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Abstract—MicroRNAs (miRNAs), a family of ~22-nucleotide non-coding single-stranded RNA molecules, are considered
as key post-transcriptional regulators of gene expression that regulate various biological processes in living organism. Many
miRNAs have been identified in animals; however, few have been reported in Hynobiidae species. The present study is
aimed to identify a full repertoire of miRNAs in Batrachuperus yenyuanensis (Yenyuan stream salamander), which would
significantly increase our knowledge of miRNAs in amphibians. A small RNA library was constructed from B. yenyuanensis and sequenced using deep sequencing. As a result, 1,717,751 clean reads were obtained, representing 356 known and 80
novel miRNAs. Additionally, expression levels of eight randomly selected miRNAs in B. yenyuanensis were confirmed using
the stem-loop quantitative real-time reverse transcription PCR. In addition, 13,972 targets were predicted for these identified miRNAs, although the physiological functions of many of these targets remain unknown. Gene ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis suggested that the predicted targets are involved
in a variety of physiological regulatory functions in B. yenyuanensis. These results provide useful information for further
research on the miRNAs involved in the growth and development of B. yenyuanensis, as well as adaptation of this species
to its high-altitude habitats.
DOI: 10.1134/S0006297919040059
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MicroRNAs (miRNAs) are short, endogenous, noncoding RNAs of about ~22 nucleotides (nt) that act as
post-transcriptional negative regulators of mRNA stability or cause translation repression by binding to the 3′untranslated regions (UTRs), coding regions, or 5′-UTRs
of target mRNAs [1, 2]. Mature miRNAs are mostly transcribed from the genome non-coding regions by RNA
polymerase II into long primary transcripts that are subsequently processed by Drosha and DGCR8 to form premiRNAs of approximately 70 nt with a hairpin secondary
structure [3]. Pre-miRNAs are then exported to the cytoplasm and further processed by another RNase III
Abbreviations: GO, gene ontology (analysis); KEGG, Kyoto
Encyclopedia of Genes and Genomes (enrichment analysis);
miRNA (miR), microRNA; nt, nucleotide; PC, predicted candidate; snRNA, small nuclear RNA; snoRNA, small nucleolar
RNA; UTR, untranslated region.
* To whom correspondence should be addressed.

enzyme, Dicer, into the miRNA/miRNA* duplexes [4].
Finally, one strand of the RNA duplex (mature miRNA)
is predominantly incorporated in the RNA-induced
silencing complex (RISC), in which it negatively regulates gene expression by inhibiting mRNA translation or
degrading the coding target mRNAs via perfect or imperfect complementation to them [5, 6]. According to computational analyses, a single miRNA can bind to multiple
mRNA targets, and a single target gene can be regulated
by multiple miRNAs [7, 8]. An increasing body of evidence indicates that miRNAs play vital roles in many
physiological and biochemical processes in eukaryotes,
such as cell development, proliferation, differentiation,
metabolism, homeostasis, apoptosis, immune response,
viral defense, and environmental stress [9-12].
Yenyuan stream salamander (Batrachuperus yenyuanensis, Batrachuperus, Hynobiidae, Caudata, Amphibia)
is endemic to China and mainly distributed across the
Hengduan Mountains and nearby mountains [13]. It is
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predominantly found in the south of Sichuan, including
Yanyuan, Xichang, Mianning, and Puxiong counties.
This salamander usually lives and spawns in mountain
streams at high altitudes, where the flow is slow, and
streambeds have many stones. Adults live mainly in water
and feed on shrimp and aquatic insects. In traditional
Tibetan and Chinese medicine, the larvae of B. yenyuanensis are used to treat injuries from falls, fractures, contusions, strains, and joint pain. Their unique medicinal
value means that the market price of this species has risen
continuously, leading to excessive harvesting, which has
caused a sharp decline in its populations. In addition,
B. yenyuanensis is threatened by habitat destruction and
degeneration, in particular, those caused by infrastructure
development. Currently, this species is vulnerable, endangered, and even locally extinct. Batrachuperus yenyuanensis is listed as a State Special Protected Animal (category
II) under the Chinese Conservation Law and in Appendix
I of CITES since 2004.
Previous studies on Hynobiidae species investigated
their life habits, morphology, biodiversity, population distribution, phylogeography, and transcriptomes [14-17].
However, the information on miRNAs expressed by
B. yenyuanensis is lacking. In the present study, we characterized known and novel miRNAs in B. yenyuanensis
using deep sequencing. Stem-loop quantitative real-time
reverse transcription PCR (qRT-PCR) was then used to
validate expression levels of selected miRNAs in
B. yenyuanensis. Potential miRNA targets were predicted
using target prediction tools. Identification of B. yenyuanensis miRNAs will help to enrich the known repertoire
of miRNAs in amphibians. Our results also provide the
basis for further studying the functions of those miRNAs
in physiological processes, immune response, and adaptive evolution of B. yenyuanensis.

