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Abstract 

Large scale population studies have established that genetic factors contribute to 

individual differences in smoking behavior. Linkage and genome wide association 

(GWA) studies have shown many chromosomal regions and genes associated with 

different smoking behaviors. One study was the association of SNPs in the CHRNA5-

A3-B4 gene cluster to nicotine addiction. Here, we report a replication of this 

association in the Italian population represented by three genetically isolated 

populations. One, the Val Borbera, is a genetic isolate from North-Western Italy; the 

Cilento population, is located in South-Western Italy; and the Carlantino village is 

located in South-Eastern Italy. Due to their position and their isolation, the three 

populations have a different environment, different history and genetic structure. The 

variant A of the rs1051730 SNP was significantly associated with smoking quantity in 

two populations, Val Borbera and Cilento  no association was found in Carlantino 

population probably because difference in LD pattern in the variant region.  
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Introduction 

Cigarette consumption is a major health problem worldwide. It is the cause of about 5 

million deaths each year and this number is estimated to double by 20201,2. Tobacco use 

is a strong risk factor for leading causes of death in the world: a significant proportion 

of ischemic heart disease, cerebro-vascular disease, respiratory infections, tuberculosis, 

chronic obstructive pulmonary disease and cancers of the lung, trachea and bronchus are 

attributable to smoking behavior. Despite its recognized deleterious impact on health, 

smoking prevalence is very high in many countries with about 22% of the worldwide 

adult population currently consuming tobacco. Many studies have revealed that genetic 

factors, together with environmental factors, have a strong impact on smoking-related 

behavior. A meta-analysis of different twin studies estimated a mean heritability of 0.5 

for smoking initiation and of 0.59 for nicotine dependence3.. Identification of genetic 

factors affecting smoking-related behavior is consequently a major interest of medicine 

today, to assess individual vulnerability and to develop more effective intervention. 

Recently, several genome-wide association studies have established the association of 

one locus on the chromosome 15q25 with nicotine dependence and smoking quantity. 

This locus implicates a cluster of three genes, CHRNA5, CHRNA3 and CHRNB4, which 

encode neuronal nicotinic acetylcholine receptor subunits (alpha5, alpha3 and beta4), 

acting as risk-factors for nicotine dependence or heavy smoking 3-10. The same variants 

were also found to be associated with lung cancer and peripheral arterial diseases5,11-12. 

However, it is still debated whether there is a direct effect on disease etiology or an 

indirect effect through smoking.  

So far, different variants in the 15q25.1 region, strongly correlated by linkage 

disequilibrium, were reported as associated with smoking behavior. One of them caused 
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an amino acid change in the CHRNA5 encoded protein but its functional role is still 

unclear. One study also showed evidence for the presence of at least two independent 

variants in the CHRNA5-CHRNA3-CHRNB4 gene cluster region contributing to 

nicotine dependence6. In another study, this nicotine dependence locus has been tagged 

by  the single nucleotide polymorphism (SNP) rs1051730, located in the CHRNA3 

gene, which has been reported to have an effect on the number of cigarettes smoked per 

day5. This variant has already been associated with nicotine dependence13 in a previous 

genome-wide study that used the low-quantity smokers as controls. 

The main focus of our analysis was to evaluate the influence of the rs1051730 variant 

on smoking behavior, smoking quantity within current and former smokers and related 

diseases in three Italian isolated populations, belonging to the Italian Network on 

Genetic Isolates (http://www.netgene.it/ita/ingi_6.asp) 
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Materials and Methods 

Study participants and data collection 

Individuals enrolled in the study belong to three isolated populations from different 

parts of Italy; the basic characteristics of the three populations have been previously 

described14. All individuals recruited gave their written informed consent and the study 

protocol was approved by the ethical committees of the institutions involved. All 

participants provided a detailed medical and lifestyle history collected through 

structured questionnaires. The information about the smoking behaviour and smoking 

quantity was acquired using a specific questionnaire. With regard to the smoking  habit, 

three categories were available: never, former and current smokers. According to the 

number of  cigarettes smoked per day (CPD) the individuals were clustered in two 

categories: low-dose smokers (10 or fewer cigarettes per day) or high-dose smokers 

(more than 10 cigarettes per day). A dichotomous trait was derived from the CPD 

categories and it was used for association analysis: the subjects belonging to the low-

dose category were classified as controls and those from the high-dose categories as 

cases.  

For the Val Borbera population information was available for 1007 never smokers, 424 

former smokers and 283 current smokers. In this sample all smoking individuals 

(current and former smokers) were used for clustering in the two CPD categories: 304 

individuals were classified as low-dose smokers and 402 people as high-dose smokers. 

In the Cilento population we had 861 never smokers, 211 former smokers and 254 

current smokers. However, for this sample the CPD information was available only for 

current smokers generating two CPD categories with 89 light and 165 heavy smokers. 

