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Abstract: The complete coding sequences of three sheep genes SLC3941, SLC3942 and SLC3947 were
amplified using the Reverse Transcriptase Polymerase Chain Reaction (RT-PCR). Sequence analysis revealed
that sheep SLC39417 gene encodes a protein of 324 amino acids that shares high homology with the solute
carrier family 39 (znc transporter), memberl (SLC39A1) proteins of eleven species-goat (99%), cattle (99%), pig
(95%), horse (94%), rhesus monkey (94%), chimpanzee (94%), human (94%), rabbit (94%), crab-eating macacue
(93%), mouse (93%) and rat (92%). The sheep SL.C3942 gene encodes a protein of 309 amino acids that shares
high homology with the solute carrier family 39 (zinc transporter), member 2 (SLC39A2) proteins of eleven
species-goat (98%), cattle (95%), horse (81%), giant panda (80%), human (79%), rhesus monkey (78%),
chimpanzee (78%), rabbit (77%), Northem white-cheeked gibbon (77%), mouse (75%) and rat (74%). The sheep
SLC3947 gene encodes a protein of 469 amino acids that shares high homology with the solute carrier family
39 (zinc transporter), member 7(SLC39A7) proteins of thirteen species-cattle (98%), dog (93%), pig (94%),
chimpanzee (93%), human (93%), horse (93%), rat (93%), rhesus monkey (93%), white-tufted-ear marmoset
(92%), Northern white-cheeked gibbon (92%), sumatran orangutan (92%), rabbit (89%) and mouse (86%).
Fmally, these three novel sheep genes were assigned to GenelDs: 100302552, 100302553 and 100302555, The
phylogenetic analysis revealed that the sheep SLC394I and SLC3942 genes both have closer genetic
relationships with the SLC3941 and SLC3942 genes of goat. The sheep SLC3947 gene has a closer genetic
relationship with the SLC3947 gene of cattle. Tissue expression profile analysis was also carried out and
results demonstrated that sheep SLC3941, SLC3942 and SLC3947 genes were all generally but differentially
expressed in detected tissues.
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INTRODUCTION seizure-induced CAl  neurodegeneration. SLC39A1
overexpression has a functional effect on the malignant

via inhibition of

There had been two superfamilies of mammalian zinc
transporters identified to be the Solute carrier (Sle) 30a
and Sle39a families (Kambe ef al., 2008; Guerinot, 2000).
Sle30a members, named ZnTs, function in zine efflux and
compartmentalization and are cation diffusion facilitator
proteing (Palmiter and Huang, 2004). Members of the
Slc39a family, named ZIPs, function in the uptake of zine
and other metals (Taylor and Nicholson, 2003). Solute
carrier family 39 (zinc transporter), member 1 (SLC39A1),
solute carrier family 39 (zinc transporter), member 2
(SLC39A2) and solute carrier family 39 (zine transporter),
member 7 (SLC39A7) are three members of the Slc3%a
family. However, recent studies have demonstrated that
these three genes had many more important fimections.
Experimental data revealed that knockout of Zn
transporters  SLC39A1 and SLC39A3  attenuates

potential of prostate cancer cells
NF-kappaB-dependent pathways and this supports the
concept that SLC39A1 may functon as a tumor
suppressor gene (Qian et al., 2011; Golovine et al., 2008).
Experimental data also revealed that a novel SLC39A2
Gln/Arg/Leu codon 2 polymorphism is associated with
carotid artery disease in aging (Giacconi ef af., 2008) and
SLC39A7 mediated mntracellular zine transport contributes
to aberrant growth factor signaling in antthormone-
resistant breast cancer cells (Taylor et al, 2008). As
mentioned above, SLC3941, S[.C3942 and SLC3947
genes are three genes which have important functions.
Until today, SLC3941, SLC3942 and SLC3947 genes
had been reported in human and other ammals but the
sheep SLC3941, SL.C3942 and SLC3947 genes have not
been reported yet. In present experiment, there will isolate
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the coding sequences of sheep SLC3941, SL.C3942 and
SLC3947 genes based on the coding sequence
information of SLC3941, SLC3942 and SLC3947 genes
from human or other mammals and ther highly
homologous  sheep ESTs sequence information,
subsequently perform some necessary sequence analysis
and tissue expression profile analysis for these genes.
These  will establish the primary foundation of
understanding these three sheep genes.

