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Introduction

Stem cells hold great potential as a research and therapeutic tool, 
but advancements in this technology have lagged due to ethi-
cal concerns regarding their isolation. Various research groups 
have recently described methods for reprogramming human and 
mouse somatic cells to induced pluripotent stem (iPS) cells.1-4 In 
human cells, reprogramming strategies generally involve intro-
duction of some combination of pluripotency-associated fac-
tors, notably Oct4, Sox2, Lin28 and Nanog;2 or Oct-3/4, Sox2, 
c-Myc and Klf4.3,4 Expression of these pluripotency-associated 
factors is important to maintaining the pluripotent state and 
the epigenetic silencing of these genes is an important step in 
differentiation.5,6 In particular, the methylation state of lysine 
9 on histone 3 (H3K9) at the Oct4 promoter, as mediated by 
G9a and Jhmd2a, is an important factor in differentiation and 
reprogramming.7-9 Besides contributing to pluripotency in stem 
cells, Oct4, also known as POU5F1 and Oct3/4, has been impli-
cated in oncogenesis. Such a link is appreciated due to the obser-
vation that cancer and stem cells share properties of self-renewal 
and propagation.10	

Long non-coding RNAs (lncRNAs) have been shown to epigenetically regulate certain genes in human cells. Here 
we report evidence for the involvement of an antisense lncRNA in the transcriptional regulation of the pluripotency-
associated factor Oct4. When an lncRNA antisense to Oct4-pseudogene 5 was suppressed, transcription of Oct4 and Oct4 
pseudogenes 4 and 5 was observed to increase. This increase correlated with a loss of silent state epigenetic marks and 
the histone methyltransferase Ezh2 at the Oct4 promoter. We observed this lncRNA to interact with nucleolin and PURA, 
a 35 kD single-stranded DNA and RNA binding protein, and found that these proteins may act to negatively regulate this 
antisense transcript.

Transcriptional regulation of Oct4 by a long  
non-coding RNA antisense to Oct4-pseudogene 5

Peter G. Hawkins1,2 and Kevin V. Morris1,*

1Department of Molecular and Experimental Medicine; 2The Kellogg School of Science and Technology; The Scripps Research Institute; La Jolla, CA USA

Keywords: Oct4, PURA, nucleolin, non-coding RNA, pseudogenes

Abbreviations: RNA, ribonucleic acid; iPS, induced pluripotent stem; Sox2, SRY (sex-determining region Y)-box 2; Klf4, krüppel-
like factor 4; c-Myc, myelocytomatosis viral oncogene homolog; Lin28, lin-28 homolog; Oct4, octamer-binding transcription 

factor 4; Oct4-pg, Oct4 pseudogene; POU5F1, POU class 5 homeobox 1; PURA, purine rich element binding protein A; PURB, 
purine rich element binding protein B; NCL, nucleolin; RNAi, RNA interference; mRNA, messenger RNA; lncRNA, long 

non-coding RNA; cDNA, complimentary DNA; asRNA, antisense RNA; miRNA, micro RNA; siRNA, small interfering RNA; 
H3K27me3, trimethylated lysine 27 on histone 3; H3K9me2, dimethylated lysine 9 on histone 3; Ago1, argonaute 1; HDAC1, 

histone deacetylase 1; DNMT3a, DNA methyltransferase 3a; Ezh2, enhancer of zeste homolog 2; G9a, euchromatic histone lysine 
N-methyltransferase 2; HOX, homeobox gene; PCR, polymerase chain reaction; RT-PCR, reverse transcriptase PCR;  

