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ONMUCAHUE

Cnocob 1 cuctema ANA 3anOMUHaHUA 6MOMH¢0pMaLIMOHHbIX AaHHbIX U AO0CTYNA K HUM

06nacTb TeXHUKH
B paHHOM 3asBKe npepgnaraloTcd  HoBble cnocobbl  ana  3OPEeKTUBHOroO  3anoMMHaHUS
BMOMHPOPMALIMOHHBIX AaHHbIX, B YaCTHOCTM AaHHbIX CEKBEHWPOBAHWS reHoma, A0CTyna K 3TUM

AJaHHbIM U UX Nepeaadvun.

YpoBeHb TeXHUKHU

CooTtseTcteylowas popma NpeacTaBNeHMsA AaHHbIX CEKBEHWPOBAHMS TeHOMa SBAAETCS OCHOBOM,
nossonsiouen 3¢¢dekTMBHO obpabaTbiBaTh, 3aNOMMHATb W NepegasaTb JaHHble TFeHoma A
obecneyeHnss BO3MOXKHOCTM M YNPOLLEHUS NPUIOKEHWU aHA/M3a - TAaKMX KaK BbI30B BapMaHTOB
reHoma 1 BbINOJIHEHWE NOJ/IHOIO aHaAn3a C NOCTAaHOBKOM Pa3fIMyHbIX Uesel nyTem 06paboTkuM faHHbIX
CEKBEHMPOBaAHMA U MeTagaHHbIX. B HacToswee Bpema MHPOpMaLMA O CEKBEHMPOBAHUM FEHOMA
reHepupyeTca asTOMaTaMu BbICOKONPOM3BOAMTENbHOTO cekBeHMposaHus (High Throughput
Sequencing; (HTS)) 8 Buae nocnenosaTenbHOCTEN HYKNEOTUA08 (MMEHYEeMbIX TaKKe "ocHoBaHUsMK"),
oTObparkaembiX CTPOKaMM BYKBEHHBIX CMMBOJI0B M3 ONpPeLeNeHHOro C/IoBaps.

3T aBTOMaTbl CEKBEHMPOBAHWUS HE CYMTLIBAIOT FEHOM WJIM TeHbl LEe/MKOM, HO OHM (opmupytoT
KOPOTKME CayyaiHble dparmeHTbl HYKAEOTUAHbBIX NOCAeA0BaTE/IbHOCTEN, MMEHYEMble CHUTAHHBIMM
¢dbparmeHTamm nocnes0BaTeENbHOCTH.

Kaxgomy HyKneotuay B CYMTaHHOM dparmeHTe NOCNefoBaTe/IbHOCTM Ha3Ha4aeTcss 4YMC/IoBOWM
NnoKasaTesb KayecTsa. ITOT YMCAOBOM NOKasaTeNb OTOOpa)kaeT YpOBEHb [J0BEpUTENbHOM
BEPOATHOCTM, Ha3Ha4YeHHbIM aBTOMAaTOM CUMTAHHOMY GpParmMeHTy KOHKPETHOro HyK/l1eoTMZa Ha

KOHerTHOf/’I no3nunKn B NnoCne0B8aTe/IbHOCTU HYK/1€0TN A0B.

3TU MCXOAHble AaHHble CEeKBEHUPOBaHUA, creHepupoBaHHble aBTomatamm NGS (cekBeHMpoBaHUA

CNeayoulero noKoneHma) obbIMHO 3anMcbiBalOT Ha XpaHeHue B dainbl FASTQ (cm. Takke ¢ur. 1).

CnoBapb MWHMMaNbHOTO 0bObema, OTOOpaXkaloWMM  HYKJEOTUAHbIE NOC/AeA0BaTe/IbHOCTH,
NOMy4eHHbIE NPU BbINOJIHEHMM NPOLECCa CEKBEHUPOBaHUS, COCTOUT U3 NATK cumesonos: {A, C, G, T, N}
oTobparkalowmx 4 TMNa HyKNeoTnaos., exoaawmx 8 coctas JAHK (a UMeHHO: afeHWH, UMTO3MH, T'yaHWH
M TUMMH) B COYeTaHUM C cMmBonoM N, yKasbiBaloOWMM Ha TO, YTO aBTOMAaTy CEKBEHMPOBAHWUS He

Y4an0Cb Bbi3BaTb TO UM MHOE OCHOBaHWME C AOCTAaTOYHbIM YPOBHEM LI,OBepVITeﬂbHOﬁ BEPOATHOCTH,
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4YTO TMN OCHOBAHMA HA TaKOW MNO3MUMM OCTAETCA HeoNnpeneseHHbIM B MNpoLecce CYMTbIBaHUA. B
puboHyknenHosolt kKucnote (PHK) TumuH 3ameHeH ypacunom (U). TlNocneposaTensHOCTH
HYKNeOTUAO0B, NOJIyYEHHblE C MOMOLIBID ABTOMATOB CEKBEHMPOBAHWUS, MMEHYIOT “'CYMTaHHBIMU
¢parmeHTammn". B cnyyae cnapeHHbIX CHMTAHHbIX GpParMeHTOB MCMOJb3yT TepMmnH "wabnon" ana
0b03HaYeHMs UCXOAHOM NOCNefoBaTe/NbHOCTM, M3 KOTOPOW Oblla BblAe/leHa Napa CYMTAHHbIX
¢dparmeHTOB. CuMTaHHble pParmMeHTbl NOCAeA0BaTENbHOCTM MOTYT COCTOATb M3  KOAMYEcTsa
HYKNEoTUA0B B AMana3oHe OT HECKOJIbKUX AHOXKUH 40 HECKOIbKMX TbICAY. B HEKOTOPbIX TEXHONOTMUSAX
CYMTaHHbIe PpParmMeHTbl NOCNAEA0BATENbHOCTM CHUTLIBAIOTCA B BMAE Nap, A€ KaxkAablA CYMTaHHbIN
dbparmMmeHT MOXKET ObITb NOJIy4eH OT 0gHOM 13 Asyx uenen JHK.

B 06nacTn ceKBEHMPOBAHUA FeHOMa TEPMUH "NMOKpbITMe" MCNnonb3ylT Ana 0H603HaYeHUs YPOBHS
M36bITOYHOCTU JAHHbBIX CEKBEHUPOBAHMA NO OTHOWEHMIO K pedepeHCHOMY reHomy. Hanpumep, gns
obecnevyeHus nokpbitus 30x Ha reHome denoseka (AAMHOW 3,2 MUAAMapAA HYKIEOTUAHbIX
nocsef0B8aTe/IbHOCTEN, UM OCHOBAHWIM) aBTOMAT CEKBEHUPOBAHUA AO/KEH cHOPMMUPOBATL B CYMME
npmubansutenbpHo 30 x 3,2 MUAAMapaa OCHOBaHUM TakMm 06pa3om, YTO B CPEAHEM Karxkaas no3mums

B 3TanoHe nokpbisaeTtca 30 pas.

PelleHnA B TeXHUKe U3BECTHOrO YPOBHA

BonbwKMHCTBO Mcnonb3ayemblx ¢GOpM  NpeacTaBneHMA WMHPoOpmauMm O TeHOMe W3 [aHHbIX
CEKBEHMPOBAHWS OCHOBAHO Ha popmatax ¢amnnos FASTQ 1 SAM, KoTopble 0ObIMHO NPeaCTaBAsIOT B
dopme ¢ zip-crkaTvem 418 COKpaLweHus obbema ncxogHoro ¢anna. Panbl TpagMumoHHoro popmarta,
cooTBeTcTBeHHO FASTQ n SAM an8 BbIPOBHEHHbIX M HE BbIPOBHEHHbIX AAHHbIX CEKBEHMPOBAHWA,
COCTOSIT U3 CMMBOJIOB OTKPBLITOTO TEKCTa M MOSTOMY AJS UX CHATUA MCNO/b3YIOT YHMUBEPCA/IbHbIE
CpefcTBa - TakMe KaK LZ-cxembl (XOpoLWo M3BECTHbIe zip, gzip U Ap.), aBTOpamMKM KOTOPbIX ABJ/IAOTCS
Lempel 1 Ziv, onyb6n1vrKkosasLuMe nepsble Bepcum. Korga Mcnonb3yoTces yHUBEpPCaibHbIe KOMNPECCOpPbI
- TAKME KaK gzip - pe3y/ibTaTOM CXKaTuA ABAAETCA 0DObIMHO OAMHOYHbIM 60/bLIE0OBEMHBIN 0OBEKT
ABOUYHbBIX AaHHbIX. MHPOPMALMOHHOE COAEPKMMOE TaKUX NPEACTAaBAEHHbIX B MOHONUTHOW popme
pe3y/nbTaToB O4YeHb TPYAHO apXMBMpPOBaTb, MNepecbinatb M obpabaTtbiBaTb, OCOOEHHO B Cy4ae
CEKBEHMPOBAHMSA C BbICOKOM NPOM3BOAUTENBHOCTBIO, KOT4a 06beMbl AaHHbIX YPE3BbIYANHO BEMKW.
Mo OKOHYaHWK CEKBEHMPOBAHWSA BbINOJIHAETCA NOTOYHas 0bpaboTKka MHbOpMauMK O FeHOME, Ha
KaxK4oM CTyneHu KoTopor GopmMUpYIOTCS AaHHble, NpeacTaB/eHHble B BUAE COBEPLUEHHO HOBOW
CTPYKTYpbl AaHHbIX (B dopmaTte daina), HECMOTPS Ha TO, YTO MO CyWECTBY AMWb Manas A0As

NOJIy4eHHbIX ZAHHbIX ABJIAETCA HOBOM NO OTHOLUEHUIO K NpeapblAyWen CTyNeHu.
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Ha ¢wur. 1 nokasaHbl OCHOBHbIE CTYNEHW TMNOBOKM MNOTOYHOM 06pPaboTKM MHPOPMAUUM O reHOME C
0b603Ha4YeHmem cooTBeTCTBYOWEN dopmbl NpeacTaBnenHma popmata dpanna.

ObWwenprHATLIM  pPELIeHUAM CBOWMCTBEHEH pAfg, HeAOoCTaTKOB: 3anuCaHHble B apxXMB AaHHble
HeZO0CTaTO4HbI B CBA3WM C TEM, YTO Ha KaXKAOW CTyNeHW NoTo4HOoM 06paboTkn MHbopmaumm o reHome
MCNOMb3YyeTCA OT/AMYHBLIN OT Apyrvx ¢opmat ¢aina, 4YTO nNOApasyMeBaeT MHOMKeCTBEHHoe
KONMPOBaHWE AAaHHbIX C CONYTCTBYIOWMM BbICTPbIM POCTOM NOTpebHOCTH B 06beme namaTu. ITO
HeadPeKTMBHO camo NO cebe, NOCKOJIbKY He ABAAETCA JIOTMYECKNM HeobXOAMMbBbIM, HO 3TO
HeadPEeKTUBHO, HELIENECOODOPA3HO M K TOMY }KE HE BbIAEPKMBAET HArpPy3KM Npu yBeandeHnm obbema
JaHHbIX, FreHepupyembiXx aBTOMaTaMM BbICOKONPOU3IBOAUTENLHOrO cekBeHuposaHua (HTS). 3To
ABASETCS NOCNEACTBUAMM, 3aBUCUMbIMM OT AOCTYNHOro ob6bema NamsATU M OT COBOKYMHbIX 3aTpaT U
TaKkKe NpPenaTcTBYET NPeaocCTaB/eHMI0 NPEUMMYLLECTB OT aHaju3a reHoma B 34paBOOXPaHEHUU
YBEJ/IMYEHHOM foNe HaceneHus. BansHue 3aTpat Ha UT, yBennumMBaloWwmxcs Npy SKCNOHEHLNAaIbHOM
pocTe ob6bema pe3ynbTaTOB CEKBEHMPOBAHMA, NOAJEKAWMX 3aNMCKM B NAMATb U aHaANU3Y, ABAAETCA
OAHWM M3 INaBHbIX BbI30OBOB Hay4YHOMY COODLLECTBY M TEM, C YEM BbIHYKAEHA MMETb AE/10 MHAYCTPUA
3apasooxpaHeHus (cm. CkoTtT . KaH "O 6yayuem gaHHbIX reHoma” - Science 331, 728 (2011) n A.C.
MasnvwwuH, T. BaliccmaH m T, AoHa, 2013, “CHoBa KOHTPaKTbl Ha reHom 4esnoseKka”, Bioinformatics
29(17): 2199-2202). B 310 e Bpems 6bll1 NPeANPUHAT pAAg, UHUUMATUB C NONbITKAMMK YBENUUYUTD
macwTab pacnpocTpaHeHUs CEKBEHMPOBAHUS FTEHOMa OT HECKO/IbKMX BblOPaHHbIX MHAVBUAYYMOB [0
6onblKnx rpynn HaceneHus (Cm. Oxxow N. Pobeptcsee “CekBeHNpOBaHME A8 MUIJIMOHA BETEpaHOB”

- Nature Biotechnology 31, 470 (2013))

MNepecbl/ika AaHHbIX TeHOMa SABAAETCA MeasIEHHbIM U HeddEKTUBHbIM NPOLIECCOM, MNOCKOJIbKY
Mcnosnb3yemble B HacTosilee spems GopmaTbl AaHHbLIX OPraHM30BaHbl B BUAE MOHONUTHbLIX painos
06bEMOM [0 HECKOJIbKMUX COTeH [6aliT, KOTopble HEODHXOAMMO B NOJHOM 0b6beme nepecbliaTb AA
06paboTKM Ha NPUEMHBbIM KOHel. 3TO O03Ha4yaeT, YTo A/A BO3MOXKHOCTM aHanau3a Hebo/bloro
CermMeHTa AaHHbIX TpebyeTca nepecbiaika Bcero ¢aina ¢ cyuecTBEHHbIMW 3aTpaTaMm, CBA3AHHbIMU C
3aHATMEM NOJIOChbI NPONYCKaHUS M BpeMeHeMm OXKuaaHus. YacTo nepegaqa B peasibHOM BPeMEeHM
3anpeuleHa Ana 6HonbwMX 06BEMOB MepecbinaembiX fAaHHbIX, M TPaAHCMOPTUPOBKY AaHHbIX
OCYLILECTBASAIOT NyTem GU3MUYECKOro NepemMeLlleHNs HOCUTENE AaHHbIX - TaKUX Kak HaKonuTenu Ha

YKECTKOM [IMCKE WJIM CEPBEPDI XPAaHEHUS AaHHbIX - U3 OLHOrO MecTa B Apyroe.

3TN OrpaHu4YeHus, LENCTBYIOWME NPU MCNOJb30BaHUM MNOLXOLOB W3BECTHOrO YPOBHS TEXHUWKM,

npeogonesaroTCca HaCTOAWMM M306peTeHVIeM.
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ObpaboTKa fOaHHbIX ABASETCS MeasieHHOW W HeaddeKTMBHOM BcaeacTBMe TOro ¢akra, 4TO
MHOOPMAUMS He CTPYKTYpUMpOBaHa TaKMm Cnocobom, NpuM KOTOPOM 4HacTM [AHHbIX Pa3/IMYHbIX
KaTeropuii 1 meTagaHHblX, Tpebyemble 06LENPMHATBIM NPUNOKEHNAM aHaNIN3a, MOTYT ObITb CYMTAHbI
6e3 HeobxoaMMOCTM AO0CTYNa K AaHHbIM BO BCEM MX COBOKYNHOCTW. [aHHbIM GaKT O3Ha4vaeT, 4To
MOXKeT noTpebosaTbca paboTa 0ObIYHBLIX KOHBEMEPOB MOTOYHOrO aHa/iM3a B TEYEHWE HECKOJIbKUX
OHEeN UAn Hegenb C PacxofoBaHUEM LIEHHbIX M AOPOrocTosWMX pecypcos 06paboTkn no npuymHe
HeobX0AMMOCTM aHa/IM3NPOBATb NO CUHTAKCUCY U OGUALTPOBATL DOblIME 0O6bEMbBI AAHHbIX AaXKe B
TOM C/lyHae, eC/IM COCTaBHbIE 3/IEMEHTbI AaHHbIX, OTHOCALUMECS K KOHKPETHOM Uenur aHanmsa, MMeroT
HAaMHOr0 MeHbLUMA 06beM.

3TN OrpaHUYeHUs NPEnATCTBYIOT CBOEBPEMEHHOMY MNOJIYYEHUIO NPOGECCMOHANIbHBIMM MeAUKaMM
OTYETOB C pe3y/ibTaTaMW aHa/iM3a FreHOMa M ONepPaTUBHOMY NPUHATUIO MEpP NO JIeYEHUIO BONE3HEN.
HacTtosuiee n3obpeTteHre NnpegocTas/AeT peleHe B OTHOWEHMM AaHHOM NOTpebHOCTU.

MmeeTcs ewe OAHO TEXHUMHYECKOE OrPaHUYEHME, KOTOPOE TaKXKe NPeoLo/EeBAETCH HACTOALWMM
n30bpeTeHrem,

Mo cywecTey, UeNbld U30OPETEHUs ABASETCA NpPeAoCTaB/eHMe COOTBETCTBYOWEN GOpMbI
NpeLCcTaB/NeHNA pPe3y/bTaTOB CEKBEHWPOBAHUA FeHOMa W METafaHHbIX NyTeM OpraHusauuu u
pasgeneHuns LaHHbIX TaKMM 06pa3om, YTO CXKATUE AaHHbIX U MeTagaHHbIX LOBOAUTCA 40 MAKCUMyMa
n 3¢0PeKTMBHO BBOAATCA B [AEWCTBME HECKONbKO OYHKUMOHANOB - TakMX Kak QyHKUMOHan

n36upaTesIbHOro ZOCTYNa U NOALEPHKKM ANA UHKPEMEHTHbIX OOHOBNEHMIA U MHOTUX APYTUX.

KntoueBbim acnekTom M306peTeHus ABASETCs cneunduyeckoe onpegesieHre KaaccoB AaHHbIX U
MeTagaHHbIX, KOTopble A0/KHbI ObiTb NPeACcTaB/eHbl B COOTBETCTBYIOLLEN MCXOLHOM MoZenu, no
OTAENbHOCTM 3aKOAMPOBaHbl (TO €CTb, CXaTbl) B MPOLECCE CTPYKTYPUPOBAHUA Ha KOHKPETHbIX
ypoBHAX. Hambonee BaKHbIMM NPEUMYLLECTBAMM HACTOALLEr0 M30OpeTeHUs B CpPaBHEHUU CO
cnocobamu U3 TEXHUKM U3BECTHOTO YPOBHS ABMAIOTCA:
e [losblweHne 3PPEKTUBHOCTM CHATUA BCAEACTBME CHUMMKEHMS SHTPONMMM  MUCTOYHMKA
nHpopmauunm, obecnevmBaemoe NyTem NpeaocrasneHns 3gpGeKTMBHOM MOAeNN A5 KaXKA0ro
KNacca AaHHbIX UKW METAZaHHbIX;
® BO3MOXHOCTb OCYLLECTB/EHUS M3OMPATENbHOrO A0CTyNa K YacTAM CHKaTbiX AaHHbIX U
MeTaZaHHbIX C Ueblo /0601 AasbHelwen obpaboTky;
®  BO3MOXHOCTb MUHKPEMEHTHOIO 06HOBAEHMA (6e3 He0H6X0AMMOCTU NOBTOPHOIO KOAMPOBaHUS)
1 f,06aBNEeHMA 3aKOAVPOBAHHBIX AAHHbIX M METAAAHHbIX C AaHHBLIMW HOBOTO CEKBEHMPOBAHMS

n/vnn metagaHHbIMK /MK pesynbTaTammu HOBOTO aHaAn3a;
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® BO3MOXHOCTb 3dPeKkTMBHOM 00paboTKM AaHHLIX Cpa3y NoC/iAe MX Bblga4nM aBTOMaTOM
CEKBEHMPOBAHWA MM WHCTPYMEHTAMM BblpaBHMBAHMA 6e3 HeobxogMMOCTU LOXKMAATHCA

OKOHYaHMA Npouecca CEKBEHNPOBAHNA UM BblpaBHMBAHWNA.

B Hactosiwei 3asBKe packpbiTbl cnoco® M cucTema, HanpaB/ieHHble Ha pelweHne npobnemsl
3pPEeKTMBHOTO MaHUNYAMPOBAHUSA, XPaHEHUs M Nepegadn o4veHb H0NbLIMX 0O6BEMOB AAHHbIX
CEKBEHMPOBaAHMA FEHOMa NyTEM WMCNOAb30BaHUA MNOAXOAA CO CTPYKTYPUPOBAHHbIMWU eAMHMLaMM
foctyna.

HacToswas 3as8Ka CHUMaET BCe OrpaHMYeHMA NOAX040B M3 TEXHUKU M3BECTHOMO YPOBHS, CBA3aHHbIE
€ PYHKUMOHANOM AOCTYNHOCTU AaHHbIX reHoma, 3ppeKTUBHOM 06paboTKoM NoAHAabopPOB AaHHbIX,

nepega4veirt 1 NOTOKOBOW Nepedaden PyHKUMOHaNa B COMeTaHMM € 3OEKTUBHbBIM CXKaTUEM.

B HacTosiwee Bpems Hambonee pacnpocTpaHeHHbIM GopmaTom ANS AAHHbIX FeHOMa SB/AETCA
TeKCToBbIM ¢dopmaT "NoacTaHOBKAa BblpaBHWBaHMA nocnegosatenbHocTn" (Sequence Alignment
Mapping; SAM) n ero asouwuHbili aHanor BAM. SAM-darinbl npeacTaBnsaioT coboi unTaemble
yenosekom TekcTtoBble ASClI-¢arinbl, B TO Bpemsa Kak ansa BAM npuHAT BapuaHT gzip Ha H6104HOM
ocHose. BAM-¢aiinbl moryt ObiTb NPOMHAEKCMPOBAHbI AAA obecnevyeHMs OrpaHUYEHHOM
MOJANbHOCTM NPOM3BOJIBHOIO AO0CTyna. 3TO NOAAEP)KMBAETCA NyTeM CO34aHWUA OTAE/IbHOTO
MHAEeKcHoro ¢anna.
®opmat BAM xapakTepmn3syeTca HU3KMM Ka4yeCTBOM CXKATMA MO Cie4yioWwmm NprUiYMHam:
1. OH nNONHOCTBIO HaueneH Ha cxKaTve HeaddPeKTMBHOro M n3bbiTodHOro darina popmarta
SAM BMECTO M3B/EYEHUS aKTyasibHOM WHPOpMaUMM O TEeHOME, NepPecblTaeMomn
nocpeactsom darinos SAM, M MCNONb30BaHMUA COOTBETCTBYIOWMX MOJENEN ANs ee
O CAER
2. B Hem MCNoJb3yeTcs YHMUBEPCAJIbHbIN arOPUTM CXKaTWA TEKCTa (Hanpumep, gzip) BMecTo
aKcnAyaTMpoBaHus cneumdUyHeckor Npupoabl Kaxaoro MCTOYHMKA AaHHbIX (camol
MHbOpMaLIMKM O reHoMe).
3. B Hem OTcyTCTBYET KaKas-Mb0 KOHUENuUWs, CBA3aHHasA C KaaccuduKauumelr AaHHbIX,
KOoTOpasi Nno3soauna bbl peannsosatb M3bMpaTenbHbIM AOCTYN K KOHKPETHLIM Kaaccam

AaHHbIX reHOMa.

Bosnee M30WpPEHHBIM NOAXOAOM K  CXaTMIO  fJaHHbIX TEHOMA NOJYYMBLWUMM  MeHblUee
pacnpocTpaHeHue, Ho 6onee adpdeKTUBHBLIM NO cpaBHeHMIO ¢ BAM asasietca CRAM (cneumndukaums

CRAM:  https://samtools.github.io/hts-specs/CRAMv3.pdf). CRAM  obecneunsaer  6onee
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apdekTMBHOE CrKaTMe bBrarogapa NpUHATMIO aMddepeHUNanbHOro KOAMPOBaHMUS B OTHOLIEHUM
CYLLECTBYIOWMX pedepeHCHbIX AaHHbIX (OH YacTMYHO 3KCMJyaTMpyeT M3ObITOYHOCTb MCTOYHMKA
[AHHbIX), OLHAKO emMy NO-NpPeXHemMy He XBaTaeT TaKMX XapaKTEPUCTMK, KaK MHKPEMEHTHble
0bHOBNEHWNA, NOALAEPKKA NOTOYHOM 06paboTKM M M3bMpaTenbHbIlM AOCTYN K KOHKPETHbIM Kaaccam
CYKaTbIX JAHHbIX.

CRAM onupaeTtcs Ha KoHuenuuio 3annucu CRAM. B Kaxgon 3anncy CRAM KoampyeTca OAMHOYHbIN
BCTPOEHHbIN NOACTAHOBKOW W/IM HEBCTPOEHHbIA CHMTAHHbIM PparMeHT NyTeM KOAWMPOBAHUA BCEX
3/1eEMEHTOB, HEODXOAMMBIX 418 €ro BOCCO34aHMS.

OCHOBHbIMW OT/IMYMAMM PACKPBITOrO 34€eCb M306peTeHMs OT Noaxoaa Ha ocHose CRAM sBasitoTCA:

1. WHaekcauus gaHHbIX NpumeHuTenbHo K CRAM BbIXOAMT 3a pamMKK AaHHOM cneuudukaumm (cm.
pa3gen 12 Cneundukaumm CRAM v3.0) n peanusyetcs B BuAe otaenbHoro darina. B HacTosALlem
n306peTeHnn MHAEKCaAuMA AaHHbIX MHTErPUPOBaHa C MPOLLECCOM KOAMPOBAHWA U WHAEKCHI
BHEPAOTCA B 3aKOANPOBAHHbIN NOTOK AaHHbIX.

2. B CRAM Bce 6/10KM OCHOBHbLIX [aHHbIX MOIYT COZEP!KaTb BbIPOBHEHHbIE NOACTAHOBKOM
CYMTaHHble ¢dparmeHTbl AO6Oro TMNa (MAeanbHO COrNAacyloWMeECs CUYMTaHHble ¢GparmMeHTbl |,
CYMTaHHble GparmeHTbl TOJIbKO C 3aMeHaMM, CHUTAHHbIE GParMmeHTbl CO BCTaBKaMMU-YAA/IEHUSMM).
B HacToswem n3obpeTeHnn oTCyTCTBYET NPUHUMN KnaccuduKaumm n obbegmMHeHMA 8 rpynnbl NO
K/laccam B COOTBETCTBMM C pe3yAbTaTOM BblpaBHMBAHWA NOACTAHOBKOW MO OTHOLIEHMIO K
pedepeHCHON Nocnes0BaTENbHOCTY.

3. B onucaHHOM W306peTeHUM OTCYTCTBYET KOHUEMNUMA 3anMcWM C MHKaNCyAauMelr Kaykaoro
CYMTAHHOTO PpparmeHTa, NOCKOJIbKY AaHHble, Tpebyemble A5 BOCCO34AHMA KaXKA0rO CHUTAHHOTO
dparmeHTa, paccpenoToveHbl MeXAYy HECKONbKMMM KOHTEMHEepamKn [AaHHbIX, MMeHyemblX
"ypoBHsMK". 3TO obecneurBaeT NOBbIWEHHYID IPPEKTUBHOCTb AOCTYNa K Habopy CUMTAHHbBIX
dparmeHTOB €O cneundUIecKUmmU BMONOTMHECKMMM XapaKTePUCTUKamMM (Hanpumep, CYMTaHHbIe
¢dbparmeHTbl C 3aMEHaMM, HO H€e3 BCTaBOK-yAa/IeHUN MW MAeanbHO BbIPOBHEHHbIE NOACTAaHOBKOM
c4MTaHHble dparmeHTbl) 6e3 HeoBXOAMMOCTU AEKOAMPOBAHUS KarKA0ro CYMTAHHOro ¢pparmeHTa
(6noka cuMTaHHbIX pparmMeHTOB) A8 KOHTPOAS ero (Mx) XapaKTepUCTUK.

4. B 3anucn CRAM Kaxkgpli TN AaHHbIX 0003HaAYaeTCA KOHKPETHbIM Gnarkkom. B oTamnume ot CRAM
B HacToALeM M306peTeHnUn OTCYTCTBYET NPUMHLMN 0D603HAYEHNA AaHHbIX GNAXKKOM, NOCKObKY
OHW W3HYTPM onpegesieHbl "ypoBHem", KOTOPOMY nNpUHagAe)KaT AaHHble. 3T 03HadaeT
CyLLEeCTBEHHOE COKpauieHne KoaumyectBa o0bA3aTebHbIX AAA WMCNOAb30BaHWMA CUMBOJ/IOB M
BblTEKalOLLee M3 3TOMO CHW)KEHME SHTPONMK WCTOYHMKA WHPOpMaLMKM, 4YTO NPUBOAWUT K

nosbiweHMo 3GGEKTUBHOCTM CXKATUA. ITO CBA3AHO C TEM, YTO NPU MCNOJIb30BAHMM PA3JIMYHbBIX
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"ypoBHeNn" Kogepy NpeaocTaBafaeTcs BO3MOXKHOCTb NOBTOPAIOWEIOCA MCNOb30BAHNA KaXKaoro
CMMBOJIA B npefenax Kaxaoro ypoBHA C pPas/MYHbIMW CMbICIOBbIMKW 3HadYeHuamn. B CRAM
Kaxkabl GNaXkoK A0MKEH NOCTOAHHO MMETb OLHO W TO »KE CMbIC/IOBOE 3Ha4YeHWe, NOCKOJIbKY
OTCYTCTBYET MOHATME KOHTEKCTOB M Kaxkdaa 3anncb CRAM MoOMKeT cogeprkaTb AaHHble n1boro
TMna.

5. B CRAM 3ameHbl, BCTaBKN M YAANEHUSA BbIPAXKAKOTCA MO Npasuiam pas/IMYHbIX CUHTaKCUCOB, B TO
BPEMSA KaK B HaCTOsILLEM M30OPETEHMMN MCNOJb3YETCH eAnHbIA andaBuT U eIMHOE KogMpoBaHue
ON1A 3aMeH, BCTaBOK W yganeHwi. bnarogapa aTomy ynpowaeTca Npouecc KOAMPOBaHWUA U
OeKoaMpOBaHMA U  QOPMUPYETCA MOJeNb MWCTOYHMKA C NOHMIKEHHOM SHTponuen, npwu
KOAMPOBaHNUM KOTOPOro BblAAOTCA OUTOBble NOTOKKM, XapaKTepu3ylowMecs NOBbIWEHHOMN

3P PEKTUBHOCTBIO CXKaATUS.

ANropuTMbl CXKaTWUA [aHHbIX FEHOMa, WCMNOJb3yemble B TEXHWKE WM3BECTHOrO YPOBHA, MOXKHO
noApasgennTb Ha creaytowme KaTeropmm:

e (C npeobpasoBaHMem CUTHANOB

o HalZ-ocHose
o WMN3meHeHWe o4epeHOCTM CHMTaHHbIX pparmeHToB

e Ha ocHose accembnmpoBaHus

e (CraTMcTnyeckoe mogenmposaHue
[Bym nepsBblM KaTeropMam CBOWCTBEHEH OOWMM He[oCTaTOK OTCYTCTBMA 3KCNAYaTUPOBaHMSA
cneunPrYecKnx XapaKTEPUCTUK MCTOYHMKA LaHHbIX (CYMTaHHbIX GpparmMeHTOB NOC/ieA0BaTeNIbHOCTU
reHoma) M 06paboTKM JaHHbLIX reHOMa B BUAE TEKCTOBOM CTPOKM, noanexkauwen cxatuio, 6es
NPUHATMA BO BHMMaHWe cneumMdUuHeckux ceolcTe uHbOpmauum Takoro Buaa (Hanpumep,
M36bITOYHOCTM Cpeam CUMTaHHbIX GParMeHTOB, CCbIIKM Ha CyLLeCcTBytouLyto npoby). B AByx Hanbonee
COBpPEMEHHbIX Habopax MHCTPYMEHTOB A/1A CXKaTUA JaHHbIX FeHOMa, KakosbimK asaatoTcss CRAM 7
Goby (“CxkaTue CTPYKTYpPUPOBaHHbIX faHHbIX CEKBEHMPOBAHMA C BbICOKOW NPON3BOANTENBHOCTBIO”,
®. KamnaHb, K.K. Jopdd, H. Yambee, A.T. PobuHcoH, A.M. Mesupos, T.[. By), HeZ0CTaTO4YHO
NCNO/b3yeTCcA apuPMETUHECKOe KOAMPOBAHWE, MOCKOAbKY OHM B HEABHOM BWAE MOLENANPYIOT
[aHHble B BUAE HEe3aBUCUMbIX SAHHbIX, PAaBHOMEPHO pacnpegenaemblX METOA0M reOMeTPUYECKOro
pacnpegenenns. Goby aABnsetca 4yyTb 60nee M3OWPEHHbIM WHCTPYMEHTOM, NOCKOJ/IbKY OH
npeobpa3yeT BCE MNOAA B CNUCOK UE/bIX 3HA4YEHMWIA, MOC/Ae 4Yero KaxKkAblii CNMCOK KoAupyeTcs
He3aBMCMMbIM 0bBpa3om c npusneveHMem apuOMETUHECKOro KoAMpOBaHWA 6e3 MCnosb30BaHWA
KOHTeKcTa. B Hambonee appekTMBHOM perknume pabotbl Goby cnocobeH ocyuwecTsiaTb HEKOTOPOE

MeXCNMCO4YHOE MoaennposaHmMe B npegenax CnNUCKosB uenbiX Hncen gnAa nosbliLEHUNA Ka4decCTBa
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CKaTuA. PelweHna u3 npeaplayWwero ypoBHs TEXHUKK 06ecnedunsatoT HU3KMe KoadGrUUMEHTbI CKaTUS
M TaKMe CTPYKTYpPbl LaHHbIX, KOTOPbIE NOC/E CKATKA TPYLHO AOCTYNHbI (ec/n Boobuie AOCTYNHbI) AN1A
n3bupaTenbHOro 4OCTyna M MaHunyamposaHua. CTyneHW aHasM3a B HUCXOAALLEM Hanpas/ieHUU
NMOTOKa MOFyT B MTOre OKa3aTbCA He3ID EKTUBHLIMM WM O4YEeHb HM3KOCKOPOCTHbIMW BCAEACTBUE
HeobxoaMMoCTH obpabaTbiBaTb HO/bLWIME NO 0OBEMY U KECTKO 3a4aHHble CTPYKTYPbl AaHHbIX AarKe
NpX BbINOJIHEHUM NPOCTbIX ONEpauMi MAM NpU AOCTyne 8 BbibpaHHble 061acTM Habopa AaHHbIX

reHoma.

