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Spatial Omics Technology Family
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The Rise of NGS-Based High-Throughput 
Spatial Omics Mapping
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Barcoded Solid-Phase RNA Capture for Spatial 
Transcriptomics Profiling



Slide-seq and Curio Bio



Spatial Transcriptome Sequencing at Subcellar Resolution



10X Genomics Visium, Visium FFPE, and Visium HD 
Visium FFPE
Visium HD
A probe set for 
~18,000 genes



Deterministic Barcoding in Tissue for Spatial Multi-Omics 

Liu, Y. et al.,  bioRxiv 788992 (2019). 
Liu, Y. et al., Cell, 10;183(6):1665-1681 (2020). Deng, Y. et al., Nature Reviews Bioengineering, (2023). 



Other In-Tissue Barcoding Methods



Deterministic Barcoding in Tissue for Spatial Multi-Omics 

Liu, Y. et al.,  bioRxiv 788992 (2019). 
Liu, Y. et al., Cell, 10;183(6):1665-1681 (2020). 



Spatially Resolved Joint Proteome-
Transcriptome Profiling

Dr. Yang Liu

Yale Pathology

Prof. Stephanie Halene Prof. Joe Craft Prof. Mina Xu Prof. David Hafler



Liu Y. et al, Nature Biotechnology (2023)Dr. Yang Liu (Yale Pathology)



Beyond Spatial Transcriptomics
and a Panel of Proteins



Yanxiang Deng, et al, Nature 609, 375–383 (2022)

Dr. Yanxiang Deng (Upenn)
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Di Zhang, et al, Nature (2023)

Dr. Di Zhang (Yale)



Spatial-ATAC-RNA-Co-Profiling of Embryonic Mouse Brain



Spatially Resolved Pseudo Time Analysis of Both Epigenetic 
and Transcriptional State from Radial Glia to PPN



Hope you will join the hands-on computational data 
analysis session later today



Spatially Exploring RNA Biology in FFPE Tissue

Dr. Zhiliang Bai Prof. Mina Xu
(Yale Pathology)

Prof. Jun Lu 
(Yale Genetics)

Prof. Yi Xing
(Upenn/CHOP)
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H&E Stain H&E Stain Allen Reference H&E Stain Tissue Scan

Highly sensitive spatial transcriptomic sequencing of formalin-fixed paraffin-embedded tissue

Patho-DBiT-seq: clinical pathology FFPE tissue spatial RNA biology profiling

https://www.biorxiv.org/content/10.1101/2024.02.06.579143v1
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High-Quality Spatial RNA Biology 
Profiling Data from FFPE

https://www.biorxiv.org/content/10.1101/2024.02.06.579143v1



Spatial Profiling of Alternative Splicing in FFPE Tissue

Ø Distinct alternative splicing in 
different brain regions

https://www.biorxiv.org/content/10.1101/2024.02.06.579143v1



Spatial Profiling of Alternative Splicing in FFPE Tissue

https://www.biorxiv.org/content/10.1101/2024.02.06.579143v1
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miR-155 expression

Ø Lymphoma B cells have a 10- to 30-fold higher miR-155 copy number than do normal B cells. 
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Ø We detected abundant miR-155 expression in the tumor B and plasma cells
Ø The reads were accurately mapped to the reference genome position

Spatial expression of gene module 
regulating NF-kB signaling

miR-155 is an NF-κB trans-
activational target

Spatially Resolved Unbiased microRNA and mRNA Co-Profiling of 
Clinical FFPE Tissue Identified the Potential Regulation of NF-κB 

Signaling by miR-155 in Human Lymphoma
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https://www.biorxiv.org/content/10.1101/2024.02.06.579143v1



Spatial “TMB” Profiling  
 marginal zone lymphoma of mucosa associated lymphoid tissue

The patient is a 58-year-old man 
who had incidental finding of 
retroperitoneal lymphadenopathy on 
imaging originally performed for an 
orthopedic visit. Upper endoscopy 
revealed multiple areas of erosion in
the stomach.

These results suggest that our 
FFPE tissue spatial DBIT-seq has 
the capacity to differentiate
tumor from non-tumor regions based 
on the genetic variation level such 
as SNV and potentially further 
distinguish tumor subclones.

Dr. Zhiliang Bai Prof. Mina Xu
(Yale Pathology)https://www.biorxiv.org/content/10.1101/2024.02.06.579143v1



Acknowledgements
Fan lab @ Yale BME
Dr. Dongjoo Kim
Dr. Mingyu Yang
Dr. Zhiliang Bai
Dr. Di Zhang
Dr. Ie Mei Bhattacharyya
Dr. Mei Zhong
Dr. Bo Tao
Dr. Fu Gao
Dr. Xiaolong Tian
Graham Su
Xiaoyu Qin
Archie Enninful 
Shuozhen Bao
Nagin Farzad
Alev Baysoy
Mingze Dong
Yao Lu
Emily Jungmin Nam
Keyi Li
Xing Lou
Alumni: 
Dr. Yang Liu, Dr. Yanxiang Deng, Yang Xiao, 
Iva Xhagolli, Zhuo Chen, Nayi Wang, Burak 
Dura, Yao Lu, Lin Han, Jonathan Chen, Minsuk 
Kwak, Yu Wu, Yong Xiao, Amanda Fink

Collaborators @ Yale
Stephanie Halene
Mina Xu
Deep Dixit
Ruth Montgomery 
Diane Krause 
Jun Lu
Joe Craft
Yuval Kluger
George Tellides
W. Mark Saltzman
Andre Levchenko 
Kathryn Miller-Jensen
Jiangbing Zhou
Murat Gunel
Marcus Bosenberg
Don Nguyen
Qin Yan
David Stern
Katie Politi
Sidi Chen
David Hafler 
Brian Hafler
Nenad Sestan
Ya-Chi Ho
Ellen Hoffman
Kristen Brennand

Laura Niklason
Naftali Kaminski
Peggy Myung
Mark Saltzman
Richard Flavell
Sherman Weissman
Zongming Ma

Collaborators outside Yale
Ross Levine (MSKCC)
Kam Leong (Columbia Univ)
Maura Boldrini (Columbia Med)
Carl June (Penn)
Stephen Grupp (CHOP/Penn)
Jos Melenhorst (Cleveland Clinic)
Pablo Camara (Penn)
Denis Wirtz (JHU)
Laura Wood (JHU)
Hagen Tilgner (Weill Cornell)
Anna Nam (Weill Cornell)
GC Yuan (MSSM)
Panos Roussos (MSSM)
Lingyan Shi (UCSD)
Brent Stockwell (Columbia Univ)
Simone Di Giovannie (Imperial College London)
Goncalo Castelo-Branco (Karolinska Institutet)
Omer Bayraktar (Sanger Institute) 
Jim Heath (ISB)

NIH BRAIN Initiative BICCN and BICAN grants
NIH HuBMAP TDD Grant
NIH Cellular Senescence Consortium (SenNet)
(human TMC U54 and murine TMC U54)
NCI CSBC U54 and IMAT R33



Thank you!


