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MFEF microarray

fluorescence in situ hybridization

[ DETECTION OF CIN FISH probe preparation
BY INTERPHASE FlH ® Fluorescent DNA labeling
PROTOCOL [ r N
f % o Step1 | IT]
@L AV STAR Protocol,
Step2 » o
©
FFPE *©
Tissue : (
preparation _
: Step 3
&)
Step 4 :
CIN * \ S——
analysis _ Denaturation  2days
° and Hybridization

Frontiers in Oncology, Molecular Cytogenetics,
2016 2009

array comparative genomic
hybridization (aCGH)

Test DNA Reference DNA
CyS-labeled Cy3-labeled

single nucleotide polymorphism
array (SNP array)

Extend/stain samples on BeadChip
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MIX
Microarray
scanner
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Normal DNA gain DNA loss NeurC)loglcal SClence,

Situation or duplication  or deletion

| 2016

-2 -1 +1 +2

Interpret Data

-2: Homozygous Deletion

-1: Heterozygous Deletion
Normal

+1: Duplication, 3 copies

+2: Duplication, 4 copies

4

——

CGH

Analytics software | mage BeadChIp

-

Autocall genotypes

_E and generate reports

(GDNA)

(GDNA)
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5587 2 FE polymerase chain reaction

products of
first cycle
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Molecular Biology of the Cell, 2022

tagman probe based-multiplex quantitative PCR

G allele-specific probe

A allele-specific probe
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Primer

Amplification
G allele (WT) | primer (:3 g:) 4
s T e WA e B ~©
3 5' O | [ '
C 3 C 3
A allele (mutant) Amplification @k Amplification
Primer G Primer @
DNA . 73— 0@ 5'—®3'_@< A
T EEEN | | | 1 ] 11111 [l 1l '
3 T 5 T 5
@ HEX reporter dye ® FAM reporter dye @ Non-fluorescent quencher (NFQ) @ Polymerase
A B C.
SN P1 reaction 1/,,_i ------- g

v g > >

Q. 0 > reaction 2

& - . P t

(U |

i ignal in both reacti

I ref. allele B alt. allele amplification in both reactions sighatin oth reactions
i A
N reaction 1/____l, L

Q

- - — —> —>

e i reaction2 .

© /_i __________ ——

Vsl =t
only amplification in reaction 2 (alt. allele) only signal in reaction 2
reaction 1/__—i ______ P \

o B

2 —> —>

Q i —> reaction 2

© e

Vot t

Scientific Report, 2019
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R EF next generation sequencing

base
5’ 5’
PPP—0—CH, O ®®®—0—CH,
3" OH allows \ 3’ H prevents
strand 3 strand
extension at OH extension at
3’ end 3" end

normal deoxyribonucleoside
triphosphate (dNTP)

single-strand DNA fragment
to be sequenced

3’ TAGTGTCACCTAAAT 5’

base

chain-terminating dideoxyribonucleoside
triphosphate (ddNTP)

1 ADD PRIMER
TAGTGTCACCTAAAT

ADD SMALL TcACA ADD EXCESS

AMOUNTSOF T A CG ctr G AMOUNTS OF
LABELED CHAIN- C ¢ Y AT ALT TG UNLABELED

TERMINATING GC A dNTPs

ddNTPs
\/
ATCACA
PRODUCTS LOADED direction of
ATCACAGT yoexc  ONTOCAPILLARY  electrophoresis
GEL
ATCACAC > @_)
ATCACAGTC |

mixture of DNA products, each
containing a chain-terminating
ddNTP labeled with a specific
fluorescent marker

Molecular Biology of the Cell,
2022

size-separated products
are read in sequence

TTCTATAGTGTCACCTA

lllumina sequencing

$

4-channel

2-channel

$
:

W ettetacsctrateoratsaissbatsatons

i

TGCT C
Base calling

TGCTAC
Base calling

PacBio SMRT sequencing

Precision Medicine, 2018
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DNA
Amplification

