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BBEAEHHUE

MonekyJIIpHO-T€HETUYECKHE  METOJAbl B BETEPUHAPHO-CAHUTAPHOMN
AKCIIEPTHU3E MO3BOJISIOT PEIIATh MHOTHE 33JJa4K 110 OXPaHE 310POBbS HACEJICHUS Ha
COBPEMEHHOM 3Tarle.

JlanHbple METOABI MPEAHA3HAYEHBI JIJI1 BBISBICHUS BapUallldid B CTPYKType
uccnenyemoro yvactka JIHK (amnensi, reHa, permoHa XpoMOCOMBI) BIUIOTH JO
pacimn@poBKY MEPBUYHON MOCIIEA0BATETLHOCTH OCHOBAHUIA.

['1aBHBIM JIOCTOMHCTBOM MOJIEKYJIIPHO-T€HETUYECKHUX METO/I0B
UCCJIEIOBAHMS SIBJIIETCSA MUHUMAJbHAsl CTEIIEHb MEAMIIMHCKOIO BMENIATENIbCTBA,
TaK KakK JJaHHOE MCCIICIOBAHNE TTPOBOIAT in Vitro.

MonekyJIIpHO-T€HETUYECKasT JUAarHOCTUKAa — 3TO CPABHUTEIBHO HOBBIM
METO/I, KOTOPbIA MO3BOJIIET TOYHO U OBICTPO BBIABUTH BUPYCHl M HH(]EKIUH,
MyTallid TE€HOB, BbI3BIBAIOUIMX MATOJOTHIO, a TaKXe€ OLEHUTh PHUCKHU
HACJIEICTBEHHBIX U IPYTUX 3a00JIEBaHUI.

[lenpr0 METONMYECKMX YKa3aHUM 10 M3Y4YEHHIO Kypca «MonekynspHo-
T€HETUYECKUE METOJbl B BETEPUHAPHO-CAHUTAPHOM SKCHEPTU3E»  SBISAETCA
oOecrnieyeHne 3((HEeKTUBHOCTU PabOThl CTYJEHTOB-MAaruCTpOB Ha MPAKTHUYECKHX
3AHITHSIX.

3anaya Kypca y4eOHOU TUCUUIIITMHBI « MONEKYJIIpHO-TEHETUYECKHE METOIbI
B BETEPUHAPHO-CAHUTAPHOM 3KCIEPTHU3E» — AaTh 3HAHUSA 10 JAHHOW AUCIUIUIMHE U
o0OecrieynTh (QOPMUPOBAHUE Y CTYAEHTOB-MarucTpoB NPEACTABICHUA O
MOJIEKYJIIPHO-TEHETUYECKUX METOJAaX MCCIEIOBAHUN, HCIONb3YIOUXCS HO
CETrOAHSIIHUMN JE€Hb B MTPAKTUUYECKON JEATEIbHOCTH CTICHUAIUCTA.

B pesynbrare m3yyeHus NUCHMIUIMHBI CTYyACHTBI-MAarucTpbl NPUOOPETAIOT
3HAHMS U YMEHHUS B JaHHOM 00JIACTU M MOTYT NPUMEHATh UX Ha MPAKTUKE.



Paspen 1. MonekynsipHo — reHeTU4eckue metoabl AUAarHOCTUKU

Tema 1.1. Hay4yHble OCHOBbI MOJEKYJIAPHO — FEHETUYECKUX MEeTOA 0B
nccrnegoBaHumn

ConepkaHne TEMBI:

MoneKkynsIpHO-TEHETUYECKHE METO/BI SIBISIOTCS HEOTBEMIIEMOM YacCTbIO
MHOTHX COBPEMEHHBIX MEIUKO-OMOJIOTHYECKUX uccienoBanuii. Cpeau HHX
HAauOONBIIYI0 PACIPOCTPAHEHHOCTh TMOMYYHJIM TEXHOJIOTUH, OCHOBaHHBIE Ha
WCIIOJIb30BaHUN NIOJIMMEPA3HOU LIETTHOW peakyu. JJaHHbINA TOAX0] BOCIIPOU3BOINT
€CTECTBCHHBIII MEXaHU3M pEIUTMKAlMKU HYKJIEMHOBBIX KHCJIOT 1in  Vitro,
OrpaHUYECHHBIN MHTEPECYIOIINM UCCIIEN0BATENS Y4aCTKOM
reHoma. [II1P mo3Bosnsier  ObBICTPO W C  BBICOKOM  CHEUU(DPUUYHOCTHIO
aMIUIM(PUUIUPOBaTh (PParMEeHT TeHOMa JH0O0ro OHMOJOrHYecKOro OO0BbEeKTa. ITO
ompeAensier Mmupokne BO3MOKHOCTH [II[P-gmarHocTuku: OT  BBISBICHUA
BO30yauTeNed MH(PEKIHNOHHBIX 3a00J€BaHUN 10 YCTAHOBJIEHUS TE€HETHUYECKHX
IPUYUH HACJIEICTBEHHBIX W MYJbTU(AKTOPUAIBHBIX OO0JIE3HEH MKUBOTHBIX B
BETEPUHAPHO-CAHUTAPHOU SKCIIEPTHU3E.

Pa3paboTka MOJEKYJISIPHO-TEHETUYECKMX METOAOB, HCIOJIb3YEMBIX B
BETEPUHAPHO-OMOJIOTMUECKUX UCCIIEIOBAHMAX OCHOBAaHA HA CIEAYIOIMUX OCHOBHBIX
NPUHIUIAX:

KommnemMeHTapHOCTh  HYKJIIEOTHIHBIX  OCHOBAaHWMW:  aJ€HUH  BCErIa
TUOpUIN3YETCS ¢ TYaHUHOM, @ THMHUH C LIUTO3UHOM.

[Ipu HarpeBanuu npoucxoaut paszbeaunenue neneit JJHK (menaryparus),
T.. HOpPMalibHasi JAByxuenoudeuHas cnupanb JHK pacmennsercs Ha aBe
OJTHOLIETIOYEYHBIE.

I[Ipu  oxnaxaeHun  (peHaTypauuu)  MPOMCXOAMT  BOCCTAHOBJICHHE
JBYXLEMOYEYHOU CTPYKTYpPbl B COOTBETCTBHM C IPABHIJIOM KOMIIJIEMEHTAPHOCTH
HYKJIEOTU/IOB;

Pacmennenne monekynsl JIHK MokeT OBITH JOCTHTHYTO C MOMOUIBIO
cHenuaibHbIX OakaTepuanbHbIX (DEPMEHTOB — DHJOHYKJIEA3, PECTPHULIMPYIOLIUX
MOJIEKYITY JAHK B MecTax co CTpOro ONIPENEIICHHOM TUTSL
KaXJI0M SHJIOHYKJIE€a3bl OCIEN0BATEIbHOCTHIO HYKICOTUIOB.

O®parmentel JHK B akpunaMuIHOM WM arapo3HOM TeEISIX  JIETKO
pa3zensoTcs Mo ASHCTBUEM SIIEKTPUUECKOro ToKa; nojoxenue ¢pparmentos JJHK
npu aekTpodopese onpeaensercs pazmepamu JIHK ¢pparmenTon

B kneTkax HyKJIEMHOBBIE KUCIOThI CBSI3aHBI c Oenkamu,
o0pa3yst HyKJIEONPOTEHUIbI. Brinenenune HYKJIEMHOBBIX KUCJIOT CBOJUTCS

MPEUMYIIIECTBEHHO K OYUCTKE UX OT OeJIKOB. [l 3TOro mpemnapartsl, CoaepIKaiime
HYKJICMHOBBIEC KUCTIOThI, oOpabateiBatoT [IAB u skctparupyror Genku dheHoaoMm.

[Tocnenyronas ouncTka u GppakIIMOHUPOBAHUE HYKJIEMHOBBIX KUCIOT TTPOBOJISITCS C


https://xumuk.ru/biospravochnik/160.html
https://xumuk.ru/bse/1276.html
https://xumuk.ru/encyklopedia/486.html
https://xumuk.ru/encyklopedia/2/2977.html
https://xumuk.ru/bse/1276.html
https://xumuk.ru/encyklopedia/486.html
https://xumuk.ru/bse/1276.html
https://xumuk.ru/encyklopedia/486.html
https://xumuk.ru/encyklopedia/2/4739.html
https://xumuk.ru/bse/1276.html

IIOMOIIBIO VJ'H)TDaHeHTDI/I(bVFI/IDOBaHI/IH, Ppa3IMIHbIX BHA0B )KHI[KOCTHOﬁ

xpoMmarorpadpum u Temp-dnekTpodopesa. g moNMydeHUS WHANBUIYATbHBIX
HYKJICMHOBBIX KMCJIOT OOBIYHO MCIIOJIB3YIOT PA3JIMUHbIE BApUAHTHI IMOCJIEAHETO
METOo/A.

CoBpemeHHbIE METO/IbI XUMHUYECKOTO CUHTE3a
HYKJICMHOBBIX KHUCJIOT IMO3BOJIAIOT TOJydaTh KpymHbie (parmentsl JHK, B T.4.
1eJIbIe TeHbl. METOANYEeCKHe OCHOBBI XMMHYECKH - (DEPMEHTATHBHBIX METOJ/IOB
cuntesza JIHK pazpaboransl X. Kopanoil. OHM BKJIIOUYAIOT: 1) XUMUYECKHUI CUHTE3
KOMIUIEMEHTAPHBIX, B3aUMOMNEPEKPHIBAIOIINXCS OJIMTOHYKICOTUIOB, U3 KOTOPBIX

3aTeM B pe3yibTare KOMILUIEMEHTALIMOHHBIX B3aNMOJECHCTBUN
BBICTPAUBAIOTCS AYIUICKCHI - ¢dparmenTsl MoJiekyIIbl cuHTe3upyemoin JIHK ¢

HECOBIAJIAIONIUMHU pa3pblBaMU B 00EUX IMEIAX; 2) COCIWHEHHUE (JIUTHPOBAHUE)
TaKuX OJMICOHYKJICOTUIOB B COCTaBe AyIuiekca ¢ momoibio pepmenta T4 JIHK-
JIATA3bI. Coopky npotskeHHbix JIHK u3 CUHTETUYECKHU

OOHOTSKCBBIX OJUTOHYKIICOTHAOB IIPOBOAAT B  HCCKOJIBKO  OTaIlOB. Cnauana

coOMparOT HEOOJBIINE AYIUICKCHI ¢ "MUOKUMHU" KOHLIAMHU  (OJHO-TSDKEBBIMU
KOMIUIEMEHTAPHBIMU ~ y4acTKaMH), M3 KOTOPBIX 3aTe€M IOCJIEI0BaTEIbHO
dbopmupyroT Oojiee MNPOTHKEHHBIE CTPYKTYpbl. Takum 00pa3oMm, MOTyT OBITh
MOJy4YeHbl  HCKyccTBeHHble  (pparmentsl JHK Oonbmioid  mmmHBl U €
T000M HYKIICOTUAHOM  MOCICAOBATSIBHOCTRI0. C  IIOMOIIBIO TE€HETHYCCKOU

HHXXCHCPUKM BO3MOKHO KJIOHHUPOBAHUC (HOJ'Iy‘I@HPIC B HWHAWBHUAYAJIBbHOM BHJIC H

pa3mHoxkeHue) uckyccrsenno JJHK.
Meton PaMOAKTUBHOTO MEUCHHUS TpeOyeT BBEJICHUS

OKCIICPUMCHTAJIbHBIM JKXUBOTHBIM B 007aCTh KJIETOYHBIX TEJ OonnpeacICHHBIX

HCPBHBIX HVTeﬁ PaaAOAKTUBHLIX IPCAIMICCTBCHHUKOB. TaK, ITOCJIC HHBCKIIUH B I'J1a3
MOXHO CJICOUTh 3a METKOH 110 MCPC €€ NPOXOKACHUA I10 3pUTCIHbHOMY ITYTH.

bonee nonHasg nHbOpMaIUI MOXKET OBITH ITOJYYEHA OYTEM ONPEJIEICHUS

paciopcaciIiCHuA D&HHO&KTHBHOﬁ MCTKH B 3aBUCUMOCTHU OT BPpEMCHHU B pPa3pC3aHHOM

Ha paBHBLIC CCIMCHTBI HEPBC. Takue OnpCACICHNA MOXHO IIPOBOAUTL B COYCTAHNU

C HHFaTYPOfI Wik C HCCICAOBAHUAMHN NLUTOIIIA3Mbl HCPBHBIX OKOHYaHUM Inpu

HCIIOJIB30BaHHUHN CV6KJ’ICTOIIHOFO d)DaKHHOHHDOBaHHH A UX BBIACJICHHA B BHJC

CHUHAITOCOM.

Bonpocel 1151 cCaMONOATOTOBKH:

1. HayuHple NOpPUHIUIBI, HA KOTOPBIX Oa3UPYIOTCS MOJIEKYJISIPHO-
T€HETUYECKUE METObl UCCIICIOBAHUIA.

2.YT1o Takoe paguoaKTUBHBIE CUCTEMbl MEUCHHUSI, HEPATUOU3OTOTHBIC METKH.

3. UTo Takoe HYKJIEMHOBBIC KUCIOThI. OCHOBHBIC HANpPaBJICHUS U METOJIbI
noyueHust pparMeHTOB HYKJIEMHOBBIX KHUCJIOT.

4. MonekyJsipHble KOHCTPYKIIMU HA OCHOBE MOJIEKYJI HYKJIEHHOBBIX KHUCIIOT.
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https://www.chem21.info/info/860745
https://www.chem21.info/info/1357893
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https://www.chem21.info/info/135871
https://www.chem21.info/info/139661
https://www.chem21.info/info/139661
https://www.chem21.info/info/33082
https://www.chem21.info/info/1748299
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Tema 1.2. TM6pnAN3aLUNOHHBIE MOSNEKYNSAPHO-reHeTU4YecKne Metoabl

ConepxkaHie TEMBI:

['uGpunuzanus JHK, rubpunuzanus HYKJIEUHOBBIX KUCIIOT —
coeiMHEHuE IN VItro KOMIIEMEHTAPHBIX OJTHOIIETIOYEYHBIX HYKJICHHOBBIX KUCIIOT B
OlHY MoJieKyny. IIpu MOoJHON KOMIIEMEHTAPHOCTH OObEAMHEHUE MPOUCXOIUT
JIETKO U OBICTPO, @ B ClIy4ae YaCTHYHON HEKOMIUIEMEHTAPHOCTH CIHUSHUE LIETIOYEK
3aMeJISIE€TCSA, YTO MO3BOJIAET OLIEHUTh CTEIIEHb KOMIUIEMEHTApHOCTH. Bo3MmoskHa
ruopuauzanus JJHK-JTHK u JIHK-PHK.

30HABI Ha OCHOBE HYKJIEHHOBBIX KHUCIOT — 3TO HEOONbIINE CErMEHTHI
OJTHOHUTEBON HYKJIEMHOBOW KHCIOTBHI, KOTOpas MOKET ObITh MCIOJIb30BaHA IS
OTIpeICICHNS CIEM(PUICCKUX TEHETHYECKUX IOCIENOBATEILHOCTEH B IMpoOax.
3oHabl (MpoOBI) MOTYT OBITH pa3paboTansl Al nociaenoBarensHocte JJHK nmum
PHK. IIpuBiiekarenbHOCTh MCIIOJIB30BAHUSI TEHHBIX 30HIAOB B OMNPEACICHUU
MUKPOOPTraHU3MOB  3aKJKOYAeTcs B TOM, YTO 30HJ, COCTOSALIMH W3
MOCJIEOBATENBHOCTH JUIIb 20 HYKJIEOTUIOB, YHUKAJIEH U MOXKET OBITh
UCITIOJIB30BaH AJI1 TOYHOI'O ONPEIETICHUSI MUKPOOpPraHU3Ma.

Meron IHK-30H10B 103BOJIsI€T OOHAPYKMBATh HYKJIEMHOBBIE KUCJIOTHI (B
TOM YHCII€ W BUPYCHbIE) B JIIOOBIX Marepuaiax, BKIIOYas IAaTOJIOTUYECKUN
MaTepuan OT OOJIbHBIX KUBOTHBIX. OH OCHOBAH Ha CITIOCOOHOCTH OJJHOLIENIOYEYHBIX
MOJIEKYJl HYKJIEHMHOBBIX KHUCJOT COEIHMHSATBHCS B JIBYXUENOYEYHBbIE, €CIU OHU
B3aMMHO KOMIUIEMEHTapHbl. Kaxnad Moyekylna HYKIEMHOBOW  KHCIOTBI
NpeacTaBisgeT COO0H LIETb HYKJIECOTH IOB, CBSA3aHHBIX (pochoanrpupHBIMU CBA3SIMU.
JIr000i1 ke HyKICOTH]T MOKHO pacCMaTpHUBaTh KaK CTPYKTYpPY, COCTOSILIYIO U3 TPEX
YaCTEeu:

-pochoproit kucinotel (H3PO,);

-caxapa (puO03bl WK J1€30KCUPUO03bI);

-a30THCTOIO0 OCHOBaHUs (aJ€HUH, T'YaHUH, [IUTO3WH, TAMUH WIH ypaiuni);B
3aBUCUMOCTH OT BHJIa BXOJSIIET0 B COCTaB HYKJEOTHJIOB caxapa HYKJICHHOBbIE
KHCIIOTBl ~ JENSTCS Ha  Je30KcupuOoHykienHoByro  kuciory (AHK) wu
pubonykienHoByto kucioty (PHK).

Caysepn-0onortunr (Southern-blotting) — oOHapykeHHEe cHEHUPUISCKHX
HYKJICOTHUIHBIX IOCJIEI0OBATEILHOCTEN IMyTeM INEpeHoca 3IIEKTPO(POopeTHIecKu
paznenennbix ¢parmentoB JIHK w3 arapo3Horo renst Ha HUTPOLEIUTIOIO3HBIN
(OymaxHbIif) GunsTp 3a cueT KanuuisipHoro 3¢ dexra (blotting — «mpomokanue») u
ruopuanzanuu ¢ MeueHbiM JIHK- mnu PHK-30H10M, KOMITTIEMEHTapHBIM UCKOMOM
MOCJIEI0OBATEIBHOCTH.

HozepH-010TTHHT - 3TO MeTol, pa3paOOoTaHHBIA i1  OOHApyKeHUs
onpeaeneHHo nocneaoarenbHocth PHK wnm nocnenosarensnoctn MPHK B
oOpaslie sl U3y4eHHsI SKCIIPECCUH T'€HOB.


https://ru.wikipedia.org/wiki/In_vitro
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%B8%D0%BD%D0%BE%D0%B2%D1%8B%D0%B5_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D0%BE%D1%81%D1%82%D1%8C_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)

Becrtepn - 6;10T (MHOT1a HAa3bIBAEMBIM UMMYHOOJIOT OEJIOK ), HJIM BECTEPH -
OJIOTTHUHT , SIBJIAETCS IIUPOKO MCIOJIb3YEMBIM aHATUTHYECKUM METOIOM B 00J1aCTH
MOJICKYJISIPHOM OMOJIOTMHA M UMMYHOT€HETUKH JIJISl ONPEAETCHHs Celn(pHUIecKux
O0enkoB B 00paslie rOMOTreHaTa TKaHW WJIM 3KCTpakTa. MeTos BecTepH-OJIOTTHHTra
UCIIOJIB3YeT TPH DJJIEMEHTa s JOCTHKEHUS CBOEM 3aJaud  OTIEIECHUS
OIpeIeIEHHOro OejKa OT KOMILJIEKca: pa3/ielieHue 1o pa3Mepy, epeHoc Oenka Ha
TBEPYIO0 OCHOBY U MapKHMPOBKY LIEJIEBOTO O€JIKa ¢ UCIOJIb30BAHUEM IEPBUYHOIO U
BTOPUYHOI'O aHTUTENA U1l BU3yanu3anuu. Co31aeTcsl CHHTETUYECKOE aHTUTENIO WIIN
AHTUTEJIO >KMBOTHOIO NPOUCXOXKIEHUS (M3BECTHOE KaK IEPBUYHOE AHTHUTENO),
KOTOPOE PACIIO3HAET U CBA3BIBAETCS C KOHKPETHBIM LIENEBBIM OenkoM. MemOpaHa
TUIs 3eKTpodope3a MPOMBIBAETCSI pACTBOPOM, COJIEPKALIIM IEPBUYHOE aHTHUTEIIO,
nepea TeM, Kak CMbITh M30BITOK aHTUTeN. J(00aBisieTcss BTOPUYHOE AHTHUTEO,
KOTOPOE€ PAacHO3HAET MEPBUYHOE AHTHUTENIO W CBS3bIBAETCA C HUM. BropuuHoe
AHTUTENIO BU3YAJIM3UPYETCS C MOMOUIBIO Pa3IMYHBIX METOJIOB, TAKUX
KAaK OKpAaIllMBaHHE, UMMYHO(QIYOPECIEHIUS U PAJUOAKTUBHOCTD, YTO MO3BOJIET
KOCBEHHO ONPEEsATh KOHKPETHBIH 11eJIEBOM OENOK.

I'enomHuas naktuinockonusd, win JJHK-makTunockonns, — cucreMa Hay4HbIX
METOJI0B OMOJIOTUYECKON UJICHTU(UKAIIMK ~ WHAUBUIYYMOB (OpraHu3MOB) Ha
OCHOBE YHUKAJIBHOCTHU IMOCJIEN0BATENbHOCTH HYKIeoTn10B JIHK Kaxa10r0 %KUBOTO
cymectBa (32 HMCKIIOYCHHUEM OJTHOSUIICBBIX  OJHM3HEIOB), CBOCOOPA3HOTO
«TEHETUYECKOr0 OTIEYATKa», OCTAIOLIErocs MHIWBUAYaIbHbIM U HEM3MEHHBIM Ha

MPOTSHKEHUU BCEH KU3HU UHAUBUyyMa (OpraHu3ma).

Meron «J/IHK — oTmeyatkoB» - METOJ CO3JaHUS T'€HETHUYCCKHMX
«OTIEYATKOB MaJbLEB», OCHOBaHHBIM Ha aHanmu3e nonumopduszma JJHK.
I'enomuas [IHK pacmennsiercs AHJIOHYKJIEa3aMHU PECTPUKLINH, 3aTeM

oOpazyronuecs (parMeHThl pa3AeisIOTCS MPU MOMOITU dJieKTpodopesa B reye u
MEPEHOCATCS] HA HUTPOLICIUTIOIO3HBIE (DUITBTPHI.

