Technical developments within NGS

05/02/2026

info@brightcore.be

. 1
BR I}HT; )

core

Cliniques universitaires
._) SAINT-LUC
UCL BRUXELLES

VRIJE UNlVERSITE
UNIVERSITEIT LB LIBRE
BRUSSEL DE BRUXELLES

Universitair
Ziekenhuis Erasme ULB
Brussel

Brussels University Alliance VUB | R .|




Brussels Interuniversity Genomics High Throughput core

UNIVERSITE
lﬂi:IlJBRE
VRIJE DE BRUXELLES
UNIVERSITEIT
BRUSSEL
o
%
Universitair J7 Cliniques universitaires
Ziekenhuis ( !h SAINT‘LUC

Brussel UCL BRUXELLES
Erasme

10/02/2026 info@brightcore.be

CANCER
RESEARCH
CENTER




What we offer

* Whole Genome sequencing

* Viral/bacterial whole genome sequencing
* Gene panel and exome sequencing

* SNP array (lllumina, Agilent, Affymetrix)

* Methylation sequencing

* RNA sequencing

Spatial transcriptomics
ATAC-sequencing
ChIP-sequencing
Single-cell RNA sequencing
Long-read sequencing

Optical genome mapping

35.000 analyses / year
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Next Generation Sequencing
Current state



Evolution market share next generation sequencing
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lllumina SBS sequencing BT
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Next Generation Sequencing
Short read sequencing improvement 1
QUALITY



MGI Tech

T20x2

Ultra-High Throughput Sequencers

T7

Turbocharged Sequencing

G99

Lightning-Fast, High-Precision

o
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Large-Scale Population Genomics

Ti+

Built for Productivity

E25

Sequencing on the Go

T7+

Unmatched Power and Speed

G400

Experience Seamless Sequencing

=y

G50

Small yet Mighty



MGI sequencing — error accumulation LR

RCA (Rolling Circle Amplification)

DNA Nano Ball (DNB)

PCR (Polymerase Chain Reaction)

o

« No error accumulation & ampilification

«  Low amplification bias

«  Phi29 enzyme: highest fidelity of any known enzyme (1 error in 108 — 107 bases) & processivity

\- Controlled RCA, 100% of DNA are direct copies of the original ssCirDNA /




MGI sequencing — index hopping BT

a Index hopping using DNA nanoball
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b Index hopping using Illumina’s ExAmp chemistry
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>
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SNP Prec & Sensi>99% <3% 0.0001%~0.0004%

Indel Prec & Sensi > 98%



MGI — cPAS sequencing BRGHT:
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MGI sequencing - duplicates LR

* No cluster generation on flowcell
 Cluster generation on MGIDL-T7 loader (manual step)

* Significantly less duplicates

~

(o A single cluster that . Duplicates_in nearby
has falsely been called wells on HiSeq
as two by RTA 3000/4000

* During cluster
generation a library
occupies two adjacent
wells

* Third party tools may report
patterned flow cell clusterin
duplicates as optical

Optical Clustering

duplicates e—e
1 Cluster Called as 2 .
Tem Ia!:e @
generation
\ o e J
[ Duplicate ! i omplement strands)

of same library form
independent clusters

molecules that
arise from
amplification

» during sample prep * Treated as duplicates

by some informatic
pipelines
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Alignment stats

Duplicates
NREADS vs PCT_EXC_DUPE
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Novaseq X:

myresSNREADS

Duplication rate depends on the input concentration ->
lowest at 195

Titration of libraries is key but hard to quantify libraries
with this accuracy

“The NovaSeq X further increases cluster density
compared to the NovaSeq 6000”



Element Biosciences
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Element Biosciences - Cloudbreak

Hybridize DNA

Circular DNA template
attaches to surface primers
coating the flow cell via an
adapter.

Generate Polonies

RCA copies the template DNA

and rolls each strand into a
tightly bound polony—no
PCR, no copies of copies.

An avidite is a dye-labeled polymer with multiple nucleotide arms
carrying the same nucleotide base.

Bind Polonies and Avidites

An engineered polymerase binds a primer-hybridized polony and an
avidite nucleotide arm without incorporation or extension. Many arms
bind to primer-hybridized regions in a polony, creating an ultrastable
multivalent complex. Polymerase base-pair discrimination binds the
correct avidite to each polony.

SBS combines base
detection and strand
extension, consuming
micromolar reagent
concentrations to complete
the reaction while signal
persists. In contrast, ABC
separates the steps and
leverages multivalent

binding stability to require Remove Blocks

only nanomolar avidite
concentrations. Multiple
binding events for each
avidite ensure persistent
signal for base detection.

Removing and converting blocking

groups to terminal 3' hydroxyl groups
allows the next cycle to begin on the
primer strands, through ~600 cycles.

. A
Error accumulation whide

Index hopping

< Optical duplicates LA

20209 aee

Wash Avidites

A wash removes unbound
avidites to leave only avidites
bound to polonies. Ultratight
binding enables a 100x reagent
dilution, fundamentally
decreasing cost.

