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ABSTRACT

An important goal of agricultural genomics is to create detailed comparative maps for economically
important species of plants and animals. New methods and resources are speeding the development of
comparative maps of additional organisms. To predict the position of genes in silico the extensive knowledge
of the human genome project and other animal projects must be exploiting. Mucin-like 1 (MUCL1) gene is
known as small breast epithelial mucin (SBEM) which is predicted to code for a low molecular weight
glycoprotein with high similarity to membrane-associated mucins, including MUC1.Therefore, the goal of the
current study was to identify Ovis aries MUCL1 gene and its molecular characterization based on the database
search and comparison with its potential Homo sapiens and Capra hircus homologue by using comparative
mapping tool. Ovis aries MUCL1 gene revealed that DNA sequence spans approximately 5.5 kb (comprises 4
exons interrupted by three introns), resulting in 493 bp consensus mMRNA sequence with 90-amino acid and
present on chromosome 3 (OAR3). The phylogenetic tree of DNA, mRNA and amino acid sequences of MUCL1
gene showed that Ovis aries MUCL1 was more related with MUCL1 gene of Capra hircus than that of Homo
sapiens which is in agreement with the known species relationships.
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INTRODUCTION

Mucins are large and highly glycosylated multifunctional proteins found on the surface of epithelial
tissues lining the respiratory, digestive and urinogenital tracts [1,2]. Mucins are the major component of the
mucus that protects underlying epithelial cells from infection, dehydration and physiological or chemical injury
[3]. The mucins provide hydrophilic scaffolding, holding other anti-microbial proteins such as lysozyme,
transferrin, immunoglobulins, defensins and members of the trefoil factor family at the epithelial surface.
Mucins comprise a family of high molecular weight glycoproteins with a large number of O-glycosylated
tandem repeat domains varying in number, length and extent of O-glycosylation [4,5]. Protein products of
MUC genes have been studied in tumors arising from various organs, including the breast, colon, pancreas and
ovary [6,7].

Mucin 1 (MUC1) gene is expressed aberrantly in most human breast cancers. Also, MUC1 is expressed
by many hematopoietic cell types, including T-cells [8], B-cells[9], bone marrow mononuclear
cells [10], monocytes [9], dendritic cells [9]. However, MUC1 displays relatively broad expression among
epithelial tissues including the colon, breast, pancreas, ovary, prostate, tracheobronchial tree, stomach, and
uterus. For this reason, MUC1-derived tumor antigens have relatively poor specificity for individual tumor
types, and their clinical utility is limited to monitoring the efficacy of cancer therapy and warning of tumor
relapse or malignant spread [11,12]. Mucin-like 1 gene (MUCL1) is identified as a putative breast-specific gene
and considered to be a promising breast specific marker [13]. Thus the Mucin-like 1 gene (MUCL1) gene is also
known as small breast epithelial mucin (SBEM) [14].

The small breast epithelial mucin (SBEM) gene is predicted to code for a low molecular weight
glycoprotein with highly similarity to membrane-associated mucins, including MUC1. SBEM gene, also known
as BS106 and/or B511S, was originally identified as a putative breast-specific gene [13,15,16]. SBEM product is
similar to proteins B511S [17] and BS106 [15]. SBEM encodes a secreted 90 amino acids glycoprotein and
exhibits characteristics of members of the mucin family [13]. SBEM gene has shown more specific patterns of
expression, limited to breast and salivary glands [14].

Parallels between SBEM and known epithelial mucins such as MUCI, together with its more narrowly
restricted pattern of expression, suggest that this novel gene represents an attractive candidate for a breast
biomarker with potential for cancer diagnostics, as well as being a possible future target for the development
of a breast tumor vaccine. Moreover, the absence of SBEM expression in normal lymph node tissue suggests
that this gene could also be used to detect breast micrometastases in axillary lymph nodes [13]. Sequencing
and annotation of mucin genes is known to be difficult due to the large size and repetitive structure of these
molecules; moreover, among species, differences in the mucin gene family have been reported. Comparison
between humans and mice, two mammals with a completed annotated genome
(http://www.ensembl.org/index.html), has shown that although the majority of mucins are commonly
represented in both species, differences for few mucin genes are evident.

