
Introduction

Measuring functional traits, such as dry matter in-

take (DMI) and body weight (BW), especially on

a daily basis, is not common practice because of

the need for expensive labour and equipment. But

for milk production the major part of the total cost

is due to feed costs and literature indicates that

there is a genetic variation for feed intake and BW

(Korver 1988; Veerkamp 1998). In addition, feed

intake is correlated with other biological func-

tions, such as maintenance, growth, reproduction,

fetal growth, and energy balance (Veerkamp

1998). Further, BW, DMI, and milk production

level together form an important cluster of func-

tional traits that affect energy balance or its indica-

tor trait, i.e. body condition score (BCS)

(Kadarmideen and Wegmann 2003). Energy bal-

ance traits and BCS are related to fertility

(Kadarmideen 2004). Milking speed (MS) is an-

other functional trait related to the incidence of

clinical mastitis, labour time, and electrical power

needed (Boettcher et al. 1998; Ilahi and

Kadarmideen 2004).

Marker-assisted selection (MAS) has been

shown to increase genetic progress via reduction

of generation interval or by increasing the selec-

tion intensity in outbred populations (Schrooten

et al. 2005). Before applying MAS, or starting to

search for quantitative trait loci (QTL), identifica-

tion of major gene based on statistical segregation

analyses using phenotypic data would be informa-

tive, cheap, and useful, as compared to MAS.

There are several reports on investigations into ex-

istence of major gene in livestock species; for ex-

ample by Janss et al. (1995) for various traits of

Dutch Meishan crossbreds, Pan et al. (2001) for

somatic cell scores in dairy cattle, Hagger et al.

(2004) for selection response in laying hens, Ilahi

and Kadarmideen (2004) for milk flow in dairy
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Abstract. The main aim of this study was to determine if there exist any major gene for milk yield (MY), milking

speed (MS), dry matter intake (DMI), and body weight (BW) recorded at various stages of lactation in

first-lactation dairy cows (2543 observations from 320 cows) kept at the research farm of the Swiss Federal Insti-

tute of Technology between April 1994 and April 2004. Data were modelled based a simple repeatability

covariance structure and analysed by using Bayesian segregation analyses. Gibbs sampling was used to make

statistical inferences on posterior distributions; inferences were based on a single run of the Markov chain for

each trait with 500 000 samples, with each 10th sample collected because of the high correlation among the sam-

ples. The posterior mean (�SD) of major gene variance was 2.61 (�2.46) for MY, 0.83 (�1.26) for MS, 4.37

(�2.34) for DMI, and 2056.43 (�665.67) for BW. Highest posterior density regions for 3 of the 4 traits did not in-

clude 0 (except MS), which supported the evidence for major gene. With additional tests for agreement with

Mendelian transmission probabilities, we could only confirm the existence of a major gene for MY, but not for

MS, DMI, and BW. Expected Mendelian transmission probabilities and their model fits were also compared.
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cattle, and Kadarmideen and Janss (2005) for

osteochondral diseases in pigs. However, there

have been no investigations yet on DMI and BW,

probably due to the difficulty to collect data in

field conditions. Both DMI and BW are important

functional traits in dairy cattle from the standpoint

of biology and economy.
The main aim of the present study was to deter-

mine if there exist any major gene for 4 functional
traits of cattle, namely milk yield (MY), MS, DMI,
and BW, by using experimental data and Bayesian
segregation analysis approach.

Materials and methods

Data

Data were obtained from first-lactation records of
dairy cows kept at the Chamau research farm of
the Swiss Federal Institute of Technology, Swit-
zerland, between April 1994 and April 2004.
The experimental procedures of the farm followed
the Swiss Law on Animal Protection and were ap-
proved by the Committee for the Permission of
Animal Experiments of the Canton of Zug, Swit-
zerland. The traits MY, MS, roughage and concen-
trate intake, and BW were recorded daily by using
automated units by METATRON (American
Calan Inc., Northwood, NH, USA). The animals
were housed in a free-stall barn. Milk production
and other traits were measured twice a day (in the
morning and evening). The concentrate, roughage,
minerals, and vitamins were fed according to cal-
culated needs (NRC 1989).

Data sets were created as follows. The DMI
was calculated by summing the concentrate and
roughage intake. Sums of morning and evening
measurements of milk production data per day
were used for the analysis of MY and DMI, while
for MS and BW the measurements were averaged.
Daily measurements were sampled as 30-day in-
tervals for obtaining monthly test-day data (2543
observations from 320 cows for MY). The pedi-
gree file included 637 animals. A summary of the
dataset used is given by Karacaören et al. (2006).

