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Abstract – Analysis of the genetic variation of an endangered population is an important
component for the success of conservation. Animals from two local Romanian pig breeds,
the Mangalitsa and Bazna, were analysed for variation at a number of genetic loci using PCRbased DNA tests. Polymorphism was assessed at loci which 1) are known to cause phenotypic
variation, 2) are potentially involved in trait differences or 3) are putative candidate genes.
The traits considered are disease resistance, growth, coat colour, meat quality and prolificacy.
Even though the populations are small and the markers are limited to specific genes, we found
significant differences in five of the ten characterised loci. In some cases the observed allele
frequencies were interesting in relation to gene function and the phenotype of the breed. These
breeds are part of a conservation programme in Romania and marker information may be useful
in preserving a representative gene pool in the populations. The use of polymorphisms in type 1
(gene) markers may be a useful complement to analysis based on anonymous markers.
pig / genetic diversity / local breeds

1. INTRODUCTION
Domestic animals have been an important element of human development,
satisfying needs for food, clothing and power. About 40 different species have
been used, and humans have produced some 4 500 breeds, known today as the
“world’s animal genetic resources” [2]. More than 30% of these breeds are now
∗
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in danger of extinction and others are threatened by inefficient utilisation [2].
In Europe, at the European Association for Animal Production-Animal Genetic
Data Bank, a total of 1 029 breeds of cattle, sheep, goats, pigs, horses, poultry
and donkeys are recorded and more than 40% are considered to be “at risk”[33].
The professional preservation of domestic animals is a relatively recent
endeavour. In the last decade, the increased popularity of this idea could be
observed everywhere and has been supported by private charity organisations
or governmental programmes. In Europe, there are more than 360 active
conservation programmes underway in many different countries [33]. Ruane
provided a set of criteria to be considered when choosing a specific breed for a
conservation programme [30]. Degree of endangerment and genetic uniqueness
of the breed are two of seven listed essential criteria. However, possessing traits
of current or future economic and scientific importance for breed survival can
be considered the dominant criterion, although the cultural and historical value
of these traits should also be considered as extremely important.
There are opportunities to conserve rare livestock in Romania although it
will be a difficult task as the remaining populations are relatively small. In pigs
there are two rare breeds: the Red Mangalitsa and Bazna.
The Mangalitsa is one of the old type breeds, originating several centuries
ago as a result of crossing between European and Asian primitive pigs. The
Mangalitsa has a similar origin to other Mediterranean breeds produced at the
same time, but originates from the Balkan region where there was less crossing
with Asian pigs. The Sumadija pig from the Morava and Sava Valleys and
the Syrmia pig from Slavonia are considered to be possible ancestors of the
Mangalitsa [22].
Mangalitsa was introduced into Romania from Serbia in the 19th century
(Transylvania - 1833; Oltenia, 1860) [10]. In this region there were a number of
varieties, selected and bred by the great landowners. The main features of these
pigs were curly hair, thick backfat, palatable meat and disease resistance. In
Romania, all of the Mangalitsa varieties (blond, red, black and swallow-bellied
types) were originally present. However, only the red variety has survived.
This variety was established by crosses between the Salonta pig and the blond
Mangalitsa [1]. The Salonta pig or “Red pig” was bred in the Eastern part
of Hungary and also in Transylvania and was produced from crosses between
Roman and wild pigs [1,10]. Pigs from this breed were well regarded and were
prize winners in the Paris (1855) and Vienna (1873) exhibitions. But in spite
of these successes, these pigs disappeared quickly after being absorbed into the
Mangalitsa [1].
The Bazna breed was produced by crossing the Mangalitsa with the
Berkshire. In 1872 a breeder used a unique Berkshire boar for mating
with Mangalitsa sows (blond type) in the village of Bazna (Sibiu county,
Romania) [10]. The pigs resulting from these crosses retained the “superior”
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traits from both breeds and formed the basis of the new breed. Their manner of
breeding following the initial crossing is unknown, but is thought to have been
