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Maternal stressors that affect fetal development result in “developmental
programming,” which is associated with increased risk of various chronic
pathologic conditions in the offspring, including metabolic syndrome;
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dysfunction that can persist throughout their lifetime and even across sub-
sequent generations. Developmental programming thus can lead to poor
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In the context of physiologic responses that determine the growth, devel-
opment, and health status of livestock, the role of epigenetics and the un-
derlying cellular mechanisms it affects remain to be fully elucidated.
Although recent work has provided evidence that maternal dietary energy
level, carbohydrate type, or intestinal supply of methyl donors can elicit
molecular changes in tissues of the embryo, fetus, or neonate, there are
few data linking epigenetics with biochemical and physiologic outcomes.
Therefore, efforts linking the epigenome with physiologic and develop-
mental outcomes offer exciting opportunities for discoveries that can
impact efficiency of nutrient use and well-being of livestock.
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Large offspring syndrome (LOS) is a fetal overgrowth condition in bovines
most often observed in offspring conceived with the use of assisted repro-
ductive technologies (ART). Phenotypes observed in LOS include, over-
growth, enlarged tongues, umbilical hernias, muscle and skeleton
malformations, abnormal organ growth and placental development.
Although LOS cases have only been reported to be associated with
ART, fetal overgrowth can occur spontaneously in cattle (S-LOS). S-LOS
refers to oversized calves that are born at normal gestation lengths.
ART-induced LOS has been characterized as an epigenetic syndrome,
more specifically, a loss-of-imprinting condition. We propose that S-LOS
is also a loss-of-imprinting condition.
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Fetal stress induces developmental adaptations that result in intrauterine
growth restriction (IUGR) and low birthweight. These adaptations reappro-
priate nutrients to the most essential tissues, which benefits fetal survival.
The same adaptations are detrimental to growth efficiency and carcass
value in livestock, however, because muscle is disproportionally targeted.
IUGR adipocytes, liver tissues, and pancreatic b-cells also exhibit func-
tional adaptations. Identifying mechanisms underlying adaptive changes
is fundamental to improving outcomes and value in low birthweight live-
stock. The article outlines studies that have begun to identify stress-
induced fetal adaptations affecting growth, metabolism, and differential
nutrient utilization in IUGR-born animals.
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Dystocia, both via increasing birth weight and placental dysfunction; (b)
Neonatal thermoregulation, both via altering the amount of brown adipose
tissue and its ability to function via effects upon the hypothalamic–pituitary–
thyroid axis; (c) Modification of the developing immune system and its sym-
biotic nutrient sources; (d) Modification of maternal and neonatal behavior.
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Maternal regulation of fetal development has consequences for growth
and development of carcass tissues. Severely restricted fetal growth can
reduce postnatal growth capacity, resulting in smaller-for-age animals
that take longer to reach market weights but has little effect on feedlot ef-
ficiency or carcass and meat quality. Specific nutritional supplementation,
particularly during later pregnancy, may limit fetal growth retardation and
enhance postnatal growth capacity and carcass characteristics, and
may improve development of intramuscular fat. Continued improvements
in understanding developmental processes and their regulation will in-
crease future capacity to improve growth, efficiency, carcasses, and
meat quality through developmental programming.
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Developmental programming became an area of interest to understand
negative environmental impacts on progeny performance. Recently, the
concept that we may be able to harness developmental programming to
target animals to their niche in the production system has gained recogni-
tion. Female fertility is an area where developmental programming
has been moderately successful; however, the mechanisms remain un-
clear. Although some studies have demonstrated differences in gonadal
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development and attainment of puberty in response to developmental pro-
gramming, these have not translated to improved fertility. To improve
response to developmental programming, it is critical to identify factors
that contribute to inconsistencies across studies.
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The concept of developmental programming was established using epide-
miologic studies that investigated chronic illnesses in humans, such as
coronary heart disease and hypertension. In livestock species, the impacts
of developmental programming are important for production and welfare
reasons and are used as researchmodels for human and other animal spe-
cies. Dams should be in adequate nutritional status to ensure optimal
nutrient supply for fetal growth, including development of their immune
system. Beef and dairy cows with insufficient nutrient intake during gesta-
tion produce calves with reduced immunity against diseases, such as
scours, respiratory disease, and mastitis.
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Heat stress during late gestation adversely impacts the developing calf.
Calves that experience heat stress are born at a lower bodyweight and
those deficits persist at least until puberty. In utero heat stress reduces
passive transfer and calf survival. Late gestation heat stress programs a
phenotype with lower milk yield, relative to herd mates born to cooled
dams, in the first lactation and subsequent lactations.
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Environmental influences resulting in epigenetic mediation of gene expres-
sion can affect multiple generations via direct effect (first generation);
direct or maternally mediated effects on the fetus (second generation),
or gonadal cell lines of the fetus (third generation) when pregnant animals
are exposed to the stimuli; and through generational inheritance. The cu-
mulative effects are rapid changes in phenotypic characteristics of the
population when compared with rate of phenotypic change from genetic
selection. With extensive data collection, significant potential exists to
propagate desired characteristics in the livestock industry through epige-
netic pathways.
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Stimuli experienced in utero can have a lasting impact on livestock growth,
reproduction, and performance. Variations in environment, production
system, and management strategies lead to discrepancies in the literature
regarding how specific treatments influence animal performance. Studies
comparing the influence of maternal undernutrition to well-fed counter-
parts typically result in decreased productivity of offspring. Via adaptation
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to nutritional or environmental stressors, dams may develop mechanisms
to ensure proper nutrient supply to the fetus. It appears nutrient depriva-
tion must be severe for consistent results. Potential mechanisms for
altered performance in grazing systems and overnutrition settings are
discussed.
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 379
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Beef production is a complex system, in which cows are expected to
perform in varied environmental conditions. In cattle, the most commonly
reported developmental programming influence is nutrient restriction dur-
ing the prenatal period due to climatic conditions affecting forage availabil-
ity and quality. Recent research has demonstrated maternal or prepartum
nutrition can affect more than just subsequent pregnancy rates. Studies in
different species report how maternal nutrition influences progeny perfor-
mance, health, and reproduction. Better understanding of developmental
programming and nutritional management within different environments
may advance cowherd efficiency.
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