M

f TV

ils LLIE:E ROLE OF MOLECULAR GENETICS IN THE CONTROL OF MEAT PRCDUCTION AND MEAT QUALITY
i,
Y  T™Mdeqe , .

4 Genet'Ciue quantitative et appliquée, INRA, 78352 Jouy-en-Josas Cedex, France.
ocMi

i 7% RY

1

i
Dty

| qutrlrr:m aPDlications of quantitative genetics for genetic improvement of farm animals rely on sophisticated statistical
g ny‘fait pplied to fairly simple genetic models and have been effective in producing large cumulative genetic changes in
tifir“)ssibie _ "'8Cent advances in molecular genetics provide a potential for renewed methods in animal breeding. The two main
[Tﬁ"" ey s: of application of recombinant DNA methodologies, i.e. marker-assisted breeding and gene transfer, are
St Of genetic markers as an aid to present breeding practice appears to be rather promising, but research effort
RN th ® done before implementation of marker-assisted breeding schemes to a significant scale. It is not, at this stage,

y at t 2 e . , . ) . ;
f 7 fansgenesis will be an important way of improving meat-producing animals, at least in the near future.
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¢ ysbie * 8€netic improvement of farm animals has been essentially based on the theory of quantitative genetics. Most
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S of : , ‘
B %‘Qu S€netic and environmental factors. At the genetic level, it is assumed that a quantitative trait is influenced by
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b G or QTIiNhICh have individually small effects relative to the total variation of the trait. These loci are termed quantitative
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Ujgy Mic importance (e.g. growth rate, lean content, meat colour) show a continuous phenotypic variation explained

GELDERMANN, 1975). Under this assumption of polygenic mode of inheritance, it is not possible,in general,

? 9€notype of a particular animal by examination of the phenotype alone. Current selection methods rely on a

IStical approach dealing with the effects of "ghost" genes and not with the genes themselves, and it could be

! brE‘eding, though refering to a Mendelian dogma, has a Galtonian liturgy (HANSET, 1989).

ui"iq in thcs:i:y of a number of single major genes with identifiable effects on quantitative traits, as well a§ recent

Eﬁeiitua“ defined d of mQIecuIar genetics, offer new prospects for the conversion of polygenic quantitative variability into
SCan 3 Méndelian entities (BECKMANN and SOLLER, 1987). As far as animal breeding methods are concerned,

'%(1, Usingp:]tem'a“y taken from recombinant DNA technology in essentially two manners :

"ari(:tlon Dfowdoned DNA sequences as probes to uncover genetic variation at the DNA level and for instance adding
"asg; ®d by molecular markers of QTL’s to that based on usual performance records in selection decisions

by ® infte.d Selection),

tand tra emr_]g Cloned foreign genes into the germ line of an animal, for subsequent expression of the inserted gene in the

These Mission to offspring (transgenesis).

‘aﬂims any eW:):ppliCations will be considered in turn in this report. Minimum consideration will be given to purely technical

A Ogrammes.

1, GEON OF GENETIC MARKERS

Netig -

s Variation of quantitative traits
For . Sritability
iqg a l\len tr
the '[rait .

n the possible future role of these new techniques for increasing rates of genetic progress

ai; heritability (h2) is the proportion of the total phenotypic variance due to additive effects of all QTL’s
iy = 02A/o2p (02A = additive genetic variance ; °2P = phenotypic variance). The accuracy of the

al's breeding value (A) from the phenotypic value of the individual (P) depends on h2. Among traits of

a .
Yo mDOSit'nce pEs
8 10 . . 2T : o ’
he”tabiuty are highly heritable. Heritability of meat quality traits is generally of low to moderate magnitude

e UmzifrOWTh rate and efficiency is of the order of 0.30.

W Qenplnlons diia ¥ of genes

mee ?S &g, T 'Ogrnong geneticists as regards the number of genes implied in the variation of quantitative traits : from a

”ity ' oyl o eS?Y and THOMPSON, 1976) to several hundreds of genes (e.g. MATHER and JINKS,. 1971). This
i festr“m?te experimentally. However, one can calculate the expected number of QTL’s affecting a trait of

ab| B 'Ct‘Ye hypotheses (equal effect D and equal gene frequencies p and q at each two-allele QTL). Results
Various combinations of the above parameters. The number of QTL’s with large effects, say D>1, is

Critabilin, i o :
anetic Situat; "abilty is high and gene frequencies greatly differ at each locus (i.e. pg=0.10).

