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Abstract: Background: Current technologies for detecting gene mutations have some disadvantages in terms of
equipment requirements, flexibility, cost, technical difficulties and assay performance problems including sensitiv-
ity, reliability, reproducibility and accuracy. In this study, we developed an asymmetric and competitive allele specific
PCR system with minor groove binder (MGB) universal probes (F-CAUM PCR) for detection of single nucleotide poly-
morphisms (SNP) and point mutations. Methods: By combining characteristics of competitive allele specific PCR
(Kompetitive Allele Specific PCR, KASP) and asymmetric PCR, there are three essential components contributing
to the performance of this F-CAUM PCR assay, including the unique composition of the forward primers, the ratio
between the forward and the reverse primers, and the structure of MGB-labeled universal probes. The 3’ ends of
the two forward primers are designed complementary to the target sequences of the wild type and the mutant
type respectively; each forward primer is comprised of target sequence specific region, universal tag region and
the polymerase-binding region. Furthermore, the quantity of forward primers is less than the reverse primer, which
minimizes the interference caused by its competitive binding to the universal probe. Lastly, MGB is attached to the
quenching molecules, which further improves the assay specificity. We assessed the specificity, sensitivity and re-
producibility of F-CAUM PCR. Results: In specificity assay, F-CAUM PCR could identify KRAS G12D mutation with high
specificity, without interference by other KRAS mutations at the same locus. In sensitivity assay, the lowest detect-
able concentration by F-CAUM PCR was 10-1 copies/ul for brain derived neurotrophic factor gene (BDNF) rs6265
and KRAS G12D mutation. The lowest detectable percentage of the KRAS G12D mutation was 1% for KRAS G12D
mutation. In reproducibility assay, for detecting the BDNF human genomic DNA standards and the KRAS plasmid
mixture, the Ct values and ACt values among six replicates showed minimal variance, with standard deviation (SD)
ranging from 0.15 to 0.48, and coefficient of variation (CV) ranging from 3.22% to 6.15%. For clinical samples,
the genotyping results of BDNF rs6265 in 30 oral epithelium mucosa specimens and KRAS mutation detection in
colorectal cancer patients by the F-CAUM assay were consistent with those from Sanger sequencing. Conclusions:
Our results confirmed that F-CAUM PCR was highly specific, sensitive and reproducible for SNPs and gene mutation
detection. The results of clinical samples by F-CAUM PCR were consistent with those from Sanger sequencing.
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Introduction single nucleotide, which occurs at high frequen-

cy in the human genome [6, 7]. The rapid and
Gene mutation is the abnormal alteration of accurate identification of gene mutations and
genetic material in the genome, including the SNPs have great applications in human genet-
substitution, insertion and deletion of nucleo- ics, drug discovery, molecular diagnostics, dis-
tide bases in DNA molecules [1-5]. Single nucle- ease prognosis and personalized medicine

otide polymorphism (SNP) is a variation in a [8-10].


http://www.ijcem.com
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Current technologies for detecting gene mu-
tations include Sanger sequencing, Tagman
probe method [11], Allele-specific polymerase
chain reaction method (AS2-PCR) [12], Unive-
rsal probe-based real-time PCR and competi-
tive allele specific PCR (Kompetitive Allele
Specific PCR, KASP). However, these technolo-
gies have certain issues in terms of equipment
requirements, flexibility, cost, technical difficul-
ties and assay performance problems including
sensitivity, reliability, reproducibility and accu-
racy [13-15]. Among these technologies, KASP
has been established for more than ten years
and widely used in gene mutation detection
[16, 17]. KASP is a homogenous, fluorescence-
based gene mutation detection technology
which is based on allele-specific oligo exten-
sion and fluorescence resonance energy trans-
fer for signal generation. In brief, in the first
round of KASP PCR, two allele-specific forward
primers and the single reverse primer are used
to amplify PCR product containing the target
sequence of interest. Next, the fluorescently
labeled universal primer (probe) found in the
PCR reaction allows further amplification of
PCR product containing both of the target and
the universal tag sequence. In the KASP sys-
tem, the fluorescently labeled primer (probe) is
used as a probe as well as a primer. The muta-
tion is thus detected through fluorescent signal
emitted by the universal primer (probe). The 3’
end of both forward primers are complimentary
to the wild type and mutant type respectively,
thus the KASP method has relatively high spec-
ificity. Apart from these, the KASP system uti-
lizes a universal probe, therefore only primers
need to be replaced for detections of other
genes. This is not only convenient and fast, but
also reduces the assay cost [17]. However,
given that the KASP system is a continuous
relay reaction, it is inevitable that two PCR sys-
tems mutually interfere with each other’s ampli-
fications, which eventually affect the perfor-
mance of the KASP assay [18, 19].