MATERIALS AND METHODS

Animals and sample preparation: Five adult Yunnan local
sheep were slaughtered. Spleen, skin, lung, fat, muscle,
heart, liver, kidney and ovary samples were collected,
frozen in liquid mtrogen and then stored at -80°C. The
total RNA was extracted using the total RNA extraction
Kit (Gibco, USA). Fiststrand c¢cDNA synthesis was
performed as that described by Liu et al. (2004). These
first-strand ¢cDNA samples were used to perform RT-PCR
for the isolation of sheep SLC3941, SLC3942 and
SLC3947 genes and for the tissue expression profile
analysis.

Isolation of the sheep SLC39A41, SLC39A2 and SLC3947
genes: The primers for sheep SLC3947 gene isolation
were designed based on the coding sequence information
of human SLC394I gene and its highly homologous
sheep EST sequences: DY495423 and EER30071 . Similarly,
the primers for sheep SLC3942 gene isolation were
designed based on the coding sequence information from
human SLC3942 gene and its highly homologous sheep
EST sequence: EE761386. The primers for sheep SLC3947
gene 1solation were designed based on the coding
sequence mformation from human and mouse SLC3947
genes and their highly homologous sheep EST
sequences: DY498275 and DY521419. These primer
sequences and their annealing temperature for RT-PCR
reaction were shown in Table 1.

The RT-PCR was performed to isolate these three
sheep genes using the pooled ¢cDNAs from different
tissues above. The 25 ul. reaction system was: 2.0 ulL
cDNA, 2.5 UL, 2 mM mixed dNTPs, 2.5 pl. 10xTaq DNA
polymerase buffer, 2.5 pL 25 mM MgCl,, 2.0 pL 10 uM
forward primer, 2.0 pL 10 pMreverse primer, 2.0 urmts
of Tag DNA polymerase (1 U/l uL) and 9.5 pL sterile
water. The PCR program initially started with a 94°C
denaturation for 4 min followed by 35 cycles of 94°C/50,
Ta*C/50 and 72°C/50 sec then 72°C extension for 10 min,
fmally 4°C to terminate the reaction. These PCR products
for sheep SLC3941, SLC3942 and SLC3947 genes were
then cloned ito PMDIR-T wvector and sequenced
bidirectionally with the commercial fluorometric method.
At least five independent clones were sequenced for
every gene.

Table 1: Primers for sheep SLC3941, SEC3942, SLC3947 and B-actin
genes and their annealing temperature

Genes Primer sequence TarC

SLC3941 Forward: 5°-ATGGGGCCCTGGGGAGAG-3’ 63
Reverse: 5-CTAGATTTGGATAAAGAGCAGG-3’

SLC3942  Forward: 5°-ATGGAACCACTACTAGGAG-3 58
Reverse: 5°-TCAGGCCCACAAGGCAAT-3

SLC39A7 Forward: 5°-ATGGCCAGAGGCCTGGGG-3 63
Reverse: 5"-TCACTGGAGGTGGGCAATCA-3

D-actin Forward: 5°-CTTGATGTCACGGACGATTT-3’ 56

Reverse: 5°-CACGGCATTGTCACCAACT-3"

RT-PCR for tissue expression profile analysis: RT-PCR
for tissue expression profile analysis was performed as
previously described elsewhere (Liu and Gao, 2009,
Yonggang and Shizheng, 2009, Liu, 2009). Researchers
selected the housekeeping gene B-actin (Accession No.:
NM_001009784) as a positive control. The primers of
sheep SLC3941, SLC3942 and SLC3947 genes which
were used to perform the RT-PCR for tissue expression
profile analysis were same as the primers for isolation
RT-PCR.

The PCR reactions were optimized for a number of
cycles to ensure product mtensity within the linear
phase of amplification. The 25 ul. reaction system was:
1 pl. cDNA (100 ng pl.™h), Spmoles each oligonucleotide
primer, 2.5 uL. 2mmol L™ mixed dNTPs, 2.5 uL 10xTaq
DNA polymerase buffer, 2.5 pL 25 mmol L™ MgCl,,
1.0unit of Tag DNA polymerase and finally add sterile
water to volume 25 pl.

The PCR program imtially started with a 94°C
denaturation for 4 min followed by 25 cycles of
94°C/50, Ta*C /50 and 72°C/50 sec then 72°C extension for
10 min, finally 4°C to terminate the reaction.

Sequence analysis: The cDNA sequence prediction was
conducted using GenScan software (http:/genes.mit.
edwW/GENSCAN. html). The protein prediction and analysis
were performed using BLAST tool at the National Center
for Biotechnology Information (NCBI)  server
(http:/Arww.nebi.nlm.nih.gov/BLAST) and the Clustal W
software (http://Awrww.ebi.ac.uk/ clustalw).

