SCATAC SEQ ANALYSIS TUTORIAL

ScATAC SEQ ANALYSIS TuToRIAL: A STEP-BY-STEP GUIDE TO UNDERSTANDING SINGLE-CELL CHROMATIN ACCESSIBILITY

SCATAC SEQ ANALYSIS TUTORIAL — IF YOU’VE RECENTLY COME ACROSS THIS TERM AND ARE CURIOUS ABOUT HOW TO GET
STARTED WITH ANALYZING SINGLE-CELL AT AC-SEQ DATA, YOU’RE IN THE RIGHT PLACE. SINGLE-CELL ASSAY FOR
TRANSPOSASE-ACCESSIBLE CHROMATIN USING SEQUENCING (SCATAC-SEQ) HAS REVOLUTIONIZED OUR UNDERSTANDING OF
CHROMATIN ACCESSIBILITY AT AN UNPRECEDENTED RESOLUTION. |T ALLOWS RESEARCHERS TO EXPLORE THE REGULATORY
LANDSCAPE OF INDIVIDUAL CELLS, REVEALING HETEROGENEITY WITHIN CELL POPULATIONS AND UNCOVERING NEW INSIGHTS
ABOUT GENE REGULATION. HOWEVER, DIVING INTO SCATAC-SEQ DATA ANALYSIS CAN FEEL OVERWHELMING AT FIRST. THIS
TUTORIAL AIMS TO WALK YOU THROUGH THE ESSENTIAL STEPS, IMPORTANT CONSIDERATIONS, AND USEFUL TOOLS TO
CONFIDENTLY ANALYZE YOUR SCATAC-SEQ DATASETS.

UNDERSTANDING THE BAsIcs oF SCATAC-seqQ DATA

BEFORE JUMPING INTO THE ANALYSIS PIPELINE, IT’S CRUCIAL TO UNDERSTAND WHAT SCAT AC-SEQ DATA REPRESENTS. UNLIKE
BULK AT AC-SEQ, WHICH POOLS CHROMATIN ACCESSIBILITY INFORMATION FROM MILLIONS OF CELLS, SCAT AC-SEQ CAPTURES
THIS DATA FROM INDIVIDUAL CELLS. THIS SINGLE-CELL RESOLUTION ENABLES THE IDENTIFICATION OF CELL-TYPE-SPECIFIC
REGULATORY ELEMENTS AND CHROMATIN STATES.

THE RAW DATA TYPICALLY COMES IN THE FORM OF SEQUENCING READS THAT CORRESPOND TO OPEN CHROMATIN REGIONS,
WHICH ARE THEN MAPPED BACK TO THE GENOME. THE ULTIMATE GOAL OF SCATAC-SEQ ANALYSIS IS TO TRANSFORM THESE
RAW READS INTO INTERPRETABLE RESULTS SUCH AS CELL CLUSTERS, PEAK ACCESSIBILITY PROFILES, AND MOTIF ENRICHMENT,
WHICH CAN SHED LIGHT ON TRANSCRIPTION FACTOR ACTIVITY AND REGULATORY NET\WORKS.

PRePARING YOUR DATA FOR SCATAC-SEQ ANALYSIS

QUALITY CONTROL AND PREPROCESSING

Raw scATAC-SEQ DATA OFTEN CONTAINS NOISE, INCLUDING LOW-QUALITY READS, DOUBLETS (T\X/O CELLS MISTAKENLY
LABELED AS ONE), AND MITOCHONDRIAL DNA CONTAMINATION. PERFORMING STRINGENT QUALITY CONTROL (QC) IS ESSENTIAL
TO ENSURE RELIABLE DOWNSTREAM ANALYSIS.

Key QC METRICS TO EVALUATE INCLUDE:

- ¥*FRAGMENT COUNTS PER CELL**: CELLS WITH EXTREMELY LOW OR HIGH FRAGMENT COUNTS MAY BE EXCLUDED.

- ¥**ERACTION OF READS IN PEAKS (FRIP)** MEASURES THE PROPORTION OF READS FALLING WITHIN IDENTIFIED ACCESSIBLE
REGIONS—HIGHER VALUES INDICATE BETTER DATA QUALITY.

