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1975 - unbanded karyotype

first problem:

very short short arm of
chromosome 13 in child with 
congenital malformations

causal ?

same chromosome in 
normal parent

no

association ? 
(partially responsable)



Chromosome 13 variants

no associations with 
disease known

Wyandt & Tonk, Eds: Atlas of human 
chromosome heteromorphisms, 
Dordrecht, Kluwer, 2004



HLA-B27 en de ziekte van Bechterew

Strongest genetic disease association known,
after 37 years still an enigma, not explained



Notorious associations

• HLA-B27 and Bechterew disease
• HLA-Drw3 and 4 and type 1 diabetes mellitus

• pericentric inversion of chromosome 9

• Angiotensin Converting Enzyme ins/del polymorphism

• etc, etc...



Variants / Mutations in the genome....

• can be the cause......
or can be 
• associated with a medical problem



Variants, polymorphisms in the genome
• single nucleotide polymorphism (SNP):
ACGCCGTAGTAGGTTAAAG......
ACGCCATAGTAGGTTAAAG......
1:1000 nucleotides varies - 6 million variants per genome
50 - 100 de novo changes in every individual !

250.000 SNP's op een chip



Specific hybridization to 25-mer oligo's

SNP A/B

AA
AB
BB

Allele specific hybridization: genotype
Intensity: copy number



Monique

walks late, just within norm



Monique

• 3 word sentences at the age 
of 4 

• on regular school until group 
3

• pestered by other children
• vomits when she has to go 

to school
• tested, advice: ZMLK
• kept at home by parents
• serious behavioral problems
• 46,XX



Monique with her parents



Family history

schizophrenia

schizophrenia + depression

Monique

dominantly inherited psychiatric problem ?



Aberration on microarray in Monique

Duplication ~12,87 Mb in the long arm of chromosome 8



Diagnosis

schizophrenia

schizophrenia + depression

Monique

dominantly inherited psychiatric problem ?

chromosome aberration coming from mom

mozaïc t(8;22)

partial trisomy 8q



The challenge

Our biggest problem is the interpretation of 
variants be it de novo or inherited

Some examples.....



Developmental delay, small del16p

Daughter has the same 16p13.2 del as her father



Disruption of A2BP1 – phenotype ???

We see a deletion of this gene in a normal father…..



The 16p11.2 deletion - phenotype ???

AUTISM
Kumar et al. Hum Mol Genet 17: 628-38, 2008
Weiss et al. New Engl J Med 358: 667-75, 2008

Mental Retardation
Bijlsma et al. Eur J Med Genet 52: 77-87, 2010

Obesity
Bochukova et al. Nature 463: 666-70, 2010
Walters et al. Nature 463: 671-75, 2010



The 16p11.2 deletion - phenotype
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Walters et al. Nature 463: 671-75, 2010



Alport Syndrome - X linked ??

infection

renal failure Tx want prenatal Dx

DNA lab Maastricht:
(D Hellebrekers & A. van den Wijngaard)

c.4246C>T p.R1416C

mutation pathogenic ?

refer to Renieri et al. AJHG 
58:1192-1204, 1996

depicted as R1410C - same ?

'introduces Cys next to NC 
likely pathogenic'



Renieri et al. AJHG 58:1192-1204, 1996

Family contributed by Dr Tauro Neri from Parma, Italy
No further information on the family



