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Abstract

Genomic imprinting is a widespread epigenetic phenomenon in eutherian mammals, which regulates many aspects of growth and
development. Parental conflict over the degree of maternal nutrient transfer is the favoured hypothesis for the evolution of imprinting.
Marsupials, like eutherian mammals, are viviparous but deliver an altricial young after a short gestation supported by a fully functional
placenta, so can shed light on the evolution and time of acquisition of genomic imprinting. All orthologues of eutherian imprinted genes
examined have a conserved expression in the marsupial placenta regardless of their imprint status. Differentially methylated regions
(DMRs) are the most common mechanism controlling genomic imprinting in eutherian mammals, but none were found in the marsupial
imprinted orthologues of IGF2 receptor (IGF2R), INS or mesoderm-specific transcript (MEST). Instead, histone modification appears to
be the mechanism used to silence these genes. At least three genes in marsupials have DMRs: H19, IGF2 and PEG10. PEG10 is
particularly interesting as it is derived from a retrotransposon, providing the first direct evidence that retrotransposon insertion can drive
the evolution of an imprinted region and of a DMR in mammals. The insertion occurred after the prototherian-therian mammal
divergence, suggesting that there may have been strong selection for the retention of imprinted regions that arose during the evolution of
placentation. There is currently no evidence for genomic imprinting in the egg-laying monotreme mammals. However, since these

mammals do have a short-lived placenta, imprinting appears to be correlated with viviparity but not placentation.
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Introduction

Genomic imprinting, the expression of a single allele
from one, but not both chromosomes dependent on
parent of origin, is a widespread epigenetic pheno-
menon in eutherian mammals, which is essential for
the normal development of the eutherian placenta
(Georgiades et al. 2001, Coan et al. 2005, Morison
et al. 2005). In mammals, imprinting of a number of
genes evolved about the same time that viviparity arose
in the therian ancestor of the marsupials and eutherians,
leading to the hypothesis that these events are
associated. However, viviparity has evolved (often
multiple times) in all vertebrate taxa except birds as
well as in many invertebrates, and in all species it
depends on the evolution of an efficient system of
maternal-fetal exchange — usually via a placenta
(Amoroso et al. 1979). Clearly, genomic imprinting is
not essential for viviparity to evolve. While marsupial
and eutherian mammals are viviparous, one group, the
monotremes, lay eggs. Nevertheless, even in mono-
tremes, the conceptus depends on the acquisition of
nutrients across the fetal membranes for its early growth
to the somite stages (Hill & Martin 1895, Griffiths 1978,
Hughes 1993, Renfree 1995, Hughes & Hall 1998).
Thus, all mammals depend on a functional placenta as
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the site of maternal-fetal exchange for at least some of
their development. Of the three fetal membranes — the
amnion, the allantois and the yolk sac — only the latter two
form a placenta when the chorion fuses with either the
yolk sac to form a choriovitelline placenta or with the
allantois to form a chorioallantoic placenta. The defini-
tive mammalian placenta is a highly variable structure
that may either be invasive or make only a superficial
attachment to the maternal endometrium, butin all cases
is critical for the survival of the fetus. In marsupials,
the functional placenta is a choriovitelline one, and in
only a few species, notably the bandicoot, does the
allantois make contact with the chorion (Tyndale-Biscoe
& Renfree 1987, Freyer et al. 2003, 2007; Fig. 1).
Marsupials have been separated from eutherian
mammals for between 125 and 145 million years (Luo
et al. 2003, Bininda-Emonds et al. 2007; Fig. 2) and
since they have a fully functional (albeit short-lived)
placenta (Renfree 1977, 1982, 1995, Freyer et al. 2003,
2007), they are ideal mammals in which to test the
origin and control of genomic imprinting. The yolk sac
placenta is a useful model to examine the relationship
between imprinting and placentation in divergent
mammalian species because the embryos of both groups
of therian mammals rely on a yolk sac placenta at some
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stages of pregnancy (Mossman 1987, Tyndale-Biscoe &
Renfree 1987). All orthologues of eutherian imprinted
genes so far examined have a conserved expression in
the marsupial placenta regardless of their marsupial
imprint status (Fig. 2).

