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Abstract
Interest in genome-wide association studies to identify
susceptibility alleles for cancer is growing, and several are
currently planned or under way. Although the feasibility of
collecting buccal cell samples as an alternative to venous
blood samples as a source of genomic DNA has been shown,
the validity of using DNA from buccal cells for genome-wide
scans has not been assessed. We used 46 paired buffy coat and
buccal cell samples to test the feasibility of using DNA from
buccal cells for genotyping with the HumanHap300 Bead
Chip (v.1.0.0) on the Illumina Infinium II platform. Genotyping was successful in every sample, regardless of DNA yield

or sample type. Of the 317,502 genotypes attempted, 315,314
(99.3%) were successfully called. Completion rates were
similar for buffy coat and buccal cell samples (99.63% and
99.44%, respectively; P = 0.15). Completion rates <99% were
observed in only four samples and did not differ by specimen
type. The paired samples showed exceptionally high concordance (99.96%). These results show that buccal cell samples
collected and processed under optimal conditions can be
used for genome-wide association studies with results
comparable to those obtained from DNA extracted from buffy
coat. (Cancer Epidemiol Biomarkers Prev 2007;16(5):1023 – 5)

Introduction
Contemporary genotyping technologies allow for thousands,
and even hundreds of thousands, of genotypes to be done
quickly using a relatively small amount of DNA (1-3). Interest
in genome-wide scans to identify susceptibility alleles for
cancer is growing, and the use of these technologies to perform
genome-wide association studies is under way (2). One such
study is the Cancer Genetic Markers of Susceptibility initiative
that will use a genome-wide scan to identify genetic
susceptibility to prostate and breast cancer.8 Although the
amount of DNA for these genotyping platforms is much
smaller than the amount required by older technologies, DNA
collected in epidemiologic studies from carefully characterized
populations is still a finite resource that needs to be managed
and preserved. Moreover, the source of the DNA can be
critical, especially for high-throughput technologies that
require optimal quality DNA to ensure high completion rates
and fidelity. Select technologies, such as the Illumina Infinium
II, cannot use whole genome amplified DNA.
Previous studies have reported on the feasibility of collecting buccal cell samples as a simple and cost-effective
alternative to venous blood samples as a source of genomic
DNA (4-8). As a result, many investigators have started
collecting buccal cells, either in place of, or as a supplement
to, blood samples when blood collection is either refused by a
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study participant, or is not feasible. However, there are at least
two limitations of buccal cell samples compared with blood
samples that would decrease their applicability to large-scale
genotyping studies. One, the amount of human DNA that can
be extracted from a typical buccal cell collection may not be
sufficient, and two, the accuracy of genome-wide scan results
from a buccal cell sample has not been established.
To determine the feasibility of using DNA from buccal cells
for genome-wide association studies, we conducted a genome
scan using the HumanHap300 Bead Chip (v.1.0.0) on the
Illumina Infinium II platform with paired buffy coat and
buccal cell samples from 23 participants in the American
Cancer Society Cancer Prevention Study II (CPS-II) Nutrition
Cohort. The HumanHap300 Bead Chip includes 317,502 single
nucleotide polymorphisms (SNPs) derived from the Phase I
HapMap data (9).9

Materials and Methods
From June 1998 to June 2001, blood samples were collected
from 39,376 participants in the CPS-II Nutrition Cohort
(described elsewhere; ref. 10). After obtaining informed
consent, a maximum of 43 mL of nonfasting whole blood
was collected from each participant, and samples were
separated into aliquots of serum, plasma, RBC, and buffy
coat. Samples were frozen in liquid nitrogen vapor phase at
approximately 130jC for long-term storage.
In 2001 to 2002, buccal cells were collected from 69,467 CPSII participants who had not provided a blood sample. For
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Table 1. Results of DNA extraction and paired comparison
of genotyping completion rates and concordance for blood
and buccal samples
Paired DNA samples (n = 23 pairs)

DNA yield median
(range; ng/AL)
Genotyping completion
rate, % (95% CI)*
Concordance, % (95% CI)

Buffy coat

Buccal cells

49.6 (0.55-74.68)

44.4 (14.32-66.04)

99.63 (99.43-99.84)

99.44 (99.14-99.72)

99.96 (99.93-99.99)

*Percent based on 315,314 SNPs using the HumanHap 300 chip; P value for the
difference in completion rates by sample type, 0.15.

