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Establishment of a novel TB-ARMS gPCR method for kras
mutation detection
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Abstract: A simple, robust and highly sensitive TB-ARMS method based on gPCR technique was developed to detect kras
mutations. The technique was evaluated, and its clinical application was investigated. Mutation specific primers for eight
common kras mutations and wild type gene targeted blockers were designed and optimized. Moreover, a mutant-enriched
condition was used in to improve the sensitivity and specificity of mutation detection. Constructed plasmids carrying mutant
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kras genes, as well as confirmed wild type genomic DNA, were used as standard samples for evaluation of the methodology.
The performance of our new method was validated by comparing the results of our method with that of a commercial kras kit
in testing 40 clinical samples. Preoperative plasma samples, as well as paired tissue samples, were tested in parallel for
evaluation of its clinical application. We have developed a new TB-ARMS method for kras mutation detection that can detect
minor mutant alleles with a frequency as low as 0.01% in a heterogeneous sample. We have successfully demonstrated its
0.01% detection sensitivity with highly specific mutant amplification in conjunction with selective wild type suppression by
blocker under a mutant-enriched reaction condition. We also showed that our TB-ARMS method was more accurate than the
commercial kras kit, which is widely used presently. Furthermore, we have validated our method as an efficient liquid biopsy
method, and the results of the plasma DNA detection with our TB-ARMS method were in consistent with the sequencing
results of paired tissue samples. In conclusion, our TB-ARMS gPCR method could be effectively applied in kras mutation test

for clinical tissue samples, as well as for liquid biopsy samples such as plasma.
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Table 1 Sequences of primers and probes in this study

Primer name Primer sequence (5'-3') T (C)
G34A-R1 TTGCCTACGCCACT 50.0
G34A-R2 CTCTTGCCTACGCCACT 55.6
G34A-R3 CACTCTTGCCTACGaCACT 55.4
G34T-R1  CcgCTTGCCTACGCCACA 52.7
G34T-R2 CTTGCCTACGCCACA 54.9
G34T-R3 GCACTCTTGCCTACGaCACA 58.9
G34T-R4 CACTCTTGCCTACGaCACA 52.7
G34C-R1 CTTGCCTACGCCACG 56.7
G35T-R1  CACTCTTGCCTACGCCAA 54.8
G35A-R1 gTCTTGCCTACGCCAT 52.7
G35C-R1 CTCTTGCCTACGCCAG 54.1
G37T-R1 CACTCTTGCCTACGCA 53.4
G38A-R1 CACTCTTGCCTACGT 50.6
G38A-R2 GCACTCTTGCCTACGT 54.5
G38A-R3 AGGCACTCTTGCaTACGT 56.1
G38A-R4 GGCACTCTTGCaTACGT 52.4
G38A-R5 AGGCACTCTTGCCCcACGT 56.1
G38A-R6 AAGGCACTCTTGCCCACGT 56.0
kras-F TGACATGTTCTAATATAGTCACA 54.1

TT
kras-P FAM-ATTCAGTCATTTTCAGC 61.0

AGGCCTT-BHQ1

kras-B1 TGCCTACGCCACCAGCTC-PO4  62.2

kras-B2 CCTACG+CCA+C+CAGC-PO4 73.0

IPC-F ATCGCCGCGCTCGTC 60.2

IPC-R CCGGGGGGCATCGTCG 62.8

IPC-P JOE-CAACGGCTCCGGCATGT 67.6
GCA-BHQ1

Note: kras-F is shared forward primer of 8 kras mutations,
and it is combined with different allele specific primers of c.
G34A, c. G34T, c. G34C, c. G35T, c. G35A, c. G35C, c.
G37T, c. G38A mutations for genotype assay. kras-P is
detection probe modified with fluorescence dye and quencher
dye at 5'-end and 3'’-end. kras-B1 and kras-B2 are blockers.
“+” denotes LNA modified nucleotide and kras-B2 was only
used in G38A mutation detection. IPC-F, IPC-R and IPC-P are
primers and probe for internal positive control gene. Bases in
lower case are mismatched bases adopted in this study.
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Fig. 1 Enhanced specificity with wild type blocker in mutation detection. (A) Comparison of the results with and
without blocker in detection of kras G34A mutation. (B) Comparison of the results with and without blocker in detection
of kras G35A mutation. Mutation analysis was performed on wild and mutant samples with reagents (with and without
blocker), and each reagent included the primer set for internal positive control. Reactions were run in triplicate and data
are shown as average C; values. Legend “M” represents mutation detection without blocker; “M+B” represents mutation
detection with blocker; “IPC” represents internal positive control detection without blocker; and “IPC+B” represents

internal positive control detection with blocker.
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Table 2 Introduction of certain mutated base increased the specificity of mutation detection
Mutant type Primer name Cywild Cimut0.01% (ACy) Cimut0.1% (ACy)
kras-G34A G34A-R1 28.27 26.99 (1.28) 23.66 (4.61)
G34A-R2 23.10 22.95 (0.15) 22.29 (0.81)
G34A-R3 31.49 24.77 (6.72) 22.74 (8.75)
kras-G34T G34T-R1 32.44 29.25 (3.19) 25.86 (6.58)
G34T-R2 33.20 27.65 (5.55) 24.78 (8.42)
G34T-R3 31.98 29.80 (2.18) 25.24 (6.74)
G34T-R4 34.24 28.08 (6.16) 25.52 (8.72)
kras-G38A G38A-R1 31.39 29.78 (1.61) 25.85 (5.54)
G38A-R2 29.15 27.46 (1.70) 24.48 (4.67)
G38A-R3 31.04 30.19 (0.85) 24.74 (6.30)
G38A-R4 31.97 29.68 (2.29) 25.67 (6.30)
G38A-R5 32.84 33.12 (-0.28) 28.36 (4.48)
G38A-R6 29.54 29.32 (0.22) 24.60 (4.94)

