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Programa

- Etapas diagndésticas en medicina reproductiva:

v Preconcepcional
v Preimplantacional
v Prenatal
v Postnatal

 (Casos clinicos

v" Prenatal
v' Postnatal
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PRECONCEPCIONAL

¢A quién esta dirigido?

> A cualquier persona o pareja en edad reproductiva con
intenciones de tener un hijo/a

» Ante un TRA con ovulos o esperma de donantes

» Parejas con cosanguineidad

> Parejas de grupos étnicos cerrados

» Pareja con antecedentes familiares o personales

Objetivo
Brindar informacion a los progenitores de la posibilidad de transmision de

para minimizar asi su transmision a la
descendencia en las siguientes generaciones. Definir el riesgo de la pareja y
asesorarlos.

enfermedades hereditarias,
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Test de portadores o CGT (Carrier Genetic Test)

Objetivo: detectar la presencia de enfermedades monogénicas hereditarias. Se utiliza para

detectar enfermedades de herencia recesivas y ligadas al X.

Metodologia

",
* The American College of
- Obstetricians and Gynecologists

5 WOMENS HEALTH CARE PHYSICIANS

CONMMITTEE OPINION

Number 631 # March 2017
(Reaffirmed 2020)

(Replaces Committee Opinion Number 318, October 2005;
Committee Opinion Number 432, May 2008;

Committee Opinion Number 442, October 2009;
Committee Opinion Number 469, October 20110;
Committee Opinion Number 486, April 2011)

Committee on Genetics

This Committee Opinion was developed by the American College of Obstetricians and Gynecologists’ Committee on Genetics in
«collaboration with commitiee members Brifton Rink, MD; Sifpimrue Romera, M) jﬂseph R Biggio Jr, MD; Devereux N. Saller
Jr, MD; and Rose Giardine, MS.

This document reflects emenging clinical and scientific advances as of the date issued and is subject to change. The information
should not be construed as dictating an exclusive course of treatment or procedure 1o be followed.

Carrier Screening for Genetic Conditions
CGT CGT

Bank Plus

CGT

Exome

Secuenciacién Completa del Exoma (WES)

Panel exclusivo para

. Donantes < N
Caracteristicas Panel Extendido Panel Extendido Premium
""""" U( H: 7 genes AR H: 455 genes AR H: 1.979 genes AR
gy e M: 71 genes (incluye &4 igados a Xi M: 519 genes (incluye &4 ligados & X} M: 2.043 genes (incluye 64 ligados & X)
A Variantes -3.800 ~20.000 >50.000
Portador c ©,
Q8 eatimados (1" -11% -567% ~67%
\y Media estimada de
A mutaciones/individuo** 1 ]v7 2'7
[ Profundidad media 150X 150X 150X

Test complementarios

H/M: CYP21AZ, HBA1/2, SMNI1
M solo: DMD, FMR), F8

H/M: CYP21A2, HBA1/2, SMNI1
M solo: DMD, FMR], F8

H/M: CYP21A2, HBA1/2, SMN1
M sélo: DMD, FMR1, F8

Muestra

Sangre Sangre Sangre

Tiempo entrega resultados

20 dias laborables 20 dias laborables 20 dias laborables

Genetics

inMedicine ‘ ACMG POLICY STATEMENT

© American College of Medical Genetics and Genomics

ACMG position statement on prenatal/preconception
expanded carrier screening

Wayne W. Grody, MD, PhD'?, Barry H. Thompson, MD, MS3, Anthony R. Gregg, MD*,
Lora H. Bean, PhD?, Kristin G. Monaghan, PhD?, Adele Schneider, MD’ and Roger V. Lebo, PhD?

Copy number analysis

Full Seguencing Analysis

SMA Silent Carner Analysis

GG CGG Repeat Analysis

Females Only

ACMG AND ACOG

Alpha-Thalassemia (HEAT and HBAZ)

Fanconi Anemia (FANCC)

Beta-Hemoglobinopathies [Beta-Thalassemia and

Sickie Cell Dizease, HES)

Bloom Syndrame (BLM]

Fragile-x Syndrame (FMR1]

Gaucher Msease (GEA)

Canavan Disease (ASFA]

Mucaolipidasis IV (MCOLMT) [: 5

Cystic Fibrosis {CFTR)

Miemann-Pick Disease, Type & (SMPD1)

Duchenne/Becker Muscular Dystrophy (OMO)

Spinal Muscular Atraphy (SMNT)

Familial Dysautenomia (IKBKAP)

Tay-Sachs Disease (HEXA)



Test de portadores - Resultados " |

ROS

Es portador/a de una variante con implicancia clinica en uno de los genes estudiados.
+ Se debera correlacionar este resultado con el de la pareja y en funcion de ello definir
el riesgo reproductivo

No es portador/a de ninguna de variantes con implicancia clinica en los genes
estudiados. Si su pareja también es negativa se podra buscar un embarazo con
la tranquilidad de que sus hijo/as no heredaran las enfermedades recesivas analizadas.