qPCR, quantitative PCR

Genome-wide studies indicate that much more of the human 
genome is transcribed than previously realized, with many of 
these transcripts being long non-coding RNAs (lncRNAs).11,12 
Many of these lncRNAs run antisense relative to protein-coding 
regions.13,14 Recent evidence from our group and others indicates 
that certain antisense lncRNAs function to regulate gene tran-
scription by directing epigenetic remodeling complexes to partic-
ular loci.15-17 In these studies, knockdown of antisense transcripts 
by RNA interference (RNAi) led to activation of sense transcrip-
tion. Antisense lncRNAs have also been shown to function in 
trans to direct epigenetic modifications to distal loci. In a study 
of lncRNAs associated with HOX loci in human cells, Rinn et 
al. found that an antisense RNA associated with the HOXC 
locus repressed transcription of the distal HOXD locus.18 This 
antisense transcript was shown to associate with the Polycomb 
Repressive Complex 2 (PRC2) and the observed silencing cor-
related with an increase in H3K27me3 at the HOXD locus.

In mouse cells, lncRNAs have recently been identified which 
regulate Oct4 and Nanog, perhaps pointing to a role for non-cod-
ing transcripts in regulating pluripotency.19 In human cells, Oct4 
is expressed as two transcript variants which, through alternative 
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set 2) and antisense to Oct4 transcript variant 2 (primer set 3) 
(Fig. 1B). In each case, poly(A) depletion was confirmed by 
noting a lack of amplification of cDNA samples primed with 
oligo(dT). These data indicate that in MCF-7 cells, in addi-
tion to the previously described sense Oct4-pg5 transcript, there 
are also antisense transcripts overlapping the coding region of 
Oct4-pg5 and the promoter and coding regions of Oct4 (asOct4-
pg5 and asOct4 respectively).

Strand-specific RT-PCR was also performed using primers 
specific for an intronic region of Oct4. Analysis with this primer 
set showed the presence of an antisense RNA overlapping this 
intronic region, but no sense transcript (Fig. S1). In addition to 
showing that the non-coding RNA in question overlaps intronic 
regions of Oct4, this result confirms the ability to selectively 
amplify target strands by the described method of strand-specific 
RT-PCR.

We hypothesized that the observed lncRNAs antisense to 
Oct4 and Oct4-pg5 may function to regulate Oct4-related sense 
transcripts. To test this hypothesis, we generated three siRNAs 
(siO18, siO78 and siO98; Table S1) targeted to asOct4 and 
asOct4-pg5 and assessed their effect on Oct4-related transcripts 
by quantitative PCR (qPCR) using primer set 1. In addition to 
targeting these asRNAs, the siRNAs screened could also target 
a putative lncRNA antisense to Oct4-pg4, although we were 
unable to detect an antisense RNA associated with Oct4-pg4 in 
MCF-7 cells (Fig. S1).

Transfection with siO18 and siO98 led to a suppression of 
asOct4 and/or asOct4-pg5 and a concurrent increase in Oct4 
and/or Oct4-pg5 sense RNA levels (Fig. 2A). This observed dis-
cordant regulation was similar to previous observations, where 
targeting antisense lncRNAs also resulted in increases in gene-
specific sense/mRNA expression.15-17 These data suggest that 
Oct4-related transcripts may be in part controlled by an anti-
sense lncRNAs associated with Oct4 and/or Oct4-pg5.

To further investigate the role that lncRNAs antisense to Oct4 
and Oct4-pg5 might play in regulating Oct4-related sense RNA 
expression, we cloned siO18 and a scrambled control as short-
hairpin RNAs (shO18 and shS18 respectively). Antisense Oct4 
and/or Oct4-pg5 levels were shown to be decreased 48 h after 
transfection with shO18, and 72 h post-transfection we observed 
an increase in Oct4-related sense RNA levels (Fig. 2B and C). 
We also analyzed these samples using primer set 3, specific for 
Oct4 transcript variant 2. This analysis showed no decrease in 
the antisense transcript overlapping this region, but an increase 
in Oct4 mRNA (Fig. 2D). These data suggest that asOct4-pg5 
and not asOct4, is likely the primary effector molecule in this 
regulatory mechanism.

