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. This note prcsents a mcthod to incr"o" r"*,r" *Srirl*f,fl'utiond g"n"tic 
"valuation 

sysrcm bascd on a srandardsingle bait repeatabilitv modcl. whcn availablc, dairghtcr yicld deviation @ydt,-s "o yi*"rp.ti,"a uy gencotin! ,iiiJdaughters with one pcrformance equal to the con""rt"a o'ip. Thc other parcnts or trr.r"'"i"tui'auulhters arc assumed to beunknown and put into a spccial group, which_estimate is simply related to $c a-factor of convcrsi-on formula. when onlyEBvs arc availablc, the oerformancc io be atEitutcd to vinual iiughtersis a "dcrcgrcssed'i iBv,-*hi"r, 
"rpr"rrion 

is givcn.The method is illushated by thc inclusion of the us Holstein and Biown swiss lnroimation in the rr"nctr 
"ualuation 

systcm.

In internarionar b*:9,r:r,]Tq,. rdi;i:3!""Jrt?Tr originate from foreign counr'es, whensemen, embryos, or live animals are-impbfted. As fi"se ro."ign "ii.ari;;'il;li s6ongly selected,
:3,tj-1q 

t!1fo_rere-n information would bias the nationat ggr.riJ;uutili;;.;;.iiii'iirror-ution inctudespeorgree' pertormances, and estimarcd breeding values (EBV). The pedigree inflrmation mav be easiivaccounted for throueh the relationship matrix: To account ior airieren-i glneiic'H;t; il;;;"T":'"populations in differjnt countries, gr;uir;irttril;" p;;;;"y #AH""d"#i"rai-ng,o the country oforigin, in addition to the usual crite-ria, is sex, binh yeai, or strain. Ho*.u"r, u"i"uirlire rmponed animalsare not average animals randonrlysampled in the foieign poput"rion, it ii 
"rio 

n""ii'Jri to account for theirindividual genetic merit. Raw performances cannot be-usiJiriJ"rJ li"i"l"J"rJi,tii"iii performed (l) witha complete data set of both corlntrigg. In most situationi, lt is oesirauie io in.rua" onrv inronnative foreisnanimals in the nationat eval.ga1ign. fuese saected fo;;L; *.ai;;'i;d;;;;;;y;TJi.il'EBV fi;bv retated information (reliabliry. aaughter yiird- Jei'i;;;lb'iDi.:i:ffi;,iJ"" ii"r"oo a method toinclude foreign infomntion in a nitona len*i6iuauition ,yrr...

Let us consider a standardsingle trai, r.#3fiff 3:del, including fixed effects, a vecror of add.irivegenetic effects with variance l!'o':a vector of permanent environmental effects with variance I1p-hz;o2, and genetic groups defined for unknown paren't, onfy tOl.

Incorporating DYD information

The DYD is a direct-me-asure of the daughters superiority of a sire and does not include pedigreeinformation, in contrast to EBVs. First it shoud"ue 
"lnr"ir.o 

i"t.i tt. irponin! JJ**, un,r. Let us note y1the converted daughter yield deviation of animall;b; fi;o,.ttr;d-u;;: -"*'"'
The b-factor could be the corversion f".,". ifriod?JBy Interbull and derived from rhe inremationalevaluation with a MACE. or the b-factor of thJ officiJconversion formula, if any (national EBV = a + bforeign EBV;, or bv default a theoreticJ Li",iti" Jrti*"t"Jbt]il'il;; *iiti"lii"n year standarddeviations of proofsln the exporring and imp".u;t;;;;rr.

This information is incorp-orated into the national eval,rlgriol by generating n; vinua.l daughters withone performance equal to y;'.The number of uirtuafaiugnters is de-rived rroin itre retiability R1 of i,sforeign proof, and frbm *re itiriauuity nio 
"i 

ii i.iiffi i.aig;;;1il.; i il;;iil;.ili4 )

with n, = i, Ri/ (l-Rr, np = I Rip / ( t-R1o;, ana t == 1}-;ry"t.
The other parents of these vinual daughters are assumed tobe unkn-own and put into a special group, witherfect s. Environmentar effects (a rr"ri eirect rr roiffi;;;t;;y;if;;fi;-r.?;;#;ces. However. as
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E(yJ=0.sE(u)+0.5g+h,coefficientsofgandharealwaysproponionalandequationsofgandhare
linearly dependent (after absorption of other equadons). Consequently, the only estimable function of these

two effects is 0.5! + h. Later on, by convenience, h is assumed to be null and only g is included in the
model.