An important goal of agricultural genomics is to create detailed comparative maps for economically important
species of plants and animals. A variety of new methods and resources are speeding the development of
comparative maps of additional organisms. The comparative mapping by annotation and sequence similarity
(COMPASS) strategy is shown here to be effective in reliably predicting the position of genes in silico,
exploiting the extensive knowledge of the human genome project. An important aspect of the COMPASS
strategy is that the cost of mapping in silico is far less than the cost of RH mapping or linkage mapping. Thus,
the expense and effort of mapping large numbers of genes to identify candidate genes for QTL can be
minimized. In addition, COMPASS can be used in a highly selective and directed manner to fill in gaps in the RH
and comparative maps [18].

Therefore, the goal of the current study was to identify Ovis aries MUCL1/SBEM gene and its

molecular characterization based on the database search and comparison with its potential Homo sapiens
(human) and Capra hircus (goat) homologue by using comparative mapping tool.
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METHODS

One can do a homology search to identify genes, by looking for similar genes in the public databases.
In gene finding, sequence similarity can be used in different ways as: 1) A direct comparison of a genomic
sequence with databases of expressed sequence tags (ESTs), using programs such as BLASTN, 2) A comparison
of a translated genomic sequence with a translated genomic or cDNA sequence using BLASTX can identify
similarities among coding region, and 3) Comparison of genomic sequences with homologous genomic
sequences from closely related organisms (e.g., sheep vs cattle or goat), using BLAST and multiple alignment
programs such as CLUSTALW, to identify conserved regions, which often correspond to coding exons or
important transcriptional or splicing signal. Regions of DNA that encode proteins are first transcribed into
mMRNA and then translated into protein so it is important to determine the correct open reading frame (ORF) of
the gene to identify amino acids will be encoded by a gene and protein sequences this was done by using
Open Reading Frames program (www.ncbi.nlm.nih.gov/gorf/gorf.html).

BLAST and CLUSTALW programs are widely used for database searches. BLAST is a rapid sequence
comparison tool that uses a heuristic approach to construct alignments by optimizing a measure of local
similarity [19,20]. Since, BLAST compares protein and nucleotide sequences much faster than dynamic
programming methods such as Smith-Waterman and Needleman-Wunsch [21,22]. The CLUSTAL programs are
widely used for carrying out automatic multiple alignments of nucleotide or amino acid sequences. The most
familiar version is CLUSTALW, which uses a simple text menu system that is portable to more or less all
computer systems. CLUSTALX features a graphical user interface and some powerful graphical utilities for
aiding the interpretation of alignments and is the preferred version for interactive usage [23]. Also, one
common use of ORF is as one piece of evidence to assist in gene prediction [24]. Long ORFs are often used,
along with other evidence, to initially identify candidate protein coding regions in a DNA sequence.

In this study, to identify mucin-like 1 (MUCL1), the Ovis aries genome assembly version Oar_v3.1, was
used, accessible through the NCBI database (National Center for Biotechnology Information.
http://www.ncbi.nlm.nih.gov/). Also, number of the puplished DNA and mRNA of mucin-like 1 (MUCL1) gene
of Homo sapiens and Capra hircus were extracted from the GenBank and EMBL databases (Table 1). The
predicted Ovis aries MUCL1 gene then were subsequently aligned with their putative human and goat
homologue to calculate amino acid sequence similarity.

