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Get with the epig e
The genetic potential of an animal is
permanently established from conception.
But, under the influence of the environment,
how these genes are expressed can
change. Research into this phenomenon,
called epigenetics, can help producers to
ensure that they ‘program’ their cows for
better performance.
TEXT RACHAEL PORTER
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nsuring that calves achieve their genetic
potential in the milking herd. So producers
should consider the next generation of milkers,
as well as ensuring a smooth transition to the milking
herd for the dam, when managing dry cows.
“This is due to the epigenetic effect – the impact that
the environment can have on the way that genes are
expressed,” says Cargill’s calf specialist Bianca
Theeruth. “Trials have showed that this impact, if
experienced in utero, will affect calf birth weight and
size, the ability to absorb colostrum, and her growth
rate. And there will also be carry-over effect well into
a heifer’s adult life in the milking herd. Epigenetics
can even impact this heifers offspring too,” she adds.

Heredity theory
“Epigenetics is a relatively new and particularly
fascinating branch of heredity theory,” says
University of Ghent’s Geert Opsomer. He explains
that each cell of an organism contains exactly the
same genetic material in its cell nucleus. “Yet a
liver cell does something very different to a cell in
the kidneys or a cell in the eye. This is due to an
ingenious ‘operating system’ that uses chemical
compounds to turn on, or off, the functioning of
genes.
“This set of chemical compounds and genes is called
the epigenome and this explains why cells with the
same genetic material can have a different effect,”
adds Professor Opsomer.
This operating system also affects genes that
determine livestock performance, such as health,
fertility, growth, milk production and longevity.
It can also have an effect on the genes transferred
to the next generation. Understanding more about
epigenetics can help producers avoid setbacks and
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g enetic program
Epigenetics: an early example
The Dutch Hunger Winter of 1944-1945
saw that children born during or shortly
after this famine had an increased risk
of problems, such as obesity and high
blood pressure, in later life. They were
also more likely to suffer from diabetes.
The mothers were hungry during
pregnancy and the epigenetic effect

‘programmed’ these children to conserve
and store nutrients, and prepare for a
life with little food. Because there was
enough food after the war, these children
grew up in a different situation to one for
which they were programmed. This led
to an increased risk of welfare diseases,
including diabetes, and obesity.

maximise the genetic potential of their offspring.
Miss Theeruth says that the key to prevent a negative
epigenetic effect is to minimise stress – typically
nutritional or heat – in dry cows. “Not only will this
ensure that they calve and transition easily. But it
will also ensure that there are no negative effects on
the growth, development and, ultimately, the ability
of their calves to achieve their genetic potential.”
Research shows that stress during pregnancy, and
at calving, can alter the programming between dam
and foetus through the placenta. So nutritional or
heat stress felt by the dam will have an impact on
the unborn calf.
Research on dry cows in the final six to eight weeks
before calving, the stage of gestation when the calf
puts on weight, showed that those cows under stress
had calves that were smaller and lighter and were
also less able to absorb immunoglobulins from their
dam’s colostrum. They also had reduced daily liveweight gains and reduced milk yield once they joined
the milking herd.

Dry-cow rations
In a trial where dry cows were fed low energy (5.25MJ/
kg DM), medium (5.88MJ/kg DM) or high energy
(6.48MJ/kg DM rations in the final 21 days of the dry
period, calves from cows fed the low energy ration
had a low level of blood immunoglobin following
colostrum feeding. “All calves in the trial were fed the
same quality colostrum, so this reduced level in calves
whose dams were fed a low energy ration in the late
dry period reflected a possible epigenetic effect in that
they were less able to absorb immunoglobulins,” says
Miss Theeruth.
The work also showed that low maternal energy
density diets in the final 21 days of pregnancy
resulted in decreased calf birth weight, body height,
body length, and girth.
Miss Theeruth says that this underlines the importance
of a balanced dry-cow ration, particularly in terms of
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energy density, during the late dry period. “We can
say that feeding cows a ration high in energy, around
6.5MJ/kg DM, at this stage of their pregnancy will
improve the postnatal growth and health of calves.
“We know that reducing the maternal energy density
in this trial, during the final 21 days before calving,
had a negative effect on growth and development,
immunity in neonatal calves.”
Professor Opsomer says that there are three critical
periods in which the genes’ control mechanism can
be affected. These are lactation, the colostrum period,
and gestation. There is even evidence that a form
of genetic programming takes place during the
formation of eggs in the ovary. “In early gestation,
for example, organ development occurs and dam
nutrition during this period therefore has a major
epigenetic influence on the performance of the
resulting calf in later life,” he explains.

Epigenetic influences

Crucial time:
stress at and around
calving can have
an epigenetic effect
on the calf
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Researchers at Wageningen University, in the
Netherlands, are currently investigating the cow’s
epigenetic influences on her calf during gestation. The
trial is a follow-up to the project ‘Lactation on Size’,
during which cows were inseminated from 50, 125
and 200 days respectively in milk. The heifers that
were born after this trial are being closely monitored.
“These calves had to deal with a very different
environment in the womb,” explains researcher
Ariëtte van Knegsel. “The cows that were inseminated
early produced a lot of milk and were mostly still in
a negative energy balance, while the cows that were

served later had passed their lactation peak and
were building up body condition score. As a result,
these groups of cows were in a completely different
physiological state at the time of insemination.
And we believe that this have had an effect on the
developing foetus in the womb.”
The work will follow the development, health
and production of each group of heifers and
the researchers expect that the calves of early
inseminated cows will be programmed for scarcity,
and have lower yields, or be less healthy than those
from dams inseminated later.

Practical data
The plan is to extend the project with practical data
and include, for example, the influence of colostrum
and milk feeding to calves. “Understanding the effects
of epigenetics offers a lot of potential for application
on farm,” she says. “With the right management
measures, producers can program calves in the
right way and thus make better use of their genetic
potential. This will improve the productivity, health
and sustainability of their herds.”
Miss Theeruth agrees and says that, for now, there’s
enough evidence to show that producers should look
to create as few ripples as possible during the dry cow
and transition period, and at calving.
“So avoiding difficult calvings, ensuring that dry-cow
nutrition provides sufficient energy in late lactation,
and avoiding heat stress during the dry period are
all important – to safeguard the dam and the genetic
potential of her calf.” l
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