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Abstract

This work presents the mitochondrial DNA molecular organization of the control region
(CR) of South American camelids. Sequencing of five individuals each of guanaco, llama,
alpaca and vicuna species showed that this region spans 1060 bp including three conserved
sequence blocks (CSB I–III) adjacent to the tRNAPhe gene, a conserved central domain and
one extended termination-associated sequence in the 3′′′′

 

 domain of the CR close to the tRN-
APro gene. A repeated array formed by three units of 26 bp was detected between CSB I and
II. Alignment of the CR sequences from the four species shows a 337-bp segment that
includes most of the nucleotide variability with 10 polymorphic sites. We suggest the use
of this segment as a molecular marker to infer data on camelid genetic relationships and
population diversity studies.
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South American native artiodactyls are represented, among
others, by the Tylopoda suborder which comprises two wild
forms of camelids, guanaco (

 

Lama guanicoe

 

) and vicuna
(

 

Vicugna vicugna

 

), and their respective domestic derivatives
llama (

 

L. glama

 

) and alpaca (

 

L. pacos

 

). Traditionally, camelids
have been the principal source of food and income for high
Andean rural communities. Currently, the fineness and
high value of their wool have increased the interest of
breeders who have extended the exploitation of these species
to other regions outside the Andes. In order to achieve the
long-term viability and profitable use of the species, a number
of issues about breeding and management conditions have
been identified by institutions and organizations responsible
for their local conservation (Torres 1995). Among them, a
thorough knowledge is recommended of the genetic diversity
of the populations from which camelids will be harvested
for founding new populations or making reintroductions
in older populations. In many species, including camelids,
nuclear and mitochondrial DNA (mtDNA) markers are
currently used to identify both population genetic structure
and variability (Nagata 

 

et al

 

. 1999; Kadwell 

 

et al

 

. 2001;
Bustamante 

 

et al

 

. 2002, 2003; Nyakaana 

 

et al

 

. 2002). Within
mtDNA, the control region (CR) has been shown to evolve
five times faster than coding regions. Therefore, its use is

suitable for assessing genetic differentiation, population
structure, haplotype distribution and phylogeny. This work
is the first report on the sequence structure and organization
of the mtDNA CR of the four South American camelids
(SAC). Furthermore, in the 5

 

′

 

 domain of the CR we detected
the presence of a 337-bp hypervariable segment and propose
its use as a molecular marker for camelid studies on both the
phylogenetic evolution and genetic diversity of populations.

During this investigation we analysed five unrelated
individuals each of guanaco, llama, alpaca and vicuna from
Argentina. Genomic DNA was isolated from blood sam-
ples as described in Bustamante 

 

et al

 

. (2002). The complete
mitochondrial CR was amplified by polymerase chain
reaction using the following flanking primers, forward
CTGATAAATCCCATAGAGC and reverse TTTCAGCGCC-
TTGCTTTAAG, homologous to sequences of the tRNAPro
and tRNAPhe genes, respectively. Amplifications were
carried out in 15 

 

µ

 

L reactions as reported elsewhere
(Bustamante 

 

et al

 

. 2003). The cycling parameters were 3 min
at 94 

 

°

 

C followed by 35 cycles of 94 

 

°

 

C for 1 min, 52 

 

°

 

C for
1 min and 72 

 

°

 

C for 1 min with a final extension at 72 

 

°

 

C for
3 min. The amplification product was run in 1% agarose gel
and the single band (about 1200 bp) was cut, purified and
ligated into p-GEM T-easy vector (Promega). The trans-
formation of 

 

Escherichia coli

 

 XL1Blue cells was followed by
recombinant plasmid purification. Sequencing was performed
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in an ABI PRISM 377 automatic sequencer (Applied Bio-
system). Correlation between the obtained sequences and
the mitochondrial CR was confirmed by the nucleotide

 

blast

 

 program (www.ncbi.nih.gov). Sequences from all 20
SAC analysed were aligned using the multiple alignment
option of the 

 

clustal

 

 V software (Higgins & Sharp 1988).
Repeated sequences were identified and located with
the 

 

equicktandem

 

 program from the 

 

emboss

 

 package
(http://www.emboss.org). The nucleotide sequences data
reported in this work have been submitted to GenBank
under Accession nos AY500893–AY500899 and AY639017.
(Users of these data are requested to refer to the present
publication.)

