
Introduction

The Indian cattle, also known as zebu cattle (Bos

indicus), there are 30 documented breeds of zebu

cattle besides, numerous populations found in var-

ious states of India are yet to be characterized and

defined (Nivsarkar et al., 2000). The Indian zebu

cattle have unique features like adaptability to ex-

treme climatic conditions and better resistance ca-

pabilities to withstand environmental stress and

tropical disease. Malvi, a well-known draft purpose

breed belongs to Malva region of Madhya Pradesh

state and also from western adjoining parts of Ra-

jasthan state.

The Nramp1 gene encodes a protein with 12

transmembrane domains that localizes in the

phagolysosome membrane, particularly in

macrophages (Gruenheid et al., 1997). The

Nramp1 gene is a member of a large family of

genes coding for metal ion-transporting proteins

and first time identified in the mouse as three loci

Lsh/Ity/Bcg, that latter proved to be the same

Nramp1 and recently renamed as Slc11a1 (solute

carrier family 11 member1) (Vidal et al., 1995).

This protein has a pH dependent cation transport

activity, acting as a transporter of divalent cations

such as iron (Fe2+) and manganese (Mn2+) from the

lumen of the phagolysosome towards the cytosol,

thus preventing acquisition of iron by intracellular

pathogens (Wyllie et al., 2002). Nramp1 is impli-

cated in pleiotropic effects, modulating adaptive

immune response as well as favoring stabilization

of certain cytokine mRNA species (Wyllie et al.,

2002). Nramp1 confers innate resistance to intra-

cellular pathogens; it has been proposed that the

product of Nramp1 may limit microbial replication

in the phagosome by subtracting critical nutrients

to invading microbes (Gruenheid et al., 2000).

SSCP is a simple and reliable technique, based

on the assumption that changes in the nucleotide

sequence of a polymerase chain reaction (PCR)

product affect its single strand conformation (Orita

et al., 1989). Molecules differing by as little as a

single base substitution should have different con-

formers under non-denaturing conditions and mi-

grate differently. Therefore, those differences can

be detected as a shift in electrophoretic mobility

(Hayashi, 1991).  By using this technique the aim

of the present investigation was to identify the ge-

netic variations in the 3’UTR of Nramp1 gene in

the Malvi breed of cattle, using PCR-SSCP and fur-

ther confirmed by cloning and sequencing.
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Abstract

The natural resistance-associated macrophage protein 1 gene (Nramp1), which is a member of large family of metal ion–

transport protein. Nramp1 gene plays a critical role in innate immunity favoring bacterial killing by macrophages in addition

to its influence on adaptive immunity. The aim of the present investigation was to identify the genetic variations in the 3’UTR

(Untranslated region) of Nramp1 gene in the Malvi breed (Bos indicus) cattle, using the technique PCR-SSCP and by se-

quencing. PCR-SSCP (Single Strand conformational polymorphism) of 440 bp amplicon of Nramp1 gene revealed three

common SSCP patterns in Malvi breed. A total of 3 SSCP patterns viz Pattern I, Pattern II and Pattern III were observed with

frequency of 0.361, 0.426 and 0.213 respectively. The patterns variations were confirmed by cloning and sequencing, which

showed total 6 mutations in 3 patterns.
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Materials and methods

Total of 61 blood samples of unrelated males and

females from Malvi (Ujjain and Shajapur districts

of MP) were collected from breeding tract and

Government cattle breeding farms. The DNA was

isolated by the method as described by John et al.

(1991). Quality check and quantification was done

by gel electrophoresis (0.8% agarose) and Nan-

odropTM spectrophotometer at optical density

(OD) 260nm/280nm respectively. The DNA con-

centration was determined and samples were di-

luted 10-30 times (approx. 30 ng/μl) with MiliQ

water.

DNA amplification of the 3’UTR Nramp1 gene

was achieved by PCR. Oligonucleotides primers

(Forward-GGAAGCTGTGGGCCTTCAC and Re-

verse ATGCAGGAAGTCATCGGCAG) as de-

scribed by Burge et al. (2004) were used for the

PCR amplification. Reactions were carried out in

a final volume of 25 μl containing of 90-100ng of

genomic DNA, 1 X master mix (MBI Fermentas),

10 picomole of each forward and reverse primer

and remaining volume was adjusted with nuclease

free water. PCR was carried out in a Biorad thermal

cycler. The thermal cycling profile was as follows:

initial denaturation for 17 min. at  94°C; followed

by 30 cycles  of denaturation at 94°C for 1 min, an-

nealing at 56°C  for 45 s and extension at 72°C for

45s. The final extension was carried out for 10 min

at 72°C. 

