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Efficiency of two available kits for amplification of three EGFR SNPs
in patients with NSCLC: 181946 G/A (rs2293347),-191 C/A (rs712830)
and -216G/T (rs712829) with GC-rich regions
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ABSTRACT

Aim. To conduct a comparative analysis of two available kits that contain all necessary reagents and additives
in a single reaction mixture, including 100 mM Tris-HCl, 100 mM KCL, 4 mM MgS04, 0.2% of Tween 20, for
the amplification of the three most common EGFR (epidermal growth factor receptor) gene polymorphisms in
patients with non-small cell lung cancer (NSCLC): 181946 G/A (rs2293347), -191 C/A (rs712830), and -216G/T
(rs712829).

Materials and methods. The protocol for genotyping 181946C>T, 191C>A and -216G/T was refined according
to previously reported data. Polymerase chain reaction (PCR) products measuring 197 bp were detected using
electrophoresis in a 2% agarose gel, followed by staining with ethidium bromide.

Results. The Biomaster HS Taq-PCR Color 2x and Biomaster LR HS PCR 2x reagent kits were effective for ampli-
fication of 181946 G/A polymorphism located in the intron of the EGFR gene. Additionally, polymorphisms -191
C/A (rs712829) and -216G/T (rs712829), located in the promoter region and containing a high GC content, were
successfully amplified using the Biomaster LR HS PCR 2x kit.

Conclusion. The present study shows that the Biomaster HS Taq-PCR Color 2x and Biomaster LR HS PCR 2x
reagent kits are effective for amplification of 181946 G/A polymorphism located in the intron of the EGFR gene.
Furthermore, the EGFR SNP -191 C/A, located in the promoter region with a high GC content, was successfully
amplified using the Biomaster LR HS PCR 2x reagent kit.
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PE3IOME

Ilesn nccnenoBaHus — CPABHUTENBHBIN aHANU3 JBYX JOCTYITHBIX HAOOpPOB, COAEPKAIIUX B OJHOH pEaKIMOHHOM
CMeCH Bce peareHThl u 100aBku, Bkitoyas 100 mM Tris-HCI, 100 mM KCL, 4 mM MgS04, 0,2% of Tween 20,
HCOGXO}IU/IMI)IX JUIA aMl'lIIPI(l)I/IKaLlI/II/I Tpex Han60nee YacCcTO BCTpEYAIOUIUXCA Y OOJIbHBIX HEMEIKOKIETOYHBIM pa-
koM Jerkoro (HMPJI) nonmumopdu3moB rena perentopa snunepmansHoro gakropa pocra EGFR: 181946 G/A
(rs2293347), -191 C/A (rs712830) u —216G/T (rs712829).

Marepuaisl u MeToasl. [Iporokon s renornnmposanus 181946C>T, 191C>A u -216G/T 6b11 yTOUHEH B CO-
OTBETCTBUY C paHee NMPEACTaBICHHBIMH NaHHbIMU. [IpoayKThl monnmepasHoi nenHoi peakuun (ITLP) pasmepom
197 bp neTekTUpOBaIK ¢ MOMONIBIO AeKTpodopesa B 2%-M arapo3HoM relie ¢ MOCICIYIONMM OKpaIIHBaHUEM
TUANYM OPOMHIOM.

PesyabTatel. Habops! peaktuBoB Biomaster HS Tag-PCR Color 2% u Biomaster LR HS PCR 2x 6putn 3¢ dextus-
HBI U1 ammuindukanuu 181946 G/A, mokanu3oBaHHOM B HHTpoHE reHa EGFR. Kpome Toro, monmMopdusmser —191
C/A (1s712829) u —216G/T (rs712829), pacnonokeHHbIE B IPOMOTOPHOM y4acTKe U COAEprKalllie Ype3BhIUaifHO
BEICOKOE KomdecTBO GC, ycremHo aMmiiUIPOBAINCH ¢ TIOMOIIBI0 Habopa Biomaster LR HS PCR 2x.

3akiaovyenne. B HacTosiieM ucciaeoBaHUM MMOKa3aHo, 4To Habopel peakTnBoB Biomaster HS Taq-PCR Color
2x u Biomaster LR HS PCR 2x addexruBusl mis ammuindukannu 181946 G/A, nokain3oBaHHOTO B MHTPOHE
reda EGFR. Kpome toro, EGFR SNP -191 C/A, nokanu3oBaHHbIi B IPOMOTOPHOM Y4acTKe C KpaiHe BBICOKHM
copepxanreM GC-nap, yCrnemHo aMminUIUpoBacs ¢ moMolIsio Habopa peaktnBoB Biomaster LR HS PCR 2x.

