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CONSERVATION GENETICS OF AN ENDANGERED CATALONIAN
CATTLE BREED (“Alberes”)

J. Jordand, J. Piedrafitd, X. Carré and A. Martef

ABSTRACT

We biochemically analyzed and characterized the genetic structure of a population in danger of extinction ,"Alberes”, a local
cattle breed of the Catalonian Pyrenees (Spain and France). Ninety-two individuals were analyzed for five polymorphic genetic
loci (Hb, Alb, Tf, Gc and Ptf2). The animals were grouped according to coat color: Fagina Alberes variety (N = 39) and Black
Alberes variety (N = 53). The genetic structures and relationships between these subpopulations and one “outgroup” breed
(“Bruna dels Pirineus”) were analyzed and compared by using F-statistics. We determined that inbreeding in the Alberes
breed is not significant, since negative and nonsignificant F . and F ; values were obtained. The average genetic differentiation
between subpopulations within the Alberes breed was 1.5% (F = 0.015; P < 0.05), with an effective number of 4.1 individuals
exchanged between subpopulations per generation (gene flow). The results obtained in this study corroborate the potential
danger of extinction of the breed. The Black Alberes variety is proposed as the principal nucleus of genetic conservation for
this breed, as it seems to show a higher degree of genetic isolation from other foreign populations.

INTRODUCTION Trunk” in the Albera Massif was a consequence of the
restocking that was effected in wide areas of the Pyrenees,
The Alberesis a semi-feral, local cattle breed ofafter the Foot and Mouth Disease epidemic, which wreaked
the Catalonian Eastern Pyrenees, located in the Natunaloc inthis region in 1774. Thé&Turdetanus Trunk”and
Park of the Albera Massif, which comprises a wide zortbe“Iberian Trunk” come from the ancestibs brachyceros
of the regions of Alt Emporda (Spain) and Vallespi(Sanchez Belda, 1984), which originated in Mesopotamia
(France). Although considered as a single breed, two vaaind Asia Minor and which could have been introduced
eties of the same breed exist, which differ mainly due toto Africa and Europe through Egypt and the Strait of
coat color (Mascort, 1957). The fawn color variétgdina Gibraltar.
Albereg is known in South Catalonia (Spain) as the The Alberesbreed is characterized by small-sized
“Fagina” variety, whose name makes reference to thend elongated animals, with a straight cranial profile and
abundance of beaches in the zone, and in North Catalosieort half-moon-shaped horns. Mean adult weight is 350
(France) it is known a8vassanaise”, the place-name kg for males, and 275 kg for females. The breed has a
derived from the Massané River (Mason, 1988); the sdong calving interval and is known for its hardiness and
ond variety is the black color varietiglack Alberes The longevity (Simon and Buchenauer, 1993). They grow in a
“Fagina” variety prevails in the north and tBé&ackvari- semi-feral status, the females producing enough milk to
ety in the south. raise a calf. The killing-out percent is low (35-40%), and
According to several authors (Mascort, 1957for this reason matings with other breeds of better meat
Sanchez Belda, 1984), the two varieties have different oyield have been frequent. Cleaning the forests is an im-
gins. TheBlack Alberesrariety, considered as the “primi- portant effect linked to these herds, which helps preven-
tive” variety in the country, is a direct descendant of thi@on of forest fires.
“Iberian Trunk” that includes breeds such as “Negra Their current census is very reduced. There exist
Andaluza”, “Morucha”, “Avilefia”, etc. Thd=agina approximately 900 animals. The number of cows
Alberesvariety has a more recent origin, coming from remantaining a high degree of racial purity is about 100 for
peated matings of individuals of thack variety with Black Alberesand 350 fofFagina AlberesThe number
animals of the breeds “Pirenaica” and “Gasconne”, mainlgf sires is probably reduced to six (twoRlack variety
The introduction of animals coming from theirdetanus  and four ofFaginavariety). These figures fit the category
of anEndangered Bree(lL00-1,000 females) proposal of
the FAO Expert Consultation (Anonymous, 1992) or the
- category oEndangered staty4.00-1,000 females) accord-
Unitat de Genética i Millora, Departament de Patologia i de Produccid'9 to t_he_ Red Data Book ,Sys_tem’ Whl?h implies that the
Animals, Facultat de Veterinaria, Universitat Autonoma de Barcelonddf€€d is in danger of extinction (Bodd, 1992). Without
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Emporda region (Spain), with 600 cows approximatelyyere taken with EDTA 2 Nias an anticoagulant and sepa-
and another three (La Sureda, La Vall and Ballsitges) iated into plasma and red blood cells, before being stored
the Vallespir region (France), with a total of 300 animalat -20°C.

