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Summary of the project and project goals

Overarching goal: To conduct Systems Biology experimental and computational
Investigations in order to understand how gene expression and cellular epigenetics
regulate glycan biosynthesis at the single cell level

Aim 1. To enhance the depth of single-cell multi-omics studies in order to
collect sufficient data for ML/DL.

Aim 2. To process and normalize data for ML/DL applications.

Aim 3. To demonstrate the use of the transformed data in a DL/ML
application.



Highlights: Research outputs and shared data

* Papers (other manuscripts are in preparation):

a. P.Chrysinas, C. Chen, and R. Gunawan. CrossTx: Cross-cell-line
transcriptomic signature predictions. Processes, 12:332, 2024.

b. Cell and tissue-specific glycosylation pathways and transcriptional
regulation informed by single-cell transcriptomics. bioRxiv, 559616, 2023.

* Website:

a. glycoCARTA:Single-cell transcriptome of glycosylation.
http://vgdev.cedar.buffalo.edu/glycocarta/

b. glycoTF: Transcriptional factors of glycosylation.
http://vgdev.cedar.buffalo.edu/glycotf/



http://vgdev.cedar.buffalo.edu/glycocarta/
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Ubiquitous in nature and relevant to biotechnology
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Most common glycans are blood group antigen:
Expressed on RBCs and critical for transfusion medicine
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https://www.ncbi.nlm.nih.gov/qlycans/snfg.html

Neelamegham, et al. Glycobiology, 29:620-624, 2019
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GchoEnzOnto: An ontology for human glycosylating enzymes
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Multimodal measurements and their data integration

Single-cell multiOMICs
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Single-cell Analysis of Glycosylation

Tabula Sapiens Single-cell RNA-seq

* ~500K cells, 400 cell types  Establish baseline glycogene single-
* 24 organs,15 normal subjects cell expressions in human

* Sex: 9 male/6 female _ , o

. Age: 22-74y  Establish data processing pipeline

« 6-White/6-Hispanic/2-Black/ 1-Asian for ML/DL modeling

DecontX counts, 10X
Tabula Sapiens

man transcriptome reference at single cell resolution

How does the expression of glycogenes vary with
cell/tissue types?

scVI + UMAP embedding
of glycogene transcript counts

v
Scaling total count per cell
a ?
(total = 10%) m How prevalent are the glycogenes?
1
\ 2
Log transformation log(1+x) TF-glycogene Network Computational prediction of TFs of Glycosylation?
Extract glycogenes and Differential Expression and GchosyIation pathway variation across
glycopathways Enrichment Analysis cell type and tissues ?

https://tabula-sapiens-portal.ds.czbiohub.org/
Science 376(6594):eabl4896 2022.
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Large Language Model for Mass Spectrometry

Ml

Bidirectional Encoder Representations from Transformers (BERT)

PRI,
. 4

Attending context from both directions
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Large Language Model for Mass Spectrometry

* Trained on MS2 data from glycomics
(~480K spectra)

Mass

— * Transformer-based LLM is a powerful

Topology . .

Structure architecture for analyzing MS data of
= glycomics profiling.

* GlycoBART is capable of generating de
) novo glycan structure prediction.

* Metadata (glycan type, experimental
parameters) are highly informative.

* A promising framework for building
) foundational models of mass spectra




Challenges and future work

 Sparsity of glycosylation-specific data in literature:
* Develop glycan specific tools, e.g. focused transcriptomics on glycogenes
e Streamlined quantitative analysis of glycoproteins using MS

e Data: lack of labelled data and imbalanced dataset
 Employ in silico data, self-supervised model

* Generative Al (glycoBART) can hallucinate.
* Incorporate postprocessing of predictions

* Translation to better patient healthcare and treatment
* Incorporate constraints / structuresinformed by biological knowledge
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