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Submandibular glands (SMGs) are one of the primary components of salivary glands

in goats. The proteins and biologically active substances secreted by the SMGs change

with growth and development. Our previous studies showed that most of the differentially

expressed genes in the SMGs of goats at different developmental stages are involved

in immune-related signaling pathways, but the miRNA expression patterns in the same

tissues are unknown. The aim of this study was to reveal the expression profile of miRNAs

at three different developmental stages, detect differentially expressed miRNAs (DE

miRNAs) and predict disease-related DE miRNAs. SMG tissue samples were collected

from groups of 1-month-old kids, 12-month-old maiden goats and 24-month-old adult

goats (three samples from each group), and high-throughout transcriptome sequencing

was conducted. A total of 178, 241 and 7 DE miRNAs were discovered between

1-month-old kids and 12-month-old maiden goats, between 1-month-old kids and

24-month-old adult goats, and between 12-month-old maiden goats and 24-month-old

adult goats, respectively. Among these DE miRNAs, 88 DE miRNAs with medium or

high expression levels (TPM ≥50) were classified into five expression pattern clusters.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses

indicated that some of the predicted target genes of the DE miRNAs in the five clusters

were enriched in disease-related GO terms and pathways. MiRNA target genes in

significant pathways were significantly enriched in Hepatitis B (FDR = 9.03E-10) and

Pathways in cancer (FDR= 4.2E-10). Further analysis was performedwith a PPI network,

and 10miRNAswere predicted to play an important role in the occurrence and prevention

of diseases during the growth and development of goats.

Keywords: different developmental stages, goat, submandibular gland, high-throughput sequencing, differentially

expressed miRNAs
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FIGURE 2 | Clustering pattern of DE miRNAs. (A) Clustering pattern of DE miRNAs between different samples. A1, A2, A3 were the samples for 1-month-old kids

(group A), B3, B4, B5 were the samples for 12-month-old maiden goats (group B), C2, C3, C5 were the samples for 24-month-old adult goats (group C). (B)

Clustering pattern of DE miRNAs between different groups. A were the samples group A, B were the samples for group B, C were the samples for group C. (C) Trends

of medium and above expression of DE miRNAs. Cluster 1 shows the DE miRNAs that lowly expressed in group A and highly expressed in group B and C. Cluster 2

shows the DE miRNAs that gradually increased in group A, B and C. Cluster 3 shows the DE miRNAs that gradually decreased in group A, B, and C. Cluster 4 shows

the DE miRNAs that highly expressed in group A and lowly expressed in group B and C. Cluster 5 shows the DE miRNAs that highly expressed in group B and lowly

expressed in group A and C.

gradually increased with growth and development. Ten miRNAs
were included in cluster 3, and the expression trend was exactly
opposite that of cluster 2; that is, the expression of these miRNAs
gradually decreased with growth and development. Cluster 4
contained the largest number of miRNAs, 63, and these miRNAs
were highly expressed in group A but expressed at low levels in
groups B and C. Only one miRNA was included in cluster 5,
that is, chi-miR-206, which was highly expressed in group B but
expressed at low levels in groups A and C. The expression pattern
results indicate that the expression of the DE miRNAs was time
specific, and miRNAs with similar expression patterns may have
similar functions.

Target Gene Prediction and Functional
Enrichment Analysis
To analyze the functions of miRNAs with medium and high
expression levels and with different expression patterns, the
target genes of the DEmiRNAs in goat SMGs were predicted with
the standard of −1.0 < Pearson correlation coefficient <-0.68
and p-value < 0.05. Then, GO and KEGG pathway enrichment
analyses of the miRNA target genes with different expression
patterns were performed.

GO enrichment analysis of the miRNA target genes with
different expression patterns is shown in Figure 3. Among
the significantly enriched terms of the five expression pattern
clusters, more than half were enriched in biological processes. As
shown in Figures 3B, 4 and Supplementary Table 3, most of the
cluster 1–4 miRNA target genes that significantly enriched in the
first three terms were different. These results suggested that the
expression of differentially expressed genes in the SMGs of goats
at 1, 12, and 24 months of age was regulated by miRNAs. With

the growth and development of goats, the gene functions of SMG
mRNAs were also altered by miRNA regulation.