MATERIALS AND METHODS
Animal collection. Healthy B. yenyuanensis males
were collected in the Yanyuan county (Sichuan, China).
Tissue samples from the whole bodies of three B. yenyuanensis specimens were pooled and frozen immediately in
liquid nitrogen for further RNA extraction.
Small RNA library construction and deep sequencing.
Total RNA was extracted from the pooled tissue samples
of three B. yenyuanensis specimens using the RNAiso
reagent (Takara, China) according to the manufacturer’s
instructions. The quantity and purity of total RNA were
determined with a NanoDrop ND-1000 spectrophotometer (NanoDrop, USA) from the A260/A280 ratio
(A260/A280 ratio in the RNA samples was >2.0). The
integrity of the total RNA was analyzed with an Agilent
2100 Bioanalyzer system (Agilent Technologies, USA) at
the RNA integrity value (RIN) >8.0. In brief, a fraction
of small RNAs (15-50 nt) was isolated from the total testis
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RNA by electrophoresis in 15% Tris-borate/EDTA/urea
polyacrylamide gel. Then, 5′- and 3′-adapters (Illumina,
USA) were sequentially ligated to the isolated small
RNAs. After reverse transcription, the obtained cDNAs
were used for cluster generation with an Illumina cluster
station and then sequenced with an Illumina GAIIx
instrument following manufacturer’s instructions. The
raw data were deposited in the NCBI database under the
accession number SRP153555.
Sequencing data analysis and miRNA identification.
Low-quality reads including contaminated reads,
sequences containing adapters, sequences without insert
tags, and reads containing polyA, polyT, polyG, or polyC
were removed from the sequencing data. Sequences with
the length of 18 and 26 nt were selected for further
analysis. The remaining clean reads were searched against
the NCBI, Rfam, and Repbase databases to remove
known classes of RNAs (mRNA, rRNA, tRNA, snRNA,
snoRNA, and repeats), so that every unique small RNA
mapped to only one annotation. The remaining reads were
searched against the miRBase 21.0 (ftp://mirbase.org) to
identify known miRNAs. The Mireap software (http://
sourceforge.net/projects/mireap/) was used to predict
novel miRNAs. The criteria for the secondary structure
prediction were: (i) number of nucleotides in one bulge in
the stem, 12; (ii) number of base pairs in the stem region
of the predicted hairpin, 16; (iii) free energy cutoff,
−15 kcal/mol; (iv) hairpin length (upper and lower
stems + terminal loop), 50; (v) hairpin loop length, 20;
(vi) number of nucleotides in one bulge in the mature
region, 8; (vii) number of biased errors in one bulge in
the mature region, 4; (viii) number of biased bulges in
the mature region, 2; (ix) number of errors in the mature
region, 7; (x) number of base pairs in the mature region
of the predicted hairpin, 12); and (xi) percent of
nucleotides in the stem of mature miRNA, 80%.
Stem-loop qRT-PCR validation of miRNA expression. To validate the presence and expression of the identified miRNAs, eight miRNAs were randomly selected
for qRT-PCR validation using a stem-loop reverse transcription primer. The primers were designed using previously described methods [18, 19]. The qPCR reaction
regime included one cycle at 95°C for 15 min, followed by
40 cycles at 94°C for 15 s, 55°C for 30 s, and 70°C for
30 s. All reactions were performed in triplicate. The fold
change in gene expression was estimated in terms of the
threshold cycles using the 2−∆∆Ct method. 16S rRNA was
used as the internal reference. All primers used for
miRNA validation and expression analysis are listed in
Table S1 [see Supplement to this paper at the web site of
Biochemistry (Moscow) (http://protein.bio.msu.ru/
biokhimiya) and Springer site (Link.springer.com)].
Target gene prediction and pathway analysis. Based
on the sequences of known and novel miRNAs, target
gene candidates were predicted using the miRanda
(v.3.3a) and Targetscan (v.7.0) software. The parameters
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were set as: (i) perfect miRNA seed complementarity
(positions 2 to 8) with transcripts; (ii) score >50 and free
energy <−20 kcal/mol. The overlapping results from the
predictions using both software packages were considered
as miRNA target genes. The biological functions of the
target genes were assessed using the Gene Ontology (GO)
enrichment analysis, and the gene numbers of each GO
term were calculated. To identify biological pathways in
which the target genes are involved, the predicted targets
were classified into functional pathways using the Kyoto
Encyclopedia of Genes and Genomes (KEGG).