uncontrolled. The local breeders used inbreeding to improve and to maintain
the superior traits of these pigs. Bazna pigs were regarded as superior to the
Mangalitsa in prolificacy, quality of carcass and fertility [10]. They were also
well suited to the conversion of low quality food and were regarded as hardy
and resistant to diseases. An important feature of the Bazna breed was also its
black colour and white belt. After 1900, some Berkshire boars were imported
from England to further improve the Bazna. The breed became very popular,
resulting in its spread to almost all regions of Transylvania. However, the
number of boars were insufficient, and there are some reports of imput from
other breeds (the Yorkshire in the Sibiu County, Mangalitsa in the Fagaras
area, etc.). Beginning in 1959 at the nucleus herd at Turda, Sattelschwein were
imported from Germany to improve the breed.
Both breeds are in a national conservation programme at the Agricultural
Research Station of Turda. Nevertheless, today there are less than 50 sows from
the Mangalitsa and 100 from the Bazna at Turda. Both breeds are appreciated
for the high quality of the meat, which is used for preparing special local
products. Recently, some pig units started to use the Mangalitsa in schemes
involving the Duroc, the final product being used in preparing a traditional old
type bacon, very much appreciated by the market.
In order to help with the conservation effort and breed promotion, several
research projects were initiated to phenotypically characterise these breeds [24–
26] and genetic characterisation has begun to complement these efforts.
Microsatellite markers have been recommended by the FAO for the characterisation of genetic distance of animal breeds [3]. However, the relationship
between variability at neutral marker loci, such as microsatellite markers,
and adaptation or individual fitness is still unclear [30]. Thus it might be
useful to consider sequence differences (polymorphisms) within genes for the
purposes of genetic differentiation. It is also known that in domestic animals
the important phenotypic differences between breeds may be due to differences
in a few loci (as illustrated by coat colour, see [11,15]). For these reasons,
the use of major genes instead of neutral markers should be considered as
an interesting alternative for the measurement of genetic diversity for the
purposes of establishing new breeding stock and/or to cryopreserve a pool
of the germplasm. This study outlines the result of genetic analyses using data
from a number of type 1 DNA markers (polymorphisms in genes) analysed
in the Red Mangalitsa and Bazna populations from Romania. Ten genes
were chosen for the study, three of which (CRC1, FUT1 and MC1R) have
polymorphisms known to change gene function and phenotype, three (ESR,
PRLR and MC4R) have been found to be associated with phenotypic variation
and four (NRAMP1, CAST, LEP and LEPR) are potential candidate genes [27].
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The traits considered were prolificacy, growth, disease resistance, meat quality
and coat colour.
2. MATERIALS AND METHODS
A total of 40 individual hair samples from Red Mangalitsa and 62 from
Bazna pigs were collected from animals at the Agricultural Research Station of
Turda, Romania. In the case of the Bazna breed, this herd is the only nucleus
herd in the world. The Red Mangalitsa population of Turda is probably the
most representative in the world.
The DNA markers, polymorphic sites and traits associated with them are
listed in Table I. In order to detect the polymorphisms we used PCR-RFLP
(Polymerase Chain Reaction – Restriction Fragment Length Polymorphism)
procedures. The DNA preparation, primer sequences and reaction conditions
have been described previously [7,9,15,16,21,29,32,34,36,41].
An additional marker not previously published, developed by Rothschild
and Vincent, was used to analyse a polymorphism in the leptin receptor gene
(LEPR) a candidate gene thought to control fat deposition. Pig-specific PCR
primers were used to amplify a 378 bp (base pair) fragment covering exon 20.
Following amplification of genomic DNA, the PCR products were digested
with MboI and electrophoresed in 2% agarose gel. Two alleles were detected:
allele A (339 and 39 bp) and B (282, 57 and 39 bp). For each locus we scored
two alleles except the NRAMP1 (Natural Resistance-Associated Macrophage
Protein 1) locus where we found three alleles. Three biallelic polymorphisms
were analysed at the MC1R gene.
Using gene frequencies for the polymorphic loci in both breeds, we applied
an χ2 contingency test, where appropriate, in order to evaluate the genetic
differentiation between the Bazna and Mangalitsa populations, according to
the marker data (Tab. II).
3. RESULTS
3.1. DNA markers associated with meat quality

