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Asistovana reprodukce (ART)

Asistovana reprodukce je oznaceni pro Iékarfskeé postupy a metody, pfi
kterych dochazi k manipulaci se zarodec¢nymi bunkami nebo s embryi,
vcetne jejich uchovavani, a to za uCelem IéCby neplodnosti zeny nebo
muze

Komplexni proces je dnes vétSinou zalozen na technikach in vitro
fertilizace

Kromé paru s diagndzou vyuzivaji i pary s normalni fertilitou, ale riziko
prenosu genetické vady nebo patologickych markeru

Specializovana centra - kliniky, sanatoria

Cil — narozeni zdravého potomka = ,lé¢ba neplodnosti*




Plodnost (Fertilita)

Plodnost (fertilita)
= schopnost jedince se pohlavné mnozit

= komplexni vlastnost, ktera je
vysledkem schopnosti samcu a samic
poskytovat zdravé potomstvo v
optimalnim pocCtu za urcity Cas

= demograficky ukazatel vyjadrujici_
prumérny pocet potomku na jednu zenu




Plodnost (Fertilita) v CR

» Pravdepodobnost otehotneni pri nechranenem styku u
zdraveho paru na jeden menstruacni cyklus je cca 25%

e Pramérny vék prvoroditek v CR 26,3 roku

e Prumérna zdrava zena do 35 let s pravidelnym nechranenym
pohl. stykem ma sanci otehotnet cca 16%, tj. prumerne
otéhotnéni Ize dosahnout 1/6 ovulaénich cyklu

e 50% zl?n (20-34 let) otéhotni do dvou mésicu, 80% do pul
roku

(Zdravotnicka statistika MZCR, www.uzis.cz)




Neplodnost (Infertilita)

Neplodnost (Infertilita)

= neschopnost dosahnout Neplodnost ve svété

klinického tehotenstvi po 12 a W iﬁ" m W m 1ze6

vice mésicich nechranéného
Piiblizné 9 % ;e -44 let j;"‘"‘:?

ma podle odha d ro ize s n pcmr*o

pravidelného pohlavniho styku el ikl joden ok

(WHO) o muze s 1o 2030 %
mit dité? ’ zena: 20=35 Y% piipado
e VCR~20-25 % paru

Oba partneri 25_40 % pfipadd

Cisla: Podil déti, které se roéné narodi
diky umélému oplodnéni, ve

Asi D ﬂlllCﬂL déti slém vybranych zemich:
svéte se dos dilo H'y

pi‘;CS 3 % - pansko, Finsko

Norsko, Svédsko, Belgie, Slovinsko
T o/ "
< /o - Cesko

mirné nad 1 % -usa
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Priciny neplodnosti

Zenské faktory /}/

« ovarialni faktor - vajecnik nevytvori nebo i W

neuvolni kvalitni zivotaschopne vajicko

e tubdrni faktor - poSkozeni vejcovodu, chybéni - :

vejcovodu, neprichodnée vejcovody —

« endometrioza - pritomnost délozni sliznice
mimo dutinu délozni

aaaaaaaaaaaaaaaaaaaaaa

Muzské faktory

« spatna funkce spermie - neschopnost spermie Q %
proniknout a oplodnit vajicko zeny / .

Velka Mala  Zazena HruSkovita Vakuolizovana Zdvojena
hlavicka hlavicka hlavicka hlavicka hlaviéka hlavicka

Oligozoospermie (<15*106 v ejakuklatu)
Astenozoospermie (nedostatecna pohyblivost)
Teratozoospermie (spatna morfologie) ,
Azoospermie (nepritomnost spermii v ejakulatu)
,grand sperm zero“ - cca 2060
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Zdvojeny Zahnuty Svinuty
bicik bicik bicik

Obr. Priklady patologickych morfologickych nalezi (zdroj:
ZDRAVA SPERMIE - prevence neplodnosti)
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Genetické priciny neplodnosti u zen

1) Chromozomové aberace - strukturni i pocetni zmeény
Turnerlv syndrom - 45, X
,ouperzeny“ - 47, XXX
Aneuploidie v gametach

e Robertsonské translokace, centromericka fuze
akrocentrickych chromozoma (13-15, 21, 22)

2) Mutace - geny ovlivnujici srazeni krve
MTHFR (1p36.3)

Leidenska mutace (F5 - 1g23),

G20210A v genu pro trombin

CFTR
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Genetické pric¢iny neplodnosti u muzu

Chromozomové aberace
« Klinefelteruv syndrom - 47, XXY
e Muzi - 47, XYY
 Strukturni abnormality chr. Y
delece v (Yp)(11.3) - SRY - porucha vyvoje pohl. Ustroji
delece Yq11 - AZF - azoosperima factor
= porucha vyvoje spermii
« Translokace autozomu, Y/A, Robertsonské translokace
- centromericka fuze akrocentrickych chromozoma (13-1
« Aneuploidie v gametach (X,Y, 21, 13,18)

Genové mutace

Cysticka fibroza - mutace F508 v CFTR1, 97% muzu neplodnych




Historie IVF

» 17st- van Graaf - Graafovy folikuly, van Leeuwenhoek - pozorovani sav€ich spermii
» 19st - prvni vedécké prace o oplozeni in vitro na zviratech
- Schenk (1878), W. Heape — porod 6 krali¢ich mladat po vitro oplozeni (1890).
» 1944 — Rock, Menkin — oplozeni lidského oocytu in vitro
» 1951 — Austin, Chang - pro oplozovaci schopnost spermie je nezbytny jeji
predchozi pobyt v genitalnim traktu samice (kapacitace spermii)

e 2. pol 20st — Cambridge University - R.G. Edwards
- popis zrani oocytu a oplozeni in vitro, moznost kultivace embryi
» 1971 — Steptoe, Purdy: Nature — moznost in vitro kultivace
lidskych embryi do stadia blasystocysty
» 70. léta — vylepsSeni kultivaCnich médii, laparoskopickych technik,
kryokonzervace

e 1978 — Lancet — klinickeé aplikace oplozeni in vitro - L. Brownova R G. Edwards
e 2010 - R.G. Edwards - Nobelova cena za embryologii

—
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Historie IVF C(SS)R

25.7. 1978 29. 10. 1984
Prvni dité na svété Prvni dité v Ceské republice Porod prvnich Prvni
pocaté metodou in narozené po poceti in vitro. Stalo dvojcat ze téhotenstvi po tedy po metodach
vitro se narodilo se tak na gynekologicko- zkumavky v CR pouziti PGD asistované reprodukce
tricetileté Anglicance porodnické klinice FN v Brné, ktera vCR (AR), kolem 2 % déti ze
Lesley Brownové. Slo je dodnes jednim véech, coZ je témér 2000
o hol€icku jménem z nejvyznamnéjSich center rocné. Ve svété pocet takto
Louisa. asistované reprodukce ve stredni narozenych déti jiz

Evropé. prekro€il milion.
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MUDr. J. Tesarik

Prof. P. Travnik
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IVF kliniky v Brnée

Hadecka
planinka

42
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IVF Kliniky

V CR v sougasné dobé 41 registrovanych IVF center (6x Brno, 8x
Praha)

Specializovana centra asistované reprodukce (gynekologie,
porodnictvi, reprodukéni medicina, genetika, biochemie)
Vetsinou soukroma centra x spoluprace s akademickym a
zdravotnickym sektorem

2016 — 17998 IVF cykld, 52% hrazeno ZP

Specializace na zahrani¢ni klientela - ,,reprodukéni turistika“

,CT2 — dovolena ve dvou — dité v cené“




Co obnasi IVF

In Vitro Fertilization

€99 production
stimulated by
hormone
therapy

eggs retrieved |

from ovary

fertilized
eggs
introduced
INto uterus

eqqgs and sperm S
~ combined to allow fertilization (v

-
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Metody asistované reprodukce

Intrauterinni inseminace (1Ul) . .
= zkoncentrovane procistene spermie se zavadeji specialnim katetrem do
dutiny delozni v obdob1 ovulace

In vitro fertilizace (IVF)

= klasicka metoda mimotelniho oplodnéni,
pri které jsou spermie kultivovany s
oocyty in vitro.