- ¥**¥TSS ENRICHMENT SCORE® *: REFLECTS THE ENRICHMENT OF FRAGMENTS AT TRANSCRIPTION START SITES, A HALLMARK OF
GOOD CHROMATIN ACCESSIBILITY DATA.

MANY TOOLS, SUCH AS ARCHR AND SIGNACI PROVIDE INTEGRATED QC FUNCTIONS THAT HELP FILTER OUT POOR-QUALITY
CELLS AND ARTIFACTS.

ALIGNMENT AND Peak CALLING

ONCE QC IS COMPLETED, THE NEXT STEP INVOLVES ALIGNING SEQUENCING READS TO A REFERENCE GENOME USING ALIGNERS LIKE
BW A or BowTIEZ2. ACCURATE MAPPING IS CRITICAL BECAUSE SUBSEQUENT PEAK CALLING DEPENDS ON IT.



PEAK CALLING IDENTIFIES REGIONS OF OPEN CHROMATIN, OFTEN USING TOOLS LIKE MACS2 TAILORED FOR ATAC-SEQ DATA. IN
SINGLE-CELL EXPERIMENTS, PEAKS CAN BE CALLED EITHER ON AGGREGATED DATA FROM ALL CELLS OR ON CLUSTERS OF SIMILAR
CELLS TO IMPROVE SENSITIVITY.

Core STePs IN SCATAC-seQ DATA ANALYSIS

DIMENSIONALITY REDUCTION AND CLUSTERING

THE HIGH DIMENSIONALITY OF SCATAC‘SEQ DATA, WITH THOUSANDS OF PEAKS ACROSS THOUSANDS OF CELLS, NECESSITATES
DIMENSIONALITY REDUCTION TECHNIQUES TO VISUALIZE AND INTERPRET THE DATA EFFECTIVELY.

COMMONLY USED METHODS INCLUDE:

- *¥_ ATENT SEMANTIC INDEXING (LSI)**: ADAPTED FROM NATURAL LANGUAGE PROCESSING, LS| REDUCES NOISE AND
HIGHLIGHTS MEANINGFUL VARIATION IN ACCESSIBILITY PATTERNS.

- ¥*UNIFORM MANIFOLD APPROXIMATION AND PRoOJECTION (UMAP)** anD **T-DISTRIBUTED STOCHASTIC NEIGHBOR
EMBEDDING (T-SNE)**: THESE VISUALIZATION TECHNIQUES HELP PLOT CELLS IN 2D OR 3D SPACE, REVEALING CLUSTERS OF
SIMILAR CHROMATIN ACCESSIBILITY PROFILES.

AFTER DIMENSIONALITY REDUCTION, CLUSTERING ALGORITHMS LIKE LoUVAIN OR LEIDEN IDENTIFY DISTINCT GROUPS OF CELLS,
OFTEN CORRESPONDING TO DIFFERENT CELL TYPES OR STATES.

ANNOTATING CELL TYPES

ONCE CLUSTERS ARE IDENTIFIED, THE NEXT CHALLENGE IS TO ASSIGN BIOLOGICAL MEANING TO THEM. THIS ANNOTATION CAN BE
DONE BY INTEGRATING SCATAC-SEQ DATA WITH KNOWN MARKER GENES OR COMPLEMENT ARY SINGLE-CELL RNA-seQ (SCRNA-
SEQ) DATASETS.

APPROACHES TO ANNOTATION INCLUDE:
- USING GENE ACTIVITY SCORES DERIVED FROM CHROMATIN ACCESSIBILITY NEAR GENE BODIES OR PROMOTERS.

- CROSS-REFERENCING CLUSTERS WITH PUBLICLY AVAILABLE CELL TYPE-SPECIFIC PEAK SETS.
- EMPLOYING AUTOMATED TOOLS THAT LEVERAGE REFERENCE ATLASES FOR CELL TYPE PREDICTION.

