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In vitro fertilization (IVF) Procedure %T(e
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Procedure

CHECKLIST

1 ~ Stimulation phase O sivcinisiic
2 ~ Egg retrieval s M
3 -~ Collect sperm

4 ~ In vitro fertilization (IVF) = O con oo

5 ~ Embryo transfer L O nviwofertsato
6 * Implantation (3] © implanttion

http://ib.bioninja.com.au/standard-level/topic-6-human-physiology/66-hormones-homeostasis-and/in-vitro-fertilisation.html
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in vitro fertilization (IVF) + genetic testing %T(é
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Procedure _ s D0:1PB ) | |
# - Avoids cryopreservation
>

- Genetic maternal

1~ Stlmulat.|0n phase ( 8 D1 2PB information only
2 N Egg retrleval - _: (Wells et al., 2002)

3~ Collect sperm

4 ~ In vitro fertilization (IVF)
(Genetic Testing)

5 » Embryo transfer

6  Implantation

> |- Cryopreservation
(Wilton et al., 2003)

L |- Cryopreservation
(Wells et al., 2008)

trophectoderm cells-

Genetic testing before implantation : preimplantation genetic testing (PGT)
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Biopsy Procedures Blastocyst

Polar body Blastomere (Trophectoderm biopsy)
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1 cell 8-10 cells

 Detect both maternal and

Non-invasive

N —— . Non-invasive paternal errors * Detect both maternal and
9 « Well-established biopsy paternal errors
protocols * Mosacism might be detected
* Large number of cells to test * Invasive : :
T g » Biopsy skills
Limitations * Only maternal error can be * Mosacisim can lead to
: « Blastomere culture protocols
detected screening errors

www.sofiva.com.tw 5




Lo
Two Types of Preimplantation Genetic Testing %T(e
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v Preimplantation Genetic Screening (PGS)

* preimplantation genetic testing for aneuploidy and abnormal
copy number of chromosomes (defined as PGT-A)

v Preimplantation genetic diagnosis (PGD)

e preimplantation genetic testing for monogenic disorders
(defined as PGT-M)
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PGS vs PGD %{r{é

SOFIVA
Preimplantation Genetic Screening Preimplantation Genetic Diagnosis
PGS PGD
Item Abnormal copy number of chromosomes Single gene disorder

Specific probe (primer)

FISH PCR
Technology Array-CGH Sanger sequencing
NGS STR marker

v Advanced maternal age
v' History of recurrent early pregnancy loss v Known single gene disorders family history
v' Repeated IVF failure v HLA typing
v Infertility

Indications
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Preimplantation Genetic Screening, PGS %ﬁ_
PGT-A

(also known as aneuploidy screening)
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PGS detects aneuploidy among IVF embryos
Aneuploidy exists across all ages and increases with maternal age
Chromosomal aneuploidy is known to be a major cause of IVF failure

Indications for PGS

v'"Women of advanced maternal age (>34 yo)
v'History of recurrent early pregnancy loss
v'Repeated IVF failure

v'Severe male infertility

v'Sex selection
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In the past......

L Embryo biopsy }

Genetic testing for
specific region

only a few chromosomes can be detected simultaneously by FISH

chromosomal abnormalities

o

Polar body
Single blastomere
Blastocyst

~

i
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Array-based PGS DO DOV |}}¢

NGS-based PGS 5 seee i)
oy 3 o1 day 5 i EEEE e () SOFIVA
[Embryo Biopsy} @Dty s oraay o
Embryo(s)

1

[ Whole Genome Amplification (WGA) }

| |

{ array-comparative genomic hybridization (array-CGH)

”
~ 4

OR :
L Next Generation Sequencing (NGS) Snort Fragment
J
BB BRI } G s v e A
™ permit visualization of all 23 chromosomes
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Development of preimplantation Genetic Screening, PGS %T(é

PGS

. ]
FISH
PGS was originally performed using flucrescence in situ
hybridization (FISH). Because FISH does not screen all

Traditional genetic testing platform
(chr13,18,21,XY)

24 chromosomes, its efficacy and accuracy for detecting
euploid embryos is limited.

