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Abstract

Andrias davidianus is a large and economically important amphibianGhina.
Ranavirus infection causes serious lossés imrdavidianus farming industry.
MicroRNA mediated host-pathogen interactions arpdrtant in antiviral defense. In
this study, five small-RNA libraries from ranavirusfected and non-infected.
davidianus spleens were sequenced usimgh throughput sequencing. The miRNA
expression pattern, potential functions, and taggetes were investigated. In total,
1356 known and 431 novel miRNAs were discovered. &@ KEGG analysis
revealed that certain miRNA target genes are astsutiwith apoptotic, signal
pathway, and immune response categories. Analgsigtified 82 downregulated and
9 upregulated differentially expressed miRNAs, whqgsutative target genes are
involved in pattern-recognition receptor signalipgthways and immune response.
These findings suggested miRNAs play key rolesAindavidianus's response to
ranavirus and could provide a reference for furtméRNA functional identification,

leading to novel approaches to impradvealavidianus ranavirus resistance.
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1. Introduction
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The Chinese giant salamand@ndrias davidianus, belongs to order Caudata,
family Cryptobranchidae, genus Andrias. It is aquei species in China, which has
existed for more than 350 million years, and isnd a “living fossil” (Gao et al.,
2003). In ChinaA. davidianus has been considered a good food with nutritiondl an
medicinal value. In the evolutionary history of tedrates,A. davidianus may
represent animals that underwent the transitiomfemuatic to terrestrial life, and
thus it is important in scientific research (Murpély al., 2000)A. davidianus was
classified as an endangered species by the Ini@nahtUnion for Conservation of
Nature (IUCN) and as class Il state major protec8pecies of China because of its
diminishing population. In past thirty years, captibreeding and aquaculture Af
davidianus has been successful in China. Unfortunately, whth rapid development
of A. davidianus aquaculture, the prevalence of infectious disehassncreased. As a
serious emerging viral pathogen, Chinese giantnsabaer iridovirus (GSIV)
belonged to ranavirus has spread widelAimlavidianus farming (Chen et al., 2013;
Dong et al., 2010; Meng et al., 2014).

MicroRNAs (miRNAs) are small non-coding RNAs of aib@2 nucleotides (nt)
in length, which play crucial regulatory roles ieng expression by matching with and
binding to a specific mMRNA target site, leading ttsget mMRNA degradation or
translation inhibition, thereby affecting the lea#lthe protein product (Wang et al.,
2016). MiRNAs were firstly discovered i@aenorhabditis elegans (Lee et al., 1993)
and then in plants, animals, and viruses. MiRNAs avolved in a range of
biological processes, such as cellular developnm@waljferation and differentiation;
metabolism; homeostasis; apoptosis; and diseasesr@s et al., 2013; Gottwein et
al., 2008). Recently, emerging evidence indicated tmiRNAs play important roles
in the regulation of pathological and physiologipabcess (Omran et al., 1993), and
play crucial roles during microbial infection (Wareg al., 2016). The study of
MIiRNAs in response to pathogen infection has becbatdopic in immune system
research.

High-throughput sequencing has not only provideformation about the

expression of known miRNAs, but also has helpeddemtify tissue-specific and
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rarely expressed miRNAs (Morin et al., 2008; Nuftrnandez et al., 2015). To
date, thousands of miRNAs have been discovered franous aquaculture species
(Andreassen et al., 2017; Huang et al., 2017a; é&iabkt al., 2017; Wang et al.,
2017).A. davidianus is an important aquatic amphibian in biologicabletion studies
and aquaculture. Recently, sequence data dévidianus, such as transcriptome data
(Fan et al., 2015), RNA-seq data (Li et al., 20Hs)] a small RNA library (Chen et
al., 2017; Huang et al., 2017b) have been repoiitkdse studies provided valuable
genetic background knowledge for this ancient sgecin the present study, to
provide insights into the miRNAs expressedfylavidianus in response to ranavirus
infection, we constructed five small RNA librarigem the spleens of normal animals
and those infected with ranavirus, and sequenceun tlusing high-throughput
sequencing technologg. davidianus miRNAs, target genes, functional annotations,
signal pathways, and differential expression pasievere investigated in different
ranavirus infection stages. The results will helphderstand the miRNA repertoire in
A. davidianus, enrich our knowledge of regulatory mechanismsoliving A.
davidianus miRNAs under pathogen challenge, and provide adation resource for

future functional studies of these miRNAS.