The results of the KEGG pathway enrichment analysis of
target genes are shown in Figure 5. For Cluster 1 and 2, most
of the significantly enriched pathways were related to disease,
and the three most significantly enriched pathways in Cluster
1 were Hepatitis B (FDR = 0.00054), Herpes simplex infection
(FDR = 0.00054), HTLV-I infection (FDR = 0.00054); the most
significantly enriched pathways in cluster 2 were Epstein-Barr
virus infection (FDR = 0.0024), Hepatitis B (FDR = 0.014),
and MiRNAs in cancer (FDR = 0.024). The pathways that were
not only significantly enriched in cluster 1 but also significantly
enriched in cluster 2 were Epstein-Barr virus infection, Hepatitis
B, Herpes simplex infection, HTLV-I infection, miRNAs in
cancer, and Pancreatic cancer. For cluster 4, the three most
significantly enriched pathways were Protein processing in the
endoplasmic reticulum (FDR = 0.0024), Valine, leucine, and
isoleucine degradation (FDR = 0.0133) and Lysosomes (FDR
= 0.0133). This may indicate that the DE miRNAs expressed
at low levels in the SMGs of 1-month-old goats were related
to the occurrence of infectious diseases, while the DE miRNAs
expressed at high levels were related to protein formation
processes and amino acid metabolism or other pathways.

Network Analysis
Protein-protein interaction analysis (PPI) was performed on
181 target genes that were significantly enriched in the KEGG
pathways. The results are shown in Figure 6A. There were
612 interactions for 168 genes. All the genes in the network
were ranked according to the degree of interaction, and the
top 10 potential key target genes, namely, CDK6, CSNK2A1,
EGLN3, MAPK9, PCNA, PRKCB, PTEN, RB1, CREBBP, and
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FIGURE 3 | GO enrichment analysis of miRNA predicted target genes. (A) The GO enrichment analysis of target genes predicted by miRNAs with different expression

patterns. (B) The biological process terms of GO enrichment analysis of target genes predicted by miRNAs with different expression patterns.

YWHAB, were predicted to be core genes. KEGG pathway
enrichment analysis was further performed on the potential key
target genes, and it was found that the significantly enriched
pathways were Hepatitis B (FDR = 9.03E-10) and Pathways in
cancer (FDR= 4.2E-10).

According to the screening criteria of Pearson correlation
coefficient <-0.68 and p-value < 0.05, a total of 21 miRNAs were

shown to target the 10 core target genes identified in the RNA-
seq data of goat SMG miRNAs and mRNAs. Network analysis
was performed with Cytoscape 3.7.2 with the 10 core target genes
and 21 miRNAs, and the results are shown in Figure 6B. The
miRNAs with the most target genes were miR-141-y and chi-
miR-141, both of which targeted four genes, namely, CSNK2A1,
PCNA, PRKCB, and YWHAB, followed by chi-miR-20a-5p and
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FIGURE 4 | The venn diagram of target genes that significantly enriched in the first three GO terms in cluster 1–4.

miR-29-y, which targeted three and two genes, respectively. The
top 10 miRNAs were chosen as core miRNAs according to their
expression levels, and their fold change from large to small
with FDR < 0.05. The results are shown in Tables 5, 6. The 10
miRNAs were miR-29-y, miR-141-y, miR-142-x, chi-miR-93-5p,
chi-miR-20b, chi-miR-20a-5p, chi-miR-17-5p, chi-miR-16b-5p,
chi-miR-15b-5p, and chi-miR-130b-3p. Among the 10 miRNAs,
miR-29-y and miR-141-y were gradually overexpressed in three
developmental stages, while the other eight miRNAs were all
highly expressed in 1-month-old goat SMGs and expressed at
low levels in 12- and 24-month-old goat SMGs. This result
may suggest that the miRNAs highly expressed in 1-month-old
goat SMGs are related to diseases, but the specific regulatory
mechanism requires further verification.

Experimental Validation
To verify the accuracy of the sequencing and analysis results, 20
DE miRNAs were selected for RT-qPCR validation (Figure 7).

The qRT-PCR validation results for most of the selected miRNAs
were consistent with the RNA-seq results.

