
A.  KIT CONTENTS

s 2X Pre-Amp Assay - 1ml

s 20X Smoke SignatureTM Assay - 200μl

s C - Control Plasmid - 50μl

s T - Control Plasmid - 50μl

B.  PROTOCOL FOR THE SMOKE SIGNATURE
TM

ASSAY USING DNA PREPARED FROM BLOOD

Step 1. Prepare DNA from whole blood or mononuclear cell pellets for bisulfite conversion.

In general, DNA prepared using almost any protocol can be used as long as it is reasonably clean 

(i.e. 260/280 ≥ 1.7; 260/230 ≥ 1.5). Our academic affiliates have conducted hundreds of bisulfite 

conversions using DNA prepared by a number of methods and have not yet encountered difficulties

as a result of impure DNA.  However, since a critical portion of any conversion involves denatura-

tion steps, every effort should be made to use clean DNA to aid complete denaturation.

Step 2. Bisulfite convert the DNA. There are a number of kits on the market to bisulfite convert

genomic DNA. We have had routine success using the kits from a variety of manufacturers includ-

ing those from Qiagen (Epitect® Fast 96 Bisulfite Kit) and Epigenetik (Bisulflash™).  In order to

ensure the maximal precision of the assay process, we recommend an input of 1μg of DNA for the

Epitect®  Fast 96 Bisulfite and 200ng for the Bisulflash™ kits with careful adherence to the instruc-

tions of the kit manufacturer.

Step 3. Pre-amplification of the Smoke SignatureTM region using 2X Pre-Amp Master Mix. In

this step, we will isolinearly produce DNA templates of the AHRR region suitable for ddPCR assess-

ments.  In this process, it is essential to use the maximal number of independent copies of the origi-

nal genomic region in the pre-amp step. Therefore, when using the Epitect® Fast 96 Bisulfite  and

Bisulflash™ kits, we recommend that at least 3μl of the final converted DNA solution be used.   For

example, for ninety-two 3μl samples of bisulfite DNA (note that 4 wells of each 96 well plate are
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reserved for standards), one would take 500μl of 2X Pre-Amp master mix (vortex before opening),

add 200μl of water and then vortex to mix evenly.  Then, dispense 7μl of the resulting mixture to

each sample and then thermocycle according to the below parameters.

Prepare the Pre-Amp Reactions

Component 10X 20X 100X

2X  Pre-Amp Master Mix 50μl 100μl 500μl 

Bisulfite Converted DNA Variable (maximum 5μl) Variable (maximum 5μl) Variable (maximum 5μl)

Water Variable Variable Variable

Total Volume 100μl 200μl 1000μl

Isolinear Pre-Amplification Cycling Parameters.  95
o

x 3min, then 20 cycles of 95
o

C for 15sec and

60
o

C x 60sec, hold at 20
o

C or less until removed from the thermocycler and store frozen 

(-20
o

C) until the next step.

Step 4: Analysis of methylation state by Droplet Digital™ PCR (ddPCR). In this step, we pre-

cisely quantify the percent methylation at AHRR using Droplet Digital™ PCR (ddPCR) materials

and machinery from Bio-Rad (USA). We have had excellent results with Bio-Rad’s materials, but

customers should feel free to use these assays in any digital process. Please contact us if using digi-

tal PCR materials from other manufacturers for guidance.  If you wish to use ddPCR but do not have

direct access to the necessary machinery, please contact us (info@bdmethylation.com) or see our

website (www.bdmethylation.com) to see a list of BioRad certified providers for ddPCR services.

Dilution. BioRad’s ddPCR approach works best when approximately 20,000 independent templates

are present in the final PCR solution.  To achieve this, a dilution of the isolinear pre-amp solution is

necessary.  To do this, the pre-amplified material from Step 3 are diluted between 1:500 to 1:5000 in

water (1:1500 is usually pretty safe). The exact ideal dilution can vary with respect to the type of ther-

mocycler used to perform the pre-amplification.

Prepare the Master Mix for digital droplet PCR (ddPCR).  The next step is to prepare the master

mix.  The ddPCR Supermix (BioRad #186-3024) and  Smoke Signature™ should be thawed at room

temperature and vortexed before use.  Then, briefly spin each tube before opening to reduce lid con-

densate.  The amount of water to be added will depend on the volume of DNA added to each well.

Component Volume/reaction, μl 100 reactions Final concentration

2X ddPCR Supermix (no dUTP) 11μl 1100μl 1X

Smoke Signature™ 20X Assay 1.1μl 110μl 1X

Water 4.9μl 490μl --

Total Master Mix Volume 17μl 1700μl --

Loading the Plate.  A standard 96 well plate layout for the QX-200™ analysis system is shown in

Figure 1.  Into each sample well (“S”) 5μl of each of these diluted samples are pipetted.  In each blank

well (the grey A1 and B1 well), 5μl of water is pipetted, while into the “C” and “T” standard wells,

5μl of each respect standard solution is pipetted.  Then, 17μl of a ddPCR master mix which contains

primers, probes, dNTPs and polymerase is added to each well.   The resulting samples are then vor-

texed, processed to produce digital droplets, and amplified as per the BioRad protocol 

(www.bio-rad.com/en-cn/product/qx200-droplet-digital-pcr-system).



Performing ddPCR.  As noted, we and our academic affiliates have had excellent results when using

this assay in combination with the BioRad QX-200™ Droplet Digital™ PCR System (www.bio-

rad.com).  Although this assay can be used on any manufacturer’s device, we recommend its use in

conjunction with our Smoke Signature™ Assay.   The thermocycling parameters for this system are

listed below. Should your institution not have access to this technology, please contact us

(info@bdmethylation.com) or your BioRad representative for a list of certified providers of the

ddPCR technology.

Thermal cycling protocol (all ramp rates set to 2°C/sec)

95°C for 10 minutes

40 cycles 95°C for 15 seconds

55°C for 1 minute

98°C for 10 minutes, then hold 12 – 20°C until analyzed.

Questions? For further information, please contact us at info@bdmethylation.com.

US Patent#  8,637,652 and 9,273,358 apply

Figure 1. Typical layout of a 96-well ddPCR plate. Wells A1 and B1 are blanks, while C1 and D1 are

reserved for pure solutions of either the “C” or “T” template.  The remaining 92 wells are available for

samples.  Please note that is not necessary to use all 96 wells.  However, standards and blanks should

be used on every run. 
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