Mixed inheritance models and analyses

To detect the existence of major genes for MY,
MS, DMI, and BW, data on all 4 breeds was ana-
lysed jointly and the following mixed inheritance
model was used:

y = X� + Zu + Qp + ZWm + e,

where y is the vector of observations; � is the vec-

tor of fixed effects including breed: Hol-

stein-Friesian (n1 = 206), Jersey (n2 = 54), Brown

Swiss (n3 = 42), and Simmental (n4 = 18), age at

calving, and year-season interaction; u is the vec-

tor of random polygenic effects; p is the vector of

random permanent environmental effects; m is the

vector of genotype means (i.e., -a, d, a); e is the

vector of random residual effects; X, Z, and Q are

design matrices; and W is a matrix that contains

the genotype of each individual (i.e., AA, AB,

BB). W and m are unknown and have to be esti-

mated from data by using segregation analyses.

For the random effects it is assumed that

where � u

2 , � p

2 , and � e

2 are polygenic, permanent

environment and error variances, respectively;

A is the additive genetic relationship matrix for the

animals; and I is an identity matrix.
Uniform prior distributions were assumed with

the ranges: (– �� � �) for nongenetic effects and

for the major locus, (0, � �) for variance compo-
nents, and (0, 1) for allele frequencies (Janss et al.
1995). Only single allele frequency was modelled,
favouring the detection of a common major gene
in all breeds. The Gibbs sampling algorithm was
used to obtain the variance components as imple-
mented in MAGGIC (Janss 1998). A single run of
the Markov chain for each trait consisted of
500 000 samples, with the first 25 000 samples
used for burn-in period, and thereafter each 10th
sample was collected (because of the high correla-
tion among the samples). Starting values for vari-
ance components were obtained from previous
analyses of the same data (Karacaören et al. 2006)
by using random regression models. Using vari-
ance components for polygenes and major genes,
heritabilities were calculated: for polygenic model

heritability, heritabilityP = � u

2 / (� u

2 � � e

2 ) and for

mixed inheritance model heritability, heritabilityM

= (� �u a

2 2� ) / (� � �u a e

2 2 2� � ), where � a

2 is major gene

variance. Marginal posterior distributions for MY,
MS, DMI, and BW were obtained by Minitab
(Minitab Inc. 2006).

Confirmation of existence of a major gene

The 95% highest posterior density regions

(HPDRs) were obtained by using the routine

called “lush” as implemented in MAGGIC, which

uses the average shifted histogram method of Scott
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(1992). On the basis of the interval of the

95% HPDR (if it includes 0 or not), the existence

of a major gene was tested for each trait. The Men-

delian transmission (probabilities 1, 1/2, and 0) was

tested by checking if 95% HPDRs overlap or not.

Mendelian transmission probabilities were esti-

mated as explained in Kadarmideen and Janss

(2005). Briefly, we fitted general transmission

models to estimate transmission probabilities and

tested against Mendelian transmission of favour-

able alleles (with probabilities of A allele trans-

mission of 1, 1/2, and 0 for genotypes AA, AB, and

BB, respectively) and the model of equal transmis-

sion of A allele for all genotypes (AA, AB, and

BB). To declare evidence for the major gene,

a model of equal transmission was rejected along

with failure to reject Mendelian transmission.

Results and discussion

This study conducted Bayesian segregation analy-
ses (BSA) on various functional traits in dairy cat-
tle managed under experimental conditions.
Mixed inheritance models were used to infer
polygenic effects and effects of single major genes
under Mendelian transmission. The analyses were
made across breeds, because a separate BSA for

