
Somatic mutations, along with other 
genetic and epigenetic aberrations, 
are important in the development 
of cancer as well as non-neoplastic 
diseases (1). These mutations can 
arise in normal cells through various 
mechanisms, conferring prolifera-
tive advantages that lead to the de-
velopment of a neoplastic clone (2).

The identification of new mutations 
is an important part of cancer research 
(3–4) since it allows for the determination 
of clonality and can improve diagnosis 
and prognosis (5–7), thus allowing 
the development of rational treat-
ments, such as TK inhibitors (8–9). In 
addition, determining the somatic status 
of a sequence change is necessary for 
the proper selection of candidates for 
subsequent functional assays.

Today, the gold standard technique 
for somatic mutation identification is the 
use of another tissue from the same 
individual for comparative analysis. 
Unfor tunately, such paired tissue 
samples are not always available to 
researchers.

In these cases, efforts are usually 
made to seek the newly identif ied 
sequence change in healthy controls 
and/or databases, or to estimate the 
ratio of the new sequence change 
versus the normal sequence. However, 
these approaches can lead to the 
misidentification of very rare polymor-
phisms or sequence artifacts as somatic 
mutations (10), and do not demonstrate 
the somatic nature of the change.

An additional challenge is that the 
complexity of the human genome makes 

the number of healthy samples required 
to screen for rare germline variants 
increasingly large in the first approach, 
and even these large numbers can be 
insufficient to rule out very rare variants 
(11–12).

The ratio of the sequence change 
versus the normal sequence can be 
quantified by sequence chromatogram 
dropping factor analysis (13), pyrose-
quencing, or RQ-PCR. Any significant 
deviation from the expected 1:1 ratio of 
mutated to non-mutated DNA molecules 
(pure heterozygosity) would suggest a 
somatic change. However, depending 
on the abundance of cells carrying the 
mutation and on the allelic burden of 
mutant alleles in these cells, this ratio 
can vary significantly in neoplastic 
tissue, even in germinal variants.

In our experience, analyses of more 
than 350 healthy samples have proven 
to be insufficient to detect rare polymor-
phisms or singletons; dropping factor 
analysis also showed inconclusive 
results.

For these reasons, we developed 
a simple method for assessing the 
somatic or germline nature of these 
new sequence variants. Our approach 
requires the presence of a known 
polymorphism in heterozygosity near 
the sequence variant to allow identi-
f ication of both alleles. Using this 
polymorphism as a reference, we can 
check to see if the new variant is present 
in all of the copies of one allele or only 
in some of them. In addition, this is a 
useful approach for detecting loss of 
heterozygosity (LoH) events.

The suitabi l i ty of our method 
depends on the distance between the 
heterozygous reference polymorphism 
and the sequence change; the longer 
the distance, the higher the probability 
of recombination occurring between 
both variants. Recombination would 
result in the somatic change being 
present on both alleles, not only on the 
allele where it arose.

Experimentally, fragments of DNA 
containing the new variant and a 
reference heterozygous polymor-
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Benchmarks

METHOD SUMMARY
Using a known polymorphism in heterozygosity adjacent to a sequence change of interest, we were able to classify sequence 
variants as somatic mutations or germline polymorphisms by cloning and sequencing individual molecules to determine if the 
variants are present in different proportions on one or both germline alleles.
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phism must first be amplified. Close 
candidate polymorphisms can be 
identif ied using database searches. 
Given the number of polymorphisms 
in the human genome (estimated at 
9.5 million on dbSNP 138; www.ncbi.
nlm.nih.gov/SNP/), these are expected 
to occur once every 300–350 nucleo-
tides. As recombination rates for the 
human genome are on the order of 1% 
for 1.2 Mb (14), the recombination rate 
for a region 2 kb in length would be 
expected to be <0.002%.

If good candidate polymorphisms 
are lacking, 2 DNA fragments containing 
the new variant and 1.5~2 kb upstream 
and downstream sequence, respec-
tively, can be amplified and sequenced 
in order to look for unknown nearby 
heterozygous polymorphisms (see 
Supplementary Materials).

