
Cell Genomics, Volume 5 

Supplemental information 

Sensitive dissection 

of a genomic regulatory landscape 

using bulk and targeted single-cell activation 

Dubravka Vu�ci�cevi�c, Che-Wei Hsu, Lorena Sofia Lopez Zepeda, Martin Burkert, Antje 
Hirsekorn, Ilija Bili�c, Nicolai Kasteli�c, Markus Landthaler, Scott Allen Lacadie, and Uwe 
Ohler 



Figure S1

A B

C D

0

0.5

1

1.5

2

2.5

gR
NActr

l1

gR
NActr

l2

gR
NActr

l3

Pho
x2

b_
pro

m1

Pho
x2

b_
pro

m2

Pho
x2

b_
pro

m3

phox2B rep1
phox2b rep2
actin rep1
actin rep2Fo

ld
 c

ha
ng

e

0
1
2
3
4
5
6
7
8

-1
-2

VPR

SunTag10

SunTag24

CE DRR Prom
gA gB gA gB gA gB0

1
2
3
4
5
6
7
8

CE DRR Prom

p300

9

VPR

SunTag10

SunTag24

CE
~ –20 kb

DRR
~ –5 kb

Promoter
MyoDgRNA

CE
~ –20 kb

DRR
~ –5 kb

Promoter
MyoD

gRNA
Fo

ld
 c

ha
ng

e 
(lo

g2
)

Fo
ld

 c
ha

ng
e 

(lo
g2

)

9

−0.04

−0.02

0

0.02

PHOX2B
PHOX2B−AS1

C
R

IS
PR

a 
Fo

ld
 c

ha
ng

e
CRISPRa

0.00

0.25

0.50

0.75

1.00

0.00 0.25 0.50 0.75 1.00
FPR

TP
R

p < 2.22e−16

0.40

0.45

0.50

0.55

0.60

0.65

CaREs Random
Model

R
O

C
−A

U
C

I

E

0

50

100

150

200

250

N
um

be
r o

f C
aR

E
s enh

none
open
prom

nb other noEF
CaRE evidence nb other noEF

CaRE evidence

A
dj

. p
-v

al
ue

 (-
lo

g1
0)

 

0

500

1000

1500

H
3K

4m
e3

 s
ig

na
l

count

20
40
60
80

0

500

1000

1500

count

50
100
150
200
250

0

50

100

150

count

255075
100
125

H
3K

4m
e1

 s
ig

na
l 

0

50

100 count

10
20
30

0

1000

2000

3000

0 20 40 60

count

50
100

0

1000

2000

3000

−0.075 −0.025 0 0.025
Estimate

AT
AC

 s
ig

na
l count

10
20
30
40

0

500

1000

1500

H
3K

27
 s

ig
na

l count

50
100
150
200

0

500

1000

1500

count

20
40
60

150

−0.075 −0.025 0 0.025
Estimate

−0.075 −0.025 0 0.025
Estimate

−0.075 −0.025 0 0.025
Estimate

Adj. p-value (-log10)

0 20 40 60
Adj. p-value (-log10)

0 20 40 60
Adj. p-value (-log10)

0 20 40 60
Adj. p-value (-log10)

