\ b Sl

vb' MoJiekyasipHast 6uoTe ('ygrn
' '. ' ¢

‘ :
buonHxeHepuss

'

-




Sxynos T.P.

MoJieky/JsipHasi 0MOTEXHOJIOT Ul

buonnxeHepus

Kazann 2018



VK 619:616.98:579.873.21:636.22.28
bbK 28672473

[lewaraercs mno pemieHn0o YyeHOro coBera (pakysbTeTa
ouorexnonoruu u crangapruzanuun I'bOY BO «Kazanckas
I'ABM»

Penenzentsr: FOcymosa I'.P. - nokTop OMONOrMYECKUX HayK,
naypeat ['ocynapcrsennoit npemuun PT, npodeccop kadenpor
BeTepuHapHO-canuTapHo 3xcneptu3sl ®PI'BOY BO KI'TABM.

Bagun P.P. - noxtop Omosornuyeckux Hayk,
npodeccop PAH, rnaBublii HayuHblii coTpynHuk OI'BHY
TatHUUCX.

SAxkynos T.P. MoaexyasipHast OMOTEeXHOJIOT Usl.
Buounxenepusi Yuebnoe nocooue / T.P.SkymoB. — Kazans:
OI'BOY BO Kazanckas 'ABM, 2018. — 157 c.

VYyebHoe mocobue mpeaHazHavdaeTcs sl CTYJCHTOB TI0
HampaBiieHusM noarotroBku — 36.05.01-«Berepunapus» u
36.03.02- «3ooTexHus», AJIT MAaruCTPAHTOB M aCIIMPAHTOB 10
HanpasieHuro noarotoBku 06.06.01-buonorndeckue Hayku.
Coctout u3 ABYX TJIaB, TJl€é H3JI0)KEHbI OCHOBBI T€HHOU U
KJIETOYHOM  MHXXEHEpUHU:  METOJbl  M3y4eHHS  T€HOMa,
KOHCTpyHpoBanue pexombunantHoit JIHK, TexHonoruu
TpaHCreHe3a, KJIOHUPOBAaHUS U JIp.

© T.P.SIkynos, 2018

© ®I'bOY BO KazaHnckas rocyaapcTBeHHas
aKaZieMMsl BETEpUHAPHON MEIULIUHBI
umenu H.O. baymana, 2018.



Beenenue

Tepmun "OuorexHomnorus" BrepBble ObUT TMPUMEHEH B
1917 r. Benrepckum uHxeHepoM Kapiiom Dpeku ais onucanust
mpouecca KpyINHOMAacHITaOHOTO BbIPAIIMBAaHUS CBUHEH C
HCIIOJb30BAHUEM B KadecTBe KOpMa caxapHOM cBekibl. [lo
OTIpEIeNIEHUI0 DpeKu, OMOTEXHOJIOTHS — 3TO "Bce BUABI padoT,
IIPU KOTOPBIX M3 CHIPHEBBIX MATEPHAJIOB C MOMOIIBIO JKHUBBIX
OpPraHU3MOB IPOU3BOASITCS T€ WM UHBIE TPOIYKTHI".

B Hacrosimee Bpemss «BHOTEXHOJIOTHIO», B LEJIOM,
OTIPEIENIAIOT KaK HayKy O IN€HHO-MH)KEHEPHBIX U KJIETOYHBIX
METO/JaXx U TEXHOJOTHMSX CO3JaHUSl U  HCIOJIb30BAHUS
FeHETUYECKH TpPaHC(HOPMHUPOBAHHBIX (MOIU(PHUIIMPOBAHHBIX)
pacTeHMil, JKMBOTHBIX W MHKPOOPraHM3MOB B  IEJAX
MHTEHCU(UKAMM TPOU3BOJCTBA M TOIYYEHHs] HOBBIX BHJOB
IPOAYKTOB pa3jIM4YHOro Ha3HadeHus. OJHAKO, CpeAM YYEHBIX
HeT €IMHOr0 M  TOYHOTO  ONpEACNICHUS  IOHATHS
«onorexHosorus». OOBACHUTH 3TO MOXHO Te€M, 4YTO
COBpEMEHHasi «OMOTEXHOJIOTHs» - HE OTHelbHas HayKa C
KOHKPETHBIMHU LIEJISIMH, 33/ladyaMU U MPEAMETOM H3ydeHHs, a
nenass o0JacTh 3HAHUM, OOBEIUHSIONAS MHOXKECTBO HAyK —
OMOJIOTUYECKUX, TOUHBIX U JP.

B wucropuueckoM cwmbiciie OHOTEXHOJIOTHS BO3HMKIIA
TOT/a, KOTJa JAPOXOKM ObUIM BIIEPBBIE HCIOJIB30BaHbI IPH
IIPOM3BOJICTBE UBA, @ OaKTepUU — JUIsl OTydeHus Horypra. A
B IIEJIOM JOCTH)KEHUSIMH OMOTEXHOJIOIMHU JIFOJIU TOJIb30BAINChH
C JpEeBHHUX BpEMEH, JaXe HE 3Hasi O CYLIECTBOBAaHUU
MUKpOOpPraHu3moB.  COBpEMEHHBIH  MHUP  IEPEKUBACT
rio0anbHbIi OuoTexHonorndeckud Oym. buotexHosnorus Bce
Oonpiie M OOJbIIE CTAHOBUTCA CHCTEMOOOPA3YIOIIMM,
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BEAyIIUM (aKTOPOM  pa3BUTHS HIKOHOMHMKH  OTAEIBHBIX
rocylapcTB M MHPOBOM HSKOHOMHMKM B 1iesioM. OCHOBHast
OpUYMHA  OBICTPOTO  Pa3BUTHS  OHMOTEXHOJOTHH —  3TO
YCKOpEHHO€  pa3BUTHE  yesoBedyecTBa. Hampumep, 3a
nocieanue 200 et KOJUYECTBO JIOJEH BO3pOCiOo B 0osiee Yem
6 pa3, norpebnenue sueprun — 40 pas.

OO0bekTaMu OMOTEXHOJIOTMH CIIy’KaT MHOTOYHCIICHHbIE
MIpeICTaBUTENHN rpymni KHUBBIX OpTraHn3MOB —
MUKpPOOPIraHU3Mbl (BUPYCBI, OakTepuH, JAPOXKH U Jp.),
pacTeHusl, )KUBOTHBIE, a TAK)KE U30JMPOBAHHBIE U3 HUX KIIETKU
U CyOKJIETOYHBIE CTPYKTYpHl (opraHesuibl). buorexHosorHs
0a3upyercs Ha MPOTEKAIOUINX B KUBBIX CUCTEMaX Kak (PU3HUKO-
XUMHYECKUX, TaK U (PU3HO0IOr0-0MOXMMHUECKUX MpOIeccax, B
pe3ynbTaTe KOTOPBIX OCYIIECTBIISIIOTCS BBIJEICHHE SHEPruu,
CUHTE3 U  paculeluieHue  NOPOAYKTOB  MeTaboim3Mma,
(dbopMHUpOBaHHE XUMHUYECKMX U CTPYKTYPHBIX KOMIIOHEHTOB
KIIETKU.

B mensix xkoHKpeTHU3aluu MPEAMETOB WM3Y4eHHUs U 3a1a4
OuoTexHonoruu, Uit Oojee  HAYYHOTO  BOCHPUSITHS
OMOTEXHOJIOTMYECKUX MPOIIECCOB BBIACISAIOT «MOJIEKYISIPHYIO
OMOTEXHOJIOTHIO», KOTOPYI0 MOKHO MPEICTaBUTh KaK HayKy,
Pa3BHUBILYIOCS M3  MOJIEKYIAPHON Ouonoruu -  MU3y4eHUs
SIBJICHUU )KM3HU HA MOJIEKYJISIPHOM ypPOBHE.

MounekynspHasi OMOTEXHOJIOTHSI KaK Hayka BO3HHUKJIA B
Hayajle COPOKOBBIX FOJIOB U MOJIy4nsIa YCKOPEHHOE Pa3BUTHE C
1953 ropna, nocne otkpeiTus Jxeiimca Yorcona u ®pencuca
Kpuka o0 XMMHYECKOH CTPYKType U NPOCTPAHCTBEHHOU
opranusanuu 1soiHoi cnupanu JHK.

B 1953 rogy Yotcon u Kpuk, Ha 0CHOBaHUU UMEIOLIUXCS
K TOMY BpEMEHM JaHHBIX, C(HOPMYIMpPOBAIU TEOPHIO O
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ctpykrype JHK — o Ttom, urto [AHK npencraBnsier coboit
MOJIMMEP W3 HYKIEOTHUIOB B BHJAEC JBOMHOM CHHpaIU U
SIBJISIETCS. HOCUTEJIEM T€HETHMYeCKOW MH(pOopManuu. ITO ObLIO
BBIJAIOIIMMCS  JJOCTHKEHUEM MOJIEKYJISIpHOM Ouosiorun —
OTKpbITHE HOBOW 3psl B  Ouosoruu. Ilocienyromue
HCCJIEIOBAHUS IOJIHOCTBIO TOJATBEPANUIN IPABWIBHOCTH 3TOM
TEOPUHU.

Pa3paboTka MeTomOB  HCCNEAOBaHUS  HYKIEHHOBBIX
KHUCJIOT TIO3BOJIJIA OCYHIECTBJIATh cekBeHupoBanue JIHK,
BBIIAIONIMMCS JIOCTHIKEHMEM dero sBiasgercsa To, uto B 2000
roay ObUTH JIOJIOXKEHBI TpeABapuTenbHbie, a B 2003 romy —
OKOHYATEJIbHbIE Pe3yJIbTaThl paciin(PpoBKY TeHOMA YeTIOBEKa.

1973 rony pazpabotrka Ctounu Kosnom u I'epbeptom
Boepom TexHonOrMM TepeHoca (YHKIMOHAIBHOW €IUHUIIBI
HACJIEICTBEHHOCTH, T'€Ha, W3 OJHOI0 OpraHu3Ma B JIpYyrou
SBUJIACh ~ HOBBIM  DJTallOM  Pa3BUTHS  MOJIEKYJISPHOM
onotexHosoruu. Ha 5Toil ocHOBe pa3pabaThIBaINCh HOBBIC
METO/Ibl U TEXHOJIOTHH, C MOMOIIBI0 KOTOPBIX MOKHO OBLIO
OBICTPO UACHTU(ULUPOBATD, BBIIEISITh U UCHOIH30BATh I'CHBI.
[lonyuenHsle pe3ynbTaThl BHECIM 3HAUUTENBHBIM BKJIaa B
pa3BUTHE BCeX OMOJOTMYECKUX JUCHUIUIMH — OHOJOTUU
pPa3BUTHSI, MOJICKYJISIPHON ABOJIOLMHU, KIETOYHOW OHOJIOTHH,
TEeHETUKH YeJIOBEKa U KUBOTHBIX, OMOTEXHOJIOTHH.

YCIOBHO  MOJEKYISpHYIO  OHOTEXHOJIOTHIO  MOXXHO
paszznenuTh Ha 4 OCHOBHBIE M TECHO B3aUMOCBSI3aHHBIE MEXIY
coOoii pa3ziensl (MM HalpaBJICHUs ):

1. 'enHas uHxXeHepHs
2. Knerounas uH>xeHepHst
3. UnxeHepHasi SH3UMOJIOTUs



4. Texuuueckas I IIPOU3BOJICTBEHHAS

MUKPOOHOIOTHS.

Kaxnas w3 3TuUX HampaBiIeHUH NPEACTaBIIAIOT CO00M
oOmMpHYIO 00JIACTh 3HAHUH CO CBOMMH LIEJISIMU U 3a/1a4aMHU.

I'enernyeckasi MH)KeHepHUsl - COBOKYIIHOCTb METOJOB,
MO3BOJISIFOIIMX ~HMCKYCCTBEHHO IEPEHOCUTh TI'€HETHYECKYIO
MH(POpPMAIIUIO W3 OJHOTO OpraHuM3Ma B JAPYrod C MOMOIIBIO
CHEIHaIbHO CO3/IaHHBIX T'€HETUYECKUX KOHCTpYKIMM. OnHOM
U3 TJIABHBIX 3a/lad T€HHOM WHXEHEpUU SIBIIETCS IOJIy4YeHHE
OpPraHU3MOB C JKeJaeMbIMU cBoMcTBaMU. OCHOBHBIM IMOAX0JI0M
- KOHCTpyHpOBaHHE in  Vitro (BHE  opraHusma)
PEKOMOMHAHTHBIX MOJIEKYJT JHK (MCKYCCTBEHHO
CKOMOMHHMpPOBAHHBIX M3  (ParMeHTOB) C  3aJaHHBIMU
HACJEACTBEHHBIMU CBOMCTBAMM, IO3TOMY I'€HHYIO UHKEHEPHIO
TaK)Ke Ha3bIBAIOT TeXHOJOTHEH pekoMOnHaHTHBIX JTHK.

Kierounasi uWHXkeHepusi - COBOKYIHOCTh METO/IOB,
WCIONBb3YEMBIX JJII  KOHCTPYMPOBAHHS HOBBIX  KIJIETOK.
Bxirouaer KynbTUBUPOBAaHHME M KJIOHMPOBAHHUE KIETOK Ha
CHeIHaIbHO TMOJOOPaHHBIX Cpelax, THOpUAM3AINI0 KJIETOK,
repecajKy KIETOYHBIX SAEp M APYTHE MUKPOXHPYPrHUECKHE
omepamuu 1Mo «pa3doopke» M «CcOOpKe» (PEKOHCTPYKIIHH)
YKU3HECIIOCOOHBIX KJIETOK M3 OTJCIbHBIX (DParMeHTOB.

[IpeuMy1iecTBO KIETOUHON MHXXEHEPUHM B TOM, YTO OHA
M03BOJIAET 3KCIEPUMEHTUPOBATh C KJIETKaMH, a HE C LEIbIMU
oprauusmamu. [locnennee ropasmo ciokHee, a MHOrAa M
HEBO3MOXHO, 0COOEHHO B CiIyyae MJICKOTTUTAIONIUX )KMBOTHBIX
U YeloBeKa MM MpHU MOJIYYEHUH OTHANEHHBIX T'MOPHUIOB.
MeTonpl KJIETOYHOM HWHXEHEPUUM B MEIUIMHE, CEIbCKOM
X034HWCTBE WM OWOTEXHOJOTMM 4YacTO MpPUMEHSIOT B
COYETAHUH C TEHHOW MH)KEHEPHUEH.



lI'ennasa  umocenepusi U KIEMOYHAS — UHIICEHEPUs.
COCMaGNAIOM  OCHO8Y  MOAEKYIAPHOU  OUOMEXHOIO2UU.
Obvedunus ux 6 00HO yenoe, 8 HACMOAUEe BPeMsl 8blOEIAIONM
OmOenbHbIL  pazdesl  MOAEKYIAPHOU  Ouomexmonocuu -
OuouHsICeHepuio.

Nuikenepuasi IH3UMOJIOTHA — obnactp
OMOTEXHOJOIMYECKON HayKH, K KOTOPOM OTHOCST CHUCTEMY
METOJIOB TIOJYYCHHS, OUYNCTKU, CTAOWIM3AIMA U TTPUMCHCHHUS
(depmenToB. OCHOBHOUM 3a7auell WHXKXEHEPHOM SH3MMOJIOTUH
SBIIIETCS KOHCTPYHPOBaHUE OMOOPTraHWYISCKUX KaTaIH3aTOPOB
C 3QJaHHBIMH CBOWCTBaMH W pa3paboTka Ha WX OCHOBE
pa3nuuHbIX  A(Q(GEKTUBHBIX W JKOJOTHYECKH  YHUCTBIX
OMOTEXHOJIOTHYECKUX ITPOIECCOB.

WNnxenepuas SH3UMOJIOT U4, pa3pabaThIiBacT u
OCYILIECTBIISIET ~ MPOMBIIUIEHHbIE ~ METOAbl  IOJIyYeHUs
XMMHYECKUX BEIIECTB M MPOAYKTOB, OCHOBaHHbIE Ha
WCIOJIb30BAHUM B KadyecTBE KaTaJlM3aTOPOB XUMHUUYECKUX
peakuuii  pepmentoB. Illupokoe npumeHneHue GepMEeHTOB B

MIPOMBIIITIEHHOCTH CTaJo BO3MO>KHBIM Onarogaps

WCIO0JIb30BAaHUI0 UMMOOUITN30BaHHBIX ()EPMEHTOB.
Texuuyeckasn WIn NPOU3BOICTBEHHAS

MHKPOOHOIOTHS - paszznen OMOTEXHOJIOTHH,

p33pa6aTLIBaIOHIHﬁ CII0COOBI KyJIbTUBallUU ITIOJIC3HBIX

MHUKPOOPraHru3MOB B IIPOMBIINIJICHHBIX Maciradax.
Texanueckas MI/IKp06I/IOHOFI/IH HU3y4acT
MHUKPOOPraHU3MBbI, HUCIIOJB3YEMbIC B IIPOU3BOACTBCHHBIX
nmponeccax € MOCJIbI0 MOJYUCHUA Pa3IMYHBIX IIPAKTHYCCKU
Ba’KHbBIX BCHICCTB: IMUIICBLIX IMPOAYKTOB, JICKAPCTBCHHLIX
npenapaTroB OMOJIOTHYECKH  aKTUBHBIX BCIICCTB H  1p.
COBpeMeHHaH TCXHHUYCCKas1 MHKp06I/IOJIOFI/I$I BHOCHT OOJIBIIIOM
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BKJIQ/JI B PELICHUE TAKUX TIIOOATBHBIX COLHMAIBHBIX IpPOOIeM,
Kak oXpaHa 3J10pOBbS, obecrieueHue 4eJ0BeKa
IIPOJIOBOJILCTBUEM, OXpaHa IIPUPOJIbI U SJHEPrOOOECIIEUCHHE.

I'IABA 1

I'eneTnuyeckasi MHIKEHEPUS
1. Kparkas ucropus. JlocTuskeHust

I'enernueckas WM reHHasi HH)KEHEPHS CEroJHs JOCTHUTIIIA
JIOBOJILHO BBICOKOTO YPOBHSI Pa3BUTHS M OcCTaeTcs HauboJliee
OypHO  pPa3BUBAIOIIMMCS  HAIpPaBJIEHUEM  MOJIEKYISPHON
o6uorexHoznoruu. biaronapsi reHHOM HHXKEHEPHH YEIO0BEYECTBO
MOJIYYMJIO IIAHC Pa3pelieHus MHOTUX BOIIPOCOB M MpoOJieM B
0o0JacT MENWLMHBI, CEIbCKOTO XO3SHCTBA W psiia MHBIX
oOnacTei.

C pa3BUTHEM T'E€HHOW HWHXEHEPUHU YYEHBIC MOJTYYUIIU
BO3MOXHOCTh CHHTE3MPOBATh, BBIIEISITh, KOMOMHUPOBATH U
nepemMeniaTh TeHbl U ro0bIe apyrue ¢pparmentsl JJHK.

'enHas uHXeHepusi BHECJIa PEBOJIOLMOHHBIN BKJIAJ B
pa3BUTHE MHOTHX OHOJOTMYECKHX ITUCIHIUIMH, TaKUX Kak,
MOJIEKYJsIpHAsi OMOJIOTUS, MHKPOOHOJOTHs, BUPYCOJIOTHS,
MEJUIIMHCKas TeHEeTHKa, TeHeTHKa uenoBeka u ap. [losBunach
paHee HENOCTYIHAs BO3MOXKHOCTb M3YYEHUS MOJICKYISPHOM
OpraHu3alii T€HOMOB (B TOM YHCJIE BBICHIMX 3YKAPUOT), YTO
MIPUBEJIO K BO3HUKHOBEHMIO T€HOMMKH — pa3jiejia T€HETHKH,
N3Y4aOIEro CTPYKTYPHYIO OpraHHu3aIfio u
(G YHKIIMOHUPOBaHHE TEHOMOB.

OOHumM U3 nocreoHux ceepx OOCMUMNCEHUl 2eHHOU
UHDICEHepUU ABNIAemcs CO30aHUue UCKYCCMBEHHOU KIemKU, O
yem 0onodicun 2010 200y Kpetie Benmep.



Pabote! Kpeiira Bearepa npuHauiexar Kk HOBOM 00acTH
«CUHTETUYECKOW OWOoJIOTHH», KOTOpasi oObeauHsIeT B ceOe u
XMUMHMIO, M MEIULUHY, U TEHOMHUKY, U DpsIA JpYrux
TPaJIMLMOHHBIX HAYYHbIX JUCUUIUIMH, TJIAaBHOW LIEJIBIO,
KOTOPOM  fBIETCA  CO3JaHUE  LEJIOr0  TIeHoOMa |
IepenporpaMMIUpOBaHUE OPraHU3MOB.

[IepBblit Tan pa3BUTHSA T'€HHOW MH)KEHEPUHU - IIOIBITKA
paciinpoBKH T€HOMA JKMBOTO OpPraHu3Ma. YUeHbIE BIEpPBbHIE
npoOoOBali  MOHATh, 3@ Kakue KOHKpEeTHO (yHKIUU B
OpraHu3Me >KMBOTO CyIIecTBa OTBEYaeT TOT WJIW UHOU
oTnenbHO B34ThIM TeH. B 1980 rogy «3a pynaameHTanbHbIE
UCCIIEIOBAaHUS OMOXMMHHM HYKJIEUHOBBIX KHCIOT, OCOOEHHO
pexomOunantHoit JIHK» Ilonm bepr, VYonrep I['mnbepr u
®penepuk Cenrep Obutn ymoctoeHsl HobOeneBckoit mpemuu B
oOnactu xumMuu. B 1enom, oHM MONyYWIH €€ 3a YIadHYIo
TIOTIBITKY paciiupOBKHA I'eHETUYECKONU HH(POpMaITUH.

Ha ceromgsamuuii OeHL C IIOMONIIBK0 TI'€HETHUYECKOU
WHXXCHEPUU CO3JaHbl JIMHUU JKMBOTHBIX, YCTOMYMBBIX K
BUPYCHBIM 3a00JIeBaHUSAM, a TaKXKe HOPOJbl XUBOTHBIX C
IIOJIE3HBIMU JJIS1 YEJIOBEKA IIPU3HAKAMM.

I'enHas uHXeHepUs OTKpbUIA IyTh AJIS IIPOM3BOJICTBA
IPOAYKTOB OEIKOBOW MPHUPOAbI IYTEM BBEICHMS B KIETKU
MHUKDPOOPIaHHU3MOB, HCKYCCTBEHHO CHHTE3UPOBAaHHBIX TI'€HOB,
IJIe OHU MOTYT 3KCIIPECCUPOBATHCS (BCTPAMBATBHCS) B COCTAB
ruOpuaHbIX MoJekyn. [lepBod ynauHON MOMBITKOM Takoro
pona crana padora K. Urtakypsl u I'. Boliepa ¢ coaBropamu
(1977r.) mo oKcmpeccuun B E. coli xumuyecku
CUHTE3UPOBAHHOTO reHa, KOJUPYIOILLErO TOPMOH
MJIEKOTIMTAIOIIUX - COMATOCTaTHH.



MeTtox  XMMHMYECKOTO CHHTE3a T€HOB  OOeCTeqmi
BO3MOYHOCTb IIOJIy4YEHUS IITaMMOB OaKTepUil - IPOIYLIEHTOB
UHCYJMHA 4YeJIOBEKa, BAXXHOIO JiedeOHOro Ipernapara Jyis
O0onbpHBIX guaberoM. TakuMm  CrOCOOOM — TMOJyYEHBI U
KIIOHUPOBAHbl TE€HbI, KOAMUPYIOLIUME TJOOHWHBI YEIOBEKa,
KUBOTHBIX M NTHII, OCTOK XpyCTaJMKa IJia3a, SUYHbIH OEJIOK,
(¢ubpouH 11eNKa, NPOIYLUPYEMbIH TYTOBBIM LIEJIKOMPSAOM, U
ap. OTOT K€ NpUHUUO OB NPUMEHEH MJIs TOJYy4eHUs,
KIIOHUPOBAHUS M SKCIIPECCUM I'€HOB MHTEp(EpOoHa YeloBeKa B
OaKTepusx.

BennyailmuM JOCTHKEHUEM T€HHOW WHKEHEPUH MOYKHO
Ha3BaTh TO, 4T0 B 2003 rogy ObUIO OOBSIBIEHO 00 YCHENTHOM
BBITIOJTHEHUM MEXIYHAPOJHOW HAydHOW mporpammsl «I'eHom
YEJIOBEKay.

[Iporpamma «l'eHoM 4enoBeka»,  MEXKIyHapoOAHas
porpamMMa, KOHEYHOM LETbI0 KOTOPOU SBJISIIOCH ONPEICIICHUE
HYKJICOTHJIHOM TOCJIEIOBATEILHOCTH (CEKBEHUPOBAHUE) BCEH
reHomHoi JIHK wenoBeka, a Taxke uaeHTU(UKAIUS TEHOB U
ux JIOKaIU3aluu B reHOMEe (kapTupoBaHue).
OO011e0MOOTHYECKUM 3HAUEHUEM HCCIIEIOBAaHUM B paMKax
[Ipoexra sBiseTCA, TO YTO HCCIEIOBAaHUS CHOCOOCTBOBAIHU
CEKBEHUPOBAHUIO TE€HOMOB OIPOMHOTO uHcia  JPYrUX
opranu3MoB. be3 reHOMHOTO HpoeKTa 3TH JaHHbIE ObUIH OBl
MOJIy4€HBI TOPa3JI0 MO3XKE M B TOPa3/Io MEHbIIEM 00beMeE.

Ceiiuac, nake TpPyIHO MNpEACKa3aTh BCE BO3MOYKHOCTH,
KOTOpble OyAyT peainu3oBaHbl B Ommkaillime HECKOIbKO
necatkoB JieT. Camble OOJbIIME HAAEKAbl BO3JAraroTcs Ha
BO3MOXHOCTb TIPUMEHEHHUS PpEe3YyJIbTaTOB CEKBEHUPOBAHMS
reHoMa 4eJioBeKa JJIs JIeUeHHs TeHeTHUecKux 3abosesanuii. K
HACTOSIIEMY BPEMEHU B MUPE UACHTU(PHUIIMPOBAHO MHOKECTBO
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TeHOB, OTBETCTBEHHBIX 32 MHOTHE OOJIE3HH YeJOBEKa, B TOM
YyHuciae M TaKue Cepbe3Hble, Kak O0oJe3Hb AJblreiimepa,
MYKOBHCIIU/I03, MbllIeuHass auctpodus JlromenHa, xopes
['eHTUHITOHA, HACIEACTBEHHBIM pPaKk MOJIOYHOM JKEJIEe3bl M
SIMIHUKOB. CtpyKTyphI ITUX IEHOB HOJIHOCTBIO
pacmugpoBaHbl, a CaMH OHH KJIOHUPOBAHBI.

'enernueckass HHXKEHEpPUS HMEET SPKYIO HCTOPHUIO,
Onmarojaps, TpexJae BCero, OTKpPHITUAM B  oOnactu
UCCIIEI0OBAaHUI HYKIEMHOBBIX KHCIIOT:
1869r. - ®. Muep - Beinenenne JJHK u3 snep kieTok raos;
1940r. - bpayn u Tomn — pacmu@poBKa NPUHIUIIOB
XMUMHUYECKOTO CTPOEHUS MOJIUHYKICOTHTHOM 1IeTH;
1950r. - O. Yapradbd — chopmynupoBas 3aKOHOMEPHOCTEH
HYKJICOTHIHBIX OTHOIIEHUH (mpaBmiio Yapraddoda);
1953r. - JI. Yorcon, ®@. Kpuk - CKOHCTpyHpOBaHa MOJEIb
neoiiHoM  crmpanmu  JIHK  Ha OCHOBaHMM  pe3ysbTaTOB
peHTreHocTpyKTypHOTO aHanuza JJHK;
1956r. - 3.BonkuH, Actpaxanu u Xepi - oTkpbitue u-PHK;
1957r. - A. Kopubepr - cunrte3 JIHK in vitro;
1966r. - M. HwupenGepr, I'. Kopana - pacmudppoBan
TeHEeTUYECKUN KO,
1967r. - M. T'enneprt - otkpbiTa JJHK-1urasa;
1968r. - M. Mesenbcon, E. HOanp - BblmeneHa mnepBas
pEeCTpHUKTa3a;
1972-1973r.r. - I'. boitep, C. Koan, II. bepr - pa3zpabGorana
TexHosorus kinonuposanus J1HK;
1975-1977r.r. - ®. Courep, P. bappen, A. Makcam, B.
I'unGept - pa3paboTaHbl METOABI OBICTPOrO OMpEAETICHUS
HYKJIEOTUAHOMU NOCIIEN0BATENBHOCTH;
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1981-1982r.r. - P. ITansmurep, P. bpuncrep, A. CnpaumHr -
MOJTy4eHa TPAHCTEHHAs! MBIIb.

1998r. — co3gaHa moJsiHas TeHETUYecKas KapTa >XHUBOTHOTO
(Kpyriioro uepss);

2003r. — MOJIHOCTHIO paciIupPOBaH TEHOM UYEIIOBEKA;

2010r. - co3nana nepBasi CHHTETUYECKasl KJIETKa, KOTopast
paboTaeT Ha OCHOBE CHHTETUYECKOTO FeHOMA.

2. THK — HocuTeIb reHeTH4ecKkoil nHgopmauumn

HyxnenHoBbie KUCIOTHI OBLIM BIEPBBIE OTKPBITHI B 1869
r. @pugpuxom Mumepom, Korxa H3 JEHKOUUTOB KpPOBHU
YeNIOBeKa BBIACTII «HYKIeUH» - BEHIECTBO C KHUCIOTHBIMH
cpoiictBamu. K koniy XIX Beka oHM Obutu mosydeHbl P.
AnptmManoM (1889) B uymcTtoM BHIE €3 KIETOK TKaHEH
XKUBOTHBIX U Apoxioked. TepMUH «HYKIEHHOBBIE KHUCIOTBI»
ob11 ipeiocked 1889 rogy A.Koccernewm, a posib HyKJIEHHOBBIX
KHCJIOT KaK HOCHUTEJE HacleCTBEHHOCTH ObLIa yCTaHOBJIEHA
CpPaBHUTEIBHO HEIaBHO, M Obul caenaH ['pudducom B 1928
rojay,  KOTOPbIH  OTKpbUI  sIBJI€HME  OaKTepHalbHOMN
tpanchopmaiuu. B ompitax ['pudduca Obuto mokazaHo, 4To
ITHEBMOKOKKH OecCKarcyJIbHOU hopmbl (R-opmpr)
MPUOOPETAIOT BUPYICHTHOCTD, €CIIM UX CMEIINBATh C YOUTHIMU
HarpeBaHUeM BHUPYJACHTHbIMU  (S-popmamu) IITaMMaMU
ITHEBMOKOKKOB.

Hyxneunosas  xkucioma — —  8bICOKOMONEKYISAPHOE
coeduneHue Ul OUOI02UYeCKUll NoauMep, NOCMPOEHHbIU U3
MOHOHYKIe0MUOO08.

PaznuuaroT 1Ba BUJa HyKJIEMHOBBIX KUCIIOT:

1) AHK - ne3okcuprOOHYKIEMHOBAs KUCIIOTA;

2) PHK - puboHykinenHoBast KUCIOTA.
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buonornyeckass ~ (QyHKIUS ~ HYKIEMHOBBIX  KHCJIOT
3aKJII0YaeTCs B XpaHEHUH, Ilepefadye M pealn3anuu
TeHETHYECKON uMHpopMmanuu, obecrieunBas TEM CaMbIM
KU3HEACATEIBHOCTD U MHIUBHIYAJIbHOCTD JKUBOT'O OPTaHU3Ma.

OcHosnvie omauuus mexcoy JJHK u PHK

1. IHK wumeer nByxuenoudeunywo cTtpykrypy, PHK -
ognonemnovyeyna. JIHK nokanm3oBaHa B OCHOBHOM B sJpe
knetkd, PHK — B nuromnasme. PHK OrniBaeT 3-X OCHOBHBIX
BugoB: n”PHK, TPHK u pPHK.

2. Ommune B HykieotuHoM cocrase: JIHK mocrpoena
m AM®, 'MO, IM®, TM®; PHK — uz AM®, IT'M®, [IM®
u YM®. Takum o6pazom, B JIHK Hukorma He BcTpedaercs
YMO®, a 8 PHK — TM®.

3. OTiure B CTPOCHUM HYKJICOTHUIOB: B HYKJICOTHIAX
JHK  BTOpbIM, yria€BOAMCTBIM KOMIIOHEHTOM  SIBJISIETCA
ne3okcupu6o3a, B Hykiaeotuaax PHK — pubo3sa.

OrpomHyI0 poJsib B pasrajke 0CoOEHHOCTEH CTpOeHUs, B
pactugpoBke cTpykTyphl MoJiekynsl JIHK ceirpano yuenue
aMepukaHckoro Ouoxumuika OpBuHa Yapradda. OcHOBHBIC
MIOJIOKEHUSI €T0 YYeHHS U3BECTHBI Kak npaBuiia Yapradoda.