ICSI - intracytoplasmaticka injekce spermii
skrz obal (zona pellucida) do vajicka

PICSI - zdokonalena ICSI

umoznuje vybrat a vpravit do oocytu pouze
zralou spermii pres vazbu na oocytarni
komplex (hyaluronan)



irurgicka aspirace spermii

Table 2 - Sperm retrieval techniques, acronyms and indications.

Technique Acronym Indications

Percutaneous epididymal sperm aspiration PESA Obstructive azoospermia

Microsurgical epididymal sperm aspiration MESA Obstructive azoospermia

Open epididymal fine-needle aspiration ND Obstructive azoospermia

Obstructive azoospermia;

Failed epididymal retrieval in OA cases;
Epididymal agenesis in CAVD cases;
Favorable testicular histopathology' in NOA cases;
Previous successful TESA/TEFNA attempt in NOA cases

Percutaneous testicular sperm aspiration; percutaneous testicular fine-needle aspiration TESA; TEFMA

Obstructive azoospermia;
Failed epididymal retrieval in OA cases;
Failed TESA/TEFNA in OA cases;
Mon-cbstructive azoospermia

Testicular sperm extraction (single or multiple biopsies)

Obstructive azoospermia;
Failed epididymal retrieval in OA cases;
Failed TESA/TEFNA in OA cases;
Non-obstructive azoospermia

single seminiferous tubule biopsy

Microsurgical testicular sperm extraction Micre-TESE Nen-obstructive azoospermia

OA: obstructive azoospermia; NOA: non-obstructive azoospermia. CAVD: congenital absence of the vas deferens. ND: not defined.

Hirnae nar matananaie

Figure 6 - Microsurgical epididymal sperm aspiration (MESA).
After exposure of the testis and epididymis, a dilated epididymal
tubule is dissected and opened. The fluid is aspirated, diluted
with sperm medium and sent to the laboratory for examination

FN BRNO
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Hormonalni stimulace - zisk oocytu

Minimal stimulation

Gn' Gn'+CC (100 mg)

Antagonist protocol
Gn' Gn'+Cetorelix (0.25 mg)

Agonist long protocol

Triptorelin (0.1 mg)+

Triptorelin (0.1 mg) GonadotropiniGn)!

Oocytes

retrieval (post

36 hours)
HCG (post 14"

day or when =2
follicles =18 mm)

>

'Gn dose varies among patients

GnRH - gonadorelin, hormon uvoliujici gonadotropin
CC - clomiphene citrate, synteticky estrogen, podpora ovulace

&
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IVF cyklus

I l
Zygote 2-celled 4-celled  8-celled

7~ @/—*

Fusion of egg
and sperm
prOnudei

BIaStocyst

Fert|||2at'0n\ N

Implanted
blaStOcyst
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IVF cyklus

o« pri IVF cyklu ziskame obvykle nékolik embryi...
 idealni je provest transfer jednoho embrya

x vybér ... morfologie, genetika ?




Genetické abnormality

Around 70 percent of embryos in older patients are chromosomally abnormal

Pre- 1mplantat10n genetic dlagn031s for

aneuplmdy is ‘living up to its promise’

User-friendliness steers
developments at Organon

« velka cast embryi bez ohledu na vék matky je aneuploidni (54 % ve
veéku pod 35 let, 82 % ve véku 40 let a vice)

Duvod = poruchy meiozy




Chromozomoveé aberace u embryi

Hyperhaploid
gametes
(n=24)

Hypohaploid
gametes
(n=22)

MI non-disjunction

MI

Ml non-disjunction

b

Normal
gametes
(n=23)

Hyperhaploid
gamete
(n=24)

Hypohaploid
gamete
(n=22)

* ~ 90 % aneuploidii vznika v priubéhu meioézy | u Zen
= postupna degradace kohezinu (poruseni integrity bivalnetu
= absence distalnich crossing - poruseni segreagce behém Ml




led Genet. 2011 Jul48(7 dei: 10.1138/jmg.2010.088070. Epub 2011 May 25

Array cnmparatwe genomic hybridisation on first pnlar bodies suggests that non-disjunction is not the
predominant mechanism leading to aneuploidy in humans.

Gabriel AS, Tharnhill AR, Ottolini C5, Gord

an A, Brown AP, Taylor J, Bennett K, Handyside
School of Biosciences, Univerzity of Kent, Canterbury CT2 THJ, UK.

wuLyLE au

A, Griffin DK,

viClapiiaac

N

Predcasné rozdéleni sesterskych

chromatid v MI
je vice nez desetkrat castéjsi

VIV

pric¢inou vzniku aneuploidie, nez
klasicka nondisjunkce !

@ )& Y

Oocyte at Anaphase | following non- Oocyte at Anaphase | following precocious separation of
disjunction (smaller chromosome) sister chromatid (smaller chromosome)

Gabriel A S et al. J Med Genet 2011;48:433-437
Y =
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Genetické analyzy pouzivané u IVF

1. Preimplantacni genetické testovani monogennich onemocnéni - PGT-M
(PGD)

- Drive PGD = monogenni choroby

- volba pohlavi u X-vazanych chorob
vrozeneé strukturni abnormality (Robertsonské translokace,

balancované translokace)

2. Preimplantacni genetické testovani aneuploidii PGT-A (PGS)

detekce nejcastejsich vrozenych pocetnich chromozomovych aberaci -
aneuploidii

PREIMPLANTACNI GENETICKE TESTOVANI
(PGT)




PGA - diagnhostické metody

a) Molekularni cytogenetika (I-FISH, CGH)
e aneuploidie, translokace, mikrodelecni syndromy aj

b) PCR - monogenni choroby
» specifické mutace - CF, thalasemie, srpkovita
anémie, hemofilie, DMD.....
« QF PCR - +13,16,18,21, X,Y

c) Screeningové techniky - ,,PGD 2.0“ - celogenomové pokryti

« array-CGH (DNA cipy) - pocetni i strukturni CHA
o SNP Cipy - KARYOMAPPING

« NGS - komplexni pristup, spojeni PGD+PGS

VeriSeq™ PGS Workflow




PGA - vstupni biologicky material

XY XY 0 X X X XY Y XxY

Oplozeni in vitro Biopsie embrya

Polarni télisko Blastomera (3. den)




Biopsie embryi - rozdily mezi 3. a 5.
dennim odbérem

Biopsie embrya 3. den
(blastomery)

« analyza 1 - 2 bunék

e 30 - 60 % ztrata implantacniho
potencialu

o vyssi riziko mozaicismu

e Casova tisen (24 hod)

Biopsie embrya 5.- 6. den

(blastocysta)

« analyza 5 - 10 bunék

« mensi riziko mozaicismu

e moznost vitrifikace embryi po
odbéru - dostatek casu pro vysetreni

« ne vsechna embrya dosahnou stadia
blastocysty




Kryokonzervace a vitrifikace embryi

V|tr|f| kace
moderni metoda efektivni kryokonzervace embryi, oocytl i spermii
« Superrychlé zamrazeni biol. materialu se smési vhodné zvolenych
kryoprotektiv(sachardzy, dimethysulfoxidu) na -196C
« Viablita po rozmazeni cca 98%

Techniques

Slow Freezing Vitrification

_;,.

Before
cooling

I

During
cooling
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Preimplantacni geneticky screening/diagnostika

PGD Timeline

FISH — sex selection PCR -PGD for Fresh ET

Implementation of aCGH- PGD
the FISH into the CCii-BED

cytogenetics ' ;
First aCGH-delivery

SNP-
array

PGD
First PCR - PGD

Implementation of the CGH

into the cytogenetics First delivery
after aCGH-PGS

2z arrayCGH reported fo
. P — '?&"“A"Q‘m B NP g T« e T,

DN g
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Chromozomové abnormality u embryi

Pocetni chromozomové aberace (aneuploidie)

* jsou nejcastéjsi genetickou zménou u lidskych embryi

« aneuploidie se casto vyskytuji i u morfologicky normalné se vyvijejicich
embryi (A. Mertzanidou, 2013)

« snizuji uspésnost metod asistované reprodukce

Strukturni chromozomove aberace

« postzygotické mitotické poruchy jsou u embryi velmi casté

« azu 70 % embryi byla pomoci SNP Cipl prokdazana chromozomova
nestabilita - duplikace, amplifikace, delece, UPD (vanneste et al., 2009)

SCREEINING POUHYCH ANEUPLOIDIi U RANYCH
EMBRYI NESTACI!




