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Abstract

The common CHRNAS5 mis-sense coding single nucleotide polymorphism (SNP)
rs16969968:G>A (D398N) has been shown repeatedly to confer risk for heavy smoking in
individuals who carry the ‘A’ allele (encoding the 398N amino acid). The mis-sense SNP has a
minor allele frequency (MAF) of ~40% in European-Americans, but only ~7% in African-
Americans (http://www.ncbi.nlm.nih.gov/projects/SNP/). We reasoned that there might be other
mis-sense variants among African-Americans that could confer the heavy smoking phenotype
(defined here as =20 cigarettes per day), perhaps in a similar manner to that of the D398N
polymorphism in Europeans. As such, we re-sequenced 250 African-American heavy smokers,
most of whom were homozygous ‘G’ at rs16969968:G>A (MAF of 9.6% within the population).
Although many novel coding SNPs were not observed, we report an interesting, although rare
(perhaps personal) variant in CHRNADS that could result in nonsense-mediated decay of the
aberrant transcript.
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Introduction

Numerous genome-wide studies and meta-analyses conducted in multiple ethnic groups
have identified genes thought to be responsible for smoking related measures and behaviors,
including smoking quantity (cigarettes smoked per day: CPD) and the Fagerstrém Test for
Nicotine Dependence (FTND) (Bierut et al., 2007; Berrettini et al., 2008; Vink et al., 2009;
TAG 2010; Thorgeirsson et al., 2010; Liu et al., 2010; Li et al., 2006; Li et al., 2008; David
etal., 2012; Chen et al., 2012; Rice et al., 2012). In addition, targeted association studies
have identified the CHRNAS5-A3-B4 gene cluster as being associated with nicotine
dependence in various ethnic populations (Saccone et al., 2007, 2009, 2009b; Li et al., 2010,
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2010b). The missense polymorphism rs16969968:G>A in CHRNAS is thought to confer risk
for heavy smoking in people of European ancestry as it encodes an amino acid change
(D398N) that leads to hypo-functionality of (a4f2),a5 nAChRs (Bierut et al, 2008;
Kuryatov et al., 2011; Tammimaki et al, 2012). However, rs16969968:G>A has a low minor
allele frequency (MAF) in populations other than those of European descent (Bierut et al.,
2008) and the linkage disequilibrium block that includes this SNP extends upstream and
downstream of the CHRNAS gene itself (Saccone et al, 2010). We hypothesized that
African-American heavy smokers might have different common (MAF>1%) or rare
(MAF<1%) variants in CHRNAS that would associate with the nicotine addiction phenotype,
as does rs16969968:G>A in Europeans.

Previous re-sequencing studies have been done to assess the contribution of rare variants in
the CHRNAS/A3/B4 gene cluster to the etiologies of various disorders, such as megacystis-
microcolon-hypoperistalsis syndrome (MMIHS — A3/B4) (Lev-Lehman et al, 2001),
autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE — A5/A3/B4) (Duga et al,
2001) and sporadic amyotrophic lateral sclerosis (SALS — A3/B4) (Sabatelli et al, 2009).
Whereas these prior studies were mainly on people of European descent, Rana et al (2009)
re-sequenced the CHRNAS/A3/B4 genes in 34 Caucasian-American and 30 African-
American individuals seeking to discover natural variation in these genes that might explain
heritable autonomic traits. More recent CHRNAS/A3/B4 re-sequencing efforts have studied
the relationship between common and rare variants in these genes and their association with
the Fagerstrom Test for Nicotine Dependence (Wessel et al, 2010; Haller et al, 2012).
Whereas Wessel et al (2010) re-sequenced European-Americans, re-sequencing by Haller et
al (2012) included 400 European-Americans and 352 African-Americans; half of each
sequenced population being nicotine dependent cases or smoking controls. Here, we re-
sequenced the coding regions of the CHRNAS gene (GenBank: NM_000745.3) in an
independent population of 250 African-American heavy smokers (defined as people who
smoked 20 or more cigarettes per day). In most cases, rare variants (MAF<1%) in CHRNAS
are unlikely to explain the heavy smoking phenotype. Nonetheless, we identified a rare
frame-shift variant that might result in nonsense mediated decay (NMD) of the aberrant
transcript.