Each PCR product was diluted in a denaturing

solution (95% formamide, 10 mM NaOH, 0.05%

xylene cynol and 0.05% bromophenol blue, 20 mM

EDTA), denatured at 94°C for 5 min, immediately

chilled on ice and resolved on 6% polyacrylamide

gel. The electrophoresis was carried out in a Sequi-

Gen GT nucleic acid sequencing cell (BIO-RAD)

vertical electrophoresis unit using 1X TBE buffer

at constant 5 W for SSCP analysis of all the frag-

ments. Gel was silver-stained Sambrook and   Rus-

sell (2001) and dried on cellophane gel and then

scanned by GS-800 calibrated densitometer (Bio-

rad).

PCR amplicons that displayed different pattern

were selected for sequencing and were purified in

low melting point agarose following the method

described by Sambrook and Russel (2001). The

concentration of the purified PCR product was de-

termined and ligated using the InsT/Aclone™ PCR

product cloning kit (MBI Fermentas) following the

manufacturer’s instructions. Ligated plasmids were

transformed in DH5α and recombinant clones were

selected by blue white screening. Recombinant

plasmids were extracted and purified as per the

method described by Sambrook and Russel (2001).

These purified recombinant plasmids were used as

template for cycle sequencing. Cycle sequencing

was performed using BigDye® Terminator v3.1

Cycle Sequencing Kit (Apllied Biosystems, USA).

Electrophoresis and data analysis was carried out

on the ABI PRISM® 310 Genetic Analyzer. 

Results

A 440 bp fragment of 3’ UTR region of Nramp1

gene was successfully amplified in all samples.

PCR–SSCP of the amplified fragment was per-

formed to detect any mutation that might be pres-

ent. Three types of SSCP band patterns were

observed; the patterns were simple and consisted

of only three bands. The frequency observed was

0.361, 0.426 and 0.213 respectively for pattern 1 to

3 respectively. The chi-square test revealed that dif-

ference between observed frequencies of different

patterns in Malvi was non-significant at 5% level

of significance. The sample showing differential

band patterns were subjected to cloning and se-

quencing. The sequences obtained for segment of

Nramp1 have been submitted to NCBI database,

the accession numbers are FJ236546 (pattern I),

FJ236545 (pattern II) and FJ236548 (pattern III).

The ClustalW analysis of sequences of Nramp1 re-

gion revealed sequence variation as shown in

table1 and table 2.

Discussion

The result of present study provides the first evi-

dence of genetic variability of the 3’UTR Nramp1

gene within the Indian Malvi breed. Apart from

variability in the 3’UTR region of Nramp1 gene se-

quencing of this region showed these sequences are

novel. The present study result revealed that all

three sequences showed sequence variation when

compared with each other. 

The results obtained in the present study were

different with the findings ofother studies (Kumar

et al., 2005, Borrielo et al., 2006, Paixao et al.,

2006, 2007 and Martinez et al., 2008), because the

location of the primer used in the present study was
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different from those used by them. The region of

attachment of the primer in all the cases were in the

3’UTR but in the present study attachment site of

primer was in different locations in the 3’UTR.

Polymorphism is generally found in the coding and

non-coding region of nucleic acid, but in this study,

the 3 type of SSCP patterns clearly showed that

polymorphism can also present in 3’UTR region of

DNA and this polymorphic site may act as en-

hancer or silencer for the defenses mechanism of

brucellosis. This point mutation can further be used

as SNP markers which could be helpful to breeders

for future association studies, selecting superior

germplasm and conservation strategies. The study

will augment the information and will be useful in

further studies to determine the role of Nramp1

gene in the disease resistance and for the selection

of brucellosis resistant animal and may be useful

for establishing a possible association with produc-

tive parameters.

Conclusion:

Although intronic or UTR variation does not

change the amino acid sequence of the protein it

may play a significant role in marker assisted se-

lection. In livestock, such variation in DNA may

also be associated with economic traits, which are

governed by many genes each having a small effect

(Gelderman, 1997). The study will augment the in-

formation and will be useful in further studies to

determine the role of Nramp1 gene in the disease

resistance and for the selection of brucellosis re-

sistant animal may be useful for establishing a pos-

sible association

Acknowledgement

Authors extremely thankful to ‘Department of

Biotechnology (DBT), Govt. of India’, New Delhi

107

R. Ranjan et al. / Journal of Advanced Veterinary Research 1 (2011) ) 105-108

Table 1. Nucleotide change in the sequences 

Table 2.  Clustal W report



under which the project “Molecular characteriza-

tion of four breeds of cattle found in Madhya

Pradesh using molecular markers” work had been

carried out. Authors are thankful to Prof. Renato de

Lima Santos Escola de Veterinária da UFMG

Depto. Clinica e Cirurgia Vet.Av. Antonio Carlos,

Brazil for providing required literature and sugges-

tions during research work.

