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Aim. To develop diagnostic assays, based on the amplification refractory mutation system (ARMS) prin-
ciple, for detection of common mutations in the CFTR gene using two approaches: standard PCR with fur-
ther gel-electrophoresis and Real-Time PCR with SYBR Green. Materials. For this study we have chosen
the following mutations: dF508, W1282X, R117H, 621 + 1G > T, 2143delT with the frequencies in Ukraine:
dF508 — 43.3 %, 2143delT — 1.38 %; W1282X — 1.1 %; RII17H, 621 + 1G> T — < 0.6 %. For the deve-
lopment and validation of the assay we have used control DNA samples with abovementioned mutations,
which were previously examined using RFLP and heteroduplex analysis. Results. We have designed the
primers and optimized the conditions of ARMS PCR performing for the analysis of dF508, W1282X, R117H,
621 + 1G > T, 2143delT mutations. To validate the developed assays we have analyzed control DNA
samples with the following mutations: WI1282X (n=3),R117H (n=2),621 + 1G> T (n=1), 2143delT (n =
= 1). For validation of the dF508 assay we have analyzed 100 heterozygous carriers and 50 homozygous
carriers. We have analyzed 48 patients with cystic fibrosis, in which only one mutation was previously
detected in combination with unknown mutant variant, using the developed ARMS assay for the 2143delT
mutation, and detected 4 heterozygous carriers. No differences were observed in comparison with the
standard protocols. Conclusions. It was shown that ARMS is a reliable, rapid and inexpensive method, and
the developed assays can be applied in the standard PCR protocol with further gel-electrophoresis as well
as using Real-Time PCR with SYBR Green for the molecular genetic diagnostics of cystic fibrosis.
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Introduction. Cystic fibrosis (CF) is one of the most
common autosomal-recessive disorders in Caucasians
that occurs with the frequency of 1/2500 newborns and
is caused by mutations in the CFTR gene. More than
1700 mutations were identified in this gene and the
dF508 deletion was described as a causative mutation
[1, 2]. A number of methods are applied for molecular
genetic diagnostics of CF, namely, RFLP, SSCP,
DGGE, dHPLC etc., but they are relatively slow and te-
chnically demanding.

Several independent groups described a PCR-ba-
sed approach for analyzing known point mutations in
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DNA and distinguishing between the normal, hetero-
zygous and homozygous mutant genotypes. This me-
thod is commonly referred to as PCR-ARMS or ARMS
(amplification refractory mutation system). ARMS is
based on the observation that PCR amplification is in-
efficient or completely refractory if there is a mismatch
between the 3' terminal nucleotide of a PCR primer and
a corresponding template [3—-5].

This approach implies two PCR reactions. Ampli-
fication of the normal allele is accomplished using a
primer complementary to the normal allele. Conver-
sely, only the mutant allele will be amplified if the 3' re-
sidue is complementary to the mutant sequence. Thus,
as a result a normal individual generates PCR product
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Sequences of primers for ARMS tests

Mutation Nucleotide sequence Amplicon size, bp

dF508 GCCTGGCACCATTAAAGAA — common 80
GTATCTATATTCATCATAGGAAACACCACA — wild type
GTATCTATATTCATCATAGGAAACACCATT — mutant

RI117H TTTGTAGGAAGTCACCAAAGCAGT — common 111
CCTATGCCTAGATAAATCGCGATAGAAC — wild type
CCTATGCCTAGATAAATCGCGATAGAAT — mutant

621+ 1G>T TGCCTTCTCTTTATTGTGAGGACACT — common 138
TGCCATGGGGCCTGTGCAAGGAAGTATTCC — wild type
TGCCATGGGGCCTGTGCAAGGAAGTATTCA — mutant

W1282X CCCATCACTTTTACCTTATAGGTGGGCCTC — common 178
CCTGTGGTATCACTCCAAAGGCTTTCCAC — wild type
CCTGTGGTATCACTCCAAAGGCTTTCCAT — mutant

2143delT ATGGGATGTGATTCTTTCGA — common 81

GAGACCTTACACCGTTTCTCATTA — wild type

GAGACCTTACACCGTTTCTCATAG — mutant

only in the normal reaction; a heterozygote gives pro-
ducts in both reactions, and a homozygous mutant in-
dividual gives amplification only in the mutant reaction
[6].

