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Fig. S15: Heatmap showing the correlation between 3 consecutive SPIN states with histone mark signals, Repli-seq, and Hi-C subcom-
partments. The rows in the heat map represent different 3 SPIN patterns and are grouped by the SPIN states in the middle. Percentage
of each 3 consecutive pattern for each SPIN state is shown on the left. Symmetrical 3 consecutive SPIN patterns are merged, and 3
consecutive SPIN patterns with length <100kb are not include. The heatmap shows the average fold enrichment of genomic signals on
the middle SPIN state of each 3 consecutive pattern.
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Fig. S16: Justification of the 25kb resolution use in this work. a. Genome Browser view of TSA-seq/DamID and SPIN states. In the zoom-
in view, three genomic regions with different size (5kb, 10kb, and 25kb) are highlighted. Note that the differences of TSA-seq and DamID
scores between neighboring 5kb and 10kb bins are barely noticeable. b. The relationship between genomic distance and TSA-seq/DamID
scores. X-axis shows the genomic distance of two genomic bin (kb), and Y-axis shows the mean and variance of their TSA-seq/DamID
score differences in percentile. 5kb, 10kb, and 25kb are highlighted in red dash lines. c. H3K4me1 histone modification signals at the SPIN
states boundaries of different resolution. Top panel shows the SPIN states boundaries called at 25kb resolution (used in the main text).
Bottom panel shows the SPIN states boundaries called at 10kb resolution.
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Fig. S17: Justification of the number of states. a. To determine the optimal number of states, we first used K -means clustering algorithm
to cluster 25kb bins based on TSA-seq and DamID signals. We chose different number of states (k), ranging from 2 to 30. Then we
calculated the total within-clusters sum of squares for each clustering results. b. Summary of results from NbClust. The histogram shows
how many times NbClust proposes each number of states as the best choice. c. AIC score of the SPIN results calculated for different
number of states. d. BIC score of the SPIN results calculated for different number of states.
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Fig. S18: Results of SPIN on simulated data. a. An example of the simulated data. Tracks shown here are (from top to bottom) the
simulated SON TSA-seq, Lamin-B1 TSA-seq, Lamin-B1 DamID, Nucleolus DamID signal, the simulated states, and the SPIN predicted
states. b. Confusion matrix of the SPIN predicted states using Hi-C O/E as edges with p-value cutoff 1E-5. The columns represent the
true states and the rows show the predicted states. c. Confusion matrix of the SPIN predicted states without using Hi-C data as input.
d. Prediction accuracy of different methods and settings based on the simulated data. The methods used include: SPIN with Hi-C O/E
p-value cutoff 1E-5, SPIN with Hi-C O/E p-value cutoff 1E-4, SPIN with Hi-C observed data, SPIN without using Hi-C data, Gaussian HMM,
and K-means.



Low
2

Q
uies

Low
4

Low
6

Low
5

Low
1

Low
3

ElonW
EnhF1
EnhW

f
EnhF3
Prom

F
Enh2
EnhF2
Elon
Enh1
Tss
G

en3'1
G

en3'2
R

epr1
R

epr3
R

epr4
C

tcfO
EnhP
R

epr2

−6−4−202
Fold Enrichment

Q
uies

G
en3'

G
en5'

Elon
ElonW
Enh
EnhW
EnhF
TssF
EnhW

F
Pol2
Tss
R

epr
R

eprW
Art
H

4K20
R

eprD
D

naseD
Prom

P
C

tcfO
Low
C

tcf
FaireW
D

naseU
Prom

F

TSS
T E W

E
R C

TC
F

PF

Segway

ChromHMM

Combined
Speckle

Interior_Act1
Interior_Act2
Interior_Act3

Interior_Repr1
Interior_Repr2

Near_Lm1
Near_Lm2

Lamina_Like
Lamina

Speckle
Interior_Act1
Interior_Act2
Interior_Act3

Interior_Repr1
Interior_Repr2

Near_Lm1
Near_Lm2

Lamina_Like
Lamina

Speckle
Interior_Act1
Interior_Act2
Interior_Act3

Interior_Repr1
Interior_Repr2

Near_Lm1
Near_Lm2

Lamine_Like
Lamina

a

b

c

Fig. S19: Comparison with ChromHMM and Segway chromatin states. The heatmap shows the correlation between SPIN states
and the chromatin states from ChromHMM, Segway, and the combined segmentation. a. Comparison with Segway states in K562.
b. Comparison with ChromHMM states in K562. c. Comparison with combined states from Segway and ChromHMM. For each
ChromHMM/Segway/Combined state, fold enrichment score on each SPIN state is calculated.
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Fig. S20: Comparison between SPIN and Segway-GBR. We used the same input data by Segway-GBR in GM12878 and IMR90 to run
SPIN and set the number of states to 5. The heatmaps show the fold enrichment of Repli-seq signals in GM12878 and IMR90 stratified by
the SPIN and Segway-GBR states, respectively. a. Comparison in GM12878. b. Comparison in IMR90.
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Fig. S21: Incorporating the strengths of Hi-C interactions into the SPIN framework. a. Stratification of histone modification and multi-
fraction Repli-seq as compared to the SPIN states after adding log2(O/E) as edge weight. b. Genome Browser example of the SPIN
states with edge weights added. c. Confusion matrix between SPIN states after adding log2(O/E) as edge weight (X-axis) and the original
SPIN states (Y-axis). d. Distribution of log2(O/E) score between SPIN states. e. Intra-chromosomal Hi-C interaction O/E strength and the
number of edges for each pair of SPIN states. Hi-C interactions with distance <100kb are discarded. The average strength of Hi-C O/E
is represented by the color intensity of circles and the number of edges is represented by the size of circles. The numbers of edges are
normalized by the size of each SPIN states. The heatmap on the left is plotted with the original SPIN states and the one on the right is
plotted with SPIN states after adding log2(O/E) as edge weight.
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Fig. S22: Heatmap showing RBP binding stratified by different SPIN states. The RBP ChIP-seq datasets were collected from [26]. Log2
fold enrichment ChIP-seq peak density over expected is calculated.


