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PGT

A group of genetic assays used to evaluate embryos before transfer to the uterus.

» Preimplantation genetic testing-monogenic (PGT-M):
» Targeted to single gene disorders.
» Uses only a few cells from the early embryo, usually at the blastocyst stage
» Misdiagnosis is possible but rare with modern techniques.

» Confirmation of PGT-M results with chorionic villus sampling (CVS) or amniocentesis should be offere

» Preimplantation genetic testing-structural rearrangements (PGT-SR):
» To detect structural chromosomal abnormalities such as translocations.

» Confirmation of PGT-SR results with CVS or amniocentesis should be offered.

» Preimplantation genetic testing-aneuploidy (PGT-A)
» To screen embryos for whole chromosome abnormalities.

» Traditional diagnostic testing or screening for aneuploidy should be offered to all



PGT , Avicenna experience

» Preimplantation genetic testing-monogenic (PGT-M): L —

. PGT-M and PGT-A
» 31 families l‘ b

2%
PGT-A Rec Ab
12%

» Preimplantation genetic testing-structural rearrangements (PGT-SR);
» 24 couples with abnormal karyotype

» Preimplantation genetic testing-aneuploidy (PGT-A):
» Infertility or repeated implantation failure: 47
» Recurrent abortion: 14

PGT-ARIF
40%

e

» PGT-M and PGT-A: 2
» PGD-PGS-NGS (Leber congenital amaurosis): 1
» PGD-PGS-NGS (Meckel-Gruber syndrome): 1




Avicenna Experience
Preimplantation genetic testing-monogenic (PGT-
(2013-2020)




PGT-M

» PGT-M over time:

» Old approach
» Very small amount of DNA

» One reaction per embryo

» Comprehensive approach
» Single-cell whole genome amplification
» Large amount of high-quality DNA
» Multiple testing on each embryo

» Rule out of contamination




Whole Genome Amplification
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CFTR-Ex20-23

265b)

AAAGAGGGTAACTCATTAATAAAATAACAAATCATATCTAT GAAAAAAAGCTTTTTAACC TATTCTAATTTAGTCTTTTTC

AGGTACAAGATATTATGAAATTACATTTTGTGTTTATGTTATTTGCAATGTTTTCTATGGAAAT TTTCACTCATCTTGTTACAAGCTTAAAAGGACTATGGACAC

TTCGTGCCTTCCEONCOONAGIIEAN ~ C TC TGTTCCACAAAGCTCTGAATTTACATACT GCCAACTGGT TCllCINCCNENCANCACIEEE CTGGT TCCAAATGAGAATAGAAATGATTTT

TGTCATCTTCTTCATTGCTGTTACCTTCATTTCCATTTTAACAACAGGTACTATGAACTCATTA RO ITACCTARGCATTTARGTAAAAAATTTTCAATGAATARAATGCTGCATTCTATAGGTTA

1F TCAAAGAATGGCACCAGTGT 1F TCAAAGAATGGCACCAGTGT

3R CGCAGTGTTGACAGGTACAA 4R TTCTCATTTGGAACCAGCGC

2F AATGACATTTGTGATATGAT CFTR-Ex20-24 2F AATGACATTTGTGATATGAT

CGCAGTGTTGACAGGTACAA 282h 4R TTCTCATTTGGAACCAGCGC

ATTTCACAGGCAGGAGTCCA 3 F' arrTCcAacaceeaceacTCCA

TTCTCATTTGGAACCAGCGC 2R CTTAAATGCTTAGCTAAAGT

348




Wide Range of Genetic Disorders

Examples of studied disorders:

- Beta-thalassemia

- Spinal Muscular Atrophy

- Duchenne Muscular Dystrophy
- Cystic Fibrosis

- Congenital Hearing Loss

- Achondroplasia
Even rare

disorders



Workflow

- Genetic Counseling

Mutation detection or confirmation
- Design multiple primer sets
- STR profiling of the parents

- Whole genome amplification
- Subsequent investigations:

- PCR amplification

- Sequencing

- STR profiling



Rule out of Contamination




STR Markers
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PGT-M

Total families: 31
» Beta Thalassemia: 21
» SMA: 2
» Meckel-Gruber Syndrome: 1
» Leber Congenital Amaurosis: 1
» Metachromatic leukodystrophy: 1
» Usher Syndrome type Il: 1
» Hearing Loss: 2
» Fibrodysplasia Ossificans Progressive: 1
» Cystic Fibrosis: 1




PGT-M

» No. of couples: 31
» No. of studied embryos: 250

» Successful single-cell Whole Genome Amplification: 229/250 (91.6%)
» Embryos with conclusive results: 138/229 (60.2%)

» No. of embryos without studied mutation: 72 (28.8%o)
» Average No. of transferable embryo/family: 2.3

» Average maternal age: 29.5Y
» No embryo transfer yet: 4 couples




PGT-M

» ICSI cycles: 36

» Transfer cycles: 32
» 1 transfer cycle per family: 18
» 2 transfer cycles per family: 4
» 3 transfer cycles per family: 2

» Per ICSI cycle:
» Implantation rate : 6/27 (22.2%)
» Clinical pregnancy/live birth rate: 6/27 (22.2%)
» Abortion Rate: 0/27 (0%0)




Examples




Pedigree

I:| Diagnozis = Beta Thalassemia Carrier

Infertility




Mutation Detection

Patient ID

Mother

(L-SH)

Father
(Gh-Ghe)

