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Prioritizing transcriptional factors
in gene regulatory
networks with PageRank

Hongxu Ding,1,2,4,5,* Ying Yang,1,3,4 Yuanqing Xue,1,4 Lucas Seninge,1 Henry Gong,1 Rojin Safavi,1

Andrea Califano,2 and Joshua M. Stuart1,*

SUMMARY

Biological states are controlled by orchestrated transcriptional factors (TFs)
within gene regulatory networks. Here we show TFs responsible for the dynamic
changes of biological states can be prioritized with temporal PageRank. We
further show such TF prioritization can be extended by integrating gene regula-
tory networks reverse engineered from multi-omics profiles, e.g. gene expres-
sion, chromatin accessibility, and chromosome conformation assays, using
multiplex PageRank.

INTRODUCTION

Biological processes are primarily executed via gene regulatory networks (GRNs), which are controlled by

key transcriptional factors (TFs) (Levine and Davidson, 2005; Califano and Alvarez, 2017). Such key TFs usu-

ally occupy the top of the gene regulatory hierarchy (Chan and Kyba, 2013). The regulatory hierarchy of a

specific TF depends on the number and hierarchy of corresponding transcriptional targets, thus can be

quantified by PageRank centrality (Brin and Page, 1998; Page et al., 1999). Originally proposed for ranking

search results of World Wide Web (WWW) snapshots, PageRank and related algorithms has been success-

fully applied to the analysis of single static biological networks (Morrison et al., 2005; Koschützki and

Schreiber, 2008; Tarca et al., 2009; Iván and Grolmusz, 2011). The advent of high-throughput sequencing

technologies provide unprecedented temporal and multi-dimensional biological information for under-

standing transcriptional regulation. For instance, transcriptional regulatory dynamics among consecutive

biological states can be characterized with single cell RNA sequencing (scRNA-Seq) (Kolodziejczyk

et al., 2015) and trajectory analysis (Herring et al., 2018). Meanwhile, epigenetic regulation of gene tran-

scription can be illustrated using, e.g. chromatin accessibility (Klemm et al., 2019) and chromosome confor-

mation (Sati and Cavalli, 2017) assays. Here, we show within such temporal and multiplex GRNs, TFs can be

prioritized with temporal (Rozenshtein and Gionis, 2016) and multiplex (Halu et al., 2013) PageRank.

As the extension of original steady-state PageRank in temporal networks, temporal PageRank ranks nodes

based on their connections that change over time (Rozenshtein andGionis, 2016). In temporal GRNs, important

TFs are those connected withmore time-related targets and other important TFs. Such TFs will then be consid-

ered at the top of the temporal gene regulatory hierarchy and prioritized (Figure 1A, see Transparentmethods).

Multiplex PageRank, on the other hand, extends PageRank analysis tomultiplex networks. In such networks, the

same nodesmight interact with one another in different layers.Multiplex PageRank is then calculated according

to the topology of a predefined base network, with regular PageRank of other supplemental networks as edge

weights and personalization vector (Halu et al., 2013). Therefore, GRNs reverse engineered from multi-omics

assays can be integrated for TF prioritization (Figure 1B, see Transparent methods).

RESULTS

Interpreting regulatory dynamics using temporal PageRank

Wefirst demonstrated TFs controlling cellular state transitions can be prioritized with temporal PageRank. Spe-

cifically, we analyzed the human myoblast-muscle cell differentiation process, during which single cells were

harvested and profiled every 24 hr from T0 to T72 (Trapnell et al., 2014). To provide intuitions for the rationale

of temporal PageRank analysis, following the schematic diagram in Figure 1A, we visualized static GRNs at

neighboring timepoints, as well as the yielding temporal GRNs. Considering the sizes of such static/temporal

GRNs, for clear visualization, we only highlighted key regulatory modules by filtering out less confident
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interactions (see Transparent methods). As shown in Figure 2A, two independent regulatory modules were

identified at T0. The first module was controlled by cell cycle TFs TOP2A (Mjelle et al., 2015) and FOXM1 (Wier-

stra and Alves, 2007), in concordance with the active proliferation of myoblasts. The second module, which is

responsible for the lineage identity of myoblast, wasmarked by the lineage-specific TFMYF5 (Blais et al., 2005).

As for T24 (Figure 2B) and the following timepoints (Figure S1), the corresponding GRNs were majorly

controlled by a single regulatory module. Such a module was composed of muscle cell-specific TFs, including

muscle cell lineage markers MEF2C and ANKRD1 (Blais et al., 2005), as well as epigenetic modifier HMGA1

(Brocher et al., 2010). Thus, the differentiation of myoblast can be described as the sequential interplay of

key TFs.We further applied temporal PageRank on the differential GRNs derived from the corresponding adja-

cent static counterparts. As shown in Figures 2C and S1, the regulatory dynamics of myoblast-muscle cell dif-

ferentiation was recapitulated, by discovering all the above-mentioned key TFs. We also analyzed the 33major

lineages during mouse organogenesis reported in the MOCA data sets (Cao et al., 2019) as the additional

proof-of-concept (Figure S2).

Integrating multi-omics GRNs using multiplex PageRank

We then demonstratedGRNs reverse engineered frommulti-omics assays can be integrated throughmultiplex

PageRank for TF prioritization. Specifically, we included matching ATAC-Seq profiles (Pliner et al., 2018) of the

above-mentioned differentiation process. We then constructed static and temporal GRNs, and performed cor-

responding PageRank analysis, following the workflow described in Transparent methods. Although the

scRNA-Seq and ATAC-Seq GRNs were topologically different (Figure S1), muscle cell signature TF MEF2C

was identified with both GRN types across the entire differentiation process (Figure S3). Meanwhile, additional

muscle cell TFs, e.g. KLF5 (Hayashi et al., 2016) and REST (Iannotti et al., 2013) were recapitulated by analyzing

ATAC-Seq GRNs (Figure S3). Such results suggested GRNs reverse engineered from multi-omics profiles

agreed on the general principle, while each provided unique insights into the gene regulatory machinery. Aim-

ing at prioritizing TFs by combining scRNA-Seq and ATAC-SeqGRNs, we performedmultiplex PageRank anal-

ysis. The contributions of scRNA-Seq and ATAC-Seq GRNs were quantified in Figures 2F and 2G. Noticeably,

multiplex PageRank can be applied to integrate GRNs under both static and temporal scenarios. As shown in

Figures 2D, 2E and S4, key TFs elucidated from scRNA-Seq and ATAC-SeqGRNs were together recapitulated.

As an additional proof-of-concept, we analyzed the human hematopoiesis process, including the linear

lineage progression of hematopoietic stem cell, multi-potent progenitor, and CMP (common myeloid pro-

genitor), as well as the bifurcation from CMP to granulocyte-macrophage progenitor and megakaryocyte-

erythroid progenitor, with multiplex PageRank. Following the same pipeline as the previous analysis, GRNs

assembled frommatching scRNA-Seq (Pellin et al., 2019) and ATAC-Seq (Corces et al., 2016) data sets were

analyzed (Figure S5).

A B

Figure 1. Graphic overview

Schematic diagrams of temporal and multiplex PageRank analysis are shown in (A) and (B), respectively.
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Figure 2. PageRank analysis on the myoblast-muscle cell differentiation process

(A and B) Static scRNA-Seq GRNs for T0 and T24. Vertex and label sizes correspond to static PageRank values. Red and

blue edges correspond to positive and negative interactions, respectively.

(C) Temporal scRNA-Seq GRN between T0 and T24. Vertex and label sizes correspond to temporal PageRank values.

Orange and purple vertices correspond to increased and decreased gene expression from T0 to T24, respectively. Red

and blue edges correspond to gained and lost interactions from T0 to T24, respectively.

(D and E) Bubble plots showing the top 20 combined static and temporal PageRank candidates by analyzing scRNA-Seq

and ATAC-Seq GRNs. The size of bubbles correspond to the degree values (number of connecting interactions). The

color of bubbles correspond to the gene expression quantified by log2(rpm+1), where rpm stands for reads per million.

For static PageRank, absolute gene expression was quantified, with red and gray corresponding to high and low gene

expression, respectively. For temporal PageRank, differential gene expression was quantified, with red and blue

corresponding to increased and decreased gene expression, respectively.

(F and G) Heatmaps showing the contribution of ATAC-Seq GRNs in TF prioritization. The contributions of scRNA-Seq

and ATAC-Seq GRNs were normalized to 1. F and G describes static and temporal PageRank analysis, respectively.
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We further expanded multiplex PageRank to integrate gene expression, chromatin accessibility and

chromosome conformationGRNs, by analyzing scRNA-Seq, ATAC-Seq, andHiChIP (Mumbach et al., 2017) pro-

files of human T-cells. We used scRNA-Seq GRN as the base network for the integration. As shown in Figure S6,

several known crucial TFs responsible for T cell homeostasis, e.g. FOXP1 (Feng et al., 2011) and functionalities,

e.g. LEF1 (Travis et al., 1991) were recapitulated among the top 20 identified TFs. Moreover, a systematic survey

of the top 20 TFswas performedwithGOanalysis (http://geneontology.org/). As shown in Table S1, a significant

amount of T-cell-related biological processeswere recapitulated.Noticeably, the three includedGRNs comple-

ment each other by providing unique insights into gene regulatory machinery. For instance, the prioritization of

LEF1 and FOXP1 was majorly contributed by the HiChIP and ATAC-Seq GRNs, respectively.

DISCUSSION

Taken together, by analyzing diverse biological questions, we demonstrated that key TFs responsible for

biological processes can be prioritized by analyzing GRNs using PageRank. Specifically, we showed that

the crucial TFs controlling the dynamic transition of biological states can be prioritized with temporal Pag-

eRank. Further, we showed GRNs reverse engineered from multi-omics profiles can be integrated for TF

prioritization with multiplex PageRank.

PageRank quantifies the importance of TFs during biological processes by performing comprehensive surveys

on GRN hierarchies, therefore extremely suitable for TF prioritization. Specifically, PageRank analysis can prior-

itize TFs even if their expression patterns are obscure. For instance, as shown in Figure 2E, although no strong

differential expression was observed during the transition from T0 to T24, muscle cell-specific TF ANKRD1 was

ranked #2 with temporal PageRank analysis. Meanwhile, PageRank analysis prioritizes TFs with the entire GRN

hierarchies, rather than based on ‘‘flattened’’ architectures which only consider the direct targets. For instance,

as shown in Figure S2, during the mouse embryo development of inhibitory interneuron lineage from stage

E10.5 to stage E11.5, the degree centrality of Sox6 was insignificant, while ranked #3 by temporal PageRank

analysis. We further performed a systematic comparison between our PageRank analysis with a state-of-the-

art TF prioritization algorithm, VIPER (Alvarez et al., 2016; Ding et al., 2018) (see Figure S11 for details).

Limitations of the study

Taken together, we anticipate the PageRank analysis would provide novel and comprehensive insights for the

understanding of transcriptional regulation, by identifying regulators that potentially reside at the top of the

regulatory hierarchy. One thing to be noticed for temporal PageRank analysis is that, wewould not recommend

applying it on distinct networks. Consider an extreme case, where (1) the number of nodes in network A and B

are the same, while A has 10 times more interactions than B, and (2) the two networks have no overlapping in-

teractions, for example. The differential network between A and B will include all interactions in A and B. If tem-

poral PageRank analysis is performed on such a differential network, the yielded top ranks will be dominated by

A nodes, considering the 10 times more interactions. B nodes, on the other hand, are under-appreciated even

though they also convey important information describingdifferences betweenA and B.As for analyzingGRNs,

similar biases could happen. For instance, the epigenetic landscape of zygotes is less restricted, thus more

regulatory interactions are expected. In contrast, the more restricted epigenetic landscapes reduce possible

regulatory interactions in terminally differentiated cells such as T-cells. Thus, the temporal PageRank analysis

between zygote and T cell GRNs is highly likely to ignore functional TFs in T-cells. We thus would suggest

only applying temporal PageRank analysis between temporally adjacent networks.

As for multiplex PageRank analysis, one limitation is that the results might vary according to the choice of

the base network. For instance, during the myoblast-muscle cell differentiation process, although known

myoblast-specific TFs SP1/3 (Parakati and DiMario, 2002) were prioritized by PageRank analyses based

on only ATAC-Seq GRNs (Figure S3), they failed to be captured when using scRNA-Seq GRNs as base net-

works for multiplex PageRank analyses (Figures 2D and 2E). On the other hand, the effect of base network

choice on the final multiplex PageRank integration was minor when analyzing T-cells (Figure S7). Thus, one

possible future direction might be developing ‘‘reciprocal’’ multiplex PageRank analysis for GRNs, in which

feedbacks among multiplex networks are considered as reported in (Tu et al., 2018).
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Material availability

This study did not generate any new material.

Data and code availability

scRNA-Seq profiles of myoblast-muscle cell differentiation were downloaded from Gene Expression Omnibus

(GEO) under accession number GSE52529. MOCA scRNA-Seq profiles were downloaded from GEO under

accession number GSE119945. Hematopoiesis scRNA-Seq profiles were downloaded from GEO under acces-

sion number GSE117498. Healthy PBMC T cell scRNA-Seq profiles were downloaded from: https://support.

10xgenomics.com/single-cell-gene-expression/datasets/3.0.0/pbmc_10k_v3. ATAC-Seq profiles of myoblast-

muscle cell differentiation were downloaded from GEO under accession number GSE109828. Hematopoiesis

ATAC-Seq profiles were downloaded from GEO under accession number GSE74912. T cell ATAC-Seq and Hi-

ChIP profiles were downloaded from GEO under accession number GSE101498.

The pageRank R package is available on Bioconductor, and GitHub repository https://github.com/hd2326/

pageRank. Custom scripts used to reproduce the results and figures are also available at https://github.

com/hd2326/pageRank.

METHODS

All methods can be found in the accompanying Transparent Methods supplemental file.

SUPPLEMENTAL INFORMATION

Supplemental Information can be found online at https://doi.org/10.1016/j.isci.2020.102017.
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Supplemental Data Items 
 
Figure S1. [Graph visualization of myoblast-muscle cell differentiation GRNs], related to Figure 2. 
(A) Static scRNA-Seq GRNs. Bigger vertices corresponded to higher regular PageRank values. Red/blue 
edges corresponded to positive/negative interactions, respectively. (B) Static ATAC-Seq GRNs. Bigger 
vertices corresponded to higher regular PageRank values. (C, D) Temporal scRNA-Seq and ATAC-Seq 
GRNs. Bigger vertices corresponded to higher temporal PageRank values. Orange/purple vertices 
corresponded to increased/decreased gene expression, respectively. Red/blue edges corresponded to 
gained/lost interactions, respectively. T0, T24, T48 and T72 corresponded to sampling timepoints 
alongside the differentiation process as reported in [1]. 
 
Figure S2. [Static PageRank analysis on MOCA lineages], related to Figure 2. We analyzed mouse 
organogenesis lineages reported in the MOCA datasets [2]. For every lineage, the top 20 static and 
temporal PageRank (the left and right panels of every lineage) candidates were shown in bubble plots. 
The size of bubbles corresponded to the degree: the more connecting interactions the bigger the bubble. 
The color of bubbles corresponded to the gene expression. For static PageRank panels, red/grey 
corresponded to high/low gene expression, respectively. For temporal PageRank panels, reg/blue 
corresponded to increased/decreased gene expression, respectively. E9.5 etc, embryonic stages. 
 
Figure S3. [Static and temporal PageRank analysis on myoblast-muscle cell differentiation], 
related to Figure 2. The top 20 static and temporal PageRank candidates by analyzing scRNA-Seq [1] 
and ATAC-Seq [3] GRNs were shown in bubble plots. The size of bubbles corresponded to the degree: 
the more connecting interactions the bigger the bubble. The color of bubbles corresponded to the gene 
expression. For static PageRank analysis, red/grey corresponded to high/low gene expression, 
respectively. For temporal PageRank analysis, red/blue corresponded to increased/decreased gene 
expression, respectively. PR, static PageRank; tPR, temporal PageRank; T0 etc, differentiation 
timepoints. 
 
Figure S4. [Multiplex PageRank analysis on myoblast-muscle cell differentiation], related to Figure 
2. The top 20 multiplex (additive, multiplicative, combined and neutral, see METHODS for details) 
PageRank candidates by combining scRNA-Seq [1] and ATAC-Seq [3] GRNs were shown in bubble 
plots. The size of bubbles corresponded to the degree: the more connecting interactions the bigger the 
bubble. The color of bubbles corresponded to the gene expression. For static PageRank analysis, 
red/grey corresponded to high/low gene expression, respectively. For temporal PageRank analysis, 
reg/blue corresponded to increased/decreased gene expression, respectively. PR, static PageRank; tPR, 
temporal PageRank; T0 etc, differentiation timepoints. 
 
Figure S5. [Multiplex PageRank analysis on hematopoiesis], related to Figure 2. The top 20 
multiplex (additive, multiplicative, combined and neutral, see METHODS for details) PageRank 
candidates by combining scRNA-Seq [4] and ATAC-Seq [5] GRNs were shown in bubble plots. The size 
of bubbles corresponded to the degree: the more connecting interactions the bigger the bubble. The color 
of bubbles corresponded to the gene expression. For static PageRank analysis, red/grey corresponded to 
high/low gene expression, respectively. For temporal PageRank analysis, reg/blue corresponded to 
increased/decreased gene expression, respectively. PR, static PageRank; tPR, temporal PageRank; T0 
etc, differentiation timepoints. 
 
Figure S6. [PageRank analysis on T-cells], related to Figure 2. (A) Static PageRank values calculated 
from scRNA-Seq, ATAC-Seq and HiChIP GRNs reverse engineered from healthy human T-cells were 
analyzed [6]. The size of points correspond to the combined static PageRank values, and the color of 
points correspond to whether they are TFs or targets. (B) Top 20 combined static PageRank candidates. 
The contributions of each GRN were represented as normalized fractions. Red green and blue 
correspond to scRNA-Seq, ATAC-Seq and HiChIP GRNs, respectively. 
 



Figure S7. [Effect of base network on multiplex PageRank], related to Figure 2. The scRNA-Seq, 
ATAC-Seq and HiChIP static GRNs reverse engineered from healthy human T-cells were analyzed [6]. 
(A) Multiplex PageRank values calculated from different base GRNs. (B) Scatter plot of regular versus 
multiplex (additive, multiplicative, combined and neutral, see METHODS for details) PageRank values 
calculated from different base GRNs. 
 
Figure S8. [Overview of the analytical workflow], related to Figure 2.  
 
Figure S9. [Overview of epigenetic GRN construction], related to Figure 2. 
 
Figure S10. [Complexity analysis], related to Figure 2. We generated 10 random Erdos-Renyi graphs, 
represented as ER(n, p), per n-p combination to gain enough statistical power for complexity analysis. 
Specifically, log2(n) ranges from 5 to 14, while p equals 0.1. For both multiplex and temporal PageRank 
analyses, the complexity scales exponentially with the network size. Noticeably, even the largest ER 
graphs, which contain 2^14 (16384) nodes, can be processed within 2 hours, suggesting the decent 
efficiency of our temporal and multiplex PageRank implementations. 
 
Figure S11. [Systematic comparison with state-of-the-art TF prioritization algorithm VIPER], 
related to Figure 2. Enrichment analysis-based algorithms, e.g. VIPER [7] and successor metaVIPER 
[8], as well as SCENIC [9], emerged as powerful tools for prioritizing TFs from GRNs. Such algorithms 
evaluate the activity of TFs by enriching the gene expression signatures against the corresponding 
transcriptional targets. If a majority of positive/negative targets of a specific TF are over/under-expressed, 
then such a TF can be considered as activated, and vice versa. With the quantified enrichment score, TFs 
can be prioritized. Specifically, we chose the VIPER algorithm for comparison study. VIPER has 
successfully prioritized TFs in various biological conditions, thus can be considered as the “ground truth” 
algorithm. For systematic comparison, we analyzed all the 33 MOCA lineages [2] using the VIPER 
algorithm [8,9]. We further compared the VIPER-inferred TF activities with temporal PageRank values, as 
described in Figure S2. The x-axis denotes the normalized enrichment score (nES, TF activity) quantified 
by VIPER, and the y-axis denotes the temporal PageRank values. The colored dots represent TFs during 
different developmental transitions. As shown, in general PageRank values agree with VIPER inferences, 
suggesting the recapitulation of key TFs. However, there were cases where discrepancies between the 
PageRank values and nES scores. VIPER evaluates TF activities by only visiting their direct 
transcriptional targets, thus cannot fully appreciate the hierarchy of gene regulatory networks. PageRank, 
on the other hand, performs a comprehensive survey on the network topology for systematic evaluation of 
the importance of TFs. For instance, during the E12.5-E13.5 development of mouse radial glia, Whsc1 
regulates Tcf12  and Pax3  (purple). As shown in panel “Radial-glia”, the moderate differential expression 
of Tcf12  and Pax3  gave less significant VIPER nES. In contrast, the PageRank value of Tcf12  ranked #1 
among all TFs, thus significantly promoted the importance of Whsc1 . Such a dissection of the Whsc1 
sub-network provides a good example of the advantage of PageRank analysis. 

 
Table S1. [Result of the T-cell GO analysis], related to Figure 2. Results of online GO analysis 
(http://geneontology.org/) with the top 20 identified TFs reported in Figure S6.  



Transparent Methods 
 
Overview of the analytical workflow. 
 

As shown in Figure S8, cell type-specific TF-target networks will first be constructed from 
corresponding multi-omics profiles (see subsections “Gene expression-based GRNs” and “Epigenetic 
GRNs” for details). TF-target interactions will then be filtered based on confidence scores derived from 
the expression of TFs and corresponding targets. The confidence scores were calculated based on 
marginal and joint expression distribution, using either their differences or mutual information. Based on 
the null model calculated from random TF-target pairs, interactions with p-value smaller than 10 −3  were 
kept for downstream analysis. Such filtered GRNs can then be used to generate temporal GRNs, followed 
by temporal PageRank analysis (see section “temporal PageRank” for details). Such steady-state and 
temporal GRNs can be cleaned by removing certain nodes, further adjusted by user-provided edge 
weights, personalization vectors and damping factors. Finally, multiplex PageRank can be calculated 
among such filtered and adjusted GRNs (see section “multiplex PageRank” for details).  
 
Gene expression-based GRNs. 
 

GRNs are conventionally reverse engineered from expression profiles [10]. Several 
well-established algorithms have been proposed to construct expression-based tissue-specific GRNs, as 
reviewed in [11]. Here, we specifically chose the ARACNe algorithm, considering the superior accuracy 
[12-14]. ARACNe was run on scRNA-Seq profiles with 200 bootstrap iterations using 1813 transcription 
factors (genes annotated in gene ontology molecular function database, as GO:0003700, “transcription 
factor activity”, or as GO:0003677, “DNA binding”, and GO:0030528, “transcription regulator activity”, or 
as GO:00034677 and GO: 0045449, “regulation of transcription”). Parameters were set to zero DPI (Data 
Processing Inequality) tolerance and MI (Mutual Information) p-value (using MI computed by permuting 
the original dataset as null model) threshold of 10 −8 . The ARACNe algorithm is available at 
https://github.com/califano-lab/ARACNe-AP.  
 
Epigenetic GRNs. 
 

In this study we focused on chromatin accessibility and chromosome conformation epigenetic 
assays. Chromatin accessibility assays, e.g. DNase-Seq [15,16], MNase-Seq [17], NOMe-Seq [18], 
ATAC-Seq [19] and derivatives are designed to identify physically accessible DNA regions, which are 
likely to be involved in transcriptional regulation. As shown in Figure S9, motif searching will be performed 
within called peaks (accessible regions) to identify putative TFs. Meanwhile, TSSs (Transcription Start 
Sets) will be searched within certain upstream and downstream genomic ranges of peaks to identify 
potential target genes. Thus, TF-target can be corresponded for GRNs assembly. 

Chromosome conformation assays, e.g. ChIA-PET [20], 3C [21], 4C [22], 5C [23], Hi-C [24], 
HiChIP [6] and derivatives are designed to map spatial organization of chromosomes. Such spatial 
organization usually results in transcriptional regulation. As shown in Figure S9, chemical crosslink will 
preserve long-range interactions of genomic regions. Within such regions, TF binding motifs and TSSs 
will be searched for GRNs assembly, as described before. 

Specifically, for TSS searching, genes will first be retrieved from Bioconductor R TxDb 
annotations [25] using the function genes in Bioconductor R package GenomicFeatures [26]. Then the 
corresponding promoter regions will be determined using the function promoters in Bioconductor R 
package GenomicRanges [26]. For motif searching, the most updated JASPAR database (available in 
Bioconductor R package JASPAR2018) [27] will be searched using the function getMatrixSet in 
Bioconductor R package TFBSTools [28]. Then functions matchMotifs and motifMatches in Bioconductor 
R package motifmatchr [29] will be used to match motifs to TFs. 
 
Temporal PageRank. 
 

https://github.com/califano-lab/ARACNe-AP


Temporal PageRank extends the original static PageRank by only considering temporal edges 
instead of all edges. Temporal edges denote edges that change at certain stages during the lifetime of the 
networks [30]. Here, we simplify the definition of temporal PageRank by examining GRN pairs describing 
consecutive biological states, e.g. T0 and T24 of myoblast-muscle differentiation. Thus, we represented 
such GRN pairs using adjacency matrices, then took the subtraction as representation of temporal 
differential networks, further for temporal PageRank calculation. We implemented temporal PageRank as 
the function diff_graph in R package pageRank, based on CRAN R package igraph [31]. As shown in 
Figure S10, the complexity of our temporal PageRank implementation scales exponentially with the 
network size. 
 
Multiplex PageRank. 
 

