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Abstract: The complete CDS sequence of Banna Mini-pig Inbred line (BMTI) gene FAR! was amplified using
the Reverse Transcriptase-polymerase Chain Reaction (RT-PCR) based on the conserved sequence information
of the cattle or other mammals and known highly homologous swine ESTs. This novel gene was then deposited
mnto NCBI database and assigned to Accession No.: JF944893. Sequence analysis revealed that the BMI FAR1
encodes a proten of 515 amino acids that has high homology with the fatty acyl-CoA reductase 1 proteins of
seven species-cattle 98%, horse 98%, mouse 98%, orangutan 97%, human 97%, monkey 97% and rat 92%. The
phylogenetic tree analysis revealed BMI FARI has a closer genetic relationship with the bovine, human,
orangutan and monkey FAR] than with those of horse, mouse and rat. Analysis by RT-PCR showed that BMI
FARI gene was over-expressed in muscle, lung, ovary, skin, large intestine, spleen, small intestine and nerve
fiber and almost not expressed in other 10 tissues. Several microRNA target sites were predicted m the CDS of
BMI FAR1 mRNA for further studying this gene in the future. The 3D structure of the FAR1 by homology
modeling was similar to that of pseudomonas 3-alpha-hydroxysteroid dehydrogenase (2 dkn Chain: A). The
experiment will establish a foundation for further insight into this swine gene.
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INTRODUCTION

Long-Chain Fatty Alcohol molecules (LCFAs) serve
essential biological roles in a vast majority of living
organisms (Gilbert and Chino, 1974; Gilby, 1980;
Blomquist et al., 1987; Stanley and Nelson, 1993). Fatty
acyl-CoA reductase is a key enzyme in LCFAs metabolism
which catalyzes the NADPH-dependent reduction of fatty
acyl-CoA precursors into fatty alcohols on the cytosolic
side of the peroxisomal membrane in a two-step reaction
that does not release intermediate aldehyde forms
(Wanders and Waterham, 2006). Subsequently, fatty
alcohols either incorporation into ether lipids or into
waxes (Cheng and Russell, 2004). Waxes (oxygen esters
of fatty alcohols and fatty acids) are major components of
biological systems and fill a variety of functions. They are
found on the surfaces of plants, insects and mammals and
provide protection against various stresses such as
desiccation, wetting and pathogen attack and are
produced commercially at levels approaching 3 billion
pounds per year for use in polishes, cosmetics and
packaging (Cheng and Russell, 2004; Metz ef af., 2000).

Ether lipids account for ~20% of phospholipids in the
human body and are precursors for platelet activating
factor for cannabinoid receptor ligands and for essential
membrane components in cells of the reproductive and
nervous systems (Nagan and Zoeller, 2001, Munn et al.,
2003).

There are two isoforms of mammalian FAR. FARI,
prefers saturated and unsaturated fatty acyl-CoAs of
16-18 carbon atoms as substrates and expressed in many
tissues with the highest level m the preputial gland, a
modified sebaceous gland, FARZ2 is reactive with
saturated acyl-CoAs of 16 or 18 carbon atoms only and
mainly expressed in the eyelids which contains wax-laden
meibomian glands. Both FAR] and FAR2 expression was
observed in the brain, a tissue rich in ether lipids. These
findings suggest that fatty alcohol synthesis i mammals
1s accomplished by two FAR enzymes (FAR1 and FAR2)
and expressed at high levels in tissues known to
synthesize wax esters and ether lipids (Cheng and Russell,
2004; Wanders and Waterham, 2006). In support of a role
for FAR that goes beyond L.CFAs synthesis, positive
regulation of its activity has been reported m association
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with many important biclogical metabolism. For example,
m Arabidopsis thaliana, FAR proteins have been
identified as the Male Sterility 2 (MS2) gene product
which is implicated i male gametogenesis. Mutations in
MS2 inhibit the synthesis of exine (sporopollenin),
rendering plants unable to reduce pollen wall fatty acids
to corresponding alcohols (Chen et al., 2011). Moreover,
FAR mvolves biosynthesis of a wide range of aliphatic
fatty alcohols which are chemicals of the honey bee
communication pheromones and 1s responsible for the
production of sex pheromone bombykol in silkmoth
(Bombyx mori) (Moto et al., 2003; Teerawanichpan et al.,
2010).

