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BBEJIEHHUE

buoundopmaTuka — HOBasl HayKa, BO3HHKIIAs B Hadasie 80-X roJl0B Ha CTHIKE MOJIEKY-
JSIpHOM OMOJIOTMU U T€HETUKU, MAaTEeMAaTUKH (CTATUCTUKHU U TEOPUHU BEPOSITHOCTH) U UHOP-
MaTUKH. TOMYKOM K 3TOMY HOCITY)XUJIO IMOsiBIeHUE B KOHIE 70-X TOHOB OBICTPHIX METOIOB
cexkBeHupoBanus nocnenoBatenpHocTedt JIHK. Hapacranue oO6beMa MaHHBIX MPOUCXOIUIIO
OYeHb OBICTPO U CTAJIO SACHO, YTO Ka)</1asi MOJIyYCHHAs MTOCIIeI0BATEIBHOCTh HE TOJIBKO MPE/-
CTaBJISIET UHTEpeC caMa 1o cebe, HO U MPUOOPETaeT JOMOIHUTEIbHBIA CMBICT IIPU CPAaBHEHUU
¢ npyrumu. [lon OuonHpOpMATHKON MOHUMAIOT HAYKY, 3aHUMAIOLIYIOCS aHAIU30M JKCIEPHU-
MEHTAJbHBIX JAaHHBIX MOJIEKYJISAPHONH OMOJIOTHM: CEKBEHHPOBAHHBIX IOCIIEOBATEIBHOCTEH
OMONOIMMEPOB, IKCIIEPUMEHTAIBHO OINPEICICHHBIX MPOCTPAHCTBEHHBIX CTPYKTYp OMOJIOTH-
YECKMX MAaKPOMOJIEKYJI, TaHHBIX 00 IKCIPECCHU T'eHOB W T.I. MeTogamu OMOMH(DOPMATHKU
ABIIIOTCS METOJAbl OpraHu3alui MHGOPMAIUN, KOMIIbIOTEPHbIE METOAbI, METOIbl BBIYMCIIU-
TEIbHOW MAaTEMAaTUKH U CTATUCTHUKHU.

Kypc «buonndopmaTuka» COCTOUT U3 YETHIPEX pa3/IesioB: BBeJACHUE B OuonH(pOpMaTu-
KY, MOJIEKYJIIpHAasl BOJIIOLMS, METObI aHAJIN3A [10CJIEJ0BATEIbHOCTEN HYKIIEMHOBBIX KHCIIOT,
METO/BI aHajn3a TMocieaoBaTebHocTel O6enkoB. Hayunyto ocHoBY kypca «buomndopmaru-
Ka» COCTaBJIAIOT TaKHe AUCIUILIMHBI KaK TeHETUKa, OMo(hu3nKa, OMOXUMHS ¥ MOJIEKYJIsIpHAs
Ouomorus.

Lenp nzyyaeMoil QTUCIUIUIMHBI — IOTy4YE€HUE OCHOBOIOJATAIOIINX CBEJICHUI O coep-
KAHUA M BO3MOXHOCTSIX HMH()OPMAIMOHHON Ononoruu (OMOMH(POPMATHKH), BO3MOKHOCTSIX
NPWIOKEHHUS METOI0B HH(OPMAIIMOHHON OMOJIOTHH K PEIICHUIO (PYHIAMEHTAIBHBIX M TPUKIIA]I-
HBIX [IPOOJIEM MOJIEKYIISIPHOM OHUOJIOTHH.

3ajaun: 03HAKOMJIEHHE C CYIECTBYIOIIMMU METOJUYECKUMHU IMpHUEeMaMH M HOJX0/a-
MU, UCIIOJIb3YEMBbIMH TIpU paboTe ¢ 6a3aMu JaHHBIX OMOJIOTMYECKON HANIPAaBIEHHOCTH, OCBO-
€HUE YMEHUSI MPOTHO3MPOBAHMS OCHOBHBIX (PM3UKO-XMMHUYECKUX M OMOJIOTMYECKUX CBOMCTB
AHAIN3UPYEMBIX HYKJICOTHUIHBIX IOCIIEOBATEILHOCTEN U JETEPMUHUPYEMBIX UMM IMPOJYK-
TOB, a TAK)KE MPEJICTABICHUE UX NOTEHUUANbHbIX (QYHKIUH. Tak Kak OCHOBHBIE JJaHHBIE, KO-
TOpbIE UCMOIb3YIOTCS B OMOMH(OpPMATUKE — MOJIEKYISIPHO-OMOIOTHYECKHE, TO KypC BKIIIOYa-
eT B ce0s KpaTKoe H3JI0KEHHE HEeOOXOAMMBIX I MOHMMaHHS (aKTOB W3 MOJIEKYJISIPHON
6uonoruu.

MeTonyeckuMu OCHOBAMU Kypca SIBJISIFOTCS JIEKLUHU, B KOTOPBIX H3JIaratoTcsl OCHOB-
HBIE OJIOKEHUSI Ka)KJIOTO pasjiena, IPaKTUUEeCKUEe 3aHSTHUS U CaMOCTOsITeNIbHas paboTa cTy-
JIEHTOB, SBJIAIONIASCS OCHOBHBIM CIOCOOOM YCBOEHUSI MaTepuajia B CBOOOJHOE OT aylUTOp-
HBIX 3aHATUH BpeMsl.

[TpodeccnonanbHble KOMIETEHIMH, (OpMUpYyEMBbIE y CTYIEHTOB B pe3yjbTaTe U3yue-
HUS AUCUUIUIMHBI — BJIaJICHUEe METOJUYECKUMH IpueMaMu OMOMH(pOPMATUKH, aIrOpUTMaMU
00pabOTKH pa3HbIX TUIIOB MOJIEKYIISIPHO-OMOIOTMYECKUX JAHHBIX C HABBIKAMU [TPOrPaMMHUPOBa-
HUSI, MATEMATUYECKOTO U CTAaTUCTUYECKOTO aHAIN3a JTAHHBIX.

B pesynbrare usydeHus: AMCUUIIIIMHBI MarCTp JODKEH: 3HATH OCHOBHbBIE MTOHSTHS, 11e-
JM ¥ 337ja4i OMOMH(pOPMALIMOHHOTO aHaju3a (COCTaB M OopraHu3anus 6a3 JaHHBIX MO0 OHOJIO-
THYECKUM TOCJIE0BATENBHOCTAM M MOJIEKYISAPHBIM CTPYKTYpaM, MPUHLUIBI HaBUTALUU IO
O6rorH(OPMAaLIMOHHBIM pecypcaM); OCHOBOIIOIATAOLINE KOHLENIUN ONOMH(POPMATHKH; CIO-
coOBbI MOJIy4€HHUs, OPTaHU3allMM U aHAJN3a JaHHBIX; YMeTh HCIO0Jb30BaTh OCHOBHBIE MOJIXO-
JIbl 1 METOJIbI OMOMH(OPMATHKH JIJIs1 PELIEHUS] KOHKPETHBIX HAayYHO-HUCCIIEI0BATEIbCKUX 3a/1a4;
BJIa/IeTh KIIIOYEBBIMH METOJIaMU, TAKMMH KaK BHIpaBHUBAHHUE MTOCIIEA0BATENILHOCTEH, (pritoreHe-
TUYECKUN aHaIN3, IM3aiH paiiMepoB, aHHOTALMS TEHOMHOM IIOCIIEA0BATENbHOCTH U T.JI.



Pazoen |
BBEAEHUE B BUONH®OPMATUKY

1.1 Onpenenenune 6MouHPOPMATHKH

[Tonsitue «uHdoOpMaIus» MPOHUKAET BO BCe chephl AeATEIHLHOCTU YeOBe-
Ka, 00bEIUHSSI UX B €IMHBIN B3aMMOCBSI3aHHBIN U B3aMMO3aBUCUMbBIA KOMILIEKC.
OTHOCHUTENILHO HEAaBHO MOSBWICS Jaxke TepMUH «uHpochepa» — nHbopmalu-
OHHBIE CTPYKTYpPBI, CUCTEMBI U MPOLECCHl B HAYKE, OOIIECTBE M MPOU3BOJICTBE.
BwmecTte ¢ Tem, 10 cuxX MOp OTCYTCTBYET €/IMHAs TOUKa 3pEHUsI HA npeomen VH-
dbopMaTUKH, U 10 CUX MOP HE BIIOJIHE SICHBl COOTHOIICHUS MEXY Pa3IUYHBIMU
WH()OPMAITMOHHBIMH JTUCITUTIINHAME, CBS3aHHBIMH C PA3IMIHBIMH MPEIMETHBI-
MU 00JIACTSAMH.

WHTYUTUBHO sICHO, YyTO OMOMH(pOpMaTHKa HalEeJIeHa Ha HCIOJb30BAHUE
uH(popMauu 1 UHPOPMALUOHHBIX TEXHOJIOTHI IPHU UCCIAEAOBAaHUN OMOJIOrHYe-
ckux cucteM. B OuomndbopmaTuke oOuonocus, uHgopmamuxka u mamemamura
CIIMBAIOTCA B €JIMHYIO JTUCHUIUIMHY. B KakoM-TO cmbiciie OMOMH(pOpMATHKA,
u3ydJaromiasi IpuMeHeHne HH(POPMAIIMOHHBIX TEXHOJIOTHI JJIg yrpaBieHus: Ouo-
JIOTUYECKUMHU JTAHHBIMU, SIBJISIETCS TTPOJIOJDKEHUEM BBIUUCIUTEIHHOM OMOJIOTHH,
U3ydaroumeid NpUMEHEHUE METOJ0B KOJMYECTBEHHOIO aHajiu3a B MOJEIIMPOBa-
HUM OMOJIOTUYECKUX CUCTEM.

MHTEHCUBHOCTh HCCIEAOBAaHUS T€HOMOB Pa3JIMYHBIX OPraHU3MOB C Kax-
JBIM TOJIOM HApacTaeT, €KEroJHO MOABIISIFOTCS HOBbIE 0a3bl JAHHBIX, B KOTOPBIX
XpaHuTcs MHGOpMaLKs 00 UCCIETOBAHHBIX T€HOMAX, a YK€ CYLIECTBYIoLuE Oa-
3bl JAHHBIX HEMPEPHIBHO HApAIIMBAIOT CBOM MoIIHOCTU. CieaoBarenbHoO, C Ta-
KOM K€ OrpPOMHOI CKOpPOCTBIO pacTeT U O0BbEM AOCTYNHOM HCCIeAOBaTENSIM
ounonornyeckor uHpopmanuu. be3 Ucnoab30BaHMs COBPEMEHHBIX MH(GOpMAaIu-
OHHBIX TEXHOJIOTHI Y€ HEBO3MOXXHO HHM OTBICKaTh, HU 00pabOTaTh Ty KOH-
KPETHYI0 OMOJOTUYECKYI0 MH(MOpMAIMIo, KOTOpas HeoOXoanMa B JTAHHOM HC-
CJIEJOBAaHUM WJIM B JAaHHOM OMOTEXHOJOTMYECKOM IpOoIEecCe.

Tpuenunas 1nenb OMOMHPOPMATUKH BKIIOUAET B CEOSI:

1) opranm3anmio U COXpaHeHUE OMOJIOTHICCKHUX JTAaHHBIX;

2) pa3paboOTKy MpPOrpaMMHBIX CPEACTB M CO3AAHUE CIIELHUAIN3UPOBAHHBIX
UH(OPMAITMOHHBIX PECYPCOB;

3) aBTOMAaTH3alMIO aHadu3a OUOJIOTMYECKUX JAHHBIX, UHTEPIPETALUIO U
MCITI0JIb30BAHUE TIOJIYYEHHBIX PE3yJIbTaTOB.

TakuMm 00pa3zoM, duounghopmamuka — 310 HAyKa 0 XPAHeHuu, u3eiedeHul,
opeauusayuu, aLaniuze, UHmMepnpemayuyu U UCNOIb308aHUU OUOIO2UHECKOU UH-
gdopmayuu.

CoBpemenHas OvonHpopMaTHKa BO3HUKIIA B KOHIIE CEMMJECATHIX T'OJ0B
JIBAJIIIATOTO BeKa C MOsiBIeHUEM (P (HEKTUBHBIX METOJI0B paciu(PpOBKH HYKIIEO-
TUaHBIX nochenoBarenbHocTe JIHK. JlaTtoii BbeigeneHuss OmonH(pOpMaTHKH
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B OTJAEJIbHYIO HAay4yHYI0 00J1acTh MOKHO cuuTaTh 1980 rox, koraa Havaaoch u3-
nanue xypHana Nucleic Acids Research, menukomM mocBsAIeHHOTO KOMIIBIOTEP-
HBIM METOJIaM aHaJIM3a MOCJIe0BATEIbHOCTEH.

BaxHol Bex0il B CTAHOBIICHWU U PAa3BUTHUH OMOMH(GOPMATHKHU CTal MIPOCKT
110 CEeKBEHUPOBAHUIO TeHOMa uejoBeka. MiMeHHo ¢ 3Toro Bpemenu OnonHdpop-
MaTHKa Iepecraia ObIThb TOJIBKO BCIIOMOraTelbHBIM MHCTpyMEHTOM. llepexon
K 00pa0oTKe, aHAINU3y U CPABHEHMIO MOJIHBIX T€HOMOB OPIaHHU3MOB ObLT HEBO3-
MOK€EH 0€3 UCIOJb30BaHUSI KOMIBIOTEPHBIX METOAOB MH(POPMAIMOHHOTO aHa-
JU3a, B pe3yibTaTe 3TH MCCIEAOBAHUS BBUIMIIUCH B CAMOCTOSITEIbHOE HAYYHOE
HanpasiyieHue. ['€eHOMBI coziepkaT OrpOMHOE KOJIMYECTBO I'€HOB, MHOTHE U3 KO-
TOPBIX A0 HACTOSLIETO BPEMEHU HE UIEHTU(UIUPOBAHBI SKCIIEPUMEHTAIIBHO.

1.2 Henu u 3agauu 6monHpopMaTHKU

OcHoBononararouii OpuHIUN OUOMH(DOPMATUKA COCTOMT B TOM, YTO
OHMOIONIMMEPBI, HAPUMEP, MOJIEKYJbl HYKJIEMHOBBIX KUCIOT U OEJIKOB, MOTYT
OBITh M300paXXEHbI B BUJIC MOCIEIOBATEILHOCTH IIU(PPOBBHIX CUMBOJIOB. Kpome
TOTO, JUIsl IPEJICTABJIEHUS MOHOMEPOB aMUHOKUCIOTHBIX U HYKJICOTHIHBIX 1I€-
neil HeoOX0AUMO JIMIIb OIPAaHUYEHHOE YUCIIO aI(aBUTHBIX 3HAKOB.

[TonobHass rubkocTh aHamu3a OMOMOJEKYJ C MOMOIIBI0 OIPaHUYEHHBIX
an@aBUTOB MpHUBEA K YCIEUTHOMY CTaHOBJIIEHUIO OuonHpopmaTuku. Pa3zsurue
U yHKIIMOHAIbHAS MO, OMOMH(OPMATUKHA BO MHOTOM 3aBUCAT OT Iporpecca
B 00J1acTH pa3pabOTKH KOMIBIOTEPHBIX aIapaTHBIX CPEACTB U MPOrPaMMHOIO
obecneuenus. [Ipocreitimue 3anaun, crosmue nepes 6MonHpOpMaTUKOM, Kaca-
I0TCS CO3/IaHUS U BeIeHHsI 0a3 TaHHBIX OMOJIOTMYECKON HH(POPMALIUH.

Ilpeomem 6MoMHPOPMATUKH BKIFOUYAET B c€0S1 TPU KOMIIOHEHTA:

1) co3ganue 0a3 JaHHBIX, MO3BOJISIIOUIMX OCYLIECTBISATh XpaHEHUE KPyM-
HBIX HA0OPOB OMOJIOTUYECKHUX JAHHBIX U YIPABICHUE UMU;

2) pa3paboTka aJIropuTMOB U METOJOB CTAaTUCTUYECKOTO aHajau3a s
OMNpeEeNeHHs] OTHOIIEHUI MEX/y 3JIEMEHTAMH KPYITHBIX HA00POB JJTAHHBIX;

3) UCnoJIb30BaHUE 3TUX CPEACTB AJIs aHAIM3a U UHTEPIPETALUA OMOJIOTH-
YECKHUX JIAHHBIX PA3JIMYHOrO THUIA — B YaCTHOCTH, nocienoBareabHocten JJHK,
PHK u GenkoB, 0€TKOBBIX CTPYKTYp, IPOHIIel SKCIIPECCHN TEHOB U OMOXUMH-
YECKUX MyTEH.

Ienu GnonHGOPMATUKH CIICAYIOINIHE:

— OpPraHU30BBIBAThH JIAHHBIE TAKUM 00pa3oM, YTOOBI HCCIIEOBATEIN UMETTU
JOCTYT K TeKyIleld nHpopmaiuu, Xpansieincs B 0a3ax JaHHBIX, U MOTJU BHO-
CUTh B HEE€ HOBBIE 3aMCH 0 MepE MOJyUYECHHsI HOBBIX CBEACHMUIA,

— pa3BUBaTh NPOrPaMMHbBIE CPEJICTBA U MH(POPMALIMOHHBIE PECYPCHI, KOTO-
pbl€ IOMOTAIOT B YNPABJIECHUN JaHHBIMU U B UX aHAJIU3E;

— NPUMEHSTH 3TU CPEACTBA JIJIsl aHAINM3a JaHHBIX U MHTEPHPETALHNH MOy~
YEHHBIX PE3YJbTATOB TaKUM OO0pa3oM, 4YTOObI OHU HUMEIU OHOJIOTMYECKUM
CMBICIL.



3aoauu GuonHGOPMATHKU COCTOSAT B aHaiau3e WH(OpMaIuu, 3aKOIUpO-
BaHHOW B OMOJIOTMYECKHX IOCJIEI0BATEIbHOCTSIX, B YACTHOCTH:

« oOHapyxuBaTh TeHbl B mocienoBaTenbHOcTsIX JIHK pasmuunbix opra-
HU3MOB;

¢ pPa3BUBATh METOJbI U3YUCHUS CTPYKTYPHI U (M) QYHKIMU HOBBIX pac-
mUGPOBAHHBIX MOCIEIOBATEIBHOCTEH U COOTBETCTBYIOIIMX CTPYKTYPHBIX 00-
nmacteit PHK;

e ONpENENsATh CEMENUCTBa POACTBEHHBIX MOCIIEIOBATEILHOCTEH U CTPOUTD
MOJICIIH;

« BBIPaBHUBATH MOJIOOHBIE MOCIEAOBATEIILHOCTH U BOCCTaHABIUBAThH (Pu-
JIOTEHETUYECKUE JIEPEBBS C LEIbIO BBISBIICHUS SBOTIOIMOHHBIX CBA3EH.

[ToMuMO TEpEYHCIEHHBIX BBILIE 3a7a4, CIEAYET YIOMSHYTh ewe OOUuH
saoicHelwuli BOIpoc OMOMH(MOPMATUKU — 0OHApy#ceHue MunieHel s MeIuKa-
MEHTO3HOT'O BO3JIEHCTBHS M OTHICKAHWE NEPCIIEKTUBHBIX OIBITHBIX COEIMHEHUN.

[Ipeamer OMOMH(POPMATUKHN pPEANU3YETCS B CIEAYIOUIUX 6UOAX OesAmenb-
HOocmu:

1. YopaBneHnue OMOJOTMYECKUMH JAHHBIMU U UX 00paboTKa; Croja BXOIUT
UX OpraHHu3alus, OTCICKUBAHNE, 3allUTa, aHAIU3 U T.]I.

2. Opranu3zanys CBSI3U MEX]y YUYEHBIMH, IIPOECKTAMU M YUPEKICHUSAMH, BO-
BJICYCHHBIMU B (DyHJIaMEHTAJIbHBIE U TIPUKIIAHbIE OUOJIOTHUYECKHUE UCCIIEIOBAHUS.
CBsI3p MOKET BKJIIOYATh B C€0sl JIEKTPOHHYIO IOYTY, MEPECHUIKY (aiijioB, au-
CTAHIIMOHHBII BXOJ B CUCTEMY, TeJEKOH(EPEHIINH, 3JIEKTPOHHbIE HH(POPMALIMOH-
HbIE TAa0JIO U, HAKOHELI, YUPEKICHUE CETEBbIX MH(POPMAIIIOHHBIX PECYPCOB.

3. Opranuzanus HaOOPOB OMOJIOrMYECKON HMH(OpMaLMH, JOKYMEHTOB U
JUTEPATYPHI, @ TaKkKe o0ecreyeHne J0CTyna K HUM, UX IMOUCKa U BIOOPKH.

4. Ananu3 u uHTEpnpeTanus OUOIOTHYECKUX JaHHBIX C MPUMEHEHUEM BbI-
YUCJIUTENIbHBIX METOJIOB, KaK-TO: BU3yaJlU3alUsl, MAaTEMAaTUYECKOE MOJEIUPO-
BaHME, a TAaKXe€ IOCTPOCHHE AJITOPUTMOB BBICOKOMAPAUIIEIbHON 00paboTKH
CJIOXHBIX OMOJIOTUYECKHUX CTPYKTYP.

1.3 Cnoco0bI npeacTaBaeHust HHPOPMALMHU O MOCJIEA0BATETHLHOCTAX —
¢opmsl 3anucu Fasta, Genbank, PDB u cnioco0bl BU3yan3anuu

1.3.1 Illonamue ungopmayuu

CnoBo «uHpopMarlus» 00pa3oBaHO OT JaTUHCKOTO «informatio» — pasbsc-
HEHHUE, W3JI0)KEHUE, O3HAKOMJIEHHE, IMpEACTaBlIeHUe. DTO OJHO W3 Haumbosee
OOIIMX MOHATUH HAyKH, 00O3HAuaIolee HEKOTOPHIE CBEACHUS, COBOKYITHOCTD
KaKUX-T100 TaHHBIX, SHAHUH U T.1I.

B mocnenHee BpeMs BBISICHWIOCH, 4TO MH(OpManus Urpaet B Hayke QyH-
JAMEHTaJIbHYI0 poib. BO3HUKIA MOTPEOHOCTH MOHATH, YTO K€ 3TO TaKoe?
[TombiTkM CBsi3aTh MH(DOPMAIMIO C TPUBBIYHBIMHU TMOHATHSIMH MaTEpUU WU
DHEPIuu ycrexoM He yBeHuanuch. Hopoept Bunep (1894-1964) — ocHoBoIIO-
JOXKHUK KUOEPHETUKA M TEOPUH HMCKYCCTBEHHOTO HMHTEJUIEKTa — YTBEPIKIAl,
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9TO0 «uH(pOpMaIUs ecTh UH(POpMALIHs, a HE MAaTEPUs U HE SHEPTUS», MOAUYEPKU-
Basi HEBEIIECTBEHHOCTh MPOUCXOKICHUS HHPOPMAIIH.

[TombITKM CBSI3aTh MHPOPMAIUIO C SHTPOMHEH TOXKE OKa3aIUCh Oe3ycCrel-
HBIMH, XOTSI OHH MPOAOJDKAOTCSA 10 cux mop. [loaTomy Bonpoc 00 ornpeaesieHnn
MOHSTUS «MHPOPMAIU» OCTACTCS OTKPHITHIM.

Haubonee anexkBaTHbIM A1 OMOJOTMYECKUX NMPUMEHEHUN SIBISETCS Clle-
JyIollee OTpeiesICeHUE MOHATHS «UH(OPMALIN»:

o uHgopmayus ecmv 3aNOMHEHHbIU GbIOOP O00HO20 6APUAHMA U3 He-
CKOIbKUX B03MOJCHBIX U PAGHONPAGHDIX.

3anoMHEHHBIA BBIOOp €lll€ Ha3bIBAIOT Makpourpopmayueu. Ecin undop-
Malus CO3/1aeTCsl, HO HE 3alIOMUHAETCS, TO €€ Ha3bIBAIOT MUKPOUHGDOpMayuel.

[Mutata H. Bunepa: «Mudopmarus — 3To 0603HaueHUE COJEpKaHus, IMO-
JYYEHHOTO U3 BHEIIHEr0 MHpa B MPOLECCE HAIIEro MPUCIOCOOIEHUSI K HEMY H
npucnocabIMBaHus K HEMY Halux 4yBCTB. [Iponecc nmoiayyenus: u ucnoap30Ba-
HUS MH(OpMALUU SBISETCA MPOLIECCOM HAIEro MPUCHOCOONIEHUS K CITydaiHO-
CTSIM BHEIIHEH CpeJbl M HalleH KU3HEACATEIbHOCTU B 3TOU cpene. [loTpebHo-
CTH U CJOKHOCTH COBPEMEHHOM JKU3HU MPEIBABISIOT TOpa3io OOJbIIE, YEM KO-
raa-1bo paHsblie, TpeOOBaHUS K 3TOMY Ipolieccy uHGOpMalliy, U Halla mpec-
ca, Hallli My3€H, Hay4Hble J1a0OpaTOpUH, YHUBEPCUTETHI, OMOIMOTEKH U y4eO-
HUKU JIOJDKHBI YAOBJIETBOPUTH MOTPEOHOCTH 3TOTO MpoIecca, TaKk Kak B Ipo-
TUBHOM CJIy4a€ OHM HE BBIIIOJIHAT CBOErO Ha3HA4YeHUs. JIEMCTBEHHO XKUTh — 3TO
3HAYUT KUTh, pacrnojaras npaBuiabHOW MHopMmanuen. Takum obpa3omM, coo0-
IICHUE U YIPABJICHUE TOYHO TAK K€ CBSA3AHBI C CAMOM CYIIHOCTBIO YeJIOBEYE-
CKOTO CYIIECTBOBAHUS, KaK U C )KU3HBIO YEJIOBEKA B OOIIECTBE.»

XapakrtepHo, uto H. Bunep oTHOCUT NOHSATHE «MHPOPMALIUS K KATETOPUU
IPOLIECCOB, YTO 03HAYAET KPUTHUECKYIO BAXKHOCTh TOI0, KAKUM UMEHHO CIIOCO-
OoM ObLIa MoJIy4yeHa JlaHHas HHPOpMaLIUsl.

1.3.2 Ceoitcmea ungopmayuu

ns paccMOTpeHUss TUHAMUYECKUX OTKPBITBIX CUCTEM B HACTOSIIIEE BPEMS
pa3padaTbIBaeTCs OUHAMUYECKAs meopusi uHpopmayuu, KOTopas TECHO CBs3aHa
C CUHEpreTuKoil. IMeHHO B AMHAMUYECKON Teopunu HHPOPMAIIUUA UCTIOIB3YETCS
IPUBEJICHHOE BBILIE OINpeaesieHne HHPOPMAIUK, KaK 3anOMHEHHbIU 8b100p 00-
HO20 8apuUaHmMa U3 HeCKOAbKUX 603MOICHBIX U PAGHONPAGHDBIX.

Takoe ompenenenve WHGOPMAIMK TO3BOJISET MOJCIUPOBATH MPOIECCHI
reHepanuu uHGopMaIuu BooOIe, U MPEACKa3bIBaTh MEXAHU3MbI 3apPOKICHUS
KU3HU Ha 3emJie, B 4aCTHOCTU. Kpome TOro, oHO JOMyCKaeT BBEICHHUE MEPhI —
koJimuecTBa uHpopmanuu no lllennony.

CpoiicTBa, NpHUCYLIME BCEM BHUJaM HHGPOPMAILMM, PA3ACIAIOTCS Ha JIBE
KPYITHBIE TPYIIIbI, BHYTPU KaXJ0M U3 KOTOPBIX CBOMCTBA TECHO CBSI3aHBI MEXKIY
coboii. JIyisi oTHOM TPYIIbl KIIFOYEBBIM CBOMCTBOM SIBIISIETCSI (huUKCUPYeMOCHIb
uHpopmanuu (pucyHok 1.1).
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Pucynoxk 1.1 — Knaccudukanus cBocTB HH(pOpMAIIH OTHOCUTEIBHO €€ (PUKCUPYEMOCTH

Jlnst qpyroi Tpynimbl ONPEAENSIIONIMM CBOWCTBOM SIBIISIETCS €€ OelCmEeH-
Hocmb (pucyHOK 1.2). OctanpHble CBOMCTBA, BXOJIAIIME B 3TU I'PYIIBI, MOXHO
pacieHnBaTh Kak pacKpbITHE, MPOSBICHUE KIIOYEBBIX OCOOCHHOCTEH B (popmax,
JOCTYTHBIX ISl PETUCTPALIHH.

7
ucmuuﬂocmb]
\,
[ Oeﬁcmeeﬂ- Vnwlunomeumuocmb]
cemanmuKka HOCIb \
’
RnoJieaHOCmb ]
\,

Pucynok 1.2 — Knaccugukanust CBOHCTB HH(OpMAIIMU OTHOCUTENIBHO €€ IeHCTBEHHOCTH

®ukcupyemocts UHpopmanun. Quxcupyemocms — 3TO CBOWCTBO, Oia-
rojiapsi KOTopomy Jro0ast unpopmaius, He OyJydd HU MaTepuei, HU IHEPTUECH,
MOJKET CYyIIECTBOBATh HE B CBOOOTHOM BHJIE, & MOILKO 6 3AUKCUPOBAHHOM CO-
cmosAHuY — B BUJIE 3alTUCU Ha KaKOM-TTM00 (usnyeckom Hocutesne. CrocoObl 3a-
nuch UH(pOpMaIMKM HA TAKOM HOCHUTEINE BCETA YCI06HbI, T. €. HE UMEIOT HUKa-
KOT'O OTHOIIEHMSI K €€ CEMaHTUKe (WM cojiepxaTesnbHocTH). Hanmpumep, oiHO U
TO K€ MPEJJIOKEHHE MOKET OBbITh 3allMCaHO M Ha Oymare, U Ha 3JIEKTPOHHOM
HOCHTETIE.

Ycnosnocms crioco0oB pukcanuu uHGOPMAIIMKE 03HAYAET, 4YTO JIOO0H U3
TaKHUX CIIOCOOOB, HUKAK HE CBSI3aHHBIX C CEMAaHTHKOM, TEM HE MEHee, OJJHO3HAU-
HO OOYCIIOBIIMBAETCA O08yMsA (PaKTOpamu, TOXKE HE UMEIOUIMMH OTHOIIEHHUS K
CEMaHTUKe, — QU3HUYECKOU npupoooti HOCUTENS U CIEUPUKON cuumsiearouje2o
ycempoticmeéa TOW WHPOPMAITMOHHOW CHCTEMbI, K KOTOPOW OTHOCHUTCS JaHHas
uHpopmarus. Oukcanuss nHGOpPMALMK BCEraa MpeACTaBIsieT co00il deghopma-
yuro (B TOW WM MHOW CTETICHHM) HOCHUTEIIS, CPEIHEES BPEMsI perlakcallii KOTOPOro



JIOJDKHO OBITH OOJIBINIE CPETHETO BPEMEHH CUMTHIBAHUSI, YTO OTPAHUIMBAET CIIO-
coOblI 3anucy HH(pOpMAaIMU Ha TOM UM HTHOM HOCHUTEJNE.

B rpymiy, «Bo3riaBiseMyo» CBOWCTBOM (DMKCAITUU, BXOMAT TAK)KE TAKUE
CBOMCTBA, KaK UHBAPUAHMHOCMb, OPEHHOCMb, USMEHYUBOCMb, MPAHCIUpYe-
MOCMb, PAZMHOACAEMOCHb U MYIbMUNIUKAMUEHOCTb NHHOPMALINU.

Hnsapuanmnocmes nHGOPMAIMK 110 OTHOIICHUIO K (PU3UYECKON MPUPOE
€€ HOCUTEJIEH OMpeesieTcsl Kak BO3MOXKHOCTh (hUKcaluy UHpopManuu (3amu-
CH) Ha J000M s3bIKe, JII0OBIM andaBuToM. HU KOIMYecTBO, HU CEeMaHTHUKa MH-
dbopmanuu He 3aucam oT W30PaHHON CUCTEMBI 3aMMCU WA OT MPUPOBI HOCH-
Tensi. IHBapHMaHTHOCTHIO ONpPENEeNsieTcss BO3MOXHOCTh OCYIECTBISATH pa3HbIC
AJIeMEeHTapHble UH(POPMALIMOHHBIE aKThl CO3JaHUs, NMpUeMa, Nepe/layu, XpaHe-
HUS W UCIOJIb30BaHUs WH(Mopmaruu. FIMEHHO CBOMCTBO WHBApPHUAHTHOCTH Jie-
KT B OCHOBE BO3MOXXHOCTH paciiu(poOBKU T€HETUYECKOTO KOJA.

bpennocms 00ycnoBieHa TeM, yto uHdopmalus Bceraa 3agukcrupoBana Ha
KakoM-1u00 guszndeckoM Hocutene. [103ToMy coXpaHHOCTh U caMO CYIIECTBO-
BaHHME UH(POpPMALIUK OTpeAesieTcs cynb0oi ee HocuTens. CBOMCTBO OPEHHOCTH
MO3BOJISIET TOBOPUTH O CpoKe dHcusHu MHHOPMALIUK, KOTOPHIA 3aBUCUT OT COCTO-
SHUS ee HocuTelsa. PaHo Wiu mo3aHo HOCUTENb iepopMupyeTcs, U uHGopMaIus
MCUE3aeT.

H3menyusocms — 3T0 CBOUCTBO MHGOPMAIIUU, aCCOLIMUPYEMOe C € OpeH-
HOCTBIO, IPYTUMU CIIOBaMH, C COXPAHHOCTBIO €€ Hocutels. VMcue3HoBeHne UH-
dbopmani MOKET MPOUCXOIUTh HE TOJIBKO M3-3a €€ pa3pylIeHHs, HO U BCIe-
CTBUE €€ M3MEHEHUS Npu aepopManuu Hocutens. [1o/1 ”3BMEHUHBOCTHIO MOYKHO
MOHUMATh TaKhe MpPeoOpa3oBaHUs, KOTOPHIE 3aTPAaruBalOT KOJIUYECTBO U (WIJIH)
CEMaHTHKY UH(OpMaLINK, HO He auuiaom €€ CMbICIA.

Tpaucaupyemocms — 3TO CBOMCTBO, MPOTUBOCTOsIIIEE OPEHHOCTH UHDOP-
Malli¥, 3TO BO3MOXHOCTh Tepeaadyu MHPOopMaIuu ¢ OJHOTO HOCUTENS Ha JApY-
roi, T.e. pa3MHOXKEHUE UH(DOPMAIIUH.

JeiicTBeHHOCTH, MH(opmanuu. Bropas rpynma cBoicTB uH(pOpmanuu
OOBEIUHSACTCS KIIFOYEBBIM CBOMCTBOM — JIEUCTBEHHOCTBIO (PUCYHOK 2). ITO
CBOMCTBO BBISIBJISIETCS CIAEAYIONIUM 00pa3oM: Oyaydu BKJIFOYEHHON B CBOIO WMH-
dbopMallMOHHYI0 cHUCTeMy, MH(poOpMaIus MOXXKET OBITh MCIOJIB30BaHa IS TIO-
CTPOEHHSI TOTO WJIM UHOTO onepamopd, KOTOPbI MOXKET COBEpIIATh OINpEACIICH-
HBIC TIeJIeHANpaBJIeHHbIE IeHCTBHs. OnepaTop, TaKuM 00pa3oM, BBICTYTIAET B POJIH
MOCPETHNKA, HEOOXOIMMOTO JIJISl NPOoseieHUss TSUCTBEHHOCTH HH(OpMaIInK.

Cemanmuxa (WM codepacamenbhocms) UHPOPMALIUU MTPOSABISCTCS B CIie-
nmupuke xKonxupyemoro uHpopmaimen onepatopa, MpuyYeM Kakaas JaHHAs WH-
dbopmanusi 00Ho3HauHO ONPENEseT ONepaTop, s MOCTPOSHUS] KOTOPOTO OHA
ucnojp3oBaHa. OJHaKo MpUpoja IeJeHANPaBIEHHOIO JIEUCTBUS TaKOBa, YTO
JOJDKHA HOBbIUAMbCsL BEPOSITHOCTh BOCIPOU3BEICHUST UH(pOpMAIUU, KOJUPY-
rolieit takoe aercreue. CrenoBaTebHO, CEMaHTHKA WH(POpMAIIMKU BCEraa oTpa-
JKaeT yCJIOBUS, HEOOXOAUMBIE M JIOCTAaTOYHBIE [JII €€ B0CHPOU3BEOCHUs..
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DOBOJIIOLNS CEMAaHTUKH HANpaBJIEHA B CTOPOHY )JIyYuieHus YCIOBUI BOCIPOU3-
BeJICHUS UH(DOPMALIHH.

llonunomenmnocms MH(pOPMAIIUU TIPOSBISIETCS B TOM, YTO OIlEpaTop, 3a-
KOJAMPOBaHHBIA JaHHON HHQpOpMAIMEe, MOXKET OBITb MCHOJB30BaH AJIA OCY-
HIECTBIICHUS pa3IudHblX AEUCTBUM (T. €. Il JOCTHXKEHUS pa3HbIX 1enei). Tak,
OJIHUM U TE€M K€ MOJIOTKOM MO>KHO BOUTbH I'BO3]lb, Pa30UTh CTEKIIO U MPOJIOMHUTD
rOJIOBY.

DTO CBOMCTBO HE O3HAYAECT CEMAHTUYECKOW HEOITHOPOIHOCTH UH(pOpMAIIIH —
CEMaHTHUKa J1I000i nH(pOpMAaIMU BCEerJja OJHO3HAYHO OTOOpaXKkaeTcs B OrepaTo-
pe. IIoNMnOTEHTHOCTh HE 03HAYAET TAKXKE, YTO HA OCHOBAHUU OJHOW U TOM K€
uH(OpMAaIUU MOTYT OBITh CO3[aHbl HECKOIbKO PA3HBIX OMEPATOPOB.

N3 cBolicTBa MOJUIIOTEHTHOCTH CIEAYIOT 068a BBIBOA.

1. Pacnonaras HeKOTOpOU MH(pOpPMAaLKUENH UM CO3AAaHHBIM HA €€ OCHOBE
OIIEPAaTOPOM, HEBO3IMONCHO TIEPEUNCTUTh 6Ce CUTYallud W LENH, IJIs TOCTHXKe-
HUSI KOTOPBIX C TOW WJIM MHOM CTENEHBIO BEPOSITHOCTH OHM MOTYT OKa3aThCA
MPUTOIHBIMU (OECKOHEUHOE MHOKECTBO KOMOMHAIIMI «CUTyalus — 1eby). Ta-
KM 00pa3oMm, ro0ast uHpopMals U onepaTop, Ha He OCHOBAHHBIM, BCErna
MOTYT MOJYYUTh aPUOPU HE MpeArnoJiarapiuivecs npuMeHeHus. Takoe Henpe-
CKa3zyeMoe 3apaHee HCIOJb30BaHue WH(OpMAIIMU MOKET 014ac OKa3aThCs Ja-
xKe Oonee IpheKkmusHbvIM U YeHHbIM, HEXKETU TO, JJII KOTOPOTO OHA IMEepBOHA-
YaJbHO MPEIHA3HAYATIACK.

2. Jlns MOCTM>KEHMS OJTHOM U TOM >Ke 11eJIM B HEKOTOPOU CUTYyaIluu C TeEM
WM UHBIM 3(PPEKTOM MOKET OBITh UCIOIB30BAHO MHOHMCECMBO PA3HbIX UHPOP-
Malliii ¥ OCHOBAHHBIX HAa HUX OMEPaTOpPOB. ITO MHOXKECTBO Bcerja Oyner oT-
KPBITBIM, TaK KaK almpuOpU HEBO3MOXKHO MEPEYUCIUTH BCE CYIIECTBYIOIIUE U
BCE BO3MOKHBIC HH(OpMaluM, a TeM OoJiee npeayraaaTh, kakoBa oynaer 3¢ dek-
TUBHOCTh UX UCIIOJIb30BAHUSI.

llonesnocms wHdOpManuu NpearnonaraeT, 4T0 OHa KOMY-HUOYIb HY)KHA,
MOXET OBITh C TMOJIb30M MPUMEHEHA JIJI1 HEKOTOPBIX IeJICHANPABICHHBIX JCH-
ctBui. Ha oCHOBaHWMM CBONCTBA MOJMIIOTEHTHOCTH MOYKHO YTBEPKIATh, YTO
MOJIE3HOM MOKET OKa3aTbed Jro0as mHpopmanus. ITO JAenaeT onpaBAaHHBIM
3amacanue nHMOpMAaIuu «BIPOK». TakuM CBONCTBOM (MaMAThiO) 00J1aaI0T Op-
TaHU3MbI C JIOCTATOYHO BBICOKOM OpraHusaunuein. 11o1ne3HocTs — «oTeHnmuansb-
HOE€» CBOMCTBO, NOCKOJIBKY peUb UAET O COJACHCTBUM COOBITHIO, KOTOPOE €IIIe HEe
IIPOU3OILLLIO.

HUcmunnocms uHGoOpManuu — CBOWCTBO, KOTOPOE BBIABIISIETCS B XOJI€ pea-
av3anuy none3Hoctu. Kpurepuit MICTHHHOCTH — TmipakTuka. M3 cBoicTBa mosu-
NOTEHTHOCTU MH(GOPMAIMK CIEAYyeT OTHOCUTEIbHOCTh €€ UCTUHHOCTH, T. €. 3a-
BUCHMOCTb OT CUTyalluu W Leu. B ToMm ciydae, Korja Uenblo sSBIsSEeTCS TpaHC-
JsMst “”HPopMaluy (4T0 NMPEACTaBISIeT COOOM TOCTATOYHO OOIIMI citydyai), uc-
TUHHOCTh OKa3bIBaeTCs YCIOBHEM CylllecTBOBaHUS HH(popmanuu. [Tomydaercs, 94To
YKU3HECIIOCOOHA TOJILKO MCTUHHAs uHpopmaius. [[oHATHO, YTO BBISBIICHUE WC-
TUHHOCTH BO3MO>KHO TOJIbKO B TOM CIIy4yae, €Clid HHpOpMalKs KOMY-TO MOJI€3HA.
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A 3TO 3HAUWT, YTO JJIA KUZHECTIOCOOHOCTH MH(MOPMAIMU HEOOXOIMMO COUeTa-
HUE €€ UCTUHHOCTH U IMOJE3HOCTH, T.€. «FapMOHHUS OOBEKTUBHOTO U CyOBEKTHB-
HOTO acMeKTOB HH(POPMAIIUH, OTPAKAEMBIX 3TUMU TEPMHUHAMUY.

I'enepayus ungpopmayuu — 310 BHIOOP BapHaHTa, CACIAHHBIA CIIy4ailHO
(6e3 moacKa3Ku M3BHE) U3 MHOTHX BO3MOXKHBIX M PAaBHOMPABHBIX (T.€. U3 MpH-
HaJJIeXKalluX OJHOMY MHO>KECTBY) BapuaHTOB. Eciin peub uer o BO3HUKHOBE-
HUHU HOBOH MH(OpMAaLMH, TO BBIOOP TOJKEH ObITh KIMEHHO CIIyYailHBIM.

Ecnu BbI00Op NojcKka3aH Ha OCHOBE YK€ UMerolelcs nH(opMaluu, TO peub
UJET O BOCHPUATUH, peyenyuu UHPOPMAUH. «3alIOMHUHAEMOCTbY» acCOLUUpPY-
eTcsl ¢ perenuuen nHpopMaIuu.

C no3unuil 1MHaMU4ecKol Teopuu MHPopManuu (sl IMHAMUYECKUX CHU-
CTeM) perenuus UHGOPMALUKA 03HAYAET 1nepesod CUCTEMBI B OJHO OIpEeIiCH-
HOE€ COCTOSIHUE HE3aBUCHMO OT TOT'0, B KAKOM COCTOSIHUM OHA HAXOWJIACh PaHbILIE.
B COBpeMEHHBIX TEXHHMYECKHX YCTPOMCTBAX pELEIMs, KaK ITPaBUIIO, OCYLIECTB-
JSIETCS C MMOMOUIBIO 3JIEKTPUYECKOIO MM CBETOBOIO MMITyJbca. Bo Bcex cirydasix
9Hepausl IMITYJIbCa TOJDKHA OBITh O0/1blie Oapbepa MEXTy COCTOSIHUSIMU.

[lepekitroueHue 3a CHET CMOPOHHUX CUIT HA3bIBAETCS CUTOBBIM.

Hpyroii cnocod nepexioueHus — napamempudeckuti. OH 3aKIHOYaETCS
B TOM, YTO Ha HEKOTOPOE€ (KOHEYHOE) BpEMsl MapameTpbl MYIbMmucmabuibHol
CUCTEMbI M3MEHSIOTCSI HACTOJIBKO, YTO OHA CTAHOBUTCS MOHOCMAOUNbHOU, T.€.
OJIHO U3 COCTOSIHUM CTAHOBUTCS HEYCTOWYMBBIM, a 3areM Hcue3aeT. Cucrema
HE3aBUCUMO OT TOT'0, B KAKOM COCTOSIHUM OHA HAaXOJUTCs, MONAAacT B OCTaBLIE-
€Csl YCTOMYUBBIM COCTOSIHUE.

[Tociie 3TOro BO3BpalIalOTCs IMPEKHUE 3HAYECHMSI IApaMETPOB, CHCTEMA
CHO8G CMAHOB8UMCs MYJIbTUCTAOUIILHOM, HO ocmaemcs B TOM COCTOSIHHM, B KO-
TOpOE OHa ObliIa MepeBe/IeHa.

Cunosoe U napamempuieckoe TEPEKIIOYEHUS NPEICTaBIAIOT COO0U pe-
yenyuro nHGopMaruu. Paznuyarorcs JIHIb MEXaHU3MbI IEPEKITIOYEHUS, T.€. pe-
HEeNIY UHOOPMALIUH.

B snexTpoHuKe npeanoYTeHue OTAAETCS CUIOBOMY MEPEKITIOYEHUIO.

B 6uonocuueckux cucremax NMpeuMYIIECTBEHHO HCIOIb3YETCS napament-
puyeckoe NEPEKIIOUEHUE, KOTOPOE MOXKET ObITh JOCTUTHYTO HECHELUPUUECKH-
MU (aKTOpaMu — U3MEHEHHeM Temnepatypsl, pH u ap.

B ciydasix kak reHepanuu, Tak U peLENUUU CIIOCOOHOCTh I'€HEPUPOBATH
WJIA BOCIIPUHUMATD 3aBUCHUT OT UH(POPMAIH, KOTOPYIO Varce cooepicum peLer-
TOP WJIU TEHEPATOp.

