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PREFACE

Professor Rommert Douwe Politiek joined the staff of the Department of
Animal Science, Animal Breeding section, at the Agricultural University,
The Netherlands, in 1960 and became Professor and Head of the Department
of Animal Breeding in 1968. After 20 years as Head, Professor Politiek
retired on 1 September 1988.

For many years, Professor Politiek has had considerable influence on
scientific research amd education in animal breeding and on the breeding
industry in The Netherlards and abroad. To honour the contributions he
has made to animal production, and to dairy cattle production especially,
this World Symposium on "Advances in Animal Breeding” was organised for
11-14 September 1988.

The symposium focussed on modern developments in animal breeding and on
implications of bictechnology for animal improvement programmes. Scien—
tists from Eurcpe and North America delivered the principal papers, and
researchers from The Netherlands presented shorter papers in the area of
biotechnology ard animal breeding. Other research projects in animal
breeding were presented on posters.

The World Symposium and the articles contained in these proceedings of
"Advances in Animal Breeding" are only a small expression of appreciation
by colleagues and students to honour the many contributions of Professor
Romert D. Politiek.

Wageningen, The Netherlands
September, 1988
The Organizing Committee
S. Korver
H.A.M. van der Steen



THE CONTRIBUTION OF ROMMERT POLITIEK AND HIS STUDENTS TO ANIMAL BREEDING

‘The breeding goal is aimed at cattle producing milk and meat in the most
econaomical way under present and prospected systems of herd management
arnd demands of the market' (Politiek, 1962).

E.W. Brascamp

Research Institute for Pig Husbapdry, P.O. Box 83, 5240 AB Rosmalen, The
Netherlands

Rommert Dowe Politiek was born in 1926 on a farm in Wons near the
Afsluitdijk, the dike which separates the IJssellake from the North Sea
and comnects the province of Friesland with that of North Holland. The
farm was rather big for that time, with 30 dairy cows, some arable land
and a few pigs. As suggested by the headmaster he went to secondary
school and after that, during World War II, to the agricultural winter
school, at that time the usual education for future farmers. Again a
teacher (the later head of the Central Milk Recording Service, Mr S.R.
Sijbrandij) suggested to continue education and Politiek went to college.
Then, in 1950, after military service he went to the Agricultural
University at Wageningen.

The Friesland pericd

During his studies he started to work on the protein content in milk.
The interest in the subject was initiated by FRS, the Friesland Cattle
Herdhook, and by the Association of Cooperative Dairies. Politiek
finished his studies in Animal Production in 1955 and accepted a job with
FRS. He continued to work on protein. He presented his first internatio-
nal paper in 1956 at the VIIth International Congress of Animal Husbandry
of the European Association of Animal Production at Madrid on solids-nom—
—fat—content in milk. In 1957 he got his PhD. degree on a thesis with the
title 'The influence of heridity and enviromment on the camposition of
milk of Friesian cows and the practical possibilities of selection for
protein content'. In the same year Friesland started with paying for
protein content in the milk. Politiek was a enthousiastic stimlator of
this. He saw clearly that paying for a trait is the most effective way to
get it selected for. At that time the protein comtent was analysed using
the s0 called Kofrani method. 2Amalysis for protein content already
started in 1958 also in other parts of the Netherlands, especially
stimilated by the fact that the amidcblack dye binding method was
developed, which turned out relatively easy to automise.

Cther activities of Politiek in Friesland were the improvement of the
method of progeny testing. Further he demonstrated special interest for
cow size. He showed that since the beginning of the century the wither
height dropped with 0.25 ¢m per year, going down to 1.25 m at the end of
the fifties. Politiek encouraged selection for size, because of the
positive correlation between size amd milk yield.

The Institute for Animal Preduction -
In 1958 Politiek changed jcb. He went to Utrecht, to the institute

which later was moved to Zeist. Presently it's called Research Institute
for Animal Production 'Schooncord'. At this institute he participated in



research of S. Brandsma, dedicated to milking intervals. Politiek gave
special attention to machine milking, machine stripping and to ease of
milking. At the Max Planck Institute at Mariensee, FRG, he got ideas for
a machine to measure ease of milking and in 1960 a system for performance
and progeny testing was generally introduced.

The Agricultural University at Wageningen

In 1960 Prof ir W. de Jong died. Politiek went to Wageningen to take
over Animal Breeding, within the Department of Animal Science of Prof dr
Th. Stegenga. At that time the department had only a few staff members.
Fram 1960 to now the Animal Sciences experienced a tremerdous growth, as
the whole University, in numbers of students, in staff and buildings,
This is illustrated by the number of students anmually starting Animal
Science, 10 in 1960 and 110 in 1988, In 1968 Politiek became full
professor in Animal Breeding and head of the mearmhile established

of Animal Breeding.

Iocking back at Politiek's carreer, his early years in Friesland and
Utrecht suggest an explosive start. In Wageningen it locks like a growth
curve, with a rather long, slow, start.

Politiek used the sixties to develcp teaching in animal breeding and to
make plans for an experimental farm in the polder (realised in 1963). He
stimilated his first students and staff members to get a FhD degree
(M.P.M. Vos in 1969 and H. Bakker and W.A.G. Cfp in 1974) ard put a lot
of effort in persuading the Dutch industry to adopt modern methods in
their sslection programmes,

Teaching Animal Breeding

Prof Politiek was not educated formally in quantitative genetics. In
that respect he was a self-made-man. In 1970 a real acceleration was
realised in the growth curve expressing the level of teaching animal
breeding theory. In that year Prof J.E. Legata from Raleigh, North
Carolina, USA, visited Wageningen on a Senior Research Fellowship. He
teadxedanmalbreedmgmammernewforWaqemngenarﬁthtlekard
Bakker picked up that level to be a general one for each animal breeding
student to came. This change was supported by the inheritance of E.W.
Brascamp's visit as a student to Prof H. Skjervold in Norway. An addi-
tional impulse was given in 1974, when Prof A.E. Freeman fram Ames, Iowa,
USsh, visited Wageningen. Prubably from the early seventies, a student
taught animal breeding at the Agricultural University at Wageningen can
compete with students taught anywhere else.

Influencing the Dutch Industry

In the sixties Politiek has been very active to encourage the industry
to adopt improved methods of progeny testing and estimation of breeding
values. later on he stimilated J. Dommerholt to extend the subject
further. In a box the development of the methods to estimate breeding
values from 1960 amward are presented, showing an evolution from an
unadjusted daughter average to Best Linear Unbiased Prediction.



Estimation of sire's breeding value in the Netherlands

In the fifties the genetic merit of a bull for dairy traits was
expressed as a unadjusted daughter average. A first step of
improving the estimation procedure was introduced in 1961 by
comparing the daughter averages with the production of the dams.
Fram 1963 to 1973 the "'melkindex' [dairy index] was used in which
the daughter average was adjusted for the merit of the dams using
the regression ccefficient of daughter on dam.

In 1973 a method of Herd Mate Comparison was introduced. This
method has been used until 1981. After that year sire's breeding
values are estimated by BLIUP in a model with sires (grouped
according to breed class, including a relationships matrix) amd
classes of herd-year-season.

In 1985 the maternal grandsire was included in the model.
Presently the technical and financial aspects are considered of
an Animal Model to estimate breeding values for all individuals
in the population.

Politiek presented important ideas how to optimize the collaboration of
herdbooks, milk recording and A.I. In 1970 he published a report on this
containing very useful ideas on the subject. Most of these ideas were
only realised some ten years later, when a real integration of activities
got shape. In the meantime Politiek continued to speak on mmerous
meetings of dairy farmers to stress the importance of short generation
intervals and high selection pressure together with an accurate estima-
tion of breeding values.

The initiatives of Politiek for experimentation on the experimental
farm in the polder supported very mich the discussions on breeding goals
and selection procedures. This is particularly true for the first phase
in Politiek's polder experiment in which Dutch Friesians of different
regions and herd levels were compared. In later stages the usefulness of
Holstein Friesians for the Dutch dairy industry was studied. In the late
sixties various experiments were started with these cattle. Apart from
the Agricultural University, the Institute for Animal Production 'Schoon-
oord' experimented with Holsteins in the polder. Also a field trial was
started

All these initiatives and continuing pressure highly influenced the
present shape of the dairy industry, also due to his many students on
relevant positions extending his ideas. In another box some of these
developments are illustrated by some key data about A.I.

Until here, only Politiek's interest for cattle breeding has been
touched upon. For cattle breeding he exhibited special interest. For
other species his perscnal interest was less intense, but he very much
stimilated interest in other species. In 1969, CSp entered Folitiek's
group as first Wageningen researcher in pig breeding and in the same
period M. Bekedam started his cross breeding experiments with sheep in
the polder. From that time their has been a good balance between dif-
ferent species in teaching and research and Politiek's ideas affected
breeding programmes in all species.



Develcpments in A.I. in cattle in the Netherlands

year no of A.I.~ % A.1. % frozen
studs semen

1946 42 ) 1.2 -

1950 151 24.1 -

1960 131 61.5 0.8

1970 79 61.7 25.5

1980 48 71.9 86.4

1987 19 83.2 >90

The diminishing mmber of A.I.-studs also can be illustrated by
the fact that in 1987 62% of the inseminations was in the 4
bhigger studs. In 1980 this was 33% and in 1970 23%.

From 1970 the proportion of black and white inseminations with
Holsteins continuously increased to 16% in 1980 and 87% in 1987.

Intematjonal contacts

Prof Politiek always cherished international contacts. He was a regular
visitor of EAAP-meetings, visited colleagues in other countries and
stimilated fellow scientists to visit the Netherlands and to stay some
time at Wageningen. Here may be mentioned J.E. Iegates and A.E. Freeman
and further B.T. McDaniel, D.G. Grieve, R.B. Harrington, M. Grossman,
G.E. Shook ard B.W. Kennedy Also, he invited lecturers fmabmadas
L.R. Schaeffer, E.J. Eisen and D. Gianocla. In addition Politiek sent
nmmerocus students and staff menbers abroad to keep in touch with develop-
ments everywhere in the world.

A special word for FPolitieks contributions to EAAP. He was an early
stimilator to improve the efficiency of the meetings by keeping time
schedules and using higher guality slides ard overhead sheets. He
especially could do this as a President of the Cattle Commission from
1973 to 1979. He then also stimilated the phencnenon of working groups,
given a year to evaluate the status of a particular problem. Together
with E.P. Cunningham he initiated the studies on Livestock Production in
Eurcpe: Perspectives and Prospects, the results of which were published
in 1982. Finally, since the beginning of this year, he is BEditor—in-chief
of Livestock Production Science.

Scientjfic Contributions

In appendix 1 a selection is presented of dr Politiek's scientific
papers. His main areas were the genetics of protein content in the milk,
calving difficulties and ease of milking. Science Citation Index (SCT)
[SCISEARCH, Dialog information Retrieval Service] was analysed over the
period from 1974 to 1988 to get an impression of the impact of these
subjets on international scientific literature. Some 65% of citations of
Politiek as first author are related to these three subject. Another 20%
relates to the breed caomparison experiments in the polder.

To get a fuller description of the research area of Politiek and his
students in appendix 2 the titles are listed of theses by students
getting their PhD with Prof Politiek.

SCI has been searched to study various aspects of the impact of the



work of Politiek and his students on the international scientific
literature. The data used are all papers from 1974-1988 containing one or
more references to Politiek or students of his. The list of stidents
searched is listed in Appendix 3. Self-citations were excluded. In table
1 the main subjects cited are listed.

Table 1. Subjects of references to Politiek and his students (SCI,
1974-1988) .

Subject Of which:
Accent on biolegy of traits 44% Growth and feed intake 39%
ive traits 20%
Calving difficulties 16%
Accent on methods 30% Breeding goal & plans 30%

Adjustment and estimation 25%
Aspects of replacement 23%
Breed camparisons & crossing 17% Cattle 71%

Miscellanecus 9% Fish 68%

The table shows a prime interest for studies oun growth and reproductive
traits. This interest originates from Politiek's initiative to start
selection experiments with mice on growth and litter size. It has been
the main topic of study of Bakker. Already before that, M.P.M. Vos looked
at weights and measurements of growing cattle. In the same period as
Bakker, Cop started his studies on the effect of feed intake on growth
and the composition of growth in pigs. Related work recently was publis-
hed by E. Kanis, while S. Korver and J.K. Oldenbroek studied related
topics in cattle and F.R. Leenstra in broilers.

Bakker's work combined growth and reproductive traits. The subject of
reproduction was taken further by H.A.M. Van der Steen, locking at the
possibilities to select for litter size in pigs.

Calving difficulties have been studied by Politiek and recently by A.
Meijering, who loocked at the biology of the trait, but alsc at the theory
of estimation in case of categorical traits. Fertility traits in dairy
. cattle also were studied by J. Jansen.

Research areas with relatively more emphasis on methods and theory have
been cited less frequently. The area mainly consists of work on breeding
plans, the adjustment of field data and estimation of breeding values.
These subjects have been activily promoted by Politiek. His intention was
to support a change of methods in the industry. In the early seventies
the work of Brascamp and J. Dommerholt should be mentioned. The theory of
breedlrx;plamafterthathashadacmstantattmtlmmv?agenugm
recently in the work of G. De Roo on small populations and of J.W.M.
Merks, on the effect of GxE on breeding plans.

Domnerholt's work on adjustment and estimation of breeding values was
extended by J.B.M. Wilmink.

Finally, S. Korver and J.A.M. Van Arendonk should be mentioned with
their work on cow replacement. With this topic an intense relationship
has been established with the Department of Econaomics, a relationship
strongly supported by Politiek's general view on the function of animal
breeding as an econamic activity.

The entry 'miscellaneocus' mainly concerns references to work of Kanis

7



when working in Norway as a student. Perhaps these references should not
be included in a list of references to students of Politiek. It il-
lustrates very nicely, however, that mumbers of citations tend to
increase if a paper has been published as part of the work of an impor-
tant group. A similar case are refererces to Bakker, when working a year
in Raleigh with Eisen.

Table 2 illustrates the growing contribution in time of Politiek and
his stidents to the scientific world. The period from 1974 has been split
in 3 intervals with clear differences in numbers of citations per year.

Table 2. Numbers of references (SCI) to Politiek and his students per
year in three periods. The first pericd is set to 100.

Pericd 1974-78 1979-82  1983-87

Politiek and students 100 335 675

The clear increase of anmial mubers of citations illustrated by table
2 partly is due to the simple fact that the mmber of publications
increases. Campared to 1974-78, the figure for 1983~87 is about 200. It
1stobeexpectedthatthemmberofreferernesto?o11t1ekarﬂms
students will continue to increase the coming years: For 1987 the
relative figure is 1500.

The future

Now, in 1988, the Department of Animal Breeding is gradually moving its
attention to blotedmlogy Projects have been started on MHC with cattle
and protein compositicon in cow's milk. 'Classical' animal
expected to deserve contimied attention but this attention will be shared
with increasing emphasis on new biotechnological possibilities to aim
effectively at the breeding gecals.
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1969 Vos, M.P.M. Het meten en wegen van runderen voor de selectie op
vleesproduktie. [Weighing and measuring cattle to select for meat
production ability)

1974 Tielen, M.J.M. De frekwentie en de zoftechnische preventie van
lorg- en leveraandoeningen bij varkens. [The frequency and
prevention by husbandry measures of lung and liver diseases in
pigs]

Bakker, H. Effect of selection for relative growth rate amd
bodyweight of mice on rate, composition and efficiency of growth.

Cop, W.A.G. Protein and fat deposition in pigs in relation to
bodyweight gain and feeding level.

1975 Dommerholt, J. Correctie van de melkgift van koeien voor verschil-
len in leefti}d, seizoen en lactatiestadium. [Adjustment of milk
yield of cattle for differences in age, season and stage of
lactation]

Brascamp, E.W. Model calculations concerning econamic optimaliza-
tion of A.I.-breeding with cattle.

1976 Buis, R.C. Genetic polymorphism of blood proteins in a population
of shetlamd ponies.

1979 Ketelaars, E.H. De vererving van onder praktijkomstandigheden
geregistreerde kermerken bij varkens. [The heritability of traits
in comercial envirorments in pigs)

1980 Walstra, P. Growth amd carcass ccxnpos1t.10n fram birth to mtmrity
in relatlm to feeding level and sex in Dutch Landrace pigs.

1982 Korver, S. Feed intake and production in dairy breeds depending on
the ration.

1983 Van der Steen, H.A.M. Maternal and genetic influences on production
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and reproduction traits in pigs.
1985 Van Arendonk, J.A.M. Studies on the replacement policies in dairy
cattle.
1986 Meijering, A. Dystocia in dairy cattle breeding (with special
attention to sire evaluation for categorical traits.)
Van de ILagemaat, D. Onderwijzen in ondernemen. [Teaching farming)
Jansen, J. Studies on fertility in dairy cattle, based on analysis
of AT data.
1987 Wilmink, J.B.M. Studies on test-day ard lactation milk, fat and
protein yield in dairy cows.
leenstra, F.R. Fat deposition in a broiler sire strain.
1988 Merks, J.W.M. Genotype X ernvirorment interactions in pig breeding

programmes.
De Roo, G. Studies on breeding schemes in a closed pig population.
Kanis, E. Food intake capacity in relation to breeding ard feeding
of growing pigs. . . ) ] )
Oldenbroek, J.K. Feed intake and energy utilization in dairy cows
of different breeds.

APPENDIX 3. Names of Politiek and his students included in the reference
search 1974-1988 in Science Citation Index

Bakker,H; Bekedam, M.; Brascamp, E.W.; Buis, R.C.; C&p, W.A.G.; De Jager,
D.; De Roo, G.; Dammerholt, J.; Groen, A.F.; Kanis, E.; Ketelaars, E.H.;
¥nap, P.W.; Koops, W.J.; Korver, S.: Merks, J.W.M.; Meijering, A.:
Oldenbroek, J.K.; Politiek, R.D.; Van der Steen, H.AM.; Van der Wert,
J.H.J.; Van Arendonk, J.A.M.; Van Steenbergen, E.; Vos, H.; Vos, M.P.M.;
Wilmink, J.B.M.

Note that Jansen, J. has not been included because there were 1322
references to this author of which only a few were expected to refer to
the relevant Jansen, J.
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DEVELOPMENTS IN THEORY AND APPLICATION OF ANIMAL EREEDING

E. legates

Department of Animal Science, Box 7621, North Carolina State University,
Raleigh, North Carvlina 27695, USA.

Sunmary

Practical breeders were already fashioning their animals in accord with
their desires before the scientific foundations for animal improvement
were laid. Robert Bakewell is most often cited for his practical ac-
caplishments as the founder of animal breeding. While it is impossible
to recognize all who made significant contributions, Darwin and Galton
clearly dominated early thinking even before the rediscovery of Mendelism
in 1200. Once Mendel's postulates were in place, substantial progress was
made on many fronts. Foremost was the accommodation of Mendelism to the
inheritance of continuously varying traits. Many individuals have made
mammoth contrilbutions to the theory on vhich animal breeding practice is
based today. Informed breeders are aware of genetic variance, genetic
correlations, selection indexes, heterosis, and BIUP, as these
have moved from the research arena to appreciation in the field. Truly we
have a rich heritage and a solid foundation for future develcpments in
animal breeding.

Keywords: animal breeding, animal, improvement, genetics, selection,
hetercsis

Introduction

Animal breeding, as the application of science to the genetic improve—
ment of animals, implies a close inter-relaticnship between theory and
its application. Genetics has provided the matrix from which logical
principles could be developed and tested by experimentation and practice.

During the 20th century, geneticshasassumaiabmaderneanirgarﬂ
mmercus subdivisions of the discipline have emerged. Advances in animal
breeding also have drawn heav11y on contributions from statisties,
biochemistry, physiology, economics and other disciplines. Animal
breeding and reproductive physiology have been uniquely interwoven.

Animals with superior genctypes can not contribute to succeeding
generations unless their reproductive capacity is maintained at satisfac—
tory levels. Developments such as artificial insemination, embryo
transfer and cloning have and will continue to stimulate new theory and
applications in animal breedirg.

Livestock production is an economic enterprise. Hence, animal breeding
recomerdations must withstand the scrutiny of economic, as well as
genetic considerations, before they are acoepted and imtegrated into
enterprises by breeders. As a consequence, a close relationship between
the breeder and the science, application and theory, has been murtured.

Paper Mumber 11630 of the Jourmal Series of the North Carolina Agricul-
tural Research Service, Raleigh, 27695~ 7601.
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It is appropriate and fitting to review these advances in honcur of
Professor Politiek, who has so completely dedicated himself to the
advancement of animal breeding theory and practice. His concern and
encouragement of his students will continue to yield rich dividends.

Beginnings
Pre—Merndel ian

Even before Mendel's principles were uncovered, the mystery of the
transmission of hereditary waterial from parent to offspring was recog-
nized although not understood. Robert Bakewell of Ieicestershire, Englamd
whoe lived from 1725 to 1795, is generally credited as the founder of
animal breeding. He contrilbuted much to the development of the Longhorn
cattle, Ieicester sheep and Shire horses. Bakewell reportedly purchased
animals from different sources which he thought met his goals and
utilized irbreeding and intense selecticn to develop the kind of animals
he desired. His animals were much in demand, and he appears to have been
among the first to conduct systematic progeny tests of rams and bulls. He
let these out for a fee with the option of bringing the best back for use

Apparently Bakewell told little about his mode of operaticn, and some
were obliged to think that there was something mystericus about it. At
that time there was a strong prejudice against inbreeding, and it may
have been that he did not want to invite criticism. Many stockmen did
came to work with Bakewell on his estate at Dishley. Perhaps the mest
noted, the Colling brothers, are credited with founding the Shorthorn
breed.

Herdbocks provided records of identification and parentage of founda-
tion stock. The first herdbook was published in 1791 for Thoroughbred
horses. The Coates Shorthorn herdbook appeared in 1822, accepting for
registry only what were judged as outstanding animals. The herdbook fever
reached a peak in the 1870's and 1880's when importers particularly
warted to declare that their animals could be traced to a known founda-
tion. Herdbooks and breed societies have been a part of animal breeding
with nably stated purposes, yet on occasion, hindering real genetic

progress.

Practical breeding moved ahead even without the benefit of a scientific
fourdation. Darwin's studies of populations drew upon the experience of
practical breeders. Conversely, reports suggest that the phileosophy and
writings of Darwin on organic evolution and natural selection were
certainly known by some British breeders. Darwin explained the impact of
reproductive fitness logically, but his insights into the process of
hereditary transmissjon was flawed. Under the blending hypothesis the
variation in the population would be halved each generation as pointed
out by Jerkins (1867). A tremendous infusion of new vanablllty wauld be
required to reconcile the continuing variation observed in pammictic
populations. Herce, favourable circumstances were provided for the
acceptance of De Vries (1910) mutation theory.

Darwin (1859) underscored the importance of continuous variation to
evolutionary and directed change in animals and plarits. Galton (1889),
without the benefit of Mendel's findings, added quantitative precision to
the characterization of the variation which Darwin had drawn upon to
forrmlate his theory of natural selection. Galton's law stated that given
a correlation of .50 between parent and offspring in a population with
minimal irbreeding and for a highly hereditary trait, the correlation
between an animal and a more remote ancestor is halved for each inter-
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venirg generation. Iush (1945) pointed out that practical breeders in
Britain had used this concept as early as 1815.

A second camponent of Galton's law was that the square of the correla-
tion coefficient measures the proportion of the variance in one variable
which disappears when the other is held constant. Yet Galton failed to
recognize that this postulate was not true when bridging over genera-
tions. Each of the four grandparents do not account for 1/16 of the
varjance of their individual independent of the parents. It was Yule
(1906) who corrected this view of Galton with his multiple regression
technique. At the 3rd International Congress on Gehetics, Yule presented
a mltiple correlation interpretation which demonstrated that with the
full knowledge of the parents the contribution of the grandparents to the
variance is nil.

Mergelism rediscovered

Mendel (1865) had already provided the answer to the flaw in Darwin's
theory of blending inheritance; although, as we now know, the scientific
world had not at that time recognized the moment of his findings. His
conclusion that the basic hereditary wechanism was particulate and not
blending, with the capability for independent assortment and recavbina—
tion, gave substance to Darwin's theory of natural selection. According
to Wright (1967), Mendel accepted the theory of natural selection;
although neither Darwin nor Mendel recognized this in their time.

The veil of ignorance about the fundamental postulates of heredity was
lifted in 1900 when De Vries in Holland, Correns in Germany and Tschermak
in Austria recognized the impact of Mendel's 1865 publication. A flurry
of investigations moved forward to uncover examples of inheritance which
followed the postulates of Mendel. Bateson was an active investigator in
this arena at Canbridge. His study of the inheritance of comb types in
chickens brought forth one of the first and most interesting exanples of
gene interaction. Bateson (1902) is credited with suggesting genetics as
the name for the new discipline. He also proposed the terms homozygote
arnd heterozygote.

The Danish botanist, Johannsen (1903) had been working with beans,
which are naturally self-pollmated and developed a nmber of pure
lines., He made the distinction between genotypes and phenctype amnd is
credited with the first use of these terms, as well as the designation of
the gene. In his publication of 1903, he refers to the work of Galton and
his law, plus the work of Pearson in recognition of the comtribution of
biametrics. Goldschmidt (1951) has stated that Jcohamnsen revealed that
"Genetics mist be studied with mathematics, not as mathematics.™

Mendelism and the biometrical approach

Expected parent-offspring and maternal correlations under Mendelism
with random mating were developed by Pearson (1904). He expressed concern
that a discrepancy existed between expected and cbserved correlations,
which Yule (1906) explained was due to Pearson having assumed complete
dominance was always expressed. Yule further postulated a swarm of genes
affecting a trait, which had small but similar effects, as a contribution
to reconciling l\ierxielim with the emerging biometriual analysis of
genetic variation.

One of the cornerstones of animal breeding and population genetics was
revealed independently by Hardy (1908) and Weinberg (1908), which has
become known as the Hardy-Weinberg law. This finding further showed how
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population variability wag maintained in a large random mating population
with the genctypic or zygotic frequencies being egual to the square of
the gametic frequencies. Wright (1967) relates that one of his earliest
contributions to population genetics and animal breeding was in the use
of the Hardy-Weinbery principle of random recambination within and among
loci to distinguish among genetics hypothesis for coat coler in Shorthorn
cattle (Wright, 1917).

Weinberg (1909) continued to explore the expected correlations between
relatives, accounting for multiple alleles, varying degrees of daminance,
various gene interactions, plus envirommental variance. His results and
the demonstration of Yule's wmultiple gene hypothesis by Nilson-Fhle
(1909) with wheat had provided the framework for campatibility between
the Merdelian and statistical viewpoints. However, the accommodation of
both points of view was long in being realized by many, chief among them
was Bateson. It reguired a newly schooled scientific generation to accept
the merging of the statistical and Mendelian approaches. Fisher's (1918)
oft quoted but less frequently read publication, restated and expanded
the earlier analysis of the correlation between relatives under the
assunption of random mating by Weinbery (1909). He demonstrated that the
results of the statistical analyses were embedded in the principles of
Mendel.

Partitioning hereditary variance

The logical partition of hereditary variance into an additively genetic
caponent or that due to gene by gene effects, a residual attributed to
intrallelic interaction or dominance deviations, and the remainder due to
interallelic interaction has provided a framework to attack many prob-
lens.

The impact of dominance variance has been examined for the most part
assiming no epistasis., Comstock and Robinson (1952) proposed experimental
designs to clarify the nature of dominance effects with particular
concern for evidence of over—-dominance. Most of these were applicable to
monocecious plants. Wright (1935b) provided insights into the contribution
of two gene epistatic deviations to the correlation between relatives as
he considered deviations from an optimum. Cockerham (1954) presented an
extension of the concept of partitioning the epistatic component of
variance and the contribution of the several partitions to the correla-
tion between relatives. This drew upon the partitioning of individual
degrees of freedom for an n loci model, recognizing additive effects,
daminance deviations, and epistatic effects.

Fisher's (1925) contributicn of the analysis of variance has been one
of the most useful to statistical methodology in animal breeding. Apart
from its use to test mean differences, its application for the estimation
of camponents of genetically and envirormentally caused variation has
been widespread. Wright (1918) earlier had developed the path coeff1c1errt
analysis to relate the correlation between variables in an i
system of causal relationships. Statistically the path coefficient is a
standard partial regression ccefficient, and its sguare represents the
portion of the total variance accounted for directly by a specific vari-
able. Recognition of joint paths could provide for an assessment of
covariance. The flexibility of the analyses of variance and its many
modifications, however, has provided the fourdation for genetic amalyses
for parameter estimation in animal breeding.

The intraclass correlation, introduced by Harris (1913), has had much
applicability in animal breeding. Variance ratios have been used widely
with the concepts of repeatability and heritability as introduced by Lush
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having most common usage. Figsher (1918) had introduced the dominance
ratio, the ratio of the dominance variance to the total hereditary
variance, in an attempt to determine a generalized relationship between
the magnitide of dominance variance to the expected correlation among
relatives.

Estimation of variance and covariance components has been an important
technique in animal breeding research. Unequal and disproportionate
subclass mimbers, bemgthemleforanmaldata has required special
adaptations of the analysis of variance procedures (Harvey, 1975).
Winsor and Clark (1940) were among the first to provide expectations of
mean squares for data with unegual subclass mumbers, Yate's (1934) method
of fitting constants was adapted for testing mean differences, and
Herderson (1953) exparded this approach to account for adjustment of
fixed effects, plus the adaptation of maximum likelihood in variance
canponent estimation.

Advances in the estimation of variance and covariance components has
been a key to devising effective breeding strategies. Where rarndamess of
all elements in the model is realized, simpler estimation technicgues
provide wunbiased estimates, Henderson's (1953} Methods II amd IIX
provided approaches to adjust for the fixed effects in a linear model.
Subsequently methods of maximmm likelihood estimation with a general
mixed linear model were advanced by Hartley & Rao {1967), Patterson and
Thampsont (1971) and Rao (1971). Maximum likelihood and REML modification,
while biased, avoid the troubling negative estimates of components.
Choice ofthedes:tredpro@ure is not based on precise criteria, and
with large data sets even computational recuirements can be a determining
factor.

imati b ing values

Animal breeding practice consists primarily of predicting breeding
values, selecting animals on the basis of these estimates, and desig-
nating their mates. Prediction of average breeding values has commanded
most attention, recognizing that the need for consideration of special
breeding values merits consideration urder specific ciramstances.

The use of repeatability teo project expected future performance, when
multiple expressions of a trait are concerned, provided an early predic-
tion equation for what ILush termed "most probable producing ability™,
Heritability in the context of the regression of average breeding values
on phenotypic values, provides the basis for a comparable prediction of
average breeding values. A variety of adjuncts to individual selection
have been drawn upon as alds to individual selection. The performance of
related individuals and combinations of information on the individual and
its relatives can be utilized in the estimation of breeding values. ILush
(1947b) explored the relative weights to be given individual records and
family averages to predict additive breeding values. The notion that on
occasion the family average may properly receive a nhegative weight
emerged. Such was the case where the envirormental correlation among
family members exceeded the genetic relationship or correlation.

Maternal influences common to litter mates can be a source of an
enviromental correlation between relatives, potentially obscuring the
genetic differences among litters. The crossing of breeds with widely
divergent body sizes, as with the Shetland pony and the Shire horse
(Walton and Hamond, 1938) docvmented .maternal effects. Dickerson (1947)
pointed cut the impact of the direct maternal effects of the dam and the
effect of the genes transmitted to the young on maternally influenced
traits. Venge (1950) sought to separate the impact of uterine ervivorment
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versus maternal cytoplasmic effects with the reciprocal transfer of
fertilized rabbits ova between large and small breeds.

Expectations of the contributicns of additive and dominance effects to
the covariance among relatives to estimate variances due to direct and
transmitted influence on maternal traits were developed by Willham
(1963). Utilizing the "coefficients of parentage" and the dominance
coafficient of relationship the expected contribution to covariances
among relatives can be assessed. Van Vleck (1976) has developed selection
procedures for similtancous consideration of direct and maternal genetic
effects. Sare further evidence suggests that cytomplasmic effects could
be an important component of maternal influence (Bell et al., 1985);
although, conclusive evidence from experiments including embryo transfer
are not yet available.

The progeny test has been heralded as a means of accurately estimating
breeding values. Developed largely for sex-limited traits, many medifica-
tions have been made since Nils Hanson in 1903 proposed the equal parent
index as a method of expressing progeny test. Iush ({1935) did much to put
the relative acouracy of the progeny test and individual selection into
perspective. W¥hile of tremendous value in the advancement of animat
breeding, Dickerson ard Hazel (1942) also recognized its limitation in
respect to progress per unit of times as it lengthened the generation
interval. This concept for the analysis of expected genetic progress from
alternate breeding plans was further extended by Robertson and Rendel
(1950) to identify the potential annual contribution of each of the four
grandparental lines of the pedigree.

Significant advances in the precision of expressing the progeny test
have been made with the use of the contemporary comparison (Robertson and
Rendel, 1954) and the appropriate regression of daughter’s records on
herdmates (Henderson et al., 1954). The Modified Contemporary Comparison
(Dickinson et al., 1976) for dairy cattle and the Best Linear Urbiased
Predictor approach, BIUP (Henderson, 1973) represent further advances.

Selection indexes and selection

Reflection thus far has been couched in terms of selection for one
primary trait. BAnimals are a composite of many genes and numerous
expressed traits. Only rarely can the appropriate breeding goal be
confined to a single trait. Smith (1936) approached the problem of
miltiple traits with the development of a discriminant function for
choosing among strains or varieties based on the totality of genetic
differences among them. He introduced the important concept of the
relative worth or economic value of improvement in each of several
desired traits. Smith et al., (1986) have provided additional insights to
the derivation of economic weights, They have argued that extra profit
that could accrue merely from rescaling the size of the breeding opera-
tion should not be credited to the value of genetic improvement, per se.
Further, the fixed costs attendant to attaining a given level of cutput
mist be included; thereby reconciling equivalency of derived economic
weights from varicus profit equations (Dickerson, 1970).

Hazel (1943) approached the problem with the path cosfficient analysis
focusing on an index for aggregate average or additive breeding value for
the desired traits. He developed the concept of the genetic correlation
with the =mubdivision of the covariance between two traits into their
genetic and envircnmental components. The concept of the selection index
has provided much quidance in animal breeding theory and practice. The
generality of the concept to accommodate multiple traits, information on
relatives, and where the means and variances are unknown was underscored
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by Henderson (1963).

The BIUP methodology has become a standard for prediction of breeding
values in animal breeding practice. The initial conceptual framework for
this mixed model methodology was presented by Henderson (1949b), and its
further extension suggested (Henderson, 1973) in the symposium honoring
Dr. Jay L. Lush for his contributions to animal breeding. The procedure
combines the desirable features of selection index and least squares
techniques. It is adaptable to varying computer capabilities and addi-
tional intricacies, including the animal model, have been accommedated as
camputing capacity and economy have advanced. Although the system does
imvolve linear equations and had usually been applied to an additively
genetic model, Henderson (1977) has illustrated applications where
estimated wvalues involving dominance variances and oovariances are
utilized.

Experimental demonstraticn of the effectiveness of index selection has
not been definitive. When several traits are included in the selection
goal, it is difficult to achieve the dramatic response often noted with
single trait selection. However, long term selection studies such as the
70 generations of selection in maize for oil and protein content (Dadley
1977), and mmerous subsequent studies with laboratory and other species
(Robertson 1980) have underscored the resourcefulness of the hereditary
mechanism to provide the essential variability required for continuing
response to selection. Demonstrated correlated responses have confirmed
the manifold effects of selection. Robertson {1960) has provided us with
an analysis of the selection limits under the additive model. All of
these facets of information give assurance that our animal populations
should, for the most part, be far from their ultimate limits of improve-
ment for important economic traits.

Inbreeding, relationship and heterosis

The general effects of inbreeding were noted and recorded long before
experimentation began. Bakewell is credited with recognizing the con-
centration of breeding associated with close-breeding. Darwin's (1868)
statement "The consecquences of close inter-breeding carried on for too
long a time are, as is generally believed, loss of size, constitutional
vigor, and fertility, sometimes accompanied by a tendency to malforma-
tion". Prior to the close of the 19th century inbreeding experiments with
mice demonstrated the adverse effects of inbreeding on fertility and
litter size in rats. However, no measure of inbreeding was available, and
the degree of inbreeding was reckoned in terms of the mimber of genera-
tions of brother-sister mating that had accumulated.

Inbreeding and relationship

When Wright joined the U.S. Department of Agriculture in 1915, he tcook
charge of the inbreeding experiments with guinea pigs initiated by Rommel
in 1906. Analyses of data from these experiments led to the development
ofageneraltlmoryof inbreeding and to studies of the actual amount of

i that had ococurred in certain breeds of livestock. Wright
(1921) developed the coefficient of inbreeding which permitted evaluatin;
mbreedmgsuxdlesmacmparablebasmofexpecteddmn;emhetem-
Zygosis. Earlier (Pearl, 1913) and subsequent attempts (Fisher, 1949) to
mprcveuponthlsmeasuredldnotmeetw1thm1versalsums, and the
ceefficient F of Wright contimes in gereral usage. Wright (1921)
referrad to F as the correlation between uniting gametes, and he develo—
ped the concept in more detail in his later publicatien (Wright, 1922).
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Malecct (1948) has expressed the coefficient of inbreeding as a probabil-
ity rather a correlation context, which simplifies many developments.

The coefficient of relationship measuring the probable proportion of
genes that are the same for two individuals due to coammon ancestry also
was developed by Wright (1922). As was the case for the inbreeding
coefficient, the relationship coefficient gave a proportion over and
above that existi.ng in a base population. The quantification of relation—
ship and inbreeding allowed for a logical assessment of effects ocourring
from a mixture of regular and irregular matings. The covariance matriv of
the mmerator of the relationship coefficient, as twice the expected
inbreeding of offspring of these two parents, has prw1ded a basis for
many practical developments. The development of the ingenious computing
algorithm for the A1 matrix by Henderson (1976) represents a pemiltimate
application of these concepts.

Efforts to integrate the impacts of inbreeding, crossbreeding, and
selection was published in Wright's momumental work on "Evolution in
Mendelian Population" (Wright, 1935a). We draw heavily on his analysis of
inbreeding in a closed random mating population in experimental design,
e more for the avoidance of inbreeding rather than to increase homozy-
gosity. The relationship between population size, inbreeding and gene
extinction have provided the fourdation for further inquiry into this
field. Lush's (1947a) examination of chance as a cause of gene freguency
change in breeds of livestock is a cogent example.

Heterosis

Heterosis is the phenotypes difference between the progeny mean and the
average of the parents, with the potential for positive, negative or no
heterosis. Hybrid vigor is often used interchangeably, yet we al,most
never speak of negative hvbrid vigor. Dominance, overdaminance amd
epistasis may contribute to the expression of heterosis. Heterosis is a
mich used but basically little understcod phencmencn that had been noted
and its effect empirically recorded before Mendel published his findings.
Zirkle (1952) reports that hybrid vigor in crop production was known over
two centuries ago. The donkey is evidence of the knowledge of hybrid
vigor among animals. Mendel (1865) describes hybrid vigor in that the
taller of the two parent strains was exceeded by the hybrid. Darwin
(1876) stated, "The first and most important conclusion which may be
drawn from cbservations given in this volume, is that cross-fertilization
is generally beneficial and self-fertilization injuricus.”

Realization that heterosis was a special result of the principles of
inbreeding and outhbreeding, came with the work of Shull (1952); although,
he personally states that umraveling the heterosis concept was not the
purpose of their early research. Controlled parentage in maize was the
primary concern. East and Jones (1919) gave further substance to the
genetic concept. An important addition to the application of hetercsis
was that of general amxd specific combining ability among crosses as
presented for maize by Sprague and Tatum (1942) and for swine by Herder-
son (194%9a). This recognized the important contribution of additively
genetic merit as a fourdation for the expression of heterosis or specific
effects in the success of practical breeding programs.

With the understanding of the mechanistic basis for hetercsis, procedu-
res were sought to maximize gain for selection for heterozygosity. Hull
(1945) proposed recurrent selection as a means of selecting for specific
canbining ability. His proposal for intra-population selection included
the use of a tester strain to which the recurrently selected population
was to be mated. Comstock et al., (1942) propesed reciprocal recurrent
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selection as a breeding procedure to utilize advances in additive merit
and specific canbining ability, particularly if overdominance was opera-
tive. Numerous variations of such a scheme have been devised. Their
conparative response is directly dependent on the causal nature of the
hereditary variance; additive, dominance, overdominance and epistasis.
Such knowledge has not been available, a priori. Direct selection for
specific combining ability, with the usually lengthened generation
interval and demand for additional resources, appears warranted only
after it is determined that response to selection for additive genetic
merit has become meager.

The utilization of hybrid vigor has been a majcr component of applied
breeding programs, particularly with poultry and meat animal enterprises.
Maternal hetercsis in cattle and swine has been of sufficient magnitude
to dictate the use of crossbred females in comercial production (Dicker—
son, 1973). The trend toward specific sire and dam lines has been an
encouragement for the entry of camercial breeding companies, especially
into poultry and swine breeding.

Conclusion

Application of fundamental principles has advanced markedly in develop—
ing local, national and regional breeding strategies. Positive results
fram programs already are occurring. Investments in many schemes are
large, and the dramatic rise in inflation and interest rates in recent
decades has prompted a more careful examination of the return on inwvest-
ment along the lines suggested by Brascamp (1973). With the extensive
movement of deep frozen and embryos, some breed:.ng programs have beccme
intermationalized. This has prompted a recurring concern
genotype-envirommental (country) interactions. Falconer (1952) has provi-
ded a valuable insight in the context that a trait measured in two
different envirorments could be considered as two different traits
genetically. Within temperate areas of the world, such interactions have
not been of major significance on the basis of limited current experien-
ce. More dramatic evidence for such interactions has been recorded in
tropical ard subtropical climates.

All of the valuable contributions to the advancement of the theory and
development of animal breeding are not included, herein. Apology is
extended for critical omissions. Yet it is hoped that the major founda-
tion principles have been brought to your attention.

Many findings now can be catalogued neatly in their appropriate
classifications and categories, as if they were uncovered in an corderly
fashion. Insights, experimentation, analyses and interpretation come
slowly. They also come with much uncertainty, concern and often loneli-
ness, especially when a new tenet is advanced. We are indebted to many
persons, indeed many that have not been mentioned, for the exciting
develcpments that have shaped animal breeding from the past to the
present. Many of you here will carry the mantle of responsibility for
insuring the develcpment of anima)l breeding theory and applicatians in
the future.
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BIOTECHNOLOGY WITH SPECTAL REFERENCE TO GENE TECHNOLOGY IN ANIMAL
PRODUCTION/ANTMAL. BREEDING
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Summary

In the present paper, recent findings in molecular genetics are
sumarized. The opportunities offered by monoclonal antibodies and
recambinant INA technology to improve animal production are discussed.
Caments are given on some Norwegian biotechnology/gene technolegy
projects in animals.

Keywords: "keystones", monoclonal antibodies, recombinant DNA technology,
projects, ethics, prospects, resources.

Introduction

There has been a strong desire among scientists working in the field of
genetics to be able to exert control over the genes which are carbined in
new individuals. Conseguently, much effort has been spent during the last
decade in developing techniques to achieve this aim. In molecular
genetics, one is speaking of genetic engineering or gene technology. At
the same time, we know that much progress has also been made within the
field of embryc technology. In the following an attempt will ke made to
give a brief survey of new developments ard relate these to prospects for
future application in animal production/animal breeding.

Some biotechnological technicques such as embryo transplantation and
their applications will, however, not be dealt with here, but in other
papers.

Definition

Several definitions of biotechnology can be found in the literature,
one of these being as follows: "All technology which systematically uses
micro-organisms, or plant and animal cells, or parts here of, to create
or mxdify products, to change plants and animals, or to develop micro--
organisms for specific purposes" (Nordiska Ministerrddet, 1987).

Recent knowledge as a base for application — a short review.

If we try to sumarize the molecular genetical "“keystones", ard the
cell culture techniques the following may be listed: (see e.g. Old &
Primrose, 1982):

1. The INA-molecule (DNA = deoxyribomucleic acid) carries all the
inheritable information.

2. The sequence ard the number of amino acids give the proteins their
geometric structure.

3. The genetic code programmes protein synthesis.

4. Restriction enzymes are available to cleave the DNA-molecule at sites
with defined base sequences.

5. The cloningy of a fragment of DNA allows indefinite amounts to be
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produced from even a single original melecule, A clone is defined as a
large maber of cells or molecules all identical with an original
ancestral cell or molecule. Cloning of INA is made possible by the
ability of bacterial plasmids and phages to contimie their usual
life-style after additional sequences of DNA have been incorporated
into their genames.

6. Since 1980, several attempts have been made to introduce genes inte
animals. An animal that gains new genetic information through the
addition of foreign INA is described as transgenic. In the progemny,
expression of the donor gene is extremely variable, - it may be
extingquished entirely, reduced scmewhat, or even increased. Even in
the original parents, the level of gene expression does not correlate
with the mmber of tandemly integrated genes. Probably only a few of
the genes are active. What could be responsible for the variation in
gene eypression? One possibility that has often been discussed in
connection with transfected genes, and which also applies to in-
tegrated retroviral gencmes, is that the site of integration may be
important. A gene may perhaps be expressed if it integrates within an
active damain, but not if it integrates in another area of chramatin.
Another possibility is the ocourrence of epigenic modification. Same
of the transfected genes in the mouse are methylated, and changes in
the pattern of methylation might perhaps be responsible for changes in
activity. Altarnatively, the genes that happened to be active in the
parents may have been deleted or amplified in the progeny.

7. Hybridoma (MAb) technology. This modern variant of cell culture
technigque was first described by Kéhler & Milstein (1975). The
technique, still "young and promising”, is under constant development
both with regard to improvement and field of application. The prin-
ciple consists of merging (fusing, hybridizing) an antibody-producing
cell with a myelama cell (malignant plasma cell). The hybrid cell, the
so called hybridoma cell, thus created, combines the properties of
both parent cells i.e. it produces antibodies and grows continously in
caulture. Cloning consists in culturing (selecting) identical offspring
(a clone) of a hybridoma mother cell with an uniform monoclonal

antibody as the result (Figure 1).