Table 1: Published DNA and mRNA of mucin-like 1 (MUCL1) gene

Organism mRNA DNA Chromosome
. NC_000012.12
Homo sapiens MUCL1 NM_058173.2 (54854515..54858393) 12
. NC_022297
Capra hircus MUCL1 XM_005679839.1 (24516200..24521181) 5
RESULTS

To search for mucin-like 1 (MUCL1) gene sequence homologies in Ovis aries, the DNA and mRNA
sequences of Homo sapiens and Capra hircus, which published in GenBank and EMBL databases, were aligned
with the Ovis aries genome assembly version Oar_v3.1, using NCBI BLAST analysis
(http://blast.ncbi.nlm.nih.gov/Blast). The sequence alignments of the published MUCL1 mRNA of Homo
sapiens and Capra hircus with Ovis aries genome, uncharacterized locus (uncharacterized LOC101118004) of
493 bp was obtained with 86 and 98% similarity with MUCLI-mRNA of Homo sapiens and Capra hircus,
respectively. This 493 bp fragment was submitted to the Genbank database and has been assigned as Ovis
aries mucin-like 1 (MUCL1) mRNA with accession number (LC027272). Also, when the published genomic DNA
of MUCL1 gene was aligned with Ovis aries genomes, it was found that the nucleotide segment had the same
number of the uncharacterized locus (uncharacterized LOC101118004) obtained by mRNA. The results of these
alignments also allowed us to assign MUCL1 gene sequence homology in Ovis aries on chromosome 3 (OAR3)
with accession numbers (NC_019460.1) region from 131586121 to 131591624, which gave 71% and 98%
similarity with MUCL1-DNA of both Homo sapiens and Capra hircus, respectively. The deduced structure of
MUCL1-DNA gene was composed of four exons interrupted by three introns varying in size, which contained
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273 bp ORF (Fig. 1). Also, the sequence was submitted to Genbank and has been assigned with accession
number (LC027273).

CLUSTALW program (http://www.ebi.ac.uk/Tools/clustalw) was used to evaluate the identity and differences
in nucleotide sequences between mRNA and DNA sequences of MUCL1 gene published in database of Homo
sapiens and Capra hircus with the obtained fragment of uncharacterized locus of Ovis aries.

57 —UTSw=uip Start codon exon 1
S5- GAAMTTTOCTGTGM‘OOCTGCTTTOCMTTGAOCATC} TCAACCTCTTACCCTTOCTCCCACTCGCTCCCACTTTCCARC

Intron 1 exon 2 intron 2

C.’x"CC"’.'.-G"'C".’_':-CCﬂ..C—:?-;"AC.-;.—;.C._-L TGCTCCACAGCH C..C-.CC;-.'_:T]""C""-}AP-C""-C GCCACCAGCTCT
exon 3
ACTGACCCCACCCARACTACACGATCCTCCCACTGAAAGTACACGATGCCCCCACCACARCCTCTCCTGGTTCCACTTCCACT
Intyor 3 exon 4 stop codon
CCTCCCACCTCCGACCACTCCTCCATCTATCACCALT C"'""""ﬂ(' '''''' TCCACGTTTTAACATATTTITGCTGAGTTA

TCAGTGAGATGGAATCAGCCTCGECCTTCTGCAT T TGATCC TG TCGGGC TCGCCCAATATGTCCCTTGATTTGTTTTAATG

CAATGACTCT TCATCCCTACTATCTCTATCCTATCTCTAATCAGTGTATCTTCT TTARAATARARA AR AATCATCGAGCARCAG
=3 -UTS
GARRAAAGTGATTTT-3

Figure 1: Structure of the sheep mucin-like 1 gene (Sheep MUCL1) secreted by Ovis aries and has accession number
LC027273. Intron 1 was 471 bp, intron 2 was 3367 bp and intron 3 1173 bp.

