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Single nucleotide polymorphism (SNP) is an important and valuable form of DNA variation among indi-
viduals. Various methods for SNP genotyping have been developed, but a few are suitable for the flexible
and low-cost applications. Aim. To design probes and develop diagnostic methods for the analysis of poly-
morphic variants of the genes MTHFR, F5, F2 using the multiplex ligation-dependent probe amplification
(MLPA). Methods. Hybridization and ligation approaches. Results. The specific LPO and RPO probes and
primers were designed, the composition and concentration of key components of the mixture for the MLPA
reaction, as well as the temperature conditions were selcted. Conclusions. The developed methods are ide-
ally suited for the small-scale SNP genotyping, routinely performed in the medium-sized research laborato-
ries, and can be used for the creation of different test systems for DNA markers.
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Introduction

The increasing need for the large-scale genotyping ap-
plications of single nucleotide polymorphisms (SNP)
requires the development of sensitive, preferably mul-
tiplex technologies accessible to the minimally equipped
laboratories for the detection of these molecular genetic
alterations. The advances in modern technology allow
the rapid development of many new techniques aimed
at the SNP detection such as the restriction fragment
length polymorphism (RFLP), high-density oligonu-
cleotide SNP arrays, primer extension arrays, high res-
olution melting analysis, denaturing and temperature
gradient gel electrophoresis, sequencing, as well as the
multiplex ligation-dependent probe amplification
(MLPA) [1-3]. MLPA was originally designed for the
gene dosage or DNA copy number variation (CNV)
analysis [2]. Further modifications of the MLPA proto-
col provided a number of new applications of MLPA,
including the SNP genotyping [2, 4], expression profil-

ing [5], methylation status determination [6, 7], trans-
gene genotyping [8], copy number analysis in segmen-
tally duplicated regions [9], etc.

The principles of MLPA were described in detail
by Schouten et al. [2]. Briefly, MLPA is a multiplex
assay that allows testing up to 50 different DNA se-
quences in a single reaction, detecting different ge-
nomic alterations. It is based on the identification of
amplified ligation products by size. Two probes hy-
bridize immediately adjacent to each other. When
the probes correctly hybridize to the target sequence,
they are ligated by a thermostable ligase enzyme.
The PCR primers exponentially amplify the ligated
probes. The amplification products are separated by
electrophoresis. Each MLPA probe is designed to
have a specific size so that when the amplification
products of the PCR are run on a gel, the product of
each probe can be identified by its size.

The main critical initial step in setting up an MLPA
assay for SNP detection is the probe design. Gener-

©2015 S. A. Kravchenko et al.; Published by the Institute of Molecular Biology and Genetics, NAS of Ukraine on behalf of Biopolymers and Cell.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited

309



S. A. Kravchenko, S. Yu. Chernushyn, A. M. Kucherenko et al.

ally, the ligase enzyme is sensitive to mismatches
between the probes and target sequences next to the
ligation site, and ligation does not occur in the pres-
ence of a mismatched 3’ base. Since the SNP alleles
differ in one nucleotide only and because it is difficult
to achieve the optimal hybridization conditions for all
probes, the target DNA often has the potential to hy-
bridize to mismatched probes. When terminal mis-
matching has only weak destabilizing effect, a single
mismatch at the terminal base may not discriminate
between the wild-type and the mutant alleles, since
the ligation of the allele-nonspecific probes may con-
tinue. Different mismatches have different destabiliz-
ing effects [10]. In general, the purine-pyrimidine mi-
spairing is more stable and exhibits a weaker destabi-
lization effect than the purine-purine or pyrimidine—
pyrimidine mismatches [11, 12], especially for the
probes that have the G/T or T/G mismatch with the
sample DNA at the 3’ end. [13, 14]. This is due to the
fact that Guanine and Thymine are able to form some
hydrogen bonds, allowing certain ligation activity that
can generate approximately 25% of a signal. Simulta-
neously, the transitions (T<>C, A<>G) have been not-
ed to occur at much higher frequencies than the trans-
versions (T«>A, TG, CoA, CoQG) [15, 16]. The
major cause of the T<>C, A—G transitions in mam-
mals is the generation of the G:T (or C:A) mispairs
during semi-conservative DNA replication. There-
fore, the probe design plays a crucial role in providing
the precise SNP genotyping by MLPA assay.