The use of bictechnologqy/gene technology in animal production/animal
breeding

Monoclonal antibodies (MAb)

Antibodies which can neutralize e.g. bacteria and viruses are used in

diagnosis, prevention and therapy of infectiocus diseases in human - and
veterinary medicine. Such antibodies are proeduced in animals by special
cells, the lymphocytes. The need for pure, ummixed antibodies has been
met through the technique of cell hybridization. This technique is based
on the fact that each antibody secreting cell (lymphocyte) produces and
secretes one type of antibody. Mab is a tool which plays a central rule
in modern biotechnology and which has a vast ramge of applications.
Amorg he major of these are: 1) Dlagrnstlcs, 2) Bioseperations and
chramatcgraphy, 3) Development of wvaccines, including antigen charac-
terization and “antigen copying" (anti-idiotype), 4) Cell seperation, 5)
Blood and tissue typing, 6) Therapy, 7) Immuno—-assays and immunological
research etc. (see Lie & Hellemann, 1986), Concerning applications in
veterinary medicine, the following may be stated (see e.g. Hauge &
Ronningen, 1985).
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Fig.1l. Immrne response is initiated (a) when an antigen molecule carrying
several different antigenic determinants enters the body of an animal.
The immne system responds: lines of B-lymphocytes proliferate, each
secreting an immmnoglobulin molecule that fits a single antigenic
determinant (or a part of it). A conventicnal antiserum contains a
mixture of these antibodies. Monoclonal antibodies are derived by fusing
lymphocytes from the spleen with malignant myeloma cells (b). Individual
hybrid cells are cloned, and each of the clones secretes a monoclonal
antibody that specifically fits a single antigenic determinant on the
antigen molecule (Milstein, 1980).

Infecticus disease—causing agents

Because of their specificity and uniformity, MAbs are ideal as diagnos-
tic reagents. It may soon be possible to use commercial kits to identify
viral respiratery tract pathogens of horses. Specific MAbs can be
produced against rare or minor antigens, and these therefore have the
potential to dJs‘tJ.n;‘ulsh closely related strains of wviruses. Mibs that
distirquish canine parvovirus from feline panleucopenia virus have been
produced recently (Antczak, 1982).

Cell surface antigens
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The availability of MAbs against blocd group antigens would increase
the efficiency of blood typing and genetic identification of livestock.
Mabs against hlstocarpatlblhty antlgens are of interest, and these
antigens hold promise as markers for immne response genes in damestic
animals.

Another exciting prospect in this area is the possibility of developing
tumour specific MAbs that do not crossreact with normal tissue antigens.
Such Mabs could then be used, appropriated labelled, for determining the
location of a tumour with scanmning devices. The MAbs may also be used
either directly in immunotherapy, or indirectly to carry cytotoxic drugs
to the tumour (Collin & Kaplan, 1984).

Proteins and other small molecules

MAb can be used in the milk progesterone test for confirmation of
cestrus and pregnancy diagnosis in cattle (Robertson & Sarda, 1971; Heap
et al., 1973). The use of moncclonal antibodies leads to improvements in
test standardization ard avoids the dependency upon animals producing
high quality antisera. In pigs, increased levels of oestrone sulphate in
plasma have been demonstrated early in pregnancy starting from day 16,
w1thamxmmonday 40 (Robertson & King, 1974). mbshaveapctentlal
advantage in that they might have the desired specificity for oestrone
sulphate whereas polyclenal antibodies are mostly directed against
cestrone.Another typical application in animal reproduction is the use of
moneclonal antibodies against H-Y antigen for sexing bovine embryos
before transplantation (Booman, 1986). The affinity of the developed
monoclonal antibodies appears to be low. It seems unlikely that H-Y
antigen will be used as a means for selection of X or Y chromosome
bearing sperm. Success would depend on haploid expression of H-Y antigen
by Y-bearing spermatozoa. Use of MAbs to detect pesticide or drug
residues in carcasses, and illegal drugs in the blood or urine of race—
horses, can also be envisaged (Antczak, 1982).

Recambinant INA technology

Recarbinant DMA technology is characterized by new coanbinations of
irheritable material created by inserting mucleic acids molecules
produced outside the cell, into a plasmid or a virus vector. This vector
is introduced into a host where it will reproduce (see Figure 2).
technique can be used in different fields and/or strategies, the major
ones being:

1) Formation of recorbinamt DNA-products (either cloned naturally
ocauring or "mutant" proteins produced by means of protein engineer-
ing) such as subunit vaccines, therapeutic agents etc.

2) Production of diagnostic probes.

3) Reprograming of fermentation microbes or cells for efficient produc-
tion of various metabolites e.g. antibiotics.

4) Transfer of genes for

a) creaticn of cells for specific production or for the study of gene

requlation and expression,

b) creation of transgenic individuals to study gene regulation/expres—

sion and also effect on population level,

c¢) samatic gene therapy (humans).
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Fig. 2. Use of DINA ligase to create a covalent DNA recambinant joined
association of termini generated by Eco RI.(0ld & Primrcse,
1982) .

Production of vaccines.

The conventional methods of vaccine production are not only expensive
but also sometimes pose a certain risk. Vaccines produced by recombinant
INA technology have compared to conventional methods the following

advantages:

a} The risk of infection when producing and using the vaccine is reduced
because the vaccine does not include infectiocus material.

b) The vaccine may be produced at a lower cost.

c) The vaccine will be cheaper and easier to handle if e.g. storing at
lower temperature can be avoided.

The main drawback associated with modern subunit vaccines is low
immmogenicity. Though the solution of this problem has proven to be
quite a challenge, several promising techniques for potentiation of
immmogenicity have recently been presented (Franke et al., 1985, Morein
et al., 1984. For review sece Lie & Hellemann, 1986),

Genes for virus subunits have now been cloned for the following animal
viruses: Herpes virus, canine parvo virus, foot-and-mouth disease, fowl
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plague, rabies, and vesicular stomatitis, while several others are in the
process of being cloned (Bachrach, 1982)., In the area of bacterial
vaccines, attempts are being made to transfer pili genes from enterctoxi-
cogenic E. coli causing diarrhoea in livestock into E.coli K12, with the
aim of producing a pilus vaccine (Bachrach, 1982).

The ability to separate functional antigens from irrelevant antigens,
and to produce specific proteins, opens up the possibility of also
developing vaccines against helminths and hemoprotozca. Furthermore, it
may now became possible to produce vaccines against agents which are too
dangercus to grow on a large scale using conventional methods.

A survey of the potential for new bioctechnology in vaccine production
is given in Table 1.

Table 1. Viral animal diseases and potential vaccine production.

Potential Current Potential
for new vaccine for
Disease biotechnolegy status new vaccine
Viral diseases:
Foot-and-mouth disease..... + Medium Replacement
RADIOS . s vvaresesvssstncnnes + Variable Replacenment
Parvovirus:
Swine........ + Poor Replacement
CaNINE. tvvivesovennannenn + Medium Replacement
Bovine leukosis virus...... + N.A. * Replacement
Bovine papillama virug..... + N.A. Export animals
Rift valley fever.......... + Good Replacement
Marek's disease (fowl) + Medium Replacement
Infectious bovine:
Rhinotracheitis.......... + Medium Replacement
Psexdorabies. scvvesrssrsoas + Medium Replacement:
African swine fever........ + None New product
Rota viruses.....covevrenae - None New product
Bluetonque....everinneaneas + Poar to Export
medium animals
Hog cholera...veveessescens - Good Replacement
Newcastle disease.......... + Poor in Replacenent
same areas
Bacterial diseases:
Tuberculosis. cceiecreennasns N.A. Nene New product
Necnatal diarrhea.......... + Poor Replacement
Bacterial respiratory disease. N.A. Poor Replacement
Anaplasmosis N.A. Ncne New product
Parasitic diseases:
Babesiosis.e.evvecineenenns + Ncne Replacement
Trypanoscmiasis...... vesuen + None New product
CocCidioSiS. v eereavonnnennn + Good Replacement
Helminithic diseases..... e + Fair Replacement

* N.A. =Information not available.

Source: Board of Science and Technology for International Development, et

al.. "Priorities in Biotechnology Research for International Development-
of a Workshop" (Washington, D.C.: National Academy Press and

the Office of Technology Assessment).
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Production of hormcones

The first pharmaceutical products resulting from the application of
this new technology were the hormones somatostatin, insulin and growth
hormone, and the antiviral agent interferon. The testing of microbially
produced growth hommone from swine and cattle and of interferon from
cattle is well underway. Remarkable results have recently been reported
in connection with the use of synthetic growth hormone in lactating cows.
A daily injection of 40 mg hormone led to a 40 percent increase in milk
yield compared to the control group (Hauge, 1985). Given to heifers,
hormone increased growth of the wudder. It also appears pramising with
regard to obtaining more efficient meat production. Another hormcne the
availability of, which might be valuable, is parathyroid hormone. This is
because of its potential as a prophylactic agent in cows with a history
of milk fever, one of the common production diseases.

The following results have been reported from experiments in USA in
which pigs were given a daily injection of 200 mg growth hormone,
starting at about the 40 kg live weight stage:

15-18 % increase in growth rate.
20-30 % increase in feed efficiency.
55 % reduction in the amount of carcass fat.

Manipulation of micro-organisms in the numen to increase feed efficiency

An interesting question related to animal production is the following:
Is it possible to increase the genetic capacity of enzymes of ruminal
bacteria by recombinant INA technique? We know that e.g. reindeer and
misk oxen possess rumen organisms which depolymerize hemicellulose/-
cellulose/lignin more efficiently than those in high yielding milk cows.
Efforts are being made to induce bacteria in the pig stamach to produce
cellulose degradaticn enzymes, using recombinant DNA technology (Pond,
1983). See also Smith & Hespell (1982}, and Rutledge & Seidel (1983).

Diagnosis of microbial infecticons

Hybridization using a radicactive, isolated INA fragment can also be
used to identify genes of infecticus organisms. Such INA probes for
several human viruses are now being produced on a commercial scale. A
further account is given by e.g. Olsvik & Fossum (1986).

Animal breeding

The application of traditional animal breeding strategies in e.q.
cattle, pig and sheep results in a genetic progress per year of approx. 1
% for several traits. This level of progress could certainly be main-
tained over many generations on the hasis of existing knowledge. If a
substantial increase in genetic progress is to be achieved, it is
necessary to mobilize: new knowledge, new technology (Everett, 1984).

The finite chject for selection is in fact the gamete. However, in
practice selection is made between gametes. By uniting gametes from "the
best", we gradually change the gene frequency in the desired direction.
However, we never find gametes carrying only "plus" genes. We have to
accept a prcportlcm of "mirus" genes along with the "“plus" genes.

Genetic engineering may, however, eliminate these problems to a large
degree. It may be possible to transfer single genes from i
populations without them being accompanied by undesirable alleles, as
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well as to achive gene transfer from one species to another.

In other words, we are talking about transgenic animals. As described
in a literature review by Skjervold (1984) success has been achieved in
producing transgenic. In studies carried out by Hammer et al. {1985), the
gene for human growth hormone was injected into 5 thousand zygotes of
rakbit, sheep and pig. The gene was expressed as mRNMA and human growth
hormone in rabbit and pig. However, no significant stimilation of growth
was demcnstrated probably because of failure of the receptor system. It
may also be mentioned that a Chinese research group has succeeded in
developing transgenic gold fish, and that attempts have been made to
transfer genes fram Merino sheep to zygotes from Fnglish meat breeds of
sheep. In Norway, promising results have been obtained with regard to the
transfer genes for human growth hormone to fish eggs.

In the survey below, a camparison is made between different species
concerning the production of transgenic animals (Krausslich, 1986).

Table 2. Production of transgenic animals.

Mouse Rabbit Pig Sheep Cattle

Ovulations per animal
- without supercvulation 6-10 8-12 10-15 1-3 1
- with superovulation 15-30 20-30 30-40 4-8 4=7
Visibility of nucleus +H+ +HH+ +H + +
Survival rate

(progeny/injected eqgq) 10-15% 8-12% 5-10% 5-7% 3-5%(?)
Inteqgration freguency

(transgenic/progeny) 15-25% 10-15% 8-12% 2-5% ?

Three methods of transfer have been pursued: 1) direct, physical
injection on the male pronucleus, 2) retroviral-aided introduction, and
3) a two step procedure based on the incorpcration of the chosen gene
into a population of embryo stem cells, the selection of cells that
express the gene, and the subseguent incorporation of such cells into the
blastocyst (Fig.3). Most studies have been conducted with the laboratory
mouse by direct injection. The rate of incorporation in damestic live-
stock species has been lower than in mice (Land & Wilmut, 1987).

retroviral gided ——
incorporation into
embryo

sperm

A
Fertilised ..y direct injection ___,Transgenic
oocyte into proancleus Animal
A

gene transfer into
stem cells before
incorparatior inte ————’
biastocyst
Fig. 3. Three routes for the production of transgenic animals. (land &
Wilmt, 1987).
It seems reasonable to believe that gene technology/gene transfer will

€gg
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be most appropriate for traits deperding on one or a few geneg. There are

now several exanples of single genes which increase litter size in sheep.

The best documented is the Boorcola gene (Piper & Bindon, 1985), thouch

cothers have been reported in Icelandic sheep (Jonmundsson & Adalsteins-—

son,1985), and the Cambridge breed of sheep (Hanrahan & Owen,1985).

Whether these are allelic or possibly even the same allele is not known.

The only other examples of single genes affecting normally polygenic

traits are the “halothane" and double muscling genes of pigs and cattle,

respectively, which increase the yield of lean meat. Not only are there
few examples, it is alsoc very relevant to note that these genes exert
both beneficial and adverse effects, the latter limiting their applica-
tion. The double muscling gene increases calving difficulties, while the

"halothane gene", though increasing the lean meat yield, leads to

increased mortality due to stress as well as a greater incidence of PSE

(pale, soft, exudative) meat. Present evidence seems to indicate that the

molecular biologist is unlikely to find single genes with purely favour—

able effects for transgenesis.

If, however, we try to predict more precisely the relevant fields of
application for gene transfer in animal breeding, the following likely
candidates appear:

- Gene therapy. A large mmber of hereditary defects in damestic animals
have been discovered. In 1973 the World Health Organization started
publication of a Bibliography on Congenital Defects in Animals, which
is regulary updated. For breeding purposes, it would often be valuable
to detect carriers of recessive disease genes, A hamozygous condition
for a dominant gene may, furthermore, not always be apparent phenotyp-
ically. Assiming the availability of a DNA probe for the gene in
question, it is now theoretically possible to study INA in a bloed
test from the animal and decide the status. Purthermore, research is
being carried ocut to develop techniques for substituting the "sick"
gene with a healthy one. This has already been achieved in mouse model
systems like lack of immine responsiveness to certain antigens (le
Meur et al. 1985).

Certainly, it would be desirable to increase general and specific

resistance against infecticus and production diseases.

- Increase in the production capacity of animals by transferring genes
coding for "key substarces" (e.qg. hormones). Palmiter et al. (1982)
transferred a gene for growth rate from rat to mouse. They concluded
that there is a correlation to the mwber of copies of INA for growth
rate, and that the transferred gene is adopted.

- Increase in the number of the copies of genes coding for a particular
protein in order to increase its rate of synthesis(genes c<oding for
milk-protein, egg-protein, muscle-protein, wool-protein, and so on)
(Ward et al., 1986).

According to Land & Wilmit (1987) a gene transfer must improve an
econcmic trait by at least 10 percent to be justifiable, without any
negative conseguences for the other traits. The same authors emphasized
that 200 cows are necessary to identify one of five useful gene construc—
tions for a dairy trait.

ILand & Wilmut (1987) also pointed cut that it wiil be important to
define both the beneficial and the deleterious effects of the gene, as
well as to compare the benefit gained with that achievable by convention—
al genetic selection. As gene expression depernds upon the site of
incorporation and of copies of the gere, this assessment will be required
for each transgenic line.
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Closely related to the applications already mentioned is tissue typing.
Tissue typing antigens are gene products showing great variation, and a
relationship with disease resistance. This has been mainly studied in
human beeing and mouse, but seems also to be the case in domestic animals
{see e.g. Syed et.al., 1986). Some examples are given in Table 3.

Table 3. MHC-associated diseases in farm animals.

Species Disease

Chicken Marek's disease
Lymphoid leukaemia
Rous-sarcoma-virnus induced tumours
Antoimmne thyroiditis

Cattle Leukaemia virus infection
Mastitis
Resistance to various
parasites (Ixudes spp.)

Horse Sarcoid

Swect Itch (Sumer eczema)
Swine "Piglet-mortality"
Sheep Scrapie?

The most camon method enployed to carry out tissue typing inwvolves the
use of sgpecific antiserum. Antisera produced in the traditional way
include polyclonal amtibodies. As mentioned earlier it is possible to-day
to produce monoclonal antibodies using cell fusion technique., The new
techniques developed within the field of biotechnology allow tissue
typing studies to be done more directly i.e. they allow the comparison of
thebaseseque:wemENAmdlfferentammls.Asmplermeﬂndto
clarify genetic variation at the DNA level is the application of RFLP-
technicque (RFLP - Restriction Fragment ILength Polyrmr;i‘usnn) (see e.q.
Syed et al., 1986). This technique is currently being used in Norway in
cattle, pig, goat, horse and fish.

"K_ex_ word‘s" fgr lsome Norwegian bictechnologv/gene technology research
projects in animals

Embryo transplantation and embryo sexing in cattle.
- Topics: Exbryo; transplantation; sexing; freezing.

Study of INA in bacteria with respect to virulent factors.
- Topics: Plasmid profile; gene probe; antibiotic resistance; ecology.

- Topics: Identification; gene mapping.

Immne response in fish, methods and inheritance.
-~ Topics: Immme mechanisms; immunogenetics; infection resistance; fish.

Increased feed efficiency in fish using recombinant INA technology
- Topics: Feed efficiency; insuline; fraction of carbohydrate; salmon;
trout.

Recambinant INA technology to diagnose inheritable defects in animals.
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-~ Topics: PHI-gene; Hal-gene; DNA probe; meat quality; pig.

Hereditary requlation of disease resistance in animals.
- ‘I\::plcs Tissue typing: lysozyme activity; DNA probes; o-DNA library,
genomic library.

Monoclonal antibodies and transfection technology.
- Topics: Bictechnology; monoclonal antibodies; gene—transfection;
disease control.

In vitro fertilization of egys in cattle.
- Topics: In vitro fertilization; biotechnology; reproduction; cattle.

Ethical aspects

The ethical aspects related to the use of biotechnological methods in
human medicine has been, and will continue to be, a topic for careful
examination and debate, both nationally and internationally. Similar
concerns arise in animal breeding and veterinary medicine, although not
to the same extent. The ethical aspects in the animal field are essen-
tially related to animal welfare. A more detailed discussion is given by
e.g. Fossum (1986).

The prospects for gene technology

It is difficult to predict exactly how mportant a role gene technology
will play in different areas of animal science. Skjervold (1986) made an
incuiry among American scientists, the results of which are given in
Table 4.

Table 4. The influerce of gene technolegy in 1990, 1995 and 2000 accord-
ing to 150 American scientists. Higher value means greater influence
(Skjervold, 1986).

Application Influence
1990 1995 2000

Disease resistance,

diagnosis of diseases 1.55 2.28 2.73
Medicines (hormones, vaccines,

antibioctics, and so on) 1.74 2.46 2.91
Nutrition (growth hormones,

rumen bacteria, and so on) 1.23 1.97 2.37
Genetic progress (yield/

productivity) 0.97 1.39 2.09
Gene mapping 1.35 2.09 2.50

As can be noted from the table, the expectations are greatest with regard
to “"disease resistance and medicines,
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Economic resources in bigtechnclogical research.

Research funds channeled into biotechnological research in the Nordic
countries amount to about 2.5 billion (USA) Norwegian kr. per year,
Expressing this figure in another way input is about 5000 "research
years", the percentage of funds from goverrment (public sector) and
industrial scurces being almost the same (Nordisk Industrifond, 1987). As
can be seen from Table 5, Sweden tops the list in Scandinavia. In Norway,
it is planned to spend about 250 million Norwegian kr. on research in
biotechnology during the period 1986-88, about 25 percent of this being
within the field of veterinary medicine, and plant and animal breeding.

Table 5. Number of "research years" within biotechnology-related areas
(Nordisk Industrifond, 1987).

Govermment Industry
Country Number of Number of concerns Number of

"research years" undertaking "research

Total Gene techn. research years"
Dermark 650 approx. 215 30 1250
Norway 450 approx. 90 23 240
Iceland 40 approx. 5 é > 10
Finland 380 approx. 75 23 >200
Sweden 770 approx. 300 60 1100
Total 2290 approx. 685 142 2800
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INTERACTICN BETWEEN MOLECULAR AND QUANTTTATIVE GENETTCS
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Summary

Animal breeding programmes are currently based on guantitative genetic
principles, ut the advent of molecular genetic technigques such as
insertional matagenesis and insertion of specific omnstructs as
transgenes opens new possibilities. Molecular technigues for induction of
insertional mitations in mammals are reviewed. The rate of production of
quantitative genetic variation by induced mutation compared to the
spontaneous rate and likely increases in response are assessed.
Insertional matagenesis is also a potential tool for molecular analysis
of quantitative variation. Insertion of specific transgenes mast, to be
effective, give rates of progress competitive with those currently
achieved, or add to existing schemes. The major problem is the iden-
tification of suitable genes for insertion to improve quantitative
traits, which stems from the present lack of under starding of cuantita-
tive characters at the biochemical level. The implications of imprinting
(inactivation of maternally or paternally derived genes) for quantitative
traits are reviewed.

Key words: cquantitative genetics, molecular genetics, animal breeding,
mrtations, transgenes, imprinting.

Introduction

Current breeding programmes in animals are based mainly on quantitative
genetic principles. Essentially we design the programme and select each
generation on the premise that many genes influence each trait and that
we can describe their inheritance in terms of genetic and erwirommental
components of variation and covariation. Sometimes we have information on
individual genes, for example halothane susceptibility and its relation
to lean meat content of pigs. In such cases we can and do use the
information in both the design and execution of a programme, for example
in ¢rosshreeding or progeny testing. The mumber of such identified genes
is few, however, and so their application is limited. In view of the fact
that current breeding programmes achieve rates of progress in excess of
1% of the mean per year, up to 4% in poultry for meat (Smith, 1984), it
seems likely that molecular based programmes, whatever they might be, are
going to be an addition to, mot a replacement of, conventional selection.
Three specific applications of molecular methods, at least with present
technology, can be identified:

{i)Marker assisted selection using restriction fragment length polymor-
phisms (RFLPs). The increasing availability of many molecular markers for
man and the similarity of mammalian genetic maps (Womack & Moll, 1986),
makes it likelythatthesameprobeﬁcanbeusedmanmals.'lm,sopens
up several possibilities: (a) Identificaticn of genes or short regions of
INA which have a large effect on the quantitative trait using within or
between population variability. Subsequently, identified or cloned genes
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can be transferred by conventional crossing or transgenic metheds. (b)
Transfer of known genes between populations by repeated backcrossing but
with transfer of little associated chromosome. (€) Incorporation of RFLP
markers in selection indices. As it is very unlikely that the RFLP
variant identifies the actual base change or insert associated with the
trait, use has to be made of linkage disequilibrium between the marker
and trait loci either in the population as a whole or within families,
for example by selecting young bulls on the basis of segregation within
the half-sib family (Scller & Beckman, 1982}. The use of RFIPs is
urdoubtedly interesting and important, but is to be discussed elsewhere
in this volume.

(ii) Insertional mutagenesis. Rates of response to selection are
deperdent on the genetic variation in the population. Molecular methods
offer the possibility of increasing wvariability by mitagenesis, even
though individual genes are not identified. Various methods have poten—
tial for inducing mutations by insertion of foreign INA and disrupting
the genome of the host. We shall consider the theoretical background to
the maintenance of gehetic variation, factors which influence it, poten-
tial methods and the possible role of insertional mutagenesis. As this
area has not received much attention in the literature, we focus on it.

(iii) Transgene insertion. Specific genes can be inserted which, if
suitably expressed, can lead to large phenotypic changes. We consider the
possibilities of what can be regarded as directed mitation and in
particular how transgenic and cquantitative genetic methods interact.
Althouwgh undoubtedly important and exciting, there have been many reviews
of this area, so our contribution will be relatively brief.

Quantitative geneticists know little about the genes that determine
traits of interest, neither their effects on the trait nor their mode of
action, neither their number nor their interactions. Molecular methods
offer possibilities for elucidating the genetics of quantltatlve traits,
important both scientifically and for eventual application in mprwanent
programmes. Furthermore, molecular studies have provided new information
about modes of inheritance, and in particular the ideas of "imprinting",
which may have an impact on cur cuantitative genetic assumptions. Same of
these aspects, not directly related to improvement, are also discussed.

Mutation and long-term selection responses

Substantial rates of change are currently being achieved in well
organised conventional selection programmes, amd it is unlikely that new
methods will replace these successful schemes. Let us review the factors
that maintain genetic variability and selection responses in natural and
danestic populations.

Thecretical analysis shows that if gene effects are additive andmitants
are neutral with respect to fitness, then the steady state variance in a
population of effective size N is equal to 2NVy, where Vi is the new
variation produced by mutation each generation (Hill, 1982; Hill &
Keightley, 1988). Somewhat surprisingly, it can be shown that this value
also pertains with directional selection providing mutants are equally
likely to increase or decrease the trait. As the proportion of favairable
muitation declines, so the variance declines roughly pro rata. Evidence
from Drosophila, reviewed later, shows that if mutations are neutral with
respaect to fitness, their rate of ocourrerce is sufficient to maintain
the variation we cbserve in most populations. Natural selection will,
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however, probably reduce variation., If stabilizing selection applies
(i.e. irdividuals are less fit if their phenotype is extreme for the
trait in question), it can be shown that the genetic variance is propor-
tional to the total mumber of mutants affecting the trait per generation,
and can be mich less than if they are neutral (Turelli, 1984). If,
alternatively, mtants influencing important metric traits are unfit
through their direct effects on viability or fertility, variation is
again reduced, the extent depending on the joint distribution of effects
of mutants on the trait and on fitness.

It is clear from such analyses that long texm responses to selection
deperdd greatly on rates of mutation, and it seems likely that the
continued response in poultry populations derive at least in part from
matations arising smoemdembreedmgpmgrammwerestarted In the
long term, therefore, changes in mutation rate are likely to have
substantial effects on variation maintained and utilizable by selection
unless all mrtants produce unfit individuals or are pocrer for the traits
urder selection than existing variants. Presently we have very little
information on distributions of mutant effects on which to base calcula-
tions. The relation between the level of the trait and the proportion of
favourable mutants is particularly critical. Molecular methods give us
the opportunity both to induce mutations and to study the effects of the
mitants on traits of interest, and thus to bridge some of the gap between
molecular ard quantitative genetics.

Bates of generation of itative variation mrtation

There is no information currently available on the mitational variance
spontaneously arising per generation in quantitative traits of commercial
species, We therefore have to rely for our predictions on estimates from
laboratory species. The two basic methods of estimation of new mutational
variation are by selecting from an inbred base or by analysis of variance
-among inbred sublines. ILynch (1988) has reviewed methods of estimation
arxkd published estimates of the ratio of mutational to envirommental
variance, Vu/Vg, arising from spontanecus mutations. The most extensive
data are for various Drosophila bristle traits, for which Vy/Vp = 0.001
is typical, and there is a fair deqree of agreement among estimates
(Hill, 1982). Thus the increase in variation fram spontaneous mitation is
small. However, because the steady state variance is proportional to NV,
its eventual contrilaution to variance and response is large.

Irrter&stmgly, however, some of the highest estimates of mutational
variance (as Vy/Vp) come fram subline divergence of various morphology
traits in mice (Bailey, 1959; Festing, 1973), which, although very
variable, tend to be an order of magnitude greater than for Droeophila
bristle traits. It is not surprising that rates differ among species
because such factors as mmber of cell divisions in the germ line per
generation and generation interval vary between species. There are also
likely to be substantial differences between characters in the freguency
distribution of the effects of new mutant alleles, i.e. in the relative
mmber of mutations with small and large effects,

'Coventional' artificial mutagenesis

Artificial mutagenesis has been of little use in generating new varia-
tion in commercial traits in animal species and its success in plants has
been 1limited and disappointing. Experimentally, the most extensive
quantitative genetic studies are of X-ray mitagenesis of various Drosoph-
ila melanogaster bristle traits.
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Classically, X-ray rmutation rates are measured by a sex-linked lethal
test. Early studies showed a linear relationship between the rate of
sex-linked lethal mutations and X-ray dose (reviewed by BMuerbach, 1976,
Ch. 5). One KR of X-irradiation imduces a frecquency of abouat 0.03 sex-
linked lethals in Drosophila spermatozoa. As the average spomtaneous rate
to sex-linked lethals from a range of natural and laboratory stocks is
about 0.0026 (reviewed by Crow and Temin, 1964), 1kR of X-rays increases
the rate of sex-linked mutations about tenfold.

compare these rates with rates of generation of wvariation in
Drosqinla bristle traits by X-rays, the experiments of Kitagawa (1967)
ard Hollingdale and Barker (1971) are most relevant. They provide data on
response to selection of abdominal bristles from inbreds subject to X-
rays each generation. Such data can be used to estimate Vy/Vp by emloy-
ing theory for predicting selection responses fram new mutations (Hill,
1982). The large experiment of Clayton and Robertson (1964) cannot be
used for this purpose because the X-irradiation was done during the 150
generations prior to artificial selection, so most new variation would
have been lost by drift and natural selection. Hill (1982) derived an
approximate expression for the cumlative response (Cp, in units of
envirommental standard deviation) to generation t from new mutations of
small additive effects on the trait,

Cp = 2Ni (Vy/Vi) [t-2N(1-exp(~t/2N)) ]. (1)

thscanberearrangedtoglveVM/VEmternsofCt,Nardselectlcm
intensity (i). The population parameters, responses and estimates of
Vw/'Vg from Kitagawa's (1967) and Hollingdale and Barker's (1971) experi-
mentsareglveanablel Responses in the non irradiated controls were
small, but give values of Vy/Vgp close to the value of 0.001 mentioned
earlier. If a value of V/Vp = 0.001 for spontanecus matatjons of
abdaminal bristles is assumed, then 1kR of X-irradiation increases the
rate at which new mutational variation is generated by a factor of about
6. It should be noted, however, that equation (1) assumes an 'infinitesi-
malt! model with mitants of small selective value (Ns). The true distribu-
tion of effects of new mutants is not known, but the presence of large
effects will lead (1) to over-estimate Viy/Vg.

Table 1. Selection responses in bristle mmber of D. melanogaster in
irbreds and estimates of Vy/Vg.

Reference Ne i t Cy X-irradiation Wp (V/VE)/KR
Kitagawa (1967) 8.4 1.4 17.5 3.36  1.5KR 0.0100  0,0067
8.4 1.4 17.5 0.19 - 0.0006 -
Hollingdale & 140 0.8 20 1.04 1.0kR 0.0058 0.0058
Barker (1971) 140 0.8 20 0.16 - 0.0006 -

X-ray induced Vi/Vg estimated from cumilative response to
selection averaged over lines using eq. (1). Effective population size
(No) was assumed to be 70¥ of actual size (Falconer, 1981, p.66).

In view of the relatively small responses obtained in these experiments
ard the mumber of generations required, it is perhaps not surprising that
there has been little success using radiation to induce variation in
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vertebrates. Small improvements were, however, detected in an irradiated
mouse line at an apparent body weight selection limit (Roberts, 1967).

Muitagenesis by transposable elements

The classical work on maize showed the existence of mutator loci, arnd
similar phenomena were later discovered in Drosophila. These elevated
matation rates were later shown to be caused by the movement of transpos-
able elements, the best characterised system being the P-M system of D.
relanogaster (see Engels, 1988, for a review). Sane strains carry P
elements, some do not, and in crosses between them a mmber of wmusual
features collectively termed "hybrid dysgenesis", are noted. In par-
ticular, mutations occur as a consequence of movement of these elements
into and cut of many sites in the DNA.

Recently, the movement of P elements following such crosses has been
shown to induce large amounts of genetic variation in bristle traits
{(Mackay, 1985, 1987) ard in fitness (Yukchiro et al., 1985; Mackay, 1986;
Fitzpatrick and Sved, 1986). Mackay's (1987) estimate of Vy/Vg per
generation for abdaminal bristles was of the order of 0.1, i.e. approach-
ing twenty times greater than that induced by 1KkR of X-rays (Table 2).
The rate of production of sex-linked lethals by P-element transposition
in "dysgenic" crosses was estimated to be 0.03 by Sinmons et al. (1980)
As discussed by Engels (1988), this rate may include mutations arising
from excision as well as insertion. The rate of mutation from insertion
alone was estimated to be 0.008 (Simmons et al., 1985).

Table 2. Comparison of spontaneous mitation rates with these from X-rays
and P-element transposition in D. melanogaster

1 generation of
Spontanecus  1kKR X-rays P-element

transposition
Recessive lethal rate 0.0026 0.03 0.03 (c)
Vy/Vg for abdominal bristles 0.001 0.0062 (a) 0.11 (b)

a} Average of Kitagawa's (1967) and Hollingdale & Barker's {1971)
results.

b) Average for reciprocal crosses of Mackay (1987).

c) Presumed to include excision and rearrangements.

Thus, Mackay's results show a difference between the mutagenic effects
of X-rays and P-elements on genes causing recessive lethal mrtations and
those affecting variability in bristle mmber. One kR of X-rays and one
generation of P-element transposition induced by a dysgenic cross beth
increase the rate of recessive lethal mutations to ten times the spon-
tanecus rate. However 1kR of X-rays leads to a sixfold increase in the
rate of production of variability in bristle number whereas one genera-
tion of transposition leads to a hundredfcld increase. Several hypotheses
are possible to explain the apparent discrepancy.

(1) The freguency distribution of mutant effects on abdaminal bristles
induced by X-rays and P-element transposition is extremely leptokurtic
and a few mutants of very large effect happened to be cbtained by chance
with P-elements, but not X-rays. This explanation, however, seems
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unlikely in view of the apparent consistency of the results of indepen-
dent experiments (Mackay 1985, 1986, 1987).

(ii) There were "hot spots" of P-element activity in Mackay's lines which
for some reason caused proportionally more wvariation in abdominal
bristles and fitness traits than X-linked lethal mutations. This is
probably part of the explanation for the difference in mutation rates
because there is considerable variation between loci in rates of P-
element insertion (Engels, 1988). The same or similar matation was
probably obtained as independent events in the abdaminal bristie lines
(Mackay, 1985), scme of which may have been caused by excision rather
than insertion. Intriguingly, in Drosophila ananassae a class of mta-
tions, Om, which produce plelotropic eye morphology defects has been
shown to be caused by insertion of tom transposable elements at 20
different loci (Shrimpton et al., 1986).

{iii) The types of mutations caused by the insertion/excision of P-
elements may be different from those caused by X-rays, and as such have
more effect on quarrtltatlve traits. There is evidence that P elements
insert preferentially in the 'control' region upstream from amino acid
coding sequences (reviewed by Engels, 1988). T.F.C. Mackay (personal
camunication) has argued that such insertions cause in the
'regulation’ of genes which gives the necessary range of subtle effects
to cause genetic variation in quantitative traits.

Possibilities in vertebrates

The finding that large amounts of quantitative variation can be genera-
ted by insertional mutagenesis is surprising and, as discussed above, the
explanation is not clear. Presumably, mutagenesis by transposition is
powerful because it is highly specific, in contrast to X-irradiation
which causes non-specific damage so that doses cannot be raised suffi-
ciently to produce much useful variation. Although transposable elements
of the type found in Droscphila are not known in vertebrate species,
there are other methods currently available for introducing insertional
varjation:

(1) DNA micro-injection.

This method applies to mammals, and has been successful with large farm
animals (Hammer et al., 1985). A foreign INA species (the particular
sequence used is of little relevance for these purposes) is injected in
miltiple copies into the promucleus of the fertilised egg, which can be
re-introduced into a foster mother. INA inserts apparently randomly,
usually at a single site as a large tandem repeat (Palmiter & Brinster,
1986). In the mouse, the insertion of foreign DNA into the germ line to
make transgenics by such wethods has also been shown to induce mutatijons.
In a survey, Palmiter and Brinster (1986) concluded that 9 visible or
lethal mutations occurred in 110 transgenic mouse strains produced by IHA
micro-injection.

(ii) Use of Electric Fields.

DA enters cells subjected to a strong electric field which causes

temporary holes in the membrane (electroporation) with similar results to

micro-injection (e.g. Chu et al., 1987). With iontcophoresis foreign DNA
is again introduced into the pronuclens using a micro pipette. Instead of
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using pressure to expel the contents as with micro-injection, however, an
electrical potential difference is set up between the pipette contents
and the cell medium. DNA enters the promucleus in a manner analogous to
electroghoresis and inserts into the gename either as tandem repeats or
as multiple single copies (Lo, 1983; C.W. Lo, personal coammnication).

(iii) Retroviral Infection.

There are several routes to obtain proviral inserts in the germ line
which have been developed in the mouse (reviewed by Gridley et al.,
1987). 'The germ line can be infected with retrovirus from the 4-cell
stage of the embryo to the midgestation embryo stage. Altermatively,
enbryonic stem (ES) cells (Evans and Kaufman, 1981) can be infected and
these subsequently introduced into chimaeras (Bradley et al., 1984).
Proviruses insert into the genome apparently independently and at a large
nurber of possible sites, the mumber of sites of insertion depending on
the nunber of cycles of infection. Using ES cells, the mmber of inserts
can be large, with tens of sites possible per cell (Robertson et al.,
1986). A similar frequency of rutation as for DNA micro—-injection alsc
ocowrred for mutagenesis by insertion of proviruses after retroviral
infection of embryos, albeit with a smaller sample (Gridley et al.,
1987). The retroviruses used in these experiments are usually defective,
i.e. depend on extermally supplied helper functions. Such methods could,
in principle, be extended to other mammals or birds.

Nothing is presently known about quantitative variation generated by
insertional mutagenesis in mammals. The use of pruviruses has currently
the greatest potential because, like Drosophila transposable elements,
they are likely to insert near the 5' end of gehes (Vijaya et al., 1986;
Rohdewchld et al., 1987), and multiple sites of insertion can be genera-
ted.

Potential contributions of mitations to response

The time scale required and possible benefit of increased mutation in a
quantitative trait can be evaluated by simplifying eq. (1) assuming t/2N
is small:

Ce = t2i(Vy/VE) /2. (2)

The response from mutation increases approximately quadratically with
generation mmber. Predicted responses for a range of values of Vy/Vg and
two initial heritabilities asstmung the M"infinitesimal" meodel and
ignoring changes in genotypic variance from disequilibrium and matation
are shown in Table 3. If large quantities of useful variation could be
generated, as occurred in Mackay's Drospohila lines, selection responses
can be substantially increased. It should be noted, however, that this
model has several limitations, the most severe of which are: an egual
frequency of beneficial and deleterious new mutations is assumed,
although most mitations for traits connected with fitness are likely to
be harmful; the infinitesimal model is assumed so eq. (2) underestimates
the possible response (Hill, 1982).
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Table 3. Predicted selection responses from existing and new mutational
variation in units of iep from existing variation.,

n = 0.1 ' = 0.5
V'Vg =5 t=10 t=5 t=10
0 0.50 1.00 2.50 5.00
0.001 0.51 1.05 2.51 5.05
0.01 0.62 1.50 2.62 5.50
0.1 1.75 6.00 3.75 10.00

There is assumed to be negligible change in phenotypic variance due to
selection on existing variation or from recurrent mutation. an in-
finitesimal model of many mutants of small effect is assumed.

Isolation of genes by insertional mutagenesis

The availability of insertional mutagenesis opens up a further possible
use in quantitative genetics. Rather than attempting to induce cuantita-
tive variation with a view to fixing beneficial alleles as in the
previous discussion, insertional mutagenesis can also be used to dissect
the ‘genetic architecture' of a quantitative character. The effects of
insertion on traits of interest are likely to be large bhecause genes may
be disrupted or changed in activity or expression. Such mutations could,
in principle, be identified byfixing matant alleles in selection lines or
associating specific inserts with an effect on the trait by statistical
means. The particular benefit of the method is that the insert acts as a
'tag' for subsequent molecular cloning and it has been used in Drosophila
to isolate smooth, an allele with major effect on bristle score (A.J.
leigh Brown, T.F.C. Mackay and A.E. Shrimpton, in preparation). Such
approaches are extendable, in principle, to vertebrate species. A likely
problem, however, is that many alleles of large effect are recessive
(Kacser & Burns, 1981) and their presernce may be difficult to determine
in an experimental population. Schemes involving subdivision and 'local
inbreeding are likely to improve the chance of expression and subsequent
fixation of beneficial recessive alleles.

Insertion of specific transgenes

In the previous discussion we have considered the randum insertion of
constructs as potential mitagens, simply with a view to disrupting the
structure or expression of the genes at or near the site of DMA inser-
tion. In contrast new genes can be constructed and inserted to produce
genes foreign to the species, or in many copies at novel site(s) or with
different pramotors so expression is under different control. This can be

as directed mitagenesis, to produce new variants with effects
far outwith the normal range. The practical possibilities were demonstra-—
ted by Palmiter et al. (1982) with their "giant" mice, but progress to
productive change in farm animals has come relatively slowly. This aspect
of "genetic engineering" has received extensive reviews and speculation
by both molecular and gquantitative geneticists (e.g. Wagner, 1985;
Robertson, 1986; Smith et al., 1987), so we Xnow more about possibilities
than actualities.

A major difficulty in the use of '"genetic engineering" is to identify
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candidate genes and obtain their expression as transgenes, In view of the
rates of response feasible by standard gquantitative genetic procedures
and the cost of implementing the new technology, it is abvious that the
effects of any transgenic constructs must be large to be wortlwhile (e.g.
Smith et al., 1987). These may be hard to find because large changes in
specific components of the animal's metabolism are likely to produce only
small changes in output traits such as growth. For example, if it was
desired to increase the flux through any enzyme pathway, altering the
gene for any one enzyme in the pathway would have only a small effect
because most fluxes respond little to changes in individual enzyme
activities; there are not "rate-limiting” steps (Kacser & Burns, 1979).
Indeed it would seem easier to produce large changes by inhibiting rather
than increasing the production of a relevant metabolite.

Two distinct routes can be identified for finding genes for insertion,
either by locating genes which are responsible for some of the variation
observed within or between populations, or by lecating genes through
their physiological role, such as structural genes for hormones or their
releasing factors or receptors, without there necessarily being any
existing variability ocbserved. The metallothione-growth hormone construct
of Palmiter et al. (1982) is an example of the latter.

whilst the cases of single genes with large effects on economic traits
on animals are well documented, there are few of them. When selected
lines of Drosophila are investigated in detail, however, many genes of
large effect on bristle mumber are found (Shrimpton & Robertson, 1988).
It may be possible to identify many more genes of large effect by
statistical amalyses of populations, particularly using techniques
develcped most highly for man, but as yet these have not been exploited
adequately in farm animals (Hill & Knott, 1988). A further promising
route has been suggested and is being developed by Bulfield (1985),
namely to use two dimensional gel electrophoresis to identify proteins
which differ in structure or degree of expression in cne or more tissues
between replicated selected lines of, for example, mice or poultry. In
principle it is then feasible to ultimately identify these proteins amd
clone their structural genes from a INA library. Having identified a
putative transgene, its usefulness deperds on the biochemical effects of
the new allele, but there are several potential prcblems.

There would be no value in changing copy number by transgenic methods
within the species if the gene is "mull" for some product or receptor.
Transfer of copies of such a gene to other species would ke pointless,
although attempts to construct and introduce the anti-sense gene might
not be. If the mitant is due to over—expression, returns from extra gene
copies may show rapidly diminishing returns.

The other major problem of using genes identified through their
phenctype, for example the double-muscling gene of cattle, is to locate
the relevant piece of DNA when the gene product is campletely unknown.
The difficulties of this should not be underemphasised. Initial linkage
studies may he feasible in mice for which there is a well developed map
and in pigs for halcthane where linked markers are known; but where do we
lock for others? It is likely that much information is likely to come
from the study of man in view of the close correspondence of the short
range linkage map of different marmals (Womack & Moll, 1986).

It seems to us that the more promising route for finding candidate
transgenes is not by searching for variation in populations, It by
improving cur understanding of the biochemical and physiological basis of
quantitative genetic characters. Through a proper understanding of how
genes cperate within the complex systems of organisms we are more likely
to be able to change their mode of action usefully.
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Other important points have been made by Smith et al., (1987). Most
notably, each transgene of the same construct creates a new and unique
line of animals, so rescurces both for insertion, which presently leads
to low rates of recovery of transgenes, and testing are enormous. In view
of the rates of progress achievable by conwventional means, Smith et al.
suygest that effects of 5-10% of the mean or more are likely to be
necessary for a transgene to be of potential value. They also poimt out
the importance of working with stock at the top of the breeding pyramid
and suggest the introduction of transgenes into such cpen muxcleus stocks
together with selection. Whilst such a policy of adding in the constructs
and using selection to determine their fate, just as they were random
rather than direct mutants, might seem logical arnd appealing to gquantita-
tive geneticists, it would seem more likely that marketing considerations
would lead to attempts to fix and exploit any useful construct quickly.

Imprinting

New information deriving partly from molecular genetics should be
included in quantitative genetic models. We consider such a case.

The expression of classical Mendelian autosamal genes is determined
solely by the genotype of the offspring: an Aa heterozygote has the same
phenctype whether the allele A comes from its mother or its father. But
there are corplications. In the embryo of a female eutherian mammal, most
of the maternally or paternally derived X chromcsome is randomly inac-
tivated, although in extra embryonic tissue and in marsupials the
paternal X is inactivated. The system has no "memory" through the germ
line, however; the inactivation iz not inherited. Dipleid parthenogens
possessing two maternal genomes are inviable, and by substitution of
promiclel in mouse embrycs it can be shown that both maternally and
paternally derived gencmes are required for normal develcpment. The
maternal genome is relatively more important for early embryo develop—
ment, while the paternal gencme is necessary for extra embryonic tissue
development (Surani et al., 1984). The process whereby the source of the
genome affects its expression in the next generation is termed "“imprint-
ing". The mechanism for the process of imprinting, like that of X
chromosame inactivation, is thought to be INA methylation (addition of
methyl groups to a subset of the cytosine residues in the INA) which
interferes with transcription; but the mechanism whereby it is reversed
in germ cells in unknown (see Surani et al., 1988, for a review).

