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Abstract
Legendre Polynomials (LP) with three to seven patans were used to evaluate daily gains of 6,4&8hgo
bulls of Czech Fleckvieh in performance-test stetidill the age of 420 days. The model comprises th
following effects: station-test day STD, fixed LHtlwn the year-test station classes, random LPhef t
permanent environment of an individual and rand@negic LP. Each animal was weighed on average 11
times in one-month intervals. Weight gain was daieed in relation to the test day, GAINTO from
preceding weighing, GAINAFTER until subsequent viengg and AVERGAIN as the average of gainto and
gainafter. Components of variance were determiryeithd REML method (REMLF90 programme). Residual
variance decreased with the increasing size ofptilgnomial, values of information criterion AIC and
2LogL decreased at the same time. The residuamnvegiof GAINAFTER (77 737 — 89 584) was on average
slightly higher than that of GAINTO (74 812 — 8229 GAINAFTER heritability was slightly lower.
AVERGAIN had on average residual variance lower Bl — 71 838) and approximately twofold
heritability (if= 0.07 — 0.12) compared to GAINTO and GAINAFTER ¢ 0.03 — 0.05). Heritability
slightly increased with the size of polynomial, tath the curves of heritability and the curvepafticular
components of variance fluctuated. Heritabilitycoimulative gain at the age 420 days ranged on geera
from = 0.49 to 0.86.
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Introduction

Bulls of Czech Fleckvieh (dual-purpose, Simmentpk) cattle are performance-tested for daily gain
in performance-test stations with standardiseditiarir and environment. Bulls are filled into a #at
continually all the year round. Hence animals ifiedent phases of growth curve are contemporanethe
day of weighing.

The objective of this paper was to compare variaareponents of growth curves for bulls at the age
from 20 to 420 days, calculated by the random m=jo@ models with different degree of Legendre
polynomial.

Review of Literature

Random regression models are increasingly usetidibs with repeated measurements. Schaeffer et
al. (2000) used TDM with random regression for eatbn of milk performance in cattle. Orthogonal
polynomials seem to be a potential submodel fdardag model with random regression. These polyntsmia
should be at least of degree 4 or 5 (Guo and Siehagd02). Meyer (1999a,b, 2000), and Albuquergoe
Meyer (2001) evaluated genetic and phenotypic camee functions for different growth stages in beef
cattle. They described the structure of covariahetaeen the effects of animal and permanent emviemt.
Nobre et al. (2002) evaluated live weight in a éapppulation of beef cattle by a random regressiodel
and compared this evaluation with the results abthiby a multi-traits model. Differences were large
because different parameters were estimated binihenodels. Growth evaluation by a random regressio
model is likely to be more exact than that by atrrdits model because all weightings are congder
directly with corresponding covariances. Bohmanewal. (2003) used random regression for descripiio
differences in growth trajectories in seven beetls.

Material and M ethods
Breeding value estimation of the Czech Fleckvielstfor growth curve was presented by Kmja
et al. (2003). The basic set consisted of 6,59%afl Czech Fleckvieh breed that were kept in seven
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performance test stations from 1971 to 1999. Only ilationships were considered. The evaluatdls bu
were the offspring of 253 sires, and every sire ditddast 6 sons. Every bull had 26 half-sibs araye. The
first known weight of each animal was obtained lziwt 30 days of age when animals entered the statio
Weighing was carried out in about 30-days intervaidil approximately 420 days of age, when the
performance test was terminated. On average, adtivéas weighed 11 times. Only those days of weighi
(test days) were left in the set, when more thamifnals were weighed. Within one test day 26 bwkse
weighed on average. After all adjustments a tdtadl0g615 weight records were available.