Polymerase

Reversibly terminated
nucleotide

Step and Block

An engineered polymerase
incorporates an unlabeled,
blocked nucleotide to extend
hybridized primers by a base.

A G

e

Detect Bases

Florescent signals in four channels
correlate with A, T, G, or C avidites.
Low-binding surface chemistry makes
the signals more prominent for highly
accurate detection.

Remove Avidites
Buffers remove avidites from
the polonies.



Element Bioscience — Q50+ gRGHT:
* Cloudbreak UltraQ:

» Sequencing chem. : New enzymes, avidite modifications (core/dye/linker), recipe changes
* Library prep changes
* Data analysis

Mean Base Quality by Cycle
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Ultima Genomics




Reduce molecular
scarring

Ultima Genomics: flow based sequencing




Ultima Genomics: flow based sequencing
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Ultima Genomics: Low substitution errors BRIGHT: "

Non-cyclic shift artifact
Sequence TAG
Cycle 1 Indels SNPs
—> Flow T A|C Sample Precision Recall F1 Precision Recall F1
Signal 1/0 HGOO1 99.76% 99.43% 99.59% 99.95% 99.80% 99.87%
Sequenteefereno'.;‘AC BaSF.-‘S T|A ' G HGO002 99.84% 99.56% 99.70% 99.99% 99.77% 99.88%
Cycle D Quality HGOO3 99.80% 99.47% 99.64% 99.96% 99.74% 99.85%
Flow TIA|C e — i:k {:? HGO04 99.82% 99.53% 99.67% 99.98% 99.79% 99.89%
Signal 111110 HGOOS5* 99.82% 99.59% 99.71% 99.97% 99.81% 99.89%
Bases |T|a|C|- Cyclic shift artifact Average 99.81% 99.51% 99.66% 99.97% 99.78% 99.87%
; Sequence TAT
Quallty & 5 5 £ Table 1. Metrics and variant calling performance for GIAB reference samples, assessed in comparison to reference truth sets within the UG-HCR, which
CYCIe 1 2 covers >99% of the GIAB v4.2.1 HCR and excludes genomic areas where UG performance is consistently of lower confidence, such as homopolymer
L 5 Flow Tlalc TlAalcC :re\g;ons of length >12 bp and limited regions of low complexity (see https://github.com/Ultimagen/healthomics-workflows/blob/main/docs/ug_hcr
Signal 1/0(0 0(o|o
Bases |[T|A|-|-|T|[-|-|-
Quality

ErErEs



Amplification-free library preparation

Real variant Artifact
¢y [ ]
. & |

pAAAA, AARAA,
I T )
A A I T
AAAA AAAAH

ppmSeq Paired Plus-Minus sequencing

Sheared genomic
DNA or cell-free DNA

l

Bubble adapter ligation

Ultima Genomics clonal amplification & sequencing workflow

Scenario 1: Equal Waison & Crick representation
ARARRD SO AP A
TTTTTT - T TTTTT
TTTTTT - e TT'TTT'T
AAARAL NN . A A AAR

Sequencing Sequencing
agreement, disagreement,
high base quality low base quality
Mixed A/T sequences in adapter position confirm
Watson & Crick strands are sequenced

Scenario 2: Single-strand dropout
ARAAAD O AR
ARAAAR WO N PP
BAARAL WO — e 1P
I ) —
True positive False positive

Uniform A or T sequences in adapter position confirm

Watson or Crick strand is sequenced

Single-stranded artifacts
are only represented in
~50% of clones,
resulting in a low base
quality

Single-stranded artifacts
are represented in all
clones and cannot be

distinguished from true
variants
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lllumina, R1 [llumina, R2 Ultima, full length Quality bin
12B reads / flowcell 100 e p— p— Y 7 0-10
: : A 10-20
m 20-30
30-40

75+

30000 genomes/year

Region
Adaptor

m CBC

B Poly(T)
TSO

m UMI

W cDNA

50; : 'sss.

Percent reads

254

017 eurO/Gb 0“—: I
0 10 20 0 20 40 0
Position in read (bases)

Still high error rate

Not yet fully available in Europe



Alternative / newer short read sequencers

Singular Genomics PacBio
G4 Onso

> acquired by lllumina on
30/1/2026

multiomics
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Alternative / newer short read sequencers BRGHT: %"+

SURFSeq Q SURFSeq 5000 GenolLab M

Explore More

Explore More ) { r
Explore More ) ( Explore More

> Recently entered the
European market

FASTASeq 300 MrLH-96 FASTASeq S

Explore More ) ( Explore More ) ( Explore More




Next Generation Sequencing
Short read sequencing improvement 2
SCALE/COST



Increase in scale

ILLUMINA

ELEMENT BIOSCIENCES
NEW HT-SEQUENCER
ANNOUNCED

MGl N




Increase in scale

* Novaseq 6000: 55/Gb

* New generation of sequencers are being released

* Novaseq X (lllumina, released Q2 2023)
« DNBSEQ-T7 (MGI, entered EU market in 2023)