RESULTS

RT-PCR results for sheep SLC3941, SLC39A2 and
SLC39A7 genes: Through RT-PCR with pooled tissue
c¢DNAs for sheep SLC3941, SLC3942 and SLC3947
genes, the resulting PCR products were 975, 930 and
1410bp (Fig. 1).

Sequence analysis: These cDNA nucleotide sequence
analysis using the BLAST software at NCBI server
(http:/fwarw. nebinlm.nih.gov/BLAST) revealed that these

three genes were not homologous to any of the known
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sheep genes and they were then deposited into the
GenBank database (Accession No.: F1937953, F1937951
and FI937956). The sequence prediction was carried out
using the GenScan software and results showed that the
975, 930 and 1410 bp cDNA sequences represent three
single genes which encoded 324, 309 and 469 amino acids,
respectively.

Finally, these three novel sheep genes were assigned
to GenelDs: 100302552, 100302553 and 100302555, Further
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BLAST analysis of these proteins revealed that the sheep
SLC39A1 protein has high homology with the solute
carrier family 39 (zinc transporter), member (SLC39A1)
proteins of eleven species goat (Accession No.
AEB39598; 99%), cattle (Accession No.: NP_001030458;
99%0), pig (Accession No.: XP_001929540; 95%), horse
(Accession No.: XP_001493953; 94%),), rhesus monkey
(Accession No.: XP _001112361; 94%), chimpanzee
(Accession No.. XP 001148498, 94%), human (Accession
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Fig. 1. RT-PCR results for sheep SLC3941, SLC3942 and SLC3947 genes. M, DL2000 DNA markers; 1, PCR product
for sheep SLC3941 gene; 2, PCR product for sheep SLC3942 gene; 3, PCR product for sheep SLC3947 gene

Chimpanzes MG PWGEPELLVWR PEAVASE PP VP VELEVELGALVLLLVLTLLCS LYV P ICVLRRPGRANHE
Human MGPWGEPELLVWRPEAVASE PEVEPVELEVELGALVLLLVLTLLCSLVE ICVLREREGANHE
Rhesu MGPWGEPELLVWRPEAVASE PEVEPVELEVELGALVLLLVLTLLCSLVE ICVLREREGANHE
Crako—e=ating MG PWGEPELLVWR PEAVASE PPVPVELEVELGALVLLLVLTLLCSLY P ICVLRRPGANHE
RabloIc MGPWGEPELLVWRPEAVASAPEPVEPVELEVELGALVLLLVLTLLCSLVEICVLEREGASHE
Mouse MGPWGEPELLVWRPEAVASEPSVEPVELEVKLGALVLLLLLTLICSLVEPVCVLRERSGANHE
Rat MGPWGEPELLVWRPEAIASEPSVEPVELEVKLGALVLLLLLTLICSLVEVCVLRERSGANHE
Horse MGPWGEPELLVWRPEAVASE PEVEPVELEVKLGALLLLLLLTLMCSLVE ICVLREREGANPE
Sneep MG PWGEPELLVWR PEAARSEAPVPMGLEVELGALVLLLVLTLICS LYVPVCVLRRLGANDPE
Goax MGPWGEPELLVWRPEAAASEAPVPMELEVKLGALVLLLVLTLICSLVEPVCVLRERLGANPE
Cattie MGPWGEPELLVWRPEAAASEAPVPMELEVELGALVLLLVLTLICSLVEVCVLREREGANDPE
Pig MG PWGEPELLVWR PEAARSE PP VP VELEVELGALVLLLYVLTLICSLYEPICVLRRTGANPE
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Soat
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S GPPPREEMRALLGTITNGEPOHNHDES GVPQAGGALARPSALRA

CVLVFSLALHSVFEGLAVGLORDRARAME LCLATLL

HALSLVSCFAGGEVFLATCLLDLLPDYLAAIDEALAALNVILQFPLOEEFILAMGE

HHGILAVSLSLRLLOSHLRAQVVA
GILAVSLSLRLLOSHLRAQWWE
GILAVSLSLRLLOSHLRAQWVVE
GILAVSLSLRLLOSHLRAQWWE
GILAVSLSLRLLOSNLRWVOWVWE
CILAVSLSLRLLESHLRVQVVE
GILAVSLSLRLLOSHLRAQWWE
GILAVSLSLRLLOSHLRAQWWE
GILAVSLSLRLLOSHLRAQWVVA