Not all the genome is involved with these parental effects. Mice with
either maternal or paternal disomy of certain chromosomes survive
normally, whereas other chromosomes must be of patermnal and others of
maternal origin for normal development. More detailed analysis shows that
maternal or paternal duplication/deficiency of specific regions of
chromosames influence characters such as size and shape of mice (Cat-
tanach & Kirk, 1985). These studies indicate that about one quarter of
the genome is imprinted, although this refers to regions of the gename
and it may not apply at the level of individual genes.

More specific analyses have been carried out by use of transgenes
which act as molecular markers and their passage followed
maternal and paternal lines (Reik et al., 1987; Saplenza et al., 1987)
The majority of transgenes so studied show imprinting, i.e. methylation
and perhaps expression dependent on the sex of the parent tranemitting
the transgene regardless of the construct used, suggesting that its site
in the chromosame was relevant. In most of these cases, the imprinting
could be reversed by transmission through the opposite sex, i.e. was
"remembered” for only cne generation.
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Iet us consider the quantitative genetic implications of imprinting. A
quote on the subject from an editorial in the farming press may help to
set the scehe: "... the irheritance of same characteristics can come
through more strongly from one parent than the other... Observant
breeders have been saying that for years. They have maintained all along
that same characteristics from male - and particularly female -lines come
through more strongly than others. Geneticists would have none of it ..."
{(The Fanmers Weekly, 6th May, 1988). This is because geneticts' ex-
perience is that, like Mendelism, our current quantitative genetic
theories do a good job of predicting responses to selection and there are
not, as a rule, widely different correlations of offspring with their two
parents. Nevertheless, let us quantify predictions for a simple model.

Assume a proportion m of the genetic variance is from genes in which
only the male parent's copy is expressed, similarly £ from the female
parent, and l-m—f from regular Mendelian inheritance. Because only ohe
gene is expressed, questions of dominance do not arise for the imprinted
genes, but let us assume those not imprinted are additive and the total
variance is Vp. The covariance of offspring (male or female) and sire is
the standard (1-m-£)Vp/2 for non-imprinted genes; the covariance is niVy/2
from male derived imprinted genes because the gene the father passes to
his offspring is always expressed, but there is only an evens chance it
was expressed in the father: the covariance is 0 for female derived
imprinted genes; and so the total is (1-f)Va/2. Results are summarised in
Table 4. Note in particular that m and f contribute differently to off-
spring-parent and sib correlations, so estimation of variance due to
matermal genetic effects in the sense of Willham (1963) or Falconer
(1965) are affected. Unlike cytoplasmic or mitochordrially inherited
variation, correlations decline with decreased relationship. All these
factors, namely maternal, cytoplasmic and imprinting effects can also
induce differences between reciprocal crosses, and powerful experiments
to distinguish them will ke difficult to design.

Table 4. Influences of imprinting on covariances among relatives, where
m and £ are the proportiocn of variance in which the male derived and the
female derived genes, respectively, are expressed, amd n is generation,
vhere n = 2 is grandparent.

Relationship Covariance x Vp
Offspring and sire (1-m-£)/2 + my/2 = (1-f)/2
Offspring and dam {(1-m)/2

Offspring and father's ancestor (1-£) /Zn
Offspring and mother's ancestor {1-m)/2

Paternal half sibs (1-m~£)/4 + /2 = (1+m£)/4
Maternal half sibs {(1-m+£) /4

Full sibs 1/2

A frequent cobservation in dairy cattle is that heritability estimates
are higher from daughter—dam regression than fram paternmal half-sib
correlation, typically 30% and 25% respectively. There are several
explanations of this, but let us just consider the novel possibility of
imprinting. From Table 4 the ratio of their expectations is (1-m)/(1+m
f). A ratio of 1.2 could be obtained with m = 0, £ = 0.17 which would not
be out of line with estimates if up to 25% of the gename is imprinted. It
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would not, however, accord with the resuits of Reik et al. (1987) from a
limited muber of transgenes that a higher proportion of patermal than
maternal genes are urmmethylated, implying i.e. m > £, so imprinting does
not seem a very plausible explanation here. Nevertheless it is important
for quantitative geneticists to watch how the subject develops.

Concluding remarks

Animal improvement relies on exploiting the variation we have available
and the new variation we can produce. Molecular methods have a potential
imput in utilizing the available variation, through marker assisted
selection, introgression and, for example, identification of hetervzygot-
es, amd in generating new variation, whether by randam insertional
mrtagenesis or by directed mutation through transgenes. We are not likely
to see a replacement of our existing or developing quantitative genetic
technology, such as use of BIUP to compare individuals, kut rather an
integration of the new technology in order to maintain or increase rates
of response. The particular potential of transgenic methods would seem to
us to be in making stepwise increases into new areas, where relevant
variation is lacking. The ideas of producing lactose—free milk (Mercier,
1986) or pharmacological products (Lathe et al., 1986) are such examples.

There is alsc a need to integrate the approaches of exogenous ad-
ministration of hormones, for example, with their endogenous expression
from transgenes. The former may be less convenient and in the long term
relatively expensive, but is much cheaper in the short term and the
ability to contrcl the system is retained. In both scenarics quantitative
geneticists need to consider the interactions between these treatments
ard genotype. Although it appears that BST has similar effects in all
populations of cows, however selected, this scenario might not apply
elsevhere. For example, immunisation against somatostatin increased
growth rate of slow but not of fast growirg breeds of sheep (Spencer,
1986) .

A very important aspect is the acceptability of the product for human
consumption. In wview of increasing public concern with health and
welfare, it is by no means certain that any "genetically engineered"
animals will be allowed in the food chains. Some possibilities are less
emotive than others. ILow down the list for acceptability must be viral
inserts, of whatever form. Genes for, say growth hormone, are likely to
be less acceptable than others for their releasing factors.

At this stage of develcpment it is important that we should view
molecular approaches and particularly transgenic techniques as an

t research tool in helping to learn how animals regulate their
growth, lactation and other productive functions, The spin-off into
animal improvement may well be indirect.

Our discussion has largely addressed what impact molecular methods are
likely to have our guantitative genetic methods and thinking, but the
molecular geneticists can alsc learn from us. There is currently a lot of
variation in most production traits, so limits are not a prablem. The
traits which show least genetic variation, fitness traits such as embryo
survival rate, are not cbviously accessible to molecular manipulation.
There is evidence that many genes affect the important traits, amd their
producticn is the consequence of a complex interactive pathway. Therefore
it will not be easy to change the ocutput by changing imdividual parts.
Further, any change in one trait is likely to be associated with changes
in others: pleictropy of gere action and genetic correlations among
traits are not readily avoided by molecular manipulation. Molecular
geneticists must bear in mind that testing of stocks is expensive and
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slow, particularly in large species with long generation intervals which
are least easily improved by conventional means. Finally, quantitative
approaches such as selection and random mutagenesis may lead to iden~
tification of genes for molecular manipulation. We can anticipate a
closing rather than widening of the molecular—quantitative gap.
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Summary

A discussion is given as to what exactly a superior animal is. Depen—
ding on the use it can mean an animal with a high average phenotypic
expression, a high genotypic value or a high breeding value. Since in the
foreseeable future one might not be able to replicate identified superior
genctypes, the main emphasis is still on breeding values. There the role
of genotype — envirorment interactions is disussed and the advantages of
progeny testing under these conditions are stressed. The accuracy needed
for predicting the breeding values and the available statistical techni-
ques are shortly reviewed. The problem of predicting components of
breeding values (identified loci, linkage groups or intermediate physio-
logical traits) is considered and some reservations are expressed. Since
in a long term breeding scheme not only the additive genetic variance
available at the beginning of the breeding work is exploited but also
genetic wvariation occurring during the selection process, ways are
mentioned to increase genetic variability (transgenics, induced muata-
tions, etc.) and ways of utilizing best the newly arisen variability.
From selection experiments it is concluded that chemical mutagens are
potential means to increase genetic variability but that without con-
tinuous selection most of the variability will be lost due to drift and
natural selection. The limitations on the use of identified superior
animals are mentiohed.

Keywords: breeding value, genotypic value, gernotype - envirormment inter-
action, correlated traits, induced mutation, fitness.

Introduction

At nearly all times animal breeders have tried to identify the best
animals and to use them as much as possible. They have alsc tried to mate
the best females to the best males, something we now call assortative
mating. Thus the theme of this lecture is a very old one!

One of the main differences between the more traditional breeding of
the past and the scientifically influenced breeding in the major live-
stock species as is carried out today is understanding what is best.
Whereas in the past it was mainly the intuition (or worse still the
fashion or prejudice) of the breeder which determined which type of
animal should be aimed at, today the breeding organisations try to
determine the best animal from the economic point of view by deriving
marginal profits, etc.. There is no question that this is a real advance.
However, with state interference marginal profit of today may no longer
be valid tomorrow.

Another difference is the identification of the "superior animal™. It
may be safe to claim, that in the past the main emphasis was on the
phenotypic expression of the animal itself and perhaps even stronger on
the performance of the ancestors. The potentially very precise method of
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progeny testing was hardly used in a systematic way. Also the conbination
of different pieces of information was done in a more intumitive way.
Today sophisticated statistical procedures are employed whose use is made
possible due to the availability of high speed computers.

In this essay the question of which animal is superior, how it can be
identified and what use can be made, will be discussed. It is assumed,
that from the economic aspect we know what Kind of animal we aim for.

what is a superior animal?

For the following discussion we first assume an envirorment without
systematic differences. If an animal performs only once we have the
phenctypic value (P). If the trait can be expressed several times, we
partition the phenotype into two components, a permanent component and
one which changes from one expression to the next. The permarent ccin-
ponent can be further partioned into the genetically influenced part and
the remainder and finally we partition the genetically influenced part
into the breeding value (additive genetic value) and the remainder., Thus
we arrive at the following description:

le—Pj B+ Aj + {Gy - Aj) + (P} - - Gi) + (Piy 1)
L+ A+ (D +Ej) + Epi + ij
where
ylj—PJJ is the phenotypic expression of animal i at the realisation j
1s the general mean
Al is the breeding value of animal i
G; is the genctypic value of animal i
Py is the average of the phenotypic expression of animal i
D is the dominance deviation of animal i
E;  is the epistatic deviation of animal i
E:tpi is the permanent envirormental effect of animal i
ij is the temporal environmental effect of animal i at realisaticn j

All effects (except u, P; and Pj4) are expressed as deviations.

If we want to select a "superior" animal in order to have another
expression of the same trait from the same animal we have to predict Pj.
If we want ancther animal of the same genotype (monozygotic twin or
sibling, clone) we have to predict G; and if we want to use it for
conventional breedmgAlhastobepredlcted Thusdepemimgonthegoal
different animals may turn out to be the most superior.

As breedirng value we use the simple definition of twice the true
deviation of the offgpring when mated at random to animals of the
popxlation. Here again we have to define what population we are dealing
with since a superior animal for one population may hot be good for
another popalation, something which gives rise to selection programees
like the reciprocal recurrent selection. There we assume that the
breeding value for the own population is not a good predictor for the
breeding value for the population to be crossed with.

There is still another aspect which makes the definition of the
superior animal difficult, namely genctype - enviromment interaction. In
a thesis, supervised by Prof. dr. Politiek, Merks (1988) deals with these
interactions and there is quite convincing evidence in pig production
that these interactions are substantial. As Dickerson (1962) pointed out
there are two options in this situation, either developing special
strains for each enviromment or selecting for a good overall performance
in all relevant environments. In many situations cnly the second eption
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is possible e.g. if enviromments are squivalent to (small) herds.

We consider the following situation, which is motivated by the struc-
ture of the pig industry. There are 1; herds, on each herd being a murber
of sows which are mated with AT-boars, the offspring being fattened on
the same herd. If there are genotype - herd interactions each animal has
conceptually a different breedirg value for each herd. So the breeding
value of male j can be characterised by the vector 44. The length of B4
is equal to Iy, In each herd the additive genetic variance can beé
different (ozAi} and the covariance between breeding values for herds i
and i' is opjje.-

Thus EAj = O Var(4) = Va

The only condition on Va is that the matrix is positive-(semi)-definite
ard that we have azAi < ozpi, where °2Pi is the phenctypic variance for
herd i (h? must be smaller than unity).

The linear model for an observation would be:

Yijke = hj + [53 + (15) i3] + d(ifyx * (ijk)e
vhere:

hy effect of herd i

shy; = sj+(hs) 4 effect of sire j in herd i e.qg. Aj(i)/2
diijrk effect of the dam

e(ijk)e residual effects.

If we assume that o0Zp;7#0%pi+ then it is quite cbvious that a?3; and
"’gei also vary from herd to herd since they all contain a fraction of
apq -
wné% we now use as breeding value is a question of definition. If the
herds are all of equal size then Ay = 1'Ay/I; would be appropriate,
otherwise a weighted average could bé used z? = g'_Aj/_H':_L where N indi-
cates the size of the herds. In the following the simpler definition is
used

Then we have:
Ehy =0 var (B4) = 1'Val/1;¢

In general the matrix Vp has to be determined, and it may not be
possible to assume a simple structure, since variances might vary from
farm to farm (e.g. depending on the mean - scale effects) and some farms
may be very similar thus rpjair may be near unity whereas other farms are
such that this correlation is very low. In order to simplify and to get
qualitative statements we make two assumptions:

i) the correlation is the same between any two herds and

ii) the gemetic and phenotypic variances (azA, azd, oze, UZP) are the
same for all herds.

In this case we have Va=[(1-r)I+rJ]o?y. It should be stressed, that this

is a highly symmetric situation and care should be taken to justify these

extremely simplified assumptions. Using these assumptions we get the

following results:

Regression of offspring on parent, both in the same herd

Bo|p = 0-50%3/0%p

Regression of offspring on parent, animals in different herds
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ﬁolp = 0.5!‘0’2Nf0'2p
Thus: h24i frerent herds * I'*h?same herd
Variance of A5

[1+(I3-1)r]0%p/T

Var(1'a4/1;)
= razA if I > w
Covariance between two linear combinations of }_\j
Cov(ky'Bj, Ay'kp) = ky1'Vako
special cases
i)  between Ajj and Ay (k1'= [1 0 0 ... 0]; ky'= 1'/I;)

Cov(Bi4,Ay) [1+(I-1)r)o%p/1,

[

Taij,Aj JIH(I3-1)T)/Ty
= ./r if Il —— 0
ii) between the average of breeding values in I herds and A4
(k3'=[11...1 0 ... 0]/I5 ; ko'= 1'/I7)

Cov(ky 'Ay,B4'ky) = [1+(I1-1)r)op/I;
-y I ry/n
[1+(I2—1)r]/12

iii) between the average of breeding values in the first I, herds and the
over the next Iy herds
¥1'=[11...100..)/T; ¢ ky'= [0 0...01 1...2 0 0...]/I3

AjAj

Cov (k1 'Aq.84 k) = ro?p

s . _ r
Tk1'aj,k2'A) =/ ([14+(Ix-1)r][1+(I3-1)r]/I,T4)
=1 if I3, Iy ——> ®

If the phenopypic relations are considered one arrives at:
Qov(Pij.Aij) = 023
Cov(Pi3,A4) = [1+({I3-1)x] 02p/I3

rpijaj = J[1+(I3-1) r)o? aszl

£ razA/ozp ifg —> o

If we are interested in the breeding value of a sire having K offspring
{no full sibs)

1) all offspring in cne herd
Cov(P4,A9) = [LH(I3-1)r] 02p/2I;

® 0.5 r 0%y fI —>w
rk
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Tpj,A} =4 = if I; ~> @
where

02p-02p/8) / (02p/4)

Selection gain in that path (for Aq
rK

8 = irpjpiopy = ViV (rop) = irop/()

T

and Il —— "-0)
K

ii) offspring in K herds

cov(Pj,A,j) = [1+(T3-1)1r]o® p/215
R U.SI‘UZA if Il —> 0
= YK

Tpj aj - ‘/(1+1+(K—1)r}
=/ rK+f for K large

Selection gain in that path
: . K
¢G = 1rpjpjoaj = J‘I(riﬂw(mzﬁ) = lr""A‘/(rKH
The ratioc of $Gone herd/$Cseveral herds for 7 = 15 is given in Table 1.

Table 1. Ratio of 8Gapne herd/$CGsaveral herds for 7 = 15.

K 1 5 20 50 ——>00
r
0.5 1 0.55 0.85 0.79 0.71
0.7 1 0.97 0.91 0.88 0.84
0.8 1 0.98 0.94 0.92 .89
0.9 1 0.99 0.97 0.96 0.95
1.0 1 1 1 1 1

In the presence of genotype - environment interactions the heritability
estimated within herd by daughter-dam regression is expected to be larger
than the estimate obtained by daughter—dam regression where daughters and
dams are in different herds., If paternal half sibs are used, then the
sire component approaches ro¢p/4 as the half sibs are distributed over
many herds. Unfortunately a large difference between the heritability
estimates obtained by daughter—dam regression and by half sib analysis is
not corclusive for a genotype - enviromment interaction since other
factors such as incomplete elimination of herd effects or maternal
inheritance can also be responsable for that difference.

The main conclusion to be drawn is that by testing animals over many
herds we automatically determine and select on that variable which is the
real target variable in breeding projects dealing with a large population
where the animals are distributed over many herds and thus envirorments.
Table 1 indicates what can be lost otherwise even in such a simplified
situtation. A loss of efficiency of 10 % can easily occur.

If as a conseqguence we have to test an animal (a genctype) over many
erwviromments then this is at present only pessible by progeny testing.
There we not only test the genotype but much more important we test the
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breeding value as it is relevant for the whole populatien.

This causes cother problems since by testing in many herds some traits
can hardly be measured at all (e.q. rhysiological traits such as hormone
level or feed consumption, etc.}. For these traits a centralized testing
scheme would almost be necessary. Alsc in comnection with Moet a central-
ized testing scheme is often discussed.

If there are genotype - envircrment interaction between such a special-
ized, centralized testing station and the ordinary production herds then
the advantages may sericusly be questioned. To make things worse for some
traits it may in practice be nearly impossible to carry out a reasonable
experiment to test the hypothesis of no interaction. However, a certain
kind of compromise is possible. If we think of dairy cattle breeding, in
most breeding programmes the daughters of test bulls are distribwted over
nearly all herds under milk recording. In this case milk recording must
by necessity be a compromise between what is needed for breeding and what
is needed for the management cof the farm. If the testing were con-
centrated on a number of large commercial farms (where nearly all the
offspring were then sired by test bulls) then we might be able to measure
complex traits and still have a very high correlation with the breeding
value with respect to all herds.

To close this section we may summarise that we have to clearly define
for what purpose the animal should be superior (superior for the produc-
tion of the animal itself or superior with respect to the production of
the offspring). If it is the production of the offspring then it has to
be considered from what population the cother parent is taken from and in
vhich ernvirorment the offspring have to perform. Not being sure of the
absence of genotype - enviromment interacticn it is advisable to test the
offspring in the range of envirorments they have to produce.

How precisely do we have to identify superior animals.

In breeding schemes ocur main interest should not be focused on in-
dividual superior animals but on a high genstic progress per unit of
time. Genetic progress per unit of time can be expressed as (two paths
model)

86 _ (igre + iml_.'m)o
st~ Sty + bt A

{if, iy intensity of selection in females and males respectively; rf, Ip
correlation between estimated and true breeding value; &tg, 6ty genera-
tion interval)

For a fixed testing capacity selection intensity and correlation (and
sametimes generation interval) are inversely related {Robertson, 1959)
ard quite often it is better to identify the animals only with a low
accuracy. If, for example, in a progeny testing scheme we have a testing
capacity of 720 offspring, we arrive at the results given in Table 2
given that we select 4 males and that h*= 0.25.

It is chwiocus that the number of bulls tested deperds on many factors.
Thus the mumber (48) optimal according to this caloulation would hardly
be chosen, one reason being that in testing fewer bulls the parents can
be selected more intmselyandasaocnsequencetheweanofalltestbtﬂls
will be higher. In addition the finiteness of the sample is not taken
into account. However, even if we consider all these factors we will get
a similar 51tuatlon, namely that there are two egually good suboptimal
designs as e.g. in the above calculation with 29 and 81 testbulls. From a
scientific point of view the question is of interest whether the two
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option really lead to the same result? If the phenotypic and breeding
value follow a bivariate normal distribution then that is the case.
However I have not seen a critical experiment where with real traits that
question was tested. From a practical point of view farmers are often
uwilling to use bulls which are not accurately tested. The latter point
makes it difficult to operate a young sire program where information is
only provided by either half sibs or by the dam performance.

Table 2. Characteristics of the selection process given a testing
capacity of 720 offspring and 4 bulls selected (h?=0.25).

Number of
Iulls tested ir r n
5 0.333 0.95 144
8 0.739 0.93 20
10 0.879 0.91 72
19 1.160 0.85 38
29 1.261 0.79 25
36 1.289 0.76 20
48 1.301 0.71 15
63 1.289 0.66 11
8l 1.261 0.61 9
137 1.161 0.51 =3
720 0.715 0.25 1

Methods to predict total breeding value

In the past two decades great advances have been made in the applic-
ation of elaborate statistical methodology to predict breeding values
(Henderson, 1972). The more or less different methods like selection
index, BIUP, Nonlinear methods can all be looked upon in a unified way
within the framework of the Bayes = methodology (Dempfle, 1977). In the
Bayesian way of approaching statistical problems all parameters in the
classical sense are regarded as rardom variables for which a prior
distribution is specified. The data from our experiments add new informa-
tion and thus modify our prior "opinion" leading formally to the a
posteriori distribution. All inferences should then be based only on the
a posteriori distribution. There is no doubt that this framework is very
elegant. However, there are two problems. First, by geoing from the a
posteriori distribution to a decision (e.g. point estimate) we have to
apply a loss function. In animal breeding this loss function should be
inversely related to genetic gain achievable. In practice it is not
always clear as to whether people try to determine such a loss function,
often a certain loss function is chosen purely for mathematical con—
venience (squared error loss function?) or is dictated by the complexity
of the problem (e.g. taking the mean or the mode of the a posteriori
distribution supposes two different loss functions). Alse if there are
several parameters to estimate should that be done with the joint or with
the marginal a postericri distribution?

The second problem concerns the a priorl distribution. The Bayes
procedure is only optimal if the a priori distribution is really the
correct one reflecting the true state of nature. If that is not the case
a Bayes estimator can easily be worse than ancther non-Bayesian es-

62



timator.

In improving the applied statistical methodology it would sometimes be
useful to know how much improvement is altogether still possible. The
latter would be most desirable for nonlinear methodolegy. In certain
settings a lower bound for the error variance of point estimators can be
given (e.g. Cramér-Rao inequality). If we had such a lower bound it would
be easier to judge whether a further search for an improved methedology
would still be worthwhile.

As long as we deal with linear models it is now often possible to take
into account most of the existing relationships between the observations
and the breeding values. The now very topical animal model (Quaas &
Pollak, 1980) takes into account all the relationships between the
additive genetic values, though relationships caused by dominance or
epistatic deviations are still mostly neglected.

Methods to predict components of the breeding value

If by some test we can identify a component of the breeding value
directly then the precision of predicting the breeding value will be
increased (Soller, 1978). Let P and A be as before the phenotypic and the
breeding value with the corresponding variances o*p and ¢’p. We use the
partition A = A; + Ay with ¢*31 and o’ py where Al can be determined
directly and where Ay is independent of A;. With selection based on
phenotype the correlation [py is /h? and if in addition we determine A¢
directly and select on an index based on Al and P we arrive at the
following correlation

h?-2rh?+r1
=

1-th?

where 7 = 0% /0%

If 7 —>0 we get [ry ——>h ard if 7 -—>1 then (g ==>1. Other values are
given in Table 3. If we have progeny testing, we obtain the results of
Table 4.

As can be seen from Table 3 determining a component of the breeding
value increases precision quite drastically if the heritability is very
low. As soon as the heritability is high (greater than 0.4) then d®p /0% 5
m:stbequltelargemorderthatmeprocedurebeofmalvalue In
dairy cattle breeding with op=300Kg and op=600Kg in order to dbtain
0°a1/0" p=0.3 we need under the best ciramstances (no dominance, two
alleles with equal frequenc:.es, loci of equal effects) the differences
between the homozygotes given in Table 5.

Table 3. Correlation between estimated and true breeding values.
Selection is based on Al and P.

h? O'zAl/O'ZA
| 0 0.001 0.01 0.1 0.3 0.5 0.7 0.9

0.01 0.1  0.105 0,141 0.32% 0.552 0.709 0.837 0.949
0.05 0.224 0.226 0.243 0.375 0.570 0.716 0.839 0.949
0.10 0.316 0.218 0.329 0.426 0.592 0.725 0.842 0.949
0.20 0.447 0.448 0.454 0.515 0.636 0.745 0.849 0.950
0.50 0,707 0.707 0.709 0.725 0.767 0.816 0.877 0.953
0.75 0.866 0.866 0.866 0.870 0.880 0.894 0.918 0.961
0.90 0.949 0.949 0.949 0.949 0.951 0.953 0.959 0.973
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Table 4. Correlation between estimated and true breeding values.
Selection is based on Ay and 50 offspring.

b o' p1/9% A

0 0.1 0.3 0.5
0.01 0.33¢  0.437 0.597 0.728
0.10 0.750 0.763 0.794 0.834
0.25 0.877 0.880 0.889  0.901

Table 5. Differences needed at any one locus between the two homozygotes
in order that o?py/0?p is greater than 0.3

number of loci difference in Kg

465
329
268
207
147
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As can be seen from Table 4 with progeny testing the additicnal gain is
very low unless the heritability is near zero. If the heritability is
0.1, ¢*p1/0°p=0.3 and there are 50 daughters the genetic progress is
increased by 5.9%. If in that situation the determination of A is very
inexpensive, we could use it in a two stage selection scheme. In the
first stage selection would be based on Ay (and ancester information) and
in the second stage selection would mainly work on A. The usefulness
would mainly depend on the cost of measuring A;. If there is an inexpen-
sive method it could ke used in large sCreening programmes.

Possibilities to predict a component of the breeding value

Identification of the alleles of a major locus

With the help of blood typing and especially since the introduction of
starch gel electrophoresis and related methods quite a mumber of loci
could be identified amd its relation to economic important traits
studied. I think it is a fair statement that at least in cattle none of
the loci studied is really used for improving a quantitative trait in an
applied breeding scheme. The reascon for this disappointing result is that
most of the time the superiority of one allele over the other was not
clear enough or large enouch to really exploit it. Due to new techniques
(Restriction fragment lergth polymorphism and two dimensional gel
electrophoresis) we can expect a lot of additional detectable poly-
morphism and thus new prospect to identify loci of importance. However,
it will still be an enormous task to determine also the indirect effects
on other traits (like fitness). If a locus with a clear cut large effect
is found it always raises the question why that lecus has not been
influenced by traditional breeding. Perhaps the net effect of the allele
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on overall fitness under the economic enviromment is really not so great.
Identification of linkage groups

Linkage groups are of course less useful than directly identified loci,
ctherwise the effect of them is similar. The reduced usefulness depends
on the strength of the linkage and the amount of lirkage disequilibrium,
In this case one can easily obtain different results from one population
tc the next since the allele desired can be linked to different alleles
of the marker locus. Even more complicated becomes the use of linkage if
there is no general linkage disequilibrium. Then essentially the linkage
relationship has to be determined for each individual, resulting in a two
stage procedure. This could be carried out in progeny testing schemes in
cattle, where the daughters from the testing phase could be used to
determine the linkage relation, and only sons with the advantageous
linkage relation then being progeny tested.

Identification and use of correlated traits

A large amount of work is carried out to elucidate the physiolegical
basis of economically important traits like milk yield in cattle or lean
growth rate in pigs. If such traits are available they might be useful if
they can be measured early in life (as screening procedure or to decrease
dgeneration interval) and/or can be measured in both sexes., That selection
with such traits can work was clearly shown for the activity of NADPH
generating enzymes (Miller, 1986), though even in this very informative
experiment direct selection on backfat thickness was more effective. In
cattle research is focused on growth hormone, IGF, insulin, glucose level
and related hormones and substrats. If these combined efforts of several
research teams are successful there are still some aspects which could
decrease the usefulness of these traits for breeding.

- Selection is based on a correlated trait, the efficiency thus being
reduced. However, in the short term only genetic progress per unit of
time in the main trait is of importance and this may still be in-
creased.

- If selection is based on both the correlated trait and the main trait
(e.g. correlated trait in male, main trait in female) it can be
expected that the correlation between the twe becomes more and more
unfavourable, making the correlated trait progressively less useful.

— Artificial selection often have undesirable side effects. From a
theoretical point of view we can expect that in a population which is
in an emuilibrium selection for any trait, except fitness itself, will
decrease fitness. To a certain extent these consequences are unavoid-
able. However, it may be reasonable to assume a large tolerance region
i.e. if we charge the mean of a quantitative trait by nct tco large an
amount the fitness is little affected. In madels this is often ex-
pressed as quadratic or exponential fitness function. Assuming that
fitness is affected once we move the mean of the population way out of
the current range of expression, then one has the following situation:

8" = SGw/opy i 8GC* = 8Gc/Tpc
sGy* = r 6G*
where

§Gy selection gain in the main trait
G~  selection gain in the correlated trait
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o’ pq additive genetic variance in the main trait
0% o additive genetic variance in the correlated trait
r genetic correlation between main and correlated trait

If fitness is decreased markedly once &G* > k, then using a correlated
trait the poptﬂatlon decreases in fitness even when for the main trait we
still have 5GM < k.

In a large experiment with Droscphila welanogaster (Murrmann-Kahl,
1984) we tried to verify these suppositions. There we had a trait which
consisted of two subtraits., If the main trait was used, not only was the
long term genetic progress higher but alsoc, as far as measurable, the
fitness was less affected and in addition after relaxation of selection
the regression to the original mean was muich less than in the lines where
selection was based on the subtraits. In the lines where the selection
was based on the main traits the changes in the subtraits were as
expected less.

If we think of physiological traits such as activity or level of growth
hormone or thyroxine there are detrimental effects when we have too much
or too little activity, sc changing them directly in order teo change
indirectly a trait like milk yield seems tc me to be somewhat dangercus.

Creating genetic variation

The usual attitude in quantitative genetic was that there is a popula-
tion with a given genetic variation and that the task of the breeder was
to exploit that given genetic variation in the best way.

More recently it was realized that not only the given genetic variation
is utilized kut also genetic variation which either occurs sporntanecusly
or is created in a more systematic way.

Systematic ways to create genetic variation:

- Transgenics: the genetic information of one allele of a specific gene
usually linked to an appropriate promotor is introduced in the fer-
tilized egg. Since this technology is covered by other papers it will
not be discussed further apart from mentioning that the spegificity of
this methoed with regard to the gene is very high. The success rate may
be sufficient, but up to now there are extremely few genes known to be
useful for the quantitative traits of interest.

- Transformation; Pandey & Patchell (1982} and Bumstead et al. (1987}
irradiated poultry semen with very high doses in such a way that the
sparms were still motile but the DNA must have been pulverised. Hens
were inseminated with that semen and one day later with untreated
semen. There was conclusive evidence that the resulting offspring
derived from the untreated sperms but that they also had genes from the
treated sperms and these genes were expressed.

In this experiment there was gene transfer within a species but it

should be possible to transfer genes between such species where cross-

fertilisation does ocour (e.g. between male sheep and female goat).
specificity of this method is essentially zero but from the genes
transferred and functicning there may be a few useful ones for the
quantitative trait.

- Use of mobile elements; In some species there ocour mobile elements
whose movement can be triggered by making certain crosses. By random
(?) insertion at new places genes may be turned off or on such creating
genetic variation. MacKay (1986) showed that genetic progress can be
increased by this wechanism. The specificity of this method is zero but
many genes can be involved.
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- Spontanecus and induced mutation: Frankham (1980) and Hill (1982)
pointed out that from experimental observations and from theoretical
considerations spontanecusly occurring mutations should contribute
quite a sizeable amount to the long temm selection response. A forteri-
ori that should be true if we increase mutation rate by some means.

In a large experiment using essentlally isogenic lines we tested this
hypothesis on the contribution of mutations. The details will be given
elsewhere but the following conclusions can be stated:

i) Spontanecus mutation is indeed powerful enoucgh to account for a
sizable fraction of the long term response

ii) induced mutation by 7-rays was hardly effective in increasing the
lorg term results

iii) induced mtation by the chemical mutagen EMS (Ethyl methane—
sulphonate) increased long term response dramatically.

For the bhreeder it is of utmost importance to identify the animals
which carry newly created advantageous alleles. In this respect one point
should be observed. In sophisticated approaches for prediction of
breeding values we use the full numerator relationship matrix. This
matrix is proportional to the probability of identity by descent, i.e.
also identity by state. However, if a mutation has occurred, that
calculated probability is no longer true, thus we are not using the best
approach, since the individual performance should be given somewhat more
weight.

Arnother interesting and perhaps significant point concerning the
utilisation of useful mutants was observed in our EMS-lines.

After some random mutber of generaticons the lines responded to selec-
tion and some charged bristle mumber dramatically. After eventually
reaching a plateau some of the heavily responding lines kept that plateau
after relaxation of selection which can be interpreted that the favour-
able allele(s) are either neutral and/or fixed in the lines.

In order to throw some licht onto this question and also to investigate
whether we can induce mutation, accumilate them by sinmply propagating the
line over several generations and then exploiting the accumlated
mitations by selection, a small experiment with 16 lines lasting 6 and 11
generations was carried out.

In that experiment the first 9 lines were marked with a recessive
mitation (texas pink) and were all derived from one line which was kept
for at least 160 generations by full sib mating before sublines were
taken.

Line Cpygq was used in the eriginal experiment as a control line with a
size of 10 males and 10 females. During the first 20 generations the line
was treated with EMS. At generation 76 subline Cpmg1y Was selected
upwards and Cgygip dowrwards for 5 selection cycles. Line Cpygy; was a
different control line otherwise identical to Cgygj. Again two sublines
were selected jin opposite directions. Line Cgponyy was used as an un-
treated control line in the original experiment. Otherwise it had the
same history and size as Cpypy. Also two sublines were selected in
opposite directions. Line C was a different control 1line hut
otherwise identical to nl- In addition to the two sublines selected a
control line was also kept.

Line Spyg) was treated the first 20 generations with EMS and it was
selected fram the start of the experiment till generation 42. From
generation 42 to 76 there was no selection. The size of the line was
identical to the above mentioned lines and the fracticn selected was 10
ot of 50 for each sex.
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The other lines were derived from the Kaduna population. Line
was used as a control line (10 males and 10 females) and was kept of t
size for 153 generations prior to this experiment. Two sublines were
selected in opposite directions. Line Kgno» was a different control
line, but otherwise similar to Kspon1+ In addition to the two sublines
selected a control line was also kept.

Table 6. History of the lines used in the experiments,

Start of Start of
original present
Generation experiment experiment
=160 0 20 42 76 81
| Ems | | — Cmsw
EMS - no selection —— Cgms1D
— —— ‘e
EMS - no selection —— CpMs2D
Texas full sib ~ CsponlU
Pink |
Line mating Control line - no selecticn S CsponJ.D
" Sgpon2u
. Csponze
Control line - no selection — Cspon2D
. , Sgms1
EMS - selected till generation 42, then relaxed
KsponJ.U
Kadma| 153 generations as Control line —_— KsponlD
KsponZU
Kepenze
KspoanD

Theoretical considerations.

Part of the additive genetic variance is lost each generation by drift
and another part is added by mutation (o?py). We can write (Clayton &
Rebertson, 1955)

Tater = Oar (Y2 + oy

If Ny stays constant then we will get an equilibrium value of

0" p = 20’y

We assume that with full sib mating Ng=2.61 and with random wating of 10
males and 10 females Ngx12, the enwirommental (including non-additive)
variance is 2.4, the additive genetic variance of the Kaduna is 1.6, and
o’y is 0.0045 under spontanecus matation and 0.022 under EMS induced
mutation. The values for o'y were derived from the original experiment.
Using these assumptions and the above equations we can calculate the
heritabilities of the wvaricus 1lines and can compare them with the
realized heritabilities estimated with the present experiment. The
details are given in Table 7.
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Table 7. Expected genetic variances and heritabilities and estimated
realized h?

expected ¢*A  expected h? estimated estimated

Line at start of at start of realized h? realized I’
present exp. present exp. and s.e. pooled
Crvs1y 0.127 0.050 -0.01+0.04
CRMs1p 0.127 0.050 0.03 0.05
Crvsan 0.127 0.050 -0.01 0.04  0.01%0.02
Casap 0.127 0.050 0.04 0.04
CsponlU 0.105 0.042 0.06 0.04
D 0.105 0.042 0.09 0.04
Csponzu 0.105 0.042 ¢.04 0,05 0.0620.02
CsponzD 0.10% 0.042 0.06 0.04
Cspon2c 0.105 0.042 - -
KsponlU 0.110 0.044 0.27 0.06
KsponlD 0.110 0.044 .17 0.09
I'%anZU 0.1190 0.044 0.07 0.04 0.13%0.03
Kst 0.110 0.044 0.03 0.04
Ksponzc 0.110 0.044 - -

There are large discrepancies between the heritability expected at the
start of the experiment and the cne estimated by the selection response.
The EMS treated lines responded only to a very slight extent, thus the
strategy to induce mutation, accurulate them over several generations and
then exploit them by selection was not effective in this experiments.
Different results with Tribolium were, however, cbtained by Enfield
(1986) . The results of this strategy is in sharp contrast to the strategy
to induced mutations and to try to exploit them immediately by selection.
The difference is even more startling as the EMS-treated line did not
regress towards the original mean after relaxation of selection indi-
cating that fitness might not be involved, although a different expla-
nation might be that a major locus is involved and the favourable allele
is fixed. To elucidate this the mMS5-selected line was crossed with a
control line. The EMS line had a bristle mumber of arcurd 31 in the
generation 41 to 73. The control line had a score of 20-21, the average
of the reciprocal F1 had 23.6 ard the backcross to the EMS line had 26.8.
From that backcross two lines were formed, which were reproduced over 9
generations without any selection. The results are given in Table 8.

Fram the results in Table 8 it is quite clear that the lines derived
from the crosses are regressing, thus indicating that the stability of
the EIMS line is due to fixation and not due to neutrality with regard to
fitress. If that is the case it can also explain at least partly the
result cbtained by the Cpyg lines. If we induce mutation and try to
accumilate them, natural selection is selecting against them and elimina-
tes the alleles favorable for the trait but detrimental for fitness. Only
if we have continucus selection pressure can we keep such alleles in the
population and increase their frequencies. The formula for the evolution
of variance is not valid in this case because additive genstic variance
is not only lost because of drift but alsc because of natural selection.
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Table 8. Mean values of the lines, the Fj, the backcross and the lines
derived from the backcross.

Generation
1 2 3 4 5 6 7 8 9
Pure Back-
Line F1l cross Lines derived from backcross

Cont.=21 26,63 24.81 24.04 23.31 23.09 23.64 22.43 22,93 23.77

23.6 26.8
MMS =31 25,77 24.92 24.60 24.33 24.19 23.29 22.37 22.35 22.561
Mean 26.20 24.87 24.32 23.82 23.64 23.47 22.40 22.64 23.19
corresponding 20.40 20.32 20.37 20.46 20.61 20.50 20.95 19.98 21.15
control lines 19.20 19.38 19.84 19.926 19.67 19.93 20.10 18.94 20.82

Mean 19.80 19.85 20.11 20.21 20.14 20.22 20.53 19.46 20.99

Difference 6.40 5.02 4.21 3.61 3.50 3.25 1.87 3.18 2.20

Apart from the direct effect natural selection may also reduce N, thus
even further decreasing genetic variance.

How_do we use superior animals

Here we must distinguish as to whether superior refers to the average
of the phenotypic expression, to the genotypic value or to the breeding
value.

With regard to the average phenotypic expression it should be noted
that this is relevant in dairy cattle. Having the first (part) lactation
we predict the average phenotypic expression and cull the animals with
the lowest prediction. Even if we increase the correlation between true
and predicted value by a sizeable amocunt the selection intensity is
rather low otherwise a lot of replacement heifers must be raised, the
cost offsetting some of the advantages. Thus the effect of identification
and use of animals with respect to superior average phenotypic expression
is of lesser importance especially since there are no cumulative effects.

With regard to the genctypic value the genotype has to be replicated in
order to exploit it. One possibility to replicate a genotype would be
cloning though there are also other means. Cloning in farm animals is not
yet possible and some experts express doubts as to whether it will ever
be possible to clone an adult mammal. Given that the biological difficul-
ties can be overcome what advantages would we have? It should not be
forgotten that animal breeders can already almost replicate genotypes by
the time consuming method of developing inbred strains. Animals of a
highly inbred line have apart from mutations all the same genotype and
the same is true for crosses betwean two inbred lines. Also monozygotic
sibs have the same genotype. The essential point is to prevent either
segregation (cloning) or make it without effects (inbreds).

In order to replicate superior genctypes, genotypes have to be tested,
the best selected and then replicated. This irmplies that the animal has
to express the phenctype and only then (as adult) should it be replic-
ated. If embryos are split, we simply replicate random genotypes resul-
ting in several copies from each genotype but fewer genotypes among which
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to select. There is an analogy to progeny testing. There we can test many
animals for their breeding values each with few cffspring or few animals
each with many offspring. I cannct see much potential for having multiple
copies of random genctypes and the non-use of identical twins in dairy
cattle breeding might gives some support to this opinion.

Even if we can replicate from adult animals we are still in a very
static situation. Supericr producticn animals can be produced but then
there is no progress. In order to find a better genctype we have to allow
segregation with ensuing selection of a better genotype. That is again
similar to working with inbred lines. There once we have achieved the
goal of replicating a superior genotype we are essentially deadlocked. To
improve further we have to start all over again with crossing, developing
new inbred lines and selecting the best. This kind of breeding scheme
though used in the past is hardly applied today.

With regard to breeding values the use of supericr animals is quite
clear. Just about the conly limitation to making as heavy use as possible
of the most superior animals comes from considerations of inbreeding and
reduction of additive genetic variance. The best balance depends on the
balance between short and long term responses. If we utilize only the few
very best animals with highest breeding values short term response will
be high but due to the low effective population size used genetic
variance is reduced and the intermediate and long term response are lower
{Robertson 1960). Ways to find good compromises are pointed out by James
{1972) and Dempfle (1973).

Conclusions

For the forseeable future the animal breeder will still depend on the
breeding values, since the average phenctypic values are of only minor
importance ard techniques to replicate identified superior genotypes are
not yet available. With regard to the breeding values care has to be
taken to specify precisely the economic goals, the population the animal
is mated to and the enviromment in which the animals have to perform.
Especially if there are genotype - environment interactions it is most
useful to test the breeding values in a range of envirorments, samething
which is easiest with progeny testing, since there we nearly automatic-
ally predict the breeding value as it applies to the whole population.
Otherwise only a correlated response is realized.

The accuracy of the identification of superior breeding values is not
s0 important since the real goal is to achieve a high genetic progress
per unit of time and that is better achieved by testing many animals with
a subsequentially lower accuracy. The accuracy can be improved by ap—
propriate statistial procedures, whose widespread and sophisticated use
has been made possible by high speed computers.

The identification of components of breeding values (single loci,
linkage groups or physiological traits) is especially useful in multi-
stage selection where these components are used for screening purposes
ard where they may help to decrease generation interval. The heavy use of
physiclogical traits is regarded with some scepticism, since the physio-
logical trait might be changed quite drastically having a detrimental
effect on fitness whereas for the main trait only the correlated response
is realized.

In long term breeding schemes one has not only to consider the genetic
variation present at the beginning but one has also to consider the
genetic variation occurring during the lifetime of the breeding program.
In the future perhaps more emphasis will be placed on increasing the
useful genetic variability by various means (induced mutation, trans—
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genics), but one has alsc to comsider how mutations are identified and
utilized best. The use of identified animals with superior breeding
values should be as extensive as possible constrained only by the
consideration of inbreeding and associated reduction of genetic variance
resulting in decreased long term response.
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BREEDING PROGRAMS IN DATRY CATTIE - CURRENT AND FUTURE CONSIDERATIONS

A.E. Freeman

Iowa State University, Dept. of Animal Science, 239 Kildee Hall, Ames,
Iowa, 50010, U.5.A.

Summary

Methods of evaluating dairy cattle using mixed models with Best Linear
Unbiasexd Prediction properties have progmessed from the sire model to the
animal model. Definitions of effects in models need refinement, par-
ticularly for contemporary groups. Pedigree selection and progemny testing
is the standard for producing sires used in artificial insemination, but
mltiple ovulation and embryo transfer schemes are being tried. Efficient
production is necessary under conditions of surplus. Efficiency can be
achieved by higher production per cow and reducing costs by improved
reproduction, imncreased herd life, reduced health ocosts, and reduced
dystocia. Preferential treatment is a major problem. New biotechnological
developments such as bovine somatotropin, mitochordrial genetics, sexing
semen, embryo transfers, cloning, transgenic animals, and markers are
considered as potential new technologies that may be useful for dairy
cattle improvement.

Keywords: Dairy cattle evaluation, models, secondary traits, biotech-
nological developments.

Introduction

YA cow's milk should amount each year to five times her own weight. Do
not be content with less. Count no cow hansom that does not daily produce
at least a one-pound print". So said Jacob Biggle (1897).

Production of milk has increased simnce the tum of the century. The
increase has been dramatic in the developed world over the last two
decades. This has led to surplus production in many countries, while
others have been less fortunate and are suffering from famine. Surplus
production has led to quotas on production in some countries and price
reductions in cothers.

cmningham (1983) compared the structure of dairy cattle breeding in
western Burcpe and North America in the last two decades. In general,
production per cow has increased sharply in the United States and
increased in the Eurgpean Economic Community (EEC), but at a slightly
slower rate. Dairy cow munbers have dropped substantially in the United
States, lut only slight in the EEC. Over 80% of the beef in western
Burcpe originates from the dairy herd, whereas over 80% of the beef in
the United States cames from beef cattle.

What should be the breeding pelicy under surplus production? Cunningham
(1987) surveyed 16 countries. The most common change in selection
abjectives in 14 countries with quotas was to put negative weight on
carrier, with ircreased emphasis on fat and protein yields.

Breeders in same countries discussed placing greater emphasis on
soundness, mastitis, fertility, and longevity. In Canada, Denmark,
Norway, arxl The Netherlands, studies concluded that increased output

Journal Paper No. J13100 of the Iowa Agriculture and Hame Econamics
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per cow with increased emphasis on fat and protein percentage was needed.
Efficiency of production should be emphasized when proeduction is in
excess. This can be accomplished by increasing production per cow and
reducing the costs of production. The breeder's input to increasing
production per cow is obvious. More emphasis on efficient evaluation and
breeding programs, increasing herd life, reducing health costs, amd use
of new genetic techniques can also increase efficiency.

