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Abstract. The DAZAP2 (Deleted in Azoospermia-associated Protein 2) gene encodes an azoospermia-related
protein that plays key roles in spermatogenesis, cell cycle regulation, and transcriptional regulation. Here, we
employed transcriptome sequencing to analyze porcine testis tissues using long-read and short-read sequencing
and identified the DAZAP2 transcripts via RT-PCR. Protein interaction analysis, GO and KEGG enrichment,
and competing endogenous RNA (ceRNA) regulatory network construction were performed to elucidate its
functional pathways. Furthermore, we assessed the multi-tissue expression of DAZAP2 and the subcellular lo-
calization of the DAZAP2 protein. We identified two spliceosomes of the DAZAP2 gene in Banna mini-pig
inbred line (BMI) testicular tissue, namely DAZAP2_X1 and DAZAP2_X2, with DAZAP2_X2 being the pre-
dominant transcript. Functional enrichment analysis revealed that DAZAP2_X2 was associated with ubiquitin–
protein ligase binding, positive regulation of protein monoubiquitination and Wnt signaling pathway, indicating
its involvement in spermatogenesis. Additionally, we identified nine microRNAs (miRNAs) interacting with
DAZAP2_X2, including ssc-miR-490-3p, ssc-miR-150, ssc-miR-107, ssc-miR-193a-3p, ssc-miR-497, ssc-miR-
192, ssc-miR-383, ssc-miR-129a-5p, and ssc-miR-181a, most of which were associated with spermatogenesis.
We found DAZAP2_X2 was highly expressed in the testis and bulbourethral glands and was mainly localized
in the cytoplasm. These findings suggest that DAZAP2_X2 played a significant role in spermatogenesis and
provide a reference for further research on spermatogenesis-related genes and regulatory pathways.

1 Introduction

Germ cells are foundational to sexual reproduction in organ-
isms, playing critical roles in offspring generation and ge-
netic diversity. Primordial germ cells, the initial germ cell
population, form during development and differentiate into
spermatogonia and oocytes. In mammals, germ cells serve
as the foundational units for the generation of new individu-
als (Saitou and Yamaji, 2012). Male germ cell development
involves a series of distinct processes, including meiosis, ge-
netic recombination, haploid gene expression, acrosome, and
flagellum formation, as well as chromatin remodeling and
condensation. Spermatogenesis is a complex process encom-

passing mitotic division, meiosis, and the differentiation of
spermatogenic cells (Diao et al., 2019). DAZAP2 (Deleted
in Azoospermia-associated Protein 2) was initially identified
in a yeast two-hybrid screen as interacting partners of the
male sterility factor DAZ (Deleted in Azoospermia) (Tsui et
al., 2000). The DAZAP2 gene encodes a highly conserved
17 kDa protein that interacts with DAZ via DAZ-like repeats
and binds to key regulatory molecules such as SARA (Smad
anchor for receptor activation), the eukaryotic translation ini-
tiation factor 4G, and E3 ubiquitin ligase. These interactions
regulate the stability of DAZAP2 and its function in mod-
ulating splicing factors within nuclear speckles (Fu et al.,
2015). DAZAP2 participates in various biological and patho-
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logical processes, including spermatogenesis, cell signaling,
transcriptional regulation, stress granule formation during
translational arrest, RNA splicing, and the pathogenesis of
multiple myeloma (Behera et al., 2023). Functional stud-
ies indicate that the knockout of DAZAP2 not only dimin-
ishes Wnt signaling activity, evidenced by reduced Tcf/β-
catenin reporter expression, but also disrupts the expres-
sion of downstream Wnt target genes (Lukas et al., 2009).
Chromatin immunoprecipitation assays reveal that DAZAP2
modulates TCF-4 affinity for DNA recognition motifs. Ad-
ditionally, DAZAP2 functions as a novel downstream target
of the P38/MAPK/CREB signaling pathway, regulating var-
ious transcription factors. Promoter methylation in multiple
myeloma cells leads to its epigenetic silencing, further impli-
cating DAZAP2 in disease pathogenesis (Li et al., 2019).

