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Abstract

SET domain containing (lysine methyltransferase) 8 (Setd8), a histone modification enzyme, affects cell
cycling, chromosome condensation, high efficient repair of DNA double strand breaks and so on. The
objective of this study was to identify novel alternative splicing variants of pig Setd8 gene and its
mRNA expression. Four 180-day-old male Guanzhong Black (GZB) pigs and six male Landrace piglets
(including three 30-day-old and three 7-day-old pigs) were collected to study Setd8 gene. Herein, two
novel variants, Setd8a and Setd8b, were found in pig. The entire sequences of Setd8a and Setd8b
variants were 1,039 bp and 958 bp, respectively. qRT-PCR results showed that Setd8a and Setd8b were
highly expressed in brains and testes of 180-day-old GZB pigs. Moreover, the expressions of the two
Setd8 variants were significantly higher in testis than brain of GZB pig (P < 0.05). Further study on
testis showed that the mRNA expression of Setd8a variant was significantly lower than Setd8b variant
in 30-day-old and 7-day-old pigs (P < 0.05). The mRNA expression of Setd8a variant was lower than
Setd8b variant in GZB pigs (P > 0.05). Moreover, the expressions of the two Setd8 variants were
significantly higher along with age enlargement. In conclusion, Setd8a and Setd8b were firstly
identified in pigs and both were expressed in pig testis. Setd8b was the major splicing variant of pig
Setd8 gene transcript product. Moreover, the expressions of Setd8 variants were time-dependent. All
these findings would enrich the study of Setd8 gene in pig testis.

Key Words: pig, testis, SET domain containing (lysine methyltransferase) 8 (Setd8), alternative splicing variant, expression
patterns.

Introduction worst is subfertility. One way to solve male
subfertility is spermatogonial stem cells (SSCs)

Pig is not only an important economic large  transplantation®'”

. SSCs can transmit genomic
domestic animal for meat industry, but also an information to the offspring by differentiating
ideal mammalian model for human biomedical  into spermatozoa®. Thus it is worthy to study
and diseases studies'***?. At present, pig industry ~ the biological characteristics and regulation

in China faces severe problems, and one of the mechanisms of SSCs. Present studies show
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9 The Variants of Setd8 and its Expression

that some critical factors, such as Wnt or
proliferating cell nuclear antigen (PCNA), are
relevant to regulating the proliferation and stem

. 11,12,45,44
maintenance of SSCs'"'#4549

cell properties
Furthermore, the Wnt and PCNA expression are
both mediated by SET domain containing (lysine
methyltransferase) 8 (Setd8)****". Thus it could
be conjectured that Setd8 might regulate the
SSCs activity in mammals. However, little was
known about function of Setd8 gene in pigs.
Setd8, also known as KMT5a, SET8 and
PR-Set7/9 gene, is located on pig chromosome
14. The Setd8 gene in pig is 18,955 bp in length
and contains eight exons and seven introns
with strictly conserved intron/exon boundaries
(NC_010456.4). As one member of SET domain
protein superfamily, Setd8 has one SET domain,
which consists of three elements: Suppressor of
variegation 3-9 (Su(var) 3-9), Enhancer of zeste
(E(z)), and Trithorax (Trx)®. The SET domain
has a conserved sequence among the superfamily,
and approximate 130 amino acids in length®.
Setd8 has the irreplaceable function in
human, mouse and other mammals as a histone

modification enzyme®**. Firstly, Setd8 was
the exclusive enzyme -catalysing histone H4
monomethylation on Lys 20 (H4K20mel).

Secondly, present studies predicted that Setd8
could regulate cell cycling on S phase progression
and promote chromosome condensation in cell
cycle progression'®**”. The absence of Setd8 was
shown to be able to induce DNA damage, cell
cycle arrest, and sometimes cell apoptosis®*’. It
was suggested that the mouse embryo could not
survival to birth when Setd8 was deleted®.
Moreover, latest study demonstrated that Setd8
took a part in self-renewal of human adult
stem cells’. Meanwhile, the expression level
of DNA methyltransferase
spermatogenesis’”. Moreover, the expression of

influenced the

Setd8 was decreased along with spermatogonia
differentiating into spermatocyte in mouse'”.
Therefore, it could be hypothesized that Setd8
was one of the most important protein that
support vital movement of pigs and taken effects

on reproduction traits.

