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Abstract

AIM: To demonstrate an inexpensive method for typing
gastric cancer related single nucleotide polymorphisms
(SNPs) using whole blood or paper-dried blood as
starting materials.

METHODS: PCR amplification is directly carried out from
the whole blood or paper-dried blood sample without any
DNA extraction step. Before PCR, a blood sample, four
primers, and all of biological reagents necessary for PCR
were added at a time; After PCR, the amplified products
were directly separated by slab gel electrophoresis or
microchip CE without any purification. SNP typing was
performed by tetra-primer PCR with two inner primers
specific to each allele and two outer primers defining
the length of allele-specific amplicons. Genotypes were
directly discriminated by the size of amplicons specific to
each allele, thereby avoiding any post-PCR process.

RESULTS: Using a special PCR buffer, inhibitory
substances in blood (including the anticoagulant in
blood) and filter paper were effectively suppressed;
a “true” single-tube-genotyping is thus realized. We
successfully determined genotypes IL-1B-511 and IL-
1B-31 polymorphisms at the gene IL-1B by using
whole-blood and paper-dried blood samples as starting
materials respectively. The method is so sensitive
that 0.5-1.0 uL of blood sample is enough to give a
satisfactory typing results. The genotyping results were
confirmed by RFLP-PCR using purified genome DNA,
indicating that amplification specificity was not affected
by inhibitory components (including coagulants) in blood
or filter paper.

CONCLUSION: Compared with SNP typing methods
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based on purified DNA, the proposed method is labor-
saving, simple, inexpensive, and less cross-contaminated.
It is promising to use this method to type other SNPs.
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INTRODUCTION

Gastric cancer is a complex disease with a high mortality
rate! ! but the recent success of the Human Genome
Project’” as well as the identification of vast numbers of
single nucleotide polymorphisms (SNPs)? enables us to
prevent or alleviate the disease by detecting the potential
disease-susceptibility alleles and diallelic markers. It was
reported that cytokine IL-1B, a potent proinflammatory
cytokine that is also a powerful inhibitor of gastric acid
secretion, is up-regulated by H pylori infection and is
important in initiating and amplifying the inflammatory
response to this infection'”. Genetic analysis from different
race’s population’? showed that the T1L-1B-511 and -31
polymorphisms in the promoter region are associated
with the development of gastric cancer. Currently,
several different IL-1B genotyping techniques have been
described; these include restriction fragment length
polymorphisms (RFLP)"*'¥ analysis and pyrosequencing,
Although RFLP is very simple and can be performed
without any expensive instrument, post-PCR process
and a particular restriction endonuclease are required.
Pyrosequencing is a newly developed typing method based
on a real-time DNA sequencing'™'”, but an expensive
pyrosequencer is needed for the detection.

Up-to-now, various typing techniques based on different
principles, e.g, sequence-specific hybridization' "', allele-
1920 o ligation[21’22], and structure specific
cleavage™! have been developed. However, almost all
of these methods require purified genome DNA as the
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starting material for PCR. The genome DNA extraction
is costly and time-consuming, More over, DNA isolation
process causes the risk of sample contamination with
foreign DNAs. Since a huge number of SNPs should be
typed through multiple regions of interest for clarifying
the disease-susceptibility SNPs, a simple, inexpensive
and labor-saving genotyping method without the DNA
extraction procedure is preferable. Here we propose a
single-tube genotyping method by combining whole blood
PCR (WB-PCR) and tetra-PCR™*, Neither a post-PCR
step nor an expensive instrument is required. The type of
SNP could be determined by the length of the amplicons
from PCR with whole blood ot paper-dried blood in a
single tube containing four primers: two inner primers
specific to each allele and two outer primers defining the
length of allele-specific amplicons. To reduce the sample
consumption and to increase the typing speed, microchip
electrophoresis”” was used for the detection. As shown
in Figure 1, the procedure is very simple, and all of the
reagents necessary for PCR as well as blood sample were
added in the tube at a time before PCR. Therefore, the
aim of the present study is to demonstrate an inexpensive
method for typing gastric cancer related SNPs using whole
blood or paper-dried blood as starting materials.