AT
AC

 s
ig

na
l 

H
3K

4m
e3

 s
ig

na
l

H
3K

4m
e1

 s
ig

na
l 

H
3K

27
 s

ig
na

l

Es
tim

at
e 

F

G H

0.15
0.099

0.72

−0.08

−0.04

0.00

0.04

0.08

8.5e−05
5.1e−07

0.11

0

20

40

60

nb other noEF
CaRE evidence

J K



0

5

10

1 2 3 4 5 13 15
Number of CaREs per gene

N
um

be
r o

f d
iff

er
en

tia
lly

 e
xp

re
ss

ed
 g

en
es

Figure S2

C

D

B

F

A

0

50

100

1 2 3 5
Number of differentially

 expressed gene

N
um

be
r o

f g
R

N
A

s

AC105389.3
DCAF4L1

FAM114A1
KLHL5

TMEM33
UCHL1.AS1
ZBTB12BP

AC108471.2
GUF1

LIMCH1
PDS5A

RFC1
SLC30A9
SMIM14

TLR6
AC095057.3
AC098590.1
AC098591.2

ARL4AP2
ATP1B1P1
LINC02265

N4BP2
RPS7P7

UGDH
AC098591.1

GNPDA2
NSUN7
RBM47

TMEM156
WDR19

AC096586.1
LIAS

AC105389.1
ATP8A1

NDUFB4P12
PABPC1P1

TLR1
KRT18P25
LINC00682

APBB2
CHRNA9

BEND4
PHOX2B
SHISA3

0 10 20 30
Number of significant gRNAs

5

0

1

2

3

4

Run1 Run2 Integrated

N
um

be
r o

f g
R

N
A

/c
el

l

APBB2
LIMCH1

ATP8A1
RBM47

PDS5AWDR19

N4BP2

SLC30A9
SMIM14KLHL5

RFC1FAM114A1 AC105389.3
TMEM156

TLR1

NSUN7
BEND4

UCHL1.AS1

TLR6
UGDH
AC108471.2

LIAS

TMEM33

CHRNA9
AC098591.2

LINC02265
LINC00682

AC105389.1

SHISA3

DCAF4L1
PHOX2B

ZBTB12BP

KRT18P25
AC095057.3

ATP1B1P1

AC098590.1

PABPC1P1 ARL4AP2

RPS7P7
NDUFB4P12

AC098591.1

ge
ne

39.5 40 40.5 41 41.5 42 42.5 43 43.5chr4 Mb
0.0
0.4
0.8
1.2

E

1. 1 0.

G
en

e 
U

M
I/c

el
l 

0

gRNA UMI/cell 
0 1   2 43

0
0.

0.
0.

D
en

si
ty

1.
1.

3.
2.

3.

10
2030

coun

G
en

e 
U

M
Is

/c
el

l 

Fo
ld

 c
ha

ng
e 

(lo
g1

0)

G

0

1

2

3

4

5

BE
ND

4

NS
UN

7
PH

OX
2B

SH
IS

A3
SL

C3
0A

9
TM

EM
33

All otherAll other
TSSTSS

E
xp

re
ss

io
n 

le
ve

l



−2e+05 −1e+05 0e+00 1e+05 2e+05

0
50

10
0

15
0

20
0

25
0

PHOX2B (1737398)

Distance from viewpoint

N
um

be
r o

f c
on

ta
ct

s 

nuCaptureC
B CCA

D

Figure S3

E

E
pi

M
ap

 
Li

nk
 S

co
re

0.0
0.4
0.8

LINC00682PHOX2BGene

41.74 41.76 41.78 41.8 41.82 41.84 41.86chr4 Mb
0.00

0.10

0.20

F

0.00
0.25
0.50
0.75

0.2

0.4

no yes

no yes

A
bc

 S
co

re

G

Distance to TSS (bases log10)

no
yes

A
dj

. p
-v

al
ue

 (-
lo

g)
 

EpiMap

Abc 

5.4e−05

0.0054

TESLA-seq
significant

TESLA-seq
significant

0

100

200

300

2 3 4 5 6

TESLA-seq
significant

p = 0.00266p = 0.00032 p = 0.8016p = 0.0094

−0.25

0.00

0.25

0.50

0.75

no yes
TESLA-seq significant

no yes

C
aR

E
 ta

rg
et

 e
xp

re
ss

io
n 

ch
an

ge

Genomic assay prior to perturbation

CaRE target H3K27ac CaRE target chromatin RNAlow
high

low
high

0

100

200

300

0 10 20 30 40
Number of genes jumped

−0.50
−0.25
0.00
0.25
0.50
0.75

avg_logFC

A
dj

. p
-v

al
ue

 (-
lo

g)
 

0

200

400

600

0

100

200

300

0

50

100

150

A
TA

C
 s

ig
na

l

H
3K

27
ac

 s
ig

na
l

H
3K

m
e1

 s
ig

na
l

no yes
TESLA-seq
significant

no yes
TESLA-seq
significant

no yes
TESLA-seq
significant

0.0056 0.044 0.0097
CaRE_ATAC

CaRE_H3K4me1

CaRE_H3K27ac

Linear_distance

gene_H3K4me1

nuCapC

gene_ATAC

gene_H3K27ac

H I



neuroblastoma 

evidence (nb)

evidence in other 

tissues (other)

no evidence found

(noEF)

Figure S4

A

TESLA-seq fold change (log)

B

0

5

10

15

Card
iac

Dige
stiv

e

Lym
ph

oid

Mus
cu

los
ke

let
al

Mye
loid

 / e
ryt

hro
id

Neu
ral

Orga
n d

eve
l. /

 re
na

l

Plac
en

tal
 / t

rop
ho

bla
st

Prim
itiv

e /
 em

bry
on

ic

Pulm
on

ary
 de

ve
l.