2. Materialsand Methods

2.1 Ethics statement and sample collection

Twenty-five clinically healthyA. davidianus (mean weight 60 g, length 20 cm)
specimens were obtained from the experimental fafrthe Yangtze River Fisheries
Research Institute. The animals were maintainetlBaR0°C in tanks and fed daily
with diced meat of bighead carp for two weeks befxperimental treatment. All the
animal experiment procedures were performed inrdecwe with the guidelines of
Yangtze River Fisheries Research Institute on feeafi laboratory animals. The study

was approved by the state Science and Technology@ssion of Hubei Province.
2.2 Experimental infection

A. davidianus were randomly divided into two groups: five anismmabmprised the
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control group and other 20 were the experimentatgr Chinese giant salamander
iridovirus (GSIV) was isolated from diseas&ddavidianus and was preserved in our
laboratory (Meng et al.,, 2014). The experimentalbugs were inoculated
intraperitoneally with 0.5 ml of GSIV at a dose bfx 10 TCIDsy ml™, while the
control group were injected the same volume of Batlo's phosphate buffered saline
(DPBS, Sigma, USA). The experimental animals weentained in tanks at 2TC
and fed normally. Then, at O (control), 6, 12, 2ad 36 h after inoculation, five
animals were euthanized and spleen samples welectenl, immediately frozen in

liquid nitrogen, and stored at —8G.
2.3 RNA extraction, library construction, and sequencing

Total RNA from the spleens of the control and ekpental groups at different
infection stages was extracted using the Trizolgeea (Invitrogen, CA, USA)
following the manufacturer’s procedure. The puiatyd quantity of the total RNA
were checked using a NanoDrop spectrophotometeer{id Fischer Scientific,
Wilmington, DE, USA) and agarose gel electrophare€inly RNA samples with
A260/A280 ratios between 1.9 and 2.1 were used liorary construction.
Approximately 1ug of total RNA was used to prepare the small RNgdliies,
according to protocol of the NEBNext® Multiplex SIn&NA Library prep kit
(NEB, USA). The RNA molecules in a size range of3% nt were enriched by
polyacrylamide gel electrophoresis (PAGE). Thenadpters were added and the
36—44 nt RNAs were enriched. The 5' adapters wese ligated to the RNAs. The
ligation products were reverse transcribed by P@Rli&cation, and the 140-160 bp
PCR products were enriched to generate a cDNArjbamd sequenced using an
lllumina HiSeq™ 2500 instrument at Gene Denovo &bnology Co. (Guangzhou,

China)following the vendor’'s recommended protocol.
2.4 Basic data processing

Sequencing reads were generated from the congdrsatall RNA libraries. The

raw sequences were subjected to a standard anplgsigme including several steps.
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In brief, first, a filtering step was carried owt éxclude reads of low quality (a tag
with a quality score< 20 and ‘N’ nucleotides). Second, the raw sequendata were
filtered by eliminating adaptor contaminants to gyate usable reads with sizel8

nt. The 3' adapter null sequences, 5 adapter momaats sequences, polyA
sequences, insert null sequences, and those Wethgéh < 18 or length > 30 nt were
removed. Third, all the clean tags were alignedlie GenBank database (Release
209.0) and Rfam database (11.0) to identify andokemRNAS, scRNAS, snoRNAS,
snRNAs, and tRNAs. Those that mapped to exonstmria might be fragments from
MRNA degradation; therefore, these tags were retholags that mapped to repeat

sequences were also removed.
2.5 Prediction of conserved and novel miRNAs

The obtained reads were aligned to miRBase 201tp:{ktww.mirbase.org/) to
identify conserved miRNAs. Currently, the refererggnome ofA. davidianus is
unavailable; therefore, to identify novel miRNAsAndavidianus, all the unannotated
tags were aligned with the reference transcriptoisi@ ofA. davidianus (Fan et al.,
2015). According to thdranscriptome data and the predicted hairpin sirast

produced by the software Mireap_VvO0.2, novel miRNAdidates were identified.
2.6 Target gene predication and pathway analysis