This paper will briefly review evaluation of breeding animals, models,
selection programs, and potential problems and opportunities that are
currently available. In addition, possibilities of using new technigues
that may become available are briefly discussed. Space does not permit
detailed discussion of any of these.

Current Technology — Cow and Sire Evaluation

Identifying elite cows and superior sires to be propagated through the
use of artificial insemination (AI) is central to making genetic progress
in dairy cattle for any breeding cbjective. Developments in sire and cow
evaluation will be reviewed briefly since Van Vleck and Pollak (1984)
gave a ccxnprehens:.ve discussion of this topic.

Best Linear Unbiased Prediction (BIUP) of genetic values us:.ng the
mixed-mxdel eguations developed by C.R. Henderson (1963, 1972) is now
used throughout the world and has become the standard for sire and cow
evaluation. Applications of BIDP started with a single trait and included
only first lactations. Reasons for using only first lactations are to
reduce selection bias and to reduce preferential treatment effects if the
basis of applying such treatment was first-lactation performance. The
nixed-mwodel equations account for canpetltlon by adjusting for differen—
ces in herdmates of the daughter of the sires being evaluated. Including
a cow effect in the model allows the use of multiple lactations to
predict cow breeding value and real producing ability along with sire
transmitting ability.

The U.S. Department of Agriculture (USDA) Animal Improvement Programs
laboratory amd agencies in many other countries developed and used
contemporary comparisons, They were initially effective, but as the
genetic assumptions for use of herdmate comparisons became increasingly
violated, their usefulness declined. The primary assumptions were that
sires, dams, and herdmates were a random sample fram a homogeneous
population with no genetic trerxd. The USDA Predicted Difference (PD)-74
and PD-82 were major improvements and ranked sires similarly to single—
trait BIUP evaluations. As models improved with BIDP properties the
rankings diverged more. The USDA plans to evaluate sires and dams using
an animal model in 1989. The animal model includes all relationships
among animals being evaluated and has BIUP properties.

Henderson (1963) showed that the mumerator relationship matrix could be
:i.rworpomted into what have become known as mixed-model equations with

BIUP properties. Use of this relationship matrix was limited because it
rapldly became too large to irvert. Henderson (1976) wmade another
that allowed major advances when he described how the inverse

of the relationship matrix, A1, could be formed without inverting the
original matrix by following a simple set of rules relating to an animal
and its parents, This discovery allowed use of extensive pedigree data
with minimal costs. Use of A™l reduces prediction error variance by
utilizing relative information to evaluate an individual. Often, in—
dividuals with little or no data can be evaluated quite accurately
through their relatives' performance. Early applications of A1 uged the
sires and maternal grandsires of the sires being evaluated. Use of a more
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extensive A"l has been included in recent evaluations.

Further developments built on the mixed-model equations and A™! that
allowed estimation of transmitting abilities with BIUP properties. The
next improvement applied in practice was the maternal grandsire model.
This model was suggested by Henderson (1972) and was implemented in the
northeastern United States (Everett et al., 1979). The maternal grarndsire
model was used in an attempt to adjust for genetic merit of the mates of
different sires, This adjustwent is through the sire of the mates ard
assumes that the mates are a random sample of his daughters.

With BIUP in place and use of a maternal grandsire model, what is the
next level of knowledge that can be applied to sire and cow evaluation?
Few breeding goals are for a single trait. Milk, fat, protein, and
perhaps content of the latter two will have economic importance in many
cases. Measures of herdlife and type conformation, and in same countries,
disease incidences are included in sire and cow evaluation. For muitiple-
trait selection, mixed-model miltiple-trait analyses are appropriate
because they use the correlated structure amorg traits to simultanecasly
estimate tranamitting abilities for all traits. Covariances among traits
allow increase in accuracy: the increase depends on the magnitude of the
correlations, The correlation structure is well known among milk and its
camponents, but is less well known among yields and non-yield traits.
Inaccurately estimated correlations could result in less accurate
evaluations than single-trait analyses. The Northeastern AT Sire Com-
parison is a multiple-trait analysis that uses milk, fat, and protein
yields ard their correlated structure, and additionally fits stayability
which is uncorrelated with the production traits. Stayability is used to
monitor herdlife of daughters of sires. Only first lactations are used
for sire evaluations. Single trait cow evaluations using all lactations
are computed separately from their own and relative's records and from
external sire evaluaticns. Multiple trait analyses with all lactaticns
are theoretically possible, but to date have not been applied.

When miltiple lactations are used in analyses, selection bias becomes a
consideration. Henderson (1975) has shown that for estimates of trans-
mitting ability to be unbiased all records upon which selection was
practiced must be included in the data. Additicnally, there are other
assumptions required for unbiased estimates from selected data that are
not likely to be met for practical sire and cow evaluation.

Use of the animal model (Henderson and Quass, 1976) is the most
advanced procedure for evaluating sires and cows. It is demanding
camputationally because it requires solving eguations of order larger
than the mmber of records. The reduced animal model (RAM) developed by
Quass and Pollak (1980) gives identical sclutions to the animal model and
is less demanding computationally. The RAM separates parents fram

and, by absorbing equations for nonparents into parents,
allows solving larger eguations when supercomputers are rnot available.
The primary advantage of the animal model applied to dairy cattle
evaluation is that A"l includes the relationships of all animals being
evaluated. In addition to sires with progeny distributed across herds,
a1 includes relationships of daughters to female relatives in all herds.
Merit of potential bull dams is more accurately estimated in the animal
model. Use of all relationships in the animal model can improve bull dam
evaluations because scme cows have several sons by embryo transfers (ET)
and their daughters are potential bull dams. The animal model, with the
addition of a permanent ernvirorment effect, can include miltiple lacta-
tions for evaluating a single trait. This is the applicatioen of the
animal model that the USDA Animal Improvement Programs Laboratory plans
to implement in 1989 (Wiggans et al., 1983).
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Schaeffer (1984) gives equaticns for a multiple trait animal model with
cow effects included. If the data are large, computer memory may be
limiting. He states that, "Although these equations are simple to write
symbolically, the actual construction and solution phases can be cumber-
sare and costly". Computer capacities have increased ard costs per
operation have consistently decreased in recent years. Also, more
efficient camputer algorithms are being discovered. So, it may be
expected that, in the future, larger problems may successfully and
econamically be solved and allow more precise animal evaluations.

Models

The development of appropriate models for sire and cow evaluation has
perhaps lagged research on evaluation procedures. The issue is how
envirommental differences can be eliminated for comparisons among oows
and sires without also eliminating genetic differences.

Van Vleck (1987) wrote a symposium paper discussing contemporayy groups
for genetic evaluations. He expresses the true model for a vector of
records as Y = £ (gernotype, envirorment, people). Choices of appropriate
models to evaluate genetic differences mist consider not only random
environmental effects, but also how people manage cattle. Ideally, this
function needs to be considered in defining contemporary groups. Choice
of a mcdel is a campromise between what is known biolagically about the
species and its management and what can be reasonably accommodated in a
model that is computationally feasible.

The well known mixed linear model vy = X 8 + Zu + e, with properties
given by Henderson (1972), has flexibility to handle different defini-
tions of contemporary groups as the application may regquire. BIDP
equations are derived by minimizing prediction error variance (PEV)
subject to unbiasedness (Schaeffer, 1983). Van Vleck (1987) points out
that consideration of mean square error (MSE = (BIAS)Z + PEV) may be
appropriate because the linear model is, in practice, a compromise
between bias and PEV. Inclusion of unnecessary fixed factors in f§ will
result in increased PEV, whereas exclusion of important fixed effect will
result in bias. These considerations should be taken into account, when

Contemporary groups should be chosen to group animals that have been
exposed to similar management practices. Enough animals should be in a
contemporary group to reasonably estimate the true contemporary group
effect. Heidhues et al., (1961) derived a method of estimating the true
contemporary group average from the mean of a corditional bivariate
normal distribution. If the ratio of the variance of random to fiwed
effects is about unity, 10 records in a contemporary group estimates the
true contemporary average with about 90% accuracy. With a ratio of fiwve,
10 records has an expected accuracy of 67%.

Ancther consideration in choice of contemporary groups is the effective
mmber of daughters per sire. The latter is the diagonal element of the
mixed-model eguations for a sire after absorption of fixed effects. As
effective mmber of daughters increase, PEV decreases, The effective
mmber of dawghters depends on the balance between the mumber of a sires
progeny and mmber of contemporaries. Van Vleck (1987) showed how
effective mmber changes with the balance of daughters and contemporaries
for both fixed or random contemporary group effects. For fixed herd-year-
seasons the effective number is (rmmy/n + m) for n daughters of the sire
evaluated ard m daughters of other sires. For random herd-year seasons
the effective mumber is n(m+r) (mmtr), where 7 = 02/0f . Decreasing PEV
increases accuracy and thus increases genetic gain. When herd-year-
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seasaons are fixed, the expectations of the random variables are not
biased, hut this is not the case for random herd~year-seasons.

Traditionally herd-year-seasons, being variously defined, have been
used as contamporary groups both in the United States and other coun-
tries. Where herds sizes have been small, broader definitions have been
used. Wiggans et al., (1988) suygested defining contemporary groups by
herd-year-month {2 month seasons), first and later parities, ard registry
versus grade status. They suggested expanding to greater than 2 months
when necessary to have at least five lactations in a contemporary group.

Expansion of milk recording to include data relative to how cows are
managed within herds could be useful. Examples are assigment to
"strings" that differ in feed offered, use of “magnet feeders", etc. More
concise assigrment to contemporary groups might be possible if such data
were avalilable.

Other considerations relative to the choice of models relates to
whether the assumptions of the model are fulfilled, or at least, realis-
tic. One such assumption is homogeneous variance amorng herds. This
assumption is violated when herds differ in production levels. If sires!
progeny are unequally distributed across herd levels, their progeny tests
will be biased. Cow evaluations will also be biased when cows produce in
herds of different levels. Of primary concern are hull dams that have
high production in high-level herds. There is little doubt that differen-
ces in variance within herds exist and cause bias in genetic evaluations.
This has been demonstrated by many researchers as referenced by Vinson
(1967). Recent work by Welper and Freeman (1987) showed that USDA PD's
for milk and fat were biased by both herd level of production and mates
of sires. R.E. Pearson (personal commnication, Virginia Polytechnic
Univ., 1988) found the phenotypic correlation between mean and variance
for milk by herds to be ,49. K.G. Boldman (personal communication, Iowa
State University, 1988) found this phenotypic correlation by herds to be
.34 and, by herd size, to be .15. Boldman also found an increase across
production levels for genstic, permanent envirommental, and error
variance when data were divided into three levels by herd means. The
correlation between sires with progeny test across the data divided into
three levels did mot differ from expected, mdlcatmg no sire by herd
level interaction. A transformatlon, loge, is used in the Northeastern
Multiple Trait Sire Comparison in an attempt to stabilize variances
across herds. After transformation the genetic variance decreases.

Vinson (1987) considersed potential bias in genetic evaluations from
differences in variation within herds. He demonstrated that the propor-
tion of animals selected from different herds is a function of the herd
variance, Further, the response to selection depends on the extent of the
greater variability and whether it is genetic or envirommental. Hill
(1984) discussed methods of correcting for heterogenecus variance where
selection is on individual performance among groups with the same genetic
mean, and envirormental effects on mean performance are removed by
selection within groups. He states that these results apply if genetic
differences in means exist, hut are known and corrections can be made.
The example given was with dairy cattle where sires are accurately
progeny tested and no genotype X envirommental interactions exists. In
extreme cases, over 90% of selected individuals came from the more
variable groups. Vinson (1987) showed that biases are smallest when
heritability is largest in more variable enviromments and biases are
largest when hetercgeneity is caused by nongenetic components.

Boldman (perscnal commnication, Iowa State University, 1988) has shown
that a transformation, log,, essentially stabilized the genetic variance
of milk vield when data were divided into three production levels. With
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the animal model and after stabilizing the genetic variance, unegual
permanent eawirommental and error variances estimated from different
production levels can be accounted for in the mixed-model equations. This
approach is a possible solution to the unequal within a herd variance
problem.

Other problems with inadequate models could be discussed. Scme are
selection bias, use of parameters (ratios of variances}) in the linear
model estimated from selected populations, and inaccurate variance
camponents estimates (BIUP assumes the variances are known). Detailed
discussion of these are beyond the scope of this paper.

Selection Programs

Pedigree selection ard progeny testing is the standard method of
producing sires used in artificial breeding over the world. In countries
where the same cattle population supplies both milk and beef, pedigree
selection is followed by testing of bull calves for beef characteristics
and the best of these are progeny tested. Cunningham (1983) campared sire
selection in Eurcpean, North American, and New Zealand populations. He
campared the number of bulls tested per million first inseminations per
year per lifetime in AI. He found most Eurcpean populations test more
bulls in relation te population size than do American populaticns;
however, American populations have greater usage rates per sire. He
concludes the effective selection differential is similar in these
poplations and that the New Zealand population has the highest calcu-
lated selection differentials because of exceptionally high usage rates.
A major difference in breeding structure in North America and Eurcpe is
the large importation of Holstein genes inte Burcpean populations.
Progeny testing and exchange of germ plasm is well in place and will
likely continue for some time.

Multiple Ovulation and Embryo Transfer (MOET} Schemes

Nicholas (1979) and Nicholas and Smith (1983) introduced the refreshing
idea of MOET schemes as an alternative to progeny testing., Expected
results compared with progeny testing are reviewed by Ruane and Smith
(1987). The basic idea is that full and halfsib progeny are produced by
enmbryo transplants and these relative groups are used for selection.
Parents are chosen at earlier ages than in progeny testing. Campared with
progeny testing, accuracy is reduced, but generation intervals are also
reduced resulting in expected increased genetic gains compared with
progeny testing. In a rnucleus herd, depending upon the mumber of donors
and mmber of progeny per donor and whether a juvenile or adult scheme is
used expected gain is accelerated from 71% to 14% vs. progeny testing,
respectively. In the juvenile scheme, animals are selected at 15 months
ard in the adult scheme after first lactations, giving generation
intervals of 2.08 and 3.83 years. If a variation of the juvenile scheme
is used that increases genetic intervals to 2.5 years, returns are 46%
greater than the progeny scheme and 17% greater than when used to produce
progeny tested young hulls. wWhen bulls proven outside the nucleus are
used in the mucleus herd, gains vs. progeny testing are about equal or
less.

An advantage is that selection could be practiced for increased feed
efficiency and, perhaps, fewer health problems in a mucleus herd. This
would need to be demonstrated, probably by an independent test, to
convince producers of gains made.

Cther considerations such as split embryos and indicator traits can
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thecretically be introduced into a MOET scheme that could increase
progress. Increased inbreeding reduces gains, but decreases are relative-
ly small.

There are cther considerations of MOET schemes that have not been
published. Will expected gains be realized? When predicting progeny tests
from sires and maternal grandsires of the kull being progeny tested,
expected gains have been essentially realized; however, gains predicted
from dams have been much lower than expected, particularly for milk
production (Jeon, 1986). A highly probable reason for lack of predic-
tability is preferential treatment of dams. Differences in mitochondrial
effects, however, that are transmitted from a dam to her progeny but not
from a son to his progeny could explain part of this lack of predic-
tability (see later section). ancther potential cause for gains to not be
as large as expected in MOET schemes is failure to realize as many
offspring per donor as expected. This potential problem has been con-
sidered in some applications and does not change the basic results.
Modifications of the nucleus herd MOET scheme to operate in commercial
herds can also be considered. The concept of the MOET scheme is being put
to tests in at least three countries. The results are awaited with great
interest.

Other Considerations of Quantitatively Inherited Traits

Use of quantitative theory has produced consistent genetic gains in
production in dairy cattle, and such gains can be expected to continue.

In thremmatology, little has been done to genetically improve reproduc—
tion in animals. Dairy cattle must be kept econcmically fit in all traits
related to production of milk and its components, or less than maximam
net returns will result. As populations are selected farther and farther
from their original mean, some traits such as reproduction are likely to
became limiting. The negative genetic correlation between production of
milk and its percentage components are well known examples. Another
example is a genetic antagonism between production and reproduction that
is in the formative stages in dairy cattle.

Production and Reproduction

Freeman (1986) reviewed the physiological arnd genetic literature and
sumarized work of he and his colleagues. Heritabilities of milk, fat,
and protein production are of the order of .20 to .2% and, for per-
centages of the latter two, are about .5. Heritabilities of measures of
reproduction from paternal half-zilke are < .10 and more recently es—
timates are < .05. In general, there is good evidence of antagonism
between production and reproduction,

Dairy cows partition nutrients between production amd reproduction.
Production seems favored over reproduction, at least early in lactation.
R.O. Harrison (personal commmnication, Iowa State University, 1988)
campared the reproductive performance of high and low milking cows
separatad by selection and found that progeny of high sires have as many
reproduction cycles as progeny of average sires, but the high producing
cows do not express visible estrus nearly as early. Van Raden and Freeman
(1987) using restricted madimmm likelihood analyses found antagonistic
genetic correlations of the order of .4 between mature- equivalent milk
ard fat (adjusted and not adjusted for days open) in first lactation and
three measures of reproductive performance. Genetic correlations between
virgin heifer reprocduction and first parity production were slightly
camplementary. This conclusion was reached earlier in studies using
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independent data from California and the northeastern United States which
were reviewed by Freeman (1986). Hanson et al., (1983) showed that, with
current economic conditiens, gains from direct selection for improved
reproductive performance would be offset by more losses in production.
Holding reproductive change to zero while selecting for production might
be a reasonable goal. At least, daughter fertility should be monitored in
AT, ard some selection for improved fertility in bull mothers should be
considered. Many young sires in the United States are preduced by ET, and
it is difficuit to measure fertility in the dams of these young sires.

If new developments in reproductive physiology allow cows to be
successfully bred regardless of production level, then selection for
reproduction would not be needed.

Production and Herdlife

Body conformation is selected for in mogt practical breeding programs.
Use of linear scoring (rargesvaryfromltoQuptoltoSO) of confor-
mation data allows conformation to be related to production and herdlife
where all traits are scored on a continuous basis. The primary usefulness
of conformation data should be using body conformation as an aid to
predicting herdlife. Some linearly scored traits are related significant-
ly to production and herdlife (Foster et al., 1986; Sieber et al., 1988).
Production can be measured directly. Herdlife has odbvious econcmic
significance. Foster et al., (1986), showed that stature, udder depth,
rump width, and milk out had intermediate optima when associated with
herdlife while dairyness, rear legs side-view, and dispesition were
linearly associated with herdlife. After adjusting for herd differences

values were generally low. There had not been enocugh time elapsed,
however, in the study of Foster et al., (1986) to allow all cows to
express herdlife. They also related conformation to production traits but
used only first lactations. Relationships amorng conformation and produc-
tion may change with advanced lactations, so these are preliminary
results. This werk will be repeated with more data. Linearly scored
conformation traits may allew the data to determine which conformation
traits have economic importance for production of milk, rather than using
precorceived ideas of their importance.

Health Prcblems Associated With Production

Increased production puts additional stress on cows, For example, it
can be camputed that a cow producing 9072 kg of milk with a fat content
of 3.6% recycles 36,287 kg of ATP to ADP, and this does not account for
maintenance or other body functions.

Complete health records of progeny of Al sires selected for only high
and average milk production have been kept since 1968 in a selection
experiment at Iowa State University. Bertrand et al. (1985) summarized
the results and reviewed other work. In general, progeny of high sires
have more health problems in all body systems (mammary, reproducticn,
locomotive, digestive, and skin and skeletal) than progeny of average
sires. The greatest difference is in the mammary system. In recent years,
reproductive problems are greater in progeny of high sires. This con-
clusion has been repeated in several other experimental herds in the
North Central Regional Dairy PBreeding Project in the United sStates.
Although health costs are greater, profitability is much greater in
p]:nqeny of high sires.

The industry needs to monitor such costs and apply better management to
keep cows economically fit. Improvements can be due to management or
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selection against health costs using data collected in the field. This
has been shown to be possible (Solbu, 1982; ILyons, 1987). In the latter
study, heritability estimates were largest for mammary, digestive and
locomotive traits. More extensive work is needed, not only on health
traits, but also on their association with production and cther traits of
econamic significance. Ideally, mixed-model multiple~trait evaluations
should be done, but this requires much better estimates of variance
canponents than currently available.

Ancther approach to this problem is to determine whether there are
tests for general immune functions, either humeral or cellular, that can
be used to detect general immune deficiencies. An attempt will be made at
Iowa State University to determine whether daughters of high sires in our
research herd have depressed immmne function compared with daughters of
average sires. An ultimate cbjective could be to prescreen young bulls in
AT for health of their daughters.

Calving Ease

The econaric loss to the dairy industry in the United States because of
increased days open, losses in milk and fat, and death losses in calves
fram dystocia has been estimated to be $14.66 per cow per lactation
{Djemali et al., 1987a). Additional losses because of cow culling and
occasional deaths of cows gives estimated total losses of $35.00 per cow
per lactation.

Advances in methods of analyzing ordered categorical traits have been
developad that allow more precise estimates of transmitting abilities
with desirable properties. The ordered categorical analysis uses the
dbserved scores to estimate underlying causal effects of dystocia on a
continuous scale. This model more nearly reflects the biology of the
trait, allows for thresholds, and allows predictions of direct effects
for calving ease of sires as an output form the analysis, Djemali et al.,
(1987b) discussed the literature ard applied this procedure to data in
the United States. They used a model including fixed sex and parity
effects and random herd-vear-seasons and sires. This methodology will be
used for the National Asscciation of Animal Breeders Calving Ease
Evaluation in 1988. After selection for production, it is recommended
that virgin heifers be bred to sires with the least expected dystocia in
their offspring.

Preferential Treatment

An implicit assumption in evaluating cows is that all animals within a
contemporary group have egual opportunity. This cbwiocusly is not the case
in commercial herds. Dairy producers cannot be faulted if same cows will
respond to increased feed allocated and, thus, increase profit compared
with other cows that will not respond. Cows divided into different
“strings" and fed according to production as well as cows that are fed
more than others by "magnet feeders" are not, to the authors knowledge,
identified in recording production data. These practices can produce
biases in sire evaluation. Biases can be larger in cow evaluations.

Additional biases that have even more consequence are produced when
same daughters, or cows, are purposefully treated differently than
herdmates. Daughters of elite cows may be treated differentially during
growth and subsequent production. These biases accumulate over genera-—
tions and are particularly important in selecting kull dams. Methods of
detecting such bases have not been developed. Preferential treatment may
be the largest single source of bias in genetic evaluations.
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New and Potentially Useful Technology

In the next few decades, technolocgy at the molecular or cellular level
has the potential of producing new tools for the animal breeder. Control
of all genes that influence quantitatively inherited traits is unlikely
in the near future. It is reasonable to believe, however, that same new
biological techniques will be developed that can be used along with
statistical methods now used and/or to be developed in the future to
improve dairy cattle. This means that methods will be needed to inteqrate
new knowledge fram the molecular or cellular level with quantitative
methodology for evaluation and selection programs. This could be viewed
as a very large multiple-trait evaluation with both known genes effects
or markers combined with quantitative methods for evaluation of sires and
dams.

Development of basic knowledge from research on humans and other
species iz at a rapid rate. Adaptn‘ng this to livestock and using new
developments in livestock per se is a challerge that will allow better
urderstanding of the biology of domestic livestock. Understanding the
bioclogy of dairy cattle should allow more efficient production of food.

Same discussion of new and existing technolcgy will be considered. The
nmmber of potential new developments is too large to attempt to discuss
all of them and to discuss any in detail. Selected topics will be
addressed.

Bovine Samatotropin (BST)

A recent symposium (Natl. Invitational Workshop on Bovine Samatotropin,
1987) discussed mechanisms of action, production of BST, administration,
responses to administration, and sociceconomic aspects of BST. BST is a
naturally ocaurring hormone proeduced in the pituitary gland of all
cattle. It is produced commercially by using recaombinant INA techrology.
The gene responsible for coding BST has been isolated from cattle and
transferred to E. coli. The E. coli are then increased in number by
fermentation, and the BST is purified for injection into Qairy cows
(Animal Health Institute, 1987). Supplemental administration of BST,
usually after peak lactatlon, extends peak lactation, resultmg in an
estimated 10 to 25% increase in production. Additional feed is required
for increased production, but feed efficiency is increased 5 to 15%. No
charge in milk content is expected. It is highly probable that BST will
be used camercially though use may be rejected for socioeconomic reasons
in some countries.

If sires are progeny tested from daughters where the administration of
BST has not been equally distributed across their progeny, large poten—
tial biases could result. Even larger biases could be expected in cow
evaluation with and without BST administration.

Burmside (1987) considered the impact of BST and other biochemical
products on sire sumaries and cow indexes. Methods of genetic evaluation
could be developed if the cows receiving BST and possibly the levels of
administration are knewm in field data. This would redquire reconimg
procedures to be in place. Genetic evaluations could be performed using
records before and after administration on the same cows to determine if
sires and cows rank the same, provided that administration is during the
lactation and not for the complete lactation. Contract herds could be
established by AI organizations to record BST administration and obtain
accurate data to get either before- and-after administration evaluations
or genetic evaluations on split daughter groups of kaills same of which
have heen administered and not administered BST. As with all new develop~
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ments, research is needed to answer new problems. CQurrently "“magnet
feeders" are common in many countries where some cows within a contem-
peorary group receive more grain than others. This is not accounted for in
genetic evaluations. Will BST bias data more than this practice?

Cytoplasmic Inheritance

There is growing evidence that cytoplasmic inheritance controls a part
of the variation in production in dairy cattle. Bell et al., (1985) have
shown that 2% of the variation in milk production and 3.5% of the
variation in fat% are explained by cytoplasmic effects. Huizinga et al.,
(1986) attributed 10% of the variation in kg milk fat and protein
production and 13% of the variation in economic returns from milk to
cytoplasmic components. Further, they showed that 8 to 10% of the
variation in reproductive performance was controlled by cytoplasmic
effects., Tess et al., (1987) conclwded that cytoplasmic effects on
lactation were large encugh to influence calf preweaning body weight in
Herefords. McAllister (1986) reported consistent differences between
reciprocal crosses. F; females with Ayrshire dams produced significantly
(P < .05) more milk and fat then did F; females with Holstein dams. The
differences were 585 kg milk amd 29 kg fat. Many other references show
evidence of cytoplasmic effects.

Same evidence from simulated and field data suggest that cytoplasmic
effects are not important. Kennedy (1986) simulated data of about the
same size as those of Bell et al., (1985) and concluded that the varia-
tion attributable to cytoplasmic inheritance in their study could be the
result of residual additive genetic effects not accounted for by the
model used. Reed and Van Vieck (1987) analyzed a large mumber of daugh-
ters, dams, amd granddams from field data and found o evidence of
cytoplasmic effects; these data, however, were inadequately corrected for
envirommental effects (corrected only for herd-year-seascn of daughters),
ard the authors analyzed the residuals from the model.

Unpublished evidernxe for cytoplasmic inheritance and polymorphic
difference in mitochordrial NA (mtD¥A) will be presented from research
at Iowa State. Data for a phenotypic analysis are from 669 holstein cows
with 1595 records from 53 maternal linages in the Iowa State Breeding
Research herd. The lineages were traced to the beginning of the Holstein
Herdbook and averaged 21 generations, with an average of 12.6 cows per
line. Each cow's record was preadjusted for age effects and preadjusted
for sire and maternal grandsire effects by subtracting 1/2 the sire's
transmitting ability and 1/4 of the maternal grandsire's tranamitting
ability. A model was fit to each record containing the effects of mean,
year-season of calving, parity, age linear and quadratic, matermal lines
and cows within maternal lines. The remaining 1/4 of the additive effects
should have been accounted for by cows within maternal lines. The
maternal line variance accounted for the following percentages of the
total variance; mature equivalent (ME) milk, 5.2%; ME fat, 4.1%; percent
fat, 10.5%; and percent solids-not-fat, 10.0%. Expressed as a percentage
of the residual variance, these values were essentially doubled.

In addition, mtINA has been isolated from white blocd cells and cloned
at Iowa State. About 400 base-pairs have been sequenced from the dis-
placement loop (D-loop) from all lines. Seventeen base-pair substitutions
and four polymorphisms have been found by restriction fragment polymor-
phism (RFLP) analyses. This is clear evidence that there is a molecular
basis for cytoplasmic inheritance. We plan to sequence the entire D-locp
for all lines and do more exhaustive RFIP analyses. We expect to find
more polymorphisms in mtDNA. The intent is to determine whether mtINA
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markers can be associated with traits of econamic importance primarily
production, health, and feed efficiency. Possible applications of this
work are: adjustment of dams' records for mitochondrial effects that are
nct transmitted through their sons' to granddaughters, choice of females
donors for embryo transplants, choice of cows from which to choose herd
replacements, determining parentage, and choice of embryos from superior
maternal lines from which to replace the muclei with superior nmuclear
material. The preponderance of evidence is for a cytoplasmic effect that
is large encugh to be important in dairy cattle.

Sexed Semen and Embryo Transfer

The technologies of sexing semen and embryo transfer combined with AI
have promise of being useful separately and in combination for improving
dairy cattle., Embryo transfers are now routine. Sexing of semen has not
produced repeatable results but may be available in the future. Van Vleck
{1981) considered genetic gain using these technolcgies. This discussion
follows his work.

Table 1. Expected gain by utilizing sexed semen and embryo transfer (Van
Vleck, 1981).

Genetic gain Net present

per year (kq) value
Regular AI 100 $ 14
Seved semen 115 % 63
AT with embryo transfer 134 $126
Embryo transfer - few bulls 158 $126
Embryo transfer - sexed semen - few bulls 166 $148

The net present value was computed with an interest rate of 10%,
discounted over 15 vears and assumed net returns of $.023/kg of milk.

The increased gain due to sexing semen is 15 kg of milk and $49 net
present value, Van Vleck (1981) concluded that without loss of semen and
with perfect sexing, the cost of sexing semen would have to be less than
$19 to be profitable. Little gain from sexed semen for the paths of sires
to breed sons or daughters is expected. If substantial semen is lost in
the sexing process, additional sires would be needed, probably selected
with decreased intensity, and the potential gains could be hegated,

Use of AT with ET could produce about 34 kg more armual genetic gain
ard $112 more net present value compared with regular AT. Most of the
gain with AT and ET comes from producing replacements from the best cows
in the herd. These values assume an accuracy of dam selection of .64 ard
producing all replacements from the best 10% of the cows. The cost of ET
waild have to be reduced substantially for this to be economically
feasible. For an individual dairy producer, the alternative to using ET
is to use semen from a sire with a transmitting ability as large as the
expected gain by AT cambined with ET, which is much less costly. AT am
ET can be extremely useful when introducing new scurces of germ plasm
into a population.

The use of fewer sires to produce both sons and daughters should
produceZtllogmregenetlcgampe.ryear, but not more expected net
returns. The final comparison in Table 1 produces the most gain per year,
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66 kg more genetic gain per year and $134 more net present value,
campared to regular AT. The largest incremental genetic gain was due to
icreased intensity of sire selection. All these alternatives are
attractive enough that, if they are technically feasible and cost
effective, they should be considered for improving the cow population. As
they become available, system analyses should be used to consider these

adaptations.
Cloning

Production and use of clones is an intriguing idea, but as with much
potential technology, true cloning still has technical problems being
applied successfully in cattle. The idea is that, for example, nuclei
fram a 16—cell embryo coild be transplanted one at a time into single-
cell embryos from which the nmucleus had been removed. The 16 embryos then
would be transferred to doncr cows. Ideally, this would produce a clone
of 16 identical individuals. Problems, techniques and promise in gehome
transfer are discussed by Lovell-Badge and Mann (1986). Sidel and Elsden
(1988) estimated that with the current level of technology, two embryos
would survive from transfers from a 16—cell embryo. Van Vleck (1981)
estimated that 6000 pounds of milk superiority at $.023/kg would be
needed to balance a $300 embryo transfer cost. Clening prebably is not
possible from mature tissue.

Clones from truly superior cows would be useful. For a cow with 13,608
kg supericrity above her contemporary group, her genetic superiority
would be expected to be 3,402 kg. Van Vleck (1981) pointed out that
projection of genetic gains may be inaccurate because normal theory may
not hold for such extreme records. Accuracy of cow evaluation would
increase, kit not dramatically.

If large mmbers of clones could be produced from a truly superiority
oow, their initial superiority could be used. Selection among clones from
different cows could be practiced either in a MOET scheme or in commer—
cial herds, but increased inbreeding could be a problem.

A possible use of embryo splitting is to progeny test a sire amd keep
one frozen embryo. If the progeny test is high enough, the identical twin
from the frozen embryo could alsc be used without progeny testing. This
is not, however, a very likely scenario., If the selection differential is
one out of eight progeny tested bulls entering AT, then the frozen embryo
would have a one ocut of eight chance of being used. Ideally all embryos
should be split, but costs could be prohibitive and many frozen erbryos
would not survive. The thawed ambryo oompetes with bulls born in the
years the embryos were produced and as future bulls are entering AI, the
useful lifetime of the embryo would be limited.

Transgenic Animals

Transgenic animals result from introduction, by embryo injection or by
a viral wvector, of a cloned gene into a single cell embryo. Multiple
copies of the cloned gene are introduced. If some of the injected INA is
incorporated intoe the animals genome, it will ke present in all cells,
and to be most useful, should be transmitted to its offspring. Using
recarbinant INA technolegy transgenic mice have been produced with a
nonhamologous growth hormone gene and grew to about twice the size of
litter mates that were not transgenic.

Gannon (1986) gives six steps to obtain transgenic animals: 1) select
gene of interest, 2) prepare a DNA construction which should allew
expression of that gene in animal cells, 3) collect freshly fertilized
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cne—cell embryos, 4) micro-inject the DNA into the pro-nucleus, 5)
reimplant the micro-injected eggs in pseudopregnant females, and 6)
analyze offspring. All steps must be successful to ootain the transgenic
animal. In dairy cattle, the cbhvious choice of genes would be those which
are only expressed in the mammary gland; namely, the o and f —caseins and
a and B -lactoglobulins. If miltiple copies could be a permanent part of
the gename, protein production might be increased.

For trajts where many genes are involved in their expression, a primary
problem is likely to be in isolating this segment of the MA, not to
mention finding a construct that will allow expression of the INA. It
dees not seem likely that all the genes involved in production or
reproduxction are likely to be controlled by meolecular biology technicues
in the foreseeable future, so a mix of using new biological techniques
with quantitative techniques can be expected,

Isclation and use of genes with major effects may, in general, be the
best prospects for gene insertion. Examples could be genes such as the
borrolla gene in sheep. The growth hormone gene could be another. It
seems likely that if major genes are involved in milk production
conventional selection would be increasing the frequency of such genes.

Marker Genes

Molecular genetics has the possibility of locating genes, or segments
of INA, that are linked to other gepes that influence preductive traits.
Linkage can be caomplete when the marker (RFLP, sequenced DNA) is within
the ood.mg sequence of the DNA that directly affects a qguantitative
trait. It is more likely that the association of the marker amd gene(s)
that affect production is through linkage. Selection within halfsib
groups with relatively large numbers of halfsibs and no recambination is
an appropriate genetic situation for use of markers. One of the more
likely applications is as an aid to selection of young bulls for progeny
testing. Stam (1986) computes an upper limit for the gain in selecticn
due to marker assisted selection within halfsib families is 40%, This
assmpes that 50% of the variation among young bulls is explained by the
predictor and that very large numbers of daughters are measured for the
predictor. This projection was from use of a sirgle locus. Stam (1986)
estimated (he used "guess') what proportion of the variation between
patermal gametes could possibly be "explained" by a large mmber of
markers. His estimate was approximately 20% under the following assump~
tions: 1) that marker genes were present at an average cross-over
distance of 40 centimoruans, 2) that the polygenes for the trait of
interest were more or less distributed uniformly over the gename, and 3)
that the recarbination frequency is .15 between a marker and its nearest
gene that influences a trait. If there are about 3 billion base-pairs,
which has been given as an estimate for humans, this approximation of 20%
is discouraging, even considering that there are many repeats of INA
secquences in the gencme, There are so many assumptions in these estimates
ard so much yet unknown biolegy that such estimates could be considered
as only an educated guess.

Genetic Evaluation of Animals With New Reproductive Technology

Before selection is practiced choices of parents mist be made. Methods
of evaluating animals need to be develcped as new technologies become
useful. Kernedy and Schaeffer (1988) considered animal evaluation for
several potentially useful reproductive techniques. Their work indicates
that, if the biology is known, evaluations can generally be made by
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modifying mixed-model procedures. Much work will be needed on such
evaluations.

Optimm mating plans for using new technologies ard for combinations of
new and existing knowledge have not been considered to the authors
knowledge.
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FUTURE EREEDING PROGRAMMES IN PIGS

L. Cllivier

I.N.R.A. Généticque animale, 78350 Jouy-en~Josas, France

Sumary

An overview is given of current pig breeding programmes, with emphasis
on the methodologies applied in order to similtaneously improve produc-
tion arnd reproduction traits. Several restrictions on selection intensity
presently prevent fully efficient breeding schemes. Some of the chal-
lenges and questions for the future are discussed. Changes in breeding
objectives, in selection criteria, in methods of evaluation,
with repreductive rate manipulation and use of exotic (e.g. Chinese)
germplasm are already perceptible evolutions. The pig genome is presently
rather poorly understood and knowledge gained in that damain is ewpected
to have beneficial effects on future breeding programmes.

Keywords: pig, selection, production, reproduction, gene map, marker
gene, molecular genetics.

Introduction

An early example of breeding programme for pigs is the lecture given to
the Royal Danish Agricultural Society in Copenhagen, on February 5, 1896,
by Peter Angust Moerkebery. His plan, described by Jonsson (1965), aimed
at developing a new breed, the Danish landrace, to be crossed with
imported Yorkshire boars for bacon production. Breeding centers were then
established and official performance recording for carcass traits started
in 1907 with the creation of the first progeny-testing station. Since
then, progressively refined techniques have been devised and the task of
developing efficient breeding programmes has become more and more complex
(see Harris et al., 1984).

Various organisational and methodological aspects of past ard current
pig breeding programmes have been recently reviewed by Sellijer & Roth-
shild (1988). The general context of pig breeding is now dominated by
crossbreeding systems calling for specialised sire and dam lines and the
develcpment of a stratified supply system. In this review, emphasis will
be put on the principles underlying current pig breeding programmes, and
same of the challenges and questions for the future will be discussed.

General principles of breeding programme evaluation

The first objective of a breeding programe is to produce 'most
improvement per unit of time', as stated by Dickerson & Hazel (1944).
They show that selection response depends on 3 parameters, selection
accuracy (P), selection intensity (i) and generation interval (t). The
anmaal response R (in genetic standard deviation units) is:

wheretheirﬂlcﬁrefertodamsandsiresrwpectively.’lhusR is a
function of genetic (p) as well as demographic (i,t) parametés In
general, those parameters are not under the breeders control and repro—
ductive rate sets an upper limit on the response possible in each
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species. The limit correspords to optimal replacement pelicies for
breeding females and males (Ollivier, 1974 and 1988).

A second aspect concerns dissemination of the genetic progress cbtained
in the nucleus down to the producer. This process generates genetic lags
(Bichard, 1971) which depend both on the structure of the breeding
pyramid and on the genetic level of the individuals migrating fram one
tier to the next. The gene flow technicque (Flsen & Mocguot, 1974; Hill,
1974) allows to define truncation points of the migrating individuals
which minimise genetic lags. This has been done, for instance, in the
study of a rabbit breeding scheme by Yadav & Dempfle (1988).

Cost/benefit considerations are a third important aspect, and the
situation then becomes more camplex. For a given dissemination structure,
discounted profits at all levels may be evaluated and taken as a crite—
rion of overall efficiency of the system. This approach has been used by
Elsen & Sellier (1978) to determine an optimal selection pelicy in dam
lines. Altermatively, for a given selection policy in the ruclues, the
same approach may serve to optimise the dissemination system.

Finally, chance plays an inpertant role in breeding programmes.
Stochastic models bring useful additional information on the variability
to be expected. They also allow taking into account more camplex genetic
situations, including such parameters as dominance, epistasis, linkages
arnd mumber of loci. This approach has recently been applied to the
of pig breeding schemes in =mall closed population by De Roo (1988).

Breeding for production traits
Camplete testing

Production traits in pigs are either measurable on both sexes before
breeding age (growth rate, feed efficierncy, backfat thickness) or
measurable after slaughter (lean content, meat cuality). Individual and
family (sib} information may be used in selection. For individual
selection, the anmual respanse given by (1) is maximised when
1/t—(1 +1,)/(t.+t)) is maximm. It can be shown that the maximm response
is app}oximateiy inear in the logarithms of 2 reproduction parameters, c
and aX defined as follows: ¢ is the degree of polygyny (or mating ratio),
a the age at first offspring and A the dam annual fecundity or mmber of
candidates of one sex (sex ratio assumed to be 1/2) successfully bred.
The followmg empirical expression applies (assuming p=p =1):

maxR =(2+logc+3logair}/fa (2)

in which, however, a should be corrected for discontimiity of birth
process (see Ollivier, 1974), giving the corrected value a=0.75, instead
of the actual value a=1 for pigs. Table 1 gives the exact maximum of i/t
for various cambinations of A and c. The selection procedure implied
here, which assimes uniform culling ages within each sex, may be slightly
improved by sequential selection. However, the 2-3% extra gain may not be
sufficient to compensate for the operational difficulties of the scheme
(Hagenbuch & Hill, 1978).

when sib information is used, the expression of i/t has to be adapted
to the reduction in the number of cardidates available. Fecundity and
polygyny then depend on the nuber m of individuals slaughtered per
litter and the resulting sex ratio o among the remaining cardidates
(Cllivier, 1988), so that:
A#=2(d-m) (1-a)  c*=ca/(1-a) (3)
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Table 1. Maximm value of i/t in individual selection.

A c
5 15 25
1 0.74 0.91 0.99
2 1.04 1.23 1.32
4 1.36 1.56 1.65
6 1.54 1.75 1.84
8 1.68 1.88 1.97
10 1.78 1.98 2.07
c = degree op polygyny (mating ratio)
A = anmual fecurdity (number of selection candidates/litter)

Age at first litter (a): 1 yr

Thus, the cptimmm replacement rates for sib (or cambined) testing may
be obtained in the same framework as for individual selection. The loss
in i/t irmrredmanycanbmedt&:tngsche:recanthanbesetagamst
the increased accuracy of selection. This loss decreases with increasing
Aamd it is, for instance, of the order of only 8% for carbined testing
{individual and 2 sibs of different sexes) when A =10.

Incamplete testing

When facilities for testing are reduced, the biclogical limit set by
reprodlntlveraten.slowered and, asshovmby {(2), the expected response
terds to increase linearly with the logarithm of the mmber tested.
Similar increases with logarithms have also been noted previously, in
other selection contexts, by Robertson (1957) and Smith (1969). When
testing facilities are limited, allociation of testing places between
males and females affects overall selecticon intensity (Smith, 1969). If
armmial response is considred instead of selection intensity, it can be
shown that a critical value of testing capacity exists, below which only
males should be tested (Ollivier, 1989). For pigs, this value is around
0.25 (table 2). BAs testing capacity decreases, the maximum anrual
response cbtained fram testing only males implies that their generation
interval be progr&sswely increased, while maintaining female generation
interval at its minimum.

In practice, varicus surveys indicate that testing is presently fa.r
from bemg camplete, in national breeding schemes as well as in
campanies. Realised values of i/t rarely exceed 1 (Bichard et al., 1986;
christensen et al., 1986; Groeneveld & Werhahn, 1986; Steane, 1986). This
partly results fram culling for reasons other than performance.
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Table 2, Critical value of testing capacity (k) below which only males
should be tested (individual selection).

C

15 100
R (1) 1.75 2.08
k 0.22 0.25
R_(K)/R, (1) 0.59 0.67
tl 1.0 1.0
t 1.4 1.2
2
cC : degree of polygygny
R (1) : maximm of i/t with complete testing
Ra(k) : meximum of i/t with testing capacity
tl : female generation interval for R_ (k)
t, : male generation interval for R, ?k]
¢, a (here 1) and * (here 6) defined in table 1.

Restrictions on selectjon intensity

Selection intensities in expressions (1) usually assume that com
parisons are made among a large nmurber of independent cbservations. In
practice, however, this assumption is not fulfilled, particularly in on-
farm testing with continuous farrowing. Comparisons than bear on a
limited mmber of full-sib groups. For normal distributions, one can use
approximations given by Bulmer (1985, p. 147) and Hill (1976) to define
an 'effective' proportion selected (p_ ), for any actual proportion (p)
selected among s groups of n individuals with an intra-class correlation
t. For low values of p, for instance, the following expression heolds

imately:
P.=p(1+1/2k) with k = nsp(1-t+t/n) (4)

Selection intensities in formila (1) may be corrected accordingly and the
anmual response then depends on “effective" fecundity and polygyny

A= '\ /(143/2k)) and c =c(1+1/2K) )/ (1+1/2Kk,) (5)

where ard are the k values defined in (4) for females and males
ely. replacements are taken within L gilt litters, one has
=L{1-t(1-2/})] as r=2/2 and kX =k /c if I>c or k, /L if Igc. Consider
ifidividual selection with conpl ting for ¢=15, A=6 ard +=0.2, in a
herd producing 100 gilt litters per year, distriluted uniformly over 17
periods of 3 weeks., Then I=6, =5.47, c,=4.2 and the reduction of
response is expected to be 15% compared to the value 1.75 in table 1.

Breeding for reproduction traits

Whereas for production traits a broad agreement exists between es-
timated and realised genetic parameters (with the possible exception of
feed efficiency), the situation is less clear for reproduction traits.
Theoretical predictions, such as those given in table 3, indicate that
conventional methods of selection for litter size in pigs should be
sucessful, with an annual gain of at least 0.2 piglet at brith, even
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within herds of limited size (Toro et al., 1988).

Table 3. Predicted annual selection responses for litter size.

References

Ollivier Ollivier Avalos & Smith Toro et al.