To more specifically assess the effect of shO18 treatment on 
Oct4-related transcripts, we next performed nuclear run-on. 
Analysis with primer set 1, specific for Oct4 and Oct4-pg5, 
showed an increase in Oct4 and/or Oct4-pg5 sense RNA 

splicing, differ in their 5' untranslated regions (UTRs), 5' coding 
regions and translational start codons.20 In addition to these two 
transcript variants of Oct4, six related pseudogenes (Oct4-pg1-6) 
have also been identified in various human cell lines and can-
cers, although little is known regarding their function.21 These 
pseudogenes were identified in cDNA samples, the reverse 
transcription of which was primed using an oligo(dT) primer. 
As the epigenetic regulation of Oct4 is important in many bio-
logically relevant processes, we chose to investigate the role that 
these Oct4-related lncRNAs might play in the transcriptional 
regulation of Oct4. A detailed understanding of the epigenetic 
regulation of Oct4 is crucial if applications of iPS cells are to one 
day become therapeutically relevant. In addition, knowledge of 
RNA-based networks involved in regulating pluripotency may 
prove useful with regards to future methods of cellular repro-
gramming and the development of cancer-targeted therapeutics.

Results

Our initial characterization of Oct4-related transcripts employed 
several primer sets (Fig. 1A and Table S1). Oct4 primer set 2 
specifically recognized the Oct4 promoter. Oct4 primer set 3 spe-
cifically recognized Oct 4 transcript variant 2. Oct4 primer set 1 
recognized both transcript variants of Oct4, as well as Oct4 pseu-
dogene 5 (Oct4-pg5). In addition, while the forward primer of 
set 1 also recognized Oct4-pg1 and 3 and the reverse primer also 
recognized Oct4-pg-4, these overlaps were not shared between 
primers, so PCR and qPCR analysis was not expected to be con-
founded by Oct4-pg1, 3 or 4. Previously published data show 
that of polyadenylated Oct4-related transcripts, only Oc4-pg5 
is expressed in MCF-7 cells.21 As such, sense Oct4-related 
transcripts measured using primer set 1 were understood to be 
Oct4-pg5. This previous screen did not, however, determine the 
presence or absence of non-polyadenylated lncRNAs that might 
span Oct4 or any of its pseudogenes.

To characterize the sense and antisense transcripts associated 
with Oct4, polymerase chain reaction (PCR) was used to ana-
lyze cDNA libraries generated by strand-specific reverse tran-
scription PCR (RT-PCR). In strand-specific RT-PCR, reverse 
transcription was primed with either a gene-specific forward or 
reverse primer alone, thereby generating cDNA of specifically 
the antisense or sense strand of the targeted region respectively. 
PCR was then performed using forward and reverse primers, 
with amplicons representing sense or antisense transcripts which 
overlap that region. As published work has established that the 
only polyadenylated Oct4-related RNA expressed in MCF-7 cells 
is Oct4-pg5, these experiments were performed with poly(A)-
depleted RNA.21

Using each of our primer sets individually, we were able to 
detect non-polyadenylated RNAs antisense to Oct4 and/or 
Oct4-pg5 (primer set 1), overlapping the Oct4 promoter (primer 

Figure 1 (See opposite page). (A) Schematic representation of transcripts, primer sites, siRNA target sites and other genetic elements associated with 
Oct4 and Oct4-pg5. (B) PCR of MCF-7 RNA depleted of polyadenylated transcripts and converted to cDNA in a strand-specific manner using indicated 
primers. PCR products were analyzed on 6% polyacrylamide gel. Non-polyadenylated antisense transcripts were detected overlapping the coding 
region of Oct4-pg5 and the coding and promoter regions of Oct4.
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binding factors A and B (PURA and PURB) and nucleolin 
(NCL). PURA, PURB and NCL are DNA and RNA binding 
proteins whose roles in gene regulation are widespread and in 
many ways ill-defined.22-25 As these proteins could interact with 
asOct4-pg5 or the targeted loci, they were considered of par-
ticular interest to our study.