ORIGINAL ARTICLE: GENETICS Objective: To develop an expanded pan-ethnic preconception carrier genetic screening test for use in assisted reproductive technology

(ART) patients and donors.
1 1 i Design: Retrospective analysis of results obtained from 2,570 analyses.
Comprehensive carrier genetic test Dim oo n s

us i n n ext_ e n e rati 0 n Patient(s): The 2,570 samples comprised 1,170 individuals from the gamete donor programs; 1,124 individuals corresponding to
g g the partner of the patient receiving the donated gamete; and 276 individuals from 138 couples secking ART using their own

deoxyribonucleic acid sequencing Inkeventionisk: Nsse

= - f rt' I I = h - t Main Outcome Measure(s): Next-generation sequencing of 549 recessive and X-linked genes involved in severe childhood
I n I n e I e c 0 u p es WI s I n g 0 phenotypes reinforced with five complementary tests covering high prevalent mutations not detected by next-generation
- - sequencing.

C 0 n C e |Ve th r0 ug h a Ss I Ste d Result(s): Preclinical validation included 48 DNA samples carrying known mutations for 27 genes, resulting in a sensitivity of 99%.
- In the clinical dataset, 2,161 samples (84%] tested positive, with an average carrier burden of 2.3 per sample. Five percent of the cou-

re p rO d U Ctlve te C h n 0 I 0 gy ples using their own gametes were found to have pathogenic variants conferring high risk for six different diseases. These high-risk
couples and patients received genetic counseling and recommendations for preimplantation genetic diagnosis. For patients receiving

JB lio tMth gh b- ‘g““ ﬁ:g JY ; ?:]EHM SA‘JW; ‘:,rf“['; O‘ FL‘h [B)S uigian Du, M.S," gamete dunatiun: we applied a genetic testing and h%i.ndcd match.ing systcm‘t!:l avoid high—ri?k mmbine!tiuns regardless of their
Pilar Alama, MD.," Amparo Ruiz, M.D., " Ernesto Bosch, M.D., " Nicolas Garrido, hD carrier burden. For female donors, 1.94% were positive for X-linked conditions; they received genetic counselling and were

and Carlos Simon, M.D? discarded.



PREIMPLANTACIONAL Ui

IVF physician, embryo transfer

following Egg Retrieval

PGT-A: Aneuploidias
ERA: Receptividad endometrial
PGT-M-> Mendelianas




PGT-A > Seleccion de embriones euploides en FIV.
> El aumento de la edad materna conlleva un aumento de embriones
aneuploides.
» PGT: Test Genético Preimplantacional - A partir de biopsia embrionaria
(D5) se realiza el analisis de anueploidias en células del embrion.
» Mejora la tasa de embarazo y nacidos.
» Problematica: escasa cantidad de ovocitos a mayor edad materna.

Abnormal embryos per age

B0 9%

74.5%
80 68.2% 71.4%

56.4% m No PGS *

PGS (aCGH) **

&0

Implantation rate

40

20 <35 35-37 39-40 41-42

Maternal age

<3Syears 36-37 years 238-3%9years 40-41years =42 years

n=420 n=42 n=121 n=118 n=158 'SART2011

** Harton, Munné et al. (2013) Fertil Stenil. And unpublished data to 8/2013. N >800 blast biopsies




Biopsia Transferencia
celular embrionaria

.....

Desarrollo Analisis
embrionario genético




Resultados PGT-A " --

4.5
3.0
.5
1.5

0.3

Resultado:

Interpretacion:

42, X0, -15, -16, -19

Con la metodologia utilizada, se detectan multiples monosomias cromosomicas, es .,
decir, la presencia de una sola copia de los cromosomas X, 15, 16 y 19 en la Pa ra qu |en??

= == Edad Reproductiva avanzada
Fallo de implantacion (+ 2)

NEPEN S NI DYP L SIS TV N T Y VR Abortos recurrentes (+ 2)

Resultado: 46, XY, +9, -13

Interpretacion: Con la metodologia utilizada, se detecta trisomia del cromosoma 9, es decir, la
presencia de tres copias del cromosoma 9, ademas se detecta monosomia del

cromosoma 13, es decir, la presencia de una sola copia del cromosoma 13 en la
muestra analizada.
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NICS: Noninvasive Chromosome Screening l'

Método basado en WGS para la deteccidn de aneuploidias o traslocaciones desbalanceadas, a
partir del ADN secretado por los blastocistos al medio de cultivo.

Ventajas: Limitaciones:
Evitar la biopsia del embrion FN-> presencia de células del cumulus (origen
Metodologia a priori menos complejay menos materno)
costosa FP-> se piensa que pueden ser mosaico, células que

el embridon elimina (rescate de trisomia)

> Serviria principalmente para la seleccion de embriones euploides, y cuando fuese
aneuploide se deberia confirmar por métodoinvasivo.

> Falsos negativos es un gran problema si se logra el embarazo.



Embrye Analysis
af Culture Environment

embrace

Igenomlx‘

WITH SCIEHCE QW YOUR BIDE

EMERACE e: el nueve test no invasive desarrollade

por lgenomix que permite a la clinica identificar
los embriones con mayores probabilidades de ser
cromesomicamente normales.