CooTHoleHMe mexxay ¢dopmaTamm ¢arnos, MCNOMb3YEMbIMM B KOHBEMEpPax NOTOYHOM 06paboTKm
reHoma, B YNpOLLEHHOM BMAE NpecTasseHo Ha ¢ur. 1. Ha gaHHOM gmnarpamme BKAOUYeHWe daina He
noJapasymMmeBaeT Ha/MuyMe THe340BOM CTPYKTypbl Gainaos, HO AvWb oTobOpakaeT TMN M 0bObem
MHbOpMaLIMKM, KOTOpan MOXKET HbITb 3aKOAMpPOBaHa AA Kaxkaoro ¢opmarta (To ectb, SAM cogepuT
Bcto MHbopmaumio 8 FASTQ, HO ¢ opraHusauuvein nHbopmaumm B Buae dakina Apyron CTPYKTypbl).
CRAM cofep»Ku1T Takylo ke nHGopmaLmio no reHomy, 4To 1 SAM/BAM, Ho o6nagaeT 60nee BbICOKOM
rTMOKOCTBIO B OTHOLLEHUM TMNA CXKATUA, KOTOPbIA MOKET HbITb MCNOJIb30BaH, NOSTOMY OH NPeACTaB/eH

B BMAe paclumpeHHol sepcumn SAM/BAM.

Ncnonb3oBaHMe mHOXKecTBa popmaTtos paina gns 3anoMMHaHNA MHGOPMaLMKM NO reHOMY SIBASIETCS
ype3sbl4aHO HeadPeKTUBHBIM U goporoctoAawmm. Mcnonb3oBaHne pasHbix popmaTtos danna Ha
Pa3/IMYHbBIX CTYNEHAX UMKAA CYWecTBOBaHMSA MHGOpPMauMM NO reHOMYy NOZpPasymeBaeT JIMHENHOoe
HapacTaHMe 3aHMMaemMon 061acTN NAMATU Aarke B ClyHae MUHMMYyMa MHKPEMEHTHOM MHbopMaunn.

[anee nepeuncneHnbl gpyrme HegoCTaTKM TEXHUKN M3BECTHOTO YPOBHS.

1. [octyn, aHanu3 uau gobasneHMe aHHOTaUMM (MeTafaHHbIX) B OTHOLIEHUM UCXOAHbLIX AaHHBIX,
3anncaHHbIX B BUAE CxKaTbix paiinos FastQ uam noboit Mx KombMHauuuM, TpebyeT AeKomnpeccum
W pekomnpeccum scero ¢arna c 60nbLKMM PACX040BaHUEM BbIYUCUTE/NbHBIX CPEACTB U BPEMEHMU.

2. [na nonydyeHusa cneundumyecknx nogHabopos MHPOpPMAUMK - TAKOW KAk NO3MUMS NOACTAaHOBKMU
CYMTAHHOro ¢parmeHTa, TN U NO3UUMSA BapUaHTa CYMTAHHOTO ¢parmeHTa, TUNbl U NO3UUUA
BCTABKU-YZANEHUS - WAM NOObIX APYrMX METafaHHbIX M aHHOTaUMi, cogeprKawumxcs B
BbIPOBHEHHbIX AAHHbIX, 3aNMUCaHHbIX Ha XpaHeHue B ¢alinbl BAM, TpebyeTcs fOCTyn KO BCemy
006beMY [AaHHbIX, COOTBETCTBYIOWEMY KaXKAOMYy CHMTAHHOMY $parmeHTy. PelleHns M3 TEXHUKU
M3BECTHOTO YPOBHSA He 0becneymBaloT M3bmpaTtenbHbIl SOCTYN K OL4HOMY KAaccy MeTaZaHHbIX.

3. [Mpwu paboTe c popmaTtamm GpannoB TEXHUKN M3BECTHOIO YPOBHS TpebyeTca NoslyHeHME KOHEYHbIM

nonb3osaTtesniem Bcero ¢aria npexae, 4em MoxKeT OblTb HavaTa obpaboTtka. Hanpumep, npu
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ONoOpe Ha COOTBETCTBYIOWEE NPEACTaB/IEHWE AAHHBIX MOYHO 6bl10 H6bl HaYaTb BblpaBHMBaAHME
CYMTaAHHbIX GPArMeHTOB NPEXKAE, HEM 3aBEPLUNTCA NPOLLECC CeEKBEHNPOBAHMA. CEKBEHMPOBAHMUE,
BblpaBHMBaHMeE M aHaM3 MoK Bbl NPOTEKaTb M NPOLBUIATLCA NAapasnesibHO APYr Apyry.

4. PeleHWs 13 TEXHUKN M3BECTHOIO YPOBHA HE NOLLEPIKMBAIOT CTPYKTYPUPOBAHME U HE CNOCOBHbI
pasfnyaTb AaHHble reHoMa, NoJlydeHHble C NOMOLLBIO PA3/IMYHbIX NPOLECCOB CEKBEHUPOBAHMA
COrNacHoO MX cneumPuyecKko cemaHTMKe reHepaumm (Hanpumep, NpU NOJIyYEeHUM Pe3ybTaTos
CEKBEHMPOBaHMA B pasHble Nepuoabl U3HWU OAHOTO M TOrO XKe MHAMBMAYyyMma). Takoe e
OrpaHMYeHMe AeNCTBYeT B OTHOLEHWM CEKBEHMPOBAHWS, OCYLLECTBASEMOro NO Pas/ivMyYHbIM
TMNam 6MONOTMYECKUX NPOH OAHOIO U TOTO Ke MHAMBUAYYMA.

5. LlndpoBaHMe AaHHbBIX UEAMKOM UKW B BbIOPaHHOM YacTW He NOAJAEPKUBAETCA PELIEHUSMMU U3
TEXHWKWU U3BECTHOTO YPOBHS. Npumepbl wWndpoBaHUsA:

a. BblbpaHHble obnactn AHK

b. TonbKO NocnegoBaTENBHOCTH, COAEP KALLME BAPUAHTDI

C. TOJIbKO XMMEPHbIE NOC/NeA0B8aATE/NBHOCTH

d. ToANbKO nocneaoBaTeNbHOCTM He3 NOACTaHOBOK

e. cneumduyeckme meTagaHHble (HanpMMep, WCTOYHMK CEKBEHMPOBAHHOW Npobbl,
WOEHTUYHOCTb CEKBEHUPOBAHHOIO MHAMBMAYYMA, TMN NPOObI)

6. [lnAa TpaHCKOAMPOBAHMA LaHHbIX CEKBEHUPOBAHMWA, BLIPOBHEHHbIX NO 3agaHHbIM pedepeHCHbIM
AaHHbIM (TO ecTb, ¢arina SAM/BAM), OTHOCUTENBHO HOBLIX pedepeHCHbIX AaHHbIX Tpebyertcs
obpaboTka Bcero obbema [aHHbIX Jayke B C/yvae, Korga Hosble pedepeHCHble faHHble

OT/IMYAIOTCA OT NpeablAyLMX pedepeHCHbIX AaHHbIX IMLIb NO3ULMER OAHOIO HYKIEoTUAA.

MoaTomy cywecTByeT NOTPebHOCTb B COOTBETCTBYIOWEM YPOBHE 3anOMMHaHMA MHPOpMauMn no
reHomy (popmate daiina reHoma), KoTopbili obecneunsaeT apPeKTMBHOE CXKaTUe, NoAAeprKUBaeT
n3bmpatenbHbIi  JOCTYyN B CXaTylo 061acTb, NOAAEP)KUBAET WHKPEMEHTHOe pAobassieHue
Pa3sHOPOAHbIX METafaHHbIX B CxKaTylo 06/1acTb Ha BCEX YPOBHAX Pa3/IMYHbBIX CTyneHel ob6paboTKu

AaHHbIX reHOMa.

HacTtosauwee n3obpereHre NpeaocTas/iseT peleHne B OTHOWEHUM OrPaHUUYEHUIN TEXHUKN M3BECTHOTO
YPOBHSI NMyTEM MCMNO/b30BaHMA Cnocoba, yCTPOWMCTB M KOMMNbIOTEPHbLIX MPOrPamm, 3asB/IEHHbIX B

conpoBoanTeNIbHOM Habope NyHKTOB GopMy/ibl U300PETEHMS.

MNepeueHb duryp
Ha ¢ur. 1 n3obparkeHbl OCHOBHbIE LWarn TMNOBOTO KOHBEMEpa reHOMa M CBA3aHHble C 3TUM GopMaTbl

darna.
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®dur. 2 ANCTPUPYET B3aMMHYIO CBA3b MeXay OONbLIMHCTBOM MCNOsb3yemblx ¢dopmatos daiina
reHoma.

®ur. 3 nanocTpmpyetT KOMNOHOBKY CYMTAHHbIX GpparmeHTOB NOCAe0BaTEIbHOCTU FEHOMA B LIe/I0OM
reHome WiM ero 4actm nocpencTBOM KOMMOHOBKM 33aHOBO WJIM BbIPaBHMBAHMA Ha OCHOBE
pedepeHCcHOM nocnesoBaTebHOCTH.

®ur. 4 nanocTpupyeT BbMMCAEHWE NO3ULMIA NOACTAHOBKM CHUTAHHbIX GParMeHTOB B pepepeHCHYIo
nocnef0B8aTe/IbHOCTb.

®dur. 5 NANOCTPUPYET BbIMUCNEHUE PACCTOAHMIA 0Opa30BaHMA Nap CYUTAHHBLIX GpparmeHTOoB.

®dur. 6 NANOCTPUPYET BbIMMCAEHME OWIMDOOK 06pa3oBaHmMA Nap.

dur. 7 wanoctpupyeT KOAMPOBaHWE pPacCTOAHWA 0Opa3oBaHWA Nap, KOrga napTHepcKaa napa
CYMTAHHOTO pparmeHTa NOACTaB/AEHA B APYIYyO XPOMOCOMY.

Ha ¢ur. 8 nokasaHo, Kak cymMTaHHble GparmeHTbl NOCAef0BaTENBHOCTU MOTYT NOCTYNaTbh M3 NepBOM
mnu sTopon AHK-uenu

®ur. 9 nancTpupyeT B3aMMOCBA3b MEXAY CHMTaHHbIM GparmeHTOM, NOACTAaBAEHHbIM B Lenb 2, U
COOTBETCTBYHOLMM CHUTAHHbIM PpparmeHTOmM 0bpaTHOro 3ameLleHuns B Lenn 1.

Ha ¢wr. 10 noKasaHbl YeTbipe BO3MOKHble KOMBWHAUWM CUNTAHHbIX pparmeHTOB, COCTaBAAKOLWMX Napy
CYMTAHHbIX GpParMeHTOB, WM COOTBETCTBYlOLLEE KOAMPOBaHME B ypoBHe 0OpaTHOro 3amelLeHuA
(rcomp).

®ur. 11 nnnmoctpupyet cnocob KoguposaHma N paccornacosaHuii B ypoBHe nmis.

Ha ¢wur. 12 npeactasneH npumep 3amMeH B BbIPOBHEHHOM NOACTAHOBKOM Nape CYMTAHHBbIX
dparmeHTOB.

®dur. 13 nanocTpupyeTr cnocob BbIYMCAEHUS NO3UUMIA 3amMeH B Buae AnMbo abcontoTHbIX, AMbO
anddepeHumanbHbIX 3HAYEHUN.

®ur. 14 nantoctpupyeT cnocod BbIMUCAEHMA 3aMeH NPU KOAVMPOBAHUM CUMBOJIOB 6€3 MCNO/Ib30BaHUSA
Kogos IUPAC.

@dur. 15 nanocTtpupyeT KOANPOBaHNE TUNOB 3aMeH B YPOBHE snpt.

®ur. 16 nanoctpupyeT cnocod BbIMMCAEHNSA 3aMEH NPU KOAMPOBAHNUM CUMBOJIOB C MCNO/Ib30BaHMEM
Kogos IUPAC.

Ha ¢wur. 17 npeactaBneHa anbTepHaTMBHAA MOLENb UCTOYHMKA 415 3aMeH, KOr4a KOANPYHOTCA TONbKO
NO3ULMK, HO NCNOMb3YETCA OAMH YPOBEHb HA TUM 3aMeEHbI.

®ur. 18 nnntoctpmpyeT cnocod KOAMPOBAHWA 3ameH, BCTABOK W yJaZeHWI B Mape CYMTaHHbIX
¢dparmeHTOB Knacca |, korga He ncnosb3sytotes kogbl IUPAC.

®ur. 19 nnnoctpmpyeT cnocod KOAMPOBAHWA 3ameH, BCTABOK W yJaZeHWi B Mape CYMTaHHbIX

¢dparmeHTOB Knacca | npu ncnonbsosaHnm kogos IUPAC.

10
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Ha ¢wur. 20 npeactasneHa CTPYKTypa 3aro/soBKa CTPYKTYpbl AaHHbIX C MHGOPMaLMEN NO reHOMY.

®ur. 21 nantoctpupyet obo3HavyeHne B Tabamue [naBHOro ykasaTena NO3MUMA B pedepeHCHbIX
Nnocnef0B8aTeIbHOCTAX NEPBOTrO CYMTAHHOIO GparmeHTa B KaxkaoM eamMHuLe A0CTyna.

dur. 22 cogepxRUT Npumep YacTniHoM Tabanupl FnasHoro ykasatens (MIT) c otobpaykeHnem nosmumi
NoACTaHOBKW NepBOro CYMTaHHOro GparmeHTa Ha Kaxk4olM No3numMKn egMHMLbl A0CTyNa Kaacca P.
®ur. 23 nnntoctpupyet cnocob npeacTaBieHma Tabanubl MECTHONO yKasaTens B 3aro/I0OBKE YPOBHSA B
BMAE BEKTOpPa YKa3aTenel K egMHMuam 4OCTyna B NOJIE3HOM Harpyske.

Ha ¢ur. 24 npeacrasneH npymep Tabmupbl MECTHOTO yKa3aTens.

®ur. 25 mnnocTpypyeT GYHKUMOHANIBbHYIO B3aMMOCBA3b Mexay Tabauuen rnaBHOro yKasaTtens u
TabnMuen MeCcTHOTO yKasaTens.

®ur. 26 nanoctpupyeT cnocob cocTaBieHMA eguHNL, 0CTyna U3 H0KOB AaHHbIX, NPUHAZLAEKALLMX
HECKONbKMM YPOBHAM. YPOBHM COCTaBAAOTCA HAOKaMM, NoApasgensieMblMM Ha NaKeTbl.

®dur. 27 wnmoctpupyeTr cnocob npeobpasoBaHuas B GOpmMy NaKeTa M MHKaNCy/IMPOBaHUS B
YNJIOTHEHHYIO CTPYKTYPY [AaHHbIX FeHOMa A8 FeHOMHOM eguHuubl gocTtyna tvna 1 (cogeprkaieit
MHPoOpMaumio 0 no3uumsix, obpasoBaHMM Nap, ODOPATHOM 3aMelWeHUM W [AJIMHE CYUTAHHOIO
dparmeHTa).

®ur. 28 nanocTpUpyeT COCTaBAeHWE efuHWL, AOCTyNa W3 3aroN0BKOB M YMNJIOTHEHHbIX 6/10KOB,
NpUHagAexKalmx ogHOMyY Unn Honee ypoBHAM OLHOPOAHbBIX AaHHbIX. Kax bl 610K MOKeT COCTOATb
M3 04HOro unam bosiee NAKeToB, CoAEpPKALLUX AENCTBYIOWME AECKPMNTOPLI MHPOPMALMK O FTEHOME.
®ur. 29 nnnocTpmpyeT CTPYKTYPY eanHuUL, focTyna Tvna 0, KoTopbim He TpebyeTca ccblika Ha ntobyto
MHbOPMaUMIO, NOCTYNAIOLLYIO OT APYrMX eAMHML, A0CTyna, NpefHasHayYeHHbIX A4 AOoCTyna Mau
AEKOAMPOBaHMUS U ZOCTyNa.

@dur. 30 nnnoCTpUpyeT CTPYKTYPY eamnHuy, 4octyna tmna 1.

®ur. 31 nanocTpupyeT CTPYKTYPY eauHML, AOCTyna Tvna 2, coAeprKallmx AaHHble, COOTHOCUMMbIE C
eguvHMuen goctyna tmna 1. Mmetotca nosmumm N 8 3aKo4MPOBaHHbIX CHMTAHHbIX PparmeHTax.

®ur. 32 nanocTpupyeT CTPYKTYPY eauHuML, JOCTyna Tvna 3, codeprKalmx AaHHble, COOTHOCUMMBIE C
egvHMuen pgoctyna Tmna 1. B 3aKOoAMPOBaHHbIX CHMTAHHbLIX ¢dparMeHTax yKasblBalOTCA MO3ULMM W
TMMbl PACcCOr/IacoBaHMA.

®ur. 33 nanocTpupyeT CTPYKTYPY eauHuL, JoCcTyna Tvna 4, cofeprKalmx AaHHble, COOTHOCUMBIE C
egvHMuen pgoctyna tmna 1. B 3aKOoAMPOBaHHbIX CHMTAHHbLIX dparmMeHTax yKasblBalOTCA MO3MLMK W
TMMbl PACcCOr/IacoBaHMA.

Ha ¢wur. 34 nokasaHbl nepBble NATb TUNOB eAUHML, 40CTYNA.

®ur. 35 wnnocTpypyeT COOTHOWEHWE MeXKAy eAuHMUuamu goctyna tmna 1 wm Tpebyrowmmm

OEKOAMPOBaHUS eauHMLAMK gocTtyna Tuna 0.

11
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®ur. 36 wnnocTpUpyeT COOTHOWIEHWE MeXKAYy eAuHMUamMW [OocTyna Tmna 2 u Tpebyrouwmmm
AeKoampoBaHua eguHMuammn goctyna tmnos O m 1.

®ur. 37 wnnocTpypyeT COOTHOLWIEHWE MeXKAy eAuHMUuamu [octyna tmna 3w Tpebyrowmmm
AeKoampoBaHua eguHMuamm goctyna tmnos O m 1.

®ur. 38 wnnlCTPUPYET COOTHOWEHWE MeXay eavHMuamn fgoctyna tmna 4 un Tpebyrowmmm
AEeKoAMpOBaHMA eguHMUammn goctyna tmnos O m 1.

Ha ¢ur. 39 nsobparkeHbl eAUMHMLbI 0OCTyNa, Tpebyemble AN AeKOANPOBAHUA CYMTAHHbIX GparmeHTos
Nnocnef0BaTeNbHOCTU C PAaccornacoBaHUAMM, NOACTABAEHHbIX BO BTOPOM CermeHT pedepeHCHOM
nocnegosartenbHoctu (AU 0-2).

®ur. 40 wnnnocTpupyeT cnocob WHKpemMeHTHOro f[06aB/ieHMA MCXOAHbIX AAHHbIX TFEHOMHOM
Nocnef0BaTENIbHOCTU, K KOTOPbIM OTKPLIT AOCTYN, K NpeABapuUTeNbHO 3aKOAMPOBAHHbIM AaHHbIM
reHoma.

®ur. 41 wnanCTpUpyeT WUCNOAb30BaHWE CTPYKTYpbl AAHHbIX Ha OCHOBE eauMHWL, AOCTyna AnA
obecneyeHns NycKa aHanM3a AaHHbIX FTeHOMa paHee 3aBepLUeHns NPoLecca CEKBEHUMPOBAHWA.

®ur. 42 NANIOCTPUPYET KOCBEHHbIM NEPEHOC CYMTaHHbIX ¢pparmeHTos m3 AU tvna 4 8 AU tuna 3,
KOTOPbIA MOXKeT ObITb BbI3BaH HOBbIM aHA/IM30M, BbINOHEHHbBIM Ha CYLLECTBYHOLUMX AaHHbIX.

®ur. 43 nanocTpupyeT WMHKaNCy/MpoBaHME 3aHOBO MNOJIYYEHHbIX pe3ynbTaTOB aHaan3a B HOBYIO
eavHMLY JOCTyna TMna 6 1 co3gaHre COOTBETCTBYIOLWLEro MHAeKca B Tabanue [naBHOro ykasartens.
®dur. 44 wnnoctpupyeT cnocob TPaHCKOAMPOBAHMA AaHHbIX BCaeacTsMe nybaMKauum HOBOWM
pedepeHcHOoM nocneaosBaTeIbHOCTU (reHoma).

®ur. 45 nnnocTpupyeT nepemelleHne cHMTaHHbIX GpparmMeHToB, NOACTaBAEHHbIX B HOBYIO 061acTb
reHoma C NoBblWEHHbIM KayecTBom (Hanpumep, 6e3 BCTaBOK-yAaNeHWIA) U3 eAMHMLUbI 40CTyNa TMNa 4
B e4MHMUY A0CTYNa TMNna 3.

dur. 46 noKasbIBaET, KaK B c/ly4ae 06HapY»KeHMA HOBOrO MecTa NOACTaHOBKM (Hanpumep, C MEHbLUMM
KO/IMYECTBOM HECOBNAZEHM M) COOTBETCTBYIOWME CHMUTaHHbIE GParmMeHTbl MOTyT BbiTb NEpPEeHEeCEeHbI 13
OZHOWM eAMHMLbI AOCTYNA B APYTIyHO TOro Xe TMna.

®ur. 47 vanoCcTpUpyeT BO3MOXKHOCTE NPUMEHEHMA M3OMpaTenbHOro WKOPOBaHMA K eanHULaM
A0CTyna Tmna 4 To/IbKO NPU Ha/IMMUKN B HUX YYBCTBUTEIbHOM MHPOpMauum, Tpebytolen 3almThbl.
®ur. 48 nnntoctpupyet cnocobd 06paboTKM MCXOAHbIX A@HHbBIX NOCAEA0BaTE/IbHOCTU FeHOMa WK
BbIPOBHEHHbIX FEHOMMYECKUX AAHHbIX AN MX WHKANCyMpoOBaHWA B reHOMWYECKOM YNJIOTHEHHOM
6noke [Ons NoarotoBKM OAHHLIX K KOAMPOBAHWIO MOFYT MOHAZOBWUTLCA CTyneHW BblipaBHMBAHWUS,
NOBTOPHOTO BblPaBHNBAHMA, KOMNOHOBKMW. CreHepMpoBaHHbIE YPOBHW MHKANCY/IMPYIOTCA B € AMHWNLLbI

A0CTyNa U YNJOTHAIOTCA NOCPELCTBOM MY/IBTUNJIEKCOPA F’EHOMA.

12



10

15

20

25

30

dp3619PTWO GenomSys SA

®dur.49 wmnnocTpupyet mssnedyeHne gemynbrunaekcopom (501) reHoma COAEPHKMMOrO YpPOBHEWM
e4VHUL, JOCTyNna W3 YNJIOTHEHHOW CTPYKTYpbl reHoma; fekozep (no ogHOMy AeKogepy Ha Tvn
eavHMubl pgoctyna (502)) v3BnekaeT AeCKpMNTOpbl FEHOMA, KOTopble Aanee AeKoAMpYyloTcs B

pa3nndHble popmaTbl reHomMa - Takme Kak FASTQ n SAM/BAM.

Noppo6Hoe onucaHue

B Hactosiwem un306peTeHUM onucbiBatoTcs  dopmaTt  dakna  MyAbTUNAEKCMPOBAHUA U
COOTBETCTBYIOLLME EANHULDBI AOCTYNA AN MCNOJIb30BaHUS NPU XPaHEHMM, TPAHCNOPTMPOBKM, A0CTyNe
M 06paboTKe reHOMUYECKOW MM NpoTeEOMMYECKOM MHpopmauum B dopme nocnesosBaTe/bHOCTEN

CMMBOJI0B, OTOBParKaloLWMX MOJIEKYbI.

Hanpumep, 3TV MONEKY/bl BKAOYAIOT B Ce6s HYKIEOTUAbI, aMUHOKMUCAOTBI U NpoTerH. OgHMM U3
Hanbonee BarKHbIX 3JIEMEHTOB WMHQOPMaLMM, NPEACTAaB/EHHbIX B BWAE NOCNEA0BaTENbHOCTU
CMMBOJIOB, SIBNAIOTCS [aHHblE, CreHepMpoBaHHbIE YCTPOMCTBAMM BbICOKOMNPOM3BOAUTENIBHOIO
CEKBEHMPOBaAHMWA reHOMa.

eHom no6Oro *KMBOTo OpraHM3ma 0ObIMHO NPEeACTaBAAIOT B BUAE LieNW CMMBOJ/I0B, OTODparkatowen
UENOYKY HYKJIEMHOBBIX KUC/IOT (OCHOBAHWIM), XapaKTEPU3YIOWYH [AaHHbIM OpraHusm. Tekywee
COCTOSIHME TEXHOJIOTMM CEKBEHMPOBAHWMA TFEHOMa B TEXHMKE WM3BECTHOTO YypoBHA obecneumsaet
noJsiydeHve nnWb GparmeHTapHOro NpeacTas/eHMs reHoma B BUAE MHOMKecTBa (40 MUAAMapLoB)
LEenoYeK HYKNEMHOBBIX KUCOT, CBA3AHHbIX C MeTafaHHbIMU (MAEHTUDMKATOPaMM, yPOBHEM TOHHOCTH
M ap.). Takne LenoyYkn UMEHYIOT 06bIMHO "cUMTaHHLIMK PparmeHTammn NocaenoBaTesbHOCTH", MK
"cumMTaHHbIMKM PpparmeHTamm".

Tunosble Warn »KM3HEHHOTO UMKNa MHOOPMaUMM MO TEHOMY BKAOYAlOT B ceba u3BeveHue
CYMTaHHLIX GparmMeHToB NOCAEA0BaTENbHOCTM, NOACTAHOBKM W BblpaBHMBaHWE, OBHaApy)KEHUe
BapWaHTa, aHHOTMPOBaHWE BapuaHTa U GYHKLMOHAbHbIN W CTPYKTYPHbIN aHanus (cm. dur. 1).
N3BneyeHMe CUMTaHHbBIX GparmMeHTOB MNOCNEeA0BaTe/NIbHOCTM NpeacTaBasieT COO0M BbINOHAEMbIN
nmbo yenosekom (onepatopom), NMb0 MalLMHONM NpoUecc NpeacTaBieHMA GpparmeHTOB reHeTUYECKOM
MHpoOpMaUuKM B BUAE NOCAEA0BATENBHOCTEN CMMBOJIOB, OTODPArKaOWMX MOEKY/IbI, COCTaBASAIOWME
H6ronormyeckyto Npoby. B cnydae HYKNEMHOBBIX KUC/IOT TaKME MOJIEKY/Ibl UMEHYIOT "HyK/ieoTuaamu".
MNocnenoBaTeNbHOCTM CUMBOJIOB, NOJIYYEHHblE B MNPOLLECCE W3BJIEYEHUS, OObIMHO WMEHYIOT
"cumTaHHbIMKM dparmeHTamm"”. B TexHWKe WM3BECTHOTO YPOBHA AaHHYIO MHPOpMauuMio KoaupyloT
0bblMHO B BMae ¢darinos FASTA, cOCTOsILMX M3 TEKCTOBOIO 3aro/ioBKa WM MNOC/Ae40BaTe/IbHOCTU

CMMBO0B, OTOOparKaloWer CEKBEHUPOBAHHbIE MOJIEKY/IbI.
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Korga 6uonornyeckasa npoba cekBeHMpoBaHa ans m3snedeHua [AHK »kmsoro opraHmsma, andasut

coctouT ns cumsonos (A,C,G,T,N).

Koraa 6uonormyeckas npoba cekseHupoBaHa ania mssnedeHna PHK xkumeoro opraHmsma, andasmt

coctout ns cumsosnos (A,C,G,U,N).

B cnydyae pacwwupeHHoro Habopa cumsonos IUPAC maliMHa CEKBEHMPOBAHWUS BblAAeT TaK¥Ke TaK

Ha3blBaemble "Kogbl HeoAHO3HadHoCcTM", W andasBUT, MCNOJIb3YEMbIM B KadyecTse CUMMBOJIOB,

COCTaBASAIOLWMX CYUTaHHbIE dparmeHTbl, BKAoYaeT 8 cebs (A, C, G, T, U, W, S, M, K, R, Y, B, D, H, V, N

unu -).

Ecnv Kogpl HeogHo3HadHocTM IUPAC He WMCNOAb3YHOTCHA, KaXkAOMy CUYMTaHHOMY dparmeHTy

Nnocnefo0BaTeNbHOCTM MOXKeT OblTb Ha3HadYeHa noC/ief0BaTe/lbHOCTE OLLEHOYHOrO MNOKasaTesns

KayecTBa. B TaKMx c/y4asx TEXHMKA WM3BECTHOrO YPOBHA MNPUMHUMAET pelleHMe O KOAMPOBaHMM

nony4eHHon nHpopmaumm B Buae damna FASTQ. YcTpoicTBa CEKBEHMPOBAHUA MOTYT BHOCUTb B

CYMTaHHble PpparmeHTbl NOCAef0BaTENIbHOCTY OWMOKN cnegyowmx TMNoB.:

1. waeHTMdMKauUs olMBOUYHOro cMmBOa (TO ecTb, NpeacTaBlAeHne Apyron HYKAEMHOBOW KUCNOTbI)
015 NPefCTaB/NeHNss HYKNEMHOBOW KUCAOTbI, NO CYWECTBY MMEIOWENCA B CEKBEHMPOBAHHOM
npobe; aTo MmeHyeTca 06bI4HO "oLKMBKOM 3ameHbl” (paccornacoBaHnem);

2. BCTaBKa B CYMTaAHHYIO BbIBOPKY Nocief0BaTeNbHOCTM AONOJIHUTENBHBIX CMMBOJIOB, KOTOpbIE He
COOTHOCATCA C MO CYWECTBY MMEIOWENCA HYKNEMHOBOW KUCAOTOWM; 3TO MMEHYETCs O0ObIYHO
"ownbKoM BCTaBKK";

3. ypaneHue M3 CYMTAHHOM BbIDOPKM NOCNefoBaTeNbHOCTM  CMMBOJIOB, OTODparkatowmx
HYK/EMHOBbIE KMC/IOTbI, MO CYLLECTBY MMEIOLLMECH B CEKBEHMPOBAHHOM npobe; 3To MMeHyeTcA
06bI4HO "oWwmbKOM yaaneHus";

4. nosBTOpHOEe 06beaMHEHME OAHOro wan Hosee PparmeHTOB B OAMHOYHBLIN PparmeHT, He
OTParkaloLLMM CYLLHOCTb OPUTMHAJIBHOM NOC/Ie0BaTE/IbHOCTH.