Materials and Methods

Ethics Statement

The NIMH and NIDA Genetics Initiative samples were collected by consortia (see
Acknowledgments) with written informed consent and were purchased from the Rutgers
University Cell & DNA Repository (RUCDR) before use in this study.

Study Subjects

We screened the NIMH Genetics Initiative African-American control population for their
self-report of maximal CPD smoked (questionnaire subsection M3B). Using a 20 CPD cut-
off for inclusion in the CHRNADS re-sequencing project yielded 250 African-American heavy
smokers. The African-American cocaine (N=487) and opiate (N=325) addicted populations
from the NIDA Genetics Initiative were obtained from the RUCDR. These de-identified
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genomic DNA (gDNA) samples were used to determine the frequency of the exon 2 deletion
in a larger, independent African-American population. Ethnicity was by self-report.

CHRNAJS re-sequencing and genotyping

Amplicons of CHRNAS exons (1-6) were verified by agarose gel electrophoresis prior to
Sanger sequencing. Sequencher 4.9 (GeneCodes Corporation, Ann Arbor, MI, USA) auto-
called common polymorphisms and rare polymorphisms were called using the ‘call
secondary peaks’ command with secondary peak height set to 45%. Initial quality control
was by visual inspection of chromatogram peaks with additional verification done by
sequencing the opposite strands of amplicons, by sequencing a second amplicon from the
same individual or by TagMan® allelic discrimination assays (Life Technologies, Grand
Island, NY, USA). The frame-shift deletion in CHRNAS5 exon 2 was verified by TA-cloning
of amplicons into pCRII-TOPO vector (Life Technologies), transforming E. coli, purifying
plasmid DNA and fully sequencing both alleles. TagMan® assays used were:
C_1502678_10 (rs2036527:G>A), C_26000428 20 (rs16969968:G>A) and custom assays
for the exon 2 frame-shift deletion, rs80087508:A>G and rs79109919: T>A. TagMan®
assays were cycled in a 9700 PCR machine under standard parameters in 384 well plates
with 4 ng gDNA per 5 pl reaction, post-read into SDS 2.2.2 on a 7900HT and final
genotypes called automatically using TagMan® Genotyper (Life Technologies) prior to
export into Excel for recoding and analysis using Haploview 4.2 (Barrett et al., 2005).

Haplotype analysis

Results

Haploview 4.2 (Barrett et al., 2005) was used to build haplotypes, calculate linkage
disequilibrium (LD) and generate statistics (expectation maximization) on single markers
and haplotypes determined by genotypes at various loci within CHRNAS in the re-sequenced
African-American population (Figure 2), and to calculate LD between SNPs using version 3,
release 27 of the CEU+TSI (European descent), CHB+JPT (Asian descent) and ASW
(African-American) HapMap data sets for the region encompassing CHRNAS.

Sequencing results are given in Table 1. One novel rare variant, a 5 bp deletion in exon 2
(Figure 1), was identified in CHRNADS of one African-American heavy smoker. The resultant
frame-shift causes premature stop codons in exons 3 and 4 (Figure 1), which, in theory,
would cause the aberrant transcript to undergo NMD. The individual smoked 30 CPD, is
homozygous ‘G’ at rs16969968:G>A for D398N, and has neither the promoter deletion
rs3841324:GGGCGGGGCCAGAGGGAAATAG>- nor the rs79109919:T>A (L363Q) or
rs80087508:A>G (K167R) mis-sense variants. Additionally, this individual is homozygous
‘G’ at rs2036527:G>A; the only SNP to achieve genome-wide significance in a meta-
analysis of African-American populations based on CPD (David et al., 2012). No other
sequenced or genotyped African-American individuals had the exon 2 deletion, suggesting it
is either very rare among African-Americans or is a personal variant (Table 1). A ‘frame-
shift” variant at this position in CHRNAS exon 2 is noted in one African-American in the
National Heart Lung and Blood Institute Exome Sequencing Project (NHLBI_ESP) (Exome
Variant Server, 2012). Given the rarity of this variant, it is entirely possible, but not

Psychiatr Genet. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Doyle et al.

