
o
n
en

t
M

o
lecu

lar fu
n
ctio

n

Fig. 3    GO enrichment for DEGs in brain and spleen between TRIM47–/– group and WT group
A. GO classification of DEGs in brain between TRIM47–/– group and WT group. X axis represents number of DEGs. Y axis represents GO
term. Blue color represents biological process. Green color represents cellular component. Red color represents molecular function; B. GO
classification of DEGs in spleen between TRIM47–/– group and WT group. The description of the figure was the same with figure A descrip-
tion
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lysis, signal pathway analysis, and functional cluster
analysis were all performed to characterize the diffe-
rentially expressed genes. The transcriptome data was
validated and the function of Trim47 at the individual
level was determined. The zebrafish infection experi-

ments also confirmed that Trim47 played a signifi-
cant role in the body of the fish. Findings from this
study provide some essential basis for future in-depth
study to verify the functions of the Trim47 and other
TRIM proteins.

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Alzheimers disease

Arachidonic acid metabolism

Arginine biosynthesis

Calcium signaling pathway

Cell adhesion molecules (CAMs)

Circadian entrainment

Cytokine-cytokine receptor interaction

D-Glutamine and D-glutamate metabolism

Dorso-ventral axis formation

Fatty acid biosynthesis

Glutamatergic synapse

Nicotine addiction

Oxytocin signaling pathway

Pancreatic secretion

Retrograde endocannabinoid signaling

Salivary secretion

Synaptic vesicle cycle

Vasopressin-regulated water reabsorption

Vibrio cholerae infection

Vitamin B6 metabolismA

B

0.025 0.050 0.075 0.100 0.125

Rich factor

P
at

h
w

ay

Gene number

●
●
●
●

2.5
5.0
7.5
10.0

0.25

0.50

0.75

Q value

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Amoebiasis

Cell adhesion molecules (CAMs)

Chagas disease (American trypanosomiasis)

Complement and coagulation cascades

Fat digestion and absorption

Legionellosis

Leishmaniasis

Malaria

Pertussis

Phagosome

PPAR signaling pathway

Rap1 signaling pathway

Regulation of actin cytoskeleton

Rheumatoid arthritis

Staphylococcus aureus infection

Steroid biosynthesis

Systemic lupus erythematosus

Tuberculosis

Viral myocarditis

Vitamin digestion and absorption

0.05 0.10

Rich factor

P
at

h
w

ay

Gene number
●
●
●
●
●

5
10
15
20
25

0.01

0.02

0.03

Q value

3 期 姚    健等: 敲除TRIM基因斑马鱼脑和脾的比较转录组学分析 503



WT-brain

C

TRIM47KO-brain

BGI_novel_G000636

ENSDARG00000104023

BGI_novel_G000633

ENSDARG00000062752

ENSDARG00000021607

ENSDARG00000077112

ENSDARG00000097170

BGI_novel_G000634

ENSDARG00000104937

BGI_novel_G001511

ENSDARG00000015025

ENSDARG00000104094

ENSDARG00000060539

ENSDARG00000100274

ENSDARG00000016480

ENSDARG00000040705

ENSDARG00000041150

BGI_novel_G001612

50

100

WT-spleen TRIM47KO-spleen

ENSDARG00000054202

ENSDARG00000019772

ENSDARG00000036041

ENSDARG00000061383

ENSDARG00000012694

ENSDARG00000055278

ENSDARG00000076900

ENSDARG00000042684

ENSDARG00000005616

ENSDARG00000007988

ENSDARG00000105052

ENSDARG00000023111

ENSDARG00000016319

ENSDARG00000026764

ENSDARG00000100248

ENSDARG00000102094

ENSDARG00000105212

ENSDARG00000039516

ENSDARG00000104205

ENSDARG00000087359

ENSDARG00000039517

ENSDARG00000020741

ENSDARG00000058053

ENSDARG00000100442

ENSDARG00000102456

ENSDARG00000019294

ENSDARG00000052207

500

1000

D

Fig. 4    Pathway functional enrichment of DEGs in brain and spleen between TRIM47–/– group and WT group
A. TRIM47–/– group and WT group Pathway functional enrichment of DEGs in brain. X axis represents enrichment factor. Y axis represents
pathway name. Coloring indicate q value (high: white, low: blue), the lower q value indicates the more significant enriched. Point size indi-
cate DEG number (more: big, less: small); B. TRIM47–/– group and WT group Pathway functional enrichment of DEGs in spleen. The de-
scription of the figure was the same with figure A description; C and D. Heat map analysis of differential genes in cell adhesion and glutam-
ate synaptic signaling pathway (brain, C), complement and coagulation cascade signaling pathway (spleen, D)
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Fig. 5   Validation of differentially expressed genes by qRT-PCR
in brain (A) and spleen(B) between TRIM47–/– group and WT
group
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敲除trim47基因斑马鱼脑和脾的比较转录组学分析

姚    健1, 2    王业大1, 2    王    方1, 2    柳力月3    鲁元安4    刘学芹1, 2

(1. 华中农业大学水产学院, 武汉 430070; 2. 湖北省水生动物疾病预防控制工程技术研究中心, 武汉 430070; 3. 中国科学院水

生生物研究所中国斑马鱼资源中心, 武汉 430072; 4. 夏威夷大学马诺阿分校公共卫生科学系, 檀香山 96822)

摘要:  用CRISPR/Cas9技术敲除斑马鱼(Danio Rerio)的trim47, 收集TRIM47–/–(trim47基因敲除)和WT(野生

型)斑马鱼的大脑和脾脏进行RNA-seq分析, 以鉴定差异表达基因(DEGs)。总共确定了271个DEGs, 经过简要

分析, 将这些DEGs注释为KEGG途径和GO富集分析, 与WT组相比, TRIM47-/-
组的脑中DEGs集中在细胞黏附

和谷氨酸能突触信号传导途径中。在脾脏中, 与野生型组相比, TRIM47-/-
组的DEGs在补体和凝血级联信号通

路中发生了变化。使用qRT-PCR验证了脑和脾中与补体途径相关的基因,  与转录组数据一致。这些结果表

明, Trim47在脾脏和大脑中起着重要的生物学作用, 尤其是通过补体途径参与先天免疫功能。体内感染实验

表明, trim47基因敲除可提高斑马鱼中鲤春病毒血症病毒(SVCV)的感染率。总之, 这些发现为TRIM成员在先

天免疫中的功能提供了新线索。

关键词: TRIM47;   敲除;   差异基因;   斑马鱼
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