TexHOoJIOrus MUKPOYHUIIOB — 3TO MPUHIUIHAIBHO HOBBIM YPOBEHB J1a0OPATOPHBIX
MCCIICIOBAHUM, TaK KaK OHA MO3BOJISIET MPOBOAUTH OJHOBPEMEHHOE TECTUPOBAHNE
Thicssu 00pa3noB. Tricsun Mosekyn JJHK nmu 6enkoB momenaroTcs Ha CTEKJISIHHbIC
racTuHky 11t co3nanust JIHK- u 6enKoBbIX YMIIOB COOTBETCTBEHHO. B mocnenHux
pa3paboTkax  CTEKJISIHHbIE  IUJJACTUHKH  3aMEHSIOTCS  0COObIM  0o0Opazom
W3TOTOBJICHHBIMU CTEKJISTHHBIMU apuKamu.
JAHK-Mukpouumbl HEOOXOAUMBI JIJIs1 TPAKTUYECKOTO UCIIOJIH30BaHUS HH(OPMAIINH,
MOJYYEeHHOW B PE3YyJIbTaT€ CEKBEHUPOBAHUSI TE€HOMOB JKMBBIX OpPraHU3MOB.
N3BecTHBIE TOCIEN0BATEILHOCTY I€HOB W T'€HOMHBIE KapThl 3HAYaT HE TaK YK
MHOT'0 JI0 T€X TMOp, TTOKa HEe ONpe/ieSieHbl (PYHKIIMU BXOJAIIUX B UX COCTaB I€HOB.
be3 6enKoBbIX MUKPOUYHUIIOB 3Ta pab0Ta SABIISIETCS] HACTOJIBKO YK€ TPYAOEMKOM, KaKon
Obuta pacmm@ppoBKa TE€HOMOB JO TIOSBJICHUS COBPEMEHHBIX CEKBEHATOPOB.
benkosvie muxpouunwi


https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D1%81%D0%BF%D0%B5%D1%80%D1%82%D0%B8%D0%B7%D0%B0#%D0%91%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%8D%D0%BA%D1%81%D0%BF%D0%B5%D1%80%D1%82%D0%B8%D0%B7%D1%8B
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%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D1%82%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%B7%D0%BE%D0%BA%D1%81%D0%B8%D1%80%D0%B8%D0%B1%D0%BE%D0%BD%D1%83%D0%BA%D0%BB%D0%B5%D0%B8%D0%BD%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B4%D0%BD%D0%BE%D1%8F%D0%B9%D1%86%D0%BE%D0%B2%D1%8B%D0%B5_%D0%B1%D0%BB%D0%B8%D0%B7%D0%BD%D0%B5%D1%86%D1%8B
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0

[Tepexon ot IHK-MukpouumnoB k O€IKOBBIM MUKPOUUIIAM BBITJISIAUT BIIOJIHE
JIOTUYHBIM I1aroM, OJHAKO €ro OCYILIECTBIEHUE AOCTATOYHO MPOOJIEMATUUHO.
Ctpykrypa u (pyHKIHMH OENKOBBIX MOJIEKYJ HAMHOTO CJIOXHEE, YEM Y MOJIEKYII
JIHK. K tomy >ke Oenkd HaMHOTO MEHee CTaOWIbHBL. KaKIOplii THIT KIETOK
COJIEPKUT TBHICAYM PpA3JIMYHBIX OEJIKOB, HEKOTOPBIE U3 KOTOPBIX OO0JIaJar0T
YHUKAQJIbHBIMHU, XapaKTEPHBIMM TOJBKO JUIA ONPENEICHHOIO THIIA KIIETOK,
¢yaxusamu. Kpome toro, 6€mKoBBIM COCTaB KJIETKH MEHSETCS B 3aBUCHMOCTH OT
COCTOSIHUS 3J0POBbsI, BO3PACTa U BIIUSHUA OKPYKAIOIIEH CPEJIbI.
benkoBble MUKPOYHIIBI Oy Ty T UCHOJIB30BATHCS JIJIS:

— oOHapyXeHUs OENKOBBIX OMOMAPKEPOB, XapaKTEPHBIX JIJIST pa3TUYHbIX
3a00J1eBaHUM U 1a)K€ Pa3HbIX UX CTaIH;

— OLICHKY NOTEHIHAIbHON 3()(HEKTUBHOCTH U TOKCHYHOCTH MPENAPATOB B
JNOKJIMHAUYECKUX UCIBITAHUAX;

— U3MEPEHUs Pa3IMUiil B CUHTE3€ OEIKOB PAa3IMYHBIMU TUIIAMU KJIETOK,
KJIETKaMH, HAXOASAIIMMUCS Ha PA3HBIX CTAAMAX PA3BUTHS, a TAKKE 3J0POBBIMU U
IIaTOJIOTUYECKU U3MEHEHHBIMHU KIIETKAMU;

— U3YYEHUS B3AMMOCBSI3U MEXKIY CTPYKTYpOH U PYyHKIUAMH OEJIKOB;

— OLICHKH Pa3JIMYUi B SKCIPECCUH OEIKOB C LENbIO BBISIBICHUS MUILLICHEN IS
HOBBIX JIEKAPCTBEHHBIX ITPENAPATOB;

— U3YYEHUS B3aMMOJECHCTBUIA MEXy OeJKaMH U JPYTUMHU MOJIEKYJIAMHU.

DyHAaMEHTAIIBHBIN TPUHLNIL, JIEKAIIUN B OCHOBE TEXHOJIOTUU MUKPOYUIIOB,
BJIOXHOBMJI HMCCIIEIOBATENEe Ha co3AaHue OOJIBIIOTO KOJIMYECTBA YCTPOMCTB s
peleHns MHAPOKOTo CIEKTPA HAYYHBIX 3a1a4 U CO3IaHUS HOBBIX MPOIYKTOB.

TkaHeBble MUKPOYMIIBI, MO3BOJISIOIINE MPOBOJIUTHh aHAJIM3 ThICAY 00pa3LoB
TKaHEd Ha OJHOM IIPEAMETHOM CTEKJIE, WCIIOJB3YIOTCA JUIsl OINpPEAEICHUs
coJiep KaHusi OEJIKOB B 3JJ0POBBIX U MATOJIOTHYECKH U3MEHEHHBIX TKaHSIX U OLIEHKU
NOTEHIMAIBHBIX MUIIEHEW i1 JIEKapCTBEHHbIX mnpenapaToB. OOpasibl TKaHU
MO3ra, pa3MELICHHbIE HAa NPEAMETHBIX CTEKJIaX, IMO3BOJIIOT HCCIEN0BATENSAM
U3MEPATh U3MEHEHUE AIIEKTPUUECKON aKTUBHOCTH HEPBHBIX KJIETOK MPH Pa3JINYHbIX
BO31EHCTBUIX.

Kiaerounsie MHKPOYMIIbI MTO3BOJISIFOT n30exKaTh poOJIEMBI
HECTAOMJIBbHOCTU OEJIKOB B OEJIIKOBBIX MUKPOUYHMIIAX U MPOU3BOAUTH 00Jiee TOUHBIM
aHaJIN3 B3aMMOJIEUCTBUM OEJIKOB BHYTPH KJIETKHU.

Muxpouunsi Ha OCHOBe MaJIbIX MOJIEKY.JI MTO3BOJIAIOT
(bapMakoIOrHYeCKUM KOMIAHUSIM MTPOU3BOAUTH OJTHOBPEMEHHBIM CKPUHUHT ThICAY
MTOTEHIUAJIBHBIX JIEKAPCTBEHHBIX CPEICTB.

Bonpocsl 1151 cCaMONOATOTOBKH:

1.YTo Takoe rubpuauzaims.

2.Meton «JIHK-otneuatkoBy.

3.Metoa JIHK-uunoB. benkoBbie, KII€TOYHBIC, TKAHEBBIC YHUIIHI.



Tema 1.3. MeToAabl MONEKYNAPHO — reHETUYECKOMN
AWarHoCTUKM Ha OCHoBe amMmnnudpurkauum

CollepxkaHue TEMBbL:

[Tomumepasnas nennas peakuus (IIL[P) — Meron momyueHuss MHOXKECTBa
KOIUH 1EJI€BOT0 I'eHa WK JI000ro Apyroro yyactka mojekysisl JJHK, ocHoBaHHbIH
Ha MexaHu3Me ectecTBeHHoU perukanuu JIHK B »KuMBBIX opranu3zmax.

Meron IIIP ©6asupyercs Ha wHJee MHOTOKPATHOTO H30HUPaATEILHOTO
KOMUPOBaHUs (aMIUTM(pUKALIMKA WM pa3MHOXKEHUs1) 3ajanHoro ydactka JJHK mpu
nomomu JIHK-nomuMmepasbl B yclioBUSX In Vitro Il MOJY4YEHHUs JOCTATOYHO
OOJBIIIOr0 KOJMYECTBA KOIMUN ITOr0 Y4YacTKa, KOTOPHIE MOTYT OBITh BBISIBJICHBI
OOBIYHBIMU METOJaMHU JCTEKIUU WM TMOABEPTHYTHl HHBIM, MPEAYCMOTPEHHBIM
JA3aWHOM JKCIIEPUMEHTA, MAHUITYJISILHSM.

[Ipu 5TOM NPOUCXOIUT KOTTUPOBAHKUE TOJIBKO CTPOTO ONPEAECIEHHOIO yYacTKa
JAHK, koTOpbIii yIOBIETBOPSIET 3aJaHHBIM YCJIOBHUSIM, U TOJIBKO B TOM CIIy4ae, €CJIH
OH TPHUCYTCTBYeT B wuccienyemom obpasme. [P coctour m3 MHOTOKpaTHO
MOBTOPSAIOMIMXCA IHUKIOB (25-35), Kaxplii U3 KOTOPHIX BKIIOYAET TPU dTama:
neHaTypanus (paciiieTeHue, IUIaBieHHe) IByXienodeyHbix ¢parmentoB JIHK,
“omkur’  (mpucoeauHeHue, THOpUAM3alMg) MNpadiMepoB K  MaTpuie W
noyiuMepu3anus (yUIMHEHHE paiMepoB, SJTOHTALINS ).

[Iporpamma ammnudukaiuu. [IpeaBaputenbHblii HarpeB 00ecIeurBaeT

MOJIHYIO JICHATYPAIUIO MaTPHUIIbI, & TAK)KE MHAKTUBAIMIO KAKUX-JINOO TOCTOPOHHUX
OenkoB (HarpuMmep, MpoTeas Wi HykKJieas), IPUCYTCTBYIONMX B TpoOe. HavanbHas
JIeHaTypauus nIpoBoaAuTCs npu Temmepatype ot +92° C no +96° C Ha npoTsKeHUH
0,5-10 mun. Temmneparypa W NPOAOTKHTEIBHOCTH A3TOTO 3Tama BO MHOTOM
OMpeNeNAeTCs] XapakTepUCTUKaMu Matpullbl. Ecin Matpuna npumepHo Ha 50%
coctouT U3 GC HYKIJIEOTHUIOB, TO JIJIsl €€ MOJTHOM JE€HATYypalyy 10CTaTOYHO 1-3 MUH.
npu +950 C. Oanako, ecnu ona oboramieHa GC HyKI€OTUaMU, TO JJIA €€ TOJTHOM
JIEHATypallud MOKET MOHA00UThCA O0Jee TPOo0IDKUTEIbHOE Bpems (10 10 MuH.)
u Oosiee BbIcOKas Temmepatypa (1o +960 C). IIpu 3ToM ciaeayeT HOMHHUTB, YTO B
takor cutyaruu Taq JIHK-momumepasza momkHa 100aBIATHCS B PEAKIIMOHHYIO
CMECh TOJIBKO TIOCNIE JTama TMpeIBapUTEILHOTO HarpeBa (BOo H30EKaHHE ee
wHaKTUBAIWM). [IepBbIif dTalm MUKIIA: JeHATypalys, MPOBOJAUTCS IIPH TEMIIEpaType
or +92° C nmo +95° C mna nporsixenun 30-120 cek. Temmepatypa u Bpems
JIEHATYpaIlluy BHIOUPAIOTCS KaK KOMIIPOMHUCC: C OJTHOM CTOPOHBI, KaK MOXKHO OoJiee
MOJIHO JAEHATYpHUpPOBATh MATPUILY, HO, C APYTrOil CTOPOHBI, HE CHJIBHO MOBPEAUTH
matpuity u Taq JIHK-nomumepazy. Eciu matpunia o6oramiena GC Hyki1eoTHIaMH,
TO MPOJOKUTEIILHOCTh dTara JAeHaTypaluu MOXKET ObITh yBeIMueHa 10 3-4 MHH.
Jlnst pereHust mpoOJieMbl IEHATYpaIliil MAaTPHUIIbI UCTIOIB3YIOT JOMOTHUTEIIbHBIC



KOMIIOHEHTHI (quMmeTwicynbdokcuaa win (GopMaMuga) B peakIMOHHOW CMecCH,
CHIKAIOUIUE TEMIIEpaTypy IUIABJICHHUS, WM K€ 3aMEHSIOT B PEAKIMOHHOW CMECH
ne3okcuryaHo3uHTpudocdara Ha 7-7easa-ae3okcuryaHosuHTpudocdar. Bropoi
ATal UUKJIA: «OTKUTY, IPOBOAMUTCS MpH TeMreparype +55- 65 o C Ha npoTsKeHnun
10-120 cek. Llenecoobpaszno mogo0path ee 59 3KCepUMEHTAIbHBIM TyTEM.

Hauunast ¢ pacyeTHON TI'paJUEHTHO MOBBINIATH WM CHHUXKATh TEMIEPATYPY
«omxura» Ha 2-5 o C. [Ipu 3TOM ciieiyeT yunuThIBaTh, YTO YEM BBILIE TEMIIEpPATYpa
«OTXUTa», TeM BhIIe cienupuaHocTh [1I[P. Ho kak TobKO OHA MpeBHIIIAET HEKYIO
KPUTUYECKYIO BEJIMYMHY (11 JaHHOM mapbl MpailMepoB), TO BBIXOJ KOHEYHOIO
IPOAyKTa HAYMHAET PE3KO MajaTh. TpeTHil 3Tanm LMKIA: AJIOHTaIus, MPOBOINUTCA
npu temrnepatype +72° C Ha nporsbkenun 10-120 cex. YkazaHHas TemriiepaTypa
COOTBETCTBYET TemmeparypHomy ontumymy Taq JHK-mommmepassl. Onnako srta
TeMIleparypa npuemsieMa He IS BceX cimydaeB. Tak, npu temmeparype +650 C
cuHTe3, ocymecTBisieMbld Taq JJHK-monnmepason, CymmecTBEHHO MEHBIIE 3aBUCUT
OT XapaKTepa MaTPHUILIbL, a MaTpULbl, cogepxkamue ~90% AT-HykneoTua0B, yaaércs
aMIUTM(UIMPOBaTh, CHU3UB Temnepatypy a0 +60o0 C (IIpu 3TOM CKOpPOCTh CUHTE3a
COCTABJISIET | THIC. HYKJIEOTHUIOB B MUHYTY). [IpO/IOIKUTENEHOCTD ATana AJIOHTalluu
OIpEENsIeTCs pa3MEepPOM aMIUTUPUIUPYEMOTO (pparMeHTa U CKOPOCTbIO PabOThI
Taq IHKnommepassl: npu Temmepatype ot +750 C 10 +800 C ckopocTh ee padoThl
paBHa ~150 nyki./cek., mpu +700 C — 60 Hyki1./cexk., npu +550 C — 24 HyKI./CeK.,
npu +370 C — 1,5 Hykit./cek., a mpu +220 C — 0,25 nyki./cex. KonndecTBo HUKIIOB.
B crawpaptHom Bapuante [I[P 00byHO wHcnmonb3yercs 25-35 LMKIOB
amruukanuu. CiauimkoM OO0JBIIOE YHCIO IUKIOB aMIUTU(UKAUK YPEeBATO
HACBIIIEHUEM pEAKIMH, MOTYT CHHTE3UpPOBATHCS JIJIMHHBIE MPOAYKTHI, a TaKXKe
BO3MOYKHO HAaKOIUIEHHE OJHOILIEMIOYEYHBIX MPOJYKTOB U CHUHTE3 KOPOTKUX
IPOAYKTOB (M3-32 MCTOLIEHUS 3araca HYKJIEOTHUIOB B PEAKUMOHHOW cMecH).
duHanbHas 3IOHralus— TONOJHUTEIbHBIN UK aMIUTM(PUKALKUHA, B KOTOPOM 3Tar
AJIOHTAUU YJUTMHEH A0 5-15 MuH.

s MOBBIILICHUS cnenupUIHOCTH, YyBCTBUTEIBHOCTU u
BOCITPOU3BOJAMMOCTHU PE3YJbTATOB UCIONB3YIOT pa3InyHble MOAU(PHUKALUNA METOA
[TLIP.

P ¢ «eopsuumy cmapmom (Hot-start PCR). OcoOeHHOCTBIO MeToza

ABJIIETCSI MPEAOTBpAllEHUE BO3MOXKHOCTHM Hayajga peakluMd JO0 MOMEHTa
JIOCTUKEHHUS B TPOOUPKE yCIOBUHM, 00€CTICUMBAIOIINX CHIEIU(PUIECKUN OTKHUT, YTO
YMEHBIIAET PUCK 00pa30oBaHusl HECTIEIMPUUECKUX TPOAYKTOB aMIunpukanuu. Bo
Bpems nmoarotoBku [TI[P-cmecu (c MoMeHTa, KOT/1a Bce HEOOXO0IMMbIe KOMITOHEHTBI
peakuMy CMellaHbl, 10 Hayajga CTaAud JAeHaTypaluuu) MOTYT 00pa3oBaThCs
HecreuMpuuHble JUMEphl MpaiMepoB-MaTpull U uX amiuMukanus. JlaHHbINA
s ekt 00YyCIOBIIEH TMpEeXIe BCEro 3aBUCUMOCTBIO TEMIEpaTyphl IUIABICHUS
npaiimepa ot ero GC-cocraBa u pazmepa. [Ipu onTuMu3aum peakiuy TeMiepaTrypa



OTXHUTa IpaiiMepa OM3Ka K TeMrepaType IIaBiIeHHs], TpU STOM MpaiimMep oOpasyer
JBYXLENOYEYHYI0  MOJIEKYJy  TOJBKO  HpPU  YCIOBUM  €ro  IOJHOU
KOMILJIEMEHTAPHOCTH, OOecneunBasl CIeUU(PUUHOCTh peakiuu. PemenueM 3Toi
npoOJsieMbl SIBISIETCA JOOABJICHHE OJHOTO M3 KOMIIOHEHTOB PEaKIIMOHHOW CMECH
(mpaiimepa, monuMmepassl, MgCly) TONbBKO TOCHE MPOXOXKIAEHUS CTaauu
neHarypauuud. Hapsimy ¢ atum Obutn pa3paOoTaHbl ABa MOAXO0/A, MO3BOJIAIOIINE
MHTUOUPOBATh MOAO0OHYI0 Hecnenupuyeckyo amrumdukanuio. [lepBoiit 3 HUX
noJipa3yMeBaeT (pu3nuvecKkoe paszelieHne KOMIOHEHTOB peakluu (Hampumep, npu
MOMOIIH, BOCKa, mapaduHa, IPU 3TOM B HUMKHEH YacTH PEaKIMOHHOW CMecH
HaxoJsATcA npaiiMepbl, B BepxHel — Tag-moimumepasa u JIHK-mumens), moka
pabouast cMechb HE JOCTUTHET Temmeparypel +55...+58 °C. Bropoit -—
ucnoas3oBanue MoauduiupoBanubix JIHK-monuMepas M MOHOKJIOHAIBHBIX
agtuten k HuUM: AmpliTaq™ plus, AmpliTaq Gold™, TaqStart™ Antibody,
Affinity-Immobilized Taq u T. 1. — ¢ IpeaBapUTEIBHBIM TIPOrpeBoM paboueii 61
cmecu npu 80 °C B Teuenue 2—10 MuH U1 X akTUBauuu. @EPMEHT, CBA3AHHBIN C
MOHOKJIOHAJbHBIMU AHTUTEIAMH, CTAHOBHUTCS AKTHUBHBIM JIMIIb IOCIE CTaauu
NepBOM  JeHaTypauuy, KOrjJja MOHOKJIOHAJIbHBIE aHTHUTENAa HEOOPaTHUMO
JNEHATYypUPYIOT U 0cBOOOXHatoT akTuBHbIE LeHTpbl JIHK-monumepaspl. Bo Bcex
NEPEUYNCICHHBIX CIIy4asX, JaKe €cCld HecHelU(UYECKUd OTKUT MPOU3OIIET 10
Hayaja TEMIIEpaTypHOTO IMKIMPOBAHMS, 3JOHrallMd HE MPOUCXOIUT, a IMpHU
HAarpeBaHUuU KOMILIEKCBI nparimep-IHK JIEHATYPUPYIOT, IIO3TOMY
Hecneuuduueckue MpOayKThl He 00pasyroTrcs. B nanpHelimeM Temmeparypa B
NpoOMpKE HE OIYCKAETCS HIKE TeMIlepaTyphbl IJIABJIEHUS, YTO OOECIeYMBaET
oOpa3oBaHue crienu(PpruuecKkoro NpoAyKTa aMImInQpUKalrH.

Touchdown II[[P. C nomoupto Touchdown (Stepdown) I[P ymeHnsmator
BJIUSIHUE  HECNEUU(PUUECKOro CBA3BIBAHUS  NpaliMepoB, MPHUBOMASAIIETO K

ammmpukanuu Hecrnenudpuyeckoil nocnegosatenbHoctn JIHK. Temmnepatypoi
oTkura mpaiiMepoB Bo Bpems nukia [P onpenensercs cnenuduuHOCTh UX
orkura. Touka TIUIABIEHUs TIpaliMepa yCTAHABIMBACT BEPXHUM MpEne
TeMnepaTrypbl oTxkura. IIpu temnepaTtypax HECKOIBKO HMKE 3TOM TOYKH, TOJIBKO
IIPU HAJTMYHUH OYEHb CTIELIM(PUUECKOM MOCIEI0BATEIbHOCTH, BOZHUKAET ClIapUBaHUE
Mexnay npaimepom u JIHK-mumensto. Ilpu Oonee HU3KMX Temmeparypax
npaiimepsl CBS3bIBAOTCS MeHee chenuduyHo. Hecnenuduueckoe cBsi3bIBaHUE
IparimMepa IMPUBOAUT K HeolpeneineHHbIM pesyibrataMm IIL[P. Ilpu mocraHoBke
JAHHOW PEAKLHUH NEPBbIE LIUKJIIbI MPOBOIAT IPU TEMIIEPATYPE BBILIE TEMIIEPATYPbI
OTXKHIa, 3aTEM KaXble HECKOJBKO IIUKIIOB TeMnepaTypy cHuxkaroT Ha 1-2°C. [Ipu
ONPENEIICHHOW TEMIIEpaType CHUCTEMA IMPOUAET Yepe3 IOJOCY ONTHMaIbHON
cnenuduuHocTu npaitmepoB k JJIHK. Takum oOpazom, ynaercs u30aBUThHCS OT



HECOOTBETCTBUS MEXKJYy PACCUMTAHHON TeMIepaTypou IuiaBieHus 62 npaiiMepa u
peanbHOW ONTUMAJIBHOM (IUIsl JAHHBIX KOHKPETHBIX YCJIOBHUI) TEMIIEPaTypoOul ero
OTKHTA.

