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T
urner et al1 have estimated germ-

line rates of de novo meiotic

deletions and duplications by non-

allelic homologous recombination (NAHR)

between highly similar duplicated se-

quences. By using real-time PCR they as-

sayed NAHR on sperm of five donors. They

could show these NAHR hot spots to be

specific to meiosis, and deletions to occur

at a higher rate than their reciprocal du-

plications. Their results indicate that some

rearrangements, in particular the deletion

of 17p and the duplication of 7q, are being

underascertained clinically, possibly due to

a lack of characteristic symptoms.

A key proposition of Darwinian theory

is that animal species need to be able to

modify their properties by mutating their

DNA to adapt to environmental change

and to evolve. Thus a certain rate of

spontaneous mutation is not only a

reflection of the fallibility of the DNA

replicating machinery, but also a prere-

quisite for survival of the species, and the

origination of new life forms. Since the

vast majority of arising mutations are

either neutral or detrimental, and only a

minute proportion is beneficial, this

adaptability to the environment comes

at a very high price in terms of disease.

Recent results of large-scale analysis of

the human genome indicate remarkable

plasticity of the sequence which generates

prolific polymorphism from the level of

single nucleotides up to the microscopi-

cally visible chromosome. Of course,

much of this has been known for a very

long time, with chromosomal variants

detected in the early days of microscopic

karyotyping, single nucleotide poly-

morphisms (SNP’s) identified in the first

genes that were sequenced,2 and also as

restriction fragment length polymor-

phisms (RFLP) with the earliest single

copy probes.3 Deletions and extra copies

of sequences have already been detected

at that time, both as neutral variants and

as disease causing mutations, for example

in the alpha globin gene cluster.4 Since

these early reports, ‘genomic disorders’

have been delineated as a new category of

genetic disease caused by unequal ex-

change between highly homologous se-

quences leading to deficiency or excess of

dosage sensitive genes.5

One of the early examples of variable

gene copy number, the cluster of amylase

genes,6 was recently found to be loyal to

Darwinian logic. Populations with high-

starch diets have, on average more AMY1

copies than those with traditionally low-

starch diets.7

Now that two human genomes have

been entirely sequenced, high density SNP

arrays are widely used, and high through-

put sequencing is gathering momentum,

we can see that indeed the variations of the

sequence as well as the copy number are as

numerous as predicted or even more so,

and spread throughout the genome.8–10

The results obtained by Turner et al1

clearly confirm the suspicion that our

germ cells always contain a subset of

unbalanced products from meiosis. Those

deletions and duplications that cause such

major defects to be embryonically lethal,

may cause early spontaneous abortion, or

even inability to fertilize. In man, such

defects have yet to be identified. Those

that can cause congenital malformations

and/or mental retardation are increasingly

recognized by clinicians and by high

resolution molecular karyotyping. Those

deletions and duplications that have little

or no effect on the phenotype will largely

pass unnoticed.

In many cases the haploinsufficiency or

increased dosage of the genes involved

have highly variable clinical effects. The

variable phenotype often complicates the

distinction between pathogenic rearrange-

ments and neutral variants. A complete

characterization of the effects of copy

number variants is not only necessary for

diagnosis and genetic counseling, it will

also improve our understanding of the

diseases involved.
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