Arrays
As new technologles were developed and applied to PGS,
implantation rates improved. The array-based 24sure™

Automated array technology
Detect 23 pairs of chromosome

technology facilitated investigation of all 24 chromosomes in

the eariy embryo, significantly improving PGS success.”*

NGS

Next-generation seguencing (NGS), the latest technological
breakthrough, is setiing a new standard in PGS, with
reliable PGS resuits?, streamiined workflows, higher
throughput capabilities, and customizable assays for easy

Latest technology

Detect 23 pairs of chromosome
High-throughput

Easier experimental operation

portfolio expansion.
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NGS platform for PGS %‘T{é

) SOFIVA
Ion PGM System - Thermo Fisher = c=vomics

Ion Proton Sequencer - Thermo Fisher

Miseq - Illumina
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Analyze data HE‘
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Copy number

Green line: 3 copies . . |
Red line: 1 copy Chromosome 1722, X, Y
Chromosome 21: Gain
[P e s’ Wmmmwwm—dﬁw é ) P o v -~ o g “"»\m%‘,"""“w*“‘

Chromosome 13: Loss
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Example for reciprocal translocation for PGS %T(e

balanced translocation cell Normal cell SOFIVA
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Euploidy Euploidy Aneuploidy Aneuploidy  Aneuploidy Aneuploidy
embryo Embryo embryo embryo embryo embryo

balanced translocation
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PGS result for case 46XY,t(5;21)(q11.2;,911.2) gl

Gain of 21921.1-q22.3

!

e
V)

Aneuploidy Embryo - Not transfer
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PGS result for case 46XY,t(5;21)(q11.2;,q11.2) Je

i
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Euploidy Embryo - can transfer
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PGS case results %Tﬁé

Embryo transfer

Total : 12 embryos > Zatnomied
Abnormal: 10 embryos (No6 - 16) | |
Normal: 2 embryos \ iy pregnancy
ﬁ Confirmed by AF
Array CGH: arr(1-22)x2, (X)x1, (Y)x1
>
16wks Chromosome: 46,XY
,—r_":s"; %%f %‘%é"fﬁ 58
=2 ‘:‘ g a8 [
RS 5% ?}
§ %3 . & 2 F Y ©
Wanz iy
g €8 3 3 95 M i
B8 28 ap 68 € :
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FISH

FISH vs aCGH e

aCGH

Log2 Ratio Ch1/Ch2

Log2 Ratio Ch1/Ch2

. Cytocell 5p telomere probe
R: Cytocell 14qtelomere probe

R

. il
4 ; & s TE 4 LR ?
-0.40 s
-0.80
-1

GENOMICS

1 2 3 a 5 6 7 8 S 10 11 12 13 14 15 16 17 18 19202122 X Y
Chromosomal Position

RS o W %fvig& Wﬁif gﬁﬂ@i&

-1.60 |

2 3 a 5 6 7 8 ° 10 11 12 13 14 15 16 17 18 19202122 X Y
Chromosomal Position

(5p,14q) balanced translocation
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NGS
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NGS vs aCGH % sﬁ%

aCGH SOFIVA

GENOMICS

L HEEIS
o N eE e
1. NGS vs aCGH : 100% sensitivity
ol 2. Resolution: same

: ha ol
! 'r?qf'p‘wwr;ww,'\a*&.ﬁ”w‘i \

i

3. Handling time for technician: NGS is easier

i .
| b ~ P e A s ot
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Preimplantation Genetic Diagnosis, PGD %“}i
PGT-M il
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* One or both genetic parents carry a gene mutation
e Testing is performed to determine specific mutation

* Indication for PGD

v With known single gene disorders
Autosomal dominant

Autosomal recessive

X-linked disorders

v’ Carriers of mutations

v Human Leukocyte antigen (HLA) matching
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Clinical application of %‘T
Preimplantation Genetic Diagnosis, PGD (e
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« First took place in October 1989
« Haemophilia (X-liked disorder)

« Sex determination .
Female carrier

Male WT Male affected Female carrier Female WT
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In the past...... Single gene disorder %ﬁe
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[ Embryo biopsy}

| = —

Lo
VRN 1

AT

electrophoresis

!

PGD for specific region specific inherited disorders - single gene

selection of normal embryos for transfer

—

©.1138 G>A

N
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Modified PCR-based research %ﬁ}i
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Nested PCR — [ [

Multiplex PCR — I

Fluorescent PCR l

ﬂ Multiple genes

Improve to target multiple regions

Still restrict to specific regions

www.sofiva.com.tw 23




Whole genome amplification (WGA) %T(C

& single embryo AN

l Partial Fragmentation

Conversion to PCR-
Amplifiable Units

OmniPlex Library

l PCR with Universal Primers

Amplified
OmniPlex
Library

Amplify the entire genome from single cell
Further analysis for multiple loci

www.sofiva.com.tw 24



Direct and indirect diagnosis %T(}é

SOFIVA
In the present Grmomes
Embryo biopsy
Direct testing Indirect testing
Whole genome Amplification Minisequencing Linkage analysis
D14S496 D14S2459 i’e"‘ testing
mutation Embryo implantation
Hl exon / \ l
gene Direct testing Indirect testing
Minisequencing Linkage analysis Pregnancy
B mutation \ / l
PGD Prenatal Diagnosis
www.sofiva.com.tw 25