In the Carlantino population, no information was available to distinguish between 
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current and former smokers (=304) then the CPD categories included 191 heavy 

smokers and 113 light smokers, the total number of never smokers was 806,  

 

Genotyping 

Genotypes for SNP rs1051730 were determined by TaqMan genotyping (Applied 

Biosystems, cat. n. 4351379, assay C___9510307_20). Genotype calls were done with 

the SDS 1.08 software (Applied Biosystems). Call rates were 98.4, 93.8 and 89.4% 

respectively for the Val Borbera (1713/1741), Cilento (1326/1414) and Carlantino 

(1110/1241) populations. SNP genotypes used for LD estimation were obtained from 

Illumina 370K chip data available for each population study. 

 

Association Analysis 

Association analyses were performed using a χ2 test implemented in PLINK software 

(http://pngu.mgh.harvard.edu/~purcell/plink/) and an additive genetic model was tested. 

The analyses were carried out considering both each population separately and 

combining the three population all together. 

Relatedness between individuals was considered in the association testing taking 

advantage of genealogical information available for each population. A corrected 

statistics was obtained by the estimation of a correction factor λ through simulations 

following the procedure proposed by Thorgeirsson et al .5 In detail, the genotype of the 

rs1051730 variant was randomly assigned to the founders of each genealogy using the 

allele frequency distribution estimated with the BLUE estimator on the data and 

assuming the Hardy–Weinberg equilibrium for the marker. Genotypes of all non-

founder individuals were then randomly drawn conditional on their parent genotypes 
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and independently from their phenotype. Only genotypes of individuals available in the 

real data were considered, all others were set to missing. A number of 100,000 

simulations were performed using this gene-dropping method implemented in the 

Genedrop program from the MORGAN package 

(http://www.stat.washington.edu/thompson/Genepi/).  

For each simulation, a χ2 test was carried out and the mean of χ2 distribution was 

considered as λ. Moreover, for the Cilento sample, the λ was also estimated from 

genetic data (1073 microsatellite markers distributed in the genome) by applying the 

genomic control approach 16.    

For the combined sample (Val Borbera-Cilento-Carlantino) the Cochran-Mantel-

Haenszel (CMH) and Breslow-Day tests (both implemented in PLINK) were performed. 

The CMH provides a test based on an "average" odds ratio adjusted for the possible 

confounding effects due to population stratification; whereas the Breslow-Day statistic 

tests for homogeneity of effects between the three groups taking into account the 

population of origin.  

  

Linkage disequilibrium  and HW estimation 

The Hardy-Weinberg equilibrium were assessed using the Haploview v. 4.1 program. 

For each population the LD pattern and the HW equilibrium were evaluated  on a subset 

of poor-correlated individuals. The LD pattern in the variant region was estimated using 

18 SNPs located approximately 200 kb around the rs1051703 variant.  The method 

proposed by Zaykin et al 17 was applied to compare the LD matrices between each 

couple of samples (Cilento/ValBorbera, Cilento/Cardile, Valborebera/Cardile).  Briefly, 

this method tests the difference of pair-wise ∆-prime matrix between two groups ( i.e. 
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Cilento/ValBorbera) and applies a simulation procedure to assess the type I error. For 

each simulation, the individuals are randomly assigned to the two populations and an 

empirical statistics is recomputed. In our study 100.000 simulations were applied.  
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Results 

Allele frequency of the rs1051730 variant was calculated in each population sample.  

Interestingly, the minor allele  frequency (fA) in the Cilento population (fA=0.366) was 

similar to the frequency in the Hap Map CEU reference population (fA =0.385); 

whereas, in the Val Borbera (fA =0.412) and Carlantino (fA =0.417)  populations the fA  

was higher and comparable to the frequency of the Hap Map ITS (sample from Tuscany 

region of Italy) reference population (fA =0.412). The Hardy-Weinberg equilibrium was 

respected in all samples (Val Borbera pval= 0.11, Cilento pval= 0.1, Carlantino 

pval=0.42).  

A comparison of the rs1051730 variant allele frequency between the current and never 

smokers and between the former and the current smokers was performed and no 

significant difference was observed (not shown).  

A significant difference was evident between low-dose smokers and high-dose smokers. 

In Val Borbera and Cilento populations a strong increase of the A allele (+ 5.8 and + 

10.2% respectively) was observed among the heavy smokers (Table I). In both cases the 

enrichment reached the threshold of statistical significance also after correction for 

relatedness among individuals (Val Borbera pval=0.0151 Cilento pval=0.022 ). 

However, as in the Cilento sample the value of λ was lower than 1, it did not affect the 

original statistics. The λ was estimated by a genealogy-based approach in the three 

populations. For the Cilento population a genomic-based approach was also used, as 

described in Materials and Methods. Comparable values of the λ were obtained from the 

two approaches (0.984 versus 1 from genealogy and genome respectively). 

The A allele of rs1051730 resulted only slightly enriched (+1%) among high-dose 

smokers in the Carlantino population. Interestingly, if the threshold for low/high-dose 
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smokers definition was increased to 15 CPD, the difference in the A allele frequency 

among cases and controls resulted more marked (+3.2%) but still not statistically 

significant.  