Based on the sequences of known miRNAs and noveN#s, candidate target
genes were predicted using three pieces of softvirikAhybrid (v2.1.2)/svm_light
(v6.01), Miranda (v3.3a), and TargetScan (Versidd). The intersections of the
results from this analysis were chosen as predictélNA target genes. Gene
ontology (GO) enrichment analysis provides GO tetina$ are significantly enriched
for target genes compared with the genome backdrolime related GO terms were
defined using a hypergeometric test. Further arslyas performed using the Kyoto
Encyclopedia of Genes and Genomes (KEGG) datalmsegentify the biological
pathways in which target genes are involved. Thected parameters for the study

were the multiple test adjustment by Benjamini atachberg (Benjamini et al.,
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1995), and the significance level was set at 0.05.
2.7 Differential expression analysis of miRNAs

To compare the miRNA expression data of the cordrad ranavirus infected
samples, the total miRNA expression (known and howBNAs) was calculated and
normalized to the transcripts per million (TPM) wal based on their expression in
each sample. The fold change (FC) between the miRMpgression in the five
libraries was determined as: FC = TPM 6 h/TPM 6@,= TPM 12 h/TPM Oh, FC =
TPM 24 h/TPM 0 h and FC = TPM 36 h/TPM 0 h miRNA&ose miRNAs with a
[log2 FC} 1 and a p-value <0.05 (calculated from the nomedliexpression) were
considered to be significantly differentially exgsed. Thus, the upregulated and
downregulated miRNAs among all the differentiallxpeessed miRNAs were

identified.

3. Results

3.1 Overview of the high-throughput sequencing data

In this study, five small RNA libraries were constied from the spleens &t
davidianus treated with Chinese giant salamander iridovimd BPBS (control) to
identify and characterize miRNAs involved in thengmic level response to ranavirus
infection. The five small RNA libraries were seqaed by lllumina deep sequencing
technology on libraries of small RNAs from cont(6lh) and infected samples at 6,
12, 24, and 36 h, and named GSIV-Oh, GSIV-6h, GBIN; GSIV-24h, and
GSIV-36h respectively. After filtering out low-quigl sequences (Q-value20 reads),
high quality reads were obtained. After removing & adapter null sequences, polyA
sequences, insert null sequences, 5' adapter cio@ats, sequences <18 nt, the clean
sequences were obtained for subsequent analysite(Ta A total of approximately
65,800,061 clean reads were obtained from the &well RNA libraries after

high-throughput sequencing.
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Table 1
Summary of high throughput sequencing data

3' adapter Insert  5'adapter Sequences Clean

Sample Total readsligh qualit 0
P ghq y null poly null contaminants <18 nt reads

GSIV-0Oh 15062524 13684377 275921 616 32810622192 893222 12164320
GSIV-6h 13803364 13233203 24703 523 413815 19587 400204 12374371
GSIV-12h 15759116 15086830 30295 508 296596 20189 461593 14277649
GSIV-24h 15503605 14812238 28206 987 223294 14207 347053 14198491
GSIV-36h 14105214 13450229 32098 787 287102 14910 330102 12785230