3.1.1. Calcium Release Channel (CRC1)
The halothane or stress gene, as it was first called, was the first practical
application of a DNA test for a major gene in pig breeding [9]. A single point
mutation in the calcium release channel gene, when present in the homozygous
condition, is responsible for porcine stress syndrome (PSS, malignant hyperthermia) and also results in increased muscling and less backfat (possibly as a
result of close linkage to another gene).
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Calpastatin (CAST)

Estrogen Receptor (ESR)

Prolactin Receptor (PRLR)

Leptin (Ob)

Leptin Receptor (LEPR)

Melanocortin 4 Receptor
(MC4R)

Alpha1,2 fucosyltransferase
(FUT1)

Natural Resistance-Associated
Macrophage Protein 1
(NRAMP1)

Melanocortin 1 Receptor
(MC1R)

Chromosome

Calcium Release Channel
(CRC1)

DNA markers

BspHI, HhaI, BstUI

Hinf I

HhaI

TaqI

MboI

Hinf I

AluI

PvuII

MspI, RsaI

HhaI

Polymorphic
restriction site(s)

Coat Colour

General bacterial resistance

Resistance to E. coli F18
adhesion and colonization in
the small intestine

Fatness and appetite

Fatness

Fatness

Increased litter size

Increased litter size

Meat quality

Higher lean meat yield, lower
meat quality, stress related
mortality, decreased litter size

Associated quantitative
trait effects

Table I. Analysed DNA markers and their associations with quantitative traits.

Kijas et al. (1998)

Sun et al. (1998)

Meijerink et al. (1997)

Kim et al. (2000)

Vincent & Rothschild
(unpublished results)

Stratil et al. (1997)

Vincent et al. (1998)

Rothschild et al. (1996);
Short et al. (1997)

Ernst et al. (1998)

Fuji et al. (1991)

Reference
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Table II. Allelic frequencies of the analysed loci and genetic differences among the
populations using χ2 contingency test.
DNA markers

Allele

Frequency
Mangalitsa
Bazna

χ2

CRC1
Calcium Release Channel

N

1.00

1.00

NT

CAST
Calpastatin/MspI

C

0.55

0.45

1.88 ns

CAST
Calpastatin /RsaI

E

0.66

0.53

2.76 ns

ESR
Estrogen Receptor

B

0.00

0.04

NT

PRLR
Prolactin Receptor

A

0.11

0.49

32.25∗∗∗

LEP
Leptin

T

1.00

0.97

NT

LEPR
Leptin Receptor

B

0.93

0.80

5.45∗

MC4R
Melanocortin 4 Receptor

A

0.09

0.45

27.92∗∗∗

FUT1
Alpha1,2 fucosyltransferase

A

0.69

0.30

30.31∗∗∗

NRAMP1
Natural ResistanceAssociated Macrophage Protein 1

A
B
C

0.33
0.67
0.00

0.13
0.83
0.04

10.62∗∗

NT = not tested; n.s.: P > 0.05; ∗ : P ≤ 0.05; ∗∗ : P ≤ 0.01; ∗∗∗ : P ≤ 0.001.
Degree of freedom (d.f.) = 1. For NRAMP1 allele C not tested due to lack of
numbers per cell.

Several reports demonstrate the absence of the “stress gene” in the local
pig populations from Central and Eastern Europe (e.g. [31]) and this was the
case for both breeds in this experiment. In Transylvania the consumption of
pig backfat was a tradition. For this reason breeders appreciated pigs with a
medium amount of backfat rather than selecting for leanness. This preference
would have acted as a barrier for the introgression of the HAL gene.