CornacHo ompezenennio nHbopMaIuu, HHGOpMAIHs €CTh 3aITOMHEHHBIH
BBIOOp, T.e. MakpouHpopmanus. Ha ¢usndeckom si3blke «3allOMHUTBHY, T.€. 3a-
¢bukcupoBath HHPOpPMAIMIO, O3HAYAET MPUBECTH CUCTEMY B OINPEIEICHHOE
YCTOMYMBOE COCTOSIHUE. Takux COCTOSIHUUM JOJKHO OBITh HE MeHee ABYX. Kaxk-
JI0€ U3 HUX JOJHKHO OBITh YCTOMYMBBIM, MHA4Y€ CHUCTEMA MOXKET CAMOIPOU3-
BOJIbHO BBIMTH M3 TOTO WJIM MHOTO COCTOSIHUSA, YTO PAaBHOCUIILHO UCUE3HOBEHUIO
uH(popManuu.
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[Ipocreiimias 3alOMUHAOIIAsL CUCTEMA COJIEPKHUT BCETO 08a YCTONYMBBIX
COCTOSIHUS M HAa3bIBAETCS mpuzeep. ITOT IMEMEHT UTPAET BAXKHYIO POJIb BO BCEX
UH(GOPMAIIMOHHBIX CUCTEMAX.

CBOWCTBOM 3allOMUHAHUS MOT'YT 00J1a7]aTh TOJIBKO MAaKpPOCKOITMYECKUE CH-
CTEMBI, COCTOSIIME U3 MHOTUX aTOMOB. HeBO3MOKHO 4TO-THOO0 3alTOMHHUTb,

pacrioyiarasi OJJHUM aTOMOM, IOCKOJBbKY aTOM MOXKET HaXOJUThCS JIMIIb
B OJIHOM (YCTOMYUBOM) COCTOSIHUH, TO K€ OTHOCUTCS U K MPOCTHIM MOJIEKYJIAM.

HauMeHnbliliasg o cBOMM pa3mepaMm camas IpocTas CUCTeMa, KOTOpask Mo-
JKET 3alIOMHHUTH TOJIBKO OJIMH BapHaHT U3 JABYX BO3MOXKHBIX, — 3TO MOJIEKYJa,
CIIOCOOHAsi HAXOAMTHCS B 08YX PA3IMYHBIX H30MEPHBIX COCTOSHUSIX, — IpH
YCIIOBUM, YTO CIIOHTAHHBIM Mepexoj U3 OAHOU (OPMBI B JAPYTYIO MPOUCXOAUT
TaK PEJKO, UTO €r0 BEPOSITHOCTHIO MPAKTUYECKH MOKHO IIPEHEOPEYb.

[IpumMepoM Takux MOJEKYJ MOTYT CIYXKUTb onmuueckue uzomepul, 00Ia-
JAIOIIUE «IIPABOI» U «JIEBOW» XMPAJTBbHOCTBIO — OHHM Pa3JIMYalOTCA MO CIOCO0-
HOCTH COJIE€pKalllUX UX PacTBOPOB BpallaTh BIPABO WA BJIEBO IUIOCKOCTh IO-
JSIpU3alliU CBETA, IPOIYCKAEMOTO YEPE3 PACTBOPHI.

K TakuM onTHYecKMM M30MepaM OTHOCATCS caxapa U aMHUHOKHCIIOTHI, CO-
nepxkane 10-20 atomoB. MOJIEKYJIIPHBIMHA TPUTTEPAMHU MOTYT CIIY>)KUTh MaK-
POMOJIEKYJIbI (B YACTHOCTH, OETIKOBBIE MOJIEKYJIbI), CIIOCOOHBIE CYLIECTBOBATH B

HECKOJIBKHMX (IT0 KpaliHell Mepe, ByX) KOH(POPMAIMOHHBIX COCTOSHUAX. buo-
JIOTHYECKHE CUCTEMBI 8bICOKO20 UEPAPXUUECKOTO YPOBHA (KJIETKa, MO3T, Opra-
HU3M, TOIYJISILIMS) TOKE, pa3yMeeTcsi, MOTYT ObITh 3anoMuHaomumu. [Ipu stom
MEXaHU3M 3alIOMUHAHUS He 6ce20a CBOJUTCS K TEHETUYECKOMY (T. €. MaKpOMO-
JexyssipHoMy). Hampumep, kieTka (B 4aCTHOCTH, HEpBHasi), CIOCOOHast (pyHK-
LIMOHUPOBATH B JIBYX U 00JI€€ YCTOMUMBBIX COCTOSIHUSIX, YK€ SIBISIETCS 3alIOMU-
HAOIIUM yCTPOKCTBOM.

BaxxHyt0 pojb UTpaeT u epems 3anomuHanus. B yCTONYMBBIX JTUHAMHYE-
CKHUX CHUCTEMax OHO, C (pOpMajbHON TOYKU 3peHHUs, O€CKOHEUHO. TpurrepHoe
NEPEKITIOYEHUE OJJHOTO COCTOSIHUS HAa APYro€ BO3ZMOXHO JIMIIb 32 CYET CTOPOH-
HEro CUrHaljla, YTO PaBHOCWJIBHO peleniuu uHpopMauuu. B peanbHOCTH BO3-
MO>KHO CITOHTaHHOE MEPEKIIIOUECHUE 3a CUET CIIYYalHBIX (DIYKTYyalluH.

Utak, maxpoungopmayus MOXKET COACPKATHCA TOJBKO B MAKpPOOOBHEKTAX.
['panunia Mexay Makpo- U MHUKPOOOBEKTaMH MPOXOJUT HAa YpPOBHE Makpo-
MOJIEKYJI, pa3Mepbl KOTOPBIX UMEIOT NOPSAIOK HAHOMETPOB.

UYro kacaercst Mukpoungopmayuu, TO OHa He 0053aTeIbHO aCCOLUUPYETCS
c Mukpouactunamu. Jlrobas wezanomunaemas uHpopmanus — 3TO MUKPOUH-
dbopmarius.

B peanpHOl XM3HU pedb BCeraa HUAET O MakpouHngopmayuu, KOTopas
B YACTHOCTH TOJIPa3yMEBAETCS, KOTJIa Mbl TOBOPUM 00 MHGOpPMAIIMKN B KUBbBIX
cuctemax. Jlro0oe n3MeHeHre MaKkpouHPOpMaluy, YBEIUUYECHUE UM yMEHbIIIe-
HUE, COMPOBOXAAETCS POCTOM SHTPOIHH, YTO E€CTECTBEHHO, MOCKOJIbKY 3TH
npoiieccbl HeoOpaTuMbl. KonruecTBEHHON CBSI3M MEX]y U3MEHEHHUSIMU MaKpo-
uH(popMauu U GU3NYECKONU SHTPOIUU HE CYIIECTBYET.
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Ternepp nepenaemM K reHeTH4ecKoi MH(MOPMALUM, HOCUTEISIMU KOTOPOU
apisitorest Mmosiekynbl JJHK. CroBa «/IHK», «rens», «HacineacTBeHHass HHMOP-
MalMs» CTajlyd HACTOJIBKO IPUBBIYHBIMHU, YTO HEPEIKO BOCIPUHHUMAIOTCS Kak
CUHOHUMBI. B I€CTBUTEIIBHOCTH 3TO JAJIEKO HE TaK.

['mranrtckas no gqnuue monekyna JIHK cocrout u3 yeTpipex TUIIOB HYKJIEO-
TUJIOB, KOTOPbIE MOTYT OBITh COEAMHEHBI B JIIOOON MOCIEAOBATEILHOCTU. DTU
MOJIEKYJIbI 00J1a7al0T CBOMCTBOM aymokamanuzom. Eciii B pacTBop, coaepika-
I TaKKUE MOJIEKYJIbI, BHECTH B JOJDKHOM KOJIMYECTBE BCE YETHIPE HYKIECOTUAA
(ocHOBaHUS), TO MPHU COONIOACHUN HEKOTOPBIX JOMOJHUTEIbHBIX YCIOBUMA 3TH
MOJIEKYJIbl HAUHYT APUCMPAU8amMb OCHOBAHUS BIOJIb CBOEH LIEMH TOYHO B TOM
e TI0CIIEIOBATENbHOCTH, KaK M B HUX CaMHUX, a 3aTE€M OTIEJSATh OT ce0s roTo-
BbIe KomuH. lIpomecc 3TOT HE 3aBUCUT OT TOrO, KaKOBA IOCIEHOBATEIBHOCTD
OCHOBAHUM, COCTABIAIONIUX UCXOaHbIe MoJiekybl JIHK. DTo MoxeTr ObITh ciTy-
yaiiHasl MOCJIEA0BAaTEeIbHOCTh, UM CTPOr0 YEpeayrolascs, Wid Jirodas nHas —
KOIMK OyIyT BCErja MOXO0KH Ha OPUTMHAN, €CJIM HE NPOU30UJIET MyTaluw,
T.€. CIy4YallHOM 3aMEHbl, BCTaBKW WJIA BBINAJAECHUS OJHOTO WIIH HECKOJBKHUX
OCHOBAHHUU.

Ecmm JIHK coctouTt u3 ciaydailHOM MOCIEN0BATEIBHOCTA OCHOBAHUM, 3TO
JTAJIEKO HE I'eH, MOCKOJIbKY HUKAKOW HACJIeICTBEHHOW MH(OpMaluyU OHA HE CO-
JIEPHKUT, XOTSI U MOXKET CaMOBOCHPOM3BOAUTHCS. MHpopMaius BO3HUKAEeT Ha
orpe3kax monekyisl JIHK nmums Torma, xorga Gmaronapsi MyTHPOBaHUIO (WM
[0 MHBIM NPUYMHAM) TaM CJIOXKHUTCS Takas IOCJEI0BaTeIbHOCTh OCHOBAaHUM,
KOTOpasi CMOXKET NO61usiAmb HAa XUMHUYECKHUE IPOLIECCHI, MPOTEKAIOIIHUE B €€
OKpYyXeHUH. TONBKO TOrzAa, BBICTYIIAs B POJMU «KaTalU3aTOPa», T'€H CMOKET
YCKOPUTHh OJHU WA IMPUTOPMO3UTH APYTHE IPOLECCHI, M3MEHSAS TEM CAMBIM
CBOE XMMHUYECKOEe OKpykeHue. [locTteneHHo Bce Oomblme npeumywecmsea Oy-
OyT moiyiydaTh Takue cTpykrypsl JJHK, KoTOphle B HEMOCPEACTBEHHOM CBOEM
OKPY/KEHUM MOTYT YBEJIWYMBATh KOHLEHTPALHIO HYKJICOTHUAOB U JIPYTHX Be-
IIECTB, HEOOXOAMMBIX JIJISl UX pa3MHOKEHHU. JIMIb KOora 3TOT MpoIECC 3aBep-
muTCA U B «repBuuHO» Mojekyie JHK BO3HMKHYT OTpe3kun, Kaxablid U3 KO-
TOPBIX cmumyaupyem o0pa3zoBaHue HeoOxoaumbix st yaBoenust JIHK coemu-
HEHUW WIN yeHemaem CUHTE3 COCIMHEHWUH, NPENATCTBYIOIIUX UX YABOCHHIO,
MOYKHO CUMTaTh, 4TO B Mosekyie JJHK oznuxiu cenvi, m uto cama 3ta MOJIEKy-
Ja craja Hocumenem TeHeTHYEeCKON NH(POpMAaIIH.

['enernyeckas nHpopMaIus, ClIeJOBATEIbHO, COAEPKUTCA B HAOOpE IT'€HOB,
KOHTPOJIUPYIOIIMX CUHTE3 COCAUHEHUN, KOTOPbIE obecneuusarom yogoenue Mo-
nexkyn JIHK B HEKOTOpBIX NaHHBIX ycioBHsX. [IosBIEHHE TEHOB TECHO CBA3aHO
C BO3HUKHOBEHHUEM arapaTa TPaHCIALHUH, a Takke ¢ GOpMHUpPOBAHUEM 000JI0-
YeK WJIM MEMOpaH, OTIENSIOIIMX OT BHEIIHEW Cpelbl y4acTOK, I/I€ HaXOIATCA
monekynsl JJTHK. D10 yxe MOXKHO paccMaTpuBaTh KaK BO3HUKHOBEHHE >KMBBIX
00BEKTOB, KOTOPhIE MOTYT PacTH, PA3MHOXATbCA M MPUCIOCAOIMBATHCS K HO-
BbIM YCJIOBUSAM OJlarojapsi TeHaMm, BO3HUKAIOIIUM M U3MEHSIOUIUMCS B pe3yJib-
TaTe MyTalWi; OHA YMUPAIOT, KOTJa pa3pylIalOTCs COAEPIKAIINECS B HUX T'€HbI
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WJIM KOT/Ia OHM HE B COCTOSIHMM MPUCTIOCOOUTHLCS K BHEITHUM yCIIOBUSM. M3Me-
HSACh, T€HBI BIMSIOT U HA IPYyTUe CTPYKTYpbl OpraHu3Ma, o0ecneynBas TeM ca-
MBIM «3aCEJICHHE» BCE HOBBIX MECT OOWTaHUs, MOSBICHHE MHOTOKJIETOYHBIX
pacTeHuil, rpuOOB U KMBOTHBIX, T.€. SBOJIIOLMIO *U3HU Ha 3emuie. Kak nucan
I'. Mennep, B OCHOBE )KU3HU JIEKUT I'EH.

Takum o0Opa3oM, COBOKYMHOCTh T'€HOB, WJIM T€HETHYecKas HH(pOpMaIus,
peryiaupyomias IeJeHaNpPaBICHHYIO0 JIESITeIbHOCTh JII000H KUBOM KIIETKH,
onpenensiercss He camumu ocHoBanusamu [IHK, a nocreoosamenvnocmoio ux
PACnONIONHCEHUSL.

Paznuumne mexay reHetudyeckoi nHpopmarumeit u mojekynoi JIHK mo3Bo-
JISIeT TaKXKe BBECTH IMOHSATHE T€HETHUECKOW MH(OPMAIMU U BBISICHUTH OTINYHE
TaKUX €€ HOCUTENeH OT MHPOpMAIMH KaKk TaKOoBOH. [103TOMy-TO MBI U TOBOpUM,
yTo TeHeTndeckas uHpopMmanus 3anucana B JIHK omnpenenennoit mocienoa-
TEJIbHOCTBIO OCHOBaHMU. VIMEHHO 3Ta MH(pOpManus, T.€. 3aIUCh IOCIEI0Ba-
TEJIBHOCTH T€X COOBITHI, KOTOPBIE OO0JICHbI NPOU30imu, YTOObl BHOBb BO3HU-
KAIOIINE KJIETKH MOTIJM BBIPACTH, a 3aTEM BHOBb MOAEIUTHCA U T.JA., — CAMBIi
BAKHBIN KOMITIOHEHT JKMBOW KJIETKH.

To, o uem nucan Memnep okono 70 netr Hazal, MOXHO C(HOPMYIUPOBATH
CJIEIYIONTUM 00pa3oM: JHcUB0e — MO COBOKYNHOCHb 00BbEKMO8, COOEPHCAUJUX
ungopmayuornHvle cmpyKmypsl, odnadarouue C8OUCMBAMU AYMOKAMAIU3A U
eemepokamanusa, obecneyugarujue pazmMHoNceHue IMuUx 00beKmos 8 pazHooo-
PAa3HbIX Ycaosusax eHewteli cpedvl. JKU3Hb — 3T0 BOSHUKHOBEHHE BCE HOBBIX CO-
JepKaimux HUHQOpMaIMI0 OOBEKTOB, MaTepUalbHbIe KOMIIOHEHTHI KOTOPBIX
o0ecrneunBaloT €e BOCIPOU3BECHHE BO Bce Oosiee pa3HOOOPA3HBIX U CIIOXKHBIX
cutyauusx. O4eBUAHO, YTO YEM CJIOXKHEE 3TU CUTYallMH, TEM OOJIbLIE HYXHO
uH(popMaIuu, YTOObl B COOTBETCTBUHU C HEM MOCTPOUTH KUBOH OOBEKT, CIIOCOO-
HBIN B 3TUX CUTYyallUsX CYIIECTBOBATh.

B mupe nexuBoit Ilpuponsl HeT npuMepoB MHGOPMALIMOHHBIX CUCTEM, B
KOTOPBIX HOCUTENIN MHPOPMAIMU OTIMYAIUCH Obl KQUECTBEHHO OT OCTAJIbHBIX
DIIEMEHTOB CHCTEMBI.

MpbI NPUBBIKIIM K CIOBOCOYETAHUIO «re€HeTHYecKas MH(pOopMalus», 3a0bUTH
Jla’ke, 4TO BBEJI €ro B Hay4YHbIN o0uxon gusuk IpsuH Llpeaunrep B cepenune 40-
X To/10B. B cBoeli kaure «YUto Takoe KHU3Hb C TOUKH 3peHus (u3nKa?» OH OMHUpa-
cs Ha padoty H.B. TumodeeBa-Pecorckoro, K.I'. Ilummepa u M. Jlens6proka «O
MPUPOJIE TEHHBIX MYTAallMil U CTPYKTYpE I'€Ha», YBHUJEBIIYIO CBET B ['epMaHuu B
1935 r. OTo npouzonuto BCKope nocie Toro, kak I'. Memnep, yuenuk T. MopraHna,
BIIEpBbIE TIOKA3aJl, YTO T€Hbl HE TOJIBKO BOCHPOHU3BOIAT CeOsl U U3MEHSIOTCS (My-
TUPYIOT), HO YTO MOXHO TMOBJMITh Ha YACTOTY UX MYyTHPOBaHUs, HapuMep, Io-
BBIIIICHUEM TEMIIEPATYPhI WK ACUCTBUEM MOHU3UPYIOIIUX U3ITYYCHHI.
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1.3.3 ba3zvt u 6anku oannvix

baza manHBIX — 3TO (haitn cnerumanpHOTO (hopmaTa, coaepkamuii uHdop-
MaIlrio, CTPYKTYPUPOBAHHYIO OTMpeeIeHHBIM o0pa3oM. basel u 6aHku OnoIIO-
TUYECKUX JIAaHHBIX MOKHO OTHECTH K HECKOJIbKUM THUIaM:

— apXUBHBIE;

— KYpUPYEMBIE;

— aBTOMAaTUYECKHUE;

— MIPOU3BO/IHBIE;

— UHTETPUPOBAHHBIE.

ApxuBHble 0a3bl aAanHHbIX. Hampumep, GenBank, EMBL, PDB, rae
1100011 HcclieqoBaTeb MOXKET IOMECTUTH Tya CBOIO HH(OPMAIHIO.

GenBank — 0a3a gaHHBIX T€HETHYECKUX IOCIIEN0BATEIHLHOCTEH, OCHOBAH-
Hasg B 1982 1. — 3TO0 aHHOTUPOBaHHAs KOJIJIEKIIUSI BCEX OOIIEIOCTYMHBIX MOCIe-
nosatenbHocTer JJHK, PHK, OenkoB, cHaOKE€HHBIX JINTEPAaTyPHBIMU CChUIKaAMHU.
DOra 0as3a sBasercsa vacThio oObemuHeHus International Nucleotide Sequence
Database Collaboration, koropoe 00beuHsET 3 KPYIMHBIX OaHKA HYKJICOTHTHBIX
MOCIIETIOBATEIbHOCTEM:

1. DDBJ (DNA Data Bank of Japan),

2. EMBL (European Molecular Biology Laboratory)

3. GenBank (National Center for Biotechnology Information).

OTU opraHu3aluy eXEeIHEBHO OOMEHUBAIOTCS HOBOW HHGOpMAIIHEH.
BoabmMHCTBO KypHAIOB TPEOYIOT MOCHUIKA HOBBIX CEKBEHHPOBAHHBIX MOCIE-
JIOBATEJIBHOCTEH B JIIOOYIO U3 3TUX 3 0a3 JaHHBIX IO OMYOJMKOBAHUS CTAThEH.
B crarhsix, NOCBAIIEHHBIX OYEPEAHON MOPLUHU MOCIEIOBATEIBHOCTEN, TOKEH
YIIOMHUHATBCS JIUIITHL HOMEP MOCIIeI0BATEILHOCTH B Oa3e manHbix GenBank.

Anpec DDBJ: http://www.ddbj.nig.ac.jp/

Anpec GenBank: http://www.ncbi.nlm.nih.gov/Genbank/

EMBL (European Molecular Biology Laboratory) — sta 0a3a gaHHBIX
COJICPKUT UH(POPMAITHIO O KaXkKA0M (parMeHTe MoCcae0BaTeIbHOCTEN, BKIIOYAs
JUTEPATypHBIE CCHUIKHU, TMEPEKPECTHBIE CCHUIKM Ha JOKYMEHTHI JIpyrux 0a3
JTAHHBIX U JIP.

Anpec EMBL: http://www.ebi.ac.uk/embl/

PDB (Brookhaven Protein DataBank) — cogepskut qaHHbIE O KOJIICKIHH
HKCIIEPUMEHTAJILHO OMPENENEHHBIX TPEXMEPHBIX CTPYKTYpP OHOJIOTHYECKUX
MaKpoMoJIeKyJ (0enkoB U HykJIenHOBbIX kucnoT). C 2002 rosa B OCHOBHOM Jie-
no3utapun PDB  XpaHATCA CTPYKTYyphl, DKCIEPUMEHTAIBHO OIPEACICHHbBIC
C IOMOIIIBIO PEHTIEHOCTPYKTYPHOTO, SIAEPHO—MAarHUTHOTO PE30HAHCHOTO U JIp.
MeToZ10B. TeopeTruueckre CTPYKTYpPhI BbIJICJICHBI B OTACIBHYIO TToA0a3y PDB.

Anpec: http://www.rcsb.org/pdb/

Kypupyemblie 0a3bl JaHHBIX — 32 COJEp)KaHUE 3alUced B Takux Oazax
JIAHHBIX OTBEYAlOT KypaTopbl. MHpopManmio ajisi KypupyeMbix 0a3 TaHHBIX OT-
OMparOT PKCIEPTHI U3 apXUBHBIX 0a3. K KypupyembIM 6a3aM OTHOCATCS, HaIlpU-
Mep, SwissProt. DOta 0a3a maHHBIX OEJIKOBBIX IOCIEI0BATEIbHOCTEH
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cymectByeT ¢ 1986 roma um moamep)KuMBaeTCs ABYMS WHCTUTYTaMH: SWiss
Institute of Bioinformatics (SIB) u European Bioinformatics Institute (EBI).

Anpec: http://www.ebi.ac.uk/swissprot/

ABTOMaTHYeCKHE 0a3bl JaHHBIX. B Taknx 6a3ax JaHHBIX 3aMKCH TCHEPHU-
pytotcs  (MOJEIMPYIOTCS) KOMIIBIOTEPHBIMU  TIporpamMmmamu. Hampumep,
TrEMBL (Translated EMBL) — aBromMaTuueckas 0a3a mpeacka3aHuii mociie-
JOBaTEJIbHOCTEH O€nKoB. DTO (opMmasbHas TPAHCIAIUS BCEX KOAMPYIOUIUX
HYKJIGOTHUIHBIX TTocienoBaTenbHocTelt n3 6anka EMBL. B 2002 roay B pe3yiib-
tate oObemuHenuss SwissProt, TrEMBL u PIR Owin co3man OaHK JaHHBIX
UniProt (Universal Protein Resourse). 3To 0CHOBHOE XpaHHJIHINE OCITKOBBIX
nocyenoBaTenabHocTel U ux ¢pyHkuuii. UniProt cocTouT u3 Tpex yacteil:

— UniProt Knowlegebase — sBisiercst nieHTpanbHOi 0a30i TaHHBIX B 00ec-
NEeYMBAET JOCTYI K OOMIMPHON KypupyeMoi HHpopManuu no O0enkam, BKIKYast
X QYHKIUIO, KJIIACCU(PUKALIMIO U EPEKPECTHBIE HHPOPMALIMOHHBIE CCHUIKH;

— UniProt Archive — UniParc. — oTpaxkaeT XpOHOJIOTHIO JaHHBIX OIpEJIe-
JIEHUS O BCEX OENKOBBIX MOCIIEI0OBATEIBHOCTSIX;

— UniProt Reference — UniRef. — conepxut 6a3pl JaHHBIX, KOTOPBIE 00B-
CAUHSIOT TIOCJIEIOBATEIBHOCTH B KJIACTEPHI JJIsl YCKOPEHUS TTOUCKA.

Anpec UniProt: http://www.ebi.uniprot.org/index.shtml

IIpou3BoaHbie 0a3bl JaHHBIX. [lonyydaroTCsa B pe3ysibTaTeé KOMIIBIOTEPHOU
00pabOTKH JaHHBIX U3 apXUBHBIX U KypUPYEMbIX 0a3 JaHHBIX. DTO, HAIIPUMED,
SCOP, PFAM, GO u np. SCOP (Structural Classification Of Proteins) — 6a3a
JTAHHBIX TIO CTPYKTYPHOH Klaccu(UKaIuu OEIIKOB.

Anpec: http://scop.protres.ru/

PFAM (Protein families database of alignments and HMMs) — st0
0O0JIbIIIast KOJUICKIHS CEMENUCTB OCJIKOB U IOMEHOB, MOCTPOCHHBIX HA OCHOBAHUU
AKCTIIEPTHOM OIEHKM MHOXECTBEHHBIX BbIpaBHMBaHMUU. B OaHKe CyIIECTBYIOT
nBe ocHoBHbIe yacTu: PFAMA, conepikaias nmojapoOHO aHHOTUPOBaHHbIEC Oel-
KOBbIe cemencTtBa, 1 PFAMB, coaepxamas pa3auyHble MHOKECTBEHHBIE BBI-
paBHUBAHUS.

Anpec: http://www.sanger.ac.uk/Pfam/

GO (Gene Ontology consortium database). Ilenpto co3mareneii 0a3bl
OBLJIO YCTAaHOBJIEHUE KOHTPOJIS 32 €IMHOOOpa3reM B ONMUCAHUSIX (PYHKIUH, OHO-
JIOTUYECKUX MPOLECCOB U KIETOYHBIX KOMIIOHEHTOB, OTHOCSIIUXCS K MPOAYK-
TaM T'€HOB. Y HU(PUKALMS OMUCAaHUI B PA3IMYHBIX 0a3ax JaHHBIX 00JIEr4aeT Mmo-
UCK B HUX HyxHOro reHa. GO — HezaBucumas 6a3a NaHHBIX: Ipyrue 06a3nl JaH-
HBIX COTPYAHUYAIOT C HEH, MOMEIIasi CChUUIKA Ha YHU(DUIIMPOBAHHBIE TEPMHUHBI
GO, 160 MoANEep>KUBAIOT MOUCK C HCIOJb30BaHWEM TepMHHOB 0a3bl GO, a
TaKKe CTUMYJIUPYIOT €€ JOMOJHEHUE U YTOUHEHHUE.

Anpec: http://www.geneontology.org/

NurerpupoBannbie 6a3bl JaHHbIX. O0BEAUHAIOT UHGOPMALIUIO U3 pas-
HbIX 0a3. Hampumep, BBeas MMsI reéHa, MOXXHO HAWTH BCIO, CBSI3aHHYIO C HUM
unpopmarmio. K takum 6azam ortHocutrcs ENTREZ (Molecular Biology
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DataBase and Retrieval System). Ora uaterpupoBaHHas 6a3a JaHHBIX COJEP-
KUT HYKJICOTHIHBIE M aMUHOKUCIIOTHBIC TTOCIIEIOBATEILHOCTH, KOTOPBIE COOU-
paroTcs W3 KPYMHEHINX CIeHAIN3UPOBAHHBIX XpaHWIuIl — 0a3 gaHHbIx. Oc-
HoBoOU siBisieTcss GenBank, kpome Toro, nadopmarus monosaseTcs u3 dbEST,
dbSTS, SwissProt, PIR, PDB, PRF, GSDB. Jlannable U3 MepeunciICHHBIX pe-
CYPCOB IOCTYTAIOT B UHTETPUPOBAHHYIO 0a3y JaHHBIX MOCIIE:

1) mpuCcBOEHUS YHUKAILHOTO HICHTU(PUKATOPA TIOCTIEA0BATEIHHOCTH,

2) mepeBojia TOKyMEHTOB B €MHBIN CTaHIAPT XpaHEHUS,

3) IpOBEPKU TaHHBIX,

4) mpoBEPKHU BCEX CCHLIOK 10 0a3e nanHbix MedLine,

5) mpoBepku Ha3BaHUI OPraHU3MOB TI0 TAKCOHOMHYECKOHN KIIaCCHU(PUKAITUU
GenBank Taxonomy.

Anpec ENTREZ: http://www.ncbi.nlm.nih.gov/Database/index.html

Onucanusi MHOTUX 0a3 AaHHBIX 0 BM M0XHO HalTH HAa PYCCKOS3BIYHOM
caiTe, KOTOPBIA HaXOAUTCA IO agpecy: http://www.jcbi.ru/index.html

1.3.4 Ananumuueckue npozpammol 8 OUOUHPOpMamuKe

[TpuBeneM mpuMepsl OCHOBHBIX MPOTPaMM CPAaBHEHHUSI aMHUHOKHCIIOTHBIX U
HYKJICOTHUHBIX TIOCIeI0BaTeIbHOCTEH (prucyHoK 1.3).

1. ACT — (Artemis Comparison Tool) — reHomMHBII aHaIM3;

2. Bio Edit — pegakTop MHOKECTBCHHOTO BHIPABHUBAHUS aMHHOKHCIIOTHBIX
Y HYKJICOTUIHBIX MTOCJIEI0BATEILHOCTEH;

3. Bio Numerics — koMMepUecKkHii YHUBEPCAIbHBINA MAaKeT MPOrpamMM IO
ououHpopmaTHke;

4., BLAST — moucK pOJCTBEHHBIX ITOCJICIOBATEILHOCTEH B 0a3e MaHHBIX
AMUHOKHCJIOTHBIX M HYKJICOTHIHBIX ITOCIIEI0BATEIIEHOCTEN;

5. ClustalW — MHOeCTBEHHOE BBIpaBHUBAHHEC aMHUHOKHCIOTHBIX U HYK-
JCOTUIHBIX TTOCIEIOBATEILHOCTEIH;

6. FASTA — Habop anropuT™MOB ONPEACICHUS CXOKECTH aMUHOKHUCIOTHBIX
Y HYKJICOTHIHBIX TIOCJIEI0BATEIBHOCTEH;

7. Mesquite — mporpamma st CpaBHUTEIBHOM OMOJIOTHHU Ha sI3bIKE Java;

8. Muscle — MHOXeCTBEeHHOE CpaBHEHHE aMHUHOKHCIOTHBIX M HYKJICOTH/I-
HBIX TIOocTeIoBaTeNibHOCTEN. boniee ObicTpas u TouHas mporpaMma B CPaBHEHHUH
ClustalW;

9. Pop Gene — aHayin3 reHeTUYECKOro pa3HO00pa3usl MOMYJISIU;

10. Populations — nomyasiuoHHO-TeHeTHUECKUi aHanu3. [IpuMepoM HHTe-
TPUPOBAHHOTO HHCTpyMeHTa Ouosora sBisiercss takke Unipro UGENE. Oto
CBOOOJIHO paclpoCTpaHseMoe MporpaMMHOe obecrieueHre st paboThl MOJIEKY-
nsipHOTO O6Mosora. [lonb3oBarenbckuit HTEpdEc ITOro MPoyKTa 00ECIIeYnBaLT:

— C MOCJIEIOBATEIbHOCTSIMH,

— BU3YAJIM3AIHIO XPOMaTOTpamm;

— WCMOJIb30BaHNE PEAAKTOPa MHOKECTBEHHOTO BHIPAaBHUBAHUS MOCIIEA0BA-
TEJIBHOCTEH;
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— npocMoTp TpexMepHbix Moaenern PDB 1 MMDB ¢ noanepxkout crepeo-
pexuMa;

— IPOCMOTP (PUIIOTEHETUUYECKUX JCPEBHEB;

— NPUMEHEHNE KOHCTPYKTOPA BBIYUCIUTEIBHBIX CXEM, aBTOMAaTU3UPYIOLIE-
ro NpoLEecC AaHAIN3A;

— TOJJEPKKY COXpaHEHHUs H300paKCHUM B BEKTOPHbIE (OpMAThl IS
yn00cTBa MyOJIUKaIUH.

FASTA

>roal dromeRea guanoreceptor type III >> 0.1

MVNSNQNQNGNSNGHDDDFPQDSITEPEHMRKLFIGGLDYRTTDENLKAHEKW GNIVDV
VVMKDPRTKRSRGFGFIT YSHSSMIDEA QKSRPHKIDGR VEPKRA VPRQDIDSPNAGATVK
KLFVGALKDDHDEQSIRDYFQHF GNIVDNI VIDKET GKKRGFAFVEFDDYDP VDK VVLQK
QHQLNGKMVDVKKALPKNDQQGGGGGRGGPGGRAGGNRGNMGGGNYGNQNGGGNW
NNGGNNWGNNR GNDNWGNNSFGGGGGGGGGYGGGNNSW GNNNPWDNGNGGGNF GG
GGNNWNGGNDFGGYQQNYGGGPQRGGGNFNNNRMQPYQGGGGFKAGGGNQGNYGN
NQGFNNGGNNRRY

>roa2_ drome Rea guano ligand

MVNSNQNQNGNSNGHDDDFPQDSITEPEHMRKLFIGGLDYRTTDENLKAHEKW GNIVDV
VVMKDPTSTSTSTSTSTSTSTSTMIDEAQKSRPHKID GRVEPKRAVPRQDIDSPNAGAT VK
KLFVGALKDDHDEQSIRDYFQHLLLLLLLDLLLLDLLLLDLLLF VEFDDYDPVDKVVLQK
QHQLNGKMVDVKKALPKNDQQGGGGGRGGPGGRAGGNRGNMGGGNYGNQNGGGNW
NNGGNNWGNNRGNDNWGNNSFGGGGGGGGGYGGGNNSWGNNNPWDNGNGGGNF GG
GGNNWNGGNDFGGYQQNYGGGPQRGGGNFNNNRMQPY QGGGGFKAGGGNQGNYGN
NQGFNNGGNNRRY

Pucynok 1.3 — @opmarsl (haiiinos, HCIOIB3yeMbIX B OnonH(pOpMaTHKe

1.3.5 Ilepsuunsvie, 6mopuunvie u Kypupyemovle 6azvl O0AHHbHIX

OpHoii 3 6a30BbIX 3a7a4 b siBisieTcs XpaHeHWe U OpraHu3alus J0CTyIa
K HaKOIJICHHBIM MaccuBaM Ouosiornueckoil mHpopmanuu. PeaausyroT gJaHHYIO
3ajayy C nOpuMeHeHueM TexHojoruid 0a3 aganHbix (B/[). ba3el naHHBIX
MPEACTABIAIOT CO00M HMHGPOPMAIMOHHBIE MOJEIH, COJepXkallue JaHHbIE 00
o0BeKkTax u ux cBorcTBax. OHU XpaHAT WHOOpPMAIKIO O Tpynmax 0OBEKTOB C
OJTMHAKOBBIMU Habopamu cBOUCTB. [IpocThiMu ObITOBBIMU TIpriMepamu bJl MokHO
CUUTATh JIFOOBIE CITPABOYHUKH, YHIIUKIIOTICTUH, 3aITUCHBIC KHIDKKH U KaTaJIOTH.

Nudopmarus B 6a3ax JaHHBIX XPAaHUTCS B YIOPSIOUYCHHOM BHJIE, YTO T03-
BOJISIET O00ECIEUYUTh YAOOHBIN JTOCTYN K HY)XHBIM (pparMeHTaM XpaHUMOUM HH-
dbopmaruu.

Texandecku bJ] MOXHO mpencTaBUTh Kak HaOOp TaOnMIl, Kaxknas HX
KOTOPBIX IpeJHa3HaueHa JUid XpaHeHus: nHpopMalu 00 00bEKTax OJHOTO THUIIA.
Kaxnasa crpoka Tabiuibl COAEPKUT TaHHBIE OTHOTO OOBEKTA M HA3bIBAETCS 3aIlu-
cbto. [Ipu 3TOM cTONOLIBI, (POPMUPYIOIIIUE CTPOKY, HA3BbIBAIOTCS MOISIMU, U KAXKII0€
T0JI€ ONKCHIBAIOT KaKyI0-IMOO XapaKTEepUCTUKY 00beKTa. [10CKOIbKY sl Kax a0
3anucH B BJ[ momkHa cyiecTBoBaTh BOBMOXKHOCTh YHUKAIBHON WIACHTU(DUKALINY,
YaCcTO BBIJIEJSIIOT OTJENBHBIM THI 3alTUCH JUI XpaHEHUs1 OJ00HON HH(OpMaLIuHy,
a JJaHHOE TI0JIE HA3bIBAIOT KJIFOYEBBIM. TakKe ClIeAyeT OTMETUTh, YTO BO3MOKHO
CYIIECTBOBaHHE IOJIEH, COoJIepKAIX B KaUECTBE 3HAYECHUS CCHUIKY Ha OOBEKT TO-
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ro K€ WM JIPYroro THUIIA, MO3BOJISIsI, TAKUM 00pa3oM, XpaHUTh WHPOPMALIUIO 00
UEPAPXUYECKHUX U CETEBBIX CBA3AX 00BEKTOB coaepkamuxcs B b/1.

Ilo xapaxmepy xpanumuvix danHvix duonrocuyeckue bJ] mocHo pazoenums:

* Ha nepeuunvie BJ], XpaHsme pe3yiabTaTbl MOJICKYISIPHO-OMOIOTMYECKUX
uccienoBanuil. Kak npasuiio, 310 mocie0BaTeabHOCTH U CTPYKTYPbl OMOJI0rye-
ckux nmosmmepoB (Genbank, EMBL, DDBJ, SWISS-PROT, TREMBL, PIR, PDB);

* BmMOpuyHble, JNAHHBIE B KOTOPBIX SIBISIIOTCS pe3yJbTaTOM 00pabOTKU
NEePBUYHON OHOJOTHYecKOM MHpopMalud. TUNMMYHBIMU NPUMEpPaMU SBIISIIOTCSA
B/, xpausume uHbOpMalMIO O MATTEPHAX, OOHAPYKUMBAEMBIX B MOCIIEIOBA-
TEJIBHOCTSIX, PA3HOTO poja KiacCU(UKAIIMU MOCIEeI0BATEIBLHOCTEH U CTPYKTYP
(PROSITE, Pfam, BLOCKS, PRINTS, DSSP, SCOP);

* coctaBHble (komMno3utHble) BJI, arperupyror nndopmanuo U3 nepBbIx
JBYX BHUJOB, NMPEJOCTABIISAS PACIIMPEHHBIE 10 CPABHEHHIO C OTAEIbHBIMHU bJ]
BO3MOXKHOCTH I10 TIOMCKyY ¥ HaBuraiuu B JanHbix (NRDB, OWL, GO).

1o mexanuzmy nanonanenus 6a3vt OAHHBIX MONCHO PA30ETUMDb.

* Ha apXUBHBbIE 0a3bl JAHHBIX, (DAKTUUECKU SBISIOTCS XPAaHWIHILEM (ailioB
onpeneneHHoro ¢opmara, NperoCTaBiIseMbIX YyuyeHbIMU. Kak mnpaBuiio, 3To
nepBUYHbIC 0a3bl JaHHBIX Hanoaooue PDB;

* aBTOMaTHWyeckue 0a3bl JAHHBIX, MPEACTABISAIOLUIUNE PE3YyJIbTaT pPabOTHI
Kakoro-a10o Merona. Yacto no npeapaymie kiaccCupuKauy uX MOKHO OTHeE-
¢t Ko BTopuuHbIM (DSSP);

* KypupyeMble 0a3bl JaHHBIX, HAIlOJIHEHHUE KOTOPBIX KOHTPOJIUPYETCS
rpynmnoi/aadopaTropreit/uccie1oBaTeIbCKUM LIEHTPOM, MX MOJJIEPKUBAIOLIUM.
Tunuunsiii npumep — SWISS-PROT.

[Tockonbky BM opueHTHpOBaHAa Ha aBTOMATHUYECKYIO0 0OpaOOTKY AaHHBIX,
OCHOBY OOJIBIIIMHCTBA MEPBUYHBIX M BTOPUYHBIX OMOJOTMYECKHX 0a3 JaHHBIX
COCTaBISAIOT (ailyibl ompeaeneHHoro Qgopmara. B kaxaom nogoOHoM aiine
XpaHUTCsT UHpOpMaLus 00 OJHOM OCHOBHOM oObekTe naHHo BJI, Hampumep
JTaHHBIE O MPOCTPAHCTBEHHOM CTPYKType OAHOTrO KomIuiekca B ciyyae b/[ PDB.
OOBIYHO TMOJIb30BaTEIh PEAKO paboTaeT ¢ caMuM (ailjioM, MOCKOJIbKY BeO-
uHTepdeiic caiita bJl mnpepocraBnger Oonee ymoOHOe AJiA  YeJOBEKa
npeacTaBiieHne nHpopManuu 00 00BEKTaX B BUIC PA3IMUYHOIO POJia CBOIHBIX
TaOJIUL, TOCJIEI0BATEIbHOCTE CUMBOJIOB, PUCYHKOB U CCBUIOK Ha JIpyTHe cai-
ThI, COZIEp Kalllie JOMOJIHUTENbHYIO CBSI3aHHYI0 MHpopMmanuio. OgHako Bcerja
clleyeT MOMHMTb, YTO, KaK MPaBUJIO, JaHHbIE (ailyibl JOCTYIHBI ISl CKauMBa-
HUs (IpU HEOOXOIUMOCTH).

1.3.6 Aésmomamuueckoe annomuposanue nocie006amenbHOCmu
ABTOMaTH4YeCKOe AHHOTHPOBAHME M0CJIeI0BAaTeIbHOCTH — 3TO IIPOLECC,
B KOTOPOM HJEHTU(UIHUPYIOTCS T€HbI, UX PETYISATOpPHbIE 00JacTH U (QYHKUUU
I€HOB, TaKXE ONPENENSIOT I'eHbl, KOTOPbIE HE KOJIUPYIOT OeNKHU (B YaCTHOCTH,
rersl pPHK, TPHK u manoii saepuoit PHK); oOHapyxuBaroT u xapakrepusyoT
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MOOUJIbHBIE TEHETUYECKHE 3JIEMEHThl M CEMEHCTBA MOBTOPOB, KOTOPHIE MOTYT
TaK)Ke MPUCYTCTBOBATh B TEHOME.

[locne omnpeneneHus HyKJIEOTUIHON MOCIEIOBATEILHOCTH BCTAET CIEMY-
folIas 3a/1a4ya 1o €e aHHOTaIlluU, KOTopasi 3aKI0vYaeTcs B MACHTU(UKAIIMYA BCEX
T€HOB M KOJUPYEMBIX OE€IKOB, MOOMJIBHBIX 3JIEMEHTOB M CEMENCTB MOBTOPOB,
KOTOPBIE MOTYT IPUCYTCTBOBATh B TEHOME.

["enbl, Kogupyrolre OeIKu, OOHAPYKUBAIOTCS MTPU aHAINU3E HYKJICOTHUTHOM
MOCJIEA0BATENBHOCTH CAMHUM HCCIEAOBATEIEM WM MPU MOMOIIM KOMIBIOTEP-
HBIX TMporpamM. ['eHbl, KoAWpylolue OENKH, COJepKaT TaK Ha3bIBAEMYIO
OTKPBITYI0 PAMKY CYMTBIBAHMS, KOTOpas HAYMHACTCS C MHULUMPYIOLIEro
koaoHa ATI' u 3akaHuUMBaEeTCA OJHUM W3 TPEX TEPMHUHHMPYHOIIMX KOJOHOB —
TAA, TAT win TI'A. CkanupoBanne nocneaosatenbroctd JIHK mis o6napy-
YKEHHSI OTKPBITOM paMKHU CUMTBIBaHUsA, orpaHndyeHHON ATI ¢ ogHOM CTOPOHBI 1
CTONI-KOZOHOM C IPYTOU, ABJISIETCA OOHON U3 cmpamezuul houcka 2enos. OTHaKo
ATOT METO/JI BHICOKO 3()D(PEKTUBEH TOJIBKO JIJIsl aHHOTAIIUK OaKTEepUaIbHbIX TE€HO-
MOB. B citydae e reHOMOB 3yKapHOT MPOJAYKTUBHOCTh METOJIa PE3KO CHUXKAET-
Cs1, TOCKOJIBKY OOJIBIIMHCTBO 3YKapHUOTUYECKUX F€HOB COCTOAT U3 IK3OHOB (KO-
JUPYIOIIUX YYAaCTKOB I'€HA) U MHTPOHOB (HEKOAMPYIOUIUX YYaCTKOB T€HA), U
porpaMma 4acTo MHTEPHPETUPYET SK30HbI, KAK OTAEJIbHBIE T'€HbI, T.K. CTOI-
KOJIOHBI YaCTO BCTPEUYAIOTCS B HHTPOHAX.

Crnenyer OTMETUTh, YTO MOCJIEAHUE BEPCUHU MPOrpaMM HAaCTPOEHBI Ha II0-
UCK CHENU(UYECKUX YEPT OTKPBITHIX PAMOK: MHTPOH-IK30HHBIX COUJICHEHUH,
3'moNMA-CUTHAJIOB U MPeMMYIeCTBEHHbIX KOAOHOB. Hanpumep, anaHuH mo-
JKET KOJIMPOBATHCS YETHIPbMSI KOJAOHAMU, HO B reHoMe uenoBeka koaoH ['LIL]
BcTpevaercs B 41% ananmHoBbIX KoJoHOB, a I'LII" Tosbko B 11%. Haunbonee va-
CTO BCTpEUaroIIMecs: KOAOHBI MPUCYTCTBYIOT B 9K30HAX, HO HE BCTPEUAIOTCS B
MHTPOHAX U MPOCTPAHCTBAX MEKTY F'€HAMHU.

[Tocne oOHapy>KeHUs MPEIoIaraéMblX OTKPBITBIX PAMOK CUMTHIBAHUS IS
OIpEJENICHHs Te€Ha MPOBOJAT MOUCK TOMOJIOTHYHBIX MTOCJIEA0BATENLHOCTEN cpe-

T pacIiin(PpOBaHHBIX T€HOB JIPYTUX OPraHU3MOB B 0a3ax JaHHBIX (Hampumep, B
Genbank).

