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ABSTRACT

This study presents a domestic kit suitable for the collection of human buccal
cells, and long-term storage of nucleic acids on a piece of paper. A filter paper with
a density of 70 g/m? was selected and treated with chemicals that make up the
lysing solution, which contributes to the destruction of cells and prevents bacterial
growth. A total of 25 buccal cell samples were collected on the treated paper cards.
The samples had a median DNA concentration of 20 ng/pl (range 0.5-45 ng/pl).
The collected DNA samples were tested using a real-time PCR, sequencing of the
first hypervariable segment of the human mtDNA control region, and multiplex
genotyping of 15 short tandem repeat loci. We conclude that the domestic
pretreated cards could be used for collecting and isolating DNA from buccal
epithelium for genetic and other applications.
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Cost-efficient methods for collecting and storing high-quality DNA are currently
in great demand in the life sciences field. The storage of biomaterials on a filter paper
carrier has been recently introduced into practice. Buccal cells represent a non-invasive
and practical facility for collecting and storing genetic material. There are several
manufacturers of buccal epithelium collection and storage kits on the market, one of
which is as Whatman™ FTA™ (Flinders Technology Associates) Card (GE
Healthcare) [1]. These cards are impregnated with a patented mixture of chemicals that
make up the lysing solution to destroy cells, prevent the growth of bacteria, and protect
DNA from nucleases [2]. An additional advantage of cards is long-term storage
compared to brushes for collecting buccal epithelium, for which the recommended
storage is no more than 5 days [2, 3]. An increasing number of epidemiological studies
are associated with the collection and analysis of DNA extracted using FTA cards from
various types of biomaterial [4]. The general use of FTA cards in molecular genetics
research is the efficiency and ease of use of this method, as well as the minimal cost of
DNA isolation significantly expands the range of population screenings [5].

This study presents the development of domestic kit for genetic analysis,
including a collection of human buccal cells, and long-term storage of nucleic acids on a
piece of paper. The study aimed to conduct laboratory tests and evaluate the DNA
concentration from the developed cards. To ensure the quality of the collection,
isolation, and storage protocols, samples were genotyped using several methods
commonly used in clinical, pharmacogenetic, and forensic experiments. Before the
study, approval was received from the local Ethics Committee of the National Center
for Biotechnology (protocol no.4, 29.08.2017). The Ethics Committee approved the
procedures, the informed consent form, and data collected for the study.

The basis of the kit was selected filter paper with a density of 70 g/m* It was



treated with chemicals that make up the lysing solution (e.g. EDTA, Tris buffer, and N-
Lauroylsarcosine), which contributes to the destruction of cells and prevents bacterial
growth. We analyzed a total of 25 buccal cell samples that were brushed with sterile
cotton swabs to detach a large number of cells. Ends of the swabs were pressed into the
treated paper cards to transfer collected cells. Afterward, the cards were dried for 3
hours. Then, three disks with a diameter of 3-6 mm were cut out with filter puncher, and
DNA was eluted into the solution with TE buffer, previously washed twice with 200 pl
of Milli-Q water. Samples were quantified with a Qubit 2.0 Fluorometer using the Qubit
dsDNA HS (High Sensitivity) Assay Kit according to the manufacturer’s instructions.
Real-time PCR analysis was performed on the ABO of erythrocyte surface proteins gene
(rs8176746 A>C), performed on a CFX96 Real-Time System (BioRad). The sequencing
of the first hypervariable segment of human mtDNA of 572 nucleotide pairs was
conducted using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems) and the ABI 3730xI DNA Analyzer (Applied Biosystems). Multiplex
amplification of 15 short tandem repeat (STR) loci plus the Amelogenin gender-
determining marker was performed with the AmpFISTR Identifiler PCR Amplification
Kit (Applied Biosystems) using 3130 x| Genetic analyzer and analyzed with
GeneMapper 4.0 software (Applied Biosystems).

The samples had a median DNA concentration of 20 ng/ul (range 0.5-45 ng/ul)
for a total sample spot, while DNA concentrations of 0.1-3 ng/ul from a single 3 mm
disk were detected. DNA concentration Real-time PCR was performed on the ABO gene
(rs8176746 A>C) and was successful in all samples. The first hypervariable segment of
human mtDNA with a product size of 572 bp was successfully amplified. Multiplex
genotyping of 15 STR regions and the amelogenin locus was carried out using the
AmMpFISTR Identifiler assay and the collected 25 DNA samples. An example of an
electropherogram with DNA amplification results is shown in Figure 1.
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Fig. 1. Electropherogram showing DNA amplification results for the fifteen STR
loci and the Amelogenin locus of a buccal sample collected on the pretreated paper.
DNA fragments are labeled in FAM dye (blue), VIC dye (green), NED dye (yellow,

depicted in black), and PET dye (red). The GeneScan-500 size standard is labeled with
LIZ dye (not shown).