3.1.2. Calpastatin (CAST)
Calpastatin is a specific, endogenous inhibitor of the calcium-activated
proteases known as calpains. This system is involved in some growth and
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metabolic processes [7]. There is evidence for the decreasing activity of CAST
with age and a significant higher activity in obese pigs compared with lean
pigs [18]. Ernst et al. [7] reported MspI, RsaI and Hinf I RFLPs at the porcine
CAST locus, pointing it out as a possible candidate gene for muscle protein
accretion and pork quality.
In this study two of the polymorphisms (MspI and RsaI) were used. There
were small non-significant differences between the gene frequencies of the two
breeds (P > 0.05) (Tab. II). For the MspI site, the result for both breeds is
similar to that reported for some European breeds (Yorkshire, Large White)
but is different from Chinese breeds where allele C is fixed in the Meishan
and Fengjing [7]. In the case of the RsaI site the highest frequencies for
allele E (above 0.70) were found in the Duroc, Hampshire and Landrace [7].
The Mangalitsa has a similar frequency (0.66) to that found in the Berkshire
– a breed known for good meat quality – and higher than that of the Bazna
breed (0.53). However, all of the frequencies are very similar. In the study
of Ernst et al. [7] the genotype DDEE is the most prevalent in the Landrace
(0.72), Pietrain (0.67) and Duroc (0.63). This genotype was absent in Chinese
breeds [7] and is relatively low in the Bazna (0.38) and Mangalitsa (0.27) breeds.
It should be noted that the intermediate frequencies of these markers make them
suitable as candidates for future association analyses for meat quality in these
breeds.
3.2. DNA markers associated with prolificacy

3.2.1. Estrogen Receptor (ESR)
The marker used in the ESR gene was shown to have a significant effect on
litter size in some breeds and commercial populations [28,29,32]. The ESRB
allele is predominant in the Chinese Meishan breed, known for its prolificacy
and was also found in commercial dam lines of Large White origin [32]. It is
assumed that it is derived from early importation of Chinese pigs into England
prior to the 1800s and crossbreeding with pigs that eventually became the Large
White breed [6].
Mangalitsa and Bazna are fixed or close to fixation for allele A of ESR,
which is the unfavourable allele in terms of litter size (Tab. II). The prolificacy
of Bazna is significantly superior to the Mangalitsa [25,26]. However, it is
unlikely that this is associated with ESR as the beneficial allele is present at
such low levels. The results suggest neither breed has much influence from
Chinese breeds.

3.2.2. Prolactin Receptor (PRLR)
Prolactin (PRL) is an anterior pituitary hormone involved in different endocrine activities and is essential for reproductive success. This action is mediated

424

D.C. Ciobanu et al.

by its receptor (PRLR) an important key regulator of mammalian reproduction.
In knockout mice, lack of a functional allele produces multiple reproductive
defects [23]. Results from 4 of 6 commercial lines suggested that A allele is
associated significantly with litter size [41].
The frequencies of the polymorphism scored for PRLR are different between
the breeds (P < 0.001) (Tab. II). It is possible, based on these limited results,
that the superiority of Bazna regarding prolificacy [25,26] could be related to
the relative abundance of the A allele in Bazna (0.49) compared with Mangalitsa
(0.11).
3.3. DNA markers associated with growth and fatness