MoTIF ANALYSIS AND REGULATORY NETWORK INFERENCE

BEYOND CLUSTERING AND ANNOTATION, SCATAC‘SEQ DATA OFFERS A WINDOW INTO TRANSCRIPTION FACTOR (TF) BINDING
AND REGULATORY LANDSCAPES. MOTIF ENRICHMENT ANALYSIS IDENTIFIES TF BINDING MOTIFS THAT ARE OVERREPRESENTED IN
ACCESSIBLE REGIONS, SUGGESTING ACTIVE REGULATORS IN EACH CLUSTER.

POPULAR TOOLS FOR MOTIF ANALYSIS INCLUDE CHROMV AR, WHICH CALCULATES DEVIATION SCORES PER CELL TO QUANTIFY
TF ACTIVITY VARIABILITY, AND HOMER, WHICH PROVIDES MOTIF DISCOVERY CAPABILITIES.

FURTHER, INTEGRATING SCAT AC-SEQ WITH GENE EXPRESSION OR CHROMATIN CONFORMATION DATA HELPS RECONSTRUCT
REGULATORY NETWORKS, REVEALING HOW TFs ORCHESTRATE GENE EXPRESSION PROGRAMS IN DIFFERENT CELL TYPES.



PopPuLAR TooLs AND FRAMEWORKS FOR SCA T AC-SEQ ANALYSIS

NAVIGATING THE SCATAC‘SEQ ANALYSIS LANDSCAPE CAN BE SIMPLIFIED BY LEVERAGING SPECIALIZED SOFTWARE TAILORED TO
SINGLE-CELL CHROMATIN ACCESSIBILITY DATA. SOME WIDELY USED TOOLS INCLUDE:

- ¥¥ ARCHR*¥: AN ALL-IN-ONE R PACKAGE DESIGNED FOR COMPREHENSIVE SCAT AC-SEQ ANALYSIS, OFFERING QC,
DIMENSIONALITY REDUCTION, CLUSTERING, INTEGRATION WITH SCRNA-SEQ, AND VISUALIZATION FEATURES.

- ¥*¥S1GNACK*: BUILT ON SEURAT, SIGNAC EXTENDS SINGLE-CELL RNA-SEQ WORKFLOWS TO HANDLE SCATAC-SEQ DATA,
MAKING IT INTUITIVE FOR USERS FAMILIAR WITH SEURAT.

- ¥**SNAPATACK*: FOCUSES ON SCALABLE ANALYSIS AND VISUALIZATION OF LARGE SCAT AC-SEQ DATASETS.

- ¥**Cicero**: FACILITATES THE PREDICTION OF CIS-REGULATORY INTERACTIONS BY LINKING CO-ACCESSIBLE REGIONS.

CHOOSING THE RIGHT TOOL DEPENDS ON YOUR DATASET SIZE, COMPUTATIONAL RESOURCES, AND SPECIFIC ANALYSIS GOALS.

Tips For EFFecTIVE SCAT AC-SEQ ANALYSIS

- ¥*¥START WITH GOOD EXPERIMENTAL DESIGN® *: HIGH-QUALITY DATA IS THE FOUNDATION OF MEANINGFUL ANALYSIS. ENSURE
PROPER CELL ISOLATION, LIBRARY PREPARATION, AND SEQUENCING DEPTH.

- ¥**CAREFULLY TUNE FILTERING THRESHOLDS™ *: OVERLY STRINGENT FILTERING MIGHT REMOVE RARE BUT BIOLOGICALLY
RELEVANT CELLS, WHILE LENIENT THRESHOLDS MAY INTRODUCE NOISE.

- *¥EVERAGE DATA INTEGRATION**: CoMBINING SCATAC-SEQ WITH SCRNA-SEQ CAN DRAMATICALLY ENHANCE CELL TYPE
ANNOTATION AND BIOLOGICAL INTERPRETATION.

- ¥%\/|SUALIZE YOUR DATA FREQUENTLY**: VISUALIZATION HELPS SPOT OUTLIERS, VALIDATE CLUSTERS, AND COMMUNICATE
FINDINGS EFFECTIVELY.

