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wild (Bronson, 1998), the link between energy balance and ovulation in female domestic
ruminants probably involves longer-term homeorhetic (Bauman, 2000) mechanisms. These
bring into play energy-balance driven adaptations in key tissues (adipose, skeletal muscle)
and organs (liver, brain, ovary) mediated by alterations in the expression and function of
hormone receptors and nutrient transporters, leading to modifications in gene expression.
However, against this backdrop, short-term improvements in nutritional status during the few
days preceding oestrus can increase the number of ova shed in polyovular species such as
sheep.

Stress and the reproductive axis

Compared with life in the wild, domesticated ruminants could be perceived to enjoy relatively
stress-free environments with an assured food supply that avoids the daily, and reduces
the circannual, fluctuations of intake seen in the wild. Although this is partly true, their
higher levels of production invariably lead to physiological conflict that forces domesticated
ruminants into quite severe negative energy balance. However, even when food is available
ad libitum, the high-yielding dairy cow in negative energy balance and regarded by many
nutritionists as an animal under considerable metabolic stress, opts for major day-to-day
fluctuations in her food intake (Forbes, 2001). Why she does so is not known; neither is the
effect, if any, of these oscillations in intake on her GnRH pulse generator. Clearly, other forms of
stress do result in acute suppression of GnRH release; an interesting question is whether there
is genetic variation in domestic ruminants for this effect. In feral species, there are genotype
differences in the effects of transport-induced stress on the reproductive axis which are linked
to the Agouti locus (Hayssen, 1998). Variation in this locus occurs in domestic ruminants and
is best understood in sheep in which, in the context of reproduction, a dominant mutation
(A"M) suppresses out-of-season breeding activity (Dyrmundsson and Adalsteinsson, 1980).
Interestingly, in cattle, polymorphisms in another neuroendocrine mediator of reproduction,
the leptin gene, appear to result in higher milk yields without associated adverse effects on
fertility (Liefers et al., 2002).

Fecundity genes

The story of the identification of the Inverdale gene has been described as ‘a tale of remarkable
coincidences’ (Davis, 1994). The same is true for the identification of the Booroola gene. Early
events in the discovery of both genes illustrate the important role that farmers can play in
observing, conserving and bringing unusual production traits in their livestock to the attention
of geneticists. The reports of the actual identification of the genes, the oocyte-derived bone
morphogenetic proteins (BMP), are examples of the enormous benefits to knowledge that
can accrue from the integration of the full range of research approaches (whole animal to
molecular) that are now available to investigators in the biological sciences. The value of these
findings is likely to impinge on human reproduction and health and, thus, extend beyond
sheep production for which the desirable goal is twin lambs of uniform birth weight.

In view of the recent finding that the Booroola genotype has a mutation of the BMPR-IB
gene which probably involves loss of BMP-6 growth factor activity, it seems pertinent to recall
that Landau et al. (1995) observed that carriers of the gene exhibited quite a marked response
in ovulation rate to improved nutrition (mean £ SE 3.29+0.27 versus 2.46 £0.31), whereas
non-carriers did not respond (1.44+0.25 versus 1.36 +0.34). The nutritional treatment,
which comprised 100 g supplementary rumen undegraded starch per ewe per day during the
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