CTpyKTypHBIMU  €IMHULAMH HYKIEUHOBBIX  KHCJIOT
SIBISIFOTCSA —  MOHOHYKJIEOTH/IBI. CrnenoBaTenbHO,
HYKJIEUHOBBIE KHUCJIOTBI MPEACTABIISIIOT co0oif
MOJIMHYKJIEOTU/IbI, TJI€ MOHOHYKJICOTH/IbI CBS3BIBAIOTCS MEXIY
coboit  croxkHOd(upHON  cBs3br0. KoBaneHTHBIT  OCTOB
MOJIEKYJIbI HYKJIEMHOBOM KHCJIOTBI COCTaBISIOT MOHOTOHHO
yepeayrommecss ocTaTku (HochOpHON KUCIOTHI U TEHTO3BI, a
A30TUCThIE OCHOBAHMS KaK OOKOBBIEC TPYIIIBI CTOST HAa PaBHBIX
pPacCTOSIHUAX APYT OT APYyra CBsi3aHHbIE C IEHTO3aMU.
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a30TUCTOC a30THUCTOC
OCHOBaHHEC OCHOBAHHUEC

Puc. 1. Cxema cTpoeHus 11Ny HyKJIEHHOBON KHCIOTHI.

Ocratok (ochopHOM KHUCIOTHI C OAHOTO KOHIA IIEMH
CBA3BIBACTCA C S5, C JIPyroro — ¢ 3 yriaepoaoM NeHTO3bl. B
3aBHCHMOCTH OT 9Toro pasmuuaror -5 komen u -3’ komen
MOJMHYKJIECOTHIHOW 1enu. Kak mpaBwio, ¢ 5/ komma
HAaYMHAETCS CHUHTE3 MOJMHYKICOTHIHOW WEenu B IMpolieccax
pelIMKaIyy, TPAHCKPHIINK, a TaKkKe pemapanuu, T.e. 5
KOHEI] MOKHO Ha3BaTh HAYAJIOM LIENH HYKJIEUHOBBIX KHUCIIOT.

JIBe nenu JIHK Bcerma oGpareHsl apyr Apyry CBOWMH
A30THCTHIMU OCHOBAHUSMHU. B Takol CTPYKType OKa3bIBarOTCSA
TOYHO MPUTHAHHBIMU JIPYT IPYTy TOJBKO OINPEJCIICHHbIEC Mapbl
a30TUCTHIX OCHOBaHUMU. TakoBbIMU siBIsIFOTCA A-T u -1 mapsi.
OHU JONONHSIOT APYr JApyra, OHU CBSI3aHBI MEXAy coOoi
BOJIOPOJHBIMU CBSI35IMU, OHU — KOMIUIEMEHTapHbI. B 3TOM CyTh
MPUHLUIA KOMILUIEMEHTAPHOCTH.

[IpyHUMI KOMIUIEMEHTAPHOCTH a30TUCTBIX OCHOBAaHHI
SIBJISIETCS OCHOBHBIM «OMOJIOTUYECKUM 3aKOHOM»
ofOecreunBalOINM  XpaHEHHEe, TMeperady ¢ peaau3aluio
reHeTuYecKkoi uHpopManuu, oOyclIaBIuBas TEM CaMbIM
KU3HEAEATEIbHOCTh u WHJUBUIYaJIbHOCTh JKUBBIX
OpraHU3MOB.

Pubonyknennossie kucnotsl (PHK) npuanMaroT yuactue
B TpoIlecce peanu3alii HacleACTBEHHOW WH(opManuu - B
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ouocunreze OenkoB. Pasmuyaror Heckonbko BuaoB PHK -
MH()OPMALMOHHYIO, PUOOCOMAIBHYIO U TPAHCIOPTHYIO H .
PuGonykienHOBbIE KUCIIOTHI TAaK)XK€ MOTYT HCIOJHATH POJIb
HOCHUTEN TeHeTuyeckol uHdopmanuu, Hampumep, y PHK-
COJIepKAIUX BUPYCOB.

CmpyxkmypHas opeanuzayus HyK1eUHO8bIX KUCI0Mm

PaznuuaroT mepBUYHYIO, BTOPUYHYIO W TPETUYHYIO
crpykTypy JAHK.

[TepBuunas crpykrypa HHK - mnocienoBarenbHOCTh
HYKJICOTHIOB, 0Opa3yeTcst Onarojapsi CI0KHOA(UPHOU CBSI3H,
BO3HMKAIOMIEH MEXIy OCTaTkoM (ochopHON KHCIOTHI Yy
OJIHOTO MOHOHYKJIEOTHJAa U € 3 yriaepoAoM Ae30KCUPHUOO3bI
JPYroro MOHOHYKJIEOTH/IA.

Bropuunas  crpykrypa JHK - cnupanuzanus
MOJMHYKJICOTUTHOM IIeTIH, BEpHEE HBYX Iened oOpa3ys
JIBOMHYIO cniupaib. BeisicHenue BropuyHoi cTtpykTypbl JJHK -
3TO OJIHO U3 KPYMHEHUIINX OTKPBITUN B OMOJIOTHH, TaK KaK Mpu
9TOM OBUT PACKPHIT MOJEKYISPHBIA MEXaHH3M Iepenadyu
FeHETHYECKONW WHGOpMaIMK B psALy MOKOJIeHHH. Moenb
Bropu4HOi cTpykrypsl JIHK Oplna npemioxena B 1953 . JIx.
Yorconom u @. Kpukom Ha OCHOBaHMM JaHHBIX PEHTI€HOCT-
pykrypHOro ananu3a. [Ipu 3TOM OBLIO TaKke YCTaHOBIEHO,
yto JIHK ckinonna xk nonumopdusmy U B pa3auvHbIX YCIOBUAX
CYIIECTBYET B BUJIE MO-PA3HOMY YIOPSIOYEHHBIX BOJIOKHHUCTO-
KPUCTAINTMYECKUX CTPYKTyp. WX cymiecTtByer Ooisiee AecsrTka,
HO HamboJee pacpOCTPAHEHBI U U3Y4EHbI METOJIOM PEHTI€HO-
CTPYKTYpPHOTO aHallu3a ToJIbKo ueThipe: A-, B-, C- u T-dopmsr.
Bce oHu SBHAOTCS NPaBO3aKpPYYEHHBIMU CHHPATISMU U
paznuuaroTcs JIpyr OT Jpyra MaroM CHOUPAId, YHCIOM
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OCHOBaHUI Ha BUTOK U PAAOM (pru3mueckux KoHcTaHT. CymecT-
BOBaHHUE TAaKOTro KoJiMuecTBa BTOpUYHBIX cTpykTyp JHK 00y-
CJIOBJICHO TE€M, YTO B KaXKJIbIi MOMEHT CBOETO CYIIECTBOBAHUS
JHK o6pa3yer nHambosee ymoOHbBIE AJIsi BBINOJTHIEMBIX €IO
GyHKIMH KOHPHUTYpaLnu:

— A-dopma monekyn Hamboisiee ymoOHa mjis mporiecca
TPAHCKPUTIIINH;

— B-opma — 11151 perumKanmoHHBIX TPOIIECCOB;

— C-popma — myis 06pa3oBaHusl KOMIUIEKCOB MEXITY MO-
nexynoit JIHK u Genkamu xpomartuHa.

B 70-x romax XX Beka ObUIM TTOJTYYEHBI JaHHBIC O CYIIe-
CTBOBAaHHH JIBYX HOBBIX KOH(OpPMAIMI BTOPUYHOU CTPYKTYPHI
JHK — Z-popmbr u SBS-koHdopmanuu. Z-popma rpeacrasie-
Ha JIEBO3aKPyYEHHBIMHU MOJUHYKJICOTUIHBIMU LIETISIMU C 3UT3a-
roo0Opa3HbIM pacnoiokeHrueM (ocharupix rpymm. B Z-popme
JIHK yuacTByeT B pa3iIM4YHBIX META0OJWYECKUX IMpoIleccax.
SBS-xondopmanusa JIHK xapakrepusyercst oTCyTCTBHEM B3au-
MO3aKpyYEHHBIX MOJUHYKICOTHAHBIX LeNel B OUCTIHPaIbHYIO
Mosekyiny. OHH pacrosaratorcsi 60k 0 OOK, OYeHb JIErKO pac-
MapUBAIOTCS, PACXOMIATCS, YTO WUrpaeT OOJBIIYI0 POJb IPHU
ouocunrese JIHK.

Tpernunoit ctpykrypoir JHK wmoxHO mnpencraBuTh
OpraHu3aIuIo €€ MOJIEKYJIbl B XPOMAaTHHOBBIE BOJIOKHA B sJIpax
KJIETOK TKaHed opranu3ma. Mouekyna JIHK sBaserca oueHs
JUIMHHOM, TOATOMY B SJpe€ IUIOTHO «YyIaKOBaHa» IyTeM
CBEpXCHUpAIU3alldd C ydacTHeM OENKOB  OCHOBHOTO
xapaktepa. JIHK kieTkn B OCHOBHOM HaXOJUTCS B COCTaBe
XpOMOCOM U IIMIIb HEOOJbIlIasgs YacTh €€ HaxOJuTcs B
MUTOXOHJIpusix. CymMMapHbIii  MaTepuans  XpoOMOCOM  —
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xpomamun, conepxkut JJHK, ructonsl, HEerucToHOBBIC OCIKU H
HeOompIoe komyecto PHK.

OCHOBOM TEHETHYECKOTO arapaTa 3YKapuoT SBISIOTCS
XpOMOCOMBI, B  OCHOBE KOTOPBIX JICKHUT  JIMHEHHas
JBYCIIUpAJIbHAas ~ IpaBo3akpydyeHHas  mosekyna  JHK,
CBs3aHHAs cO  crnenuuueckuMu  OeITKaMU-THCTOHAMH.
N3BectHo 5 Tunos rucronoB: H1, H2A, H2B, H3, H4. B snpax
sputpountoB nrtuny H1 wactmuno 3amemaercas Ha HS. VYV
npoxoken  orcyretByer HI, a 'y  HEKOTOpPBIX  BHUIOB
XJIaMHJIOMOHAJ] TUCTOHBI BOOOIIE HE OOHapyKeHbI. [ MCTOHBI
H2 — H4 »BomtonmonHo ycrouuBsl: u3 102 amunokucnor H4
HaONIOAAIOTCA Pa3Uyusl JIMIIb 10 1-2 aMHUHOKHCIOTaM Y
BBICIIMX pacTeHuil, ppil0 M miuexkonutaromux. ['mcron HI
BecbMa BapualesieH, U Jake B TKaHAX OJHOTO OpraHuM3Ma
BCTpevaroTcs 3 — 6 BapuaHTOB ATOTO Oerka.

O g j XPOMATHHOBAS
nie4o —% AR
% L udpuaaa
eradpazHas xpomonema

XpoMmocoma

= HYKJIe0COMHAS
™ HHTH

XpoMaTHAbI

Puc. 2. Cxema ynaxosku JJTHK B xpomocomy

I'ucronsr H2 — H4 o6pasytor OenkoBoe smpo u3 8
MOJIUTIENITUAOB (KaXK/Iblii TUCTOH TIOBTOpsieTcs 2 pasa). Bokpyr
sToro siapa ykianeiBaerca ydactok uenu JIHK anunoi 140
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Mm.H., oOpasyromuii 1,75 Burka mo mnepudepuun. Takas
CTPYKTypa Ha3bIBAETCS HYKleocoMma, SBJISTIOLIEHCS
AJIEMEHTApHOM €IUHUIICH YIMakOBKH XpomaTuHa. OTIeiabHbIe
HYKJICOCOMBI — 3TO TUCKOBHJIHBIC YACTHUIIBI IMAMETPOM OKOJIO
10 um. 3akpyuuBanue JJHK Bokpyr HykieocoM yMeHbIIAET €€
JUIMHY B cemb pa3. Yuactku [IHK mexny Hykneocomamu
mmHOM 10 - 15 T1.H. Ha3bpIBalOTCS  CBS3BIBAIOIIUMU
(ninakepamu). CTpyKTypa JIMHKEpPOB CTaOMIM3HpYyeTCs C
nomo1sio ructona H1.

[TocnenoBatenbHOCTh HYKJIEOCOM, B CBOKO OuYepeb,
oOpaszyer eme OnHy cmHpans guamerpom 20 - 25 HM
(comenoua), WM  TOCJEAOBATEIBHOCTh  HYKICOCOMHBIX
TPYNIUPOBOK — HYKIEOMEPOB. OTH BBHICHIHE CTPYKTYPHI
obpazytor mernu wunu  AomeHbl. Konaencamuss JIHK B
CTPYKTYpEe COJIEHOWJa JOMOJHUTENBHO (K HYKIEOCOMHOMY
YPOBHIO) YMEHBIIAET €€ JJINHY B LIECTh Pas.

B unTepdazHbix xpoMocomax MmyTeM elle OJHOTO LHUKIIa
KOHJICHCAIIUM  COJICHOUABI 00pa3yloT TMOojble TPYOOUKH
nuameTpoMm 200 HM, yto ymenbmaer aiuHy JHK eme B 18
pas.

OnuncaHHass ~ CTPyKTypa  XpOMOCOM Y  DYKapuoT
obecrieunBaeT HMX YCTOWYUBOCTHb. [Ipu TpaHckpunuuu u
pEeIUIMKALUY MPOUCXOAUT JAECIHUPATU3ALMSI XPOMOCOM, YTO
oOecrieunBaeT  BO3MOXKHOCTb ~ KOHTaKTa  OMpPEEICHHBIX
yuactkoB JIHK ¢ JIHK-nonmmumepaszoit nnn PHK-nonumepasoi.

B metadase BcrneacTBue nanbHeIel KOHIEHCAITNH
BO3HMKAeET OoJbIas 00pa3oBaHHas AE30KCHHYKICOPOTEHIOM
cnupaib auaMeTpom okoiio 600 M. B pesynbTaTe cTporo
YHOPSAI0YEHHOM HepapXuu Crivpajei, B OCHOBE KOTOPOM
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JIEKUT HYKJIEOCOMA, B MUTO3€ U MEH03€ XPOMOCOMBI 3yKapuoT
COBEPLIAIOT IIUKJI KOMIIAKTU3ALUK — JEKOMITAKTU3aLUH.

I'enernueckass ~ wHQOpMamMs  KaXKAOTO  YeEIOBEKa
coxpaHsiercs B 23 mapax XpoMOCOM, KOTOpBIE OTJIMYAIOTCS U
pasmepamu u Qopmoil. Xpomocoma 1 - camas Ooubmiasi, ee
pasmep Oojee yeM B Tpu pasa Oojblne, 4em pasmep 22
XpoOMOCOMBI. [[Baanarh TpeThsi mapa XpoMOCOM - 3TO JBE
CIELUAJIbHBIE XPOMOCOMBI - X U Y, KOTOPBIE OIIPEAEIISAIOT HAlll
110J1 (II0JIOBBIE XPOMOCOMBI).

B umeHTpe Kaxaoll  XpOMOCOMBI  COACPKHUTCS -
LEHTpOMEepa,  HEeOOJBIIONW  y4yacTOK,  KOTOpPBIA  JETUT
XpOMOCOMY Ha JIB€ 4acTu, 00pa3ys Mpu 3TOM JUIMHHOE IUJIeUO
(q) u xopoTkoe 1Ieyo (p).

[Ipn nperanbHOM HCCIEIOBAaHUU XPOMOCOM, HCHOJIB3YS
METOo OKpacKu CrHelHaTbHBIMU KpacuTessiMu,
oOHapy)XHBaeTCsl YHHKaJlbHAas IojocaTasl CTPYKTypa Kaxaou
xpoMocoMmbl. Ecny kakmoil MOJOCKe MNPUCBOUTH HOMEP, TO
MOXXHO ONPENENUTh (JOKAJIW3UPOBAaTh) KOHKPETHYIO YacTh
XpOMOCOMBI (JI0KYyc). MeTo u3yueHusi reHoma, Mpu KOTOPOM
MOJIOKEHHE TaHHOTO T'eHa OIpeJeNsieTcs pa3MellleHUeM ero Ha
KOHKPETHOM roJioce XpOMOCOMBI, Ha3bIBACTCS
LMTOTEHETHYECKUM KapTupoBaHueMm. Hampumep, ren [-
remoriobuna (HBB) pasmemien Ha xpomocome 11pl5.4. Oto
o3HaudaeT, yto reH HBB pacnonosxen Ha xopoTkoMm mieude (p)
xpomocomel 11 u Haxomurca Ha 4 mosoce 15 ywdacTka 3TOM
XPOMOCOMBI.

Cmpykmypa eena. Ocobennocmu 2eHoMa 3yKapuom
I'en — yuactok JIHK, Hecymuit nHpOpMaIuio o cTpoeHUN
ozHOTO nojunentuaa win ogHo PHK.
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B nmocnennue roasl Npou30NUI0 HEKOTOPOE YTOUYHEHHE U
Teleph CUUTACTCA, 4YTO TE€H -  dACCOYUUPOBAHMBIL  C
Dpe2yisamopHbiMu nocne008amenbHOCMAMU @pazmenm
monexynvl JJHK, coomeemcmsyowuil eOunuye mpanckpunyuu
Ha xpomocome.

T'ennr YCJIOBCKA, KaK W JPYIrux BBICHIMX OPraHMU3MoOB,
BKJIIOYAKOT 3K30HBI n HHTPOHBI. DK30HBI coJepKart
KOJIMPYIOIIME TIOCIEAOBATEIIBHOCTH TI'€HA, a WHTPOHBI -
Hekoaupyoomue. OyHKIMN UHTPOHOB OCTAKOTCS HE 10 KOHIA
BBIICHEHHBIMH, a OHM, KaK IPAaBWIO, COCTABISIOT OCHOBHYIO
4acTh I'€Ha.

C wmomeHTa OTKpbITHS B 1988 1. cramo wW3BECTHO
HECKOJIbKO BaKHBIX (DYHKIIMI HHTPOHOB:

- HaJIu4ue UHTPOHOB OTKpPBIBAET BO3MO>KHOCTb
JIbTEPHATUBHOI'O CIUIAiCUHra, O6Jaroiapss KOTOpOMY OJIUH T'€H
MOJKET KOJUPOBAaTh HECKOJIBKO PA3JINYHBIX OENIKOB;

- HEKOTOpbIE HMHTPOHBI COJEpXKAT SHXAHCEPhl U CHOCOOHBI
aKTUBHO PETYJINPOBAaTh JKCIPECCHIO I'€HOB, K KOTOPBIM OHHU
IIPUHAJIIEKAT;

- TPaHCKpUOMPOBAHHBIE MHTPOHBI CIIOCOOHBI Y4acTBOBATH B
OpraHu3alUM NPOLECCOB aBTOPETYJISALMM CUHTE3a OellKa IyTeM
HapyueHus cospesanus npe-MPHK, a cienoBarensHo sxcniopr
U TPAHCISLUIO.

Crapt P— TepMuHauus
TPAHCKPHNLHK TPAHCKPHNLMK

1/
5 l l - |,

MNpomoTop | I

5-netpanc-| | Kopow- UnTponDI 3-netpanc-| | Curnan

nupyeMas HHAMKATOP nupyemasn nonuageHn-
ofinacts ofinacThb NUpoBaHKA 20




Puc.3. Mojens o01ieli CTpyKTYphI TeHa YeI0BeKa

Ha rpanHune »5K30HOB M MHTPOHOB pacrojaraercs
KOHCEHCYCHa#, IBOJIFOIIIOHHO KOHCEpPBATHUBHAsI
[IOCJIEI0BATENILHOCTh, KOTOpasl pacro3HaeTcs (epMeHTaMu
CIUIalicuHra, T.e. ()EpMEHTaMU JJIsl BbIPE3aHHs] MHTPOHOB W3
nepsuuHoro tpanckpunta MPHK. Ha 3'-xonne rena yxe B
HEKOJIUPYIOIIEH YacTHh PacloJIOKEH CailT, oOecreunBaroniui
mobasinenne 100 - 200 ocTaTkOB ameHUIOBOM KHCIIOTBI K
MPHK nns oGecnieuenus ee cTabuIbHOCTH.

JUia  Kaxaoro TreHa XapakTepHa Tak Ha3blBaeMas
OTKpPBITAst pamka CUUTHIBAHMUS, T.€. HajIu4uue
MOCJIEIOBATENILHOCTH TPUILIIETOB, KOJIUPYIOIIIHNX
AMUHOKHCIIOTBI,  HernepeOuBaeMble  CTOM-KOJOHAMHU WM
0eCcCMBICIIEHHBIMH TPUILIETAMHU.

V¥ sykapuot okoiso 5% JIHK cocraBmsttoT 3k30HBL, 25% —
MHTpOHBL, a ocrtanbHble 70% COCTaBIAOT cHeWcepbl —
HerpaHckpuOupyembie ydactku JIHK mexny renamu. K Hum
OTHOCSITCS] Y4aCTKHU:

- IpUHUMarolue yyactue B komnakruzauuu JJHK;

- NOpUHUMAKOUIME Yy4YacTHE B VYKJIAJAKE XpOMATHHA B
uHTepdazHoMm szape, B ToM uymcie npukperuisitomue JJHK k
sIEpHON 000JI0UKE U3HYTPH;

- LIEHTPOMEpBl — YYaCTKH, K KOTOPBIM MPUKPEIUISIOTCA HUTH
BEpPETEHA JICTICHUS;

- TEJOMEpBI — KOHLEBBIE YYACTKH XPOMOCOM, BBIIIOJIHSAIOIINE
3allUTHYIO POJIb;

- IPOMOTOPBI, OTIEPATOPBI, IHXAHCEPHI U TEPMUHATOP.

I'maBHast KoJIMYEeCTBEHHAas OCOOEHHOCTh T€HETHYECKOTO
MaTepuaia 3ykapuoT — Hammuue u3obitouHoi JIHK. Ortot
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(axT JIerKO BBISBISIETCS MPH aHAINM3E OTHOIICHHUS YHCIa TEHOB
Kk kosmuectBy JJHK B reHome OakTtepuii U MIIEKOHUTAIONIUX.
Hanpumep, y denoBeka HAcCUMTHIBAIOT NPUONIM3UTENBHO 28
THICSY TeHOB. B To e Bpems pasMep reHoma denoseka 3x10°
IL.LH. OTO O3HA4aeT, 4YTO KOJIUpYIoIlas 4acThb €ro reHoma
cocrasisieT Becero 15-20 % ot TotansHoit JIHK. CymectByer
3HAYUTENIBHOE YHUCIIO BUJOB, T€HOM KOTOPBIX B JIECSATKU pa3
0oJbIIE TE€HOMAa YeJOBEKa, HallpUMEp HEKOTOpbIe phIOHI,
ampubun u np. M3oerrounas JHK xapakrepna s Bcex
9yKapuoT.

B xonne 60-x rogoB pabotamu aMepUKaHCKUX y4eHBIX P.
bpurrena, 3. JI»Buacona wu gp. Obutla  OTKpHITa
(dyHaMeHTallbHasE OCOOEHHOCTh MOJIEKYISIPHON CTPYKTYpbI
reHOMa  JyKapuoT —  TOBTOPSEMOCTb  HYKJICOTHUIHBIX
MOCJIEIOBATEILHOCTEN, KOTOPBIE YCIOBHO MOAPA3JIEISIIOTCS Ha
HECKOJIbKO BHJIOB:

1. VYHuKanbHbIE TOBTOpPHI - IOCJIENOBATEIBHOCTH,
MIPE/ICTAaBJICHHBIE B OJHOM JK3EMIUISIpE WIM HEMHOTHMH
KOIHUSAMHU.

2. HuzkoyacToTHBIE MOBTOPHI — MOCJIENOBATEILHOCTH,
MTOBTOPSIOLIUECS IECATKU pa3s.

3. IlpomexxyTo4yHbIC, WU CPEIHEYACTOTHBIE IOBTOPHI —
MOCJIEIOBATEILHOCTH, TOBTOPSIOIINECS COTHU U THICSIYU Pas3.
K wmm otHocsatcs rensl pPHK, TPHK, rensr pmbGocoMHBIX
0€e1KOB U OETTKOB-TUCTOHOB.

4. BpICOKOYAaCTOTHBIE TIOBTOPHI, YHCIO KOTOPBIX
nocturaer 10 10 MUITHOHOB Ha TeHoM. JT0 KopoTkue (~ 10
II.H.) HEKOJMPYIOIIHNE TOCIEI0BATEIBHOCTH HYKJIEOTHJIOB —
caremutHas JTHK.
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[ToBTOpHI 00pa3ylOT Tak Ha3bIBa€MbIE CEMEHCTBA, MOJ
KOTOPBIMH TOHUMAIOT COBOKYIHOCTH IOCJIEA0BATEIbHOCTEH,
MOJHOCTBIO WJIM TIO OOJIbIIEH YacTH TOMOJIOTUYHBIX JPYr
Apyry.

OyHKIMH OOJIBITMHCTBA TTOBTOPSIONIMXCS ¥ YHUKATBHBIX
rocjenoBaTeNibHOCTEN moka He ompeneneHsl. Eme B 30-x
rojax ObLJIO MOKAa3aHO, YTO B M'€HETUYECKOM OTHOIIEHWUU ITH
palioHBl HHEPTHBI, T. €. HE cojepkar reHoB. Crenyer
OTMETHUTH, YTO 3Ta (PpakKiusi y OrpOMHOTO OOJBIINHCTBA BUIOB
3aHuMaer He Oojyee 10% renoma. bnuskue BHUABI, HapuUMep
MBI W KpbICa, HMEIOT  COBEPIICHHO  pa3InYHbIE
BBICOKOYACTOTHBIE  TIOCIEOBATEIBPHOCTH, Yy KPBICHI —HUX
HYKJICOTHJIHBIM COCTaB He oTimyaercs ot ocHoBHoul JIHK,
TOT/Ia KaK Te€HOM MBIIM coaepkuT deTkuid AT - Oorareiid
caTeJuIMT. JTO oO3Hayaer, 4YTo BbIcOKo4yacTtoTHas JIHK
crocoOHa K OBICTPBIM U3MEHEHUSIM B X0JI€ BHI000pa30BaHUsI.

B BricOKOYacTOTHBIX mociaeaoBaTteiabHOCTAX JIHK, B mx
KaueCTBEHHOM U KOJUYECTBEHHOM COCTaB€ OTpakaercs
TOKJIECTBO MOJICKYJIIPHOM OpraHu3alii M T€HETUYECKUX
cBoiictB xpomocomHoi JIHK »sykapuor. OTa 0coOEHHOCTH
ctpoenust JIHK mupoko ucnonb3yercss B pa3iHMuHbIX METO/aX
W3Y4YEeHUS HYKJIEHHOBBIX KHCJIOT, MOJEKYJISpPHOW OHOIOruw,
TeHEeTHUKE U Jp.

Peanusayus eenemuueckoti ungpopmayuu 6 knemxe

CrnosxuBIIMECs NPEICTABICHUS O TIEPEHOCE FEHETUUECKON
uHpopmanuu no cxeme JJHK — PHK — O6enox mnpunsaTOo
Ha3bIBaTh «ILIEHTPAJIbHOMN JTOTMOI» MOJIEKYISIPHON OHOJIOTHH.
Hapsny ¢ sTuM HampaBieHHEM IepeHOCa, KOTOPBbIM HWHOIAA
0003HayalOT KaKk «00IKK IepeHoCcy, U3BeCcTHA U Apyras Gpopma
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peanu3anyyu TeHeTHYeckod wuHpopMmanuu, oOHapyKeHHas Yy
PHK-conepxamux BupycoB. B 3tom ciyqae nabmomaercs
IIpoLEeCC, MOJYYMBIIUNA Ha3BaHUE OOpAaTHOW TpPaHCKPUIILUHU,
korga upycHass PHK, nponukias B KIETKy-X03HHA, CIYKUT
Marpuuend aa cuHre3a kommuieMeHtapHon /JIHK ¢ momomsro
bepmenTa oOpartHoi TPAHCKPHUIITA3bI (peBepTasbl).
CnenoBarenbHO, reHEeTHYECKass MHPOPMAIUS OCYIIECTBIIIETCS
o cxeme PHK — JIHK — PHK — 6enoxk.

[lepBpiM sTanmoMm oOmEro nepeHoca TIeHEeTHYECKON
uHopMaluK SABISETCS MPAHCKPpUnYUs, KOTOPYIO MOKHO
MPUCTAaBUTh Kak mpouecc 6nocuntesza mosekya nPHK (MPHK)
[0 TMPHUHIUIY KOMIUIMMEHTAapHOCTH Ha OCHOBE OTAEIHHOIO
reHa.

[IocKOMBKY  CTPYKTYpHBIE TI'€Hbl  YKapuoT  HMEIOT
MPEPHIBUCTOE (MO3aWYHOE) CTPOCHUE, TO WX TPAHCKPHUIIIIUS
UMeeT crnenupuyeckue OCOOCHHOCTH, OTIWYAIONINE €€ OT
TpaHCKpuIUuu y mnpokapuotT. [Ipomecc HaumHaeTcs ¢
TPaHCKpUOMPOBAHUS BCEM HYKJIEOTUJIHOU
MOCJIE0BATEIBHOCTH, COAEP)KAIEH KaK SK30HHBIE, TaK U
untponnsie yuactku JIHK. CnepoBaTtenpHO, 0Opa3zoBaBIascs
npu 3ToM Mojekynra MPHK oTpaxkaer CTpyKTypy BcCero
Mo3angHoro reHa. E€ HaszwiBator mpomarpuunas PHK (mpo-
MPHK), xoTopas 3arem mnpereprmeBaeT MpPOIECC CO3PEBaHUS
(mpoueccunr MPHK).

OK3onwt (1,2,3)

_~ ~=  DHxaHcep

JHK] gL 1 11
Hurponni (1,2) l Tpanckpunuus

7 B W ]3°

l Monudnkauus xoHuos PHK
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Puc.4. Tlpoueccunr MPHK B-rmo6uHoBOro rena yenoBeka

[Ipoueccunr coctoutr B (pepMEHTATUBHOM pa3pe3aHuu
MEPBUYHOTO TPAHCKPUITA C MOCIEAYIOIIUM YJAIEHHEM €ro
Y4acCTKOB COOTBETCTBYIOIIMX HMHTPOHAM M BOCCOEAMHEHHEM
(cmalicMHTOM)  y4acTKOB ~ KOMIUIEMEHTapHBIX — 9K30HaM,
dbopMupys, TakuM 00pa3oM, HENPEPHIBHYIO KOAMPYIOIIYIO
nocienosarenbHocTh 3pestol MPHK. Bo Bpems mponeccunra
MPOUCXOAUT TaK)XKe Mo UKAITIS 5'-u 3'-KOHIIOB
dhopmupyromeiics mosekyinsl MPHK.

DHXaHCEphl  MPEACTABISAIOT  COOOW  MPOTSHKCHHBIC
MOCIIEI0BATEIbHOCTH HYKJICOTHIOB, KOTOPBIE COJIEPAKAT CalThI
CBSI3bIBAHUS HECKOJBbKUX (PAKTOPOB TPAHCKPUILIMU. DHXaHCEp
yBenuunBaeT 3(pHEeKTUBHOCTD TPAHCKPHUIILIMY T'€HA B IECATKU U
COTHH pa3. XapaKTepHbIMU CBOWCTBAMH PHXAHCEPA SIBISIOTCA
€ro CHocoOHOCTh OCYILECTBIIATH PEryiasiTOpHOE JeiicTBHE Ha
IPOMOTOp Ha OOJBLIIMX PpACCTOSIHMSAX OT HEro U BHE
3aBHCUMOCTU OT OPUEHTALUU 110 OTHOILIEHUIO K HApPaBJICHUIO
TPAaHCKPUIILIUYU I'eHa.

Ksn (ot aHrm, cap-kojimayok, IIAanoyka) - MpeJCcTaBiser
coOOH OCTaTOK 7-METMITYyaHO3WHA, TPHCOEAMHEHHbIN K
coceHEMy HYKJIEOTHAy ¢ momompio 3/ dochaTHoil cBs3M.
[Ipennonaraercs, 4To OCHOBHas (PYHKIMS K3Ma CBA3aHa C
y3HaBaHHUEM cHenu(puYecKor Mocae10BaTeIbHOCTH MOJIEKYJIbI
pPHK, Bxonsmell B coctaB puOOCOMBI, 4TO OO€CIeYHBaeT
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TOYHOE mnpukpemieHne moiekyiasl MPHK k omnpeneneHHoMy
Y4aCTKy 3TOH prOOCOMBI ¥ MHUITHAIIMIO POIIeCcca TPAHCIISAIUY.
Bo3moxHO Takke, uro kdn npenoxpanser MPHK ot
MIPSKIECBPEMEHHOTO (DEPMEHTATUBHOTO PA3pYIICHUS BO BPEMSI
€€ TPAHCIIOPTUPOBKHU U3 si/Ipa B IIUTOILIA3MY KIIETKH.

