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Summary

The use of the AFLP (amplified fragment length
polymorphism) technique for the characterisa-
tion of highly inbred Iberian pig breed geno-
types and the detection of strain-specific
polymorphisms is demonstrated. Twelve differ-
ent primer combinations were used on indivi-
dual DNA samples from animals belonging to
two black hairless Iberian pig strains, Guadyer-
bas and Coronado. These amplification reac-
tions allowed the detection of more than 1700
amplification products of which 26 were iden-
tified as strain-specific markers, present in all
individuals of one strain and absent in the
other. Comparison of male and female amplifi-
cation products within one strain also allowed
the identification of 8 male-specific amplified
bands. AFLP showed a great power of marker
detection due to a high multiplex ratio and high
reproducibility. Comparison of similarity and
co-ancestry coefficient matrices also showed the
usefulness of AFLP markers to estimate genetic
relationships between individuals pigs.
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Introduction

An increasing interest in Iberian pig production
is arising as a consequence of their high quality
standards regarding meat and fat. Traditional
strains of Iberian pigs are difficult to distinguish
at the genetic level and the origins of commer-
cial populations are generally unknown. Differ-
ences in morphological and physiological
characters are observed, including variation in
production and reproductive traits (Pérez-
Enciso & Gianola 1992). The black hairless
types of Iberian pigs, which are characterised
by very high levels of body fat and are usually
managed without genealogical control, are
endangered as a consequence of being held in
small herds with high inbreeding levels that
reduces their reproductive performance.
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The problem posed by the genetic identifica-
tion of the pigs and conservation of genetic
variability within highly inbred herds could be
addressed with the development of strain
specific markers and with the application of
rapid genotyping analysis to the individuals of
the herd. This would allow the selection of the
progenitors for inter and intra-strain crosses
from those that carry a larger proportion of the
existing variability. Many PCR-based finger-
printing methods have been developed. These
methods make use of synthetic oligonucleotides
to amplify specific or arbitrary DNA sequences
of the genome thereby producing a character-
istic pattern of amplified fragments (Caetano-
Anollés 1996; Cushwa & Medrano 1996; Welsh
& McClelland 1991; Williams et al. 1990). Of
these, AFLP which is based on the selective
amplification of restriction fragments ligated to
adapters of known sequence (Vos et al. 1995),
has the highest multiplex ratio, allowing the
screening of a very high number of amplified
restriction fragments with a few amplification
reactions.

The objective of this study was to evaluate the
potential of AFLP markers for identification of
highly inbred Iberian pig genotypes and their
possible application in the conservation and
management of populations with unknown
genealogy.

Materials and methods

A total number of 14 black hairless Iberian
pigs were analysed, including five males and
five females from the Guadyerbas strain and
four males from the Coronado strain. The
Guadyerbas strain represents the black hairless
type from the Guadiana valley and is con-
served in an experimental herd as a geneti-
cally isolated population since 1945
(Rodrigafiez et al. 1997). This population has
a high inbreeding level (F=0-36) and this
makes it advisable to cross the Guadyerbas
pigs with other black hairless populations in
order to obtain a new synthetic line with
better reproductive traits and lower conserva-
tion costs. The Coronado strain is a black
hairless Iberian pig population of very small
size conserved in one commercial herd with-
out pedigree records.
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Genomic DNA was extracted from blood
samples using the technique described by Wu
et al. (1995). AFLP analysis was performed as
described by Vos etal. (1995) with some
specific modifications (Cervera et al. 1996).
For each genomic DNA sample, 500 ng were
double digested with 12 U EcoRI and 8 U Msel,
RL buffer (10 mm Tris—-HAc, 10 mm MgAc,
50 mMm Kac, 5 mm DTT) in a final volume of
35 wl. The reaction was incubated for three
hours at 37 °C. Next, the ligation mixture was
added, consisting of 5 pl of a solution contain-
ing 5 pmol EcoRI-adapter, 50 pmol Msel-adap-
ter, 8 mm ATP and 1:2 U T4 DNA ligase in RL
buffer and incubated for three hours at 37 °C
and at 4 °C overnight. After ligation of adapters,
DNA fragments were diluted to a final volume
of 200 pl with water.

