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SUMMARY

This paper examine various tools which may be used to assess the efficiency of programmes of 
genetic conservation : distribution of the number of offsprings per sire and distribution of the genetic 
contributions of founders (measured by probabilities of origin of genes or by coefficients of kinship). 
These tools are applied to four livestock populations : the Parthenaise cattle breed, the Boulonnaise horse 
breed and two sheep breeds (Solognote and Marinos Prdcoce). Interest and possibilities of extension of 
application of these criteria are discussed from the analysis of these four examples.

INTRODUCTION

Conservation of genetic ressources should be thought as conservation of full functional genotypes, 
either found in living populations or frozen embryons. In both cases, it is necessary to manage a small 
population. ROCHAMBEAU and CHEVALET (1990) reviewed genetic principles of conservation. They 
pointed out two general recommandations to reduce the lost of genetic variability : (i) the variance in the 
number of male (or female) progeny for male (or female) parents should be as low as possible ; (ii) the 
population should be split up in various families. Nevertheless they concluded that the actual efficiency of 
the various rules proposed to maintain genetic variability is not showed in practice. In this paper, various 
tools are used to describe the change of genetic variability over some period of time in four populations 
submitted to a programm of genetic conservation.

MATERIALS AND METHODS

We analysed the genealogical data of four breeds. The first one (the Parthenaise) is a 
multiple - purpose cattle breed originating from the West of France (GIRAUDEAU et ah, 1991). The cow 
number is stabilized around 7000. Breeders make use of natural service bulls (about 135) and of artificial 
insemination bulls (about 20). The second one (the Boulonnaise) is one of the most endangered French 
horse breeds (TELLIER et al., 1993). There are about 30 sires and 600 mares. The third and the fourth 
ones (the sheep breeds Solognote and Mdrinos Pr6coce) have been managed till 1975 and 1980 
respectively, with a strict mating scheme (DJELLALI et al., 1994). The numbers of useful females and 
males are the same in the two breeds : 400 ewes and 20 rams. The genealogical data files included 
respectively 24000, 2800, 7800 and 10700 animals in the four breeds considered. Figure 1 shows the 
pedigree's knowledge concerning the animals bom and registred in the last two or three years. The 
pedigree information in the Boulonnaise breed is more complete than in the three 
other populations.
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Fig 2: D istrib u tio n  of th e  n u m b e r  of o ffsp ring  
by m ale  in fo u r  b reed s.
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N um ber of o ffsp ring  by sire .

Fig 3: C um ulated  c o n tr ib u tio n  of th e  fam ilies pig 4: C um ulated  co n tr ib u tio n  (%) of th e  fam ilies 
o th e  g en e tic  pools of th e  two sa m p le s of ram s. to  the  g e n e tic  pool of one  sam ple  of bulls.

Fig 5: Average coeffic ien t of k insh ip  
betw een te n  m ajo r sta llions an d  one  sam ple  of sires .
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Besides the classical coefficient of inbreeding, various criteria can be used to analyse the change 
of genetic variability by studying genealogical data files. This paper lays the emphasis on three of them. 
The first one is the number of recorded offspring per sire.