Compared with the control library, the percentafjkigh quality reads among the
total reads increased obviously in the experimegtaups, representing the ratio
between high quality reads and the total readshasvrs in Table 1. The unique
sequences <18 nt were reduced in the four infeggionps compared with that in the
control group. However, the number of 3' adaptelt sequences increased with
increasing infection time, with the the highestdewm the GSIV-36h library. The size
distribution of SRNAs ranged from 16—-35 nt. Mostleém were 19-24 nt, which was
consistent with the typical sizes of dicer procdspeoducts. We determined the
proportion of 16-18 nt, 19 nt, 20 nt, 21 nt, 222&,nt, 24 nt, and 25-35 nt sequences
in the small RNA libraries at GSIV-Oh, GSIV-6h, G&12h, GSIV-24h, and
GSIV-36h, respectively (Fig. 1). The sRNAs of 21amd 22 nt formed two major
classes in the sRNA libraries. The most abundahiAsiRngth was 22 nt, which was
present at 22.83%, 27.80%, 28.82%, 26.86%, and4%d.; the five libraries,
respectively. Analysis of the first nucleotide bisthe 19-24 nt SRNAs obtained in
the five libraries indicated that (U) was prefersgdhe first position, especially in the
21 and 22 nt sRNAs (Supplementary File S1). Aftethfer removal of ribosomal
RNA (rRNA), transfer RNAs (tRNAs), small cytoplassnRNA (scRNA), small
nuclear RNA (snRNA), small nucleolar RNAs (snoRNAsgpetitive sequence

elements, the unannotated small RNA reads wermeetdor miRNA analysis.
3.2 Identification of known miRNAs and novel miRNA candidates

High throughput sequencing can be used to verifarge number of known

mMiRNAs and novel specific miRNAs in organisms. Taek of a genome sequence
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for A. davidianus meant that all of the unannotated sequencing rease first
aligned against the miRNA sequences in miRBase:(Mtvw.mirbase.org/). The
small RNA sequences were then mapped to referemescriptome data OA.
davidianus. Thus, the novel and known miRNAs from normal antkected A.
davidianus were identified. In the five SRNA libraries, therere 1356, 1094, 1091,
1022, and 992 known miRNAs in GSIV-0Oh, GSIV-6h, 84I2h, GSIV-24h, and
GSIV-36h, respectively. In addition, compared wtile reference transcriptome data
of A. davidianus, there were 431, 435, 468, 467, and 424 novel mARentified
from GSIV-0h, GSIV-6h, GSIV-12h, GSIV-24h, and GS3@h, respectively. The
variability in this SRNA data is shown in Fig. 2h@ results showed that the number
of known miRNAs decreased with increasing infectione. The numbers of novel
MiRNA were increased at GSIV-6h, GSIV-12h, and G3M compared with that at
0 h. The number of novel miRNAs increased subsitintafter infection for 12 and
24 h. The novel miRNAs candidates also should b&éu validated by direct cloning

using the stem-loop structure.
3.3 Analysis of the target genes of A. davidianus miRNAs

The function of a miRNA is ultimately defined byrgs it targets and its effects
on target mRNA translation. Based on the previougadof A. davidianus
transcriptome sequencing, potential targets of thBRNAs were predicted using
TargetScan, miRanda, and PicTar, the three mosjudrgly used prediction
algorithms. Potential targets of the 32&3Javidianus miRNAs were predicted by the
intersection of three prediction programs. ForHartfunctional annotation, we used
GO to annotate/classify the function the predicteBNA target genes, and KEGG to
construct pathway enrichment of the predicted miRfdfget genes from the five
libraries. All the predicted targets were annotatethree main categories: Biological
process, cellular component, and molecular funct®upplementary File S2, Fig. 3).
Among the three functional categories, the GO tewith the highest number of
targets were cellular process (in the biologicaicpss category), cell and cell part

(cellular component), and binding (molecular fuag)i In addition, there were some
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high frequency biological processes closely reldtethe immune response system.
These terms included response to stimulus, immuwster® process, biological
adhesion, viral reproduction, and cell killing.