TCTTCGGCCGGCCCATTATATATATTATCCGGAGCTTCCAGGAGTTGAGGTTGTGAAGCCATAGATATTGACGAAATACACTTTTTGTCTTTGTGTTTCTGTGCAACG
TCATAGATCTAACTCCGGAAGAAGAAGAAGATGAGTGACGAAACGACGTCATCTCCGTCCCCAGCTCCGGCGAAGAAGAAGCAGAATCTGGGATGGATGGAGTGGATG
AGGGGATGGAGCAGTGTTTTCGGGGAGATTCTCTTCCAGAGGATCACAGCTTCTCATTTGGAGAATCCTCTTCCTCTTCCTTCCGTCAACGACCTCACTTGCGTTGTC
ACTGGCTCCACCAGCGGCATTGGGCTGAAACCGCGAGGCAGCTTGCAGAAGCTGGTGCTCATGTTGTGATGGCCGTAAGGAACACAAAGGCGGCTCAGGAGCTGATAC
TGCAATGGCAGAACGAATGGTCTGGTAAAGGTCTCCCACTCAATATTGAGGCAATGGAGATTGATCTACTCTCACTGGATTCTGTCGCGAGATTTGCTGAGGCTTTCA
ACGCTCGGTTAGGACCTTTGCATGTTCTGATTAACAATGCTGGGATGTTTGCTATGGGAGAGGCGCAAAAATTCTCAGAGGAAGGATATGAGCAGCACATGCAAGTGA
ATCATTTAGCTCCAGCGCTGCTTTCAGTACTTCTTTTGCCGTCTCTGATCCGAGGCTCTCCTAGCCGAATCATTAATGTGAATTCCGTTATGCATAGTGTCGGTTTTG
TTGACCCGGATGACATGAATGTTGTTTCTGGTAGACGTAAGTACTCAAGCCTTATAGGATACTCAAGCAGCAAGCTTGCCCAGATTATGTTTAGTAGCATTCTTTTCA
AAAAGCTTCCTCTGGAAACAGGAGTCAGCGTCGTATGTCTATCCCCTGGTGTTGTCCTAACAAATGTTGCCAGGGATCTATCCAGGATTCTTCAAGCTCTTTACGCAG
TGATACCTTATTTCATATTTTCACCCCAAGAAGGTTGTAGAAGTTCTCTATTCTCGGCCACAGATCCTCAGATTCCAGAGTACTGGGAAACACTAAAAAACGATGATT
GGCCTGTTTGCCCATTCATCTCTCAAGATTGCCGCCCTGCAAATCCTTCCGAAGAAGCACACAACACAGAAACTGCACAGAGAGTGTGGAAAAAGACGTTAGAGCTGG
TGGGTCTTCCTCTCGATGCAGTTGAGAAGCTCATAGAAGGGGAAAATATCCAATGCCGGTATGGAGCACAACACGAATAGTCTTTCAAAATTACCACAGGTTAAGTGA
CCCATTACAGATCAAAGGGTAGGTAATTGAGAAAATATCTTTTTTTTTTGTTTCCTTGTATTAATCTACACGATACAGTGGGGAATGAATCCCCCAGGCATGTAGTTT
GCTTGAGAATGTTTGATTGTTGGATAAAAGTCAAGCTTTAGCTACCGTAAGGCTTCACAGTGACGCTCTTCGGCCGGCCCATTATATATATTATCCGGAGCTTCCAGG
AGTTGAGGTTGTGAAGCCATAGATATTGACGAAATACACTTTTTGTCTTTGTGTTTCTGTGCAACGTCATAGATCTAACTCCGGAAGAAGAAGAAGATGAGTGACGAA
ACGACGTCATCTCCGTCCCCAGCTCCGGCGAAGAAGAAGCAGAATCTGGGATGGATGGAGTGGATGAGGGGATGGAGCAGTGTTTTCGGGGAGATTCTCTTCCAGAGG
ATCACAGCTTCTCATTTGGAGAATCCTCTTCCTCTTCCTTCCGTCAACGACCTCACTTGCGTTGTCACTGGCTCCACCAGCGGCATTGGGCTGAAACCGCGAGGCAGC
TTGCAGAAGCTGGTGCTCATGTTGTGATGGCCGTAAGGAACACAAAGGCGGCTCAGGAGCTGATACTGCAATGGCAGAACGAATGGTCTGGTAAAGGTCTCCCACTCA
ATATTGAGGCAATGGAGATTGATCTACTCTCACTGGATTCTGTCGCGAGATTTGCTGAGGCTTTCAACGCTCGGTTAGGACCTTTGCATGTTCTGATTAACAATGCTG
GGATGTTTGCTATGGGAGAGGCGCAAAAATTCTCAGAGGAAGGATATGAGCAGCACATGCAAGTGAATCATTTAGCTCCAGCGCTGCTTTCAGTACTTCTTTTGCCGT
CTCTGATCCGAGGCTCTCCTAGCCGAATCATTAATGTGAATTCCGTTATGCATAGTGTCGGTTTTGTTGACCCGGATGACATGAATGTTGTTTCTGGTAGACGTAAGT
ACTCAAGCCTTATAGGATACTCAAGCAGCAAGCTTGCCCAGATTATGTTTAGTAGCATTCTTTTCAAAAAGCTTCCTCTGGAAACAGGAGTCAGCGTCGTATGTCTAT
CCCCTGGTGTTGTCCTAACAAATGTTGCCAGGGATCTATCCAGGATTCTTCAAGCTCTTTACGCAGTGATACCTTATTTCATATTTTCACCCCAAGAAGGTTGTAGAA
GTTCTCTATTCTCGGCCACAGATCCTCAGATTCCAGAGTACTGGGAAACACTAAAAAACGATGATTGGCCTGTTTGCCCATTCATCTCTCAAGATTGCCGCCCTGCAA
ATCCTTCCGAAGAAGCACACAACACAGAAACTGCACAGAGAGTGTGGAAAAAGACGTTAGAGCTGGTGGGTCTTCCTCTCGATGCAGTTGAGAAGCTCATAGAAGGGG
AAAATATCCAATGCCGGTATGGAGCACAACACGAATAGTCTTTCAAAATTACCACAGGTTAAGTGACCCATTACAGATCAAAGGGTAGGTAATTGAGAAAATATCTTT
