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^ rrent
^Urp aPP!icatlons of quantitative genetics fo r genetic Improvement of farm animals rely on sophisticated statistical 

s apniiow ___,_______ * ________ __________  , „  . . . .
in^bplied to fairly simple genetic m odels and have been effective in producing large cumulative genetic changes

' is

A
Ci1 its

l i  \

advances In m olecular genetics provide a potential for renewed m ethods In animal breeding. The two main 

I S aPPlication of recom binant DNA m ethodologies, i.e. marker-assisted breeding and gene transfer, are 

k 9 enetlc markers as an aid to  present breeding practice appears to be rather prom ising, but research effort 

j P°ne before Implementation o f marker-assisted breeding schemes to a significant scale. It Is not, at this stage, 

transgenesis will be an Im portant way of Im proving m eat-producing animalS/at least in the near future.

)Uction
0 Cj 0̂
eCQ ’ 9enetic im provem ent of farm animals has been essentially based on the theory of quantitative genetics. Most 

^riety IC imP °hance (e.g. grow th rate, lean content, meat colour) show a continuous phenotypic variation explainedS loCj 9enet'c ancl environmental factors. At the genetic level, it is assumed that a quantitative trait is influenced by

- or Q - p ^ 'Ĉ  bave individually small effects relative to  the total variation of the trait. These loci are term ed quantitative 

th ^GE*~^ERMANN, 1975). Under this assum ption of polygenic mode of Inheritance, it is not possible,in general, 

P trica|,stat. 9enotype of a particular animal by examination of the phenotype alone. Current selection m ethods rely on a
"statistical 

^ a' breed
approach dealing with the effects of "ghost" genes and not with the genes themselves, and It could be 

^ in9. though referlng to  a Mendelian dogm a, has a Galtonlan liturgy (HANSET, 1989).

in ., 0Very of a num ber of single major genes with Identifiable effects on quantitative traits, as well as recent
«S o

, \ a n .  t h e  f'e l d of m olecular genetics, offer new prospects for the conversion of polygenic quantitative variability into

beneCi ^ enbe''an entities (BECKMANN and SOLLER, 1987). As far as animal breeding m ethods are concerned, 

Usify Potentially taken from  recom binant DNA technology in essentially tw o manners
NV :|on Cloned DNA sequences as probes to uncover genetic variation at the DNA level and fo r instance adding

ass

tv-/ Ul UOI IOIIU VUI ICUIUI I CU LI IO LVI IOVCI ClI^^OvicJgr̂  K
istecj Dy m olecular markers of QTL’s to  that based on usual perform ance records in selection decisions

\ (?)i^ , n Se'eCti0n)-
^  tranSrnj cloneci fore ign genes into the germ  line of an animal, fo r subsequent expression of the inserted gene in the 

L  ^ese 10 offspring (transgenesis).

L emphapP|icat i ° ns will be considered in turn in th is report. Minimum consideration will be given to purely technical 

L * >  breediP asis w i" be put on the possib le future role of these new techniques for increasing rates of genetic progress 
V tiqm9  g r a m m e s .
1'1- Qeneti° F G EN ETIC  M A RK ERS

u C Variation of quantitative tra its

k : 0 r ;
'  Hei

trait tra2 heritabllitV (h2) 's the proportion o f the total phenotypic variance due to additive effects of all QTL’s

^ a b ili ty

nkji
h2 =

%
%

• i — 2 p
Of an ¡n .. ~  °  f\/° p ~  additive genetic variance ; a ^p  =  phenotypic variance). The accuracy

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

CQrbpoSjtj 6 in meaf-produc lng  mam mals (table 1), reproductive traits are lowly heritable and, at the opposite, 

^6r'tab|iijy q tra 'ts are highly heritable. Heritabllity of meat quality traits is generally of low to  moderate m agnitude 

'  Nury.. p row th rate and efficiency Is of the order of 0.30.