3.3.1. Leptin (LEP)
Leptin, is a hormone secreted by adipose tissue and it is a component of a
system which controls fuel stores and energy balance at an optimum level [8].
A mutation in the leptin gene (LEP) is responsible for the obese phenotype of
the ob/ob mouse [43]. Stratil et al. [34] found a PCR-RFLP polymorphism
at the pig Ob locus (now called LEP), with two alleles, using the enzyme
Hinf I. The alleles are designated C and T according to the polymorphic base
at position 3469 in the sequence according to Bidwell et al. [4].
Both breeds are fixed or close to fixation for allele T of the LEP polymorphism reported by Stratil et al. [34] (Tab. II). Bazna is a superior breed compared to
Mangalitsa for carcass quality [24,26]. These breeds are relatively unimproved
and so this might suggest that the other allele (C) might be associated with a
leaner genotype. However, Stratil et al. [34] reported the allele C to be fixed in
the very fat Meishan, and at low frequency in Landrace (0.04) and Hampshire
(0.08). While this suggests that there may be not be an association of fatness
with this polymorphism in pigs, the results of Jiang and Gibson [14] are also
worth considering. They identified the same polymorphism in their study
and analysed for evidence of an association with fatness by looking at allele
frequencies in the extreme samples (leanest and fattest) in four populations of
pigs. A significant difference was found for this polymorphism in a sample
of Large White pigs. Interestingly the “fat allele” was allele T, which is
more in line with the findings for Bazna and Mangalitsa. However, they were
unable to find support for this association in a second sample from the same
population. They speculate that the mutation may be in linkage disequilibrium
with another mutation in the gene or region, although they suggest that this
linkage disequilibrium would seem to be unique for the Large White breed [14].
3.3.2. Leptin Receptor (LEPR)
The LEPR is the high affinity receptor for leptin and was identified as a
member of the cytokine family of receptors [37]. Mutation in leptin receptor
gene results in an obese phenotype identical to that of ob mice [20].
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There are several polymorphisms reported in the pig LEPR gene [35,40].
Vincent and Rothschild (unpublished results) found an MboI polymorphism
where the B allele is a candidate marker for fatness. They found that the B
allele was fixed in Meishan and at relative high frequency in Chester (0.94),
Yorkshire (0.77) and Landrace (0.75).
Bazna, with a better carcass quality [24,26] has a lower frequency for allele B
(0.80) compared to the Mangalitsa where this allele is more frequent (0.93)
(Tab. II). The difference between the allele frequency of these populations
is significant (P < 0.05). The B allele may be closely linked to a causative
mutation from the same gene or a different gene affecting the level of fatness.

3.3.3. Melanocortin 4 Receptor (MC4R)
Genetic data indicates that the melanocyte-stimulating hormone (MSH) and
its receptor melanocortin-4 receptor (MC4R) are required for a response to an
increased plasma leptin concentration in the weight gain process [8]. Several
mutations in the MC4R gene, both frameshift and nonsense are associated
with dominantly inherited obesity in humans [38,42]. The inactivation of the
MC4R gene in the mouse has resulted in a maturity onset obesity syndrome,
demonstrating the role of this gene in regulation of the energy balance [13].
In pigs, the MC4R locus is another candidate for growth, appetite and
fatness. Kim et al. [16] reported a missense mutation in the pig MC4R gene
that replaces an aspartic acid residue with asparagine in a conserved region of
the protein. Based on an association study with more than 1 500 records they
found that one allele (2 – renamed A in our study) was significantly associated
with higher feed intake, higher levels of fat and faster growth. We now have
experimental information to believe it is the causative mutation (Kim et al.,
unpublished results).
There is a significant difference in the allele frequencies between the two
breeds (P < 0.001) (Tab. II). Bazna, with faster growth and more feed
intake [10] has a higher frequency for allele A (0.45) compared to the Mangalitsa
(0.09). This marker may therefore explain some of the variation in appetite,
growth and fatness in these breeds.
3.4. DNA markers associated with disease resistance