We found that knockdown of PURA and NCL (Fig. S2B) 
had a negative effect on Oct4 mRNA levels (Fig. 5A). Presented 
results were normalized first to β-actin and second to control 
samples (shS18). We also found that knockdown of PURA and 
NCL had no significant effect on levels of asOct4 and asOct4-
pg5 (Fig. 5C). These results suggested that PURA and NCL 
may function to inhibit the function of asOct4-pg5. To address 
this hypothesis, we analyzed changes at the Oct4 promoter upon 
shRNA-mediated knockdown of PURA and NCL. We found by 
ChIP analysis that knockdown of PURA resulted in an increase 
of H3K27me3 (Fig. 5B). As asOct4-pg5 was previously shown 
to direct H3K27me3 to the Oct4 promoter (Fig. 3E), this result 
may indicate that PURA inhibits this action through its interac-
tion with asOct4-pg5, possibly by sequestering this asRNA away 
from targeted loci.

Discussion

While the mechanism of antisense lncRNA-mediated tran-
scriptional regulation discussed here is similar to that of earlier 
described antisense lncRNAs, these findings are unique in that 
the antisense lncRNA in question lacks a poly A tail and origi-
nates from a pseudogene. Knockdown of asOct4-pg5 resulted in 
an increase in Oct4-pg5, as well as Oct4 and Oct4-pg4. This 
result may indicate that asOct4-pg5 has multiple targets or that 
multiple lncRNAs function together in some fashion to create a 
widespread effect on Oct4-related transcription.

Also presented here is evidence for novel functions of proteins 
which may regulate antisense lncRNAs. One protein found by 
mass spectrometry to associate with asOct4 and/or asOct4-pg5 
is PURA. We observed that shRNA-mediated knockdown of 
PURA led to a decrease in Oct4 transcript levels and an enrich-
ment of H3K27me3 at the Oct4 promoter. PURA is a multi-
functional DNA- and RNA-binding protein which has been 
shown to regulate transcription, translation, cell cycle progres-
sion and cell proliferation.22,23 The data presented here suggest 
that PURA might also function to bind antisense RNAs and, 
possibly through interactions with additional proteins, sequester 
them away from their targets. PURB and NCL were also identi-
fied as asOct4 and/or asOct4-pg5 binding partners, although of 
these two, knockdown of only NCL had an effect on Oct4 tran-
scripts. NCL is a ubiquitously expressed, multifunctional protein 

transcription (Fig. 3A). We next analyzed nuclear run-on sam-
ples using primers specific for Oct4 transcript variant 2 and Oct4 
pseudogene 4 and we observed a significant increase in transcrip-
tion of both these RNA species (Fig. 3B and C). These results 
indicate that the lncRNA asOct4-pg5 may function to regulate 
multiple Oct4-related transcripts. Values obtained from qPCR 
analysis of nuclear run-on samples were standardized first to 
actively transcribed β-actin and then to control samples (shS18).

In order to more fully characterize the mechanism by which 
asOct4-pg5 affects Oct4-related transcription, we used RNAi to 
knockdown various genes that have been implicated in epigenetic 
and RNA-mediated transcriptional regulation. We found that 
knockdown of the histone methyl transferases Ezh2 and G9a 
caused an increase in Oct4 mRNA, while knockdown of Ago1, 
HDAC1 and DNMT3a had no significant effect (Fig. 3D).  
Values obtained from qPCR analysis were normalized first to 
β-actin and then to control samples (si854). Knockdown of these 
genes was confirmed by qPCR (Fig. S2A). While these data indi-
cate that Ezh2 and G9a negatively regulate Oct4, they alone do 
not directly link this activity to asOct4-pg5.

