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Abstract

Transitions in cell states are controlled by combinatorial actions of transcription factors. For
primordial germ cell (PGC) specification, BLIMP1 the key regulator apparently acts together with
PRDM14 and AP2y. To investigate their individual and combinatorial functions, we first sought
an in vitro system for transcriptional readouts and ChIPseq analysis. We then integrated this data
with information from single cell transcriptome analysis of normal and mutant PGCs. Here we
show that BLIMP1 binds directly to repress somatic and cell proliferation genes. It also directly
induces AP2y, which together with PRDM14 initiates the PGC-specific fate. We determined the
occupancy of critical genes by AP2y, which when computed altogether with those with BLIMP1
and PRDM14, individually and cooperatively, reveals a tripartite mutually interdependent
transcriptional network for PGCs. We also demonstrate that in principle, BLIMP1, AP2y and
PRDM14 are sufficient for PGC specification, and the unprecedented resetting of the epigenome
towards a basal state.

Primordial germ cells (PGCs) in mice originate from the rapidly dividing post implantation
epiblast cells that are primed for somatic fate, following repression of some pluripotency
genes®. They also exhibit an inactive X chromosome, histone H3 lysine nine dimethylation
(H3K9me2) and DNA methylation?2. A transcriptional network for PGC specification
should reverse this trend by the time 30-40 founder PGCs are established at embryonic day
7.5 (E7.5).

PGC fate is initiated by BMP4-induced expression of BLIMP1 in a few proximal epiblast
cells at E6.2548, which marks their divergence from somatic neighbours (see Fig 3b).
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Indeed, BLIMP1 mutant cells fail as PGCs and resemble neighbouring somatic cells”-9-11,
BLIMP1 binds to a specific DNA sequencel?-20 to either repress?1-2° or activate?6 its direct
targets. Shortly after BLIMP1, there is induction of Prdm14 also by BMP427, followed by
Tcfap2c encoding AP2y28 (see Fig 3b). Genetic experiments indicate that these factors are
individually critical for PGC specification. It is important however to establish if their
combinatorial roles and precise targets are necessary and sufficient for PGC specification,
and for the initiation of the unique epigenetic program?°.

In this study we combined information from different experimental models to establish how
BLIMP1, PRDM14 and AP2y contribute to PGC specification, both individually and
combinatorially. We propose a tripartite transcriptional network that accounts for PGC
specification and their unique properties. Indeed, co-expression of BLIMP1, AP2y and
PRDM14 in an in vitro model can substitute for cytokines in the direct induction of PGC-
like cells (PGCLCs). Close scrutiny of the genetic network also provides a detailed view of
how these genetic factors regulate the unique epigenetic program in germ cells, which might
serve as a paradigm for wider applications in the context of tissue regeneration and
experimental manipulation of cell fates.

We first sought an /n vitro surrogate cell-culture system to examine the individual and
cooperative roles of BLIMP1, PRDM14 and AP2y, and to identify their direct targets by
chromatin immunoprecipitation (ChlP) experiments, which requires large amounts of
material. This is difficult with PGCs since they are relatively rare, difficult to culture,
transfect and manipulate. We therefore tested BLIMP1 expression in several primary cell
types, embryonic stem cells (MESCs), embryonic germ cells (EGCs) and epiblast stem cells
(EpiSC), but none of them survived except for P19 embryonal carcinoma cells (P19EC)2°
(Fig 1a). Indeed, P19EC cells are also appropriate for this purpose because they originate
from E7.5 epiblast30, and share important properties of post implantation epiblast, the
precursors of PGCs in vivedl32,

Repression of somatic program and induction of PGC genes in P19EC cells

We examined P19EC cells for transcriptional response following ectopic expression of
BLIMP1-EGFP fusion protein or EGFP alone after 24h with low (24h-LO) and high
expression (24h-HI), and all fluorescent cells at 48h (Fig. S1a). Whereas the 24h-HI cells
showed an apoptosis response due to a strong dose dependent effect33, this was not the case
with 24h-LO cells. We therefore focused mainly on 24h-LO and 48h cells (Fig S1b, Fig S2).

