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ABSTRACT
A multiple lactation test day model was applied to predict genetic merit for somatic cell

score and protein yield in Canadian Holstein cattle. The model for test day genetic evaluation
included a fixed herd-test-date effect, fixed regressions on functions of days in milk, random
permanent environmental effects within lactation, random animal genetic effects, and residual
effects. Remrds from the first three lactations were used and treated as different traits. procedures
for this model were dweloped for national genetic waluation for somatic cell score and were found
to be practical even for a much larger dataset from westem Germany. Use of starting values from
the previous genetic evaluation nrn reduced the number of rounds necessary to reach;nvergence.
Test day models were compared to several single trait models based on lactation averages in terms
of ranking of animals. Differences between EBV from the test-day model and EBV from a lactation
average repeatability model were small for bulls with many daughters, but differences with EBV
from a single trait fint lactation average model were large. iifferences were smaller for SCS than
for protein yield.

OBJECTTVES
The objectives of this study were:
a) to develop procedures for national genetic waluation based on multiple lactation test day models
and to apply them to field data (from Canada and Germanv)
b) to compare test-day models to ractation average models for SCC and for protein yield
Two different test day models were compared to models for genetic evaluation basejon lactation
measures using the data set from_ Canada (data set 1). Resuits on computational aspects wi.ll be
presented for the larger German data set (data set 2).

MATERIALS AND METHODS
Data Data consisted of test day records for SCC and production traits from data records
processing centres in canada and Germany, which were an'ryzed separatery. For canada" data
included records from test days from I 9g7 until fall of r 994 . Foi Germany, ttre time span wus fro,o
1990 to summer 1995. For each test day, SCC was trensformed to SCS to achieve normality and
homogeneity of variances .

Table I shows numbers of records and numbers of herd-test-date revels and cows.
Following edits, 5,505,672 remrds on 392,487 cows remained for canada and 22,617,rii records
on 1,487 

'279 cows remained in the German data set. pedigree was completed for cows with
identification of dam and matemal grandsire from national pedigree files . pedigrees for bulls with
daughter records or granddaughter records were compreted ior several g.o"i"tio^ unt oo*nparents were assigned to phantom parent groups, grouped by birth year o}offspring 1s years per
intewal).

Models
For genetic evaluation of test-day observations, a murtiple trait test day model with repeated



observations within each lactation was used Table 2 displays--(co)variance t"lti:-",'-"^l::Ont'

genetic (G), pelmanent envro"*.ittf tpe.l, and residual (i\) effects' which were estimated using

Gibbs sampling procedures - 'uU"i' 
oi the analysed data sets Material and methods for the

canadian dataset are described in a paper by Reents et al. (1995a). variance- components for

Germany were estimated 
"ppivitg 

-t[t'*ti 
metfroforosr using a dataset of 26'216 German

ftotri"in ,o*, with 362,4'18 test diy records from lactations 1 to 3'

Two models were applied for anJy'is of t"st-doy records. The first model (TD1) was:

v:;r-. = FITD* + Ah, + Pln + ASl,. + 
^bi,.r(D/c) 

+ bi,'r(D/cf

+ bu:ln(c/D) + br*[ln(c/D)l' + eij]^"

where y*- is the nh test day "iL*"titt "i'O"j" 
** in parity m; FITD*'is a.nx;l 

lr-er!-^fst-aate

;i;;;,'ffi;-; *irn"r 'oaiiJt 
glittit tnltt (random); P* is a within lactation permanent

environmental effect to account fJr common environmental 
'effects associated with all test-day

remrds of the jft cow in f"'ttnoi' t t'Jom); AS- is an age-season subclass mean effect in panty

m; b*, and b5* are regresston *"ff'"i"* on the linear and quadratic effects of D/c' where D is

days in milk and -3s 1 ; b.' ;;;;;;;;;':;-:"-:1lg*"' "n 
the linear and quadratic effects

of ln(c/D); ei;6,* is a random resiJual effect Regression coeffrcients were estimated within 24

paritY*ageof cal"*c;Tffifl3t" 
similar.to T"q1pt,except 

contemporary groups for

second and third lactation '"*'a" 
frol a specific herd-test-date were combined into a common

i..a-t.tr-A"y class to increase the size of subcells'