each breed was not possible due to very low num-
bers of animals of each breed. However, such
a multi-breed BSA has been conducted by ac-
counting for breed effects in the data
(e.g. Kadarmideen and Janss 2005). Mean lacta-
tion curves of traits used are given in Figure 1. De-
scriptive statistics of the posterior distributions of
the variance parameters for MY, MS, BW, and
DMI are given in Tables 1 and 2. Convergences
were assessed by the visual inspection of the
Gibbs samples, which were found to be stationary
with 500 000 samples. Posterior standard devia-
tion was relatively small, except for MY (Tables 1
and 2). Permanent environmental effect was esti-
mated to be around 0, which could be either due to
insufficient information in the data to estimate this
parameter or to its effects confounded with resid-
ual and/or other variance components. One would
ideally have tens of thousands of records to esti-
mate variance components in animal breeding but
for segregation analysis of novel traits, such as
DMI or BW recorded only in animal experiment
stations, this would be impractical. Further, segre-
gation analyses in human and companion animal
populations only involve a few hundred samples,
as it is practically prohibited to collect samples on
disease or disorders (e.g. as in Cargill et al. 2004,
Kadarmideen and Janss 2005). Nevertheless, the
accuracy of estimates of variances would be
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Figure 1. Mean lactation curves for (a) milk yield, (b) milking speed, (c) dry matter intake, and (d) body weight



higher in a larger dataset, which was indeed the
limitation of this study.

Point estimates of mixed inheritance model

heritabilities

Posterior means (±SD) of heritabilities from

a mixed inheritance model for all functional traits

are given in Tables 1 and 2. Posterior means (±SD)

of heritabilities were calculated as 0.02 (±0.01) for

polygenic variances and 0.17 (±0.18) for mixed

inheritance (major gene + polygene) variances for

MY. The 95% HPDR for major gene heritability

was found to be bimodal and significant (i.e.,

95% HPDR did not include 0). Karacaören et al.

(2006) used the same data set and the estimated

heritability varied from 0.18 to 0.30 (SE: 0.10 to

0.16) (h
2 = 0.24) for MY by using a different

methodology: random regression models. The

lower heritability for MY than in other studies

could be due to the small sample size and, under

mixed inheritance modelling, the major gene

probably absorbs most of the genetic variances.

Posterior means (±SD) of heritability for MS

were found to be around 0.14 (±0.07) for

polygenic variance and 0.38 (±0.20) for polygene

+ major gene variance (Table 1). Karacaören et al.

(2006) found estimates ranging from 0.003 to

0.098 (h
2 = 0.03, SE: 0.04 to 0.13), while

Boettcher et al. (1998), Rupp and Boichard

(1999), and Ilahi and Kadarmideen (2004) re-

ported estimates of 0.14, 0.17, and 0.25, respec-

tively. Again differences concerning methods

(random regression vs. cross-sectional models)

and sample size could explain some differences

between the results of our study and others.

Polygenic heritability for MS found to be insignif-

icant since 95% HPDR included 0 (Table 1).

Posterior means (±SD) of heritability for DMI

were 0.06 (±0.04) for polygenic variances and

0.45 (±0.16) for mixed inheritance (polygene +

major gene) variances, while Karacaören et al.

(2006) found polygenic model heritabilities of

0.12 to 0.34 (h
2 = 0.23, SE: 0.11 to 0.21).

The 95% HPDR did not include 0 (Table 2) for

mixed inheritance model heritability, confirming

the significance of this parameter. Veerkamp and

Thompson (1999), based on data from 628 heifers

for the first 15 weeks of the lactation and using the

random regression model, also found the

heritability equal to 0.30. The lower polygenic

heritability for DMI before our on other studies

could be due to differences in sample size as well

polygenic vs. mixed inheritance models used.
Veerkamp (1998) noted that heritability esti-

mates are generally high, especially when weight
is based on the average of more than 1 measure-
ment. We averaged morning and evening mea-
surements to estimate the heritability for BW and
found 0.24 (0.14) for polygenic variances and 0.66
(0.09) for mixed inheritance (polygene + major
gene) variances. The 95% HPDR did not include 0
(Table 2) for mixed inheritance (polygene + major
gene) heritability. Karacaören et al. (2006) found
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Table 1. Posterior means and standard deviation (SD) of parameters from mixed inheritance models and left and

right bounds of the 95% highest posterior density regions (HPDRs) for milk yield (MY) and milking speed (MS).

(Multiple values for the same parameters indicated bimodality or trimodality in posterior distributions).