Con esta informacién, el especialista podra decidir
qué embridn transferir en primer lugar en un ciclo

igenomix
Los embriones con Sy =

mayores ==
probabilidades ) e ==
obtendran la '
puntacién mas alta y
tendran prioridad

para la transferencia

de FIV para mejorar las posibilidades de conseguir
el embarazo de un bebé sano.

Los emibriones permansces saguros en la ciinlco de AV Eﬁ?ﬁ]

O:@:U:@:E:D:G@;

AV Cubtis Racogidn medio Ermeio a lganomix Andlsin Informe da Tronsferanda
ambrionarks da cutie TomeEmke prierizaden =mgun wl
EMBRACE Informs

EMBRACE es para todas las pacientes que quieren
aumentar sus posibilidades de embarazo sin emplear

técnicas invasivas.
¥1.2020



ERA: Analisis de Receptividad Endometrial

El endometrio varia a lo largo

del ciclo menstrual y su principal funcion es la
de estar preparado para la implantacion embrionariay
la gestacion.

R
.

Orientacion = Aposicion = Adhesion Invasion

GENETICS

A genomic diagnostic tool for human endometrial

Window of Endometrial Receptivity
receptivity based on the transcriptomic signature

Patricia Diaz-Gimeno, PRD_*® José A. Horeajadas, PhD_® José A. Martinez-Conejero, PRD.®
Francisco J. Esteban, Ph.D." Pilar Alamd, M.D.*® Antanio Pellicer. M.D.** and Carlas Simon, M.D***

* Fundacidn IV -Instingo Universitario IV University of Valencia, Valencis; ®Tnetituko de Investipacida, Sanitansdel Hospital
kncis, Valencia University, Valencia, © iienomix, Yalencis, ® Department of Experimenta] Biology, University of
d ® Centre de Investigaciin Principe Felipe, Valencia Spain

Objedtive: To create a genomic tool compased of a customized micmarmry and 4 hioinformatic predictor for en-
dometrial dating and to detect pathologics of endometrial arigin, To define the tmnseriptomic signature of human
endometrinl receptivity,

Design: Two cohons ot u:(hmu:nal ss.mpiﬁ almg the menstrual cycle wem used: one to scleet the genes to be
incladed in the arial meeptivity army [ERA]) and the other to be analyzed by
ERA to train ﬂ:c;rtdlchu'fucﬂmal dating and 1o define the transcriptomic signature, A thind cohort includ-
ing pathological endometrial samples was used to tmin the predictor for pathological dassification.

Setting: Healthy aocyte doners and patients.

Patient{s} Healthy fenile women (88) and women with imy ion failure (5) or Ipirx (21
Intervention(s): Human m\immal hq:m

Main Outgome k The gene oxp af fal hiopsics.

Result{s) The ERA mhlkd 238 selocted genes. The tmnscriptomic signature was defined by 134 genes, The
predictor showed a spwﬁuty of (L8857 and scn:mwty dll 949758 for endometrial dating, and a specificity of
0.1571 and a itivity of (.995 for the pathological
Conclusion(s): Thudlp!mmlmbcmeddmlndlym pr icing and g The transcrip-
tomic signature is a potential endometrial receptivity biomarkers cluster, {Femlsmnl“ 201195:50-60, D011 by
American Society for Repmductive Medicine. )

Key Words: Endometrial receptivity, endometrial dating, microamay, tmnscriptomic signature, predictor,
diagnastic toal

Epithelial PR

Progesterone




pET: Transferencia Embrionaria Personalizada *

§“
v

EL TEST ERA REQUIERE UNA SENCILLA Y RAPIDA BIOPSIA ENDOMETRIAL
1 2 3 4 ]

GUD)%)X)])CUD

Biopsia Extraccién Andlisis mediante Informe Transferencia segun ]
Endometrial de RNA Next Generation resultados del informe oy IVF1.0
Sequencing (NGS) i

§ Endometrial Factor
-

Chromosomal
Embryo Factor

« 8
15%

0+

2 NCT03530254 (May 21, 2018)
204 NCT3558399 (June 15, 2018)

LIVE BIRTH RATES %

IVF 2.0

1978 2010

Para quién? Mujeres en las que se ha producido falla con embriones euploides y con utero
morfologicamente y anatdmicamente normal
Para qué? Permite determinar la ventana de implantacion personalizaday establecer en funcion del
resultado una transferencia de embriones personalizada
Comoy qué?

» Biopsia endometrial en dia LH+7 (ciclo natural) o dia P+5 (ciclo sustituido).

» Se analizala expresion de mas de 200 genes implicados en la receptividad endometrial.

» Los datos obtenidos clasifican al endometrio como receptivo o no receptivo.




PGT-M: Test genético preimplantacional para enfermedades Mendelianas

Para quién? Parejas con riesgo de tener descendencia con un desorden causado por una
variante patogeénica conocida (monogénico).