In this report, we present the design of MLPA as-
say for the combined analysis of the F2 G20210A,
F5 G1691A, MTHFR C677T gene variants, which
are well-known genetic markers of predisposition to
the increased risk of cardiovascular disease (CVD).
[17] The factor V (F5 G1691A) Leiden and the
G20210A variant of the prothrombin (F2) gene are
the clotting factor mutations associated with an in-
creased tendency toward venous thrombosis [18].
The C677T polymorphism of the MTHFR gene has
been reported to be associated with an elevated plas-
ma homocysteine. Hyperhomocysteinemia has been
documented as an independent risk factor for a stroke
[19]. The proposed MLPA approach has been ap-
plied for the analysis of above mentioned SNPs.
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Materials and Methods
MLPA analysis

DNA samples were diluted with TE to 30-70 ng/ul
concentration. The hybridization and ligation reac-
tions were performed in a final volume of 15ul con-
taining 20 mM Tris-HCI, pH 7.6; 25 mM KCI; 10
mM MgCl; 1 mM NAD"; 10 mM dithiothreitol;
0.1 % Triton X-100; 3 units of Tag DNA Ligase
(New England Biolabs Ltd, UK), 5 pl of DNA sam-
ples and MLPA probe mix (concentration — from
1.3 to 8 pM). The reaction mixtures were initially
incubated at 94 °C for 2 min, then incubated at
94 °C for 15 s followed by 60 °C for 60 min, this
cycle was repeated 10 times using 2720 Thermal
Cycler («Applied Biosystems», USA).

PCR analysis

The PCR amplification was performed in a final vol-
ume of 15ul containing 1 x PCR buffer, 1.5 mM Mg
Cl,, 200 uM of each dNTP, 0.2 units of Tag DNA
polymerase, Sul of ligation reaction and 5 M of each
universal PCR primer. The sequence of labelled pri-
mer was 5’—Cy5-GGGTTCCCTAAGGGTTGGA-3’
and unlabelled primer was 5°- GTGCCAGCAAGA
TCCAATCTAGA-3’. The cycling conditions were as
follows: 28 cycles consisting of denaturation at 94 °C
for 30 s, annealing at 60 °C for 30 s, extension at 72 °C
for 60 s, and 20 min incubation at 72 °C.

Electrophoresis

The MLPA products were electrophoresed on an
automated laser fluorimeter «ALFexpress» («Phar-
macia Biotech»), 1 pl of the MLPA product was
mixed with 4 pl of the solution containing 95 %
formamide and 5 mg/mole dextran blue. The mix-
ture was denatured for 3 min at 95 °C and quickly
cooled on ice, then was loaded in 8 % polyacryla-
mide gel containing 0.6 x TBE and 7M urea. Elec-
trophoresis was performed at 45 °C, 1000V, 50 mA,
30 W for 90 min. Analysis of the products was per-
formed using FM2.1 (Fragment Manager Software
V2.1, «Pharmacia»). The peaks obtained after elec-
trophoresis could easily be identified and all peaks
matched with the expected sizes.
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Results and Discussion
General guidelines for MLPA design

The design of probes is an initial step in the setting
up an assay for MLPA. Terminology of the probe
components is presented at Figure 1.

The MLPA probes consist of two half-probes (a
left half-probe and a right half-probe), each contain-
ing a universal PCR primer sequence, a sequence
complementary to the target, known as the hybridi-
zation sequence, as well as a stuffer sequence which
allows changing the probe length. A sample of ge-
nomic DNA is denatured, then a MLPA probe mix is
added to the denatured genomic DNA. The two parts
of each probe hybridize to the adjacent target se-
quences and are ligated by the thermostable ligase.
The ligated probes are then amplified by PCR using
the universal primers matching the sequences present
on the distal end of each probe. To design the MLPA
probes, the target DNA sequences should be chosen
using bioinformatic databases. The next step was to
develop a design of the LHS and RHS sequences
with the following conditions [20]:

 a mismatch with the related SNP should be lo-
cated in the 3’ end of the LHS;

* RPO probe should be always phosphorylated at
its 5’ end to enable ligation to LPO probe;

* the LHS and RHS hybridizing sequences should
be directly adjacent without any overlap;

* a minimum length of the LHS and RHS sequenc-
es should be > 20 nucleotides;

* the melting temperature of the LHS and RHS
sequences should be > 68 °C. Melting point selec-
tion has been performed by the RaW-Probe v.0.15b
software, RaW-Probe is freely available at the MRC-
Holland webpage (http://www.mlpa.com);

« analysis of the secondary structure of the LHS
and RHS sequences using M-folding and selection of
the sequences in which AG > 0 °C must be performed.
AG calculations has been performed using UNAfold
bioinformatic resource (http://mfold.rna.albany.edu/);

* specificity of the probe should be tested by run-
ning the LHS and RHS together in the Human Ge-
nome Blast website to verify that they are unique in
the human genome.