Parameter

Milk yield Milking speed

posterior
mean

posterior
SD

95%
HPDR

left

95%
HPDR
right

posterior
mean

posterior
SD

95%
HPDR

left

95%
HPDR
right

Error variance 18.04 0.56 16.93 19.11 0.37 0.20 0.21 0.24

Polygenic variance 0.26 0.26 0.00 0.78 0.05 0.03 0.00
0.07

0.004
0.12

Major gene variance 2.61 2.46 0.68 4.94 0.83 1.26 0.00 3.20

HeritabilityP 0.02 0.01 0.00 0.04 0.14 0.07 0.00 0.28

HeritabilityM 0.17 0.18 0.00
0.65

0.27
0.81

0.38 0.20 0.04 0.77

Additive effect 4.53 1.11 2.49 6.76 8.70 5.29 0.00
4.93
5.92

1.53
5.46
17.10

Frequency of major
gene

0.88 0.09 0.69 0.99 0.16 0.31 0.00
0.46
0.67

0.07
0.64
0.99

Dominant effect –22.33 29.94 0.00
2.36

2.15
6.42

4.15 18.81 0.00 5.90

HeritabilityP = estimates of heritability for polygenic variance

HeritabilityM = estimates of heritability for polygene and major gene variance



heritability estimates of 0.22–0.53 (SE:
0.170–0.20) by using random regression method-
ology. Other literature estimates, obtained with
multitrait analyses, for example 0.65 by Tveit
et al. (1991) or 0.64 by Svendsen et al. (1994),
agreed with our results. In general, there are no lit-
erature estimates on mixture inheritance model
heritabilities for MY, DMI, and BW in dairy cat-
tle, and hence our results cannot compared; while
for MS the mixed heritabilities were reported to be
higher than polygenic heritabilities (Ilahi and
Kadarmideen 2004).

Evidence of major gene for functional traits

In general it is known that segregation analysis is

not robust to violations of distributional assump-

tions (e.g. Kadarmideen and Ilahi 2005; Igo et al.

2006), so we adapted a 2-stage validation ap-

proach: (1) significance testing using 95% HPDR

on posterior distribution of parameters; and

(2) checking Mendelian transmission probabilities

to guard against any violation of normality or false

positives due to environmental factors affecting

the results.

Milk yield. The results of segregation analyses of

MY are shown in Table 1. Polygenic variance was

found to be smaller than the major gene variance

(Table 1 and Figure 2). The existence of a major

gene for MY is confirmed by the 95% HPDR that

did not include 0. This could also be interpreted as

rejecting the null hypothesis of no segregating ma-

jor gene for MY, at 95% significance level. Domi-

nance effect was found to be quite higher than ad-

ditive effect, which was not expected. Results of

95% HPDR for Mendelian transmission probabili-

ties are given in Table 3. Since there is no overlap-

ping of 95% HPDR among homozygotes, it was

concluded that inheritance of this trait is Mende-

lian and there could be a major gene. This result

agrees with latest studies, which found a QTL for

MY (e.g. Chen et al. 2006; Olsen et al. 2002).

The estimated frequency for the major allele

(i.e. low allele, defined in MAGGIC as p) was very

high, and 95% HPDR did not include 0 (Table 1).
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Table 2. Posterior means and standard deviation (SD) of parameters from mixed inheritance models and left and

right bounds of the 95% highest posterior density regions (HPDRs) for dry matter intake (DMI) and body weight

(BW). (Multiple values for the same parameters indicated bimodality or trimodality in posterior distributions).

Parameter

Dry matter intake Body weight

posterior
mean

poste-
rior SD

95%
HPDR

left

95%
HPDR
right

posterior
mean

poste-
rior SD

95%
HPDR

left

95%
HPDR
right

Error variance 17.83 0.51 16.81 18.81 1307.18 45.62 1217.53
1389.84

1388.57
1397.44

Polygenic variance 1.32 0.94 0.00 2.99 648.25 449.38 0 1456.94

Major gene variance 4.37 2.34 0
0.84

0.53
7.61

2056.43 665.67 782.13 3392.24

HeritabilityP 0.06 0.04 0.00 0.14 0.24 0.14 0.00 0.48

HeritabilityM 0.45 0.16 0.14 0.71 0.66 0.09 0.46 0.83

Additive effect 8.05 3.92 0
3.74

11.87

0.53
11.14
16.90

95.38 17.31 67.65 129.02

Frequency of major gene 0.33 0.41 0.00
0.92

0.18
1.00

0.86 0.07 0.76 0.95

Dominant effect 4.24 0.51 0.07 0.58 –59.75 117.33 0.00 112.26

HeritabilityP = estimates of heritability for polygenic variance

HeritabilityM = estimates of heritability for polygene and major gene variance

Table 3. Left and right bounds of highest posterior

density regions (HPDRs) for transmission

probabilities, presented as the probabilities to inherit an

A allele from AA, AB, and BB genotypes

Trait
Transmission
probability

95% HPDR
left

95% HPDR
right

Milk yield Pr(A|AA)
Pr(A|AB)
Pr(A|BB)