Mutation in HBB Gene

c.112delT

c.112delT

Genotype Phenotype

MCV: 63.9fl
MCH: 18.8pg
Hb A: 94.5%
Hb A2: 5.0%

Heterozygous

MCV: 58.3fl
MCH: 15.9pg
Hb A: 95.2%
Hb A2: 4.0%

Heterozygous




ARAGAGGGTAACTCATTAATARAATAACAAATCATATCTAT N CEOREREE .~ 2 A A AAGCTT TT TAACCARTCACATTTGTGATATGAT TATTCTAATTTAGTCTTTTTC

AGGTACAAGATATTATGAAATTACATTTTGTGTTTATGTTATTTGCAATGTTTTCTATGGAAAT_ATTTTCACTCA‘CTTGTTACAAICTTAAAAGGACTATGGACACTTCGTGCCTTC_ACTCTGTT

CCACARAGCTCTGAATTTACATACTGCCAACTGGTTCHiCHACCHCICARCAHEEEC TGGTTCCAAATGAGAATAGAAATGATTTTTGTCATCTTCTTCATTGCTGTTACCTTCATTTCCATTTTAACAACAGGTACTATGAACTCATTA RCTTTAGCTARGCATT
ARG TAAAAAATTTTCAATGAATARAATGCTGCATTCTATAGGTTA

1F TCAAAGAATGGCACCAGTGT 1F TCAAAGAATGGCACCAGTGT

3R CGCAGTGTTGACAGGTACAA 4R TTCTCATTTGGAACCAGCGC

CFTR-Ex20-23 2F AATGACATTTGTGATATGAT CFTR-Ex20-24 2F AATGACATTTGTGATATGAT

265h CGCAGTGTTGACAGGTACAA 282h 4R TTCTCATTTGGAACCAGCGC

ATTTCACAGGCAGGAGTCCA 3 F' arTTCcAacaceeaceacTCCA

TTCTCATTTGGAACCAGCGC 2R CTTAAATGCTTAGCTAAAGT
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Whole Genome Amplification Method:

Laboratory Checklist
Father’s name: Family ID: 33,38
Mother’s name: Date: 5.2 19
Bi OpPSYy Checklist e R
Done by: checked by:
Subject

Transfering the embryo to
the labeled dish

— el
|

2cel\s

Transferring the blastomeres
to the [abeled microtube

Subject

1| Transfering the embryo to
‘ the labeled dish
|

‘ Transferring the blastomeres lo 6
to the labeled microtube

Signed:
Geneticist

Dr Ghaffari




Freezing
Checkilist

3820080 Oleyd (and 390 0
3o (e ¢ 40lo Cuodw SidS
e Sl ollyle T
Father’s name: ' Family ID: 33,98

Mother’s name:

% Embryo Frozen Date and time: 95.12. 19

Done by: checked by:
Subject

Transfering the embryo to
the labeled dish

Transferring the embryo to
the labeled cryotop

Subject

Transfering the embryo to 72 7; 72 Za
the labeled dish

Transferring the embryo to
the labeled cryotop

Do_ne bvr .




Gel electrophoresis
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First optimized
PCR

L: ladder 50bp
1- gl
2-E29
3-£2
4'£6
5- £17
6- E,

Done by:

= 1
]

b+

Gel electrophoresis

Test: H@%NI/Z g/z

9 10 11 12 13 14 15
@I D

HBBNIR3R 96.1.15

All Samples Are Leila Shahbazi & Gholam Gheytasi
(Ta 60") (266 bp)

Sh: Leila Shahbazi

Agarose: 4%

Ladder: 50 bp

Run Abolfathi

Checked by: %Z—t’/ﬁ
- S
e




Gel electrophoresis

Test HB@N1°FN1&

L 1,2 3 4 5,7 8 9 10 11 12 13 14 15
@fefo/ca/c{é/éooooooooé

Second optimized
PCR

HBBN1OFNIR 96.29

(Ta: 56 (284bp)

t-E2

2-E3

3 E6

4-E7

5. Leyla Shahbaz

Agarose 4% Ladder 50bp Run Baralt

Done byt *

Al
¥




Gel electrophoresis

Date:96 3.4 Test: HBsZ Lw 3F
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Third optimized
PCR e

2- 52 1
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96.3.8

(Ta: 60) L,
Al Samples are for
Ladder: 50 bp

Run: Rezvani
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Mother

El

Rule out of
contamination

E1
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Father
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Mother

E7/

Rule out of
contamination

E1

Father




Summary of results

ID HBB1 HBB2  HBBS3 Final Result

E 1 Normal Normal Normal
Heterozygous Heterozygous Heterozygous

E37 Normal Normal Normal

E9 Mutated Mutated Mutated

Homozygous = Homozygous  Homozygous




Embryo Transfer

- Tow unaffected embryos (E1 and E7) were transferred
(Mordad 1396, Aug 2017)

- The mother got pregnant (singleton pregnancy), and
prenatal diagnosis was carried out on Aban 1396, Oct
2017
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PND, Checklists R e

First and last name: Lab ID:
——— e = . . . 05 5

Fragment analysis

Referring Lab: Lab ID:

Responsible technician: /Zfz/aw' Date and time; ;}é. ¥ Ze
‘ )

1
Stens Stat Cliecker name lf
Number Steps Status iide |

Translerring the PCR product to the labeled microtube

Adding formamide and L1Z tandard

Delining the corresponding well in plate manager
window

Loading the sampie to the defined plate weli

Exporting the sample file to the Genemapper software

First and last nasne: . "J&v (& Referring Lab: Lab ID:

Responsible technician: Date and time:  ¢4.
Checker name andt

sigmilury
PU, ey
QA =

Ay '\/_'Q

Number Steps Status
Transferring the PCR produet to the labeled microtube

Adding formamide and LIZ size standard

Defining the corresponding well in plate nuinager
window

Loading the sample to the defined plate well

Exporting the sample file to the Genemapper software
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Rule Out of Contamination

Rule out of
maternal
contamination

A
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Rule Out of Contamination

Rule out of
maternal
contamination
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Rule Out of Contamination

Rule out of
maternal
contamination
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Rule out of
maternal
contamination
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PND
CVS, Blind Test 1
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Gel electrophoresis

Bhind] #1323 R - 31

L.: ladder

621 622 623 624 Ctrl L
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Dute: 96.8.22

Yest: HBBNIR3R




Normal
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Mutation Detection
Beta Thalassemia
Blind-1

Sample ID: 621

Mother’s and Father’s Mutation: c.112delT Sampling Date: 1396.08.18
PCR Date: 1396.08 Primer Set: HBBN1R3R
Sequencing Date: 1396.08.2 Primer Set: HBBNIR

Wild Type Sequence:
CCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGG
TTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCATGTGGAGACAGAGAAGACTCTTGGGTTTCTGATAGGCACTGACTC

TCTCTGCCTATTGGTCTATTTTCCCACCCTTAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGRGGRIGH
Wild Type

Blind-1-HBBN1R3R-N1R




CVS, Normal
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Mutation Detection
Beta Thalassemia

Blind-1

Sample ID: 622

Mother’s and Father’s Mutation: c.112delT Sampling Date: 1396.08.18
PCR Date: 1396.08.22 Primer Set: HBBN1R3R
Sequencing Date: 1396.08.23 Primer Set: HBBNIR

Wild Type Sequence:
CCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGG

TTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCATGTGGAGACAGAGAAGACTCTTGGGTTTCTGATAGGCACTGACTC
TCTCTGCCTATTGGTCTATTTTCCCACCCTTAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGEGGATGH

m T o

1d1-HBBN1R3R-N1R d from Blindl1-HBEBN1R3R-




Carrier, C
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Mutation Detection

Beta Thalassemia
Blind-1

Sample ID: 623
Mother’s and Father’s Mutation: c.112delT Sampling Date: 1396.08.18
PCR Date: 1396.08.22 Primer Set: HBBN1R3R
Sequencing Date: 1396.08.23 Primer Set: HBBN1R
Wild Type Sequence:

CCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGG
TTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCATGTGGAGACAGAGAAGACTCTTGGGTTTCTGATAGGCACTGACTC
TCTCTGCCTATTGGTCTATTTI'CCCACCCTTAGGCTGCTGGTGGTCTACCCT[GGACCCAGAGGTTCTTTGAGTCCT[TG_




PND
CVS, Blind Test 2
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Gel electrophoresis

Teste: ngb/\/q R?.)K Dute ﬁbg 24
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L: ladder

625 626 627 628 620 630 Ctd

Bhdz HBBN1R3R

Agarose: 4%  Ladder: 50 bp
Run: Barali

Checked Dy

g

10 11 12 13 14 135
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Date: 96.8.24 Test: HBBNIR3R

Sample Status Checked By:
Mahdiyeh Ahmadi
{Ctrl Normal)

CVS Shahbazi

E9

CVS Shahbazi

Gholam Gheytasi

Done By: Dr Rafati
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Mutation Detection

Beta Thalassemia

Blind-2

Sample ID: 625

Mother’s and Father’s Mutation: c.112delT Sampling Date: 1396.08.18
PCR Date: 1396.08.24 Primer Set: HBBN1R3R
Sequencing Date: 1396.08.29 Primer Set: HBBNIR

Wild Type Sequence:
CCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGG

TTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCATGTGGAGACAGAGAAGACTCTTGGGTTTCTGATAGGCACTGACTC
TCTCTGCCTATTGGTCTATTTTCCCACCCTTAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGEGGATE]




CVS, Normal
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Mutation Detection
Beta Thalassemia

Blind-2

Sample ID: 626

Mother’s and Father’s Mutation: c.112delT Sampling Date: 1396.08.18
PCR Date: 1396.08.24 Primer Set: HBBN1R3R
Sequencing Date: 1396.08.29 Primer Set: HBBNIR

Wild Type Sequence:
CCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGG

TTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCATGTGGAGACAGAGAAGACTCTTGGGTTTCTGATAGGCACTGACTC
TCTCTGCCTATTGGTCTATTTTCCCACCCTTAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTG BEGAIGH




Control
Affected, E9
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Mutation Detection
Beta Thalassemia

Blind-2

Sample ID: 628

Mother’s and Father’s Mutation: c.112delT Sampling Date: 1396.08.18
PCR Date: 1396.08.24 Primer Set: HBBNIR3R
Sequencing Date: 1396.08.29 Primer Set: HBBNIR

Wild Type Sequence:
CCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGG
TTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCATGTGGAGACAGAGAAGACTCTTGGGTTTCTGATAGGCACTGACTC

TCTCTGCCTATTGGTCTATTTTCCCACCCTTAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTG GEGRIGH

TCTTT 3
[ o




Carrier, control
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Mutation Detection
Beta Thalassemia

Blind-2

Sample ID: 630

Mother’s and Father’s Mutation: c.112delT Sampling Date: 1396.08.18
PCR Date: 1396.08.24 Primer Set: HBBNIR3R
Sequencing Date: 1396.08.29 Primer Set: HBBNIR

Wild Type Sequence:
CCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGG

TTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCATGTGGAGACAGAGAAGACTCTTGGGTTTCTGATAGGCACTGACTC
TCTCTGCCTATTGGTCTATTTTCCCACCCTTAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGEGGRIGH

ﬁ Wild Type

INTTNN

N ITNN
Heterozygous




Final report

e The fetus was unaffected

« PND confirmed PGT-M results



Cystic Fibrosis



Pedigree




Mutation Detection

- Both parents:
- Homozygous mutation in CFTR gene
- C.3196C>T (R1066C)



Mutation confirmation




ARAGAGGGTAACTCATTAATARAATAACAAATCATATCTAT N CEOREREE .~ 2 A A AAGCTT TT TAACCARTCACATTTGTGATATGAT TATTCTAATTTAGTCTTTTTC

AGGTACAAGATATTATGAAATTACATTTTGTGTTTATGTTATTTGCAATGTTTTCTATGGAAAT_ATTTTCACTCA‘CTTGTTACAAICTTAAAAGGACTATGGACACTTCGTGCCTTC_ACTCTGTT

CCACARAGCTCTGAATTTACATACTGCCAACTGGTTCHiCHACCHCICARCAHEEEC TGGTTCCAAATGAGAATAGAAATGATTTTTGTCATCTTCTTCATTGCTGTTACCTTCATTTCCATTTTAACAACAGGTACTATGAACTCATTA RCTTTAGCTARGCATT
ARG TAAAAAATTTTCAATGAATARAATGCTGCATTCTATAGGTTA

1F TCAAAGAATGGCACCAGTGT 1F TCAAAGAATGGCACCAGTGT

3R CGCAGTGTTGACAGGTACAA 4R TTCTCATTTGGAACCAGCGC

CFTR-Ex20-23 2F AATGACATTTGTGATATGAT CFTR-Ex20-24 2F AATGACATTTGTGATATGAT

265h CGCAGTGTTGACAGGTACAA 282h 4R TTCTCATTTGGAACCAGCGC

ATTTCACAGGCAGGAGTCCA 3 F' arTTCcAacaceeaceacTCCA

TTCTCATTTGGAACCAGCGC 2R CTTAAATGCTTAGCTAAAGT




Single-cell Whole Genome Amplification
Assessment of DNA quality

E4 ctrl+ ctri-

94.2.23
Agarose 1%
Ladder 50bp




Single-cell Whole Genome Amplification

Assessment of DNA quality and quantity

Embryo's ID Concentration 260/280 260/230
ng/pl
1.9 2.21

E1(3Cell) 290.9

E2(2Cell) 259.8 1.89 2.31
E3(2Cell) 270.5 1.91 2.31
E4(2Cell) 195.4 1.88 2.38

Ctrl+ 190.3 1.9 1.99

Ctrl- 8.7 1.59 1.52




Amplification of Specific Targets

ET FE2WESWEA R A NCH T - E4

94.2.27 CFTR1 (23%9bp)

Alssples s T . R

Agarose 4% Al samples are [
0 Agarose 4%

Ladder 50bp ladder 50bp




Amplification of Specific Targets

Bl aF4 A C+

94.2.27 CFTR4 (174bp)
A a All samples are for
94.2.27 CFTR3 Agarose 4%
(160bp) , Ladder 50bp
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Embryo 1, CFTR1, [}
ryo y ) Preimplantation Genetic Diagnosis
Cystic Fibrosis

Hete rozygous El (Heterozygous Normal)
(carrier) o 13661 10660 -

PCR Date: 1394. 7 Primer Set: CFTR1
Sequencing Date: .02.29 Primer Set: CFTR1F

! A0F_E1-Aghayinezha..
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Embryo 2, CFTR1, [

Cystic Fibrosis

Homozygous i
Mutation (affected) (s o

Sequencing Date: 1394.02.29 Primer Set: CFTRIF

TATTAT(
TTTT

BO7_EZz-aAghavinezha. MCEI Blast
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E m b ryO 2 : C FT R 2 : Preimplantation Genetic Diagnosis

Cystic Fibrosis

Homozygous -
Mutation (affected) T i

Sequencing Date: 1394.03.03 Primer Set: CFTR2F

Wild Type Sequence:

TTTGTGATATGATTAT
AATGTTTTCTATGGAAATATTT

GATTTTTG \TCTTCTT
CTTTAGCTAAGCATTTAAG




Embryo 2, CFTRA4,
Reverse
Homozygous
Mutation (affected)

Find

PCR Date: 1
Sequencing Date: 13

Wild Type S

3138 oo ¢ y3lo Cuo M Sl

oo 5550 S eliale T

Premmplantation Genetic Diagnosis

Cystic Fibrosis
2 (D
parents R

Sampling Date: 1394.02.23
Primer Set: CFTR4
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E m b ryO 3 : C FT R 1 : Preimplantation Genetic Diagnosis

Cystic Fibrosis

homozygous, wild -

Embryos ID: E3 Paren _

Mutation: ¢.3196C>T (R1066C) Sampling Date: 1394.0
PCR Date: 139 27 Primer Set: CFTR1

Sequencing Date: 1394.02.29 Primer Set: CFTRIF

Wild Type Sequence:

©  CO7_E3-Aghayinezhad-CFTR1F_2015-05-19.ab1 - Chromas




Embryo 3, CFTR?2,
homozygous, wild
type (not affected)

398 comi ¢ yolo Caodow SudalS'

o580 50 S oo T

Preimplantation Genetic Diagnosis

Cystic Fibrosis
E3 (Normal)

Embryos ID: E3 Parents —

Sampling Date: 1394.0
Primer Set: CFTR2
Primer Set: CFTR2F
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Embryo 3, CFTR4, = o