The genetic parameters for cumulative growth arity dgin until 420 days of age are determined.
The following traits connected with the day of waitgy were analyzed:

- body weight (kg)

- daily gain from preceding weighing (GAINTO, g/day

- daily gain to subsequent weighing (GAINAFTER, ay/yl

- average daily gain (AVERGAIN, g/day), (GAINTO +ABNAFTER)/2
Components of variance were computed by REML (REMLBrogramme, Misztal et al. 2002) for several
submodels, according the degree of Legendre poliai¢bP), of the model:

y:STD+LPF+LPGE+LPpE+e ,
where: y - measured value (weight or gain) at thee20 — 420 days

STD - station-test-day-year effect (fixed effect)

LPr - polynomial for average growth curve of all bu(fixed effect) within year and station

LPge - polynomial for a genetic deviation of individugtowth curve of the animal (GE) (random

effect with relationship matrix)

LPpe - polynomial for the deviation of growth curve pérmanent environment of the animal (PE)

(random effect)

e - random residual
LP with 3 to 7 parameterst2to 6" degree) was tested. Age standardisation (as) edsrmed during the
calculation of Legendre polynomial parameters:

as = 2* ((X - Xmin) / Xmax- Xmin)) = 1,
where: x— age on the day of weighingmix— minimum age, ax— maximum age
LP terms:

Po(as) =1 fas) = as
pz(as) = 0.5%(3*aé— 1) p(as) = 0.5*(5*as - 3*as)
ps(as) = 1/8 *(35*a$- 30*as + 3) p(as) = 1/8*(63*a3— 70*as + 15*as)

ps(as) = 1/16*(231*a%— 315*a$ + 105*as — 5)
Genetic and environment components of weight anly dain variance were determined on the basis of
genetic (G) and permanent environment (PE) coveeiamatrices of regression coefficients:
VGE =p *G*p ,
where: VGE - genetic variance of growth trait at age i
p — vector of LP parameters at age i
VPE=p *PE*p ,
where: VPE — variance of permanent environment of the anirhgrawth trait at age i
In a case of the cumulative gain, matrices G andufeEmultiplied from the left and right side by the
sum of vectors gl p;.
The residual component (VRBSvas calculated as a ratio of the REML value sideal variability
for the given model to the value of weight from tluaction showing the dependence of the given trait
variance on the animal age i. The cumulative redidariance is a sum of components till the age (i)

Results and Discussion
Fig. 1 illustrates average gain curve. The gaivewulminates between 230 and 280 days of age.



Fig. 1: Average curve of daily gains (Kteya et al. 2003)
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Tab. 1 Comparison of model criteria

Degr ee of
polynomial

Residual
variance

-2L ogL

AlC

Body weight

55.20

552826.00

552864.00

34.13

531441.33

531507.33

29.63

527249.84

527351.84

26.81

524751.25

524897.25

24.79

523360.52

523558.52

GAINTO

82730

1022381.69

1022419.69

79380

1020305.55

1020371.55

78310

1019393.51

1019495.5]

77330

1018476.01

1018622.01

75210

1017232.21

1017430.21

GAINAFTER

90060

1028021.98

1028059.98

85490

1025009.40

1025075.40

81450

1022869.646

1022971.66

79190

1021739.17

1021885.17

78150

1020814.49

1021012.49

AVERGAIN

72220

1022675.06

1022713.06

67400

1019373.74

1019439.74

55690

1015223.42

1015325.42

51110

1013170.94

1013316.94

DO WINOUIRWINOIOHHAWINO|UIRAWIN

48370

1011576.93

1011774.93

Table | gives residual variances, the — 2Logl ah@ for evaluated traits and the polynomial degrees.
With the increasing polynomial degree the residaaiance decreases. In body weight, this decreasmie
intense than in gains. There is a simultaneousedserin the values of —2logl and AIC which suggasts
better suitability of models with a higher degré@alynomial.