Kiouessle ciioBa: no6asku, ammmmdukanus, EGFR, HMPJIL, nomamopdusm, I1LP, pearenTs

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C l'[y6J'[PIKaIIPI€I71 HaCTOS{H.[eﬁ CTaTbu.
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Jas uurupoBanus: IOpummy B., O6panosuu f., [TaBnosuy C., Tomwa H., I'ynsesa JI.®., eprureiin E.C., Kym-
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MOB, conepkamux GC-6orateie yaactku: 181946 G/A (rs2293347), -191 C/A (rs712830) u -216G/T (rs712829),
y OONBHBIX HEMEIKOKIETOYHBIM PAKOM JIETKOTO. broatemens cubupckot meouyunsl. 2025;24(1):134-140. https://

doi.org/10.20538/1682-0363-2025-1-134-140.

INTRODUCTION

The epidermal growth factor receptor (EGFR)
belongs to the receptor tyrosine kinase family. It has
a strong impact on cell growth and differentiation of
both healthy and lung cancer cells and its oncogenic
potential is recognized and established [1-3]. Several
previously described EGFR single nucleotide
polymorphisms (SNPs) are associated with regulation
of receptor protein synthesis [1, 2, 4]. Based on the
EGFR role in carcinogenesis, proliferation, and
differentiation, it is important to study EGFR SNPs
in non-small cell lung cancer (NSCLC) patients
[3]. However, EGFR promoter region that we have
studied is one of the extremely guanine-cytosine
(GC) rich regions with up to 75.45% GC base pairs
[5], so it required special amplification conditions.

Polymerase chain reaction (PCR) is a worldwide
used technique for EGFR mutation detection.
However, unique optimization of each PCR protocol
is required, especially when GC rich regions are
amplified, because they tend to form secondary
structures that interrupt standard PCR amplification
[6-8]. We have shown previously that a laborious
PCR optimization strategy was especially necessary
for SNPs amplification in the promoter region of
EGFR [5, 9]. Until recently, there was no available
complete reagent mixtures for amplification of these
complex GC rich regions. In this study, for the first
time, we have tested Biomaster LR HS PCR 2x
(BiolabMix, Russia) and HS Taq-PCR Color 2x
(BiolabMix, Russia) kits with reaction mixtures
for amplification of three SNPs: 181946 G/A, —191
C/A, and 216 G/T. The tests were conducted
via a polymerase chain reaction with restriction
of fragment length polymorphism (PCR-RFLP)
method.

MATERIALS AND METHODS

The protocol for genotyping 181946C>T, 191C>A
and —216 G/T was refined according to previously
reported data. PCR products measuring 197 bp were
detected using electrophoresis in a 2% agarose gel,
followed by staining with ethidium bromide.

Sample preparation. QIAamp DNA Blood Mini
Kit (Qiagen, Germany) and DNA Kits (Invitrogen/
Life Technologies, Carlsbad, CA, USA) where used
for isolation of DNA sample from blood of healthy
volunteers and formalin-fixed paraffin-embedded
(FFPE) blocks from NSCLC tumor tissue. At least
three analyses were performed in each group of
respondents. An identical sample from each group is
the sample used to determine the same polymorphism.
The material was divided so that the test reagents
were always tested on the same sample in order to
avoid errors or false findings.

Concentration of both DNA samples was
measured by Qubit® Fluorometer (Invitrogen/Life
Technologies, Carlsbad, CA, USA). Local Ethics
Committee approved of this study and the usage of
tissue samples for scientific study.

Genotyping protocol. The protocol for 181946C>T
genotyping was adjusted according to the previously
reported data [4] with a few modifications. Namely,
the temperature profile of PCR using KAPA Taq Hot
Start PCR Kits was as follows: initial denaturation
at 95 °C for 5 min; denaturation at 94 °C for 30s;
annealing at 55 °C for 30s; extension at 72 °C for 60 s
(in 45 cycling steps); and final extension at 72 °C for
7 min. The total volume of the PCR reaction mixture
was 25 pl, with 0.5 pl of genomic DNA, 0.4 uM of
each primer, 0.2 mM of each dNTPs, magnesium
concentration was adjusted for 1.7 mM MgCl,, and
1 U KAPA Taq DNA polymerase in 1x PCR buffer
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A. 244 bp PCR products of were detected via 2%
agarose gel electrophoresis with ethidium bromide
staining.

