MODULE 2: Human genetic variation
— structural variants




Large structural variants

Haryotype from a famals with Turner syndroma (45,X) Haryotype from a female with Down syndrome (47
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Numerical variants (aneuploidies)

o Due to non-disjunction of chromosomes during meiosis
o Entire chromosome missing (monosomy) or extra (trisomy)

o Viable autosomal trisomies
* Trisomy 21 (Down syndrome)
e Trisomy 13 (Patau syndrome)
e Trisomy 18 (Edwards syndrome)

o Viable sex chromosome aneuploidies

Sex Chromosome Abnormalities

Female Genotype Syndrome Male Genotype Syndrome

XX normal XY normal
X0 Turner XXY Klinefelter
20K Triple-X XYY XYY




Translocations, for example

Before translocation After translocation

Derivative
Chromosome 20 Chromosome 2

i

Chromosome 4

Derivative
Chromosome 4

Example of a reciprocal
translocation

Visible by karyotype
No gain or loss of DNA,

just rearranged

Rare: e.g. translocations
~ 1/600 newborns

Usually harmless unless
breakpoint is in a gene
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Copy number variants (CNVs)

Deletions or duplications

Usually too small to visualize
Ouplcled aree under microscope

Typically 1-10 Kb but can be
several Mb in size*

Betoe Single or multiple copies in
uplcatlon
tandem

After
duplication

Size of this preview: 382 = 600 pixels. Other resclution: 157 = 240 pixels.
Full resclution (508 x 777 pixels, file size: 20 KB, MIME type: image/png}

| A This is a file from the Wikimedia Commons.
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CNVs can involve genes

GL1PR gene (40 Kb)

48kb insertion (duplication) <« Large CNVs
I 14kb deletion /
|
Many
| | Il Il Il || < small
CNVs

o 33 CNVs affecting GLP1R (only 12 shown)
o Range in size from a few bp to several Kb

o 68% of CNVs overlap with genes

l@: dbVar genome browser: http://www.ncbi.nlm.nih.gov/dbvar/browse/



Large CNVs can affect multiple genes

/ Genes\
— —
— _ L] -
-- ] [
] 214 kb
o Large 214 kb deletion 7.2KD  n—

covers 12 genes _
o Deletion of 7.2 kb

covers part of 2 genes




Large CNVs

o Less polymorphic (monosomy/trisomy instead of tandem)

Normal Deletion Single duplication
Monosomy Trisomy
1 1 1
1 I .
o Less common in population
o More likely to be pathogenic (affect more genes)
o More likely to be de novo
o How they cause disease:
« Too little or too much gene product
« Unmasking of recessive trait Recessive — both copies of gene affected
2 mutations mutation and deletion
e e
e
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How many CNVs in the population?

@atabase of GEnnmic rVariants
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Lx.‘SF http://dgv.tcag.ca/dgv/app/statistics ’ref=NCBI36/hg18



How many CNVs in an individual?

Number of genes affected by CNVs of different sizes
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The pathogenicity of CNVs is a function of which
of the following:

A. Size
B. Location

C. Both size and location
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Answer

C. Both size and location

Size... large CNVs are usually more pathogenic
than small CNVs

Location... intergenic CNVs are usually not
pathogenic, while those that encompass genes
are
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