Histone modification was found to link with
alternative splicing (AS) and AS played a part in
vital activity of histone modification in turn®'®.
Setd8 had been found to have two certain AS
variants and several predicted variants in human,
and four predicted variants in mouse and rat“'?.
However, variants of Setd8 had not been reported
in pig. To better understanding pig Setd8 gene
and its role in SSCs activity, we chose it as a
candidate gene to explore whether AS would
exist in pig testis or not and analyzed their
mRNA expression. The data would contribute
to understanding the role of Setd8 gene in
reproduction traits in pig, and further facilitate

the development of pig industry.

Material and methods

Tissues collection: Use of all experiments animals
and operation programs were permitted by
International Animal Care and Use Committee
of Northwest A&F University in accordance with
the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health.
Four 180-day-old male Guanzhong Black
(GZB) pigs and six male Landrace piglets
(including three 30-day-old and three 7-day-old
pigs) were collected from local farm and Besun
agricultural industry group Co., Ltd. in Shaanxi
province, China, respectively. A total of seven
tissues (including heart, liver, spleen, lung,
kidney, brain, and testis) were obtained from four
GZB pigs. Only testicular tissues were collected
from Landrace pigs. Each tissue was immediately
submerged in liquid nitrogen and then stored at
22)

—80°C for subsequent study™.

RNA extraction and cDNA synthesis: Total RNA
of each sample was extracted using RNAiso Plus
reagent (TaKaRa, Dalian, China), as well as the
RNase-free DNase I (TaKaRa) was used to clean
up genomic DNA from the RNA samples. The
quantity of RNA was assessed by OD,gg, value
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Table 1. Primers used for cloning and expression analysis of pig Setd8 and its variants

Length of

Primer Primer sequences (5-3") Reference sequence . Notes
production/bp
F: ATGACTAAACCTTCCGAG
P1 XM 0139827721 109471013  hAVA sequence of Setd8a/
R: TGAGGGCACTTTGTCCAT Setd8b, respectively
F: GTGTCCTTCCAGTGCAACCT
P2 KX254435 97 qRT-PCR for Setd8a
R: AGAGCATTTGTTCGGGCTCA
F: GACTAAACCTTCCGAGGCGG
P3 KR021363 124 qRT-PCR for Setd8b
R: ACTGAGTTCTCTTCCGTCGC
F: ACACTCACTCTTCTACCTTTG - i
GAPDH NM_001206359.1 90 qRT-PCR  for internal
R: CAAATTCATTGTCGTACCAG control

using the NanoDrop 1000 spectrophotometer
(Thermo Fisher Scientific Inc., Wilmington, DE)
and agarose electrophoresis®™. Then reverse
transcription PCR was performed to synthesized
¢DNA using the PrimeSript™ RT reagent Kit
(TaKaRa)
recommended procedure®.

according to the manufacturer’s

Identification of Setd8 splicing variants: On the
basis of the predicted nucleotide sequence of pig
Setd8 gene (XM_013982772.1), a pair of primers
(P1, Table 1) was designed by Primer Premier 5
software (Premier BioSoft, Palo Alto, CA, USA)
to identify novel variants. PCR reactions were
performed with Touch-Down PCR in a 25 uL
volume containing ¢cDNA, 0.5 uM of each primers
(P2 and P3), 2XEco Taq PCR SuperMix (+dye)
Tag DNA polymerase, MgCl,, dNTPs, and buffer
and rest volumes of distilled water (Beijing
TransGen Biotech Co., Ltd)®. The PCR products
were analyzed by 2% agarose electrophoresis and
the target bands were then purified with Gel
Extraction Kit (Sangon Biotech, Shanghai, China).
After that, the PCR products were sub-cloned
into pMD19-T Vector (TaKaRa), and transferred
into Escherichia coli. Competent cells DHb5a
(TaKaRa), then verified by sequencing (Gen-Script
Co., Ltd, Nanjing, China).