MynerunnekcHas III[P. Ilo3BonsieT OCYWIECTBIATH OAHOMOMEHTHOE
ONPENEIICHUE PA3IUYHBIX JIOKYCOB IIyTEM HCIIOJIb30BaHUA HECKOJIBKUX IIap
mpaiimepoB, mpoBoas amiummdukanuio Heckoabkux JIHKwmarpumn, wmm JIHK-
MULIEHEH B OJHOM mpoOupke. IlpaliMepbl, HCHOIB3YEMBIE B «MYJIbTUILUIEKCHON
[P, nmomwKHBI HWMETh CXOXKYI0 TEMIEparypy OTKHra H He ObITh
KOMILJIEMEHTAapHBIMKM JPYT K Apyry (s mpenoTBpamieHus ux aumepusanuun). K
HEJO0CTaTKaM 3TOT0 METOJIa MOKHO OTHECTH 0oJiee HU3KYIO UyBCTBUTEIBHOCTD, a
TaKXe CIJIOKHOCTh MHTEPIPETAUMU PE3yIbTaToB aHanu3a. K mpenmymectBam —
BO3MOKHOCTh OJJHOBPEMEHHOTI0 onpeneneHus Heckonbkux JJHK-mumenei B oqHom
[II[P peakuuu, YTO NPUBOAUT K CHWKCHUIO KOJWYECTBA MAHUMYJISIUNA H
cebectoumoctu uccienopanuii. ['mezmonast I[P (Nested PCR, «BioxxeHHas»
[TIP). Mcnons3yerca il yMEHBIIEHUS 4YUcia MOOOYHBIX MPOAYKTOB pEaKLUU,
MOBBIIICHUS YYyBCTBUTEIBHOCTH M CHEUU(PUYHOCTH, Ojarojapsi MCHOJIb30BAHHIO
JBYX Map mnpanMeposB, cielpuuHbix B oTHomeHnn JIHK-mutienn, u npoBeaeHuo
JBYX nociueaoBarenbHbix peakiuu [11[P. BHauane ocymiecTBiIsOT aMIn(UKauio
onpenenenHoro ¢parmenta JJHK ¢ momoipio BHENTHUX MpaiiMepoB, OOBIYHO B
teueHue 15-30 nukiaoB. Hebosblioe KOIMYECTBO OOpa30BaBIIErOCS MPOIYKTa
aMIUTM(UKALMU B pe3yJbTaTe MEPBOro 3Tana 0e3 KaKoW-TMOO OYUCTKH Jajiee
UCIOJIB3YIOT B KaUY€CTBE MaTPHULIbl Ha BTOPOM 3Tane amrmimpukanuu. Bropas napa
BHYTpPEHHUX IpaiiMepoB amrunduiupyet ydyactok JJHK BHyTpu nponykra nepBoit
peakuuu amruiMpukanuu. ITockonbKy TOJNBKO Yy cHeuu(uueckoro mnpoayKTa
aMIUTMpUKALKU OyQyT MPUCYTCTBOBATh YYACTKHU JUIsl THOPUAN3ALUNA BHYTPEHHUX
npaiiMepoB, amIUIM(PUKALKS BCEX OCTaJbHBIX, HECHEHU(PUUECKUX MPOIYKTOB
POUCXOAUTh He OyneT. HepoctaTkoM JaHHOrO METoja sIBsieTcs 0oJiee BHICOKUI
pUCK KOHTaMMHauuu B 63 jaboparopuu, Kak CIEIACTBUE, MOJy4YEHUE
JIO’KHOIOJIOKUTENBHBIX ~ PE3yJbTaTOB; OO0Jee BBICOKME TPYyAO3aTparbl MpuU
MOCTAaHOBKE peakiuu. B To ke BpeMsl JaHHas peakius o0JalaeT BBICOKOU
YYBCTBUTEIBHOCTHIO UM CHEHU(UYHOCTBIO, 3a CYET pa3BeAeHus olpasla
MPOUCXOJUT CHUXKEHUE KOHIeHTpanuu wuHruoutopos 1P npu mnepenoce
aMIUTMKOHA U3 OJIHOM IPOOUPKHU B IPYTYIO.

Accumerpuunas  [TI[P  (Single-sided PCR). Hcnone3yercst korna
HEOOXOAMMO aMIUTU(PUIIMPOBATh MPEUMYIIECTBEHHO OJHY W3 IENed HCXOIHON

JIHK (B HEKOTOpBIX METOJMKAX CEKBEHUPOBAHUS U TMOPHUIU3AIMOHHOTO aHAIN3a,
JIHK-uunax, uccnenoBanus noaumopdusmMa ogxorenoyednsix pparmenton JJTHK)
u HapaboTaTh oaHouenovyeunbie pparmenTsl JJHK-mumenu. ITHP nmpoBoauTes kak
OOBIYHO, 32 UCKJIIOYEHUEM TOTO, YTO OAUH U3 MpaiMepoB OEpeTCs WA B OOJIBIIOM
M30bITKE IO CPAaBHEHUIO CO BTOPHIM MPAaiMEPOM WIJIM UCIIOJb3YETCS B OTCYTCTBUU



BTOPOTO IpanMepa. DbBICTpOE HCTOLIEHHE BTOPOIrO IIpaliMepa B IPOLECCE
amruiiuKau MpUBOIUT K ToMy, yTo cuHTe3 JHK mpomomxaercss Tonmpko c
OIHOTO TMpaWMepa, NPUBOAA K JIMHEMHOMY HAKOIUIEHUIO OJHOLENOYEYHBIX
IPOAYKTOB aMIUTH(PHUKAITIH.

Annenb-ciennduyeckas [II[P. Merox amnens-cienupuyeckoit [P

UCIIOJIB3YIOT IpU OOHapykeHuu MyTtauuii B renomHoit JIHK, koTopslii mo3BossieT
HaxoJuTh HeOobmoe ynciio MyTanTHBIX JIHK Ha dhoHe 6ombIoro ancia MoJeKy
nukoro tumna. J{nsa nerexuun mytantHoi [IHK ncnons3yrot annens-cnenuduyeckue
IIpariMephl, ITOJTHOCTBIO KOMIUIEMEHTapPHBIE JUIIb MYTaHTHBIM
MOCIIEIOBATEIBHOCTSIM, YTO OOECIEeYMBACT aMIUIU(PUKAIIMIO TOJBKO MYTaHTHOU
JHK, a JJHK nukoro Tuma B peakuMi0 HE BCTyNaeT. AJUICIbHbIE BapUaHThI
Pa3IMYarOTCA 3a CYET TOrO, 4TO 3'-KOHILIEBOM HYKJIEOTHJ OJHOIO M3 IPauMEpPOB
TUOPUAN3YETCS HEOCPEICTBEHHO C BapuadeIbHbIM HYKIICOTHIOM (TIo3utiusi SNP),
yeM oOycnaBnuBaercsa Hamuuue win otcyrctBue [IIIP. IlomoOHbIit moaxon
M03BOJISIET OOHAPYKUTh HECKOJIBKO AECATKOB MM 64 COTEH MOJEKYJ MYTaHTHON
JJHK na ¢oue necsarkoB teicsy Mmosekyn JHK nukoro tuma. g ycuiieHus
cnenupUIHOCTH ACUCTBUS MpaiiMepoB BOIM3U UX 3'-KOHIIOB MOT'YT ObITh BBE/ICHBI
HEKOMIUIEMEHTAPHBIE MAaTPULIE HYKJIEOTUBI. J[pyror THUIT yHUBEPCAIBHBIX AJlIEIIb-
cenuPuYecKnux MpaiiMepoB  COAEPXHUT 3'-KOHIIEBOM  HYKJIEOTH[, BCeErla
HEKOMIUIEMEHTAPHBIA MAaTPUIE, & MYTAHTHBIM HYKJICOTUI MATPUIIBI HAXOINUTCS B
€ro BHyTpeHHEH 4acTh. B 3ToM ciyyae mpoayKThl aMIUIM(PUKALNA OTCYTCTBYIOT,
eciu B TuOpusie BO BHYTPEHHIOIO 4YacTh IMpaiiMepa TMoOMajaaer Jro0on
HEKOMIUIEMEHTAPHBIA MyTaHTHBIN Hykineotua matpuuHor JIHK BHe 3aBucuMocTn
OT €ro TOYHOM JoKanu3auuu. Takue npaiMepsl MO3BOJISIIOT OOHAPYKUBATh JHOObIE
TOYEYHBbIE MyTalldd B TOMO3WIOTHOM COCTOSSHUM W Yy  TalUIOMIHBIX
MHKPOOPTraHu3MOB. JlJI BBISIBJIIEHHSI T€TEPO3UTOTHOTIO COCTOSIHUS aHATTU3UPYEMOTO
reHa MHOTA UCTIOJIb3Y0T MYTAHTHBIM M HOPMAJIbHBIN IPaliMEPBI Pa3HbIX Pa3MEPOB,
KOTOpBIC pa3IMYalOTCs MO JJIMHE MX JS'-KOHUEBBIX IMOCIEI0BATEIbHOCTEM,
MOJTHOCTBIO KOMILIEMEHTapHbIX aHamm3upyemont [IHK. B aTom ciiyuae B nipouecce
[IIIP B peakIMOHHYIO CMECh MOKHO OJHOBPEMEHHO [00aBIIATH 00a ayjienb
cnenupUyecKuX mpaiiMepa: MyTaHTHBIA U HOPMaJbHBIM — BMECTE C OOIIMM ISt
oOoux mpaiiMepoB — BcTpeuHbM. (OOpa3oBaBiIMecs MPOIYKThl pPEakiuu,
COOTBETCTBYIOIINE MYTAHTHOMY AJIEIIO U AJUIENIO JUKOTO TUIIA, JAJIEE PA3AEISIOT
ANEKTPO(POPETUUECKH B TEIISAX, IPUMEHSEMbIX JJII CEKBEHUPOBAHUS HYKIEMHOBBIX
kucioT. Ilpu  ucnosnb3oBaHUM — ajuieNb-CIEIUPUUECKUX  OpailMepoB A
OOHapy>XeHUsI MyTalUid HEOOXOJUMO HMMETh B BHUAY, YTO HE BCE COYETAHUS
OLIMOOYHO CHApPEHHBIX € MaTpuled 3'-KOHILIEBBIX HYKJICOTHIOB OJUHAKOBO
s dextrBHbl B OokupoBanuu [I[P. Hanmenbieid cnocoOHOCTBIO K AJIOHTAIUN
npaiiMepoB ¢ OMMOOYHO CIIAPEHHBIMU 3'-KOHIIEBBIMU HYKJIEOTUIaMU 00JIaJaeT TaK
HazbiBaeMmbld  pparment Illoddnepa Taq- JAHK mnonmmepassl, KOTOpBIU



npeacrasisieT coooit mosekyy JIHK-mommmepassr T. aquaticus, ykopodeHHYTO ¢ N-
KOoHIIa. B TO ke Bpems B 3TOM MeTojJe HempuMeHUMBbI TepMmocTadmibabie JJHK-
noiauMepasbl, obsanaronme 3'-5'- KOpPpEeKTUPYIOLIEH aKTUBHOCTBIO, HAMPUMED,
Vent-nomumepaza. [P ¢ amnens-cnennduueckumu mpaiimMepaMu — sIBISIETCA
npocThIM U A()(PEKTUBHBIM METOAOM OOHapykeHus mytauuid B reHomHon JIHK
OpraHU3MOB.

RAPD-/II[P (Random Amplification of Polymorphic DNA PCR, IILP co
ciydaiiHoil  ammumdukanuet nomumopdnoit  JJHK, AP-PCR, TIIP ¢
NPOM3BOJIBHBIMU TIpaliMepamu). B 3TOM MeTojae OOBIYHO HCHONB3YIOT OJIUH
npaiiMep HeOombIIoro pasmepa (10—15 m.H.) co ciaydailHOM MOCIIeI0BATEIbHOCTHIO
HYKJICOTH/IOB IPU HU3KOCTIEHU(PUUECKUX YCIOBHIX aMILTU(UKALKUU. DTOT IpaiimMep
OyIeT 4YacTHYHO KOMIUIEeMeHTapeH ciy4daiineiM yuactkaM JIHK wuccnenyembix
OpraHu3MOM. AMIUTMQUIHUPYIOTCA TOJBKO PETHOHBI, (IAHKUPYIOIIME MECTa
CBsA3bIBaHUsS TMpaiiMepa Ha KomiuieMeHTapHbiX wnemsx JHK. Takum oOpazowm,
OPOAYKT aMmIuiMpukanuu OyJeT oOpa30BBIBATHCS TOJBKO B TOM Ciyyae, €Clu
WHBEPTUPOBAHHBIE MOBTOPSIIOLUIMECS MOCIEI0BATENBHOCTH, KOTOPBIE CONEPKAT B
cebe cailT mocaJKku Takoro mnparMepa, OyIyT pacnojaraThCsi B aHAIM3UPYEMOM
F€HOME JOCTAaTOYHO OJM3KO JApPYyr OT Jpyra, Ha pPacCTOSHUHU, JOIYCKAaIoIEM
3¢ exTuBHOE MPOXOKACHUE MMONIMMeEpa3Hoi peakuuu. [longdupas ycnosus (AMHy
npaiimepa, €ro cocraB, TeMIeparypy M 1p.), yHAaeTcs  J0OUThCA
YIAOBJIETBOPUTENBHOTO OTiMuna Kaptuebsl [I[[P mma 1aByx opraHus3mos.
Hcnonb3yeTcss Kak TaKCOHOMUYECKMHA HMHCTPYMEHT, KOTJa HYXKHO pa3JInyUTh
OJIM3KME MO TEeHETHYECKOW MOCIEA0BATEIbHOCTH OPraHU3Mbl, HAIPUMED, Pa3HbIE
NOPOAbI CETBCKOX035IMCTBEHHBIX )KUBOTHBIX.

I[P onunnvix ¢ppaemenmos (Long-range PCR, Long PCR, LPPCR),
npeacTasiseT codoit moaudukanuto [P, npennasnayeHHyo 15 aMinpuKanum

npotsbkeHHbIX ydactkoB JIHK (10 Teic. ocHoBaHuii u 66 Gombuie). Mcnonb3yroT
CMECh JIBYX IMOJMMEpa3, OJHA U3 KOTOpbIX — TaqmojimMepaza C BBICOKOH
MPOIIECCUBHOCTHIO (T. €. CIIOCOOHAs 32 OJIUH MTPOXOJ] CHHTE3UPOBATH JITTUHHYIO 1ETIh
JAHK), a Bropas — JIHKnonumepaza c¢ 3'-5'-sHI0OHYKII€a3HON «IPOBEPOUYHOM
akTUBHOCTBIO» (proofreading activity). Bropas nmonumepasa HeoOxoauma 1Jist TOTO,
4YTOOBl KOPPEKTUPOBATh OLIMOKK, BHECEHHbIe mepBoi. [Ipuyem monmmepasa, He
uMeromas ~ 3'-5'-9K30HYKJIea3HOM ~ aKTUBHOCTHM,  SIBJISIETCS ~ OCHOBHOM, a
BBICOKOTOYHBIE MOJIUMEPA3bl C KOPPEKTUPYIOLIEH aKTUBHOCTHIO MPUCYTCTBYIOT B
HEOOJIbIIMX KOHUEHTpausax (Hanpumep, Pfu- i Deep Vent-JIHK-nonumepassr).
JlanHasi cMmech MojauMepa3 MO3BOJISIET IMPEOJI0JIEBaTh MPOOJIEMBI, CBSI3aHHBIE C
HU3KOM To4yHOCThIO cuHTe3a JIHK Tag-momumepason. Umeercs psia (hakTopos,
OTPaHUYMBAIONINX B  OOBIYHBIX  YCJIOBUAX MPOBEACHUE  aMIUTH(DHUKAIIH
NpOTSDKEHHBIX  nocneaoBarenpHocTed  JIHK ¢ BBICOKOM TOYHOCTBIO. ITO
nenypunusamuss  JIHK mpu  BbICOKMX —Temmeparypax, HCHOIb3YEMbBIX IS



nenatypaunu JJHK; nmoxasnenue anonranuu pacrynmx uenei JJHK ctadunbHbIMU
AJIEMEHTAaMU BTOPUYHOW CTPYKTYpHl aMILTUPUIUPYEMBIX OJHOICTIOYSUHBIX
YYaCTKOB MAaTpHULBbI; CIWIIKOM KOPOTKOE BpEMS JJIOHTAallMM IpailMepoB B
cooTtBeTcTByOmUX cermentax IILP; ¢pparmentaums marpuunoit JJHK. Yactruno
JAHHBIE 3aTPYJHEHHUs MPEOJOJEBAIOT IIyTEM TMOBBILICHUA 3HaueHuii pH
PEaKIIMOHHON CMeCH TpU MPOBEACHUHM PEaKIUMU aMIUTU(UKALUY, YTO MOAABIISAET
IIPOTOHUPOBAHKE ITYPUHOBBIX OCHOBAaHUI, KOTOPOE CaMO IO ce€0€ YCKOPSET MPOIIECC
nenypuHuzanuu. [IpodiiemMa BTOpUYHON CTPYKTYPBI MATPULIBI MOXKET OBITh PEIICHA
BKJIFOYEHUEM B COCTAaB PEAKIMOHHOM CMECH JICHATYPUPYIOLIMX AareHTOB THUIla
TUMETHIICYTb(oKcHa, a TpPEThE 3aTpyJHEHHE — YBEIUYECHUEM
MPOJOIKUTEILHOCTH AJIOHTAllMM  TIpaiiMepoB Tmipu  Temmeparype + 72 °C.
OOpa3oBaHue JBYXILENOYEYHBIX pPa3phIBOB MATPUILBI MOXHO NPEIOTBPATHUTh,
Bbiaessist [JHK B 6onee msarkux ycnoBusix. Jlanusiii MeTos1 67 HAXOAUT IPUMEHEHUE
npu oOHapy>KeHHH KpyHHbIX nepectpoek reHomHoi [IHK, compoBoxknarommxcs
DKCIIAHCHEW  TPUHYKJIEOTHIHBIX  TOBTOPOB,  BBISBJICHUSA  MPOTSKEHHBIX
TPaHCJIOKALIM, a TAKXKE ISl aMIUTM(PUKALUN LETbIX T€HOB.

IIL[P ¢ obpamnou mpanckpunyuer (Reverse Transcription PCR, RTPCR,
OT-IIl) ucnonw3yerca is aMmruiMpUKaAIMW, BBIACICHUS WIA UIAECHTUPUKALIIN
W3BECTHOM MOCJeN0BaTeNbHOCTH U3 pubonykienHoBor kuciaoTsl (PHK). Cunres
oanouenoyeynorn Moiaekynsl kJIHK mpoBogsar nma matpune MPHK ¢ momormbro
dbepmenTa peBepTazbl (0OpartHOM TpaHckpunrtasel, PHK-3aBucumoit JIHK
NOJIUMEpasbl), KOTOpas Jajibllle HCIOIb3YETCSs B KAadecTBE MATPHUIbl IS
noctaHoBku kiaccuueckoi IIIP. Tag-monmmepaza HecrocoOHa OCYIIECTBISTH
cunte3 ogHonuteBor JIHK na PHK-marpune. Paznuuarores cienyroume hpopmars
OoCTaHOBKMU peakuuu oopatHoit Tpanckpunuuu (OT, RT): - oTnenbHas peakuus co
CIydaiiHbIMM ~ 3aTpaBkamu, wiad Randomhexanucle-otides; -  oraenbHas
(pa3nmenbHas) peakuus co crneuupUUecKuM MpalMepoM WM CIBHUHYTHIM BIIPaBO

(nByxmaroBas peakuusi). JlaHHBIA BapuUaHT pEAKLUUU UCIOJIb3YETCs [JIsl aHalIu3a
cnoxHbeix cmeced PHK wumum npu HeoOXoAMMOCTH TpaHCKPUOMPOBAHUS OYEHD
JUIMHHBIX  TOCJEeAOBaTelibHOCTEW; - coBMemeHHas ¢ [I[P peaknua c
UCIIOJIb30BAaHUEM  OJHOM  mapbl  mpaiiMepoB  (OJIHOIIAroBas  peakius,
onHonpobupouHass peakmus). B 1991 r. T. W. Myers u D. H. Gelfand
oxapakTepuzoBaid TepMocTabmibHbI  (pepment — JIHK-3aBucumyro JIHK-
noyiuMepasy, BbliesieHHyto u3 6akrepun Thermus thermophilus (Tth-nommumepasy),
KOTOpasi B MPUCYTCTBUM MOHOB Maprania (Mn2+) katanusupyer cunre3 Ha PHK
onHoHuTeBOM KoMmiuieMeHTapHou JIHK, mpossnss npu stom aktuBHOcTh PHK-
3aBucumoit JIHK-nmonumepasel. B npucyrcrBun nonos Mg2+ y Hee nposBiseTcs
akTuBHOCTh 00buHOM JIHK-monmmepaswi, cpaBHumoit ¢ TakoBoi y Taq-JIHK-
nonuMepasbl. bnarogapst 3TuM  cBOMcTBaM, (EPMEHT UCHOJIb3yeTCs st
OJIHOBPEMEHHOTO MPOBEJAEHUS OOPaTHON TPAHCKPUIIIUHU U aMIUTU(PUKALIMKA B OJTHON



npoOHpKe, a TakkKe I[O3BOJSIET TOJdy4yaTh OoJjiee JJIMHHBIE MPOIYKTHI
ammuiiukaruu.  JIaHHBIE ~ METOA  HIMPOKO  HCIONB3YeTCs Ui OLICHKH
nuddepeHIMaTbHON HKCIIPECCHH TeHOB Ha YPOBHE TPAHCKPHIILIUU.

