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Bulletin No. 1   Operational Characteristics of the Smoke Signature™ Assay 
 
Assay Type:  The assay is designed to work using bisulfite converted human DNA.  In principle, the two step 
digital PCR assay is simply a quantitative genotyping assessment of bisulfite converted DNA at the position 
corresponding to cg05575921, the well characterized CpG residue that demethylates as a function of exposure 
to the polyaromatic hydrocarbons (PAH) found in tobacco smoke.  After genomic DNA is bisulfite converted, 
the preamplification reaction selectively enriches the copy number of the AHRR region containing this locus.  
The second step of the reaction, which utilizes the Smoke Signature Assay itself, amplifies a small amplicon of 
that region in the presence of hydrolysable probes that contain either the Fam or Hex fluors.  The extent of 
hydrolysis of each probe is directly proportional to the number of “C” (which represent the non-converted 
originally methylated allele) and “T” (unmethylated allele) in the target DNA.  
 
Droplet Digital Implementation:   Weaknesses of quantitative PCR (qPCR) techniques include the requirement 
for numerous reference standards and lack of precision.  Theoretically, digital PCR can overcome these two 
weaknesses.  As originally described, the Smoke Signature Assay was initially formulated as a qPCR assay.1,2  
The implementation of our approach using a droplet digital PCR (ddPCR) format overcomes these 
limitations.   
 
In the Bio-Rad ddPCR approach, a PCR solution containing approximately 10,000 to 20,000 target amplicons is 
partitioned into ~15,000 to 20,000 nanoliter sized individual droplets.  These “reaction vesicles” are first heat 
treated to prevent fusion with other droplets, then subjected to PCR amplification.  When the Smoke 
Signature Assay is used together with this system, we effectively create ~15000 individual reaction chambers 
containing 0,1 or more than 1 of the “C” or “T” cg05575921 amplicon.  The 39 cycles of amplification that 
follow are then more than enough to fully consume any primer or probe corresponding to any amplicon in PCR 
solution contained within those individual “little bowling balls”.  By fluorescently counting the number of 
vesicles containing hydrolyzed Hex (T allele) and/or Fam (C allele), and then Fourier transforming the data, we 
can exactly determine the C/C+T ratio of the input solution and thereby the methylation status of the input 
DNA. 
 
The Relationship of cg05575921 to Smoking Status:  The finding that cg05575921 is demethylated in response 
to smoking is the best validated finding in biological psychiatry with scores of papers from various groups 
reproducing the original findings by Monick and colleagues.3 However, the vast majority of studies were 
conducted using Illumina arrays while our earliest single locus studies were conducted using qPCR.  Each of 
these assessment techniques has its “normal” and “abnormal” range which are functions of both the 
underlying biology and the biases of the approach.  For example, array based approaches of highly methylated 
regions often overestimate methylation status of highly methylated regions secondary to non-specific 
competition of the immobilized oligonucleotide probe by DNA segments with high sequence identity.  
Although the Smoke Signature™ approach is not without bias, it is more likely to be a true estimate of the 
methylation status of the locus.   



 
To date, the relationship of cg05575921 to smoking status using the ddPCR approach has been examined in 
over 2000 subjects.  In an in submission paper by Allan Andersen and associates that examines DNA from 
nearly 1000 subjects, the range for adult non-smokers appears to 80% to 88% with methylation levels below 
75% being almost exclusively associated with serum cotinine confirmed smoking status.  The normal range for 
non-smoking adolescents appears identical.4  However, given the extent of demethylation at cg05575921 is 
dependent on smoking consumption, the degree of demethylation seen in adolescent smokers is much less. 
 
It does not appear that non-smoked forms of tobacco affect DNA methylation at cg05575921.  In two separate 
studies, investigators did not find an effect  of “chew” on methylation status.5,6  Since nicotine is metabolized 
via CYP2A6 and 2B6, which are regulated by AHRR, this is not unexpected.7   The effect of certain drugs, in 
particular those with putative effects on DNA methylation, has not been systematically examined. 
 
Over the next year, we and our academic affiliates expect the publication of a number of peer reviewed 
manuscripts describing the assay performance. Please see our website (www.bdmethylation.com) for updates 
and pre-prints of these communications and those by independent groups. 
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