Page 4

necessarily the case, that both studies re-sequenced the same individual with this
polymorphism.

Other CHRNAS rare variants identified in our African-American heavy smoker population
(Table 1), included a novel synonymous C>T SNP in exon 1 (G31G), known rare variants in
exons 3, 4 and 5 (rs148722844:G>A, V971, rs2229961:G>A, V1341 and rs138719535: T>A,
F2661, respectively), and more common known variants in exon 2 (rs79831749:C>T, Y58Y)
and exon 5 (rs80087508:A>G, K167R; rs61740655:C>T, T331T; rs79109919:T>A, L363Q
and rs16969968:G>A, D398N). Like Haller et al. (2012), no novel polymorphisms were
identified in the coding region of CHRNAS exon 6. Whereas most SNPs detected in our
study population were also detected by Haller et al. (2012), they did not report detection of
the rare synonymous G31G or non-synonymous V971 SNPs in their African-American study
population. The V971 variant was detected in one African-American individual in the
NHLBI_ESP re-sequencing study. The individual in our study with the V971 variant also
has the L363Q variant, but not the V1341, K167R, F2661 or D398N variants. Valine 97 in
a5 protein is invariant among species and isoleucine substitution is predicted to be
“probably damaging” by PolyPhen2 (http://genetics.bwh.harvard.edu/pph2/). Similar
PolyPhen2 predictions are made for V1341, K167R, F2661 and L363Q (Table 1). It remains
unknown if this individual is a compound heterozygote or if both damaging variants occur
on the same CHRNAS allele.

We did an exploratory analysis in which individuals who smoked CPD<25 (N=130) or
CPD=25 (N=120), the defined “breakpoint” (whereby specificity improves from 65%
(CPD=20) to 90% (CPD=25)) for DSM-IV nicotine dependence in Europeans (Berrettini et
al., 2008), were categorized as nicotine dependent ‘controls’ or ‘cases’, respectively. Even
with very limited power, a nominal trend toward statistical significance was observed for
two markers: rs3841324:GGGCGGGGCCAGAGGGAAATAG>- (X2=2.782, p=0.0953)
and rs569207:C>T (X2=3.713, p=0.054). One haplotype (f=0.177) showed a nominal trend
toward statistical significance (X2=2.954, p=0.0856) (Figure 2). No other single marker or
haplotype showed a trend (p<0.1) toward statistically significant association with the CPD
phenotype.

Discussion

Chrnab knockout mice self-administer more nicotine at high doses than their wild-type
littermates (Fowler et al., 2011). Similar to heterozygous Chrna5 mutant mice, the
individual with the deletion in exon 2 (Figure 1) may be haplo-insufficient for a5 receptor
expression due to NMD of the allele. Thus, without compensatory up-regulation of the other
CHRNADS allele (see below), this heavy smoker may have fewer a5-containing receptors
than normal individuals, being able to administer more nicotine for reward, without the
aversive consequences of higher nicotine doses.

Functional polymorphisms within regulatory, intronic or untranslated regions that affect a.5
receptor expression levels may modulate nicotine dependence (Wang et al., 2009, 2009b;
Buckland et al., 2005). Indeed, rs2036527:G>A, located at -6246 from the transcription start
site of CHRNADS, obtained genome-wide statistical significance in a meta-analysis of
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African-American GWAS (David et al., 2012) and a meta-analysis of European GWAS
identified the CHRNAS 5'UTR SNP rs55853698:T>G as having the highest statistical
significance for the CPD phenotype (Liu et al., 2010). The minor allele (*G”) of
rs55853698:T>G is in moderate LD (D’=0.872, r?=0.52) with the rs2036527:G>A minor
allele (*A’) in our African-American heavy smoker population (Figure 2). Thus,
rs2036527:G>A may be a proxy for greater expression of CHRNAS in African-Americans
(David et al., 2012) and other ethnic populations where LD between rs2036527:G>A and
rs55853698:T>G is perfect (LkGenome CEU: D'=1.0, r?=1.0).