TepmuMH "NOKpbITHUE" NCNONb3yeTCs B MMTepPaType 415 KOJMHECTBEHHOM OUEHKM CTENEHU, B KOTOPOU

pedepeHCHbIN FTEHOM MW €ro HacTb MOTYT ObITb OXBayeHbl MMEHOLWMMMNCA CHUTaHHBIMKU GparmeHTamm

nocnefosaTenbHOCTU. [TOKpbITME NO onpesenenmnto bbisaeT:
® yacmuyHbeiM (MeHblMM 1X), Korga HekoTopble YacTu pedepeHCHOro reHoOMa He OXBaTbiBaKOTCH
HMKaKMM MMEIOLLMMCA CHUTaHHbIM GpparmeHTOM Nocief0BaTeNbHOCTH

e 00uHOYHbIM (1X), KOrga Bce HyKNeoTMabl pepepeHCHOro reHomMa OXBaTblBalOTCS OAHMM U TONIbKO
OZHUM CMMBOJIOM, MUMEIOLWMMCA B CHUTaHHbIX pparmeHTax NnocnesoBaTeNbHOCTH

o  mHoxecmeeHHsiM (2X, 3X, NX), Korga Kaxkaplit Hykneotua pedepeHCHOro reHoma OxBaTblBaeTcs

MHOXEeCTBO pas.
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BbipaBHMBaHMEM NOCNEA0BATENBHOCTM CYMUTAETCS NPOLECC YNOPALOYEHUS CHMTAHHBIX pparmMmeHTOB
NocnefoBaTeNbHOCTU NyTeM 0BHapy»KeHusa obiacteit Nnogobma, KOTOpPoe MOXKET NPeaCcTaBAATb COOOM
coyeTaHMe  OYHKUMOHANbHBIX, CTPYKTYPHbIX WM  3BOJIIOLMOHHBIX  COOTHOWEHWUA  MeXxay
nocsienosateNbHOCTAMM. Ecin BbipaBHMBaHWE BbINOJHAKT NPUMEHUTENBHO K NpeasapuTesibHO
3a,@aHHOM NOCNefoBaTENbHOCTU HYKIEOTUA0B, MMeHyemol "pedepeHCHbIM reHomom", npouecc
nmeHyeTcs "noactaHoBKon". BblpaBHMBaHME NOCAeA0BATENbHOCTM MOMKHO BbINOHATL TaKXKe Npu
OTCYTCTBUM NpeaBapuUTeNibHO 3afaHHOM NOCAea0BaTeNbHOCTM (TO ecTb, pedepeHCHOro reHoma), U B
TaKMX Cay4dasx NPOLECC MMEHYETCS B TEXHUMKE M3BECTHOIO YPOBHS BblpaBHMBaHMEM “"3aHoBO". B
TEXHUKE M3BECTHOIO YPOBHA AaHHYI0 MHOOPMaLMIO 3aNNCbIBAIOT Ha XpaHeHue B ¢arnbl SAM, BAM

mnn CRAM KoHuenuus BbipaBHMBAHMA NOC/Ae40BaTE/NbHOCTEN AJIA BOCCO3[aHMA YaCTUYHOTO WU

NoJIHOTrO reHoMa NpeacTas/ieHa Ha ¢éur. 3.

ObHapy»keHMe BapuaHTa (MMEHyemMoOe TaK)Ke BbI30BOM BapWaHTa) npegcTasaseT cobol npouecc
TPAHCAAUMM BbIPOBHEHHBIX BbIXOAHbLIX AaHHBIX MallMH CEKBEHWPOBAHMSA TeHOMA (CYMTaHHbIX
bparmMeHTOB NOC/MeA0BaTENbHOCTY, CreHepMpoBaHHbIX ycTpoictBamn NGS M BbIPOBHEHHbIMK) B
pestoMe YHMKaNbHbIX XapaKTEePUCTUK CEKBEHWPOBAHHOIO OpraHM3ma, KoTopble He moryT ObiTb
OobOHapy»XeHbl B APYrol npeaBapuTeNbHO CYLLECTBYIOWEW NOCAeA0BaTENbHOCTM MM MOTyT ObiTb
HalZeHbl NNWb B HEKOTOPbIX MNPeLBapUTE/bHO CYWECTBYIOWMX NOCAe[0BaTeNbHOCTAX). 3TU
XapaKTEPUCTUKM MMEHYIOTCA "BapMaHTamKn", NOCKOJIbKY OHW BbIPAXKalOTCA B BUAE Pa3INYUN MexKay
reHoMOM MWCCAeayemMoro opraHmsma u pedepeHcHbIM reHOMOM. B TexHMKe W3BEeCTHOro ypoBHSA
JaHHYI0 MHbOPMaUMIO 3anucbiBatoT B ¢pann cneuydumdeckoro popmara, meHyemblri danom VCF

AHHOTMPOBaHME BapuaHTa npeacTaBnseTr coboli npouecc HasHayeHMa  QYHKUMOHAbHOM
MHboOpMaunM BapuaHTam reHoma, MaeHTMGUUMPYEMbIM B XOA4€ NpoLiecca Bbi30Ba BapuaHTa. 3TO
nogpasymesaer KnaccudMKaumio BapuMaHTOB B  COOTBETCTBMM C  MX  B3aMMOCBA3bBID C
Nnocnef0B8aTeIbHOCTAMWU KOAMPOBAHUA B TEHOME W COMMacHO WX BAMAHUIO Ha NOCAeL0BaTE/IbHOCTb
KOLAMPOBAHMA M Ha TeHHbI NPOAYKT. B TexHWKe WM3BECTHOrO YPOBHA AaHHYI WMHPOpMaLMIO

3anuncbiBaloT 06bI4HO B pain MAF.

Mpouecc aHanusa ueno4vek AHK (sapmanT, CNV = Bapuauus Homepa Konum, METUAMPOBaHMeE 1 ap.)
ANA onpejesieHns UX B3aMMOCBA3M C reHamu (M NpoTEMHaMM) B 4HacTM YHKUMI U CTPYKTYpbl
nmeHyeTcs GOYHKLUMOHANbHBIM WMAW CTPYKTYPHbIM aHanmn3om. [1A 3anOMMHAHWA 3TUX LaAHHbLIX B

TEXHUKE U3BECTHOIO YPOBHA NPUHAT PAL PELEHWUIA.

dopmar paina reHoma

15



dp3619PTWO GenomSys SA

PackpbiToe B AaHHOM AOKYMEHTE M30DpEeTeHMe 3aK4aeTCs B OMNPEAENEHUMN CXKATOW CTPYKTYpbl

AAHHbIX 418 NpeacTasneHns, 06paboTKM, MaHUNYAMPOBAHUA M Nepesadn LaHHbIX CEKBEHUPOBAHUA

reHoMa C OT/IMYMEM €€ OT PelleHUl B TEXHUKE U3BECTHOMO YPOBHS NO MEHbLUE Mepe B CAeAyHoLMX

acCneKTax:

10

15

OHa He onupaeTca Ha popmaTbl NpeLcTaBNeHNA MHPOPMALMM NO TEHOMY B TEXHMKE N3BECTHOTO
yposHs (1o ecTb, FASTQ, SAM).

OHa peanusyeT HOBYIO OPUTMHaNbHYIO KnaccudUKaLMIO aHHbIX TeHOMA U METaZaHHbIX COr1acHO
Mx cneurdUUYecKMm  XapakTepucTuKam. CuuTaHHble dparmeHTbl  NOC/ef0BaTesIbHOCTU
NnoACTaBAAlTCs B pedepeHCHy0 Nocief0BaTeIbHOCTb M TPYNNUPYIOTCA B Pa3/IMYHbIX Kaaccax
COrNacHoO pesy/bTaTam npouecca BbipaBHMBaHMA. MpKM 3TOM BO3HMKAKOT K/AacCbl AaHHbLIX C
NOHMMXEHHOW 3HTponMen WHPOpMaLMKM, KOTOPbiE MOMKHO KOAMPOBaTb C NOBbILIEHHOM
3¢ PEKTMBHOCTBIO NPY UCNO/Ib30BAHUM Pa3/IMYHBIX CNeundUYECKMX aITOPUTMOB CXKaTUS.

310 onpegensier CUHTaKCUYECKME S/1EMEHTBI ] CONYTCTBYOWMIA npouecc
KOAMPOBaHWSA/4EKOANPOBAHNA C NEPEHOCOM CHUTAHHbLIX GParMeHTOB MOC/NeA0BaTeNIbHOCTM U
MHPopmauum O BblpaBHMBaAHMM B opmy npeacTasneHus, 06/sagatowylo NOBbILEHHOM

3pPekTMBHOCTLIO NpY ee 06paboTKe AN NPUNOKEHWIA aHaAIM3a HUXKECTOALMX NPOLLECCOB.

Knaccndumkaumsa cuMTaHHbIX pparmMeHTOB COMIACHO pesynbTaTam MX NOLACTAHOBOK M KOAMPOBAHMUSA C

MCNONb30BaHNEM AECKPUNTOPOB AAA 3anMCK B YPOBHM (YPOBEHb NO3MLMK, YPOBEHb PACCTOAHUA 40

20  napTHepa, ypOBEeHb TMNa PacCornacoBaHma U T.4.) NPeAOCTaBNAAET CAeAyloLme NPEMMYLLECTBA:

25

30 °

CHM)KeHMe MHPOPMALMOHHOM 3HTPONUU NPU MOLENMPOBAHUM PA3/IUYHBIX CUHTAKCUYECKMX
3/IEMEHTOB NOCPEACTBOM cneundUHeckon Moaen NCTOYHMKA.

MNoebiweHHas 30dEKTUBHOCTL A0CTyNa K AaHHbIM, paHee OpraHM3OBaHHbIM B BUAe
rpynn/ypoBHer, MWMEIWMX KOHKPETHOE CMbIC/IOBOE 3HadeHuMe A8 CTyneHel aHanusa
HUYKECTOSALWEro NPOLLECCa M AONYCKAOWMX Pa3ge/bHbIi U HE3aBMCUMBIA A0CTYN.

Hanuume moaynbHOW CTPYKTYpbl AAHHbIX, KOTOPYIO MOYXHO OBHOBAATb C NOC/Aef0BaTe/IbHbIM
NpMpalleHMemM LWaroB nyTem JAOCTyna WCKAIYUTENIbHO K Tpebyemon wuwHbopmauum 6Hes
HeobX04AMMOCTU AEKOANPOBAHMA BCErO MHPOPMALMOHHOIO COLEPKUMOTO.

NHpopmaums No reHOMy, BblgaBaemMas MAaWWMHAMK CEKBEHUPOBAHWUS, UMEET BbICOKYIO CTENEHb
M3ObITOYHOCTM MO CBOENM BHYTPEHHEN CyTM BC/AeACTBME NMPUPOAbl Camon MHPOpMaUUK U BBUAY
HEOOXOAMMOCTM  MMHMMM3AUMM  BAMAHMA  OWWMOOK, BO3HMKAOWMX BHYTPM npouecca
CEKBEHMPOBaAHMA. 3TO O3HAYaeT, YTO COOTBETCTBYIOLLAA FeHeTMYecKas MHPOPMaUUS, KOTOPYIO

Heobxo4MMO WAEHTUPUUMPOBATL M NpPOaHaAM3MpoBaTh (BapvMauuM NO OTHOWEHUIO K
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pedepeHCHOW nocneaoBaTeNbHOCTU) SABAAETCA NNWb Masol A0NEel NOJYYEHHbIX AaHHBIX.
dopmaTtbl NpeacTaBAEHUA [AHHbIX FEHOMA B TEXHWKE W3BECTHOTO YPOBHA HE NPU3BaHbI
"m3onnposatb" 3Havauyo MHOOPMALMIO Ha 3a4aHHOM CTYNeHM aHanm3a OT OCTa/IbHOM YacTu
MHpoOpMauunmM € Lenblo onepaTUBHOro obecnevyeHna ee OCTYNHOCTM A1A NPUIOXKEHMIN aHanm3a.
PelweHune, 3an0}KeHHOe B PacKpbiToe 34ecb M30bpeTeHne, COCTOMUT B NpeAcTaB/ieHUM AaHHbIX
reHoma Takum obpasom, 4To Mobas OTHOCAWAACA K AENy 4acTb AAHHbIX NIETKO AOCTyNHa AAs
NPUIOXKEHUIM aHanusa 6e3 HeobxoAMMOCTM A0CTyna KO BCemMy OObEMY JaHHbIX M €ro
AEKOMNPECCUUN C CONYTCTBYIOWMM 3GDEKTUBHBIM COKpaLLLEHMEeM M3BbITOYHOCTM AaHHbIX 33 CYET
3pPEKTUBHOTO CXKATUSA C LESIbIO MUHMMM3aLUMK Tpebyemoro ob6bema NamMATU U LUIMPUHbBI NOAOCHI

nepegaqu.

Kntouyesbimn 3nemeHTamm M306peTeHVIF| ABNAKOTCA:

1.

Cneunduvkauma dopmata ¢ainna, KOTOPbIM COAEPKUT CTPYKTYPUPOBAHHbIE M M3BUpATENBHO
AOCTyNHble eguHULbl goctyna (AU) anemeHTOB AaHHbIX B CKaTom BuAe. Takol NOAXOL MOXKHO
CYMTATb NPOTMBOMOOMKHBIM MO CPaBHEHUIO C NOAXO4aMWM M3 TEXHWKM M3BECTHOFO YPOBHA -
Hanpumep, SAM n BAM, B KOTOpbIX AdHHbIE CTPYKTYPMPOBaHblI B HECXKaTom BUAE W ganee
BbINONHAETCA CxKaTue Bcero darina. MNepsbiMm O4YEBMAHBIM NPEMMYLLECTBOM [AAaHHOrMO NoAxosa
AB/MIAETCA BO3MOXHOCTb 3PPEKTMBHBIM M eCcTeCTBEHHbIM 0bpa3om obecneuynTb pas/inyHble
$OpMbl CTPYKTYPMPOBAHHOIO M3OMpaTesIbHOro 40CTYNa K 3/1eMEHTaM AaHHbIX B CKaTolM obnactw,
YTO HEBO3MOXKHO MM KpalHe 3aTpyAHMTENbHO B NOAX04aX U3 TEXHWKN M3BECTHOIO YPOBHA.
CTpyKTypupoBaHue nMHGopmaumm nNo reHomy B Buae cneundmyeckmnx "yposHen" 04HOPOAHbBIX
JaHHbIX M MeTaZaHHbIX NpeacTasnser cobOM CylwecTBEHHOEe NpeuMMyLLecTBO, AonycKawouwee
BO3MOYXHOCTb ONpeaesieHMs pPa3/IMYyHbIX MOLeNel NCTOYHMKOB MHPOPMaL MK, XapaKTePU3yeMblX
HMU3KOW 3HTpONMeN. TakMe MOAEeNN MOTYT Pas3/iMdaThbCA MeXay cobol He TONbKO Ha pasHbIX
YPOBHSAX, HO WU BHYTPU KaXK4Oro YPOBHA, €CIN CXKaTble JaHHble BHYTPWM YPOBHEN pa3zeneHbl Ha
HNOKN AaHHbIX, BK/OYEHHblE B eAVHMUbI AocTyna. JaHHoe CTpyKTypupoBaHue obecneymsaet
BO3MOXHOCTb MCNO/Ib30BaHMA Hanbonee NOAXOLALLENO CXKATUA A KaXKLOTO Knacca ZaHHbIX UK
METafaHHbIX M MX YacTell C CyLLeCTBEHHbIM BbiMrpbiliem B 3PPEKTMBHOCTM KOLMPOBAHMA NO
CPaBHEHMIO C NOAX04aMM U3 TEXHWUKM M3BECTHOIO YPOBHA.

NHbopmauuio CTpyKTypupyloT B Buae eauHuy, goctyna (AU) Takum obpasom, 4To ntoboit
NoAXoAAWMI NogHabop AaHHbIX, MCNOAb3yemblil MPUAOKEHMAMM TE€HOMMYECKOTrO aHanunsa,
3pPekTMBHO M M3OMpaTEIbHO AOCTYNEH NOCPEACTBOM COOTBETCTBYHOWMX WMHTepdencos. 3TU
OT/INMHUTENbHbIE NPU3HaKM obecneynBatoT YCKOPEHHbIA AOCTYN K AaHHbIM WM NOBbIWEHHYHO

apPpekTMBHOCTE 06PabOTKM.
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4. OnpegeneHue Tabanubl raBHOTO yKasaTtens 1 Tabanubl MECTHOTO yKasaTesns, obecneumsatowlee
n3bmpatenbHbli  gocTyn K MHOpMaUMKM, NEepecbliaemolr  NOCpeaCcTBOM  YPOBHEMN
3aKOAMPOBAHHbBIX ( TO eCTb, CXKaTblX) AaHHbIX 6e3 HeoHXOAMMOCTU AEKOAMPOBaThL BECh 0O6beM
CKaTbIX JAHHBbIX.

5. BO3MOXHOCTb OCYLLECTB/IEHUA MNOBTOPHOrO BbIPAaBHMBAHMA PaHee BbIPOBHEHHbIX M CXKaTbIX
JaHHbLIX TreHoma, Korga TpebyeTca HOBOE BblpaBHMBAHME NO OTHOWEHWMIO K 3aHOBO
onyb61MKOBaHHbIM pedepeHCHbIM reHomam nytem BbINOJIHEHUSA adpdpexkTUBHOrO
TPaHCKOAMPOBAHUA BbIOPAHHbIX YacTel AaHHbIX B CXKaToh obnacty. YacTbili BbINYCK HOBbIX
pedepeHCHbIX FTEHOMOB B HacTosiLLee Bpemsa TpebyeT noTpebieHns pecypcos 1 pacxona BpemeHm
Ha NPOLECCHl TPAaHCKOAMPOBAHUS A/ NOBTOPHOTO BbIPaBHUBAHUS paHee CXKaTbIX M 3aNUCaHHbIX
8 NaMATb AAHHbIX FEHOMa NO OTHOLIEHMIO K 3aHOBO onybIMKOBaHHOMY pedepeHCHOMY FTEHOMY,

NOCKO/bKY TpebyeTcsi 06paboTKa Bcero o6bema AaHHbIX.

OnuvcaHHbIM B JAHHOM OKYMEHTE CNocob Hanpass/ieH Ha 3KCNyaTUPOBaHWE AOCTYNHbIX anpPUOPHbIX
3HaHMIA O [aHHbLIX TEHOMa C LUe/blo onpegeneHns andasuta CUHTAKCUMYECKMX S/IEMEHTOB C
NOHMYXEHHOW 3HTPONMeEN. B reHOMMKe A0CTYNHbIE 3HAHUA 0ObIYHO NPEACTaBAAKTCA CYLWECTBYIOLLEN
Nnocnef0BaTeNIbHOCTbIO reHoMa OObIMHO - HO He 06fA3aTenlbHO - TaKkux ke 06pasuos, 4TO M
noanexawmii Tekywen obpabotke. Hanpumep, reHOMbl YesiOBEKA Pas3iIMHaloTCA ANs Pasn4YHbIX
WHAVMBUMAYYMOB TO/IbKO Ha f0nt0 npoueHTa C Apyron CTOPOHbI, TakoM Manblii 06bem [aHHbIX
coaeput mHbopmaumio, obecneymsaroWwytd BO3MOMKHOCTb PaHHEN AMArHOCTMKKM, OKa3aHuA
NepPCOHaNN3NPOBAHHBIX MEAULMHCKMX YCAYr, CUHTE3MPOBAHMA 3aKa3HbIX NeKapcTs M ap. [JaHHoe
n3obpeTeHMe HanpaBneHO Ha onpegeneHve popmata npeacTaBieHMa MHPOpMaUMM NO FEHOMY,
obecneunsatowero 3GPeKTUBHbIN AOCTYN K pPesieBaHTHOM WHOOPMaUMM W BO3MOXKHOCTb ee
TPaHCNOPTUPOBKU N CHUXKEHME YAENBHOIO 3HaYeHUs U3ObITOYHOM MHbOPMaLMH.

B HacTosAweM M306peTeHM peannsyloTca Cleaylowme TEXHUIECKME XapaKTePUCTUKM:

1. PasznoxkeHne WHbOpMaUMKM NO TeHOMY Ha "ypoBHM" OAHOPOAHBLIX METaZaHHbIX C LENblo
MaKCMMalbHO BO3MOYKHOTO CHUMKEH WS MHGOPMALNOHHOM SHTPONUM;

2. OnpegeneHve Tabanubl raBHOrO yKasaTens M Tabnuu, MeCTHbIX yKa3aTeneil ans obecnedyeHus
n36MpaTenbHOrO A0CTyNa K YPOBHAM 3aKoAMpPOBaHHOM WMHbopmaumm He3 HeobxoaMmocTu
AEKOANPOBaHUA BCEM 3aKOAMPOBAHHOM MHPOpMauunm;

3. TpVHATME KOHTEKCTHO-aZanTMBHOIO ABOMYHOIO aPUPMETUHECKOTO KOAMPOBAHMA C LENbLO
KOLMPOBaHWUSA 3/IEMEHTOB CMHTAKCUCaA, ONpeeseHHbIX B M. 1;

4. CWHXpPOHM3aUMA ypoBHelM nana obecneveHMsa m3bMpaTenbHOro AOCTyna K AaHHbim  6e3

HeobX0AMMOCTU AEKOAMPOBAHMA BCEX YPOBHEN (ecn He TpebyeTcs;
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5. AnddepeHumanbHoe KOAMPOBAHME B OTHOWEHWM O4HOM Man bosiee afanTUBHBIX pepepeHCHbIX
nocsef0BaTe/IbHOCTEN, KOTOpble MOTyT ObiTb M3MeHeHbl A/ CHWXKeHMsA 3HTponuu. [ocne
KOAMPOBAHMA Ha OCHOBe nNepBoM pedepeHCHOM nocneaoBaTe/lbHOCTM  3anMCaHHble
paccornacosaHusi MoryT 6biTb MCNOAb30BaHbl Ans "agantaunmn/moandukaumm” pedepeHcHbIX
NocnefoBaTeNbHOCTEM C UEe/bl0 AaNbHENLWEro CHUMKeHUs WHPOPMAUVOHHOW 3HTpONMU. 3TO
NPOLECC, KOTOPbIA MOMET 6bITb UTEPATUBHBLIM C NOBTOPOM B TEUEHME BCETO BPEMEHM, NOKa UMEET

CMBbIC/ CHUXKEHME MHPOPMALMOHHOM SHTPONUM.

C uenblo peweHma YNOMAHYTbIX Bbille NPobaem TEXHUKM U3BECTHOMO YPOBHS (B YacTh 3G EKTMBHOIrO
AOCTyna K ciay4aliHbiM no3vumsim B8 danne, sddekTMBHOM nepegadm W 3anMcu B NamsiTh,
3ddEKTUBHOIO CXKaTUA) B HACTOSALLEN 3asiBKE M3MEHSIETCA o4YepeaHOCTb AaHHbIX C GOpMUpPOBaHMEM
M3 HWX Naketos, 06/1a4alOWMX MOBLIWEHHOW CTENEHbID OAHOPOAHOCTM WM/MAN CeMaHTUYECKM
3HAYMMbIX C TOYKM 3PEHUS NPOCTOTbI 06paboTKN.

B HacToswem uW306peTeHUM NPUHATA TaKKe CTPYKTypa ALaHHbIX, OCHOBAHHAs Ha KOHUenuuu

"eavHUUbI gocTyna".

[aHHble reHOMa CTPYKTYPUPOBaHbl U 3aKOAMPOBaHbI B pas/IMYHble eAMHMUBI f0CTyna. [anee cnegyet

onucaHWe AaHHbIX FTEHOMA, COAEPKALUMXCS B Pa3/IMUHbIX eAMHULAX A0CTyNa.

Knaccudukauuma paHHbIX reHoma

CunTaHHble dparmeHTbl NOC/NEeL0BaTE/IbHOCTH, BblAaHHbIE MalMHAaMK CEKBEHUPOBAHUA, OENATCA B

PacKkpbITOM 34eCb M300peTeHMM Ha 5 pas3nudHbix "Knaccos" B COOTBETCTBMW C pe3yabTaTamu

BbIpaBHMBAHWA NO OTHOLIEHMIO K OAHOM uan 6onee pedepeHCHbIM NOC/AEeA0BaTE/IbHOCTAM WU

reHomam.

MNpu sbipasHMBaHuKM [HK-nocnenoBaTesibHOCTM HYK/JEOTUAOB NO OTHOLIEHUIO K pedepeHCHOM

Nocnef0BaTeNIbHOCTM BO3MOXKHbI pe3yabTaTbl NATU BUAOB:

1. O6HapyrmBaeTcsa 0b6nacTb B pedepeHCHOM NoCAef0BaTE/IbHOCTH, COMNAcyOWAancs CO CYHUTAHHOM
BbIBOpPKOM nocnegosaTensHOCTM 6e3 eaMHOM owKBKKM (MaeanbHas nogcTaHoBKa). Takas
NoCcnefoBaTENbHOCTE  HYKNEOTMAOB MMeHyeTcs "WAeanbHO COMNacyloWmMmMcA CYMTaHHbIM
¢dparmeHTOM" MM 0603HavaeTcs Kak "Knacc P".

2. O6HapykmBaeTca 061acTb B pepepeHCHOM Noc/eA0BaTeIbHOCTM, COrNacyoWascs CO CYUTAHHbIM
dparmeHTOM NOC/NeL0BaTENBHOCTM C PALOM PACCOrIacoBaHWUM, NPeaCTaBAAOWNX PAL NO3ULNIA,

Ha KOTOpPbIX MallMHE CEKBEHUPOBaAHMA He YAa/0Cb Bbi3BaTb HWKaKoe OCHOBaHUE (Vlﬂl/l
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HyKneoTna). Takne paccornacosaHms nomedatrorcs cumeonom "N". Takme nocnegosaTenbHOCTU
MMEHYITCA "cunTaHHbIMK dparmeHTamm ¢ paccornacosaHmem N" mam "knaccom N".

3. ObHapyxkunsaetca obnactb B pedpepeHCHOM NocAe0BaTeNIbHOCTM, COrNACcyOWANACA CO CYUTAHHbIM
¢dbparmeHTOM NOCNELOBaATE/IbHOCTU C PALOM PACCOr1acoOBaHUM, NPeLCTaBAAOWMX PAL NO3ULMIA,
Ha KOTOPbIX MalLVHE CEKBEHWPOBAHWA HE YAaN0Ch BbI3BAaTb HUKAKOe OCHOBaHME (MM HYKeoTUA,
JIMBO 6b110 BBLI3BAHO OCHOBAHWE, OTAMYHOE OT TOro, KOTOPOE YyKa3aHo B pedepeHCHOM
nocnefosaTenbHOCTU. TakKoOM TUN paccornacoBaHMA WMEHyeTcs "Bapuaumen OAMHOYHOro
HyKneotnga", (SNV) nnu "nonvmopodmramom OZIMHOYHOrO Hykneotnaa"(SNP).
MNocnepoBaTeNnbHOCTb MMEHYETCS "cYMTaHHbIMKM dparmeHTamM C paccornacosaHvem M" umau
"knaccom M".

4. YerBepTbli  KAacCc  obpa3yeTcs  CUMTaHHbIMKM  dparMeHTamM  NOC/AeA0BaTeIbHOCTH,
NpeACcTasAsOWMMM TUN PAcCOrIacoBaHUS, BKAKOYAIOWMI B cebsi Te e paccoriiacoBaHus, YTo U B
Knacce M, c pobaBneHnem MMeIoLLIMXCA BCTaBOK U yaaneHui (MmeHyemblx TakKe indels). BctaBku
npeAcTas/ieHbl NOCNEA0BATENBHOCTBIO U3 O4HOTO MM Honee HYKNeoTUZOB, OTCYTCTBYIOWMX B
pedepeHCHOM NOoCNea0BaTE/IbHOCTM, HO MMEILWMXCS B CYMTAHHOM nocinegosaTesbHOCTU. B
IMTepaType BCTaBHas NOC/AeLOBaTe/IbHOCTb, PACNOOMKEHHAsA Ha Kpasx NOCAeA0BaTe/bHOCTH,
MMeHyeTcs "MSATKO yceuyeHHoOM" (TO ecTb, HYKJAeoTUabl He cornacylotcs ¢ pedepeHCHoM
Nnoc/ef0BaTeNIbHOCTBIO, OAHAKO COXPAHSIOTCA B BbIPOBHEHHbLIX CUYMTAHHbBIX ¢parmMeHTax B
NPOTMBOMONOXHOCTL  "XKECTKO  ycedeHHbIM"' HyKneoTugam, KoTopble cbpacbiBatoTcs).
CoxpaHeHne wuaAn cbpacbiBaHWE HYKAEOTUAOB OObIMHO OCYLWECTBAAETCA MO  PEeLIEeHUIo
nosib3oBaTenia, peannM3yemomy B BMAE KOHOUIypaLMu BbIPaBHUBAIOWENO WHCTPYMEHTA.
YaaneHusa npeactasasior coboit "abipbl” (OTCYTCTBYIOWME HYKNEOTUAbI) B CHUTAaHHOM pparmeHTe,
COOTHECEHHOM C pedepeHCHOM NoCNe0BaTENbHOCTLIO. TakMe NOCAeA0BaTENbHOCTY MMEHYIOTCA
"cumMTaHHBIMKM PpparmeHTamm ¢ paccornacosaHmem I" nam "knaccom 1",

5. MaTbl Knacc BKAOYaeT B cebsi BCE CUMTaHHble PparmeHTbl, A8 KOTOPbIX He OOHapyrKeHbl
HMKaKue [OelCTBUTE/NbHbIE MNOACTAHOBKM B pedepeHCHOM NnocAeaoBaTeNbHOCTM COI1aCHO
YKa3aHHbIM  OrpPaHUYeHUsIM  BblpaBHMBaHMA. Takue NOC/NefoBaTENbHOCTM  MMEHYHOTCS
nocnegosatenbHocTaMM 6e3 noacraHosok (Unmapped) n oTHocsaTes K "knaccy U".

CumTaHHble ¢dparmeHTbl 6e€3 NOACTAaHOBOK MOryT ObiTb  CKOMMNOHOBaHbl B €4MHYIO

nocsef0B8aTe/IbHOCTb NPU UCNO/Ib30BAHUKM aZITOPUTMOB KOMMNOHOBKM 3aHOBO. Cpa3sy nocsie co3gaHus

HOBOI NOCNEAO0BATE/NIBHOCTM MOKET ObiTb BbINOJIHEHA NOACTAHOBKA CYMTAHHbLIX GparmeHTOB, A/A

KOTOpbIX paHee He OOHapy)KeHbl NOLCTAHOBKM, MO OTHOLWIEHUIO K HOBOW NOCAEA0BATE/IbHOCTU C

nocneayrowmm BKAOYEHEM B O4NH 13 YeTbipex Knaccos P, N, M n .
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[na  CTPYKTypbl [AaHHbIX YKa3aHHbIX JaHHbIX reHoma TpebyeTcA 3anomuHaHue 1106a/bHbIX

napameTpoB M MeTafaHHbIX, NOANEXKaLlMX MCMNOAb30BaHUIO MEXAaHM3MOM [EeKOAMPOBaHUA. ITU

[AaHHble CTPYKTYPMPOBaHbl B OCHOBHOM 3020/108Ke, ONMCAHHOM B NPUBEAEHHOW HUXKe Tabamue.

dnemeHT

Tun

OnucaHue

YHuKanbHbii U4,

Maccus 6aritos

YHUKanbHbI  naeHTMOUKaATOP ANA

3aKOAMPOBAHHOIO cogepXmMmoro

Bepcua Maccus 6aiToB MaxopHas + MWHOpPHaA BepcusA
anropuTMma KogmposaHua
Pasmep 3aronoskKa Lenoe uncno Pasmep Bcero  3akogMpPOBaHHOIO

coaep»xumoro B banTax

AnuHa cuntaHHbIX pparmeHToB

Llenoe uncno

Pasmep cuMTaHHbIX GparmMeHToB B
C/ly4ae NOCTOAHHOM A/IMHbI CHUTAHHbIX
¢parmeHToB. CneunanbHoe 3HavyeHue
(Hanpumep, 0) pesepsupyloT AnA

CYUTaAHHbLIX GParmeHTOB NePeMeHHOM

OJVHBI

Ped. cuet

Llenoe uncno

Konunvectso MCNOJIb3yemblxX

pedepeHCcHbIX NocnefoBaTeIbHOCTEN

CueTuMKM eauHUL, focTyna

Maccns  bHainTos
(Hanpumep,

uenble vmucna)

CymmapHoe KO/IM4eCTBO
3aKOANPOBAHHbIX eAMHUL, A0CTYNa Ha
OAHY pedepeHcHyo

nocnenoBaTesIbHOCTb

Ped. naeHtudpuxkatopnbl

Maccus 6ariTos

YHUKanbHble uaeHTUdUKATOPbLI ANA

pedepeHCHbIX Nocnef0BaTeIbHOCTEN

Ta6nu Llia rnaBHOro yKkasartena

lMo3uyuu 8bIpaBHUBAHUS NNEPEO20

CYUMAHHO20  (bpaemeHma 8
Kanoom 6n0ke (eduHuue
docmyna).

To ecms, no3uuyus C MEHbWUM
HOMEPOM Nepso2o CYUMAHHO20

thpaemeHma 8 pechepeHcHOM

Maccus  bHainTos
(Hanpumep,

uenble Ymcna)

3710 MHOTOMEpPHbIN Maccums,

noaAepKUBaKLWLMIA NPOU3BOJIbHbIN

OOCTYN K eAuHMLAaM A0CTyna
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2eHomMe Ha Kamowili 670Kk 4

Knaaccos

1 Ha Knacc pos (4) Ha
pechepeHcHyo
nocnedosamesnioHOCMb

Ta6auua 1 — CTpyKTypa OCHOBHOrO 3aro/ioBKa

Cpasy NO OKOHYaHWUM KNacCUPUKAUMKM CYMTaHHbIX (PParMeHTOB C ONPeAeNeHUEM KIaccoB

AanbHelwan 06paboTKka COCTOMT B onpeaeneHnn Habopa pas/IMYHbIX CUHTAKCUYECKUX 3JIEMEHTOB,

NPeAcTaBAfIOWMX OCTaBWYOCA MHOOPMALUMIO, HTO NO3BOJISET BOCCO34aBaTb CYMTAHHbLIN GparmeHT

[HK npv npeacrasneHumn ero 8 BUAE NOACTAHOBKM B 3a4aHHYI0 pedepeHCHyYI0 Nocaen08aTe/bHOCTb.

