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Introduction

National breeding value estimations are based amptex models handling several traits at the
same time. In dairy cattle random regression tagtidodels (RRTDM) are used to estimate
breeding values (EBV) for milk, fat and protein Igiein separate lactations. Reliabilities
derived from these models are difficult to obtaingle and multiple trait approaches have
been used to get approximation (Koots et al., 198mrozik et al., 2000, Strabel et al., 2001,
VanRaden, 2001)

For international genetic evaluations, estimatededling values from each country are
deregressed to obtain a value comparable to daugietel deviations (DYD) for bulls that
have daughters with records. Only single trait infations are currently used to obtain
international EBV. A multiple trait MACE would ugbe complete information from national
evaluations based on RRTDM. But EDC and DYD fromitiple trait models are required to
set up MACE equations. Furthermore, Lidauer e{2004) showed a validation method for
genetic trends from test day models, which alsaireg DYD. This method is one out of three
to evaluate the correctness of national breedihgevastimation models by testing for potential
biases in the estimation of genetic trend of aigipgting country. The mixed model equations
of a multiple trait MACE model require the compigat of effective daughter contribution
(EDC) matrix (Tarrés et al., 2006).

The derivation of multiple trait EDC was descridgdLiu et al. (2004). In their paper, it was
shown how to directly convert multiple trait relifies into EDC based on daughter
contributions. Tarrés et al. (2007) described thi@dation of an approximate REML algorithm
in a multiple trait MACE model (2007). It was shownthis paper, how the EDC matrix takes
all sources of information into account. One prableas an unbiased calculation of parents
EDC values within this EDC-matrix. The approachgmsed by Harris and Johnson (1998), to
compute single trait reliabilities was extendedth® RRTDM situation by Ducrocq and
Schneider (2007). This resulted in unbiased symmEDC matrices and reliability matrices.
Ducrocq and Schneider (2008) proposed an appraacurnmarize any number of test-day
records of old cows into a reduced number of “psewtords” in order to alleviate
computations. This approach supposed the consirucfia right hand side for each cow.

In this paper, the strategies used in Ducrocq aclth&der (2007, 2008) are combined to
compute EDC matrices and DYD vectors for sires.
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Methods

Hypotheses and general strategy
Suppose a Random Regression (RR) animal model avitontemporary group effech)(
corresponding to the herd-test date (HTD) effette Bther fixed effects and random effects
other than genetic and permanent environment eff¢etg., herd-year effects) will be
considered as being accurately estimated and wijbored for the DYD computation.
The general model is:

y=Xh+Za+Wp +e with Var(e) =R
wherey refers to the observations of cows. The corresipgnohixed model equations are:
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Solutionséi for all animals are supposed to be available @leeady computed),
We want to find sire EDC matric&* and DYD vectory*, such that for a particular sire s:
y. = Z.a, +e.. The mixed models equations are:

v, v DA fa] = [y @
System (2) should give the same solutions as (19ifes.

The strategy used is similar to the method usdalicrocq and Schneider (2008):
step 1 compute¥; for each sire s
step 2:compute the right hand side of (2) for each sire s
step 3:transform the EDC matri¥¢; and the right hand side for sire s into pseudordsco
and weights, so they can be used directly in a RRa@ model.

Step 1: computation ofw,

First, the block corresponding to the own recordlsamy cow with data is computed as
described in Ducrocq and Schneider (2007). Conteanpogroup effect and permanent
environment effects are absorbed into genetic effgoations, leading to a block matrB(?

for each animal i with records. These blocks shdddstored for later use. As shown in Liu et
al. (2004), the reliability matriXI'; requires these blocks to be absorbed into the ibske s

of animal i, as well as a component involving thdl feliability matrix of the dam of i.
Therefore, the whole procedure described in Ducerad) Schneider (2007) will be completed.
At the end, reliability matrices of all animals areailable, which are needed for all dams for
animals with record€Ry

The next task is to successively absorb the equatiorresponding to all the daughters of sire s
as well as their dam into the sire block. This Etaation similar to equation (11) in Tarrés et
al. (2007). Tarrés et al. (2007) developed the sbxifor the triplet sire s — dam d — animal i:
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where ¢ dq ds are the mendelian sampling terms correspondimngtand s.

Note than in (3),¥; is building up as more equations of daughtersraatés are absorbed, d

can be ignored at this stage because it will apla¢arin (2).¥_; is the EDC matrix of dam d
after taking into account all sources of informatiexcept the contribution of daughter i.
Ducrocq and Schneider (2007) described how to nbigj_; from ¥ (or similarly, fromRy).

For the dam, firs¥} is obtainedrom the finalRy, then ¥_; is computed using Harris and
Johnson’s (1998) approach.
In other words, to computi,, we start with¥ ; =0. For all animals with records, we construct

(3), then absorb the last two rows and columndaxfis in to the first one:
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In practice, rewrite (4) as:
VoW, + %diegl -FE 5)

Let E=TT'. Then FE'F=FT "T'F=K K whereK is solution of TK=F. So onceE is
computed, one can compute its Cholesky fakktosolveTK = F for G and comput&’K .

Step 2:right-hand-side computation
The right hand sidehs of (2) can be computed as in Ducrocq and Schnegi2@d8) by
multiplying the left hand side by the vector of kimosire EBV.

ths =|¥. + G 0 AT [a,] (6)

Step 3:transformation of the right hand side into DYD.
A simple transformation converts the right hanceths) into pseudo-records or DYD. First,
. . j=rank(w;) ) ) )
decompos®¥ as ¥ =U§ > uu; (=equation (6) in the appendix of Ducrocq and
j=1
uy
Schneider (2008)). TakE; =| : |. Then, the DYD vector for sire s is:
uj

s = (ZS R"l)_rhs



Validation
If the derivation is correct, fitting a random regsion modely; =Za, +e; (where ,: are

records and the rows (if.;are the corresponding regression coefficient) shgite the same
sire solutions as in (1).

Discussion

Because of the size of the equations system, ediigl reliabilities or EDC for random
regression EBV is a major computing task. Approstiores of single trait reliabilities are often
used and they are easy to calculate. But for nelti@it models at national and international
level, they are more difficult to compute and ofteiased. The approach used in this paper
describes the progressive computation of sire EBI0es as a sum of daughter contributions
corrected for their dams. These sire EDC matrieeslze used to set up the right-hand side for
sires and combining them with the national sire E@Yuation (6)); they lead to multiple trait
DYD values. The advantage of this system is thanmgaations are done on a single animal
basis. Large matrices are not needed to be setmparted. The potential applications of these
EDC matrices and DYD vectors are the same as isitigde trait situation. For example, they
can be used in the estimation of genetic corralatibetween countries applying different
RRTDM evaluations with the approximate EM-REML apgech described by Tarrés et al,
(2007) There is no loss of information, in contrasth approaches which first reduce the
multiple trait problem to a single trait situation.

The procedure was implemented into the French geeealuation softwar&enekit
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