A CHRNAS promoter study, that excluded rs2036527:G>A, found significantly more
reporter activity was obtained from the T-G than the T-C

(rs55853698: T>G-55781567:C>G) 5"UTR haplotype (Doyle et al., 2011). Additionally,
individuals with the minor allele (‘T*) at CHRNAS intronic SNP rs588765:C>T had 2-3-fold
higher CHRNAS5 mRNA expression (Wang et al., 2009b). The individual with the exon 2
frame-shift is homozygous ‘T’ at rs55853698:T>G, but heterozygous at rs55781567:C>G in
the CHRNAS5 5'UTR, and is heterozygous at intronic SNP rs588765:C>T raising the
possibility of higher expression from one of the CHRNAS alleles. If the exon 2 frame-shift
occurs on a background allele that is rs55853698:T-rs55781567:C-rs588765:C, then we
cannot exclude the possibility that, although the aberrant allele may undergo NMD, this
individual has a normal level of a5 protein expression from higher mMRNA expression from
the other CHRNADS allele that is rs55853698:T-rs55781567:G-rs588765:T. Therefore, the
role of the exon 2 deletion in mediating this individual’s heavy smoking remains unclear.

According to HapMap, rs2036527:G>A is in almost perfect LD (D”=0.979, r?=0.902) with
rs16969968:G>A in Europeans, but these SNPs are in moderate to low LD, respectively, in
Asians (D’=0.872, r?=0.673) and African-Americans (D’=0.87, r2=0.218). The LD between
rs2036527:G>A and rs16969968:G>A was slightly higher in our African-American heavy
smoker population (Fig. 2, D"=0.965, r2=0.302) than found in HapMap and the MAF of
rs16969968:G>A was higher in our African-American heavy smoker population (9.6%) than
in either the 1000 genomes ASW (7%) or NHLBI_ESP African-American (6%) populations.
This suggests that, similar to European and Asian populations (Berrettini et al., 2008; Chen
et al., 2012), at least one hypo-functional a5 allele (Bierut et al, 2008; Kuryatov et al., 2011;
Tammiméki et al, 2012) might be contributing to heavy smoking in a subset of our re-
sequenced African-American population.

Similar to our results (Table 1), Haller et al. (2012) found few novel mis-sense variants in
CHRNAS that were more prevalent in the nicotine dependent (FTND=4) than non-dependent
(FTND<1) African-American Collaborative Genetic Study of Nicotine Dependence sample
(N=352). Likewise, whereas the NHLBI_ESP identified both known common and novel rare
mis-sense CHRNADS variants in African-Americans, the rare variants were extremely
uncommon (MAF«1%). Two exceptions — rs2229961:G>A (V134l) and rs76766434:C>T
(R401C) — occurred at slightly higher frequencies, but still had MAF<1% (Exome Variant
Server, 2012). We identified 2 individuals in our heavy smoker population that were
heterozygous at rs2229961:G>A, but did not find heterozygosity at rs76766434:C>T in any
sequenced individual (Table 1). Haller et al. (2012) identified SNPs in CHRNB4
(rs12914008:A>G and rs61737499:G>A) and in CHRNA3 (rs8192475:C>T) that decreased
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risk for nicotine dependence in both Europeans and African-Americans, but did not find
association of rare variants in CHRNB3, CHRNAG6 or CHRNAS with nicotine dependence in
either population. Therefore, additional common or rare variants in CHRNAS were not found
in our African-American heavy smoker population likely because SNPs in other cholinergic
receptor subunits predict risk for nicotine intake levels among different ethnicities
(Thorgeirsson et al., 2010; Haller et al., 2012; Saccone et al., 2009b; Chen et al., 2012; Rice
et al., 2012) and polymorphisms within other genes, such as CYP2AG, a risk locus for
European and Asian population smoking phenotypes (TAG 2010; Thorgeirsson et al., 2010;
Liu et al., 2010; Kumasaka et al., 2012), may influence smoking status by affecting nicotine
metabolism.