Library
Preparation

Sequencing

[ Next-generation sequencing (NGS) in human genetics J

Data
Analysis

Generate
Report

: : : v
E E E / Gene 1 Gene 2 \
Whole genome ~ Exonl -~ Exon2 — Exon3]| Exonl - Exon2 -
. - - . WGS mutations J
SBllenieln ( ) Exonl @ Exon2  Exon3 Exon 2 Exon 1
V \_ Gene 4 fusions Gene 3 )
E E 4 Gene 1 Gene 2 A
. . Whole exome ~ Exonl - - Exon2 - Exon 3| - ~— Exon1 Exon2 -
. mutations
Sequencing (WES) Exonl  Exon?2 Exon 3 Exon 2 Exon 1
. ; \ Gene 4 Gene 3 )
: 4 I
. Gene 1 Gene 3
Targeted ‘panel’ ~ Exon3]j Exon2  Exonl
: sequencing mutations
; \Incl. deep targeted sequencing (>500,000X) for MRD analysis /
a Gene 1 Gene 2 - \
Exon1l  Exon 2 Exon 3 | Exon 1 Exon 2
mutations
[ RNA sequencing Exon1 TITEXoN 2T | Gene
Exon 1 Exon 2 expression
Exon 1 Exon2 |
Exon 1 Exon 2 Exon 3 Exon 2 Exon 1 .
_ Gone 4 fusions  Gene 3 p Biotechnology Advances, 2020
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) Learn.Genetics

GENETIC SCIENCE LEARNING CENTER

Embryo Adulthood
Egg &| [implants T o
sperm join| |into uterus U Utah, webpage




éﬁﬁ%#ﬁ?‘)ﬁ'} Non-Invasive Prenatal Testing (NIPT)

PRENATAL TESTING

Non-invasive and invasive tests used during pregnancy
for the identification of Ol and other birth anomalies.

Non-invasive
prenatal testing
(NIPT)

NIPT uses fetal DNA
from the mother's
bloodstream for
prenatal testing of Ol.

Used from 7th-10th

2
/ Used from 10th-12th

k weeks of gestation. )

Ultrasound

Allows to discover
severe Ol cases
from 20th weeks of
gestation
non-invasively.

Orphanet J Rare Diseases, 2020

Chorionic villus
sampling (CVS)

An Invasive sampling
of the placental

tissue for further
genetic analysis of

weeks of gestation.

Cordocentesis

An invasive sampling
of umbilical cord
blood for further Ol

¢ \ genetic analysis.
] Used on 22nd-24th

weeks of gestation.

Amniocentesis

An invasive sampling
of amniotic fluid for

< \ further Ol genetic
T & 0 ] analysis.

| Used from 15th-20th

weeks of gestation.

disorder syndrome frequency
trisomy 13 Patau syndrome 1/10,000
trisomy 18 Edwards syndrome 1/5,000
trisomy 21 Down syndrome 1/700
rare trisomy generally fetal ———
45.X Turner syndrome 1/2,500
47 XXX Triple X syndrome 1/1,000
47 XXY Klinefelter syndrome 1/600
47 XYY XYY syndrome 1/1,000
22011.2 deletion |DiGeorge syndrome 1/4,000
1p36 deletion 1/5,000
15911 deletion  |Prader-Willi Syndrome 1/10,000

Angelman syndrome 1/12,000

5p deletion Cri—du—chat syndrome 1/15,000
8024.1 deletion |Langer—Giedion syndrome| 1/20,000




Trends in Genetics, 2019

v" Phenotypic assessment through
patients’ history and available exams

v" Necessity of NGS-based genetic testing v' Electronic health records

v" Role of artificial intelligence
v Genetic counseling
v" Clinical decision making

q,g v" Variant filtering and annotation
S v' Reliability of public variant database
& Ei v Improvement of clinical guidance

9, v Incidental findings
¢

v" Panel versus WES/WGS ;,§® v" Accuracy and reproducibility
v" Trio versus proband & v" Best-practice of bioinformatics
v Turnaround time a pipelines

v’ Affordability %5 v' Reference standards
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Classic BRCA1 Pedigree

%) Zp ]

® (OO®O

Breast, dx 42 Ovarian, dx 53
/ Breast, dx 38

Table 1. BRCA1/2 associated cancer risks.