CermeHT [HK, cooTHOCMMbIA C 3agaHHOW pedepeHCHOM NoC/ief0BaTe/IbHOCTbIO, MOXKET ObITb

NOJTHOCTbLIO Bblpa*KeH NOCpeaCcTBOM YKa3aHHbIX HUXKE 3/1eEMEHTOB,;

HavyanbHas no3muma B pepepeHCHOM nocnenos8aTenbHOCTH (pos).
®naxoK cMrHanmsaumm o HeobHXOAMMOCTM PACCMOTPEHUS CUMTAHHOKM BbIDOPKM B KayecTse
06paTHOro 3amelleHMs No OTHOLWEHMIO K pedepeHCHOM nocaesosaTenbHOCTH (rcomp).
PaccTosaHuWe f0 NnapTHepa No nape B C/ly4ae CnapeHHbIX CYMTaHHbIX GparmeHTos (pair).
3Ha4yeHne gAVHbI CYHUTAHHOTO GpparmeHTa B ciyHae TEXHONOTMW CEKBEHMPOBAHMA NPUBOAMUT K
NOMIYHEHUIO CYMTAHHbIX PparmeHTOB NepemMeHHOW AfMHbI. B c/iydyae NOCTOAHHOW AJ/IMHBI
CYMTAHHbIX GpParmMeHTOB AJ/IMHY CYMTAHHOrO QparmeHTa, CBA3bIBAEMYID C KaKablM W3
CYMTaAHHbIX PParMeHTOB, MOXKHO MO O4EBUAHBIM NPUYMHAM ONYCKaTbh U MOXKHO 3anucbiBaThb B
OCHOBHOWM 3aro/ioBoK darina.
[ns Kaxk[oro paccornacosaHua:

o No3uuus paccornacosaHus (nmis ans knacca N, snpp ans knacca M v indp ana knacca

1)

o Twun paccornacosaHua (oTcyTcTBYeT B Knacce N, snpt B8 knacce M, indt 8 knacce 1)
®naxkkM, yKasblBawowme Ha crneumMPuyHeckmMe XapaKTepUCTUKM CYMTaHHOro ¢dparmeHTa
Nocnef0BaTENbHOCTM - TaKME KakK:

O WabsIoH, UMEIOLLMIA MHOKECTBO CErMEHTOB B CEKBEHMPOBAHUN

O KarkAbl/i CErMEHT HaZNexKalnm YPOBHEM BbIPOBHEH C MOMOLLLIO BblpaBHUBATENSA

O cermeHT 6e3 NoACcTaHOBKU

O Ccreaylowmii cermeHT B WabnoHe He3 NoACTaHOBKM

O CUFHanM3aums o NepBOM MM NOCNELHEM CErMEHTE

o cbol ynpaBaeHNA Ka4ecTBom
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o PCR (NUP) nan ontnueckuii aybnmnkar
O BTOPWYHOE BblpaBHMBAHME
O  [ONONHUTE/IbHOE BblpaBHMBaHWE
e BblIOOPOYHO MCNOJSIb3yEMAn MSTKO yCeYeHHas CTPOKa HyKneoTuaos - ecam nmeetcs (indc 8

5 Knacce 1)

B pamkax AaHHOM KnaccuduKaumm co3gatoTcs rpynnbl 4eCKPUNTOPOB (CUHTaKCUYECKMX 2/IEMEHTOB),
KOTOpble MOTyT 6bITb MCNO/Mb30BaHbl ANA OAHO3HAYHOIO NPeACTaBAEHMA CYUTAHHbIX GparmeHToB
nociefoBaTeNibHOCTM reHoma. B npuBegeHHOW HMKe Tabnauue KpaTKO OXapaKTepu3OoBaHbl
10  CMHTaKCUYECKME 3/IEMEHTbl, HeobXoAMMble AS Ka)KAOro Kjacca BblPpaBHMBAEMBIX CYMTAHHbIX

dbparmeHTOB.

pos

pair

rcomp

flags

X[ X[ X| X| X| W
x| x| x| x| x| <
X[ X[ x| x| X

rlen

X[ X[ X| X| X| X| 2

nmis

snpp X

snpt X

indp X

indt X

indc X

Ta6auua 2 - OnpeaeneHHble YPOBHU HA KNAcC AaHHbIX.

CunTaHHble pparmeHTbl, NpPUHAANEXKAWME Kaaccy P, xapaKTepusyloTcs M MOryT ObiTb MAEasbHO

15  BOCCO34aHbl UCKOYMUTENBHO NO NO3UUUKM, NO MHPOPMALMKM OBPaTHOIO 3aMeELLEHMA U CMELLEHUS
MEXKAyY NapTHEPaMM B C/ly4ae, KOr4a OHM Obliv onpeseneHbl COTIAaCHO TEXHOIOMMM CEKBEHMPOBAHMS
¢ 0bpa3oBaHMEM CMEXKHbIX Nap, N0 HEKOTOPbIM G1arkKam M NO AJIMHE CHUTAHHOTO dparmeHTa.

B cneaytouwem pasgene nogpobHO onucaHbl cnocobbl onpeaeneHms 3TMx 4eCKpMnTopos.

20 YpoBeHb AeCKPUNTOPOB NO3ULUU
B kaxkgoli eanHuue goctyna (AU) 3anmcaHa B 3aroo8oK AU TO/IbKO NO3MLMA NOACTaHOBKM NEPBOro

3aKOAVPOBAHHOIO CYMTAaHHOTo GpparmeHTa B KadecTse abCcoIOTHOM NO3nuMn B pedepeHCHOM reHOMeE.
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Bce gpyrve nosvumun BbipaXkaloTCA B BUAE PA3HOCTM NO OTHOWEHMIO K Npeablaywert nosuuumn m
3anNMCbIBAlOTCA HA XpaHEeHMe B KOHKPETHOM ypoBHe. [laHHOe MOAEenMpoBaHWE WCTOYHMKA
WHbOPMaUMK, ONpPeLensemMoro nociefoBaTe/NbHOCTbIO  MO3UUMI  CHMTBIBAHWUA, B  LIEJIOM
XapaKTepu3yeTca MNOHMMKEHHOW 3HTPOMMEeK, B 4acTHOCTM, ANS NPOUECCOB CEKBEHMPOBAHUA C
reHepaumer pesynbTaTOB C BbICOKOM CTEMEHbl0 NOKpbITUA. Kak TOAbKO 3anncaHa Ha COXpaHeHue
abconoTHas NO3MUMA NEpBOr0 BblpaBHMBAHWMA, BCE MNO3MUMM APYIMX CYUTAHHLIX (GparmeHTOB
BbIpaXKaloTCA B BUAE PA3HOCTU (PacCTOSHMA) NO OTHOLIEHWUIO K NO3ULMK NEPBOrO BbipaBHMBaHUS.

Hanpumep, Ha ¢ur. 4 noKasaHo, Kak NoOCAe KOAMPOBAHMA Hada/bHOM NO3UUMKM NEepBoro
BblpaBHMBaHWA B Kadectse no3vumm ""10000" 8 pedepeHCcHOM nociefoBaTesIbHOCTM NO3MUMSA
BTOPOro CYMTAHHOro ¢pparmeHTa, HauMHalowWanca Ha 3HadeHMn 10180, KoampyeTcsa B8 Buae "180". B
CNy4ae AaHHbIX C BbICOKOW cTeneHbio MNOKpbITUs (> 50x) 60OMbLIMHCTBO AECKPMNTOPOB BEKTOpa
NO3UUMKU AEMOHCTPUPYIOT OYEHb BbICOKYHO YAaCTOTY NOABAEHUA HM3KMX 3HAYEHUM - TaKUX Kak O n 1 u
APYTUX ManbiX Uenbix ymcen. Ha ¢ur. 4 nokasaHo, Kak NO3MUMK TPeX Nap CYUTaHHbIX GpparmeHToB

KOAMPYIOTCA B YPOBHE POS.

Ona no3muunii cuMTaHHbIX GparmeHToB, NpuHagaexkawmx knaccam N, M, P 1 |, ncnonb3yetca ogHa v
Ta e MOAeNb WCTOYHMKA. YT0Obl obecneuntb M3OMpaTenbHbIM AOCTYN K AaHHbIM B /060N
KOMOWHaUMK, NO3MUMM CHMTAHHbIX GParmMmeHTOB, NPUHALJIEKaAWMX YeTbIPEM K/lacCam, KOAMPYIOT B

pa3genibHbIX YPOBHAX, Kak yKa3aHo 8 Tabauue .

YpoBeHb AecKpUnTopoB 06pasoBaHUA Nap

HeckpunTop o6pa3oBaHMA nNap 3anuCbiBalOT Ha XpaHeHWe B YypoBeHb pair. B aTom yposHe
COXPaHSAIOTCA  AECKPMNTOpbl, Koaupylowme WHPOPMaUMIo, Heobxoaumylo Ans BOCCO34aHUA
OPUTMHA/NbBHBIX Nap CYUTAHHbIX GPArMeHTOB, €CAM WMCNOJb3yemass TEXHONOMMA CEeKBEHUPOBAHMS
BblAAET CYMTaHHble PpparmMeHTbl NONapHO. HeCMOTpsA Ha TO, YTO Ha AaTy PacKpbITUS U306peTeHus
nogasnsiowee 6HONbWMHCTBO [aHHbIX CEKBEHWPOBAHMSA TEHEPUPYETCS C  UCNOJIb30BaHMEM
TEXHOJIOTUM BbIAAYM CNAPEHHBIX CYMUTAHHBLIX GpParMeHToB, 3TO 0OEecneYnBaeTcs He BCEMMU
TEXHOJIOTUSAMW. ITO NPUYMHA, NO KOTOPOI HaMUYME JAHHOIO YPOBHS He ABAsSeTCs 06A3aTeNlbHbIM A5
BOCCO3aHUA BCelM MHOOPMAUMKM C AAHHBIMM CEKBEHUPOBAHUA, €C/IM TEXHOIOTUS CEKBEHMPOBAHUA
paccMaTpUBaeMbiX [aHHbIX TEHOMa He reHepupyetr MHGOPMaLMIO B BUAE CNAPEHHbIX CYMTAHHBIX

dbparmeHTOB.

OnpepeneHusa:
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. mate pair(napTHep No nape): cYMTaHHbIM GpParmMeHT, CBA3bIBAEMbIA C APYIMM CYMTAHHbIM
dparmeHTOM Napbl cuUTaHHbIX dparmeHToB (Hanpumep, Read2 sisnsetcs cmerkHoW napoli Readl s
npumepe Ha owur. 4)

. pairing distance(pacctoaHne obpa3osaHMA Napbl): KOAMYECTBO NO3UUMI HYKNEOTMAOB B
pedepeHCHOlM NOCNef0BaTe/IbHOCTY, KOTOpble OTAENAIOT OLHY MNO3MUMIO B NEPBOM CHMTAHHOM
dparmeHTe (aHKep cnapuBaHWs, HaNPUMep, NOCAEeAHUI HYKNeOTU, NepPBOro CHUTAaHHOTO GparmeHT)
OT OAHOM NO3ULUMK BTOPOrO CUYUTAHHOTO ¢parmeHTa (Hanpumep, NEPBOr0 HyKAEoTUAA BTOPOro
cYMUTaHHOro pparmeHTa)

. most probable pairing distance (MPPD) (MaKcMmanbHO BEPOATHOE PacCTOAHWE 06pa30BaHUS
nap): aTo Hanbosee BeposTHOE paccTosiHMe 06pa3oBaHMs Nap, BbipaxKaeMoe KOMYECTBOM NO3ULUIA
HYKNE0TUAOB.

. position pairing distance (PPD) (paccTtosHuMe o6pa3oBaHus nap No no3uumam): PPD ssnsertcs
CNOCObOM BbIPAXKEHUSI PACCTOSHMA 0Opa30BaHMA Nap B BUAE KOAMYECTBA CUMTAHHbIX GpParmeHTOB,
OTAENAIOWMX OOMH CUYMTAHHbIA ¢$parmMeHT OT COOTBETCTBYIOLLErO emy napTHepa no nape,
HaxXO4AWErocs Ha KOHKPETHOM NO3MLUMM B YPOBHE AEeCKPUNTOPA.

. most probable position pairing distance (MPPPD) (Hambonee BeposaTHOe paccTosiHME
obpasoBaHKUs Nap No No3MuMam): npeacrasaseT coboli Hanbonee BEPOSTHOE KONMUYECTBO CHUTAHHbIX
$parmeHTOB, OTAENAOWMX OAMH CYMTAHHBIA ¢pparMeHT OT ero NapTHepa No nape, Haxo4ALWLerocs Ha
KOHKPETHOM NO3ULMM YPOBHSA AECKPUNTOPA.

. position pairing error (PPE){(own6ka ob6pa3zosaHMa Napbl N0 NO3NUMK): ONPELENSETCA B BUAE
pa3HocTn mexay MPPD nan MPPPD 1 ¢akTMyeckoi no3nupvein napTHepa no nape.

. pairing anchor(aHkep o6pa3oBaHMA napbl): NO3MUMA NOCAEAHEr0 HYKNeoTuaa nepsoro
CYMTAHHOrO ¢parmMeHTa B Nape, MCNOAb3yemas B KavyecTBe NO3UUMM OTCYETa ANA BbIMUC/IEHUS
paccTosHMA NapTHepa No nNape B BMAE KOIMHYECTBA NO3ULMI HYKNEOTUA0B MAN KOMYECTBA NO3ULMIA
CYUTaHHbIX GParmeHTOB.

dur. 5 UAOCTPUPYET BbIYMCAEHME PACCTOSHUA 06pa30BaHUS napbl Cpeau nap CYMTaAHHbIX
dbparmeHTOB.

YpoBeHb fAecKpunTtopa napbl npeacTasaser coboll BeKTop oOWwMBOK 06pa3oBaHMs Napbl.
BbIMMCAAEMBIA B BUAE KOJMYECTBA CUMTAHHbLIX PpParmMeHTOB, NPONYCKAeMblX C LEIb0 AOCTUYb
napTHepa MO Nape NepBOro CYMTAHHOro ¢parmeHTa Napbl NO OTHOLWIEHUIO K ONpeaeneHHOMY
paccTosHMIO 06pa3oBaHMA Nap NPU LEKOLMPOBAHUM.

Ha ¢ur. 6 npeactasneH npumep cnocoba BbMUCAEHMA OWKMOOK 0Dpa3oBaHMA nap B BUAE KaK
abCconloTHOro 3HauyeHusa, Tak U aAndpdepeHUManbHOro BEKTOpa (XapaKTepu3yeTcss MNOHUMKEHHOM

SHTPONWEN ANS BbICOKMX CTENEHEN NOKPbLITUA).

25



10

15

20

25

30

dp3619PTWO GenomSys SA

TaKkue e AeCKpUnTopbl MCNOJb3YIOT B KavyecTBe MHbopmaumm o6 0H6pa3oBaHMKM Nap CHMTAHHBLIX
dparmeHTOB, NpUHagnexawmx Kknaccam N, M, P n |. Ytobbl obecneunTb n3bupatenbHblt 4OCTYN K
pasIM4yHbIM Knaccam [AaHHblX, WHPopmaumio 06 o06pas3oBaHMM Nap CYUTAHHbIX (GpParmMeHTOB,

NPUHaANEKaLWMX YETbIPEM KNaccaM, KOAMPYIOT B pa3fe/ibHblX YPOBHAX, Kak NOKa3aHo Ha purype.

MHdopmauma 06 o6pazoBaHUM Nap B cAyyae cCUATAHHbIX PpparmeHTOB, NOACTABAEHHbIX B pasHble
pedepeHcHble nocneso0BaTeIbHOCTU

B npouecce noOACTAaHOBKM CYMTAHHbIX GParmMeHTOB NOC/Ae40BaTe/lbHOCTM B  pedepeHCHyHo
Nocnef0BaTeNIbHOCTb HE PEAKM C/lyHaun, KOT4a Nepsblii CYHUTAHHLIM GparmMeHT B Nape NoACTaBAAOT Ha
04HY pedepeHCHyo No3uumio (Hanpumep, Ha NO3MUMIO XPOMOCOMbl 1), a BTOpOM - Ha Apyryto
pedepeHCHyYI0 NO3ULMIO (HanpUMep, Ha NO3ULMI0 XPOMOCOMbI 4). B 3TOM c/ydyae ONUCaHHYIO Bbille
nHpopmauuio 06 obpasoBaHMM Nap HeOHBXOAMMO 0OBEANHATL C AONOJHUTENBHOW MHbOPMaUMEN,
OTHOCALLENCA K pedepeHCHOM NOoCc/ef0BaTe/IbHOCTM, UCNOJIb3yeMOM A8 NOACTAHOBKM OZHOIO U3
CYMTAHHbIX pparmeHTOB. 3TO obecneumnBaeTcs NyTem KOAMPOBAHMS.

1. PesepBHOe 3HauyeHMe (pnaxkok), yKasbiBalollee Ha TO, 4YTO Napa NoACTaBleHa B nBe
pasnnyalowmecs mexay coboi nocnefoBaTesIbHOCTM (pasnnyalowmecs 3Ha4YeHUs yKa3biBaloT, YTO
CYUTaAHHbIA PpparmeHT 1 M CYMTaHHbBIA ¢pparmMeHT 2 NoACTaB/IeHbl B NOCNEA0BaTE/ILHOCTb, KOTOPas Ha
TEKYLWMI MOMEHT He 3aKO4MPOBaHa).

2. YHUKa/bHbIM  MAEHTUPUKATOp pedepeHCHOM noc/ieaoBaTenbHOCTM, COOTHOCMMbIM €
naeHTnpurkatopamm pedepeHcHOM NOCAefO0BaTe/NIbHOCTY, 3aKOAMPOBAHHLIMM B  CTPYKType
OCHOBHOTO 3aro/I0BKa, Kak onucaHo 8 Tabanua 1.

3. TPETUIA 3NeMeHT, cogeprawuii MHOOPMaLUMIO O MNOACTAHOBKE B pedepeHCHY
Nnocnef0BaTeNbHOCTb, UAEHTUPUUMPOBAHHYIO B N. 2 W BblpaKaemyld B BUAE CMELWEHUA NO
OTHOLIEHMIO K NOC/NeAHEN 3aKOANPOBAHHOM NO3ULMN.

Ha ¢ur. 7 npuseaeH npumep AaHHOIO CUeHapuA.

Ha ¢wr. 7,

NOCKONbKY CYMTaHHbIA $parmeHT 4 He NOACTaBAeH B 3aKOAMPOBAHHYHD HA AaHHbIA MOMEHT
Nnocnefo0BaTeNIbHOCTb, KOZEep reHomMa CWUIHaAM3MpyeT O AaHHOM COCTOAHWM NyTemM BKAKOYEHMWA
AONONIHUTENIbHBIX AECKPUNTOPOB B ypOBeHb nNapbl (pair). B npumepe, nokasaHHOm Ha ¢éwur. 7,
CYMTaHHbIA dparmeHT 4 napbl 2 NOACTaBAAETCA B pedepeHCHyo nocnegosatenbHocTb Ne 4, xoTta
TeKyL,aA 3aKoAMpOBaHHas pedepeHCcHas nocieoBaTe/lbHOCTE MMmeeT Homep 1. [laHHaa nHopmauunsa
KOAMPYETCA C MCNOJIb30BaHMEM TPEX KOMMNOHEHTOB:

1) OpHo cneunanbHoe pesepBHOE 3HAaYeHWEe KOAMPYETCA B BMAE PAcCTOAHMA Npu 06pa3oBaHnm

napbl (B gaHHOM cnyvae Oxffffff)
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2) BTopoli geckpunTtop npegoctaBaseT naeHTMdurKaTop pedpepeHCcHOM Nocsie408aTe/IbHOCTU U3
CNKMCKa B OCHOBHOM 3aro/1oBKe (B flaHHOM ciiydae 4)
3) TpeTnii anemeHT cogepKnT MHPOPMaUMIO 0 NOACTaHOBKE B COOTBETCTBYIOLLYIO pedepeHCHY

nocnegosatenbHocTb (170).

YpoBeHb AecKpuntopa o6paTHOro sameLueHuUs

Karkgblii CYMTaHHbIM  pparmMeHT nap CUYMTaHHbIX (ParmMeHTOB, BblAaBaEMbIX TEXHONOTMAMM
CEKBEHMPOBAHMA, MOXET UCXOAUTb OT JIOObIX LUENOYEeK FeHOMa CEKBEHMPYEMOM OPraHUYEeCKOM
npo6bl. OgHaKo B KadyecTse pedepeHCHOlM Nocnef0BaTeIbHOCTU MCNOb3YETCS TO/IbKO O4HA U3 ABYX
uenovek. Ha ¢pu1r.8 nokasaHo, KaKk B nape CUMTaHHbIX PParmeHTOB OAWUH CYMTaHHbIN dparmeHT (read
1) MO¥eT NoCcTynaTh OT OAHOM LENOYKM, a APYroi cHMTaHHbIN ¢pparmeHT (read 2) moxkeT noctynatb OT

APYron UENOYKMU.

Ecav uenodka 1 wvcnosnb3yerca B KadecTBe pedepeHCHOM NoCef0BaTe/ibHOCTM, TO CYMTAHHbIN
¢dparmeHT 2 MOXKeT OblTb 3aKOAMPOBAH B KadecTse 0OPaATHOro 3amelLeHMA COOTBETCTBYIOWLENO

¢dparmeHTa B LenodKke 1 310 nanocTpupyetca gurypoii 9.

B cny4yae cBA3aHHbLIX CYMTAHHBIX GpParmMeHTOB BO3MOXKHbI YeTblpe KOMOMHaLMM nap ¢ napTHepamm
NPAMOro 1 06paTHOro 3amelLeHna. ITo nantoctpmpyetca ¢urypor 10. B yposHe rcomp KoampyoTca

YeTblpe BO3MOXKHbIE KOMmbM Hauun.

Takoe e KoauMpoBaHME MWCNoAb3yeTcs Ans WMHbopmaumm OBpaTHOro 3aMelleHUs CUMTaHHbIX
dbparmeHTOB, NpUHaasexawmx Kaaccam P, N, M, |. YTobbl o6ecnednTb paclUMpPEHHbIN M36KMpaTebHbIN
AOCTYN K AaHHbIM, MHPOPMaLMIO 06PaTHOTO 3aMELLLEHMA CYUTAHHBIX pparmMeHTOB, NPMHagNEXKaLWMX

YeTblpem Kaaccam, KOAUPYIOT B Pas3/IMYHbIX YPOBHSX, Kak NokasaHo 8 Tabavua 2.

PaccornacosaHua knacca N

Knacc N Bkato4vaeT 8 cebs Bce cumTaHHble pparmeHTbl, oTobOpaxkalouwpe paccornacosanus, rae ‘N’
NPUCYTCTBYET BMECTO Bbl30Ba OCHOBaHMA. Bce ppyrve OCHOBaHMA WAeanbHO COracoBaHbl B
pedepeHCHOM NoCNea0BaTENBHOCTY.

Mo3mumnm Ns B cumTaHHOM dparmeHTe 1 KOAMPYIOTCA B BUAE

e  abCONOTHOM NO3MUMK B CYMTAHHOM ¢parmeHnTe 1 NN
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e B Kavectse guddepeHuUnanbHOM NO3MLUMM MO OTHOWEHMIO K Npegblayuwei nosnumm N B aTom
K€ cuMTaHHOM dpparmeHTe (K TOM, KOTOpas MMEET MaKCUMaJ/IbHO HU3KYIO SHTPONMUIO).
Mo3munm Ns B cuMTaHHOM pparmeHTe 2 KOAMPYIOTCA B BUAE
e  abCONOTHOWM NO3NLMKN B CYHMTAHHOM dparmeHTe 2 + AJIMHbI CHMTaHHOro ¢pparmenTa 1 NN
e B KavyecTse gnddepeHuManbHOM NO3ULUK NO OTHOLEHUIO K Npeablaywen nosmumm N (K Toi,
KOTOpas MMEeT MaKCUManbHO HU3KYIO SHTPOMMUIO).
B ypoBHe nmis KoaMpoBaHMe KarKAoM napbl CHUTAHHbIX GParMeHTOB 3aKaH4MBalOT CheuMasbHbIM

pa3sgenuTenbHbiM cumsonom ("cenapatopom”)“S”. 3to nnnoctpupyetca purypori 11.

KoaupoBaHue 3ameH (paccornacosaHua uam SNP)
3amMeHoi SIBISETCA NO ONpeaeNeHUI0 HalnYMe B NOACTaBAEHHOM CHUTAHHOM PpparmeHTe HYKNeoTUAa,
OT/IMYAIOLLErOCAs OT TOrO, KOTOPbIM HaxoAUTCS Ha 23TOM Ke no3vumMm B pedepeHCHOoM
nocnefosatenbHOCTU (cm. pur. 12).
Kakpan 3ameHa MOXKeT ObiTb 3aKOAMPOBaHA Kak

e  “nosnums” (yposeHnb snpp) 1 “tmn” (yposeHb snpt). Cm. dur. 13, dur. 14, dur. 16 u dur. 15.

nn
®  TO/bLKO “no3muma”, HO C UICNO/Ib30BAHMEM OAHOI0O YPOBHSA SNPP Ha TMN paccoraacosanma. Cm.

¢ur. 17.

Mo3ununm sameH
Mo3mumA 3ameHbl BbIMMCIAETCA Kak 418 3HAYEHMIA YPOBHA NMIS, @ UMEHHO:
B cumtaHHOM pparmeHTe 1 KOAMPYIOTCH 3aMeHbI
e B KavecTse abCcoNMOTHOM NO3UUUKN B cCYMTAaHHOM dparmenTe 1 NN
e B Kavectse aguddpepeHuManbHOM NO3ULUMK MO OTHOLIEHUIO K NPeablAyLLEA 3aMEHE B 3TOM XKe
CYMTAHHOM ¢parmeHTe. B cinmTaHHOM pparmeHTe 2 KOLMPYHOTCA 3aMeHbI
B cumMTaHHOM pparmeHTe 2 KOAUPYIOTCA 3aMEHbI:
e B Ka4yecTse abCO/MOTHOM NO3ULMM B CHUTAHHOM dparmeHTe 2 + A/IMHbI CHUTAHHOTO PpparmeHTa
11
e B Kavectse auddepeHUManbHOM NO3MLUMM NO OTHOLWIEHWUIO K Npedplayulei 3ameHe. dur. 13
WAAOCTPUPYET KOAMPOBaAHWE NO3ULMIA 3aMeHbl B ypoBHe snpp. Mo3nunm 3ameH moryT HbiTb

BbIYMCIEHBI INOO KaK abCcoNtoTHbIE, MO0 Kak auddepeHumnanbHble 3HaYeHNS.

B ypoBHe snpp KOAMpOBaHWE KaxKAOW Mapbl CYMTAHHbIX GparmeHTOB 3aKaHYMBAIOT CNELMabHbIM

pa3sgenuTenbHbiM cumsoniom (“cenapatopom”).
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JeckpunTtopbl TUNOB 3ameH

[na knacca M (1 gna knacca |, Kak onucaHo B cneayowmx pasgenax), paccornacosaHus KoAMpPyoTCA
nocpeacTBOM WHAEKCa (nepemelialolleroca csieBa Hanpaso) OT  (aKTMYeCcKoro CMMBOA,
HaxoZsAweroca B8 pedepeHCHOM NoCnAefoBaTeNbHOCTM, K COOTBETCTBYIOLLEMY CMMBOJY 3aMEHbI,
HaxoZswemycs B cumTaHHOM dparmeHTe (A, C, G, T, N, Z). Hanpmmep, ec/iv BbIPOBHEHHbIN CHUTAHHBIN
dparmeHT npeactasnser C Bmecto T, HaxOAALWEroCs Ha 3TOM Ke no3vuum B pedepeHCHOM
Nocnef0BaTe/IbHOCTU, MHAEKC PaccorjacoBaHMsa nomevaeTca Kak "4" B npouecce AeKoAMpPOBaHUSA
CYMTBLIBAETCA 3aKOAMPOBAHHbLIA CUHTAKCUMYECKMIA 3NEMEHT, HYKNeoTM[, Ha 3aZaHHOM no3vuuu B
pedepeHCHOM nocnefoBaTeNbHOCTM, U NEepemMellaeTcs CAesa Hanpaso Aas  BblOOpKMK
AeKoaMpoBaHHOro cMmBoJia. Hanpumep, 3HadeHne 2", npuHaToe A1s No3Mumu, rae B pedepeHcHoM
nocnefoBaTeNbHOCTM HaxoauTca G, gekogupyerca Kak "N". Ha ¢wr. 14 npepcrtasneHbl Bce
BO3MOXHble 3aMeHbl U COOTBETCTBYIOLUME CMMBOJIbI KOAMPOBAHMA B pexunme He3 Mcnonb3osaHmA
KogoB HeogHo3Ha4yHocTM IUPAC, a Ha ¢wur.15 npeacrtasneH npMmep KOAMPOBaAHUA TUMOB 3aMeH B
ypoBHe snpt,

B cnydyae wmcnonb3oBaHMA KogoB HeogHOo3HavyHOCTM |IUPAC mMHAEeKcbl 3ameHbl M3MEHAIOTCA, KaK
NnoKasaHo Ha ¢ur. 16.

B cnyyae, Korga oOnucaHHoOe Bbille KOAMPOBaHME TWUMNOB 3aMeH NPUBHOCUT  BbICOKYHO
MHPOPMAUMOHHYIO 3SHTPONWIO, a/IbTEPHATUBHLIM CNOCOD KOAMPOBAHMA 3amMeH COCTOMT B
3aNOMMHaHMKM TOJIbKO NO3UUMI PACCOriacoBaHMsA B OTAE/bHbIX YPOBHAX (MO OAHOWM Ha HyKneoTus),

KaK NoKasaHo Ha ¢ur. 17.

KopupoBaHue BCTaBOK U yaaneHuii

[ns knacca | paccornacosaHus M yaaneHus KOAMpyoTca NOCPeACTBOM MHAEKCOB (NepemeLalowmxcs
Cnpasa Haneeo) oT GaKTUYECKOro CMMBOJIA, HaXoAAWErocs 8 pepepeHCHOM NocAea0BaTeNbHOCTH, K
COOTBETCTBYIOLLEMY CUMBO/Y 3aMeHbl, HaxoZdalemMmycs B cduTaHHom ¢parmeHTe: {A, C, G, T, N, Z}.
Hanpumep, eciv BbIPOBHEHHbIN CHMTaHHbIM dparmeHT cogep»knT C BMmecTo T, HaX0AAWErOCA Ha 3TOM
’Ke No3numun B pedepeHcHOr Nocaen0BaTe/IbHOCTM, TO MHAECKOM paccoriacosaHus asasetca "4", B
Cnyyae, KOrga CuyMTaHHbIA GparmMeHT nNpeacTasfseT yAa/leHue, rae B8 pedepeHCHoM
NoCNefoBaTe/IbHOCTU HaxoAuUTCA A, 3aKoAMpOBaHHbIM CMMBOJIOM sAsnsetca "5". B npouecce
[EKOAMPOBAHMNA CHMTBLIBAETCA 3aKOAMPOBAHHbIM CUHTAKCUYECKUI S1eMEHT, HYKNeOoTU/, Ha 3aaHHOM
nosnumm 8 pedepeHcHor nocnefoBaTeNbHOCTM, M NepemMeLLaeTca C/ieBa HanpaBo A8 BblOOPKM

AEeKoaMpoBaHHOro cmmeosia. Hanpumep, 3HadeHne 3", npuHATOE A5 NO3MumK, rae B pedepeHcHoM
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NoCnefoBaTebHOCTU Haxoautca G, AeKoaupyeTca B KadectBe "Z", 4TO yKasblBaeT Ha Hann4yme
yOaneHusa B CHUTAHHOM pparmeHTe NOCAeL0BaTebHOCTH.

BcTasKkun KogupytoTca Kak 6, 7, 8, 9, 10 cooTBeTCcTBEHHO nA BcTasneHHbIX A, C, G, T, N.

B cnyvae npmHATMA KOAoB HeogHO3HavyHOCTK [UPAC mexaHn3m 3ameHbl ABJIAETCA TOYHO TaKUM XKe,
OAHaKO BEKTOP 3ameHbl paclumpeH cnegyowmm obpasom: ={A, C, G, T,N,Z, M, R, W, S, Y, K, V, H, D,
B}.

Ha ¢urypax 18 u 19 npeacrtasneHbl NnpumMepbl cnocoba KoaMpoBaHMA 3aMeH, BCTAaBOK M yaa/leHUN B

nape cYMTaHHbIX pparmeHToB Kaacca l.