1.3.7 Hoenmugurkamopw! 3anuceit 8 6azax OAHHbIX

Just kaxxngon 3anucu B b/[ momkHa CymecTBOBaTh BO3MOKHOCTh YHUKAJIb-
HOUM maeHTH(UKanuu. B kadecTBe YHUKAIBHOTO MMEHU OOBIYHO UCIOJIb3YETCS
UJeHTU(UKATOP WIM MHBEHTApHBIN omep. [loobHas 1BOWCTBEHHOCTD SIBISIET-
Csl CJIEICTBHEM TOTO, YTO HAa PAaHHUX JTarmaxX CTAHOBJICHHS OMOMH(OPMATHKH,
KOTJ[a YKCJIO TOCJIeA0BaTEILHOCTENH OBLIO HEBEJIUKO, UMEHA TMOCIIEA0BATEILHO-
CTSIM CTapajiCh J1aBaTh B yaoOouuTaemoit hopme, 3aKiiajibiBasi B aOOpeBUaTypy
yKa3aHUE Ha OMOJIOTHYECKYI0 (DYHKIIMIO TOCJIeA0BaTeIbHOCTH. Tak, B UICHTH-
¢ukaropax b/ EMBL u Genbank niepBbie aBe (Tpu) OyKBbI yKa3bIBatOT Ha OMO-
JIOTUYECKUN BUJ] OPTaHU3Ma, a ocTaBiuecs — Ha (yHkIiuto. OqHako ¢ yBeaude-
HueMm o0beMa bJl u Bo3pactanueM ckopocTy 100aBIEHUS MOCIEI0BATEIBHOCTEH
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noo0Has cxema UMEHOBAHMSI TIepecTana yJI0BIETBOPIATh MOTPEOHOCTH HAYUYHO-
ro cooOuiecTBa HM3-3a OTCYTCTBUS BO3MOXHOCTH aBTOMAaTUYECKOM TIe€Hepauu
umeH. Ha cmeny (B jomosHeHue) K UIEHTU(GUKATOpAM MPUILTA WHBEHTaPHbIC
HOMEpa — YHHUKaJbHbIE CUMBOJBbHBIC (OyKBBI U IU(PHI) MOCIEAOBATEILHOCTH.
Crnenyer uMeTh B BHIy, YTO TpU Hambojee m3BeCcTHhIE 0a3pl maHHBIX EMBL,
GenBank u SwissProt ucnosb3yroT 001IyI0 cXeMy HyMepaluu Mocjie0BaTeb-
HOCTEH, T.€. €IUHbI MHBEHTAPHBIA HOMEP OAHO3HAYHO HJCHTU(MUIIUPYET MO-
CJIEIOBATEIBLHOCTh B 3TUX TpeX 0a3ax JaHHbIX.

OcHoBHBIE 0a3bl JAHHBIX MOCJIEIOBATEILHOCTEH OMOJOTUYECKUX MOJIUME-
poB. baza nanubix Genbank conepxut anHoTanuu nociaenosarenbHoctet JJHK
pa3nuuHbIX opraHu3MoB. Kaxxgas 3amuch BKIIFOYAET P MOJIEH, CIUCOK KOTO-
PBIX HECKOJBKO OTJIMYAETCA ISl MPOKAPHOTUYECKUX U IYKAPUOTHUYECKHUX IO-
cienoBaTenbHOCTEN. Tak, U1 3amuce, XapakTepU3YIOIMMUX MPOKapUOTHYECKUE
T€HbI, CBOMCTBEHHBI CJIEIYIOLIUE OMUCAHUS:

* LOCUS — Ha3BaHue joKyca (IpOrU3BOIBHOE UMS), JUTMHA HYKJICOTUTHOM T1O-
clieoBaTeNibHOCTH, TUI MosiekyJbl (JIHK) u ee Tononorus (JimHeitHas, KoJIbIEBas);

* DEFINITION — cozmepuUT KOPOTKOE OIIMCAHKE T'€HA,

« ACCESSION — Homepa (naeHTH(UKaTopsl) JaHHOTO 00beKTa B Apyrux b/1;

* VERSION — nepeunciieHbl CHHOHUMBI U TIPEIBIAYIINE UICHTUPUKATOPDI;

* KEYWORDS — cniucok TepMHUHOB, XapaKTEPU3YIOIINX 3aIKCh;

 SOURCE — oOmee Ha3BaHME OpraHu3Ma, SIBISIOIIETOCS HCTOYHUKOM
JAHHOM MOCIEA0BATEIBHOCTH;

* ORGANISM — mnonHas TakCOHOMHUYECKasi WJICHTU(UKAIMS OpraHU3Ma-
HUCTOYHUKA;

« REFERENCE — cchIIKM Ha CTaThM, CBSI3aHHBIE C BBIICJICHUEM U ONpPEe-
aeHueM (yHKLIHHA MOCIe10BaTEIbHOCTH;

* COMMENT — koMMeHTapHuH, He MOAXOAIIKE N0 (opMaTy IPYrHM MOJISIM.

Ceknusi, OMCHIBAIONIASI OTKPBITYIO PAMKY CUUTBHIBAHUS T'€HA:

* KOOPAMHATBI CTAPTOBOIO U CTOM-KO/IO0HA;

* TUI TaOJHIIbI KOJOHOB, UCIIOIB3YEMOU JIsl TPAHCIIALINH;

* translation — nekoaupoBaHHAsh AMUHOKHUCIIOTHAs MOCIEI0BATEIbHOCTD
Bropas Baxxnas b/, 0 KOTOpo# CTOUT yIOMSIHYTh, — 6a3a OEJIKOBBIX MOCIJIEIOBA-
tenpHOCTEW SWISS-Prot (wvvw.expast.org/sprot). Jlannas bJI, B otnuune B/
Genbank, opueHTHpOBaHa Ha OCIKOBBIE TOCIICIOBATEIBHOCTH, B TOM YHCIIE T10-
CJIEIOBATEILHOCTH, «TpaHCKpuOupoBaHHbIe in silicoy. Takke 6aza SWISS-Prot
COJEPKUT MOJPOOHBIE aHHOTALMU W3BECTHBIX MOCJIEI0BATEIBHOCTEN M TECHO
MHTEerpupoBaHa ¢ apyrumu bJ[. Hanpumep, ecnu i mociaenoBaTebHOCTA U3
SWISS-Prot goctynHa cTpykTypHas MH(pOpMalus, TO JAaHHbIE 00 3TOW mocie-
JoBaTeNbHOCTU OyAyT conepxath u ee PDB-unentudukatop. @opmar 3anuceit
B SWISS-Prot cocrout u3 cieayrommux noyiei:

* ID/AC (accession number) — Ha3BaHHE 3alMCU W MHBEHTAPHBIA HOMEP.
WHorna B 17aHHOM TOJIE MOTYT ITPUCYTCTBOBATh HECKOJILKO Pa3IMUHBIX HOMEPOB;

* DT — natel co3nanusi/oOHOBIEHUS! HH(OPMAIIH O 3aMKCH;
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* DE — none onucanus (description) mepeyucisier BCE U3BECTHbIE MMEHA
JTaHHOTO O€EJIKa;

* GN (gene) — Ha3BaHUE reHa (T€HOB), KOJAUPYIOIINX JAHHBIN NPOAYKT;

* OS/OC/OX — conmepkaT Ha3BaHHWE OpPraHW3Ma, TAKCOHOMUYECKYIO Kilac-
CU(PUKAIIMIO U YHUKAIbHBIN TAKCOHOMUYECKUH UICHTHU(PUKATOP OpraHu3Ma, siB-
JISIFOIIETOCS]  MCTOYHMKOM  JTaHHOW —ToceioBaTenbHOCTH. CeKIUs CCBhIIOK
(RN/RP/RX/RA/RT/RL) BKItOUaeT BCE JIUTEPATYPHBIE CCBHUIKH, MCIOJIH30BaH-
HBIC JII aHHOTAIIUW JTAHHOH 3aIUCH;

* CC — 6ok xomMeHTapueB. COCTOUT U3 TEKCTa, Pa3JeJICHHOrO0 Ha pas-
JIMYHBIC «TEMBD» U OMUCHIBAIONINE: (PYHKIIHIO O€NIKa, €r0 BHYTPUKIETOUHYIO JIO-
KaJu3aIliio, TOCTTPAHCISAIIMOHHBIE MOIU(UKAIIMK, BO3MOXKHBIC CBS3H C pa3-
JUYHBIMH 3a00JI€BaHUSIMH U T.JI.;

* nojie DR coaepKuT Kpocc-CChbUIKA Ha UAEHTU(UKATOPHI JAHHOTO OeJKa B
npyrux ba (manpumep, PDB);

« KW — none, Bkirouaroniee kiroueBbie cioBa (keywords), xapakrepusy-
IOIIUE TaHHYIO 3aITUCh.

e FT (features) — camoe BaxxHOE TI0JIE COJCPIKUT CITMCOK JOMCHOB M BaK-
HBIX CAaWTOB MOCJIEI0BATEIbHOCTH C YKa3aHUEM HOMEPOB (MHTEPBAJIOB) aMUHO-
KHUCJIOTHBIX OCTAaTKOB: OINKCAHUsS MOCTTPAHCIALMOHHBIX MoOAW(DUKalMid, Bapu-
aHTOB TMOCJIEIOBATEILHOCTEN (M3BECTHBIE 3aMEHBI OCTATKOB), JOMEHHYIO CTPYK-
Typy, TOBTOPBI, JJIEMEHTHI BTOPUYHOU CTPYKTYPHI U T.1.

¢ SQ mone coepKUT caMy aMUHOKHCIIOTHYIO ITOCIEeI0BATEIHOCTh OeKa.

Konmponwvnwvie eéonpocwi

1. [Haimite onpeneneHue noustus ouonHdopmartuka. Onpeaenure 1enb,
3a/1ayu, mpeaMeT OMOUuH(POPMATUKH.

2. Kakumu cBoiictBamu obOnanaetr uHbopmanus. [laiite um xapakrepu-
CTHKY.

3. I'me xpanstcs bnonHpOpMaIllMOHHBIE TaHHbIE?

4. ba3wl JaHHBIX U aHAJTUTHYECCKUE TIPOTPAMMBI, UX XapaKTePUCTHKA.

5. Yto Takoe aHHOTUPOBAHHUE MOCIEAOBATEIBHOCTU U HAEH(UKATOPHI
3anucei B 0a3ax JaHHBIX.

6. B kakux BUAax AesITeTbHOCTH peanu3yeTcs mpeaMeT OMOMH(POPMATHKHI?

7. llepeuncnaute MEAUIIMHCKUE TPUMEHEHUSI OMOMH(POPMATHKH.

8. Kak 3amuceiBaeTcst mocieoBaTebHOCTD Oenka B popmate FASTA?

9. Jlns yero nmpenHasHadeHa nporpamma BLAST?
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Pazoen ||
MOJIEKYJISIPHAS 9BOJIIOLUS

2.1 ITapHoe 1 MHOKEeCTBEHHOE BLIDABHUBAHME.
AJITOPUTM M NPOTrPaMMbl BHIPABHUBAHUSA

BoipaBHUBaHHEe NMOCJIEA0BATEJIBHOCTEN — 3TO METOJ, OCHOBAHHBIM Ha
pa3melnieHun 2-x uim 6osee nocienaoareabHocTeir Monomepos JIHK, PHK wiun
OCJIKOB JIpyr IMOJ IPYroM TaKuM oO0pa3oM, 4YTOOBI JIETKO YBHJACTh CXOJIHBIC
Y4aCTKHU B 3TUX MOCJIEA0BATEIHLHOCTSX.

IIapHoe BbIpaBHMBAHUE MCIOJIB3YETCS JJI1 HAXOXKIACHUS CXOAHBIX Y4acT-
KOB 2-X TIOCJIEIOBATEIBHOCTEH, pa3IHUaroT (pUCyHOK 2.1, 2.2):

— I00anbHOE BBIPAaBHUBAHUE MPEIIOJaraeT, 4yTo MOCIEI0BATEIbHOCTH
TOMOJIOTHYHBI TIO BCEW JUIMHE, B I100AJIbHOE BHIPABHMBAHUE BKIIHOYAIOTCS 00€
BXOJIHBIC ITOCJIECOBATECIbHOCTHU IICITUKOM.

— JIOKQJIbHOE BBIPABHUBAHUE MPUMEHSAETCS, €CIIU MOCIEI0BATEILHOCTH CO-
JepKaT KaK poJACTBEHHbIC (TOMOJIOTUYHBIC), TAK U HEPOJCTBEHHBIE YUaCTKH, pe-
3yJIbTAT JIOKAJbHOI'O BBIPABHMBAHHUS BBIOOP y4acTKa B KaKJIOW M3 IMOCJIEIOBa-
TEJILHOCTEN U BBIPABHUBAHUE MEXK/Y STUMH YYaCTKaAMHU.

VGPSSKDTKGSG-MKIWEA
| | I | ] [obanbHoOe BbipaBHUBaHHE
VN-VTKSAKGSGI SKVAEN
--=-=-=----KGSG- - - - - - -

. JlokasibHOe BbIpaBHUBaHHE
- -=-=-=----KGSG~- - - - - - -

Pucynok 2.1 — [Nopsiaok ri1o0ainbHOTO 1 JIOKATBHOTO BEIpAaBHUBAHHE

XYLR ECOLI : |[cN@ScaMeN@In@ckriNg’ ) CEY R
XYLR HAETN : [eN@ERHEeNEN : 24

Pucynok 2.2 — IIpanoe BblpaBHUBaHMEE

IIapHoe BbIpaBHUBaHHE MOCJEI0BATEJLHOCTEH — 3TO Hambojee Mpo-
CTOM CJIy4all MHOXECTBEHHOI'O BBIPABHUBAHUs IOCIIEI0BATEIBHOCTEN, T.€. CIO-
co0 pacnoJioKeHHsI HECKOIBKUX MOCIIEI0BATENBHOCTEN APYT MO APYTOM IyTEM
BHECEHHUS B HUX MPOIYCKOB, YTOOBI OJMHAKOBBIC WU OJIM3KUE MO CBOUM CBOM-
CTBaM MOHOMEDBHI, (HOPMUPOBAIIU CTOJIOLBI JAHHOT'O BIPABHUBAHMUSI.

MHo:kecTBeHHOE BbIPABHHBaHUE MOC/IeA0BaTeIbHOCTeH (aHri. multiple
sequence alignment, MSA) — BeipaBHUBaHUE TpeX U 0oJice OMOJIOTUYECKUX TOCTIe-
noBarenbHOCTeN, 00b1yHO OenkoB, JIHK win PHK. B GonbimHCTBE citydaeB npen-
M0JIaraeTcsi, YTO BXOAHOM HAOOp MOCIEA0BATENbHOCTEN MMEET 3BOJIOLIMOHHYIO
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CBs13b. VICTIONB3YysT MHOKECTBEHHOE BBIPABHHBAHUE, MOKHO OILICHUTH IBOJIIOIH-
OHHOE MPOHUCXOXKJEHUE TOCIEI0BATEIBHOCTEH, MpOBens (PHIOTCHETUYECKHI
aHanu3 (pucyHok 2.3).

* 20
ADIY ECOLI : ¥N TSYRISVEKDFYGM ERLHY¥YV : 24
APPY ECOLI : X¥N TSYRICARKDYYGV ESHYF : 24
CELD ECOLI : X¥5 PSLE@TKTRKKLTSE EKSYR : 24
CFAD ECOLI : IS ASYRIRVANKHYGV BJKQFEF : 24
ENVY ECOLI : ¥5 TSY@ISVAKAFYGL ELNYL : 24
FAPR ECOLI : X¥T VSYRIKTREEYYGV BKKFE : 24
MELR ECOLI : FR SSREYSTHGKYVGMS|gOOYR : 24
RHAS ECOLI : FSDSNHE@STLRRREFNWSERDIR : 24

ROB ECOLI/ : RFD QQTETRABKKQFAQ LY¥R : 24
TETD ECOLI : QFD QOSETRREAKYIFKV ESYYR : 24
AYLR ECOLI : X¥P LOYRYSVEAKKAYDT EKEYR : 24
AYLR HAEIN : X¥P IOQYQYSVHRKEFEM BJKEFR : 24

Pucynok 2.3 — MHOXeCTBEHHOE BIpaBHHBAHHE

Aaroputm Hupamana-Bynma. TIponeHT MACHTUYHOCTH MEXAY IBYMS
METITUIHBIMA WJIM HYKJICOTHUIHBIMU TTOCIEA0BATEILHOCTAMHU SIBISCTCS (PYHKIIH-
el KOJMYeCTBA aMUHOKHUCIIOT WJIM HYKJICOTHUIHBIX OCTaTKOB, KOTOPbIE UJCHTHY-
HBI B JIBYX IOCea0BaTeIbHOCTIX. AnroputM Hunnmana-Bynma qis riio6ais-
HOT'O BBIPAaBHUBAHMUSI TIOCJIEI0BATEIILHOCTEM:

Target sequence (ueneséasn nocnedoeamenbHoOCHb)

5"ACTACTAGATTACTTACGGAT CAGGTACTTTAGAGGCTT GCAACCA !
T O O O I 1 I O Frrrni
5"ACTACTAGATT- - - - ACGGATC- - GTACTTTAGAGGCTACCGAAGCGA 37

Query sequence (3anpoumieHHaAA NOCTE008AMENbHOCIHNB)

Pucynok 2.4 — I'no6asibHOE BhIpaBHUBAHUE M1OCIIE10BATEIILHOCTEN
o anroputMmy Huuimana-Bynina

B ykazaHHO# moclie1oBaTeIbHOCTH €CTh coBMajeHus (match), oHU BbIje-
JICHbI YEPHBIM IIBETOM, KPACHBIM I[BETOM BBIJICJIEHBI YYaCTKA B KOTOPBHIX HET COB-
nojeHui (mismatch), 3eaeHbIi — mpoOessl B ocieaoBaTeabHOCTH (gap). [Tpobern:
¥ HE COBMajcHUs mTpadyroTcs (HampuMmep, UM MpHUCBaMBacTCs 3HadeHue -1). 3a
KaXIbIH y9aCTOK MOCIIE0BATEILHOCTH MPUCBANBAIOTCS Beca (Score):

Match +1 +5

Mismatch -1 -1

Gap-1-2

JIns1 3amoTHEHUS KaXKI0M sTUeMKH HY>KHO OLIEHUTh 3 Beca (score), s mep-
BOM KJIeTku Y - E:

1) cieBa HampaBo: gap (-2)
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2) cBepxy BHU3: gap (-2)

3) o nuaronanu mismatch (-1)

HUTOI'O: BeibMpaeM MakcuMaibHOE 3HaUeHHE -1

Jns Bropoii knetku E — E, ecTp coBIaieHne no3Tomy:

e 110 quaroHaau mismatch (1)

e ciicBa HampaBo: gap (-2)

e cBepXy BHU3: gap (-2)

HToro: BeIOMpaeM MaKCHMaIbHOE 3HaUeHHE -1.

B BepxHEM JIeBOM YTy BBICTABISETCS HOJb, OT KOTOPOTO MPOW3BOJAUTCS
3aroJIHeHUE TaOIUIIbl BEIPABHUBAHUS 110 3-M HAIPABIICHUSM: BIIPaBO, BHU3 U T10
nuaroHand. JIBukeHue 1Mo JuaroHalld MOApPa3syMEBAEeT, YTO MbI IMPOABUHYIHCH
Ha OJUH mar. /[BukeHne BIpaBo WM BHU3 MOJIpa3yMeBaeT, YTO MBI JIeJIaeM gap.
W aeHTHYHBIE OCTATKH OMPEICISIIOTCS KaK OCTaTKH, KOTOPBIE SIBISIFOTCS OJIMHA-
KOBBIMH B JIBYX MOCJIEZIOBATEILHOCTAX B IaHHOM MO3UIIMY BHIPAaBHUBAHUA.

[TporieHT MIEHTUYHOCTH TMOCIEI0BATEILHOCTA PACCUYUTHIBACTCS U3 OMTH-
MaJbHOTO BBIPABHUBAHMS IyTEM B3STHS YHCIA OCTATKOB, HICHTUYHOTO MEXKIY
JBYMsI TIOCJIE0OBATEIBHOCTSMH, JICJIEHUS €r0 Ha 001ee KOJIMUECTBO OCTAaTKOB B
camMoi KOPOTKOH MOCIeI0BaTeIbHOCTh U yMHOXkeHHUe Ha 100.

OnTumanbHOe BBIPABHHBAHME — 3TO BbIPaBHUBAHUE, [P KOTOPOM IIPO-
LHEHT WJIEHTUYHOCTH SIBJISETCA MAaKCHUMAaJIbHO BO3MOXHBIM. Pa3pbiBbl MOTYT
OBITh BBEJICHBI B OJIHY WM 00€ MOCIEeI0BAaTEIIbHOCTH B OJHOM MJIU HECKOJIbKUX
MIOJIO’KEHUSAX BBIPABHUBAHUS, YTOObI MOJYYUTh ONTHMAJIbHOE BBIPABHUBAHHE
YUUTBHIBAIOTCS KaK HEUJECHTHUYHBIE OCTATKH JIJISl pacdyeTa MpOLEeHTa UICHTUYHO-
CTH MOCJIEIOBATEILHOCTH.

2.2 DBOJIIOLUA MOJICKYJI M1 OPraHU3MOB.
Kpurtepuu cpaBHeHMsI HYKJIEOTHIHBIX U 0€JIKOBBIX MOCJI€10BATEIbHOCTEH

’KuzHp — 3TO €roco0 CylecTBOBAHUS OTKPBITHIX KOJUIOUIHBIX CUCTEM, 00-
JaJAI0MKMX CBOMCTBAMHM CAMOBOCIPOM3BEICHHS, PETYISAIIMU U OOHOBJICHUS Ha
OCHOBE IIPe0oOpa30oBaHUsI MOTOKOB BEIIECTB, PHEPTMU W HHQPOpMAIUU ITyTEM
B3aMMOJICHCTBHUS OCIIKOB U HYKJIICMHOBBIX KHCJIOT. Pemaroryro pojib B IIpeBpa-
IIICHUY HEXKMBOTO BEIIECTBA B )KUBOE UrparoT Oenku. OHU cocoOHBI 00pa30BHI-
BaTh KOJJIOMAHBIC TUAPOPHIBHBIE KOMIUICKCHI, CIIMBATHCS APYT C IPYroM U 00-
Pa30OBBIBaTh KOAIEPBAaThl — OTKPBITHIE CHCTEMaMHM, 00JIaal0T yHOPSA0UYESHHO-
CThIO, CIIOCOOHOCTHIO K CAMOOOHOBJICHHUIO M MOTJIONIAIOT BEUIECTBA U3 OKPYKa-
FOLEH CPEIBL.

Bo3HukHOBEHHE KOallepBaTOB MPHUBEJIO K €CTECTBEHHOMY OTOOPY (IBUXKY-
il pakTop OMOJIOrMYEecKO 3BOJIOLMK). BKilIoueHHe B cOCTaB KoalepBaTOB
HOHOB METAJJIOB MpHUBEJIO K oOpa3oBaHuio ¢pepMeHTOB. B pesynbpTare BKIIIOYE-
HUS B COCTaB KOAllePBaTOB HYKJICMHOBON KHUCJIOTHI U (PEpMEHTOB CPOPMHUPOBAIIUCH
npenouonornyeckue cuctemsl, T.e. cmecu JIHK u 6enka (JIHK ciocobna mytupo-
BaTh, a OCJIKHM — YCKOPATh XUMUYECKHE peakinm). B pe3ynpTare mpousorien nepe-
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XOJ OT XMMHYECKOU K OMOJIOTHYeCcKOl dBosonni. Ha rpanuiie Mexay Koarepsa-
TaMH W BHEITHEW CpeIoil MosBMIach KieToynas MemoOpana. C o0pa3oBaHUEM MEM-
OpaHbI OSBUJIMICh IPOTOOMOHTHI — TIEPBHIC MPUMHUTHUBHBIC KIICTKH.

B xone »Bomoninn Hambosee BEpOSITHOM MOCIEA0BATEIbHOCTHIO TMOSBIIC-
HUS JKUBBIX OPTaHU3MOB SIBJSICTCS: aHadpPOOHBIE TeTepoTpodsl — ¢GoTOaBTO-
Tpodsl adpoOHbIe TeTepoTpodbl — aBTOTPO(dbI. [lepBbie OpraHu3Mbl — reTepo-
Tpodbl (TPOKAPUOTHI), OKAMEHEIIBIE OCTATKU U CJIEMbl KU3HEAEATEIbHOCTH 00-
Hapy>KEHbI B 0CAJ0YHBIX MOPOJIax BO3PACTOM OKOJIO 3,5 MIIpA. JieT. ABTOTPO(HI
BOZHMKJIM 3 MIIpJ. JIET Ha3a] (aHa’poOHbIe OAKTEPHUH, OCYIIECTBISIONINE OTHO-
CTaIuNHBINA (DOTOCHUHTE3).

[MnanobGakTepun MepBbIE OPTraHU3MbI, OCYLIECTBUBIIHME 2-X CTaJAUUHBIN
dorocunTe3 ¢ BbimeneHHeM kuciopozaa. I[loctenenno atmocdepa HachITHUIACH
JIOCTAaTOYHBIM KOJMYECTBOM KHCIIOpOJa (MpeKpaTuiach XUMHUYECKas HBOJIIO-
1[1s1), TOSIBUIIACh BO3MOYKHOCTh KUCIOPOAHOTO THIIAa OOMEHA, YTO MPUBEIIO K I0-
ABJICHUIO a’poOoB. OOpa3oBaHME 030HOBOTO AKpaHa CIOCOOCTBOBAJIO BBIXOTY
OpraHU3MOB W3 BOJIHOM CpEJIbl Ha CyLIY.

2,5 MiIpa. JeT Hazall MOSBWIMCH MPOTUCTHI, & 0KOJO 1,5 mipA. JieT Ha3an
BO3HUKJIM MHOTOKJIETOUHBIE OPTaHU3MbI, KOTOPbIE YCIOXKHSIIUCh U CPOopMUPO-
BaJIM TUIIBI )KUBOTHBIX U OT/IEIBI PACTEHUH.

MouJiekyasipHasi 3BOJIIONMS — HayKa, U3ydaroniass U3MEHEHHUs] T'eHeThYe-
ckux makpomodiekyn (JJHK, PHK, 6enkoB) B mpoliiecce 3BOMIOIMHU, 3aKOHOMED-
HOCTH U MEXaHU3MBbI 3TUX U3MEHEHHUM, a TaK)Ke PEKOHCTPYUPYIOIIAsi BOJIOIIH-
OHHYIO UCTOPHIO T€HOB U OPraHU3MOB.

OOBEKTHI UCCIEOBAHUS MOJICKYJISIPHOM SBOJTIOLIUHN:

1. IlocnenoBarensHocT HK Kak HOocHuTenel reHeTuueckoi HHpopMaluu.

2. IlocnenoBarenbHOCTH OEIIKOB.

3. CTpykTypa OEnKOoB.

4. I'eHOMBI OPTaHU3MOB.

OCHOBHBIMM 3aJjla4aMU MOJIEKYJIIPHOM SBOJIOLMM SIBIISIFOTCS BBISIBJICHUE
3aKOHOMEPHOCTEMN SBOJIOLHUUA T€HETUUYECKUX MAKPOMOJIEKYJ U PEKOHCTPYKUHUS
HBOJIIOLIMOHHOW MCTOPUM T'€HOB U OPraHu3MoB. MoJekyisipHasi BOJIIOLMS B3a-
MMOCBSI3aHa C TAKUMHU O0JIACTSAMU HAYKH, KaK:

1) maneoHnTos0TUs (AATUPOBKA IBOJIOIIMOHHBIX COOBITHI);

2) reHeTuKa (opraHu3alys U repeavya HacaeACTBEHHON HH(POpMAIIUN);

3) MosiekyJsipHas 6uoJIorHsl (CTPOCHHE T€HETUYECKUX MAKPOMOJIEKY);

4) sBoutonus (3BOJIOLMOHHBIE 3aKOHOMEPHOCTH);

5) Oouodusuka (MexaHU3MBI (YHKIIMOHUPOBAHUS TEHETUYECKUX MAaKpO-
MOJIEKYN);

6) MaTemaTHKa (MOCTPOEHHE MO/IeIeH ABOIOLINHN);

7) undopmatuka (00pabOTKa U aHAJINU3 TAHHBIX);

8) buoxumus (0OMEH HYKJIEUHOBBIX KHCJIOT U OEJIKOB).
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Paznenamu MONEKyIsIpHOM 3BOJIFOLIMA KAaK HAYKH SIBJIFOTCSA:

1. DBomronMss MakpOMOJIEKYJI — M3Y4aeT TUIIBI U CKOPOCTH W3MEHEHH,
npoucxoasmux B reaernueckom matepuaie (JJHK), a Takke co3naHHbIX Ha ero
OCHOBE O€TTKOB, 1 MEXaHHU3MOB, OTBETCTBECHHBIX 3@ 3TH U3MEHEHUSI.

2. MonekynsapHasi GUIOT€HHUS — U3Y4aeT SBOJIIONHOHHYIO HCTOPUI0 MaK-
POMOJIEKYJI M OPTraHHU3MOB, IIOJIy4a€MYI0 Ha OCHOBE MOJEKYJISIPHBIX JaHHBIX.
OBOIOIMS MAaKPOMOJIEKYJ U MOJIEKYJIsipHasl (PUIOTE€HUsI TECHO B3aUMOCBS3aHbl,
U MPOrpecc B OJHOM M3 3THUX Pa3/elIOB CIIOCOOCTBYET MCCIEAOBAaHUSM B JpY-
roM. 3HaHue (UIOT€HUU HYXKHO JUIsl OIPEEICHUs OCIEI0BATEIbHOCTH U3Me-
HEHUI B M3y4aeMbIX MOJIEKYJIaX, a 3HAHUE CIIOCOOOB U TEMIIOB U3MEHEHUN U3Y-
4aeMOM MOJIEKYJIbl HEOOXOIUMO Il BOCCTAHOBJIEHUS SBOJIIOLIMOHHOM UCTOPUU
TPYIIIbI OPraHU3MOB.

3. IIpebuoTtrueckas HBOTIOLUS («IIPOUCXOKIACHUE KU3HIUY ), PA3BUTHE ATO-
ro paszesia OTpaHUYMBAETCS TEM, YTO B HACTOAIIEE BPEMsI HEM3BECTHBI 3AKOHBI,
HaIpaBJISIIOIIKE MPOIECC NepeHoca MHPOPMAITUU B MPEOMOTUYECKUX CUCTEMAX.

2.3 T'oMmoJ10THS MOCJIEA0BATEILHOCTEH.
OproJioru 1 mapaJjioru

[Ipu cpaBHHUTENHHOM OINUCAHUU JHOO0OW (HOPMBI WM TUIMA TOAOOUS HC-
HOJIB3YETCS TEPMHUH «TOMOJIOTHS» (OT Tped. OLOAOYEWV — «COTIACYIOLIHICS).
B Ouonornn TepMUH «TOMOJIOTHS» HMCHOJIB3YIOT JJII OMUCAHUS KaKOro-JInbo
o100l MEXKy OpraHamHu, Mpu3HaKaMu, reHaMu U renomamu. Hanpumep, cuu-
TarOT TOMOJIOTUYHBIMU KPBUIO MTHIIBI U KOHEYHOCTh KPOKOJIWJIA, TaK KaK IMpeJI-
MoJjiaraeTcsi, 4YTO0 OHM TMPEJICTABIISIIOT COOOM MapHble MPUAATKU, UMEIOIUE 00-
U TJIaH CTPOEHUs, HECMOTPS Ha UX 3HAYUTEIbHBIE CTPYKTYPHBIE U (DYHKIIHO-
HaJbHBIE Pa3IUYUSL.

Puuapn Oysnom (Richard Owen, 1804—1892) npenyioxun pa3inudarh Tep-
MUHBI TOMOJIOTHIO W AHAJOTHIO JJI ONpEeNeNieHUs MPUHLUIA, N0 KOTOPOMY
MO>KHO PaHXMPOBATh BUbI B €CTECTBEHHON CHUCTEME. Y UEHBIM UCXOIMWI U3 TO-
ro, 4To (pakTa TOro, YTO KOHEYHOCTH BCEX TETPANo] UMEIOT OJIMHAKOBBIN IJIaH
CTPOEHHMSI U OOLIUII MJIaH CTPOEHUSI KOHEYHOCTEH MOYKHO MPOCIIEIUTh, HECMOTPS
Ha pasnuyue uX (QYHKIUN, TaKUX, KaK X0J/1b0a, Ja3aHbe, MJIaBaHbE, PHIThE WU
nojet (pucyHok 2.5).

P. Oy»aH onmcan 1 KaTaJoru3upoBail BUbI TyTEM HIICHTH(PHUKAIMH 1O TI00HBIX
YacTeil y pa3HbIX BUJIOB M UX PAaHXKMPOBAHUEM 10 TIATTEPHAM OOIIMX YacTel Tena
(T. €. TOMOJIOTUYHBIM TPU3HAKaM), HEB3Upas Ha ux (GyHKImio. B pesynsrare Bo3-
HUKJIa CUCTEMA, B KOTOPO TOMOJIOTUYHBIE MPU3HAKU SBJSUTUCH OOIIMMU ISl CO-
BOKYITHOTO Habopa BUIOB («MyTOBKH BHUI0BY»). P. OysH mosarai, 4To roMoJIOruy-
HbIE MPU3HAKU WACHTUYHBI U3-3a CBOETO MPOMCXOXKACHUS MPU COXPAHEHUH OOI1Ie-
ro IJjlaHa CTPOEHMs TeNa, WM apXeTuna. ApXeTHN MOXKET ObITh MOHST Kak ao-
CTPaKTHBIN WJIM CHCTEMATU3HPYIOIIMIA MPUHIMIT dKUBOU nprpopl. COrnacHo WH-
teprperaiuu P. OysHa, Kaxablil BUJI €CTh YaCTHAs peau3alusl apXeTura.
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PI/ICYHOK 2.5 - Cxema CTPOCHUA CKEJICTA C YKa3aHUEM 'OMOJIOTUYHBIX KoCTel
(u3: Gegenbaur, 1870).
| — yenoBek, Il — cobaka, Il — cBunbs, IV — xoposa, V — tanup, VI — nomanp.
r —radius; u —ulna; a — scaphoid; B — lunare; ¢ — triquetrum; d — trapezium;
e — trapezoid; f — capitatum; g — hamatum; p — pisiforme.

N3 cucrematusupymomiero npuHimna apxetuna P. OysHa ciemyer, 4TO
Mexay nocnenoBarenbHocTsmMu JIHK, PHK, GenkoB oprann3moB OJMU3KUX paH-
OB BO3MOHO YCTaHOBJICHUE CTEIEHHU POJICTBA ITyTEM UX CPABHEHUS U OLICHKU
pa3Iuuui 3BOJIOLMOHHBIX WIIA CIy4YalHbIX OTKJIIOHeHUU. B BU mig onpenene-
HUSI 3HAUMMOCTH COBMAJCHUN WM pa3udyuil BBEJICHBI CBOM OIpPEACICHUS IS
TEPMHUHOB CXOJCTBO (ITOJ00KE) U TOMOJIOTHS: CXOACTBO — 3TO HAIIMYUE WJIU HM3-
MEpPEHHE CXOJCTBA WJIH Pa3INuMsl, HE3aBUCUMO OT UCTOYHHKA CXOJCTBA, TOMO-
JIOTHS 0O3HAYAET, YTO MOCISA0BATESILHOCTH WJIM OPTaHU3MbI, B KOTOPBIX OHH 00-
Hapy>KEHBI, SBJSIOTCS TOTOMKAaMH OOIIEro MpeKa.

O nmoxo6uu mocaea0BaTEILHOCTEN MOXKHO CYJIUTh, IPOBEIS MPOIECAYPY UX
BBIDABHUBAHUSI, @ O TOMOJIOTMM OPTraHU3MOB (WJIM OPraHOB) — Ha OCHOBAaHUU
Ha0Ir0/1aeMoro Mmojoous. 371eCh TOMOJIOTHH — 3TO IPEAIOIONKEHHUE, KOTOPOE
BO3HUKAeT u3 HabmoaeHus nogoous. ['omonorus mexay JAHK, PHK wnmu 6en-
KaMu OOBIYHO OIpENesSeTCS MO CXOJACTBY MX HYKIJICOTHUIHBIX WIIM aMHUHOKHC-
JIOTHBIX TMOCJEA0BaTeIbHOCTEH. BCOMHUM, 4YTO BBIpaBHUBAHUS MOCIEAOBA-
TEJIHLHOCTEH HCIOJIB3YIOTCS, YTOOBI yKa3aTh, KAKME yYaCTKH KaXKIIOW IMOCIeNO0-
BAaTCILHOCTH TOMOJIOTHYHBI. 3HAYHUTEIPHOE CXOJACTBO SBJISETCS IOKA3aTelb-
CTBOM TOTO, YTO JIB€ IMOCJIEIOBATEILHOCTH CBSI3aHbI IBOJIIOIMOHHBIMU HM3MEHE-
HUSIMU OT OOIIIeH MTPEAKOBOM MOCIE0BATEILHOCTH.
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IIpu4MHBI TOMOJIOTHH: OPTOJIOT U, IAPAJIOTUsl, AHAJIOTHS

JBa cermenta JIHK MoryT nmets oO1riee MporCcXokKIeHNE U3-3a TPEX SBICHUIA:

— OPTOJIOTUU — COOBITHS BUI000PA30BaHMS,

— TapaJIoruu — COOBITUE TyOIMPOBAHUSA,

— KCEHOJIOTY — FTOPU30HTAIBHOTO (WM JIATEPAIBHOI0) IEPEHOCA TE€HOB.

1. Tepmun «optosor» npuaymMai B 1970 rogy MoJIeKyIspHBIA 3BOIIOLU-
onuct Yourep duru. ['omonornueckue MnociaenoBaTeIbHOCTH ABISIIOTCS OpPTO-
JIOTUYHBIMH, €CJIU TMPEIIOJaraeTcsi, YT0 OHU MPOU3OIUIM OT OAHOW U TOU XKe
MPEIKOBOM MOCIEN0BATEILHOCTH, Pa3/IeICHHON COOBITHEM BHI000pa30BaHMS.

OpTOJ0TY — 3TO TE€HbI Y Pa3HbIX BUJOB, KOTOPBIE IPOU3OLIUIN B PE3YIIHTATE
BEPTUKAJIIBHOTO CIyCKa OT OJHOrO IeHa mociieqHero oodmero npeaka. Hampu-
Mep, perysTOpHBINA OEJIOK TpHUIllla pacTeHH ecTh U y pacTeHus Arabidopsis, u
y xnamuaoMoHaasl Chlamydomonas. Bapuant Chlamydomonas Gosee ciioxeH:
OH JBaX/bl MlepecekaeT MeMOpaHy, a He OJIMH pa3, CONECPKUT TONOJIHUTEIbHBIE
JOMEHBI W IOABEPracTCs albTEepPHATUBHOMY CruiaucuHryl. OgHako OH MOXET
MOJIHOCTBIO 3aMEHUTh ropaszio Oosee mpoctoit Oenmok Arabidopsis, eciu nepe-
HECTHU €r0 M3 BOJOPOCJIEH B T€HOM PACTEHUs C ITOMOIIBI0 T'€HHOW MH)KEHEPUHU.
3HAYUTENBHOE CXOJICTBO IOCJEI0BAaTEIBHOCTE M 0oOUIMe (YHKIIMOHATIbHbBIE
JIOMEHBI YKa3bIBalOT HAa TO, YTO 3TH JIBA I'€HA SBJIIOTCA OPTOJIOTMYHBIMU I'€Ha-
MH, YHACJICIOBAaHHBIMH OT OOIIEero mpe/Ka (pUCyHOK 2.6).

i G;ne Speciation -\?f’\l Gene A, —1— =1,
uplication: : &
P : R GeneB,—'5 |2 |2
FERE
Gene A m g ™
o
Gene A
GeneB
Gene A,
’Qr(, Gene B,
Gene C Gene C

Gene C Species 3
Pucynok 2.6 — SIBnenus opto-, napa-, ¥ aHaJOruu
[Ipumeuanue k pucyHky: BBepxy: HacieICTBEHHbIN I'€H I[y6J'II/Ipy€TC$I, YTOOBI IpOMU3BEC-
ctu ABa napainora (reisl A u B). CoObITHe BH1000pa3oBaHMs MPUBOJIUT K MOSBICHUIO OPTO-
JIOTOB Y JABYX JIOYEPHUX BUJOB. BHU3Y: y OTIEIBbHOrO BUJA HEPOJCTBEHHBI I'€H BBITOIHSET
ananornunyo ¢yakiuoo (I'en C), HO UMEET OTIENbHOE BOJIIOLMOHHOE MPOUCXOXKACHUE U
SABJISAETCS aHAJIOTOM.

Y4yuThiBasi, 4TO TOYHOE MPOUCXOXKJACHHE TEHOB Y Pa3HBIX OPraHW3MOB
TPYJIHO YCTAaHOBUTH M3-3a MYTUIUKAIIUU T€HOB U COOBITHI TIEPECTPOIKU T€HOMA,
HanOoJiee yOenuTenbHbIC T0Ka3aTeIhCTBA TOTO, UTO JBA MTOXOKHUX IeHa SBIISIOT-
Csl OPTOJIOTaMH, OOBIYHO OOHAPYKUBAIOTCS ITyTEM MTPOBENCHUSI (DUITOTEHETUIECKOTO
aHaIM3a TMPOUCXOXKICHNsI TeHOB. OPTOJIOTH YacTo, HO HE BCET/IA, BHIIOIHSIOT OJTHY
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u Ty e (yHkuuoo. OpTOJOTHYECKHE IMOCIENOBATEIbHOCTH AAIOT MOJE3HYIO
uHGOpPMAIIMIO JJIs TaKCOHOMHUYECKON Kiaccupukamuu U (UIOTEHETHUECKUX
WCCIIEOBAHUM OPTaHU3MOB.

[TaTTepH reHeTHYECKON NUBEPTEHLUU MOXKET OBITh HCIONb30BaH I OT-
CJIe)KMBAHUS POJICTBA OPraHU3MOB. J[Ba OYEHb TECHO CBSI3AHHBIX OpPraHU3Ma,
BEpOSITHO, OyIyT MMETh OYEHb MOXoxkue mnocienoBarenbHocT JIHK Mexmy
NByMsl opTojioramu. HanmpoTus, opranusMm, KOTOPbIN Jlajiee IBOIOIMOHHO OT/e-
JIEH OT JIPYyroro opraHu3Ma, BEpOsiTHO, OyAEeT IeMOHCTPUPOBATH OOJIbIlIEE pac-
XOXKJIEHUE B TIOCIIEIOBATEIHLHOCTA U3y4YaE€MbIX OPTOJIOTOB.

2. Ilapajioru — 3TO reHbl, KOTOPBIE CBA3aHBI MEXKAY COOOW MOCPEACTBOM
COOBITHI IyruMKanuu B mocieaHem obmem mnpeake (Last common ancestor
LCA) cpaBHuBaeMbIX BHI0B. OHU BO3HHUKAIOT B PE3yJIbTaTe MyTaIlUH AYyOJIAPO-
BaHHBIX T€HOB BO BpEMsl OTJIEIBHBIX COOBITHI BUA00Opa3oBanus. Korma morom-
k1 oT LCA umeror oOmue MyTUpPOBaBIIME TOMOJIOTH MCXOAHBIX TyOJIupOBaH-
HBIX T€HOB, 3TU I'€HbI CYUTAIOTCS MapajioramMu.

Hanpumep, B LCA onun reH (reH A) MOXET ObITh IPOAYOIUPOBaH, YTOObBI
co31aTh OTJIEIbHBIN MOX0XH reH (red B), 3Tu 1Ba reHa OyayT npoaoKaTh ne-
penaBaTbCd MOCIHEAYIOIIMM TNOKOJIEHHsIM. Bo BpeMs BUA000pa3oBaHUs OAHA
cpena Oynet cmocobcTBoBaTh MyTanuu B reHe A (red Al), co3naBas HOBBIN BHT
c reHamu Al u B. 3atem B oTenbHOM cOOBITMM BU000pa30BaHusl OJHA Cpea
Oyzaer OmaronmpusTCTBOBaTh MyTaluu B rene B (ren Bl), nmpuBoasmieit k Bo3-
HUKHOBEHHIO HOBBIH BUJ ¢ TeHaMu A u B1 (pucyHok 2.7).

. 2345 6.7 '8 9 10 11 12 13
Hoxa

Hoxb I I NN N W OO B O O

Hoxe — HHEE SSESENN

Hoxd N EN HEEEEN

Pucynok 2.7 — Ilapanorus rena Hox

['ensr motoMkoB Al n Bl mapamoruussl gpyr Apyry, IOTOMYy 4TO OHH SIB-
JISIFOTCSI TOMOJIOTaMH, KOTOPBIE CBSI3aHBI MMOCPEJICTBOM COOBITHS TYTUIMKALUU Y
nocyeaHero oOIero mpeaka AByX BHIIOB. JlomosiHUTENbHBIE KiaccU(UKalUU
[apajgoroB BKJIIOYAOT:

— aJjyIonapajgory (BHELIHUE apaJiorH),

— CUMMapaJIoru (BHYTPEHHUE Mapajor).

Annonapanoeu — 3T0 NMapajord, KOTOPbIE MPOU3OLLIN OT AYTUIMKAIUI re-
HOB, MPEAUIECTBOBABUINX JaHHOMY COOBITHIO BHI000pA30BaHUs, OHU BO3ZHHUKIIU
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B pe3ynbTare coObITHI myOnupoBaHus, kKoTopbie npousounu B LCA cpaBHuBae-
MBIX OPraHU3MOB.

Cumnapanocu — 3TO TApAJIOTH, BOSHUKIIME B Pe3yJibTaTe IyOJMpOBaHUS
TE€HOB MAapaJIOroB B MOCIEAYIOIUX COOBITUAX BUA000pa3zoBanus. Eciu moToMok
c renamu Al u B mperepnen apyroe coObiTHe BUI000Opa30BaHUsA, B KOTOPOM
TyTUTAITIpoBajcs TeH Al, y HoBoro Bujia 0butn Obl TeHBI B, Ala u Alb — rensl
Alawu Alb sBISrOTCS cUMIIapajIoraMH.

[Tpumep, rensl Hox MO3BOHOYHBIX OpPraHM30BaHbl B HAOOpHI Mapayioros.
Hox reHbpl — 3TO MOJMHOXECTBO POACTBEHHBIX NOMEOOOKCHBIX T'€HOB, 3a/ar0-
X 00JIACTU IUJIaHA Teja B KauecTBE 3apo/iblllia BAOJIL T'OJOBKU XBOCTAa OCH
*uBOTHBIX. Kaxxawiit Hox-kmacrep (HoxA, HoxB u T.1.) HaxoauTcs Ha OTIEb-
HOM XpOMOCOME.

Hanpumep, kimactep HoxA denoBeka HaxoAWTCSA Ha XpOMOCOME 7, IOKa-
3aHHBIN Ha pucyHke 2.3 kimactep Mbim HoxA mmeer 11 mapasoroBeIX TeHOB
(2 OTCYTCTBYIOT).

[Tapanoruynsle reHbl MOTYT (POPMHUPOBATh CTPYKTYPY LIEJBIX T€HOMOB H,
TaKUM 00pa3oM, B 3HAUUTEIbHON CTENEHU OOBSCHATH 3BOJIIOLMIO reHoMa. [Ipu-
Mepsl BKIIIo4aroT reHbl Homeobox (HoX) y JKMBOTHBIX — 3TH T'€Hbl IPETEPIIEIIH
HE TOJBKO TYIUIMKAlMU T€HOB B XPOMOCOMAX, HO M AYIUIMKALIMHA BCETO T€HOMA.
B pesynbrare rensl Hox y OoJbIIMHCTBA MO3BOHOYHBIX CTPYIIIMPOBAHBI IO
MHOKECTBY XPOMOCOM.