RESULTS AND DISCUSSION
Deep sequencing of small RNAs. Using the Illumina
Hiseq 3000 deep sequencing platform, a total of
11,514,774 raw reads were obtained from the small RNA
library. After removing the reads identified with the
3ADT&length filter, junk reads, Rfam (rRNA, tRNA,
snRNA, snoRNA, and other Rfam RNAs) and Repbase
sequences, a total of 1,717,751 unique reads representing
869,818 valid reads of 18-26 nt were obtained (Table 1).
The length distribution of the valid reads is shown in Fig.
1. The length of the majority of small RNAs was between
19 and 24 nt, which is typical of Dicer-processed small
RNAs in animals [20, 21]. The most abundant size class
was 22 nt, which accounted for 33.69% of the library, followed by 21, 20, and 23 nt (21.17, 13.17 and 11.88%,
respectively). Small RNAs of more than 25 nt may be
rasiRNAs (repeat-associated small interfering RNAs)
that mediate the silencing of genomic repeats and transposons [22].
Identification and characterization of known
miRNAs. To identify known miRNAs in B. yenyuanensis,
we analyzed the valid reads in comparison with known
animal miRNAs. All small RNA sequences were subjected to BLASTN search against the known animal miRNAs
in the miRBase 21.0. A total of 356 known mature
miRNAs (5p and 3p) were identified that belonged to 98
families (Table S2, see Supplement). Deep sequencing
technology is a powerful tool to estimate the expression
levels of miRNAs and has the ability to generate millions

Fig. 1. Length distribution of sequenced B. yenyuanensis small
RNAs.

of small RNA reads. Moreover, the results of sequencing
generally reflect the relative abundance of various
miRNAs and can be used to assess the expression levels of
these miRNAs [23]. Intriguingly, we found that the number of reads of identified known miRNAs varied drastically. For example, the top ten most abundant miRNAs
(dre-miR-202-5p_R-1, aca-miR-99b-5p_R-1, dre-miR122_R-1, hsa-miR-30c-5p_R-2, hsa-let-7a-5p, acamiR-21-5p, aca-miR-451-5p_R-1, hhi-miR-26_R-1,
aca-miR-126-3p_R-1, and aca-miR-16b-5p) had more
than 8000 reads (Table 2), while many miRNAs were
sequenced only once (e.g., ccr-miR-27c-3p_R-1, ipumiR-30d_R-2_1ss9TC, aca-miR-202-3p.1_R+2_1ss10CT,
ola-miR-192-3p_R-1_1ss8GA and hsa-miR-500a3p_L+1R-2_1ss18AG). This suggested that the highly
abundant miRNAs might play important roles in the
development or physiology of B. yenyuanensis, whereas
low-abundant miRNAs might function in a tissue-specific manner, at certain developmental stages, or under particular physiological conditions [24, 25]. miRNAs with a
high number of reads have been reported to play important regulatory roles. For example, previous studies have
shown that miR-202-5p is abundantly expressed in