Multiple nucleotide sequence alignment between mRNA of Ovis aries uncharacterized locus with
MRNA of MUCL1 gene for Homo sapiens and Capra hircus showed 70% and 97% identity, respectively (Table 2
& Fig. 2). Also, multiple nucleotide sequence alignment between the uncharacterized locus DNA of Ovis aries
with DNA of MUCL1 gene for Homo sapiens and Capra hircus showed 71% and 97% identity, respectively
(Table 3).
Table 2: Scores of identity for MUCL1-mRNA sequences using Clustal2.1

Organisms Ovis aries Capra hircus Homo sapiens
Ovis aries 100
Capra hircus 97 100
Homo sapiens 70 70 100

Table 3: Scores of identity for MUCL1-DNA sequences using Clustal2.1

Organisms Ovis aries Capra hircus Homo sapiens
Ovis aries 100
Capra hircus 97 100
Homo sapiens 71 70 100
Ovis aries MUCLL  ———————————— o= CGAAA-ATTTC---CTGTGATCCC 20
Capra hircus MUCL1 ACTGGAGTCAAGATTCCTCCGGGCTCCGAAA-ATTTC---CTGTGATACC 46
Homo sapiens MUCL1 -CAGCGCCTTGCCTTCTCTTAGGCTTTGAAGCATTTTTGTCTGTGCTCCC 49
* k% %k *kkkkk *k k%
Ovis aries MUCL1 TGCTTTGCAATTGACCATCATGAAGCTCTTAGCCTTCCTGGCACTGGTGG 70
Capra hircus MUCL1 TGCTTTGCAATTGACCATCATGAAGCTCTTAGCCTTCCTGACACTGGTGG 96
Homo sapiens MUCL1l TGATCTTCAGGTCACCACCATGAAGTTCTTAGCAGTCCTGGTACTCTTGG 99
*k * * %% * khkkk hkhkkkkk hkkkkkk * Kk kkk * %% * k%
Ovis aries MUCL1 CAGTTTCCACCATCCTGGTTTCTGGCCAGGAT---ACAACAACTGCTCCA 117
Capra hircus MUCL1 CAGTTTCCACCATCCTGGTTTCTGGCCAGGAT---ACAACAACTGCTCCA 143
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Homo sapiens MUCL1 GAGTTTCCATCTTTCTGGTCTCTGCCCAGAATCCGACAACAGCTGCTCCA 149
hhkkkkkkk *x * khkkkk khkkk hkkk k% dhkkkkk hkkkkkkk
Ovis aries MUCL1 CAGGACACACCAGCTTCTGAAGCTGCTGCCACGAGCTCTACTGACCCCAG 167
Capra hircus MUCL1 CAGGACACACCAGCTTCTGAAGCTGCTGCCACGAGCTCTACTGACCCCAG 193
Homo sapiens MUCL1 GCTGACAC----GTATCC--AGCTACTG------ GTCCTGCTGAT---GA 184
*kk kK * * % *kkk *kk * *k kkkk
Ovis aries MUCL1 CGAAAGTACAGATGCTCCCAGTGAAAGTACAGATGCCCCCACCACAACCT 217
Capra hircus MUCL1 TGAAAGTACAGATGCTCCCAGTGAAAGTACAGATGCCCCCACCACAACCT 243
Homo sapiens MUCL1 TGAAGCCCCTGATGCT------ GAAACCACTGCTG------ CTGCAACCA 222
* %k * kkkkkkx * %k k **x Kk k% * *kkkk
Ovis aries MUCL1 CTGCTGGTTCCACTTCCACTGCTGCCAGCTCGACCAGTGCTGCATCTATC 267
Capra hircus MUCL1 CTGCTGGTTCCACTTCCACTGCTGCCAGCTCGACCAGTGCTGCATCTACC 293
Homo sapiens MUCL1 CTGCAA---CCACTGCTGCTCCTACCACTGCAACCACCGCTGCTTCTACC 269
* %k k *kkkk * *k kk Kkkk * kkkk *hkkkk kkkk *
Ovis aries MUCL1 ACCACTCG—---—--- ATTTTGTTTGTTTCCACGT---TTTAACATATTTT 307
Capra hircus MUCL1l ACCACTCG------- ATTTTGTTTGTTTCCACGT---TTTAACATATTTT 333
Homo sapiens MUCL1 ACTGCTCGTAAAGACATTCCAGTTTTACCCAAATGGGTTGGGGATCTCCC 319
* % * %k k * %%k **x * * %% * * % **x *
Ovis aries MUCL1 G----- CTGAGT-TATCAGTGAGATGGAATCAGCCTCGGCCTTCTGCATT 351
Capra hircus MUCL1 G----- CTGAGT-TATCAGTGAGATGGAATCAGCCTCGGCCTTCTGCATT 377
Homo sapiens MUCL1l GAATGGTAGAGTGTGTCCCTGAGATGGAATCAGCTTGAGTCTTCTGCAAT 369
* kkkk * k% *hkkkhkkhkhkhkkhkhkhkk % * kkkkkkkk *
Ovis aries MUCL1 TGATCCTGCTGGGCTGGGCCAATATGTCCCTTGATTTGTTTTAATGCAAT 401
Capra hircus MUCL1 TGATCCTGCTGGGCTGGGCCAATATGTCCCTTGATTTGTTTTAATGCAAT 427
Homo sapiens MUCL1 TGGTCACA----ACTATTC----ATGCTTCCTG---TGATTTCATCCAAC 408
*kx k*k * % * * %%k * k% *k kkk kk kkk
Ovis aries MUCL1 GACTCTTCATCCCTACTATGTCTATCCTATCTCTAATCAGTGTATCTTCT 451
Capra hircus MUCL1 GACTTTCCATCCCTACTATGTCTATCCTATCTCTAATCAGTGTACCTTCT 477
Homo sapiens MUCL1 TACTTACCTTGCCTACGATATCCCCTTTATCTCTAATCAGTTTATTTTCT 458