This method has many advantages over the tradi-
tional methods of mutation detection: it is rapid (the
analysis is done in 2-3 hours), inexpensive, reliable
when a positive control sample is used, and it can be
casily visualized not only by electrophoresis in agarose
gel but also by means of Real-Time PCR system. How-
ever, the ARMS method depends on several factors:
proper primers design and optimization of PCR con-
ditions to avoid nonspecific amplification of the nor-
mal/mutant allele that could bring to false positive or
negative results [6, 7].

Our aim was to develop ARMS methods for the
analysis of common mutations causing CF, using both
general PCR with the agarose gel electrophoresis sys-
tem and Real-Time PCR assay as a prototype of the test
kits for molecular genetic diagnostics of CF. For our
study we have chosen the following mutations: dF508,
W1282X, R117H, 621 + 1G> T, 2143delT. We have
calculated the frequencies of these mutations in Ukrai-

ne as dF508 — 43.3 %; 2143delT — 1.38 %; W1282X —
1.1 %; R117H, 621 +G >T-<0,6 %.

Materials and methods. DNA extraction. DNA was
extracted from peripheral blood leukocytes by standard
phenol-chloroform extraction methods [9].

ARMS primers and conditions. ARMS PCR ampli-
fication of the dF508, W1282X, R117H, 621 + 1G>T
and 2143delT mutations was performed with using
specific oligonucleotide primers complementary either
to the wild type sequence, or the DNA with mutation
(Table).

The PCR reaction was performed in a final volume
of 15 pl containing 1 x PCR buffer, 1.5 mM MgCl,,
200 uM of each dNTP, 0.2 units of Tag-DNA poly-
merase (Biolabtech company) and 50-200 ng of the
DNA template.

The Real-Time PCR was performed in a final vo-
lume of 15 ul containing 1 x PCR buffer, 1.5 mM
MgCl,, 200 uM of each dNTP, 0.2 units of Tag-DNA
polymerase (Biolabtech company), 1 ul 2 x SYBR Gre-
en and 25-50 ng of the DNA template.

The control DNA samples with the dF508,
W1282X, R117H, 621 + 1G > T, 2143delT mutations
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1 2

Fig. 1. Electrophoregram for the analysis of a single ARMS assay for the R117H mutation in exon 4 of the CFTR gene of the wild type samp-
les; 1.8 % agarose gel. The first lanes (n) of each sample are the products with normal set of primers and the second lanes (m) —amplification
products with mutant set of primers. The results with the concentration of primers 5 pM (4) show that the sample 1 corresponds to heterozy-
gous carrier of the R117H mutation. Reducing the concentration of primers to 2.5 uM (B) eliminates nonspecific amplification of the mutant

product
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Fig. 2. Fluorogram of the R117H mutation (muf) detection in exon 4 of the CFTR gene of the wild type (wf) samples using ARMS Real-Time
PCR with the concentration of primers 5 pM (4) — the sample looks like a heterozygous carrier of R117H mutation. Reducing the
concentration of primers to 2.5 pM (B) eliminates nonspecific amplification of the mutant product
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Fig. 3. Electrophoregram of the dF508 ARMS detection in 1.8 %
agarose gel:/-3, 6, 7—normal individuals; 4 — heterozygous carrier
of the dF508; 5 — homozygous carrier of the dF508; § — molecular
weight marker (100 bp ladder)

were previously analyzed using RFLP and a hetero-
duplex assay [8, 10—13].

380

Results and discussion. To optimize the PCR
conditions to avoid non-specific amplification of the
alleles we have chosen appropriate concentrations of
primers and annealing temperature. Annealing tempe-
rature was determined using the gradient PCR (data not
shown); the temperature was: for dF508 — 59 °C; for
2143delT — 64 °C and for the mutations R117H,
621+1G>T,WI1282X — 67 °C.

