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High Throughput Sequencing

* First generation - past, present

» Up to 1 kb; high quality data; multiplexed
- SANGER; Highly automated (ABI Sanger 3730x1)

“ Second generation - present

- Shorter reads; Massive parallelisation and real high throughput
* Illumina, BGISeq, lon-torrent, [454, Solid]

- RNA is reverse-transcribed to cDNA before sequencing

* Third generation - [present] future

- Long-read sequencing; Single-molecule sequencing (without amplification)
» PacBio, Oxford Nanopore, [more in development]

» Potential to sequence RNA directly



[llumina sequencers

* Second generation sequencing technique

* Sequencing-by-synthesis aka SBS

* https:/ /www.youtube.com / watch?v=fCd6B5HRaZ8

* Mass parallelisation and real high throughput


https://www.youtube.com/watch?v=fCd6B5HRaZ8

Library prep and sequencing

Fragment (DNA) sequenced: up to 800 bp

A Library Preparation B. Cluster Amplification C. Sequencing
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https:/ /www.illumina.com/documents/products/illumina_sequencing_introduction.pdf
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Sequencing by synthesis (SBS)
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Library prep and sequencing

Fragment (DNA) sequenced: up to 800 bp e e
ead type: ate paitr
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Add adapters during library preparation
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https:/ /www.illumina.com/documents/products/illumina_sequencing_introduction.pdf



Single/Paired-end/Mate pair sequencing

+ Paired-end reads or mate pair reads are pairs of reads known to come from two
close regions in the genome.

2 They are located with an approximate fixed distance from each other.

« Typically paired ends are a ~100-500bp apart, while mate pairs are ~2-10kb
apart

« Allows short reads to have a larger "effective” size

+ Performed by sequencing fragments from both ends

+ Often used with [llumina reads

« Typically 2 x 150 bp separated by 300bp

+ May also overlap (e.g. 2x250bp from 400bp fragments)



Paired-end sequencing

* Both ends of fragments will be sequenced
# (Gives information on genomic distance between pairs of reads

* May be used to overcome some problems with short reads

Figure 4. Paired-End Sequencing and Alignment

Paired-End Reads Alignment to the Reference Sequence
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Paired-end sequencing enables both ends of the DNA fragment to be sequenced. Because the distance between each paired read is
known, alignment algorithms can use this information to map the reads over repetitive regions more precisely. This results in much better
alignment of the reads, especially across difficult-to-sequence, repetitive regions of the genome.



Single index

Paired-end dual index

Paired-end dual index
with molecuiar barcode

Paired-end dual index
with inline UMI

Paired-end dual inaex,
inline UM and barcode

Paired-end dual index
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DRAGEN on-board/external

DRAGEN

BCL Convert
DRAGEN ORA Compression

DRAGEN FASTQC + MultiQC

Whole Genome

Enrichment (Including Exame)
DRAGEN Amplicon

Single Cell RNA
NenoString GeoMx NG5S
Methylation
Meatagenomics

RNA Pathogen Detaction

CoviD

TS0 500 Portfolio
Imputation

ScATAC-Seq

PGx Star Allele Callar

Illumina Complete Long Reads

DRAGEN secondary analysis for RIPIP and
uUPIP

FPGA based-architecture
30 minute* end-to-end analysis

Now open-source (2024)

https:/ /doi.org/10.1038 /s41587-024-02382-1

Cloud based analysis
Stand-alone server

Integrated on-board
 NextSeq 1000/2000
* NovaSeq X

* MiSeq 1100



umina sequencers - benchtop

XLEAP-SBS
-— 2024
: DRAGEN

'ssyes(:;go MiniSeq System MiSeq System MiSeq 1100 and MiSeq 1100 Plus Systems®
Flow cell il okt Rapid Sl Nano Micro v2 v3 5M 25M 50M 100M
OUtpUt OUtpUt
21-2.4 165-75 | 300-500 750 Mb-  3.8-
Output range 144 Mb-1.2 Gb | &b 2 Gb on | b 12 Gb . oo 15-3Gt 2.515Gb 5-30Gb  10-30 Gb
s;”rgr'fr“""d L aM 8M 20M 25M ™ aM 15M 25M 5M 25M 50N 100M
Run time (hn® 9-19 17 <5 7-24 17-28 19 5.5-39 2156 7-15 4-15 4-15 5-8
?g:’)"”“m readlength oo 2x150 1x100 2 %150 2x250 2x150 2x250 2300 2%x300 2x300 2x300 2x150
Local Run )
Included data analysis Manager Local Run Manager Local Run Manager DRAGEN™ software

a. The Mi€ecq 100 Eystem supports the SM and 26M flow cells only; the Mi€eq 1100 Plus System supports all four flow cells.