Para qué? Seleccion de embriones que no sean portadores de la variante en cuestion a
buscar. Se selecciona ademas embriones euploides.

s EATCATCATCATCATCAT

(a) Inheritance pattern of thalassemia

Carrier Father Carrier Mother Substitution of
a single nucleotide

"EA?CAféATE%TEAitAT;

Mt M N et ) N pd N ]

Unaffected Carrier Carrier Affected m m m Q I* m m

Son Daughter Son Daughter Single amino acid change may
preduce a non-functioning protein




PRENATAL

Mo v

. Objetivo
o ~ Detectar precozmente anomalias congénitas con el fin de:
: « Brindar tratamiento prenatal o perinatal
' Tomar acciones al momento del parto para controlar la afeccion
e Interrupcion voluntaria del embarazo

Preparacion emocional para los progenitores

» La mayoria de la informacion que se obtiene de forma no invasiva es de caracter
indirecto

La informacion directa es de carcater invasivo (VC, LA)

Diagndstico contrarreloj

Desafio en el asesoramiento por mosaicismos, expresividad variable, penetrancia
incompleta, etc.

VYV V VY



Técnicas invasivas XX AKXX AR &R XX

v'Riesgo genético mayor al riesgo de la prueba invasiva A A Ah xx xx xx
v'Cribado combinado de alto riesgo o oaa o Ky XK

uuuuuuuuuuuuuu

v'Malformacion ecografica
v’ Antecedentes familiares fuertes
v'Ansiedad o angustia materna

‘ \
! “ Ldla A [T Asd &

AMXY D188535 D13S631 X22 HPRT / D2151411 D2151414 D185386 D135634
21 11 11 12 111 11 11

'.JJI‘J J i

D18S535 D18S3I91 D185858 D18851 D18838E
bk} 1= 21 1 1

BIOPSIA CORIAL
Semana 10-13

Mas precoz

Técnica agresiva
Contaminacion materna
Celulas del trofoectodermo

AMMNIOCENTESIS

Semana 15-20

Técnica mas habitual

Menor riesgo (expertiz)

Mas fiabilidad diagnostica

Células epiteliales (piel y sistema urinario)

CORDOCENTESIS

Semana 18-20

Dificultad técnica

Riesgo fetal alto

Solo para tecnicas diagnosticas especificas




Non-Invasive Prenatal Screening (NIPS) ,‘ 't

BMJ RESEARCH

Mon-invasive prenatal assessment of trisomy 21 by
multiplexed maternal plasma DNA sequencing: large scale
validity study

Frorsics W R e, prcfiosso ) Fangl Akl LIHK;‘:HTE":HHTLHTL"W\' Femnia W L Zhmerap siuscfesrdl Tl Y Ly,

prrofonsor,” Hoo Soun, assistant probossor, | BO A jrecesi o iowral
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B P T ™
Maternal blood
» | A . ‘
| | Acidos nucleicos circulantes en plasma (CNAs)
‘ OO o " Fetal DNA Descubiertos en 1948
o . - . . - .

° 1989 se asocia a cancer (Biopsia liquida)
Qo 1997 Lo et al. ,presencia de CNAs fetales en plasma materno

Placental h DNA H i i i
Cells DNA sequence Provienen de la apoptosis del trofoblasto (origen placentario)

Supone entre un 5-8% del ADN total materno
.O Crece durante el embarazo

¥, O Fetal DNA Puede detectarse precozmente (semana 9)
" LE Desaparece luego del parto
Contenido de ADN mayor que en células fetales

)




NIPT
Available from week g
100%
Integrated
screening 80%
Available from week 15
Serum integrated ' 60%
screening aox
Available from week 15 40%
Available from week 15

0%

'/

i <
80%

Available from week 10

First trimester
screening

Trisomy 21 PPVs: NIPT vs.
First Trimester Combined Screening

B First
Trimester
Combined
Screening

. Noninvasive
prenatal
testing
(cfDNA)

20-29 30-39 40-45

Maternal Age (years)

|

Tasa de Falsos Positivos: :

| Screening combinado:5%
[ NIPS: 0.1% I




Non-Invasive Prenatal Testing l‘ | /
(NIPT) -

1 BASIC NIPT >

Trisomy 21 Trizomy 18 Trsomy 13 Monosomy X Fetal sex  Triploidy

Dovwen 5. Edwards 5. Patau 5. Turner 5.
",
2 BASIC NIPT + 22q11.2 P
Tnsomy 21 Trisomy 18 Trisomy 13 Monosomy X co0icn Triolold 22q11.2
Down S. Edwards 5. Patau 5. Turner 5. Py DiGearge 5.

3 EXTENDED NIPT

Trigomy 21 Trisomy 18  Trisomy 13 Monosomy X o 20q11.2 5p 15q11.2
Oowns. Edwardss. - Palaus. Tumers  oasex Trploidy | orges. | P | Cri-du-Chat s F,;;:?l@u:-l.ﬁsi

Microdeletions




A
Non-Invasive Prenatal Testing (NIPT): CNVs "U

POSITIVE PREDICTIVE YALUE PRV OF THECRETICAL GENETIC TEST WITH FALSE POSITIVE RATE IFPRI OF D1t
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o Non-Invasive Prenatal Testing (NIPT): RATs "'