Table 1. Analysis of small RNA sequences from B. yenyuanensis
Type

Total reads

%

Unique reads

Raw reads
3ADT&length filter

11,514,774

100

1,717,751

100

5,692,352

49.44

803,273

46.76

Junk reads

27,110

0.24

13,408

0.78

Rfam

343,383

2.98

28,477

1.66

Repeats
Mappable reads

%

69,548

0.60

4,176

0.24

5,407,005

46.96

869,818

50.64
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mouse, Xenopus, chicken, and Atlantic halibut testes [2628]. Similarly, dre-miR-202-5p_R-1 exhibited high
expression levels (with 206,216 reads in B. yenyuanensis).
miR-99b-5p has been reported to display abnormal
expression in various malignant tumors; this miRNA promotes apoptosis by targeting mTOR in human esophageal
squamous cell carcinoma and regulates DNA damage
response [29, 30]. miR-26a is involved in the control of
cell cycle and differentiation [31, 32]; miR-21 was found
to regulate the self-renewal of spermatogonial stem cells
and spermatogenesis [33, 34]. In addition, miR-21 functions as an anti-apoptotic factor and an oncogene related
to cell growth [35, 36]. Let-7 and its family members are
highly conserved across different species in terms of
sequence and function. miRNA let-7 was found to play a
major role in developmental timing in Caenorhabditis elegans [37].
Conserved miRNAs are found in many animal
species and have important functions in animal development and physiological processes [38, 39]. We searched
our dataset of identified known miRNAs for conserved
miRNAs using BLAST and miRBase 21.0. A total of 314
miRNAs were found to be conserved in B. yenyuanensis
that matched miRNAs of other species. The top six
species were Salmo salar, Homo sapiens, Danio rerio,
Ictalurus punctatus, Xenopus tropicalis, and Anolis carolinensis with 314, 279, 227, 216, 173, and 171 conserved
miRNAs similar to those in B. yenyuanensis, respectively.
The details of the sequenced miRNA tags and statistical
detection rates are presented in Fig. 2 and Table S3 (see
Supplement). Some identified conserved miRNAs have
been found in a large variety of fish species, indicating
their highly conserved structure or role in evolution.
Discovery of novel miRNAs. One of the greatest
advantages of deep sequencing is the ability to identify
novel miRNAs with low expression levels in a small RNA
library [40]. To found possible novel miRNAs, we used
the Mireap software that identifies potential stem-loop
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Fig. 2. Conservation of the identified B. yenyuanensis miRNAs in
13 other species (according to miRbase); x-axis, queried species;
y-axis, number of conserved miRNAs. A total of 314 miRNAs
were found to be conserved in B. yenyuanensis (the first bar).

structures in the sequences flanking unannotated reads
[41]. No B. yenyuanensis genome data are currently available; therefore, in this study, unannotated small RNAs
that could be mapped to B. yenyuanensis transcripts
(unpublished data) were used to predict novel miRNAs.
Finally, 80 putative novel miRNAs were predicted to be
derived from their miRNA precursors, of which 36
miRNAs were derived from the 3′ arm and 44 from the 5′
arm (Table S4, see Supplement), indicating they might be
species-specific miRNAs in the gene regulatory network.
These novel miRNAs were named predicted candidates
(PCs). The length of the precursors for the putative novel
miRNAs varied between 50 and 160 nt, and the length of

Table 2. Sequences and abundance of top 10 known miRNAs in B. yenyuanensis
miRNA
dre-miR-202-5p_R-1

