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Figure S1. Digestion of A. thaliana genomic DNA with four-cutter enzyme DpnII.
(A) Predicted distribution of genomic fragments after complete DpnII digest. Products shorter than 200 bp (red) account for more than half of expected fragments. (B) Digestion of fixed chromatin. Crosslinks were reversed and DNA was purified for agarose gel separation. Lane M, marker; lane 1, intact genomic DNA; lane 2, DNA after DpnII digestion; lane 3, control sample for DNA degradation, which was treated the same as sample in lane 2 but without addition of DpnII.
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Figure S2. Hi-C control.
(A) Schematic diagram showing types of products anticipated from both Hi-C and control reactions. Ligation products of desired events (labeled with “1”) are only present in the Hi-C sample (left), while ligation products due to random collision between molecules (labeled with “2”) and self-ligation (labeled with “3”) are present in both Hi-C and control (right) samples. The red dots depict restriction sites in incompletely digested DNA. In the Hi-C sample, product “3” appears as a subset of product “1”. (B) Distribution of read distance in 0.55 million randomly selected control read pairs. (C) Percentage of intra-chromosomal control read pairs found within a range of 2 to 50 kb compared to the entire population of control intra-chromosomal read pairs.
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Figure S3. Contact maps from Hi-C and control samples.
For each sample, intra-chromosomal read pairs from chromosome 1 were selected and normalized at 20 kb resolution.
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Figure S4. Number of read pairs for interaction between 2 kb bins with different distances.
The plots for signal and background read pairs were generated by following methods described by Hou et al. (Molecular Cell 48: 471-484, 2012). For each chromosome, the distances with reliable interactions are those having signal reads more than background reads.
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Figure S5. Comparison of Hi-C maps among different datasets.
For each sample, intra-chromosomal read pairs from chromosome 1 were selected and normalized in 20 kb bins. The normalized Hi-C map (at 50 kb resolution) from Moissiard et al. (Science 336: 1448-1451, 2012) was downloaded from GEO (Accession number: GSE37644).
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Figure S6. Suppressed interactions across centromeres.
(A) Schematic drawing presenting types of intra-chromosomal interactions. (B,C) Average contact strength of different intra-chromosomal interactions observed in Hi-C (B) and control (C) samples. As the normalization was performed individually on samples, only comparisons of contact strength values within, but not between different samples are meaningful. 
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Figure S7. Differential behaviors of telomeres.
(A,B) Interaction of the telomeres from the short (A) and long (B) arms of chromosome 2 with the rest of the genome. (C,D) Interaction of the telomeres from the short (C) and long (D) arms of chromosome 4 with the rest of the genome. Calculations were performed with a Hi-C map normalized at 20 kb resolution. For each panel, the terminal 60 kb was used as the query region. Shaded blocks represent centromeric regions, which were not excluded from this analysis.
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Figure S8. Interaction between centromeric regions and telomeres.
Calculations were performed with Hi-C map normalized at 20 kb resolution. For each panel, bins belonging to centromeres (shaded regions) were used as query. Arrows indicate stronger interactions found with telomeres of the short arms of chromosomes 2 and 4.
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Figure S9. Classification of the A. thaliana epigenome at 2 kb resolution.
(A) Identification of chromatin states (CS). CS1-4 are according to Roudier and colleagues (EMBO J 30: 1928-1938, 2011), who used 12 epigenetic data sets that partially overlap with the 16 data sets used here. CS5 (grey) is related to CS1 (green), and CS6 (purple) to CS3 (red). The naming of CS1-6 groups is the same as that for the epigenome approximated with 400 bp bins. (B) Visualization of classified bins with the first three principal components. (C) Distribution of gene bodies and TEs in CS groups. (D) Distribution of genes, based on the location of their TSSs, in each CS group. (E) Distribution of gene expression level in each CS group; see Supplemental Fig. 16B for detailed definition of expression levels.
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Figure S10. Bias analysis of bins grouped according to chromatin states.
The distribution patterns of effective length, GC content, mappability, and number of GATC ends are plotted for bins belong to each CS group. Bins not included for Hi-C map normalization and bins belonging to centromere are not included in the plots.
SOM for Wang, Liu et al.	A. thaliana Hi-C map


[image: HD-Abt6-Cliu-MBP:Users:chang:Documents:MPI:manuscript:Hi-C:Genome Research:revision1:figS12.jpg]