Ttr,ree genetic evuru"ri"n-."l"ir l^ed on laclation average SCS or 305-d protein yield were

u..a fo, J"rtp'.iron. trloaet nBp t was a single trait repeatability model:

*n"," /;l';ffli;:*i"t*'t"* I'f*"* **:T1* anxed herd-vear-season errect' P{

is a fixed parity by age effect, P* iJa random p"tt"nto' 
"*itnmental 

effect across lactations of

cow k, A. is a random 
"ooiir"! 

g*.i" "il["i-ira 
k, and e*, is a random residual effect

Residual variances *t" '#ti ffi;'*';-il 
n11u"t or su-itet included in the lactation

average, based on "pp'oo"i""#'iun''fuoo" 
only averages tased on at least two test day

records were included. To *.i","-iil"tiJ'" average SCS, test d-av records were adjusted for stage

of lactation by additive pt:;d;;;il;;Variance components used were based on a

heritability of . I I -o o ,"p"uoui"rir,i"?.lii"r scs *a . i"tit"utriry of 33 and a repeatabilitv of

.5 for protein yield, as "**ifv "ttA 
in routine evaluation in Canada'

Model REp2 was;1*1; *di:i* ".ryr".*i"iyields 
based on at least five test-dav

observations were used. ;ffi;atio; received the same weight in the evaluation Variance

;'T[fiifrTf,H:il'#|j?f"lh'*" onrv rrrst ractation data were incruded onrv

lactation yields based "" "i 
f"*,-f*. test-iay results *tt" "*a Pre-adjustment for stage of

lacration was aon" *ttn th"1'u;i;J;ril;;;"l"rr neP t and REP2. A heritabilitv of l l for

t.t *f;"t.ifr,t#:"fry,'|iilfr|j!:'ry enl ror.,fcs in the nrst three ractations. EBV can

be combined ,ot - ou"""i'"uidi* lZs u*"a onthJ*onotic values' with index weights

;tidil;;; Schneeberger et al' (leel) x5 6 = G;r G1 v'

where Gl is a matri. "'gJ"ff(;;;*"o 
u"*""n scs in'tne first 3 lactations and traits in the

breeding goal ana n i, u,"#, "iiliorrJ"ru1o1tlt" 
in trt" breeding goal The breeding goal

and economic uau""""iln"i"iittr"nJ 9Y 
rorstaJanJ oekers ltse+' Unpublished) and

included four traits, "fir"i*ii 
rl, 

"nJr,rU"fini."f 
..tti'it iSCS) in first and second lactations'

Economic values for ,"*nd lu.tution t,oit" u"*unt"d-io, .n" ""p,"''ion 
of, trais- in all later

lacrations, assuming 
^ 
gt";i;;;;;ion of one Resulting index weights' standardized to sum to

one. were -26, '66,-d i8 ;; iltfor SCS i" ro't"tio?t i' z' anJ r' For protein vield equal

it"ilno *"." put on each lactation EBV'



Computing sfategies used for iterative solution of large scale test day animal models were
described in detail by Reents et al. (1995b). The important key for processing a large number of test
day records is the use of efficient input and output routines of C-HP (fread) in fortran programs.
This allowed solving for each effect in the model by iteration on data (Schaeffer and Kennedy,
1986). Considerable amount of random access memory was saved by using an implicit
representation of the mixed model equations for a multiple trait animal model, as described by Tier
and Graser (1991). In this method unique diagonal blocks of random effects are stored in memory
only once and addressed by pointers when processing the permanent environment or animal effect.
Animal effects were solved via Second Order Jacobi iteration with a relaxation factor of .7. All
other effects were solved by the Gauss-Seidel method. The relative difference between consecutive
solutions prior to relaxation was used to monitor convergence.