DISCUSSION

In this study, we performed miRNA sequencing on the SMGs
of goats at three different developmental stages. Currently,
functional studies on salivary gland miRNAs are mainly focused
on humans and mice. A number of studies have already
investigated the role of multiple salivary gland miRNAs in the
etiopathogenesis of Sjögren’s syndrome (Argyropoulou et al.,
2018; Reale et al., 2018). Mature miRNAs in the fetal salivary
gland have also been found to affect the development of
other tissues and organs by being loaded into exosomes.
The above studies indicate that miRNAs play important roles
in salivary gland development and functional maintenance.
However, currently, reports on miRNA function in the salivary
glands of ruminants are rare. To the best of our knowledge, this
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FIGURE 5 | KEGG enrichment analysis of target genes predicted by different miRNA expression patterns. (A) Circular map of KEGG enrichment analysis results of

target genes predicted by miRNAs with different expression patterns. (B) Comparison of target genes enriched pathways that were predicted by miRNAs with

different expression patterns.
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FIGURE 6 | Protein-protein interaction network and network analysis for core genes and miRNAs. (A) PPI interaction network was constructed for the significantly

enriched miRNA target genes. (B) Network analysis for core genes and miRNAs.

TABLE 5 | Expression of core miRNAs in different groups.

miRNA A TPM B TPM C TPM A-vs.-B

log2(fc)

FDR A-vs.-C

log2(fc)

FDR B-vs.-C

log2(fc)

FDR Expression

difference

between groups

miR-142-x 47583.02 1029.68 861.31 −5.53 2.89E-10 −5.79 8.50E-12 −0.26 Highly expressed in

group A and lowly

expressed in

groups B and C

chi-miR-15b-5p 2699.08 167.88 131.22 −4.01 5.31E-06 −4.36 1.36E-07 −0.36 1.00

chi-miR-17-5p 450.06 43.40 40.27 −3.37 6.01E-05 −3.48 3.52E-05 −0.11 1.00

chi-miR-20a-5p 686.20 80.39 83.98 −3.09 2.22E-04 −3.03 2.42E-04 0.06 1.00

chi-miR-16b-5p 3648.18 477.97 433.80 −2.93 2.39E-04 −3.07 8.25E-05 −0.14 1.00

chi-miR-93-5p 691.81 94.86 80.05 −2.87 9.11E-04 −3.11 2.45E-04 −0.24 1.00

miR-29-y 190.56 929.43 1182.46 2.29 1.43E-03 2.63 9.09E-05 0.35 1 Lowly expressed in

groups B and Cand

highly expressed in

group A

chi-miR-141 4638.52 21953.52 22818.10 2.24 3.67E-03 2.30 6.13E-03 0.06 1.00

miR-141-y 286.62 1292.21 1599.55 2.17 1.58E-02 2.48 6.01E-03 0.31 1.00

miR-141-x 31.00 169.48 167.04 2.45 2.53E-03 2.43 4.40E-03 −0.02 1.00

is the first miRNA sequencing and expression profiling study on
goat and ruminant salivary glands.

The overexpression or underexpression of miRNAs affects
gene expression, thus affecting the related pathways that may
cause lesions. miRNAs are considered biomarkers of disease due
to their ability to interfere with physiological or pathological
processes. Some diseases can be prevented and diagnosed by
the detection of miRNAs. As vertebrate-specific miRNAs, miR-
26 family members have been detected in many different kinds
of tumors and play important roles in cardiovascular disease,
Parkinson’s disease, neurodegenerative diseases, and many other
non-tumor diseases (Gao and Liu, 2011; Icli et al., 2014; Goh
et al., 2019; Su et al., 2019). The validated target genes of

these miRNAs are involved in cell metabolism, proliferation,
differentiation, apoptosis, autophagy, invasion, and metastasis
(Lagos-Quintana et al., 2002; Li et al., 2020). In some tumors,
the differential expression pattern of miR-26 might be related
to specific tumorigenic processes. miR-125a-5p significantly
inhibits the proliferation of head and neck cancer cells, whereas
inhibition of miR-125a-5p enhances their proliferation (Xu et al.,
2020). The expression of miR-181 family members is significantly
related to colorectal cancer and correlated with the lymph
node metastasis of oral squamous cell carcinoma, and miR-
181 may play a role in the pathogenesis of Sjögren syndrome.
The let-7 family was one of the first tumor suppressor miRNAs
to be identified (Boyerinas et al., 2010). The upregulation of
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TABLE 6 | Sequences of core miRNAs and their target genes.