Multiplex PageRank extends PageRank analysis to multiplex networks, in which the same nodes 
might connect differently across layers. Multiplex PageRank integrates network information from 
supplementary layers to base layer, as defined by 
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j
XAi

β
ij Gj

XBj
 

 
+ ( − αB

XAi
γ

N≺X ≻A
γ  

, where 

X (0, X )Gj = ∑
 

r
Brj Ar

β + δ  ∑
 

r
Brj Ar

β  

with  as the Kronecker delta and  as mean value.δ ..≺ . ≻  
In the equation,  and  denote the adjacency matrices of supplementary and base layers. ForA B  

such adjacency matrices, the first/second subscripts represent the row/column indices.  represent theXAi  
PageRank value of ith node calculated from . The same representation rule applies for  and .B XBj XAr  

 is the total number of nodes in the base layer.  is the damping factor used for.  and  areN ɑB β γ  
user-defined parameters. As shown in the equation, multiplex PageRank is calculated according to the 
topology of the base layer, with regular PageRank of supplemental layer as outgoing weights and 
personalization vector. For networks with multiple supplementary layers, we can simply multiply their 
PageRank to fit into the above equation. Based on parameters  and , four special multiplex PageRankβ γ  
forms were defined, including additive ( ), multiplicative ( ), combined ( ), γβ = 0  = 1 , γβ = 1  = 0 , γβ = 1  = 1  
and neutral ( ) [32]. We implemented the four special forms of multiplex PageRank as the, γβ = 0  = 0  
function multiplex_page_rank in R package pageRank, based on CRAN R package igraph [31]. As shown 
in Figure S10, the complexity of our multiplex PageRank implementation scales exponentially with the 
network size. 

We assume that regulatory machinery can be directly reflected on expression profiles, thus gene 
expression-based GRNs were used as base networks in this study. In contrast, epigenetic profiles are 
usually considered as indirect evidence of TF-target regulation. For instance ATAC-Seq and HiChIP 
GRNs were reverse engineered through motif-matching and TSS-searching, thus significant amounts of 
false positives should be expected. Also, TFs might not necessarily bind to the regions to be searched, 
e.g. ATAC-Seq peaks. In the case of ATAC-Seq, TF might bind to enhancer regions, which are usually 
distant from the corresponding promoters, thus cannot be captured. Therefore, considerable amounts of 
false negatives should also be expected. 
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Figure S1



Chondroctye−progenitors

●
●
●
●
●

●

●

●
●

●

●
●
●

●
●

●
●
●

●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●

●

●

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●

●
●

●

●

●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●

●
●

●

●

●
●
●
●
●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

Strn3
Tead1
Pknox2
Zcchc11
Ebf2
Zfp609
Ebf1
Tbl1x
App
Nr6a1
Zfp280d
Cux1
Hmga2
Baz2b
Etv6

Gatad2b
Ash1l
Bnc2
E2f3
Sox5

App
Foxp1
Tcf12
Pbx3
Bnc2
Tead1
Aff3
Strn3
Nfia

Zfand3
Cux1
Zfpm2
Zfhx3
Mecom
Crebbp
Zcchc11
Nfat5
Trps1
Rora
Prrx1

App
Aff3
Tcf12
Trps1
Tead1
Zcchc11
Strn3
Rere
Zfand3
Zfp521
Mllt10
Zfhx4
Pbx3
Mecom
Ncor1
Pbx1
Bnc2
Prrx1
Sox6
Npas3

Ebf1
Pbx1
Rere
Foxp1
Foxp2
Aff3
Tcf4
Bnc2
App
Nfia
Zfhx4
Tead1
Zfp521
Zfpm2
Tcf12
Zeb1
Trps1
Nfat5
Npas3
Zfhx3

Tcf12
Bnc2
Foxp1
Nfat5
Trps1
Foxp2
Nfia
Pbx1
Strn3
Zfp521
App
Zeb1
Ebf1
Tcf4
Aff3
Rora

Zcchc11
Zeb2
Rere
Zbtb20

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●

●
●
●
●
●
●
●

●
●

●
●
●

●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●

Strn3
Tead1
App
Foxp1
Pknox2
Bnc2
Tcf12
Pbx3

Zcchc11
Zfand3
Tcf7l1
Zfhx3
Nfia
Cux1
Nr6a1
Etv6
Tbl1x
Aff3

Zfp280d
Pbx1

App
Pbx3
Foxp1
Tead1
Tcf12
Zfand3
Aff3
Bnc2
Trps1

Zcchc11
Mllt10
Cux1
Pbx1
Zfhx4
Nfia

Zfp521
Rora
Strn3
Rere
Tcf7l1

App
Tead1
Rere
Pbx1
Foxp1
Aff3
Strn3
Trps1
Tcf12
Bnc2

Zcchc11
Zfp521
Zfand3
Ebf1
Pbx3
Npas3
Tcf4
Nfia
Mllt10
Zfhx4

Foxp1
Pbx1
Ebf1
Bnc2
App
Rere
Nfat5
Aff3
Strn3
Nfia
Tcf12
Trps1
Foxp2
Zfp521
Tcf4
Tead1
Zeb1
Zfpm2
Zcchc11
Zfhx4

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Chondrocytes−&−osteoblasts

●
●
●
●
●
●
●
●
●
●
●

●

●

●
●
●
●

●
●

●

●
●
●
●
●
●
●
●
●

●
●
●

●

●
●
●
●
●
●

●

●
●
●
●
●
●
●
●
●
●

●
●
●
●
●

●
●

●

●

●

●
●
●
●
●

●

●
●
●
●

●

●

●

●
●
●
●
●

●
●

Zfhx3
Zfp521
Zfp638
Meis2
Baz2b
Zcchc11
Tcf4
Zfand3
Zfp292
Fubp1
Gli2
Sox5
Whsc1
Crebbp
Nrf1
Mllt10
Zfhx4
Zfp462
Zfp827
Rora

Fubp1
Mllt10
Tcf12
Tead1
Aff3

Zfp521
Nfat5
Gli3
Zfhx3
Foxp1
Baz2b
Meis1
Zfp423
Rere
Ncor1
Whsc1
Klf12
Bnc2
Trps1
Zfp280d

Aff3
Nfia
Rere
Pbx1
Tcf12
Zfp521
Prrx1
Bnc2
Zfhx4
Foxp1
Baz2b
Zfhx3
Tcf4
Strn3
Hmga2
Zfp462
Mllt10
Lef1
Meis2
Rfx3

Nfia
Tcf12
Pbx1
Tcf4
Zfp521
Meis2
Rere
Bnc2
Aff3

Hmga2
Meis1
Tead1
Zbtb20
Strn3
Trerf1
Tcf7l1
Prrx1
Ash1l
Rora
Zfhx4

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●

●

●

●
●
●
●

●
●
●
●
●
●
●
●
●
●
●

●

●

●

●

●

Zfhx3
Baz2b
Fubp1
Zfp292
Zfp521
Zfp638
Bnc2
Whsc1
Rfx3
Hmga2
Zcchc11
Meis1
Gli3
Tead1
Nrf1
Zfp609
Crebbp
Aff3

Zfand3
Trps1

Tcf12
Aff3

Zfp521
Mllt10
Tead1
Baz2b
Zfhx4
Fubp1
Pbx1
Bnc2
Zfhx3
Nfat5
Tcf4
Rfx3
Nfia
Foxp1
Gli3

Hmga2
Nrf1
Klf12

Nfia
Pbx1
Bnc2
Meis2
Tcf4
Aff3
Rere
Prrx1
Tead1
Tcf12
Strn3
Zfhx3
Zfhx4
Rora
Baz2b
Trps1
Npas3
Trerf1
Ash1l
Lef1

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Connective−tissue−progenitors

●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●

●

●
●

●
●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

Strn3
Tcf12
Meis1
Hmga2
Ebf3
Rere
Gli3
Rora
Etv6
Aff3

Zfp521
Nfia
Sox5
Ebf2
Trps1
Zbtb20
Zfp462
Tshz2
Foxp1
Rfx3

Rere
Tcf4

Hmga2
Tcf7l1
Meis1
Rora
Zeb1
Tcf12
Zfp292
Cux1
Bnc2

Runx1t1
Foxp1
Npas3
Zfp521
Tbl1x
Baz2b
Crebbp
Gli3
Ash1l

Rora
Tshz2
Zfhx4
Tcf4
Rere

Zcchc11
Meis2
Nfia
Aff3
Bnc2
Zbtb20
Pbx1
Meis1
Strn3
Tcf7l1
Ebf2
Klf12
Zfp521
Zeb1
Zfand3

Tcf4
Tcf12
Nfia
Rora

Zcchc11
Pbx1
Meis2
Klf12
Ebf3
Gli3
Bnc2
Ebf2
Zfp521
Foxp2
Aff3
Tshz2
Zfhx4
Ebf1
Zfhx3
Zeb1

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●
●
●
●
●

●
●
●
●
●
●
●
●
●
●

●
●
●
●
●

●

●

●
●

●

●
●
●
●
●

●
●
●
●
●
●
●

●
●
●
●

●
●

●

●

Rere
Strn3
Tcf4
Tcf12
Meis1
Rora
Hmga2
Tcf7l1
Bnc2
Gli3
Foxp1
Zfp521
Cux1

Runx1t1
Zfand3
Ebf3
Mllt10
Zeb1
Zbtb20
Etv6

Tcf4
Rere
Rora
Tcf7l1
Hmga2
Meis1
Bnc2
Zfhx4
Strn3
Zfand3
Zeb1
Tcf12

Zcchc11
Aff3
Meis2
Zbtb20
Tshz2
Zfp521
Npas3
Cux1

Tcf4
Meis2
Rora
Bnc2
Tshz2
Nfia

Zcchc11
Rere
Tcf12
Zfhx4
Klf12
Meis1
Zbtb20
Gli3
Pbx1
Ebf2
Ebf3
Tcf7l1
Strn3
Zfp521

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Definitive−erythroid−lineage

●
●

●
●
●

●
●
●
●

●
●
●
●

●

●
●

●

●

●

●

●
●
●

●
●

●
●

●
●
●

●
●
●

●
●
●

●

●
●
●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●
●
●
●
●

●

●
●
●

●

●
●
●

●

●

●

●

Tcf12
Foxp2
Baz2b
Zfp462
Meis2
Rfx3
Trps1
Fubp1
Tcf20
Zfp521
Pbx1
Strn3
Ash1l
Mecom
Zfp292
Gli3
Foxp1
Zfhx3

Zcchc11
Zfand3

Meis2
Nfia
Ebf1
Aff3
Ebf2
Tcf4
Tshz2
Rfx3
Rere
Zfand3
Mllt10
Baz2b
Prrx1
Pbx1
Tcf12
Runx1t1
Tead1
Hmga2
Ash1l
Zfp280d

Nfia
Pbx1
Tcf4
Meis2
Trps1
Tcf12
Tshz2
Klf12
Zfhx3
Meis1
Strn3
Foxp2
Bnc2
Aff3

Hmga2
Zfhx4
Sox5
Rora
Zfp462
Ikzf1

Tcf4
Ash1l
Btaf1
Nfia
Tcf12
Rere
Ebf1
Bcl11a
Zeb2
Rora
Aff3
Mllt10
Zfhx4
Zbtb20
Pbx1
Zfp462
Ebf3
Strn3
Sox5
Sox6

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●

●

●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

Tcf12
Meis2
Baz2b
Pbx1
Rere
Ash1l
Nfia
Foxp2
Zfhx3
Aff3
Strn3
Zfp292
Mllt10
Zbtb20
Zcchc11
Hmga2
Rfx3
Fubp1
Gli3
Trps1

Meis2
Pbx1
Nfia
Tcf4
Aff3
Tcf12
Hmga2
Rere
Mllt10
Trps1
Baz2b
Runx1t1
Zfhx3
Ash1l
Prrx1
Meis1
Zfp280d
Foxp2
Tead1
Tshz2

Tcf4
Nfia
Pbx1
Ash1l
Btaf1
Meis2
Bcl11a
Tcf12
Aff3
Rere
Rora
Zfhx4
Strn3
Ikzf1
Ebf1
Zeb2
Zbtb20
Tshz2
Mllt10
Zfhx3

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Early−mesenchyme

●
●
●
●

●

●
●
●
●
●
●
●
●
●
●

●

●

●

●

●

●
●
●
●
●
●
●
●
●

●
●

●
●
●

●
●
●

●

●

●

●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●
●
●
●
●
●
●

●
●
●

●

●

●

●

●

●

●

Mllt10
Ctbp2
Zfp609
Zfp608
Pbx1
Strn3
Zfand3
Fubp1
Zfp638
Hmga2
Cux1
Zfp148
Zfp280d
Tead1
Ncor1
Ebf1
Kmt2a
Ebf2
Tcf20
Zmym2

Rere
Zcchc11
Zfp462
Zfp280d
Strn3
Ash1l
Etv6
Ncor1
Bmpr1a
Bbx
Pbx3
Tead1
Zfp521
Prrx1
Fubp1
Zfand3
Crebbp
Cux1
Mllt10
Zfp609

Zcchc11
Cux1
Rere
Zfand3
Fubp1
Tbl1x
Baz2b
Zfp521
Mllt10
Zfhx3
Pax3
Tead1
Whsc1
Pknox2
Trps1
Zfhx4
Strn3
Etv6

Zmym2
Zfp609

Pax3
Klf12
Hmga2
Meis2
Nfia
Strn3
Cux1
Rfx3
Meis1
Foxp2
Tcf12
Tcf4
Zfp521
Zfhx3
Foxp1
Baz2b
Tead1
Rora

Zcchc11
Trps1

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●

●

●

●
●
●
●
●
●
●
●
●
●
●

●
●
●

●
●
●
●
●

●

●

●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●

Zcchc11
Fubp1
Strn3
Rere
Mllt10
Zfp609
Zfp462
Zfp280d
Ctbp2
Ncor1
Cux1
Bbx

Zfand3
Zfp638
Tead1
Aff3
Ash1l
Sox11
Bmpr1a
Kmt2a

Zcchc11
Rere
Baz2b
Cux1
Strn3
Zfp521
Mllt10
Zfand3
Tbl1x
Zfp462
Zfp280d
Fubp1
Ash1l
Sox11
Bmpr1a
Zfp609
Ncor1
Tead1
Etv6
Gli3

Pax3
Klf12
Pknox2
Zcchc11
Cux1
Baz2b
Zfp521
Zfand3
Rere
Tbl1x
Tead1
Strn3
Fubp1
Zfhx3
Mllt10
Hmga2
Trps1
Meis2
Tcf12
Rfx3

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Endothelial−cells

●

●

●

●
●
●

●

●

●

●
●
●

●

●

●

●

●

●
●

●

●
●

●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●

●
●

●

●

●
●
●

●

●

●

●

●

●
●
●
●
●
●
●
●
●
●

●
●
●

●
●
●
●
●

●

●

●
●
●
●

●

●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

Cux1
Hmga2
Zeb1
Zfp148
Ncor1
Mef2a
Zfp608
Zfp407
Pbx3
Baz2b
Zfand3
Fli1
Rreb1
Crebbp
App
Foxn3
Zfp638
Rere
Zfp521
Zbtb20

Fli1
Baz2b
Nfia
Fubp1
Whsc1
Foxn3
Tcf12
Mef2c
Crebbp
Zfp638
Etv6
Zfpm2
Mllt10
Zfand3
Pbx1
Zbtb20
Strn3
Zeb1
Rere
Pbx3

Zeb1
Fli1
Etv6
Rere
Tcf12
Strn3
Zfp521
Ash1l
Zbtb20
Elk3
Nfia

Mecom
Mef2a
Mllt10
Zfand3
Foxp1
Crebbp
Ets1
Ebf1
Trps1

Tcf12
Elk3
Nfia

Zfp521
Mef2a
Rere
Zfpm2
Zeb1
Fli1

Zfand3
Mllt10
Strn3
Ncor1
Ebf1
App

Zbtb20
Baz2b
Cux1
Klf7
Mef2c

Zfp521
Foxp1
Baz2b
Etv6
Mef2c
Ebf1
Tcf12
Zfpm2
Mecom
Zfp608
Strn3
Fli1
App
Rere
Tcf4
Elk3
Nfat5
Zbtb20
Pbx1
Nfia

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●

●
●
●

●

●

●
●
●
●
●
●
●
●
●
●
●
●

●
●

●
●
●
●

●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●

●

Fli1
Cux1
Mef2a
Baz2b
Zeb1
Ncor1
Pbx3
Zfp638
Crebbp
Fubp1
Whsc1
Zfp608
Foxn3
Zfand3
Mef2c
Mllt10
Etv6
Zfp407
Rere
Zfp148

Fli1
Etv6
Tcf12
Fubp1
Zeb1
Rere
Zfand3
Strn3
Mef2a
Crebbp
Zfp521
Mecom
Zfp638
Mllt10
Pbx1
Nfia

Zbtb20
Ash1l
Foxn3
Elk3

Tcf12
Nfia
Strn3
Fli1
Zeb1
Rere
Zfp521
Mllt10
Ash1l
Etv6
Elk3
Zfand3
Ebf1
Zfpm2
Foxp1
Zbtb20
Mef2a
Mef2c
App
Baz2b

Tcf12
Zfp521
Mef2a
Rere
Ebf1
Mef2c
Fli1
Baz2b
Zfand3
Strn3
Elk3
Nfia
Zfpm2
Mllt10
Zeb1
Etv6
Tcf4
App
Foxp1
Zfp608

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Ependymal−cell

●
●
●
●
●

●
●
●
●
●
●
●
●

●

●

●

●

●
●
●

●

●

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Rfx3
Tead1
Gli3
Strn3
Zfp423
Glis3
Zfp521
Nfia
Npas3
Zcchc11
Pbx1
Baz2b
Rere
Ash1l
Zfand3
Nfat5
Lmx1a
Tcf12
Tcf4
Zfhx3

Zfr
Nrf1
Rere
Rfx3
Glis3
Zfp521
Zcchc11
Lmx1a
Zfp609
Pbx1
Npas3
Gli3
Strn3
Meis1
Cux1
Esrrg
Prdm16
Otx2
Rora
Tcf12

Prdm16
Tcf4
Esrrg
Rfx3
Zfp521
Tsc22d1
Rere
Pbx1
Glis3
Nfia
Rora
Lmx1a
Sox6
Zbtb20
Pbx3
Tead1
Npas3
Mllt10
Trps1
Gli3

Prdm16
Glis3

Tsc22d1
Rfx3
Zfp521
Lmx1a
Strn3
Rora
Npas3
Tead1
Trps1
Otx2
Mitf
Zfr
Tcf4
Esrrg
Tcf12
Nfia

Zbtb20
Sox6

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●

●

●
●

●

●
●
●
●
●
●

●
●

●

●
●

●
●
●
●
●
●
●
●

●

●
●
●
●
●
●
●

●
●
●
●

●
●
●
●
●
●
●
●
●
●

●

●
●
●

●

●

●

●

●

●

Gli3
Rfx3
Rere
Pbx1
Tead1
Zfr

Npas3
Zfp521
Nrf1

Zcchc11
Strn3
Glis3
Zfp609
Lmx1a
Zfp423
Baz2b
Pbx3
Nfat5
Esrrg
Cux1

Rere
Glis3
Zfp521
Prdm16
Rfx3
Pbx1
Lmx1a
Zfr
Nrf1

Zcchc11
Tead1
Tcf4
Esrrg

Tsc22d1
Npas3
Pbx3
Zfp609
Strn3
Gli3
Rora

Prdm16
Tcf4

Tsc22d1
Esrrg
Rfx3
Rere
Rora
Lmx1a
Zfp521
Pbx1
Trps1
Zbtb20
Npas3
Tead1
Pbx3
Strn3
Tcf12
Glis3
Nfia

Zcchc11

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Epithelial−cells

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●
●
●
●
●
●

●

●
●
●

●
●
●
●

●

●

●

●

●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●

●
●
●
●
●
●
●
●
●
●
●

●
●
●

●

●

●

●

●

●

●
●
●
●
●
●
●
●
●

●

●
●
●
●

●

●

●

●

●

●

Tead1
Strn3
Zfand3
Whsc1
Tbl1x

Zcchc11
Zfhx3
Zfp462
Foxp1
Baz2b
Zfp280d
Kmt2a
Zfp292
Mllt10
Cux1
Nr6a1
App

Crebbp
Zfp609
Ikzf2

Crebbp
Tcf12
Rfx3
Mllt10
Zcchc11
Zfp462
Tcf4
Foxp1
Cux1
Bmpr1a
Strn3
Tead1
Ash1l
App
Trps1
Meis1
Zfr

Nr6a1
Zfp609
Fubp1

Tbl1x
Rere
Crebbp
Zfhx3
Zfand3
Cux1
Cers6
Mllt10
Ash1l
Tcf12
Trps1
Fubp1
Strn3
Ncor1
Zfp521
Ikzf2
Gli3
Foxn3
Zcchc11
Etv6

Tcf4
Meis2
Tcf12
Rere
Rora
Tcf7l1
Bcl11a
Tcf7l2
Zfhx3
Baz2b
Tfap2b
App
Mllt10
Bcl11b
Trp63
Mecom
Sox6
Fubp1
Sox5
Etv6

Zbtb20
Mllt10
Meis2
Rere
Strn3
Baz2b
Ash1l
Tcf12
Trp63
App
Foxp1
Tcf7l2
Tcf4

Zcchc11
Sox6
Nfat5
Kmt2a
Hmga2
Tead1
Cux1

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●

●

Zfp462
Tead1
Mllt10
Tcf12
Crebbp
Tcf4
Cux1
Zfhx3
Zfand3
Zfp280d
App

Zcchc11
Tbl1x
Nr6a1
Strn3
Zfr

Baz2b
Fubp1
Trps1
Foxp1

Crebbp
Tcf12
Mllt10
Zfhx3
Strn3
Tbl1x
Cux1
Fubp1
Tcf4
Rere
Ash1l

Zcchc11
Ikzf2
Tcf7l2
Zfr
Etv6
Tcf7l1
Rfx3
Zfand3
Foxp1

Rere
Tcf4
Zfhx3
Tcf12
Bcl11a
Cux1
Crebbp
Etv6
Strn3
Tbl1x
Mllt10
Baz2b
Trps1
Rora
Tcf7l1
Tcf7l2
Zfand3
Meis2
Zfp462
Fubp1

Tcf4
Tcf12
Meis2
Strn3
Rere
Zbtb20
Mllt10
Tcf7l2
Tcf7l1
Baz2b
Rora
App

Bcl11a
Ash1l
Foxp1
Zfhx3
Tead1
Cux1
Tfap2b
Zfp462

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Excitatory−neurons

●
●
●
●
●
●
●
●
●
●
●

●
●
●

●
●
●
●
●

●

●
●
●
●
●
●
●

●
●
●

●
●
●
●
●

●
●
●

●

●

●
●
●

●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●
●
●

●

●

●

●

●

●

●

●

●

Rere
Baz2b
Tcf12
App
Nr6a1
Aff3

Zfand3
Zbtb20
Sox11
Camta1
Klf12
Whsc1
Onecut2
Meis1
Foxp1
Zcchc11
Rfx3
Myt1l
Zfp462
Nfia

App
Jazf1
Whsc1
Tcf12
Aff3
Sox11
Kdm5b
Runx1t1
Camta1
Zfp638
Rere
Baz2b
Strn3
Zfp292
Mllt10
Myt1l
Lcor

Onecut2
Zfp609
Zmym2

Zbtb20
Zcchc11
Pbx3
Meis2
Rere
Myt1l
Strn3
Camta1
Zfp462
Pbx1
App
Meis1
Fubp1
Mllt10
Tcf12
Zfhx4
Ash1l
Rfx7
Zfhx3
Baz2b

Sox11
Pbx1
Rere
Strn3
Tcf12
Myt1l
Camta1
Meis2
Zcchc11
App
Meis1
Zfhx3
Pbx3
Cers6
Tcf4
Baz2b
Rfx3
Ebf1
Zeb1
Ebf3

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●

●

●

●

●

●
●
●

●
●

●
●
●

●
●
●
●

●
●
●
●
●
●

●

●

●
●
●
●
●
●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

App
Sox11
Tcf12
Rere
Whsc1
Aff3
Jazf1
Camta1
Baz2b
Zfand3
Strn3
Zbtb20
Onecut2
Zfp638
Myt1l
Zfp292
Zcchc11
Sox5

Runx1t1
Ash1l

App
Tcf12
Meis2
Camta1
Pbx3
Zbtb20
Rere
Jazf1
Whsc1
Sox11
Strn3
Kdm5b
Myt1l
Baz2b
Aff3

Zfp462
Zcchc11
Zfp292
Ash1l
Meis1

Rere
Zbtb20
Camta1
Strn3
Myt1l
Meis1
Zfhx3
App
Tcf12
Pbx1

Zcchc11
Sox11
Zfp462
Zfhx4
Tcf4
Baz2b
Meis2
Rfx3
Pbx3
Zfp521

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Granule−neurons

●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●
●
●
●
●
●
●

●

●

●
●

●

●

●

●

●

●

●

●

Myt1l
Bcl11a
Tcf12
Ebf2
Rere
Zeb1
Whsc1
Rfx3
Klf12

Zcchc11
Klf7
Strn3
Sox6
Sox11
Aff3

Zfp462
Zfpm2
Zfp608
Cbfa2t2
Ebf1

Bcl11a
Myt1l
Zfpm2
Zeb2
Tcf12
Pbx1
Rfx3
Bcl11b
Sox6
Rere
Zfp462
Nfia
Sox11
Aff3
App
Foxp1
Sox5
Mllt10
Cbfa2t2
Runx1t1

Bcl11a
Myt1l
Sox5
Zeb2
Bcl11b
Zfpm2
App
Sox11
Aff3
Sox6
Pbx1

Runx1t1
Zfp462
Nfia
Tcf4
Nfix
Tcf12
Rere
Zbtb20
Satb2

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●

●

●
●

●

●

●
●
●

●

●

●
●
●
●

●
●
●
●
●
●
●

●
●
●

●

●

●

●

●

●

Tcf12
Myt1l
Bcl11a
Sox6
Zeb2
Aff3
Ebf2
Sox11
Rere
Zeb1
Whsc1
Zfp462
Klf12

Zcchc11
Pbx1
Cbfa2t2
Strn3
Klf7
Rfx3
Kmt2a

Bcl11a
Zeb2
Myt1l
Sox6
Bcl11b
Tcf12
Pbx1
App
Rere
Sox5
Rfx3
Aff3
Zfpm2
Zfp462
Sox11
Tcf4