Since imprinting results in monoallelic expression, it
negates the advantage of diploidy, namely the masking of
deleterious alleles. The advantages of imprinting must
therefore outweigh its costs in increasing susceptibility to
disease. Several hypotheses offer a rationale for the
existence of genomic imprinting (Wilkins & Haig 2003).
However, the hypothesis that fits the observations most
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Figure 2 Evolutionary tree showing times and characters associated
with the acquisition of imprinting in mammals. Red line indicates
imprinting and black shows imprinted alleles not yet detected.
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Figure 1 Day 25 tammar wallaby fetus in its fetal
membranes. The amnion (Amn) completely
surrounds the fetus. The large fluid-filled allantois
(All) is completely enclosed within the yolk sac
placenta. The vitelline vessels are limited by the
sinus terminalis (ST) and enter the fetus via the
umbilical cord (Umb). The vascular yolk sac (VYS)
occupies about two-thirds of the total surface area
of the placenta while the avascular (AYS) region
remains bilaminar. The full-term fetus weighs
around 400 mg with a crown-rump length of
16-17 mm. Ch, chorion.

closely is the parental conflict hypothesis, later adapted
and referred to as the kinship hypothesis (Haig & Graham
1991, Moore & Haig 1991, Haig 1997, Wilkins & Haig
2003). The parental conflict hypothesis proposes that
imprinting is the product of the asymmetric selection on
parental genomes for the development of a conceptus.
Selection would favour the expression of paternal genes
that increase the chance of survival of the offspring by
increasing nutrient transfer at the expense of the mother.
Conversely, selection would favour maternally inherited
genes that increase maternal survival by restraining
nutritional demands of the young on the mother. The
supply and demand hypothesis (Reik et al. 2003), a
further interpretation of the conflict hypothesis, suggests
that the total effects of maternally and paternally
expressed genes will determine the balance of fetal and
maternal nutritional systems.

Many eutherian imprinted genes fit the predictions of
the conflict hypothesis since a key site of imprinted
expression is the placenta, which regulates the transfer of
nutrients from mother and young, and is a key site of
imprinted gene expression in eutherians (Guillemot et al.
1995, Georgiades et al. 2001, Constancia et al. 2002,
Coan et al. 2006, Fowden et al. 2006). However,
imprinted genes can also exert their effects in the early
embryo, in placentation, parturition, and post partum,
and imprint status can vary according to the develop-
mental stage or tissue type. The extent of silencing of the
imprinted allele can also differ between genes, tissues
and species.

The different reproductive strategy of marsupials of a
short gestation delivering an altricial young followed by
a relatively long lactation compared with most
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eutherians makes them ideal models in which to
examine the evolutionary origins of imprinting. Investi-
gations of imprinted genes and their functions during
marsupial placentation have provided great insight into
the origins and role of genomic imprinting in mammals.
In marsupials in which the placenta is relatively short
lived and provides a small contribution to growth of the
offspring, imprinting is predicted to be less rigorously
selected, whereas in eutherians with a relatively greater
investment in embryo growth conferred by the placenta,
imprinting should be more strongly selected. Here, we
review how investigations in marsupials have influenced
our understanding of the selective forces driving the
evolution of imprinting in mammals.

Reproductive strategy and the stringency of placental
imprinting

To date, imprinting has been examined in only three
species of marsupial; the Australian tammar wallaby and
the American grey short-tailed and Virginia opossums
(Killian et al. 2000, O’Neill et al. 2000, Suzuki et al.
2005; Table 1). Only in the tammar has genomic
imprinting been identified in the marsupial placenta.
However, the imprint status is incomplete in most of
these genes. Rather than the robust silencing most often
observed in eutherians, there is ‘leaky’ expression from
the silent parental allele. In the placenta of the tammar,
IGF2, PEG//mesoderm-specific transcript (MEST) and
INS are incompletely imprinted, with preferential
expression from the paternal allele, but with residual
expression persisting from the maternal allele (Suzuki
et al. 2005, Ager et al. 2007). In eutherians, incomplete
imprinting can occur but is usually stage or tissue
specific (Vu & Hoffman 1994, Deltour et al. 1995,

Imprinting in marsupials 525

Matsuoka et al. 1996, Watanabe & Barlow 1996). The
leaky expression seen in marsupial genes may be due to
the absence of a differentially methylated region (DMR)
in these alleles, which could be the result of many causes
including the reduced selective pressure driving
complete allele silencing in this mammalian lineage.
Instead, it appears that histone modifications play a vital
role in coordinating imprinted expression in marsupials.
Such mechanisms are important for the control and
maintenance of many imprinted genes including Igf2r
(Vu et al. 2006), and Kcngl (Monk et al. 2006) in the
mouse placenta. However, further investigations are
required to determine the precise epigenetic modifi-
cations responsible for imprinting in marsupials at non-
DMR-associated loci.