Ren
al 

/ c
an

ce
r

Stro
mal 

B

Tiss
ue

 in
va

ria
nt

Vas
cu

lar
 / e

nd
oth

elia
l
no

EF

tissue

enh
noEF
open
prom

EpiMap Chr State

0

10

20

30

n
u

C
a

p
tu

re
-C

 S
c
o

re

N
u
m

b
e
r 

o
f 
C

a
R

E
s

H
i-
C

 S
c
o

re

no
yes

Hi-C Interaction

C

10
5

7

2

4

4

1

nb other

30

0

10

20

−0.5 0.0 0.5

75
100
125
150
175

−0.5 0.0 0.5 −0.5 0.0 0.5

D

epiMapChrState
enh
none
open
prom

no
yes

NuCapture-C

  Interaction

nb other noEF

CaRE evidence

nb other noEF

CaRE evidence

E F

0.11

0.21

0.95

0

10

20

30

40

0.037
0.012

0.2

−50

0

50

100

nb other noEF

CaRE evidence

noEF

N
u
m

b
e
r 

o
f 
C

a
R

E
s

T
E

S
L
A

-s
e
q

A
d
j.
 p

-v
a
lu

e
 (

-l
o
g
1
0
) 

TESLA-seq fold change (log) TESLA-seq fold change (log)



TLR10
TLR1
TLR6

FAM114A1
TMEM156

KLHL5
AC079921.2

WDR19
RFC1
LIAS

AC021148.1
UGDH

SMIM14
AC108471.2

UBE2K
ZBTB12BP

AC098591.1
AC098591.2
PABPC1P1

PDS5A
KRT18P25

N4BP2
AC095057.3
LINC02265

CHRNA9
RBM47
NSUN7

ARL4AP2
APBB2
UCHL1

UCHL1.AS1
LIMCH1

RPL12P20
AC105389.3

PHOX2B
AC105389.1
LINC00682

AC108210.1
TMEM33

DCAF4L1
AC106052.1

SLC30A9
ATP1B1P1

AC111006.1
BEND4

AC024022.1
SHISA3

RPS7P7
ATP8A1

AC096734.2
AC096734.1
AC098590.1
NDUFB4P12

LINC02475
GUF1
YIPF7

AC096586.2
AC096586.1

GNPDA2

0 2 4

Perturbed

Control

Normalized Gene Expression Level

Figure S5



Figure S6 

A B

gR
NActr

l1

gR
NActr

l2

gR
NActr

l3

Pho
x2

b_
pro

m1

Pho
x2

b_
pro

m2

Pho
x2

b_
pro

m30

0.5

1

1.5

2

2.5
Fo

ld
 c

ha
ng

e
ctrlgRNA
Phox2B_prom_gRNAs

0
2
4
6
8

10
12
14

C
el

lu
la

r v
ia

bi
lit

y
(lu

m
in

es
ce

nc
e 

x 
10

00
) 

0h 24h 48h 72h
Time

CRISPRi FC

0

10

20

30

0 2 4 6
Adj. p-value CRISPRa 

gRNAs (-log10)

A
dj

. p
-v

al
ue

 C
R

IS
P

R
i 

gR
N

A
s 

(-
lo

g1
0)

count

10000
20000
30000

−7.5

−5.0

−2.5

0.0

2.5

−5.0 −2.5 0.0 2.5 5.0
Fold change

CRISPRa gRNAs (log)

Fo
ld

 c
ha

ng
e 

C
R

IS
P

R
i g

R
N

A
s

count

400
800
1200
1600

D

F

G

0

1

2

3

0 10 20 30

count

20
40
60

−0.050

−0.025

0.000

0.025

−0.05 0.00 0.05

count

5
10
15

Adj. p-value CRISPRa 
CaREs (-log10)

Estimate CRISPRa CaREs (log)

E
st

im
at

e 
C

R
IS

P
R

i C
iR

E
s

A
dj

. p
-v

al
ue

 C
R

IS
P

R
i 

C
iR

E
s 

(-
lo

g1
0)

Fold change Estimate (log)

CRISPRi

E



0

2

4

6

BEND4 GNPDA2 SHISA3 WDR19
Target genes of CaREs 

with PHOX2B binding sites

No
rm

al
ise

d 
re

ad
 c

ou
nt

s 
/ c

el
l

Cells
PHOX2B promoter not activated
PHOX2B promoter activated

Figure S7

0

1

2

3

4

5

AC02
40

22
.1

AC09
67

34
.1

AC10
53

89
.3

AC10
82

10
.1

APBB2

AT
P1B

1P
1

AT
P8A

1

BEND4

LIM
CH1

LIN
C00

68
2

NSUN7

PHOX2B

SHISA3

SLC
30

A9

TMEM33

UCHL1

UCHL1
.AS1

Genes with intragenic CaREs

Co
rr

ec
te

d 
re

ad
 c

ou
nt

s /
 c

el
l

Cells

Promoter proximal 

Intragenic nonproximal
Control

A

B

C



Supplementary Figure legends: 