Co croponsr 3' konnia MPHK umeercst mosinaneHunoBbIit
(mom A) «xBocty», coctosmii u3 100-200 mociexoBaTensHO
COCTMHEHHBIX OCTaTKOB aJICHIJIOBOM KHCIIOTBI.
[Ipeanonaraercss, dYro modu A «XBOCT» 0O€CIeUHBaET
tpancopr MPHK k  pubocome, 3ammmas ee oOT
(hepMEHTATUBHOTO Pa3pyIICHUS, HO CaM MPH STOM MOCTETIEHHO
paspymaercs GepMEeHTaMH ITUTOTUIa3MBI.

CrnenyrommM  3TanmoM  peain3aliid  TeHETHYECKOU
uHpopmMauuu  SBISIETCS  mMpaHcaAyus,  CyTb  KOTOpPOM
3aKJII0YaeTcsl B CHHTE3€ IMOJIUIENTHAAa Ha pudocome, MIpH
KOTOPOM B Ka4€CTBE MATPHIIbI UCIIOJb3yeTcs Mosekyna MPHK.

TpaHCIALMI0 MOXKHO NPEICTABUTh KaK MPOLECC epeBoaa
«HYKJIEOTUIHOTO A3bika» MPHK Ha «aMMHOKUCIOTHBIN SI3BIK»
MOJIMIIENITUAHOMN LIeTId MOJIeKy bl Oernka. [IpoucxoauTt naHHbIil
mpouecc  Omaromaps  TOMY, UYTO B HYKJICOTHUIHOM
nocnenosarenbHocTd MPHK nMeroTcss kooBbIe «CllOBa» IS
KOXJIOM aMHMHOKHMCIIOTBI — TreHeTnueckuil koxa. Kaxpoe
MOCJEI0BATENIbHOE  TPOMHOE  COYETaHUWE  HYKIECOTUIOB
KOJIUPYET OJIHY aMHUHOKHUCJIOTY — KOJOH. ['€HeThueckuil Koj
COCTOHUT U3 64 KOJOHOB.

I'eneTnueckuii Kox  SIBISIETCS  BBIPOXKIAEHHBIM.  JTO
03HAYaeT, YTO OOJNBIIMHCTBO AMHUHOKHCIOT KOJUPYETCS
HECKOJIbKUMHU KoJoHamu. llocnenoBaTenbHOCTh MEPBBIX JIBYX
HYKJICOTHIOB OMpeAeNsieT CHeMU(PUIHOCTh KaXKIOr0 KOJIOHA,
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T.€. KOJOHBl KOJUPYIOIIHE OJHY M Ty XK€ aMHUHOKHUCIOTY
pa3anyaroTCs TOJIBKO TPETBUMHU HYKJICOTHIAMHU.

Jpyroii OTIMYUTENBLHOM OCOOEHHOCTHIO TI'€HETHYECKOTO
KOJia SBJIIETCS €ro HENpPEphIBHOCTh, OTCYTCTBHE «3HAKOB
MPENUHAHUSD, T.€. CUTHAJIOB, YKa3bIBAIOIIUX HAa KOHEL] OJTHOTO
KOJIOHa M Hayajo Apyroro. JIpyrumu cioBamu, KOJ SIBISIETCS
JUHENHBIM, OJHOHAIIPABIEHHbBIM U  HENPEphIBAIOLIUMCS.
HaubGonee cymiecTBeHHOM O0COOEHHOCTHIO KOJZA SIBJISIETCSI €T0
YHUBEPCAJIBHOCTh JJISl BCEX JKMBBIX OPTaHU3MOB OT OakTepuii
no yenoBeka. Koa He mojBepres cylecTBEHHBIM H3MEHEHHSIM
3a MUJUIMOHBI JIET HBOJIFOLUH.

Cpemn 64 xomonoB 3, a umenHo YAI, VAA, VI'A,
OKa3bIBAIOTCS «OECCMBICIIEHHBIMI». JTU KOJOHBI BBIIOJHSIOT
(YHKIMIO CUTHAJIIOB TEPMHUHALIMM B CHUHTE3€ IMOJIMMENTHIA B
pubocomax.

Kak u Tpanckpunuus, mnpouecc TPaHCISALUUUA YCIOBHO
MOAPA3ACIACTCS. HAa TPU OCHOBHBIE CTaJWM: WHHIMALMS,
3JIOHralys U TEPMUHALUA.

WNuunmanust TpaHcnsauuu 00ecredrBaeTCsl COeIMHEHUEM
monekynsl MPHK ¢ ompenenenHodi  oGnacThio  Majoit
CyObeTMHULIBI JUCCOLMMPOBAHHOM pUOOCOMBI u
(dhopMHUpOBaHHEM HWHUIMHUPYIOIIETO KOMILJIEKCAa C Y4acTHEeM
Takke 0eakoBbIX (pakropos muHuimanuu (UD-1, UD-2, UD-3)
u uHUImHpyoomed amuHoauun- TPHK (popmunmernonu-
TPHK). B nHauane »toil craguu Qopmupyrorcs 1Ba TpOHHBIX
KOMILIEKca: mepBblii kommuiekc — M. PHK + manas
cyobeqununa + Ud-3, BTopoit KoMIuieke — GopMUIMETHOHMII-
T. PHK + U®-2 + I'T®. [locne dopmupoBanus TpoiHbIE
KOMILJIEKCBI ~ OOBEAUHAIOTCS C  OONBIION  CyOBEIUMHHIICH
pubocomel. Ilocne cOopku KOMILJIEKCAa WHHUIMUPYIOIIAs
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dbopmunmeTronun-TPHK  cBsi3pIBaeTcsi ¢ MEpBBIM  KOJOHOM
AVI" wmarpuunort PHK wu pacnonaraercas B Il-nientpe
(menTuIIbHBIA 1EHTpP) OOJIBIION CYOBEIUHULIBI. A-LIEHTP
(aMMHOAUMIBHBIA TEHTP) OCTaeTcs CBOOOIHBIM, OH Oyzaer
3aICCTBOBAH HA CTaJUM DJOHTAlMU JUIsl  CBS3BIBAHUS
amuHoanua-T. PHK.

[Ipouecc amoHranuu  HEMOCPEACTBEHHO CBSI3aH  C
OospIION  cyObeAMHHUIIEH  puOOCOM,  KOTOpas  HMMEeT
crenugpuueckue yJacTku (LeHTpbl) — A (aMUHOKUCIIOTHBIN), P
(menTumibHBIN). Haunmnaercs mocie TOro Kak —A-IIEHTP
3anumaercs ¢ amuHoaumin-TPHK cormacro komony mMPHK.
Crnenyromum 1arom AJIOHTAIUHU SIBJISICTCSI
TpaHCIIENTUAUPOBAHUE - O0Opa3oBaHHWE TMEpPBOM NENTHAHOI
CBS3W MEXIy HWHUIUHUPYIOIMIEH W TOCIeayIomed (BTOpoit)
aMHHOKHCIIOTAaMM Ha A ULEHTpe. 3areM MPOUCXOIUT
nepemenienne pubocombl Ha oauH Tpurmier MPHK B
HanpasieHun S'— 3' — TpaHcinokanus. ConpoBoXxIaeTcs
otcoeaquHenreM wuHunuupyromeid TPHK ot marpuusl u ot
VHULMUPYIOLIEH aMUHOKHUCIIOTHI U BBIXOJIOM €€ B LIUTOILIA3MYy.
[Ipu sToM BTOpas no cuery amuHoauuia-TPHK nepenuraercs
n3 A-ydactka B P-ydacTtok, a 0cBOOOIMBIIMICS A -y4acTOK
3aHMMAaeTCs cienymomeld (TpeTbeld Mo CueTy) aMUHOAIIWI-
TPHK. IIponecc OCJIEIOBATEIILHOTO TepeIBUKEHUS
pubOCOMBI  «TpUIIETHBIMU Mmaramu» 1o HuTu MPHK
MOBTOPSIETCS,  COMPOBOXKJasich  ocBoOoxkaeHuem  TPHK,
MOCTYTAOIINX B P-yuacrok, u HapalBaHUEM
AMUHOKHCIIOTHOM  MOCJENI0BATEIBHOCTH  CHUHTE3UPYEMOTO
MOJUNENTHAA.

TepMuHalus TPAHCISALUU CBSI3aHA C BXOXKIECHUEM OJIHOTO
u3 Tpex wusBecTHbiX cron-TpurietoB MPHK B A-mentp
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pubocombl. M3-3a orcyrcTBus TPHK , cOOTBETCTBYIOIIHUX ATUM
koaoHam, nentuaui-TPHK ocraércs cBga3anHoi ¢ P-nieHTpom
pubdocomel. CTON-KOJOHBI HE HECYT MH(POPMALHUIO O KaKOM-
00 aMHUHOKHCIOTE, HO Y3HAIOTCS COOTBETCTBYIOUIMMH
Ooenkamu  tepmuHammu - RF1 wm  RF2, xortopsie
KaTaJu3UPYIOT OTCOCIMHEHHUE TIOJUICNTUIHON Ienu OT
MPHK, a taxxe RF3, koTopslii BeI3bIBaeT qucconuanuio MPHK
n3 pubocombl. OTHOBPEMEHHO MPOUCXOIUT AUCCOLMAIMS U
caMux pudocom.

[Tocrrpancmsiimmonnas ~ MoauUKAIUSA  MMOJUNENTHIA
MpEeACTABIsIET CcOOOM  3aBepIIAONINKI  dTal  peaau3ariu
reHeTuYeckoi uHpopMaluu B KIETKE, NPUBOIAIIMNA K
MIPEBPALLEHUIO CUHTE3HUPOBAHHOTO TIOJTATICTITH/IA B
(YHKIIMOHATLHO AaKTHUBHYIO MOJIEKyny Oenka. Ilpm sTom
MIEPBUYHBIN IOJMIENTH] MOKET IMPETepHeBaTh MPOLECCUHT,
cocTosiMi B (pepMEHTATUBHOM YyJAJIEHUU WHUIMHPYIOIINX
AMUHOKHCIIOT, OTIICTUICHUH TPYTUX (HEHYKHBIX)
AMUHOKHUCIIOTHBIX ~OCTaTKOB M  (OpPMHUPOBAHUE YPOBHEM
CTPYKTYPHOU OpraHU3aluu U Jp.

3. ®epMeHTHI FeHHO MHKEeHEePHH

B renerumueckoil HWH)XEHEPUM HCIIOJIb3yeTCsl OoJIblIas
rpynna GpepMeHTOB. YCIexyu reHeTHUeCKON MHKEHEPUH CTalu
BO3MOXHBI, IPEKE BCEro, Onarogaps U3y4eHUI0 (epMEeHTOB,
MO3BOJIAIOIIMX  MPOBOJUTHh  XUMHUYECKHE  ONEpalMu  C
TEHETUYECKUM MaTepuasoM. B reHeTHyeckol WHKEHEpUU
(dbepMeHThI CIIyKaT WHCTPYMEHTAMU MOJIEKYJISIPHOTO
MaHHUIYJIMUPOBAHUS C TEHETUYECKUM MaTepuajoM, IA€ OHH
BBICTYNAIOT B posik "ckanbnens', "HOXHUI" W "HUTOK HaJs
ciuiuBaHus". @epMeHThI, MPUMEHsIEMbIE IPU KOHCTPYUPOBAHUU
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pexomOuHanTHeix JIHK, MOXXHO pa3fgenuTh Ha HECKOJBKO
IpyIIIL:

- (bepMEeHTHI, C TOMOMIBIO KOTOPBIX TOIYYalOT (parMeHTHI
JHK (pectpuxrassi);

- depmentsl, cunresupyromme JHK nwa w™arpume JHK
(momumepasbl) unu PHK (oOpatHble TpaHckpurTassl);

- pepmenTsl, coenunstonue Gparmentsl JJHK (mmrassi);

- (epmMeHTBI, MO3BOJIAIOIINE OCYIIECTBUTh H3MEHEHHUE
CTPYKTYpHhI KOH1I0B (pparmenToB JHK.

Pecmpuxmasol

Pectpukrazpl —  cnenuduueckue  SHIAOHYKIEasbl,
pacmemsitomne  moJiekyny JIHK B crporo omnpeneneHHbIX
Toukax (caiiTax pectpukiuu). Briepsoie ObuTH BbIIEEHBI U3 E.
Coli B 1968r.

OCHOBHOUM XapaKTEpPUCTUKON PpECTPUKTA3 SBISETCA HUX
cybcrpaTHas crenuduanocTs. Ceifuac W3BECTHBI CICTYIOIIHE
OCHOBHBIE TMPOSBICHUS CHEUUDUYHOCTH 3TUX (HEPMEHTOB:
y3HaBaemasi IOCJIEOBAaTEIbHOCTb, MECTO  PpaCUICIUICHUS,
3aBUCHMOCTb JICMCTBHMSI PECTPUKTa3 OT METHUIMPOBAHUSA
OCHOBAHUH B IIpe/iesax y3HaBaeMOM NOCIIeI0BATEIbHOCTH.

V3HaBaeMas  MOCIENOBATEIIBHOCTh  HYKJICOTHIIOB B
MOJIEKYJISIPHON OMOJIOTMM HA3bIBACTCS - Calim pecmpuxkyuu u
sBiseTCs HauboJiee Ba)KHBIM IMapamMeTpoM pecTpukTa3. Cailt
peCTpUKLIUU XapaKTepU3yercs MOCJIEI0BATEIbHOCThIO
HYKJICOTHIOB, UX YHUCJIOM, a TakXe TUIOM cTpoeHus. Jls
OONBIIMHCTBA  YYaCTKOB,  Y3HAaBae€MBIX  PECTPUKTA3aMU,
XapaKTepHa BpallaTeabHas CUMMETPHUSI BTOPOro MOpPsIKa, T. €.
OHU SBJISIIOTCA TNanuHApoMaMu. HecMoTpst Ha TO, 4TO BCe
pectpukrassl  y3HatoT Ha JIHK crporo omnpeneneHHble
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[IOCJIEOBATENBbHOCTH, pa3jM4yaloT 3  OCHOBHBIX KJjacca
pECTpUKTA3.

Pectpukrasel 1-ro kmacca OCYIIECTBISIOT pa3pbIBBl B
NIPOM3BOJBHBIX  Toukax MoJekynsl JIHK, Tounee Ha
MIPOU3BOJILHOM OT CAUTOB PECTPUKIUM PACCTOSHUU.

Pectpukraszer 3-ro kmacca y3Hawt u pacmersitor JJHK
Ha (PMKCHPOBAHHOM OT CalTOB PECTPUKIIUU PACCTOSHUH.

Pectpuxraspl 2-ro knacca pacuieruisiror JIHK Tosbko
BHYTPH CAUTOB y3HABaHUS.

B momnekynsipHOl OHOTEXHOJIOTHHU B IIEJIOM, W B TE€HHOM
WHXEHEpUH B YAaCTHOCTH, HCIOJB3YIOTCS HCKIIOYUTEIHHO
(dbepmeHTHI BTOpOTO KiIacca. B HacTosimee BpeMsi BBIIEICHO
okoJio 500 pecTpuKTas 3TOroO Kiacca.

BonbmMHCTBO ~ pecTpuKkTaz  Kilacca 2 Y3HAIOT
IIOCJIEOBATEIBHOCTH, COAepKamue oT 4 10 6 HyKJICOTHAHBIX
map, TIOJTOMY PpECTPHKTa3bl JEIAT Ha  MEIKO- U
KpynHouiensmue. MeKoIWensnue pecTPpUKTa3bl y3HAIOT
TETPAaHYKJIEOTHI U BHOCAT B MOJIEKYJbl Topa3io OoJiblie
pa3pbIBOB, 4eM KpYIHOUIETISIIINE, y3HaIoIKe
[IOCJIEJOBATEIBbHOCTh W3 WIECTH HYKICOTHAHBIX Hap. OTO
CBA3aHO € TEM, UTO  BEPOSTHOCTH  BCTPEYAEMOCTH
OTIPEJEIIEHHON NOCJIE0BATEIbHOCTH U3 YETHIPEX HYKJICOTHIO0B
ropazgo BbIII€, YEM IOCIEINOBATEIBHOCTU U3  IIECTH
HYKJIEOTUA0B. EciM Npeanonoxurb, 4TOo y4acTKH y3HaBaHUS
pectpukras pacnpenenensl Broiae nenu JHK cioywaitHo, TO
MUIIEHb A7 (EpMEHTOB, Y3HAIOUIUX IOCIEI0BATEIBHOCTD
(caliT) W3 dYeThlpex HYKJIECOTHJIOB, NOJDKHA BCTpedaTrbcs B
cpeaHem | pa3 depe3 kaxzaple 256 map OCHOBaHUM, a JuId
(epMeHTOB, y3HAIOUINX IIECTh HYKICOTHIO0B, - uepe3 4096 map
OCHOBaHUM.
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B 1973 rony OCmur wu Haranc npeanoxunu
HOMEHKJIATYpy PECTPUKTA3 COTJIACHO KOTOPOM:

- a00peBuarypa Ha3BaHUS KaKJIOTO0 (PEpPMEHTa SIBISETCS
MIPOM3BOJIHOM OT OMHApHOTO Ha3BaHUs MuKpoopraHuzma. K
MepBOM TMponuCcHOM OyKBe Ha3BaHWS poAa HOOABISIOT JIBE
nepBeie CTpouHble OykBbI Bupaa: Streptomyces albus - Sal,
Escherichia coli — Eco.

- B CiIy4ae HEOOXOIUMOCTH J00aBIISIOT 0003HAYCHHE
CEepOTHIIA WJIM IITamMma, Hanpumep, Eco B.

- pa3IUYHbIE CHCTEMbl PECTPUKIHMHU - MOIU(UKALUH,
KOJUpyeMble OJHOM OakTepuanbHOW KIIETKOM, 0003HadaroT
pumckumu nudpamu: Hind 11, Hind 1, Hind III (Haemophilus
influenzae).

Pectpukraser mo-pazHomy pacmemistor JIHK. Opau
BHOCAT  paspblBBl [0 OCH CHMMETPHUM  y3HABacMOWU
MOCJIEIOBATEIILHOCTHU. APYTHUE - CO CABUTOM, CO "CTYNEHbKOU'".

Hpa |

3'@
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Pacwennexve
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Puc.5. Mexanusmel pacmerienus JJHK pecrpukrazamu
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B nepBom ciyuae 0o0pa3yroTcsi Tak HazbIBaeMble "Tyrbie"
KOHIIBI, @ BO BTOpPOM - 'numkue", TO ecTh (hparMeHTsl,
UMEIOIME Ha CBOMX KOHIAX OJHOHUTEBBIE B3aUMHO
KOMIUIEMEHTApHbIE YYacTKU. Takue (parMeHTsl OCOOEHHO
yIOOHBI s co3aanusi pekomOouHaHTHBIX JJHK

Peakuust pa3pesaHusi OCyIIECTBISIETCS B JIBE CTYIEHHU.
Cuauana paspezaercs onana uenb JIHK, a 3arem psgom
paspesaercs Apyras. B oOnactax, mpuieraroomux ¢ Kaxaoil
CTOPOHBI K CalTy pa3pe3aHus, MOXXET HMETb MECTO
9K30HYKJIEOTHYECKasl Jerpajamusi, Korga (QEepMeHT Y3HaeT
OJMH CalT, a pa3pe3aeT ApPYyrou, IOCTATOYHO YAAJIECHHBIA OT
MIEepBOTO. 310 SBJIGHUE  HAIMpPSAMYIO CBSI3aHO c
«wvetmwmpoBannem JIHK». CaiiT-mMumenp MoOXeT OBITh
MOJHOCTBIO METHJIMPOBaH (00e 1enu MOJAU(PHUITUPOBAHBI),
MOJIyMETUJIUPOBAH (TOJBKO OJIHA IIeTh METUJIMPOBAHA) UIH HE
METHJINPOBAH.

[ToJIHOCTPIO METUIIMPOBAHHBIA CANT HE TOABEPKEH HU
pectpukuuu, HU Moaudukanuu. [lomymeTunupoBaHHBIN callT
HE Yy3HaeTcs (epMEHTOM pPECTPUKIUU, HO MOXKET OBITh
IpeBpalieH ¢ IOMOIIBKD  METWia3bl B IOJHOCTBIO
METHWJIMPOBAHHBINA. Y OakTepuil METHUIMPOBAHUE, KaK IIPABUIIO,
CBS3aHO C  COXPAaHEHHEM  HMEIOIIErocs  COCTOSHUSA
MoauduKanuy. Peniaukanus MOTHOCTBIO METHIMPOBAHHOM
JIHK Bemer k oOpazoBanuto mnomxymerunupoBanHor JIHK.
HemerunupoBaHHBI  CalT-MMIIEHb TpeACTaBIseT Cco00ii
cyOcTpaT nmubo Ui peCTPUKLUU, TUO0 AN MOIU(PHUKAIUU in
vitro.

JHK-nonumepa3zvi
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JHK-nonmumepassl 00IagaroT CroCcOOHOCTBIO YITTHHATH
nens JHK B mampaenenun 5'—3' myrem npucoenuuenns
KOMIUIEMEH-TapHOro Hykieotuaa. Bnepseie [JHK-nmonumepasa
obuta BeieneHa Kopabeprom ¢ cotpyaaukamu B 1958 roay u3
E. Coli (Pol I). ®epMeHT COCTOUT M3 OJHOW TOJIMITCIITHTHON
nenu ¢ MoJiekyisipHo wmaccort 109 k/la m umeer 3-x
JIOMEHHYIO CTpYKTYpy. Kaslii omen obnanaer csoeii 5 - 3/
nommepassort, 3/ - 5 oxsomykmesmoir wm 5 - 3
9K30HYKJIEa3HON aKTUBHOCTBIO.

N3BecTHO, 4YTO  NpuU  MOJIMMEPA3HOM  peakiuw,
KaTaJau3upyeMou MOJUMEpa30oil C OMPEAEIECHHOM YacTOTOM,
BO3MOYHO BKJIIOUEHHUE B pacTyIyro 1enb u
HEKOMIUIEMEHTAPHOTO HYKJIEOTHIA, MOCIE Yero JaIbHEHIINiA
pOCT MOJIMHYKIIEOTHAHOM 1enH ocTaHaBiauBaetrcs. [lonumepasa
HE MOXET NPHUCOEAUHATh HYKIEOTHJ K HEMpPaBUIBHO
CrapeHHOMY KOHITy, 00pa30BaBIIeMYCs IPH €€ ydacTuu. 3'—5'
9K30HYKJI€a3a  CIIOCOOCTBYET  BBIPE3aHHIO  OIMIHMOOYHOTO
HYKJIEOTHJA, HAa MECTO KOTOpPOrO 3aTeM IPUCOETUHSETCS
MIPaBUWJIbHBIN HYKJICOTU]I - MPEIIIECTBEHHUK. TakuM 00pazoM,
3—5' ax3onykieazHas aktuBHOCTh JIHK-mosmmepassl urpaer
BKHYIO POJIb B TOYHOCTH NOJMMEPHU3AIMK, HAIpPaBIIIeMON
Martpuiei. 5'— 3' sK30HyKJIea3Has aKTUBHOCTH MOJMMEPAa3bl
crocobctByet nerpagauuu oanod uenu JHK, maumnas co
cBoOoaHOrO 5'-koHIA. B oTimume ot 3'—5' sK30HYyKI€asbl,
5—3' 5K30HyKJI€a3a pacileruiseT AM3(QUPHYIO CBSI3b TOJBKO B
CHApeHHBIX YydacTKax JaByxuenodeuyHoid monekyisl JIHK u
MOXKET BBIPE3aTh C 5'- KOHIA OJIMTOHYKJIEOTUIBI UIMHOU 10
JIECSITH OCTAaTKOB.
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Takoe coueranue  (epMEHTATUBHBIX  AKTUBHOCTEH
no3zosisier  JIHK-nosmMepasze wurparb axkTUBHYIO pojib B
pemapanuu nospexaennii JIHK in vivo.

B MmonexkynspHOl OMOTEXHOJOrMM Haubojee dYacTo
ucnosb3ytorcss pepment JIHK-nmomumepasa |, BeigeneHHas w3
E.Coli, a Taxxe tepmocradbunbhas JIHK-mommmepasa — Tag-
MoJIMMepas3a, BbIACIEHHAs U3 OAKTepUi, KUBYILHUX B TOPSUUX
ucroyHnkax (reizepax). Tag-mosmmepasza ceirpaisa 0co0o
BAXKHYIO POJIb B pa3pabOTKe TEXHOJOTMH  MOJIMMEpa3HOM
uenHoi peakuuu (IT1LP).

Obpammuas mpanckpunmasa uiu pegepmasa

OOpatnast TpaHckpumTaza, wid peepraza - PHK-
3apucuMas  JIHK-monmmepasa, ¢ MNOMOIIBIO  KOTOPOTO
OCYIIECTBIsIETC oOpaTHas TpaHckpumnius, T.e. cuHTe3 JJHK
Ha PHK wmarpune. Peepraza komupyercss TeHOMaMu
HekoTopbix PHK-comepkammx BUPYCOB M MOJBHXKHBIX
FEHETUYECKUX DJIEMEHTOB TE€HOMa BBICIIMX OPraHU3MOB,
B FT€HHOM MH)XEHEPUHM C MX MOMOILBI) MOKHO IOJIyYUTH TI'EH.
Ona  wucnosb3yercs  aiusg  Tpanckpunuuu  MPHK B
KoMmIuieMeHTapHyto 1ens JJHK.

®epMeHT BrepBbie OTKpHIT B 1970 r., korma ['oBapn
Temun ¢ Caromn MwusyraHu, a TakKe HE3aBUCHUMO OT HHUX
JBun bantumop BBLAETWIN UCKOMBIA (JEpMEHT B Iperapare
BHEKJIETOYHBIX BUPHOHOB BUpYyca capkoMbl Payca.

OOpaTHas TpaHCKpPHUIITa3a COCTOUT U3 JIBYX CYOBEIUHUIL
¢ M.M. 65 u 95 k/la u obnamaer Tpems (epMEHTATUBHBIMU
aktuBHocTsmu: 1) JIHK-momumepasHoi, ucnons3yromeil B
kauectBe Marpuubsl kak PHK, tak m JJHK; 2) PHK-a3noii,
runpomusytomieii PHK B cocraBe rubpunma PHK—/IHK; 3)
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JAHK-3nn0nyKkneaznou, pacuensomneit monekynsl JHK mo
BHYTPEHHUM CIIOKHO(UPHBIM CBSI35IM MEXKYy HYKJICOTHIAMH.

[lepBple 1BE AaKTMBHOCTHM HEOOXOIUMBI Ul CHHTE3a
BupycHoil /IHK, a snnoHykneaszHas, mo-BuauMomMy, BaxkKHa JUIs
nHrerpanuu BupycHor /IHK B reHoM KiieTku-xo3uHa.

UroObl HayaTh CHHTE3, peBepTase, Kak U JIpYruM
MoJiuMepa3aM, HEoOXOJUM KOPOTKHH y4acTOK HYKJIEHHOBBIX
KHCJIOT  (mpaiimMep). [Tpaiimepom MOXET  CIYKHUTh
onHotenoyeunbiii pparment kak PHK, tak u JIHK. O6patnyto
TPAHCKPUIITA3ZY MIPEUMYIIIECTBEHHO WCHOJIB3YIOT  JUIS
Tpanckpunuuu MatpuuHod PHK B xommnementapuyro JIHK
(xIHK). Peaxmuio oOpaTHONl TpaHCKpPUNIIMHM MPOBOAST B
CHelHaIbHO TOJOOpaHHBIX YCIOBHUSX C HCIIOJIB30BaHHEM
cunbHBIX uHTHOUTOpOB PHK-a3Hol aktuBHOCTH. [lpm »TOM
yaaercsa mnodydarb nosHopasMepHble JIHK-komum 1eneBbix
moJiekyn PHK.

JHK-nueaszv

B 1957 r. monekynsapubie 6uonoru Metbro Me3escoH u
OpanxiH Cranb uccneaysd Mexanusmbl perumkanuu JIHK
YCTaHOBWJIH, 4TO peIUTUKAIAS JHK UMEeT
MOJYKOHCEPBATUBHBIN MEXaHHU3M. JTO O3HAUYAET, UYTO KaxKJaas
nouepHsis  cnupans JIHK coctout w3 ogHoM  crapoi
(MaTepuHCKOW) ¥ W3 OJHOM BHOBb CHHTC3HPOBAHHOMN
uenu. 3T0  MOJOXKWJIO  HAayalo  IMOWCKaM  (pepMeHTa,
yuyacTBytomiero B ciuuBanuu ¢parmentos JIHK u B 1967 roay
Takol QepmeHT Obul HaiineH W momyuwsn Ha3zanue JIHK-
murasa. OH Katanusupyet cuHTe3 GpochoaudGpupHoi cBs3U B 2-
X LIETTOYEYHON MOJIEKYJIE HYKIEMHOBOM KHCIIOTHI.
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Coznanue dochoaudpupHBIX CBsI3CH B
OJHOLEIIOYEYHBIX paspeiBax asyxuenodeunorn JIHK ¢
nomo1bro JIHK-nuras siisercs HapsaLy ¢ peCTpUKIMENH OJHUM
W3 BOXHEWIINX ATAroB noiydeHus pekomOunanTHbIX JITHK in
vitro. JIHK-muraser pasnensior Ha JBa CceMeicTBa B
3aBUCHUMOCTH OT M€XaHU3Ma JIeHCTBUS:

1. AT®-3aBuCcuUMEBIEC JIMTA3HI,

2. NAD + - 3aBucumsbie JIHK-nura3spr.

Haubonpimiee  mpuMeHeHHE B T€HHO-WHXKXEHEPHBIX
HCCIeIoOBaHNIX ceromasmHero gHsg HaxoguTt AT®d-3aBucumas
JAHK-nuraza OakTepuodara T4. T4-JIHK-nurasa
ocymiectBisier coenunenne ¢parmentoB JIHK, oGmamarommx
KOMIUIEMEHTAPHBIMU (IATIKUMW» WU «TYIBIMIW) KOHIIAMHU.
Peakmus wper B aBa »stama. B mepBoM sTame oOpasyercs
KoMmIuiekc (epmeHT — AM®D, a Bo BTOpoM — octarok AM®
mepeHocHTCS Ha  S-pocdarHyro  Tpymmy  KOHIIEBOTO
HYKJIeOTHIa B ToOUKe paspbiBa JTHK.

Hyxkneazwvi

Hykneassl — depMeHTbl, TUAPOIU3YIOIINE MOJIEKYJIIbI
HYKJIEMHOBBIX KHUCJIOT. B pe3ynprare nIeicTBUsS HyKJea3
monekyna JIHK wiu PHK pacnamaercs na ¢dparmMeHTsl wiam
oTaenbHble HykieoTuapl. Pazmmuaror J[HK-a3sr u PHK-a3bl,
ruaponusytomue, coorsercrseHHo, [JHK u PHK. Paznuuaror
3K30HyKNea3sl - rujapommsytomume 5 wmm 3/ konmessie
dbocdaTHble CBS3M U DHAOHYKIEA3bl — paCIIETUISIONINE
BHYTPEHHHE CBSI3H MOJUHYKICOTUIHOM 1enu Mosekyisl JJHK.
HekoTtopeie HykIea3bl THAPOIU3YIOT H30MPATEIbHO TOJIBKO
OJTHOIICTIOUeYHBbIE ~ MOJeKynsl  (Hyknmeaza  Sl),  ToibKo
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neyxuenoueynsie moJiekynsl JJHK (snponykneasza Ill) wim
rubpuansie JJHK-PHK-monekyns (pubonykieasa H).

B MonekynspHOH OHOTEXHOJOTHMHM Hamboyee IIHPOKO
npumensitorest  dk3onykieasa Il E.Coli, nykmeaza S1,
MaHKpeaTHdeckass  puOOHyKieaza A,  MaHKpeaTHdecKas
nezokcupubonykieasa I u ap.

DK30HYyKJIea3a I E. coli KaTaJlu3upyeT
TnocienoBaTeNnsHoe  oTmemienne  5-  Hykneotunos  JTHK.
@depmeHT 00NamaeT TaKkKe HHAOHYKICAa3HON AaKTHBHOCTBHIO,
aktuBHocThi0 PHKazer H (ruapomns PHK B PHK-JIHK-
rubpuax) u 3'- GocdarasHoil aAKTHBHOCTEIO.

Hykneaza S1 w3 Aspergillus orizae cnermudpuyueckn
pacmeruiser Monekynsl JJHK m PHK ¢ o6pasoBanuem 5'-
(hochopumMpoBaHHBIX MOHO- M OJTATOHYKJICOTHIOB.

[Tankpearnueckas pubonykieasa A (PHKaza A) sBnsercs
HEOOJIBIIUM  OCJIKOM, KOTOPBIH 00JIala€T aKTUBHOCTHIO
SHIOPUOOHYKIICa3bl,  CHenu(UIecKu pacHIeTuISIoIei
dhochomurdupHbIe CBS3M, 0O0pa30BaHHBIC MUPHUMHIMHOBBIMU
HYKJICOTUIAMH.