This work is an extension of that by Rana et al. (2009) and Haller et al. (2012) who re-
sequenced CHRNADS (and other) genes in African-Americans. Similar to their results, we
find few novel variants in CHRNADS, and those that we did find are mostly rare in the
African-American population (Table 1). Nonetheless, we describe a novel frame-shift
mutation that likely results in nonsense-mediated decay of the transcript from the aberrant
allele (Figure 1). Several limitations of our study should be acknowledged: We re-sequenced
mainly the coding (exonic) portions of the CHRNAS gene, which, although some intronic
variants were found, excluded large portions of CHRNAS that might have functional
relevance to CHRNAS expression levels. The boundaries of the region associated with
nicotine dependence stretches both upstream and downstream of CHRNAS (Saccone et al,
2010), incorporating other genes (i.e. CHRNA3/B4) that we have not re-sequenced in this
study, but that others reported to contain variants that are protective for nicotine dependence
(Haller et al, 2012). Finally, we conclude that, in African-Americans, variants (common or
rare) in genes other than CHRNAS most likely contribute to the nicotine dependent
phenotype, either independently or in combination with variants in CHRNAS. The functional
significance, on CHRNADS expression or protein function, of the variants found herein must
be determined in future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. African-American individual with a5 bp deletion in CHRNAS exon 2
(A) The original sequence trace of African-American individual with the 5 bp (1 and 2/3

codon) deletion is shown. (B) The theoretical translation of the mutant allele of CHRNAS is
shown. The ‘AAAAT’ deletion mutation causes a frame-shift leading to stop codons
(indicated by stars) in exons 3 and 4 of the spliced transcript. Thus, it is possible the aberrant
transcript undergoes non-sense mediated decay (NMD). This frame-shift deletion variant
was also found in the NHLBI_ESP. We have submitted the variant to doSNP.
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Figure 2. Haplotype and Linkage Disequilibrium Structure of Variantsin CHRNADS of African-
American Heavy Smokers

The linkage disequilibrium (LD) and haplotype block structures containing the indicated
SNPs are shown. Analysis was done using Haploview 4.2 (Barrett et al., 2005) using a solid
spine of LD. The color scheme of the LD plot is for r2 whereby white indicates r2=0 and
black indicates r2=1. Numbers within the shaded squares are those for D’. Haplotypes with
frequencies (indicated to the right of the haplotypes) of less than 1% in the population are
not shown (see Supplemental Figure S1 for all other haplotypes). Unless otherwise
indicated, SNPs are coded in the traditional manner whereby A=1, C=2, G=3 and T=4. An
“R” above a SNP number indicates that it is a “rare” variant which may appear
monomorphic, but see Supplemental Figure S1. Values for rs2036527:G>A (SNP #1) are
not included in the haplotypes as it resides in a different block than the other SNPs
examined. Values for rs3841324:GGGCGGGGCCAGAGGGAAATAG>- (SNP #2), which
is a 22 bp deletion in the CHRNAS5 promoter (Buckland et al., 2005), have been set to “1” for
“normal” or “2” for “deletion”. SNP #8 (rs201277469) is coded such that “no insertion”=1
and “T-insertion”=4. SNP #9 (Novel InDel (intron 1)) is coded such that “TC”=1 and
“deletion of TC”=2. The 5 bp deletion variant in CHRNAS exon 2 (SNP #13, coded “1” for
“no deletion” and “2” for “deletion™) falls within a rare haplotype (f=0.003) containing the
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normal promoter (SNP #2) that is not shown in Figure 2, but see Supplemental Figure S1.
SNP #15 (Novel InDel (intron 2)) is coded such that “CCTTCTA”=1 and “deletion of
CCTTCTA”=2. SNP #31 (Novel InDel (intron 5)) is coded such that “C”=2 and “deletion of
C”=1. The asterisks above the markers (SNP #2 and SNP #10) or to the right of the
haplotype (f=0.177) indicate that the marker or haplotype showed a nominal trend (p<0.1)
toward statistical significance in our exploratory analysis based on CPD.
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