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ABSTRACT

The total RNA obtained from the spleen of Fujian yellow rabbit was used to amplify the cDNA for the precursor of
Fujian yellow rabbit Nramp1 subunit by RT-PCR, and the opening reading frame of 1635 bps was acquired. The
fragments amplified were ligated with T-Vector pMD™20 vector and transformed into the
competent E. coli Competent cells JM109. The positive clones were verified, sequenced and submitted to
GenBank, (accession number: KT943979). Based on the ORF sequence, the upstream and downstream
sequences were isolated by 5- and 3'- RACE, respectively. The full cDNA (2180bp) consists of a 5-terminal
untranslated region (UTR) (103bp), a 3-terminal UTR (443bp) and an ORF(1635bp). The sequence result was
compared with homologous sequences from other animals including human, sheep and mouse. Sequence
alignment showed that ranks of their similarities were above 82%.
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INTRODUCTION

Nrampl (Natural resistance-associated macrophaeiprl) gene is a conservative gene with a high
degree of amino acid sequence homology and sirsdaondary structure. It can encode a typical
peptide with complete membrane glycoprotein photphla~8 transmembrane domain which may
plays an important role in protein structure anaction of Nrampl family (Hong-mei Wu et al.,2005).
The conserved sequence structure of Nrampl gendtamdsistance to disease are non pathogen
specific, which is one of the best candidate geneseasure the comprehensive disease resistance of
livestock and poultry (Blackwell et al.,1998 ; Goveet al.,1995). Fujian Yellow Rabbit a Chinese
native excellent rabbit breeds show reproductive, rgood carcass quality, wide adaptability, strong
stress resistance and many other advantages (Xi>gm et al.,2009). In 2006, it was listed in the
Catalogue for protection and conservation of liwektand poultry Genetic Resources in China by the
National Commission on livestock and Poultry Gen&esources. In this study, with Fujian yellow
rabbit spleen total RNA as template, rabbits NraroPNA sequences were determined by RT-PCR
and RACE. Thus, the Nrampl gene might be a carelgiate for wide adaptability and strong stress
resistance performance of Fujian yellow rabbit.

MATERIALS AND METHODS

Experiment animals

Animal care and handing were in accordance withpibleey on the Care and Use of Animals of the
Ethical Committee, Fujian Academy of Agriculturadi@ces. Female Fujian Yellow rabbits (90 days)
purchased from Yuhuashan Rabbit Breeding Farm anfjlang (Fuzhou, China) were raised with a
free access to food and water at all time, and tai@ed on a 12L/12D (light/dark) cycle and in an
air-conditioned room.

RNA extraction and quality determination

Total RNA was extracted from Fujian Yellow rabbgleen tissues by TRIzol (Invitrogen, Carlsbad,
CA, USA) according to the standard protocol. TheARfdmples were treated with DNase | (TaKaRa,
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Japan) for 4 h. RNA was quantified by measuring dbsorbance at 260 nm using a Nanodrop
spectrophotometer (Thermo Fisher Scientific Inan $ose, CA, USA). The spleen RNA was assessed
by the ratio of the absorbance at 260 and 280 rire. ifitegrity of the RNA samples was examined
with an Agilent 2100 Bioanalyzer (Agilent Technalkeg; Santa Clara, CA, USA).

Rapid amplification of 5’ and 3’ cDNA ends (RACE)

Based on the conserved sequence of Nrampl gemae<livsely related species, priméfi@ble 1) for
PCR were designed to amplified an Nrampl cDNA fragnirom rabbit. Cycling parameters for PCR
amplification were 94 pre denaturation 2 m@8C of denaturation 10 S, 85 annealfog 30 S,
72C extensiorfor 2 min, 30 cycles the last 72°C extensiofor 5 min.The PCR products were
gel-purified and sequenced (Fig 1).

Table 1: Primer sequence for RACE.

