


In v itro  methods

Storage o f frozen semen or embryos is the best way o f preserving genetic 
stocks for various authors (SMITH, 1984 ; MAIJALA et al, 1984). OLLIVIER 
and LAUVERGNE (1988) have agreed with this point. For them the advantages of 
the cryogenic conservation may be expressed by the number o f years above 
which i t  become cheaper than keeping liv in g  animals. However the advantage 
for frozen semen may be considerably reduced i f  the objective is to regenera
te the in it ia l stock, since this would require a back-crossing period.

SMITH (1984) studied the problem of sampling. The aim is to get a representa
tive and adequately sized sample o f the population to be conserved. Rela
tionships among sampled individuals should be avoided. A maximum level of in- 
breeding might be set at about 2 %. This would be also the percentage loss 
in genetic variation in forming the store, due to limited numbers. SMITH 
(1984) recommended to use 25 unrelated sires with frozen semen or 25 paren
tal pairs with frozen embryos. The number o f frozen embryos or semen doses 
to store from each mating or each sire depends on the reproductive success 
with the frozen material. Then with frozen semen, no inbreeding is genera
ted by using sires rotationally on each others's daughters until the c irc le  
o f sires is completed. Inbreeding could be avoided in the same way with fro 
zen embryos by rotating over the original embryo strains.

However, CHEVALET and ROCHAMBEAU (1985) studied such a mating plan with fro 
zen semen. A conservation programme was in itiated  several years ago for the 
French cattle  Bretonne Pie Noire breed (QUEMERE, 1978). Eight unrelated 
bulls were chosen among offspring of old cows. The population is sp lit up in
to eight reproduction groups o f about 40 females. The semen of each bull is 
frozen ; a bull is mated during two years with cows o f one group : the bull 
is rotationally mated with cows o f a ll the other groups, and then, is repla
ced by a son. After 20 years the meam inbreeding coeffic ien t is rather low 
(less than 2 %),but 87 % o f original genes were lost. Most of the genes of
the female founders had disappeared and had been replaced by the genes of 
the eight male founders.

DISCUSSION

MAIJALA et al (1984) have summarized the usefulness o f main conservation me
thods in one table (table 3). Estimated costs o f each method were more d e e 
ply studied by SMITH (1984). I t  appears quite clearly that a method have s o 
me advantages and also various handicaps. Uhen i t  is possible liv in g popula
tions should be combined with frozen material.

Table 3 Usefulness of main conservation (method after MAIJALA
et a l , 1984 ( + advantageous, 0 moderate, - disavantageous)

Semen Embrvos Gene pool Farm population

Decrease o f genetic 0 0 0 .

va riab ility  
Inbreeding depression + + 0 _
Contamination by other 
populations + + 0 _
Adaptation by natural 
selection + +
Conserved genes + + + 0
Conserved gene 
combinations + +
Use for cross breeding - + - +

440



In a ll conservation programs i t  is necessary to manage genetic va riab ility  
in some small liv in g  populations. Indeed after a storage o f frozen material, 
i t  is necessary to start a new population with a small number o f founders. 
We could make two general recommendations to reduce the decrease in genetic 
va riab ility  : ( i )  the variance in the number o f male (or female) progeny for
male (or female) parents should be as low as possible ; ( i i )  the population 
should be sp lit  up in various breeding groups.

The foregoing proposals are based on probabilistic calculus o f genetic chan
ges at one locus. This approach w ill be progressively replaced by actual ge
netic methods. Within a few years, developments o f the tools o f molecular 
biology w ill result in the establishment o f gene maps for the main domestic 
species (ca tt le , sheep, goat, pig, poultry, rabb its ...), then in the descrip
tion o f many polymorphic lo c i. Further, the chromosomal regions responsible 
for production tra its  variation w ill be discovered. Methods o f conservation 
w ill have to be reevaluated, as well as methods o f selection : this new kno
wledge w ill provide a better description of various breeds, and o f their ac- 
tual genetic differences. The choice o f genotypes to conserve w ill be based 
on their bearing marker a lle les  linked to specific tra its : disease resistan
ce, meat quality, reproductive characteristics, e tc ... More d irectly, any 
available polymorphism may be used in a conservation scheme, without kno
wing the linkage relationships between marker loci and quantitative tra it  lo 
c i . I t  w ill be possible to measure the actual genetic va riab ility  at some 
loc i, to monitor the evolution o f a lle le  frequencies, to control the e f f i 
ciency o f a conservation programme.

Finally two questions have s t i l l  no clear answers : what is the actual e f f i 
ciency o f the various rules proposed to maintain genetic va riab ility  ? Is 
tl--re rea lly  any need to preserve genetic variab ility  ? Few data are availa 
ble to answer the f ir s t  question. In several instances, a posteriori estima
tions o f population e ffec tive  sizes have suggested that the predictions had 
been optimistic (FARID et a l. ,  1986 ; HAVENSTEIN et a l., 1988). On the con
trary, OLLIVIER and LAUVERGNE (1989) have reported that in two old small po
pulations (Merinos Rambouillet sheep in France, and a Large-White pig strain 
in Spain), the residual genetic.va riab ility  estimated from a few b io log ica l 
polymorphisms was greater than expected from inbreeding calculations. Pre
sent methods are only based on a simple one-locus model without selection, 
so that they may give an unrealistic picture of the change with time of gene
tic  va riab ility . A rea lis tic  modelling of the problem should take into ac
count a completely integrated genome structure, including the effects o f re 
combination, of mutations and o f natural selection.
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