0.94
0.46
0.00

1.00
1.00
0.83

Milking speed Pr(A|AA)
Pr(A|AB)
Pr(A|BB)

0.42
0.14
0.00

1.00
0.96
0.72

Dray matter
intake

Pr(A|AA)
Pr(A|AB)
Pr(A|BB)

0.07
0.00
0.00

0.64
0.26
0.86

Body weight Pr(A|AA)
Pr(A|AB)
Pr(A|BB)

0.60
0.26
0.00

1.00
1.00
0.72



Milking speed. Major gene variance was found to

be higher than polygenic variance (Table 1). Since

95% HPDR included 0 (Table 1), the null hypoth-

esis could not be rejected, and it is concluded that

there is no major gene for milking speed. This

agrees with results of Ilahi and Kadarmideen

(2004), who analysed evidence for a major gene in

3 breeds of Swiss dairy cattle by using a national

database. Mendelian transmission probabilities

for 95% HPDR were found to be overlapping (Ta-

ble 3), again confirming the absence of Mendelian

inheritance. Additive effect was larger than the

dominance effect (Table 1). The estimated fre-

quency for the major allele was low, and

95% HPDR included 0 (Table 1).

Dry matter intake. The 95% HPDR of a major

gene was found to be bimodal (Table 2), which in-

dicates 2 different models (polygenic and major

gene) corresponding to these 2 regions.

The smaller region (0–0.53) could be explained by

the polygenic model, which includes 0. The rest

(0.847.61) of the variation could be explained by

the major gene. Although major gene variances

were found to be higher than the polygenic vari-

ances for DMI (Table 2), the investigation of

95% HPDR for Mendelian transmission probabili-

ties showed that there is no major gene for DMI.

However, more data are needed to confirm this

negative result. Additive effect was larger than

dominance effect (Table 2). The 95% HPDR for

the frequency of low allele included 0 (Table 2).
Body weight. Major gene variance was higher
than the polygenic variance for BW (Table 2).
The 95% HPDR did not include 0 (Table 2), which
confirms the presence of a segregating major gene.
But 95% HPDR for Mendelian transmission prob-
abilities showed that probabilities for 3 genotypes
were overlapping (Table 3). Hence it is concluded
that segregation is not Mendelian for BW. Addi-
tive effect was larger than dominance effect (Ta-
ble 2). The estimated frequency for the major
allele was very high, and 95% HPDR did not in-
clude 0 (Table 2).
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Figure 2. Marginal posterior distributions of major gene variances for milk yield, milking speed, dry matter intake,

and body weight



Conclusions

Bayesian segregation analyses were conducted to

investigate the mode of inheritance of MY, MS,

DMI, and BW. Results showed evidence for exis-

tence of major genes for MY, DMI, and BW by us-

ing standard statistical significance testing based

on 95% HPDRs. A further validation of this evi-

dence for major genes by using a test for Mende-

lian transmission probabilities did not, however,

strongly support the evidence for major genes for

DMI and BW. It was the first attempt to investi-

gate the presence of major genes for DMI and BW.

Since our results were based on experimental sta-

tion data, the number of cows was not large (a typ-

ical constraint for experimental data sets); hence

a larger volume of data are needed to validate the

results for DMI and BW. These results also indi-

cate that it would be worthwhile to collect more

data and conduct candidate gene analysis or quan-

titative trait loci mapping for these functional

traits.

Acknowledgements. We thank all personnel in the

research station of the Swiss Federal Institute of

Technology in Chamau, Zug, Switzerland, for their

help in data collection over a number of years.

REFERENCES

Boettcher PJ, Dekkers JCM, Kolstad BW, 1998. Devel-
opment of an udder health index for sire selection
based on somatic cell score, udder conformation, and
milking speed. J Dairy Sci 81: 1157–1168.

Cargill EJ, Famula TR, Strain GM, Murphy KE, 2004.
Heritability and segregation analysis of deafness in
U.S. Dalmatians. Genetics 166: 1385–1393.

Chen HY, Zhang Q, Yin CC, Wang CK, Gong WJ,
Mei G, 2006. Detection of quantitative trait loci af-
fectingmilkproductiontraitsonbovinechromosome
6 in a Chinese Holstein population by the daughter
design. J Dairy Sci 89: 782–790.