Mature sequence
TTCCTATGCATATACCTCTTT

Number of reads
206,216

aca-miR-99b-5p_R-1

AACCCGTAGATCCGAACTTGCG

66,212

dre-miR-122_R-1

TGGAGTGTGACAATGGTGTTT

65,298

hsa-miR-30c-5p_R-2

TGTAAACATCCTACACTCTCA

50,983

hsa-let-7a-5p

TGAGGTAGTAGGTTGTATAGTT

16,623

aca-miR-21-5p

TAGCTTATCAGACTGATGTTGA

16,056

aca-miR-451-5p_R-1

AAACCGTTACCATTACTGAGT

13,687

hhi-miR-26_R-1

TTCAAGTAATCCAGGATAGG

13,098

aca-miR-126-3p_R-1

TCGTACCGTGAGTAATAATGC

11,369

aca-miR-16b-5p

TAGCAGCACGTAAATACTGGAG

8,649
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the mature miRNAs ranged from 18 to 26 nt, which was
similar to those found in Andrias davidianus and X. tropicalis [42, 43]. The minimum folding free energies
(MFEs) of the novel miRNA precursors were −15.4 to −
82.6 kcal/mol, with an average of −37.61 kcal/mol. The
G + C content of all 80 miRNA precursors ranged from
24.7 to 69.8%, with an average of 46.7%. The length variations have been mainly attributed to enzymatic modifications, such as RNA editing, 3′-editing, and exonuclease activities [44]. In this study, we also observed that
these PC miRNAs had 10-310 reads, which reflects
extremely low expression levels compared to most of
known miRNAs in B. yenyuanensis. This phenomenon
was in accordance with the low expression observed for
novel miRNAs and for those involved in the organizational or specific developmental periods [45, 46].
miRNA gene clusters in B. yenyuanensis. Frequently,
miRNA genes form clusters in the genome. Clusters of
miRNA genes have been reported in animal species, for
example, S. salar and Gadus morhua [47, 48]. Expression
of miRNAs from a specific cluster may reflect developmental stage-specific transcription or differential premiRNA post-transcriptional processing [49, 50]. Based
on the definition given in the miRBase, a miRNA cluster
should include two or more miRNA genes that are less
than 10 kb. By applying this definition, we classified 14
miRNAs (3 conserved and 11 PC miRNAs) into four
clusters (Table 3). Each cluster contained at least two
miRNAs. One of the novel miRNA genes (PC-3p55105_12) was attributed to the gene cluster containing
three conserved miRNAs genes (fru-miR-122_R+2_2,
ola-miR-122_R+1_1ss9TC, and dre-miR-122_R-1),
suggesting that they might be functionally related and act
cooperatively in regulating multiple biological processes
[51]. It is known that certain miRNAs in gene clusters
share the same set of control sequences and are found on

the same transcript. It was earlier demonstrated that a
miRNA gene can produce two different miRNAs through
duplex transcription and thus control different target
genes [45]. In our study, we speculated that only four
clusters might involve this phenomenon; however, it
could not be confirmed because of the lack of genome
sequence data and the limited the ability to discover gene
clusters in B. yenyuanensis.
Stem-loop qRT-PCR validation of known and novel
miRNAs. Generally, the timing and location of miRNA
expression are tightly regulated, which might be useful for
understanding the functions of this miRNA [52]. To verify the presence of the predicted miRNAs and to determine their relative expression, we randomly selected six
known miRNAs and two novel miRNAs from the deep
sequencing data for further verification by stem-loop
qRT-PCR. The same samples used for deep sequencing
were used for experimental validation. All miRNAs (ssamiR-99-5p_R-1, hsa-miR-127-5p_R+1, xtr-miR-146b,
aca-miR-218-5p_R-1, tni-miR-375, aca-miR-2970-5p,
PC-5p-4164_155, and PC-3p-167580_3) showed varying
expression levels (as normalized to the amounts of 16S
RNA) (Fig. 3a). The expression patterns of these
miRNAs corresponded to the original miRNA sequencing results (Fig. 3b), although there were slight differences.
Prediction of potential miRNA target genes and GO
and KEGG enrichment analysis. Identification of miRNA
targets is an important step in understanding their roles. A
total of 118,668 target genes were predicted from
B. yenyuanensis transcriptome data (unpublished data)
using the TargetScan and miRanda software (Table S5,
see Supplement). Previous studies demonstrated that a
single miRNA can target mRNAs from one to hundreds
of genes, and occasionally, numerous different miRNAs
can regulate a single mRNA [53]. The number of poten-