The Banna mini-pig inbred line(BMI) line exhibits a clear
genetic background, and its physiological characteristics are
closely similar to those of humans, making it a valuable an-
imal model (Huo et al., 2022; Liu et al., 2023; Wang et
al., 2023). The objective of this study was to investigate
the molecular regulation of DAZAP2 gene expression dur-
ing spermatogenesis using transcriptome sequencing and to
validate its cellular localization. Our findings lay the foun-
dational insights into the regulatory mechanism underlying
testicular spermatogenesis in the BMI and provide a theoret-
ical basis for boar breeding.

2 Materials and methods

2.1 Samples and transcriptome sequencing

Testicular samples were obtained from four 12-month-old
BMI males. We conducted a transcriptomic analysis of
DAZAP2 in BMI testes using an integrated approach com-
bining short-read RNA-seq (Novogene Technology Co., Ltd.,
China) and long-read iso-seq (GrandOmics Co., Ltd., China).
DAZAP2 transcripts were visualized using the Sashimi plot
function in IGV, and gene expression levels and tran-
script abundance were analyzed using standard computa-
tional methods (Zhang et al., 2024).

2.2 Sequence identification of different transcripts

The complete coding region mRNA sequence of DAZAP2
was retrieved from the NCBI database and used as a tem-
plate for primer design with Oligo7 software. Primers,
labeled F1R1 (F1: ACACGGAAGTGACTACGAAC; R1:
ACCAATCAGAATAATTTGGCAAC) were used for gene
cloning. The PCR reaction mixture comprised 25 µL of
2×Premix ExTaq HS, 1 µL each of forward and reverse
primers, 5 µL of template cDNA, and RNase-free water to a
final volume of 50 µL. PCR was performed under standard
conditions with an annealing temperature of 55 °C. After-
ward, we cloned the DAZAP2 gene from the testicular tissue
of BMIs.

2.3 Characterization of key transcripts of DAZAP2

The nucleotide and protein sequences of key DAZAP2 tran-
scripts obtained from sequencing were refined using the
Lasergene 7.1 software, enabling the identification of the
complete coding sequence. We conducted sequence align-
ment, subcellular localization, and secondary and tertiary
structure predictions using Seqman, PSORT II Prediction,
SPOMA, and AlphaFold3, respectively. Additionally, we uti-
lized TMHMM-2.0, ExPASy, and SMART to predict protein
physicochemical properties, hydrophilicity, and protein func-
tional modification sites. Conserved domains and evolution-
ary relationships were assessed using BLAST and MegAlign.

2.4 Interacting proteins and regulatory network

We constructed a protein–protein interaction (PPI) network
and performed GO and KEGG functional enrichment analy-
sis on the identified proteins, with a significance threshold of
P<0.05. The identified proteins were correlated with the ob-
tained gene expression levels. We used the annotations of the
UniProt database to gain insight into biological processes as-
sociated with DAZAP2. Based on the competing endogenous
RNA (ceRNA) regulatory mechanism, which plays an im-
portant role in post-transcriptional regulation by mediating
RNA–RNA interactions, a DAZAP2-associated ceRNA net-
work was constructed to identify potential microRNAs (miR-
NAs) and long non-coding RNAs (lncRNAs) involved in the
regulation of DAZAP2. The ceRNA regulatory network was
visualized using Cytoscape version 3.9.1.

2.5 Detection of expression in different tissues

The cDNA templates from BMI tissues, including the heart,
liver, spleen, lungs, kidneys, and gonads, as well as accessory
glands, were used to assess DAZAP2 expression levels across
various tissues. Based on the nucleotide sequences of the sig-
nificant transcripts of the DAZAP2 gene, qPCR primers (F2:
ACCATGAACAGCAAAGGTCAA; R2: CTCGGACGATA-
GAGCTCTGAA) were designed at the exon–exon junction
using Seqman and Oligo7 software. Among the candidate in-
ternal reference genes, GAPDH was selected as the internal
control based on its relatively stable expression across sam-
ples, enabling accurate normalization of gene expression lev-
els (Klein et al., 2011; Zeng et al., 2014). The housekeeping
gene GAPDH (F3: CCTTCATTGACCTCCACTACATGGT;
R3: CCACAACATACGTAGCACCAGCATC) served as an
internal control. The qPCR results were quantified using the
threshold cycle values and analyzed via the 2−11Ct method
for relative quantification (Rao et al., 2013). For each tissue,
biological replicates were included in the experimental de-
sign.
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2.6 Subcellular localization