■’hance

phenotypic variance). The accuracy of the

traits of

"ons ^ o f  genes
differ

\ 6r 6s (e.g. TH n3111009 9eneticists as regards the num ber of genes implied in the variation of quantitative traits : from a

\ H f f l c u i t t0 ^  and THOMPSON, 1976) to several hundreds of genes (e.g. MATHER and JINKS, 1971). This

^ Ur>der r eSt'mate experimentally. However, one can calculate the expected num ber of QTL’s affecting a trait of

f k l .  Ud| 'n table 2 ^Strictive hypotheses (equal effect D and equal gene frequencies p and q at each two-allele QTL). Results

k eSsthe k . Vari°u s  com binations of the above parameters. The num ber of QTL’s with large effects, say D > 1, Is
L N l ^ W t a b l K y *
"«tic Siiuatlons'*kJ" liy IS and 9606 fre9 uencies 9 reatly differ at each locus (i.e. p q = 0 .10).

Iat'0ri of ’ s 'ze 9sne effects as well as gene frequencies are not, of course, the same fo r each QTL. So, the

ny tra '* results from an unknown mixture of occasional major genes (D >1), a num ber of genes with
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Table 1 - Average heritability values of econom ically im portant traits in m eat-producing mammals

Traits

Reproductive efficiency (litter size, fertility)

Meat quality traits (e.g. colour, water holding capacity, pH, tenderness) 

Growth traits (average daily gain, feed efficiency, appetite)

Fat quality traits (e.g. fatty acid com position of pig backfat)

Body com position traits (lean content, fat content, rib eye area,...)

Usual range of heritabiW 

0 .0 2 -0 .1 0  

0 .1 5 -0 .3 0  

0.20 - 0.40 

0.30 - 0.50 

0.40 - 0.60

Table 2 - Expected num bers of quantitative tra it loci (QTL) for different values of heritability and gene

D =  difference between the tw o alternative hom ozygotes, in 
standard deviation units

Heritability 
of the trait

Gene frequency 
situation (2) 1/8 1/4 1/2 1

0.10 0.10 128 32 8 2.0
0.25 51 13 3 0.8

0.30 0.10 384 96 24 6.0
0.25 154 38 10 2.4

0.50 0.10 640 160 40 10.0
0.25 256 64 16 4.0

h

J2 Ü  as?umed » •  f t  QTL's have 2 alleles (A and a) w ith equal t (? )and C(1) It is assumed that all QTL s have 2 alleles (A ana a), w u ri e q u d i e n e o i a  u  „ ' y " n  „ _ h ,n 'Tq in
(2) The value reported is the p roduct pq  : 0.10 corresponds to  very different allele frequencies at each locus IP
q = 0.10), 0.25 corresponds to  equal allele frequencies (p = q -0 .5 0 ) . 
intermediate effects (0 .25<D <1) and many m inor genes (D<0.25).

- Major genes
. g|S '

Several genes with large and som etim es very large effects on com m ercial traits in m eat-producing a 

identified. These include the double  m uscling gene (m h ) in cattle (e.g. HANSET and MICHAUX, 1985), the B ^IV JG I I U I I G U .  I I I C b C  II IU IU U C ?  L i l t ?  U U U U I C  I I lU O V s I ll  i y  y ^ / i  i v  V * » » "/  " •  ~ ---------\ - - C J ................ ...........

affecting ovulation rate and litter size in sheep (e.g. PIPER et al, 1985), the halothane sensitivity gene (H a l ^  

malignant hypertherm ia syndrom e and pale, soft, exudative (PSE) meat condition in pigs (e.g. OLLIVIER et a ,

meat" gene ( R N ')  in pigs (LE ROY et al, 1990), and the sex-linked dwarf gene (d w ) in poultry (review by M ¡h 

worth noting that two major QTL’s (Hal and RN) are involved in the variation of pig meat quality, each of 

different parameters of the curve of post m ortem fall in muscle pH : the rate of pH fall and pH^ fo r Hal and th

and pH u for RN

1.2. Genetic polymorphisms
Several methods are available fo r detecting and describ ing genetic polym orphism s in the genom e of ^ tA r,

h

'«ir
V...