Figure S11. Bias analysis of bins showing extreme week or strong contact strength.
The distribution patterns of effective length, GC content, mappability, and number of GATC ends are plotted for bins with the 5% lowest or highest contact strength. 
SOM for Wang, Liu et al.	A. thaliana Hi-C map
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Figure S12. Association between contact strength and epigenetic marks.
(A) Relationship between proportion of CS groups of bins and rank of contact strength (10 kb)(left panel). Results from bins from CS1 to CS6 are all shown here, while results without CS3 and CS4 are shown in Figure 3C. Right panel, the local contact values were permuted and randomly assigned back to each bin, and bins are subsequently ranked based their new values. (B,C) Contact strength of adjacent bins (B) and bins at distance of 100 kb (C). For panel B, the plot without CS3 and CS4 is also shown in Figure 3D. Bins with unclear category are not shown since they are of small number.
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Figure S13. Association between local contact strength of bins and epigenetic marks.
Average enrichment of 16 epigenetic marks in bins ranked based on local contact values is plotted. Rank 1 represents bins with the lowest contact values. Y-axis indicates percentage of nucleotides in 2 kb bins.
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Figure S14. The A. thaliana Hi-C map is characterized by local strips.
[bookmark: _GoBack](A) Hi-C map of a region from Drosophila chromosome 3R normalized at 2 kb. The raw sequencing data from Sexton et al. (Cell 148: 458-472, 2012) was downloaded from GEO (Accession number: GSE34453). (B-D) Hi-C map of a region from A. thaliana chromosome 1 normalized at 20 kb (B) and 2 kb (C,D). (D) Part of the region highlighted with dash-line in (C) is shown. Green arrows depict positive strips. 
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Figure S15. Consistent detection of local strips in biological replicates.
A region from chromosome 1 is shown. 
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Figure S16. Bias analysis of bins forming strips on Hi-C map.
The distribution patterns of effective length, GC content, mappability, and number of GATC ends are plotted for bins showing positive and negative strips, respectively. 
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Figure S17. Genomic features around positive strips.
Various genomic features around positive strips. Coverage means the average percentage of each 500 bp bin annotated with the respective sequence feature.
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Figure S18. Categorization of gene expression levels.
(A) Comparison of RNA-seq data generated from two biological replicates. (B) Grouping genes into 9 expression levels according to their RPKM values. Each group has a similar number of genes.
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Figure S19. Gene expression levels and positive strips.
Distribution of genes by expression level around positive strips were plotted. For genes outside strips, only those with TSS located within 2 kb from strip borders were included, and they were further grouped by their transcription directions with respect to strips. 
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Figure S20. Bias analysis of bins forming specific sequence of HMM states.
Distribution of effective length, GC content, mappability, and number of GATC ends (DpnII recognition sequence) are plotted for bins around insulator-like regions (A), TAD-boundary-like regions (B), and TAD-interior-like regions (C). “U” and “D” mean bins having biased interaction with upstream and downstream regions. “N” means bins without directionality bias. “X” means bins with any HMM state.
SOM for Wang, Liu et al.	A. thaliana Hi-C map
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Figure S21. Epigenetic marks associated with type A insulator regions.
Average enrichment refers to fraction of each 400 bp region identified as enriched for the respective epigenetic mark. “U” and “D” mean bins having biased interaction with upstream and downstream regions, respectively. “X” means bins with any HMM state.
SOM for Wang, Liu et al.	A. thaliana Hi-C map
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Figure S22. Epigenetic marks associated with type B insulator regions.
Average enrichment refers to fraction of each 400 bp region identified as enriched for the respective epigenetic mark. “U” and “D” mean bins having biased interaction with upstream and downstream regions, respectively. “N” means bins without directionality bias. “X” means bins with any HMM state.
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Figure S23. Epigenetic marks associated with type C insulator regions.
Average enrichment refers to fraction of each 400 bp region identified as enriched for the respective epigenetic mark. “U” and “D” mean bins having biased interaction with upstream and downstream regions. “N” means bins without directionality bias. “X” means bins with any HMM state.
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Figure S24. Epigenetic marks associated with TAD-boundary-like regions at the end of a “U” run.
Average enrichment refers to fraction of each 400 bp region identified as enriched for the respective epigenetic mark. “U” and “D” mean bins having biased interaction with upstream and downstream regions, respectively. “N” means bins without directionality bias. “X” means bins with any HMM state.
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Figure S25. Epigenetic marks associated with TAD-boundary-like regions at the start of a “D” run.
Average enrichment refers to fraction of each 400 bp region identified as enriched for the respective epigenetic mark. “U” and “D” mean bins having biased interaction with upstream and downstream regions, respectively. “N” means bins without directionality bias. “X” means bins with any HMM state.
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Figure S26. Epigenetic marks associated with TAD-interior-like regions at the start of a “U” run.
Average enrichment refers to fraction of each 400 bp region identified as enriched for the respective epigenetic mark. “U” and “D” mean bins having biased interaction with upstream and downstream regions, respectively. “N” means bins without directionality bias. “X” means bins with any HMM state.
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Figure S27. Epigenetic marks associated with TAD-interior-like regions at the end of a of a “D” run.
Average enrichment means the percentage of each 400 bp region claimed as enriched for the respective epigenetic mark. “U” and “D” mean bins having biased interaction with upstream and downstream regions, respectively. “N” means bins without directionality bias. “X” means bins with any type of HMM state.
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Figure S28. Genomic features around insulator-like and TAD-boundary-like regions.
The occurrence of tRNA, B box motif of tRNA promoter, and SINE transposons were plotted along insulator-like (A) and TAD-boundary-like (B) regions. Coverage means the average percentage of each 500 bp bin annotated with the respective sequence feature “U” and “D” mean bins having biased interaction with upstream and downstream regions, respectively. “N” means bins without directionality bias. “X” means bins with any type of HMM state.
SOM for Wang, Liu et al.	A. thaliana Hi-C map
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Figure S29. Composition of types of read pairs as a function of the genomic distance between mapped loci.
After filtering (see details in Methods), all retained read pairs with both ends mapped to the same chromosome were pooled and grouped according to the mapping mode (“Inward”, “Outward”, and “Samestrand”). The ratios of Inward/Samestrand and Outward/Samestrand reads were calculated based on a serious of distance ranges. For each distance range, only reads having the genomic distance within it were used for calculating the ratios. In an ideal situation, both Inward/Samestrand and Outward/Samestrand read ratios will be 0.5, as the ligation of digested DNA should have no bias on sequence direction with respect to the reference genome. However, self-ligation always produces “outward” type read pairs. Thus, if self-ligation products contribute substantially to a certain distance range, the Outward/
Samestrand ratio will be much higher than 0.5. 
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Figure S30. Illustration of strip calling.
(A) A simulated map where one bin has a negative strip and another bin a positive strip. The black line drawn below the map indicates bins from which index values were plotted. Different from those parameters used in analyzing the real Hi-C data, here for a bin of interest, only interaction with its 5 upstream and downstream bins are analyzed; while for the percentile check, only 10 neighboring bins are included. (B) For a bin of interest (arrow), its contact strengths with up to 5 interacting bins downstream or upstream were used to calculate the index value (orange dots). (C) For a particular contact strength (orange dot), it is compared with a pool of equivalent contact strength values (yellow dots) from 10 neighboring bins (yellow arrows), and a score was obtained. Here “-3” is given, since the contact strength belongs to the bottom 5% among all contact strength values considered. (D) This process was performed for all other contact strengths of the focal bin, and the sum of derived scores was defined as the index value of this bin.
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Figure S31. Venn diagram of insulator-like, TAD-boundary-like, and TAD-interior-like regions.