Despite leaky expression, imprinting may be just as
important for successful reproduction in marsupials as in
eutherians. There is huge disparity in the potential for
sibling conflict in the three species of marsupial where
we have data on imprinting. The tammar has a single
young in an annual cycle that means each young has
weaned before the mother breeds again, so there is little
potential for direct sibling competition. However, the
ancestral marsupials, like opossums, were most likely
polytocous. Opossums have between 15 and 30 young
per pregnancy, out of which only 10-14 successfully
attach to a teat to begin sucking. This provides great
potential for post-natal sibling competition. The first born
and fastest to reach and attach to the teats will have a
dramatic survival advantage over those more tardy. In
addition, only 6-8 out of the 10-14 young that attach to
the teat survive to weaning. IGF2 is incompletely
imprinted in the tammar (Suzuki et al. 2005), but IGF2
imprinting in the opossum appears complete (O’Neill
et al. 2000). However, the placenta was not examined in

Table 1 The imprint status of marsupial orthologues of eutherian imprinted genes in three species of marsupial (tammar, Macropus eugenii; Virginia
opossum, Didelphis virginiana; and grey short-tailed opossum, Monodelphis domestica). In addition to the imprint status, the direction of expression
and whether imprinting was complete are indicated. In two studies imprinting appeared incomplete. However, neither study used quantitative
methods, and low expression from the silent allele may have gone undetected.

Imprinted Complete or DMR
Gene Species (expression) incomplete associated? Reference
CDKN1C M. eugenii No Not applicable Suzuki et al. (2005) and Ager
et al. (2008b)
DLK1 M. domestica, No Not applicable Weidman et al. (2006a, 2006b)
M. eugenii and Edwards et al. (2008)
H19 M. eugenii Yes (paternal) Appears complete Yes Smits et al. (2008)
IGF2 M. eugenii and Yes (paternal) Incomplete Suzuki et al. (2005), Ager et al.
M. domestica Appears complete Yes (2008a) and Lawton et al. (2008)
IGF2R D. virginiana Yes (maternal) Appears complete Killian et al. (2000)
INS M. eugenii Yes (paternal) Incomplete Ager et al. (2007)
MEG3 M. domestica Gene absent Not applicable Weidman et al. (2006a, 2006b)
NNAT M. domestica Gene absent Not applicable Evans et al. (2005)
PEG1/MEST M. eugenii Yes (paternal) Incomplete Suzuki et al. (2005)
PEG10 M. eugenii Yes (paternal) Incomplete Yes Suzuki et al. (2007)
SNRPN M. eugenii No Not applicable Rapkins et al. (2006)
UBE3A M. eugenii No Not applicable Rapkins et al. (2006)
DIO3 M. eugenii No Not applicable Edwards et al. (2008)
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that study, so there may be tissue-specific differences.
Imprinted maternal expression of IGF2R likewise
appears complete in the Virginia opossum (Killian
et al. 2000). However, in both studies non-quantitative
methods were used to examine gene expression, so weak
leaky expression may have gone unnoticed. Further
analysis of imprinting in the placental membranes of
these species is needed to resolve this question.

Complex regulatory mechanisms accumulate within
imprinted regions

Once established, genomic imprinting appears to spread
to encompass neighbouring genes within the region and
eventually leads to the complex reciprocal imprinted
mechanisms occurring within a syntenic region.