"Classical" polym orphism s which were the only available until recent years are based on visible traits, such as^  

polledness, specific tests (e.g. exposure to  halothane in pigs), one-dimensional and two-dim ensional electrop 

of b lood and milk proteins) and im m unological techniques (blood groups, major histocom patibility complex,

In the last 10-15 years, the appearance of m ethodologies allowing to  describ ing genetic variation at th 

itself has been at the origin of several new classes of genetic polym orphism s (see, fo r instance, SOLLER, 19 

- Restriction fragment length p o lym o rp h ism s  (RFLP).
This technique basically lies on the use of a g roup  of enzymes (restriction endonucleases), each of which 
DNA m olecule at a large num ber of sites. Each cleavage site is defined by a specific 4 to 8 bp nucleotide J  \

\

Dase pairs), and each restriction enzyme is specific to sites having a particular nucleotide sequence . After
. . . . . .  r .1__ «

esulting DNA fragm ents of various length can be separated by gel e lectrophoresis. As the size of the whoI c o u i l l l  i y  i—/ 1 ii cayi i ioi n o  u i  v a i  iu uo  i^ i « wmi • ww,-,— --------— j &  ---------- i
large (about 3 x 109 bp for the haploid mam malian genom e), the num ber of DNA fragm ents is considerable

et*
cUyt? ^dUvJUL O a IVJ U}J IUI lilt; I IdjJIUlU i u a i  i ii i i c a u o i  i ^  , . q  y

was developed in the m id-1970’s fo r identifying a particular fragment, by use of a previously cloned and labe ^  

sequence which serves as a probe to  locate its hom ologue on the electrophoresis gel ("Southern b lo t ). M °s %
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resulting from point m utations or more im portant changes (deletion, insertion) in the DNA, are diallelic in 

 ̂ °Und for instance in cattle (FRIES et al, 1989).

'Variable number of tandem repeats (VNTR) lo c i: minisatellites and microsatellites.
\  ^  ^ ' I S S O ’s, polym orphism s consisting of a varying num ber of a tandem ly repeated DNA sequence were found in

nurnber of probes, hybrid izing to  such VNTR regions, were developed and the e lectrophoretic banding patterns
k.  ̂to k

lQc. ae unique to  different individuals (DNA fingerprinting for individual identification and parentage checking). These 

c° ntaining repeated sequences of 10 or more base pairs, are term ed minisatellites and can be extremely

recently described class of VNTR loci is based on "microsatellite" sequences consisting of several or many 

i to 4 bp. These m icrosatellites exhibit site-specific length variation, similar to that shown by minisatellite sequences, 

t9hh,V Polymorphic. Poly(TG), the m ost frequent microsatellite motif, appears as 5 to 10 x 104 individual islets 

rn6gri ° u9hout the genom e of many species. This num ber of poly(TG) microsatellites, if they are random ly distributed, 

Of^ a microsatellite islet of that type is present every 50 to 100 kb in the genom e (kb =  1000 bp). In addition, the 

1,3 ^r° Satellite polym orphism s can be facilitated by the use of polym erase chain reaction (PCR) amplification, 

the s° c'ations between Q TL ’s and markers
\  ° bservation of a significant association of a quantitative trait w ith the segregation of alleles at a marker locus 
I B|ther th
°r thet nat Pari variation of the tra it is due to a p le iotropic effect of the marker gene (the marker is then the

\  in .,ttle b a rke r locus is linked with one segregating locus (or perhaps several loci) controlling part of the variation of
v .  ' t h e  |-

'be
case, the effect of the m arker is due to  a statistical association (linkage disequilibrium ) between alleles at

1 dis Cus ar|d the QTL : a limitation is that recom bination events (crossing-over) between the tw o loci may reduce the 

lbrium and therefore the strength of the association, unless the marker locus and the QTL are very closely

. l|i0d sfn
ar ° r de tecting QTL’s through linked markers will not be developed here. A num ber of m ethods using population 

%  based on com parisons between m arker genotypes fo r the trait o f interest in the F2 generation of a cross 

6r 9enoh ati° ns (breeds or eventually inbred lines). Other m ethods are based on within-family com parisons between 

$ee Pes 'n 3 particular segregating population. For more details on experimental designs of QTL-marker linkage 

% 0  ° LI-EEr  and GENIZI (1978), BECKMANN and SOLLER (1988), SIMPSON (1989), WELLER et al (1990) and 

k Acting * ^  (1992)- Accord ing to SOLLER (1990), studies based on crosses w ould be most effective fo r detecting 

^  9iseagraitS wdose value differs to a large extent between populations (e.g. populations differing in susceptib ility to a 

' ̂  VSf° r detee ° r 'n reProductive traits), while studies based on w ithin-family com parisons in one population w ould be most 

'■ |$, ^ c0rr| ^ 9  QTL’s affecting traits show ing large w lthin-population genetic variance (e.g. meat content).

