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BbICOKOTOUHbI KONMYECTBEHHBIN aHanu3 npodunein MeTunrpoBaHua JHK B onyxonsax nexxut B OCHOBE SMUreHeTUYeCcKon AnarHo-
CTVIKK, @ TaKKe Heobxoanm ansa 6osnee NOSIHOrO U aleKBaTHOrO MOHUMAHUSA MONEKYNIAPHbIX MEXaHM3MOB OMyX0sie06pa3oBaHUs.
Tem He MeHee, pe3ynbTaTbl aHanM3a meTunpoBaHua [JHK uacto cogepikaT sKCneprMeHTanbHble OTKIIOHEHNSA PAa3HOMO MPOUCXOXK-
ZeHus. PaHee Mbl Npeanoxunu anroputv ansa 3¢beKTrBHON KOPPEKTUPOBKY AaHHbIX, COAEPKALLMX SKCNEPUMEHTaNIbHOE NCKaXe-
HVe, O4HAKO, pPeLleHe AaHHbIX YPaBHEHWI BPYUHYIO UM C UCMOMb30BaHMEM SNIEKTPOHHbIX TabnuL He ABNAETCA ONTUMAabHbIM NOA-
xofoMm. B gaHHo paboTe mbl NpeacTaBnsem npunoxeHus BiasCorrector u MethCorrector, umnnemeHTVpyioLLMe anropuT™ B BUe
R-nakeTa u nporpammbl Ha A3blke Ruby, cooTBeTcTBEHHO. Pa3paboTaHHble nporpaMmmbl o6ecneunBatoT AeTeKUMI0, aHanu3 1 ycTpa-
HeHVe SKCMeprMEHTaSIbHbIX OTKIIOHeHWI Ans Kaxaoro CpG-arHykneotmaa. OyHKUMOHUPOBAHUE NPUIIOKEHUIA ObIIO NPOTECTMPO-
BAHO C UCMOJIb30BaHNeM JaHHbIX MeTunpoBaHua JHK, nonyyeHHbIX C MTOMOLLbIO TPEX pa3HbIX TEXHONIOMIA aHanu3a: 6rucynbouT-
HOrO NMMPOCEKBEHVNPOBAHUSA, BbICOKONPON3BOANTENIBHOIO GUCYNbGUTHOrO CEKBEHNPOBAHMWSA 1 rTMOPMAN3aLMOHHONO aHanr3a Ha
onuroHykneotuaHbix JHK-unnax. O6e nporpammbl cnocobHbl 3PHEKTUBHO YCTPAHATL IKCMEPUMEHTalNbHbIE OTKIIOHEHNA 6€30THO-
CUTENbHO K Uccrnegyemomy pernony, uncny CpG-auHyKneoTnos, MeToAy SMUreHeTUYECKOro aHasmn3a, a TakKe NPrUpoae NCKaXXeHWI.
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Accurate quantification of DNA methylation in cancer is a prerequisite for epigenetic-based diagnostics as well as the mechanistic
understanding of tumour development. Still, the results of DNA methylation analysis are often prone to experimental biases of dif-
ferent origin. Since that thorough optimisation of the experimental conditions — a possibility to prevent biases — has serious lim-
itations, particularly if many loci are analysed in parallel, we have earlier developed a universal process for correcting biased DNA
methylation data irrespective of the loci that are interrogated. Its implementation required multiple manual steps, for example, solv-
ing the respective equations by using electronic tables, thereby increasing the risk of introducing errors and necessitating automa-
tion. Here, we present web-applications BiasCorrector and MethCorrector that implement our algorithm in the open-source pro-
gramming languages “R” or Ruby, respectively. The software offers a graphical user interface (GUI) to accommodate also research-
ers without prior programming skills. Three common technologies - bisulphite pyrosequencing and next generation sequencing as
well as oligonucleotide microarrays — were used to comprehensively test the correct operation of the applications. We demonstrate
the accuracy of BiasCorrector’s performance and reveal PCR- and post-PCR biases that contribute to the total experimental devia-
tion in a technology-specific manner. Both programmes effectively eliminate biases regardless of their nature, locus, the number
of interrogated methylation sites, and the detection method. They are of interest as user friendly tools for epigenetic studies and
are freely available https://biascorrector.diz.uk-erlangen.de/ and http://approximation.herokuapp.com/
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BICOKOTOYHBII KOJMUYECTBEHHBIN aHaIu3 npodu-

