Genetic variability of French dairy breeds
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SUMMARY - Pedigree information has been analyzed in the eight major French dairy cattle breeds (Holstein,
Normande, Montbéliarde, Brown Swiss, Abondance, Tarentaise, Simmental, and Pie Rouge des Plaines) to estimate
their genetic variability. Pedigree files included from 48,320 animals in Tarentaise to 11,180,346 animals in Holstein.
Pedigree information was very limited before 1965, and reached 80-92% known parents for recent animals, according to
the breed. The effective size (N.) of the population was estimated from inbreeding change in the last generation. It was
found to be very small in Holstein (46), Normande (47), Tarentaise (27) and Brown Swiss (56). Estimates were larger in
the other breeds (106 to 2500) but probably meaningless because of either very incomplete pedigree or recent foreign
gene infusion. The effective number of ancestors (N,), derived from probabilities of gene origin, was found to be a more
robust alternative approach. N, was found to be very small in all breeds, from 17 to 64, and particularly in Holstein (43).
As a conclusion, dairy breeds are genetically very small populations, because of the large impact of artificial
insemination and short-term oriented selection procedures.
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INTRODUCTION

Selection generally provides some genetic gain at the expense of the long term genetic variability. However, this
problem is potentially more acute in dairy cattle, because of several reasons : (1) populations include a large number of
reproductive cows and give the impression that their effective size should be high; (2) as the generation interval is long,
the short-term genetic gain is expressed only after 8-10 years, and the long-term is too far to be efficiently integrated in
the selection policy ; (3) artificial insemination is much more efficient in dairy cattle than in any other species, making
it possible to concentrate the selection effort on very few key animals ; (4) as selection in dairy cattle is very competitive
across breeds, breeding organizations, and countries, breeders put emphasis on short-term results conditionning their
survival ; (5) in the last 30 years, selection objective has remained quite simple and stable across herds, breeds, and even
countries.

Genetic variability and its evolution over time may be estimated from pedigree information. The trend in
inbreeding is the method the most frequently used to quantify the rate of genetic drift. This method relies on the
relationship between the increase in inbreeding and decrease in heterozygozity for a given locus in a closed, unselected,
and panmictic population of finite size. However, in cattle populations, the efficiency of this approach may be limited
because of several reasons. First of all, the relationship between the rate of inbreeding and the decrease in
heterozygozyty is only asymptotic. The cattle populations are managed with overlapping generations, and the breeding
strategies have been strongly modified over the last 25 years. Therefore, it is very unlikely that these populations are
currently under asymptotic conditions. Secondly, for a given generation, the value of the average coefficient of
inbreeding may reflect not only the cumulated effects of genetic drift but also the effect of the mating system, which is
rarely panmictic. Thirdly, the computation of the individual coefficient of inbreeding is very sensitive to the quality of
the available pedigree information. In most practical situations, some information is missing, even for the most recent
generations of ancestors, leading to large biases when estimating the rate of inbreeding.

An alternative approach is to analyze the probabilities of gene origin (James, 1972). In this method, the genetic
contributions of the founders, ie the ancestors with unknown parents, to the current population are measured. Although
the definition of a founder is also very dependent on the pedigree information, this method assesses how an original
gene pool has been maintained across generations. As proposed by Lacy (1989), these founder contributions could be
combined to derive the 'founder equivalents', ie the number of equally contributing founders that would be expected to
produce the same level of genetic diversity as in the population under study. Boichard et al (1995, 1996) adapted Lacy's
approach to account for the bottlenecks in the pedigree and to derive an effective number of ancestors. MacCluer et al
(1986) and Lacy (1989) also proposed to estimate the 'founder genome equivalent', ie the number of equally contributing
founders with no random loss of founder alleles in the offsprings, that would be expected to produce the same genetic
diversity as in the population under study.

The purpose of this paper is to estimate the genetic variability of the French dairy cattle breeds, on the basis of
their pedigree information, using both inbreeding and probabilities of gene origin approaches.
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MATERIAL AND METHODS
Populations

Eight populations were analyzed, i.e. the eight main dairy breeds raised in France : Holstein, Normande,
Montbéliarde, Brown Swiss, Abondance, Tarentaise, Simmental, and Pie Rouge des Plaines (PRP). Each data set
included every female with a recorded lactation beginning between September 1975 and January 1995, and all their

known ancestors. Data are described in table 1.