KEGG pathway annotation showed that 23712 predicdtgget genes were
annotated into 240 biological function pathways. ohmg these pathways, metabolic
pathways occupied the highest frequency, followgd plathways in cancer, the
mitogen activated protein kinase (MAPK) signalingthway, and endocytosis
(Supplementary File S3). In addition, many immuglated pathways were annotated.
The immune related pathways from the KEGG functiontassification are
summarized in Fig. 4 and Supplementary File S4.tMbsarget genes in the immune
related networks were found to be involved in T dccell receptor signaling,
cytokine-cytokine receptor interaction, Toll-likeceptor signaling, antigen processing
and presentation, NOD-like and RIG-I receptor siigiga and endocytosis. The
important genes in these pathways might mediate unenresponse processes or
activate cells with immune function, leading to toh of the host defense against

pathogens.
3.4 Expression analysis of A. davidianus miRNAs induced by ranavirus

High-throughput sequencing is not only a good tooidentify small RNAs, but
also provides information about miRNA expressiovels. The miRNAs could be
expressed differentially between infected and mdeeted animals in different
infection phases. The expression patterns of knamdhnovel miRNAs identified in
five GSIV infection stages were profiled based loa $equencing results. The results
showed that many miRNAs had a wide range of exmedsvels at all examined
time points, and the expression quantity of mosthein were more than two-fold
different at Oh, 6h, 12h, 24h and 36h after infactirespectively. The detailed
expression information of the known and novel miRNA the different stages is
shown in Supplementary File S5 and S6. Based on nhiRNA expression
information, the differentially expressed miRNAs reeddentified. To analyze the

differentially expressed miRNAs at each time pom, compared all the miRNAs via
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pairwise comparisons between GSIV-Oh, GSIV-6h, G8M, GSIV-24h, and
GSIV-36h. There were 835 miRNAs (including knowrdamovel miRNAS) that were
differentially expressed at all examined time p®inAmong them, 294 were
upregulated and 541 were downregulated.

Continuous differential expression of miRNAs durihg whole infection process
is important and could have a role in gene expoessegulation. Therefore, the
upregulated and downregulated differentially expeds miRNAs at GSIV-6h,
GSIV-12h, GSIV-24h and GSIV-36h were compared withir levels in GSIV-0h.
The details for the differentially expressed miRNg#e listed in Supplementary File
S7 and represented graphically in Fig. 5.

The Venn figure in Fig.5 shows 82 miRNAs that wdmvnregulated in the four
GSIV infection groups compared with the controlypdFig. 5A) and nine miRNAs
that were upregulated after GISV infection companeth the control group (Fig.
5B). Among the 82 miRNAs showing downregulated egpion, most of them
showed a more than 10-fold different expressiorell@uring the infection process
compared with the uninfected control, such as r@&;1mir-203, mir-206, and
mir-722. For example, miR127 (upregulated) and I2- (downregulated) showed a
100-fold difference in their expression levels betw the treatment groups and the
control group. These significantly differentiallxm@essed miRNAs targeted genes

such aRIG-I, MDAS5, TLR1, andMHC, are associated with the immune system.

4. Discussion

MiRNAs play a critical role in the response to madnd abiotic stress, and have
been characterized in a large number of aquatianisgns (Li et al., 2012; Wang et
al., 2017). High throughput sequencing technologg heen applied extensively to
small RNA research, and can identify a large nundfeknown miRNAs and novel
specific miRNAs in organisms subjected biotic oio#éb stress (Ou et al., 2012; Yu et
al., 2016). The study of miRNA-mediated host-pathognteractions has emerged in
the last decade because of the important role glayB&NAs in antiviral defense. For

example, using deep sequencing and quantitativel-tinea PCR, ten
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polyinosinic-polycytidylic acid (plC)-stimulated RNAs were identified in Atlantic
cod, which suggested that miRNAs are importanhéantiviral immune responses of
Atlantic cod macrophages (Eslamloo et al., 20M8rsupeneaus japonicus miR-S5
could affect the expression of p53, tumor necrémtsoro (TNF-o), and myosin to
regulate hemocyte phagocytosis and apoptosis @esds response to white spot
syndrome virus (WSSV) (Wang et al., 2018).