MATERIALS AND METHODS

Reagents

Taq DNA polymerase and ethidium bromide were from
Promega (Madison, USA). Agarose gel was from Oxoid
Limited (Basingstoke Hampshire, England), and dNTP
was from Genebase Gene-Tech (Shanghai, China). All
solutions were prepared in deionized and sterilized water.
DNA 1000 ladder, DNA 1000 Marker15/1500 bp, DNA
Dye, and DNA Gel Matrix were purchased from Agilent
technologies. The other reagents used in the experiment
are analytical pure grade or molecule biology grade. PCR
buffer BL-AMP™ was from Bailong Gene Company
(Nanjing, China).

Blood samples

Human blood samples were obtained from 40 patients
with clinical confirmation and informed consent. Whole-
blood samples were venously collected and treated with
dipotassium EDTA anticoagulant. The blood sample for
condition test was from a volunteer in our laboratory, and
directly treated with dipotassium EDTA, sodium citrate,
and sodium heparinate respectively. All of the whole
blood samples were stored at + 4°C before use. Papet-
dried blood was prepared by dropping a small amount
of anticoagulant blood sample on a piece of sterile filter
paper, followed by air dry at room temperature, and stored
in vacuum desiccator at room temperature before use.

DNA Extraction

Genomic DNA was extracted from blood samples using
standard procedures with phenol-chloroform extraction
method to separate proteins from nucleic acids™. DNA

isolation was carried out by suspending whole blood in
equal volume of lyses buffer (10 mmol/L Tris-HCl, pH

Whole blood or Purified genome
paper-dried blood | =) DNA
Tetra-PCR

BL-AMP* PCR buffer A
for allele discrimination

1Conventiona| PCR buffer

Inner Outer
T allele Cu_ e Quter  orper  primer  Callele
DNA template A — g DNA template
Outer Inner A Outer  Inner \,
primer  primer l primer  primer l
A G—
PCR product — T < PCR product

1 Electrophoresis

TT CC

* *
T CcC
I ﬁ/T homozygote C/C homozygote J l T/C homozygote

: Artificially mismatched base ~ *: Amplicon by outer primers

Figure 1 Schematic of a single-tube-genotyping method using tetra-PCR
amplification from blood and extracted DNA.

Polymorphism Primer sequences

IL-1B-31 P1-1 5'- tcaactgcacaacgattgtca -3”
P1-2 5'- teccttageacctagttgtaa -3’
S1-1 5'- ttctecctegetgtttttGta -3
S1-2 5'- ctacttctgettttgaaaCec -3’

IL-1B-511 P2-1 5'-ggaagggcaaggagtagcaaac-3’

P2-2 5'-ggcagagctcatctggcattga-3
52-1 5'-ctgcaattgacagagagctGee-3’
52-2 5'-ttgggtectgttctctgecAca-3

The capital letters indicated artificial mismatched bases.

7.6, 50 mmol/L MgCl, 320 mmol/L sucrose and 10 g/L
Triton-100). After mixing and centrifugation (2 min at
micro-centrifuge), the supernatant fluid was removed. This
isolation procedure was performed twice. Then the pellet
was dissolved with TES buffer (15 mmol/L Tris-HCI, 15
mmol/L EDTA, 15 mmol/L NaCl, 5 mol/L NaClOs, and
100 g/L SDS; pH 8.0 ), and incubated at 37°C for 15 min
and at 65°C for 20 min. DNA was extracted twice with 1
volume of phenol-chloroform-isoamyl alcohol (25:24:1).
Nucleic acids remained in the aqueous phase; cellular
proteins were separated into the organic phase or lay at
the phase interface. After centrifugation, the organic phase
was discarded and the aqueous phase was precipitated with
absolute ethanol. The pellet was washed with 700 mL/L
ethanol, dried in the still air and suspended in Tris-EDTA
buffer (10 mmol/L Ttis base, 1 mmol/L EDTA; pH 8.0).
The DNA was quantified spectrophotometrically at 260
nm, and then stored at 4°C before use.