Table 1. Description of the data sets

Breed Total Nr of animals Total Nr of founders Nr of Females
born in 1988-1991
Abondance 106,520 6,109 12,345
PRP 102,270 5,442 12,502
Brown Swiss 91,579 6,291 13,856
Tarentaise 48,320 2,942 5,817
Simmental 121,239 7,604 13,947
Montbéliarde 1,664,506 122,981 331,600
Normande 2,338,305 138,291 358,900
Holstein 11,180,346 802,289 2,316,371
Table 2. Characterization of the pedigree information of females born in 1988-1991
Breed Average Nr of Maximum Nr of Nr of complete
ancestors generations traced generation-
equivalent traced
Abondance 62.4 13 3.83
PRP 22.9 11 2.82
Brown Swiss 59.3 18 4.04
Tarentaise 45.8 12 3.78
Simmental 35.6 13 3.47
Montbéliarde 79.4 14 4.19
Normande 159.3 16 5.02
Holstein 98.5 17 4.75

Pedigree information is described in table 2 and in figure 1. It was very limited for animals born before 1966, ie before
the implementation of the present identification system, and reached 80-95% for females born in 1988-1991, according
to the breed. The best criterion to characterize the pedigree information is probably the number of complete generation-
equivalent, defined as the sum of the proportion of known ancestors over all generations traced. It varied from 3.8 to 5,
except in Pie Rouge des Plaines and in Simmental. For these two breeds, which extensively use foreign genes, pedigree
information was not automatically retrieved into the French data files.

Methods

Inbreeding was computed according to VanRaden (1992). This method is less efficient than that of Meuwissen
& Luo (1992), but it is more flexible and makes it possible to consider some non zero relationship between unknown
ancestors and then, to some extent, to account for missing pedigree. Inbreeding coefficients were computed twice. In the
first run, unknown ancestors were assumed to be unrelated, whereas in the second run, they were assumed to be related
as in Wiggans et al (1995). The effective size (N,) was derived from the trend in inbreeding (AF) during the last
generation.

AF/(1-F)=1/(2N,)

Three other parameters were derived from probabilities of gene origin. The first one (f,) is the effective
number of founders (Rochambeau ez al/, 1989) or the 'founder equivalent' (Lacy, 1989), ie the number of equally
contributing founders that would be expected to produce the same genetic diversity as in the population under study.
This criterion is computed from the contributions g of all f founders of the population under study.

f
k=1

The more balanced the contributions of the founders, the higher the effective number of founders. The population
considered here included all females born from 1988 to 1991.



Figure 1. Proportion of known ancestors per generation and breed
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An important limitation of the previous approach is that it ignores the bottlenecks in the pedigree. This
overestimation is particularly strong in very intensive selection programes, when the germplasm of a limited number of
breeding animals is widely spread, as in dairy cattle. Boichard et al (1995, 1996) proposed a method to identify the
major ancestors (potentially not founders) and to determine their marginal contributions to the gene pool of the
reference population. Formula [1] could be applied to these marginal contributions (pj) to determine the effective

number of ancestors (/).
[ 2
k=1

However, this approach still underestimate the probability of gene loss by drift from the ancestors to the
population under study. As a result, the effective number of ancestors may be overestimated. A third method is to
analyze the probability that a given gene present in the founders, ie a "founder gene", is still present in the population
under study. However, in a complex pedigree, an analytical derivation may be not feasable. MacCluer et al (1986)
proposed to use Monte Carlo simulation to estimate the probability of a founder gene remaining present in the
population under study. At a given locus, 2f founder genes are generated. Then the segregation is simulated throughout
the complete pedigree and the genotype of each progeny is generated by randomly sampling one allele from each parent.
Gene frequencies f}, are determined by gene counting in the population under study. The effective number of founder

genes N, in the population under study is obtained as an effective number of alleles (Crow and Kimura, 1970):

2f
Ng=1/ X 12
k=1
As a founder carries two genes, the effective number of founders genomes (called 'founder genome equivalent' by
Lacy, 1989) still present in the population under study (Ng) is simply half the effective number of founder genes.