- ¥**STAY UPDATED WITH SOFTWARE IMPROVEMENTS®*: THE FIELD IS RAPIDLY EVOLVING, WITH NEW METHODS CONSTANTLY
EMERGING TO IMPROVE ACCURACY AND SCALABILITY.

VISUALIZING AND INTERPRETING RESULTS

EFFECTIVE VISUALIZATION IS KEY TO MAKING SENSE OF SCAT AC-SEQ DATA. Besibes UMAP aND T-SNE PLOTS, HEATMAPS
SHOWING ACCESSIBILITY PATTERNS ACROSS PEAKS OR GENE ACTIVITY MATRICES PROVIDE INSIGHTS INTO CLUSTER-SPECIFIC
REGULATORY ELEMENTS.

INTERACTIVE VISUALIZATION TOOLS EMBEDDED IN PACKAGES LIKE ARCHR ALLOW USERS TO EXPLORE CHROMATIN
ACCESSIBILITY, MOTIF ENRICHMENT, AND GENE ACTIVITY IN AN INTUITIVE MANNER, FACILITATING HYPOTHESIS GENERATION AND
DATA SHARING.

EMBARKING ON YOUR FIRST SCATAC SEQ ANALYSIS JOURNEY MIGHT SEEM COMPLEX, BUT BY BREAKING DOWN EACH STEP—FROM
QC AND ALIGNMENT TO CLUSTERING AND MOTIF ANALYSIS—YOU CAN PROGRESSIVELY BUILD YOUR EXPERTISE. THE FIELD OF
SINGLE-CELL CHROMATIN ACCESSIBILITY IS VIBRANT AND FULL OF OPPORTUNITY, PROMISING DEEPER UNDERSTANDING OF
CELLULAR DIVERSITY AND GENE REGULATION. W/ITH THIS TUTORIAL AS A FOUNDATION, YOU’RE WELL-EQUIPPED TO EXPLORE
THE RICH REGULATORY LANDSCAPES HIDDEN WITHIN YOUR SCATAC-SEQ DATA.

FREQUENTLY ASkeD QUESTIONS

WHAT IS SCATAC-SEQ AND WHY IS IT IMPORTANT?

ScATAC-sEQ (SINGLE‘CELL ASSAY FOR TRANSPOSASE-ACCESSIBLE CHROMATIN USING SEQUENCING) IS A TECHNIQUE USED



TO STUDY CHROMATIN ACCESSIBILITY AT THE SINGLE-CELL LEVEL, PROVIDING INSIGHTS INTO GENE REGULATORY MECHANISMS
AND CELLULAR HETEROGENEITY.

\WHAT ARE THE BASIC STEPS INVOLVED IN SCATAC-SEQ DATA ANALYSIS?

THE BASIC STEPS INCLUDE QUALITY CONTROL, READ ALIGNMENT, PEAK CALLING, GENERATION OF A PEAK-BY-CELL MATRIX,
DIMENSIONALITY REDUCTION, CLUSTERING, AND DOWNSTREAM ANALYSES LIKE MOTIF ENRICHMENT AND DIFFERENTIAL
ACCESSIBILITY.

\W/HICH SOFTWARE TOOLS ARE COMMONLY USED FOR SCAT AC-SEQ ANALYSIS?

POPULAR TOOLS INCLUDE ARCHR, SIGNAC (AN EXTENSION OF SEURAT), SNAPATAC, AnD CICERO, EACH OFFERING
COMPREHENSIVE WORKFLOWS FOR PROCESSING AND ANALYZING SCATAC-SEQ DATA.

How cAN | PERFORM QUALITY CONTROL ON SCAT AC-SEQ DATA?

QUALITY CONTROL INVOLVES FILTERING CELLS BASED ON METRICS SUCH AS FRAGMENT COUNTS, TRANSCRIPTION START SITE
(TSS) ENRICHMENT SCORE, FRACTION OF READS IN PEAKS, AND MITOCHONDRIAL READ PERCENTAGE TO REMOVE LOW-QUALITY
OR DEAD CELLS.

