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SUMMARY

This paper describes d ifferent possib ilities for improving the selec
tion o f young sires. I t  is concluded that this selection can be improved 
substantially in conventional breeding plans by changing the structure o f 
the breeding programmes and by putting less restrictions on the possible 
breeding animals. So far the use of marker tra its  does not seem to be an 
important aid in improving the selection o f young bulls. This might change 
in the future with more knowledge o f possible marker tra its . However, i t  
seems that even i f  that w ill be the case, traditional selection procedure 
s t i l l  w ill be most important.

INTRODUCTION

Selection o f young sires is an important step in any cattle breeding 
programme. According to Van Vleck (1977) 71-76% of the annual genetic gain 
for milk yield comes from the selection o f young sires. I f  starting with 
the wrong bulls, the genetic progress w ill be heavily retarded, irrespec
tive o f breeding procedures implemented in later steps in the programme.

Selection o f young bulls is very different in d ifferen t countries. The 
most e ff ic ien t selection procedure w ill vary according to selection c r i
teria  .

In this overview these factors w ill be discussed. Together with the 
poss ib ilities  o f using marker tra its  in the selection procedure. In i t s e l f  
these problems are quite unrelated. One of them has to do with organization 
of breeding programmes, population structure etc ., while the other one has 
more to do with the biology of the different tra its  and how to exploit 
genetic and b io logica l knowledge in practical breeding programmes. However, 
the interrelation among these two sides of a breeding programme is very 
important.

POPULATION STRUCTURE AND ORGANIZATION 

Population structure
In a breeding programme population size is always of importance. This 

has been discussed in detail by many authors, i .e .  Robertson (1959) and 
Skjervold and Langholz (1964). When discussing population size, i t  is  not 
only tota l number o f animals that are o f importance, also herd size, animal 
recording (milk recording), AI and use of natural service. This is  often 
ignored in the discussion. The use o f embryo transfers, importation of 
semen and cooperation with other populations are also important. So are 
restrictions put on breeding animals, i .e .  that animals have to be re
gistered .

25



Herd size influences the estimation o f breeding values. Small herds 
give less information than larger herds and larger errors on the estimated 
breeding values, so small herds reduces the e ffec tive  population size.

Proportion o f AI also influence the actual population size. High 
percentage o f natural service diminishes the population since the breeding 
values^for these animals in general are less re liab le than for AI bulls.

The distribution of semen from the AI bulls is also important. Sub- 
optimal use o f semen from different bull categories reduces the active 
population size.

Importation of semen, animals or embryos increases actual population 
size. The practical problem is to get su ffic ien t information from the 
exporting populations.

The use o f embryos within the population could also be said to in flu 
ence the population size. I f  the breeding animals mainly are recruited from 
super ovulated cows, this could be looked upon as a reduction o f population 
size. I f  one could be sure that the genetic best animals always are chosen 
as donor cows, this does not cause problems (except for possible inbreeding 
and problems related to multitrait breeding objectives) .

Restrictions on breeding animals

In many breeding programmes, special restrictions are put on animals 
to be accepted as sires and dams of next generation o f breeding bulls and 
cows. In most countries parents of a breeding bull have to be registered. 
The genetically best animals might not be used because they are not re
gistered. This was shown by Van Vleck (1986).

Preferential treatment (Environmental influences)

In many breeding programmes preferential treatment of cows is a 
problem. I f  the pricing system for breeding animals makes i t  tempting for 
breeders to "create" breeding animals by preferential treatment, this might 
influence genetic progress considerably. Wilmink and Meuwissen (1989) say 
that preferential treatment reduces genetic gain by 15-20%. Freeman (1988) 
also points at this problem.

Wilhelm and Mao (1989) found that AI bulls from herds with low within 
herd variation, were closer to expected breeding value a fter progeny test 
than AI bulls from herds with larger variation. The breeding value of these 
la tter bulls tended to be inflated as long as i t  only was based on pedigree 
information.

Logical decisions based on knowledge should be the basis for breeding 
work. This is stressed by Smith and Hammond (1987) . They also discuss how 
to make these logical decisions. The knowledge about the d ifferen t animals 
is variable. This must be taken into account. Sound genetic decisions may 
not always coincide with shortsighted private economic decisions.