13

Cancer General Mutation Risk
Type Population Risk BRCA1 BRCA2
Breast 12% 50%-80% 40%-70%

Second 3.5% within 5 years  27% within 12% within 5 yrs

primary breast

Ovarian

Male breast

Prostate

Pancreatic

40%-50% at

Upto11% 5yrs 20 yrs
1%-2% 24%-40% 11%-18%
0.1% 1%-2% 5%-10%
15% (N._E.uropean
18<£r£|1‘?i)can <30% <39%
Americans)
0.50% 1%-3% 2%-1%

Forum Clinical Oncology, 2016
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Article

The Taiwan Precision Medicine Initiative
provides a cohortforlarge-scale studies

https://doi.org/10.1038/s41586-025-09680-x Han Chinese people comprise nearly 20% of the global population but remain under-
Received: 14 October 2024 represented in genetic studies'?, so there is an urgent need for large-scale cohorts to
advance precision medicine. Here we present the Taiwan Precision Medicine Initiative
(TPMI), established by Academia Sinica in collaboration with 16 major medical centres
around Taiwan, which has recruited 565,390 participants who consent to provide DNA
Open access samples for genetic profiling and grant access to their electronic medical records
® Check for updates (EMRs) for research. EMR access is both retrospective and prospective, allowing
longitudinal studies. Genetic profiling is done with population-optimized arrays of
single-nucleotide polymorphisms for people of Han Chinese ancestry, which enable
genome-wide association®*, phenome-wide association>® and polygenic risk score”®
studies to be performed to evaluate common disease risk and pharmacogenetic
response. Participants also agreed to be re-contacted for future research and receive
personalized genetic risk profiles with health management recommendations.
The TPMI has established the TPMI Data Access Platform, a central database and
analysis platform that both safeguards the security of the data and facilitates
academicresearch. As alarge cohort of individuals with non-European ancestry that
merges genetic profiles with EMR data and enables longitudinal follow-up, TPMI
provides a unique resource that could be used to validate genetic risk prediction
models, perform clinical trials of risk-based health management and inform health
policies. Ultimately, the TPMI cohort will contribute to global genetic research and
Nature , 2025 serve as amodel for population-based precision medicine.

Accepted: 26 September 2025
Published online: 15 October 2025
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Applications of Genome Sequencing in Infectious Diseases

RS

Antimicrobial
Resistance
Prediction

» Resistome profiling
» Genotype-phenotype

» Machine learning Outbreak

Investigation

Pathogen
Identification

* Transmission mapping
* Phylogenomics
+ Epidemiological metadata

* Culture-independent
+ Metagenomics
* Novel pathogens

Population
Surveillance

Emerging
Applications

Portable sequencers
» Al/ML analytics
» Host-pathogen

» National monitoring
+ Wastewater genomics
» Early warning

9

integration
Public Health Virulence
Decision Support Mapping
» Vaccine strain selection » Virulence genes
» Stewardship policies « Pangenome

« Dashboards

Host-pathogen insights

Precision
Medicine

* Individualized therapy
* Risk stratification
» Biomarker-guided care

Pharmaceuticals, 2025

Inflammatory

bowel disease
Crohn's disease

Ulcerative colitis

Heart disease

Hypertension

Atherosclerosis

Cancer
Lung cancer
Colorectal cancer

Pancreatic cancer

Liver disease

Cirrhosis
Hepatitis

Oral cancer

disease
Asthma

Bronchitis

Chronic kidney
disease

Diabetes _
Type1 disorders
Parkinson’s disease
Type2

Alzheimer’s disease

Gestational Depression

Signal transduction and targeted therapy, 2022
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NHS !