3.4.1. Alpha 1,2 fucosyltransferase (FUT1)
Oedema disease and post-weaning diarrhoea in swine are associated with the
colonisation of the intestine with toxigenic Escherichia coli bacteria of various
serotypes. The success of colonisation depends on specific binding between
adhesive fimbriae and receptors on the enterocytes. Sequencing of the alpha(1,2)-fucosyltransferase gene (FUT1) in swine that are either susceptible or
resistant to adhesion by F18 fimbriated E. coli revealed a mutation at basepair
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307 [21]. Analysis of this mutation showed close linkage with the locus
controlling resistance and susceptibility to E. coli F18 adhesion (ECF18R).
The frequencies of this polymorphism for FUT1 are also different between the
breeds (P < 0.001) (Tab. II). Based on the Station medical reports (unpublished
data), Mangalitsa is a breed more resistant to oedema disease and post-weaning
diarrhoea. The frequency of the resistant allele in Mangalitsa (0.69) is higher
than that of the Bazna (0.30) and therefore this gene may explain part of the
observed difference in phenotype. Klukowska et al. [17] also reported a high
frequency (0.63) of the “resistant gene” in the Zlotnicka Spotted breed when
compared with animals of the Polish Landrace (0.22) and Large White (0.36)
breeds. Zlotnicka Spotted is a dual fat-meat type breed originating from crosses
of primitive long-eared and short-eared pigs and possibly with some share of
English Large White. These results support the generally accepted belief that
old local breeds could be an important resource of genes conferring resistance
for different diseases.

3.4.2. Natural Resistance – Associated Macrophage Protein 1
(NRAMP1)
In the human and mouse the macrophage specific protein, encoded by
the NRAMP1 gene, controls to some degree resistance and susceptibility to
Salmonella and other antigenically unrelated bacteria [5,39]. Sun et al. [36]
studied the NRAMP1 gene as a potential candidate gene for controlling pig
resistance to bacterial infection, and identified a polymorphism with three
alleles using the restriction enzyme Hinf I.
The polymorphisms scored for NRAMP1 genotypes are different in the two
breeds (Tab. II). Mangalitsa has a higher frequency of allele A, although allele B
is the most common in both breeds. Allele B was the most prevalent NRAMP1
allele reported by Sun et al. [36] and it was found to be fixed in some Chinese
breeds and the most common in improved breeds such as Large White and
Landrace as well as Berkshire and Hampshire. Allele A had the next highest
frequency, and was reported only in the white breeds [36]. Allele C was only
found in the coloured breeds Hampshire, Duroc and Berkshire. Based on its
history, the presence of the C allele in Bazna (0.04) could originate from the
Berkshire breed.
3.5. DNA marker associated with coat colour