IIL[P 6 peanvrnom spemenu (PCR Real-Time). Meroxn IILP c¢ nmerekiueii
OpPOAyKTa aMIUIM(PUKALUH B PEKHUME pPEAIbHONO BPEMEHHM OCHOBAH Ha
KOJIMYECTBEHHOU (hITI0OPECIICHTHO-THOPUIN3AIIMOHHON ETEKINH CIEITU()UISCKIX
MPOIYKTOB aMIUTH(UKAIIMN, B KOTOPOU ()IyOpECIICHTHAsI pEeOpTEpHAst MOJICKyJia
(maTepRAMpyronMit  aByxmenoueunyro  JIHK  kpacurtens,  dmayopodop)
UCTIONB3YEeTCs Uil HAOMIONEHHUS 3a pPAa3BUTHUEM pEakluu aMIUIMpUKaluu, a
YBEJIMYCHHE WHTEHCUBHOCTHU penopTepHoi dryopecueHIu PSIMO
IPOMOPILMOHAIBHO YBEJIMYEHUIO KOJUYECTBA AMIUIMKOHOB. YeM MEHbIEe pa3Mep
IPOJIYKTa, TEM TOYHEE YPOBEHb PEMOPTEPHON (IIyOPECLEHIIMH OTPAKAET €ro
konuuectBo. Ilpu mnocranoBke III[P B peanbHOM BpeMeHH (IyOpecleHIIUsS
MOJIOKUTENBHBIX 00PAa3L0B YBEIMUYMUBAECTCS C KaXIbIM LUKIOM aMIUTM(UKAIIH, B
TO BpeMs KaKk OTpHULATENIbHbIE O0Opa3Ibl OCTAIOTCA Ha YpOBHE 0Oa30BOM
bayopecueHuu. Pacnio3HaBaHuE MOJIOKUTENBHBIX O0PAa3UOB OCYLIECTBISIIOT C
MOMOILbI0  QJITOPUTMOB KOMITBIOTEPHOW MPOrpamMMbl, KOTOpas aHaJIU3UPYET
U3MEHEHUSI (IIyOpEeCLEHIIMM B KaXXJOM ULUKIE. TOYHOCTh KOJUYECTBEHHOTO
onpeneneHuss npu 1nocraHoBke I[P B peanbHOM BpeMEeHM 3aBHCUT OT
UCIIOJIB3YEMBIX CTAHIApPTOB, & TAKXKE OT KOJUYECTBA KONMHUHU CHEHU(PUUECKOTO
dbparmeHTa B aHaM3upyemMoM o0pasiie. IOPEeKTUBHOCTD peaKIUK aMILTA(PUKALIIT
MOXET HMMETh CYILECTBEHHbIC PA3NIUUMsA IPU HCIOIb30BAHUM HU3KOKOMHIHBIX
o0Opa3uoB. [[aHHBII METOI UMEET Psii HECOMHEHHBIX IPEUMYIIECTB [0 CPABHEHUIO
¢ tpaguuuonHou I[IIIP. Ammmdukanus u aHaau3 npoaykra 69 amrmukanuu
OCYUIECTBJISIETCS. OJTHOBPEMEHHO B MPOILECCE PEaJTbHOTO BPEMEHHU, HHPOpPMALIUS O
MPOJYKTE HAKAIIUBAETCS BO BpeMs aMIUITM(pUKALMKU (KOJIMYECTBEHHbBIN aHaINU3) B
OJIHOW U TOM k€ MPOOUPKE U B OJTHOM M TOM K€ UHCTpyMeHTe. OTCYyTCTBYET MOCT-
[T[{P-00paboTka TPOAYKTOB amIUIM(PUKALHUHU, OTCYTCTBYET HEOOXOJIUMOCTh
nepeHoca oOpasia, JA00aBJICHUS PEareHTOB M TMPOBEICHUS JJIEKTpodopes3a, Kak
CJIEJICTBHE, HET HEOOXOAUMOCTH YIANISTh 0Opa3el W3 3aKpbhIThIX MPOOUPOK, UTO
BEJIET K CHIKEHUIO PUCKAa KOHTAaMUHAIMM MPOAYKTaMHU aMIuiM(pukanuu (MeHee
xecTkue TpeOoBanus k opranuzanuu [II{P-naboparopun), o0yciaBivBasi BBICOKYIO
MPOU3BOJAMUTEIILHOCTh  pPEaKUMM M OBICTPBIA  Mpolecc  aMITUpUKaIIU
(TepMmonMkIMpoBaHusi). B yucie nOpeuMymiecTB  TakkKe  OOBEKTUBHOCTh
MIPOBEICHHBIX UCCJIeI0BAHUM, ABTOMATUYECKUN y4er pe3yIbTaTOB.
KomnuectBennbiit ananus npu [P B peaslbHOM BpeMEeHM OXBaThIBAET IIMPOKUI
nuHamudeckuit auanason (o 1010), neooxoaumoe xommuectBo PHK B 1000 pa3
MEHbIlle, 4yeM npu nocTtaHoBke TpaguuuonHon IIHP (3 pg = 1 reHomHbIi
skBUBaJEeHT). [Iponecc aeTekuun cnocoOeH 0OHAPYXKUTh ABYKPATHOE MU3MEHEHUE
MPOJYKTa, OTCYTCTBYET BIMUSIHUE HECTIENU(UUECKON aMIUTU(PUKAIIMN, BO3MOKHOCTh




MOJTBEPXKICHUS crennrueckoi aMmin@uKaluy MyTeM aHalu3a KUHETHUECKON
KpUBOH TuTaBiieHus. ba3oBeiil ypoBeHb (myopectieniuu (base line) — 3To ypoBeHb
dayopectieHIIMN, HAOMIOAAeMbId B PEAKIHMOHHOW CMECH [0 TIOSBJICHHUS
penoptepHoro curHanga. CBOOOAHBINA 30H[, HAXOISCh B PAacTBOPE B KOHTAKTE C
racuteneM  (IyopecIeHIny, co3laeT HeOonbpImold  0a3anbHBIA  YPOBEHB
¢iryopecueHI, KOTOPBI MPeooeBacTCsl MO0 Mepe HAKOIUIEHHS CBOOOJIHOTO
dbayopodopa B peakIMOHHOW CMECH. YTPABISIIONINE MPOTrPaAaMMbl COBPEMEHHBIX
aMIuI(UKaTOPOB, paboTaloIINe B PEXKUME PEaTbHOTO BPEMEHH, TTO3BOJISIOT 33a1aTh
0a30BBI ypOBEHb TpEMs IMyTSAMHU: YCTAaHOBKH CPEIHEr0 3HAYEHHs B JHANa3oHe
IIUKIIOB (average over cycle range); yCTAHOBKM MUHHUMAJILHOTO 3HadeHUs B 70
JMana3oHe MUKJIOB (minimum over cycle range); ToTaabHbIA MUHUMYM (minimum
over all data). Ilpu 3ToM HeoOXoaumo BBIOpaTh TaKOM IyTh, HPU KOTOPOM
oOecrieunBaicss Obl MHHMMAIbHBIA YPOBEHb (IIYOPECLHEHLIMH A0 THOSBICHHS
penoprepHoil  (IyopeclueHUMH, YTO MO3BOJSET JETEKTUPOBAaTh  HA4ajo
AKCIOHEHIMaNbHON (a3bl ¢ Oonbiol TouHOCThIO. Hambonee wacTto 06a3oBbIi
YpOBEHb (DIyOpECUEHUMN BBIOMPAIOT Kak CpelHee 3HAaYeHUE B JOCTATOYHO
HIMPOKOM JIMAIla30HE IHUKJIOB J0 MOSBICHHS PENOpPTEPHON (uiyopecueHuuu (110
Hayajga JETEeKIUU OHKCIOHEHIManbHOU (a3bl). OcoOeHHOCTH BbIOOpa 0a30BOM
JVMHAX 3aBUCAT OT Tuma nposenenus I[P B peasbHOM BpemeHn. B mpeanbHbIX
YCJIOBHSIX Ha KaKIOM IUKJIE LIEMHON PEaKIUU MPOUCXOJUT YABOCHUE KOJUYECTBA
npoaykra. [II[P B peasibHOM BpeMeHH MO3BOJISIET OLIEHUBATH KOJIMYECTBA CyOCTpaTa
IpU YCIOBUHU, YTO 3(P(PEKTUBHOCTh pPEaKkUUd MU 3aJaHHBIA YPOBEHb MOPOTOBOM
(bayopecleHIIMM OJIMHAKOBBI ISl KaXKJOM M3 CPaBHUBAEMbBIX PEAKUUH. YPOBEHb
noporoBoit (uryopectieniiun PC(T) (threshold) nomxen ObITh 0JUHAKOB TSI BCEX
CpaBHUBaeMbIX 0Opa3loB. J[aHHas peakuus 3aHUMAET MEHbILE BpPEeMEHH, OoJiee
cnenuuyHa, YyBCTBUTENIbHA U BOCIPOU3BOAUMA, yeM TpaauuuonHas [1P. B to
K€ BpeMs 3Ta METOJAMKA HE uieaibHa i MyJbTuiiekcHou [P, ee mocranoBka
TpeOyeT [OBOJIBHO BBICOKMX TEXHUYECKHX HABBIKOB, BBICOKA CTOMMOCTH
o0opynoBaHus, BETUK K0P MUIIMEHT Bapualluii IPU aHAIN3€ OJHUX U TeX K€ MpoO.

Bonpocsl 1151 cCaMONIOATOTOBKH:

1. MaiiTe onpenenieHre MOHATUIO aMIUTM(DUKAUs

2 Ilpuniun, craauu, BosMoxHoctu merona [11P.

2.Cepemennblie moaupukanuu [THP.

3. Meton III[P-_Real-Time, xak MeTOJ KOJIMYECTBEHHOTO OIPEICICHHS
IPOIYKTOB aMIUTU(UKALIMH.

4. InarHOCTUYECKUE BO3MOKHOCTA METO10B MyJibTUIIIIEKCHOM [TL[P u I11P
c oOpaTHOM TpaHCKpUMITUEH.

3. OmunbKH, UX TPUYMHBI, BOZHUKAIOUIME HA PA3JIMYHBIX 3TANaX MOCTAHOBKU
[TIP. Meroabl ycTpaHeHUs OITUOOK.



4. TlpaBuna mnpoGomoaroroBku mnpu mnposenenuu [IIP. Ilpodunakruka
KOHTaMHUHAIIHUH.
5. Jlerexuus mpoayKTOB aMILTH(PUKAIIUU

Tema 1.4. CoBpeMeHHble BO3MOXHOCTU CEKBEHUPOBaHUSA

ConepkaHie TEMBI:

CexBeHUPOBAHUE — HTO OMPEJICTCHUE MOCIEI0BATEIbHOCTH HYKJICOTHIOB B
dparmenre JIHK. B pesynapTaTe CEKBEHHUPOBAHHS OMNPEACISICTCS TaKKe
AMUHOKHCJIOTHAS TIOCJICIOBATEIILHOCTh OCJIKa B COOTBETCTBUU C HYKJICOTHIHOMN
MOCJIEA0BATEILHOCTHIO B COOTBETCTBYIOIIEM T'€HE.

Knaccuueckue memoowt cexsenuposanus  JIHK Kinaccmueckue MeETOIBI
cexBenupoBanus JJHK Obum pa3paboTanbl B KOHIIE MPOILIOTO BEKa.

Cekeenupoganue mMemoooMm MEPMUHAYUU Yenu ¢ NOMOWbIO KANUIIAPHO20
anexkmpogopesa. Jiig NpoBeICHUS CEKBEHUPOBAHUSA C MOMOIIBIO KAMHILIIPHOTO
anekTpodopesa UCHoib3yroT crnocod moarotoBku JHK — «wmeron tepmuHanuu
HeNW» W «TUIE30KCH METO», pazpaboTraHHbIl B 70-X rojgax MHpoILJIOTO BeKa
F.Sanger. B 1985 r. 3TOT MeTOn OBLI CYIIECTBEHHO YJIYUIIIEH, MOCJIE TOTO Kak
PaIMOaKTUBHYI0O METKY CMOTJIA 3aMEHUTh CBETALIEHCS (IIyOpECIEHTHOM.
OcoOeHHOCTh METOJa «TEPMHUHAIMK LEMW» 3aKI0YaeTcs B HUCIOJIb30BaHUU
XUMHUYECKH MOJIU(PUIIMPOBAHHBIX  JE€30KCUPUOOHYKICOTHIOB, COCTABJISIOIINX
HyKJIeoTuAHY0 nocienoBarenbHocTh JIHK. Kaxmas pasHoBuAHOCTE HyKi€oTHAA
«TIOMEUEHa» CBOEH (IyopeclieHTHONU MOoJieKyoii-MapkepoM. Korja oiuH U3 Takux
MOAU(PUIMPOBAHHBIX HYKJIEOTHIOB MpU CUHTe3e komruieMeHTapHou nernu JIHK
BCTPauMBAaETCSd B HEE, JNAJIbHEWIAss JOCTPOMKA JTOW MENU MPEeKpalaeTcs.
BunonsmeHeHHbIE Pa3HOBUAHOCTH HYKJIEOTHIIOB MPUCYTCTBYIOT B PEAKIIMOHHOU
CMECH B 3HAYUTEIHLHO MEHBIIMX KOJIMYECTBAX, YEM OOBIUHBIC HYKJICOTHABL. B
pe3yJibTaTe MOJIy4daeTcsi CMECh, COJIeprKallas TMOJHBIM HAOOp CHUHTE3HPOBAHHBIX
dbparmentoB JIHK, kaxapiii U3 KOTOPHIX HAUUHAETCS B OJJHOM U TOM K€ MECTe, HO
3aKAHYMBAETCA BO BCEX BO3MOXKHBIX MOJOXKEHHSAX BAoab uenu JIHK-matpuis.
ABTOMATUYECKHE CEKBEHATOPHI PAa3JestoT AT (PparMeHThl MO BEIUYMHE, Kak
MOHBI, JBWKYIIHUECS B AJIEKTPUUYECKOM TOJIE OT KMUHYCa» K ILIIOCY», MPOITyCKas
BCIO CMECh Yepe3 TOHUANIIME KalWJUIAPbI, HAOJHEHHBIE TesneM. [1o Mepe Toro, kak
MOSIBJIICTCSL OYEpPEeHOM (hparMeHT, OH OCBEIIAeTCs JIa3epoM, YTO 3acCTaBJIsET
CBETUThCSI MEUYECHBIM HYKJICOTH] Ha €ro KOHIe. TakuM oOpazoM, ApPYyr 3a APYyrom
ONPEAEISAIOTCS PAa3HOBUAHOCTA MEYEHBIX HYKJIEOTHJIOB Ha KOHIAX BCEX
(GbparMEHTOB UM COCTaBJISIETCS TOJIHAs HYKJIEOTHUJIHASI TOCJIEA0BATEILHOCTh
uccneayemoro oopasua JJHK.



JlaHHBI METO/ O3BOJIET 32 OJUH PaOOUMil MK (paH) B OTHOM KalMLIspe
C TOYHOCTBIO 110 98 % onpenenuts nocneaosarenbHocTs JJHK nmunoit 1o 1000 map
HYKJI€OTHI0B (IL.H.). MeTox TepMuUHaUuMM Lenu ObUI HUCIOJIB30BAaH IPHU
CEKBEHUPOBAHHUH MEPBOIO0 I'€HOMA YEJIOBEKA, HO MPHU TAaKMX MacluTadax okazalcs
OYEHb JOPOTOCTOSIIIIMM U MEJIJIEHHBIM.

Ilupoceksenuposanue JIHK. Meton nNUPOCEKBEHUPOBAaHHMS OCHOBAaH Ha
onpeneneHu mupodocdara, 0Opa3yrOMIETOCs NPH CHHTE3€ KOMIUIEMEHTapHON
uenu JJHK. B 1988 r. E.Hyman BrepBble peyI0kKuI UCII0JIb30BaTh ATOT METO/ IS
cekBeHUpoBaHMs. COINIACHO H3TOM TEXHOJOTMU pAcCTBOPbl YETHIPEX THUIIOB
HYKJICOTHJIOB JI00ABIISIIOTCA TOCJIEIOBATENIbHO B IPOLECCE CEKBEHUPOBAHUS
¢parmentoB JIHK u oTrmbIBaroTcs mocie Kaxaou peaxkuuu. [lpu BriroueHuun
OUEPEHOr0 HYKJIEOTHJA B CHHTE3UPYEMYIO KOMIUIEMEHTApHYIO Ielb Ha
MOATOTOBIIEHHOM  onHouenoyeyHon JIHK-marpunme mnpoumcxomur —merekuuns
BbICBOOOKIatomerocs nupodocdara MmyTeM CBS3BIBAHHUS €ro ¢ OeIKkoM
mourdepa3oil U B UTOre MOJYYEHHEM CBETOBOTO CUTHaNa. B TeueHue peakuuu
komiieMeHTapHass uenb JIHK  pmoctpamBaercsa, a  mocineaoBaTelnbHOCTH
HYKJICOTH]IOB OIPEAEIIAETCS 110 CBETOBBIM CUTHAJIaM B BUJI€ TMKOB HA MUPOTpPaMMe,
MHTEHCUBHOCTH KOTOPBIX IPOMOPLMOHATIbHA KOJIMYECTBY BCTpOEHHBIX B 1emnb JTHK
HYKJICOTUJOB OJHOTO BHJIAa W3 OYEPEOHOM peakiuoHHOU cMecu. [Ipocteie
XUMHUYECKUE PEAKIIUU U HAJIEKHASL CUCTEMA JIETEKIIUU UCKITI0YAl0T HE0OOX0IUMOCTh
UCIIOJIb30BaHUSI B JAHHOM METOJAE Teleid, 3iekTpodopesa U crnenupuyecKux
(bayopeclieHTHbIX METOK.. OHaKO METOJ HE TIO3BOJISIET KAU€CTBEHHO ONPEIECIHTh
JIMHy cekBeHupoBaHHBIX (parmentoB JIHK Gonee 200 m.H., a Takke TOYHO
onpeaenuTh B mnocienoBarenbHocTH JHK 4wnciio OAMHOYHBIX OJMHAKOBBIX
HYKJICOTUI0B Oosiee 6 monpsia. Takum obpazom, metos 3hPeKkTuBeH st ObICTPOTo
ornpeeneHus: O0JbIIOro Yhcia KOPOTKUX MOCIEA0BATEbHOCTEN (MAapKEPHBIX 30H)
JHK wun PHK, BpIsIBIEHHS €OUHHWYHBIX MYyTalWi HYKIECOTHUIOB, IOBTOPHOIO
CEKBEHUPOBAHUS U T.A. [Ipy 3TOM 3HAYUTENBHO CHUXKAETCA BPEMS U CTOMMOCTH
MCCJIEIOBAHMS B CPABHEHUU C KAITMJUISIPHBIM 3JIEKTPO(HOpe30oM.

Memoowr _cexeenuposanus  JIHK Hosozo nokonenus YToObl CHU3WTH

CTOMMOCTbH IPOLIETYPbl CEKBEHUPOBAHUS U YBEJIMUYUTh €€ MPOU3BOIUTEIBLHOCTb, B
HOBBIX METOJAaxX OIpeAesieHus HyKIeoTHuaHoW mnocnenosartenbHoctn JIHK
MPOBOJUTCA CEKBEHUPOBAHME MWUIMOHOB €€ (parMeHTOB OJHOBPEMEHHO.
OTnuuuTenbHOM  0COOEHHOCTHIO MeToJoB  cekBeHupoBanus JHK HoBoro
MOKOJICHHSI  SIBJISIETCS. WX HAMNpPaBICHHOCTh HA TOJYYEHHE HYKIJICOTHUIHBIX
MOCJIEIOBATEIbHOCTEM 1IENbIX T'€HOMOB pa3JIMYHBIX OPraHMW3MOB, BKJIOYas
yesioBeka.. [lepBblil aTan npeacraBisieT co0oil (pparMeHTaIUIO JJIMHHBIX MOJIEKYJT
JIHK ynbpTpa3BykoM uim pepMeHTaTUBHOU pecTpukuuen 1o pazmepa 50-1000 m.H.
Hanee cnemyer cranusa oOpabotku koHuoB JIHK-dparmenToB, B pe3ynbrare
KOTOPOM yNasiOTCs WM JIOCTPAMBAIOTCSA BBICTYyNAIOIIME KOHIBI ()parMeHToB, a



3aT€M JIMTUPYIOTCS  aJalTepHbIE  OJIMTOHYKJICOTHABL. 3aTeM  IOJIy4YeHHas
OubIMoTEeKa aMIUTU(PHUIUPYETCS IS yBEIUUYEHUS MPEICTABUTEILHOCTH KaXKIO0TO
¢parmenta JJHK. Ilocnennuit mar — cozgaHue MOJEKYJIAPHBIX KOJIOHHH ITyTeM
KJIOHAJIbHOM aMIUTM(HUKAIMN Kaxaoro (parMenta OMOIMOTEKM Ha TBEpAOU
noBepXHOCTH.. [loce KIOHATbHON aMIUIM(PUKALMKA CUTHAN OyAET MOCTyNaTh yXKe
OT MHOTUX COTEH ThICSIY KOMUI 0JHOTO aHanu3upyemoro pparmenta JTHK.

B 2004 r. xommanus «454 Life Sciences» pomomHmia MeETOJ
NUPOCEKBEHUPOBAHUS BO3MOXKHOCTSIMH COBPEMEHHBIX TEXHOJOruid. (OCHOBOM
MOAU(UKAIINKA SIBUIIOCH HCTOJIb30BaHue SMyinbcuoHHOU I[P ¢ omHOBpemeHHOM
napajuieTbHOM TMOJArOTOBKOM MHOTMX coTeH Thicsia ¢parmentoB JHK s ux
cexkBeHupoBanus. JnuHa equanyunoro pparmenta JJHK, cexkBenupyemoro Mmetonom
BBICOKOIIPOM3BOJAUTENBHOTO NUPOCEKBEHMpOBaHus, nocrturaer 1000 mH. ¢
TOYHOCTBIO 110 99 %.

Cekeenuposanue Ha MOJNEKVIAPHbIX KIACMEPAxX C  UCNONb306aAHUEM
@ryopecyenmno meuennvix npeouecmeaennuxos. B 2005 r. kommanueit «Illuminay
npeanoxkeH wmeron cekBeHupoBanus JHK Ha MosekynsipHbIX KiacTepax ¢
VCIIOJIb30BaHUEM (bayopecieHTHO MEUYEHHBIX MPEAIIECTBEHHUKOB,
peanu3oBaHHbll. B 3ToM Metone ¢parmentsl JIHK-martpuubl ¢ukcupyor Ha
MOJJIOKKE BMECTE C MpaiiMepaMu U MPOBOAAT UX aMIUTU(UKAIUIO, B PE3YJIbTATE
KOTOPOM BOKPYI KaXKJIOT0 HCXOAHOro (¢ukcupoBanHoro ¢parmenra JHK
oOpazyercs oxosio 1000 ero xomwmii. [nuna emunumunoro ¢parmenta JHK,
CEKBEHHPYEMOT'O JaHHBIM METOJIOM, AocTUraeT 300 m.H. ¢ TOYHOCTHIO 99 %.

B 2007 r. kxommanumeiri «Applied Biosystemsy Obiia mpeacTaBicHa
miatpopma «SOLID» Ha OCHOBE TEXHOJOTUU YUKIUYECKO20  JUSAZHO20
cexkgeHupoganus. B TaHHOM METOAE TaKKe HCHOJB3YKOT 3MyJIbCHOHHYIO [ILP,
1ocJIe KOTOPOM Kaxkzas U3 MUKpochep COAEPKUT Ha CBOEH MOBEPXHOCTH OKOJO
MUJUIMOHA Komuii ogHoro u3 ucxoanwix JIHK-pparmentoB. [InvHa eauHUYHOTO
dbparmenta JIHK, cexkBeHMpyeMOro MeTooM JUTHUPOBAHUs, AOCTUTaeT 75 IL.H. C
TOYHOCTB 710 99,99 %.

Ilonynposoonukosoe cexeenuposanue. B 2010 r. komnanus «lon Torrent»
(CIHIA) (Teneps BxoauT B coctaB kopropanuu «Life Technologiesy) nmpeacraBuia
meroq cekBeHupoBanua [IHK Ha momynpoBogHukoBom uume. JIaHHBIA METOHN HE
TpeOyeT MOAM(PUKALNYA HYKICOTHIAHBIX OCHOBAHUM, XEMUJIIOMUHECUEHTHBIX WITU
bayopectieHTHbIX MeTOK.. OCHOBaHHBIM Ha JAaHHOM TEXHOJIOTMM CEKBEHATOP
«Personal Genome Machine» (PGM) 3a oiuH UK onpeAesisieT 10 2 MIIp/ I1.H., IpU
ATOM JUIMHA €AMHUYHOTO mpouteHus npesbimaeT 400 m.H. ¢ TouHocTh 99,5 %..
OnucaHHble CHUCTEMbl CEKBEHHUPOBAHHUS BTOPOrO IMOKOJEHUS 3HAYUTEIHHO
OTJIMYAIOTCA 10 MPOU3BOJUTEIBHOCTH, CTOMMOCTH M TPOAOHKUTEIbHOCTH
pabouero 1uKiIa.



Memoovl cexsenuposanus Hogeliue2o nokonenus MeToapl CeKBeHUPOBAHUS

Tpetbero mnokosieHus (NNGS) npu3BaHbl HCOPABUTh OCHOBHBIE HEIOCTaTKU
METO/I0OB BTOPOTO MOKOJICHUS, @ UMEHHO: CIIOKHYIO IPOOOMOITOTOBKY, HEOOIBIIYIO
JUIMHY €IUHUYHBIX TMPOYTEHUH, MOTPEOHOCTh B YCHIIEHUU CUTHANIA OT KaXKJI0TO U3
ananusupyembix ¢pparmentoB JIHK mytem nx ammnudukanuu, JIUuTeaIbHOE BpeMs
LIMKJIa, HEOOXOIUMOCTh MHOTOYHMCIEHHOT'O TOBTOPHOI'O CEKBEHUPOBAHMUS.