Ovis aries MUCL1
Capra hircus MUCL1
Homo sapiens MUCL1

> CS

o f
[ =

* k% * k kkkkk *xk k% *hkkkkkhkkkkkkkkx k% * k% %k

TTAAAATAAAAAA--ATCATGAGCAACAGGAAAAAAGTGATTTT 493
TTAAAATAAAAAA--ATCAGGAGCAACATGAAAAAAGTGA---- 515

TTCAAATAAAAAATAACTATGAGCAACATAAAAAAAAAAAAA-- 500
hk kkkkkkkkkk Kk Kk kkkkkkkk  kkkkkk *

Figure 2: Multiple nucleotide sequence alignment of Ovis aries uncharacterized locus (LOC101118004) mRNA and published sequences
of Capra hircus MUCL1 and Homo sapienes MUCL1. CDS was coloured by red. CLUSTALW (2.1) program was used.

These sequences alignment results revealed that there are high degree of homology between mRNA
Ovis aries uncharacterized locus with mRNA of MUCL1 gene for Homo sapiens and Capra hircus. Also, DNA of
Ovis aries uncharacterized locus showed homology with DNA of MUCL1 gene for Homo sapiens and Capra
hircus.

Six Frame Translations of amino acid sequences of each uncharacterized locus Ovis aries was carried
out using the six frame translation proteins site (http://molbiol.ru/eng/scripts/01 13.html) and/or Open
Reading Frame Finder (ORF) site (http://www.ncbi.nlm.nih.gov/gorf/gorf.html). This sequences which are the
most relevant frames was aligned with the amino acid sequences of the corresponding MUCL1 gene published
using CLUSTALW program. For the amino acid, the amino acid sequence alignment between uncharacterized
locus of Ovis aries with amino acid of MUCL1 gene for Homo sapiens and Capra hircus MUCL1 gene showed
23% and 98% similarity, respectively (Table 4 & Fig. 4). However, the amino acid alignment results indicate that
the amino acid sequence of Ovis aries uncharacterized locus more likely related to amino acid sequence of
Homo sapiens MUCL1 gene also more likely related and share one or more functional domains with amino acid
sequence of MUCL1 gene of Capra hircus.
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Table 4: Scores of similarity for MUCL1 amino acid (aa) sequences using Clustal2.1

Ovis aries Capra hircus Homo sapiens
Ovis aries 100
Capra hircus 98 100
Homo sapiens 23 29 100

The phylogenetic tree of DNA, mRNA and aa sequences of MUCL1 gene in the different organisms
showed that uncharacterized locus of Ovis aries was most related with MUCL1 gene of Capra hircus than that
of Homo sapiens (Figs. 5-7). This clustering based on both of nucleotide and amino acid sequences of MUCL1
gene clearly showed that the phylogenetic inter-relationship among these species, and also is generally in
agreement with the known species relationships.