Transfection was performed when cell confluence reached
70 %–80 % in each well of the culture plate. Subsequently,
green fluorescent protein expression was observed under
an inverted fluorescence microscope to confirm successful
transfection. Swine testis (ST) cells were selected for subcel-
lular localization analysis of DAZAP2 due to their species-
and tissue-specific origin, stable growth, and suitability for
efficient in vitro transfection and expression. Mitochondria
and nuclei in ST cells were stained with Mito Tracker and
Hoechst 33342, respectively, to determine the intracellular
localization of the DAZAP2 protein.

3 Results

3.1 Different alternative splicing isoforms of DAZAP2

The short-read RNA-seq and long-read iso-seq results iden-
tified two alternative splicing (AS) isoforms in the BMI
testes, denoted as DAZAP2_X1 (ENSSSCT00070061146.1)
and DAZAP2_X2 (ENSSSCT00070061141.1) (Fig. 1). The
DAZAP2_X1 isoform comprises 5 exons, with a CDS length
of 441 bp (146 amino acids) and nucleotide composition
of 43.99 % A+T and 56.01 % G+C. The DAZAP2_X2
isoform consists of 4 exons, with a CDS of 507 bp (168
amino acids) and nucleotide composition of 43.98 % A+T
and 56.02 % G+C. In our four biological replicates, the
transcript DAZAP2_X2, which encoded the longest CDS,
was consistently detected, indicating its predominant role
(Fig. 1).

3.2 Sequence detection of different transcripts of
DAZAP2

cDNAs from BMI testicular tissue were used as a template
to amplify the DAZAP2 gene sequences. 1 % agarose gel
electrophoresis confirmed the presence of 910 bp amplicon,
matching the expected size (Fig. 2a). Afterwards, PCR anal-
ysis of bacterial colonies harboring pMD18-T-DAZAP2 re-
vealed two different fragments, suggesting the presence of al-
ternative splicing isoforms of the DAZAP2 gene in pig testis
tissue (Fig. 2b). The nucleotide and amino acid sequences of
DAZAP2_X1 isoform were shown in Fig. 2c, and those of
the DAZAP2_X2 isoform were shown in Fig. 2d. Consistent
with the transcriptome data, DAZAP2_X2 was identified as
the predominant transcript.

3.3 Sequence characterization of DAZAP2_X2

DAZAP2 protein had a molecular weight of 17.3 kDa, with
the molecular formula C792H1183N199O227S7 and an isoelec-
tric point of 6.69. In the secondary structure of DAZAP2_X2,
α-helix accounts for 8.33 % (14 amino acids), random coil
for 69.05 % (116 amino acids), extended chain for 14.88 %
(25 amino acids), and β-turn for 7.74 % (13 amino acids)

(Fig. 3a). The tertiary structure was consistent with the sec-
ondary structure (Fig. 3b). The DAZAP2 protein also in-
cluded phosphorylation sites such as serine, threonine, and
tyrosine (Fig. 3c). The N-terminus of DAZAP2 protein was
hydrophobic, while the C-terminus was hydrophilic. The
maximum hydrophobicity value of 1.411 was observed at the
144th amino acid, and the minimum value of −2.133 was
found at the 5th amino acid (Fig. 3d).