Figure S1. Details of the bulk CRISPR activation screen related to Figure 1. A) 
Upregulation of MyoD in HEK293 cells via different indicated CRISPRa constructs at 
three different non-coding loci via pools of four gRNAs (left) or individual gRNAs 
(right). Relative expression of target genes is determined by RT- qPCR and 
normalized to GAPDH. Shown are fold changes relative to the control at a log2 
scale. B) PHOX2B expression changes upon      activation with dCas9-VPR with 
control or gRNAs targeting the promoter of Phox2B in SH-SY5Y cell line. Relative 
expression of target genes is determined by RT- qPCR and normalised to GAPDH. 
Shown are fold changes relative to the control. Expression of actin is shown as a 
control. C) CaREs signal at the PHOX2B promoter. Significantly enriched/depleted 
CaREs (FDR<0.05) are shown in red and blue respectively. D) Evaluation of 
epigenetic model for CaREs prediction. Left panel: Receiver operator characteristic 
(ROC) of trained CaRE models (light orange, n=50) and random models (light blue, 
n=50) from 10 repeats of a 5-fold cross validation each. Mean ROC curve for CaRE 
and random models in dark orange and blue respectively. TPR: True positive rate, 
FPR: False positive rate. Right panel: Distributions of ROC area under the curve 
(ROC-AUC) for CaRE and random models. Boxplot midlines mark median; upper 
and lower hinges extend to first and third quartile; upper and lower whiskers extend 
to the smallest and largest value max. 1.5 × IQR. Comparison p-value from two-
sided Wilcoxon ranksum test. E-H) The association of CaREs to open chromatin -
ATAC (E), H3K4me1 signal (F), H3K4me3 signal (G) and H3K27ac signal (H) 
relative to the CaRE fold change (estimate, left) or adjusted p-value (right). I) 
Number of CaREs identified in the phenotypic screen in each category, nb, other, 
noEF grouped by the EpiMap classification indicated with colours. J-K) Comparison 
between different CaRE evidence categories (nb, other, noEF) in CaRE-gene pair 
adj. P-value (J) and fold change (estimate, K). All indicated p-values were 
calculated using the two-sided Wilcoxon Rank Sum test.

Figure S2. Details of the TESLA-seq related to Figure 2. A) Number of gRNA 
detected per cell in each TESLA-seq run and both together (integrated). B) Cell 
density plot. The red line represents thresholds used for cell filtering. Cells having 
either gene UMI count per cell or gRNA UMI counts per cell below thresholds are 
filtered. C) TESLA-seq normalized gene expression level, comparing cells having 
gRNA targeting indicated gene promoter versus all other cells. D) Histogram 
showing the number of CaRE that induce differential expression of an indicated 
number of genes. E) Number of gRNA that significantly cause differential gene 
expression of an indicated gene. F). Genome browser snapshot representing 
genomic distance and regulatory relationship between a gRNA and a gene 
determined by TESLA-seq. Each link represents an effect of a gRNA on the gene. 
Color reflects the target gene. G) Histogram showing the number of genes that are 
differentially expressed due to perturbation of an indicated number of gRNA. 



Figure S3. Additional details of properties of CaREs and their targets identified 
by TESLA-seq related to Figure 3. A) Relationship between adjusted p-values (-
log10) of each CaRE-gene regulatory pair and genomic distance between the CaRE 
and the gene’s transcriptional start site (in bases at log10 scale). B) Relationship 
between adjusted p-values (-log10) of each CaRE-gene regulatory pair and number 
of genes located between the CaRE and the gene (jumped genes). Color depicts the 
average fold change. C) Number of contacts detected for PHOX2B by nuCaptureC 
centered on the PHOX2B TSS (red: highly significant interactions (pLevel = 5, blue: 
significant interactions, pLevel = 3, black: background interactions). D) Comparison 
of EpiMap link score between TESLA-seq significant and non-significant CaRE-gene 
regulatory pairs. E) Comparison of Abc score between significant and TESLA-seq 
non-significant CaRE-gene regulation pairs. F) Genome browser snapshot of 
PHOX2B regulatory regions determined by EpiMap (top) and Abc (bottom). G) 
Comparison of the CaRE target gene expression (average fold change at log 2 
scale) between TESLA-seq significant and non-significant CaRE-gene regulation 
pairs that have a low or high: H3K27 signal at the promoter of the target gene (left) 
and chromatin RNA signal (right) (non-significant). H) CaRE features that contribute 
the most to the predictability of a logistic regression model. I) Comparison of ATAC 
signal (left), H3K27ac signal (middle) and H3K4me1 signal (right) between 
significant and non-significant CaREs. All indicated p-values were calculated using 
the two-sided Wilcoxon Rank Sum test.

