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ABSTRACT 
 

     Radon-222, a decay product of uranium-238 and a source of high linear energy 
transfer (LET) α-particles, has been implicated in the increase risk of lung cancer 
in uranium miners as well as non-miners. The p53 gene mutational spectrum 
reveals evidence for a direct causal effect of radon inhalation in lung cancer. This 
mutation has been proposed as a marker of radon exposure. The development of 
such markers may ultimately be of benefit in the reduction of occupational 
morbidity and mortality from occupational cancer. 
     One of the tasks in risk assessment of genotoxic occupational radiation exposure 
is to devise a simple numerical method. This method may be used to quantify the 
relationship between radiation dose and the effect on the genetic sequences. The 
tumor suppressor gene (TSG) p53 is an ideal biomarker addressing questions of 
exposure and risk. These proteins may be suitable for the design of more effective 
or less invasive cancer therapies. The clinical outcome of lung cancer patients may 
correlate with the normal regulation of these patients and, therefore, their 
identification may be used as a guideline for future therapy modalities.   
     To investigate the association between radon exposure and p53 mutations in 
lung tumors, we have implied a mathematical method. This method has been 
developed from a 2-D graphical representational technique that enables easy 
visualization of base distributions. This is of special relevance to libraries of single 
nucleotide polymorphic (SNP) genes.   
     In this paper, we propose a scheme to use this method as a label to help quantify 
the potential risk hazard of radon inducing mutations and alterations in p53 
sequence. This field of study has vast potential for increasing our knowledge and 
the impact of radon on workers health.  
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INTRODUCTION 

 
     The creation of a library of single nucleotide polymorphic genes for gene specific drug targeting 
holds great promise for new generation of drugs and therapies (1). Further, the proposal for a 
compilation of SNP related gene maps for reference and distribution purposes in the radiation 
workers domain will be of additional benefit. In this context, it would be useful to have a method to 
quantitatively assess the differences in SNP genes and tag the sequences in a prescribed order in the 
anticipated large library of SNP related genes. Such a procedure would require some way of 
characterizing DNA sequences numerically on one or more attributes. 
  
     The p53 tumor suppressor gene has been proven one of the most often mutated in human cancers. 
Mutations can occur via DNA damage by exogenous, physical or chemical carcinogens. In some 
cases "mutagen fingerprint" have been identified where certain carcinogens are responsible for 
specific mutations. For example, a direct causal effect of ultraviolet radiation exposure is associated 
with CC:GG to TT:AA dipyrimadine transitions in skin cancers (2). Aflatoxin B1(AFB1) in the diet 
causes G:C to T:A transversions specifically at the third base pair of codon 249  (AGG→AGT) and 
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is associated with liver cancer (3) . Cigarette smoke causes G:C to T:A transversion in lung 
cancers,…etc. Table 1, shows examples of different mutations at p53. 

Table 1. Some effects of radiation on p53 gene 
Radiation 

sources 
Irradiated 

targets 
Dose Effect (s) Ref. 

Residential  
Rn222 

P53 ≤ 50 Bq/m3 22 base changes 
8 deletions 
1 splicing 
1 insertion 
 

6 

Residential  
Rn222 

P53 ≥ 140 Bq/m3 21 base changes 
4 deletions 
4 splicing 
0 insertion 
 

15 

Occupational 
Rn222 

P53 4 Gy 
~ 1460 WLM 
 

Codon 249, AGG→ATG 9 

Occupational 
Rn222 

P53 > 4 Gy 
 

Codon 249, AGG→AAG 
Codon 250, CCC→ACC 
 

4 

“ “  1392 WLM Codon 248, AGG→TGG 
 

9 

“ “ 790 Codon 236, TAC→TGC 
 

9 

“ “ 1390 Codon 245, GGC→GTC 
 

9 

“ “ 1407 Codon 249, AGG→AGT 
 

9 

Radiotherapy 
Cs137 

“ 46 Gy Codon 135, TGC→TGG 16 

“ “ 30 Gy Codon 141, TGC→TGG 
 

16 

“ “ 35 Gy Codon 179, CAT→CGT 16 
 

 
 
Epidemiological studies on underground miners show that inhalation of radon progeny is associated 
with an increased risk of lung cancer (4). Also, animal experiments confirm that tumors can be 
induced by exposure to radon and its daughters (5). In this later, the mutability of p53 codons 249 and 
250 to α-particles in normal human bronchial epithelial (NHBE) cells using a highly sensitive 
genotypic mutation assay have been evaluated. Exposure of (NHBE) cells to a total dose of 4 Gy 
(equivalent to ~ 1460 Working Level Month in uranium mining) of high LET α-radiation induced 
codon 249 AGG→AAG transitions and codon 250 CCC→ACC transitions with absolute mutation 
frequencies of 3.6*10-7 and 3.8*10-7 respectively. This mutation spectrum is consistent with another 
study of radon-associated human lung cancer. Moreover, radon in dwellings is the dominating 
source of exposure to ionizing radiation. The association between residential radon exposure and 
p53 mutations in lung tumors was studied from a nation-wide population based investigation, as in 
most countries (6). 
 