Mo O AN e
M " iNdivig
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t-producing mammals (table 1), reproductive traits are lowly heritable and, at the opposite,
N traits

Ong >
. » the size of gene effects as well as gene frequencies are not, of course, the same for each QTL. So, the
n i § ’ : ’
Y trait resulits from an unknown mixture of occasional major genes (D>1), a number of genes with
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Table 1 - Average heritability values of economically important traits in meat-producing mammals by,

Usual range of heritabil®

Traits
Reproductive efficiency (litter size, fertility) 0.02-0.10 b,
Meat quality traits (e.g. colour, water holding capacity, pH, tenderness) 0.15-0.30 by
Growth traits (average daily gain, feed efficiency, appetite) 0.20 - 0.40 My
Fat quality traits (e.g. fatty acid composition of pig backfat) 0.30 - 0.50 M
Body composition traits (lean content, fat content, rib eye area,...) 0.40 - 0.60

by

il
Table 2 - Expected numbers of quantitative trait loCi (QTL) for different values of heritability and gene frequencwkg;f

D = difference between the two alternative homozygotes, in phenonvz;“ﬂ
standard deviation units !

Heritability Gene frequency
of the trait situation (2) 1/8 1/4 1/2 1 ’2/

.
0.10 0.10 128 32 8 2.0 05 ,r()af
0.25 51 13 3 0.8 02 %
0.30 0.10 384 96 24 6.0 15
0.25 154 38 10 2.4 0.6 ka;
0.50 0.10 640 160 40 10.0 25

0.25 256 64 16 4.0 1.0 ‘

Al
(1) It is assumed that all QTL’s have 2 alleles (A and a), with equal effect (D) and equal gene frequencies (P fOr/iggO» &
(2) The value reported is the product pq : 0.10 corresponds to very different allele frequencies at each locus (P~ 'We;
q=0.10), 0.25 corresponds to equal allele frequencies (p=g=0.50). e
intermediate effects (0.25<D<1) and many minor genes (D<0.25). ’

fm‘éc

- Major genes N

| | il g e

Several genes with large and sometimes very large effects on commercial traits in meat-producing an 0‘2\” |
10 2y

identified. These include the double muscling gene (mh) in cattle (e.g. HANSET and MICHAUX, 1985), the "BO° Spc‘ by
affecting ovulation rate and litter size in sheep (e.g. PIPER et al, 1985), the halothane sensitivity gene (Ha/n) re@ ;
I

malignant hyperthermia syndrome and pale, soft, exudative (PSE) meat condition in pigs (e.g. OLLIVIER et al 1AT hy ‘
meat' gene (RN") in pigs (LE ROY et al, 1990), and the sex-linked dwarf gene (aw) in poultry (review by MER m«"‘ect?

th

; : - : y e
worth noting that two major QTL’s (Hal and RN) are involved in the variation of pig meat quality, each of th o

different parameters of the curve of post mortem fall in muscle pH : the rate of pH fall and pH4 for Hal and the ® ‘
and pH,, for RN. il
1.2. Genetic polymorphisms meef"@ir@,
Several methods are available for detecting and describing genetic polymorphisms in the genome of d° oasi"a\'n\

"Classical" polymorphisms which were the only available until recent years are based on visible traits, such 8% ¢ of By

polledness, specific tests (e.g. exposure to halothane in pigs), one-dimensional and two-dimensional electhPho b
of blood and milk proteins) and immunological techniques (blood groups, major histocompatibility complex,~~)' J e
In the last 10-15 years, the appearance of methodologies allowing to describing genetic variation at the Ry .

itself has been at the origin of several new classes of genetic polymorphisms (see, for instance, SOLLER, 1990/ lerQlj
- Restriction fragment length polymorphisms (RFLP). P |