Cbfa2t2
Ebf2
Foxp1
Mllt10

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Hepatocytes

●
●
●
●
●
●
●
●

●

●

●
●
●
●

●

●
●
●
●
●

●
●
●
●
●
●
●
●
●
●

●

●
●
●

●

●

●

●

●

●

●
●
●
●
●

●
●
●
●
●

●

●

●

●

●

●

●

●

●
●

Zfp148
Tcf12

Zcchc16
Rora
Foxp1
Klf12
Mllt10
Tcf4
Zbtb20
Foxn3
Zcchc11
Zfp638
Sox5
Zfand3
Prox1
Tcf7l2
Zfr

Nr6a1
Ncor1
Ash1l

Foxp1
Sox5
Rere
Pbx1
Mllt10
Tcf7l2
Zcchc11
Strn3
Prox1
Nfia

Zcchc16
Tcf4
Klf12
Aff3
Ash1l
Fubp1
Rora
Pbx3
Foxn3
Zfand3

Rora
Rere
Tcf12
Sox5
Zfand3
Klf12
Nfia

Zbtb20
Zcchc11
Prox1
Tcf7l2
Zfr

Nr5a2
Zfp609
Ebf1
Foxp1
Zeb1
Foxn3
Zcchc16
Strn3

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●

●
●
●

●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●
●

●

Foxp1
Tcf7l2
Rere

Zcchc11
Pbx1
Mllt10
Rora
Zfp148
Onecut2
Foxn3
Tcf12
Zfp638
Tcf4
Ncor1
Sox5
Zfand3
Zbtb20
Nr6a1
Strn3
Klf12

Rora
Rere
Foxp1
Pbx1
Tcf12
Sox5

Zcchc11
Tcf7l2
Nfia
Ash1l
Klf12
Zfand3
Mllt10
Tcf4
Zfhx3
Aff3
Zfr

Zbtb20
Foxn3
Strn3

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Inhibitory−interneurons

●
●
●
●
●
●
●
●

●
●
●
●
●

●

●
●

●

●
●
●

●
●
●
●
●
●
●

●
●
●
●
●
●

●

●
●
●
●

●

●

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

Meis2
Baz2b
Zcchc11
Cux1
Kmt2a
Sox11
Strn3
Sox5
Zfp292
Zbtb20
Klf12
Zfhx4
Sox6
Myt1l
Npas3
Zfhx3
Meis1
Mllt10
Whsc1
Zfp462

Sox11
Tcf12
Meis2
Zfp638
Sox6
Rfx3
Zfp609
Npas3
Strn3
Zfhx3
Zfand3
Myt1l
Zswim5
Zbtb20
Bcl11a
Csrnp3
Zfhx4
Crebbp
Zeb2
Zeb1

Meis2
Sox6

Runx1t1
Bcl11a
Zfhx3
Pbx1
Pbx3
Myt1l
Tcf4
Zbtb20
Aff3
Rere
Zeb2
Csrnp3
Zfp608
Zfhx4
Npas3
Sox11
Zswim5
Klf12

Tcf12
Meis2
Sox6
Tcf4

Runx1t1
Myt1l
Rere
Zfp608
Pbx3
Zbtb20
Zfhx3
Meis1
Foxp2
Zeb2
Zfp292
Npas3
Zfp536
Cux1
Bcl11a
Pbx1

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●

●

●
●
●

●

●

●

●

●

●

●
●

●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●

●
●

●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●

●

●
●

●

Sox11
Strn3
Sox6
Tcf12
Cux1

Zcchc11
Zbtb20
Zfp292
Baz2b
Zfhx4
Rfx3
Zfp609
Npas3
Zswim5
Zfp638
Kmt2a
Zfhx3
Meis2
Myt1l
Klf12

Sox11
Tcf12
Sox6
Zfp638
Runx1t1
Zbtb20
Zfp609
Zfhx3
Npas3
Meis2
Bcl11a
Rfx3
Myt1l
Zswim5
Strn3
Pbx1
Zfp608
Pbx3
Csrnp3
Zfhx4

Sox6
Tcf12
Tcf4
Rere
Zbtb20
Runx1t1
Myt1l
Bcl11a
Meis2
Pbx1
Aff3

Zfp608
Csrnp3
Zeb2
Sox11
Zfhx3
Zfhx4
Npas3
Pbx3
Cux1

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Inhibitory−neuron−progenitors

●
●
●
●
●
●

●
●

●
●

●

●

●

●
●

●
●

●

●

●

●
●
●

●
●
●
●
●

●

●

●

●
●

●

●
●
●

●
●
●

●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●

●
●

●

●

●
●
●
●
●
●
●
●
●

●

●

●
●

●

●
●

●

●

●

●

Zbtb20
Pax2
Ebf1
Zfp462
Sox11
Ebf2
Zfp292
Pbx3
Tcf12
Scmh1
Rere
Tcf4
Ebf3
Strn3
Zfpm2
Baz2b
Cers6
Zfand3
Klf12
Rora

Zbtb20
Zfand3
Runx1t1
Pax8
Rfx3

Zcchc11
Tcf4
Scmh1
St18
Bcl11a
Whsc1
Tcf12
Zfpm2
Zfhx3
Cers6
Zfp462
Tshz2
Myt1l
Cux1
Camta1

Tshz2
Pax2
Zfhx4
Tcf12
Zfpm2
Pbx1
Pbx3
Zfhx3
Runx1t1
Npas3
Zbtb20
Foxp2
Strn3
Tcf4
Hoxb3
Ebf2
Rere
Ebf1
Bcl11a
Zfp462

Zfpm2
Rere
Tcf4
Ebf1

Runx1t1
Pbx1
Ebf3
Pax2
Zfp536
Sox11
Zfhx3
Aff3
Ebf2
Foxp2
Myt1l
Tcf12
Rora
St18
Zbtb20
Baz2b

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●

●

●
●

●

●
●

●

●

●
●
●
●
●
●
●
●
●
●
●
●

●
●

●

●

●

●
●

●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●

Zbtb20
Ebf1
Sox11
Tcf12
Rfx3
Tcf4
Pax2
Zfp462
Zfand3
Scmh1
Zcchc11
Zfhx3
St18
Cers6
Runx1t1
Pbx3
Baz2b
Pax8
Rere
Lcor

Zbtb20
Zfand3
Tcf12
Rfx3

Zcchc11
Zfhx3
Runx1t1
Pax2
Rere
Tcf4
Zfhx4
Pbx3
Tshz2
Cers6
Zfpm2
Whsc1
Scmh1
Pbx1
Zfp462
Hoxb3

Zfhx4
Strn3
Rere
Tshz2
Tcf4

Runx1t1
Zfpm2
Tcf12
Ebf1
Foxp2
Pbx1
Pbx3
Pax2
Zfhx3
Zfp536
Npas3
Zbtb20
Aff3
Ebf3
Sox11

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Inhibitory−neurons

●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●

●

●

●

●
●
●
●
●

●
●
●

●

●

●

●

●

●

●
●

●

●

●

●

●
●
●
●
●
●
●
●
●
●

●
●
●

●

●

●

●

●

●

●

Strn3
Tcf12
Sox11
Rere
App
Rfx3
Zfp292
Zfp609
Zcchc11
Camta1
Runx1t1
Pbx1

Onecut2
Mllt10
Zbtb20
Zfand3
Cers6
Tulp4
Lcor
Kcnh8

Rere
Myt1l
Zfhx3
Sox11
Zcchc11
Zbtb20
Zfp462
Runx1t1
Cers6
Zfp280d
Npas3
Aff3
Pbx3
Baz2b
Camta1
Zfpm2
Bcl11a
Ash1l
Tcf12
Tcf4

Runx1t1
Strn3
Zfp462
App
Myt1l
Tcf12
Aff3
Baz2b
Rere
Cers6
Pbx1
Camta1
Pbx3

Zcchc11
Ebf1
Tshz2
Pax2
Tcf4

Csrnp3
Bcl11a

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●

●

Rere
Sox11
Zcchc11
Runx1t1
Tcf12
Myt1l
App
Strn3
Cers6
Zfp609
Aff3
Rfx3
Zbtb20
Zfp292
Zfhx3
Pbx1
Camta1
Zfp462
Zfand3
Onecut2

Rere
Zfp462
Runx1t1
Myt1l

Zcchc11
Zfhx3
Strn3
Tcf12
Sox11
App

Zbtb20
Baz2b
Cers6
Aff3

Camta1
Npas3
Pbx3
Pbx1
Tshz2
Tcf4

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Intermediate−Mesoderm

●
●
●
●
●
●
●
●
●

●
●
●
●
●

●

●

●

●

●

●

●
●
●
●
●
●
●
●
●
●

●
●

●
●
●
●
●

●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●

●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●
●

●
●
●
●
●
●

●

●

●

●

●

●

Cux1
Mllt10
Strn3
Hmga2
Peg3
Zfand3
Zfp638
Tbl1x
Zfhx3
Zfp148
Etv6

Zcchc11
Baz2b
Foxp1
Whsc1
Tcf12
Rere
App

Gatad2b
Zfpm2

Fubp1
Rere
Strn3
Mllt10
Tead1
Zfr
Tcf4
Baz2b
Ash1l
Trps1
Zfp462
Ncor1
Zbtb20
Zfp609
Peg3
Gli3
Trerf1
App
Tcf7l1
Cux1

Tcf4
Crebbp
Tcf12

Zcchc11
Tead1
Rere
Baz2b
Zfp462
Zfp148
Cux1
Zmiz1
Mllt10
Strn3
Pbx3
Gli3
Rfx3
Aff3
Zfhx3
Ncor1
Nfia

Tcf4
Rora
Tead1
Zfpm2
Tcf12
Foxp1
Strn3
Rere

Zcchc11
Foxp2
Peg3
Meis2
Meis1
Runx1t1
Pbx1
Trerf1
Nfia

Zfp609
Bmpr1a
Baz2b

Zbtb20
Zeb2

Zcchc11
Nfia
Tcf4
Meis2
Tcf12
Trerf1
Strn3
Meis1
Dnmt3a
Foxp1
Rere
Pbx3
Pbx1
Tshz2
Mllt10
Foxp2
Ncor1
Zfpm2

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●

●
●
●
●
●
●
●
●

●
●
●
●
●

●
●

●
●

●

●

●

●
●
●
●
●
●
●

●
●
●
●
●
●

●
●
●

●

●

●

●

Mllt10
Cux1
Strn3
Baz2b
Tbl1x
Peg3
Tcf4
Etv6
Tead1
Hmga2
Rere
Fubp1
Zfp462
Ash1l
Zfp638
Zfr

Zfand3
Zcchc11
Tcf12
Zfp521

Crebbp
Tcf12
Zfp462
Strn3
Baz2b
Tcf4
Fubp1
Rere
Mllt10
Gli3
Tead1
Zfr

Meis1
Tbl1x
Ash1l

Zcchc11
Zmiz1
Zfp609
Ncor1
Zbtb20

Tcf4
Tcf12
Tead1
Crebbp
Zcchc11
Zfp462
Strn3
Rora
Zfpm2
Cux1
Rere
Baz2b
Zfp148
Foxp1
Tbl1x
Mllt10
Pbx3
Foxp2
Zmiz1
Gli3

Tcf4
Zcchc11
Rora
Zbtb20
Zfpm2
Rere
Trerf1
Strn3
Nfia
Tcf12
Foxp1
Tead1
Zeb2
Pbx1
Meis1
Baz2b
Pbx3
Zfand3
Meis2
Aff3

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Isthmic−organizer−cells

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●

●

●
●

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●

●

●

●
●

●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●
●

●

●
●

●
●
●
●

●

●
●
●
●
●
●
●
●

●

●
●
●
●
●
●

Mllt10
Tead1
Strn3
Cux1
Nr6a1
Whsc1
Zfp423
Pbx1
Tcf12
Foxp1
Tcf4
Baz2b
Gli3
Zfhx4
Ncor1
Zfp609
Nrf1

Zmym2
Tbl1x
Zfp462

Pbx3
Tcf12
Strn3
Zbtb20
Rfx3
Gli3
Zeb2
Zfp638
Sox6
Rere
Pbx1
Top2a
Trps1
Zfhx3
Cux1
Nfia
Etv6
Glis3
Zfp462
Tcf4

Nfia
Tead1
Zfp521
Zbtb20
Kmt2a
Tcf4
Fubp1
Pax3
Rfx3
Mecom
Pbx3

Zcchc11
Rere
Cux1
Top2a
Gli3
Ash1l
Sox6
Whsc1
Npas3

Pax3
Baz2b
Mllt10
Pbx1
Tcf12
Gli3
Sox6
Nfia
Rere
Npas3
Rora
Tcf4

Mecom
Tead1
Zfp462
Zeb2
Trps1
Zfand3
Meis2
Runx1t1

Meis1
Baz2b
Rorb
Glis3
Zfhx4
Rfx3
Pbx1
Meis2
Mecom
Rora
Cux1
Gli3
Tcf4
Mllt10
Zbtb20
Pax3

Runx1t1
Rere
Npas3
Strn3

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●

●

Strn3
Tead1
Pbx3
Cux1
Pbx1
Tcf12
Gli3
Rere
Mllt10
Top2a
Zfp423
Rfx3
Zfp638
Whsc1
Ncor1
Trps1
Sox6
Baz2b
Zfp609
Zbtb20

Zbtb20
Pbx3
Nfia
Rfx3
Gli3

Zfp521
Tcf12
Rere
Pbx1
Trps1
Sox6
Strn3
Bmpr1a
Tcf4
Zeb2
Cux1
Zfp638
Npas3
Tead1
Ncor1

Tead1
Zfp521
Zbtb20
Rere
Tcf4
Kmt2a
Mllt10
Fubp1
Gli3
Npas3
Pbx1
Mecom
Rfx3
Rora
Baz2b
Nfia

Zcchc11
Ash1l
Pbx3
Cux1

Baz2b
Pbx1
Gli3

Mecom
Mllt10
Tcf12
Rora
Tcf4
Rfx3
Rere
Meis1
Rorb
Zbtb20
Nfia
Pax3
Cux1
Meis2
Zeb2
Sox6
Glis3

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Jaw−and−tooth−progenitors

●
●
●
●

●

●
●
●
●
●

●
●
●
●
●

●
●

●

●
●

●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●

●
●
●

●

●
●
●

●

●

●

●

●

●
●
●
●
●
●
●
●
●
●

●
●

●

●
●
●

●

●

●

●

●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●

●

Zfp638
Strn3
Cux1
Klf12
Zfp608
Mllt10
Tcf7l1
Tbl1x
Etv6
Zfp609
App
Baz2b
Ncor1
Zcchc11
Foxp1
Zfand3
Fli1
Tcf12
Fubp1
Zfr

Tcf7l1
Bnc2
Zbtb20
Zfp638
App
Sox5
Strn3
Trps1
Zeb1
Pknox2
Ash1l
Baz2b
Zcchc11
Rere
Ncor1
Npas3
Tcf4
Zfp292
Rora

Tsc22d1

Zcchc11
Tcf4
Rere
Crebbp
Bcl11a
Mllt10
Zfp521
Meis2
Rfx3
App
Trps1
Ebf1
Zfand3
Zfp462
Tcf12
Strn3
Pbx3
Pbx1
Zbtb20
Nfat5

Tcf4
Nfia
Ebf1
Rere
Aff3
Pbx1
Sox5

Zcchc11
Tcf12
Meis2
Sox6
Strn3
Zfhx3
Rora
Zfp521
Trps1
Gli3

Mecom
Ebf3
Zfp462

Pbx1
Gli3
Trps1
Tcf12
Zfp521
Tcf4
Nfia
Foxp1
Zcchc11
Aff3

Mecom
Baz2b
Zfhx4
Npas3
Rora
Sox6
Foxp2
Strn3
Meis2
Ebf3

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●

●
●
●
●
●
●
●

●
●
●
●

●

●

●

●

●

●

●

●
●

●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●

●

Tcf7l1
Strn3
App
Cux1
Zfp638
Baz2b
Zeb1
Mllt10
Bnc2
Etv6
Tbl1x
Zfp609
Zbtb20
Zcchc11
Zfand3
Fli1

Tsc22d1
Foxp1
Tcf7l2
Ncor1

Zcchc11
Bnc2
Tcf7l1
Rere
Tcf4
Zbtb20
App
Strn3
Zfand3
Trps1
Rfx3
Sox5
Mllt10
Bcl11a
Zfp521
Crebbp
Baz2b
Zfp638
Ncor1
Nfat5

Zcchc11
Rere
Tcf4
Nfia

Zfp521
Zfp462
Ebf1
Tcf12
Crebbp
Aff3
Strn3
Zfhx3
Sox5
Bcl11a
Rora
Trps1
App
Meis2
Rfx3
Mllt10

Tcf4
Pbx1
Zfp521
Nfia
Tcf12
Sox5
Aff3
Trps1
Rere
Zfhx3
Gli3

Zcchc11
Foxp1
Npas3
Strn3
Ebf1
Rora
Zbtb20
Foxp2
Mecom

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Limb−mesenchyme

●
●
●
●
●
●

●
●
●
●

●

●

●
●
●
●

●

●
●
●

●
●
●
●

●
●
●
●
●

●

●

●
●
●

●

●

●
●
●
●

●
●
●
●
●
●
●
●

●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●
●
●
●
●
●
●
●
●

●
●

●

●

Zcchc11
Gli3
Pbx1
Zfp521
Mllt10
Zeb1
Aff3

Prdm16
Strn3
Tcf12
Zfhx3
Tcf7l1
Zfp609
Klf12
Zfhx4
Baz2b
Bbx
Tcf20
Ncor1
Jarid2

Zcchc11
Zfp292
Ash1l

Zmynd11
Prrx1
Tead1
Zfp423
Mllt10
Zfand3
E2f3
Cux1
Zfp521
Gli3
Wnt5a
Tbx15
Zeb1
Bcl11a
Tbl1x
Strn3
Zfhx3

Tcf12
Ebf1
Bcl11a
Zfhx3
Prdm16
Tcf4
Gli3
Zfhx4

Zcchc11
Trps1
Sox5
Nfia
Prrx1
Klf12
Foxp1
Strn3
Aff3

Zfp521
Tcf7l1
Rere

Zfhx4
Gli3
Foxp1
Nfia
Pbx1
Tcf4
Ebf1
Mecom
Tcf12
Zfhx3
Bnc2
Prdm16
Wnt5a
Prrx1
Sox11
Meox2
Trps1
Jazf1
Tcf7l2
Klf12

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●

●
●
●

●
●
●
●
●
●
●

●
●
●
●

●

●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●

●

●
●

●

●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●
●

●

●

Zcchc11
Pbx1
Mllt10
Zfp292
Zfp521
Zeb1
Ash1l
Prrx1
Aff3
Gli3
Klf12
Tbl1x
Tead1
Strn3
Tcf12
Zfp609
Zfp423
Baz2b
Zfhx3
Zfand3

Tcf12
Zfhx3
Bcl11a
Prrx1
Zfp292
Ebf1
Gli3

Prdm16
Zcchc11
Klf12
Tcf4
Tead1
Ash1l
Strn3
Zfp521
Sox5

Zmynd11
Zfand3
Wnt5a
Aff3

Tcf12
Bcl11a
Gli3
Nfia
Zfhx4
Prrx1
Klf12
Prdm16
Zcchc11
Foxp1
Ebf1
Bnc2
Tcf4
Sox5
Sox11
Baz2b
Trps1
Zfhx3
Wnt5a
Pbx1

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Megakaryocytes

●
●
●
●
●
●
●
●

●
●
●
●
●

●

●

●

●
●

●

●

●
●
●
●
●
●
●
●

●

●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●
●
●

●

●

●

●
●

●

●

●

●

●

●

Rere
Aff3
Ncor1
Zeb2
Etv6
Fli1

Mecom
Mef2c
Meis1
Tcf12
Meis2
Zfhx4
Tal1
Prrx1
Trps1
Pbx1
Nfia

Zfp521
Cux1
Gli3

Aff3
Zfhx3
Zeb2
Nfia
Pbx1
Trps1
Tcf4
Bnc2
Meis1
Meis2
Ncor1
Prrx1
Mecom
Rora
Ebf2
Etv6
Tshz2
Tcf12
Ebf1
Hmga2

Pbx1
Meis1
Fli1
Zeb2
Tcf4
Tcf12
Aff3
Nfia
Jarid2
Mef2c
Ebf3
Ebf1
Etv6
Ebf2
Tshz2
Trps1
Rora
Bnc2
Meis2
Zfhx4

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●
●

●
●
●
●
●

●
●
●
●
●

●
●
●

●
●

●

●
●

●

●

Rere
Ncor1
Tcf12
Meis1
Etv6
Aff3
Fli1
Zeb2
Mef2c
Trps1
Nfia
Pbx1
Tcf4
Zfhx3
Meis2
Mecom
Strn3
Prrx1
Hmga2
Rora

Aff3
Zeb2
Fli1
Nfia
Trps1
Zfhx3
Pbx1
Meis1
Tcf4
Ebf2
Etv6
Tcf12
Bnc2
Mef2c
Jarid2
Meis2
Rora
Tshz2
Ncor1
Ebf1

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Myocytes

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●

●
●
●

●
●

●
●
●
●
●
●
●
●
●
●
●

●
●
●

●
●
●

●
●

●

●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●

●

●

●

●

●
●
●
●
●
●
●
●
●
●
●

●

●
●

●

●

●

●
●
●

Rere
Tbl1x
Fubp1
Whsc1
Zcchc11
Foxp1
Etv6
Cux1
Tcf7l1
Baz2b
Ash1l
Zfp704
Meis2
Zfp521
Zfp292
Ncor1
Tcf12
Aff3
Zeb1
Zfr

Zcchc11
Zeb2
Foxp1
Pbx1
Ash1l
Bmpr1a
Baz2b
Rere
Pknox2
Mllt10
Nrk
Tead1
Tcf7l2
Mef2a
Tcf7l1
Cux1
Hivep2
Gli3
Npas3
Foxn3

Strn3
Rere
Zeb1
Nfia
Tcf12
Cux1
Hmga2
Rb1
Tcf7l2
Hivep2
Baz2b
Tead1
Mef2a
Pbx1

Zcchc11
Peg3
Zbtb20
Npas3
Gli3
Fubp1

Rb1
Zeb1
Tcf12
Baz2b
Strn3
Nfia
Mef2c
Mef2a
Rere

Zcchc11
Tcf4
Zfp521
Pbx1
Sox6
Cux1
Tcf7l2
Pknox2
Zeb2
Nrk
Tead1

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●
●
●

●
●
●
●
●
●
●
●
●

●

●
●
●
●
●

●

●

●

●
●

Zcchc11
Cux1
Rere
Foxp1
Zeb2
Tcf7l1
Whsc1
Fubp1
Zfr

Ash1l
Tcf12
Mllt10
Bmpr1a
Tbl1x
Ncor1
Trps1
Pbx1
Pknox2
Etv6
Baz2b

Zeb1
Baz2b
Strn3
Rere
Cux1
Tcf12
Zeb2
Tcf7l2
Mllt10
Foxp1
Zcchc11
Tead1
Pbx1
Hmga2
Gli3
Nfia
Rb1
Ash1l
Pknox2
Mef2a

Tcf12
Rb1
Baz2b
Rere
Strn3
Zeb1
Nfia
Cux1
Tcf4
Tcf7l2
Npas3
Pbx1

Zcchc11
Tead1
Foxp1
Zfp521
Mef2c
Zbtb20
Zeb2
Hivep2

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Neural−progenitor−cells

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●
●

●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●

●

●

●

●

●
●
●
●
●
●
●
●
●
●
●
●

●

●
●

●

●

●

●

●

●
●
●
●
●
●
●
●

●

●

●
●

●

●

●

●

●

●

●

●

Zfp280d
Strn3
Kmt2a
Ncor1
Zfp609
Rfx3
Pbx1
Zeb2
Mllt10
Foxp1
Foxn3
Tead1
Cbfa2t2
Rere
Zfand3
Sox11
Baz2b
Pbx3

Onecut2
Tfdp2

Baz2b
Foxp1
Npas3
Ebf2
Rere
Sox11
Zfp462
Pbx1
Zfp609
Zfp521
Rfx3
Tead1
Ebf3
Meis2
Tcf12
Zbtb20
Ebf1
Zfp608
Zeb1
Foxn3

Tead1
Baz2b
Strn3
Zeb1
Sox11
Ebf1
Pbx3
Cbfa2t2
Zfp638
Ncor1
Zbtb20
Cux1
Zfp462
Zfand3
Foxp1
Tfdp2
Npas3
Tcf12
Ebf2
Foxn3

Ebf1
Tcf12
Nfia
Rere
Sox11
Ebf3
Ebf2
Zeb2
Zeb1
Baz2b
Tcf4
Zbtb20
Cbfa2t2
Pbx1
Rfx3
Zmiz1
Meis2
Foxp1
Zc3h12c
Foxp2

Tcf12
Zeb1
Nfia
Ebf1
Tcf4
Zbtb20
Ebf3
Zfp462
Cbfa2t2
Ebf2
Pbx1
Rere
St18
Tcf7l2
Npas3
Pax3
Strn3
Zmiz1
Aff3
Tead1

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●

●
●

●
●
●
●
●

●
●
●
●
●
●
●
●

●
●
●
●

●

●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●

●

●

●

●

Pbx1
Zfp609
Rere
Baz2b
Ncor1
Zfp280d
Strn3
Rfx3
Foxp1
Sox11
Kmt2a
Zfp462
Pbx3

Onecut2
Foxn3
Zeb1
Zeb2
Ebf1
Npas3
Mllt10

Baz2b
Zeb1
Strn3
Tead1
Pbx3
Rere
Npas3
Cbfa2t2
Foxp1
Sox11
Tcf12
Zfp609
Meis2
Zbtb20
Pbx1
Zfp462
Cux1
Zfp608
Ebf2
Ncor1