3.4 Conservation and evolutionary relationship of
DAZAP2_X2 in multiple species

A comparison of DAZAP2 amino acid sequences across
12 mammalian species reveals that the DAZAP2 sequences
in BMIs are highly similar (over 90 %) to those in
cattle (Bos taurus NP_001029873), goats (Capra hircus
XP_017903242), sheep (Ovis aries XP_012029646), horses
(Equus caballus XP_003365282), zebras (Equus quagga
XP_046515063), donkeys (Equus asinus XP_014702907),
cats (Felis catus XP_003988752), tigers (Panthera tigris
XP_007073096), lions (Panthera leo XP_042802501), rats
(Rattus norvegicus XP_038934862), and mice (Mus muscu-
lus NP_036003) (Fig. 4a). The phylogenetic tree based on
amino acid sequences of 12 species shows that donkeys,
horses, and spotted sheep are clustered in one branch; cats,
tigers, and lions are in another branch; and rats and mice are
in a third branch – in addition, horses, pigs, cattle, sheep, and
goats are clustered together, indicating a close evolutionary
relationship among these species (Fig. 4b). A Weblogo dia-
gram of the conserved domains of DAZAP2 in the 12 species
further indicates that DAZAP2 is highly conserved across
species (Fig. 4c).

3.5 Protein–protein interactions of DAZAP2_X2

The construction of the protein network revealed porcine
DAZAP2 interacted with multiple proteins, including tri-
partite motif containing 26 (TRIM26); DAZ-associated
protein 1 (DAZAP1); boule homolog, RNA-binding pro-
tein (BOLL); DEAD-box helicase 4 (DDX4); Toll-
interacting protein (TOLLIP); RNA-binding fox-1 homolog
2 (RBFOX2); SMAD-specific E3 ubiquitin protein lig-
ase 2 (SMURF2); zinc finger AN1-type containing 2B
(ZFAND2B); ribosomal protein S27a (RPS27A); ubiquitin
B (UBB); DNA polymerase iota (DNA polymerase iota,
POLI); keratin-associated protein 19-3 (KRTAP19-3); and
RNA-binding protein, mRNA processing factor (RBPMS)
(Fig. 5a). These proteins were mainly involved in protein
synthesis, chromatin structure maintenance, gene expression
regulation, stress response, and germ cell development, all of
which played important roles in spermatogenesis.

KEGG pathway enrichment analysis of DAZAP2-
associated proteins identified 10 pathways with P<0.05.
These proteins were primarily enriched in the Wnt signaling
pathway, ubiquitin-mediated proteolysis, neurodegeneration
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Figure 1. Gene structure and expression of alternative spliceosomes of porcine DAZAP2.

pathway, multiple diseases, mitochondrial autophagy, Ka-
posi’s sarcoma-associated herpesvirus infection, IL-17 sig-
naling, endocytosis, autophagy, alcoholic liver disease, and
adherens junction (Fig. 5b). Gene ontology (GO) enrichment
analysis revealed that these proteins were mainly involved in
processes such as positive regulation of protein monoubiq-
uitination, protein tag activity, ubiquitin-like protein lig-
ase binding, mitogen-activated protein kinase binding, and
ubiquitin–protein ligase binding (Fig. 5c). Correlation anal-
ysis of transcriptome data revealed that DAZAP2 expression
was significantly correlated with the expression of DPH7,
EXD3, HIP1, RAB5C, RBFOX2, REEP1, RNF115, ROR2,
RPS27A, SMAP2, TOLLIP, TXNL1, ZFAND2B, TRIM26, and
DDX4 (P<0.05) (Fig. 5d).

The lines (edges) typically represent the interactions be-
tween proteins, and the thickness of the lines usually indi-
cates the strength of these interactions.

3.6 Construction of ceRNA regulatory network of
DAZAP2_ X2

Functional annotation of DAZAP2 identified 17 gene on-
tology (GO) terms across cellular components, molecular
functions, and biological processes. Cellular components
included nuclear bodies, nuclear speckles, protein domain
complexes, cytoplasmic stress granules, cytoplasm, and nu-
cleus. Molecular functions encompassed binding to ubiqui-
tin protein ligases, DNA-binding transcription factor, pro-
tein serine/threonine kinase, WW domain, mitogen-activated
protein kinase, receptor tyrosine kinase, and p53. Biologi-

cal processes mainly involved protein instability and stress
granule assembly. ceRNA regulatory network analysis re-
vealed that DAZAP2 expression in BMIs was mainly reg-
ulated by nine miRNA targets, including ssc-miR-490-3p,
ssc-miR-150, ssc-miR-107, ssc-miR-193a-3p, ssc-miR-497,
ssc-miR-192, ssc-miR-383, ssc-miR-129a-5p, and ssc-miR-
181a. Additionally, 16 lncRNAs were found to compete with
these miRNAs for binding to DAZAP2 (Fig. 6).