image1.jpeg
Number of fragments

10000

6000

0 2000

Dpnll, complete cutting

.
e
1 50 200 1000 4000

Fragment size (bp)

1000 bp=

200 bp==





image2.jpeg
A

(Chromatin extract)

G50 e )5
Reverse
crosslink
> =7
<L~ Ligation <l Ligation
I Reverse crosslink
<~ Labeling ‘ Labeling

Between 2 kb and 50 kb

w
@)

60

* Dpnll
© Hindlll

1e+06
I

Number of read pairs
1e+02
!
f
Percentage of read pairs
20 30
1 1

50
1

1e+04
L
40

10
1

1e+00

0 20 40 60 80 100
Distance (kb)

Dpnll Hindlll




image3.jpeg
Hindlll (control)

(z607) o0 (z607) yoeu0)

(z607) yoeju0) (z607) yoeju0)





image4.jpeg
Read counts Read counts Read counts Read counts

Read counts

200 1 5 20 200

5 2

* Signal
* Background

Chromosome 1

Chromosome 2
10 60 100 400

* Signal
* Background

Chromosome 3
10 60 100 400

* Signal
* Background

Chromosome 4

10 60 100 400

* Signal
* Background

Chromosome 5

10 60 100 400
Kb




image5.jpeg
Dpnll (Biological replicate 1) Dpnll (Biological replicate 2)

~ ~
(Y] (Y]
=] =]
Qo Qo
= =
= =
- -
o |8}
9] 9]
= =
c c
Q Q
&) &)

Hindlll Hindlll (Moissiard et al., 2012)

|

Contact (Log2)
Contact (Log2)





image6.jpeg
A over-centromere same side

= ————

R S~ 7 ~,
» P ~u
centromere

—— same side
< —— over-centromere

Contact

4.0 6.0 8.0 10.0 Mb

Distance

© .
—— same side
—— over-centromere
©o
°
v}
§ < QOVQ_"'\
o~
o

4.0 6.0 8.0 10.0 Mb

Distance




image7.jpeg
A

Chromosome 1

Log2(Contact)

o
=4
2

Chromosome 2

Log2(Contact)

o
o
S
=

Chromosome 3

Chromosome 2, short arm

b)

b)

Log2(Contact)

o
I
X
=

Chromosome 4

b)

Log2(Contact)

°
@
=

Chromosome 5

b)

Log2(Contact)

5

°

27 (Mb)

@)

B Chromosome 2, long arm Chromosome 4, short arm D Chromosome 4, long arm

Chromosome 1 Chromosome 1 Chromosome 1

Chromosome 2

-

Chromosome 3

Log2(Contact)
Log2(Contact)

t

Log2(Contact)

o

Chromosome 2 Chromosome 2

8

4

Log2(Contact)
Log2(Contact)
Log2(Contact)

3
)

Chromosome 3 Chromosome 3

b

Log2(Contact)
Log2(Contact)
Log2(Contact)

o

Chromosome 4 Chromosome 4 Chromosome 4

I

Log2(Contact)

Log2(Contact)
Log2(Contact)

°

Chromosome 5 Chromosome 5

M

Chromosome 5

Log2(Contact)
Log2(Contact)

t

Log2(Contact)

o
o




image8.jpeg
Log2(Contact) Log2(Contact) Log2(Contact) Log2(Contact)

Log2(Contact)

1n 1 4 6 8 10

6 8 10 12

6 8 10 12 4

4

o

o

°

16

10

23

15

18

Chromosome 1

31 (Mb)

Chromosome 2

20 (Mb)

Chromosome 3

24 (Mb)

Chromosome 4

14

14

21

T
19 (Mb)

Chromosome 5

27 (Mb)





image9.jpeg
€€H

L'eH
QegMYH
LoWyMEH
ouwg
qngezH
COW/LZMEH
E€OWQENEH
COWQEMEH
€9W/ZHMEH
LOW/LZHEH
OB8IMEH
COWBMEH
OBGMEM
EOWPMEH
COWPMEH

<

Cs1

I

unclear CS1 CS2 CS3 CS4 CS5 CSé6

Gene
n TE

.|

T T T T
0L 80 90 v¥0 20 00
sainjea} Jo uoipodoid

I CS6

Ll

® unclear = CS2

08

09

oy

0C

sauab jo abejuaoiad

Cs2

unclear
- CS6

©
9]
o

CS5

cs4

Expression level




image10.jpeg
Fraquency Fraquancy Fraquency Fraquancy Frequency Fraquancy

Fraquency

0 2350 0 4100 o 200 0 2700 0 2550 0 12500

700

-}

genome-wide
0 1000 2000 3000 4000

Effactive length
cs1

0 1000 2000 3000 4000

Effective length
cs2

0 1000 2000 3000 4000

Effective length
cs3

0 1000 2000 3000 4000

Effective length
cs4

0 1000 2000 3000 4000

Effective length
Css

0 1000 2000 3000 4000

Effective length
Csé

0 1000 2000 3000 4000

Effective length

Frequency Frequency Frequency Frequency Frequency Frequency

Frequency

0 3450 o 150 0 3050 0 2700 0 10300

0 2950

500

1]