Primer names Primer sequence-8j Length Amplification target
FO CGCAYYVTCCTCTGGCTGAM 20 RT-PCR Outer
RO GATCKKVGCRTAGTYSTG 18 RT-PCR Outer
F1 TYGTGGGCTCVGAYATGC 18 RT-PCR Inner
R1 SRTTGGTYTKCTKGTAGAA 19 RT-PCR Inner
R2 TCCGCAGTCCGTAGTTGTCG 20 5'RACE Inner PCR
R3 CTCGTAGCCAAAGGTCAAGG 20 5'RACE Outer PCR
F5 CTTCCTCATTGAGGCCAGCAT 21 3'RACE Inner PCR
F6 TTATGCCCCACAACATCTACCTGC 24 3'RACE Outer PCR
F4 AGGTGTGGTGACGGGAAAGGACT 23 RACE sequence verificat
R4 AGCAGGTCGTTTAGGCCGGACA 22 RACE sequence verification
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Figurel: Products were detected by gel electrophoresis.ofalTRNA;B: Core sequence of Nrampl.
C: 3'RACE of Nrampl; D: 'RACE of Nrampl.; E: Ver#fil PCR products.The first lane is a negative
control, and the second lane is the PCR product.

The 3'and 5’ ends were obtained by rapid amplifaatof cDNA ends (RACE) approaches using
3’-Full RACE Core Set with PrimeScript™ RTase andréll RACE Kit with TAP (TaKaRa, Japan)
following the manufacturer’s instructions. Primérs 3'-RACE and 5'-RACE were listed in  Table
The PCR products were ligated into T-Vector pMBO vector (TaKaARa, Japan) and transformed
into the competert. coli Competent cells IM109. Positive clones with thgeeked-size inserts were
determined by PCR on clones and DNA sequencing.

Sequence analysis

cDNA sequences of Nrampl from Fujian Yellow rabldre blasted to obtain known homologous
sequences oNrampl genes from other species. Multiple sequerdiggment and phylogenetic
analysis were performed using MEGA3.1 (Kuwabaral.etL996).
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TCATTCATICACGCAGOCCAGCACCC GGA GAGGEGCTEAC GE CTCAAGA GCTGTC CAGOC CGC GOCCOCCCTTAGA GAGGOC TGGEEGCC TEGTGTTCTCATC
ATE GOC GAC AGA GGT GCC TCA AAGCCG AGE

TAT GGC TEC ATC TOC AGE CCGOCAAGE CCA GEGCCA GAG CGA GCGCCTOCC GGA GGA ACT
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COC GAA GOCAACATG TAC TIC CTC ATT GAG GOC AGC ATC GOC C€T6 TGC GTC TOC TIC ATC ATCAAC CIC TG GICATG GCC GIC TIC GGG
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CAG GCC TTC TAC CAG CAAACC AAC CAGEOC GCG CAC AGE C TG TOE GOC AAC AGE AGE CTG CAC ARC TAC GOC AASAYVC TTC COC GOE GAC
o A F W o o T N_O a A = L < A W~ = L B X % A N N F P A D
AAC CAC ACC GCG TOC TG GAC ATE TAC CGA GEA GGE GTG ATC CTG GGC TGE CTC TTC GGE CCC GCA GCG CTC TAC ATE TEG GOCT GTG GGT
o - { e - - D X W E c < 2 S SR < I E_ o P A A L Y I W A v o
C©TC €TC GCC GOC GGG CAGACGE TCC ACCATE ACC GGC ACC TAC GCC GGA CACG TTC GTGATC GAG GGT TIC CTEGCGE CTE CGC TCG TCTCEC
L I A A © ©O s s T AL T € T ¥ A © O F v AL FE c F L R L R W s R

TTIC GCC CGE GTGCTC CTC ACT CGE TOC T GC GEC ATC CTGCOC ACC GTGCTIC GIG GCC GIC TIC CGG GAC CTGAGE GAC €CTG TCC GGC CTA
F A R w L L T R s < A I p P T T L v A vV F R D L R D L s < L
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CTGICCAGE CTCCCTCAC CCT GOC TAC TIC GGC CIC GTIG GEC CTG TG GCT GCC GIC TAC €T6 GGC CTC ACT ACC TAC CTG GIC TGG ACT
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TGC TGC ATT CCA CAA GGA GCA GOC TTC CTG GTC CAC AGC TCC CAC CAGCGC TTC CTGE TAT GGG CTC CCT GAA GAGCTCCAG GAGAAC AGC
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GAGACC CAC GGA TGA TCCCCTGCACGE CEC TTEEC TTEGGA CECTTC GA GGEE GGA CCA GACTEGCCT GO TCGCACAGCAGCGATGGA GT GCCAGAGT
E T H <