Zeb1
Ebf1
Strn3
Baz2b
Tcf12
Rere

Cbfa2t2
Tead1
Ebf2
Pbx3
Foxp1
Zbtb20
Rfx3
Nfia

Zfp609
Pbx1
Zfp462
Zfand3
Cux1
Pax3

Tcf12
Zeb1
Tcf4
Ebf1
Ebf3
Sox11
Cbfa2t2
Nfia
Baz2b
Rere
Zeb2
Pbx1
Ebf2
Zbtb20
Zfp462
St18
Strn3
Meis2
Foxp1
Zmiz1

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Neural−Tube

●
●
●
●
●
●
●
●
●

●

●

●
●
●
●
●
●
●

●
●

●
●
●
●
●
●

●
●
●

●

●
●

●

●
●

●

●
●
●

●

●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●

●

●

●
●

Nr6a1
Tead1
Strn3
Cux1
Zfp521
Tcf12
Taf1d
Zfp609
Bmpr1a
Pax3
Trps1

Zcchc11
Rfx3
Foxp1
Fubp1
Zeb2
Whsc1
Zbtb20
Rere
Mllt10

Zfp462
Zbtb20
Rere
Zeb2
Meis1
Foxp1
Cux1
Zfp292
Rfx3
Hmga2
Baz2b
Sox5
Zeb1
Ash1l
Zfp521
Zfhx3
Gli3
Pbx1
Rfx4
Tcf4

Pbx1
Zbtb20
Zfp292
Tead1
Gli3

Zfp609
Rere
Rfx4
Zfp462
Zfp536
Meis2
Zfand3
Mllt10
Rfx3
Cux1
Baz2b
Zfp280d
Zcchc11
Zeb2
Crebbp

E9
.5

E1
0.
5

E1
1.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

Cux1
Tead1
Zfp521
Rfx3
Foxp1
Zfp462
Strn3
Nr6a1
Mllt10
Zeb2
Tcf12
Meis1
Zbtb20
Zfp609
Taf1d
Baz2b
Whsc1
Rere
Tcf4
Zfhx3

Zbtb20
Zfp292
Pbx1
Rere
Zfp462
Cux1
Zeb2
Rfx3
Tead1
Gli3
Meis1
Rfx4
Baz2b
Zfp521
Ash1l
Zfp609
Mllt10
Zeb1
Sox5
Tcf12

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Notochord−cells

●
●
●
●
●
●
●

●
●
●
●

●

●

●
●
●

●

●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●

●

●

●

●
●
●
●
●
●
●
●
●

●
●
●
●
●
●

●

●

●

●

●

●
●
●
●
●
●
●
●

●

●

●
●
●
●
●
●
●

●

●

●

Zeb2
Cux1
Tead1
Baz2b
Zcchc11
Strn3
Tbl1x
Mllt10
Rere
Pknox2
Zfand3
Rfx3
Rora
Pbx1
Rfx4
Zfp638
Tcf4
Whsc1
Zbtb20
Fubp1

Rere
Zfp609
Mllt10
Zeb2
Zfp536
Rfx3
Zfp462
Rfx4
Baz2b
Foxp1
Zeb1
Tcf4

Pknox2
Tcf12
Kmt2a
Zfand3
Zbtb20
Zfp521
Tsc22d1
Tcf7l1

Foxp1
Tcf4
Mllt10
Ash1l
Rfx3
Sox5
Tcf12
Zfp536
Baz2b
Lmx1a
Strn3
Zeb1
Zeb2
Tead1
Aff3
Tox2

Prdm16
Pbx3
Top2a
Zfp609

Zbtb20
Tead1
Rora
Tshz2
Rere
Foxp1
Pbx1
Camta1
Zfand3
Tsc22d1
Lmx1a
Sox6
Rfx3
Tcf12
Foxp2
Tcf4
Npas3
Mllt10
Rfx4
Sox5

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●

●

Zeb2
Cux1
Rfx3
Baz2b
Mllt10
Rere
Pknox2
Tead1
Zcchc11
Zfp609
Zfand3
Zfp462
Rfx4
Tcf4
Tbl1x
Pbx1
Strn3
Zeb1
Nrf1
Zbtb20

Mllt10
Foxp1
Baz2b
Tcf4
Rere
Zfp462
Zeb2
Pknox2
Ash1l
Rfx3
Zfp536
Tead1
Zeb1
Rfx4
Zfp609
Zbtb20
Zfand3
Tcf12
Sox5
Aff3

Foxp1
Tead1
Mllt10
Rere
Tcf4
Zfand3
Zbtb20
Baz2b
Tcf12
Ash1l
Camta1
Tshz2
Zfp536
Rora
Zeb1
Rfx3
Strn3
Sox5
Zfp462
Pbx1

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Oligodendrocyte−Progenitors

●
●

●

●
●
●
●
●
●
●
●
●
●

●

●

●
●

●
●

●

●
●
●
●
●
●
●

●
●
●
●
●

●

●
●
●
●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

Whsc1
Hmga2
Npas3
Sox6
Cux1
Zfp462
Tead1
Baz2b
Mllt10
Zfp609
Strn3
Tcf4
Tcf12
Tcf20
Mecom
Zcchc11
Tcf7l1
Gli3
App
Btaf1

Rere
Baz2b
Zfp609
Foxp1
Zfp462
Tcf12
Pbx1
Strn3
Sox5
Zeb1
Rfx3
Sox6
Zfr

Mllt10
Zcchc11
Tbl1x
Tcf4
Jarid2
Whsc1
Hmga2

Pbx3
Sox5

Tsc22d1
Zfp462
Rfx3
Whsc1
Rere
Cux1
Zfp609
Zfp536
Ncor1
Zfp148
Zfand6
Strn3
Tcf4

Bmpr1a
Nfia

Zcchc11
Nrf1
Baz2b

Pbx1
Zfp462
Gli3
Rere
Strn3
Zbtb20
Rfx3
Tcf7l2
Zfp536
Baz2b
Tcf4
Zeb1
Nfia
Pbx3
Whsc1
Rora
Tcf12
Cux1
Sox6
Mecom

Sox6
Rora
Tcf4
Zfp462
Nfia
Npas3
Tead1
Tcf12
Tcf7l2
Meis2
Zbtb20
Pbx1
Zfp609
Mllt10
Zfp536
Zeb1
Sox5
Prdm16
Zeb2
Zfp521

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●

●
●
●
●
●

●
●

●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●
●

●
●
●
●
●
●
●

●

●

●

●
●

●
●

●
●

●

●

●
●
●
●
●

●

●
●

●

●
●
●

●

●
●

●

Whsc1
Baz2b
Zfp462
Rere
Zfp609
Foxp1
Mecom
Tcf12
Mllt10
Strn3
Tead1
Hmga2
Zcchc11
Pbx1
Sox5
Sox6
Cux1
Gli3

Zfp521
Btaf1

Rere
Sox5
Pbx1
Zfp609
Rfx3
Zfp462
Tsc22d1
Strn3
Baz2b
Zcchc11
Pbx3
Zeb1
Tcf12
Cux1
Whsc1
Foxp1
Tcf4
Mllt10
Zfr
Tbl1x

Zfp462
Pbx1
Pbx3
Sox5
Rfx3

Tsc22d1
Strn3
Whsc1
Zfp536
Cux1
Rere
Ncor1
Zbtb20
Zfand6
Zfp148
Zfp609
Nfia
Gli3
Tcf4
Baz2b

Pbx1
Rere
Gli3
Rora
Zbtb20
Zfp462
Tcf4
Sox6
Tcf7l2
Rfx3
Tcf12
Whsc1
Strn3
Zfp536
Nfia
Sox5
Pbx3
Zeb1
Mllt10
Npas3

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Osteoblasts

●
●
●
●
●
●
●
●

●

●

●
●
●
●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●
●
●

●
●
●

●

●
●
●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Pbx1
Tcf4
Rere
Trps1
Tcf12
Pbx3
Aff3
Foxp1
Foxp2
Mecom
Meis2
Zfhx3
Sox11
Meis1
Hmga2
Baz2b
Zfp521
Zcchc11
Top2a
Zfhx4

Rere
Zcchc11
Tcf12
Zfp521
Tcf4
Nfia
Aff3
Ebf1
Foxp2
Sox11
Meis2
Peg3
Zfhx4
Crebbp
Zfhx3
Zfp462
Rora
Foxp1
Hmga2
Trps1

Tcf12
Zfhx3
Foxp2
Nfia
Bnc2
Zfhx4
Rora
Aff3

Zbtb20
Tcf4
Rere
Pbx1
Baz2b
Ebf1

Zcchc11
Zfand3
Trps1
Zfp521
Foxp1
Meis1

Nfia
Tcf4
Pbx1
Rora
Tcf12
Aff3
Meis1
Ebf1
Trps1
Foxp1
Zfhx4
Rere
Bnc2
Gli3
Meis2
Tshz2
Npas3
Mecom
Prrx1
Baz2b

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●

●
●

●

●

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●
●

●

●

●
●
●
●
●
●
●

●
●
●

●

●

●

●

●

●

●

●

●

●

Rere
Zfp521
Tcf4

Zcchc11
Tcf12
Pbx1
Trps1
Meis2
Zfhx3
Sox11
Aff3

Mecom
Foxp2
Pbx3
Foxp1
Nfia

Hmga2
Zfhx4
Ebf1
Crebbp

Tcf12
Zcchc11
Rere
Zfp521
Tcf4
Foxp2
Nfia
Rora
Zfhx3
Aff3
Bnc2
Pbx1
Ebf1
Trps1
Foxp1
Crebbp
Zfhx4
Hmga2
Zfp462
Peg3

Nfia
Tcf4
Zfhx4
Tcf12
Zfhx3
Rora
Foxp2
Aff3
Rere
Foxp1
Pbx1
Zbtb20
Bnc2
Ebf1
Trps1
Gli3

Zcchc11
Baz2b
Tshz2
Mecom

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Postmitotic−premature−neurons

●
●
●
●
●
●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●
●
●
●
●
●

●

●

●
●

●

●

●

●

●
●
●
●
●

●
●
●
●
●
●
●
●

●

●
●

●
●
●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

Sox11
Tcf12
Zfp462
App
Baz2b
Nr6a1
Rere
Zfand3
Lcor

Camta1
Zfhx4
Runx1t1
Zfp609
Zbtb20
Rfx3
Zfp608
Zcchc11
Zeb1
Meis2
Strn3

Strn3
Zfp462
Sox11
Ash1l
Rere

Zcchc11
Tcf12
App
Baz2b
Zbtb20
Mllt10
Zfand3
Myt1l
Cers6
Rfx3
Meis2
Ebf3
Zfp292
Hoxb3
Npas3

Ebf2
Klf12
Zfp521
Zfp462
Zfhx4
Tcf4
Aff3
Zfhx3
Myt1l
Meis2
Rere
Pbx1
Meis1
Pbx3
Ebf1
Npas3
Strn3
Tcf12
Ebf3
Zfp609

Ebf1
Ebf2
Tcf7l2
Tcf4
Tcf12
Zfp536
Sox11
Rfx3
App
Foxp2
Zfp608
Zfhx3
Ebf3
Bcl11a
Rere
Myt1l

Runx1t1
Pbx3
Rora
Zbtb20

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●

●
●
●
●
●

●

●

●
●

●

●

●

●

●
●
●
●
●
●
●
●
●
●

●

●
●
●

●

●
●
●
●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●

●

Sox11
Zfp462
Tcf12
Strn3
App
Rere
Zfand3
Baz2b
Zbtb20
Zcchc11
Rfx3
Nr6a1
Mllt10
Runx1t1
Lcor

Camta1
Ash1l
Ebf3
Zfp292
Aff3

Strn3
Zfp462
Sox11
Rere
Aff3

Zfp521
App

Zcchc11
Baz2b
Mllt10
Meis2
Tcf12
Myt1l
Zbtb20
Npas3
Ash1l
Klf12
Zfhx3
Zfand3
Rfx3

Ebf1
Tcf4
Klf12
Ebf2
Zfp536
Tcf12
Zfp521
Tcf7l2
Rere
Ebf3
Zfhx3
Myt1l
Aff3

Zfp462
Rfx3
Npas3
App
Pbx1
Bcl11a
Meis1

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Premature−oligodendrocyte

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●

●
●
●
●
●
●
●

●
●
●
●

●
●
●
●
●

●
●

●

●

●
●
●
●
●
●
●
●
●

●

●
●
●
●

●
●

●

●

●

●

●
●
●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

Sox6
Gli3
Strn3
Cux1
Zfp462
Zfp521
Whsc1
Ncor1
Sox5
Rere
Foxp1
Tcf4
Baz2b
Zcchc11
Aff3
Fubp1
Zfp609
Tcf12
Zfp292
Zfp536

Foxp1
Cux1
Tcf12
Zfp462
Rere
Sox5
Strn3
Zfp536
Fubp1
Tead1
Tcf4
Nfia
Zeb1
Trps1
Zfp521
Rfx3
Mllt10
Zfp148
Bmpr1a
Ncor1

Gli3
Sox6
Meis2
Trps1
Tcf12
Rere
Zbtb20
Zfp462
Pou2f1
Npas3
Tcf4

Hmga2
Cux1
Zfp521
Foxp1
Prdm16
Pbx1
Tcf7l1
Zfp609
Bcl11a

Sox5
Zbtb20
Rere
Mllt10
Tcf4
Pbx1
Npas3
Tcf12
Sox6
Gli3
Meis2
Zfp608
Strn3
Baz2b
Nfia
Foxp1
Zfp462
Zfp609
Zcchc11
Prdm16

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●

●
●

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

Foxp1
Strn3
Cux1
Ncor1
Zfp462
Sox6
Mllt10
Gli3

Whsc1
Aff3

Zfp536
Zfp521
Zcchc11
Fubp1
Rere
Rfx3
Zfp609
Tcf4
Zfr
Sox5

Tcf12
Gli3
Cux1
Strn3
Zfp521
Sox5
Zfp462
Meis2
Sox6
Foxp1
Trps1
Zfp536
Rfx3
Rere
Ncor1
Fubp1
Tead1
Mllt10
Nfia
Tcf4

Rere
Gli3
Sox6
Tcf4
Zbtb20
Tcf12
Sox5
Trps1
Npas3
Zfp462
Meis2
Mllt10
Foxp1
Hmga2
Pbx1
Pou2f1
Zfp609
Cux1
Zfp521
Strn3

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Primitive−erythroid−lineage

●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●
●

●
●
●
●
●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Ash1l
Zeb2
Btaf1
Tcf12
Ncor1
Lcor
Zfr

Mllt10
Strn3
Rere
Ikzf1
Rreb1
Aatf
Zmiz1
Zdhhc14
Zfp207
Tsc22d2
Foxp1
Zfp609
Hdgf

Ncor1
Btaf1
Pbx1
Ikzf1
Mllt10
Zdhhc14
Zeb2
Tcf12
Pbx3

Runx1t1
Top2a
Bclaf1
Zfr
Strn3
Tcf20
Tcf7l2
Rere
Ash1l
Zcchc6
Lcor

Top2a
Runx1t1
Pbx1
Tcf7l2
Pbx3
Whsc1
Zc3hav1
Zeb2
Ikzf1
Btaf1
Mllt10
Ash1l

Zdhhc14
Zcchc6
Atad2
Peg3
Stag1
Tnrc6b
Pola1
Dlg1

Pbx1
Sox6

Runx1t1
St6galnac3
Abcb10
Malat1
Kel
Snca
Hbb−y
Specc1

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●

●

●
●

●

●

●

●

●

●
●
●
●
●
●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Btaf1
Zeb2
Ash1l
Tcf12
Ncor1
Ikzf1
Mllt10
Zfr
Pbx1
Strn3
Lcor
Rere
Aatf

Zdhhc14
Rreb1
Zfp609
Tcf20
Bclaf1
Zfp207
Runx1t1

Top2a
Pbx1
Btaf1
Ncor1
Runx1t1
Mllt10
Zdhhc14
Pbx3
Ikzf1
Tcf7l2
Zeb2
Tcf12
Whsc1
Zc3hav1
Bclaf1
Zfr
Strn3
Tcf20
Ash1l
Lcor

Top2a
Runx1t1
Pbx1
Tcf7l2
Pbx3
Whsc1
Zc3hav1
Zeb2
Ikzf1
Btaf1
Sox6
Mllt10
Zdhhc14
Ash1l
Zcchc6
Atad2
Peg3

St6galnac3
Abcb10
Malat1

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Radial−glia

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●

●
●
●
●
●
●
●
●
●
●

●

●
●
●

●

●

●
●
●
●
●
●
●

●
●

●
●

●
●

●

●

●
●
●

●
●

●
●

●

●
●

●
●
●
●
●
●
●
●
●

●
●

●

●
●

●

●
●
●
●
●
●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

Cux1
Nr6a1
Strn3
Tead1
Pbx1
Mllt10
Whsc1
Zfp423
Zfp292
Zmynd11
Zfhx4
Foxp1
Zcchc11
Kmt2a
Trps1
Fubp1
Rere
Rfx3
Zfp608
Ncor1

Rere
Pbx1
Fubp1
Sox6
Gli3
Cux1
Tbl1x
Tead1
Tcf12
Tcf4
Aff3
Trps1
Zfp609
Rfx4
Meis2
Zeb2
Zfp462
Kmt2a
Npas3
Zfp608

Rere
Tead1
Zfp462
Strn3

Zcchc11
Ncor1
Foxp1
Tcf12
Sox6
Rfx3
Btaf1
Trps1
Foxn3
Gli3

Zfp280d
Zfp608
Bcl11a
Zfp638
Cux1

Tsc22d1

Tcf12
Whsc1
Ash1l
Zeb1
Foxp1
Tcf4
Sox6
Meis2
Zbtb20
Rere
Zfp609
Rfx4
Rora
Pax3
Zfp462
Pbx3
Baz2b
Mllt10
Pbx1
Zeb2

Pbx1
Tcf4
Sox6
Trps1
Zfpm2
Rere
Pbx3
Rora
Rfx3
Rfx4
Foxp1
Zeb1
Meis2
Tcf12
Sox5
Zfp462
Npas3
Pax3
Strn3
Zbtb20

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●

●

●

●

●
●
●
●

●

●

●

●
●
●
●
●
●
●
●
●

●
●

●

●

Tead1
Cux1
Rere
Strn3
Mllt10
Pbx1
Whsc1
Trps1
Rfx3
Gli3
Ash1l
Sox6
Fubp1
Foxp1
Zeb2
Nr6a1
Zfp462
Kmt2a
Zfp292
Zcchc11

Rere
Tead1
Fubp1
Cux1

Zcchc11
Strn3
Zfp462
Top2a
Tcf12
Tbl1x
Pbx1
Zeb2
Baz2b
Trps1
Rfx4
Rfx3
Zfp638
Gli3

Zmynd11
Ncor1

Tcf12
Zfp462
Rere
Zeb1
Strn3
Foxp1
Tead1
Zcchc11
Zfp608
Zbtb20
Ncor1
Whsc1
Trps1
Pbx3
Sox6
Rfx4
Btaf1
Rfx3
Meis2
Rora

Tcf4
Rere
Tcf12
Whsc1
Zeb1
Ash1l
Foxp1
Trps1
Pbx1
Zfpm2
Rora
Sox6
Zbtb20
Rfx4
Pbx3
Zfp609
Zfp462
Mllt10
Strn3
Pax3

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Schwann−cell−precursor

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●
●
●
●
●

●
●
●
●
●
●

●
●
●
●

●

●
●
●
●

●

●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●
●
●
●
●
●
●
●
●
●

●

●
●

●

●

●

●

●

●

●

●
●
●
●
●
●
●
●
●

●
●

●

●

●

●

●

●

●

●

●

Pbx1
Pbx3
Zfp521
Zfp407
Strn3
Zfand3
Ncor1
Tcf4
Zfhx3
Rora
Zfp423
Bbx

Zfp608
Btaf1
Bmpr1a
Zfr

Kmt2a
Zfp462
Tbl1x
Nr6a1

Tcf12
Zbtb20
Baz2b
Rere
Tcf4
Whsc1
Cux1
Zfp638
Nr6a1
Zfp609
Fubp1
Rfx3

Zcchc11
Pbx1
Rora
Ctbp2
Mllt10
Hmga2
Etv6
Tbl1x

Crebbp
Foxp2
Tcf12
Tshz2
Lmo4
Pbx1
Zfp609
Baz2b
Zfr

Zbtb20
Sox5
Tead1
Zcchc11
Rora
Tbl1x
Tcf4
Gli3
Pbx3
Nfat5
Fubp1

Nfia
Sox5
Tead1
Tcf12
Mef2c
Hmga2
Mllt10
Rere
Zbtb20
Tcf7l1
Cux1
Tcf4
Zfp536
Crebbp
Baz2b
Rora
Zeb2
Foxp2
App

Whsc1

Nfia
Rora
Npas3
Tead1
Mllt10
Tcf4
Sox5
Rere
Zbtb20
Tcf12
Tshz2
Zfp638
Hmga2
Pbx3
Zeb2
Mef2c
Foxp1
Pbx1
Cux1
App

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●
●
●

●
●
●
●
●
●
●
●
●
●

●
●
●

●

●

●

●

●

●

●

Pbx1
Zbtb20
Pbx3
Tcf12
Zfp638
Zfp407
Cux1
Tcf4
Nr6a1
Whsc1
Rfx3
Baz2b
Strn3
Hmga2
Ncor1
Zfr

Zfp521
Fubp1
Kmt2a
Zfp609

Baz2b
Tcf12
Crebbp
Zbtb20
Tcf4
Zfp609
Pbx1
Zfr

Zcchc11
Whsc1
Tbl1x
Fubp1
Rere
Zfp638
Foxp2
Rora
Cux1
Mllt10
Gli3
Strn3

Crebbp
Tead1
Tcf12
Foxp2
Baz2b
Sox5
Zfp609
Tshz2
Zbtb20
Nfia
Zfr
Rora
Lmo4
Mllt10
Tcf4
Mef2c
Zfp462
Rere
Pbx1
Tbl1x

Tead1
Tcf12
Rere
Nfia
Tcf4
Sox5
Mef2c
Rora
Zbtb20
Npas3
Mllt10
Hmga2
Tcf7l1
Cux1
Zeb2
Zfp638
Tshz2
Baz2b
Crebbp
Zfp536

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Sensory−neurons

●
●
●
●
●

●
●
●
●
●
●
●

●

●
●
●
●
●

●

●

●
●

●
●

●
●
●
●
●

●

●
●
●
●
●
●
●

●

●

●

●
●
●
●

●

●

●
●
●

●
●
●
●

●

●
●

●
●

●

●

●
●
●
●
●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

Rfx3
Pbx1
Mllt10
Tcf4
Pbx3
Klf7

Runx1t1
Tbl1x
Ebf3
Isl1
Strn3
Rere

Cbfa2t2
Zeb1
Meis2
App
Baz2b
Nr6a1
Tcf20
Klf12

Pbx1
Zfp536
Zbtb20
Nr6a1
App
Tcf12
Runx1t1
Klf12
Ebf2
Hivep2
Zfp638
Baz2b
Lcor
Ebf3
Zfp608
Strn3
Pbx3
Ash1l
Tcf4
Zeb2

Zfp462
Zfp536
Myt1l
Zbtb20
Foxp1
Isl1

Casz1
Strn3
Klf7

Runx1t1
Ebf3
Tcf12
Lcor
Zfp609
Pbx1
Bnc2
Meis2
Ebf2

Zfp804a
Zfand3

Csrnp3
Strn3
Myt1l
App

Zfp462
Casz1
Sox11
Hivep3
Klf7

Runx1t1
Zbtb20
Ebf2
Ash1l
Nfia
Aff3

Camta1
Zeb2
Isl1

Baz2b
Rere

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●

●

●
●
●
●
●
●
●

●

●
●
●

●

●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●

●

●

●
●

●
●
●
●
●
●

●

●
●

●

●

●

●
●
●
●

●

●

●
●

Pbx1
Runx1t1
Zbtb20
App

Zfp536
Tcf4
Pbx3
Rere
Meis2
Nr6a1
Strn3
Mllt10
Baz2b
Tcf12
Rfx3
Hivep2
Klf7
Ebf3
Klf12
Zeb1

Pbx1
Zfp536
Zbtb20
Zfp462
Zfp638
App

Runx1t1
Nr6a1
Ebf3
Klf12
Lcor
Hivep2
Tcf12
Ebf2
Strn3
Casz1
Zfp608
Pbx3
Baz2b
Klf7

Zbtb20
Zfp462
Myt1l
Strn3
Klf7

Hivep3
Ebf2
Zfp536
Isl1
Foxp1
Nfia
Casz1
Runx1t1
Csrnp3
App

Camta1
Sox11
Aff3
Pbx1
Ebf3

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

Stromal−cells

●
●

●
●
●
●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●
●
●

●
●

●

●

●

●

●

●

●

●

●
●
●
●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

Sox11
Baz2b
Tead1
Rere
Whsc1
Tcf12
Mllt10
Zcchc11
Atf2
Strn3
Zfp638
Kdm5b
Tcf20
Bmpr1a
Zfand3
Fubp1
Pbx1
Atad2
Zeb1
Tcf4

Zcchc11
Strn3
Tcf4
Pbx1
Hmga2
Sox11
Meis2
Baz2b
Tcf12
Pbx3

Tsc22d2
Ncor1
Meis1
Rere
Mecom
Aff3

Zfp462
Ctbp2
Kmt2a
Kdm5b

Hmga2
Tcf12
Rere
Strn3
Baz2b
Zcchc11
Zfhx3
Bmpr1a
Tcf4
Meis2
Pbx1
Meis1
Aff3
Sox11
Lcor

Gatad2b
Gli3
Zfr

Crebbp
Kdm5a

Tcf4
Nfia
Zfhx3
Pbx1
Aff3

Hmga2
Ebf1
Meis2
Ebf2
Tcf12
Baz2b
Ebf3
Sox11
Zfhx4
Bmpr1a
Trps1

Zcchc11
Bnc2
Prrx1
Rere

Tcf4
Tcf12
Zfhx3

Zcchc11
Nfia
Pbx1
Ebf1
Gli3
Meis2
Zfp638
Ash1l
Rere
Strn3
Ebf3
Ebf2
Meis1
App
Nfat5
Tshz2
Rora