PROPORTION OF UNPROVEN SIRES

The most e ffic ien t proportion o f young unproven bulls depend on the 
selection cr ite ria . Both what tra its  that are included in i t ,  number of 
tra its  included and the heritab ility  of these tra its .

Cunningham (1983) has shown that there are large differences between 
countries in the use o f young bulls. In general a larger proportion of 
young bulls are used in the European countries than in the United States of
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America. In USA each progeny tested bull is more heavily used than in 
Europe. Dempfle and Grundel (1988) state the need for testing many bulls, 
especially when the selection criterion includes more than one tra it  and 
when the tra its  have low h er ita b ilit ie s . Christensen (1989) concludes in 
the same way. He claims that at least 30% of the inseminations should be by 
test bulls.

This has also been studied on Norwegian data. These studies give 
similar results and show that number o f unproven bulls to be progeny tested 
increase with increasing number o f tra its  in the breeding objective. The 
genetic relationship among the tra its  and their economic importance also 
influence optimum use o f unproven bulls.

In Norway there is  a population o f about 300 000 recorded cows. About 
98 percent are inseminated by AI, and 12 different tra its  are included in 
the selection criterion  (see Fimland 1984) . The weight on these tra its  are 
quite d ifferen t, but milk is by far the most important one. Some o f the 
tra its  have very low h eritab ilit ies , and there are both positive and 
antagonistic genetic correlations among some o f the tra its . Most o f the 
genetic correlations are numerically small. Daughter groups are large, 
about 200. In this population i t  has been shown that the genetic gain for 
milk yield  is much less influenced by number of bulls tested than the gain 
for the other tra its .

When the use o f unproven bulls is increased, the use o f proven bulls 
must decrease. Maximum tota l genetic gain for the selection criterion  in 
Norway seems to be obtained when 40-50% o f a ll inseminations are performed 
by unproven bulls. This is  a high frequency, and can only be accepted when 
the genetic progress in the population is obvious.

BULL DAMS AND SIRES

In the selection o f young bulls, the selection procedure o f bull dams 
and bull sires is  crucial. Only the objectively best bulls according to the 
selection criterion  must be allowed as bull sires. I t  is  important that no 
side views like who has raised the bull etc. influence this decision. A 
good cow indexing system is also important. That cows can be objectively 
compared across herds is  a necessity when selecting bull dams. Also here i t  
is important that non-objective side views like herd-book qualifications 
are not allowed to play a part.

The cow indexing system is often a problem. Especially in populations 
with frequent use o f natural service sires. This might partly be overcome 
by s ta t is t ica lly  well founded procedures, like the animal model, as i t  is 
done in USA, Wiggans et a l■ (1988) . Another problem with cow indexing is 
preferential treatment o f the cows. I t  is not obvious that this problem in 
a ll situations can be overcome by the use o f the animal model.

Today, when use o f multiple ovulations and embryo transfers is rela
t ive ly  common in many populations, preferential treatment o f cows might 
cause larger problems than before. This is  because the individual cow gets 
more impact on the breeding programme than earlier. Not selecting "the 
wrong cow" as a bull dam is  therefore more important than ever before.

Other important questions are how many half- and fu ll sib bulls should 
be used in a breeding population and for how long a bull should be used as 
sire o f next generation o f bulls. In general, the best bulls and the best 
cows present in the population should be used. However, there is  a lim it to 
how many sons each sire and dam should get. This is both because o f in-

27



breeding and because the genetic bases o f the population might be reduced. 
In smaller populations and in populations that put emphasis on many tra its , 
this is  particularly important. This has been discussed by Christensen 
(1989).

In many populations, bull dams are selected from only a few age 
classes. A cow is required to have had several lactations before she can be 
accepted as a bull dam. By using younger bull dams, much o f the estimated 
advantages of MOET schemes over conventional breeding schemes w ill d is
appear. In Norway i t  has been estimated that genetic progress can be 
improved with 10-20% by using younger bull dams.