genome-wide

el

0.2

03 04 05 08

GC content

L,#

0.2

03 04 05 08

GC content

:| Cs2

01 02

03 04 05 08

GC content

L,—r-ll-ﬁ

0.2

03 04 05 08

GC content

L-l-—ﬁ

0.2

03 04 05 08

GC content

L_thﬁ

0.2

03 04 05 08

GC content

L#

0.2

03 04 05 08

GC content

Frequency Frequency Frequency Frequency Frequency Frequency

Frequency

0 8700 0 16450 100 0 10500 0 9800 0 47700

0 2000

genome-wide

| E—

0.5

06 07 08 09

Mappability
cs1

1.0

| E—

05

06 07 08 09

Mappability
cs2

1.0

IS

05

06 07 08 09

Mappability
cs3

1.0

US|

0.5

06 07 08 09

Mappability
Ccs4

1.0

| E—

05

06 07 08 09

Mappability
CSs5

1.0

E—

0.5

06 07 08 09

Mappability
Csé

1.0

| —

05

06 07 08 08

Mappability

1.0

Frequency Frequancy Frequency Frequency Frequency Frequency

Frequency

0 6600

1300

]

1500

0

100

0 2650

1250

Q

350

e

genome-wide
] 10 20 30 40

Number of GATC ends
cs1

0 10 20 30 40

Number of GATC ends
cs2

0 10 20 30 40

Number of GATC ends
cs3

0 10 20 30 40

Number of GATC ends
Ccs4

A1

0 10 20 30 40

Number of GATC ends
Cs5
0 10 20 30 40

Number of GATC ends
Csé

Rl

0 10 20 30 40

Number of GATC ends




image11.jpeg
Frequency

Frequency

Frequency

3000 5000 7000

0 1000

150 200 250 300

50 100

o

200 300 400

100

Genome-wide

0 1000 3000
Bottom 5%

0 1000 3000
Top 5%

0 1000 3000

Effective length

Frequency

Frequency

Frequency

5000 7000

3000

0 1000

100 150 200 250

50

100 150 200 250

50

Genome-wide

01 02 03 04 05 06

Bottom 5%

J

T T T 71 1
01 02 03 04 05 06

Top 5%

)

T T 1 T 1
01 02 03 04 05 086

GC content

Frequency

Frequency

Frequency

10000 30000 50000

0

1000 1500 2000

500

500 1000 2000 3000

i}

Genome-wide

| I B . A
05 06 07 08 09 1.0

Bottom 5%

05 06 07 08 09 1.0

Top 5%

T 1T 1 71T 1
05 06 07 08 09 1.0

Mappability

Frequency

Frequency

Frequency

3000 5000 7000

0 1000

200 300 400

100

200 300 400

100

Genome-wide

0 10 20 30 40

Bottom 5%

0 10 20 30 40

Top 5%

T 1T 1 1
0 10 20 30 40

Number of GATC ends




image12.jpeg
<

css

"
5

it
]

e,
2

+ CS2 ~ CS4 = CS6
Cl
-

4 CS1 x CS3

s
00
oo
_—
i,
DY
I gt Snar

o
,

j&%@f
N
k]

5,
A

S .
&

ww w
o

!
i

o5
0%,
SR,
o
s
il
e

o
2%
P
- +.
b

-, o

80 90 o 20 00

Ccss

+ CS2 ~ CS4 = CS6

4 CS1 x CS3

80 90 o z0 00

sdnoib g9 jo uoniodoid

40 60 80 100

20

100

80

40

20

Contact strength rank

Contact strength rank

00s2

0002

0051  00O0L

yibuais eju0n

00S

CS groups

0S|t

00l 0S

yibuays 1peU0D

CS groups




image13.jpeg
Average entichment Average enrichment Average enrichment

Average enrichment

(%)

5

(%)
0 2 46 810

15 20

(%)
10

5

0

H3K4me2 H3K4me3

50 100 1 50 100
H3K18ac H3K27me1
&
@
e
w
o
50 100
H3K36me3d

PRI
LA - "
5 e
A R o
e V.
pas s

50 100 1 50 100
H3K4me1 H4K5ac
8 -\"?"A\'.""-f ?":‘“"‘.
w
8 s,
g
wn
=]
50 100 1 50 100

Contact strength rank Contact strength rank

0 2 4 6 8 10

10 15 20 25

5

0

20

0 5 10

10 20 30 40

]

50 100

H3K27me3

50 100

50 100

50 100

Contact strength rank

15 20

5 10

1]

