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Genomic imprinting is the monoallelic expression of a
gene based on parent of origin and is a consequence of dif-
ferential epigeneticmarking between themale and female
germlines. Canonically, genomic imprinting is mediated
by allelic DNA methylation. However, recently it has
been shown that maternal H3K27me3 can result in
DNAmethylation-independent imprinting, termed “non-
canonical imprinting.” In this review, we compare and
contrast what is currently known about the underlying
mechanisms, the role of endogenous retroviral elements,
and the conservation of canonical and noncanonical geno-
mic imprinting.

Supplemental material is available for this article.

Introduction to genomic imprinting

Genomic imprinting is the monoallelic expression of a
gene based on parent of origin. Imprinted genes are essen-
tial for fetal and placental growth and development. It is
hypothesized that imprinting arose in placental mammals
due to the conflict between maternal and paternal ge-
nomes in the fetus to regulate maternal resources during
and immediately after pregnancy, with maternal imprints
repressing fetal growth while paternal imprints promote it
(Moore and Haig 1991). To date, there are several exam-
ples of imprinted genes that fit this model, including
key regulators of fetal growth such as the insulin growth
factor 2 (IGF2) and its receptor IGF2R, which are recipro-
cally imprinted (DeChiara et al. 1990; Barlow et al.
1991; DeChiara et al. 1991; Weksberg et al. 1993).

Shortly after the discovery of the first imprinted genes, it
was shown that imprinted gene expression was regulated
by allelic epigenetic marks, in particular repressive DNA
methylation, inherited from the parental germline (Barto-
lomei et al. 1993; Brandeis et al. 1993; Ferguson-Smith
et al. 1993; Li et al. 1993). This canonical form of imprint-

ing has since been characterized across mammals and is
highly conserved at a number of imprinted gene clusters.
Imprinted genes and their regulatory features have been
most extensively characterized in the mouse and human
genomes, and genome-wide screens have identified not
only species-specific but also tissue-specific imprinting.
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common SNP annotation (http://www.ncbi.nlm.nih.gov/
SNP) and the SNPsplit mapping program (Krueger and An-
drews 2016). Allelic analyses confirmed a >10% allelic dif-
ference in DNA methylation at 16/26 of informative
DMRs (Fig. 3C), although parent of origin was not as-
sessed (Supplemental Table S1). Together, these data pro-
vide preliminary evidence that noncanonical imprinting
may also exist in the human genome, while further
work will be needed to validate candidate loci and demon-
strate whether these DMRs regulate allelic expression.
Notably, the putative noncanonical imprinted DMRs,
compared with the Illumina 450K array probes, were sig-
nificantly enriched for CpG islands and SINEs (Fig. 3D),
rather than LTRs as in mice. This suggests that while
the mechanism may be conserved between species, the
underlying regulatory features are likely not. This differ-
ence may reflect the dissimilarities in the prevalence of re-
petitive elements between the mouse and human
genomes (Thomas et al. 2003). However, it is important
to highlight that repetitive elements in general are under-
represented on the Illumina 450K array (Fig. 3D); there-
fore, it is likely that loci have been missed by this
approach.

The pursuit of comprehensively identifying human im-
printed domains continues to present challenges, includ-
ing the necessity for deep sequencing of genomics data
sets, the scarcity of informative SNPs, obtaining parent
of origin information for relevant SNPs, and the cellular
heterogeneity of human samples, as previously discussed.
The initial identification and characterization of nonca-
nonical imprinting in mice emphasizes the value in using
animal models to direct our approaches for investigating
molecular and epigenetic phenomena in human
development.
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