The calculations are related to daily weight gaBsdy weight is expressed as the body weight of
animals at given age or by cumulative summing odfydgains. Body weight is influenced by the growth
ability at a given moment of weighing and previdustory of an individual. Individual animals have
different histories therefore in body weight itdgficult to fully differentiate using STD the infence of
environment from genetic abilities. Determinatiohcomulative gains for the breeding value estinratio
should be therefore more accurate than for bodghtei

Tab. 2 shows the average values of variance commp®rfer examined submodels. It concerns
components for daily gains on average for the wioblgerved period from 20 to 420 days of age. Inybod
weight and cumulative gains, it shows the valugbetnd of the observed period at the age of 496.d



Tab. 2: Components of variance - comparison ofoveridegrees of Legendre polynomial

(Ii))feg(r)lee Cumulative growth at the age of 420 days(kg) | Daily gain during whole period (g)
Weight Gainto | Gainafter | Avergain Gainto | Gainafter | Avergain
VGE 834.87 342.55 359.56 598.88 3 388 2738 6 445
2. VPE 639.16 58.66 20.32 347.90 923 500 5758
VRES | 106.08 33.00 35.92 28.81 82 29p 8058 71838
VGE 788.78 339.28 374.31 627.81 4 508 3127 aJ 2p
3. VPE 581.52 157.29 75.41 327.72 2196 1584 077 2
VRES 65.59 31.66 34.10 26.88 78 96D B0| 67044
VGE 869.68 331.56 339.61 749.14 4619 3258 2 2
4, VPE 601.98 153.76 161.72 603.06 2530 3967 181 5
VRES 56.94 31.24 32.49 22.21 77 896 B10| 55395
VGE 938.22 325.15 347.99 660.57 4 381 3 557 10 600
5. VPE 530.34 134.95 188.51 672.65 2720 5784 5 35
VRES 51.52 30.85 31.59 20.39 76 92(1 7B 7| 50840
VGE 926.22 330.72 356.94 629.53 4777 3 369 1
6. VPE 472.59 139.22 179.66 636.19 3 666 6 287 58 1
VRES 47.64 30.00 31.17 19.29 74 812 737 48 114

VGE — genetic component, VPE — component of permiae@vironment, VRES — residuum

The residual variance component in daily gains ayntimes higher than in genetic and permanent
environment components. In comparison of daily gaiVERGAIN shows a higher genetic variance and

variance of permanent than GAINTO and GAINAFTER. @ contrary, in live body weight and

cumulative gains, the individual components of aace are more balanced. The genetic componengis th
highest and component of residuum is the loweste lbody weight has a higher genetic variance than
cumulative gains. Genetic component and componiepelnanent environment of the gains have a rising
ending with the polynomial degree. Even in cumuatyains, AVERGAIN has a higher genetic variance

than GAINTO and GAINAFTER.
As an example, Figs. 2 and 3 show the course ofgthe components in the trait GAINTO for
polynomials of 2° and 6" degree (3 and 7 parameters)

“GAINTO™ LP &h degree (g)

Fig.3: Components of variance for daily gain
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In polynomial of the 8 degree, the genetic and permanent environment @oemps are slightly
higher than in polynomial of thé'®degree. All components for daily gain were quiéahced except for the
beginning and the end of the period. Druet et 2008) also mentioned the typical border effectshef
Legendre polynomial at the beginning and the entti@factation and waves in the middle of lactation
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For body weight, the course of variance componedependence on age is shown in Fig. 4.

Fig.4: Components of variance for body
weight - LP 6th degree (kqg)
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The variance of observation is quite stable folydgain, but increases with age for body weighte Th
permanent environment component rises approximaiely the age of 250 days and then it keeps time sa
level. Meyer (2001) described variance with polymenfunction to alter variance in dependence on. age
Variance function has a part of measurement erdragpart of polynomial function. Druet et al. (3DQised
the exponential function for residual varianceha model.

Fig 5 shows the comparison of development of genetiiiability of the gain GAINTO for individual
different polynomials. Polynomial of the"2degree shows the most stable values, polynomidhef@"
degree, on the contrary, produces the highest w&@gnomials of the 3rd and"4egree have extreme
values.

Fig. 6 shows the curves of the course of genetropament for live body weight and individual
models. The course of the curves for individualypomials is similar. The value of genetic variance
increases with the polynomial degree.

The genetic component of variance for weight insesarelatively markedly and continually for all
models with the age of an animal. The increaseeokgc variance for growth is in agreement with kley
(1999b) and Albuquerque and Meyer (2002).

