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Supp Fig 1:

a) Per-cell score based on overlap of reads with all fibroblast (top) or Primed ESC (bottom)
peaks b) Per-cell averaged gene-expression z-scores based on predefined sets of 84
fibroblast-specific (top) and 20 iPSC-specific (bottom) genes ¢) Locus plots for COL1A1,
FN1, CDF1, and NANOG, along with their scATAC-seq derived gene scores and scRNA-
seq gene expression d) Joint CCA embedding of scRNA-seq and scATAC-seq cells labeled
by modality e) Same as d), labeled by cell state f) Correlation between cell state label
transfer scores across scRNA-seq cells g) Histogram of cell state label transfer score
assigned to the highest cell state for each scRNA-seq cell h) Pseudotime values with a
fibroblast cell set as root i) Pseudotime values with Day 2 xOSK cell set as root j) This plot
shows the direction of decreasing total OSKM Sendai expression over the scRNA-seq
UMAP using arrows, excluding over cells with low Sendai expression. Under the
assumption that Sendai expression decreases over time, these lines impose constraints
over possible cell trajectories, such that cells may move perpendicular to the flow lines, but
not against them.
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Supp Fig 2:

a) Median estimated Sendai and endogenous expression of OSKM (in TPM) of cells
stratified by time point and cell state. Only configurations with >50 cells are shown. Within
each cell, the first value refers to the Sendai median expression and the second value
refers to the endogenous median expression. Sendai is set as median total - median
endogenous b) Box plots of per state normalized gene expression of OSKM (top) and
ChromVAR deviation for POU5F1, SOX2, POU5F1-SOX2 and KLF4 motifs (bottom). For
genes, the expression is min-max normalized and outliers outside the 99th percentile are
clipped. For motifs, the ChromVAR deviations are min-max normalized and outliers below
the 10th percentile and above the 95th percentile are clipped ¢) Density plots of gene
expression of OSKM versus ChromVAR deviations for their respective motifs across
matched ATAC-RNA cells d) ChromVAR deviation scores for the OCT-SOX motif
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Supp Fig 3:

a) ChromBPNet counts predictions Pearson correlation with observed reads in test peak
regions for all 10 model folds. Note that peaks are cell state specific b) ChromBPNet
counts predictions Pearson correlation with observed reads in test peak and GC-matched
non-peak regions (equal number of peaks and non-peaks) for all 10 model folds c)
ChromBPNet profile prediction performance of the models showing the median JSD (lower
is better) between predicted and observed base-resolution Tn5 insertion distributions
across peaks. Triangles show the prediction of the bias model on each fold’s test set, which
serves as a worst-case bound. Note that the bias model is fixed but the test regions are
different for each fold. The black squares show the JSD between 2 independently drawn
samples of half the read depth for each sample, and serves as a reasonable best-case
bound. Note that it is difficult to compare profile performance across cell states as the JSD
depends on read depth of the samples, which determines the ground truth d) Log10
fragment counts of each sample, which correlates with sample-specific JSD in c)
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Supp Fig 4:

a) Extended version of Fig 3d. Contribution scores are shown only for cell states for which
the locus was called as a peak b) Micro-C contact maps in human foreskin fibroblasts
(4DNFIPC7P27B) and H1-hESCs (4DNFI2TK7L2F) from (Krietenstein et al. 2020). The arrow
highlights a loop found in H1-hESC but not fibroblasts ¢) Extended version of Fig 3e
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Supp Fig 5:
a) Locus plot for the FN1 gene (similar to Fig 3d) Contribution scores are shown for all cell
states b) TF-to-gene network of FN1 (similar to Fig 3e) ¢) TF-to-gene network of JUN
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Supp Fig 6:

a) Consolidated motifs extracted by TF-MoDISco from each cell state. While each cell state
cluster extracts slightly different motifs, these were grouped and consolidated into a set of
30 non-redundant motifs. Each tile represents the log10 fraction of number of instances
extracted by TF-MoDISco for that motif across instances of all motifs for that cell state.
Empty (white) tiles indicate that the motif was not detected in that cell state (with at least 50
instances). Note that KLF and SP are very similar motifs, and the motif assignments to
them are nearly exclusive based on which one was a closer match.
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Supp Fig 7:

a) Zoom in of Ins2 locus from Fig 3d, with the bias model prediction at the top and
normalized observed and predicted (with and without bias) profiles, and the counts
contribution track for 3 states b) Virtual footprinting for CTCF obtained by inserting
instances of CTCF stratified by log-odds scores into random background sequences and
averaging predicted profile probability distributions with (red) and without (black) bias
(Methods) for each cell state ¢) Same as b) for OCT-SOX motif. States ordered in
approximately decreasing order of OCT4 and SOX2 concentration d) Same as c) for SOX
motif ) Same as c) for AP1 motif f) Footprints derived by aggregating normalized observed
reads over motif instances of KLF stratified by log-odds scores for each cell state. States
ordered in decreasing order of KLF4 concentration g) Same as f) for OCT-SOX motif h)
Same as f) for AP1 motif