The objective of the present study is to character- To carry out the intra-racial analysis of this popula-
ize biochemically and analyze the genetic structure oftian, the randomly sampled animals were assigned to dif-
limited-size population in possible danger of extinctiorferent subpopulations according to two different varieties:
An analysis of the intra-racial genetic variability was cart) Fagina AlberesA total of 39 individuals coming from
ried out by subdividing the population into two varieties four herds: 3 from Spain (29 individuals) and 1 from
(Fagina and Black subpopulations). To have a point of France (10 individuals).
reference to compare results, we used“Breina dels 2)Black AlberesA total of 53 individuals coming from
Pirineus” breed (Pyrenean Brown breed) as an “outgroup”. three herds: 2 from Spain (37 individuals) and 1 from
Data from this breed, geographically close toAtweres France (16 individuals).
individuals and with a majoritary distribution in the area, The variability of five genetic loci was detected by
were obtained from Jordana and Piedrafita (1996). means of different electrophoretic techniques. The hemo-

The results of this analysis are expected to providgobin Hb)-red blood cell system was analyzed by hori-
us with some insight for taking decisions for the conservaental electrophoresis in agarose gel (Gahne and Juneja,
tion of the breed. These results will allow us to acquirgd85). The others were plasma systems: albuii), (de-
knowledge of the degree of current genetic variability décted by horizontal electrophoresis in starch gel (Bortolozzi,
the breed, of the genetic differentiation that exists betwe&@83); transferrinTf), group-specific component€) and
subpopulations and of the gene flow between the two vaest-transferrin 2Rtf2), typed by horizontal electrophore-
rieties, as well as of the degree of genic introgression & in polyacrylamide gel (Gahe¢al, 1977).

other foreign populations (e.gBruna dels Pirineus” The unbiased average expected heterozygosity (H
breed) through the study and analysis of the F-statisticsiéi, 1978) has been calculated as an indicator of the level
Wright (Nei, 1977; Wright, 1978). of genetic variability:

MATERIAL AND METHODS H, = (1-£p?) 2N/(2N-1)