Based on before described about the FAR! gene, it
1s necessary to 1solate this gene from pig for 1t is
assoclated with energy metabolism, health and other
important biological functions of animals. But until today
the porcine FAR] has not been reported yet. Surprisingly,
the Banna Mini-pig Inbred line (BMI) was exploited by
Yunnan Agricultural University from 1980s based on the
small-ear pigs at Xishuangbanna, Yunnan province. A
pair of progenitors was a sow and her son. Then, the
propagation was conducted by means of highly full
sibling or parent-offspring inbreeding and each
generation underwent the strict selection.

As  heterozygotic genes were separated and
recombined m the process of mbreeding, BMI has already
owned six families and eighteen substrains with different
phenctypes and genotypes. Due to their consistent
genetic background and minor interindividual differences,
BMI is considered as an ideal model organism for
biological studies (Crabbe ef al., 2005; Yu et al., 2004;
Zeng and Zeng, 2005).

The objective of this study was to solate the full
length coding sequence of BMI FARI gene according to
the conserved sequence mformation of cattle or other
mammals and highly homologous swine ESTs sequence
mformation, conduct sequence analysis and some
necessary function amalysis of established nucleotide
sequence, finally examine the expression in a range of
BMI tissues. These will provide a primary foundation for
further research on this porcine gene.

MATERIALS AND METHODS

Samples collection, RNA extraction and first-strand
c¢DNA synthesis: Three matured female BMI were
slaughtered for sampling. Fresh tissues (lymph node,
midbrain, ovary, diencephalon, cerebrum, liver, kidney,
spleen, heart, lung, nerve fiber, stomach, small mtestine,
large intestine, pancreas, skin, muscle and fat) were
mstantly frozen in liquid nitrogen and stored at -80°C
before use. Total RNA was extracted using the RNAiso
Plus (TaKaRa, Dalian) according to the manufacturer’s
instructions. To remove genomic DNA contamination,
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total RNA was digested with RNase-free DNase T
(TaKaRa, Dalian). Three micrograms of RNA were reverse
transcribed with oligo (dT),; primer and M-MLYV reverse
transcriptase (Invitrogen, USA). The efficiency of reverse
transcription was checked on 2% agarose gels stamed
with ethidium bromide.

Isolation of the BMI FARI gene: The GenBank FARI
sequences for human (Accession No. NM_032228), cattle
(Accession No. NM 001099032) and thewr ghly
homeoelogous pig ESTs sequences: AJ662192, BI186799,
DV938225, EV905565 and EW 578845 were used to design
a primer pair to amplify the complete coding sequence of
FAR1 by using Primer Premier 5.0 software. The
primers  for BMI  F4RI  gene  were:  5'-
TGCGTCTAGGATCAGAATGG -3 and 5-
GTCTTCAGTATCTCATAGTGCTG -3'. RT-PCR was
performed to solate the BMI FAR1 using the pooled
cDNAs from different tissues above. The 25 L. reaction
system was 2.0 ul. cDNA (25 ng pL.™%, 2.0 pL. 2.5 mM
mixed dNTPs (TaKaRa, Dalian), 2.5 pl. 10«Tagq DNA
polymerase buffer (Mg™ Plus), 0.5 pL 10 uM forward
primer, 0.5 uL 10 pM reverse primer, 0.25 pL. Tag DNA
polymerase (5 U uL™', TaKaRa, Dalian) and 17.25 pL
sterile water. The PCR program initially started with 94°C
denaturation for 2 min followed by 35 cycles of
94°C/30 sec, 55°C/40 sec, 72°C/1.5 min then 72°C
extension for 10 min, finally 4°C to terminate the reaction.
After the PCR the gene product was cloned into pMD18&-T
vector (TaKaRa, Dalian) and sequenced bidirectionally
with the commercial fluorometric method. At least five
independent clones were sequenced.

