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T2V o 7 VT DWW T, insulation score, T2 X— kAL MR T ElA 7y 1 IRTEOREEE FHA
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This project has three pillars of "support™ (1) protein and modification profiling, (2) genome higher-
order structural analysis, and (3) transcriptional analysis. Through the project, we provided research
support to 26 research groups. (1) Protein and modification profiling support included ten projects (78
samples) using ChIP-seq, low-input ChIP-seq, and ChIL-seq methods. (2) In support of higher-order
genome structure analysis, 5 cases and 23 samples were analyzed for chromatin structure using the Hi-
C method. (3) In support of transcriptional analysis, 4 cases and 36 samples were supported by RNA-seq,
and single-cell RNA-seq analysis by Chromium was conducted for 7 cases (80 samples). For each research
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support, we provided consistent support from the determination of the experimental strategy through
consultation with the group who wanted support, to sample preparation, preparation of sequencing

libraries, sequencing by NGS, and data analysis.

On the other hand, as "sophistication,” we further pursued the advancement of the analytical
techniques we have developed in the following three areas: 1) protein and modification profiling, 2)
chromatin higher-order structural analysis, and 3) integrated data analysis.

1) protein and modification profiling

Although ChIP-seq is usually performed with about 106~ cells of input, for chromatin analysis of even
smaller amounts of cells, we improved the low-input ChIP-seq protocol, introduced the CUT&Tag method,
and investigated antibodies that can be used for these methods, and confirmed that signals could be
detected from as few as 103~ cells. To obtain data from even smaller amounts of cells, we developed a
chromatin integration labeling (ChIL) method, which is completely different from ChIP. This method
allows comparing spatial localization and epigenomic information in the same sample in addition to low-
input profiling (Nat. Cell Biol. 2019, Nat. Prot., 2020).

2) chromatin higher-order structural analysis

The conventional Hi-C and HiChIP methods typically require 2 million/10 million cells, respectively,
but it is difficult to collect such a large number of cells in many cases. Therefore, we investigated the
experimental conditions for Hi-C and HiChIP with high sensitivity using the Tagmentation method,
aiming for a small scale of one to two orders of magnitude. As a result, the Hi-C method was able to
analyze samples as small as 25 ng, equivalent to 1/500 of the conventional method. In the Hi-ChIP
method, about two-thirds of the sequence data obtained by the conventional method were invalid reads
(duplicate reads obtained by PCR amplification), while about 99% were unique reads by the introduction
of the Tagmentation.

We also developed and introduced the ChIA-drop and Pore-C methods as new technologies to
simultaneously reveal interactions between three or more genomic regions, which is not possible with
the conventional Hi-C/HiChIP method. By individually encapsulating the fixed and fragmented protein-
DNA complex into microdroplets and then adding each droplet-specific sequence to all the encapsulated
DNA, ChIA-drop makes it possible to reconstruct the DNA regions that interacted in the genome after
sequencing. In the Pore-C method, libraries prepared in the same way as in the Hi-C experiment are not
fragmented, but rather long strands are decoded using a Nanopore sequencer. The multi-contacts are
detected as concatemers by the sequencing. We further advanced Pore-C to develop targeted Pore-C
(tPore-C), which enables enrichment of only multipoint interactions around the target antigen.

3) integrated data analysis

To analyze the single-cell transcriptome data produced by this project in a multifaceted and efficient
manner, we have released a platform that brings together a set of current tools for single-cell analysis
(https://hub.docker.com/r/rnakato/singlecell_jupyter ). This image enables quality assessment, cell
clustering, identification of cluster-specific gene expression, and construction of gene networks for
expression levels, open chromatin, and spatial gene information. As a further extension, we have
established and published a gene network estimation method using single-cell transcriptome data as
input, a method for identifying mutually exclusive gene pair groups expressed between cells, and a

method for identifying novel important marker gene candidate groups using network comparison among
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multiple samples (Nuc. Aci. Res., 2021). By using this method, novel candidate marker genes that could
not be obtained by conventional inter-cluster expression variation analysis can be extracted.

We have developed a whole-genome annotation method based on interaction variation among three or
more samples obtained by the Hi-C method, which has been difficult before. This method calculates
various one-dimensional features such as insulation score and compartment score for multiple samples
to be compared, and clusters and classifies whole-genome regions using a hidden Markov model. This
enables us to capture variations in 3D structural fluctuations among samples comprehensively.
Furthermore, we have developed novel scores that capture various recently proposed chromatin states,
such as stripe TADs and enhancer hubs. Comparison of a large number of Hi-C data with knockdown of
cohesin-related factors using these techniques revealed the presence of multiple interaction variation

patterns in the genome involving different protein groups.