To address these problems, we sought to devel-
op an asymmetry and competitive allele specif-
ic PCR system using MGB probes by combin-
ing the KASP method and characteristics of
asymmetric PCRs [20-23], which is named as
F-CAUM PCR herein. The novel F-CAUM PCR
reported here is fast, simple, with low cost,
and offers high specificity and high sensitivity.
In the current study, we further validated the

10412

specificity, sensitivity and reproducibility of
F-CAUM PCR method, as well as its application
in clinical specimens.

Materials and methods

DNA samples

DNA standards were human genomic DNA
standards of BDNF rs6265, KRAS wild-type
(12G) plasmid and six types of KRAS mutant
plasmids (G12D, G12A, G12V, G12S, G12R,
G12C), provided by Department of molecular
biotechnology, School of medicine, Zhejiang
University. The test samples used for BNDF
genotyping were oral epithelium mucosa speci-
mens obtained from 30 volunteers. The clinical
samples for KRAS mutation detection were 30
paraffin-embedded specimens obtained from
pathologically confirmed colorectal cancer pati-
ents with consents (First affiliated hospital of
Zhejiang University).

Primers and probes

All primers and probes were designed using
Primer Premier 5 (Table 1) and synthesized by
Shanghai Bioligo Co., Ltd (China). For BDNF
gene, two forward primers were against differ-
ent rs6265 genotypes respectively; for KRAS
gene, the forward primer of the mutant was
against KRAS G12D mutation; the forward pri-
mer for the wild type was against the upstream
conserved sequence.

PCR and result interpretations

All PCR conditions are shown in the Supple-
mentary 1. The pre-amplifications products
were then used as DNA templates of F-CAUM
PCR amplification. The fluorescent signals were
analyzed through real-time PCR software, and
ACt value was calculated (ACt=Ct2-Ct1) for
result interpretation. The interpretation stan-

dards are shown in Supplementary Table 1.
Specificity assay

We assessed whether the existence of other
KRAS mutations will interfere with the identifi-
cation of the KRAS G12D mutation in F-CAUM
PCR. The KRAS G12D mutant-type plasmid
(108 copies/ul) was mixed with the KRAS wild-
type plasmid and other five KRAS mutant-type
plasmids (KRAS G12D, G12A, G12V, G12S,
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Table 1. Summary of primers and probes

Purpose of primers Name Sequence (5’-3’)

F-CAUM PCR universal probes QFAM-MGB FAM-CACTCCTCTGGTCCTGC-MGB
QVIC-MGB VIC-GTGCTCTCCAGGGACTC-MGB

BDNF gene specific primers for pre-amplification BDNF-F AAACATCCGAGGACAAGGTG
BDNF-R AGAAGAGGAGGCTCCAAAGG

KRAS gene specific primers for pre-amplification KRAS-F AATGACTGAATATAAACTTG
KRAS-R TGAATTAGCTGTATCGTCAAGGC

BDNF gene specific primers for F-CAUM PCR

BDNF-QW (wild-type) (Channel 1, FAM) ~ ACACCCACTT-CACTCCTCTGGTCCTGC-TTGGCT-

GACACTTTCGAACATG

BDNF-QM (mutant-type) (Channel 2, VIC) ACACCCACTT-GTGCTCTCCAGGGACTC-TTGGCT-

BDNF-QR
KRAS gene specific primers for F-CAUM PCR

GACACTTTCGAACATA
GGTCCTCATCCAACAGCTCT

KRAS-QW (wild-type) (Channel 1, FAM) ACACCCACTT-CACTCCTCTGGTCCTGC-ACTTGTGG-

TAGTTGGAGCTA-G

KRAS-QM (wild-type) (Channel 2, VIC) ACACCCACTT-GTGCTCTCCAGGGACTC-ACTTGTGG-

KRAS-QR

TAGTTGGAGCTA-T

TGAATTAGCTGTATCGTCAAGGC (same as the reverse
primer for KRAS pre-amplification)

Enzyme binding region

Target sequence
Universal specific region
tag region

Figure 1. The composition of forward primers in F-
CAUM PCR. Each forward primer comprises three re-
gions: target sequence specific region (blue region),
universal tag region (red region) and polymerase
binding region (green region) from 3’ end to 5’ end.