Bioinformatics analysis: Sequence analysis of BMI
FARI gene was performed using software mn NCBI
(http: //www.nebi.nlm.nih.gov) and ExPaSy
(http://www.expasy.org). The cDNA sequence were
predicted using the GenScan software (http:/genes.mit.
edw/GENSCAN. html). The Blastp program and Conserved
Domain Architecture Retrieval tool were used to search
for similar proteins and conserved domain, respectively
(http://www.ncbi. nlm nih gov/Blast). The alignment of the
nuclectide sequences and deduced amino acid secquences
were computed using ClusterX and the phylogenetic trees
were computed using the ClustalX and Mega 4.0
softwares with standard parameters. The theoretical
1soelectric point (pI) and Molecular weight (Mw) were
predicted  using  the compute pl/Mw  tool
(http://us.expasy.org/tools/pi_tool.html). The putative
signal peptide was predicted using the SignalP 3.0 server
(http:/Awrww.cbs. dtu.dk/services/SignalP/). The putative
protein subcellular localization was predicted using PSort
O (http://psorthgejp/).  Transmembrane topology
prediction was performed using TMHMM-2.0 server
(http:/Arww.cbs. dtu di/services/TMHMM-2.0/).
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Secondary structures of deduced amino acid
sequences were predicted with SOPMA (http://npsa-
pbilibep.fi/). The 3D structures was predicted based
on the existed 3D structures by the amino acids
homology modeling on swiss server (http:/swissmodel.
expasy.org/). Web-based microRNA (miRNA) predicting
programs were used to locate conserved potential miRNA
targets (http://Awrww.mirbase.org/).

Semi-quantitative RT-PCR: To characterize the FAR[
gene further, RT-PCR was conducted to determime its
expression in 18 BMI tissues. To eliminate the effect of
cDNA concentration, the researchers repeated the RT-
PCR five times using 1-5 pL. ¢cDNA as templates. The
researchers selected the housekeeping gene 185 rRNA
(NR_002170) as a positive control.

The control primers used were 5'- GGACATCTAAG
GGCATCACAG -3' and 5- AATTCCGATAACGAACG
AGACT -3'. The BMI FARI primers which were used to
perform the semi-quantitative RT-PCR for tissue
expression profile analysis were the same as the primers
for 1solation RT-PCR above. The PCR reactions were
optimized for a number of cycles to ensure product
mntensity within the linear phase of amplification.

RESULTS AND DISCUSSION

Isolation and identification of BMI FARI c¢DNA:
Through RT-PCR with pooled tissue cDNAs for BMI
FARI gene, the resulting PCR products was 1568 bp

(Fig. 1). This cDNA nuclectide sequence analysis
using the BLAST software at NCBI server revealed that
BMI FARI! gene was not homologous to any of the
known porcine genes and it was then deposited mnto the
GenBank database (Accession No.: JTF944893).

The sequence prediction was carried out using the
GenScan software and results showed that the 1568 bp
cDNA sequence represent a single gene which encoded
515 amino acids.

The complete CDS and the encoded amino acids were
shown m Fig. 2. The theoretical i1soelectric pomt (pl)
and Molecular weight (Mw) were computed using

