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SUMMARY

Global DNA demethylation is an integral part of re-
programming processes in vivo and in vitro, but
whether it occurs in the derivation of induced pluripo-
tent stem cells (iPSCs) is not known. Here, we show
that iPSC reprogramming involves both global and
targeted demethylation, which are separable mecha-
nistically and by their biological outcomes. Cells at in-
termediate-late stages of reprogramming undergo
transient genome-wide demethylation, which is more
pronounced in female cells. Global demethylation
requires activation-induced cytidine deaminase
(AID)-mediated downregulation of UHRF1 protein,
and abolishing demethylation leaves thousands of
hypermethylated regions in the iPSC genome. Inde-
pendently of AID and global demethylation, regulatory
regions, particularly ESC enhancers and super-en-
hancers, are specifically targeted for hypomethylation
in association with transcription of the pluripotency
network. Our results show that global and targeted
DNA demethylation are conserved and distinct re-
programmingprocesses,presumablybecauseof their
respective roles in epigenetic memory erasure and in
the establishment of cell identity.
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genome-wide analyses in intermediates of F-class cells (an alter-

native pluripotent state, dependent on continuous high expres-

sion levels of the Yamanaka Factors [Oct3/4, Sox2, Klf4, cMyc]

OSKM) and one late time point where OSKM were no longer

exogenously expressed. They demonstrated that hypomethy-

lated differentially methylated regions (DMRs) are highly en-

riched in H3K4me3 andH3K27me3 and that themajority of these

overlap with specific transcription factor binding sites. However,

it is not clear how DNA methylation marks at regulatory regions

are remodeled during primary iPSC reprogramming and how
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(Figure S4J). This increase in 5-hydroxymethylcytosine (5hmC)

correlates with the observed increase in expression of the Tet

enzymes, consistent with their role in controlling MET (Hu

et al., 2014). Furthermore, the expression dynamics of Tet1, 2

and Tdg are consistent with a possible role in targeted but not

in global demethylation.

Finally, based on the observation that female and male cells

undergo global DNA demethylation to different extents, and

when female cells are devoid of AID they show an extent of

global demethylation similar to male WT cells, we investigated

the status of X chromosome reactivation. We observed that

AidKO female cells are able to reactivate the X chromosome,

just like WT cells (Figure S4K). Furthermore, to exclude that

this could be a reprogramming system-specific effect, we re-

programmed fibroblasts from one male and four female human

donors. Human cells also undergo global demethylation during

reprogramming (Figure S4L). However, this demethylation is

not as profound as in female mouse cells, resembling more

closely the male mouse global DNA methylation profile. Since

human cells do not robustly reactivate the X chromosome during

iPSC reprogramming (Tchieu et al., 2010), we investigated

whether this was the case in our reprogramming system. We





posttranslational regulation of UHRF1. Known mechanisms of

UHRF1 regulation that can affect DNA methylation include ubiq-

uitination among others (Tauber and Fischle, 2015). We note in

this respect that several ubiquitination and deubiquitination en-

zymes are differentially expressed in iPSCs with and without

AID, and that AID itself interacts with a ubiquitin ligase (Sun

et al., 2013).

Targeted demethylation (over and above the global demethy-

lation) occurs at ESC-specific enhancers and super-enhancers

to a similar extent in female and male cells, and this is conserved

in other reprogramming processes in which pluripotent cell iden-

tity is achieved. These regions share the characteristics of being

CpG-poor and transcription factor (TF) binding-rich regions,

characteristics that have been proposed to play a role in focal

or targeted demethylation (Soufi et al., 2012; Stadler et al.,

2011). TET proteins have also been implicated in reprogramming

(Nashun et al., 2015
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