MpuBoaumble ganee CTPYKTypbl ¢alina 1 egMHMLbI 4OCTYNa ONUCBIBAOTCS CO CCbIIKOW Ha 3/IEMEHTDI
KOAMPOBaHUA, packpbiTble 34ech Bblwe. OgHako eauHMUbl goctyna, dopmat danna u
MY/NbTUNJIEKCMPOBaHNE 06ECNeYMBalOT TAKOE Ke TEXHWMYECKOE NPEUMYLLECTBO TaKKe C APYIMMMU U

PasHbIMK aArToOPUTMamMmmn MmoaeIMpoBaHNA UCTOHYHWKa U CXKATUA AaHHbIX reHOMa.

dopmar ¢aiina: usbuparenbHbiil AOCTYN B 061aCTU 4aHHbIX reHOMA

Tabauua rnaBHoro yKkasarens

Y1066l NOaaepKaTb M3bMpaTenbHbIM AOCTYNn B8 cneumnduryeckme 061acTM BbIPOBHEHHbIX AAHHbIX,
OMWCaHHas B [JAHHOM [OKYMEHTe CTPYKTypa [AaHHbIX peannsyer MWHCTPYMEHT WHAEeKcaumu,
MMeHyemblit Tabnuuen rnasHoro ykasatens (MIT). 3TO MHOromepHbIM Maccms, COAEPKALLUMA
0603Ha4YeHMA NO3MUMKN, Ha KOTOPbIX cneumrduyeckme cuiMTaHHble ¢parmeHTbl NOACTaBAAIOTCA B
ncnonbsyemble pedepeHcHble NocnefoBaTenbHOCTW. 3HadeHusi, cogepawmecs 8 MIT,
nNpeacTasastoT coboi NO3NUMM NOACTAHOBKM NEPBOro CYHUTAHHOTO GpparmeHTa B KaXKAOM YPOBHE pOS
TakMm 0Opa3om, YTO NOLLEPIKMBAETCA HENoOC/Aef0BaTebHbIA AOCTYN K KaXkaolM eguMHMue gocTtyna.
MIT coaep>KUT OAHY CeKUMIO Ha KaxKaplh Knacc gaHHbix (P, N, M u |) n Ha Kaxayto pedepeHCcHyo
nocnegosatenbHOCTb. MIT cogep»kMTcsa B OCHOBHOM 3aro/10BKe 3aKOAMPOBaHHbIX AaHHbIX. Ha ¢ur. 20
npeactassieHa 0000LLEHHas CTPYKTypa OCHOBHOro 3aronoska. dur. 21 asnasetrca 0600UWEHHbIM
BM3yanbHbiM npeacTasaeHnem MIT, a Ha ¢wur. 22 usobpakeH npumep MIT gns knacca P
3aKO4MPOBAHHbBIX CHUTAHHbIX pparmeHTOB.

3HaveHusn, cogepxKawmeca 8 Tabanue MIT, nsobparkeHHoM Ha dur. 22, UCNONBL3YIOTCA A8 NPAMOTo
AOCTyNa K NPeACTaBAAoWEMY MHTEPEC YHACTKy (M COOTBETCTBYIOWEN eAMHULE AO0CTyNa) B CXKATOWM
obnactu.

Hanpumep, npmeHnTENbHO K ¢ur. 22, ecar TpedbyeTcs AOCTYN K yHaCTRy Mexay nosnumsmm 150,000
n 250,000 8 pedepeHCHON NOCAeaoBaTeNbHOCTM 2, TO NPUIOXKEHWE AEKOAMPOBAHWUS BbIMNOJHUT

NPONYCK 4,0 BTOpOW pedepeHcHOM nocnegosatenbHoctn B MIT v 6ygeTt nckatb gga 3HaveHmsa k1 n k2
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- Takme, 4yto k1 < 150,000 n k2 > 250,000. Mpwn atom k1 n k2 asnsoTca 4ByMA MHAEKCAMM, CHUTAHHBIMM
13 MIT. B npumepe Ha ¢ur. 22 nosy4eHHbIM pe3y/ibTaTOM ABAAIOTCA No3MuMM 3 1 4 BTOPOTO BEKTOpa
MIT. 3T BO3BpauweHHble 3HAaYEeHWA WCNOJb3YIOTCA faJsiee NPUIOXKEHMeM [OeKOAVMPOBAaHWMA AN
BbIOOPKM MO3MLMA COOTBETCTBYHOWMX AAHHBIX M3 YPOBHS POS Tabamubl MECTHOTO yKasaTens, Kak
ONKMCaHO B cneaytoulem pasgene.

BmecTe ¢ yKasaTenssimmM Ha YpPOBEHb, COAEpKalMi AaHHble, NPUHaANEeXKallMe YeTblpem Kaaccam
AAaHHbIX TeHOMA, ONKMCaHHbIM Bbilwe, Tabnmnua MIT moxKeT ObITb MCNOb30BaHA B KAYECTBE yKa3aTes
JOMNONHUTENIbHBIX MeTaZaHHbIX U/WUAKM aHHOTauMM, 006aBAAEMbIX K JaHHbIM FEeHOMa Ha NPOTAXKEHUN

NUX }KN3HEHHOIO UMKAa.

Tabauua mecTHoro ykasatens

Kaxgomy M3 ONUCaHHbIX Bbille YPOBHEWM AaHHbIX HAa3Ha4YaeTcs nNpeduKe B BUAE CTPYKTYPbl AaHHBIX,
NMEHYEMOW MeCMHbIM 3G20108KOM. MECTHbIIM 3arofIoBOK COAEPKUT YHUKabHbBIA NAeHTUOMKaTOP
YPOBHs, BEKTOP CYETYMKOB €4MHML, AOCTyNa Ha Karkayl pedepeHCHyr nocaenosaTebHOCTb,
Tabamuy mecTHoro ykasatens (LIT) m no gononHuTensHomMmy BbIOOpY HeKkoTopble cneumduyecKme
MeTaZaHHble yposHs. LIT npeactasnser cobon BeKTOp yKasaTenen Ha GU3NYECKOe PacnoJioXKeHue
OAHHbIX, NPUHaAAeXKawmx Kaxkgou eguMHUUe A0CTyna B MOJIe3HOW Harpys3ke ypoBHA. Ha ¢wur. 23
n3o06parkeHbl B 0606WEHHOM BMAE 3ar0/IOBOK YPOBHA M NOje3Has Harpyska, rge LIT ncnonb3yetcs
ANnA goctyna K cneumduyeckMm 06/1acTAM  3aKOAMPOBAHHBIX AAHHbBIX B Henoc/iefoBaTe/lbHOM

pexunme.

B npeabiayuwem npumepe ¢ uenbio goctyna K obnactn 150,000 ... 250,000 cuMTaHHbIX GparmeHTOs,
BbIPOBHEHHbIX B pedepeHCHON nocnegosatesibHOCTM N2 2, nNpuAOXKeHWe [eKoANPOBaHMWA
OCYyLLECTBM/IO BbIOOPKY No3numini 3 1 4 13 MIT. 3T 3HAYEHUS JOJIXKHbI MCNONb30BaTLCA NPOLECCOM
OEKOAMPOBaHUA AN5 A0CTYyNa K TPETbEMY M YETBEPTOMY 2/IEMEHTaM COOTBETCTBYIOWEN cekumm LIT. B
npumepe, MNOKa3aHHOM Ha ¢ur. 24, CYETYMKM CYMMApPHOrO KOAM4YecTBa eaMHUL, A0CTyna,
cofeprKallmecsa B 3aro/loBKe ypOBHSA, MCNONb3YIOTCA ANA NPOoNycKa nHaeKcos LIT, cooTeeTcTBYIOWMX
eaVHULAM A0CTyna, OTHOCAWMMEA K pedepeHcHol nocnegosatensHocTu 1 (8 npumepe -- 5). MNpu
3TOM MHAEKcbl, 0603Havawme ¢M3MHeckoe pacrnofoXKeHWe 3anpallMBaemMblX eAuHML AOCTyna B
3aKO4MPOBAHHOM NOTOKE, BbIYUCAAIOTCA cnegyowmm obpasom:

pacnonoxeHne HJ0KOB AaHHbIX, NPUHASAEKaLWMX 3anpaliMBaemMmbiM eguHNULAM A0CTyna = 610KM
AaHHbIX, NPMHaZ/eXalpe Nponyckaemblm eAMHMLAM 40CTyna pedepeHCcHOoW nociefoBaTelbHOCTH
1+ no3muus, sbibpaHHas nocpeacteom MIT, To ecTb:

Mo3nums nepsoro 6/10Kka: 5+3 =8

31



10

15

20

25

30

dp3619PTWO GenomSys SA

No3unums nocnegHero 6510ka:5+4=9

BfOKM fAaHHbIX, BbIOOPKA KOTOPbIX OCYLWECTB/IEHA C WMCMNO/b30BAaHMEM MEeXaHM3Ma MHAEKcauum,
MMeHyeMOro TabimLen MeCcTHOrO yKasaTess, SB/IAIOTCA YacTbio 3anpalinBaembix eAMHUL, 4OCTyNa.
Ha ¢wur. 26 nokasaHO, Kakmm obpasom O/0KM [aHHbIX, BbIOOpPKA KOTOPbLIX BbINOJHEHA C

ncnonbsosaHvem MIT u LIT, coctaBnatoT ogHy namn bonee eanHUL, 4OCTyNa.

EauHUubl pocTyna

N3 paHHbIX reHoMma, pacnpezenieHHbIX NO Kaaccam AaHHbIX M CTPYKTYPUPOBAHHbBIX B CXKATOM WM
HeCXKaToM YPOBHAX, OPraHU3yOT pas/inyHbIe egMHKWLbI OCTYNa.

Mo onpegeneHuto, reHOMHbIMK eauHMUamK goctyna (AU) sBastoTcs pasgenbl AaHHbIX reHoma (B
CKaTOM WM Hec:KaTomM BMAE), KOTOpble BOCCO34alT NOCAEA0BATE/NIbHOCTM HYK/IEOTUAOB M/Mam
penesBaHTHble MeTaZaHHble u/unm nocnegosatensHoct AHK/PHK (Hanpumep, BupTyanbHyto
pedepeHCHYI0 NOCNefoBaTeNbHOCTb) WM/MAM  aHHOTAUMOHHbIE [aHHbIE, BblAAHHbIE MaWWHOM
CEKBEHMPOBAHUA reHoma u/uam ycTporctBom 06paboTKM AaHHLIX FEHOMa WAM MPUIOXKEHMEM

dHa/n3a.

EovHuua goctyna npeacrtasnset cobor 670K JaHHbIX, KOTOPbIM MOXKeT OblTb AeKoaMpoBaH nnbo
HE3aBMCMMO OT APYrMX eAMHUL A0CTyna Npyv MCNOJb30BaHUKM TOJIBKO AaHHbIX, AOCTYMHbIX Ha
obuiecMcteMHOM ypoBHe (Hanpumep, KOHOUIYpPaUMOHHbLIX [aHHbIX Aekogepa) Anbo npwu
NCNONb30BaHUN MHPOPMALIMK, COAEPKALLENCA B APYIMX eAMHMLAX AOCTYNa.
EavHMubl goctyna cogepaT MHPOpMaLMOHHbIE CBEAEHUS, OTHOCALLMECA K AaHHbIM FEHOMa, B BUAE
nHdopmauum o Nno3numum (abcontoTHOM MU OTHOCUTENBHOW), MHPOPMALIMK B OTHOWEHUN 0BPATHOTO
3aMeleHns 1, BO3MOXKHO, MHboOpmMaumm 06 o06pasoBaHMM Nap W AONOJHUTE/IbHbLIX AaHHbIX.
Bo3morkHa naeHTUOUKaumMa eamHUL, OCTYNa HECKOJIbKMX TUMOB.
EAMHMUBI AOCTYNa pa3nYatloT NO CAeAyOWMM NPU3HAKaM:

®  TUN, XapaKTepPU3YIOLWMIA NPUPOLY AaHHbIX FeHOMa M Habopbl faHHbIX, KOTOPbIE NEPEHOCAT 3TU

eAMHMLUBI A0CTYNa, M BO3MOMKHbIN CNOCOD 40CTyna K HUM,
®  O4YepegHOCTb, XapaKTepM3yoWas eauHbIM NOPALOK A0CTYNa K egMHMUUAM, OTHOCAWMMCA K

OLHOMY U TOMY }KEe TUNY.

EavHMubl goctyna n11060ro TMna MOXKHO Aasiee KnaccuduumposaTth MO pas3MYHbIM "KaTeropusam".
[anee cnegyeT He ABAAIOWMIACS MCHEPNBIBAIOLLMM CNMCOK ONpeaenieHnii e UHUL, 40CTyNa Pas3IMyHbIX
TUNOB AJA AAHHbIX FTEHOMa.

1) EauHuuam goctyna Tvna O He TpebyeTcs CCbiKa Ha KaKyo-1Mbo nHbopmaumio, NOCTyNatoLLyto

OT APYrMX eAVHUL, 0CTYNa, NpeAHa3HauYeHHbIX A8 A0CTyNna AW AeKOAMPOBaHUA M AoCTyna (CMm.
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2)

3)

4)

5)

6)

7)

8)

¢éur. 29). PedepeHcHbIi HOMep Bcel MHpOpMauUM, NEepPeHOCUMBIA AaHHbIMKU UAKM Habopamu
[AHHbIX, COAEPKALMMMCA B 3TUX eAMHMUAX A0CTyna, moxeT bObiTb He3asMcMmbiM 06pasom
CYUTaH M 06paboTaH YCTPOMCTBOM AEKOANPOBAHMA UM NPUIOKEHNEM 0O6pPabOTKN AaHHbIX.
EavHuubl poctyna tMna 1 cogepykaT AaHHble, COOTHOCMMBbIE C AAHHbIMK, NEPEHOCMMbIMMU
eanHuuamm goctyna tmna 0 (c. ¢ur. 30) [ns cuMTbIBaHMA UAM OEKOAMPOBaHMSA U 06paboTKu
JAHHbIX, COAepXKalMXCca B eAMHMLUaxX 4ocTyna Tmna 1, TpebyeTca Hanmune gocTtyna K O4HOM Uau
bonee egnHMuam goctyna tmna 0.

EAMHMUbl focTyna AaHHOMO TMNa MOryT cogep:kaTb MHOOpMauMI0 O pPaccoriiacoBaHUM WU
PasHOPOAHOCTM NMBO O HECOOTBETCTBMW NO OTHOLWIEHMIO K MHbOpMaUMM, coAeprKalleincs 8
eauHnue goctyna tuna 0.

EanHunupbl goctyna TvnoB 2, 3 u 4 cogeprkaT gaHHble, OTHOCAWMECA K egnHMUe goctyna tmna 1
(cm. dur. 31, dur. 32 v pur. 33). Ans cuMTbIBAHUA UK AEKOAMPOBAHUA U 06PabOTKU AaHHbIX UK
HabopoB AaHHbIX, COAEPKALLMXCA B eAMHMUAX AocTyna TMnos 2, 3 u 4, Tpebyetca nHpopmaums,
nepeHocMman JaHHbIMM MAKM Habopamm JaHHbIX, COAEPMKALUMMKCA B eANHMLAX 40CTYNa

Tvnos 0 u 1. PasHMua mexgy eauHMuamm octyna Tmnos 2, 3 n 4 onpegenserca Nnpupoaon
nHdOpMaLNKM, KOTOPYIO OHW COAEp»KaT.

EavHMubl gocTyna Tmna 5 cogeprkat meTazaHHble (Hanpumep, oLueHOYHbIe NOKa3aTe v KavyecTsa)
M/VAM  aHHOTAUMOHHbLIE [aHHbIE, COOTHOCMMbIE C JaHHbIMM WAW Habopamu AaHHbIX,
cofepXawmmuca B8 eauvHuue pgoctyna tmna 1. EgMHmMubl pgoctyna tmna 5 moryt HbiTh
KnaccmdmnumpoBaHbl M MapPKMPOBaHbI B Pa3/IMYHbIX YPOBHAX.

EavHMubl goctyna Tvna 6 cogeprkaT gaHHble MaM Habopbl AaHHbIX, KAaccuduumpoBaHHble B
KayecTBe aHHOTAUMOHHbIX ZaHHbIX. EAMHMUBI gocTyna TMna 6 moryT 6biTb KnaccMduunpoBaHbl U
MapKMpPOBaHbl B YPOBHSX.

EAMHMUbL AOCTYNa AONOAHUTENbHBIX TUMOB MOIYT PaclWIMPATL OMMCaHHble 34eCb CTPYKTYpbl U
MexaHu3mbl. [prmepom, He NoAPa3yMEBAIOLLMM OrPaHNYEHWIA, MOXKET CAYKUTb TO, B €4MHMULAX
4OCTyna HOBbIX TUNOB MOTyT ObiTb 3aKOAMPOBAHLI pesy/bTaTbl BbiI30BA BapuaHTa FeHOMa,
CTPYKTYPHOTO M GYHKUMOHANBHOTO aHanm3a. OnmMcaHHaa 34eck opraHmMsauma gaHHblix B popme
eaVHUL, 0CTYyNa He NPenATCTBYET MHKAMNCY/IMPOBAaHUIO B e4WHMLbI 40CTYNa AaHHbIX 1l060ro Tmna,
YTO ABNAETCA MEXaHM3MOM, NOJIHOCTLIO NPO3PAYHbIM B OTHOLIEHMW NPUPOLbI 3aKOAMPOBAHHbIX
[AaHHbIX.

EAMHMUbBl focTyna AaHHOMO TWNa MOryT coep:kate MHGOpMauMio O paccoriiacoBaHUM WU
Pa3sHOPOAHOCTM NMBO O HECOOTBETCTBMW MO OTHOWEHMIO K MHbOpMaUMM, coAeprKalleics 8

eauHuue goctyna tmna 0.
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dur. 28 nanCTPUPYET COCTaBEHME eaMHML, JOCTYNA M3 3aro/IoBKa M O4HOMO uan bonee ypoBHel
OAHOPOAHbIX AaHHbIX. Kaxabli yposeHb moxKeT ObiTb 06pa3osBaH ogHMM mamn Honee HaoKamu.
Kaxkgblii 610K COAEPKUT HECKOJIBKO NAKETOB, M NaKeTbl NPeACcTaBAAT cOOOM CTPYKTYPUPOBAHHYHO
nocsef0B8aTesIbHOCTb AECKPMNTOPOB, ONUCAHHbBIX BbllWe, A4 NPeAcTaBAeHUsA, Hanpumep, NO3NUUii
CYMTAHHbIX ¢parmeHTos, WHbopmaumm o6 obpasosaHMK nap, WHbopmauum o6 obpaTHOM
3aMeLLeHMM, O NO3ULMAX U TUNaX PaccornacoBaHmsa 1 ap.
Kaxgas eamMHMua AOCTyNa MOMET MMETb B KarKAOM 6/10Ke pasHOEe KOMMYECTBO NaKETOB, HO B
npegenax eaAvHUUBI 4OCTyNa BCe 610KKN coepKaT OQHO M TO Ke KOIMHYECTBO NaKeTOB..
Karkgblli NakeT AaHHbIX MOXKeT ObiTb MAEHTUOMUMPOBAH NOCPEACTBOM KOMOMHaUMKM U3 Tpex
naeHTndukartopos XYZ, rae:

e X o603Ha4yaeT eguHULY A0CTYNa, KOTOPOM NPUHALNEKNUT NaKeT

e Y 0b0o3HayaeT 610K, KOTOPOMY NPUHALNEKMT NAKET (TO €CTb, TMN MHKANCY/IMPOBAHHbIX B HETO

[AaHHbIX)
e Zob6o3Ha4yaeT NopsAKOBbIM HOMED NaKeTa NO OTHOWEHMIO K APYTMM NakeTam B 3TOM e 6/10Ke
e Ha ¢wur. 28 npeacrasneH NpUMep MapKUPOBKM eAUHWL, 4OCTYNa M NaKeToB.

e Ha ¢wur. 34 ... 38 nokasaHbl

e4MHMLbI AOCTYNa Pa3/IMYHbIX TUNOB; 0B6LWMIM CUHTAKCUC MX 0603HAUYEHMA ABAETCA CNeAYIOWMM:

AU_T_N sasnsaetca egnHuuen goctyna tvna T, rae naeHtnomkatop N moxKeT KOcBeHHO 0603HavaTb
WM He 0603Ha4YaTb O4EPELHOCTD COMTACHO TMNY eANHULBI fOCTYNa. MaeHTUPUKATOPbI MCNOIb3YIOTCA
AN1A OLHO3HAYHOIrO COOTHECEHMA eAMHMLL OCTYNa OAHOMO TMNa € eAMHMUAMM 40CTYNa APpYrMX TUNOB.,

Tpe6yeMbIMM ANA NONHOIo AeKogMpoBaHUA NEPEHOCUMbBIX AaHHbIX reHOMa.

EavHuubl goctyna nwboro TMna moryT 6biTb KaaccuPuuMpoBaHbl M MapKMpPOBaHbl B Pa3/IMYHbIX
"KaTeropmsx" B COOTBETCTBMM C pPa3/IMYHbIMKM NPOLUECCaMM CEKBEHMPOBaHUA. [lpumepom, He
NnoApasyMeBaloLLMM OrPaHUYEHUIA, MOXKET C/IYKUTb BbINOJIHEHME KNacCUbUKaUMM U MapKMPOBKHU, B
cnyyae
- CEKBEHMPOBAHWS OLHOrO U TOTO YKEe OPraHU3ma B pasHoe Bpemsa (eAMHMUUBI ZOCTyNa
cozepaTt MHPpOpMaLIMIO NO reHOMY C KOHHOTauuel "no spemeHun"),
- CEKBEHMPOBAHWA OpPraHUYECKUX NPo6 PasHOro BUAA O4HMX U TEX Ke OPraHM3mMoB
(Hanpumep, KOXKK, KPOBUM, BOSIOC B KadecTse Npob ans nogen). 3To eAMHMLbI 40CTyNa C

~

"6rnonornyeckomn"” KOHHoTaUWeEN.

EovHunubl goctyna tmnos 1, 2, 3 1 4 CTPOATCA COMacHO pesysbTaTam NpUMeHeHus yHKUmMK

COrnacoBaHnA K (bparmeHTaM nocneaosaTeIbHOCTU reHoma (VIMeHyeMbIM TaKXe CYHUTAHHbIMMU
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dbparmeHTamm) NO OTHOLLEHUIO K pedepeHCHOM Nociea0BaTe/IbHOCTM, 3aKOAMPOBAHHOW B eANHMLIAX
focTtyna Tmna 0, ¢ KOTOPbIMUW OHWM COOTHOCATCS.

Hanpumep, 8 eguHuuax goctyna tvna 1 (cm. éur. 30) moryT cogeprkatbca GAarKku nosvumin u
06paTHOTO 3ameLLEHUNA TeX CHUTAHHbBIX GParmeHTOB, 415 KOTOPbIX NOY4EeHO MaeanbHOe CornacoBaHue
(MM MaKcMManbHO BO3MOXKHbIM OLLEHOYHbIM MOKasaTe/b KauyecTsa, COOTBETCTBYIOWMI BbIBPaHHOM
byHKUMM cornacosaHms), Korga GyHKUMA COrnacoBaHUs NPUMEHSAETCA K cneumdryeckum obnactam
pedepeHCHOM nocneaoBaTelbHOCTM, 3aKOAMPOBaHHOM B eaMHMuax goctyna tuna 0. BmecTe ¢
AAHHbIMU, COAEPKAWMMUCA B eaMHMLax 4ocTyna Tnna 0, Takas MHGopmaums GyHKLUMM cornacoBaHms
ABASETCS  AOCTaTOMHOW  A/18  NOJMHOrO  BOCCO34aHMA  BCEX  CYMTaHHbIX  dparmeHToB
Nnoc/ef0BaTe/IbHOCTU FeHOMa, NPeACTaBAsemMblX NoCcpeacTBOM Habopa AaHHbIX, NEePEeHOCUMMOro
eauHMLaMKM goctyna tuna 1.

MNPUMEHUTENBHO K KNacCUPUKAUMKM AAHHbIX FEeHOMa, paHee OMNUCAaHHOM B AAaHHOM [OKYMEHTE,
ONKMCaHHble Bbie eauHMUbl goctyna Tuna 1 6yayT cogepaTb MHPOPMaLMIO, OTHOCSLLYIOCA, K

CYMTaHHbIM pparmeHTam Knacca P (MaeanbHble COracoBaHUA) NOCAEL0BaTE/IbHOCTM FeHOMA.

B ciyuae cumMTaHHbIX pparmMeHTOB NEPEMEHHON AJIMHBI M CNAPEHHbIX CYUTAHHbIX GPAarMeHTOB AaHHbIE,
cogeprKawpeca 8 eAMHMLAX AOCTYNa TMNa 1, yNnoOMAHYTbIX B Npeaplaylwem NpMmMepe, AOXKHbI ObiTb
0bbegMHeEHbl C AaHHbIMKM, NpeacTaBaslwnmM MHPopmauuio 06 obpasoBaHMM Nap CYMTAHHbIX
¢$bparmeHTOB 1 O A/IMHE CYUTAHHBIX GPArmMeHTOB 418 NOJyHeHMsA BO3MOKHOCTM NOJIHOTO BOCCO34aHMA
[AAHHbIX TeHOMA, BK/HOMas acCoOUMATMBHYLIO CBA3b C MApaMM CYMTaHHbIX dparmeHToB. B oTHOWweHMM
KnaccudmKaumm JaHHbIX, paHee BBEAEHHOM B AaHHOM AOKYMEHTe, YPOBHU pair v rlen KogmpyoTcs B
eguHuue goctyna tmna 1.

dyHKUMA cornacosaHus, NPUMEHEHHas B OTHOLIEHWWM eauMHUL, A0cTyna TMna 1 an knaccudukaumm
COAEPKMMOTO eANHUL, A40CTyNa NO TUNam 2, 3 1 4, MOXKeT 06ecneumnTb NoJTyYeHNe TakMX Pe3yabTaTos
KakK:

- Kaxgas nocnefoBaTesIbHOCTb, COAEPMKALLANACA B eAMHMLE AOCTYNa TMNa 1, naeansHo
coriiacyeTcs ¢ NOC/eA0BaTeNIbHOCTS MU, COAEPMKALLMMUCA B eAMHMLE AocTyna Tuna 0, 8
COOTBETCTBMM C YKa3aHHOW No3numen;

- Kaxgas nocnefoBaTe/IbHOCTb, COAEPYKALLANCA B e4MHMLE AOCTYNa TMNa 2, UA4ealbHO
coriiacyeTcs € NoC/aef0BaTeIbHOCTLIO, CoAepyKalleics B eaMHMUe goctyna Tvna 0, 8
COOTBETCTBUM C YKa3aHHOM NO3UUMEN, KDOME CAy4aeB C HaIMYMEM CUMBOJIOB
"N"(oTcyTcTBME BbI30BAa OCHOBAHUS YCTPOMCTBOM CEKBEHMPOBaAHMA) B NOCAEA0BaTEIbHOCTU

B eAMHULEe AOoCTyna Tvna 2;
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- Kaxkgas nocnenosaTenbHOCTb, COAepXKallanca B eAUHULE A0CTyna TMNa 3, BK/IOYaeT B cebs
BapuaHTbl B GOpme 3aMeHAEMbIX CUMBOJIOB (BapMaHTOB) NO OTHOLWIEHMIO K
NnocneaoBaTeNbHOCTH, COAepKallencs B eauHMLe goctyna Tmna 0, B COOTBETCTBUM C
yKa3aHHOM no3uvunen;

- Ka)kgas nocnenoBaTe/lbHOCTb, COAepXKallanca B eauHMLE 40CTyna TMna 4, BKAoYaeT B cebs
BapuaHTbl B GOpMe 3aMeHsieMbIX CUMBOI0B (BapuaHTOB), BCTABOK U/WAW yaaneHuii no
OTHOLLEHMIO K NOC/NEeA0BaTENbHOCTH, COAEPKALLENCA B eAuHMLe gocTyna Tuna 0, B

COOTBETCTBUM C YKa3aHHOM No3numen;

EavHuubl goctyna Tvna 0 ABAsOTCA yNopsg0YeHHbIMKW (Hanpumep, NPOHYMEPOBaHHbIMM), OAHAKO He
TpebyeTca cobaoaeHne 3TOM yNopaa04eHHOCTU NPK Nepegdade u/Mam 3anncm B NnaMmaTh (TEXHUYecKoe
NPeVMYyLLECTBO: napaJsiiesibHas obpaboTKa. obpa3oBaHue napasnenbHbIX NOTOKOB,
MYNbTUNAEKCUPOBaHME).

EavHuubl goctyna tunos 1, 2, 3 u 4 He TpebyloT ynopsgodeHuss M He TpebyloT cobnlogeHus
o4YepeaHOCTV Npu nepegade u/uam 3anucK B NamsTb (TEXHUYECKOE NPEMMYLLECTBO: NapasiesbHas
obpaboTka. obpa3oBaHmMe NapansiesibHbIX NOTOKOB).

Koin4yectBo cuMTaHHbIX GpParmMeHTOB NOCNEA0BATENBHOCTM, COLEPMKALWMXCA B KaxKAOW eauHuue
A0CTyNa, ABNAETCA NapameTpPomM KOHOUIrypupoBaHWA, 3aJaBaemblM NOb30BATE/NIEM C NOMOLLbBIO
NoJib30BaTe/IbCKOrO UHTepdelica, NPUMEHAEMOr0 NpPU KOAMPOBAHWMWM AAHHbIX F€HOMA COF1acHO
HacToAwemy mn306peTeHMo. Bo3moykHa nepecblika AaHHOro napameTpa KOoHMUryprupoBaHus,

HanpyMep, B 3aro/I0BKe COOTBETCTBYIOLLEN eAMHMULbI AOCTYNa.

TexHuueckue appeKTbl

TexHn4eckui apPeKkT OT CTPYKTYPUPOBAHUA MHPOPMALMM NO FTeHOMY B BUAE ONUCbIBAEMbIX 3[€EChb
eaVHUL, AOCTYNa COCTOUT B TOM, YTO faHHble reHOMa:

1. MOXKHO M3bMpaTenbHO 3anpawmsaThb C Lesblo 4ocTyna:

- Kcneunduryeckmm “Kateropmsam” gaHHbIX Hanpumep, co cneunduyecKon KOHHOTaUMEN No
BpeMeHU UAn BUONOIMHECKON KOHHOTaUMen) 6e3 HeobX0AMMOCTU AEKOMMNPECCUM AaHHbIX
reHoma B Lesom U/mav Habopos AaHHbIX U/UM CBA3AHHbIX C HUMM METafdaHHbIX;

- Kcneumdumyeckmm obactam reHoma ans scex "kateropuin", ans nogHabopa "Kateropmin”,
AR 0AMHOYHOM "KaTeropmm” (C COOTBETCTBYIOLWMMM METaAaHHbIMK UK 6e3 HuX) 6e3
HeobXoAMMOCTU AeKoMNpeccnmn apyrmx obsiacreit reHoma

2. MOHO O0B6HOBAATL NyTEM NOCTENEHHOro A0HaBNEHWA HOBbIX JAHHbIX C NPeoCTaBAeHNneM

A0CTyNna K HAM, Koraa:
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- BbINOJIHSAETCA HOBbLIV aHaNM3 Haf LAaHHBLIMKW UM HabopamK AaHHbIX reHoMa

- TeHepupyTCA HOBblE AaHHbIEe MM Habopbl faHHbIX FEHOMa NyTEM CEKBEHMPOBAHMUA OAHUX
N TEX YK€ OpraHM3moB (pasnyHbIx Buonornyeckmx npob, Gronornyeckor NpPobdbLl OAHOO U
TOrO e TMna ¢ guddepeHumaumen xapakTepuUCcTUK - Hanpumep, aHaan3a KPoswu ¢
pa3bpocom BO BpeEMEHU U. Ap.)

3. MOXXHO 3pPEKTUBHO TPAHCKOAMPOBATL B HOBbIM GOpMaT AaHHbIX B C/lyHae

- HeobxoAMMOCTU MCNOJIb30BaHMSA HOBbIX AaHHbIX MK HAbOPOB JaHHbIX FEHOMa B KayecTse
HOBOW pedepeHCHON nocneaoBaTeNbHOCTM (Hanpumep, HOBOro pedepeHCcHOro reHoma,
NepeHOCMMOro eauHmMLel goctyna Tmuna 0)

- obHoBneHus cneundmkaumm bopmaTa KOAMPOBAHMUA

B OTHOWEHUW pelleHnt U3 TEXHUKN U3BECTHOTO yPOoBHA (Taknx Kak SAM/BAM) ynomaHyTble Bbille
TEXHWYECKME XapaKTepUCTMKM ajpecoBaHbl nNpobiemam 3anpawnmBaHMA GUABTPAUMM AAHHbLIX HA
YPOBHE NPUNOMKEHWUA, KOr4a BbiNOJHEHa BbIDOpKa BCeX JaHHbIX C  AeKomnpeccuer K3

3aKoAMpoBaHHOro popmara.

[anee npusepeHbl NPUMEPbI CUEHAPUA NPWUIOXKEHMA, B KOTOPLIX CTPYKTypa eauHUUbl 4OCTyna

CTAHOBUTCSH MHCTPYMEHTA/IbHOM CTPYKTYPOM 418 TEXHONOMMHYECKOro NpenmMyL,ecTea.