M

—  1568hp

Fig. 1: RT-PCR result for BMI F4R! gene; M: DL2000
DNA marker, 1: PCR product

tgcgtctaggatcagaATGGTTTCAATCCCAGAATACTATGAAGGCAAGARTATCCTTCTCACTGGAGCTACTGGTTTCCTAGGGAAGGTACTTCTGEAA
M v s I P E VY ¥ ECHKHTILTLTTGEM®AHMTTEGTFLTETEKULLE
AAGTTGCTGAGGTCTTGCCCTAAGGTGAATTCAGTGTATGTTTTGET T T TATTAGTG
K L LR S CPIHKUHNSZSWUY UL UR K A G T P K E R UEESAATI S
TTTTT 1T TGAAAATCCAGATTTTAGGGAGAAAATTATAGCAAT TGAACTT TAAACTGGCTCTTAGTGA
G K L F D RLRDEM NWPDFREI KTITIMARTIWHNSEILTIOIPIEKTILWOALSE
GGAAGATAAAAAGACCATCATAGATTCTACCAATATTATATTCCACTGTGCAGCTACAGTAAGGTTTAATGAAAATTTAAGAGATGCTGTGCAGTTAAAT
E D K K TT I DS THTITTFWHTECAAMTWURTFMHNWNEWH WL RIDOAMUIQJGLH
GTGATTGCTACACGACAGCTTATTCTGCTTGCACAACAGATGAAGARTCTGEAAGTGTTTATGCATGTATCAACAGCATATGCCTACTGCAATCGAAAGE
U I A TR QLTI L L AQT O MEMNILEWUFMHUSTAVY A Y C NRK
ATATTGATGAAGTAGTCTATCCACCCCCTGTGGATCCCCAAAAGCTEATTAATTCTTTAGAGTGGATGGATGATGGCCTGGTAAATGATATCACACCAAA
H I D E WV U Y P PP UDPQ KILTIMHNSILEWMWMHMMDDTGLUVHNDTITZPIK
ACTGATAGGAGACAGACCTAATACATACATATACACAARAGCATTGECAGAATATGTTGTACAACAAGAAGEAGCAAAGCTARATGTGGCGATCGTAAGE
L I 6 DR P HNHNTZYI Y TIHKOAALOAGMEZYU U Q QETGAI KTILWH NDUATIWUR
CCATCAATTGTTGGTGCCAGTTGEAAAGAACCTTTTCCAGGATGGATTGATAAGTTTARTGGACCAAGTGGTCTCTTTATTGEGGCAGGGAAAGGAATTE
P 35 I UGG A 3 WKEWPTFUPGWIDMHFW NGPS G L F I AATGEKTEGI
TTCGAACAATGCGTGCCTCCAACAATGCCCTTGCAGATCTTIGTTCCTGTAGATGTAGTTGTCAACACGAGTCTTGCAGCAGCCTGGTATTCCGGAGTTAA
L R THMHMRASMHHNOAL DLWV PUDUUVU U HTSLAAAMAYWY S G UH
TAGACCARGAAACATCATGGTGTATARCTGTACAACAGGCAGCACTAATCCTTTCCACTGGGETGAAGTTGAATACCATGTARTTTCCACTTTCAAGAGE
R P RN I HWHWUVUY HNCTTGE S THPFHWSGEWUEUWY HUTI S TTFUEKR
AATCCTECT 17 TGTAAATCTAACCTCCAATCACCTTTTATATCATTACTGEGATTGCTGTAAGCCATAAGGCCCCAGCAT
N P L EQ A FRRPHNWUVMHILTSWHNUHBLILZYHY WI AU S HEKAPAA
TCCTATATGATATCTACCTCAGGATGACT CCAAGGATEGAT! AATAACTCGTCTTCACAAAGCTATGGTGTTGCTTGAATATTTCAC
F LY DT V¥ LRMHHTTIGRSPRMHWMNMMIEKTTITRILWHIEKMAHWWULILIEUVYFT
AAGTAATTCTTGGGTTTGGAGTACTGACAATGTCAATATGTTAATGAACCARCTGAACCCTGAAGATAARARAACCTTTAATATTGATGTACGGCAGTTA
S H S WU w s TDMHWHUHNHLMMSNDLGQLMNPETDIEKETTFHNTIDWUR L
CATT TAGAT TAGTGTAT T TATGTATTGAATGAAGAAATGTCTGGECTTCCTGCAGCTAGAAAACATCTCAACA
H Wwa EY I ENY CHGTIHKIEKY ULHNETEMHSTGLPAARIEKUHTLNH
AGTTGAGEAACATACGTTACGGTTTCAATACTATCCTTGTGATCCTEATTTGGCGCATTTTTATTGCAAGATCACARATGGCAAGAAACATCTGETACTT
K L R NITRY G FMHNTTIILWYVTIILTIWRTITFTIARSIQHOARMHNTIWWZYF
TGTGETTAGTCTGTGTTACAAGTTTCTGTCTTACTTCCGAGCATCCAGCACTATGAGATACTGAagaC
U v s L C Y K F L S ¥ FR A S S THR Y

1588
495
1568
515

Fig. 2: The complete cDNA sequence and amino acid sequence of the protein encoded by FAR] (GenBank Accession
No.: IF944893). ATG, start codon;, TGA, stop codon; gray lighlighted nucleotide sequence, primers
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the compute pI/Mw tool. The pl and the molecular weight
of BMI FARI] are 9.38 and 59273.66, respectively.