Jlpyroii mpuMep — reHbl INI00MHA, KOTOPbIE KOAUPYIOT MUOIJIOOMH U TeMO-
IJIOOWH U CYUTAIOTCS IPEBHUMU NapajoraMu. TOYHO Tak K€ YEThIPE U3BECTHBIX
KJlacca reMorsioOnHoB (remorsiooun A, reMoriioond A2, reMornooud B u remo-
rioouH F) sBisitorca mapanoramu Apyr Apyra. XOTd KaKIblii U3 3THX OEJIKOB
BBITIOJIHAET OJIHY U Ty K€ OCHOBHYIO (DYHKIIMIO MEPEHOCA KUCIOPOJa, OHU YKE
HEMHOTO Pa3oILIUCh MO PYHKIMAM: TeMOTJI00MH mioaa (remoriooun F) umeer
00J1€€ BBICOKOE CPOJICTBO K KMCJIOPOJY, YEM IeMOTJI0O0MH B3POCIOro YeI0BEKa.

3. Kcenosorust — BO3HUKHOBEHHUE TOMOJIOTUYHBIX JIHK-
MOCJIEIOBATEIBHOCTEW B T€HOMAaxX Pa3HbIX BHUJIOB MPU «TOPU3OHTAILHOMY» (He-
HACJIEICTBEHHOM) NIEPEHOCE T€HOB MEXKy OpraHu3MaMu. [ Opu30HTaNbHBIN Te-
PEHOC MPOUCXOIUT MpPHU (PU3NYECKOM KOHTAKTE KJIETOK, OOMEHHBAIOIIUXCS Te-
HETUYECKUM MaTepuajoM, T.€. B Mapa3UTapHbIX, CUMOMOTUYECKUX, acCOlua-
TUBHBIX cucTeMax. KceHomornyuble reHbl (KCEHOIO0TH) oOHapyKUBatoTcs y (u-
JIOT€HETUYECKU OTAAJICHHBIX, HO TEPPUTOPUATBHO ONM3KUX TPYMI KIETOK WU
OpraHU3MOB.

B kauectBe Hocutenen kcenosornunou JIHK BeicTymaroT peTrpoBHpYCHI,
3axBarbiBaloIIKe ¢parmMentsl oTTpaHcaupoBanHod B PHK JIHK kierku-
X035IMHA OJHOTO BUJA U BCTPAMBAIOIIMX 3T MOCIEAOBATEIILHOCTH B T€HOM KJle-
TOK-X035I€B JPYroro BHJA: IJIAa3MHIbl MPU KOHBIOTAlMU, OakTeprodaru mpu
TPaHCIYKIINH, cojepxaiiascs B cpeae ceooonnas JIHK npu tpancdopmarium.
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2.4 I'opu30HTAJbHBII NEPEHOC T'eHOB.

duiioreHeTH4ecKoe AepeBO U METOABI €ro NOCTPOEHUs!
(UPGMA, NEIGHBOR-JOINING, MINIMAL EVOLUTION)

I'eHeTHyeckuil mepeHoc — 3TO TMepeavya TeHeTHYecKo uHpopMaIuu OT
OJIHOTO OpTraHu3Ma JIPYroMy. DTO IPOUCXOIUT MPU MOMOIIHU JABYX MEXAHU3MOB:
BEPTHUKAJIBHOTIO NEPEHOCA T€HOB M TOPU30HTAJIBHOIO NEPEHOCA T€HOB. Bepmu-
KAJIbHblUL NepeHoC 2eH08 TIPOUCXOIUT, KOorJa TeHeTHdeckass HHpopMalus mnepe-
JAeTCs OT OAHOTO IOKOJEHUS CIEAYIOIIEMY, YTO MPOUCXOAUT ropaszio daiie,
YeM TOpPU3OHTAIBHBIN MepeHoc reHoB. U monoBoe, u Oecrnosoe pa3sMHOXKEHHUE
SBJIAIOTCS (pOpMaMM BEPTUKAIBLHOTO IEpEeHOca I'€HOB, KOrja OJWH WM He-
CKOJIbKO OpPraHM3MOB MEPENAI0T 4acTh N€HOMAa WJIM BECh CBOM TI'€HOM IOTOM-
cTBy. KpoMe TOro, BepTUKaJIbHBIN NEPEHOC TEHOB MTPOUCXOIUT KaK Y MPOKAPHUO-
TUYECKUX, TAK U Yy 3yKaAPUOTHYECKUX BHUJIOB.

[ 'opuzonmanvnviy nepeHoc 2eHo8 NMPOUCXOOUT, KOTINA T€HETUYECKas WH-
dbopmanus nepenaercsd MNPECTABUTENI0 TOTO JK€ IMOKOJEHUs, W 4Yalle BCEro
BCTPEUYAETCS] Y NPOKAPUOTHUYECKUX BUIOB. B TO BpeMs Kak Cpeau 3yKapHuoT
MEKBHJIOBOM TOPU30HTAJIBHBI MEPEHOC TEHOB YPE3BBIYAMHO PEIOK, Y MPOKa-
PHOT OH 4YacTO BCTpeYaeTcs. [ OpU30HTANBHBIN NEPEHOC I'€HOB MEXIY pa3iiny-
HBIMU BUJIAMU — BaKHBI HICTOYHUK T€HETUYECKOTO Pa3HOO0pa3usl y IPOKapHOT.

BoNbIIMHCTBO NPOKAPUOTUYECKUX BUIOB PA3MHOXKAIOTCA OECHOJIBIM ITy-
TeM. XOTsl 3TO MO3BOJISIET OBICTPEE MPOU3BOAUTH MOTOMCTBO, MOJIyYE€HHBIE I10-
TOMKH O00JaaloT OTpaHUYEHHBIM TE€HETUYECKUM pa3HooOpa3ueM. ['opuzon-
TaJbHBIM MEPEHOC N'€HOB, TaKUM 00pa3OM, UTPaeT >KM3HEHHO BaXXKHYIO pOJib B
o0ecleyeHnn TEeHEeTHYECKOro pa3HooOpasust npokapuoT. IlocpeacTtBom ropu-
30HTaJIBHOTO MEPEHOCA TEHOB MPOKAPUOTHI MOTYT JAEIUTHCS HEOOJIBIION YAaCThIO
CBOETO T'€HOMa C JIPYrMMH OpraHu3MaMH, KOHCHEHU(PUYHbIMH (TpUHAJIeKa-
IMMH TOMY K€ BHY) WIN FeTepOoCHelMPUUHBIMU (IPUHAAIEKALUMU JPYrOMy
BH]ly), B OJJHOM IOKOJE€HUU. MHOrue ydeHble NOoJIaratoT, 4YTO TOPU30HTaIbHBIN
NEPEHOC T'€HOB U MYTAllUU SIBJISIOTCS HAauOOJee 3HAUYUTEIbHBIMU UCTOYHUKAMU
T€HETUYECKOM HM3MEHYMBOCTH MPOKAPUOT. TakuMm 00pa3oM, TrOpU30HTAIBHBIM
NEePeHOC TeHOB 00ECTEeUMBAET HEKUU UCXOJHBIM MaTepuall, Ha KOTOpbIN Aei-
CTBYET €CTECTBEHHBIM OTOOp. SIpKMM NPUMEPOM 3TOrO SIBJIAETCS IOSBIICHUE
YCTOMYMBBIX K aHTUOMOTHKAM IITaMMOB OakTepuil. ['eHbl, mpuaarone ycTou-
YUBOCTh K @aHTUOMOTHUKY, MOTYT NEPEAaBaThCA MEXAY Pa3IMYHBIMH BUJIAMU U
mTaMmMaMu OakTepui, UTO JaeT OaKkTepusM-peruieHTaM n30upaTeabHOe mpe-
UMYILECTBO, HANpUMep, YCTOHYMBBIE K NCHUIWUIMHY ImTamMmbl Neisseria
gonorrhoeae, BeI3bIBaOIIHE TOHOPEKO. bosee TOro, Mo HEKOTOPBIM OLCHKAM, I10
menblei mepe 18% renoma E. coli 6110 mproOpeTeHo mocpeacTBOM rOpU30H-
TaJIbHOTO MEPEHOCA T€HOB B TEUEHUE MUJUIMOHOB JIET 3BOJIIOLUU.

dusoreHeTrKa — HayKa, U3y4Jarolas mporecchl 00pa3oBaHusi OMOpPa3HO00-
pasusi.

Knaguctuka — HanpaBieHue (UIOTEHETUYECKOW CUCTEMATUKH. XapaKTep-
HbI€ OCOOEHHOCTH KJIAQJAMCTUUYECKON MPAaKTHKU COCTOSIT B MCHOJIb30BAaHUM TaK
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Ha3bIBAEMOT0 KJIAJJUCTUUECKOI0 aHajin3a (CTPOrod CXEMbl apryMEHTalUH MpU
PEKOHCTPYKLMHU POJICTBEHHBIX OTHOIIEHUI MEXKIY TAaKCOHAMM), CTPOTOM IOHHU-
MaHUU MOHO(WINU U TpeOOBAaHUM B3aUMHO-OJIHO3HAYHOI'O COOTBETCTBUS MEXK-
Ny PEKOHCTPYUPOBAHHOW (UIOTEHUEH M HMEepapXUUEeCKOW KiaccudUKaIuen.
Knaguctudeckuit ananns — ocHOBa OOJBIIMHCTBA MPUHSTHIX B HACTOSAIIEE BpeMs
OMOJIOTHYECKHUX KJIACCU(UKAIMA, TTOCTPOSHHBIX C YYETOM POACTBEHHBIX OTHOIIIE-
HUI MEXAy >KMBBIMU opranuzMamu. Kiaguctuka OTHOCHTCS K YHCTy TPEX Bedy-
X TAKCOHOMMYECKHUX IIKOJ, JOMUHHUPYIOIINX B COBPEMEHHON OMOIOrMUYECKON
cuctematuke. EN mpoTHBOCTOST (peHETHKa, OCHOBaHHAs Ha KOJIMYECTBEHHOM
OLIEHKE TaK Ha3bIBAEMOIr0 OOIIEr0 CXOJICTBA, U ABOIIOLIMOHHAS TAKCOHOMHUS, KOTO-
past, To100HO KJIaJUCTUKE, PU MTOCTPOEHUU CUCTEMbI OITUPAECTCS HA SBOJIIOLHOH-
HYIO OJIU30CTh (TO €CTh OOITHOCTh MPOUCXOXKIICHHS), OTHAKO HE TPeOyeT CTPOroro
COOTBETCTBUS CUCTEMBI U (PMIIOTEHUH (B YACTHOCTH, 3TO BBIPAXKACTCS B IPU3HAHUH
IIpaBa Ha CYILIECTBOBAHUE B CUCTEME Napa(UIETUYECKUX TPYIII).

duiioreHeTH4YecKoe JiepeBo (IBOJIONHOHHOE 1€PEBO, JAePeBO KU3HH) —
JIEPEBO, OTPAXKAIOIIEE IBOJIOLMOHHBIE B3aUMOCBS3U MEX]y Pa3IUYHbIMHU BHJla-
MU WIN APYTUMU CYITHOCTSAMHU, UMEIOIIMMH OOILEro NpeaKa.

Bepmmnbl (unoreHeTMueckoro aepeBa JAENATCS Ha TPU Kiacca: JHCThA,
y37bl U (MAKCUMYM OJMH) KOpEHb. JINCTbS — 3TO KOHEUHBIE BEPILUHBI, TO €CTh
T€, B KOTOPBIE BXOIAT POBHO IO OJHOMY peOpy; KaKIbli JIUCT OTOOpakaeT He-
KOTOPBIN BHJI KUBBIX OPTraHU3MOB (MJIA MHOW OOBEKT, MOJABEPKEHHBIN 3BOJIIO-
LMY, HarpuMmep, JoMeH Oenka). Kaxnaplil y3en mpeacTaBisieT SBOJIIOLHUOHHOE
cOOBITHE: pa3/esieHue MPEeKOBOro0 BHJA Ha JiBa WM Oojee, KOTOpble B Jallb-
HEHIIEM 3BOJIOLMOHUPOBAIM He3aBUCUMO. KopeHb mpeacTaBisieT OOIIero
npejka BCeX paccMarpuBaeMbix 00bekTOB. PeOpa ¢dunoreneTnueckoro nepena
NPUHATO HA3bIBATh «BETBIMM» (PUCYHOK 2.4).

Wnes «aepeBa» NOSBUIACH B PAHHMX B3IVIA/1aX HA )KU3Hb, KaK Ha IPOLIECC Pa3-
BUTUSL OT MPOCThIX (HopM K CIOKHBIM. COBpEMEHHBIE 3BOJIIOLMOHHbBIE OMOJIOTH
NPOJIOJDKAIOT MCIIONIB30BATh JIEPEBbs ISl WUTIOCTPALIMK 3BOJIOLIMM, TaK KaK OHHU
HATJISITHO TTOKA3bIBAFOT B3aUMOCBSI3U MEXKITY )KUBBIMH OpraHH3MaMH (PUCYHOK 2.8).

A B C

Jqucim

eeinlnes

vzeln

KOpeHb

Pucynok 2.8 — @uioreHeTnaeckoe 1epeBo
[Tpumedanue: aUCThs — paccMarpuBaeMble 00beKTHI (A, B, C); y31bl — TOUKH CXOX/1e-
HUS BeTBeH (y3ell, yKa3aHHBIN CTpenkol, o0bennnsaer 00bekThl B u C, a Huxkenexamuil y3en
yxke o0benunser rpynmny B+C u 00bekT A); BETBH — JTUHUU, COSTUHSIONINE JIUCThS C Y3JIaMU
U y3Jbl JPYT C JAPYroM; KOpeHb — y3eJ, O0ObeINHSAIOMNNA BCe paccMaTpruBaeMble OOBEKTHI B
OJIHYy Ipymimy.
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https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BC%D0%B5%D0%BD_%D0%B1%D0%B5%D0%BB%D0%BA%D0%B0

Koumponwvnwie éonpocot

1.  Yto Takoe reHeTUYECKUui Ko ?

2. JlaiiTe onpeneneHre BbIpaBHUBAHUE TTOCIEA0BATEIHHOCTEH.

3. OxapaktepusyiiTe mapHoe U MHOKECTBEHHOE BblpaBHHMBaHUE. Kakue
QITOPUTMBI U IPOIPAMMBI CYILIECTBYIOT JIJIsl BHIPABHUBAHHSL.

4.  Yro Takoe ri00albHOE U JIOKAJIBHOE COBMAJICHUE MPU BhIPABHUBAHUU
MOCJIEA0BATEILHOCTHU ?

5. B dewm 3akiroyaeTcsi MOMCK MOTHUBOB COBIIAJICHUS MIPU BbIPABHUBAHUU
MOCJIEA0BATEIBbHOCTHU ?

6. B uyewm 3akiouaercs cymHocTh anroputma Huanimana-Bynia?

7. Kakue BBIICISIOT KPUTEPUM CPaBHEHHUS HYKJICOTUIHBIX U OEITKOBBIX
MOCJIEI0OBATEIBbHOCTEM?

8. aiiTe xapaKTepUCTHKY OPTOJIOTaM U Mapajoram.

9. Kakwue opranpl Ha3bIBaIOT TOMOJIOTHYHBIMU?

10. Yto Takoe TOpU30HTATBHBIN MEPEHOC TEHOB?

11. Kakue MeTo/ibl MOCTpOEHUS (PUIOTCHETUYECKOTO JIEPEBa CYIIECTBYIOT.

Pazoen 111 5
METO/Ibl AHAJIN3A INIOCJIIEAOBATEJIBHOCTEN
HYKJIENWUHOBBIX KUCJIOT

3.1 I'eHbI U peryjasiuus UX IKCIPecCHu

I'en — »10 yuactok JIHK, xomupytromuii Bcero oqun 6enok unu PHK, kpo-
M€ HEMOCPEJCTBEHHO KOJUPYIOIIEH YacTH, OH TaKXe BKIFOYaeT B ceOs peryss-
TOPHBIE U UHBIE CTPYKTYPHBIE 3JIEMEHTHI, UMEIOILIUE PA3HOE CTPOCHUE Y IIPOKa-
PHOT U DYKapHoT.

JKcnpeccusi FeHOB — MPOLIECC, B X0J1€ KOTOPOro HACIEICTBEHHas: nH(popMa-
1St OT reHa (mocienoparesbHocTH HykiteotuaoB JIHK) npeobpasyercst B pyHKIH-
oHanbHbIN npoykT — PHK unu 6enok. HekoTopble 3Tanbl SKkcriepeccuy reHoB Mo-
I'yT PEryjavpOBaThCS: 3TO TpaHCKpUMuwMs, Tpanciasauus, crnadcuar PHK u crapus
MOCTTPAHCIALMOHHBIX MoAudukauu Oenkos. [Ipoliecc akTUBAaUM AKCIPECCUH
reHoB kopoTkumH jBytenoyedHbiMi PHK HasbiBaetcs akruBanmein PHK.

Perynsinus sKkcrpeccuy reHoB MO3BOJIIET KIIETKAM KOHTPOJIUPOBATh OCHO-
Bol Tu(dHEepeHIMPOBKU KIETOK, MOp(doreHe3a u aganTaiud. IKCIPECCUs TCHOB
SBJIIETCSI CyOCTpaTOM JIJisl SBOIOIMOHHBIX M3MEHEHUH, TaK KaK KOHTPOJIb HaJ
BPEMEHEM, MECTOM M KOJIMYECTBEHHBIMHU XaPAKTEPUCTUKAMU IKCIIPECCUH OJHO-
ro reHa MOKET UMETh BIUSHUE HA (DYHKIIMH IPYTUX TEHOB B 11€JIOM OpPTaHU3ME.

Kak ocymecrBiasiercs peryasiusi 3KCIpecCHu reHoB?

DKcrnpeccusi FTEHOB — 3TO pean3alus 3aJ10KEHHON B HUX MH(OpMaIuu, TO
ectb cunTe3 PHK u GenkoB. [pyrumu cioBamu, 1o SKCIpeccrueld TeHOB MOHU-
MAarOT UX AKTUBHOCTb.
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B kneTkax *KUBBIX OPraHU3MOB IKCIIPECCUSI TEHOB PErYIUPYETCS: OJIHU Ie-
Hbl MOT'YT OBITH p€aJu30BaHbl, Apyrue — HeT. lIpuueM perynsuus MoKeT ocy-
HIECTBJISTHCS HA Pa3HBIX 3TANAX: MOXKET BBITOJHITHCS WIA HET TPAHCKPHIILIMS,
u3 npe-MPHK B pe3ynbrare aJbTe€pHAaTHBHOIO CIUIAMCHHIAa MOTYT OOpa3oBbI-
Batbcs pasHblie MPHK, Moxer G10kupoBaThes TpaHCHISALUS U JIP.

VY sykapuor, 001a/1al0IKUX OTTPAHUYEHHBIM OT IUTOIUIa3MBbl SJIEPHBIM CO-
JEPKUMBIM M 00JI€€ CIIOXKHBIM F€HOMOM, PETYJIAILMS SKCIPECCUU T€HOB HAMHO-
ro pazHooOpa3Hee U CIO0KHEe, YEM Y ITPOKAPHOT.

Y npokapuor noka mosnekyna PHK cunresupyercsa na yuactke JJHK, ona
TYT K€ MOXXET TPAHCIUPOBATHCS (HAYMHAsL C y>K€ CHHTE3MPOBAHHOIO KOHIIA).
[ToaTOMy y HUX pEryJsiiusi SKCIpeccu (aKTUBHOCTH) T€HOB OCYIIECTBISETCA
o4ty UcKIrounTenbHO Ha ypoBHe /[IHK, tak xak B PHK wacTto HEBO3MOXHO
BHECTH KaKue-HUOYIb U3MEHEHUS J0 €€ TPAHCIIALIHH.

B 1961 r. )Kako6om 1 MoHo Obu1a npe/jiokeHa Mo/ieJib OllePpOHa KaK CH-
CTEMBI PETYJISLIUY I'eHOB y OakTepuil. OnepoH cOCTOUT U3 MPOMOTOPA, onepa-
TOPa, CTPYKTYPHbBIX F'€HOB OIlEPOHA (MX MOKeT ObITh Pa3Hoe KOJIMYEeCTBO) U
TepmuHaTopa. B oOmactu mnpomotopa mnpukperuisiercss ¢epment PHK-
nosmMepasa. B obmactu oneparopa npucoenaussieTcss Oenok-penpeccop, KoTo-
pBI KOAUPYETCS OTHENIBHO OTCTOSLIMM OT ONEPOHA T€HOM-PETYISATOPOM (MO-
KET OBITh CLEIUIEH CO CBOUM OIEPOHOM, & MOKET HaXOAUTHCS HA PACCTOSIHUM).

Ecnu Oenok-penpeccop coeAMHSIETCS C ONEpaTOPOM, TO TPAHCKPUIILIUS
BCEX CTPYKTYPHBIX I'€HOB OIIEPOHA CTAaHOBUTCS HEBO3MOXXHOM, Tak Kak PHK-
NOJINMEpasa He MOXeT nepeMenarses o nenu JHK.

B cBoro ouepens akTHMBHOCTh OeKa-pernpeccopa MOXKET OJIOKHPOBATHCA
ONPENEIICHHBIM ISl HETO HU3KOMOJIEKYJISPHBIM COCIMHEHUEM — HUHIYKTOPOM
(TeM WM MHBIM MUTATEILHBIM BEIIECTBOM OakTepuii). B pesynbrare B3aumo-
JNEUCTBUS C UHAYKTOPOM OEJOK-pErpeccop BUIOU3MEHSETCS U YK€ HE MOXKET
MIPUCOEAUHUTHCS K ONEPAaTOPy CBOETO ONEpoHa. B 3TOM cilydyae reHbl onepoHa
HKCIPECCUPYIOTCH (T.€. HA HUX UJIET CUHTE3).

beiBaer oOpaTHas cuTyalusi, KOIJla MHAYKTOp AaKTUBUPYET O€NoK-
perpeccop.

Takum o0pa3om, B 3aBUCUMOCTH OT TOTO, KaKM€ MHIYKTOPBI HAXOIATCS B
LUTOIUIa3ME, Y IPOKAPHOT IKCIPECCUPYIOTCS TE€ UM UHBIE T€HHBIE TPYIIIIHI.

BrimeonucanHpiil MEXaHU3M SKCIIPECCHU I'€HOB OTHOCUTCS K HEraTUBHOM
peryJsiuMu, Tak Kak FeHbl TPaHCKPUOMPYIOTCS, €CJIM OHU HE BBIKIIIOUYEHBI pe-
npeccopoM. 11 Ha000pOT: HE TPAaHCKPUOUPYIOTCS, €CIIN BBIKIIOUYEHBI.

Kpome HeratuBHOM perynsiun y 6akTepuil CyIecTBYeT TakKe NO3UTHBHAS.
B stom cityuae BMecTo Oenka-penpeccopa IeHCTBUE OKa3bIBAET OEIOK-aKTUBATOP.
Ha 3Ti Genku Takxke JeiCTBYIOT HHIYKTOPbI, aKTUBUPYS WUJIM HHAKTUBUPYS UX.

Takke y mpokapuoT ObUIM BBISIBJIEHBI ONEPOHBI, KOTOPbIE AKTHUPYIOTCS
JBYMS PETYJISITOPHBIMU O€JIKaMH, COSUHEHHBIMU JIPYT C APYTOM.

Y MHOTOKJIETOYHBIX OPTaHU3MOB B KJIETKaX Pa3HbIX TKAHEH KCIIPECCUPYIOT-
Csl pa3HbIE T€HBI, T. €. IJIs1 IYKAPHOT XapaKTepHa oughghepenyuanvras sxcnpeccus.
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VY sykapuoT, TakKe Kak U y IPOKapHoT, CYIIECTBYIOT PEryIsSTOPHBIC OENKH
C TOXOKUM MEXaHU3MOM AeucTBHS. [Ipu 3TOM U151 DyKapuoT HE XapaKTepHa pe-
TyJsIUUs MO TUILY onepoHa. L{lucTpoHsl (TpaHCKpUOHPYEMBIE YHACTKH) 3YKapHOT
OOBIYHO COJIEPKAT MO OJTHOMY T'eHY (3TO HE KacaeTcs réHOMOB XJIOPOILIACTOB U
MUTOXOHJPUNA).

Kpome perynstopubix 0enkoB, B3aumoaeicteyomux ¢ JAHK, y sykapuot
CYILECTBYIOT U JAPYTHE CHOCOOBI PETYIISIIUU IKCIIPECCUU TEHOB.

KonneHcanus 1 J1eKoHIEHcalus XpoMaTuHa. JTO HauboJiee YHUBEpCalb-
HBI METOJ PETYJSUUM TpaHCKpunuuu. Korma HyHO SKCIPECCHpPOBATh OMpe-
JICJICHHBIE T€HBI, XPOMAaTUH B 3TOM MECTE JIEKOHAECHCUPYETCS.

AJIbTEpHATHUBHBIC TPOMOTOPBL. Y TeHa MOXET ObITh HECKOJIBKO MPOMOTOPOB,
KOKIBIA U3 KOTOPBIX HAYMHAET TPAHCKPUIILMIO C Pa3HBIX €ro dK30HOB B 3aBUCH-
MOCTH OT THUIIA KJIETKHU. B KOHEYHOM HTOre OyAyT CHHTE3UPOBAHbI Pa3HbIE OCIIKH.

MetunupoBanne u nemerunuporanue JIHK. Merunuposanue JJHK mnpo-
UCXOJUT B PETYIATOPHBIX 00NACTIX reHa. MeTHIUpyeTcsl IUTO3UH B MOCIIEN0-
BaresnbHOCTH L', mocne gero ren nnakruBupyercs. [lpu nemerninpoBanum ak-
TUBHOCTh I'€Ha BoccTaHaBiuBaercs. [Iponecc perynupyercs (epMEHTOM METH-
aTpaHcdepasoil.

['opmonanbpHas peryssius. [Ipyu rOpMOHAIBHON PEryisiiMU T€Hbl AKTUBU-
pPYIOTCSI B OTBET HAa BHEUIHMI XUMHUYECKHI CUTHAN (TOCTYIJIEHHME B KIIETKY
OIPEIEIEHHOrO0 TOPMOHA). DTOT TOPMOH 3allyCKaeT T€ T'€Hbl, KOTOPbIE UMEIOT
crielu(prUecKre Mocie0BaTeIbHOCTH HYKJIEOTHIOB B PETYJISTOPHBIX 001ACTAX.

['eHOMHBIH UMOPUHTUHT. DTO MAJIOU3YUYEHHBIM CIIOCOO PEryssiuu 3KC-
IIPECCUM T€HOB Y AyKapuoT. OH BO3MOXEH TOJIBKO Y AUIUIOMIHBIX OPraHU3MOB
Y BBIPAXXKAETCSA B TOM, YTO aKTUBHOCTh F'€HOB 3aBUCHUT, OT KAKOTO U3 POJIUTEIIEH
OHM OBUIM TOJy4€Hbl. BBIKIIIOUEHHE T'€HOB OCYIIECTBISECTCS MYyTEM METHIHPO-
Banus JJHK.

AJIbTEpHATUBHBIA CIUIAUCHHT. JTO PETYJSIUAS HAa YPOBHE MPOILIECCHUHIA.
[Ipu anpTepHATUBHOM CILJIAHCUHTE MOPSIIOK CIIMBKH YK30HOB MOXKET OBITh pa3-
anyHbIM. OTCrO/1a CJIEAYET, YTO HA OCHOBE OJIHOW U TOW € HYKJIICOTHUIHOM IO-
cnenoBarenbHocTH JJHK MoOryT ObITh CHHTE3UPOBaHBI pa3Hble OENKU. XOTS MX
OTJIMYKE JIPYT OT JApyra OyAeT B OCHOBHOM 3aKJIIOYaThCs JIHIb B Pa3HbIX cOYe-
TaHMAX OJHUX U TEX K€ AMUHOKHCIIOT.

Tkanecnennduyeckoe penakrupoBanue PHK Takke mporekaeT Ha ypoBHE
npoueccuHra. Beipaxkaercst B 3aMeHe OTAeNbHbIX HykieoTu0B B PHK B omnpe-
JICJICHHBIX TKaHSIX OpraHu3Ma.

Kpome Toro, y sykapuor nPHK wacto He moaBepraercss mpoueccuHry Bo-
oO11ie (a pacnagaeTcs) WK MOABEPraeTcs ¢ 3aIEPKKOM. ITO TaKKe MOKHO pac-
CMaTpHUBaTh KaK CIIOCOO peryJsiliuy SKCIPECCUN FE€HOB.

Perynsuus crabunsnoctd uPHK. V sykapuoT cyliecTByeT peryiasiuus 1 Ha
ypoBHE TpaHcisauu, koraa roroBeie UPHK He «tomyckarotcs» k prubocoMam
win paspymatorcs. Jpyrue xe uPHK moryt nomonHutensHo cTaOuUiIu3upo-
BATHCS JUIs MHOTOKPATHOTO MCIIOJIb30BaHUS.
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[MoctrpancnaumonHas moaudukanusa Oenka. YToObl MoneKyja MOJUMIEH-
TUJA MPEBpPATUIACh B AKTHUBHYIO MOJIEKYJIY Oenka, B HEMl JOJIKHBI MPOU30UTH
pa3ianyHble MOAU(PHUKAIIMU ONPEAETCHHBIX aMHUHOKHUCIIOT, JOJDKHBI OBITH chop-
MHUpPOBaHbl BTOPUYHAs, TPETHUYHAsI U BO3MOYKHO YETBEpPHYHAs CTPYKTypbl. Ha
3TOM dTame TakKe MOXKHO MOBJHATh Ha peaju3aluio reHeThYeckoil nHpopma-
MU, HATIPUMED, HE JAaB MOJIeKyJie ChOPMHUPOBATHCS.

PuGoperynsaropsl. beutn o6Hapyxxensl PHK, BeimomHsonme perymnstop-
HbIe QYHKIIMU TyTeM OcabiieHHus padoThl OTJEIbHBIX T€HOB.

[ BBICOKOOPTaHM30BAHHBIX JKUBOTHBIX OTMEUAeTCs CYIIECTBOBAHHE
HAJIKJIETOYHOTO YPOBHS PETYJISLNHU SKCIIPECCUH T'€HOB.

I'enHasi JKCHIpeccUus — 3TO COBOKYITHOCTh MOJIEKYJISIPHBIX MEXaHM3MOB
peaM3anMu HacJeACTBeHHO uHHopManum, 0Jarogapsi KOTOpPoOMYy, I'eH
NPOSIBJISAET CBOW MOTEHUHMAJ B KOHKPEeTHOM (peHOTHNMYECKOM NPHU3HAKE
opranusMa. Bce s3Tambl 3KCHPECCMU TEHOB MPOTEKAIOT C HCIOJIb30BAHUEM
SHEPIUU M OOCITYKUBAIOTCS JeCATKaMHM pa3zHooOpa3HbiX (epmeHToB. IIporecc
HKCIIPECCUU T€HAa COCTOUT U3 HECKOIBKUX 3TAIOB:

T — T — T — T — T «w-s 'en — IIpo-MPHK — MPHK — Ilo/mnenrux —
benoxk — IlpusHak

TPAHCKPUNILIMSA — MPOLECCUHT — TPAHCASANNUA — MOAUUKAIUA — IKC-
npeccust

a) Ha ocHoBe rera JIHK cunresupyercs npo-mPHK. IlepBsiif stam sxc-
IIPECCUU HA3bIBACTCS «TPAHCKPUIILIUEH;

0) kpynHas Mmousekyina npo-MPHK moasepraercs «mpoueccuHry», B pe-
3yJbTaTe 3TOr0 3HAYUTENILHO yMEHbIIaeTcs B pazmepax. OOpasyercs «3pesnas»
MPHK, cuuteiBaHue uHpopManuu ¢ KOTOpoil ympouiaercs. buonmornueckmii
CMBICII ITPOLIECCUHTa — O0JIErYeHUe AOCTYyNa K TeHETHUECKOM nH(pOopMaluu;

B) MPHK npu yuyactun TPHK «BbIOMpaeT» HEOOXOIMMbIE aMUHOKHUCIIOTHI,
KOTOpbIE CBA3BIBAIOTCSA HA PUOOCOME B CTPOTrO ONPENEIECHHYIO TOCIEI0BATEb-
HocTh nosmmnentuaa. [Iponecc nepenoca nndopmaruu ¢ MPHK Ha monunenTtua
Ha3bIBACTCA «TPAHCIALUEHY;

I') CUHTE3WPOBAHHBIN MOJUMNENTH]] MOJIBEPraeTcs «Moau(UKauu» 1 mpe-
BpaIllaeTcsl B aKTUBHBIN OCIIOK;

n) GyHKIMOHUPYS, OENOK JieaeT CBOM BKJIaa B MOPQOJIOTHUYECKUN WU
GyHKIMOHATBHBIA MpU3HAK ((DEHOTHUIT) KIETKH WM OpTraHu3Ma. ITO Tpolecc
HA3bIBACTCSA «IKCIPECCUEN).

B mpouecce TpaHCKpUINIIMK y4aCTBYET HE TOJBKO CMBICIOBAs 4acTh I'E€HA,
HO U JIpyTue peryiasTOpHbIE U CTPYyKTypHbIe yacTu. O6pazyemas npo-MPHK co-
JICPKUT BCE dIEMEHTHI, Xapaktepusie mid rena JJHK. IIponeccunr cyiecten-
HO Mmonupunmpyet npo-MPHK, xotopas mpespamaercs B8 MPHK u conmepxut
HAMHOTO MEHBIIIE CTPYKTYPHO-(PYHKIIMOHAIBHBIX JieMeHToB. Ha ocHoBe MPHK
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TPAHCISALMS CO34AET MOJIEKYJIbl COBEPIIEHHO APYTOW MMPUPOABI — IMOTUIIEIITHIBI,
HUYETO0 HE MMEIOIIKE OOIIEr0 ¢ HYKJICHMHOBBIMU KHCIOTaMH U O0JIaJalolIiMH
COBEPIIIEHHO JIPYTMMH CBOWCTBAMHU M oOpraHm3anueid. Momudukanus monm-
IENTHIOB NPUBOJUT K €IIE OJHOMY MPUPOJHOMY SIBIICHUIO — IIOSBJICHUIO
CJIOKHOW TPOCTPAHCTBEHHOM OpraHW3aluu MoJekynbl Oenka. [IpoucxoauT me-
pexon nuneiHou nHpopmaruu JIHK u PHK B mpocTpancTBeHHYIO OopraHu3a-
[[MIO0 TIPOTEHHA, KOTOpasi, B CBOIO OYEpElb, SBIIAECTCS OCHOBOU CHEIU(UUECKOTO
MIPOCTPAHCTBEHHOT'O B3aMMOJICVCTBUS MOJIEKYJI B dKMUBOM OpPraHU3ME, UTO U Jie-
JKAT B OCHOBE JKHW3HU U BCEX KU3HEHHBIX SBJICHUW. B TaHHOM ciydae mporuecc
Moau(UKaIMK 00eCleuynBaeT MPOCTPAHCTBEHHYIO OPTraHMU3alui0 — 00beauHe-
HUE YeThIpeX CyObeIuHUI] reMoriioOuHa B €JUHBIM KoMIUlekc. B pesynbrare
BCEX 3TaIlOB 3KCIPECCUU MPOSIBISETCSA MPU3HAK — CIIOCOOHOCTh K TPAHCHOPTY
ra3oB (O, u COy).

OnepoH — 3TO NOCIEAOBATENBHOCTh CHEIUANBHBIX, (DYHKIIMOHATBHBIX
cermeHToB JIHK, a Takke CTpPyKTypHBIX T'€HOB, KOTOPbIE KOIHPYIOT U pe-
TYJUPYIOT CUHTE3 ONPEACICHHOW IPYMIbl OEIKOB OJHOM METabOIMYECKON Iie-
1, Hanpumep, GepMeHTOB raukonu3a. Onepon (pezyaupyemas eOuHuya mpam-
CKpunyuu) COCTOUT U3 CIEAYIOIIUX CTPYKTYPHBIX YacTel (CrenuaibHbIX MOCe-
JIOBATEIBbHOCTEN HYKICOTHI0B) (pucyHOK 3.1):
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Pucynok 3.1 — CTpyKTypHBbIE YacTH OIIEpOHA

1. I'en-perynsitop, KOHTPOJUPYIOIINM 00pa3zoBaHuE OelKa-peryasaTopa.

2. IIpomorop — yuacrok JIHK, k koropomy mnpucoenunsiercs PHK-
MOJIMMEPa3a U HAUMHAETCS TPAHCKPUIIIUSL.

3. OnepaTop — y4acTOK IPOMOTOpPA, CBSA3BIBAIOIIHI OETOK-PETYIISITOP.

4. Crpykrypnble reHsl (uuctponbl) — yuyactku JIHK, kogupyronmme MPHK
KOHKPETHBIX OEJTKOB.

5. Tepmunatopusiii yyactok JIHK HeceT curnHan o0 ocTaHOBKE TpaHC-
KPUIILUH.
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3.2 Anaau3 nocaenoBareabHocrteil JITHK

Hecmotpsa Ha Hayusslii porpece, JIHK-ananu3 octaercs TEXHOJIOTMYECKH
CJIOKHOW TIPOIIETypOH, Beb peub HAET 00 MCCICTOBAHUN MHKPOCKOTTMYECKUX
CTPYKTYp, COCTOSIIMX M3 MHJUIMOHOB «OYKB», MOCIIEIOBATEIBHOCTh KOTOPBIX
CJIElyET YCTaHOBUTB. JTO Ha3bIBaeTcs cekBeHuposanueM JIHK.

J1j1s TOTO 4TOOBI «IIPOYUTATH» MOJIEKYILY, €€ JUIsl Hayalla Hy>KHO BBIJICIUTD,
3aT€M MHOTOKPAaTHO CKOIIMPOBAaTh, a MOCIIE — «HApEe3aTh» Ha HEOObIINE KyCOU-
K{, yIOOHBIE JIsl aHaIN3a. A30TUCThIE OCHOBAHHUS, COCTABIIIOLINE «all(haBUT»
TEeHETUYECKOr0 KO/1a, IIPU 3TOM OKPAILIMBAIOTCA 0COOBIM ()IIyOpECLEHTHBIM Kpa-
cuTeneM, 6narogapst KOTOpoMy B XOJI€ NajlbHEMILIEro aHaIu3a UX MOYKHO OyZeT
pacIio3HaTh IIPU IPOCBEYMBAHUM JIA3EPOM.

Hexoropeie coBpemeHHble MeTObl cekBeHMpoBaHusa JIHK namomuuarot
KOMIIBIOTEPHYIO TOMOrpaduio, B X0A€ KOTOpoi ojHa-eauHCcTBeHHass HUTh JJHK
IIPOXOJIUT YEPE3 HAHOMOPY, @ KOMIIBIOTEP PUKCUPYET U3MEHEHUSI HOHHOTO TOKa
B €JAMHUILy BPEMEHH, YTO IO3BOJSIET PACMO3HATh KaXIYyI «OYyKBY» reHEeTHye-
CKOr0 KOJQ.

TexHOoIOrny Npoa0IKAIT COBEPIICHCTBOBATHCS, YTO MO3BOJISIET YCKOPUTH
u yaewesuts npouecc JIHK-ananuza. 910 gocTturaercs 3a c4ET OJHOMOMEHT-
HOTO «YTeHUs» cpa3y Heckosbkux ydactkoB JIHK, pa3zpaborku HOBOro mpo-
IrpaMMHOT0 00€CIeYeHHs M YCIIOKHEHUSI KOHCTPYKIMH NPUOOpOB, IpeaHa3Ha-
YEHHBIX JJI1 aBTOMAaTUYECKOIO0 CEKBEHUPOBAHMS, — CEKBEHATOPOB.

Tak, c MOMEHTA IOSBIEHUS NEPBBIX CEKBEHATOPOB B 90-€ rojibl MUHYBIIE-
IO CTOJIETHS YYEHBIM yAAJIOCh CHU3UTH crouMocTh JIHK-ananusza B 13 pas.

Haun0oabuy0 M3BeCTHOCTHh NMOJYYMJIM CJIEAYIOLIHEe METOAMKH CeKBe-
nuposanus JHK:

— Metoj Conrepa (MeTo TEpMUHAIIMU LIETIH ),

— IUPOCEKBEHUPOBAHUE (CEKBEHUPOBAHUE NTyTEM CHHTE3a);

— CEKBEHHPOBAHUE HA OCHOBE JIMTUPOBAHMS;

— cexBeHnpoanue JIHK oquHOYHBIX MONEKYT;

— HaHOMOpPOBOE cekBeHHnpoBaHue (ToT camblil «IHK-romorpad»).

Uto moxkaseiBaet ananu3 JJHK? Bo3moxuoctn JIHK-ananusa BeIXOmsT 3a
NPEIEIIbl OATBEPKICHUS YK€ YCTaHOBIEHHOIO IPYTMMH METOJAaMH JHarHo3a —
C €ro MOMOIIbI0 MOXKHO y3HaTh O 3a00JIEeBaHUAX, KOTOPBIE €lle HUKAK ceOsl He
IPOSIBUIIM, HO NMPHU CTEUYEHUU ONPEIECIECHHBIX OOCTOSTENBCTB MOTYT CEPHE3HO
NOIIATHYTH 30POBbE MMALMEHTA.

C nomombio anaausa JIHK onpenensierca:

— HACJEJICTBEHHAS NPEAPACIIONOKEHHOCTh K KOHKPETHBIM MATOJIOTUSAM, KOTO-
pbI€ YK€ BCTPEUATUCh B CEMbE (HAIPUMEp, PaKy WM IMCUXMYECKUM 3a00JIEBAaHUSM);

— OOImMIA «reHEeTUYECKU aHaMHe3» 4YeJOBEeKa, KOTOPBIA JKENaeT 3HaTh
HaBEpHsIKa, Kakue 3a00J€BaHUsl MOTYT BOBHUKHYTh Y HETO B OyaylieMm;
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— MPUYMHA HESCHBIX CUMIITOMOB B OTCYTCTBUHM BO3MOXHOCTH TOCTaBUTb
JIMarHO3 UHBIM MyTeM (OCOOEHHO aKTyaJIbHO JJISl AETEH C peIKOil TeHETUYECKOM
MaToJIOTUEH);

— HHJWBHUYyalbHas HENEPEHOCUMOCTb ONPEJEIEHHBIX JIEKAPCTBEHHBIX
penaparos;

— CTEIMEHb TEHETUYECKOTO POACTBA C MPEAIOIaracMbIMU YWICHAMU CEMbH;

— BEPOSITHOCTh OCJIOKHEHUHN BO BpeMsi OEpEMEHHOCTH;

— CKJIOHHOCTb K QJIKOTOJIM3MY WJIM HAPKOMAHUU (HA OCHOBAHUM BBISIBIICHUS
I€HOB, OTBETCTBEHHBIX 3a CHHTE3 (PEPMEHTOB, CIIOCOOHBIX PACIICIUIATH AIKO-
rOJIb U IPYTUE COCAUHECHMUS);

— PUCKH TIPU HAJUYHMK CEPhE3HBIX (PU3UUECKUX HArPY30K (BaXKHO JJISI IIPO-
(dheccHoHaNBHBIX CIIOPTCMEHOB);

— BO3MOYHBIE IPUYUHBI OECIIOAUSA U T.A.

brnarogaps JIHK-ananuszy Oyayiiyde poaUTENIM MOTYT OIEHUTHh BEpPOST-
HOCTb POKJEHUS peOEHKa C HACJIeICTBEHHON MaTOJIOTUEH, a B cllydae, €ClH 3a-
0oJIeBaHUE YK€ BBISIBJIEHO Y MaJIbIIlla, — C MEPBBIX MECALIEB €TI0 XKU3HHU BhIPa0o-
TaTh ONTUMAJIbHBIN IJIaH JIEYEHUsI, KOTOPBII MO3BOJIUT N30€3KaTh OCIOKHEHUH.

Cpoku u croumocth JIHK-ananuza nponopimoHaaibHbl 00BEMY HCCIEI0-
BaHUs: 4eM OoJibliie MH(OPMAIMU Bbl XOTUTE MOJIYYUTh, TEM OOJBIINN 00beM
JHK mpenctouT «npoynTarhy CHENUaIUCTaM, COIMOCTABUB MOJYyYEHHBIE JaH-
HBIE C UMEIOIIUMHUCS CBEJECHUSIMHU O QYHKIUAX OOHAPYKEHHBIX T€HOB.

Cpok mpoBeZieHHs aHaJli3a COCTaBJISIET B cpelHeM 3—4 Helelu — B 3aBH-
CUMOCTH OT TOTO, IJie IPOBOAUTCA TeCT (00pa3ipl MOTYT OBbITh OTIIPABJICHBI B
JpyTyro J1JabopaTopHIo, TJ€ €CTh COOTBETCTBYIOIEE 000PYIOBAHUE), KAKHE PEaAK-
TUBBI OTPEOYIOTCS JUIs €r0 MPOBEJACHHS M KAKOB 00bEM MpeArnonaraeMoil paboThl.

Haubonee mupoko ucnonb3yeMbiit Meroa anst JJHK-ananusza — cexkBeHupo-
Banue 1o CaHrepy.

B ocnoBe Metona cekBenupoBanusi [IHK, pazpaborannoro CaHrepom u co-
aBT., Ha3bIBAEMOTr'0 TAK)KE€ METOJIOM CEKBEHMPOBAHHUSA MyTEM TEPMUHALMU LIETH,
Jexan npuHIUI (EepMEHTAaTUBHOIO MOCTpOoeHUs komIiuiemenTapHoi nenu JJHK
M0 CYIIECTBYIOIIEH OAHOLIETIOYEHYHOM MaTpHUIle MPHU MPOUCXOASIIEM B Pa3HBIX
Mecrtax nenu JJHK nHrubupoBanum ee najbHEHUIIETO pocTa.

[TepBoiii Meton cekBenupoBanusi JHK, npennoxenusiii @. Canrepom u
A. Koynconom B 1975 r, ocHOBaH Ha (pepMEHTATHBHBIX PEAKIUSAX M HOCUT
Ha3BaHUE IUIIOC-MUHYC -METOJ. J{aHHBII MOAXO/ MPEAIOJIaracT BbIAEICHUE O/~
HorenoueyHoro ¢parmenta JJHK, cooTBeTCcTBYyIOIIErO0 HCCIETyEMOMY YY4aCTKy
reHomMa. JTOT (PparMeHT HUCIOJIB3YIOT 3aTEM B PEAKIMHU MOJIMMEPa3HOro KOIu-
pOBaHUsI B KAYECTBE MATPHIIbl, @ B KAYECTBE MpailMepa — CUHTETUUYECKUE OJIU-
TOHYKJICOTH/IbI UM MPUPOIHBIE CyO(parMeHThl, MOJydyaeMble MOCIe THAPOIN3a
OTNpEJEICHHBIMU PECTPUKTAZAMH.