PERFORMANCE TESTING

Bulls to be used in AI usually have to go through a quaranteen before 
entering an AI stud. In some countries (mainly European countries), the 
bulls are placed at performance testing stations before they are used in AI 
(Cunningham 1983). The use o f such stations has been discussed by Andersen 
(1987a). These test stations serve as quaranteen stations, and secondly, 
selection for feed conversion and growth rate can be performed. In most 
breeding programmes, this is the only place where such selections can take 
place.

The selection for growth rate taking place in these stations is 
important, when beef is included in the selection c r ite r ia . Steine (1987) 
showed that genetic correlation between growth rate at the performance 
testing station and fie ld  progeny testing for beef characteristics is 0.3 
in Norway.

The real e ffec t of selecting for feed conversion rate at test stations 
on feed convertion for milk yield  might, however, be discussed. Andersen 
(1987b) , Haapa and Syvajarvi (1987) and Korver et a l . (1988) , show that 
there is l i t t l e  evidence for any genetic correlation between these two 
tra its . On the other hand, appetite can be selected for at the station. 
This is  an important tra it  for both bulls and cows.

In performance testing stations important conformation tra its  can be 
judged under similar conditions. Libido, semen quality etc. can also be 
judged best when bulls are raised in the same environment.

MARKER TRAITS

The use of marker tra its in animal breeding has a very long history. 
The making of breeds with uniform conformation (colours, spots e tc . ),  is 
probably partly based on the wish of using marker tra its  as selection 
cr ite ria  for production tra its .

Conformation and type tra its  are s t i l l  important in many commercial 
breeding programmes. One of the reasons for this is  the expected correlated 
response in important economic tra its . Foster et a l . (1989) give a good 
overview o f this, and they show that most o f these genetic correlations are 
weak. Consequently, type tra its  are not good predictors o f economic impor
tant tra its .

In the 1950’ ies and later, extensive work on blood groups took place, 
and the probability of correlating blood groups to milk production was 
studied. This was not successful (Neimann-Sorensen and Robertson 1961, 
Mather 1977) . The work of Joakimsen on genetic correlations between thy-
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roxine degradation and milk yield (Joakimsen et a l . 1971) increased the 
interest to search for marker tra its . Since then there has been a steady 
search for physiological markers to be used in the selection, especially of 
young bulls.

There are four main reasons for the interest for such markers:

1. Most tra its  o f interest in dairy cattle are sex limited and can not be 
measured d irectly  on the male animals. Progeny testing is  therefore 
important. This results in long generation intervals and a re la tive ly  
large proportion o f the female populations has to be bred to unproven 
bu lls.

2. In the recent years, more and more interest is  put on non-production 
tra its  in dairy ca ttle , like fe r t i l i t y  and health tra its . Most breed
ing populations have inadequate recording systems for such tra its . 
These tra its  have very low h er ita b ilit ie s , so extensive recording is 
needed to include them in a breeding programme.

3. The poss ib ility  o f pre-selecting young bulls by marker tra its  is  also 
interesting. I f  that is possible, more of the "right" bulls could be 
put on test, and consequently the breeding work would be more e f f i 
cient.

4. The use o f MOET schemes has been much discussed in later years. Use o f 
marker tra its  would increase the genetic progress in such schemes. 
This has been discussed in more details by Christensen and Liboriussen 
(1986), and Wooliams and Smith (1988).

There are some questions about marker selection that so far have not 
been been given enough attention. They are:

* How to define and recognize such markers and be sure that they are 
markers for the tra it  o f interest?

* How useful are they and how to u tilize  them when they f i r s t  are found?

* What are their "s tab ility " as markers and how to be sure that they 
have no negative e ffects on other important traits?

* F inally, what is the probability of finding important markers for low 
heritable traits?

Several authors have discussed the possib ility  o f recognizing marker 
tra its . Most recently Hoeschele (1988b) has demonstrated a s ta tis tica l way 
o f recognizing and estimating effects o f major lo c i. This has also been 
done by 0stergard et a l . (1989). Among others Smith and Simpson (1985) and 
Lewin (1989) have discussed laboratory techniques for detecting genetic 
polimorphisms that might be used as markers. It  seems, however, that both 
more s ta tis t ica l and laboratory work is needed before these methods are 
useful in breeding programmes.