Hagger C, Janss LLG, Kadarmideen HN, Strazinger G,
2004. Bayesian inference on major loci in related
multigeneration selection lines of laying hens. Poul-
try Sci 83: 1932–1939.

Igo RP, Chapman NH, Wijsman EM, 2006. Segregation
analysis of a complex quantitative trait: Approaches
for identifying influential data points. Hum Hered
61: 80–86

Ilahi H, Kadarmideen HN, 2004. Bayesian segregation
analysis of milk flow in Swiss dairy cattle using
Gibbs sampling. Genet Sel Evol 36: 563–576.

JanssLLG,ThompsonR,vanArendonkJAM,1995.Ap-
plications of Gibbs sampling for inference in a mixed
major-gene polygenic inheritance model in animal
populations. Theor Appl Genet 91: 1137–1147.

Janss LLG, 1998. A package of subroutines for genetic
analyses with Gibbs sampling. In: Proc. 6th World

Congr. Genet. Appl. Livest. Prod., 1116 January
1998, Vol. 27, University of New England,
Armidale, Australia: 459–560.

Kadarmideen HN, Wegmann S, 2003. Genetic parame-
ters for body condition score and its relationship with
type and production traits in Swiss Holsteins. J Dairy
Sci 86: 3685–3693.

Kadarmideen HN, 2004. Genetic correlations among
bodyconditionscore, somaticcell count,production,
reproduction, and conformation traits in Swiss Hol-
steins. Anim Sci 79: 191–201.

KadarmideenNH,JanssLLG,2005.Evidenceofamajor
gene from Bayesian segregation analyses of liability
to osteochondral diseases in pigs. Genetics 171:
1195–1206.

Kadarmideen HN, Ilahi H, 2005. Mixed inheritance
models to detect major genes for diseases in farm ani-
mals by maximum likelihood and Bayesian ap-
proaches. Asian-Australasian J Anim Sci 18:
1088–1097.

Karacaören B, Jaffrézic F, Kadarmideen HN, 2006. Ge-
netic parameters for functional traits in dairy cattle
fromdaily randomregressionmodels. JDairySci89:
791–798.

Korver S, 1988. Genetic aspects of feed intake and feed
efficiency in dairy cattle: review. Livest Prod Sci 20:
1–13.

MINITAB, 2006. MINITAB Release 14, Reference
Manual II. MINITAB Inc., State College, PA.

NRC, 1989. Nutrient requirements of dairy cattle, 6th
rev.ed.NationalAcademyPress,Washington,DC.

PanY,BoettcherJ,GibsonJ,2001,Bayesiansegregation
analyses of somatic cell scores of Ontario Holstein
cattle. J Dairy Sci 84: 2796–2802.

Olsen HG, Gomez-Raya L, Vage DI, Olsaker I,
Klungland H, Svendsen M, et al. 2002. Genome scan
for quantitative trait loci affecting milk production in
Norwegiandairycattle.JDairySci85:3124–3130.

Rupp R, Boichard D, 1999. Genetic parameters for clini-
cal mastitis, somatic cell score, production, udder
type traits and milking ease in first lactation Hol-
steins. J Dairy Sci 82: 2198–2204.

Schrooten C, Bovenhuis H, van Arendonk JAM,
Bijma P, 2005. Genetic progress in multistage dairy
cattle breeding schemes using genetic markers.
J Dairy Sci 88: 1569–1581.

Scott DW, 1992. Multivariate Density Estimation,
Wiley and Sons, New York.

SvendsenM,SkipenesP,MaoIL,1994.Geneticcorrela-
tions in the feed conversion complex of primiparous
cows at a recommended and a reduced plane of nutri-
tion. J Anim Sci 72: 1441–1449.

Tveit B, Svendsen M, Hove K, 1991. Heritability of
hypocalcemiaat firstparturition inNorwegiancattle:
Genetic correlations with yield and weight. J Dairy
Sci 74: 3561–3567.

Veerkamp RF, 1998. Selection for economic efficiency
of dairy cattle using information on live weight and
feed intake: a review. J Dairy Sci 81: 1109–1119.

Veerkamp RF, Thompson R, 1999. A covariance func-
tion for feed intake, live weight, and milk yield esti-
mated using a random regression model. J Dairy Sci
82: 1565–1573.

Investigation on major genes 343