The IGF2-H19 cluster is the best-studied imprinting
domain in mammals. It is highly conserved in the
marsupials and retains many, but not all, of the
imprinting features of its eutherian counterpart.
Recently, DMRs have been identified in both IFG2 and
H19 in marsupials (Table 1). IGF2 is imprinted and DMR
associated in the short-tailed opossum although the
precise silencing control mechanisms differ from that of
eutherians (Lawton et al. 2008). Similarly, H19, a non-
coding RNA, is also imprinted and DMR associated in
two marsupials, the tammar and short-tailed opossum
(Smits et al. 2008). However, differences in regions of the
H19 miRNA structure suggest that it may have different
targets in marsupials and eutherian mammals. IGF2 is an
essential gene for both the fetus and placenta in
eutherian mammals. The precise function of this gene
and the evolution of the IGF2 region were further
investigated in marsupials to determine the evolutionary
origins of imprinting in this well-characterised site. IGF2
mRNA and protein are present in the marsupial placenta
together with its receptors (Ager et al. 2008a; Fig. 3). This
suggests that IGF2 plays a conserved mitogenic role in
the mammalian placenta. The mitogenic effects of IGF2
are thought to be antagonised by the action of the
CDKN1C gene. CDKNI1C and IGF2 are oppositely
imprinted, antagonistic in function and syntenic in the
mouse and human. However, in marsupials, while the
genes remain in synteny, only IGF2 is imprinted. Despite
this, CDKN1C protein was present in the tammar
wallaby placenta suggesting its function in placental
development preceded its acquisition of imprinting
(Ager et al. 2008b). Therefore, CDKN1C imprinting is
not contingent upon its synteny with /GF2 or its placental
expression in mammals. In the mouse CdknTc, imprint-
ing is regulated by the antisense transcript Kcnqlotl,
derived from an intron of the KcngT gene and regulated
by an imprinting control region (ICR). Marsupials still
produce an antisense KCNQ1OTT transcript, but there is
no evidence of the ICR and it does not cause imprinting
of the neighbouring CDKN1C gene (Ager et al. 2008b;
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Figure 3 Protein distribution of imprinted genes in the marsupial
placenta. Protein from three imprinted genes (IGF2, IFG2R and INS)
and one non-imprinted (CDKN10C) gene are shown in brown; tissue is
counterstained blue. All samples were examined in the placental
samples were from late stage fetuses. Endo, endometrium; VV, vitelline
vessel; te, trophoectoderm; en, endoderm. Data from Ager et al. (2007,
2008a, 2008b).

Fig. 4). A similar situation is seen in the IGF2R region of
opossums (Didelphis virginiana and Monodelphis
domestica) where there is no evidence of a DMR
associated with IGF2R silencing. IGF2R is imprinted
despite the absence of antisense expression of AIR
(Weidman et al. 2006a, 2006b). Antisense transcription
within imprinted regions therefore does not appear to
have any mechanistic relationship to the imprint status of
the surrounding genes. In the IGF2 cluster, antisense
transcription preceded the acquisition of imprinting,
while in IGF2R it evolved after imprinting and may
further stabilise silencing of the region in eutherians.
Together, the relatively less complex regulation of gene
transcription within this region in marsupials demon-
strates the stepwise accumulation of control mechanisms
within imprinted domains in eutherian mammals (Fig. 4).
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Figure 4 Evolution of the IGF2 domain. Despite the absence of imprinting, CDKN1C protein was present in the tammar wallaby placenta. Genomic
analysis of the tammar region confirmed that COKN1C is syntenic with IGF2. While the KCNQ1OT1 promoter elements could not be detected in
intron 10 of KCNQT, the antisense KCNQTOTT transcript, which regulates CDKNTC imprinting in human and mouse, is still expressed. CDKN1C
synteny with IGF2 suggests that imprinting of the two genes did not occur concurrently to balance maternal and paternal influences on the growth of
the placenta. The expression of KCNQTOTT1 in the absence of CDKN1C imprinting suggests that antisense transcription at this locus preceded
imprinting of this domain. These findings demonstrate the stepwise accumulation of control mechanisms within imprinted domains and show that
CDKN1C imprinting cannot be due to its synteny with IGF2 or with its placental expression in mammals. Blue indicates paternally expressed alleles,
pink indicates maternally expressed alleles, black indicates non-imprinted genes and grey indicates those not yet investigated. Top panel shows the
tammar wallaby locus, middle panel shows the mouse and bottom panel the human orthologous regions. Blue and pink lollypops indicate paternal
and maternal DMRs respectively. Data from Ager et al. (2008b).

