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probling reveals signibpcant variation in the degree of
demethylation acrosddifferent element classesand even
within their componentfamilies [8 ]. These differences
may relRect the need to ensure correct transcriptional
activation in the early embryo while maintaining repres-
sion of potentially dangerousretrotransposition activity.
Other regionshave a more evident requirement for main-
tenanceof methylation in the faceof globalerasureN such
asthe imprinting control regions(ICRs) crucialto parental
imprinting, which are protected against both active
demethylation in the zygote and the ensuing passive
loss[6 ,25 (Figure 1).

Methylation probling of the hypomethylated blastocyst
led to the surprising Pnding that ICRs are not the only
regionsto resist DNA methylation erasurein the early
embryo:the majority of oocyte-specibPcCGls alongwith a
subset of sperm-specibcCGls retain higher than pre-
dicted methylation [4,5 ,6 ,8 ]. In addition, repetitive
elementssuchasthe intracisternal A particles(IAPs) class
(the mostrecent and still potentially active retrotranspo-
sonsin the rodent



methylation at theseregionsis only lost completely in the

seconddemethylationphasefrom E11.5[7,10 ,11 ,19 ].

This isin line with previousreportsdescribingmethylation

erasureat ICRs and promotersof germline specibcgenes
from E11.5[27-31]. DNA methylation erasurein PGCsis
completed in the gonadalstageand resultsin a globally
hypomethylated stateat E13.5[1,2.

Few regions escape DNA methylation erasure in
PGCs and these mostly include IAPs. Other repetitive
elements such asthe long interspersedelement 1 (L-
INE1) andshortinterspersedelement (SINE) groupsare
largely reprogrammed;these contrastingdynamics mir-
ror the complex demethylation patternsof retrotranspo-
sonsin the zygote[7,10 ,24]. A number of studieshave
identibed regions that escape methylation erasurein
PGCs and there seemsto be a positive correlation be-
tween likelihood of resistanceand proximity to an IAP
[7,10 ,11 ]. However there is alsoalimited number (a
couple of hundred) of CGls not linked to IAPs, which
showvariableresistanceto reprogrammingand maythus
contribute to transgenerationalepigenetic inheritance
[10 ,11



embryonic cells. While this accounts for the loss of
methylation contributed by the oocyte, active mechan-
isms also act to remove methylation from the paternal
genome in the zygote [as described above]. Both the
elongator complex and the base excision repair (BER)
pathway (seeBox 1) havebeenimplicated in this process
[14,33, but their precise role has yet to be dissected.
Recentwork hasuncoveredthat Tet3 playsacrucial role
in active erasureby oxidizing



vivo analysisis neededto study the role of thesefactorsin
targeted methylation maintenancein PGCs, however it
seems ththekmfore the gonadal stage of erasure the
dynamics of demethylation and maintenanceof specibc

regionssharestriking similarities with thosein the early
embryo.



by the non-canonicalmaintenancemechanismand thus,
ICRs and promotersof germ line specibcgenesbecome
sensitive to passivedemethylation upon hydroxymethy-
lation from aroundE10.5[19 ]. Indeed Zfp57 prefersto
bind to its target sequencewhen methylated, but not
when hydroxymethylated [47], providing a potential
mechanismfor such a switch.

It seemsparadoxicalthat certain methylation marks are
maintained in migrating PGCsif they aredestinedto be
erasedin gonadalPGCs.lt is possiblethat this paradoxis
simply a consequenceof the non-canonicalmethylation
maintenancemechanismthat theseregionshaveevolved,
andwhich seemsto be universallyin placein early PGCs,
ESCs, and cells of the early embryo to ensure robust
maintenance even when global methylation erasure
occurs.In PGCs, where imprints_have to be reset and



This study uses genome-wide bisulbte sequencing to generate methyla-
tion proPles of sperm, oocytes, blastocyst and ES cells, identifying
gamete-specibc methylation that resists global demethylation during
pre-implantation development.
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