ORILKVILLILAGFALLTGLLEIQT

Human ORILKVILLILAGFALLTGLLEIQT
Rhesus ORILKVILLILAGFALLTGLLEIQT
Crab—=ating ORILHKVILLLAGFALLTGLLEIQI
Rablbitc ORILKVILLILAGFALLTGLLEIQT
Mouse ORILHKVILLLAGFALLTGLLEVOQI
Rat ORILKVILLLAGEALLTGLLEWVQW
Horse ORILKVILLILAGEALLTGLLEIQWY

ORILKVILLILAGFALLTGLLEIQT

Soat ORILHKVILLLAGFALLTGLLEIQI

ORILKVILLILAGFALLTGLLEIQT

Pig ORILHKVILLLAGFALLTGLLEIQW

Fig. 2: The alignment of the protein encoded by sheep SLC3941 gene and eleven other kinds SLC39A1 protemns. Crab-
eating, crab-eating macacue; Rhesus and rhesus monkey
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MEPLLGANK IGCLFALLVLTLWVCGLIPIY FNWEFQTATATGCHRRILSFLGCTSAGVELGAS
MEPLLGANK IGCLFALLVLTLWVCGLIPICFRNWEFQTATATGCHRRILSFLGCTSAGVELGAGS
MEPLLGTHEIGCLFALLVLTLWVCGLIPICFNWEFQTITTATGCHRRVLS FLGCTSAGVELGRAS
MEPLLGWVHKIGCLFALLVLTLACGLIPICFEWNFQIDAATGRARRILSLLGCVSAGVELGAG
MEPLLGWVHKIGCLFALLTLTLVCGLIPICFEWNFQINAATGRARRVLSLLGCTSAGVELGAG
MEQLLGIKLGCLFALLALTLGCGLTPICFRNFQIDAARGHHRRVLRLLGCISAGVEFLGAG
MEQLLGIKLGCLFALLALTLGCGLTPICFEWNEQIDAAR RRVLRLLEGCISAGVELGAG
MENLLGIKLGCLFALLALTLGCGLTFPICFEWNEQRIDARR RRVLRLLEGCISAGVELGAG
MEQLLGIKLGCLFALLALTLGCGLTIPFICFRWNEFRIDAARGHHRRVLRLLEGCISAGVELGAG
MEPLLGVHKIGCLFALLAVILGCGELIPICSHWNEQIEART G RRVLSLLECASAGVELGAG
MEVLLGVHKEIGCLLALLVLILGCGLIFIY VENEQMDART GE RWVLSLLGECTSAGYELGEAGE
MEVLPGVHEIGCVLALLVEFILGCGLIFIY VENEQTITDAARTGE RWVLSLLGECTSAGYELGEAGE

FMHMITAE ALEGINSEIQNLMI QNRIKSEGHSDDDADSAYME ¥ PYGELVISLEGEFFLWVELLE
FMHEMT AR AL EGCINSEIQN LM QNRTNSEGSHSDDDADSAYMEYPYGELTI ISLEGFFLWVELLE
FMHEMT AR A LG INSE IQN LY I QNRIKNSEGSHSDDDADSAYMEY P YGELI ISLGFFLWVELLE
LMHEMT AR AL EGCIDSE IO FEHMONR T ENEGHNAS DDSESAQMEY PYGELVISLEFFFVEFLE
FMHEMT AR A LG IESE IQNFVHEQNRITESEGS - SSDDADSAQTDY PYGELI ISLEGFFLWVEFLE
FMHEMT AR AL EE IE S IO F M VONRSASERNS SCDADSANMEY PYGELTI ISLEFFFVEFLE
FHMHEMT AE AL EE I ESO IO VO NR S ASERNS SCDADSAFMEY PYGELTI ISLEGFFLWVEFLE
FMHEM T AE AL EE IES QIO MV NR S ASERNS SGVADSVHMEY PYGELTI ISLEGFFFVEFLE
FHMHEMT AE AL EE IES QI QN VW RNRS TSERNS SCDADSANMEY PYGELI ISLGFFFIFFLE
FMHEMITVEA LG IESE IQNFIVoONRIESERNSSSHASSAQTEYPYGELT ISLGFFFWVEFLLE
MM T AE A L EGCIESE IQNFvVEQNSTESKGHNSSRDAASSY VEYPYGELWVISLGFFFVELLE
LMHM T AR AL EGCIESE IQNF VW RNSTESHGHNSSRDAAASY VEYPYGELWVISLEGFFFWEFLLE
SLALQCCPGTAET PR VOEQELGTAHNE LEPHSHGELLPSPSREPFRALILLLSLSFHSVEFES
S LALQCCPGIAE T PREVOQEQELGTAHE LEPHSHGLLPSPSRGPFRALILLLSLSFHSVEFEG
SLALQCCPGTAET PR VOEQELGTAHNELAPHSHGEPLSSPSGEPFRALILLLSLSEFHSVEES
SLALQCCPGAAGG TP VOEEWNSGT —HV LELHSHGPLPLESKRPLEALVLLLSLSFHSVFEFEG
SLALOCCHGASEGS PVOEEEWNGEANVPELHSHGEPLPSPSREPLERALVLLLSLS
SLALQCCPGAAGGS T VO DEENGGAH I FELHSHGHLPSPSKSPLEALVLLIL.SLS
SLALOCCPGAAGGES TVODEEWGGAH I FELHSHGHLPSPSHGPLRALVLLLSLSEFHSVEEGS
S LALQCCPGAAGGS IVREEENGGPHI FELHSHGHLPSPSKSPLEALVLLLSLSFHSVEFEG
SLALOCCPGARARGS TVOEEEWGGAH I FELHSHGHLPSPSHSPLRALVLLLSLSEFHSVEEGS
S LALOCC PEASGERS I VR EEENGEAHG LGFHSHARRPAPSRGFPLRILVLLLSLSFHESVEFEGS
SLALOCCHGAAGGES TVOEEEWGGTHAFGEFHNHPAVPSPSREGPLRALVLLLSLSEFHSVEEGS
SLALQCC ﬂGAAGGST\’QEEEWGGT HAFGSFHNHPPIPSEPSREPLEALILILISLSEFHESVEFES