To investigate the role that asOct4-pg5 might play in direct-
ing histone methyl transferases and chromatin modifications, we 
next assessed the effect of knockdown of asOct4-pg5 on chroma-
tin structure at the Oct4 promoter. Chromatin immunoprecipita-
tion (ChIP) analysis of the Oct4 promoter 72 h post-transfection 
with shO18 showed decreased levels of H3K9me2, H3K27me3 
and Ezh2 (Fig. 3E). These results indicate that asOct4-pg5 may 
function to recruit Ezh2 and possibly G9a to the promoter of 
Oct4, which in turn leads to an increase in silent state histone 
modifications and transcriptional silencing of Oct4. These data 
are strikingly similar to observations made when the respective 
antisense lncRNAs associated with p15, p21 and HOX loci were 
studied.15,16,18

As little is known regarding mechanisms of RNA-mediated 
transcriptional regulation, we next sought to identify novel 
protein factors involved in this process by mass spectrometry. 
To do so we incubated nuclear extracts of MCF-7 cells with 
a biotin-tagged oligonucleotide designed to bind to asOct4 
and/or asOct4-pg5 and pulled down the lncRNA and asso-
ciated proteins with streptavidin beads (Fig. 4A). Additional 
samples were incubated with a biotin-tagged irrelevant control 
oligonucleotide (miRN367) in order to monitor specificity of 
pull-down. The presence of the antisense RNA in question 
was validated by directional RT-PCR (Fig. 4B) and associated 
proteins were isolated and analyzed by mass spectrometry (Fig. 
4C). A full list of proteins identified in biotin-tagged control 
and O18 samples can be found in Table S2. Of the several pro-
teins identified, we chose to further analyze purine-rich element 

Figure 2 (See opposite page). (A) Screen of three siRNAs targeted to lncRNAs antisense to Oct4 and Oct4-pg5. Compared to cells treated with the 
control siRNA, samples transfected with siO18 and siO98 demonstrated a decrease in antisense and an increase in sense transcripts associated with 
Oct4 and/or Oct4-pg5. (B) Forty-eight hours post-transfection with shO18, relative to samples treated with the scrambled control shS18, antisense 
transcripts associated with Oct4 and/or Oct4-pg5 were decreased, while sense transcripts were not significantly changed. (C) Seventy-two hours post 
transfection with shO18, antisense transcripts associated with Oct4 and/or Oct4-pg5 were decreased, while sense transcript levels were significantly 
increased. (D) Seventy-two hours post-transfection with shO18, antisense transcripts associated with Oct4 were unchanged, while sense transcript 
levels were significantly increased. (B–D) Averages are shown from cultures treated in triplicate, error bars represent standard errors of means and p 
values from two-sided t-tests are indicated.
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Figure 3. (A–C) Compared to cells treated with the scrambled control, samples transfected with shO18 demonstrated a significant increase in 
transcription of Oct4-pg5, Oct4 and Oct4-pg4. (D) Transfection of MCF-7 cells with siRNAs targeted to Ezh2 and G9a resulted in an increase in Oct4 
sense transcript levels. (E) Treatment of MCF-7 cells with shO18 resulted in a loss of the silent state epigenetic marks H3K9me2 and H3K27me3 and the 
histone methyltransferase Ezh2 at the Oct4 promoter. (A–D) Values obtained from qPCR were standardized to β-actin levels. (A–E) Averages are shown 
from cultures treated in triplicate, error bars represent standard errors of means and p values from two-sided t-tests are indicated. Samples were 
analyzed 72 h post-transfection.
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and subsequent silencing of transcription.27 As this model sug-
gests, we observed that RNAi-mediated knockdown of asOct4-
pg5, Ezh2 or G9a led to increased transcription of Oct4. The 
proteins PURA and NCL function in this model to bind and 
sequester the asRNA. This sequestration renders the non-coding 
transcript inoperable, thereby blocking heterochromatization 
and transcriptional inhibition. In accordance with the model, we 
observed that RNAi-mediated knockdown of PURA and NCL 
resulted in decreased Oct4 mRNA levels.