Placental expression is sufficient to drive genomic there was coevolution of genomic imprinting with
imprinting placental development in mammals (Kaneko-Ishino

Lo . . . et al. 2003, 2006).
The insulin gene (INS) was particularly interesting to

examine in marsupials, as its imprinting in humans and

mice is restricted to the yolk sac (Moore et al. 2001). The  The formation of a new imprinted cluster
tammar wallaby orthologue is also expressed in the yolk
sac placenta and shows genomic imprinting (Ager et al.
2007; Figs 3 and 4). This suggests not only that INS plays
a critical role in the function of the mammalian placenta,
but also that this role is sufficient to have driven imprinting, may have evolved from molecular

monoallelic expression in this tissue. The placental  echanisms used to silence retrotransposons: the host
expression of INS is consistent with it playing a critical ~ {efence hypothesis (Barlow 1993, McDonald et al.
role in the function of the mammalian placenta.  20p5, Youngson et al. 2005). Therefore, retrotransposons
However, the monoallelic expression in this tissue is  that have evolved a function in the placenta, such as
surprising given the minimal maternal resources needed  pEG70 (Ono et al. 2006), may be more frequently
to grow the tiny, altricial marsupial neonate, which  associated with silencing conferred by differential
seems unlikely to provide a ‘conflict’ for resources  methylation in both marsupials and eutherians. The
between the mother and the fetus. Furthermore, the  host defence hypothesis suggests that silencing of foreign
restricted imprinting of INS suggests that imprinting  DNA by methylation fortuitously provided a mechanism
evolved in the placenta, independently of other tissues,  to regulate parental-specific gene expression (Barlow
in the therian ancestor of marsupials and eutherians. This ~ 1993). Comparative analysis of the PEG10 region across
finding is of significance as it supports suggestion that ~ mammals has shown that it is a recent addition to the

Analysis of several imprinted clusters between marsu-
pials and eutherians has shown the importance of
retrotransposons in triggering the evolution of imprint-
ing. Genomic imprinting, at least methylation-based
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mammalian genome and was derived from an insertion
of a copy of the Sushi-ichi transposon. This occurred in
the therian genome before the marsupial-eutherian split
(Suzuki et al. 2007; Fig. 5). Peg10 is also imprinted in
both marsupials and eutherians, suggesting that its
acquisition of imprinting evolved with its insertion into
the genome. Furthermore, PEGT0 was also the first
marsupial imprinted gene shown to be associated with a
DMR. This is in direct support of the host defence
hypothesis to explain the origin of (at least methylation-
associated) imprinting, and indicates that DMR-associ-
ated imprinting evolved before the marsupial eutherian
split. While in marsupials it is just PEGT0 gene that is
imprinted, in eutherians the imprinting of this region has
spread to encompass neighbouring genes (Fig. 5). In this
way, the insertion of a retrotransposon can trigger the
evolution of an entire imprinted region.

A similar mechanism appears to have sparked
imprinting in the Prader-Willi/Angelman syndrome
region in mice and humans. Again, comparative
mapping of this region in marsupials and eutherians
has shown that this region has only recently evolved in
the eutherian mammals, after the fusion of the marsupial
biallelic UBE3A region with the biallelic SNRPN region,
derived by a duplication of the SNRPB gene (Rapkins
et al. 2006). Concomitant with this was the insertion of
retroposed genes and small nucleolar RNAs that were
the potential driving force behind the acquisition if
imprinting to the region, again derived from host defence
mechanisms.

Another region in which imprinting appears to be
derived from retrotansposon insertion is the DLK/DIO3
region (Edwards et al. 2008). In marsupials both DLK and
DIO3 are biallelically expressed, but in eutherians both

genes are imprinted. The acquisition of imprinting in the
eutherian domain is concomitant with the appearance of
non-coding transcripts including microRNAs and C/D
snoRNAs in the region and is derived from a recent
retrotransposition event only in the eutherian domain.

Each of these cases lends strong support to the host
defence hypothesis and strongly implies that retro-
transposition is a key driving force behind the evolution
of mammalian genomic imprinting.