Note: gPCR reactions were performed in duplicate. C; values were presented as mean C;. AC; was calculated as C;mut—C,wild.
Valnes representing highest specifity of each mutant type are highlighted in bold.
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Table 3 Mutation detection under mutant-enriched condition

Mutant-enriched condition

Mutant type -
Cywild Cimut0.01% (ACy) Cimut0.1% (ACy) Cimutl% (ACy) Cimutl10% (ACy)
kras-G34A 33.83 29.06 (4.77) 25.13 (8.70) 22.67 (11.16) 18.87 (14.95)
kras-G35A 33.33 29.98 (3.35) 25.93 (7.40) 23.42 (9.91) 20.76 (12.57)
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Table 4 Mutation detection under traditional condition

Traditional condition

Mutant type -
Cwild Cimut0.01% (ACy) C:mut0.1% (ACy) Cimutl% (ACy) Cimut10% (ACy)
kras-G34A 28.20 25.38 (2.82) 22.19 (6.01) 19.02 (9.18) 16.01 (12.19)
kras-G35A 29.53 28.86 (0.67) 23.23 (6.30) 19.46 (10.08) 16.87 (12.66)

Note: gPCR reactions were performed in triplicate. C; values were presented as mean C;. AC, was calculated as C;mut—C,wild.
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Table 5 C; values of wild type samples with 8 kras genotyping reagents

Amount G34A G34T G34C G35T G35A G35C G37T G38A

1ng 35.00+0.00 33.97+1.79 35.00+0.00 35.00+0.00 35.00+0.00 35.00+0.00 35.00+0.00 35.00+0.00
20 ng 33.41+1.53 35.00+0.00 35.00+0.00 35.00+0.00 32.92+2.14 35.00+0.00 34.80+0.34 34.51+0.86
135 ng 33.54+2.54 35.00+0.00 35.00£0.00 34.70+0.52 32.98+1.27 35.00+0.00 34.59+0.60 33.72+2.22

Note: 1 ng, 20 ng and 135 ng wild type gDNA were tested with 8 typing reagents. gPCR reactions were run in triplicate. C;
value was presented as mean Ci+standard deviation for each mutation detection system.

F 6 kras 8 fh o B 7 B SR TAR M R BLUE
Table 6 The sensitivity of 8 kras typing reagents

:;‘;':r?t Cowild C,mut0.01% (AC,) C,mut0.1% (AC,)
kras-G34A 31.83 28.16 (3.68) 24.77 (5.32)
kras-G34T 33.20 27.79 (7.21) 25.21 (9.79)
kras-G34C 35.00 26.93 (8.07) 24.15 (10.85)
kras-G35T 34.15 28.68 (6.32) 24.68 (10.32)
kras-G35A 33.33  28.98 (4.35) 25.93 (7.40)
kras-G35C 35.00 27.32 (7.68) 24.78 (10.22)
kras-G37T 35.00 27.62 (7.38) 23.22 (11.78)
kras-G38A 35.00 27.39 (7.61) 24.89 (10.11)

Note: C;values were calculated as average C; from samples
of triplex reactions. If there were no available C; values for
certain samples, the number 35 was used to calculate the C;
values in order to get informative data.
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Table 7 Comparsion of the results of 5 inconsistent
samples with three different methods

Sample ADXx-ARMS TB-ARMS Sequencing
U6 WT G37T G37T
us8 WT G35T G35T
Ul6 WT G37T G37T
#13 G34A G34T G34T
#14 G34A G34T G34T
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Fig. 2 TB-ARMS gPCR results and sequencing results of five inconsistent samples.
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Table 8 The gPCR results of kras mutation for 20 NSCLC plasma DNA samples

Ci

Sample ID Results
G34A G34T G34C G35T G35A G35C G37T G38A
S1 34.47 31.92 30.53 - 8.56 22.11 24.39 27.01 G35A
S2 32.59 - - 31.48 34.32 - - - N
S3 19.30 19.35 - - 6.18 15.94 19.07 19.38 G35A
S4 - - - 13.88 - - - - G35T
S5 - - - - - - - - N
S6 - - - - - - - - N
S7 - - - 33.87 31.27 - - - N
S8 - - - - - 34.47 34.39 - N
S9 - - - - - - - - N
S10 - - - - - - - - N
S11 34.73 - - - 6.24 24.45 23.22 26.85 G35A
S12 - - - - 10.43 - 39.32 - G35A
S13 - - - - 14.58 - - - G35A
S14 - - - - - - - - N
S15 - - 31.44 34.90 34.64 - - - N
S16 - - - - - - - - N
S17 - - - 7.04 - - 25.96 - G35T
S18 - - - - - - - - N
S19 - - - - - - - - N
S20 - - - - - - - - N
Note: “=” in C; value shows C; value is not available due to the limited cycle number. C;<30 was used as cutoff value and the

genotype with the minimum C, value is determined as mutation type if there are more than one mutation types. Result “N”
means mutation negative. The minimum C, value for each sample is highlighted in bold, which corresponds to the relevant

mutation type.

3 Wi
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Ho BHETE Y kras s 2874880 PCR J7 ik K# R
ARMS J5 % e Hee gk i H R 7k, TR BRAR S i
SEN IR SR T W 3 AR i 1 R S M A X 2
AR AE Y kras LA (i@ 1E ARMS 5 756 5 58
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Fig. 3 Sequencing results of mutant tissue samples.
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