G12R, G12C) individually, and each was used
as the DNA template for KRAS G12D mutation
detections. The KRAS wild-type plasmid was
used as the negative control, and the KRAS
G12D mutant-type plasmid was used as the
positive control.

Sensitivity assay

Human genomic DNA standards for heterozy-
gous BDNF rs6265 were diluted at various con-
centrations (103, 102, 10%, 10°, 10%, 102 cop-
ies/ul) for rs6265 genotyping; KRAS wild-type
plasmid and mutant-type plasmids (G12D,
G12A, G12V, G12S, G12R, G12C) were diluted
in the same way for KRAS G12D mutation
detection. Next, KRAS wild-type plasmid and
the mutant-type G12D were mixed at various
ratios used as DNA templates for F-CAUM PCR,
with the final percentage of KRAS G12D plas-
mid at 0.1%, 1%, 3%, 6%, 10%, 15%, 50%
and 100%. The assays were repeated three
times for each DNA template. Then all repli-
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cates per concentration were analyzed by pro-
bit regression.

Reproducibility assay

We used the BDNF human genomic DNA
standards at 10° copies/ul and 10* copies/ul
respectively, as well as the KRAS plasmid mix-
ture of equal wild-type copies/pl and G12D
mutant-type plasmid at 10* copies/ul as the
DNA templates. The assays were repeated six
times for each DNA template. The interassay
variation was assessed.

Clinical application and agreement with regu-
lar method

We detected BDNF rs6265 in 30 oral epitheli-
um mucosa specimens and KRAS mutation in
30 colorectal cancer patients by F-CAUM as-
say. Meanwhile, we detected pre-amplification
PCR product of all the 60 samples by Sanger
sequencing. Then, agreement of two methods
was analyzed.

Sanger sequencing

The pre-amplification product were purified
using the PureLink Quick Gel Extraction Kit
(Invitrogen, USA) and sequencing reactions
were performed in the automated sequencer
ABI PRISM 3730XL (Applied Biosystems, USA)
using the Big Dye Terminator v3.1 Cycle Se-
quencing Kit (Applied Biosystems). The Sanger
sequencing results were analyzed by BLAST
(Basic Local Alignment Search Tool) (http://

Int J Clin Exp Med 2017;10(7):10411-10421
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Figure 2. Principle of F-CAUM PCR. A: Pre-amplification. B: PCR product withsequence tags (red region or yellow
region) complementary to universal probes and sequence tag (green region) complementary to polymerase was
made after two cycles. C: Fluorescent signal was produced for the first time. D: Large quantity of reverse F-CAUM
PCR product was made in the late cycles. E: Large quantity of fluorescent signal was produced in the later cycles.

blast.ncbi.nlm.nih.gov/Blast.cgi) and manual
review of chromatograms.

Statistical analysis

Statistical analyses were performed with the
IBM SPSS Statistics 19.0. Probit regression
was performed to determine the limit of detec-
tion. Differences between groups were asse-
ssed using the U-test. Correlation and linear
regression were calculated by Pearson t-test
with 95% CI. The significance level was set at
P<0.05.

Results
Principle of F-CAUM PCR

Each forward primer comprises three regions,
including target sequence specific region, uni-
versal tag region and polymerase binding re-
gion (Figure 1). The target sequence specific
region is near the 3’ end and complementary to
the target sequence (wild type and mutant type
respectively) with a length of 18-28 base pairs
(bp); the universal tag region in the middle has
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a length of 15-25 bp and contains the same
sequence as that of universal probe in order to
generate a universal probe binding sequence in
the asymmetric PCR amplification product; the
polymerase binding region is near the 5’ end
with a length of 5-25 bp to generate polymerase
binding site for breaking down quenching mol-
ecules downstream and emitting fluorescent
signal.