E9
.5

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●
●
●
●

●

●
●
●
●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Pbx1
Sox11
Zcchc11
Strn3
Meis2
Tcf12
Atf2

Kdm5b
Whsc1
Tcf4
Rere
Tead1
Pbx3
Hmga2
Mllt10
Baz2b
Aff3
Tcf20
Zfp638
Tsc22d2

Hmga2
Zcchc11
Strn3
Tcf4
Tcf12
Baz2b
Sox11
Rere
Pbx1
Meis2
Aff3

Bmpr1a
Zfhx3
Mecom
Pbx3

Tsc22d2
Zfp462
Crebbp
Ncor1
Kdm5b

Tcf12
Tcf4
Rere
Zfhx3
Hmga2
Strn3

Zcchc11
Pbx1
Baz2b
Nfia

Bmpr1a
Aff3
Sox11
Gli3
Zfhx4
Ebf2
Ebf1
Prrx1
Zfr
Nrf1

Tcf4
Nfia
Zfhx3
Pbx1
Tcf12
Ebf1
Zfhx4
Aff3

Hmga2
Zcchc11
Ebf2
Baz2b
Rere
Meis2
Ash1l
Gli3

Zfp638
Sox11
Trps1
Bmpr1a

E9
.5
−>
E1
0.
5

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

White−blood−cells

●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●

●

●
●
●

●
●

●
●
●
●
●

●
●
●
●

●
●
●

●

●
●
●
●

●

●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●

●

●
●

●

●
●

●

●
●
●
●
●
●

●

●
●
●

●

●

●

●

●

●

●

Baz2b
Ncor1
Fli1
Foxp1
Tcf12
Meis2
Mllt10
Pbx3
Mef2c
Cux1
Ash1l
Etv6
Rere
Meis1
Npas3
Tead1
Crebbp
Zfr
Tcf4
Ikzf1

Ash1l
Zmym2
Foxp1
Strn3
Pbx1
Tcf12
Zbtb20
Rreb1
Ncor1
Tcf4
Npas3
Cux1
Zfp638
Mef2a
Meis2
Mllt10
Baz2b
Rere
Fli1
Etv6

Baz2b
Pbx1
Zeb2
Rere
Mef2c
Nfia
Foxp1
Zbtb20
Tcf4
Meis1
Cux1
Trps1
Tcf12
Ash1l
Ncor1
Strn3
Bcl11a
Etv6
Aff3
Mllt10

Foxp1
Strn3
Tcf20
Rere
Nfia
Tcf4
Mef2c
Rreb1
Zfp609
Pbx1
Ncor1
Etv6
Mllt10
Meis2
Aff3

Hmga2
Ash1l
Cux1
Tcf7l2
Zeb2

E1
0.
5

E1
1.
5

E1
2.
5

E1
3.
5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

●
●
●
●

●

●

●
●
●
●
●
●
●
●
●
●
●

●

●

●

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●

●
●
●
●
●
●
●
●

●
●
●
●

●

●

●
●
●

●

●

●

Ncor1
Baz2b
Tcf12
Cux1
Zmym2
Zbtb20
Foxp1
Ash1l
Fli1
Mllt10
Rere
Etv6
Strn3
Rreb1
Mef2c
Pbx1
Pbx3
Crebbp
Mef2a
Zfp638

Tcf4
Baz2b
Foxp1
Tcf12
Ncor1
Strn3
Rere
Pbx1
Zeb2
Ash1l
Rreb1
Mef2c
Cux1
Mef2a
Meis1
Mllt10
Zbtb20
Etv6
Zfp638
Meis2

Tcf4
Foxp1
Rere
Nfia
Zeb2
Pbx1
Etv6
Aff3
Strn3
Mef2c
Tcf12
Ebf1
Baz2b
Meis1
Ncor1
Rreb1
Tcf20
Fubp1
Bcl11a
Cux1

E1
0.
5−
>E
11
.5

E1
1.
5−
>E
12
.5

E1
2.
5−
>E
13
.5

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

DingHongxu
Figure S2



scRNA−Seq PR

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

TOP2A
MYF5
FOXM1
PTTG1
ATAD2
MEF2C
PRRX1
E2F7
GLMP
HMGA1
MXD3
RBL1

RFXANK
SP100
HMGB2
RUNX1
POU5F1
DTL
GMNN
CENPK

ANKRD1
MEF2C
HMGA1
ZNF286A
ZNF286B
PSMC3IP
MLX
HES6
SOX11
ZFP36L2
NR1I3
TARDBP
ZFP36L1
PRRX1
AR

ARNT2
BUD31
CGGBP1
CREB1
ELK3

MEF2C
SOX11
ANKRD1
ZEB2
SOX4
MYOG
RPL7
HES6
HEYL
BUD31
GLMP
HBP1
HLTF
HMGA2
MXD3
MYF5
NR1I3
ZNF22
ZNF543
HMGA1

ANKRD1
HMGA1
SOX11
SOX4
ZNHIT1
PRRX1
ZFP36L2
GPBP1
ZNF221
MYT1L
ZNF90
AEBP2
CBFA2T2
MEF2C
DRAP1
ID3

ZNF793
BUD31
FOXN3
POU5F1

T0 T2
4

T4
8

T7
2

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

scRNA−Seq tPR

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

ANKRD1
MEF2C
TOP2A
HMGA1
FOXM1
ZNF286A
MYF5

ZNF286B
PSMC3IP
MLX
PTTG1
ATAD2
SOX11
HES6

ZFP36L2
PRRX1
NR1I3
TARDBP
ZFP36L1
E2F7

SOX11
MEF2C
ZEB2
SOX4
HMGA1
ZNF286A
ZNF286B
ANKRD1
HES6

PSMC3IP
MLX
MYOG
RPL7

ZFP36L2
NR1I3
HEYL

TARDBP
ZFP36L1
PRRX1
HMGA2

ANKRD1
SOX11
MEF2C
HMGA1
SOX4
ZEB2
ZNHIT1
GPBP1
PRRX1
ZFP36L2
ZNF221
MYT1L
ZNF90
AEBP2
CBFA2T2
MYOG
DRAP1
RPL7
ID3

ZNF793

T0
−>
T2
4

T2
4−
>T
48

T4
8−
>T
72

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

ATAC−Seq PR

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

SP1
SP3
REST
ATF4
ETV5
E2F7
TFDP1
TCF7L2
NFYB
ETS1
STAT1
YY1

TWIST1
FOSL1
KLF5
MEF2C
ZNF24
ELK4
RREB1
FOXO3

CREB1
ELK3
JUND
TEAD2
NFYB
RREB1
MLX

MEF2A
FOSL2
SP3
REST
ZNF410
SREBF2
MEF2C
KLF5
IRF2

HOXC10
TCF7L1
SP1
ATF7

SP3
YY1

FOXO3
MGA
EGR1
RREB1
SP1
KLF5
SOX4
MEF2C
XBP1
IRF2
REST
ZNF410
ELK4
FOXK1
ETV5
STAT3
TCF7L2
HOXA10

STAT3
POU5F1
ELK3
MLX

TCF7L2
TWIST1
REST
NR2F2
YY1
CTCF
MSC
MEF2C
ZNF410
XBP1
IRF1

SREBF2
NFYB
TCF7L1
SIX1
RREB1

T0 T2
4

T4
8

T7
2

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

ATAC−Seq tPR

●
●
●
●
●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●
●

●

●

●

●

●
●
●

●

●

●

●

●

●

●
●
●
●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

SP1
SP3

CREB1
REST
TEAD2
JUND
NFYB
ELK3
RREB1
MEF2A
MLX
ETV5
ATF4
E2F7
ZNF410
KLF5
MEF2C
FOSL2
SREBF2
TFDP1

CREB1
SP3

RREB1
JUND
ELK3
EGR1
MEF2A
NFYB
TEAD2
MLX
YY1

FOXO3
MGA
KLF5
REST
ZNF410
SP1

FOSL2
IRF2
MEF2C

XBP1
EGR1
YY1
STAT3
POU5F1
ELK3
TCF7L2
SP3
MLX
REST
TWIST1
FOXO3
RREB1
NR2F2
CTCF
MGA

ZNF410
MEF2C
SP1
KLF5

T0
−>
T2
4

T2
4−
>T
48

T4
8−
>T
72

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

DingHongxu
Figure S3



additive PR

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

TOP2A
MYF5
FOXM1
PTTG1
ATAD2
MEF2C
E2F7
PRRX1
POU5F1
HMGA1
RBL1
SP100
GLMP
MXD3

RFXANK
HMGB2
RUNX1
DTL
GMNN
CENPK

ANKRD1
MEF2C
HMGA1
MLX

PSMC3IP
ZNF286A
ZNF286B
CREB1
ELK3
HES6
SOX11
REST

ZFP36L2
NR1I3
TARDBP
ZFP36L1
PRRX1
HOXA10
SOX4

CGGBP1

MEF2C
SOX11
ANKRD1
ZEB2
SOX4
MYOG
RPL7
KLF5
HES6
HEYL
GLMP
BUD31
HMGA2
HBP1
MXD3
MYF5
NR1I3
ZNF22
ZNF543
HLTF

ANKRD1
HMGA1
SOX11
SOX4
ZNHIT1
PRRX1
ZFP36L2
GPBP1
POU5F1
ZNF221
MYT1L
ZNF90
MEF2C
TWIST1
AEBP2
CBFA2T2
DRAP1
MSC
ID3

ZNF793

T0 T2
4

T4
8

T7
2

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

additive tPR

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

ANKRD1
MEF2C
TOP2A
HMGA1
MLX

PSMC3IP
FOXM1
ZNF286A
MYF5

ZNF286B
CREB1
REST
PTTG1
ELK3
ATAD2
SOX11
HES6
E2F7

ZFP36L2
PRRX1

SOX11
MEF2C
ZEB2
MLX

PSMC3IP
SOX4
HMGA1
ZNF286A
ZNF286B
ANKRD1
CREB1
HES6
ELK3
MYOG
RPL7
REST
KLF5

ZFP36L2
NR1I3
HEYL

ANKRD1
SOX11
MEF2C
SOX4
HMGA1
ZEB2
ZNHIT1
PRRX1
GPBP1
ZFP36L2
POU5F1
TWIST1
ZNF221
MYT1L
ZNF90
AEBP2
CBFA2T2
MYOG
MSC
DRAP1

T0
−>
T2
4

T2
4−
>T
48

T4
8−
>T
72

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

multiplicative PR

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

TOP2A
MYF5
FOXM1
PTTG1
ATAD2
MEF2C
PRRX1
E2F7
GLMP
HMGA1
MXD3
RBL1

RFXANK
SP100
HMGB2
RUNX1
POU5F1
DTL
GMNN
CENPK

MEF2C
ANKRD1
HMGA1
ZNF286A
ZNF286B
PSMC3IP
MLX
HES6
SOX11
ZFP36L2
NR1I3
TARDBP
ZFP36L1
PRRX1
CREB1
ELK3

HOXA10
REST
AR

ARNT2

MEF2C
SOX11
ANKRD1
SOX4
ZEB2
RPL7
MYOG
HES6
HEYL
BUD31
GLMP
HBP1
HLTF
HMGA2
MXD3
MYF5
NR1I3
ZNF22
ZNF543
KLF5

ANKRD1
HMGA1
SOX4
SOX11
PRRX1
ZNHIT1
GPBP1
ZFP36L2
ZNF221
MYT1L
ZNF90
MEF2C
AEBP2
CBFA2T2
DRAP1
ID3

ZNF793
BUD31
FOXN3
POU5F1

T0 T2
4

T4
8

T7
2

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

multiplicative tPR

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

MEF2C
ANKRD1
TOP2A
FOXM1
HMGA1
ZNF286A
ZNF286B
MYF5

PSMC3IP
MLX
PTTG1
ATAD2
SOX11
ZFP36L2
HES6
PRRX1
NR1I3
TARDBP
ZFP36L1
E2F7

MEF2C
SOX11
SOX4

ZNF286A
ZNF286B
HMGA1
ZEB2

ANKRD1
PSMC3IP
MLX
HES6
RPL7
MYOG
NR1I3
HEYL

ZFP36L2
TARDBP
ZFP36L1
HMGA2
PRRX1

MEF2C
ANKRD1
SOX11
SOX4
HMGA1
PRRX1
ZNHIT1
GPBP1
ZFP36L2
ZNF221
MYT1L
ZNF90
AEBP2
ZEB2

CBFA2T2
DRAP1
RPL7
ID3

ZNF793
MYOG

T0
−>
T2
4

T2
4−
>T
48

T4
8−
>T
72

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

combined PR

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

TOP2A
MYF5
FOXM1
PTTG1
ATAD2
MEF2C
E2F7
PRRX1
POU5F1
HMGA1
GLMP
RFXANK
RBL1
SP100
MXD3
RUNX1
HMGB2
DTL
GMNN
CENPK

MEF2C
ANKRD1
MLX

PSMC3IP
HMGA1
ZNF286A
ZNF286B
CREB1
ELK3
HES6
REST
SOX11
ZFP36L2
ZFP36L1
TARDBP
NR1I3
PRRX1
HOXA10
SOX4
ARNT2

MEF2C
SOX11
ANKRD1
SOX4
ZEB2
KLF5
RPL7
MYOG
HES6
HEYL
ZNF22
ZNF543
NR1I3
HBP1
MXD3
MYF5
BUD31
GLMP
HMGA2
HLTF

ANKRD1
HMGA1
SOX4
SOX11
PRRX1
ZNHIT1
GPBP1
ZFP36L2
POU5F1
MEF2C
ZNF221
MYT1L
ZNF90
TWIST1
AEBP2
CBFA2T2
DRAP1
MSC
ID3

ZNF793

T0 T2
4

T4
8

T7
2

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

combined tPR

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

MEF2C
ANKRD1
TOP2A
MLX

PSMC3IP
HMGA1
FOXM1
ZNF286A
ZNF286B
MYF5
CREB1
REST
PTTG1
ELK3
ATAD2
E2F7
SOX11
ZFP36L2
HES6
PRRX1

MEF2C
SOX11
MLX

PSMC3IP
SOX4

ZNF286A
ZNF286B
ZEB2
CREB1
HMGA1
ANKRD1
ELK3
HES6
REST
KLF5
RPL7
MYOG
NR1I3
HEYL

ZFP36L2

MEF2C
ANKRD1
SOX11
SOX4
HMGA1
PRRX1
ZNHIT1
GPBP1
POU5F1
ZFP36L2
TWIST1
ZNF221
MYT1L
ZNF90
ZEB2
AEBP2
CBFA2T2
MSC
KLF5
DRAP1

T0
−>
T2
4

T2
4−
>T
48

T4
8−
>T
72

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

neutral PR

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

TOP2A
MYF5
FOXM1
PTTG1
ATAD2
MEF2C
PRRX1
E2F7
GLMP
HMGA1
MXD3
RBL1

RFXANK
SP100
HMGB2
RUNX1
POU5F1
DTL
GMNN
CENPK

ANKRD1
MEF2C
HMGA1
ZNF286A
ZNF286B
PSMC3IP
MLX
HES6
SOX11
ZFP36L2
NR1I3
TARDBP
ZFP36L1
PRRX1
AR

ARNT2
BUD31
CGGBP1
CREB1
ELK3

MEF2C
SOX11
ANKRD1
ZEB2
SOX4
MYOG
RPL7
HES6
HEYL
BUD31
GLMP
HBP1
HLTF
HMGA2
MXD3
MYF5
NR1I3
ZNF22
ZNF543
HMGA1

ANKRD1
HMGA1
SOX11
SOX4
ZNHIT1
PRRX1
ZFP36L2
GPBP1
ZNF221
MYT1L
ZNF90
AEBP2
CBFA2T2
MEF2C
DRAP1
ID3

ZNF793
BUD31
FOXN3
POU5F1

T0 T2
4

T4
8

T7
2

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

neutral tPR

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

ANKRD1
MEF2C
TOP2A
HMGA1
FOXM1
ZNF286A
MYF5

ZNF286B
PSMC3IP
MLX
PTTG1
ATAD2
SOX11
HES6

ZFP36L2
PRRX1
NR1I3
TARDBP
ZFP36L1
E2F7

SOX11
MEF2C
ZEB2
SOX4
HMGA1
ZNF286A
ZNF286B
ANKRD1
HES6

PSMC3IP
MLX
MYOG
RPL7

ZFP36L2
NR1I3
HEYL

TARDBP
ZFP36L1
PRRX1
HMGA2

ANKRD1
SOX11
MEF2C
HMGA1
SOX4
ZEB2
ZNHIT1
GPBP1
PRRX1
ZFP36L2
ZNF221
MYT1L
ZNF90
AEBP2
CBFA2T2
MYOG
DRAP1
RPL7
ID3

ZNF793

T0
−>
T2
4

T2
4−
>T
48

T4
8−
>T
72

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

DingHongxu
Figure S4



additive PR

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●
●

●

●
●
●

●
●
●
●

●
●

●
●

●

●
●
●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

ENO1
FOS
JUN
MYB
JUND

TSC22D3
FOSB
PHB
KLF6
KLF2
FOXP1
GABPB1
ZNF207
FOXN3
ZFP36L2
HMGB1
BPTF
YY1
ZFP36
EDF1

FOS
FOSB
LMO2
JUN

TSC22D3
JUND
KLF6
HMGB1
RPL7
HDGF
GATA2
MAX
XBP1
ZFP36
CNBP
HOPX
TRIM28
TAF10
PA2G4
HLF

EDF1
HDGF
ILF2
PHB

RUNX1
CGGBP1
TAF1D
ATF4
KLF6
FOS
FOSB
ILF3

BCLAF1
IKZF1
TRIM28
PA2G4
ZBTB44
ZFP36L2
HMGB2
YY1

FOS
IRF8
ILF2
ZFP36
CEBPD
CNBP
TRIM28
MEF2D
YBX3
YY1

HNRNPAB
HMGB2
EGR1
TOP2B
NOLC1
ILF3
FOSB
ZNF207
EDF1
TP53

LMO2
GATA2
KLF1
PBX1
HMGB1
ZFP36L1
TOP2B
FOS

HNRNPAB
STAT5A
FLI1
PA2G4
HMGB2
ZMYND8
KLF6
TRIM28
EWSR1
HDGF
JUND
RPL7

HS
C

M
PP

CM
P

G
M
P

M
EP

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

additive tPR

●
●
●
●
●
●
●

●

●
●
●
●

●

●

●

●

●

●

●
●

●
●
●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●
●

●
●

●

●
●
●
●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

FOS
TSC22D3
FOSB
JUN
LMO2
HMGB1
HDGF
KLF2
JUND
ENO1

ZFP36L2
RPL7
KLF4

TSC22D1
TRIM28
HHEX
MAX

ZNF207
CNBP
GATA2

HDGF
FOS
LMO2
RUNX1
JUND
JUN
PHB

TSC22D3
ILF2
FOSB
EDF1

CGGBP1
TAF1D
ATF4
KMT2A
PHF20
MAX
IKZF1
GATA2
TRIM28

ILF2
IRF8
ZFP36
FOS

CEBPD
TRIM28
TOP2B
MEF2D
CNBP
YY1
FOSB

HNRNPAB
EDF1
YBX3
RUNX1
CGGBP1
ILF3
PA2G4
KLF4
PHB

HDGF
EDF1
RUNX1
ATF4
TOP2B
STAT5A
LMO2
ZBTB44
PBX1
IKZF1

HNRNPAB
JUND
KLF1
PA2G4
TRIM28
ZFP36L1
ILF2

HMGB1
FLI1
GATA2

HS
C−

>M
PP

M
PP

−>
CM

P

CM
P−
>G

M
P

CM
P−
>M

EP

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

multiplicative PR

●
●
●
●
●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●
●
●

●

●

●

●

●

●
●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

JUN
ENO1
FOS
MYB
JUND
FOXP1
ZNF207
GABPB1
FOXN3
ZFP36L2
EDF1
YY1

HMGB1
FOSB
BPTF
KLF6
HOPX
PA2G4

TSC22D3
KLF4

FOS
JUN
GATA2
MAX
HDGF
HMGB1
JUND
FOSB
LMO2
TRIM28
HLF
TAF10
RPL7
KMT2A
PA2G4
PHF20
PBX1

TSC22D3
TSC22D1
HHEX

EDF1
HDGF
PHB
ATF4

CGGBP1
FOS
ILF2
ILF3
TAF1D
BCLAF1
RUNX1
KLF6
FOSB
ZBTB44
SOX4
JUND

SUPT4H1
HMGB2
JUN

TRIM28

IRF8
MEF2D
CEBPD
ILF2
FOS
MYB
MAX
XBP1
YY1
FLI1

TRIM28
HNRNPAB
HMGB2
EGR1
TP53

POU2F2
ZFP36
ETV6
CNBP
YBX3

LMO2
GATA2
HMGB1
MEF2C
KLF1
PBX1
FLI1

ZFP36L1
FOS

HNRNPAB
JUN

TOP2B
STAT5A
HMGB2
PA2G4
JUND
ZBTB44
ILF3

EWSR1
RPL7

HS
C

M
PP

CM
P

G
M
P

M
EP

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

multiplicative tPR

●
●

●

●

●
●

●

●

●

●

●
●
●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●
●
●

FOS
JUN
JUND
HLF
GATA2
ENO1
MAX
KLF4
MYB
HDGF
HMGB1
LMO2
TRIM28
TSC22D1
FOSB
ZNF207
HHEX
TAF10
FOXN3
RPL7

JUN
FOS
HDGF
GATA2
MAX
JUND
PHB

CGGBP1
LMO2
ATF4
EDF1
ILF2
TAF1D
KMT2A
PHF20
ILF3
HLF

BCLAF1
SOX4
RUNX1

IRF8
CEBPD
MEF2D
FOS
ILF2
ETV6
MAX
MYB
FLI1
YY1
XBP1
EGR1
JUN
JUND
ATF4

POU2F2
HNRNPAB
TRIM28
RUNX1
ZFP36

HDGF
EDF1
LMO2
ATF4
TOP2B
HMGB1
JUND
STAT5A
PBX1
FLI1

MEF2C
GATA2
RUNX1
ZBTB44
KLF1

HNRNPAB
ZFP36L1
PA2G4
ILF2

HMGB2

HS
C−

>M
PP

M
PP

−>
CM

P

CM
P−
>G

M
P

CM
P−
>M

EP

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

combined PR

●
●
●
●
●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●
●
●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

JUN
FOS
ENO1
MYB
JUND
FOXP1
GABPB1
YY1

ZNF207
FOXN3
ZFP36L2
FOSB
EDF1
KLF6
MEF2C
HMGB1
KLF4
BPTF
KLF2
HOPX

FOS
JUN
GATA2
MAX
JUND
LMO2
HLF
FOSB
HDGF
HMGB1
TRIM28
TAF10
RPL7
PBX1
KMT2A
PA2G4
YY1
PHF20

TSC22D3
XBP1

EDF1
HDGF
ATF4
FOS
PHB

CGGBP1
RUNX1
ILF2
ILF3
TAF1D
BCLAF1
ZBTB44
KLF6
FOSB
SOX4

SUPT4H1
JUN
JUND
YY1

HMGB2

IRF8
MEF2D
CEBPD
ILF2
FOS
MAX
MYB
YY1
FLI1
XBP1
ETV6
EGR1
TRIM28
POU2F2
HNRNPAB
TP53
ZFP36
HMGB2
RUNX2
CNBP

LMO2
GATA2
HMGB1
MEF2C
PBX1
FLI1
FOS
JUN
KLF1

ZFP36L1
HNRNPAB
TOP2B
STAT5A
JUND
HMGB2
PA2G4
ZBTB44
YY1
ILF3

EWSR1

HS
C

M
PP

CM
P

G
M
P

M
EP

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

combined tPR

●
●
●

●

●

●

●

●
●
●
●

●
●

●

●

●

●
●

●

●

●

●
●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●
●

●
●

●

JUN
FOS
JUND
GATA2
HLF
MAX
KLF4
ENO1
MYB
LMO2
HDGF
HMGB1
FOXP1
YY1

GABPB1
TRIM28
FOSB

TSC22D1
ZNF207
HHEX

JUN
FOS
GATA2
MAX
HDGF
JUND
LMO2
PHB

CGGBP1
ATF4
EDF1
HLF
ILF2
TAF1D
SOX4
RUNX1
KMT2A
FOSB

SUPT4H1
PHF20

IRF8
CEBPD
MEF2D
FOS
ILF2
ETV6
MAX
FLI1
YY1
MYB
XBP1
EGR1
JUN
ATF4

POU2F2
JUND

HNRNPAB
TRIM28
RUNX1
ZFP36

HDGF
EDF1
FLI1
LMO2
ATF4
PBX1
HMGB1
JUND
TOP2B
MEF2C
GATA2
STAT5A
RUNX1
ZBTB44
KLF1

HNRNPAB
ZFP36L1
PA2G4
ILF2
YY1

HS
C−

>M
PP

M
PP

−>
CM

P

CM
P−
>G

M
P

CM
P−
>M

EP

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

neutral PR

●
●
●
●
●
●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●
●

●
●

●
●
●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●
●

●

●

●

●
●

●

●

●

ENO1
FOS
MYB

TSC22D3
JUND
FOSB
JUN
PHB
KLF6
KLF2
ZNF207
FOXN3
ZFP36L2
HMGB1
BPTF
EDF1
FOXP1
GABPB1
CNBP
ZFP36

FOS
FOSB
LMO2

TSC22D3
HMGB1
JUN
KLF6
JUND
RPL7
HDGF
TRIM28
TAF10
HOPX
ZFP36
CNBP
PA2G4
XBP1
GATA2
KMT2A
MAX

EDF1
HDGF
ILF2
PHB

CGGBP1
TAF1D
RUNX1
KLF6
FOS
ILF3
FOSB
BCLAF1
ATF4
IKZF1
TRIM28
PA2G4
ZFP36L2
HMGB2
HNRNPAB
ZBTB44

ILF2
FOS
IRF8
ZFP36
CNBP
TRIM28
CEBPD
MEF2D
HMGB2
HNRNPAB
YBX3
TOP2B
ILF3

NOLC1
EDF1
ZNF207
EGR1
FOSB
YY1
TP53

LMO2
GATA2
KLF1

ZFP36L1
HNRNPAB
TOP2B
HMGB1
STAT5A
PBX1
HMGB2
PA2G4
FOS

TRIM28
ZBTB44
EWSR1
RPL7
HDGF

ZMYND8
ILF3
FLI1

HS
C

M
PP

CM
P

G
M
P

M
EP

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

neutral tPR

●
●
●
●
●
●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●
●
●

●

●

●

●

●

●
●
●

●

●
●

●

●

●
●
●

●
●

●

●
●

●

●
●
●

●

●

●

●

●

●

●

●
●

●

●
●
●

●

●

●
●

●

●
●
●

●

●
●

FOS
TSC22D3
FOSB
HMGB1
LMO2
HDGF
JUN
ENO1
RPL7

ZFP36L2
KLF2

TSC22D1
TRIM28
HHEX
ZNF207
JUND
FOXN3
KLF4
TAF10
HOPX

HDGF
FOS
PHB
ILF2
EDF1

CGGBP1
TAF1D
RUNX1
LMO2
JUND

TSC22D3
FOSB
KMT2A
ATF4
JUN
PHF20
TRIM28
HMGB1
PA2G4
ILF3

ILF2
IRF8
ZFP36
FOS

TRIM28
TOP2B
CEBPD
CNBP
EDF1
FOSB

HNRNPAB
RUNX1
MEF2D
ILF3
YBX3
PA2G4
CGGBP1
HDGF
PHB
KLF4

HDGF
EDF1
RUNX1
TOP2B
ATF4
STAT5A
LMO2

HNRNPAB
ZBTB44
KLF1
IKZF1
PA2G4
ZFP36L1
JUND
ILF2

TRIM28
HMGB1
PBX1
HMGB2
ILF3

HS
C−

>M
PP

M
PP

−>
CM

P

CM
P−
>G

M
P

CM
P−
>M

EP

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

DingHongxu
Figure S5



Combined PR

0.00 0.01 0.02 0.03 0.040.
00

0.
02

0.
04

0.
06

0.
08

0.
10

0.00
0.02

0.04
0.06

0.08
0.10

0.12

scRNA−Seq
AT
AC

−S
eq

Hi
Ch

IP

●
●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●● ●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ● ●●● ●● ● ●●● ●●●●●● ●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●● ●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ● ●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●● ●● ● ●●● ●●●●● ●● ●●●●●●●●● ●●●●●●● ●●●●●● ●●● ● ●●●