     Recently, efforts have been made to define the p53 mutation spectrum in lung cancers from 
uranium miners (7). Several groups analyzed the molecular changes in the conserved regions of the 
p53 gene in lung cancer tissue and found differences between non-smokers (survivors of the atomic 
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bombings and unirradiated controls), Japanese smokers, and uranium miners with high radiation 
exposure (8). In 16 of 52 lung cancers of miners, a specific transversion AGG to ATG at code 249 
was found (8). Lung tumors in 50 uranium miners in Germany were screened by restriction fragment 
length analysis for the putative hotspot mutation at codon 249 (Arg→Met) previously detected in a 
significant fraction of miners from the Colorado Plateau, USA (9). The patient age at treatment 
ranged from 10-37 years and the cumulative estimated dose of α-particles radiation was 5.3-9 Gy.  
    
     Techniques of unbiased measures in a p53 sequence from a set of numerical descriptors would be 
essential in assessing, in a universal and standard manner, the risk potential of radon and form a vital 
link in integrating occupational exposure and mutational studies. Quantification of DNA sequences 
in the form of a graphical representation provides one such technique where the nucleotides in a 
gene sequence can be viewed as objects in 4-D space. Our attempts to formulate the p53 numerical 
descriptor based on the 2-D graphical representation, providing quantitative estimate of base 
alterations, deletions and additions (10). 
  
     We propose to use the original p53 descriptor as an index for quantifying the effects of radon on 
p53 sequence. This method provides a good numerical characterization of a DNA sequence, and is 
capable of handling large sequences with reasonable degree of accuracy. We believe such a method 
would provide a good basis for quantifying changes in p53 and thus provide a basis for quantifying 
such mutations for tabulation in SNP related genes.  
 

METHOD OF CALCULATION 
 
     Among the existing methods of DNA sequence visualization, 2-D graphical representations play 
an important role in practice (11). Randic (12), Nandy (13), and others have considered representations 
for DNA primary sequences (1). The fundamental basis of the 2-D graph method depends on small 
differences between the numbers of basis present in the sequences. 
 
     DNA sequence is represented as a series of points in a 2-dimentional Cartesian plot using the 
following algorithm (1): A step is taken in the +ve x-axis for a guanine in the sequence, a step along 
the +ve y-axis for a cytosine, a step along the –ve x-direction for an adenine and one along the –ve 
y-axis for thymine. 
 
     We refer to this representation as the ACGT-axes system, reading the base distribution clockwise 
from the –ve x-axis. Two other orthogonal systems are possible depending on the association of the 
bases with the cardinal directions but we consider here only the system described above, viz the 
ACGT 
 
     This creates a graphical shape characteristic of the sequence. It plots the progressive differences 
in the instantaneous individual totals of guanine and adenosine along the x-axis (i.e. nG - nA) and of 
cytosine and thymine along the y-axis (i.e. nC – nT). 
 
     Differences in the plots of a family of genes can be quantitatively assessed. This method consists 
of defining a set of moments of the graph points around the origin of the plot. In the first order 
quantities µ1(x) and µ1(y) which are the sum of the x and y coordinate values of each point averaged 
by the total number of points in the distribution, i.e. weighted mean x coordinate value µ(x) = ∑xi/N 
and mean y coordinate value as µ(y) =  ∑yi/N  . Graph radius for each plot can be defined as: 
 
     gR = [(µ1(x))2 + (µ1(y))2]1/2                                                                                        (1)                                                    
 
Correspondingly a distance measure between two graphs (standard and mutant). 
 
     d(s, s/) = [(µ1(x) - µ1(x)/)2 + (µ1(y) - µ1(y)/)2]1/2                                                         (2) 
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Where s and s/ represent the two graphs. We propose to use gR as one numerical descriptor of a 
sequence and deviation from gR, ∆ gR, as a measure of the changes in the sequence as a consequence 
of mutagenic effects of radiation.  
 
     For two sequences (normal and mutant) plots of the same gene; slight differences in base 
composition lead to small rotation between them; this measure will arrive at a quantitative 
difference.  
 
     According to the data at hand, the mutant p53 having different composition than the normal. It 
will generally tend to shrunk along the x or y axis and gR will turn to be different too. The same will 
hold true for decrease or replace in any one or more of the 4-bases in the mutant sequence compared 
to the normal. The drop in the dispersion index will be related to the decrease in the compositional 
differences between A and G and C and T in the AGCT axes system plots. 
 

RESULTS and DISCUSSION 
 
     The 2D representation of the p53 (fig 1) clearly shows the base distributions of the sequence that 
consists of total of 273 A, 263 C, 303 G and 233 T. We have used the complete p53 gene sequence 
from http:// mips.gsf.de of MIPS (the Munich Information Center for Protein Sequences) as the 
control sequence.  