For F-CAUM PCR, firstly pre-amplification was
carried out to generate short PCR product
containing the target sequence (SNP or point
mutation) (Figure 2A). The pre-amplification
product were then used as the DNA template
for F-CAUM PCR, with two gene specific forward
primers, one reverse primer, two universal
probes labeled with different fluorophores and
polymerase with exonuclease activity added to
the reaction. Sequence tags complementary to
universal probes and sequence tag comple-
mentary to polymerase were added to the
sequence of new PCR product after two cycles
(Figure 2B). The universal tag region in the 5’
end of the reverse sequence of new PCR prod-
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Figure 3. Specificity assessment of F-CAUM PCR for detecting KRAS G12D mutation. The fluorescence curves of F-CAUM PCR were detected for KRAS G12D muta-
tion in 7 kinds of individual KRAS recombinant plasmids in reference gene channel (A) and KRAS gene channel (B). The fluorescence curves of F-CAUM PCR were
detected for KRAS G12D mutation in analog hybrid plasmid in reference gene channel (C) and KRAS gene channel (D).
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Table 2. Sensitivity assessment of F-CAUM PCR for detecting BDNF rs6265 and KRAS G12D mutation

Gene Concentration of series dilution LOD
BDNF genomic standards Concentration (copies/ul) 103 102 10t 10° 10* 102 10*
PCR result Heterozygous Heterozygous Heterozygous Heterozygous Heterozygous Homozygotes
Mutant KRAS 12Asp (D) plasmid Concentration (copies/ul) 10° 102 10t 10° 10* 102 10*
PCR result Mutant Mutant Mutant Mutant Mutant Wild-type
Wild-type KRAS 12Gly (G) and mutant KRAS 12Asp (D) Mutation ratio (Concentratios 100% 50% 15% 10% 6% 3% 1% 0.1% 1%
plasmid mixture are 10° copies/ul)
PCR result Mutant Mutant Mutant Mutant Mutant Mutant Mutant Wild-type

LOD, limit of detection.
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Figure 4. Data distribution of reproducibility assess-
ment on F-CAUM PCR for detecting BDNF and KRAS
genes. For detecting the BDNF human genomic DNA
standards at 103 copies/ul and 10* copies/ul respec-
tively, as well as the KRAS plasmid mixture at 10*
copies/ul six times, the Ct values of Channel 1 and
Channel 2 and ACt values of Channel 1 and Channel
2 among six replicates showed minimal variance.

uct can identify the fluorescently labeled uni-
versal probe; DNA polymerase binds to its
upstream to execute its exonuclease activity,
enabling the emission of the fluorescent sig-
nals (Figure 2C). The ratio of the forward prim-
ers and the reverse primers is 1:50. At earlier
PCR phase, both forward and reverse primers
are still abundant, the intensity of the fluores-
cent signal increases exponentially. Then, grad-
ually the forward primers will ran out and there
are still plenty of reverse primers in the later
phase of PCR, which will amplify large quan-
tity of PCR amplicons containing the reverse
sequence (Figure 2D). The fluorescently label-
ed universal probe will identify and bind the
reverse sequence, with DNA polymerase bound
upstream to execute its exonuclease activity,
enabling emission of large quantity of fluores-
cent signals (Figure 2E). As only PCR amplicons
containing the reverse sequence will increase,
accordingly it leads to a linear increase of the
fluorescent signals.

Specificity assay

In assay of assessing the specificity of F-CAUM
PCR, only plasmids with KRAS G12D mutation
showed standard fluorescent curve in the as-
say, indicating that F-CAUM PCR method could
identify KRAS G12D mutation with high speci-
ficity (Figure 3A and 3B). In the assay of asse-
ssing other KRAS mutations interference, it
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showed strong fluorescent signals for all six
DNA templates, but no signal for the negative
control, indicating that the detection KRAS
G12D mutation by the F-CAUM assay was with
high specificity, without interference by other
KRAS mutations at the same locus (Figure 3C
and 3D).