The work presented here carries particular impact as Oct4 
fulfills many important roles in the cell. Epigenetic regulation 
of Oct4 is important not only in reprogramming experiments, 

that plays a key role in ribosomal biogenesis.24 NCL has also been 
observed to activate and repress gene transcription and to regu-
late RNA metabolism.26 We found that while shRNA-mediated 
knockdown of NCL resulted in a decrease in Oct4 transcript lev-
els, this effect did not correlate with changes in chromatin at the 
Oct4 promoter.

These results provide the basis for an expanded model of 
asRNA-mediated transcriptional regulation (Fig. 6). In this 
model, an asRNA associates with a complex of epigenetic regula-
tory proteins including Ezh2 and G9a. This complex is localized 
to a targeted promoter by the non-coding RNA. This complex 
then induces heterochromatization at the targeted promoter 

Figure 4. (A) Schematic of biotin-mediated pulldown of target asRNA. (B) RNA samples isolated from nuclei incubated with biotin-tagged O18 
or control (miRN367) oligonucleotides were reverse transcribed with Oct4 Set 1 Fwd, amplified by PCR using Oct4 set 1 and analyzed on a 6% 
polyacrylamide gel. (C) Isolated proteins were analyzed by mass spectrometry and the indicated proteins, unique to samples pulled-down with biotin-
tagged O18, were identified.
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but also during differentiation of stem 
cells to progenitor cells and oncogen-
esis. These data provide insight into 
possible transcriptional regulators of 
Oct4 during such processes.

Materials and Methods

Cell culture and transfection. 
Experiments were conducted in MCF-7 
cells cultured at 37°C and 5% CO

2
 in 

Dulbecco’s modified Eagle’s medium 
supplemented with 10% fetal bovine 
serum and penicillin-streptomycin 
(InvitrogenTM). Plasmid transfections 
were performed using Lipofectamine 
2000 (InvitrogenTM) at a concen-
tration of 1 μg/1 x 106 cells and 
siRNA transfections were performed 
using Lipofectamine RNAiMAX 
(InvitrogenTM) at a concentration of 
100 nM.

Poly(A) depletion and PCR. 
MCF-7 RNA was isolated (RNeasy, 
QaigenTM), DNase treated (TURBO 
DNase, AmbionTM), depleted of 
polyadenylated transcripts (mRNA 
Catcher, InvitrogenTM) and converted 
to cDNA (Reverse Transcrpition 
Core Kit, EurogentecTM) using indi-
cated primers. cDNA was amplified 
by PCR (KAPA2G Fast HotStart, 
Kapa Biosystems) using indicated 
primers and analyzed on a 6% poly-
acrylamide gel. For a list of all primer 
sequences used in this work please see 
Table S1.

Figure 5. (A) Transfection of MCF-7 cells 
with shRNAs targeted to PURA and NCL 
resulted in a decrease in Oct4 sense 
transcript levels. Results have been 
normalized to internal β-actin levels. (B) 
Treatment of MCF-7 cells with a shRNA 
targeted to PURA resulted in an enrich-
ment of the silent state epigenetic mark 
H3K27me3 at the Oct4 promoter. (C) 
Transfection of MCF-7 cells with shRNAs 
targeted to indicated genes resulted in 
no change in asOct4 or asOct4-pg5 levels. 
(A–C) Averages are shown from cultures 
treated in triplicate, error bars represent 
standard errors of means and p values 
from two-sided t-tests are indicated. Sam-
ples were analyzed 72 h post-transfection.
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Figure 6. For figure legend, see page 174.
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(InvitrogenTM). DNA was then recovered by phenol/chloro-
form extraction and analyzed by qPCR using indicated primers 
(Kapa Sybr Fast, Kapa BiosystemsTM).

Nuclear run-on. Nuclear run-on was performed as previously 
described,31 although analysis of run-on samples was slightly 
modified to use biotin-tagged transcripts.28,29 Biotinylated 
RNA was pulled down using Streptavidin-coupled Dynabeads 
(InvitrogenTM). cDNA copies of pulled down RNA were gener-
ated (Reverse Transcription Core Kit, EurogentecTM) and then 
analyzed by qPCR using indicated primers (Kapa Sybr Fast, 
Kapa BiosystemsTM). Presented data were standardized first to 
beta-actin and subsequently to control (shS18) values.