Preimplantation Genetic Diagnosis

Reverse

E3 (Normal)

homozygous, wild e

mpling Date: 1394,
Primer Set: CEFTR4

type (not affected) e




Sex determination
of unaffected
embryos

E1l: SRY positive
E3: SRY negative

Embryes ID: E1
Sampling Da
PCR Date: 13
Sequencing D

W = Bt - Agharinazhae x WG

-
=
,.:B

L (o2l 5 550 Jals 95535k slo 39 (oaad §9b 35 30
O3 coma ¢ 30lo CeoMu Sl
5550 T ollale 3T
Preimplantation Genetic Diagnosis
Cystic Fibrosis
SRY
El (Male)

Primer Set: SRY-254
Primer Set: SRY-254F




Rule out of
contamination
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Summary of results

CFTR1 CFTR2 CFTR3 CFTR4  SRY

Normal Normal Normal Normal
Heterozygous Heterozygous Heterozygous Heterozygous

Homozygous = Homozygous  Homozygous Homozygous

Normal Normal Normal Normal

No Result No Result No Result No Result




Embryo Transfer

- Tow unaffected embryos (E1 and E3) were transferred
(Shahrivar 1394, Sep 2015)

- The mother got pregnant (singleton pregnancy) and
prenatal diagnosis was carried out on Aban 1394, Oct
2015



PND

Fetus was unaffected (carrier)

-

. E06_2B5-CFTR1-F_2015-11-24_ab1 - Chromas E]




Birth of healthy newborn

- Healthy baby was born (27 Ordibehesht 1395, 16 May
2016)
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Third family

Diagnosis = Beta Thalassemia

l:l Diagnosis = Beta Thalagsemia Carrier




Previous investigations

Methods:
1. ARMS PCR amplification method.

2. PCR/RFLP for informative RFLP markers in the Beta-globin gene region.

Molecular results are as follows:
Patient’s Name Beta Effect

Phcnotype | Informative RFLP | Phenotype | MCV
Nucleotide changes ‘ .
: Pathogenic Carrier(_5t) | HindII1G-Hind111A | Carrie 7 64.6

| IVSI-6 Pathogenic Carrier(v) | HindIIG-HindlIIA i“’(férr}i-?ﬁ’h.s [ 208 | 33

| Pathogenic Affected(M) | HindlIIG-Hindl11A Affected
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Preimplantation Genetic Diagnosis

Beta-thalassemia

Patient Name: -

Mutation: IVSI-6
PCR Date: 1394.03.26
Sequencing Date: 1394.04.01

Wild Type Sequence:

NCTGGGCAGGT

VNNNNNNNNNNGTGGTGAN

Partne

Sampling Date: 1394.03.20
Primer Set: HBB3

Primer Set: HBB3F

ATAGARACTGGGCATGTGGAGACAGAGAAGACTCTTGGGTTTCTGATAGGCACT

TCTATTTTCCCACCCTTAGGCTGCTGGTG

NNCCCNCTCCTGNNN

A10_Alifyni HBB3.F_2015.06 22.ab1 - Chromas
Fle Edt Optons Help
vV & % M
et | e

CTTGGACCCAGAGGTT

L (1 550 B2 9 (539,00 o33 i 358 35 p0
O399 0w ¢ 30ko o Suils’

o35 50 S oluloT

Preimplantation Genetic Diagnosis

Patient Nam

Mutation: IVST6 1=

PCR Date: 1394.03.26
Sequencing Date: 1394.04.06

Wild Type Sequence:
SAAGTCTGCCGTTACTGY

GA

Reverse Complement:
[CAGGAGTGGACAGAT
[GGGAAAATAGACCAA

mmem

Beta-thalassemia

Partner: -

Sampling Date: 1394.03.20
Primer Set: HBB3
Primer Set: HBB3R




Whole Genome Amplification Method:

Laboratory Checklist

Father’s name: Family ID:

Mother's name: [N Date: 94, 12.16

s> Embryo biopsy Date and time: 79 :12. /6

Done by: Dr ‘ S% checked b'\':/qlomj_ﬂez VR —-ﬂba/&\ﬂu_

Embryo ID

Transfering the embryo to
the labeled dish

== e

| Transferring the blastomeres
| to the labeled microtube

Subject

Transfering the embryo to
the labeled dish

Transferring the blastomeres
to the labeled microtube

Signed:

(
Embryolegist Geneticist /_f./—7§hcckcr
Z5 4 o o .
{g Sadeghi~ 5

Dr Ghaffari ‘\24\(1 /J e




-
F reez I n L i 5550 Bk 9 (59500 ploy® et G983 0
/ Family ID:

G“f;lc{,/_ 6)45‘/1.9Z/

h k I - t it 30 S5 ol T
C e C I S Father’s name: A), E i Family ID:
v QU e

O399 (0w ¢ y3lo Cuodw Sl

Date and time: 4., ) 2. /%
checked by: Re 2,

AW

Embryo ID

Transfering the embryo to
the labeled dish

Transferring the embryo to
the labeled cryotop

Subject

Transfering the embryo to
the labeled dish

Transferring the embryo to
the labeled cryotop




Single cell
WGA

94 12 17 Mohammad&F mi's F mbryos Second Biopsy
L adder 100bp

Agarose 1%

Run Mohammadhashem




First PCR

G‘el electrophoresis

Date: 1 £ W\ Test: 1132 2,

T e T

L: ladder

L
= -
—
-—
e
——
-

94.12.20 HBB3(265bp) Ta= 57

Agarose 4%

Ladder 50bp

R: Rahelem Mohammadi

All samples are Mohammad & Eini,s Embryos




Second PCR

L: ladder

L E1 E2. Ri/E4ESLR - E7 E8 R E9 E10 R ctri-

C—_

94.12.20 HBB N5(245bp)

Agarose 4%

Ladder 50bb

R: Raheleh Mohammadi

All samles are Mohammadi & Ein's Embryos




E1, Wild
homozyqg

type
OUSX

w
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Preimplantation Genetic Diagnosis