B Hacrosiniee BpeMs CylecTByeT MHOKECTBO BapuaHTOB Metona CaHrepa.
['maBHOE, 3TOT METOJ YJIaJI0Ch MOJIHOCThIO aBTOMATU3UPOBaTh. TakK, HalpuMep,
npu cexkBeHnpoBannn JHK mo CosHrepy Ha 5-koHen mnpaiiMepa BBOJST
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(biyopecieHTHbIE METKH, MPUYEM ISl KaXJO0ro W3 YEThIpeX aHaIU3UPYEeMbIX
HYKJIEOTHJIOB UCHOJIB3YIOTCS (DITyOPECHUPYIOIINE ar€HThl C Pa3IMYHbIMH CIICK-
TpaJibHBIMH XapakTepuctukamu. [locie snexTpodopeTnyeckoro pasaeneHus
reiab CKAaHUPYETCsl MPU YETHIPEX PA3NIMYHBIX JUIMHAX BOJIH MU IOJyYECHHAs WH-
dbopmanms cpazy oOpabareiBaetcss Ha OBM. [lpu 3TOM Bce OmoOXuMUYecKue
oIepalyy TakKe IPOBOAATCS POOOTOM.

XOoTs caM NpUHIUN crenu(puIecKol TEpPMUHAIIUH, TIOJIOKEHHBI B OCHOBY
IIEpBOHAYAIBHOTO MeToja cekBeHnpoBanuss JHK ¢ nomompro aunesok-
CUTEPMHMHATOPOB, OCTAJICS HEM3MEHHBbIM, camo cekBeHupoBanue JIHK mo Con-
repy BCE K€ CTAJIO B 3HAYUTEINBHOU CTEIIEHU JPYTUM.

Haubonee mupoko ceifuac npuMeHseTcs MeTo/ (pepMEHTAaTUBHOIO CEKBE-
HUPOBAHMS, WIM METOJI CEKBEHUPOBAHUS IyTEM TEPMHUHAIMU (OCTAHOBKH CHH-
Te3a) 1enu, npeayioxenubii @. Canrepom B 1977 T.

CexBenupoBanue JJHK nmo Canrepy. Oto Haubosnee ynoTpeOUTEIbHBIM
Meroq cekBeHnpoBanus JJHK, mOCKOIpKy 10 CpaBHEHHIO ¢ XMMUYECKUM METO-
JIOM OH I03BOJISIET aHAJIU3UPOBaTh Ooisiee KpynHble ¢pparmentsl JJHK ¢ meHsb-
el BeposiTHocThio om0k, CekBennpyemyro JIHK cHadana KIOHUpPYIOT B OA-
HOIleNoYeyHbld OakTepruogaroBelid BekTop. Yaie Bcero ucnonb3yroT ¢ar M13
u ero npousBojHble. OnHouenouyeunas JIHK B3aumopenicTByeT kak cyOCTpar ¢
JIHK-nonumepasoii, KoTopas TOYHO KONUPYET NEpByr wLenb. OmHako eciau
HOpMaJbHBIA  JI€30KCH-HYyKiIeo3uadochaT  3aMEHUTb  €r0  aHaJIOrOM-
IUIe30KCHHYKIeo3uaAdochaTrom, To najapHelee GyHKIMOHUPOBAHUE MTOTHME-
pasbl IPEKPAIIACTCA U POCT CUHTE3UPYEMOU LU OcTaHaBiuBaeTcs. s nHu-
LIUAPOBAHMS ITOTO IMPOLECCA UCIOJIB3YIOT XUMUYECKA CUHTE3UPOBAHHBIN YHU-
BEPCAJIbBHBIA HYKJICOTUAHBIM IpaiiMep. Peakunio mpoBOsAT B MPUCYTCTBUM 4Ye-
TeIpex aHanoroB dNTP, oqun 13 KoTOpbIX conepkuT MeTky P. Mcxoano umeer-
CSl YETBIPE PEAKLMOHHBIE CMECH, B KaXKJAOW U3 KOTOPBIX NOHMKEHA KOHIIEHTpa-
LM OJTHOTO U3 aHAJIIOTOB MEYEHOTo Hykieotunaa. [loatomy B pesynbprare peak-
LMY TIOJIyHYAIOTCS CMECU MEUYEHHBIX paauonHykiauaamu gparmentoB JIHK, ogun
KOHEI] y KOTOPBIX OJMHAKOB, HO IIPX 3TOM OHHM UMEIOT Pa3HYIO JJIMHY U pa3HbIe
ocHOBaHMs Ha apyroM koHue. [locne mukybanum JJHK B kaxkmoit cmecu mpe-
BpalllaeTcsi B OJHOIENOYEeUHY0 (GopMy. 3aTEM CMECH MOABEPraroT 3J1eKTpodo-
pe3y B NOJUaKpHiIaMUIHOM rene. JUIMHY U MOoCIe10BaTeNbHOCTh (PparMeHToOB
JHK MOXHO CUMTBIBaTh HEMOCPEJICTBEHHO C T'EJIEBOT0O CJIOS. DTOT METOM MO3-
BOJISIET CEKBEHUPOBATh B OJIHOM cepum peakuuu ot 250 1o 500 nap ocHOBaHMIA.
Ilony4yeHHBbIE JaHHBIEC YACTO aHAJIM3UPYIOT C IIOMOIIBI KOMIIBIOTEPA.

KitoueBbIM MOMEHTOM (pepMEeHTAaTHBHOTO MeTona cekBenupoBanus JHK,
pazpaboranHoro CiHrepoM M COAaBT., SIBJISIETCS OOpa3oBaHUE CHEIUUUECKU
TEPMUHUPOBAHHBIX MEUEHbIX (hparMeHTOB BHOBbL cuHTe3upoBaHHoM JIHK. Ta-
Kas TepMHHALMs NOCTpoeHus komiuieMeHTtapHou nenu JHK nmpoucxomut npu
BkmoueHnn JIHK-nonmumepasoii B pacrymyto nens JHK-monuduimpoBanubix
aHaJIOTOB MPUPOIHBIX.
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B ¢epmentatuBHoM Metone cexkBenupoBanus JJHK mo Cosnrepy kaxnas
JIOPOKKa COOTBETCTBYET TOJBKO OJHOMY KOHKPETHOMY THUILy OCHOBAHUM H IIO-
TOMY JJisl TIPABUJIBHOTO MPOYTEHHs paauoaBTorpada CEeKBEHUPYIOIIETO Tems
HE00XO0IUMO CJIEeIUTh, YTOOBI KaKasi-Iu0o MoJIoca CojepKanach TOJIBKO B OJJHON
JNOpPOXKKE, IOCKOIbKY B IPOTMBHOM CIIy4a€ TOYHOE YCTAaHOBJICHHE IJAHHOTO
HyKJIeOTH1a OyAeT 3aTpyJHEHO WM CKOpee IMPOCTO HEBO3MOXKHO. B Merone
ChHrepa HeT HEOOXOUMOCTH COMOCTABJICHUS HAJIUYUS MOJIOC yPUHOBBIX WIIH
INUPUMUINHOBBIX OCHOBAaHUM B OJHOW WJIM JIBYX JOPO’XKKAaX, TO MOKHO CUUTATh,
YTO YTEHUE paguoaBTorpad)a CEKBEHUPYIOILIETO Ielis IPU 3TOM OYJET MpolLe.

OpHako, CyIIECTBYET Psii OTPAaHUYECHHM, U3-32 KOTOPBIX METOJ CEKBEHUPO-
BaHus JJHK rubpunnzauueii Tak u He cTajg OCHOBHBIM. [ JTaBHBIMHM IPENATCTBU-
SIMU 3TOMY CJIy’KaT Cephe3HbIe MPOOIEMBbI TPU CEKBEHUPOBAHUU TTOBTOPSIIOIIHNX-
CSl DJIEMEHTOB I'€HOMAa M YTEHHE OTHOCUTENBHOTO MAJIOT0 YMCIIA HYKJIEOTHIOB B
X0J1€ OHOT'O DKCIICPUMEHTA.

3.3 KomnboTepHbIe NIPOrpaMMbl, HCIOJIb3yeMble
JJUISl AaHAJIN3Aa CEKBEHMPOBAHHBIX NOC/IE10BATEIbLHOCTEH I'¢HOB

[TosiBnenue OwicTphiX MeTONOB cekBeHupoBanus JIHK ¢epmenTatuBHBIM
noctpoenueM Hoeol nenu JIHK B ycnoBusx tepmunanuu 1o CaHrepy IpHuBEIo
K PE3KOMY YBEJIMUYEHHUIO YuciIa ceKBeHUpoBaHHbIX pparmeHToB /IHK. Ompene-
JSIEMbIE B XOJI€ CEKBEHUPOBAaHUs HYKJIEOTUIHBIE MOCIEAOBATEIILHOCTH, B BUEC
Tak Ha3biBaeMbIX JIHKOBBIX TEKCTOB, MOBIEKIN 3a cOOON pa3paboOTKy clienua-
JU3UPOBAHHBIX KOMIIBIOTEPHBIX MPOrpaMM IO UX aHAIM3y, MOCKOJIbKY oOpa-
00TKa TakuX OOJIBIIMX MACCHUBOB JIaHHBIX 0€3 MOMOINM KOMIIBLIOTEPOB CTajia
IIPOCTO HEBO3MOXHA. OHAKO IEPBbIE MOSBUBIINECS KOMIBIOTEPHBIE MTPOTPAM-
MbI OOpaIieHus ¢ HyKJICOTHIHBIMU TOocieoBareabHocTsIMU 1 aHanu3a JJHK xa-
PaKTEpU30BAIMCh MUHUMAJIBHBIM HA00pPOM CepBUCHBIX (yHKUIMA. CTpeMuTesb-
HBIM pOCT YMClIa pa3HOOOPA3HBIX MPOTPaMM, PACCUMTAHHBIX HA MPOBEACHUE TEX
WM WHBIX ONEpauui ¢ HYKJICOTMAHBIMH nocnenoBartenbHocTaMH JIHK, maxe
noTpeOoBaj BBIACICHUS OTIACIBHBIX HOMepoB kypHama «Nucleic Acids
Researchy, neankoM MOCBAIICHHBIX JaHHOU IIpo0OieMe.

MHorue KOMITbIOTEpHBIE MPOTrpaMMBbl T€X JIET MPEACTABISIN COOON He-
OoJbIlIME MPOTPAMMKH ISl PEIIEHUs] KOHKPETHBIX 3aja4, BpOJe MOUCKa CaiiToB
PECTPUKLIMOHHBIX SHAOHYKJIEa3, ONPECICHUs Pa3MEPOB Modyyaroumxcs ¢gpar-
MEHTOB nociye pacuemienus umMu Mojekysn JIHK wnmm onpenenenuss mosiexy-
JSIPHOM Macchl TaKUX (PPArMEeHTOB, UX HYKJICOTUIHOTO cocTaBa. C LEIbl0 HEKO-
TOPOro ymnopsifoueHus uHdopmanuu 000 BCEX ATHUX MporpamMmax M JIydlleu
OpMEHTAllMK HMCclenoBaTeeil ObUl MOATOTOBJIEH CHEIUANbHBIA yKa3aTelb, BO-
OpaBiIUii B ce0s MAaKCUMaJIbHO BO3MOXHOE YUCJIO U3BECTHBIX K TOMY BPEMEHU
KOMIIBIOTEPHBIX MPOTrpaMM M JAIOLIMKA KPaTKOE OIMMCAHUE UX BO3MOKHOCTEM.
OpHako CTaHOBWJIACH OYEBUJIHOM HaCyIllHAsl MOTPEOHOCTh CO3JaHUsl TaK Ha3bl-
BAaE€MbIX IMAKETOB MPUKJIAJAHBIX MPOrpaMM, KOTOPbI€ Obl MO3BOJISIIM MPOBOAUTD
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HENbIil HEOOXOAUMBIX OMepanuil M0 BCEBO3MOXKHOMY aHaJIN3y CEKBEHHUPOBAH-
HeIX ¢parmenTtoB JIHK, HaunHast OT 3aHECEHMS MOCIEAOBATEIILHOCTH HYKIICO-
THUJIOB B KOMITBIOTEP JI0 BBISBJICHHS OCOOCHHOCTEH KOJTUPYEMBIX HMH OCTTKOB.

JpyruM acnekToM KOMIIBIOTEPHOI'O aHAJIW3a CEKBEHUPOBAHHBIX MOJIEKYII
JIHK cTan Bompoc XpaHeHHs MOJYYEHHBIX JaHHBIX U HEOOXOIMMOCTh oOecre-
YEHUS IIMPOKOTO JOCTYIA YYEHBIX K YK€ U3BECTHBIM HYKJICOTHUIHBIM MOCIEN0-
BaTEIbHOCTSM. JTO MPUBEJIO K 00pa30BaHUIO CIEHUATU3UPOBAHHBIX OEIKOBBIX
JAHHBIX, CHayajga OJAHOr0, TOTOM HECKOJIBKUX MU YK€ 3aT€M MHOTOYHCIICHHBIX.
B nHacTosiee Bpemsi, KpoMe TpeX OCHOBHBIX, TaK HA3bIBAEMbIX MEPBUYHBIX OaH-
koB ganHbix (GebBank, EMBL, DDBJ), riaBHOM LEabl0 CTaBAIUX COOp HYK-
JICOTUJIHBIX TOCJIEIOBATEILHOCTEH, CYIIECTBYET €Ille€ MHOXECTBO 0a3 JaHHBIX,
IpeCIIeYIONINX KaKy0-T1100 LEb.

YTOoObI BBISIBUTH KaKHE-TO OCOOCHHOCTH WJIM XapaKTEpPHBIE YepPThl HCCIIe-
nyemoro reda win ¢parmenTa JIHK, HeoOXoaumo MpoBeCTH aHAIM3 €ro HyK-
JEOTUAHOMN IOCIEN0BATEIBHOCTH, CTABIIEH M3BECTHOW B PE3YyJIbTATE CEKBEHU-
poBaHnusl. [Ipuuem, 3auacTyro TpeOyeTcss BCECTOPOHHUMN aHAIN3, KOTOPBIN OoJiee
yI00HO OCYIIECTBUTH C MOMOIIBI0 MHTETPUPOBAHHOIO MMAKeTa CIELHATU3HPO-
BaHHBIX MporpamMmM. B Hacrosiee BpeMsi UMEeTCsl IUPOKUI BEIOOP pa3InyHbIX
MAKETOB TaKUX MPOrpamM, OTIMYAIOIIUXCS TPEOOBAHUSIMH, TPEIbIBISCMbIMU
MMM K CaMOW KOMIIBIOTEPHOM TEXHHUKE, K ONEpPalMOHHBIM cucTeMaMm. B cuiny
O0COOEHHOCTEM KOMITBIOTEPHOTO TapKa HaIleld CTpaHbl, MPEACTABICHHOIO IIO-
JABJISIOIUM  KOJn4ecTBOM [BM-COBMECTUMBIX KOMIBIOTEPOB, MIPOTPAMMEI,
HaIlMCaHHBIE ISl APYTUX TUIIOB MAlIWH, 3/1€Ch, 3a PEAKUMH HCKIIOUEHUSIMH,
YIOMHUHAThCS HE OYIYT.

Eme oauH yxe ynmoMuHaBmmics Bbime Moayiabs MapDraw u3 makera npo-
rpamMm Lasergene paccunTaH Ha MOMCK B CEKBEHHMPOBAHHOM MOCIJIEIOBATEIBHO-
CTH CANTOB PA3JIMYHBIX PECTPUKIMOHHBIX 3HIOHYKJI€a3, TOUCK OTKPBITHIX pa-
MOK CUWTBIBAHHUSI M MX TPAHCISALUIO B OEJKOBbIE MPOAyKTHI. [locTpoeHne kak
JMHENHBIX, TaK U KOJBLEBBIX KAPT COMPOBOKIAETCS BO3MOXKHOCTBIO J00aBe-
HUS OOJIBIIOrO YKMCIIA MOSICHSIOIIMX CUMBOJIOB PA3JIMYHBIX 3JIEMEHTOB. BaxHoii
YEepTOM 3TOr0 MOJYJIA SIBJIIETCA CO3AaHUE PUCYHKOB, MPUTOAHBIX JJISl MyOJIHKa-
uu. [lIupokue BO3MOXKHOCTH aHayin3a OEJIKOB 3aKJIIOUEeHBI B MOjyJie Protean.
Tak, maHHas mporpaMMa MO3BOJISIET BISIBIIATH B UCCIEAYEMbIX O€lKaX y4acTKH
C a-CIMpaJbHOW CTPYKTYpOU U P-CKiagkamu u nmpoyue 3JE€MEHThI UX CTPYKTYp-
HOM OpraHu3aliii, pacCUUTHIBaTh THUAPOGUIBHBIE W TUIpoOOHBIE 00sacTU
OeNKOB, MPEACKa3biBaTh (HU3UKO-XUMHUYECKUE M IIEKTPOPOPETUUECKUE CBOM-
CTBa aHAIM3UPYEMBIX C IIOMOIIIHIO0 KOMITBIOTEPA OCITKOB.

BaXHpIM 2J1€MEHTOM aHalin3a CEKBEHUPOBAHHBIX IOCIEN0BATEIBbHOCTEN
JAHK sBnsercss ux cpaBHEHHME Ipyr C APYIOM HWJIM TaK HAa3blBAEMOE MHOXKeE-
CTBEHHOE BhIpaBHHBaHUE. PaHee OOJIbITMHCTBO KOMITBIOTEPHBIX MPOTrPaMM IO3BO-
JISJI0 OJTHOBPEMEHHO CPAaBHUBATH APYT C IPYTOM TOJIBKO JIBE OCIEA0BATENBHOCTH,
YTO CHUKAJIO IEHHOCTH MOJIY4aeMbIX pe3yJIbTaToB. B HacTosmee Bpems yxe MHO-
rue nporpammsel ananuza JJHK u OenxoB paccuntanbl Ha OTHOBpEMEHHBIN aHAIIN3
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OOJBIIOrO YKCIIa POACTBEHHBIX TOCIEA0BaTeIbHOCTEN. Takas ke BO3MOXXHOCTh
peanm3oBana B moayne Meg Align makera mporpamm Lasegene. [Ipuyuem nan-
HBIM TAKET MO3BOJISIET MPOBOJUTh MHOKECTBEHHOE BBIPABHUBAHHUE KaK MOCIE-
noBarenbHocTe JIHK, Tak u 6enkoB. [1oBbIIEHHIO JOCTOBEPHOCTH MPOBEICH-
HOTO aHaju3a CIOCOOCTBYET BO3MOKHOCTh PYYHOIO PEJAKTUPOBAHUS U OKOH-
YaTEIbHOTO JTOBEJICHUS TAKUX JTaHHBIX, ITOCKOJBKY CIIY4aeTCs TaK, YTO KOMIIb-
I0T€p B HEKOTOPBIX CIydyasx JAeT ONpEeJICJICHHbIE CHUCTEMAaTHUYECKUE OIIMOKH.
3aTeM Ha OCHOBE YK€ BBIPABHEHHBIX MOCIEA0BATEIbHOCTEN MOKHO PEKOHCTPY-
UpOBaTh (PUIOTECHETUUYECKUE JACPEBhS, C BHIYUCICHHBIM MPOIIEHTOM CXOJICTBA U
T€HETUYECKUMU pacCcTOSHUSAMHU. llomydeHHbIE pe3ylbTaTbl BO3MOXHO COXpa-
HUTH B BUJIE CIICLMATIbHBIX (DANIIOB, UTO BEChbMa yI00HO.

3.4 HykieuHoBblii cocTaB (m30xopbl, GC-ocTpona) JIHK

Je3okcupudonykiiennoBas kucjaora (JJHK) oTHocuTcs K HyKIIEMHOBBIM
kucioTaM. Hyk/jienHOBbI€ KHCJIOTBI — 3TO KJIACC HEPETYJSIPHBIX OHOIIOIMME-
POB, MOHOMEpPAaMHU KOTOPBIX SBIIIOTCS HYKIeOTHIbl. HyK/I€0THABI COCTOAT W3
a30THCTOr0 OCHOBAHUSA, COCAMHCHHOTO C TATHUYTJICPOIHBIM yTIeBOAOM (TICH-
TO301) — ne3okcupu6o3o0ii (B cayyae JJHK) unu pudosoii (B cimyqae PHK), ko-
TOpBIA coeauHseTcsl ¢ octaTkoM (ochoproit kucinoTsel (H2POs—). A3orucTbie
OCHOBaHUs ObIBAIOT JIBYX TUIIOB: MMPUMUUHOBBIE OCHOBAHMS — ypaiui (TOJb-
ko B PHK), uMto3uH ¥ TUMUH, MypUHOBBIE OCHOBAHMS — aJ€HUH M TyaHHUH
(pucyHok 3.2).

azomucmoe 0cHo8aHue [MUpHMHOHHOBBIE OCHOBAHHA
(adeHuH) o o -
seeesenserasesssnserarritnsiess . Il Il 3
E NH: S HN/j HN/jCH‘ N/‘j
E E ~ o —
: : o” 0% 0/k
. N | ) i )
ocmamok ¢ocdopHoll : </ | : ypauun MUMUH UuUMo3sux
Kucnoms! : : U T C
........................ LA J
0 : N ¢
|| : ..."....‘:::::: : ....................... nypHHoBble ocHoBaHnﬂ
:OH—P—0++ o) NH:
: | : I = <
: OH i HN/I \> y | >
HN \N N \N N
ocmamox 2YaHUH adeHuH
neHmo3sul G A

Pucynok 3.2 — CtpyKkTypa HyKJI€OTHIOB (ciieBa), pacnonoxkenue nykieoruaa B JIHK (cHuzy)
Y TUIBI @30TUCTHIX OCHOBAHUH (CrpaBa): MUPUMHUIMHOBBIE U ITYPUHOBBIE

ATOMBI yriepoga B MOJEKYJIE€ MEHTO3bl HyMEpYyIOTcs yuciaamu ot 1 1o O.
®docdat coenuHsAETCs ¢ TPETHUM U MSATHIM aTOMaMU yriiepoAa. Tak HyKJIeMHOTHIbI
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COEIUHSIOTCS B LIETIb HYKJIEUMHOBOM KHUCIOTHI. Takum 00pa3oM, Mbl MOXEM BbI-
nemuth 3’ u 5’-xoHue! nenu JJHK (pucyHnok 3.3):

H.COH o H

e/ H |\/-0>|
i

2
3’-KoHel]
Pucynok 3.3 — Beigenenue 3’ u 5°-konnoB nenu JJHK

JBe uenu JJHK o0Opa3yroT ABO¥HYI0 ciupaJib. DTH LENU B CIUPATIU COPHU-
€HTUPOBAHbI B MPOTHUBOMOJIOKHBIX HanpasieHuax. B passbix nermsax JHK azo-
TUCTbIE OCHOBAHUSI COECIUHEHBI MEXIY COOOW C MOMOIIbIO BOAOPOJHBIX CBSI-
3eil. AJICHUH BCErlla COCIUHSIETCS C THMUHOM, a IIMTO3WH — C TYaHHUHOM. JTO
Ha3bIBAECTCSI MPABWJIOM KOMILIEMEHTAPHOCTH.

IIpaBuio kommiemenrapuoctu: A-T G-C

Hanpumep, eciin Ham nana nens JJHK, nmeronias nocnenoBaTrenbHOCT

3~ ATGTCCTAGCTGCTCG -5,

TO BTOpas €il 1ienb OyneT KOMIUIEMEHTapHa W HalpaBJIeHa B TPOTUBOIIOIOKHOM
HaIpaBJICHUH — OT 5’-KOHIA K 3’-KOHILY:

5- TACAGGATCGACGAGC-3’.

GC-cocTaB (ryaHuH-IIUTO3MHOBBIN cocTtaB, I'll-cocTaB) — 1015 ryannHa
(G) u nuro3una (C) cpeau BceX OCTATKOB HYKJICOTHIOB pacCMaTpUBaeMON HYK-
JeoTuaHON mocnenaoBaTebHOCTH. GC-cocTaB MOXKET ObITh OMpPeAcsieH KaK s
dbparmenta monekyasl JIHK nnu PHK, Tak w myist Bceld MOJIEKYJIbI WIIM JTaXKe
BCETO I'eHOMa.

[Tapa GC coenuHeHa TpeMs BOJOPOAHBIMU CBSI3SIMM, TOrja Kak mapa AT
(anenun — tTumuH) —aByms. [Toatomy JIHK ¢ Beicokum coaepkanuem GC Goree
yCTOWUMBA K JIeHaTtypaiuu B pactBope, yeM JIHK ¢ aHuzkum. Kpome BogopoaHbix
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https://ru.wikipedia.org/wiki/%D0%90%D0%B4%D0%B5%D0%BD%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D0%BC%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%BD%D0%B0%D1%82%D1%83%D1%80%D0%B0%D1%86%D0%B8%D1%8F

cBsi3el, Ha cTabmibHOCTH BTOpruHOM cTpykTyphl JJHK u PHK BrustoT ruapo-
($hoOHBIC WM CTIKMHT-B3aUMOJICHCTBUS MEXKIY COCAMHCHHUSIMHU HYKICOTHIAMH,
HE 3aBUCSAIINE OT NOCIEA0BATEIIbHOCTA OCHOBAHUM HYKJICMHOBBIX KHCJIOT.

ITpu mpoeaenuu [P GC-cocraB mpaiimMepa UCIIOIb3yeTCs I IpeAcKa-
3aHUSI TEMIIEPATYPHI UIABJICHUS 3TOTO MpaliMepa U TeMnepaTypbl OTKura. Bui-
cokuii GC-cocTaB mpaiimepa MO3BOJISIET UCHOJIb30BATh €r0 MPU BBICOKUX TEM-
nepaTypax OTXKUra.

GC-coctaB 00OBIYHO TPEACTABIAETCS B MPOIEHTHOM OTHOMICHUH (X0JIA
G+C wumu gpoass GC) mns omnort w3 nenu JIHK wmnmu PHK. IlponeHTHBIN
GC-cocraB Beruncisiercs kak: GC=(G+C)/L*100, rne G+C — cymmapHoe KO-
JUYECTBO TYaHUHOB W ITUTO3MHOB, a L — niunHa nenu JIHK waun PHK B Hykieo-
tuaax: A+T+G+C.

KoMno3unuoHHasi rereporeHHoCTh

HeonnoponHnocts pacnpenenenus mo reHomy I'1[- m AT-o0oramieHHBIX
paloHOB, APYTHUMHU CII0OBAaMHU, KOMIIO3UIIMOHHAs rereporeHHocts JJHK — ogHa u3
HanOoJiee BaKHBIX XapaKTEPUCTUK MOJICKYJIIPHOW OpPTaHU3aIMU T€HOMOB.

boiiee copoka ner Hazan bepHapau M COTPYIHUKHU MPU UCCIEAOBAHUM Te-
HoMa Mbimr Mus musculus o6Hapy»kmmu, uro komruieke JIHK u cepedpa moxer
OBITH pa3JelieH C MOMOIIBbI0 PAaBHOBECHOI'O LEHTPU(MYTHUPOBAHUS B TPAJUCHTE
mwiotHocTH CsSO4 (cynbdar me3us) mo yactore caiitoB Ha mosekyne JJHK,
CBSI3aBIINX CEPEeOPO. DTO OTKPHITHE MO3BOJIUIO C BHICOKOM TOUHOCTBHIO pasje-
nsate JIHK Ha dpakuuu. Jansueiimee nzyuenue 3tux ppaxmuit JTHK npuseno
OTKPBITHIO YETKOW Kommo3unnmoHHou rereporeHHocty JIHK. Komnozunmonno
romoreHHbie cermeHtbl JIHK, mpunannexammue k HEOOJBIIOMY 4YHCITY Ce-
MEUCTB, pa3IMUarOIINXCs MO IJIaBy4Yel TIOTHOCTH, ObLIIM Ha3BaHbI H30XOPAMM.
®paknuonuposanre JIHK no mnaBydeil mioTHOCTH NpH LEHTPUYTHUPOBAHUU
dparmentoB JIHK B rpammente CspSOs (wim caxapo3bl) OBIIO BBISBICHO
y OOJBIIOro YKciaa BUJOB KMUBOTHBIX. JTO oTpaxaeT rereporeHHocTs JTHK 1o
HYKJIEOTHJIHOMY cocTaBy: AT-OoraTeie mociaeaoBaTeIbHOCTH 00JaAaroT OOJb-
el miaBy4yeil mioTHocThio, yeM ['1[-OoraTeie. OTHOCUTENbHBIE KOJIUYECTBA
JIHK B cemelicTBax n30Xx0p (OpMHUPYIOT TaK HA3bIBAEMbI KOMIO3MLIMOHHBIM
M30XOPHBIM MaTTepH TeHoMa (TaKKe OH HA3bIBACTCS TEHOMHBIM (DEHOTHUIIOM),
T.C. XapakTEePHBIA «PUCYHOK» W3 H30XOp, SBISIOMUNACA CHEU(UUHBIM IS
KaXXJIOr0 OTpsiJia U CEMEWCTBA.

VY d4enoBeka ObUIM BBISBICHBI JIBa «JIETKUX» ceMelcTBa wuzoxop: Ll
(1,698 r/em3) u L2 (1,700 r/ecm3), u 1pu «Tspkenbix»: HI (1,704 1/cm3),
H2 (1,708 r/cm3) u H3 (1,712 t/cm3). V gyenoBeka cemeiictBa L1 u L2 coctas-
Js110T cBbime 62% Bcero renoma; H1 — 22%, H2 — 9%, cemeiictBo H3 cocraBiisi-
eT okoJ10 3% resoma.

HaubombIiiee 3HaueHNE C TOUKHU 3pEHUSI CTPYKTYPHO-(QYHKIITMOHATBHOM Op-
raHu3alud TeHOMa MMEET BOMPOC O CBSI3M Pa3IMUHBIX CEMEUCTB U30XOp C KO-
nupyronumMu nocienoBarenbHocTsIMu JIHK 1 ocoGeHHOCTSIMU X SKCIIPECCUH.
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https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%80%D0%B0%D0%B7%D0%BD%D0%B0%D1%8F_%D1%86%D0%B5%D0%BF%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D0%B0%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B0%D0%B9%D0%BC%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A

B mepBBIX HCCIEA0BAHUAX 3TOTO BOMpOca OBLIO MOKA3aHO, YTO OOJBIIMH-
cTBO U3 40 B3STHIX B aHAJIU3 T'€HOB YelloBeKa pacmnolioxkeHsl B ['T]-0orateix ce-
MericTBax. BrocneacTBum nokanm3anus in silico (ImyTeM KOMITBIOTEPHOTO aHa-
nu3a) 6onee 14000 reHOB YenoBeKa MpHUBENIa aBTOPOB K TOMY K€ CAMOMY BBIBO-
1y, TI03/IHEE MOATBEPKACHHOMY Ha ellle OOJbIIUX BHIOOPKaX KOAMPYIOIIUX IO-
cienoBarenbHocTel. Ha pucynke 3.4 mpeacraBieHa auarpamma, J€MOHCTPH-
pyroias pacupeiejeHIe TUIOTHOCTH TE€HOB B KaXKJIOM U3 CEMEUCTB U30X0p Y ye-
JoBeKa (pUCYHOK 3.4).
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PI/ICYHOK 3.4 — [110THOCTH T'€HOB B Pa3JINIHBIX ceMeicTBax H30X0p Yy YCIIOBCKa

BrisiBieHHE CBSI3M BPEMEHHBIX M MEXXTKAHEBBIX PA3JIMYUNA YPOBHSI JKC-
npeccuu reHoB ¢ ['L[-ypoBHEM, MHBIMU CIOBaMH, PaCIpeICICHUSI TKAHECTICIIH-
(¢bUuecKux T€HOB U I'€HOB JIOMAIIIHETO XO03SIIICTBA OTHOCUTEIIBHO U30XOp, SIBJIS-
€TCS HE MEHEE BaKHBIM aCIEKTOM XapaKTePUCTHUKHU (PYHKIMOHAJIBLHOIO 3HaYe-
HUSI KOMITO3UITMOHHOM reTeporenHoctu renomuon JIHK. O6o6mias naHHbie 1Mo
CTPYKTYpE XpOMaTHMHA U PACIPEIEIICHUIO T€HOB U n30xop, k. bepHapau B
1993 r. nucan: «Ckopee Bcero, HauOOJIBIINK YPOBEHb TPAHCKPHUIIIIUUA BCTpEYa-
ercs B cemeicTBe n30xop H3, MOCKOIBKY TaMm KOHLIEHTpalMs T€HOB, MPEXKIE
BCEro I'e€HOB JIOMAITHET0 XO3SHCTBa, ABJIAETCS HauOOJbIIei». I More3a o BEI-
COKOW TPaHCKPUIILIMOHHOM aKTUBHOCTH T'€HOB, JOKAJIU30BAHHBIX B CEMEUCTBE
H3, noarBepkaaiach U UCCIEAOBAHUSIMH HYKICOTUAHOTO KOHTEKCTA CTAPTOBBIX
AYT'-konoHoB. I[IpuBiieueHHE [OMOTHUTENBHOTO KPUTEPHUS — MPOLEHTHOTO
coAepXaHUs TyaHHMHAa WJIM ULHUTO3MHA B TPEThEM TMOJIOKEHUU KOJOHA
(I'[3-ypoBenn) — nomumo Mojsipaoro otHomenust I'T u AT (I'Ll-ypoBeHsb), u
CTaTHCTUYECKUH aHanmu3 nocienoBarenpHocTel JIHK n3 reHoMHBIX 0a3 JaHHBIX
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YeJIOBEKa M IITIOPIIEBOH JIArymku (Xenopus laevis) mo3Boamim yCTaHOBHTD, YTO
reHbl IOMAIIHero Xo3sicrBa:
1) mpenmyiiecTBeHHO JoKanu30BaHbl B I'I[-0oraTeix cemeiicTBax U30xop;
2) HE COCTaBJISIOT OONBITMHCTBA TeHOB B [ [[-00raThix ceMeiicTBax n30Xop;
3) sBisrotcst He MeHee ['1[3-o0orammeHHpIMu, YeM TKaHeceu(pHUECKHE TeHBI.
[ToBbIlIEHHOE conepKaHUE KOAMPYIOUIUX IOCIeA0BaTeIbHOCTEH, Ooree
BBICOKMH ypOBEHb peKoMOMHaIuu, Oosbinoe uncio ['I[-oborameHHbIx KOpoT-
KuX uHTepcrnecHbXx MoBTOpoB (SINE) B Tskenbix M30Xopax, B TO BpeMs Kak
B JIETKHX JIOKAJIM30BAaHO 3HAYUTEIHLHO MEHBIIIE T€HOB, HIXKE YPOBEHb PEKOMOMU-
HallMM U HAXOAATCS MouTH UCKIounTeNnbHO ['I[-00enHeHHbIe JUIMHHBIE UHTEp-
cunepcable ToBTOphl (LINE), nmaetr ocHoBanue roBoputh 00 H30X0pax Kak
CTPYKTYPHO-(PYHKIMOHAJIbHBIX €IUHUIIAX OPraHU3alMU reHoMa. ['paHuIlsl
MEXAY TSDKEJIBIMU U JIETKUMH U30XOpaMy Ha NPUMEPE JETAIBHO MCCIIEA0BAH-
HOTO B OTHOILIEHWH KOMITO3ULIMOHHOTO COCTaBa Ha MOJIEKYJISIPHOM YpOBHE KJla-
ctepa reHoB rucrocoBmectumoctd (MHC) denoBeka sSBIsAOTCA O0Jiee 4UeM KOM-
MO3ULUOHHBIMU CTPYKTYpaMu — BPEMEHHbIE T'PaHMIIbl peIIMKauuu B (aze S
KJIETOYHOT'O IIUKJIA MPAKTUYECKH TOYHO COOTBETCTBYIOT (PU3UYECKUM I'PaHUIIAM
JIOKaIU3aluu U30X0p.

3.5 Cratuctuka IHK kak xapakrepucTuka reHoma

B ocHoBe cratuctuueckoro ananusa JJHK nexaTt MeTopl MaTeMaTHYECKON
OLIEHKH CXOJACTBAa W Pa3jIu4Msl aHAJIU3HPYEMBIX MoclienoBarenbHocteil. [Ipu
ATOM, KaK MPH MPOBEICHUH JIFOOOTO THUIA CTATUCTUYECKOTO aHaln3a, JJis MOoJTy-
YyeHUs1 000CHOBAaHHBIX BBIBOJOB TPeOyeTCsl HEKasi COBOKYIHOCTh OIIEHUBAEMBbIX
napameTpoB, TO €CTh 00beMHas BbIOOpKa. B gaHHOM ciyyae BbIOOpKa mpen-
CTaBJIIeT OO0 HAOOP MOCIEA0BATEILHOCTEN OJHOTO U TOTO K€ TeHa (M Oe-
Ka), IpUHAAJISKAIMX pa3HbiM opraHuzMaMm. OObIYHO B BBIOOPKY BKJIFOYAIOT MO-
CJIEZIOBATENIbHOCTU HE TOJBKO OJHOIO T'€Ha, HO U OJHOIO PaHra, T.e. MOCIeI0Ba-
TEJIbHOCTHU Pa3HbIX 0CO0E! OJJHOrO BU/1a WM TIOCIEI0BATENBHOCTH PA3HBIX BUIOB.

dopMupoBaHUE TaKOH BHIOOPKH MOKET OBITh BBHIITOJIHEHO Pa3HBIMU CIIOCO-
O0amu. HoBble mociieqoBaTeabHOCTH HUCCIENOBATENU MOJIY4YalOT B pe3yJbTaTe
cnenuuyHON amruiMdukanuy (B mpoIrecce MOoJUMEpa3HON IEMHOM peakiuu
i [11[P) neneBoro yyactka reHoMa MHTEPECYIONIETO UX O0BEKTa U MOCIETY-
fomei pacumdpoBkoit (cekBeHupoBaHueM) mnpoaykra ITLP. JlomoaHUTEIRHO,
JUTSl TIPOBEJICHUSI IIIMPOKUX CPAaBHEHHH, MOCJIEIOBATEILHOCTH MOTYT OBITH TO-
Jy4eHbl U3 OAHOW M3 MyONUYHBIX 0a3 JaHHBIX. Yalie BCero ¢ 3Toi LENbIo uc-
nonb3yercs 0a3za manHbix GenBank NCBI, koTopas comep>XuT HauOoJbliiee
YHCJIO ACMOHUPOBAHHBIX MOCJIEI0BATEILHOCTEMH.

Hnst pabotsl ¢ nocnenoBarenbHocTsiMU JIHK ucnons3yroT cnennanusupo-
BaHHOE MPOTrpaMMHOE 0OecreueHne, Mo3BoJIAI0IIee TPOCMAaTPUBATh MOCIEA0Ba-
TEJIbHOCTH, CPABHUBAThH UX, MPOBOJAUTH Pa3HOOOPA3HbIE CTATUCTUYECKUE pacye-
Thl. KoMuecTBO Takux mporpamMm 3HaAYUTEIbHO, U OOJBIIMHCTBO U3 HUX IPEJIO-
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CTaBJIAIOT MCCIENOBATEN0 CXOAHBIH HA0Op BO3MOXKHOCTEH, pa3inyasiCh TOJIBKO
KauecTBaMu HMHTEp(deiica U KOJUYECTBOM JTOTOJHUTEIBHBIX OMIuil. Upe3BbI-
yalflHO dYacTo wucmoib3yemoir sBisiercss mnporpamma MEGA  (Molecular
Evolutionary Ge-netics Analysis), koTopasi, 6J1arogapst €¢ aBTopam, JOCTyITHa B
WHTEPHETE JJIs1 CBOOOTHOM M OeCIIIIaTHOM 3arpy3KH.

CratucTHYeCKHil aHalIu3 MOCIENOBATEIbHOCTEH WIIM, «CTATHCTHKA
JAHK», 5T0 CpaBHUTEIBHO HOBBIN MOAXOJ K MCCIECIOBAHUID F€HOMOB, BO3HUK-
M HA CThIKE T€HETUKH, MaTeMaTUKU U uHpopmaTtuku. [IpoBenenne craTucTu-
yeckoro aHanmsa nocinenoBarenbHocTet JJHK HeBo3MoXkHO 0€3 HCIONIb30BaHMS
KOMIIBIOTEPHOW TEXHUKH U CHEIMAJIBHOIO MPOrpaMMHOIO OOECIeYeHusl, CO3/1aH-
HOTO CHEIMATIBHO 7151 pabOThI C OOIBIIMMU 00BEMaMU T€HETUYECKUX TEKCTOB.

AHanu3 HykieotugHoi nocienoatenbHoctd JJHK ¢ ncnons3oBannem me-
TOJOB MAaTE€MaTH4YECKOM CTATHUCTUKHA IPEIOCTABIIIET MCCIENOBATENO KOJIOC-
CaJIbHBIA 00beM HH(POpPMALIMH, KacalOLIEHCs 4acTOT BCTPEYAEMOCTH KOHKPET-
HBIX HYKJIEOTHJIOB U KOJOHOB, CKOPOCTH M OCOOEHHOCTEH HYKJIEOTHU]IHBIX 3a-
MEILCHUI B T€HE, CXOJICTBA U PA3JINYUs «PUCYHKA» HYKJICOTHIHBIX 3aMEHHUB I10-
cnenoBarenbHOCTAX JIHK passbix oprannm3zmoB. OgHako, Kak U IIPU UCHOJIB30-
BaHMH JIFOOOTO aHAIMTUYECKOTO MeToAa, cratucthuueckuil ananu3 JJHK tpebOyet
THIATEIBHOTO BHIOOpA MPUMEHSIEMBIX TMOJXO0J0B, a TaAK)KE BHUMATEIBLHON TpaK-
TOBKH MOJIYYEHHBIX PE3YyJIbTaTOB.

OcHOBHOM 3aJjauell CTATUCTUYECKOTO aHanu3a nocienosarenbHoctedt JJHK
TPAAULIMOHHO CUMTAETCS OLICHKA YPOBHS CXOJICTBA JIBYX CPABHUBAEMBIX IOCJIE-
JOBATEIbHOCTEN C TeM, YTOOBI CAETIaTh 3aKJIIOUEHUE O CTEIEHHU MX 3BOJIOIUOH-
HOW O1M30CTH, T.€. poAcTBa. CpaBHEHHIO MOTYT MO/IBEPraThCsl KaK MJIEHTUYHbIC
IeHbl Pa3HbIX OPraHU3MOB, TAK W T'€HBI, CXOJHbIE M0 KOIUPYEMOMY IPOIYKTY,
BHYTPH OJHOTO WJIM HECKOJBKHUX T€HOMOB. B OOJBIIMHCTBE CilyyaeB HaOIr01a-
€MO€ CXOJICTBO MOCJIEOBATENBHOCTEN KAKOT0-IM00 y4acTKa T€HOMa WJIM T€HO-
MOB TOBOPUT 00 OOIIHOCTH UX MPOUCXOXKACHUS (ToMojorun). brnaromaps cpas-
HEHHSIM TAKOTO pOJa YAAETCA BBIIBUTH SBOJIOLMOHHOE POJICTBO OPTraHU3MOB
JaXKe IPpH HAIMYMU 3HAYUTENIbHBIX pa3inuuuil B Mopdosioruu u odpase Ku3HH, a
CAENaTh MPEANOIIOKEHNS O MPOUCXOKIAECHUN IEHOB U UX CEMENCTB, B TOM YHCIIE
U TIpY U3MEHEHUHU (YHKIIMH MPOJAYKTA STUX TCHOB.

3.6 PeryJasiTopHble y4acTKH (IPOMOTOPBI, TEPMHHATOPHI)

Tpanckpunius — 3to cunte3 PHK na marpune JIHK. YV npokapuot cunres
Bcex Tpex BunoB PHK karanusupyercss OqHUM CIIOKHBIM OEJIKOBBIM KOMILIEK-
com — PHK-nonmumepazoit. Cunre3 MPHK naumnaercs ¢ oOnapyxxenust PHK-
noyimMepaszor ocoboro ydactka B moJiekyine JIHK, koTopsiii ykaspiBaeT MecTo
HayaJla TpaHCKpunuuu — mpomortopa. Ilocie npucoenquHeHuss K MpoMOTOPY
PHK-nonmmnmepasa packpyuuBaetr npuiexamuii BuTok crimpaim JIHK. JIBe nenn
JIHK B »TOM MecTe pacxomsiTcsi, U Ha OAHOW U3 HUX (DEPMEHT OCYIIECTBIISICT
cunate3 MPHK. C6opka pruOOHYKI€OTHIOB B IETh MPOUCXOIUT C COOIOICHUEM
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X KoMIuiemeHTapHoctu Hykneotuaam JIHK, a taxke anTMmapamiensHo mo or-
HomeHnuto k marpuydon nenu JIHK. PHK-nonumepasa cnocobHa codupars mosu-
HYKJICOTH]I JHIIb OT 5'-KOHIA K 3'-KOHILY, MAaTpPUIIEH I TPAHCKPUIILIUA MOKET
CITyHTb TOJbKO onHa u3 AByX uenei /IHK, a umenno ta, kortopast oOpaiieHa K
dbepmenty cBonM 3'-koHIIOM (3' — 5'). Takyro merns Ha3bIBAIOT KOJAOTCHHOM.

TepMuHATOpP — ATO Yy4YacTOK, I'/ie IPEKPAIACTCS NATBHEHIINN POCT LENU
PHK u mpoucxonur ee ocBoboxaeHue ot marpuisl JIHK. PHK-noaumepasa
takxke otnensercs ot JIHK, kotopas BoccTaHaBIMBAET CBOKO JABYXILIEOYEUHYIO
CTPYKTYPY.

®dparmenT mosekynsl JJHK, Bkirouaromumii mpoMoTop, TpaHCKPUOUPYEMYIO
MOCJIEIOBATEIBLHOCTh M TEPMHUHATOP, 00pa3yeT €ANHUILY TPAHCKPUIIIIMK — TPaH-
CKPUIITOH.

OnepoHHas peryisiuus (T.e. pEeryysiiys Ha YpPOBHE TPAHCKPUIILIUHU) — OC-
HOBHOM MEXaHM3M pEryJsliMid aKTUBHOCTH TE€HOB Yy MPOKAPUOT U OakTe-
puodaros.

OnepoH — y4acTOK I€HETHYECKOro Marepuana, TPaHCKPHUIIIHS KOTOPOro
ocylecTBisieTcss Ha oaHy MmoJiekyny MPHK moa xkonTposiem Oenka-penpeccopa
(pucyHok 3.5).