 Cost drop to 25/Gb

* WGS is cheaper in comparison to panel sequencing



Next Generation Sequencing
Long read sequencing

Parallel session: Molecular Biology

Chair: Elke Boone

11:45 - 12:15

Long read sequencing

Wouter Bossuyt (UZ Leuven)
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Long read sequencing: Nanopore sequencing B
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. Passed simplex

bases

158G

15G

12G 4

9G 4

Bases

6G -

3G+

Current state

* 120 Gb run (40x human genome)

. Failed simplex
bases

0 20 25 30 35 40 45

Q Score

Phred Quality Score Probability of incorrect base call Base call accuracy

10 1in10 90%
20 1in 100 99%
30 1in 1000 99.9%

* Choice between output or long (>20kb) reads
e Accuracy still a problem
* Great for selected applicatons

e de novo assembly

* consensus sequencing

e Structural variant confirmation



PacBio SMRT (Single-Molecule Real-Time) sequencing

T~
(A)

(B) N
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SMRTbell generation via hairpin adapters

,t Emission

IHlumination
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e PacBio RS released in 2011 (!)
e High accuracy Hifi reads
e Output still limited

Every dNTP incorporation generates a signal * Still EXpensive 1200 euro/genome
DNA modifications can be detected as well

Fluorescence
intensity (a.u.)
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Long read sequencing
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Brussals Intsruniversty Ganomics High Threughaut cors

Roche Sequencing by expansion (SBX) technology

XNTP structure - Four XNTPs, one for each DNA base, are the buiding blocks for Xpandomer synthesis. Each XNTP is modified to
include a long tether that conlains a base-specific, high signal-to-noise reporter, a tronslocation conirol element that regulates transit
through the nanopore during sequencing and a selectively cleavable linker engineered into the phosphate backbone

Translocation Reporier Code Tether
Coniro 1 j
}Nuc eotide
—
Trip hosp hate Cleavable
Linker

Synthesize Xpandomer - Template dependent Xpandomer synthesis is achieved using custom engineered polymerases fo
accurately incorporate expandable nuclectides. Note: franslocation confrols have been excluded to smplify the graphics balow.

Vg

—— —_—

Cleave - Once the targeied DNA sequence is copied, the lobile linker in each XNTP is deaved to generaie the full-lengih Xpondomer,
expanding to 50X the length of the eriginal DNA
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Ssquence - Xpandomers are directly sequenced in real-time using a nanopore sequencing instrument. Nanopore sequencing relies on
the change in electrical impedance as each reporter posses through a profein nonopore. Eoch of the four bose-specific reporter codes
displays a choractenstic signal that is measured as the Xpandomer translocates through the nanopore

—>In




Roche SBX : a “high accuracy” nanopore sequencer BT

* Solves error rate of
nanopore sequencing

* Removes the long reads
(50-1000 bp)

mp p N N v
w| ¥ n
* Pricing unknown, launchin ¢~ T ,
3= L 11 f - TRET
Q2 2026 sl AN T AR
%e v vor Wi L L L
3 o 50 100 150 200

Time (ms)



Advantages
EMJ

European Medical Journal

Therapy Area ¥ Podcasts Journals Webinars CongressHub Toolkit

Home > EMJGOLD > Roche breaksworld record for human...

Indel F1

DeepVariant
1.00
BIXLIAAAAAl Al llYYY]) ¢ ‘ + bt e .
@ Roche breaks world record for human genome sequencing
095 160ct2025 | EMJGOLD | View All News
& [ ]
020 4
Tl L Mean insert Median F1 score (GATK + Roche ML)? F1 score (DeepVariant)?
0.83 4 reads (B) szl coverage (x)
(bp) SNV (%) Indel (%) SNV (%) Indel (%)

0.80 4 Indel F1>99% HG001 0.79 235 38 99.77 99.54 99.80 99.56

HG002 0.71 233 34 99.69 99.44 99.75 99.46
0.75 1

HGO03 0.76 231 37 99.66 99.46 99.70 99.47

HGO04 0.80 231 38 99.70 99.56 99.73 99.56
0.70 A

HGO05 0.79 230 38 99.69 99.56 99.74 99.60
065 HGO06 0.71 233 35 99.68 99.59 99.74 99.58

HGO07 0.73 229 34 99.63 99.54 99.71 99.50
DED T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

mnwmﬂhmmcrmmvmcmmmc‘—mmqmqhma\g * Mean 0.76 £0.039 2322 362 99.69+0.04 99.53:+0.06 99.74+0.03 99.53+0.06
Ll il o I I o A -y

Homopolymer length
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Big data

* Genomes are becoming
mainstream

* Speed (TAT) is essential

* Prenatal / perinatal care

* Transcriptome analyses are
entering diagnostics

e Datasets are zooming in to single-
cell/spatial level

Cell is the functional unit of life

Human body: 3 billion base pairs X 37 trillion cells
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Single cell / spatial profiling
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Al

* Need for better / faster / “smarter” tools to make sense of big data

Plenary session

Chair: Barbara Dewaele (UZ
Leuven)

17:05-17:35

Artificial intelligence in the diagnostic laboratory
workflow: from innovation to regulation

Glynis Frans (UZ Leuven)
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Thanks!

http://www.brightcore.be

General email address
info@brightcore.be
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