'' (^^¡Ons ^  characteristic of marker-QTL linkage studies is the large size of the design to set up. From theoretical
it turns

^  K rö>  0.3-0.
out that several hundreds and more often 1000 to 2000 animals are required to detect QTL’s having

will be

l, -M l^|Q  ̂ J ,M , w n ^ w m i i w i  liw | ,W| w  fcl 1W%, , v / w w w  .....

t,1e human genetic map, the total map length in dom estic mammals is expected to be 30 M organs (M),

^  bets '3'0 5 Standard deviation units and that QTL’s having effects of less than 0.2 standard deviation units 

,y 9nainr,Ct’ 6Ven 'n very lar9 e experiments (more than 5000 animals).

cM (cM =  centim organ) between adjacent markers, around 150 markers would be required to

j(4 j 9 d- 6senting the distance on which on average one crossing-over occurs each time a gamete is form ed. Given a

k -e9 pUrPose n° Uted Qenetic map. In fact, much m ore markers will be probably needed to generate a useful map for 

v l̂^pha r̂eSer,ted S F'rst'y ’ there is no a priori inform ation on the location of the markers. Some chrom osom al regions will be 

9epe 'n m aP and °the rs  under-represented. At that point, however, it should be possible to  exploit 

Tiap data to  search fo r markers whose location is known in other species in order to  fill the remaining

com pleted. Secondly, a given animal will be informative only fo r the marker loci fo r which it is
tobe

/ \ ) l  9u^ ti0na^ Sted breeding methods
°6ived att 9tlVe t0 d irect s e c t io n  on specific quantitative trait loci and to indirect selection through linked marker 

th's quesetmi0n f° r more than 25 years (e -9- SMITH, 1967 ; SOLLER, 1978 ; SMITH and WEBB, 1981). However, the 
das been recently renewed with the appearance of DNA-level markers in the 1980’s, since th is class

barker g Pr° vides a m uch higher density of genom e coverage and shows a higher degree of polym orphism . The 

pDç 9 ^ r°Unqs Ss'sted selection as com pared to traditional m ethods of selection on phenotype has been exam ined on

TH0MpoV Several authors (e.g. SMITH and SIMPSON, 1986 ; BECKMANN and SOLLER, 1987 ; HANSET, 1989 ; 
S°N , 1990).
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1.4.1. Marker-assisted selection Jlp
In general terms, fo r a trait of additive genetic variance a2^ , genetic gain per unit o f tim e is given by AG -  J  

= intensity of selection, p — accuracy of selection (correlation between the criterion of selection and the true bree tip, 

and t =  interval of generation. - f 6r
Using information on QTL's, d irectly o r most often through markers, may affect each of the 3 above L  

(OLLIVIER, 1990) :
(1) Accuracy of selection. Markers give a supplem entary inform ation which, com bined with usual performa

allows increases in the accuracy of estimation of breeding values. In individual selection schemes, th is may be p

useful for traits which cannot be accurately predicted on the live animal (carcass traits). (jjf0
(2) Interval of generation. Markers may affect time of selection. Information on QTL-markers (e.g. blood ma /ie;

usually available at birth or in the young age, allowing early selection decisions and a decrease in interval 0 JO1]