Texnonoeus cexgenuposanus 00Hou moaexyavt. B 2008 r. kommanust «Helicos
BioSciences» BIepBble MPOJEMOHCTPHpPOBaja Ha CBOEM NpHOOpPE METO.
CEeKBEHHPOBAHUSA HYKJICOTHUIHOW MOCIEAOBATEILHOCTH EAMHUYHBIX (parMeHTOB
JIHK 6e3 ux npeaBaputenabHol amruddukanuu. Jta TexHomorus — «tSMSy (true
Single Molecule Sequencing) oOnamaeT O4YeHb BBICOKON UYYyBCTBUTEIBHOCTHIO,
Osmaronapsi pa3pa0OTaHHOMY KOMIAHMEH CBEPXHU3KOMY (OHOBOMY CBEUYEHHUIO
NOBEPXHOCTU TMOJJIOKKH, peareHTam JUJisi CEKBEHUPOBaHUS U  CIOCOOy
Bu3yanm3anuu. [lo3BosisieT cekBEHUpPOBATH (PparMEHTHl JUIMHOW 10 55 ML.H. H
oOecreynBaeT MPOYTEHUE MUJUIMAPJOB HYKJIECOTHAOB B CYTKHM C TOYHOCTBIO [0
99,999 % npu 20-KkpaTHOM NEPEKPHIBAHUU.

CexgeHuposanue eOuHUYHbIX MOJeKY1 8 peaivHom epemenu. B 2009 r. ObL1
npejicTaBiieH MeToj cekBeHupoBaHusi «Single Molecule RealTime» (SMRT),
pa3pabortannbiii komnanuen «Pacific Biosciences». CekBeHATOp 3TOMl KOMITAHUU
NO3BOJISIET «4uTaTh» Kaxaeld ¢parment [JHK necatku pa3, npu s3ToM
KOHCEHCYCHasi TOYHOCTb OMNPENEICHUSI €ro HYKJICOTHIHOW MOCIEA0BATEIIbHOCTH
nocturaet 99,9 %. TexHonorus JaHHOTO METOAA OCHOBAaHA HA CEKBEHUPOBAHUH B
peanbHOM BpemeHU oaHOHUTEBbIX (hparmenToB JIHK nnunoit 1o 10000 n.1H. u Gonee
¢ nomomsio JJHK-nonmmepassr..

Ceksenuposanue uepes Hanonopvl HaHonmopsl mpencTaBiIsilOT cOO0M HaHO-
OTBEPCTUS, KOTOPHIE MOTYT OBITh OMOJIOTUYECKUMH, HAIIPUMEDP MOPOOOPa3YIOIIHIA
Oenok B MeMmOpaHe KakK JIMIUIHBIN OUCIION, WM TBEPAOTEIHHBIMU (M3 TaKHUX
CUHTETUYECKUX MATEpUATIOB, KaK HUTPHU]I KpeMHus uin rpaden). Mcnonb3ytores 2
MeTona: 1) XMMHYEeCKOoe CEeKBEHHpOBaHUE; 2) (PEPMEHTATUBHOE CEKBEHHUPOBAHUE
nyTeM TepMmuHanuu 1enu. [lo cpaBHEHHMIO C CYIIECTBYIOIIMMHU METOJaMU
CEKBCHUPOBAHUSI UCIOJIb30BAaHUE JAHHOTO METOJa CEKBEHUPOBAHUS MMEET TAKUE
MPEUMYIIECTBAa, KaK HU3Kasg CTOMMOCTb M TPOCTOTA HCIOJIh30BAaHUSI, BBICOKAsS
YyBCTBUTEIHLHOCTH, BBICOKAS JNIMHA CYUTHIBAHUS (10 JECATKOB THICSY OCHOBAHHMIA),
BBICOKAasi TIOPTATUBHOCTh, OBICTPBHIM aHaIM3 M OTOOpPaKEHHE pE3yJbTaTOB B
peanbHOM BpeMmeHH.K HegocTaTkaM MOKHO OTHECTH TaKHE CBOMCTBA, KaK HU3KOE
KaueCTBO CUWTHIBAHUN 10 CPABHCHHWIO C TEXHOJOTHSMU CEKBEHHPOBAHUS C
KOPOTKUMH  CUHMTHIBAHMSIMH,  yTpaTa  (DYHKIIMOHAJIBHBIX  CBOWCTB  JUJISt
OMOJOTUYECKUX TIOp CO BpeMeHeM. Takke 3aMe4eHO MHOT000pa3HOE BIIUSIHHE



(haKTOpPOB OKpYKAIOIIEH Cpelbl Ha CKOPOCTh CUYUTHIBAHUS TOCIEOBATEILHOCTH U
Ha €€ Ka4eCTBO.

CexBEeHMpPOBAaHUE TPOUCXOAUT B 3 9rama: BeiAeneHue reHomHou JIHK,
MPOUTEHUE U CO3JIaHhe OMOIMOTEKH (parMEeHTOB; COOpKA; aHHOTAIMS W aHAJIM3.
JIroOoi MeToa M3yueHusl BEIIECTB HUKOT/Ia He paboTaeT ¢ OAHOM MojeKyIou. JIis
CEKBCHUPOBAHMS, MAaCC-CHEKTPOMETPUU M TE€X METOJIOB, OTKYJa IOJIy4aeTcs
OOJIBIIOE KOJNMYECTBO JAHHBIX, HEOOXOAMMBHI KoiumdecTBa mnopsimka 10° -108,
HaunGonee gacto mcmosib3dyemasi Macca JJisi CHKBEHCA — HECKOJIBKO HAaHOTPAMM.
Ckonpko B Hanorpamme JHK? Ilycrs, amuna JHK npumepno 1,5 wMiH.
nykneotuos (1, 5 * (10°)), a macca 1 mykneoruna npumepsno 500 Da, Torma macca
JHK npumepHo pasna 1, 5 * (10°) * 500 = 109 r/momns. (107°)/(10° ) = 10—18 Mo,
10—18/1023) = 105 — mueneit JHK. Ilenu ¢parMeHTUPYIOT yIBTPa3BYKOM,
peCTpHUKTa3aMH WJIM JIOOBIM JIpyrUM crmocoOoM. [J1aBHOe 3HaATh pasmep
MOJYyYEHHBIX ()parMeHTOB, HAIIpUMeEp, II0 MeToay ApoOoBuKa (shotgun sequencing).
[lonydeHHble TpoYMTaHHBIE (parMeHThl Haao coOpaTb B HCXOAHYIO
nocJea0BaTeIbHOCTh. VICX0HAs 11elb BOCCTAHABIMBACTCS O1arogapsi TOMy, 4To y
(bparMeHTOB, MOJYYEHHBIX OT pa3HBIX IENel, €CTh OOIIHUe MNEPEKPHIBAIOIIUECS
yactu. [{ns Hauana, u3 3TuX PparMeHTOB HY>XKHO co37aTh OMOIMOTEKY — HAOOp U3
MOCJIEA0BATEILHOCTEN JIIMHON B 2—3 ThIC. HYKJIEOTHUAOB. J[JI1 X0opoliero curuaia
BO BpeMsl CEKBEHUpPOBaHHUs, Hajmo MHOro oauHakoBoi JIHK B mpobupke. Komuu
(GbparMeHTOB MOJYYarOT MyTEM WX KIIOHUPOBAHUS.

CPABHEHUME METOJOB CEKBEHNUPOBAHU S

Bueapenune Makcamom u ['miibeprom MeToaa TEpMUHALIMM XUMHUYECKUX TETICH TS
cekBeHupoBanusi [JHK B 1977 r., 32 KOTOPHIM B TOM K€ IOy IMOCJIE€I0BaT METO/I
CoHrepa, BbBI3BAJIO PEBOJIOIUI0O B OWOJOTHU. OTH METOABl TPHUBEIH K
CEKBEHHUPOBAHUIO 00JIe€ KPYMHBIX T€HOMOB, KyJIbMHUHAIIUENH KOTOPOTO CTaj
npoekT "I'eHom yenoBeka". B kauecTBe cieayroliero mara ObUtd NpeAnpUHS

Thl KPYIMHOMACIITAOHbIE MPOEKTHl CEKBEHUPOBAHUS I W3YUCHHs] BapUalUU
MOCJEe0BaTEILHOCTH YesioBeKa. OTHAKO JIJIsi MPOEKTOB TAKOT'O THUIIA CEKBEHUPO
BaHME 10 MeToAy Sanger OBUIO CIMIIKOM TPYAOEMKUM, [JIUTEIbHBIM U
noporocrosiuM. B 2004 r.HaunoHanbHbINA UCCIIEI0BATENbCKAN HHCTUTYT T€HOMA
yenoBeka (NHGRI) wuHuMimmupoBan  mporpaMMy — CHUXKEHUSI  CTOUMOCTH
CEKBEHHUPOBAHMS BCETO T€HOMA

10 1000 nommapos CIHIA 3a 10 net. 910 ycKopuio pa3paboTKy 0oJiee IemeBbIX U
OBICTPBIX METO/I0B — TexHoJoTur NGS, — reHepupyromux OT THICSYU 0 MHOTHX
MMWJJIMOHOB pPEakIuii CEeKBEHHWPOBaHUA 3a IMKJI. OCHOBHBIE MPEUMYIIECTBA ITUX
texHosoruii NGS 3akiouainuch B TOM, YTO OHH HE TpeOoBamu OaKTEpHUaTbHOTO
kioHupoBanust ¢parmentoB JHK wu snextpodopernyeckoro pasnaeneHus
MIPOYKTOB CEKBEHUPOBAHMUS.

Paznuunbie TexHosorun NGS cocylecTBOBaIM B T€UEHUE psijia JIET; CEroJHs Ha
pbiHKe TmipeoOsmamaer peanuzanus  NGS  kommanuu  llumina.  braromaps



BIIEUATIISIONIEMY CHIDKeHHIO 1IeH, NGS ObicTpo oOecrieunsna CEKBEHHPOBAHUE
TreHOMa B TIpeieaxX JOCITaeéMOCTH BO3MOXHOCTEH JJIsi HEOOBIINX JTa00paTOPHIA.
[{enb — reHom 4esoBeka MeHee dyeM 3a $1000 —Obl1a JOCTUTHYTa HECKOJIBKO JIET
Hazaj. Ceronnst NGS ctan cTaHIapTHBIM HHCTPYMEHTOM 111 MHOTUX MPUIIOKEHUN
B 0a30B0OI1 OMOJIOTHH, a TAKXKE JJIS1 KIIMHNYECKUX ¥ arPOHOMHYECKUX MCCIICTIOBAHUN.
Xota TexHosioruu NGS upe3BblUalHO MPOU3BOJM TEIbHBIE, Y HUX TaKKE €CTh
HEKOTOpPBIE HEJOCTATKH.

OnHYMM U3 OCHOBHBIX OTPAHUYEHHN SIBIISIETCS MX OTHOCHTEIBHO KOPOTKas IJIMHA
npoureHuil. ['eHOMBI 4YacTo coaepKaT MHOTOYHUCIEHHBIE [OBTOPSIOIINECS
MOCJIEA0BATEIBHOCTH, KOTOpPBIE IJIMHHEE, 4YeM cuuTbiBaeT NGS, 4TO0 MOXKET
MPUBECTU K HEMPABWIBHOW COOpKE U pa3phiBaM. B pe3ynbTaTe MHOTHE HOCTYIHbBIC
I€HOMBI CUJIbHO (hparMEHTHUPOBAHBI HA COTHU WJIM ThICSIYM KOHTUTOB. Kpome Toro,
B TO BpeMsl KaKk HEOOJbIIINE BapUaHThI, TAKHE KaK BapHallMM OJHOTO HYKJICOTH[A
(SNV) u KOpOTKHME HHJIEKCHI, MOTYT OBITh TOYHO OOHAPYXEHBI C MOMOIIBIO
KOPOTKOTO CUUTHIBaHUS, OOJbIINE CTPYKTypHble Bapuauuu (SV) clioxHee
OOHApYyX UTb M OXapakTepu3zoBaTb. Kpome TOro, KOPOTKHE YTEHUSI HUMEIOT
OTPaHUYCHHYIO CTIOCOOHOCTD CBSI3BIBATh (JIaXKe KOPOTKHUE) HE3ABUCHUMbIE BapUalluu
Ha oxHoW W Tou xe Moiekyiae [IHK. Bwi3piBator TpyaHocTH M 00JacTH C
sKcTpeMaibHbIM  3HaueHueM  GC%, TOCKOJIbKY  OHH  HEI(PHEKTUBHO
ammumnpuuupyrotcs ¢ nomouisto IIP. TTostomy, xoTs metoast NGS npoussenu
PEBOMIONMIO B OHOJIOTMH, BO3HUKIIA HEOOXOJUMOCTh B pa3pabOTKE METOOB,
CIIOCOOHBIX JIYYIII€ CIIPABIIATHCS C BHIIICYTOMSIHYTHIMU TIPOOIeMaMHu.

Bckope nocne nosienenuss NGS nosiBuniuchk TexHosiorud TGS. OTauuuTeIbHBIMUA
ocobeHHOCTsIMU TGS SBISIOTCS OJHOMOJIEKYJISIPHOE CEKBEHHUPOBAHUE OJIHOM
MoJieKyJibl (SMS) 1 ceKBeHUpOBaHKE B pealibHOM BpeMeHH (B oTiuune ot NGS, rie
CEKBEHHUPOBAHHE MPUOCTAHABIMBAETCS  MOCTE KQXKJI0TO n00aBIICHUS
HYKJICOTUTHOTO OCHOBAHMS).

[lepBas TexHonoruss SMS, xkommepuuanusupoanHas Helicos Biosciences,
HaroMuHana cekBeHuponanue [llumina, Ho 6e3 ammudukarmu. [lockoabky MeTo
OBLT OTHOCUTEILHO MEJIJICHHBIM, IOPOTUM M JaBaJl KOPOTKUE YTEHUS, OH OKa3ajcs
Hed(pdexkTuBHbIM. [lepBas "uctunnas" rexnosorus TGS OblIa BRIMYIIIEHA HA PHIHOK
B 2011 r. xommanmeit Pacific Biosciences (PacBio) u mosyuuna Ha3BaHue
"0 THOMOJIEKYJISIpHAS TTOCJIeI0BaTEILHOCTE B peaibHoM BpeMenu" (SMRT). B 2014
rony Oxford Nanopore Technologies (ONT) BBena B A€WCTBHE TEXHOJOTHIO
HAHOTIOPOBOTO cekBeHHpoBaHus. [lomumo ortcyrctBusa [IP-ammmdukanuu u
IpoIiecca CEKBEHUPOBAHMS B PeaIbHOM BpEMEHH, BaXKHOIM ocoOeHHOCThI0O SMRT un
HaHOIIOPOBOT'O CEKBEHUPOBAHMUS SIBJISIETCS] TPOU3BOJICTBO JIJTMHHBIX CUMTHIBAHUMN
boisiee TOro, TEXHOJOTMS HAHOMOP MOXET HanpsMyr cekBeHupoBatb PHK u
uneHTuduporath Moaudukanuun ocHoBanuit PHK. bmaromaps mobumbHOCTH
MinlON u odeHb NOPOCTHIM MpOLEAYypaM MOJATOTOBKH OHOIMOTEKHM 0O0pa3IoB
TEXHOJIOTHS HAHOTIOP TO3BOJISIET BIIEPBBIC BBIMOJHUTH BHICOKOITPOU3BOIUTEILHOE
CEKBEHHUPOBAHHE B TOJICBBIX YCIOBUSIX M B YAQJICHHBIX MeECTax. OJTO HMMEET
OTPOMHOE 3Ha4Y€HUE ISl 00CIIeI0BaHUs BCIBIIICK 3a00JIeBaHUN B Pa3BUBAIOIIUXCS
CTpaHax.



Tem He MeHee oOCTaeTCsi MHOTO MeCTa Uil YJIYyYIIEHUH TEXHOJOTHH
CEKBCHUPOBAHUSI TPETHETO MOKOIeHMsI. HemocTaTkoM CeKBEHUPOBAHMS Ha OCHOBE
HAHOTIOP SIBJISICTCSI BBICOKas 4yacToTra omuOok. C Ipyroil CTOpOHBI, YTOOBI HE
OTCTaBaTh OT TEXHOJOTUN CEKBEHUPOBAHKS HA OCHOBE HAHOTIOP, JJISI TEXHOJIOTHUN

PacBio Oymer BaXHO yBEIMYHUTH OOIIYIO JIMHY CUYUTHIBAHUS M TPOIYCKHYO
CIIOCOOHOCTh JIAaHHOTO MeToJa CeKBeHHupoBaHWs. CTOWT yIOMSHYTh, YTO
pasnuYHbIC JPYTHe KOMIAHWUU TaK)Ke BKIIAIBIBAIOT CPEACTBA B HOBBIC METOIBI
OBICTPOTO, dKOHOMHYECKH 3()PPEKTUBHOTO M MOPTATUBHOTO CEKBEHUPOBAHUS, W
OyZeT MHTEPECHO MOCMOTPETh, TIOSBUTCS JIHM KaKas-THOO W3 ATHX TEXHOJIOTUH B
Onvokaiiiem Oy TyIneM Ha pbIHKE 000pYI0BaHWsI JJIs IIPOBEACHUS CEKBEHUPOBAHMS.

Bonpocsl 1J11 CaMONIOATOTOBKMU:

1.B uéM 3akirodaeTcss METOJ, CEKBEHUPOBAHHS.

2.CexBEHUPOBAHNUE HYKIIEUHOBBIX KUCJIOT. OCHOBHBIE JTAIIBI.

3. Knaccnueckne METOIUKH CEKBEHUPOBAHUS.

4. MeTtoauky CEeKBEHUPOBaHUSI HOBOTO MoOKoJieHUsa. OcoOeHHOCTH

5. Ilpeumy1iiecTBa U HEAOCTATKU CEKBEHUPOBAHMUS HOBEUIIIETO TOKOJICHUS.

3.1IpenmyiiecTBa U HEAOCTATKU METOJIOB CEKBEHUPOBAHUSA JIJIS LI U 33724
BETEPUHAPHO-CAHUTAPHOU SKCIIEPTU3HL..

Pasgen 2. BupoBasa ngeHtudukaums

Tema 2.1. MonekynsipHoO — reHeTU4YecKasa naeHTudpukaums
BUAOOBOrO COCTaBa ChIpbsi

CoziepkaHre TEMBI:

[Ipu waeHTHPUKAIUKA CHIPHS W TPOIAYKTOB >KMBOTHOTO U PACTHUTEIBHOTO
MIPOUCXOXKICHUS UCTIONB3YIOTCSA Pa3TUYHBIC METO/IbI: MOJICKYJIIPHO-TE€HETUYECKHE,
MOP(OJIOTUYECKHE, OPTaHOJENTHYECKHUE, OMOXUMUYECKHE, MUMMYHOJOTUYECKUE,
bu3uKo-XuMHUUYECcKHe (OTpeeieHre HOTHOTO YHUCIia )KUPA, TOKa3aTeNn pePpaKIuy,
peaKIs MPEHUITUTAIIIHN).

[Ipu uneHTH(PHUKAIIMN HCTIONB3YETCS OMPEEICHINE MEKBHIOBBIX Pa3IUIHA
MBIIIIEYHON TKAaHU XKUBOTHBIX C TMOMOIIBIO TUCTOJOTUYECKUX METOJOB, KOTOPHIC
MO3BOJISIIOT HE TOJILKO MPOBOJIUTH UCHTU(UKAIUIO, HO M ONIPEEIISATh COICPKAHUE
Pa3IMYHBIX MMPUMECEW TKAHEW APYroro BUAA >KUBOTHBIX M pacTeHHU. [lomydeHsl
naHHble 1Mo auddepeHnranum obmero OelKa MBI coOakW, CBUHBH, OapaHa,
YCTAaHOBJICHHBIE TIyTeM  W3y4YeHHUs CIIEKTpa TOTJIOMICHHWS Oenka. Jta
muddepeHnmanusi O0bSICHICTCS PA3IMYHBIM COJIEP)KAHUEM B O€JIKaX aMHUHOKHUCIIOT
dbuHunananuHa, TpunTodaHa u TUPO3UHA.



I'ucronornyecknii MUKpOCTPYKTYPHBIA aHAJIN3 ABJISAETCA OAHUM U3 METOJIOB,
C IIOMOIIBIO KOTOPOTO MOKHO MPOBOAUTH OLIEHKY KaU€CTBA ChIPbsI, UCIIOIb3YEMOTO
B TmepepabaThIBAIONIMX MPOU3BOJCTBAX MSCHOTO, PBHIOHOTO HAIpPAaBIICHUS;
OTPENETATh COCTaBHBIE YacTU ¢apiia MU WX KOJHMUYECTBEHHOE COOTHOIICHUE;
OOHapyXHBaTh B KOJIOACHBIX M3ACTUAX U pyOJeHBIX monydadprukaTax pa3IudHbIe
N00aBKY; OLICHUBATh CAHUTAPHBIE MMOKA3aTEIH KCIIOIb3YEMOIO ChIpbS U FOTOBOU
IPOIYKLHUU.

DnexTpodopeTHndecKue METO bl MTO3BOJIAIOT MPOBOJUTH HUICHTU(HUKALIUIO 10
HAaTUBHBIM U JICHaTypUPOBAaHHBIM Oejkam. Mcmnonb3oBaHue aBTOMaTH3UPOBAHHBIX
npuboOpoB Uil 3THX METOAOB oOecreuuBaeT ObICTpoe pasjiesieHue OeIKOB U
CTaHJAPTHBIE  YCJOBHMS IIOCTAHOBKM peakuuu. Pa3paboTaHbl pa3jaMvHbIE
MOAM(PUKALIUHA 3TUX METOJOB.

Haunbonee 3¢ heKTUBHBIM TUTSL UAeHTU(UKAITIT CBIPbs 51
TEpMOOOPAOOTAaHHBIX MSICHBIX WM PBIOHBIX MPOAYKTOB (MSICHbIE KOHCEPBBI,
KOJI0AChI, COCUCKH) SIBIISIETCSI METOJ, JIEKTpodopesa ¢ JoaeuuiIcyab(aroM HaTpus
- SDS-amektpodope3. ITOT METoa TO3BOJISET MPOBOAUTH HACHTH(PHUKAIIAIO
KOMIIOHEHTOB KaK >KMBOTHOIO, TaK W PACTUTEIBHOTO MPOMCXOXKICHHUS W JaeT
BO3MOXHOCTb 00OHapy>kuBath 110 0,02% ¢anbcupuuupyrommx npumecei.

Hanuune Tex winum HHBIX (PEPMEHTOB B TKAHAX JKUBOTHBIX SIBIIAETCS
XapaKTEPUCTUKOM, HCIIOIb3YEMOMN NP UIECHTU(DHUKALIUN.

Haunbonee cneuupUIHbIMU pu UAeHTU(UKAUU SABJISIFOTCS
MMMYHOJIOTHYECKHE METO/]IbI (MMMYHO(DEpMEHTHEIE,
UMMYHO3JIEKTPO(OPETUUECKHE, MMMYHOXpoMaTorpapuieckue,

uMMyHOIU(y3HBIE U TIp.), a Takxke MeToabl JJHK-auarnoctuku.

Meron omnpeneneHuss ChIpbEBOTO COCTaBA OCHOBAH HA BBISBICHUHM IpU
nomomn TP ¢parmentoB Bunocnenupuynoit JIHK, mpucyrcrBue KoTopbix B
AHAJIM3UPYEMOM MaTepuajle OIHO3HAYHO CBUIETEILCTBYET O HAJIWYUU B HEM
KOMIIOHEHTOB TKAHEN PACTEHUM WJIU KUBOTHBIX ONPEIEIEHHOIO BUA.

CymHoCcTh METOIUKM 3akiroyaercss B Tom, uro Bcs JIHK, momyuennas B
pe3ynbTaTe KJIETOYHOTO JIM3KCA, CBSI3bIBAETCS C COPOEHTOM M B TAKOM COCTOSIHUU
IIPOXOAUT CTAAUU OUYUCTKH, 3aTEM IIPU ITIOMOILH DIIFOLUNA [IEPEBOUTCS B pacTBOP.