BLIMP1 in P19EC cells induced gene repression including mesendodermal factor Fomes,
HoxAS5, Evx1, Myc, and of de novo DNA methyltransferase, Dnmi3b (Fig S1b), which are
amongst the key responses observed in PGCs234. Importantly, PGC genes, Nanos3, and
Rhox9were induced. By lowering the statistical threshold to FDR < 0.05, we detected an
induction of Dppa3/Stella, and Tcfap2Ze (encoding AP2y ), (Fig S1b, 1b, Table S1).
Furthermore, RT-gPCR revealed an induction of DndI and Prdmi4 at 48h, and PGC
markers, Daz/and Dadx4 (Fig. 1b). While Oct4/Pou5f1 expression continued (Table S1), we
noted repression of Manog, which could explain the induction of Gata4 and FoxQ1% (Fig
S1b and Table S1). Overall and in important respects, the response of P19EC to BLIMP1
approximates that seen during PGC specification /n vivo.

We then looked at the effects of all three factors in P19EC cells following stable expression
of PRDM14 and AP2y, both individually and together. We transfected control cells and the
stable lines with BLIMP1-EGFP or EGFP alone for 24 hours and examined sorted

fluorescent cells. This showed repression of £omesand 7-Brachyury, while PRDM14 alone
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suppressed Dnmt3b (Fig 1c), its direct target36. While BLIMP1 repressed Myc, PRDM14 in
combination with AP2y modestly induced Myc expression, an effect that was overcome by
BLIMP1 expression. Thus, repression of somatic regulators is complex, and may not be
attributable to BLIMP1 alone.

The induction of PGC genes revealed co-operative effects of AP2y and PRDM14, which
induced Nanos3and Prdm1 (encoding BLIMP1), with a modest induction of Dax4. While
Nanos3induction was attenuated by BLIMP1, Dnadl was induced by 15-fold when all three
factors were present, but Dppa3was strictly PRDM14-dependent (Fig 1c). These
observations show that PRDM14 and AP2y cooperatively induce the germ cell programme,
with the additional effect of BLIMP1 on DndZ induction.

The analysis of P19ECs shows a response to BLIMP1, PRDM14 and AP2y individually and
collectively, with features that are pertinent to PGCs, including the repression of somatic
genes and induction of PGC genes. We posit that P19EC cells are appropriate for the
identification of direct targets of the three key determinants of PGC specification.

Identification of BLIMP1 targets and their relevance for PGC specification

To identify BLIMP1 targets, we transfected P19ECs with BLIMP1-EGFP, followed by ChIP
sequencing (ChlPseq) using an EGFP antibody. This revealed 5046 BLIMP1 high-
confidence binding peaks for 4389 protein coding and 313 non-coding genes (Table S2 and
S3), including 8/11 known targets such as Mycand /&3 (Fig 2a). We observed a peak
distribution with a median position of +171.5 bp relative to transcriptional start sites (TSS)
(Fig. 2b,c) consistent with BLIMP1 binding on promoters and an enrichment of the
previously characterized consensus binding sequence for BLIMP137 (p-value =1.1*107388)
(Fig. 2d). Notably, BLIMP1 bound to 7-Brachyury, Eomes and the entire Hox gene loci
(Fig. 2e and Table S3) reflecting its role in PGC specification /7 vivo’%. Functional category
analysis revealed a striking enrichment of BLIMP1 binding to genes encoding
transcriptional regulators and of genes regulating developmental processes (Fig 2f).
Moreover, BLIMP1 was bound to 7cfap2c (encoding AP2)), which is induced in PGCs (see
later).

We validated Myc and several novel BLIMP1 bound regions by ChIP-gPCR in P19ECs (Fig
2g). We also validated BLIMP1 binding to £omes, Dnmi3b, HoxB2and Myc in PGC-like
cells (PGCLCs) generated /i vitro®® with a ChIP grade BLIMP1 antibody3’(Fig 2h), but
comprehensive analysis in PGCLCs was technically not feasible owing to limited amounts
of precipitated DNA that could be generated.

To determine the significance of BLIMP1 targets, we scrutinised transcriptional changes in
wild type and Pram1 (BLIMP1) mutant PGCs from E6.25-E8.5 embryos, including E7.5
somatic neighbours, which share a common ancestry (Fig 3a). For this, we performed
single-cell RNA-Seq analysis and found that all three factors; Pram1 (encoding BLIMP1),
Tcfap2ce (encoding AP2y), and Prdmi4 were fully induced by E6.5 in putative PGCs, with
extensive repression of somatic and cell cycle regulators, and induction of the PGC
program’-2 (Fig 3b,c, S3a,b, Table S4). By contrast, we detected expression of somatic
genes and a lack of expression of some germ cell genes in Pram1 mutant cells (Fig 3b,c).
Overall, the E7.5 single cell expression profiles of Pradm1 mutant cells clustered with E7.5
somatic cells and not with PGCs (Fig 3a).