M36upaTtenbHbIii gocTyn

B 4yacTHOCTW, packpbiTaa 34ecCb CTPYKTypa [AaHHbIX, OCHOBbIBAIOWAACA Ha eAMHMUAX [AOCTyna

pasinyHbIX TMNOB, 0HecnevymnBaeT BO3MOKHOCTb:

- UM3BAEKaTb TONbKO MHbOpMaUMio (gaHHble MM Habopbl AaHHbIX) CHUTAHHBIX pparmMeHTOB BCEro
CeKBeHMpoBaHUs Bcex "Kateropuii" nam nogHabopa (To ectb, 04HOro Uan 6onee yposHen) nam
oAVHO4YHOM "KaTeropum" 6e3 HeodXOAMMOCTM AEKOMNPECCUM TaKMKe COAEPKUMOro
COOTBETCTBYIOLWMX METAAaHHbIX (OrpaHUYEeHne M3 TEeXHUKU U3BECTHOro yposHa: SAM/BAM,
KOTOpble He cnocobHbl faxe NOALEPKMBATL PasindMe MeXAay PasIMYHbIMK KaTeropuaMmn Uam
YPOBHSAMM)

- M3B/IEKaTb BCE CYMTaAHHble PpParmMeHTbl, BbIPOBHEHHbIE B cneundUHecKnx 061acTax NPUHATON K
MCNOJIHEHUIO pedepeHCHOM NOCAeA0BaTENIBHOCTY AJ1 BCEX KaTeropuii, NnogHabopos KaTeropui,
OZIMHOYHOW KaTeropmm (C COOTBETCTBYIOLUMMWN MeTagaHHbIMK UK 6e3 HMX) 6e3 HeobxoanmoCTH

AEKOMNPECCUU TaK¥Ke Apyrvx obnacTel reHoma (OrpaHMYeHNe M3 TEXHUKM M3BECTHOTO YPOBHS:

SAM/BAM) ;

Ha ¢ur. 39 nokasaHo, Kak 4s1a 4ocTyna K MHGopmMaLMm No reHoMy, NOACTaBIEHHON BO BTOPOM CErMEHT

pedpepeHcHOM nocnegosatenbHoctv (AU 0-2) ¢ paccornacoBaHusMM  Tpebyercs  TOJbKO
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AekoguposaHue eguHuy goctyna AU 0-2 ,1-2 u 3-2. 310 npumep M3DMpaTesbHOro A0CTyna,
COOTBETCTBYIOLWLEIO KaK KPUTEPUAM, OTHOCALWMMCA K 061acTM NOACTAaHOBKM (TO eCcTb, NO3UUMKU B
pedepeHCcHOW nocnegosaTe/IbHOCTU), TaK U KPUTEPUAM, OTHOCAWMMCSH K QYHKUMM COrnacosaHus,
NPUMEHAEMOMN K CYMTaHHbIM GparmeHTam 3aKoAMpPOBaHHOW NOCNAeA0BaTENIbHOCTM NO OTHOLWEHMIO K
pedepeHCcHOM NocneaosaTelbHOCTM (TO eCTb, C PACCOrNacoBaHMsIMM TOILKO B JaHHOM NpUMepe).
JononHMWTeNbHOE TEXHUYECKOe NPEenMyLLECTBO COCTOMT B TOM, 4YTO HaMHOrO MOBbIWAETCA
30 EeKTUBHOCTb 3anpaliMBaHMA AAHHbIX B 4YacTW AOCTYNa K AaHHbIM M CKOPOCTM WCMNOJIHEHMUS,
NOCKONbKY 3anpallyMBaHMe OCHOBbIBAaeTCA Ha AOCTyne WM AeKOAMPOBAHWM TONBKO B OTHOLUEHMM
BblOpaHHbIX "KaTeropmin", KOHKPETHbIX 061acTeN UM FEHOMHBIX NOC/e40BaTEbHOCTEN YBE/IMYEHHOM
OJIMHBI W TO/IbKO KOHKPETHBIX YPOBHEN A8 eAMHNUL, 4OCTyna TMNnoB 1, 2, 3, 4, KOTOpble COOTBETCTBYIOT
KPUTEPUAM NPUMEHAEMbBIX 3aNPOCOB U /I0O0IM MX KOMOWHaUMN.

OpraHu3auua eguMHul goctyna tvnos 1, 2, 3, 4 B BMae ypoBHel obecnedrBaeT BO3MOXKHOCTb

3pPEKTUBHOTO N3BAEYEHMA NOCAEA0BATE/IBHOCTEN HYKNEOTUA0B

CO cneundUUecKMmM Bapraumuamm (HanpumMep, paccornacoBaHUAMM, yaaneHUsMmn) no

OTHOWIEHMUIO K 0gHOMY Uan bonee pedpepeHCHbIM reHOMaM;

- KOTOpble He BCTPaMBalOTCA NOACTAHOBKOM HU B OAMH M3 paccMaTpuBaemblX pedepeHCHbIX
reHoMOoB;

- KOTOpble NAeasibHO BCTPAMBALOTCA NOACTAHOBKOM B O4MH Un bonee pedepeHCHbIX

reHoMoB;

- KOTOpble BCTPAMBAKOTCA NOACTAHOBKOM C OAHMM MK Honee ypoBHAMM TOYHOCTU

MHKpemeHTHOe 06HOBNEHUE

EovHnubl goctyna TMnoB 5 n 6 obecneuymsBaloT BO3MOXKHOCTb NPOCTOM BCTaBKM aHHOTauun 6es
HeobX0AMMOCTU AenakeTM3npoBaTh/4eKoaMpoBaTh/4eKOMNPeccMpoBaTh BECh Gaii, Nosbllas Tem
cambim 3¢ PeKTMBHOCTL 06paboTKM dalisa, ABAAOWLYIOCS OrPaHMYEHHOM B NOAX04aX U3 U3BECTHOrO
YPOBHSA TexXHWKU. Mpy CyLLECTBYIOWMX PELIEHMAX NO KOMMNPECCMM AJA NOAyYeHus JocTyna K
TpebyembiM JaHHbIM TEHOMa MOMKET NoTpeboBaThCs 4OCTYN K 60/1bWIMM 06 beMam CXKaTbIX JaHHbIX U
nx 0bpaboTka. 310 BbI3bIBAET HEIPDEKTMBHOE MCMNOIb30BaHWE NOJOCHI NponycKaHua 3YTB un poct
noTpebseHnMa MOWHOCTM, B TOM 4YWUCAE B annapaTtHbiX peanau3aumsix. [pobnembl notpebneHus
MOLLHOCTM M [OCTyna K NamsaTv MOTyT OblTb PeleHbl NPW MCNOJIb30BaHUM NOAXOZa Ha OCHOBe
ONMWCaHHbIX 34eCb e AMHUL, 40CTYNa.

MexaHM3M MHAEKCAUMM OAaHHbIX, ONMCaHHBIA NPUMEHUTENBHO K Tabauue rnasHoro ykasartens (Cm.
¢ur. 21), B COYETaHMM C WCNOJIb3OBAHMEM eAMHWL, [OCTyna obecnevymsaeT WMHKPEMEHTHOE

obHOoBNEHME 3aKOAMPOBAHHOIO COAEPHKMMOTO, KaK ONNCaHO HUXKE.
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BcTraBKa A0N0OAHUTENbHbIX AaHHbIX
Bo3mokHO nepmoanyeckoe gobasieHne HOBOW MHPOPMaLMM NO FEHOMY K CYLLECTBYIOLWUM LaHHbIM
reHoma no HeCKOJIbKMM NpUYMHam. Hanpumep, B ciefyoLmx caydasnx:
e OpraHM3m CEKBEHMPOBAH B pa3Hble MOMEHTbI BpEMEHU;
e  HecKo/bKO pasMyHbIX NPob 0AHOTO U TOTO XKe MHAMBUAYYMa CEKBEHMPOBAHO B OAHO U TO
e Bpems;

e HoBble AaHHblE CrEHEPUPOBaHbI B XOA€e NPOLEecca CEKBEHMPOBaHMA (NOTOKOBOM 06paboTKK)

B yKasaHHbIX Bbille CUTyaUMsiX ONMCAHHOE 34eCb CTPYKTYPUMPOBAHWE faHHbIX C MCNOAb30BaHUEM
eAMHML, JOCTyna M onMcaHHas B pasgesne no ¢opmaty daina CTpyKTypa AaHHbIX obecneymsatoT
BO3MOHOCTb WHKPEMEHTHOTO WHTErPMPOBAHUS 3aHOBO CreHEpPUpPOBaHHbLIX JAaHHbIX 6He3
Heob6X0AMMOCTM NEPEKOAMPOBAHUS CYLLECTBYIOWMX AaHHbIX. MpoLecc MHKPEMEHTHOrO OOHOB/IEHUA
MOKeT ObITb peann3oBaH caeaylowmm obpasom
1. 3aHoBO cO34aHHblE eAMHULbI JOCTYNA MOTYT ObITb NPOCTO NOC/E0BATENBHO
npucoeguHeHbl a paline K CywecTsyoWMM eAUHULAM 4OCTYNa U
2. VMHZAEKcaumio 3aHOBO CO34aHHbIX AAHHbIX MM HAabopOoB AaHHbIX BKAOYAIOT B Tabanuy
rNaBHOrO yKa3aTens, ONMCaHHYIo B pa3gene no popmaty ¢aiina B 4aHHOM LOKYMEHTE .
OAMH MHAEKC onpeaenseT NO3NUMI0 BHOBb CO34aHHONM eAMHULBI SOCTYNA B CYLLECTBYOLLEN
pedepeHCHOM Noc/ef0BaTENbHOCTH, APYrMe MHAEKCHI NpeacTaBAAOT COOOoM ykasaTenm
BHOBb CO34aHHbIX egMHUL, 4ocTyna 8 mnsndeckom darne ana obecneveHms NPSMoro mn

n36MpaTeNbHOro A0CTYNa K HUM.

[aHHbIN MmexaHu3m unaoctpupyetca ¢urypoit 40, rae cywecTsylowme AaHHbIE, 3aKOANPOBaHHbIE B
Tpex eAMHMUAX AocTyna TMna 1 v B YeTblpex eaMHMUax AOCTyna Ha Kaxapld u3 tunos 2 ... 4,
06HOBAAIOTCA NOCPEACTBOM TPEX eAUHUL, A0CTYNa Ha TUN C KOAVUPOBAHWEM AaHHbIX, NOCTYNaoWMX,
HanpMMmep, U3 HOBOM NOCNEA0BATE/IbLHOCTH, BbINOJHAEMOW A8 O4HOTO M TOTO }Ke MHANBUAYYMA.

B cneunduryeckom cayvyae MCNoib30BaHMA NOTOKOBOWM 00paboTKM AaHHbIX M HADOPOB JaHHbIX FTEHOMA
B CKaTOM BUAE MHKPEMEHTHOE OOHOBJIEHUE CYLLECTBYIOWErO Habopa AaHHbIX MOXKET ObITb NONE3HO
NPy aHanu3e AaHHbIX CPasy Nocje UX BblAadM MaLIMHOM CEKBEHMPOBAHUA M Nepes 3aBeplleHMeEM
baKkTMYecKoro cekBeHMpoBaHuA. Kogupylouiee ycTPOMCTBO (KOMNPECCOp) MOMKET napannesibHO
KOMMNOHOBAaTb HECKOJIBKO eAVMHUL, AOCTyna nytem obpa3osaHua "Kaactepa" cYMTaHHbIX pparmeHTOB
NoCnefoBaTe/IbHOCTU, BCTPaMBaeMbIX MOACTAHOBKOW B OAZHY W Ty e obnactb BblOpaHHOM
pedepeHCHOM NocnegoBaTesibHOCTU. Kak TONbKO KOMMYECTBO CYMTaAHHbIX GpParMeHTOB B MNepBoOM
eguHMLUEe [AOCTyna JOXOAMT [0 3HAYeHWs Bbllle NpeaBapuTenbHO  CKOHOUIYPUPOBAHHOIO

nopora/napameTpa, e4AMHULA 40CTyNa roToBa K Nepecblike eé NPUIOoKEHUIO aHann3a. B couetaHum ¢
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3aHOBO 3aKOAMPOBAHHOW €AMHUUEN [OCTyna YCTPOMCTBO KOAMPOBaHWS (KOMNpEeccop) AO/MKHO
obecneynTb, YTO BCE eAMHULBI AOCTYNA, OT KOTOPbIX 3aBUCUT HOBAA eaMHNLA AOCTYNA, YXKe NepesaHbl
Ha NPUEMHbIN KOHEL MAM NEepPecbiIaloTCA BMECTE C HOBOM eauMHMuen focTtyna. Hanpumep, ans
NPaBWIbHOIO AEeKOAMPOBAHUA eaMHULbI AOCTyNa TMNa 3 TpebyeTcs HaiMuMe Ha NPUEMHOM KOHLE
COOTBETCTBYIOLLEN e AMHULbI AocTyna Tmuna 0 n Tmna 1.

MocpeacTBOM OMMCAHHOTO MEXaHW3Ma NPWIOXKEHWE Bbi30Ba BapWaHTa Ha NPUEMHOM CTOpPOHe
NoJiy4aeT BO3MOMKHOCTb MHUUMMPOBaTL BbLI3OB BapuaHTa NpU nNpueme eauHuubl AOCTyn nepeg,
3aBeplIeHMeM NpoLecca CEKBEHMPOBAHMA Ha nepegalowen CTopoHe. Cxema AaHHOro npouecca

npeacrtasneHa Ha ¢wur. 41.

HoBbliA aHanu3 pesynbTaToB.

B npegenax *KM3HEHHOroO UMKAa 06paboTKM reHOMa MOXKET BblTb NPUMEHEHO HECKOJ/IbKO UTepauuii
aHa/M3a TreHomMa K OZHMM U TEM Ke [AaHHbIM (Hanpumep, Npu BbI30BE APYroro BapuaHTa ¢
MCNO/b30BaHWEM APYroro aAroputma o6paboTkm). Ucnosb3oBaHUe eAMHML, SOCTYNA B ONpPeaeeHuH,
NpuBeAEeHHOM B [AaHHOM [OKYMEHTE, WM CTPYKTYpbl [aHHbIX, ONWCAHHOW B pasgene AaHHOro
OOKymMeHTa no ¢opmaty darna, obecneuynmsaeT BO3MOMKHOCTb MHKPEMEHTHOIO OOHOB/IEHUA
CYLLLECTBYIOLMX CXKATbIX AAHHbIX C MOMOLLBIO Pe3y/1bTaTOB HOBOIO aHaN3a.

Hanpumep, HOBbI aHanM3, BbINOJHEHHbIM Ha CYLLECTBYIOWMX CXKATbIX AAHHbIX, MOXET NPUBECTU K
CO3/aHMI0 HOBbIX Z@HHbIX B CIEAYIOWMX CYHasX:

1. HoBblM aHanM3 MOXKET M3MEHUTb CYLLECTBYIOUME pe3ynbTaTbl, paHee "NpuBsA3aHHble" K
3aKOAMPOBaHHbIM JaHHbIM. 3TOT CyHan uanctTpupyetcs Gurypoit 42 1 peanmsyeTca nyTem
NOJIHOTO UM YaCTUYHOTO NEpPEMELLEHUS COAEPKUMOTO OA4HOM eAMHMLbI A0CTyNa U3 04HOTO
TMNa 8 Apyroi. B cnydyae, Korga TpebyeTcs co3gaHME HOBbIX eAMHMU, 4ocTyna (C ydyeTom
NnpeasapuUTeNIbHO 3a4aHHOIO0 MaKCMMa/bHO AONyCTMMOro pasmepa eauMHMuUbl A0CTyna)
Heobx04MMO cO34aTb COOTBETCTBYIOWME MHAEKCHI B TabMLe TaBHOTO yKasaTens U No mepe
Heob6X0AMMOCTU BbINOJIHUTL COPTUPOBKY COOTBETCTBYIOLLENO BEKTOPA.

2. Hosble gaHHble CO34alOTCA B pe3ysibTaTe HOBOrO aHanv3a M A0/KHbl ObiTh "npmeasaHbl” K
CYLLLECTBYIOLMM 3aKOAMPOBAHHbBIM AaHHbIM. B JaHHOM Cllydae HoBble eUMHULBI A0CTYNA TMNA
5 moryT 6biTb CO34aHbl M NOCNAEA0BATE/IbHO NPUCOEAMHEHBI K CYLLECTBYIOLWLEMY BEKTOPY
e4VHUL, ZOCTYyN TaKOro »Ke Tuna. 3TOT Npouecc U conyTcrsytoulee ob6HoOBNEHME Tabamubl

rNaBHOrO yKa3aTens nsobpaykeHbl Ha ¢wr. 43.

OnvcaHHble BbiWe C/ly4an , NPOUJIIIOCTPUPOBaHHbIe durypammn 42 n 43, ABAAOTCA peanmnsyembiMm

bnarogaps:
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1. BO3MO)HOCTM MMETb NPSAMOW LOCTYN TOJbKO K AAHHbIM C HU3KMM Ka4yeCTBOM MOACTaHOBOK
(Hanpumep, egmHMuam goctyna Tmna 4);

2. BO3MOXHOCTM NOBTOPHO NOACTaB/ATb CUMTAHHble ¢parmeHTbl B HOBYHO 06s1acTb reHoma
nyTemM NpoCTOro CO34aHMA HOBOM efMHMUBI AOCTYNa C BO3MOXKHOW NPUHAAJIEKHOCTBIO K
HOBOMY TMNY (Hanpumep, CHMTaHHble pParMeHTbl, BKAIOYEHHbIE B eAUHULY A0CTyna Tuna 4,
MOryT 6blTb MNOBTOPHO NOACTaB/AEHbl B HOBYIO 06/1acTb C MEHbLIMM KOJMYECTBOM
paccornacosaHuit (Tvnosoe 3HadeHuwe 2-3) U BK/OYEHbI BO BHOBb CO34aHHYIO eauHuLy
poctyna);

3. BO3MOYXHOCTM CO34aTb €AMHMLY A0CTyNa TMNa 6, cCoAepyKaLlyto TO/IbKO 3aHOBO NOJIyYEHHbIe
pesy/nbTaTbl aHanusa M/MAM CBSA3aHHbIE C HMMW aHHOTauuKu. B gaHHOM ciayyae BHOBb
CO34aHHbIM eMHMLAM AOCTyna TpebyeTca TO/IbKO Ha/lnvme B cogepumom "ykasaTtenein" Ha

CyLIeCTBYIOLME eANHMLIbI AOCTYNA, C KOTOPbIMW OHM COOTHOCATCS.

TpaHckoaupoBaHue
CKaTblM [ @aHHbIM FeHOMAa MOMKET NoTpeboBaTbCA TPAHCKOAMPOBAHME, HANPUMEpP, B CAeAyHOLWMX
CUTYaumsX:

e [lybarKkauma HOBbIX pepepeHCHbIX NOCAe0BaTENbHOCTEN;

e lcnonb3oBaHWe gpyroro aaropuTma NnoACTaHOBKKM (NOBTOPHOM NOACTAHOBKM).

Korga gaHHble reHOMa NoACTaBAAIOT B CYLWLECTBYIOWMM pedepeHCHbINM reHOM 06Wero nNosib30BaHms,
ans nybanKaumm HOBOM BEPCUM yKasaHHOM pedepeHCHOM NocnefoBaTeNbHOCTU MW NPU XKenaHuu
NoACTaBUTb [aHHble C MCNO/Ab30BaHMEM [ApPYroro anaroputma obpaboTKM B HacTosAllee Bpems
TpebyeTcas Npouecc NOBTOPHOM NOACTAaHOBKM (re-mapping). MNpyv NOBTOPHOM NOACTAaHOBKE CKaTbIX
JaHHbIX C UCNoNb3oBaHMeM popmaTtos dalina 13 NpeaplayLULero ypoBHsa TeXHUKM (Hanpumep, SAM
mnn CRAM) TpebyeTcA [AEKOMMPECCUs BCeEX CxKaTblX fAaHHbIX B WX "ucxogHy" dopmy ans
BO3MOXHOCTM NOBTOPHOM BCTaBKM CO CCbIJIKOM Ha 3aHOBO AOCTYMNHYO pedepeHCHYIo
Nnoc/ef0B8aTe/IbHOCTb MM C UCNOb30BAaHUEM APYTOro ajropuTma NoAcTaHOBKM. ITO cnNpasesnso
Ja)Ke B TOM C/lydae, Korga 3aHOBO Onyb/iMKoBaHHas pedepeHCcHas Noc/iefoBaTe/lbHOCTb OYEHb
HE3HaYUTENbHO OT/IMYAETCA OT Npeaplayweir nocaenosaTesibHOCTU WAW APYTroi MCNOJib3yemblid
aNropuUTM NOACTAaHOBKM OCYLLECTBAAET MNOACTAaHOBKY, KOTOpas o4veHb 6/iM3Ka (MM MAEHTUYHA)
npeablayuen NnoacTaHOBKE.
MNpenmylwecTBo TPAHCKOAMPOBAHUS CTPYKTYPUPOBAHHLIX [AaHHbIX TEHOMa C WMCMNO/b30BaHUEM
ONMWCaHHbIX 34eCb € 4MHUL, 4OCTYNa COCTOUT B C/IEAYIOWEM:
1. [ns nOACTaHOBKM B OTHOWEHWMM HOBOrO pedepeHCHOro reHoma TpebyeTca vub
nepeKkogmMpoBaHue (EKOMNPECCHs M KOMNPeCcKs) AaHHbIX U3 e AMHMUL, 40CTYNa 418 NOACTaHOBKM

B8 Te obnactu reHoma, rge npousownn mnimeHeHuA. ,ﬂ,OI‘IOﬂHVITeﬂbHO NnoNb30BaTE/lb MOXET
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BblbMpaTb Te CXKaTble CYMTaHHble PparmMeHTbl, 418 KOTOPbIX MOXET N0 TOW UAN MHOW NpUYMHe
notpeboBaTbCcA NOBTOPHAA NOACTAHOBKA [arKe B TOM C/ly4ae, eC/IM NepBOHavYaabHO He yAanoch
NoACTaBUTb MX B U3MEHEHHYI0 061acTb (3TO MOKET MMETb MEeCTO, KOorga B NpefcTasieHun
nonb3oBaTens npeaplaywas noACcTaHOBKA ABAAETCH HU3KOKavyecTBeHHoM). [aHHbIM cny4ai

MCNONb30BaHMA UAMOCTPUpyeTca durypoin 44,

B cnyyae, Korga 3aHOBO ONy6/MKOBaHHbIA pedepeHCHbIM reHOM OT/IMYAeTCs OT NpeaplayLero
reHoma AuWb CcABUIomM Uenblx obnactelt Ha gpyrve nosvUMM BHYTPU TEeHOMa, onepauums
TPaHCKOAMPOBAHUA BbINONHAETCA 0cobeHHO npocto M adderkTmsHo. Mo cyuecTsy, A4S
NnepemMelleHns BCeX NOACTaB/IEHHbIX CHMTaHHbIX dpparmeHTos B "o6nacTb casura" A0CTaTOMHO
N3MEHMUTb NNLLb 3HaYeHWe abCcoOTHOM NO3MUMK, COLEP KALLEECA B 3ar0/I0BKE CBA3AHHbIX C 3TUM
eauHUL, goctyna (Habopa eguHuy, goctyna). Kaxkaplidi 3aro/loBoK eAMHMLUbI LOCTYNa COAEPMKUT
abCoNOTHYIO NO3ULMIO, HAa KOTOPYIO NEPBbIM CYUTAHHbIN GparmeHT, cogeprKalinica B eANHMNLE
[0CTyna, NoACcTas/ieH B pepepeHCHYI0 Nocnef0BaTebHOCTb, B TO BPEMS KaK BCe Apyrue nosnumm
CYMTaAHHbIX ¢$parMeHTOB 3aKoAMpoBaHbl ¢ auvddepeHumaumelr OTHOCUTE/IbBHO NEPBOro
¢dparmeHTa. MoaTomy NnpocToe o6HOB/IEHME 3Ha4YeHWA abCoNOTHOM NO3MUMKN NEPBOTO CYHUTAHHOTO
dparmeHTa BbI3bIBAaE€T COOTBETCTBYIOLLEE NEPEMELLEHNE BCEX CHUTAHHbIX GParMeHTOB B eAnHMLE
foctyna. [JaHHbIA mMexaHM3M He MOXKeT DbiTb peann3oBaH Ha OCHOBE NOAXOAO0B M3 TEXHWMKM
M3BECTHOro YypoOBHA - Takmx Kak CRAM u BAM - nOCKONbKY NO3WUMM [aHHbIX FeHoma
3aKOAMPOBaHbl B CXKATOM MNONE3HOWM Harpyske, 4YTO O3Ha4YaeT HeobXoAMMOCTb NOJIHOM

JeKomMmnpeccn 1 NOBTOPHOIO CXKaTnA BCex Ha60pos OaHHbIX reHOMa.

Ecnm ucnonb3yertcs Apyroli anropuTm NOACTAaHOBKK, MOYXKHO NPUMEHATb €ro TO/IbKO K TOW YacTu
CKaTbIX CYMTaHHbIX GPArmMeHTOB, B KOTOPOM NOACTAHOBKA BbINOJHEHA C HU3KMM KayeCTBOM.
Hanpumep, MOXKeT oKa3aTbCs LesecoobpasHbiM NPUMEHEHWE HOBOTO aJropuTMa NOACTaHOBKM
TONbKO K CHYMTaHHbIM (parmeHTam, KOTOpbleé He WAaeanbHO coraacytorcs ¢ pedepeHCHbIm
reHomom. MPUMEHMTENBHO K GopMaTam, CYLLLECTBYIOWMM B HACTOALLEE BPEMS, HEBO3MOXKHO (MK
BO3MOMKHO /IMLLb YAaCTUYHO C HEKOTOPLIMKU OrpaHUYEHUAMM) U3BJIEKATb CYMTAHHbIE parmeHTbl B
COOTBETCTBMM C Ka4YeCTBOM WX NOACTAHOBKM (TO €CTb, HaJMYMEeM pPaCcCOrNacoBaHWM U UX
Konuyectsom). Ecnm pesynbTaTbl HOBOM NOACTAHOBKM BbIBOAATCS WHCTPYMEHTaMWM HOBOW
NoACTAHOBKM, COOTBETCTBYIOWME CYMTAHHble GpParmMeHTbl MOTyT OblTb TPaAHCKOAMPOBAHbI U3
OAHOV eguHUUBI 4OCTyNa B APYryl0 e4uHMUy LOCTyna Takoro ke tuna (cm. ¢ur. 46) uam u3

e4VHUWLbI OZHOTO TUNA B €4MHMULY APYroro Tvna (cm. ur. 45).
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Bbonee TOro, B pelweHnAxX No CKATUIO U3 TEXHWKN M3BECTHOrO YPOBHA A1A NOJYYEHUA BO3MOXKHOCTM
A0CTyna K Tpebyembim AaHHBbIM reHOMa MOXKeT NoTpeboBaTbCs AOCTYN K 60/bIOMY 00bEMY CXKaTbIX
OaHHbIX M ero 0b6paboTKa. 370 Bbi3biBaeT HEaPPEKTMBHOE MCMNOJIb30BaHWE NOAOCHI NponyckaHua 3YTB
W nosblweHHoe noTpebneHne MOLWHOCTM, B TOM 4YMC/Ae B annapaTtHbiXx peanusaumax. Npobnemol
notpebaeHns MOLWHOCTM U A0CTyNa K NamATX MOTyT BbiTb pelleHbl NPY MCNOb30BaHUM NOAX0AA Ha
OCHOBE ONKWCaHHbIX 34eCb eANHML, LOCTYNa.

JONONHMTENBbHBIM NPEMMYLLECTBOM MNPUHATUSA ONUCAHHbLIX 34eCb eAMHWUL, AOCTyna ANA FeHOMOB
ABNSETCA YNPOLLEHWE NapassiesibHOM 06paboTKM M NPUroAHOCTb K annapaTHbIM peasin3auunsim.
CyuiecTsylowme peweHna - Takme Kak SAM/BAM u CRAM - KOHUENTyanbHO NOAXOAAT ANA

O/AHONOTOKOBbIX NPOrPaMMHbIX peanmnsaumii.

M3bupatenbHoe wundpoBaHue

MNoaxon Ha OCHOBE eAVHUL AO0CTYNa, OPraHM30BaHHbIM NO HECKOJbKMM TMNAM M YPOBHSAM, Kak
ONMCaHO B JAHHOM [OKYMeHTe, obecneumsaeT BO3SMOXKHOCTb peanM3aumMyv MEXaHM3IMOB 3aLUMTDI
COAEPKMMOTO, KaKasi HEBO3MOYKHA Ha OCHOBE MOHOJIMTHBIX PELLUEHWNI U3 TEXHUKWU M3BECTHOTO YPOBHSA.
Cheumanncrtam co CpeaHMUM YPOBHEM 3HAHWUI B AaHHOM 061aCTN M3BECTHO, YTO HO/ILLUMHCTBO
MHPOpPMaUMM NO reHOMY, OTHOCALLLEMNCA K FTeHETUYeCcKoMy NPod M0 OpraHM3ma, ONMPAETCa Ha
oTAn4MA (BapMaHTbl) NO OTHOLLEHUIO K U3BECTHOW NocneaoBaTeibHOCTU (Hanpumep, pepepeHcHomy
reHoMy WM NoNyAuMK reHomos). Mo3ToMy MHAVBMAYANbHBIN reHETUHECKMIA NPOdUIb,
3alLMLaemMblii OT HENPaBOMOYHOIO A0CTyNa, KOAUPYIOT B e AMHMUAX 40CTyna TMNoBs 3 1 4, Kak
ONKWCaHO B AaHHOM [lOKyMeHTe. [103TOMYy BOMNOLLEHME HA NPAKTMKE Peryimpyemoro AocTyna K
MaKCMMaNbHO YyBCTBUTE/NbHOW MHPOPMaLIMK NO FEHOMY, NOJIYYEHHOM C NOMOLIBIO NpoLecca
CEKBEHMPOBAHMA N aHaNM3a, MOXKET ObITb PEanN30BaHO NyTeM WKMPPOBAHUSA TONbKO NONE3HOM
Harpysku eauHuUL goctyna tmnos 3 1 4 (cm. npumep Ha ¢ur. 47). MNpu atom obecneunsaeTtcs
CYLLLECTBEHHAs SKOHOMMSA B OTHOLLEHWUM KaK MOLLHOCTM 06paboTKM, TaK U LUIMPKHBI NONOCHI
NPONYCKaHWs, NOCKO/IbKY Pecypcbl, NoTpebastowme npouecc wndpoBaHUs, NPUMEHSIOTCA TONBKO K

noaHabopy AaHHbIX.
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®OPMY/IA USOBPETEHUA

1. Cnocob pasgeneHuns darina faHHbIX reHOMa Ha eAMHMUBI AOCTYNa Pas/iMyHbIX TMNOB, UCXO4A U3
nNpeacKasyemMoCTV YKa3aHHbIX JaHHbIX FeHOMa,

raoe yKkasaHHble eguMHULbI A0CTYNa COAepaT AaHHbIe reHOMa, OTHOCALLMECA K

- MHPOPMaALMM O NO3NLUAX CYMTAHHBIX GParMeHTOB AaHHbIX reHOMa U

- UHGOpMaUMKM 06 06pPaTHOM 3aMeELLLEHNN YKa3aHHbIX CHUTAHHbIX ppParmMmeHTOos,

npu4yem yKasaHHaA NpeacKkasyemoCcTb TaKoBa, YTO

eauHULUbl gocTyna nepsoro Tmna (280) cogepykaT AaHHble reHOMa, HE MMEIOLWME OTHOLIEHUA K
eavHMLAM A0cTyna nbbix agpyrmx Tunos (290,300,310,320,321), a eavHMLbBI AO0CTYNa BTOPOro TMna
(290) copeprkaT MHbOpMaLMIO, OTHOCALLYIOCA K eAuHMUEe JocTyna nepsoro Tuna (280), u
LONOMHUTENBHYIO MHPOPMaLMIO, OTHOCALLYIOCA K MHGOPMaUWKM O paccornacoBaHMM B OTHOLLEHWUM

MHpopMauunm, coaeprKallerica B egMHULE AOCTyNa NepsBoro Tmna

2. Cnocob no n. 1, 8 KOTOPOM YKa3aHHOW MHPOPMaUMEN O Paccor/iacoBaHUM ABAAeTCA MHPopmaumns

0 NO3ULMAX CYUTaHHbIX dparmeHTos (292) n 06 obpaTHOM 3ameLleHum (293).

3. Cnocob no n. 2, B KOTOPOM YKasaHHble eAVHULbI A0CTyNa BToporo Tmna (290) AONONHUTENBHO
cogeprkaT MHPOpMauMio, OTHOCAWYOCS K obpasosaHuio nap (294) v/wan  AONOAHUTENbHYIO

MHOOPMaLMIO, OTHOCALLYIOCA K AJ/IMHE CYUTAHHbIX ¢pparmeHTos (295).

4. Cnocob no nobomy M3 NpealecTsYOWMX NYHKTOB, B KOTOPOM YKa3aHHOe pasgeneHne AaHHbIX
reHoMa Ha egMHULbI 40CTYNa PasIMYHbIX TUNOB LOMNOJHUTENBHO BKAKOYAET B ceba eguHMUy AOCTYNA
gononHutensHoro Tuna (300), cogepxauwyo MHPOPMaLMIO, OTHOCALLYIOCA K  NO3ULUAM
paccornacoBaHuA, rae yCTPOMCTBY CEKBEHMPOBAHMS He yA4an0Ch ONPeaenTb KaKor-1nbo HyKneoTnz,

(oTobparkaetcs cumson N).