In all guanaco, vicuna, llama and alpaca samples analysed,
the complete CR was 1060 bp long (Fig. 1). In order to study
the molecular organization of camelid CR the consensus
sequence was also aligned to CR sequences of species rep-
resentative of different mammalian orders (Gemmel 

 

et al

 

.
1996; Sbisà 

 

et al

 

. 1997). Thus, it was possible to identify a
central domain, the conserved sequence blocks (CSB I–III)
and the extended termination-associated sequence I as
well as a repetitive motif on the left side of the CR (Fig. 1).
On the 5

 

′

 

 end of the CR we found three CSB, CSB I–III.
Within the central domain we detected three potential
secondary structure regions, subsequences A–C (Fig. 1),
homologous to those described by Gemmel 

 

et al

 

. (1996) in

                                                                                          

 

 
                                                                                              

                                                                           

 
                                                                                     

                                                                      
                                                                                          

       
 
                                                                                               

  
                                                            

 
                                                                                    

 
                                                                                               

 
                                                                                          

 
                                                       

Fig. 1 Representative alignment of the complete control region from one individual of each South American camelid species. CSB I–III,
conserved sequence blocks; ETAS I, extended termination-associated sequence I. The repeat includes three 26-bp repetition motifs. Dots
represent nucleotide identity with the guanaco 1 reference sequence. Arrows indicate the beginning and end of the hypervariable region.
gua, guanaco; vic, vicuna; lla, llama; alp, alpaca.
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Ornithorhynchus anatinus

 

. At the 3

 

′

 

 end of the CR we iden-
tified a 52-bp sequence over 95% similar to the extended
termination-associated sequence conserved domain described
by Sbisà 

 

et al

 

. (1997) in 10 different mammalian orders
(data not shown). All SAC examined here share a 78 nucle-
otide repetitive motif located between the CSB I and II
(Fig. 1). This element comprises three imperfect repeats of
26 bases, each differing in sequence but not length when
compared with each other and among individuals. These
differences, however, are smaller than those present in one
alpaca reported by Ursing 

 

et al

 

. (2000) who found a 30-bp
motif repeated six times. The consensus unit of our camelids
is TAC

 

R

 

T

 

R

 

TACACGTGTGGGTGTATGT

 

R

 

. The analysis
of the repeated unit showed that this sequence might
have self-complementary ends (TACAT/ATGTA) able to
form hairpin loops. Starting at nucleotide 165, all camelid
individuals reported here show a segment of 337 bp which
concentrates 10 polymorphic sites (seven transitions and
three transversions). Based on the sequence of this region
and regarding the haplotype of a wild guanaco as reference
(H1), we defined seven haplotypes which differ from the

reference by 0–2.07% (Table 1). Therefore, this hypervariable
segment constitutes a suitable genetic marker to be applied
in genetic variability searching among camelids. In addition,
the typing of individuals and/or populations with this
marker may be useful for designing breeding strategies
and sustainable management conditions in these species.
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Table 1 Polymorphic sites within the hypervariable segment at
the 5′ end of the mitochondrial DNA control region from 20 South
American camelids
 

 

Animal

1
6
5

2
2
4

2
5
9

2
9
1

3
2
8

3
4
0

4
0
1

4
2
1

4
5
4

5 
0 
2 Haplotype

Gua1 A A A G T A T T A T H1
Gua2 . . . . . . . . . . H1
Lla1 . . . . . . . . . . H1
Lla2 . . . . . . . . . . H1
Lla3 . . . . . . . . . . H1
Vic1 . . . . . . . . . . H1
Gua5 G . . . . G . . . . H2
Lla4 G T . . A G . . . . H3
Alp2 G T . . A G . . . . H3
Gua3 G T . . A G . . . . H3
Gua4 G T . . A G . . . . H3
Vic2 G T . . A G . . . . H3
Alp1 G T . T A G . . . . H4
Lla5 G T . . A G C . . . H5
Vic4 G T . T A G . . G . H6
Alp5 G T . T A G . . G . H6
Vic5 G T . T A G . . G . H6
Alp3 G T G . A G . C . C H7
Alp4 G T G . A G . C . C H7
Vic3 G T G . A G . C . C H7

In the upper part of the table the vertical numbers indicate the 
positions of nucleotides relative to the reference guanaco 1 
sequence. Below are shown the nucleotide changes and the 
resulting haplotypes. Dots represent identity with the reference 
sequence.


