Short Communications

http://dx.doi.org/10.7124/bc.000B07
UDC 575.224.22

Modified method for analysis of InDel ACE1 gene polymorphism
using the temperature melting curves of PCR products

L.A. Livshits!34 O.V. Gorodna!, A.V. Dzobak?, A.M. Mohylevets?, G.B. Livshyts!,

Yu.G. Antypkin3, D.S. Krasnienkov#

!nstitute of Molecular Biology and Genetics, NAS of Ukraine

150, Akademika Zabolotnoho Str., Kyiv, Ukraine, 03143

2 Taras Shevchenko National University of Kyiv
60, Volodymyrska Str., Kyiv, Ukraine, 01033

3 SI “Ukrainian center of maternity and childhood, NAMS of Ukraine ”

8, Platona Mayborody Str., Kyiv, Ukraine, 04050

4SI “D.F. Chebotarev Institute of Gerontology, NAMS of Ukraine”

67, Vyshgorodska Str., Kyiv, Ukraine, 04114

livshits@edu.imbg.org.ua, info@knu.ua, ig@geront.kiev.ua, ipag@amnu.gov.ua

Aim. The ACE] gene is a key to the renin-angiotensin
system, as it encode the ACE1 enzyme, which regulates
blood pressure and water-electrolyte balance. The InDel
(I/D) polymorphism of the ACE gene causes a different
level of enzyme synthesis and is associated with various
pathological conditions, including the course of COVID-19.
The aim of our study was to develop an efficient method
for the analysis of I/D polymorphism of the ACEI gene
by analyzing the melting temperature curves of specific
PCR products. Methods. Genotyping was carried out by
the PCR method using DNA isolated from peripheral blood
leukocytes. The primers were designed using BLAST
SEARCH and synthesized at METABION (Germany).
The reaction was carried out using the “HOT FIREPol
EvaGreen qPCR Mix Plus” mixture. Amplification was

performed on iIQ5TM Multicolor Real-Time PCR Detection
System (BIO-RAD), melting curves were analyzed using
BIO-RAD i1Q5 Optical System Software V 2.0. Results.
The proposed method, using one pair of primers, turned
out to be effective for detecting genotypes based on the
melting temperature curves of PCR products: the peak at
8385 °C corresponded to deletion, at 86—89 °C to inser-
tion, and in the presence of both peaks, the genotype was
defined as heterozygous. Conclusions. The proposed
method of genotyping the I/D polymorphism of the ACE/
gene is simple and reliable, and can be used for the analy-
sis of genetic markers of cardiovascular pathology and the
prognosis of the course of COVID-19.
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Introduction

The ACE! gene plays a pivotal role in the
renin-angiotensin system (RAS), encoding the
ACE enzyme, which converts angiotensin I to
angiotensin Il — a potent vasoconstrictor that
elevates blood pressure and stimulates aldo-
sterone secretion, thereby regulating water and
electrolyte balance [1]. The most common I/D
polymorphism of the ACE gene is defined by
the presence or absence of an Alu sequence in
the 16th intron. This polymorphism influences
the plasma ACE level, modulating pathophys-
iological processes via the RAS and the kinin-
kallikrein system [2, 3]. The expression level
of ACEI varies depending on the genotype:
DD — homozygote for Alu deletion (allel D)
exhibit the highest ACE level, while II — ho-
mozygote for Alu insertion (allel I) have the
lowest [3]. Moreover, this polymorphism
serves as a marker of cardiovascular disease
risk and treatment efficacy and is associated
with the severity of COVID-19 [2, 4]. Our
study aimed to develop an efficient and simple
method for detecting the InDel polymorphism
in ACE] gene using the analysis of PCR prod-
ucts melting temperature curves.

Methods

The DNA samples from peripheral blood leu-
kocytes were isolated with the Nucleic Acids
Extraction Kit “U-Prep-100” (RECLICON
LLC, Poland).