SignalP-4 .1 prediction (euk networks): Sequence
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MELLAFLALVAVST | LVSG2DTTTAPQDT PAS EAAAT SSTD PSEST DA PSESTDAPTTTSAGSTSTAASY
0] 10 20 a0 40 50 60 70
Fosition
Measure Position Value Cutoff Signal peptide?
max. C 20 0.754
max. Y 20 0.846
max. S 11 0.980
mean S 1-19 0.946
D 1-19 0.900 0.450 YES

Figure 3: The signal peptide length was determined using online SignalP-4.1 euk predictions
(http://www.cbs.dtu.dk/services/SignalP/).
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Ovis aries MUCL1 MKLLAFLALVAVSTILVSGOD-TTTAPQDT-PASEAAATSSTDPSESTDA 48
Capra hircus MUCL1 MKLLAFLTLVAVSTILVSGQD-TTTAPQDT-PASEAAATSSTDPSESTDA 48
Homo sapiens MUCL1 MKFLAVLVLLGVSIFLVSAQNPTTAAPADTYPATGPADDEAPDAETTAAA 50

Kk ekk Kk K. * K e kKk Kk K. kkoekk Kk KKk oo * . * .. *

Ovis aries MUCL1 PSESTDAPTTTSAGSTSTAASSTSAASITTRFCLEPRENIFC- 90
Capra hircus MUCL1 PSESTDAPTTTSAGSTSTAASSTSAASTTTRECLEPRENIFC- 90
Homo sapiens MUCL1 TTATTAAPTTATTAASTTAR--KDIPVLPKWVGDLPN-GRVCP 90

ek hkkhkkKhk o oo o .0 kK .k *

Figure 4: Multiple aa sequences alignment of Ovis arieswith accession number and published aa sequences of Capra hircus
MUCL1 and Homo sapienes MUCLL. Identical “*”, conserved substitution ":", semi-conserved substitutions ".", blank indicates no
match " ". CLUSTALW (2.1) program was used.

Ovis artes MUCL1 DNA
Capra hircus MUCLT DNA
Homo sapiens Mucl? DNA

Figure 5: Phylogenetic tree of MUCL1-DNA gene showing the relationship between the uncharacterized locus of Ovis
aries to the published sequences of Capra hircus and Homo sapiens.

Ovis aries MUCLT mRNA
. Capra hircus MUCLT mRNA

Homo sapiens MUCLT mRNA

Figure 6: Phylogenetic tree of MUCLI-mRNA gene showing the relationship between the uncharacterized locus of Ovis
aries to the published sequences of Capra hircus and Homo sapiens.

Ovis aries MUCLT aa
Capra hircus MUCLT aa
Homo sapiens MUCLT aa

Figure 7: Phylogenetic tree of MUCL1 aa sequence showing the relationship between the uncharacterized locus of Ovis
aries to the published sequences of Capra hircus and Homo sapiens.
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DISCUSSION

Comparative mapping has been an important tool for gene prediction and the analysis of simple and
complex traits in animals [25], and the evolution of the vertebrate genomes [26]. Comparative maps can also
identify orthologous regions between animals and human/mouse disease loci [25]. These can be used to
define candidate genes for both simple and complex traits. Comparative mapping has been an important tool
for the investigation of cattle, sheep and goat genomes [27]. This approach has been combined with the
collection of large numbers of gene tags within EST programmes. COMPASS uses homologous DNA sequences
(eg ESTs) to search for sequence similarity and putative orthologues in the genome of another species (eg
human), and then predicts the chromosome location on the basis of existing comparative maps. This has been
pioneered in the creation of high resolution comparative maps between cattle and human [18,27].