PCR primers and target sequences

The nucleotide sequences for the IL.-1B gene are available
from Genbank (http://www.ncbi.nlm.nih.gov/), and the
accession number is AY137079. IL-1B polymorphic sites
in the promoter region at position -31 and -511 were
genotyped. For typing one SNP, four primers are necessary:
two allele-specific primers (S1-1, S$1-2 or S2-1, S2-2; Table 1)
and two outer primers (P1-1, P1-2 or P2-1, P2-2; Table 1).
The sequences of all the primers were listed in the Table 1.
A mismatched base was introduced into the third position
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upstream from 3’ terminal of the allele-specific primer to
decrease the probability of spurious extension reaction.
Genotypes of 11.-1B-31 were determined by a 258-bp PCR
fragment (specific to 1L-1B-31T) with primers P1-1 and
S1-1, and a 162-bp PCR fragment (specific to 1L-1B-31C)
with primers P1-2 and S1-2. Genotypes of 1L-1B-511
were determined by a 356-bp fragment (specific to IL-1B-
511C) with primers P2-1 and S2-1, and a 226-bp fragment
(specific to IL-1B-511T) with primers P2-2 and S2-2. The
software of Primer Premier Version 5.0 (http://www.
premierbiosoft.com/) was used to calculate the melting
point and to analyze the risk of primer-dimer formation
and secondary structures. All the oligonucleotides were
synthesized and purified by Invitrogen Biotechnology Co.,
Ltd (Shanghai, China).

Tetra-primer PCR amplification

Purified DNA template was amplified in a final volume of
15 pL containing 0.2 mmol/L dNTP mixture, 1.67 umol/
L of each of four primers (IL-1B-31), or 2.67 pumol/L of
each outer-primer and 0.67 pmol/L of each innetr-primer
(IL-1B-511), 1 U of Promega Tag DNA polymerase,
10 X Buffer, and 1.5 mmol/L MgClz. Thermocycling
was carried out on PTC-225 Peltier Thermal Cycler (M]
RESEARCH, INC.) at an initial denaturation at 96°C for
3 min, then 35 cycles of 94°C for 30 s, 52°C (IL-1B-31) or
58°C (IL-1B-511) for 1 min, and 72°C for 1 min, followed
by 72°C for 7 min. Whole blood ot papet-dried blood
sample was amplified in a 20 yL. PCR mixture containing
BL-AMP™ buffer instead of the conventional 10 x PCR
buffer, 0.2 mmol/L dNTP mixture, 1.5 mmol/L MgClz,
2 U of Promega Tag DNA polymerase, and 1.5 pmol/L
of each of four primers (IL-1B-31), or 3 umol/L of each
outer-primer and 0.75 pumol/L of each inner-primer (IL-
1B-511). Following the assembly of the PCR mixture,
anticoagulant-treated whole blood or filter paper-dried
blood was added (commonly 1 uL of blood per 50 pL. of
PCR mixture) into the bottom of the PCR tube without
any agitation. Thermocycling was carried out at an initial
denaturation at 96°C for 3 min, then 40 cycles of 94°C for
30's, 52°C (IL-1B-31) or 58°C (IL-1B-511) for 1 min, and
72°C for 1 min, followed by 72°C for 7 min.

Gel and microchip electrophoresis of PCR products

PCR products were separated by either gel electrophoresis
or microchip electrophoresis. The gel electrophoresis was
performed on a 20 g/L agarose gel stained with 0.005 g/L
EtBr in 1 X TAE buffer at 100 V for 14 min. Gel images
were captured on a Bio Imaging System (Syngene, UK).
Microchip electrophoresis was carried out on Agilent 2100
bioanalyzer (Agilent technologies, German) according to
the manufacture’s instructions.

RESULTS
Direct PCR on whole blood and paper-dried blood

To evaluate whether or not target sequences in whole
blood or paper-dried blood could be amplified using
the “BL-AMP™” buffer, PCR with two sets of primers
(P1-1 and P1-2, and P2-1 and P2-2; Table 1), which
were used as outer primers for typing IL-1B-31 and
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Figure 2 Direct PCR amplification from blood samples with the anticoagulant of
dipotassium EDTA (1, 4); Sodium citrate (2, 5); and Sodium heparinate (3, 6).

