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Introduction
Next-generation sequencing (NGS) technologies have revolutionized our understanding of 
life’s complexity by enabling deep sequencing of the genome, epigenome, transcriptome, 
proteome, and more.1 To gain a more comprehensive view of biological systems, researchers 
are increasingly adopting multiomic approaches that integrate data across multiple molecular 
layers (omes) (Figure 1).2-4 These approaches continue to expand with emerging technologies 
such as spatial transcriptomics, which combines gene expression measurements with 
spatial information to provide additional biological context. Published literature and market 
analyses indicate increasing adoption of multiomic approaches as sequencing technologies 
become more accessible and cost-effective.5 The Illumina MiSeq™ i100 System, NextSeq™ 
1000 and NextSeq 2000 Systems, NovaSeq™ 6000 System, and NovaSeq X Series 
offer the application flexibility to enable cost-effective multiomic approaches. 

After generating sequencing data from multiple omes, scientists require analysis workflows 
that provide accurate and reproducible results. Integrating data across multiple omes 
generates powerful insights into life’s most fundamental processes, creating a comprehensive 
picture of biological phenomena. This eBook explores the integration of genomic and 
transcriptomic sequencing data as an example of a multiomic data analysis workflow.

Figure 1: Multiomics connects information across multiple layers to create a comprehensive view of complex systems.

PROTEOMICS
Assesses protein expression and properties to 
understand cellular function and disease biology.

TRANSCRIPTOMICS
Measures RNA transcripts to assess gene  
expression and transcriptome composition,  
including spatially resolved patterns within tissues.

EPIGENOMICS
Examines DNA methylation and chromatin  
modifications that regulate gene activity.

GENOMICS
Studies DNA sequence variation and genome  
structure using next-generation sequencing-  
and array-based methods.
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From sequencing to biological insight
Although multiomic study designs vary widely, most genomics and transcriptomics workflows 
follow a common analytical framework. Even within this general framework, data analysis has 
traditionally been complex and labor-intensive. Technological advancements have streamlined 
these workflows, reducing the burden of maintenance and routine pipeline management and 
enabling greater focus on scientific interpretation and innovation.6-7 Illumina cloud-based and 
on-instrument analysis applications are designed to support standardized workflows and 
facilitate collaboration across research teams.

A typical data analysis workflow begins with sequencing data in FASTQ format (Figure 2). 
Reads are assessed, filtered, and aligned to a reference genome to generate Binary Alignment 
Map (BAM) files. Downstream analysis then diverges by data type: genomic BAM files 
are processed through variant calling to generate Variant Call Format (VCF) files while 
transcriptomic BAM files are quantified and normalized to measure gene expression. Finally, 
genomic and transcriptomic results can be integrated to support visualization, interpretation, 
and biological discovery. This eBook explores each stage of the data analysis workflow in 
greater detail.
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Figure 2: Multiomics analysis workflow for genomic and transcriptomic data
Multiomic workflows that integrate genomic and transcriptomic data involve several analytical steps that support the transition from raw 
sequencing data to biological insight. DRAGEN secondary analysis performs sequencing quality assessment, read alignment, sensitive 
and accurate variant calling, and RNA quantification with normalized expression outputs to enable integrated genomic and transcriptomic 
interpretation. Illumina Connected Multiomics enables exploration and visualization of these multiomic data sets.
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The multiomic data analysis workflow 
From FASTQ to BAM with DRAGEN software

Quality assessment 
Following a run, sequencing systems generate a binary base call (BCL) file. BCL files are 
commonly converted by core facilities and service providers into FASTQ files, which contain 
a list of the nucleotide sequences alongside metrics, such as quality scores. This text-based 
FASTQ file is the standard starting point for most research teams.

Assessing the quality of reads within the FASTQ file is a crucial first step in data analysis for 
any NGS experiment. Quality assessment includes evaluating average read length, average 
base quality, and guanine/cytosine content. Assessing these metrics helps identify low-quality 
reads that may negatively affect downstream analyses. Illumina DRAGEN secondary analysis 
streamlines quality assessment thanks to push-button options that generate easy-to-
understand graphs (Figure 3 and Figure 4).

Figure 3: A sample graph illustrating the quality of sequencing data.

Figure 4: Example of the easy-to-use, push-button 
interface for configuring DRAGEN secondary 
analysis. Available interface and configuration 
options may vary by software version. 
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Read filtering
After assessing the quality of sequencing reads in the FASTQ file, irrelevant 
and low-quality sequences are filtered out of the analysis. This includes:

Removing the  
adapter 
sequences from 
the end of reads

Trimming bases 
from either end of 
the fragment, where 
accuracy is lower

Removing  
low-quality reads

Removing reads that 
do not align to the 
reference

Removing dimers 
that occur 
from adapter 
contamination

⟶ ⟶ ⟶ ⟶

Better alignment with  
multigenome mapping
One way to achieve a more robust analysis with improved 
resolution in complex and highly polymorphic regions is to use 
multigenome mapping.9 Unlike traditional methods that use 
one reference genome to align reads, multigenome mapping 
can use many genomes (pangenome) as a reference source.