10 20 30 40

0

10 20 30 40

0

H3K9me2

H3K36me2

e M
-5'-'.' B

50 100

5mC

LA 3
Y

50 100

50 100

Contact strength rank




image14.jpeg
18.0 Mb 22.0 Mb 23.0 Mb

D

22.0 Mb 23.0 Mb 22.0 Mb 22.4 Mb




image15.jpeg
Replicate 1

Replicate 2

4.5 Mb 5.0 Mb




image16.jpeg
Frequency

Frequeney

Frequency

3000 5000 7000

0 1000

100 150 200 250

50

150 200 250 300

100

50

Genome-wide
I S e
0 1000 2000 3000 4000
Postive strips
0 1000 2000 3000 4000

Negative strips

0 1000 2000 3000 4000

Effective length

Frequency

Fraquency

Frequency

3000 5000 7000

0 1000

100 150 200

50

150 200

100

Genome-wide

01 02 03 04 05 06

Postive strips
e e
01 02 03 04 05 06

Negative strips
| S R
01 02 03 04 05 06

GC content

Frequency

Frequency

Frequency

1500 0 10000 30000 50000

1000

500

1000 1500 2000

500

Genome-wide

05 06 07 08 08 10

Postive strips

05 06 07 08 08 10

Negative strips

05 06 07 08 08 10

Mappability

Frequency

Frequency

Frequency

7000

3000 5000

0 1000

150 200 250 300

50 100

0

100 200 300 400 500

0

Genome-wide

Postive strips

20 30 40

Negative strips

| I L I . |
[ 10 20 30 40

Number of GATC ends




image17.jpeg
Coverage (%)

Coverage (%)

Coverage (%)

30 40 50 60

10 20

L]

Gene MicroRNA Non-coding RNA
, w - o
i W W . J
i g £
4 g " g "1
e e
2 oo 2 -
= 3 3
S S
1 [ PWE L W W
N © | ousttersttonsestettess seseesretesorssueses® 4
) T L I T T T T L T T T T T T T
-10kb  -5kb [ 5kb 10kb -10kb  -5kb [ Skb 10kb -10kb  -5kb o 0 Skb 10kb
Pseudogene Ribosomal RNA Small nucleolar RNA
4 w - o
B - 4
£ £
i s " S 4
e e
E 2 oo 2 -
3 3
W ’ :
e © | eomsneeseesesesasnsese sessssasnsnsessesesese e
T T T T T T L T T T T T T T
-10kb  -5kb [ 5kb 10kb -10kb  -5kb [ Skb  10kb -10kb  -5kb o o 5kb 10kb
Small nuclear RNA Transposable element tRNA
] 2 o
1 o oo |
£ £
| s S 4
g =7 e
i g g i
3 3
S S
w -
| eosonsucessssesnsesese sssssessersessssseries o | eomonrtrarotusetetonss  coesrmatrsarensrstennt
T T L T T T T L T T T T T T T
-10kb  -5kb [ 5kb 10kb -10kb  -5kb [ Skb  10kb -10kb  -5kb o o 5kb 10kb




image18.jpeg
Biological replicate 2 (RPKM)

1e+04

1e+02

1e+00

1e-02

RNA-Seq replicates

R?=0.985

T T
1e-02 1e+00

T T
1e+02 1e+04

Biological replicate 1 (RPKM)

[level __JGenenumber __[rem |

3644
3703
3703
3703
3703
3703
3703
3703
3704

© ® NV AW R

[
0.00455~0.149
0.149~0.381
0.381~1.53
1.53~5.42
5.42~115
11.5~22.4
22.4~50.2
Above 50.2