(1973) (2974} {1987} (1988)
Ra 0.25 0.30 0.47 0.34 0.20
o) 2.70 2.70 2.85 2.85 2.85
c 10 15 10 10 10
i/t 1.43 1.47 1.43 1.40 1.40
I D2 D4 DF2 DF2 DF2
N large large large 100 dams 100 dams
F ignored  ignored  igrnored ignored -0.2 per 0.10
R, ¢ annual response in litter size
g~ : phenotypic standard deviation
¢ : degree of polygyny
i/t; selection intensity/generation interval
I : selection criterion (D: dam; F: farrulyr 2=2 litters ..)
F : inbreeding depressmn for litter size

Selection across sires. 1 sire selected per litter. Heritability 0.10,
repeatability 0.15.

To this, the lack of experimental evidence in pigs has often been
opposed (see, for instance, the recent review of Eisen, 1986), contrary
to the gituation in mice. However, recently, evidence has accumilated
showing that selection for litter size might well be as efficient in pigs
as it is in mice. A significant genetic gain for litter size at birth of
1.7 piglet has indeed been obtained in the last 6 generations of the
French selection experiment (Bolet et al., 1987). In another experiment,
with extremely intense selection on dam performance, realised heritabi-
lity for litter size at birth is 0.14 (Le Roy et al., 1987). A gain of
0.7 in litter size at birth has also been reported in the last 4 genera-
tions of the Nebraska experm\ent on cvulation rate (Johnson et al., 1984.
An unresolved guestion remains the pessible interaction response x panty
found in several selecticn experments However, a lower response in
gilts should be expected when selection is based on several dam parities,
because the selection criterion is then more highly correlated to genetic
merit for medium parities than for the first one.

Breeding for production and reproduction traits

The cuestion for the future may not be how to improve prolificacy, but
rather how to simultanecusly improve litter size and production traits.
The point has been investigated theoretically, with various methods. The
irndex approach of Smith (1964) for specialised lines appears to be the
simplest (see Ollivier, 1983 Avalcos & Smith, 1987 and Wekk & Bampton,
1987). More elaborate methods consider economic returns of entire
selection-crossbreeding schemes (Elsen, & Sellier, 1978) or life-cycle
economic efficiency (Smith et al., 1983). Whatever the method used, the
general conclusion is that moderate gains may be obtained from including
litter size in the selection objectives. Table 4 shows that the predicted
gains increase with the importance of litter size in the breeding goal,
with the accuracy of the selection criterion used for litter size and
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with increasingly unfavourable genetic correlations between litter size
ard production traits. On the latter point, however, most shuadies
indicate that litter size is phenotypically and genetically uncorrelated
with growth and carcass traits (see the review of Brien, 1986). Table 4
also indicates that the intra-class correlation of the selection index
increases with its expected efficiency. This may partially offset its
advantage in a situation of limited herd size.

Table 4. Efficiency of index selection for production and reproduction
traits in specialised dam lines.

r a
1 2 3
D P! p p' P o'
103 106 107 115 112 125
0.2 0.11 0.16 0.13 0.19 0.14 0.20
{0.28) (0.37) (0.38) {0.52) (0.46) (0.63)
102 105 108 117 117 134
0.0 0.04 0.09 0.07 0.15 0.10 0.17
(0.27) (0.33) (0.41) (0.56) (0.55) (0.72)
102 104 110 121 128 151
0.2 -0.03 0.01 0.03 0.11 0.08 0.17

{0.25) (0.29) (0.47) (0.62) (0.74) {0.85)

a ! econamic value of 1 standard deviation of litter size at weaning
relatively to 1 standard deviation of production traits.
r : genetic correlaticn between litter size at weaning and production
traits.
p(p") : accuracy of genetic evaluation for litter size at weaning 0.13
(0.19).
1st line : overall selection response in percent of that obtained from
selection for production traits in a general purpose line.
rd line : expected anmual response for litter size at weaning
(i/t=1.75).
In brackets : intra-class (full-sib) correlation of index (adapted from
ollivier (1983)).

Scme prospects and guestions for future breeding progqrammes
Ohijectives

Appreciable genetic gains have quite convincingly been demonstrated for
growth and carcass traits in recent years. They are of the order of 0.5
to 1.5% of the mean per year (Sellier & Rothschild, 1988). Less evidence
exists for genetic trends in meat quality traits, but most available
results point towards unfavourable trerds, as expected from the negative
genetic correlations existing between lean growth and meat quality. This
general picture is exemplified in the figure below, for a sow population
which has been genetically monitored over 25 years.
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Fig. 1. 25-year genetic trends in a French Large White sow population
(Ollivier, 1986). The traits are expressed in phenotypic standard-
deviation units, i.e. 16 days for age at 100 kg, 2.9 for lean percent
(predicted) and 0.21 for pH24.

One can predict tha meat quality will become an increasingly important
cbjective in pig breeding. It is not certain, however, that this will
bring a reduction of emphasis on lean content in the coming years. Is
lean content approaching its optimm (Webkb & Bampton, 1987), or may it be
considered as still far from a biological maximum set at 75% by De Roo
(1988)7

In contrast to production traits, no phenotypic change of appreciable
magnitude has ococurred for litter size at birth, and in some cases
negative genetic trends have even been obtained (Johansson, 1981). This
was to be expected from the low selection pressure s¢ far applied to
litter size. It is also a strong argument in favour of negligible genetic
associations between production and reproduction traits, as apparently no
irdirect response to selection for the former has been experlenced A
growing awareness of the possibilities of selection for litter size is
already noted, and future breeding plans will increasingly incorporate
litter size in their cbjectives. The economic gain form selection on
litter size may be expected to increase if less emphasis is put on lean
growth, or if genetic antagonisms of litter size with lean growth
develop. This is shown by the effects of the variations of a and r in
tab1e4 But, on the other hard, it is also well known that the economic

of litter size should decrease as its mean increases (Moav &
Hill, 1966).

Evaluation

Accurate breeding wvalue estimation will remain an essential pre-
requisite for future improvement schemes. Application of selection index
theory in animals has begun with pigs {Hazel, 1943) and it has been
contimiocusly pursued in many countries for several decades (RSnningen,
1978; Lindhé et al., 1980). Recently, more refined applications of the
theoryarebeugdevelopedﬂumghtheuseofmlxednndelmeﬁmdology,
providing best linear unbiased predicticns (BLUP) of breeding values, as
in the programme introduced in Canada in 1985 (Hudson & Kenndy, 1985).
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For production traits, moderately heritable, accuracy of evaluation
shaald not be greatly enhanced, in the case of within-farm (or station)
selection. The advantage of BIUP in better exploited in across-farms (or
stations) evaluation, as shown by Mabry et al. (1987) on actual data from
boar testing stations and by Soerensen (1987) on simulated populations.
Selection accuracy for reproduction traits is markedly improved by using
family information, and here BIUP offers the possibility of including it
with great flexibility. However, BLUP has also shortcomings arising from
the heavy camputations irvolved. This limits its applicability to species
like pig, where selection decisions have to be taken rapidly and re-
peatedly and where multi-trait informaton is essential.

Selection criteria

Indirect information on live pigs is presently the basis of selection.
Technical developments in the estimation of body composition may have
important consequences for breeding programmes, as stressed by Kanis
{(1986)}. If the predictive value of live measurements is raised from a
present genetic correlation value of 0.6 to 0.85, a value expected from
ultrascund scanning, the gain from combined selection over individual
selection (for h*=0.4) is reduced from 23 to 9% ard from 37 to 14%, for
the case of 1 or 2 sibs respectively. Then glcbally, caombined selection
would lose its advantage over purely irdividual selection in most cases.

As to meat quality, present and prospectlve methods of selection have
been recently discussed by Sellier (1988), in an extensive review of
genetic aspects of meat quality in pigs. Several Ewrovpean countries
include meat cuality in their selection criteria and selection indices
with constraints find here an interestirg practical application. Such
imdices should avoid any decline in meat quality, at the expense of only
a moderate reduction in overall efficiency of selection, in spite of the
antagonism between meat quality and cther production traits. However,
this is only true when sib (or progeny) information is used, and the
method fails in individual selection when no predictor of meat cuality is
available (Guéblez & Ollivier, 1986). This justifies research efforts
presently devoted to finding valuable in vivo tests, outside the halo-
thane gene context, which would greatly facilitate the maintaining of an
acoeptable meat quality in the future.

Selection envirorment

The existence of genotype x envircrment interactions is well documented
since the late 1970's (see the recent review of Merks, 1988). This raises
the question of choosing the best envircrment({s) for selection. Of
particular concern is the importance of selection regime x production
system interactions, as discussed by Webb & Cwrran (1986). A thorouch
investigation of similar problems in the Dutch herdbook breeding pro-
gramme has been recently carried on by Merks (1988). His results show the
importance of genotype x herd interactions, both in on-farm test and in
comercial conditions, especially for daily gain. He concludes that
enviromental differences between herds, in addition to selection regime
differences, could contribute to reduce selection efficiency. Consequent-
ly, the value of sib (or even progeny) testing relatively to performance
testing should increase. However, the organisational requirements of
programmes combining central and on-farm performance test with sib or
progeny test under camercial conditions (number of testing places,
electronic identification, extensive use of artificial insemination (AT)
are to consider (see Merks, 1988, p. 124-127).
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Reproductive rate manipulation

Campared to other mammalian farm species, pig may be considered as
highly efficient in terms of multiplicative power. Vauban, a celebrated
French military engineer, had already calculated in the 17th century that
from a single female about 6 millions offspring could be cbtained in 10
years. As shown by formula (2}, selection efficiency may be expected to
increase to variable degrees, through (i) use of AT (which increases c),
(ii) improved prolificacy or use of embryc transfer (which increase ),
{(iii) earlier breeding age (which lowers a).

Though AT in pigs does not allow raising the mating ratio to values
canparable to those possible in cattle, it remains a powerful mean of
increasing the efficiency of breeding schemes, For example, comparison of
tables 1 and 2 shows that testing only 2 males/dam anmaally with AT
(c=100 k=0.25 in table 2) gives about the same expected response as
testing 3 males and 3 females with natural mating (=15 1 =3 in table 1).

ATl offers other advantages in breeding programmes. For instance, high
merit boars can serve the various levels of the breeding pyramid, and
thus reduce genetic lags. AT may also be used to comnect several herds,
thus increasing actual nucleus size while keeping individual herd sizes
moderate (Webb & Bampton, 1987).

The potential of enbryo transfer (ET) for pig breeding programmes has
so far received little attention (see Smith, 1981, for an example).
Because of the high reproductive rate of pigs under normal conditions,
the extra gains to be expected from ET should be modest. The result will
of course deperd on various technical parameters, such as mmber of
transferable embryocs (after superovulatory treatment), conception rate
and embryo survival, which will determine the ultimate mumber born per
donor from cne (or several) recipient sow(s). Recent data of Nieman
(1987) indicate that this mmber is below normal litter size. Repeated
transfers from the same donor are, however, feasible and a considerable
increase in A can thus be obtained, even with a low litter size. Table 5
shows the expected increase in response to individual selection for
various values of A. The results show that not much can be gained by
increasing litter size above normal values of 6-8. The expected gain is
then of the order of 20-30%, with about 5 transfers per donor, i.e. a
recipient herd about 5 times the donor herd size. However, ET appears to
be potentially more attractive if it can be coupled with early breeding.
Table 5 shows that the expected gain might exceed 50% if transfers could
begin at about 5 months of age, and one lasstmrsferperdomrhmld

tlmbene:essazycmparedto later breeding. Prospects for
earlier puberty through varicus means have been reviewed by Dyck (1983).
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Table 5. Potential of embryo transfer for individual selection.

]

5 15 25

a a' a a' a al
24 116 148 112 143 111 142

6.1 5.0 5.7 4.6 5.5 4.5
36 127 161 120 154 118 152

5.3 4.4 5.0 4.1 4.9 3.9
48 132 169 125 161 123 160

4.9 4.0 4.6 3.7 4.5 3.6
60 136 176 129 167 127 165

4.6 3.1 4.4 2.9 4.2 2.8

c and ) : defined in table 1.

a(a' ) : age of donor at birth of 1st transferred embryos lyr (0.75
yr).

1st line : selection response in percent of that in a standard situation
(a=1, x=6).

2nd line : Optimal mmber of transfers per domor, assuming one manth
interval between transfers.

Use of Chinese breeds

The evaluation of the Chinese breeds imported in France in 1979 has led
to conclusive evidence regarding their genetic merit for reproduction
traits under modern husbandry conditions (Sellier & ILegault, 1986;
Bidanel, 1988). In addition to 1litter size, 3 other characteristics
deserve attention: early puberty, teat number and low preweanirg mor-
tality. However, their disadvantage in growth and carcass performance
ml&swttheirusejnanycmssbmedingsystemwﬂerpresentecmmic
coditions in most countries (Guéblez et al., 1987). From the parameters
estimated by Bidanel (1988) in a ILarge White x Meishan (IWxMS) cross-
breeding experiment, the IW-MS lag for production traits may be about 8
standard deviations, ocompared to an advantage of about 1 standard
deviation for litter size at weaning (table 6). However, in a crossbreed-
ing system using a IWS dam line, the production lag would ultimately be
divided by 4 and thus not too far from being compensated by the gain in
dam line reproductive performance. On the other hand, selection for
production traits in a IWxMS composite line could be 1.5 times as
efficient as in a Furopean-type line (Bidanel, 1988}, because of early
puberty. In theory then, the time necessary for a IWxMS line to overtake
present conventional dam lines should not exceed 2 or 3 years of inten-
sjve selection for production traits.
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Table 6. Meishan (MS)} - Iarge White (ILW) comparisons for production and
reproducticn traits (from Bidanel, 1988).

Genotype
Trait
MS F1 (MSxLK) F2 (MSxIN)
Average daily gain (g) -206 0 =51
Feed corversion ratio 0.9 {0.45) (0.45)
Lean tissue weight (kg) - 16 -8 -8
Litter size at weaning 2.9 4.2 2.7

Values derived from IW x MS crosshreeding parameters (except for feed
conversion ratio) and expressed as deviations from IW.

A more realistic approach is to consider the overall return of cross-

breeding systems implying Chinese stocks, as dene by Bidanel (1988) for
systems using )BxEurcpeanomposmesasgrarﬁmatemllme He shows
that the best of such sytems reach the break-even point in camparison to
a standard IMxTandrace dam line within a time horizon of about 5 years.

This type of strategy should, however, also take into acoount the
constantly increasing production lag of the Chinese breeds, if they
undergo no selection, and the time necessary to break down linkage
disequilibria inwvolving production and reproduction genes in the com
posite stock. An unresolved question so far is to know whether prolifi-
cacy genes in Chinese stock have any adverse pleictropic effects on
production traits, Careful wonitoring of litter size is therefore
essential in such selection schemes.

The use of highly prolific breeds as recipient line in ET programmes
also deserves consideration. However, succesfull ET might be more
deperdent on enbryo quality than on recipient uterine capacity, as
reciprocal transfers between IW and MS terd to indicate (P. Rombauts,
personal communication). More information on this point is needed before
ET based on Chinese prolific breeds (or possibly better on Fy Chinese x
Eurvpean creosses) can be envisaged.

Prespects from a better knowledge of the pig genome
Gene identification and localisation

The nurber of genes identified in the pig is still limited. It has been
estimated to be about a hurndred (Cllivier & Sellier, 1982). Since 1985,
the existence of a new class of genetic variation, expressed at the IMA
level, such as restriction fragment lergth pelymorphism (RFLP), has been
established in farm animal species including pig (see the review of
Beckman & Soller, 1987). The first syntenies, i.e. location of several
genes on the same chromosome, and assigmments of genes to particular
chramosamnes were reported in the early 1980's. By 1986, 10 syntenies and
17 gene assigrments were reported (Ruddle & Fries, 1986). Pig gehe
mapping is still in its infancy, particularly when compared to the
explosive development of human gene mapping, which presently covers more
than 5000 genes. Potential applications in human medicine are a
incentive, for which there is no equivalent in the economic conditions of
livestock production. Gene mapping in animals will, however, benefit from
the knowledge gained in man, because of the expected homclogies of DNA
sequences across species. Human DNA probes have indeed been used for gehe
mapping in pig (Geffrotin et al., 1984). Undoubtedly, such transfer of
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information will increasingly contribute to the pig map, together with
the use of specific porcine probes (Fries et al., 1988).

Correct assigmment implies accurate identification of chromosames, and
S0 necessarily requires reliable cytogenetic techniques. In that respect,
chramosamal markers resulting from varicus structural rearrangements are
useful tools in pig gehe mapping. An ever-increasing mmber (presently
22} of reciprocal translocations are being reported. In addition to the
drastic reduction they inflict on litter size, their interest for gene
mapping is worth considering. Variations of size brought about by some
translocations may be exploited in chromosomal sorting techniques and so
facilitate the establishment of chromosome-specific gene banks, subse-
quently used for chromosame exploration (Popescu & Legault, 1988).

Use of indentified genes in breeding programmes

Pig offers a good example of this approach in farm animals, with the
exploitation of the halothane gene (Hal). This area of research, ini-
tiated by the basic paper of Eikelenboom & Minkema (1974), has received
enormous attention in recent years. We are here in an exceptionally
favourable genetic situation, because of well established large effects
of Hal on lean content and meat quality and because of its tight linkage
with easily identifiable biochemical markers. The discovery of the
halothane gene has shed a new light on pig breeding as a whole. It is
tempting to lock and to hope for similar targets for use in future
programes. menextcardldatemlghtbethesetofgermofﬂxenajor
histocampatibility complex (MHC). The central role played by MHC in
immune functions and disease resistance has been reviewed by Warner et
al. (1987), who stress that pig is the best studied mammalian damestic
species in that respect. They also summarise the association fourd so far
between MHC and varicus production and reproduction traits. In the field
of disease resistance, the linkage mentioned by Gibbons et al. (1977)
between transferrin and a gene for resistance to colibacillosis, which
has been confirmed by Duval-Iflah et al. (1987), would also deserve same
consideration. Whether similar conditions will prevail for cther genes of
interest, as those hypothesised by Sellier (1987) for meat quality and by
Sellier & Legault (1986) for litter size, remains to be seen.

Contribution of molecular genetics

The new generation of NA polymorphism recently discovered (such as
RFIP, hypervariable regions, oligonuclectide polymorphism) is expected to
contribute to animal improvement in the coming years. Briefly, molecular
markers may be used for early identification of particular genotypes, or,
perhaps more ambitiously, as a general mean of analysing polmenic
quantitative wvariation. A good example of the first approach is Hal
identification, as discussed by Archibald (1987). COther genes, such as
those mentiohed in the preceding paragraph, might in the future be
similarly manipulated. The analysis of polygenic quantitative variation
ard its eventual conversion into individually defined Mendelian entities
(Beckman & Scller, 1987) is a more distant prospect. Such analyses
require adequate coverage of the gename, which is still far fram being
achieved in farm species. The effort required for quantitative charac—
terisation (about 2000 individuals for establishing RFIP - cuantitative
traits relationships in a cross between 2 breeds) as well as for genetic
characteristics (molecular analyses) needs also evaluation. Recent
results cobtained in plants, particularly maize well adapted to the
application of such methods (Helentjaris, 1987), show their effectiveness
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in identifying factors implied in quantitative variation. However, as
pointed out by Edwards et al. (1987), inferences may be limited to the
particular genetic background and environment of each experiment.
Potential applications of gene transfer in farm animals presently
attract considerable attention. The two main technlques available for
introducing foreign geres have been show to work in pigs, i.e. micro-
injection by Hammer et al. (1985) arnd infecticn with retrovirus vectors
by Petters et al. (1987). More details on methods of transfer, contrel of
transgene expression and present barriers to applicatoin on damestic
animals are given in the review of Renard & Babinet (1987). Implications
for livestock improvement have also been discussed by Smith et al,
(1987). The difficulty of finding useful genetic material for transfer
has often been emphasised. In some cases, it would be more useful to be
able to "“turn off" an existing gene than to introduce a new cne. This
would be the case for genes coding for receptors to specific pathogens,
as the KB8 E. Coli receptor in pig. However, molecular investigations on
2 important genes in pig, Hal and MHC, might open up some exciting
possiblities, as indicated by Archibald (1987) ard Warner et al. (1987).
In both cases the possibility of obtaining stable heterozygosity is
ernvisaged, either by obtaining pigs homozygous for the 2 Hal alleles
which would then breed true, or by increasing MHC heterozygosity to
produce good responders to several different pathogens. Progress in that
direction would open a new route for expleiting hetercveis, outside
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FUTURE BREEDING PROGRAMS IN FOULTRY

P.B. Siegel

Poultry Science Department, Virginia Polytechnic Institute and State
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Summary

Of damestic animals, poultry are among the most efficient converters of
plant to animal protein. Success in poultry breeding results mainly from
development of specialized sire and dam lines which are crossed in
various combinations to produce a commercial product with potential for
either rapid growth or high egg production. Development of specialized
lines and crosses involves application of quantitative genetic proce-
dures, large populations, and intense artificial selection. Breeding
programs for poultry meat and eggs are based on efficient use of additive
and nonadditive genetic variation with differences in heritabilities for
growth and reproductive traits determining breeding strategies.

Involvement in breeding programs of major loci such as sex-linked
dwarfism, dominant white, sex-linked feathering and the major histo-
compatability complex requires repeated backcrossing and knowledge of how
alleles at these loci interact with varicus background gencmes. This form
of gene transfer is not only costly in time and money, but success has
been varied. Just as the computer facilitated obtaining, sumarizing and
analyzing voluminous data in a rapid efficient manner, advances in
bictechnology hold wuch promise for future progress. The fruits will
probably come both directly and indirectly. In the case of the latter,
enharcing disease resistance allows for more intense selection while the
former holds promise for insertion of major genes intc known genetic
backgrounds and mappirng for identification of quantitative trait loci.
Future breeding programs in poultry will orchestrate a synbictic rela-
tionship whereby molecular techniques become a part of existing quantita-
tive procedures.

Keywords: poultry breeding, growth, reproduction, chickens.

Introduction

Breeding of poultry for meat and/or eggs as a source of food dates back
several thousand years. Industrial production to provide meat and eggs to
a nomagricultural human population is, however, a phenomenon of this
century (Lerner & Donald, 1966; Gordy, 1974; Smith & Daniel, 1975).

Iess than a score of large organizations, which employ highly trained
staffs and utilize large populations with intensive selection, conduct
most cammercial poultry breeding. Although breeding programs are based on
sound genetic principles and utilize computer technology, the use of
biotechnology in a molecular bioclogy context is limited.

Negative genetic and phenotypic relationships between growth and
reproduction have resulted in development of specific breeding programs
for meat and for egg production. Realization of the incompatability of
the two was seminal because it meant that chicken meat production would
o lorger be a by-pmduct of the egy industry. Annual production of the
poultry meat industry is in excess of 10 billion animals and rivals beef
ard pork as a source of animal protein in many countries. Breeding
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programs for poultry meat production are designed to meet these markets
without camplications of attempting to develop dual purpose stocks.

This paper will adress the recent history of breeding for poultry meat
and eggs. Certain aspects of this paper rely on recent evaluations of
industrial breeding programs for egg-type chicken (Arthur, 1986), meat-
type chickens and turkeys (Cahaner & Siegel, 1986), and waterfowl
(Pingel, 1986}).

Recent hisgtory

Enowledge of the past aids in understarding the present and viewing the
future. Technological advances have contributed to efficiency in poultry
breeding. These include invention of the trap-nest, the force-draft
incubator and use of artificial insemination. The trap-nest, which has
been replaced in many cases by individual cages, allows for obtaining
pedigree data essential to the estimation of heritabilities, genetic
correlations and breeding values. The force—draft incubator allows
production of large populations at predetermined intervals. Artificial
insemination enables not only t&stl_ng of many males, but el.utunatlng
sexual behaviour as a factor in measuring fertility, particularly in
turkeys.

A prime decision that influenced poultry breeding was that specific
stocks be developed for meat production and for egg production. A second
was the realization that the purebred was not sacred and that poultry
bresders could capitalize on the use of hybrid vigor, particularly for
reproductive traits. Changes in poultry breeding ccourred rapidly as
breeding became a science rather than an art. The two decades after the
end of World War II saw many breeder=s disappear from the scene as hybrid
egg-layers and white-feathered meat chickens and turkeys were demanded by
producers and processors. Poultry breeding became more of a science than
an art, forcing breeders to employ geneticists who used quantitative ang
cqualitative procedures with intense within-line selection, plus hybridi-
zation to produce a commercial product. Those breeders who resisted
change lost their campetitiveness and attrition was great. As Cahaner &
Siegel (1986) pointed out, the survivors used sound genetic principles,
had a willingness to gamble, and had considerable luck. In many cases,
they became subsidiaries of multinational corporations. Egy breeders
adopted systems designed to maximize both general and specific conbining
ability (Arthur, 21986). The same is true for poultry meat breeders
(Cahaner & Siegel, 1986).

Poultry breeding programs utilize indeperndent culling to varying
degrees (more for broilers, waterfowl and turkeys than for egg produc-
tion), the index procedures of Iush (1947) and Osborne (1957) to canbine
family and individual selection, and the concept of developing specific
sire amd dam lines (e.q. Mcav, 1966; Moav & Hill, 1966). These procedures
and techniques will continue because they have survived the test of time.
As we lock to the future, the question is how to integrate new procedures
with those that have brought poultry breeding to its present level.

Disease resistance

Historically, poultry geneticists and poultry veterinarians have worked
in comcert to develop programs for effective control of infecticus
diseases and parasites. Primary tools have been eradication, vaccination
and isclation programs. Although genetic variation for resistance has
been demonstrated for many diseases and parasites (e.q., see reviews by
Gavora & Spencer, 1983; Hartmamn, 1985), breeders rarely select for
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resistance to specific diseases. This reluctarce is understandable
because breeding for resistance to infectious agents frequently reguires
exposure of animals to pathogens. Not only may such exposure mask
expression of other traits, but there are complications of host—pathogen
dynamics and costs associated with adding ancther trait to a selection
program. Also, selection efforts can be quickly negated by development of
an effective vaccination program for controlling the disease. Such was
the case with Marek's disease.

The poultry industry has been fairly successful in developing vaccina-
tion programs for breeder females to produce maternmal antibodies which
are passed through the egg and in eradication of egg transmitted patho-
gens. Eradication programs require strict sanitation and immmnoclogical
testing, procedures that are routine for poultry breeders. Examples of
successful eradication programs include Salamonella pullorum, Myooplasm
synoviae and Mycoplasm gallisepticum. Recent advances in immuinology such
as development of monoclonal antibodies and ELISA testing are becoming
cost—effective tools for breeders.

Poultry breeders are quick to respond to new information on disease
control and prophylactic procedures. In seminal stidies, Spencer et al.
(1979) and Gavora et al, (1980) demonstrated that presence of leukosis
shedders in breeder flocks reduced effectiveness of selection. Today
chickens are routinely tested and shedders are eliminated from flocks. In
an attempt to develop packages for enhancing immnoresponsiveness
breeders may screen for response to general antigens such as sheep
erythrocytes and/or alleles for varicus blood allosystems, particularly
the major histocompatability complex (Van der Zijpp, 1983; Arthur, 1986;
Cahaner & Sieqel, 1986). An excellent review of the relationship between
diseases and the major histocompatability complex has been provided by
Bacon (1987). Developments in molecular biology suggest that chromosomal
regions associated with imminoresponsiveness (as well as other traits)
will be identified and that desirable "genes" irwvolved can be cloned.
When this becames reality, the next step will be to insert these genes
into the genome of other populations. The procedures, while still in the
experimental stage, show promise (e.q., Soller & Beckman, 1987a; 1987b;
Crittenden & Salter, 1988).

Egg poultry

Breeding for egg production is usually discussed in the context of
brown and white-egg layers. Breeding systems include reciprocal recurrent
selection or some modification of that system to utilize nonadditive
genetic variation (Arthur, 1986). He points ocut that white-eqgyg stocks are
usually strain crosses and brown egg stocks are generally breed crosses.
As with meat stocks, phenotypic changes over time are due to genetic amd
nongenetic factors. lasley (1983) states that in the U.S.A., arnmual egy
production increased from 209 to 242 egys per hen and feed per dozen egys
declined from 2.4 to 1.9 kg. Cwrrent production values in our state
(Ruszler, personal comminication) are approximately 255 eggs and 1.5 kg
feed per dozen eggs. The general sense in the recent past was that egg
production had plateaued and selection was essential in maintaining
existing levels (e.g. Clayton, 1968; 1972). Research regarding the effect
of leukosis shedders on estimating breeding values (Gavora et al., 1980)
enabled breeders to more accurately assess response, ard genetic progress
reoccurred.

Although a munber of selection experiments for egg production appear in
the literature, those addressing long-term effects are dated. The void is
urderstandable because of the long generation interval and cost of such
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research, Instructive and important reading for those interested in
camrercial milti-trait selection experiments is the series on Kimber
Farms (Bermnett et al., 1981; Kashyap et al., 1981; Dickerson et al.,
1983) and the Canadian selection experiment (Gowe & Fairfull, 1985).
These papers show a steady, vet slow improvement in egg production,
concamitant to improvements in other traits. The shift fram floor to cage
enviroments for egg layers had implications in the context of genotype-
erwiromment interactions (Iowry & Abplanalp, 1970). A situation that may
have contributed to reductions in response during the transition pericod.

One may speculate that recent improvements in egg production resulted
not from rate of lay per se, a trait with low heritability (Kinney,
1969), but rather to reducticns in body weight and age at sexual ma—
turity, traits with moderate to high heritabilities (Kinney, 1969).
Reductions in body weight would, in turn, improve feed conversion
efficiency. Caution must be exercised in reduction of body we1ght not
only because of its relationship with egy weight, but because minimm
body weights as well as carcass composition influence age at onset of lay
(Siegel & Dunnington, 1987). This oconundrum suggests that further
improvements in egg production and feed conversion efficiency through
reductions in body weight will be minimal.

On the surface the use of synthetic compounds to stimulate ovulation
rates is appealing. These procedures, however, offer little promise
because the single oviduct is a limiting factor in allowirgy for produc-
tion of more than one egy per day. Moreover, ova number is only one
factor in production of an egg. Albumen production and shell are impor-
tant components. Millions of generations of natural selection have
resulted in a yolk to albumen ratio which is essential to hatchability.
Concamitantly, time for the egg to transverse the oviduct shows little
variation which, in turn, results in a constant laying down of shell.
Whether adequate shell quality can be maintained with continued increases
in egg production is problematic.

Presently breeders are emphasizing livability, production amd as-
sociated traits during the first cycle of production. My sense is that
potential for future improvements will result from increased livability,
particularly during the second c¢ycle of egg production. Although the
assumption is made that those females which are best producers during the
first cycle are also superior during the second cycle, literature on this
point is wanting. Selection for a second egy production cycle increases
the generation interval. In the world of poultry breeding, breeders do
not have the luwury of extending the generation interval and remaining
campetitive in the long run. Ironically, such studies are not realistic
at research institutes or universities. Thus, in the short term, the
future of egg-type breeding will be more of the same, which has been
successful, plus capitalization on disease control programs discussed in
the previous section of this paper.

Meat poitry

Poultry meat breeding includes chickens, turkeys and waterfowl. In the
case of waterfowl, feather production is an important component, as is
egg production particularly in Scutheast Asia (Pingel, 1986) and liver
production for specialty markets. Although the histories of the broiler,
turkey and waterfowl industries differ, breeding programs have simjlari-
ties in that they address needs of rapid growth, high processing yields
and superior food carversion efficiency. Broiler breeding will serve as
the model for the discussion.

Broilers are produced from strain cross dams, a practice that will
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contimie because it utilizes heterosis for reproductive traits and
provides more protection of genetic material for the primary breeder.
Charges in production values are a function of genetic and nongenetic
factors. In 1935 about 95 days and 5.6 kg of feed were required to
produce a 1.3 kg broiler. By 1960 it was 67 days, 3.8 kg of feed ard a
1.5 kg broiler (lLasley, 1983). In the U.S.A. today, a 1.8 kg broiler is
protuced in less than 45 days from 3.6 kg of feed. Thus, demand has
changed so that while market weight is considerably larger, broilers
reach this weight in half the time on a third less feed (Cahaner &
Siegel, 1986). Today's broiler may be characterized as a fast growing,
lethargic, caompulsive overeater with generally low immunoresponsiveness
and a tendency for obesity.

A typical generation interval for broiler breeding is one year, A
considerable portion of changes chserved in production values over the
past 50 years is genetic (e.g., Marks, 1979; Chambers, et al., 1981).
Moreover, there is little evidence to suggest a plateau for broilers
reaching market weight about one day earlier each generation. Herita-
bility estimates for body weight continue to be of moderate magnitude and
responses to selection suggest that alleles contributing to broiler
weight are not near fixation. Frankham (1979) and Hill (1982) provide a
case for new mutations as an explanation for continued variation in
selected populations, and additive genetic variation still exists for the
selected trait in a long-term single trait selection experiment for body
weight (see review by Siegel & Dunnington, 1987). Thus, there is little
evidence to suggest plateauing of response for the primary trait, market
weight, from depletion of additive genetic variation. Broilers eat near
gut capacity (Nir et al., 1978) and selection for increased body weight
alters satiety centers (Enrkhardt et al. 1983; Denbow, 1985), suggesting
that these may be limiting factors in selection response rather than
growth potential per se. Research to determine if these are potential
facters and how to circumvent such barriers is limited (e.g. Sorensen,
1985; Katanbaf et al., 1988).

A time barrier for response to selection will develop because reaching
a fixed market weight one day earlier per year cannot contime in-
definitely. This limit, however, will be delayed if the present trend to
market broilers at heavier weights contirues. It is expected that this
trend for heavier weights will ac:celerdte, particularly in those nations
where further processed poultry is replacing the whole bird in the market
place, Coupled with the change to a heavier broiler at marketing will be
increased problems with leg weakness, "sudden death syndrame" and varicus
maladies asscciated with directing xescuroes from general homeostasis to

At the phenotypic level, food conversion efficiency, until the present
decade, improved concomitantly with selection for body weight because
broilers were marketed at earlier ages. The correlated response of
increased feed consumption was also viewed in a positive manner because
it resulted in faster growth. Potential problems from excessive hody
weight ard obesity in breeder flocks were addressed by development and
application of wvaricus feed restriction programs. These nongenetic
programs, coupled with heterovsis in breeder females, alleviated many
reproductive problems. Also use of the sex-linked dwarf allele has gained
popularity in some quarters. Mating of normal males to dwarf females
results in nondwarf broiler progeny. The effect of the dwarf allele
varies with the background genome (see review by Merat, 1982} amd
incorporation of it in egy stocks has had limited success. Although
genetic and nomenetic procedures have been relatively successful,
reproduction of meat stocks is still considerably inferior to that of egg
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stocks. Progeny testing is needed to reduce erratic ovulation amd
defective egg syndrame, incidence of chrumcsomal aberrations (see review
by Siegel & Dunnington, 1985) and a lack of persistency of lay. Thus,
progeny testing for reproductive traits will gain increasing favor in
poultry meat breeding.

Rapid changes in consumer demardds continue to be a challenge for
poultry meat breeders. Alleles for dominant white and early-late feather-
ing were introduced to meet regquirements of processors for a white
feathered bird and for uniformity. Although these alleles have been
implicated for their adverse effects (e.gq., Harris et al., 1984) little
is known about pleictrophic effects of alleles at these loci in various
genetic backgrounds. The advent of further processing increased demands
for breast meat and higher processing yield of broilers. Experience with
turkeys shows that emphasis on these traits, while meeting a marketing
demand, results in mechanical barriers teo mating that are correctable by
artificial insemination. This procedure is very labor intensive ard may
not be feasible for broiler production. Cther challenges caused kv chang-
ing consumer demands include development of measurement criteria, com—
plication of selection indices, and the need for sib testing if indivi-
duals have to be killed. These challenges cocur simultanecusly when meat
breeders emphasize measurement of food conversion efficiency. As stated
earlier, rapid growth meant earlier market age and hence superior food
conversion efficiency. This relationship did not, however, mean genetic
improvement for this trait. When it became evident that differences in
food oonversion efficiency existed among commercial stocks at a common
body weight, breeders had to address the situation. Unfortunately, there
was a dearth of information not only on modes of inheritance of food
conversion efficiency but also on measurement criteria (Cahaner & Siegel,
1986). At this time, it is still unclear as to what procedures are most
realistic in a breeding program that includes feed conversion efficiency
as a trait.

Fram the above it is evident that poultry meat breeding is in a dynamic
state. Much of the success has come from judicious use of genetic theory,
a solid base in poultry science and breeding, and a primary trait (body
weight) where genetic variation has not been depleted. Availability of
capital and computer technology allowed the use of large popalations and
intense selection. Modern transportation and a general lack of genotype-
erviromment interactions facilitated develcpment of major central facili-
ties with satellite operations. Responses to future challenges will be
more difficult. Although genetic variation exists for the primary trait,
a finite age at marketing will become a reality. The public research base
has become smaller, requiring more emphasis within breeding organizations
on research rather than development. Iastly, proprietory interests in
biotechnology will reduce availability of information to breeders in

general.
General comments

Breeders must continucusly assign emphasis on various traits for their
selection programs. Poultry meat breeders have had considerable basic
information on economic traits available for use in determining selection
criteria and mating systems. As a result, they have been primarily users
of science rather than producers of new knowledge and success of their
development programs is evident. Future development, however, will in
many cases require expanding their research programs. This situation is
particularly true for advances in molecular genetics and bictechnology,
especially since same of the general research community in this area are
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entrepreneurs. Breeders that are part of multinational groups with
bictech subsidiaries should have access to such expertise. Others will
have to form liaisons with biotech firms. lacking will be a general
access to patentable items. The arena will be quite different fram that
seen with use of quantitative genetic research, computer technology and
disease eradication programs.
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SEXING OF BOVINE PREIMPLANTATION EMBRYOS

P. Bocman
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AM Zeist, The Netherlands

Summary

Highly specific monoclonal antibodies against the H-Y antigen have been
prepared for use in an indirect immnofluocrescence assay to identify the
sex of preimplantation bovine embryos. Under differentconditions the
accuracy of the assay varied from 73 to 77 %. With conditions that
reduced non-specific binding of the antibodies to the enbryonic cells, no
false positive (fluorescent) enbryos were scored,indicating that the
assay is male-specific. Although the assay has to be optimized, it is
clearly shown that bovine embryos can be sexed by means of monoclonal
antibodies against the H-Y antigen. Finally, some remarks have been made
about the impact of a sexing technique on breeding programs.

Keywords; sex ratio, embryos, H-Y antigen, immunoflucrescence.

Introduction

The develcpment of several invasive as well as non-invasive techniques
for sexing bovine embryos have been reported.Invasive techniques include
cytological methods (King, 1984) and chromosome hybridization of Y-chro—
mosame specific labeled o-DNA (Lecnard et al., 1987). Invasive techni-
ques have several disadvantages, such as possible reduced embryo viabil-
ity due to damaging of embryonic cells. Furthermore, embryos cannct be
cleaved after such treatment. Therefore, non-invasive methods for sexing
embryos are preferable. Quantification of differences in metabolic
activity of X-linked enzymes in male and female embryos has been proposed
as a non—invasive method (Rieger, 1984). Data from experiments designed
to test this hypothesis in the mouse have, however, not been encouraging
(Williams, 1986). On the cther hand, immmolcgical detection of a male-
specific protein, referred to as either the H-Y antigen or serclogically
detectable male antigen, has shown to be a relatively successful non-in-
vasive method of identifying the sex of embryos (for reviews, see
Boaman, 1986 and Anderson, 1987). In our laboratory monoclonal anti-
bodies against the H-Y antigen have been produced for use in an indirect
immunofluorescence assay to sex bovine embryos.

Materials and methods
Anti-H-Y¥ antigen monoclonal antibodies

Monoclonal antibodies against the H-Y antigen were produced using
spleen cells from female C57BL/6 mice hyperimmmnized with cells from
syngeneic males as described by Booman et al., (1988a). Positive anti-H-Y
antigen clones were detected by enzyme immmnoassays. Supernatant fluids
from Daudi cell cultures and testicular cell preparations taken fram
normal and sterile mice, rakbits, or calves served as presumptive sour—
ces of H~Y antigen. Male specificity was ascertained by the fact that the
antibodies could be absorbed with spleen cells fram male but not from
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female mice. Binding of the antibodies to H-Y antigen on the cell surface
of male and female cells, cbtained from a mumber of tissues and species,
was confirmed by an indirect immunoflucrescence assay. Several monoclonal
antibodies appeared to be positive in all assays tested, sug- gesting
that the molecule conferring the H-Y¥ antigenicity lacks species- specifi-
city and appears to be identical for both soluble ard mem— brane-bound
H-Y antigen.

Indirect immnoflucorescence assay

Based on the binding of the monoclonal antibodies in the screening
assays described, several highly specific antibodies have been selected
to be used in an indirect fluorescence assay (Booman et al., 1988b). In
brief, bovine embryos were recovered from the uteri of superovulated
donor cows at 6 - 7 days after estrous. Non-transferable embryos acoord-
ing to the embryc qualification system of Lindner and Wright (1983) were
excluded. The embryos were transferred to a petridish containing anti-
H-Y antibody and incubated for 90 min. After washing, the embryos were
incubated for ancther 60 min. with a flucrescein isothiocyanate labeled
secondary antibody. After washing again, flucrescence was evaluated by
use of an inverted phase contrast microscope. Embryos were classified as
either fluorescent (H-Y positive) or non-flucrescent (H-Y negative).
After classification all embryos were Karyotyped. Only 100 % readable
karyograms were taken into account.

Results and discussion
Immanofluorescence assay

A total of 112 enbryos were evaluated for exwpression of H-Y antigen;
of these, 63 (56 %) were classified flucrescent and 49 (44 %) non-fluo-
rescent. From 30 embryos a readable karyogram was obtained. 23 Embrycs
(77 %) were assigned correctly: 10 out of 16 (63 %) as H-Y positive
classified embryos ard 13 out of 14 (93 %) as H-Y negative classified
enbrycs. Detailed results are given in Table 1 from which it can be
concluded that all misclassifications are in the relatively large
intermediate group of embryos. The overall larger number of fluorescent
than non—flucrescent embryos seems to be a consequence of the false H-Y
positives in this intermediate group of embryos.

The false positives may be mainly caused by non-specific binding of the
monoclonal antibodies which might overshadow low intensity specific
fluorescence. After having worked out several possible corditions to in-
crease the ratio of specific to non-specific binding, sexing under 'im-
proved' corditions resulted in a shift from too many positives to only
false negatives (Table 1). In the improved assay a total of 96 embryos
were evaluated for expression of H-Y antigen; of these, 40 (42 %) were
classified fluorescent, 53 (55 %) non-fluorescent and 3 (3 %) not-sex-
able because of non-gpecific fluorescence of the zona. From 22 embryos a
readable karyogram was obtained. 16 Enbryos (73 %) were assigned correct-
ly: 6 cut of 6 (100 %) as H-Y positive classified embrycs and 10 out of
16 (63 %) as H-Y negative classified embryos. Detailed results are given
in Table 1 from which it can be concluded that nearly all misclassifica-
tione are in the category of H-Y negative embryos. In this category, 5
aut of 14 embryus appeared to be false negative. All fluorescent embryos
were males, The intermediate group of embrycs was relatively small when
campared with sexing under standard conditions.

No false positives mean that the flucrescence assay is male-specific.
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The false negative embryos might be caused by a weak expression of the
H-Y antigen and/or a low affinity of the monoclonal antibodies for bo-
vine H-Y antigen combined with a not fully magnified signal in the assay.
In fact, the detection system is not sensitive encugh to pick up the
positive signal. Current research is going on in order to optimize the
assay by preparing high affinity monoclonal antibodies and by magnifica-
tion of the positive fluorescence signal.

Impact of sexing on breeding programs

After cptimalization, the described immunofluorescence assay can be
applied on the farm within the normal embryo transfer procedure, the
technique sets no limit to the nurber of embryos to be sexed, takes about
3 hrs (probably to be reduced to 2 hrs), and experiments with mouse
embryos (Booman et al, 1988b) indicate that the viability of embryocs is
not affected by the manipulations. In addition, after sexing the embryos
can still be split or frozen and using this non-invasive technique no
problems will arise with disease contrcl. Commercial price of sexing will
be in the order of $ 40 — $ 50 per embryo. One striking feature of sexing
programs is that fewer embryos will be transferred per donor. This could
result in higher fees per pregnancy over and above sexing costs. As
discussed by Seidel & Elsden (1985), splitting embryos and the wider
application of miltiple ovulation amd embryo transfer (MOET) will
probably keep embryotransfer costs down.

It is likely that a successful technique for sexing embryos will be
used widely in dairy cattle breeding. From the top few per cent of the
population the male offspring would be more valuable in the breeding
program of A.I. organizations than the females. For the individual
breeders the guaranteed female embryos from these proven dohors are most
valuable. Fram the second-best cows in most cases female offspring would
be wanted. With sexing, cattle breeders will be able to dbtain nearly as
many heifers as without sexing but with only half of the recipient
resources. Theoretically, economic benefits from MOET applied to the dam
of the cow are highly dependent on reducing the costs of a successful
transfer (Van Vleck, 1986). Sexing may help to reduce the costs to
econcmic feasibility. The largest impact of sexing for these cattle
breeders, however, will be on expansion of the ermbryo market. Male
embryos are less reguired and the supply of suitable recipients poses a
real practical problem in many markets,

Embryo sexing can also contribute to extension of the use of MOET at
the cammercial level. Sexing would hasten the trend that the genetically
superior cows of the herd provide female enbryos for replacements,
increasing the selection intensity for dams of replacement females. Part
of the genetically less valuable cows are supercvulated and inseminated
with sperm of beef type bulls and only male embryos are implanted in the
rest of the herd for fattening., As an alternative purebred male beef
enbryos are implanted. Specialization in respectively milk and beef
production can be practised in the same breeding plan. Already at this
moment, there is a brisk trade in beef embryos. In general, according to
Gibson & Smith (1986), with embryo sexing and commercial embryo transfer,
separate maternal and paternal breeds would be selected for different
abjectives. Such a system has bean described by Oldenbroek & Van der
Schans (1988) in order to develop an economic feasible dual purpose
breeding and production system. A different beef production system has
been suggested by Taylor et al. (1985). They have shown that a system
consisting almost entirely of females which are slaughtered after weaning
their first (and female) progeny could be 50 % more efficient than

122



axrent systems of lean beef production. An important selection objective
in such a system would be for early reproduction with ease of calving.