Specific oligonucleotide primers were de-
signed using the BLAST search tool and Vector
NTI software (Invitrogen). The synthesis of
specific oligonucleotides was carried out by
METABION (Germany). PCR was conducted
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Fig. 1. Electrophoregram of the separation of PCR frag-
ments of the ACE! gene product (I/D) in a 2% agarose
gel: 1 — negative control; 2, 3 — homozygote for al-
lele I (IT); 4, 5 — heterozygote (I/D); 6, 7— homozygote
for allele D (DD); M — molecular weight marker (Lad-
der 100 b.p.)

using the pre-formulated “HOT FIREPol
EvaGreen qPCR Mix Plus” (Solis BioDyne,
Estonia), which includes the intercalating dye
EvaGreen and HOT FIREPol Tag DNA poly-
merase. To enhance amplification efficiency
and reaction specificity, the betaine solution
(Sigma-Aldrich) was added to the reaction
mixture to lower the melting point of the PCR
product. The amplification and subsequent
analysis of the melting temperature curve were
performed using the iIQ5TM Multicolor Real-
Time PCR Detection System (BIO-RAD,
USA), and data were analyzed with the BIO-
RAD i1Q5 Optical System Software V 2.0
(20006).

Table 1. The primers used in PCR reactions

ACEI Forward | 5° CTG GAG AGC CACTCC CAT CCTTTCT 3"

ACE1 Reverse | 5" GAC GTG GCCATC ACATTC GTCAGAT 3®
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Fig. 2. Melting temperature curves of PCR products for different genotypes: (A) DD homozygote, (B) DI heterozy-

gote, (C) II homozygote

Results

The primer design targets the I/D sequence by
positioning it between the flanking sequences.
The primer sequences are presented in Table 1.

To identify the DNA samples with different
ACEI gene I/D genotypes, we have performed
an endpoint analysis for detecting defferent
PCR products. The PCR reaction was carried
out in a final volume of 20 pL, consisting of
3 uL DNA (50ng), 10 pmol of each oligonucle-
otide primer, 4 pL. “HOT FIREPol EvaGreen
qPCR Mix Plus” 4 uL 5M betaine solution.
The optimal temperature and time conditions
were as follows: initial denaturation at 94 °C
for 12 minutes, followed by 35 cycles of de-
naturation at 94 °C for 1 minute, annealing at
64 °C for 1 minute, extension at 72 °C for
1 minute, and a final elongation step at 72 °C
for 2 minutes. Amplicons were differentiated
based on their length and GC content.

Then, the aliquots (5 pL) containing each
amplicon were subjected to the electropho-
retic separation on an 2% agarose gel, stained
with the intercalating dye ethidium bromide,
and visualized using a transilluminator (Fig. 1).
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Electrophoresis was performed for 35 minutes
at 260 V and 400 mA. The 2-log DNA Ladder
from Thermo Fisher, with a range of 100 to
1000 bp in 100 bp increments, served as a
molecular weight reference.

After amplification was completed, the
melting curve analysis was performed by cool-
ing the reaction to 55 °C and then heating
slowly to 95 °C. The melting curve and fluo-
rescent signals were analyzed with BIO-RAD
1Q5 Optical System Software V 2.0 (2006).

Comparetive test results indicated that the
curve peak between 83 °C and 85 °C corre-
sponded to a deletion, while the peak between
86 °C and 89 °C indicated an insertion. The
presence of both peaks signified a heterozy-
gous genotype (Fig.2). The reference DNA
samples produced consistent and reproducible
genotyping results, confirming the method’s
efficacy.

In our study we have developed a validated
version of the method for analyzing the InDel
polymorphism of the ACE gene using the
melting temperature curves of PCR products.
Similar methodologies have been employed
by other researchers. For instance, Nissen ef al.
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applied a three-primer approach in RT-PCR
for genotyping Danish patients, but the proce-
dure looks like more complicated, than our
Protocol [5]. It is necessary to know that the
efficiency of melting curve analysis was shown
not only for InDel variants but for SNP geno-
typing [6]. The similar method has been pro-
posed recently for the investigation of impact
of ACEI gene insertion/deletion polymor-
phisms on COVID-19 severity [7].