Without any forcign DYD information, the equation of animal i could be written as :

Ai 01 =q
with Ai being the diagonal term of the left-hand side for animal i, 0i being i's EBV, and 11 being the right-
hand side for animal i, adjusted for i's parents, progeny and mates EBVs, and for all environmental effects
affecting i's performances. After incorporating the foreign information, the e4uations system is expanded to
include the equations of breeding values u6 and the permanent environmental effect p6 of the ni fictive
daughters (ni=3 in this example), and of the group effect g of the unknown parents of the fictive daughters.
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withdv=4/3 because the other parents of vinual daughters are unknown, 
"=4, f= l-p-.. hz . p_h2.

After absorbing all virtual daughters equations, the system simplifies to :

[4,+n, c n,. lfO,-l f r, +2n;cy1 I
I n'. Ln'.ll j|=|z.Ln'y'I trl

-. L i lLeJ L i I
with c = (l-p)l(4-hl.

Equation [] shows that DYD information may be incorporated by manipulating the equations system,
without explicitly creating virtual daughters equations. Only (at least) one group effect equadon per foreign
country should be added to the sysrem.

Henderson (1975) presented a very similar approach to compute intraherd breeding values. His goal
was to incorporate the national evaluation information for sires in the within herd Cvaluation. In his
approach, the herd and the national evaluation played the role of the national evaluation and the foreign
evaluation, respectively, in the present approach. According to our notations, equation for the sire effect in

Henderson's paper was (At+ntc)0, =ri +2(ni +X,)c ETAi, which is identical to i's equation in Il],
assuming (n+1,) ETAi = ni DYDi, !e assuming that i is randomly and independently sampled in the base
population of the herd. In our approach, i is assumed to be sampled in another population, which level is
accounted for by the group effect.

Interpretation of the group effect !

As E(yi)=0.5(E(ui) + g), the g effect (-!) represents the breeding value in France ofa foreign animal

with a zero foreign evaluation. On the other hand, the g effect (0.5!) can also be interpreted as the country

effect on vinual daughters performances, as in Interbull's intemational evaluation. Therefore, -! is a nerv
estimation of the a-factor of the conversion formula. ln the present procedure, the dispersion parameters
penaining to foreign data are chosen a priori (Ffactor), whereas the location parameters are estimated (a-
factor).



J

The g equation could be simply rewrinen as g = lni (2y; - 0,;l !n, . This expression suggests that
the g effect is estimated by the comparison of vim:al daighters performairces with national data.

, . In his- proposal' Hendenon( 1975) assumed that BLUP evaluations of AI sires were '.expressed asdeviations ftgT.th" genetic merit-of thi base population.for the rrero", uuihe mentionea this dffiitj;was "not a trivial problem". krcluding a group bri herd effe.t,olu"i trri.-p--ui"^ 
"--"

Incorporating EBV information

For females' DYDs are usually not available. Moregvel_$e1 do,not include own performancesinformation. which mav be lhg majoicomponent of a female grjv. rnercrore, Ge iupenority y1 of virtualdaughters should be derived aom"tle con'"JnJeili.Eo*"n"r, t" 
"*ia rrii riiiii-a11", with EBVs ofrclated animals, this superiority should not include the p"agt* iri"'.r"tii;.t ;: ;,fi; the exprcssion ofyi.

From [I], the equation of animal i could be written as :

[a1 +n,.c] 01 *[o,"]t = si * 2cn1y; + o,d,Oo t2l
with di = ), {/J, or l, according to whethei i's sire and dam are known or'not,

0o being the pedigree breeding value (0p=0.5(0s+0d))

- ,tt.= 
q - c,d;00, re s1 is the right-hand side a justcd for every effecrs bur i,s parcnts EBVSlo denve yi' let us assume that the animal i has no connection with the national evaluation (i.e. no

tr,"Jffiffit": ild 
no progenv in the importing country). under this *r".pii"", rr=6, i, : 

" 
0,, 

"ii-"irl,"
[ad1+n,c] 0, +n1 cg =fgn, y, + ad;00

and after some algebra, 2yi=$ + 0e + (l+qi,)(0i _0p)

In absence of national information for the forcign animal i, iti Egv shouta be equal ro its converted foreign
EBV: 0; = ul. Therefore, 2y1 should be set to

2y,=l + "p * rr**ry1ui-uil
As ! is estimated in the national evaluation, rcsults are invarialt to !h: value gressed for t, which may beomitted. consequently, the superiority to be attributed oeach virtuar a""!ti".-i. 