It has been shown that the titrating of the concen-
trations of primers and/or Mg®’ can improve the speci-
ficity of the assay [6, 7]. In Fig. 1 the electrophoregram
of ARMS PCR assay for the R117H mutation detec-
tion with different concentrations of primers is shown.
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Amplification of the normal samples with the con-
centration of primers 5 uM can lead to the formation of
the PCR product with the mutant pair of primers, while
the reduction of concentration to 2.5 uM prevents from
nonspecific amplification.

The influence of the primers concentration on the
ARMS specificity is more significant when using Real-
Time PCR. In Fig. 2 the same experiment for the
R117H mutation is shown.

We have determined the optimal primers concen-
trations for the developed assay: dF508 — 6 pM of each
primer; R117H — 2.5 pM of each primer; W1282X,
621 +1G>T,2143delT — 10 pM of each primer. The
results of detection of the dF508 deletion using stan-
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Fig. 4. Fluorogram of the ARMS Real-Time PCR detection of
the dF508 mutation (mut): A — the profile of the normal
individual (only the wild type (w?) sequence amplifies); B —
the profile of the heterozygous carrier (wild type and mutant
sequences amplify with similar effectiveness); C — the profile
of the homozygous mutation carrier (only the mutant sequen-
ce amplifies)

dard PCR with further agarose gel electrophoresis of
the amplified products and Real-Time PCR assay are
presented in Fig. 3 and Fig. 4 correspondently.

Considering the optimized annealing temperatures
and primers concentrations, the following amplifi-
cation conditions for detection assays of the dF508,
RI17H, 621 +1 G > T, W1282X, 2143delT mutations
were proposed:

— concentration of each primer: dF508 — 6 pM;
RI17H-2.5pM; W1282X, 621 +1G>T, 2143delT -
10 pM.

— the cycling conditions for the dF508 mutation
were: initial denaturation at 95 °C for 5 min, 30 cycles
consisting of denaturation at 95 °C for 30 s, annealing
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Fig. 5. Electrophoregram of the heteroduplex analysis of exon 13 of
the CFTR gene, 10 % PAGE: / — molecular weight marker (50 bp
ladder); 2, 3 — normal individuals; 4 — heterozygous carriers of

at 59 °C for 30 s, extension at 72 °C for 30 s and a final
elongation step at 72 °C for 3 min.

— the cycling conditions for the 2143dT mutation
were: initial denaturation at 95 °C for 5 min, 30 cycles
consisting of denaturation at 95 °C for 30 s, annealing
at 64 °C for 30 s, extension at 72 °C for 30 s and a final
elongation step at 72 °C for 3 min.

—the cycling conditions for the R117H, 621 +1 G>
T, W1282X mutations were: initial denaturation at
95 °C for 5 min, 30 cycles consisting of denaturation at
95 °C for 30 s, annealing at 66 °C for 30 s, extension at
72 °C for 30 s, and a final elongation step at 72 °C for
3 min.

—1in case of the Real-Time PCR procedure, the cyc-
ling conditions were as follows: initial denaturation at
95 °C for 10 min, 35 two-step cycles consisting of de-
naturation at 95 °C for 20 s and annealing with elonga-
tion at 57 °C (for dF508), 64 °C (for 2143dT) and 67 °C
(R117H, 621 + 1 G>T, W1282X) for 30 s.

To validate the method developed we have analy-
zed the control DNA samples with the W1282X (n=3),
RI17TH(n=2),621 +1G>T (m=1),2143delT (n=1)
mutations. For validation of the dF508 ARMS test we
have analyzed 100 heterozygous carriers and 50 homo-
zygous carriers of the dF508 mutation. No differences
were observed in the results obtained using the stan-
dard protocols, except for one control DNA sample
with heterozygous dF508 mutation, which as a result of
the detailed analysis using the standard sequenced con-
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trol sample, appeared to be the dI507 mutation, that
proves the effectiveness of the developed assay.

For the analysis of 2143delT mutation we have
used the heteroduplex assay to identify the mutant pro-
file for further detection of this deletion with ARMS
PCR (Fig. 5) [12, 13]. Using the heteroduplex analysis
of the exon 13 CFTR gene we have identified the
2143delT and 2184insA mutations in the control DNA
samples. However, application of the heteroduplex
analysis for detection of the single-nucleotide deleti-
ons/insertions is restricted because of impossibility to
detect the mutant homozygote; therefore the ARMS
test is preferable.