Figure S4. Additional details of the integration of TESLA-seq results with 
epigenomic data related to Figure 4. A) Number of CaREs defined by EpiMap in 
each indicated tissue. The color indicates the EpiMap chromatin state. B) 
Comparison between CaRE evidence categories (nb, other, noEF) relationship 
between TESLA-seq adjusted p-value (-log10 scale) and fold change (log2 scale). 
The data is further stratified by: nuCapture-C interaction displayed via circle fill and 
class defined by EpiMap indicated via circle colour. C) Venn diagram displaying an 
overlap between genes targeted by CaREs in nb, other or noEF classes. D) CaRE-
gene nuCapture-C score stratified by CaRE evidence class. E) Number of CaREs in 
each evidence categories (nb, other, noEF) grouped by Hi-C detected interaction 
(yes - 3D interaction is detected or no - no interaction detected). F) Comparison 
between different CaRE evidence categories (nb, other, noEF) in Hi-C score. All 
indicated p-values were calculated using the two-sided Wilcoxon Rank Sum test.

Figure S5. Normalized expression level of all TESLA-seq captured genes 
related to Figure 4. Histogram showing normalized gene expression level of all 
TESLA-seq captured genes in perturbed and control cells. 

Figure S6. CRISPRi phenotypic screen related to Supplementary Note 1. 

A) PHOX2B expression changes upon repression with dCas9-KRAB with
control or gRNAs targeting the promoter of Phox2B in SH-SY5Y cell line.
Relative expression of target genes is determined by RT- qPCR and
normalised to GAPDH. Shown are fold changes relative to the control.



Expression of actin is shown as a control. B) MTT viability assay with control or 
gRNAs targeting the promoter of Phox2B in a SH-SY5Y-KRAB (CRISPRi) cell 
line. C) Volcano plot showing the log-fold change of gRNA representation 
between the first and last time-point of the CRISPRi experiment. Significantly 
enriched/depleted gRNAs (FDR<0.05) are shown in red and blue, respectively. 
D) Volcano plot showing the results for our CRISPRi screen, each dot
corresponds to a CaRE defined by the CRISPRa screen. The x axis shows the
slope calculated by MLM. Significantly enriched/depleted CaREs (FDR<0.05)
are shown in red and blue, respectively. E) CiREs signal around the PHOX2B
locus (+/- 1 MB). From bottom to top: annotation for PHOX2B and its location
within the genome, ChIP-seq signal for HAND2, PHOX2B, H3K27ac, and
ATAC-seq signal in SH-SY5Y cell line. At the top is the score and direction
(blue for depletion, red for enrichment) of CiREs. P-values shown are adjusted
for multiple testing (FDR). F-G) Comparison between CRISPRa and CRISPRi
screen at the gRNA (F) and CaRE/CiRE level (G) in adjusted p-value (left) or
fold change (estimate, right).

Figure S7. Characteristics of CRISPR activation related to Supplementary Note 
2. A) Table showing the closest significant CaRE neighbors and their target genes
identified by TESLA-seq.  B) Genes expression comparison in cells in which the
following CaREs are targeted: CaREs targeting the promoter of the gene depicted
(promoter proximal), CaREs within genes that are not at the promoters of genes
(intragenic nonproximal) and CaREs that are targeting genes other than the one
depicted (control).C) Genes expression comparison of the genes targeted by CaREs
that have PHOX2B binding sites in cells in which the PHOX2B promoter was
activated (blue) and cells in which PHOX2B was not activated (red).



name sequence 

phox2b_qPCR_FW GGAGACTCACTACCCCGACA 

phox2b_qPCR_RV CTCCTGCTTGCGAAACTTG 

myoD_qFW AGCACTACAGCGGCGACT 

myoD_qRV GCGCCTTCGTAGCAGTTC 
APBB2_qFW TGCTGGTAACGTGTCTGAGG 

APBB2_qRV GGAGGTGGTCGAACTTTCTG 

SHISA3_qFW GAGCACCCAGGCATCACT 

SHISA3_qRV AACAGGTGCAACAATAAATAGCC 

actin_FW CGACAGGATGCAGAAGGAG 

actin_RV GTACTTGCGCTCAGGAGGAG 

gapdh_FW GCTCTCTGCTCCTCCTGTTC 

gapdh_RV ACGACCAAATCCGTTGACTC 

phox2b_prom1REVgRNA 
aaactgccctttaattcaatcacaC 

phox2b_prom1FWDgRNA 
CACCGtgtgattgaattaaagggca 

phox2b_prom2REVgRNA 
aaaccccttctaaccagctccctgC 

phox2b_prom2FWDgRNA 
CACCGcagggagctggttagaaggg 

phox2b_prom3REVgRNA 
aaacctgatcctcccttctaaccaC 

phox2b_prom3FWDgRNA 
CACCGtggttagaagggaggatcag 

phox2b_prom4REVgRNA 
aaacCCCTATCATTGATTCCTGCAC 

phox2b_prom4FWDgRNA 
CACCGTGCAGGAATCAATGATAGGG 

phox2b_prom5FWDgRNA 
CACCGGAATCAATGATAGGGAGGT 

phox2b_prom5REVgRNA 
aaacACCTCCCTATCATTGATTCC 

phox2b_prom6FWDgRNA 
CACCGCGTCTATTGGGCTGGCACTG 

phox2b_prom6REVgRNA 
aaacCAGTGCCAGCCCAATAGACGC 

Neg_ctrl_gRNA_FWgRNA 
caccGTATTACTGATATTGGTGGG 

Neg_ctrl_gRNA_RVgRNA 
aaacCCCACCAATATCAGTAATAC 

Table S1. Primers and individual gRNAs oligoes, related to Figure 1. 



