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Self-transcribing active regulatory region sequencing (STARR-seq) is a convenient method for genome-wide identifica-
tion of plant enhancers. The basic principle is that an enhancer is able to activate the reporter gene expression (e.g., GFP)
in a well-designed transient expression vector. The constructed vectors, which harbor the enhancer candidates, are
transiently transformed into tobacco leaves or various protoplasts. The resulting reporter transcripts are enriched for
sequencing. In the original design, the locations and activities of the enhancers are predicted by mapping to the reference
genome and enrichment analysis. Recent research in plants showed the robustness of adding barcode sequences to
link transcripts to the candidates placed upstream. The enhancer activities can, thus, be evaluated as the relative reporter
expression level driven by the candidate versus the negative control.
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ADVANTAGES:

Based on the well-designed vector
coupled with the transient

transformation system, STARR-seq is an
efficient method which allows parallel
identification and analysis of enhancers in
different plant species.

Enhancer activity in different
environmental conditions (e.g., light
regime) can be assessed through the
STARR-seq method.

Integrative analyses using STARR-seq and
other technologies such as assay for
transposase-accessible chromatin using
sequencing (ATAC-seq) and ChIP-seq
enable verification of functional enhancers.
This approach can also elucidate the
relationships between chromatin
modification and enhancer elements.

CHALLENGES:

The method for enrichment of the GFP
mRNA with poly(A) tail through the PCR-
based strategy needs to be improved in
order to distinguish other types of mMRNA
during the sequencing library construction.

The influences of native chromatin
structure on enhancer activities cannot
be reflected in STARR-seq.

Different host systems may favor different
vector systems or species origins of
candidate fragments.

High levels of repetitive elements in plant
genomes may lead to a low signal-to-
noise ratio during enrichment analysis.
Bioinformatics analysis methods and
pipelines need to be optimized for plant
studies. What is currently lacking is a
software designed specifically for
processing barcoded STARR-seq data.
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Integrative analysis of STARR-seq and other sequencing data is an effective strategy for identification of essential plant enhancers, which might serve as candidates
for genome-editing systems to modify the downstream gene expression for crop improvement.
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