9

Fig. 1. Schematic representation and terminology of the syn-
thetic MLPA probe components: 1 — recognition sequence for
the forward universal primer; 2 — left linker (stuffer) sequence
(LS); 3 — left hybridizing sequence (LHS); 4 — right hybridizing
sequence (RHS); 5 — right linker (stuffer) sequence (RS); 6 —
recognition sequence for the reverse universal primer; 7 — left
oligonucleotide probes (LPO); 8 — right oligonucleotide probes
(RPO); 9 — target sequence

To design the MLPA probes for SNP genotyping it
is necessary to take into account the possibility of
tautomerisation between Guanine and Thymine resi-
dues through the hydrogen bonds [12-13]. The
probes that have a G/T or a T/G mismatch with the
DNA at the 3’ end of the LPO and its non-template
target DNA sequence may generate approximately
25 % signal. In such cases, the design of MLPA
probe must be carried out for a complementary DNA
strand. A very weak probe signal (<5 %) might be
obtained when the probe has a C/A mismatch with
the sample DNA at the 3’end of the LPO. To increase
the specificity of hybridization an additional deliber-
ate mismatch should be introduced at the penulti-
mate (second to terminal) base of the probe.

The next stage of the MLPA probe design was the
selection of stuffer sequences that allow the total probe
length (TPL; TPL=LPO + RPO) to be modulated. For
optimal resolution, a minimum difference between the
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l Ligation
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B

Fig. 2. Graphical view of destabilizing effect of introduced mis-
match at the penultimate site of 20210A probe; A) mutant type
20210A probe to the mutant template leads to successful MLPA
reaction; B) unstable pairing of the mutant type 20210A probe to
the wild template due to two consecutive mismatches does not
lead to the MLPA reaction

Table 1. Characteristics of designed probes

MLPA probes should be at least four nucleotides. The
nucleotide sequences of A phage with minor modifica-
tions were used for the selection of stuffer. Notably, the
first nucleotide directly following the LPO sequence
(it is the first nucleotide at the 5 ‘end of the stuffer) af-
fects the probe signal strength in order from the strong-
est to the weakest value: C > G > T > A. The primer
recognition sequence incorporated at the 3° end of
the RPO (5’-TCTAGATTGGATCTTGCTGGCAC-3)
was complementary to the reverse primer (universal
reverse primer — 5’-GTGCCAGCAAGATCCAATC
TAGA-3’). During the first amplification round in
MLPA, the reverse primer binds to this complemen-
tary sequence in the RPO and a complementary copy
of the original probe is made. The nucleotide se-
quence at the 5° end of the LPO was identical to the
sequence of the forward PCR primer (universal for-

A

Designation Hybridizing sequence ("1;?:1) ses(;ite‘fr?; l;g%}ll/ gg;
LHS-677C 5’ TGAAGGAGAAGGTGTCTGCGGGAGC 75,9 |5’ CATCTTGAGTC 0,28 107
RHS-677C 5’P- CTCCCGCAGACACCTTCTCCTTCA 68,1 |5-> CATGAG 0,58
LHS-677T 5-> AAGCTGCGTGATGATGAAATCGA 68,0 |5-> CATCTT 1,0 99
RHS-677T 5°P - CTCCCGCAGACACCTTCTCCTTCA 74,8 |5-> CATG 0,59
LHS-20210G |5-> GCACTGGGAGCATTGAGGCTC 72,0 |5-> TAAAAAACTACCG | 0,35 117
RHS-20210G |5°P- GCTGAGAGTCACTTTTATTGGGAACCA 70,4 | 5-GAAAAGTCGGTGGC | 0,98
LHS-20210A |5-> TGGTTCCCAATAAAAGTGACTCTCAGAA 70,2 - 1,1 90
RHS-20210A |5’P- AGCCTCAATGCTCCCAGTGC 69,2 - 0,54
LHS-1691G | 5-> GGTTACTTCAAGGACAAAATACCTGTATTCCTC 70,0 - 0,18 95
RHS-1691G | 5’P- GCCTGTCCAGGGATCTGCTC 71,4 - 0,52
LHS-1691A |5-> GTAAGAGCAGATCCCTGGACAGGAA 73,0 |5-> TGTGAATGG 0,32 12
RHS-1691A |5’P-AGGAATACAGGTATTTTGTCCTTGAAGTAACCTTTC| 70,6 - 0,19