Finally, embryo sexing is a prerequisite in the application of new
technologies as in vitro fertilization and ¢loning where the production
of many enbryos demards the selection on sex in order to reduce the
recipient rescurces.
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EXPERTMENTAL APPROACHES TO STUDY BROLA, THE MAJOR HISTOCOMPATIEILITY
COMPLEX OF CATTLIE.
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R.D. Politiek and M.J. Giphart.
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Summary

The important role of the major histocompatibility complex (MHC) in the
requlation of immune responses and the documentation of disease associa-
tions, especially in man, have been an important impulse to study the MHC
of farm animals. Here an overview on the strucure of MHC molecules and
the current knowledge of the MHC of cattle, BolA, is presented. Ex-
perimental approaches to study BolA are described and the cloning of BolA
class II genes from a genomic library is reported.

Keywords: MHC, BolA, gene cloning, disease associations.

Introduction

The primary task of the immune system is the induction amd regulation
of protective immine responses against disease causing pathogens such as
bacteria, viruses and other micmorganisms The major histocompatibility
ccm'plex (MHC) plays a central role in the immune system: the cells of the
immune system recognize foreign antigens together with or in the context
of self MAC molecules. The essence of this phenomenon, known as MHC
restriction, is, that an immine response can only be induced arnd regu-
lated through simltanecus recognition of self MHC molecules and (for—
eign) antigen (Klein, 1986; Schwarz, 1985; Zinkernagel & Doherty, 1979).
Since the MHC molecules are mport.ant recognition- and interaction
molecules for the cells of the immune system, they have been investigated
in detail using servlogical, biochemical and recombinant-DNA techniques.

As a consequence of the involvement of the MHC with the regulation of
the immne responses, many disease associations with particular MHC
antigens were documented (for a review for humans see Tiwari and Terasaki
1985). As the MHC of man (and mouse) iz the best studied this will ke
taken as the point of reference. In this paper the structure of the MHC
molecules will be discussed and the current knowledge of the MHC in
cattle,the BolA complex, will be reviewed shortly. Finally, an experimen—
tal approach to study BolA will de described.

f the MHC mo les

Systematic analysis of MHC specific antisera, using serological assays,
resulted in the description of an unparalleled polymorphic genetic
system. Classical genetic analyses dooumented that many allelic antigenic
series belong to the MHC. The human MHC, named HIA (human leucocyte
antigens), consists of the HIA-A, -8B, -C, -DP, -DQ and -DR antigenic
series ard comprises a set of closely linked genes, located on cne
chromosame (chromosome 6). For the mouse  {and essentially all other
mammalian species investigated) similar complexity has been observed.
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The MHC complex cantains the genetic information for two types of gene
products, the class I and class IT molecules, which can be distinguished
based on their characteristics. Both types of MHC molecules are integral
cell membrane glycoproteins, which consists of two polypeptide chains.
The class I molecules have a wide tissue distribution, they are present
on virtually all types of nucleated cells. The class II molecules have a
limited tissue distribution, they are present on subsets of cells of the
immme system (B cells, macrophage lineage cells and activated T cells).

The class I molecules consist of a glycosylated heavy or alpha poly-
peptide chain of 44.000 daltons associated with beta-2-microgldoulin
(beta—2-m), a polypeptide of 12.000 dalton. The highly polymorphic heavy
chains are encoded by multiple alleles per locus, in man the HIA-A, -B
and -C loci have been defined. The beta-2-m chain is invariable.

class I class IT
molecule: molecule:
alpha alpha beta
chain chain ~ chain
2rd ist 1st ist
3th " beta-2-m 2nd 2rd
—_ M M
gene: gene: )
alpha chain alpha chain
—- .. -
L al az a3 ™C C3'UT L al az M C 3T
beta-2-m beta chain
— R - .
L b=2-m 3'UT L bl b2 ™M C 3'UT

Figure 1. A schematic diagram of the exon-intron organisation of the
class I and II genes and the domain structure of the MHC gene products.

The introns are represented as solid lines (—). Exons are shown as
boom(-)a:ﬂlabeledL(leadersequence),al, a2, a3, bl, b2 and b2-

for alpha or beta chain damains of the class I or II genes respectively,
™ (transmembrane sequence), C (cytoplasmatic sequence). The box indi-
cated with the symbol ( ) represent 3'untranslated sequernces. The
exons are transcribed into messenger RNA, vwhich are translated into the
final gene product. M denctes the cellmembrane.

Bicchemical analysis indicated that the heavy chains can be divided
into three extracellular damains named alpha 1, alpha 2 and alpha 3, a
transmembrane and an intracellular regicn, the asscciated beta-2-m

i25



molecule is present as a fourth domain (Figure 1). Recently confirmation
of the structural features has come from analysis of crystals of class I
molecules (Bjorkman et al., 1987). The domains are approximately 90 amino
acid residues long. Variability between MHC molecules of one allelic
serie is primarily located in the alpha 1 and alpha 2 domains. The alpha
3 damain is relatively constant, most likely to ensure that the non-
covalent association with beta-2-m takes place, which is a prerequisite
for the expression of class I molecules at the cell surface.

Using molecular biological techniques several class I genes have been
isolated and their structure has been analyzed. The class I genes were
fourd to consist of in total 7 coding regions (exons) interspersed with
non-coding intervening sequences (introns). The organisation of the class
I genes in exons and introns is directly reflected in the molecular
structure. Thus the exons 2, 3 and 4 correspond with the alpha 1, 2 argd 3
damains of the functional gene products, i.e. the class I molecule. In
man, the HLA-A, -B and —C regions probably contain single class I genes
at the respective loci (see figure 2). In addition several cther class I
genes have been identified, for most of which no gene product has been
defined sofar. These may represent for instance pseudo—genes i.e. non-
functional genes

The class IT molecules consist of two glycosylated polypeptide chains ;
an alpha or heavy chain of 32,000 to 36,000 daltons associated with a
beta or light chain of 27.000 to 29.000 daltons. Both the alpha and the
beta chains are encoded by multiple allelic series, in man the HIA-DP,-
DQ and -[R series.

The DR alpha chains appeared to be invariant whereas the beta chains
are polymorphic and therefore responsible for allelic polymorphism. In
contrast, for the DR and DP series both the alpha and the beta chains are
polymorphic. Both polypeptide chains of the class II molecules are
glycosylated and have two extracellular domains, alpha 1, alpha 2, beta 1
ard beta 2, respectively for the alpha ard beta chains, a transmembrane
ard an intracellular region (figure 1). Within one allelic series the
variability of the alpha 1 and beta 1 domains is much greater than that
of the alpha 2 and beta 2 domains. The restricted variability of the
second damains, which are closest to the membrane, is probably of
functional significance, as for the class I molecules to ensure proper
association of alpha and beta chains. The molecular genetic analysis
irdicated that the class II genes consist of 5 exons (coding regions)
interspersed by introns. The exons 2 and 3 correspond with the first ard
second damains of the functicnal gene products. The overall structure of
the class I and class IT molecules is very similar as well at the level
of the gene product as the organisation of the genes ( figure 1).

Many of the class IT genes have been isolated and characterized. The
HIA-IR region is reported to contain one alpha and three beta chain genes
named DRA, DRB1, [RB2 ard DRB3, respectively. The DRB2 gene appeared to
be a pseudogene. The HIA-DQ region contains two alpha chain genes, named
DOA and DXA, and two beta chain genes, named DQB and D¥B. Although the DX
genes have the characteristics of potentially functional genes, no
expression of DX molecules has been detected as yet. The HIA-DP region
also contains two alpha chain genes, SXA and DPA, and two beta chain
genes, SXB and DPB. The SX genes appeared to be pseudogenes. Furthermore
two additional genes, namely DZA and DOB, have been mapped in the HLA-D
region. The genetic organisation of the HIA-D region, which contains in
"total 14 alpha and beta chain genes, is shown in figure 2. In suwary
only 7 of the 14 alpha and beta chain genes have proven to be functional
:[Ra, DRB1, DRB3, DOA, DQB, DPA ard DFPB.
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class IT region class I

region
DP region DD region IR region
SXA DPA DZA DXA DA DRA BC A
00 0 01 0,00 0
i L g U i) U U O !
S5XB DFB DOB DXB DOB DRB1 DRB3
DRB2

Figure 2: Molecular map of the HLA region.

The synbol U denctes individual ¢lass I or class II alpha or beta chain
genes.

Current knowledge of the MHC of cattle

The BolA (Bovine Leucocyte Antigen) is the MHC of cattle. As campared
with the MHC of man much less is known about the polymorphism and genetic
organisation of BoLA. Within the BolA complex, the BolA-A and the BolA-D
regions can be distinguished, enceding respectively the class I and class
IT genes. Sofar only one class I locus, the BolA-A locus, has been
defined using serclogical techniques. Some 17 alleles can be distin-
guished and are defined as internationaly reccgnized workshop spec1f1c1—
ties (Amorena & Stone, 1978: Caldwell, 1979; Spooner, 1978). The exis-
tence of the Bola-D region was established in studies on the genetic
control of the mixed leucocyte culture (MIC) response. The presence of
two loci controlling the MIC response has been postulated (Usinger et
al., 1977). As yet no standardized serclogical reagents are available to
study the polymorphism of the BolA-D region enceded MHC molecules.

The biochemical characteristics of the bovine class I ard class II
molecules are similar to those of man ard mouse {Hoang=-Xuan et al.,
1982). Recently the analysis of bovine class I and IT antigens using the
cne-dimensional iscelectric focusmg technicque has been reported. At the
mament this technigue probably gives the most accurate description of the
polymorphism especially of the BoIA-D antigens and possibly also of the
BolA-A antigens (Joosten et al., 1988a,b). The polymorphism and genetic
organisaticn of the BolA class II genes are being studied using human
class IT specific DNA probes. These studies show that the the BolA class
IT genes are highly polymorphic and indicate the presence of 1 DRA gene,
3IRBgenes, 1 to 2 DOA and DOB genes, 1 DOB and 1 DZA gene as well as
two cther class IT genes named DYA and DYB (Andersson et al., 19B8a;
Anvlersson & Rask, 1988b).

In analogy to the disease association studies in man, studies con-
cerning the role of BolA in relation to disease have been performed. Such
studies indicated the presence of associations with BolA for several
diseases : mastitis, bovine leucosis, parasite infections (worms, ticks)
(Iewin & Bernoco, 1986; Solbu et al., 1987; Stear, 1986). Alsoc in
trypanosamiasis and Theileria parva infections a BolA dependent modula-—
tion of the immune response seems indicated. Most of the disecase associa-
tion studies give only indications for association with BolA. Probably
this type of study is hampered by the fact that no complete BolA typing
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for class I and class IT antigens is momentarily feasible. More detailed
knowledge of the polymorphism of the BolA complex is needed to test Bola
as a genetic marker for disease resistance or susceptibility.

Approaches to study BoLA.

Our own research is directed to the characterization of the BolA gene
complex using serological and molecular biological techniques.

Serclogical techniques for class I and class II BolA typing are being
set up as well as the production of BolA-A ard BolA-D specific antisera
using different immunisation schemes. The cbtained antisera will be
tested on a reference panel and selected families for segregation
analysis. Camparison of serclogical analysis with results cbtained in the
analysis of the BolA antigens using cne-dimensional iso-electric focusing
is expected to be of great value since especially for BolA-D no typing
sera are available.

The second line of research aims at the molecular genetic characteriza-
tion of the BulA gene complex. Firstly, to study the polymorphism of the
BolA genes and secondly to inventarize the genetic organization and to
obtain structural information of the BolA genes. The BolA gene camplex
has sofar been studied using Southern blcot analyses with heterologous
i.e. human MHC specific DNA probes (Andersson et al., 1988a). In Southermn
blot analysis (Southern 1975) genomic INA isolated from nmucleated cells
is digested with restriction endomucleases (restriction enzymes), which
cut the INA at specific sites (restriction sites). Such restriction sites
have an enzyme specific sequence comprising mostly 4 to 6 muclectides.
Aftey size separaticn, the INA fragments are made single stranded by
denaturation and immobilized ontoc nitrocellulose or nylon filters.
Subsequently assay corditions are used where denatured radiolabeled prabe
INA can reassemble with the denatured immobilized gencmic INA fragments
(hybridization), when the haomology between probe and genomic INA is
sufficiently high., After washing procedurss to remove non hybridized
probe DNA, detection of hybridization occurs by exposure to X-ray films.
The polymcrphism thus visualized is based upon the probe that has been
used and the presence or absence of restriction sites in the genomic [NA,
This will lead to variation in the length of the restriction fragments
and therefore this type of analysis is referred to as restriction
fragment length polymorphism (RFLP). Although the study of the bovine MHC
using heterologous MHC class IT probes has been succesfull, RFLP analyses
are probably most sensitively performed with homologous BolA specific DNA
probes. To obtain bovine specific probes for RFIP studies and to inves-
tigate the genetic organization of the BolA-D region in more detail we
have constructed a bovine gehomic library to isclate BoIA class IT genes.

A genomic library has been constructed as follows. After partial
digestion with a restriction enzyme of bovine genamic DA, the INA
fragments are size separated to obtain fragments of about 20,000 base-
pairs (bp) in length (20,000bp is indicated as 20kb). The 20kb randam
gencmic TNA fragments are then inserted into a bactericphage lambda
vector. The resulting recombinant phage lambda vectors, containing random
gencmic INA fragments, can be further propagated in bacteria like E,Coli
as host cells. The resulting recombinant lambda phages, at least repre-

i several times the complete bovine gename, are subsequently
screened with radiolabeled probe DNA to isclate individual genes present
in separate lambda phages. The bovine gename size is 3.10° kb. To dbtain

reg resentative library contamnq at least one time the haploid gencume
3.10° : 20 (total gencme size : insert size) = 1.5 10° irdependent
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recambinant  lambda phages are needed. Using the bactericphage lambda
vector EMBL 3, a genamic library was constructed containing a total of
1.5 10° iniependent phages, thus representing about 10 times the bowvine
gencme. This library was screened with INA probes specific for the human
HIA class II genes; [R alpha, DR beta, DQ algha and DQ beta. In the
initial screening 80 positively hybridizing phage clones were selected.
In subsequent screening procedures 12 lambda clones could be identified

as specific for DQ beta, 5 for DQ alpha, 6 for DR alpha and 6 for IR
beta. The mumber of clones isolated for the DR and DQ class II genes are
in accordarce with the muber expected.

The lambda clones containing the bovine analogues of the DA, DQB, IRA
ard DRB genes were further characterized by restriction ing i.e.
determination of the presence of specific restriction sites spacing
of these sites relative to each cther. An example of a restriction map of
lambda clore containing a DRB gene is shown in figure 3. After digestion
of MA of this lambda clone positively hybridizing INA fragments were
identified in Southern blotting analysis using human subprobes gpecific
for the exons encoding the first and second domains of the DRB gene.

left arm 1st 2nd right arm
[ ] -—
* %k = =
E—— L 7 | I
I T T | 'l
+ + o+ + +

Figure 3. Restriction map of a lambda clone containing a bovine DRB gene.

* = l
The symbols | , | , | ad + indicate the presernce of recognition sites
for the restriction enzymes Hind III, Sal 1, Bam Hl and Eco Rl, respec-
tively. A Sal 1 fragment contains the exon for the first domain and a
Hind III fragment contains the exon for the second damain of a IR beta
gene, as imdicated.

Similar maps have been made for all the lambda clones isolated and
selected from the genomic library. Several overlapping clones were
identified for the different genes such that in principle the bovine
analogues of the HIA IR alpha, [R beta, DQ alpha and DQ beta class II
genes have been obtained. The presence and lecation of the first and
second damain encoding exons in the clones has also been investigated
(see figure 3). The preliminary results indicate that the organisation of
the BolA class IT alpha and beta genes is similar to those in man: the
intron length between the exons encoding the first and second domain is
relatively small in the the IR and D} alpha genes ( 0.5 to 1.0 kb) amd
relatively largye for the IR and DQ beta genes. Several restriction
fragments containing individual exons have been subcloned into plasmids
and are beirng used as bovinge MHC specific probes in RFIP studies. Further
characterization especially muclectide sequencing of the bovine class II
genes is being performed. It is our expectation that a complete da-scrip—
tion of the genetic variation of the BolA system can be made using
bovine specific MHC probes for RFIP studies., An adequate and camplete
d&scnptmnoftheBoLAsysteznlsaprerequlsltetoevaluateBoLAasa
genetic marker in disease association studies. Combination of serologi-
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cal, isoelectric focusing and RFLP analyses will, probably, be most
succesful to meet this goal.
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Sumnary

Resistance to infecticus diseases is influenced hw erwirommental fac-
tors as well as genetic constitution. Qualitative and guantitative
inheritance of resistance is known for a variety of poultry diseases.
Howaver, genes directly responsible for resistance or susceptibility have
not yet been identified. In this paper the strategy to identify the genes
responsible for antibody production to sheep red blood cells (SRBCs) and
the effect of these genes on resistance to Marek's disease is described.

After seven generations of selection for antibody production to SRBCs
we have cbtained high (H) and low (L) antibody titer producing lines of
ISA Warren origin. Differences in antibody production (titer 7.1 versus
4.3 for H and L lines in the seventh generation) became significant
{P<.05) froam the first selection omwards. Upoh contact exposure to
Marek's disease virus the H line showed 20-30% less mortality than the L
line (P<.001)

The divergence in H and L lines demonstrates that genetic variaticon in
immme responsiveness arxd disease resistance exists and exemplifies
genetic differences between breeds and crosses in poultry production. As
has previcusly been demonstrated in the mouse, genes contributing to
these immnological and pathological differences between H and L lines
may belong to polymorphic immnoglobulin (Ig) loci and/or loci of the
major histocompatibility camplex (MHC). To establish the role of these
loci in the chicken, Fy and Fp generations will be cbtained by crossing
the H and L lines. In the F; and Fy hybrids background genes of H and L
lines will be randamly distributed. With the application of serological
techniques for identifying Ig-allotypes and MHC-alleles it will then
become possible to determine the effects of the individual alleles on
SREC antibody production and resistance to Marek's disease.

Identification of the different loci, genes, alleles and their corre-
lation with resistance has to be established. Subsequent cloning and
sequencing of genes, and ultimate transfection are desirable tools to
avoid many generations of crosshreeding and selection for both resistance
and productivity. Chicken Ig- and MHC-probes have been isclated, which
can be used in Southern blot analyses. Restriction fragrent length poly-
morphism (RFLP) cobtained from Southern blots may refine the serologically
defined variation and further clarify the role of Ig- and MHC-genes in
SRBC antibody production ard resistance to Marek's disease. The poly-
merase chain reaction (PCR) may then be applied, using allele specific
oligomiclectides (ASOs), to define the genetic variability at the racleo—
tide level. Resistance and/or immne response genes can then be isolated
ard used in the generation of transgenic chickens, either Ly wmicro-
injection or by a retrovirus vector. Follow-up studies will involve the
identification of transfected gene products, production of homozygous
animals and the determination of the mode of inheritance and effect on
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productivity.
Keywords: Major histocompatibility ocomplex, Marek's disease, poultry
breeding, restriction fragment length polymorphism.

Introduction

Principal methods to control infectious diseases include hygienic
measures, effective management of housing, climate and mutrition, preven-
tive medication, vaccination, eradication and breeding for genetic resis-
tance. Breeding for resistance may be preferred, because it diminishes
the need for continuous or repeated preventive measures and it is confer-
red to following generations.

A detailed treatise on genetic variation in immune responsiveness and
disease resistance was presented by Hartmann (1982) and Van der Zijpp
(1983) . Recent studies emphasize the interactions of the immune system in
the defense against disease (Powell, 1987). Resistance is the result of a
camplex reaction composed of innate and acguired immunity. Molecules of
the chicken major histocormpatibility complex (B~complex) play a central
role in the immmne defense. In a detailed review Bacon (1987) has indica-
tead that chickens can be typed for disease resistance traits on the basis
of their polymorphic B-haplotypes.

In many situations genetic resistance in combination with several
preventive methods leads to the best results. Gavora & Spencer (1983)
studied the effect of combined vaccination and selection on Marek's
disease resistance. Maximum resistance to Marek's disease, expressed in
percentage mortality, was found in vaccinated chickens of the most resis-
tant strain; for maximm productivity, however, vaccination had to be
applied in a strain selected for production. This implies that breeders
have to consider the pathogenic enviromment and the opportunities for
effective vaccination to define their breeding goals with respect to
diseases. For some diseases, such as Marek's disease and coccidicsis, the
present interest in genetic resistance is based on availability of vacci~
nation or medication procedures and their effectiveness in diverse geo—
graphical locations and a variety of stocks.

Breeding for disease resistance is based on pathological and immumolo-
gical traits and on genetically linked markers. These traits and markers
have to show genetic variation, have to be relevant for disease resistan—
ce or susceptibility and have to be determined easily in routine testing
on large mmbers of animals. Ewamples of useful traits are specific
mortality rate after challenge with Marek's disease virus (Gavora &
Spercer, 1979) ard the hemagglutination-inhibition titer after vacci-
nation with inactivated Newcastle disease vaccine (Van der Zijpp, 1984).

In this study we present results cbtained from the selection of chicken
lines for high (H) and low (L) in antibody production to SRBCs, demon—
strating a significant effect Qifferences on resistance to Marek's
disease. Using immnological and bictechnological techniques in
association studies, the effects of particular loci and genes on antibody
production and Marek's disease mortality can be established. Theoretical-
ly, once such genes have been isolated, lines or breeds with disease
problems can then be transfected with genes affecting resistance.

tion of high and low anti roducing 13
Selection for antibody production to complex antigens to which animals
have not previously been exposed, may provide a tool to breed for disease

resistance. In mice, lines have been selected for antibody production to
camplex antigens and tested extensively for imminclogical and patholo-
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gical differemces (Biozzi et al., 1979). Selection for high antibody
production resulted in diminished microbicidal activity of macrophages,
vwhile cell-mediated immunity remained unaffected. Patholegical differen-
ces became cbvious through effective resistance of lines to a variety of
diseases.

In 1980 we started a selection experiment using hybrid ISA Warren
chickens. Chicks were intramscularly imjected at 37 days of age with
SRECs, and total hemagglutinating antibody titers were determined five
days post immunization. Results of selection for high and low antibody
production, as well as for a randambred control (C) line after seven
generations are shown in Table 1 and Figure 1.

Table 1. Titers of SRBC-agglutinating antibodies in generation seven of
control {C) and selected high (H) and low (L) line chickens.

Line
Sex C H L
Male 4,59 (n=176) 6.79 (n = 123) 1.88 (n = 188}
Female 5.23 (n =172} 7.37 (n=125) 2.39 (n = 189)

In the base population, a heritability of hemagglutinating antibody
titers for half sibs was estimated at .57 + .21. Realised heritabilities
(h2) were calculated after four generations of selection by regression of
cumilative response on cumlative selection differential (Table 2). In
the L line, realised heritabilities agree with the half sib estimate in
the base popalation, especially in females.

Table 2. Realised heritabilities for haemagglutinating SRBC
titers based on four generations of selection of high (H) and low (L)
lines.

Line Males Females
H .217 .191
L .482 566

The frequency distribution of chicks is shown in Figure 2. In each
generation the overlap between the H, L and C line decreases, signifying
the response to selection.

The immmological characterization of the differences hetween the lines
(Van der Zijpp & Niemwland, 1986) has produced sigmificant differences in
the humoral response against diverse antigens (H > L} between lines.
Tests for cell-mediated immunity revealed no differences between lines,
So far, differences in phagocytosis efficiency were small. With prolonged
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Figure 2. Frequency distribution of H, L and C lines after seven gencra-
tions of selection.
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selection for high and low SREC responsiveness the contribution of phago-
cytosis to the overall difference can be established more precisely.

Differences in productivity between the lines have not yet been db-
served. A distinct negative genetic correlation was found in the base-
population : rg = =.57 for bodyweight at 57 days of age and primary titer
where as rp was -.06. In all following generations the body weight of the
H line chickens at that age was significantly reduced compared to the L
line chickens. In contrast, the H line chickens have a higher relative
spleen weight before and after immunization.

Disease resistance has been determined in a contact challenge expe-
riment for Marek's disease. The percentage mortality for H and L line
birds is shown in Table 3.

Table 3. Percentage mortality measured 15 weeks after exposure of
Marek's disease virus to high (H) and low (L) lines.

Line murmber Marek's disease mortality
males females males females

H 100 92 13 28

L 125 130 33 59

Differences between sexes and lines were significant (P<.001). Prelimi-
nary results have indicated significant differences in the frequency of
Bcamplex alleles between the lines.

Although data of the characteristics of H and L lines are accumlating
slowly, they apparently show many similarities with the selection lines
of Siegel ard Gross at Virginia Polytechnic Institute and State Universi-
ty (Siegel & Gross, 1980; Siegel et al., 1982; Dunnington et al., 1986).
Despite different breeds (White Leghorn versus ISA Warren), effects on
immine responsiveness, Marek's disease resistance and body weight were
similar.

Ioci and genes involved in antibody production and Marek's disease resis—
tance

Biozzi et al., (1979) estimated that about ten independent loci con-
trolled the antibody response to SRECs in mice. The inter-line difference
could be explained only in part by two defined loci. Positive associa-
tions were demonstrated with an allotypic marker of the Ig heavy chain
and with certain alleles of the mouse MHC (H~2). The Ig locus explained
10% and the H-2 camplex explained 20% of the difference in agglutinin
synthesis. Association studies were extended after the discovery of
large, or even absolute differences in frequency of Ig allotypes and H-2
alleles between the H and L lines. F; and F, hybrids, as well as back-
crossaﬁbetweenf‘l hybrids and H or L parental lines were produced. The
rormal immmization procedure was carried out and hemagglutination titers
to SRBCs determined. Maximum differences in agglutinin titer between Ig
allotypes and H-2-haplotypes were 10 and 20% respectively. The inter-line
divergence may be determined directly by these loci or by closely linked
leci.

In chickens extensive polymorphism has been described for IgG Cy and
IgM ¢y allotypes (Benedict & Berestecky, 1987). Fourteen allotypic speci-
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ficities have been described for IgG Cy and five for IgM Sy vhich belong
to the G-1 and M-1 loci respectively.

The B~complex encompasses three tightly linked loci which code for B-F
(class I), B-L (class II} ard B-G (class IV) molecules. The B~G molecules
are highly polymorphic products of genes closely linked to the class I
and II genes. Polymorphism of BG molecules can easily be defined using
typing sera in a direct hemagglutination test. For example, the thus
defined B-G21 allele is associated with resistance to Marek's disease.
However, resistance is rather influenced by the B-F21 or B-L21 locus than
by the B-G21 locus (Briles et al., 1983; Crone & Simonsen, 1987).

Based on preliminary results, we expect to find distinct differences of
the B-haplotype distribution between the H and L chicken lines. However,
a complicating factor, when compared to the mouse experiments, is that
three or four hapletypes may be present in both the H and L line. We will
therefore proceed to evaluate these haplotypes, confounded with back-
graud genes, in our H and L lines followed by the production of F; and

F5 generations.

Identification of genes res ible for anti ion and Marek's
disease resistance

Identification of MHC genes at the DNA level by restriction fragment
length polymorphism (RFLP) has been described in human, mice, cattle,
pigs, as well as in chickens. Because parts of MHC genes are highly
conserved in evolution, heterologous human and mouse probes can be used
in Southern blot analyses of other species (Andersson et al., 1986ab,
1987; Tilamus et al., 1988; Vaiman et al., 1986). Whereas human and
cattle MHC genes are very hamologous, the chicken B—coamplex displays only
limited homology with their human counterparts. Therefore chicken derived
class I and class II probes should be used. By genomic and cINA cloning
techniques, prabes have become available for the B-L (Bourlet et al.,
1988) ard BG (Goto et al., 1988) genes. Moreover, gehamic ljbraries will
give insight in the gene organization of the B-cumplex. Similar studies
for the Ig gene family have been performed with V and C chain probes
(Reynaud et al. 1985, 1987). Prubes used in Southern blot analysis reveal
RFLP which, once correlated with either disease susceptibility or resis-
tance, may, directly or via known serologically defined disease associa—
tion, identify the gene(s) involved. A refined characterization of the
gene(s) at the mucleotide level can be determined by sequencing the
genes, e.g. by using the polymerase chain reaction (PCR) method. More—
over, to came to gene transfer, not only the gene has to be identified,
It also requlatory sequences that allow its transcription. Once gene
transfer has been established, expression of introduced genes can be
tested hy "convential® methods arnd their influence on resistance to
disease.
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Surmary

The accuracy of estimating genotype prababilities of sires for a single
locus trait with two alleles has been determined for different modes of
inheritance and population allele frequencies. Data were similated for a
female sex limited trait over a 10 year period with random mating during
which sires produced either 3, 6 or 12 female offspring.

The accuracy of estimation was markedly higher for a trait with
additive gene action than for a trait with camplete daminance and 80%
penetrance. With additive gene action the lowest accuracy was found at a
pqnlatlon frequency of 0.5 while with dominance the accuracy decreased
with an increasing population frequency of the dominant allele. The
influence of the different sources of information on the accuracy of
estimtion depended on the mumber of offspring per sire and the mode of
inheritance.

Keywords: individual loci, estimation, accuracy, genctype probabilities.

Introduction

The potential for use of single genes in livestock improvement program-
mes is increasing. Some econocmically important traits in livestock are
influenced by single genes having major effect, like the halothane gene
in pigs (Webb & Simpson, 1986) and the Booroola gene in sheep (Piper &
Birmdon, 1982). Genetic polymorphism at loci affecting a quantitative
trait and with markers linked to them can be used in livestock improve-
mertt (Scller & Beckmann, 1982; Smith & Simpson, 1986). An increase is
expected in the mmber of genes of large effect on commercial traits that
can be identified. Identification of animals with the highest probability
of having the desired genctype could improve the efficiency of selection
programmes making use of these genes.

Milk casein variants in dairy cattle and goats are sex limited single
locus traits which can be measured in the milk (Schaar et al., 1985;
Grosclaude et al., 1987). ‘These variants have been shown to affect cheese
yield and are therefore of economic importance. Information on the mumber
of daughters needed to determine the sire's genotype is lackirg.

Van Avendonk (198B) described a method to estimate genotype probabil-
ities of animals for a single locus trait with a known mode of inheri-
tance and known allele frequencies. The method uses phenotypes of the
imdividual, relatives, collateral relatives and mates and it allows for
missing cbservations and data over several generations. Some basic ideas
were taken from studies in human genetics by Elston & Stewart (1971) and

1. Prepared during a leave at the Department of Animal and Poultry
Science, University of Guelph, Guelph, Ontario N1G 2Wl, Canada
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Heuch & I1i (1972). In this paper, the effectiveness of this method amd
the influence of different socurces of information will be determined for
a fomale sex limited trait with various modes of inheritance and mumbers
of offspring per sire.

Method
Estimation of genctype prchabilities

The method to estimate genotype probabilities for a single locus trait
uses information on the individual, its parents, offspring and their
relatives and collateral relatives (Van Arendonk, 1988). It is assumed
that the mode of inheritance arnd the allele frequencies are known. The
method allows for animals with undbserved phenotypes. For this study an
autosaomal locus with two alleles will be considered.

The probability of individual i having genotype uj, probj(uj), can be
calculated from the following equation:

k
prob; (ug)=prior; (uy) g(f|ug) post;(uy)/{ Elpriori(VJ g(fi[v) POSti(V){l)
V=

vwhere

priorj(uj) = the prior probability of individual i having genotype uj,

q(filui) = corditional prnbablllty given genotype u; of individual i
having phenotype f

post; (uji) = posterior probablllty of individual i having genotype uj,

k = mmber of possible genotypes.

The probability g(f|u) describes the relation between phenotypes and
gernotypes which accounts for dominance, penetrance and probabilities of
misclassification. Table 1 gives the prebabilities g(fju) for two
situations used in this study, I: o dominance and complete penetrance;
amd IT: complete dominance of A allele and 80% penetrance of the reces—
sive aa genctype. The first reflects the mode of inheritance of casein
variants vwhile the second situation reflects that of the halothane gene
in pigs (Smﬂmd 1988). In case of a missing observation of the
;henotype g(f|u) is set equal to one for all u.

The prior probabilities conbine the information on the parents and
their relatives and mates but it does not include the phenctype of the
individual being assessed or that of any of its descendamnts. The prior
probability of i having genctype ui, priorj(u;j), can be calculated from
equation (2):

Table 1. Corditional probability given genoctype u of cbserving phenotype
£, g(flu}, for I: no dominance and complete penetrance; II: camplete
dmmanceaxﬁSO%penetmnceofrw&sswagexntype
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Table 2: The conditional probability of the irdividual having genotype uj
given its parents genotype ug and ug, pt(uj|ug,ug).

ug=hA ug=Aa ug=aa
uy= AA  Aa aa AA Aa aa Al Aa aa
ug=aa 1 0 0 5 .5 0 o 1 a
Aa 5 5 4] .25 .5 25 0 -5 5
aa Q 1 Q 0 .5 5 o] 0 1
k K
priorj (uj) = £ probg(ug,i) £ probg(ug,i) ptlu;j|ug,ug) (2)
ug=1 ug=l

where probs(us,i) is the probability of the sire having genotype us when
the information from i is not used, similarly probd(uql,i} gives the
probabilities for the dam and pt(uj|ug,ug), is the conditional probabil-
ity of i having genctype uj given its parents genotypes are ug and uy
(table 2). In case of an unknown sire or dam, probs(uﬁ,i) or pmbq(ud,i)
respectively, is set egual to the proportion of imdividuals in the
population having genotype u, 7(u).

The information from the progeny of individual i is cambined in the
posterior probabilities, which can be calculated as,

nj k k
postj (uj)= 7 { I probg(uy,p) I g(fplup) postp(ug) polujlugug))  (3)
Pl u=1 up=1
where
nj = mmber of offspring of individual i,
probp (U, p) = probabil:}ty of m@te pmduc:m; offspring j having genotype
up when information of j is not used,
g(fplup) = corditional probability given u,-th genotype that pheno—
type fp should be cbserved,
postpfup) = posterior probability of offspring p having genctype Up,
po(uj um,up) = conditional probability of individual i having

uj given genotype of mate and offspring (table 3).

Table 3. The conditional probability of the individual having genotype uj
given the genotype of mate (uy) and progeny (up), po(uj|up,up).

UyAA Ur=Aa Uy=aa
uj=aA Aa aa AA A3 aa AN A3 aa
Uy=RA *67 33 0 67 -33 0 o 0 0
Aa 0 -33 -67 *33 33 -33 *67 33 0
aa 0 0 0 0 -33 -&7 0 -33 -67
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Tor a more detailed description of the method and for a description of
the iterative algorithm to estimate the genctype probabilities, see Van
Arerdonk (1988).,

The probable frequency of the A allele in sire i, p(a), is estimated
from its genotype probabilities as: p(A)= probi(AA) + 0.5 probj(Aa).

Simlation

To determine the effectiveness of estimating genotype probabilities, a
similation program was written to generate data for a single locus female
sex limited trait. To generate a pedigree struchare, data were similated
for a 10 year period with random mating. All dams in the base population
were unrelated and had known phehotypes. Every year one—third of the dams
were replaced by animals which originated from dams in the population and
the sires used. At two years of age, when the females had their first
offspring, the phenctype for the single locus trait was measured.

Twenty sires, originating fram 5 sires which had 4 sons each but no
female offspring, were used similtanecusly. A dam was allowed to produce
only one son and, to avoid inbreeding, these dams were unrelated to other
animals in the population. The phenotype of the dam of the sire was
recorded. Sires were used for two consecutive years during which they all
produced either 3, 6 and 12 female progeny with known phenotype.

A single autosomal locus model with two alleles (A, a) was used for the
inheritance of the trait. Data were simulated for frequencies of the A
allele of 0.2, 0.5 and 0.8. A population in Hardy-Weinberg eguilibrium
and equal v1ab111ty of all genctypes was assumed. Two altermatives for
daminance and penetrance were considered, I: no dominance and camplete
penetrance; and II: complete dominance and 80% penetrance of the aa

genctype (table 1).
Alternative methods

Genotype probabilities of the sires in the simulated data were, unless
stated otherwise, estimated using equation (1). This will be referred to
as method 1. To determine the influence of different sources of informa-
tion on the effectiveness of that method four altermative methods,
derived from equation (1), were used. In method 2 no relations between
sires were used. Method 3 did not use the relations between dams, which
implies that no information was available on mates of a sire. In method 4
phenctypes of the dams of the sires were not utilized. Only phenotypes of
the offspring of a sire were used in method 5. Hardy-Weinberg genotype
probabilities were used for the parents and the mates in that alterna-
tive.

For all methods of estimation, the gene fregquency amd the relation
between genotype and phenctype assumed were taken to be equal to those
used in the simuilation of data. Iterations were stopped when the sum of
absolute differences between genotype probabilities of sires in the last
and previous rourd was less than 0.01.

To determine the efficiency of the different estimation methods the

relative selection differential (S) when 10% of the sires are selected on
the estimated allele frequency was used. This was calculated as:
S={ (est-pop)/ (frue-pop) }*100 where est and true are the average frequency
of the A allele of 10% of sires with highest estimated and the true
frequency of A allele, respectively and pop is the average population
frequency of the A allele.

Results for each alternative were based on 20 replicates.
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Results and discussion
No dominarnce and canplete penetrance

Table 4 gives the distribution of genotype probabilities of sires
estimated by method 1 for different true genotypes ard number of off-
spring for situation I with complete penetrance and frequency of A allele
of 0.5, As an example 65% of the heterozygous sires had a estimated
probability of 90% or higher of having the Aa genotype.

With a few offsprirng per sire there was a marked difference in the
distribution of the estimated genotype probabilities between hamozygous
and heterozygous sires (table 4). With 3 offspring per sire the estimates
for the hamozygote sires were centered arourd a value of 80%. From the
heterozygous sires, however, 65% had a estimated genctype probability of
100% but a relatively large proportion of sires had an estimate smaller
than 40%. As soon as a sire has one offspring with genotype AA and one
with genotype aa it is certain that the sire is heterozygous. Tracing all
canbinations of offspring of a Aa sire having 3 offspring, it can be
shown theoretically that the estimated genctype prcbability(%) using only
information fraom its offspring (methed 5) can take values of 20, 33, 50
and 100, the expected frequency(%) of each being 3, 19, 50 and 29,
respectively. In method 1 more information is used which causes a greater
variation in the estimated values and increases the proportion of sires
with an estimate of 100%.

The distribution of the estimated genctype probababilities changed
markedly when number of offspring increased from 3 to 12 (table 4}.

For prediction of changes in frequency of genotypes due to selection,
the average estimated allele freguencies of the selected sires as well as
of the selected dams are needed. For selection purposes it is therefore
important to estimate the frequency of the A allele in each sire. This
frequency was calculated from the estimated prababilities of a sire

having genotype AA and Aa.

Table 4. Distribution of estimated probability (%) of a sire being
correctly genotyped for different true genotypes and mumber of offspring
(method 1:all information, population freq.=0.5, mode I: no dominance and
complete penetrance).

Estimated probability (%)

No. True

off. Genotype 0-25 25-40 40-60 60~75 75-90 S0-100

3 2AA 0 4 8 18 a4 26
Aa 10 9 11 4 1 65"
aa 1 1 11 20 39 28

6 AA o 0 1 2 19 78
Aa 5 2 1 0 0 92
aa 0 0 1 3 19 77

12 AA 0 0 0 0 0 100
Aa 1 0 0 0 0 99
aa o 0 0 0 ¢ 100

* 65% of sires with genotype Aa had an estimated probability 90-100%
of having genotype Aa
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Table 5. Distribution(%)} of estimated fregquency of the A allele of a sire
for different true genotypes and mmber of offspring without dominance
(method 1:all information, population freq.=0.5).

Estimated frequency of A allele (%)

No True

off genotype 0-5 5-15 15-30 30-45 45-55 55-70 70-85 85-95 95-100

3 Ad, 0 0 0 0 0 5 20 49 26
Aa 1 5 8 3 65 3 9 5 1
aa 28 46 24 2 0 0 o 0 0

6 AR 0 0 0 0 0 0 2 20 78
Aa 1 2 2 0 92 0 1 1 1
aa 77 19 4 0 0 0 0 0 0

12 AA 0 0 0 0 0 0 o 0 100
Aa 0 0 0 0 99 0 o o 0
aa 100 0 0 o Q 0 0 0 0

Table 5 gives the distribution of the estimated frequency of the A
allele in sires for different true genotypes and rmber of offspring for
additive gene action (I) and a population frequency of 0.5. With 3
offspring, 65% of the Aa sires had an estimated frequency of the A allele
between 45 and 55%. This is in agreement with results in table 4. The
heterczygous sires showed greater variation in estimated frequency than
the homozygous sires, The variation decreased markedly with increasing
mmber of offspring. There was close to camplete agreement between
estimated and true values when sires had 12 offspring.

Dominance and 80% penetrance

The distribution of estimated allele freguencies of heterozygous and
homozygous recessive sires showed considerable overlap in the case of
camplete dominance and 80% penetrance and a population frequency of A of
0.5 (table 6). The estimates of Aa and aa sires showed much larger varia-
tion than those of AA sires. The conbination of dominance with incamplete
penetrance resulted in a lower accuracy of estimation compared to the
situation with additive gene action (table 5). More offspring were needed
to distinguish between homozygous recessive and heterozygous sires. This
also holds, to a lesser extent, for the distinction between homozygous
dominant and heterozygous sires.

Population frequency

The influence of population frequency of the A allele on the distribu-
tion of estimated allele frequency in sires having 6 offspring is given
in table 7. With additive gene action (I) the estimates of the hamozygous
sires are affected by the population frequency. The proportion(3) of AA
sires with an estimated frequency(%) of A between 95 and 100 was 97, 78
and 70 when the population frequency of A was 0.8, 0.5 and 0.2, respec-
tively (table 7 and 5). The population frequency had a very limited
effect on the estimates of the heterozygous sires in the case of additive
gene action.
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Table 6. Distribution(%) of estimated frequency of the A allele in a sire
for different true genotypes and mmber of offspring in a situation with
daminance and 80% penetrance (method 1, population freq.=0.5).

Estimated frequency of A allele (%)

No. True

off. genctype 0-5 5-15 15-30 30-45 45-55 55-70 70~85 85-95 95-100

3 AA 0 4] 0 0 1 13 57 29 0
Aa 0 2 12 39 10 11 22 4 0
aa 3 18 31 34 4 4 6 0 0

6 AA 0 0 0 0 0 2 17 65 16
Aa 1 2 8 33 36 2 7 10 1
aa 13 20 28 30 6 1 1 1 0

12 AA 0 0 0 0 o 0 1 12 87
Aa 0 2 4 19 69 0 1 1 4
aa 27 23 22 20 8 0 0 0 0

With dominance and 80% penetrance the population fregquency had a big
influence on the distribution of estimates of all genotypes (table 6 and
7). With an increase in the population frequency of the dominant A allele
the distinction between genotypes based on estimated allele frequency
reduced. This is clearly shown by the reduction in relative selection
differential which reflects the average true allele frequency of the 10%
of sires with the highest estimated frequency (Table 8). The relative
selection differentials(%) with six offspring per sire were 99, 82 and 69
for population frequencies of 0.2, 0.5 and 0.8, respectively.

Table 7. Influence of mode of inheritance and population freguency of A
allele on distrilution(%) of estimated frequency of the A allele in a
sire having 6 offspring for different true genotypes(G) (method 1).

Estimated frequency A allele (%)

Pop.freq. G 0=-5 5-15 15-30 30-45 45-55 55-70 70-85 85-95 95-100
I: no dominance and complete penetrance
0.8 AA 0 o} 0 0 0 0 ) 3 s7
Aa 0 1 1 0 95 0 0 1 2
aa 70 15 14 1 0 0 + 0 0
0.2 AA 0 0 0 0 0 1 14 15 70
Aa 2 1 0 0 295 0 1 1 ¢
aa 97 3 0 0 0 0 0 0 0
1I: daminance and 80% penetrance
0.8 BAA 0 0 0 0 c 1 7 74 17
Aa 0 0 0 18 24 2 11 40 5
aa 0 0 6 40 26 5 9 14 Q
0.2 AA 0 0 0 1} 2 2 19 64 13
Aa 3 6 15 30 38 2 3 3 0
aa 62 20 12 5 1 0 0 0 0
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Methed of estimation

Relative selection differential when 10% of sires were selected on
allele frequency estimated by different methods are in table 8. As
expected method 1, using all information, was superior to the other
methods while method 5, which used information only on offspring, showed
poorest results. The differences between the methods depended on the
population frequency of A allele, mode of inheritance and the rumber of
offspring. Smallest differences for a given mode of inheritance were
found at a low population frequency {0.2). In that case on average 4% of
the sires had the AA genotype and most of these sires were also included
in the top 10% on estimated frequency fram methods with a lower accuracy
of estimation. This shows that the differences between metheds depended
on the proportion of sires selected.

With additive gene action the relative selection differential was
lowest at a population frequency of 0.5 while the relative selection
differential decreased with increasing population frequency in the case
of dominance and 80% penetrance. In the latter case the relative selec-
tion differentials(%) with 12 offspring per sire were 88 and 58 for
method 1 and 5, respectively. This shows that in a situation with
dominance even at a higher number of offspring a substantial improvement
in accuracy can be made by including all information on related animals
in estimating genotype or allele frequencies of individual animals.

General discussicn

In this study data were generated for a sex limited trait with a known
mode of inheritance and known allele frequencies in a random mating
population. Effectiveness of estimation is expected to decrease when only
poor estimates of population parameters are available. Population allele

Table 8. Relative selection differential when 10% of sires are selected
on allele fregquercy estimated using different methods for different
poputation frequencies of A allele, mmber of offspring and modes of
inheritance.

bPop, freq. .2 .2 .2 .5 .5 .5 .8 .8 .8

No. off, 3 6 12 3 6 12 3 6 12
I: ro dominance and complete penetrance
method*1 99 100 100 93 99 99 97 100 100
2 99 100 100 82 96 99 88 100 100
3 96 100 100 87 97 99 97 100 100
4 95 100 100 86 97 99 93 o8 100
5 85 100 100 74 92 99 78 98 98
IT:camplete dominance and 80% penetrance
method 1 83 99 100 75 82 97 50 69 88
2 84 93 99 65 76 93 40 638 78
3 84 99 99 67 79 94 44 62 73
4 79 98 99 65 79 93 45 61 86
5 5% 95 99 29 54 86 31 28 58
* 1: all information, 2: no relations between sires, 3: no relations

between dams, 4: no information on dams of sires, 5: only information on

offspring.



frequencies mainly affect the prior probabilities of a animal. The
influence of the population allele frequencies is expected to be smaller
when information on phenctypes of parents can be used in estimating the
prior probabilities. The possibilities to use the developed methodology
in estimating population frequencies and the mode of inheritance should

The effect of non—random mating of individuals based on their pheno-
types is expected to be accounted for when the information on the parents
iz used in estimating the genotype probabilities. Non-random mating is
therefore expected to affect the significance of the different sources of
information. This, however, remains to be shown.

