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Illumina 

Sequencing



Illumina Library Structure

Rd1 SP- Read 1 Sequencing Primer

Rd2 SP- Read 2 Sequencing Primer

Read 1 Read 2



https://www.illumina.com/techniques/sequencing/ngs-

library-prep.html



Choosing a Tagmentation Kit for Your 

Experiment

Applications Product Benefits

16s rRNA Sequencing, 
Amplicon Sequencing, De 
Novo Sequencing, Shotgun 
Sequencing, Whole-Genome 
Sequencing

Nextera XT •Optimized for research on small genomes, PCR 
amplicons, and plasmids

Amplicon Sequencing, De 
Novo Sequencing, Shotgun 
Sequencing, Whole-Genome 
Sequencing

Illumina DNA Prep •No library quantification needed

Human Whole-Genome 
Sequencing

Illumina DNA PCR-Free •Bead-linked transposome technology
•Avoid PCR duplicates
•No library quantification needed

https://www.illumina.com/products/by-type/sequencing-kits/library-prep-kits/nextera-xt-dna.html
https://www.illumina.com/products/by-type/sequencing-kits/library-prep-kits/nextera-dna-flex.html
https://www.illumina.com/products/by-type/sequencing-kits/library-prep-kits/dna-pcr-free-prep.html


Nextera XT

Assay Time ~5.5 hours from DNA extraction to normalized library. (Library prep time: ~90 minutes).

Hands-On Time 15 minutes

Mechanism of Action Enzymatic fragmentation

Multiplexing Up to 384 uniquely indexed samples may be pooled and sequenced together.

Input Quantity 1 ng DNA

Species Category Any Species, Nematode, Plant, Zebrafish, Fungal, Mouse, Mammalian, Virus, Bacteria, Drosophila, Rat, 
Human, Yeast

Species Details Compatible with any species

Target Insert Size 300 bp–1.5 kb

Description Fast library prep optimized for research on small genomes, PCR amplicons, and plasmids.

Specialized Sample Types Low-Input Samples, Not FFPE-Compatible, Single Cells

Technology Sequencing

Method 16s rRNA Sequencing, Amplicon Sequencing, De Novo Sequencing, Shotgun Sequencing, Whole-
Genome Sequencing

System Compatibility iSeq 100, MiniSeq, MiSeq, NextSeq 1000, NextSeq 2000, NextSeq 500, NextSeq 550

Automation Capability Liquid Handling Robots

Variant Class Single Nucleotide Polymorphisms (SNPs), Structural Variants

Nucleic Acid Type DNA

https://www.illumina.com/content/illumina-marketing/amr/en_US/areas-of-interest/microbiology/microbial-sequencing-methods/16s-rrna-sequencing.html
https://www.illumina.com/content/illumina-marketing/amr/en/techniques/sequencing/dna-sequencing/targeted-resequencing/amplicon-sequencing.html
https://www.illumina.com/content/illumina-marketing/amr/en/techniques/sequencing/dna-sequencing/whole-genome-sequencing/de-novo-sequencing.html
https://www.illumina.com/content/illumina-marketing/amr/en/areas-of-interest/microbiology/microbial-sequencing-methods/shotgun-metagenomic-sequencing.html
https://www.illumina.com/content/illumina-marketing/amr/en/techniques/sequencing/dna-sequencing/whole-genome-sequencing.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/iseq.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/miniseq.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/miseq.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/nextseq-1000-2000.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/nextseq-1000-2000.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/nextseq.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/array-scanners/nextseq-550.html


DNA Prep

Assay Time ~3-4 hours (from DNA extraction to normalized library)

Hands-On Time 1-1.5 hours

Input Quantity Small genomes (e.g. microbial): 1-500 ng DNA. Large genomes (e.g. human): 100-500 ng DNA. 

Mechanism of Action Bead-linked transposome

Multiplexing Up to 384 unique dual (UD) combinations and 96 combinatorial dual (CD) combinations

Species Details Compatible with any species

System Compatibility HiSeq 2500, HiSeq 3000, HiSeq 4000, HiSeq X Five, HiSeq X Ten, iSeq 100, MiniSeq, MiSeq, MiSeqDx in Research Mode, NextSeq

1000, NextSeq 2000, NextSeq 550, NextSeq 550Dx in Research Mode, NovaSeq 6000

Specialized Sample Types Blood, Not FFPE-Validated, Saliva

Sample Type Details Supports multiple sample types, including genomic DNA, blood (and dried blood spots), saliva, PCR amplicons, plasmids, and 

bacterial colonies

Species Category Any Species, Human, Mouse, Rat, Plant, Drosophila, Virus, Yeast, Zebrafish, Bacteria, Mammalian, Nematode

Description A fast, flexible workflow for a wide range of research applications and sample types, from human to microbial whole-genome 

sequencing and more.