When marker tra its  are defined, i t  is also a question o f how this 
information should be used. Hoeschele (1988a) has discussed how such tra its  
s ta tis t ica lly  best could be included in selection procedures. Sejrsen and 
Lovendal (1986) claim that use o f single hormons and metabolites w ill not 
be useful tools in selection. An index including several marker tra its  are 
much more promising. G ill et a l . (1986) have developed a discriminant
function to assist in this kind of selection.
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Sejrsen and Lovendal (1986) also stress the need to know the physiology 
behind the d ifferen t marker tra its  before selecting for them.

To what extent marker tra it  selection w ill be important in the future 
is  a d iff ic u lt  question. Many authors are not convinced that marker tra it  
selection w ill increase genetic gain very much in the forseeable future 
(Sollor 1978, Land 1981, Smith and Simpson 1985, Stam 1986, Lovendal et a l , 
1987, H ill and Keightley 1988 and Shook 1989). However, most o f these 
authors and others, believe that such selection might give some positive 
effects. Substantial b iological knowledge o f great importance, w ill also be 
obtained in the search for marker tra its.

In a selection experiment in pigs (Muller 1986), an indirect response 
in backfat thickness was obtained when selecting for lipogenic enzymes. The 
response was almost as large as the direct response obtained for backfat 
thickness. This shows that in some situations p oss ib ilit ies  do exist for 
such selection.

The most common possible marker tra its  studied in dairy cattle are 
hormones, enzymes and different blood metabolites. Also components o f the 
immune system, including the bovine MHC (BoLA) have been much discussed.

Obvious problems with this kind of tra its  are that they need intensive 
and expensive work, and many o f the tra its  are heavily influenced by 
environment (Lovendal and Sejrsen 1987).

Milk yield

Many d ifferen t studies o f marker tra its  that might have correlation to 
milk yield have been published. Thyroxin has already been mentioned. This 
tra it  has, however, never been included in breeding programmes, mainly lor 
fear o f a negative correlation between thyroid activ ity  and feed conver
sion. A later study has shown no such negative correlation, Standal et a l . 
(1987). Tveit et a l . (1990) have shown that thyroxine is very d iff ic u lt  to 
use in selection programmes, because of large environmental e ffects .

Other tra its  mentioned as marker tra its  for milk yie ld  are; Blood urea 
nitrogen (Tilakaratne et al 1980, Sejrsen et a l . 1984, Barnes et a l . 1985, 
Graf 1987, Wooliams and Smith 1988)  ̂ Growth hormons, insuline like growth 
factors and insuline (Sejrsen -et a l . 1984, Barnes et a l . 1985, Bauman et 
a l. 1985, Lovendal et a l . 1988, Mackenzie et a l . 1988, Davis et a l. 1989, 
Lovendal et a l . 1989)* Glucose and free fa tty  acids (Sejrsen et a l . 1984, 
Barnes et a l . 1985, Lovendal et a l . 1987, Mackenzie et a l . 1988)j Arginine 
is also mentioned by Mackenzie et a l . (1988)J The bovine MHC system (BoLA) 
(Batra et a l . 1989, Solbu and Lie, unpublished data).

So far none of these markers have been found suitable to be included 
in practical breeding programmes.

Growth rate

Many o f the same tra its studied as markers for milk yie ld , have also 
been studied for growth rate. Edfors-Lilja et a l . (1980), Fabry (1983) and 
Seeland and Reinecke (1987) studied thyroxine as predictor o f growth. Only 
Edfors-Lilja et a l . (1980) concluded that this hormone could be used in
selection work.
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Davis et a l . (1989) found no correlation between insuline like growth
factors and growth. Bittane et a l . (1987) studied 15 d ifferen t blood 
components and found genetic correlations between lactic  dehydrogenase and 
growth and also between alkaline phosphatase and growth. The la tte r is  not 
supported by Edfors-Lilja et a l . (1980). Bittane et a l . (1987) also found a 
correlation among cholestrol and growth rate. Stear et a l (1989) found some 
connection among the BoLA system and growth rate, while Solbu and Lie 
(unpublished) found very weak correlations among BoLA and progeny test 
result for beef production.