Jnst  BeisBnenuss @parmentoB Bupocneuupuunort JIHK pacrennii wu
YKUBOTHBIX HCTOIB3YIOT HaOopbl pearentoB mis I[P, comapkamue mpaiiMepsl,
cnenuduunsie k JIHK onpenenénHoro Buaa pacTeHUi WU )KUBOTHBIX.

Bonpocel 1151 CaMONOATOTOBKH:

1.B uém 3akmrouaercs meroa JJHK-uneHTudukaum BU10BOro cocTaBa Chlpbsl.
2.TOCT 31719-2012.

Tema 2.2. T[eHeTU4YECKNN DapKoOOUNHT



CoJziep)KaHre TEMBI:

['enetnyeckuit OapKOAUHT - METOA MOJIEKYJSIpHOW HWACHTU(UKAIINH,
KOTOPBIM IO3BOJISIET 10 KOPOTKMM reHetndeckuM mapkepam B JIHK ompenensats
IIPUHAJIEKHOCTh OPraHu3Ma K ONPEIeIEHHOMY TaKCOHY.

B  oramume ot  MeTOAOB MOJieKyisipHOW  duioreneruku, JHK-
OapKOIMPOBAHUE UCIIONIB3YETCS JIsl ONPEIETIECHUS MECTA JAHHOTO OpTraHU3Ma B yiKe
CYIIECTBYIOIIEeH K1accuukanu, a He [ MOCTPOEHUS (HUIOTCeHETUYECKUX
IEPEBBLEB U IOMOTHEHUS yKe CYIIECTBYIOLICH KIIaCCU(PUKAIIUHU, TO3TOMY BOIIPOC 00
ucronb3oBanuu  OapkoawpoBanust JIHK  nmns  waentudukanuu — BUAOBOU
PUHA/JICKHOCTH HOBOTO OpraHM3Ma sBiserca crnopHeiMEl. HawmbGonee wacto
UCIIOJIb3YEMBIM JIOKYCOM I'€HETHUYECKOTO  OapKOJUHra Ui JKUBOTHBIX SBJIAETCS
Y4aCTOK MUTOXOHJIPUAJIBHOTO F€HA HUTOXpOMOKenaasbl [ nu3  mpumepno 600

1ap HyKJIEOTUIOB.

[Ipumenenue [IHK-OapkoaupoBanusl pacnpOCTpaHsSETCs] HAa TakKHe 3aJaud,
KaK, HallpUMep, UACHTU(PUKALMS PACTEHUS TOJIBKO MO €ro JUCThAM (K MpUMEpY,
€CIIH HEJOCTYITHBI [IBETKH WJIU IJIOJIbI), UJEHTU(UKALIS

JUYUHOK HACEKOMBIX (KOTOpbIE  MOTYT HMMETh  MEHbBIIE JUAarHOCTUYECKHUX
MIPU3HAKOB, YEM B3POCIIbIE 0COOM, U YACTO MEHEE U3YUEHBI), ONIPEIEICHUE PALIMOHA
MATAHUS )KUBOTHBIX 1O COAEPIKAHUIO JKEJIyIKA WA PeKaIUsIM U JPYTOE.

Jlokyce! nia JJHK-6apkoauHra OMKHBIL:

. MPEACTaBIATh CO00M HEe OueHb JIMHHbIE yuacTku JIHK;
. IPUCYTCTBOBATh Y OOJIBIIMHCTBA MPEICTABUTENEH paccMaTpUBAEMBbIX

TaKCOHOB W TPU OTOM COJIEp>KaTh HEOOJIbIIOE KOJUYECTBO Bapuallui y
MPECTABUTENICN OTHOTO BUAA,;
. JIOCTATOYHO JIETKO CEKBEHHPOBATHCA C TIOMOIIBIO COBPEMEHHBIX
TEXHOJIOTUN CEeKBEHUPOBaHUs 0€3 UCIO0JIb30BaHUS ClIEU(PUISCKUX MPaMEPOB.
[Ipennaratorcsi pa3auyHbIe JIOKYChl JJIE Pa3HbIX TaKCOHOB, OTOOp TaKHUX
JIOKYCOB TMPOBOJUTCS CHEIUAIbHBIMU KOMUTeTamMu. Ha ceromaHsmHuii J1eHb

opUIMANTBHO UCTIONB3YIOT:
. JIst )KUBOTHBIX U MHOTHMX APYIMX 3YKapUOT — MHMTOXOHJIPUATbHBIN
I'€H LIUTOXPOMOKCH/IA3bI;

. s pacTeHun — KOHKaTECHalNs
reHoB xsioporuiactoB rbcL u matK (Ho 3T JIoKychl  0OecneunmBalOT  HHU3KOE

paspelieHre npu UACHTU(UKAIUA HA3eMHBIX PACTEHUU, MTOATOMY MM TBITAIOTCS
HalTHU 3aMEHY).
OnpenesieHne NTHI

B nonbiTke HAaTH COOTBETCTBUE MEXAY MPAHUIIAMH BUI0B, ONPEICIEHHBIMU
Ipy TOMOILIM TPAJAULMOHHON CUCTEMATUKHU, U TPaHUIAMH, BBISBISEMBbIMU MpU
ucnonb3oBanuu JIHK-6apkoaupoBanus, [layns ['ebept ¢ kosuieramu mpous3Benu
OoapkoaupoBanue 260 BuoB nTuil (0osee TpeTu Bcex THesasmmxcs B CeBepHOU


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%A2%D0%B0%D0%BA%D1%81%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B0%D1%8F_%D1%84%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%91%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BA%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F
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%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%B4%D0%B5%D1%80%D0%B5%D0%B2%D0%BE
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%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%B4%D0%B5%D1%80%D0%B5%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D1%80%D0%BA%D0%BE%D0%B4%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%94%D0%9D%D0%9A#cite_note-3
https://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D0%BA%D1%83%D1%81
https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B2%D0%BE%D1%82%D0%BD%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D1%82%D0%BE%D1%85%D0%BE%D0%BD%D0%B4%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%82%D0%BE%D1%85%D1%80%D0%BE%D0%BC_%D1%81-%D0%BE%D0%BA%D1%81%D0%B8%D0%B4%D0%B0%D0%B7%D0%B0
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%A0%D0%B0%D1%81%D1%82%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%81%D1%82
https://ru.wikipedia.org/wiki/%D0%A6%D0%B2%D0%B5%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%B5%D0%BA%D0%BE%D0%BC%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%98%D0%BC%D0%B0%D0%B3%D0%BE
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D1%83%D0%B4%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D0%BA%D0%B0%D0%BB%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B2%D0%B8%D0%B4
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%9F%D1%80%D0%B0%D0%B9%D0%BC%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%AD%D1%83%D0%BA%D0%B0%D1%80%D0%B8%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%82%D0%BE%D1%85%D1%80%D0%BE%D0%BC%D0%BE%D0%BA%D1%81%D0%B8%D0%B4%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%BE%D0%BF%D0%BB%D0%B0%D1%81%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D1%82%D0%B8%D1%86%D1%8B
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B2%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B0

Awmepuke BU0B). B pesynbpTate Ob110 00HAPYKEHO, UTO BCE TOCIEA0BATEIIBHOCTH
reda COI mexay BumamMu ObUTH pa3inuHbl, BHYTpU ke BUI0B (130 BuaoB Obutn
MIPEICTABIICHBI IBYMs U OoJiee oOpasiamu) pa3nuuaus B nocieaoaTenbHocTn COI
OTCYTCTBOBaJIM, JINOO OBUTM HE3HAYMTENbHBL. B cpemHemM mnocienoBaTelbHOCTH
MeXy BUAAMHU pa3inyaiuch Ha 7,93 %, a BuyTpu Bujaa Ha 0,43 %.

B detbIpéx cmyuasix BHyTpU Bua HaOIr01anach HEOOBIYHO BHICOKAS pa3HHULIA
MEKly TIOCJIEIOBATEIBHOCTIMH JIOKYCOB, YTO JAJ0 ITOBOJ IIPEATIOIOKUTH HATUINE
HOBBIX BHJIOB. MHTEpecHO, 4YTO B TPEX U3 YETHIPEX CIIy4aeB HEKOTOPbIE
CHUCTEMAaTHKH yXke pa30rBaiy TaKOW MOJUTUNIMYHBINA BUJ Ha ABa. Jlanusie ['ebepra
C KOJUIETaMHM MOJJEPKUBAIOT TAKOE PA3JICJICHUE, 4 TAKKE B LIEJIOM JEMOHCTPUPYIOT
s dexktuBHOCTs ucnonb3oBanus JIHK-OGapkoguHra nnst ompeneieHus BUIOBOU
NPUHAIJIEKHOCTH MTULL. ABTOpaMU KPOME TOTO
IPEMNIOKEH YHUBEPCABHBIN MOPOr, KOTOPBII OHU MPEAJIaraloT UCHOJIb30BaATh IPH
BBIJICJICHHH HOBBIX BUJIOB: MPEAJIAracTCsl CYUTATh PA3HBIMU BUJAMHU TaKHE TPYMIIbI
WHIUBUJIOB, CPEIHSSI PAa3HULA MEXKIY MOCIEIOBATEIbHOCTAMH OApKOJUHIOBBIX
JIOKYCOB KOTOPBIX JECATUKPATHO MPEBBIIIAET CPEAHIO BHYTPUBUIOBYIO Pa3HUILY
JUISL UCCIIEyEMOM TPYIIIIBI.

Hpyrumu  npumepamu  ucnoss3oBanus — JHK-OapkogupoBanuss B
CUCTEMATUKE NTHULl MOTYT CIY>KUTb UCCJIEIOBAHMS BHUJIOB C IIMPOKUM aApPEajIoM U
BBICOKOM BHYTPUBHJIOBON MOP(OJIOrMYECKOM HW3MEHYMBOCTBIO, YTO OBLIO
IpOJIeIaHo Ha MpuMepe 0OBIKHOBEHHOW CUMYXH, a TAK)K€ peopraHu3anus rpyni ¢

HESCHBIMU BHYTPEHHUMH CBS35IMH, KaK, HAIIPUMED, CEMENCTBA TUMEIMEBBIE.

Omnpenenenue poid

Fish Barcode of Life Initiative (FISH-BOL) siBisiercst mpoekToM 1o cOopy,
cTaHaaptu3aluu W cucremarnzauuu  jgaHHeix  JIHK-6GapkonupoBanus
o0pa3LoB peI0, UIsI KOTOPBIX OIpEAesieHa JOCTOBEpHas TAaKCOHOMMYECKas
npuHaANIexHOCTh. byyun 3anmymena B 2005 roay, no coctosauto Ha 2016 ron 6aza
TAHHBIX COACPKUT MHPOPMALIUIO O MOCIEI0BATEIBHOCTIX JIOKYCOB Ooyiee 4eMm
11000 BugoB pwiO, uro cocraBiger okono 35 % Bcero OMOJIOTrUYECKOro
pazHooOpaszus rpynmel. Kpome nocnenosarensHocTelt, B FISH-BOL conepxarcs
dotorpaduu  u reorpaduyueckue KOOPAMHATHI HCCIEAOBAHHBIX 0OOpPA3LOB,
uH(pOopMaIus 0 pacCpOCTPAaHEHUH BUAOB, HOMEHKIIATYPE U CChUIKH Ha JIUTEPATYPY.
Takum obpazom, FISH-BOL ayGaupyeT u 3HaUUTENbHO AOMOMHIET HH(OPMALIHIO,
UMCIOIIYIOCS B JPYI'MX MWCTOYHHMKAaX, TaKMX Kak, Hampumep, Catalog of
Fishes u FishBase.

JIHK-6apkoanpoBanue BCeX BHIOB PbIO MOXET ObITh MOJE3HO MO IEIOMY
Py NPUYUH: 3TO MO3BOJUT MPOBOJIUTH OMpEICTICHUE BUA IIMPOKOMY KPYTY JIULL,

BBISIBJISITh PAHEE HEU3BECTHBIE BUJIBI, IPOBOJUTH ONPENEIICHUE BUIA B CUTyalUsX,
KOTJa TPaAULMOHHBIE METObI HEMPUMEHHUMBI. [IprMepoM Takol CUTyalu MOXKET
(buIoreHeTHYeCKUii aHaau3 rPYNEpPoB NpU MOMOIIUA OapKOJAUPOBAHUSA, KOTOPBIN


https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B2%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D0%B5%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8B%D0%BA%D0%BD%D0%BE%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BF%D1%83%D1%85%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D0%BC%D0%B5%D0%BB%D0%B8%D0%B5%D0%B2%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D1%8B%D0%B1%D1%8B
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%80%D0%B0%D0%B7%D0%BD%D0%BE%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%80%D0%B0%D0%B7%D0%BD%D0%BE%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%B8%D0%B5
https://web.archive.org/web/20130208102415/http:/research.calacademy.org/ichthyology/catalog
https://web.archive.org/web/20130208102415/http:/research.calacademy.org/ichthyology/catalog
http://www.fishbase.org/
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D1%83%D0%BF%D0%B5%D1%80%D1%8B

MOXKET OBITh TNPUMEHEH TIPU OMpENeJIeHUMH BHJIAa pPbIOBI, BbI3BaBIICH
3a00JIEBaHUE CUTayTePy, IO MULIEBBIM OCTATKAM.

OpHoit u3 3a1a4, B peuieHuH kotopoit 6apkoauposanue JJHK moxer urpatsb
OOJBUIYIO POJib, SABISIETCS OMNPEIEICHUE TPAHUL MEXAY TaK Ha3bIBAEMbIMHU
KPUIITUYECKUMH, WM CKPBITBIMH, BuJAaMu. Kak mpaBuio, 3TO KOMILIEKC
MOP(}OJIOTMYECKH HEPANUYUMBIX BHUJAOB, pa3jelieHHEe TaKHMX KOMIUIEKCOB Ha
OTJIEJIbHBIE TAKCOHBI YACTO MPEACTABIISAET TPYIHOCTH.

Bomnpocel 1J1s1 cCaMONOATOTOBKMU:

1.OTanel npoBeAeHUS TEHETUYECKOTO OAPKOANHIA.

2.I'eneTnueckue MapKepbl, UCIIOIb3yEeMbIe B OapKOJIUHTE.

3. 3nauenue u Bo3moxxkHoctu JIHK-6apkoannra B BeTepuHapHO-CAaHUTAPHOU
DKCIIEPTH3E.

Pazgen 3. Obecne4yeHue 6e3onacHoCcTM nNuLeBoun npoaykuum ns rMn
Tema 3.1. N'eHeTHU4Yeckn moanduLnMpoBaHHOE CbIPpbLE

ConepxaHue TEMBL:

[Tonyuyenue reHeTrndecku MoauGuUIMpoBaHHBIX oprann3mMoB (I'MO) cBsi3aHo
co "BcTpaumBanueMm'" uyxoro reHa B JIHK napyrux pactreHuil uiam »KUBOTHBIX
(MpOM3BOJAT TPAHCHIOPTUPOBKY T'€HA, T.€. TPAHCTCHU3AIUIO) C LIETbI0 N3MEHECHUS
CBOMCTB WJIM TapamMeTpoB TMocienHux. B pesynpraTe Takol Moaudukaiuu

MPOMCXOJUT UCKYCCTBEHHOE BHEPEHUE HOBBIX T€HOB B TEHOM OpraHU3Ma.
OcHoBHEbI€ dTansl co3ganusg ' MO:

[Tosmy4yeHue N30JMPOBAHHOIO T'eHA.

BBenenue reHa B BEKTOP ISl IEPEHOCA B OPraHU3M.

[lepeHoc BekTOpa ¢ TeHOM B MOJAM(UIIUPYEMBIH OpTaHU3M.

o

[IpeoOpa3zoBaHue KIETOK OpraHU3Ma.

S. OT60p reHeTnyecku MOAUGPUIIMPOBAHHBIX OPTAHU3MOB M YCTPAHCHHE
T€X, KOTOPBIC HE OBLIN YCIEIIHO MOIU(PHUITIPOBAHBI.

Meroapl OCYIIECTBICHHUS] KaXKIOTO W3 JTHUX JTAlOB COCTABISIIOT B
COBOKYMHOCTU METOJIbl TeHETUYECKON MHKEHEPUH.

IIporecc cuHTE3a TEHOB B HACTOSIIEE BpeMs pa3paboTaH OYeHb XOPOIIO U
Jla)k€ B 3HAUMUTENIbHOW CTENEHUW aBTOMAaTU3UpoBaH. CyIlIECTBYIOT CIELHAIbHBIC
anmapatbl, cHaOk€éHHple DBM, B mamsATH KOTOPBIX 3aKJIAJIBIBAIOT MPOrPaMMBI
CHMHTE3a pa3JIMYHbIX HYKICOTUIHBIX IOCIeaoBaTenpHocTel. Takou anmapar
cunresupyer otpe3ku JHK mmuaoit go 100—120 a30THCTBIX OCHOBaHUU
(OJIUTOHYKIIEOTUBI).

Yto0b1 BCTPOUTH reH B BEKTOD,
UCIIOJIB3YIOT (DePMEHTHI — PECTPUKTA3bl U Jaurasbl. C MOMOIIBIO PECTPUKTA3 TE€H U



https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D1%83%D0%B0%D1%82%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%BA%D1%82%D0%BE%D1%80_(%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%9C%D0%B5%D1%82%D0%BE%D0%B4%D1%8B_%D0%B3%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9_%D0%B8%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80%D0%B8%D0%B8&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D0%BA%D1%82%D0%BE%D1%80_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B5%D0%BD%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%81%D1%82%D1%80%D0%B8%D0%BA%D1%82%D0%B0%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%B3%D0%B0%D0%B7%D0%B0

BEKTOpP MOKHO pa3pe3aTh Ha KycOodkd. C MOMOILBIO JIUra3 Takue KyCOYKH MOYKHO
«CKJICEUBATh», COCAUHITH B WHOM KOMOHMHAIIMM, KOHCTPYUPYS HOBBIM TE€H WU
3aKJII0Yasi €ro B BEKTOP.

TexHuka BBeleHUSI T€HOB B OakTepuu OblIa paszpaboTaHa IOCJIE TOTO,
kak @penepuk ['puddut oTkpbn ABIEHHE OakTepuaabHOU TpaHchopmanmu. B
OCHOBE JTOTO SIBJIECHUSA JISKUT NPUMUTUBHBIM IIOJIOBOW HPOLIECC, KOTOPBIA Yy

OakTepHit CONMPOBOXKIAETCS 0oOMeHOM HEOOJbIIUMHU dparmeHTaMH
Hexpomocomuont IHK, nnasmunamu. [lnazmuaHele TEXHONOTHM JIETIM B OCHOBY

BBCJICHUS MICKYCCTBCHHBIX I'€HOB B OaKTEepHAIbHBIC KIETKU. [1omy IsspHbIMHU

METOJaMHU BBEJICHUS BEKTOpa B KJIIETKY pacTeHHi SIBIIIETCSI
HCIIOJIL30BaHNE NOYBEHHONW  Oakrepum Agrobacterium  tumefaciens miau renuoi
nymky. JJis TeHeTHYeCKOW WH)KCHEPUHU JKUBOTHBIX HCITOJIB3YIOT TPaHCHEKIHUIO,

BEKTOPA, HA OCHOBE PETPOBHPYCOB H IPYTHE METOIBIEE,
Ecnu MomuuKaluu IIOABEPraloTcs OJHOKIETOYHBIE OPraHU3Mbl MU
KYJIbTYpBI KIIETOK MHOTOKJIETOUHBIX, TO HA 3TOM 3Talle HAYMHAETCS KIOHUPOBAHME,

TO €CTh OTOOp T€X OPraHU3MOB U HUX MOTOMKOB (KJIOHOB), KOTOPHIE MOABEPTIIMCH
momudpukanuu. Korgma sxe mocraBieHa 3ajada MOJYYUTh MHOTOKJIETOUYHBIE
OpPTaHU3MbI, TO KJIETKH C U3BMEHEHHBIM I'€HOTHUIIOM HCTIONB3YIOT JIJI1 BETr€TaTUBHOTO
Pa3MHOXKEHUSI PACTCHHUIN WJIM BBOJAT B OJIACTOLIMCTHI CYppOTaTHOW MaTepH, KOraa

pedb UIET O JKUBOTHBIX. B pe3ynpTare poxkaaroTCs AeTEHBIIN ¢ N3MEHEHHBIM WIIH
HEU3MEHHBIM F€HOTHUIIOM, CPEAN KOTOPBIX OTOUPAIOT U CKPEIIMBAIOT MEXTY COO0M
TOJBKO T€, KOTOPBIE MPOSBIISIIOT 0KUAAEMBIE U3MEHEHHS.

['eHHas MHXEHEepUs UCNONB3YETCs I CO3JaHUsI HOBBIX COPTOB PAacTEHUU,
YCTOMUYMBBIX K HEOJIArONPUATHBIM YCIIOBUSM CPEIbl U BPEIUTENSIM, 00Ia1at0IIHNX
Jy4YIIAMHA POCTOBBIMU U BKYCOBBIMU Ka4€CTBAMHM.

[IpoxoAsT HCHBITaHUS FEHETUYECKU MOJU(DUIIMPOBAHHBIE COPTA JECHBIX

MOPOJI CO 3HAUUTENIBHBIM COJIEpPKaHUEM LIEJUTI0JIO3bl B IPEBECUHE U OBICTPHIM
POCTOM.

OnHako HEKOTOphIE KOMIAHWM  yCTAHABIMBAIOT  OrPAaHUYCHUS  Ha
UCIIOJB30BaHUE MPOJABAEMBIX MMHU T€HETHYECKU MOAU(PUIIUPOBAHHBIX CEMSH,
3ampeniasi BBICEMBAHUE CAaMOCTOATENBHO TMOJMYyYEHHBIX cemsiH. Jlisi  3Toro
WCMOJIB3YIOTCA HOPUANYECKUE OrPAaHWYCHMSI THUIIA KOHTPAKTOB, IMATEHTOB WIIH
JUIIEH3UpOBaHUs ceMsH. Takke Uil MOJOOHBIX OTPAHUYECHHM OJHO BpeMs
popadaThIBAIUCh TEXHOJOTUH orpaHuuntesbuble TexHonoruu (GURT), kotopsie

TaK ¥ HE UCIOJIb30BAINCH B KOMMEPUYECKH NOCTYyNHbIX [ M-nmunusx. TexHomoruu
GURT nubo nenatot crepuinbHbIM BhipaiieHHble ceMena (V-GURT), nubo tpebyroT
OCOOBIX XMMHMYECKHX BEUIECTB [JIsi MPOSIBIECHUS BHECEHHOTO C IOMOIIbIO
moaudukanuu coiictBa (T-GURT). IIpu 3TOM CTOUT OTMETUTH, YTO B CEIHCKOM
X035UCTBE MIUPOKO TpuMeHsitores rudpuasl F1, kotopsle, kak u ['MO-copra,

TPeOYIOT €XEroJHOM 3aKyNKM CEMEHHOro marepuana. Hekoropble NpoayKThI


https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B5%D0%B4%D0%B5%D1%80%D0%B8%D0%BA_%D0%93%D1%80%D0%B8%D1%84%D1%84%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D1%8F_(%D0%B3%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/Agrobacterium_tumefaciens
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BF%D1%83%D1%88%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BF%D1%83%D1%88%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%B5%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8_%D0%BC%D0%BE%D0%B4%D0%B8%D1%84%D0%B8%D1%86%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC#cite_note-32
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%BE%D0%BD%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_(%D0%B1%D0%B8%D0%BE%D1%82%D0%B5%D1%85%D0%BD%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%D1%82%D0%B8%D0%BF
https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%B0%D1%81%D1%82%D0%BE%D1%86%D0%B8%D1%81%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BE%D1%82%D0%B8%D0%BF
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8_%D0%BC%D0%BE%D0%B4%D0%B8%D1%84%D0%B8%D1%86%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%B4%D0%B5%D1%80%D0%B5%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D1%81
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D1%81
https://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BB%D0%BB%D1%8E%D0%BB%D0%BE%D0%B7%D0%B0
https://ru.wikipedia.org/w/index.php?title=Genetic_use_restriction_technology&action=edit&redlink=1
https://en.wikipedia.org/wiki/F1_hybrid

CofiepKaT T'€H, MPUBOSIIUA K CTEPUIILHOCTH TBUIBIBI, HAPUMEP, TeH OapHas3bl,
nony4eHHbIi n3 6akrepun Bacillus amyloliquefaciens.
MeTrooM TeHHOTO PEIaKTUPOBAHUS YIAIOCh CO37aTh CBUHEH, KOTOpBIC

NOTEHIIMAIBHO YCTOMYMBBI K a)pUKAaHCKOW CBUHOU uyMe. MI3MeHeHne nsaTu «OyKB»
B koae JIHK rena RELA y BblpammBaembix Ha (pepMax XKUBOTHBIX, MO3BOJIUIIO
IIOJIyYUTh BapUaHT T'€Ha, KOTOPBIN, ITPEANOJIOKUTEIBHO 3AIMILAECT UX

JUKHX  COpOaMYeH: OOPOJABOYHMKOB M KYCTAPHUKOBBIX  CBHUHEH OT  3TOrO

3a00JIeBaHUS.
Bomnpocs! 1J151 cCaMONIOATOTOBKH:
1.MoHatne MO.
2.Ilenu co3nanust TpPaHCTEHHBIX )KUBOTHBIX
3.I'eneTnuecku MOIUDUITUPOBAHHOE PACTUTEIBLHOE CHIPHE.