-511 polymorphisms, were carried out. Except for PCR
buffer, all PCR conditions including Tag polymerase,
concentration of Mg2+ and dNTPs and thermal cycling
conditions, are the same as that used in conventional PCR.
As shown in Figure 2, the fragments with the expected
length of 379 bp and 539 bp were successfully amplified
from whole blood with the anticoagulant of dipotassium
EDTA, sodium citrate, or sodium heparinate respectively.
To check whether paper constitutes suppress PCR or
not, a piece of filter paper with 1 mm” was added into 50
pL of PCR reaction mixture containing purified genome
DNA,; and the results showed that “BL-AMP™” buffer
could block the PCR inhibition by the chemicals present
in filter paper (data not shown). Direct PCR with two sets
of primers (P1-1 and P1-2, and P2-1 and P2-2; Table 1)
using 0.5, 1, 2 and 4 pl. of EDTA-blood dried on filter
paper as starting materials were carried out to evaluate the
sensitivity (Figure 3); and PCR with 1 pl. of fresh blood
without an anticoagulant was performed in parallel for
the comparison. Successful PCRs were obtained for all
samples, and 1 pl. of paper-dried blood gave an optimum
sensitivity.

Genotyping of IL-1B-31 and -511 polymorphisms from
various forms of blood samples

By coupling the “BL-AMP™” buffer with tetra-PCR,
genotyping of 1L-1B-31 and -511 polymorphisms was
carried out by using whole blood (with dipotassium EDTA
anticoagulant) and dried blood (on a piece of sterile
common filter paper) as the starting material respectively.
Samples from fifteen different individuals were employed
for the evaluation. Amplicons were separated by slab gel
electrophoresis that is a simple and inexpensive way in a
regular lab. As shown in Figures 4 and 5, it is very easy to
get unambiguous SNP types from electrophoretic patterns
by using whole-blood samples or paper-dried blood
samples as PCR starting materials. As the amplification
efficiency of two allele-specific amplicons is different, the
concentration ratios of two allele-specific primers were
optimized as 8:1 (§1-1:S1-2) to get a relatively equal band-
intensities (Figure 6). The bands of 162 bp and 258 bp
represent allele C and T respectively. The band of 379 bp
was the amplicon by two outer primers P1 and P2; this
band was used to be a positive control for checking the
sample quality. For a heterozygote sample, both 162- and
258-bp fragments were co-amplified, while either 162-
or 258-bp fragment was amplified if the sample was of a
homozygote. All of three genotypes were unambiguously
determined, indicating that the newly developed method is
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Figure 3 Direct PCR with two sets of primers (P1-1 and P1-2; P2-1 and P2-2) using 0.5 pL (a1, b1), 1 uL (a2, b2), 2 ulL (a3, b3) and 4 uL (a4, b4) of EDTA-blood dried
on filter paper as starting materials. PCR with 1 uL of fresh blood without an anticoagulant was performed in parallel for the comparison (a5, b5). a1-a5: 379-bp fragment;

b1-b5: 539-bp fragment.

Allele-C (51-2): 162 bp
Allele-T (S1-1): 258 bp
P1-1, P1-2: 379 bp

I-1 1-2 I-3 I-4 I-5 1-6

I-7 I-8

Figure 4 Results of genotyping of IL-1B-31 using whole blood as the starting PCR material.

Allele-C (S1-2): 162 bp
Allele-T (S1-1): 258 bp
P1-1, P1-2: 379 bp

I-1 1-2 I-3 I-4 I-5 1-6

I-7 I-8 1-9 I-10 I-11 I-12 I-113 I1-14 I-15

marker

Figure 5 Results of genotyping of IL-1B-31 using paper-dried blood as starting PCR material.

highly specific.