Multigenome mapping is gaining adoption across 
genomics applications because it can:

	ܰ Better represent genetic diversity and reduce 
ancestry‑related reference bias10

	ܰ Improve detection of certain single nucleotide variants 
(SNVs) compared with linear reference approaches9

Multigenome mapping is increasingly represented 
in the scientific literature and is readily 
available in DRAGEN secondary analysis.11

Genome alignment
After low-quality reads have been filtered 
out, the sequenced fragments can be aligned 
to a reference genome. Alignment accuracy 
depends on both sequencing quality and the 
reference genome used, particularly in regions 
with high genetic diversity or complex structural 
variation. These aligned reads are stored 
in a BAM file for downstream genomic and 
transcriptomic analyses.

It is important to note that many publicly 
available reference genomes do not fully 
capture ancestral and global population 
variation adequately due to limitations in the 
sample groups.8 Furthermore, while many 
programs use a single reference for genome 
mapping and alignment (also known as a 
linear reference), this approach can struggle 
to resolve highly polymorphic regions of 
the genome or structural variants such as 
insertions, inversions, and translocations.9

For Research Use Only. Not for use in diagnostic procedures.



7

More with multiomics: An introduction to multiomic data analysis

M-AMR-01553 v2.0

Independent analysis of genomic  
and transcriptomic data

Analyzing the genomic BAM file: variant calling
After the BAM file is generated, DNA sequencing data is converted to a VCF file through a 
process known as variant calling.12 Variant calling allows researchers to identify mutations, 
deletions, and insertions by comparing their sequence to one or more reference genomes. 
Variant detection is influenced by sequencing depth and alignment quality (Figure 5). 

Variant calling can identify both germline and somatic mutations. Germline mutations are 
present in all cells of an individual. As a result, germline variant calls typically show allele 
frequencies near 0, 0.5, or 1. Somatic mutations, in contrast, arise in nongermline cells and may 
occur at lower allele frequencies due to biological and sample heterogeneity. Variant detection 
thresholds may therefore be adjusted to support detection of lower-frequency variants. 
DRAGEN secondary analysis incorporates machine learning–based approaches designed to 
support improved variant calling accuracy.

Reference

Alignment

Consensus

.vcf file

. . .CGGTTACACAA CCCFTT GCACGTACGTAA.. .TA
TTACACAA CCCGTT GCACT

TACACAA CCCGTT GCACCT
ACACAA CCCGTT GCACGTCT

A CCCGTT GCACGTACGTTT

CACAA CCCGTT GCACGTCA
CAA CCCGTT GCACGTACCT

AA CCCGTT GCACGTACGCT

TTACACAA CCCGTT GCACGTACGTTT

Figure 5: An example of the variant calling process, resulting in a consensus sequence.

For Research Use Only. Not for use in diagnostic procedures.



8

More with multiomics: An introduction to multiomic data analysis

M-AMR-01553 v2.0

Maximizing accuracy:  
make every base count
Quality assessment of the FASTQ file helps ensure high-quality 
input into the data analysis pipeline. Maintaining that quality 
throughout subsequent analysis is equally important. The 
program used to process sequencing data can have a significant 
impact on downstream accuracy. If the analysis program is not 
reliable, variant calls and expression levels may be compromised 
by false negatives and false positives, especially in regions of 
the genome that are difficult to sequence.

In the benchmark evaluated, DRAGEN secondary analysis (v4.5) 
demonstrated fewer variant-calling errors than the comparator 
workflow tested (Figure 6).13

Figure 6: DRAGEN secondary analysis (v4.5) enables approximately 3.0 times 
more accurate variant calling on the NextSeq 2000 Sequencing System with 
XLEAP‑SBS™ chemistry compared with Element AVITI + DeepVariant based 
on the National Institute of Standards and Technology (NIST) Genome in a 
Bottle (GIAB) v4.2.1 benchmark.13

Results reflect performance in the NIST GIAB v4.2.1 benchmark under the conditions evaluated and 
may not predict performance in all workflows, specimens, or applications.

FN, false negative; FP, false positive; indel, insertion/deletion; SNP, single nucleotide polymorphism, 
WGS, whole-genome sequencing.
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Variant refinement and annotation
Following variant calling, variants are filtered to reduce technical artifacts and background 
noise. The remaining variants are annotated with biological information, including gene and 
transcript associations, predicted functional effects, population frequencies, and links to 
curated variant databases. These annotations help researchers organize large variant data sets 
and prioritize variants that may be relevant to the biological question under investigation.