The method of estimating genotype probabilities is expected to con-
tribute to a better identification of animals with a desired genotype.
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THE PUBLYC'S CONCERN ABOUT ANTMAL MANIPULATICN

A. Rérsch

Board of Management Netherlands Organization for Applied Sciemtific
Research TNO, P.0O.Box 297, 2501 BD The Hague.

Man has been ruining its enwviromment for already a considerable time.
Misuse of land and careless disposition of waste products are same of the
major points of concern related to agriculture. Concern brought about by
genetic amd cellular manipulation of micro—organisms, plants and animals,
is not far from new either, (The Biology Bamb (R. Taylor) is from 1964,
Silent Spring was published a few years earlier only). Nevertheless, the
scientific work discussed in this symposium has only recently attracted
attention of the public at large. It is, however, not so much the issue
of envirommental effects that raised concern about unconventional animal
breeding, hut certainly, waves of protests against these experiments
originate from this general trend. As one spoke in the past of the
chemists for being responsible for disturbance of ecosystems, now one
more and more blames the biologists for interfering with natural evolu-
tion. The physicists were, of course, the first to be accused, when
having liberated the muclear force for military application. It is
against this general background that a whole anti-technology syndrore has
developed. But the tide is changing again. It is felt nowadays that new
technologies are also very mich the basis of our welfare amd civiliza-
tion.

Opposition to animal experiments comes in different grades. Most people
do not deny the hmman benefit and allow experimentation to some extent,
but not if an unnecessary constraint is put on the animals. In gensral
the researchers share that view and consequently consider animal care as
part of good laboratory practice. It leaves, however, still open a large
field of discussion as to what is necessary and unnecessary, particularly
with respect to specific goals. Is a pain strain allowed for medical
applications and not for development of new cosmetics? In which category
does fall the use of animals for agricultural purpcses?

Some people reject any type of use of animals in experimenting, or ewven
in breeding; those are for exanple the vegetarians, who believe that Man
can feed himself adequately enough on plants. It is pretty questionable,
whether these pecple are always consistent in their behaviour, and reject
for themselves also the application of mocdern medicine, which could not
have been developed without extensive animal experiments.

When we focus ocur attention now on the main points of concerm, then
three different aspects regquire our attention:

a: By gene transfer across the species barrier, a new gene cambination,
not yet ccouwrring in nature, might be established in a creature
dargerwstoManoronewhlchdlstuxhse:astmgecosystars
This is the main concern of ervirommentalists. At first sight this
only would involve the microbiologists, who might liberate a new
infectious agent, either of higher virulence than naturally occcurring,
or with wider heost ranges. It should be noted however, that - by
purely classical crosses - so far alse animals have been produced
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with unpleasant qualities, e.g. insects and dogs with ircreased
agyressiveness (a certain bee in S.America, certain unfavourable
strains of the pittbull terrier).

b: The producticn of hybrids or chimera as such. Here we find as cp—
ponents those who believe that we should not interfere with natural
evolution at all.

c: Experimenting with animals to establish chimera, which might be a
constraint to these laboratory animals. Considering this last aspect
we are faced with the members of animal protection leagues.

I want to aveid already from the beginning that in this audience of
animal experimenters an irritation is raised, which might keep you from
listening to argumentation or even make you leave the conference room.
Thetrefore, I had better firstly outline my general attitude towards the
three aspects, which is quite moderate, I assure you. I hope you will not
be irritated by the statement that I believe we should take opposition,
if any, with respect to the three concerns mentioned very seriously. If
we behave as responsible scientists, we must take note of and even
appreciate criticism on our approach of certain subjects.

But I also want to state at the keginning that in my opinion most of
the opponents are usually exaggerating possible dangers as well as the
quantitative stress put on animals in captivity. But let us be honest,
some experiments are quite unpleasant. What, from our scientific view,
makes the behaviour of same opponents illogical, is the urderrating of
camparative risks and strains in naturally ocourring phencmena. There-
fore, I first want to analyze the origin of that attitude.

Humans, particularly children, are accustomed to attributing to
(higher) animals, similar feelings as Homo sapiens experiences. This is
induced by the behaviour of domesticated animals, living in our social
system, in which we enforce on them also ocur social ethics. Bxamples in
literature are the famous Winnie the Pooh and the rabbits in Watership
Down. One of the most important strives of humans is for freedom. We do
not accept slavery and captivity. How this is with animals, we do not
know. For sure, humans are prepared to give up their absolute freedom, to
do what they want, if in exchange some form of security is dbtained,
Therefore, we live in societies. So do many species in wildlife, when
living in social groups, in which a certain degree of discipline re-
stricts the freedom of the individual. Man and animals certainly have
many instincts in common and it is not surprising that many people
believe animals to feel about freedom as we do. We can only argue that,
if we domesticate animals, we offer them in exchange also protection fram
persecurtion by their natural predators (including infectious diseases).

The underlying reason for concern about the suffering of laboratory
animals is an over-assessment of their suffering in captivity, the
under-assessment of their sufferirxy, when they are at the mercy of the
harsh conditions in the wild, where the expression "the survival of the
fittest" applies. We know for sure that wildlife is pretty rough. All
carnivorous animals have little consideration with their prey. In
wildlife almost all animals have their particular predator, who eats them
alive without anaesthesia. If not swallowed, wildlife animals end their
lives without any med-care, usually by starvation or thirst when aging
prevents them from finding their food. The picture we can give of our
animals in captivity, even of the laboratory animals we "“torture", is
very different and certainly more comfortable. Food always available;
pain suppressed by pharmaceutics; death seldam so cruel as in wildlife. I
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would even go so far as to say that the average laboratory animal that is
subjected to the worst, even most aggravating, experiment in the labora-
tory is better off than its mates in the idealized wildlife.

The opposition against the production of transgenic animals, the miwing
of gene pools, which does not occur frequently in wildlife, is in my
opinion largely due to an over-assessment of the definition of a species.
We consider twe individuals to belong to different species, if a male
representative of one, when crossed with a female of an other, does not
give rise to fertile offspring. We should keep in mind that this defini-
tion is quite arbitrary. The inability of a certain gene pool to mix with
ancther gene pool, is the result of just a few out of a thousand (or
prabably million) differences between those gene pools. Moreover, also
within a species there is a tremendous amount of variation (if not
inbred) and differences among individuals of the same species can be even
greater than among the individuals of two different, but related species.
The concept of a species is to a certain extent a man-made arti-fact,
based on cress-incaompatibility. Now that we have new means to make genes
cross the species barrier, we should, in my cpinion, reconsider also the
species-concept. And I foresee that in the near future our systematic
biologists will come up with proposals to reduce considerably the number
of species we distinguish. In micrcbiology we have gone through that
process already in the nineteen—fifties.

Why is it that the people at large, and also the scientists, have such
a high esteem of a species? That is, of course, because of the fact that
natural evolution, seen within a life-time, is so slow. A single genera-
tion has the impression that natural evolution is almost at a stand-
still. Which is not true. What indeed is slow, is the rate at which by
variation and selection, results (new species) are cbserved, but the
process itself always goes on with a tremendcus intensity. wWhy should we
allow new species to arise only by variation and selection, followed by
isolation? (possibly the main cause of induced cross-incampatibility).
The opposing argument is rather similar to that against animal experi-
ments in general. One sees only the monsters being produced and takes it
for granted that during embrycnic growth the hybrid animals suffer
considerably, because of fundamental incampatibility of their gene pools.

Again we must state that such "suffering" also occurs, even when two
individuals of the same species are crossed. It is estimated that in
humans, approximately 70% of fertilized eggs have no real chance to
survive, because of incompatibility of the (haploid) gene pools involved,
and thus are subject to early abortion. In that case we shoauld, however,
state, that "suffering" of the embryo is not the right term to use. We
can speak of suffering only, when the first neurons are produced, in
humans approx. three weeks after fertilization. Therefore, when we
produce hybrid animals, ocur care for them obliges us to give special
attention to that specific pericd of their life-cycle, when the nervous
system is developing.

Again 1tlstalptmgtoomparesuffer1nq, if any, of animals in the
wild and of those in the laboratory.Indeed, the spontaneous formation of

dmmeraass&ﬂmrsveryseldcm, the mile being one of the exceptions.
But within species gene pools also do charge contimuously and most of the
time not for the better. I mentioned already the frequent incompatibility
of human gene pools. We all know that in wildlife a small fraction of the
offspring survives to maturity; the major fraction, which does not win
the war of the survival of the fittest, die without medicare.
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¥hen considering hybrids, we should distinguish between real chimera in
which two haploid gene pools are mixed, and those transgenic animals in
which a single or a few heterologous genes are transferred.I focus the
attention on the latter, because scientific prospects to produce true
chimera are still scanty. I need not explain this in this scientific
conference. Mearmhile over a thousand different transgenic species have
been produced in the laboratory. Unfortunately, only a few "monsters",
that have been produced, attracted the attention of jowrmalists. It is in
fact swrprising how easily healthy transgenic animals are produced at a
high frequency if one masters the introduction of isolated INA in fertil-
ized eggs. The bottle-neck is only of this technical nature. In TNO we
produce several transgenic mice a week, at a success rate of 25-50%. It
is very cbvious that no real harm is done to the majority of animals when
subjected to transgenic manipulation. Opposition can only be based on the
philosophy that Man should not manipulate the origin of species at all,
and as I mentioned that philosophy is based on a general overall overas-
sessment of the artefact species as such.

A similar conflict of philosophy can be recognized in the fear that by
gene transfer a gene conbination might be established that consequently
disturbs existing ecosystems (my first aspect mentioned in the introduc-
tion). The risks here are extensively over-assessed by the public at
large, because it does not understand how experimental breeding is
quantitatively related to natural evolution. The latter process has been
going on, variation and natural selection, for billions of years, with
the result of four million species, which have optimized their gene
cordition for their continucus struggle in the wild. By means of classi-
cal crosses, Man has domesticated a few hundred species, improved for
human benefit. Not for the benefit of the species themselves, though they
are no longer imvolved in the struggle for life in the wild. As far as I
know, all the domesticated races will vanish from earth or will run wild
again, if we would not protect them, and only in a very few cases has
accidentically a strain been produced that might upset an ecosystem.

The actual question now is, is the risk that such a dangercus species
would arise greater, when we cross the species barrier, than if we only
perform classical crosses? In my opinion the risks with transgenic
species are lower instead of higher for the following reason: As I said,
nature-itself has optimized the survival of its wildlife species to a
very great extent. By using these already optimized gene pools in
classical crosses, we mix two of those optimized pools, and certainly
there is a small risk of producing an even more optimized gene pool for
life in the wild. But as we noted, the risk is almost negligible. What do
we expect if we cambine two different gene pools that we know are not an
optimm combination? A lot of evidence has been compiled from somatic
cell hybridization of different species as to their incompatibility. Also
a lot of evidence on transgenic micro-crganisms has been gathered over
the last fifteen years and never has a harmful organism been produced so
far that would survive better in the wild.

We would not expect that to happen, just because of the fact that it is
apparently very difficult to compete in the laboratory with billions of
years of variation and selection by nature itself. Nevertheless, urrest
in society continues and strangely enough other hazards when Man-.is
manipulating ecosystems as such, are almost totally neglected. One of
these hazards is world travel. We all know there is a hazard in mixing
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ecosystems. When species are transported from their matural habitat to a
foreign eccsystem, they might well destruct that ecosystem if it is
lacking in its natural enemies. But whether these natural enhemies are
there or not, the destruction may take place anyhow. The spread of AIDS
is a good example. If there was not such a high intensive world travel,
ATDS may well have been contained in its orlgu:al African or Haitian
habitat. An e:aample of less dangerous species are microorganiams invading
the gqut. Tourists coming from foreign countries may "import" infectious
diseases against which we have no resistance. Still, only a few people
think of takirg precautions when travelling, or even restrict world
travel, while the darger to disturb ecosystems is far more direct ard
potentially hazardous, than any transgenic experiment we can think of.

Sumarizing, we must conclude that the three aspects I mentioned of
opposition against genetic engineering, have in fact basically in common
a philesophy of nature, which I consider in need of reconsideration. That
Pnilosophy must be characterized as:

(1) an over-assessment of the species
(2) an idealization of wildlife, which is not justlfied,
(3) an appreciation of natural evolution as being untouchable by Man.

When I had a first draft of this presentation circulated among three
menbers of our THO PR-department, I received the messages: your presenta-~
tion is provcking rather than convincing with respect to evolution, the
species concept, etc., and I tend to agree with these specialists as to
commnications with the public at large. The views I have expressed are
still beyond proof, indeed. But the picture I have given you of, for
example, the species, is nevertheless my view. I comfort myself with the
idea that it is always difficult to get one's view across, even in the
scientific world, particularly as to biology. For instance, it tock more
than 10 years before DNA was really accepted as the carrier of genetic
information.

By the way, I was not asked to prove whether the benefits, dangers or
ethical conflicts that arise, represent the background of people’s
copcern as regards animal manipulation and experimenting. I added same
personal views why I think that the people at larye exaggerate their
concern, by their uwillingness to see the effects of laboratory experi-
rents in proportion as to unpleasant, naturally occurring phenomena.
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COMPARISON OF FRIESIAN CATTLE FROM DIFFERENT ORIGINS

R.D. Politiek, H. Vo= and S.Korver

Department of Animal Breeding, Wageningen Agricultural University, P.O.
Box 338, 6700 AH Wageningen, The Netherlands

Summary

A comparison of milk production traits of Friesian cattle from dif-
ferent origins was made. In the basic herd, originated as rardom sample
fram two Dutch Friesian subpopulations, a contrast of 11% in milkproduc~
tion was demonstrated. The herd of this farm was divided in three
parts and since 1971 per year five top proven bulls on yield from the
Dutch Friesian (DF), the Holstein Friesian (HF) arnd the British Friesian
(BF) subpopulation were used over a period of twelve years. The basis of
selection was fat + protein yield.

The estimated genetic differences over four generations between HF ard DF
was +1227 ky milk, -0.31% fat and -0.12% protein. The BF heifers were
intermediair between HF and DF.

Keywords: milk production, comparison, selection, Friesian.

Introduction

The aim of cattle breeding is to select the most profitable cow that
excels gernetically in a balanced combination of dairy and beef traits.
The Friesian cattle population is spread over many countries. Genetic
differences between subpopulations of the same breed can be expected when
the selection goal is different or also when the selection strategies are
different. A caomwparison was carried out of genetic differences between
Friesian cattle from different origins in the same herd ervirorment on
an experimental farm of the Agricultural University. The basic herd was
formed by Dutch Friesians randomly sampled within two breeding districts
and two levels in The Netherlands (Politiek,1974). The second purpose of
this experiment was to estimate genetic differences between progeny of
DF, HF and BF proven hulls and to estimate genetic and phenotypic
parameters of traits recorded in a herd with no artificial selection for
production characteristics,

Material and methods

The basic herd was founded with the purchase of two batches of 120
calves drawn at random from the breeding districts Frieslamd and Neorth
Hollard in The Netherlands. The data analyses and the used model for the
basic herd are described by Politiek et al.(1982). Each year since 1971,
five newly top proven bulls from the Dutch Friesian (DF), Holstein
Friesian (HF) and British Friesian (BF) subpopulations have been selected
on fat + protein yield and randomly mated to a part of the basic herd
{ramdomly divided into three egual groups). Matings have been taken place
within subgroups over 3 - 4 generations. Milk production traits were
analyzed with a miwed model containing fixed effects for season of
calving, calving interval, interactions between generation and breeding
group and between year amd age of calving. Alsc the random effect of sire
was included in the model.

154



Results and discussion

In the same envircmment with no culling on production cows from North-
Holland produced 10 - 11% more milk compared with cows orignating from
Friesland (Table 1).

Table 1. Mean and contrast between North Holland and Friesland for milk
production of the basic population.

Iactation First lactation Secord lactation

n milk fat%¥ protein% n milk fat% protein%

Mean 204 4392 4.22 3.41 166 4756 4.28 3.56
Contrast NH - Fr +468 -.06 -.04 +456 =-.08 -.04

In North Holland voung hulls were selected more on milk production than
in Friesland. The degree of repeatability in milk yield between the first
ard second lactations was high (0.60).

Within each generation the Holstein Friesian had the highest milk yield
and the Dutch Friesian the lowest (Table 2). The estimated difference was
1227 kg. The difference between British Friesian and Dutch Friesian was
224 ky. The Dutch Friesian had the highest levels for fat amd protein
content. The difference between the subpopulations decreased with the
increase of the generation mumber.

Table 2. Estimated breed differences between HF — DF and BF - [F.

kg milk kg fat kg protein fat % protein %

HF - DF 1227 34.2 33.1 ~0.31 -0.12
BF - DF 224 1.1 6.5 -0.16 -0.01
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PERFCRMANCE TEST RESULTS OF YCUNG BULLS IN REIATION TO FEED INTAKE AND
EFFICIENCY OF FEMAIE PROGENY

S. Korver, H. Vos and R.D. Politiek

Department of Animal Breeding, Wageningen Agricultural University, P.O.
Box 338, 6700 AH Wagenirngen, The Netherlands.

Summary

A selection experiment is going on for two generations in five years
{five batches). Young performance tested bulls were selected on roughage
intake. The weighted standardized selection differential applied was 2.54
in sires and dams were random. Data of progenies were recorded on young
growing, pregnant and lactating heifers for intake, growth and milk
yield. Data were available cn one generation and included 202 growing
heifers. Gepetic parameters were estimated by paternal half-sib analyses.
Feed intake characteristics had a heritability of about 0.50. Residual
energy intake, energy intake adjusted for growth and metabolic weight,
had a heritability of 0.25.

Keywords: feed intake, performance test, heritability, selection.

Introduction

Feed to dairy cattle constitutes a major part of the total cost of milk
yield. The literature indicates a clear genetic component for gross feed
efficiency. Freeman (1975) concluded that selection for higher milk yield
autamatically improves feed efficiency. This conclusion was based on
literature sources which showed a range for the genetic correlation
between feed efficiency and milk yield between 0,88 and 0.95. Experimen—
tal procedures may have inflated the values of these correlations. These
correlations were calculated by feeding concentrate or grain according to
milk yield, thus forcimg a high correlation. Besides feed efficiency,
feed imtake is an important trait, especially in the first part of
lactation. The intake of matrients does not meet recuirements of the high
yvielding dairy oow. Results of Gravert (1985) suggested that selection on
milk yield would not autcmatically increase feed intake of dairy cows in
the first part of lactation.

Performance testing of young AI-bulls gives a possibility for selection
on feed intake in a breeding program. In 1982/1983 a selection experiment
on feed intake started with the following objectives:

- To estimate the relationship between young performance tested potential
Al-bulls and female progeny during growth and lactation for traits feed
intake, residual feed intake and efficiency on an ad libibtm feeding
system without feeding concentrates according to production.

- To study relationship between feed intake arnd efficiency traits of
young (growing), pregnant and lactating heifers.

This selection experiment will be carried out during two generations.
Preliminary results of young heifers were described by Korver et al.
(1987) and these will be summarized in this contribution.

Material and methods

Sires were chosen for this selection experiment on basis of their feed
intake performance. 38 performance tested bulls were selected in two
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groups, one each with a high or a low feed intake. Contrasts for roughage
dry matter intake between the sire groups varied between a proportion of
25 and 40 of the average of all the sires. Sires were used in more than
one year to eliminate year effects. The three available batches of 202
yaurg heifers for the analysis originated from 24 sires. The phenotypic
selection differential applied between 12 sires with a high feed intake
and 12 sires with a low feed intake was 2.76 phenotypic standard devia-
tion units (S/¢.) dry matter roughage intake. Sire variance components
were estimated an univariate REML algorithm and relationships among
sires were included. Feed intake and efficiency traits were analyzed.
Residual feed intake reflects differences between animals in using
metabolizable energy for maintenance and growth.

Resulte and discussion

Heritability of feed intake of young heifers at an age of 44-60 weeks
was 0.55 from half-sib analysis (table 1). Adjustment of roughage intake
for differences in metabolic weight changed heritability of dry matter
intake from 0.55 to 0.17. Residual energy intake, ME intake adjusted for
growth and metabolic weight, had a heritability of 0.25. This reflects
genetic differences between animals in efficierncy of using metabolizable
energy for growth and maintenance. The standardized phenotypic selection
response (R/o ) was 0.28 units phenotypic standard deviation, compared
with the stafdardized weighted selection differential of 2.54 in the
sires while the dams of the young heifers were random. This computes to a
heritability of 0.22, assuming that roughage intake of the young heifer
and the young potential A.I.bull are the same trait. This assuption is
questionable because of differences such as age of measuring of animals,
sex and feeding regine.

Table 1. Overall mean, contrasts between selection group 2(]'.::le - High),
standardized selection response (R/ap) and heritability (h%).

Mean Contrast R/arp h2
Roughage intake (kg dn.day), 6.42 -0.17  -0.28 0.55
Roughage intake (g dw/day.w” )  88.9 1.7 -0.24 0.17
Enerqy intake (ME kJ/day) 62030  -1678  -0.28 0.58
Daily gain (g/day) 638 -53 -0.63 0.31
Feed conversion (ME kJ/g) 101.0  +6.7 +0.40 0.43
Residual intake (ME kJ/day) 62030  -331 -0.07 ©0.25
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GERETIC ASPECTS COF INDIVIDUAL FEFD INTAKE OF GROWING PIGS, HOUSED INDI-
VIDUALLY OR IN GROUPS

L.C.M. de Haer, J.W.M. Merks, G.A.J. Buiting, H.G. Kooper

Reseaych Institute for Animal Preduction "Schoonoord", P.C. Box 501, 3700
AM Zeist, The Netherlards

Sumary

An autamatic device for registration of individual feed intake in group
housed growing pigs is developed: the IWG-station. The IVOG-station
makes it possible to use group housing for performance testing of boars
and gilts, while competition among pigs for the feed is similar to
comrercial conditions.

Experiments are under way with pens used for group housing and pens for
individual housing, each pen equipped with an IVOG-station. The dif-
ferences in feed intake pattern between pigs housed in groups and pigs
hcused individually will be determined. These data will be used to test
genotype x housing system interaction and to estimate heritability of
feed intake pattern and relationships between feed intake pattern and
producticn traits,

Keywords: TVOG-station, group housing, feed intake pattern, genotype x
housing system interaction.

Intreduction

In order to be able to measure the individual feed intake, performaxne
testing at central test stations is usually done by housing pJ.qs indivi-
dually. However, urnder commercial conditions pigs are housed in groups.
In group housing, social daminance plays an important role. Dominance can
influence feed intake pattern and growth rate (Beilharz & Cox, 1967;
Kirtaly & Wittmann, 1982; Mc Bride & James, 1964; Wittmann, 1983} and
consequently cause genctype x housing system interaction.

The IVOG—station is an automatic device developed for registration of
the individual ad libitum feed intake for group housed pigs. The station
is designed in such a way that competition among pigs for the food is
possible, similar to group housing in a commercial situation. The sta-
tion registers the time at the beginning and the end of a meal, the
starting amd final weight of the food and corbines it with the automatic
identification of the pigs.

The advantages of using group housing with an IVOG-station for selec-
tion purposes are:

1. testing is done under the same system as used for fattening pigs (to
prevent genctype x housing system interaction)

2. larger test capacity within the same uilding, which enables a more
intense selection

3. recording of feed intake pattern.

The chjective of this research is first to determine the difference of
feed intake pattern between pigs housed individually and in groups amd to
investigate genotype x housing system interaction for several produc—
tion traits. Secondly, the heritability of the feed intake pattern and
correlations with production traits will be determined for pigs housed in
groups.
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Material and method

Initially, 10 pairs of littermates per batch from 3 - 5 sires will be
separated over 10 individual pens and 10 group pens with 7 other pigs.
During the test, the feed intake pattern is recorded with the IVOG-sta-
tion. Further, growth rate, ultrasonic backfat thickness, meat percen-
tage and feed intake of all the pigs will be determined. These results
will be used to determine the significance of genctype X housing system
interaction for several traits.

After the hatches with individual and group housing, 20 pens will be
equipped with an IVOG—station and will be used for group housing. Fram
these results and the data of group housed pigs in the earlier batches,
the phenotypic correlations between feed intake pattern and production
traits will be estimated. After more than 8 batches, genetic correlations
and the heritability of feed intake pattern will be estimated.

Results

Data of two pig breeding companies were used to test genotype x hous-
ing system interaction. The genetic correlations between progeny in the
two housing systems varied from: 0.63 ~ 1.00 for ultrasonic backfat
thickness, 0.96 - 1.09 for daily gain durirg life amd 0.62 - 0.71 for
daily gain during the fattening periocd. These results are hampered by
confourding of housing system ard sex of the pigs.
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CONSBEQUENCES OF SELECTION FOR FEED QONVERSION IN BROILER CHICKENS
F.R. leenstra and R. Pit

Spelderholt Centre for Poultry Research and Extension, 7361 DA Beek-
bergen, The Netherlands

Summary

Selection for feed conversion in broiler sire stock improves feed
conversion, apparent digestibility of fat and protein and utilization of
protein for body weight gain.

Keywords: broiler chickens, feed conversion, selection, digestibility.

Introduction

In broiler stock selection for feed conversion has two advantageous
effects: the chickens are more efficient and they are leaner than
chickens selected for body we1ght (Pym, 1985; Ieenstra, 1988). However,
selection for feed conversion is laboricus and reguires special accomoda-
tion (imdividual cages).

It is not known, what the exact causes of genetic differences in feed
efficiency are, nor how much differences in body composition and other
physiological characteristics contribute to the differences in feedcon-
version. This synopsis describes differences in metabolizability of
energy, digestibility of fat and protein and utilization of feed for body
weight gain between chickens of a line selected for feed conver— sion and
of a line selected for hody weight.

Material and methods

From a broiler sire population two lines were selected: the FC lineby
mass selection on feed conversion (feed consumed/weight gained) be- tween
three and six weeks of age and the GL line by mass selection for six week
body weight.

In the seventh generation the lines were campared while feeding them
three iscenergetic diets differing in protein content (Table 1). Meta-
bolizability of energy (ME) and digestibility of fat and protein were
determined with cage housed chickens between 17 amd 19 days of age by
quantitative collection of droppings (12 chickens/cage; 3 cages/ line/—
sex/diet). Utilization of energy, protein and fat were studied in a
slaughter trial: feed consumption and body composition were determined
for group housed chickens at about equal body weight (10 chickens/group;
2 groups/line/sex/diet). Target weight for the comparison was the weight
of the heaviest group at 42 days of age.

Resuits and discussion

Table 1 gives the characteristics of the diets and the results of the
digatibility trial. For digestibility the average of males and females
is given, as sex nor interactions with sex had any influernxce on ME or
digestibility. The lines differed significantly for ME and digestibili-
ty of fat and protein for all three diets examined. The effect of se-
lection line on ME of the diet appeared to be mainly dependent on dif-
ferences in fat digestibility between the lines.
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Table 1. Characteristics of the experimental diets and apparent metabo-
lizability of energy and digestibility of fat and protein for chickens of
two selection lines (average of males and females).

Diet 1 2 3
Carbustion value (MI/kqg) 17.8 18.0 18.2
Crude protein (%) 19.8 25.8 31.8
Crude fat (%) 10.1 9.3 8.5
Line GL FC GL FC GL FC
ME (MJ/kg) 13.01 13.53 13.55 13.70 13.71 13.87
Dig.protein (%) 83.24 84.30  86.27 87.15  88.13 89.22

Dig. fat (%) 72.23 78 53 80. 67 83.58 83.78 86.15

In Table 2 body weight and certain measures of efficiency dstermined in
the slaughter trial are presented. GL chickens contained more fat amd
less protein and water than FC chickens. The differences between the
lines in body composition were of a ¢greater magnitude than the dif-
ferences between males and females within line.

Table 2. Body weight at slaughter for male and female chickens and dif-
ferent measures of efficiency for chickens of two selection lines.

Dlet 19.8% protein 25.8% protein 31.8% protein
GL FC GL FC GL FC
Body weight males (q) 2271 2080 2346 2277 2333 2287
Body weight females (g) 1978 1944 1991 1932 1943 1993
Feed efficiency .52 .54 .55 .59 .53 .59
Energy efficiency .29 .27 .30 .28 .28 .27
Protein efficiency 47 .51 .41 .46 .32 .37

SED for feed efficiency: .007; for energy efficiency: .006; for protein
efficiency: .005.

FC chickens were more efficient feed converters than GL chickens, Ho-
wever, due to the differences in bedy composition, GL chickens being
fatter than FC chickens, GL chickens were more efficient if energy con—
version is considered. Major differences between the lines were present
in protein efficiency. Relatively, the differences in protein efficien—
cy were of a greater magnitude than the differences in gross feed effi-
ciency. This is swrprising, as selection was for gross feed efficiency
and not for protein efficiency only.

Differences between the lines were still present if utilization of
digested mutrients was considered. This implies that, besides digesti-
bility, also protein and fat metabolism are genetlcally controlled.
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SELECTTION EXPERIMENT ON RESIDUAL FEED CONSUMPTION IN IAYING HENS

P.E. Initing and E.M. Urff

t of Animal Breeding, Wageningen Agricultural University, P.O.
Box 338, 6700 AH Wageningen, The Netherlands.

Sumrary

A selection experiment has been designed to study the trait 'residual
feed consamption' and its genetic oomponent in laying hens.
Keywords: efficiency, residual feed consumption, selection, laying hens.

Introduction

Feed costs are circa 68% of total costs per kg of eggs in laying
sactor. At this moment stabilization of production is much more important
than enlargement of production, so lowering of feed costs is necessary to
improve net income.

In 1982 the Dutch Agricultural Economical Institute presented a factor
analysis showing that ca. 13% of the differences in net inocome between
egg producers was caused by differences in feed costs (between pro-
dueers): ca. 6% resulting from differences in feed prices (especially
differences in contracts) and the remaining ca. 7% frum differences in
feed consumption (especially differences in brands of hens). As data were
corrected for differences in egg production, these 7% differences in feed
consumption are also 7% differences in feed efficiency. In this study,
This difference coculd reach a level of Dfl. 1.30 per laying hen per year.

Therefore our department started a research project on differences in
feed efficiency between laying hens independent of egg production.

Material and methods

In 1982 a synthetic population had been created after three generations
of crossing four different WL populations. From 1982 to 1985, this
population was bred randomly. In 1985 there were 704 hens and 168 cocks;
each FS family of this population was divided in two; one half was fed a
normal laying diet (11.7 kJ ME/q), the other half a low energy laying
diet (10.0 KJ ME/g). In this base population we have done the following
experiments:

- Camparison of total eneryy balance of laying hens extremely different
for residual feed consunption.

- Estimation of repeatability of residual feed consumption, also for a
second laying period.

- Estimation of heritabilities and phenctypic and genetic correlations

of /between residual feed consumpticn and production traits.

Estimation of heritability of feathering and the correlations with

resicdual feed consumption.

Estimation of the phenotypic correlation between yolk percentage and

residual feed consumption in a small sample.

- Measurements of activity of yourng animals in respiration chambers.

= Measurement of differences in complete energy balance between the two
feed groups.

- Estimation of genotype * diet interaction of residual feed consumption.

In each fead group, a similar divergent selection experiment was
started. The selection criterion is residual feed consumption (in g/day)
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from 20 to 44 weeks of age using a selection index with information from
female relatives, both for hens and for cocks. Next to the four selection
lines, one unselected control line is kept. Each line consist of 141 hens
and 33 cocks;. A computer simalation program was designed to find the
optimal mumbers of animals to be selected in any selection experiment
(Dnitirg, 1986b); based on this program, and using the population
parameters from the base population ca. 35 hens and ca. 22 cocks were
selected for each selection line; for the control line, ca. 140 hens and
about 70 cocks.

Results

A part of the results from experiment (1) has been published by Iaiting
(1986a). All the cther experiments are in the camputing or writing stage.
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GENETTC CORREIATTONS BETWEEN PRODUCTION TRAITS AND EXTERIOR IN BOARS

E.J. van Steenbergen and E. Kanis

Department of Animal Breeding, Wageningen Agricmltural University, P.O.
Box 338, 6700 AH Wageningen, The Netherlands

Summary

A linear scoring system for exterior traits in pigs has been applied on
several boar test stations in the Netherlands. Heritability estimates for
exterior traits rarged from 0.1 to 0.3. Only a few genetic correlations
between exterior traits and production differed more than 0.4 from zero.
Fast growing coincides genetically with weak pastern, steep rear legs amd
more liquid in the stifle joint.

Keywords: exterior, producticn, pig, genetic parameters

Introduction

The animal's exterior has traditionally played an important role in pig
breeding. Nowadays selection on exterior is mainly aimed on improvement
of constitution. Constitution can be defined as the animal's ability to
challerge its intermal and external envirorment. An important part of
forced cullings in pigs is caused by anumalies of attitude and gait and
difficulties to rise and mount. This syndrome is called leg weakness and
is thought to be correlated mainly with the condition of legs and claws.
Selection on those exterior traits can have a considerable effect on
genetic improvement of preduction traits, depending on genetic (co)-
variances. Numerous estimates of genetic and phenotypic paramsters of
performance traits in pigs have been reported in literature. Only few
heritability estimates of leg weakness are known, which range from 0.10
to 0.45. No gehetic correlations between leg weakness or exterior traits
and performance were found in literature. The purpcose of this study was
to estimate genetic variances and covariances of linear scored exterior
traits and genetic covariances between performance and exterior traits.

Material and method

Data were obtained from central test station boars of the herdbock and
from three breeding companies. Inspectors of respective organizations
judged boars at the end of the test only on their own test station. The
extericor traits considered are described in Table i. A detailed descrip-
tion of scored exterior traits and method of scoring is given by Van
Steenbergen (1988). Performance traits considered are average daily gain
an test (ADG), ultrasonic backfat thickness (UB}) ard feed conversion (FC)
measured as kg feed per kg body weight gain. All boars were fed ad libi-
tum. After screening 2093 boars, offspring of 443 sires, were used for
final analysis. Sires were completely nested within test station.

(Co)variances were estimated with multi-variate equal design Restricted
Maximm Likelihood (REML) procedures based on a sire model as described

by Meyer (1985, 1987).
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Results and discussion

Heritability estimates of linear scored exterior traits (Table 1) rarge
from 0.10 to 0.30, which is in agreement with estimates in dairy data.
Most genetic correlations do not differ clearly from zero. Side view
pasterm front legs, side view stifle joint rear legs and dryness are
genetically correlated with ADG. Boars which have weak pastern, steep
rear legs and much liquid in the stifle joint, have the highest genetic
potential to grow fast. Animals with a dry stifle joint are likely to
have a worse FC. Therefore selection on extericr traits, to reduce the
leg weakness syndrame, can have impact on the genetic improvement of
average daily gain. Correlations of exterior traits with leg weakness are
object of further studies.

Table 1. Descriptions and heritability estimates (hz) of exterior traits
and genetic correlations (r )} with average daily gain (ADG), backfat
thickness (UB) and feed convePsion (FC) .

Trait Sca\lell ne “a

0 .iveens 4.5 oineel 9 ADG UB FC
Front legs.
Side view sickled buckled 0.10 0.05 0.12 0.05
Side view pastern steep angle low angle 0.28 0.42 0.28 -.20
Rear leqgs.
Side view legs straight bow leg 0.22 0.04 =-.07 =.15
Side view stifle steep sickle hocked 0.24 -.49 -.26 0.11
Side view pastern steep angle low angle 0.30 -.16 0.06 0.01
Dryness stifle joint wet dry 0.10 -.5¢ 0.17 0.46
Claws.
Evenness of toe;ratio < 1/2 3/4 >1 0.14 0.05 =.11 =.21
size inner/outer claw
Toe size =mall large 0.17 0.08 -.21 ~-.09
Gait pattern; move- slow 0.20 -.31 ©0.22 0.26
ments

1) 19 classes.

References

Mever, K., 1985. Maximm likelihood estimation of variance components for
a multi-variate mixed model with equal design matrices. Biometrics 41:
153~165.

Meyer, K., 1987. A note on the use of an equivalent model to account for
relationships between animals in estimating variance components. J.
Anim. Breedg. Genet. 104: 163-168.

Van Steenbergen, E.J., 1988. Description and evaluation of a linear
scoring system for exterior in pigs. (submitted to Livest. Prod. Sci.)

165



MEAT CQUALITY IN PIG BREEDING PROGRAMS

R. Hovenier and E. Kanis

Department of Animal Breeding, Wageningen Agricultural University, P.O.
Box 338, 6700 AH Wageningen, The Netherlands

Summary

Some problems concerning meat quality in pigs are shortly summarized.
Fram literature studies it appeared that an important problem is tough-
ness that is related with PSE or DFD meat and intramuscular fat percen—
tage. Same parameters are related with sensoric properties, e.g. pH, meat
colour and drip loss. A study is carried out to define meat quality in
pigs and to use meat quality traits in breeding programs, including an
econamic optimization of the breeding program. A short plan for this
study is cutlined in this synopsis.

Introduction

The meat production segment is an important part of the Dutch economy.

This can be illustrated by the number of people working in this segment
(about 115,000 in 1986). The pig meat production segment toock account of
about 30% of the total Dutch livestock export value that raised to
Dfl. 17,430 million in 1986 (IEI & CBS, 1988).
In currently used pig breeding programs, emphasis is put on efficiency of
meat production. This includes a strong selection for growth, feed effi-
ciency and fertility. In addition, selection for backfat thickness, ham
ard cutlet percentage or meat percentage resulted in improvement of the
efficiency and in improvement of carcass quality which is reflected in a
higher meat to fat ratio in the carcass.

Selection for meat quality

The only effective example of selecting for meat quality is the selec-
tiocn on halothane susceptibility. In Swiss this resulted in a decrease of
halothane positive pigs in the field of 17.7% in 1978 to 1.1% in 1983 and
a decrease of herdbook pigs giving PSE meat of 32.7% in 1978 to 8.8% in
1987 (Schworer, 1988). In The Netherlands selection against halothane
susceptibility resulted in a decrease of 36% halothane positive pigs
(1977) to 8% in 1984 (Eikelenbocm, 1985).

Meat quality traits

Several djfficulties in selection for meat quality exist:

* there is no clear definition of "meat quality";

* there is great diversity in wishes of the consumers, not only in The
Netherlands but also on export markets, e.g. Italy, France ard Western
Germany;

* there is hardly good eguipement available for objective measuring the
several camponents of meat quality; for some traits only subjective
measuring methods are available, e.g. taste, for cther traits available
methods are expensive or hardly useable in the slaughter line.

wWhile a good flavour is of course essential, the main problem with eating
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quality in pork seems to be toughness (Barton-Gade & Bejerholm, 1985).
Furthermore Barton-Gade & Bejerholm (1985) showed that two meat quality
characteristics are of particular importance for the tendermess of pork.

First, PSE and DFD meat appeared to have a minor eating quality. Al-
though, DFD pork appearad to be extremely tender but the tenderness was
canpensated by a poorer flavour score resulting in a lower overall accep-
tability than pork with a normal quality.

Secordly intramuscular fat appeared to have an effect on eating guality.
Several studies made clear that a certain amount of intramuscular fat
{about 2%) is necessary. However, high amounts of intramuscular fat
(> 3%) do mot lead to any further improvement of sensory pork quality
(Barton-Gade & Bejerholm, 1985; Bejerholm & Barton—-Gade, 1986: Fjelkner-
Modig & Persson, 1986).

Schworer (1985) found that selecting for leaner pigs and for better
feed efficiency, results in lower intramiscular fat percentage. Further-
more he fourd intramuscular fat percentages ranging from 0.77% to 1.26%
in the M. Longissimus dorsi of Lamdrace and Yorkshire pigs, respectively.

Steenkamp & Van Trijp (1988) found a lower acceptability of pork by the
consumers in comparison with beef, poultry and f£ish, mainly due to health
concern ard lower sensory gquality of pork. It appeared in their study
that consumers associate pork with fatter meat and the use of colouring
matters. Furthermore, Steenkamp & Van Trijp {1988) found significant
relations between sensory properties and pH 4 hours, meat colour (Japa-
nese scale), drip loss, cooking loss and raté of marbling,

Plan of the study

The possibilities to incorporate meat quality in pig breeding programs
are studied. The aims of this study are:

1. to define "meat quality” and to find methods to guantify meat quality;
2. to estimate genetic parameters for meat quality and for other traits
already used in breeding programs;

3. to calculate economic values for meat quality parameters;

4. to economically optimize breeding programs including meat quality.

A pilot study is carried out using records of 408 pigs of four breeds
to estimate correlations between five meat quality traits. These traits
are intramuscular fat percentage, pH 4 hours, drip loss and colour (Japa-
nese scale) of the caudal side of th&€™. Longissimus dorsi and 4 hours
of the M. Adductor. The results of this pilct study will be to ad-
just the plans for the study in the next three years.
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FPARAMETERS OF THE CENTRAL TESTING OF IUTCH WARMBIOOD STALLIONS
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Sumary

In the framework of a study on genetic parameters of the Dutch Warm—
blood horse, observations on stallions during a central testing period
will be analyzed. Parameters of the traits scored for four successive
judgements during the test periocd will be presented. Genetic correla-
tions between performances of stallions in a central test and that of
their offspring in competition will also be shown.

Keywords: performance, central test, genetic correlation, stallion,

Introduction

When the breeding goal is restricted to performance traits, abilities
for dressage and jumping in competition are most importamt. In the
breeding program the performance testing of stallions before entering
mating service playes a predominant role (Strdm & Philipsson, 1978;
Philipsson et al., 1987; Arnason et al., 1986). Bruns et al. (1985)
analyzed German central test data of stallicns; heritability estimates
for their fourteen scored traits averaged 0.46. Bade et al. (1975)
observed a low phenctypic correlation between performance of stallions at
station and that of their paternal halfsibs in competition.

Since 1978 the stallions in The Netherlands are centrally tested under
uniform circumstances for 100 days. Each year 30-40 stallions are tested,
from which about 50 % is selected. The dbjectives of this study are:

1. To estimate heritability and the phenctypic and genetic correlations
of ten subjectively scored traits.

2. To estimate phenotypic ard genetic relationships between four judge-
ments of the traits.

3. To estimate geretic correlations between the performance of stallions
in a cemtral test and that of their offspring in campetition.

Material and methods

During the 100 days of testing, four separate judgements can be
distinquished. The first is completed after about 25 days, the second
after 50 days, the third after 80 days in test and the fourth at 100
days. After these judgements some stallions are culled, but most are
culled after the final judgement. The first judgement considers only four
traits (walk, trot, canter, free jumping). The other judgements are
extended by adding scores for riding ability, jumping ability, cruss
contry, character, stable behaviour and training repert (in total 10
traits).

Competition data on the offspring of about 225 stallions are available.
Characteristics of the competition data are presented by Huizinga & van
der Meij (1988).
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To analyze the central test data of the stallions, an Individual Animal
Model will be used. The competition data of the offspring of the stal-
lions will be approached using a Sire Model.
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Sumary

Estimates for genetic parameters and for genetic effects from additive
and non~additive mixed models were compared in a crossbred population.
Small heterctic effects resulted in an overestimation of breed differen—
ces when additive models with sire groups were used. Additive models with
progeny groups =alightly overestimated genetic variarces and heritabili-
ties.

: crosshred populations, genetic parameters, non-additive
effects, mixed models.
Intreduction

Appropriate strategies are nesded to estimate breed effects amd
additive genetic variances in populations that have imported semen.
Statistical models should account for breed differences in sirves and dams
and for possible non-additive effects of heterosis and recombination,
unequal variances between breeds and effects of selection. In this study,
different mixed models for paternal half-sib amalysis of milk production
records from a crossbred population were comparsd. Models dQiffered in

strategy to account for fixed genetic differences between parents and
effects of hetercsis and recombination.

Material and methods

First lactation records (305~days milk production) from Dutch Friesian
(FH) x Holstein Friesian (HF) cows calving between September 1983 and
September 1986 were used. The data set contained 92,333 records from 675
yourg bulls and 307,050 records from 202 proven sires (Van der Werf & de
Boer, 1988).

Data were analysed using mixed models that accounted for fixed effects
of enviromment; fixed effects of genetic grogps and random effects of
sires. In additive models, groups were defined according to breed
camposition of the cow (model Al), breed composition of the sire and the
dam {model A2), linear regression on the percentage of HF genes of the
cow (model A3), and breed composition of the sire (model A4). Nine
genetic groups were defined at intervals of 12.5% HF. A non-additive
model (MA) include? a linear regression on coefficients for HF%, for
heterozygesity and for reconbination in the genome of the progeny.
Variance components were estimated using a restricted maximm likelihood
procedure (Meyer, 1986}, treating effects of proven sires as fixed.
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Results and discussion

Despite low non-additive effects, differences between additive ard non-
additive models (Table 1) were significant. Estimates for heterosis
varied from 2.3% for milk yield to 0% for protein percentage. Recambina-
tion effects varied from -1.9% (kg milk) to 0.1 % (fat percentage).
Additive models with progeny groups (Al) tended to overestimate genetic
variance, whereas models with sire groups (A2 and A4) overestimated group
effects and breeding values of sires from different groups.

Table 1. Estimates of genetic parameters and genetic effects for first
lactation milk yield (kg) cbtained with different models.

2

Model O'S h ds dg Sg Sg

Al 49525 .402 298 432 326 753
A2 45586 .373 434% 904* 367 900
A3 53351 .430 154 308 368 874
Ad 45647 .373 438 906 371 902
NA 46553 .380 265 530 302 680

o= sire variance; h? = heritability; gg and gg = group effects for SO%HF
100%HF; sg and sqg average breeding values of sires per group.
* only estimates from sire groups are presented.

After accounting for fixed additive and non-additive genetic effects,
heritabilities were higher then previcus estimates for single breeds
(Maijala & Hanna, 1974)}. Heritability for milk yield was .38; for fat
percentage .80 and for protein percentage .70. Analysis of subsets of
data with progeny from purebred HF and FH sires gave only high heritabi-
lity estimates for the subset of progeny from imported HF sires; .44 for
milk yield and 1.0 for fat percentage. Future work should account for
selection based on pedigree information when ancestors can not be
included in the model.
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IMPLICATIONS OF GENOTYPE X ENVIRONMENT INTERACTION FCOR THE DESIGN OF PIG
EREEDING PROGRAMMES

J.W.M. Merks
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Surmary

Data of the Dutch pig herdbock were used to estimate genetic correla-
tions between identical traits measured between (rG) anmd within (rg)
levels of the breeding programme; nucleus with central testing, multi-
plication with on-farm testing and the commercial level with fattening
pigs. The results showed moderate genetic correlations for backfat
thickness and low genetic correlations for daily gain. The implicaticns
of these genetic correlations for the design and efficiency of pig
breeding programmes were investigated. It was concluded that selection of
boars based on sib or progeny information gathered on different com—
mercial herds, is much more efficient than selection on central test re-
sults.