[Tankpearnueckas nezokcupubonykineasa [ (JAHKaza I)
Mpe/ICTaBIsIeT CcOOOW HHAOHYKJIEa3y, TUAPOJIM3YIONIYI0 Kak
onHo-, Tak u gasyxuenoyeunyro JHK c¢ obOpazoBanuem
CIIOKHOM CMECH MOHO- M OJIMTOHYKJIEOTH/IOB, COAEpIKaIIHX 5'-
(docdaTHbIE TPYIIIIHL.

4. MeToabl U3y4eHHsI TEHOMA

Cexgenupoganue HyKIeuHO8bIX KUCIOM.
CekBeHnpoBaHue (sequencing) — 3To oOllee Ha3BaHUE
(UBUKO-XMMUYECKUX  METOJOB,  KOTOPbIE  TO3BOJISIOT
YCTaHOBUTH TEPBUYHYIO CTPYKTYpY (IIOCIIEIOBATEIHHOCTD
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MOHOMEpPOB) B  MOJIeKylax  Ouomnonumepo  (0Oenkos,
HYKJIEMHOBBIX KHUCJIOT). M3BeCTHBI pa3iMuHbIE TEXHOJIOTUHU
CEKBEHUPOBAHMUSI.

TexHnonorun JIHK-cekBeHnpoBaHus 3apOXKIAITUCH
onmaromaps padoram Younrepa ['mnbepra u @penepruka Cenrepa
B 70-x romax mpouuioro Beka. B HacTodmee Bpems
CEKBCHHPOBAHUE SIBIISIETCS BAKHEUIIEH TEXHOJOTHEH B
YCTaHOBIIEHUU (YHKIMM OTAEIbHBIX TeHOB. B mpouecce
CEKBEHHPOBAaHMsI T€HOMa OpraHU3Ma HCCIIE0BaTeNb MOJIy4aeT
napopmanuro o Bceit JAHK, maxomsmeiics B xpomocomax
KIeTok. OTa uH(pOpMalus BKIIOYAET TaKKe CBEACHUS O
KOJIMYECTBE U  MOCJIENOBATEIbHOCTU  BCEX TIE€HOB H
HEKOJUPYIOIIMX  Y4acTKOB. B OCHOBE  TEXHOJOTHi
CEKBEHUPOBAHUS JIEXKAT PA3JIMYHBIE CTPATETUH, OCHOBAHHBIE
Ha YHUKaJIbHBIX KoMOWHarusx npurotrosienus JIHK-marpui,
BU3yalIM3alli¥, A TaKK€ BBIPABHUBAHMS U COCTABJICHUSA
HYKJICOTHIHBIX MOCIIEI0BATEIbHOCTEM.

OCHOBHBIM MPEUMYIIECTBOM COBPEMEHHBIX METOIUK
CEKBEHHUPOBAHMSI SBJISETCS PEHTA0ETBbHOCTh U 3KCIPECCHOCTD.
Baxknedmum JocTiKeHHEeM B 00NacTH  CEKBEHUPOBAHHS
HYKJIIEMHOBBIX ~KHCIJIOT, O€3yCIOBHO SIBJISIETCA YCIHeElIHas
peanu3anus MeXAyHapoIHOro npoekra «l'eHoM yenoBeka». B
uTore 3Toil paboThl UIEHTU(GUIIMPOBAHBI BCE I'€HBI YEIOBEKa,
T. €. TOYHO ONpPEAENICHO MX YHMCIJIO, B3aMMOPACIIOJIOKEHUE Ha
TeHeTUYECKON  KapTe U CTPYKTYpHO-(YHKIIMOHAJIbHbIE
0c0OeHHOCTH. B BBINMONHEHNM MpoeKTa ObUIM 3a/1eiiCTBOBAHBI
TBICSIYM YYEHBIX MO OWOJIOTHH, XUMUHU, (PU3UKE, MATEMaTHKE.
Ha cerognsamnuii JeHb 3TO OJUH U3 CaMbIX JOPOTOCTOSILUX
Hay4HbIX POEKTOB B UICTOPUU YEJIOBEUECKOW IUBUIIU3ALIUU.
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[Ipenmonaraercs, 4To OCYIIECTBICHHE ATOTO IPOEKTA,
MMOMUMO KOJIOCCATBHBIX TEOPETHYECKUX O0000IIEeHUN yIs
(GyHIAMEHTAIBHBIX HAayK, OKa)XET OrPOMHOE BIIMSIHHE Ha
MOHMMaHWE TIaTOreHe3a, NPEAYNPEKICHHEe |  JICYCHHE
HACJIE/ICTBEHHBIX 0oJe3HeH, 3HAYUTEIHHO YCKOPHUT
WCCIICIOBAaHUE MOJICKYISIPHBIX MEXaHHW3MOB, JISKAIIUX B
OCHOBE DPAa3BUTHSA OYCHb MHOTHX MOHOTEHHBIX HapYyIICHHIA,
Oyner cmocoOctBoBaTh 0Oonee  3G(PEKTUBHOMY  MOUCKY
TeHETUYECKUX OCHOB HACIIEJICTBEHHOH MPEIPacIiONOKEHHOCTH
K pa3ja4HbIM 0O0JIE3HSIM YeIOBeKa.

K nHacrosimeMmy BpeMeHH B MHpE HICHTH()HIIMPOBAHO
MHO’KECTBO T€HOB, OTBETCTBEHHBIX 3a OOJIC3HW UYEJIOBEKa, B
TOM uuncie 0oe3Hp AnblrerMepa, 6one3ns ['ome, arakcuio,
MYKOBHMCLIMJI03,  MBbIIIEUHYI0  auctpodpuio  JlromeHHa,
muctonnto, rtemopmwmro A wu B, ¢denumnkeronyputo,
CEpIIOBUIHO-KIETOUYHYI0 aHeMUui0o U Jp. CTpyKTypbl 3THUX
T€HOB pacliu(poBaHbl, M CAMH OHHU KJIOHUPOBAHBL. OTO
MO3BOJIAET TNPOBOAUTH A(P(GEKTUBHYIO PAaHHIO U Jaxke
IIPEHATAIbHYIO TUATHOCTUKY U JICUCHHE.

B Hacrosiee BpemMs B IPAKTUKY MEJUKO-T€HETHUECKOT O
KOHCYJIbTUPOBAHUS  BBEAEHbl  JECATKH  CHCTEM  JJIs
I€HOMarHOCTUKH HauboJee pacnpocTpaHeHHbIX
HaCJIEICTBEHHBIX 3a00JieBaHUH. YcTaHoBIEeHHAs
MOCJIE0BATEIBHOCTh I'€HOMA IOMOXKET HACHTU(UIMPOBAThH
HOBBIE€ T€HBl U BBIBUTH CPEAM HHUX T€, YTO OOYCIOBJIMBAIOT
MIPEJIPACTIONOKEHHOCTh K TEM MU UHBIM 3200J1€BaHHSIM.

B xone BeImosiHeHus npoekra «['eHoM deraoBeka» ObLIH
CEeKBEHHUPOBAaHbl ~ T€HOMBI  IIEJIOTO  psiia  OpPraHU3MOB:
Oaxrepuit, npoxckeit, kpyrioro yepss Caenorhabolits elegans,
MYXHU-AP030(UITBI, MBIIIH, KPBICHI, COOAKH, IIUMITaH3€, PHIObI-
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cobaku M pacTeHUi - apaOuoICHca, TOMOJS U JBYX BHJIOB
puca. Ilomydennas  uH(pOpMamusi  OTKpbLJIa  HOBBIC
BO3MOKHOCTH JJIi Pa3BUTHUS CPaBHUTEIbHOM TI€HOMUKHU.
Okazanocsk, K IpuMepy, 4To U3 269 reHoB 4YelioBeKa, MyTalluu
KOTOPbIX MPUBOJAT K Oosie3HsM, 177 TeHOB wuMenu
POJCTBEHHBIE TE€HBI B TeHOMe Apo3o¢misl. CpaBHEHHE
MBIIIMHOTO T€HOMa C YEJIOBEUECKHM I0Ka3ajo, 4YTO OKOJIO
200 reHOMHBIX OJIOKOB Yy 4eJIOBEKa U MBIIIU COAEepikKaT
OJINHAaKOBBIE TE€Hbl (XOTI W B pa3HBIX XpPOMOCOMax).
KonmuecTBOo reHOB y HemMaToAbl TOJIBKO B 4-5 pa3 MEHBbIIE,
YeM y YeJIOBEeKa, U YacTh M3 HHUX TaKXKE SBISIOTCS OOLIMMHU.
DT0 MO3BOJISIET U3y4aTh (PYHKIIMM HOBBIX T'€HOB YEJIOBEKa U
MOCJIE/ICTBUS MYTallUd HM3BECTHBIX TE€HOB, MPOCIEKUBAs
U3MEHEHHE CBOICTB opraHmsma B OTIBITAX c
SKCIIEPUMEHTAJIbHBIMH  JKUBOTHBIMM M SKCTPAIOIUPYS
MOJIydeHHbIE  pe3yJlbTaThl Ha 4YeloBeka. B mpouecce
MPOYTEHUsI TEHOMa ObLI BBIABJICH €IIe OJUH MEXaHU3M
TeHEeTHYECKOTO paszHooOpasus, TaKk Ha3bIBaEMbIil
OJHOHYKJICOTUHBIH monumopdusm (pakrop CHII, mo
anrymiickoi Tpanckpunmuu). CHII - 310 n3mMeHenune «OyKBbI»
FeHEeTHYECKOTr0 KojJa 0€3 «IOCIeACTBUN MJisi 30POBbSI».
Cuuraercs, uto y yenoBeka CHII BcTpeuaercs ¢ wacroron 0,1
%, T.e. KaXIbId YEJIOBEK OTIUYAETCS OT JPYTrUX OIHHUM

HYKJICOTHUJIOM Ha KaXIyI0 ThICSUY HYKJICOTHUIOB.
CekBEeHMpPOBaHNE HYKJIEMHOBBIX KHCIOT UMEET HE MEHEe
BAKHOE 3HAYEHUE I JKMBOTHOBOJACTBA U BETCPUHAPHH.
CekBEHMpPOBAaHUE I'EHOMOB CEJIbCKOXO35ICTBEHHBIX )KMBOTHBIX
LIMPOKO HMCIOJB3YETCS B IMOCIEIHUE TOIBI U1 ONPEIEICHUS
U3MEHUMBOCTH TEHOB BHYTPM U MEXIy MOpPOJaMH; i
UACHTUDUKAIMY Teorpauyeckol JOKaIu3alMu OTAEIbHbBIX
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NOMYNSAUI; Ui OCYIIECTBICHUS KapTUPOBAaHHUS TEHOB,
BKJIIOYAss HIACHTU(UKAIMIO HOCHTENEH H3BECTHBIX aJulesen
TCeHETUYECKH JIETCPMHUHHPOBAHHBIX 3a00JICBAaHUMA, a TaKKe
alyleNieii W TeHOB, AacCOIMUPOBAHHBIX C  TOBBIIIEHHON
YCTOWYMBOCTHIO K HWH(MEKIMOHHBIM W HEWH()EKIIMOHHBIM
3a00JeBaHMUAM; JUII  YCTAHOBJICHHS TPOUCXOXKICHHUS W
reHeTUYeCcKuX B3auMocBssell (Hanpumep, JJHK-buHrepnpusT)
BHYTPH TOMYJISAIHAA U JP.

[lonHoe cekBeHHMpOBaHME TE€HOMA KPYIHOTO pOraToro
CKOTa, HampuMmep, Ob10 BhIMOIHEHO B 2009 T. M mpuBeno K
MHOTOOOEIIAI0IIEMY OTKPBITUIO JIi TOUCKOB OMOMapKepoB
MTOBBIIIEHHOW YCTOWYHBOCTH M PO TyKTHBHOCTH KUBOTHBIX.

bnaromapst pa3BUTHIO METOZOB TEHOMHOTO CKaHHUPOBAHHS
MOSIBUJIOCH HOBOE HAampaBlieHUE — «TE€HOMHAsl CeNeKLUs»,
KOTOpO€ 0c000€ 3HadeHHE HMeeT B OOJaCTH pa3BEICHHS
CHEIHATN3UPOBAHHBIX MOJIOUHBIX MOPOJ KPYIMHOTO POraToro
ckoTa. B Hacrosiee Bpemsi MOJ HHUM TOAPa3yMEBAIOT
ucnionpzoBanne  JIHK-marpuny  (JJHK-OumoummoB) — mist
TeHOTUIIMPOBaHUs OKoso 50 ThIC. OJHOHYKJICOTHUIHOTO
nomumopdusma (SNP) B reHome KopoB, reHOTHnsl 1mo SNP
KOTOPBIX aCCOLIMMPOBAHBI C JKENaTelIbHBIM MPOSBICHUEM
XapaKTePUCTUK MOJIOYHOM MPOYKTUBHOCTH.

B Hacrosimiee BpeMsi UCHOJIB3YIOT JIBA OCHOBHBIX METO/1a
— XUMUYECKUH U (pepMEHTATUBHBIA METO/IbI CEKBEHUPOBAHUSI.

Xumuueckoe cexgenupogaue
Xumugeckoe CEKBEHHPOBAHHE OCHOBaHO Ha
n30upaTenbHOM pa3pyleHun HYKJICOTH/IOB. Meton
npemioxked B 1977 r. AM.Makcom u B. T'mnpbeprom u
Ha3bIBACTCS Memood cexgenupoganus JJHK nymem xumuueckotl
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Ooecpadayuu. B oCHOBE MeToAa JIGKHT OrPAaHUYECHHOE
pacmerienne Medenoro ¢parmenta JIHK mon neiictBuem
crnenn(pUIecKuX peareHToB.

JI1st CEeKBEHUPOBAHUS 3TUM METOJIOM BHAuaje MOJYy4aroT
ogHouenoyeunyr moliekyny JHK, oquH 3 KOHIIOB KOTOpO#
METAT ¢ MOMOMIBI0 paamomsoTona ¢ocdopa - 2P. IMpemapar
meuenblii JIHK nenst Ha 4 mopuum U KaXIyl0 MOPIHUIO
00pabaThIBalOT peareHTOM, CHeUU(UUYECKH pPa3pyIIaoLuM
a30THUCTbIe OCHOBaHMS. KoHIEHTpamms MOJUPUITHPYIONIETO
peareHTa W TPOJOJDKUTEIBRHOCTH €ro BO3JICHCTBHS Ha
monekynbl JIHK mongOupaercss ¢ TakuM pacdeToM, 4TOOBI B
KaKJ0M MOJIeKyJie MPOU30Iaa MOAU(PUKAIUS TOJIBKO OJHOTO
HYKJIEOTHAA, a I[IOCKOJIbKY B  PEaKkUHOHHOM  cMmecH
MPUCYTCTBYET OTPOMHOE KOJMYECTBO TAaKUX MOJIEKYI, TO,
COTJIaCHO TEOPUH BEPOSITHOCTH, BCE OCHOBAHUS JAHHOTO THIa
B CEKBEHHPYEMOM (dbparmenTe JHK OKaXyTCA
MoupuimpoBanHbiMu.  Tak no6aBienne 60% MypaBbHUHOM
KHCIIOTBl pa3pyllaeT IypHHOBBIE OCHOBaHUA (AACHUH W
ryaHuH), noOaBieHHE TUMETHICYab(daTa — TOJBKO I'yaHUHA,
TUIpa3uH pa3pyllaeT NUPUMUAUHOBBIE OCHOBaHUS (TUMHH M
uuTo3uH), non aeiicreueM 1,5 M NaCl paspymiaercs ToabKO
LIMTO3WHOBBIE OCHOBaHUA. B pe3ynbrare momydaercs HaOOp
MEYEeHbIX (ParMeHTOB, JJIUHA KOTOPBIX ONPEAENSIOTCS
paccTossHUEM OT Ppa3pyIIEHHOTO a30TUCTOrO0 OCHOBAaHHUA [0
KOHIIa MoOJIeKynbl. DparMeHThl, oOpa3oBaBIIHecs BO BCEX
4yeThipex mpolax, pasfensioT myTeM dJekTpodopesa B
akpuiamugHoMm rene. [lpoBoaar pamuoaBTOorpaduio U 1O
MOJIOKEHUIO  (ParMEHTOB, COJAEPKAIIUX  PATHOAKTUBHYIO
METKY, ONpPEAENSIOT PAacCTOSIHUE OT MEYEHOro KOHIa TJe
HaxoJIUJIOCh pa3pyllleHHOe ocHoBaHue. Merong Makcuma -
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lenbbepTra wMeeT psiJ HEIOCTATKOB, HAMOOJEe 3HAYUMBIM
Cpely HUX SIBJICTCA JUTUTEIBHOCTh aHAJIN3a U TPYI0EMKOCTb.

Depmenmamuenoe cek8eHUPOBaHUe

Cpenu 00JIbI1I0TO MHOT000pa3us METOJIUK
(epMEHTATUBHOTO CEKBCHHPOBAHUS HaWOOJIee H3BECTHBIM
sBisieTcst memod Coueepa mTpenioxkeHHbln B 1977 1. m
MOJIYYMBINUN Ha3BaHWE METOJAa TEPMHUHHPYIOIIUX aHAJIOTOB
TpudocharoB. ITOT crocod, HECKOIHLKO MOIUDUIIMPOBAHHBIH,
nu B 0Oonee MouHOM, O0o0Jiee TEXHOJOTUYHOM BapUaHTE
MPUMEHSETCST 70 CUX TIop. B ocHOBe MeToJia JICKUT
(dbepmentatuBHOE KioHupoBanue JIHK, ucronp3yst B kauecTse
MpaiMepPOB CHHTETUYICCKUX OJIMTOHYKJICOTHIOB.

PactBop ¢ mpaiiMepamu pacnpenessitoT MO YeThIPEM
npoOupkaMm, B KaXIOW M3 KOTOPBIX HAXOIATCS 4YeThIpe
nezokcunykieoruna, dATP, dCTP, dGTP u dTTP (ogun u3
HUX — MEUYEHHBIH pPaJUOAaKTUBHBIM M30TONIOM) WU OJUH U3
yeteipex  2'.3'-mupe3okcunykiaeotuaoB  (ddATP, ddTTP,
ddGTP wmau ddCTP). /Iume30KCHHYKIEOTHI BKIIOYACTCS I10
BCEM TMO3MLMSIM B CMECH pacTyIIMX Lened, U IMocie ero
MIPUCOEMHEHHS POCT LIEMH cpa3y OCTaHABIMBAETCA.

B pesynbrare 3TOro B Kaxa0i U3 4eThIpeX MPOOHPOK MpH
yuactuu JIHK-nmomumepassl oOpasyercs YHUKaIbHBIN HabOp
OJINTOHYKIJICOTH/IOB pasHoii JUIAHBI, BKJTFOYAIOIINX
mpaiiMepHyi0 TocieloBaTeNbHOCTh. Jlanee B mpoOHpKH
N00aBISAIOT (opMaMu JUTsl PACXOXKACHUS LEeneil U MPOBOIST
anektpodope3 B TMONMAKPUIAMHUIHOM Tele Ha YeThIpex
noposkkax. [IpoBoasaT paanoaBTorpaduio, KOTopas Mo3BOJISET
«IIPOYECTH HYKJICOTUIHYIO MOCIIeZIOBATEILHOCTD
cexkBeHupyemoro cermenrta JJHK.
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Puc.6. Cxema meroma cekBeHnpoBaHus o CaHTEpY.

B Gosnee coBpeMeHHOM BapuaHTe AUJE30KCHUHYKIICOTH/IbI
METST YeThIPbMsI Pa3HbIMU (PIIyOPECIIEHTHBIMU KPAaCUTEISIMU U
npoBoaar IIIP B omHOM mpoOupke. 3aTteM BO Bpems
anekTpodopesa B NOJIMAKPUIAMUIHOM Teje JIyd Jja3epa B
ONpENIeICHHOM MecTe reiis Bo30yxaaeT (iIyopecleHLnIo
Kpacutenel, M JETeKTOp ONpeAesseT, Kakoid HYKICOTHI B
HACTOSIIMA MOMEHT MMrpupyer uepe3 renb. CoBpeMeHHbIE
npubopel  HCMONB3YIOT  ais  cekBeHupoBanus  JIHK
KaIllWJUISIPHBIN a5ekTpodopes.

Kanunnsapnoui  snekmpoghope3, WM3BECTHBIN TakkKe Kak
KallWUIIPHBIA ~ 30HaibHBIN  snekTpodope3 (anrn. CZE),
HCIOJIB3YETCS [UIsl pa3felieHus MOHOB MO 3apsny. B ciydae
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OOBIYHOTO anekTpodopesa 3apsHKCHHBIC MOJICKYJTBI
MEPEMENIAIOTCS B IMPOBOASALIEH MKUIAKOCTH MOJ JEHCTBUEM
anekrpuyeckoro mnoysi. B 1960x romax Oblia mpeyioxkeHa
METO/IMKa KalWUISIPHOTO 3JeKTpodopesa s pasleneHus
MOJIEKYJ 1O 3apsAy M pasMepy B TOHKOM KallWUIspe,
3aI0JIHEHHOM 3JIEKTPOJIUTOM.

Iupocexsenuposanue 310 meton cekBeHupoBanus JIHK,
OCHOBAHHBIN Ha MPUHIUIE «CEKBEHUPOBAHHUE ITyTEM CUHTE3a.
[Ipy  BKIIOYEHHMH  HYKJIEOTHJA TPOUCXOJUT  JI€TEKIUs
BbICBOOOXKatomuxcsd  nupodocdaroB. TexHosnoruss Oblia
paspabotana [lomom Hupenom u ero crymentom Mycradoit
Ponarn, B  KoponeBckom  Texnmueckom  HMHcTutyTte
(Croxronbm) B 1996 rony.

Ceksenupoganue nymem cuHme3a OCHOBBIBAETCS HA TOM,
qT0 TUIA CEKBEHHPOBAHUS OJHOILIEIOYEYHON JIHK
(epMEHTATUBHO CHHTE3UPYIOT KOMIUIEMEHTAPHYIO IIETIOYKY.
Meron  NHpPOCEKBEHUPOBAHMS ~ OCHOBAH HAa  JETEKLUHH
aktuBHocTH  (pepmenta  JIHK-monmmmepassl ¢ apyrum
XEeMUJIIOMUHECHEHTHBIM  (pepmMeHTOM. MeTon  mo3BOJISIET
CEKBEHHMpPOBATh OJHY Ienouky HykiaeotunoB JIHK mnyrem
CUHTE3a KOMILIEMEHTApHON LETIOYKH, npu 3TOM
PErucTpUpyeTcss IPHUCOECIMHEHHE  KaXJOro HYKJIEOTH[A.
Martpuna /JIHK nMmmo6uin3oBaHa, pacTBOpPbl HYKJICOTUIIOB A,
C, G u T noGaBnsitoTCsT ¥ OTMBIBAIOTCA MOCIEI0BATEIHHO
IIOCJIE PEAKIIUH.

CeKeeHamopbl 6MOpPO20 NOKOJIEHUA
CoBpeMeHHbIE CEKBEHATOpbl — CEKBEHATOPbl BTOPOTO
nokoneHus (SGS, second generation sequencing). B Hux
yuactku  JIHK  Takxke  mo-mpekHeMy  MHOTOKPAaTHO
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KIIOHUPYIOTCS, Kak U B Meroae no CsHrepy, HO mpoliecc
YTEHUS MOXKET NPOUCXOJUT MO pPasHbBIM TNPUHIMIAM H
CYLUIECTBYET ~ MHOTO  pa3HbIX  METOJOB,  CYIIECTBEHHO
OTJIMYAIOIIUXCS. MEXY co0oil. OnHaKo, HECMOTPSI Ha pa3HbIe
METO/1bl IOJyYEHHUS KOMUN (aMIIM(pUKALKs) YYaCTKOB FreéHOMa
U Ha TEXHUYECKYI0 pasHHIy IuddepeHnranuu pa3indHbIX
HYKJIEOTHIOB B MPOYTEHHBIX IOCIEI0BATEIBHOCTSX, OOIIas
cxeMa paboThl A BCEX CEKBEHATOpoB oiHa. llepBbIii sTam
CEKBEHHUPOBAHMSI —  CO3/laHuMEe  OUONMOTEKH  CIydalHbIX
nocnenosarenpHocTelt  JIHK, Kk KOTOphIM cmIMBarTCs ¢
OOLIEIOCTYIHBIMH ~ aJaITEPHBIMU  TIOCJIEOBATEILHOCTIMHU.
Bropoit JTanm — co3/IaHue aMIITUKOHOB, KOTOpBIE
WCTIONB3YIOTCA Kak o00pasmpl. Tperuid stam — omnpeaeneHue
NEPBUYHOMN CTPYKTYpBI BCeX ()parMEeHTOB.

OpnHa u3 caMbIX MOMYJSIPHBIX HA CErOJHS TEXHOIOTHH —
cekBeHupoBaHue 1o Meroay Solexa ( [llumina).

[Ipomecc cexkBeHupoBaHusi mo meroay Illumina MoxHO
IIPEJCTaBUTh B CIEAYIOLUX ITAIaxX:

1) komuu JIHK paspesarorcs B ciiydailHBIX MecTax Ha
00JIbIIOE YUCIIO HEOOJBIINX YYACTKOB U K Ka)KJOMY U3 HUX C
JBYX CTOPOH JOOAaBISIOT CHELMAIbHBIE afanTepbl — 3apaHee
U3BECTHBIE HEOOJIBILINE MTOCIEA0BATEILHOCTH HYKJIEOTH/IOB;

2) MOJydeHHas CMeCh I[IOMEIIACTCS Ha  CIELHAIbHO
MOJIFOTOBJICHHYIO TOJUIOXKKY, M3 KOTOpOM B BHIE PpEIIETKU
«pactyr» ywactkn JIHK, kommiemeHTapHble ajgantepam.
Takum 00pazoMm, OHU CHOCOOHBI «IPUBSA3ATH» CHAOKEHHBIE
anantepamu yuactku JIHK x stum mecram. Kpome Toro,
aZlanTepsl TAKKE COJAEp)KaT IMpalMepbl, yYaCTKH, K KOTOPBIM
MoxxeT  mpucoemuHuthess  JIHK-mommmepasa,  koTtopas
ocymectiseT perukanuio JHK;
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3) pasupie  yuactku JIHK  ciygaiiHeiM  oOpa3zom
«TPUCACHIBAIOTCS» K Pa3HBIM MECTaM B PEHIETKE, MHOTOKPATHO
KJIOHUPYIOT KaXIblil YY4aCTOK BOKPYI CBOETO MECTa, MOJy4as
TEM CaMbIM IIEJIbIE «KJIACTEPhI». DTOT MPOIIECC M3BECTEH Kak
bridge amplification, motomy urto JIHK mnpuBsizbiBaeTcsi K
MOJIJI0KKE Cpa3y JIBYMsI KOHIIAMU;

4) yuactku JJHK nenatypupyror — B pe3ynbrare u3 y3jaoB
pEelIETKH Ha NOMJIOXKKE «pacTyr» pasHele ydactku JIHK,
COCTOSIINE U3 OJHOM HUTH,

5) moiokka TOMEIIaeTcsi B PacTBOpP, COJCpIKaIuii
JIHK-nonumepa3y U clieNMaIbHO MOMEYEHHBIE HYKJIEOTHIBI,
KOTOpPBIE Cpa3y K€ 3aKaHYMBAIOT MpoLecC perumkanuu. OHu
npucoenunsores k JJHK, mo ogHOMy K KaXXIOMy y4acTKy.
COOTBETCTBEHHO, K KAXKJIOMY YYacTKy IPUCOEAUHAETCS Ta
«OyKBay, KOTOpas KOMILJIEMEHTapHa K TOW C KOTOpOH OH
HauyMHaEeTCH,

6) <«JIMIIHHE» HYKJICOTHIbl CMBIBAIOTCS, a METKHU
OCTaBIIMXCS CYUTHIBaIOT. B Texnomoruu Illumina »3T0
(diayopecueHTHbIE  METKH, KOTOpPblé MOXHO  3aCTaBUTh
CBETUTHCS pa3HbIM LBETOM U cororpadupoBars. FiIMeHHO Ha
9TOM IlIare U Y3HAIOT, C Kakoil OyKBbl HAUMHAETCS Ka) bl
«knactep yyactkoB» JJHK;

7) ¢ CBS3aHHBIX HYKJICOTHIOB XMMHUECKU «CPE3aeTCs»
paavkan, KOTOpbIA  Melal  JajJibHEHIIed  HaJICTpOMKe
monekynbl JIHK, nanee Bo3Bpamatorcs Ha 3Tan 5 U MOBTOPSIIOT
MPOLIECC, YUTasi Ha BTOPOM LIMKJIIE BTOpPbIE OYKBBI B Ka)KIOU
MOCJIEA0BATENLHOCTH, U TaK Jaliee.

B Hacrosmee BpeMsi CyIIECTBYIOT MHOTO U JPYIHX
CEKBEHAaTOPOB BTOPOI0 MOKOJEHHS C Pa3HbIMU MOKa3aTeIsiMU
CBONCTB.
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Oonomonexynapnoe cexksenuposanue Helicos Biosciences
- TIEPBBIA METOJ CEKBEHUPOBAHUS EIUHUYHBIX MOJIEKYIL,
paspabortannsiii HeliScope (Helicos BioSciences) wumeer
MIPOU3BOJIUTENBHOCTh OKOJIO 1Gb/mens. IlpunHnmm paboThI:
rociie KJIOHaJIbHOM ammuukauud obpa3na IPOUCXOAUT
(dbparmMeHTanus JJHK c MOCJICTYIOIIIUM
MOJIMAJICHUJINPOBAHUEM HA 3'-KkoHIIE c JATbHEUIIINM
CEKBEHHPOBAHHUEM, YEPEIYIOIUMCS C IPOMBIBAaHUEM 00pa3lioB
HYKJIEOTHUAAMHU € (PIyOpEeCUEHTHOU METKOM.

Oonomonexynsipnoe  CeKGeHUpoO8aHue 6  pealbHOM
epemenu Pacific Biosciences - MeTOJl OJHOMOJEKYISPHOTO
CeKBEHUpOBaHUsl B peaibHOoM Bpemenu (Single molecule real
time sequencing, SMRT) ocHoBaH Ha HaOIIOICHUH 3a PAOOTOM
equHuuHOM  mosekysbl JJHK-monumepassl.  Mcnonbs3oBaHue
YeTbIpexX (PIyopecCleHTHO-MEUEHHBIX HYKJICOTHIOB MO3BOJISET
ONpeNeNnuTh KakoW  Hykieotun  npucoeaunser JIHK-
MoJiMMepas3a B JaHHbBIM MOMEHT.

lon Torrent Sequencing - MeTo; OCHOBaH Ha CBSA3U MEKIY
XUMUYECKOH W 1udpoBOoi HHPOpMAIUEH, YTO TO3BOJISET
ObICTpee M TMpOIle CEKBEHUPOBATh OOJBIIOE KOJIUYECTBO
oOpa3loB. OJTa TEXHOJOrUs TakXke HasbiBaeTcs pH-
WHIYIUPOBAHHBIM cekBeHupoBaHueM. [Ipoiiecc ocHOBaH Ha
JETEeKIIMHU MMPOTOHOB, KOTOPbIE MOJIYYAIOTCS MIPU CUHTE3€ IeMH
JIHK xak mo6ounsiii npoaykt. Kak cnenctsue, pH pactBopa
MEHSIETCS], UYTO U MOKHO JETEKTUPOBATh.

Hanonoposeoe cexeenupoéanue - MeTOI OCHOBaH Ha
W3MEpPEeHUH TOKa HMOHOB 4Yepe3 eIWHUYHYI0 HaHOMOpYy B
HenpoBoasIIel MeMOpane. [Ipu mpoxosxieHuu yepes3 3Ty nopy
HYKJICOTH/IOB TOK MajaaeT. Bpems, Ha KOTOpoe W3MEHSETCS TOK
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HMOHOB, U BEJIMYMHA ATOTO MAJCHUS 3aBUCIT OT TOrO, KaKOM
HYKJICOTH/I B IJAHHBIA MOMEHT HAaXOJUTCSl BHYTPHU MOPHI.

Honno - nonynposoonuxosoe cekeeHuposanue - HeJaBHO
MOSIBUBIIMIICS METOJ] CEKBEHUpOBaHHS (HAa HEM OCHOBaH
cekeHatop  lonTorrent)  ocHOBaHHBIH Ha  JETEKLUU
COeIMHEHUN  (MOHOB),  KOTOpbIE  BBIAEISIIOTCS  IMpU
MpUCOEUHEHNMH HoBoro Hykineotuna k Hutu JIHK. 310
MO3BOJIAET PAJAUKAIHHO COKPAaTUTh BpeMsi M CTOMMOCTh
MOJy4aeMbIX pPSAJOB, XOTA TPOILEHT OMIMOOK CTaHOBHUTCS
OoJbIIe.