Bioinformatics analysis: The sequences alignments
of nucleotide were conducted by BioXM 2.6
(Nanjing Agricultural University, Nanjing, China)
and NCBI BLAST (http://blast.ncbi.nlm.nih.gov/

Blast).

Measurement of Setd8a and Setd86 mRNA
expression: According to the sequencing results, two
pairs of primers (Table 1) were used to detect the
mRNA expression levels of the two Setd8 splicing
variants. The house keeping gene glyceraldehyde
3-phosphate dehydrogenase (GAPDH) (Table 1)
was used as internal control®”. Quantitative real-
time PCR (qRT-PCR) was run on a Bio-Rad IQ5
Real-Time PCR system with three repeats for
each sample. In addition, a blank control was set
in each sample group. The PCR reaction system
was 20 pL in volume: 10 uL. SYBR® Premix Ex
Taq II (TaKaRa) (2X), 1uL ¢cDNA (diluted for
100 times), 0.5 uL. of each primer (P2 or P3)
(10 umol/L) and rest volumes of distilled water.

Statistical analysis: The mRNA expressions of
Setd8 variants were computed by 2~ **°" method,
and normalized by the expression of GAPDH™.
The mRNA expression variation among different
samples was calculated by SPSS (version 18.0)
(SPSS, IL, USA). Statistical
differences of Setd8 variants expressions in

Inc., Chicago,

different tissues and different ages were performed
by ANOVA*.
Results

Identification of pig Setd8 gene variants
Two variants were identified in pig, Setd8a
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Fig. 1. The genomic structure diagram, positions of primers and the predictive transcription factors
binding sites in swine Setd8 and its variants. Note: The schematic used predicted Sus scrofa Setd8 gene
(XM_013982772.1) as reference sequence. Setd8a (KX254435) and Setd8b (KR021363) were identified in this study.
The arrowhead represented the position of the primers of Setd8a and Setd8b variants (Primer 2 and 3).

(GenBank Accession number: KX254435) and
Setd8b (GenBank Accession number: KR021363),
and both were novel transcript variants found in
swine in this study. The entire coding sequences
of Setd8a and Setd8b were 1039 bp and 958 bp in
length, respectively (Fig. 1). After confirming the
these
fragments were sub-cloned to pMD19-T Vector

two alternative splicing variants,
and verified by sequencing.

The nucleotide sequencing analysis found
that Setd8 had eight exons, while both Setd8a and
Setd8b had seven exons, lacking of exon 2 (150
nucleotides). The exon 1 of Setd8a and Setd8b
was 37 nucleotides (nt) longer than that of Setd8,
and the 37 nt was from intron 1 retention (Fig. 1).
When the 37 nt sequence was mapped to pig
genome sequence, the splicing sites were found
to comply with the GT-AG rule for 5 splice donor
and 3’ splice acceptor sites. The exon 3 of Setd8b
was 81 nt shorter than those of Setd8 and Setd8a,
as well as the exon skipping was fit the GT-AG
rule (Fig. 1).

Sequences alignment pointed that pig Setd8a
and Setd8b variants shared the similarity with
the predicted Sus scrofa Setd8 sequence (XM_
013982772.1). They all included the SET domain
(Fig. 2).

Expression profiles of pig Setd8 variants

The RT-PCR results showed that the Setd8
variants could be identified in testis of all ten
male pigs. Histological staining was used to
detect the structure of 180-day-old GZB pigs. As
shown in Fig. 3, the elongated spermatid cells
could be seen in the seminiferous tubules (Fig. 3).
Then the GZB pigs in this study were called
“puberty”. The mRNA expressions of both Setd8
variants in puberty GZB pigs were highly
expressed in testis and brain tissues (Fig.4,
Fig. 5). showed that the

expressions of Setd8a and Setd8b in testis were

Statistics analyses

significantly higher than in brain of puberty GZB
pigs (P < 0.05) (Fig. 5). In addition, the expression
levels of Setd8a were similar with Setd8b in
testis of puberty GZB pigs (Fig.5). Moreover,
there was no or rare expression in heart, spleen,
lung, kidney and liver of puberty GZB pigs. Then
the function of Setd8 variants in testis was worth
to study.