Ranavirus is a major pathogen in aquaculture tlaais&sulcerative injury in
animals. Identification of mMiRNAs expressed Aydavidianus infected by ranavirus
has significance in host/pathogen interaction mebeand in the antiviral immune
response ofA. davidianus. In this study, we investigated the miRNA expressi
patterns associated with ranavirus-infeceddavidianus using a high-throughput
sequencing approach at 0 h, 6 h, 12 h, 24 h and &&er GSIV infection. In total,
1356 known miRNAs and 431 novel miRNAs were ideadifin the control group.
The number of known miRNAs decreased and the nunabenovel miRNAs
increased in infection groups compared with thetrebrgroup. Using Illumina deep
sequencing, Huang et al. identified 140 conservad three novel miRNAs oA.
davidianus when they mapped the sequence reads to the refegamome sequence
of Xenopus tropicalis (Huang et al., 2017b). In another study, a tofalsy and 756
unique MiRNAs were annotated as miRNA candidatethenovary and testis .
davidianus, respectively. Among them, 145 miRNAs in the ovang 155 miRNAs in
the testis were homologous to thoseXamopus laevis ovary and testis, respectively
(Chen et al., 2017). In the present study we ifiedtmore miRNAs inA. davidianus
in response to ranavirus infection compared with skudies above. This might be
because these miRNAs were screened using diffpamaimeter settings or reference
databases. We referenced the transcriptome datadaividianus, not the genome of
Xenopus tropicalis. AlthoughXenopus tropicalis is often regarded as a representative
animal of amphibians, in fact{enopus tropicalis belongs to the Anura anA.
davidianus belongs to the Caudata, which have different genetaracteristics.
However, our results and those of previous studieggest thatA. davidianus

expresses abundant miRNAs.
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GO is an international, standardized gene funcliahassification system that
offers a constantly updated vocabulary and a Btrictefined concept to
comprehensively describe the properties of gendstlair products in an organism.
The KEGG pathway is a map representing knowledgenofecular interactions,
reactions and relation networks, and is also abda&resource to help understand the
functions and utilities of biological informatiorgspecially large-scale molecular
datasets generated using high-throughput techreslogihe GO terms and KEGG
pathways associated with the target gene of Ahedavidianus miRNAs were
analyzed. The results showed that the miRNA taggees are involved in important
signaling pathways and immune response processeseXample, there were 218
target genes in T cell receptor signaling, 198 ircéll receptor signaling, 181 in
natural killer cell mediated cytotoxicity, and 460 Endocytosis. These results were
consistent with the miRNA target gene research lirckv miRNAs were observed to
play important roles in the regulation of the imrausystem, including the
development and differentiation of B or T lymphayt(Maryaline et al., 2017),
natural killer cells (Kingsley et al.,, 2017), andodulation of inflammation
(Neudecker et al., 2017).

In this study, we aimed to investigate the miRNAaroire of A. davidianus
under GSIV infection. Therefore, we compared th@ression of the miRNAs
between the control and four post-infection phasadentify differentially expressed
miRNAs. Among the differentially expressed miRNAsiost of them showed
differential expression level. Seventy-seven knamiRNAs and five novel miRNAs
were downregulated in all four ranavirus infectignoups compared with that in the
control group, while two known and seven novel mifNwere upregulated
expression in all experimental groups compared tgrcontrol. The target genes of
these differentially expressed miRNAs were predict6O and KEGG analyses
indicated that most of the target genes were rl@méhe immune system. Among the
77 downregulated known miRNAs, some showed the ifsigntly different
expression patterns, such as mir-122, mir-203, 20@; mir-31, mir-722, mir-72,