Beta-Thalassemia

¥ (NS

Embryo's ID: E1/

Parents’ Mutation: 1VSI-6 T>C (c. 97‘6T»()/ Sampling Date: 1394.12.16
PCR Date: 1394.12.20 Primer Set: HBB3

Sequencing Date: 1394.12.27 Primer Set: HBB3R

W lld 'pe Sequenu

Point Mutation

orted from EQ7_ElMohammadi-

NACCANTAGGCAGANAGAGTCANTGCCT
TTTCTATTGGTCTCCTTAAACCTGTCTTGTAA
"ACGTTCACCTTGCCCCACAGGGCAGNNNN
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Beta-Thalassemia ()5, g, Jm () ,m J/, W,

E 2 AT E2 (Heterozygous) 4 ija,xt

Embryo's ID: E2
Parents’ Mutation: IVSI-6 T>C (c.92+6T>C) Sampling Date: 1394.12.16
PCR Date: 1394.12.20 Primer Set: HBB3

I I ete ro Zyg O u S Sequencing Date: 1394.12.27 Primer Set: HBB3R
Wild Ty % ) g Point mutation

mutation

ANAGAGTCAGTGCCTATCANAAACC
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Preimplantation Genetic Diagnosis

Beta-Thalassemia

E 4 E4 (Mutedr Or Heterozygoﬁé?)
)

Parents’ Mutation: 1VSI-6 T>C (c.92+6T>C) Sampling Date: 1394.12.16

PCR Date: 1394.12.20 Primer Set: HBB3

I I ete rO Zyg O u S Sequencing Date: 1394.12.27 Primer Set: HBB3R
Wild Type Sequenc
dhCCarTACTG:

m u tati O n —dtliGA?c Am ACTC?%‘/I;G;A

Reverse Complement
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Preimplantation Genetic Diagnosis '

Beta-Thalassemia

D E6 (Heterozygous)

Parents’ Mutation: [VSI-6 T>C (c.92+6T>C) sampling Date: 13

E 6 PCR Date: 1394.12.20 Primer Set: HBB3
y Sequencing Date: 1394.12.27 Primer Set: HBB3R
t t -

_r Point Mutation
- = .

rrom A1l
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Preimplantation Genetic Diagnosis

Beta-Thalassemia \
Ny

/e GO )

- Parents’ Mutation: [VSI-6 T>C (c.92+6T>C) Sampling Date: 1394.12.
PCR Date: 1394.12.20 Primer Set: HBB3
g I Sequencing Date: 1394.12.22 Primer Set: HBB3R

S
homozyg |

CT GGTT




ES,
Homozygous
mutation

Wild Type Sequence:

B (il 5 55% L2 (599,500 (o 33 gt G935 0
3399 6w ¢ 30ko o SuilS'

o 95350 S ol8isle T (
\
\

Preimplantation Genetic Diagnosi

Beta-Thalassemia

/8 (D)
Embryo's ID: ES\/

Parents’ Mutation: 1VSI-6 T>C (c.92+6T>C) Sampling Date: 1394.12.16
PCR Date: 1394.12.20 Primer Set: HBB3
Sequencing Date: 1394.12.27 Primer Set: HBB3R

Point mutation

CCGUITAGIGE

ACTGACTCTCTCTGCCTATTGGTC IT
EEIEENNGGECArCTGrCCACTCOTGA

Reverse Complement:

ATAGGCAGANAGAGTCAGTGC
GTCTCCTTAAACCTGTCTTGT
AGGNNANNN




E9,
Homozygous
mutation

w

rsadasions 3393 6w ¢ 39lo ot SinlS’
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Preimplantation Genetic Diagnosis \

/

\

Beta-Thalassemia

JE9 (VIS

Embryo's ID: E9~/

Parents’ Mutation: IVSI-6 T>C (c.92+6T>C) Sampling Date: 1394.12.16
PCR Date: 1394.12.20 Primer Set: HBB3
Sequencing Date: 1394.12. Primer Set: HBB3R

Wild Type Sequence:
] GTITACT

B G AT 1 Gl CCAC

Complement:

Point mutation
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Wb o ol 5y S B 5 B s Dsk Jpdr 5 el A3 =

fmbrvos
, HBB3

HBBNS

Final Result

| |
iD ;

|
1
.}
|

L2 Heterozygous

Heterozygous
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Heterozygous
Mo
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Heterozygous
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thalassemia

IVS-1-6 T>C (c.92+6T>C) ather's Mutation: 1VS=1= MC.92+6T>C)

First TIME
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Thawing
checklist

/T‘h awing

Embryos ID ' By S.1 o Checked by
YOS i \ D /7 ‘ y

[ﬁ“ b _ [CEZVAMN

Checked by

1 f , _/
KO\.ZEV\’\ e 'Z\\ l | ;‘4 /f')p( ’fio\ L/L’( = /\_k_/,\/ U\W/

| Or [<azem Nbf/%‘] /’ /\7/711 X/L - ;4/-7&”,2\/{4/%'.