Preimplantacni geneticky screening/diagnostika
pomoci techniky I-FISH

Screening - AneuVysion Vysis MultiVysion Probe Panel
(13,18,21,X,Y,16,22)

SpectrumGreen 21

‘ ®

-
g g

SpectrumGold Y
SpectrumAqua 18

Vice chromozomu na jedné bunce - opakovana FISH (FISH -
zhodnoceni, odmyti, nova FISH - zhodnoceni)




Preimplantation genetic screening: a
systematic review and meta-analysis

of RCTs

S. Mastenbroek’, M. Twisk, F.van der Veen, and S. Repping

Center for Reproductive Medicine, Acdemic Medical Center, University of Amsterdam, Meibergdreef 3, 1105 AZ, Amsterdam,
The Metherlands

Correspondence address. Tel: 43 1-20-5663090; E-mail: s.mastenbroeki@amc.uvanl

Submitted on December 31, 2009, resubmitted on January [0, 200 [; accepted on January 31, 201 |

BACKGROUND: Preimplantation genetic screening (PGS) has increasingly been used in the past decade. Here we present a systematic
review and meta-analysis of RCTs on the effect of PGS on the probability of live birth after IVF.

METHODS: PubMed and trial registers were searched for RCTs on PGS. Trials were assessed following predetermined quality criteria. The
primary outcome was live birth rate per woman, secondary cutcomes were ongoing pregnancy rate, miscarriage rate, multiple pregnancy rate
and pregnancy outcome.

RESULTS: Nine RCTs comparing IVF with and without PGS were included in our meta-analysis. Fluorescence in situ hybridization was used
in all trials and cleavage stage biopsy was used in all but one tral. PGS significantly lowered live birth rate after IVF for women of advanced
maternal age (risk difference: — 0.08; 95% confidence interval: —0. 13 to —0.03). For a live birth rate of 26% after IVF without PGS, the rate
would be between |3 and 23% using PGS. Trials where PGS was offered to women with a good prognosis and to women with repeated

implantation failure suggested similar outcomes.

CONCLUSIONS: There is no evidence of a beneficial effect of PGS as currently applied on the live birth rate after IVF. On the contrary, for
women of advanced matemal age PGS significantly lowers the live birth rate. Technical drawbacks and chromosomal mosaicism underlie this

inefficacy of PGS. Mew approaches in the application of PGS should be evaluated carefully before their introduction into clinical practice.

PGS pomoci I-FISH nezlepsuje uspésnost IVF.....pI'OE?
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Problémy PGA I

o vysetreni 1 bunky - moznost diagnostického
omylu ?




Problémy PGA Il
EMBRYA:

« normalni (vsechny bunky diploidni)

Jedna bunka nemusi
reprezentovat cele embryo 11

||-J\v - na - Al \»ur;\v -

« abnormalni (vsechny bunky
abnormalni)

« chaotické (kazda bunka obsahuje
jiny pocet chromozom)




Problémy PGA lll - strukturni CHA

Full text acce:! o vided to Masaryk University, Faculty of Science

S e W cart

dicine o

nature \ by Central Library
mec

———— m——
Y ——— search [N W ~cvanced search

eport = Full Text

Journzl heme = Arc
Journal content Technical Re nature Download on the
+ Journal home journais App Store

1 1ed 2 do 38/nm.192

Advance online
publication
+ Current issue Language selector
@ Archive . /ann 5 Ia abstract for this
+ Conferences d

Focuses, Supplements
and ePosters

Nestaci vysetrit
aneuploidie !
- Celogenomove
Y op vysetreni !

e uembryi se vyskytuji téz strukturni aberace (delece, duplikace,

UPD atd...) ...postygotické mitotické poruchy mitdzy jsou cetnéjsi

nez meioticke...
&
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Vyuziti celogenomovych
screeningovych technik v PGA

« |zolace 1 - nekolika bunéek + celogenomova amplifikace

« Vyuziti mikrocipovych technik array-CGH, SNP cCipy, NGS

« Moznost vysetrit cely genom - nutno v kratkem casovem
intervalu (24 h) X zamrazena embrya (vitrifikace)




Amplifikace DNA - klicovy krok PGA

15 min
5 min in in | Hands-On
ONE THREE Time

Add Enzyme Extraction Add Pre-Amplification Add Amplification
Master Mix Master Mix Master Mix

\Y

Single Cell Amplified Library

o — —> —>  Analysis

Polymerization

=)

e

Phi 29
Debranching

4

4 CL
\ \
Primer
g%ibxz-gnchina 2 = > Annealing
o5 A\

Pobmerizotion

Genomové metody — potfeba ng DNA, = 106bunék
XX aspirat trofoektodermu 20 bunek = pg DNA, nutnost amplifikace DNA
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Zheng et &l £ J Zhafiang Univ-5¢7 B [Blomed & Biofechnol) 2041 12(1):1-1

Jounal af Pneflang Unlversiy-SCIENCE B (Blomadicine & Blotechnology)
ISEM 1673-1531 (Ponk); 1534 1362-1783 [Onilng)

waw.Z]uedu.crijzus; www.saringerink.com

E-mall; jzushzu.eou.cn

Review:
Whole genome amplification in preimplantation genetic diagnosis

Ying-ming ZHENG. Ning WANG. Lei LI, Fan JIN™
{Deprarmment of Repreducive Endocrimology, Women s Hogpimal, Schoo! of Medicime, Zhejiang Unnvarsity, Hangzhow 310004, Ching)
"E-mail: jinfanidzin eda ca
Eeceived Tune 1, 2000; Fevision accepted Sept 20, 2010; Crosschecked Dec. 5, 2010
Human Reproduction, Vol.25, No.4 pp. 1066-1075, 2010
Advanced Access publication on January 24, 2010  doi:10.1093/humrep/dep452

human ORIGINAL E r i
eodichon Reproductive genetics

Preclinical validation of a microarray
method for full molecular karyotyping
of blastomeres in a 24-h protocol

D.S. Johnson"®, G. Gemelos', ). Baner"?, A. Ryan', C. Cinnioglu',
M. Banjevic', R. Ross?, M. Alper, B. Barrett?, J. Frederick®,
D. Potter"5, B. Behr®, and M. Rabinowitz"’

'Gene Security Network, Inc., 2686 Middlefield Road, Suite C, Redwood City, CA 94063, USA “Genome Technology Center, Stanfo
University, 318 Campus Drive, Stanford, CA 94305, USA La Jolla IVF, 9850 Genesee Avenue No. 610, L , CA 92037, USA *Bost

130 Second Avenue, Waltham, MA 0245 |, USA *Huntington Reproductive Center, 2396 Calle de la Magdalena, Suite 503, Laguna Hills, C/
92653, USA *Obstetrics and Gynecology, Stanford University Medical Center, 900 Welch Road, Palo Alto, CA 94304, USA 'School of
Engineering, Aeronautics and Astronautics, Stanford University, Stanford, CA 94305, USA

®Correspondence address. E-mail: djohnson@genesecurity.net
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Single cell WGA principy — PCR

) { |
PEP-PCR DOP-PCR LA-PCR
Quasi-random annoaling of hytrid ohioo with

i o and defned soguence l
and nisation of PCH

DNA fragmeantaton o

Random annealing of
l 15 . rosinchon oashon

and start PCR with pormissive thermocyching
- - = o — - - -
2XOC
l Continuo PCH with mcroasing Stage 1 PCH at low tormporaturo cyclos

. Adaptor hgation
annoakng temporstures § Stage 2 PCR at high tempoerature cycles

