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Figure 1 The architecture of R-loop
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Figure 2 Mechanism of R-loop in maintaining DNA
hypomethylation at promoters
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Figure 3 R-loop and m°A cooperatively regulate transcription
termination
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Figure 4 R-loop orchestrates stress-responsive transcriptional
repression
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Figure 5 R-loop acts as barriers to cohesin-mediated loop extrusion
in cells
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Table 1 R-loop detecting technologies
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4.1.2 DRIPc-seq
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4.1.5 bisDRIP-seq
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4.1.6 S9.6-based CUT&TAG
S9.6-based CUT&TAG(S9.6 antibody-directed
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4.2.1 DRIVE-seq

DRIVE-seq(DNA:RNA in vitro enrichment and
sequencing) & | FH A& 4 ali 44 1) B 11 46 25 75 22 TR Nase
HI1RAZ RGN NIEEE 21067 ) R A& Z FRD R AL Ny R 4 T
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4.2.2 R-ChIP

A ) AR 4% s 56 w1202 iE A AL R RS LY
RNase HIJF & T —Fi &K MIR-loop I E A, FRONR-
ChIP(R-loop chromatin immunoprecipitation). 1% /7 V% &
S AR 8 RV S RALRIC 1) B A 4k 25 7% B! RNase
HIRZRD2I0N) 4L &, 25, B MVt
RNase H1(D210N)-RNA:DNA %+ &4 HE47 S iz SLUTE,
AT & B R R 2H IR -loop. B, I X ITTE FTDNA
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4.24 HBD-based CUT&TAG
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PER, e HEREAER-loop X 318 E 12 5¢ DN A P &1 A3

INEINEYE S S
spKAS-seq >

EREDNA

EREST)E|

I ——
# . =™

RIAN-seq
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(strand-specific kethoxal-assisted single-stranded DNA
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4.3.1 spKAS-seq
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B . %3 AR R I R A A A7 AE B 2R [H R -loops,

2 e Streptavidin

@ N3-kethoxal

251V BE  —
— —
— —_—> H —> ee—

Figure 8 Non-affinity enriched R-loop high-throughput sequencing technology
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R-loops are three-stranded nucleic acid structures formed by a DNA:RNA hybrid paired with a displaced single-stranded DNA. As
ubiquitous regulatory elements in genomes, R-loops participate in crucial biological processes including DNA damage repair and
transcriptional regulation in both prokaryotes and eukaryotes, while also modulating epigenetic landscapes through the regulation on
histone modifications and higher-order chromatin structure. However, disruption of R-loop homeostasis leading to aberrant
accumulation can induce DNA damage, genomic instability, and chromatin structural abnormalities, thereby contributing to the
pathogenesis of various cancers and genetic disorders. Researchers have developed multiple R-loop detection methodologies,
primarily including affinity-based enrichment techniques utilizing S9.6 antibodies or RNase H1 hybrid-binding domains, as well as
non-affinity approaches such as single-molecule labeling via spKAS-seq or nuclease cleavage-based RIAN-seq. This review
systematically summarizes current understanding of R-loop formation mechanisms, physiological/pathological functions, and
detection technologies, providing a theoretical framework for elucidating R-loop biology and its disease relevance.
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