Af ter amplif ication, the resulting 
amplicon is cloned into a suitable 
plasmid. Isolated clones wil l carry 
copies of a single molecule with one 
allele of the reference polymorphism 
and either the wild type or the novel 
sequence of the variant to study. 
Plasmid sequencing of indiv idual 
bacterial clones will show if the new 
sequence variant is present in every 
clone of one of the alleles, as would 
occur in the case of a germline variant 
(Figure 1A), or only in some of them, 
as in the case of a somatic mutation 
(Figure 1B).

Using this approach, we were able 
to classify two new sequence variants 
as germl ine (see Supplementar y 
Materials): p.P166S in CSF2RA and 
p.W226X (not described as a polymor-
phism at the time of the experiment, 
currently rs143118009) in IL3RA.

In addition, our method also allowed 
us to properly classify two cases of 
essential thrombocythemia carrying a 
heterozygous JAK2 p.V617F mutation 

Figure 1. Cell populations carrying a novel sequence variant next to a known polymorphism in 
heterozygosis. (A) If the new sequence change (gray square) is a germline variant, all of the 
DNA molecules carrying the black allele (black square) of the control polymorphism will carry 
the new sequence change. (B) If the new sequence change is a somatic mutation, some of the 
molecules will carry the new sequence variant next to the black allele, while other molecules 
will carry the wild type allele next to the black allele.

Table 1. Allele count for clones carrying a fragment of JAK2 containing the p.V617F mutation and SNP rs10283730

   Patient 1 (ET)  Patient 2 (ET)  Patient 3 (PV)

   p.V617F   p.V617F   p.V617F  
 Allele  G (WT) T (mut) Total  G (WT) T (mut) Total  G (WT) T (mut) Total

rs10283730
G  8 0 8  9 0 9  4 10 14

A 8 1 9 5 5 10 5 0 5

 Total  16 1 17  14 5 19  9 10 19

Patient 3 has an imbalance between alleles G and A of rs10283730, suggesting a loss of heterozygosity (LoH) event where allele A, carrying the wild-type V617 allele, 
has been lost in some or all the cells carrying the p.V617F mutation (P = 0.035, goodness-of-fit test). ET, essential thrombocythemia; PV, polycythemia vera.
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and to identify an LoH event in a JAK2 
p.V617F positive polycythemia vera 
patient (Table 1), a frequent occurrence 
in these neoplasms (15). The three 
patients were heterozygous for the 
nearby SNP rs10283730, which allowed 
us to identify both alleles. Patients 1 
and 2 were both found to carry allele 
A of rs10283730 and either the wild 
type (G) or mutant (T) allele of p.V617F, 
demonstrating that this sequence 
change is not in the germline.

Interestingly, patient 3 showed a 9:10 
ratio of wild-type (G) to p.V617F mutant 
(T) molecules, similar to a pure 1:1 
heterozygosis condition. Analysis of the 
ratio of alleles using RQ-PCR, pyrose-
quencing, or sequence chromatogram 
would have suggested that this was 
a germline polymorphism, but further 
analysis of individual molecules reveals 
that there are molecules with the 
allele G of the reference SNP carrying 
either the wild type (G) or mutant (T) 
p.V617F allele. This nearly 1:1 ratio 
for the p.V617F alleles is in fact due 
to an LoH event that makes allele 
G of rs10283730 (carrying mutant 
allele T) more frequent than allele A. 
A goodness-of-fit test for the allelic 
distribution of SNP rs10283730 (14 
G, 5 A) shows a significant difference 
to the expected 1:1 ratio (P = 0.035), 
supporting the existence of LoH.

Assuming a diploid state, ratios 
that significantly differ from 1:1 would 
indicate the existence of an imbalance 
in gene copy number due to either 
gains or losses. Here, we success-
fully detect two such events: LoH in 
patient 3 and monosomy in the case 
with CSF2RA p.P166S (see Supple-
mentary Material).
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