
Netherlands Journal of Agricultural Science 36 (1988) 191-193 SYNOPSIS 

The inheritance of mitochondrial DNA in cattle 

A. J. van Reeuwijk, S. Korver and J. H. J. van der Werf (Dept. of Animal Breed
ing, Wageningen Agricultural University, P.O. Box 338, NL 6700 AH Wagenin-
gen, Netherlands) 

Received 9 December 1987; accepted 9 March 1988 

Abstract. Important processes, such as oxidative phosphorylation and mitochondri
al protein syntheses, are influenced by mitochondrial (mt) DNA, which is partly in
dependent from nuclear DNA. Researchers have described a rapid nucleotide vari
ation of mtDNA over twenty years between maternally related individuals. In gen
eral, the knowledge of the inheritance of mtDNA is limited. A number of studies 
have focussed on quantifying the cytoplasmic effect on production and reproduc
tion traits in cattle. These studies show significant cytoplasmatic effects on milk 
production traits and effects on reproduction that were nearly significant. 

Key words: cytoplasmic inheritance, mitochondrial DNA 

Introduction. A number of studies suggest that cytoplasmic inheritance may influ
ence milk production traits of dairy cattle. A potential approach to explain these cy
toplasmic effects is to study mitochondrial deoxyribonucleic acid (mtDNA), which 
carries the genetic information essential to mitochondrial function (Hutchison et 
al., 1977). In contrast to the chromosomal genome, which is inherited from both 
sire and dam, Hutchison et al. (1977) found that the mitochondrial genome is inher
ited solely from the dam. Cytoplasmic inheritance, in addition to nuclear inheri
tance, could be important in selecting cows to produce embryos for transfer and 
splitting. This synopsis reports on the literature on physiological aspects of the in
heritance of mtDNA in cattle and the methods used to quantify the effect. 

Physiological aspects of the inheritance of mitochondrial DNA. Dzapo & Wassmuth 
(1983) found that nearly 85-90 % of the required proteins for the biogenesis of mi
tochondria are nuclear (n) DNA coded. The enzymes that are specific to the 
mtDNA transcription and replication processes are probably also nDNA coded 
(Anderson et al., 1981). However, the control of replication and transcription of 
mtDNA is autonomous, according to Alberts et al. (1983). This implies that nDNA 
has an important impact on the biogenesis of mitochondria and replication of 
mtDNA. An important question is how much does mtDNA affect important pro
cesses like oxidative phosphorylation and mitochondrial protein synthesis indepen
dently of nDNA. 

Many studies demonstrate heterogeneity in mtDNA within the species and ho
mogeneity within one single animal (reviewed by Bell et al., 1985). However, 
Hauswirth & Laipis (1982), Laipis et al. (1982) and Olivo et al. (1983) describe a 
rapid change in nucleotides over twenty years between maternally related individu
als. Mutation alone does not sufficiently account for this variation. Other factors, 
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such as the existence of mtDNA sequence heterogeneity within the female germ 
line, have been postulated (Olivo et al., 1983) as a cause. Hauswirth et al. (1984) 
have documented the existence of a heterogeneous population of mitochondrial 
genotypes within the tissues of individual dairy cows. They suggest that such het
erogeneous tissues reflect a state of intracellular mtDNA heterogeneity (hetero-
plasmy). 

Current detection methods indicate that inheritance of mtDNA is strictly mater
nal in mammals. The average number of paternal mtDNA contributed to the next 
generation is estimated to be no more than one per thousand maternal mtDNA con
tributed (Gyllensten et al., 1985). However, if paternal mtDNA survives and 
mtDNA molecules replicate and segregate at random (Birky, 1983), a rapid mito
chondrial nucleotide shift could occur within a maternal line. 

Quantifying the cytoplasmic effects. Bell et al. (1985) and Huizinga et al. (1986) 
used a quantitative approach to determine the importance of maternal lines within 
the Black and White dairy cattle population. Variation in mtDNA between lines 
and the impact of mitochondria on milk production traits make it reasonable to as
sume that extra-nuclear genetic variation in mitochondria may be responsible for 
some of the variation in milk production traits of dairy cattle. Evidence (reviewed 
by Bell et al., 1985; Huizinga et al., 1986) for this includes: 
- Higher heritability estimates (h2) from daughter-dam regression compared to 
those from paternal half sib correlations. 
- The importance of a cow's performance in predicting the merit of her daughter is 
higher than expected and it is lower than expected for predicting her son's progeny 
test results. 
- Significant differences in production traits between reciprocal crosses in cross
breeding studies with dairy breeds. 

Differences in cytoplasmic lines in the data of Huizinga et al. (1986) were larger 
than in the study of Bell et al. (1985). Cytoplasmic origin was a significant (P < 
0.01) source of variation in fat plus protein yield and milk returns (expressed in 
Dutch guilders). They account for 10 % and 13 % of the variation, respectively. In 
both studies, cytoplasmic effects on reproduction were either significant or nearly 
significant. 

An alternative interpretation of the results of Bell et al. (1985) is given by Kenne
dy (1987). He simulated the design of Bell et al. (1985) with no cytoplasmic effects. 
Analysis of the simulated data produced estimates of variance due to cytoplasmic 
origin that were comparable to those of Bell et al. (1985). Kennedy (1987) con
cludes that the observed results probably reflected residual additive genetic effects 
representing drift variance, which was unaccounted for by the models used. Reed & 
van Vleck (1987) estimated heritabilities from daughter-dam and daughter-grand-
dam regression. Analysis of residuals showed that cytoplasmic effects did not ac
count for variation in milk and fat yield or fat percent. Kennedy (1987) proposed a 
complete animal model that includes all additive genetic effects. 

Conclusion. Increased use of embryo transfer techniques in cattle makes it desira
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ble to determine the importance of cytoplasmic inheritance. However the mecha
nism of mtDNA inheritance, the frequency of (intracellular) sequence variation be
tween and within maternally related individuals and the amount of autonomy of 
mtDNA in respect of nDNA are only partly understood in mammals. This limited 
knowledge restricts the value of the analytical approaches used by Bell et al. (1985) 
and Huizinga et al. (1986) to determine the extent of cytoplasmic effects. Interdisci
plinary studies between biochemistry, molecular genetics and quantitative popula
tion genetics are necessary for a better understanding of the nuclear and mitochon
drial DNA effect. 
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