Amplification of DNA fragments was per-
formed in two steps. The first step or preampli-
fication was a PCR reaction with two primers
which are complementary to the adapters EcoRI
and Msel with one additional selective 3’
nucleotide. The primer combinations used in
this preamplification were: EcoRI + A/Msel + C,
EcoRI + A/Msel + T, EcoRI + A/Msel + G, EcoRI
+ C/Msel + C, EcoRI + C/Msel + T. PCR reac-
tions were performed in 20 pl containing 3 pl of
diluted DNA fragments, 0-4 U Taqg DNA poly-
merase (Boehringer Mannheim), 30 ng EcoRI
primer, 30 ng Msel primer, 4 mM dNTPs and 1X
PCR buffer (Boehringer Mannheim). The cycle
profile was as follows: 30 s at 94 °C, 60 s at 60 °C
and 60 s at 72°C, for 28 cycles. PCR products
were examined in 0-8% agarose gels and diluted
10-fold with water.

The second PCR step or selective amplifica-
tion was performed using primers containing
the same sequences as those used in the pre-
amplification but with three selective 3’
nucleotides. Selective nucleotide combinations
tested with EcoRI/Msel primers were: ACC/
TGT, AAG/TTC, ACT/GCT, CAC/CTA, ACC/
GTA, AAG/CAT, ACT/TTGC, CAC/TTC, AAG/
CTG, AAG/TGT, CAC/CAT, CAC/TGT. Selec-
tive amplification reactions were carried out in
20 pl containing 5 pl of the diluted pre-
amplification products, 0-4 U Tag DNA poly-
merase (Boehringer Mannheim), 5 ng EcoRI
primer radioactively labelled with [y**P] ATP,
30 ng Msel primer, 2 mm dNTPs and 1X PCR
buffer. The PCR profile started with one cycle
of 30 s at 94°C, 30 s at 65°C and 60 s at 72°C,
in the following 12 cycles the annealing
temperature decreased 0-7 °C per cycle and in
the last 23 cycles the profile was: 60 s at 94 °C,
30 s at 56°C and 60 s at 72°C. The preampli-
fication and selective amplification reactions
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were performed in a PE-9600 thermocycler
(Perkin-Elmer Corp, USA). The amplification
products (3 pl) were analysed on 4:5% acryla-
mide/bisacrylamide 19 : 1, 75 M urea and 1X
TBE gels using a standard DNA sequencing
unit. Electrophoresis were performed at con-
stant power (90 W) for two hours and 30 min
and AFLP patterns were visualised by auto-
radiography.

Polymorphic fragments were scored as 1 for
presence and 0 for absence and genetic simila-
rities were calculated using two pairwise simi-
larity indexes: Dice coefficient (Sneath & Sokal
1973):

GS(ij)=2a/(2a+b+c)

where a is the number of polymorphic DNA
fragments common to both individuals, b is the
number of fragments present in i and absent in j,
and c is the number of fragments present in j
and absent in i, and Rogers and Tanimoto (RT)
coefficient (Rogers & Tanimoto 1960):

GS(ij)=m/(n+u)

where m is the number of matches (present or
absent DNA fragments common to both indivi-
duals), u is the total number of fragments only
possessed by individuals i and j, respectively,
and n is the total sample size (u + m). The
resultant matrices were subjected to cluster
analysis by the unweighted pair-group method
analysis (upGMa) and a dendrogram was con-
structed from the clusteringresults with the TREE
program. Good-fit of clusteranalysis (between the
similarity matrix and the dendrogram obtained)
was measured by calculating the cophenetic
correlation between the similarity matrix and
the cophenetic matrix for each analysis.

Matrix comparisons were made to determine
the agreement between the AFLP similarity
matrix, calculated using the RT coefficient,
and the co-ancestry coefficient matrix using
the Mantel test (Mantel 1967). These calcula-
tions were performed using the computer
program NTSYS-PC version 1-80 (Rohlf 1993).

Results and discussion

The use of molecular techniques may contribute
to our knowledge of the genetic structure of
Iberian pig populations. The development of
strain specific markers is a first step which
would enable objective identification of Iberian
pig strains, assist in conservation of the endan-
gered strains and allow the traceability of
strains and breeds. Identification of strain-
specific markers can in some cases be a difficult
task, especially when the genotypes to be
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Fig. 1. AFLP analysis of 14 Iberian pigs belonging to
two different strains: four Coronado males [Cor(m)]
and 10 Guadyerbas [five females (f) and five males
(m)]. The DNA fingerprint was generated with primer
combination EcoRI + AAG/Msel + TTC. The large
arrows indicate the size marker positions. Arrows
indicated with an m correspond to male specific
markers, and those preceded by a * indicate
polymorphic bands.

distinguished are very closely related. This was
the situation in our work, in which the two
strains of Iberian pigs used (Guadyerbas and
Coronado) belong to the same type of black
hairless pigs.
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In order to identify strain-specific polymorph-
isms, we tested 12 different AFLP primer
combinations on 14 individual pig samples
belonging to the two strains. These primer
combinations yielded a total of 1733 scorable
bands, ranging from 70 to 700 nucleotides in
length, representing an average of 140 scorable
amplified bands per primer combination (see
Fig. 1 for an example of the autoradiograms
obtained). Out of these 1733, only 106 (6%)
were polymorphic among the samples analysed
(Table 1). Within those polymorphic bands, 26
were present in all individuals of one strain but
absent in the other, 12 were specific for the
Coronado strain and 14 others for the Guadyer-
bas strain. Comparison of the amplified bands
present in males and females of the Guadyerbas
strain revealed eight markers present in all male
samples but absent in females (Table 1).