None of the studied marker tra its for growth are obvious to use in 
practical selection work.

F e rt ility
Both Land (1981) and Graf (1987.) state that physiological c r ite ria  

might be useful in the selection for fe r t i l i t y  tra its . However, with eight 
possible marker tra its  studied, Graf (1987) found none with strong correla
tion to fe r t i l i t y .  On the other hand, Kalm and Feddersen (1987) found 
strong correlations among bulls' tests for Y-Glutamyl-Transferase, Alanin- 
Aminotransferase and Glucose and daughters' f e r t i l i t y  performance. They 
conclude that these tra its  may be used in selection for fe r t i l i t y .  They 
also observe the very interesting fact that bulls' methabolic reactions to 
stress tests are very d ifferent to cows' reactions. This is important to 
recognize when such tests are set up. 0stergard e t a l . (1989) conclude from 
their review that so far there is no evidence o f any strong correlation 
among the BoLA system and fe r t i l i t y .  This is supported by Solbu and Lie 
(unpublished) .

Health

0stergard et a l . (1989) give an overview o f connections found among 
BoLA types and d ifferen t diseases. There are some evidence o f some correla
tions, especially to mastitis, but also to some other infectious diseases. 
The results are, however, somewhat conflicting. Solbu et a l . (1982), Solbu 
et al (1987) and Solbu and Lie (1990) have found some connections among 
mastitis and the BoLA system. The correlations found in d ifferen t data sets 
are d ifferen t, so conclusions are d iff ic u lt  to draw. Batra et a l . (1989) 
found weak correlations among the BoLA system and disease costs. Immune 
responses have also been studied as marker tra its . Solbu et a l . (1987) 
found some weak correlations among immune responses and resistance to 
mastitis. This has also been studied by Nonnecke and Harp (1989). They 
conclude that more studies are needed. Burton et a l . (1989a and 1989b) have 
studied antibody responses and hypersensitivity responses in connection 
with calve diarrhoea and pneumonia. They concluded that further studies are 
needed.

Many o f the same tra its  as those studied for milk yield have also been 
studied in connection with metabolic diseases. Traits studied in connection 
with ketosis are acetoacetate, free fatty acids, glucose, glucagon, insu- 
line, thyroxine, adrenalin, arginine and the BoLA system, (Almlid et a l . 
1982, Mackenzie et a l . 1988 and Solbu and Lie 1990). Vatn (1977) describes 
a challenge test with EDTA as a possible marker for milk fever. Lovendal ej; 
a l. (1987) and Mackenzie et a l . (1988) advocate in general challenge tests 
as the best possible way of finding markers for disease resistance.
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Almlid (1981) and Shook (1989) underline the complexitiy of most 
diseases. This might be one o f the reasons for not finding obvious markers 
for these economic important tra its . The literature on possible marker 
tra its is  quite extensive and far from a ll  is included in this study. The 
general picture given should, however, include most o f the present know
ledge. I t  seems that challenge tests and the use o f many possible markers 
are a*dvocated i f  marker selection of young bulls is  going to be important 
in the future. The fact that bulls and cows might react d ifferen t to such 
tests is important to recognize. I t  is  also important that challenges of 
animals are acceptable both to the cattle breeders and to the consumers. 
Animal welfare seems to be more and more important in the future.

Traditional progeny testing w ill be the most important selection tool 
for many years to come. Marker selection can mainly assist in the step-wise 
selection procedure so the "right bulls" are those that are progeny tested.

CONCLUSIONS

Selection o f young sires can be improved re la tive ly  much in most 
breeding populations. This can mainly be done by improving the structure of 
the d ifferen t breeding programmes and putting less restriction  on possible 
breeding animals.

The use o f marker tra its  is so far limited in the selection work. The 
new development in gene technology might, however, in the future give 
interesting markers for selection. S t i l l  i t  seems that this w ill mainly be 
a supplement to the present breeding programmes.
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