3.7 Multi-tissue expression results

In order to investigate the expression of the DAZAP2 gene
in various tissues, qPCR was performed using GAPDH as
the internal reference and the 2−11Ct method for relative
quantification. The results demonstrated varying levels of
DAZAP2 expression across the 15 tissues tested. Notably,
higher expression was observed in the gonadal organs, such
as the bulbourethral gland, testis, and epididymis, and mod-
erate expression was observed in the duodenum, colon, liver,
lung, and prostate, while other tissues exhibited relatively
low expression (Fig. 7).

Different capital letters on the bars indicate significant dif-
ferences, P<0.01. Error bars are expressed as standard devi-
ations (SDs).

3.8 Subcellular localization results

Swine testis (ST) cells were transiently transfected with
pEGFP-C1-DAZAP2 and control pEGFP-C1 plasmids.
Green fluorescence was observed 24 h post-transfection.
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Figure 2. CDS and amino acid sequence of BMI DAZAP2 alternative spliceosomes. (a) DAZAP2_X1; (b) DAZAP2_X1 and DAZAP2_X2;
(c) sequence of DAZAP2_X1; (d) sequence of DAZAP2_X2.

Cells were then stained with MitoTracker Red CMXRos
(red, mitochondrial marker) and Hoechst33342 (blue, nu-
clear marker) and examined using an inverted fluorescence
microscope. We superimposed green, red, and blue fluores-
cence in the same field of view, confirming that DAZAP2 was
mainly localized in the cytoplasm (Fig. 8).

4 Discussion

Alternative splicing (AS) is a regulatory process in which ex-
ons of a gene’s primary transcript (pre-mRNA) are spliced in
various combinations, resulting in the production of mRNA
isoforms and corresponding protein variants with distinct
structures and functions (Blencowe, 2006). Alternative tran-
scription initiation, splicing, and polyadenylation of pre-
mRNA are pivotal mechanisms driving the extensive pro-
teome diversity observed in eukaryotic organisms (Griffith
et al., 2010). Co-transcriptional and post-transcriptional reg-
ulation enables a single gene to generate diverse mRNA iso-
forms (Nilsen and Graveley, 2010). In this study, PCR and

molecular cloning were used to isolate the coding region se-
quences of two DAZAP2 splice isoforms, DAZAP2_X1 and
DAZAP2_X2. A comparison of the porcine DAZAP2 amino
acid sequence with that of 11 other species revealed 100 %
sequence similarity with sheep and goats and over 97 % sim-
ilarity with mammals such as horses, donkeys, zebras, rats,
and mice. These findings indicated that DAZAP2 was evolu-
tionarily conserved, maintaining a stable structure, and sup-
porting its potential for further functional analysis.

The interactions between proteins play pivotal roles in
the regulation pathway of normal life activities. In this
study, the protein interaction network revealed that DAZAP2
interacted with several key proteins, including TRIM26,
DAZAP1, BOLL, DDX4, RBFOX2, SMURF2, ZFAND2B,
RPS27A, and RBPMS. Tripartite motif containing pro-
tein 26 (TRIM26), a member of the TRIM protein fam-
ily, plays a pivotal role in bladder cancer, where its knock-
down suppresses cell proliferation, migration, and invasion
by inhibiting the Akt/GSK3β/β-catenin signaling pathway,
highlighting its potential as a therapeutic target (Xie et
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Figure 3. Structure of DAZAP2_X2 protein. (a) Secondary structure; (b) tertiary structure; (c) phosphorylation site; (d) hydrophobicity.