Sensitivity assay

For detecting BDNF rs6265 and KRAS G12D
mutation, the fluorescent signals were detect-
able when the DNA template concentration was
at 10 copies/ul but not at 102 copies/ul. So,
the lowest detectable concentration by F-CAUM
PCR was 10 copies/ul. The fluorescent sig-
nals were detectable when the KRAS G12D
percentage was at 1% but not at 0.1%. So, the
lowest detectable percentage of the KRAS
G12D mutation was 1% for determining KRAS
G12D mutation status using F-CAUM PCR
(Table 2). Thus, FQ-CAUM PCR has high sensi-
tivity and can be used for detection of SNPs
and point mutations.

Reproducibility assay

For detecting the BDNF human genomic DNA
standards at 10° copies/ul and 10* copies/ul
respectively, as well as the KRAS plasmid mix-
ture (mixed with equal amount of the wild-type
and G12D mutant-type plasmid at 10* copies/
pl) six times, the Ct values and ACt values
among six replicates showed minimal variance
(Figure 4), with standard deviation (SD) ranging
from 0.15 to 0.48, and coefficient of variation
(CV) ranging from 3.22% to 6.15% (Table 3).
Our results suggest that F-CAUM PCR assays
are highly reproducible.

SNP genotyping and KRAS mutation detection
in clinical samples

The genotyping results of BDNF rs6265 in 30
oral epithelium mucosa specimens by the F-
CAUM assay were consistent with those from
Sanger sequencing (Table 4). For KRAS muta-
tion detection in colorectal cancer patients, 6
out of 30 specimens were found to be KRAS
G12D by F-CAUM PCR, in good agreement with
the results from Sanger sequencing. However,
among the 24 KRAS wild-type specimens iden-
tified by F-CAUM PCR, only 19 were validated by
Sanger sequencing. Moreover, Sanger sequenc-
ing detected additional five KRAS mutations in

Int J Clin Exp Med 2017;10(7):10411-10421
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Table 3. Data analysis of reproducibility assessment on F-CAUM PCR for detecting BDNF and RAS

genes
DNA template Channel Mgﬁn SD* ((:2/{; Results
BDNF genomic standards (10 copies/ul) 5.05 0.29 5.81 Heterozygous
2 458 0.22 4.81
Ct1-Ct2 -0.49
BDNF genomic standards (10° copies/pl) 5.78 0.33 5.64 Heterozygous
2 540 0.33 6.15
Ct1-Ct2 -0.38
Equivalent wild-type KRAS 12Gly (G) and mutant KRAS 12Asp (D) plasmid mixture (10* copies/ul) 1 453 0415 3.22 Mutant

2 10.43 0.48 4.65
Ct1-Ct2  5.90

*SD, standard deviation; CV, coefficient of variation.

Table 4. Summary results of BDNF rs6265 genotyping in 30 oral epithe-

lium mucosa specimens by F-CAUM PCR

this study. These in-
clude the unique com-

F-CAUM PCR

position of the forward

Technology/Results

0
Wild- Heterozygous Mutant- (n)
type mutant-type

tal primer, the ratio bet-
ween the forward and

Sanger sequencing Wild-type 22
Heterozygous mutant-type O
Mutant-type 0
Total (n) 22

0

o O O

type .
0 2 the reverse primer, and
the structure of MGB-
0 6 .
labeled universal pro-
2 2 bes. These particular
2

30 designs greatly improv-

Table 5. Summary results of KRAS G12D detecting in 30 colorectal can-

cer specimens by F-CAUM PCR

ed the specificity and
sensitivity of F-CAUM
PCR, which can be ap-
plied to real-time, ac-

Technology/Results - F-CAUM PCR _ Total (n) curate identification of
W|Id—type G12D mutation SNPs and point muta-
Wild-type 19 0 19 tions.
Sanger sequencing  G12D mutation 0 6 6
Other mutation 5 0 5 First of all, each for-
Total (n) 24 6 30 ward primer in F-CAUM

exon 12, including four specimens with KRAS
G12V and one with KRAS G12S (Table 5). This
demonstrates that F-CAUM PCR not only has
the same accuracy as Sanger sequencing but
also identify point mutations with high specific-
ity, and will not produce false positive results
due to other types of point mutations.