Then the expression of Setd8 variants in
different periods of male pig testis was detected.
As shown in Fig. 6, the expression levels of Setd8
variants were both increased along with age, and
the expression of two variants both reached the
highest levels in puberty than other childhood
periods (P < 0.05). When focused on 7-day-old
and 30-day-old pigs, the expression level of
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Setd8
Setd8a y S
Setd8b ~TC«CT%4 «\CCTTCCL ACCCCCAG(TTC«C( AGCCGGAG -\CCCCCC ﬁGTTTCCCGCCCT(CCHTCCC .CCCT(CGTCT

Setds CTGGCAATTTGGGGAGAGGCAGGCGCTGGCGCCAATCAGCGCAGCAGC 119
Setd8a CCAGTGCAACCTATCAACGTGGGGCGAC 112
R0 E L NCTTCCAGTGCAACCTATCAACGTGGGGCGAC 112

Setd8  CGGTACCCGGCGGAGCAGTTGGCTACAGTTGTTGCAACTTTTTTCGAAAGCTGCGTTTCCCGGGAGATCCTATGCGGTGA 199

Setd8a 112
Setd8b 112
LU e e o Y E Ve ECAGAATGTATTTACCGGGCAGTCAAAGATCTATACCTACATGAGCCCGAACAAATGCTIRALY
Setd8a AGAATGTATTTACCGGGCAGTCAAAGATCTATACCTACATGAGCCCGAACAAATGCTIRYYY)
Setd8h 112
Setd8 TGGAATGCGTTCCCCCCTTCAGGAAGAGAACTCAGTTGCACATCATGAAGTCAAATGCCAGGGGAAGCCATTAGCCGGARRES
Setd8a GGAATGCGTTCCCCCCTTCAGC%AC GJJCTCA(TTCCﬂ(JTC%TC CT(411TCCCAG(C AG v', 250
Setd8hb 169
Setds 439
Setd8a 330
Setd8h 249
ST A GACGCCAGGAGAGGCCC GCAC AAACCAAAAATCTGAAGCAGCAGAA "AAAACCCCGACCTCGTER
Y37 LIl A GACGCCAGGAGAGGC 3GCA AAACCAAAAATCTGAAGCAGCAGAA! > ACCCCGACCTCGTESY
Setd8h 329
Setd$ 5CA 599
Setd8a 5TG! AATGCAGCTGCTGCCA! CCCCTG%JA‘ Cﬁ %GGCGC4A4CXCCCCCCC4 W 490
3L MC T TGTGATTCTCCCAATGCAGCTGCTGCCAAGCAAGCCCTGAAAAAGCCCATGAGGGGCAAACAGGCCCCCA B 409
Setd8 679
Setd8a 370
Setd8b 489
Setd8 CTCCﬂGT(C(ﬂﬂCn%*CCi%%%CAxTTG%TGA%TTCwTT( AAGTGGGAAGGAAGAAGGCATGAAG! AC LYNIE 759
Setd8a & wf > -AAGAAAG nnACAnTTCwTGA%TT(wTTGw%%CTCCC AL sAAGATTGACCTCATTGHGEL
Setdsb & > ; § 569
Setd8 'CTCTC%TCCCC%CCAwC(ﬂ(TTCT(C%GC(CTCwGTT(CTC TGGAGTATCATGGGGACCTCATCRERE
Setd8a M@ STGATCGC A %CTT( T(Cw(( SGT _(, G sGAGTATCATGGGGACCTCATCIE{Y
Setd8b K(€ X TATCATGGGGACCTCATCIGES]
Setd8 . 919
Setd8a @ lTC4(((ATC((%l(4%(((((%C(CT(T(T*T((%C%*(JCCCCTCC%CCCC(TC(Tx(JT(TJCT TTTT(J(TJ 810
Y% G AGATCACCGATGCCAAGAAGCGGGAGGCTCTGTATGCACAAGACCCCTCCACGGGCTGCTACATGTACTATTTTCAGTARPAS)

