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Chromatin conformation capture techniques have revealed the existence of asymmetric
structure in genome called architectural stripe. Former studies have suggested its role in
transcription and recombination. However, the lack of a useful tool for stripe detection has
made it difficult to study these architectural features systematically. The only existing tool
called Zebra, developed for stripe detection, usually gives many false positive signals. Here,
we devised a novel algorithm called Stripenn for stripe detection that implements the image
processing technique. It can easily exclude the stripes of low quality using its scoring system.
It is applicable for various 3D genomic contact data including Hi-C, HiChIP and micro-C. The
stripe analysis with Hi-C and HiChIP data on immune cells showed that most of the stripes
exist on the transcriptionally active regions and structural proteins are enriched at the anchor
of the stripes. In addition, the topologically associating domains containing stripes were
bound with significantly more structural proteins and enhancer marks and showed high DNA
accessibility compared to non-stripy topologically associating domains. Genes that are highly
expressed in these regions were enriched in immune responses unlike those in other regions.
Finally, we found that the stripes were mostly conserved in T-cells of inbred strains of mice
and the local change with the structural protein binding led to the large change in gene
expression. In short, Stripenn enables the systematic study of architectural stripe and our
finding adds more evidence to its role in cell-identity gene regulation.

Architectural Stripe
• A pattern where single locus forms frequent

contacts with a contiguous genomic intervals.
• Stripes are enriched in active super-enhancers and

affects the transcription.
• Stripe anchors are hotspots for DNA damage.

ZEBRA: Existing tool for stripe detection (Vian et al., 2018)

Limitation of ZEBRA
1. False Positives: Zebra is quite sensitive, but 

sometimes it calls loops or patterns 
discontinuous from diagonal line as stripes

2. No scoring system
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Stripenn vs. Zebra: Pile-up plot analysis

• Dataset: activated B cell (Vian et al., 2018)
• Zebra is sensitive in that it can detect weak 

stripes on the border of TADs.
• Stripenn is good for detecting stripes clearly 

distinct from the surroundings.
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• Most stripes exist on 
transcriptionally active 
regions (A compartment)

Structural proteins are enriched at Stripe Anchor

* Start = Stripe anchor
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• Here, we developed a python package called ‘Stripenn’ to detect architectural stripes from
3D genomic contact data by implementing image processing technique.

• Stripenn has two scoring systems each of which is used to:
1) Filter out low quality stripes based on p-value.
2) Rank the stripes considering the contrast with its background and pixel continuity

within stripe.

• Structural proteins (CTCF, cohesins) are enriched at the anchor of stripes.

• Stripes seems to be involved in transcriptional regulation in that:
1) Stripes are mostly located on transcriptionally active regions (A compartment).
2) Stripy TADs are bound with significantly more enhancer marks (H3K27ac) and

structural proteins compared to non-stripy TADs.
3) The expression levels of the most highly expressed genes (top 1 genes) in stripy TADs

were significantly higher than those in non-stripy TADs.

• Stripes seems to be involved in cell-identity gene regulations
1) Top 1 genes in the stripy TADs were enriched in the function of immune response

unlike those in non-stripy TADs.
2) Stripes of T-cells in two inbred mouse strains were mostly conserved even though

there was a lot of differentially expressed genes.

Dataset: activated B cell

Dataset: Double Positive T cell of C57BL6/J 

T-cells of two mouse inbred strains (NOD vs. BL6)

• Most stripes were preserved 
between two strains, although 
700 genes were differentially 
expressed between them.

• Example: Sorl1 (P=2.09E-17) 
Local change in CTCF and SMC1
is considered to affect the 
differential gene expression.

Stripe scoring

Large contrast 
in x-direction

Small contrast 
in y-direction

Stripiness = 𝒏 ∙
σ𝒊 ( 𝑮𝒙,𝒊 −|𝑮𝒚,𝒊|)

𝑳

𝒏: Median intensity of stripe pixels normalized
based on sequencing depth and distance decay.
𝑮𝒙,𝒊: The smaller of the left and right gradient

values of i-th stripe pixel in the x-direction
𝑮𝒚,𝒊: The gradient value of i-th pixel in the

y-direction.
𝑳: The length of the stripe

(Vian et al., 2018)