The technic proposed in our study was used
for investigation the association of ACE7 1/D
polymorphism with the clinical course of
COVID-19 in pediatric patients [8]. Therefore,
we propose this version of method as a valu-
able tool for the analysis of ACE! 1/D poly-
morphism as a genetic marker not only of
cardiovascular disorders but also of suscepti-
bility to COVID-19.
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Monudikopanuii MeToa anajisy noaimopdgizmy I/D
reia ACE1 3 BUKOpHCTAHHSM TeMIlePaTypPHUX
KPUBHUX MJiaBJieHHs npoaykris ITJIP

JLA. Jlisuuys, O.B. I'opoona, A.B. /[[3p06axk,
A.M. Mozcuneseyw, I'b. Jlisuwuys, I0.I" Anmunxin,
/.C. Kpacnenxos

Mera. ['ea ACE] € KITIO90BUM y pOOOTI peHiH-aHT10TEH-
3MHOBOI cucTeMi, ocKiIbkU BiH koaye depment ACE]L,
SIKMH PETYITIOE apTepialbHUM THCK Ta BOIHO-EIEKTPOJIIT-
Huit 6amanc. ITomimopdism I/D rena ACE! 3ymMoBIIOE
pi3HMIi piBeHb CHHTE3y (DepMeHTa 1 € acOl[iiOBaHUM i3
PI3HMMH TTATOJIOTIYHUMH CTaHAMM, BKJIIOYAIOYX Tepeodir
COVID-19. Metoro Hamoro AOCTiKEHHS OyJI0 po3po-
outu e(heKTHBHUI METOT VTS aHAI3Y 1HAST-TIOIIMOPQi3-
My rena ACE] 3a JOTIOMOTOIO aHAIII3y TeMIlepaTypHUX
KpPUBHUX IUTaBICHHSA crenudiganx mpoxykris TTJIP.
Metonu. ['enotumnmyBanHs 37iricHioBan Metonom [TJIP 3
Bukopucranssam J{HK, Buninenoi 3 neixoruris nepude-
piitHOi KpoBi. [Ipatimepn po3poOMIM 3a TOTTOMOTOIO
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BLAST SEARCH Tta cuHTEe3yBamd y KOMHaHIi
METABION (Himeuuuna). Peaxiiito mpoBOAMIIN 3 BHKO-
pucranusam cymimi “HOT FIREPol EvaGreen qPCR Mix
Plus”. Ammmigikamiro BukoHyBanu Ha iQ5TM Multicolor
Real-Time PCR Detection System (BIO-RAD), anamizy-
BaJIM KpUBI TuIaBieHHs 3a gonomoroio BIO-RAD iQ5
Optical System Software V 2.0. Pe3yapTaTn. 3amnpono-
HOBAHHI METOJ, 13 BUKOPUCTAHHSM OJTHIET MTapH Mpaiime-
PiB, BUSBUBCS €()EKTHBHHUM ISl ICTEKLIil TeHOTHUITIB Ha
OCHOBI KPUBUX TEMIIEPaTypH TUIABICHHS POoxyKTiB [1JIP:
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mik pu 83—85 °C Bigmosixas nenerii, mpu 86—89 °C —
iHCepIIii, a 32 HAIBHOCTI 000X TIKIB T'€HOTUI BU3HAYAIN
SIK TETCPO3UTOTHUH. BHCHOBKH. 3aporioHOBaHUI METOT
reHotuiryBaHHs I/D-nionimopdismy rena ACE! € mpocTum
1 HaIIHHUM, MOYKe OyTH BUKOPHCTAaHHUHN JUTS aHAI3y TeHe-
TUYHAX MapKEpIiB CEPIIEBO-CYIMHHOI MATOJIOTII Ta Mpo-
rao3y nepediry COVID-19.
KawuoBi caosa: ACEl, InDel, anaimi3 kpuBux Tem-
TiepaTypu TUIABJICHHS.
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