Note: Tm — melting temperature of hybridizing sequences; TPL — total probe length. For all probes the primer recognition sequence
incorporated at the 3’ end of the RPO was 5’-TCTAGATTGGATCTTGCTGGCAC; nucleotide sequence at the 5’ end of the LPO

was 5’-Cy5-GGGTTCCCTAAGGGTTGGA

Table 2. The concentrations of LPO and RPO probes and universal primers

Probe designation Concentrations (nM)

Probe designation Concentrations (nM)

LPO-677C, RPO-677C 6.7
LPO-677T, LPO-677T 33
LPO-1691G, RPO-1691G 6

LPO-1691A, LPO-1691A 2.7

LPO-20210G, RPO-20210G 1.3
LPO-20210A, LPO-20210A 8

Universal forward primer 33
Universal reverse primer 33
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ward primer — 5’-Cy5-GGGTTCCCTAAGGGTT-
GGA- 3’°) and was used in the second PCR cycle.
The forward PCR primer was fluorescently labeled
by Cy5 to enable electrophoretic separation of the
MLPA products using a laser fluorimeter.

MLPA probe design for genotyping

the C677T, G20210A and G1691A
polymorphisms

To design the LPO and RPO probes for genotyping
the polymorphisms C677T-MTHFR (rs1801133),
G20210A-F2 (rs1799963) and G1691A-F5 (rs6025)
we have scanned the DNA sequences of these genes
using bioinformatics databases: dbSNP - http://www.
ncbi.nlm.nih.gov/snp and SNPper: http://snpper.chip.
org. We have revealed the nucleotide sequences sur-
rounding the polymorphisms in which we are inter-
ested (the polymorphic sites are given in bold):

* 151801133 —- TTGAAGGAGAAGGTGTCTGCG G
GAG[C/T]|CGATTTCATCATCACGCAGCTTTTC;

* 151799963 — AAAACTATGGTTCCCAATAAA
AG TGACTCTCAGC|G/AJAGCCTCAATGCTCC
CAGTGCTATTCATGGGCAGCTCT

* 156025 — TAATCTGTAAGAGCAGATCCCTG
GACAGGC|G/A]JAGGAATACAGGTATTTT-
GTCCTTGAAGTAACCTTTCAGAA

Since all these polymorphisms are the transitions
C/T or G/A, to avoid tautomerisation between Gua-
nine and Thymine residues at the 3 ‘end of the LHS
sequence and the non-template target DNA sequence,
we carried out the differential design of the LHS and
RHS sequences. Thus, for the wild type of C677T—
MTHFR polymorphism (677C allele), the selection
of the hybridization sequence was performed on the
direct chain of DNA, whereas for the mutant type
(677T allele) — on the complementary DNA chain.
And vice versa, for the mutant types of G20210A-F2
and G1691A-F5 polymorphisms (20210A and 1691A
alleles) the selection of the hybridization sequences
was performed on the direct chain of DNA and for
the wild types (20210G and 1691G alleles) — on the
complementary DNA chain. Probes for these poly-
morphisms were designed using bioinformatics re-
sources, software and above-mentioned general
guidelines for LPO and RPO design. All the designed
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Fig. 3. A) MLPA analysis of the C677T gene MTHFR, G20210A
gene F2 and F5 G1691A polymorphisms using a laser fluorim-
eter ALF-Express II; B) The results of genotyped SNPs using the
Fragment Manager V 1.2. software package