The advantages of STR marker %TF

v to monitor contamination Sotnomied
-rlpl-ification efficiency failure
. | | v to monitor WGA experiment
< — ~
T Amplification efficiency failure
e Il
WGA
. S E AN
v to monitor Allele drop-out (ADO) i P >
‘ WGA
ADO
3
R |
—_— & —_—
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Example for PGD results %ﬁé
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Direct genotyping Linkage analysis

Linkage analysis

Minisequencing

Wild Type allele Mutant allele

CG TG

D7S496 122 132
D7S2459 146 144
SLC26A4

D7S2425 238 244
l + prob

l +ddNTP 2 7 2 3

(]
’
/
/
/
/
’
’
[ ]
.
.
.
n
N
N
]
L}
]
\
\
\
AN Y

Major

D7S496 122 136

; D7S2459 146 146
Signal SLC26A4

D7S2425 238 246

\ 4

’II”".-----““‘\\
Time ><

0
ASNSRRRRRNRRY Y

’lll"lllll\\\

Abnormal embryo

WT genotype Not transfer

Abnormal genotype
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D7S496 136 136
D7S2459 146 134
SLC26A4

D7S2425 246 240
D7S5496 122 136

D7S2459 146 146

SLC26A4

D7S2425 238 246

Embryo
\\\\\\\\\“““‘-- NN NSNNNS STy
Carrier Wild Type

122 136 136 132 132 136
146 134 146 144 144 134
238 240 246 244 244 240

t e s o s ooy r R NN NEEHEHESEZSESESRSLESES S LSS SN N
-

v

O

Wile type embryo
Can transfer
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203 4+ 205 + -+ 201 1 1 !
23T ro ool I B indirect testing
161 —4 164 + —+ 161 L k | .
- . - INKage analyslis
150 + 1521+ 1150 9 y
1-2 1-3
205 4+ —+ 203 -+ DXS1231
192 4+ —+ 192 -+ DXS8020
164 + -+ 161 -1 DXS7424
mm e [ |
152+ —+ 150 1.4 T DXS8100
I I
Embryo 1 Embryo 2 Embryo 3 Embryo4 _ . Embryo 5 ~
203 4 2oqv 205 4 201 4 &05 4 4203 2054 4203
192 4+ 4190 192 4+ 190 + 1924+ +192 1924 —+ 192
161 4+ —+ 161 164 1+ 181 1 164 + -1 161 164 + -1 161
B B [ | Bm mE . mE
150 + —+ 150 152 + 150 + 1521+ —+150 1524 -} 150
Embryo 6 -mbryo 7 Embryo 9 Embryo 12 —.mbryo 17
203 4+ —+ 201 205 + 203 -+ -+ 201 203 4+ 4201 203 4+ —+ 201
192 4+ + 190 192 + 192 4+ +190 192 4+ +190 192 4+ —+ 190
161 + -+ 161 164 1+ 161 + —+ 161 161 +— + 161 161 -+ —+ 161
I B L I B B I Bl
150 ~+ =+ 150 152 1 150 + +150 150 + +150 150 -+ —+150

e ———
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PGD case results
Total: 11 embryos %T(e

Embryo transfer

. > SOFIVA
Major: 1 embryo 1 e
Wild Type : 4 embryos l r
Carrier: 5 embryos h m pregnancy

No signal : 1 embryo wWT
Father

w l

Mother l

16wks
o o
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Clinical case in Taiwan
— Hearing Loss

Audiology &~
Neurotology

Original Paper

Audiol Neurotol 2010;15:311-317
DOI: 10.1159/000284349

Recelved: August 7, 2009
Accepted after revision: Decemt
Published online: February 17, 2(

Preimplantation Genetic Diagnosis (Embryo
Screening) for Enlarged Vestibular Aqueduct
due to SLC26A4 Mutation

Chen-Chi Wu#P  Shin-Yu Linb <

Chuan-Jen Hsu?