We then carried out a global assessment of BLIMP1 bound genes in relation to the
differentially expressed genes in PGCs (compared to the binding to the whole set of
expressed genes). Indeed, BLIMP1 was bound to both repressed (Brachyury and Dnmt3b),
and induced (Cbx7) genes. Notably, BLIMP1 bound to 7c¢fap2c (encoding AP2y), which is
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induced (Fig. 3c,d and see below). We calculated the binding scores for reads both inside
and outside of peak regions and their distance to promoters (see methods), as well as the
defined peak regions. This revealed that the repressed genes in E7.5-E8.5 PGCs compared to
either somatic cells or Prdm1 (BLIMP1) mutant cells, are enriched for BLIMP1 (Fig 4a).
The repressed genes that were bound by BLIMP1 had a greater enrichment for
developmental, transcriptional and Wnt-signalling function compared to the whole set of
repressed genes (Fig S3a). Since misregulated gene expression in the Prdm1 mutant cells
from Jin vivois a direct consequence of the lack of BLIMP1 in these cells, this result further
shows the functional relevance of our analysis to the processes occurring during PGC
specification /n vivo.

Comparing the ChlPseq data with the BLIMP1-induced changes in P19ECs revealed a
predominant effect on repression of direct targets. Whereas BLIMP1 bound with 24.1% of
the genes in the genome (Fig. 4b, Whole Array), nearly 50% of the repressed genes were
bound by BLIMP1, but binding to induced genes was close to background (Fig.4b). We
further observed a striking enrichment of BLIMP1 binding on repressed genes in both
P19ECs as well as in E7.5 PGCs compared to soma (Fig 4c and S3e) where 34/59 repressed
genes were bound by BLIMP1. This is statistically a very high over-representation, (chi-
square p-value = 1.8x10719), which shows conclusively that the dominant effect of BLIMP1
in PGC specification is gene repression, including those required for the somatic fate.

AP2y binds to germ cell genes and somatic regulators

Toward building a genetic network for PGC specification, we performed an unbiased scan
of the BLIMP1 binding regions for transcription factor binding motifs (Fig. S4a). We found
a bimodal distribution of AP2 family motifs surrounding the BLIMP1 peak (Fig S4b).
Similarly, PRDM14 binding sites were also highly enriched for AP2 motifs38 (Fig. S4c,d).
We therefore mapped PRDM14 and BLIMP1 binding sites to all the genes in the PGC
transcriptome, and then found AP2y motifs within the binding regions3%-41. This revealed a
preferential enrichment of genes regulated during PGC specification that were associated
with BLIMP1 and PRDM14 binding sites that contained AP2) motifs (Fig S4e). This
strongly implies that the three factors cooperate both in gene induction and repression in
PGCs. This prompted us to carry out ChiPseq analysis for AP2y.

With P19ECs stably expressing AP2y, we performed ChIPseq with a previously validated
antibody1, and identified 3191 high confidence AP2y binding regions that map to 1393
genes (Table S5 and S6). The peaks were enriched with the AP2 consensus motif (Fig 5a)
(p-value =1.1x107241), AP2y binding was centred on promoters at a median position of —
53bp relative to TSS, albeit the peak distribution was much broader than that of BLIMP1
(Fig 5b), perhaps implying binding to gene-distal sequence elements. Importantly, the
Pou5f1 distal enhancer which is bound by PRDM14 and pluripotency transcription factors,
was amongst the most strongly bound regions (Fig 5¢c)36:4243, Notably, Pou5f1 expression
in the post implantation epiblast and P19ECs is driven from the proximal enhancer, while
the distal enhancer is utilised following PGC specification. Several somatic genes were also
bound by AP2y, including Hoxall, HoxB13and T-Brachyury, and regions distal to the TSS
of Nanos3and the first intron of Dppa3 (Fig 5c¢, d, Table S6).