OnepoH
A
f Rl

leH- leH-
perynaTop MpomoTop oneparop CTpyKTypHBbIE MeHkl

A B C

MPHK PHK-
nonMmMepasa

Benok-penpeccop

Pucynox 3.5 — CtpykTypa onepoHa

B cooTBeTcTBUM ¢ OMOXMMUYECKUMU KPUTEPHUSIMU MPOMOTOP TPEICTABIIS-
eT co0ol TMOCIeN0BaTEIbHOCTh HYKJICOTHOB, 00ECIEUUBAOINIYI0 Oa3aibHBIN
(HO HE MaKCHUMAJIbHBIM) YPOBEHb TPAHCKPHUIIIIMU COOTBETCTBYIOIIETO TpaH-
ckpuntoHa. OH SIBISETCS TOM MHUHUMAJIbHOM IMOCIJIE€IOBATEIbHOCTHIO, KOTOpas
cnenuduyeckn pacnosnaercs xonodpepmentom PHK-momumepassl cpeau ciy-
YalHbBIX MOCJIEI0BATEIbHOCTEN HYKICOTUIOB.

baktepuanbHblii MPOMOTOP COJIECPKUT JIBE€ KAHOHHMUECKHE MOCIEI0BATEIb-
HOCTH: B 00nacTH -35 u B obmactu -10.

IIpomoTop 3ykapuoTHMyecKux reHoB, y3Hawuumiics PHK-noaumepasoi
IPOMOTOpP COJNEPXKHUT JiBa 0a30BbIX peryiasTopHbix 3iemeHTta: TATA-
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MOCJIEIOBATENBHOCTD (MOJIOKEHUE -25) U cHelu(pUYECKYI0 HYKJICOTUIHYIO TO-
CJIeI0BATEIbHOCTh, 00OTAIICHHYIO MUPUMHIMHAMHU B MOJIOKEHUU -7 9.

OCHOBHOM 3J1eMeHT MPoOMOTOpa — MecTo cBsa3biBaHus PHK-nonumepassi,
KOTOpO€ OHa 3aHumaeTr nepen Hayanom cuHte3a PHK. B coctaB mpomoTopos
MOT'YT BXOJIUTh TAKXKE YUYaCTKU CBSI3bIBAaHUSI OEIKOB-PETYIISITOPOB.

VY syKapuoT peryasaTOpHBIC dJIEMEHTHI COOpPaHBI B PETYIISTOPHBIC PETHOHBI.
OCHOBHOW PEryJSTOPHBIN 3JIEMEHT 3YKAPUOT — ATO KOPOBBIH (0a3ajbHbINH)
npomotTop. OH obecnieurBaeT COOpPKY 0a3aIbHOIO TPAHCKPUIIIIMOHHOTO KOM-
rieKca (M3 OCHOBHBIX (hakTopoB TpaHckpuniuu u PHK-noaumepassr) u naunu-
aIIo TPAHCKPUIIIMU Ha 06a3aibHOM (MCXOJIHOM, 6a30BOM) ypoBHE. YacTo »ToT
YPOBEHb TaK HU30K, YTO IPUBOAUT K CUHTE3Y JIUIIb €IMHUYHBIX MosieKyn PHK
Y, B JaJbHEHUIIIEM, OCIIKOB.

3.7 lloxoop npaiimepos auis [P

[Ipaitmepsl SBIAIOTCS YpE3BBIUAMHO BaXKHOM COCTABIISIONICH JTI0OO0OTO MPO-
necca amrummdukanuu, Bkimodas [P, s Toro 4ToObl XMMUYECKH CUHTE3UPO-
BaHHBIC OJIUTOHYKJICOTUAHBIE MTpaiiMepbl (WM UHBIM CITIOCOOOM MPUTOTOBJICHHBIE)
MOTJIM CJIY>)KUTh 3aTpaBOYHBIMU MOJCKYyJaMu JUisi (PEpMEHTATUBHOTO CHHTE3a
koMruieMeHTapHbix 1eneit JIHK, HeoOxoaum ux OTKUT Ha MOIXOJSIICH OHOILIe-
MOYEYHON HYKJIEUHOBOW KUCJIOTE ¢ 00pa30BaHUEM OJTHO/JBYXIIEMOYEYHOTO CTap-
TOBOTO KOMILJIEKCA C HAJTMYHUEM CIIOCOOHOTO K YUIMHEHHIO 10 OJHOLIETIOYEUHON
JIHK/PHK-matpuiie ciapeHHOro 3’-KOHIIa TaKOro mpaiMepa, HECYIIEro Ha HeM
TUAPOKCUIBHYIO rpynny. OTKUT IpaiMepPOB HAa MATPULIE MOKET TPOUCXOUTH B
HIMPOKOM JUAIa30HE TEMIIEPATyp, KOTOPBIM 3aBUCUT OT JIMHBI KOHKPETHOTO
npaiMepa, a TaKXke OT €ro XMMHUYECKOTO COCTaBa M B 3TOW CBSI3M MOXHO
HAIllOMHUTB, 4TO A-T-mapel 00pa3yroT Mexay coOoi ABE BOAOPOJHBIE CBS3H, A
G-C-mapsl — Tpu BOJOPOAHBIC CBSI3U, YTO BHOCUT CYIIIECTBCHHBIM BKIJIA]l B TEM-
nepaTypHbie ONTUMYMBI TIPU MOJIEKYJISIPHONU THOPUAM3AIMN HYKJIEHHOBBIX KHUC-
70T ¢ pa3HeiMu GC- u AT-cocTtaBamu.

Kak umeerca mHoxectBo Bapuauuil [11[P, pemaromumx yacto Becebma pas-
HbIE 33J1a4M, TaK CYLIECTBYIOT U JIOBOJIbHO CHJIBHO OTJIMYAOIINECS MMPUHIIUIIBI
noa0opa OJUTOHYKJICOTHIIHBIX MpaiMepoB. Hampumep, B mensx AUArHOCTUKH
HEOOXOAMMO BBISBIIATH Hajmuuue moaxoxsmero ¢parmenta JJHK wmmum PHK
(o cytu — M000ro, HO CIEM(PUIHOTO UMEHHO IS BBISIBISIEMOTO OpraHu3Ma) u
MO3TOMY B TaKUX CIIydasx MpaiMepbl OIOUPAIOTCS, UCXOMs U3 3a7a4 oOHapy»xKe-
HUSI BEIOPAHHOTO y4acTKa ¢ MaKCUMAJIbHOM JOCTOBEPHOCTHIO M SKOHOMUEH (Bpe-
MEHH, JICHEeKHBIX U MPOYUX PECYpCOB), TeM OoJiee, €ClIM TaKHe aHAU3bI JOJHKHBI
HOCUTb MAacCCOBBIM Xapakrtep. lIpu mpoBeneHHHM Hay4dHBIX WCCIENOBAHUM 4YaCTO
BO3HMKAIOT 33/1a4U 110 KJIOHUPOBAHHUIO KOHKPETHOIO T'€Ha, Y KOTOPOI0 €CTh HAYAJIO
¥ KOHEI[ ¥ B 3TOM CJIy4ae TpaiiMepbl JUIsl €r0 aMITTU(UKAIIMH TOI0MUPAIOTCS HE C
b0 JOCTUYh MaKCHMabHOU 3((PEKTUBHOCTH Mpoliecca, a Tak YTOObI OBLIO
yI00HO BECTU JAlbHEUIINE SKCIIEPUMEHTBI, HO TIPU 3TOM TpalMepbl MOTYT OKa-
3aThCsl JAJIEKO HE CaMbIMU ONTUMAJIBHBIMU IO LIETOMY psany napamerpoB. Hako-
Hell, ¢ nomotpto TP m3yqaror nomumopdusm JIHK pa3ubix opranuzmoB — Bu-
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JIOB, COPTOB/TIOPO/I, OTNIENBbHBIX 0COOE! WM MHAMBUIOB. B Takux ciyyasx rmpaii-
MEpbI NOAOUPAIOTCA C TAKUM PacdyeToM, YTOObI BapuaOebHbIA y4aCTOK OKa3bIBaJI-
Csl MEKIy HAMH, YTO TAK)K€ HAKJIAJbIBACT OINPEACIICHHbIE OrpaHrueHus. Bo MHO-
TUX MOAXOAax Jyisi TEeHOTUIUPOBAHUSI OPTaHU3MOB BOOOIIE KCIIOJIB3YIOTCS Tpaidi-
MEpBI C MPOU3BOJIBHBIMU TOCJIEI0BATEIBHOCTSIMU, HE 3a00TSICh O MPUCYTCTBUU JIS
HUX MECT OT)KUTAa B TEHOMaX, IMOCKOJIbKY OHH BBIOMPAIOTCS BEChMa KOPOTKUMHU
(wacto ot 10 mo 12 HYKICOTHAOB) M OTKHUTaThCSI HA MHOKECTBE MECT TeOpeTHYC-
cku J0JkHBL. [loapoOHBIe 0030phI TaKWX CHOCOOOB aMIUTU(UKAIUU Heolpeie-
nennbix ¢parmenToB JJHK Oblu crienansl HaMU He Tak IaBHO U MO3TOMY 37IECh Ha
npaiiMepax s Takux BapradToB [1LIP ocranaBnmBaThCs He OyaeM.

OTHOCUTENBHO B3aUMHOTO PACIIOJIOKEHUSI MECT OTKHUTa MpaitMepoB, onpee-
JSIOUUX pa3Mep(bl) AaMIUIMKOHOB, KOTOPBIE HA CAaMOM JIeJie JTUKTYIOTCS MHOTUMU
MPUBXOJISIIMMH OOCTOSITETLCTBAMU, TO 3TOT BOIPOC UMEET OOJIbIlIE OTHOIICHUS K
a¢deKkTUBHOCTH Tporiecca amiuMpukanuu. B gaHHON craThe OyayT H3JI0)KEHBI
rJIaBHBIC TMPHUHIMIIBI TO00pa MpaiiMepoB, pazIMuHbIE OCHOBHBIE TPeOOBaHUS,
MPEIBSABISIEMBIE K HUIM C YYETOM PEIIAEMBIX B KXKJIOM KOHKPETHOM CITy4ae CBOUX
3a7a4. 3HAUYUTEIbHOE BHUMAaHUE OYJET YACNCHO PA3IMYHBIM MOJU(DUKAIIUAM
MpaiiMepoB, BKIIIOUYAsl BBIPOKJECHHBIE MPAaMEpPBhI, TOTr/Ia KaK CHEHHAIBHBIX Mpai-
MEpOB I pa3auyHbiX Bapuanuil I[P kocHeMcs 10BOIBHO KpaTko. ECTh Takxke
Macca M ApYyrux 3ajad, pemaeMbix ¢ nomoiisto TP, moa koTopbie moaduparoTcs
CHeIyaIn3upoBaHHbIe TpaitMepsl. OTHAKO HU B OJTHOM JIaXke OYCHB OOJIBIION CTa-
Th€ HEBO3MOXXKHO PAaCCMOTPETh BCE MHOTO00pa3ue MpaiiMepHbIX CUCTEM, TPUMEHS-
embix B IIIIP. Uto kacaercs mpaiiMepoB, MCIOJIb3YEMBIX B Pa3IMUHBIX CIIOCO0ax
M30TEPMUUYECKON aMITTM(UKAIUYA HYKJIEHHOBBIX KUCJIOT, UMEIOIIUX CBOM OCOOCH-
HOCTH, TO OHH TaK)K€ OCTAaHYTCS 3a NPEIeIaMUd PAaCCMOTPEHHUS.

TpeOGoBanus, MpeaAbSBISIEMbIE K MpaliMepaM:

1. Pazmep npaiimepa nomkeH ObiTh 16—25 HykneotunoB. Menbie 16-tu —
ciabas CBs3b C LETBIO.

2. Pa3nuna B Temmepatype TUIaBIeHHS paiMepoB — He Ooiee 6 TpagycoB.

3. I+ momxHO OBITH 50-60%.

4. JIns yaydiieHus KauecTBa OT)KUra PeKOMEHAyeTcs MoA0upaTh mpaiime-
pBI Tak, 4yTOOBI MOCJEIHUE HECKOJBKO HYKJICOTHIOB 3’-KOHIIa MpaiiMepa Co-
nepxanun GC-ocHOBaHMS.

5. IlpoBeputsh cOanancupoBanHocTh PCR 1o HykieoTnaam u mpaitmepam.

6. OTcyTcTBHE BHYTpEHHEH BTOPUYHON CTPYKTYpPHI (TTpaiiMephl HE JOJKHBI
OBITH CaMO- U B3aMMHOKOMILTUMEHTAPHBIMHU ).

7. OTcyTCTBHE KOMIUIMMEHTAPHOCTU MEXAY 3’-KOHLaMH (4TOOBI HEe o0pa-
30BBIBAJIOCH MpaiMEP-TUMEPOB).

8. OnTumanbHasi KOHIIGHTpAIUsl MpaiMepoB MOAOUPACTCS SMIIEPUUECKH,
HO HE J0JKHa ObITh Oosee S0 MUKOMOJEH Mo MPOOUPKY — WHAYE HAYHETCS He-
crenuPpUISCKU OTKUT TTpaitMepoB.

9. YmpolieHHbIH pacyeT ONTUMAILHON TEMIIEpaTyphl OTKHUTA MpaiimMepa:

Tm = [(F+N)*2°C] + [(G+C)*4°C] (ecnu cymmapHast JUIMHA OJMIOHYKIIEO-
TUJIa He npeBbiaeT 20 OCHOBaHU);
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Tm = 22+1.46([2*(G+C)] + (F+A)) (ecnu cymmapHasi JJdHA OJIMTOHYK-
neotuaa coctanisier 20-30 ocHOBaHUM).

10. OGnacTh oTXHUIa MpaiiMepoB JOJIKHA HAXOAUTHCS BHE 30H MYyTalluH,
JIeJICIUN UM UHCEPUUUA B MIPEAETax BUAOB WJIM WHOW, B3SITOM B Ka4eCTBE KpH-
Tepusl MpU BBEIOOpKE TpaiiMepoB, cnerubuyHocTr. [Ipu momagaHum Ha TaKyro
30HY, OTXKHUTa MpaiMepOB MPOUCXOUTH HE OYNIET, U KaK CJIEACTBUE — JIOKHOOT-
pHULIATENBHBINA PE3YJIbTAT.

3.8 AHAJIN3 YaCcTOTHI HCIIOJIL30BAHNA KOJIOHOB

OnpeneneHue HYKIEOTHIHOTO COCTaBa HYKJIEHWHOBBIX KHCIOT U
AMUHOKHCIIOTHOTO COCTaBa OEJIKOB MPEUMYIIIECTBEHHO MPOBOJAUTCS C TTOMOIIBIO
CHeIUalbHBIX KOMIBIOTEPHBIX mporpamm (Hanpumep, MEGA). Ilpu ananuze
HykineotugHoro cocraa JIHK um PHK nHaubGomee wacto aHamu3upyroTcs
CHEYIOIINE TTOKA3ATENH:

1. YacToTa TpaH3unuii

Tpan3zuyua — 510 MyTaius, 00yCIOBJICHHAas 3aMEHOW OJHOTO MYPHUHOBOTO
ocHOBaHUs Ha Jpyroe (A < [') uiam ogHOTO MUPUMUIUHOBOIO HA APYroe
(Y, TeLD).

Tpan3uiuu — npocThie 3aMeHbl (HE MPOUCXOAUT U3MEHEHHSI OPUECHTAINU
MypUH-TUPUMUIMH B MyTAHTHOM CaiTe AByX1enoyeuHoi Mmosekyinl JTHK).

Yacrora Ttpamsunumii (P) Bblumcasiercss mo ¢opmyse: P=np/L,
rae Np — 4uciIo HaOMoJaeMbIX TpaH3uLui; L — oOumiee 4mcino HyKICOTHIHBIX
CalTOB, IO KOTOPBIM CPABHUBAKOTCS MOCIIEIOBATEIBHOCTH.

2. YacToTa TpaHCcBepcHii

TpancBepcuss — 3T0 MyTanusi, OOyCJIOBJIEHHAs 3aMEHOM ITypUHOBOTO
OCHOBaHHUS Ha MUPUMHUAMHOBOE U HaoOopot (A, I' &V, T, 10).
TpancBepcun — CHOXHBIC WM TICPEKPECTHBIC 3aMEHBI (IIPOUCXOIHT

U3MEHEHUE  OpUEHTAllMd  NypPUH-TIUPUMUIAH B MYTAaHTHOM  caiiTe
nsyxienodednont mojaekyasl JIHK). Yacrora tpancBepcuii (Q) ompenensercs
no ¢popmyne: Q=ng/L

rie Ng — uyucio HaOJIogaeMbIX TpaHcBepcuid; L — olmiee uwmcio
HYKJICOTHIHBIX CAUTOB, IO KOTOPBIM CPAaBHUBAIOTCS MTOCIIEIOBATEILHOCTH.

3. CoorHomieHne HA0JI0IaeMbIX TpaHcBepcuii W Tpan3mumii (Q),
onpezaensiemMoe 1o dpopmye: q=Ny/Ny

4. Oomas T'll-HaceklmeHHOCTH — 3TO O0IIee cojaepKaHUE TyaHWHA |
nuto3uHa. [loBermenne I'I[-HACHIIEHHOCTH CBHUIIETEILCTBYET 00 YBEIUYCHHUU
tepMoauHamudeckol crabmipHOocTH JIHK 3a cuer oOpasoBanHus OOJIBIIIETO
KOJINYECTBA BOJAOPOIHBIX CBs3eH (TpeX MEXIy T'YAaHHHOM W IIUTO3MHOM BMECTO
JBYX MKy aICHHHOM U THMHUHOM).

5. I'll-HachIIEHHOCTh OTAEJbHBIX MojoxkeHuid koaoHa — I'1(1, T'lI2 u
['l[3-naceimenHocts. Haubosbiiee 3HaueHue wumeer omnpenenenue ['1]3-
HACBIIIEHHOCTH KaK MapKepa MyTaIlldOHHOTO JIaBJICHHUS.
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6. 3aBucumocTh I'll-HACBIIIEHHOCTH OTAEJbHBIX MOJIOKEHHH KOJ0HA
ot o0meii I'l{-HacbimenHocTH. DTa 3aBUCUMOCTh, u3yueHHass C. Kymapom u
M. Heewm, HanboJiee 4acTo MMEET BUJI, TOKa3aHHBIN Ha (pUCYHOK 3.6).

Jlannblii Tpad UK MOKA3bIBACT:

1. C yBennuenuem o6mieit ['ll-HachlmieHHOCTH HAOMIOAAETCs Pa3IMYHOM
CTCTICHU JIMHCWHBIA POCT COJEpKaHWS TyaHWHA U IIMTO3WHA BO BCEX
MIOJIOKEHUSIX HYKJICOTHIA B KOJIOHE.

2. Haumbonpmmii poct xapaktepeH i 3HaueHud ['113 (makion
tpeHaa —1,61), 4TO CBUAETENBCTBYET O BBIPRKCHHOM BIUSHHHM Ha 3aMCHBI B
JTAHHOM TIOJIO)KEHUH KOJOHAa MYTAllMOHHOTO JaBJCHUS U Cl1abOM BIIMSHHUU
OTpHUIIATEIBHOTO 0TOOpa. ITO 00BACHSETCS TeM, 4To /2% 3aMeH MO TPETheMy
MIOJIOKEHUIO HE TIPUBOAT K M3MEHCHHUIO KOJAUPYEMOW aMHUHOKHUCIIOTHI.

3. Menpmmii HakI0OH TpeHaa mo 3HadeHusM ['1[1, pasuwiii 0,99, cBsizan ¢
MEHBbIIIEH 10Jei CHHOHMMHUYHBIX 3aMeH (5%).

4. HecmoTps Ha TO, 4YTO BCE€ 3aMEHBI 110 BTOPOMY  TIOJIOKECHHIO
HECHHOHMMUYHBI, HAKJIOH TpeH/a 1o 3HaueHwsM [ 112 sBrsieTcs mooKuTeTbHBIM
(0,39). OOBsICHUTH ATOT (aKT MOKHO TEM, YTO YaCTh 3aMEH AMHUHOKHCIIOT SIBJISICTCS
HEUTPaJIbHOM, T.e. HE MPUBOAUT K M3MEHEeHHWIO (yHKimu Oenka. B atom ciydae
OTpHUIIATEIIbHBIN OTOOP HE OKAa3bIBAECT HUKAKOI'O BIMSHUS Ha JAHHYIO MYTalUIO, U
OHA 3aKpEeIUIsieTCs, OTpaXkasi OCHOBHOE HAIPABJICHUE HYKJICOTUIHBIX 3aMEH.
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Pucynok 3.6 — Knaccuueckast 3aBUCHMOCTD CO/IEpKaHUSI TyaHWHA U [IUTO3UHA
B OT/CJIBHBIX TIOJIOKEHUSIX KOJI0HA OT 0011ei ['I[-HackImeHHOCTH Ha TpUMEpPe SK30HOB TeHa,
KOJMPYIOIIETO aTKOTOJIbACTHAPOreHasy Kiacca 3 uenoBeka
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Takum 00pa3oM, MOKXHO YTBEPXKIaTh, YTO B JK30HAX HM3y4aeMOro TeHa
A" «pa3penieHbn MpenMyIIeCTBEHHO 3aMEHBI B TPETHEM TOJIOKEHUN KOJIOHA,
B MCHBIIICH CTENICHW — B TIEPBOM, a B HAMMEHBIIIEH CTETIEHH — BO BTOPOM, UYTO
CBS3aHO C BEPOATHOCTHIO CHHOHUMUYHBIX M HECHHOHHMHUYHBIX 3aMEH.
BrlpakeHHOE TIPENMOYTCHHE CHHOHUMUYHBIX 3aMEH CBHUACTEIBCTBYET O
CTPYKTYpPHO-(DYHKIIMOHAIBHBIX OTPAaHWYCHHSX, HallaTaéMbIX Ha MOJIEKYTIy, a
MOJlydeHHUE TaKOTo Tpaduka MOXKET BBICTYNIaTh B Ka4yeCTBE OJHOTO U3
KPUTEPUEB €€ IBOJIONUOHHON CHOPMHUPOBAHHOCTH.

Ilpu  ananuze  amuHOKUCIOMHO20  cocmasa  0enkoe  uaue
AHATUZUPYIOMCA.

1. B cBa3u ¢ I'll-HacklmeHHOCTBIO — codepoicanue amuHOKUCIOT GARP
(komupyembix ['1l-Oorateimu  komonamu) um FYMINK (komupyembix I'LI-
OeIHBIMU KOJOHAaMH, Tabaumna 3.1).

2. B cBa3m ¢ 3apsaaoM  aMHHOKHCIOT  —  codepicanue
HONOACUMENbHOZAPANCEHHBIX, OMPUYAMETIbHOZAPANCEHHIX U HEUMPALIbHbIX
AMUHOKUCTIOM.

3. B CBs3M ¢ XUMUYECKOH CTPYKTYpOH — coldepoicanue apomamuiecKux,
cepocooepicauux, 2UOPOKCUTLHBIX AMUHOKUCTIOM U OP.

Tabmuna 3.1 — Amunokucnotsl rpymnmnsel GARP u FYMINK u cootser-
cTBYyIOIIME UM Ko10HBI MPHK

AmuHOKUCIIOTH Tpynnbl GARP Amunokucnotsl rpynmnsl FYMINK
G TJIMIAH ITy
I'TT]
ITA
I'TT F dbenunananux | YYV
A aJlaHuH 'y YVII
'L Y TUPO3UH YAY
I'TIA VAI]
' M METHOHUH AVYT
R aAprUHUH ary | N30JIEUIINH AVYY
L' AVI]
HI'A AVYY
HI'T N acraparut AAY
AT'A AAIJ
AIT K JIN3UH AAA
P IIPOJIVH Iy AAT
LILTLL
LA
Lr
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Caiit — 3TO y4acTOK HEOOJBIIOTO pa3Mepa MOJICKYJbl HYKIECHHOBOU
KHCIIOTBI WM O€nKa, OOBIYHO paBHBIA OJHOMY HYKJICOTHIY WU OTHOMY
AMUHOKHCJIOTHOMY OCTaTKy COOTBETCTBEHHO.

Koncmanmmuoie caitmel — 5TO HYKJICOTHIHBIE WJIH aMUHOKHCIIOTHBIC
CalThl BBIPABHEHHBIX IIOCJIEAOBATEILHOCTEH, B KOTOPBIX HE HAOIIOJAIOTCS
3aMEHBI.

Bapuabenvnvie caiimvt — 5TO HYKICOTUIHBIE WM AMHUHOKHCIIOTHBIC
CalThl BHIPAaBHEHHBIX MOCJIEI0BATEILHOCTEHN, B KOTOPHIX HAOIIOAAIOTCS 3aMEHBI.

Cunznemonnsvie canumpl — 5TO BapuaOeJIbHbIE CANTHI HE MEHEe IATU
BBIPAaBHEHHBIX MOCIEAOBATEIILHOCTEN, B KOTOPHIX MPE00IaaeT 4acToTa OJHOTO
HYKJICOTH]Ia WJIM aMUHOKUCIOTHOro ocTarka. [Ipumep: caiitel Ne 192, 207 na
(pucyHoOK 3.6).

Hapcumonuunvie caiitmovt — >TO BapuaOEIbHBIC CAWTHI HE MEHEE IATH
BBEIPABHEHHBIX  IIOCNIEIOBATCILHOCTEH, B KOTOPBIX Kak MHHHUMYM JIBa
HYKJICOTHJIa WJIM aMUHOKHCIIOTHBIX OCTaTKa BCTPEUAIOTCS XOTS OBI J1Ba pasa.
[Tpumep: caitter Nel91, 192 na pucynke 3.7.

1%0 200 210 220 239 2490 250

| | I | | ] I
. EXEQQQLIDDHFLFDKP VSPLLLASGAFRDWPDARG I W PNKSFLVWVNEEDHLRVISH
LTEQEQROLIDDHEIFDEPVSPLLLASGEIAFDWPDARG IWHNDRKTE LVWVHNEEDHLEVISIH
. EQEQQQLIDDHFLFDKP VSPLLLASGARDWPDARG I WHNDNKSFLVWVNEEDHLRVISH
.EQEQQQLIDDHFLFDKP VSPLLLASG{ARDWPDARG I WHNDNKSEFLVWVNEEDHLRVISH
.EQEQQQLIDDHFLFDKP VSPLLLASG{ARDWPDARG I WHNDNKSELVWVNEEDHLRVISH
.EQEQQQLIDDNFLFDKP VSPLLLASGMARDWPDARG I WHNDNKSFLVIWVHEE DHLRVISH
.EQEQQQLIDDHFLFDKP VSPLLLASGARDWPDARG I WHNDNKTFLVIWVHNEE DHLRVISH
.DREQQQLIDDHFLFDKP I SPLLLASGMARDWPDARG I WM DNKTFLVHVHEEDHLRVISH
LDAEQEQLI ADHFIFDKPVSPLLLARGIARDWPDARG IWHNDEKTELVWVNEEDHLEVISHM
.DREQEQLI ADHFLFDKP VS PLLTCAGARDWPDARG I WHHNEK SFL IWINEEDHLRVISH
.EEHQDQLINDHFLFDKP VSPLLLASARDWPDARG I WHHDKKNEFLVWVNEEDHLEVISH

LR Rhh ARARARRA ARAR . AARARARARANANR . A AR A ARAAAAAAAAR

Q®H®amEOowax
T 2@ B 3 0O ¢ mMmou

Pucynok 3.7 — BolpaBHEHHbIE YYaCTKU KaTATUTUYECKUX JTOMEHOB
M-u30(pepMEHTOB KpeaTUHKHHA3 TT03BOHOYHBIX
U COOTBETCTBYIOIINE YYaCTKH KpPEaTMHKHUHA3 JTAHIETHUKA U 000JI0YHHKA

Cy1iecTBYIOT JIB€ CUCTEMbI KJIAaCCU(UKAIIMU CAUTOB HYKJIEMHOBBIX KHCIIOT

B CBSI3M C UX TMOJOXKEHHEM B KOJOHE — CHCTEMa BBIPOXKICHHOCTH H
CHHOHMMHUYHOCTH/HECHHOHUMHUYHOCTH (Tabiuna 3.2).
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Tabmuma 3.2 —  CoOOTHOIIEHHWE  CHUCTEM  BBIPOKIACHHOCTH U
CHHOHUMHYHOCTH/HECHHOHUMUYHOCTH CATOB

Cucrema kiaccugukanum caiiTon

I1o BBIPOXKIACHHOCTH ITo cuHOHMMHUYHOYHOCTH/
HECMHOHUMHUYHOCTH
HEBBIPOXKJICHHBIN a0COJIFOTHO HECHHOHUMMYHBIN
JIBYXKPaTHOBBIPOXICHHBIN HECMHOHMMHYHBIN Ha 2/3 CHHOHMMWYHBIN Ha 1/3
TPEXKPATHOBBIPOKICHHBIMN HCCMHOHUMHYHBIA Ha 1/3 CHHOHUMUYHBIN Ha 2/3
YETHIPEXKPATHOBBIPOXKJIECHHBIN | a0COJIIOTHO CHHOHUMHUYHBIN

Honbkpamno eviposcoennvtii caitm (He8blpoIHCOCHHBLIL cailm) — 3TO
HYKJICOTUJIHBI CalT, B KOTOpOM Jt00as BO3MOKHAs 3aMEHa SBJISETCS
HeCMHOHMMUYHOH. [Ipumep: B mepBom mnojoxkeHun komona LYY (Jleit)
BO3MOYKHbI TPU HECUHOHUMUYHBIC 3aMEHBI:

1. AYY—-VYVYY (Den).

2. HYY—AVYY (Uine).

3. HYY—-I'VYV (Ban).

BriBox: niepBsii cat kogoHa LIY'Y siBisieTcs HEBBIPOKICHHBIM.

JleyxKpamno 6vlporcOeHHbll caitm — 3TO HYKJIEOTUIHBIA CAIT, B KOTOPOM
OJIHA U3 TPEX BO3MOXKHBIX 3aMEH SIBJISICTCSI CHHOHUMHUYHOU. [IpuMep: B TpeTbem
noJIokeHUH KojoHa YVYY (deH) BO3MOXKHBI JBe HECHHOHHMHMYHBIC U OIHA
CMHOHMUMHYHAS 3aMEHA!

1. YVV -VYVI (Den).

2. VYV >VVA (Jlei).

3. VYV -VVT (Jlei).

BriBoa: Tperunii calT kKogoHa YVYY SBISETCA IBYXKPATHO BBIPOXKICHHBIM.

Tpexkpamno 6viporcoeHHblIl calim — 3TO HyKJICOTUAHBIN CAlT, B KOTOPOM
JIBE 3aMEHbl W3 TPEX BO3MOXKHBIX CHUHOHMMHUYHBI. IIpumep: B Tperbem
noyioxkeHun komoHa AYY (Mae) BO3MOXKHBI OJHA HECHHOHMMHYHAS U JIBE
CUHOHUMUYHbBIC 3aMEHBI:

1. AYY—AVII (Ue).

2. AYY—AVA (Une).

3. AYY—AVT (Mer).

BriBoa: Tpetnii caT kogoHa AY'Y SBISIETCSA TPEXKPATHO BBIPOKICHHBIM.

Yemovipexkpamuo 6vlpoHCcOeHHBL cailm — 3TO HYKJICOTHUIHBIA CAWT, B
KOTOPOM BO3MOXHBI JIMIIb CHHOHUMHUYHBIE 3aMeHbl. [lpumep: B Tperbem
nojoxennu kogona L{YVY (Jleit) BO3MOKHBI TPH CHHOHUMHYHBIC 3aMEHBI:

1. IYY—-LVYL (Jlei).

2. IYY—-IVYA (Jlei).

3. HYY—-UVT (Jlei).

BeiBoa: Tpetmii  caut komoHa LYY  daBmgeTcs  4deThIpeXxKpaTHO
BBIPOXKJICHHBIM.
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Hecunonumuunoiii cauum — 3TO CaWT, B KOTOPOM BO3MOXHa
HECMHOHMMUYHAS 3aMEHA.

CunonHumuuHwll caiim — 3TO CAUT, B KOTOPOM BO3MOXHAa CUHOHMMHYHAS
3aMeHa.

Ecnn Bce 3aMeHBl B JAHHOM CaWT€ HECMHOHUMHUYHBI, CAUT HA3bIBACTCS
aOCOJIOTHO HECMHOHMMHUYHBIM. Eciam Bce 3amMeHbl B JIaHHOM  caiite
CUHOHMMHYHBI, CAalUT Ha3bIBaeTCs a0COMIOTHO CMHOHMMHYHBIM. Eciu ojgHa u3
3aMEH B JAHHOM CalTe€ HECMHOHMMHUYHA, CAUT HA3bIBAETCS HECHMHOHUMHUYHBIM
Ha '3 (COOTBETCTBEHHO, CHHOHUMUYHBIM Ha %3). Ecaum nBe 3aMeHbI B JaHHOM
caliTé HECMHOHMMHYHBI, CANT HA3bIBAETCI HECHHOHMMHUYHBIM Ha 73
(COOTBETCTBEHHO, CHHOHUMHUYHBIM Ha Y53).

Konon (Tpumier) — 3TO HamMeHbIass (YHKIMOHAJbHAS CIUHHIIA T'CHA,
COCTOSAIAs U3 TPEX PAIAOM PACIOIOKEHHBIX HYKICOTUAOB, KOAUPYIOLIAs OAHY
AMUHOKHUCIIOTY.

Cepus K0OOH06 — ATO TPyNINa CHHOHUMHUYHBIX KOJOHOB.

Cunonumuunvie (IK6usAIeHMHbBIE, U0AKUENMOPHbIE) KOOOHbL — 3TO
KOJIOHBI, KOAUPYIOLIUX OJHY U TY K€ AMUHOKHUCIIOTY.

JlIeyxKkpamno 6vlporcoennas cepus KOOOHO8 — 3TO Cepus KOJOHOB,
COCTOSIIAs U3 IBYX CHHOHUMHYHBIX TPUIUIETOB.

UemulpexKkpamuo 6vlpoicOeHHAn cepus KOOOHO0E — 3TO CepHusl KOJIOHOB,
COCTOSIIAs U3 YETHIPEX TPUILIIETOB.

Illecmukpammno 6viposicOeHHas cepua KOOOHOE — 3TO CEPUsSl KOJOHOB,
COCTOSIIIAs U3 IECTU TPUILIETOB.

Ilpemepmunanvuvie KOOOHbI — 3TO KOJOHBI, KOTOpPBIE MOTYT CTaTh
TEPMUHAIBHBIMU B PE3YJIbTaTe 3aMEHbI OJHOTO HYKJIEOTHAA W, CIEI0BATEIBHO,
npepBaTh CHHTE3 NENTUAHON LIETTOYKH.

I'l]3-k000Hbl — >TO KOJOHBI, COJIEPKAIINE B TPEThEM IMOJIOKEHUN TYaHUH
WIM IIUTO3WH, UCKJIIOYasi HEBBIPOKIEHHBbIE KOAOHBI (AYI'— metnonun, YIT—
TpunTodaH) U CTON-KOAOHBI.

Crparerusi KoaMpoBaHusl 0eJIKa ONPEACIIETCS KAPTUHOW MCIOJIb30BaHUS
Ko7oHOB B cootBercTBytomux emy MPHK u JIHK. MHorooGpasue BO3MOXKHBIX
CTpaTeruii KOAWPOBAaHUS CBA3aHO C BBIPOXKIEHHOCTBKO T'€HETUYECKOIO KOZa
(B cpenHeM Ha Kaxaytro U3 20 aMHHOKHUCIOT MPUXOAMUTCS TPU CHHOHUMHYHBIX
Koz1oHa). OHUM U3 HamOoJlee YacTO aHATM3UPYEMbIX NPU U3YUYEHHM CTpaTeruu
KOAUPOBaHUSI MOKa3aTeliell SBIAECTCS KapTHUHA HMCHOJIb30BAHUS CHUHOHUMHUYHBIX
KOJIOHOB.

Memoouku u3zyuenus cmpamezuu KOOUPOBAHUs 0€1K086:

1. CpaBHeHus  koiuyecTBa  (J0JAM)  KOJOHOB B  HU3Yy4YaeMbIX
MOCJIEIOBATENBHOCTSIX HYKJIEUMHOBBIX KUCIIOT.

2.  CpaBHeHus  moKazareiledl  OTHOCHTEIBHOTO  HCIOJIb30BaHUS
cuHOHMMHYHBIX KOJ0HOB (RSCU — relative synonymous codon’s usage),
koTopsie ipousBoaTcs o popmyiie: RSCUk= (RSCUck*Nnk)/Nck

rae RSCUg — mokasareis OTHOCHTEIIHFHOT'O UCIIOIB30BaHMUS KOIOHA A,
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RSCUck — Kon4ecTBO KOJOHOB B CEpUH,

Nk — 9aCTOTa MUCIIOJIH30BAHUS KOJIOHA A,

Nck — 9acTOTa UCITOJIB30BAHUS BCEX KOJOHOB CEPHUH.

Paccuntaem B kauectBe mpumepa RSCU nmns komona YI'Y B MPHK,
xoaupyromeir HAJIH-nernnporenasy 6 genoBeka (tadmuma 3.3). RSCUcx = 2
(cepus mpencraiena nqeyms komonamu — YI'YV u YI'LI), ng = 1 (komon YI'Y
ucnonb3yercss B panHoi MPHK 1 pa3), ncx = 1 (komon YI'Y wmcmonb3yercs
1 pa3, kogon YI'Il He ucnoansyercs), torna: RSCUyry= (2*1)/2=2.

3. CpaBHenust cymMmapHbeix mnokazareneit RSCU cepun  KOJOHOB,
COOTBETCTBYIOIIUX OJTHOW U TO# ke aMuHOKHcIoTe (pucyHok 3.8).

4. Cymmapubie mnokazareau RSCU  cooTBeTCTBYIOIIMX —apTUHUHY
['I3-komornoB MPHK, xomupyromux agkoromsaeruaporeHassl kmaccoB 1B u C
YyelioBeKa, 3HauMTenbHO oTimuarTes (4,2 u 1,2  COOTBETCTBEHHO), a
COOTBETCTBYIOMUX uctenny — cxoausl (0,8 u 0,82).

Ta6muma 3.3 — Ilokazarenn RSCU u konmmdaectBo kogoHoB YI'Y u VI'1] B
MPHK, xomupyrommx HAJIH-meruaporenasy 6 denoBeka, TPUXHHEIIBI H
IUAHOPAOAUTUC

Opranu3m/mokasaTelib Komon ¥I'Y Konon YT'T]
UYenosek n=1 n=0
RSCU=2,0 RSCU=0
Tpuxunenna n=0 n=2
RSCU=0 RSCU=2,0
[{nanopabauTuc n=3 n=0
RSCU=2,0 RSCU=0

4.5

3,09 3.1

aHauyeHue RSCU

0,7

0,5
DS —‘&»
0

Den Ned WMne Ban Cep Mpo Tpe Ana Tup Muc e Acd Nrs Acn My Uxc Apr Mnn

AMUHOKWCNIOTHEIE OCTATEW, KOOUPYeMbIE CUHOHUMHYHBIMK GC3-kopoHamu

Pucynoxk 3.8 — [Toka3aTenb OTHOCUTEIBHOTO HCIIOIB30BaHMsI CHHOHUMHUUHBIX [ 1[3-k0/10HOB
IS JIKOTOJIBJIETHIpOTeHas kiaccoB 1B u 2 uenoseka
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4. Beraucnenue nuctanimu [[x. MakAitaepau (Djk):

Djk _ i abS(RSCUin]_ l{SleJk1 ) :

i1

Koumponvnwie 6onpocut

1. JlaliTe onpenesieHUe MOHSATUAM «TE€H», «IKCIPECCUSI TCHOBY, «aKTUBALIMS
PHK».

2. Kak ocyImecTBasieTcss peryssius SKCIIPECCUU TEHOB Y MPOKAPUOT H JY-
KapuoT?

3. Kakue criocoObl peryisiiiuy 3KCIPECCHH T€HOB CYIIECTBYIOT Y 3YKapUOT?

4. YTo Takoe «reHHas SKCIPECCUS» U B YEM €€ CYLTHOCTh?

5. Uto Takoe onepoH U KaKue CTPYKTYpPHBIE YaCTU OTIEPOHA BBIACIISIOT?

6. B uem 3akmouaercs aHanu3 nocieaopatenbHocTein JJIHK?

7. Ilepeuncnure Mmeroauku cekBeHuposanus JJHK.

8. B uem MenunuHCcKOe peaHa3HadeHue anaauza JJHK?

9. Kakne KOMIBIOTEPHBIE MPOTPAMMBbI UCIIOJIB3YIOT I aHAJIU3a CEKBEHU-
POBaHHBIX NIOCJIEIOBATEIBHOCTEN TEHOB?

10. Onmmmare n3oxopsl 1 GC-ocTpoBa.

11. JlaiiTe onpeneneHrue «poMOTOPbI» U «TEPMUHATOPHD.

12. Kak ocymectBisercs moadop mpaimepos auis [TI[P?

13. Kakwne mokazaTenu UCIOIB3YIOT IPH aHAIN3E HYKJICOTHIHOTO cOocTaBa?

14. Yto aHanM3UpyIOT NpU aHATU3€ aMUHOKHCIIOTHOTO cOCcTaBa?

Pazoen |V
METO/JAbI AHAJIN3A
MHOCJIIEAOBATEJIBHOCTEU BEJIKOB

4.1 ®oJIMHT U TPAHCIOPT 0€JIKOB Y NMPO- U IYKAPHOT

4.1.1 @onoune, benku wianepomnvl

Kpome mnocnenoBaTenbHOCTH aMHUHOKHUCIOT TMOJMIENTUAA (TepBUYHON
CTPYKTYpbl), KpallHe BakHa TpeXMepHasi CTpYKTypa Oenka, Kotopast GopMHpy-
eTcs B nporecce gosaunra (ot anri. folding - «cBopaunBanue).

@oaauHr — 3T0 Tpouecc (OPMUPOBAHUS «IIPABUIBHOW» TPETUYHOU
CTPYKTYPbI U3 MOJUNENTUIHON LIETIOYKH.

VYHuBepcanbHbIM MEXaHU3MOM, 00€CTEeUMBAIOIINM OBICTPBIA U Oe301Iu-
O0uHBIN (DONAMHT, SBISETCSA y4yacTHE B CBOPAUMBAHUM OEJIKOBBIX IEMEl mIame-
POHOB — CHEIHMATU3UPOBAHHBIX OEJIKOB, OOHAPYKEHHBIX BO BCEX OpraHesuiax
BCEX OpPraHU3MOB OT OakTepuii 70 npuMartoB. [llanepoHsl ObIBAIOT IBYX THUIIOB.
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1. MoaekyJsipHbIe IANEPOHbI, KOTOPHIE CBA3BIBAIOTCSA C OEITKOBON HH-
TBIO, IPEJOTBPAILAs €€ arperaluio Win Aerpagaluio.

2. lllanepoHUHBI, KOTOpPBIE 00eCTIeYNBAIOT (QOJIUHT OEIKOB.

MonekynspHbie HIanepoHbl COCTOT U3 0enkoB HSP70 u ux roMosI0roB:

— Hsp70 B uTo301€ M MaTPUKCE MUTOXOHIPHA,

— BiP B sH10MI1a3MaTHYECKOM PETUKYIIYME,

— DnaK B 6akTepusx.

benku Hsp70 nazpiBaroT Genkamu TertoBoro 1moka (heat shock proteins),
MOCKOJIbKY OHU aKTUBHO CUHTE3UPYIOTCS KJIETKOW MpU HarpeBaHuu. CBI3aHHBIM
c AT® Hsp70 (Hsc70 3To mocTosiHHO cuHTEe3upyeMbiii romosior Hsp70) mpuco-
eAuHSACTCS K THAPOOUIbHOMY y4acTKy 6enkoBoi nenu. I 'maponns ATO—AJ D
paspemmaeT Gonauar OenkoBou 1enu. 3ameHa AJ[® va AT® npuBoauT K AuC-
conuaruu Hsp70 co cBepHyTOH O€KOBO# 1enu (pucyHOK 4.1 BBEpXYy).

PuBocoma 0 0
P; ADP o
j » 0 0 j } >
o ([
Op—Hsp70-ATP  yacryywo ATP \
Q CBEpPHYTbIN
— benok GenzxyT MNMpasunbHO
GroEL
0 CBEPHYTAH sy anpskeHHas"
= o Genkoeasn KOHpopMauus
rnobyna
— benok i \
.
l GroES GroEL "penakcuposaHHas’
GroEL KOHopMaums
a o

Pucynok 4.1 — @onauHr GENKOB € y4aCTHEM IIANIEPOHOB U IIATIEPOHUHOB:
a — cxeMa (onaunra; 6 — koHGOpMAaIIUH IIaepOHIHA

IlanepoHuHbI — OOJbIINE LUIMHIPUYECKHE MAKPOMOJIEKYJISPHBIE KOM-
IUIEKCHI, COCTOSIIIME M3 ABYX OJMIOMEPHBIX KoOJjell (10 BOCEMb MOHOMEPOB B
manepoHuHe 3ykapuoT TriC u mo ceMb MOHOMEPOB B IIANEPOHUHAX OaKTEpHid,
MUTOXOHApHUIA U xJjoportactoB GroEL) — o0ecrieuynBarOT U300 OEIKOBOM
HUTU Ha Bpems ¢onguura (pucyHok 4.1 BHu3y). CsaspiBanue GroEL ¢ ATO
BBICBOOOKIaeT CBEpHYThIN Oenok. dynkunonuposanre GroEL ocymiecTBiser-
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csi ¢ yyactueM Ko-manepoHnHa GroES, KOTOphIA 3akpbIBaeT (K3MMPYET) MO-
JIOCTh IIanepoHa Ha BpeMst (posauHra.

[Tocne mpaBMIIBHOTO CBOpAYMBaHUS, KPBIIIKA OTKPBIBAETCS U TOTOBas
byHKIIMOHAIBHAS MOJIeKyJa OelKka MOKUAAET IIaepOHHUH.

[IlanepoHs! ¥ MIANIEPOHUHBI MOTYT HCTIPABIATH MOBPEXKACHHYIO CTPYKTYPY
oenka. Ecnu ucnpaBuTh He ynaercs, 60K JOJKEH ObITh pa3pyllieH B MpoTea-
COME — ATO TOXKE CIIOKHBIN OEJIOK, 00pa3yIOIINii MOIOCTb.

PesynpTaTom HapyuieHus GoiaauHra 0eIKoB sIBISIOTCS KOHGOPMAIIMOHHbIE
6one3nu. K HUM oTHOCSTCS:

e [IpuoHoBbIE 3200JIEBaHUS;

e bosiesnb Anblireitmepa;

e Cunapom Mappana;

o KypuHas cienora;

e 3J0KayeCTBEHHBIE OMyX0JiH (HapyiieHue (oaunra p53).

IIpuoHbI — 3T0 HHPEKUUOHHBIE O€lIKU. BBI3bIBAIOT TsKeENbIe 3a00JIEBAaHUS
[EHTPaJIbHONW HEPBHOUW CHCTEMBI y YETIOBEKa U Psa BBICIINX >KUBOTHBIX («Me/I-
JICHHBIC UH(PEKIINN):

vy mozei — Kypy («CMeroImascs cMepThy), 6one3nb Kpronensaa-Skoba,
cemeiHas (aranbHasg 0€CCOHHUIA;

v’y KOpPOB, HOPOK, OJIEHEH, KO3bI — OEIIEHCTBO (IyOuarast sHIedaIonarus);

v’y oBeIll — nouecyxa (scrappy).