name sequence 

HIC_chr4_91471 GATCAATAGCCCCAAGGTCACTAATCATTAATCTAGACAAAATAGTAAATACTAAAAATCTAAATAACCC 

HIC_chr4_91683 GATCTCTTTTTCAGAAGAAGAGAAAATAACTTGTAAATGAACGGAAATACAATTGAAAATGCTTGACAAA 

HIC_chr4_91683 TACTGGTTGATACATATTTATGACTACATATTTAGCCATATGTACGAGCAATCATACCCACATTCTGATC 

HIC_chr4_91712 
GATCTGGCGAACCCCGAGACCCACCCGCCCTGGGCTGGAGAGGCGGCGCGCTCTGGCTTTCCGCGCTGG
C 

HIC_chr4_91712 ACACCCACACGCCCACACTCAGGGTCTGCCCCCTCGGCCTGCGTGAACCTCCGCGGAGCCTGCCTGGATC 

HIC_chr4_92179 GGTGAATGTCAGTCATGTCTAGGTTGCATGCACATGACTCATTCATTTACTTATTAAATGATTGTCGATC 

HIC_chr4_92220 GATCATAATTTCGATGCCACAAACCCACCACCTAGAGCACACTAATTATCAGATTATTGCAAGGGGAATG 

HIC_chr4_92220 TTCCCGAGACCCGGCGTGCCTGGTGAAACTTTTGCATTTAGGCATTTATTTCAGTGCATGCTCTGGGATC 

HIC_chr4_92630 GATCCAAACTCTAAAGGAAAACTATTGGAGCTCATTTTTCCTGCCCACGTTAGCTAGCACATTTTGTTGA 

HIC_chr4_92630 
GACTGCAGACGCCGTAGAAGCGGTGCAGAAAGTGGGAACCCCTCCCTGGCCGAAATGAGCGGACTGGAT
C 

HIC_chr4_93108 GATCCATTCGCGCCAACAACTTCTCCCGCGAAGTGCAAGAAGGCGAAGACAGTGGCGCGCGGTGATGACG 

HIC_chr4_93108 GACATCGAGAGGAACCACGGTGCTTTGGTGTGAGCTCGGTTTTTGGCGGGGGCGCTAAAGTAGGGGGATC 

HIC_chr4_93406 GATCATGTTCTGTACATGACTACAAATAGTCCGAACGGTAGCCAGTTCCTTTCTGTTACCCCACCATTTG 

HIC_chr4_93406 AGCAGCTTGGCTGCTTGTCATAAATGGAGCGACGTAATTTCGACCTGTCCTTTCCCGGGAGTTAGCGATC 

HIC_chr4_93611 
GATCTGCGGGTCGGTCTCGGCGGGCGGATTACTCCTCGCCCACAACCTCGAGGCCCCGGGGTCAACCGC
G 

HIC_chr4_93611 AAGAAAGTGATTAGTAATTTATAAAGGCACATTAAAATACCATATAAATTACGGTTTTCTTGATAGGATC 

HIC_chr4_93953 
GATCTGCCGGCTCCCGCGGGCGGCGGCGCAACAGATTGCAGCGCCTGGAGACTCCAGCTGCCCCGCCTG
C 

HIC_chr4_94155 GATCCGGGAGAGCGTTTTCCTGCGCTAGACACGGCGTTCAGCCTCCGGGTTCCGGGTCTAGCTGAGTCAG 

HIC_chr4_94155 
GAGGGAGCAGGCCGAGCCTGAGAAAACCCGGGAAGTGGGTTGGGGGAAGGGGAAAGGTGGTAACTGGAT
C 

HIC_chr4_94380 GTAGCTCTGGGATAGAGAAAACTTCCCAAGGGATGCTGATGCTGCTGGTTGGATGAACAACACTGAGATC 

HIC_chr4_95059 GATCAATTTTAAACAGCAGGAACACCAATGGCACTGTTAACTGCTTTCTGGGTAGCCTCTTTAGCTTGGT 

HIC_chr4_95073 
GATCGAACCCCGCCGGCCCCGCCAACCCGGCCCTGCCAGCCCCAGGCTCACGGGGCTCCTCCGCACCAG
C 

HIC_chr4_95073 AGACGAAACTGGTTGGGAGGTAGTTAATTGCTCGGTGAAAATGAACTGATTTCCTCCTCAGGGAGAGATC 

HIC_chr4_95258 CTACGGCGCTCGGCCAGTCAGCAGCTCTGCCAGCATCTATGCAGGTGCCGGGGGCTCTGGTTCCTGGATC 