Analysis of functional categories of targets revealed highly significant binding to PGC genes
(e.g. Nanog, Dppa3and Pou5fI), and E6.0 epiblast (e.g. Activin and FGF receptor genes
Acvrlb, Fgfrland Fgfr2). This is consistent with AP2y being involved in PGC specification
from epiblast cells (Fig 5e,f Table S6). Furthermore, AP2y was enriched for genes involved
in morphogenesis and development, indicating a relevance to PGCs and somatic gene
repression.
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Transcriptional network for PGC specification

Next, we combined all available information for a detailed scrutiny of how the key
regulators induce PGCs. With respect to gene expression in PGCs versus soma at E7.5,
AP2y was significantly enriched on both induced and repressed genes (Fig 6a), as confirmed
by the hypergeometric distribution statistical test (Fig 6b). The repressed genes were also
co-bound by BLIMP1-AP2y, and by PRDM14-AP2y, and co-binding of all three factors
showed enhanced enrichment with increased degree of repression (Fig 6a, left panel), more
so than with either PRDM14 or BLIMP1 alone. By contrast, the induced genes were
preferentially enriched for PRDM14 and AP2y together (Fig 6a,b right panels), where the
enrichment of BLIMP1 alone or in combinations was statistically not significant (Fig 6b).
While AP2y clearly has a significant impact on gene expression genes bound by AP2y alone
were depleted of association with specific functional gene categories (Fig S5,6), unless co-
bound by BLIMP1 and/or PRDM14. Hence, co-binding of BLIMP1 with the other factors
mediates repression, whereas AP2y and PRDM14 co-binding leads to gene induction,
suggesting a high degree of co-regulation by these factors. Statistical testing of the overlap
of binding sites for the three factors (p < 0.0001 permutation test) (Fig 6¢ and S8a) and the
overlap of genes bound by the three factors (p < 1x107299, chi-square test) (Fig 6d and S8b)
further indicates an enrichment of co-bound genes over what would be expected by random
chance, further supporting the functional relationship between the three factors.

BLIMP1, AP2y and PRDM14 co-binding on repressed genes included developmental and
signalling genes, particularly those of Fgf and Whnt signalling. BLIMP1 was preferentially
bound to proliferation genes, and PRDM14 and AP2y to cell-motility and cytoskeleton
organization genes (Fig S5a,S6a), indicating initiation of PGC migration. All three factors
are over-represented on induced genes involved in actin cytoskeleton organization and
intracellular signalling cascades (Fig S5b,S6b), although PRDM14, either alone or with
AP2y, is predominant over BLIMPL. Critically, PRDM14 binds to PGC specific genes,
including 7cfapZc (encoding AP2y) , Sox2and Kitas well as Dnd1, Nanos3, Dppa3, Prdm1
(encoding BLIMP1) and Pram14 (Fig 6e, S6b). Furthermore, AP2y binds to Dppa3as well
as Nanos3, and acts cooperatively with PRDM14 in the induction of Nanos3 (Fig 1c, 6e and
S6b). All three factors are involved in the induction of DndZ (Fig 1c). Thus, after the
induction of AP2y by BLIMP1, it cooperates with PRDM14 to induce PGC genes.

In the context of a compendium of transcription factors in mESCs*, BLIMP1 clustered
predominantly with self-renewal and polycomb factors, consistent with somatic gene
repression (Fig 7 and S7). PRDM14 clustered with pluripotency transcription factors, but
AP2y associated weakly with factors in the compendium (Fig S7). This underlines the
context-dependent combinatorial action of these three factors, which as expected is not fully
captured in comparison to mESCs factors.

A key role of the transcriptional network is in initiating epigenetic reprogramming in PGCs.
Consistently, BLIMP1 and PRDM14 repress Kdm6b encoding a H3K27 demethylase, while
PRDM14 mediates the induction of the H3K9 demethylase Kdm4b, and together with
BLIMP1, induces Kdm3a (Fig S5a,b). This ensures the erasure of H3K9me2 that is
prerequisite for global DNA demethylation??. The two factors also repress de novo DNA
methyltransferase, Dnmt3b as well as Uhrfl, encoding an accessory protein for the
maintenance DNA methyltransferase, DNMT1; this facilitates global DNA demethylation in
PGCs (Fig S6a). BLIMP1 and PRDM14 each bind to one of the two promoters to repress
Uhrf1in PGCs (Fig 6e), while PRDM14 alone in mESC is insufficient to do so%6. The
regulation of histone- and DNA methylases links PGC specification to the dynamic and
genome wide epigenetic reprogramming®’. BLIMP1 and PRDM14 bind extensively to
differentially expressed genes during PGC specification, while AP2y binds to a subset of
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them and perhaps acts as a facilitator of key events, except perhaps for chromatin
modifications