quality control purposes, we also collected buccal cell samples
from 537 individuals who had already given a blood sample.
Buccal cell collection kits were mailed to CPS-II participants,
and two buccal cell samples were collected using the ‘‘swishand-spit’’ protocol (4). Briefly, participants were mailed two
prelabeled collection cups, a small bottle of Scope mouthwash,
and a return envelope. Participants were instructed to swish a
tablespoon of Scope in their mouth for 60 s and spit the
contents into one of the collection cups. Participants were
instructed to do this once before bedtime, and then again
the following morning as soon as they woke. After both the
evening and the morning samples were collected, the
participant was instructed to place both collection vials into
the self-addressed, postage-paid envelope. Samples were
received at the biorepository (Fisher BioServices) via regular
mail. The two samples from each individual were then
combined into one vial and centrifuged at 2,700 rpm for
15 min. The resulting pellet was resuspended in Tris-EDTA,
split into two cryovials, and frozen in liquid nitrogen vapor
phase at approximately 130jC for long-term storage.
We randomly selected 23 men who had both a blood and
buccal cell sample to be used for this study (N = 46 samples).
The age range of these men at the time of sample collection
was 70 to 90 years (median, 79 years).
DNA was extracted from both buffy coat and buccal cell
samples using the Autopure System (Gentra, Inc.). The volume
of each sample was measured and transferred to moveable
1.2-mL tubes in a 96-well format (ScreenMates Sample Storage
Tubes, Matrix Technologies). At the time of transfer, 2 AL of
each sample was analyzed with the NanoDrop ND-1000
spectrophotometer (NanoDrop Technologies) to determine
the working concentration (ng/AL) of each sample. Due to an
error during DNA extraction, one buffy coat sample had very
low volume.
Following the manufacturer’s protocol, samples were run on
the Illumina Golden Gate QDNA process (see Illumina
BeadLab System Manual – Automated Process, Make QDNA/
Read QDNA sections), a PicoGreen-based assay that uses 2 AL
of DNA and compares it to the reference standard curve of
lambda DNA. The resulting concentration data were used to
transfer 2,000 ng of each sample to an ABgene 0.8-mL storage
plate (ABgene, Inc. USA). The DNA was desiccated and resuspended in 40 AL of Tris-EDTA, for an overall expected
concentration of 50 ng/AL.
Before beginning the Infinium II protocol, the concentrated
samples were run through the QDNA process (as above)
once more to be sure the concentrations were in the range of
50 ng/AL. Four low outlier samples were observed (concentrations between 0.5 and 36 ng/AL), which had previously
been reported to have low amounts of DNA. The lowest of
these outliers (concentration of 0.5 ng/AL) was the buffy coat
sample that had very low volume as a result of lab error during
DNA extraction. These samples were left in the process as a
test to determine minimum DNA amounts needed for the

Infinium II assay, which begins with a whole genome
amplification step. Following the manufacturer’s instructions
for Infinium II, the samples were run using the automated
process on the HumanHap300 Bead Chips (v.1.0.0). The
system used was equipped with the Illumina Infinium LIMS.
All data collected were analyzed using Illumina’s Bead Studio
software with Genotyping Module (v.2.2.22).
For analysis of the genotype results, completion rates per
sample were calculated, and the Wilcoxon signed-rank test
was used to compute a P value for the difference in completion
rates by sample type (buffy coat versus buccal cell). Concordance was determined by comparison of matched blood and
buccal sample results. The 95% confidence intervals (95% CI)
were computed, accounting for clustering within subject using
a generalized estimating equation.

Results and Discussion
The results of this study are shown in Table 1. The median
(range) of total DNA (as measured by PicoGreen) for the blood
and buccal cell samples was 49.6 ng/AL (0.55-74.68) and
44.4 ng/AL (14.32-66.04), respectively. Genotype analysis
yielded high completion rates for each sample, regardless of
DNA yield or sample type (Fig. 1). In fact, the four samples
(one blood and three buccal cell) with concentrations between
0.5 and 36 ng/AL performed comparably to those samples with
a measured concentration of DNA >50 ng/AL. Of the 317,502
genotypes attempted, 315,314 (99.3%) were successfully called;
the majority of assays that failed were monoallelic in our
population. Genotype completion rates from these 315,314
genotypes were similar for buffy coat and buccal cell samples
(99.63% and 99.44%, respectively; P = 0.15). Completion rates
for SNP genotype assays were above 99% for all but four
samples; two buffy coat samples and one buccal sample had
completion rates between 97% and 99%. One buccal sample
had a completion rate of 96.6%. An analysis of fitness for
Hardy-Weinberg proportion revealed f15,000 SNPs were
significant (P < 0.05), which represents 4.7% of the attempted
SNPs (data not shown).
The analysis of paired samples showed exceptionally high
concordance (99.96%; 95% CI, 99.93-99.99). A total of 18 of the
23 pairs were 100% concordant, 4 were 99.9% concordant, and
the lowest pair was 99.6% concordant, and concordance did
not depend on sample concentration. Based on these data, we
infer that the observed error rate seems to be significantly
below the error rates reported for other genotyping methods.
These data provide clear evidence that buccal cell samples
obtained using the swish-and-spit protocol can be used on the
Illumina Infinium II platform, with results comparable to those
obtained using DNA extracted from buffy coat.
The primary limitation of this study is the small sample size.
However, the size of this study (23 pairs) has sufficient power

Figure 1. Genotype success rates (displayed as percent missing) for
315,314 SNPs using the HumanHap 300 chip for DNA samples
extracted from buccal cell and buffy coat samples.
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to detect a difference as low as 0.5% between the genotyping
success rates. This study was designed to investigate the
performance of high-quality genomic DNA extracted from
buccal material using the Infinium II technology, and as such,
its conclusions are suitable for this technology. Additional
studies are needed to address the performance of other
genotyping platforms currently available as well as different
sample handling methods and sources of DNA.
Our results have important implications for the conduct of
whole genome studies. In studies where buccal samples have
been extracted and stored properly, it will be possible to
increase sample size and could obviate whole genome
amplification before genotyping (11-19). Although the latter
can generate large quantities of DNA from nanograms of highquality DNA, a number of studies have shown that the
amplification step is not 100% accurate, and loss of heterozygosity, often clustered in GC-rich loci, can arise (12). We have
shown that it is possible to generate high-quality genotype
data with DNA extracted from the swish-and-spit protocol
under optimal circumstances. It is possible that mishandling of
samples or suboptimal storage can undermine the integrity of
genomic DNA and, thus, its performance in high-throughput
genotype analyses (20). Thus, it is critical that established
protocols be carefully followed, and that high-quality genomic
DNA be extracted and stored properly if buccal cell materials
are to be used for dense whole genome scans.
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