probes were synthesized and tested for the presence
of a positive MLPA reaction at its related template
target of DNA sequences. Abundant amplification
products were obtained using all the probes. Then all
the probes were tested for the hybridization specifi-
city — none of the probes gave any signal of the
MLPA reaction at their non-template target DNA se-
quences but two — for the 20210A and 1691A alleles.
Weak MLPA products appeared after the MLPA re-
action of the 20210A and 1691A probes, which must
detect mutant type of alleles for the F2 and F5 genes
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respectively, with wild type template. For these
probes terminal mismatching produces weak desta-
bilizing effect (C/A mismatching in these cases) and
ligation of the allele-nonspecific probes reaction can
be continued. To increase the specificity of hybridi-
zation we have introduced at the penultimate base an
additional deliberate mismatch based on the princi-
ple that if the existing SNP mismatch results in a
weak destabilization between the probe and its non-
template target, a strong destabilizing mismatch will
be introduced at the penultimate site. Analyses of the
destabilization strength for all combinations of nu-
cleotide pairing were described in detail by Little
[10]. According to the Little’s data nucleotide A in-
stead of C should be inserted next to the terminal
base in both 20210A and 1691A probes to ensure a
stronger destabilization. Fig. 2 demonstrates the
graphical view of destabilizing effect of 20210A
probes improved by the introduction of an additional
deliberate mismatch.

After insertion of additional deliberate mismatch,
all probes gave good signals of the MLPA products
at their related template target and did not give the
signals of MLPA reaction at their non-template tar-
get. The characteristics of the designed LPO and
RPO probes are shown in Table 1.

The conditions for the multiplex ligation-depend-
ent probe amplification of the F2 G20210A, F5
G1691A, MTHFR C677T gene variants were worked
out at the last stage. The optimal concentrations of
the LPO and RPO probes and the universal primers
were selected and are given in Table 2. The composi-
tion of the reaction mixtures for MLPA and the tem-
perature conditions are described in «Materials and
methods». The developed MLPA probes were tested
on the samples of DNA with different allelic variants
of the studied polymorphisms using the reference
DNA samples, the genotyping of which was conduct-
ed independently by the alternative methods. Fig. 3
shows the results of MLPA analysis of the MTHFR
gene C677T, F2 gene G20210A and F5 G1691A pol-
ymorphisms. The peaks obtained after electrophore-
sis could easily be identified and assigned to the spe-
cific probes based on their different lengths. All peaks
matched with the expected sizes.
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In conclusion, the use of probes for MLPA which
we have designed appeared to be a robust, efficient,
and reliable method which allows evident discrimi-
nation of SNPs at multiple loci. Analysis of the
MLPA products may be conducted using a range of
electrophoretic equipment, such as ABI-Prism Ge-
netic Analyzer, Beckman, LICOR IR2, Agilent Bio-
analyzer, Shimadzu electrophoresis System, as well
as standard electrophoretic cameras for the separa-
tion of nucleic acids in PAGE. The designed probes
can be used in any combination and the MLPA pro-
cedure may allow many additional loci to be ana-
lyzed in one multiplex reaction.
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Po3po0ka MyJbTHIIEKCHOT JTira3Hoi peakuii
JJISl AHAJTI3Y OHOHYKJIEOTHAHMX MoJiMopdizmis
reniB MTHFR, F5, F2

C. A. Kpasuenko, C. 0. YepHymiuH,
A. M. Kyueperko, O. O. Cornogiios, JI. A. JliBumib
OHOHYKJICOTH IHI MOTIMOP(]I3MH € BaXKIIMBOIO Ta BAaroMoro Gop-

Moto rerernyHoi Bapiabensrocti JJHK cepern ingusinis. Hapasi
PO3pO0IEHO BEIHKY KUIBKICTh METOJIB IS TCHOTHITYBaHHS Ja-