Yi-Nin SuP- ¢ Mei-Ya Fang®? Shee-Uan Chen©

Departments of 2Otolaryngology, PMedical Genetics and “Obstetrics and Gynecology, National Taiwan University

Hospital, Taipei, Taiwan, ROC
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Clinical case
HLA typing &
beta thalassemia

ine - Vol I7 No 5. 2008 699-705 Reproductive BioMedicine Online; www.rbmonline.com/Article/3440 on web 1 October 2008

Case report

PGD of B-thalassaemia and HLA haplotypes
using OmniPlex whole genome amplification

Dr Shee-Uan Chen was a graduate of the College of Medicine, National Taiwan University.
He completed his residency training in Obstetrics and Gynecology and his research
fellowship in reproductive medicine at the National Taiwan University Hospital. His major
research interests include clinical and basic reproductive medicine, cryopreservation of
oocytes, embryos and ovarian tissue and micromanipulation of gametes and embryos. He
is currently associate professor and Director of the Division of Reproductive Endocrinology
and Infertility, Department of Obstetrics and Gynecology, National Taiwan University
Hospital.

Dr Shee-Uan Chen

Shee-Uan Chen™?, Yi-Ning Su*®, Mei-Ya Fang?, Li-Jung Chang’, Yi-Yi Tsai', Li-Ting Lin', Chien-Nan Lee™*, Yu-Shih
Yang'#

'Department of Obstetrics and Gynecology; 2Department of Medical Genetics, National Taiwan University Hospital,
Taipei, Taiwan.

3The first and second authors contributed equally to this work.

“Correspondence: Department of Obstetrics and Gynecology, National Taiwan University Hospital, No.
7 Chung-Shan South Road, Taipei, Taiwan. Tel: +886 2 23123456, ext. 5166; Fax: +886 2 23934197;
e-mail: leecn@ha.mc.ntu.edu.tw; ysyang@ha.mc.ntu.edu.tw

Abstract

A strategy was developed using the OmniPlex technology of whole genome amplification for preimplantation genetic
diagnosis (PGD) of single gene diseases and human leukocyte antigen (HLA) haplotypes. The amplified genomic DNA
library was subsequently examined separately for mutation analysis with mini-sequence and for short tandem repeat (STR)
markers within the HLA loci. To evaluate the reliability of the protocol prior to PGD, tests of 50 single lymphocytes
revealed an amplification efficiency of 92-96% and allele drop-out (ADO) rate of 6—16%. The strategy was validated in one
B-thalassaemia family having an affected boy. The couple underwent three cycles of ovarian stimulation and intracytoplasmic
sperm injection for PGD. On 16 embryos tested, the amplification efficiency was 88—94% and ADO was 6-19%. Two cycles
of embryo transfer were performed, and one pregnancy was achieved. The genotypes of the fetus were shown to be unaffected
and HLA-identical, in agreement with PGD, by chorionic villus sampling. The cord blood stem cells from the newborn can
be used to treat the affected sibling. This study demonstrates the first successful application of OmniPlex whole genome
amplification in PGD of a single gene disorder for selecting unaffected and HLA-compatible embryos.

Keyweords: HLA, preimpl; genetic di is, B-thal whole genome amplification

R

TAP1CA D6S426 82-1 MIB

™ T D@ :l” l I Father
mas ma |l7lﬂ "

b I's " Mother

HLA typing

3 [ I 1st Child
] W
0418 ma " Py
I g” '! Embryo 1
nn 1nn (L] " 150 158

CDs 41/42

N WT Father Mother '1'5'.1
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Iy

WT Father Mother

HBB
genotyping
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PGD for single gene disorder in Sofiva lab gﬁé

Table 1 The hereditary modes, mutation sites of monogenic diseases, OPU treatment cycles, genotyping results of lymphocyte pretests and PGD of blastocysts
of 33 couples.

Case Diseases Modes Husbamnd WWife oPuw Lymphocy te PGD of blastocysts h
cycles Test

I - T halassemia AR SEA, SEA I I 2 & 2 I [}

2 Meurofibromatosis type | Al P rral MNEL e 6709 C=T ] 7 9

3 Spinal muscular atrophy AR S ESMM2 = 1:3 SPMMNESMMN2 = 123 ] ] 2 [[e) 5 [} 2

4 Duchenme musoular dy strophy >R P rral MDD deletion ecxon 48— 52 2 2 3 h 3 o ]

5 BT halassemia AR 654 654 1 3 3 4 2 1 o

& Orsteogenesis Imperfecta Al COLLAL c 10641068 del CTSGET Perrmal 2 ] ] (L] & Q Q

) - T halassemia AR SEA, SEA Human Reproduction, Vol.28, No.5 pp. 1435-1444, 2013

a8 Congenital deafress AR SLC2654 . 916 917 ins G SLC26M4 .9 19-2 A -=( Advanced Access publication on March 12, 2013 doi10.1093/humrep/det048

