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Abstract 

There is substantial phylogenetic and epidemiological information about the 

distribution of SNPs in the human population while there is only limited 

information how SNPs are introduced into an individual genome. 

Here I show in a genome-wide panel of SNPs that children have multiple 

variant sites that are not present in their parents. The median mutation rate 

is unexpected high with 10,6 mutations / Mb /diploid genome in Yorubean 

(11,9 in European) children even after applying thorough rules for genotype 

quality. Ex vivo artefacts may have contributed to false positive counts, 

however, mutation sites do not match known cell culture aberrations. 

Scanning preferentially mutation-prone SNP sites in DNA repeats or retroviral 

inserts by current genomewide SNP panles seemed to be the main reason for 

the high mutation rate. 

Further studies using whole genome sequencing may yield more exact 

mutation rates - a finding that could have implications in forensic science as 

well as in ageing and cancer research. 



Background 

Somatic mutations are thought to accumulate during human lifetime (Boland 

and Goel, 2005), (Lou and Chen, 2006), (Crow, 2006) either as errors during 

DNA replication that escape DNA repair (Rubin, 2006) or by direct oxidative or 

radiation induced DNA damage (Shigenaga, et al., 1994). While ageing has 

been previously defined as a telomere function (Wong, et al., 2003) 

accumulation of DNA damage leading to stem cell exhaustion is now a major 

research focus (Nijnik, et al., 2007).  

Normal human somatic mutation rate has been estimated to be in the range 

between 0,02 and 25 mutations / Mb / generation (see online supplement 

sheet A and references  (Wong, et al., 2003), (Oller, et al., 1989), (Weinberg, 

et al., 2001), (Kondrashov, 2003) and (Greenman, et al., 2007)) ) with the 

majority of studies describing less than 1 mutation / Mb / generation. 

Numbers, however, are difficult to compare as being obtained by diverse 

methods, in various source tissues and using different extrapolations, making 

any firm conclusions difficult. 

Mutations may be acquired during early germline development in parents or 

after fertilization during successive somatic division (Fig.1). In humans there 

are approximately 500 germline cell divisions leading to about 100 additional 

mutations transmitted to the next generation (Crow, 2006). The number of 

somatic division in a human is not known but expected to be approximately 

5,000 (Potten, et al., 2002); a 80-year-old adult may have therefore acquired 

up to 15,000 mutations (Crow, 1997). In constrast, 6,000 to 11,000 genomic 

alterations have been estimated to occur in a single cancer cell (Greenman, 

et al., 2007), (Stoler, et al., 1999), (Wang, et al., 2002) which comes close to 

the general estimates above. 

The technical capability to determine genome-wide mutation rate was limited 

in the past. Human mutation rates could be of forensic interest when dealing 

with unknown DNA samples. Other potential areas of interest are the study of 

the normal ageing process in different tissues (Weiss, 2005) and early events 



leading to cancer (Suh and Vijg, 2006), (Sjoblom, et al., 2006). 

To gain a further insight into human mutation rates, I have chosen a public 

domain dataset of genome-wide SNP genotypes that was obtained by the 

Affymetrix GeneChip Mapping 500K Array Set. It uses two arrays, each capable 

of genotyping on average 250,000 SNPs (262,000 for Nsp1 arrays and 238,000 

for Sty1 arrays). Nsp1 and Sty1 denote the initial restriction enzyme cutting of 

the native DNA, before it is being ligated, amplified, fragmented, labelled 

and hybridized to a chip that is finally scanned for fluorescence signals. The 

fluorescence signals were further processed (NN, 2006) and finally assigned a 

genotype (AA, AB or BB) including a quality score that integrates signal 

characteristics.  

 

Methods 

Individuals contributing DNA samples to the Hapmap project (NN, 2005) have 

come from a total of 270 people and 4 ethnically diverse groups. The Yoruba 

people of Ibadan, Nigeria, provided 30 sets of samples from two parents and 

one child (YRI) similar to 30 further trios collected in 1980 from U.S. residents 

with Northern and Western European ancestry by the Centre d'Etude du 

Polymorphisme Humain registry (CEU). The remaining samples of 45 Chinese 

(CHB) and 45 Japanese (JPT) were not include here as the donors were not 

related. 