TTTTTTTGTTTCCTTGTATTAATCTACACGATACAGTGGGGAATGAATCCCCCAGGCATGTAGTTTGCTTGAGAATGTTTGATTGTTGGATAAAAGTCAAGCTTTAGC
TACCGTAAGGCTTCACAGTGACGCTCTTCGGCCGGCCCATTATATATATTATCCGGAGCTTCCAGGAGTTGAGGTTGTGAAGCCATAGATATTGACGAAATACACTTT
TTGTCTTTGTGTTTCTGTGCAACGTCATAGATCTAACTCCGGAAGAAGAAGAAGATGAGTGACGAAACGACGTCATCTCCGTCCCCAGCTCCGGCGAAGAAGAAGCAG
AATCTGGGATGGATGGAGTGGATGAGGGGATGGAGCAGTGTTTTCGGGGAGATTCTCTTCCAGAGGATCACAGCTTCTCATTTGGAGAATCCTCTTCCTCTTCCTTCC
GTCAACGACCTCACTTGCGTTGTCACTGGCTCCACCAGCGGCATTGGGCTGAAACCGCGAGGCAGCTTGCAGAAGCTGGTGCTCATGTTGTGATGGCCGTAAGGAACA
CAAAGGCGGCTCAGGAGCTGATACTGCAATGGCAGAACGAATGGTCTGGTAAAGGTCTCCCACTCAATATTGAGGCAATGGAGATTGATCTACTCTCACTGGATTCTG
TCGCGAGATTTGCTGAGGCTTTCAACGCTCGGTTAGGACCTTTGCATGTTCTGATTAACAATGCTGGGATGTTTGCTATGGGAGAGGCGCAAAAATTCTCAGAGGAAG
GATATGAGCAGCACATGCAAGTGAATCATTTAGCTCCAGCGCTGCTTTCAGTACTTCTTTTGCCGTCTCTGATCCGAGGCTCTCCTAGCCGAATCATTAATGTGAATT
CCGTTATGCATAGTGTCGGTTTTGTTGACCCGGATGACATGAATGTTGTTTCTGGTAGACGTAAGTACTCAAGCCTTATAGGATACTCAAGCAGCAAGCTTGCCCAGA
TTATGTTTAGTAGCATTCTTTTCAAAAAGCTTCCTCTGGAAACAGGAGTCAGCGTCGTATGTCTATCCCCTGGTGTTGTCCTAACAAATGTTGCCAGGGATCTATCCA
GGATTCTTCAAGCTCTTTACGCAGTGATACCTTATTTCATATTTTCACCCCAAGAAGGTTGTAGAAGTTCTCTATTCTCGGCCACAGATCCTCAGATTCCAGAGTACT
GGGAAACACTAAAAAACGATGATTGGCCTGTTTGCCCATTCATCTCTCAAGATTGCCGCCCTGCAAATCCTTCCGAAGAAGCACACAACACAGAAACTGCACAGAGAG
TGTGGAAAAAGACGTTAGAGCTGGTGGGTCTTCCTCTCGATGCAGTTGAGAAGCTCATAGAAGGGGAAAATATCCAATGCCGGTATGGAGCACAACACGAATAGTCTT
TCAAAATTACCACAGGTTAAGTGACCCATTACAGATCAAAGGGTAGGTAATTGAGAAAATATCTTTTTTTTTTGTTTCCTTGTATTAATCTACACGATACAGTGGGGA
ATGAATCCCCCAGGCATGTAGTTTGCTTGAGAATGTTTGATTGTTGGATAAAAGTCAAGCTTTAGCTACCGTAAGGCTTCACAGTGACGCTCTTCGGCCGGCCCATTA

The Book of Life

• 2,91 x 109 basepairs

• 26.588 transcripts

• 22.000 possible genes

• 1,1 % code in exons

• 24 % in introns

• 75 % between genes

Nota bene:

each new human 

being carries 50

de novo mutations



The book of life

• getting data is easy

• getting results is difficult

• nota bene: array and 
sequencing give many 
variants of unknown 
significance

• ‘Accidental findings'
• Privacy



Whole genome sequencing

• plus ça change, plus c' est la même chose

• what is new ?

• the enormous number of variants that we will 
have to characterise



This is not a problem,

but a challenge, or opportunity

We need painstaking clinical 
description of case series within 
databases combined with 
molecular results, extensive DNA 
sampling in families



Recruiting families through the web



Public databases of mutations/variants

Eventually,
we need to have data
on all varying
nucleotides in the 
genome, whether they

cause, predispose to, 
protect against, or 
modify disease
or
are completely neutral

Leiden Open source Variant
Databases

See poster 15.09



Discussion

Two theologists
Harry van Kruiningen
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