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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 offered.

 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 patients who have had PGT-A.



PGT , Avicenna experience

 Preimplantation genetic testing-monogenic (PGT-M): 

 31 families

 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-M and PGT-A: 2

 PGD-PGS-NGS (Leber congenital amaurosis): 1

 PGD-PGS-NGS (Meckel-Gruber syndrome): 1

PGT-M
26%

PGT-SR
20%

PGT-A RIF
40%

PGT-A Rec Ab
12%

PGT-M and PGT-A
2%

PGT



Avicenna Experience

Preimplantation genetic testing-monogenic (PGT-M)

(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



 AAAGAGGGTAACTCATTAATAAAATAACAAATCATATCTATTCAAAGAATGGCACCAGTGTGAAAAAAAGCTTTTTAACCAATGACATTTGTGATATGATTATTCTAATTTAGTCTTTTTC

 AGGTACAAGATATTATGAAATTACATTTTGTGTTTATGTTATTTGCAATGTTTTCTATGGAAATATTTCACAGGCAGGAGTCCAATTTTCACTCATCTTGTTACAAGCTTAAAAGGACTATGGACAC

TTCGTGCCTTCGGACGGCAGCCTTACTTTGAAACTCTGTTCCACAAAGCTCTGAATTTACATACTGCCAACTGGTTCTTGTACCTGTCAACACTGCGCTGGTTCCAAATGAGAATAGAAATGATTTT

TGTCATCTTCTTCATTGCTGTTACCTTCATTTCCATTTTAACAACAGGTACTATGAACTCATTAACTTTAGCTAAGCATTTAAGTAAAAAATTTTCAATGAATAAAATGCTGCATTCTATAGGTTA

1F-239 2F-379

3F-160 4F-174

1F TCAAAGAATGGCACCAGTGT 1F TCAAAGAATGGCACCAGTGT

3R CGCAGTGTTGACAGGTACAA 4R TTCTCATTTGGAACCAGCGC

CFTR-Ex20-13

304bp

CFTR-Ex20-14

321bp

2F AATGACATTTGTGATATGAT 2F AATGACATTTGTGATATGAT

3R CGCAGTGTTGACAGGTACAA 4R TTCTCATTTGGAACCAGCGC

CFTR-Ex20-23

265bp

CFTR-Ex20-24

282bp

3F ATTTCACAGGCAGGAGTCCA 3F ATTTCACAGGCAGGAGTCCA

4R TTCTCATTTGGAACCAGCGC 2R CTTAAATGCTTAGCTAAAGT

CFTR-Ex20-34

177bp

CFTR-Ex20-32

276bp



Wide Range of Genetic Disorders

Examples of studied disorders:

 Beta-thalassemia

 Spinal Muscular Atrophy

 Duchenne Muscular Dystrophy

 Cystic Fibrosis

 Congenital Hearing Loss

 Achondroplasia

 Metachromatic Leukodystrophy

 Meckle-Gruber Syndrome

 Leber Congenital Amaurosis

 Usher Syndrome type II

 Fibrodysplasia Ossificans Progressiva

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



Fetus and the Parents

• M



PGT-M

Total families: 31

 Beta Thalassemia: 21

 SMA: 2 

 Meckel-Gruber Syndrome: 1

 Leber Congenital  Amaurosis: 1

 Metachromatic leukodystrophy: 1

 Usher Syndrome type II: 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%)

 Average No. of transferable embryo/family: 2.3

 Average maternal age: 29.5 Y

 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%)



Examples 



Pedigree 



Mutation Detection

Patient ID Mutation in HBB Gene Genotype Phenotype

Mother 

(L-SH)
c.112delT Heterozygous

MCV: 63.9fl

MCH: 18.8pg

Hb A: 94.5%

Hb A2: 5.0%

Father 

(Gh-Ghe)
c.112delT Heterozygous

MCV: 58.3fl

MCH: 15.9pg

Hb A: 95.2%

Hb A2: 4.0%



 AAAGAGGGTAACTCATTAATAAAATAACAAATCATATCTATTCAAAGAATGGCACCAGTGTGAAAAAAAGCTTTTTAACCAATGACATTTGTGATATGATTATTCTAATTTAGTCTTTTTC

 AGGTACAAGATATTATGAAATTACATTTTGTGTTTATGTTATTTGCAATGTTTTCTATGGAAATATTTCACAGGCAGGAGTCCAATTTTCACTCATCTTGTTACAAGCTTAAAAGGACTATGGACACTTCGTGCCTTCGGACGGCAGCCTTACTTTGAAACTCTGTT