N NS

o

> A

S
P
8
2
=
o
>

l PCR amplicaton

Vyhody: vysSSi vytéznost, jednoduchy protokol, Casové méné narocné
X tvofi artefakty, ADO
Aplikace: array-CGH, QF - PCR

(J
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Single cell WGA principy - MDA

Phi 29
Debranching

Phi 29
: Debranching
Phi 29
Debranching

a

&' . Phi 29
\ Debranching 3

Genomic s % L
sequencing S1 nuclease . _——— -
digestion . Polymerization _—

vytézek
Aplikace: NGS, metylaCni analyzy (PWS/AS)
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Single cell WGA principy - MALBAC

[94°C] 2) Melting 3) Quenching 4) Extension 5) Melting
Y 5 5

5 3
single cell M ¥
v 5 m—
3 )

1) Single cell isolation

. + Additional polymerase mix
and lysis POy

6) Quenching €= ==y

5" Fragment of Genomic DNA

5 Semi-amplicon % PN WP o —0—@ ; 7) Extension

5" Full-amplicon

i3 8) Melting

|
|
|
|
| 5cycles
|
|
5 9) Looping I
|

MALBAC - Multiple Annealing Looped Base Amplification Cycles
Kombinace PCR a MDA, dnes standard pro DNA i RNA sekvenovani

&
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https://youtu.be/CaFq9cnfTZI

BAC array CGH-za 12 hodin

Aneuploidie i strukturni zmény (delece, duplikace) v celém genomu
Rozliseni ~ 5 Mbp

24sure™
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Metodika screeningovych technik u PGD

Array-cgh workflow

(

D CyS
Sample Fad e Red
l Laeta e
Fluorescent Labels eth, e e s el Lo |
Peotuousoiage. 0" 0, S00 e e 00 Amp |
Test

| U ' | Scan . L - .. ‘. ®
C Fluorescent

‘Lj i Signal
’ -

Interpret




Oligo array-CGH pro PGD

Agilent Technologies

1. Agilent SurePrint Mikroéipy

« 8x60k mikrocCipy

* Rozliseni az 1 Mbp,. 2 - 5 Mbp
standard

2. High Resolution Scanner
+ Rozliseni 10- 2 mm
» AZ 48 microarrays / cyklus
* 15 min / 1 array (60k array)

3. Agilent Genomic Workbench
 Kritéria pro analyzu
* Vizualizace dat
« Tvorba protokoll, sprava dat

&
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Preimplantacni geneticka analyza pomoci
high-resolution array-CGH

Material: buniky z trofoektodermu 5-dennich embryi

Amplifikaéni protokol: PicoPLEX WGA Kit (Rubicon Genomics, USA)

Microarrays: 8x15K - CytoSure™Single Cell Aneuploidy Array, OGT UK
8x60K - Agilent SurePrint G3 Oligo CGH Microarray

Software: CytoSure Interpret Software, Genomic Workbench

Kontrola: hodnoceni 4 zaskoleni pracovnici




Porovnani profilu chromozomu 19 u na
platforme Agilent a OGT

Agilent 8x60k OGT 8x15

52424137_501_CytoCGH_0207_Febl3 2 2 9 253009310057 _501_CyboCGH 0207 Febis 2 2
T g B 7 = ] 5 5 T T
1 i - : [z '7
¥ = o . F f -

Vyssi falesna pozitivita 15k platformy, nejcastéji chr. 11, 16 a 19




Porovnani profilu chromozomu 22 na
platforme Agilent a OGT

Agilent 8x60k A OGT 8x15




Mozaicismus a verifikace vysledku u PGA

b’ Panes: |4 v B WLjaa) |
e N

O

Plot Sefting: Devyser Complete v2
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Preimplantacni geneticka analyza pomoci high-
resolution array-CGH

Thanks to WGA... Story of 400 Embryos

Preimplantation genetic analysis

Cligonucleotide DNA microarrays platforms:

CytoSure Single Cell Anevploidy Ammay  8x 15K (OGT) [resowsion: z30kn) n=222
SurePrint G3 Huoman CGH Microarray Kit  8x40K (Agilent) (rescwmion: 21007 n=178

Analysis success: 90% (400,/442) n=400

ABNORMAL 17% 3%  80%
n=138
>

STRUCTURAL CNVs
NORMAL" AMNEUFLOIDIES
n=262

Pregnancy Rate (FR):

>

Clinical Pregnancy Rate (cPR)

Mikuldsova A. et al, SLG konference 2014, Praha
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Vysledky PGS I.

enejCcastejsi monozomie: chromozom 22 (7.7 %; 5/65), 7, 8 a
18 (po 6.1%; 4/65)
enejCastejSi trizomie: chromozom 15, 21 a 22 (po 4,6 %; 3/65)

IMONOSOMY
1TRISOMY

INCIDENCE

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X

CHROMOSOME




Vysledky PGS II.

e

 Chromosome | Region | Gain | Loss |_Size(Mbp) |

Visualization of 8.4 Mb segmental
deletion in chromosome 139g21.32 -
g22.2 affecting loci of CDH9, KLHL1,
ATXN8OS, DACH1, C130rf37,
C13orf34, DIS3, PIBF1, KLF5, KLF1
gene.
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Biol Reprod. 2012 Dec 27.87(6):148. doi: 10.109%/biclreprod.112.103192. Print 2012 Jun.

DNA microarray reveals that high proportions of human blastocysts from women of
advanced maternal age are aneuploid and mosaic.

LiuJ Wang W, Sun X, Liu L, Jin H, Li M, Witz C, Williams D, Griffith J, Skorupski J, Haddad G, Gill J.

Key Laboratory of Major Obstetrics Diseases of Guangdong Province, Guangzhou Medical College, Guangdong, China.

Hum Reprod. 2013 Jan;28(1):256-64. doi: 10.1093/humrep/des3s2. Epub 2012 Oct 9.

Microarray analysis reveals abnormal chromosomal complements in over 70% of 14
normally developing human embryos.

Mertzanidou A, Wilton L, Cheng J, Spits C, Vanneste E, Moreau Y, Vermeesch JR, Sermon K.

Faculty of Medicine and Pharmacy, Research Group Reproduction & Genetics, Vrije Universiteit Brussel, 1090 Brussels, Belgium.

Human Reproduction, Vol.26, No.4 pp. 941-949, 2011

Advanced Access publicaton on February 2, 2011 doi: 10. 1093 Yhumrep/derD04

human Reproductive genetics
reproduction £e

PGD for a complex chromosomal
rearrangement by array comparative
genomic hybridization

E. Vanneste 'Z, C. Melotte !, T. Voet!, C. Robberecht!, S. Debrock?,
A. Pexsters?3, C. Staessen?, C. Tomassetti?, E. Legius!, T. D’Hooghe?
and ).R. Yermeesch




Karyomapping - SNP profilovani

SNP profilovani rodica + embryi = komplexni pohled, monogenni
choroby + detekce aneuploii

Karyomapping: comprehensive linkage-based PGD
(harnessing the power of ~280,000 genome-wide SNPs

Father (Carrier) Mother (Carrier)

Embryo 1
Unaffected

lumina




Karyomapping - SNP profilovani

Karyomapping — Patient assessment and testing
® )

MCERCH |

Father (gDNA) Mother (gDNA)

1

Child (gDNA)

Obtain genomic DNA from parents

Obtain genomic DNA from reference (known genotype status e.g. affected child,

siblings or other relatives)

lumina

poARTH
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Karyomapping - SNP profilovani