Na AP
Ng=—=1/2 2 i
k=1
RESULTS AND DISCUSSION
Inbreeding trends and corresponding effective size are presented in table 3. In the last generation, the increase in
inbreeding varied from 0.40 to 1.83%, according to the breed, except in PRP and Simmental, two breeds with a limited
pedigree knowledge. Inbreeding trend was highest in the Tarentaise breed, which is the smallest population. It was close
to 1% per generation in Holstein, Normande, and Brown Swiss breeds, indicating an effective size close to 50. The
lower trend observed in Abondance and Montbéliarde could be attributed to the recent and limited infusion of Red
Holstein genes. More generally, crossbreeding and incomplete pedigree are two important factors responsible for a
strong underestimation of inbreeding, limiting the meaning of the concept of effective size in such a population
(Boichard et al, 1996).



Table 3. Inbreeding trends in the last generation and effective size of the 8 breeds

Breed Inbreeding trend Effective size (V,)
(%o/generation)

Abondance 0.47 106

PRP 0.02(a) 2500
Brown Swiss 0.90 56
Tarentaise 1.83 27
Simmental 0.24 208
Montbéliarde 0.40 125
Normande 1.07 47
Holstein 1.09 46

(@) result probably meaninless because of very incomplete pedigree information

Probabilities of gene origin show that very few ancestors contribute the major part of the gene pool of the
population under study(table 4). Accordingly, the three criteria derived from the probabilities of gene origin provided
very low results (table 5).

Table 4. Contribution to the gene pool of the major ancestors

Breed Most important 5 most important Nr ancestors explaining
ancestor (%) ancestors (%) 50% of the genes

Abondance 9.60 40.85 8
PRP 5.87 20.79 23
Brown Swiss 11.89 34.89 11
Tarentaise 15.92 44.60 7
Simmental 10.59 33.09 14
Montbéliarde 8.29 25.04 20
Normande 9.12 28.84 17
Holstein 9.81 28.84 29

Table 5. Criteria derived from probabilities of gene origin (see text for a detailed definition)

Breed Je Ja Ng (1)
Abondance 69 25 17.3
PRP 96 64 49.6
Brown Swiss 84 28 19.3
Tarentaise 50 17 15.2
Simmental 75 33 244
Montbéliarde 146 63 35.8
Normande 132 40 21.6
Holstein 140 43 30.4

(1) mean of 100 replicates, standard deviation = 1.3 to 3.9 according to breed

Results were not very different across breeds and did not reflect at all the population size (table 2). They were
very low, indicating that all French dairy breeds could be considered as genetically small populations.
The effective number of founders (f,) measures how the balance in founder contributions is maintained across

generations. It accounts for selection rate (ie the probability of being a parent or not) and for the variation in family size,
but it neglects the probability of gene loss from parent to progeny. The effective number of ancestors (f,,) accounts for

bottlenecks in the pedigree, which is the major cause of gene loss in the dairy populations. Consequently f,, is always
less than or equal to f,. Finally, the effective number of founder genomes (Ng) measures how many founder genes have

been maintained in the population for a given locus, and how balanced their frequency is. It accounts for all causes of
gene loss during segregations and, consequently, provides a smaller number than f;, and f,.For a detailed discussion, see

Boichard et al (1996).



CONCLUSION

Whereas effective size reflects very long term trends, parameters derived from probability of gene origin are very
useful for describing a population structure after a small number of generations. They can detect recent changes in
breeding strategy, before their consequences appear in term of inbreeding. From that point of view, they are very well
suited to dairy cattle populations. Moreover, these parameters are less affected than effective size by incomplete
pedigree information.

The main conclusion of this study is that, from a genetic point of view, dairy cattle are very small populations.
Selection of very few bull sires and wide spreading of elite germplasm concentrate gene origins on a few families.
Moreover, selection of bull dams mostly on pedigree information and Animal Model-BLUP evaluation enhance this
phenomenon. As a consequence, the maintenance of genetic variability in these intensively selected populations may be
questioned. Several theoretical studies showed the interest for the middle run of some changes on the weight given to
family information in selection criteria or on management policies, in comparison of current practices (see for example
Verrier et al, 1993). Extensive studies on realistic situations are required to check some simple modifications of current
selection programes which could lead to both genetic gains still compatible with short-term objectives and maintenance
of genetic variability on the middle run.
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