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CRISPR PRO-LiveFISH: A Breakthrough in
High-Sensitivity 3D Genome Tracking

Ithough existing CRISPR-
Cas-based imaging meth-
ds can target endogenous
genomic sequences, their applica-
tions are limited by system com-
plexity and sensitivity, particularly
when imaging non-repetitive loci,
performing multi-locus visualiza-
tion, or working with primary cells.
To address these challenges,
a joint research team from the
Institute of Biophysics (IBP) of
the Chinese Academy of Scienc-
es and Tsinghua University has
developed a novel live-cell DNA
imaging technology called CRIS-
PR PRO-LiveFISH (Pooled gRNAs
with Orthogonal bases LiveFISH),
which integrates CRISPR technol-
ogy with expanded genetic alpha-
bet technology.

Building upon the previous
CRISPR LiveFISH approach, this
upgraded system introduces, for
the first time, orthogonal unnat-
ural base pairs from an expanded
genetic alphabet for site-specific

fluorescent labeling of single guide
RNAs (sgRNAs). Through rational
design of Cas9-sgRNA structures,
the researchers achieved a sub-
stantial improvement in probe
labeling sensitivity.

This study was published
in Nature Biotechnology (doi:
10.1038/541587-025-02887-3) on
November 6, 2025.

The PRO-LiveFISH method
integrates DNA library construc-
tion with expanded genetic code
technology to combine in vitro
transcription and post-transcrip-
tional modification strategies,
generating a high-throughput,
site-specific, efficiently labeled
sgRNA probe library. This enables
high-sensitivity live-cell imaging
of non-repetitive DNA sequences,
including in primary cells. The
method simplifies experimental
procedures and minimizes po-
tential interference with native
genomic structure and function.

Using PRO-LiveFISH, the re-

searchers achieved simultaneous
real-time tracking of multiple
genomic loci within living cells.
They systematically uncovered the
relationship between chromatin
dynamics and epigenetic states,
elucidated the spatiotemporal
characteristics of enhancer-pro-
moter (E-P) interactions, and
revealed the critical role of the
transcriptional coactivator BRD4
in maintaining super-enhancer
three-dimensional (8D) interac-
tions. These findings deepen our
understanding of epigenetic regu-
lation and the spatiotemporal dy-
namics of the 8D genome.

With its high sensitivity,
specificity, and compatibility
with multiple cell types, CRISPR
PRO-LiveFISH opens new avenues
for exploring how 8D genome
organization and epigenetic mod-
ifications coordinate to control
gene expression, cell identity, and
disease processes such as cancer.

(Source: IBP)

Design strategy and applications of CRISPR PRO-LiveFISH. (Graphic: Dr. FANG Xianyang’s group)

CRISPR PRO-LiveFISH

- Expanded genetic
alphabet (X-Y)

- Rational design &
site-specific labeling
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Site-specific labeled
fluorescent sgRNAs

Advantages and applications
« Sensitive imaging of non-repetitive loci without signal amplification
+ Multiplexed live-cell imaging of E-P dynamics in primary cells
« First application of expanded genetic alphabet (X-Y) in sgRNA generation
« Enable site-specific labeling for improved sensitivity

Monitoring dynamics of
enhancer-promoter interactions

Real-time E-P dynamics

Revealing correlation between
epigenetics and chromatin dynamics
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