Target Insert Size ~350bp

Technology Sequencing

Method Amplicon Sequencing, De Novo Sequencing, Shotgun Sequencing, Whole-Genome Sequencing

Variant Class Chromosomal Abnormalities, Copy Number Variants (CNVs), Gene Fusions, Germline Variants, Insertions-Deletions (indels), Loss of 

Heterozygosity (LOH), Single Nucleotide Polymorphisms (SNPs), Somatic Variants, Structural Variants

Automation Capability Liquid Handling Robots

Nucleic Acid Type DNA

https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/hiseq-2500.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/hiseq-3000-4000.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/hiseq-3000-4000.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/hiseq-x.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/hiseq-x.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/iseq.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/miniseq.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/miseq.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/miseqdx.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/nextseq-1000-2000.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/nextseq-1000-2000.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/array-scanners/nextseq-550.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/nextseq-dx.html
https://www.illumina.com/content/illumina-marketing/amr/en_US/systems/sequencing-platforms/novaseq.html
https://www.illumina.com/content/illumina-marketing/amr/en/techniques/sequencing/dna-sequencing/targeted-resequencing/amplicon-sequencing.html
https://www.illumina.com/content/illumina-marketing/amr/en/techniques/sequencing/dna-sequencing/whole-genome-sequencing/de-novo-sequencing.html
https://www.illumina.com/content/illumina-marketing/amr/en/areas-of-interest/microbiology/microbial-sequencing-methods/shotgun-metagenomic-sequencing.html
https://www.illumina.com/content/illumina-marketing/amr/en/techniques/sequencing/dna-sequencing/whole-genome-sequencing.html


Choosing 

Sequencing 

Reagents



Illumina MiSeq V2 vs V3 Reagents

 Cluster Density

 V2- 467-583 k/mm2 

 V3- 727-827 k/mm2 

 Read Length

 V2- 2x25bp, 2x150bp, 2x250bp

 V3- 2x75bp or 2x300bp

 Total Output 

 V2- 24-30 Million Paired Reads

 V3- 44-50 Million Paired Reads

 Sequencing Time

 V2- 5.5-39 hours

 V3- 21-56 hours



Illumina MiSeq Specifications



Illumina Product Numbers



Loading Illumina 

NGS Library



Determine Molarity

Ave bp size

475bp

nM= ((55ng/ul)/(475bp*660g/mol)) * 1,000,000

Qubit= 55ng/ul

nM= 175.4



Determining Molarity

Number Sample
Concentration 

(ng/ul)

Fragment 

Size
nM

1 Virus_RNAseq_Pool_2 55 475 175.4

2 Virus_RNAseq_Pool_3 10 475 31.9

3 Virus_RNAseq_Pool_4 10 400 37.9

475bp400bp



Generate 4nM Library

Number Sample
Concentration 

(ng/ul)

Fragment 

Size
nM

Total ul of 

stock

Library to 

make 4 

nM stock 

(ul)

TE Buffer

1 Virus_RNAseq_Pool_2 55 475 175.4 100 2.28 97.72

2 Virus_RNAseq_Pool_3 10 475 31.9 50 6.27 43.73

3 Virus_RNAseq_Pool_4 10 400 37.9 50 5.28 44.72



Determine Average bp Size

400bp



Denaturation

MiSeq System-

Denature and Dilute 

Libraries Guide

Document # 15039740 v10 



Loading Concentration

MiSeq System-

Denature and Dilute 

Libraries Guide

Document # 15039740 v10 



Optimal Clustering

Under Clustered Optimal Clustered

6 pM 10 pM



Optimal Clustering

Over Clustered Optimal Clustered

14 pM 12 pM



SARS-CoV-2

Genome 

Sequencing



Clinical Diagnostics vs Genome 

Sequencing

attatctagagtattaggtttgaaaacccttgctactcatggtttagctgctgttaatagattatctagagtattaggtttgaaaaaaaaa
Genome Sequencing

Detects and generates sequence data for entire genome

Whole genomes are the highest resolution data

Clinical Testing
Detects presence of 2-3 
sites typically by qPCR



SARS-CoV-2 Sequencing 

Considerations

 If Ct values are available prioritize values less than 30

 Use fresh properly stored VTM and/or RNA

 Room temp <24 hrs

 4 degrees <1 week

 -20 degrees upto 1 year

 Avoid repeated freeze-thaw of VTM and/or isolated RNA



Next-Generation Sequencing of SARS-CoV-2 Genomes

Isolate RNA

Illumina MiSeq

Virus

Hybridization 

Enrichment

Tiling PCR

NGS Library 

Prep

NGS Library 

Prep

Fragment, RT-

PCR & Create 

Indexed Library

RT-PCR & 

48-300+ Virus 

Specific PCRs 

Target Capture

PCR



Illumina Provided SARS-CoV-2 

Protocols

 COVIDSeq

 PCR & Tagmentation

 Research Use Only (RUO) & USA FDA Emergency Use Authorization

 AmpliSEQ

 PCR & Restriction Digestion & Adapter Ligation 

 Respiratory Virus Oligo Panel v2 (RVOP)