 
Fig. 1. The 2D graphical representation of the p53 gene. Axes ACGT reading clockwise from 

the negative x-axis. Total 1100 bases: 273 A, 263 C, 303 G and 233 T 
 

     With regard to the problem at hand, we represented the toxic radon effect on p53 gene by 
performing the different alterations studied in ref. (9).  Such alterations will tend to alter the µ1(x) and 
µ1(y) in the default representation and will consequently alter the graph radius.  
 
     Figure 2 shows ∆gR plotted for mutations in each position of the complete sequence of p53 gene. 
For example, for the case of mutation of one cytosine to thymine at codon 248, the average value of  
∆gR

CT = 0.00263. For the case of guanine to thymine at codon 244, the average value of ∆gR
GT = 

0.0029. While for adenine to guanine at codon 236 the average value of ∆gR
AG = 0.00234.  
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Fig. 2. Human p53 gene and its model modifications plotted in the two-
dimensional representation system. Curve 1 is for the normal human 

p53 gene complete with exons and introns. Curve 2 is for the same gene 
with random mutations due to radon exposure 

 
Table 2:  Codon of different mutations, calculated moments and measure of the 

changes in the sequence. 
Codon µ /(x) µ /(y) ∆gR  

248, CGG→TGG 0.050 0.060 0.00263 
244, GGC→TGC 0.0504 0.0604 0.0029 
236, TAC→TGC 0.0555 0.0602 0.00234 
245, GGC→GTC 0.0504 0.0604 0.0029 
249, AGG→AGT 0.0504 0.0604 0.0029 
135, TGC→TGG 0.0537 0.0607 0.00153 
141, TGC→TGG 0.0537 0.0607 0.00153 
154, GGC→GTC 0.0504 0.0604 0.0029 
164, AAG→AAC 0.0504 0.0645 0.0009 
179, CAT→CGT 0.0555 0.0602 0.00234 
213, CGA→CAA 0.0486 0.062 0.00214 
238, TGT→TGG 0.0537 0.06477 0.0032 
248, CGG→CTG 0.0504 0.0604 0.0029 
248, CGG→CAG 0.0486 0.062 0.00214 
275, TGT→TAT 0.0486 0.062 0.00214 
283, CGG→TGG 0.050 0.060 0.00263 

     
     The main advantage of ∆gR as an index arises from associating one number with each dosage 
level of radon exposure. This creates an easy path of associating radiation risk with the dose without 
need to enumerate which base and how many are mutated. This index is not dependent on the type 
of DNA sequence used. It can be done for all sequences with respect to any standard sequence 
chosen.  
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     In the case of the normal p53, µx and µy values are lower compared to those for the mutant p53. 
These values also reflect the shapes and sizes of the corresponding graphs in fig. [2]. Considering 
the distance measured d(g1, g2) values  for these 2 sequences we see that the indices have low values 
for (normal and mutant) and relatively higher values for (normal and mutant). These are also in 
agreement with the corresponding graphs. Thus gR and d(g1, g2), can be used in differentiating and 
quantifying graphs.     
 
     In this work, we simulated the effect of radon on p53 gene by performing the detected mutations 
in the sequence as shown in Table (2). Such mutations will tend to alter the µ1(x) in the default 
representation (with a bias toward negative x-values, because of higher % of A in the mutant 
sequence) while leaving the µ1(y) unchanged and will consequently alter the graph radius. 
 

CONCLUSION 
   
     These results show that the calculation technique outlined here provides a reasonable method to 
index gene sequences and through a distance measure correlate with evaluating changes. 
 
     This observation indicates that it is possible to consider such quantization as an index of the 
intensity of the effects in the case of changes arising out of effects of genotoxic radon. In addition, 
the documented data of miners explore the utility of ∆gR as an index.  
  
     The method outlined here can be considered as a marker to the toxicity of p53-damaging radon. 
Our work has shown that ∆gR is a very sensitive indicator of changes in the p53 sequence arising out 
of base depletions and mutations at the detected doses. The main advantage of  ∆gR as an index 
arises from associating one number with each    dosage level of radon exposure. This creates an easy 
path of associating radiation risk with the effective dose without need to enumerate which base and 
how many are mutated. This index is not dependent on the type of DNA sequence used. It can be 
done for all sequences with respect to any standard sequence chosen.  
 
     In the present study, mutations in the p53 gene seemed to be associated with occupational radon 
exposure. In this study, lung cancer, radon exposure and p53 mutations, cases with very high 
exposure in mines have been included to quantify possible radon-associated mutation hotspots. 
 
     The method considered in this work is proposed as a marker for the toxicity of DNA damaging 
radiation. Clearly any work that may ultimately result in a better understanding of the problem of 
cancer in underground miners will be of benefit to underground miners everywhere. Theoretically 
this area of work has a number of potential benefits. These include: 
 

1. Increases validity and precision of classification of exposure in workers. This may result in 
the ability to stratify populations according to individual metabolic susceptibility to 
radiation related diseases. 

2. A better understanding of the effects of low doses of carcinogens, in this case ionizing 
radiation, thereby allowing for more accurate standard setting. 

3. Better screening tools for early carcinogenic or precarcinogenic effects, with the potential 
for earlier intervention and improved outcomes in the former case, or prevention in the latter 
case.    
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