By combining quality filtering with biological annotation, variant refinement facilitates 
interpretation of how specific genetic alterations may be associated with observed biological 
characteristics. Structured variant data can then be compared across samples and integrated 
with other molecular data sets in downstream multiomic analyses.

Analyzing the transcriptomic BAM File: quantification
After RNA sequencing data have been aligned in a BAM file, the number of reads must be 
quantified.14 When sequencing the transcriptome, higher read counts for a given transcript 
generally corresponds to higher gene expression levels. However, after quantifying the total 
number of reads, it’s important to normalize these counts to account for factors such as gene 
length, RNA composition, and differences in read depth between samples. 

After transcripts have been quantified and the expression levels have been normalized, several 
statistical analysis methods can be used to discover important patterns in gene expression. 

Differential gene expression analysis
One of the most common downstream approaches is the comparison of gene expression 
patterns across conditions to identify statistically significant differences. Transcriptomic data 
undergoes processing steps that enable accurate comparison of gene expression across 
samples and experimental conditions. Expression measurements are filtered and normalized 
to reduce technical variation and ensure that differences in expression reflect underlying 
biological signals rather than sequencing or sample-preparation effects. These preprocessing 
steps establish a consistent foundation for downstream analyses.

Once expression data have been prepared, researchers can examine global transcriptional 
patterns and identify genes with significantly altered expression levels. Differential expression 
analysis highlights genes associated with biological responses and states, providing insight 
into the pathways and processes that drive these transcriptional changes.

Together, these analyses provide a quantitative view of transcriptional activity and support the 
biological interpretation of transcriptomic data.

For Research Use Only. Not for use in diagnostic procedures.
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Integrated analysis of 
multiomic data
Multiomic insights emerge when genomic and 
transcriptomic data sets are explored together to examine 
how genetic variation influences gene expression. By 
linking genomic variants with corresponding expression 
changes, researchers can investigate relationships 
between genotype and transcriptional activity and assess 
their potential biological significance. Combining these 
complementary data types provides a more comprehensive 
view of molecular function than either data set alone. 

Exploring and interpreting data
Illumina Connected Multiomics provides a shared 
environment for research teams to analyze, visualize, and 
integrate multiomic data across modalities.15 Rigorous 
statistical methods and AI-enabled analytical tools support 
interpretation of complex multiomic datasets (Figure 7). 
Researchers can evaluate gene expression patterns, 
variant associations, pathway activity, phenotype links, and 
other cross-omic relationships.

Figure 7: Example visual outputs from Illumina Connected Multiomics include dot plots, Manhattan 
plots, principal component analysis (PCA) plots, heatmaps, and volcano plots to support evaluation of 
expression patterns, association signals, sample structure, and differential features across multiomic 
datasets.

The Illumina software and informatics portfolio supports 
analysis, interpretation, and data aggregation across 
a range of research applications. Correlation Engine 
is integrated within Illumina Connected Multiomics, 
providing biological context for findings as part of the 
tertiary analysis experience. Researchers can compare 
gene-level results from transcriptomic analysis against 
curated public data sets to identify concordant signatures, 
pathways, regulatory relationships, drug associations, 
and phenotype links. Correlation Engine mines more than 
27,000 scientific studies to deliver data-driven insights for 
genes, experiments, drugs, and phenotypes, helping place 
individual experimental results within the broader body of 
scientific evidence.

Together, integrated analysis and knowledge-driven 
interpretation transform genomic and transcriptomic 
data sets into a more comprehensive understanding of 
complex biological systems.
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"Today, multiomics is more accessible. That’s really what it is—it’s 
accessible. The workflows are streamlined in a way that wasn’t possible 
even five years ago. When the workflows are streamlined and the 
technologies are consolidated so they work together seamlessly, then 
you can ask the questions, and you’re not as intimidated by it because 
it’s doable."

Bodour Salhia, PhD
Professor of Cancer Biology  
Royce and Mary Trotter Chair in Cancer Research, Keck School of Medicine of USC

Summary
Multiomics provides a more comprehensive view of complex 
biological systems by bringing together information across 
multiple molecular layers. Although multiomic study designs 
vary widely, all benefit from analytic frameworks that can 
resolve complex, multilayered data sets with accuracy 
and consistency. Illumina application-based solutions 
streamline data analysis and support confident interpretation, 
helping researchers move efficiently from sequencing 
data to biological insight. The result is a simpler path from 
complex multiomic data to new insights and discoveries.

Get started with  
your multiomic data 
analysis today
Learn more about  
Illumina multiomics ⟶
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