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Background Key Outcomes

The Analyst Effort: Manual vs Automated

RNA-seq analysis workflows rely on well-
established tools for QC, alignment, quantification, 
differential gene expression, and pathway analysis. 
Yet, their integration is often ad hoc, analyst 
dependent, and infrastructure-constrained. This 
leads to inconsistent outputs, even for identical 
datasets. 

After workflow execution, users face large 
collections of intermediate files with no clear path 
to downstream analysis, requiring substantial 
hands-on effort to validate metrics, regenerate 
figures, and debug failed steps.

Figure 1. Comparison of manual (top) and automated (bottom) RNA-seq 
analysis workflows across three sequential pipelines: RNA-seq processing, 
differential expression, and pathway analysis. 

The Problem

Figure 3.  Gantt chart comparing manual and automated RNA-seq workflows across 
three sequential pipelines: RNA-seq processing, differential expression analysis, and 
pathway analysis.  Each step is shown as paired bars (manual = upper, automated = 
lower) plotted against a shared time axis scaled to the total manual wall time. The 
automated framework completes all three pipelines in approximately 35% of the manual 
total, with the remaining time saved indicated by the shaded region.  Red dots denote 
manual intervention and failure points in the manual workflow. Manual pipeline launches 
between stages are preserved in both workflows.  All values are illustrative estimates. 

The time required to execute a manual RNA-seq workflow 
varies considerably depending on the analyst’s experience, 
familiarity with individual tools, and local computing 
environment.  Before a single read is processed, the analyst 
must install and configure each tool independently and 
obtain the appropriate reference genomes and annotation 
files.  This setup burden doesn’t exist in the automated 
framework, where all dependencies are pre-configured and 
references are managed centrally.  The timelines below 
should be interpreted as illustrative: an experienced analyst 
may complete the manual workflow faster, while a less 
experienced one may take considerably longer. 

Key Deliveries

• Industry standard workflow: All tools are 
selected and validated by PhD level 
bioinformaticians

• Validated handoffs: Pipeline outputs are always 
compatible with downstream pipelines

• Reproducibility: Containerized execution, locked 
parameters and schema validation across 
analysts

• Flexibility: Analysis parameters, such as p-value 
thresholds, can be easily adjusted

• Analysis-ready outputs: No post-hoc figure 
regeneration or table mismatches

• Scalable: Pilot studies and large cohorts have the 
same framework

• Easy handoff: Bioinformatics to biology via self-
documenting reports

• Share results: Built in share feature allows you to 
share results and intermediate files with your 
team members
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ZERO
BACK-AND-FORTH OVERHEAD;
ACCESSIBLE TO NON-
BIOINFORMATICIANS

REMOVES 12+
AD-HOC FAILURE POINTS

↓85%
MANUAL CHECKPOINTS

2-3X FASTER
ITERATION CYCLES VS STANDARD 
BIOINFORMATIC WORKFLOWS 

Where Does the Time Go?

Across three pipelines, end-to-end pipeline time breaks 
down into four categories.  The automated framework shifts 
effort away from hands-on and rework time toward idle 
compute (ie- jobs running without human intervention)

Figure 2. Distribution of total pipeline time by activity type for manual and automated 
RNA-seq workflows. Values are illustrative estimates; hands on and rework time are 
substantially reduced under the automated framework, while idle compute increases as 
jobs run without manual intervention.

Three-pipeline RNA-seq workflow: manual vs. automated
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FASTQ Files  (raw sequencing reads — dropped into data folder)

1 Fill Sample Sheet
sample names · FASTQ R1/R2 · organism · experiment groups

2 Adjust Advanced Settings  (optional)
aligner params · strandedness override · genome build

3 Launch RNA-seq Pipeline
select speed tier · click launch

Automated:  FastQC (raw)  →  Trimmomatic  →  FastQC (trimmed)  →  STAR alignment  →  Picard (RG + 
MarkDup)  →  Samtools index  →  featureCounts  |  Salmon  →  MultiQC

RNA-seq Outputs
MultiQC HTML report  ·  Coordinate-sorted BAMs  ·  featureCounts gene matrix  ·  Salmon quant files

4 Launch DGE Pipeline
select tier · launch when RNA-seq is complete

Automated:  Merge count matrices  →  DESeq2 (all contrasts)  →  Violin · Volcano · MA · PCA 2D/3D · Scree · 
Heatmap

DGE Outputs
DE results CSV (all comparisons)  ·  Volcano · MA · Heatmap · PCA plots  ·  Versioned outputs

5 Launch Pathway Pipeline
select tier · launch when DGE is complete

Automated:  PATHWAY_PREPARE  →  GO ORA + GSEA  |  KEGG ORA + GSEA  |  Reactome ORA  (parallel)  →  
Self-contained HTML report per comparison

Pathway Outputs
GO · KEGG · Reactome enrichment tables  ·  All plots embedded  ·  Self-contained HTML report per comparison

Biological Interpretation

Automated RNA-seq Workflow

5 user actions — same comprehensive results

~30 manual steps  |  4 decision checkpoints  |  Results vary 
run-to-run  |  Hours of active setup per project

Manual RNA-seq Workflow

Phase 1 — RNA-seq Analysis Phase 2 — Differential Expression

Phase 3 — Pathway Analysis

Install all tools
(FastQC, Trimmomatic, STAR, Picard, Samtools, 

featureCounts, Salmon, MultiQC, R)
1

Download reference genome + GTF
(which build? GRCh38? Ensembl vs UCSC?)2

Build STAR genome index
(must match genome version)3

Correct species /
genome version?4

FastQC — raw reads
(inspect HTML report per sample)5

Samples pass QC?
(adapters, quality, GC bias)6

Trimmomatic
(manually tune LEADING / TRAILING /

SLIDINGWINDOW / MINLEN per dataset)
7

FastQC — trimmed reads
(verify adapter removal)8

STAR alignment
(set --sjdbGTFfile, @RG tags, RAM)9

Mapping rate >70%?
Unmapped reads <30%?10

Picard AddOrReplaceReadGroups
+ MarkDuplicates  +  Samtools index11

Strandedness correct?
(wrong = 40–60% reads lost)12

featureCounts  (gene-level counts)13

Salmon quant  (transcript-level)14

MultiQC — aggregate + inspect all logs15

Merge featureCounts matrices
(write & run R merge script)16

Define contrasts + metadata manually
(sample groups, condition labels)17

Contrasts /
metadata correct?18

Run DESeq2
(design formula, reference level, BH FDR)19

Inspect PCA + heatmap
(check for outliers / batch effects)20

Outliers or
batch effects?21

Adjust model + re-run if needed22

Generate DE plots
(volcano, MA, violin, heatmap, PCA 3D)23

Curate & export gene lists
(per comparison)24

Load DGE results into R
(gene ID conversion: symbol → Entrez)25

GO Biological Process enrichment
(ORA + GSEA via clusterProfiler)26

KEGG pathway enrichment
(ORA + GSEA via clusterProfiler)27

Reactome enrichment
(ORA via ReactomePA)28

Generate enrichment plots
(dotplot, ridgeplot, network, GSEA plots)29

Format & export all results
(per comparison, per database)30

The Solution