Functional prediction of BMI FARI1: The result from
SignalP revealed that there i1s has no putative signal
peptide in BMI FAR] and indicated that it was probably
a non-secretory protein. The potential protemn subcellular
localization prediction by Reinhardt’s Method showed
that BMI FAR] was probably located in the cytoplasm
with up to 89% probability. The cytoplasmic targeting
localization of the human and mouse FAR] protein had
(Cheng and Russell, 2004).
Transmembrane topology prediction indicated that one
transmembrane sequence (466-483AA) of BMI FARI
found with ligh probability. Protems often
contained several domains, each of which had their own

been confirmed

was

evolutionary origins and functions. Exammed using the
Conserved Domain Architecture Retrieval tool of blast at
the NCBI server (http://www.ncbinlm nih.gov/BLAST)
indicated that BMI FAR] contains two separated
conserved domains-FAR-N SDR e and FAR C (from
11-330 amimno acid residues and from 355-446 amino acid
residues, respectively). The putative protein was also
analyzed using prosite (http://expasy.org/prosite/) and
SMART (http://smart.embl-heidelberg.de/) software.
Five kinds sites were found which were Casein kinase
II phosphorylation sites (3-SipE-6, 51-TpkE-54, 94-SeeD-
97, 100-TiiD-103, 235-SwkE-238); Protein kinase C
phosphorylation  sites  (51-TpK-53, 61-SgK-63,
114-TvR-116,193-TpK-195,235-SwK-237,264-TmR-266,
325-TfK-327, 356-ShK-358, 371-TgR-373, 374-SpR-376,
441 -TkK-443, 512-TmR-514), Tyrosine  kinase
phosphorylation  site  (160-RkhiDevvY-168), N-
myristoylation sites (219-GakINV-224, 252-GLHIAA-257,
260-GIrTM-265, 452-GLpaAR-457) and N-glycosylation

1 7 150

. active site 4 4 4k
Active MAD (P) i h Y L

site (283-NTSL-286, 304-NCTT-307, 341-NLTS-344)
(Fig. 3). The prediction of secondary structure by SOPMA
indicates that the deduced BMI FAR]1 consists of alpha
helices (266 AA) extended strands (71 AA), beta turn
(20 AA) and random coils (158 AA) (Fig. 4). In order to
better understand the detailed structure of BMI FAR1, the
homoelogy modeling of FAR] was performed to estimate
its 3D structure based on the existed 3D structure of the
pseudomonas  3-alpha-hydroxysteroid — dehydrogenase
(2dkn Chain: A) (Fig. 5). From 3D structure, alpha helices
can be seen obviously which represent a transmembrane
domain with high probability. The 3D structure analysis
may provide a basis for further studying the relationship
between structure and function of FAR1.

MicroRNAs are noncoding single-stranded RNA
molecules of 17-24 nucleotides that can regulate gene
expression by binding to the coding region of target
mRNAs (Bartel, 2004, Zeng et al, 2003). The researchers
use web-based microRNA (miRNA) predicting programs
to locate conserved potential miRNA targets: miRBase
(http://www.mirbase.org/). The results showed four
Sus scrofa microRNAs (ssc-miR-542-3p, ssc-miR-22-5p,
ssc-miR-542-3p and ssc-miR-361-3p) were found to have
the predicted target sites (209-uuugacagauugagagaugaaa-
230, 195-uuaguggcaageuu-209, 741 -gauggauugauaacin
uaa-759 and 1438-ugugauccugauuug-1452) in the BMI
FARI1 sequence, respectively.

Further BLAST analysis revealed that the BMI FAR1
protein has high homology with the Fatty Acyl-CoA
Reductase 1 (FARI) proteins of seven species-cattle
(98%), horse (98%), mouse (98%), orangutan (97%),
human (97%), monkey (97%) and rat (92%) (Fig. 6). Based
on the alignment result, the phylogenetic tree was
constructed using Neighbor-joimng Method using Mega
4.0 software. Result revealed that the BMI FARI hasa