We have analyzed 48 CF patients, in which one
mutation was previously detected, using the developed
ARMS assay for the 2143delT mutation and detected
4 heterozygous carriers. The 2184insA mutation was
identified in 12 CF patients using the heteroduplex
analysis.

Conclusions. We have developed and, using the
analysis of the control DNA samples, validated the di-
agnostic assays for the detection of common CF mu-
tations: dF508, R117H, 621 + 1G > T, W1282X and
2143delT with the ARMS PCR approach. It was shown
that the ARMS is a reliable, rapid and inexpensive
method and the developed assays can be applied in the
standard PCR protocol with further gel-electrophoresis
as well as Real-Time PCR with SYBR Green.

0. O. Conosiios, B. M. Ilamnyxa, JI. A. JTlisuwuys

Po3po6xka TectiB Ha 0CHOBI anenb-crenudpianoi [IJIP mist
JIeTeKIiT PO3MOBCIOKCHUX MYy Talliil y TeHi TpaHCMeOpaHHOTO
PeryJIsiTOpHOTO OijiKa MyKOBICIIHI03Y

Pestome

Mema. Mema oocniddxcenns noaseanra y po3pooyi 0iazHOCMUYHUX
MemoOuK, OCHOBAHUX HA NpuHyuni aneivb-cneyugiunoi I1JIP ons
aHanizy po3nogciodxicenux mymayii ¢ 2eni TPEM 3 uxopucmanusm
060X nioxodie: mpaouyitinoi I1JIP 3 nodanvwum po30iieHHsm npo-
dykmig y eenv-enrexmpogopesi ma 3 euxopucmanuam IJIP y peanv-
Homy uaci. Memoou. [{na oocnidxcenHs obpano maxi mymayii —
dF508, Wi1282X, R117H, 621 + 1G > T, 2143delT 3 uvacmomoro
syempivanoHocmi 6 Yipaini: dF508 — 43,3 %, 2143delT — 1,38 %,
Wi282X—1,1 %, RII7THi 621 + 1G> T—-<10,6 %. Buxopucmaro
koumponwhi 3pazku JJHK 3 6ionogionumu mymayismu, i0eHmugiko-
6aHi memooamu 2emepooyniekchozo ananizy ma II/JP®. Pe3ynb-
mamu. [Ipogedeno ouzaiin ma onmumizo8aHo yMOGU dielb-chne-
yugiunoi amniighixayii ons eueuenns mymayin dF508, Wi1282X,
RII7H, 621 + 1G > T, 2143delT. Po3pobaeni memoouxu ananizy
niomeepodceno nepegipkolo Konmpoavhux 3paskie JJHK 3 myma-
yismu WI1282X (n = 3), RII7TH (n = 2), 621 + 1G> T (n = 1),
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2143delT (n = 1). IlL]o6 nepesipumu mecm na dF508 namu npoana-
nizogano 100 nociie danoi mymayii ¢ cemepozucomuomy cmami ma
50 — 6 comosucomnomy. 3a 00noM02010 cmeopeHoi memoouku oe-
mexyii 2143delT npoananizoeano makoowc 48 nayicumies, xeopux na
MYKOGICYUO03, Y AKUX NEPEUHHO GUSABNIEHO JuuLe NO 0OHIll Mymayii
pa30M 3 He8I0OMUM MYMAHMHUM 6apianmom. B pesynemami ana-
i3y ceped HUX 8U3HAYEHO Wje YOMmupu HoCii 3a3HayeHoi deneyii 6 2e-
mepo3sucomnomy cmai. Ipu ybomy ne ecmanosieno po3oijicHoc-
meil 6 OAHUX, OMPUMANHUX 3 GUKOPUCTNAHHAM CMAHOAPMHUX
npomokonie ananizy docaiodcenux mymayiu. Bucnoeku. Iloxasa-
HO, Wo memoo anenv-cneyugpiunoi IIJIP ¢ weudkum ma ioHoCHO
HeOopo2UM, U020 MOXMCHA 3Acmocogyeamu 0Jisi 0emeKyii 6100Mux
mymayiu y eeni TPEM.