Following sample interrogation genotypes were called by the Affymetrix 

GeneChip Genotyping Analysis Software (GTYPE). Data were downloaded from 

the public Affymetrix website (www.affymetrix.com) in Jan 2006 and again in 

December 2006 including 500,568 SNP genotypes for each individual. The 

initial analysis was done with the DM calling algorithm but was replaced later 

by the BRLMM method (Rabbee and Speed, 2006). All analysis has been done 

using R statistical software 2.1.0. 

 



Results 

The table (online supplement sheet B) lists mutation counts in all children as 

“AB” calls where either both parents have “AA” genotypes or both parents 

have “BB” genotypes. Mutation counts are exceptional high (Fig. 2). 

Unfortunately true mutations can not be unequivocally identified in this 

dataset due to the unknown fraction of genotyping errors (NN, 2006). As non-

paternity may be a particular “error trap”, I looked at the corresponding 

quality scores. The scores of the de novo mutations have a largely different 

distribution compared to “regular” calls at the same sites (Fig.3). When 

restricting therefore genotype calls to those with scores of <0.1 (the turning 

point between both distributions), the number of mutations drops to probably 

more realistic estimates (online supplement sheet B) – in particular when the 

restriction to “good” scores is being applied also to both parental genotypes. 

A verification by resequencing (Green, et al., 2006) seems to be necessary but 

does not make too much sense as will be discussed later. At present, it is not 

fully clear if genotypes with poorer scores are indeed false positive counts as 

they may include also somatic mosaics (where the mutation is still not present 

in all cells) that may lead to difficulties in the scoring algorithm and hence 

less reliable scores. 

By using a score threshold of <0,1 the corrected mutation rate is estimated to 

be 10,6 mutations / Mb diploid genome / lifetime in Yorubean (and 11,9 in 

the European population (online supplement sheet B). This estimate isl higher 

than in cancer tissues (Greenman, et al., 2007) and there are even outliers 

with high mutation oounts (online supplement sheet B). I therefore tried to 

characterize the newly found mutations in more detail. It seems that they are 

evenly distributed over the human genome (Fig.4) with only 4 cluster 

observed when scanning moving windows of 50 kB distance. 

Cluster #1 contained 6 diverse SNPs (rs764243, rs3120697, rs3129567, 

rs3120699, rs6426311, rs3124124 and rs10802426) that are all intronic to 



TFB2M. Cluster #2 was found at rs1340615, where 7 mutations are observed in 

a gene desert. Cluster 3 shows 6 SNPs (rs2240826, rs1546834, rs1546833, 

rs740821, rs2240834, rs2240835 and rs1860519) in TCRγ alternate reading 

frame protein. Cluster encompassed 2 frequently mutated SNPs (rs17004107 

and rs7279082) both in a low conserved desert. 

Nearly all cluster are situated in genomic regions of retroviral inserts or in 

DNA repeats (van den Hurk, et al., 2007). The mutations observed here do not 

match any known mutation hotspots (Rogozin, et al., 2001) nor are they being 

over-represented in cancer genes (Sjoblom, et al., 2006), (Futreal, et al., 

2004), (Bamford, et al., 2004). Also a functional relevance of these mutations 

remains speculative as only a few SNPs are located in functionally relevant 

site (online supplement sheet C) 

In a last step, I tried to follow up the individual history of the mutations if 

being introduced already during germline or during somatic development. The 

number of X chromosomal mutations in girls (XX) was higher than the double 

number of X chromosomal mutations in boys (XY )which is not unexpected as 

their single X chromosome did not undergo the extended lifecycle in the 

paternal germline. As germline cells are temporarily methylated (rendering 

them hypermutable), the number of autosomal CpG mutations correlated with 

the X chromosomal mutations in girls while no such correlation existed in 

boys. Unfortunately, the absolute number of included autosomal CpG sites 

with a score <0.1 was too low to allow for a formal testing. 

 

Discussion 

In a genome-wide panel of SNPs an excess of newly introduced somatic 

mutations was found in children that were otherwise not present in their 

parents.  

Although it is generally assumed that BRLMM (the standard Affymetrix 



algorithm) has an error rate under 0.2% (Consortium, 2007) a recent study of 

~17,000 samples using the same SNP arrays excluded additionally 6.2% of all 

genotypes following extensive quality checks (Consortium, 2007). The 

increased threshold used here for quality scores leads to the exclusion of only 

~86 SNPs per array which is a rather negligible number. 