5. Cnocob6 no nobomy U3 NpeaLlecTBYIOWMX NYHKTOB, B KOTOPOM YKa3aHHOE pasfae/ieHne AaHHbIX
reHoma Ha eaMHULbI LOCTYNa Pas/IMYHbIX TMNOB AONOJHUTENBHO BKAOYAET B cebs eAMHULY AOCTYNa
gononHutensHoro Tuna (310), cogepxauwyw MHPOPMALMIO, OTHOCALLYIOCA K  MNO3ULUK
paccornacosaHua (311) v K TMNyY paccornacosaHus (312), rae ykasaHHOe paccoriiacoBaHMe OTHOCUTCS

K MHPOpMaLMKM, CBA3AHHOM C eAMHMLUEN A0CTYNa nepsoro Tmna (280)
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6. Cnocob no nobomy M3 NpeaLlecTBYOWMX NYHKTOB, B KOTOPOM yKa3aHHOe pasjesieHne AaHHbIX
reHoma Ha e AMHWULbI AOCTYNA PAa3IMYHbIX TUNOB AONOAHMUTENBHO BKAOYAET B ceba eAMHNLBI fOCTYNa
pobasoyHoro tTmna (320,321), cogep:kawpe WMHPOPMALMIO, OTHOCALLYIOCA K MO3MUMK BCTaBOK-
yoaneHui u paccornacosaHmit (321), K TUNy BCTaBOK-yAaleHWM M paccornacosaHuii (322) wu
MHOOPMAUMNIO O MATKO YCEYEHHbIX NOCAEL0BaTEbHOCTAX HYKNEOTUAOB U O NOC/Ief0BaTeIbHOCTAX

HYKNEO0TUA0B C XKECTKUM ycevyeHumem (323)

7. Cnoco6 no nwbomy M3 NPefecTBYIOWMX NYHKTOB, B KOTOPOM pasgefieHne AO0NOSHUTENbHO
BK/OYaeT B ceba eaMHMUbI 4OCTyNa €euwe OAHOro OT/AMYHOrO OT APYrMX TUNa, CoAepyKalume
MHPOPMaLMIO, OTHOCALLYHOCA K MeTadaHHbIM (432) n/Mamn oueHO4YHbIM NOKasaTensm Kadecrtsa u/mam
aHHOTALMOHHbIM ZaHHbIM (431), cBA3aHHbIM C eAMHUUEN 4OCTyna BTOPOro TMNa, TPETbero TmMna,

YETBEpPTOro TMna Uan NATOro Tuna.

8. Cnocob no n. 7, B KOTOPOM pas3fesieHne AONOJIHUTENIbHO BK/OYaeT B cebs eguMHMUbI A0CTyna

OT/IMYHOTO OT APYrMX 406aBOYHOrO TMNA, COAEpP KaLLME aHHOTALMOHHbIE laHHbIE.

9. Cnocob no n. 8, KOTOPOM AaHHblE eAMHML, 40CTyNna No /lboMy M3 NpeaLecTBYIOWMX NYHKTOB
OpraHM30BaHbl B BUAE YPOBHEW, FAE KaKAbli YPOBEHb COAEPKUT MHPOPMALMIO, OTHOCALLYHOCA K
OT/IMHHOW OT [APYIMX KaTeropum: JaHHble NO3UUMOHMPOBaHMA, ob6paTHOe 3amelieHne, no
4ONoNHUTENBHOMY BbIBOPY 0H6pasoBaHMe nap, NO LONOJHUTEIbHOMY BbIDOPY paccornacosaHme u no

OO0NO/IHUTE/IbHOMY Bbl60py AdHHOTAUMNOHHbIE JaHHbIE.

10. Cnocob6 no nwbomy M3 NpealecTBYOWMX NYHKTOB, B KOTOPOM eAMHMUBI A0CTyna cogepkat

3aro/I0BOK W flaHHbIe NONE3HOM HarpysKu.

11. Cnocob6 no n. 2, B KOTOPOM €AMHMUA A0CTyna BTOPOro TUNa COAEpPXWUT MHPopmauuio ob
06pa3oBaHMM Nap CYUTAHHbIX GPAarMEHTOB U B KOTOPOM HajMdMe Takon MHGOPMaLMKM NOMEYEHO B

3aro/10BKe eMHULbI A0CTyNa.

12. Cnocob6 no nwbomy M3 NpeawecTBYOWMX NYHKTOB, B KOTOPOM KOJMYECTBO CYMTAHHBLIX
bparmMeHTOB, COAEpMKaLLMXCA B eAWHMLE A[OCTyna Nepsoro TWNa, ONpeaenAeTcs NnapameTpom

KOHOUMIYpUpoBaHUA BBOAA
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13. Cnocob no n. 9, B KOTOPOM YKa3aHHbIM NapameTp KOHOUIYPMPOBaHMA BBOAA 3aNMCaH Ha XpaHeHe

B 3aro/I0BOK €NHULbI A0CTYNa

14. Cnocob no nbomy M3 NpeaLecTBYIOWMX NYHKTOB, B KOTOPOM COAEPKMMOE eAnHUL, 40CTyNa

3awnposaHo

15. Cnocob no n. 14, 8 KOTOPOM WNDPOBAHME OrPAHMHEHO eAMHMLAMKM JOCTyna TMna 3 1 Tuna 4

16. YcTpolicTBO, coaeprkallee CpeacTsa, NpUrogHble Ana peanvsaumm cnocobda no nn. 1-15.

17. [laHHble NOAAEPKKM, BKAKOYAs XpaHsALLMECs AaHHbIE TeHOMA, pa3feeHHbIe Ha eAUHULbI A0CTYyNa

corsiacHo cnocoby no nn. 1-15.

18. CuunTbiBaEMbI KOMNBIOTEPOM 3aMNUCbIBAOWMIA HOCUTESb C 3aNMCaHHOM Ha HEM NPOrpammol,

coeprkauer Habop KomaHA anst peanmsaumm cnocoba no nn. 1-15.

19. dopmart daiina ana 3aNUCK JaHHbLIX FeHOMa, pa3eNeHHbIX Ha eANHULbI A0CTyna cornacHo nn. 1-

15.

20. Cnocob6 TpaHcKogupoBaHMa ¢akna faHHbIX FeHOMa, pas3geneHHbiX Ha eAMHMubl AO0CTyna,

CO34aHHble cornacHo cnocodby no nn. 1-15, xapakTepusylowpmmnca Tem, YTO M3IMEHSETCA TOJ/bKO

nHdopmMaumMsa NONE3HOM HarpysKkM AaHHbIX gocTyna 6e3 HeobxoAMMOCTK TpaHCcKoaMpoBaHua dalina

LEe/IMKOM.

21. Cnocob no n. 20, B KOTOPOM CTPYKTypa Ppaina ocTaeTca HEM3MEHHOMN.

22. Cnocob no n. 21, B KOTOPOM M3MEHSAIOTCA TO/IbKO BblOpaHHble eAMHULbI AOCTyNa.

23. Cnocob no n. 22, 8 KOTOPOM BblBpaHHbIMM eAUHULLAMW AOCTYNa ABASIOTCS eanHMLbI TMna 0 (280).

24. Cnocob no n. 23, B KOTOPOM BbIOPaHHbIMK eAMHULAMK AOCTyNa ABAAKTCA eANHULbI 10D0ro ns

Tmnos 1-5 (290,300,310,320,321).
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dopMmyia msobpeTeHUsT

1. Cnoco6 cxaTusg OaHHHEX T'eHOMa, IIOOCTAaBJIAEeMEHX B pedepeHCHYD
IoCJIedOBaTeJIbHOCTL, COIOepXally, pas3nelsdoinee Galjl HaHHHX I'eHOMa Ha
eOMHUIE OOCTyIa pPa3JIMUHBIX TUIIOB,
YKa3aHHEEe eVHMIE OOCTYIlla comepXaT OaHHBe I'eHOMa, KJIaCCUOULINPYEMEEe
CoTJIaCcHO TIONCTaHOBKe B pedepeHCHHM I'eHOM U CTPYKTYPUMPOBAHHHE B
BUIE YPOBHEM ONHOPOMOHHIX IaHHHIX .
IpuueM yKaszaHHOe paldejieHMe) BEHIIOJIHEHO Tak, 4To

eOMHMIE OOCTYyIla IlepBoro Tumna (280) comepxaT IaHHEE TeHOMa,

IpuyeM YKa3aHHBEEe JaHHHE T'eHOMa ABJAKRTCS YacTbl pedepeHCHOM

IOCJIeNOBaTEJILHOCTHY, MCIIOJNL3YyeMOo¥ IJId IMOICTaHOBKU 3aKOIOVMPOBAaHHEIX

IOaHHBIX M IOaHHBX IIO3UMIMOHMPOBaHMA, oBo3HavawnIMx aBbCOJIITHEE
KOOpPIOMHAaTEI MeCTOIIOJIOXKEeHIMA IIepBOTO CUMTaHHOTI'O @parmeHTa
YKaBaHHOﬁ JacTu pe@epeHCHOﬁ[ IIoCcJjienoBaTeJIb HOCTH, InprnuyeM

YyKa3aHHEe JaHHBEe T'eHOMa He COOTHOCATCA C eIVMHUIIaMM JOoCTyIla
Joboro mpyroro tumna (290,300,310,320,321),
® eIMHMIE JOCTyIla BTOPOTO TUIIa (290) comepxarT MHOpMaLMIO,
OTHOCHAMYKCA K ITaHHBEM I[IO3UUMOHMPOBaHMA, OOO3HaualMM [1IO3ULU
nocJenoBaTeJIbHOCTH, nieaJjibHO BIIMCHBAIYIOC S B
IOCJIeOOBATEJILHOCTE, COINEepXalylCcsa B eOMHMIEe HOCTYyIla IIepBOT0O TUIla
(280), wm wmuHOopMaLM© 0O OOpaTHOM 3BaMelleHUU 10 OTHOWEHMID K
vHbOpMaLUM T'eHOMa, coIepXxalelcs B eIMHMIIe HOCTyla IIepBoT0 TUIla,
u
roe
" yKa3aHHBE JaHHBEE [IO03UIMOHVWPOBAHMA 3alMCaHHE Ha XpaHeHMe TaKVM
oBpa3oM, UTO MO3ULMUA MNOOCTAaHOBKU IIepPBOTO CUMTaAHHOTO dparMeHTa
3arIoMMHaeTCcsa B BUIe adCOJIOTHOM IMO3UIMM, a Bce IpyI'ure II03ULUU
BHPaXalTCsa B BUIOE PA3HOCTM II0 OTHOMEHMU K MIpeduaymel I103ULUNU

M 3allOMMHaKnTCA Ha KOHKPETHOM YPOBHe, U
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YKa3aHHEIEe IOTaHHBEEe IIO3MIVMOHMPOBaAHMA WM ITaHHEe O@paTHOPO SaMelleHM A

CTPYKTYPUPYIOTCA Ha Pa3JIMUHEIX YPOBHAX OIDHOPOIHEX ITaHHEX M CXVMMalTCHA

IIyTeM IIPMMEHEHMA KOHKPEeTHOI'O aJITOpMTMa CXaTuA.

2. Cnoco® mo m. 1, B KOTOPOM YKaszaHHHEHE eIMHUIE OOCTylla BTOPOTO

THUIIa (290) OOIIOJIHUTEJIEHO CcomepXaT MHOoOpMalLuKw, OTHOCAMYKCS K
oBbpasoBaHMI IIap (294) CUMTaHHEX (pal'MEeHTOB I'€HOMa u/nnn
IOIIOJIHUTEJIEHYIO MHbOOPMAa LU, OTHOCHAMYICS K oJIiHe CUMTaHHEIX

bparmeHToBR (295).

3. Cnoco6 mno JjoboMy M3 OpellleCTBYKIMX IYHKTOB, B KOTOPOM YKa3aHHOe
pasmejieHMe IOaHHHX TeHoMa Ha eIVMHMUH »OOCTyIla PasJIMUHHEX THUIIOB
OOIIOJIHMTEJILHO BKJIOUAEeT B ceds eOMHMLY OOCTYIla OOIOJIHUTEJIEHOTO TUIla
(300), comepXxalymn MHOOPMaLMI, OTHOCHAYCS K [IOBULMAM
paccoIJjlacoBaHMsA, T'Ie aBTOMATy CeKBEHMPOBAHMA He yIOaJIOCh OIpeleliMTh

KakKoM—-Jmubo HYKJIEOTHUI.

4. Crniocof mo JoboMy M3 NPedleCTBYKRIMX [IYHKTOB, B KOTOPOM YKas3aHHOE
pasznejieHMe TaHHHX TeHOoMa Ha eIVMHMUIBE »OOCTyIlla pPas3JIMUHEX TUIIOB
OOIIOJIHUTEJIBHO BKJIKUAEeT B cebd eOMHUIY OOCTYIla OOIIOJIHUTEJIBHOT'O TuUIla
(310), coIepXalmymn MHOOPMaLMIO, OTHOCHAMYIC S K IO 3ULUN
paccorjacopaHusd (311) M K TUIY paccoIjiacoBaHMA (312), roe
YKa3aHHOe paccoIlJjlacoBaHMe OTHOCHUTCHA K OaHHBEM I'eHOMa, OTHOCAMMMCHA

K elOMHMIle OOCTylla NepBoro Tura (280).

5. Cnoco6 no oMy M3 NPellleCTBYKIMX [IYHKTOB, B KOTOPOM YKa3aHHOe
pasznejieHMe IaHHHX TeHOoMa Ha eIVMHMIH »OOCTyla pPas3JIMUHEX THUIIOB
OOIIOJIHUTEJIBHO BKJIKUaAeT B cebd eIMHMLE OOCTyIIa IOoDaBOUHOI'O TuUIla
(320,321), comepxamre MHOOPMALMI, OTHOCHAMYKCS K IIO3ULIUM BCTaBOK-—
yoajJeHu¥ U paccoTJjiacoBaHuM (321), K TUIY BCTaBOK-yIaJleHUN U

paccorjacoBaHun (322) u MHOOPMAa LI o} MATKO YCeUeHHEX
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IIoCJIedOBaTEJIEHOCTAX HYRJIEOTHIOOB n O II0CJIeIOBATEJIBHOCTAX

HYKJIEeOTHIOOB C XeCTKMM yceueHMeM (323).

6. Crioco®6 mo JioboMy M3 NpPemleCTBYNUX [IYHKTOB, B KOTOPOM pa3deljieHUe
OOIIOJIHUTEJNIEHO BKJIUaeT B cebsa eOMHMIE OOCTyIlla elle OOHOTO OTJIMYHOTO
OT OpyTMX TUIla, colepXalie MHOOPMAaLUI, OTHOCAMYICSI K MeTalaHHBM
(432) w/MIM OLIEHOUHBIM IIoKasaTeJiIM KauecTBa UW/WJIM aHHOTALMOHHLM

mDaHHeM (431), cBA3aHHBIM C eIMHMIIAMM IOOCTYyIIa.

7. Cnoco® 1o m. 6, B KOTOPOM paslejleHMe OOMNOJHUTEJILHO BKJIOUAET B
ceBsa eIMHMUBE JOCTyIa OTJMYHOTO OT OPpyTMx »DoBaBOUHOTO TuIA,

comepxalmrme aHHOTallVOHHEE IaHHEE.

8. Cmoco® mno . 7, KOTOPOM HAaHHHE eIOMHUI, IOOCTYIa I[I0 JOoMy M3
NPpeOmecCTBYRNMX I[IYHKTOB YIOPAOOUEHH pas3MelleHMeM Ha VYPOBHAX, TIe
KaXIElM YPOBEHL COOEPXUT MHOOPMALMI, OTHOCAMYWCS K OTJWUUHOM OT
IPYTUX KaTeTOopUM: IaHHHE IIO3UIMOHMPOBAHUSA, oO0paTHOe 3aMelleHue, II0
OOIOJIHUTEJILHOMY BHOOPY oOpasoBaHMe Iap, I[I0 OONOJIHUTEJILHOMY BHOOPY

paccorjiacoBaHMe M IIO0 OOIIOJIHMTEJIEHOMY BBI@Opy AaHHOTallMMOHHEIE IIaHHEE.

9. Crnoco® mno JwoboMy M3 OpellleCTBYWMMX IIYHKTOB, B KOTOPOM eIOMHUIIL

OTOCTYIla comepXaT 3arl'OJIOBOK MM IaHHEE oJie3HOM HaT'py3sKHM.

10. Criocot no 1. 1, B KOTOPOM eIMHMIIA OOCTYyIla BTOPOI'O THUIA COHEPXUT
nHpopMaluMin o6 ofpa30BaHUM IIap CUMTaHHEHX OQParMeHTOB M B KOTOPOM

HaJuuye TaKou T/IH(]_)OpMaLH/H/I IIOME4YEeHO B 3al'OJIOBKe eIMHUMIE ITOCTYyIIa.

11. Cnoco® mno JmoboMy M3 OPeOIecCTBYRIMX [IYHKTOB, B KOTOPOM
KOJIMUECTBO CUMTAHHHX O(QparMeHTOB, COIepXallMxXCa B eOMHMKIe IOCTyIa

IIepBOIT0 THIIa, OllpenelyideTCHd IIapaMeTpOM KOH(]_)I/II‘prpOBaHMF[ BBOIIA.
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12. Cnoco6 mo nm. 11, B KOTOPOM YKAa3aHHHM NapaMeTp KOHOUIYPUPOBAaHUSI

BBOIOa 3allMCaH Ha XpPpaHeHMe B 3al'OJIOBOK €eIOVMHMIE IOOCTYIIa.

13. Crnoco6 mno JmwobomMy M3 IOIPeIleCTBYONMX IIYHKTOB, B KOTOPOM

COIOEepPXrMMOe €eIMHNMIL OOCTYIIa SaH.H/Iq_)pOBaHO.

14. YCTpOﬁCTBO, comepxaliee CpelcCcTBa IIPUI'OOHEEe IJIAd pealJlM3alllii

crnocoba no mm. 1-13.

15. SarnoMmMHamiee YCTPOMCTBO, coxpaHspmee IDaHHLE TeHoOMa,

pasnesieHHEEe Ha eOUMHUIE IOCTyIla COIJIaCHO crocofy mno mm. 1-13

16. CUumMTHBAEMBI KOMIILIOTEPOM 3alMCHBAKIMNUI HOCUTEJE C BaluMCaHHOM Ha
HeM IIpoTpaMMOlM, comepxaleld Had®op KOMaHI IJd peajiM3aluuy crocoBa IIo

nm. 1-13.

17. Cnioco® cxaTusa IaHHBIX T'eHOMa, pPasIeJIEeHHHX Ha eOVMHMIE OOoCTyTla
COTJIaCHO cCrocofy mo mnmn. 1-13, npuueM yKasaHHBEe OaHHBHEe CKOMIIOHOBAHH

s oBpasoBaHuUA dopmaTa oala.

18. Cnoco® TpaHCKOOMPOBaHMSA odaljla OaHHEX I'eHOMa, pasiesIeHHOT'O Ha
eIMHMLE OOCTyIla COIJIACHO cHnocofy mno mnm.l-13, TakuMm ofpaszsoM, UTOo
IPM BOCCTAHOBJIEHUM BHPABHMBAHUA IAHHEIX I[I0 OTHOMEHUI K HOBOMY
pebepeHCcHOMY TeHOMY U3MEeHIeTCcd TOJbKO MHOOpMaLMS IIOJIe3HOU
HAaTPY3KM HOAHHHX JOCTyHa 0e3 HeoOXOIMMOCTM TPRAHCKOOMPOBATL OGali

oIeJIMKOM.

19. Cmoco6 o n. 18, B KOTOPOM CTPYKTypa ¢alja OoCTaeTCHd HeM3MeHHOM.

20. Crnioco® 1o mm. 19, B KOTOPOM M3MEHSKTCS TOJLKO BHOpPAHHBEE eIWHMUIIL

oTOCTYyIla.



431-003 PCT/EP2016/074301

21. Cmnoco6 mo n. 20, B KOTOPOM BHOPAHHHMM eIOMHUIIAMM OOCTYIIa

ABJIATCH E€OMHMUIE yKa3aHHOTO IepBoro Tumna (280).

22. Cnoco6 mno n. 21, B KOTOPOM BHOpPaHHEMM e€OVMHMLAMM JOCTYyIla

ABJIAITCA eIMHMUB Jioboro Twuna (290,300,310,320,321).
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DUryPbI
CexBeHupoBaHve Gzip-cxatue KomnoHoska/
reHomMa BbipasHuBaHue

OBHapyeHue Crxartue
BapuUaHToB BAM/CRAM
AHHOTaUuA dopmynuposka
BAPUAHTOB AHanus  |eeessssedpl  [00TE3LI 1
TecTupoBaHue
O6GpaboTtka
[aHHbIX

®urypa 1 - TunoBoi koHeenep obpaboTku reHoma u popmaTth! paina.

Purypa 2 - Popmatbl paiifna reHoOMa U UX B3aUMOCB3b.

S R
Lannnie ” /\
NOCNeA0BaTENBHOCTH P
(cuMTanHbIe ‘>/ -
parmMeHTbl) .

FastQ

Komnouoska | Bhipasuusanue na
GCHOBE PEPEPEHCHOHR

34HOBO NOCNEnoBATENEHOCTH
[eHoM LienuKom
WITH HECTHHHO e e

SAM/BAM

Purypa 3 - BoipaBHUBaHUe CUUTAHHLIX (PparMeHTOB NOCNeNOBaTeNMBLHOCTYU reHoMa..
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CyunTaHHbIA

CuuTanHbii
parmenT &

hparmenT &

CYnTaHHLIA CYUTHHLIR CYNTAHHLIN

CYnTaHHbIA
parmenT 1 parment 3 pparment 2 parmMeHT 4

PecbepercHas nocnedosamensHOCMs

pO0=0 pl=10000 p3=10180 p2=10320 pd=10450 p6=10620 p5=10850

Yposens nosun pos | 10000 | 180 | 670 gi ~ g; e

Purypa 4 - Cnocol oTobpakeHUs U KOOUPOBaHUSA NO3ULUK NEPBOro CHUTAHHOIO (hparMeHTa
M3 TPeX nap CYMTaHHbLIX PparMeHToB, NOACTABMASHHLIX U 3AKOAMPOBaHHbLIX Ha YPOBHE

nosuuum (pos).

MPAMEP
lNMocmosHHas OnuHa cHumanHsix ¢hpasmeHmos = 100

CuwmraH

CuutaH CunraH CyurtaH CuuraH Cuuran

Pedbeperchian nocnedogamersibHOCTb

pd = 10450 p6=10620 p5 = 10850

p0=0 pl1=10000 p3=10180 p2=10320

p2—pl-100 =220

Aucmanyuu 220 170 | -330 p4-p3-100=170
obpasoseaHus nap p6 — p5 — 100 =-330

Purypa 5 - BoluncneHue paccToaHna o0pa3oBaHKA nap A5A TPexX nap CYMTaHHbIX
thparmerToB.
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MPUMEP

MaxcumansHo seposmHoe paccmosHue obpasosaHus nap (MPPPD) = 2 oumbra Oﬁpa:OBanﬂ
nap =
ombra opasosanns s e

nap =2

e —————. . . T s v

[r1] [ra| [r3] [rs] [R2] [r7] [r8] [re6| [ro] k11 Rid P12
PecpbepercHas nocnedosamerbHOCMb

pair 2 -3 2 -1 0 0 Bexrop owubok ofipazoanus nap

{10 SonoHUMEn-HOMY 8bIG0pY YPOoB8eHb pair Moxem Bbimb duchheperyuansHo 3akoduposaH e pair

pair’ I 2 ] -5 [ g I -3 I 1 0 ’ l Bexrop owmGok 06pa3oaHus nap

Purypa 6 - Boiuncnenue ownsoxk odbpasoBaHusA nap.

MPUMEP

Mapa 1 = cuuTaHHbIA PparMenT 1 + CHUTAHHDBIR hparmenTt 2
P B @p ocmosHHas 0nuHa CHUMaHHBIX

Mapa 2 = CHUTaHHBIA PPATMENT 3 + CUUTAHHBIR (PParmenT 4

Mapa 3 = cunTanHbIfA QPAIMEHT 5 + cuUTaHHBIR (DparMeHT 6 thpazmermos = 100
CuuTaHHbIA CUUTAHHBI CUATEHHBINA CUUTAHHBIA CyuTaHHei
parment 1 dparmenT 3 DparMeHT 2 hparment 6 hparment &

YUTAHHBIN

pparmenT 4

Pecbepercrnan nocnedoeameibHoc b 4

p0=0 pl=10000 p3=10180 p2=10320 pd4=10450 p6=10620 pS5=10850

HAucmanyuu
o6paszosanus nap 220 | OxFfffff | 4 170 -330 p2-pl1-100=220
PesepeHoe 3Ha4eHUe (Priaxok) // p4-p3-100=170

WNaentudmkaTop peepeHcHONn nocneaoBaTeNbHOCTY, €CNK OHA OTNMYAETCA OT TEKYWEN p P
pecde PeHCHON NOCNENoBATENLHOCTH

®urypa 7 - Ecnu cuntaHibid pparveHT NoaCTaBnAeTCA Ha APYryio pedepeHCHYI0 NO3ULIUIO,
HEXer BTOPOM 3NeMeHT AaHHON napb! (CUXTaHHbIN hparmMenT 4), TO B paccTosiHue
o06pa3oBaHMA Napbt 4O00aBNAKTCA AONONHUTENbHLIE JECKPUNTOPLI. OOHUM U3 OECKPUNTOPOB
ABNAETCH (PNAKOK CUTHANM3aLMK, BTOPbIM - pedepeHCcHbIR naeHTud uKaTop U ganee

paccrosinue o6pasoBaHua nap.
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uens 1| A A C T G G A

—
—_
9}
o
>
-
>

A C T G

CHUTAHHBIA
hparment 1

uenb2| T T G A C C T

>
>

G C T A T

A G C T

CHUTAHHBIA
pparmeHt 2

Purypa 8 - B ganHOM nape cunTaHHbIX (PpparMeHTOB CUMTAHHBIA pparmMeHT 1 nocTynaer oT

uenu 1 n cunTaHHbIA hparmMeHT 2 -oT Henu 2 .

%
||
yens 1 A A 1

e}
—
o
o
>
—
o,

T C G Al

L A ————

o6paTHoe 3aMellleHne CYMTaHHOro parMeHTa 2

Purypa 9 - O6paTHOe 3aMelieHne CYMTAHHOTO (PparMeHTa 2 KOOQUPYETCA, eClN B KayecTBe

peepeHCHON Lenu UCNOoNb3yeTca Uenb 1.

OnNeMeHT

Lens 1 yposHs Rcomp
uens 2 rC]_

uenb 1 L

uens 2 - rcz

uens 1 ” rc3
uenb 2 ——A

uens 1 rC4
rl rd

uenb 2

Purypa 10 - HeTbipe BO3MOXHDbIE KOMOMHALIMKM CHUTAHHBIX (PparMeHTOB, COCTABNAILUX NAPbI

CYUTAHHBIX (PParMeHTOR, U COOTBETCTBYIOUIEE KOAMPOBaHKE HA YPOBHE rcomp.
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A T T C G A T A

Ped. A A C T G G

A N T N N G A N
CUNTAHHBIA CuuTaHHbIA
hparment 1 dparment 2

YpOBEHbL NMIS

ypoeeHb Nmis (auddepeHynansHoe
KoaupoBaHue) 1 2 1 3 S

Purypa 11 - Boiuucnenue N paccornacoBaHui B ypOBHE nmis.

G A T T C G
T G A N

Ped. A A C T G
A T T N
CunTaHHbI

CUUTaHHbIR
bparmenT 1 (parmenT 2

®urypa 12 - 3ameHni B Nape CYUTaHHbIX (PparMeHToR ¢ NOACTaHOBKOMN.

Ped. A A C T G G A T T C G A T A
C G N C N T
CuuTaHHbIR CunTaHHbIR
bparmenT 1 parmenT 2

YposeHb Snpp

YposeHb Snpp
(andbd. koanposaHue) 2 1 2 1 S

Purypa 13- Boiuucnenue no3suumii 3ameHbl B Buge abCcomoTHBLIX unu auddepeHunanbHbIX

BhipaXeHui.
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Ped CuuntanHbiit | 3aKOAUPOBaHHLINA
OBEHb snpt | e | oaon
(6e3 xopoe IUPAC)
Twn 3ameHbl BbIUUCIIFETCS B KayecTse nHaeKca A c idx(A.C) = 1
BEKTOpPa 3aMmeH, COCTaBneHHOro scemMm : ’
BO3MOXHbIMU CUMBOnamu Hanpumep: A G Idx(A.G) =2
S=[A C,G, T, N,Z] e0e Z = yBaneHue A T idx(A,T) =3
HanpasneHue nHgekca A N idx(A,N) = 4
+ KOIOMPOBAHWE BbinonHaeTca cripasa c A dxCA) = 5
Haneso c o e Oy =1
. [EKOAMPOBAHWE cnesa Hanpaso dx(€.S) =
cC T idx(C/T)y=2
Cc N idx(C,N) =3
G A idx(G,Ay=4
G C idx(GC) =5
Ped. %s;ﬁ:::;ﬁ 3aK0ﬂ3hpA(;i?1HHbll71 Ped. %’S;ﬁ;':ﬁ#ﬁ 3aKOJJ,CmJA(;i?1HHbII7I G T idx(G,T) = 1
G N idx(G,N) =2
A ygan. idx(A,Z) =5 N A idx(N,A)=2 T A idx(T,Ay=3
C yaan. dx(C,Z)=4 N Cc idx(N,C)=3 T c idx(T,C)=4
G yoan. idx(G,Z2) =3 N G idx(N,G) =4 T G dx(T,Gy =5
T ygan. dx(T,2) =2 N T idx(N,T)=5 T N idx(T,N) =1
Purypa 14 - Beiuucnenue 3aMmeH npu KogupoBanun cumasonos 6e3 kogos IUPAC.
Ped. A A C T G G A T T C G A T
C G N C N T
CHUTAHHBIR CunUTaHHBIN
dparment 1 (parmenT 2
YpoeeHb Snpp
{audd. koguposaHue.) 2 1 2 1 3
YposeHb Snpt 1 4 4 5 g
YposeHb Snpt
(audp. koguposaHue) 1 3 0 1 5

Durypa 15 - KogupoBaHue 3amMeH BHYTPU YPOBHSA snpt.
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YPOBEHb SNPT e conon upacy

Twn 3amMeHbl BbIMUCNAETCS B KAYECTBE MHAEKCA B
BEKTOpe 3aMeH, coCTaBlideMoM BCeMU BOIMOXKHBIMA

cumBsonamun. Hanpumep:

S=[ACGTNZMR WS Y, KV HD,B]
HanpasneHue nHpekca

+ KOOWMPOBAHUE BbinonHsaeTca cnpasa Haneso

+ ONEKOOWPOBAHUE cneea Hanpaso

GenomSys SA

pes. | G | Sopesaos

D M idx(D,M) = 8

A Y | idx(AY) =10

A T idx(A,T) = 3

A N idx(AN) = 4

C R idx(C,R) = 6
c G idx(C,G) = 1

C T idx(C,T) = 2

c W | idx(CW) =7
G H idx(G,H)=I

G C | idx(G.C)=15

Pecp, | Sourann | SaKOAMPOBaNHLI G B idx(G,B)=13
G N idx(G,N) = 2

N M idx(N,M) = 2 T A | idx(TA) =13
N W | idx(NW) = 4 T M icix(T,M) = 4
N S idx(N,S) = 5 T K idx(T K) = 8
N B | idx(N,B) =11 T v idx(T,V) = 9

Durypa 16 - Boiuucnenue 3aMmeH npu KOQUPOBaHUKM CUMBONIOB ¢ UCNOML30BaHNEM KOLOB

IUPAC.
Onut YPOBEHb NO3UUMKU Ha TUN 3aMeHbl
Ped. A A C T G G A T T C G T C
A T T C N T T
CunTaHHbIR CunUTaHHBIN
P hparmenT 1 parmeHT 2
7 “ _________________________________ 3HAHEHUE, YKE3LIBAIOLUEE Ha OTCYTCTBUE PACCOrNAacoBaHni
A ]‘ 0 ,F 5] T i 1 !— 1 1- AAHHOTC TUNA A8 33KOANPOBAHHGA Napbl CHUTAHHBIX (HPArMeHTos
:’ ‘.4 """"""""""""""""""""""""" Tepsoe paccornacosanue, gekogupyemoe B gadHon nape Mepsbiit
C l‘ 2 3 0 | I I l I i YPOBEHb, NoANEkaLLni JekegupoBaHuio, forkeH SoiTs noMeYeH
\\ ',' PRAsKoM B 3aronoBKe S4UHNLB 40CTYNA
G [ef2] | [ [ [ |
i S e o DNAKOK, CUTHANUIUPYIOWMUA 06 OKOHHaHUM NEPBOI NAPb CHUTAHHIX
T ] 3 | 8 k 0 ‘\l g | 0 [ l ] chparMenTos. OH CIEAYET 33 MaKCUMAIIbHO BLICOKUM AEKOANPOBAHHLIM
‘l 3HEYEHNEM ANA NEPBON NapL! CHUTAHHLIX (PPBIMEHTOB.
o JU
N [sf]o] | | | [ |
CunTaHHbIR CumTanHbIit
thparmenT 3 thparmenT 4
A G G T C A T T
Pedh. A A C G G G A T T C G T C

Durypa 17 — AnbTepHaTuBHaA MOOESb MCTOYHUKA AN 3aMeH, KOTda KOOUPYIOTCS TOMLKO

MO3nLINK, HO UCTNIONb3YeTCHA O4UH YPOBEHDb Ha TUIN 3aMeHbl.
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Yposeus indp

YpoBeHb indt

YposeHb indt

. BceraBka 3akoaupoBaHHbIN
ypOBeHb Indt (663 Kon08 IUPAC ) crmeon
S=[AC, G TN, Z] A 6
HanpasneHune
« KOIOMNPOBAHWE BbinonHseTcs cripasa Haneso C 7
« [NEKOONPOBAHWE cnesa Hanpaso G 8

T 9
N 10
Ped. A A C T G G A T C G T C
ALC T |6 clinN|T|T
paron | rarmena
(oudp. koguposaHue) 1 1 4 1 5
5 2 4 9 )
(auchd. koauposaHue) > -3 2 5 S

Purypa 18 - Koguposanue 3ameH, BCTAaBOK ¥ yOarneHui B nape CYMTaHHbIX (hparMeHToB

Knacca l, korga He UCnonbL3YTCR Koabl IUPAC.
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. Bcraeka 3akoaupoBaHHbIN
ypo BeH b I ndt (6e3 kopoe IUPAC ) cunson
S=[ACGT NZMR WS Y, KV HD,B] A 16
Hanpasnenue
HanpasneHue C 17
« KOOWNPOBAHWUE BbinonHseTcs cnpasa Haneso G 18
« ONEKOOIWPOBAHUE cneea Hanpaso

T 19
N 20
Ped. A A C T G G A T T C G T C
A C T G C R T W
Gpamment 1 Goaman 2
YPOBEHbL SNpp
(oudbd. koauposaHue.) 1 i 4 1 1 5
YposeHs indt 15 4 g 19 5 S
YposeHs indt 15 | -11 1 18 | -14 S

{(oudbdh. KogupoBaHue.)