REGENTCTGAGCAAAACCTACTGTGTGGATGCAACTCGAGAGACAAATCGCCTAGGAAGACTGATCAATCACAGTAAATGTGGGAREEE]
DGR T CTGAGCAAAACCTACTGTGTGGATGCAACTCGAGAGACAAATCGCCTAGGAAGACTGATCAATCACAGTAAATGTGGGARSE)
TR T CTGAGCAAAACCTACTGTGTGGATGCAACTCGAGAGACAAATCGCCTAGGAAGACTGATCAATCACAGTAAATGTGGGARSNE]

R CTGCCAAACCAAACTGCACGACATCGACGGCGTGCCTCACCTCATCCTCATCGCCTCCCGAGACATCGAGGCCGGCGCAGERTS)
EE% A CTGCCAAACCAAACTGCACGACATCGACGGCGTGCCTCACCTCATCCTCATCGCCTCCCGAGACATCGAGGCCGGGCACEHY
%A CTGCCAAACCAAACTGCACGACATCGACGGCGTGCCTCACCTCATCCTCATCGCCTCCCGAGACATCGAGGCCGGGGAGHRSEE]

REL UG AGCTCCTGTATGACTATGGGGACCGCAGCCGGGCTTCCATCGAAGCCTACCCTTGGCTGAAGCATTAARSEGY
NG EEIGAGCTCCTGTATGACTATGGGGACCGCAGCCGGGCTTCCATCGAAGCCTACCCTTGGCTGAAGCATTAARNIRE]
% CAGCTCCTGTATGACTATGGGGACCGCAGCCGGGCTTCCATCGAAGCCTACCCTTGGCTGAAGCATTAARCEE]

Fig. 2. DNA sequence alignments of Setd8, Setd8a and Setd8b in pig. Note: Setd8: predicted Sus scrofa
Setd8 mRNA (XM_013982772.1); Setd8a: Sus scrofa Setd8 transcript variant Setd8a mRNA (KX254435); and
Setd8b: Sus scrofa Setd8 transcript variant Setd86 mRNA (KR021363). Setd8a and Setd8b were identified in this
study. Gray and black shades indicated regions of two and three sequences identity, respectively. The red box
showed the region of SET domain.

Setd8b was higher than that of Setd8a in testis GZB pigs.
(P < 0.01) (Fig. 6). However, as mentioned above,
there was no significant difference in expression
levels of Setd8a and Setd8b in testis of puberty
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Discussion

Published literatures had revealed that AS

b,
N WL
‘.

Fig. 3. H&E staining in 180-day old GZB pig testis
(Scale bar = 50 pm). The emergence of elongated
spermatid cells illustrated that the 180-day-old GZB
pigs were puberty. Note: the white arrowheads indicated
cell nucleus of elongated spermatid cells in pig
seminiferous tubules.
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was a universal phenomenon in animals. As we
all know, exons were confirmed with three major
points: the 5’ splice site, the 3’ splice site and
the branch point, which was called consensus
“GT-AG” splicing rule'®. Based on this condition,
the mechanism of forming alternative splicing
was simply summarized: exon skipping, intron
retention, alternative 3’ splice site and alternative
5 splice site®*”. AS can not only generate the
transcript and protein diversity, but also influence
cell differentiation and cell death®**®. The
epigenetic regulators, such as Setd8, could occur
the AS in mammalian, suggesting that the AS
may be a driving force in regulating the function
of these enzymes®"*"*.

