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Abstract: The heterogeneity of gene expression in plant cells plays a crucial role in determining
the functional differences among tissues. Recent advancements in spatial transcriptome (ST)
technology have significantly contributed to the study of specific biological questions in plants.
This technology has been successfully applied to examine cell development, identification, and
stress resistance. This review aims to explore the application of ST technology in plants by
reviewing three aspects: the development of ST technology, its current application in plants, and
future research directions. The review provides a systematic description of the development
process of ST technology, with a focus on analyzing its progress in studying plant cell growth
and differentiation, plant cell identification, and stress resistance. In addition, the challenges
faced by ST technology in plant applications are summarized, along with proposed future
directions for plant research, including the advantages of combining other omics technologies
with ST technology to tackle scientific challenges in the field of plants.
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Figure 1 Development of the spatial transcriptomics.
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Table 1 Comparisons of technologies for spatial transcriptomics

Technique Strategy Year Resolution = Whether Advantage Limitation References
applied
to plants
LCM Microdissection 1996 Cellular Yes Faster to perform Low throughput [19]
Difficult to operate
TIVA 2014 Cellular No Performed in living cells Low throughput [20]
tomo-seq 2014 N/A No High sensitivity and spatial Several same biological [21]
resolution samples needed
Geo-seq 2017 10 cells No High sensitivity than LCM  Low throughput [31]
NICHE-seq 2017 Cellular No High throughput Limited to genetically  [32]
engineered models
ProximID 2018 Cellular No Able to predict preferential Low throughput [33]
associations between cells
smFISH Insitu 1998 Subcellular  Yes High sensitivity Low throughput [22]
hybridization Limited RNA
measurement
seqFISH 2014 Subcellular No Highly multiplexed Occurrence of errors [34]
that may be accumulated
MERFISH 2015 Subcellular No Highly multiplexed Limited RNA [23]
measurement
smHCR 2016 Subcellular No High sensitivity Low throughput [35]
osmFISH 2018 Subcellular No Able to process large tissue Low throughput [36]

areas and semi-automated

http://journals.im.ac.cn/cjben
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(=)
Technique Strategy Year Resolution = Whether Advantage Limitation References
applied
to plants
seqFISH+ 2019 Subcellular  No High accuracy Low throughput and [37]
detection sensitivity
DNA microscopy 2019 Cellular No Able to image biological Empty space causing [24]
specimens without optical ~ sparse signals
information
ISS Insitu 2013 Subcellular  Yes High accuracy Needs pre-designed [38]
sequencing pad-lock probes
FISSEQ 2014 Subcellular No Transcriptome-wide RNA  Low sequencing depth  [25]
in situ sequencing
BaristaSeq 2018 Subcellular No High efficiency and Needs pre-designed [39]
accuracy pad-lock probes
STARmap 2018 Subcellular No High efficiency and Low throughput [40]
accuracy
INSTA-seq 2019 Subcellular No High throughput Low detection [26]
sensitivity
ExSeq 2021 Subcellular  No High spatially precision Limits in detecting [27]
short transcripts
Spatial Spatial 2016 100 um/ Yes Provides spatial Contains several cells  [16]
transcriptomics  barcoding 55 um information in each sequencing unit
(10xGenomics Not at single-cell level
Visium)
Slide-seq 2019 10 pm No High spatial resolution Low capturing efficiency [41]
Nanostring 2019 10 pm No High-plex and automation =~ May create bias in [42]
GeoMx DSP selecting regions
APEX-seq 2019 Subcellular No Performed in living cells Not suitable for normal [43]
tissues
HDST 2019 2 pm No High resolution Low detection [44]
sensitivity
ZipSeq 2020 Cellular No Performed on live cells Limited spatial [45]
in intact tissues resolution
DBiT-seq 2020 10 pm No High spatial resolution Limited flow channels  [46]
and avoid lysis of tissues Low detection sensitivity
Slide-seqV2 2021 10 um No High resolution May capture transcripts [47]
from multiple cells
XYZeq 2021 500 pm No Enables unbiased single-cell Requires specialized [48]
transcriptomic analysis device
Seq-Scope 2021 ~0.5-0.8 um No High transcriptome Low detection [49]
capture efficiency sensitivity
sci-Space 2021 200 pm No Retains single-cell resolution Limited spatial [50]
resolution
Stereo-seq 2022 0.22 pm Yes High resolution and Limited capturing [51]
sensitivity; large visualizing efficiency
field
Ex-ST 2022 20 um No Achieve higher resolution =~ May capture transcripts [52]

and detection efficiency

from multiple cells

N/A: Not available.
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Figure 2 Flowchart of 10xVisium spatial transcriptomics in plants.
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