9 Congenital deafress AR SLC26A4 . 2192 A-G SLC26A4 . | 579 A0 e

10 Spinocerebellar aracia type 3 AD AOCTING (CAGHR: 14569 Mormal Ihm ORIGINAL ARTICLE Reproductive genetics

[ Duchenne musoular dy strophy 2R Pl rral DM D deletion econ 44 — ~

2 ar-thalassemia AR SE# SEA, e (L s g

- R - N S Blastocyst biopsy and vitrification are

14 Spinocerebellar ataxia type & AD Mormal CACHALA (CAGHN: S eﬁective for preimplantation genetic

15 or-T halassermia AR, SEA, SEA, . . . .

e e Thalassemia AR sea sea diagnosis of monogenic diseases

7 Orsteopetrosis AR TCIRGI c. 1213 G=A TCIRGI c. 196 + 5 G

18 Bardet- Biedl syndrome AR BBS2 c.534 4 | G=T BBS2 c.534 + | G=T Li-Jung Chang', Chu-Chun Huang', Yi-Yi Tsai!, Chia-Cheng Hung?,

'@ Spinocersbellar ataxia type 3 ab ATHNG (CAG)n: 14762 Mermal Mei-Ya Fang?, Yi-Chun Lin?, Yi-Ning Su'2, Shee-Uan Chen'3*, and

20 or-T halassemia AR SES SES . |

21 MNeurofibromatasis type | AD Mormal MNE1 cBES-1 G=T Yu-Shih Yang

2 tarfan's syndrome Jes FeN c2 ToA Norma s of Gl g et T bty o oot § g o ot o T

23 Hemophilia A R Mo nmal F8 inron 22 inversion Develop | Biology and Regs Medicine, National Taiwan University Hospital and College of Medicine, Taipei, Taiwan

24 Crrnithine transcarbamrylase deficiency R Mo rmal OTC 805G A *Correspondence address. Tel: +886-2-23123456 ext. 70950; Fax +886-2-23116056; E-mait sheeuan@ntu.edu.tw

25 Retinoblastoma Al MNornmal RBI c. 1960 G=T

=Y cr-Thal assemia AR FIL SEA, Submitted on October 4, 2012; resubmitted on January 26, 2013; accepted on February 8, 2013

27 or- T halassemia AR SEA SEA 1 2 3 4 3 1 a

28 Retinoblastoma Al Mornmal RBIl cB862-2 A>=>G I 2 2 I 1 o I

29 Spinocerebellar ataxia type 3 Al ATHMNI (CAGHN: 1473 MMormal ] 2 ] & 1 ] [}

30 Alzheimer's disease Al MNornmal PSEMI 438 G=A I 3 (v} 3 2 ] ]

31 Duchenne musoular dy strophy >R Mo mal CMME duplication |'9-44 ] 3 3 r 1 ] ]

32 or- T halassemia AR SEA SEA 1 1 3 a I 1 a

33 Spinocerebellar ataxia type 3 Al Mo mal ATHMNI (CAGn: 1474 ] ] 2 2 7 [} [}

OPRJ, ovun pick-up; AD, autosomal dominant; AR, autosomal recessive; 2R, Xdinked recessive; AF, amplification failure; ADO, allee drop-out Fifty samples of mphocyte tests were performed for each case.
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Genome-wide karyomapping for PGD %‘T{é

A SOFIVA
1 AA AG GG - A G G G- GENOMICS
2 cC TC CcC C T C C
3 Qe Ac cc |:> c \ o C
4 GG CG GG G ( G G
5 AA AG GG A G G G
P F M F1 F2 M1 M2 SNP-array based
affected proband normal mutation haplotype normal
Informative SNP  haplotype
B haplotype analysis
1 AG G i * i
i i s E4:F1+M2 E4 : abnormal
3 C AC I:> 3 E> o
s % e E6: F2 + M2 E 6 : normal
5  AG- G | ) )
E4 E6 The composition of embryvo genotype The results of haplotype analysis

Scientific Reports volume®6, Article number: 25488 (2016)
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Traditional PGD vs SNP-based PGD %r(e
SOFIVA

Traditional PGD SNP-based PGD

Specific probe (primer)
PCR
Technology Sanger sequencing SNP array
STR marker
Mutation site Need to know v" Not need to know
Coverage Specific gene / locus v Any sites coverage by SNP probes

Disadvantage Take time to design probes ~ 90 % sensitivity

9 Separate designs when multiple loci Error rate 1% ~10% depends on different disease
www.sofiva.com.tw 35
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Thanks for your attention
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