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Abstract – Populations of red-legged partridges have been decreasing due to many factors such
as the deterioration of their natural habitat or increasing hunting pressure and according to laws
only pure red-legged partridges can be used to repopulate wherever necessary. Little information
is available about the DNA sequence of the red-legged partridge. For this reason, it was necessary
to carry out a comparative analysis with other avian species that have been studied in more detail,
such as the chicken. Searching of single nucleotide polymorphisms (SNP) was used to analyse
various genes in these species with respect to the red-legged partridge and chukar partridge in order
to characterise and differentiate between these two species. The genes analysed were the growth
hormone, 37LRP/p40 and MC1R genes. Many SNP were found between the chicken and partridges
but translations of exonic regions were only different for the MC1R gene. Two interspecific SNP
in partridges were found which can be used to differentiate between these two species in order to
identify Alectoris chukar individuals and to avoid repopulating with them.

SNP / red-legged partridge / growth hormone gene / 37LRP/p40 gene /MC1R gene

Résumé – Analyse génétique comparative entre les perdrix rouges (Alectoris rufa) et les per-
drix choukar (A. chukar) : identification des polymorphismes de nucléotides simples. La po-
pulation des perdrix rouges a fortement diminué ces dernières décennies en raison de nombreux
facteurs, parmi lesquels : la détérioration de l’habitat naturel et une pression croissante de chasse.
Selon la loi, la repopulation doit se faire, quand cela est nécessaire, avec des perdrix rouges de race
pure. Peu d’informations sont disponibles au sujet de la séquence de l’ADN des perdrix rouges.
Pour cette raison, une analyse comparative avec d’autres espèces d’oiseaux, qui ont été étudiées
plus en détails, comme le poulet, s’est révélée nécessaire. La recherche de polymorphismes de nu-
cléotides simples (SNP) a été utilisée pour analyser divers gènes de l’espèce Gallus gallus et les
comparer à ceux de la perdrix rouge et de la bartavelle afin de caractériser et différencier ces deux
espèces. Les gènes analysés ont été le gène de l’hormone de croissance, le gène 37LRP/p40 et le
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gène MC1R. De nombreux SNP communs ont été mis en évidence entre l’espèce Gallus gallus et
les perdrix, mais seules les traductions des exons ont été différentes pour le gène MC1R. Deux SNP
spécifiques chez les perdrix ont été identifiés. Ils pourraient être utilisés pour différencier les deux
espèces afin d’identifier les individus Alectoris choukar et éviter ainsi la repopulation avec cette
espèce.

SNP / perdrix rouge / gène de l’hormone de croissance / gène 37LRP/p40 / gène MC1R

1. INTRODUCTION

The red-legged partridge (Alectoris
rufa) is an avian species (Fig. 1) that can be
found in the wild in the Iberian Peninsula,
southern France and some parts of northern
Italy and southern England. Their numbers
have decreased in the past decades due to
several factors, including the deterioration
of their natural habitat and increasing hunt-
ing pressure. This species even appears in
the list of species of European conservation
concern because of its threat status [25]. As
a result, efforts have been made to breed
them in captivity to reintroduce or repop-
ulate areas. Legally, only pure red-legged
partridges can be used to repopulate and
hunters prefer these animals because of
their behaviour in the wild. However, many
captive breeding farms use hybrid breed-
ers that have been crossed with chukar
(A. chukar) or rock partridges (A. graeca),
in an attempt to increase productivity. The
hybrids are often difficult to tell apart from
the pure red-legged partridges and can re-
produce normally in the wild, thereby con-
taminating the gene pool of native red-
legged partridges.

Some attempts have been made to anal-
yse the genetic makeup of A. rufa [3, 4, 8,
11,17,19,21], but more in depth studies are
required, partly because of its economic
value as a hunting game or meat produc-
tion and its ecological importance.

Little is known about the DNA sequence
of the red-legged partridge. Before this
study there was only one nuclear gene se-
quence in the GenBank database [9] cor-
responding to intron G of the ovomucoid

Figure 1. Red-legged partridge image.

gene [2] and the rest corresponds to mito-
chondrial DNA sequences.

When little information is available
about the genome of a species, it can be
compared with fully sequenced genes from
related species, in this case the chicken
Gallus gallus [18, 22, 23]. The growth hor-
mone gene in chickens was compared be-
tween the red-legged partridge and the
chukar partridge, since they have different
growth rates (greater in A. chukar com-
pared to A. rufa). This enabled us to ob-
tain more information about their gene se-
quences as well as to identify interspecific
single nucleotide polymorphisms (SNP) in
an intronic region. The gene of the growth
hormone in chickens has five exons and
four introns [24] and it is very polymorphic
in this species [7, 13, 15, 26].
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Some primers that hybridise in the two
consecutive exons of 37LRP/p40 of the
G. gallus gene were also selected since
this gene has the highest ratio of num-
ber of SNP per number of compared base
pairs in an intronic region in a previous
study on avian SNP [18]. The 37LRP/p40
gene is composed of 7 exons and 6 introns
and it codes for the metastasis-associated
37LRP7/p40 protein [5].

