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Scaling up Medical Genetics

High-Throughput Clinical Genomics

Goal 1 : Understand the data
Goal 2 : Interpret the data



NGS in Medical Genetics



Generating Variant Data

Understand the data ! 



- Sanger Sequencing: 

       - 1 amplicon / reaction

       - 1 sequence / amplicon (or 2)
       - Visual inspection for 
  overlapping peaks

- Next-Generation Sequencing:

 - Massive Parallel sequencing 

      - small panel : few hundred targets
      - exome panel: > 200.000 targets
 - Multiple fragments / target 
      - optimal design: > 40 unique 
  fragments covering every 
  nucleotide in targets.

 

Generating Variant Data



- Data format : FASTQ
- FASTA : 

>Sequence_Name
AACTACTAGATACTGATAGTATATCTCTCTTAATCGA
GCTCTAGATCGATCTATACCGAT

- Add Quality (fasta-Q => FASTQ)
@Read_Name
AACTACTAGATACTGATAGTATATCTCTCTTAATCGA

+
BCEECEEFFECGECGECFGFF@?<<=??<>53@##

=> Phred Score : correlates with the chance on error 

         Sanger Format : Quality = phred + 33, ascii-encoded
   => Example: Quality “B” = Phred-score “33”

   

Generating Variant Data



- Data format : FASTQ
- FASTA : 

>Sequence_Name
AACTACTAGATACTGATAGTATATCTCTCTTAATCGA
GCTCTAGATCGATCTATACCGAT

- Add Quality (fasta-Q => FASTQ)
@Read_Name
AACTACTAGATACTGATAGTATATCTCTCTTAATCGA

+
BCEECEEFFECGECGECFGFF@?<<=??<>53@##

=> Phred Score : correlates with the chance on error 
   
    => Example: 

Q30 => 1 error / 1000 nt
Q10 => 1 error / 10  nt

Generating Variant Data



Issue: artificial sequences

Generating Variant Data

Sequence Read 1 Sequence Read 2

Sequence Barcode

Scan all reads for presence of artificial sequence & remove them from the reads

    Note: Adapters are sequenced when length(Targeted fragment) < read_length



Issue: low quality sequences

Generating Variant Data

Low quality leads to high error rates (cfr Phred Score)
 => We want a limit of 1 error in 1000 positions
 => Due to chemical degradation, 3’ ends are lower quality
 => Trim everything on 3’ end with quality < 30



Issue: contamination ? 

Generating Variant Data

Base composition should be 25% for G,C,T,A



Read Alignment

Generating Variant Data

Burrows-Wheeler Transformation: 



Read Alignment

Generating Variant Data

Burrows-Wheeler Transformation: 



Read Alignment

Generating Variant Data

Burrows-Wheeler Transformation: 

Alignment Works Back to Front ! 



Read Alignment : Result: [BS]AM file

Generating Variant Data



Read Alignment : Quality Checks : 

Generating Variant Data



Variant Calling: positions with statistically 
significant evidence for a non-reference nucleotide

 => Visualize the “interesting” variants !

Generating Variant Data



Variant Calling: Quality Check : protocol-specific ! 

Generating Variant Data



Variant interpretation



ACMG classification



ACMG classification



Variant classification



ACMG variant classification



Population data

Exclude a variant as being pathogenic based on its population 

frequency (BA1/BS1)

- frequency

- inheritance model

- penetrance

Supporting for possible pathogenic effect (PM2)



https://gnomad.broadinstitute.org/



gnomAD



gnomAD



gnomAD



gnomAD



https://cspec.genome.network/cspec/ui/svi/



https://cspec.genome.network/cspec/ui/svi/



VCEP specifications



VCEP specifications



VCEP specifications



Computional and predictive data

Clingen specific criteria

Loss of function (if LoF is disease mechanism!) (PVS1)



Computional and predictive data

Theoretical prediction programs:

- single program

- aggregated score

- gene specific recommendations



Computional data

Splice Altering

SpliceAI Benign (0)

dbscSNV Ada  (N/A)

dbscSNV RF (N/A)

Conservation

GERP Uncertain (4.81)

Functional Whole Genome

GenoCanyon N/A (1)

fitCons Deleterious (0.71)

Mitochondrial

MitoTip (N/A)

APOGEE (N/A)

Aggregated Prediction   Uncertain (0.62)

Functional Coding

Revel Uncertain (0.55)

AlphaMissense Uncertain (0.582)

Eve (N/A)

Varity Benign (low) (0.24)

MUT Assesor Lo (1.69)

SIFT Uncertain (0.051)

Polyphen2 Deleterious (Supporting) (1)

MT Deleterious (1)

FATHMM Uncertain (2.08)

DANN Deleterious (1)

MetaLR Benign (0.1)

PrimateAI Deleterious (Moderate) (0.88)

BayesDel Uncertain (-0.08)