CTAGGAGCCAGGCCAACC TG GGECCC I TAGGGTCC T TG GT T TC € TAGG T TACACAGE TEAGGACC CTC TEGACC TCAGTGICC TCATC TGTAAGAT GGG
CACAGCCCCAGCCTTGCCACTCATCTGACTECCCEGCCACTICCGACTITIITATTI TITTIITTAAATCAC TVC TAGATACTEACTCATCCCCATATAGCGAGCTC
ACCGCAYAGATC CATAGGR GTT GGGGT GCGGGTGEGGGTGGCACAGGC TCCTAACTIAAAATC TGATGAATGA GAAATAAATGC CAGC TCACTICTCATC
CCAAAGGC CTEGGAAAAGAAACGCACA AGGCAAGC GAACATCGC TCAGAAAA AAAAAAAA

Figure 2: Sequence of Nramp1 from Fujian Yellow rabbit #sdamino acid sequence. There was a
classic conserved domains on the Nrampl proterephesent MntH_propeptide superfamily ;

RESULTS AND DISCUSSION

The length of rabbit Nrampl open reading frame W35 bp, encoding a protein with 544 amino
acids residues. The full-length of nucleotide segaeand the deduced amino acid sequence are shown
in Figure 2.

Multiple sequence alignment showed that nucleatetguence of Fujian Yellow rabbit Nrampl shared
high similarity with other Nramp1 sequence fromgshaeep, cattle, pig, cattle, horse, chicken, mous
and human. Based on the sequence of Nrampl froferalit species, a phylogenetic tree was
constructed using the software DNAstar MegAlign moek (Fig.3.). The relationships of Nrampl
displayed in the phylogentic tree were consisteith whe traditional taxonomy of these species.
Sequence alignment showed that ranks of their aiitids were above 82%, and meanwhile, the

results of genetic evolution analysis of the gelnewsed a fairly high degree of homology between
rabbits and big mouse.

Bubalus bubalis
1 Equus caballus
Cenus elaphus
—] :::a_ms f§mlllarls _
ujian yellow rabbit
Qvis aries
r— Bison bison
- Bos taurus
Homo sapiens
4 KMus musculus
e 1 1 B U Sus S':I-Dla
0s T Rattus nﬂﬁ'EgiCUi

250 200 150 100 50 0
Nucleotide Substitutions (x100)

Figure 3: Phylogenetic tree of the nucleotides sequence®wof Fujian yellow rabbit and other
mammals.
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CONCLUSIONS

The full cDNA (2180bp) of Nrampl gene consists &f-terminal untranslated region (UTR) (103bp),

a 3'-terminal UTR (443bp) and an ORF(1635bp). Theguence result was compared with
homologous sequences from other animals includingam, cattle, sheep, and mouse. Sequence
alignment showed that ranks of theimilarities were above 86%, and meanwhile, thelltesof
genetic evolution analysis of the gene showedréyfhigh degree of homology between rabbits and
big mouse

ACKNOWLEDGEMENTS

This study was supported by National modern agricalindustry technology system (rabbit) (CARS
- 44 e - 11), Special scientific research funduilic welfare in Fujian Provinc€2014R1101002-3 .

REFERENCES

Hong-mei Wu, Wang Li-xian. NRAMP1 gene research pgeg and its application in disease resistanceliomgeJ. Journal
of China animal husbandry and veterinary, 2005, 32 (4), 26-28.

Blackwell J M. Structure and function of the natenedistance associated macrophage protein (NrarapBndidate protein
for infectious and autoimmune disease suscepibilitMol Med Today ,1996, 2, 205.

Govoni G. ,Gross P. Macrophage NRAMP1 and its mlesistance to microbial infectiors Inflamm Res, 1998 , 47, 277.

Xi-ping Xie, Yan-feng Chen, Shi-kun Sun, et élujian yellow rabbit specialization patriarchalesglon .J.Journal of Fujian
agriculture, 2009, 24 (5) , 433-437.

22



Cloning and Sequence Analysis of Nrampl Gene in Fujian Yellow Rabbit

B g
22 World ChenD.J., Sang L., Sun S.K., Chen Y.F., Xie X.P. * %/ X s
+” 7~ Rabbit Institute of Animal Husbandry and Veterinary Medicine, Fujian Academy of | y Y
2016 Congress Agricultural Sciences, Pudang Village, Xindian Town, Jinan District, 350013, ‘ v
Fuzhou, China
Fan®
The Messag: Introduction
-Obtain the sequence of cDNA encoding Fujiceliow Rabbit 4The conserved sequence structure of Nrampte gind its resistance to disease are nomogen specific, which is one of the best

Nramp? protein by methods of RT-PCR and RACE. candidate genes to measure the compreheniiemse resistance of livestock and poultry .

