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GLHETICEVALUATION METHODS FOR DAIRY CATTLE
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«he ceatral place of progeny testung in medoin i improvement Prugranines veos

is predomiaance 1o 2.2 Tollewing (aciors

- Lhe traits of intersst, all connectod wilh malk producton. «an be neasured directiy
enly n fenales Dull selection must therelor: depead or anformation from female
relatives

- The spread of artificaal insemisation has meant that inSwvadual bulls can have an
enormous impact on Lhe population It s therelore imperauve o know ticir genw
type wvith soge precisian. Atthe same lime. through Al large qumbers of

daughtcrs can ke measured
The ramplest formula [or genetic gain i
Gaun = lagccuracy of sclection ) 1 lintensily of scleclion ) 1 [genclic ¥arance)

The genetic varance 15 « function of ihe evalulienary history of the pepulation, and
nol semething which cin easily be modified The intensily of selectzon can. of
course, be increased by lesting aore animals for cach one selected I s therelure
largely a question of how =wuch meary i3 <pent on the testing crercise. The third
factor, the sccuracy of seleclion, Jepends un Lthe horitability of the trait or trails
included, and on the number and relativaship of the relatives measured for cach
candidste for mlection.

The main dsiry produstion (raits have a heritabilily in the region of 02:03. The
stcuracy thea depends on Lhe number and relalionship of (ke relalives. The measure
of accuracy used isthe correlalion belween the infurmation used lor seleclioa on the
one hand, snd the candidate’s lrue genelic value on the other. This corrclation is
shown ia table | [or differenl combinations of relatives.

From this it is clear thal cven a modest number of progeny gives & more accurale
evalualion of animals to be selected than any combination of iaformstion ca the
snimal itsell, en its full or hall-sib contemporaries, or en i1y ancestors. This is the
exseniial reasca for the central place of progeay teating in modora dairy cattle Al
programmes
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“prepoadersace of small berds, nad relatively low yields por cow, which d pol

Table I: Relative accuracy of scleclivn for
different sources of information (1~ 0.3)

e,

inflormation on Accuracy
il S ik

Self %

Paronis 3 E
Compleis pedigree 431 }
4 Tull sibs 433 1
40 half sibs 113 ,
10 grogeay 10% {
40 pregeny 7% :
128 pregsay 7% f

CMLITY

1o the use of progeny testing as s basis [or selecuen, Lwo important coaflicts need 1o
ba resaived. The fira is & pomible conflici betwesn intensity of sslecuon oa Lhe one
hend and sccuracy of selaction on the etber. Clearly, the more progeny which are
racorded, the more sccurale Lhe progeny test. However, i there is sozae limit oa Lhe
iotal aumber of progesy records which are available, thea higher accuracy {io more
progeny per bull) implies s fewer number of bulls tested, 4nd consoquesily a rvduced
selection Iatensity. Resolution of this conflict has been esplored by Skjervold sad
Laaghelz (1964). The optimume combinstion of sccurscy and inteasity will differ in
different populstions. However, in most programmes 2 minimum of %0 progeny is
requared.

This ceallict is not particularty sculs in same countrier which have very high jevels

of milk recicding. and consequenlly very Isrge numbers of potential progeay
recerds. I Is most dilTicult to reselve in these countriss where commercial milk

preduction is i the sarly stages of development This geserally impliss »