mir-8109 and mir-8159. Taking mir-122 as a typiesample, its expression level was
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about 3941 in the control group, and was 758, 384, and 108 at 6, 12, 24, and 36 h
after infection, respectively. Analysis of mir-1R®licated that it is involved in pattern
recognition receptor (PRR) signaling, including Hide receptor (TLRs), NOD-like
receptor (NLRs), RIG-I like receptor (RLRs); complent and coagulation cascades;
natural killer cell-mediated cytotoxicity; B/T celteceptor signaling pathway;
chemokine signaling pathway; Fc epsilon RI sigrmalpathway; antigen processing
and presentation; and primary immunodeficiency. fEnget genes of mir-122 include
RIGI (retinoic acid-inducible gene | proteir}]x (myxovirus resistancefven (cell
death regulator Avenfpafl (apoptotic protease activating factor IBP (inhibitor of
apoptosis protein)MDA5 (melanoma differentiation-associated proteim5R1, and
MHCII (major histocompatibility complex Il). These patiys and target genes all
related to the innate and adaptive immune syste@baracterization of
immune-related miRNAs is a prerequisite for a tlhigio understanding of the role
played by miRNA-mediated post-transcriptional gesgulation in the innate immune
system (Ou et al., 2012). The host limits viraktfon by expressing miRNAs that
target important related genes (Zhang et al., 20¥hen challenged bwyibrio
anguillarum, mir-122 of miiuy croaker showed dramatically redd expression
profiles. TLR4 was identified as a target of mir-122, and itsregpion level was
increased in response ¥brio anguillarum challenge. Therefore, mir-122 could
target genélLR14, which is involved in miiuy croaker’s inflammatoand immune
response (Cui et al., 2016). Dihydroxyacetone len(@AK) is an inhibitor of MDAS.
Mir-122 could targetDAK to participate in regulating the RIG-I like receipt
signaling pathway at the post-transcriptional lewrelmiiuy croaker’s spleen and
macrophages under pIC stimulation, which is a sstithanalog of double-stranded
RNA (dsRNA) and has a molecular pattern assocmttdviral infection (Han et al.,
2018). In addition, mir-203 was significantly diféatially expression and it could
target theMx gene. Mx protein is an antiviral protein that headroad antiviral
function and is induced by interferon (IFN) or puodd by animals infected with
viruses. In our previous studilx gene was upregulated in gslFN-overexpressing

cells of A. davidianus after GSIV infection (Chen et al., 2015). Therefocombining
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the existing studies about mir-122 or mir-203, weuld speculate that the
differentially expressed miRNAs detected in ourdgtithave important regulatory
functions in the innate and adaptive immune systends davidianus in response to

ranavirus infection. These miRNAs may exert thespartant effects via regulating
such genes alGlI, IFN, MDA5, TLR1, TNF, IAP, NRAMP, Mxor MHC and so on in

their different pathways.

Innate and acquired immune responses provide igatriine in defense against
pathogens. The study of miRNAs in response to mgghaonfection has a hot topic in
immune system research. ldentifying immune-relat@@NAs will lead to a deeper
understanding of the host animal’s genetic mechanand will have benefits for
disease control and breeding for disease resistaiee results of the present study
provide vital insight into the immune systemfofdavidianus, and will prompt further
investigations of the miRNA-mediated regulation Mmost-pathogen interactions.
Furthermore, the results will also aid the develeptmof new control strategies to

prevent or treating ranavirus infections in aquahanals.
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Fig.l. Analysis of sequencing reads of A. davidianus miRNAs infected by Chinese giant
salamander iridovirus from the GSIV-0Oh, GSIV-6h, GSIV-12h, GSIV-24h and GSIV-36h
libraries. A: The percentage of high quality reads among thtal tsequencing reads @
davidianus at different time points of infection. B: The pentage of different read lengths in
sequencing reads from 16 to 35 nt. 16-18 indicaiesoRNAs with a length of 16 to 18 nt, and
25-35 indicates microRNAs of 25 to 35 nt.

Fig.2. The known and novel miRNAs expressed by A. davidianus at five time points of
Chinese giant salamander iridovirus infection. Red indicates known miRNAs and blue
indicates novel miRNAs.

Fig.3. Gene Ontology (GO) Classification of target genes of miRNAs expressed in A.
davidianus. The results are summarized in three main categofi biological process, (2)
cellular component, and (3) molecular functiontdtal, 22306 sequences with BLAST matches to
known proteins could be assigned to GO terms.

