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ABSTRACT

Alternative splicing, alternative transcript start site, and alternative transcript
polyadenylation site are the main factors resulting in diversity of the transcripts of a gene.
The main objectives of this study were to analyze the alternation process in breeds of
sheep and goat, and to identify its role in differentiation of breeds of a species. RNA-seq
data were prepared from ovarian tissue of two breeds of Shal and Sangsari sheep and two
breeds of Tibetan and Jintang black goats. Reads were aligned to the reference genome
and significant genes with respect to differential exon usage were identified. The statistical
comparison revealed that 8,104 genes were significantly different in exon usage between
the sheep breeds and 173 genes differed between the goat breeds. Out of the 121,861
studied exons, only 22.7% were preserved during future generations between the breeds,
of which 99.3% did not display any alternatives. The high protection was probably due to
the lack of involvement of the exons in alternative process. The genes with differential
exon usage in goat had a higher percentage of alternatives than those in sheep. The
interracial analysis showed that alternative splicing was the most influential type of
alternatives in the breeds of sheep and goats. It seems that the conservation process of the
exons is related to the contribution of these exons in alterative process in both sheep and
goat breeds. The significant PI3K-Akt and alternative splicing pathways play a role in cell
growth, development of ovaries, and mRNAs splicing.
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INTRODUCTION

After the discovery of genes, as inherited
materials by Friedrich Miescher [22],
investigators used various tools and methods
to answer the question on how many genes
are in the genome of animals [5, 33, 36, 39].
Plenty of researches in a few decades ago
identified around 120,000 genes in the
animal genomes [35], while the number of
genes has been decreasing in various studies
and has reached about 19000 genes in 2019
[24]. But, where did all this difference come
from? Actually, it seems that the reason for
this difference was the researchers'
perception. At first, they assumed each gene
expresses one type of protein and the

number of genes is equal to the number of
proteins [27]. However, the next studies led
to the discovery of the alternative splicing
process and showed that one gene could
produce different proteins. Therefore, the
move to discover the processes that lead to
the production of different proteins from a
single gene made it less biologically
important to study the number of genes [16].
In many studies, the process type of these
reactions has been used separately or
simultaneously to detect a specific process
because several diseases, including cancers,
have been associated with dysregulation of
alternative splicing [1, 9, 11, 29]. From
another viewpoint, Differential Exon Usage
(DEU) is a broader concept than the
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alternative splicing that was developed in
recent years. DEU includes alternative
transcript start sites and the polyadenylation
sites, which result in different uses of the
exons at the 5" and 3" transcript boundaries
[2]. RNA-seq data is a suitable method for
studying alternative splicing and isoforms of
gene expression [30, 4]. Over the past
decades, RNA sequencing has become an
essential tool for transcriptome-wide
analysis to understand the expression of
different genes [6, 7, 13, 23, 34, 37, 38].
However, a study examined the distribution
of these alternatives among different tissues
in 2018. The results indicated the alternative
start site and alternative transcript
polyadenylation sites had the greatest effect
on the formation of different tissues.
Additionally, from a genetics and animal
breeding point of view, breeds are very
important in various breeding production
goals. A breed is a specific group of
domestic animals that have specific
phenotypes or characteristics. Breeds are
formed through genetic isolation (natural
adaptation to the environment), selective
breeding, or a combination of the two [14].

The expression of eukaryotic genes is
temporarily and multidimensionally
controlled [32]. Only a relatively small set
of the entire genome is expressed in each
type of tissue, and the expression of genes
depends on the stage of development [20].
Therefore, gene expression in eukaryotes is
specific to each tissue [19]. Also, the amount
of gene products made in the same tissue as
well as in other tissues that make up that
product, regulates the expression of that
gene [18].

In this study, we aimed to examine the
distribution process of the three processes of
alternative splicing, alternative transcript
start sites, and alternative polyadenylation
sites between the ovarian tissue in two
breeds of sheep (Iranian native Shall and
Sangsari) and two breeds of goats (Chinese
native Jintang black and Tibetan). Another
objective was to answer the question of
which types of alternatives play a role in
creating different breeds of the same species,
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and in fact, which types of alternatives cause
the main differences between the breeds. In
addition, we planned to examine the
differential usage of exons to determine the
importance of alternative processes in
creating breeds of one species.