L LESE L lERH SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

PREGMANCY

Rare autosomal trisomies, revealed by maternal
plasma DNA sequencing, suggest increased risk of

feto-placental disease 80,
Mark D, Perile, ' Meredith Halks Miler, ™™ Micota Flomers,” Cotalin Barbaciors,* N:89 817 sCohort 1
Sarah L Kinsings.” Darcy Yavrek,” Wilkam K Seltzer,” Diana W, Blanow®** 704 . «Cohort 2
200
«Cohort 1
Cohort 2 g
S
.
2
:
16
- -
RATS Uncertaln Wihhinormal | CNYs Other Dysplotdy 7 15 16 22 3 8 9 20 10 2 14 4 1N 6 5 12
limréts Chromosome

Categories




Metodologia: Whole Genome vs Targeted

cfDNA N\ - | -
-~ \,/,.--/\" B i DAL Sequencing rep——
[

m » -U»‘ “',* “y

Sequencing — g — — m :
e —— f" Plasma = Matemal +
| Matemal + Fetal Fetal Genotype
/ Cell-Free DNA
A CCTACCTATACT Maternal Biood
A“gnment CTTACACTCCT E?‘E‘:L‘m ol
A ICAGGITACETE Analyze
. Fetal DNA
\ SNP Signal
‘ DA Sequencing e ——
Sessseee (L :# ] ’h
TEseREe. T =
Counting T T Dl
SEsssess Sesssase White blood cells = Meternal
Metornal DNA aterna
Chromosome 21 Chromosome 21 Genotype
No Anewplosay Aneuploidy

Imagenes tomadas de http://elsiegenetic.com



1- DB Euploide 2- Validacion 3- Comercializacion
Validacion con controles comerciales

. o O HO s e v oo I I
P sera*.care VIS Qm

e Passion. Innovation. Precision.
> PRENATAL NO INVASIVO

' o Cohorte de validacion
- v > / e joimod sanatorio + 12 realiz
treteees § GFEHI:W l RO\ R Ry t de la mujer de 00 tests realizados
 EEXEEEY]
Euploides DB Muest ghita

4- Seguimiento y mejora continua

EMONS

The European Molecular Genetics Quality Network

253%. COLLEGE of AMERICAN
"5 PATHOLOGISTS




VISION Método de conteo estadisitco o

PRENATAL NO INVASIVO

NolloN No o X NeR N X
©ceeceeoce. Counting Method

* NGS reads are mapped to chromosomes and counted

D'NA:E;“;? * Aneuploidies are detected by comparing the amount of
chromosomal material (% reads mapped) against a set of
reference chromosomes

Filter high
quality
unlquely ® Fctal fragments
mapped ® Mother fragments
reads Reference range in database
e @ @ |
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292 ... . " . LAl ' '_-. - - - - ﬁﬂ Values in reference Euploid sample Trisomy 21
. euploid samples
Cuantification
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PRENATAL NO INVASIVO
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Reads Count
alignment & mapped reads
filtering in 50kb bins
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Calculate
quality
metrics

% Fetal Fraction

£ MAPQ30 reads

QS (Sample quality)

Library performance

® Fetal tragments

euplons sampies

Values n reference Eupioid sampile Trisomy 21 \/

Statistical
analysis and
visualizations

Clinical

Report

4 scores for
chromosomal
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Tier IV, Microdeleciones/Microduplicaciones

¢ Qué resultado reporta VISON?

Human Genome Idiogram

Vector Art Library
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POSTNATAL

Objetivo

 Establecer las bases moleculares de la patologia del paciente.

« Brindar herramientas que puedan utilizarse para la prognosis,
tratamiento y asesoramiento familiar.

 Diferentes técnicas moleculares en funcion de la anomalia que se

quiera identificar.

Cariotipo Array (BAGs, oligos, PCR ( distintos Secuenciador

FISH SNPs, de expresién, tipos) Sanger Sequencing u' '

Next Generation

etc)
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FISH

Evaluacion clinica
detallada:
Antecedentes familiares
Estudios previos
Sospecha clinica

3

Etiologia del

¢Cual estudio es el mejor?
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mecanismo molecular

de sospecha
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NGS

Técnica molecular
mas adecuada
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“Las anomalias congénitas se denominan también defectos de nacimiento, trastornos
congénitos o malformaciones congénitas. Se trata de anomalias estructurales o
funcionales, como los trastornos metabolicos, que ocurren durante la vida intrauterinay se
detectan durante el embarazo, en el parto o en un momento posterior de la vida”

Anomalias Congeénitas

Organizacion
Mundial de la Salud

i
3

e

LLL<<§\
‘\V(<*¢4/

> Se manifiestan de forma prenatal (gj.: polidactilia) o Infecciones 2%

Monogénica 7%

al nacimiento (ej.: sordera congénita) \ & ER—
Cr'omosomnco 7% Z ’ Otros 1%

> Afectan un 2-3% de los RNV

> La etiologia de las anomalias congénitas es en
gran parte desconocida, siendo algunas de ellas de
origen genetico.