al., 2021). DAZ-associated protein 1 (DAZAP1), a DAZ-
interacting protein, is predominantly expressed in the testes
and is essential for the reproductive system. In DAZAP1-
deficient mice, perinatal lethality and impaired spermatoge-
nesis are observed (Tsui et al., 2000). DAZAP2 exhibited
the strongest interaction with DAZAP1, highlighting a po-
tentially critical functional relationship between these two
proteins. DAZAP1, as a high-degree hub protein within the
network, likely serves as a central regulatory node, and the
strong association with DAZAP2 suggests that the latter may
rely on DAZAP1 to execute its biological functions. BOLL,
a testis-specific gene, is essential for male spermatogenesis.
Loss of BOLL expression results in spermatogenic arrest and
impaired sperm maturation across various species, with de-
fective acrosomal formation and spermatogenesis in BOLL-
deficient boars (Nosková et al., 2020). DEAD-box helicase 4
(DDX4), a germ-cell-specific marker, is vital for primordial
germ cell formation (Azizi et al., 2021) and spermatogene-
sis, and decreased DDX4 expression is linked to male infer-
tility (Li et al., 2010). RBFOX2, a member of the mammalian
BBFOX family, regulates tissue-specific alternative splicing,
mRNA stability (Chen et al., 2017), and translation, and it
modulates TEAD1-splicing isoforms via the Hippo signaling
pathway (Mitchell and Parker, 2014). SMURF1, a member
of the HECT family of E3 ubiquitin ligases, causes the acti-
vation receptor and proteomic degradation of SMAD2 and
SMAD3, thereby down-regulating activin TGFβ signaling
(Itman et al., 2011). AN1 zinc finger protein 2B (ZFAND2B)
plays a critical role in maintaining protein homeostasis by fa-

cilitating the protein translocation to the endoplasmic reticu-
lum and regulating its degradation via the proteasome. Dys-
regulated expression of RPS27A in sperm is associated with
lower pregnancy rates (Montjean et al., 2012). RBPMS2 in-
hibits testicular factors and promotes oocyte development
through Gator2-mediated mechanisms in zebrafish oogene-
sis (Wilson et al., 2024). These protein interactions provide
a foundation for further investigation into the functional role
of DAZAP2.

Competing endogenous RNAs (ceRNAs) represent a novel
mechanism of gene expression regulation, where long non-
coding RNAs (lncRNAs) sequester microRNAs (miRNAs),
thereby disrupting miRNA binding to the 3′ UTR of target
mRNAs and influencing downstream gene expression and
cellular functions (Cai et al., 2009). lncRNAs function as
ceRNAs, modulating protein expression levels by compet-
ing for miRNAs, thus playing a crucial role in regulating
cellular processes (Poliseno et al., 2010). This study per-
formed functional annotation of the DAZAP2 gene and ex-
plored the potential ceRNA regulatory network, identifying
nine miRNAs that target DAZAP2. ssc-miR-490-3p promotes
liver cancer cell growth, migration, and metastasis by upreg-
ulating ERGIC3, facilitating epithelial–mesenchymal transi-
tion (EMT), and further enhancing cell invasion capabilities
(Zhang et al., 2013). Thus, inhibition of miR-490-3p rep-
resents a promising molecular therapeutic strategy for the
treatment of liver cancer. miR-150 is primarily expressed in
Leydig cells, where it negatively regulates STAR expression,
playing a crucial role in steroidogenesis and spermatogenesis
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Figure 4. Amino acid sequence phylogenetic tree, similarity, and conserved domain analysis of BMIs and DAZAP2 from other mammals.
(a) Phylogenetic tree; (b) similarity; (c) conserved domain.

(Niu et al., 2011). miR-107 is down-regulated in colorectal
cancer tissue cell lines, with low expression correlating with
poor survival in colorectal cancer patients (Fu et al., 2019).
miR-193a-3p serves as a potential biomarker for the diagno-
sis of Alzheimer’s disease, preventing neurotoxicity by tar-
geting PTEN (Zhang et al., 2013), and also inhibits growth
and invasion in cancer cells such as gastric and lung cancer
(Chou et al., 2018). miR-497 is involved in fat deposition in
pigs, while miR-192, implicated in various cancers, inhibits
cell proliferation in MCF7 and MDA-MB-231 cells, along
with cell cycle arrest in breast cancer cell lines (Chen et al.,
2019). Abnormal expression of miR-383 has been linked to
male infertility and testicular germ cell tumors (Tian et al.,
2013). miR-129-5p enhances cell proliferation, migration,
and invasion in retinoblastoma cell lines Y79 and WERI-Rb-
1 by directly targeting the 3′ untranslated region of PAX6, ac-
tivating the PI3K/AKT signaling pathway (Liu et al., 2019).