MATERIALS AND METHODS
Data Preparation

In this study, total RNA sequences of
ovarian tissue were prepared from 9 Iranian
sheep including two breeds of Shall and
Sangsari and 6 Chinese goats from Tibetan
and Jintang black breeds by in-vivo or in-
silico search in biological databases,
respectively.

Preparation of Data by in-Vivo

Indigenous breeds of sheep, including 9
heads of two breeds of Shal and Sangsari
ewes, were obtained from the Iranian
research center for agricultural livestock and
natural sources of Qazvin and Semnan
provinces, respectively. Sheep were bred for
6 months in the livestock farms in the
Faculty of Agriculture, Tarbiat Modares
University, to uniform the animals’
conditions. All ewes were grouped under
normal temperature and lighting and they
had free access to feed and water until
slaughter. Animals were synchronized for
estrus cycle using a standard protocol [12]
and ovaries were taken for RNA extraction.
Total RNAs were extracted by Gene JET
TM RNA purification kit (Thermo Science,
USA) according to the manufacturer's
instructions. The quality and quantity of the
extracted RNAs were tested by ultraviolet-
visible spectrophotometry and
electrophoresis on an agarose gel (Figure 1).
Total RNA samples were frozen in liquid
nitrogen immediately after extraction and
stored at -70°C until the next analyses. Total
RNAs were sequenced by the High-


http://dx.doi.org/10.22034/jast.25.3.581
https://jast.modares.ac.ir/article-23-56586-en.html

[ Downloaded from jast.modares.ac.ir on 2024-09-27 |

[ DOI: 10.22034/jast.25.3.581 ]

Alternative Process in Ovarian Tissue of Ruminants

Figure 1. Electrophoresis of the ovarian
RNAs of the samples on agarose gel (From left
to right; Lane 5 is ladder).

throughput sequencing Ilumina Hiseq 2000
system (Beijing Genomics Institute, China).

Preparation of Data by in-Silico

RNA sequences of the ovarian tissue of
two species of Tibetan and Jintang black
goats (3 of each breed) were taken from the
Ensembl database with the accession
numbers of GSM2342194, GSM2342195,
GSM2342196, GSM2342197,
GSM2342198, and GSM2342199 [40] using
SRAtoolkit software v 2.3.2.

Identification of the Types of
Alternatives in the Genome

All steps for analysis of the RNA-seq data
in sheep and goat samples had a similar
process as follow. First, the quality of all
data  was  assessed using  fastqc
(http://www.bioinformatics.babraham.ac.uk/
projects/fastqc/) under Linux system. In this
study, the reference genomes of sheep
species v3.1 and goat v2 reference genome
obtained from the ensemble
(https://asia.ensembl.org/info/data/ftp/index.
html). Then, annotation files in GTF format
were downloaded and GFF format was
obtained from Python script, dexseg-
prepare-annotation.py DEXSeq package.
The alignment of reads was performed using
STAR v2.5.3 software. SAM file sorting
was performed by Samtools v0.11.3
software and reads were counted using
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another Python script in the DEXSeq
package (dexseg-count.py).

Then, an expression of different isoforms
of a gene and the expression of each exon in
each gene was evaluated by General Linear
Model (GLM) to count the reads. In fact, the
special model we used in this study is as
follow:

Kij| ~NB (Mean= Siuijls DiSpCI’SiOIl: (lil)

NB (Negative binomial distribution).

In this model, Kj is the number of
overlapping reads obtained from the
negative binomial by DEXSeq package. We
used the distribution obtained from the
scattering and the mean, in which the
scattering estimate is used by the McCarthy
method and is calculated for each counting
bin. Then, the calculation of the mean by a
logarithm of the predictive linear model [2]
is performed as follow:

Logp = Bi® + B "+ Bipjc + BipleC

The linear predictor p; is decomposed into
four factors as follows: B° represents the
baseline expression strength of gene i. B ®
is (up to an additive constant) the logarithm
of the expected fraction of the reads mapped
to gene i that overlap with counting bin I.
B,," is the logarithm of the fold change in
the overall expression of gene i under
condition pj (the experimental condition of
sample j). Finally, B,; is the effect that
condition pj has on the fraction of reads
falling into bin | [2]. As a result, the exons
that show differential use in each gene are
shown as a purple box (Figure 2).