b. Listed run times are estimates.

https:/ /www.illumina.com/content/dam /illumina/gcs / assembled-assets / marketing-literature / sequencing-platforms-brochure-m-gl-00451 / sequencing-platforms-brochure-m-gl-00451.pdf



# of reads in Millions

lllumina sequencers

Data output
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lllumina sequencers - slightly bigger

LI
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DRAGEN

NextSeq 550 System® NextSeq 1000 and NextSeq 2000 Systems
Flow cell Mid-output High-output | PP p2® P3¢ P4c
Output range 16-39 Gb 25-120 Gb 10-60 Gb 40-240 Gb 120-360 Gb 90-540 Gb
Single-end reads per run 1S30M 400M 100M 400M 1.2B 1.8B
Run time (hr) 15-26 1129 8-34 12-42 18-40 12-44
Maximum read length (bp) 2 x150 2 x150 2 x 150 2 x15C

Included data analysis

https:/ /www.illumina.com/content/dam /illumina/gcs / assembled-assets / marketing-literature / sequencing-platforms-brochure-m-gl-00451 / sequencing-platforms-brochure-m-gl-00451.pdf

Local Run Manager

2 x 300 2% 300

Onboard DRAGEN secondary analysis



# of reads in Millions

lllumina sequencers

Data output

NextSeq NextSeq 2000
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lllumina sequencers - production scale

.
[ S— 022 022
= DRAGEN DRAGEN

NovaSeq 6000 System NovaSeq X System NovaSeq X Plus System
Flow czll SP S1 52 S4 1.5B 108 25B 1.5B 10B 25B
Flow czlls processed per run Ter2 Tor2 lTor2 Tor2 1 1 1 lor2 lor2 Tor2
ot rra e T e e e, wm sn =% wen sww
Single-end reads per flow cell 8COM 168 418 108 1.6B 108 2€B 1.6B 108 268
Run time (hr) 13-38 13-25 16-36 < A4 17-23 18-25 ~A8 17-23 18-25 ~A8
Maximum rezd length (bp) 2 x 250 2x150 2 x150 2 x 150 2 x150 2 x150 2 x 150 2 x15C 2 x150 2 %150
Included data analysis — Onboard DRAGEN secondary analysis

https:/ /www.illumina.com/content/dam /illumina/gcs / assembled-assets / marketing-literature / sequencing-platforms-brochure-m-gl-00451 / sequencing-platforms-brochure-m-gl-00451.pdf



# of reads in Millions

lllumina sequencers

Data output
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# of reads in Millions

lllumina sequencers

Data output
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What can you sequence using lllumina

+ DNA studies

* Whole genome sequencing - short reads are a pitfall
» (Genome re-sequencing
» Exomes and target re-sequencing...

*  ChiP seq and more...
« RINA studies

+ modification studies

* Methylation and more...

https:/ /www.illumina.com /library-prep-array-kit-selector.html



https://www.illumina.com/library-prep-array-kit-selector.html

Applications

DRAGEN DRAGEN DRAGEN

iSeq™ 100 MiniSeq™ MiSeq™ MiSeq™ i100/i100 Plus NextSeq™ 550 NextSeq™ 1000/2000 NovaSeq™ 6000 NovaSeq™ X/X Plus

C SMALL WHOLE-GENOME SEQUENCING )
( TARGETED GENE SEQUENCING )
( TARGETED GENE EXPRESSION PROFILING )
C 165 METAGENOMIC SEQUENCING )
C EXOME SEQUENCING
( TRANSCRIPTOME SEQUENCING

)

CELL-FREE SEQUENCING*

SINGLE-CELL OR SPATIAL PROFILING

( SHOTGUN METAGZNOMICS

(O DNA
() RNA
() Epigenetics

C
| Other (

METHYLATION ANALYSIS

7\

CHROMATIN ANALYSIS'

LARGE WHOLE-GENOME SEQUENCING

N\ U\

https:/ /www.illumina.com/content/dam /illumina/gcs / assembled-assets / marketing-literature / sequencing-platforms-brochure-m-gl-00451 / sequencing-platforms-brochure-m-gl-00451.pdf