produce Lhe econsmic sutpul to justify the infrastructure of & recarding symem.
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and genersipa Irpgth an e olisey T4 e fprecdon Tut gl goin piscn dbvisr 13
EAES e gvketatersy [l mnrat e el Byt gessrid e Yes atly §a AT Rk o
Yedt Lar nger e gepey dtoon 7ot o siower e 2360 i ol . St gungeny
Weling o wapry aallle, Dudis 20 peowally w0 fesa five '.=r,|'.|_ wl) weinrr a [hgal
tebtilion can be make  Avau altoanilie ey vonkd bo smbested 1) wee 31 3 vear w
age, theonghn at greatly seduved gooni oy simce 1o seleclion canbd aply fe baod vp
infurmation (rem lemale anomstsn s and mibs  Thet sonb vl vas lieed evamaivd hir
Phokerson and lHaiel (194 ey comchmlcd that on 2 s papalation she foe s
frvm 2 lapgrr generan interv sy sesre than ofbol e goins Epues incpeaswd
Aacturacy ol progeny eding T hey oot ehag e peanaigembad that lertsap sloankd Ine
bared vn wwn indivehial pegloieamee cooapedb amd Bt progesy Seatin g e ek b

s

With the devebupavent of embiy o beauate: o oalldbe the palenbial nraibee of sllprine
frem outdanding wews can be morcsed greally Hichedes and LSwdl E1950)
te ceamined the brade ol belacen perrrston pdesval and 2oboctmn Jogarry an
these circumstsaces. and conclnded 1t 2 prapeely steaored scloition 2 chieme
wilbout progeny lestang oniabd debse & bagher rate wl annual gepebic changs thia
the vonvenlenal schemes whicls a0 1o om poopony t=sling Thes srple o | FEEER Y
MET tMelupic velatesn Labeso Frocitee? G suelr 8 fabpss and o gt
verswns of this pragrasme have oy by patan plage i Lo pe

Une way of estending Lhe lesting capanaly of a populatien 13 ol e o devale &
higher prepurtion of the inscmnatien: e Young Fulls rather than te proven hulls
Mach werl in the cardy T8 was devnled o peploting eptisu papulation Gowctinge
i thee regand In geacial o was conefaded that apyebere Do 29 o 9% of the
pupulalion rheuld be bred te young bulls A large part of the justification Jor Lhiz
eanclurion was thal mas! of the genclic gain cams ia [he sire 1o sgn path in Lhe
chamsic 4 path model fir " desinlnad Jur iy caltle population by Hendel and
kaberison (1998) llowever Foi dairy trails, gcunomic benelits frum seleclion are
reatived ouly o Temales  + Gietiy gain transmitied to males I in effext. pat inta
sturage far one geaerdlmn, aad only wipleiied when these males in turn pass it on ta
the noat gepersiion of females When this o onemic dimensiog 15 1akm et avcennt,
bhe relative impertance of the tire fo wn path is greatly decreasol, and that of Ihe
sur e bn dherightey path Ci2 the Loramet sl insemiaatons) i gre AT mcreaded

- Dme comsequence al the rmphatis on Hie =7 fo son path w44 Uhat i was ned regarded
.. iﬁmnthhwhﬂﬁ wiage vl rigoted bolle their main sentrdamiion v genclic
. pregress vas through their soms M‘l resehl, it became conmon, fur financial
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besn accumulsiad

However, Lhe cconsmic model Ys thal heavier use should by made of younyg bulls
aad Lhere is 0oV & lendency in meil programmes 15 kevp yhuag bull widge Lo Jess

thas 0% of all Al

CLLICHENY OF BRGENY TESTING STRLUCTURLD LY DAFRIRENT P UL AT

Western Burepe with 13 millioe dairy cows and North America viuh 12 million have
both developed many sophisticaied Al-linked breeding programs

A lew years sgo. | looked ai this in wme detail (Cunningham, 1992 These differsni
programs vary in adoul liflees separste aspocla. ncluding such things as scale of
iavesimeal in young bull purchase and testing. level of vsage of selecied bulls
preportion of iaseminations carried out by young bulls relalive (mpartance ol
differvnl tralts, rate ef turnover in the bubl Mud rate of twraover 16 the tov
population, sic. We consider the [ir31 bwy L be Lhe most impartant  The resulls are
sumisarsed |a Figure [ This shews Y large scale Al programs plotted by number
of bulls pregeny tealed per million Al and by estimated lifetime uie of salected bulls
The dbaskround lines represent equal rales of estimated genelic gain