Phenotype

MIM number 1 e

Gene/Locus

Crigler Najar Syndrome A UGTIAL 218800 234,668,918-234,681,944
Bardet Biedl Syndrome 3 A ARL6 209900 97,483,594-97,517,372
Huntington Disease A HTT 143100 3,076,407- 3,2-1 ‘08‘,‘*
Facioscapulohumeral muscular A FSHD 158900 183,200,000-191,154,276
dystrophy
Spinal Muscular Atrophy A SMN 1 253300 70,220,767-70,248,838
Osteopetrosis-infantile Al 0STM1 259720 6 108,362,612-108,395,940
Malignant
Polycystic Kidney Disease A PKHD1 263200
Cystic Fibrosis CFTR 219700
Congenetial Lipodystrophy A AGPAT2 608594
type 1
Beta-thalassemia A HBB
Sickle cell Anemia A HBB
Smith Lemli Optiz A DHCR7
Breast cancer predisposition A BRCA2
(BRCA2)
Retinoblastoma A RB1 180 1 18,877,883-49,056,026
Propinic Acedimuia Alpha PCCA 3 13 100,741,268-101,182,690
Li-Fraumeni syndrome A TP53 151 1 ,571,719-7,590,867
Breast Cancer 1 : BRCA1 - 17 41,196,311-41,277,499
Peutz-Jeghers syndrome 3 STK11 1 19 ; ,797-1,228,433
(LKB1)
Familial hypercholesterolemia g LDLR
_M"yotonic dystrophy type 1 3 DMPK
Bardet Biedel Syndrome A MKKS /
BBS6
Duchene Muscular Dystrophy DMD
Xq deletion — -
Fragile-X Syndrome FMR1 300624
X-linked myotubular myopathy MTM1 310400 JJ 737 046-149, 8
Incontinentia pigmenti IKBKG 308300 153,770,458 -153, 793
Range
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Karyomapping - SNP profilovani

Karyomapping - Diagnostic Laboratory Process

Whole Genome Amplification of samples using SureMDA (2.5 hrs)

l

Process DNAs - Infinium HumanKaryomap-12 DNA analysis kit (20 hrs)

Scan using iScan (0.5 hr)

|

Import scan data in to BlueFuse multi v4.0 (karyomapping

module), Analyse results, Report (~1 hr) &

25 lumina
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Informativnost

Otec Matka

Genotyp

Embryo
AB = "Kkey"

AB AA |BB="key"*
Paternalni AA = "non—key"
informativni SNP AB = "key"
AB BB |AA ="key"*
BB = "non—key"
AB = "key"
AA B |BB="key"*
Maternalni A=
informativni SNP AB = "key"
BB A AA ="key"*

B

KUBICEK, David. Vyuziti metod preimplanta&ni genetické diagnostiky v

Tabulka 1:

Infromativni SNP

Paterndlni informativni SNP jsou
znazornény modre (keyv SNP) a
cervené (non—key SNP), zatimco
materndini zelené (key SNP) a Zluté
(Non-key SNP). Barvy
informativnich SNP byly vwbrany,
aby korespondovaly s vystupem ze
software BlueFuse Multi.
*Genotypy, Iteré se u embiyvi
mohou vyskymout pouze v pripadé
ziraty alely (ADO)
neinformativiiho rodice.

Zdroj: viasmi

reprodukéni mediciné [online]. Brno, 2019 [cit.




D

p ‘ Biopsetrofektodermu
Sufkasmbnya Dcelinnabufka Bicpsetrofektodemmu B-Allete fraquency 2ral

' Post- rygo(rrcno! |

ML Ml nebo |
| Postzygoticky chyba |
| ——

mitoficke frizomie (na obrazku) a MII chy .

chromozomy (vzor SPH po celém chromozomu, prerusovany box). (E) Viechny hpy frizomii jsou také pohvizeny zvysenou
intenzifou Log R ratio a charakteristickvin rozdvojenim AB heterozyeomich SNPs do dvou subpopulaci genotypii ABB,
respeltive AAB (Cerveny box). (F) V pripadé monozomii neni mozné rozlisit, zda vanikly meioticky nebo aZ mitotickou zfrdtou
chromozomu. Zirdta chromozonui je vvjadiena zivatou mformatnvnich SNP (prerusovany box). (G) Zirata heterozygoinosii je
zobrazena i ztvatou heterozveotnich SNPs na B- allele frequency chartu (BAF) a sniZenou intenzitou na log R chartu (Cerveny

th/glmgj/>

KUBICEK, David. VyuZiti metod preimplantadéni genetické diagnostiky v reprodukéni medicin& [online]. Brno, 2019 [cit 9 : .muni.cz/
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Chromosomal Position

karyomapping Log R ratio

D Chromosome 11

Translocation Chromosome  Breakpoint detected (N) Breakpoint position (£SD)

9 7 chr9:98,732,527 (+60,810)
chr12:88,604,484 (+1,061,262)
chr11:11,6628,381
chr22:20168614

46,XX,(9;12)(q21.34;q21.32)

46,XX,(11;22)(q23.3q11.2)

Kubeciek et al, Incidence and origin of meiotic whole and segmental chromosomal aneuploidies detected by ka mappin

https:




Karyomapping - SNP profilovani

Send to -

Format: Abstract -

Format: Abstract ~ Send to ~

Reprod Biomed Online. 2017 Sep:35(3):284-271. doi: 101016/ rbmo.2017.08.004. Epub 2017 Jun 15 Genet Med. 2014 Now;16(11):338-45. doi: 10.1038/gim.2014.45. Epub 2014 May &.
Karyomapping: a single centre's experience from application of methodology to ongoing Genome-wide karyomapping accurately identifies the inheritance of single-gene defects in
human preimplantation embryos in vitro.

® Munne 5% Coonen

2, Prates R Paulussen AD, Stock-Myer SE°

Matesan

# Author information

# Author information

Abstract

A b_Stl.aCt . . . _ . B . - . . PURPOSE: Our aim was to compare the accuracy of family- or disease-specific targeted haplotyping and direct mutation-detection strategies
This study aimed to determine whether karyomapping can be applied to couples requiring preimplantation genetic diagnosis (PGD) for single with the accuracy of genome-wide mapping of the parental origin of each chromosome, or karyomapping. by single-nuclectide polymorphism
gene disorder (SGD) and/er chromesomal rearrangement. 75/82 (91.5%) and 6/52 (7.3%) couples were referred for autosomal SGD and X- genolyping of the parents, a close relative of known disease status, and the embryo cell(s) used for preimplantation genetic diagnesis of
linked disease, respectively. One couple (1.2%) was referred for SGD and chromoscmal rearrangement. Of 608 embryos, 146 (24%, 95% CI single-gene defects in a single cell or small numbers of cells biopsied from human embryos following in vitro fertilization

21-28) day-3 and 462 (76%, 95% CI 72-79) blastocyst biopsies were performed. A total of 81 embryo transfers were performed; 16/81 (20%) METHODS: Genemic DNA and whole-geneme amplification products from embrye samples, which were previously diagnosed by targeted
were following day-3 embryo biopsy, 65/81 (80%) were following blastocyst biopsy and cryopreserved embryo transfer. Of 81 embryo haplotyping, were genclyped for single-nucleatide polymorphisms genome-wide detection and retrospectively analyzed blind by

transfers with known pregnancy outcome, 51 (63%, 95% CI 52-73) were on-geoing pregnancies, 6/81 (7%, 95% CI 3-15) resulted in first karyemapping

trimester miscarriages and 24/61 (30%, 95% Cl 21-40) were failed implantations. Of the 51 on-going pregnancies, 15 (29%, 95% CI1 19-43) RESULTS: Single-nuclestide polymarphism genotyping and karyomapping were successful in 213/218 (97.7%) samples from 44

couples had a singleton live birth at the time of write up. There have been no reports of abnormal prenatal, genetic testing or diagnosis of preimplantation genetic diagnosis cycles for 25 single-gene defects with various modes of inheritance distributed widely across the gencme

Karyomapping was concordant with targeted haplotyping in 208 (37.7%) samples, and the five nonconcerdant samples were all in

phenotype at birth. Karyomapping is reliable, efficient and accurate for couples requiring PGD for SGD and/or chromosomal rearrangement.
i consanguineous regions with limited or inconsistent haplotyping results.

Additicnally, it provides aneuploidy screening, minimising risks of miscarriage and implantation failure. ) ) .
CONCLUSION: Genome-wide karyomapping is highly accurate and facilitates analysis of the inheritance of almost any single-gene defect, or
Copyright ® 2017 Reproductive Healthcare Lid. Published by Elsevier Ltd. All rights reserved. any combination of loci, at the single-cell level, greatly expanding the range of conditions fer which preimplantation genetic diagnesis can be
offered clinically without the need for customized test development

KEYWORD S: Embryo biopsy: Karyomapping; Preimplantation genetic diagnosis

DOI: 10.1038/gim.2014.45

Format: Abstract - Send to -

Klin Onkol. 2016;2€ Suppl 1:583-9.
[Assisted Reproduction and Preimplantation Genetic Diagnosis in Patients Susceptible to Breast
Cancer].