image19.jpeg
Number of genes

Number of genes

Number of genes

150 200

100

50

80 120

40

80 120

40

Inside positive strip

7

1.2 3 4 6

Expression level

Towards positive strip

o

1.2 3 4 5 6 7 8 9

Expression level

Away from positive strip

=

12 3 4 5 6 7 8 9

Expression level




image20.jpeg
D UN UN X

T T
u

T

:IT.E..._ of x x T|l|- 000 osof- X ::oT...E...._
ot {]--4+ | 2 g Tll.sil ol 2 .L.....B.i
o wt--[}-4= | 2 z Tllslloa wl u.ao_‘...E.i
oot - [[|--4e - o 0 |p—m—oceo wowe of- @ f osoof---{ [ ]--4
I-T.E.L Lo a Tllla!u PR A n.of...‘E.L
“--d[l--4s Lo a Tla!s&s.i Fo e :Tlg.i
coat--{[]--4o } o cat-[[ |-~ 4o |- o _Ils cms@oood- O o eaf--- Y
P 4 toao od--[[}--fo | @ T.l.l coecweo & O ocomf—- - =
T — T — T — T
000y 000E 000Z 00O 90 §0 ¥o £0 20 00t %50 060 o 0e 0z o o
wbuol onnooyy3 1woluoo 09 Anqedden U0 OLYD Jo PqUINN
NCRR iy | IO op--[T}--4=f > T.aas e o0 o D fo of---d | -4
oat--{[}--4 | = cb-{[}t | o [ com e g o H.T..‘H_H_.L
! IR o b[eepx e e T = o--ITl--4 F> poo[[ -+ > [jmeemmoomoco of 5 o sop---{]--4
U I o N
bee{l4 | a s spf}eass Lo [fesies o L. A o at--[[]-4= F > B ] e ST R e e -4
a--[J--4 o t-[[J-+ Fo [pes o c=lo o wd--{[}-4 Fo> peedJr-de b o e e comoce > | eosop--{ -4
g S S Il S S B R R e - e "
- —do |- Z - ---do]- £ m@o0s oo o = o 0 0of - -~ -f .
ob--[T}--4 > ob-{[J-doo -2 |pmoo = o ko > -+ A e LNl I | e i H: )
a¢-{]]-4 F > ob-{[}-+ o [pee eo sLs s o] [}--4 F x b--- H_H—..i Ex TS!IZ @ oo x :.T...H_H_...._
o -] o | M-+ } [ T T — T T — T — T
u.”!!@ﬁ”“ et | H Tr—-wruuva\A_ [ H TT. —— N L H H DU_S_OBDH GBONVGUDﬂ 90 S0 vo n_.c zo 00’} v6'0 060 c_«. oe [ oL o
T T T T T T T T T T — T T T T T T T s otoo)3 L et Amgeddeny SPUS DLYD JO RquINN
0007 000E 000Z 00OL 90 §0 ¥0 €0 20 00t ¥50 050 o 0 o0z o o O
uibusy aAnR0)3 oo 09 Amqeddep SPUD DLV JO PqUINN
F--[T)]--4+ F = Fo-fl e | x [pmommene oo - x b= TH F = QTV_HVLT Lo IT.HD...? Fo  [pmemsemommons ta o :T.l_Hm -4
eI+ |x b}t Fx [peeee  eeobx ob-o {4 | o {T}--4 | o B O A o o [
R Y D [ s SO IO AN 0 O EUORO) I IO
cesp--{J}--4 o ab-{[}-4e of 0 |pwe o w w o fwook---{]--4} o
oomt--[[]--4 } o oac- - H_.lf!u. o Tln:au:e a e.oT...DH..._
o_‘yl_H_H.i L=z -} -dmo |- = Tao 0 ° |z o.aT.lHD.L z
Ay VR el Lo [fss o B R i I 1..5..* - M IT.H:...TST M Tlao oo moo M oﬂoT.i_Hﬁ..._
ST.E” - L > o poe[[]--4mo |- o T! o coowo ® o |- D SeT.y.H_U.L B uly.._H_H....* 3 =] | |-~ 5 Tlilﬁ. @0 0 @ 35 ua_‘....._Hﬁ.L
S | [ ob[fe fx fpwee o o x @ ke[ [+ | x o[} | B oot [[}-imo | B |pmo vo0oem ol B | comp oo ]
oap-] []--+ |k x l‘lDH_.l_ L x Tn o o | x ST...H_H_.yL x a#iﬁ_”xi_a L x a+i”_H_i+lo_T x T.llnl!; sioel x u».»Tliﬁmii
LI B N B N B B T T T T T T T ¥ T T T T T T T T LI B B N B B B T T T T T T T T T T T T T T T T
000¥ 00OE 000Z 0004 90 S0 v0 €0 20 00’} v6'0 060 oy [ 0z oL o 000r 000E 000Z 000L 90 S0 v0 €0 20 00'} v6'0 060 oy 0e 0z oL o
wbuol onnooy3 oo 09 fnaeddeny $PUD 0LV Jo PqWNN wbuor onnooy3 Woluoo 09 fnaeddeny o OLYD Jo PquNN
o-{[}4 < P-4 oF = [peoee oo x e I cogo-{]--40 | x B | [ | e O D
sT.DH_i F < o b=[[ 14 | x Taa x o ..T._”D.\_ x eo--{J]--4 |3 o+.E..To 2 Tuliosooa z o eT..._HD..._
o TE._ Lo o TEI+ . _ve.; oo is o ok [1]--4 }F o ot--{[]--4¢ | 2 o op-{[l-tomo |- 2 Ts.as:s: « LZ | ..T...B..._
:T,EL F o TEEY, o |po w . a -] }-4} e o T.ﬁ_u_...% Lo ap-[[J--demef > [pmome e w o of==-{ []--4
T.E..L (= 3 TEL ok o T..a o 5 [ — R N - {[]--4e I o +1=H_,,Tu L > Tn-!alsxi > eoTIE,L
ob--[[}4 F= b4 b | e o > I [ o oot--{J}--4 F=o |o a--{[}--+ > [rmwoccwe o o > osof == []--4
-{[]4 F = ob-[[}-Ae oo fx [ o e - > o k{4 | x o ot--[]--4 > wp--{[ -4 F > [fmeomm moccwd 5 fo ob-o-{[]--4
eodk--[[]4 | x cob-{[J-4 Fx b= co bx foo b )4 b x at--{]]--4 F > -]+ | > [pmememmwmones b o oo cob---{]]--4
T T T — T — T — T — T — T — T — T
0007 000 000z 00DL 90 g0 v0o €0 20 00’k ¥50 060 ov 0 0z o 0 0007 000E 000 000K 90 §0 ¥O £0 20 00t %0 060 ov 0 0z o 0
nBuoy oAoRY3 WoIueo 99 Amqeddeyy SPUD OLYO JO JPqUNN wnBuay oAnoa)3 WIuoo 99 Amnqeddey SPUB DLVYO JO JBQUINN

<

(a4]

D

u

X DN DIN U

D

X UN UN D

U DN DN X




image21.jpeg
Average enrichment Average enrichment Average enrichment

Average enrichment

(%)
10 20 30 40 50

(%) (%)
10

10 20 30 40 50

(%)
10

0

20

15

0

20

15

H3K4me2

H3K4me3

H3K%ac

H3K9me2

- =3 i=] =3
-t o« L
- o o
" o
- N w
2
i - -
- ]
— - o~
=1 (=] o o
X X U UuDDXX X X U uUuDDXX X X U UDDX X X XU uDbDDXX
H3K18ac H3K27me1 H3K27me3 H3K36me2
-l =3 i= <
- =~ ~
- w© w
- =3
@ o~
b 2
-
=3
e | w
o~
. o AN/ o
X X U UuDDXX X X U UDDXX X X U UuDDX X X X UUuDDXX
H3K36me3 H3K27me2 H2Bub 5mC
wf o f=] [=3
~ wm o~
1 \f\/\"\/\.JV\ g
o * 2
n
B 8
e
| 8 5
- o w
o ]
- | k=] =]
X X U UuDDXX X X U uUuDDXX X X U UDDX X X XU uDbDDXX
H3K4me1 H4K5ac H3.1 H3.3
- (=3 k=] o
w w ©
| 2 g B
o
=3 =] ~
o o«
i ’\/\I\}\/\P\-/\/‘ 2
(=3 i=]
o~ o~ o
N
B =4 e =