This technique basically lies on the use of a group of enzymes (restriction endonucleases), each of which 1 Ue‘* :
DNA molecule at a large number of sites. Each cleavage site is defined by a specific 4 to 8 bp nucleotideé 5eqme'=iha(
base pairs), and each restriction enzyme is specific to sites having a particular nucleotide sequence . After enzeﬂf‘fsg\1
resulting DNA fragments of various length can be separated by gel electrophoresis. As the size of the wholé gdman
large (about 3 x 109 bp for the haploid mammalian genome), the number of DNA fragments is considerablé 2 a;f"“ien

was developed in the mid-1970's for identifying a particular fragment, by use of a previously cloned and label® L/F‘f’%t

sequence which serves as a probe to locate its homologue on the electrophoresis gel (“Southern blot"). Most f ‘NDE
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”ar
/"Ure:shfthef resulting from point mutations or more important changes (deletion, insertion) in the DNA, are diallelic in
%Und for instance in cattle (FRIES et al, 1989).
e Variable number of tandem repeats (VNTR) loci : minisatellites and microsatellites.
h‘ans‘ i Mid-1980’s, polymorphisms consisting of a varying number of a tandemly repeated DNA sequence were found in
lp@ared Number of probes, hybridizing to such VNTR regions, were developed and the electrophoretic banding patterns
iy Iy ,tD be unique to different individuals (DNA fingerprinting for individual identification and parentage checking). These

l) . . . . . .
‘V%rph. Coﬂ‘farmng repeated sequences of 10 or more base pairs, are termed minisatellites and can be extremely
Ic,

°eatsoT0re recently described class of VNTR loci is based on "microsatellite" sequences consisting of several or many
el \ware i 04 bp. These microsatellites exhibit site-specific length variation, similar to that shown by minisatellite sequences,
/,Q%Q !gmy Polymorphic. Poly(TG), the most frequent microsatellite motif, appears as 5 to 10 x 10% individual islets
JIYM‘U% hrOUQhout the genome of many species. This number of poly(TG) microsatellites, if they are randomly distributed,
/wyormizrthat a microsatellite islet of that type is present every 50 to 100 kb in the genome (kb = 1000 bp). In addition, the
/, 13, ::atéllite polymorphisms can be facilitated by the use of polymerase chain reaction (PCR) amplification.

L Th bszc'atfons between QTL’s and markers

Tt]afes Sithe, trVatIon of a significant association of a quantitative trait with the segregation of alleles at a marker locus

Mr?r th tthe hat part of the variation of the trait is due to a pleiotropic effect of the marker gene (the marker is then the
E‘B!t‘l A Marker locus is linked with one segregating locus (or perhaps several loci) controlling part of the variation of
hEirkEr |(); latter Case, the effect of the marker is due to a statistical association (linkage disequilibrium) between alleles at
| dis US and the QTL : a limitation is that recombination events (crossing-over) between the two loci may reduce the

by SQuilibri
) g, Y libriym and therefore the strength of the association, unless the marker locus and the QTL are very closely

aﬂd‘:'% Methods for g x : ! : : . .
v 'We%es are 1y Getecting QTL’s through linked markers will not be developed here. A numF)er of methods us.mg population
‘fk:n DQDUlaﬁased on comparisons between marker genotypes for the trait of interest in the F2 generation of a cross
'%r enowp;‘?s (breeds or eventually inbred lines). Other methods are based on within-family comparisons between
TZSI S8e SOTL‘” a particular segregating population. For more details on experimental designs of QTL-marker linkage
al5n"‘:rt’s gy OLLI\;| ER and GENIzI (1978), BECKMANN and SOLLER (1988), SIMPSON (1989), WELLER et al {1990) and
i o ER (1992). According to SOLLER (1990), studies based on crosses would be most effective for detecting

traj . . b S it
alts whose value differs to a large extent between populations (e.g. populations differing in susceptibility to a

i im%ia SCting
AUy

J ISg

Wef ase or in repro

o' by
) )
3%51:'%: %m;:t";i QTL’s affecting traits showing large within-population genetic variance (e.g. meat content).
g ﬂ(,“% fatiohs, it tyr aracteristic of marker-QTL linkage studies is the large size of the design to set up. From theoretical
deﬂ""yha?f’ Say, 0-3‘013 out that several hundreds and more often 1000 to 2000 animals are required to detect QTL’s having
dt d@tect e Sténdard deviation units and that QTL’s having effects of less than 0.2 standard deviation units will be
@MQV analogy \;Vi;’]e” in very large experiments (more than 5000 animals).
the human genetic map, the total map length in domestic mammals is expected to be 30 Morgans (M),

A Or
195“‘*”&(1 ik "CPresenti
dist Nting the distance on which on average one crossing-over occurs each time a gamete is formed. Given a
NCe of 20
C

iy Cl
t q‘:‘n an S
Qi CNly ics.
Ny DUy y d'St”bUted 9

ductive traits), while studies based on within-family comparisons in one population would be most