[Article in Czech]
Weseld K. Kocur T, Horak J, Horfiak M, Oraéova E, Hromadova L, Vesely J, Travnik P.

Abstract

BACKGROUND: Assisted reproduction, as well as pregnancy itself, in patients with breast cancer or other hereditary type of cancer, is a
widely discussed topic. In the past, patients treated for breast cancer were rarely involved in the discussion about reproductive possibilities or
infertility treatment. However, current knowledge suggests, that breast cancer is neither a contraindication to pregnancy, nor to assisted
reproduction techniques. On the contrary, assisted reproduction and preimplantation genetic diagnosis methods might prevent the
transmission of genetic risks to the fetus.

AIM: In this review we summarize data concerning pregnancy risks in patients with increased risk of breast cancer. In addition, we introduce
current possibilities and approaches to fertility preservation prior to assisted reproduction treatment as well as novel methods improving the
safety of fertility treatment. In the second part of this review, we focus on karyomapping--an advanced molecular genetic toel for elimination of
germinal mutations in patients with predisposition to cancer. Morecver, the rapid development of preimplantation genetic diagnosis methods
contributes to detection of both chromesomal aneuploidy and causal mutations in a relatively short time-span.




Karyomapping - SNP profilovani

Vyhody
* Rychla a efektivnhi metoda pro komplexni PGD
pokud mame vhodnou referenci

« Detekce strukturnich deleci a aneuploidii dvou meiotickych
chromozomu

Nevyhody

« Patentovano, neni konkurence pro chemii, financné narocne,
uzavreny system
* Moznost problému pfi absenci referencni DNA




Haplarithmisis

2016 — Vermeesch et al. — Nova koncepce analyzy halptypU
pro potifeby PGD
Haplarithmisis — z feckého ,pocitani haplotypu*

Princip — celogenomova analyza haplotypu + detekce
nebalancovanych zmén v ramci jedné bunky

Analyza genotypu rodi¢u + blizky pfibuzny

Bioinformacni algoritmus siCHILD (single-cell haplotyping and
Imputation of linked disease variants)
= identifikace recesivnich alel pfenasecu, strukturnich
zmen | aneuploidii
= |ze diagnostikovat meiotické aberace od mitotickych
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Haplarithmisis

Format Abstract «

Hum Reprod. 2017 Mar 1;32(3).687-697. doi: 10.1093/humrep/dex011

Principles guiding embryo selection following genome-wide haplotyping of preimplantation
embryos.

+ Author information

Abstract
STUDY QUESTION: How to select and prioritize embryos during PGD following genome-wide haplotyping?

SUMMARY ANSWER: In addition to genetic disease-specific information, the embryo selected for transfer is based on ranking criteria
including the existence of mitotic and/or meiotic aneuploidies, but not carnership of mutations causing recessive disorders

Format: Abstract «

Genome Res 2016 May;26(5):567-78. doi 10.1101/gr.200527 115. Epub 2016 Apr 12

Format Abstract~ Sendto~

Hum Reprod. 2017 Sep 23.1-10. doi: 10.1093/humrep/dex236. (Epub ahead of prini]
Genome stability of bovine in vivo-conceived cleavage-stage embryos is higher compared to
invitro-produced embryos.

Téuiko 023 Catteeuw M5, Zamani Esteki M?, Destouni AT, Bugado Pascottini OF, Besenfelder U7, Havlicek V7, Smits K5, Kurg A*, Salumets 72389
D'Hooghe 110 Voet 7811, Van Soom A®, Robert Vermeesch J!

+ Author information
Abstract

STUDY QUESTION: Is the rate and nature of chromosome instability (CIN) similar between bovine in vivo-derived and in vitro-cultured
cleavage-stage embryos?

SUMMARY ANSWER: There is a major difference regarding chromosome stability of in vivo-derived and in vitro-cultured embryos, as CIN is
significantly lower in in vivo-derived cleavage-stage embryos compared to in vitro-cultured embryos.

Send to~

Zygotes segregate entire parental genomes in distinct blastomere lineages causing cleavage-

stage chimerism and mixoploidy.

Destouni A!, Zamani Esteki M2, Catteeuw M3, T&uiko 04_ Dimitriadou E?, Smits K3 Kurg A5 Salumets A® Van Scom Aj_ Voet TT_ Vermeesch JR!

+ Author information

Abstract

Dramatic genome dynamics, such as chromosome instability, contribute to the remarkable genomic heterogeneity among the blastomeres
comprising a single embryo during human preimplantation development. This heterogeneity, when compatible with life, manifests as
constitutional mosaicism, chimerism, and mixoploidy in live-born individuals. Chimerism and mixoploidy are defined by the presence of cell
lineages with different parental genomes or different ploidy states in a single individual, respectively. Our knowledge of their mechanistic
origin results from indirect observations, often when the cell lineages have been subject to ngorous selective pressure during development
Here, we applied haplarithmisis to infer the haplotypes and the copy number of parental genomes in 116 single blastomeres comprising entire
preimplantation bovine embryos (n = 23) following in vitro fertilization. We not only demonstrate that chromosome \nstabmty IS conserved

between bovine and human cleavae emb

into differe!
noncanonical zygotic cytokinesis, segregaling (he pare
development is a likely cause of chimerism and mixoploidy in mammals.

© 2016 Destouni et al ; Published by Cold Spring Harbor Laboratory Press

PIMID: 27 2 PMCID: PMC4864459 DOl 10.1101/gr.200527.115

cages. Persisience of those cell lines during

FN BRNO



Haplarithmisis

Vyhody

« Komplexni metoda kombinujici vyhody SNP profilovani,
vazbovou analyzu a aCGH

« ,Otevieny” systém — Ize pouzit data jak z SNP mikrocipu
lllumina a Affimetrix, tak i NGS

Nevyhody

« Experimentalne a laboratorné velmi narocne

« Potreba solného bioinformatického zazemi

* V soucCasné dobé doména University Hospitals Leuven (prof
Veermeesh

Pripadné zjednoduseni algoritmu ma velky potencial i pro mensi
laboratore a IVF centra




Technologie masivniho paralelniho sekvenovani

Next-generation DNA sequencing

Sanger sequencing Next-generation sequencing

DNA fragmentation DNA fragmentation
] = =
= =]

= Advantages:

= =

—1
A

vo cloning and amplification In vitro adaptor ligation

- Construction of a sequencing

Y - library - clonal amplification to
Y .' . generate sequencing features

.. s ' / No in vivo cloning,
: transformation, colony picking...

-> > ARG
4, - Array-based sequencing

~ Higher degree of parallelism
than capillary-based sequencing

Cyclic array sequencing
(»10% resdwarray)
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Technologie masivniho paralelniho
sekvenovani (NGS) v IVF

o NGS technologie se pomalu zacinaji prosazovat i v ramci PGS

« Zpracovani vétsiho mnozstvi vzork( v jednom experimentu v
porovnavani s mikrocip. technikami

V soucasné dobé pouzivany na velkych IVF klinikach hlavné pro
screening aneuploidii x moznosti komplexniho pohledu (ploidie,
strukturni zmény, mutace)

«Nejcastéji forma uzavrenych systému - Illumina, lon Torrent, nebo
forma pripravy knihoven (napr Agilent, Roche apod)




VeriSeq PGS (lllumina)

SEQUENCING BY SYNTHESIS

Most new sequencing techniques simulate s of natural DNA synthesis toidentify the bases on a DNAstrand of AMPLIFICATION
interest either by ‘base ext: Mgnmn [below). Botl depend on
reactions, but the technologles lower sequencing costs and increase speed by miniaturizing equipment to reduce the Bacause light signals are difficult o detect at the scale of asingle ONAmolecule,
amount of chemicals used in all steps and by reading millions of DNA fragments simultaneously opposite Easa-axtonsion or pstionreactions are uiten bistortaed oniiMlor sl copiés

o shemiciaussdinalistops Yreaang satiNATagmontss sly lop) g oo aneously. Cell-free methods (a andb) for

aking these copies involve PCRon a miniaturized scale.