 Target hybridization capture



Other Manufacturer Protocols for 

Illumina

 Qiagen

 QIAseq DIRECT SARS-CoV-2 Kit (PCR)

 IDT/SWIFT

 xGen Amplification Panel (PCR) & xGen Hybridization Probes (Target Capture)

 Roche/Kapa

 KAPA SARS-CoV-2 Target Enrichment Panel by Roche (Target Capture)



PCR Primer Sets

 ARTIC

 V3- 400bp amplicons (98 primers pairs)

 V4- Updated for optimal coverage of Delta- Illumina COVIDSeq

 V4.1- Includes primers optimized for Omicron

 Midnight- 1,200bp

 Omicron dropout of amplicon 28, possibly amplicon 2

 Manufacturer Specific

 Qiagen, IDT



Illumina COVIDSeq

RNA
Single Stranded 

cDNA

Primer Pool A

Primer Pool B

Reverse 

Transcribe

Random 

Hexamers

PCR

25°C for 5 minutes 
50°C for 10 minutes
80°C for 5 minutes

98°C for 3 minutes 
35 cycles of: 

98°C for 15 seconds 
63°C for 5 minutes 

Hold at 4°C

8.5 ml RNA



Illumina COVIDSeq

Primer Pool A

Primer Pool B

Tagged SARS-

CoV-2 

Amplicons

Tagmentation

10ml PCR DNA

10ml PCR DNA

55°C for 5 minutes 
Hold at 10°C 

Mix

Bead Cleanup

PCR

Index 

Primers

(IDT UDI)

72°C for 3 minutes 
98°C for 3 minutes 7 

cycles of:
98°C for 20 seconds
60°C for 30 seconds

72°C for 1 minute 
72°C for 3 minutes 

Hold at 10°C 

Pool & Cleanup 

Libraries



Amplicon Dropouts



Amplicon Dropouts

 Due to mismatches in primer 

sequence and genome sequence of 

virus

 More problematic in low viral load 

samples

 If amplicon contains lineage defining 

mutations, may be incorrectly 

classified



Illumina COVIDSeq Considerations

 Illumina recommends ~1 million reads/samples

 48 samples/MiSeq

 384 samples/NextSeq 1000/2000

 Primer sets can be changed

 Ships with ARTIC v4

 ARTIC v4.1 for better Omicron coverage

 Midnight?, may depend on read length used for sequencing

 Automated solutions available



Illumina AmpliSeq

 2-pool design, containing 247 amplicons/primer pairs 

 (242 unique amplicons (Pool 1: 125 amplicon, Pool 2: 122 amplicons): 

 237 viral specific SARS-CoV-2 targets and 5 human gene expression controls) ranging from 
125-275 bps in length that covers >99% of the viral genome and all potential serotypes of the 
virus.

 Higher Cost/Sample than COVIDSeq



Illumina AmpliSeq



Illumina AmpliSeq- Cont.



AmpliSeq Considerations

 Uses AmpliSeq CD Indexes Set A, B, C, or D plate (96 indexes, 96 samples) 

or AmpliSeq UD Indexes for Illumina (24 Indexes, 24 Samples), 

 Limited capacity to multiplex for higher output sequencers, NextSeq 2000 or 

NovaSeq

 Illumina recommends 2x151bp sequencing

 MiSeq v3 (600 cycle kit) sequencing reagents loaded at 7-9pM



Target Capture for Virus Genome 

Sequencing

Genome Research. 2018 Jun;28(6):869-877. DOI: 
10.1101/gr.226316.117. PMID: 29703817; PMCID: PMC5991510.



Illumina RNA Enrichment

Fragment, Reverse Transcribe & Create 

Indexed Sequencing Library 2x75 or 2x150 bp Sequencing on 

Platform of Choice

38

Total RNA
Stranded 
RNA-Seq 
Library

Custom 
Probe 

Capture
Sequence Analysis

Rapid CaptureStranded RNA

1 to 20 ng input

Hybridization with 
RVOP v2

48-96 samples on MiSeq



Illumina RNA Prep with Enrichment



Virus Enrichment



SARS-CoV-2 Enrichment



SARS-CoV-2 Enrichment



Considerations for Enrichment

 Can be used for SARS-CoV-2 and additional respiratory viruses

 Less susceptible to virus mutations

 Higher costs & lower throughput



Questions?