CCACAAAGCTCTGAATTTACATACTGCCAACTGGTTCTTGTACCTGTCAACACTGCGCTGGTTCCAAATGAGAATAGAAATGATTTTTGTCATCTTCTTCATTGCTGTTACCTTCATTTCCATTTTAACAACAGGTACTATGAACTCATTAACTTTAGCTAAGCATT

TAAGTAAAAAATTTTCAATGAATAAAATGCTGCATTCTATAGGTTA

1F-239 2F-379

3F-160 4F-174

1F TCAAAGAATGGCACCAGTGT 1F TCAAAGAATGGCACCAGTGT

3R CGCAGTGTTGACAGGTACAA 4R TTCTCATTTGGAACCAGCGC

CFTR-Ex20-13

304bp

CFTR-Ex20-14

321bp

2F AATGACATTTGTGATATGAT 2F AATGACATTTGTGATATGAT

3R CGCAGTGTTGACAGGTACAA 4R TTCTCATTTGGAACCAGCGC

CFTR-Ex20-23

265bp

CFTR-Ex20-24

282bp

3F ATTTCACAGGCAGGAGTCCA 3F ATTTCACAGGCAGGAGTCCA

4R TTCTCATTTGGAACCAGCGC 2R CTTAAATGCTTAGCTAAAGT

CFTR-Ex20-34

177bp

CFTR-Ex20-32

276bp



Biopsy Checklist



Freezing 

Checklist



Single cell whole 

genome 

amplification 

(WGA)



First optimized 

PCR



Second optimized 

PCR



Third optimized 

PCR



E1
Rule out of 

contamination

Mother 

E1

Father 



E7
Rule out of 

contamination

Mother 

E1

Father 



Summary of results

Final ResultHBB3HBB2HBB1ID

قابل انتقال
Normal

Heterozygous

Normal

Heterozygous

Normal

HeterozygousE1

NormalNormalNormalE37انتقالقابل 

غیرقابل انتقال
Mutated

Homozygous

Mutated

Homozygous

Mutated

HomozygousE9



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



PND, Checklists



Rule out of 

maternal 

contamination



Rule out of 

maternal 

contamination



Rule out of 

maternal 

contamination



Rule out of 

maternal 

contamination



PND

CVS, Blind Test 1





Normal CTRL



CVS, Normal



Carrier, CTRL



PND

CVS, Blind Test 2





CVS, Normal



CVS, Normal



Control 

Affected, E9



Carrier, control



Final report

• 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

Father 

Mother  



 AAAGAGGGTAACTCATTAATAAAATAACAAATCATATCTATTCAAAGAATGGCACCAGTGTGAAAAAAAGCTTTTTAACCAATGACATTTGTGATATGATTATTCTAATTTAGTCTTTTTC

 AGGTACAAGATATTATGAAATTACATTTTGTGTTTATGTTATTTGCAATGTTTTCTATGGAAATATTTCACAGGCAGGAGTCCAATTTTCACTCATCTTGTTACAAGCTTAAAAGGACTATGGACACTTCGTGCCTTCGGACGGCAGCCTTACTTTGAAACTCTGTT

CCACAAAGCTCTGAATTTACATACTGCCAACTGGTTCTTGTACCTGTCAACACTGCGCTGGTTCCAAATGAGAATAGAAATGATTTTTGTCATCTTCTTCATTGCTGTTACCTTCATTTCCATTTTAACAACAGGTACTATGAACTCATTAACTTTAGCTAAGCATT

TAAGTAAAAAATTTTCAATGAATAAAATGCTGCATTCTATAGGTTA

1F-239 2F-379

3F-160 4F-174

1F TCAAAGAATGGCACCAGTGT 1F TCAAAGAATGGCACCAGTGT

3R CGCAGTGTTGACAGGTACAA 4R TTCTCATTTGGAACCAGCGC

CFTR-Ex20-13

304bp

CFTR-Ex20-14

321bp

2F AATGACATTTGTGATATGAT 2F AATGACATTTGTGATATGAT

3R CGCAGTGTTGACAGGTACAA 4R TTCTCATTTGGAACCAGCGC

CFTR-Ex20-23

265bp

CFTR-Ex20-24

282bp

3F ATTTCACAGGCAGGAGTCCA 3F ATTTCACAGGCAGGAGTCCA

4R TTCTCATTTGGAACCAGCGC 2R CTTAAATGCTTAGCTAAAGT

CFTR-Ex20-34

177bp

CFTR-Ex20-32

276bp



Single-cell Whole Genome Amplification

Assessment of DNA quality



Single-cell Whole Genome Amplification

Assessment of DNA quality and quantity

Embryo's ID Concentration 

ng/µl

260/280 260/230

E1(3Cell) 290.9 1.9 2.21

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



Amplification of Specific Targets



Embryo 1, CFTR1,

Heterozygous 

(carrier)