Next, we used the HTML file extracted
from the DEXSeq package to identify the
types of alternative splicing in each gene.
This file contained four types of charts:
counts, expression, splicing, and transcripts
for each gene, which show the normal
number of reads for each exon, the
expression of each exon, the amount of
application of each exon, and the different
forms of transcription of each gene,
respectively. In this study, focusing on
transcript diagrams, the types of alternatives
created in genes like alternative transcript
start sites (2C), alternative splicing (2B), and
alternative transcript polyadenylation sites
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Figure 2. A diagram of differential exon usage (A sample: ENSCHIG00000000358 gene). Y-axis is RPKM
measurement unit of expression. This figure shows the output of the transcript between Tibetan (red line;
control) and Jintang black (blue line; treat) breeds, calculated according to the logarithm of the predictive
linear model. The positive sign (+) on the accession number indicates the expression of the transcript in sense
state. The purple boxes represent differential exon usage of the transcript.

(2D) with significant differences between
the breeds were examined (Figure 3). To
calculate the number of genes involved in
the alternative process (Figure 4), we used
the following equation:

Gene Ontology

To investigate the structural and functional

GWA= (NGarsstNGastNGatps)— characteristics of differential exons that
[(NGarss & ast NGatss & atpstNGas & ates) create different transcription isoforms
(NGarss & as & aTps)] between the breeds, the David v 6.8

There are several important factors for
calculating genes with alternative splicing
(GWA) as follows: Genes with Alternative
Transcript Start Sites (GATSS), Genes
involved in Alternative Splicing (GAS),
Genes involved in Alternative Transcript
Polyadenylation Sites (GATPS), genes
involved in two types of simultaneous
alternatives (alternative transcript start sites,
and alternative  splicing,  alternative
transcript start sites and alternative transcript
polyadenylation, alternative splicing, and
alternative transcript polyadenylation), and
genes involved in three types of
simultaneous  alternatives (alternative
transcript start sites, alternative splicing, and
alternative  transcript ~ polyadenylation).
Subsequently, we identified genes with
differential exon usage that were
simultaneously involved in some kinds of
alternatives (Figure 5).
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(https://david.ncifcrf.gov/) database was
used [1]. Function and metabolic pathways
of the significant genes were determined
using the Gene Ontology (GO) and the
Kyoto Encyclopedia of Genes and Genomes
(KEEG) databases. The paths considered
significance at P< 0.01.

RESULTS

Identification and Relationship between
the Types of Alternatives in the Genome
of Sheep and Goat

Following the procedures described
previously, we identified the exons that
show alternative usage in each gene. Figure
2 shows the output of a transcript between


http://dx.doi.org/10.22034/jast.25.3.581
https://jast.modares.ac.ir/article-23-56586-en.html

[ Downloaded from jast.modares.ac.ir on 2024-09-27 |

[ DOI: 10.22034/jast.25.3.581 ]

Alternative Process in Ovarian Tissue of Ruminants JIA\S][‘

ENSCHIG00000005194 + ont reat

848 853833
|
l

Expression

1

o

!

T T
E023  E025
/ .

// h ™

N

70285721 70290856 70295991 70301125 70306260 70311395 70316530 70321664 70326799 70331934

Figure 3. A diagram of the types of alternatives (A sample: ENSCHIG00000005194 gene). Y-axis is RPKM
measurement unit of expression. A: Contribution of all the exons of the gene in transcription and no alternative
occurs. B: Alternative splicing of the transcript by non-participation of exon 4. C: Alternative of
polyadenylation sites of the transcript by non-expression of the last exon (26). D: Lack of expression of exons
1, 2, 3, and 26 resulting in alternative transcript start sites and alternative polyadenylation sites in the
transcript, simultaneously. The positive sign (+) on the accession number indicates the expression of the
transcript in sense state. Tibetan (red line; control) and Jintang black (blue line; treat) breeds.
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Figure 4. Diagram of the relationship between the types of alternatives in sheep and goat breeds.

585


http://dx.doi.org/10.22034/jast.25.3.581
https://jast.modares.ac.ir/article-23-56586-en.html

[ Downloaded from jast.modares.ac.ir on 2024-09-27 |

[ DOI: 10.22034/jast.25.3.581 ]

Nikookalam Azim et al.