1

o M (cM = centimorgan) between adjacent markers, around 150 markers would be required to

r I enetic map. In fact, much more markers will be probably needed to generate a useful map for
ve""“har eSente n t:ﬂy‘ there is no a priori information on the location of the markers. Some chromosomal regions will be
i t ene m e‘ Mmap and others under-represented. At that point, however, it should be possible to exploit
g, he Ma 3Pping data to search for markers whose location is known in other species in order to fill the remaining

RS to
;D‘[e“ 1&’@%3_ be Completed. Secondly, a given animal will be informative only for the marker loci for which it is
4 4

d " Marp

0V & Th €r-assi

,/rﬂf"' hag : QUSstion v breeding methods

Ieﬂc reStfecelved eattee'anve to direct selection on specific quantitative trait loci and to indirect selection through linked marker
K or g nti
gy, 't tion for more than 25 years (e.g. SMITH, 1967 ; SOLLER, 1978 ; SMITH and WEBB, 1981). However, the

W"@ erg S que
AN Otens:
ﬂg% ‘Cy of Ntig
:LP'Neri

L UE

Stion hag be

I 15
g rnafker_y pr.o‘”des a much higher density of genome coverage and shows a higher degree of polymorphism. The
a' grgund asslsted

ang TH S by Sevef

en recently renewed with the appearance of DNA-level markers in the 1980’s, since this class

Selection as compared to traditional methods of selection on phenotype has been examined on

a al authors (e.g. SMITH and SIMPSON, 1986 ; BECKMANN and SOLLER, 1987 ; HANSET, 1989 ;
N, 1990).
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1.4.1. Marker-assisted selection i ”U(
In general terms, for a trait of additive genetic variance °2A genetic gain per unit of time is given by AG = 'p,ﬂ
=intensity of selection, p = accuracy of selection (correlation between the criterion of selection and the true bree™ fi,

',hef

14
ové . Dy,

and t = interval of generation.

Using information on QTL’s, directly or most often through markers, may affect each of the 3 ab
(OLLIVIER, 1990) : A

(1) Accuracy of selection. Markers give a supplementary information which, combined with usual pen‘oVman bS&
allows increases in the accuracy of estimation of breeding values. In individual selection schemes, this may be af*s
useful for traits which cannot be accurately predicted on the live animal (carcass traits). 'Qo

(2) Interval of generation. Markers may affect time of selection. Information on QTL-markers (e.g. blood maf éei&
usually available at birth or in the young age, allowing early selection decisions and a decrease in interval of U1
(especially for traits expressed late in life such as reproductive traits). Early screening by means of markers may 2
reducing the numbers of individuals entering performance test or progeny test procedures, which leads to 53"'”

costs. e,flw
(3) Intensity of selection. Selection based on markers can be made independently of sex (as well as of aglm,bv,e‘
instance, allows to evaluate males and to increase intensity of selection for traits expressed only in females (e.9- pr I‘W:‘Ub“
In order to assess the interest of taking into account additional information provided by marker loci, coﬂs‘dere, mmﬁ
case of individual selection on a single trait. The marker information may be summarized by a "molecular score' ' r;k'“
and THOMPSON, 1990) and marker-assisted selection criterion is an index | = b4P + boM with P = individu? F;L "
value and M = individual molecular score. The relative efficiency of marker- assnsted selection (based on melc (g(
compared to individual selection (based on P alone) is given by R \/ m/h"2 )+ [(1- m)2/(1 mh2)] with h2 = erltab'w ‘&)
and m = proportion of the additive genetic variance which is associated with the marker loci contributing t© tdlf
score. Values of R for different values of h2 and m are given in table 3. In that situation, the advantage of inc”
information in selection is substantial for traits of low heritability if an important fraction of the additive 98”9tI J*
associated with the markers. However, it must be kept in mind here that most of the QTL'’s affecting a lowly he”tabm :f
are expected to have small effects (see table 2) and therefore that only QTL-marker linkage experiments of vele i %@
enable to detect such QTL's. )|Q:;
Table 3 - Relative efficiency (R) of marker-assisted selection and individual selection (see text) Q“‘a‘
h2 st‘"‘n(
L 0.05 0.10 0.25 0.50 Ml
0.25 2.36 1275 1.26 1.07
0.50 3.20 2.29 1451 107 -
0.75 3.88 2.75 1.75 1.26 0
1 4.37 3.16 2.00 1.41 N N
,‘)% 0
A particular type of marker-assisted selection is that concerning a specific single locus previously dete"teda lsl
R