●

●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●● ●●●● ●● ●●●●●●●●● ●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

LEF1

RORA
JUNB

IRF1

FOSB

RUNX3

YY1

ZBTB8OS

FOXP1STAT3

ZEB2

FOS

TSC22D3

ETS1

MYC

KLF6GPBP1

ELF1

JUN

ZFAND6

TF
Target

Size~PR

LE
F1

RO
RA

JU
NB

IR
F1

FO
SB

RU
NX

3
YY

1
ZB

TB
8O

S
FO

XP
1

ST
AT
3

ZE
B2

FO
S

TS
C2

2D
3

ET
S1

M
YC

KL
F6

G
PB

P1
EL
F1

JU
N

ZF
AN

D6

Rank

scRNA−Seq
ATAC−Seq
HiChIP

DingHongxu
Figure S6



Base Network

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.70.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.0
0.1

0.2
0.3

0.4
0.5

scRNA−Seq, sqrt(PR) AT
AC

−S
eq

, s
qr

t(P
R

)

H
iC

hI
P,

 s
qr

t(P
R

)

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●●

●
●

●

●
●

●●

●

●
● ●
●

●●

●
●●

●●●

●

● ●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●●
●
●

●●
●● ●

●
●●
●

●
●

●

●

●

●

●
●
●●●●●
●
●●●
●●●

●
●
●●●
●●●

●●●●
● ●●●

●
●

●●●●
●●●●
●●
●●
●
●
●●
●
●●
●
●●●
●
●
●
●
●●
●
●
●●●●
●
●
●
●
●●
●
●
●●●
●●●
●●●●
●●●●
●●
●●
●
●
●
●●
●
●
●
●
●
●●●
●●
●●
●
●●
●
●●
●
●
●●
●
●●
●
●●●
●
●
●
●
●
●
●●●●
●
●●
●
●●●●●●
●
●●
●●●●●●
●●
●
●
●
●●●
●
●●●
●●
●●
●
●●
●
●●
●●
●●
●●●●
●
●
●
●●
●●●
●
●
●●●●
●
●
●●
●
●●
●
●●
●●
●
●
●
●●
●●●
●●
●●
●●
●
●
●●●
●●●
●
●●●
●●●
●●
●●●
●●●●●●
●
●
●
●
●●●●
●
●●
●
●
●
●
●●●●
●●
●
●
●
●●●
●
●●
●●
●
●●●●●
●●
●●●
●
●●

●
●●

●
●
●●
●●

●●
●

●●●
●

●
●●
●
●●●
●
●
●
●
●
●●● ●●
●
●●●
●●
●
●
●●●●●
●

●●●●●●●●●●●●●●●●●
●●
●
●
●●●
●
●●●
●●
● ●
●
●
●
●●●●●●●●●●●●
●
●●●
●
●●● ●●●●●●●●●●●●
●
●●●
●
●●●●
●
●●●●●●●●●●
●
●●●●●●
●
●●●●●
●
●●●●●●●●●●●●●●●●●●●●
●
●●●●
●
● ●
●
●●●●●●● ●●
●
●●
●●●
●●●●●●●●●●●
●●●●
●●●●●●● ●●●●●●●●●
●
●
●
●●●●●●●
●●
●
●
●●●●●●
●
●●●●●●●● ● ●● ●●●●●●●●●●●
●
●
●●
●●●●●●●●●●●●●●● ●●
●
●
●
●●●●●●
●
●●●●●●●●●
●
●●●●●●
●
●●●●●●●●●●
●
●●●●●●●
●
● ●
●
●●●●●●
●
●●● ●

●●
●●
●●
●
●
●●
●
●●
●
●●●
●
●
●
●
●●
●
●
●●●●
●
●
●
●
●●
●
●
●●●
●●●
●●●●
●●●●
●●
●●
●
●
●
●●
●
●
●
●
●
●●●
●●
●●
●
●●
●
●●
●
●
●●
●
●●
●
●●●
●
●
●
●
●
●
●●●●
●
●●
●
●●●●●●
●
●●
●●●●●●
●●
●
●
●
●●●
●
●●●
●●
●●
●
●●
●
●●
●●
●●
●●●●
●
●
●
●●
●●●
●
●
●●●●
●
●
●●
●
●●
●
●●
●●
●
●
●
●●
●●●
●●
●●
●●
●
●
●●●
●●●
●
●●●
●●●
●●
●●●
●●●●●●
●
●
●
●
●●●●
●
●●
●
●
●
●
●●●●
●●
●
●
●
●●●
●
●●
●●
●
●●●●●
●●
●●●
●
●●

●
●●

●
●

●●
●●

●●
●

●●●
●

●
●●
●
●●●
●
●
●
●
●
●●● ●●
●
●●●
●●
●
●
●●●●●
●

●●●●●●●●●●●●●●●●●
●●
●
●
●●●
●
●●●
●●
● ●
●
●
●
●●●●●●●●●●●●
●
●●●
●
●●● ●●●●●●●●●●●●
●
●●●
●
●●●●
●
●●●●●●●●●●
●
●●●●●●
●
●●● ●●
●
●●●●●●●●●●●●●●●●●●●●
●
●●●●
●
● ●
●
●●●●●●● ●●
●
●●
●●●
●●● ●●●●●●●●
●●●●
●●●●●●● ●●●●●●●●●
●
●
●
●●●●●●●
●●
●
●
●●●●●●
●
●●●●●●●● ● ●● ●●●●●●●●●●●
●
●
●●
●●●●●●●●●●●●●●● ●●
●
●
●
●●●●●●
●
●●●●●●●●●
●
●●●●●●
●
●●●●●●●●●●
●
●●●●●●●
●
● ●
●
●●●●●●
●
●●●●●● ●● ●●●● ●●● ● ●●●●●

●● ●●●●●●●●● ●●● ●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●

●
●●●●● ●●●●●●
●
●●●●

●
●
●●
●●●
●
●●●●

●
●●●
●●
●

●
●●●●●
●●●●

●●
●
●●●●●●
●
●
●●
●●●
●●●
●●●●●●
●
●
●
●●●●
●●
●
●●●●●●●
●●
●
●●●
●●
●●
●
●●
●
●●
●●
●●● ●●●
●●
●●●●
●
●
●●
●
●
●
● ●●
●
●●
●●
●
●
●
●
●●
●
●
●
●
●
●
●●
●●●●● ●●●●●●
●
●●
●●
●
●●●●●
●●●●
●
●●
●
●●●
●●●
●●
●●●●
●
●●
●
●
●●●
●●●
●
●
●●● ●●●●●●●
●
●●●●●●●●●●●●
●
●
●●●
●
●●
●
●
●
●
●●
●
●●
●●●●●●●●●●
●
●
●●●
●●
●●
●
●●
●
●●
●
●●●●
●●
●
●
●●

●
●●●
●●
●●●●●
●●
●●● ●●●●
●
●●●●●●●●●
●
●
●●
●●
●

●
●
●
● ●
● ●●
●●
●●●●
●

●●●●●
●●
●
●
●●
●
●
●
●●●

●●●●●
●●●●●●●●●●●
●
●●●●●●●
●
●●●●●●●●●
●
●●
●
●●●●●
●
●
●●
●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●
●

●●●●●●●●●●●
●
●●●●

●
●
●●
●●●
●
●●●●

●
●●●
●●
●

●
●●●●●
●●●●

●●
●
●●●●●●
●
●
●●
●●●
●●●
●●●●●●
●
●
●
●●●●
●●
●
●●●●●●●
●●
●
●●●
●●
●●
●
●●
●
●●
●●
●●●●●●
●●
●●●●
●
●
●●
●
●
●
● ●●
●
●●
●●
●
●
●
●
●●
●
●
●
●
●
●
●●
●●●●● ●●●●●●
●
●●
●●
●
●●●●●
●●●●
●
●●
●
●●●
●●●
●●
●●●●
●
●●
●
●
●●●
●●●
●
●
●●● ●●●●●●●
●
●●●●●●●●●●●●
●
●
●●●
●
●●
●
●
●
●
●●
●
●●
●●●●●●●●●●
●
●
●●●
●●
●●
●
●●
●
●●
●
●●●●
●●
●
●
●●

●
●●●
●●
●●●●●
●●
●●● ●●●●
●
●●●●●●●●●
●
●
●●
●●
●

●
●
●
● ●
●●●
●●
●●●●
●

●●●●●
●●
●
●
●●
●
●
●
●●●

●●●●●
●●●●●●●●●●●
●
●●●●●●●
●
●●●●●●●●●
●
●●
●
●●●●●
●
●
●●
●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●● ●●●● ●● ●●●●●●●●● ●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

additive
multiplicative
combined
neutral

0.0 0.1 0.2 0.3 0.4 0.5 0.6

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

PageRank Method

regular, sqrt(PR)

m
ul

tip
le

x,
 s

qr
t(P

R
)

●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●

●

●●●●●●●

●

●●●●●●●●●

●

●●

●

●

●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●

●

●●●●●●●●●

●

●

●

●

●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●

●

●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●

●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●

●

●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●
●

●●●●●●●●●●●●●●●●●

●

●●●●●
●

●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●

●

●●
●●

●●●●

●
●●

●●●
●

●

●●
●●●●●●

●

●
●●

●

●●

●

●●●●
●●●
●

●●

●

●

●●

●
●

●●●●●
●●

●
●

●●●

●

●
●●

●
●●

●●
●

●
●●●

●

●

●
●●●
●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●
●

●●●●●●●

●

●●●●●●●●●

●

●●

●

●

●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●

●

●●●●●●●●●

●

●

●

●

●●●●●●●●●●●●●●●●●●●●●●
●

●●●●●

●

●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●

●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●
●

●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●

●

●●●●●●●●●●●●●●●●●●●●●
●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●
●

●●●●●●●●●●●●●●●●●

●

●●●●●
●

●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●

●

●●
●●

●●●●

●
●●

●●●
●

●

●●
●●●●●

●

●

●●●

●

●●

●

●●●●
●●

●
●

●●

●
●

●●

●●
●●

●

●
●

●●●
●

●●●

●

●
●● ●●●

●●
●

●
●●●

● ●
●

●●
●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●
●

●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●
●

●●●●●●●
●

●●●●●●●●●

●

●●

●

●

●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●
●

●●●●●●●●●

●

●

●

●

●●●●●●●●●●●●●●●●●●●●●●
●

●●●●●

●

●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●
●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●

●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●
●

●●●●●●●●●●●●●●●●●●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●● ●●●●●●●●●●●●●●●●●●

●

●●●●● ●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●

●

●●●●●●●●
●●●●●●●
●

●●●●●●●●

●
●●●

●

●●

●

●●●●●
●

●
●

●●

●

●

●●
●●

●●
●

●●
●●●
●

●●●

●

●●● ●

●
●

●●●
●●●●
● ●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●

●

●●●●●●●

●

●●●●●●●●●

●

●●

●

●

●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●

●

●●●●●●●●●

●

●

●

●

●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●

●

●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●

●

●

●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●

●

●●●●●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●
●

●●●●●●●●●●●●●●●●●

●

●●●●●

●

●●●●●●●●

●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●
●●●●●

●

●●
●●

●
●

●●

●
●●

●●●
●

●

●●
●●●
●●

●

●

●
●

●

●

●●

●

●●●●
●
●

●
●

●●

●

●

●●

●
●

●●
●

●●

●●
●
●

●●●

●

●
●●

●

●
●

●●
●

●

●
●

●

●

●

●
●●●
●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

● scRNA−Seq
ATAC−Seq
HiChIP

DingHongxu
Figure S7



P_graph�

accessibility_network�

mul6plex_page_rank�

adjust_graph�clean_graph� diff_graph�

•  aracne_network:	re-format	ARACNe	regulon	R	object.	

•  accessibility_network:	generate	genome	accessibility-based	GRNs	from	called	peaks.	

•  conforma@on_network:	generate	chromosome	conforma@on-based	GRNs	from	records.	

•  P_graph:	filter	GRNs	by	probability-based	approaches,	with	interac@on	confidence	and	mode	as	edge	
aEributes,	and	regular	PageRank	as	vertex	aEribute.	

•  clean_graph:	remove	vertex	by	corresponding	sub-graph	size,	name	and	PageRank,	with	updated	
regular	PageRank	as	vertex	aEribute.	

•  adjust_graph:	re-calculate	PageRank	with	weight,	personaliza@on	and	damping.	

•  diff_graph:	calculate	differen@al	graph,	with	mode	of	changing	as	edge	aEribute,	and	regular	
PageRank	as	vertex	aEribute.	

•  mul@plex_page_rank:	calculate	mul@plex	PageRank	from	different	networks.	

e.g.	ATAC-Seq�

conforma6on_network�

e.g.	HiChIP�e.g.	ARACNe�

aracne_network�

GRN	Construc6on�

GRN	Processing	(Op6onal)�

Mul6plex	PageRank�

GRN	Filtering	(Op6onal)�

DingHongxu
Figure S8



Mo6f-Searching	(TF)�TSS-Searching	(Target)�

TF-Target	Network�

accessibility_network�

conforma6on_network�

TSS-Searching	(Target)�

Mo6f-Searching	(TF)	 TF-Target	Network�

DingHongxu
Figure S9



−5
0

5
10

multiplex PageRank

n, log2

se
co

nd
s,

 lo
g2

5 7 9 11 13

ER(n, p=0.1)
N(network)=2

−5
0

5
10

temporal PageRank

n, log2

se
co

nd
s,

 lo
g2

5 7 9 11 13

ER(n, p=0.1)
N(network)=2

DingHongxu
Figure S10



5 10 15 200.
00

0.
01

0.
02

0.
03

0.
04

0.
05

Chondroctye−progenitors

nES

te
m

po
ra

l P
R

● ●

●

●

●

●

●

●

● ●

●

●

●●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

● ● ●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●
●

●●

●

●
● ●

●

●

●

●

● ●

●
●

●

●
●

●

●

●

●
●

●

●

● ●

●

●

●

●●

●

●

●
●● ●

●
●

●

Strn3
Tead1App

Foxp1
Pknox2Bnc2

Tcf12 Pbx3 Zcchc11Zfand3

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●
● ●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●
●

●

●
● ●

●

●
●

●
●●

●

●
● ●●

●
●

●
●

●

●

●
● ●

●

●

●

● ●
●●●

●
● ●● ●●

●●
●●

App
Pbx3

Foxp1 Tead1Tcf12
Zfand3

Aff3Bnc2Trps1 Zcchc11

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

● ●

●●

●
●

●●●
●

●
●

● ●●●●

App

Tead1
RerePbx1Foxp1Aff3Strn3 Trps1Tcf12

Bnc2

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

Foxp1

Pbx1

Ebf1Bnc2
App RereNfat5Aff3

Strn3
Nfia

E9.5−>E10.5, r=0.82
E10.5−>E11.5, r=0.88
E11.5−>E12.5, r=0.89
E12.5−>E13.5, r=0.87

5 10 150.
00

0.
01

0.
02

0.
03

0.
04

0.
05

Chondrocytes−&−osteoblasts

nES
te

m
po

ra
l P

R

●

●

●

●

●

●

●

●
●

●

●
●

●
●●

●

●

●

●
●

●

●

●

●

●
●

●
●

●

●

●

●
●●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●●

●

● ●

●

●

●

●

●

●

●

●
●●

●

●

●●

●

●

●● ●
●

●

● ●

●

●

●

●
●

●●

Zfhx3
Baz2b

Fubp1
Zfp292 Zfp521Zfp638

Bnc2Whsc1Rfx3Hmga2
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

● ●

●

●
●

●● ●

●

●

●

●

●

●

●

●
●

●

●

●
● ●

●

Tcf12Aff3
Zfp521Mllt10Tead1 Baz2bZfhx4Fubp1

Pbx1Bnc2
●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●
●

●

●

●
● ●

Nfia

Pbx1

Bnc2

Meis2
Tcf4

Aff3Rere
Prrx1

Tead1
Tcf12

E10.5−>E11.5, r=0.76
E11.5−>E12.5, r=0.74
E12.5−>E13.5, r=0.83

5 10 15 200.
00

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06 Connective−tissue−progenitors

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●●

●

●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●
●

●
●

●
●

●
● ●

●

Rere

Strn3
Tcf4Tcf12

Meis1
RoraHmga2

Tcf7l1
Bnc2 Gli3

●

●

●
●
●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●●

●

●

●

●

● ●●

● ●

●

●

●

●

●

●

● ●● ●

Tcf4

RereRora
Tcf7l1Hmga2

Meis1

Bnc2
Zfhx4

Strn3Zfand3
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

● ●

●

●

●

●

●●

●

●

●

●
●

●●

●

●
●

●
●●●

●

●

●●

●

Tcf4

Meis2 Rora

Bnc2Tshz2
Nfia

Zcchc11
RereTcf12 Zfhx4

E10.5−>E11.5, r=0.85
E11.5−>E12.5, r=0.82
E12.5−>E13.5, r=0.86

5 10 150.
00

0.
02

0.
04

0.
06

Definitive−erythroid−lineage

nES

te
m

po
ra

l P
R

● ●

●

●

●

●

●

●

●

● ●

●

●●

●●

●

●

●

●

●

●

●

●

●

●

● ●

●

●●

●

●

●

●

●

●

●
●

●

●●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●
●

●
● ●● ●

●

●
●

●

●
● ●

●

●

●
●

●
●●●

●

●
●

Tcf12 Meis2
Baz2b Pbx1

Rere Ash1lNfiaFoxp2 Zfhx3Aff3

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●
●

●

●
●●

●

●

●

●
●

●

●
●

●

●

●
●

● ●
●● ●●

●

Meis2
Pbx1

Nfia

Tcf4
Aff3

Tcf12

Hmga2 RereMllt10Trps1

●

●

●

●

●

●

●

●

●
●
●

●

●

●

● ●

●

●

●
●

●

●
● ●

●●

●

●● ●●
●

●

●

●

●
●●

●

●
●

●

●

●●●

Tcf4Nfia

Pbx1

Ash1l

Btaf1

Meis2Bcl11a Tcf12Aff3

Rere

E10.5−>E11.5, r=0.81
E11.5−>E12.5, r=0.74
E12.5−>E13.5, r=0.8

5 10 15 200.
00

0.
02

0.
04

0.
06

0.
08

Early−mesenchyme

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●
●

●
●

●
●

●

●

●

●
●

●
● ●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●● ● ● ●●

●

● ●
●

●●

●

●● ● ●●● ●● ● ●

Zcchc11Fubp1Strn3Rere
Mllt10Zfp609 Zfp462Zfp280dCtbp2Ncor1

●
●

●
●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●●

●

●

●●

●

●

●●

●

●

●

●

●

●

●
●

●

●
●

●

●
●

●

●

●

●

●●●

●●

●

●

●

●
●

●
●

●

●
●

●

●

●
●

●●
●
● ● ●
●

●

Zcchc11
Rere

Baz2bCux1 Strn3
Zfp521Mllt10 Zfand3Tbl1xZfp462

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●
●

●

●
●

●

●

●

●

●

●●
●

●

●

●

●

● ●
●

● ●

● ●

● ●●● ●
●

●
●

Pax3

Klf12
Pknox2

Zcchc11
Cux1

Baz2b Zfp521
Zfand3 RereTbl1x

E9.5−>E10.5, r=0.86
E10.5−>E11.5, r=0.85
E11.5−>E12.5, r=0.51

5 10 15 200.
00

0.
02

0.
04

0.
06

Endothelial−cells

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●●●

●

●

●

●

●●
●

●

●

●

●

●

● ●
●

●

●
●
●

●

●
●

●●

Fli1

Cux1 Mef2aBaz2b
Zeb1 Ncor1
Pbx3Zfp638Crebbp Fubp1

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
● ●

●

●●
●

●

●

●

●

●
●

●

●●

●

●
●

●

●

Fli1

Etv6

Tcf12Fubp1
Zeb1

Rere
Zfand3Strn3

Mef2aCrebbp

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●
●

●●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●
●

●

Tcf12
Nfia

Strn3Fli1
Zeb1 Rere

Zfp521 Mllt10Ash1l Etv6

●

● ●
● ●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

● ●

●

●

●

●

●
●

●

●

● ●●
●●

●

Tcf12

Zfp521

Mef2aRereEbf1Mef2c Fli1 Baz2bZfand3 Strn3

E9.5−>E10.5, r=0.8
E10.5−>E11.5, r=0.81
E11.5−>E12.5, r=0.86
E12.5−>E13.5, r=0.84

5 10 15 200.
00

0.
02

0.
04

0.
06

0.
08 Ependymal−cell

nES

te
m

po
ra

l P
R

●

●

●●

●

●

●

●

●

●
●

●

● ●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●
●●

●
● ●

Gli3 Rfx3Rere
Pbx1 Tead1Zfr Npas3Zfp521Zcchc11Strn3

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●●
●

●

●

●●

●

●

●

●

● ●●

●
●

●
●

Rere

Glis3 Zfp521Prdm16
Rfx3

Pbx1Lmx1a
Zcchc11 Tead1 Tcf4

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●●●●

Prdm16

Tcf4

Tsc22d1

EsrrgRfx3
Rere
Rora

Lmx1aZfp521
Pbx1

E10.5−>E11.5, r=0.77
E11.5−>E12.5, r=0.82
E12.5−>E13.5, r=0.79

5 10 15 200.
00

0.
01

0.
02

0.
03

0.
04

Epithelial−cells

nES

te
m

po
ra

l P
R

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
●●

●

●

●●

●

●●

●

●
●

●

Zfp462
Tead1

Mllt10 Tcf12
Crebbp

Tcf4
Cux1

Zfhx3
Zfand3

Zfp280d

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

●

●●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●
● ●●●

CrebbpTcf12

Mllt10
Zfhx3

Strn3
Tbl1x Cux1Fubp1Tcf4Rere

●●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

● ● ●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●●
●

●

●

●
●

●

●●

●

●

●●
●

●
●●

●

●

●● ●●

RereTcf4
Zfhx3

Tcf12Bcl11aCux1
CrebbpEtv6 Strn3Tbl1x

●● ●

●

●

●

●

●

●

●

●

●
●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●

●●

●

Tcf4Tcf12
Meis2

Strn3RereZbtb20Mllt10

Tcf7l2

Tcf7l1Baz2b

E9.5−>E10.5, r=0.82
E10.5−>E11.5, r=0.87
E11.5−>E12.5, r=0.79
E12.5−>E13.5, r=0.88