ENSOARG00000002125 +

1000 5

W o
100 :

Expression

10
:

o T T T T T R e e T
EO01 E003 E005 E007 E009 EOL11 E013

T T
EO15

T e T T S [ )
EO17 EO19 EO021 E023 E025

b H—— .

HHBHE -

43442985 43444626 43446267 43447909 43449550 43451191 43452832 43454474 43456115 43457756

Figure 5. A diagram of the contribution of an exon in differential exon usage and alternative of transcripts
(A sample: ENSOARG00000002125 gene). Y-axis is RPKM measurement unit of expression. The exon 8 (red
circle) has both the differential use of an exon and generating multiple transcripts of a single gene by
alternative splicing (DEUTA). The positive sign (+) on the accession humber indicates the expression of the

transcript in sense state. Tibetan (red line; control) and Jintang black (blue line; treat) breeds.

Tibetan (control) and Jintang black (treat)
breeds, which is calculated according to the
logarithm of the predictive linear model. The
purple boxes (exons 1 and 3) represent
differential exon usage of the transcript. In
addition, by identification of the types of
alternatives in genes, many kinds of
alternatives in the genome were detected
(Figure 3). Contribution of all exons of the
gene in transcription and no alternative
changes in figure 3-A and alternative
splicing of the transcript by non-
participation of the exon in are shown in
figure 3-B. However alternative of
polyadenylation sites of the transcript by
non-expression of the exon (Figure 3-C) and
lack of the expression of exons which
resulted in alternative transcript start sites or
alternative polyadenylation sites in the
transcripts (Figure 3-D) were detected
between the breeds. Diagram of the
relationship  between the types of
alternatives in sheep and goat breeds are
shown in Figure 4, which shows that several
important  factors for calculating the
alternative splicing (GWA) of the Genes are
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Alternative Transcript Start Sites (GATSS),
Alternative Splicing (GAS), Alternative
Transcript Polyadenylation Sites (GATPS)
of the genes, and a combination of them. A
result of the contribution of an exon in
differential exon usage and alternative of
transcripts in goat breeds (A sample:
ENSOARG00000002125 gene) is shown in
Figure 5. The exon 8 (red circle) has both
the differential use of an exon and
generating multiple transcripts of a single
gene by alternative splicing (DEUTA).

Alternative Splicing is the Most
Effective Type of Alternative between the
Two Breeds of Sheep and Goats

Throughout the interracial analysis by
DEXSeq, 8,277 genes showed differential
exon usage, of which 8,104 genes were related
to differences between Shal and Sangsari
sheep breeds, and 173 genes showed
differences in exon usage between Tibetan and
Jintang black goat breeds. Analyzing the
HTML file obtained from the DEXSeq
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Figure 6. Relationship between the frequency of the alternative genes and the number of genes on each
chromosome in sheep breeds.

Table 1. Types of alternatives and the number of genes associated with each alternative in interracial
analysis of sheep (Shal and Sangsari) and goat breeds (Tibetan and Jintang black).

Alternation types®

Number of alternative genes

Sheep Goat
ATSS 491 72
AS 790 109
ATPS 444 58
ATSS+AS 358 67
ATSS+ATPS 194 40
AS+ATPS 311 55
ATSS+AS+ATPS 125 40

a

ATSS: Alternative Transcript Start Sites, AS: Alternative Splicing, ATPS: Alternative Transcript
Polyadenylation Sites.