HIC_chr4_95387 
GATCCACCTGGGCGACGTGGCAGCCATTGCCGGCGCCTCGAGACCCCTCCCCACCCGGCCGCCCACCCG
C 

HIC_chr4_95387 
AGCGGCGGGCGGCGCGGCGAATGAACCCCCAAGCCCTGAATGTGGGGCCCGGCGCGGGCCGCCTCCGA
TC 

HIC_chr4_96122 GATCATTGTGACATTATAATGGTGAAAAATTAGAAATAACCTAAACATCTAGCATTTAGAGAATGATTAA 

HIC_chr4_96122 GCTTTGCCACCCAGTTTTGGTCATGGGGACTTGAGTTACTGTGACCTCAGAGGCCCCTAGGGGCCTGATC 

HIC_chr4_96184 GATCTCGGTCCTGCATGCAATGCAAGCCTGAGCTCTCCCGCCATAAGGCTGCAGCGGTGTGGGCTCCTTG 

HIC_chr4_96184 CTGCATGCAATGCAAGCCTGAGCTCTCCCGCCATAAGGCTGCAGCGGTGTGGGCTCCTTGTGCCCAGATC 



HIC_chr4_97125 
GATCTCTGCGACCCCCGCGTGCCCGGGGAGAGCTCCCGGGGCGAGCTCCCGGGGCGTCCTTACCTGGG
GC 

HIC_chr4_97125 TAATCCCTTTCCATTAGTGAGGCCCTTTCTACTTTATGGAGCACTTTCACCCTTCTTACTTTATGTGATC 

HIC_chr4_97617 GATCAGTTACCAGGAGAAGTTCTAAAGCAAGAAGAGAAAAGCATTTCAATTTGGGACATTTATTTGCACC 

HIC_chr4_97617 TTTGCAGCCTACCTGTGCAATCATAGGAGATGGCCTAAAGGAAGGACTTGAGAAACTACATGATATGATC 

HIC_chr4_98797 
GATCCCCGGAACCCGGCCTGGCCACCCCGCTCTCTCTCGGGGGTCCGGGGTAGGTGAGCGGAGCCTGCC
C 

HIC_chr4_98797 ACGGCCACCAAGCGTTGCGCAGCTGCAGGAGGAAATTCCCTTAATTATGAATTTACAGAGGGGACTGATC 

HIC_chr4_98914 GATCTGTTTTCTCAAGTCTCCAATCGCCTGCCTTCTTTGTGTCTTGTATTACCCTCACATCCCCCAGCTT 

HIC_chr4_98914 TGTTTTTCGTCTTCCCTAGGCTATTTCTGCCGGGCGCTCCGCGAAGATGCAGCTCAAGCCGATGGAGATC 

HIC_chr4_99200 GATCGTCACTTGGGCTGTAGTGCAAAACAGAAGGCATGCTCAAGTGGGAGTGGCCAAGGAGAGTTTAAAG 

HIC_chr4_99200 AGAAGGCATGCTCAAGTGGGAGTGGCCAAGGAGAGTTTAAAGGAAGGGTTAGAAAGAAGTGAGCCGGATC 

HIC_chr4_99266 ATCTCATATCCTGGTTCCTCTGACACCAGCTGCCTCTCCCATACCACCTAAGTTTGACCCCAGTGAGATC 
HIC_chr4_10016
0 

GATCCCGGCGTGAGGGAAGGGCAGCCGGACGTGGCCCCAAAAGTGGTCCTTATCGGGTTATACTGGAAG
C 

HIC_chr4_10016
0 TCCCTATCATTGATTCCTGCATCTCTAATTAGAATTTAATACCACACCATTACGCACCGAGCCCCTGATC 
HIC_chr4_10047
5 

GATCCGTTTTCAAACGGCGCGGGGACGGCAGTGCCGGAGGCCGCGTCTCCTTAGTAATCGCGCGGGCAG
G 

HIC_chr4_10047
5 CGGATAGGCCGGGCTGCCGCCAAACAAAGAGATAATAAAAAATTAACTATTTTAACATATATTACAGATC 
HIC_chr4_10061
7 GATCATTTGTGAGCTGTATTTAATGCAAAAGTTGCTCCCCCATCCTGATTTCTTAGCTCACTGGGCCAAT 
HIC_chr4_10061
7 GTTGGCTCTTTAGGGCTTCACCCCGAAGCTCCACCTTCGCTCCCGTCTTTCTGGAAACACCGCTTTGATC 
HIC_chr4_10072