RESULTS AND DISCUSSION
Memory requirements were found to be no limitation for application of a multiple lactation

test-day model to the national datasets of canada and Germany. Although model rD2 for the
German data set consisted of 14,7o4,144 equations, and 22 mio test day records were processed
three times in every round of iteration, less than 200 MBytes of memory were required. Due to the
implicit representation of the mixed model equations, test-day models TD I and TD2 required only
slightly more memory than lactation average models. One round of iteration took about i2 mlnutes
CPU time on a HP 900G891 workstation for model TD2 for the German data set. processing time
decreased by 25% if all test-day-records were stored in memory. Each record required I 8 bytes of
memory, tius overall demand of random access memory increased by about 400 MB for dataset
2. In this data set, 3104 different diagonal blocks for permanent environment effects on 1.4 mio
cows were found. Consideration of inbreeding for construction of the A-l increased number of
different elements in A-1, but still only a lotal of 75005 different diagonal blocks for animals were
found, although the complete dataset comprised of nearly 2.4 mio animals.

From detailed studies on dataset I (Table 3) it was concluded that 250 to 300 rounds of
iteration were sufficient to reach stable solutions (relative difference, expressed on a logl0 scale,
reached a value of -4.0). A similar level of convergence was also reached for dataset i after 250
rounds.

The same mixed model equations (dataset l) were also solved using solutions from a
simulated previous (6 mo earlier) genetic evaluation run as starting values. The same level of
convergence' which was reached after 300 rounds without starting values, was now reached after
150 rounds. Benefits from the use of starting values will likely be larger when more frequent
evaluations (and therefore less new observations) are computed.

In model rDr, records from different lactations on the same sample day were fitted in
different herd-test-date groups. For third lactation herd-test-date levels, subcill size becomes small
in small herds and, therefore, the effective contribution of these records to genetic evaluation is
small when herd-test-date effects are considered as fixed. For dataset oo", v.zy" of all third
lactafion records were grouped in herd-test-date levels ofsize I or 2. Subcell sizes for herd-test-
date levels for lactation 2 were larger, but still 6,1% of all second lactation records were grouped
in herd-test-date levels of size I or 2. Assigning remrds from second and third lactation to tj." .u-"
herd-test-date group, as in model rD2, resolved this problem, giving only 2.9%o (3.4%o for the
German dataset) of second and third lactation records in herd-test-date levels of size I or 2.
Differences between EBV from models TDl and TD2 were extrernely small for the combined EBV
over all three lactations and therefore in further tables only results from TD2 will be used

Table 4 shows correlations of combined EBV for SCS and protein yield from model rD2
with EBV from the three lactation average models for Canadian data. For sCS, differences between
EBV for bulls from test-day models and lactation average models diminished with increasing
numbers of daughters (Table a). Lowest correlations were found with the first lactation model ST;



even with more than 100 daughters, correlations were as.low as .86. Repeatability models REPI

and REp2 showed better agreement but mrrelations for bulls with 26 to 50 daughters' which might

be characterized as young test bulls with their first crop of daughters' were g5 Correlations

between mw EBV were rn u ,-g. .;ir' to correlations fortulls with a low number of daughters'

For protein yield correlatrons *;?;;;;;;"i ,-aller than for SCS from this study and also lower

than reported by Swalve (1995) fo' u 
'Lay 

with lst lactation.German production data lt has to be

investigated if differences i" il;;;";;dy are due to ttre difference in heritabilities used in the

test day models ( .25, .23, and'20 for lactations I to 3) mmpared to a heritability of 33 for lactatton

proteinyieldorifingenerallargerdifferencesbetweentestdavmodelsandlactationmodelscan
be found for multiple t""t t'on-ilO moJet appnea to produaion traits compared to SCS'

For production traits, #-;;;; puia to tr," r-tloe of animals with the most desirable

(= highest) EBV. For SCS, iocus would be mostly on avoiiine bulls with high EBV for SCS'

which would be undesirable' Table 5 displays the aergeaelt of the ranking of bulls with highest

EBV for SCS and protein yreii iro-m t.it i"y .oJ.f TD2 to the ranking based on EBV from

lactation average models Rdi, RE t, ;a Si A1 already indicated by the correlation between

EBV, differences in ranklng were lar]esi io' uutt' *itt' a.low number of daughters Agreement of

TD2 was better wirh tl'" '"p";;;;i;-"a"i"ne11 
and^REP2 than with model ST With model

ST, only 5 to 12 out of the 
'0 

;il;;"J;;iu[s (for :c? -d 6 to 8 out of the 20 best bulls for

orotein vield from 
T oz were raffJ in the sime group' In general differenoes between TD models

fiT#;;;';;;t".odels were larger for protein vield than for SCS'
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TABLES

I OIaI

Dataset I
CANADA

Number of
test day rcaorals

Number ofherd-
tesGdale levels

Cows wilh recordsr

3,0E1,676

1t? <??

