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Abstract: This study was designed to analyze the structure and functions of vitamin D receptor (VDR) gene in
Tarim red deer (Cervus elaphus yarkandensis). The expression of VDR gene was verified by quantitative
real-time PCR (qPCR) based on transcriptome sequencing results. Homology comparison, phylogenetic tree
construction and bioinformatics analysis were carried out using related software. The up-regulated expression
trend of VDR gene in qPCR was consistent with that in transcriptome sequencing. The results of homology
comparison and phylogenetic tree construction showed that the genetic distance between VDR gene of Tarim
red deer and that of Odocoileus virginianus (GenBank accession number: XM _020889235.1) was the closest
and the homology was the highest, while the genetic distance between VDR gene of Tarim red deer and that of
Rattus norvegicus (GenBank accession number: NM_017058.1) was far and the homology was the lowest,
which was confirmed by phylogenetic tree. Bioinformatics analysis showed that the Tarim red deer VDR
protein was composed of 20 kinds of amino acids with molecular weight of 32.92 ku and its theoretical
isoelectric point was 5.73. It was predicted that the instability index of VDR protein was 33.56, the lipid
solubility index was 94.95, and its hydrophilic average coefficient was - 0.298. VDR did not have
transmembrane region, O-glycosylation site and signal peptide, but it had 1 N-glycosylation site and 15
phosphorylation sites, most likely located in the endoplasmic reticulum membrane. The secondary and tertiary

structures of VDR protein were mainly comprised of a-helix and random coil. It had 3 low complexi regions

and did not have conservative structure regions.
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GAC CGA TGG-3', Fi#5l¥: 5-TCC CCA
TTC TTC AGC AAA TC-3'. DUBE LN I &
HCH) cDNA 25 —HE NN, 338 H R
qPCR K MNAK R N 20 ul: b FHFSI% 1 ul,
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Table 1 Protein structure and function prediction related websites

)6 Function

A4 Software

3k Websites

FEAFAUMEFR 4 HT Physical and chemical properties
SE/HKESS T Hydrophilic/hydrophobic
TR ALAL A T Phosphorylation site
O-WEIEALAL ST O-Glenac site
N-FEIEALAL S T N-Glycosylation site
PEMELE R TN Transmembrane domain
5 SRR Signal peptide
M40 E AL TN Subcellular localization
TIREER TN Secondary structure
ZREERITIN Tertiary structure
R E5H853 T Conserved domain
S5R XI5 Structure area

ProtParam
ProtScale
NetPhos
NetOGlyc
NetNGlyc
TMHMM
SignalP
MitoProt I
SOPMA
SWISS-MODEL
Conserved Domains

SMART

http://web.expasy.org/protparam/
http://ca.expasy.org/tools/protscale.html
http://www.cbs.dtu.dk/services/NetPhos/
http://www.cbs.dtu.dk/services/NetOGlyc
http://www.cbs.dtu.dk/services/NetNGlyc
http://www.cbs.dtu.dk/servicess TMHMM/
http://www.cds.dtu.dk/services/signalP/
http://ihg.gsf.de/ihg/mitoprot.html/
http://npsa-prabi.ibep.fr/
https://swissmodel.expasy.org
http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
http://smart.embl-heidelberg.de /
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A VDR EAH 307 MRIERA K. @it
ProtParam %443 Hr VDR & I FRAL IR .
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Table 2 Genetic distance analysis of VDR gene

WyFd Species 1 2 3 5 6 7 8 9 10
1 4+ Bos taurus -
2 M8 Canis lupus dingo 0.114 —
3 W3 Capra hircus 0.027 0.106 —
! i%j;gfhus yarkandensis 0.036 0.109 0.033
5 Y Equus caballus 0.111 0.102 0.109 0.116 —
6 N\ Homo sapiens 0.113 0.090 0.111 0.114 0.100 —
7 E”%.ﬁ Lo 0.035 0.112 0.029 0.016 0.111 0.120 —
Odocoileus virginianus
8 W3 B Rattus norvegicus 0.168 0.151 0.160 0.168 0.150 0.143 0.167 —
9 WY& Sus scrofa 0.087 0.092 0.075 0.085 0.105 0.108 0.086 0.149 —
10 I8 Vulpes vulpes 0.115 0.006 0.109 0.112 0.104 0.091 0.115 0.150 0.098 —
55 2k Bos taurus (NM_001167932.2)
100 1jﬂi$ Capra hircus (KY307887.1)
100 100 W HEARILREE Cervus elaphus yarkandensis
HF R Odocoileus virginianus (XM_020889235.1)
2 B34 Sus scrofa (NM_001097414.1)
I, Equus caballus (NM_001163959.1)
N\ Homo sapiens (AF026260.1 )
40 100 M Canis lupus dingo (XM_025477405.1)
Lo Vulpes vulpes (XM_026000189.1)
¥ ZK B Rattus norvegicus (NM_017058.1)
0.02

Bl1 VOREFGHXAEREN
Fig. 1 The phylogenetic tree of VDR gene coding sequence (CDS) region
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Fig. 2 Amino acids composition of VDR protein
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ALris NetNGlye ¥/ #7 VDR S HTES 210
P FERRALE 1 > N-FESEAL A7 A5, FEIEALTE

4
3
2
1
0

43E Score
5L
%
_
—”’i

50 100 150 200 250 300
{51 & Position

B3 VDR FEBFR/GEKEDT
Fig. 3 Hydrophilic/hydrophobic analysis
of VDR protein
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Fig. 4 Phosphorylation sites prediction

of VDR protein
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Fig. 5 N-Glycosylation sites prediction of VDR protein
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Fig. 6 Transmembrane domain prediction
of VDR protein
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Fig. 7 Signal peptide prediction of VDR protein
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Fig. 8 The secondary structure analysis of VDR protein
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Blue. Alpha helix; Red. Extended chain; Green. Beta turn; Purple. Random coil.
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H 3 MEE AR X I, (low complexity) AT
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B9 VDR EHAK=HEH
Fig. 9 The tertiary structure prediction

of VDR protein
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4 (Polanco et al. 2016). AWARLER BN, B
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