(especially fo r traits expressed late in life such as reproductive traits). Early screening by means of markers may

reducing the num bers of individuals entering perform ance test or progeny test procedures, which leads to sa
,vin9

costs.
f w

(3) Intensity of selection. Selection based on markers can be made independently of sex (as well as or

instance, allows to evaluate males and to increase intensity of selection fo r traits expressed only in females (e.g- PJgf |
In order to  assess the interest of taking into account additional inform ation provided by marker loci, cons'^ T 's 

case of individual selection on a single trait. The marker inform ation may be summarized by a "molecular score /  ^ 

and THOMPSON, 1990) and m arker-assisted selection criterion is an index I =  b^P +  b2M with P =  individu^ *M| 

value and M =  individual molecular score. The relative efficiency of marker-assisted selection (based on

com pared to individual selection (based on P alone) is given by R =V (m /h2) + [(1 -m)2/(1 -m h2)] w ith h2 =  herita*3̂

and m = proportion of the additive genetic variance which is associated with the marker loci contributing t0 the

of incltJscore. Values of R fo r different values of h2 and m are given in table 3. In that situation, the advantage —

information in selection is substantial fo r tra its of low heritability if an im portant fraction of the additive g e n e ^ jr 's
at# P k

associated with the markers. However, it m ust be kept in m ind here that m ost of the QTL’s affecting a lowly 

are expected to  have small effects (see table 2) and therefore that only QTL-marker linkage experiments of very . 9

enable to detect such QTL’s.
Ddi

Table 3 - Relative efficiency (R) of marker-assisted selection and individual selection (see text)

m
h2

0.05 0.10 0.25 0.50

0.25 2.36 1.75 1.26 1.07
0.50 3.20 2.29 1.51 1.17
0.75 3.88 2.75 1.75 1.26
1 4.37 3.16 2.00 1.41

K

A particular type of m arker-assisted selection is that concerning a specific single locus previously d e te c t

major effect on certain quantitative or qualitative traits. In pigs, the halothane sensitivity locus (Hal) belongs t0 4
ifK* 'linkage group encom passing several b lood m arker loci (Gpi, H, Pgd, A1BG,...). Some of these "classical" mar ^ i L  

used fo r reducing the frequency of the halothane sensitivity gene either from  examination of w ithin-family segre^ /  ^

and JUNEJA, 1985) or on a population basis in one breed show ing strong linkage disequilibria between Hal 30 j j  

(SELLER, 1985). Recently, further progress has been achieved for the control of the halothane gene with the

DNA-level marker relative to the ryanodine receptor (RYR), the calcium release channel of the skeletal rnusC^ ( ^ o Ll̂

9lg.

reticulum. A single point mutation at nucleotide 1843 of the RYR gene has been identified as being corr® 

probably being causative of, halothane sensitivity in several porcine breeds (FUJII et al, 1991 ; OTSU et al, 199^ ^

1.4.2. Marker-assisted introgression ¿/llŷ
Given a resource population identified as containing a favourable QTL allele which one wishes to if1 

existing comm ercial breeding stock, tw o procedures are available according to that donor and recipient p°P ^  

differ greatly or differ greatly in overall econom ic merit. In the first case, it is possible to  create a "composite" P ^  

carry out a breeding program m e in th is new population. In the second case, it will be better to  implement
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^  in9̂ the 0rc êr *°  ¡P roduce the desired favourable gene from  the donor to the recipient population w ithout appreciably 

An jntr96netic level of other econom ically im portant traits in the latter population.

N t  c0mr° 9reSSion Pro9 ramrne consists of carrying out a series of backcrosses between the tw o populations, with the 

f  themerClal p °P ulation as the recurrent parent, fo r reducing to a minimum the contribution of the donor population, 
■ s to ^  desired favourable allele, to  the final new population. Use of markers greatly facilitates the introgression since it

!9ure. ^ P the frequency of the favourable allele at maximum levels (i.e. 0.50) until the end of the backcrossinq 
■ Marker-e!9ue,fit! -assisted selection can also be useful by allowing a more rapid fixation of the introgressed gene in the 

r er loc¡ 'ntercross generations. The m ost favourable situation is to  have the introgressed gene "bracketed" by a pair of 

irK ^ il^^rec i ^  3 marker haP l°type which is unique to the donor population. The prim ary advantage of a marker haplotype 

’ScE»nhr, 0 a sin9le marker is tha t recom bination events changing the linkage relationships between QTL and marker

"^ A T ,o e,eCted-
v,1 ° N ° F TRANSGENIC animals 
The ab**°r'Cal b a c k 9 ro u n d

^nirriaig *° 'nsert funct¡onal foreign genes into the germ  line of animals is one of the major recent advances in biology. 