\WHAT ARE THE BEST PRACTICES FOR DIMENSIONALITY REDUCTION IN SCATAC-sSEQ
DATA?

COMMON APPROACHES INCLUDE L ATENT SEMANTIC INDEXING (LSI) COMBINED WITH SINGULAR V ALUE DEcoMposiTIoN (SVD),
FOLLOWED BY UMAP or T-SNE FOR VISUALIZATION, WHICH EFFECTIVELY CAPTURE VARIABILITY IN SPARSE CHROMATIN
ACCESSIBILITY DATA.

How po | INTEGRATE SCATAC-sSeQ DATA WITH SCRNA-SEQ DATA?

INTEGRATION CAN BE PERFORMED USING TOOLS LIKE SEURAT AND SIGNAC BY LINKING CHROMATIN ACCESSIBILITY PROFILES WITH
GENE EXPRESSION, ENABLING JOINT CLUSTERING AND IDENTIFICATION OF REGULATORY RELATIONSHIPS.

\¥/HERE CAN | FIND COMPREHENSIVE TUTORIALS FOR SCAT AC-SEQ ANALYSIS?

COMPREHENSIVE TUTORIALS ARE AVAILABLE ON THE OFFICIAL WEBSITES AND GITHUB REPOSITORIES OF TOOLS LIKE ARCHR AND
SIGNAC, AS WELL AS ON PLATFORMS SUCH AS BIOCONDUCTOR, YOUTUBE, AND DEDICATED BIOINFORMATICS BLOGS.

ADDITIONAL RESOURCES

ScATAC-seQ ANALYSIS TUuTORIAL: A ProrFessioONAL GUIDE To SINGLE-CELL CHROMATIN ACCESSIBILITY PROFILING

SCATAC SEQ ANALYSIS TUTORIAL SERVES AS AN ESSENTIAL RESOURCE FOR RESEARCHERS AIMING TO UNRAVEL THE
COMPLEXITIES OF CHROMATIN ACCESSIBILITY AT THE SINGLE-CELL LEVEL. AS ADVANCES IN GENOMICS CONTINUE TO
ACCELERATE, SINGLE-CELL ASSAY FOR TRANSPOSASE-ACCESSIBLE CHROMATIN USING SEQUENCING (SCATAC-SEQ) HAS
EMERGED AS A POWERFUL TECHNIQUE TO PROFILE REGULATORY LANDSCAPES ACROSS HETEROGENEOUS CELL POPULATIONS. THIS
TUTORIAL EXPLORES THE CRITICAL STEPS, TOOLS, AND CONSIDERATIONS INVOLVED IN SCATAC-SEQ DATA ANALYSIS,
PROVIDING A THOROUGH UNDERSTANDING FOR BIOLOGISTS AND BIOINFORMATICIANS ALIKE.

UNDERSTANDING THE FOUNDATIONS OF SCATAC-SEQ

BeFORE DELVING INTO AN SCATAC SEQ ANALYSIS TUTORIAL, IT IS IMPORTANT TO GRASP THE UNDERLYING PRINCIPLES OF THE



TECHNOLOGY. SCATAC-SEQ WORKS BY LEVERAGING THE HYPERACTIVE TNS TRANSPOSASE ENZYME TO INSERT SEQUENCING
ADAPTERS PREFERENTIALLY INTO OPEN CHROMATIN REGIONS, MARKING ACCESSIBLE DNA For SUBSEQUENT SEQUENCING. UNLIKE
BULK AT AC-SEQ, WHICH AVERAGES SIGNALS ACROSS MILLIONS OF CELLS, SCAT AC-SEQ PRESERVES CELLULAR
HETEROGENEITY, ENABLING THE IDENTIFICATION OF DISTINCT REGULATORY STATES WITHIN COMPLEX TISSUES.

THIS TECHNIQUE HAS REVOLUTIONIZED EPIGENOMIC PROFILING BY ALLOWING RESEARCHERS TO ANALYZE CHROMATIN DYNAMICS

AT UNPRECEDENTED RESOLUTION. THE INCREASED GRANULARITY COMES WITH COMPUTATIONAL CHALLENGES, MAKING AN
EFFECTIVE ANALYSIS WORKFLOW INDISPENSABLE.