Fig.4. Histogram of target gene numbersin 23 immune-related pathways based on
Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis. The letters A to

W indicates the names of the 23 immune-relatedweath.
: RIG-I-like receptor signaling

: Lysosome

: Endocytosis

: Natural killer cell mediated cytotoxicity
: Complement and coagulation cascades
: B cell receptor signaling

: Leukocyte transendothelial migration

: Apoptosis

I: Cytokine-cytokine receptor interaction
J: Jak-STAT signaling pathway

K: Regulation of autophagy

L: p53 signaling

M: Chemokine signaling pathway

N: Toll-like receptor signaling

O: MAPK signaling

P: mTOR signaling

Q: NOD-like receptor signaling

R: Phagosome

S: Cell adhesion molecules (CAMs)

T: Antigen processing and presentation
U: T cell receptor signaling

V: Primary immunodeficiency

W: Fc gamma R-mediated phagocytosis
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Fig.5. Venn diagram of the upregulated and downregulated differentially expressed A.
davidianus miRNAs between the control and different time post-GSIV infection. A: The
number of upregulated miRNAs. B: The number of dagualated miRNAs. The numbers inside
the diagram indicate the numbers of miRNAs. Thersoted, purple, orange, and green represent
the data for the control group compared with poSt\Ginfection at 6, 12, 24, and 36 h,
respectively. Nine upregulated and eighty-two dmgufated miRNAs were differentially
expressed at all GSIV infection stages in companigith the control group.



ACCEPTED MANUSCRIPT

Figure 1l

97% ~
96% -

95% -
94% -
93% -
92% -
91% -
90% -
89% -
88% -

GSIV-0h GSIV-6h GSIV-12h GSIV-24h GSIV-36h
Different stage

100 -
B 9 -
2535
80 -
"24
70 -
u23
60 -
u22
50 -
m21
40 -
=20
30 -
=19
20 -
m16-18
10 -
0 - ; ; : ;

GSIV-0h GSIV-6h GSIV-12h GSIV-24h GSIV-36h
Different stage

Percentage of high quality SRNA in
total reads

Percentage (%)




Figure 2

mknown miRNAs ®novel miRNAs

GSIV-36h

GSIV-24h

GSIV-12h

GSIV-6h

GSIV-0h

0 200 400 600 800 1000 1200 1400




Figure 4

500

450 A

400 A

350 1

300 A

250 A

200 A

150 1

100

50 1

ABCDEFGHIJKLMNOPQRSTUVW

A: RIG-I-like receptor signaling

B: Lysosome

C: Endocytosis

D: Natural killer cell mediated cytotoxicity
E: Complement and coagul ation cascades
F: B cell receptor signaling

G: Leukocyte transendothelia migration
H: Apoptosis

I: Cytokine-cytokine receptor interaction
J. Jak-STAT signaling pathway

K: Regulation of autophagy

L: p53 signaling

M: Chemokine signaling pathway

N: Toll-like receptor signaling

O: MAPK signaling

P: mTOR signaling

Q: NOD-like receptor signaling

R: Phagosome

S: Cell adhesion molecules (CAMS)

T: Antigen processing and presentation
U: T cell receptor signaling

V: Primary immunodeficiency

W: Fc gamma R-mediated phagocytosis



Figure 5

GSIV-0h
GSIV-0h Vs GSIV-0h
U GSIV-36h e

GSIV-6h

GSIV-12h Q

A: Upregulated miRNAs

GSIV-0h
GSIV-0h Vs GSIV-0h
Vs GSIV-36h VS

GSIV-6h

B: Downregulated miRNAs



22306

2230

sauab Jo saquinN

m
~
~

0

100

=)
2

52uBb Jo A2

molecular_function

ponent

cellular_com

biological_process



Highlights:

(1) The microRNA of Andrias davidianus and Andrias davidianus responding to
ranavirus were sequenced.

(2) The miRNA expression pattern, potential functions and their target genes involved
in immune pathways were investigated.

(3) Differential expression miRNAS, up-regulation and down-regulation miRNAS

were analyzed between ranavirus infected groups of four stages and non-infected

group.