LAVGLOLITWVASTVOLCLAVLANNGIVVFGVGLRLVOVGTESRNAVLSILSLALMSPLGLA
LAVGLOL T WVAS T VoOLCLAVL ARG IV VEFS VG LRLVOVETESRWNAVLEILSLALMSPLESLA
LAVGLOLITWVASTVOLCLAVLANNGIVVEFGVGLRLVOVGTHSRNAVLSILSLALMSPLGLA
LAWVG LR T VAT AVOLCLAVLANKNGL Y VEF S VELRLVOIGTIGSRWAT VS ILSLALMS PFHGELW
LAVGLOPITVAARTVOLCLAVLANNGLYV VEFGVGLRLVRIGTGSRNAMESILSLEGLMSPLGLE
L AWVE LR T W AR T VoL C LAY L ARG LW W e VEHMRLVHLGET S SRNAVESILLLATMS BLSLA
LAVGLOP T WAAT VO LC LAV LARNKNGLWY WEFGVGHMRLVHLGT S SRNAVES ILLLALMS PLGLA
L AWVE LR T W AR T VoL C LAY L ARG LW W e VEHMRLVHLGET S SRNAVESILLLATMS BLSLA
LAVGLOP T WAAT VO LC LAV LAHNKNGLWY WEFGVGHMRLVOLGTRSANAVES ILLLALMS PLGLA
LAWVGLOL T I AR T VO LC LAV L ANKGLVAFGSVELRLVOIGTE SRNAMESILSLALMSPLELS
LAVGLATWVAAT IQLCVAVLANKNGLWY WEFSVGLRLGHN IGTGPRWATEFCILSLALMS PWGELEA
LAWVGLOAT VAR T VoL WAV LARKGLY VEFSVELRLVK IGTGPRNATEFCILSLALMS PWiELI
I GLAVPOGDSHAGOGLAQRL L EGCHMALGTEFLY VIFLEI LPRELASPEAPLANWNS CWRADGEW
L AVEP DS E ARG LAV L ECHMARNGTFLY VIFLEI LPRELAS PEAD LARKMNS C WA DS ER
I GLAVPOGDSHAGOGLAQS YV LEGMAAGTF LY VIFLEI LEPFRELASPEAPLANWNS CWVARGE A
LAV TG SKeGERG LAV L EGVALGTFLY VIFLEI LPRELAGPEAPLAKNGC WA NGER
L AVAGCD S E ARG LAY LE VARG TFLY VIFLEI LPRDLAGCPERAD LAKMNS CWATEER
Ve LAV ITGEEDSEGGRGLAQAV LEGVAAGTF LY VIFLEI LPRELASPEAPLANWNSCWVARGE A
e AV TEEDSESGERGLAOAV LEGSVALRGTFLY VIFLEI LPRELASPEAPLANNS CWANGER
EMAV T EEDSEGCCERGLAQAV LEGCVARGT FLY VIFLEI LPRELAS PEADLAKMNSC WA REER
Ve LAV TERDSEGGERGLAQAV LEGVAAGTF LY VIFLE I LPRELASPEAPLANWNSCWVARGE A
LG AVVEEDSEGERGLYORALLEGVARGT FLEVIFLE I LEPQELADEPERE LWERC CWI DS E
L I VAGGASGER I R LA W LEG I ARG IF LY VIFLEILFRELACPEAPLANY SCVARGE R
LeLTVAGGASGOQAROE I_AQAI LEGIAAGTFLY VIFLEI LPRELACPEAPLANYSCVARGE S
FHME W IA LW
f SR
FHMAVIALWA
FHMAEFITALWS
FMOETATWE
FHMAFIALWA
FMAFITALWS
FMOETATWE
FHMAFIALWA
FMATLTALWS
FMOAT TAT o
FHMALIALWA