Current NHS Screening Galleri Multi-Cancer Test

Number of programmes Number of cancers

e Breast cancer

* Cervical
: Bowel cancer 50+
Coverage ﬁ Coverage
6% of all cancers diagnosed Detects signals across all major
cancer types
®
4 NIP %N
AP ST
Lives Saved Added Value
Includes cancers with no current
~ 10,000 per year screening
KLINIX.
Simple Blood Test Taken

Single sample analysed

J

Galleri Test Analysis
Detecting cell-free DNA signals

o A _»

No Cancer Cancef Signal
Signal Detected

Continue routine
monitoring

Origin Identified

92% accuracy in pinpointing
location

Focused Investigation
Targeted scans and tests

Diagnosis Confirmed
Median 46 days
|

\_/ KLINIX.

Key Performance Statistics

Cancers, 2022

@ ﬂ*ﬂ MetriC Result
MMy "mmer — 6 Specificity 99.6%
'H"ﬁ\ﬂ‘@ /l\ 140,000 Blood sample collected
: consented |
Ap1p_ ?ﬁmzﬁly Fefticipants Bendomiced 3:4 Positive Predictive Value  61.6%
individuals
invited
Intervention (~70,000) Control (~70,000) Cancer Signal Origin 92%
s
N Sample W Sample stored
@ shipped to 3 for potential
GRAIL, LLC (US) future testing (UK)  Time to Diagnosis 46 days
\: Galleri®
\ (MCED) Serious Adverse Events 0%
=1 test performed

v &

Signal Detected Signal Not Detected
Results are reported back to participant

7=~ HEALTH
7 KLINIX.

1

7] <

(UNBLINDED)

Y

Referred to
Diagnostic Pathway Return for o

Participants who
| 1- and 2-year 3 e are diagnosed

i
|
i
+ + follow-up OR | With cancer through
3 |
|
|
|

BLINDED

Cancer
Diagnosed

(T

Di d required to return for
mghate follow-up visits

visit usual care are not
No Cancer ___

7x Q@

More Cancers
Detected

When Galleri added
to standard screening

75% @

Previously
Unscreened

Of cancers detected
had no existing screening

What This Means

Only 0.4% false positive
rate

When positive, 61.6%
actually have cancer

Correctly identifies where
cancer is located

Median time from positive
result to diagnosis

No serious complications
during investigations

99.6%

Specificity Rate

Only 0.4% false
positive results

10078

Early Stage
Detection

Caught at stages when

treatment is most effective
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Diagnosis of NSCLC

l

Staging

A

Lung, 2025

Definitive local therapy

IB-11IB N2

IB N3-llIC

'

v

EGFR or ALK alterations No »  Concurrent CRT
Yes No 1 Y Yes No
PD-L1<1% PD-L121% EGFR
l l alteration
Adjuvant Resectable lNO "o
targeted thera :
9 Py Observation Adjuvant Firstline CT or CIO
Yesl targeted therapy Monotherapy 10 if PD-L1 250%
Dual IO
Y
Neoadjuvant or Unfront Surge Adjuvant 10
perioperative CIO P gery
; | ! : }
Surgery ALK, ROS1, BRAF,
| EGFR NTRK 1/2/3, MET e L
v Adjuvant CT Exon 14. RET NRG1
Adjuvant 10 followed by 10 ]
if perioperative l l l
Firstline
Targeted therapy+ CT Firstline Subsequent
Combination targeted Targeted therapy Targeted therapy

therapy




EGFR Exon 19 Deletion

or L858R Mutation

* First-line therapy

» Afatinib’

» Erlotinib?

» Dacomitinib®

» Gefitinib*°

» Osimertinib®

» (Carboplatin or Cisplatin)/
Osimertinib/Pemetrexed
(nonsquamous)’

» Erlotinib + Ramucirumab®

» Erlotinib + Bevacizumab
(nonsquamous)®

» Lazertinib + Amivantamab-vmjw

» Lazertinib1?

e Subsequent therapy

» Osimertinib?

» Carboplatin/Pemetrexed
+ Amivantamab-vmjw
(nonsquamous)'?

» Datopotamab deruxtecan-dink
(nonsquamous)?3

» Lazertinib + Amivantamab-
vmjw14:15

0

EGFR S768I1, L861Q, and/or G719X
Mutations

* First-line therapy
» Afatinib1-16

» Erlotinib?