Poligenico-multifactorial 20-25 % Desconocida 50-60 %



‘Anomalias Cromosdmicas ” ‘j

Infecciones 2%

Monogenica 7% Teratoenss 2% a Copy Number Variation (CNV) Other SV (Non-CNV) Unresolved
SV Class| Deletion Duplication Multiallelic CNV  Insertion Inversion Translocation Complex SV  Breakends
. Otros 1% Abbrev| =DEL  =DUP =MCNV =INS  =INV =CTX CPX =BND
Cromosomico 7% - ’; Ref.| —3fD~ S~ A | SE- chrA—: —IESE)—> .
& JLiE= —
Eny Exampl —AYD—~> . —EE> %>
|~ —EE ywy . —D> —@ L Speem- —#
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Cogryright © 2004, Sociadade Burasilars de Gendtia. Printed is Braxil

wwrw, shg org br
Review Astiche

Mew microdeletion and microduplication syndromes: A comprehensive review

Julidn Nevado'**, Rafaella Mergener'*, Muria Palomures-Bralo', Karen Regina Souza’, Elena Vallespin'~,
Rocio Mena™, Vicior Martinez-Glez'*, Maria Angeles Mori™, Femando Sanios™, Sixio Garcia-Mifaur™,

= Fé Garcia-San ﬁqn"‘.ﬂn‘n Mansilla™, Luis Ferninder'®, Maria Luisa de Tomes'™, Mariluce Rieged™™
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Figrure 3 = Mew miicrodeletion and mocradupl cation symeronsss discoverad over the lasd threeto five yeans, Red soquasnes indd cads repomtesd mdcrodel
bloe cireles indicats reponied microdupbication.

Sindromes de microdelecion y microduplicacion
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Pair of chromosomes 15
(light microscope view)

Deletion Chromosome 15
15q11.2-13 idiogram

Sindrome Angelman




CNVs de la normalidad
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» EI80% del genoma tolera variantes de copia
Database of Genomic Variants, MacDonaldy cols. 2014

» Variantes heterocromaticas/eucromaticas: regiones con

atabase of enomic ariants ) ey ) .
copias multiples sin efecto fenotipico aparente

A curated catalogue of human genomic structural variation




Métodos de deteccion de CNVs

chreme

MICRO ARRAY CROMOSOMICO

Whole Genome Sequencing

MLPA: Array:
Resolucién: 130-1 pb = Resolucién: »200 Kb
Regidn investigada: 100 locus e Regién investigada: todo
(dos kits) = ! - el genoma
Tasa diagnéstica: 9-12% i : Tasa diagnéstica: 15-
| ]| - = 190
. (- |
{ | - - 4 .
- | |I T - 100
| i S 8 M : o o
) .
400
°

Citogenética:
Resolucién: >6-10 Mb Array con cobertura exénica 500 genes:
Regidn investigada: todo el Resolucidn: >200 Kb- exénica
genoma Regidn investigada: todo el genoma

Tasa diagnéstica: 3% Tasa diagnéstica: >20%?

32-kb oxdation

] T | S




ARTICLE

Consensus Statement: Chromosomal Microarray
s a First-Tier Clinical Diagnostic Test for Individuals

with Developmental Disabilities or Congenital Anomalies

33 estudios

David T. Miller,®.* Margaret P. Adam,23 Swaroop Aradhya,? Leslie G. Biesecker,® Arthur R. Brothman,® N=21,698 pacientes

N1gel B E‘arte: 7 Deanna ‘vI Church 8 John A. Crolla,® Evan E. Eichler,'® C harles J. Epstein,!!

¥ e W .. W __ak T T = Rk b gk L) g HE . R, b N U B A SRR SR S F U S R R RN, S

The American Journal of Human Genetics 86, 749-764, May 14, 2010

1

FIRST-TIER

DI/RGD

Trastorno espectro autista
Malformaciones congénitas
Talla baja

Epilepsia

REFLEX

Cromosoma marcador
Traslocaciéon balanceada
Cariotipo alterado

RENDIMIENTO DIAGNOSTICO: 15-20%

ORIGINAL

Array CGH como primera opcion en el diagnostico L)
genético: 1.000 casos y analisis de coste-beneficio™

Neus Castells-Sarret®°*, Anna M. Cueto-Gonzalez*°, Mar Borregan®,
Fermina Lépez-Grondona?, Rosa Miré®, Eduardo Tizzano > y Alberto Plaja®"

# Area de Genética Clinica i Molecular, Hospital Vall d'"Hebron, Barcelona, Espafia
b Departament de Biologia Cel-lular, Fisiologia i Immunologia, Universitat Autonoma de Barcelona, Bellaterra, Barcelona, Espana
¢ Facultat de Medicina, Departament de Ciéncies Morfologiques, Universitat Autonoma de Barcelona, Bellaterra, Barcelona,

Espana
9 CIBERER, Barcelona, Espana

Rendimiento del 14%

v' Talla baja (13,3%)
v' Epilepsia (7,02%)




Clasificacion

ACMG PRACTICE GUIDELINES

American College of Medical Genetics standards and
guidelines for interpretation and reporting of postnatal
constitutional copy number variants

Furrone M. Keavoey, PRD'. Erik © Thovtand, PRIY . Kerrs K Broven, PRI
Falioly (Aetaterv-Rivera, ML, and Scrak T Sauth PRIY, A Working Gossip of the Amevicam Collexe of
Modioal Genetice (ACMG) Labomabory OGuality Lxryrance Comwitiec

Desctazmar: | how ACNL Scnutird 2ad Godrina ov Svcopod precandy o e cdansony rowerce s deves)

CONSIDERACIONES:

Tamafo y naturaleza de la CNV

Contenido genético

Cercania con sindrome conocido

Conocimiento de sindromes de genes contiguos
Presencia en bases de datos de poblacion control

YVVYYV

Genetics
inMedicine
M

i
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ACMG TECHNICAL STANDARDS

& Amwrican Coflage of Medice! Gon aties aned Goenomio

Technical standards for the interpretation and reporting of
constitutional copy-number variants: a joint consensus
recommendation of the American College of Medical
Genetics and Genomics (ACMG) and the Clinical Genome
Resource (ClinGen)

Erin Rooney Riggs, MS, CGC', Erica F. Andersen, PhD??, Athena M. Cherry, PhD?, Sibel Kantarci, PhD?,
Hutton Kearney, PhD®, Ankita Patel, PhD’, Gordana Raca, MD, PhD®, Deborah I. Ritter, PhD®,
Sarah T. South, PhD'?, Erik C. Thorland, PhD®, Daniel Pineda-A

lvarez, MD",
S a PhD*'" and Ch 1

D

Disdaimer: This technicl standan LV _:i i ¥ .

bomatary geneic servicss. Adheren b ClinGen CNV Pathogenicity Calculator
mnsidered inclusive of all proper g CllmGen

detenmining the propriety of any sp al Ganome Resourcs

droumstances prevented by the indp
inr the use ofa mriicular procedure
standard was adopied, and o comns

mnsider wheth

ClinGen CNV Interpretation Calculator

‘Welcome to the ClinGen CNV Interpretation Calculator. The calculator is based on the CNV scoring metrics that appear in the ACMG Technical Standsrds. This tool is designed to
help you keep track of the points you have assigned based on the evidence you have observed, then tallies the points to help you arrive at prefliminary CNV classification.

Purpose: Copy-number amal
and galng across the genome &
individuals with neurodeveln)
congenital anomalies & we
abnormalities. In the decad
widespread dlinical vse, trem
understanding the effects of co

CNV-Loss

CNV-Loss calculator hedps to evaluate clinical significance of Copy Number losses

CNV Loss

PROBABLEMENTE

BENIGNA BENIGNA

VOuUsS




. Anomalias Monogénicas

Infecciones 2%

X Teratdogenos 2% Effect
Size
&~ Otros 1%

Monogénica 7%

Cromosomico 7%

High

Very rare variants

Intermediate

Modest Estudi NGS Common
Ps u '°f_ . diseases
ersonalizaaos Common variants
Low — Variant
N frequency

.~ Monogenic Poligenic

4




Metodologias disponibles

SNVs

CA'I'CA'I‘CATCAfCA'I‘CAT :
mmmmmm

Substitution of
a single nucleotide

CATCATERTECTERTERT
a3 € € Fa) @ED €1

Single amino acid change may
preduce a non-functioning protein

Sanger

Sequencing reaction Capillary
electrophoresis
known  unknown
sequence sequence
 ——
5' wem 3
primer

A9 time
«T-0 Y

result

reaction
products
2
:
signal

121 130
GAT AAT CTGGTCTTATTTCC
——
time

Insercion

Mutation: Insertion of C

Original DNA

Mutant DNA |
AJAJAQJARTIE CITITICRTACICJAJARGA

vjujufulalel lelalalelalcisjujulciu Large scala frame shil
mRNA results in @ new amino

acid sequence. The
resulting protein 15
unlikely to have any
hiclogical activity

Amino acids

NGS

genomic DNA
Sanger g Second Generation
Sequencing / \ Sequencing
Amplification of reglon Shearing of genormic DNA
of interast by PCR and ligation of adaptors
e —
= L E_E
il - aas m e
s mm e
of
1 0 s0lid surface, followed by
Chain terminaticn PCR using amplification of fragments
Buorescently labeled ddNTPs to form dusters Ampiified DNA
O, w b &
—— Sold
= [bnach o array)
COmm
CORROE
Fluorescantly labeled
RO 1 - ©® et
¥ g mm while highly sensitive
e\, cameras record the
PCR fragments are separated R seausnceof lights
based on size and the DNA
soquence is read by the order in
which fuorescent signals are Sequaence reads can be used
detactod for de novo assembly of the
genomic sequence, of be
mapped back to » known
‘genome and quantitated
s e

Delecion

Deletion mutation

AFTER MUTATION
ATC|GTT|AGC|CGA ‘ TCTTAGCCGA
0 110 1 1.J 1 5111 i 1. 1 1 1.'1.1

I I \

the triplet codes {DNA codons) | part of original mutated part of the gene
for four aming acids | gene DNA base G deleted

In this sequence the frst triplet ATC is unchanged
BUT what was the base sequence of GTT AGC CGA ete,
@ Dr Phil Brown has now been mutated to read TTA GCC GA.... ete,

Real-Time PCR

[ TaaManprobe | | Molecular beacon probe |

4 Fluorophore quencher

") Unbound probe
Target DNA g
Vil

(B)

Cycle number




Adopcion y expansion de NGS

Cost per Raw Megabase of DNA Sequence

10,000.000

1,000,000 3

100.000 =

—

Moore's Law

10.000 3

$1000 Genome

Introduction of NGS Announced

1.00¢

0100

0.010 3

Wide Clinical
Adoption of NG5S

0.001

Jul-10
Jul-11
Jul-12 4
Jul-13 4
Jul-14 1
Jul-15
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Output _ _
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2006
Introduction of NGS