225 300 375 450 515

binding sites

putative subsirate hinding site A& b - Yy

bk h
FAR-N_SDR_e
NADE_Rossmann superfamily FAR_C superfanily

Fig. 3: The putative domains of the protein encoded by BMI FAR1
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Fig. 4 The secondary structure of the BMI FAR]1 protein predicted by SOPMA. Helices, strands and coils are indicated,

respectively with long, middle and short vertical lines
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closer genetic relationship with the bovine, human, mRNA tissue-specific expression profile: To check the
orangutan and monkey FAR] than with those of horse, relative expression levels of FAR1 mRNA in various
mouse and rat (Fig. 7). porcine tissues, semi-quantitative RT-PCR was performed

in 18 BMI tissues mentioned above. The continuously
expressed gene I8S was used and served as an
endogenous reference for determination of targeted
mRNA profiles. Result revealed that BMI FARI gene
was over-expressed in muscle, lung, ovary, skin, large
intestine, spleen, small intestine and nerve fiber and
almost not expressed mn other 10 tissues (Fig. &)
Comparative genomics determines the relationship of
genome structure and function of different species.
Researchers have learned a great deal about the
function of human genes by examining their counterparts
in simpler model organisms such as the mouse and some
results have revealed that virtually all (99%) of the
protein-coding genes in humans align with homologues
Cterm inmice and >80% are clear 1:1 orthologs (Hardison, 2003,
Fig. 5. The tertiary structure of BMI FARI Liu et al, 2008). This extensive conservation in

N-term

EMI-pig MVSIPEYYEGKNILLTGATGFLGKVLLEKLLRSCP SVYVLVRQKAGQTPKERVEEAISBKLFDRLRDENPD 74

Human MVSIPEYYEGKHN, TGATGFLGKVLLEKLLRSCP SVYVLVRQKAGQTE L DRELRDENPD 74
Cattls MVSIPEYYEGKHN, ATGFLGKVLLEKLLRSCP SV VLVRQKAGOTP DRLEDEHPD 74
Horse MVSIFEYYEG LTGATGF LGKVLLEKLLRSCE SVYVLVRQKAGQTE| L DRLRDENED 74
Orangutan MVSIPEYYEG TGATGFLGKVLLEKLLRSCP SVYVLVEQKAGQTP| s DELRDENFD 74
Monkay MVSIPEYYEGKN, T3ATGFLGKVLLEKLLRSCP SVYVLVROKAGTP| IKLFDRLEDENFD 74
House MVSIPEYYEGKNILLTGATGFLGKVLLEKLLRSCPRVNS VY VLVRQKAGOTPQERVEEI #SSKLFDRLRDERPD 74
Rat MVS IPEYYEGKNTLLTGATGF LGKVLLEKLLRSCPfViS VY VLVRQKAGETP| RLEDENFD 74
BMI-pig IIAINSELTQPKLALSEEDKKTII] FHCAATVRFHENLRDAVOLHVIA' ILLAQOMKHLEVE 148
Human TIAINSELTQPKLALS z: FHCAATVRFNENLRDAVQLNVIATROLILLAQQMKNLEVE 148
Cattle IIAINSELTQPKLALSEEDK FHCAATVRFHENLRDAVOLHVIA' ILLAQOMKHLEVE 148
Horse ITAINSELTQPKLALSEEDKD) FHCAATVRFHENLEDAVOQLHVIATQQLILLAQOMKNLEVE 148
Orangutan IIAINSELTQPKLALSE IIEBTH FHCAATYVRFHENLRDAVQLHVIAS ILLAQOMENLEVE 148
Honkey IIAINSELTQPKLALSEI II FHCAATVRFHENLRDAVOLNVIA ILLAQUMKHLEVE 148
House IIATHSELTQPKLALS VIFHCAATVRFHENLRDAVQLHNVIA ILLAQOMENLEVE 148
Rat FROKIIAINSELTQPKLALSI VIFHCAATVRENENLRDAVQLNVIATROLILLAQQUKNLEVE 148
BHMI-pig HHVSTAYAYCHREHIDEVVYPPEVDES lu.nlstGLmITPKuumnrmvamL 222
Human MHVSTAYAYCHRKHIDEVVYPPP L TPKLIGDRPNTYIYTKALAEYVVQOEGAKL 222
Cattlas MHVSTAYAYCHRKHIDEVVYPPPVDP EKL LERMDDGLVNDITPKLIGDRPNTYIYTKALAEYVVQOEGAKL 222
Herse MHVSTAYAYCHRKHIDEVVYPEPEVDE RKL: LEWMDDGLVHNDITPKLIGDREPHTY IYTKALAEYVVOOBGAKL 222
Orangutan MHVSTAYAYCHRKHIDEVVYPPPVDPRKL: LEWMDDGLVHDITPKLIGDRPHTYIYTHKALAEYVVQOBEGAKL 222
Honkey MHVSTAYAYCHRKHIDEVVYPPEVDE BKL: LEWMDDGLVHNDITPKLIGDRPHTY IYTKALAEYVVOOEGAKL 222
House MHVETAYAYCNRKHIDEVVYPPPVDERKL. LEWMDDGLVNDITPKLIGDRENTY IYTKALAEYVVOOEGAKL 222
Rat MHVSTAYAYCHNRKHIDEVVYPPPVDP KL LEWMDDGLVNDITPKLIGDRPNTYIYTKALAEYVVOOEGAKL 222
BHI-pig VRF S IVGASWKEPFPGWIDNFHGP SGLE IAAGKG Imlﬁ_'uasmMwamemﬂssm 295
Human VRPSIVGASWKEFFPGWIDNFHGE SGLFIAAGKGILRT IRASHRALADLVE VDY SLAAAWYSGVNR 296
Cattle HVVIVRPSIVGASWHKEPFPGWIDNFHGP SGLEIAAGHGILR ASHHALADLVEVD' SLAAAWYSGVNR 296
Horse HVAIVREPS IVGASWKEPFPGWIDNFHNGP SGLEIARGKGILE SHHALADLVPVDVVVNTSLARAWYSGVHRE 296
Orangutan HVAIVRPSIVGASWKEPFPGWIDNFHGPSGLFIAAGKGILRTIRASHHALADLVEVD LAAAWYSGVHR 206
Honkey HVRIVRPSIVGASWKEPFPGWIDHFHGP SGLEIAAGKGILETIRASHNALADLVE VD ELARAWYSGVHR 296
House HVAIVRPSIVGASWKEFFPGWIDNFHGP SGLFIAAGKGILE HHALADLVPVDVVVHTSLAARWYSGVNR 296

