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Highlights

® Systematically reviews recent spatial omics and their core computational
tasks.

® C(Critically assesses algorithm scenarios, bottlenecks, and recommended
strategies.

® Comprehensively outlines spatial omics applications 1n biomedicine,
neuroscience, and plant/animal sciences.

® Qutlines future trends 1n 3D reconstruction, virtual cells, temporal

modeling, and large language models.
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This review will follow the data workflow logic of spatial omics research, providing a step-by-step overview of the entire process
from data generation to data analysis and scientific discovery.



4: Computational System and Analytical Workflow of Spatial Omics
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Key computational tasks in spatial omics
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Figure 3: The five core computational tasks in the field of spatial omics



3D spatial omics reconstruction and virtual cell modeling
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Figure 4: 3D spatial omics reconstruction and virtual cell modeling.



Temporal modelling of spatial omics

(A) The promise of temporal modeling (B) Optimal transport

G

E14.5

Time development

(C) Multi time point data modeling of growth and apoptosis phenomena (Moscot) (D) Single spatial slice extrapolation of growth apoptosis dynamics (OSDR)

Experimental ] Previous biological Cellular samples | Optimal transport Downstream . .
setting knowledge to compare to match cells analysis Spatial proteomics Neighborhood composition Phase portrait
mapping to state space
Time Proliferation Interpolation N Stabb
& 8 markers between time points ,--"" - \\ F'omt
h *®
& 'Lf‘;. \ Inferred
T T 1 . i
t1 t2 v ' ) \ LT
—_— %) / l ‘\ dynamics
+ = ooo Unstabl \\
s Polnl
+ cell proliferation marker Showing direction and magnitude
(e.g., Ki67) of cell population changes

Figure 5: Prospects for temporal modeling in spatial omics and a selection of software tools.



s

\BZM—KLRD1 &N

(y . . . N (7 - . . . -
(A) Cancer (TIME heterogeneity, metastasis, resistance) (B) Cardiovascular diseases (Ml repair, plaque instability)
T F e y Organ-specific metastasis (Pancreatic cancer) oo
microenvironment (TIME) . ! ‘,',l‘&—’v "l? _‘ J CCR2" macrophages
SPP1* macrophages @R | pe . - A R
§ Voo R Basal-like Classical \ e
/ : ’4;. ! (liver metastasis) (lung metastasis) Ny
il _ 71 ’ @a ) gﬁj Infarcted , o
\ — _ )i .. 5 1 90,8 b . area L Endocardium
_.\ '_(_‘..' : I,-J ) e f 1 o o 2 » . VS {.’:‘ y ¥ .
" Pro-tumor axis - iy Pl o0 o &b =
- ; " .:7‘" ‘-t z? . - W -
Tumor  (SPP1-CD44) il . | N g ---- E?_ . Atherosclerotic plaque
cells N e Therapy = -- f N\
resistance (TNBC) = A
. (’ “jmr \‘_ | - ._.,-\‘_“5: — Local
v P @ - N ® ——P inflammation/
- S \' — thrombosis
SELENOP* . :

Regional transcriptional changes Plague instability

(€)

Infectious diseases (Lung spatiotemporal dynamics)

Spatial omics (D)  Autoimmune diseases (Region-specific pathology)

SARS- Slamfo* technology N
CoV-2 macrophages (Preserving structure, Lining layer
multi-omics data) P ‘7 o o F=)
. p (o] 00 0o
Neutrophils ’ (o) °= (o) Protein
(Isg12'Cst7") ———g 2 % 0 "
: ; N o o0 Q profiles
viral clearance Rheumatoid ——— (o]
. . arthritis synovium S oOVe e 2
Inflammation resolution ~ o O
Sublining layer
r(E) Opportunities & challenges )
i —P : : ER stress &
Infection/damage Repair/resolution High cost | mitochondrial
£ o Unprecedented Lack of Impaired dysfunction
CD4* T cells w Co-infection I \ standardization secretion g
insight 3D limitations (lslgA)
Dendritic Translation - )
B cells cells barriers Sjogren's syndrome lacrimal gland
-

Figure 6: Applications of spatial omics in medical research




4. Applications of spatial omics in neuroscience research
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Figure 7: Overview and summary of spatial omics applications in neuroscience



€< Applications of spatial omics in the fields of animal and plant science
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Figure 8. Examples of spatial omics applications in the fields of animal and plant science



Spatial omics in the field of large-scale models
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Figure 9. Introduction to and challenges of spatial omics in the field of large-scale models



Summary

O We systematically summarize the entire workflow of spatial omics to help beginners quickly establish
a macroscopic understanding.

O Different from most existing reviews on spatial omics, this work introduces cutting-edge fields
including 3D reconstruction, virtual cell and temporal modelling, and presents relevant software tools.

U Based on benchmark tests and algorithm principles, we recommend tools for various computational
tasks to assist users in selecting appropriate methods.

O From the perspective of biological applications, we illustrate representative cases of spatial omics in
medicine, neuroscience, zoology and botany.

L Against the current boom of artificial intelligence, we also systematically review large models for

spatial omics.
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