4.1.2 Cekpeuus benkoe y npoxapuom: SEC-annapam u CUZHATbHbLIL NENMUO

BonbIIMHCTBO OakTepwii CIOCOOHBI TPAHCIIOPTUPOBATH CHUHTE3UPYEMBIC
Oenkr B OKpYKaromIyro cpemy. s aToro GakTepuaabHbIe KIETKH HCTIOIB3YIOT
pas3IMuYHbIC CUCTEMBI CEKPELIMH B 3aBUCUMOCTH OT CTPOCHHUS M KOHCYHOM JIOKa-
au3anuu Oeska. Bee 3TH crcTeMbl TOJDKHBI CHICIM(UUESCKH paclio3HaBaTh CBOU
cyOcTparhl M 00JieTyaTh CEKpeluio 0€3 HapyIIeHUs IETOCTHOCTH KJIETOUYHOM
obosoukn. OMHAKO NI JOCTHIXKCHHUS TAaKOH ILEIM 3TH CUCTEMBI HCIIOJB3YIOT
CYIIICCTBEHHO pa3Hble MEXaHWU3Mbl M OTJIMYAIOTCA JPYr OT JApyra IO CBOCH
CJIOKHOCTH.

['pamoTtpunaTensabie OaKTEPUH UMEIOT JIBE MEMOpPAaHbI — ITUTOIIa3MaTH-
yeckyto MemOpany (IM) u BHemHioro memOpany (OM), pasneneHHble Tie-
PUIUIa3MaTUYECKUM TIPOCTPAHCTBOM. Takas opraHu3amusi KJICTOYHON CTCHKHU
JieJTaeT TPOIECC CEKPEIUU TOIOJIOTUICCKU CIIOKHBIM. B TpamMoTpuIiaTensHbIx
OaKkTepusx OHOJIOTUYCCKUE MOJICKYJIbI, BBIICISEMBbIC BO BHEIIHIOK Cpey,
JOJDKHBI TIepecedb aBa TuapodoOHbIX Oapbepa. s obecrneuenus TpaHcmopTa
gyepe3 KIETOUYHYIO CTCHKY B YKa3aHHBIX MHKPOOpraHu3Max (QYHKIIMOHHPYIOT
KaK MHUHMMYM III€CTh CICIHAIM3UPOBAHHBIX CHUCTEM CEKpeluuu (T.H. CHCTEMBI
CeKpelHH TUIIOB 1-6).

CucTeMbl CEeKpelUU MOKHO KJIACCH(HUITUPOBATH IO TOMY, 3a OJHMH HJIU JBa
JTarna MPOUCXOIUT TPAHCIOPTUPOBKA OEITKOBOM MoJIeKy/Ibl. OJIMH KJIacC CHCTEM
CEeKpeluH, BKIIIOYaroImuii Tumsl 1, 3 u 4, o0ecneynBaeT 0IHOATAHYIO CEKPELUIO
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U3 LUTOIIa3MbI Cpa3y BO BHEKJIETOUHYIO cpefy. BTopoii kiacc cucreM cekpe-
uuu (TUNOB 2, 5 1 6) npeAnoaaraeT 3KCIopT B JABa Tana (U3 LUTOIIa3Mbl B Ie-
PUIIIa3MaTUYECKOE MPOCTPAHCTBO, U U3 MEPUILIa3Mbl B Cpeay), MPUYEM B IIO-
CIIEIOBATENBHBIX ATalax TPAHCIOKAIMM PaOOTaIOT pa3HbIE MOJIEKYJISPHBIE Me-
xaHu3Mbl. [lepBbIil 3Tanm — TpaHCHOPT B MEPUILTIA3My — MPOUCXOJIUT MPHU yda-
CTUHU OJTHOTO M3 TpeX pasHbix myteil: Sec, Tat unu SRP. OcHoBHBIE 0OCOOEHHO-
cTH 3THX nyTel — Sec (SecB-3aBucumelii myTh), Tat (TBUH-apTrUHUH 3aBUCHMBIHA
nyTh, twin-arginine translocation) u SRP (signal recognition particle) — cxema-
TUYECKU MOKa3aHbl Ha pUCYHKE 4.2.

Brekneroynas cpesa

ncpﬁggmgg‘“ . . —————___lenupornuxan ___——

Tpagic1oxo N - : Yacrana
TAT /TAT Tpsacnccyngnéoﬂ € ' . PACHOIHAIOLIAY CHIHAN
(HOCT- é R

TPAHCIAUHOHHBIH

SRP
oyTh (Goirpar ngnommﬁ (KO-TPaHCIAUMOHHEIA OYTH)
11YTh)

o CHINAIBHAIA DeITH

Tpascnsnus mpenpoTcHHEA Ha prbocoMe
Pucynok 4.2 — [TyTu TpaHciokanuu yepes nia3MaTudeckyro MeMOpany

Bce Tpu mepedMciieHHBIX ITyTH MCHOJIB3YIOT Pa3Hble MEXaHWU3MBbI U IpU-
CHOCOOJIEHBI JJI1 TPAHCIIOKALMKM Pa3HbIX OenkoB-MuiueHed. TpaHciokanus mo
nyTH Sec uiM Tat aBiaseTcs NOCT-TPAHCISILTUOHHBIM ITPOLIECCOM, B TO BPEMS Kak
nyTe SRP sBISIETCA KO-TPAHCISIHMOHHBIM, T.€. OCYIIECTBISET 3KCIOPT IOJIH-
NENTUAHON LIeNH, KOTopask MPOI0JKAET CHHTE3UPOBaThCs Ha pudbocome. benku-
MUIIEHU MyTH Sec AJIA TPAHCIOKALUWUU JAOJHKHBI ObITh Pa3BEPHYTHI MOJIHOCTHIO
JI0 COCTOSIHUS BBITSIHYTOM MOJUINENTUIHON Uenu (T.€. TEPSIIOT TPETHUUHYIO
CTPYKTYPY B XOJI€ TPAHCJIOKAIIMH), 3TU OCJIKH MoJABepraroTcs pedoIaAUHTY B TIe-
puruiazme. benku-muiieHn myta Tat TpaHCIOUHUPYIOTCS B CBEPHYTOM COCTOSI-
HUH, HE TepsAs TPETUUHON CTPYKTYPbI, KOTOPYIO OHU MPUOOPETAIOT B IIUTOIJIA3-
me. C ucnonp3oBanueM myTu Tat BOZMOKHO SKCIOPTUPOBATH (PYHKIIMOHAIBHO
aKTUBHBIE OCJIKH, UMEIOIIUE CIOKHYIO TPETUYHYIO CTPYKTYDY.
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Sec-anmapar. HaunOonbias 105151 CeKpEeTUPYEMBIX U MEMOpPAHHBIX OENKOB Y
IPOKApPHOT MCIIOJIL3YETCS ISl TPAHCIOKALIMY Yepe3 MyTh SEC, B CBSI3U C YEM UCTO-
pUYECKH IMyTh Sec MOJY4Ws Ha3BaHHE OCHOBHOTO CEKpPETOpHOro myTtH (general
secretory pathway, GSP). Ilpupoaapie OenKu-MHIIEHH MyTH Sec, KaK MpaBHiIo,
JIOKAJM3YIOTCA B TEPUILIA3MAaTHYECKOM IPOCTPAHCTBE WJIM UHTETPUPYIOTCS BO
BHelHeld MeMmOpaHne. CeKpeTopHbIi anmapar Sec TOMOJIOTHYEH TPAHCIOKOHY B
AHIOIUIA3MATUYECKOM PETHUKYJIYME BBICIIMX 3YKAPUOT U TPAHCIOKOHY Sec 61 y
npoxokel. LleHTpanbHyto poiib B TPAHCIOKOHE Sec UrpaeT KOMIUIEKC U3 Tpex Oen-
koB SecYEG, kotopblif 00pazyeT kaHall B IIUTOIUIa3MOTHYECKON MemOpane. B co-
CTaB TPAHCJIOKA3HOTO KOMIUJIEKCA TaKXe BXOMAAT JApYyrue Oeliku: MeMOpaHHas
ATPaza SecA, nuromnasMaruyeckuit mamnepoH SecB u akneccopubie 6enku SecD
u SecF, YidC u YajC. benku-muiienu myTd Sec CHHTE3UPYIOTCS B IIUTOILIa3Me B
BUJIE MIPEAILIECTBEHHUKOB, coiepkainx Ha N-koHie kopotkuit (15-30 amMmuHoKuC-
JIOTHBIX OCTATKOB) MEMNTH/, HA3bIBAEMbI CUTHAJBHBIM MENTHIOM. S€CA pacro-
3HAET CUTHAJIBHBIM NENTUI U B KOONEPALMH € IIANIEPOHOM SecB, TpancnopTupyer
npenpoTerH K Tpanciokony SecYEG (pucyHok 4.3).

Pucynok 4.3 — Sec-anmapar

B xone Tpancnokamnuu Oenka-MHIlIeHU, KaK TOJbKO C-KOHEIl CUTHAJIBHOTO
MEenTUAa JOCTUTACT MOBEPXHOCTH IUTOIIA3MOTUYECKON MeMOpaHbl, CUTHAIb-
HBII NEeNTU] OTIIEIUISAECTCS MPU YYaCTUU CUTHAIBHBIX NenTuja3 (mentuaassl [
(LepB) unu nentuaassel 11 (LSPA).

CurnanpHble TENTUABI UMEIOT CUJIBHO PA3IUYAIONIMECS] aMUHOKHUCIOTHBIE
MOCJIEA0BATEILHOCTH, HO JEMOHCTPUPYIOT U OOIIME CTPYKTYPHBIE XapaKTepH-
CTUKHU. TUNIMYHBIA CUTHAJIBHBIM MENTHA UMEET Ha N-KOHIIE KOPOTKAM y4acCTOK,
T.H. N-gomeH, aiuHoi oT 2 10 10 a.o., 60raThlil MOJOKUTETBLHO 3apPSXKECHHBIMU
AMUHOKHCJIOTAaMH; B IICHTPE CUTHAJILHOTO MENTHAa HAXOIUTCS Y4acTOK (IJTMHOM
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10-20 a.o.), OoraTblif aMUHOKUCIIOTHBIMU OCTaTKaMH € TUAPO(POOHBIMU OOKOBBIMH
tersiMu (H-momen); Ha C-KOHIIE CUTHAIBHOTO HenTuaa Haxoautces C-ToMeH, me-
Hee TuapodoOHsIid, yeM H-moMeH, u copepkammii callT y3HaBaHUSI CUTHAJIBHOMN
nentuaasbl. Bo BpeMs TpaHcmopra O€iIKOB M3 IUTOILUIa3Mbl CUTHAJBHBIN MENTHT
OTIICTUISETCS CUTHAIIBHOM TETITHIa301 C BEICBOOOKICHHEM 3peJIoro OemKa.

BropuuHast cTpyKTypa 3KCHOPTUPYEMOIro O€lKa HUIpaeT BaXKHYIO pOJIb
B TOM, HAacCKOJbKO 3(DPEeKTUBHO OyneT OTHICIUIATHCS CUTHANBHBINA nentun. [lo-
aydeHue 3GpGHEeKTUBHON TpaHCIOKaIMK TpeOyeT mo0opa CUTHAIBLHOTO MenTHIa
K BRIOpAaHHOMY O€JIKY-MHUIIICHH.

4.1.3 Pacnpedenenue 6e1K06 no KomMnapmmenmam Kiemku 3yKapuom
MeMOpaHHbI€ CTPYKTYPhl KJIE€TKH aKTHBHO y4YacTBYIOT BO BHYTPHKIIETOY-
HOM TpaHcrnopte OenkoB. CyllecTByeT TPU OCHOBHBIX MEXHM3Ma, C MOMOILBIO
KOTOPBIX KJIETKA pPelaeT 3Ty 3aaauy (pucyHok 4.4).
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Pucynok 4.4 — Mexanu3Mbl BHyTPUKJIETOYHOT'O TPAHCIIOPTa OEIKOB
B 9YKapUOTHYECKOU KIIETKE
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1. benok nocie cuHTe3a U (HONIUHTa B HEU3MEHHOM BUJE JOCTABIIAETCS B
HY)KHYIO OpPTraHelUly 4Yepe3 CIeLHaIn3UpOBaHHbIE MOpbl B MeMOpaHax. Takoii
BUJI JIOCTaBKY Ha3bIBACTCsI YIIPABIIIEMbIi TpaHcopT (gated transport).

2. TpancmemOpaHHasi TpaHCJIOKalMsl OEKOB B X0/1€ KOTOPOW MOJUTIEIITHL
CHauaja JeHaTypHpYyeTCs, 3aTeM MOJIHUIENTHIHAS 1IeTI0YKa MPOTATUBACTCS ue-
pe3 OJIHY WM HECKOJIbKO MeMOpaH, a 3aTeéM CHOBAa MPOUCXOAUT (POJITUHT (HYHK-
[IMOHAJIBHOTO OeJKa.

3. Besukynspuoe aemwxkenue (vesicular trafficking) 6enkoB, B xoj1e KOTOpO-
ro OT MeMOpaHbl OTIIOYKOBBIBAETCS BE3UKYJIA, B COCTaB KOTOPOM BXOMAST TpaHC-
noptupyemMble BeriectBa. C MOMOIIbIO YIPABISIEMOro TPaHCIIOPTa, HApuMep, B
PO KIETKU Yepe3 siIEpPHbIE MOPhI JIOCTABIISIOTCS BCe BellecTBa. TpaHcMeMOpaH-
Hasl TPAHCIIOKAIIKs 00ECTIEYNBACT TOCTABKY CHHTE3UPOBAHHBIX B IIUTO30JI€ OEIIKOB
B MIEPOKCUCOMBI, MUTOXOHJPUU U XJIOPOIUIACTHL. Be3ukyssipHoe IBHXkEeHHE obec-
NIEYMBAET JOCTABKY BEILIECTB B JIM30COMBI M CEKPELIMIO BELIECTB U3 KIIETKH.

Pacnpenenenne 06enkoB o0ecrneynMBaeTCs HAJIMYHUEM B UX CTPYKType cIie-
MAJbHBIX COPTUPOBOYHBIX CUTHAJIOB (sorting signals). Cpasy mocie oKoHYaHus
cuHTe3a Oenka pubOCOMOM B ITUTO30JI€, KOTJIa OH SIBJISIETCSI MPOCTO MOJUTICTITH-
JIOM, COPTHPOBOYHBIMH CHUTHAJIAMU SIBJISTIOTCSI TIOCTIEIOBATEIBHOCTH aMUHOKHC-
JIOT Ha KOHIIaX OEJIKOBOM LIENH, KOTOPbIE HA3bIBAIOT HALIETUBAIOLIUMHU.

Jliis ©6enkoB, KOTOphIE CUHTE3UPYIOTCS Ha MeMOpaHax IIEepOXOBaTOro 3H-
JIOTIJIa3MaTUYECKOTO PETUKYJIyMa, JOTOJIHUTEIbHbBIE COPTUPOBOYHBIE CUTHAJIbI
(Takue, kak caxapa win (pocdaTtHbie TPYMIIBI) MOTYT OBITH JOOABIEHBI C TIOMO-
IIbIO CIIELMAIN3UPOBAHHBIX (PEPMEHTOB B LIUCTEPHAX ammnapara ['oibIxu B XO-
JI€ IOCTTPAHCISAUMOHHON MoauduKkannu 0enkoB. Takue curHajibl OOBIYHO Mpe-
CTaBJISAIOT cOO0M cnelu(pUYECKUe JTUTaH Ibl, KOTOPbIE PACIIO3HAIOTCS PELENTOp-
HBIMH O€NTKaMH, a 3TH PELENTOPHbIE 0K C MPUCOCTUHEHHBIMU K HUM TPaHC-
MOPTUPYEMBIMU O€ITKaMH, B CBOIO OUYEpE.lb, MPUCOCTUHSIIOTCS K MEMOPaHHBIM
TPaHCJIOKAIIMOHHBIM KOMILJIEKCaM COOTBETCTBYIOIIEro KkomnaprMeHTa. Harenu-
BAIOIIME TOCIEA0BATENIBHOCTU O€NIKa, KOTOPhIE MPEJCTABISAIOT COO0N LEMOYKY
13 3—80 aMMHOKHCIIOT, TOXKE PACIIO3HAIOTCS CIENMAIN3UPOBAHHBIMU PELEIITO-
pamu, KOTOpbIE JOCTABIIAIOT AaHHBIA OEJOK K COOTBETCTBYIOIIMM TPAHCIOKAIHU-
OHHBIM KoMmIuiekcaM. [locnie 1ocTaBkU B HY>)KHBIH KOMIapTMEHT HAllEIUBAIOLIIE
MOCJIEI0BATEIBHOCTH OOBIYHO OTPE3al0TCs OT OENKOBOW LENH CleluaIn3upo-
BaHHBIMU (DEPMEHTaAMHU.

OnHuMu U3 HamboJee U3yUYEHHBIX HalEIMBAIOIIMX MOCIIEI0BATEIbHOCTEN
SBIISIIOTCS CUTHAJIbHBIE MENTUABI (MM CUTHAJIbHBIE MOCIEI0BATEIbHOCTH) — 11€-
MOYKH M3 5—15 mpenMyIiecTBeHHO TUAPOo(HOOHBIX aMHHOKHUCIOT. Hanuune Ta-
KOM CHUTHAJIBHOM MOCHEIOBATEIBHOCTH B CHUHTE3UPYEMOM O€NKEe BBIHYKIAET
pudbOCOMY MPUCOSAUHUTHCS K IHAOIUIA3MATHUECKOMY PETHKYIyMY, B CUHTE3H-
pyemasi OesikoBasi 1IeNb HAIpaBJISIETCs] HE B IIUTO30JIb, @ B JIIOMEH PETUKYJIyMa.
Jpyroii mpuMep HaLEeIMBAOLIEH NIOCIIEA0BATEIBHOCTA — CUTHAJI UMIIOPTUPOBAHUS
JUIs1 OEITKOB, KOTOPBIE JOJDKHBI OBITH MEPEMEIIEHBI U3 IIUTO30JI1 B MATPUKC MHTO-
XOHJpUHU. DTOT CUTHAN mpejacTaBisier coboil nenouky u3 20-80 aMHHOKHCIIOT,
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GbopMHPYIONTUX MOJSPHYIO 0-CIIUPaTh, Y KOTOPOH TOJIOKHUTEIILHO 3apsSyKEHHBIC
AMHUHOKHCIIOTHI BBICTPOCHBI C OJHON CTOPOHBI CIUPANH, a TUAPOGOOHbIE aMu-
HOKHUCJIOTBHI — ¢ Jpyrou. J{ns TpaHcmopTa OGeNKOB B SAPO KIETKHU OMpeiesieHa
MOCJIEIOBATEIBHOCTDh U3 MATH MOJOKUTEIBHO 3aPSKEHHBIX aMHUHOKHUCIOT. J1Jid
nepeHoca 0eIKOB B MEPOKCUCOMY CITYKUT MEPOKCHUMAalIbHAs HAIlEIMBAIOIas T0-
cienoBarenbHOCTh Ser-Lys-Lys-COOH — C-konueBoit tpunentu. CyuiecTBy-
10T TaK)K€ COPTUPOBOYHBIE CUTHAJIBI, KOTOPbIE HE CIIOCOOCTBYIOT MEPEMEILIEHUIO
Oenka, a HA00OPOT, CIY>KAT CUTHAIIOM O TOM, YTO OE€JIOK YK€ JJOCTABJIEH K MECTY
Ha3HAUCHUS W HUKYyJAa Jlajee ero He cienyeT mnepememiars. Hampumep, Oenku
¢ tak HaszpiBaeMoit KDEL-nocnenoBatens-octhio Lys-Asp-Glu-Leu-COOH na
C-KOHIIE OCTAaOTCA B SHIOIIA3MAaTHYECKOM PETUKYJIyME M HE JIOJKHBI yaa-
JISITHCSI U3 HETO BE3UKYJISIPHBIM TPAHCIIOPTOM.

NnnrocTpannieil BBIIECKA3aHHOTO MOXET ObITh KaJIbIH-CBSA3BIBAIOIIHIMA
O€NOK TJIaJIKOro HHJIOIUIA3MAaTHYECKOr0 PETUKYIyMa KaJIpPETHKYJIMH (calcium-
binding protein of the endoplasmatic reticulum — calreticulin). ITepssie 17 amuHO-
KHACIOT Ha N-KOHLIE KaJIpETHKYJMHA SIBJISIOTCS CUTHAJIBHOW MOCIEI0BaTEIbHO-
CTBIO, KOTOpasi HHULIMUPYET TPAHCIOKAIMIO O€JIKa B JIIOMEH 3H/I0IUIA3MaTHYECKO-
ro pEeTUKYJIyMa, a MociaeaHre 4 aMUHOKUCIOTHI — nocneaoBaTenbHOCTh KDEL —
HE TO3BOJISIET OCNIKY YHTH U3 PETUKYJIyMa. MeXIy 3TUMU COPTUPOBOUHBIMU CHT-
HaJIaMU pacrojaraeTcs NepBUYHas CTPYKTypa (PyHKIIMOHAIBHOTO OeKa.

4.1.4 /lecpaoauyusn 6enxos

AKTHUBHOCTH (DEPMEHTOB 3aBHCUT OT UX KOHLEHTpPALMH, a 3HAUUT, OIpe/e-
asieTcst 0aJaHCcOM IMPOLIECCOB CHHTE3a U Jerpafanuu OenkoB B KieTke. Juamna-
30H BPEMEHHU KU3HU OETKOB — OT HECKOJIBKUX MHUHYT (Hampumep, 6emku obec-
NIEYUBAIOIINE MUTO3, MUTOTHYECKHE IIUKIMHBI) JO BPEMEHHU >KU3HH BCEro opra-
HU3Ma (Hampumep, OENKH B XPYCTAJIMKE IIa3HOTO sI0J10Ka). DyKapuOTUYECKHE
KJIETKA MMEIOT HECKOJBKO BHYTPUKIETOYHBIX MPOTCOTUTHUCCKUX MEXaHH3MOB
nerpaaanuu (yTUIn3alyuu) B OCHOBHOM CJIEIYIOIIUX TPEX TUIOB OEJIKOB:

1) meBepHo cBepHyThle (misfolded) mnm neHarypupoBaHHBIE (pa3BEepHY-
Thle) O€NKH, 2) «HOpMaJbHbIE» OENKH, Ubsi KOHIIEHTpalUs AOJHKHA OBITh CHU-
’KeHa, 3) BHEKJIETOUHbIE O€JIKU, 3aXBaU€HHbIE KJIETKON B pe3yJbTaTe, HallpuMep,
SHJIOIUTO3a UK (DAroIrTo3a.

['maBHBI BHYTPUKIIETOYHBIA MEXaHU3M JIErpajialiud — 3TO (epMEeHTATHB-
HBI MPOTEOJIU3 B JIM30COMAX, Ubsl «KHCIAs» Cpela 3arlojHEeHa THIPOJIUTHYe-
ckumu pepMeHTaMu (PUCYHOK 4.5).

Jlerpananus B 1M30coMax IMpelHa3HaueHa IIaBHBIM 00pa3oM Ui IPOTEO-
Jau3a 9yKux OeJKOB, MOMANAIIIMX B KIETKY B pe3ynbTare: 1) 3HIOIMTO3a,
2) ¢aromurosa, 3) mpoTeon3a He)yHKIIMOHAIBHBIX OPTaHEIUT KJICTKH, KOTOPBIC
OTTOPraloTCs U «IEPEBAPUBAIOTCS» KIETKOM (ayTodarus).
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Pucynok 4.5 — [Iporeonus B nu3ocomax

Youxeumuposanue. Jlpyroil, OTIMYHBIA OT JM30COMAJIBLHOIO, IUTO30JIb-
HBIM MEXaHW3M JIErpalaliid OENKOB peanu3yeTcs MyTeM MOIu(UKauu JIn3uHa
B Ocsike n00aBiicHMEM YOMKBUTHHA (MM WOMKUTHHA, ubiquitin), nmonunen-
TUJA U3 76 aMUHOKUCIOTHBIX OCTAaTKOB. Y OMKUTUPOBAHHBIE OCNIKU JETpaaupy-
I0T 3aTEM B MPOTEOCOMax. YOMKBUTHPOBAHHUE OCYILECTBISIETCS B TPU dTamna
Tpems (hepMEHTaMHU.

1. AT®D-3aBucHMas aKTUBalUs YOMKBUTHH-aKTUBUpYIomiero ¢gepmenta El
(ubiquitin-activating enzyme) mocpeacTBOM MPHUCOSIUHCHHUS K HEMY MOJICKYJIbI
yOUKBUTHHA.

2. Ilepenoc MoseKyJbl yOUKBUTHHA Ha UCTEUH YOMKBUTHUHCONPSKEHHOTO
depmenTa E2 (ubiquitin-conjugating enzyme).

3. ®opMHpOBaHHME TENTHIHOW CBSI3U MEXKIY MOJEKYJIOW YOUKBUTHHA,
Haxosmieics Ha depmente E2, u mu3umHOM Ha Oeike, KOTOPBIM TOJKEH Jierpa-
IUpOBaTh, peaklus Katanuupyerca (epMeHToOM YyOWUKBUTHMH Jsuraza E3
(ubiquitin ligase).

OTU TpU 3Tarna MOBTOPSIOTCS MHOTO pa3, HOBBIE MOJIEKYJIbl YOMKBUTHHA
MPUCOETIUHAIOTCS K YK€ MPUCOCTMHEHHBIM, B pE3yJbTaTe Yero MojanyOuKBUTH-
HOBAas 1LIeMb pacro3HaeTcs nporeocomoil. [Iporeocoma nMeer nosjaoe UIMHIPU-
YEeCKOe SJIpO, 3aKPBITOE C JIByX CTOPOH KAMHPYIOMMUMHU Oenkamu. BHyTpu mpo-
TEOCOMBI YOMKBUTUPOBAHHBIC OCIIKU pa3pe3aroTcsi Ha KopoTkue (7—8 ocTaTKOB)
MENTHIBl MHOKECTBEHHBIMU MPOTE€a3aMH, PACIIOIOKEHHBIMU Ha CTEHKaX IpO-
TEOCOMBI, @ MOJIEKYJIb YOUKBUTHHA OTACIISIOTCS OT OEJIKOB.
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YOuKBUTHHOBAS Jerpagaliysi OEIKOB HCIONb3YETCs B ABYX CIIydasx.

1. YnaneHue UMTO30JbHBIX OEJIKOB, YUbsl KOHIIGHTpAIMs OJIKHA OBITH
cHIKeHa. Hampumep, HUKIMH JOMDKEH MPHUCYTCTBOBATh B KJIETKE TOJBKO Ha
OIPEIENICHHOM dTare KIeTOYHOro ukia. @ochopuinpoBaHue [UKINHA U3MEHSAET
ero KoH(pOpMalIrio, U BHYTPEHHSISI, ICXOIHO MOTPYKEHHAs BHYTPh OEIKOBOM TJI0-
Oyiiel, mocnenoBaTenbHOCTh rg-X-X-Leu-Gly-X-1le-Gly-Asp/Asn (rae X — mrobas
AMHHOKHCIIOTA) CTAHOBUTCA AOCTYITHOU (hepMeHTaM FOOUKBUTUHHU3AIUH.

2. IIpoTeonu3 GeaKOBBIX MOJIEKYJ HEMpaBUILHO CBepHYTHIX (misfolding) B
HHOIIA3MATHYECKOM PETUKYITYME.

Mucdonaunr, Tak e Kak U B MPEAbIAYIIEM clydae, JellaeT JOCTYIHBIMU
T€ TUAPOPUIbHBIE YAaCTH OEJIKOBON HUTH, KOTOPHIE CHPATAHBI BHYTPb TNIOOYIIBI
IpU MPaBUILHOM (QOJAMHTE. DTU OCNKH MEPEHOCITCS B LUTO30Jb, TJI€ pacro-
3HAIOTCS PepMEHTAMH FOOMKBUTUHU3ALIUH.

B o0oux cmyuasx OelKku colepikaT MOCIEI0BATEIIbHOCTH aMHUHOKHCIIOT,
pacnio3HaBaeMble (pepMEeHTaMU YOUKBUTUHHU3ALUY.

4.2 MOTHBBI U TOMEHBI

B kmroueBoe oTiiMyMe MeXay MOTMBOM M JJOMEHOM 3aKJII0YaeTCs B TOM,
4YTO MOTHUB HE SIBJISIETCS HE3aBUCHUMO CTaOWJIBHBIM, B TO BpEMsl Kak JOMEH
SIBJISIETCS] HE3aBUCUMO CTAOMIIbHBIM.

benku — BakHble OMOJIOTMUYECKHE MAaKpOMOJIEKYJIbl, MPHCYTCTBYIOIIUE B
HameM opranu3me. C JOpyroil CTOPOHBI, T€HETHYECKUN KOJ TeHa ONpenenseT
AMHUHOKHCJIOTHYIO TIOCJEOBaTeIbHOCTh Oenka. bornee Toro, Oenku uMeErOT
NEPBUYHYIO0, BTOPUUHYIO M TPETUYHYIO CTPYKTYphI. [lepBudHas cTpykTypa - 3TO
AMUHOKHCJIOTHAsE ~ TOCJEOBAaTeNbHOCTh  moymnentuanoi — nenu.  Korma
NOJIMIIENTUIHBIE IEMH CKJIAIBIBAIOTCS APYT C APYroM, OOpa3yercst BTOPUYHAS
CTpyKTypa Oenka. Amnbga-crnupainu, O0eTa-JTUCThl U CYNEPBTOPUUHBIE CTPYKTYPHI
OTHOCSITCA K BTOPHUYHBIM CTPYKTypam. OmnpeeNieHHbIe TPYIIbI CYIEePBTOPHUUHBIX
DJIEMEHTOB W3BECTHHI Kak OEJKOBbIE MOTHBBL. TpeTudHass CTpyKTypa Oemka
OTHOCHUTCSI K €0 TPEXMEPHOUN CTPYKType, KOTOpas onpenenseT GyHKIHIO OenKa.
JloMeH — OTO CcKJIag4arasi 4acTh OEJKOBOM MOJEKYJIbI, KOTOpas SIBIISETCS
rJ00YJSIPHOM M BBITIONHSIET JUCKpETHYIO (yHKIui0. OT10 (dyHIaMeHTaIbHas
(byHKIIMOHAJIbHAS U TPEXMEpHas CTPYKTypa Oerka.

MotuB — 3TO omnpezeneHHas rpymnna CynepBTOPUUHBIX 3JIEMEHTOB OEJIKOB,
TaKHUX Kak alib(a-cnupain 1 0eTa-CTpyKTYphl. DTO CBOETO pojia y30pbl, IPUCYT-
CTBYIOILLIME B Pa3HBIX Oenkax. MOTHBBI ONMHUCHIBAIOT CXEMbl CKJIAJbIBAHUS BTO-
PUYHBIX CTPYKTYPHBIX DJIEMEHTOB U UX B3aUMOJCHCTBHS. DTH CXEMBI CKJIA]IbI-
BaHUs CTAOMIM3UPYIOTCS C MIOMOINBIO aHAJIOTUYHBIX CBSI3EH, KOTOPBIC MPHUCYT-
CTBYIOT B TPETHYHBIX CTpyKTypax. OZHAKO OHM HE TaKHE€ CIIOKHBIE, KaK Tpe-
TUYHBIE CTPYKTYPHI.

DT0 TpOCThIe KOMOMHAIIMKM BTOPUYHBIX CTPYKTYyp OenkoB. MoTHB caM 1Mo
cebe HecTabuiieH. bonee TOro, MOTHBBI OOBSACHSAIOT CTPYKTYpy Oenka, HO He
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peacKa3piBalOT GyHKIU Oenka. [IpumepamMu OETKOBBIX MOTHMBOB SIBIISIOTCS
Oera-anb(da-0eTa-MOTUB, TPEUYECKUN KIFOYEBOM MOTHB, Oera-Oouka, OecTa-
MeaHIPOBBIA MOTHB H T.]I.

JloMeH — 3T0 dhyHIaMeHTanbHas1, PYHKIIMOHATBHASI U TPEXMEpPHAs eINHUIIA
Oenka. OH BBIMONHIET ompeneneHHyo (yHKiuoo. OauH OeI0K MOXET HUMETh
HECKOJIBKO Pa3IMIHBIX JOMEHOB. Kakplii TOMEH — 3TO HE3aBHCHUMAs €IMHUIIA.
Orto mapoBuaHas cTpykTypa. OH OTBEUaeT 3a KOHKPETHYIO (DYHKIIMIO WU B3a-
uMmojielicTBre. JJoMEHBI MOTYT MCTOJIB30BATHCS IS TPEINONIOKEHU 0 (DyHK-
UM HE OXxapakTepu3oBaHHOro Oenka. [lpu aHammze Oenka ATO BaKHO YUHTHI-
BaTh, IMOCKOJIBKY JIOMEHBI SIBISIOTCS (PYHKIIMOHAJIBHBIMH CIWHHUIIAMHU OelKa
(pucyHOK 4.6).

MoTus

EF-pyka = JomeH us f,om;: U3
¥a—E-cnupans 2-x EF-pyk -X EF-pYyK

£ gCa?* e

o

(“f’,z k Ya -
\,Ll;' :‘ - F-cnupanp
Ry

Pucynok 4.6 — Jlomen

JloMeHbI — 3TO OYeHb CTaOMJIbHBIC M KOMIIAKTHBIC CTPYKTYphl. X J1eTKo
OTJIMYUTH OT JIPYTUX PEeruoHOB. [lupyBaTKnHAa3a UMEET TPU PA3NTUYHBIX JOMEHA,
KaK ToKa3aHo Ha pucyHke 4.6. J[mmHa qoMeHa MOXKET BapbHUPOBATHCS, M CPE/I-
Hes qiuuHa coctaBisieT 100 amuHOKHCHOT. KaXXAblii JOMEH COAEPKUT THUIPO-
$ho6HOE A/1pO, TOCTPOCHHOE M3 BTOPUYHBIX CTPYKTYPHBIX eAuHUIl. Heckomabko
JIOMEHOB BMECTE COCTABJISIIOT TPETUUHYIO CTPYKTYPY Oenka.

B yem cxoacTBO MeKIy MOTHBOM M NMPEJIMETHOM 00J1aCTHIO?

e« MOTHB W NIOMEH MpPEACTABISIIOT COOON €IMHMIIBI, MPHUCYTCTBYIOIINE B
caMux OEITKOBBIX MOJIEKYJIaXx.

o OHU TI0JIE3HBI TIPU KITACCU(DUKAIIUN CEMEHCTB OCITKOB.

B yem pazHuna MexkIy MOTUBOM U JOMEHOM?

MoTuB — 3TO ompeneneHHas Tpynna CylepBTOPUYHBIX IJIEMEHTOB OEIIKOB,
TaKuX Kak anbda-cripanu u 0eTa-CTpYKTYpPhI, @ TOMEH — 3TO (PyHKIIMOHATHHAS
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enuaMIa 6enka. Kpome TOro, MOTHB SIBISIETCS BTOPUYHON CTPYKTYpO#, a JTOMEH
OTBEUAET 3a TPETUUHYIO CTPYKTYpy Oenka. bonee Toro, 1oMeH — 3T0 caMOCTOS-
TeNbHAs €IWHUIA, B OTIMYME OT MOTHBa. Kpome Toro, nmomMeH oToOpaxaeT
byHKIMIO Oenka, a MOTHB — HET. DTO OCHOBHBIE Pa3INYMs MEXKIY MOTUBOM H
noMmeHoM. B mpuBenenHoii Hibke nH(porpaduke B TabaudHoi popme mpencras-
JIeHa pa3HULa MEX,y MOTUBOM U JJOMEHOM.

MoTUB — 3TO pacnonokKeHUEe BTOPUUHBIX CTPYKTYp OEIKOBON MOJIEKYJIBI.
CaM 110 ceOe OH 00BIYHO HecTaOuJIeH, B OTJIMYUE OT JOMEHa. JloMeH — 3To He3a-
BHUCUMO CTaOMJIbHAs CTPYKTypa Oenka. CienoBaTenbHO, 3TO MOKET ObITh YacTb
WIM Lienas Mojekysa Oenka. DTo TpexmepHas (yHIaMeHTalbHas (QYHKIHO-
HaJbHas enuHuLa Oenka. boiee Toro, y Hero ectb QyHKIMS, U 3TO CaMOCTOS-
TeNbHAsE eAuHUIAa. MOTUB MOXET OBITh YacThio JoMeHa. Ho noMeH He MOoxeT
OBITh YaCTHIO MOTHBA. B 3TOM pa3HuIla MEXTy MOTUBOM U JJOMEHOM.

4.3 CBopaunBaHue 0€eJIKOB, MpeAcKa3aHue CTPYKTYPhbI Oesika,
npeackas’aHue PyHKUMU M KJICTOYHOH JTOKAJIU3aLMU 0e/IKOB

CBopauuBanue 0eqkoB (POJIUHT) — 3TO MPOLIECC CBOpPAaYMBAHUS MOJIU-
NENTUAHON IIENMU B MPABWIBHYIO MPOCTPAHCTBEHHYIO CTPYKTYpYy. st obecme-
yeHus: (POoJAMHIa MCHOJIb3YeTCs TPyMIa BCIIOMOTaTelIbHBIX OCJIKOB IO/ Ha3Ba-
HUEM IIATEPOHBI.

IIpeackaszanme CTPYKTYpPbI 0eJIKa — HAIIPABICHUE MOJIEKYISIPHOTO MOJIe-
JUPOBAHUS, MPEICKa3aHUE MO AMHUHOKHCIOTHOM TMOCIIEIOBATEIIBHOCTH TPEX-
MEpHOM CTPYKTYpHhI Oeika (BTOPUYHON, TPETUYHOM WIIM YeTBEPTUUHOM). JlaHHas
3a/1aua SIBJISIETCS OJTHOM U3 CaMbIX BaXKHBIX Iejiei OMOMH(POPMATUKY U TEOPETH-
yecko xumuu. JlaHHbIE, MOJYyUYECHHBIC TIPU MOMOIIM NPEACKa3aHus, TPUMEHSI-
I0TCS B MeJIMUMHE (Hampumep, B (hapMaleBTUKE) U OMOTEXHOJIOTHH MPU CO3/a-
HUU HOBBIX (DEPMEHTOB.

[lenn npeackazaHus:

— TMpeACKa3aHhe BTOPUYHOM CTPYKTYpbl TMpOIIE YEM, MNpPeACKa3aHue
TPETUYHOM;

— aKKypaTHOE MpeJCKa3aHUEe MOXKET YIPOCTUTh MPEACKa3aHUE TPETUUHOMN
CTPYKTYpBHI;

— Ha OCHOBE BTOPHUYHOM CTPYKTYpPbl MOKHO MPEANOJIOXUTHh (DYHKITUIO
Oenka;

— KJaccuduKkaiuys 0eIKoB,

— TIpeJICKa3aHne U3MEHEHUS CTPYKTYPHI MPpU (YHKIIMOHUPOBAHUU OeEJIKa.

OcHOBHBIE METO/IbI.

» cratuctryeckue: Chou-Fasman method, GOR I-1V

» MeToIbI Onmkaiimmx coceneii: NNSSP, SSPAL

» Hetipounsie cetu: PHD, Psi-Pred, J-Pred

* HMM.
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OcCHOBHBIE NIPEATIOJIOKEHHS

* IOCIEAOBATEIBHOCTh COJNEPXKHUT JOCTAaTOYHO HWHOOpMAIUK IS
MpeCKa3aHus,;

* OOKOBBIE TPYMIIbI OMPEALISIIOT CTPYKTYPY;

* OKHO B 13-17 ocTarkoB 1OCTATOYHO JUIsl NPEACKA3AHNUS,

* OCHOBBI JIJIs1 BEIOOpA pa3Mepa OKHa:

* a-criupanu 5-40 ocTaTkoB

* [-1Tsxu 5-10 ocTaTKoB.

AJITOPUTMBI NPeICKA3aHNs BTOPUYHOI CTPYKTYPbI — 3TO HA0Op METOJIOB
Mpe/ICKa3aHus JTOKAJIbHON BTOPUYHOU CTPYKTYPhI OEJIKOB, OCHOBAHHBIX TOJIBKO Ha
3HaHUM 00 WX aMHHOKHCIIOTHOM MOCTeI0BaTeIbHOCTH. J{71s1 OeTKOB mpecKazaHue
COCTOUT B COOTHECEHUM OTJIEIbHBIX YYACTKOB aMUHOKHCIOTHOM MOCIEN0BATEb-
HOCTU C HauOoJiee BEpOSTHBIMU KIJIACCAMHU BTOPHYHBIX CTPYKTYp, TaKHX, Kak
o-Criupau, B-TsHKU WK e, TOYHOCTh MpecKa3zaHusl ONpeIeNsIeTcs], KaK COOT-
HOILIEHHE KOJIMYECTBA AMUHOKHUCIIOT, JUIsl KOTOPBIX MPEICKa3aHHbI CTPYKTYPHBIM
KJIACC COBIIAJ CO CTPYKTYPHBIM KJIACCOM, OIPENEIECHHBIM IS 3TOM aMUHOKHCIOTHI
airoputMoM DSSP (WM MOXO0XKUM aNTOpUTMOM, K TIPUMEPY, aJrOPUTMOM
STRIDE), k o0meMy 4nciy aMAHOKHCIOT B TOCIEAOBATEILHOCTH. ITH aJIrOPHUT-
MbI TPOU3BOAT Pa3METKy aMHUHOKHUCIOTHOM IMOCIIE0BATEILHOCTUA Oeka B COOT-
BETCTBUU C MPUHAJICKHOCTHI0O aMUHOKHUCIIOT K OJJHOMY M3 KJIACCOB BTOPUYHOM
CTPYKTYPBI, Pa3IMUYaIOIIMXCs Crienu(prUueckuMy NMaTTepHaMy BOJOPOIHBIX CBS3EH
1 Habopamu JByrpaHHbixX yrioB. [yt DSSP 310 8 kiaccoB, KoTopbie MOKHO 00b-
€IMHUTb B TPU TPYMIILL: 3 Kacca cuupaiei (o-cnupalib, T-ClUpayib U 3-Cupalb),
JBa Ky1acca B-cTpyKTyp (M30JUpOBaHHbBIE 3-MOCTHKY U B-JTUCTHI) U TPY BUIA TIECTIIN
(MOBOPOTHI, U3TUOBI M HEKJIACCU(PUIIMPOBAHHBIEC 3JIEMEHTBI, OTBEYAIOIINE XapaKTe-
pucTikaM meriH). Yaie Bcero Hjis OIEHKH Ka4decTBa CTPYKTYPBI HCIOJB3YIOT
YIPOIIEHHYIO KIacCU(UKAIIMIO, B KOTOPOH KJIaCChl BHYTPHU ATHX TPEX TPYII CUU-
TAIOTCS TOXK/IECTBEHHBIMU. AJITOPUTMBI MPEACKA3aHUS BTOPUYHON CTPYKTYpBI
OenKa MOKHO YCJIOBHO Pa3/IEiHTh HA TPYMIbI, OCHOBBIBASACH HA MPHUHIIMIIAX, Jie-
YKaIIMX B UX OCHOBE. DTH IPYIIIILI BKIIOYAIOT B C€0S1 CTATUCTUYECKUE METO/IbI, Me-
TOMBI OMMKAUIIUX COCeNed, METO/Ibl, UCTIONB3YIOIME HEUPOHHBIC CETH, METObI
OTOPHBIX BEKTOPOB U METO/IbI, OCHOBAHHBIE HA CKPBITHIX MAPKOBCKUX MOJIETISIX.

Huxe paccMOTpUM HEKOTOPHIE U3 TUX aJTOPUTMOB.

Cratuctnueckuit meton Yoy-dacMaHa OCHOBaH Ha pacueTe OLEHKU BEPO-
ATHOCTH TPUHAJICKHOCTH OINPEICTICHHOW aMUHOKUCIIOTHI K OIpeIeIeHHOMY
KJIACCYy BTOPUYHOU CTPYKTYpHI B 0a3ax maHHbIX. [Ipesckasanue neimaeTcsi OTHO-
CUTEJIPHO TPEX KJIACCOB BTOPUYHBIX CTPYKTYp: METNIH, B-IHCTa U TOBOPOTA.
Lenpb anropuT™Ma — HAWTH Y4aCTOK U3 OMPEAECIECHHOTO JIJIsl KaXA0ro Kiiacca BTO-
PUYHOI CTPYKTYPhI KOJTUYECTBA UAYIIUX MOJPSA] AMUHOKUCIIOT, ISl KaXA0U U3
KOTOPBIX OLIEHKA BEPOATHOCTH MPHUHAIJICKHOCTH K 3TOMY KJIACCY BTOPHYHOMU
CTPYKTYpPBI OOJIbIIIE 3aJaHHOTO 3HaUYCHUs. Ha BBIXOJ TaKue alropuTMbl BHIJAIOT
MpeICKa3aHHbIe TAKUM 00pPa30M YYACTKH ISl KaXKI0TO U3 TPEX OCHOBHBIX KJIac-
COB BTOPUYHBIX CTPYKTYP, KAPTUPOBAHHBIE HA MOCIEA0BATEILHOCTb.
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https://ru.wikipedia.org/w/index.php?title=%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_DSSP&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_STRIDE&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_STRIDE&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D1%80%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B5%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BE%D0%BF%D0%BE%D1%80%D0%BD%D1%8B%D1%85_%D0%B2%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BE%D0%BF%D0%BE%D1%80%D0%BD%D1%8B%D1%85_%D0%B2%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D1%80%D1%8B%D1%82%D0%B0%D1%8F_%D0%BC%D0%B0%D1%80%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%A7%D0%BE%D1%83-%D0%A4%D0%B0%D1%81%D0%BC%D0%B0%D0%BD%D0%B0&action=edit&redlink=1

[TepBrIii 3Tanm Merona Ommkanmmx coceneit (aaroput™M NNSSP) 3akimroua-
€TCS B MOHMCKE TOMOJIOTUYHOM MOCJIEIOBATENBHOCTH, JJII KOTOPOM H3BECTHA
TpEeXMEpHasi CTPYKTypa. YUWUTHIBas JIOKaJIbHBIE CTPYKTYpPHbIE OCOOCHHOCTH
ONPEICICHHOT0 aMUHOKUCIIOTHOTO OCTaTKa B TPEXMEPHOU CTPYKTYpe rOMOJIO-
TUYHOI TOCJIeI0BATEIbHOCTH, TaKUE, KaK JOCTYIMHOCTb I PACTBOPHUTEIS, IMO-
JSIPHOCTh U BTOPHUYHASI CTPYKTYpA, KaKIOMy aMUHOKHUCIOTHOMY OCTAaTKy IpH-
CBAMBAECTCS «KJIACC OKpYKEeHUs». OLEHKa BEPOATHOCTU MPUHAIIECHKHOCTA aMH-
HOKHCJIOTHI B LICHTPE MUCCIEIYEMOIO CErMEHTA JUIMHOM N aMUHOKHCIIOT K Ompe-
JIEJICHHOMY KJIACCY BTOPUYHOM CTPYKTYpbl PaCCUMTHIBAETCA Kak Jiorapudm ya-
CTOTBI HAXOKJICHHS 3TOM aMUHOKHUCIIOTHI B OKPY>KEHUHU, K KOTOPOMY OTHOCHUTCS
OOJBIIMHCTBO €€ cocesiei, B 0a3ax JaHHBIX.