392,481

1,633,087

292,213

213,259

790,909

703,924

l0?,661

5,505,672

Dataset 2

GERMANY

Number of
test day records

Number of herd-
test-date levels

10,117,929

1,516,243

1 ,298,206

t,595,682

865,284

5,201,018 22,617 '153

1,595,682

629,2A3



TABLE 2. Variance components used for genetic eval. ofSCS with models TDI and TD2

Variatrces bv lactation
Covariances between pairs of

lactations

l:3Random eff'ect l:2
CANADA
_s

Animal addilive genetic

Permment eDvirooment

Residual

.202

.921

1.054

.222

L001

1.213

.319

t.22s

1.269

.18?

.276

0

.200

.202

0

.2sl

.504

0

Protein Yield. &s * 100)

Aaimal additive genetic

Permansnt environmenl

Residual

.398

.569

.635

_o /o

1.098

t.173

.66',7

1.272

L365

.47 4

.417

0

.634

.66'.7

0

.443

.324

0

GERMATTY

ss
Aainal additive gcnctic

Permesnt snvironmqrt

Residual

.154

.737

1.053

.270

.695

1.098

.7 64

1.159

.183

.248

0

.189

.209

0

.2E6

.327

0

TABLE 3. Convergencc criteria at various rounds of iteration for testday model TDt for genedc
evaluadon (tl SCS (dataset I, correlations and deviations only for cows with observations).

Absolute deviation of EBV with EBV at
round 500logro ol rclative

differencc
c.

Correlation of
EBV wilh EBV

at routrd 500
Mean Maximum

Iteration
Perm.
envir.

EBV Lact. I Lact.3 Lact. I lact.3 Lact. I Lact.3

)A

50

100

150

200

250

300

400

500

-2.398

-3.138

-3.742

-4.061

4.328
4.536
4.6E1

4.831

4.896

-2.891

-3.442

-3.746

-4.000

4.205
4.365
4.559
4.697

.995

.999

.994

.999

.020

.009

.051

.025

. t48

.062

.315

.166

l.000 1.000 .003 .009 .022 .080

1.000

r.000

1.000

r.000

.001

.000

.005

.w2
.009

.003

.045

.019



TABLE 4. Correladons b,etween esdmated breeding values (dalaset l) from test{ay mod€l TD2 (combined

EBVforlacutiorut,2,and3)anoEsVfromthreelactadonaveragemodels(REPI,REP2'
and ST) for SCS and protein yield (Pl)'

Number Estimated breeding values from model

of animals REpl REp2 ST
EBV
TDz

Bulls No. of
daughters

) -2)

26-50
51 - 100

> 100

2598

1137

459

320

380,178

.931

.954

.968

.n2

.957

.728 .890 .712

. 780 .917 .77 1

.814 .940 .802

.839 .961 .813

.184 .940 .761

.745 .688

.814 .744

.807 .757

.858 .766

.815 .740
Cows with observations

TABLE5.Rankingofbullswithhighestestimatedbreedingvalues(dausetl)forSCS(mostundesirable)
and protein yield (p)') [aseo on mooel TD2 (combined evaluation over lactations 1, 2, and 3)

comDared to $e ,ffii*Jon 
"sdmated 

breeding values ftom lactation average models.

Number of
bulls

Ranklng
for TD2

No. of butls in common wi0t TD2
Number of
daughlers included
in EBV

REPI P.EP2 ST

scs SCS

11 9 5 6

30 r7 20 18

60n4440
11 7 11 5

31 u2223
76 51 55 5l

t1 11 128
39 32 27 29

E2 62 70 6l

15 14 11 8

41 33 34 32

89 75 73 69

lt
30
60

1l
tl
/o

17

39
82

l5

E9

?598

1137

459

1rn

l4
34
70

l5
38
80

t1
A'l

87

15
A1

E9

<_?5

26-50

51 - 100

> 100

Top 20

Top 50
Top 100

Top 20

Top 50
Top 100

Top 20

Top 50

Top 100

Top 20
Top 50
ToD 100

6
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