Future studies: influences of imprinting in the post
partum period

Parental conflict also arises in areas of postpartum
maternal and offspring behaviour (Keverne et al. 1996,
Haig 1997, 2000, Keverne 2001, Haig & Wharton 2003,
Keverne & Curley 2008). Mothers carrying mutations in
imprinted genes, such as PEG3, have impaired maternal
behaviour including a failure to retrieve pups, suckle
them and ingest the placenta (Keverne 2001). Other
imprinted genes regulate post-natal behaviour of the
young and when disrupted, such as in Prader-Willi and
Angelman syndromes, can result in hyper- or hypo-
activity, mental retardation and an inability to regulate
appetite. Adult female mice carrying a paternal knock-
out of Peg3 have impaired maternal care and lactation
is disrupted (Li et al. 1999, Murphy et al. 2001). A
reduction in oxytocin-positive neurons in mutant Peg3
females results in abnormal hypothalamic function,
which controls milk ejection (Li et al. 1999). IGF2 may
mediate prolactin-induced growth of the mammary
gland (Hovey et al. 2003). For some imprinted genes,
disruption of their imprint status is associated with
breast cancer development and these genes, such as
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Figure 5 Evolution of the PEGT0 region. PEGT0
was inserted into the therian genome at least 130
million years ago (arrow). This was concomitant
with the formation of a DMR, silencing the
maternally inherited PEG10 gene copy. In
eutherian mammals (top branch of the tree),
differential methylation has spread encompass the
SGCE gene as well. In the marsupial lineage
(second from top branch of tree), differential
methylation is only found associated with PEGT0.
In the monotremes and birds (bottom two
branches of tree), there is no PEG10 gene and
SGCE does not appear to be differentially
methylated. The black lollipops indicate DNA
methylation of CpG sites and the grey boxes
represent silenced alleles. Redrawn from Suzuki
et al. (2007).
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PEGT1/MEST (Pedersen et al. 1999), are imprinted in fetal
tissues of the tammar (Suzuki et al. 2005) as well as in
other mammals.

Marsupials deliver highly altricial young, but these
young then spend a relatively long time, usually within a
pouch (Renfree 2006), dependent on the mother for milk
(Fig. 6). In the tammar, while gestation is only 26.5 days
(Renfree et al. 1989) lactation is about 9 months long
(Tyndale-Biscoe & Renfree 1987). Much of the organ
growth and development occurs during this period,
supported by milk that is of changing composition, tailor-
made for each stage of the development of the young
(Tyndale-Biscoe & Janssens 1988). It would be interest-
ing to examine the expression of imprinted genes in post-
natal stages in marsupial mothers and young.

Conclusions: what have marsupials taught us about
genomic imprinting?

By comparing genomic imprinting in groups of mam-
mals with different reproductive strategies and placental
contributions to fetal development, we can define some
of the selective pressures that may have led to the
evolution of genomic imprinting. Marsupials have
retained imprinted gene expression in their placenta,
clearly indicating the evolutionary origin of this
phenomenon in the viviparous therian ancestor with
viviparity. It also suggests that despite the relatively small
demand on placental nutrition, the marsupial placenta is
subject to sufficient evolutionary pressure to retain
genomic imprinting. However, overall the imprinted
regions of marsupials so far appear less complex and
contain fewer imprinted alleles than their eutherian
orthologues. In addition, imprinting of most loci is more
relaxed in marsupials with individual loci showing
biased expression based on parent of origin as opposed
to complete allele-specific silencing as often seen in
eutherian species. While marsupials do have the ability
to regulate genes by DMRs and confer complete genetic
silencing, this mechanism has apparently not been
widely co-opted to regulate many imprinted genes.
Taken together, this suggests that there was greater
evolutionary pressure for the evolution of imprinting
mechanisms in the eutherian compared with the
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Figure 6 Neonate on teat (left) and day 180 pouch
young (right) of the tammar wallaby. A typical
tammar mother weighs 5 kg, so the total invest-
ment in the 400 mg neonate is relatively small.
By day 180, the young is starting to wean, but the
young is not fully weaned until after day 280 when
the young weighs around 2 kg.

marsupial lineage, as reflected by their overall relative
contributions of the placenta to offspring growth. Never-
theless, it must be emphasised that only three species
and 12 genes have been analysed in a relatively few
tissues in marsupials so far. Placental expression has
been examined in only one species, the tammar. These
are early days in terms of understanding the importance
of imprinting in this group that represent only 6% (Kirsch
1977) of living mammals.

To date, all studies of imprinted loci in marsupials
have been informed from imprinted orthologues in
eutherian mammals. However, given the difference in
their reproductive strategies, if the conflict hypothesis
holds true, it is likely that new genes would have
acquired imprinting in the marsupial lineage. Imprinting
is more likely to be associated with post-natal nutrient
provisioning, which is greatly extended in marsupials
due to their lengthy and sophisticated lactation and the
maternal behaviour associated with having a young in a
pouch. Further work will lead to some exciting
discoveries about the role of genes that have acquired
imprinting in the marsupial lineage.
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