major effect on certain quantitative or qualitative traits. In pigs, the halothane sensitivity locus (Hal) belongs . 5 i
linkage group encompassing several blood marker loci (Gpi, H, Pgd, A1BG,...). Some of these "classical’ mark ﬂo me F
used for reducing the frequency of the halothane sensitivity gene either from examination of within-family searegd 5
and JUNEJA, 1985) or on a population basis in one breed showing strong linkage disequilibria between Hal A v
(SELLIER, 1985). Recently, further progress has been achieved for the control of the halothane gene with thé d‘; 8
DNA-level marker relative to the ryanodine receptor (RYR), the calcium release channel of the skeletal musc® %@ra
reticulum. A single point mutation at nucleotide 1843 of the RYR gene has been identified as being Co”eIa ly
probably being causative of, halothane sensitivity in several porcine breeds (FUJII et al, 1991 ; OTSU et al, 1991) “egl ;
1.4.2. Marker-assisted introgression d”‘nly :a

Given a resource population identified as containing a favourable QTL allele which one wishes tO it Uv (
existing commercial breeding stock, two procedures are available according to that donor and recipient poP lu j
differ greatly or differ greatly in overall economic merit. In the first case, it is possible to create a "composite’ F’Op

n
carry out a breeding programme in this new population. In the second case, it will be better to mplerﬂent g

Ut .
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cuzn:eem C’fd‘.Er to introduce the desired favourable gene from the donor to the recipient population without appreciably
c An intrgenetlc. level of other economically important traits in the latter population.
Peny C0m°9r68810n programme consists of carrying out a series of backcrosses between the two populations, with the
paf"'}herthan th Mercial population as the recurrent parent, for reducing to a minimum the contribution of the donor population,
3 _°Ws t € desired favourable allele, to the final new population. Use of markers greatly facilitates the introgression since it
ceﬁ%qwese% the frequency of the favourable allele at maximum levels (i.e. 0.50) until the end of the backcrossing
: aﬁb% Uen'- arker-assisted selection can also be useful by allowing a more rapid fixation of the introgressed gene in the
28 Erker; cit m.terCFOSs generations. The most favourable situation is to have the introgressed gene "bracketed" by a pair of
err_:'el Daré:”tt;‘ a marker haplotype which is unique to the donor population. The primary advantage of a marker haplotype
p gfﬁ:.ljilcan . detzcimdgle marker is that recombination events changing the linkage relationships between QTL and marker
f ed.
alsfﬂ‘ 2“12 “TION OF TRANSGENIC ANIMALS
" T‘h‘ Hi§.10ri(;a| background
age},ﬂ:‘ﬂfs a:im”:l\sl 1o insert functional foreign genes into the germ line of animals is one of the major recent advances in biology.
rolmga’h;\'er. it Was tsa”ylﬂg experimentally introduced foreign genetic material (virus SV40) were produced in the mid-1970’s.
\erfﬁfime Size b € Paper published by PALMITER et al (1982) on "giant" transgenic mice (showing, in some cases, a nearly
(59?‘& Alg, FolloWi:par.ed to their non-transgenic littermates) which really attracted the attention of geneticists working on large
al png’haanipulationg this pioneer work on mice, most gene transfer experiments with farm animals have been concerned with
e‘vnaihgh QrmOne of COhcentration of circulating somatotropin by means of the integration of a number of copies of foreign
Iin,laS)gO)' The firs?fne Into the genome : for reviews, see PURSEL et al (1989), CLARK (1990), HOUDEBINE (1990), WALL et
i fansgenic rabbits, pigs and sheep were produced by the mid-1980’s (HAMMER et al, 1985 ; BREM et al,
S
Jdl;*,e ‘ ev:ethods for gene transfer
¢ ‘ Q; | mo;‘::ﬁodologies are currently being used to produce transgenic animals (JAENISCH, 1988). In mammalian
\gréer*hg ""'Zed . Idely and successfully used method is the microinjection of cloned DNA directly into the male pronucleus

R’Qd Dfobab o Infection of embryos at various developmental stages by retroviral vectors can also be used, this method
U »

Yy t . . : : : :
by, tion he Only feasible for generating transgenic chickens. A more recently developed technique involves the
| & : . . :
% the gines by DNA transfection or retroviral transduction into embryonic stem (ES) cells, which are capable to
Q%Tfa Sgen lactOCySts and to contribute to the germ line of the resulting mosaic animal.
to Sis |

‘“‘%e %mem (‘3 based on fusion genes made of parts from several genes. The transferred genes usually consist of a
Promoter or enhancer) from one gene fused to the structural DNA sequence of another gene. For

. ansgenic pigs (designated mMT-hGH) were obtained from gene constructions composed of mouse

ntegristiz:)moter and human growth hormone gene as structural gene (HAMMER et al, 1985 ; BREM et al, 1985).