The proposed transcriptional network is interdependent, since 7c¢fapZc (encoding AP2y)
expression is dependent on BLIMP1. Expression of Prdmi4and Prdm1 (encoding BLIMP1)
expression is mutually interdependent as revealed by genetic experiments’-2’. PRDM14 also
binds 7cfap2cand could enhance 7cfap2c expression after it’s induction by BLIMPL. This
supports an obligatory functional relationship between BLIMP1, PRDM14 and AP2y as
critical regulators of PGC specification.

Direct induction of PGC-like fate by BLIMP1, AP2y and PRDM14 in vitro

Next we asked whether BLIMP1, AP2y and PRDM14 are sufficient to directly induce PGC
fate and used the /7 vitro induction of PGCLCs to test this premise2®. PGCLCs can be
induced in response to cytokines (Fig 8a, left panel), which we observed in 47.4-52.6% of
the cells after 4 days. Using the same reporter cells harbouring doxycycline inducible
constructs for the three transcription factors, we observed induction of PGCLCs in the
absence of cytokines in ~45-60% of the cells (Fig 8a, right panel). Both the overall response
and transcriptional analysis by qPCR using the sorted fluorescent PGCLCs were remarkably
similar to those induced by cytokines with respect to the key PGC, epigenetic and somatic
cell regulators. The response to the transcription factors was slightly enhanced, (Fig 8b and
S8c) as reflected in the higher induction of Dppa3and Nanos3, and a more pronounced
repression of HoxB1 and T-Brachyury. This observation establishes the principle that the
proposed transcriptional network delineating specific and combined functions of BLIMP1,
AP2y and PRDM14 accounts for the necessary gene expression changes for PGC
specification. Further work in the future will advance our knowledge of how these factors,
both individually and in combination, induce PGC fate.

DISCUSSION

We present a comprehensive examination of the initiation of PGC specification by the
combinatorial roles of BLIMP1, AP2y and PRDM14, leading to a unique epigenetic
program culminating in the epigenetic basal state?®49, Co-expression of the three factors is
by itself apparently sufficient to induce PGC-like fate in the absence of cytokines, and
supports the proposed tripartite genetic network for PGC specification.

BLIMP1, PRDM14 and AP2y contribute to the repression of mesodermal genes in PGCs to
set them apart from their somatic neighbours; until then, these cells are indistinguishable
from each other. BLIMP1 has a dominant function in this respect, which is reinforced by
PRDM14 and AP2y. By contrast, PRDM14 and AP2y together are associated with gene
induction. Notably, 7cfapcZ (encoding AP2y) is a direct target of BLIMP1 and induced by it
in P19EC cells /n vitro, and probably maintained thereafter by PRDM14 in PGCs. TcfapZe
fails to be induced in BLIMP1 mutant PGC-like cells in vivoand its induction by BLIMP1
is perhaps the vital link for the initiation of the PGC-specific genes.

The high overlap of AP2y targets with that of BLIMP1 and PRDM14 implies that it
cooperates, augments or otherwise modulates the response of a subset of the targets.
Furthermore, the distinct and predominant binding of BLIMP1 to promoter regions as
opposed to gene-distal regulatory regions binding noted for PRDM14%0, suggests parallel
mechanisms in regulating transcription. The collaborative role of AP2y is also reflected in
its broad distribution that is centred on promoters, but potentially, encompasses distal
elements.
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This comprehensive insight on PGC specification in mice, may facilitate investigations on
germ cells in other mammals, including humans, and enhance an understanding of context
dependent functions of transcription factors. For example, AP2y has a role in trophectoderm
differentiation in conjunction with CDX2 and EOMES, whereas it participates in the
repression of Eomesin PGCs. BLIMPL1 also drives cell fate commitment in several different
lineages, while PRDM14 is crucial for pluripotency in ES cells®®-52, These differences are
presumably linked to the molecular control of competence, which precedes and “anticipates’
specific cell fate decisions.