®urypa 19 - KoguposaHue 3ameH, BCTABOK U yOarneHui B Nnape CYMTaHHBIX (hparMeHToB

knacca | npu ucnonb3soBaduu kogos IUPAC.

Tabnuya

YHukanoHbi Bepcusi Pasmep Pedh. cueT N 6r10KoB Ped. rnasHoro

na 3aronoska naeHTuhuKkaTopb! ykasarens
(M.I.T)

Gurypa 20 — 3aronoBoK 3aKoAMPOBaHHONK MHDOPMaLKUY NO FeHOMY.
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Tabnuua rmaBHOro ykasaTtens

Ykasarens knacca P
. I'IOSVILWII/I NOACTAHOBKU

‘YKESaT'&l"I'I: tiacca N ’ eAnHKL JocTyna

MeTtaganusie

Eae ; Mosuuwmn B pedpepeHcHo
nocnefoBaTenbLHOCTH
NepBoro CYUTaHHOTO
parmeHTa B KaXa o
efuHuLe gocTyna

37U yKaszaTtenm
UCMONL3YIOTCA NS
"nepexona” K
OU3NHECKMM NO3ULIMSAM B
pedbepeHCcHon
nocnesoBaTenbHOCTH

®urypa 21 — B tabnuue MaBHOro ykasarenst 0003HauYeHbI NO3ULUK B pedepeHCHbIX

AOCreAOoBaTENLHOCTAX NEPBOro CYMTAHHOTO (hparMeHTa B KaX40W eguHKLe JocTyna.

CoobuaeT o0 TOM, UTO TpeTUit
CYUTaHHbLIA (PparMedT B TpeTbLENR
eanHuUe goctyna knacca P
NnoAcCTaBnaeTcsa B pedepeHcHon
nocnepoBaTensHoOCTU 2 Ha
nosuunio 130298

Knacc P . Cenapartop \

10000 | 73987 |123897] .. S 12078 | 62656 [130298/235019] ... S

\—— CoobLaeT 0 TOM, YTO NepPBbIA CHUTAHHLIA hparMeHT B Nepsont

eguHuLe goctyna knacca P nogcrasnaerca B pediepeHCcHoR
nocnepoBatensHocTu 1 Ha nosuuuto 10000

®urypa 22 — Mpumep yacTuuHoM Tabnuukl MTnaeHoro ykasartens (MIT) ¢ otobpaxeHuem
NO3MLMIA NOACTAHOBKY NEPBOI0 CYMUTAHHOIO (hparMeHTa Ha KaXaon No3uUnM eMHULbI

focrtyna knacca P.

10
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Tabnuuia MecTHOro ykasartens (anemeHTol AUn)

Tun yposusa  CyMMapHLIC 8gUHMLL! AOCTYNA P A

[ mn || Uenoewono wuny [T ][]

A

YiasaTenu AN equrHWL SOCTYNA B NONE3HON Harpyaks Creyndirecine
Mozugnn nepsoro GaiiTa KaGoR eanHuLbL SOCTYNE B # Harpyske YPOBHR

MonesHas Harpyska

Purypa 23 — Tabnuua MeCTHOro yKasaTens B 3arofioBKe YPpOBHS NpeAcTaBnAeT cobou BeKTop

yKasaTtenen K eguHULAM [OCTYNAa B NOMe3HON Harpyske.

3aronosok
CymmapHbie Tabnuua MecTHOro ykasarens (anemMeHtel AUn) X
Tun EAMHULb e
ypoBHA aoctyna ~,

0 5|7 | 8 |2500(|35850 98037 |115784 |178930{213578 255904 | 294090 | 312490 (356730

MNonesHaa Harpyska

Durypa 24 — MNMpumep Tabnuubl MecTHOrO ykasarens (LIT).

11
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Tabnuua rnasHoOro yKasatena v Tabnuubl MECTHOIO yKasaTtens

Yiassrents xracca M Komnouents MIT

ur .

Ykdsatenk knaccal |

o

s N SRS
- ; -

Eqnnnua .qpc-ryna .
'rvmas .

w

Purypa 25 — DyHKLUMOHANbLHAA B3aUMOCBA3L Mexay Tabnuuen MaBHOro ykasartens v

Tabnuuamy MeCTHbIX ykasaTene.

MoTok, cogepxaymi
3aKO/JMPOBaHHbIE 1aHHLIe,
npuHaanexaiye no3uLmm

(pos) ypoBHsi p

MoTok, coaepralumi
33KOMPOBAHHbIE [laHHbIe,
npuHaanexauwe nape
(pair) ypoBHA p

MoTok, cogepxaiymi
33KOAMPOBaHHbIE [1aHHbIE,
npuHaanexaiwme
oBpaTHOMY 3aMeLLeHIIO
(rcomp) ypoBHS p

:i?i‘

MynbTUnnekcop

durypa 26 — EaMHULB! BocTyna obpasyoTca OnoKaMu OaHHbIX, NPUHAANeXKaW UMK

HECKONLKMM YPOBHAM M UHOSKCUPOBaHHLIM € UCNONbL30OBakueM Mexanusmor MIT w LIT.

12
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SR OWIR RN GEN WSWG NS GSORG W WD O DN WO GNDN ORGSO ROWE  MONR  GONNR WS MO SN GO RO G R N o

{ Dannbie Pos [Jandbie Rcomp [adubie Pair  Janubie Pair
i

EavHuua
noctyna Tuna 1 \
‘ i

"

R

h

mmwmmmmmmmmmmwmmmwmm“w

WHopmalua saronoska
npeoBpasoBaHa B NakeTbl
BHYTPU HECKOMBKUX 38r0NOBKOB
nakeToB

MoTtok, copepxawmin
33KCANPOBAHHLIS AAHHbIE,

B e

MoTok, cogepxawmi
3aKOAMPOBAHHbLIE AaHHbIE,
npuHaanexatuue o6paTHomMy
3aMeLueHmnio (rcomp) ypoBH:A p

AN EEAEEANERENEAEEER
®

Terra

EEEN

e
e,
e

A
=N=—N=—=—

*

MoTok, cogepxatmi
3aKOAUPOBAHHBIE AGHHbIE,
npuHagnexawue nape (pairy
YPOBHSA P

MynbTUniekcop

TR R
——
e |

MoTok, cogepxatumi
33KCAMPOBAHHLIE AaHHbIE,

- NPUHAANEXALUNE ANUHE
ERREERABEEENB AT AR REGES

cyuTaHHoro dparmenta (rlen)
" EpvHuua goctyna yomm D

3 i \NNN &‘%

o

Treeell)
B
—
S|

%

Purypa 27 - Epunuua goctyna tuna 1 npeobpasoBaHa B NakeT M TPAHCNOPTUPOBaHA B

YROTHEHHOM hopmaTe AaHHBIX TeHOMA.

270

MakeT Brnok AaHHbIX Bnok faHHbIX BnoK ganHbix Bnok faHHbIx (’
OaHHbIX "

EauHuua goctyna
(AU) Ne 1

AU Ne 2

AU Ne K

YposeHb 1 YpoBeHb 2 YpoeHb 3 YpoBeHb 4

Purypa 28 - EguHuubl focTyna o6pasyoTCs 3arofioBKaMi ¥ YNSIOTHEHHbIMK GNnoKamu,
ApUHaONeXamuMm ogHoMy unu 6onee ypoBHAM OAHOPOOHLIX AaHHbIX. Kaxobin 6nok MoxeT
COCTOATL U3 OQHOro unu 6onee NakeToB, COAePXAWKUX JeACTBYIOWME ASCKPUNTOPL!

uHtopmaLum 0 reHOMeE.

13
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Tun 0

EgnHuda pgoctyna Ttuna 0 cocToMT W3 3arofioBka W 4actu  pedpepeHCHOon
nocnefoBaTeNbHOCTU, UCTIONb3YEMON A1 BbIDABHUBAHWA 38KOSUPOBAHHBIX AAHHbIX.

OHa ucnonb3yeTcs AnA KOQWPOBAHWS CHMTAHHLIX (DPArMEHTOB B Ka4eCTBE NO3WULMA U
paccornacoBaHuii No OTHOLLEHUIO K pebePEHCHON NOCNeA0BaTENBHOCTHY

280

4

dparmeHT pedpepeHCHOoN
nocnesoBaTenbHOCTH

A

Purypa 29 - Egunuuam goctyna tuna 0 He TpeGyeTcs cChifika Ha MoGyro uH(opMaLunio,

MNOCTYNAKUWYI0 OT APYIUX eAUHUL A0CTYNA, NpefHasHaYeHHbIX A8 AOCTYNA MU

OeKOAMPOBAaHUA U JoCcTyna.

« POS: NO3ULIMA CHUTAHHLIX (ParMeHToB

Tun 1 B pedepeHCHOl NocneaoBaTenLHOCTH
EauHuda goctyna tuna 1 COCTOUT U3 3aronoska u (1 Ha knacc)

NOMYYEHHbIX MyNbTUMNEKCUPOBAHUEM GOKOB J@HHBIX TUNOB  + Rcomp: oBpatHoe 3ameliene

pos, rcomp, pair (HeobaszaTensHbiR) 1 rlen ®naxok (1 Ha Knace)
(HeoBa3aTenbHbLIR). » Pair: uHcbopmauus 06 obpasosanum
OHa UCNonb3yeTcs Ans KOAUPOBAHMS CUUTaHHbIX nap (1 Ha knacc)

cpparmenToB knacca P * Rlen: (HeoGs3aTensHas) AnvHa

CUMTaHHBIX (hParMeHTOB B Cliydae
CYMTaHHBIX (iparMeHTOB NepeMeHHoN

AnUHb
= Onaxky: cneumduyeckue
XapaKTePUCTUKN CHUTBHHBIX
290 ,\ thparMeHToB
_______________________________________________________ 1
: i
| 291 Briokn nanueix Pos  bnoku aaxHeix Rcomp Bnoku Aanubix Pair Briokn gaxbix Rlen :
I
! 296 !
L) o
i
i
I YpoBeHs Pos YposeHs Rlen :
I
! \— 202 N 205 !
e e e e e e e, e e, e e, e, e, e e, e, e —— = ——— -

Purypa 30 - Egunuua noctyna tuna 1 copepXmT AaHHbIe, COOTHOCUMbIE C OaHHbIMM,

nepeHoCUuMbLIMYM eAMHULIAMKM gocTyna Tuna 0.
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Tun 2

EaguvHnua goctyna tuna 2 coCTOUT M3 3arofoBKa u
MONYyYEHHbIX MyNbTUINNEKCUPOBaHueM ONoKoB JaHHbIX
TUMOB POS, rcomp, pair (HeobasartenuHbI), rlen

(HeoBsA3aTenbHbLIA) M NMIS

OHa MCnonb3yerTca 4nA KoguposaHua CHUTaHHbIX

thparmeHTOB Knacca N

290

gocryna tvina 1

i T i T T T B B

Danuble Pos Daxuble Rcomp  Oaduble Pair Oaddbie Rlen

s
i
}
i

GenomSys SA

P0oSs: No3uLns CHUTaHHBLIX
thparMeHToB B pehepeHCHOR

nocneposatensHocTu (1 Ha knace)

Rcomp: o6partHoe 3ameLeHue
dnaxok (1 Ha knace)
Mapa: uHpopmMauus

(neoBazatencHasn) o6 o6pa3oBaHnu

nap (1 Ha knacc)
Rien: (HeoBazaTenLHan) gnuHa
CUUTAHHBIX (PPArMEHTOB B Criy4ae

CYUTaHHbLIX PParMeHToB NepemMeHHoR

OTNUHD!

I
i EanHuua
1 Jocrtyna tuna

{ MDannbie Nmis
i
I

ma-“w-n—ms—w--—w-ﬁ»-&uﬁm—_-’ﬂmummm)&m_iu-_-w_#

durypa 31 - Egunuubl oCTyna TUNa 2 cogepXart JaHHbie, COOTHOCUMbIe C eOuHULEeN JocTyna

Tuna 1. Umerorcs nosuumu N B 3aKoaupoBaHHbIX CHUTAHHBLIX (hparmMeHTax.

Tun 3

EauHuua goctyna tuna 3 COCTOUT K3 3arofoska u
NONYYEHHbIX MYNLTUMNEKCUPOBAHUEM BNOKOB AAHHLIX
TUMOB POS, rcomp, pair (HeoBGaszarensHelit), rien

(HeoOsA3aTenbLHbLIR) snpp, snpt

OHa UCNONb3YETCA AN9 KOAUPOBAHUA CHUTaHHLIX

thparmenTos Tuna M

e w W W

’ﬂaHHble Pos fauuxeie Rcomp [anuuie Pair

Eanunuua
I - ~AoctynaTuna i _

Lannsie Rlert ¥ Aannbie Snpp
i

Pos: no3uums cCUUTaHHBIX (DParMeHToB
B pedbepeHCHON NoCneaoBaTenbHOCTH
(1 Ha knacc)

Rcomp: obpartHoe 3ametieHne Onaxok
(1 Ha knacc)

Mapa: undpopmanus (HeobszaTensHas)
06 obpasosanuu nap {1 Ha knacc)
Rien: (HeobazatenwHas) gnvHa
CHUTaHHLIX (PParMeHToB B cry4ae
CUUTaHHLIX (PParMeHTOB NepeMeHHoN
ANUHB

Snpp: nNo3uLys paccornacoBaHus
Snpt: Tun paccornacoBaHus

Eannnua 310

I . Jjoctynarynad ...f.'. R
Haxusie Snpt

w s s wes @

Purypa 32 - EguHuubl goctyna Tuna 3 cogepXart JaHHbie, COOTHOCUMbIE C eQUHULEN JOoCTYNa

TMna 1. B 3aK0OUPOBaHHbBIX CYMTAHHBIX (PParmMeHTaxX YKa3biBaloTCA NO3ULIMKM U TUMbI

paccornacoBaHus.
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P0s: NO3WLMA CUMTaHHBIX (DparMeHT OB
B pechepeHCcHO NOCNenoBaTenLHOCTU
(1 Ha knacc)

Tun 4 Rcomp: o6patHoe 3ameldenue Onaxok
EauHMua ocTyna tMna 4 COCTOMT U3 3aronoBKa U NonyveHHbIX (1 Ha knacc)
MYFIbTURNEKCUPOBaHueM GRoKoB aHHbIX TUMOB ipos, ircomp, ° Tapa: uidopmaums (HeoGasarensHas)

ipair (HeoBs3aTenbHbii), irlen (HeoGs3aTensHsIi) indp, inpt, 06 oBpasosanmy nap (1 Ha knacc)
indc » Rlen: (Heobs3aTensHas) AnvHa

CYUTAHHLIX (DParMeHToB B Criyyae
CYUTAHHBIX DParMeHTOB NepemMeHHoil

OHa UCTIONb3YETCA ANA KOAUPOBAHUSA CYMTAHHBIX (PparMeHToB

knacca | i
* Indp: No3MUMK BCTABOK-YAaneHui u
E'qw-mu‘a paccornacoBanui
1 290 = Indt: TUN BCTaBOK-yAaneHui n
i o o o o oo Aoctynatmnat o 4O " pacCornacoBaHuil

Indc: MsArko yceueHHbie OCHOBaHUs U

i aHHble Rcom aHHbie Pair aHHbie Rlen g
Rantibie Pos A p A ) A i MHPOPMAaLIMS 0 KECTKOM YCeUEHUU

320

DanHble Indp faHHble Indt Dauusie Inde

I Epunuua
lnocryna tvna 4
I

, !
321 322 ‘\‘323

®urypa 33 - EguHuubl goctyna Tuna 4 coaepxart gaHHbie, COOTHOCUMbIe ¢ eauHULEN JocTyna

o e

TMna 1. B 3aKk0ogupoOBaHHbIX CYMTAHHBIX (PparmMeHTax YKasbiBaloTCA NO3ULIUM U TUMIbI

paccornacoBaHun.
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EanHuubl goctyna tuna 0 (ynopagoveHHble) KOgUpyoT
peepeHCHYIO NOCNEA0BATENLHOCTL

AU 0 1 AU 0 2 AU 0 3
AU 1 1 Al 1 2 AU_1 3
HAankbie # AU 2 1 AU_2 3 AU_2 2 AU 2 4
nocnefoBarTenbHOCTY
feHoma
# AU 3 4 AU 3 2 AU 3 1 AU 3 3
» AU 4 2 AU 4 3 AU 4 4 AU 4 1
EavHnub goctyna Tunos 2 - 4
(HeynopsaoYeHHbIE)
Purypald - Mepeble NATL TUNOB eMHML [OCTYNA.
EanHnub goctyna tuna 0 (ynopagodeHHble) KOaupyloT
Aannbie » AU 2 1 AU 2 3 AU 2 2 AU 2 4
nocnefoBaTenbHOCTH
FeHoma
» AU_3_4 AU_3 2 AU 3 1 AU 3 3
» AU 4 2 AU 4 3 AU _4 4 AU 4 1

EanHnup goctyna tuna 1 3aBucart ot eguHny goctyna tuna 0

Purypa 35 - EquHuubl AoCTyna TUNa 1 COOTHOCATCS ¢ TpeSyiowumn eKoaupoBalua

eAuHKLaMK gocTyna Tuna 0.

17
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EauHuubl goctyna tuna 0 (ynopagoveHHbie) KoaupyoT

[aHHble
noCNegoBaTeNbHOCTY
reHoMa

» AU 3.4 AU_3_2 AU_3_1 AU_3_3

A 4

AU 4.2 AU 4 3 AU 4 4 AU_4_1

EnuHuLb JocTyna TUna 2 3aBUCAT 0T e4uHKL 4OCTYNAa
Tunos 0 u 1

Purypa 36 - EguHMLbI 4OCTYNA TUNA 2 COOTHOCATCA ¢ TPeSywuMn JeKogupoBaHus
enuHuuamu goctynatuna 0 m 1.

EavHuuel goctyna tuna 0 (ynopagodeHHbie) KOGUpYIT pedepeHcHyIo
NoCNeAoBaTENLHOCTL

AU 2 1 AU_2 3 AU 2 2 AU 2 4

LaHubie
noCneaoBaTenbHOCTH
reHoma

Y

AU 4 2 AU 4 3 AU 4 4 AU 4 1

EguHule! goctyna tuna 3 3aBucAT OT eauHul, AocTyna
Tunos 0 u 1

®urypa 37 - Epunuubl gocTyna Tuna 3 COOTHOCATCH ¢ TPpedylowmumn AeKoaupoBaHuA

eouHuuamu gocrynatuna 0 u 1.

18
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Eaunuubl goctyna tuna 0 (ynopsgoveHHbie) KognpyoT pedepeHcHyo
nocNeaoBaTenLHOCTL

DanHbie
nocneaoBaTensHOCTY
reHoma

EauHuubl goctyna (AU) tuna 4 3asucat ot AU tunos O u 1

Gurypa 38 - EpuHMUbL! gocTyna Tuna 4 COOTHOCHATCA ¢ eauHMUamu nocryna tuna 1 gna

KOOUPOBAHUA CUUTaHHLIX (hparmeHToR Knacca l.

I
I
I
[ Au 23 AU_2 2 au_2 4| |
i I
LanHbie ! !
nocnegoBarTenbHOCTH 1 CMETaHHBIS 1
TeHOMA \\ dparvente nacea M|
N I
i I
AU_3_1 AU_3 4 AU 3 31
» AU 4 2 AU 4 3 AU_4 4 AU_4 1

EnuHulb BoCTYNa TMna 3 3aBUCAT OT €QUHKLL JOCTYna
Tunos 0 u 1

Purypa 39 — EnvHuubl gocTyna, Tpebyembie ans AeKOOQUPOBAHUA CUMTAHHBIX BLIGOPOK
MOCNeAOBaTeNBLHOCTY € PacCOornacoBaHMAMM, NOACTABNEHHLIMU BO BTOPON CErMeHT

pedepeHcHon nocnegoBarensHocTr (AU 0-2).
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EavHuubl goctyna tuna 0 (ynopagodeHHbie) KoANPYIOT petepeHCHyto
nocnefoBaTensHoOCTL

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

>
o
o
-
=
IC
o
N
B
L
o
W

» AU 11 AU 1 2 AU 1 3
! AU_2 1 | 1 Au 23 | tav22 | TAU24]
HaxHbie
T o sfausza]l [avsz2] [as3si] [Aau3s]
eyl AU 4 2 | { AU 4 3 | tAau4g4 | AU 41|
Haxubie
nocnejoBaTenbHOCT
U reHomMa

Ecnu 4OoCTYNHbLI AaHHbIe HOBO# NOCREA0BATENBHOCTY,
HOBbI YPOBEHb eaMHuL JoCTyna A00aBNaAeTCA NOBEepPX
CYLIECTBYIOWETo YPOBHSA

Purypa 40 - Korga poctyrnHbl HOBbie JaHHbIE, NOBEPX CYWECTBYIOUNUX AaHHbIX CO3aeTCH

HOBLIW YPOBEHL eiWHUL, JOCTYNA.
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400
C

ceKxpeHunposaHuaA

YCTponcTeo

GenomSys SA

401
L

reHomMma

Koguposarue
LaHHbIX B
eauHuyax
gocryna

Heckonbko
eauHuLY goctyna
KOMTMOHYIOTCS
napannensHo

Cpasy nocre co3gaHus sk3emnnsapa
eJMHULBI JOCTYNa BO3MOXHA ee
nochifika B NPUNCKEHWe aHamaa

(AU tuna T c nopagkosbiv HoMmepom N)

403
C

MpunoxexHwe
aHanusa
reHoma

L 4

Mpu aTOM Ha NepeaaloLlieM KOHLIE 0IBKHO
ObiTh 06ecneveHo, 4To Moban eauHULA
NOCTYNa, 0T KOTOPO# 3aBUCUT HOBasi eAMHULG
aoctyna (Hanpumep AU Tuna 0) yie fomkHa
ObiTh NepeaaHa.

®urypa 41 - CTpykTypa OaHHbIX Ha OCHOBE eAUHUL JocTyna obecnevynBaeT BO3MOXHOCTb

aHanu3a daHHbiX reHoMa nepeg daBeplieHueMm npouecca CekBeHKpOBaHuUA.

Hannbie
nocneAoBaTenbHOCTU
reHoma

v

AU_4_2

» AU 2 1 AU 2 3 AU 2 2 AU 2 4
» AU 3 2 AU_3_ 1 AU_3 4

B pesynbTate HOBOIO aHanusa

cuuTaHHble BoiGopxu u3 AU_4_3 moryr -

ObiTh NepeHeceHsl B AU_3 3, -

-
-
o

-

AU 4 1

Gurypa 42 - [Ins HOBOIo aHanu3a, BeilOHAEMOI0 Ha CYWEeCTBYICWMX JaHHbIX, MOXeT

NOHaJOOUTLCA NepemMellieHue CUMTaHHLIX (PparMeHTOB U3 egUMHUL JOCTYNa Tuna 4 B eauHuuy

gocrtyna tuna 3.
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Hannse
NOCNEA0BATENEHOCTH
TeHoMa

—l AU 4 2 | | Aau a4 3 | | Au 4 4 | | Aau_a 1 |

el AU 5 1| | Aaus 3 | | aus 2 | | Aus 4 |

el AU 6 3| | Aue 1}  Aau6 2 |

Yiasarens unacea b .
..
Emumqamymvyr(akmria 1w AU 1 p
: HoBble aHHOTAUNOHHbIE
. [aHHBIE NOMYHEHb! B
Emescamanmet = AUTN pPe3ynbTaTe HOBOTO
' Meceunssuunnnal

Enmim i s AU12N : aHanusa

Yrazatens knacea N

Yiasarenk knacea M
-

*
3 Illlllllllllll:
-

Eqnnm.fépucr&na et E AU 1M .
= Apcryd wiia
Vit knacial Seesumweinenet
& Frrmamassuas,
. o o )
Eauiin oot e na 1 § A1) "
L : .-)-.l:-----m-;
Expin ‘Ovrynamnai: x
. ""a-)nnunusn-;ix : : )
Bl Aceiyia a5 & AUS . ; ’ - T
- Srerasienaanag .
Eauita docryna g 6 -E' %3’
o i 5

e
431 J

Hosas aanuce B Tabnnuy MT ans 3aHoso f}«"""‘i‘v‘mmm
432 CreHEPUPOBAHHBIX JaHHBIX {(HENPUIED, PEIYNETATR! AHENNIE)

Purypa 43 - 3aHOBO NONYYEHHLIE PE3YNbTaThl aHANU3A MHKANCYNUPYIOTCA B HOBYIO eQUHULY

AocTyna Tuna 6 u COOTBETCTBYIOWMIA MHOEKC co3faeTcs B Tabnuue MMaBHoro ykasarens.
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O6HoBnseTcA 0O6nacTb reHOMa, BKIMOYEHHas B €QUHULY
poctyna (AU) 0-2

=
‘C:
IO
w

k 4
>
c
ll—-‘
w
>
C
[
=Y

AU 2 4

¥
>
|C
IN
R

[ Benen 33 nybnukalyel o6HOBIEHHOM
AU 3 2 AU 3 1 Al obnactu redoma, cogepxaliieiica 8 AU
0-2, HEKOTOPbiE U3 CUUTAHHbIX

___ GparverTos, cogepraumxca B AU 2-
2. MOryT niepemelilatbes B AU 1-2 (be3
AU 4 2 AU 4 3 Al paccornacoanuii)

——

Hannsie
nocneqoBaTEenbLHoOCTN
reHoma

A 4

A 4

durypa 44 - TpanckogupoBaHue BCreacTBUe nyGnukauuu HoBow pedepeHcHOR

nocneaoBarTesibHOCTY (FreHoMma).

Mosnyum cuntTaHHbIxX hparmMeHToB OBHOBNAIOTCS B
eAvHuLax gocrtyna tuna 1

AU 1 3 AU 1 4

AU 21| |au 23] |Au 22 AU 2 4

s 4

Lannbie
NOCAEA0BATENEHOCTH
reHoMa

AU 3 1| |AU_3 4 AU_3_3

s 4

®urypa 45 - CuntaHHble (pparMeHThl, NOACTABMEHHbIE B HOBYH 006facTh reHoMa ¢
NOBbLILEHHbLIM Ka4eCTBOM (HanpumMep, 6e3 BCTAaBOK-yQaneHuil) nepeMejaloTca U3 eguHuLbI

focTyna tvuna 4 B eguHuLy gocryna tuna 3.
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Mosnymn cunTarHbIX hparmeHToB 0BHOBNRAIOTCS B
eauvHuLax gocryna tuna 1

k4

AU 1 1

v

AU2 1| |Au

LaHHbie
NOCNeoBaTENbHOCT)
reHoma

AU 32| laus 1

v

vy

AU 42 lauas3] |avuaa AU 4 1

Purypa 46 — B cnyyae oGHapyeHUA HOBOTO MeCTa NOACTAHOBKY (HanpuMep, ¢ MeHbLINM
KOMUYECTBOM PaccornacoBaHuil) COOTBETCTBYIOWME CHUTaHHBIe (PParMeHTL! MOTYT

nepeHeceHbi U3 OOHONW eQVMHKLLI AOCTYNa B APYIYIO TOTO Xe TUna.

gER N AN WA UDW AW ST W WA WO WO S NN AN oW DD ODWR NN SUW  AOEY W MW GO SR SO S

¢ Tun 1 gaHHbix  Tun 2 gadHbix Tun 3 gaddeix  Tun 4 gaHHbIX
I Epunmua ?
{ nocryna tuna 1
i

i
i
i
{

A WA NEOR WG RGNS KWW AU WA SEREE G SR S RO N R WSO W GRNE WR G WRNG  Bme e el

G BN USSR BN SURN RONG  RRGE MMM SONR  WRSE WKW B TSN AW BN MY OGS WSOS GRS WM WML VRN BEOR S R

Tun 5 gaHHbIX Tun 6 gaHHbIX Tun 7 AaHHbIX
EnnHuua A A A

pocryna tuna 4

i
L R

s wem wmem meR mmy

NN WA T DN W U N O SN VRSN R W N WG WM RGN W WGRS  wee B NN dee RN e e e i

Purypa 47 — UsbuparenoHoe wudpoBarHmue MoxeT ObiTh NPUMEHEHO K eguHULAM JoCTYna

TUNA 4 TONLKO NPYU HANMUYUKN B HUX YYBCTBUTENbHONK UH(opMauuy, Tpebyiowen 3amnThl.
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490
Co3pars
pethepeHcHy
NOCneqoBaTenLHOCTL
493
4
et
HexogHbie gaHebie :
noCNeaoBaTeNbHOCTY Peq)epeHCHaﬂ ﬂa
————] TOCTIEA0BATENEHOCT »| DBoipasHvsatens
A0CTynHa?
TN 494 495 496
491 i -/ -
YpoBeHs knacea p Eaurna goctyna
> Kacca p
492 YpoBeHs KNacea m Eaurmua foctyna

BrIpOBHEHHbIE
OaHHbIE reHOMa

KNacca m
" B

MynbrTunnexco
o YposeHb knacca N Eavivua .qoﬁryna I"eynoma P
AOMOAHUTENEHOMY Knaccudpkarop » facca MynbTunnexcop >
———— 3aKa3Y) '’ reHoMa Mporpamma reHomMa
Mepepacnpeseniment YposeHs knacca | | CUHTaKCHHECKOTO ERMHKI?TLSCQ{I‘:TVH&
aHanuaa AaHHbIX »
Yposers Eavnvua goctyna
METAZAHHBIX MeTARALHbIX
YPOBEHb AHHOTALM EquHiLa 4oCTYNE |
aHHOTALIAW

Kogep reHoma

®urypa 48 - Kopep reHoma npeacTaBnaeT cob0OM NepBYIo CTYNeHb KNnacCu(uKauny JaHHbIX U
BTOPYIO CTYNEHbL CUHTAKCUYECKOrO aHanu3a M KOOGUPOBaHUS JaHHLIX. 3TOMY MOXET
npegiecTBOBaTL BbiPpaBHUBaHUe Ha ped)epeHCHON NOCNeAOBaTeNbLHOCTH, CTEHEPUPOBAHHON
BHEWHUMY UNY BHYTPeHHUMU cpencTBamu. Kogep reHoMa MOXeT UCNonb30BaTh

BbhipaBHUBATENW U BHOBEL CO3aHHbIe KOMNOHYIOUWIKME NpOorpaMMbl 4NA NOArOTOBKM OaHHBIX K

KOOuUpoBaHuio.
501 502 503
// Eauivua gocryna ,,// //
waccap JleckpunTope! knacca p
Eaunnua goctyna
Knacca m > Feckpunmopbl knacca m BbIXOA
EqnHnua goctyna s FASTQ
MyneTunnexcop knacca N R Tecrpurmopet knacca N
TBHOMA HemynerTunnexcop > Lekonep
Knacca SCKDUIMTTOPR B! KNacca
> Reckpuntop . Bbixoa
Eannvua goctyna SAM/BAM
METAAHHBIX Feckpurmops! MeTagaHHbLX
Equrnua aoctyna B
BHHOTALMAN FleckpunTops! aHHOTaUMN

Purypa 49 — [leMynbTUNIIEKCED reHOMA U3BIEKAeT COQCPKUMOe YPOBHEN eQUHML, OOCTYNA U3
YIIOTHEHHOW CTPYKTYPb! reHoMa, Jekozep (no OfHOMY [eKoepy Ha ThM efMHMLbl J0CTYNna)
M3BNEeKaeT AeCKPUINTOPbLI FEHOMA, KOTOpbie Jaree JeKOLUPYHTCH B pasiuyHbie popmaTthbi
reHoma - Takue kak FASTGQ u SAM/BAM.
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