For 191C>A and 216 G/T EGFR polymorphisms
genotyping, we have applied the previously
described protocol [1] with several modifications
[5, 9]. All PCR reactions were performed via KAPA
Taq Hot Start PCR Kits (Kapa biosystems, Boston,
MA, USA). The temperature profile of PCR was
as follows: initial denaturation at 95 °C for 5 min;
denaturation at 94 °C for 30 s, annealing at 63 °C for
30 s, extension at 72 °C for 60s (in 45 cycling steps);
and final extension at 72 °C for 7 min. The total
volume of the PCR reaction mixture was 25 pl, with
0.4 pl genomic DNA, 0.4 pl of each primer, 0.2 mM
of each dNTPs, 1.5 M betaine, and 1U KAPA Taq
DNA polymerase in 1 x PCR buffer A (with 1.5 mM
MgCl)). 197 bp PCR products were detected via 2%
agarose gel electrophoresis with ethidium bromide
staining.

Biomaster HS Taq-PCR Color 2x (BiolabMix,
Russia) and Biomaster LR HS PCR 2x (BiolabMix,
Russia) containing 100 mM Tris-HCI, 100 mM
KCL, 4 mM MgS04, 0,2% of Tween 20 and DMSO
were tested according to recommendations of the
manufacturer and adjusted via the same PCR-RFLP
protocols for both SNPs. PCRs were performed in
total volume of 25 ul, with 0.4 or 0.5 pul genomic
DNA and 0.4 uM of each primer. Temperature profile
of the reaction was the same as previously described.

PCRs performed with this mixture had initial
denaturation at 94 °C for 4 min, and the rest of the
temperature profile of the reaction was the same and
previously described.

Cfr42I restriction enzyme, (Fermentas/Thermo
Fisher Scientific, Vilnius, Lithuania) was used
for —191C>A RFLP digestion. Fast Digest Tfil,
(Pfel) restriction enzyme (Fermentas/Thermo
Fisher Scientific, Vilnius, Lithuania) was used
for 181946C>T RFLP digestion. Products of
the reaction were detected via a 3% agarose gel
electrophoresis.

RESULTS

This study showed effectiveness of the studied
kits for amplification of three most important EGFR
SNPs in tissue samples of NSCLC patients contai-
ning GC rich region. For 181946 G/A, PCR analyses
with both Biomaster kits produced 244 bp sized
fragments (Fig. 1). Neither of the tested Biomaster

kits affected subsequent RFLP analyses. Namely,
RFLP products were as follows: 244 bp for 181946G
and 171 bp for 181946 A (Fig. 2).

s B8 e 6 7
o

Wi M

[Zip]

Fig. 1. PCR products of 181946G/A (D994D) (rs2293347)
polymorphism amplification using Biomaster HS. Taq-PCR
Color (2x) and Biomaster LR HS PCR (2x) in separate reaction
mixtures. Lane 1 — markers, lane 2 — control DNA, lane 3 —
NSCLC DNA, lane 4 — control DNA with Biomaster HS Tag-
PCR Color (2x), lane 5 — NSCLC DNA with Biomaster HS
Tag-PCR Color (2%), lane 6 — control DNA with Biomaster
LR HS PCR (2x), lane 7 — NSCLC DNA with Biomaster LR
HS PCR (2x)
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Fig. 2. PCR-RFLP products for 181946G/A (D994D)
(rs2293347) polymorphism with Biomaster HS Taq-PCR.
Color (2x) and Biomaster LR HS PCR (2x) in separate reaction
mixtures. Lane 1 — standard, lane 2 — control DNA, clane
3 — NSCLC DNA, lane 4 — control DNA with Biomaster HS
Tag-PCR Color (2%), lane 5 — NSCLC DNA with Biomaster
HS Tag-PCR Color (2x), lane 6 — control DNA with Biomaster
LR HS PCR (2x), lane 7 — NSCLC DNA with Biomaster LR
HS PCR (2x)

