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7- Repeat-masked

Sonl U g ol o LSS B s sile oy (gla it
(Ve 9 V) aiile (S2gdaS Juuily 236 olindl bl (slagygas
S SRy bl @3 byl oled (ol Simggy polbs >
L] ol 2y9- )3 (b8 (5,0 &5 Wilod)S” (5158 (gtuwj ciliea
() cawl 00>y 1y 5 g culed o slayi leiea

oS ol la)) O3 slags 4 bgye 035hes sl
aly slas lyteany cdel (1l 5 Lato o] 51 O3S (gla
o LS elagy ol St IS g Sl pelisl i o Bl
ooild s QIS sla s () ted o (s Juol diwd duw
5 MRNA g Sao (g agin, b o gpus sy bawgs & ons
Sboj (7 Sgbiee dbml pgis 3 (Solal g3 9 DNA 4 cuisly
yobo s 5 DNA (g3Liilan plSin 15 4 o ciclise LIS
Lao) oml g 038 @0 p5i5 50 0F el (Blol (o8 o awlssl
i dLonl Gk 1 4 asly U elays (1 5 b e dlox
Bgb oo ol 139 (63, Ses M3 &5 (g 015 IS sy 5
OV 9 W) V) 2900 (3 daspé (Lol 5

ol |y (glite (093] Sl Sy O lagy) il gl
Wlo ¢ S35 g ] o99) JLdlu caslae LA sla 5 e o
sla Jlss crwaYl 10 pd joid el Koo g 1l Lol 5
e Yiazsl 8 b 51 (V) azsl oa i o liglodlly sadss
Lo 5l (S o gl (63,Sdas (5 S 5l alie (o5 9
Cwd | 4 yoxie oS 43,3 1,5 pseudogenization unl s cov
253 ke 4 (VF) 355000 o pgigy Yool 5 daz 5 (0l
st (B Lel 0dgy (umagig) 286 ciclae O by
oo (gly) Wiloa S Ladas lii iy 51y 5 candVL eudass
3 (07 (05Loss8 Sl g5t ol 5 (omzisy 5956 Jla
ool s 1y sl gl oA il w3 (el o lie
bois |y cownWl (calali (295 g 0392 (99551 Jly Jald e
53l (ySnm 0k Lo S sl ypizmad (OF) lo,S
Elosl Sy il oo, S ba s 55005 Y sl o ) A L
{(18) a3l oo Sglite Shigrge pgi (e > S (slagyj glita
0dd Gy OIS lagj il o5 5o Jlte lgieans
TLncigismms iy dbj aleb o] o oS Wbl po 5 n ol
21 S5 L o yglee Br ooli] (k) slaclos s

1- Processed

2- Retrotransposition

3- Duplicated

4- Unitary

5- Transcription Factor Binding sites
6- Retrotransposons
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Table 1- Summary of the characteristics of thenovel identified pseudogenes in the sheep genome

aslae QS gla aelae QS glay; ol il ys O gl ol (il ys O gl
R REXN Pl REXNS
Raw duplicated Duplicated pseudogenes Raw processed Processed pseudogenes
pseudogenes after filtration® pseudogenes after filtration®
- 9,238 1,102 4,789 2,996
Number
(bP) Jsb oo 265,565.7 4,325.22 735.596 738.893
Average length (bp)
(b) fJ’b e 749,893 180,899 6,118 3,009
Maximum length (bp)
(bP) Jsb 022 222 232 116 134

Minimum length (bp)

gy oS S o adlis (slayf (gjl i Vere

31 5508 039850 3 OIS el Bis

! Filter pseudogenes in the range of less than 1000 bp of known protein-coding genes.