0

0

Q





image22.jpeg
Average enrichment Average enrichment Average enrichment

Average enrichment

(%)

(%)
10

i

(%)
10 20 30 40 50

(%)
10

i

20 30

B

20

15

0

20

15

H3K4me2

H3K4me3

H3K9%ac

H3K9me2

XXUUNDDKXKX
H3K18ac

20 30 40

10

K

XX UUNDDXX
H3K27me1

30

20

10

J
X XUUNDDKXX
H3K27me3

10

i

XX UUNDDXX
H3K36me2

XXUUNDDXX
H3K36me3

X XUUNDDXX
H3K4me1

X XUUNDDKXX

10

L

30 40 30 50 70

20

10

B

XX UUNDDXX
H3K27me2

XX UUNDDXX
H4K5ac

XX UUNDDXX

15 20

10

10 20 30 40 50

0

10 20 30 40 50

0

o

XX UUNDDKXX
H2Bub

X XUUNDDXX
H3.1

X XUUNDDKXX

0 5 10 20 30

5

15 20

10

0

10 20 30 40 50

0

X XUUNDDX X
5mC

XX UUNDDXX
H3.3

XXUUNDDXX




image23.jpeg
Average enrichment Average enrichment Average enrichment

Average enrichment

(%)

(%)

(%)

(%)

20 30

10

15 20

P

20 30 40

10

N

15 20

10

i

H3K4me2

X XUUNNDDX X
H3K18ac

X XUUNNDDXX
H3K36me3

20 30 40

10

10

L

H3K4me3

X XUUNNDDXX
H3K27me1

XXUUNNDDXX
H3K27me2

30

20

10

30

20

10

H3K9ac

X XUUNNDDX X
H3K27me3

XX UUNNDDXX
H2Bub

10

3

20 30

10

H3K9me2

XX UUNNDDXX
H3K36me2

X XUUNNDDKXX
5mC

X XUUNNDDX X
H3K4me1

50 70

30

B

X XUUNNDDXX
H4K5ac

10 20 30 40 50

0

H

XX UUNNDDXX
H3.1

20

15

10

{

XX UUNNDDX X
H3.3

X XUUNNDDXX

20 30 40

10

H

XXUUNNDDXX

10 20 30 40 50

0

5

XXUUNNDDXX

40 60

20

H

X XUUNNDDXX




image24.jpeg
Average enrichment Average enrichment Average enrichment

Average enrichment

(%)

(%)

(%)

20

(%)

30

20

10

15 20

10

40

30

10

20

15

10

H3K4me2 H3K4me3 H3K9ac H3K9me2
o g Qo o
« « g
@ -
& & w
e e 7
o - ’\I\,\’—,J\’_'
i=] o i=]
u u U U U DNDN X u u U v U DN DN X u u U U U DNDN X u u U U U DNDN X
H3K18ac H3K27me1 H3K27me3 H3K36me2
L™ b= o
Lo « «
o =
= k=1
® By B
\VW\/\/\/M 7
e e
"1 ,\‘\’\f‘\-\,../\w
i=] o o
u u U u U DN DN X u u U v U DN DN X u u u v U DN DN X U U DN DN X
H3K36me3 H3K27me2 H2Bub X5mC
R e &
8 d eS| 8 e
= =]
o . N =
(3]
b= w
o e
o o o
u u u v U DN DN X u u U v U DN DN X u u u u U DN DN X U U DN DN X
H3K4me1 H4K5ac H3.1 H3.3
g 2 2
=1 Q
8 - - -
’WMW & &
8 |
=] =1
~ ™
W e o o
o - o o





image25.jpeg
Average enrichment Average enrichment Average enrichment

Average enrichment

(%)

(%)

(%)

20

(%)

30

20

10

15 20

10

40

30

10

15 20

10

H3K4me2

H3K4me3

H3K%ac

H3K9me2

Q Q
) )
i=1 Qo
o~ o~
e € 1
o o
X UNUN D D D D D X UNUN D D D D D X UNUN D D D D D X UNUN D D D D D
H3K18ac H3K27me1 H3K27me3 H3K36me2
=] k=] Q
-~ N =
@ w 4
2
Q
© ™
‘O_ -
A3
e ~
W\/"\/l\\/\ @
o~
° M . .
X UNUN D D D D D X UNUN D D D D D X WUNUN D D D D D X UNUN D D D D D
H3K36me3 H3K27me2 H2Bub SmC
R 2 8
o w
g4~ T\ ————| ® 2
o 4 o 4
o N =
@
e ©
o
2
o =] =]
X UNUN D D D D D X UNUN D D D D D X UNUN D D D D D X UNUWUN D D D D D
H3K4me1 H4K5ac H3.1 H3.3
Q .~ =]
- - w
Q 4
Qo Q 4 A
R B N L 2 Y
- | W
«
i=] o 4
o~ o~
- -}
K
W - - |
- - =]
o o o