Embryo 2, CFTR1,

Homozygous 

Mutation (affected)



Embryo 2, CFTR2,

Homozygous 

Mutation (affected)



Embryo 2, CFTR4, 

Reverse 

Homozygous 

Mutation (affected)



Embryo 3, CFTR1,

homozygous, wild 

type (not affected)



Embryo 3, CFTR2,

homozygous, wild 

type (not affected)



Embryo 3, CFTR4, 

Reverse

homozygous, wild 

type (not affected)



Sex determination 

of unaffected 

embryos

E1: SRY positive

E3: SRY negative



E1
Rule out of 

contamination



E3
Rule out of 

contamination



Summary of results

Final 

Result
SRYCFTR4CFTR3CFTR2CFTR1ID

+قابل انتقال
Normal

Heterozygous

Normal

Heterozygous

Normal

Heterozygous

Normal

HeterozygousE1

-غیرقابل انتقال
Mutated

Homozygous

Mutated

Homozygous

Mutated

Homozygous

Mutated

HomozygousE2

NormalNormalNormalNormalE3-انتقالقابل 

No ResultNo ResultNo ResultNo ResultE4-غیرقابل انتقال



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)



Birth of healthy newborn

 Healthy baby was born (27 Ordibehesht 1395, 16 May 

2016)



Third family



Previous investigations





Biopsy checklist



Freezing 

checklist



Single cell 

WGA



First PCR



Second PCR



E1, Wild type 

homozygousx



E2, 

Heterozygous 

mutation



E4, 

Heterozygous 

mutation



E6, 

Heterozygous 

mutation



E7, Wild type, 

homozygous



E8, 

Homozygous 

mutation



E9, 

Homozygous 

mutation





Embryo 

transfer

First TIME



Thawing 

checklist 



Embryo 

transfer

SECOND 

TIME





Embryo transfer

THIRD TIME

•Transfer date: Ordibehesht

1396, May 2017

•The mother got pregnant!



PND

•The fetus was unaffected

•Compatible PND and 

PGT-M results





PGT-A and PGT-SR using next-generation 

sequencing



Platform: Ion Torrent

Basics 

12/8/2021Rafati M 95



Basics 

12/8/2021Rafati M 96



Basics 

12/8/2021Rafati M 97



Basics 

12/8/2021Rafati M 98



Basics 

12/8/2021Rafati M 99



Library Preparation



Size selection



Template Preparation



Sequencing, PGM 







Optimization Phase



Product of conception: Trisomy of chromosome 

16



Product of conception: Trisomy of chromosome  

22



Detection of an unbalanced chromosome 

abnormality



Partial trisomy of 1q

partial monosomy of 4p



Whole Genome Amplification



Normal embryo 



PGS-NGS

Monosomy of chromosome 13



Gender: Female



Gender: Male



Clinical Phase



NL Male E3 OSK



NL Male, E1 SEP 



NL Male, E2 OSK



NL Female, E2 SEP



E1 NI Trisomy 10,  XXY



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%) 

 Average maternal age: 32.7 Y

 Not trransferred yet:  9 couples



Average maternal age (Y) Euploid embryos (%) Implantation rate (%) live birth rate (%) Abortion rate (%)

Total PGT-A 32.7 39 42.8 34.6 8.1

PGT-A RIF 33.9 37.9 45.7 37.1 8.5

PGT-A Rec. Ab 30.6 41.6 35.7 28.5 7
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PGT-SR

 Total No. of couples: 30

 Total No. of embryos: 143

 Euploid and no unbalanced chr. abnormality: 23 (16%)

 Unbalanced chr. Abnormality: 108 (75%)

 Average maternal age: 32.1 Y

 Not transferred yet: 2 



 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%)

PGT-SR



Thank you all!


