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http://ib.bioninja.com.au/standard-level/topic-6-human-physiology/66-hormones-homeostasis-and/in-vitro-fertilisation.html 

 In vitro fertilization (IVF) Procedure 

Procedure 

1、Stimulation phase 
2、Egg retrieval 
3、Collect sperm 
4、In vitro fertilization (IVF) 
5、Embryo transfer  
6、Implantation 
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 in vitro fertilization (IVF) + genetic testing  

Genetic testing before implantation : preimplantation genetic testing (PGT) 

1、Stimulation phase 
2、Egg retrieval 
3、Collect sperm 
4、In vitro fertilization (IVF) 
       (Genetic Testing) 
5、Embryo transfer  
6、Implantation 

Procedure 
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Blastocyst 
(Trophectoderm biopsy) Polar body Blastomere 

1 cell 

ICM  TE 

8-10 cells 

Biopsy Procedures 

Polar body Blastomere Blastocyst 

Advantages • Non-invasive 

• Detect both maternal and 

paternal errors 

• Well-established biopsy 

protocols 

• Non-invasive 

• Detect both maternal and 

paternal errors 

• Mosacism might be detected 

Limitations 
• Large number of cells to test 

• Only maternal error can be 

detected 

• Invasive 

• Mosacisim can lead to 

screening errors 

• Biopsy skills 

• Blastomere culture protocols 
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Two Types of Preimplantation Genetic Testing 

Preimplantation Genetic Screening (PGS) 

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

 

Preimplantation genetic diagnosis (PGD)  

• preimplantation genetic testing for monogenic disorders 
(defined as PGT-M) 
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Preimplantation Genetic Screening 

PGS 
Preimplantation Genetic Diagnosis 

PGD 

Item Abnormal copy number of chromosomes  Single gene disorder 

Technology 
FISH 

Array-CGH 
NGS 

Specific probe (primer) 
PCR 

Sanger sequencing 
STR marker 

Indications  

 Advanced maternal age 
 History of recurrent early pregnancy loss 

 Repeated IVF failure 
 Infertility 

 Known single gene disorders family history 
 HLA typing 

PGS vs PGD 
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(also known as aneuploidy screening) 
 

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 
Women of advanced maternal age (>34 yo) 
History of recurrent early pregnancy loss 
Repeated IVF failure 
Severe male infertility 
Sex selection 
 

Preimplantation Genetic Screening, PGS 
PGT-A 



chromosomal abnormalities 

Embryo biopsy 

FISH 

only a few chromosomes can be detected simultaneously by FISH 

Genetic testing for 
specific region 

In the past…… 

Polar body 

Single blastomere 

Blastocyst  
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Embryo Biopsy 

Whole Genome Amplification (WGA) 

array-comparative genomic hybridization (array-CGH) 

Array-based PGS 
NGS-based PGS 
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Embryo(s) 

day 3 or day 5 

Next Generation Sequencing (NGS) 

permit visualization of all 23 chromosomes 

OR 



Development of  preimplantation Genetic Screening, PGS 

PGS 

FISH 
Traditional genetic testing platform 
(chr 13,18,21,X,Y) 

Array 
Automated array technology 
Detect 23 pairs of chromosome 

NGS 

Latest technology 
Detect 23 pairs of chromosome 
High-throughput 
Easier experimental operation 
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Ion Proton Sequencer - Thermo Fisher 
Miseq - Illumina 

Ion PGM System - Thermo Fisher 

NGS platform for PGS 



Chromosome 21: Gain 

Chromosome 13: Loss 

Analyze data 

Chromosome 1~22, X, Y 

Copy number 

Green line: 3 copies 

Red line: 1 copy 
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Example for reciprocal translocation for PGS 

Aneuploidy 
embryo 

Euploidy  
embryo 

balanced translocation cell 

Aneuploidy 
embryo 

Aneuploidy 
embryo 

Aneuploidy 
embryo 

Euploidy  
Embryo 

balanced translocation 

Normal cell 
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PGS result for case 46XY,t(5;21)(q11.2;q11.2) 

