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This chapter describes the application of functional genomic approaches
to the study of imprinted genes in swine. While there are varied definitions
of “functional genomics”, in general they focus on the application of DNA
microarrays, single nucleotide polymorphism (SNP} arrays, and other high
coverage genomic analyses, and their combination with downstream
methods of gene modification such as silencing RNA (siRNA) and viral and
non-viral transfection. Between the initial data acquisition and the actual
genetic manipulation of the system lies bioinformatics, where massive
amounts of data are analyzed to extract meaningful information. This area
is in constant flux with an increased emphasis on detection of affected
pathways and processes rather than generation of simple affected gene
lists. We will expand on each of these points and describe how we have
used these technologies for the study of imprinted genes in swine. First we
will introduce the biological question to provide context for the discussion
of the functional genomic approaches and the types of information they
generate.

Part I. The biological question

While over 99% of genes in mammalian species are transcribed from both maternal and
paternal alleles (bi-allelic expression), a small subset are transcribed from only one allele
(mono-allelic expression). In some cases it is the maternal allele that is transcribed and in
others the paternal allele. The choice of which allele is transcribed is dependent on markings
placed in the chromosome during gametogenesis (Hajkova et al. 2002, Reik & Walter 2001).
To date less than 100 imprinted genes have been identified, yet they have profound phenotypic
effects, particularly in placental and fetal development and function (Angiolini et al. 2006). Yet,
their role is not limited to fetal and placental development but can also affect other aspects of
reproduction such as rearing behavior and lactation as will be described later. Our interest
in these genes came about through the reports of abnormal placentation and fetal overgrowth
of somatic-cell-nuclear-transfer-derived calves (Hill et al. 1999). The combined syndrome has
been referred to as abnormal offspring syndrome (AOS) as well as large offspring syndrome
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(LOS) (Farin et al. 2004, Farin et al. 2006 ). Multiple laboratories working in this area reported
epigenetic abnormalities in cloned cattle and mice, including disregulation of imprinted genes
{Dindot et al. 2004). It was through these original observations that we became interested in
this complex and fascinating group of genes, and at the same time dismayed by the almost
total lack of information of their function in swine.

Evolution of imprinted genes

Imprinted genes, which are defined as genes that display parent-of-origin, mono-allelic,
expression, have only been found in placental mammals (Hore et al, 2007} and flowering plants
(Huh et al. 2008) while non imprinted homologues have been found in reptiles, amphibians,
fishes and the egg-laying monotremes (Edwards et al. 2007a). Yet, even if a small rudimentary
placenta is present, such as that seen in marsupials, evidence for imprinting can be found. Thus,
the placenta and imprinted genes appear to have co-evolved. This underlies the relevance of
these genes to the formation and function of the placenta and in fetal development.

The parental-conflict hypothesis has emerged to explain the appearance of imprinting as a
result of different evolutionary pressures influencing each parent in placental mammals. The
hypothesis states that imprinting evolved to controi energy flow between the mother and the
developing fetus {(Moore & Haig 1991) . The conflicting evolutionary outcomes are that the
mother (and consequently her genome) is more successful by restricting nutrient flow to the
fetus/offspring so that she does not commit too much of her energy resources to each fetus,
leaving her more able to reproduce in large numbers. [n contrast, the father (and his genome),
is represented only in the fetus, and improves his success by extracting as much energy as
possible from the mother to benefit each fetus/offspring. It is here were the “conflict” lies, and a
careful balance between the two contrasting forces leads to a normal fetus. Unbalancing of these
forces can lead to either a smaller than normal (smal! for gestational age or intrauterine growth
restriction) or a larger fetus (large for gestation age or large offspring syndrome; Fig. 1).

The characteristics of uniparental conceptuses support components of the parental conflict
hypothesis. Androgenotes (conceptuses derived from only the male) and gynogenotes
{conceptuses derived from only the female) can be produced from either two male pronuciei or
two female pronuclei (McGrath & Solter 1984). Parthenotes, which are a form of gynogenote,
can be easily generated by activation of oocytes and inhibition of polar body extrusion by
using cycloheximide {Tsai et al. 2006b), resulting in a diploid embryo carrying only maternally
derived chromosomes. Although neither androgenotes nor gynogenotes can produce viable
offspring, their characteristics are suggestive of the role of imprinted genes in energy distribution
and placental development. Gynogenotes, with a double dose of maternally expressed genes,
develop into small fetuses with small placentas, as would be expected from a reduction in
energy delivery to the fetus. In contrast, androgenotes develop a very large placenta also
supportive of the placental conflict hypothesis. However, they also lack a fetus suggesting that
maternal imprints are an absolute requirement for fetal development, In addition, as will be
discussed later, there is ample direct experimental evidence supporting both the parental conflict
hypothesis and the role imprinted genes play in placental and fetal development, as well as in
behaviors related to control of energy flow such as nurturing behavior and milk let down.

Can placentas exist without imprinting?

While the evidence from placental mammals and flowering plants strongly supports imprinting
as competition for the flow of energy between the developing embryo and the energy source,
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Modern genomic approaches can greatly facilitate the study of physiological phenomena by
providing a broad overview of the system, followed by the ability to focus on those pathways/
systems that vary. Thus, while genomic analyses are not hypothesis driven, they greatly facilitate
the development of hypotheses that have the most likelihood of yielding important biological
information. We view genomic approaches as an initial unbiased screening step that can be
followed up with more targeted functional experiments, They are not, by themselves typically
conclusive, but are extremely useful for hypothesis generation. By comparison, many times
candidate gene approaches suffer from too narrow a view of the biological system being studied,
and fail to uncover novel interactions and pathways.
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