To test the effect of inhibitors in blood or paper
tissues on the specificity, genotyping was also performed
on the genome DNAs extracted from the same blood
samples as those in Figure 4; the results (Figure 7) were
in complete agreement with those obtained with whole
blood or paper-dried blood samples. Therefore the
presence of the inhibitors did not interfere with the
specificity of genotyping. By using the same condition,
polymorphism of IL-1B-511 was typed directly from
fifteen blood samples as shown in Figure 8. The allele-
specific PCR fragments are marked by allele-C and allele-T,
which cortespond to the amplicons with the size of 226
bp and 356 bp respectively. A 539-bp amplicon was from
two outer primers (P2-1 and P2-2). The unambiguous
typing results of all tested samples were obtained. Also
the genotyping results of IL-1B-511 polymorphism from
three different starting materials (whole blood, paper-dried
blood and purified DNA) are completely consistent (data
not shown).

Compared with slab gel electrophoresis, microchip
clectrophoresis is time-saving, labor-saving, and extremely
sensitive. As the separation is in the microchannel, a small
amount of DNA sample is enough for getting a reliable
result; the typing cost can thus be further decreased. In
this report, Agilent 2100 bioanalyzer was employed to
analyze the amplified products of the above fifteen blood

A

Allele-C (S1-2): 162 bp.

Allele-T (S1-1): 258 bp
P1-1, P1-2: 379 bp

I-1 1-2 I-3 I-15 1-8 Marker

Allele-C (S1-2): 162 bp
Allele-T (S1-1): 258 bp
1-1, P172: 379 bp

Marker I-1 1-2 1-3 I-15 1-8

Figure 6 The optimized experiment results of polymorphism IL-1B-31 by changing
the concentration ratios of two allele-specific primers from 1:1 to 8:1 (S1-1: §1-2)
to get relatively equal band-intensities. A: PCR using whole blood as starting PCR
materials; B: PCR using paper-dried blood as starting PCR materials.

samples. With the DNA markers of different sizes, the
length of each amplicon was identified automatically. We
found that all blood-based tetra-PCR amplicons gave the
expected sizes. Figures 9A and 10A show the typing results
of three typical genotypes (two kinds of homozygotes and
a heterozygote) of 1L-1B-31 and IL-1B-511 respectively.
To evaluate the accuracy of SNP typing, five
representative individuals including heterozygotes and
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Allele-C (S1-2): 162 bp
Allele-T (S1-1): 258 bp
P1-1, P1-2: 379 bp

I-1 I-2 I-3 1-4 I-5 1-6

1-7 1-8 I-9

Figure 7 Results of genotyping of IL-1B-31 using extracted genomic DNA as starting PCR materials.

Allele-T (S2-2): 226 bp.
Allele-C (S2-1): 356 bp
P2-1, P2-2: 539b)|

I-1 I-2 I-3 I-4 I-5 1-6

I-7

1-8 1-15  Marker

Figure 8 Results of genotyping of IL-1B-511 using whole blood as starting PCR materials.
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Figure 9 Electrophoresis results of three typical genotypes were obtained,
heterozygote (C/T) and both homozygotes (T/T and C/C) of IL-1B-31, by the
microchip (A) and Sanger’s sequencing method (B) respectively. The fragment of
379 bp was from two outer primers (P1-1 and P1-2).

both homozygotes were selected and genotyped again
by Sanger’s sequencing method using purified genomic
DNA. The sequencing-based typing results of the five
individuals completely coincided with those by the single-
tube tetra-PCR. For the comparison, sequencing spectra
of the samples used in Figures 9A and 10A were listed as
Figure 9B and 10B respectively, indicating that it is very
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Figure 10 Electrophoresis results of three typical genotypes were obtained,
heterozygote (C/T) and both homozygotes (T/T and C/C) of IL-1B-511, by the
microchip (A) and Sanger’s sequencing method (B) respectively. The fragment of
539 bp was from two outer primers (P2-1 and P2-2).

accurate to apply the newly developed single-tube method
for genotyping 11.-1B-31 and -511 polymorphisms.