UenoBeueckasi MBICIh HE CTOMT Ha MECT€ W METOJbI
CEKBEHUPOBAHUS MTOCTOSTHHO YIYYIIar0TCS. Onmnako
MPaKTUYECKH  BCE€  COBPEMEHHBIE  METOJbl  BBIJAIOT
OTHOCUTENBHO KOpoTKue psaapl, oT 100 no 400 HyKIE€OTHIOB.
He cymectByeT TexHOJOTHH CHOCOOHBIX pacimppoBbIBaTh
HYKJICOTHJHYIO  IOCJIEIOBATEIBHOCTh  LIEJIOTO  IE€HOMa
oprauu3ma. IIpoekt mo cOopke MEpBOrO YeIO0BEYECKOIO
resHoma, 3aBepmeénHnbiii B 2003 roay, 3ans1 13 net u croun 3.8
MUWIUIMapaoB jaomiapoB. C Tex HOp LieHAa CEKBEHUPOBAHUS
yMEHbIIANACh  AKCIOHEHUManbHO. HoOBBIE  TexHOIOrMU
CEKBEHHUPOBaHMs OOEIIAI0T HAy4YUThbCA 0OpabdaThiBaTh T'€HOM
gyemoBeka 3a $1000 u gake MeEHBIIE, YTO OTKPBIBACT
BO3MOXXHOCTM  JUII ~ MAacCoOBOI'O  CEKBEHHpPOBaHUA B
MEJIMLHUHCKUX LIEIIAX.

Pecmpuxyuonnwviti ananus.

Metox  ocHOBaH Ha  CIOCOOHOCTH  (EpPMEHTOB
pecTpukIMM (pecTpukTasbl) crempduuecku pacmemiite JJHK
B ONpeAenéHHbIX caitax. Pectpukrassl ctanu 3¢((HeKTUBHBIM
WHCTPYMEHTOM MCCIEN0BAaHUS HYKJIEHHOBBIX KHCIOT. OHH
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MO3BOJISIOT IpeBpamath Mosekyasl JJIHK B Habop ¢pparmenToB
JUIMHOM OT HECKOJBKMX COTE€H JO HECKOJBKMX TbICAY
OCHOBaHWH. MeTomoM anekTpodope3a B arapo3HoM Telie
¢parmentoB JIHK, pasnuuarommxcs 1o pasMepy, MOXKHO
JIErKO pa3feinuTb, a 3aTeM MCCIEIOBaTh KaXI0ro IO
OT/AEIBHOCTH.

[Ipu snexrpodopese KOpoTkHe (parMeHTbl MUTPUPYIOT
HaMHOTO ObicTpee, yeM JUIMHHbIE. [Ipu okpammBaHuM renei
KkpacutensiMu, cBsi3biBatorumucs ¢ JJHK, BwisBisercss Habop
M0JIOC, KaXKJasi U3 KOTOPBIX COOTBETCTBYET PECTPUKIIMOHHOMY
(dbparmeHTy.

=
1L

E Buigenmor JHK Beugenmot OH K %k

Puc.7. PesympraTer snektpodopesa mocie  00pabOTKH
¢parmenTa JJHK pa3HBIME pecTpUKTa3aMHu.

CpaBnaenue pasmepoB ¢parmenroB JIHK, momydeHHBIX
nocie oOpabOTKU OMpEEeNIEeHHOIo ydyacTka IeHoma HabopoMm
pPECTpUKTa3, MO3BOJSAET NOCTPOUTH PECTPUKIIMOHHYIO Kapry,
Ha KOTOPOM yKa3aHO IOJIOKEHUE KaXIOr0 CalTa pEeCTPUKLUU
OTHOCHUTEJIBHO JIPYTUX y4acTKOB.
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Hcnonp30BaHuEe peCTpPUKTa3 IO3BOJIIN  pa3paboTaTh
METOJIOB TIOJIy4CHUS PEKOMOMHAHTHBIX MOJICKYJ, TCHOB,
TpPaHCT€HE3a W pemeHus NpoOJeM TeHHOW WHXEHEPHH,
CrocoOCTBOBaNM  pa3paboTke  A(PGEKTHUBHBIX  METOIOB
cexBenuposanus JIHK.

Tonumepasnas yennas peakyusi.

[Momumepa3znas HeHas peakius (ITLP) —
AKCIIEPUMEHTAIIBHBIA METO]T MOJICKYISIPHOM OMOJIOTHH, CTIOCO0
3HAYUTEIILHOTO YBEJIMUCHUS MaJTbIX KOHIICHTPAIIUHA
onpenenéuubix  ¢parmentor JIHK  (xwionupoBanume) B
OMOJIOTHYECKOM MaTepHale.

Merton I[P oTHOCHTCS K THOPUAM3AMOHHBIM METOIaM
aHanusa JHK, OCHOBAaHHBIM Ha JIOCTpauBaHUU
KOMILJIEMEHTaApHON TOJMHYKJICOTUIHON LMW HA OJUHAPHOU
MOJIMHYKICOTHAHOW 1enu - Marpuie. [Ipunmun merona TP
ObLT pazpaboTaH B Havasie 80-X TOJIOB MPOILJIOTO CTOJCTHS B
CHIA. B Hacrosiiee BpeMsi METOJ IIMPOKO HCHOJIB3YEeTCS B
Hay4YHBIX UCCJIEIOBAHUSX, B MPAKTHUYECKOM 3/IpaBOOXPAHEHUH,
B cinyx0e ["'occansnunnanzopa u ap.

OcnoBusle craguu [T1P

1) nenarypanus JIHK (pacmnerenue nBOMHON crmpalii,
pacxoxaenue nurerd JJHK) mpu 94—96 °C.

2) omkur mnpu 68 °C, oOpa3oBaHHE KOPOTKHX
nByxuenoueynbix ydactkoB JIHK (3aTpaBok, HE0OXOAMMBIX
st mannmanuu cunate3a JIHK) wim cBszpiBanue Hutedt JITHK
IpaliMepaMu;

3) snonrarus npu 72 °C wim cunte3 HoBo# nenu JIHK
(KOMIUIEeMEHTapHOe JOCTpauBaHue 00enX HUTEH);
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JBe monyuuBmmecs JIHK-nenu cmyxar marpuuend st
CHEAYIOUIEro LUKJIIA, TOATOMY KourdecTBO MarpuuHoil JTHK B
XO0/J1e KaKJI0TO LIUKJIA yIBaUBACTCA.

Takum oOpazom, B ocHoBe Meroma [IIP sexur
MHOTOKpAaTHOE yaBoeHue onpenenéHHoro ydacrtka JHK mpu
noMoIu ¢GepMeHToB in vitro. B pesymnbraTe HapabarbiBaeTcs
kosmuecTBo JIHK, nocratounoe /i BU3yallbHOM JETEKIIMH.
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Puc.8. Cxemarnueckoe nzodpaxenue nepporo rukira [P

Kpome mpocroro yeenuuenust uncia xomuid JIHK (3toT
mpouecc HasbiBaercs amiudukanueit), IILP mo3Bonser
MPOU3BOJUTH  MHOXECTBO  JPYrUX  MaHUNYJIALIMA  C
reHeTuyeckuM  matepuanoMm. Illupoko wucnons3zyercs B
OMONIOTMYECKOH M MEIUIIMHCKOW MpPaKTHKE, Hampumep, s
JUArHOCTUKHU 3a0oJieBaHUI (HacTeICTBEHHBIX,
WH(DEKIMOHHBIX), JUIA YCTAaHOBJICHUS  OTLOBCTBA, JUIA
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KJIOHUPOBAHUS I'€HOB, BBEJCHUS MYTAllUH, BBIAEICHUS HOBBIX
TEHOB.
PaznoBuanoctu I[P

* «MuBeprupoBannas» I[P — wcnons3yerca B TOM
cllydae, €ClId M3BECTEH JIMIb HEOOJIbIIOW y4YyacTOK BHYTpPU
HY)KHOM  IIOCJIEJOBATEIBHOCTU. ODTOT METOJ  OCOOEHHO
IOJIE3EH, Korja HYKHO ONPENIEIUTh COCE/IHHE
nocienoBaresbHoCTH nocie BcraBku JJHK B reHom.

* [ILIP ¢ oOpaTHO TpaHCKpUIILIMEN — HUCMIONb3yeTCs JUIs
aMIUTM(QUKAINK, BBIJCIECHUS WIK UICHTU(PUKAIIMM U3BECTHOM
nocnenosarensHocTy U3 PHK. IlpeaBaputensHo mpoBOAAT Ha
marpunie MPHK cunte3 oanonenoyeynoit mosekynsl JJHK ¢
IIOMOIIIBI0 pPEBEPTa3bl, KOTOpass HCIOIb3YETCS B KAadeCTBE
Matpuisl ais [TLP.

* [IIIP ¢ ropsiaero crapra — momuukanus TP npwu
KOTOpOU CO3JaK0TCs crenuagbHbIe YCIIOBHS I
MPEAOTBPALLECHUS Hecnerupuieckon amruidpukanuu
¢parmenroB IHK 1o co3pganus onTuMabHOM TeMmeparypsl
peaKkuMOHHOM cMecH. B 0aHOM n3 BapMaHTOB METOJa s 3TON
nenn nepsoHadanbHO JIHK-mosmmepasy M peakumoHHYHO
CMECh pa3EisAOT JIETKOMJIABKUM (HU3UYECKUM OapbepoM,
Harpumep, BOCKOM WM apaduHOM.

* RAPD PCR (Random Amplification of Polymorphic
DNA PCR) - TIIIP co ciuyyaiiHoW amruidpuKamnueit
nommumopduoit JIHK — wucnonb3yercs Toraa, korja HYXHO
pa3nuuuTh ONU3KHE IO TE€HETHYECKOH MOCeI0BaTeIbHOCTH
opranu3Mmsel. Hanpumep, pasHble copTa KyJabTypHBIX PacTEHH,
MOPOJIbl CO0aK MU OJIM3KOPOICTBEHHbIE MUKPOOPTaHU3MBI.

Memoowbl eubpuouzayuu.
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I'm6pummzamms  [AHK, rubpunuzamyst ~ HyKJIEHHOBBIX
KUCIIOT -  COeAMHEeHue in  Vitro KOMILJIEMEHTapHBIX
OJTHOLIETIOYEYHBIX  HYKJIEMHOBBIX  KHCJIOT W3  Pa3HbIX
HCTOYHHUKOB B OIHY MOJIEKYITY.

B 1961 rony Obuto OOHApYXeHO, HYTO  €CIU
komrieMeHTapusie  nenu  JIHK, momydenneie — mocie
JIeHATypalluu, BBIEPKaTh NMpu Temmneparype 65°C, OHH JIerKo
CIApUBAIOTCSI, BOCCTAHABIIMBAsL CTPYKTYpPY IABOMHOMN CIUpAIH
(penarypanusi). IlomoOGHBIE TpoOIECCHI MOTYT TPOUCXOIUTH
MEXy IBYMS JIOOBIMH OJWHAPHBIMHU IEMSMH HYKJICHHOBBIX
kucnotr (JHK—JAHK, PHK—PHK, JHK—PHK) mpu
YCIOBUHM,  YTO  OHM  COJEpXar  KOMIUIMMEHTapHbBIE
MOCIIEIOBATEIIHLHOCTH HYKJICOTHIOB.

)

AHK AHK aTypup AHK—AHK
obpasey 1 obpasey 2

A

T

PHK Oexarypuposanusie AHK v PHK  MuGpua OHK—PHK
B

Puc. 9. Cnoco0ObI rubpunuzanuu
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Ecmu npu rubpuau3amuu ucnoib3yrorces ydactku JJHK
(PHK) ¢ u3BecTHOM mOCHEqOBaTEIbHOCTbIO HYKJICOTHAOB, TO
3TOT METOJ BecbMa d(PPEKTUBEH ISl MOMCKA HEUJCHTUUYHBIX,
HO pOJICTBEHHBIX reHoB B Ouomnpobax. Yuactku JJHK (PHK) ¢
M3BECTHOM MOCIEAOBATEIBHOCTHIO HYKJICOTHIOB, MEUCHBIE
CHEIMAILHON METKOW WM HWCHOJb3yeMbIe Il THOPHIU3AIUN
Ha3bIBAIOTCSA JHK (PHK)-30H1aMU1. JHK-3087a81
MPUMEHSIOTCS B pa3nuuHbIX wnensx. [ubpuamzanus JIHK-
3oH1a ¢ PHK, BbIeneHHON U3 aHAIM3UPYEMON KIIETKH, MOXKET
BBISIBUTh HAJIMYME WM OTCYTCTBHE DJKCHpeccuu reHa. Ecim
TUOpUIM3AIMM  HE TIPOUCXOJUT, 3HAYUT, T€H MOJYUT, HE
paboraer. JIHK-30HaBI Takke TMO3BOJIAIOT  TPOBOJUTH
JMarHOCTUKY WH(EKIIMOHHBIX U HACJIEICTBEHHBIX Oose3Heil.
Meroasl ruOpuaM3anMu  JeKaT B OCHOBE Jpyrux OoJee
COBPEMEHHBIX METOJ0B U3yYEHHUS HYKIIEMHOBBIX KUCJIOT.

Croco6HOCTh K TuOpuau3anuu AByx mpemapatoB JJHK
CIyUT  CTPOTMM  TE€CTOM  Ha  KOMILJIEMEHTAPHOCTb.
Cy1iecTBYIOT J1Ba OCHOBHBIX CIIOCO0a MPOBEICHUS PEaKIUU —
2ubpuouzayus 8 pacmeope u ubpuouzayus Ha uibmpe.

B cnywsae rulpuamszanuu B pacTBOpe IMpenapatsl
OJHOIIEIIOYEYHOU JHK CMEIIUBAIOT u OT)KUTAIOT
HEMOCPEJCTBEHHO B pacTtBope. JlaHHBI cmoco0 umeeT
CYLECTBEHHBIM HenoctaTok: nenu npenapata JHK wmoryr
OJIHOBPEMEHHO PEHaTypUpOBaTh ¢ 0Opa3oBaHUEM THOPUIHBIX,
TaK U UCXOAHBbIX AByxuenoyeyHsix moJiekyn JIHK. ITockonbky
00e peakiuu KOHKYPUPYIOT MEXy CO0Oii, TO TPYAHO OIICHUTH
CTEeTIeHb THOPUAN3AIIH.

DTOT HENOCTaTOK JIErKO MPEOJ0JINM, €CIU OAUH U3
npernapatoB JJHK mmmoOmnmu3oBath Tak, 4ToObl OH HE MOT
peHaTypupoBaTh. st 3TOM e UCIOJIb3YIOT
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HUTPOLIEIUTIONIO3HBIM WM HEUIOHOBBIN (GUIBTPHI (MEMOpaHsbI),
Ha TOBEPXHOCTU KOTOPBIX aJCOPOMPYIOT OJHOLENOYESUHYIO
JHK. 3arem ¢punbTp ¢ ummooummsoBanHoi JIHK wHKyOUpyroT
B pactBope Broporo mpenapara JIHK, koTopslii 0OBIYHO
COJICPKUT METKY (paaroaKTHUBHYIO, (PIYOPECICHTHYIO U T.II.).
IMubpummzanms ummoommmzoBanHoi JJHK u JIHK-30H710B (T.€.
JIHK, coxep:xariieit METKY) IPOUCXOIUT TOJIBKO B TOM CiIydae,
€ClIH HX TIOCIEeNI0BATEIbHOCTH KOMIUIEMEHTapHbl. AHaIu3
pe3ynbTaToB THOPUAM3AIMHN MPOBOJIAT 10 METKE, OCTaBIIEHCS
Ha QuibTpe. DTOT crmoco® TUOPUIM3AIUU HUCIOJIB3YeTCS BO
MHOT'MX MeToJax kpumuHanuctuaeckoro JIHK-ananm3za.

['uOpunuzanusi, Kak OJAWH M3 KJIACCUYECKUX METOJIOB
WCCIIEIOBAaHUSI HYKJICMHOBBIX KHCIIOT JI)KUT B OCHOBE MHOTHX
JOPYTMX METOJOB, TAKMX KaK PECTPUKLIMOHHBIN aHAIN3, T€HHAS
JTAKTUIIOCKOIHS, (PUIIOT€HETUYECKHI aHau3 U Jp.

B pectpukimoHHom aHanuse, Kak U3BECTHO, (parMeHTHI
JIHK pasznuuHOil nmiauHBI MOTYT OBITH  (DPaKIIMOHUPOBAHBI
MeTosoM  anekTpodopesa. s ompeneneHus — AJUHBI
¢parmenToB JIHK nHa rens Hanocsat JIHK wim PHK 30H18I, T.€.
po0y, coaepallyro cMech (parMEeHTOB W3BECTHOM JUIMHBI.
OpueHTUpYSCh Ha PacMojokKeHHe 30Ha U MOJIOCH (PparMeHTa
JIHK HeunzBecTHOro pa3zmepa, yCTaHABIMBAIOT €T0 JIJIUHY.

Iennas oaxmunockonus
B HacTosmiee BpeMsi B KpUMUHAIBHOW MPAKTUKE [IHPOKO
CTaJM MCIIOJIb30BaTbC T'€HOMHBIE METOJbl HJIECHTU(HUKALUU
JMYHOCTH, CO3JJaHHble Ha 0a3e JOCTHKEHUH MOJEKYISIpPHOM
TeHEeTUKU dernoBeka. Hawanmo Bcemy 3TOMy OBUIO TOJIOKEHO
aHTJINYaHUHOM A. JIxepdpucom, pa3paboTaBILIUM
«IaKTHIIOCKOTIMPOBAHHE» Ha OCHOBE MOJIEKYIISIPHOTO aHAIN3a
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JHK (ceituac sto nHazpiBaoT JIHK-unrepnpuntrpoBannem
— or anria. cioBa finger — marnern). MeTrox Te€HOMHOM
JAKTUIIOCKOIMU JaJl KPUMUHAIUCTAM aOCOJIOTHO HAJIeKHBIN
TECT HA HICHTHU(PUKAIUIO JTUIHOCTH. «[ CHHBIC OTIIEYATKU»
MO3BOJISIFOT MACHTU(UIIMPOBATH TOTO WJIM MHOTO YEJIOBEKa IO
HEOOIBIIOMY KOJIUYECTBY MIPaKTUYECKU T000T0
OMOJIOTMUECKOT0 MaTepuana (Karid KpOBH, OJHOTO BOJIOCA,
CIIIOHBI, KyCOYKa HOI'TS, CJIel0B NoTa, criepMsl). Cool1anocs,
YTO  pa3paboTaHbl METOJbI, TO3BOJIAIONIME TMPOBOIUTH
UJEHTU(DUKAITUIO TUIYHOCTH JIaXKe TI0 OJTHOM JIUIITH KIIETKE.

CyTh MeTOJa T€HOMHOM NTaKTUJIOCKOINHMH 3aKJIFOYaeTCs B
TOM, 4TO 32 OCHOBY O€pyTCsl MOBTOPSIOLIUECS YYACTKU TeHOMa
- MuKkpocartemnuTel. Ha WX ocHOBe ObUTM CO37aHBI 30HIBI,
MO3BOJISIIOIINE  OMPEAENATh KOJUYECTBO M PACMOJIOKEHHE
MUKpPOCATEJUIUTOB B TE€HOME TOTO WM HMHOTO OpraHu3Mma.
Uucno M pacnosiokeHHe MHUKPOCATEIUTUTOB B ONPEAETICHHBIX
MecTax  TeHoMa  Juid  KaXJIOoro  4ejgoBeKa  CTPOro
uHAUBUAyalbHO. Hampumep, ecinu B OmIpenesieHHOM MecTe
Hameit moJsiekyisl [IHK nocnenoBarensnocts TLIA moBTOpeHa
Tpu paza noapsan: THATIIATIIA, To BEpOSITHOCTh BCTPETUTH
Ha 3emJie BTOPOTO YeJI0oBeKa, y KOToporo B ToM ke Mmecte JJTHK
T€ K€ TPU HYKJICOTH A MPAKTUIECKH HUCKIIIOUEHA.

[Ipouenypa ycTaHOBICHHS JHMYHOCTU (TUIIUPOBAHUSA)
cocrouT B ciuenyomeM. [leponauansuo Beiaenstor JHK u3
m000r0 GMOJOTHYECKOTo MaTepuana (KpoBb, CriepMa, KyCO4eK
KOXH, BojocsHas nykoBuia). 3atrem JIHK «mapesaror»
pecTpuKTa3amMu Ha (PparMeHThl U MOABEPraroT MEKTpodopesy,
B pe3yibTare uero (pparMeHThl BHICTPAUBAIOTCS B PSI CTPOTO
mo  pasmepy. Jlamee  mpoBOAAT — TUOpUAM3ALUIO  C
WCIOJBb30BAHUE  30HJAa  MPUTOBJIEHHOTO  HAa  OCHOBE
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MukpocareutHoro JIHK. PacnonosxeHue CBSA3BIBAIOIIMXCS C
30HAOM  (THOpUAM3YIONIUXCS)  (PParMEHTOB  OIPEIEISIFOT
METOJIOM  paamoaBTorpaduu WM (PIOOPECUEHIIUH, B
3aBUCHUMOCTH OT XapakTepa METKU 30H1a. B mobom ciyuae B
uTore [OJIy4aroT «KAPTUHKY» BHEIIHE 4eM-TO
HaIlOMHMHAOIIYIO IITPUXOBbIE KOJbl Ha yIAKOBKaxX TOBapoOB B

MarasmHax.
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Puc.10. Monexynspueiii  nokyment (JIHK-buaTepnpuHT),
OTpa)aroIUil JUIMHBI MHKPOCATEIUINTA, CBUACTEIHCTBYIOIIUN O
POJICTBEHHBIX OTHOIICHHSX OTIIA U MATEPH C UX JCThMH.

CreBa — CTpOEHHE KJIACTEPOB OJHOTO U3 MUKPOCATEIUINTOB
(I'TCAITAI') y ponureneld u jaeTeld, cripaBa BHH3Y — pE3YJbTaT
aHaJM3a JUIMH MUKPOCATEIUIMTOB, OCYLIECTBICHHBIH C ITOMOIIBIO
aneKTpodope3a W TUOPHIM3AIMU: BCE JETH POXJICHBI STHMHU
POIUTEISAMH.

Hoxaymupoeanue zenos
Hoxayr rena (anrn. gene knockout) — 310 Merox
MOJIEKYJISIPHOM T'€HETUKH, TpPH KOTOPOM M3 OpraHu3Ma
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YIQIAIOT WM JIENAloT HEpabOTOCIOCOOHBIM OIpE/IeIeHHBIC
reHbl. SIBiseTcss OJHUM M3 HamOoJiee BaXKHBIX MPUEMOB
n3ydeHuss QpyHKIuH reHoB u 0enkoB. C MOMOIIBIO yoaICHUS
WM TIOBPEXKJIECHUS CHEMU(UISCKOT0 T'eéHa MOYKHO ITOJTYYHTh
HeHHYI0 HH(pOpPMAmMil0 O €ero poJii B  OKCIPECCHU
ompeneneHHoro Oenka. HokayrmpoBaHue TeHOB MO3BOJISET
ONPENENINTh, KaKH€ WU3MEHEHHUS MPOUCXOIAT B OPraHu3Me B
pe3ynpTaTe OTCYTCTBUSL H3y4yaeMmoro Oenka. HoxayTHbie
OpraHU3MbI TTIOMOTAIOT Y3HaTh (DYHKIIMHM T€HOB, HYKJICOTH IHAS
MIOCJIEN0BATENIBHOCTh KOTOPBIX M3BECTHA. Pazmuums Mexnay
HOKAQyTHBIM u HOPMaJIbHBIM OPraHU3MOM MOTYT
CBUJICTEILCTBOBATH O (DYHKITUHU BBIKIIFOUEHHOTO T€HA.

B mHactosmiee Bpems co3maHbl OOJIBIIOE KOJHMYECTBO
JUHAA MBI C HOKAYTUPOBAaHHBIMM TI'€HAaMH, KOTOpPbIE
WCIONB3YIOTCA I M3YYEHHs  NIPOLIECCOB  PEryJsLHU
9KCIPECCHH TEHOB, penapanuu (BOCCTAHOBJICHUS TOCHE
noBpexaeHus) JJHK u pazButus omyxosei.

Co3maHbl  3KCHEPUMEHTAJIbHBIE  JKUBOTHBIE  MOJEIH
Oone3nu AunblreiimMepa, mpoliecca CTapeHus, paka, nuabdera,
0KMPEHHUSI, CEpIACYHO-COCYIUCThIX AYTOMMMYHHBIX U MHOTHX
Ipyrux 3a00jeBaHui.

Jlns moJiydeHus )KMBOTHBIX C HOKAayTHPOBAHHBIM I'€HOM
IIMPOKOo Hcnoib3yoT Mmetoa PHK-untepdepennmu.

PHK-unmepghepenyus (anri. RNA interference, RNAI) -
MpoLecc  NOAABJIEHUS  DKCOPECCMH T€HAa HAa  CTaauu
TPAHCKPUIILIMM WM TpaHcasauuu mnyrem aerpaaanuu MPHK
Mpy TOMOILIM MajblX MoJieKyn aByxuenodyeuno PHK
(dsPHK).

Cyrp mexanmzma PHK-unTepdepeHnnn 3akimtouaercs B
TOM, 4YTO NPHU BBEAECHUHU B KJIETKH KOpOTKOM nByHUTEBO PHK
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OHa CrHOCOOHA BBI3BIBATH CIEHU(PHUECKOE pa3pylIeHHE TOU
MPHK, c¢ kotopoii wumeer romonoruto. Cuawama OSPHK
paspeszaercs CHelHalIbHbIM bepmeHTOM DICER
(pubonykineasza III Tuma) Ha KOpPOTKHE (pParMEHTHI pa3MepOM
ot 19 no 21 n.H. Ilony4denusie kopotkue moiekyinbl dSPHK
o0pa3yroT crenuGuueckuii KOMILIEKC C OIpeAeiICHHBIMU
kierounbivu  Oenkamu  (PHK-OenkoBbiit  komruieke  RISC)
obnanaromieit (pepMEeHTaTUBHOM aKTUBHOCTHIO. B Komruiekce
PHK conmepxutcs B  OJHOHUTEBOM  Qopme  (Maybie
unrepdepupyronme PHK wim SiPHK). brarogapst aktuBHOCTH
RISC, SiPHK COEINHSIETCS C KOMIUIEMEHTapHOH
MocJIeI0BaTeNIbHOCTRIO onpeaeneHHod MPHK, 4ro sBnsercs
CUTHAaJIOM g "paspe3aHus" mocieaHeld ¢epMeHTaMu
koMmIiekca. OOpa3zyromuecs B pe3ylbTaTeé 3TOro0 KOPOTKHE
¢parmentet MPHK yxe He crocoOHBI oOecrieyuBaTh CHUHTE3
MoJHOIIEHHOTO  Oenmka. Takum  00pa3oMm, KOHCTPYUPYS
paznmuurbie  OSPHK MOXHO mMOJaBisiTh CHHTE3 CTPOTO
OTIpeJIeICHHBIX OETKOB B KIETKE, HE H3MEHsSsI MpU 3ITOM
CTPYKTYPY KOJUPYIOIINX UX T'€HOB.

Tepmun  "PHK-untepdepenums”  mna  deHOMeHA
crenu(puUeckoro TMOJABICHUS  OKCIPECCMM TE€HOB IpH
BBeneHun asyxuenodeunoit PHK Obu1 mpemnoxen Andrew
Fire (1998). K atomy Bpemenu ObL yxke MOIPOOHO HCCIeA0BaH
MexaHu3M jeiictBus  aByxuenodyeunod PHK B kierkax
MJIEKOTIUTAOIIHX, IIPUBO JAIINN K MPEKPALLEHUIO
TpaHcasauuu Bcex MPHK He3zaBucnMo oT mocienoBaTebHOCTH
npyxuenoueynoit PHK. B otnumume ot »storo sddekra
nsyxuenoueynoit PHK, PHK-unrtepdepenuus mnpenmomnaraer
cnenn(uyeckoe HapylleHHEe 3KCIPECCHU TOJBKO TeX T'EHOB,
KOTOpbIe  00JaJaroT  JOCTaTOYHO  OOJBLION  CTENEHBIO
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FOMOJIOTHM € BBelIeHHOM aByxuenouyeyno PHK. B
nocnenyomue roasl dpdexruBHocts PHK-unTepdepenumn
ObuUla NIPOJEMOHCTPUpPOBaHAa Yy CaMbIX PpPa3HOOOpPAa3HBIX
0€CI103BOHOYHBIX.

Vixe cpasy nocine otkpoitus PHK-untepdpepennus crana
WCIOJIb30BAaThbC  KaK  MONIHBIA W YAOOHBIH  CHOCOO
CHenuprUIecKoro 10/1aBJICHUS AKCIpECcCUuun T'€HOB.
OAHOBpEMEHHO HAYaJUCh MCCIEIOBAaHUS CaMOrO MeXaHU3Ma
PHK-unTepdepeninn ¢ Mcnoiab30BaHUEM KaK MOJIEKYISIpPHO-
TFeHETUYECKUX, TaK U OMOXMMHYECKHUX TOJIX0/IOB.

CenextuBubiii  »pdextr  PHK-untepdepennymmu  Ha
AKCIIPECCHIO TE€HOB JeNaeT €€ IMOJIE3HbIM WHCTPYMEHTOM IS
UCCIIEIOBAaHUN C HCIOJIb30BaHWEM  OUOKYJIBTYp KIETOK H
JKUBBIX opraHu3mMoB. B Hacrosmee Bpems PHK @ —
uHTeppepeHusl HCHOJb3yeTCsd s KPYMHOMACIITaOHBIX
ucciaenoBaHUM B 00JacTH  MOJEKYJISIpHOW — OWOJIOTHH,
owmoxumum, OwotexHosorumu. Tak, Hanpumep, PHK-
UHTEPPEPEHIIUI0  UCHOJB3YIOT s  CHCTEMaTHYEeCKOTro
«BBIKIIIOYEHHS» T€HOB B KIETKAaX U YCTaHOBIIEHUS (YHKUIUN
TE€HOB IIPU U3YyYEHUU JEIICHUS KIETKU.

Cucrema PHK-unTepdepeHnm urpaer BakHYHO POJIb B
3alllUTe KJIETOK OT BHUPYCOB, Mapa3sUTUPYIOLIUX T'€HOB
(TpaHCIIO30HOB), a Takke B  PEryasiluud  pPa3BUTHI,
nddepeHIUPOBKU U SKCIPECCUU TE€HOB OpPraHu3Ma.

VYuuThiBasg n30upaTeNbHOE TOJaBlIEHHE CHUHTe3a Oelka,
Ha PHK-unTepdepenuuio Bo3maraiorT OosblIMe HaAEXKIbl B
60opb0e ¢ MHGpEeKIUOHHBIMU Oone3HsAMH. Tak Kak, MeXaHU3M
Jerpajallud  MOXXeT  ObITh  HampaBlIeH Ha  J0O0YyIo
uHpopmannonnyro PHK - xierounyto, GakTepuanbHyl0 WiIH
BHUPYCHYIO.

62



B 2007 rogy Mapuo Kanexku (Uranus), Onusep CMmutuc
n Maptun OBaHc (AHIUIMS) 32 «OTKPBITUE IIPUHIUIIOB
BBEJICHUS CIEIU(PUICCKIX TCHHBIX MOIU(PHUKAIUN B OPraHU3M
MBIIICH TOCPEACTBOM ASMOPHUOHAIBHBIX CTBOJOBBIX KIIETOK
nonyynsii  HoOeneBckyro mpemMuto 1o (QHU3HOJIOTHH U
Menuuune. [lo cytu 310 ObUIO M300peTeHne MeToAa HOKayTa
T€HOB. DTOT METOJ, pa3pabOTaHHBIA JlaypeaTaMHU B KOHIIE
BOCBMUJICCSTHIX TOJIOB, IMUPOKO UCIIOJB3YETCS B COBPEMEHHBIX
TCHETHUYECKUX HCCIICOBAHUAX JIJIS ONpeAeicHus] (QYHKIIUN
TCHOB.

MeTtoa HOKayTa TEHOB TMO3BOJISIET TOJIyYaTh JIMHHUH
HOKAyTHBIX ~ MBIIIEH (MYTaHTHBIX  MBIIICH), Y KOTOPBIX
BBIKITIOUCHBI OMNPEJICICHHBIE TEeHBl. DJTOT METOJ[ ITO3BOJISET
UCCIIEIOBaTh POJIb KaXIOTO KOHKPETHOTO TI'eHa B Pa3BUTUU
OpraHu3Ma W B €r0 HOPMaJIBHOW U MATOJOTUYECKON paboTe u
M3y4yaTh pa3lidyHble 4YelloBeYeckhe OO0Je3HU, HCIOIb3ys
MBIIIEH B KAUECTBE MOJIEIbHBIX 00BEKTOB. BBIKIIIOUEHHBIH T'eH
MPUBOJUT KTEM WIM HMHBIM HapyIIEHUsSM. XapakTep 3THX
HapyIIeHUH MO3BOJISET CYAUTHh O (QYHKIUSX JAHHOTO TEHa.
CTex mop Kak »dTa MeToAuka OblIa pa3paboTaHa, ee
MPUMEHEHHE TO3BOJIMIO CO3/aTh THICSYM PA3IUYHBIX JTHHHM
HOKayTHBIX MBIIIEH, U3 KOTOPBIX HECKOJIBKO COTEH CIIy)KaT
MOJENBHBIMH  OOBEKTAMHU Uil U3YYEHUS UYEIOBEUECKUX
0ome3Hel, B YaCTHOCTH 3a00JIEBaHUI CEpIeUHO-COCYAUCTON U
HEPBHOM CHUCTEM M 3JI0KaYECTBEHHBIX OMyXOJIEH.