Biotin pull-down. MCF-7 cells were washed and lysed as 
described in previous ChIP assay. Lysed nuclei were incubated 
with a biotin labeled O18 or an irrelevant control (miRN367) 
oligonucleotide at a concentration of 500 μM for 30 minutes 
at 42°C (sequences of biotin-tagged oligonucleotides found in 
Table S1). Biotin-bound nucleic acids were pulled down using 
Streptavidin-coupled Dynabeads (InvitrogenTM) and protein 
complexes were eluted by addition of 100 μl of 2x elution buffer 
(10 mM Tris-HCl (pH 6.0), 1 mM EDTA and 2.0 M NaCl) and 
incubation at 65°C for 10 min. Eluted proteins were analyzed by 
mass spectrometry (TSRI Center for Mass Spectrometry).
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siRNA design and synthesis. We designed and synthesized 
(Silencer siRNA Construction Kit, AmbionTM) three siRNAs 
targeted to antisense RNAs associated with Oct4 and Oct4-pg5, 
and an irrelevant control siRNA targeted to CCR5 (si854). We 
also employed siRNAs targeted to Ago1, DNMT3a, Ezh2 and 
G9a, which, along with the control si854, were synthesized by 
Inegrated DNA TechnologiesTM. Sequences of siRNAs used can 
be found in Table S1. Several of these siRNAs have been used 
and validated in previous reports.28,29

shRNA plasmid construction. A short-hairpin RNA targeted 
to antisense RNAs associated with Oct4 and Oct4-pg5 and a 
scrambled control of this sequence were synthesized (Integrated 
DNA TechnologiesTM) and cloned into the BLOCK-iTTM H1 
RNAi Entry Vector (InvitrogenTM) per manufacturer’s guid-
lines. shRNA contructs targeting PURA (TRCN0000014534), 
PURB (TRCN0000155904) and NCL (TRCN0000062284) 
were obtained as a gift from Carol Kreider at Sigma-AldrichTM. 
Sequences of shRNAs used can be found in Table S1.

Quantitative PCR (qPCR). RNA was extracted (RNeasy, 
QaigenTM), DNase treated (TURBO DNase, AmbionTM), reverse 
transcribed using non-specific or indicated primer (Reverse 
Transcrpition Core Kit, EurogentecTM) and analyzed by qPCR 
using indicated primers (Kapa Sybr Fast, Kapa BiosystemsTM). 
Results from qPCR of cDNA generated in a strand-specific man-
ner were normalized to a standard curve and then expressed as 
fractions of control values. Data from qPCR of cDNA generated 
non-specifically were normalized first to internal β-actin levels 
and then expressed as fractions of control values.

Chromatin immunoprecipitation (ChIP). ChIP assay was 
performed as previously described.30 DNA was immunopre-
ciptated using an anti-H3K27me3 (Cell Signaling # 9756S), 
anti-H3K9me2 (Cell Signaling # 9753S), H3K4me2 (Upstate 
07-030), anti-Ago1 (Santa Cruz Biotechnology # sc-32657), 
anti-Ezh2 (Upstate # 07-689) or anti-G9a (Cell Signaling 
#3306S) antibody and pulled down by Dynabeads Protein A 

Figure 6 (See previous page). (A) The non-coding transcript asOct4-pg5 associates with Ezh2, G9a and possibly additional regulatory proteins. This 
complex localizes to the Oct4 promoter where it induces heterochromatization and inhibition of transcription. PURA and NCL may also bind asOct4-
pg5, but function to inhibit its activity by sequestration. (B) When PURA and NCL are suppressed by RNAi, asOct4-pg5 is able to target Ezh2 and G9a to 
the Oct4 promoter, resulting in reduced Oct4 transcription.
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