neit metunupoBanust JTHK B omyxonsix nexxur B oc-

HOBE SIUTCHETUYCCKOMN TUAarHOCTUKH, a TAKXKe He-
00xoauM ISl 60JIee MOJTHOTO U aAeKBaTHOTO IIOHUMAaHMUS
MOJIEKYJISIPHBIX MEXaHU3MOB oITyXoyieo0pa3oBaHus. Tem
He MeHee, pe3yabTaThl aHann3a MeTrmpoBanus JJHK ya-
CTO comepKaT PKCIEPUMEHTAIbHbIE OTKIOHEHMST pa3HO-
ro mpoucxoxneHus1. [TocKonbKy uccienoBaHe XapaKTe-
pa METWJIMPOBaHUS TEHOB HEPEIKO ITPOBOISAT HE B TCHOM-
Hoi IHK, a B e€ aMmmm@uumrpoBaHHBIX KOTIUSIX, OMHUM
13 UICTOYHUKOB MCKaKEHMS SIBJISICTCS M30MpaTeIbHAsT aM-
wnUKasI MEeTUINPOBAHHBIX 1 HEMETHJIMPOBAHHBIX

aJIeJIed U3ydaeMbIX T€HOB B XOI€ MOJMMEPA3HOM LIETI-
Hoit peakunu (ITLP-otknonenue). pyrue skcnepumMeH-
TaJbHbIE UCKAXEHHWSI MOTYT BHOCUTbCS CAMUMU METO-
namu aetekiuu (moct-ITLP-otknonenue). Ipenorspa-
IIEHUE DKCMEPUMEHTAIbHBIX UCKAXEHUI C TTOMOIIbIO
TreH-CIMeIUDUIHON ONTUMU3AIUM DKCIIEPUMEHTAIBHBIX
YCJIOBUU TPyIO3aTPATHO UJIU MPAKTUYECKU HEBO3MOX-
HO, HampuMep, MpU NapauieJlbHOM aHAJIM3€ MHOXECTBA
reHoB. [1o 3Toit mpuYMHe JOMylIeHe NUCKAKEHUI B 9KC-
TIEPUMEHTE, HO UX IMOCJENYIOIIEE YCTPAHEHUE U3 UCXOI-
HBIX TaHHBIX 00JIagaeT OOJBIINM IIPEeUMYIIIeCTBOM. PaHee
MbI TIPEUIOK I aJITOPUTM TSt 9(PDEeKTUBHOI KOPPEKTU-
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POBKM JaHHBIX, COAEPKAIINX SKCIIEPUMEHTaIbHOE UCKa-
xkenue [1, 2]. OH BKITIOYaeT KaJIMOPOBKY, KOTOpas IIpo-
BOAUTCS ¢ ucnoab3doBaHueM 1pod JJHK ¢ nzBecTHbIMU
BeJTMIMHAMU MeTUTMpPOBaHMs. OTKJIIOHEHWSI YCTAaHOBJIEH -
HbBIX 9KCIIEPUMEHTAIbHO BEJIMUMH OT TEOPETUICCKU OXKM -
JMAEMBIX YIUTHIBAIOTCS IIPU IIOCTPOCHUY KyONMIECKIX WITA
TUITePOOJIMYECKUX PErPECCUOHHBIX KPUBBIX, YPaBHEHUS
KOTOPBIX 3aTeM UCTIOB3YIOTCS 715 KOppeKTupoBku. Ofi-
HaKo, pellleHUe TaHHbIX YPaBHEHUI BPYYHYIO WU C UC-
TOJTb30BaHUEM JIEKTPOHHBIX TAOJIUIL HE SIBJISIETCS OTTH -
MaJIbHBIM T101X010M. OIBIT KCIIOJIb30BaHUSI U BOCTPEOO-
BAHHOCTb 3TOTO METOJA YKa3ajl Ha HEOOXOTMMOCTh €TO
aBTOMAaTU3allM.