B ocHoBe MeToma JEXKHUT  SBIEHHE TOMOJIOTUYHON
peKoMOMHAIMK - OOMEHa COOTBETCTBYIOIIMMH Y4aCTKaMH
MEXIy MapaMu TOMOJIOTHYHBIX XpoMocoM. Mapuo Kanekku u
OmuBep CMUTHC HE3aBUCHUMO JPYT OT Jpyra U300penu crnocod
BBIKITIOYCHHS (HOKAYTUPOBAHMUS) T'€HOB 32 CUET TOMOJOTHYHOM
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PEKOMOMHAIINU C Y9aCTHEM HCKYCCTBEHHO CHHTE3MPOBAHHBIX
¢parmentos JIHK, HUMEIOLIUX OIIPE/IETICHHYIO
MOCIIEIOBATEIbHOCTh ~ HYKJICOTHUJOB,  COOTBETCTBYIOUIYIO
y4acTKy OJHOTO U3 TEHOB, HO HEKOTOPHIM 00pa3om
BUJOM3MEHEHHYI0.  Takue  (parMeHTBl  BBOJAT B
BhIpalyBaeMbie B KynbType (in Vitr0) KIETKH MOCPEICTBOM
AIIEKTPOTIOpAIMH. 33 CYeT PEKOMOWHAIMM B HEKOTOPBIX U3
KJIETOK KYJIbTYpHI BBEACHHAS ITOCIIEI0BATEIHbHOCTh BHEAPSIETCS
B XPOMOCOMY Ha MECTO HOPMAJIBHOM.

Ecim BUIOM3MEHHUTH BHEIPSEMYIO TIOCIIEIOBATEIHHOCTD,
TO HaOCHOBE HCIOPYEHHOTO TakuM o00pa3oM TeHa,
y MOJIYYUBIIMX OSTOT T€H KIETOK OYAeT CHHTE3UPOBATHCS
HeYHKIIMOHAIIBHBIA ~ O€NIOK  WiW  BooOme He  Oyaer
CHUHTE3MpOBaThCs HUKakoro Oenka. Kamekku wu  CwmutHC
HAyYMJIUCh BBIKJIIOYATh C IMOMOIIBIO 3TOTO METOJa TEHBI
B KyJIbTYpax KJIETOK, HO pa3pabOTaHHAs MMM TEXHOJIOTHS HE
MO3BOJISIIA MOJTy4aTh HOKAayYTHBIE MHOTOKJIETOYHBIE
OpraHu3Mbl. B 3TOM OTHOIIEHMHM TpPOJOIDKATEIEM HMX padoT
Obl1  MaptuHn DBaHC, KOTOpBIA pa3pabotan  crmocod
BBIpAlIMBaHUSI B KyJIbType  3MOPHOHAIBHBIX CTBOJIOBBIX
(menuddepeHIMPOBaHHBIX) KIETOK MBIIICH W BIOCIEICTBHHI
n300pen MeTOJ, TIO3BOJISIONIUI TiepeaBaTh OIPE/ICICHHBIC
T'CHBI [IOTOMCTBY MBIIIICH.

[IpumeHeHre MeToJa HOKAayTa T€HOB CTallo OCOOCHHO
aKTyallbHBIM B MOCIEJHHE TOJBI, TIOCIE  3aBEpIICHUS
CEKBEHHUPOBAHMs TEHOMOB KaK YeIOBEKa, TaK M MBIIIIH, a TAKXKe
psiga Ipyrux BUIOB KUBOTHBIX. [locienoBaTensHO HOKAYTUPYS
pa3nUYHbIE  TEeHbl B Ipeleiax  MBIIIMHOTO  T'eHOMa,
WCCIIEIOBATENId  BBIACHAIOT (QYHKIUHA KaXKJIOTO U3 HHX.
Y4uTHIBas, YTO Yy YETIOBEKA M MBI MHOTHE T€HBl CXOJIHBI U
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BBITIOJIHAKOT OJIHU U TC XKC (I)YHKLII/II/I, HOKaYTHbIG MBI
MPEIOCTABNISIIOT ~ HCCIEAOoBaTeIsiM  Ooratblii  Marepuan
JUTSl U3YYEHUS POJIM T€HOB YEJIOBEYECKOTO OpraHu3Ma B HOpME
Y TaTOJIOTMYECKUX MPOIECCaX.

[To-BumuMoMy, paHO WM TO3AHO OJarojgapsi MeETOoay
HOKayTa F€HOB YJACTCSl M3Y4YUTh CBOMCTBA BCEX (HECKOJIBKUX
JCCATKOB TBIC?[LI) T€HOB MBIIIIMHOTO T'€HOMA. Pa60TI>I B 3TOM
HaHpaBJ'IeHI/II/I BG}IyTCSI BO MHOTUX CTpaHaX ana, B T.4. U B
Poccun.

5. MeToabl reHOAMATHOCTUKH U TeHOTepanuu

T'enoouaenocmuxa - HoBag o00JlacTb B OMOJIOTHH,
WCTIOJNB3YIOMAsl  MOJICKYISIPHO-TEHETUUECKHE METOABl ISt
BBISIBJICHHUSI  TIPEIPACIIONIOKEHHOCTH K  OO0JIe3HW, paHHEH
JTUATHOCTUKHU, BBIOOpAa NPODUIAKTHKH, MEIUKAMEHTO3HOTO
JIeYCHUS U MHAMBUIYAIBHOTO MOaXona K OonpHOMY. ['eHHas
TUAarHOCTHKAa HMeeT Oojblioe Oyayimiee B KCIpecc-
JTUArHOCTHKE WH(EKIMOHHBIX OoJsie3Hedl. Ha paHHMX sTamax
MH(EKIMU, KOTJ]a aHTUTEIa B OPraHu3Me eIllé He BBIpaOOTaHbl,
JTMAarHOCTHKA OCHOBaHAa HAa HMJICHTU(HUKAIUM aHTUTEHA, B TOM
qHclie CIeU(pUIeCKUX TeHOB BO30YAUTETIS.

Pa3BuTHIO TeHOIMAarHOCTHUKU CHOCOOCTBOBAIM YCHEXH
MpOrpamMMbl "T'enom yesjoBeka" u HCCIeIOBAaHU M
MOJIEKYJIIPHBIX OCHOB MAaTOJOTUH )KMBBIX OPTaHU3MOB.

C uenp0 TeHOJMAarHOCTHKU MPOU3BOIAT HCCIEIOBAHUE
oenka, PHK u JIHK. OcHoBHO#M 00bekT uccnenoBanuii - JJHK.

OcHOBHBIE METOJbI TE€HOJUArHOCTUKH: THOpPHAM3ALUS U
anekrpodopes, [P u ux pasHOBUAHOCTH, O KOTOPBIX OBLIO

CKa3aHO BBIIIIC.
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B macrosimiee BpemMss BO3HUKJIA ~ MHAYCTpHAJIbHAs
MOJICKYJsipHasi ~ OWONOTHS, B KOTOPOH  INPUMECHCHHE
KOMITLIOTEPHBIX ~ TEXHOJIOTUH  SIBJSICTCS  HEOOXOJIUMBIM
ycinoBueM. Okaszanoch, 4TO Mporpecc OMOTEXHOJIOTMU
HEBO3MOXKCH  0e3  pa3pabOTKu  CHEIUAIM3HPOBAHHBIX
anmapaTHeIX, AITOPUTMHYECKUX H IPOTPAMMHBIX CPEJICTB
(6buoundopmaruka). CoBpeMeHHast ~ JKCIIEpUMEHTAIbHAsS
TEXHUKa TO3BOJISET CO37aTh AaHAIM3UPYIONIYI0 MAaTPHUILY
(6uoumnm) pazMepoM HECKOJIHKO CAHTUMETPOB, MPHU MOMOIIU
KOTOPOM MOXHO TOJYYUTh JAaHHBIE O COCTOSIHUHM BCEX T'€HOB
opraHuzma.

Buonocuueckue muxpouunsi — 3T0 COBOKYITHOCTD STUYEEK,
PAacCIOIOKEHHBIX Ha TOBEPXHOCTH CTEKJIa WM TUTACTHKA,
CBOEro pojJa MUHHUATIOPHBIN aHAJIOT cpa3y HECKOJbKHUX COTEH,
a TO U THICAY PEAKLMOHHBIX TPOOUPOK.

buonormueckne MUKpOUMIBI WM, Kak UX Yalle
Ha3piBaloT —  DNA  microarrays  (OpraHM30BaHHOE
pasmemenne mojekyn JIHK nHa cmemumanpHOM HOCHTEne) —
9TO OJMH U3 HOBEHIINX HHCTPYMEHTOB OHOJIOTUN U MEIULIUHBI
21 Beka. MHKPOCKONHMYECKHH pa3Mep OHOYMIIa TO3BOJISET
pa3MeniaTh Ha HEOOJBIIONW IUIOIIATU OTPOMHOE KOJUYECTBO
pazubix Mozekyn [HK u cuuteiBath C 3TOU IUIONIAU
uHQOpPMALIUIO O  THICAYAaX  PA3IUYHBIX  TEHETHUYECKUX
ne(deKTOB, OHKOI'€HOB, OEJIKOB M HEOCIKOBBIX META0OJIUTOB,
aNjIepreHoB W T.A., 4YTO OTKpbIBaeT (haHTaCTHUECKUE
BO3MOHOCTH JIJIsi T€HETHYECKON JIWAarHOCTUKH W Pa3BUTHS
T€HOMHOUM MeIUIIMHBI OYAYIIETo.

TexHomornu W3rOTOBIEHUS OUOYMUIIOB MOTYT OBIThH
pas3HbIMHU. bHOYHMIIBI TIO MPHUPOE HAHECEHHOTO Ha TOJUIOKKY
Marepuana JeNATCs Ha  «OJUTOHYKJICOTHAHBIEY», KOTrJa
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Ha”HocATCs  KopoTkue  ¢parmentsl  JIHK, 0OBIYHO
MIpUHAUIEKALIUE K OJHOMY U TOMY K€ IeHy, U OMOYMIbl Ha
ocaoBe JIHK, korma Hanocurtcs JUIMHHBIE ()parMEeHTHI T'€HOB
(mmuuoit 1o 1000 HYKIIEOTHIOB).

Haubonee momyisipHbl B HAcTOSIIEEe BpeMsi OMOYHITHI Ha
ocHoBe kJIHK (xommmumentapnas JIHK), craBmme mo-
HACTOSIIEMY PEBOJIOIIMOHHON TEXHOJIOTHEN B OMOMETHUITUHE.

Monekynet JHK kaxmoro Tuma B  JOCTaTOYHOM
KOJIMYECTBE KOMUN aMITU(UIUPYIOTCS. OTOT MPOLIECC MOXKET
OBITH aBTOMAaTU3UPOBAH, JUISl UErO UCIOJIB3YeTCs CTelnaIbHbIN
po0oT - ymMHOXHTENb. [lomydyeHHbIN reHeTHYecKuii MaTepuan
HAaHOCHUTCA B 3aJaHHYI0 TOYKY Ha CTeKle («Iedarb») u
XUMUYECKH MTPUIITUBACTCA K CTEKITY (MMMOOMIIN3AITNSA).

F

’, - PoGoT nepeHocHT pacTeopsl
‘\ MONEKYN 30HA10B Ha
flur pobOTE == 'Y NOBEPXHOCTEL NOANDKKA
1 ]
e 0 e
0083 o P

~69 » :

AKTHBMDOBaHHAA NOANOXKE MUKDOTHTROBANLHEIR NAAHLET

C pacTsopamMyl 30HA08
YO uznyverHue

Pacteoptl
NONMMEPU3YIOTCH

6 Maporenessie AYEHKH C
=" UMMOBUNUZ0BAHHLIMY 30HAAMH

obbem auediku 0.1 HanoauTpa

Puc. 11. Cxema WH3roToBJeHUS MAaTpPUYHOro OWoYHIA C
MMMOOWIIM30BAaHHBIMY 30HIOBBIMUA MaKpPOMOJIEKYyIaMH.

[Tpuniun paboTsl OMOYUIIOB OCHOBAH HAa OMOXMMHYECKON
peakuuu, B Impoliecce KOTOPOH OJMH WM HECKOJIBKO 00pa3lioB
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JHK wnu PHK, nonydeHHble U3 KJIETOK, TKaHU WJIM OpPraHa,
METATCS OJHUM WM HECKOJBKUMHU  (PIyopecleHTHBIMU
KpacUTeIIMH ¥ THOPWIAM3UPYIOTCST C  MaTepHalioM,
HareyaTaHHbIM Ha OMOYHIIE.

Ilocme Ttoro kak  (uyopecuupyromme  00pa3ibl
MpOpearnpoBagd, OWOYMI CKAHUPYIOT JIa3epOM, OCBEIIas
nooyepeaHo Touyku HaHeceHus JIHK kaxmoro KoOHKpeTHOro
THUIIA U CJIe/is 38 MHTEHCUBHOCTBIO CUTHANA (DIIyOpECLEHIINH.

Bo3moxHOCTH mnpuMeHeHHs OHOYUIOB OE€3rpaHUYHBI.
Hanpumep, yuenble w3 XeJIbCMHKH HCHOJIB3YSl  YHIIBI,
TIOTIBITAINCH BBISICHUTH, KAKHE TeHBI MEHSIOT CBOIO aKTHBHOCTH
MOJT BIIMSIHUEM paauocurHaia ¢ yactorod 900 MI'w, koTopblid
JaloT cOoTOBble TeneoHbl. YenmoBeueckue KIETKH U3
MEPBUYHOTO MOJIKOKHOTO CJI0s1 OBUIM BBIAEP’KAaHBI B KYJIbTYpE
MOJl ’TUM CHT'HAJIOM B T€UYEHME OJHOro 4aca, mociie guero PHK
U3 O9TUX KIETOK W M3 KIETOK KOHTPOJIbHOW cepuu Oblia
MylleHa B KauecTBe MpoObl Ha uuil. B pe3ynbrare ycTaHOBUIIH,
YTO B TAKHUX YCIIOBUSX PE3KO MEHSETCS aKTUBHOCTb T'€HOB
«CTpECC-OTBETAN.

JHK-Muxpouums IUPOKO HCTIOJIb3YIOTCSA TSt
UICHTU(QUKAIIMM TEeHOB M HMX MYTallUid, CBSI3aHHBIX C
pa3nUYHbBIMU  3a00JeBaHUSMH; Ul HAOMIOAEGHUA 34
AKTUBHOCTBIO I'€HOB; JUArHOCTHKHU UHPEKINOHHBIX
3a00J1€BaHM | orpeesieHust HanboJiee 3(h(HEeKTUBHOTO METO 1A
AHTUOMOTHKOTEpANNH; CKPUHUHTa MUKPOOPTaHU3MOB U JIp.

buouunnel, B otiimune ot texHosioruu 1P B pearbHOM
BPEMEHH WJIM MAacCHEKTPOMETPUH, MO3BOJISIOT aHAIU3UPOBAThH
MHOKECTBO MyTalMid Yy OJHOTO YEJIOBEKAa OJHOBPEMEHHO, U
ABIISIIOTCSL yAOOHOW W YHUBEPCAJIbHONW TEXHOJOTHEH JuIs
MacCCOBBIX HCCIIEOBAHHA TE€HETHYECKOTO moiumMopdusma u
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CKPUHUHTA MyTanuii. FIMEHHO 3TO MpPEeUMyIIecTBO 0COOEHHO
BXHO IS TMEPCOHU(PHUIMPOBAHHOW MEIUIMHBI OyIyIIero.
Vxe ceiiuac Bce yalle B Pa3IUYHBIX OOJACTSIX METUIIUHBI
HCIOJIb3YIOTCS JJaHHBIE O TIE€HOME KOHKPETHOIO YeJOBeKa.
[IpeumymecrBa Texnonorun JJHK-mukpounmos:

- BBICOKasi TOYHOCTb U BOCIIPOU3BOIUMOCTb.

- HU3Kas ce0eCTOMMOCTb.

- BO3MOYKHOCTb MYJIbTHIIEKCHOCTH.

brnaromapsi paspabotke metonoB ucrnonb3zoBanus JIHK-
MHUKPOMATPHUIl, HA KOTOPBIX TNPHUKPEIUICHBl  MUJUTHOHBI
stanoHHbIXx pparmentoB JIHK, B HacTosmiee Bpemsi ycCIenrHo
OIICHUBAIOT B OJIHOM TeHOME TIECSTKH TBICSY
MOHOHYKJIEOTUIHBIX ~TonmMopdusmoB  (Single Nucleotide
Polymorphism - SNP). CoBOKyImHOCTh 3THX METOJOB
MOJY4YWJIa  HA3BaHUE  «TEHOMHOIO  CKaHUPOBAHMS» U
obecrieunsia BO3MOKHOCTb MEPEUTH K CPaBHEHUIO T€HOTHUIIOB
HE M0 LITYYHBIM I'€HaM WM JIOKycaM, a, OJHOBPEMEHHO, IO
LE€TIBIM T€HOMaM.

['eHOMHOE CKaHMpPOBAHUE CTAJIO IJIABHBIM HaIpaBICHUEM
COBPEMEHHOM 3BOJIIOIIMOHHONW W TNOMYJISIUOHHOM T'€HOMUKH,
LIMPOKO MIPUMEHSETCA JUTSt W3Yy4YEeHUS reHoma
CEeJIbCKOXO35MCTBEHHBIX JKUBOTHBIX. biiaromaps pa3Butuio
METOJI0OB T€HOMHOT0 CKaHUPOBAHUS IMOSBHJICSA HOBBIM TEPMUH
— «TEHOMHasl CEJIeKIIHs», KOTopas UMeeT oco0oe 3HaueHUe B
obnacTu pa3BelieHUs CIEUAIN3UPOBAHHBIX MOJIOYHBIX MOPOJ
KpYIHOTO poraroro ckora. B HacTosiiee Bpemsi MojJ HHUM
noapazymeBatroT  ucnonb3oBanue  JHK-marpuny  (JAHK-
OMOYMNOB) AN TEHOTUNUpPOBaHUA  oOkolo 50  ThIC.
MOHOHYKJICOTUAHBIX 3aMeH (SNP) mpu BBISBIECHUH T'€HOMHBIX
y4acTKoB, reHOoTHnbl 1o SNP KOTOpbIX accOIMUpPOBaHBI C
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JKEJIaTelIbHBIM  IPOSIBICGHUEM  XapaKTEPUCTUK  MOJIOUYHOM
IIPOJTyKTUBHOCTHU

B HacTosiee BpemMss Mbl  SABJISEMCA  CBUACTEISIMU
BO3HMKHOBEHHSI HOBOTO METOJIa MOJIyYEHUS! U UCIIOJIb30BaHUS
uHbopManuu O XUBOH mpupose. [anHeie OymyTr cobuparbes
ABTOMAaTUYECKH M Ha IPOMBIIIJIECHHOW OCHOBE. PasBuBarorcs
KOMIIBIOTEPHBIE TEXHOJIOTHH, pa3padaThIBAlOTCS MPUOOPHI-
poOOTBI, KOTOpbIE B aBTOMAaTHUYECKOM pexuMe Oynayr
OCYIIECTBIISATh  TOAOOP OMOJIOTUYECKOTO  Marepuaa,
MOATOTOBKY, MOCTAHOBKY M HMHTEpPIIPETAINI0 OMOJIOTHYECKOTO
JKCIIEPUMEHTA, a TaKkxke (OPMYIUPOBKY Hanbosee BEPOSTHOTO
penieHus TOCTaBJIEHHOM 3amaun. Ha pomro wumccienoBarens
OCTAHETCSl TOJIbKO TECTUPOBAHUE IOIYYEHHBIX PE3yJbTaTOB U
BBIPa0OTKAa MHCTPYKLMH Ui TPUMEHEHUS IOJIY4E€HHOTO
HOBOT'O 3HaHMsI B COOTBETCTBYIOLIEH 001acTH.

l'ennas mepanuss — MeTOA JCYCHHS 3a00JICBaHUM,
OCHOBAHHBIM Ha MEPEHOCEe B KJIETKH OpraHu3Ma ONpeelEHHBIX
reHoB. OcHOBHas mpoOieMa I'eHHOW Tepanmuu - pazpaboTka
a¢pdextuBHOrO W Oe3omacHoro  cmocoba  mepeHoca
HEOOXO/JMMBIX TI'€HOB B Je(eKTHbIe KIETKH opraHuzma. B
Ka4yeCTBE «CPEJCTB JOCTABKU» I'€HOB HCIIOJIB3YIOT Pa3IMuHbIE
BEKTOPBI, HanboJIee YacTo - pa3IMyuHble BUPYCHI (CM. B pa3jerne
«['enernueckuil BexTop»). B Hacrosiiee Bpems pa3paboOTKu
T'eHHOM Tepanuy KacaroTcs TOJIbKO COMAaTHUECKUX KIETOK.

14 cents6ps 1990 r. Oblia mpoBeeHa NepBasi yCHelHas
MOTIBITKA KOPPEKLUHU TeHHBIX 1e(eKTOB Mpu HaciaeayemoMm T-
KJIETOYHOM UMMYHOJepuLuTE, CBSA3aHHOM c
HE/I0CTaTOYHOCTBIO (epMEHTa aJeHO3MHIe3aMUHa3bl. J[ByM
OOJIbHBIM JIeBOYKaM IPOBEIM Hepecagky coOCTBEHHBIX T-
TUMQOIUTOB, B KOTOpble ObUI BHECEH TpaHCIeH —
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HOpMaJIbHBIA TEH Henocraromero ¢epmenta. B pesynbprare
HECKOJIBKUX TPOBENEHHBIX HHPY3U y 00euX MalnueHToK
HACTYIWJIO TOJHOE BbI3JIOpOBICHHE. B HacTosiee Bpems
HECKOJIBKO ThICAY OOJIbHBIX HECYT B CBOEM OpPraHu3Me KJIETKH,
IFE€HETUYECKU U3MEHEHHBIE HCKYCCTBEHHBIM ITYTEM.

Takum oOpa3om JieueHne 3a00JIEBaHNI C TIOMOIIBIO TEHOB
MoJIyunsio  Ha3zBaHue reHorepanuu. Ceiluac B Mupe
HacuuTbiBaeTcst Oosiee 400 MPOEKTOB, MOCBALICHHBIX JIEUEHUIO
C TIOMOIIIbIO T€HOTEPOIIHH.

Pa3paboTtke  mporpaMmbl 1O  TE€HHOM  Tepamuu
MPEeNUIeCTBYIOT TIIATENbHBIA aHalu3 TKaHecnenupuIecKou
OKCIPECCHH  COOTBETCTBYIOIIETO  T€HAa, HACHTU(UKALUS
MEPBUYHOTO  OMOXUMHUYECKOro  Jedekra, HUCCieIoBaHUE
CTPYKTYphl, ()YHKIUU M BHYTPUKIETOYHOTO paclpeieseHus
ero OeJIKOBOTO MPOAYKTa, a TaKKe OMOXMMUYECKUN aHaIIN3
MaToJIOrM4eckoro mporecca. KoHmenuusi TeHHOW Tepanuu
CYIIECTBYET YK€ Ha MPOTSHKEHUM TMOCIEIHUX JECATUICTUH.
Ona 3aximouaTcss B TOM, YTO HauboJjee paJuKaIbHbIM
cmocobom  OoprOBI ¢  pa3HOTO poaa 3ab0JEeBaHMIIMH,
BBI3BIBAEMBIMU H3MEHEHUSIMU I'€HOME KIIETOK, JIOJDKHA OBITh
o0paboTka, HampaBlieHHas: HEMOCPEICTBEHHO Ha HMCIIpPaBJCHHE
WIM  YHUYTOXKEHHWE  CaMOW  TEeHETHYEeCKOW  MPUYHHBI
3a00JieBaHMUs, a HE €€ CIEICTBUH.

CyiiecTByeT 1Ba THIA F€HOTEPANUU: 3aMeCMUMeNbHAsl U
KOPPEeKmupyrouast.

3aMecTUTENbHAs TeHOTepanus MOApPa3yMEBAET BBEICHUE
B KJIETKY HETMOBPEXKIECHHOTO I'eHa. BHECEHHas! KOMMs 3aMEHUT
no (QYHKIUSAM  COXpPAaHUBLIMICA B TE€HOME OOJIBHOTO
nedexTHelii reH. Bce mnpoBoaMMble CEroiHs KIMHUYECKHE

71



HCIBITAHUS UCHOJb3YIOT BHECEHUE B KIIETKY JONOJHUTEIbHBIX
kosmmuectB JIHK.

[Ipn xOppekTupyroLEel Tepanuy NPeaoIaracTcs 3aMeHa
ne(eKTHOTO TeHa HOPMAaJbHBIM B pe3yiIbTaTe PEKOMOMHAIINH.
[loxa 3TOT MeTon Ha CTaauu JIAOOPATOPHBIX MCHBITAHUM, TaK
Kak 3(Q(EeKTUBHOCTh €ro eme OuYeHb HU3KA, HO TOCICIHHE
HCCIIEIOBAHUS TOKA3bIBAIOT YCIEXHM B JIEUEHUU HEKOTOPBIX
3a00JIeBaHU.

CymiecTByeT HECKOJBKO CIIOCOOOB BBEACHHS HOBOM
reHeTUYeCKOM HWH(OpPMalMu B KIETKH MIIEKOIUTAIOIIKX.
HaubGonee yacTto HCHONB3YIOT  J1Ba OCHOBHBIX II0JIXOJa,
pazIyaromuecs Ipupoaon KIETOK- MUILICHEH:

- (eTanpHyI0 T€HOTEPAINNIO, IPU KOTOPOH UyKEPOIHYIO
JJHK BBOmAT B 3uUrory uiaum SMOpPHOH Ha paHHEW CTaauu
paszButus. Ilpu 3TOM OXuAaercs, 4TO BBEACHHBIM MaTepuas
MOMaJeT BO BCE KIETKU pELMNHEHTa (U JaXe B TMOJIOBBIC
KJIETKH, OOEeCHeurMB TEeM CaMbIM [eperady CleAyouemMy
MTOKOJICHHIO);

- COMAaTHYECKyl0 TIeHOTEepamuio, MpU KOTOpOi
TeHEeTUYECKUH MaTepuan BBOJAAT TOJBKO B COMAaTHYECKHE
KJIETKU U OH HE NEPEaeTCsl MOJIOBBIM KJIETKaM.

Ectph u TpeTHii moaxon - akTUBalus COOCTBEHHBIX T'€HOB
OpraHu3Ma C IeJbI0 MOJHOTO WM YaCTUYHOTO IMPEOA0JICHHUS
JEMCTBHUS MyTaHTHOTO reHa. SIpkuii mpuMep Takoro moaxoja -
HCIIOJIb30BAHNE THUAPOKCUMOUYEBUHBI JJIsl aKTHBAllUM CHHTE3a
remornoonHa F y OoJbHBIX C CEPIIOBUHOKIIETOUYHON
aHEMUEMN.

B Hacrosimee BpeMs BO MHOIMX JIabOpaToOpusixX
MOJIEKYJISIpHOM ~ OMOTEXHOJIOTUM MHpa  pa3padaThIBarOTCs
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TEHEeTUYECKUE  IIpenaparsl Uil JICYCHHs  Pa3iIU4HbIX
3a00J1eBaHUH.

I'eneTnueckuit rpernapar COLECPIKUT ¢bparmeHT
F€HETUYECKOIO MaTepuala, BBOJAS KOTOPOIO B OPraHu3M
MOHO JOCTHYb TOTO, YTO KJIETKA, OPraHWU3M, CUMTBIBAs 3Ty
FEHETUYECKYK0  IPOrpaMMy, HAYMHAIOT  IPOAYLIMPOBATh
HE00X0IMMOE JIEKAPCTBEHHOE BEIIECTBO.

Penapayua /[HK

Pemapanma JIHK wnu renermueckas penapanus —
MPOLIECC BOCCTAHOBJIEHUS HCXOJHOM HATUBHOW CTPYKTYpBI
JIHK, T.e. cmocoOHOCTh KIETOK HCIPaBIATh XUMUUYECKHE
MTOBpEXACHUS U pa3pbiBbl B Mosiekynax JJHK.

CtpykTypa MaTepHaIBHOTO HOCHTENSI HACJIEeICTBEHHOU
napopmanuu - JIHK wmoxer Hapymarbcsi B pe3ynbTare
NEUCTBUS KaK »SK30T€HHBIX (XUMHUYECKUX, (PUINYECKUX U
JIPYrUX areHTOB Cpenabl), TaK M DSHIOTCHHBIX (HaKTOPOB
(omMOKM MaTpUYHBIX MPOIIECCOB, ACUCTBUE Psila METaOOIUTOB
u T.4.). Kak BBIICHUIIOCH C CEpeAMHBI MPOIIJIOr0 CTOJETHS,
KJIIETKM BCEX JXUBBIX OPraHU3MOB OKa3bIBAKOTCS HAJIEJICHBI
CHEUMaJbHOM  CUCTEMOM  3alluThl, HAIpPaBJICHHOM  Ha
BoccTaHoBieHue  noBpexaeHuit  JIHK, Bo3Hukmux B
pe3ynbTaTe BO3JCHUCTBUS MYTareHHbIX (AKTOPOB pa3HOil
MIPUPOJIBI.

Unes o (U3HONOTMYHOCTH MYTAIIMOHHOTO TMpolecca
BIepBbIe Obla BhickazaHa emie B 1947 r. M.E. Jlo6amieBbim.
BrnocnenctBun HECKOJIBKO UCClenoBaTeNeld HE3aBUCUMO JIpYT
OT Jpyra NpPEeaNoJIOKUIN ydacThe (PEpPMEHTHBIX CHUCTEM B
BOCCTAHOBJICHUU NMOTEHUHUAJBHBIX MNOBpEkIeHUN. Tak, nzydas
MEXaHU3Mbl  BOCCTAHOBJIEHUSI XPOMOCOMHBIX  Pa3pbIBOB,
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BbI3BaHHBIX paauanuend, H.B. Jlyunuk (1951 r), C. Bonbd u K.
AtByn (1954 r.) BuepBble yKa3aid Ha CYLLIECTBOBAHUE B KIIETKE
CHEIMAIbHOM CUCTEMBl BOCCTAHOBJIEHUS TMOTEHIIMAJIBHBIX
nospexaeHuil. B 1958 r. B.M. Koporoaun B 3kcniepuMeHTax
Ha JUIUIOUAHBIX JPOAOKAX OTKPbUI (PEHOMEH BOCCTAHOBJIEHUS
KJIETOYHOM KU3HECIIOCOOHOCTHU IoCJIe BO3/ICUCTBUSA
PEHTI€HOBCKMX M ramma-iaydeii u coBmMectHo ¢ H.B.
JIydHMKOM  MpEeAyoKui  THUIOTE3y, COMVIACHO  KOTOpPOH
HEMOCPECTBEHHBIM CJIEACTBHEM OOIY4YEHHUS SBISIOTCS TOJIBKO
MOTEHIIMATIbHBIE TOBPEXKICHUSI XPOMOCOM, T.€. IPEAMYTAIIUH.

Penapanusa IHK — oauH 13 BaXHEHIIUX T€HETUYECKUX
MIPOLIECCOB B KJIETKE, 00ECIIEUNBAIOIINX €€ )KU3HECTIOCOOHOCTh
U COXpaHEHUEe BUJA B LieJoM. B Hacrosiiee BpeMsi U3BECTHO
HECKOJIBKO MEXaHM3MOB TI'e€HeTHYecKoWd penapauuu. OOHA U3
HHUX BECbMa IIPOCTBl M «BKIIOYAKOTCSA» Cpa3zy XKe Mocie
noBpexacHus JIHK, apyrue tpeOyroT WMHIyKIIUH OOJBIIOTO
yucna (pepMeHTOB, U UX JAEUCTBHUE PACTSIHYTO BO BpPEMEHHU.
CyliiecTBYIOT CUCTEMBbI, paboTaroliye Kak /10, TaK U IOocIe
(ha3bl KJIETOYHOTO JeJICHUSI.