\ ¡ t w Carryin9 experimentally in troduced foreign genetic material (virus SV40) were produced in the m id-1970’s. 

s¡¿e c tlle  paPer published by PALMITER et al (1982) on "giant" transgenic mice (showing, in som e cases, a nearly 

(s4  als' Fo||0 w mpared to their non-transgenic littermates) which really attracted the attention of geneticists w orking on large

) ^ niPu|atio^ 9 this Pioneer w ork on mice, m ost gene transfer experiments with farm animals have been concerned with 

/ i j ,  horm0ne 0f concentration of circulating som atotropin by means of the integration of a num ber of copies of foreign

H I V The firs^ ene 'n t°  the 9enom e : fo r reviews- see PURSEL et al (1989), CLARK (1990), HOUDEBINE (1990), WALL et 
s transgenic rabbits, p igs and sheep were produced by the m id-1980’s (HAMMER et al, 1985 ; BREM et alti«

/  '^ e t hor
S '«ve.ral ° ds for gene transfer

the mo^ 61110010109'63 are currently bein9 used to p roduce transgenic animals (JAENISCH, 1988). In mammalian
3l i % l r 6m ° st

e "‘ W'dely and successfully used method is the m icroinjection of cloned DNA directly into the male pronucleus 

\ Pr° b*b lythenfeCti° n ° f em bryos at
)lonî tlQn of ^ ° nly feasible fo r generating transgenic chickens. A more recently developed technique involves the

various developm ental stages by retroviral vectors can also be used, th is method 

ur)j tion of ge'C ° nly feasible fo r generating transgenic chickens. A more recently developed technique involves the 

® host b |6S ^  ° NA transfection or retroviral transduction into em bryonic stem (ES) cells, which are capable to 
raris9enesjact0cysts and to  contribute  to  the germ  line of the resulting mosaic animal.

L , 0ry e|ern ls based on fusion genes made of parts from  several genes. The transferred genes usually consist of a

C ’ %  „!* (pr° ™ »
"°nein-i

first M moter or enhancer) from one gene fused to  the structural DNA sequence of another gene. For 
. nsgenic DIQS fdesianated m M T-hfiH^ WfiTP ohtainpH frnm  none nnnctri irtinnc rnm nncoH  rr>rM ioq

k > «

P'9S (designated mMT-hGH) were obtained from  gene constructions com posed of mouse 

3' lrHe0 r=* Promoter and human grow th horm one gene as structural gene (HAMMER et al, 1985 ; BREM et al, 1985)
Vfir.n a at|on and _________ , ___________

i]e~ e '̂ciencv nf
™ ah ted eonc y ' transgenesis remains low, as shown in table 4 (WALL et al, 1990) : the proportion o f transferred

>/0haSW  WhiCh— .............Of (k
^¡Cri

2 J% r M a rate 6" S develoP to  te rm - However, in pigs as well as in mice, transgenes are expressed in transgenic

variable 

am ount of
incorrelated w ith the num ber of inserted transgene copies. So, the level of expression of a

unique.

and expression of transgenes

aeP- Pre "  resu't 'n an individual expressing the transgene is 2% in mice and appears to be 5-10 times lower in 

croirv natal mortality is a significant contributor to  the inefficiency of transgenesis in pigs and sheep as less than
— d GQ n Q H Q\/ol L_J If/M I/M* in ninn «-«a t. ,,-«11 _. — ______ ■

'5 pr°f irahsger)e° f 6 0 /o' ^  general feature of p roducing transgenic animals by DNA m icroinjection is the highly 

tiC/ \ | ^ aUct seems C° PleS Which becom e integrated at a single random  site of the host genome. In addition,the art 