Biomaster LR HS PCR 2x was tested for —191
C/A and the appropriate PCR amplification was
detected (Fig. 3). Biomaster HS Taq-PCR Color
2x produced no desired 197 bp PCR products
(Fig. 3). Instead, a lot of smears and extra bands
above the expected band size were visible in the
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agarose gel. Since there was no amplification
for Biomaster HS Taq-PCR Color 2%, we have
performed RFLP analysis only with Biomaster LR
HS PCR 2x kit and visualized the 191 bp fragment
that corresponds to wild type homozygote for
both DNA samples (—191GG) (Fig. 4). Results
of PCR-RFLP products for -216G/T (rs712829)
polymorphism using Biomaster LR HS PCR (2x)
reaction mixture are shown in Fig. 5.
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Fig. 3 PCR products for —191C/A (rs712830) and —216G/T
(rs712829) polymorphisms with Biomaster HS.Taq-PCR
Color (2x) and Biomaster LR HS PCR (2X) in separate
reaction mixtures. Lane 1 — standard, lane 2 — control DNA
with Biomaster HS Taq-PCR Color (2x), lane 3 — NSCLC
DNA with Biomaster HS Taq-PCR Color (2x), lane 4 — control
DNA with Biomaster LR HS PCR (2x), lane 5 — NSCLC DNA
with Biomaster LR HS PCR (2x), lane 6 —control DNA lane
7 —NSCLC DNA
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Fig. 4 PCR-RFLP products for —191C/A (rs712830)
polymorphism with Biomaster LR HS PCR reaction. Lane
1 — control DNA with Biomaster LR HS PCR (2x), lane 2 —
NSCLC DNA with Biomaster LR HS PCR (2x), lane 3 —
control DNA, lane 4 — NSCLC DNA, lane 5 — marker
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Fig. 5 PCR-RFLP products for —-216G/T (rs712829)

polymorphism with Biomaster LR HS PCR reaction mixture

(2x). Lane 1 — control DNA with Biomaster LR HS PCR (2x),

lane 2 — NSCLC DNA with Biomaster LR HS PCR (2x), lane
3 — control DNA, lane 4 —- NSCLC DNA, lane 5 — marker

DISCUSSION

Conventional PCR protocol is essential for a wide
range of biological experiments, including the study
of EGFR, but every single PCR requires specific
set of conditions. Although it might be time- and
cost-consuming — from designing primers, setting
up materials, reagents, reaction mixtures, thermal
cycling conditions etc. to troubleshooting strategy —
optimization of PCR is inevitable, especially when
GC rich regions are amplified [3, 5, 10]. These regi-
ons with a high number of GC base pairs form
secondary structures, show resistance to denaturation,
and lead to incorrect primer attachment.

Several attempts were made to resolve these
problems, including modification of primers or
temperature conditions [11], and usage of different
additives [7, 9]. Enhancing reagents are usually used
to increase yield and specificity of the reaction in such
complex DNA templates [6, 8, 11-13]. Previously
we have adjusted appropriate DNA template
concentration, thermal cycling conditions, and
optimal MgCl, concentration for PCR amplification
of EGFR SNPs in promoter regions with GC content
up to 75.45% [3, 5] and tested the effects of different
additives that enhance PCR specificity [7, 9].
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In this study, we reported the benefits of Biomaster
kits usage since both of them include all of the
components necessary for PCR reaction including
additive and all reagents in one mixture and, thus,
minimize the risk of contamination. In addition, the
master mix preparation time is reduced. The results
of this study showed that both of the Biomaster kits
produced a more successful PCR reaction when
compared to PCR reactions without them. Biomaster
LR HS PCR 2% has a combination of HS-Taq and
Pfu DNA polymerases with stabilizers of DNA
polymerases and appropriated additives that help to
conduct a PCR reaction. It even contains 0.2% of
Tween 20 that was shown to reduce the number of
unspecific bands [14]. The manufacturer suggested
adding a little more DMSO if necessary, as it was
previously confirmed to be an important part of a
PCR reaction. PCR buffers used for master mix
usually include MgCl,, while Biomaster LR HS PCR
2x buffer contains MgSO,, which might increase
polymerase activity [8].

This kit is suitable for long, complex regions and
for GC rich fragments. We also demonstrate that
the expected PCR-RFLP products for —191C>A
from lung cancer sample were visualized via gel
electrophoresis (Fig. 3 and 4). It was not even a long
PCR fragment (244 bp). This kit, as well as Biomaster
HS Tag-PCR Color 2%, worked properly for 181946
G/A (Fig. 1 and 2).

Biomaster HS Taq-PCR Color 2% is used for
conventional PCR and for templates up to 5 kbp in
length. It already contains dyes so there is no need
to load a buffer during gel electrophoresis. Due to
its high density, reaction mixture sinks in the well
of the agarose gel easier. This kit is not suitable for
—191C>A because it lacked to produce desired PCR
products (Fig. 3).

CONCLUSION

In this study, we have shown that Biomaster HS
Taq-PCR Color 2x and Biomaster LR HS PCR 2x
are effective for 181946 G/A amplification located
in the introne of the EGFR gene. In addition, EGFR
SNP —191C/A, located in the promoter region
with extremely high GC content, was successfully
amplified with Biomaster LR HS PCR 2x.
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