OpuH U3 aNropuTMOB, UCTIONB3YIOMKX HelipoHHsle ceTtu, PSIPRED, Bxiito-
yaeT B ce0s YeThbIpe OCHOBHBIX 3Tama: TeHepalus MO3UIMOHHOW BECOBOM Mar-
putibl ¢ nomoipio PSI-BLAST, nepBudyHOE mipefcKa3aHue BTOPUIHON CTPYKTY-
pBI U nanpHemas GuibTpanus npeackazanuid. Bropoit u Tpetuii sTansl 3aei-
CTBYIOT JIBe HelpoceTu. st onpeneneHust NpuHAIJICKHOCTH aMUHOKHUCIIOTHI K
ONPEAECICHHOMY KJIaCCy BTOPUYHOU CTPYKTYpPBI HAa BXOJ IEPBOM HEUPOHHOM Cce-
TH mogaeTcs ¢hparMeHT MO3MIIMOHHOM BECOBOM MaTpHuIlbl pazmepom 33x21, co-
OTBETCTBYIOIIUN (PparMeHTy HMCXOIHOU IOCIIEIOBATEIbHOCTH B 33 aMHHOKMC-
JIOTBl C AMUHOKHUCIIOTOM MHTEpeca MO IEHTPY. DTa CETh MMEET JBa CKPBITHIX
CJIOSI ¥ TPH BBIXOJHBIX y3J1a, COOTBETCTBYIOIIUX TPEM IMPEIACKA3bIBAEMbIM KJIac-
caM BTOPUYHOM CTPYKTYypbl. BTOpas HelipoHHas ceTh UCTOIB3YEeTCs IS (PUlb-
Tpaluu MnpeAcKa3aHuil MepBoil CeTH U TakKe 00JIaJaeT TPEMs BBIXOJHOTO y3Jia-
MU JUIsl KaKJIOTO KJlacca BTOPUYHOM CTPYKTYpPbl B LEHTPAJIbHOM MO3UIIMHU HC-
cieayeMoro okHa. Ha BbIX0/ alrOpuTM BbIJIA€T pa3METKy aMUHOKHUCIOTHOM TO-
CJIEIOBATEILHOCTH 10 DJIEMEHTaM BTOPUYHOM CTPYKTYPHI.

[ToMHUMO BBIIIEONTMCAHHOTO, KJIACCUYECKHUE AJITOPUTMBI C UCTIOIB30BaHUEM
CKPBITBIX MapKOBCKUX MOJIEJIeH, TaKue Kak ajJropuTM MpsiMOr0-0O0paTHOrO XO-
na, anroputM Butepou u anroputm bayma-Beniia, MoryT ObITh ONTUMHU3UPOBA-
HBI JUIsl COOTHECEHUSI aMUHOKHUCIOTHOW TMOCJIEI0BATEIBHOCTH C KJIacCaMU BTO-
PUYHBIX CTPYKTYD.

Hawnny4iirie coBpeMEeHHbIE METO/Ibl ONMPEACIICHUS BTOPUUHON CTPYKTYpbI
oenka nocturatoT okosio 80% TouHocTu. TOYHOCTH HBIHE CYIIECTBYIOLIUX MeE-
TOJIOB MPEICKa3aHUsl BTOPUYHBIX CTPYKTYP OLICHUBAETCS TAKUMU €KEHEIEITHHO
OOHOBJITIOIIUMUCS pecypcamu, kak LiveBench u EVA.

Ilpenckazanue ¢QyHkuum Oejika — oOmpeesieHHe OUOJIOTUYECKON pOoiH
Oernka W 3HaYeHUs B KOHTEKCTe KieTku. [Ipeackasanue GpyHKIMA MPOBOIUTCS IS
TUIOXO M3YyUYEHHBIX OEKOB WJIM ISl TUTIOTETUYECKUX OEJIKOB, MPECKa3aHHBIX Ha
OCHOBE JJaHHBIX TEHOMHBIX MOCJIefi0BaTeIbHOCTEH. MicTouHnKOM MHMOpMAITUH JIIsI
MPEICKa3aHusl MOTYT CIIY>KHTh TOMOJIOTHSI HYKJIEOTHIHBIX MOCJIE0BATEILHOCTEMN,
po(HIM AKCIIPECCUM TE€HOB, JOMEHHAsi CTPYKTypa O€IKOB, MHTEIICKTYaJbHBIM
aHaJM3 TEKCTOB MyOJuKaluil, (puioreHeTuuyeckue 1 (HEeHOTUIUYEeCKUe Npouiiy,
0€JIOK-OEIKOBBIE B3aNMO/IEHCTBHSL.
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https://ru.wikipedia.org/w/index.php?title=%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_NNSSP&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BC%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D1%81%D0%B2%D1%8F%D0%B7%D0%B5%D0%B9
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D1%85%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D1%81%D0%B2%D1%8F%D0%B7%D0%B5%D0%B9
https://ru.wikipedia.org/w/index.php?title=PSIPRED&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B7%D0%B8%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D1%81%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B0%D1%82%D1%80%D0%B8%D1%86%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B7%D0%B8%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D1%81%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B0%D1%82%D1%80%D0%B8%D1%86%D0%B0
https://ru.wikipedia.org/wiki/PSI-BLAST
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_%D0%BF%D1%80%D1%8F%D0%BC%D0%BE%D0%B3%D0%BE-%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%BE%D0%B3%D0%BE_%D1%85%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_%D0%BF%D1%80%D1%8F%D0%BC%D0%BE%D0%B3%D0%BE-%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%BE%D0%B3%D0%BE_%D1%85%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_%D0%92%D0%B8%D1%82%D0%B5%D1%80%D0%B1%D0%B8
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC_%D0%91%D0%B0%D1%83%D0%BC%D0%B0_%E2%80%94_%D0%92%D0%B5%D0%BB%D1%88%D0%B0
https://bio.tools/livebench
http://www.pdg.cnb.uam.es/eva/
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D1%82%D0%BA%D0%B0_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BC%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D1%82%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D1%81%D0%BF%D1%80%D0%B5%D1%81%D1%81%D0%B8%D1%8F_%D0%B3%D0%B5%D0%BD%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BC%D0%B5%D0%BD_%D0%B1%D0%B5%D0%BB%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BB%D0%BE%D0%B3%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D0%BD%D0%BE%D1%82%D0%B8%D0%BF
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BE%D0%BA-%D0%B1%D0%B5%D0%BB%D0%BA%D0%BE%D0%B2%D1%8B%D0%B5_%D0%B2%D0%B7%D0%B0%D0%B8%D0%BC%D0%BE%D0%B4%D0%B5%D0%B9%D1%81%D1%82%D0%B2%D0%B8%D1%8F

OyHKIus 0eiaKa — OYeHb IUPOKUNA TEPMUH: pOJIH OETKOB BapbUPYIOTCS OT
Kartanm3a OMOXMMHUYECKUX peaKkluid [0 TMepelayd CUTHAJla U KJIETOYHOTO
TpaHCIIOpPTa, U OAUH OEJIOK MOXKET UrpaTh ONMPEJEICHHYIO POJIb B HECKOJIbKUX
KJIETOYHBIX Tporeccax. B memom, GyHKIMIO MOXXKHO paccMaTpHBaTh KakK «BCE,
YTO MPOUCXOAUT C OEITKOM WK ¢ ero momotbioy. [Ipoekt «I'ennass OHTOIOTHSY
MIPEIIOKIIT TIOJIC3HYI0 KJIacCH(UKAKMIO (PYHKIIUNA, B OCHOBE KOTOPOTO JICKUT
CIIUCOK (CJIOBApb) YETKO CHOPMYJIHUPOBAHHBIX TEPMUHOB, Pa3ACICHHBIX HAa TPU
OCHOBHBIE€ KATE€TOPUU — MOJIEKYIApHble DYHKYUU, OuoIo2udecKue npoyeccvl u
K1emouHvle KomnoneHmol. VI3 3T0oM 0a3bl JaHHBIX MOXKHO MO Ha3BaHUIO Oelka
WIN €r0 UJICHTU(DUKAITMOHHOMY HOMEpPY HAWTH MPUCBOEHHBIE €My TEPMHHBI
«I"ennoir OHTOJIOTMW» WM aHHOTAllMH, CIICJIAHHBIE HA OCHOBE PACUETHBIX WM
AKCIEPUMEHTANIbHBIX JaHHBIX.

HecMoTps Ha TO YTO HA CErOAHSAIIHUM JIEHb ISl SKCHEPUMEHTAIBHOIO
JoKa3aTeabCcTBa (PYHKIMN O€Ka MCMOIb3YIOTCS TaKUe COBPEMEHHBIE METO/IbI, KaK
aHam3 Mukpounnos, PHK-unTepdepennys u AByruOpuaHblii aHaIu3, TEXHOJIOTUH
CEKBCHHUPOBAHMSI MPOABUHYJIUCH HACTOJIBKO, YTO TEMIIBI JKCIEPUMEHTAIHLHO
JIOKa3aTeNIbHON XapaKTEPUCTUKU OTKPBITHIX OEJIKOB CHJIBHO OTCTAlOT OT TEMIIOB
OTKPBITUSL HOBBIX MOCIEAOBaTebHOCTEH. [l0ATOMYy aHHOTHpPOBAaHHME HOBBIX
OEJKOBBIX TOC/IEAOBaTEIbHOCTEH Oy/IeT B OCHOBHOM OCYILECTBIISITHCS ITyTEM
NpeCKa3aHusi Ha OCHOBE BBIYMCIMTENBHBIX METOJIOB, TaK KaK TaKuM 00pazoMm
MO>KHO OCYIIECTBIISITh XapPAKTEPUCTUKY TMOCIEIOBATEILHOCTEN ropasio ObICTpee U
OJTHOBPEMEHHO MO HECKOJbKUM TeHam/Oenkam. [lepBbie METOAMKHU MpeacKa3aHus
(GyHKIMA ObUTM OCHOBAHBI Ha CXOJICTBE TOMOJIOTMYHBIX OEJIKOB C H3BECTHBIMU
(GYHKIMSMU (TaK HA3bIBAEMOE NpeOCKa3anue yHKYULl, OCHOBAHHOE HA 2OMOIO2ULL).
JlanmbHelIee pa3BUTHE METOMIOB MPUBENIO K TOSBIICHUIO NPeOCKa3aHUlli Ha OCHO8e
2EHOMHO20 KOHMEKCMAa W HA OCHO8e CMPYKMypbl 0EIKOB0U MONEK)Ibl, YTO
MO3BOJIMJIO PACHIMPHUTH CIIEKTP MOMYyYaeMbIX JAHHBIX U KOMOWHUPOBATH METOIUKH,
OCHOBaHHBIE Ha PA3HBIX TUMAX JAHHBIX, JUI TOTy4YeHHUs] HanOoJiee MOTHON KapTUHBI
pomu Oenka. [leHHOCTh W TIPOM3BOAUTEIBHOCTh BBIYMCIUTEIHLHOTO MPEICKa3aHus
(YHKIMM TE€HOB TMOMYEPKUBACT TOT (hakT, uyTo 1Mo coctossHuto Ha 2010 rox 98%
anHoTaimii ['enHoit OHTOJIOTMU OBUTM CZENlaHbl Ha OCHOBE aBTOMATHUYECKOTO
W3BJICUEHUS W3 Jpyrux 0a3 aHHoTaiuii W Toimbko 0,6% — HA OCHOBE
AKCIEPUMEHTAIILHBIX TAHHBIX.

Metoabl, 0CHOBaHHbIE HA TOMOJIOTHH

benku, nMeromme cxoIHbIe OCIEA0BATEIHPHOCTH, KaK MPABUIIO, SBISIOTCS
TOMOJIOTUYHBIMU U, CTajo ObITh, UMEIOT CXOAHYI0 (pyHkumio. [loaTomy B He-
JTaBHO CEKBEHHPOBAHHBIX T€HOMAaX OETKHM OOBIYHO aHHOTHPYIOT MO aHAJIOTHH C
MOCIIEIOBATEIHHOCTAMU CXOKHMX OCIKOB U3 APYruX reHoMoB. OTHAKO HE BCeraa
OMU3KOPOICTBEHHBIC OCNKH BBITIONHSIOT OJHY W Ty k€ (DYHKIHIO, HampuMmep,
nposxokeBbie 0enku Gall u Gal3 sBistorcs mapamoramu ¢ 73% u 92% cxojcTBa,
MPUOOPETIINE B XOJI€ IBOIIONMU O4YeHb pasHble ¢yHKimu: Tak, Gall sBusercs
rajiakTokuHazor, a Gal3 — wmHIykTOpOoM TpaHckpumimu. K cokaneHuio, HET
YETKOr0 MOpora CTENEHU CXOJCTBA IO MOCIEAOBATEIBHOCTH sl O€30MacCHOTO
npeackazanusi PyHKIUN; MHOTHE O€JIKU ¢ OJIMHAKOBOW (yHKIMEH UMEIOT elBa
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https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D0%B0%D0%BB%D0%B8%D0%B7
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D1%85%D0%B8%D0%BC%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D0%B0%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%B0_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/w/index.php?title=%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B8%D0%BA%D0%BB%D0%B5%D1%82%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B8%D0%BA%D0%BB%D0%B5%D1%82%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%9E%D0%BD%D1%82%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BA%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BC%D0%B8%D0%BA%D1%80%D0%BE%D1%87%D0%B8%D0%BF
https://ru.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A-%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D1%83%D0%B3%D0%B8%D0%B1%D1%80%D0%B8%D0%B4%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BA%D0%B2%D0%B5%D0%BD%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%BE%D0%B6%D0%B6%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%BB%D0%BE%D0%B3
https://ru.wikipedia.org/wiki/%D0%AD%D0%B2%D0%BE%D0%BB%D1%8E%D1%86%D0%B8%D1%8F_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F)
https://ru.wikipedia.org/w/index.php?title=%D0%93%D0%B0%D0%BB%D0%B0%D0%BA%D1%82%D0%BE%D0%BA%D0%B8%D0%BD%D0%B0%D0%B7%D0%B0&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BA%D1%80%D0%B8%D0%BF%D1%86%D0%B8%D1%8F_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)

oOHapy>KMBaeMbl€ CXOJICTBA, TOTJIa KaK BCTPEUAIOTCSI OYEHb CXOXHUE MO0 IMOCIe-
JIOBATEJILHOCTU, HO COBEPIIEHHO pa3Hble N0 PYHKIUAM (PUCYHOK 4.7).

Pucynok 4.7 — YacTh MHOXKECTBEHHOTO BhIPAaBHUBAHUS OEIKOBBIX MOCIEA0BATEIHHOCTEH
reMOTJIOOMHA U3 YETHIPBIX Pa3HBIX OPraHU3MOB. Bellku, CXOIHBIC 10 IMOCIeI0BATEIILHOCTH,
MOT'YT UMETh TAKXKE U CXOJHYIO (PYHKITHIO

MeToabl, 0CHOBAHHBIC HA MOTHUBAX MOCJIEI0BATEIHLHOCTEH

Pa3BuTHe Takux 0a3 JaHHBIX OCJIKOBBIX JTIOMEHOB, kKak Pfam mo3Bsossier Haxo-
JTUTHh B UCKOMOM TTOCIIEIOBATEIILHOCTH YK€ U3BECTHBIC IOMEHBI IS TTPEITOJIOMKE-
HUSI BO3MOXKHBIX (hyHKIMA. B pecypce dcGO conmeprkarcss aHHOTAIMU KaK K OT-
JIENTBHBIM TOMEHAM, TaK U CyTpa-ToMeHaM (T.e. KOMOWHAITMSM U3 JBYX WIH OoJiee
MIOCTICTOBATEIHLHO PACIIONIOKEHHBIX JOMEHOB), YTO TIO3BOJISET CIIENATh MPe/IcKa3a-
Hue Oosiee MPUOIMKEHHBIM K peaslbHOCTU. Takke, BHYTPH CaMHX OEJTKOBBIX JO-
MEHax cojiepkatTcsi 6osee KOPOTKUE XapaKTEpHBIEC MOCIIEA0BATEIILHOCTH, CBSI3aH-
HBIC C ONpEEIICHHBIMUA (PYHKIIUSMU (TaK Ha3bIBA€MbIE MOTHBBI), HAJIMYUE KOTO-
pPBIX B MCKOMOM O€JIKE€ MOKHO OTPENEIUTh MOMCKOM B 0a3axX JaHHBIX MOTHBOB,
takuxX kak PROSITE. MoTtuBbI Takke MOTYT OBITh UCTIOIB30BaHBI JIJIs TIPEICKa3a-
HUS BHYTPUKJICTOYHOM JIOKAIM3AINN O€NTKa: HATMIHUE OCOOBIX KOPOTKUX CHTHAITh-
HBIX TICIITUIOB MPEAONPECIISET, B KAKUE OPTaHEeIUTbI OSIOK OyIeT TPaHCTIOPTHPO-
BaH TOCJIC CHHTE3a, U ObUTO Pa3pad0TaHO MHOXKECTBO PECYpPCOB ISl OTIPEACTICHHS
TaKUX CUTHAJIBHBIX TOCIEA0BaTEIbHOCTEH, HanpuMep, SignalP, koTopsiii 0OHOB-
JISUICS. HECKOJIBKO pa3 MO MEpe Pa3BUTHS METOAOB. TakuM 00pa3oM, HEKOTOPHIE
ocobeHHOCTH (YHKIIMU OEJKOB MOXKHO TIpeficKa3aTh 0€3 CpaBHEHHUS C MOJTHOpa3-
MEPHBIMH TOMOJIOTUYHBIMH TOCIIEI0BATEILHOCTSIMHU.

MeToabl, 0CHOBaHHBIE HA CTPYKTYpe OeJika
[Tockonbky 3D-cTpykTypa Oenka, Kak MpaBuIIO, sIBISETCS Oojiee KOHCepBa-
THUBHOH, 4eM OeJIKOBasi MOCIEI0BATEILHOCTh, CXOACTBO CTPYKTYpP MOMKET YKasbl-
BaTh Ha CXOJCTBO M (YHKIMI OeNKOB. b0 pazpaboTaHO MHOTO MPOTpaMM ISt
MOMCKA TIOXOXHX YKIJIQJIOK BHYTPH Oa3bl JaHHBIX OeNMKOBBIX CTpykTyp (Protein
Data Bank), nanpumep, FATCAT, CE, DeepAlign. B ciydae, koraa 1jist HCKOMOi
O€JKOBOM IMOCIEI0BATEIbHOCTH HET PELIEHHOM CTPYKTYpbI, CHayajla COCTaBJISIIOT
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https://ru.wikipedia.org/wiki/%D0%9C%D0%BD%D0%BE%D0%B6%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%B2%D1%8B%D1%80%D0%B0%D0%B2%D0%BD%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%BF%D0%BE%D1%81%D0%BB%D0%B5%D0%B4%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BC%D0%BE%D0%B3%D0%BB%D0%BE%D0%B1%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/Pfam
https://ru.wikipedia.org/w/index.php?title=DcGO&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%82%D0%B8%D0%B2_(%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B0%D1%8F_%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/w/index.php?title=PROSITE&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BF%D0%B5%D0%BF%D1%82%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BF%D0%B5%D0%BF%D1%82%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B5%D0%BB%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%81%D0%B5%D1%80%D0%B2%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%8B%D0%B5_%D0%BF%D0%BE%D1%81%D0%BB%D0%B5%D0%B4%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%81%D0%B5%D1%80%D0%B2%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D1%8B%D0%B5_%D0%BF%D0%BE%D1%81%D0%BB%D0%B5%D0%B4%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/Protein_Data_Bank
https://ru.wikipedia.org/wiki/Protein_Data_Bank

BEPOATHYIO TPEXMEPHYIO MOJIENb MOCIEN0BATENbHOCTH, HA OCHOBE KOTOPOW B
JanbHEIeM aenaercs npejckasanue GyHKIUM Oenka; Tak paboTaer, Harmpumep,
cepBep 1o mpejckazanuto GyHkimu Oenka RaptorX. Bo MHOrux ciydasix BMeCTo
CTPYKTYpHBI BCero Oelka, MOUCK BEAETCS MO CTPYKTypaMm OTAEIbHBIX MOTHUBOB, CO-
JIep KaIM, HalpuMep, CAlT CBSI3bIBAHMS JIMTAH/A WM aKTUBHBINA calT epmeHTa.
JIJi1 aHHOTAIMY TIOCIETHUX B HOBBIX OEJKOBBIX TOCIIEIOBATEIBHOCTIX ObLIa pas-
pabotana 6a3a manubix Catalytic Site Atlas (pucyHox 4.8).

Pucynok 4.8 — IIpocTpaHCTBEHHOE BEIPaBHUBAHUE JIBYX OCJIOBBIX TOKCHHOB PHIIMHA M a0puHa

MeTtoabl, 0CHOBAHHbIE HA TEHOMHOM KOHTEKCTe

MHorue U3 HelaBHO MOSBUBIIMXCS METOOB MPOTHO3UPOBAHUSI OCHOBAHBI
HE Ha CPAaBHCHHMH ITOCIICIOBATEILHOCTEH MM CTPYKTYPHI, KaK OMHCAHHBIC pa-
Hee, a Ha KOPPEJAIUU MEXKIy HOBBIMH Te€HaMH/OCIIKaMU U YK€ aHHOTHPOBAH-
HBIMH: JUIS KaXJOrO0 TEeHAa COCTAaBISIETCS (UIOTEHETHYCCKUNA TMPOQHITH
(IO HAJTMYMIO WM OTCYTCTBUIO B PA3IMYHBIX TEHOMAX ), KOTOPHIE 3aTeM CPaBHH-
BAIOT JJIsl YCTAHOBJICHUS (PYHKIIMOHAIBHBIX CBsI3ed (MPEIOoIaraeTcs, YTO TeHBI
C OJIMHAKOBBIMH TIpOoPrisiMu (DYHKIIMOHATIBHBI CBS3aHBI APYT ¢ ApyromM). B To
BpeMsi, KaKk METOJIbI HA OCHOBE TOMOJIOTHH YacTO MCIOJIB3YIOTCS ISl YCTaHOBJIC-
HUSI MOJICKYJISIPHBIX (PYHKIMH, TpefcKazaHHe Ha OCHOBE T€HOMHOTO KOHTEKCTa
MOXET OBITh HMCIOJB30BAHO YIS MPEAMONIOKEHHST OMOJIOTHYECKOro TMpoIecca, B
KOTOpOM ydacTByeT Oenok. Hampumep, Gesiku, y4acTBYIOIIUE B OJTHOM M TOM K€
MyTH TepeIadr CUTHAJIA, UMCIOT OOIITHI SIS BCEX BUOB TEHOMHBIN KOHTEKCT.

4.4 Juuukaonenusa KEGG u ee ucnosgn3oBanue

KEGG (Kyoto Encyclopedia of Genes and Genomes) — BeG-pecypc,
MIPEIOCTABISAIONINN TOCTYII K Py OMOJOTHYECKHX 0a3 JaHHBIX U MHCTPYMCH-
TaM JJId a”ajn3a OMOJOTMYECKMX W MEIUIIMHCKUX JaHHBIX, CO3JIaHHBIN
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B 1995 roay B pamkax npoekra «I'eHom yenoBeka». C MOMEHTa CO3JaHUs UHTE-
rpupoBaHHas 0a3a naHHbIXx KEGG 3HaunTENbHO pacliupuiach M Ha JTaHHBIM
MOMEHT HACUMTBIBACT IICCTHAIIATh 0a3 JaHHBIX, JUI yI00CTBA MOUCKA pasjie-
JICHHBIX Ha YEThIPE KAaTErOpuHU: CUCTeMHas WHpopmalus, reHoMHas nHpopma-
IIUsI, XUMUYecKas nHdopmarus u nHbopMarus, CBI3aHHas HEMOCPEICTBEHHO CO
3nopoBbeM uesnoBeka. Takke KEGG mpenocTtaBisier psii HHCTPYMEHTOB IS
yI0OHOM paboThI ¢ 6a3aMu JaHHBIX U aHAIIM3a XpaHALIEHCS B HUX HHGOpMAIUH.

KEGG GENES Database

Molecular building blocks of life in the genomic space

Menu PATHWAY BRITE MODULE KO GENOME GENES SSDB SeqData Virus Plant

Search | GENES 4| for Go
Search  Organism | hsa  for Go
Enter org:gene (Example) syn:ssr3451

Entry | Gene cluster | Ortholog | Paralog | Motif |

Gene Catalogs

KEGG GENES is a collection of gene catalogs for all complete genomes (see release history) generated
from publicly available resources, mostly NCBI RefSeq and GenBank. They are subject to SSDB
computation and KO assignment (gene annotation) by KOALA tool. KEGG MGENES is a collection of
supplementary gene catalogs for metagenomes, which are given automatic KO assignment by
GhostKOALA with GENES used as a reference data set. The collections of viral genomes in RefSeq is also
included in KEGG GENES with the standard annotation procedures.

Furthermore, a KEGG original protein sequence database is being developed as the GENES Addendum
category. Protein sequences whose functions are experimentally characterized are collected from PubMed
references and used to define new KOs that have not been covered by complete genomes (see KO).

Category DBGET Remark

KEGG organisms
(Complete genomes)

Complete genomes with KOALA and manual annotations

Viruses GENES |vg|Viral genomes with KOALA and manual annotations

Addendum ag PubM_edfbased collection of functionally characterized
proteins

Metagenomes MGENES |Metagenomes with automatic (GhostKOALA) annotation

Beb-pecypc KEGG 6bu1 co3aad B 1995 rogy B SnoHuu npu noaaep:kke
Kanehisa Laboratories. ba3sl nanusix KEGG HenpepblBHO OOHOBIISIIOTCS U J0-
nonHsAoTes. ['naBHon nenpto npoekra KEGG sBasercs nHTErpanus MmojgydeH-
HOW Te€HOMHOU MH(MOpMaINM, TAHHBIX O OMOJIOTMYECKUX U XUMHUYECKUX IPO-
1eccax, MPOUCXOISAIIMX B KUBBIX OpraHu3Max, 3HAHUM O YEJIOBEUECKUX 00e3-
HSX W OTKPBITBIX JIEKAPCTBAX B €MHOE 1EJ0€ JJIsi TOHUMaHUs BBICOKOYpPOBHE-
BOW OpraHu3aIliy Pa3INdHbIX OMOJOTUYECKUX CHCTEM, TAKUX KaK KJIeTKa, opra-
HU3M WM 1easi SKOCUCTEMA.

Hoctyn k manHeiM, xpanamumcs Ha KEGG, ocymiecTBisieTcs: ¢ MOMOUIBIO
BeO-caiita KEGG. I'maBHas crpanunia caiita COAEPKUT CHHCOK CCHUIOK Ha OC-
HoBHBIC 0a3bl maHHbIX KEGG, BropruHbIe 0a3bl JaHHBIX, CO3JaHHBIC IS Y100-
HOTO TOMCKA, ¥ Pa3JIMYHbIE WHCTPYMEHTHI NIl aHAM3a OMOJOTUYECKUX U Me-
JTUIUHCKUX AaHHBIX. [IpencTaBieHHbIe CChUIKM YKa3bIBAIOT HA CTPAHMUIIBI C T10-
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JIpOOHBIM OINMCAaHUEM KaKI0H 0a3bl JAaHHBIX/MHCTPYMEHTa W ¢ HMHTephercoM
noucka/pabotel. Ilo cceike KEGG2 pacnomaraercs cTpaHulia ¢ IOJHBIM IIe-
peuHeM Bcex 0a3 JaHHBIX U IporpaMMmHbIX cpenctB pecypca KEGG, B Tom uuc-
Je Te, KOTopble AOCTymHBI Ha caiite GenomeNet. Ilonck maHHBIX Ha caiTe
KEGG MOXXHO OCyImIeCTBIATh Pa3HBIMH CIIOCOOAMU: HEMOCPEICTBEHHO B OC-
HOBHBIX 0a3ax JaHHBIX Ta0juIa 2, Mo CyObeKTaM TabjuIa 3 U 1Mo OpraHu3Mam.
[Tonck mo cyObeKTaM M MO OpraHu3MaM OCYIIECTBIISIETCS C IMOMOIIBIO MHTEP-
¢eiicoB, cieruagbHO CO3JJaHHBIX IS YIPOIIEHUS padoThl ¢ Oa3aMu JaHHBIX.

KEGG BRITE — 510 TOTampHOE CTPYKTYpHPOBAHHOE (hOPMaIM30BAHHOE
omucaHue OOBEKTOB W sBJICHUI Ononoruu, orpaxkeHHBIX B 0azax KEGG. [lo
2005 roga BRITE cymecTBoBan kak otaelbHas 0a3a MaHHBIX, BIIOCIICICTBHUH
BktoueHHas B mpoekT KEGG. baza nannsix KEGG BRITE oTpaxkaer oHTOM0-
THIO0 - UePAPXUYECKYI0 KiIacCH(DHUKAIMI0 OMOJOTMYECKUX CYIIHOCTEH, K YUCITY
KOTOPBIX OTHOCSITCS TEHBI, O€JIKH, OpPraHU3MBI, IAaTOJOTHUH, JIEKAPCTBCHHBIC
mpernapaThl, XAMAYECKHE COCTMHEHHS U T. II.

KEGG MODULE -5t0 xomreknus ohOpPMICHHBIX BPYYHYIO (DYHKITHO-
HAJIBHBIX €AUHMIL, Ha3bIBaeMbIX MOAyIsiIMU KEGG, KoTOpble HCHONMB3YIOTCS A1
QHHOTAIlUM ¥ OMOJIOTHYECKON HHTEpIIpeTallid OTCEKBEHHPOBAHHBIX I'€HOMOB.
B aToi1 6aze nexaT MeTabOJIMUECKHE CXEMbI C BBICOKUM pa3pelieHueM, u300pa-
)Karorue GyHKIIMOHAIBHBIC TOJIMYTH, XapaKTepHbIE IS ONpPeIeIeHHBIX TaKCO-
HOB, M MOJICKYJISIPHBIE KOMILJIEKCHI, BCTpeYaromuecs B 3Tux mnpoieccax. [Ipen-
CTaBJICHBI 4 TUIIA MOJTYJICH.

KEGG GENOME - 310 komeknus oprann3mMoB KEG ¢ moHOreHOMHOI 110-
CIICZIOBATEIILHOCTBIO, KaXKIBIM M3 KOTOPHIX HMICHTU(UIIMPOBAH TPEX HJIM YEThI-
PEXOYKBEHHBIM KOJIOM, U HEKOTOPBIX BUPYCOB, UMEIOIIMX OTHOIIICHHUE K OOJIC3HSIM.

Koumponwvnwie eonpocut

1. B yem paznuume mpoTeKaHus MPOIIECCOB TPAHCIAMHU U (osauHra Oenka?

2. OxapakTepu3yiTe OeIKu ManepoHsbI.

3. Kakyto undopmaruio nomay4aror Mpu Npecka3aHud BTOPUYHON CTPYK-
Typbl Oenka?

4. B yeM pazHMIIa MEXIYy MOTUBOM U JJOMEHOM?

5. Kakue nienu npenckazanus CTpyKTyphl Oenka?

6. MeTtobl ipeicKka3aHus CTPYKTYphl Oelika, OCHOBaHHbIE HA TOMOJIOTUH.

7. Metoasl peicKa3aHus CTPYKTYpbl O€Jika, OCHOBAaHHbIE HA MOTHBAaX I10-
CJIEN0BATEIBHOCTEN.

8. 3a cueT 4yero aHaJM3 T€HOMAa JAHHOTO IMAIIMEHTa MO3BOJISIET IPOBOIUTH
WHUBUyaJIbHO crieruduieckoe JeueHue?

9. Kakne 6enku Ha3bpIBarOTCsl MuIIeHIMHU? Kak aHamnu3 TeHOMOB MMO3BOJISET
MPOBOAUTH TTOUCK MUIIICHEH ?

10. B xakux ciydasix NpOBOAMTCS CEKBEHUPOBAHHE OMOJOTUYECKUX TMO-
CJIENOBATEILHOCTEN?

11. Kakne 3anaum penraetT reHOMHKa U MPOTEOMUKA?

12. Kak u a5 uero ucrnosib3ytot sHIuKIoneano KEGG?

79



CIIMCOK JIUTEPATYPbI

Ocnoenasn

1. buouHdopmaTuka: yaeOHO-METOIUUECKUN KOMILIEeKC / 'oM. roc. yH-T
uMmenn @.Ckxopunsbl; coct. /[po3goB [I.H., 3atekoB C.A., T'oHuapeHKO
['T. —T'omens: ITY umenu ®.Cropunsl, 2020. — 86 c.

2. bwuzses, H.C. Ilocobue no ¢unoreneruxke / H.C. buzse — Kupos,
2016. 44 c.

3. byrBunosckuii, B.D. MounekymspHas 3BoMOLMS: MaTepHaibl K (a-
KyJIbTaTUBHOMY Kypcy: Kypc nekuuit / B.D. byrBunosckuii, A.B. ByTtBuinos-
ckuii, E.A. UepHoyc. — 2-¢ u3xa. nomn. — bI'MYVY, 2012. — 96 c.

4. BacunbeBa, H.IO. buoundopmarnka. MHOXECTBEHHOE BbIpaBHHBA-
Hue. dunorenernyeckue AepeBbs: Meroanueckoe nocoodue / H.IO. Bacunbea. —
Opecca: «Opecckuil HallMOHAJIbHBIM yHUBepcuTeT uMeHn WM.M. MedHukoBay,
2014.-70 c.

5. KapuxoBa, A.A. RHK: Owuonorus wu Ououndbopmaruka /
A.A. XKapukoBa, A.A. Muponos // MonekynsipHast 6uonorus. — 2016. — T. 50,
Ne 1. — C. 80-88. — bubmuorp.: c. 86—88.

6. Jletomn, b. I'ensr = Genes: moHorpadwus / pea. I'.Il. 'eoprues; mnep.
AJL TwuanOypr [u ap.]. — MockBa: Mup, 1987. — 544 c.: un. — bubGnuorp.
B KOHIIE TJIaB. — YKa3. IPeaM., JJaTHH. Ha3B.: ¢. 529-538.

7.  MonekynspHass O6uonorus kietku: nocobue / coct.: M.C. Mopo3uk
[u nap.]; M-Bo oOpazoBanusi Pb, YO «Mo3bipckuii roc. mnea. YH-T UM.
W.II. [Tamsxunay. — Mo3sips: YO «MI'TIY nm. WLII. Hlamsaxkuna», 2010. — 76 c.:
ui. — bubnuorp.: c. 75.

8. Orypuos, A.H. Beenenune B OnomHpopmaTuKy: yded. mocoOue o
kypcy «buoundopmaruka u uHOpMarMOHHAS OMOTEXHOJIOTHS» I CTY/.

Hampasi. noar. 051401 «buorexHomorusi», B T.4. uHOCTp. cTya. / A.H. Oryp-
11oB. — XapbkoB: HTY «XI11», 2011. — 208 c.

Honoanumenvnan

9. benpuakosa H.JI. bonbIoii mpakTHKyM MO OMOWH)XEHEPUU M OMOWH-
dbopmatuke: yued.-metoa. mocodue: B 3 u. / H.JI. benbkoBa. — Upkytck: N3a-Bo
NIy, 2013. — Y. 2: Hykneunossie kucioTsl. — 2014. — 155 c.

10. Boponmosckuit M. 3afgaun u pemieHus o aHaIU3y OMOJOTUYECKUX T10-
cnenoBatenbHocTel / M. boponosckuii, C. Exumea. — M. — Mxesck: PX]/I,
2008. — 440 c.

11. Boponona, H.B. OcHoBsl cratuctuueckoro ananmza JJHK: yue6. ma-
tepuansl / H.B. Boponosa, M.M. Bopo6reBa. — Munck: BI'Y, 2015. — 17 c.

12. Tenvdana, M.C. Uro moxxer ouonndopmaruka? / M.C. I'envdanyg //
Xumus u xu3Hb — XXI Bek. — 2009. — Ne 9. — C. 10-15.

13. T'eHoM, KJIOHUpPOBaHUE, MPOUCXOXKJICHUE YeJIOBEKa / moja OOIl. pe.
JL.U. Kopoukuna. — @psizuno: Bek 2, 2004. — 222 c.: uin. — (Hayka nns Bcex). —
bubnuorp. B konie rnas. — CnoBaps: ¢. 213-218.

80



14. T'nazko, B.W. Beenenue B JIHK-rexnonoruu / B.W. I'nmazko, 1.M. JlynuH,
I'.B. I'mazko, JI.A. KanamaukoBa. — M.: ®I'HY «Pocundopmmarporex», 2001, —
434 c.

15. Jlpomamiko, C.E. DJEKTpOHHBIE CHUCTEMbI [JISI HKOJOTHUYECKUX
ucciaenoBannii 1 obpaszoBanus // Dxonormdeckuii BecTHUK. — 2009. — No 2. —
C. 129-134.

16. HypOun P. Ananu3 6uonormueckux nocieaosarenabHocteit / P. yp-
oun, 1. Onnu, A. Kpor, I'. Mutuucon. — M. — Mkesck: PX]JI, 2006. — 480 c.

17. 3aBoanuk, W.b. AkryanbHble TpoOieMbl OHMOJOTHUHU: MPOTECOMUKA,
reHomuka, ouonndopmaruka, metabonomuka / M.b. 3aBonuuk, H.B. Cymnpyn //
bisorist: mpabnemsl Beikimaganas. — 2011, — Ne 5. — C. 3-8.

18. Urnacumyty C. OcnHoBbl 6uoumndpopmatuku / C. Urnacumyry; mep.
c auri. A.A. UymnukuH. — MxeBck: Perynsipas u xaotudeckast 1uHamuka: MH-T
KOMIIbIOTEp. uccuen., 2007. — 316 c.

19. Kamenckas M.A. Uudopmarnmonnas Ouonorus / M.A. Kamenckas. —
M.: Akagemus, 2006. — 361 c.

20. KapraBues, HO.®d. MonekynsipHasi 3BOJIONUS M TOMYJISIIMOHHAS
redetrka / FO.®. Kaprasues. — Bnagusoctok, 2009.

21. Kynun, E.B. Jloruka ciuydas. O mnpupone U MNPOUCXOXKICHUH
ounonorudeckoi sBojronuu / Ilep. ¢ anrn. — M.: 3A0 MznarensctBo LleHTp-
nosrpad, 2014 — 527 c.

22. KoMmbploTeppl M CYNEpKOMIBIOTEpHl B OHOJOTHMM / TOA pen.
B.J. Jlaxno, M.H. Yctuaun. — MockBa-MxeBck: UHCTUTYT KOMITBIOTEPHBIX UC-
cienoBanuit, 2002. — 528 c.

23. Jleck A. Brenenue B OmomHbpmaruky: nep. ¢ anrL. / A.M. Jleck; pen.:
A.A. Muposnos, B.K. [lIssnaca. — M.: bunom. Jlaboparopus 3uanwuii, 2009. — 318 c.

24. Jlynuenko, A.A. OCHOBBI Hay4YHBIX HCCJI€IOBaHUI: yuel. mocobue /
A.A. Jlynuenxo, A.A. Jlynuenko, T.A. Ilpumak; non pen. A.A. Jlyguenko. —
2-¢ u3n., crep. — K.: O-Bo «3nanus», KOO, 2001. — 113 c.

25. JlykamoB, B.B. MonekynsapHas 3Bomionus U (UIOTCHETUYECKUN
ananus / B. B. Jlykamios. — M.: bunom, 2009.

26. MaremaTuueckre METOBI IS aHajau3a nocienaosarenbHocTer JJHK /
nox pen. M.C. YorepMmeHna, nepeBoj ¢ anri. — M.: Mup, 1999. — 349 c.

27. Memnep I'.JI. U3bpannsie pabotsl mo reneruke / I'.J[. Memnep. —
M.-JI.: Oru3-Cenpxo3rus, 1937. — 350 c.

28. TlaBnunoB, M.A. Knaguctuueckuit aHanus (METOHOIOTHMYECKHE MPO-
omemsl). — M.: U3n-Bo MI'Y, 1990. — 160 c.: u.

29. IlaBmunoB, U.5. BBenenue B coBpeMeHHYIO GUIOTCHETUKY (KIa0Tre-
Heruueckuit acrekt) / .. [TaBaunoB. — M.: uzn-so KMK, 2005.

30. Ilayu I'. JHK-kommnbtoTep. HoBast mapanurma Berumcienuid / I'. [ayh,
I'. Po3enbepr, A. Camomaa; niep. ¢ anri. J[.C. AnanamueBa, U.C. Kucenesoi,
O.b. ®unorenosoi, pea. M.B. Bonkos. — M.: Mup, 2004. — 527 c.

31. Tlopozos, [0.b. buoundopmaruka: yueOHO-MeTONM. TmOCcOoOUE /
10.b. ITopo3zos, — CI16: HUY UTMO, 2012. — 52 c.

81



32. IlpucraBka A.A. BonbIoi NMpakTUKyM MO OMOWMHKEHEPUU M OMOWH-
¢dopmatrke: yued.-meton. nocoodue: B 3 u. / A.A. Ipucraska. B.I1. CanoBaposa —
Upkyrck: U3a-Bo UT'Y, 2013. — Y. 1: benku. — 2013. — 121 c.

33. Cupnskun, B.I'. OcHOBBI Hay4YHBIX HCCIIEIOBaHWN. buomorus: yueo.
nocobue misa 6uon. dak. yu-toB / B.I'. Cunsakun, JI.1. Corauxos, A.M. Crami-
koB. — Kues: Brici. mik., 1987. — 196 c.

34. Crpykrypa u (GyHKIHMOHUPOBAHUE OEIKOB: TPUMEHEHHE METOJ/IOB
owmoundpopmatuku / mep. ¢ anri: B.H. HoBoceneuxuii, E.J[. bamuukas,
T.B. Haymenkosa; pea. B.H. HoBocenenkuii. — M.: YPCC: Jlenang, 2014. — 414 c.

35. Tumodeen-Pecorckuit H.B. O nmpupoje reHHbIX MyTaluidi U CTPYKTY-
pe rena / H.B. Tumodeen-Pecorckuii, JI.I'. llummep, M. Jlensoprok / H.B. Tu-
ModeeB-PecoBckuii. 30pannsie Tpyasl. — M.: Meaumuaa, 1996. — C. 105-153.

36. Xaken I'. Cunepreruka / I'. Xaken. — M.: Mup, 1985. —423 c.

37. Yepnanckuii [I.C. Cunepretuka u undopmanus. luHamudeckas Teo-
pust uapopmanuu / J{.C. Uepnasckuii. — M.: JIu6pokom, 2009. — 304 c.

38. Illennon JI. PaGotel mo Teopwu uWHOpPMAIUU W KUOEPHETHKE /
K. lennon, E. banasaron. — M.: Maoctp. aut., 1963. — C. 667.

39. HIpenunrep 3. Uto Takoe xu3Hb? OU3NUECKUN aCHEKT KUBOM KIET-
ku / O. lllpenunrep. — M. — Mkesck: PX/1, 2002. — 92 c.

40. Diiren M. I'unepruk. [IpuHIMITEI caMOOpTraHU3alul MaKpOMOJIEKYT /
M. Diiren, II. lllyctep. — M.: Mup, 1982. — 270 c.

41. Fulekar M.H. Bioinformatics: Applications in Life and Environmental
Sciences / M.H. Fulekar. — Berlin: Springer, 2009. — 247 p.

42. Griffiths J.F. An Introduction to Genetic Analysis / Griffiths J.F.,
Wessler S.R., Lewontin R.C., Gelbart W.M., Suzuki D.T., Miller J.H. — New
York: W.H. Freeman Publishers, 2005. — 706 p.

43. Kangueane P. Bioinformation Discovery. Data to Knowledge in Biol-
ogy / P. Kangueane. — Berlin: Springer, 2009. — 166 p.

44. Liebler D.C. Introduction to Proteomics. Tools for the New Biology /
D.C. Liebler. — Totowa: Humana Press, 2002. — 198 p.

45. Lesk A.M. Introduction to Bioinformatics / Lesk A.M. — Oxford: Ox-
ford University Press, 2002. — 255 p.

46. Marcus F.B. Bioinformatics and Systems Biology. Collaborative Re-
search and Resources / F.B. Marcus. — Berlin: Springer, 2008. — 287 p.

47. Molecular Biomethods. Handbook / Ed. by J.M. Walker, R. Rapley. —
Totowa: Humana Press, 2008. — 1124 p.

48. Stephenson F.H. Calculations for Molecular Biology and Biotechnol-
ogy / F.H. Stephenson. — Amsterdam: Elsevier, 2003. —302 p.

49. Ramsden J. Bioinformatics. An Introduction / J. Ramsden. — Berlin:
Springer, 2009. — 271 p.

50. Selzer P.M. Applied Bioinformatics. An Introduction / P.M. Selzer,
R.J. Marhofer, A. Rohwer. — Berlin: Springer, 2008. — 287 p.

51. Statistical Bioinformatics. A Guide for Life and Biomedical Science
Researchers / Ed. by J.K. Lee. — New York: Wiley, 2010. — 350 p.

82



YyeOHOE u31aHue

SAHOBCKAS Bukropusa BianumupoBHa

BUONH®OPMATUKA
Kypc nekuuit
TexHuueckut peaakTop I'.B. Paz6oesa
KommnerorepHsiii 1ru3aiH B.JI Ilyeau

Hoamucano B nevats 04.10.2022. dopmat 60x84 Y/16. Bymara odceTHas.

Yen. mew. 1. 4,82, Yu.-uzn. m. 4,37. Tupax 9 sx3. 3akaz 172.

Wzparens u HOHI/IFpa(I)I/I‘-ICCKOC HUCIIOJIHCHUC — YUPCIKACHUC O6pa3OBaHI/I$I

«Burebckuii rocynapcTBeHHbIN yHUBepcuTeT uMeHu 11.M. MarepoBay.

CBI/IIIGTGJ'II)CTBO 0 FOCY}IapCTBeHHOﬁ perucTpaiu B Ka4C€CTBC U31aTCIIA,
HU3TrOTOBUTCIIA, PACTIPOCTPAHUTECIIA ITCHYATHBIX U3TaHUN

Ne 1/255 o1 31.03.2014.

OtneuyaraHo Ha puzorpade yupexieHus: o0pa3oBaHUs
«Burebckuii rocynapcTBeHHbIN yHUBepcuTeT uMeHu [1.M. MarepoBay.

210038, r. Bure6ck, MoCKOBCKHIA POCTIEKT, 33.