HHX TOTIMOP}i3MIB, aje KUIbKICTh YHIBEPCATBHUX Ta HEIOPOTHX
obmexeHa. Mera. J{u3aiiH OTIrOHYKJICHUTHUX 30H]IIB Ta pO3p00-
Ka JIarHOCTHYHHUX METOAUK IS aHaIi3y MoniMopQHIX BapiaHTIB
reniB MTHFR, F5, F2 3 BukoprcTaHHsIM MYJIBTHIUIEKCHOT JIiras-
Hoi peakuil. Meronu. ['i0puausanis, nirassa peakuis. Pesyabra-
TH. Po3po6ieHo au3aiin cienudivaux LPO ta RPO onironykiie-
OTH/IHHX 30H/IiB Ta MpaiiMepiB, Mmii0paHO CKIIa] Ta KOHIIEHTpaLlii
KJTIOYOBHMX KOMITOHEHTIB peakiiifnoi cymimi st MLPA peakuii,
a TAKOXK ONTUMAJIBHI TEMITEpaTypHO-4acoBi peskiuMH. Po3pobeni
MeToAWKH anpoOoBaHi Ha 3paskax [IHK 3 pisHumu anensHIMEU
BapiaHTaMU JOCTIDKYBAaHUX MOMIMOP(]I3MIB 3 BHKOPHUCTAHHSAM
pedepencuux 3paskis JJHK. BucnoBku. Po3po6ieHi MeToauku
i7leabHO MiAXOMSTh T TeHOTUITyBaHHs BHOipKoBuX SNP, sike,
3a3BUYal, IPOBOIUTHCS B HEBEIMKUX HAyKOBO-JOCIIJHUX J1abo-
paropisix, a TaKoK MOKYTh OyTH BUKOPHCTaHI CTBOPEHHS Pi3HUX
tect-cucreM JIHK-mapkepis.

Kaw4yoBi caoma: nomimopdizm , MLPA, HykineoruaHa He-
BIANIOBIHICTE, Tay TOMEPU3aLis

Pa3paboTka My IbTHIUIEKCHOIT JIMTa3HO peakuuu
AJIS1 AaHAJIM3A OJHOHYKJICOTHIHBIX NMOJIUMOpdu3MOB
renoB MTHFR, F5, F2

C. A. Kpasuenko, C. 0. Uepnymius,
A. M. Kyuepenxo, A. A. Conosbes, JI. A. JIusmmn

OJHOHYKJICOTH/IHBIE TIOIMMOP(U3MBI SBIISIOTCS BAKHOW U Be-
coMoii opmoii rererndeckoro pasnoodpasus JJHK cpean nn-
IUBUIOB. B HacTosiee BpeMs pa3paboTaHo OOJBIIOE YUCIO
METOJIOB Il TCHOTUITMPOBAHUS ATUX ITOIUMOP(U3MOB, HO Cpe-
1 HUX Majo yHHMBepcalbHbIX U Henoporux. Lleaw. Juzaitn
OJIMTOHYKJIEOTHIHBIX 30HJIOB M Pa3paboTKa JHArHOCTHYECKUX
METOJIMK JUTs aHaJH3a ToauMopdHbIX BapuanToB renoB MTHFR,
F5, F2 ¢ nucrions3oBaHreM MYJIbTUTUICKCHOM JTUTA3HON PEAKITHH.
Metonpl. ['mOpunusanus, jaurazHas peakius. Pe3yabTarsl.
Pazpaboran muzaiin cnemm¢pmnuecknx LPO u RPO omuronyk-
JICOTUTHBIX 30HA0B M IPaltMepoB, MOAOOPaH COCTAB 1 KOHIICHT-
paLyy KITIOYEBBIX KOMIIOHEHTOB PEakMOHHOW cMmecH st MLPA
peakiu, a TaKKe ONTHMAJbHBIE TEMIEPaTypPHO-BPEMEHHbIE
pexumbl. Pa3paboTaHHBIE METOMKH anpoOHpOBaHbI Ha 00pas-
nax JIHK ¢ pa3nuyHbIME aJuteIbHBIMU BapHaHTaMH H3ydaeMbIX
MOJUMOP(HU3MOB C HCHOJIB30BaHUEM pe(epeHCHBIX 00pa3ioB
JIHK. BpiBonbl. Pa3paboTaHHbIE METOAWKH WACATBHO TTOIXO-
JIAT JJ1 TeHOTUIIMPOBaHUS BBIOOpOoYHBIX SNP, koTopoe 00prdHO
HPOBOJUTCS B HEOOJIBIINX HAyYHO-HCCIIEI0BATENBCKUX 1a00pa-
TOPHUSIX, @ TAKIKE MOTYT OBITH UCIIONB30BAHbI CO3aHMs Pa3JIny-
HbIx Tect-cucreM J{HK-mapkepos.

KawueBbie cJioBa: nomumopdusm, MLPA, HykneotnaHoe
HECOOTBETCBHE, TAYyTOMEPU3ALIMS
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