Rat HVAIVRPSIVGASWKEPFPGWIDNFHGE SGLFIARGKGILE SHHALADLVPVDVVVHATSLAAAWYSGVNR 296

BHMI-pig PRNIMVYHCTTGSTHF FHWGE P ﬂ 370
Human PREIMVYNCTTGSTHE FHRGE' | a 370
Cattls PRENIMVYHCTTGSTHPFHWGE RRP| i 370
Heozse HP [P D 370
Orangutan P o 3 370
Monkey HE e D 370
House CHBNE | " . = 370
Rat PRNmﬂm‘msTﬂmeDYLNH;mPLNﬂmﬂPYWHSNNM J 370

BMI-pig ITR LEYETSJowVHs TN HMHGL TEHIDVROLHWAEYIENYCTGTREY 444
Human TG ITRLI FT -_ NTE! IKKTFHIDVREQLHWAEY IENYCLGTKKY 444
Cattle TTRLHH IDVRS :nﬂﬁgﬂmw 444
Horse ITRLH FTEHSE VNMLMHQLNPEDKKTFNIDVRQLHWAEY IENYCTGTKKY 444
Ozangutan TTRLH] msF VHMLMHGLNPEDKKTFHIDVRQLHWAEYTENYCLGTKEY 444

Mankay ITRLH] Lupmkmrmmamm:mmmxr 444
House ITRLH] IENY ITKKY 444
Rat TEOHE WHHKETITRLH] mvlwms's wmmwemkmrmmwmxm GTEKY 444
BMI-pig VLHEEMSGLP AARKHLHKLRNIRYGFNTILVILIWRIFI. IWYEV LCEKFLEYFRA Y 51%
Human VLHEEMEGLP AARKHLHKLENIRYGFNTILVILIWRIFI IWYFVVELCEKFLEYF ¥ 515
Cattle VLHEEMSGLP AARKHLHKLRNIRYGFNTILVILIWRIFIARSQMARNIWYFVVSLCYKFLSYFRASSTHRY 515
Horsza VLNEEMSGLP AARKHLHKLERIRYGFNTILVILIWRIFIARSQMARRIWYFVVSLCEKFLSYFRASSTHRY 515
Orangutan VL PAARKHLNKLRNIRYGFNTILVILIWRIFI IWYFVVSLCEKFLSYFR 24 515
Hankay VLHEEMSGLE AARKHLHKLENIRYGPNTILVILIWRIFIARSOMARNIWYFVVSLCTHFLSYFRASSTHRY 515
House VLHEEMSGLP AARKHLHKLENIRYGFNTILVILIWRIFIARSOMARNI WY YFRASSTMRY 515
Rat VLHEEMSGLP AARKHLHKLRHIRYGFHTILVILIWRIFIARSQMARNI! YFRASSTHRY 515