A fundamental property of early germ cells are the unique epigenetic changes that ensue
following PGC specification, leading to global erasure of DNA methylation and acquisition
of a basal epigenetic state. The mechanism that regulates this unique resetting of the
epigenome in germ cells could in principle be extended towards approaches for modifying
epigenetic states of normal and diseased tissues. This study may help towards achieving
wider objects of general interest in the field of regenerative medicine.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel. BLIMP1, AP2y and PRDM 14 repress somatic regulatorsand induce PGC genesin
P19ECs

(a) Design and overview of the experimental approaches towards transcriptional network for
PGC specification.The arrow pointing to PGCs refers to EGFP reporter labelled PGCs in
mouse embryos. (b) RT-gPCR analysis of differentially regulated genes downstream of
BLIMP1 in P19ECs, showing induction of the PGC genes Nanos3, Rhox9, Dppa3, TcfapZc,
Dnd1, Prdm14, Dazland Ddx4. (c) RT-gPCR analysis showing the individual and
combinatorial effect of BLIMP1, AP2y and PRDM14 in P19ECs on the mesendodermal
transcription factor genes, Eomesand 7-Brachyury, the DNA methyltransferase Dnmi3b on
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Myc and the PGC genes Nanos3, Dnd1, Prdm1, Ddx4/ Vasaand Dppa3. The error bars in
panels (b) and (c) represent standard deviations for 3 independent cell cultures.
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Figure 2. BLIMP1 binding to gene promoter s encoding transcription factors, cell cycle and
developmental regulators

(a) Track-view of BLIMP1 ChIP-Seq density profile displayed using the UCSC genome
browser centred on the /a3and Myc genes. (b). BLIMP1 peaks distributed roughly evenly
between inter- and intragenic positions, with 1248 of 2480 intergenic peaks falling within
1kb 5" of TSS, and 527 peaks were more than 10Kb away from promoters. (TSS:
transcriptional start site; TES: transcriptional end site). (c) Distribution of BLIMP1 binding
relative to promoters revealing a median distance of +171.5 bp from the TSS. (d) De novo
motif analysis revealed high enrichment for the BLIMP1 consensus (p-value of 1.2x107388),
(e). BLIMP1 binding profiles on Hox gene clusters are indicated in the views with their
respective numbers. For example, Hoxal is indicated by al, HoxaZ2is a2 and so forth. (f).
Functional categories of genes bound by BLIMP1 showing the p-value for the molecular
function as well as biological process GO-terms. (g). Validation of novel BLIMP1 binding
regions by ChIP-gPCR in P19 EC cells. (h). A validation of novel BLIMP1 binding regions
in PGCLCs by ChlIP followed by whole genome amplification of precipitated and input
DNA assayed by gPCR. The y-axis represents the % of signal from amplified input material
at the same starting quantity of the immunoprecipitated DNA to ensure proportional
amplification.
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Figure 3. RNA-Seqg analysis of PGCs, and BLIMP1 binding to differentially regulated genes

(a). Cluster analysis of single-cell RNA-seq expression profiles of PGCs and somatic
neighbours. The bar indicates the mean Euclidian distance between the samples. Note that
E7.5 BLIMP1 mutant (KO) cells cluster next to E7.5 somatic cells, while the PGCs form
distinct clusters following specification (b). Expression levels of selected gene transcripts
during PGC specification (RPM=read numbers pr. million reads). The y-axis represents read
numbers pr. million reads sequenced. The region shaded in blue represents BLIMP1 mutant
(KO) cells. The dotted line represents the onset of PGC specification. (c). Expression of
Dnmi3b, T-Brachyury, TcfapZcand Chx7 during PGC specification, which are all bound by
BLIMP1 during PGC specification. (d). Track views of BLIMP1 binding to the genomic loci
of Dnmit3b, T-Brachyury, and TcfapZce (encoding AP2y) and Cbx?.
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Figure4. BLIMP1 repressesthe majority of itsdirect targets