4.I'eHeTHYECKU MOIU(PUIIMPOBAHHOE KUBOTHOE CHIPHE.
5.I'OCT 52173-2003.

Tema 3.2. OueHka 6e3onacHocTu u Kadyectea MU

ConeprkaHre TEMBI:

B P® ¢ yueTtom MexayHapOAHOTO ONBITa pa3pabOTaH U BBEJEH B JICHCTBUE
OCOOBIN MOPAIOK OIEHKH O€30MacHOCTM M KayecTBa, a TaKKe PErHCTpaiuu
MUIIEBON NPOAYKIMH, TOJYYEHHON U3 TeHHO-MOAU(UIUPOBAHHBIX HCTOYHHUKOB.

DTarbl UCCIEI0BAHNS MUILEBONM 0€30MMaCHOCTH PENYCMaTPUBAIOT U3YUECHHE
MUIIEBbIX U TOKCUKOJOTMYECKUX XAPAKTEPUCTUK MPOoAYKIUHU. OleHKa MUIIEBBIX
CBOMCTB BKJIFOYAET U3YUYECHHUE:

* MUILEBOM IEHHOCTH HOBOT'O MPOJIYKTA;

* HOPMBI OTPEOJIEHNUS; * CTOCOOOB UCIIOJIB30BAHUS B TUTAHUU;

* OMOAOCTYITHOCTH;

* MOCTYIUIEHUS OTAEJbHBIX HYTPUEHTOB (€CIU OXUIAEMOE IMOCTYIICHUE
HYTpUEHTa MpeBbIaeT 15% oT ero cyTouHol NoTpeOHOCTH);

* BIMSHUS Ha MHUKPOQIIOPY KHUIIEYHHKA (€Cid T€HHOMOJAU(PHUIIMPOBAHHBIN
VCTOYHUK COJEP>KUT KUBbIE OPTaHU3MBI).

Tokcukonoruyeckas  XapakTepUCTUKa  OOYCIIOBIIMBAET  OIpPEAEIICHHE
CJIEIYIOIINX MOKa3aTeIIeH:

* TOKCUKOKWHETHKA;

* TEHOTOKCUYHOCTb;

* MOTEHIMAJIbHAS AJNIEPTE€HHOCTb;
* MIOTEHI[MATbHAS KOJIOHU3ALMS B KEITYJOUHO-KUILIEYHOM TpakTe (B ciydae
coJiep>KaHusi B TCHHOMOAU(UIIMPOBAHHOM UCTOYHUKE dKUBBIX MUKPOOPTaHU3MOB);

* pesyabTaThl cyOxpoHuueckoro (90 CyTOK) TOKCHKOJIOTHYECKOTO
HKCIIEPUMEHTA Ha J1a00PATOPHBIX )KUBOTHBIX M UCCIIEIOBAHUIN HA JOOPOBOJIBIAX.


https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D1%80%D0%BD%D0%B0%D0%B7%D0%B0
https://en.wikipedia.org/wiki/Bacillus_amyloliquefaciens
https://ru.wikipedia.org/wiki/%D0%90%D1%84%D1%80%D0%B8%D0%BA%D0%B0%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D1%87%D1%83%D0%BC%D0%B0_%D1%81%D0%B2%D0%B8%D0%BD%D0%B5%D0%B9
https://ru.wikipedia.org/wiki/%D0%90%D1%84%D1%80%D0%B8%D0%BA%D0%B0%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D0%B1%D0%BE%D1%80%D0%BE%D0%B4%D0%B0%D0%B2%D0%BE%D1%87%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D1%81%D1%82%D0%B0%D1%80%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%B2%D0%B8%D0%BD%D1%8C%D1%8F

Menuko-reHeTu4ecKass OLIEHKAa IMINEBOM IPOAYKLMHU, IIOJIYYECHHOU W3
TeHETUYECKU MOJIU(UIIUPOBAHHBIX UCTOYHUKOB, BKIIOYAET:

- JKcmepTusy CTpYKTypel pexkomOuHanTHoM JIHK, BHenpeHHoil B
PACTUTEIIbHBIN TEHOM, B TOM YUCJIE MAPKEPHBIX T€HOB U IPOMOTOPOB;

- OLIEHKY PETYJIATOPHBIX MTOCIEA0BATEIBHOCTEN;

- ompe/ieNieHrne CTaOUIbHOCTH TeHETUYECKH MOIU(PUITIPOBAHHBIX
OpraHW3MOB Ha NPOTSHKEHUM HECKOJBKMX IIOKOJIEHUM, C YYETOM YPOBHS
BBIPAKEHHOCTHU I'€HOB.

Onenka ocymectBisiercsa Llentpom «buonnxenepuss» PAH u memguko-
reHeTuueckuM HaydHbIM LlenTpoMm PAMH. IIpu npoBeneHun 3TUX MCCleI0BaHUN
BO3HUKAET mpobiemMa HUIACHTHU(PHUKAIMN MPOAYKTOB, moiay4deHHBIX u3 ['MO.
Pa3zpaboTke ¥  HWCMNONB30BAaHUIO METOAOB  HUACHTU(PUKAIIMU  TMOCBSIIECHBI
MHOT'OYHCIICHHBIE CIIEHHAJIBHBIE UCCIEA0BaHUA. B HacTosmee BpemMs CyleCTBYIOT
JIBa OCHOBHBIX METOJIa, KOTOPBIE MO3BOJSIOT MACHTU(ULIHUPOBATh HAIUYUE JTAKE
CJIEIOBBIX KOJMYECTB TEHHOMOANU(UIUPOBAHHBIX OPTaHU3MOB.

Bomnpocs! AJ1s1 CaMONIOATOTOBKHM:

1 .ITnmeBas 6e3omacHocts [ M.

2. TokcuKoIOTnYecKasi 6e30MmacHOCTb.

Pazgen 4. MonekynapHo-reHeTU4eCKUN MOHUTOPUHT
NPOM3BOACTBEHHbIX NPOLEeCCOB

Tema 4.1. MonekynsapHoO-reHeTU4eCKUMN KOHTPONb (puTOonaTtoreHoB
ConepxaHue TEMBI:

MUKpOOpraHu3Mbl SIBIIIFOTCS TOCTOSIHHBIMU ~ «CITyTHUKaMH» HE TOJIBKO
YEeJIOBEKAa U JYKMBOTHBIX, HO W BBICHIUX pacTeHUW. OHU BCTpEUAOTCA KakK Ha
MOBEPXHOCTH, TaK U BHYTPH HAJ[36MHBIX U MTOA3EMHBIX OpPraHOB pacTeHui (cTebnei
U JIUCTHEB, CEMSTH, TUIOJIOB, KOpHEH).

baktepun,  BbI3BIBarOIME  3a00JIEBaHMUSI ~ PACTEHUM,  HA3BIBAIOTCS
dburonatoreHHbiMU. OHHM 007a1al0T Pa3IUYHON CTEMEHBbIO TATOTEHHOCTH W
OTHOCATCSA K pasauuHbiM  pomam: Erwinia, Pseudomonas, Xanthomonas,
Agrobacterium, Pectobacterium, Rhizobium u ap. (tabauma 1).

3a0oneBaHusi  pacTEHUl,  BBI3BIBAEMBIC  OAKTEPUSMU,  HA3BIBAIOTCS
OakTepro3amMu, KOTOPBIC MOAPA3ACISIOTCS HA 3 TPYIIIIHL:

> o0IIIre WIH COCYIUCThIE

> MECTHbBIE MTAPEHXUMATO3HbIE

> OITYXOJIN.



[Ipu oOmem mopakeHuu BO3OYAUTENh MPOHUKAET B COCYIHCTYIO CHUCTEMY
KOpHEMW, 00JIe3Hb COMPOBOXKAACTCA YBSAJAHHEM JUCTHEB, CTEONCH U MPHUBOIUT K
rudean pacTeHHUs.

[Ipy mapeHXMMAaTO3HBIX MOPAKEHUAX OAKTEPUH MPOHUKAIOT B TKAHH, TJE C
MOMOIIBIO 0COOBIX (DEPMEHTOB MPHUBOIAT K Mallepallid W OTCIAMBaHUIO TKaHEU
pacTeHusl.

OnyxoneBble  00Opa3oBaHMsI Ha pacTEHUSX  OBIBAIOT  PAKOBBIE H
TyOepKyJe3Hble. [Ipu pakoBbIX OITyXO0JsX HAOIIOJAeTCs pa3pacTaHUue TKAHU, IPH
TyOepKyJIe3HBIX — B pa3pacTalolIeiicss TKaHH 00pa3yIoTCs MOJIOCTH, 3allOJIHEHHBIC
OaKTEepHAIIbHON CIHU3BIO.

Habmonarorcs v cMeliaHHble THIBI TOPaKeHUs pacTeHU. B mopakeHHbIX
pacTEeHUSAX HapylIaeTCsa HOPMAJIbHBIN X0/ (PU3UOJIOTHYECKHUX TIPOLIECCOB U, TPEXKIIE
BCcero, pOTOCHHTE3 U JbIxaHue. HapyiiaroTcs Takke YIJIEBOJAHBIA U OEIKOBBIN
oOMeHbl. Bce 3TO B KOHEYHOM HTOr€ NPHUBOJIUT K CHUKEHUIO MPOTYKTUBHOCTH
pacTeHud U uUxX rudenu. M3MeHeHne XMMHUYECKOrO COCTaBa TKaHEHW pacTeHUH U
CHIW)KEHUE COJEpPXAHUS AaKTUBHBIX BEUIECTB MPUBOJUT K HEBO3MOXKHOCTH
MCITOJIb30BAHUS UX B KAUECTBE ChIPbS JJI IPUTOTOBIICHUS JICKAPCTBEHHBIX CPEJICTB.

PacteHust MOryT mopakatbCcsi HE TOJIBKO OAaKTEpHsIMU, HO W Tpubamu, U
BHUpYCaMH.

K mukogumoszam otHOCATCS THWIH, (Py3apUO3bl, ACKOXHTO3bl U IPYIrHe
00JIe3HU.

K BupycHbIM MH(]EKIHSIM OTHOCATCS MO3au4Hasi OOJie3Hb, KapJIMKOBOCTb,
XKENTyxa, yBsiganue. OHU MOTYT OBITh JIOKATbHBIMU U CUCTEMHBIMU.

Dumonamoeennvle 6upycvl BbI3BIBAIOT Oonee 20% Oosie3Hel pacTeHHil.
OcHOBHBIE — TMpejacTaBUTEIM cemelictBa Reoviridae, pomos Phytoreovirus u
Fujivirus.

ITo crocoOy BHenpeHHs B OpraHu3M BHUPYCHBIE 3a00JI€BaHUSI OTHOCATCS K
paHeBbIM HMH(EKUUSIM, KpalHUM TPOSBICHUEM KOTOPBIX SBISETCA HEKPO3.
HckitoueHne — MHQUIMPOBAHUE PACTEHUU-TIAPA3UTOB, B TKAHU KOTOPBIX BUPYC
INPOHUKAET NpPU OOBEIUHEHUH €ro MNPOBOMAIIMX MyTed M HHPUUIHUPOBAHHOTO
XO035IMHA.

PacnipocTpaneHne B OpraHu3sMe NPOUCXOAUT OT KIETKM K KIETKE IIO0
1a3MoJecMaM MpU Y4aCTUHU 3JIEMEHTOB LIUTOCKENIETa CO CKOPOCThIO 1 MM B JIEHb
win MeqieHHee. [Ipu monagaHuu B MPOBOJSAILIME TKAHU PACIPOCTPAHSIOTCS CO
CKOpOCThIO 2,5 ¢cM B MuHyTy. CTeneHb TeHepaau3alid MNpolecca 3aBUCUT OT
CBOMCTB BUpYyCa U CAMOI'0 PACTEHUSA-X035MHA.

OmHuM U3 OCHOBHBIX METOJIOB BbICOKOCTIEHU(DUUHON U 3ddeKkTuBHON
uaeHTU(PUKAMU PUTONATOTCHOB SIBJsIeTC omMepasHo-lienHas peakius (ITLP).
Hcnonb3oBaHue MOJEKYISIPHO-TEHETUYECKUX MApKEPOB, CTPOro CHEHU(UYHBIX K
KOHKPETHBIM HCKOMBIM JIOKYCaMm, JAIOIMM OJIMH (PparMeHT ¢ 0XapaKTepU30BaHHON



MOCIIE0BATEIBHOCTRIO HYKJIEOTHIOB, MO3BOJIAET YETKO UACHTH(PHUIIMPOBATH PO/,
BHJI WJIA IITAMM MUKPOOPTaHU3MA.

Meton IILIP ocHOBaH Ha MHOTOKPAaTHOM H30MpPATEIbHOM KOMUPOBAHUU
OTIpE/IeTIEHHOTO yyacTka HykJIenHoBo# kucioTsl JJHK mpu nmomomnm depmeHToB B
MCKYCCTBEHHBIX yCIOBHAX. [Ipr 3TOM MPONCXOAUT KONMPOBAHUE TOIBKO TOTO
y4acCTKa, KOTOPBIM yJOBIETBOPSET 33JaHHBIM YCIIOBHSM, U TOJIBKO B TOM Cilydae,
€clii OH MPUCYTCTBYET B HcciemxyeMoM oOpasie. B ornuume ot amrumduxanim
JIHK B xuBbIX oprann3max (perutukaruu), ¢ momorisio [P ammmudummpyrorces
otHocutenbHO KopoTkue yuactku JIHK. B oOpranom III[P-mpomecce mnuna
konupyembix JIHK-yuacTkoB coctaBnsieT He 6onee 3 Thic. map ocHoBanHwui (3 kbp).
C moMoIbI0 CMECH PA3IUYHBIX MOJUMEpPA3, C UCHOJb30BaHUEM J00aBOK M MpHU
onpeneneHHbix yciaousax juHa [IIP-¢pparmenta moxer nocturate 20—40 ThIC.
nap HykieotuaoB. Peakuus IIL[P mpoBoguTcs B mporpaMMupyeMoM TEPMOCTATE
(ammumndukarope) — npubope, B KOTOPOM HPOUCXOJUT AOCTATOYHO OBICTPO
OXJIQXKJIEHHE W HarpeBaHue npoOupok (0Obr4HO ¢ TouHOCThIO HEe MeHee 0,1 °C).
AMIMpUKaTOpbl MO3BOJISIOT 33JaBaTh CJIOXKHBIE MPOrPAMMBbL, B TOM YHCIE C
BO3MOKHOCTBIO «TOPSYEr0 cTapTa» W nociuenyroomero xpanenus. [Insa IILHP B
peXUME  peaJbHOr0  BPEMEHM  BBIMYCKAlOT  OpHOOpBI,  00OpyAOBaHHBIE
(dayopectieHTHbIM JeTeKTOpOM. CyIIECTBYIOT TaKKe MPUOOPHI ¢ aBTOMATUYECKON
KPBIIKOW U OTAEIEHUEM U1 MUKPOIUIAHILIETOB, YTO ITO3BOJIIET BCTPAaUBATh UX B
aBTOMATU3WPOBAHHBIEC CHCTEMBI.

Bonpocsl 1151 cCaMONOATOTOBKH:

1.YT0 Takoe (huTonaToreHHbIe MUKPOOPTAHU3MBI.

2.DuTomna3Mbl, HEMATObI.

3.Kitaccuueckuie MeTobl onpeiesieHus (PUTONaToreHoB.

4.I'eneTnyeckas XxapakTEepUCTHKA (PUTONATOTEHHBIX MUKPOOPTaHU3MOB.

5. ToKCMHBI MUKPOOPTaHU3MOB.

Tema 4.2. N'eHeTnYecKkne meToAabl AMArHOCTUKN BO3OyauTenen
UH(EKLUNOHHBbIX 3aboneBaHUN y XXKUBOTHbIX U B Cblpbe XXUBOTHOIO
NPOUCXOXAEeHUsA

CoJziepkaHre TEMBI:

OCHOBHBIMH MOJICKYJISIPHBIMH METOJIaMU JUATHOCTUKH BO30yIuTeNeH nHbpe
KITMOHHBIX 3a00JieBaHuil siBisiercss npuMenenne J[HK-30H10B M monmMepasHas
LIeTTHas peaxuus. Hcnonn3oBanue JTAHHBIX METOJIOB MPHU BBISIBJICHUH
BO30OyauTenel nHMEKITMOHHBIX O0JIE3HEH OYeHh  TECHO CBA3aHO C  MX
TUMIAPOBAHUEM, BBISBICHHEM MOJUMOp(GU3Ma TEHOB, YCTAaHOBJICHHEM TE€HOMA



NATOT€HHBIX IITAMMOB, BO3MOKHOCTH KJIIOHUPOBAaHHUS T'€HOB M CO3JaHUSl T'€HHO-
WHKEHEPHBIX BaKIIMH.

B nuarHocTuke MHQEKIMOHHBIX BO30YIUTENEH >KMBOTHBIX BBIICISIOT JIBE
obnactu npumenenus [TLP:

- Beusinenue JIHK Bo30ynurens;

- TunupoBaHue MTaMMOB MUKPOOPTaHU3MOB ((PUHTEPIIPUHT).

B nmocnennne ronpr 6onbiioe BHUMaHuEe yaensercs paspadorke [1I[P-tect-
CUCTEM (IUAarHOCTHKYMOB), OTHOCSIIIIUXCS K 00J1acTH MH(EKIIMOHHBIX 3a00JIeBaHUH.

[IpoctoTa, BBICOKAs YYyBCTBUTEIBHOCTb, XOpOIIAsl BOCIPOU3BOIUMOCTb
OBICTPO TpEBpaTHJIA STOT METOA B OJMH M3 Hauboyiee MepCIeKTUBHBIX
JUArHOCTUYECKUX METOJIOB.

[IpenmymectBamn  npumeHeHuns  meroxa I[P B nmarnoctuke
MH(EKIIMOHHBIX 0O0JIE3HEN SIBISIOTCS CIEAYIOIIHUE:

1. Ilpamoe onpeneneHue Haau4us BO30yauTeneil HH(EKIIMOHHBIX OO0JIE3HEN.
MHorue TpaguIMOHHbIE METOAbl JUArHOCTUKHU BBISBISIOT OEIKOBBIE MapKEPHI,
SBJIAIOIIMECS TPOAYKTAMU KUZHEAEATEIbHOCTH HHPEKIIMOHHBIX ar€HTOB, UTO JAET
JIUIIb ONIOCPEIOBAaHHOE CBUJIETENbCTBO HaMuus nHMekuuu. [11[P naét BrisiBneHue
cnemupuueckoir JIHK wm mnpsMo ykaspiBaeT Ha MNPUCYTCTBUE BO30YIUTEINS
UHpEeKInH.

2. Bbicokag 4yBCTBUTENBHOCTH. [IIIP-mMeTOoABl matOT BO3MOXKHOCTH
oOHapyXUBaThb MATOTCHHbIE OAaKTEpUU U BUPYCHI Jake B TeX CHydasx, Korja
JPYTUMU METOJaMH (MMMYHOJIOTHYECKUMH, OaKTEPUOJOTUYECKHUMHU M JIp.) HX
BBISIBJICHUE HEBO3MOKHO. UyBCTBUTENBHOCTh AMIUIU(PUIIMPOBAHHBIX TECT-CUCTEM
cocTtaBiisieT okoyio 10 kierok B mpoOe, JOCTUras MaKCHUMalbHO BO3MOXKHBIX
3HaueHud — 1 kjeTtka B mpobe, B TO BpeMs KaK YyBCTBUTEIbHOCTH
MMMYHOJIOTHYECKMX U MHUKPOOMOJIOTMYECKUX TECTOB KOJIEOTETCsl B Mpejaesiax o
MUJUTMOHA KIIETOK.

3. Beicokas cneuupuyHOCTh. AOCOMIOTHAA CHeHU(UYHOCTH METOAA
oOyCJIOBJIEHA TEM, YTO B HCCIEAYEMOM MaTepuaje BbIABISIETCS YHUKAJIbHbIH,
XapaKTEPHBINA TOJIBKO JJIs1 JAHHOTO BUAA Bo30yauTens, pparment JJHK.

4. beicTpOoTa mMONy4YEeHHS NPOAYKTA. 3a CUET aBTOMATU3ALMU TIPOLECC
aMIUTM(UKAIMKY 3aHUMAET BCEeTo 2-3 yaca, a ¢ yuéToM BpeMEHH, 3aTPauruBaeMoro Ha
00paboTKy Tpo0 U PErUCTPAINIO PE3YIbTATOB, ONpeAcICeHIUE BO3OYIUTENST OOBIYHO
OCYUIECTBJISIETCSI B TEYEHUE OJJHOTO padOyvero JHs.

5. Pabota ¢ nto6biM Ouosiornueckum matepuanom. Merox [P no3Bosser
IPOBOJUTH  OMNpe/AeSieHHe BO30YIWTENsl HEMOCPEACTBEHHO B  MarTepuale,
MOJIyYeHHOM OT OOJBHOTO 3>KMBOTHOTO (KpOBb, CBIBOPOTKA, Ma3KH, CMBbIBBHI,
COCKOOBI, CJIFOHA, MOKPOTa, JKEIYJOYHBIA COK, OMOTNCUNHBIN Matepuan). [ms
orpejieNieHus He TpedyeTcs KyJIbTUBUPOBAHUE BO3OYAUTEIIA.