Ninety-two blood samples were collected from difwhere pis the frequency of the ith allele (i =In), and N
ferent individuals, with a high degree of racial purity, beis the analyzed sample size. The ANOVA test was applied
longing to theAlberescattle breed. The geographical loto determine if there were significant differences among
cation of this breed is shown in Figure 1. Blood sampledl expected heterozygosity means)(HWright's F”
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Figure 1 - Geographical location of tHélberes” breed: 1, Alt Emporda region (Spain); 2, Vallespir region (France).
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(Wright, 1965) for eaclocuswas calculated, giving a mea- The statistical significance of gene frequency dif-
surement of the Hardy-Weinberg equilibrium (HWE) deferences among populations was tested for each locus by
viation. the chi-square test:
The values obtained should not be taken as esti-
mates for the breed, since only five polymorphic loci have X*=2N F; (k-1)
been analyzed, resulting in an overestimation ofatlies
(Nei, 1987; Hartl and Pucek, 1994). However, these estiith (k-1)-(s-1) degrees of freedom (d.f.), where N is the
mates will allow us to compare the different subpopuldetal sample size, k is the number of alleles for the locus,
tions of the breed. The [statistic is especially important and s is the number of subpopulations (Chesser, 1983).
due to its independence from evolutionary events, such as ~ The deviations of Fand F; from zero were tested
selection, and from the mating system, although it can bg the chi-square test (Li and Horvitz, 1953; Nei, 1987),
influenced by certain stochastic processes, hamely genetith k(k-1)/2 degrees of freedom.
drift (Nygren and Rasmusson, 1980).
Nei's unbiased distance (a modified D for small x2=N P (k-1)
sample sizes; Nei, 1978), as well as the fixation indices or
F-statistics of Wright (1965), modified by Nei (1977) and Computations were performed with the BIOSYS-
by Wright (1978), have been calculated as indicators tbfpackage (Swofford and Selander, 1989). The method of
the genetic differentiation among populations.afd F.  cluster analysis using the UPGMA algorithm (Sneath and
stand for the correlations between two uniting gamet&okal, 1973) was applied to thg Estimated values, used
drawn at random from a subpopulation and from the totas genetic distance.
population, respectively, whereag ks the correlation
between two gametes randomly drawn from each subpopu- RESULTS
lation. These parameters are related through the following
expression: The allele frequencies for each electrophoretic lo-
cus and population analyzed are shown in Table I. The
1-F,=(1-F)(1-F) genic variability statistics are shown in Table Il. These
values should not be taken as estimates for the breed, since
Fs and F; statistics measure the excess or the defonly polymorphic loci have been analyzed; however, these
cit of the average heterozygotes in each subpopulation axdimates will allow us to compare the different subpopu-
in the population as a whole, respectively, &tatistic lations of the breed. The average value of the expected
measures the degree of genetic differentiation among pojterozygosity per individual and variety wag=H0.325
lations. Nei's distance is appropriate for long-term evoly+ 0.014), ranging from 0.311 (x 0.056) for tBéack
tion when populations diverge because of drift and mutAiberesand 0.339 (+ 0.063) for theagina AlberesThe
tion. The F, distance, or coancestry distance, is more apNOVA test applied to the expected mean heterozygosity
propriate for short-term evolution, for divergence due tdid not show significant heterogeneity (F ratio = 0.135,
drift only (Reynoldset al, 1983; Weir, 1990). not significant, with 1 d.f. between varieties and 8 d.f.

Table | - Allele frequencies for each electrophoretic locus and population analyzed of
“Alberes” and“Bruna dels Pirineus”cattle breeds.

Locus Hb Tf Alb Gc Ptf2
Population

Global alberes A: 0.842 A: 0.288 A: 0.913 A: 0.339 S: 0.21y
(N =92) B: 0.158 D: 0.712 B: 0.087 B: 0.661 F: 0.783
Fagina alberes A:0.795 A:0.282  A:0.949 A: 0.289 S: 0.321
(N =39) B: 0.205 D: 0.718 B: 0.051 B: 0.711 F: 0.679
Black alberes A:0.877 A:0.292 A:0.887 A: 0.375 S:0.142
(N =53) B: 0.123 D: 0.708 B: 0.113 B: 0.625 F: 0.898
BrunadelsPirineust A: 0.759 A: 0.289 A: 0.952 A: 0.168 S: 0.278
(N = 543) B: 0.241 D: 0.684 B: 0.048 B: 0.832 F: 0.727

E: 0.027

N is analyzed sample size.
*Data forBruna dels Pirineusrom Jordana and Piedrafita (1996).
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Table Il - Statistics of genetic variability in the two varieties'/Alberes” cattle breetl

Variety Mean sample Mean No. Mean heterozygosity
size per of alleles

locus per locus Observed Expectéd
Fagina Alberes 38.8 2.0 0.355 0.339

(0.2) (0.0) (0.091) (0.063)
Black Alberes 52.8 2.0 0.304 0.311

(0.2) (0.0) (0.069) (0.056)
®Standard errors in parentheses.
®Unbiased estimate (Nei, 1978).

Table Il - Estimated F-statistics per locus in tiid¢beres” cattle breed,
and their statistical significances (chi-square tests).