Keywords: genotype x envirormment interaction, pig breeding, genetic cor-
relations.

Introduction

The existence of genotype x environment interaction (¢ x E) in pig
breeding programmes, has been derived from poor genetic relationships
between similar traits measured in different levels of the breeding pro-
gramme (e.g. Standal, 1977; Bampton et al., 1977). However, in a breed-
ing programme with several herds within a level and sires used across
herds, G x E may be present also as a sire x herd interaction. Therefore
the problem of G X E was analysed in data of the Dutch pig herdbock as
(1) the genetic correlations (rG) between identical traits measured in
the mucleus, multiplication and commercial fattening level ard (2) the
genetic correlations (ry) among identical traits measured in the varicus
envirorments within each of the three levels (Merks, 1988a, 1988b, Merks
& Van Kemenade, 1988). These genstic correlations were used to compare
the efficiency of a breeding programme with only central testing with
that of breeding programmes based on sib or progeny information gathered
on different oammercial herds.

Results and discussion

The genetic progress of a pig breeding programme (Pl) based on central
testing was compared with the genetic progress of a programme (P2) based
on central testing + contemporary half sibs tested in on-farm test on
different herds, and a programme (P3) based on own performance in cen—
tral test (first stage) and progeny results on different fattening herds
{second stage). The breeding structure of prograrmme 2 and 3 is compar-—
able to system 1 and 2 of Brascamp et al. (1985). The genetic parameters
used were those reported by Merks (1988a, 1988b) and Merks & Van Kemenade
(1988) for daily gain and ultrasonic backfat thickness.
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To make a fair comparison of the three programmes, the total costs for
each of the 3 programmes was Kept equal. With respect to equal total
costs the test capacity for both P2 and P3 was optimized. The progeny or
half sibs of each sire have been spread over as many herds as possible.
The relative genetic progress for P2 ard P3 compared to P1 is given in
Table 1. From these results it was concluded that in general central
testing of boars and similtanecusly their paternal half sibs in on-farm
test is, deperding on the trait, almost 3 times more efficient than
central testing only. Also two—stage selection with progeny testing in
cammercial fattening appeared an efficient altermative.

Table 1. Relative genetic progress (G) of the three breeding programmes
for daily gain and ultrasonic backfat thickness.

daily gain backfat thickness
Pl: central testing G = 100 G = 100
P2: central testing + half sibs 199 108
in on—-farm test
P3: central testing + progeny 229 150

in commercial fattening
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USE OF STOCHASTIC AND DETERMINISTIC MODELS TO STUDY BREEDING SCHEMES

A.G. de Vries, G. de Roo and H.A.M. van der Steen
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Box 338, 6700 AH Wageningen, The Netherlands

Sumrary

For the optimization of breeding schemes, stochastic and deterministic
models can be used to predict selection response and rate of inbreeding
in alternative breeding schemes.

With a deterministic model, a lot of alternative situations can be
studied. The disadvantage of a deterministic approach is that it is very
difficult to derive a model that gives acocurate predictions in complex
situations. Especially for small populations, a lot of theoretical
problens need to be solved. A stochastic approach can be useful to study
the relevance of these theoretical problems in specific situations.
Stochastic models can be very realistic.

Important points in the cheoice of the model to study breeding schemes
are the factors that need to be optimized, the size of the population and
the length of the period to be evaluated.

Breeding organizations prefer deterministic models that can be used for
their own specific situation. Theoretically derived deterministic models
need to be extended by including results from stochastic simalation
studies.

Keywords: breeding schemes, selection response, rate of inbreeding,
simlation models

Introduction

Breeding organizations need to decide on many factors: population size,
selection intensity, test capacity, generation interval, etc.. To predict
the influence of these factors on selection response, variation of
response and rate of inbreeding, stochastic and deterministic models can
be used.

Determinigtic models

A deterministic model predicts the results of a given breeding scheme
using formulas that are derived thecretically or empirically. Because of
the low computational requirements, a great mmber of altermative
breeding schemes can be evaluated. As a result, optimm designs can be
derived easily and detailed sensitivity analysis is possible.

The disadvantage of a deterministic approach is that it is very
difficult to derive a model that gives accurate predictions in camplex
situations. The model needs to account for: linkage disequilibrium,
differences in acouracy of selection (e.g. bhecause of different age
classes) and deviations from normality (miltistage selection). In
addition, the following aspects need to be considered for small popula-
tions: reduction of genetic variance due to inbreeding, reduction of
selection intensity due to =mall numbers (small number of selection
candidates, small mmber of families, small sizes of families), ard
influence of selection on inbreeding and drift variance.
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Stochastic medels

Stochastic computer models can be used to simulate alternative breeding
schemes, With the records and pedigree information of simulated animals,
response to selection and rate of inbreeding can be estimated.

A stochastic approach can be useful to study the relevance of theoreti-
cal problems, mentioned for deterministic models, in specific situations.

Stochastic models can be very realistic. De Roo (1988) studied alterna-
tive breeding schemes in closed pig populations, using a stochastic model
that included overlapping generations, continuous mating and farrowing
and weekly selection of boars and sows. Effects of poleation size,
selection intensity, mating policy, founder population size amd in-
breeding depression were examined for a sire line. After adaptation, the
model was used to examine population size and selection intensity in a
dam line (De Vries et al., 1988).

Choice of the model

The choice of the model to study breeding schemes depernds on the
factors that need to be optimized. For example, a simple deterministic
model ( G = i*r_ #0 /L) would give wrong conclusions for the optimization
of selection i ity. It overestimates response with high selection
intensities, because it does not deal with reduction of genetic variance
due to inbreeding and reduction of selection differential due to small
mmbers of families.

Size of the population and length of the period to be evaluated are
also important for the choice of the model. For long-term predictions of
response with small populations, inbreeding can not be ignored. Theore-
tical formilas that describe the interaction bhetween selection and

Breeding organjzations prefer deterministic models that can be used for
their own specific situation. Thecretically derived deterministic models
need to be extended by including results from stochastic simulation
studies. Deterministic models, extended with specific results from
stochastic similation, are also specific. Therefore, a wide range of
situations needs to be studied to make these models as general as
possible.
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CONSEQUENCES OF IMPLEMENTATION CF NEW REPRODUCTION TECHNOLOGY FOR DATRY
CATTLE EREEDING GCALS.
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Summary

Implementation of new technology is likely to influence the definition
of dairy cattle breeding goals. As an exanple, the econamic value of
birth weight within a dairy breed is studied in relation to use of embryo
transfer, sperm and embryo sexing in combination with beef crossing. It
is concluded, that implementation of these techniques will decrease
selection emphasis on beef production traits within the dairy breed.

Introduction

Crossbreeding dairy cows to bulls of beef breeds increases beef autput
of dairy cow populations. Beef crossing is likely to alter selection
goals in the direction of specialisation; single-purpose dairy breeds amd
specialised beef breeds (Cunningham, 1975). Consequences of beef crossing
for dairy cattle breeding goals result from, among cothers, a decrease in
economic values of beef production traits related to new born calves
within the dairy breed (Groen, 1988b). Implementation of embryo transfer,
sperm and embryo sexing will extend influences of beef crossing on beef

output of dairy cow populatlons.
Aim of this study is to quantify influences of embryo t.ransfer, sperm

the dairy breed. Following forms of beef crossing are distinguished:
1. beef crossing by use of sperm of beef bulls with dairy cows;

2. form 1. with use of sexed sperm of beef breeds;

3. form 2. with use of sexed sperm of beef and dairy breeds;

4. transfer of beef embryos in dairy cows:

5. transfer of sexed beef and dairy embryos in dairy cows.

Method

Sensitivity towards beef crossing of 'birth weight' (w) is considered
to representate sensitivity of beef producticn traits related to new born
calves, Economic value of bw eguals: change in profit of the dairy
enterprise expressed per cow as a conseguence of one kg change in genetic
merit of bw within the dairy breed. The model described by Groen (1988a)
is used to calculate economic values, The economic value of bw originates
from increased selling of calves and increased energy-requirement for
growing dairy replacement heifers (Groen, 1988b).

Total mmber of calves sold equals number of calves born alive minus
nmmber of dairy female calves needed for replacement. Use of enbryo
transfer, sperm and embryo sexing in combination with beef cressing
determines sex and breed of calves sold. Use of sexed dairy sperm or
sexed dairy embryos reduces mmber of cows required for dairy breeding.
Without use of sexed sperm or embryos, the sex ratio eguals .5. Accuracy
of sexing is assumed to be 100 %.
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Further assumptions are:

- basic level genetic merit bw (female calf of a first-parity dam): dairy
breed 36 kg; weight advance beef breed + 4.25 kg

- price female calf: dairy breed 7.77 Dfl/kg live weight; price advance
beef breed + 4.00 Dfl/kg (male calves both breeds + 4.18 Dfl/kg);

- feed prices: roughage .051 and concentrate .058 DE1/MJ NE,.

{(w crossbred calf = .5%w dairy breed + .5*bw beef b 7 same counts

for market price crossbred calf)

Results and conclusions

Crossbred calves express half and beef calves do not express improve-
ment of genetic merit within the dairy breed. Hence, beef crossing
decreases the economic value of kw. Use of sexed beef sperm increases the
value of marginal output of crossbred calves. Use of sexed dairy sperm
increases the proportion of crosshred calves on expense of dairy calves
ard further reduces the econcmic value. Application of embryo transfer
gives beef calves on expense of crossbred calves. Within form 5, no
crossbred or dairy calves are sold and the econamic value originates only
from raised feed costs of growing dairy heifers. Increasing feed prices,
raises costs of growing dairy heifers. Increased price advance only
influences the economic value within forms with selling of crossbred
calves. Level of the weight advance has no effect on the econamic values.
It is concluded, that implementation of embryo transfer, sperm and embryo
sexXing in combination with beef crossing will decrease selection emphasis
on beef production traits related to new born calves within the dairy
breed.

Table 1. Econamic values of birth weight in relation to form of beef
crossing (Df1l/ (kg*cowkyear)) .

Form Alternativeg
basis feed price weight
pricesl advance? advance>
No crossing 7.69 7.35 7.69 7.69
1 6.02 (-22%) 5.68 6.12 6.02
2 6.48 (-16%) 6.14 6.58 6.48
3 4.77 (-38%) 4.44 4.97 4.77
4 3.50 (-54%) 3.16 3.50 3.50
5 - .59 (-108%) - .92 - .59 - .59

Alternatives. 1: roughage .071 and concentrate .072 (DfL/MJ NE,),
2: + 5.00 Dfl/kg, 3: + 5.00 kq.
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OFTIMISATION OF DATRY CATTLE BREEDING PROGRAMS WITH THE APPLICATION OF
NEW REPRODUCTIVE TECHNIQUES
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Sunmary

A deterministic model is build for the optimisation of breeding plans.
The model describes the optimal dairy cattle breeding plan as an open
nucleus plan, which allows for progeny testing of bulls. The fractions
selected from each tier and age class are optimised by using truncation
selection across the distributions of breeding values. The size of the
macleus relative to the base and the size of the progeny test have to be
optimised by camparing alternative runs of the model. Thus it is possi-
ble to optimise a breeding plan given the reproductive rates of the ani-
mals, the age at which and the kind of information that becomes availa-—
ble and the phenctypic and genetic parameters of the traits.

The introduction of new reproductive technicues alters the reproducti-
ve rates of the animals and the amount of information that becomes avai-
lable (e.g. full sib information). The benefits of techniques like MOET
(Multiple Ovulation and Embryo Transfer}, sexing of sperm, in vitro
production of embryos, cloning etc. can be assessed with this model.

Introeduction

The introduction of new reproductive techniques can increase the rate
of gain and alter the optimal breeding scheme. This is due to increased
selection intensities and more family information. New reproductive
techniques are based on to recent advances in reproductive biology
research, which promise increased rates of genetic gain. Many authors
showed that the impact of these technigques on the genetic improvement can
be large {(a.o. Van Vleck, 1981; Nicholas & Smith, 1983; Christensen &
Liboriussen, 1985; Foote & Millar, 1971; Mc Daniel & Casell, 1981},
although the breeding plans were not optimised. Especially the conven-
ticnal progery testing scheme, which is used as reference for the plans
that include new techniques, has a long suboptimal generation interval.

In this study the breeding plans, which can include new reproductive
techniques, are optimised, before asserting the benefits of the techni-
que. The generation interval is optimised, when the animals with the
highest BIJP breeding value estimates are selected, irrespective their
age or the accuracy of the predicted breeding value (James, 1987). Also
the fractions to select fram several tiers (mucleus, base, etc.) are op~-
timised by selecting the animals with the highest estimated breeding va-—
lue irrespective their origin.

It is not possible to use the gene flow technique (see e.g. Hill, 1974)
for the optimisation of the generation interval and/or selection of
several tiers. The gene flow technique predicts the flow of the supe-
rior genes of one selection round and doesn't predict the actual genetic
level of the age classes and tiers. The genetic levels of the age clas-
ses and tiers are needed for the cptimisation of the generation interval
ard the selection over tiers. The gene flow technigque also takes no ac-

178



count of the reduction of the variance due to previous selections.

The aim of this study is to compare cptimal breeding plans, which make
use of different reproductive techniques (AL, MOET, embrye splitting,
sexing of sperm, in vitro production of embryos, etc.). For the optimi-
sation of the breeding plans a deterministic model is developed, which
implicitly optimises the generation interval and the selection over se—
veral tiers and takes account of the variance reductions due to previous
selections.

The model

The model describes an cpen nucleus breeding scheme, which allows for a
progeny test of young bulls. Such a breeding scheme is optimal, provi-
ded the input parameters are optimal. It can match a conventional pro—
geny testing scheme, a closed mucleus breeding scheme etc.. James (1977)
described an cpen mucleus scheme as a scheme in which a mucleus provides
sires for itself and for the base (where no males are reared). Female
replacements are reared in both the nucleus and the base and dams are
transfered from the nucleus to the base and vice versa. Because the model
implicitly optimises the generation interval and the transfer rates
between the nucleus and the base, the only parameters that need to be
optimised by comparing alternatives are: the size of the nmucleus relative
to the base and the size of the progeny test.

The input parameters of this model are: the reproductive rates of the
animals; the age at which information beccmes available; the kind of
information; the age distributions (survival rates) and the phenotypic
and genetic parameters of the traits.
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APPLICATION OF SUPEROVUIATION AND EMBRYC SEXING IN SPECTALIZED DATRY AND
BEEF BREEDS TO CPTIMIZE MILK AND EBEEF PRODNCTION

J.K. Oldenbroek and A. van der Schans
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AM Zeist, The Netherlands

Summary

A cattle crossbreeding system with dairy and beef breeds is described
in which superovulation and embryo transfer combined with sexing of
embryos will be applied. Two specialised dairy breeds are reciprocally
crossed. Only female crossbred embryos will be implanted. These cross-
breds are superovulated and can be inseminated with semen of bulls from
specialized beef breeds. Only male enbryos of these three—way cross will
be implamted and will be raised for beef production after birth. As an
alternative, purebred male ambryos from beef breeds will be implanted in
the dairy crossbreds.

Keywords: cattle production system, embryo sexing, dairy breeds, beef
breeds, crosshreeding.

Introduction

In The Netherlands cows are primarily used for milk production. Beef
production consists of culled cows, beef bulls and veal calves. The
calves for beef and veal production are surplus calves from the dairy
herds. In breeding for milk and beef production negative genetic rela-
tionships between important characteristics (e.g. milk yield amd milk
constituents, milk yield and slaughter quality) impede a rapid genetic
improvement for simgle characteristics. So far, practising crossbreeding
of specialized breeds was difficult because of the low reproductive rate
of female cattle and their low average herd life.

Supercvulation and embryo transfer increase the mmber of offspring of
individual cows. In the near future the sex of the embryos can be deter—
mined in the embryo transfer-process (Booman, 1988)., Sexing of embryocs
reduces the percentage of cows in the dairy herd used for breeding re—
placements and increases the percentage of cows, which could produce a
male calf for beef production. Besides, specialization in respectively
milk ard beef production can be practised in a breeding plan.

The develomment will be described of a cattle production system, in
which the use of specialized cattle breeds, superovulation, embryo
transfer arxd sexing of embryos is combined.

Description of the production system
First phase

Jerseys and Holstein Friesians are dairy cows specialized for milk
production, In a breed compariscn (De Reoy & Oldenbroek, 1988a), Jerseys
showed a high fat and protein percentage in their milk, no calving prob—
lems, a low disease frequency and a high biological efficiency for milk
production, especially on a roughage diet., Holstein Friesians had a high
milk yield and a much higher daily gain in beef production. In many mar-
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ket situations Jersey x Friesian crossbreds will give a higher net re-
turn per hectare than purebred Holstein Friesians (De Rooy & Oldenbroek,
1988b) cdue to the combining ability for milk production of the parent
breeds. Jersey x Friesian crossbred male calves are not very suitable for
beef production. Therefore, in a crossbreeding system between Jerseys and
Holstein Friesians only females are desired.

Within the Jersey amd Holstein Friesian population of the experimental
farm "'t Gen" the cows with the highest bresding value for milk produc-
tion (1/3) are used teo breed purebred replacements. The other cows (2/3)
are reciprocally crossed. A system is developed to prepare all cows for
superovulation shortly after calving. To study the large variation in
supercvulatory response among cows, a longitidinal study of follicular
growth and development is performed using echography and hormonal assays
(Van der Schans, 1988). Embryos are collected and will be sewed and only
female embryos will be implanted in purebred recipients.

Secord phase

To produce calves for beef production out of Jersey x Friesian cross-
bred dairy cows two possibilities exist: Firstly the crossbred cows can
be inseminated after superovulation with semen of sires of specialized
beef breeds: Blonde d'Aquitaine, ¢Charolais, Limousin and Pi'emontesa.
Embrycs will be sexed during transplantation and only male embrycs will
be implanted in Jersey x Friesian crossbreds. Secondly, females of the
previous mentioned beef breeds can be used to produce purebred male
embryos from a beef breed. Both possibilities will be studied.
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USE OF MEISHAN TO IMPROVE MATERNAL PERFORMANCE TRATTS IN PIGS

H.A.M. van der Steen and P.N. de Groot
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Box 338, 6700 AH Wageningen, The Netherlands

Sumrary

Reproductive performance of some Chinese pig breeds is exceptional.
Meishan seems to be, according to its purebred performances and in cross
breeding, the most interesting breed as a component of dam lines (Bi-
danel, 1988). Hetercsis can be exploited in cross breeding schemes, but
it appears that, despite high heterosis values, the use of the Meishan
breed does not lead to an increase in the efficiency of production
systems. The creation and selection of a composite dam line involving
Meishan might be a solution.

Keywords: Meishan, composite line, fertility, pigs.

Introduction

Efficiency of pig production can be increased by improvement of
matermal performance. Litter size and weight of piglets are important
traits. Meishan seems to be the best Chinese breed to improve maternal
performarce. Sow productivity of Meishan is very high but body composi-
tion is very inferior.

An experiment was carried out at the INRA, to estimate crossbreeding
parameters between Meishan and large White (Bidanel, 1988). Maternal
heterosis was 20% for litter size (mumber born alive, mmber at weaning)
and 34% for litter weight at 21 days. Direct heterosis was small for
litter size at birth, higher at weaning (12%) and very important for
litter weight at 21 days (17%). Direct heterosis was 23% for average
daily gain. Epistatic recombination loss seems to be low.

Between breeds, additive genetic differences for fertility were mainly
maternal (betwm 2.4 and 2.9 piglets per litter), while they are of
direct origin for growth performances. Breed differences between Large
white and Meishan were estimated to be about 200 g of average daily gain,
-0.9 point of gain to feed ratio and between 15 ard 18 % of carcass lean
content.,

Heterosis can be exploited in cross breeding schemes, but it appears
that, despite high heterosis values, the use of the Meishan breed does
not lead to an increase in the efficiency of production systems. The
creation and selection of a composite dam line invelving Meishan might be
a solution. Good knowledge of the biology ard productivity of the Meishan
is needed to assess the feasibility of such a composite line. Genetic
analyses of data from composite lines are needed to optimize further
selection.

Experiments
Experiment 1

Cross fostering experiments are carried cut to study pre- and postnatal
effects on birth weight and growth of piglets. Two sows, a Meishan and a
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Dutch landrace sow, that farrowed at the same time formed one pair.
Within a pair, litter halfs were exchanged. Birth weight, growth and milk
consumption were recorded. Milk consumption was recorded at four succes-—
sive sucklings at day 13 and 30 of lactation. Milk intake was corrected
for metabolic losses, urination and defecation and expressed per piglet
and per hour. Results are in Table 1.

Table 1. Effect of breed of foster sow and piglets on growth and intake,

Trait Breed of sow DL DL M M
Breed of piglets DL M DL M
Birth weight ) 1356 859 1263 915
Growth from birth to day 35 (g.d71) 212 161 181 167
Milk consumption per pig, day 13 (9.h™1) 37 31 32 30
Milk consumption per pig, day 30 (g.h™1) 46 33 34 29

Meishan sows produced 15% less milk than DL sows. Milk intake of
Meishan as compared to DL piglets was on average 17% lower. Breed of sow
by breed of piglets interaction was caused by a high milk intake of DL
piglets nursed by DL sows. This was reflected by growth of piglets during
the suckling period. The higher growth potential of DL pigs as compared
to Meishan pigs could mainly be expressed by piglets nursed by a DL sow.
Milk preduction of the sow, milk intake capacity and growth potential of
the piglets appear to be balanced within breeds.

Experiment 2

An experiment is set up in cooperation with Dutch breeding organiza-
tions to develop a synthetic that consists of 50% Meishan and 50% breeds
frem Dutch breeding organizations. Per generation 250 first and 250
second litters will be produced. F1 and F2 generation will be produced to
study:

- the existence of major genes,
- the additive genetic variance in the composite breed,
- the genetic correlation between preduction and reproduction traits,

Results of this and cther experiments will determine how to proceed:
the introgression of a major gene in Western breeds, selection based on
genetic markers, DIMNA-technoclogy or a cuantitative genetic selection
approach.
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INTROGRESSION OF THE BOOROOIA F-GENE IN A TEXEL SHEEP POPULATION

Albert H, Visscher
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AM Zeist, The Netherlands

Sunmary

The introgression of the Booroola P-gene in the Texel sheep aims to
carbine a high fecundity and a high slaughter quality in a single breed
for an efficient lamb meat production. Biological and statistical tests
will be applied to discriminate between carrier and non carrier males amnd
females.

Keywords: Texel, Booroola gene, discrimination carriers.

Introduction

Reproduction rate of the dam and the growth and slaughter characteris-
tics of the offspring determine the efficiency of a lamb meat production
system. The Texel has ewcellent slaughter characteristics (More O'Ferrall
& Timon, 1977; Wolf et al., 1980; Visscher & Bekedam, 1984). However, its
reproduction rate of 1.5 lambs weaned per ewe lambing (Visscher &
Bekedam, 1984) is low for an economic lamb meat production. Crossbreeding
with specialised dam and sire lines has demonstrated to improve the
economics of the larb production system but is difficult to organise in
the small scale Dutch sheep industry. So the combination of a high
fecundity and a high slaughter quality in a single breed would be the
ultimate breeding goal. The Booroola Merinoc has a single gere w1th a
large effect on ovulation rate and littersize (Piper & Bindon, 1982).
introgression of the Booroola gene in the Texel sheep population caﬂa].nes
both traits at a high level in the breed. In the process of the intro—
gression of this F-gene it is very important to discriminate carrier and
non—carrier females. The discrimination of males is only necessary in the
last phase of introgression. It would be advantageous to detect carriers
before the animals are used for breeding.

Bindon et al (1985) suggest that the deficiency of inmhibin in the ova-
ry could be the primary lesion caused by the F—gene, Inhibin is a gona-
dal peptide which selectively suppresses the secretion of FSH by the pi-
tuitary gland (De Jong, 1979; Robertson et al., 1985). To control FsSH
secretion inhibin must reach the pituitary via the peripheral circula-
tion. Direct inhibin measurement in peripheral blocd is not yet possible
although purification of the substance (Robertson et al., 1985) is an
important step towards this objective.

Booroola ewe lambs have higher FSH plasma levels than con-
trol Merino's (Findlay & Bindon, 1976; Bindon et al., 1985). According to
Qmmins et al. (1983) the fesdback relationship of inhibin and FSH in
Booroola and noir-Booroola carriers may be different which contributes to
the difference in ovulation rate. The FSH/inhibin ratio could therefore
be an attractive discriminator of carriers and non carriers for both ma-
le and female lambs.
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Experimental procedures

Three heterozygous Boorocla * Texel rams imported from ABRO Scotland
are single sire mated to Texel ewes to produce a 3/4 Texel generation. A
contemporanecusly generated and reared Texel control group is also es-
tablished frum the same Texel flock. 2ll male progeny will be slaughte—
red. The heterozygous female progeny will be mated to pure bred control
Texel rams for the production of the 7/8 Texel generation. Heterozygous
animals of this generation are inter-mated for the production of homo~
and heterozygous stock. Sires from this last geheration will be tested in
practice.

All lambs are blocdsampled at least twice between 28 and 42 days of age
for the determination of FSH and inhibin. Up to 5 months the weight is
recorded regularly. At 5 months the dimensions of the testis are scored.
After slaughtering different carcass measurements are taken, the confor-
mation is scored, the testis are weighed and the pituitaries are col-
lected ard deepfrozen for hormonal analysis.

Ewe lambs are laparctomized after synchronisation with progesteron
analog impregnated sponges at an age of about 6-7 months. Carriers are
defined as those animals that have an ovulation rate record of > 2.
Although the present evidence indicates that the effects of the F—gene
mist be regarded as sex limited (Bindon & Piper, 1986) the males are in-
volved in the investigation.

Discriminant analysis will be applied to investigate the possibility to
predict ovulation rate from FSH and inhibin results. Cluster analysis and
Maximum Likelihood will be applied for the selection of discrimina- ting
variables and for the production of an allocation rule.
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Summary

In this study, which started in spring 1988, gene fregencies of milk-
proteins in Dutch Black and White and Dutch Red and vhite (MRLJ) cattle
will be stimated. Further, relationships between milk-protein loci and
milk-production traits will be subject of study.

Keywords: milk proteins, genetic polymorphism, cattle.

Introduction

For about 30 years determination of protein content is part of the
butch milk recording program. The reason for the introduction of milk
protein determination was the declining importance of milk-fat while
milk-protein became more important (Politiek, 1957). In The Netherlands
at the moment milk is paid for fat and protein according to a ratio of
60:40.

The major milk-protein components are e—casein, f-casein, k-casein, f-
lactoglobulin and a-lactalbumin. It is known that these proteins are
controlled by autosomal genes which are genetically polymorphic and that
the casein loci are closely linked. Many shidies examined gene frequences
of the different milk proteins. However in the Netherlands research in
this area is limited to the work of Schmidt (1966).

The study of Schaar et al. (1985) showed that genetic variants of k-
casein and B-lactoglcbulin influence marufacturing properties and yield
of cheese production. Mclean et al. (1987) showed that genetic variants of
these proteins alsc influence heat-stability of milk. Not only this
qualitative aspects but also kwantitative aspects make genetic variants
of milk-proteins interesting. Many studies investigated the direct
effects of milk protein genes on milk production traits, Althoug results
of these studies show a certain trend they are not always statistical
significant (Graml, 1982). Same of the causes might be the mmber of
animals involved, the existence of only small direct effects of milk
protein loci or on the deperdency of the direct effects on the genetic
background (interaction of genes}. lLess studies have dealt with a
possible marker-linked effect of milk-protein genes on milk production
traits. The main reason for this might be the limited power of the
statistical design to detect marker-linked effects on kwantitative traits
(Scller, 1974).

The first cbjective of this study is to estimate gene freguencies for
k-casein and p-lactoglobulin., Special attention will be paid to the
influence of crossbreeding with Holstein Friesian cattle on the milk
proetein gene frequences. The second objective is to estimate direct
effects of milk-protein genes on 305 days milk~, fat- and protein-
production. Possible marker linked-effects will also be studied. A third
objective is to quantify the casein content of milk. Relations between
stage of lactation and milk protein genotype will be studied. Results of
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this studie will be used to discus the meaning of milk-protein genotypes
in a breeding program.

Material and method

Heifers of test-sires of the Dutch Black and White ard the Dutch Red
and White (MRIJ) breed will be fenotyped for milk proteins. To distin-
quish genetic variants of milk proteins the iso-electric focusing
technique will be used (Seibert et al., 1985). Data on milk production
traits will be obtained from the Dutch Cattle Symdicat. To correct the
data for herd-year-season effects milk production records of herdmates
not fenotyped will be used. Estimation of the casein content will be by
infrared spectrophcotometry (Karman et al., 1987) of samples taken at
different parts of lactation.
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GRCWTH IN TRANSGENIC (SOMATOTROPIN) MICE
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Summary

Three types of transgenic male mice (MIYhST, MI/LST and PEPCK/BST) were
mated to normal female mice ard growth of progeny was examined. Within
each of the three groups of progeny, animals were classified as trans-—
genic or normal on the basis of body weight distributions at 12 weeks of
age. Differences in live weight between transgenic and normal animals
were: MT/hST +14.0 g, MI/bST +16.8 g and PEPCK/DST +23.1 g. At 12 weeks
of age, growth of transgenics was still higher than of normal animals.

Keywords: transgenics, mice, somatotropin, growth.
Introduction

Chronic administration of exogenous somatotropin pramotes growth in
pigs (Niewhof et al., 1988). Similar effects may be expected in pigs
carrying one or more extra copies of genes coding for somatotropin.
Howewer, biological effects of gene transfer are not yet fully understood
and may depend on the species the gene originates from and the promotor
to which it is linked. Transgenic (somatotropin) mice may serve as model
for transgenic pigs.

The aim of this study is to determine the effect of gene transfer on
body weight in mice, the difference between human somatotropin (hST) and
bovine samatotropin (bST) genes and the difference between the metallo—
thionein (MT) and the phosphoenclpyruvate carboxikinase (PEPCK) promotor.
Experimental procedure

Six fertile transgenic male mice were obtained fram the Edison Animal
Biotechnology Center (Athens, Ohio). One male carried the hST gehe linked
to the MI' promotor (MI/hST), three carried the bST gene linked to the MT
pramotor (MI/bST) and two carried the BST gene linked to the FERCK
pramotor (PEPCK/BST). These males were mated to randomly bred NMRI
females. After weaning at 21 days of age, offspring were  weighed
individually weekly. Progeny were classified as transgenic (T) or normal
{C) on the basis of body weight at 12 weeks of age. Because body weight
is also affected by sex and litter, the deviation fram sex by litter
average was used to discriminate between the two classes. To increase the
chance for correct classifications, mice from litter-sex combinations in
which the difference between the heaviest and the lightest mouse was less
than 10.0 g were discarded (23 animals). A mouse was considered to be
transgenic if it was heavier than its sew by litter average.

Results

No effects of gene transfer on litter size, health status or behaviour
were apparent. Average weight differences between T and C animals at 12
weeks of age in the MIVhST (n=99), MI/LST (n=45) and PEPCK/BST (1=74)
groups were 14.0, 16.8 and 23.1 g respectively. Deviations fram average
sex-litter weights at 12 weeks approximately showed a bimodal distribu-
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tion for each group with, on average, 46% of the animals classified as
transgenic. Overlap between distribution of T ard C animals decreased
with increasing age.

Growth curves, pooled over sexes, are in Figure 1. Standard deviations
of body weight at each week range from 1.68 to 6.92 g and increase with
body weight. At higher weights, after correction for promotor, sex amnd
litter effects, the effect of gene transfer is highly significant
(P<.001) for all groups. The effect of gene transfer appears to exist for
faster growth, a longer period of rapid growth and subsequently a higher
mature weight than in normal mice. The effect is larger in mice carrying
the bST gene. The PEPCK promotor exerts a higher increase than the MT
prumctor, when linked to the bovine gene.
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Figure 1. Body weight by age, genhe source and promctor.

Discussion an conclusions

The distribution of the weights justifies the assumption that two
classes exist and a Mendelian heredity is suggested. However, the
procedure to discriminate between the two classes may have overestimated
the class differences since litter-sex cambinations with little weight
variation were discarded. After the mice have reached older ages, the
classification at 12 weeks can be checked ard its reliability can be
estimated. However, a correct discrimination can only be done with a
method that establishes the presence of exogenous somatotropin in the
blood or the presence of the gene in the gename.

Results show that gene transfer has an effect on growth of mice.
Effects in other animals have to be studied. However, if the cbtained
effects on growth can only partly be extrapolated to farm animals, it is
clear that the technique of gene transfer can have a tremendous impact on
animal production.
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CIONING OF THE BOVINE MHC CIASS IT GENES
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Sumuary

The possibility of using the BolA system as a genetic marker for
popalation and disease susceptibility/resistance studies in cattle will
be studied. Several restriction fragments containing individual exons
have been sukcloned inte plasmids and are now being used as bovine
specific probes in RFLP studies and for further characterization.

Introduction

The use of molecular biclogy and molecular genetics in animal breeding
is a potentially powerful new method. In this respect the developmwent of
specific genetic markers to screen animals at an early stage in their
development is of utmost importance. The major histocampatibility complex
(MHC) is often associated with the susceptibility/resistance to certain
diseases, Most of the disease association studies however have been done
in humans and only a few in domestic animals. There are same indications
that BoIA, the MHC of cattle, is associated with diseases such as
mastitis and bovine leucosis. Therefore we chose to examine the pos—
sibility of using the BolA system as a genetic marker for population and
disease susceptibility/resistance studies in cattle.

The MHC

The MHC encodes cell surface class I and class IT antigens that are
involved in regulation of immme responses. The human MHC, called HIA,
ard that of the mouse (H-2) are studied in great detail at the biochemi-
cal and molecular level (for a review see Klein 19286). Both the class I
and class IT antigens consist of two polypeptide chains:alpha and beta-2-
microglobuline in class I molecules and alpha and beta in class II
molecules, The MHC appears to be highly polymorphic. The human class I
loci e.g. consist of at least 17 highly related genes including the genes
coding for the classical transplantation antigens (HIA-A, B and C). The
human class IT region (HIA-D} is arranged into four subregions DP, DZ/DO,
IQ and DR each containirng at least one o and 8 chain pair of genes. In
cattle, analogous to human, a BolA~-A and BolA-D region is found which
encode the class I and class II antigens respectively. RFLP studies using
human MHC specific probes show that BolA is also highly polymorphic.
Furthermore these studies indicate the presence of 1 DRA gene, 3 DRB
genes, 1 to 2 DA and DOB genes, 1 DOB gene, 1 DZA gene and 2 other class
II genes called DYA and DYB {Andersson et.al. 1988, Andersson and Rask
1988).
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Bovine specific probes

To obtain bovine specific probes for RFIP studies and to investigate
the genetic organization of the BolA-D region in more detail, we isolated
several class II gehes from a bovine genomic library. This library has
been constructed in the bacteriorhage lanbda vector EMBL 3. A total of
approximately 1.5 x 10° phages were screened with human class IT specific
¢INA clones., This yielded 80 positively hybridising plaques, 12 of which
could be identified as specific for BQB, 5 for DQA, 6 for DRA and 5 for
DRB. Furthermcre 8 cther lambda clones also may be DRB specific.

The organization of the genes appears to be very similar to those in
human. The intron between the second and third exon (encoding the first
and second damain of the class II polypeptide chains) e.g. is small in
the A genes (0.5-1 kb) and large in the B genes (3-5 kb). Several
restriction fragments containing individual exons have been subcloned
into plasmids and are now being used as bovine specific probes in RFIP
studies (including disease association studies) and for further charac-
terization (sequencing).
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Summary

Folymorphism of B-camplex genes and gene products was analysed in
camercially bred chickens. B-G alleles were serologically detected, B-F
products were identified by 1D-IEF electrophoresis and B-L genes were
characterized in Southern blots. Results indicated that recambinant
haplotypes occurred in these chickens.

Keywords: major histocompatibility complex, poultry diseases, restriction
fragment length polymorphism.

Introduction

The chicken major histocompatibility complex (B—complex} consists of B~
G {class IV}, B-F (class I) arnd B-L (class II) loci. Certain B~haplotypes
are associated with disease resistance (Bacon, 1987). B-haplotypes have
been defined by typirg B-G alleles in a direct hemagglutination test
using alloantisera raised against erythrocytes. In the present experi-
ments analysis of B~G, B-F and B-L genhes and gene products was performed
in commercial pare chicken lines to establish the occurrence of recorbi-
nant B-haplotypes. Eventually, a better knowledge of B~-G, B-F and B-L
genes and gene products will be used in challenge experiments for disease
association studies.

Results and discussion

Using antisera obtained from W.E. Briles (De Kalb, USA) B-G19, B-Gzl
and B-G34 alleles were identified in line L. Alloimmunizations performed
between individuals of line L resulted in the production of monospecic
typing sera for B-G19, B-G21 and B-G34, which made rapid and large scale
identification of B-G alleles possible. Mearwhile, biochemical evidence
for the existence of the three B-G alleles was obtained from Western
blots, using SDS~PAGE and isoelectric focussing (IEF) and monoclonal
antibody 18-6G2 (K. Skjgdt, Copenhagen, Dermark).

Radiocactively 1labelled B-F glycoproteins were precipitated using
monoclonal antibody F21-2 (K. Skjgdt), followed by one dimensional (ID)
IEF. Preliminary results indicate that recoambinant B~haplotypes occurred,
canbining different B-G an B~F alleles.

Polymorphism of B-L genes, reflected as restriction fragment length
polymorphism (RFLP), was analysed in Southern blots using a human class
IT subprobe (DQS-SII; Fei et al., 1986). This subprobe codes for a part
of the class II gene that is conserved among different species. The
hybridization patterns are shown in figure 1.

A panel of chickens was analysed for RFLP. None of the fragments
correlated with the serclogical B-G assigmment (table 1). Whether the
results reflect the polymorphism that is encoded by the variable part of
the gene(s) is unclear. Heterologous subprobes that code for the variable
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parts of the gene only hybridize under mild corditions and results are

difficult to reproduce because of high background hybridization. To
obtain more detailed information on the polymorphism, probes obtained
from genomic and ¢DNA chicken libraries are currently used in Southern
blot analyses. Howaver, the RFIP cbtained with the DQ8 SII subprobe may
indicate a B-L polymorphism which is not in linkage with B-G.

12 34 56 7.8 9 10M

Figure 1. RFLP in ten unrelated chickens after EcoRI digestion and hy-
bridization with DQ@8-SITI urker stringent conditions. M represents

molecular weight markers.

Table 1. Two~by-two analysis of B~G types and EcoRI restriction fragments

in line L.

Frag- / B-G +7F +/- -7+ -/= N chi.sg. R p-value
ment type

5300 / Bl9 6 11 51 55 123 0.9638 0.08 0.6733
5300 / B21 9 8 41 65 123 1.235 0.10 ¢.2657
5300 / B34 z 15 14 92 123 0.027 Q.02 0.8640
4700 / Bl9 6 5 51 &l 123 0.327 0.05 0.5747
4700 / B2l 3 8 417 65 123 0.896 .09 0.6539
4700 / B34 2 9 14 98 121 0.286 0.05 0.59%8
3400 / Bl9 4 S 583 61 123 0.014 0.01 0.9014
3400 / B2l 4 - 53 61 123 0.058 0.02 0.8051
3400 / B34 1 8 15 99 123 0.031 0.02 0.8548
3300 / Bl9 a 1z 49 B4 123 0.386 0.06 0.5417
3300 / B2l 10 1Q 40 63 123 0.865 0.08 0.6450Q
3300 / B34 2 1B 14 a9 123 0.191 0.04 D.6665
3000 / Bl9 24 24 i3 42 123 0.424 0.06 0.5225
3000 [ B2l 17 31 33 42 123 0.894 0.09 0.6532
3000 /[ B34 7 41 8 67 123 0.419 0.06 0.5247
2700 / Bl39 S 2 40 76 123 3.884 8.18 ¢.0451
2700 / B21 1 6 49 67 123 2.138 0.13 c.1399
2700 / B34 1 6 15 101 123 0.011 0.0l C.9141
2200 / B9 4 7 53 59 123 0.484 .06 0.5058
2200 / B21 3 5 44 68 123 0.967 0.09 0.6732
2200 / B34 1 10 15 37 123 0.164 0.04 0.6887
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Summary

Both cellular and humoral immmnity of four swine breeds were studied in
respect to variation. Using statistical analysis the effect of breed,
litter, age, sex and testday could be determined. Variation exists
between and within breeds for the mitogenic activation of T-lymphocytes,
the absolute mumber of leukocytes and for the antibody response against
two different antigens. Contrasts between breeds showed swine breeds with
low responding properties for cellular reactivity (N-breed), humoral
response and leukocyte population (Y-breed). On the other harxd, the F-
breed appeared high responding in all tests. The conseguences of such a
divergence between breeds for the genetic resistance remains subject of
future study.

Introduction

Infectious diseases cause considerable losses in pig production.
Genetic resistance to pathogenic antigens may be very important to
minimize these kind of losses. In swine the knowledge of immune system
and the genetics controlling the immine response is rather limited. The
effect of the breed on various types of reactivity of the immmne system
will be described in this paper.

Materials and methods

Four different swine breeds were used: Finnish Iandrace (F), Dutch
Landrace (L), Norwegian Iandrace (N) and Great Yorkshire (Y). These lines
are bred by the cooperative breeding company COFOK BV (Oosterhout, The
Netherlands). All animals were kept under similar conditions.

Mitogenic response. Lymphocytes were isolated from heparinized blood by
gradient centrifugation. Cells (10° c/ml) were cultured with mitogen (FHA
at 5,30 and 160 ug/mi; ConmA at 1,5 and 10 ug/ml) during 48 hours,
whereafter the proliferation was determined with a radio-active precur-
sor. The total of leukocytes was determined using a cell counter, while
differentiation of the various granulocytes and lymphocytes was possible
by cellular staining (Giemsa).

ELTSA. Serum samples were tested for specific antibody response against
ovalbumin (QA) and tetanus toxeid (TT). Both antigens were coated on
wells of microtitration plates (flat bottom)., Samples of serum dilution
were added and bound antibody was determined by rabbit antiswine IgG
antibody, oconjugated with peroxydase in corbination of S-amino
salicylacid. Subsequently the extinction was determined at 450 rm.

Statistical analysis. For determination of the effects on the immuno-
logical parameters the GIM procedure of SAS (SAS Institute Inc, 1985) was
used. The effect of breed, litter, age, sex, testday anmd interactions
between these factors were determined.



Results
Experiment 1

A total of 178 pigs (four different breeds, male and female animals, 10
weeks or 5 months of age) were tested for mitogenic responsiveness as
well as for composition of the leukocyte populations. Mitogenic activa-
tion caused by ConA was not influenced by breed in a significant manner.
In contrast to Cond suboptimal doses of FHA (5 and 30 ug/ml) resulted in
an activation significantly (P < 0.05) influenced by differences in
breaed. The effect of breed was observed too for the total number of
lenkocytes (P < 0.05), but not for lymphocytes (%) and granulocytes (%).
Besides the effect of breed alsc a considerable influence of the litter
was detected for mitogenic responsiveness (P < 0.01 - 0.05) caused by FHA
and ConA. A similar effect was found for the absolute muber of
leukccytes (P < 0.05) and the percentage of EBE-lymphocytes (P < 0.1).
These results did rnot reveal substantial influence of the sex and only
for the B—cells (%), lymphocytes (%} ard at the highest dose of PHA (160
Hug/ml) the age of the animals was important (P < 0.05). Contrast between
the tested breeds showed high responder status for the F-breed (mitogen
and leukocytes) and low response for N-breed (mitogen) and Y-breed
(leukocytes) . Immunization with Ovalbumin and Tetarmas Toxoid together
with incomplete Freund adjuvance (IFA) shewed a significant influence of
the breed and litter (P < 0.01) for the production of specific IgG anti-
body. Futharmore the contrast between breeds indicated a high response
for the F-breed, whereas the Y-breed did produce a significant lower
amount of specific antibody for hoth antigens.

Experiment: 2

The kinetics of the antibody response may be different for each swine
breed. For this reason the Xinetics of the antibody response to Ovallamin
(0a) and Tetanus Toxoid (TT) was studied in detail, whereas IFA was not
used in order to cbtain a normal course of antibody production. A total
of 280 pigs (male and female animals for the 4 hreeds were used at 3 to 5
months of age) were tested for antibody response against CA (4 my) and TT
{15Lf). The animals were intramisculary imminised at day 0 and blood
samples were drawn at day 5-8-15~20. At the latter day the animals
received a secondary imminization and blocd samples were taken at day 32-
34-36-39 and day 60 (after primary immunization). The specific Ig:
response against OA was significantly (P < 0.05) affected by breed at day
15 and later days. The results for TT are shown in figure 1, showing
significantly breed effect at day 15, 32, and for the secondary
reactivity at day 36. Besides a difference in optimm of the antibody
production a remarkable variation in kinetics of the immine response
between the I~ and F-breed is suggested. Whereas the antibody levels of
the first breed seems to reach an optimum at day 15, the latter breed
seems to require a longer period. This chservation seems to be confirmed
by the secondary response, since hardly an increase response results
after the booster (d. 29) in contrast to the increased response of the L~
breed (fiqure 1). On the other hand the Y-breed produced a low response
against both antigens, since at all times (primary and secondary
response) the Y-breed was the lowest respording breed (figure 1).
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Figure 1. Specific IgG response after primary (d.¢) and after secondary
(d. 29) immunization with Tetarus Toxoid. Four swine hreed
were tested: F (#*), L (#), N {(a) and Y (D).

These results indicate that the primary response provides sufficient
data to determine relevant variation between breeds on the specific
antibody production, at least for these two antigens. Different kinetics
of the immmne response clearly shows the need to determine the specific
antibody response at more than one day after immunization in order to
avoid misleading results. This latter point can be illustrated in figure
1, since the results at 15 days after priming are quite different
campared to the data observed 14 days later.
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