^  2 /|trar,s9ene ■ *°  de 'ncorre lated w ith the num ber of inserted transgene copies. So, the level of expressr4 « .  « ene¡S u n
A t ' ransrt1¡e^ . .  Pre d ¡ctable a n d  each  transg en ic  an im al is essentia lly  

tra.ariScrule . 9 ene , ( r )l<|sn 0 f t r a n s 9 e n e s
3/S is that lnte9 rated in one of the host chrom osom es to give an hem izygous (TO) transgenic individual. The 

a rv oftsDrir,„i anspene is transm itted to offspring of the transgenic founder by ord inary Mendelian inheritance (i.e. to^  ' a p r Q  rsPring) °  u  1011 " l l c u  u n o p i  n  i y  u i  u  i e  u  u i  i s y u i  u u  l u u n u e r  oy oram ary ivienoenan innernance (i.e. to

> t in 0p>0rtion , ' ldowever, abnorm al transm ission patterns have been observed. As reported by Pursel et al (1990) in

V 1of ,  ° n ly in Sn nS9enic boars failed

j  33< T
J

 ̂ to  transm it the transgene to their progeny and were probably mosaics, with

lc cells. Mosaicism in the germ line was probably present in a boar who transm itted the transgene to
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Table 4 - Efficiency of transgene integration in three mammalian species (according to  WALL et al,

Species

Item Mouse Pig Sheep

Size of data set (*) >100 70 13

Offspring per injected egg transferred 
Transgenics per offspring 
Expressors per transgenic

25%
10%
60%

8%
8%

62%

8%
6%

33%

Expressing transgenic per injected egg transferred 2% 0.3% 0 .2%

(*) Num ber of transgenic animals upon which percentages are based.

2.5 Performance of transgenic GH pigs and sheep g
In contrast to  the observation of a considerably increased grow th rate in transgenic m ice which expreS 

genes, transgenic GH pigs generally exhibit the same daily gain as control p igs (review by PURSEL et a ^  

efficiency and carcass leanness are m arkedly im proved in transgenics, but the continuous over-expression 

serious health problem s (lameness, gastric ulcers,...) and in im paired reproductive capacity (anoestrus in gilts, k  

boars). The same pattern o f effects was reported in transgenic GH sheep by WARD et al (1990). j$t

2.6. Use of transgenes for livestock improvement
As pointed out by SMITH et al ((1987) and ELSEN (1988), a gene transfert operation conducted f° >st 

particular target trait in farms animals com prises several steps : Q

- identification of candidate genes p

- choice of the m ost relevant gene fo r transfer,
- clonage of the gene and developm ent of the gene construction used fo r transfer,

- production of transgenics,

- screening of the individuals carrying and expressing the transgene, 0f
- evaluation of the merit o f each transgenic individual fo r the ta rge t tra it and also fo r all other trai 

importance,

- testing the transm ission of the transgene to  offspring,

- developm ent of a transgenic stock from  the founder(s) of highest interest,

- dissem ination of transgenic breeding animals to comm ercial farms.

As a general rule, developm ent of transgenics should take place within current nucleus breeding stocks in ° n 

genetic lag which would ensue if stocks of lower original econom ic merit were used. |

2.7 Other possible use of transgenes ^  d, c
Gene transfer operations in farm animals may be developed to  p roduce novel products, e.g. rn0 'eC^ ijV ^v  

value, or to induce com positional changes in traditional animal products such as milk (MERCIER et al, 1986 , j 

VERRINDER GIBBINS, 1989). ^

;S
de<[0 L

belo^'
3 - SOME O TH ER  APPLICATIO NS OF M O LEC ULAR G EN ETIC S

A list of other applications of recom binant DNA techniques in the field of animal production is given I 

3.1. Manipulation of sex ratio .$tr p)|
Available m ethods for altering the normal mammalian sex ratio were recently reviewed by Mc EVOV (  ̂y  a

specific DNA probes in cattle (e.g. LEONARD et al, 1987) and sheep allows to  sexing individual em bryo5 

transplantation.

3.2. Genetically engineered vaccines

in'

With the advent of DNA manipulation techniques, a new generation of veterinary vaccines has app(,eare'id,

by AYNAUD (1991). Possibility to  make d istinction between vaccinated and infected animals is one of the maj° 

these new vaccines.