['maBHBIA ~ «ITOCTaBIIMK» OMKMOOK B  HYKICOTHUIHOM
nocienoBarenbHocT - perumkanua JIHK. OOmas pmvnHa ee
MOJIEKYJIBI Y YeJIOBEKa OKOJIO 2 M U COCTOUT U3 Oosee 3 mipz.
HykineotuaoB. Hapymenus B mnepBuunoir crpykrype [JHK
MOTYT OBITH 00YCIIOBJICHBI:

e omMOKaMH CHapUBaHHUs - A30THCTHIE OCHOBAHMS B
MarpuyHoil nienu /IHK B TeueHne KOpOoTKOTO BpeMEHH MOTYT
HaXOJUThCSl B JPYrol Tayromepueil Qopme NpHBOIAIIEH K
BCTpPaMBAHUIO aJICHMHA BMECTO LIUTO3WHA ¢ oOpa3zoBanueM Al
umu ['A nap;

74



* CIIOHTAHHBIM OTIICIIJICHUEM a30THCTOIO OCHOBAHUS OT
nern JHK (Hampumep, aenypuHuzanusi — OTIIEIUICHUE
IIypUHOB);

* JIE3aMUHUPOBAHUEM ILIMTO3MHA U MPEBPAIICHUEM €TI0 B
ypaLui;

* MPUCOCTUHEHUEM METWIBHBIX WIH ATWIBHBIX TPy K
A30THUCTHIM OCHOBAHUSIM, YTO MPUBOJIUT K U3BMEHEHHUIO CBOWCTB
OCHOBaHUS U K 00pa30BaHUIO HEBEPHOU Maphl.

Haubonee pacnipoctpanennsiit Tun nospexaenuit JJHK -
MeTwiInpoBaHue ryaHuHa. OOpa3oBaBHIMIiCS TPH  3TOM
METWITYaHHUH MOJXET CBS3BIBATHCS C THMHHOM BMECTO
[IUTO3WHA, YTO MPUBOIUT B CICAYIOMIEM IHUKJIC PEITUKAINK K
Tpam3uuun - 3ameHe [1] wa AT. [lpyroili wacto
BCTPEYAIOLIMICA BAPUAHT MOBPEXKICHUS - JE€3aMUHUPOBAHUE
S5-METWIIHMTO3HMHA, YTO TAK)KE BEACT K TpaH3UIUH - 3ameHe ['1]
Ha AT. KpoMe METUIBHBIX WIM JTWIBHBIX Tpydl, K
OCHOBAaHHUSIM CIOCOOHBI MPUCOETUHATHCS U OoJiee KpyIHBIE

XxuMuueckue — rpymmbl. OHHM  TaKkKe — NPEnsTCTBYIOT
HOPMaJbHOMY IPOTEKaHHUIO, KaK peIUIMKaluh, TaK |
TPAHCKPUIILIUH.

[ToBpexnenuss JIHK  moryr  uHayuupoBaTbCsi U
BHELTHUMU BO3/ICHCTBUSAMHU: yAabTpaduoIeToM,

PEHTT€HOBCKUMH JIy4aMH, XUMUYECKUMHU COCIMHEHUSAMU U T.[I.
Hanpumep, VY®-o0imydeHne BBI3BIBACT CIIMBKY COCEIHHMX
TUMHHOBBIX ocHoBaHui B nenu JIHK. OOpasyrommecs npu
9TOM THMHUHOBBIE JHUMEPBHI MPENATCTBYIOT K HOPMaJIbHOMN
pEIINKALHH.

BosgeiictBue  pEHTIC€HOBCKOTO — M3JIYYEHHUS,  MOXET
BBI3BIBATH  OJHOLICTIOUEYHBIE paspbIBel. bonee xecTkue
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U3IYYEeHUST TPUBOAAT K OOpa30BaHHUIO JIBYXIEMOYEUHBIX
paspeiBoB JIHK.

MHorue u3 3TuX NOBPEXKICHUM HCTIPABIISIFOTCS OCOOBIMU
MEXaHHU3MaMH KIIETKU - CUCTEMaMH F€HETUYECKOM pernapalui,
UMEIOLUMMHU U KM3HU OpraHu3Ma M BHJAA B LEJIOM
Ype3BbIYAiHO B@)XKHOE 3HauyeHWe. B pe3ynabTate KEeCTKOro
KOHTPOJISl W JiaBlieHUs OTOOpa OHM HE MEHEE CJIOXKHBl U
COBEPUICHHBI, YEM CHCTEMBbI peIIMKaluuu U TpaHckpumnuuu. C
MO3ULMN  MOJIEKYJISPHOTO MEXaHHW3Ma, [MOBPEXKICHUS B
mosekynax JIHK moryt ObITh ycTpaHeHbl TpeMs Ty TSIMHU:

- IPSIMBIM BO3BPALIEHUEM K HCXOJTHOMY COCTOSTHUIO;

- BBIpE3aHHEM MOBPEKICHHOTO YydacTKa U 3aMEHOM ero
HOPMAaJIHbHBIM;

- pEKOMOWHAIIMOHHBIM  BOCCTAHOBJICHHEM B  00X0.1
MTOBPEXKICHHOTO Y4acTKa.

[Io oTHOWIEHUIO K MPOLECCY PEINIMKALIMN Pa3INYaroT J1Ba
ocHOBHbIX Tuna penapaunu [IHK: popennukatuBHyro  u
MOCTPEIUIMKATUBHYIO. JlopermkaTuBHas penapanus
BKJIIOUaeT B ce0si (HOTOPEakTHUBAMOHHYIO U HKCIU3UOHHYIO
(¢bopMbl, HampaBJICHHbIE Ha BbIPE3aHHE MOBPEXKICHHBIX
yuactkoB JIHK. IlocTpennukatuBHas - OCYIIECTBISIETCS C
IIOMOIIIBI0  MEXaHM3MOB, YYacCTBYIOLIMX B  IMpoLEccax
pexkoMmOuHanmu u perurkanun JJHK.

Penapanust MoXeT OCyIIECTBIATHCS KAK KOHCTUTYTHUBHO
C MOMOMIbIO CTIeU(pHUECKOro Habopa (HepMEHTOB, MOCTOSHHO
MPUCYTCTBYIOIIUX B HOPMAIBHO (DYHKITMOHUPYIOIINX KIIETKaX,
TaK ¥ IyTeM aKTHBAllMU TPYIIbl T'€HOB, KOHTPOJIHPYIOIINX
pa3nuyYHbIe KJIETOYHbIE (YHKIIMH, KOTOpasi OOJbIe M3BECTHA
kak SOS-penapanusi.
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VASTEHME BLICTYMBOUNK
KORUOS
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Puc.12. Cxema pexoncrpykiuu JHK, B xoTopoit pa3opBaHbI
o0e 1ermy.

B 2015 roay 3a ucciegoBaHre MEXaHW3MOB penapaluu
JJHK Tomac Jlungane (IBemuus), [Tonx Moapuu u A3sus
Canmxap (CIIA) 6smu ynoctoensl HobeneBckoit mpemuu.

Onu pokazanm, uyro JIHK upesBbluaiiHO moJBEpKEeHA
Pa3IMYHBIM TIOBPESKICHUSM M €CJIi Obl OHa HE HMCIIPAaBIISIIACH,
TO pa3BHTHE JKM3HU Ha 3emye ObLJI0 OBl HEBO3MOIKHBIM.
PacimmdpoBanu MexaHuU3M SKCIU3MOHHOW pemapaiuu - Koraa
BBIPE3AIOTCS  TOBPEXKJIEHHBIE  YYaCTKU W 3aMEHSIOTCS
HOpMaJbHBIMU. OOHAPYKUITH MeXaHU3M BBIPE3aHUs
HYKJICOTHUIOB HCIOJB3yEeMbIi KJIETKaMHU JAJs BOCCTAHOBIICHHS
MOBPEXKJICHUH, HAHOCUMBIX YIBTPA(QHUOIETOBBIM H3ITyYCHUEM;
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a TaKKe HAILIM CIOCO0, C TOMOIIBI0 KOTOPOTO KIIETKH
ucnpasisirot omu6Oku B JJHK B iporiecce nenenus - penaparust
OMMOOYHO CHAPEHHBIX OCHOBAaHUH, KOTOpas IPOUCXOAUT
korga B onHou nenu JIHK mpormyieHo ocHOBaHueE, a B Ipyroi
— Her. OH ymMmeHnbaeT yactoty omunbok B JIHK nmpumepno B
ThICSYY pa3s.

Peoaxmuposanue 2cenoma

I'eHeTnyeckoe peJaKTUPOBAHUE — OTKPBITUE, YCIEITHO
MIPUMEHSIEMOE yXKe CETOIHS B METUITUHCKOM MPaKTHKE.

B reHome d4enmoBeka COAEPKUTCS OKOJIO 25 ThICAY
aKTUBHBIX (KOJUPYIOIIMX O€lKH) TeHoB. M3BecTHo, 4To HX
MyTallid, KaKk MHUHUMYM, TpPeX ThICSY W3 HHX BBI3BIBAIOT
pasnuuHble 3a00seBaHMs. 3aKOHOMEPHO, YTO UAEs MpeceKaTh
00JIe3Hh Ha YPOBHE T'€HOB MOJb3yeTcs: OonbmmM ycrexom. C
MOMOIIBI0  «TE€HETHYECKUX  HOXHHUI» —  (EepMEHTOB
SHJIOHYKJIea3 pa3pesatorcs nenouku JIHK B ompeneneHHBIX
MecTax. 3areM (parMeHT LEeMOYKH MOXHO  YAaJHTh,
OTpeIaKTHUPOBATh HJIM 3aMEHUTH HOBBIM, U3 TPOOHPKI.

JIBe cambie 3¢ (eKTUBHBIE U3 H3BECTHBIX TEXHOJIOTHI
TeHETUYECKOTO  PENAaKTUPOBAHUA  pabOTaIOT  CIIEAYIOIIUM
obpazom. IlepBas BoccTaHaBiIMBaeT I'eH, MyTalHs KOTOPOTO
BbI3BaJIa 3a00JieBaHME, [IOCTaBIsAsA B KIETKH HEOOXOJIUMBIE
yuactku [IHK. Bropas mopaBiser akTUBHOCTb Je()EKTHBIX
TeHOB, MPEISITCTBYSI 00pa3oBaHMI0 OENKOB Ha uX ocHoBe. Obe
TEXHOJIOTHUH YK€ YCIEIIHO NPUMEHSIOTCS B KIMHUYECKOU
MIPaKTHKE.

[TocnemHuMu  JAOCTMKEHUSMHM HayKd B 00IacTu
pPEIaKTUPOBAHUS TEHOMA BBICIIUX OPraHU3MOB SIBISIFOTCS
texnonoruu - CRISPR/Cas9 u TALEN.
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Cucmema pedaxmuposanusi CRISPR/Cas9

B ocHOoBe »5TOif cHCTEMBI JeXaT oOCOObIE YYaCTKH
6axrepuanbHoi JIHK - kopoTkue naJvHIpOMHBIE KJIACTEPHBIE
nostopsbl, wir CRISPR (Clustered Regularly Interspaced Short
Palindromic Repeats). Mexay HWACHTHYHBIMH HOBTOPaMHU
pacronararorcs OTIMYaloNIMecs APYr OT Apyra (parMeHTHI
JIHK — cmeliceppl, MHOTHME H3 KOTOPBIX COOTBETCTBYIOT
ydacTKaM TI€HOMOB BHPYCOB, MAapa3UTUPYIOIIUX Ha JaHHOU
Oaxrepun. [Ipu nomagaHuu Bupyca B OaKTEpHANbHYIO KIIETKY
OH OOHApYXHUBAETCS C MOMOUIBIO CHEeHaTu3UpoBaHHbIX Cas-
0eJIKOB (CRISPR-associated sequence —
MOCJIeI0BaTeNbHOCTh,  accouuupoBaHHas ¢ CRISPR),
cesm3anubix ¢ CRISPR PHK. Ecmm ¢parment Bupyca
«3anucan» B crneiicepe CRISPR PHK, Cas-6enku paspesaror
BupycHyro JIHK wu yHuuTOXaroT ee, 3amuiias KJIETKY OT
WH(EKINUH.

B nauane 2013 roga HECKOJIBKO TPy YYEHBIX MOKA3aJH,
yto cucreMbl CRISPR/Cas moryr paboTtaTh HE TOJBKO B
KJIeTKax OaKkTepui, HO M B KIJIETKAaX BBICIIUX OPraHU3MOB, a
3HAYMT, CRISPR/Cas-cucremsl AT BO3MO>KHOCTE
WCIIPABIIATh HENPABUIIbHBIE IIOCJIEJOBATEIBHOCTH TI'€HOB U
TakuM oOpa3oM JIeYUTh HAcleACTBEHHbIE 3a00JIeBaHUS
YeJoBeKa.
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Puc. 13. Cxematmueckoe  HM300pakeHHE  CHUCTEMBI
CRISPR/Cas (Annual Review of Genetics)

Jlnst  GakTepuid OJHOTO BHJA XapaKTEPHO HAJIUYHE
MHOTOUYHCIIEHHBIX  [ITAMMOB, KOTOpPbIE 4YacTO  CHUJIBHO
OTJIMYAIOTCSI IPYT OT Jpyra. B HEKOTOPOM CMBICIIE IITaMMBI
MOXHO pacCMaTpHUBaTh KaK aHAJIOT pac WX MOPOJ KUBOTHBIX.
OnuH mTamMM OJHOTO M TOTO K€ BHJa 0AKTEPUU MOXKET OBITH
COBEPUICHHO 0€300UIHBIM, a IPYrOi — OMACHBIM MaTOTE€HOM.
v Ppa3HbIX ITaMMOB OaxTepuit oOHapyXuiach
BapualbenbHOCTh, WM  MOMUMOpP(GU3M, TI0  HAJUYHIO,
OTCYTCTBUIO WIU mnopsanaky cneiicepoB B CRISPR-kaccerax.
DTO CBOWCTBO, 3HAYEHHE KOTOPOTO OBLJIO COBEPIICHHO
HEU3BECTHO, CTAJIO MIMPOKO MCIOJIb30BATHCA JUIsl TUTIMPOBAHUS
ITAMMOB U SMHIEMUOJIOTHYECKOTO aHalIn3a.

B 2012 rony rpynmsl laprientse u [xennudep yaHb
u3 YHuBepcurera bepkiu omy0arMKoBaiu COBMECTHYIO CTAaThIO
B Science, rje NpemIoKWId CHOCo0 MepenporpaMMHUPOBAHHSI
cuctembl CRISPR/Cas Takum o006pa3om, uToObl OHa crana
HamnpasiieHHO paspe3ats JIHK B yuacTkax, meneHampaBieHHO
BbIOpaHHBIX wuccienoBateneM. B mpupome CRISPR PHK
kogupyercs B CRISPR-kaccere, cBs3bpiBaeTcs OenkamMu U
MOTOM Yy3HaeT MulieHb. (OKa3aaoch, YTO MOYKHO IOJIy4aTh
CRISPR  PHK ¢ mnoMompl  XMMHYECKOTO  WIIH
(hepMEeHTAaTUBHOTO CUHTE3a U MPHU 3TOM MecTo creiicepa B PHK
3aHMMAaeT TOCEI0BATEIbHOCTh, BHIOPAHHAS UCCIIEAOBATEIIEM.
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bemox Cas9 crocoOeH «y3HaTh» W CBS3aThCS C TaKOM
cunrernyecko CRISPR PHK (ee wHaspBaloT «run») u
CTAaHOBUTCSA  3alpOTpaMMHUpPOBAHHBIM HA  y3HaBaHUE U
pa3pe3anne coorBercTByromero ed mecra B JIHK. I'pymnmsi
[MapnenTtee u JyAaHsl IPOJEMOHCTPUPOBAIN BO3MOKHOCTb
TAKOTO IMOIX0/a in Vitro.

[TpakTuuecku B 3TO xKe BpeMst Hay4yHO-
nccnenosarenbekue rpynmnsl Jxopaxa Yepua n denra Xanra
(Feng Zhang) w3 MHWacrutyra bpoyna mnokaszamu, uTo
OaktepuanpHblii  Oemok  Cas9 wm tun PHK  cnocoGHBI
«paboTaTh», y3HaBaTh W HampaBieHHO paspe3aTs JIHK B
KJIETKaX BBICHIMX OPraHU3MOB U YEJIOBEKA.

MexaHu3M TE€HOMHOIO pEJaKTUPOBAHUS C IOMOIIbIO
CRISPR/Cas9 M0xHO OOBSCHUTH CIAEAYIOMIUM 00pa3oM.

VY Hac ABOIHONW HAOOpP XPOMOCOM — IO OJHOMY OT ITaITbl
n Mambl. Ecmm oJHa W3 pPOAMUTENBCKHMX  XPOMOCOM
«HETIPAaBUIIbHAS, TO €CTh B Hel MU3MEHEHA
nocnenoBarenbHocTh JIHK B KakoM-TO Ba)XKHOM T'€HE, MOXKET
BO3HHUKHYTh COCTOSIHHE€ HOCUTENILCTBA T€HETUUYECKON 0O0JIe3HH,
a eciu o0e KoMUY HEeTpaBUIIbHbIE — BO3HUKHET FeHETHYECKast
60ne3ub. Jlyig TOoro 4yToOBl BBUICUUTH F€HETHUECKYIO OOJIe3Hb,
HY)KHO HCIIPaBUTh T'€HETHUYECKYI0 MH(OpPMAINIO, 3aTPOHYTYIO
Mytanuend. UToObl HCHPaBUTh «HEMPABWIBHBII» Te€H, HaM
HY)KEH OY€Hb TOUYHBIM MOJIEKYISIPHBIN «CKaJIbIEIby», KOTOPBII
HalJIeT MYTaHTHYK TIOCJIEIOBATE€IbHOCTh HYKJICOTHAOB U
cmoxeT «BbIpe3arby ee u3 JHK. Takum «ckanpnenem» u
apisieTca Cas9. C nomompro ruga PHK, mocienoBarenbHOCTE
KOTOpPO# COBIAAAET C MCKOMBIM MECTOM, OH MOKET BHECTH
pa3pblB B HYXHO€ MECTO T€HOMa. Y3HaBaHUE MHUIIEHU
MPOUCXOAUT Ha ydacTtke JuHOM B 20-30 HykieoTuaoB. B
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CPEHEM IOCIIEN0BATEIBHOCTH TAKOW JUIMHBI BCTPEYAIOTCS B
TeHOME 4YeJIOBeKa EIUHOXK/bI, YTO TII03BOJSIET OOECIIeYnTh
TO4YHOCTb. KieTka He ymper ot BHeceHus paspeiBa B JIHK, tak
Kak OH OyJeT HWCHpaBJeH MO 3A0pPOBOW KONMWUU W3 TapHOU
XpOMOCOMBI 3a CYET €CTECTBEHHOIO IIpolLecca pernapauuu
JHK. Ecin mapHOH XpOMOCOMBI HET, TO MOXHO BHECTH B
KJIETKY YYaCTOK «IIPaBUILHOTO» reHa oJHOBpeMeHHO ¢ Cas9 u
PHK-rumoM, © wucnonp3oBaTh €ro Kak MaTpuly Uit
3aJICUMBAHNS BHECEHHOTO pa3phIBa.

Kommnemenrtaproe B3ammogericteue PHK-ruga ¢ JJHK-
MHUIIICHBIO 00ECTICUNBAET TOYHOCTh, a OCJIOK paciieruiser ooe
wutu JITHK.

C MTOMOMUIBIO CRISPR/Cas9 MO>KHO JieNaTh
MYJIbTUIUIEKCHOE  pEJaKTUPOBAaHME  Cpa3y  HECKOJBKHX
HEMpPaBWIbHBIX T'eHOB. {71 3TOro JOCTaTOYHO BBECTH OEJIOK
Cas9 u Heckonpko pasHbix PHK-rumoB. Kaxnpiii u3 HuX
HarpaBut Cas9 K COOCTBEHHOW MMIIEHHW, W BMECTE OHH
YCTPaHAT F€HETUYECKYIO TPOOIIeMYy.

B nenom onucanubiii MexaHu3M (QYHKIIMOHHUPYET 3a CUEeT
MPUHIMIA KOMIUIEMEHTApHOCTH, KOTOPBI BIEpBBIE ObLI
npemioxen Jxumom Yorconom u ®@pencucom Kpukom B mx
3HameHuTo wmonenu  jByuenodeuHod JIHK.  [enmouxku
nBoriHoi cnupanu JIHK «y3HaroT» apyr apyra mo mpaBujiam
koMIiemeHtapHoctu. CRISPR PHK' y3Haer cBou muiieHu B
neyuenovyeynoit JIHK Ttakum ke oOpazoM, mnpu 3TOM
oOpazyercs HeoObIYHas CTPYKTYpa, cojepxanias
JBYIIENIOYEYHBIN ydacTOK B3auMokomiuiemMeHTapHbix PHK u
onHot wn3 nened JHK-mmmenun, a pgpyras nens JIHK
OKa3bIBAeTCs «BBITECHEHHOW.
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Puc. 14. Cxema ¢ynkumonupoanusi CRISPR-Cas9 —
koHCcTpykuH (1o Kiemenko E.).

Cerogasi CRISPR — ogna u3 caMbIx BOCTpeOOBaHHBIX
TexHoJioruil. OJHAKO OCTAITCs HEpPEUIeHHBIE MPOOJIEMBI TIO
ouosmornn CRISPR/Cas-cuctem. Bo-miepBbiX, HE H3BECTHO,
OoTKyma Oepercsi OONBIIMHCTBO CHEHCEPOB, TaK KaK, TOJIBKO
HECKOJIBKO  MPOLIEHTOB  CIEWCEPOB  UMEIOT  BUPYCHOE
MPOUCXOXIEHUE, a BCE  OCTalbHble, MOJABJSIONICE
OOJBIIMHCTBO, HE MMOXO0XHM HU Ha 4TOo. MHTepeceH Takxke
Bompoc  3BojronuoHHOTO  TpoucxoxaeHus CRISPR/Cas-
cucreMm. llpemioxkeHa rumnore3a, YTO OHU POJCTBEHHBI
TpaHcno3oHaM — ydactkam JIHK, koTopwie Kkoaupyrot
crelaibHble OCJKH, 3aHSAThle MEePEeCTAHOBKOW TEX CaMbIX
yuactkoB JIHK, koTopsie ux xoaupytot. Ceiyac 3Ty runotesy
CTapaloTCs MOATBEPAUTH JKCHEPUMEHTAIbHO. Bo-BTOpPHIX,
BECbMa aKTyaJleH BOIIPOC IO MOUCKY HOBBIX, €Il1€ HEU3BECTHBIX
CRISPR/Cas-cuctem. [lo HemaBHEr0 BpeMEHH OBLIO W3BECTHO
TPU pa3HBIX THUIA, OAWH W3 KOTOphIX, Tum II, oka3ancs
MPUTOAHBIM Ui pefakTupoBaHus. C HeJaBHEro BpEeMEHU
9KCIIEPUMEHTAIILHO MOATBEPIKICHA HATM4YNe Tpex
JOTIOTHUTEIBHBIX THUIIOB JTHX CHUCTEM, TO €CTh 000 BCEM HUX
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pazHOOOpa3uu TOKa HHYEro HE U3BECTHO. A cpeau
HEM3BECTHBIX CHCTEM MOTYT OBITh U 0OJee MEepPCIEeKTUBHBIC C
MPaKTUYECKON TOUKH 3pEHUsI.

Eme onna uHTepecHas 1efb UCCIIEI0BAaHUM, UMEroLas U
OYEBUIHBIN ITPAKTUYECKUM MHTEPEC - MOHATH MOJICKYJISPHBIN
MEXaHHU3M Y3HABaHUS MUILEHU U HAYYUTHCS KOHTPOJIMPOBATH
ATOT TIpoOIlecC. IDTO YACTHBIA ciiydaid oOmieil mpooOieMbl
cnenuduueckoro B3aUMOICUCTBHUS MAaKpPOMOJIEKYIL.
CoBepIIEHHO TOKAa HEU3BECTHO, KaK B KIETKE MOJIEKYJIbI
0€NKOB, HYKJIEMHOBBIX KHUCJIOT HAaXOJAT CBOMX «IIPaBUIbHBIX»
MapTHEPOB U U30€raloT «HENMPaBUIbHBIX)» B3aUMOIEHCTBUS.

Cucmema peoaxmuposanus TALEN

[Tapannensho ¢ cucremoit CRISPR/Cas9 pa3BuBanuce u
Ipyrue MOoaXoAbl K PelaKTHUPOBAaHUIO I'€HOMa, a MMEHHO C
nomoipio TALEN-GenkoB u 0OeNKOB € Tak Ha3bIBAEMBIMH
«UMHKOBBIMU TMalbllaMW». OTO T'E€HHO-WHXEHEPHBIE OENKH,
KoTopbie MOryT «kycatb» [IHK. YueHble mpITaIMCh HAy4YUTh
UX y3HaBaTh CHEHU(PHUUECKYIO, B HIeane — JI0YI0 3aJaHHYIO
nocienoBarenbHocTs JIHK. Muorma sto pabotano, HO JuIs
KQKJOM TOCJIEeN0BAaTEIbHOCTH MPUXOJAUIIOCH CO3/aBaTh CBOM
OTIIENbHBIN OENIOK, a 3TO KpOMOoTiuBas u joiras padora. s
pEIaKTHUpOBAaHUS K€ TEeHOMa C T[OMOIIBI0  CHCTEMBI
CRISPR/Cas9 wucnonb3yercss enuHcTBeHHBIN Oenok, a PHK-
TUJI MOXHO CO37aTh 32 KOPOTKOE BpeMs B JIt0OOM MPUIMYHOM
nabopaTopHH WU MPOCTO KYIMHUTh.

Uctopus pa3paboTku STOW cHUCTEMBI CBsi3aHA C
nuzyueHueM Oakrepuil pona Xanthomonas. Otu OGakrepun
SIBJISIFOTCSI TTATOTEHAMH TaKUX KYJIbTYPHBIX pacTEHUH, KaK pUC,
nepen, TOMAaT, OHM HAaHOCAT 3KOHOMMYECKH 3HAUMMBII Bpen
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CEJIbCKOMY XO34MCTBY, YTO CTAJIO NMPUYMHOW MX TIIATEIBHOTO
n3ydyeHusd. Okxazanoch, 4YTO OakTEpUM CEKPETUPYIOT B
UTOIUIa3My PACTUTENBHBIX KIETOK J(PQPeKTOpHBIE OenKu
(Transcription Activator-Like Effectors, TALE), koTopsie
BIIMSIIOT HA MPOLIECCHI B PACTUTEIBHON KJIETKE U YBEIUYHUBAIOT
€€ BOCIPUUMYMBOCTD K naroreny. [Ipu ganpHeieM n3ydyeHuu
MEXaHU3MOB  JIeHcTBUS  A(Q(PEKTOpHbIX  OEIKoB  OBLIO
00Hapy)X€HO, 4YTO OHHM CrocoOHbl cBs3biBaThes ¢ JIHK u
aKTUBHUPOBATh SKCIIPECCHIO CBOMX I'€HOB-MUILIEHEH, UMUTUPYS
(akTOpPbI TPAHCKPUIIIIUHU SYKAPUOT.

VHACTOK CBA3bIBAHMA Hykteasa
Hykneassl ¢ JHK
Tlomenbl TAL \ “ | Nowmen Fokl

Puc. 15. Cxema ¢pynkunonnpoBanus TALE cucremsr.

Kaxneii u3 OenkoBeIx jgomMeHoB TALE y3Haer onumH
nykiaeorun JHK. Hykneazst TALENs uCIONb3ylOT HYKIIE€a3HBIA
nmomeH Fokl.

[eyuenodeynan
JHK

benrku TALE cocrodT u3 LEHTPAJIbHOTO JIOMEHA,
oTBeTCTBeHHOro 3a cBs3biBanue JIHK, curnana snepHoit
JIOKaNu3alui W JOMEHa, AaKTUBUPYIOLIEro TPAaHCKPHUIILINIO
[[eJIeBOr0 TI'eHa. BmepBble CMOCOOHOCTH ATHX OETKOB
cBsi3biBaThes ¢ JIHK Obina onmucana B 2007 roxy, a Bcero yepes
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ron Obul  pacmmdpoBaH  KOJ  y3HaBaHUS  IIEJICBOM
nocienoarensHocT JIHK 6enxamu TALE.

[Tocne pacmmmdpoBkr koma y3HaBanus JIHK OGemxamu
TALE, KOTOpBI NpPHUBJIEK BHUMAaHUE YYEHBIX BCEr0 MHUpPA
Omarojmaps cBoed Impoctore (OJMH MOHOMEp - OJUH
HYKJICOTH/T), ObLIM MPOBEACHBI MEPBBIC PaOOTHI IO CO3JIaHUIO
xuMmepHbix  Hykieas  TALENS, AKCIPECCUPYIOIIUE
WCKYCCTBEHHBIE XHMEpHBbIE HYKJI€a3bl, KOTOPBIC COJAEpIkKAT
JAHK-cBsI3pIBAIONINN JOMEH M KaTaTuTUUYECKUi JoMeH. JlanHas
CUCTeMa [03BOJISIET, KOMOMHHUPYS MOHOMEpaMH JIOMEHOB
CO3/IaTh UCKYCCTBEHHBIE HYKJI€a3bl, MUIIIEHBIO KOTOPHIX Oy/eT
mo0asi HyKJI€OTH/IHAs TOCIEA0BATEIbHOCTb.

TeopeTndecku ¢ TOMOIIbIO HMCKYCCTBEHHBIX HYKII€a3
TALENSs nByximeno4euHblii pa3pblB MOKHO BHECTH B JH000M
Y4aCTOK T€HOMa, C HM3BECTHbIMU caiiTamu y3HaBaHusa JIHK-
CBSI3BIBAIOIINX JOMEHOB.

6. AJroput™m co31aHNsi TeHHO-UHKEHEPHOT 0

NMPOAYKTA.
['eHHass wWHXXEHEpPUST — TEXHOJOTHS PEKOMOMHAHTHBIX
JHK. I[Ton  pexoMOWHAHTHBIMHU IMOHUMAFOT JHK,

oOpa3oBaHHbIE 00bETUHEHHEM In Vitro (B MpoOUpPKe) ABYX WU
6onee ¢parmentoB JIHK, BblaeneHHBIX U3 pa3iMYHBIX
OMOJIOTUYECKNX UCTOYHUKOB.

[Tonyuenune pexomOunantHeix JIHK cocrour u3
HECKOJIBKHX JTaroB:

1) BeIIETIeHHE HY)KHOTO (1I€TIEBOTO) T'eHA,

2) BCTpaMBaHHWE €ro B T'€HETHYECKUH  DIIEMEHT,
CMOCOOHBIN K PEIUIMKALUH (BEKTOP);

3). BBe/IeHUE BEKTOPA B OPraHU3M-PELIUITHEHT;
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4). uneHtudukanus (CKPpUHHHT) H OTOOp KIIETOK,
KOTOPBIE MPUOOPEITH JKEeTaeMbIid TSH WJIH THBI.

Ionyuenue ecenog

Boigenenue reHoB — OAMH M3 TIJIaBHBIX JTalloB B
FEHETUYECKOW WHXEHEepUHU. B mpuHUMIE CyIIECTBYeT JBa
OCHOBHBIX CI0CO0a MOJy4eHMsI TeHa: CUHTE3 U BbIJEIICHUE U3
JHK.

CuHTe3 reHa OCyIIecTBISETCS 2-Msl MyTSIMU — XUMMKO-
(epMEHTAaTUBHBII CHHTE3 M CHUHTE3 C IOMOIIBIO OOpaTHOM
TPAHCKPUIITA3bI.

Xumuxo-ghepmenmamusHulil CuHmMe3 2eHd.

BnepBrie xuMuKO-(hepMEHTATUBHBI CHHTE3 TeHAa OBLI
ocyiecTBieH B kKoHie 60-x — B Hauvane 70-x romoB XX Beka
uuaniickum yaensiM H. Khorana, pa6ortaBmum B CIIHA wu
KoTopelid ObuT ymoctoeH HoOenmeBckoit mpemuu B 1968 T.
Kopana BMecTe cO CBOMMHM COTPYIHMKaMU CHUHTE3UPOBAN I'€H
oanoit TPHK, coctosimeit uz 150 HykI€OTHIHBIX Hap.

XUMUKO-(hepMEHTATUBHBII CHUHTE3 T€HOB BBIMOJIHAETCS B
IBYX cTaiusx: 1) XUMUYECKHI CHHTE3 KOPOTKUX, COCTOSIIUX
n3 8-16 HykIeoTHI0B ojaHOLENoYeuHbIX ¢parmenToB JJHK -
OJINTOHYKJIEOTUJOB.  OJTO  OCYILECTBIAETCS  MOATAIHBIM
o0pazoBaHHEM hochoamdupHBIX CBsI3el MEXIy
HYKJICOTHIAMH; 2) MOJTy4eHHbIE OJINTOHYKJICOTUbI
CHIMBAIOTCS Mexay coboil ¢ momompbio ¢epmenta JJHK-
nuras3sl. 3 0THOLIETIOYEYHBIX OJUTOHYKICOTUAOB (POPMUPYIOT
nByxuenoyeynyro nens JTHK.