Reasons for the high number of mutations observed here are largely unknown. 

Although the possibility exists that recent studies have underestimated human 

mutation rates (the largest study so far (Greenman, et al., 2007) described 

also in non cancer human cell lines 5.6 mutations / Mb), the results here 

seemed to be biased for scanning mutation prone sites (as indicated by 

variants found in at least one human population before). The relationship of 

the mutation cluster to DNA repeats and retroposition elements may point 

towards a most likely explanation. 

When did these mutations occur? Early germline mutations may be found in all 

body cells (Ellegren, 2002) while more recent mutations may not have 

reached the “100%” fixation rate. This may be concluded from studies of 

microchimerism where cells can be traced even decades later (Maloney, et 

al., 1999). By using 250 ng of genomic DNA as template for the polymerase 

chain reaction (as in the current setup)  ~35000 single DNA molecules are used 

as a starting point. From previous studies it is possible that differences of <3% 

allele frequency may be discriminated by chip-based hybridization arrays 

(Kirov, et al., 2006), (Meaburn, et al., 2006), (Pearson, et al., 2007). 

The kinetics of a single mutation, however, are impossible to examine as 

there is no possibility to label early human primordial cells and follow their 

progeny during the lifetime (although promising first experiments are 

available in animal models (Clayton, et al., 2007)). Monitoring involuntary 

radiation exposure (Weinberg, et al., 2001) or clonal analysis of repopulating 

cells after bone marrow transplantation (McKenzie, et al., 2006) has also 

shortcomings as these are either selected cell types or background conditions 

make mutation counts unreliable. There could be even a high individual 



variation in the rate of mutational events as mutation of master switches like 

ras – may itself lead to hypo- (or hyper) methylation with consecutive over 

expression of further oncogenes (Boland and Goel, 2005) – a potential 

mechanism for some outliers in this dataset with a high rate of somatic 

mutations. 

further resequencing of the current Hapmap samples is not warranted as the 

cell culture passage of immortalized lymphocytes has already introduced 

artefacts (Redon, et al., 2006). During karyotyping of Hapmap cell lines, 

several chromosomal abnormalities have been detected which makes it likely 

that there could be even more ex vivo mutations (Redon, et al., 2006). 

 

Conclusion 

It seems promising to test larger (probably 3 generational) families for 

somatic mutations (Youssoufian and Pyeritz, 2002). A main problem to solve is 

the distinction of genotyping errors and somatic mosaics to allow an  

unconditional recognition of mutations. Further work will most likely require 

repeated sequencing of the same individuals as only this approach will clearly 

delineate the time course of mutational events. With these first results on the 

birth and decay of SNPs at hand, it is tempting to speculate that refined 

mutation rates could lead to valid estimates of the “genomic age” of an 

individual (Nijnik, et al., 2007). 
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Figure 1: DNA transmission a across 3 generations. Starting with primordial (P) 

and stem (S) cells either differentiated (D), sperm (SP) and zygote (Z) cells 

develop. D cells may be seen as the result of symmetric self-renewing or 

expansion divisions (early P->S), asymmetric or maintenance divisions (early S-

>D) or differentiating divisions (terminal S->D). The number of cells in the 

various phases is tissue dependent and large unpredictable at a single cell 

level as the development follows a stochastic process. Actively dividing cells 

may even become quiescent, reactivated only at a later time, or die 

prematurely. Mutations may occur at any time – and dependent on the 

lifecycle of their origin – been found at DI, DII or DIII. 
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Figure 2: Crude count of acquired somatic mutations in 30 CEU children (white 

bars) and 30 YRI children (dark bars). Children were ordered from left to right 

by increasing number of observed mutations. 
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Figure 3: Distribution of genotype quality scores of two SNP assays (NAI10838 

/left as a random example and NAI07348 /right as a SNP with a high count of 

somatic mutations). Somatic mutations have a different distribution of quality 

scores than regular calls with change point at 0.1. 
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Figure 4: Location of all somatic mutations depicted as horizontal line with 

chromosome numbers increasing from left to right (X chromosome is shown as 

chromosome 23).  Previously identified areas with chromosomal aberrations in 

cell lines (Redon, et al., 2006) are indicated by crosses. The four mutation 

clusters identified here are indicated by circles. 
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