3.3. Production of "recombinant" molecules for administration to animals

Ü J | |

r .u u u u iu i i  ui lecom om anr molecules Tor aamimsirauun iu  dimndia
In that area, exogenous adm inistration of bovine som atotropin (bST) or porcine som atotropin (p S ^  t  k

example. In the first attempts to investigate the effects of daily injections of pST on pig grow th perform3^ . ^

purified pituitary extracts were used. In the 1980’s, progress in genetic engineering allowed that manipulated
produce large quantities of highly purified recom binant grow th horm one and it was shown that recom binant p
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' as

'recent|y r '• y KVJI ^*-¥Worx Cl ai- '»<»;■ enecis OT exogenous p s i  aamimstration to grow ing-fin ishing pigs 
reviewed by BONNEAU (1991). However, the legal authorization fo r the use of pST by pig industry remains 

3.4

tiVe pituitary pST (EVOCK et al, 1988). The effects of exogenous pST administration to  grow ing-fin ishing pigs

6C|

Thp Celling of animal products
ople Pr°bable 
, 0 think th t •

Or n,___ 3 ln tbe ûture ^ could be possible to  "patent" the origin of animal products, e.g. meat from  a particular

* to think 9 *6 appearance °* a very iar9 e num ber of DNA-level po lym orphic markers in farm  animals leads some 
that ¡PI thp f i  iti i r o  it  r ' m  il/H K/-» r t A r r l H U  —4.11 ¿ i---- -------■ • __ •___ i . . ,

^CLUs^ en from a particular breed.

^here j

^  licat'ons in d0Ut>t the considerable advances in molecular genetics and DNA manipulation offer new opportunities 
),^Se new me ^  area ° f genetic improvem ent of farm  animals. However, too  optim istic views on the immediate potential

eCUIarversu eth° d0l09ieS Sh0Uld be avoided and> as Pointed out by KENNEDY et al (1990) among others, debates on 
frarti*: guantitative genetics are essentially meaningless.

th,

^ b a t i n g  ge reeding methods, though lying on fairly simplistic genetic models, have been, and still are, a powerful tool 

^  9SS c°mp0st netlC changes in many tra its. particularly in traits show ing m oderate or high heritability (growth efficiency and 
a|Wn-,ti ' l0n)- Many geneticists agree for considering that selection based on DNA-level markers should not be seen

feinr. t6grated

1

'»tin i . Current m ethods of selection on phenotype. The true question is where and how information on markers

lnt0 tbe quantitative fram ework of traditional breeding program m es. The best theoretical prospects for

ppt t̂ic

 ̂ ^ â ker-ac ■ - ^  I----p,- — ......... ■ • ---- - M .WW. v.iwwtt ,̂1 ivyi

0 hetect a Slsted selection schemes concern lowly heritable traits. In that case, the problem  however remains to be

■b.

Q  J  "  1 11 u  1^ f-M W UIO I I I I IU V Y C V C I I C l  I lean lO LVJ U c

Variance Uh.ICIent num ber of QTL’s with appreciable effects in order to  have a noticeable proportion  of the additive 

eff'cient fnr „ ICb 's associated with the markers. One can think that in the short term  marker-assisted selection will beJ Ivjf "l-N • (| - - - - - - ................. ... i Will

6Sn eXamr,i'r ° lnt actions deal'ng with a few major QTL’s which are already identified for most of them. This approach 
igen- Pllfled in thP lact fQ,., ^  ^ ________________________________ _____________

As les ¡n dajpy 'n t,1e laSt few years by the d iscovery of DNA-level b lood markers for the halothane gene in pigs and
for the

animals

K
A i

9re rather rs- 6 *rans êr technology, results found so far on the integration of growth-related transgenes in pigs and■ airier h - —  ------ ■ ^  nuo yia uw ii u i y  1 k̂ vvii r ic ia ic u  Licjiii>ycncb in p iy s  a ria

>r°sPects t^ aDpointin9 fro m an overall po int o f view, due to highly unfavourable correlated effects on health and 

Pr°dücts Ho trans9 enes's are perhaps of greater prom ise if the purpose is to  modify com position and/or quality of
1 Hot at

frl

V

s « .

this ver’ ’t ¡s felt that muscle and meat are less suitable targets than milk fo r this type o f genetic engineering.

a9©, obvious that genetically modified animals will play a role, in the near future, in m eat-producing
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