Locus Q) R B X0 X X2 (3)
Hb -0.116 -0.102 0.012 1.24 0.96 2.21
Tf -0.110 -0.110 0.000 111 111 0.00
Alb -0.104 -0.090 0.013 0.99 0.74 2.37
Ge 0.171 0.178 0.008 2.69 291 1.47
Ptf2 -0.064 -0.016 0.045 0.38 0.02 8.28"
Mean -0.024 -0.008 0.015 6.41 5.74 14.33

(*) P<0.05; (**) P<0.01
Each locus analyzed with 1 degree of freedom.

within varieties). By considering all the individuals assted (F,=-0.059x*=17.45, d.f=5; P <0.01); however,
members of a single populatioAlferesbreed), all the intheBlack Alberevariety there was a deficit of heterozy-
loci showed close agreement with Hardy-Weinberg prgotes (F,= 0.014x*= 13.65, d.f=5; P < 0.05), attribut-
portions. able primarily to thé>tf2 system (= 0.456,x*>= 11.02,

As a genetic differentiation statistic, Nei's unbi-d.f. = 1; P < 0.001).
ased genetic distance between populations was calculated.  To calculate the degree of genetic differentiation
We used théBruna dels Pirineus” breed as atiout- among particular populations (varieties of tigeresbreed
group”. Estimates of genetic distance were D = 0.00&nd the outgrou{Bruna dels Pirineus”breed), an analy-
(Fagina Alberes - Bruna D = 0.009 Fagina Alberes - sis was done through F-statistics taking populations in
Black Alberesand D = 0.021Klack Alberes - Bruna couples (Table V). All E values of genetic differentia-

The results of genetic differentiation estimated btion among pairs were significant. THBruna dels
F-statistics analysis are shown in Table Ill. A general noRirineus” breed showed highly significant differences (P
significant excess of heterozygotes of 2.4% on average
(Fs=-0.024,x>= 6.41, d.f. = 5; not significant) existed
over all loci for each variety. The excess of heterozygotes
in the population as a wholédberesbreed - was equal to  Taple Iv - Estimated E values for each locus and variety‘afberes”
0.8% (F, =-0.008x>= 5.74, d.f= 5; not significant). The cattle breetj and mean estimates for both varieties.
average genetic differentiation between varieties was 1.5% ) ) )
(F.,= 0.015), a significant value when all the loci are con-"*"*Y Fa%nigg’)eres Ch"os(g“are B'?ﬁ‘fggres Ch";?)“are
sidered x?= 6.41, d.f=5; P < 0.05). This heterogeneity| Locus
is mainly produced by the locuf2 (F,, = 0.045,x*=

8.28, d.f.= 1; P < 0.01). According to the results of Table HP -0.101 0.40 -0.140 1.04
- : o Tf -0.266 2.76 0.043 0.10

IIl, significant inbreeding in thé\lberesbreed does not | 5, -0.054 011 0128 0.87
exist, since negative and nonsignificaptand F; values | Gc 0.488 9.29° -0.108 0.62

were obtained. Ptf2 -0.354 4.89 0.456 1.0z
-0.059 17.45° 0.014 13.65

When we analyzed the two varieties separate]yMa"

(Table V), we obtained significantfvalues for both va- s analyzed sample size, and each locus was analyzed with 1 degree of
rieties. InFagina Alberesan excess of heterozygotes ex- freedom. () P < 0.05; (**) P < 0.01; (***) P < 0.001.
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Table V - F-statistics analysis between varieties Albere$ and the
“Bruna dels Pirineusbreed, compared in pairs.

Pairs K Fr For Chi-square  d.f°
FA-BA® -0.024 -0.008 0.015 14.33 5
FA-BP -0.008 -0.002 0.006 32.59"" 6
BA-BP 0.030 0.054 0.025 146.62"" 6

“Significance of E; indicated by the chi-square value: (*) P < 0.05; (***)

P < 0.001.

*Degrees of freedom.

‘Codes: FA =Fagina Alberes BA = Black Alberes BP =Bruna dels
Pirineus (Data for BP from Jordana and Piedrafita, 1996).
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Figure 2 - Phenogram obtained by the UPGMA method usiggistance
values, which relates the two varieties of tiAdberes” breed with the
outgroup“Bruna dels Pirineus”breed.