These results show the effectiveness of the
high multiplex ratio of AFLP for rapid identifi-
cation of candidate strain-specific markers with
a few amplification reactions. The presence of
the specific amplified bands in all the indivi-
duals of one strain and their complete absence
from the individuals of the other strain strongly
indicates that these are specific amplified
products and not simple amplification artefacts,
and that they could be fixed in the strain. This
later comment however, requires confirmation
through the analysis of more individual samples
belonging to the same strain and comparison
with a larger number of genetically diverse
strains. Unfortunately, genotyping a larger
number of individuals of this type of inbred
population, for which the application of this
technology is highly useful, is not always
possible. This is the case for the black hairless
Iberian pig strains, due to the limited size of the
available herds.

Less than 0-3% of the amplified bands were
male specific. This percentage is in the same
order of magnitude as the percentage repre-
sented by the Y chromosome in the pig
karyotype (1:2%). The slight under-representa-
tion could either be due to errors in the
karyotype determination or to the presence of
common genomic regions between the X and Y
chromosomes. The detection of male specific
markers based on AFLP technology could be a
useful tool to determine the sex of animal
embryos mainly in cattle, but could also be
used in the certification of high quality meat
products exclusively derived from males in
other species such as ducks and geese.

Both strain and male specific markers have
been previously obtained in Iberian pig breed
using RAPDs, microsatellites or the RDA tech-
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Table 1. AFLP results: number of amplified DNA fragments, polymorphisms and specific markers obtained with

the 12 primer combinations tested

Number Total number Coronado Guadyerbas Male
Primer combination of bands of polymorphisms markers markers markers
E + ACC/M + TGT 140 8 0 2 0
E + AAG/M + TTC 173 13 2 3 2
E + ACT/M + GCT 121 9 0 0 3
E + CAC/M + CTA 112 7 0 0 0
E + ACC/M + GTA 129 7 2 2 0
E + AAG/M + CAT 150 1 1 0
E + ACT/M + TTC 155 15 2 2 0
E + CAC/M + TTC 141 8 1 0 2
E + AAG/M + CTG 162 1 1 0
E + AAG/M + TGT 165 14 1 1 1
E + CAC/M + CAT 139 5 0 1 0
E + CAC/M + TGT 146 10 1 1 0
Total 1733 106 12 14 8

nique (Castellanos et al. 1996; Ovilo et al. 1998;
Pérez-Pérez & Barragan 1998). The use of AFLP
represents a faster and cheaper alternative to
scan the genome in the search for those markers
when it comes to work on closely related
individuals. A similar strategy can be applied
to any species without any previous informa-
tion on its genome sequence, which represents a
useful tool in the study of wild species.

In order to genetically identify Guadyerbas
and Coronado individuals and to establish the
genetic relationships between them, a similarity
matrix was calculated using Dice coefficient
based on the presence or absence of poly-
morphic bands (excluding the eight male-spe-
cific markers). A dendrogram illustrating the
data of genetic similarity obtained with the 12
primer combinations used in this study is
displayed in Fig. 2. All the individuals could
be easily distinguished and two main and well-
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Fig. 2. Dendrograms representing the genetic
similarity among individuals of both Iberian pig
strains. Samples named with G are from Guadyerbas
animals and those named with C are from Coronado
animals. The dendrogram was constructed using the
UPGMA clustering method on the Dice estimates of
genetic similarities based on AFLP data
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differentiated branches were observed. One of
them included all the Guadyerbas individuals
while the other contained all the Coronado
samples, indicating a clear distinction between
both groups. The cophenetic correlation
between the similarity matrix and the cophe-
netic matrix was very high (097, P = 0-002)
indicating a very good fit of the cluster analysis.