6. B03MOXHOCTb KOJIMYECTBEHHOI'O Yy4€Ta peakuuu. MeToa Mo3BOJIAET
OCYHIECTBJISATh KAaK KAauyeCTBEHHOE, TaK M KOJIMYECTBEHHOE OINPEICICHHUE
BO30OyauTena. VM3MeHeHre NUHAMUKHM 4Yucia KONMWA BO30yauTens B mpode Jaér
BO3MOXXHOCTh KOHTPOJIHPOBATh BUPEMUIO WU OAKTEPHEMHIO B TIPOIECCE JICUCHUS
¥ OJTHO3HAYHO pemiaTtb BOMPoc 00 3PPEKTUBHOCTH TEPATUH.

7. be3onacHOCTh pabOThI C UCCIEAYEMbIM MAaTEpPUAIIOM, TaK KaK OH MOXKET
ObITh NE3WH(UIMPOBAH XUMUYECKON U TEPMHUECKOH 0OpabOOTKON B MOMEHT €ro
3a0opa, YTO HCKIIOYaeT WHQUIMPOBAHHOCTh CHEIHAIUCTOB B  Ipolecce
nposenenus [1L[P.

8. OTHOMOMEHTHOCTH BBISIBJICHHSI Pa3IMYHBIX BO30YIUTENEH B OJTHOM mpo0e.

9. IIpocToTa MCTIOJIHEHUA 3a CUET MOJHOW ABTOMATU3AIMH.

Pa3pabotka wmeromuk IIIIP w mnpoBeneHue wucCHbITaHUS NOPUOOPOB H
000pyZI0OBaHUsI — 3TO OJHWH M3 3TAnoB O0JbLION paboThl 1Mo BHenpeHuto [ILIP-
METO/IOB B MPAKTUKY JUArHOCTUYECKHUX JabopaTopuil. B cBsizu ¢ Bo3pacraromum
uHTepecoM K mnpaktuueckou I[I[[P-muarnoctuke, BHeapenue meronoB I[P B
CUCTEMY T'OCYJapCTBEHHOM BETEPUHAPHOU CIIy»KObI — JEJIO CETOJHSIIHETO JHS.
HeobxoaumMo OTMETUTH, YTO MEepCHNEeKTUBHbIMU HampaBieHusmMu [ILP sBisgroTcs
OIIpEJIEIICHHE AHTUOMOTUKOPE3UCTEHTHOCTU KIIMHUYECKUX ITAMMOB
BO30yAMTENEH, BO3MOKHOCTh KOJIMYECTBEHHOTO YUETA PE3YNTATOB JJI1 KOHTPOJIS
JUHAMUKH UH(EKIIMOHHOIO MpOoLecca, MPaBUIBHOTO BbIOOpA TaKTHUKU JICYEHUS U
OLICHKH 3(P(HEKTUBHOCTH MPUMEHSIEMBIX JIEKAPCTBEHHBIX CPEICTB.

K Hacrosimiemy BpeMeHU BETEpUHAPHBIMU CIIELMAIUCTAMHU y>Ke pa3pabOoTaHbI
TECT-CUCTEMBbI sl auarHocTuku MetojgoM [P Takux 3aboneBaHmii  Kak
TyOepKyIE3, CHOUpPCKast sI3Ba, JIEWKO03, YyMa KPYIMHOT'O pOraToro CKoTa, OCIIeHCTRO,
amyp, Opyuenie3, KamMnouwioO0akTepuo3, JHCTEPUO3, XJIaMUANO3 KUBOTHBIX;
KJIACCUYECKAasi YyMa CBHHEHN, PECHUPATOPHO-PENPOAYKTUBHBIA CUHAPOM CBUHEW,
NapBOBUPYCHAsE MH(PEKIMS CBUHEH, FHIE(DATOMUOKAPAUT CBUHEHN; CalbMOHEIIES,
CcTaUIIOKOKKO3, MHKOIUIa3M03. OoJie3Hb Mapeka, peoBHpycHas UWH(pEKIus,
0one3Hpb ["'am060po, HHPEKIMOHHBI OPOHXUT NTHII,

Herokacnckast 607€3Hb; YyMa MSICOEIHbIX, BUPYCHBIA HTEPUT HOPOK, BUPYCHBIN
renaTuT yTAT.

JIeliko3 KpyIHOro poratroro CKOTa IIMPOKO PACHPOCTPAaHEH BO MHOTIHUX
crpaHax Mmwupa. [lepBuuHbBIi aMarHo3 Ha JEHWKO3 KPYIHOIO pOraroro CKora B
X035MCTBE CTaBAT HA OCHOBAHUH TM300TOJIOTHYECKUX, CEPOJOTUUECKUX, KITMHUKO-
reMaToJIOTUYECKUX M MAaTOJIOr0aHATOMUYECKUX JIaHHBIX. B mocnegHue roabl psj
uccrenoBarenei A AMarHoCTUKY JIEHKO03a KPYITHOTO pOraToro CKoTa mpeajarator
nonumepasHyw nenHyro peakuuio (ITL[P). MomnekynspHO-reHeTUueCKuid MeTo.
MO3BOJISIET BBISIBUTH NMpakThuuecku Bcex uHpuuupoBaHHbX BJI KPC XuUBOTHBIX U
OTPEIENIUTh HEMOCPEACTBEHHO BUPYC WM MPOBUPYC.



[T[P obGnamaer psiioM MPEUMYIIECTB: 4yBCTBUTEIBHOCTH OT 1 (hparmenta
HYKJIEMHOBOM KHUCIOTBI B oOpasue, crneuuduunocte g0 100%, ObicTpoTa
IPOBEICHUSI M BO3MOXKHOCTh TIOJHOM AaBTOMAaTH3allMd, YHHBEPCAIBHOCTD,
BO3MOXKHOCTh KOJIMYECTBEHHOTO yUeTa M BBISBICHUS MHPEKIIMU HA pAHHUX CPOKax
(nepBbIE AHU KU3HU).

Jluarnoctuka CcTaUIOKOKKO30B TMPOBOJUTCS KOMIUIEKCHO, YYHUTHIBAIOT
AMU300TOJOTMYECKUE, TAHHBIE, KIMHUYECKUE MPU3HAKH, TATOJIOr0aHATOMUYECKUE
U3MEHEHHUsI U JTabopaTopHble HccienoBaHus. Bo3OynurensimMu cTaduiIoKOKKO30B
KUBOTHBIX M  YEJOBEKa SBJSIOTCS KOKKOBHJHBIC, TPaMIIOJIOXKHUTEIbHBIC,
HEMOJBIKHBIE, HECmopooOpasyromue OakTepuu, OTHOCSIIHMECS K POy
Staphylococcus, cemetrictBa Micrococcaceae. CTapMIOKOKKH - OOMTATENH KOXKH,
CIIM3HUCTHIX 000104ek. Kak TpaH3uTHBIE BUABI MOTYT MPUCYTCTBOBAThH B KUIIICYHOM
tpakte. Pon Staphylococcus conepxut 28 BumoB. Y uenoBeka cTapUIOKOKKOBBIC
uHpeknuu BriaoyatoT Oonee 100 Ho3omormueckux  ¢opm. OCHOBHBIMH
BO30YAUTENIAMH CTA(PUIOKOKKO30B C/X >KMBOTHBIX SIBJISIOTCS BHABI S. aureus (ABa
noaBuaa), S. intermedius, S. hyicus u ap. S. aureus BbI3bIBAET y MHOTUX BHUJOB
KUBOTHBIX MECTHBIC BOCTIAIUTEIbHBIC THOMHBIEC TIPOIECCH HA KOXKE, QYPYHKYIIBI,
abclecchl U T.J1.; MACTUTHI KPYITHOTO pOraToro CKOTa, OBEll, CBUHEMH, Jo1aeH, KO3,
KpPOJIMKOB; 3HJIOMETPUTHI OBEL, K03, CBUHEH, cobak. K S. aureus HaumOoiee
YYBCTBUTEJIbHBI UBIIUIATa PAHHETO BO3pPACTa, y B3pOCIBIX Kyp OOYCIOBIMBAET
NOpa)KEHUE OPraHoB JbIXaHus, cycTaBoB. [loaBua S. aureus anaerobicus BbI3bIBaET
y OBeIl Ka3€03HbIN TuM(ageHUT, CXOAHBIN ¢ ICEBIOTYOEepKYIe3HbIM. S. intermedius
HanOoJiee 0ObIYEeH KaK BO30YAMUTENb MUOAEPMUN COOAK, KOIIEK, MOXKET MOpaxaTh
pecMpaTOpHBIA TpPakT, CycTaBbl W JApyrue TkaHu. S. hyicus BbI3bIBaeT
DKCCYJAaTUBHBIN JEPMATUT CBUHEW, B OCHOBHOM IIOpa)karoTcs mopocsta 1o 1,5-
MECAYHOTO BO3pacTa. Y B3pPOCIBIX CBUHEW MOXET ObITh MPUUMHON METPHUTOB,
nopakeHn Kou. MHOrma 3TOT BUI CTaQHUIOKOKKOB M30JMPYIOT TIPU MacTUTax
kopoB. S. gallinarum, S. arlettae o6uTaroT Ha KOXe Kyp; S. caprae
BBIJICIISIFOT U3 MOJIOKA KO3; 5 S. equorum BBIIETSIOT ¢ KOXKHBIX TOKPOBOB JIOIIAJIEH,
ot kotiek, S. delphini - ot genbdUHOB.

JlaGopatopHass AMArHocTHKa CTa(UIOKOKKO30B OCHOBaHA Ha BBIJEICHUU
KyJbTYp BO30yAHUTENEeld CBETOBOM MHUKPOCKOINUEH, HU3YYEHUH KYyJbTYpalbHO-
MOPGOIOTHYECKUX, OMOXUMHUUECKUX, OMOJIOTHYECKUX U CEPOJIOTHUYECKUX CBOMCTB.
Cxema nabopaTOpHOM JOUArHOCTUKM TMaTMarepuansa Ha  CTa(UIOKOKKO3
bakrepuonornueckoe  ucciaegoBanue.  Jlis  uccienoBaHHMS — UCIOJIB3YIOT
naTMaTepuan. Tpymbl MENIKUX >KMBOTHBIX W TTHUIl HAMpPaBISIIOT B J1TAOOPaTOPHIO
IIEJIMKOM, OT TPYIOB KPYITHBIX )KHBOTHBIX O€PYT YaCTH MApPEHXUMATO3HBIX OPTAHOB,
KPOBb M3 CEpJlla, TOJIOBHON MO3T; MPWKU3HEHHO — COJCPKUMOE aOCIECCOB,
UCTEUCHUS U3 MICHKN MaTKH, CHHOBUAJIBHYIO KUIKOCTh U3 MOPAKEHHBIX CyCTaBOB,
MOJIOKO OT MaCTHTHBIX KUBOTHBIX, COCKOOBI C MOPaXEHHBIX y4aCTKOB KOu. [Ipu



MO/I03PEHUN Ha KOPMOBBIC OTPABJICHUS CTA(DHIIOKOKKOBOW 3THOJIOTHN HATIPABJISIFOT
poOkl KopMa. Matepuan 6epyT OT JKUBOTHBIX, HE MOJBEPTaBIINXCS B TIOCICTHUE
10 nHel neyeHuo aHTUOAKTepUAIbHBIMY MpenapaTaMu.

bakrepuonornueckoe wucciaegoBanue. Ui  HMCCIENOBaHUSA HCHOJB3YIOT
narMarepuayn. Tpynbl MENKUX >KHUBOTHBIX W ITHI] HANPABISIOT B J1AOOPATOPUIO
LETTUKOM, OT TPYTIOB KPYITHBIX dKUBOTHBIX OE€PYT YaCTH MAPEHXUMATO3HBIX OPTaHOB,
KPOBb W3 CEpJLA, NOJIOBHOM MO3T; MPUKU3HEHHO — COJEPKUMOE aOCILIeCCOB,
MCTEUCHHUS U3 IIEUKU MAaTKH, CHHOBHAJIBHYIO KUJKOCTh U3 MOPAXKEHHBIX CYCTABOB,
MOJIOKO OT MaCTHUTHBIX KUBOTHBIX, COCKOOBI ¢ TIOPaXEHHBIX Y4aCTKOB KOxkH. [Ipu
MOJI0O3PEHUH HAa KOPMOBBIE OTPaBICHUS CTa()UIOKOKKOBOM STHOJIOTUU HAMPABIISIOT
poOkl KopMa. Matepuain 6epyT OT KUBOTHBIX, HE MOABEPTABIIUXCS B TIOCICTHUE
10 nHel neyeHno aHTUOAKTEpUAIbHBIMU MpenapaTaMu.

MUKpOCKOIIMYECKOE  HMCCIEIOBAaHWE  HMCXOJHOro  Marepuama. U3
MOCTYNUBILIETO MaTepuajga TOTOBAT Mas3Kd, oKpammBaioT mno ['pamy. Kierku
cTaIOKOKKOB cdepudeckue, pazmepom 0,5-1,0 MKM, TIpamIoOKUTEIbHbBIE,
pacnoJiaratoTcs €IMHMYHO, NTapaMH, B BUJE CKOIUICHHI HENmpaBUIBLHOU (OPMBI,
HEKOTOPOE KOJIMYECTBO KIJIETOK B Ma3KaxX U3 TKaHEH MOKET ObITh (DarouTUPOBAHO.
KiieTky BUpYIEHTHBIX ITAMMOB S. aureus UMeIoT HeOOobInyI0 Karncyny. Knetku S.
saprophyticus pacnonaratoTcsi B mpenapare B BUJI€ Ipyni HEMpaBUIbHOU POpMBI, a
TaKke TEeTpaJaMu U aKeTaMHu.

Bomnpocel 1J1s1 cCaMONIOATOTOBKM:

1. MonekynsapHO-TCHETUYECKHE METOJIbl JIMAarHOCTUKU WHOEKIIUMOHHBIX
0oJie3HEN KUBOTHBIX.

2. MonexkyIsIpHO-TCHETHUECKHE METOABl B BETEPUHAPHO-CAHUTAPHOU
HKCIIEPTHU3E MPH OLICHKE TYIL U OPraHOB MpH 3a00JI€BaHUSAX CKOTA U MTHULIBI.

Tema 4.3. MonekynsapHO-reHeTU4eCKUMN KOHTPONb 3a NpoAyKUuen us
MO

ConeprkaHre TEMBI:

JlaGopaTopHBbIil KOHTPOJIb 32 000POTOM MHUILEBOW MPOAYKIIMHU, COJIEpKaIIEH
['MU, B Poccun HOpMHpYyeETCs pa3iIuyHbIMU METOANYECKUMH YKa3aHusaMu U ' OCT
P 52173-2003 «Celppe u NOpOAyKTHl TNHIIEBbIC. MeToa uIeHTUUKAIUN
TreHEeTUYECKU MOJIU(PUIIMPOBAHHBIX HCTOYHUKOB PACTUTEIBHOTO MPOUCXOKIACHUS.

ITocTperucTpallnOHHBIN MOHUTOPUHT BKJIFOYAET:

* SKCIEPTU3Y JOKYMEHTOB Ha T'€HETHYECKHM MOAU(PUIMPOBAHHOE CHIPHE U
rOTOBBIE MPOAYKTHI;

* 1a0OpaTOPHBIN KOHTPOJIb Ha Hanuue ' MU;

* KOHTPOJIb 32 MAPKUPOBKOM r€HETUYECKH MOIU(UIUPOBAHHON MPOAYKIUY.



Cy1iecTByeT Ba METOJa OMPEEICHUSI TeHETHYEeCKH MOIU(DUIIMPOBAHHBIX
WCTOYHHUKOB B TIPOJYKTE: KOJTMUYCCTBCHHBIA U Ka4€CTBCHHBIN.
Kauecmeennwviti anann3 cOCTOUT U3 HECKOJIBKUX 3TaIOB.

1. Peructpamus u nepBudHast 00paboTka 00pa3os.

30Ha Tmpuema, perucTpalMu W TepBUYHONW 00paboOTKM  0Opas3IoB
npeaHa3HaYeHa JJIsl PETUCTPAIMU MTOCTYTAONIETO B JIa0OpAaTOPUIO MaTepHala, ero
COPTHUPOBKH U MAapKHUPOBKH, XpaHEHHUS M OOpabOTKH JH3UpYyIOmMM OydepoM, a
TaK)K€ NHAKTUBALUK OCTaTKOB OMOMaTepuaia.

2. ITpuroroBnenue npoOsl ais ananuza (Beraenenue JJHK).

C mnoMombI0 CHEMUANbHBIX pPEareHTOB TecT-cucTeMbl (Oydep s
JU3UPYIOIIETO peareHTa, JIM3UPYIOUUA peareHT, pacTBOpP [Jsi OTMBIBKU 1, 2 -
copOeHT yHuBepcanbHbI U ap.) Kommekr paccunran Ha Boiaenenne JJHK u3 50
npo0, BKJIIOYAasi KOHTPOJIbHbIE oOpasipl. [locine Toro kak cycrensuar Oyaer
conepxkath ounnieHHyo JJHK, npoObl roTOBHI K cleayromeMy 3Tamy.

3. [IpoBeaeHune aMIuIMPpUKaLNH.

[IpoOb1 00padaThIBAIOT peareHTaMu CAEAYIOIIEH TECT-CUCTEMBI U TIOMEILAIOT
B aMIUIM(UKATOP, 3a/1aBasi eMy onpeereHHyo nporpammy. [loaumepasnas nenxas
peakuus (I1LP) - mponecc ammindukanmm (yMHOXEHUs) in Vitro, Ipu KOTOPOM
¢parment JJTHK moxer ObITh pazmuoxkeH 8 10 10 pa3 (komwii).

4. lentpudyruposanue npod ammmpunrpoBannoit JJHK.

LHentpudyrupoanue Npou3BOAUTCS ¢ TOMOIIBI0 MiniSpin - nepcOHAIBHOM
0e30MacHO TEXHOJIOTMYHOM MUKPOUEHTPUPYTH € BBICOKUMH CKOPOCTHBIMH
XapakTepucTukaMu. B pe3ynbrare HEeHTpU(PYrupoBaHHsS BBIACISIOTCS ULEJbIE,
HemnoBpexkaAeHHbIe MoeKybl JJHK.

5. Dnexrpodopes [HIIP-poaykToB.

Ha mamnoMm srtame BwimeneHHyro JIHK moMmemaror Ha arapo3Helil reip u
IPOBOJSAT YEPEe3 HEro 3JEKTPUUYECKU TOK B TEYEHHE HECKOJbKHUX 4YacoB. B
pesynbTare 3Toro npouecca JAHK pasaensiercss Ha reHbl, KOTOpbIE BBICTPAUBAIOTCA
JpYT 3a APYrOM IO JJIMHE IeHa.

O6paboTka pe3ynbTaTOB aHAJIW3a MPOUCXOJIUT MPHU MOMOIIM CIEIUATBHON
IPOrpamMMbl Ha KOMITBIOTEPE.

Konuuecmeennwiii anann3 Takke NpOBOJUTCA B HECKOJIBKO 3TAIOB:

1. Perucrpanus u nepsudHasi o06padboTka 00pasios.

2. Beigenenune /JHK.

3. AMmmudukanus JTHK.

4. lobGaBneHre npaiiMepoB U MEUEHBIX (DITyopecuupyrollei Kpackoi 30H0B.

5. CpaBHEeHME cTENEHU (IIyOpPECUECHIINH.

6. [TocTpoeHue kanmmOpOBOYHBIX TPa(UKOB.

7. Omnpenenenue npoueHTHoro coxepxkanuss I'MUM nyrem cpaBHEHUs
3HAYCHUM.



Takum oOpa3om, mepBble TPH 3Tala aHAIOTMYHBI KAU€CTBEHHOMY METOJY
onpeneneanss MU B mpoxaykre. Ilocme stux sTamoB mpobOa momMemaercs B
CHeLMANBHBINA pUbop — TepMoIMKIep. B TepMonukiepe 3a10KeHbl CTaHIapTHHIE
BenuuuHbl 100%-Horo conepxanus [ MU B npoxaykre.

Omnpenenenre MOAUGUIIMPOBAHHBIX OEIKOB. PUBUKO-XUMUYECKUE MemOObl
Mmoougpurayuu. PU3NKO-XUMUYECKUE METO/IbI BO3JCHCTBHS HA OEIKOBBIE CUCTEMBI
OOBENUHAIOT CIEAYIOUINE TMPUEMBl: KOMILIEKCOOOpa3oBaHUE C MPHUPOJHBIMH
nonumepamMu (Oenkamu, ToJIMCaxapuliaMH, Jp.), a TakkKe C MOHOMEpaMmu
(yrieBosaMu, )KMpamu), MEXaHHYECKHE BO3JEHCTBHS pa3HOrO poja, TEPMHUYECKY IO
00paboTKy U Ap.

DU3NUECKUE METOJIBl BO3JICWCTBHS TAKXKE UIPAIOT ONPEACICHHYIO POJb B

MOAM(UKALMA CBONCTB OEIKOBBIX BEIIECTB. TaK, MHTEHCHUBHOCTb, CIOCOO U
CTENEHb IOMOJIa SBJSIOTCS KIIOYEBBIMU IPU MPOYMX PABHBIX YCIOBUAX B
(GOpMHpPOBaHMM KayecTBa MIIEHUYHOM MYyKH. YCTAaHABIMBas OIpPEICICHHbIE
TEMIIEPATypHbIE PEXHUMBI, PETYIHUPYIOT BIIArOYEPKUBAIOLIYI0 CIIOCOOHOCTb,
HEXHOCThb, COYHOCTh MSCHBIX CHUCTEM. Temmeparypoill W IpOJOJIKUTEIBHOCTHIO
0o0pabOTKM  pEeryjaupyroT  IOKa3aTeldd  KadecTBa  MOJOYHOIO  TBOpPOra.
OOHOBpPEMEHHOE MEXAHUUECKOE NIEPEMEIINBAHNE MACChI IPUBOAUT K 00pa30BAHHIO
«Ka3eMHOBOI'0 3€pHA», KOTOPOE CYIIECTBEHHO OTJIMYAETCS 10 OPraHOJIENITUYECKUM
MOKa3aTesiiM OT TBOPOTa, MOJYYEHHOTO TEPMOKHCIOTHOM Koaryisduuer, Ho Oe3
nepeMeIInBaHus.

Bricokas cTeneHs u3MeNnbueHUsl MSICHBIX U PHIOHBIX (hapiiieit, 0COOCHHO Ha
KOJUIOMJHBIX MEJIbHUIAX, MPUBOAUT K MEXaHUYECKOW Aerpajaliy CapKOMEpPOB
MUOGUOPHUIII, CIEACTBUEM YEro SBISETCA MOBBIIICHHE BOJOYEP KUBAIOILIEH
CIIOCOOHOCTH U PACTBOPUMOCTHU OEJIKOB.

YacTuuHasg TepMUYECKasl KOAryssiusi pPbIOHBIX OEIKOB WM 3aBAPUBAHHE
MyK{, B pe3yJibTaTe€ 4Yero MPOUCXOIUT JAeHATypalus KICHKOBUHHBIX OEIKOB,
U3MEHSIOT KOT€3UI0, MO3BOJIAIOT PEryJupoBaTh CIOCOOHOCTh K (DOPMOBAHUIO U
OpraHoJIENITUYECKHUE CBOMCTBA CUCTEM.

Bonpocsl 1151 cCaMONOATOTOBKH:

1. Xumuueckue MeToAbl OOHAPYKEHUS T€HETHYECKH MOAM(PUIIMPOBAHHBIX
HMCTOYHUKOB.

2. UMmMmyHODOTHYECKHE MEeTOo 1kl 0OHapyxeHust [ M.

3. MounekynsipHo-renetndyeckue Mmetoasl [ MU

4. HopMaTuBHO-TIPaBOBbIE IOKYMEHTHI, PErYJIUPYIOIINE
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