Previous study demonstrated that Setd8 was
functionally essential for high efficient repair of
DNA double strand breaks®”. Setd8 also played a
role in human carcinogenesis by aberrant lysine
methylation of PCNA, and it was essential for
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Fig.4. The mRNA expression patterns of Setd8a (a), Setd8b (b) and GAPDH (c) in different tissues of

180-day-old GZB pigs.
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1540 Moreover, Setd8 was a  differentiation as well as caused apoptosis”.

genomic stability
context-dependent GATA-1 corepressor in erythroid Setd8 played a vital role in cell cycle, chromatin
cells, thus it was crucial in cell survival and modification and organization.

maturation®””. While deficiency of Setd8 in c-Myc- The importance of Setd8 in life made it

overexpressing skin blocked cell proliferation and important so that its structure should be further
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examined. Setd8 was firstly discovered and
purified in Hela cells in 2002, while rare studies
investigated its AS and mRNA expression in
pig’”. In this study, two variants were identified
in testis and brain for the pig Setd8 gene. Two
variants, which named Setd8a and Setd8b, were
in human Setd8 gene"'”. Sequence
alignment of pig Setd8a and Setd8b indicated
that they were similar to their counter-parts of
human. Both of them had PIP box2 and SET

domain. In addition, sequence analyses showed

found

that the Setd8 variants of human and pig all
experienced the exon skipping. Moreover, Setd8b
was the main functional splicing variant in
human, and the result of qRT-PCR in this study
was consistent with that in human®'”. Therefore,
we presumed that pig Setd8a and Setd8b should
perform the similar expression patterns to human
Setd8a and Setd8b.

There were several points different between
pig and human Setd8 variants. At first, unique
additional intron retention and partly missing
exon were detected in pig Setd8 variants, which
enhanced the variants complexity in this study.
However, the mechanisms how they formed were
unknown. In addition, the mRNA expression of
pig normal Setd8 (GenBank Accession number:
XM_013982772.1) was not detected in pig,
predicting that the expression of Setd8 was lowly
or rarely in GZB pigs. However, the expression of
human Setd8 gene could be identified in testis.
with other

methyltransferases, the expression of Setd8 was

Compared histone
low somehow in tissues. Its abnormal expression
could be contributed to human cancers®. Recent
study showed that Setd8 played an important
role in erythroid survival, and deficiency of Setd8
resulted in loss of H4K20mel*. These results
predicted that Setd8 would be expressed in blood,
which didn’t prove in this study. It was predicted
by the expression of Setd8 variants in the two
tissues that Setd8 might be benefit for reproduction
of pigs.

It is said that 76% of all genes were
expressed in brain and AS was related with

different developmental stages'”. In this study,
Setd8 variants were detected in brain and testis
of puberty GZB pigs. Testis and brain were the
most important organs regulating reproduction
traits in pig. The result predicted that Setd8
might play vital roles in brain, such as regulation
of brain development. In addition, the expressions
of Setd8 variants were lower in brain than in
testis. There were several studies showed that
AS took an important role in species evolution
and AS was always found in testis and cancer
cell lines'®'®. AS occurred in testis suggested a
natural increase in the variation in expression
to allow for evolutionary selection. Then the
expressions of the two Setd8 variants in testis
were focused in this study.

In this study, three developmental stages (7-,
30 and 180-day-old) of pig testes were obtained to
study the expression patterns of Setd8 variants
in testis. The germ cells were gonocytes in 7 days
postnatal pig testis’®. In addition, the gonocytes
were developed into SSCs during 1~2 months in
pig”. Then the SSCs differentiated in sperm
to transferring genetic information to the next
generation when pig reached a puberty age®.
qRT-PCR results predicted the expressions of
Setd8 variants were time-regulated, and they
might be related with the differentiation of germ
cells. Moreover, Setd8b were mainly expressed in
testis of young piglets, showed that Setd8b would
be benefit to testicular development.

Conclusions

To summarize, two variants (Setd8a and
Setd8b) were firstly identified in pig in this study.
In addition, the two variants were expressed in
testis and brain of puberty GZB pigs and the
expression in testis was significantly higher than
in brain. Moreover, the expressions of Setd8
variants were time-dependent in different age
pigs. It could be predicted that Setd8b was the
major splicing variant of porcine Setd8 transcript
products, and Setd8a might play an important
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role in testis and brain of puberty pigs.
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