a Overlap between b Fine grained clusters (71 clusters) d POUS5F1 SOX2
) o1
Fibroblast (C1) and xOSK (C8) peaks § r K\ =
: \P= | AN =
Y BV
Fibroblast xOSK g // [ [~
(171,502) (170,348) So —l
g T | | —
° 3 KLF4 JUN
g1
8 A \
S N \
| | Yam)
I Vo Y ol | N SN
UMAP 1 2 0 m %
e |
RUNX1 CTCF
ol
8 [ A
v Wt
ks A
: [ AN [N
S Q- N
20 ppm == || pim =
TFAP2C zIc2
21
3 1N
E /A~ /
2, 7 =L/ ]
Pseudotime — - — — — — [, ———— | | [ e———
0"" ’ Pseudotime Order Pseudotime Order ~ pseudotime Order  Pseudotime Order
) , Day
_ECWA: ﬁ] :OrreI:I:;‘ D.O D.2 D4 D.6 D.8 I;O [:2 [:4 iP.SC ~ Expression - Gene Score - ChromVAR Score
= = =2 =
Supp Fig 8:

a) Venn diagram of Fibroblast (C1) and xOSK (C8) peaks b) 71 clusters of cells representing
higher resolution subpopulations ¢) ChromVAR deviation scores for all motifs across the
primary reprogramming trajectory, along with gene expression of the gene within the motif
family with the highest correlation with ChromVAR deviation score. Colored strips below
heatmaps show day and cell state labels along the pseudotime trajectory. Red tiles show
correlation between ChromVAR deviation and gene expression. d) Normalized gene
expression, chromatin-derived gene score, and ChromVAR deviation score for selected TFs
along primary reprogramming trajectory