The COMPASS is shown to be effective in reliably predicting the position of genes in silico, exploiting
the extensive knowledge of the human genome project. An important aspect of the COMPASS strategy is that
the cost of mapping in silico is far less than the cost of RH mapping or linkage mapping. Thus, the expense and
effort of mapping large numbers of genes to identify candidate genes for QTL can be minimized. In addition,
COMPASS can be used in a highly selective and directed manner to fill in gaps in the RH and comparative maps
[18]. Also, the COMPASS permits the prediction of map location of a randomly chosen DNA sequence,
provided there is detailed sequence and mapping data for a reference species and adequate existing
comparative mapping information for the target species.

Various biological markers have been proposed for the detection of breast cancer cells, including
cytokeratin 19, mucin-1, mammaglobin [28,29,30]. However, the frequency of expression of these markers is
often related to tumor differentiation and is not always confined to breast tissues. SBEM is identified as a
putative breast-specific gene and considered to be a promising breast specific marker [13]. Although published
studies have suggested that SBEM might represent a suitable marker for molecular detection of isolated tumor
cells in bone marrow and targeting bone marrow micrometastasis in breast cancer patients [14,31].

This study reports the identification and molucular characterization of a DNA and mRNA encoding a
novel mucin-like proteinl (MUCL1) in Ovis aris. The sequence alignments of published mRNA and DNA MUCL1
gene of Homo sapiens and Capra hircus with Ovis aries genome; uncharacterized locus (uncharacterized
LOC101118004) was obtained. The results of these alignments also allowed us to assign this uncharacterized
locus LOC101118004 which represents Ovis aries MUCL1 gene sequence homologies on chromosome 3
(OAR3). Since MUCL1 gene was mapped to Homo sapiens chromosome 12, Bos taurus chromosome 5 (BTA5)
and Capra hircus chromosome 5 (www.ncbi.nlm.nih.gov/gene). Based on the genetic conservation between
human chromosome 12 HSA12, cattle chromosome 5 (BTA5) [32,33], goat chromosome 5 (CHX5) [34] and
sheep chromosome 3 (OAR3) [35] which confirm that this uncharacterized LOC101118004 locus represent Ovis
aries Mucin-like protein 1 (MUCL1) gene. Recent works on assessment of genomic similarity often use
molecular genetic markers [36,37]. However, the most accurate measure of similarity (identity) of genomes is
only the fact that chromosomes or chromosomal regions contain similar nucleotide sequences arranged in the
similar order, regardless of their alleles. Thus, the compared bovid species showed high similarity of genetic
composition [34].

Sheep, goat and cattle which have chromosome- band homology, in these closely related species
belonging to Bovidae family, which has a high degree of chromosome conservation between its members [38].
However, humans (Homo sapiens) belong to Hominidae which is another family of mammals [39] also there
are presence of conserved chromosomal segments between humans and Sheep, goats and cattle [32,40].

Multiple nucleotide sequence alignment between mRNA, DNA and amino acid sequences of Ovis aries
uncharacterized locus LOC101118004 with MUCL1 gene of Homo sapiens and Capra hircus revealed that there
are high degree of homology between Ovis aries uncharacterized locus with MUCL1 gene for Capra hircus, but
showed less homology with MUCL1 gene of Homo sapiens.

Since, mammals are the group of vertebrates (animals with backbones) to which human beings
belong. Also, Bovidae are biological family of ruminant mammals. Sheep, goats and cattle are three domestic
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species of Bovidae family belong to two subfamily, sheep (Ovis aries) and goat (Capra hircus) are belong to
subfamily Caprine [41], while cattle (Bos taurus) belong to subfamily Bovini [42,43]. So, sheep is closely
related to goat as both are in the subfamily Caprinae than cattle which belong to subfamily Bovini. The high
genetic homology (90%) between sheep and goat has been widely recognized [42].