5 10 15 200.
00

0.
02

0.
04

0.
06

Excitatory−neurons

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●
● ●

●

●

●

●

●

●

● ●

●

●

●
●

●
●

●
●

●

●●
●

●

●

●
●
●

●
●

● ●

App

Sox11Tcf12
Rere

Whsc1
Aff3

Jazf1 Camta1

Baz2b

Zfand3

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

● ●

●

●
●

● ●●●
●

App

Tcf12
Meis2 Camta1Pbx3

Zbtb20 Rere

Jazf1 Whsc1Sox11

●

●

●

●

●

●●

●

●

●

●●

●

●

●

●●

●●

●

●

●

●

●

●

●

●
●
●

● ●●
●

●

●●●● ● ●●

Rere

Zbtb20

Camta1Strn3
Myt1l

Meis1
Zfhx3 App

Tcf12 Pbx1

E10.5−>E11.5, r=0.72
E11.5−>E12.5, r=0.7
E12.5−>E13.5, r=0.86

5 10 15 200.
00

0.
02

0.
04

0.
06

0.
08

0.
10

Granule−neurons

nES
te

m
po

ra
l P

R

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●

●
●

●

●
●

●

●

●

●

●

●

●●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●
● ●

●
● ●

●
● ●

Tcf12
Myt1l

Bcl11a
Sox6Zeb2Aff3Ebf2 Sox11RereZeb1

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●● ●
●

Bcl11a

Zeb2
Myt1l

Sox6 Bcl11b
Tcf12

Pbx1
App

Rere Sox5

E11.5−>E12.5, r=0.85
E12.5−>E13.5, r=0.76

5 10 15 200.
00

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06

Hepatocytes

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

● ●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●●

●

●

●

●

●
●

●● ●●
●

Foxp1

Tcf7l2 Rere
Zcchc11Pbx1 Mllt10RoraZfp148

Onecut2Foxn3

●

●

●

●
●

●

●

●

●

●

●
● ●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

Rora
Rere

Foxp1
Pbx1

Tcf12 Sox5Zcchc11
Tcf7l2

Nfia

Ash1l

E11.5−>E12.5, r=0.8
E12.5−>E13.5, r=0.84

5 10 150.
00

0.
02

0.
04

0.
06

Inhibitory−interneurons

nES

te
m

po
ra

l P
R

●

●●

●

●

●

●

●

●

●

●
●

●

●●

●
●●

●

● ●●

●

●

●

●

● ●

●

●

●

●

●●

●

●

●

●

●
●

●
●

●

●●●

●
●

●
●

●
● ●

Sox11

Strn3

Sox6 Tcf12

Cux1
Zcchc11Zbtb20

Zfp292Baz2b Zfhx4

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●

●

● ●

● ●●
●

●

●

●●●
●

●

Sox11

Tcf12

Sox6
Zfp638

Runx1t1Zbtb20Zfp609Zfhx3 Npas3
Meis2

●

●

●

●

●

●

●

●

● ●

●

●

●
●

●

● ●

●●
●

●

●

●

●●

●●

Sox6

Tcf12
Tcf4

Rere

Zbtb20

Runx1t1Myt1l
Bcl11aMeis2 Pbx1

E10.5−>E11.5, r=0.74
E11.5−>E12.5, r=0.75
E12.5−>E13.5, r=0.83

5 10 15 200.
00

0.
01

0.
02

0.
03

0.
04

0.
05

Inhibitory−neuron−progenitors

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●● ●

●

●

●

●
●●

●

●
●

●

●

●

●

●

●
●●●

●

Zbtb20

Ebf1 Sox11
Tcf12

Rfx3Tcf4

Pax2 Zfp462
Zfand3

Scmh1

●

●

● ●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●● ●
● ●

● ●●

Zbtb20

Zfand3

Tcf12 Rfx3
Zcchc11

Zfhx3 Runx1t1
Pax2

RereTcf4

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

● ●●●

Zfhx4

Strn3

RereTshz2Tcf4
Runx1t1

Zfpm2Tcf12
Ebf1

Foxp2

E10.5−>E11.5, r=0.78
E11.5−>E12.5, r=0.78
E12.5−>E13.5, r=0.72

5 10 15 200.
00

0.
02

0.
04

0.
06

Inhibitory−neurons

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

● ●●
●

● ●

●

●

● ●

Rere

Sox11

Zcchc11
Runx1t1

Tcf12 Myt1l App
Strn3

Cers6Zfp609

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●●

Rere

Zfp462
Runx1t1

Myt1l

Zcchc11

Zfhx3

Strn3
Tcf12

Sox11
App

E11.5−>E12.5, r=0.79
E12.5−>E13.5, r=0.84

5 10 15 200.
00

0.
01

0.
02

0.
03

0.
04

0.
05

Intermediate−Mesoderm

nES

te
m

po
ra

l P
R ●

●

● ●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●●

●

●

●

●

●

●●

●

●
●

●

●

●
●
●

●
●

●
●

●
●
●
●

Mllt10

Cux1

Strn3Baz2bTbl1xPeg3Tcf4Etv6 Tead1Hmga2

●

●
●

●

●

●

●

●

●

●

●●
●

●

●●

●

●
●

●

●

●

●

●●

●
●

●

●

●

●

●
●

●
●

●

●

●

●

●

●
●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●
●● ●

Crebbp
Tcf12Zfp462Strn3

Baz2b Tcf4Fubp1
RereMllt10

Gli3

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

● ●

●

●●

●

●
●

●

●

● ●

●
●

●

●
●

●
●

●

●

●
●

●

●

● ●

●

●

●

●

●●

●

Tcf4

Tcf12
Tead1Crebbp

Zcchc11Zfp462Strn3RoraZfpm2 Cux1

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●●

● ●

Tcf4

Zcchc11

Rora

Zbtb20

Zfpm2
RereTrerf1

Strn3Nfia Tcf12

E9.5−>E10.5, r=0.9
E10.5−>E11.5, r=0.89
E11.5−>E12.5, r=0.88
E12.5−>E13.5, r=0.83

5 10 15 200.
00

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06

Isthmic−organizer−cells

nES

te
m

po
ra

l P
R

●

●

●
●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●●

●

●

●

●●

●
●

●

●

●●

●

●

●
●

●

●
●

● ●

●●

●

●

●

●

●●

●●
●

●
●
●

●

Strn3

Tead1
Pbx3

Cux1Pbx1
Tcf12

Gli3 RereMllt10Top2a

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●
●

●●

●

●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●●

●

●

●
●

●
●●●

●
●●

●●

●
●

Zbtb20 Pbx3Nfia
Rfx3

Gli3Zfp521
Tcf12RerePbx1Trps1

●

●

●

●

●

●

●

●
●

●

●

● ●
●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

● ●

●

●
●

●

●

● ●

●

● ●

●
●

●

●

●

●
●

●

●
●

●

Tead1

Zfp521Zbtb20 Rere Tcf4
Kmt2a Mllt10Fubp1 Gli3Npas3

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●●

●

●●
●

●

Baz2b

Pbx1 Gli3

Mecom
Mllt10

Tcf12Rora
Tcf4Rfx3Rere

E9.5−>E10.5, r=0.83
E10.5−>E11.5, r=0.85
E11.5−>E12.5, r=0.86
E12.5−>E13.5, r=0.73

5 10 15 200.
00

0.
01

0.
02

0.
03

0.
04

0.
05

Jaw−and−tooth−progenitors

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
● ●

●

●

●

●

●● ●

●

● ●
●

●

●

●

●
●

●

●

●

●

●
●

●

●

●●
●

●

●
●● ●●

●

●

●●●●
● ●
●

Tcf7l1

Strn3

App
Cux1

Zfp638Baz2bZeb1
Mllt10Bnc2Etv6●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●
●

●
●

●

●
●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●● ●
●

●

●

●
●

●
● ●
●

●
●

●

●

●

●●
●

●
●

●

●●

●

●●
●

●

Zcchc11

Bnc2 Tcf7l1
RereTcf4Zbtb20AppStrn3Zfand3

Trps1

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

● ●●

●

●

●

●

●●

●

●

●

●

●
● ●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

● ●
●

●●
●

●
●

● ●●
●

●

Zcchc11

Rere

Tcf4

Nfia Zfp521Zfp462Ebf1 Tcf12CrebbpAff3

●

●

●

●

●

●

● ●
●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●
●

● ●● ●● ●

Tcf4

Pbx1
Zfp521

Nfia

Tcf12
Sox5Aff3

Trps1Rere

Zfhx3

E9.5−>E10.5, r=0.81
E10.5−>E11.5, r=0.84
E11.5−>E12.5, r=0.78
E12.5−>E13.5, r=0.87

5 10 150.
00

0.
02

0.
04

0.
06

Limb−mesenchyme

nES
te

m
po

ra
l P

R

●

●

●

●
●

●

●●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

● ●

●

●

●

●

●
●

●

●

●
●

●

●

●
●●

●

●

●
●

●

●
● ●

●
●

●

●

●

●●

●●●
●
●●

Zcchc11

Pbx1
Mllt10Zfp292Zfp521

Zeb1 Ash1l
Prrx1 Aff3Gli3

●
●

●

●

●
●

●

●

●●

●

●

●

●

●
●

●

●

●

●
●

●
●

●

●

●
●

●

●
●

●
●

●

●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●
● ●●

● ● ●●

●

●
●

Tcf12

Zfhx3

Bcl11aPrrx1 Zfp292Ebf1 Gli3Prdm16
Zcchc11Klf12

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●●

Tcf12

Bcl11a
Gli3

Nfia

Zfhx4
Prrx1

Klf12Prdm16
Zcchc11

Foxp1

E10.5−>E11.5, r=0.76
E11.5−>E12.5, r=0.77
E12.5−>E13.5, r=0.83

4 6 8 10 12 14 160.
00

0.
02

0.
04

0.
06

Megakaryocytes

nES

te
m

po
ra

l P
R

●

●

●

● ●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●
●

●
●

●

●
●

●

●

●

●

●

●

●

●
●●

●●

●

●
● ●

Rere Ncor1

Tcf12Meis1
Etv6Aff3 Fli1

Zeb2Mef2cTrps1

● ●●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

Aff3

Zeb2

Fli1

NfiaTrps1 Zfhx3Pbx1
Meis1 Tcf4

Ebf2

E11.5−>E12.5, r=0.81
E12.5−>E13.5, r=0.78

5 10 150.
00

0.
02

0.
04

0.
06

Myocytes

nES

te
m

po
ra

l P
R

●

●

●●

●

●

●

●

●

●

●
●

●●

●

●

●

●

● ●

●

●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

● ●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●●● ●
●● ●

●

●

Zcchc11

Cux1 Rere
Foxp1

Zeb2Tcf7l1Whsc1
Fubp1

Zfr Ash1l

●

●

● ● ●

●
●

●

●
●

●●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●● ●●

●
● ●

Zeb1Baz2b
Strn3Rere

Cux1Tcf12Zeb2 Tcf7l2Mllt10Foxp1

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

● ●

●
●●

Tcf12

Rb1 Baz2b

Rere
Strn3 Zeb1

Nfia

Cux1

Tcf4Tcf7l2

E10.5−>E11.5, r=0.8
E11.5−>E12.5, r=0.87
E12.5−>E13.5, r=0.81

5 10 150.
00

0.
02

0.
04

0.
06

Neural−progenitor−cells

nES

te
m

po
ra

l P
R

●

● ●

●

●

●
●

●

●

●

●

●

●
●

●

●
● ●

●

●

●●

● ●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●●

●

●
●

●
●

●

●●

●

●

Pbx1Zfp609Rere Baz2bNcor1Zfp280d Strn3Rfx3Foxp1 Sox11

●

●

●

●

●

●

●

●
●

●

●

●

●● ●

●
●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

● ●

●

●

●

●

●●

●
●

●

●

●

●
●

●
●

●

●

Baz2b

Zeb1Strn3
Tead1Pbx3RereNpas3Cbfa2t2Foxp1

Sox11

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●●

●
●

●

●

●
●

●

●

●

●●

● ●

●● ●

●

●
●

●
● ●●●

Zeb1Ebf1
Strn3Baz2b

Tcf12
RereCbfa2t2Tead1Ebf2Pbx3

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

Tcf12

Zeb1

Tcf4

Ebf1Ebf3Sox11
Cbfa2t2 NfiaBaz2b Rere

E9.5−>E10.5, r=0.8
E10.5−>E11.5, r=0.84
E11.5−>E12.5, r=0.82
E12.5−>E13.5, r=0.85

5 10 150.
00

0.
01

0.
02

0.
03

Neural−Tube

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●
●

●

●

●

●
●

● ●

●

●

●

●

●

●
●

● ●

●
●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●
●

●

Cux1Tead1

Zfp521
Rfx3

Foxp1 Zfp462
Strn3Nr6a1

Mllt10
Zeb2

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●
● ●

●

●

● ●

●

●

●

●

●
●

●●
●●

●●

●

● ●

●

●●
●

●

Zbtb20

Zfp292

Pbx1RereZfp462

Cux1Zeb2
Rfx3

Tead1Gli3

E9.5−>E10.5, r=0.85
E10.5−>E11.5, r=0.86

5 10 150.
00

0.
01

0.
02

0.
03

0.
04

0.
05

Notochord−cells

nES

te
m

po
ra

l P
R

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●
● ●

●

●
●

●

●
●

●●
●●●

Zeb2

Cux1Rfx3
Baz2bMllt10

RerePknox2

Tead1Zcchc11Zfp609

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●
●

●

●

●
●

●●

●

●
●

●
●
●

Mllt10

Foxp1
Baz2b Tcf4Rere

Zfp462
Zeb2Pknox2 Ash1l Rfx3

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●
●

●●
●

●● ●

Foxp1

Tead1
Mllt10RereTcf4Zfand3Zbtb20Baz2b

Tcf12
Ash1l

E9.5−>E10.5, r=0.84
E10.5−>E11.5, r=0.83
E11.5−>E12.5, r=0.86

5 10 15 200.
00

0.
02

0.
04

0.
06

Oligodendrocyte−Progenitors

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●●

●

●

●

●

●
●

●

●

●
●
●

●

●

●

●

●
●

●●●

● ●

● ●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

● ●
●

●
●
●●●

Whsc1

Baz2bZfp462
RereZfp609Foxp1

Mecom Tcf12Mllt10Strn3

●

●

●

●
●

●

●●

●

●

●

●

●

● ●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●
●

●
●

●

●

●
●

●
●

●

●
●

●

● ●● ●

●
●

●

●

●

●
●

●● ●

Rere

Sox5
Pbx1

Zfp609Rfx3
Zfp462Tsc22d1 Strn3 Baz2b

Zcchc11

●●
●

●

●

●

●

●

●

●
●

●

●
● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

● ●

●

● ●
●

●

●

●
●

●

●●

●
●

●

●

●

●

●

● ●

●● ●●

●

Zfp462Pbx1Pbx3

Sox5
Rfx3Tsc22d1 Strn3Whsc1Zfp536Cux1

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

Pbx1

Rere

Gli3Rora Zbtb20Zfp462 Tcf4
Sox6

Tcf7l2
Rfx3

E9.5−>E10.5, r=0.81
E10.5−>E11.5, r=0.84
E11.5−>E12.5, r=0.81
E12.5−>E13.5, r=0.69

5 10 150.
00

0.
02

0.
04

0.
06

Osteoblasts

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●
●●

RereZfp521

Tcf4Zcchc11
Tcf12 Pbx1Trps1

Meis2
Zfhx3

Sox11

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●
●

●

●

●
●

●
●

Tcf12

Zcchc11
Rere

Zfp521

Tcf4Foxp2
NfiaRoraZfhx3 Aff3

●

●

●

●

●

●

●

●●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●●

●

NfiaTcf4

Zfhx4
Tcf12Zfhx3Rora

Foxp2
Aff3

RereFoxp1

E10.5−>E11.5, r=0.9
E11.5−>E12.5, r=0.83
E12.5−>E13.5, r=0.88

5 10 15 200.
00

0.
02

0.
04

0.
06

Postmitotic−premature−neurons

nES
te

m
po

ra
l P

R

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●

● ●

●
●●

●

●

●
●

●
● ●

●

●

●

●
●

●

●

●

●

●

●

●●
●

Sox11

Zfp462

Tcf12
Strn3AppRere

Zfand3 Baz2bZbtb20Zcchc11

●

●

●

●●

●
●

● ●

●
●

●
●

●

●

●

●

●
●

●

● ●

●

●●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

● ●
●

●●●

Strn3
Zfp462

Sox11

Rere

Aff3Zfp521App Zcchc11Baz2bMllt10

●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●
●

●
●

Ebf1

Tcf4

Klf12Ebf2Zfp536
Tcf12Zfp521Tcf7l2 Rere

Ebf3

E10.5−>E11.5, r=0.88
E11.5−>E12.5, r=0.83
E12.5−>E13.5, r=0.5

5 10 150.
00

0.
01

0.
02

0.
03

0.
04

0.
05

Premature−oligodendrocyte

nES

te
m

po
ra

l P
R ●

●

●

●

●

●●

●

●

●
●

●

●

● ●

●

●

●●
●

●
●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●●
●

●
●

●

●

●

●

●

●

●

●
●

●
●

●

●

● ●●●
● ●●

● ●●

●

●

Foxp1

Strn3
Cux1

Ncor1
Zfp462

Sox6Mllt10Gli3 Whsc1Aff3

●
●

●

●

●

●

●

●
●

●

●

●
●

●

● ●
●

●
●

●●

●●

●

●
●

●● ●

●
●

●
●

●
●

●
●

●
●

●

●

●

●●
●

●

●

●

●

●

●
●

●●

●

●

●

Tcf12
Gli3 Cux1

Strn3 Zfp521Sox5Zfp462Meis2Sox6 Foxp1

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

Rere
Gli3

Sox6

Tcf4
Zbtb20

Tcf12

Sox5

Trps1 Npas3Zfp462

E10.5−>E11.5, r=0.79
E11.5−>E12.5, r=0.8
E12.5−>E13.5, r=0.88

5 10 15 200.
00

0.
05

0.
10

0.
15

0.
20

0.
25

Primitive−erythroid−lineage

nES

te
m

po
ra

l P
R

●

●

●

●●

●

●

●

●

●

●

●

●

●

● ●

●

●
●

●●●●
●●●●

●
●
●●● ● ●

●

Btaf1

Zeb2Ash1l
Tcf12Ncor1

Ikzf1Mllt10ZfrPbx1 Strn3

●

●

●

● ●

●

●

●

●●

●

●●
●

●

●

●●●● ●●● ●

Top2a

Pbx1Btaf1
Ncor1

Runx1t1

Mllt10Zdhhc14 Pbx3 Ikzf1Tcf7l2

●

●

●

●

●

●

●●●

Top2a

Runx1t1

Pbx1
Tcf7l2

Pbx3

Zeb2Ikzf1Btaf1Mllt10

E9.5−>E10.5, r=0.75
E10.5−>E11.5, r=0.84
E11.5−>E12.5, r=0.91

5 10 150.
00

0.
01

0.
02

0.
03

0.
04

0.
05

Radial−glia

nES

te
m

po
ra

l P
R

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●●

●

●

●

●

●

●

●

● ●

●

●

● ●

●

●

●

●

●

●

● ●

●

●

●

●
●

●

●

●

●

●

● ●

●

●●

●
● ●

●
● ●

●

●

●

●●
●

● ●

Tead1

Cux1
Rere

Strn3Mllt10
Pbx1Whsc1Trps1Rfx3 Gli3

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ●

●

●
●

●

●

●
●

● ●

●

●

●
●

●

●
●

●

●

●

●
●

●

●
●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

Rere

Tead1
Fubp1

Cux1

Zcchc11 Strn3
Zfp462Top2aTcf12Tbl1x

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●● ●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●●

●
●

●

●
●

●

●

●

●
●

●

●

●

●
●

●

Tcf12
Zfp462

Rere

Zeb1Strn3Foxp1 Tead1

Zcchc11 Zfp608Zbtb20

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●● ●●

Tcf4 Rere

Tcf12
Whsc1

Zeb1

Foxp1
Trps1

Pbx1Zfpm2
Rora

E9.5−>E10.5, r=0.89
E10.5−>E11.5, r=0.8
E11.5−>E12.5, r=0.81
E12.5−>E13.5, r=0.79

5 10 15 200.
00

0.
02

0.
04

0.
06

Schwann−cell−precursor

nES

te
m

po
ra

l P
R

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●●

●●

●

●

●

●●
●

●

●

●●

●
●

●●

●

●

●

●

●

●

●
●

●
● ●●●

Pbx1

Zbtb20
Pbx3

Tcf12

Zfp638Zfp407 Cux1Tcf4Nr6a1Whsc1

●

●

●

●

●

●

●

●

●
●

●

●
●

●

● ●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●● ●

●

● ●

●

●

● ● ●
●

●

●●
●

●
●

●
●

●

●

●

● ●●

●

●

Baz2b

Tcf12CrebbpZbtb20

Tcf4 Zfp609Pbx1ZfrZcchc11Whsc1

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●
● ●

●●
●

●

● ●

●

●

●

●●

●

●
● ●

●

●

●
●

●

●

●

●

●

● ●

●
●

● ●●

●

●
●●

Crebbp

Tead1

Tcf12
Foxp2 Baz2bSox5 Zfp609Tshz2 Zbtb20

Nfia

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●
●

●

●

●
●

●

●

●

●

●●

●

●● ●●

Tead1

Tcf12
Rere

Nfia
Tcf4
Sox5

Mef2c
RoraZbtb20Npas3

E9.5−>E10.5, r=0.83
E10.5−>E11.5, r=0.85
E11.5−>E12.5, r=0.86
E12.5−>E13.5, r=0.86

5 10 150.
00

0.
02

0.
04

0.
06

Sensory−neurons

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●

● ●

●
●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●
●

● ●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●
● ●

●

●●●
● ●

●

●

●

Pbx1

Runx1t1

Zbtb20App
Zfp536Tcf4Pbx3

Rere Meis2
Nr6a1

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

●
●

●
●

●

●●

●

●

●
●

●

●

●

●

●

●

●

● ●●
●

●

●

●

●

●
●

●

●

Pbx1
Zfp536

Zbtb20

Zfp462
Zfp638App

Runx1t1Nr6a1
Ebf3

Klf12

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●●

Zbtb20

Zfp462

Myt1lStrn3Klf7

Hivep3
Ebf2 Zfp536Isl1Foxp1

E10.5−>E11.5, r=0.78
E11.5−>E12.5, r=0.68
E12.5−>E13.5, r=0.52

5 10 150.
00

0.
02

0.
04

0.
06

0.
08

0.
10

Stromal−cells

nES

te
m

po
ra

l P
R

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●●

●

●

●

●

●

●

●

●

●

●

● ● ●●
●● ●

Pbx1
Sox11Zcchc11Strn3

Meis2
Tcf12

Atf2Kdm5b Whsc1 Tcf4

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●
●●

● ●

●●

●
●

●

●●●

●
●●●● ●

●●

●● ●●●

Hmga2Zcchc11
Strn3

Tcf4

Tcf12

Baz2b
Sox11 RerePbx1

Meis2

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
● ●

●

● ●

●●

●

●

●

●
● ●●

Tcf12Tcf4

RereZfhx3Hmga2

Strn3

Zcchc11Pbx1
Baz2bNfia ●

●

●

●

●

●

●
●

●

●

●

●

●

●● ●

●●

Tcf4

Nfia Zfhx3
Pbx1Tcf12

Ebf1
Aff3 Hmga2

Zcchc11

Baz2b

E9.5−>E10.5, r=0.82
E10.5−>E11.5, r=0.89
E11.5−>E12.5, r=0.83
E12.5−>E13.5, r=0.83