?f_' e 1




Embryo
transfer

SECOND
TIME
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Preimplantation Genetic Diagnosis

Beta-thalassemia
Oz JUESl pgs al>

Family ID: 152757

Name (Mother): Raheleh Mohammadi

Mother's Mutation: IVS-1-6 T>C (c.9 Father's Mutation: IVS-1-6 T>C (c.92+6T>C)
Reporting Date: 1395.06.14

sSolo 5 BT Ll

el g s b

z95 ol 6l i 5l golaw aSul @ az g L Les 00,5 oo ) ) = PR T 36525948 O y9ms HBB 5 ;0 (€.92+6T>C)

ol 0352 008 (515 NYRO/ V-0 2o ) 5 Troa e s Curdg il ond sols ety Jlaul LB
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Family ID: 152757

Name (Moth (NS Name (Fat

Mother’s Mutation: [VS-I-6 T>C(c.92+6T>C Father’s Mutation: [VS-1-6 T>C(¢.92+6T>C)
Date of Embryo Transfer: 95.7.24

Thawing

Embryos ID Done by

|
2 Fath,

Embryo Transfer

Embryos ID Done by Checked by

7
“KeZvaw,

j /‘15 v

7

\ =

) v ’ - g 3 .
»/\Ke,'gvxn‘ _Savad
LA,\—__




Embryo transfer
THIRD TIME

e Transfer date: Ordibehesht
1396, May 2017

* The mother got pregnant!



PND

* The fetus was unaffected

« Compatible PND and
PGT-M results
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Molecular Genetic Analysis Report

HBB Mutation Analysis
Prenatal Diagnosis

Report Continued from the Previous Page

Results:
The results of the genetic investigation of the parents and the fetal sample are shown in the

below table.

Mutation Investigated

IVSI-6 T>C (¢.92+6T>C)

ID

Raheleh Mohammadi

(Mother) Heterozygous

Ali Eyni

(Father) Heterozygous

Fetal Sample

(CVS) Heterozygous

Comments and Recommendations: This study Shows that the fetus has received one
mutant allele (heterozygous for ¢.92+6T>C mutation) and therefore, is a carrier of beta
thalassemia. Other genetic and non-genetic disorders outside the regions studied have not
been investigated in this study. Prenatal diagnosis is highly recommended in all possible

future pregnancy.




PGT-A and PGT-SR using next-generation
sequencing




Platform: lon Torrent

Basics

Pyrophosphate

Rafati M

Hydrogen and pyrophosphaté”are reléa




Basics

NP coymerase - ~ | @)4

Template Stran

~ ~ -
L DO —» (DO

The nucleotide compliments the template - hydrogen is released.

~ @ >f<m

The nucleotide compliments several bases in a row - multiple hydrogen ions

Rafati M 12/8/2021 96




Basics

I sSequential flood of ANTP 3@ (

T
-—r'
ﬂ—-

’D"
T
’l""
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- (n3
<>, s ]
AT DT XTI <7 DT DT XTI DI < < 9




Basics

O TP O TN

}

DT UETUETDETD

Rafati M




Basics

Sensing Lavyer

Sensor Plate -
av

Drain Source To column
Silicon Substrate feceiver

Rafati M 12/8/2021
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Template Preparation
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768 M 63 5,048,320 172 bp
Total Bases Key Signal & otal Reads Maan Median Mode
90 % 50 % Read Length
' llll ISP Lna;ing .ll Usable Reads g

90% RUBLINEL

Loading
100% RURLLRES] 0%
Enrichment No Template

57% EXEbTELE 43% 50 100 150 200 250 300 350
Read Length

Clonal Polyclonal

% Test Fragments

& .
87% 2,048,320 0% Adapter Dimer
Final Librar 12% Low Quality a
Aligned to Homo sapiens
722 M 0.2X 98.7% 648 M
Total Aligned Bases Reference Coverapge Mean Raw Accuracy 1x AGNT Total Bases
Alignment Qualit
4,622,363 97% ‘ e
Aligned Bases AT AQ20 Pe
39 100
- Total Number of Bases [bp] 548 M 561 M 415
™ Unaligned r_\—-/
% g a8 Mean Length [bp] 160 145 m
& =
g Longest Alignment [bp] 3159 318 308
(- "
= 96
3 Mean Cowerage Depth [x]
&
E A




c ‘ ® 213.140.138.244/report/1/

339 M 0.1X 98.8% 305 M
Total Aligned Bases Reference Coverage Mean Raw Accuracy 1x AQ17 Total Bases
2,325,370 98% Alignment Quality
Aligned Bases | | | | | AQIT Perfect
100 - =
2% Total Number of Bases [bp] 305 M 220 M
0 Unaligned w
o
o 5 98- = Mean Length [bp] 156 121
o =
‘é’ Longest Alignment [bp] 296 285
a
o 96- -
© Mean Coverage Depth [x] 01 3 01
)
S 94- -
0 50 100 150 200 250 ¥
Position in Read a =
92 - =
Count %
90 L ] | [ ] .|
Total Reads 2,325,370 — 0 50 100 150 200 250
Position in Read o}
Aligned Reads 2,270,251 97.6%
Unaligned Reads 55,119 2.4%

variantCaller (v4.2.1.0) variantCallerntml

Mo plugin output at this time.

variantCaller (v4 2 1.0) variantCaller.ntmi

MNo plugin output at this time.
213.140.138.244/report/1/FrawAccuracyModal




Optimization Phase




Product of conception: Trisomy of chromosome

16

@ Analysis Results

Back
Analysis Name: nurimabe_v1_c633_1420129240440 MAPD: 0.13% Called Gender: Female  mtDNA/autosomalDNA: 0.00102387814543
o L Classification Locus Length Copy Number CytoBand CNV Confidence CNV Precision  Tiles
O ~ | Unclassified Y| chr16:10000 90334.753kb 3 ;;p;3'3“24'3[10000'9034”5 18.2483 18.1786 44
] < n > » 20w | items per page 1-10f1items

Download =

To learn more about reviewing your results, visitthe help guide.