0 TCCCGTTTAGCCAACGAGCTGCGTGTGAGCTGCATGGAGCGGAAAAAGGTCCAAATTCGGAGCTTGGATC 
HIC_chr4_10074
7 GATCAGGCTTGCCTAAAACGAGTTGAAACCAAAGCCATTTTAAGAATCCAAAATATGAGATTAGTTTTGT 
HIC_chr4_10074
7 TTTTCTTACTCTCCCAACTTATTTTCTTAAATTTTCTAAAAGGAAGGAGGGGTGCTACTCACTACGGATC 
HIC_chr4_10084
9 GATCCGCAGTGGCAGTGGTGTGTCCTGTCTGCGGAGAGCCAGGCCAGAGACAATGAGCAACACCTCAGAG 
HIC_chr4_10084
9 GAAGAAATTCTTCTGGAACTCAGAGAAGAAGGAGTTTTTAGGCAGGACTGGTGGCAGTTGGTTTAAGATC 
HIC_chr4_10119
2 

GATCTTGGCCCGGGTGGTCGCGCGGTGTTTACGGGGCTTTGGGGTCCTGCTTTCCCCGAGCATCGCGGC
C 

HIC_chr4_10119
2 ACTGCAACTGGCGCCATCCGGCGAGGGTCTGGAGGGTGCCCAATTTCAGTAGCCGTTTGAATGAGAGATC 
HIC_chr4_10190
4 

GATCGCCACAGGTTGGGACTCTGTGCGGCGCTGGAGTTGGCAGCCCCGGGCGCTATGGCTCCCTTGAGG
A 

HIC_chr4_10190
4 

GGTCTGTGCGCCAGGGGGACGCGGCCGGGTGGGGGAATCAAGGGATGAGTGGGTGGTCGCGTTTCAGAT
C 

HIC_chr4_10206
1 GATCTTACTTGAATCCTTCTGAACTAAAATTTGGCAGGTTCATTTATAAAATTTCACATTGAGAAAAAAT 
HIC_chr4_10206
1 AAAAGCCATACAAAAAATAAGCAAAAACATCCTAGGAGCTGTATATGACACAATTCTTGAGGACTTGATC 
HIC_chr4_10249
2 

GATCTCCGACACGGTCCTCCGCATGGTGGGCATCGCGGCGGCGGCTGCAGGTGGGTCCTCAGCCCGGAC
T 

HIC_chr4_10249
2 

GAGCCAGGGGGAGCCTCCTTCGCCCCGCCCCGCCCCGCTTCGGACCGTATCACGACTCAAAGGGGGGAT
C 



Table S2. Oligoes used for nuCaptureC, related to Figure 3. 

HIC_chr4_10524
4 GATCTTAAATGTTATATAATAGAAATATTATATATTTCTAAGGGCCTCAGAATCGTGCAGGCGCAATTGT 
HIC_chr4_10524
4 CGGGTGCAAGCCGAGCGGTTGGCCATAAGAGCCCGGCTGAAACGAGAGTACCTGCTTCAGTACAATGATC 
HIC_chr4_10549
5 GATCTGAAAAAATTCCTGTTGCTTAGTGATGTCTTAATGACCCTGTGTAGGCCCAGGCTAACAAGTGTGT 
HIC_chr4_10549
5 ACTCAAAACCTGCAAATTGCTCAGAATTCAAGAAGTCAGATATTTCTGGAAATAGGAGAGATGGTGGATC 
HIC_chr4_10694
6 GATCCTAAGAAATCCTCCAAATGAAGAAACTTTCAAAGGCTCTGGAAACAATACGAATGATTCTGTCTTC 
HIC_chr4_10694
6 

TGATGTCACGACAGCGTGCGGCGTGCAGACGTCGGCAAGCTGCGCCGCCGCTTCGGGTTGCTTCCGGAT
C 

HIC_chr4_10694
9 GATCCTACGGGGGGTACCTTCGAAAAAAAACGGGCTATGCTGCTGTTGCGTGTGGGTACCCTCTCCTGAC 
HIC_chr4_10694
9 AATTCAAGGTGACTGCCCCCTGGAATCTGATTTAGCCAAGTTTTCAAACGTTGGAGTGCCCCATGCGATC 
HIC_chr4_10705
0 GATCCAAACTATTGTCGCCTTATGCAATTCTCTGGCATCACAAGACAGCATCAAAAAACAACAGAGCACC 
HIC_chr4_10705
0 

GCCTGAGGTGAGACGCGAGGAGTTCGGTCCGAGTGCGGTGCGGCTGGGCGCTCTTCTTGCCTGGAAGAT
C 