n

Frequency of idntified pseudogenes
-] l_,rl'Lu.lL.uu b1 L;Uz Y l.f',ﬁ,ij

"“M‘“ ||H”| I I‘
TUHNNA NNt U B 0w hn

1 2 3 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 X

B pSsp B DUP

The chromosome number
B33ag,S 2, leud
MhwoS pgi5 50 o olwlid G slagys glgsl Slold =Y SIS
Gielae 0 5 :DUP wss ojlsp 03 (5 PSSD
Figure 1- Frequency of the identified pseudogenes in the sheep genome
PSSD: processed pseudogenes, DUP: duplicated pseudogenes.
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Table 2- Some of the important and significant functional groups associated with parental genes of
the identified pseudogenes
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Table 3- Comparison of the different characteristics of the identified pseudogenes in this study and the known
pseudogenes in sheep and cattle (length in base pairs)
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Table 4- Comparison of the different characteristics of the identified pseudogenes in this study and the known
pseudogenes in human and mouse (length in base pairs)
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Table 5- Some of the identified pseudogenes in this study along with the length and chromosomal location
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Introduction Pseudogenes are copies of the ancestral genes which have undergone changes that were
constructed based on gene duplications and reverse transcription in the genome. They have been reported in all
types of organisms ranging from bacteria to mammals. Pseudogenes increase the genetic diversity of a plethora
of genes and they do so through gene conversion and recombination. Three classes of pseudogenes are known to
exist: duplicated pseudogenes; processed or retrotransposed pseudogenes; and unitary or disabled pseudogenes.
Pseudogenes have long been considered as nonfunctional genomic sequences. However, recent studies reported
that many of them might have some form of biological activity. Recently, it has reported that pseudogenes
represent a conspicuous part of the human transcriptome and proteome, as thousands of them are transcribed and
hundreds are also translated. Also, it has been demonstrated that pseudogenes exert important coding-dependent
and coding-independent functions that are involved in complex regulatory networks. Hence, the possibility of
functionality of these genes, has increased interest in their accurate annotation. According to the best of our
knowledge, there is no available report on the high-throughput pseudogene identification in sheep. Therefore, in
the present study, to improve the annotation of sheep genome, we present the first genome-wide pseudogene
identification for protein-coding genes using a homology-based computational approach.

Materials and Methods The pseudogene content in the sheep genome was estimated using an in-house
computational annotation pipeline, named PseudoPipe. The PseudoPipe pipeline predicts pseudogenes in the
genome using homology-based method (BLAST and a clustering algorithm). In the present study, repeat-masked
sheep genome reference (Ovis_aries.Oar_v3.1), genome annotation gtf file (version 77) and all of the protein
coding genes sequences were downloaded from ENSEMBL database. To identify pseudogenes, the sheep
genome was searched in a comprehensive and consistent manner. The key steps in the pipeline involved using
BLAST to rapidly cross-reference potential ‘‘parent’” proteins against the intergenic regions of the genome and
then processing the resulting ‘‘raw hits’’ such as eliminating redundant ones, clustering together neighbors, and
associating and aligning clusters with a unique parent. Then, pseudogenes were classified based on a
combination of criteria including homology, intron/exon structure, and existence of stop codons and frameshifts.
Finally, we investigated the results manually and false positive results were removed. Also, the gene ontology
(GO) of the parental genes that pseudogenes derived from them, have been investigate by DAVID software.
Furthermore, different characteristics of the identified new candidate pseudogene were compared with known
pseudogenes in the human, mice and cattle species.

Results and Discussion It is vital to identify pseudogenes to better understand genome annotation and
disease-related molecular mechanism. ldentification of pseudogenes is an ongoing effort, and there are several
groups continuously working on identification of pseudogenes. The complexity of the identification of
pseudogenes can be addressed by in silico analysis and using a homology-based whole genome identification
approach. Here, using a computational method, we identified 4,098 high confidence pseudogenes including
1,102 duplicated and 2,996 processed pseudogenes in sheep genome. The results of the GO analysis showed that
identified pseudogenes are significantly enriched in various biological processes, such as mRNA splicing,
ribosome structure, binding rRNA, mitochondrial electron transport, translation and etc. Interestingly, a growing
body of evidence suggests parental genes of pseudogenes roles are associated with ribosome, rRNA and
translational biological processes. Detailed comparison of our results with other species showed that our results
are in consistence with previous studies. For example, pseudogene distribution on the sheep chromosomes was in
consistence with human and mouse genome. Moreover, it is reported that, duplicated pseudogenes are commonly
found on the same chromosome as their parent genes.

Our results showed that about 28% of the identified duplicated pseudogenes were on the same chromosome
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with their parent genes. The results of the study will help to improve the annotation of the sheep genome. The
coincidence of the results of this study with previous studies indicates accuracy of the method used in this
research.

Conclusion This study, for the first time, has generated the catalog of 4,098 sheep putative pseudogenes. Our
findings provide an evidence for pseudogene content in sheep which is a starting point for understanding of their
regulatory mechanism. The identification of the novel pseudogenes have greatly improved the genome
annotation of sheep. The results of this study will help to better annotation of sheep genome. By using such
methods, we can also improve annotation genomes of various organisms.
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