Sffcion, and expression of transgenes |

®ggs y of transgenesis remains low, as shown in table 4 (WALL et al, 1990) : the proportion of transferred

d Sheg Which resuit in an individual expressing the transgene is 2% in mice and appears to be 5-10 times lower in

R
Yo, gt first
|

oy .
fg‘ni
(N a

)
‘ /°0f

@Qted

g re iy Bl . : - 1 0. ;
M’_Givicj e miCroi . Natal Mortality is a significant contributor to the inefficiency of transgenesis in pigs and sheep as less than
8 5, octed eg
4 gy a

rat gs develop to term. However, in pigs as well as in mice, transgenes are expressed in transgenic
. e
,5r‘5ne Of trans of 60%,

A general feature of producing transgenic animals by DNA microinjection is the highly variable

I N €ne : ) . 4 ) o
0 Bt Odyey s Copies which become integrated at a single random site of the host genome. In addition,the amount of
§t "y tran %eMS to be

. incorrelated with the number of inserted transgene copies. So, the level of expression of a
4. Tra s Unpre

2, -

i thile s dictable and each transgenic animal is essentially unique.
53rreneral transge Ssion of "ansgenes
o I . o S aois
0 %u[ Sggle 'S that th 'S integrated in one of the host chromosomes to give an hemizygous (T0) transgenic individual. The
ok e : , , v : ;
'93. DQ OﬁSDrin tr‘?“”Sgeﬂe Is transmitted to offspring of the transgenic founder by ordinary Mendelian inheritance (i.e. to
r ;
& Yty ODOWOH ofgt). HOWeVer, abnormal transmission patterns have been observed. As reported by Pursel et al (1990) in
dw“"Iy1 A n Only Omrénsgenic boars failed to transmit the transgene to their progeny and were probably mosaics, with
Spring. atic cels, Mosaicism in the germ line was probably present in a boar who transmitted the transgene to
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i ; i 1. 1990)
Table 4 - Efficiency of transgene integration in three mammalian species (according to WALL et a

Species
Pi Sheep
ltem Mouse g : \
70 1
Size of data set (*) >100 b
: 9 8% )
Offspring per injected egg transferred %ng g 02 6% \
Transgenics per offspring 60°/0 629% 339%
Expressors per transgenic o a;
9 9 0.2%
Expressing transgenic per injected egg transferred 2% 0.3% b
: R )
(*) Number of transgenic animals upon which percentages are based. by
. e‘f
2.5 Performance of transgenic GH pigs and sheep f0r%" O

In contrast to the observation of a considerably increased growth rate in}transge‘nic mice WhggLerr:LS 990‘:.’%
genes, transgenic GH pigs generally exhibit the same daily gain as control pegs' (revneV\: by PUR{eSSion” P Hflag
efficiency and carcass leanness are markedly improved in transgenics, but the.contmuogs over-etxp = o mﬁa.
serious health problems (lameness, gastric ulcers,...) and in impaired reproductive capacity (anoestrus in g .|Qh
boars). The same pattern of effects was reported in transgenic GH sheep by WARD et al (1990). ,5\5%:

- enes for livestock improvement A 4

i: pL(j;:t:c: t;irt]sti/ SMITH et al ((1987) and ELSEN (1988), a gene transfert operation conducted f0 ;slb

particular target trait in farms animals comprises several steps :

%e”
- identification of candidate genes
- choice of the most relevant gene for transfer, ' L
- clonage of the gene and development of the gene construction used for transfer, ﬁ“ts
- production of transgenics, e&’“mg
- screening of the individuals carrying and expressing the transgene, : o f 3
- evaluation of the merit of each transgenic individual for the target trait and also for all other t L
I
importance, !
- testing the transmission of the transgene to offspring, 3
- development of a transgenic stock from the founder(s) of highest interest, 'NA