The possibility of extinction is a major issue
for Iberian pig strains due to the reduced size of
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Fig. 3. Genetic relationships among 10 Guadyerbas
individuals based on urGMaA cluster analysis using
either RT similarity coefficient to analyse AFLP data
(A) or co-ancestry coefficients (B).
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ancestry coefficients (below the diagonal) between all the pairs of Guadyerbas individuals analysed

Castellanos,

Martinez-Zapater G1 G2 G3 G4 G5 G6 G7 G8 G9 G10
G1 1.000 0.316 0.380 0.538 0.289 0.370 0.235 0.429 0.613 0.449
G2 0.362 1.000 0.380 0.370 0.441 0.333 0.493 0.316 0.250 0.333
G3 0.383 0.355 1.000 0.400 0.315 0.324 0.195 0.485 0.380 0.508
G4 0.392 0.363 0.360 1.000 0.273 0.316 0.220 0.408 0.493 0.515
G5 0.362 0.419 0.355 0.363 1.000 0.241 0.485 0.273 0.195 0.361
G6 0.384 0.353 0.357 0.386 0.353 1.000 0.316 0.370 0.587 0.316
G7 0.362 0.504 0.352 0.346 0.419 0.355 1.000 0.266 0.176 0.250
G8 0.426 0.355 0.411 0.360 0.355 0.357 0.352 1.000 0.351 0.493
G9 0.511 0.368 0.354 0.424 0.368 0.412 0.372 0.354 1.000 0.648
G10 0.361 0.419 0.359 0.381 0.419 0.351 0.343 0.359 0.364 1.000

existing populations. The establishment of con-
servation programs requires pedigree informa-
tion to select the founder animals, however, this
information is lacking in most cases. Toro et al.
(1998) proposed the use of molecular markers to
identify founder animals and minimise the
losses of genetic variability in the first genera-
tions. In order to test the efficiency of the use of
molecular information in the prediction of co-
ancestry we compared the matrix of genetic
similarity obtained for the Guadyerbas indivi-
duals, using AFLP markers, with their co-
ancestry matrix. Due to the high inbreeding
level of the Guadyerbas only 50 polymorphic
AFLP markers with frequencies ranging from
0-2 to 0-8 were used (Lynch & Milligan 1994).
Due to the close relationship between Guadyer-
bas individuals both presence and absence of
DNA fragments were considered as indication
of similarity using the RT coefficient as similar-
ity index. Table 2 shows the values of the AFLP
similarity, calculated using the RT coefficient,
and the co-ancestry coefficients between all the
pairs of Guadyerbas individuals. Figure 3
shows dendrograms derived from the AFLP-
based similarity data (Fig. 3A) and the co-
ancestry coefficients (Fig. 3B). Both dendro-
grams showed similar relationships between
individuals, allowing the distinction of three
main groups: individuals G1, G9, G4 and G6
were placed on one group, individuals G3 and
G8 on another group and individuals G2, G7
and G5 in a third group. Only individual G10
did not hold an identical position in both
cluster analyses. This could suggest an incorrect
parentage assignment for this sample. The
statistical significance of the correlation
between both matrices was verified with the
Mantel permutation test, (Mantel 1967).
Although the results of the test were in the
lowest level of correlation that can be consid-
ered statistically significant (0-61, P = 0-:002) we
can explain these results based on the differ-
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ences of the methodology employed. The results
suggest that in the absence of pedigree informa-
tion, genetic markers could be useful to estimate
genetic relationships between individuals and
thus to design marker assisted conservation
programs, as a way to select the progenitors
within a breed which allow to preserve the
existing variation and avoid gene losses.

Although AFLPs are technically more
demanding than microsatellites, this study
indicates that AFLP is a fast and reliable
method to scan the genome in search of specific
polymorphisms. In a preliminary work, focused
on the application of microsatellite analysis to
identify highly inbred Iberian pig populations,
we found a lower power for the detection of
strain-specific alleles compared with AFLP
technique (results not published). With the
analysis of 19 microsatellite markers we were
not able to find any strain-specific allele fixed in
the population, although we found some alleles
present only in one strain but with low
frequencies, which are therefore less useful to
discriminate strains or breeds.

Moreover, intra-strain polymorphisms
detected with AFLP technique provide high
amount of information about the genetic rela-
tionships between individuals, even in the case
of highly inbred populations like pig popula-
tions used in this study. The use of microsa-
tellites has been recommended by FAO for
biodiversity studies when different strains or
nonrelated populations have to be genotyped.
AFLP markers overcome microsatellites when
the genetic analysis of closely related indivi-
duals is required, and both AFLP and micro-
satellites could complement each other for the
study of other type of outbred populations.

Although AFLP has been considered an
expensive and complex technique, it becomes
highly cost-efficient when time and expenses
are estimated on the basis of the number of
markers scored (Costa et al. 1999). Moreover,
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the strain specific AFLP markers identified can
be transformed into SCAR markers (Paran &
Michelmore 1993) which are easily screened by
PCR assays using specific pairs of primers.
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