package, among the genes with differential
exon usage (8,277), a total of 1,104 alternative
genes were identified. Of these, 987 genes
were related to interracial analysis of sheep
and 117 genes were linked to the goats. Out of
these genes, 139 and 16 DEUTA genes were
identified in sheep and goats, respectively. In
total, 121861 exons were studied, of which
27,747 exons are preserved during future
generations between both breeds. Also, 178
exons involved in some kinds of alternatives
and may be omitted in transcription. The
remaining 27,569 exons were not involved in
any kind of alternative process and participate
in  transcriptional  activities.  Towards
identifying the number and type of alternatives
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in each gene, transcription diagrams were
examined. The results showed that some genes
had only one type of alternatives, while there
were genes that displayed both, or even all,
three types of alternatives, simultaneously
(Table 1). What can be clearly stated is that
interracial analysis identified 790 genes with
alternative splicing between the two breeds of
Shal and Sangsari, and 109 genes between
Tibetan and Jintang black breeds. These are
the most effective type of alternatives between
both breeds. In this study, the frequency of the
alternative transcript start sites was in the
second place. Four hundred ninety-one genes
in interracial analysis in sheep samples and 72
genes between goat breeds revealed alternative
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transcript start site isoforms. Interracial
analyses of Shal and Sangsari sheep and
Tibetan and Jintang black goats showed,
respectively, 444 and 58 genes involved in
alternative transcript polyadenylation sites.
The number of genes in this process was less
than the other forms of alternatives in these
breeds of sheep and goat (Table 1).

Distribution of Alternating Genes on
Chromosomes

The interracial analysis of the two breeds
of Shal and Sangsari determined the
distribution of a minimum of 2 genes with
alternative  transcript  start sites on
chromosome 16 and maximum of 50 genes
on chromosome 1 (Figure 6). OAR26 with 6
genes and OAR1 with 90 genes were
recognized by the lowest and the highest
number of genes involved in the alternative
splicing, respectively. Moreover, 2 genes on
OAR26 and 44 genes on OAR1 were related
to the process of alternative transcript
polyadenylation sites in sheep breeds (Table
2). On the other hand, between the Tibetan
and Jintang black, the minimum and
maximum genes involved in the alternative
transcript start sites were 0 on CHI12,
CHI27 and 7 on CHI19, respectively (Figure
7). Besides, the process of alternative

1,800

splicing did not occur on chromosomes 27
and 12, and CHI19 with 10 genes had the
maximum alternative splicing. In goat
breeds, seven chromosomes of 11, 12, 14,
20, 21, 27 and 28 with no gene and
chromosomes 5, 6 and 7 only with four
genes showed the highest number of genes
involved in alternative transcript
polyadenylation sites (Table 2).

Pathways of the Genes with Different
Transcription Isoforms Derived from
Differential Exons (DTISDES)

Many functional and biological pathways
of genes with differential exons that create
different transcription isoforms between the
breeds were significantly (P< 0.01) detected
in sheep or goat species (Tables 3 and 4).
The first pathway in sheep is insulin
resistance, the integrated physiology of
insulin resistance owes to defective insulin
action at target cells. Two signaling
pathways of PI3K-Akt and Ras were the
main biological pathways in sheep breeds
(Table 3). In goat specie, alternative
splicing, which is the process of selecting
different combinations of splice sites within
a messenger RNA precursor to produce
variably spliced mRNAs, was the significant
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Figure 7. Relationship between the frequency of the alternative genes and the number of genes on each
chromosome in goat breeds.

588


http://dx.doi.org/10.22034/jast.25.3.581
https://jast.modares.ac.ir/article-23-56586-en.html

[ Downloaded from jast.modares.ac.ir on 2024-09-27 |

[ DOI: 10.22034/jast.25.3.581 ]

Alternative Process in Ovarian Tissue of Ruminants

JAST

Table 2. Distribution of the alternatives on chromosomes using interracial analysis in sheep and goat.

Chromosome Alternative start sites Alternative splicing Alternative
number polyadenylation sites
Sheep Goat Sheep Goat Sheep Goat

1 50 1 90 3 44 2
2 49 2 57 5 39 5
3 44 5 65 6 36 1
4 18 1 25 1 22 1
5 25 4 38 6 21 4
6 12 3 15 4 4 4
7 31 5 41 6 30 4
8 13 1 12 2 6 2
9 8 2 24 2 11 2
10 5 3 11 5 10 3
11 22 1 55 1 23 0
12 16 0 28 0 13 0
13 15 2 30 4 16 3
14 26 1 51 1 27 0
15 14 3 29 4 20 3
16 2 5 10 4 6 3
17 17 1 26 1 15 3
18 9 1 22 6 11 2
19 14 7 25 10 17 3
20 16 1 23 1 14 0
21 13 2 20 3 8 0
22 6 3 13 4 3 1
23 12 4 8 4 9 1
24 13 2 30 4 18 2
25 8 4 9 8 5 3
26 4 1 6 1 2 1
27 0 0 0
28 1 1 0
29 3 3 1