miRNA Length Sequence mRNA Symbol

miR-142-x 21 CATAAAGTAGAAAGCACTACT XM_005695224.3 EGLN3

chi-miR-15b-5p 22 TAGCAGCACATCATGGTTTACA XM_018051618.1 MAPK9

chi-miR-17-5p 24 CAAAGTGCTTACAGTGCAGGTAGT XM_018051618.1 MAPK9

chi-miR-20a-5p 23 TAAAGTGCTTATAGTGCAGGTAG XM_005695224.3 EGLN3

XM_018051618.1 MAPK9

NM_001314227.1 SLC2A4

chi-miR-16b-5p 22 TAGCAGCACGTAAATATTGGGG XM_018051618.1 MAPK9

chi-miR-93-5p 23 CAAAGTGCTGTTCGTGCAGGTAG XM_005695224.3 EGLN3

miR-29-y 23 TAGCACCATCTGAAATCGGTTAA XM_018047425.1 CDK6

XM_005698175.3 PTEN

chi-miR-141 22 TAACACTGTCTGGTAAAGATGG XM_018057913.1 YWHAB

miR-141-y 24 TAACACTGTCTGGTAAAGATGGCT XM_018057913.1 YWHAB

XM_018057661.1 CSNK2A1

XM_013974872.2 PRKCB

XM_005688167.3 PCNA

miR-141-x 22 CATCTTCCAGCACAGTGTTGGA XM_018047425.1 CDK6

XM_005688167.3 PCNA

let-7 expression is associated with the progression and poor
prognosis of hepatocellular carcinoma (Shi et al., 2017). let-
7 as a regulator of myofibroblast differentiation through the
regulation of IL-6 in mice (Di et al., 2021). Jiang et al.
found that let-7 is expressed in a variety of immune cells,
including B cells and macrophages, which indicates that let-
7 may play physiological and pathological roles in vivo (Jiang,
2019). In human and murine glioblastoma/glioma, differentially
expressed let-7 miRNAs are signaling molecules that induce
microglial inflammatory cytokine release, modulate antigen
presentation, and attenuate cell migration in a TLR7-dependent
manner (Buonfiglioli et al., 2019; Song et al., 2020). During
cardiac hypertrophy, the overexpression of miR-99 facilitates
the transition from physiological hypertrophy to pathological
hypertrophy, and silencing of miR-99 has the opposite effect,
through the regulation of the Akt-1 pathway (Ramasamy
et al., 2018). Renal clear cell carcinoma-derived miR-27a-
loaded exosomes inhibit secreted frizzled-related protein 1
(SFRP1) expression and accelerate tumor angiogenesis (Hou
et al., 2020). In Cr(VI)-induced carcinogenesis, miR-143 inhibits
tumor growth and angiogenesis by regulating IL-6/HIF-1α
in vivo (Wang et al., 2019). The miRNA-30 and miRNA-199
profiles in serum and tissue saliva samples distinguish benign
from malignant salivary gland tumors (Cinpolat et al., 2017).
In the SMGs of goats, most of these top 10 miRNA families
are related to diseases, especially cancer. Among them, let-
7, miR-30, miR-181, and miR-125 are differentially expressed
RNAs, which may indicate their potential functions in SMGs
with growth. This requires further study. Among the top
10 miRNA families, two are involved in some metabolic
processes. miR-27a significantly affects the expression of mRNAs
related to milk fat metabolism (Lin et al., 2013). miR-148a-
3p inhibits alpaca melanocyte pigmentation by targeting MITF
(Zhu et al., 2019).

In the present research, chi-miR-26a-5p, chi-miR-148a-3p,
chi-miR-143-3p, chi-miR-99a-5p, and chi-miR-27b-3p were
found to be the top five most highly expressed miRNAs. All
five most highly expressed miRNAs were not differentially
expressed among the three developmental stages, which may
suggest that these miRNAs play important and stable roles in
the SMGs of goat with growth. MiR-26a-5p was reported to be
significantly downregulated in the B lymphocytes purified from
primary Sjögren’s syndrome patients (Wang-Renault et al., 2018).
MiR-26a promoted endometrial epithelium cells proliferation
and induced stromal cells apoptosis via the PTEN-PI3K/AKT
pathway in dairy goats (Zhang et al., 2018). Dey et al. found
that miR-26a is required for skeletal muscle differentiation and
regeneration in vivo of mice. However, the function of miR-26a
in the SMGs has not been reported (Dey et al., 2012). MiR-148a
can negatively regulate cell proliferation, migration, and invasion
by downregulating MTA2 in salivary adenoid cystic carcinoma
cells (Li et al., 2018). In goat rumen, the expression of miR-
148a-3p was significantly different between stages, and involved
in the development of the rumen epithelial cells by targeting
QKI, meanwhile proliferation of GES-1 cells were induced by
miR148a-3p inhibitor (Zhong et al., 2020). So we hypothesize
the stable expression of chi-miR-148a-3p in goat SMGs is also
related to the growth and development of SMGs cells, which need
further study. MiR-143-3p can affect epithelial cell homeostasis
by targeting SERCA2b, RyR2, and AC9 in Sjogren’s syndrome
(Cortes et al., 2018). Chi-miR-143-3p influences the development
of mammary gland epithelial cells in dairy goats via target
Ndfip1 in vitro (Ji et al., 2019). MiR-99a-5p was found to play
a role in the metastasis of salivary adenoid cystic carcinoma
(Feng et al., 2017). Therefore, all five most highly expressed
miRNAs except miR-27b-3p have already been reported to be
involved in cell proliferation and apoptosis or homeostasis to
maintain the salivary gland function. These miRNAs may play
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FIGURE 7 | Comparison of relative expression of DE miRNAs between RNA-Seq and qRT-PCR results. (A) the results of qRT-PCR, (B) the results of RNA-seq. A