Aneuploidy Embryo，Not transfer 
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Euploidy Embryo，can transfer 
 

Embryo transfer 

PGS result for case 46XY,t(5;21)(q11.2;q11.2) 
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Array CGH: arr(1-22)x2, (X)x1, (Y)x1 

 

Chromosome: 46,XY 

PGS case results 
 
Total : 12 embryos 
Abnormal: 10 embryos 
Normal: 2 embryos 

Embryo transfer 

 

(No 6、16) 

16wks 

Confirmed by AF 

pregnancy 



G:  Cytocell  5p telomere  probe 

R:  Cytocell  14q telomere  probe 
(5p,14q) balanced translocation 
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FISH vs aCGH 
aCGH 

FISH 



1. NGS vs aCGH : 100% sensitivity 
 

2. Resolution: same 
 

3. Handling time for technician: NGS is easier   

aCGH NGS 

NGS vs aCGH 
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Preimplantation Genetic Diagnosis, PGD 
PGT-M 

• One or both genetic parents carry a gene mutation 

• Testing is performed to determine specific mutation 

 

• Indication for PGD 

With known single gene disorders 

Autosomal dominant 

Autosomal recessive 

X-linked disorders 

 Carriers of mutations 

Human Leukocyte antigen (HLA) matching 
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Clinical application of  

Preimplantation Genetic Diagnosis, PGD 

• First took place in October 1989  

• Haemophilia (X-liked disorder) 

• Sex determination  

 

 

 

Female carrier 

Male affected Male WT Female carrier Female WT 



In the past…… 

Embryo biopsy 

PCR 

PGD for specific region 

selection of normal embryos for transfer 

specific inherited disorders - single gene 

defects 

Single gene disorder 

Gel 
electrophoresis 

Sequencing 
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Modified PCR-based research  

Optimized PGD-PCR protocols  

Nested PCR 

Multiplex PCR 

Fluorescent PCR  

Multiple genes 

Improve to target multiple regions 

Still restrict to specific regions  
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Whole genome amplification (WGA)  

Amplify the entire genome from single cell  

single embryo 

Further analysis for multiple loci 
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Direct and indirect diagnosis 

multi-loci 
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In the present 



The advantages of STR marker 

 to monitor contamination 

 to monitor WGA experiment 

 to monitor Allele drop-out (ADO) 
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Example for PGD results  

Abnormal genotype WT genotype 

Direct genotyping 

Abnormal embryo 
Not transfer 

Wile type embryo 
Can transfer 

Linkage analysis 



Direct testing 

PCR+Sanger sequencing 

ADO 

www.sofiva.com.tw 28 



indirect testing 

Linkage analysis 
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PGD case results 
Total:  11 embryos 
  
Major: 1 embryo 
Wild Type : 4 embryos 
Carrier: 5 embryos 
No signal : 1 embryo 

Embryo transfer 
 

Father 

AF 

Mother 

pregnancy 

16wks 

Confirmed by AF 
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Clinical case in Taiwan 

 – Hearing Loss 
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HLA typing 

HBB 
genotyping 

Clinical case 
- HLA typing & 

beta thalassemia 

www.sofiva.com.tw 32 



PGD for single gene disorder in Sofiva lab 
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Genome-wide karyomapping for PGD  

Scientific Reports volume6, Article number: 25488 (2016) 

SNP-array based 

haplotype analysis 
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Traditional PGD SNP-based PGD 

Technology 

Specific probe (primer) 
PCR 

Sanger sequencing 
STR marker 

SNP array 

Mutation site Need to know   Not need to know 

Coverage Specific  gene / locus   Any sites coverage by SNP probes  

Disadvantage 
Take time to design probes 

Separate designs when multiple loci 
~ 90 % sensitivity 

Error rate 1% ~10% depends on different disease 

Traditional PGD vs SNP-based PGD 
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Thanks for your attention 