- dissemination of transgenic breeding animals to commercial farms.

g
10°%
: el ™
As a general rule, development of transgenics should take place within current nucleus breeding stocks | :

\

. : : iqi i i e used. 5
genetic lag which would ensue if stocks of lower original economic merit wer | "QK

2.7 Other possible use of transgenes mo|ecules :;( ‘t
Gene transfer operations in farm animals may be developed to produce novel products, e.g. UYVD

: . al 1986

value, or to induce compositional changes in traditional animal products such as milk (MERCIER et al, 19 g

VERRINDER GIBBINS, 1989). ity

3 - SOME OTHER APPLICATIONS OF MOLECULAR GENETICS . R [
A list of other applications of recombinant DNA techniques in the field of animal production is given M R
3.1. Manipulation of sex ratio 1992}1 i

Available methods for altering the normal mammalian sex ratio were recently reviewed py Mc E\{O\;é in wﬂ‘L A
specific DNA probes in cattle (e.g. LEONARD et al, 1987) and sheep allows to sexing individual embry &Eh
transplantation. :‘VQQ‘

3.2. Genetically engineered vaccines . sar b

With the advent of DNA manipulation techniques, a new generation of veterinary vaccines has app ;'of 5M;ES
by AYNAUD (1991). Possibility to make distinction between vaccinated and infected animals is one of the M J

)|
these new vaccines.

2 |
3.3. Production of "recombinant" molecules for administration to animals o) @i"\HN
In that area, exogenous administration of bovine somatotropin (bST) or porcine somatotropin (P ,aﬂce‘ ;)
example. In the first attempts to investigate the effects of daily injections of pST on pig growth perforrf:j jd‘:‘j Q
purified pituitary extracts were used. In the 1980’s, progress in genetic engineering allowed that manipulat® 1

i inant P
produce large quantities of highly purified recombinant growth hormone and it was shown that recombina
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%&

/’fe f:cznzlauve Pituitaw PST (EVOCK et al, 1988). The effects of exogenous pST administration to growing-finishing pigs

/Qeﬁain. Y reviewed by BONNEAU (1991). However, the legal authorization for the use of pST by pig industry remains

3,

g Tt Labelling of animal products

/UDie to t:Arobab'e appearance of a very large number of DNA-level polymorphic markers in farm animals leads some
igg relnk that in the future it could be possible to "patent" the origin of animal products, e.g. meat from a particular
,)NQLUslgen from a particular breed.

A Ty, iN

P aDD“ca“Q R r?o doubt that the considerable advances in molecular genetics and DNA manipulation offer new opportunities
Ih%se newnS N the area of genetic improvement of farm animals. However, too optimistic views on the immediate potential
)[chlar vers?ethodO'OQies should be avoided and, as pointed out by KENNEDY et al (1990) among others, debates on
4 Tragii, J qUantl.tative genetics are essentially meaningless.

o gener i flal breedlng methods, though lying on fairly simplistic genetic models, have been, and still are, a powerful tool

990“ rQaSs o "9 Senetic changes in many traits, particularly in traits showing moderate or high heritability (growth efficiency and

Mpo .
4r€man alternati ) Many geneticists agree for considering that selection based on DNA-level markers should not be seen
d*bei Ve to oy

i ntegrat frent methods of selection on phenotype. The true question is where and how information on markers
Y ed j
n Into

k. S Mary the quantitative framework of traditional breeding programmes. The best theoretical prospects for
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TiliD rg fathe 9ene transfer technology, results found so far on the integration of growth-related transgenes in pigs and
r

5 d'SaDPOinting from an overall point of view, due to highly unfavourable correlated effects on health and
S

.
P

i Drodums }Tor transgenesis are perhaps of greater promise if the purpose is to modify composition and/or quality of

) It H S

by S no at ¢ ‘OWever, it is felt that muscle and meat are less suitable targets than milk for this type of genetic engineering.
‘QS ;

IS s

d selection schemes concern lowly heritable traits. In that case, the problem however remains to be
€nt number of QTL's with appreciable effects in order to have a noticeable proportion of the additive
his associated with the markers. One can think that in the short term marker-assisted selection will be
Nt" actions dealing with a few major QTL’s which are already identified for most of them. This approach

in the last few years by the discovery of DNA-level blood markers for the halothane gene in pigs and
animals.

i
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tage, obvious that genetically modified animals will play a role, in the near future, in meat-producing
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