Alignments of selected sequences which gave more than 70% identity indicated that the aligned
sequences are related [44]. CLUSTALW pairwise comparison elucidates identities, similarities and differences in
amino acid sequences. Similarity percentages more than 30% indicates that the two sequences are likely
related whereas more than 50% indicates that the two sequences are likely to share one or more functional
domains. However if the similarity is less than 20% it indicates that the two sequences are not likely to be
functionally related [44].

In our study alignment of the Ovis aries uncharacterized LOC101118004 (MUCL1 gene) revealed that
DNA sequence spans approximately 5.5 kb (5504 bp) of 493 bp consensus mRNA sequence with 90-amino acid.
Further database analysis showed that this sequence comprises 4 exons interrupted by three introns. This
results is in agreement with that Homo sapiens MUCLI or SBEM consists of DNA sequence spans
approximately 5 kb (5504 bp) include 500-bp mRNA sequence containing a 90-amino acid open reading frame,
this sequence also consist of 4 exons interrupted by three introns [13]. Ovis aries uncharacterized
LOC101118004 amino acid sequence showing presence of a hydrophobic signal peptide (residues 1-19) within
the protein sequence suggests that Ovis aries MUCL1 is a secreted protein subject to proteolytic processing.
The NetOGlyc glycosylation algorithm further predicts this protein to be O-glycosylated on most of its 16
threonine residues. On the other way Homo sapiens SBEM encodes a secreted 90 amino acids glycoprotein,
which consists of a secretion signal peptide (residues 1-19), three tandemly repeated octapeptide motifs
(TTAAXTTA) rich in alanine and threonine residues, that represents a probable target for O-glycosylation.
Consistent with such posttranslational modification is the presence of a well-defined signal peptide, leading to
predict that SBEM is likely to be processed at the apical surface of luminal epithelial cells and to be secreted
into the alveolar or ductal lumen [13]. SBEM features suggest strong similarity to many mucins, although this
protein lacks a transmembrane domain and is substantially shorter than most other known epithelial mucins
[45].

In computational biology gene prediction or gene finding refers to the process of identifying the
regions of genomic DNA that encode genes. This includes protein-coding genes as well as RNA genes, but may
also include prediction of other functional elements such as regulatory regions. Gene finding is one of the first
and most important steps in understanding the genome of a species once it has been sequenced [46]. Gene
prediction is one of the key steps in Genome annotation, following Sequence assembly, the filtering of non-
coding regions and repeat masking [47].

The phylogenetic research is supported by achievements of modern biology, such as the knowledge of
structure and functioning of chromosome apparatus. Cytogenetic techniques are an important tool in
systematics and phylogeny of mammals [48]. Analysis of the fine structure of chromosomes is widely used in
evolutionary genetics. One of approaches in the study of homology of chromosomes and chromosomal regions
in various mammalian species is the comparison of differences in their striation [49,50]. In this study the
phylogenetic tree of DNA, mRNA and amino acid sequences of MUCL1 gene in the different organisms showed
that Ovis aries uncharacterized locus (LOC101118004) was more related with MUCL1 gene of Capra hircus than
that of Homo sapiens. This clustering based on both of nucleotide and amino acid sequences of MUCL1 clearly
showed the phylogenetic inter-relationship among these species, and also are generally in agreement with the
known species relationships.

CONCLUSION

Alignment of the Ovis aries uncharacterized LOC101118004 led to the construction of 493 bp
consensus mRNA sequence containing CDS 273 bp (from 39-312) with 90-amino acid ORF in which the
initiating methionine is framed by a nearly perfect consensus motif for translation initiation (5-CCATCATGA-3).
The presence of a hydrophobic signal peptide (residues 1-19) within the protein sequence suggests that Ovis
aries MUCL1 is a secreted protein subject to proteolytic processing. The NetOGlyc glycosylation algorithm
further predicts this protein to be O-glycosylated on most of its 16 threonine residues. Further database
analysis showed that this Ovis aries uncharacterized LOC101118004 (now Ovis aries MUCL1) DNA sequence
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spans approximately 5.5 kb (5504 bp) and comprises 4 exons interrupted by three introns, is present on
chromosome 3 (OAR3).
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