Discussion

In this study, we developed an asymmetric and
competitive allele specific PCR system with
MGB probes by combining the KASP method
and characteristics of asymmetric PCRs. This
novel F-CAUM PCR is fast, simple, and offers
high specificity and high sensitivity. There are
three essential components contributing to
the performance of F-CAUM PCR reported in
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PCR comprises three
regions, target sequen-
ce specific region, universal tag region, and a
polymerase binding region. The KASP and other
traditional probe-based real-time PCR system
only contain target sequence specific region
and universal probe region. Furthermore, the
target sequence specific region in the forward
primer is complementary to that of the probe in
these systems, thus the fluorescently labeled
universal probe binds to the 5" end of the for-
ward primer and is broken down by the DNA
polymerase carried by the reverse primer. This
leads to non-specific exonuclease activity on
the universal probe by the reverse primers and
generate large amount of non-specific signal. In
contrast, the unique composition of the for-
ward primer in F-CAUM PCR can avoid these
non-specific activities and greatly improves the
assay specificity. In brief, the forward primer of

Int J Clin Exp Med 2017;10(7):10411-10421
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F-CAUM PCR contains a universal tag region
that generates a universal probe binding site
in the reverse sequence of new PCR product.
Moreover, a polymerase-binding region is ad-
ded to the 5’ end of the forward primer, up-
stream of the universal probe tag, generating a
DNA polymerase binding site in the reverse
sequence of new PCR product. Thus, fluores-
cently labeled universal probes will bind to the
5" end of the reverse sequence of new PCR
product only, and DNA polymerase will bind to
the polymerase-binding site upstream. Then
the fluorescently labeled universal probes can
be broken down specifically by the 5’ to 3’ exo-
nuclease activity of the DNA polymerase, allow-
ing unquenched emission of fluorescence.

Secondly, in F-CAUM PCR, the molar ratio of the
forward and the reverse primers ranges from
1:10 to 1:1000 with an optimal ratio at 1:50.
Therefore, the forward primers will be exhaust-
ed at the later phase of PCR, and the reverse
primers will continue amplify large quantities of
PCR amplicons containing the reverse sequen-
ce. As such, there are only limited amount of
PCR product with forward sequence in the
reactions, which will minimize the interference
due to competitive binding to the fluorescent
probe by the forward primers and PCR ampli-
cons with the forward sequence. Therefore, the
fluorescently labeled universal probes could
bind to the PCR amplicons containing reverse
sequence with high specificity. This design suc-
cessfully minimizes the interference caused by
competitive binding with other primers and
amplicons as seen in the traditional methods
and greatly enhanced the sensitivity of probe
quenching.

Lastly, the structure of MGB-labeled universal
probes was further optimized in order to ac-
hieve high specificity. The 15-25 bp oligonucle-
otide probes were labeled with double fluores-
cence groups, with fluorophores such as FAM/
VIC/ROX/CY5 at one end, and MGB attached
to the quencher molecule at the other end. A
fluorescent signal is emitted when the oligonu-
cleotide is broken down by the polymerase
binding to its 5’ end upstream. In the KASP sys-
tem, the fluorescently labeled universal probes
and the quenching probe are two kinds of com-
plementary oligonucleotide chains, and the uni-
versal probe functions as a primer as well. The
quenching probe can only be broken down in
the second round of PCR that uses the univer-
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sal probe as a primer. However, KASP is a con-
tinuous relay PCR, and the mutual interference
of two PCR systems is inevitable affecting the
performance of both systems. One solution is
to perform one-step PCR with two sets of prim-
ers. However, this is technically challenging, as
primer concentrations need to be optimized
and the assay has high failure and error rates.
The other approach is to carry out the assay
step by step; amplification product of the first
round PCR are purified before the second ro-
und PCR. However, this is very tedious, and the
primers may bind to the fluorescent probe and
lead to non-specific signals in the earlier phase
of the assay. The unique structure of MGB-
labeled probes in F-CAUM PCR enables a single
amplification system that has less interferenc-
es and ensures high assay accuracy. Mean-
while, the quenching molecule is labeled with
MGB, which offers the advantages of low fluo-
rescence background, high resolution and
specificity [24, 25], further improves the speci-
ficity of F-CAUM PCR.