Knwowuosi cnosa: anenv-cneyughiuna I1JIP, IIJIP y pearvnomy
uqci, mykosicyuoos, cen TPEM.

A. A. Conosves, B. H. [lamnyxa, JI. A. Jlugwuy

PazapaboTka TecTOB Ha ocHOBe ajutenb-crenupuyeckoit [P mus
JCTEKIHH PACTPOCTPAHCHHBIX MyTAlMii B TeHE TPaHCMEOPaHHOTO

perynsaTopHoro 6ejika MyKOBHCIM/103a

Pesrome

Henw. Llenvy pabomer cocmosna 6 paspabomke OUASHOCMUYECKUX
MemoOuK, 0OCHOBAHHLIX HA NpuHYune aiiens-cneyuguuecxou I11JP
0ns ananuza pacnpocmpanennovlx mymayuti 6 cene TPEM ¢ ucnons-
308aHUeM 08YX N00X0008. mpaouyuorrou I11]P ¢ Oanvuetiwum pas-
denenuem npooykmos 6 eenv-snexmpogpopese u I[P 6 peanvrnom
epemenu. Memoowl. /[ns ucciedosanuil blOpamnbvl ciedyioujue my-
mayuu — dF508, W1282X, R117H, 621 + 1G > T, 2143delT c uac-
momotu ecmpeuaemocmu 6 Ykpaune: dF508 — 43,3 %; 2143delT —
1,38 %; Wi1282X — 1,1 %; RII7TH u 621 + 1G> T - < 0,6 %.
Hcnonvzosansl koumpoavhsie oopaszywvl JJHK ¢ coomeememeyouu-
MU MYymMmayusmu, UOeHMuGuUyuUpoBanHvle Memooamu 2cemepooyn-
nekcrnoeo anaauza u IJ[P®-anarusa. Pesynsmamol. Ilposeden
OU3AUH U ONMUMUBUPOBANbL YCI0GUS ANNENb-CheYUPUUecKoll am-
naugurayuu Ons anaruza mymayuu dF508, Wi1282X, RII17H,
621 +1G>T,2143delT. Paspabomannvie MemoOuxku aHaiusda noo-
meepocOeHvl NPosepKoil KOHMPoIbHbIX 06pasyos [JTHK ¢ mymayus-
muWli282X (n=3), RII7TH(n=2),621 +1G>T(n=1),2143delT
(n =1). [na nposepxu mecma na dF508 npoananrusuposaner 100
Hocumenel OAnHOU Mymayuu 6 2emepo3u2omuom cocmosnuu u 50—
6 comozuzomuom cocmoanuu. C nomowvio paspabomanno memo-
ouxu oemexyuu 2143delT npoananruzuposanvl maxdce 48 nayuen-
mog, 0O0NbHLIX MYKOGUCYUOO30M, Y KOMOPBIX NePEUUHO GblABIEHO
UL NO OOHOU MYMAYUU BMeCme ¢ HeU38eCMHbIM MYMAHMHbIM 84~
puanmom. B pezyromame ananuza cpedu HUX onpeoenenvl euje e-
moipee HOCUmMens YKA3aHHoU 0eneyull 6 2emepo3ueomHoM cocmo-
anuu. [lpu smom ne natideno omauyuii 8 0AHHBIX, NOJIYUEHHBIX C UC-
NONb308AHUEM CMAHOAPMHBIX NPOMOKOI08 AHANUZA IMUX MYMd-
yuti. Bwteoowr. Ilokaszano, umo memoo annenb-cneyupuueckoi
I11[P signsiemcs 6Oblcmpoim U OMHOCUMENbHO HEOOPOUM, €20 MOIC-
HO npumMeHsimbs 0Jis 0emeKyuu uzeecmuvlx mymayui 6 cene TPEM.

Kuniouegvie cnosa: annenv-cneyugpuuecxas I[P, I11[P ¢ peano-
HOM 8pemMeHU, MYKOo8ucyudos, 2en TPHEM.
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