¥hat we find is that oi the thirty breediag programs eramined the Lurepesn ones
lend o be quile distinct from Lhose in Amecica Tha basic dilference is that Furnpese
populations invest much more Beavily (o acquiring, besting and selesting among
yeung bulls (up to 430 bulls per million Al) However. lifeticis ustge of the selected
bells teads W be quits lov. lo Americe, investmeal it much less (lest Lhes 19 bulls
tesiad per million Al) but salocied bully are vary heavily uscd

These dilferences <o be [airly easily rationslised Mot of (he Lurepean
organisalions are ceopsialives, ready 12 make major inveslments on behall of their
eiembers. vhile the American iadustry 13 domizated by commercial companiey s hich
invest with much greater prudence  The Brilish and [rioh prugrams are Lhe
sicoeplions la Turepe, leading 1o ook moie hile Ameorican organisations o thel
beeeding slrvciure.

The lsasony from these comparisens sre [airly obvicus  Some of the Europesn

1 pepulations hsve lavasied excenively ia their testing programs aad could get better
. velue far mosey by Increasing bull vesgs The Americsn trganisations could
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been accumuialed.

llowever, the economic sodel says that heavier use should be made of young bulls,
and there is now & lendency in meit prugrammes (o Xeep ﬁun; bull usage o le3s

than 205 of all Al

LETICHNY OF FRVGEY Y TESTING SIRUCTUREY LY PUTIRENT POPULATIONS

Western Europe with 25 million dairy cows and Nonb America with 12 million have
Loth developed many sophislicated Al-linked breeding programs.

A fow years ago, | looked st this in some delail (Cunningham, 1752), Thess differesnl
pregrams vary in about fifieen separate aspects, inciuding such things as scale of
investzment ia young bull purchase and lesting. level of usage of selected bulls
proportion of inseminalions carried out by young bulls, relalive importance of
differeat trails, rato of turnover in the bull sted. rate of rnover in the cow
population, etc. ¥e consider the first Iwo o be the most imporiant. The results ace
sumaarised in Figure I. This shows 30 large scale Al programs, plotied by number
of bulls progeny iested per million Al and by estimated lifetime use of selocied bulls.
The backround liaes represent equal rates of estimated genetic gain,

What we find is that of e Wiirty breeding programs exazined, the Turopean oncs
tend Lo be quite distinct from thoese in America. The basic difference is that European
populstions iavest much more heavily in acquiriag. testing and selscting among
young bulls (up to 430 bulls per aillion Al). However, lifctime usage of the selected
bulls tends o be quile Jow. ln America, isvestmest is much less (less than 100 bulls
tested per million Al), bul selocted bulls are vory heavily used,

These dilforences can be fairly casily rationalised. Most of the Evropean
erganisations are cooperalives, ready lo make major investments on bekall of their
rembers, vhile the American industry is dominsted by commercial companies which
invest with much greater prudence. The British and Irish programs are the
eiceplons in furope. leading lo lovk more like Amecican ufganisations in their
breeding struclure.

The lesson: [rom thess comparisons are {airly ebvicus. Seme of the European
pepulstions have invesied excossively in thelr ‘esting mmuﬂmﬂﬁbﬂr

velue for money by iacreasing bull usage. The American organisstions nlll |
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probably banelit by incressing the investment ic testing

The hisiory of progeay tosting methodology has been reviewed by Pirchowr (1984)
Thess mothods began .o the 1930: and were developed catensively from 1750
sawvards, as thelr applicstion in artificial inseminalion became widespresd The
probism Uhey sClressed was in all cases the same. how o refine Lhe data in such a way

thai the progeay sversges vers an unbiased and precisa measure of Lhs sire’s

graviype.