» Dacomitinib?®

» Gefitinib%>

I% L= A B A

PRINCIPLES OF BIOMARKER-DIRECTED THERAPY FOR ADVANCED OR METASTATIC DISEASE

Order does not imply preference. This is a listing for references.

EGFR S768l, L861Q, and/or G719X

Mutations (continued)
* Subsequent therapy
» Osimertinib™?
» Datopotamab deruxtecan-dink
(nonsquamous)*3

EGFR Exon 20 Insertion Mutation
e First-line therapy
» Carboplatin/Pemetrexed
+ Amivantamab-vmjw
(nonsquamous)*®
e Subsequent therapy
» Amivantamab-vmjw
» Sunvozertinib??
» Datopotamab deruxtecan-dink
(nonsquamous)'3

9

KRAS G12C Mutation®
* Subsequent therapy
» Sotorasib?1
» Adagrasib?2

ALK Gene Fusion
* First-line therapy
» Alectinib?3:24

» Brigatinib?®

» Ceritinib2®

» Crizotinib2327
» Ensartinib?®

» Lorlatinib?®

» Osimertinib®'”  NCCN Guidelines Version 3.2026
Non-Small Cell Lung Cancer

ALK Gene Fusion (continued)
* Subsequent therapy

» Alectinib3%-31

) Brigatinib32

» Ceritinib33

» Ensartinib34

» Lorlatinib33

ROS1 Gene Fusion
* First-line therapy
» Crizotinib3®
» Entrectinib®’
» Repotrectinib3®
» Taletrectinib3?
* Subsequent therapy
» Lorlatinib4?
» Entrectinib®’
» Repotrectinib3®
» Taletrectinib3®

BRAF V600E Mutation

* First-line therapy
» Dabrafenib/Trametini
» Binimetinib/Encorafeni
» Dabrafenib?
» Vemurafenib

* Subsequent therapy
» Dabrafenib/Trametinib43:44
» Binimetinib/Encorafenib?2

b41
b42

NTRK1/2/3 Gene Fusion

* First-line/Subsequent therapy
» Larotrectinib®®
» Entrectinib?®
» Repotrectinib4’

MET Exon 14 Skipping Mutation®
* First-line therapy/Subsequent
therapy
» Capmatinib®®
» Crizotinib#®
» Tepotinib®?

RET Gene Fusion

* First-line therapy
» Selpercatinib®?
» Pralsetinib®2

e Subsequent therapy
» Cabozantinib®34

ERBB2 (HER2) Mutation?®
e Subsequent therapy

» Fam-trastuzumab
deruxtecan-nxki®®

» Ado-trastuzumab emtansine

» Zongertinib®’

» Sevabertinib®®

56

NRG1 Gene Fusion
e Subsequent therapy

» Zenocutuzumab-zbco®®

HER2-positive IHC 3+
e Subsequent therapy

» Fam-trastuzumab
deruxtecan-nxki®®

HGFR (MET) (250% IHC 3+
and EGFR wild-type)
e Subsequent therapy
» Telisotuzumab vedotin-tllv
(nonsquamous)61

17
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CYSTIC FIBROSIS
FOUNDATION-’

List of CFTR Gene Mutations That Are Responsive to Trikafta® (elexacaftor/tezacaftor/ivacaftor)

CF Foundation, webpage

3141del9 E822K G1069R 19675 R117L S912L
546insCTA F191V G1244E |997F R117P S945L
A46D F311del G1249R 11077P R170H S977F
A120T F311L G1349D |1324P R258G S1159F
A234D F508C H139R |1335P R334L S1159P
A349V F508C; S1251N’ H199Y 11480P R334Q S1251N
A455E F508del* HI939R M152V R347/H S1255P
AS554E F575Y H1054D M265R R347L 1338l
A1006E F1016S H1085P M952| R347P T1036N
A1067T F1052V H1085R M9O52T R352Q 11053l
D110E F1074L H1375P M1101K R352W V201M
D110H F1099L 1148T P5L R553Q V232D
D192G G27/R 1175V P67L R668C V456A
D443Y G85E 1336K P205S R751L VA456F
D443Y; G576A; G126D 1502T P574H R792G V562|

R668C’
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