suonoeIdul LINYON :LE06Ly—VSH-H

sueof|bosoid O3 :821000€-VSH-H

S2INJoNJIs ouBWINW JBYlo pue s|uqy uabe||oo Jo Alquiessy :0602202-VSH-H

uonezuawL) ureyd usbel0) :9128r68-YSH-H

sewAzue BuiAyipow pue siseyjuAsolq uabe|jo) 18059 L-VSH-H

uoiewio} uebel|o) :062h.Ly b -YSH-H

Xuyew Jejr BU3 4O uot Q :82¢vLy L-VSH-Y

SuoIjoRIS)UI UBDBPUAS 10/ 1000E-VYSH-H

uonezjuebio xujew Jen|jeoenx3 pygyly l-VYSH-Y

suonoeJaUI 8BNS (|90 ulbelu| :£809 12-VSH-H

uonepelbap usbe|i0) :06v2ry -YSH-H

Buieubis €|-upnajielul pue p-umnajeul :20858.9-YSH-Y

uoiew.o} 8iqy onse|3 186995 | -YSH-YH

S2.q) OISBle YIM PajeloosSe Sa|ndajoj :6.E62 L2-VSH-H

Buiieubis oL-uninajielu| :682£8/9-YSH-H

seuab 1a61e} | NMW Jo uoisseidey :5921¥9r-VYSH-H

sutejo.d paioyoue—|do JO SISBUIUAS INLd :SZLE9L-VSH-H

s||190 wa)s Juajodunid jo uoneinbal jeuonduosuel] (€2/25r-VYSH-H

REAC

aseyd neeje|d - g 8seyd :€689/55-VSH-H

uoneste|jodap pidel — 0 9seyd :2689255-VSH-H

Log
Expr

uonduosuel || esesowA|od YNY :£5862-YSH-Y

Remuyjed uonduosuel] oUBUSD :9Eve LZ-YSH-H

(uonduosuel ) uoissaidxe ausy) :09 L7/-VSH-H

@
@
o

spungns SOy 91 Jo 100d E JO UOIEWOS :6892.-VSH-H

uoljeulws] uonejsues) onoArexn3 :y9/2/-YSH-H

Or3 Jo uspuadapul (QINN) Ae08Q PaleIPSN 8SUSSUON :9565.6-VSH-Y

uoneoydey pue uonduosuel] YNY [eJIA Bzuanju| :£/289L-VSH-H

}ungns [BWosoqu S09 8y jo Buluof pue sisAjoipAy 419 :90/2.-VSH-H

Jdxe uiwseldojnie Jo Bulous|is [euone|suel) pajelpsw-eg | 122895 L-VSH-YH

(QNN) Aedaq pareipa|\-8SUBSUON :208/26-VSH-Y

Or3 Aq paoueyua (QWN) Aeoaq pajelpsjy SUSSUON :£56526-YSH-H

uonebuoje ureyo epidad :20695 1-VYSH-H

uolje|suel| YNHW [e. 2826 1-VSH-YH

uoneBuo|3 uonejsuel| onoAIexn3 :2y89s L -¥SH-H

sn|nwis [euJelxe 0} esuodsal Je|n||eo 196+ 1 200:09

24-56 @ 56-8.8 ® 8.8+

sisauaboyd.ouw |92 Jo uonenBal :$092200:09D

Annow 199 jo uonenbas aanisod : /2 10002:09

uonelBiw (199 Jo uoie|nBas aAnIsod :GEE0E00:0D

juswdojenap anssi :8886000:09

* - P value <0.01

Pseudo-binding saturation curves

uoljeziueb1o 2injonJis Je|n||aoe.xe :290E700:0D

KLF logodds

2610 Xujew Jejnjjeoelixe :8610£00:0D

- Log P-value

uonezjueblo |uqy uebe|j0o :66L0£00:09D

$s9001d Dlj0qEIOW YNY! :2£09+00:0D

Buisseooid YNYI :#9€9000:09

<
sisauabolq 8wosoqu :452200:0D _m

DZI|BWION AD woJ
wn|nonas olwse|dopus o} uonezi[eoo] uieloid :2260200:09 pazy N A8Q HVAWOIUD

aueiqwaw o) Buneb.e) uieloid [euUOIEISURII0D (€199000:0D c
43 0} 6unebuey uieroid :/£05100:0D

wn|noas olwse|dopus 0} UoiezI[e0] UIBloid JO JUBWUYSIIRISS :6652.00:09

sueiquew oy Bunabie) uiejoid [euone|sueod Juspuadep-dys ¥199000:09

QNN ‘sse001d 01|0E}RD YNYW PaGLOSUBI—IBI|ONU :$810000:0D

uoissaidxe auab [eliA :0806 +00:0D

uoneoloads uiened Joueisod/ioLsiue (2566000:0D

juawdojenep waelsAs sNoAIaU :66€2000:0D

;I = R

ssoo01d uoneoyoads uleped :68€2000:0D

BP

uonez|feuoibai :g00£000:0D

10.0

ssa001d oljogeiaw apueyooesAjod 1ejn||eo 1¥9Zy00:09

TFAP2C
Naive

juawidojensp alupuap :85€9-00:0D

GO

25

ssao01d oljogejaw apueyooesAjod :9/65000:09

fold change

uonezjuebio ssdeufs :8080500:09

Naive
hESC

s8|nosjow uoisaype ewse|d BIA UOISBUPE [[89-]182 :2i/8600:0D

so|nosjow uoisaype ewsed eIA uoisaype [j20 dliydowoy :9512000:09

GSE101074

Bunnouds [esa}e||00 :8998700:0D

sisausboyd.iow uonosfoid |80 :8588Y00:0D

Primed
hESC

sisauaboydiow uonosfoid |90 papunog aueiquiew ewse|d :6£002 10:09

6

sisauaboydiow 1red |99 :0662£00:09

ssao0id oljogelaw pidi Jayie :58%9¥00:0D

Jiodsuel) sueiquiswsuel) pioe Alje) : 100206 +:0D

2

ssao01d onjeyjuhsolq ayeydsoydouebio :20¥0600:09

fold change

uoisaype ||80-|[e9 a1Ao03Ne) :6512000:0D

ss@004d oljogelaw Jebns oulwe :009000:09

Alquiesse Japiog ysniq :026v06+0D

Jlodsuel) suBIqUIBWSUEI) UOED :5598600:0D

uoIBd1IUIOD :8920200:09

JJodsuel) sUBIGWIBWISUEI) UO! :0227E00:0D

7.5

Ayanoe Joydeoa Jepiwsuesoinau Jo uonenbail : 1 096600:09

| asesawAjod YNY Aq uonduosues jo uonenbal :25€9000:0D W

| esesswAjod YNY Aq uonduosuel) :99£9000:09

ATAC-seq GSE101074 ATAC-seq GSE101074 ChIP-seq

fold change

uonduosues paje|dwal-pioe d18jonu :659.600:09D

|
25

pajejdwal-yNQ ‘uonduosuel) : | GE9000:0D juspuadap  juspuadapul oyoeds

sseooud oneyluAsolq YNY :7£/2€00:09 O2dv4L Ocdv4l paulid

e

COC/ET -|
COC/E2-|

S1-|
S2-|
83+

odg anreN

a) Curated GO and REAC terms enriched across peak sets b) Integration of scATAC-seq
data with naive and primed hESC ATAC-seq and naive hESC TFAP2C Chip-seq data

(GSE101074) c) Same as Fig 5f for KLF4

Supp Fig 9
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Supp Fig 10:

a) Sample identity (scATAC-seq D2 or sn-multiome D2M) of top 5 neighbors of Multiome
snATAC-seq nuclei before and after Harmony correction for technology b) Similar to Fig 6g,
but points are subsetted to Day 2 multiome nuclei from fibroblast-like, hOSK and xOSK
states (Spearman p-value < 2.2x10-16) ¢) Similar to Fig 6g, but points are subsetted to Day
1 multiome nuclei from hOSK and xOSK states (Spearman p-value < 2.2x10-16) d) Scatter-
plot of AP-1 retention score versus snRNA-seq expression of fibroblast-specific genes.
Each point is a single nucleus from Day 2 multiome data from hOSK and xOSK states
(Spearman p-value < 2.2x10-16)



