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KfEvelopmentl of sequencing

technology as well as the fast transfer of this new technology from basic science
research to practical clinical application (from dream to reality)
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Key characteristics:

* Massively parallel
analysis

« High throughput

* Reduced cost

« Short read length

« Higher error rate

than 1St generation




NIPT and NGS

* NIPT: noninvasive prenatal testing (screen the high-risk

subgroup from general population)

— chorionic villus sam
— Amniocentesis

* NIPT refers to a wide scope of all prenatal cares in a noninvasive or
minimal invasive way. Yet currently, NIPT is mostly related to the cell

free DNA-based testing of genetic diseases, especially
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® Short DNA fragments ~145-200bp, circulating in
maternal peripheral blood and originating from
placental trophoblasts.

Can be observed since the 5™ gestation week (GA)

Content is proportional to GA and inversely
proportional to maternal BMI
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Sequencing strategies for NIPT

« Whole genome sequencing  Target region sequencing

— Non-polymorphism unique — Polymorphism region in the
region in the human human genome(2000-10,000
genome(>95%) SNPs)

— Detect aneuploidies in 24 — Can detect aneuploidies at
chromosomes and smaller selected chromosomes and
deletion/duplication parallel regions (21,18,13,X,Y)

— Discriminate standard T21, — Fetal fraction estimated by
partial T21 and mosaic T21 chromosomal Y specific or

— Fetal fraction estimated by father-inherited SNP ratio
chromosomal Y specific or information
chromosomal specific - F -
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Principals of Sequencing-Based NIP
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* Equip with trained

Recommended:

* Not to expand NIPT to other

NIPS is the most sensitive screening option for

syndrome: not deny the

potential value

» Target region based methods

has limitations
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» Restrict only in disease with severe clinical significance

* Not to expand NIPS to other chromosome aneuploidy,

need more validation
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Non invasive prenatal screening using the detection of fetal DNA circulating in maternal blood

Proposed algorithm

FIRST TRIMESTER PRENATAL SCREENING (11-14 WEEKS)
COMBINING ULTRASOUND AND BIOCHEMISTRY
{Nuchal eranslucency, Nasal Bone, Ducrus venosus flow, Tricuspid valve
flow, PAPP-A, free BHCG libre, )

Pregnant woman > |0 weeks
(Exclusion if multiple pregnancy = 3)

GENETIC COUNSELLING and INFORMED CONSENT

R
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allenges In current NIPT
service

Simpler processing (Automation-software-figure)
Easier explanation (Z score/risk assessment-figure)
Faster turnaround time (1-3-5-7-10 days)
Cheaper (1000-500-300-100 USD)

Flexible throughput (3456-768-196-16-1 samples per
run)

Regulation (CE/FDA/CAP/CLIA)
Easy training (nurses/doctors/bioinformatics guys)
Social education (Pregnant women/Family member)




detecting fetal micro-
deletign/duplication ...
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Author Accuracy

Chen et al.2013 1311 clinical cases : Correctly identifies 3 cases of micro-deletion/duplication with 100%
sensitivity. One false positive was found resulting in 99.92% specificity. No false negative results
(>10M deletion/duplication)

Li et al.2016 117 clinical cases : 18 CNV (>1M) were identified through microarray, 10 of 11 cases with CNV
>5M were identified with NIPT; Among 7 cases with CNV >1M but <5M, NIPT identified 1 case
(2.82M). Therefore, NIPT sensitivity for detecting CNV >1M was 61.1% with 5% false negative

rate.
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Zhao et al.2015 For 3-40M micro-deletion/duplication , 17 case were identified in 18 cases. Sensitivity and
specificity were 94.4% and 99.4%, respectively.

Helgeson et al.2015 In 175393 clinical cases , 55 sub-chromosomal abnormality were identified with false positive
rate of 0.0017%. The most common abnormality was 22q11.2, with 70.5% detection rate

Pescia et al.2016 6388 clinical cases, identifies 3 T22, 6 T7 with false positive rate of 0.71%. In other sub-
chromosomal abnormality(CNV) aspect, 8 CNV were identified, including 3 false positive and 1 I
falee neaative
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Evolving NIFTY

Fetal Genome

Single gene disorders

Deletion/Duplication

Aneuploidies




Haplotype-assisted method for NIPD
Direct haplotyping from

parental DNA

mutant-linked barcodedreads  wild-type-linked barcoded reads
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Plasma DNA RHDO analysis:
Inferring mutation inheritances
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NIPT and Maternal cancer

Amant F, et al. JAMA Oncol. 2015 Sep,1(6).814-9.

Brief Report

Presymptomatic Identification of Cancers in Pregnant Women
During Noninvasive Prenatal Testing

Frédéric Amant, MD, PhD; Magali Verheecke, MD; lwona WiofCRPZK0[0 0 loF= [ST=T0 (o] g \\| | = IRRRC o> ST =TSES] g [o)VVA<To!
Mathalie Brison, PhD; Kris Van Den Bogaert, PhD; Daan Dier multi P le abnorlities

Thomas Tousseyn, MD, PhD; Philippe Moerman, MD, PhD; Ag
Patrick Neven, MD, PhD; Patrick Berteloot, MD: Katrien Putsy

Peter Vandenberghe, MD, PhD; Eric Legius, MD, PhD; Joris Ry * MRI LuJEighet tissue slice and genetlc teStIng

confirmation ;

. .  tumor tissue CNV concordant with NIPT
Bianchi, DW, et al. JAMA. 2015 Jul 14,8 o .

Preliminary Communication

Noninvasive Prenatal Testing and Incidental Detection
of Occult Maternal Malignancies

Diana W. Bianchi, MD; Darya Chudova, PhD; Ammy J. Sehnert, i 125,426 case for NIPT, 10 cases with

Tracy L. Prosen, MD; Judy E. Garber, MD; Louise Wilkins-Hau confirmed cancer
Stephen Warsof, MD; James Goldberg, MD; Tina Ziainia, MD;

- NIPT give discordant results with
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Identifying occult maternal malignancies from 1.93 million
pregnant women undergoing noninvasive prenatal
screening tests
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