Fig. 5: Genetic variance of daihy Fig.k: Genetic variance of
gain "GAINTO" (g) body weight (ka)
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Coefficients of heritability for individual traitand polynomial degrees are presented in Table 3. It
concerns heritability for body weight and cumulatigains at the end of the observed period and geera
heritability of the gains in the course of the wdhobserved period.

Tab. 3: Heritability - comparison of various degr@$ Legendre polynomial
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Degr ee of Cumulative growth at the age of 420 (kg) | Daily gain during whole period (g)

polynomial | Weight | Gainto | Gainafter | Avergain | Gainto | Gainafter | Avergain
2. 0.53 0.79 0.86 0.61 0.04 0.03 0.07
3. 0.55 0.64 0.77 0.64 0.05 0.04 0.08
4. 0.57 0.64 0.64 0.55 0.05 0.04 0.11
5 0.62 0.66 0.61 0.49 0.05 0.04 0.11
6 0.64 0.66 0.63 0.49 0.05 0.04 0.12

Heritability of body weight and cumulative expressiof body weight is many times higher than in
daily gains. There is a great influence of ,eveay'drandom errors on the gain, in cumulative exgias it
is total sums in which the random errors are reciglty eliminated and therefore the residual valitgbs
relatively lower.

In daily gains AVERGAIN shows approximately twofolteritability than GAINTO and
GAINAFTER. There appears again a lower variapiif the trait calculated as an average (AVERGAIN).
The polynomial degree is connected with a slightiemcy for the increase in heritability coefficient

The course of heritability coefficient of daily gaiis shown in Fig. 7. Heritability in the course o
growth is most stable for the polynomial of tHé @egree. Polynomials of th&'@nd %' degree form a wave
at the beginning.

The course of heritability in cumulative gains igen in Fig. 8. Polynomial of the"2degree reaches,
except for the beginning, the highest values inviele course. Starting with day 150, the courséhef
curves in all polynomials is similar.

Fig.7: Heritability of daily gain "GAINTO"

Fig.8: Heritability of cumulative
daily gain "GAINTO"
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The course of heritability for live body weight acding to individual polynomials is presented in
Fig. 9. For body weight, we can observe the accatadlshare of genetic component and descendedahare
residuum with the increase of degree of polynoniialerefore heritability increases, too (see Fig. e
shape of the curve of heritability in the coursegadwth for all degrees of polynomial is well-praponed
from 70th day of age. Until that time the differerfwetween degrees of polynomials are marked. Tamed
heritability increases with the degree of polyndmiRolynomials of higher degrees have extreme sahie
the beginning. From this viewpoint, th& degree polynomial seems to be sufficient.

The coefficient of heritability of body weight idgger than this referred by Meyer (1999b) and
Albuquerque and Meyer (2001). Meyer (1999b) shdwesheritability rather stable in the period fron010l
300 days of age. Albuquerque and Meyer (2001) tiehighest maternal and the lowest direct héliyab
at the age of 150 — 200 days. Meyer (2001) referdiereford a decreasing heritability of directeetfin
range approx. 0.40 till 0.20 from birth till theeagf 300 days and an increasing heritability ofemzal effect
from 0.10 till 0.15 in the same age period. But Eey2002) declared practically linear increase of
heritability with age. Bogdanovic et al. (2002) eletined variance components for growth traits in
Simmental bulls. They evaluated weight and gairdififerent segments of growth. Their coefficient of
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heritability was lower than ours (0.29 for lifetirgain).
Fig.9: Heritability of body weight
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Degree of polynomial influences the level of hdaility, but do not have any bigger influence on the
course of genetic variance and heritability for ypagight and cumulative growth. The course of clativé
growth for gain till weighing and average gaingsnilarly as body weight, balanced from 90th-108&y of
age (Fig. 8).

Conclusion

REML calculation requires much higher number ofrat®ns to reach the acceptable level of
convergence for daily gain than for body weight.

Every-day residual variability influences stronglgily gain. The heritability of daily gain is much
lower than cumulative growth.

Polynomials of higher degree show border deviatfom® the common trend.

Polynomials of higher degrees show a lower residaaability and higher heritability
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