Fig. 3: The alignment of the protein encoded by sheep SLC3942 gene and eleven other kinds of SL.C39A2 proteins.
Rhesus, rhesus monkey; Northern, Northern white-cheeled gibbon; Giant, giant panda

No.. NP 055252, 94%), rabbit (Accession No.:
XP_002715529; 94%), crab-eating macacque (Accession
No.: BAE01945; 93%), mouse (Accession No.: Q9Q703;
93%) and rat (Accession No.. NP 001128049, 92%)
(Fig. 2).

The sheep SLC39A2 protein has high homology with
the solute carrier family 39 (zinc transporter), member 2
(SLC39A2) proteins of eleven species goat (Accession
No.: ADUIB525; 98%), cattle (Accession No.:
NP 001192577, 93%), horse (Accession No.:
XP_001505193; 81%), human (Accession No.: AAF35832;
79%), giant panda (Accession No.: XP 002927868, 80%),
thesus monkey (Accession No.: XP_001093488; 78%),
chimpanzee (Accession No.: XP_520676, 78%), rabbit

{Accession No.: XP 002718088; 77%), Northern wlte-
cheeked gibbon (Accession No.: XP_003260612; 77%), rat
(Accession No.: NP 001100730, 74%) and mouse
{Accession No.. NP_001034765; 75%) (Fig. 3). The sheep
SLC39A7 protemn has lugh homology with the solute
carrier family 39 (zinc transporter), member (SLC39A7)
proteins of thirteen species cattle (Accession No.:
NP 001069705, 98%), dog  (Accession No.
NP 001041565, 93%), white-tufted-ear marmoset
(Accession No.: XP_002746472; 92%), pig (Accession
No.: NP 001124517, 94%), chimpanzee (Accession
No.. XP 003311256, 93%), human (Accession No.
NP _008910; 93%), rat (Accession No.: NP_001008885;
93%), horse (Accession No. XP_001496865, 93%),
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MR R GG AP N Ay G L LT WA T L L LV ACL S CHN DL ADDL Or DEHGHSHRESHEDERNSHSH
T =

ENSRGGYGESGAPGIKQDLDAVTI LNAYALGATVLISAARPFEFVLFLIPVESNSPRERSLLG

EHSHGGYGESGAPGIKQDLDT VI LNAYALGATVLISAAPFFVLFLIPVESNS PRERSLLG

EHSHGGYGESGAPGIKQDLDTVILWAYALGATVLISAAPFFVLFLIPVESNSPRERSLLY
EHSHGGYGESGALGVKQDLDT VI LWNAYALGATVLISARPFEVLFLIPVESNSARERSLLE
EHSHGGSGESGAPGVEQRDLDIVILWAYALGATVLISAAPFFVLFLIPVESNSPRERSLLY
ENSHGGYGESGAPGIKQDLDTVILWAYALGATVLISALRPFFVLFLIPVESNSPRERSLLG
EHSRGGEYGESGAPGIKQDLDIVILWAYALGATVLISAAPFFFLFLIFPVESNSPRESSLLY
EHSHGTSREAGAPGIKHHLDTVILWAYALGATVLISAARPFFVLFLIPVESNSPRERSLLO
—HEHCGASRELGRPGET LOTVILWAYALGATVLISARPFFVLFLIPVESNS PRERSLLG