Table 3. Pathways of the genes with DTISDEs in sheep specie.
Category Term P-value

KEGG_PATHWAY  0as04931: Insulin resistance 0.001573

KEGG_PATHWAY  0as04151: PI3K-Akt signaling pathway 0.002267

KEGG_PATHWAY  0as04520: Adherens junction 0.002633

KEGG_PATHWAY  0as04144: Endocytosis 0.006799

KEGG_PATHWAY  0as04014: Ras signaling pathway 0.009918

KEGG_PATHWAY  0as04510: Focal adhesion 0.013985

KEGG_PATHWAY  0as04141: Protein processing in endoplasmic reticulum 0.016069

KEGG_PATHWAY  0as03013: RNA transport 0.017448

KEGG_PATHWAY  0as04142: Lysosome 0.029424

KEGG_PATHWAY  0as03460: Fanconi anemia pathway 0.034811

KEGG_PATHWAY  0as03018: RNA degradation 0.046231

KEGG_PATHWAY  0as05100: Bacterial invasion of epithelial cells 0.051367

KEGG_PATHWAY  0as04015: Rapl signaling pathway 0.055085

KEGG_PATHWAY  0as04722: Neurotrophin signaling pathway 0.061321

KEGG_PATHWAY  0as04146: Peroxisome 0.068797

KEGG_PATHWAY  0as03040: Spliceosome 0.07129

KEGG_PATHWAY  0as01212: Fatty acid metabolism 0.092245

KEGG_PATHWAY  0as04064: NF-kappa B signaling pathway 0.092965
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Table 4. Pathways of the genes with DTISDES in goat specie.

Category Term p-value

UP_KEYWORDS Alternative splicing 0.013526
KEGG_PATHWAY hsa03022: Basal transcription factors 0.019499
GOTERM_BP_DIRECT G0:0006367~transcription initiation from RNA polymerase Il promoter 0.070176
KEGG_PATHWAY hsa05168: Herpes simplex infection 0.077714
UP_SEQ FEATURE Mutagenesis site 0.086871

[ Downloaded from jast.modares.ac.ir on 2024-09-27 |
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pathway (Table 4). Another important

pathway between the goat breeds is
hsa03022: Basal transcription factors. The
basal transcription factors comprises many
proteins that act in RNA transcription
process.

DISCUSSION

Alternative splicing, alternative transcript
start sites, and polyadenylation sites are
three  well-known factors that make
transcriptional differences from a single
gene. We determined three main points from
the current study. First, alternative splicing
is the most effective type of alternatives in
creating transcriptional isoforms between
the sheep and goat breeds. Second,
distribution of alternating genes on
chromosomes revealed a positive correlation
between the number of genes on each
chromosome and gene alternation. Third,
goat genes are more affected by the
alternative process than the sheep genes.
Furthermore, we have identified DEUTAS
that may not participate in the transcription
and ultimately translation process due to
their involvement in an alternative process.
Recent studies in human tissues have shown
that variation in the alternative start and
termination sites of transcription drives the
most transcript isoform differences across
the human tissues [27]. However, to the best
of our knowledge, the alternative process
has not yet been determined among different
breeds of animals. In a study by Belabdi et
al. (2019), it was reported that breed is a
natural or artificial choice of a group of
individuals of the same specie that shows
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one or more phenotypes more clearly [3].
On the other hand, we found that alternative
splicing is the most effective type of
alternative between the two breeds of sheep
and goats. It has been determined that
alternative splicing usually affects the
Untranslated Regions (UTRs) of the gene
[17]. In contrast, another study revealed that
these regions play a role in enhancing gene
expression [10]. According to the previous
findings and the findings of this study, the
reason for the high frequency of alternative
splicing between breeds in two species of
sheep and goats can be the effect on UTRs
and gene expression and isoforms, which
results in differentiation of the breeds in one
species. If this process does not occur, the
individuals  will only show normal
expression of a gene and the uniformity of
the phenotypes across the population. In a
group of sheep, for example, alternative
splicing may occur in areas that affect the
UTRs that produce fat tail and,
consequently, these sheep are categorized
into a specific breed based on this particular
trait. Distribution of the alternative process
on chromosomes found an almost downward
trend of spreading of alternatives, however,
some chromosomes did not show this
pattern. According to Figures 5 and 6, it can
be said that the alternatives have a positive
correlation with the number of genes on
each chromosome, while the number of
genes is not directly related to the number of
chromosomes that validates the downward
trend of gene localization across the genome
[26]. We found that the genes with
differential use of exons in goat species were
less than in sheep species. Graphical data
derived from the DEXSeq package show
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that this could be due to the involvement of
most of these genes in the alternatives
process, so that 67.63% of goat genes and
only 12.17% of sheep genes were involved
in the alternatives process. This can be
explained by the small number of genes with
differential use of exons in goat specie. As a
result, the greater involvement of goat genes
in these processes is likely compensated by
their small number of genes. Reyes et al.
(2013) demonstrated a direct relationship
between exon differences and their
persistence over later generations. Exons
with significant differences are preserved in
future generations [25]. Similarly, in the
interbreeding analysis of two species of
sheep and goats in this study, out of 121,861
exons, 27,747 exons showed special
protection. Out of the 118,296 exons of
sheep species genome and 3,565 exons of
goat species genome, 27,537 exons in sheep
and 210 exons in goat species were
protected. Exons that have more protection
over future generations not only seem to
have significant differential application, but
also have a very low level of participation in
the alternatives process. Indeed, only 0.64%
of exons were involved in a kind of
alternatives. It seems that the conservation
process of the exons is related to the
contribution of these exons in alterative
process.