< 0.001) with the twdAlberesvarieties. Through cluster
analysis methods and by applying the UPGMA algorithm
to F,, estimates (TableV), the dendrogram of Figure 2 was
obtained.

DISCUSSION

The level of genetic variability of the breed, mea-
sured as expected heterozygosity per individual and vari-
ety (H,= 0.325 £ 0.014), does not differ significantly from
that found in another bovine population, geographically
and phylogenetically close to tiidberesbreed, as is the
“Bruna dels Pirineus”breed (H=0.316 + 0.063; Jordana
and Piedrafita, 1996). Comparisons with other breeds
would not be suitable, since they should have been typed
for the same genetic loci.

A large effective population size (of theAlberes
breed might be a possible explanation for its high value of
heterozygosity. However, this is not the case since this
breed has always been minor and geographically restricted
to a small local area of the Catalonian Pyrenees. The ab-
sence of the allelg of transferrin locus in this breed (Table
1), which was present, although in low frequencies (ap-
proximately 0.02-0.15), in many others (Gabnhal, 1977;
Gonzélezt al.,1987; Arranz, 1994), could serve to cor-
roborate this reduced population size (loss of rare alleles
for genetic drift in small populations).

The high levels of heterozygosity that both variet-
ies show could be mainly due to the existence of an el-
evated gene flow between these subpopulations or with
other foreign populations, as it has been previously proven
that an elevated gene flow maintains high levels of het-
erozygosity (Waples, 1987; Terauchi, 1990; Ruiz-Garcia,
1994).

We know that inbreeding increases the frequency
of homozygotes, and when no other factors exist (€tdd
al., 1980; Foltz, 1981) the inbreeding coefficient of the
global population is equal to the fstatistic, F; being the
degree of inbreeding within populations (Weir and
Cockerham, 1984; Weir, 1990). By considering all the in-
dividuals as members of a single populatiédbéres
breed), we did not observe any deficit of heterozygotes
(Fs and F; were negative and not significant; Table IIl),
which suggests that appreciable inbreeding in this popula-
tion does not exist. The negative values of these statistics
could be explained by the existence of gene flow with other
populations (e.g:Bruna dels Pirineus’) and also possi-
bly for the Robertson effect (Robertson, 1965), if there
are allele frequency differences between male and female
parents; this situation is particularly likely in a polygy-
nous population because of the small number of breeding
males.

In analyzing the two varieties separately (Table V),
we observed a significant deficit of heterozygotes in the
Blackvariety (F;=0.014; P < 0.05), although not attribut-
able to the inbreeding as the only cause. The inbreeding is
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characterized by equally affecting all the loci, and in this However, the only one locus that contributes to that
subpopulation the observed deficit of heterozygotes coudifferentiation isPtf2 (.= 0.045; P < 0.01), all the rest
be attributed in almost exclusive form to one system, theing nonsignificant (Table IIl), which indicates the pos-
post-transferrin 2 locu(f2). Selection (effect ovePtf2 sible existence of an important gene flow between both
locus) might be a plausible explanation of the deficit isubpopulations.
this variety. By considering all the individuals as a whole
The possible existence of null alleles in ##2 (Alberesbreed), all the loci showed HWE. In an “island”
system, not detectable by the electrophoretic techniquesdel, Wright (1978) showed that at equilibriurg, Val-
applied, should not be discarded as another possible cause allow the estimation of the effective number of indi-
of heterozygote deficit. The fact thallack Alberess con-  viduals,N,m, exchanged between populations in each gen-
sidered as a more ancestral or primitive population thanation (gene flow). The formula of Wright, modified by
Fagina Alberegould support the argument of null allelesTakahata (1983) to take into account the number of popu-

in this subpopulation. lations (n), was used:
The excess of heterozygotes observe#&agina
Alberes(F = -0.059; P < 0.01) could be explained per- Fer=[1/[1 + 4Nm [n/(n-1)F]]
fectly by the gene flow existent with other populations, as
well as by the Robertson effect. In applying this formula, the theoretical gene flow