The second criterion is the probability of origin of genes. The probability that a gene randomly 
taken in a sample originated in a founder represents the genetic contribution of this founder to the genetic 
pool of the sample under consideration. In such populations numbers of founders are greater than one 
hundred. Thus we use various methods to simplify the description. In the Solognote and in the Merinos 
Precoce breeds, families were made in 1975 and in 1980 respectively, at the begining of the program of 
conservation. A member of a given family is more related with another member of it family than with 
members of other families. Subsequently, these animals were considered as founders. In the actual 
genealogical data files, these animals have no parent. The probabilities of origin of genes were computed 
for one°sample of 30 rams used in 1990/1991 for each breed. In the Solognote breed the 97 founders are 
split in 11 families, and in the Merinos Precoce breed the 105 founders are distributed into 16 families. 
The genetic contribution of a given family is computed as the sum of the contributions of the ancestors 
belonging to this family. In the Parthenaise breed, a similar method was used. The 37 AI bulls progeny 
tested before 1978 were distributed into 12 families on the basis of their coefficients of kinship and 
considered as founders. The probabilities of origin of genes were computed for one sample of 135 natural 
service bulls used in 1988/1989. The 37 old AI bulls represent a total contribution of 18 % to the gene 
pool of the natural service bulls. As in the former example, we have computed the genetic contribution of 
w rb family. The third criterion, used in the Boulonnaise breed, is the coefficient of kinship with major 
ancestors. In this population, ten stallious were chosen : they give a good picture of the traditional lines 
that exist in one herd stud book. The coefficients of kinship between 32 sires used in 1992 and the ten 
major sires were computed. If the major sire is a founder and if this major sire is not inbred, there is a 
simple relation between the kinship coefficient (T) and the probability of origin of genes (P) . T — 1/2 P. 
VU TIEN (1983) gave a detailed account of these criteria.

Whereas the first criterion (distribution of progeny size) reflects instantaneously the application of 
a specific rule, the two others (probabilities of origin of genes and coefficients of kinship with major 
ancestors) give a synthetic description of the evolution of the genetic variability over several generation.

RESULTS

Figure 2 shows the distribution of the number of offspring per sire in the four breeds. The 
variance in the number of progeny for male parents remains large.

Figure 3 compares the contribution of the families to the genetic pools of two samples of rams 
from the Solognote and the Merinos breeds. More than eleven years after the beginning of the 
conservation programme, the contributions are well balanced. Figure 4 shows the contribution of the old 
AI bulls families to the genetic pool of 135 natural service bulls in the Parthenaise breed. The total
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contribution of the old AI bulls families is around 18 %. The contribution of four families is equal to 
zero, and the contribution of three other families is less than 1 %. In the Bouionnaise breed, four sires 
have an average kinship coefficient greater than 6,25 % with the sample. In contrast, two sires have an 
average kinship coefficient smaller then 3 %. The contributions of the different families or founders are 
very unbalanced (Fig. 5).

DISCUSSION

The Solognote and Mdrinos Prdcoce sheep breeds were split in various families. A mating scheme 
defines strictly the exchange of the rams between the families. The decrease of the genetic variability 
seems to be smaller than in the two other breeds. The average inbreeding coefficients remain low (less 
than 0,5 %). Genetic conservation could be still more efficient by reducing the variance of the progeny 
size per sire.

On the contrary the variance in the number of progeny of one male in greater in the Parthenaise 
and the Bouionnaise breeds. The contribution of the different families or founders are less balanced. Thus 
natural mating is a best way to maintain genetic variability in comparison to artificial insemination like in 
the Parthenaise breed. However in this population the average inbreeding coefficient of the sample of 
bulle is still quite low (0,37 %). The average kinship coefficent between the 135 natural mating bulls is 
twice greater (0,73 %). Only 29 % of the kinship coefficients are equal to 0. In the Bouionnaise breed 
there is no artificial insemination. But the breeders make a lot of mating with some fashion sires. In the 
later breed the average inbreeding coefficient of the samples of 32 sires is greater than 4 %. This indicates 
that the genetic variability is decreasing, but it is also a consequence of the very good pedigree's 
knowledge.

The mating schemes used in the Solognote sheep breeds and in the Merinos sheep breeds are 
efficient to maintain genetic variability. However such mating schemes are not convenient for larger 
populations like the Parthenaise or the Bouionnaise breeds. In order to manage sires in such populations, 
we suggest to compute a vector of kinship coefficients or a vector of probability of origin of genes. Such 
a vector computed in a relation to a sample of "major ancestors" could be a summary of the genetic 
variability of one sire. It is now necessary to adress various problems : how to choose the "major 
ancestors" ? How to use the vectors of one sample of sires ?....
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