BASE EXTENSION LIGATION g roes AerpC
Template
Asingle-stranded DNAfragment, known as the template, is An“anchor primer” is attached to a single-stranded template to |
anchored 10 surfacewith the starting point of acomplementary dsignate the beginning of an unknown sequence a). Short

,called the primer, attached to one ofits ends (a). When fluorescently labeled “query primers" are created with degenerate

ntlytagged nucleotides (ANTPS) and polymerase are DNA, exceptfor one nucleotide at the query position bearing one of the

exposedtothe template, abase complementary tothe template will four base types (b). The enzyme ligase joins one of the query primers Eokeng sk
be added tothe primer strand (b). Remaining polymerase and dNTPs totheanchor primer, following base-pairing rulestomatchthe b
arewashed away, thenlaser light axcites the fluorescent tag atthe query position in the template strand (c). The anchor-query- _— " ’ ———
revealing theidentity of the newly incorporated nucleotide (c). Its primer complexis then stripped away and the process repeated for AHOIN = RON ! onias—created directly onthe surfaco of a slide

fluorescenttagisthen stripped away, and the process startsanew. adifferent position inthe template 22l each contain a primer, whicha template fragment can find andbind o. PCR
: cluster containing millions of temy

s

Template Lasetlight Nkt i ; e
emplate
Adapter i

Bead-
Template

b droplets containing polymerase within

an oil emulsion can serve as tiny Bead polony
chambers o produce bead polonies. When
atemplate fragmentattachedto
Dusrasean: nnnn@nnnn abead is added to each droplet, PCR ik,
2 produces 10 million copies of the
annndanna Ouery template, all attached 1o the bea
primers

nnnnGnnnn MULTIPLEXING

nnnnAnnan Sequencing thousand: Mrnﬂhon-onampmnha"mn nparallelmaximizos
nsignal

0na°|ncleanau (belowleft). Another method immabilizes millions
na gel surface for simultaneous sequencing by igati
with fluorescencesignals, shown intheimage at right below, which ropy
A | 0.01 percent of the total slide area.

Ligase

¢ S0-extensi
ents. Apyrophosphate moleculeis
releasedwhen abaseis added tothe
complementary strand, causinga
chemical reaction witha luminescent
proteinthat producesa flash of ight

Query position

Single-moleculearray Bead polonies
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etekce aneuploidii za 12 hod
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VeriSeq PGS (lllumina)
VeriSeq PGS E NS

Massively parallel sequencing approach — 25 million reads per MiSeq run

Multiplex up to 24 samples per run by using indexing
800K to 1M reads per sample

36nt read length

Reads are mapped and grouped into bins (median size 1 Mbp)
Count number of reads per bin

Algorithms to correct for technical and GC biases

Normalisation within sample, assuming median bin count across all autosomes
corresponds to copy number 2

Number of fragments from each bin is proportional to its copy number

— A trisomy chromosome will have 1.5x more counts than a disomy
chromosome

lumina
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VeriSeq PGS (lllumina)

VeriSeq PGS Workflow Tq' B ":«;

. —

Sample Library MiSeq BlueFuse
Preparation Preparation Instrument Analysis

« Total 2.5 hours « Total 3.5 hours » Total 5.5 hours » Total 10 mins

« Hands-on 45 mins « Hands-on 1.5 hours *» Hands-on 10 mins *» Hands-on <1 min

2 hours 30 min hands-on time

Total protocol of approximately 12 hours for 12 to 24 samples

llumina
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VeriSeq PGS (lllumina)

BlueFuse analyticky SW

o Hatne N ONCITYA, ZCTALE PELEZ - M - ks ASPUB SS33NFET o 355
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BlueFuse software provides a complete solution for analyzing, storing, and reporting VeriSeq results. A. Sample database shows experimental information. B. Profiles
for the sample (top) and DecisionTrack information (bottom). C. Karyotype chart for whole-genome view (top) and region view with the opportunity to annotate
(bottom). D. Reports per embryo or per cycle (embryo report shown).
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VeriSeq PGS (lllumina)

Hum Reprod. 2014 Dec:29(12):2802-13. doi: 10.1093/humrep/deu277. Epub 2014 Oct 21.

Application of next-generation sequencing technology for comprehensive aneuploidy screening
of blastocysts in clinical preimplantation genetic screening cycles.

Fiorentino F! Bono S2, Biricik A2, Nuccitelli A2, Cotroneo E2, Cottone G2, Kokocinski F2, Michel CE3, Minasi MG?* Greco E4

+ Author information

Abstract
STUDY QUESTION: Can next-generation sequencing (NGS) technigues be used reliably for comprehensive aneuploidy screening of human
embryos from patients undergoing IVF treatments, with the purpose of identifying and selecting chromosomally normal embryos for transfer?

SUMMARY ANSWER: Extensive application of NGS in clinical preimplantation genetic screening (PGS) cycles demonstrates that this
methodology is reliable, allowing identification and transfer of euploid embryos resulting in ongoing pregnancies.

WHAT IS KNOWN ALREADY: The effectiveness of PGS is dependent upon the biology of the early embryo and the limitations of the

Format: Abstract «

Mol Cytogenet. 2015 Jun 16;8:38. doi: 10.1186/513039-015-0143-6. eCollection 2015.

Application of next-generation sequencing for 24-chromosome aneuploidy screening of human
preimplantation embryos.

+ Author information

Abstract

BACKGROUND: Aneuploidy is a leading cause of repeat implantation failure and recurrent miscarriages. Preimplantation genetic screening
(PGS) enables the assessment of the numeral and structural chromosomal errors of embryos before transfer in patients undergoing in vitro
fertilization. Array comparative genomic hybridization (aCGH) has been demonstrated to be an accurate PGS method and in present thought
to be the gold standard, but new technologies, such as next-generation sequencing (NGS), continue to emerge. Validation of the new
comprehensive NGS-based 24-chromosome aneuploidy screening technology is still needed to determine the preclinical accuracy before it
might be considered as an alternative method for human PGS.

ey

“,
" Rtre g WA

FEST
P v ap’o Y
gjﬁ;

&

FN BRNO



lon Torrent Semiconuctor Sequencing

Principle and Elements of Semiconductor Sequencing

Simple Natural Chemistry of Sequencing-by-Synthesis with H* release detection
a

4dNTPs
5" m— I 5 e— 3

Single pH Sensor
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lon Torrent Aneuploidy Analysis
(Life Tech Inc.)

incorporates - Hydrogen ion
into DNA . is released

CONSTRUCT PREPARE RUN ANALYZE
LIBRARY TEMPLATE SEQUENCE DATA
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lon Torrent Aneuploidy Analysis

y»sPolovodicove“ sekvenovani

Zalozeno na detekci zmeny pH, ktera nastava pri uvolnéni H béhem
navazani baze na deoxyribozu

Protokol do 24 hodin
Rozliseni ~ 10 Mbp  _ o ,
Cena 70S / embryo pri 32 spolecné analyze 32 embryi
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lon Torrent Aneuploidy Analysis

y»sPolovodicove“ sekvenovani

Zalozeno na detekci zmeny pH, ktera nastava pri uvolnéni H béhem
navazani baze na deoxyribozu

Protokol do 24 hodin
Rozliseni ~ 10 Mbp  _ o ,
Cena 70S / embryo pri 32 spolecné analyze 32 embryi
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NGS u PGD

e Technologie budoucnosti

e Rutinnimu vyuziti zatim brani cenové naklady a
algoritmus v laboratorich (3 vs. 5 denni embrya,
technologie vitrifikace apod.)

e VVyhody - robustngjSi v porovnani s array-CGH,
vetsi kapacita,
e VYySSi ,dynamicky interval® - detekce mozaicismu

e \Vyvoj — detekce na exomove urovni — ,all in”
= CHA, mutace pro monogenni choroby




Performance Comparison between array
CGH & NGS on Day 5 Trophectoderm
Biopsies
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Improved dynamic range —
Fiorentino (2014) ESHRE S07

Lagl Ratie CMUIEN2

Copy Numbat

Improved dynamic range of NGS enables enhanced detection and quantification
of chromosomal mosaicism
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NGS u PGD

Agilent OneSeq Target Enrichment

Detekce CNAs, LOH a mutaci v ramci jednoho experimentu

’:DDDiD o000 © © © G OO 000D © © OO

i I | p—
Genomic SNP  ClinGen disease SNP SNP ClinGen disease SNP
backbone associated region associated region
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Figure 1. Bait design schema used for OneSeq target enrichment.
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NGS u PGD

Display Settings: [¥] Absiract Send to: c PGS results for a chaotic embryo
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Abstract ] v Tl

OBJECTIVE: To investigate the applicability of next-generation sequencing (NGS) to preimplantation genetic diagnesis (PGD); to evaluate
semiconductor-based NGS for genetic analysis of human embryos.