Llenn: pazpaboTaTh BeO-TIPUIOXKEHUS ¢ Tpadhuie-
CKUM MHTep(deiicoM, KOTopble ObI 0OecreyrnBaJu aBTO-
MaTUYIECKYI0 KOPPEKTUPOBKY TTEPBUYHBIX SKCIIEPUMEH-
TaJbHBIX JaHHBIX.

Martepuanbl n metoabl

Co3znaHHbIe TPUJIOXKEHUST UMILJIEMEHTUPYIOT paHee
TPeIIOXKEHHBIN 1 OTPaOOTAHHBII aITOPUTM IO KOPPEK-
TUPOBKE KCHEPUMEHTAbHBIX OTKJIOHEHUM C UCTOb-
30BaHueM KannbposouHbix T1pod JTHK m3BectHOl cTe-
MEeHU METUIMPOBAaHMUS U PErpecCCUOHHOIO aHalu3a Ha
OCHOBE KyOMYECKOI MM TUIIEPOOIMIECKON perpecCum.
Beb6-npunoxeHust pazpabotaHbl B BUuIe R-nmakera u Ha
OCHOBeE TIporpaMMBI Ha s13bIKe Ruby. KonmuecTBeHHBIS
naHHble MmeTunupoBanus JJHK nonyyeHbsl MmeTonamu 6u-
CYTB(OUTHOTO MTUPOCCKBEHUPOBAHMSI, BEICOKOITPOM3BOIN -
TEJbHOI0 OMCYIb(OUTHOIO CEKBEHUPOBAHUS ¥ TMOpUAM3a-
LIMOHHOTO aHAJIM3a Ha OIMTOHYKJIeoTuAHbIX JIHK-unnax.

PesynbTaTthbl

IMpunoxenus Biascorrector u Methcorrector peanu-
3yI0T rpauyecKuii mojib30BaTeIbCKUI UHTEP(MENC, UTO
JeaeT UX TOCTYIMHBIMU JJISI ITUPOKOTO KPYyra MojIb30Ba-
Teneit. JlaHHbIe MporpaMMbl 0O€CIIeUnBaIOT OETEKIIUIO,
aHaJIu3 U yCTpaHEeHUE IKCTIEPUMEHTATBHBIX OTKJIOHE-
Huii 1 Kaxaoro CpG-npunykiaeorunaa. Ux pyHkumo-

HUpPOBaHUE ObLIO MPOTECTUPOBAHO C MCIOJb30BaAHUEM
naHHbIX MeTuaupoBaHus JJHK, monydyeHHbIX ¢ TOMO-
LIbIO TPEX pa3HbIX TEXHOJOTUI aHaIu3a: OUCYIb(OUTHO-
ro MMPOCEKBEHUPOBAHUSI, BHICOKOIIPOU3BOAUTEIBHO-
ro OMCYJIb(PUTHOTO CEKBEHUPOBAHUS U TMOPUAM3ALIN-
OHHOTO aHalin3a Ha oJUroHykiaeoTuaHbix JHK-unmax.
O6HapyxeHnbl Kak [T P-, tak u moct-T1LP-oTknoneHus,
BHOCSIIIME Pa3HbI BKJIaa B CyMMapHOe NCKaXKeHUE B 3a-
BUCHUMOCTH OT UCIIOJIb3yeMOTro MeTona aHanu3a. O6e mpo-
rpaMMBbI CIIOCOOHBI 3((MEKTUBHO YCTPAHSATh BKCIIEPH-
MEHTaJbHbIE OTKJIOHEHMSI 0€30THOCUTEIBbHO K UCCIIEeIy-
emomy peruony, ynciy CpG-IuHYKICOTUIOB, METOLY
SIIUTeHETUYECKOT0 aHaIM3a, a TAKXKe MPUPOIE MCKaXKe-
Huii. [IpuyioxkeHus: MpeacTaBIsSIOT MHTePeC B KaueCTBe
YIOOHBIX U MPOCTHIX B UCIIOJb30BAHUM UHCTPYMEHTOB
IIJIST STIMTEHETUYECKUX rccienoBaHuii. [IporpaMMbl CBO-
0OIHO JOCTYTHBI IO cienyouM Beb-aapecam: https://
biascorrector.diz.uk-erlangen.de/ http://approximation.
herokuapp.com/
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