(a). Relative enrichment of BLIMP1 binding regions and the scores associated with genes
differentially expressed between E7.5 PGCs and BLIMP1 mutant (KO) cells, and between
E7.5 PGCs and E7.5 somatic cells, respectively. The x-axes indicate the log, (fold change)
and the y-axes indicate the log, of the BLIMP1 target enrichment at each fold change-
interval of differentially expressed genes over the average target frequency of the whole
expression data set. (Peaks: the enrichment of peaks associated with genes in each interval at
E7.5. Scores; the enrichment of binding scores calculated for genes in each interval at E7.5).
(b). Binding frequency of BLIMPL1 to genes associated with features on the whole
microarray as well as differentially regulated genes (c). Heat map depicting the genes
repressed by BLIMP1 in both P19ECs and during PGC specification. The first 4 (blue)
columns refer to normalized gene expression levels in PGCs. The next 3 columns (red)
reflect values of differential expression between the samples indicated. The asterisks in the
final column indicate a high confidence BLIMP1 binding region associated with a gene.
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BLIMP1 binding was detected in 34/59 repressed genes in both data sets. (RPM: reads per
million. FC: fold change).
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Figure 5. AP2y bindsto germ cell genes and somatic regulators

(a). De novo motif analysis revealed high enrichment for the AP2y consensus binding site
with a p-value of 1.1x10724L, (b). Distribution of AP2y binding relative to promoters
revealing a mean distance of +53 bp from the TSS. (c). Track-view of AP2y binding on the
Poubf1 distal enhancer, to the PGC genes Dppa3and Nanos3, and the somatic
differentiation regulators HoxA10, HoxA11, Hes7 and T-Brachyury. (d). A ChIP-gPCR of
AP2y binding to the promoter of Nanos3, Dppa3l Stella as well as the distal enhancer of
Oct4 (Oct4-DE). (e). Over represented gene categories sorted by cell-type specific
expression at different Theiler Stages (TS) during embryonic development, TS8 corresponds
roughly to E6.0, TS17 to E10.5, TS20 to E17 and TS21 to E21/PO0. (f). Over represented
functional categories of genes bound by AP2y showing the p-value for the enrichment of
biological process GO-terms.
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Figure6. A transcription factor network for PGC specification

(a). Relative enrichment of BLIMP1, AP2y and PRDM14 targets on differentially expressed
genes between E7.5 PGCs and soma, and the combinatorial association of the peak regions
to the differentially expressed genes. (b).The plots depict the hypergeometric p-values for
the corresponding enrichment of BLIMP1, AP2y and Prdm14 targets on differentially
expressed genes shown in Fig 6a. (c). Venn diagrams showing the total number of genomic
target sites overlapping by one base-pair or more between BLIMP1, AP2y and PRDM14.
The p-value for the enrichment of overlap between the factors of p < 0.0001 was calculated
using a permutation test. See details in Fig. S8a. (d) Venn diagrams showing the total
number of genes overlapping between BLIMP1, AP2y and PRDM14. The p-value of p <
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1x107299 was calculated using a ch-square test. See details in Fig S8b (e). Track-view of
BLIMP1, PRDM14 and AP2y binding to selected repressed and induced PGC targets. (f). A
transcriptional network model depicting the role of PRDM14, BLIMP1 and AP2y during
PGC specification.
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Figure 7. BLIMPL1 bindsto targets of mMESC self-renewal regulators and Polycomb proteins

(a). Venn diagrams showing the total number of target sites overlapping by one base-pair or
more between BLIMP1 on one hand and the indicated transcription factors on the other. (b)
Venn diagrams showing the total number of genes overlapping between BLIMP1 on one
hand and indicated transcription factors on the other hand. In (a) and (b), the circles for the
“self-renewal” cluster genes are indicated in green and the “polycomb” cluster genes in blue
(c) Track-view of BLIMP1 binding on example genomic loci including the views for EZH2,
RING1B, NELFA as well as SIN3A where appropriate.
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Figure 8. Co-expression of BLIMP1, AP2y and PRDM 14 induces PGC-like cell fatein vitro

(a). Bright-field and fluorescent microscopy images of the Oct4 reporter ESC line (GOF) in
culture. The images show ESCs, EpiLCs (stage preceding PGCLC), and PGCLCs as
indicated. The left panels show the induction of PGCLCs using cytokines, and the right
panels show the induction of PGCLCs without cytokines using doxycycline dependent
induction of BLIMP1, AP2y and PRDM14 from GOF cells harbouring stable doxycycline-
responsive constructs. The numbers on the figure panels indicate the ratio of fluorescent
cells induced at each time-point. (b). RT-qPCR analysis of sorted fluorescent PGCLCs on
Day?2 and 4 of either cytokine or doxycycline induction, as well as EpiLCs. Panels (a and b)
show a representative of two identical experiments.
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