Key STeps IN AN SCATAC seQ ANALYSIS TUTORIAL

THE ANALYSIS PIPELINE FOR SCAT AC-SEQ DATA ENCOMPASSES MULTIPLE STAGES, FROM RAW DATA PREPROCESSING TO
BIOLOGICAL INTERPRETATION. THE FOLLOWING SECTIONS BREAK DOWN THESE FUNDAMENTAL STEPS, HIGHLIGHTING BEST
PRACTICES AND COMMONLY USED TOOLS.

1. QUALITY CONTROL AND PREPROCESSING

RAW SEQUENCING DATA FROM SCAT AC-SEQ EXPERIMENTS TYPICALLY REQUIRE STRINGENT QUALITY conTroL (QC) To
FILTER OUT LOW-QUALITY CELLS AND TECHNICAL ARTIFACTS. QC METRICS OFTEN INCLUDE:

e TOTAL NUMBER OF FRAGMENTS PER CELL

FRACTION OF FRAGMENTS OVERLAPPING PEAKS (FRIP)

e DUPLICATE READ RATES

® PERCENTAGE OF MITOCHONDRIAL READS

TooLs sucH As CeLL RAaNGER ATAC (10x Genomics), SNAPATAC, AND ARCHR PROVIDE AUTOMATED PIPELINES FOR
INITIAL QC sTEPS. CELLS WITH EXTREMELY LOW FRAGMENT COUNTS OR UNUSUALLY HIGH MITOCHONDRIAL CONTENT ARE
TYPICALLY EXCLUDED TO ENSURE DOWNSTREAM ANALYSES FOCUS ON BIOLOGICALLY MEANINGFUL SIGNALS.

2. ALIGNMENT AND Peak CALLING

ACCURATE ALIGNMENT OF SEQUENCING READS TO A REFERENCE GENOME IS CRITICAL FOR IDENTIFYING ACCESSIBLE CHROMATIN
REGIONS. COMMONLY USED ALIGNERS LIKE BowTIEZ OrR B\W A-MEM ARE OPTIMIZED FOR SHORT READS, MAPPING THEM TO THE
GENOME WITH HIGH PRECISION.
FOLLOWING ALIGNMENT, PEAK CALLING ALGORITHMS IDENTIFY REGIONS OF SIGNIFICANT ACCESSIBILITY. UNLIKE BULK AT AC-SEQ
WHERE PEAKS ARE CALLED FROM AGGREGATE DATA, SCAT AC-SEQ REQUIRES PEAK CALLING STRATEGIES THAT ACCOMMODATE
SPARSE AND NOISY SINGLE-CELL DATA. SOME APPROACHES INCLUDE:

® AGGREGATING READS ACROSS ALL CELLS TO CALL A CONSENSUS PEAK SET

o USING CELL-SPECIFIC PEAK CALLING WITH TooLS LIKE MACS2 IN A PSEUDO-BULK FASHION

o | EVERAGING SPECIALIZED SOFTWARE LIKE HMMRAT AC pesiGNED FOR AT AC-SEQ DATA



SELECTING AN APPROPRIATE PEAK SET IS CRUCIAL SINCE IT FORMS THE BASIS FOR SUBSEQUENT DIMENSIONALITY REDUCTION AND
CLUSTERING.

3. DIMeNsIONALITY RebucTION AND CLUSTERING

DUE TO THE INHERENTLY HIGH DIMENSIONALITY AND SPARSITY OF SCATAC-SEQ DATA, DIMENSIONALITY REDUCTION
TECHNIQUES ARE EMPLOYED TO FACILITATE VISUALIZATION AND IDENTIFICATION OF CELL POPULATIONS. LATENT SEMANTIC
INDEXING (LSD HAS BECOME A POPULAR METHOD, AS IT EFFECTIVELY CAPTURES VARIATION IN CHROMATIN ACCESSIBILITY WHILE
MITIGATING NOISE.