Finally, the MC1R (melanocortin 1-
receptor) gene was selected to be studied
because of the different plumage colour
in different partridge species. Mutations of
this gene are associated with feather colour
in the chicken [12, 16].

The objective was to look for SNP since
they are abundant in the genome and their
inheritance is more stable than other frag-
ments, such as repeated sequences [14].

2. MATERIALS AND METHODS

Samples from the red-legged par-
tridge were obtained from different farms
(26 samples) and wild individuals (4) in
Spain. Chukar partridges were obtained
from farms in Spain (6), Argentina (4),
Cyprus island (2) and Greece (2) and wild
individuals from Greece (6). DNA sam-
ples extracted from blood samples kept on
FTA� cards were used. Using this tech-
nique, 2 or 3 drops of blood are only re-
quired, minimising the contact and distur-
bance of the animals.

The sequences used in this study were
sequences of the gene primers 37LRP/p40
that had already been used in other species
in previous studies [18] and that hybridise
on exons 5 and 6 of this gene (Tab. I). The
software program Primer3 [20] was used to
design the primers for the growth hormone
and the MC1R gene (Tab. I).

The PCR reactions were carried out in a
thermocycler MJ Research PTC/100TM in
a total volume of 25 µL with 0.75 units
of Taq polymerase, 250 nM of each primer

for the growth hormone gene and 500 nM
of each primer for the 37LRP/p40 and the
MC1R genes, 100 µM of each dNTP for the
growth hormone gene and 200 µM of each
dNTP for the 37LRP/p40 and the MC1R
genes, 1.5 mM MgCl2 and PCR buffer with
16.6 mM (NH4)2SO4, 67 mM Tris-HCl
(pH = 8) and 0.01% Tween-20.

The PCR protocols for the gene were
the following: 94 ◦C for 4 min 30 s, fol-
lowed by 35 cycles at 94 ◦C for 30 s,
the specific annealing temperature for each
primer pair for 45 s and 72 ◦C during
1 min, with a final phase at 72 ◦C for 5 min.
The annealing temperatures were 64 ◦C for
the growth hormone gene, 67 ◦C for the
37LRP/p40 gene and 63 ◦C for the MC1R
gene.

The PCR products were separated on
an agarose gel (1.25%) stained with
ethidium bromide (0.5 µg·mL−1). Then
the bands were extracted from the gel
and purified with a DNA Gel Extraction
Kit (MILLIPORE Corporation) to be se-
quenced in a 3100 Avant sequencer from
Applied Biosystems. The sequences were
tested with Blast [1] to check that the se-
quenced genes corresponded to the chicken
genes that we were looking for in our sam-
ples of partridges.

BioEdit [10] software was used to align
the resulting sequences with CLUSTALW
multiple alignment and its posterior analy-
sis and search for SNP. For the alignment,
we used the sequences in both directions
in each animal to establish a consensus se-
quence for each one. Then they were com-
pared with the original sequences from the
chicken.

Exonic regions of the aligned sequences
were then translated into aminoacids
with DNALC Bioinformatics-DNALC Nu-
cleotide Analyser [6]. Differences between
translations of partridge sequences and
chicken sequences were then analysed.
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Table I. GenBank Accesion Number and primer sequences for each locus.

Locus GenBank Nature Primer Primer
Accesion of the F (5’-3’) R (5’-3’)
Number amplicon (number)

GH AB061722 intron (4) GCACTGAGGG ACGAAAATGT
ACGTGGTTAT CAGGACGGAG

37LRP/p40 X94368 intron (5) GGGCCTGATGT GCTTTCTCAGC
GGTGGATGCTGGC AGCAGCCTGCTC

MC1R D78272 exon ATCCCCAAT CAGCGCATA
GAGCTCTTCCT GAAGATGGTGA

Table II. Number of SNP in each locus. Gallus gallus is the reference species for the sequence
comparative study. N. studied A. rufa and N. studied A. chukar are the number of animals in each
species of Alectoris that were used in this work. N. studied bp is the number of base pairs of each
compared gene. N. SNP Alectoris-reference species is the number of SNP that were found between
Alectoris species and Gallus gallus. N. SNP A. rufa-A. chukar is the number of different SNP
between A. rufa and A. chukar.