“Multiple sequences alignment and phylogenatialysis were

performed using MEGA3.1. = Fujian Yellow Rabbit a Chinese native eler® rabbit breeds show reproductive ratepdy@arcass quality, wide adaptability, strong

stress resistance and many other advantages.

+Nrampl gene might be a candidate gene for widapgability and strong stress resistance peidace of Fujian Yellow Rabbit.

Methods

4 Experiment animals Table 1 Primer sequence

Fujiar Yellow Rabbit: (9C day: old) cam¢ from Yuhuasha Rabbi Breedin¢ Farm of Lianjiang (Fuzhou China)
4 RNA extractionand RT
. . . . Primer names Primer sequence (5-3') Length Amplification target
Total RNA was extracted from Fujiareldw Rabbit spleen tissues by TRIzol acaogdio the standard protocol. Based on tbeserved " CCCAYTVICCTCTCOCTGAM m REPCR Outer
sequence of Nrampl genes from closely relaeecies, one pair of primers, were desigtedmplified an Nrampl cDNA fragment from R0 GATCKKVGCRTAGTYSTG m RERCR Outer
rahbit. 3| TYGTGGGCTCVGAYATGC 18 RT-PCR Inner
-4 Rapid amplification of 5 and 3' cDNA ends (RACE) Rl SRTTGGTYTKCTKGTAGAA 19 RT-PCR Inner
X i o ) . R TCCGCAGTCCGTAGTIGTCG 0 SRACE Inner PCR
The 3'and 5’ ends were obtained rapid amplification of cDNA ends (RACE) appches using 3'-Full RACE Core Set with R CICCTAGCCAAAGGTCAAGG » SRACE Outer PCR
PrimeScript™ RTase and 5-Full RACE Kit wiffAP (TaKaRa, Japan) following the manufaatsrenstructions. Primers for 3-RACE B CTTCCTCATIGAGGCCAGCAT 1 YRACE laner PCR
and 5-RACE were listed inTable 1. The PCR products were ligated into Tedde pMDTM20 vector (TaKaARa,Japan) and transied ¥ TIATGCCCCACAACATCTACCTGE | 24 YRACE Outer PCR
into the competent E. coli Competent celd109. Positive clones with the expected-siaserts were determined by PCR on clones and H AGGTGTGGTGACGGGASAGGACT 23 | RACE sequenceverifcation
DNA sequencing. Ri | AGCAGCTCCITIAGGCCCGACA 11 RACEsequenceverification
“4Sequence analysis )

cDNA sequences of Nrampl from Fujian Yell®%abbit were blasted to obtain known homol®y®equences of Nrampl genes from other
species. Multiple sequences alignment and querletic analysis were performed using MEGA3.1

Results

Sequenc analysis
Multiple sequence alignment showed that nucleotide sequence

Product of RT-PCR and RACE The length of rabbit NrampZ open reading frame was 1635 of Fujian Yellow Rabbit Nramp1 shared high similarity with
bp, encoding a protein with 544 amino acids residues. The other Nramp1 sequence from goat, sheep, cattle, pig, cattle,
full-length of nucleotide sequence and the deduced amino horse, chicken, mouse and human. Based on the sequence of
acid sequence are shown in Figure 2. Nramp1 from different species, a phylogenetic tree was

constructed using the software DNAstar MegAlign method
(Fig.3.).
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Figurel: Products were detected by gel electrophoresis. A:
Total RNA; B: Core sequence of Nrampl. C: 3'RACE of
Nrampl; D: 5 RACE of Nrampl.; E: Verified PCR 250 200 150 100 50 0

products. The first lane is a negative control, and the Nuclectide Substtutons (x100)
second lane is the PCR product.

Figure 2: Sequence of Nramp1 from Fujian Yellow Rabbit
anditsaminoacidsequence. There wasaclassic
conserved domains on the Nramp1 protein: A represent
MntH_propeptide superfamily ;

Figure 3: Phylogenetic tree of the nucleotides sequences
of from Fujian Yellow Rabbit and other mammals.

Conclusior

«The full cDNA (2180bp) of Nrampl gene corsisf a 5'-terminal untranslated region (UTR03bp), a 3-terminal UTR (443bp) and @RF(1635bp).
=The sequence result was compared with homologous sequences from other animals including human, cattle, sheep, and mouse. Sequence alignment showed that ranks of their similarities were above 82% .
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