References

Borriello, G., Capparelli, R., Bianco, M., Fenizia, D., Alfano,

F., Capuano, F., Ercolini, D., Parisi,  A., Roperto, S.,

Iannelli,  D., 2006. Genetic resistance to Brucella

abortus in the water buffalo  (Bubalus bubalis). Infec-

tion and Immunity 74, 2115–2120.

Burge, E.J., Gauthier, D.T., Ottinger, C.A., Veld, P.A.V.,

2004. Mycobacterium-Inducible Nramp in Striped

Bass (Morone saxatilis). Infection and Immunity 72,

1626-1636. 

Gelderman, H., 1997. Investigations on inheritance of quan-

titative characters in animals by gene markers. 1.

Methods. Theoretical and Applied Genetics 46, 319-

330.

Gruenheid, S.,  Pinner, E.,  Desjardins, M.,  Gros, P., 1997.

Natural resistance to infection with intracellular

pathogens: the Nramp1 protein is recruited to the

membrane of the phagosome. The Journal of Experi-

mental Medicine 185, 717–730.

Gruenheid, S.,  Gros, P., 2000. Genetic susceptibility to in-

tracellular infections: Nramp1, macrophage function

and divalent cations transport. Current Opinion in Mi-

crobiology 3, 43-48. 

Hayashi, K., 1991.PCR-SSCP: A simple and sensitive

method for detection of mutations in the genomic

DNA. PCR Methods Appl. 1, 34–38.

John, S.W., Weitzner, G., Rozen, R., Scriver, C.R., 1991.  A

rapid procedure for extracting  genomic DNA from

leukocytes. Nucleic Acids Research 19, 408.

Kumar, N., Mitra, A., Ganguly, I., Singh, R., Deb, S.M., Sri-

vastava, S.K., Sharma, A., 2005. Lack of association

of brucellosis resistance with (GT) (13) microsatellite

allele at 3’UTR of NRAMP1 gene in Indian zebu (Bos

indicus) and crossbred  (Bos indicus • Bos taurus)  cat-

tle. Veterinary Microbiology 111, 139–143.

Martinez, R., Dunner, S., Barrera, G., Canon, J., 2008.  Novel

variants within the coding regions of the Slc11A1

gene identified in Bos taurus and Bos indicus breeds.

Journal of Animal Breeding and Genetics 125, 57–62. 

Nivsarkar, A.E., Vij, P.K., Tantia, M.S., 2000. Animal genetic

resources of India: Cattle and Buffalo. ICAR India

Orita, M.,  H, Iwahana.,  H, Kanazawa., K. Hayashi., T,

Sekiya., 1989. Detection of polymorphism of human

DNA by gel electrophoresis as single strand confirma-

tion polymorphisms. Proc. Nat. Acad. Sci. USA, 86,

2766-2770.

Paixao, T.A., Ferreira, C.,  Borges, A.M., Oliveira, D.A.A.,

Lage, A.P., Santos, R. L., 2006. Frequency of bovine

Nramp1 (Slc11a1) alleles in Holstein and Zebu

breeds. Veterinary Immunology and Immunopathol-

ogy 109, 37–42.

Paixao, T.A., Poester, F.P., Neta, A.V.C., Borges, A.M.,

Lage,  A.P., Santos, R.L., 2007. Nramp1 3’untrans-

lated Region Polymorphism are not associated with

natural resistance to Brucella abortus in cattle. Infec-

tion and Immunity 75, 2493-2499.

Sambrook, J., Russell, W., 2001. Molecular Cloning: A Lab-

oratory Manual, Cold Spring Harbour Laboratory

(Cold Spring Harbour, New York) 

Vidal, S.M., Tremblay, M.L., Govoni, G., Gauthier, S., Se-

bastiani, G., Malo, D., Skamene, E., Olivier, M., Jothy,

S., Gros, P., 1995. The Ity/Lsh/Bcg locus: natural re-

sistance to infection with intracellular parasites is ab-

rogated by disruption of the Nramp1 gene. The

Journal of Experimental Medicine 182, 655–666. 

Wyllie, S., Seu, J.A., Goss, P., 2002. The natural resistance-

associated macrophage protein 1 Slc11a1 (formerly

Nramp1) and iron metabolism in macrophages. Mi-

crobes and Infection 4,351 –359.

108

R. Ranjan et al. / Journal of Advanced Veterinary Research 1 (2011)) 105-108