AFTER DIMENSIONALITY REDUCTION, CLUSTERING ALGORITHMS SUCH AS LOUVAIN OR LEIDEN COMMUNITY DETECTION ARE

APPLIED TO GROUP CELLS WITH SIMILAR ACCESSIBILITY PROFILES. THESE CLUSTERS OFTEN CORRESPOND TO DISTINCT CELL
TYPES OR STATES, PROVIDING INSIGHTS INTO TISSUE HETEROGENEITY.

4. ANNOTATION AND INTERPRETATION

ASSIGNING BIOLOGICAL MEANING TO CLUSTERS INVOLVES INTEGRATING SCAT AC-SEQ DATA WITH EXISTING ANNOTATIONS.
THIS CAN BE ACHIEVED BY:

o COMPARING ACCESSIBILITY PROFILES TO KNOWN MARKER REGIONS

® MAPPING PEAKS TO NEARBY GENES TO INFER REGULATORY RELATIONSHIPS

® INTEGRATING SCATAC-SEQ WITH SINGLE-CELL RNA-SEQ DATASETS TO CORRELATE CHROMATIN ACCESSIBILITY WITH
GENE EXPRESSION

ANNOTATION TOOLS SUCH AS SIGNAC (AN R PACKAGE), CICERO, AND ARCHR FACILITATE THIS INTEGRATION, AIDING IN THE
INTERPRETATION OF REGULATORY MECHANISMS.

ADVANCED CONSIDERATIONS IN SCAT AC-SEQ ANALYSIS

BEYOND THE FOUNDATIONAL STEPS, THIS SCATAC SEQ ANALYSIS TUTORIAL ADDRESSES SEVERAL NUANCED ASPECTS CRITICAL
TO ROBUST ANALYSIS.

BATCcH EFFECcT CORRECTION

BIOLOGICAL REPLICATES OR DATASETS GENERATED IN DIFFERENT LABORATORIES OFTEN EXHIBIT BATCH EFFECTS THAT CAN
CONFOUND CELL CLUSTERING. METHODS LIKE HARMONY AND MUTUAL NEAREST NEIGHBORS (MNN) CORRECTION HAVE BEEN
ADAPTED FOR SCATAC-SEQ DATA TO HARMONIZE DATASETS WHILE PRESERVING BIOLOGICAL VARIABILITY.

Co-ACCESSIBILITY AND REGULATORY NETWORK INFERENCE

SCATAC-SEQ ENABLES THE STUDY OF CO-ACCESSIBLE CHROMATIN REGIONS, WHICH MAY INTERACT TO ORCHESTRATE GENE
REGULATION. TooLS SUCH AS CICERO ANALYZE THESE INTERACTIONS, CONSTRUCTING PUTATIVE REGULATORY NET\WORKS.
THIS ADDS A LAYER OF FUNCTIONAL INSIGHT BEYOND SIMPLE PEAK ACCESSIBILITY.



INTEGRATION WITH MuLTI-oMics DATA

CoMBINING SCATAC-SEQ WITH OTHER SINGLE-CELL MODALITIES, SUCH AS TRANSCRIPTOMICS OR PROTEOMICS, ENRICHES THE
INTERPRETATIVE POWER OF THE ANALYSIS. EMERGING PLATFORMS AND COMPUTATIONAL FRAMEWORKS NOW FACILITATE JOINT
ANALYSES, REVEALING CONNECTIONS BETWEEN CHROMATIN STATE AND CELLULAR PHENOTYPES.

PoPULAR TooLs AND PIPELINES IN SCAT AC-SEQ ANALYSIS

THE BIOINFORMATICS COMMUNITY HAS DEVELOPED SEVERAL COMPREHENSIVE TOOLS TAILORED FOR SCA T AC-SEQ PROCESSING:
1. ARCHR: AN R-BASED PACKAGE THAT OFFERS END-TO-END ANALYSIS, INCLUDING QC, CLUSTERING, TRAJECTORY
INFERENCE, AND INTEGRATION WITH SCRNA-SEQ.