To test the robustness of the method, we analyzed
three blood samples with typical genotypes for ten times
at ten different days. The consistent typing results at both
IL-1B-31 and IL-1B-511 polymorphisms were obtained,
indicating that the proposed method is reproducible
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and reliable. In addition to the blood samples from 15
individuals, we also typed another 25 whole-blood samples
by using the proposed single-tube-genotyping method;
and unambiguous typing results of both IL-1B-31 and IL-
1B-511 polymorphisms were obtained (data not shown).

DISCUSSION

Tetra-PCR is very simple and time-saving”*"; but it
is not a true single-tube genotyping method as DNA
isolation step was still required. Since many substances
existing in blood, e.g. polysaccharides, proteins, lipids and
haemoglobin, suppress PCR™, it is very difficult to escape
the DNA extraction step and directly use whole blood
for PCR amplification. Moreover, anticoagulants, such as
EDTA or hepatin, which are commonly added to prevent
blood samples from the clotting, may interfere with
PCR amplification. To effectively suppress the inhibitory
substances including the anticoagulant in blood, a novel
PCR buffer named “BL-AMP™” was developed.

By coupling tetra-PCR amplification with this buffer, a
single-tube-genotyping method using the whole blood and
paper-dried blood as the starting material was realized. To
type cach allele, four primers (two outer primers and two
inner primers) were used for amplifying two allele-specific
fragments. Two inner primers complementary to sense and
non-sense strands respectively were used to discriminate
the allele. As one base differing at the 3’-ends of each
inner primer is not enough to perfectly switch the allele-
specific extension reaction, an artificial mismatch base was
introduced into the third base from the 3’-ends. Two outer
primers define the length of two allele-specific amplicons.
After PCR, amplicons were separated by electrophoresis,
e.g, slab gel electrophoresis or microchip electrophoresis.
The SNP type is discriminated by the pattern in the
electrophoretogram; two bands mean a heterozygote and
one band means a homozygote. The length of the band
determines the genotype of the homozygote. Unlike
Tagman, molecular beacon, or minisequencing, the newly
proposed method does not require labeling, and less
sample manipulation than RFLP is needed. As the success
in avoiding DNA isolation, the genotyping is a true single-
tube format by using “BL-AMP™” buffer for PCR.

From the results of our study, it is demonstrated
that PCR amplification using “BL-AMP™” buffer is
independent of the type of anticoagulant in blood. In
terms of transportation and storage of blood samples, it
is very convenient to use filter paper as a cartier because
no refrigeration is required for paper-dried blood; this is
thus very useful to collect blood samples in remote areas.
In addition, no significant difference in PCR efficiency
between 1-pul. fresh blood and dried blood equivalent
to 1-uL fresh blood was observed. Compared with
conventional PCR using purified DNA, a reddish color in
the final PCR products was observed; however, this would
not interfere with the detection of PCR products via
electrophoresis. Consequently whole blood or paper-dried
blood other than purified genome DNA can be employed
for the starting materials of PCR.

Although no clean-up process was used after whole-
blood PCR, direct microchip electrophoresis of raw PCR

products gave a steady baseline. It is straightforward to
discriminate genotypes with peaks in the electrophoreic
spectra. Based on the peak assignment, genotypes can
be accurately determined even if unspecific amplicons
occurred in the spectra, so that it becomes easier to design
primers for SNP typing by tetra-PCR. On the other hand,
it is not necessary to optimize the primer concentration to
get an even amplification as the Agilent 2100 bioanalyzer
can assign the size to peaks with lower intensities.

In summary, we have successfully proposed a simple,
labor-saving, inexpensive and rapid genotyping method
that directly uses whole blood or paper-dried-blood
as starting materials for SNP typing in a single tube.
The successful genotyping of the IL-1B-31 and -511
polymorphisms demonstrated the reliability of the single-
tube genotyping using whole blood or paper-dried blood as
the starting material. As the DNA extraction step is taken
out, the possibility of sample contamination is significantly
decreased. By coupling CE-chip for the readout, an
automatic and high-throughput genotyping could be
achieved. In the post-genome era, a simple and inexpensive
method for diagnostic analysis is highly demanded, so we
believe that the whole-blood PCR should be very useful
for genetic diagnosis in biologic laboratories.
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