A comparison of the LD pattern in the variant region across the three population 

samples was performed to investigate about the lack of association in Carlantino. The 

LD between 18 SNPs, located approximately 100 kb upstream and downstream the 

rs1051730 variant,  was analyzed. Interesting, LD pattern was significantly different 

between Carlantino and the other two populations: Val Borbera (pval < 10-6) and 

Cilento (pvalue= 9 10-4).  As expected, no significant difference in the LD pattern was 

found between Val Borbera and Cilento (pvalue=0.514) (see Supplementary Figure 1). 

This result suggests that LD difference in Carlantino could be a possible explanation of 

the association result observed in this population .  

In order to increase the power of the analysis the case/control association was also 

carried out  on the combined sample (Val Borbera-Cilento-Carlantino). The Cochran-

Mantel-Haenszel  was applied to avoid the confounding effects due to the population 

origin and an OR  of 1.26 ( 95% C.I 1.07-1.49, p-value=0.0057) was obtained 

confirming the association of the variant A with the heavy smoking. This result was 

strengthened by the Breslow-Day test that supported the hypothesis of  the homogeneity 

of odds ratio giving a p-value of 0.285, data shown in the figure 1. 

 

The effect of the rs1051730 variant in the etiology of some diseases for which smoking 

is a strong risk-factor was examined. 138 cases of malignant tumors (about one third 

being breast cancers) were assessed in the three populations and were compared to 3185 

not affected individuals. No association was found taking into account sex, age and 
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smoking as covariates in logistic regression analysis. Similarly, no association was 

found comparing 160 individuals presenting cardiovascular disorders (stroke and 

myocardial infarction) with 3979 control individuals (data not shown). 
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Discussion 

Genetic factors have been suggested to contribute to individual variations in smoking 

behavior and several have been identified in recent years through GWA studies and 

linkage analysis 5-6,8-9,18. Many have been replicated in different populations and genetic 

factors for smoking cessation, number of cigarettes smoked per day, smoking initiation 

and nicotine addiction have been confirmed 5-6,8-9, 19, 20. Here, we report a replication of 

the rs1051730 variant in the CHRNA5-A3-B4 gene cluster, associated with smoking 

quantity, in isolated populations from Italy. As shown by recent studies of the European 

population21, the Italian population is rather heterogeneous from the genetic point of 

view, possibly due to its geographical position and its history, characterized by multiple 

population admixtures. The study of isolated populations from different parts of the 

country seems therefore a useful tool to define the complexity of the population 

structure and to highlight genetic differences that may lead to discovery of less common 

genetic variations22.  

The A allele of the rs1051730 variant, in all three isolated populations, showed a 

frequency similar to those described in European and Middle Eastern population11, even 

if in Cilento sample this variant was less frequent. The association was replicated in two 

isolates, Val Borbera (in the North) and Cilento (in the South) thus, confirming the 

association of this variant to smoking quantity also in our country. Interestingly, 

Carlantino did not show any significant association but only a trend that was stronger if 

the cut-off of smokers was set at 15 CPD. The lack of association observed in 

Carlantino could be attributed to a reduced power in this sample. However, the different 

LD pattern detected in Carlantino in the variant region, suggests that the rs1051730 

variant is not the functional variant but is in LD with the causal variant in Cilento and 
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Val Borbera populations. A different proxy should be present in Carlantino. Further 

study of the region, including a sequencing of the region in larger sets of individuals, 

will be required to elucidate this hypothesis. 
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Table 1.  Association analysis of the rs1051730 variant 

 

 
*  >10 cpd/die 
^ <= 10 cpd/die 
° 10.000 simulations using GeneDrop tool (http://www.stat.washington.edu/thompson/Genepi/). 
§ As lambda lower than 1, no correction was applied to the statistics.  

 
Sample Size fA Chi-square p-value Λ° Corrected chi-square  

p-value 

Val Borbera 
Cases* (402)  

Controls^ (304) 

0.423 

0.365 

6.21 

p=0.012 
1.05 

5.91 

p=0.0151 

Cilento 
Cases* (165)  

Controls^ (89) 

0.394 

0.292 

5.21 

p=0.022 
0.984 

5.21§ 

p=0.022 

Carlantino 
Cases* (191)  

Controls^ (113) 

0.421 

0.411 

1.52 

p=0.22 
1.01 

1.51  

p=0.22 
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Legend to Fig, 1  

 Odds ratios and confidence intervals from all studies  A forest plot for the three 

studies with odds ratios (OR) and 95%  confidence intervals (95% IC) is shown. A log 

scale is used on the x-axis. The width of the boxes is proportional to the precision of the 

study and the ends of the horizontal lines represent lower and upper 95% confidence 

limits. The left vertical line marks an odds ratio of 1.0, corresponding to any risk. For 

the Val Borbera and Cilento populations the reported odds ratios are greater than unity 

indicating an increase in the risk of becoming a heavy smoker. The central diamond 

corresponds to the odd ratio for the combined sample and it is obtained applying the 

Cochran-Mantel-Haenszel test. The homogeneity of effects between the three groups is 

tested by Breslow-Day statistic test.  
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