Locus Reference N. studied N. studied N. studied N. SNP N. SNP
species A. rufa A. chukar bp Alectoris-reference A. rufa-A. chukar

species

GH (intron) G. gallus 30 20 201 17 2
37LRP/p40 G. gallus 30 20 314 14 0
(intron)
MC1R G. gallus 30 20 336 5 0
(exon)

3. RESULTS

The results of the total sequences anal-
ysed from GH, 37LRP/p40 and MC1R
genes are shown in Table II. The number
of SNP between Alectoris and Gallus were
obtained when a base nucleotide was com-
mon to both species of Alectoris and that
nucleotide was different in Gallus gallus.

The growth hormone gene was se-
quenced in 50 partridges. A nucleotide
change in 17 positions and 4 indels was
observed when comparing the chicken se-
quence with the consensus sequence from
both partridge species (Fig. 2). Between
the red-legged partridge and the chukar
partridge there were two interspecific SNP
at positions 61 and 156 (Fig. 2). There
were also differences among A. chukar

from different geographic locations. For
the growth hormone gene, the compared
sequence was an intron.

The 37LRP/p40 gene was sequenced in
50 birds. Fourteen SNP among the chicken
and the partridge and 18 indels were lo-
cated (Fig. 2). When comparing A. rufa
with A. chukar, we did not obtain any inter-
specific SNP. There were some differences
depending on the origin of the partridges.
For this gene in the exonic region (1 to 89
and 300 to 311 from Fig. 2) there is only
one SNP that corresponds to G→ A in po-
sition 38 (Fig. 2), but it had the same trans-
lation (glutamin).

Finally, the MC1R gene was sequenced
in 50 animals. Eight SNP were located
when comparing partridge sequences with
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Figure 2. Alignment of DNA sequences from chickens and partridges (N means errors of sequenc-
ing). The arrows indicate the interspecific SNP.

those of the chicken (Fig. 2). Three to
five changes differentiate the partridge
sequence from the various chicken se-
quences available in GenBank (3 SNP
in positions 44, 65 and 239 with Gallus
MC1R sequences AY220303, AB201630,
AB201629, AB201628, 5 SNP in posi-
tions 44, 65, 165, 239 and 267 with
AY220304 and 5 SNP in positions 44,
65, 103, 165 and 239 with AY220305,
NM_001031462,AB201631 and D78272).
These changes affect the translation be-
tween Gallus and the partridge as shown
in Figure 3: thr103met, lys165glu and
ile267val.

The nucleotide sequences data re-
ported in this paper have been submit-
ted to the GenBank nucleotide sequence
database and have been assigned the Ac-
cession Numbers: AY606819, AY606820,
AY606821, AY606822, AY762966 and
AY762967.

4. DISCUSSION

The gene sequences of the growth
hormone, 37LRP/p40 and MC1R of the
chicken were quite different from the
partridge, with 57 different positions
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Figure 3. Different translations of MC1R sequences in chickens and partridges.

(including indels), out of 851 bp studied
and it could be due to the nature of the am-
plicons (mainly introns). The most abun-
dant SNP were transitions (T → C, A →
G, C → T and G →A from most to least
frequent) which made up 61.54% of all the
SNP between these species.

Although many SNP have been found
between the chicken and partridge when

comparing translations of exonic regions
(part of 37LRP/p40 and MC1R genes),
there are no differences and proteins
would be the same. This occurs when the
comparison of the partridge MC1R gene
is made with the chicken MC1R-e+ allele
that is the most similar to it. Most SNP (30
out of 39) are in intronic regions as we ex-
pected.
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Regarding the red-legged and chukar
partridge, there were two interspecific SNP
out of 851 base pairs sequenced (total rate
of 1 SNP/ 425 pb), which can be used to
differentiate between these species. These
variations were transitions. Although SNP
between chickens and partridges have been
found in the three genes, only SNP in the
GH gene can be used to distinguish be-
tween red-legged and chukar partridges.
The genetic variability that we found in
the Alectoris rufa population or in the
A. chukar population is individual varia-
tion and it can not be considered for the
identification of real SNP between both
Alectoris species or between Alectoris and
Gallus.

The results provide some information
about the sequencing of the chukar par-
tridge and red-legged partridge and help to
create a point of reference to identify in-
dividual partridges as a species via their
DNA using interspecific SNP in order to
avoid repopulating with chukar individuals
or wrong labelling of partridge products. In
order to amplify this study, SNP genotyp-
ing by real time PCR could be developed
for the practical use of the SNP detected.

This could be an important way to help
red-legged partridge conservation because
according to laws it is compulsory to re-
populate with pure red-legged partridges
and it is an ecologically important species
as well.

In the same way, the techniques de-
scribed here can be used efficiently in evo-
lutionary bird studies.
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