DESIGN: Blinded

SETTING: Academic center for reproductive medicine.

a » E E 4 . B2 0 AR e +~

Chromosomal Position

PATIENT(S): Six couples at risk of transmitting single-gene disorders to their offspring
INTERVENTION(S): None.
MAIN OUTCOME MEASURE(S): Embryonic genctype consistency of NGS with two independent conventional methods of PGD.

RESULT(S): NGS provided 100% equivalent PGD diagnoses of compound point mutations and small deletions and insertions compared with both
reference laboratory- and internally developed quantitative polymerase chain reaction (qPCR)-based analyses. Furthermore, NGS single-gene
disorder screening could be performed in parallel with qPCR-based comprehensive chromosome screening.

CONCLUSION(S): NGS can provide blastocyst PGD results with a high level of consistency with established methodologies. This study and its design
could serve as a model for further development of this impertant and emerging technology.

Display Settings: (] Abstract Send to:

Copyright @ 2013 American Society for Reproductive Medicine. Published by Elsevier Inc. All rights reserved.
FEertil Steril. 2014 May,101(5). 1375-82. doi- 10.1016/.fertnstert 2014.01.051. Epub 2014 Mar &.

Development and validation of a next-generation sequencing-based protocol for 24-chromosome aneuploidy
screening of embryos.

", Biricik A%, Bono S2, Spizzichino L2, Cotroneo EZ, Cottone G2, Kokocinski F3, Michel CE®

+ Author information

e e e N ]

Abstract
! OBJECTIVE: To validate a next-generation sequencing (NGS)-based method for 24-chromosome aneuploidy screening and to investigate its
T applicability to preimplantation genetic screening (PGS)

DESIGN: Retrospective blinded study.
SETTING: Reference laboratory,

PATIENT(S): Karyotypically defined chromosomally abnormal single cells and whole-genome amplificatior GA) products, previously analyzed by
array comparative genomic hybridization (array-CGH), selected from 68 clinical PGS cycles with embryos biopsied at cleavage stage.

INTERVENTION(S): Nane

MAIN OUTCOME MEASURE(S): Cansistency of NGS-based diagnosis of aneuploidy compared with either conventional karyotyping of single cells or
array-CGH diagnoses of single blastomeres

RESULT(S): Eighteen single cells and 190 WGA products from single blastomeres, were blindly evaluated with the NGS-based protecol. In total
4,992 chromosomes were assessed, 402 of which carried a copy number imbalance. NGS specificity for aneuploidy call (consistency of chromosome
copy number assignment) was 99.98% (95% confidence interval [CI] 99.88%-100%) with a sensitivity of 100% (9 00%). NGS
specificity for aneuploid embryo call (24-chromosome diagnosis consistency) was 100% (95% CI 94.59%-100% ity of 100% (95% CI
97.39%-100%)

CONCLUSION(S): This is the first study reporting extensive preclinical validation and accuracy assessment of NGS-based comprehensive aneuploidy
screening on single cells. Given the high level of consistency with an established methodology, such as array-CGH, NGS has demonstrated a robust
high-throughput methodology ready for clinical application in reproductive medicine, with potential advantages of reduced costs and enhanced
precision

Copyright @ 2014 American Society for Reproductive Medicine. Published by Elsevier Inc. All rights reserved
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NGS u PGD - problémy?

1) S robustnéjSimi metodami screeningu narusta objem dat — interpretace?

2) Detekce mozaicismu u embryi — transfer ano Ci ne?

3) PGD 2.0 — zlepsuje skutecné IVF vysledky?

Preimplantation genetic screening 2.0.

s the hypothesis of preimplantation @
genetic screening (PGS) still supportable? A the thEOI’Y
review

Joep Geraedts'* and Karen Sermon?

Norbert Gleicher'** Raoul Orvieto®

'GROW School for Oncology and Developmental Biology, Maastricht University, Maastricht, The Netherlands “Research Group Reproduc
Abstract and Genetics, Vrije Universiteit Brussel, Laarbeeklaan |01, Brussels 1090, Belgium

n genetic diagnosis (PGS)
prior to transfer wil
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ABSTRACT: Duringthe last few years a new generation of preimplantation genetic screening (PGS) has been introduced. In this paper, an over:
view of the different aspects of this so-called PGS 2.0 with respect to the why (whatare the indications), the when (which developmental stage, i.e
which material should be studied) and the how (which molecular technique should be used) is given. With respectto the aimsitis clear that PGS 2.
can be used for a variety of indications. However, the beneficial effect of PGS 2.0 has not been proved yetin RCTs. Itis clear that cleavage stage i
not the optimal stage for biopsy. Almost all advocates of PGS 2.0 prefer trophectoderm biopsy. There are many new methods that allow the stud
of complete aneuploidy with respect to one or more of the 24 chromosomes. Because of the improved vitrification methods, selection of frest
embryos for transfer is more and more often replaced by frozen embryo transfer. The main goal of PGS has always been the improvement of IV
success. However, success is defined by different authors in many different ways. This makes it very difficult to compare the outcomes of differen
studies. In conclusion, the introduction of PGS 2.0 will depend on the success of the new biopsy strategies in combination with the analysis of all 24

PGS but the t
to accurately ass

ffecting m

arriage rat

mosaicism rates in TE

chromosomes. It remains to be seen which approach will be the most successful and for which specific groups of patients.
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Legislativa a IVF

Different countries, different rules

SPERM ovum
DONATION DONATION ICSI** GENETIC
TESTING***

PROSPECTIVE
PARENTS NATIONAL HEALTH

INSURANCE COVERAGE
a (.ﬁ QX for IVF* for IVF

National regulations by statute CD w Q w

BELGIUM full coverage

FRANCE full coverage
GREAT BRITAIN partial coverage

ISRAEL full coverage

ITALY

NETHERLANDS

AUSTRIA

RUSSIA

SPAIN

SWEDEN

TURKEY

partial coverage
partial coverage
partial coverage
no coverage
partial coverage
full coverage

partial coverage

National regulations by guidelines CD
CHINA @ w Q no coverage

INDIA a no coverage

JAPAN a w Q @ no Info available
USA a w o W no coverage
QDvwrage QT cor oatiens Q e wome QQ sesta B sosndicd sad ised © notpe

mro-Fertiiont MRrecyioolasy wer T ermeiad since

http://www.pharmaceutical-int.com/article/co2-incubator-for-in-vitro-fertilisation.html
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Etické aspekty

« Pokrok technologii asistovane reprodukce a
prenatalni a preimplantacni diagnostiky
vyzaduje upravu etickych a pravnich
norem, ktere by branily jejich zneuziti a
umoznili naopak jejich vyuziti v prevenci

« Zabranéni neoduvodnénym genetickym
manipulacim....volba pohlavi ?




Po PGD...

Po provedeni PGD by mély byt vysledky
konzultovany s klinickym genetikem

+

Méela by byt provedena kontrola pomoci
prenatalni geneticke diagnostiky




Rozhodnuti vzdy prislusi rodine.