CardioBoost ARM (N/A)

CardioBoost CM (N/A)



VCEP specifications



Gene specific thresholds

Tian et al 2019  PMID: 31484976



Functional data



VCEP specifications



Functional data



Seggregation data



de novo data

BEWARE: PHENOTYPE MUST FIT !!!



https://www.omim.org/



https://www.omim.org/



Phenotypical data



Phenotypical data

# 163950

NOONAN SYNDROME 1; NS1

INHERITANCE

- Autosomal dominant

GROWTH

Height

- Short stature (postnatal onset)

Other

- Failure to thrive in infancy

- Specific growth curves are available

HEAD & NECK

Face

- Triangular face (with age)

- Micrognathia 

Ears

- Low-set posteriorly rotated ears

- Hearing loss, sensorineural

Eyes

- Ptosis 

- Hypertelorism

- Downslanting palpebral fissures

- Epicanthal folds

- Myopia

- Blue-green irides

Mouth

- Deeply grooved philtrum

- High peaks of upper lip vermilion 

border

- High arched palate

Teeth

- Dental malocclusion

Neck

- Short neck

- Webbed neck

- Cystic hygroma

CARDIOVASCULAR

Heart

- Congenital heart defect

- Hypertrophic obstructive cardiomyopathy

- Atrial septal defects

- Ventricular septal defects

- Pulmonic stenosis

Vascular

- Patent ductus arteriosus

- Aortic coarctation

CHEST

Ribs Sternum Clavicles & Scapulae

- Shield chest

- Pectus carinatum superiorly

- Pectus excavatum inferiorly

GENITOURINARY

Internal Genitalia (Male)

- Cryptorchidism

- Occasional hypogonadism

- Male infertility (in individuals with bilateral 

cryptorchidism)

SKELETAL

Spine

- Vertebral abnormalities

- Kyphoscoliosis

Limbs

- Cubitus valgus

- Clinodactyly 

- Brachydactyly

- Blunt fingertips

- Polyarticular villonodular synovitis 

(knees, ankles, wrists, elbows - in some 

patients)

SKIN, NAILS, & HAIR

Hair

- Woolly-like hair

- Low posterior hairline

MUSCLE, SOFT TISSUES

- Lymphedema

NEUROLOGIC

Central Nervous System

- Articulation difficulties

- Mental retardation (25%)

HEMATOLOGY

- Amegakaryocytic thrombocytopenia

- Von Willebrand disease

- Bleeding tendency

NEOPLASIA

- Malignant schwannoma

- Multiple giant cell granulomas 

(bones, joints, soft tissues)

LABORATORY 

ABNORMALITIES

- Partial deficiency of factor 

XI(C)

- Partial deficiency of factor 

XII(C)

- Partial deficiency of factor 

XIII(C)

- Thrombocytopenia

MISCELLANEOUS

- Genetic heterogeneity

- Allelic to LEOPARD syndrome 

(151100)

MOLECULAR BASIS

- Caused by mutation in the 

protein tyrosine phosphatase, 

nonreceptor-type, 11 gene 

(PTPN11, 176876.0001)
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https://www.ncbi.nlm.nih.gov/books/NBK1116/



https://www.ncbi.nlm.nih.gov/books/NBK1116/



https://www.deciphergenomics.org/



https://www.deciphergenomics.org/



https://www.deciphergenomics.org/



https://www.deciphergenomics.org/



Phenotypical data



Allelic data



Other data/databases



Other data/databases

Reputable source

- pathogenic

- benign



https://pubmed.ncbi.nlm.nih.gov/



https://www.ncbi.nlm.nih.gov/research/litvar2/



Litvar2



https://mastermind.genomenon.com



https://mastermind.genomenon.com



http://scholar.google.be



https://www.ncbi.nlm.nih.gov/clinvar/



Clinvar



Clinvar



Clinvar



Clinvar



https://genematcher.org/



GeneMatcher



https://variantmatcher.org



VariantMatcher



Variant evaluation

- individual search

- in-house pipelines (API)

- free/commercial portals



https://franklin.genoox.com/



https://franklin.genoox.com/



https://gtexportal.org/home/



Expression OBSL1



Exon expression OBSL1



Exon expression OBSL1



Exon expression in GnomAD



Exon expression in GnomAD



Exon expression in GnomAD



MANE

https://www.ncbi.nlm.nih.gov/refseq/MANE/



Reference sequences



Structural variants

“ A heterozygous deletion was identified on

chr17:37,500,431-37,845,059 (hg38)”



Structural variants



Structural variants



Genome browsers 

• ENSEMBL: 
http://www.ensembl.org/index.html

• UCSC :

http://genome.ucsc.edu/



http://genome.ucsc.edu/



Del chr17:37,500,431-37,845,059



Assembly converter





http://www.ncbi.nlm.nih.gov/
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