were the samples for goat of 1-month-old kids (group A), B were the samples for goat of 12-month-old maiden goats goats (group B), C were the samples for goat of

24-month-old adult goats (group C). Significant differences are indicated by * and ** (* indicates p < 0.01, ** indicates p < 0.05), NS indicates there is no

significant differences.

important roles in the salivary glands of goats and are not related
to the differential regulation of transcriptional levels among
different developmental stages. Their underexpression may cause
pathological or physiological changes and lead to diseases.

DE miRNA analysis showed that there were more than 150
DE miRNAs between the SMGs of group A and group B and the
SMGs of group A and group C; in addition, more than 80% of the
DE miRNAs were significantly downregulated, while there were
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only seven DE miRNAs between the SMGs of group B and group
C. The results indicated that miRNA expression in the SMGs
significantly changed during the growth and development of
goats from kids to adolescent goats, while miRNAs were steadily
expressed in the SMGs from adolescent goats to adult goats. This
suggested that miRNAs play a stable role in maintaining salivary
gland function in goats after puberty.

To investigate the functions of the DE miRNAs with different
expression profiles, expression pattern analysis was performed on
the medium and highly expressed DE miRNAs, and five clusters
were identified. The expression and profiles of the DE miRNAs
were correlated with the developmental stages of the goats. GO
and KEGG pathway enrichment analyses were performed on
target genes in the five clusters. The results showed that the target
genes of the miRNAs in the different clusters were significantly
enriched in different GO terms and KEGG pathways. The target
genes of the DE miRNAs, expressed at low levels in the SMGs of
kids and highly expressed in the SMGs of adolescent and adult
goats (clusters 1 and 2) were significantly enriched in infectious
diseases, including Hepatitis B, Herpes simplex infection, and
HTLV-I infection. The growth and development of the SMG
is carried out under epithelial-mesenchymal interactions (Wang
and Laurie, 2004), which are regulated by a complex of signaling
molecules, including growth or differentiation factors, cell
receptors and extracellular matrix (ECM) proteins. Activation
of hepatic stellate cells, exaggerated expression of profibrogenic
genes, and/or suppression of antifibrogenic genes can cause
excessive and persistent accumulation of the ECM, which further
leads to fibrosis (Wynn, 2008; Loureiro et al., 2020). This
indicates that the target genes of the DE miRNAs in clusters 1
and 2 may be related to the growth and development of SMG
ECM proteins and that their abnormal expression can cause
infectious diseases. Epithelial-to-mesenchymal transition (EMT)
is implicated in a wide array of malignant behaviors in cancer,
including proliferation, invasion, and metastasis (Pan et al.,
2021). Many studies have reported that miRNAs play a crucial
role in the malignant behaviors of cancer cells (Volinia et al.,
2010; Gianpiero and Carlo, 2013), including EMT-related cancer
metastasis (Aiello and Kang, 2019), and some miRNAs have been
predicted to be potential tumor biomarkers. We noticed that
cancer-related pathways were significantly enriched by the target
genes of the cluster 1 and 2 DEmiRNAs of goat SMGs. Therefore,
the cancer-related DE miRNAs in the goat SMGs may have
potential diagnostic, prognostic, and therapeutic value in cancers,
and this requires a better understanding. The target genes of the
DE miRNAs that are highly expressed in the SMGs of kids and
expressed at low levels in the SMGs of unbred adolescent and
adult goats (cluster 4) were significantly enriched in metabolism-
related and secretion-related pathways. Therefore, we speculated
that the function of the goat SMGs changes after puberty
compared with that at kids, and the SMGs mainly function in
metabolism and secretion at later stages, which might be related
to the gradual improvement of the goat immune system with
growth and development (Jaskoll et al., 2001; Ghezzi and Ship,
2003). The results were basically consistent with our previous
transcriptome study of goat SMGs, in which the genes that were
highly expressed in the kid SMGs were significantly enriched
in immune-related pathways (Wang et al., 2020). Therefore, we

predicted that the biological function of goat SMGs changes
with growth and development. The mechanism by which RNAs
function in the goat SMGs is complex, and genes play their roles
through the combined action of multiple types of RNAs.