Melanocortin 1 Receptor (MC1R)
MC1R plays a central role in regulation of eumelanin and phaeomelanin
synthesis in mammalian melanocytes and is encoded by the Extension coat
colour locus (E). Sequence analysis of MC1R from different breeds revealed a
total of four allelic variants corresponding to five different E alleles [15].
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As a result of testing for this gene we found that each breed appears to
contain two allelic variants. This might be expected as the breeds are known to
have been created from pigs of different origin, although selection for uniform
colour normally takes place in breed development leading to fixation of alleles
at this locus over time. Both breeds were found to carry the polymorphism
associated with the E P or ED2 alleles. The EP allele is observed in the white
breeds, but also in breeds that are spotted, belted or with white extremities
represented by Pietrain, Hampshire and Berkshire [15]. The E D2 allele is
associated with the dominant black colour of Hampshire pigs. With the test
used it is not possible to distinguish the E P allele from the ED2 allele.
The mutation identified in E P results in loss of function of the receptor such
that the coat colour of animals with this specific alteration would be expected
to be red which fits with its presence in Mangalitsa. However, in Bazna it is
assumed that the E D2 allele is present rather than the E P allele, based on the
phenotype. The second allele found in Bazna is E D1 , which is found in breeds
such as the Large Black and Meishan. The allelic variants observed in this
breed are consistent with the phenotype, which is a belted black breed. Both
alleles are found in black breeds where the amount of non-black coat or skin
is determined by other loci. The presence of the E P or ED2 alleles would be
expected to have arisen from the Berkshire or Sattelschwein origin. It might
also have arisen from Mangalitsa, however, if this was the case it might be
expected that some animals homozygous for this allele would be red. Red pigs
are not observed in the Turda Bazna herd. In the case of the white belt this has
recently been shown to be an allele at the KIT locus in the pig [11] which will
be dominant over the MC1R alleles and we would predict that Bazna is fixed
for the belt allele at the KIT locus.
For Red Mangalitsa the E P allele is present and the second allele identified
is E+ , found in wild boar [15]. The presence of the E + allele in Mangalitsa
population is not a surprise, as it is closely related to the wild pig. The
black striping of the body of Mangalitsa piglets in the first weeks of life, are in
agreement with this assumption. The recent study of Giuffra et al. (2000) based
on mtDNA demonstrates that Mangalitsa is genetically closer to the European
wild boar than other domestic breeds. It is interesting that the recessive e allele
responsible for the red colour in Duroc is absent in this breed. Finally it is
somewhat surprising to find two alleles at the E locus in Mangalitsa as colour
is relatively uniform, however, further studies will be necessary to resolve the
situation in this breed.
4. DISCUSSION
Anonymous markers such as microsatellite loci have been recommended
for the determination of genetic relationships or genetic distances between
breeds [3]. An European Community project is currently underway to
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evaluate the genetic diversity of European pig resources (considering more
than 50 breeds) using both microsatellites and AFLP markers. Analysing
the distribution and amount of diversity in eleven breeds, Laval et al. [19]
demonstrate that the contribution of four French local breeds is about half of
the total diversity. The results from these projects will be a major contribution
to the characterisation of the inventory of pig genetic resources. This should
assist conservation efforts and also enlarge the panel of the genetic resources
available to the pig industry and the scientific community.
However, breeds are typically described in terms of phenotypes and they
reflect the purposes for which they have been kept in particular regions. It is
therefore interesting to consider using gene markers that have been shown to
be associated with important traits, such as those considered here, to analyse
the diversity of a breed. The results reported here offer an interesting first
description of the genetic structure and diversity of two important populations
of rare breeds from Romania. The results are based on gene marker loci
that are interesting for growth, disease resistance, prolificacy, meat quality
and coat colour (see Introduction). We suggest that a diversity analysis of a
population based simply on anonymous markers could be limited. We have
proposed to take into consideration known causative mutations (e.g. CRC1),
those mutations (e.g. ESR) associated with phenotypic variation and markers
within interesting functional candidate genes. One possible drawback of this
approach is that chance alone will contribute to different gene frequencies
in the limited candidate genes used. However, given that most of the allele
frequencies reported here were in the expected direction we do not believe this
to be a significant problem.
Even though the populations are small and the gene markers are only a
small selection of known genes, we have discovered a significant amount of
variation in almost all of the characterised loci. The frequency of the alleles,
confirmed in general the expectations based on the reported trait associations
of the markers and specific breed phenotypes.
The χ2 contingency test used to estimate the differences between the breeds
regarding gene frequency, suggests that differences in gene frequency may
explain some of the phenotypic variation in several of the traits that differentiate
the breeds. However without a joint evaluation of performance and genotype for
each individual care must be taken in assigning associations. It is well-known
that the loss of genetic variation from a population could affect important traits
such as survival, growth, feed conversion, and normal development. Because
both breeds are part of a conservation program this information could be used
to assist in the preservation of a representative gene pool as an indicator of the
genetic diversity of the populations.
This approach may also offer some limited evidence of the genetic information about the origin of the breeds (e.g. CRC1, MC1R, ESR). Furthermore,
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selection based on such genetic markers (e.g. CAST, PRLR or MC4R) may be
useful for accelerating genetic progress in traditional breeds and established
commercial lines. While local breeds are potentially a very important source of
variation it is unlikely that many of them will be utilised in QTL studies because
of the cost. Some of them could be an important reservoir of useful alleles,
and efforts in finding new gene variants are underway in several endangered
breeds, including the breeds considered in our study.
Today many of the breeds in danger of extinction have not even been properly
characterised especially in developing countries. Molecular tools offer the
means to characterise a breed not only in terms of genetic distance (e.g. with
microsatellites) but also in terms of variation at interesting loci associated with
phenotypes. Such an approach, illustrated here, will give more opportunity
to elaborate an efficient strategy for conservation of breeds, maintaining their
“useful” genetic diversity and providing important resources for possible new
unique traits or for future scientific interest.
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