Filter Options

Variants

« Filtered In Variants (1)
+ Hidden Variants (0}
» Filtered Out Variants (22)

Samples

+ Proband: nurimabe_v1

Chromosome

All -
Filter Chains

Default Variant View 7

Total Variants: 23

10.0 == CNV Confidence Range
==1.0E7

Variants: 1 Genes: 1001




roduct of conception: Trisomy of chromosome

7

g = « | Unclassified v|  chrs10000 RERTET . :;axzzsaqzrnnnnn-vﬁnsns T e o Filter Chains
No Filter - [
[al=! - Unclassified Y| chr7:10000 159118.663kb 2 7p22.3936.3(10000-15912868 47.061 78
Im2 Mo filters selected

8p23.3924.3(10000-14635402 Save Filter Chain

0B ~ | Unclassified ¥ |  chra-10000 146344.022kb 2 0 41.8203 72
22

g B - Unclassified Y| chrg9:10000 141193.431kb 2 90243034 3(10000-14120343 455528 69
12

0B ~ | Unclassified Y| chr10:10000 135514.747kb 2 USRS o 347385 67
472

o B8 ~ | Unclassified ¥ | chri1:10000 134986.516kb 2 ;;;155“25”“00“'1349%51 0 452689 66

o= = Unclassified Y| chr12:10000 133831.895kb 2 12p13.33024.33(10000-13384 39.4456 65
1895)2

o= - Unclassified v chr13:10000 115149.878kb 2 13p13q34(10000-11515987 283386 56
g)a

g B ~ | Unclassified Y| chri4:10000 107329 54kb 2 DRSS ALIEE 30179 52
40p2

(Bl v | Unclassied Y| chr15:10000 102511.392kb 2 ;;‘;3“26 3(10000-10252138 263281 49

@ B ~ | Unclassiied ¥ |  chri6:10000 90334.753kb 2 ;)sxp;a3q24.3[10000—9034475 0 300289 44

0@ ~ | Unclassified Y| it 81195.21kb 2 17p13.3925.3(0-81195210)2 0 29.0982 39

o B = Unclassified ¥ |  chr18:10000 78057 248kb @ SRR NI TS o 250057 a8
8p2

= ~ | Unclassified Y| chr19:10000 59108.983kb 2 19913 3013 43(10000-581189 238004 28
832

o = = Unclassified T chr20:10000 63005.52kb 2 33(10000-6301552 256251 30

o @ - Unclassified Y| chr21:10000 48109.895kh 2 21p13q22.3(10000-4811880 11.1104 23
5pa2

(W= - Unclassified Y| chr22:10000 51284 566kb 3 39135113 EAUREAES o ner 86861 24

x3

o m ~ | Unclassified Y| chrX:2699520 152231.524kb 2 P22 33G20(2609520-154931 554647 75
044)12

] - - » L] items per page 1-230f23 items




Detection of an unbalanced chromosome
abnormality




Partial trisomy of 19
partial monosomy of 4p

@ Analysis Results

Back

Download +

Analysis Name: Fetus_Zohreh_v1_c3388_1446641836814 MAPD: 0.162  Called Gender: Female ~ mtDNA/autosomalDNA: 0.000487692925584
& ] Classification Locus Length Copy Number )ﬁﬂam CNV Confidence  CNV Precision  Tiles
1p36 33032.1(10000-2049903
o B - Unclassified Y| chr1:10000 204980 .393kh 2 o a3z 0 56.155 101
932
1032 1044(204990393-24924
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PGT-A/SR using NGS

» PGT-A: 61 couples
» Infertility or repeated implantation failure (with/without abortion): 47

» Recurrent abortion: 14

» PGT-SR: 30

» Chromosome abnormality in female: 12
» Chromosome abnormality in male: 18

» PGT-A/M: 2
» PGD-PGS-NGS (Leber congenital amaurosis): 1
» PGD-PGS-NGS (Meckel-Gruber syndrome): 1

» Total No. of investigated embryos: 410




PGT-A/M

» Total families: 63

» Total number of embryos: 267
» Euploid: 104 (39%)
» Aneuploid: 163 (61%0)

» Average maternal age: 32.7 Y

» Not trransferred yet: 9 couples




PGT-A

50
45
41.6
40 37.9
33.9
3 32.7
30.6

30

25

20

15

10

5
Average maternal age (Y) Euploid embryos (%) Implantation rate (%)

I Total PGT-A 32.7 39 42.8
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PGT-SR

» Total No. of couples: 30

» Total No. of embryos: 143
» Euploid and no unbalanced chr. abnormality: 23 (16%o)
» Unbalanced chr. Abnormality: 108 (75%0)

» Average maternal age: 32.1Y
» Not transferred yet: 2




PGT-SR

» ICSI cycles: 31

» Transfer cycles: 19
» 1 transfer cycle per family: 12
» 2 transfer cycle per family: 2
» 3 transfer cycles per family: 1

» Per ICSI cycle:
» Implantation rate : 3/14 (21.4%)
» Clinical pregnancy/live birth rate: 3/14 (21.4%)
» Abortion rate: 0/14 (0%)

» Per transfer cycle:
» Implantation rate : 3/19 (15.8%)
» Clinical pregnancy/live birth rate: 3/19 (15.8%)
» Abortion rate: 0/19 (0%)
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