ILLSFASGGELLGDAFLHLIPHALEPHSHEILEQPGHGHSHSGRGPILSVGLWVLSGIVAF
ILLSFASGGLLGDAFLHLI PHALE PHSHETLEQPGHGHSHSGQGPILSVGLWVLSGIVAF
ILLSFRSGGELLEDAFLHLIPHALE PHSHETLEQPGHCHSHSGREPILSVELWVLSGIVAE
ILLSFASGGLLGDAFLHLI PHALEPHSHETLEQPGHGHSHSGQGPILSVGLWVLSGIVAF
ILLSFASGGLLGDAFLHLIPHALEPHSHETLEQHGHGHSHSGREPILSVGLWVLSGIVAE
ILLSFASGGLLGDAFLHLIPHALEPHSHHTLEQPGHGHSHSGQGPILSVGLWVLSGIVAF
ILLSFLRSGELLEDAFLHELIPHALEPHSHEPLEQPGHGHSHSEQEPILSVGELWVLSGIVAE
ILLSFASGGELLGDAFLHLIPHALE PHSHHPQEHPGHGHSHSGRGPILSVGLWVLSGIVAF
ILLSFASGGLLGDAFLHLI PHALE PHSHHEPLEQPGHGHSHSGQGPILSVGLRVLSGIVAF
ILLSFRSGELLEDAFLHLIPHALE PHSHEPPEQPEHCEHSHSGREPILSVELWVLSGIVAE
ILLSFASGGLLGDAFLHLI PHALEPHSHHPLEQPRHGHSHSGQGPILSVGLWVLSGIVAF
ILLSFASGGLLGDAFLHLIPHALEPHSHETVE QRGHGHSHSGREPILSVGELWVLSGIVAE
ILLSFASGGELLGDAFLHLIPHALEPHSHEIPEQPGHGHSHSGRGPILSVGLWVLSGIVAF
ILLSFASGGLLGDAFLHELIPHALEPHSHDT PAQPGHGHSHSGQGPILSVGLWVLSGIVAE

LVVENFVRHVEGGHGHSHGHG— ——
LVVEHFVRHVHGEHGHSHGHG — ——
LV VEKFVRHVEG

E THG-SHRHG-ROERHSHENQSSEEEEKEAG
LVVEHFVRHVEGEHGHSHGHG — ——HAHGHTHE - SHEHG-RQERSSHKENQSSEEEEREAG

LVVEKFVRHVEGEHGHSHGHG—— HTE =
LVVEKFVRiVKGGﬂGdAdAAGdGisﬂGDSdAAGdS1AdGDRﬂECP5<G<P55EDE EEAG

GVERRRGESTVPHKDGFVRPQNAEEEKRGLDLRVSGY LNLARDLAHNFIDGELATIGASFREE
GVORRRGGSTVPKDGEFVRPQNAEEEKRGLDLRVSGY LNLAADLAHNFIDGLATIGASFRGG
GVQHRRGGSTVPHDGPVRPQEAEEENRGLDLRVSGY LNLARDLAHNFIDGLAIGASFRGG
CVORRRGESTVPKDGEPVRPQNALEEERRGLDLRVSGYLNLARDLAHNEFTDELATGASFRGEE
GV ORRRGESTVPKDGFVRPQNAEEENRGLDLRVSGY LNLAARDLAHNFIDGLAIGASFRGG
GVORRRGGSTVPHKDGPVRPQKPEEENRGLDLRVSGY LNLAADLAHNFIDGLATIGASFRGG
GSRERHGESTRLEDGPLRPOQNSEEEXRTGSDLRVSGYLNLARDLAHNEFTDGLAIGASFRGGE
CLRERKGENMGPKDGPVRPENSEEGKIGSDLRVSGYLNLARDLAHNFIDGLAIGASFRGGE
ALRKRRGGSTRPKDGPVRPQNAEQEKAGSDLRVSGY LNLAADLAHNFIDGLATIGASFRGG
ALRNRRGGSTRPHDGPVRPQNAEEERAGSDLRVSGYLNLARDLAHNFTDGLAIGASFRGG
ASRNRRGESTRPKDEPVRPQHSGEERAGSDLRVSGYLNLARDLAHNETDELATGASFRESE
WLRNRKGGSTGPKDGESVEAQNPEEENIGSDLRVSGY LNLAADLAHNFIDGLAIGASFRGG
GCLRERRGGNTGPRDGPVHPQSPEEENAGSDLRVSGY LNLAADLAHNFIDGLAIGASFRGG
GLR(RRGGDTGFRDGFL{PQNPEEE{TGSDLRVSGYLNLAADLAANFTDGLAIGASFRGG