miR-129-5p and miR-130a-3p regulate growth factor recep-
tor expression during neuronal development (Glaesel et al.,
2020). Additionally, miR-181a regulates spermatogonia pro-
liferation by targeting S6K1, and its overexpression leads to
spermatocyte growth arrest (Wang et al., 2021). These find-
ings strongly suggest that the miRNAs predicted through our
ceRNA network may participate in porcine spermatogene-
sis by regulating DAZAP2 expression. This provides robust
functional evidence supporting our predictions and identifies
high-priority candidate molecules for subsequent functional
validation experiments.

DAZAP2 is ubiquitously expressed across various tis-
sues in both mice and humans, including the stomach, thy-
roid, spinal cord, lymph nodes, trachea, adrenal glands, and
bone marrow (Li et al., 2019; Rong et al., 2007). In this
study, DAZAP2 expression was detected in various porcine
tissues, with the highest expression observed in the testis
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Figure 5. DAZAP2 protein interaction relationship. (a) Interacting protein network; (b) KEGG enrichment analysis diagram; (c) correlation
analysis chord diagram; (d) GO enrichment analysis diagram.

and bulbourethral gland. A previous study, which utilized
a DAZAP2-GFP fusion expression vector transfected into
COS7 cells, demonstrated that DAZAP2 protein was primar-
ily localized in the cytoplasm with a distinct, discontinuous
distribution pattern (Shi et al., 2004). Consistent with previ-
ous findings, our study also indicated that DAZAP2 predom-
inantly localized to cytoplasm in ST cells. Overall, the results
highlighted the importance of DAZAP2 in various biological
processes, particularly in spermatogenesis, providing a theo-
retical foundation for further investigation into its functional
role in pigs. Future studies should prioritize the functional
characterization of the major DAZAP2_X2 transcript. Based
on our findings, we plan to investigate the effects of DAZAP2
loss of function in reproductive cells by knocking down or
knocking out DAZAP2 in pig spermatogonial stem cells or

appropriate model organisms. This approach will allow di-
rect assessment of its impact on key spermatogenic events,
including germ cell proliferation, apoptosis, meiotic pro-
gression, and spermatogenesis. Our protein interaction and
KEGG analyses strongly suggest that DAZAP2 is involved
in the Wnt signaling pathway and ubiquitin-mediated prote-
olysis. We can examine the effects of DAZAP2 depletion on
Tcf/β-catenin reporter activity and the expression of down-
stream Wnt target genes (e.g, AXIN2, CYCLIND1). In addi-
tion, its role in regulating the stability of key spermatogenic
proteins through ubiquitination can be further explored.
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Figure 6. Functional annotation and ceRNA regulatory network of DAZAP2.

Figure 7. Multi-tissue expression profile of the BMI DAZAP2 gene.

5 Conclusions

In this study, we integrated short-read and long-read se-
quencing techniques to reveal transcriptional regulation char-
acteristics of DAZAP2 in pigs. Notably, we identified two
distinct DAZAP2 transcripts, with DAZAP2_X2 being the

predominant form, consisting of four exons and displaying
a high conservation across 12 species. Proteins interacting
with DAZAP2 were primarily involved in protein synthe-
sis, chromatin structure maintenance, gene expression reg-
ulation, stress response, and germ cell development. Func-
tional annotation revealed 17 proteins associated with GO
terms, including nine molecular functions, two biological
processes, and six cellular components. Nine miRNAs were
identified as key regulators of DAZAP2 expression. Specif-
ically, DAZAP2 expression was most prominent in the ure-
thral bulb glands and testes, with its protein predominantly
localized in the cytoplasm of ST cells. These findings deepen
our understanding of the transcriptional regulation of sper-
matogenesis, laying a foundation for further investigation
into its role in sperm capacitation and the acrosome reaction
in pigs.
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Figure 8. Subcellular localization of DAZAP2 protein.
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