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What material do we 
need?
Isolated gDNA

EDTA-blood sample / umbilical cord blood sample
◦ To isolate gDNA

◦ To generate EBV cell lines

◦ To isolate mitochondrial DNA

Skin biopsy – cultured fibroblasts

Buccal swap

Prenatal samples: blood sample mother – chorion villus –
amniotic fluid – skin/rib/muscle biopsy (terminated pregnancy)

Paraffin sections (FFPE)





First generation 
sequencing: 
Sanger 
sequencing



Second generation 
sequencing: 
massively parallel 
sequencing (MPS)



Third generation sequencing
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Target selection/hybridisation strategies

PCR based approaches

•Singleplex

•Multiplex

Hybridisation based 
approaches

•Array Capture

• In solution followed by 
bead capture

Molecular Inversion 
probes



Whole Exome Sequencing (WES)
Exome = all coding sequences or exons of a genome, only 1-2% of the genome, 30 Mb

WES = enrichment of exome, sequencing 
of exome in one experiment

> 180 000 exons​



Whole exome 
sequencing 
(WES)



200 private variants, not 
found in control datasets

25 000 variants



Single case 
(proband) vs 
Trio-exome
Clinical Exome Sequencing for Genetic 
Identification of Rare Mendelian 
Disorders. JAMA. 2014 November 12; 312(18): 
1880–1887. 
doi:10.1001/jama.2014.14604. Hane Lee, PhD, 
Joshua L. Deignan, PhD, Naghmeh Dorrani, MS, 
CGC, Samuel P. Strom, PhD, Sibel Kantarci, PhD, 
Fabiola Quintero-Rivera, MD, Kingshuk Das, MD, 
Traci Toy, BS, Bret Harry, BS, Michael Yourshaw, 
PhD, Michelle Fox, MS, CGC, Brent L. Fogel, MD, 
PhD, Julian A. Martinez-Agosto, MD, PhD, Derek 
A. Wong, MD, Vivian Y. Chang, MD, MS, Perry B. 
Shieh, MD, PhD, Christina G. S. Palmer, PhD, 
CGC, Katrina M. Dipple, MD, PhD, Wayne W. 
Grody, MD, PhD, Eric Vilain, MD, PhD, and 
Stanley F. Nelson, MD

Clinical exome sequencing was performed on 814 consecutive patients with 
undiagnosed, suspected genetic conditions at the University of California, Los 
Angeles, Clinical Genomics Center between January 2012 and August 2014.

The molecular diagnosis rate for trio-CES was 31% and 22% for proband-CES.
In cases of developmental delay in children (<5 years, n = 138), the molecular 
diagnosis rate was 41% for trio-CES cases and 9% for proband-CES cases.
The significantly higher diagnostic yield of trio-CES was due to the identification of 
de novo and compound heterozygous variants.

--> With the introduction of large gene panels, the interaction between lab 
and clinical geneticists: more and more important and necessary.



10 reasons why 
WES fails....

1. “Holes”. Regions not enriched

2. Mitochondrial mutations

3. Triplet repeat disorders

4. Regulatory mutations (UTRs, promoter, cis-regulatory elements)

5. Deep intronic changes

6. Structural variants (translocations and inversions)

7. Copy number variations 

8. Noncoding RNAs

9. Uniparental disomy

10. Epigenetic changes, imprinted genes



What's next?
P R E NATA L  W H OL E E X OME  
S E Q UE NCI NG



Prenatal exome 
sequencing analysis in 
fetal structural
anomalies detected by 
ultrasonography (PAGE): a 
cohort study

WES facilitates genetic diagnosis of fetal structural anomalies, which 
enables more accurate predictions of fetal prognosis and risk of 
recurrence in future pregnancies. However, the overall detection of 
diagnostic genetic variants in a prospectively ascertained cohort with a 
broad range of fetal structural anomalies is lower than that suggested by 
previous smaller-scale studies of fewer phenotypes. WES improved the 
identification of genetic disorders in fetuses with structural 
abnormalities; however, before clinical implementation, careful 
consideration should be given to case selection to maximise clinical 
usefulness.

Lancet 2019; 393: 747–57. Jenny 
Lord*, et al., the Prenatal Assessment of 
Genomes and Exomes Consortium‡

http://dx.doi.org/10.1016/

610 fetuses with structural 
anomalies and 1202 matched 
parental samples (analysed as 
596 fetus-parental trios, 
including two sets of twins, and 
14 fetus-parent dyads) were 
analysed by WES

http://dx.doi.org/10.1016/


WES or WGS?

WGS data can typically be generated in less than a month for 
approximately $2000 or less on the latest platforms. 
However, the assembly of the genome is computationally 
laborious and most of the non‐coding sequence is difficult to 
interpret. Whole‐exome sequencing (WES) can be completed 
in a similar timeframe and interrogates approximately 95% of 
the coding region of the genome, comprising ∼20,000 
genes.

But solution for:

•Regulatory mutations (UTRs, promoter, cis-regulatory 
elements)

•Deep intronic changes

•Noncoding RNAs?

•Holes? Long read sequencing but in not really implemented 
in diagnostics (yet)
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