2. SIGNAC: BUILT ON SEURAT, SIGNAC EXTENDS SINGLE-CELL RNA ANALYSIS TOOLS TO CHROMATIN ACCESSIBILITY DATA,
FACILITATING MULTIMODAL INTEGRATION.

3. SNAPATAC: PROVIDES SCALABLE ANALYSIS OPTIMIZED FOR LARGE DATASETS, WITH A FOCUS ON PEAK REFINEMENT AND
CELL CLUSTERING.

4. CeLL RANGER ATAC: A COMMERCIAL-GRADE PIPELINE DESIGNED FOR 10x GENOMICS SCAT AC-SEQ DATA, DELIVERING
STANDARDIZED PREPROCESSING AND QC.

CHOOSING THE RIGHT TOOL DEPENDS ON DATASET SIZE, COMPUTATIONAL RESOURCES, AND DOWNSTREAM ANALYTIC GOALS.

CHALLENGES AND LIMITATIONS IN SCATAC-seQ DATA ANALYSIS

\WHILE SCATAC‘SEQ OFFERS UNPARALLELED RESOLUTION, IT PRESENTS UNIQUE CHALLENGES:
o DATA SPARSITY: SINGLE-CELL CHROMATIN ACCESSIBILITY PROFILES ARE TYPICALLY SPARSE, COMPLICATING
STATISTICAL ANALYSES AND PEAK CALLING.

o CoMPUTATIONAL DEMAND: L ARGE DATASETS REQUIRE SUBSTANTIAL MEMORY AND PROCESSING POWER, POTENTIALLY
LIMITING ACCESSIBILITY FOR SOME LABORATORIES.

o INTERPRETATION COMPLEXITY: TRANSLATING CHROMATIN ACCESSIBILITY PATTERNS INTO FUNCTIONAL REGULATORY
INSIGHTS REQUIRES INTEGRATION WITH OTHER DATA TYPES AND CAREFUL ANNOTATION.

e BATCH EFFECTS AND TECHNICAL V ARIABILITY: VARIABILITY INTRODUCED DURING SAMPLE PREPARATION OR SEQUENCING
CAN OBSCURE BIOLOGICAL SIGNALS IF NOT PROPERLY ADDRESSED.

RESEARCHERS MUST CAREFULLY DESIGN EXPERIMENTS AND SELECT APPROPRIATE COMPUTATIONAL METHODS TO MITIGATE THESE
ISSUES.

EMERGING TRENDS AND FUTURE DIRECTIONS

THE FIELD OF SINGLE-CELL EPIGENOMICS IS RAPIDLY EVOLVING. INNOVATIONS SUCH AS COMBINATORIAL INDEXING, MULTIOME



SEQUENCING (SIMULTANEOUS PROFILING OF CHROMATIN ACCESSIBILITY AND GENE EXPRESSION), AND SPATIALLY RESOLVED
SCATAC‘SEQ PROMISE TO DEEPEN OUR UNDERSTANDING OF GENE REGULATION IN COMPLEX TISSUES.

FURTHERMORE, MACHINE LEARNING APPROACHES ARE INCREASINGLY BEING APPLIED TO SCATAC-SEQ DATA, ENHANCING CELL
TYPE IDENTIFICATION AND REGULATORY NETWORK RECONSTRUCTION. THESE ADVANCEMENTS WILL LIKELY BE INCORPORATED
INTO FUTURE SCATAC SEQ ANALYSIS TUTORIALS, REFLECTING THE DYNAMIC NATURE OF THE FIELD.

THIS PROFESSIONAL EXPLORATION OF SCATAC SEQ ANALYSIS TUTORIAL UNDERSCORES THE IMPORTANCE OF ROBUST AND
ADAPTABLE ANALYTICAL WORKFLOWS. BY COMBINING TECHNOLOGICAL UNDERSTANDING WITH COMPUTATIONAL PROFICIENCY,
RESEARCHERS CAN UNLOCK THE FULL POTENTIAL OF SINGLE-CELL CHROMATIN ACCESSIBILITY DATA IN DIVERSE BIOLOGICAL
CONTEXTS.
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