X UN UN D

D

X UN UN D

o

X UNWN D D D





image26.jpeg
Average enrichment Average enrichment Average enrichment

Average enrichment

30

(%)
20

L

(%)
5 10 15 20

:

30

(%)
20

0 5 10

(%)
10 15 20

L

5

H3K4me2

X DN DN U u u u u
H3K18ac

20

15

10

H3K4me3

X DN DN U u u u u
H3K27me1

15 20

10

H3K%ac

X DN DN U v u u u
H3K27me3

20

15

/-

10

H3K9me2

X DNDN U U U U U
H3K36me2

X DNDN U U U U U
H3K36me3

X DN DN U u u u u
H3K4me1

X DDNDN U U U U U

30 50 70

10

20 30 40

10

X DN DN U u u u u
H3K27me2

-W

X DNDN U U U U U
H4KSac

¥

20

10

30

20

10

40 60

20

X DNDN U U U U U
H2Bub

X DNDN U U U U U
H3.1

15 20

10

i

30

20

10

20 30 40

10

B

X DNDN U U U U U
5mC

X DNDN U U U U U
H3.3

X DNDN U U U U U




image27.jpeg
Average enrichment Average enrichment Average enrichment

Average enrichment

(%)

(%)

(%)

(%)

20 30

10

15 20

30 10

20

i

20

15

L

10

H3K4me2

oD D D D D UNUN X
H3K18ac

D D D D D UNUN X
H3K36me3

15 20

10

10

L

H3K4me3

oD D D D D UNUN X
H3K27me1

D D D D D UNUN X
H3K27me2

15 20

10

30

20

10

H3K9ac

o D D D D UNUN X
H3K27me3

D D D D D UNUN X
H2Bub

10

15 20

10

H3K9me2

D D D D D UNUN X
H3K36me2

D D D D D UNUN X
5mC

D D D D D UN UN X
H3K4me1

30 50 70

10

H

D D D D D UNUN X
H4KSac

30 40

20

10

D D D D D UNUN X
H3.1

20 30

10

D

D D D D D UNUN X
H3.3

D D D D D UWNUN X

20 30 40

10

D D D D D UWNUN X

40 60

20

)

D D D D D UNUN X

20 30 40

10

H

D D D D D UNUN X




image28.jpeg
Fa Fa =
Lo Lo L
Lo Lo L
< Fox Fow -
H 2 z
& Fom Lo® F
z z
Lz Lz L
L E g N
E 5
L x L x L
T T T T T T T — T T
7o 800 %00 000 €00 200 100 000 010 800 900 300 200 000
(%) abeioro 49005 12d squinu piop (%) eBeioro0
L ox L x L
- & - & -
5 5
z z
Lz g L
< Fox Fow -
H 3 z
(3 Fom Fo® o
L L L
Lo Lo L
L Lo L
T T T T T T T T T T T T T
Z0 800 w0 000 €00 200 100 000 S0 00 00 000
(%) 86210100 49005 J0d s0quinu oW (5) oB2s1900
L ox kL x L
L ox L x L
Lo Lo L
Lo Lo L
< rz 3 Fzw -
F4 a H
z Lzam Lz L
Lo Lo L
Lo Lo L
—_ x L x L
L x L x L
T T T T T T T T
vo €0 zo Lo 00 90 w0 200 000 ¥0 g0 Zo Lo 00
(%) ebesary dq00g sod saquiny oy () eBeiorog
L s L x L
Fox b ox o
La L a L
Lo Lo L
< 3 w
H F=za Fz2 F
[ o @
L L L
Lo Lo L
L x L x L
L x L x =
T T T T L e T T T
S0 0K0 00 000 Y00 €00 200 100 000 §0 ¥0 €0 TO 1O 00
(%) 81200 4005 124 squinu giop () eBr12r00)
L x L x L
L x L x L
ko Lo n
Fox Fow L
E H H
< Fom F>® >
Lo Lo L
L ox L x L
L x L x L
T T T T T LI s s s s T
vo €0 Zo 10 00 900 w00 200 000 oL 80 90 vo Z0 00
(%) eBe1on0g dq005 Jod Jequinu Jiow (%) obeier0g

<

o

X UN UN D

U DN DN X

u

X X UUNNDD X X

X X U UNDD X X




image29.jpeg
Dpnll replicate 1

=Inward/Samestrand

=Qutward/Samestrand

0-500

500-1000  1000-1500 15002000 2000-2500

Distance (bp)

Dpnll replicate 2

===Inward/Samestrand

s Qutward/Samestrand

0-500

500-1000  1000-1500 1500-2000 2000-2500

Distance (bp)





image30.jpeg
Index
-20 -10 0 10 20
!

D, TR 'r

EEEEEER




image31.jpeg
Type A insulator-like
(XXUUDDXX)

TAD-boundary-like TAD-boundary-like
UUUUU(D/N)(D/N)X X(U/N)(U/N)DDDDD

TAD-boundary-like
UUUUU(D/N)(D/N)X

Type C insulator-like Type B insulator-like
(XXUUNNDDXX) (XXUUNDDXX)
Type A insulator-like
(XXUUDDXX)
TAD-boundary-like TAD-interior-like TAD-interior-like
o X(U/N)(U/N)DDDDD X(D/N)(D/N)UUUUU DDDDD(U/N)(U/N)X

Type C insulator-like Type B insulator-like
(XXUUNNDDXX) (XXUUNDDXX)





B T L e —————
ety