In addition, we used GenSaver 2.0 cards (Ahlstrom Munksjo, Germany) to
make a comparison testing. All comparisons were adjusted to one 3-mm punch.
GenSaver 2.0 cards have produced higher DNA yield, however, STR genotyping and
amplification results were similar for both kits. The DNA extracted from the developed
cards was of sufficient quality to determine a person’s identity using STR profiling. At
least 3 years of amplifiable DNA storage within a card at room temperature are
expected. As a result, it was confirmed that the paper cards could be used for collecting
and isolating DNA from buccal epithelium for genetic and other experiments.

The use of paper cards may dramatically reduce the cost of nucleic acid
extraction The commercial filter paper that was used in the study was 50$ per 100
sheets (45x45 cm) on the market. Our pretreated card together with a sterile cotton swab
and homemade buffers will cost less than 0.5$ per sample making it a cost-efficient
solution for DNA applications.
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HNCITOJIB30BAHUE OBPABOTAHHuOfI BYMAI'
JJI51 CBOPA BYKKAJIBHOU JTHK

ABCTPAKT

B nanHOM mMcciel0BaHMH NpeJCTaBJ/ieH OTedeCTBEHHbI Ha0op 1Jjs cOopa
OYKKAJbHBIX KJIETOK YeJOBEKA U UIUTEJbHOI0 XpPAHEHHUS] HYKJEHMHOBBIX KHCJOT
Ha OyMaskHOM Hocuteje. bblia oro0pana ¢puiabTpoBaibHas Oymara mJIOTHOCTHIO
70 r/M2 m oOpaGoraHa XMMHMYECKHMMH BelIeCTBAMH, KOTOPbIe COCTABJISIIOT
JIM3MPYIOLIMI PacTBOP, YTO CIOCOOCTBYeT pa3py lIeHHIO KJIEeTOK M NpeoTBpalaeT
poct 6akTepuii. Bcero Ha 00padoTaHHBIX OyMaKHBIX KapTO4YKaXx ObL10 coOpaHo 25
00pa3uoB OyKKaJAbHBIX KjIeToK. O0pa3ubl umenau cpeaauii Boixoa JHK 20 nr/mka
(nmanmazon 0,545 ur / mka). CoOpannbie o0pasubl JIHK TtecTmpoBanum c
ucnojn3oBanuem IIIP B pexxume peajibHOro BpeMeHH, CeKBEHHPOBAHHS MEPBOI0
runepsapuadeJbHoro  cermeHra  4vegoBedeckod  MTJHK  4enoBeka mu
MYJIbTHILUIEKCHOT'0 TeHOTUNIMPOBAHMUA 15 KOPOTKHMX TAHAEMHBIX MOBTOPSIOIIMXCS
JOKycoB. Mpl NpHIUIM K BBIBOAY, 4YTO OTeYeCTBeHHbIC IPeABAPUTEJbHO
00padoTaHHbIe KAPThl MOT'YT ObITH MCIOJIb30BaHbI s cOopa u BbiAejeHus JHK
U3 OYKKAJBHOIO JNUTEeNUusl JIf TeHeTHYeCKHMX MCCIeJ0BaHUH M JPYyrux
NPUMEHEeHUI.

Kuarwuesbie ciaoBa: [AHK, naentuduxkanus, OykkajibHble Kiaetku, [P,
(pparmMeHTHBII aHAIN3

BYKKAJIIbI JHK )KHHAY YIIIH OHJEJITEH KAFA3/bI
MAWJAJAHY

TYUIH

Bya 3eprreyae agaMHbIH OyKKaJIbl KACYIIAJAPbIH KMHAY JKOHE Karas
OeTiHJe HYKJIEHH KbIIIKBULIAPbIH Y3aK CaKray YIIIH OTAHABIK KUBIHTBIK
YCBIHBLIBIT OTBIP. ThIFbI3AbIFBI 70 /M2 cy3rilml Kara3 ipiKTeJin aJbIHABI JKOHE
JKacyaJapabiH OY3bLIYbIHA BIKNAJ €TeTiH KoHe OaKTepusIapAblH O6CYiH aJIbIH
aJIaThIH JIM3NUC ePITIHAICIH KypaliThIH XUMMSUIBIK 3aTTAPMEH OHJeJreH. OHaenren
Kara3 Kaproukajapaa Oapabirbl 25 gaHa ypr xacymanapbl skuHaaasl. JHK
oprama KoHueHTpauusicol 20 Hr/mka (amanason 0,5—45 ur/ mxa) Kypaasl. JJHK
JKMHAQJIFaH yiariiepi HakThl yakbIT pexuminge IITP-gbp1 naiizanana otbipbim,
MT/IHK Oaxkbliay aiiMarbiHbIH  OipiHmi  rumepBapualeibi  CerMeHTIH
CeKBeHMpJey :kdHe 15 KbICKa TaHIeMAiK KaWTaJaHATBIH JIOKYCTapabl
MYJIbTHILUIEKCTI TeHOTHIITEY APKbLIbl ChIHAKTAH 6TTi. Bi3 oTaHAbIK eHjaeareH
KapTajap TreHeTHKAJbIK 3epTreyjep MeH 0acka [1a KOJJAHYFa apHAJFaH
oykkanasl Kabarran JHK skuHay koHe 0oy ymIiH maiijaaaHbLIybl MYMKIHZIITI
0ap ereH KOPbITHIHABIFA KeJIIK.
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