The differential exon usage of different
transcription isoforms exhibited eighteen
significant (P< 0.01) functional and
biological pathways for genes between
sheep breeds (Table 3) and four biological
pathways between goat breeds (Table 4).
Insulin resistance is the first pathway
significantly detected in sheep breeds.
Insulin resistance pathway is the integrated
physiology of insulin resistance to be
obligated to defective insulin action at target
cells. Insulin interaction with its receptor
activates an intrinsic tyrosine protein kinase,
which autophosphorylates the receptor as
well as downstream substrates. In the main
pathway, a family of proteins, known as
insulin  receptor substrates, activate a
cascade of serine-protein Kkinases. Akt
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(protein kinase B), one of the significant
pathways in this study, is a major branch
point with numerous downstream substrates
leading to a variety of physiological
functions including the regulation of the
homeostasis. The other signaling pathways
that were identified in sheep breeds were of
PI3K-Akt signaling pathway and Ras
signaling pathway (Table 3). The
phosphoinositide-3-kinase (PI3K, or Akt)
plays a role in cell metabolism, growth,
proliferation, and survival [15]. Ras
signaling isan important intracellular
signaling pathway that plays a role in
cellular proliferation and differentiation,
survival, and gene expression [21].
Similarly, ovarian gene expression patterns
and their enrichment pathways in Hu sheep
identified PI3K-Akt, estrogen metabolism
and oogenesis pathways significantly related
to ovarian different developmental stages
[31]. Alternative splicing and hsa03022:
Basal transcription factors were the main
biological pathways in goat species (Table
4). Alternative splicing is a process by
which exons can be either excluded or
included in, or from, a pre-mRNA, resulting
in multiple mRNA isoforms. Alternative
splicing is an important mechanism in the
developmental and cell-type specific control
of gene expression, and as a mechanism for
increasing the proteome diversity [8]. The
basal transcription factors contains more
than 33 proteins that act in RNA
transcription process. Correct transcription
of the genes are mainly related to the
involvement of the basal transcription
factors. Transcription factors are vital for the
normal development of an organism, as well
as for routine cellular functions and
responses.  During  development  of
multicellular organisms, transcription factors
are responsible for dictating the fate of
individual cells [28].

The outcome of this study indicated that
differential exon usage of genes in goat
breeds were more than in sheep breeds.
Moreover, alternative splicing is the most
effective type of alternative between the two
breeds of sheep and goats. It seems that the
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conservation process of the exons is related
to the contribution of these exons in
alternative process. In addition, eighteen
biological pathways of genes between sheep

breeds and four biological pathways
between goat breeds were the most
significant  pathways. The  PI3K-Akt

pathway plays a role in cell growth and
metabolism and development of ovaries.
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