RO O LT TM I VL L HE Y P VoD EA T L VeSO OSHNQAMRLRLLTAVOALACTACALLTECS

Fig. 4: The alignment of the protein encoded by sheep SLC3947 gene and thirteen other kinds of SLC39A7 protems.
White-tufted-ear, white-tufted-ear marmoset; Northern, Northern white-cheeked gibbon; Sumatran, sumatran
orangutan; Rhesus and rhesus monkey
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Fig. 5. The phylogenetic analysis for twelve kinds of
SLC39A41 genes
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Fig. 6: The phylogenetic analysis for twelve kinds of
SLC3942 genes
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Fig. 7. The phylogenetic analysis for fourteen kinds of
ST.C3947 genes
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Fig. 8: Tissue expression distribution of sheep SLC3941,
SLC3942 and SLC3947 genes. The P-actin
expression is the internal control. 1: Spleen; 2:
Skin; 3: Lung;, 4: Muscle; 5: Heart; 6: Fat;, 7: Liver,
8: Kidney; 9: Ovary

Northern  wlite-cheeked gibbon (Accession No.:
XP 003271937, 92%), sumatran orangutan (Accession
No.: NP_001127161; 92%), rthesus monkey (Accession
No.: XP 002803736; 93%), rabbit (Accession No.:
XP 002714615, 89%) and mouse (Accession No.:
BAE35522; 86%) (Fig. 4).

Based on the results of the alignment of SLC39A1,
SLC39A2 and SLC39A7 proteins, three phylogenetic trees
were constructed using the Dendrogram procedure of
ClustalW software as shown m Fig. 5-7.

The phylogenetic analysis revealed that the sheep
SL.C3941 and S1.C3942 genes both have closer genetic
relationships with the SLC3947 and SLC3942 genes of
goat. The sheep SLC3947 gene has a closer genetic
relationship with the ST.C3947 gene of cattle.

Tissue expression profile: Tissue expression profile
analysis was carried out and results revealed that the
sheep SLC3941, SLC3942 and SLC3947 genes are all
generally but differentially expressed in tissues including
spleen, lung, muscle, kidney, ovary, skin, liver, heart and
fat (Fig. 8).

DISCUSSION

In the current study, researchers firstly get the
coding sequences of sheep SLC3947, SLC3942 and
SLC3947 genes by RT-PCR. With the development of
modern bioinformatics, establishment of specific sheep
NCBI EST database and different convement analysis
tools, researchers can easily find the useful ESTs which
were highly homologous to the coding sequences of
human genes. Based on these sheep EST sequences,
there can obtamn the complete coding sequences of some
novel sheep genes through the some experimental
methods such as RT-PCR. From the clone and sequence
analysis of sheep SLC394!, SLC3942 and SLC3947
genes, 1t could be seen that this 15 an effective method to
isolate some novel sheep genes.

Through sequence analysis, researchers found that
the encoding protein of the sheep SLC3941, SLC3942
and SLC3947 genes are highly homologous with
SLC39A1, SLC39A2 and SLC39A7 proteins of human and
some other animals. This implied that the SLC3941,
SL.C3942 and SLC3947 genes were highly conserved in
some species and the sheep SL.C39417, SLC3942 and
SL.C3947 genes will have similar functions as the
SLC3941, SLC3942 and SL.C3947 genes of human and
other animals. Researchers also found that the sheep
SLC39A1, SLC39A2 and SLC39A7 proteins do not show
complete identity to human or other ammals. This implied
that the sheep SLC3941, SLC3942 and SLC3947 genes
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will have some differences in functions to those of human
or other mammals. The phylogenetic analysis revealed
that the sheep SLC3947 and SLC3942 genes both have
closer genetic relationships with the SLC3947 and
SLC39A42 genes of goat. This implied that we can use
goat as a model orgamism to study the sheep SLC3941
and SLC3942 genes or use sheep as a model organism to
study the goat SLC3947 and SLC3942 genes. The sheep
SL.C3947 gene has a closer genetic relationship with the
SL.C3947 gene of cattle so that there can use cattle as a
model organism to study the sheep SL.C3947 gene or use
sheep as a model organism to study the cattle SLC3947
gene. From the tissue distribution analysis i the
experiment it can be seen that the sheep SLC3941,
SLC3942 and SLC3947 genes obviously
differentially expressed in some tissues. As researchers

WEIe

did not study functions at protein levels vet there might
be many possible reasons for differential expression of
sheep SLC3941, SLC3942 and SLC3947 genes. The
suitable explanation for this under current conditions is
that at the same time those biclogical activities related to
the mRNA expression of sheep SLC3941, SLC3942 and
SLC3947 genes were presented diversely in different
tissues.

CONCLUSION

In this study, the researchers first 1solated the sheep
SLC3941, SLC3942 and SLC3947 genes and performed
necessary sequence analysis and tissue transcription
profile analysis. This established the primary foundation
for further insight into these novel sheep genes.
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