Compared with other mutation detection tech-
nologies, F-CAUM PCR offers the following
advantages: 1) Compared with the capillary
electrophoresis sequencing, there are no post-
PCR and pre-electrophoresis purification steps
required for F-CAUM PCR. Assay was performed
and mutation detected in real-time quantit-
ative PCR instruments, which is simple and
saves time significantly. Furthermore, there is
no need to buy fluorescently labeled ddNTPs
for capillary electrophoresis sequencing, which
further saves cost. 2) Compared with the Ta-
gman probe method, F-CAUM PCR uses two
target sequence specific forward primers to
identify two genotypes respectively, which en-
ables point-to-point recognition. This ensures
the high specificity and sensitivity of F-CAUM
PCR. Apart from these, F-CAUM PCR utilizes
universal probe. Therefore, there is no need to
synthesize and screen new probes for detect-
ing other gene mutations, which saves time
and cost. 3) Compared with AS2-PCR, F-CAUM
PCR does not need to be assayed in two differ-
ent tubes. Its simple procedure reduces false
positivity and increases assay accuracy. 4)
Compared with probe-based real-time fluores-
cent PCR, the signal detected by F-CAUM PCR
are directly correlated with the quantity of spe-
cific PCR product. There was minimal interfer-
ence from non-specific signals, thus the assay
is highly accurate. 5) Compared with the KASP
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assay, F-CAUM PCR reaction is a single PCR
system rather than a complicated relay PCR.
Therefore, the signals detected by F-CAUM PCR
are only associated with the specific PCR prod-
uct, without mutual interference due to relay
PCR amplifications. Meanwhile, F-CAUM PCR is
easily optimized since the ratio of the forward
primers and the reverse primers are fixed.

Our results in the clinical samples further dem-
onstrated that F-CAUM PCR was highly specific,
sensitive and accurate, thus can be used for
SNP genotyping and point mutation detection.
In addition, F-CAUM PCR has advantages in-
cluding high accuracy, short detection period,
simple assay procedures and low cost. How-
ever, range of the ACt values need to deter-
mined based on different primers and further
optimized for identification of other SNPs and
mutations.

Conclusion

F-CAUM PCR system reported here greatly
improves the specificity and sensitivity of gene
mutation detection, and has advantages includ-
ing high accuracy, short detection period, sim-
ple assay procedures and low cost. Therefore,
this novel assay can be further applied to
detection of SNPs and point mutations.
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Supplementary 1. PCR conditions.

All pre-amplification PCR were carried out in a reaction volume of 15 pl containing 1 x rTaq buffer, 0.2
mmol/ul of dNTP mix, 1 U of rTaq polymerase, 5 pmol of each forward and reverse primer, 20 ug of DNA
template. Thermocycling conditions for pre-amplifications were as follows: initial denaturalization at
95°C for 5 min, followed by 35 cycles of 95°C for 45 sec, 65°C (-1/cycle) for 45 sec, and 72°C for 45
sec, and a final extension at 72°C for 5 min, 16°C forever. All pre-amplifications were performed in
GeneAmp PCR System 9700 (ABI, USA). The PCR reagents including rTaq DNA polymerase, 10 x rTaq
buffer and dNTPs were obtained from TaKaRa, Japan.

F-CAUM PCR amplifications were carried out in a 15 pl reaction volume containing 1 x rTaq buffer, 0.2
mmol/ul of dNTP mix, 1 U fTaq polymerase, 1 ul primer mixture of two 0.1 uM forward primers and one
0.5 uM reverse primer, 2 yl pre-amplification product, 1 pmol MGB-FAM Probe and MGB-VIC Probe
each. Thermocycling conditions were as follows: initial denaturalization at 95°C for 5 min, followed by
35 cycles of 95°C for 30 sec, 50°C for 30 sec, and 68°C for 30 sec, and a final extension at 68°C for 5
min, and 16°C forever. They were carried out in the SLAN-O6P real-time fluorescent PCR machine
(Shanghai Hongshi Medical Technology Co., Ltd, China).

Supplementary Table 1. F-CAUM PCR result interpretation standard
Standard

SNP/Mutation - Result
Channel 1 (wild-type) Channel 2 (mutant) ACt*
KRAS G12D point mutation + -or ACt>10 Wild-type
+ ACt<7 Mutant
+ 7<ACt<10 Potential mutant
- \ \ Repeat DNA extraction
BDNF rs6265 polymorphism \ \ ACt<-2 Mutant
\ \ ACt=-2~2 Heterozygous
\ \ ACt>2 Wild-type
*ACt=Ct2-Ct1.