The meibods developed in difTerenl countries tended W converge over the yeass

Their sucoemful spplicatien alse produced a signudicanl nev preblem. because

lllﬂkm was being schieved, bulls of differenl ages or enginy being

costpared ol any one Usie were Likely to be [rem distinculy dilfereat genclic groups

Furtharmors, the traditional methods were incomplele io lhe sense that they ded ot

lake sccount of the metvork of relatiosships which build up detween bulls in a
m.

Ia erder 1o reslve thess twe difficulties. as well a3 (o give theoretically optimum
sstimates of browding value, llsnderson (1973) proposed & nev sysiem vhich he called
BLUP (Best Linear Unbissed Prz!izisa) la recent years, it hss besz alemast
 usiversally introduced ia modern dawry catle breeding progranmes. and uader the
“'m medel BLUP" has born oslonded lo simullansously evaiusie ol animals
in the populatisn, pot just the sires baing progeny esied,

_ T‘_‘m‘l and upplication of BLUV bas becn made possible by the simulanesus
evalution of statistical theory. computing sigerithms and compuler pawer With Lhe
iltﬂ'lmn of 30 much breoding material pow, the nest chsilvage is the
sllsctive Liakage of svaluzlions from dilferval prugrammes

e P i ey




the conlemporary comparitan methad. nas desidaed i progeny lest 4 bulls per year
and 1o select pae for geasral na At ihist Hme aad 0 thae clrovmatances vk 2
prugtamme made senye It dad nol Joc conpetdion Treer  ginte Bigh powered
pregramacs ebevhere. Teday, such & programme would Make no sonse atall o
Eurepe alene, there are abosl M) soparate Al relaled pingdeny lesting aad wleitiun
schemes Mot of them are designed o serve populations uf al beast hall a millon
cows, and mosd of them prugeny test at Jeant 162 bulls per year  Fwo thirds of thes
relate to Holstein/Triestan caltle, and thexwe 3)i have acoes 1o the sapie genclic
maleryafs A small acale isolated programme hias very hitlle chance of bejag able ta
malch ihe gonelic quality of the bullt coming from these lafger prograames

Furthermare. these pregrimpies are cnofmetisly contly Table Jshews the riimated
costs o progeay lesting a single bull in each of 2 pumber ol Eurvpesn countred
Costs dilfer largaly because in sume populaliins Lhe generativn of the pregeny dais is
pard ier threugk the anormsl mill reconhing precess while i sthers speafic
incentives are peeded o generate the progeny requrds tlowever, o can be seen Lhat
in genoral. a figure of about §29F00 ;oo Lall progeny lested 2pplies  Given that
selotiion intensities range from 1 in 5% 1o L in 16, the cast per bull selected 1a Lhese
prograzamet then raagey from $125 0199 o §250GHL T repay such an invrmenlt
requires Lhat the melscted bully be wsed o 2 very large scdle Thi ggdin, milidates
againsz lhe pruspecls for 2 puccenful prugeny testing proframme an small
populations (dolined asthe number al cows bred by Al)

The primary circumstances which vould pustily a separate breeding programee 1o
spite of small size, modeat vse of Al and poar recording infrastruclure, vould be the
situation whare the sebactivn ebjoctive wai sipnilioantly duflerval fium thal purwied
by the larger programmes This ir primanily 8 question of genctype by eavireament
interaction. [w genolypes rank the sacic in circumitances which suppari more than
000 kg of sailk per cow sad in those where average production levels are less than
307 ¥e have invuifivient evidence on this question




(1]
Table 2: Approzimale costs of progeny testing bulls
in somec Eurupuan countrics.
COUNTRY COST/BULL PROGENY TESTED
- }uUs
Nelbherlands 32,084
Pemmark 27 .004
Korway 21,000
Finland 10, 060
Framce €4 000
Iroland 23}.600
H ‘::-J" S AR o 4 -'.-'::'[ ‘- 5 5 1" 1431 _' 2 :
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Figure 1: Probabla genctic gamn as a luncticn of (a) No. ef
buils tested'miliion Al and (b} Al usage per se=cted bull.
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