Ten core miRNAs were screened by PPI analysis. The 10
core target genes were significantly enriched in Pathways of
Hepatitis B (FDR = 9.03E-10) and Pathways in cancer (FDR
= 4.2E-10), suggesting that miRNAs in the SMGs may be
associated with the occurrence and progression of cancers and
infectious diseases. Target gene prediction was performed on
the 10 predicted core miRNAs, and the results showed that
the expression of the target genes CSNK2A1, PCNA, PrKCB,
YWHAB, and CDK6 could be regulated by miRNAs expressed
at low levels in the 1-month-old kids, namely, chi-miR-141,
miR-141-x, miR-141-y, and miR-29-y. As a known target for
tumor, casin kinase 2α1 (encoded by CSNK2A1) play key roles
in cell cycle regulation, cellular differentiation, proliferation and
apoptosis regulation (Tsuyuguchi et al., 2019). It’s activation is
required for transforming growth factor β-induced epithelial–
mesenchymal transition (Kim et al., 2018). Proliferating cell
nuclear antigen (PCNA) plays an essential role in controlling
a variety of reactions as a component of the replication and
repair machinery (Kelman, 1997; Maga and Hübscher, 2003). As
a part of a transcription complex, CDK6 induces the expression
of tumor suppressors (Kollmann et al., 2013; Sherr et al., 2016).
Protein kinase Cβ (PRKCB) plays a role in autophagy regulation
(Patergnani et al., 2013), CREBBP inactivation promotes the
development of HDAC3-dependent lymphomas (Jiang et al.,
2017), and abnormal expression of Casein kinase 2α1 (CSNK2A1)
is linked to neurological diseases and cancer (Trinh et al., 2017).
We predicted that chi-miR-141, miR-141-x, miR-141-y and miR-
29-y mainly play a role in regulating the proliferation and
differentiation of SMG cells. Our results also indicate that the
growth and development of goat SMGs are basically completed
before puberty. The expression of the target genes MAPK9,
CREBBP and EGLN3 could be regulated by the miRNAs chi-
miR-15b-5p, chi-miR-16b-5p, chi-miR-17-5p, chi-miR-20a-5p,
chi-miR-93-5p, and miR-142-x, which were highly expressed
in the SMGs of 1-month-old kids and expressed at low levels
in the SMGs of 12-month-old unbred adolesent goats and 24-
month-old adult goats. JNK2 (encoded byMAPK9) is implicated
in apoptosis (Sabapathy and Wagner, 2004; Dhanasekaran and
Reddy, 2008; Wang et al., 2010). EGLN3 and CREBBP also play
important roles in the occurrence and development of disease,
and EGLN3 can promote cell apoptosis (Lee et al., 2005). The loss
of CREBBP promotes the development of HDAC3-dependent
lymphoma (Jiang et al., 2017). We predicted that chi-miR-15b-
5p, chi-miR-16b-5p, chi-miR-17-5p, chi-miR-20a-5p, chi-miR-
93-5p, and miR-142-x play a role in cell apoptosis of goat SMGs.
Our results indicate that the fuction of goat SMGs was basically
stable after puberty. Apoptosis has been considered as one of
the main factors that may be related to loss of salivary gland
secretory function (Hayashi, 2011). Apoptosis and inflammation
are inseparably linked (Cullen et al., 2013).

In conclusion, a set of DE miRNAs in the SMGs of goats at
different developmental stages were identified, and functional
enrichment analysis showed that the target gene of them are
mainly focused on cell proliferation, growth and apoptosis, and

Frontiers in Genetics | www.frontiersin.org 14 June 2021 | Volume 12 | Article 678194

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://www.frontiersin.org/journals/genetics#articles


Wang et al. Disease-Related miRNAs in Goat Submandibular Glands

significantly related to disease. The DE miRNAs identified in
our research might contribute to disease prevention and be
involved in the gene regulation of submandibular glands at
different developmental stages. Our results also indicated that the
growth and development of goat SMGs are basically completed
before puberty.
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