AlthoughFagina Alberesloes not show any gen-(N,m) between the two varieties was 4.1. Trexler (1988)
eral deficit of heterozygotes, there is a high and signifshowed that iN.m > 1 (in an infinite island model), gene
cant value of E=0.488 (P < 0.01) for th€clocus (dis- flow is enough to attenuate the genetic differentiation be-
agreement with HWE). Similar results were obtained biyveen populations, balanced for migration and gene drift.
Jordana and Piedrafita (1996) concerning this locus in the When we compared the two varietiesAdberes
“Bruna dels Pirineus”breed, postulating that thidc lo-  with the “outgroup” breetBruna dels Pirineus’; we ob-
cus could perhaps be linked to some morphological or ptained highly significant differences (P < 0.001) for both
ductive trait of selective interest. comparisons (Table V). However, the interpretation of F

Genetic linkage between the loci encoding serunalues is radically different.
albumin @Alb) and vitamin D-binding proteirdc) has been The degree of genetic differentiation between
reported in various species: man (Weitkaghpl, 1966), Fagina Alberesand“Bruna dels Pirineus”was 0.6% (E;
horse (Sandberg and Juneja, 1978), chicken (JehajJa = 0.006,x%= 32.59; P < 0.001). This high significance for
1982), cattle (Bouquedt al, 1986), and sheep (Erhardta relatively low value of E could be due to the large num-
and Simianer, 1993). In horses, linkage disequilibrium wéer of analyzed individuals (N = 590). Again, the locus
reported betweeAlb-Gc haplotypes and three coat colorthat mostly contributes to that differentiation is Gesys-
genes(e) chestnut(Rn)roan, andTo) tobiano coat spot- tem (F,= 0.021; P < 0.001), all the rest being non-signifi-
ting (Andersson and Sandberg, 1982; Bowling, 198¢ant. These results would indicate the existence of an im-
Bowling and Clark, 1988), so it might be hypothesizegortant genetic exchange between both populatigms (
that something similar could occur in cattle, between the10.3).

Gc locusand the brown coat color (coat ‘®@runa dels Quite the reverse occurs when we compare the
Pirineus” andFagina Alberes Black Alberes “Bruna dels Pirineus”pair. The degree of

The degree of genetic differentiation, ffoetween  genic differentiation in this case is 2.5% (£ 0.025 x*=
subpopulations of thélberesbreed was 1.5% (F=0.015; 146.62; P <0.001), all the loci contributing to that differen-
P < 0.05), indicating that significant subpopulation strudiation (P< 0.001, for each one of them), with the exception
ture could exist within the population studied (Tables libf the Tf system (E = 0.001; NS). The theoretical gene
and V). flow between both populations was reduced in this case to

This value of genic differentiation (ff among sub- Nm= 2.4, substantially less than that found previously.
populations within the same breed is similar to the values These relationships are confirmed again in the den-
reported for other organisms, for example: black-tailedrogram of Figure 2 when we used the Values as ge-
prairie dogsCynomys ludovician(igrom different wards netic distance. We can see tlgina Alberesis more
within a population (E = 0.05; Chesser, 1983); Indiansclosely related witttBruna dels Pirineus’; differentiat-
from different villages (k.= 0.04; Nei, 1975); cattle popu- ing themselves perfectly from tiiglack Alberesvariety.
lations from“Bruna dels Pirineus’; subdivided by geo- The results obtained in this study support the proposed
graphical areas (F= 0.016; Jordana and Piedrafita, 1996)arguments by several authors in relation to the different
Spanish dogs within different breedg (#0.037; Jordana ancestral origins of the two varietiesAiberes(Mascort,
et al, 1992); human populations from lowland Souti957; Sdnchez Belda, 1984).

America and highland New Guinea, subdivided by dialect The small population size of this semi-feral local
groups (E,= 0.025 and E= 0.017, respectively; Smousecattle breed< 450 females and 6 males, with a high de-
and Long, 1988), among others. gree of racial purity) makes the establishment ##ra-
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