"q""r,". 
'

v, =o.sl,; *[r*ti,lr"i - ",,']L'\ ni ) ')
As expected, the deregression cocfficient increases when the arnouot-of'p"digree information in the foreignEBV increases (d' may vary from l to 2) and when the progeny informatioln 1n1; aecreases. when uo- is
unknown, it may be replaced by the mean converred EBv ui of the foreign animals without pedigreeincluded in the national evaluation.

Numerical example

Let us consider a foreigl animal i, ctraracterized by the followir-rg foreign informadon : i,s sire anddam are known and evaluatei with.a r"ti"uitity 
"lr"r 

to b.'es *^a -o.eo, respeclively, i is evaluated with areliability equal to 0'6. The heritability is assunieaio ue 
"qui 

to o.zi. i'nl 
"Iilu".?'rji""a daughters is

4-h' . R, R,-
ni = _ (___-____!_ _ _r_) = I ? nl' h2 't-Ri l-Rio'



rounded to ni = 13. The deregrcssion coefficient is equal to p = t+ 5l, = :.lO
rli

APPLICATION
This method has been used to include 1843 male and 9,188 female US proofs in the June 1995

French Holstein evaluation, and 92 male US proofs in the Brown Swiss evaluation. Male and female
ancestors were considered separately, with two different goups of unknown parents of virtual daughters.
The b-factors were those used in the offrcial USA-France conversion formulae, derived from the
comparison of full-sibs sampled in France and in the USA (5) in Holstein and from the comparison of
daughters of US bulls ia both countries in Brown Swiss. Each group effect could be interpreted as an
average a-coefficicnt estimate including every information component : imported semen, French bulls and
cows born from imported embryos or imported as live animals. However, no own foreign inforrration was
included for young bulls progeny tested in parallel in France and in another country.

The table I prcseots a comparison of the a-coefficient of the official conversion formulae from the
USA to France, with minus the estimatcs of group effects for unknown parents of vinual daughters, for
milk, fat, and protein yields. In Brown Swiss, the rcsults were similar, rcflecting that the information used
in both situations was basically the same. In Holstein, the group effects derived from the US proofs of
males werc higher than those derived from fcmales proofs for the three tnits, and the a-cocfhcients of the
official conversion forrnulae appeared in an intermediate position. These rcsuls could be interprcted by the
different sources of information used to estimate the group effects. The group effect derived from male
proofs was mainly cstimated by the comparison of the superiority of their US and French daughters. As
.French daughters were bom from imported semen, any preferential treatment affecting their performances
might have inJlated the a-value estimated with US males. On the other hand, the group effect derived from
female proofs was estimated by the comparison of the superiority of these females in the US with the
superiority of their progeny in France, particularly of their sons used in artificial insemination. These
results suggest a small overestimation ofbull dams. In spite ofthe important changes in the US evaluation
system in January 1995, dl these results could be due to rcmaining inconsistencies between national genetic
evaluation systems.
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Table 1. Comparison of the official a-coefficients from the USA to France, with the group effects

estimated from US male (!- ) and female (Er) proofs in Holstein and Brown Swiss

Holstein Brown Swiss

ffi-o:@2
valuel 

-tsm- -Ef- valuel -6m

Milk (kg)
Fat (kg)
Protein (kg)

r29
-6.3
- 1.6

435
2.0
2')

-))
-26.2
-r0.9

128
1.6
4.7

56
0.5)o

I 1995 USA-France conversion a-facror, in 1995 male rolling basis
2 g, is the effect of the group of unknown dams of the vinual daughters of 1843 US Holstein and 92 US
Brown Swiss males with a proof included in the French evaluation

3 !s is the effect of the group of unknown sires of the vinual daughters of 9188 US females with a proof
included in the French evaluation
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