Fig. 6: Alignment of the protemn encoded by the BMI FAR] and seven other types of FAR] from cattle (NP_001092502),
horse (XP_001501396), mouse (NP_081655), crangutan (NP _001126210), human (NP_115604), monkey
(XP_001093685) and rat (NP_001011933)
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protein-coding regions implied that the same protein-
coding sequences may be expected in different mammals
including pig. From the isolation of swine FAR! gene, the
researchers can find that swine FAR] 1s lighly
homologous with FAR] of human, bovine and other
mammals. This further validated that Comparative
Genomics Method is one useful tool to isolate the
unknown genes, especially the conserved coding region
of genes for pig. From the alignment analyses for swine
FAR] protein, researchers also find BMI FAR] protein
was not completely 1dentity to human or other mammals.
This mnplied that BMI FAR1 will have some differences in
functions to those of human, bovine and other mammals.
The phylogenetic tree analysis revealed that the BMI
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—_—
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@ 5 6 7 8
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704
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Expression level of FARI/18 S

FARI gene has a closer genetic relationship with the
bovine, human, orangutan and monkey FARI. Therefore,
the researchers can use bovine, human, orangutan and
monkey as model organisms to study the pig F4ARI gene
or use pig as a model organism to study the bovine,
human, orangutan and monkey FARI genes.

Most  protein are regulated by
phosphorylation/dephosphorylation, glycosylation/
deglycosylation and BMI FAR] protein has several kinds
of functional sites (such as phosphorylation sites,
glycosylation sites, myristoylation sites, FAR-N _SDR e
and FAR C protein domains) which suggest that FARI
protein plays important functional roles through these
sites and domains. MicroRNAs are small noncoding RNA.
They play a role in gene expression regulation by
inhibiting translation of their target mRNAs (Bartel, 2004;
Zeng et al., 2003). Their target predictions showed that
four Sus scrofa microRNAs (ssc-miR-542-3p, ssc-miR-
22-5p, ssc-miR-542-3p and ssc-miR-361-3p) were
found to have the corresponding target sites (209-uuuga
cagauugagagaugaaa-230, 1 95-uuaguggcaagcuuu-209, 741 -
gauggauugauaacuuuaa-759 and 1438-ugugauccugauuug-
1452) m the BMI FAR] coding sequence. Further

functions

9 10 11 12 13 14 15 16 17 18 M

FAR

18¢<

1 2 3 4 5 6 7 8 9

T T T T T T T 1
10 11 12 13 14 15 16 17 18

Fig. 8 Tissue expression profile of BMI FAR! gene; 1: Lymph node; 2: Midbrain; 3: Ovary; 4 Diencephalon; 5:
Cerebrum; 6: Liver; 7. Kidney, 8: Spleen, 9: Heart; 10: Lung; 11: Nerve fiber; 12: Stomach; 13: Small mtestine; 14:
Large intestine; 15: Pancreas; 16: Skin; 17: Muscle; 18: Fat. The 188 expression level is used for the internal control
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investigation i3 needed to confirm  whether
corresponding miRNA molecules can regulate the
FARI gene expression in swine. In tlis study, the
researchers not only cloned the CDS sequences of the
BMI FARI gene but also conducted the sequence
analysis and tissue expression profiles analysis. From the
tissue expression profile analysis, it can be seen that the
gene was obviously differentially expressed in various
tissues. As the researchers did not study functions at
protein levels, there might be many possible reasons for
differential expression of this porcine gene. The suitable
explanation for this under current conditions 1s that the
biological activities associated with the functions of
the gene was demanded to a different extent in
different tissues at the same time.

CONCLUSION

In this study, the researchers first isolated BMI FAR{
gene and performed necessary functional analysis and
tissue expression profile analysis. Furthermore, several
miRNAs were found to have the corresponding target
sites in the coding sequence of BMI FAR] by theoretical
prediction. The cDNA clone, sequence information and
function analysis of BMI FAR! gene will be extremely
important in elucidating the essential physiclogical
function of FAR protein using BMI and other pigs as
experimental animal models in the future.
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