5 10 15 200.
00

0.
01

0.
02

0.
03

0.
04

0.
05

White−blood−cells

nES

te
m

po
ra

l P
R

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

● ●

●

●

●

●

●●
●

●

●

●

●

●
●

●
●

●

●
● ●

●

Ncor1

Baz2b
Tcf12

Cux1

Zmym2 Zbtb20 Foxp1 Ash1lFli1 Mllt10

●

●

●

●
●

●

●

●

●

●
●

●

●

●

● ●

●

●

● ●●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●● ●

●
●

●

●
●

●

●
●

●

●

●●

●
●

●

●●
●
●

Tcf4

Baz2bFoxp1 Tcf12Ncor1Strn3
Rere

Pbx1

Zeb2 Ash1l

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

● ● ●
●

● ● ●

●
●●

Tcf4

Foxp1

Rere

Nfia

Zeb2Pbx1
Etv6Aff3 Strn3

Mef2c

E10.5−>E11.5, r=0.77
E11.5−>E12.5, r=0.85
E12.5−>E13.5, r=0.81

DingHongxu
Figure S11



Table S1

Analysis Type: PANTHER Overrepresentation Test (Released 20200728)
Annotation Version and Release Date: GO Ontology database DOI:  10.5281/zenodo.4033054 Released 2020-09-10
Analyzed List: upload_1 (Homo sapiens)
Reference List: Homo sapiens (all genes in database)
Test Type: FISHER
Correction: FDR
GO biological process complete Homo sapiens - REFLIST (20851) upload_1 (20) upload_1 (expected) upload_1 (over/under) upload_1 (fold Enrichment) upload_1 (raw P-value) upload_1 (FDR)
T-helper 17 cell differentiation (GO:0072539) 9 2 .01 +  > 100 4.77E-05 5.06E-03
T-helper 17 type immune response (GO:0072538) 10 2 .01 +  > 100 5.72E-05 5.80E-03
radial glial cell differentiation (GO:0060019) 13 2 .01 +  > 100 9.09E-05 8.76E-03
regulation of monocyte differentiation (GO:0045655) 20 3 .02 +  > 100 1.32E-06 2.41E-04
CD4-positive, alpha-beta T cell differentiation involved in immune response (GO:0002294) 29 4 .03 +  > 100 2.46E-08 9.56E-06
T-helper cell differentiation (GO:0042093) 29 4 .03 +  > 100 2.46E-08 9.33E-06
positive regulation of ATP biosynthetic process (GO:2001171) 15 2 .01 +  > 100 1.18E-04 1.09E-02
alpha-beta T cell differentiation involved in immune response (GO:0002293) 30 4 .03 +  > 100 2.79E-08 9.65E-06
alpha-beta T cell activation involved in immune response (GO:0002287) 30 4 .03 +  > 100 2.79E-08 9.45E-06
T cell differentiation involved in immune response (GO:0002292) 34 4 .03 +  > 100 4.43E-08 1.36E-05
positive regulation by host of viral transcription (GO:0043923) 17 2 .02 +  > 100 1.48E-04 1.31E-02
regulation of CD8-positive, alpha-beta T cell activation (GO:2001185) 18 2 .02 +  > 100 1.64E-04 1.42E-02
CD4-positive, alpha-beta T cell differentiation (GO:0043367) 39 4 .04 +  > 100 7.39E-08 2.06E-05
regulation of ATP biosynthetic process (GO:2001169) 20 2 .02 +  > 100 1.99E-04 1.68E-02
positive regulation of pri-miRNA transcription by RNA polymerase II (GO:1902895) 41 4 .04 +  > 100 8.91E-08 2.32E-05
response to corticosterone (GO:0051412) 21 2 .02 + 99.29 2.18E-04 1.81E-02
regulation of pri-miRNA transcription by RNA polymerase II (GO:1902893) 53 5 .05 + 98.35 2.09E-09 1.01E-06
hypothalamus development (GO:0021854)22 2 .02 + 94.78 2.38E-04 1.94E-02
alpha-beta T cell differentiation (GO:0046632) 56 5 .05 + 93.08 2.70E-09 1.26E-06
CD4-positive, alpha-beta T cell activation (GO:0035710) 45 4 .04 + 92.67 1.26E-07 3.04E-05
cellular response to growth hormone stimulus (GO:0071378) 23 2 .02 + 90.66 2.58E-04 2.09E-02
response to muscle stretch (GO:0035994) 24 2 .02 + 86.88 2.80E-04 2.20E-02
positive regulation of purine nucleotide biosynthetic process (GO:1900373) 25 2 .02 + 83.40 3.02E-04 2.34E-02
positive regulation of nucleotide biosynthetic process (GO:0030810) 25 2 .02 + 83.40 3.02E-04 2.33E-02
regulation of B cell receptor signaling pathway (GO:0050855) 26 2 .02 + 80.20 3.25E-04 2.44E-02
alpha-beta T cell activation (GO:0046631) 69 5 .07 + 75.55 7.26E-09 3.04E-06
beta-catenin-TCF complex assembly (GO:1904837) 29 2 .03 + 71.90 3.99E-04 2.91E-02
negative regulation of lymphocyte apoptotic process (GO:0070229) 31 2 .03 + 67.26 4.52E-04 3.21E-02
positive regulation of erythrocyte differentiation (GO:0045648) 32 2 .03 + 65.16 4.80E-04 3.37E-02
response to mineralocorticoid (GO:0051385) 33 2 .03 + 63.18 5.09E-04 3.54E-02
T cell activation involved in immune response (GO:0002286) 67 4 .06 + 62.24 5.72E-07 1.15E-04
response to growth hormone (GO:0060416) 36 2 .03 + 57.92 6.01E-04 4.10E-02
positive regulation of myeloid leukocyte differentiation (GO:0002763) 58 3 .06 + 53.93 2.61E-05 3.13E-03
cellular response to cadmium ion (GO:0071276) 39 2 .04 + 53.46 7.00E-04 4.66E-02
positive regulation of myeloid cell differentiation (GO:0045639) 100 5 .10 + 52.13 4.27E-08 1.33E-05
cellular response to calcium ion (GO:0071277) 85 4 .08 + 49.06 1.42E-06 2.57E-04
regulation of myeloid leukocyte differentiation (GO:0002761) 123 5 .12 + 42.38 1.16E-07 2.83E-05
neural precursor cell proliferation (GO:0061351) 75 3 .07 + 41.70 5.47E-05 5.65E-03
diencephalon development (GO:0021536)77 3 .07 + 40.62 5.90E-05 5.86E-03
lymphocyte activation involved in immune response (GO:0002285) 112 4 .11 + 37.23 4.10E-06 6.39E-04
limbic system development (GO:0021761) 113 4 .11 + 36.90 4.24E-06 6.48E-04
T cell differentiation (GO:0030217) 147 5 .14 + 35.46 2.72E-07 5.85E-05
positive regulation of smooth muscle cell proliferation (GO:0048661) 90 3 .09 + 34.75 9.24E-05 8.86E-03
myeloid leukocyte differentiation (GO:0002573) 123 4 .12 + 33.90 5.87E-06 8.73E-04
response to cAMP (GO:0051591) 98 3 .09 + 31.91 1.18E-04 1.09E-02
positive regulation of hemopoiesis (GO:1903708) 201 6 .19 + 31.12 3.06E-08 1.01E-05
regulation of myeloid cell differentiation (GO:0045637) 238 7 .23 + 30.66 1.92E-09 9.54E-07
negative regulation of leukocyte differentiation (GO:1902106) 104 3 .10 + 30.07 1.40E-04 1.25E-02
response to calcium ion (GO:0051592) 152 4 .15 + 27.44 1.33E-05 1.70E-03
modulation of process of other organism involved in symbiotic interaction (GO:0051817) 116 3 .11 + 26.96 1.92E-04 1.63E-02
positive regulation of leukocyte differentiation (GO:1902107) 158 4 .15 + 26.39 1.54E-05 1.96E-03
regulation of leukocyte differentiation (GO:1902105) 289 7 .28 + 25.25 7.12E-09 3.06E-06
lymphocyte differentiation (GO:0030098) 248 6 .24 + 25.22 1.03E-07 2.60E-05
regulation of DNA binding (GO:0051101) 130 3 .12 + 24.06 2.66E-04 2.12E-02
cellular response to reactive oxygen species (GO:0034614) 132 3 .13 + 23.69 2.78E-04 2.20E-02
leukocyte differentiation (GO:0002521) 354 8 .34 + 23.56 7.97E-10 4.69E-07
modulation of process of other organism (GO:0035821) 133 3 .13 + 23.52 2.84E-04 2.22E-02
response to mechanical stimulus (GO:0009612) 223 5 .21 + 23.38 2.02E-06 3.49E-04
regulation of smooth muscle cell proliferation (GO:0048660) 139 3 .13 + 22.50 3.23E-04 2.45E-02
response to organophosphorus (GO:0046683) 139 3 .13 + 22.50 3.23E-04 2.43E-02
female pregnancy (GO:0007565) 188 4 .18 + 22.18 3.00E-05 3.53E-03
negative regulation of hemopoiesis (GO:1903707) 142 3 .14 + 22.03 3.43E-04 2.55E-02
response to estradiol (GO:0032355) 146 3 .14 + 21.42 3.72E-04 2.74E-02
cellular response to metal ion (GO:0071248) 195 4 .19 + 21.39 3.45E-05 3.92E-03
T cell activation (GO:0042110) 246 5 .24 + 21.19 3.23E-06 5.25E-04
positive regulation of epithelial cell migration (GO:0010634) 148 3 .14 + 21.13 3.87E-04 2.83E-02
response to interleukin-1 (GO:0070555) 201 4 .19 + 20.75 3.87E-05 4.22E-03
regulation of T cell differentiation (GO:0045580) 151 3 .14 + 20.71 4.10E-04 2.96E-02
response to purine-containing compound (GO:0014074) 155 3 .15 + 20.18 4.41E-04 3.15E-02
regulation of hemopoiesis (GO:1903706) 472 9 .45 + 19.88 2.28E-10 1.51E-07
response to transforming growth factor beta (GO:0071559) 158 3 .15 + 19.80 4.66E-04 3.30E-02
multi-multicellular organism process (GO:0044706) 221 4 .21 + 18.87 5.56E-05 5.71E-03
cellular response to inorganic substance (GO:0071241) 223 4 .21 + 18.70 5.76E-05 5.80E-03
transcription by RNA polymerase II (GO:0006366) 409 7 .39 + 17.84 7.36E-08 2.09E-05
cellular response to interleukin-1 (GO:0071347) 176 3 .17 + 17.77 6.35E-04 4.32E-02
myeloid cell differentiation (GO:0030099) 235 4 .23 + 17.75 7.03E-05 6.95E-03
regulation of lymphocyte differentiation (GO:0045619) 181 3 .17 + 17.28 6.88E-04 4.64E-02
negative regulation of cell-cell adhesion (GO:0022408) 185 3 .18 + 16.91 7.32E-04 4.83E-02
response to alcohol (GO:0097305) 254 4 .24 + 16.42 9.46E-05 9.01E-03
lymphocyte activation (GO:0046649) 394 6 .38 + 15.88 1.47E-06 2.60E-04
hemopoiesis (GO:0030097) 592 9 .57 + 15.85 1.62E-09 8.61E-07
transcription, DNA-templated (GO:0006351) 558 8 .54 + 14.95 2.63E-08 9.51E-06
nucleic acid-templated transcription (GO:0097659) 559 8 .54 + 14.92 2.67E-08 9.43E-06
hematopoietic or lymphoid organ development (GO:0048534) 640 9 .61 + 14.66 3.18E-09 1.45E-06
RNA biosynthetic process (GO:0032774)572 8 .55 + 14.58 3.18E-08 1.01E-05
cellular response to chemical stress (GO:0062197) 292 4 .28 + 14.28 1.61E-04 1.40E-02
immune system development (GO:0002520) 675 9 .65 + 13.90 5.03E-09 2.22E-06
response to drug (GO:0042493) 402 5 .39 + 12.97 3.35E-05 3.83E-03
regulation of leukocyte cell-cell adhesion (GO:1903037) 322 4 .31 + 12.95 2.32E-04 1.91E-02
angiogenesis (GO:0001525) 322 4 .31 + 12.95 2.32E-04 1.90E-02
cell population proliferation (GO:0008283) 496 6 .48 + 12.61 5.47E-06 8.20E-04
blood vessel morphogenesis (GO:0048514) 415 5 .40 + 12.56 3.89E-05 4.21E-03
positive regulation of transcription by RNA polymerase II (GO:0045944) 1278 15 1.23 + 12.24 8.12E-15 1.44E-11
response to lipid (GO:0033993) 857 10 .82 + 12.17 1.84E-09 9.44E-07
regulation of epithelial cell proliferation (GO:0050678) 346 4 .33 + 12.05 3.05E-04 2.34E-02
positive regulation of cell migration (GO:0030335) 528 6 .51 + 11.85 7.79E-06 1.13E-03
response to inorganic substance (GO:0010035) 548 6 .53 + 11.41 9.61E-06 1.34E-03
positive regulation of cell motility (GO:2000147) 551 6 .53 + 11.35 9.91E-06 1.37E-03
response to metal ion (GO:0010038) 375 4 .36 + 11.12 4.12E-04 2.96E-02
positive regulation of transcription, DNA-templated (GO:0045893) 1601 17 1.54 + 11.07 1.11E-16 1.77E-12
positive regulation of locomotion (GO:0040017) 567 6 .54 + 11.03 1.16E-05 1.53E-03
positive regulation of cellular component movement (GO:0051272) 569 6 .55 + 10.99 1.19E-05 1.55E-03
tube morphogenesis (GO:0035239) 668 7 .64 + 10.92 1.93E-06 3.37E-04
positive regulation of nucleic acid-templated transcription (GO:1903508) 1686 17 1.62 + 10.51 2.63E-16 2.09E-12
positive regulation of RNA biosynthetic process (GO:1902680) 1687 17 1.62 + 10.51 2.66E-16 1.41E-12
forebrain development (GO:0030900) 404 4 .39 + 10.32 5.44E-04 3.76E-02
blood vessel development (GO:0001568)505 5 .48 + 10.32 9.77E-05 9.09E-03
response to cytokine (GO:0034097) 1131 11 1.08 + 10.14 1.34E-09 7.33E-07
positive regulation of RNA metabolic process (GO:0051254) 1780 17 1.71 + 9.96 6.49E-16 2.58E-12
gland development (GO:0048732) 422 4 .40 + 9.88 6.40E-04 4.33E-02
vasculature development (GO:0001944) 528 5 .51 + 9.87 1.20E-04 1.10E-02
regulation of cytokine production (GO:0001817) 741 7 .71 + 9.85 3.81E-06 6.11E-04
response to growth factor (GO:0070848) 533 5 .51 + 9.78 1.26E-04 1.14E-02
cellular response to hormone stimulus (GO:0032870) 537 5 .52 + 9.71 1.30E-04 1.18E-02
negative regulation of transcription by RNA polymerase II (GO:0000122) 970 9 .93 + 9.67 1.12E-07 2.77E-05
regulation of cell-cell adhesion (GO:0022407) 432 4 .41 + 9.65 6.98E-04 4.68E-02
positive regulation of cell differentiation (GO:0045597) 1012 9 .97 + 9.27 1.60E-07 3.63E-05
response to organic cyclic compound (GO:0014070) 905 8 .87 + 9.22 1.02E-06 1.89E-04
positive regulation of macromolecule biosynthetic process (GO:0010557) 1930 17 1.85 + 9.18 2.50E-15 7.94E-12
positive regulation of nucleobase-containing compound metabolic process (GO:0045935) 1953 17 1.87 + 9.07 3.04E-15 8.06E-12
cellular response to cytokine stimulus (GO:0071345) 1041 9 1.00 + 9.01 2.03E-07 4.48E-05
cytokine-mediated signaling pathway (GO:0019221) 701 6 .67 + 8.92 3.82E-05 4.22E-03
negative regulation of cell population proliferation (GO:0008285)702 6 .67 + 8.91 3.85E-05 4.22E-03
positive regulation of cellular biosynthetic process (GO:0031328)2031 17 1.95 + 8.73 5.83E-15 1.32E-11
negative regulation of cell differentiation (GO:0045596) 724 6 .69 + 8.64 4.57E-05 4.87E-03
positive regulation of biosynthetic process (GO:0009891) 2066 17 1.98 + 8.58 7.74E-15 1.54E-11
tube development (GO:0035295) 870 7 .83 + 8.39 1.08E-05 1.46E-03
negative regulation of immune system process (GO:0002683) 624 5 .60 + 8.35 2.60E-04 2.08E-02
nucleobase-containing compound biosynthetic process (GO:0034654) 1010 8 .97 + 8.26 2.32E-06 3.93E-04
negative regulation of transcription, DNA-templated (GO:0045892) 1310 10 1.26 + 7.96 1.02E-07 2.61E-05
response to abiotic stimulus (GO:0009628) 1186 9 1.14 + 7.91 6.07E-07 1.21E-04
leukocyte activation (GO:0045321) 935 7 .90 + 7.81 1.72E-05 2.16E-03
negative regulation of nucleic acid-templated transcription (GO:1903507) 1351 10 1.30 + 7.72 1.36E-07 3.23E-05
negative regulation of RNA biosynthetic process (GO:1902679) 1353 10 1.30 + 7.71 1.38E-07 3.22E-05
heterocycle biosynthetic process (GO:0018130) 1083 8 1.04 + 7.70 3.90E-06 6.13E-04
aromatic compound biosynthetic process (GO:0019438) 1094 8 1.05 + 7.62 4.20E-06 6.48E-04
response to hormone (GO:0009725) 828 6 .79 + 7.55 9.58E-05 9.01E-03
positive regulation of gene expression (GO:0010628) 2372 17 2.28 + 7.47 7.66E-14 1.22E-10
negative regulation of developmental process (GO:0051093) 984 7 .94 + 7.42 2.40E-05 2.91E-03
regulation of cell differentiation (GO:0045595) 1884 13 1.81 + 7.19 1.17E-09 6.64E-07
regulation of immune system process (GO:0002682) 1741 12 1.67 + 7.19 7.91E-09 3.22E-06
negative regulation of RNA metabolic process (GO:0051253) 1455 10 1.40 + 7.17 2.71E-07 5.91E-05
negative regulation of cell death (GO:0060548) 1027 7 .99 + 7.11 3.15E-05 3.66E-03
multi-organism reproductive process (GO:0044703) 1029 7 .99 + 7.09 3.19E-05 3.68E-03
regulation of cell migration (GO:0030334) 891 6 .85 + 7.02 1.43E-04 1.27E-02
anatomical structure formation involved in morphogenesis (GO:0048646) 897 6 .86 + 6.97 1.48E-04 1.30E-02
negative regulation of cellular macromolecule biosynthetic process (GO:2000113) 1512 10 1.45 + 6.90 3.87E-07 8.11E-05
regulation of cell cycle (GO:0051726)1210 8 1.16 + 6.89 8.81E-06 1.24E-03
negative regulation of apoptotic process (GO:0043066) 915 6 .88 + 6.84 1.65E-04 1.42E-02
organic cyclic compound biosynthetic process (GO:1901362) 1231 8 1.18 + 6.78 9.99E-06 1.37E-03
cell activation (GO:0001775) 1082 7 1.04 + 6.74 4.39E-05 4.72E-03
brain development (GO:0007420) 775 5 .74 + 6.73 6.99E-04 4.67E-02
negative regulation of programmed cell death (GO:0043069) 933 6 .89 + 6.70 1.84E-04 1.57E-02
negative regulation of macromolecule biosynthetic process (GO:0010558) 1566 10 1.50 + 6.66 5.36E-07 1.11E-04
multi-organism process (GO:0051704) 1097 7 1.05 + 6.65 4.80E-05 5.05E-03
negative regulation of nucleobase-containing compound metabolic process (GO:0045934) 1572 10 1.51 + 6.63 5.55E-07 1.13E-04
positive regulation of developmental process (GO:0051094) 1415 9 1.36 + 6.63 2.63E-06 4.32E-04
positive regulation of cell population proliferation (GO:0008284)946 6 .91 + 6.61 1.98E-04 1.68E-02
positive regulation of immune system process (GO:0002684) 1106 7 1.06 + 6.60 5.05E-05 5.29E-03
regulation of cell motility (GO:2000145) 952 6 .91 + 6.57 2.05E-04 1.72E-02
negative regulation of cellular biosynthetic process (GO:0031327)1626 10 1.56 + 6.41 7.58E-07 1.47E-04
positive regulation of multicellular organismal process (GO:0051240) 1797 11 1.72 + 6.38 1.61E-07 3.60E-05
regulation of transcription by RNA polymerase II (GO:0006357) 2628 16 2.52 + 6.35 1.24E-11 1.23E-08
regulation of locomotion (GO:0040012)994 6 .95 + 6.29 2.59E-04 2.08E-02
negative regulation of biosynthetic process (GO:0009890) 1657 10 1.59 + 6.29 9.02E-07 1.69E-04
central nervous system development (GO:0007417) 1025 6 .98 + 6.10 3.05E-04 2.33E-02
regulation of cellular component movement (GO:0051270) 1042 6 1.00 + 6.00 3.33E-04 2.49E-02
response to oxygen-containing compound (GO:1901700) 1610 9 1.54 + 5.83 7.60E-06 1.11E-03
response to endogenous stimulus (GO:0009719) 1436 8 1.38 + 5.81 3.06E-05 3.57E-03
RNA metabolic process (GO:0016070) 1621 9 1.55 + 5.79 8.04E-06 1.15E-03
cellular response to oxygen-containing compound (GO:1901701) 1081 6 1.04 + 5.79 4.06E-04 2.95E-02
reproductive process (GO:0022414) 1471 8 1.41 + 5.67 3.63E-05 4.07E-03
reproduction (GO:0000003) 1474 8 1.41 + 5.66 3.69E-05 4.10E-03
regulation of cell population proliferation (GO:0042127) 1677 9 1.61 + 5.60 1.06E-05 1.44E-03
regulation of cell death (GO:0010941)1722 9 1.65 + 5.45 1.31E-05 1.70E-03
regulation of multicellular organismal development (GO:2000026) 2107 11 2.02 + 5.44 8.06E-07 1.55E-04
positive regulation of nitrogen compound metabolic process (GO:0051173) 3267 17 3.13 + 5.42 1.51E-11 1.42E-08
regulation of transcription, DNA-templated (GO:0006355) 3462 18 3.32 + 5.42 1.29E-12 1.87E-09
cellular response to endogenous stimulus (GO:0071495) 1160 6 1.11 + 5.39 5.91E-04 4.05E-02
regulation of nucleic acid-templated transcription (GO:1903506) 3531 18 3.39 + 5.31 1.83E-12 2.42E-09
cellular nitrogen compound biosynthetic process (GO:0044271) 1571 8 1.51 + 5.31 5.82E-05 5.82E-03
regulation of RNA biosynthetic process (GO:2001141) 3536 18 3.39 + 5.31 1.87E-12 2.29E-09
positive regulation of cellular metabolic process (GO:0031325) 3454 17 3.31 + 5.13 3.77E-11 2.86E-08
nucleic acid metabolic process (GO:0090304) 2237 11 2.15 + 5.13 1.47E-06 2.63E-04
cellular macromolecule biosynthetic process (GO:0034645) 1639 8 1.57 + 5.09 7.86E-05 7.67E-03
regulation of developmental process (GO:0050793) 2673 13 2.56 + 5.07 8.29E-08 2.23E-05
negative regulation of gene expression (GO:0010629) 2065 10 1.98 + 5.05 6.68E-06 9.84E-04
gene expression (GO:0010467) 2109 10 2.02 + 4.94 8.07E-06 1.15E-03
macromolecule biosynthetic process (GO:0009059) 1689 8 1.62 + 4.94 9.72E-05 9.10E-03
regulation of RNA metabolic process (GO:0051252) 3809 18 3.65 + 4.93 6.91E-12 7.85E-09



positive regulation of macromolecule metabolic process (GO:0010604) 3630 17 3.48 + 4.88 8.52E-11 5.89E-08
cellular response to organic substance (GO:0071310) 2368 11 2.27 + 4.84 2.59E-06 4.34E-04
response to organic substance (GO:0010033) 3032 14 2.91 + 4.81 3.14E-08 1.02E-05
regulation of cellular macromolecule biosynthetic process (GO:2000112) 3924 18 3.76 + 4.78 1.16E-11 1.23E-08
regulation of apoptotic process (GO:0042981) 1566 7 1.50 + 4.66 4.40E-04 3.15E-02
regulation of macromolecule biosynthetic process (GO:0010556) 4032 18 3.87 + 4.65 1.87E-11 1.65E-08
regulation of nucleobase-containing compound metabolic process (GO:0019219) 4078 18 3.91 + 4.60 2.28E-11 1.91E-08
regulation of programmed cell death (GO:0043067) 1588 7 1.52 + 4.60 4.79E-04 3.37E-02
generation of neurons (GO:0048699) 1599 7 1.53 + 4.56 4.99E-04 3.48E-02
positive regulation of metabolic process (GO:0009893) 3937 17 3.78 + 4.50 3.21E-10 2.04E-07
regulation of cellular biosynthetic process (GO:0031326) 4184 18 4.01 + 4.49 3.58E-11 2.84E-08
animal organ development (GO:0048513)3277 14 3.14 + 4.45 8.61E-08 2.28E-05
regulation of response to stress (GO:0080134) 1641 7 1.57 + 4.45 5.84E-04 4.02E-02
regulation of biosynthetic process (GO:0009889) 4270 18 4.10 + 4.39 5.10E-11 3.69E-08
neurogenesis (GO:0022008) 1703 7 1.63 + 4.29 7.30E-04 4.84E-02
cellular response to chemical stimulus (GO:0070887) 2941 12 2.82 + 4.25 2.62E-06 4.34E-04
anatomical structure morphogenesis (GO:0009653) 2206 9 2.12 + 4.25 9.47E-05 8.96E-03
nucleobase-containing compound metabolic process (GO:0006139) 2740 11 2.63 + 4.19 1.09E-05 1.46E-03
negative regulation of nitrogen compound metabolic process (GO:0051172) 2497 10 2.40 + 4.18 3.61E-05 4.08E-03
regulation of multicellular organismal process (GO:0051239) 3248 13 3.12 + 4.17 8.45E-07 1.60E-04
cell differentiation (GO:0030154) 3788 15 3.63 + 4.13 4.84E-08 1.43E-05
cellular developmental process (GO:0048869) 3845 15 3.69 + 4.07 5.96E-08 1.72E-05
immune system process (GO:0002376) 2853 11 2.74 + 4.02 1.62E-05 2.04E-03
heterocycle metabolic process (GO:0046483) 2936 11 2.82 + 3.91 2.13E-05 2.65E-03
negative regulation of cellular metabolic process (GO:0031324) 2700 10 2.59 + 3.86 7.14E-05 7.01E-03
nervous system development (GO:0007399) 2437 9 2.34 + 3.85 2.05E-04 1.71E-02
cellular aromatic compound metabolic process (GO:0006725) 2986 11 2.86 + 3.84 2.51E-05 3.02E-03
regulation of gene expression (GO:0010468) 4913 18 4.71 + 3.82 5.89E-10 3.60E-07
organic cyclic compound metabolic process (GO:1901360) 3218 11 3.09 + 3.56 5.14E-05 5.34E-03
negative regulation of macromolecule metabolic process (GO:0010605) 2951 10 2.83 + 3.53 1.53E-04 1.34E-02
cellular nitrogen compound metabolic process (GO:0034641) 3401 11 3.26 + 3.37 8.67E-05 8.41E-03
response to chemical (GO:0042221) 4417 14 4.24 + 3.30 3.86E-06 6.14E-04
regulation of signal transduction (GO:0009966) 3174 10 3.04 + 3.28 2.84E-04 2.23E-02
negative regulation of metabolic process (GO:0009892) 3205 10 3.07 + 3.25 3.08E-04 2.35E-02
system development (GO:0048731) 4525 14 4.34 + 3.23 5.22E-06 7.91E-04
regulation of nitrogen compound metabolic process (GO:0051171) 5920 18 5.68 + 3.17 1.49E-08 5.92E-06
negative regulation of cellular process (GO:0048523) 4981 15 4.78 + 3.14 2.09E-06 3.58E-04
positive regulation of cellular process (GO:0048522) 5742 17 5.51 + 3.09 1.42E-07 3.27E-05
regulation of response to stimulus (GO:0048583) 4404 13 4.22 + 3.08 2.85E-05 3.39E-03
regulation of primary metabolic process (GO:0080090) 6118 18 5.87 + 3.07 2.62E-08 9.70E-06
regulation of cellular metabolic process (GO:0031323) 6329 18 6.07 + 2.97 4.69E-08 1.41E-05
regulation of macromolecule metabolic process (GO:0060255) 6510 18 6.24 + 2.88 7.61E-08 2.09E-05
multicellular organism development (GO:0007275) 5106 14 4.90 + 2.86 2.32E-05 2.84E-03
positive regulation of biological process (GO:0048518) 6347 17 6.09 + 2.79 6.93E-07 1.36E-04
negative regulation of biological process (GO:0048519) 5643 15 5.41 + 2.77 1.12E-05 1.48E-03
anatomical structure development (GO:0048856) 5489 14 5.26 + 2.66 5.58E-05 5.69E-03
regulation of metabolic process (GO:0019222) 7060 18 6.77 + 2.66 3.04E-07 6.46E-05
developmental process (GO:0032502) 5941 15 5.70 + 2.63 2.21E-05 2.72E-03
multicellular organismal process (GO:0032501) 7148 15 6.86 + 2.19 2.41E-04 1.95E-02
regulation of cellular process (GO:0050794) 11390 19 10.93 + 1.74 1.39E-04 1.25E-02
regulation of biological process (GO:0050789) 11955 19 11.47 + 1.66 3.58E-04 2.65E-02
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