Table 3. Clusters of identified miRNA genes
Cluster number

Clustered miRNA genes

Chromosome

Location

Strand

1

PC-3p-55105_12
fru-miR-122_R+2_2
ola-miR-122_R+1_1ss9TC
dre-miR-122_R-1

comp10681_c0

431-517
435-513
435-513
437-515

+
+
+
+

2

PC-3p-46944_13
PC-5p-214997_2
PC-5p-206904_3

comp16424_c0

74-181
74-181
125-293

–
–
+

3

PC-3p-279899_2
PC-5p-159459_3
PC-5p-206151_3

comp17178_c0

185-343
185-343
217-335

–
–
+

4

PC-3p-21404_29
PC-5p-48851_14
PC-3p-212673_2
PC-5p-214997_2

comp17272_c0

2961-3126
2961-3126
2994-3118
2994-3118

+
+
–
–
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tial targets for each miRNA ranged from 64 (xtr-miR449b-3p_R-2_1ss10AC)
to
444
(aca-let-7c-13p_1ss9CT), with an average of 272 targets.
Unsurprisingly, the regulation network of miRNA target
genes is extremely complicated. In our study, these predicted targets are involved in transcription, immunity,
signaling, metabolism, transport, growth, development,
and other processes. Among the targets, most were genes
encoding transcription factor (e.g., zinc finger proteins),
RNA-binding proteins, protease-activated receptors,
translation initiation factors, GTP-binding nuclear proteins, Ras-related proteins, Ran-specific GTPase-activating proteins, TATA box-binding proteins, and nuclear
receptors, i.e., genes playing critical regulatory roles in B.
yenyuanensis. miRNAs frequently target transcription
factor genes involved in the life activities of animals, indicating that miRNAs act as regulators [54, 55]. However,
further biological experimental evidence is needed to
confirm the relationship between miRNAs and their target genes in B. yenyuanensis.
Although a large number of miRNAs have been
identified in animals, miRNAs in salamanders have rarely
been studied, except for those in A. davidianus (Chinese
giant salamander) [56]. To further investigate physiological processes and pathways regulated by the identified
miRNAs, their predicted target genes were subjected to
GO and KEGG pathway analysis. Predicted target genes
were classified into three major GO terms − biological
process, cellular component, and molecular function. A
total of 18,741 target genes were predicted to take part in
3636 biological processes; 15,343 target genes were
involved in 1898 different molecular functions; and
14,480 target genes participated in 735 cellular component functions (Fig. S1 and Table S6, see Supplement).
The top 20 enriched terms were mainly involved in biological processes (vesicle-mediated transport, tricarboxylic acid cycle, RNA splicing, protein transport, protein K48-linked ubiquitination, protein folding, mRNA
transport, mRNA processing, mitotic nuclear division,
glycogen metabolic process, G2/M transition of mitotic
cell cycle, and cell division), cellular components (nucleolus, mitochondrion, mitochondrial matrix, melanosome, endoplasmic reticulum membrane, centriole), and
molecular functions (RNA binding and GTPase activity)
(Fig. 4a).
All of these results implied that many target genes
function differentially and interdependently. Batrachuperus yenyuanensis is an endangered species; therefore,
targets involved in immunity are particularly important
[for example, viral myocarditis (GO05416), intestinal
immune network for IgA production (GO04672), and
autoimmune thyroid disease (GO05320)]. Using the
KEGG pathway analysis, 6082 predicted target genes
were grouped into 250 pathways. Among them, 39 pathways were significantly enriched (Table S7, see
Supplement). The top 20 enriched pathway terms are
BIOCHEMISTRY (Moscow) Vol. 84 No. 4 2019
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b

Fig. 3. Validation of the selected known and novel miRNAs by the
stem loop RT-qPCR: a) relative expression of eight (six known
and two novel) miRNAs identified by RT-qPCR; b) sequencing
results for the same miRNAs show similar expression pattern.
The transcript levels of both known and novel miRNAs were normalized to the amounts of 16S RNA. The RT-qPCR data represent mean ± SD from three independent experiments.

shown in Fig. 4b. Oocyte meiosis was the most significantly enriched pathway (KO04144), followed by pyrimidine metabolism (KO00240) and meiosis (KO04113).
The results also highlighted major biological pathways
related to gonad cell proliferation and differentiation, as
well as tissue metabolism and development, suggesting
that these targets are likely to be involved in high-altitude
adaptation processes in B. yenyuanensis.
Despite many miRNAs being discovered in a wide
variety of organisms, miRNA research in B. yenyuanensis
lags behind. In the present study, we successfully characterized 356 known and 80 potential novel miRNAs from
B. yenyuanensis. The expression levels of eight selected
miRNAs were validated using the stem-loop qRT-PCR.
A total of 13,972 target genes were predicted for the
known and novel miRNAs. GO and KEGG enrichment
analyses of the putative target genes indicated that identi-
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a

p value

b

p value

Fig. 4. The top 20 enriched GO terms (a) and KEGG pathways (b). Gene number, the number of target genes in each term or pathway. Rich
factor, the ratio of target genes to all genes in each term or pathway.
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fied miRNAs regulate genes involved in diverse physiological processes. The results of our study supplement
current public miRNA databases with miRNA sequences
from a non-model animal whose genome is still not
sequenced. These data provide a strong foundation for
studying miRNAs and may contribute to our understanding of the role of miRNAs in the regulation of their targets
involved in immune response, adaptation to the environment, and reproduction in B. yenyuanensis.
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