2001
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Exome sequencing has higher diagnostic viekd comparned to
simulated disease-spedfic panels in children with suspected
monogenic disonders

Ol lasws Dillen™ - 5 Rl (5 - 2 Sk’ 'ﬁhm":'uig"
el Theoe s - e st v Goimeosmins iy B Mliievts - Chima Gal™ - S WL 'Whila 71"~ - Thong Hisg Taa™

Farect 1 Sepoarber J0IT / Pvisct 11 Doromder TO0T & b aprat 11 gy -— 70" 878 =S s me
& Ruropemn oy of Maran Genstis J0W Genetics
& treis cotege ot et et cenee. ORIGINAL RESEARCH ARTICLE | inMedicine
Bt
Aa B codn dechne. whlsciome wyumony (WES) b be
the prizey il L4 el fekng S patod

-\E;Lqpu-v:u'r:n'd of wmplcion-WES with coiistol apmicsfan
Clinical whole-exome sequencing for the diagnosis of rare

disorders with congenital anomalies and/or intellectual
disability: substantial interest of prospective annual
reanalysis

Sophie Nambat, MD"%3%, Julien Thevenon, MD, PhD"3*, Paul Kuentz, MD, PhD**4,
Yannis Duffourd, MSc34, Emilie Tisserant, PhD*%, Ange-Line Bruel, PhD3#,
Anne-Laure Mosca-Boidron, MD***, Alice Masurel-Paulet, MD", Daphné Lehalle, MD’,
Nolwenn Jean-Marcais, MD', Mathilde Lefebvre, MD'", Pierre Vabres, MD, PhD**,

Salima El Chehadeh-Djebbar, MD', Christophe Philippe, MD, PhD**, Frederic Tran Mau-Them, MD>*,
Judith St-Onge, DEC*#, Thibaud Jouan, BSc***, Martin Chevarin, HNC>*4, Charlotte Poé, BSc>3*,
Virginie Carmignac, PhD®, Antonio Vitobello, PhD>**, Patrick Callier, MD, PhD?**%,
Jean-Baptiste Riviére, PhD***, Laurence Faivre, MD, PhD'**, Christel Thauvin-Robinet, MD, PhD'**
and Orphanomix Physicians’ Group®

GENE PANELS

-—C 22,000 genes
22,000 genes +
Intergenic regions

* Medium coverage * Low coverage

SINGLE GENES
+ Coding only + Expensive
10-200 genes * 1% of genome * Bix-heavy
‘ I * High coverage k—/;—
» Completeness T—]
=
Clinically well -
defined cases -
* High quality 13
* Expensive, slow = -
2001 2006 2626
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EXOMA CLINICO DIRIGIDO

Non-specific Intellectual
disability

Hearing
loss

Blindness

Paediatric
phenotype Infantile epileptic
encephalopathy

Early-onset
extreme obesity

Cystic
Specific [RAAE

Low High
(single gene) Genetic heterogeneity (5500 genes)

Wright CF, et ol. Not Rev Genet, 2018 May;19(5):.253-268.,

Optimal diagnostic testing strategy

Single gene
(1-2 variants per person)

Gene panel
(100s of variants per person)

. WES and/or WGS
(30,000 coding variants or
4-5 million variants per person)
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EXOMA CLINICO DIRIGIDO

The TruSight One Expanded Sequencing Panel

Genes currently
in testing

Disease-associated genes
from reference databases

DECIPHER Asia-Pacific Region EuroGentest
XL European Region NHS
OMIM
ClinVar North America UK Genetic Testing Network
HGNC South America
ICCG

Final gene lists for TruSight One Sequencing Panel Series

Table 1: TruSight One Sequencing Panel Specifications

Gene targets supplied by
industry experts

Parameter TruSight One TruSight One Expanded
Cumulative Target

Region Size ’ 16:5Mb

No. of Target Genes 6704

No. of Target Exons ~86,000

Probe Size 80-mer

No. of Probes 183,809
Minimum Coverage® > 20

Average Coverage > 100

a. 95% of target regions typica
possible with fewer samples per run)

bigher percent coverage

Exoma clinico

Solo aquellos genes
relevantes (o
potencialmente)
clinicamente.

6704 genes
(86.000 exones)




22.000 genes

6.700 genes

Analogia del iceberg

ﬁ @0\3&0 %
- S
o

Nivel de evidencia

Muy
Buena/buena
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EXOMA CLINICO DIRIGIDO

@) ACMG Resolucion del caso

American College of Medical

Genetics and Genomics

I DETECTADO | CLINICAMENTE NO DETECTADO
: - INCIERTO
Variantes patogeénicas
y probables
\ patogénicas ]
|
PRINCIPALES CRITERIOS

O Tipo de mutacién O Estudios funcionales
0 Co-segregacién familiar con la enfermedad U Pérdida de heterocigocidad
O Predictores in-silico O Clasificacién de bases de datos
O Historia familiar Q Presencia en poblacion control
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