[lepBuuHas cTpyKTypa OJUTOHYKIECOTUIOB ONpPEAEHSAETCS
00 TO M3BECTHOM MOCIEA0BATEIHLHOCTH OCHOBAHUN B TEHE,
00 IO METOJy «YTEHHUS C JTUCTa». B 3ToM ciydae 3a OCHOBY
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Oepercsi MOCIIeA0BAaTENIFHOCTh AMHUHOKUCIIOT B HY)KHOM Oelke
U 10 HEH C TOMOIIBIO TaOJUIBI TE€HETHYECKOIo KOJa
3alMChIBAETCSl IOCIEA0BATENbHOCTh HYKJIEOTUJIOB B TICHE.
CTpyKTypy OJIMTOHYKJIEOTHUIOB BBIOUpAIOT TaK, 4YTOOBI OHHU
YaCTUYHO OBUTH KOMIUIEMEHTAPHBI APYT C APYTOM.

CuimBaHue MOTYYEHHBIX OJIMTOHYKJIEOTHIOB C MOMOIIbIO
JAHK-nura3pl OCyIIECTBIAETCS NYTEM MOCJIEA0BATEILHOTO
N00aBJICHUSI WX B PEAKIMOHHYID CMECh C OMPEIeICHHOMN
WOHHOW CHJIOW U TEMIEPATypPOU.

Xumuko-pepmentatuBHbiii cunTe3 JJHK ncnons3yror He
TOJIBKO JJISl TIOJTHOTO CHHTE3a CTPYKTYPHBIX T'€HOB, HO W JUIS
MIPUCOETMHEHMS K HUM PETYISTOPHBIX Y4aCTKOB (IPOMOTOPOB,
yuactkoB cBs3piBaHuss PHK ¢ pubocomoii), a Takxe
MOCJIEIOBATENIbHOCTEH, HEOOXOAMMBIX ISl  COECIUHEHUS
MOJIYYEHHBIX T€HOB C BEKTOPHBIMH MOJIEKYJIAMM.

JlanHbIl  CcHIOCOO  sIBASIETCS TPYJAOEMKHM M BechMa
CIOXKHBIM. [IpernmyniecTBOM €ro SIBISIFOTCSA TO, YTO MO3BOJISIET
TOYHO  BOCCO3JaThb HEOOXOJUMYIO  IOCJIEN0BATEIbHOCTD
HyKi1eoTu10B. KpoMe Toro, B mporecce CHHTE3a MOKHO BBECTH
pa3JInYHbIE PETYIATOPHBIE MOCIEI0BATEIBHOCTH WU Y4aCTKH
Y3HAaBaHUS PA3NIUYHBIX PECTPUKTA3 U T. J. DTHUM METOJIOM
MOJy4YeHbl T€Hbl COMAarocTaTMHa, A- U B- menu uHCynuHa,
MIPOUHCYJIMHA U APYTHE.

Cunmes 2eH06 ¢ NOMOWBIO 0OPAMHOU MPAHCKPUNYUU

Hcnonb3ys peakuuto 0OpaTHON TPAHCKPHIILIUK, MPHU
nomoiu (GepMEeHTOB peBepTa3 (0OpaTHbIE TPAHCKPUIITA3bI),
MOXHO  CHHTE3MpPOBAaTh MpaKTHYeCKH J000H TeH B
npucyTcTBUU cootBeTcTBytomux MPHK. Mertoasl BeineneHus
MOCJIETHUX JOCTATOYHO XOPOIIO pa3paboTaHbl.
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JlaHHBIN METOJT OCHOBAH HAa YHUBEPCAITBHOU CIIOCOOHOCTH
00paTHBIX TPAHCKPUNTA3 CHHTE3UpOBaTh AByHUTEBYIO JJHK Ha
OJHOHUTEBBIX PHK-marpunax. O YHKIIMOHUPOBAHUE
OoOpaTHBIX TPAHCKPUNTa3 HYKIAIOTCA JIMIIb B HAJIWYUU
KOPOTKOM 3aTpaBOYHOMN OJIMTOHYKJICOTHTHOM
nocnenosarensHocty PHK wim JIHK, kommemenraprnoit PHK
— matpuie (3arpaBka — mpaiiMep). OcHOBHOE TpeOoBaHME K
npaiimMepy - TpHUCYTCTBHE Ha ee 3'-koHie cBoOomnou OH-
IPYIIIbI, C TOMOILIBIO KOTOPON (EepMEHT HNHHUIMHPYET
00paTHYIO TPAHCKPHUIIIIHIO.

[IpomMoTOpHBIE M Jpyrue peryisiTOpHble Y4acTKH TIeHa
noctpauBatorcss Kk  JIHK-komwm ¢ momomipio  XMMHUKO-
(epMeHTaTUBHOTO cuUHTEe3a. TakuM 00pa3oM MOJTyYeHbI T'E€HBI,
KOJUpYIOIIMEe CHUHTe3 Oelka XpycTaluka Trja3a uYeloBeka,
SIMYHOTO OeNKa U Jp.

Buvioenenue cena uz JJHK

Bbinenenne TreHOB M3 €CTECTBEHHBIX HCTOYHUKOB
ABIIICTCS CIOXKHEHIIEH 3anaded, Tak Kak U3 MHOTUX ThICAY
I€HOB, HUMEIOLIUXCS B TIEHOME KJIETKH, HYXHO BbIAEIUTH
€IMHCTBEHHbII KOHKPETHBINA IeH, KOHTPOJIUPYIOLINNA pa3BUTHE
TOTO MJM MHOTO npu3Haka. 1 3Toro HEoOXOJMMO TOYHO
3HaTh PACIOJIOKEHHE I'€Ha U MPOU3BECTH €ro BbIpE3aHUE IpU
[IOMOIIIHM COOTBETCTBYIOUINX (PePMEHTOB-PECTPUKTA3.

Pectpukrazpl — 53T0 aOCOJIIOTHO HEOOXOAUMBIH U
€IMHCTBEHHBIN CBOEr0 poJja MHCTPYMEHT B T€HHON MHKEHEPUU
JUIL  BBIPE3aHUS HHTEPECYIOIMX (parMeHTOB (TE€HOB) U3
6onpmmx monekyn JIHK. ITockonbky wu3BectHo OGosee 100
(epMEHTOB PECTPUKIIMH, TO 3TO MO3BOJISIET BHIOOP PECTPUKTA3
U CeJIEKTUBHOE BhIpe3aHue ¢pparMeHToB u3 ucxoanoit JTHK.
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BbleneHHBI WM CHHTE3UPOBAHHBIM T'€H HE MOXKET
camocTosTenbHO BerpauBarbes B JJHK knerku-mumenn u rem
Oosnee HauMHATH (DYHKIIMOHHPOBATH. [l mepeHoca I1esIeBOro
reHa CO3JaeTCs CIIEHHAIbHASI KOHCTPYKIUSA - BEKTOP, HECYIIIUI
IIOJIyYEHHBIH I'eH U CIIOCOOHBIN BCTPAUBATHCS B TEHOM KIIETKU.

T'enemuueckuu eexkmop

I'enetnueckuit Bekrop — 310 Monekyna JIHK mnn PHK,
KOTOpbIE CIIOCOOHBI EPEHOCUTH B KIIETKY uyxkepoanyto JIHK,
obecnieunTh €€ aMIUIM(UKAIMIO U HHTETPaLlUIO B TEHOM.

[To mpodwtro uCTOBE30BaHMUS BEKTOPHI OBIBAIOT:

1. Bektopsl Uil KJIOHUPOBAHUS — HCIOJB3YKOTCS IS
amrmupukamuun  ¢parmenta JIHK, BCTpoeHHOTO B BEKTOD
IIOCPEJICTBOM €€ PEIUIUKALUH.

2.  DKCIpecCHOHHBIE BEKTOPHl — JUIsi  HapaOOTKH
OTIpeJieIeHHOro Oenka, a TakKe JUIsl aHaliu3a reHoMa M €ero
MIPOJTyKTOB.

3. Bektopsl s TpanchopMaIuu — CayKaT JJI BBEICHUS
gyxepoanoro ¢gparmenta JIHK B reHom perunueHTa.

TpeboBanus BEKTOpam:

BekTop momkeH ObITh HEOONBIIMM M COJEPKATh CANTHI
PECTPUKIUK IJI1 HECKOJIBKUX PECTPHUKTA3, JODKEH 00JanaTh
OTIPENICTICHHON €MKOCTBIO; OBITh CIIOCOOHBIM 10 ICPKUBATHCS
B KIETKE-XO3iMHE  (pCIUIMIMPOBAThCS),  MHOTOKPATHO
KOITMPOBATHCS (amnipuIEpoBaTHCS), AKCIIPECCUPOBATh
COOTBETCTBYIOIIUKA TeH (ColepkKaTh  COOTBETCTBYIOIIHE
pPETYNATOpPHBIE  MOCJIENOBATENBHOCTH);  JOJKEH  HMETh
MapKepHbIN T'eH, MO3BOJSIONINI pa3inyaTh THOPUIHBIE KIETKH
s 3(pPEeKTUBHON CeNneKuy; AODKEH OBbITh CIOCOOHBIM
MepeIaBaThCs B KIETKY COOTBETCTBYIOIIETO OPraHu3Ma.
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B nacrosiee BpeMsi IIMPOKO MPUMEHSIOTCS, B Ka4eCTBE
MPOKAPHOTHYECKUX BEKTOPOB - IUIa3MU[bI, OaKkTepuodary, a B
Ka4ecTBE DYKapHOTHYECKUX - BUPYCHI )KUBOTHBIX M PAaCTECHUH,
a TaKkKe MCKYCCTBEHHO CKOHCTPYMPOBAaHHBIE BEKTOPHI,
CIOCOOHBIE PEITMIMPOBATHCS KaK B OaKTEpHAIbHBIX, TaK U B
JYKaPUOTHYECKUX KJIETKaX (YEITHOUHBIE BEKTOPHI).

IInasmuoder - 3TO BHEXPOMOCOMHBIE T'€HETHUYECKHE
DIIEMEHTHl  TPO- W DYKapuoT, KOTOpbIE aBTOHOMHO
PETUTUIIPYIOTCS B KIETKAX.

BakrepuanbHble TUTa3MUIBI ACTATCS HA IBa Kiacca. OmaHA
wa3Mupl  (HampuMmep, Xopouio u3ydeHHbl Qaktop F,
onpenenstomuii o y E.coll) camu cnocoOHBI mepexouTh 13
KJIETKU B KJIETKY, APyrue Takoil crnocoOHOCThbIO HE 00Ja/laloT.
Ilo psgy npuumH, M NOpexAe BCEro s NPeNOoTBpalleHUs
HEKOHTPOJIHPYEMOTO pacrpocTpaHeHUs HNOTEHIUAJIBHO
OMAaCHOIO  TEHETHYECKOro  MaTepuana,  IMOJAABISIOIIEe
OONBIIMHCTBO  OaKTEpUAIbHBIX  IUIa3MHUAHBIX  BEKTOPOB
CO3/IaHO Ha OCHOBE IJIa3MUJ] BTOPOTro KJlacca.

Kak npaBuio, oHM cOCTOSAT U3 (PAKTOPOB MEPEHOCA U TeX
WIM WHBIX JIETEPMHUHAHTOB  (CHOTHIIMYECKMX  CBOMCTB
OakTepuil (JIEKapCTBEHHON PE3UCTEHTHOCTH, TOKCUYHOCTH H T.
n.). K HacrosdmeMmy BpeMeHH IUIa3MUIbl OOHAPYXKEHBI BO
MHOTUX MHKpoopranusmax. OHu 00pa3oBajKCh B pe3yjbTaTe
mporecca, KOTOPbIii MOKHO Ha3BaTh «OJIOYHOW» 3BOJIIOLIKEH.
IIpu 3TOM paznuuHble T'€Hbl OOBEAUHSIOTCS C PEIUIMKOHOM,
o0pa3ys 6oJiee CIOKHYIO CTPYKTYDPY.

Knerounass opraHu3zanusi OpUPOJHBIX IJIa3MHUI U Jana
OCHOBaHME s Pa3pabOTKH METOJOB KOHCTPYHPOBAHUS
IUTa3MHUJIHBIX ~ BEKTOPOB B JTAOOPAaTOpPHBIX  YCIOBUSX.
Oxazanoch, 4TO IUIa3MHUIBI MOTYT OBITH «pa300paHb» U
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«coOpaHbl» N0 3aJJaHHON MpPOrpaMMe C MOMOUIBIO PECTPUKTA3
U JIUTa3, aHAJIOTUYHO TOMY, KaK 3TO IPOUCXOIUT B IIPUPOJE.

BaxxnelmmM KOMIIOHEHTOM BEKTOpa SBIIETCS €O
PEIUIMKOH - D3JIEMEHT, OT KOTOpPOIO 3aBUCHUT aBTOHOMHOE
pa3MHOXXEHHE BEKTOpa B KIETKe-X03siMHE. UTOOBI MOTy4YHThH
TUTa3MHUIHBIA BEKTOP, HEOOXOAMMO OOBEIMHUTH PEIUTUKOH C
reHaMH, KOTOpbIE JOMYyCKadud Obl BO3MOXHOCTb CEJIEKIIMH
(reneruyeckue MapKepsbl). I'ensl, KOJMPYIOIIIHE
PE3UCTEHTHOCTh K aHTUOMOTMKAaM, OKa3aJluch Haubolee
MHOJIE3HBEIMH JUISL DTOM IEIH.

CoBpemeHHbIE TTa3MUAHbIE BEKTOPbI UMEIOT OOBIUHO JBa
MapKepa pe3uCTeHTHOCTH. Hampumep, B BEKTOpPHOU I1a3MuIe
pBP 322 umerorcs Mapkep pe3UCTEHTHOCTH K AMIMIWUINHY U
MapKep PE3UCTEHTHOCTU K TETPALUKIIHY.

EcoRI

Ampicillin Tetracycline

;amp') (tet®)

pBR322
(4,3616p)

Puc.16. ITnasmuanetii Bextop E.coli — pBR 322.

bakrepuanbHble KIETKH, COACpIXKAIIUME TaKOW BEKTOP,
YCTOWYMBBI OJHOBPEMEHHO K AMIULWUIMHY U TETPALUKIIUHY.
IIpu Bxmouenun ¢parmenroB JHK B ywacrok rena
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PE3UCTEHTHOCTH K  TETPAUKINHY, YCTOWYUBOCTH K
TETPAMKINHY W3-32 OSTOW BCTAaBKM HapyIIaeTcs, U BCE
PEKOMOMHAHTHBIC  IUIA3MUIBI  COXPAHSIOT  YCTOWYHMBOCTH
TOJIBKO K aMIUIWUIMHY. TakuM oOpa3om, BbICEBas KIETKU Ha
cpeasl C  aHTUOMOTHKAMH, MOXHO OTOOpaTh  KIIOHBI,
cojiepxariue pekomonHantabie Mosekyisl JJHK.

OcCo0EHHOCTh IUIa3MHALI COCTOMT B TOM, 4YTO B
MPUCYTCTBUM HMHTUOMTOpa CHUHTe3a Oenka aHTUOMOTHKA
xJiopam(peHnKoIa (omocpenoBaHHO WHTUOUPYIOIIETO
PEeIUTMKAIMI0 XO3IMCKOM XpoMocombl) ee umcio B E.coli
Bo3pacraer or 20-50 mo 1000 Mmonekyn Ha KIETKy, YTO
MO3BOJISICT TMOJTYYaTh OOJIBIINE KOJWYECTBA KIIOHUPYEMOTO
reHa.

[Mnasmuansiii  Bektop PBR 322 — »s10 Hambomee
yHUBepcanbHBIM BekTOp 80-x romoB. Hazpanue popmupyercs
TakK:

p — maMuaa

BR — ¢amunuu aBropos: Bolivar, Rodriges

322 — 4ucio, B3ATOE W3 WX HCCIEI0BATEIbCKHX
MIPOTOKOJIOB.

Jnmuaa mnnasmuael 4361 1m.H.,, OHa wuMeeTr 2 TcEHa
YCTOWYMBOCTH K AaHTHOMOTHKAM: amnuyuriuny (Amp'),
mempayuxauny (Tet"), a Takxke cailThl [UIS PECTPHUKTA3:

- BamHI (Bacillus amyloliquefaciens H)

- Hindl1l (Haemophilus influenzae d)

- Sallmonella (Streptomyces albus)

- Pstl (Providencia stuartii)

- EcoRlI (E.Coli) (Escherichia coli).

[Mna3MugHble BEKTOPHI yAOOHBI ISl  KIOHHUPOBAHUS
OTHOCUTENbHO Hebosbmux (parmentoB (mo 10 ThIC. Tap
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OCHOBAaHUI) I'€HOMOB, T.€. IJIa3MUJHBbIE BEKTOpa 00JaaaroT
HeOompmol emKocThio. Ecnmm ke Tpebyercs MOTy4YHTh
KIIOHOTEKY (Miau OHOJIMOTEKY) T€HOB BBICIIMX PACTEHUU HU
KUBOTHBIX, OOIIas JUIMHA TEHOMAa KOTOPBIX JIOCTHTaeT
OTPOMHBIX Pa3MepOB, TO OOBIYHBIC IIA3MHIHBIC BEKTOPHI IS
9TUX 1ene Henpurogusl. [Ipobmemy coznmanus OUOIHMOTEK
TEHOB ISl  BBICIIMX DJYKapuoT  YHAJIOCh  PEIIuTh ¢
HCIOJIb30BAHMEM B  KAauecTBE KJIOHUPYIOUIMX BEKTOPOB
MPOU3BOIHBIX OakTeprodar.

baxmepuogazu — rpynmna BUpycoB, MapasuTUPYIOIINX B
OakTepuanbHbIX KieTkax. OHM HIMPOKO pacHpOCTpaHEHBI B
MPHUPOJIE — WX BBIIEISAIOT W3 BOJBI, TOYBHI, OPTaHHU3MOB
Pa3IMYHBIX KUBOTHBIX U YEIOBEKA.

[Tpunnumne! knaccudukanuu 6akTeprodaroB aHATOTHIHBI
MOAX0JIaM K CUCTeMaTHuKe BUPYCOB. B ocHOBY kiaccudukanuu
MOJIOKEHBI aHTUTEHHAst CTPYKTypa, Mopdosorus (aros,
CIIEKTp ACHCTBUS, XUMHYECKUU CcOCTaB U JAp. BOJBIIMHCTBO
¢aroB  otHocutcs Kk JIHK-comepxkammm  Bupycam C
HYKJIEOKAIICUJIOM, OPraHU30BaHHBIM IO MPUHIIUITY CMEIIaHHOM
CUMMETpPHH.

[To cmekTpy neiicTtBusi BbIACHAIOT TUroOBble (aru (T-
(daru) — ausupylone O0aKTepUu OTAEIbHBIX THUIIOB BHYTPHU
BHJIa, MOHOBAJICHTHBIE (paru — TU3UPYIOUIUE OaKTEPUU OJTHOTO
BHUJIa, W TIONUBAJICHTHbIE (aru — JU3UpPYIOIIHEe OaKTepuu
HECKOJIbKUX BHJIOB.

Cpenu (aroBbIX BEeKTOpOB Haubojee yJOOHBIE CUCTEMBbI
co3/laHHble Ha 6a3e reHoMoB Oakrepuodara A u M13 E.coli
JHK »Tux ¢aroB cogep uT NPOTsHKEHHBIE 00JaCTH, KOTOPBIE
MOXXHO 3aMeHHUTh Ha uyxkepoanyto JIHK, ne 3arparuBas ux
CIOCOOHOCTH  peruMuupoBaThest B Kierkax E.coli. Ilpu
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KOHCTpyupoBaHUHM BekTopoB Ha 0Oaze JHK ¢ara u3 nee
cHaudazna (rmyreM JeneHui kopotkux ydactkoB JIHK) ypansior
MHOTHE CalThl PECTPUKIIMU U3 00JIACTH, HE CYIIECTBEHHON IS
permmkannu JIHK, m ocraBisAroT caiiTel, NpeJHa3HA4YCHHbIE
Juig BeTpauBanus gyxepoanoi JIHK. B oty ke obnacte yacto
BCTPauBAaIOT MAapKEpHbIE T€Hbl, [03BOJISIONINE OTJIUYUTH
pexom6unanTHyto JJHK oT ncxoanoro Bexropa.

Ha ocHoBe Oakrepuodara A MOXKHO CKOHCTPYMpPOBAaTh
BEKTOPBI EMKOCTBIO 10 25 T.IL.H.

CymiecTByroT THOpUIHBIE BekTopa, coaepxkamue JJHK
¢ara u masmuabl. K HUM OTHOCSTCS, Hanmpumep, KOCMUJIBI 1
hazmMubI.

KocMuapl — mna3MujHble BEKTOpa, B KOTOpPbIE BCTPOEH
ydacTOK TeHoMa ¢ara A, 00ecrneunBaronIuii BO3MOXXHOCTh
ynakoBku 3Toi Mmosekynbl JIHK B garoByro uactuiy. @arosbie
YaCTHUI[bl 00ECIICUNBAIOT XOPOIlIee TPOHUKHOBEHUE THOPUAHOM
JIHK B xneTtky (myreM WHBEKIHH), MOCIE YEro MPOUCXOIUT
3ambikanne JIHK B kobLIO 1O JTUNKAM KOHLIAM M PEIUIMKALIAS
€€ 10 IUIa3MUIHOMY THILY.

da3mupl TakkKe ABISAIOTCS THOpUAaMU Mexay (garom u
mazmusion. Ilocne Betpoiiku uyxepoanou JIHK moryr B
OJIHUX YCIIOBUSX Da3BUBaTbcid Kak ¢aru, B JIPYyrux — Kak
IJ1a3MUBI.

OCHOBHBIMM ~ KOMIIOHEHTaMH KOCMHUJHOIO  BEKTOpa
ABIAIOTCS: 1)  MIasMUAHBIA  pEIUIMKOH, 2)  Mapkep
PE3UCTEHTHOCTH K aHTUOMOTUKY, 3) ¢pparment AHK dara A,
KOTOPBIN colepXuT Tak HaspiBaeMblii COS — ywacTok wuiu
JIUIIKHE KOHIIBI, PETUINKOH, MapKep
aHTUOMOTUKOPE3UCTEHTHOCTH.

95



[Mnasmuapl, comepkamiue ¢aroBble W OaKTepUATbHBIE
PEryasSTOpPHBIE AJIEMEHTHI, OBIIM HCIOJIb30BaHbI Il CHHTE3a
rOpMOHa pOCTa 4YeloBeKa, WHCYIWHA, WHTephepoHa W psaa
JIPYrux OEIKOB.

OcHoBHast mpoOiema mpu pa3pabOTKe BEKTOPOB —
[IPEOJIOJIEHUE HMMMYHOJIOTMYECKOTO Oapbepa pEeLUIIUEHTa,
OTPaXJAIOIIET0  OpPraHWu3M  OT  PAa3UYHBIX  BHEITHUX
BO3/ICUCTBUM, B TOM YHCJIE U OT BHeApeHUs gyxepoaHon [JTHK
B TEHOM KIeTok. B o3Trom mmaHe ocoOblii  uHTEpec
MIPEJCTABISIOT BUPYCHI, TaK KaK M3 BCEX M3BECTHBIX arcHTOB
JUIIb  OHM  CHOCOOHBI 0oJiee WM MEHee  YCIEIIHO
WHTETPUPOBATh TEHETHYECKUH MaTepual B TEHOM KIIETOK
genmoBeka. [lodToMy Bce YyCWIMS CIEIHAIMCTOB T'e€HHOMN
TEpanmud Ha HACTOSILUNA MOMEHT CKOHUEHTPUPOBAHBI B
obnmacT TeHHOM WHXEHEPUH BHPYCOB, IPUMEHSEMBIX B
KauecTBE BEKTOPOB, NOCTABISIOLIUX T€PANeBTUUECKHUE T'€HbI B
KJIETKH OpraHu3Ma OOJIBHOTO.

Bexmopul na ocnose PHK-coodeparcawux eupycos.

PHK  conepxkamme  BUPYCBbl, WU  PETPOBHUPYCHI
(Retroviridae) yierko MHTErpPUPYIOT B TEHOM KIIETKH-XO35MHA,
TEM caMbiM oOOecrneunBas JIOJTOBPEMEHHYIO 3KCIPECCHUIO
HeoOxonuMoro reHa. s co3maHus T€HHO-TEPANeBTHUECKUX
BEKTOPOB OHU CUMTAIOTCS HanboJiee MepCrieKTUBHBIMHU.

PerpoBupyckl - 0oOmMpHOE CEMEWCTBO  BHUPYCOB,
3apaKarllIuX MPEUMYILECTBEHHO MO3BOHOYHBIX. DTO BUPYCHI,
KOTOpble, KaKk M JApyrue BUPYCHI, M COOCTBEHHOTO
Pa3MHOKEHHUSI HCIOJNb3YIOT CIOXHYH MOJIEKYJIAPHYIO U
HAJMOJIEKYISIPHYIO CHUCTEMY JKH3HEOOECTICUCHHsI KIIETKH,
3acTaBlisisl €€ TOYUHSITHCSI CBOUM PETYISITOPHBIM CUTHAJIAM.
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I'enoMm perpoBupycoB npeacrasieH ogHonuTyarod PHK ¢
MOJIEKYJSIPHOM Maccol 7 MErajaJlbTOH M COCTOUT M3 JIBYX
KOIUH, KaXKJ1as U3 KOTOPBIX SIBJISIETCS MOJHOLIEHHBIM F€HOMOM
U COICPKHUT OIMHAKOBYIO TEHETHUYECKYI0 HWH(POpPMAIHIO,
0JIHaKO HEU3BECTHO, 00€ 11 OHU (PYHKIIMOHAJIbHBI.

ApenoBHpyc

Beaxosan 000a04MKa Perposupye

] Ine
;B;Il’l:ﬁgﬂ:“ nas JIHK oanouenouesnbie PHK

Puc. 17. Bupycel, npuMeHseMble I  CO3IAaHHS
TEparieBTUIECKUX BEKTOPOB.

[Tonmamas BHYTPb KJIETKU, pETPOBUPYCHAS PHK
npespamtaercs B JHK myrem xopomo Tenepp H3BECTHOTO
nporiecca oopatHoi Tpanckpunuuu. Jta JJHK BcTpanBaetcs B
resomHyro JIHK u ¢ »3T0Oro MOMEHTa CTaHOBUTCS
HEOTHEMJIEMOM YacCThIO T€HOMA KJIETKU. A BUPYC CTaHOBUTCS
MIPOBUPYCOM.

Takum obpazom, uH(pUIUpPOBaHNE opraHusma
pETpOBUpYCAaMU — 3TO CBOEr0 poja €CTECTBEHHO-IPUPOIHBIN
MEXaHU3M T€HEeTHYEeCKOU MOIU(UKAIINY KIIETKH.

PetpoBupychl OTHOCHTENBHO O€3BpEIHBI JUIsl 4eloBeKa,
uckmouasi, koHeuHo, BUY u T-num¢porponHsie BHUPYCHI
yenoBeka. Hambonee yacto B KauecTBE BEKTOpA MPUMEHSIOT

BUpYC Jelikemun Mblmeid. [Ipu pazpaboTke BEKTOpPOB M3 UX
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COCTaBa IOJIHOCTbIO MCKJIKOYAIOT I'€Hbl, KOAUPYIOIIUE CHUHTE3
MPOIYKTOB, OOeCIeYnBaONMX penpoaykiuo. Koaupyromas
€MKOCTh TPAaHCI€HOB B COCTaBE PETPOBUPYCHBIX BEKTOPOB HE
npesbiaeT 8000 map HyKJICOTHIOB.

OcHoBHble npeumyiiecTBa npumenenus: PHK-BupycHbix
BEKTOPOB —  J(QQEKTUBHAs JOCTaBKa T'€HETHYECKOTO
Marepuaga B KIETKH, MOJJEpXKKa  JIOJITOBPEMEHHOU
9KCIPECCHMM W TPAaHCAYKUUS  HEAENSAIIMXCA  KJIETOK
(6onbmmHcTBO PHK-BEeKTOpOB HECOCOOHO K A(PPEKTUBHOMY
MIEPEHOCY TPAHCTEHOB B MOKOSIIMECS KIETKH).

Bexmopwt na ocnoee /[HK-cenommubix upycos

Bekropel, co3manneie Ha ocHoBe JIHK-Bupycos,
obmamaroT OonpImUMHU pazMepamu 1o cpaBHeHuto ¢ PHK-
BHUpyCaMH M TOATOMY MOryT BMemarth ¢parmentsl JJHK
(Tpancrensl) pmuHoM 10 35 000 map oCHOBaHUM.

C Touku 3peHusi mnepeHoca uyyxkepogHoro JIHK B
OpraHu3M pElUIHEeHTa YI0OHBIMU OKa3aJluCh TaK Ha3bIBacMble
"yennounvle 6ekmopul", COCOOHBIE PEIUIMLUPOBATHCA Kak B
KJIETKaxX >KMBOTHBIX, TaK U B KJIeTKax Oakrepuil. x momyydaror,
cluiMBasi JApYyr C JpyroM OOJblliM€ CErMEHThl BHPYCOB
KUBOTHBIX M Oaktepuit (Hampumep, SV40 u pBR322) Taxk,
yTOOBl palOHBI, OTBETCTBeHHBbIC 3a permkanuio JIHK,
OCTAJIUCh ~ HE3aTPOHYTBIMM. OJTO TMO3BOJISIET IPOBOJUTH
OCHOBHBIE OIlEpallMd 10 KOHCTPYHPOBAHHMIO BEKTOpa B
OaKkTepuanbHOM KJIETKE, a 3aTemM MOJTYYEHHYIO
pexomOunanTtHyro JIHK wucnonb3oBath Ansi KIOHUPOBAHHS
T€HOB B )KUBOTHOM KIIETKE.

Ceepxvémkue ekmopul
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HccnenoBanue reHoB B XpOMOCOMaxX BBICIIUX PACTEHMH,
KUBOTHBIX M YEJIOBEKA MOTPEOOBAIO CO3JaHUSI BEKTOPOB IS
kioHupoBanus ¢parmenToB JJHK mimmHOM B HECKOJIBKO COTEH
TBHICSIY IIap OCHOBaHUI. DTUM TpeOOBaHUSAM OTBEYAET CUCTEMA
JUIsl KIIOHHPOBaHUs CBEpXUIMHHBIX Mousiekyn /JJHK nHa ocHoBe
UCKYCCTBEHHO TOJYYEHHOU MUHUXPOMOCOMbBI OpOXMCIHCEU -
YAC  (yeast artificial ~ chromosome).  YAC-BekTop
npencraBiasier  coboi  kosbueByro  mousekyny  JHK,
COJIEp)KALyI0 s TEHETHUYECKUX 3JIEMEHTOB, KOTOpBIE
MO3BOJISIFOT €M CYIECTBOBAaTh BO BHEXPOMOCOMHOM COCTOSTHUU
B KIETKax Jpoxoked. B Takom BekTope ymaBajioch
OCYyILECTBIATh KioHupoBanue (parmentoB JHK amunoit no
700 T.1m.H.

Jns  mpeonosieHHs TPYAHOCTEH, BO3HUKAIOUIUX MPHU
UCIOJb30BAHUU HMCKYCCTBEHHBIX XPOMOCOM JIPOXIKEH, ObLIM
CKOHCTPYHPOBAaHBbl ~AJIBTEPHATUBHBIE BEKTOPHBIE CHCTEMBI,
Cpeau KOTOpBIX Haubojee MOMyJISPHBIMHM B HACTOSIIEE BPEMs
SBJIAIOTCSL  CUCTEMBI, OCHOBAaHHBIE HAa  UCKYCCMEEHHbIX
xpomocomax  6axkmepuii — BAC  (bacterial artificial
chromosome).

B Bektopubix cucremax BAC wucnosnb3yercs JIHK
XOPOIIIO M3y4eHHOTro 1moJioBoro ¢akropa (F-dpakropa) E. coli —
TUFAHTCKOM IUIa3MUAbI MYXCKUX OaKTepHaJIbHBIX KIETOK,
KOTOpBIE SBIAIOTCS JoHOpamu OakrepuansHoil JIHK npu
KOHBIOTAIMM C XEHCKUMHU KieTkamMu. Tumuuseiii F-gaxtop
COZIepXKHUT TeHbI OriS, repE, parA u parB, perymupyromue ero
COOCTBEHHYIO PEIUIMKALMI0 U KOHTPOJUPYIOIIHE YHCIO €ro
KONUil B OaKTepHaIbHBIX KIETKaX.

CoBpemennsle BAC-BeKTOpBI MO3BOJISAIOT KIOHUPOBATh
¢parmentsr  JJHK  gnunoit ngo 300 T.a.H. M BbIIIE.
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PexomOuHaHTHBIE MOJIEKYNbl BBOZAATCA B KieTkun E. coli ¢
MOMOINBIO  JJIEKTponopanuu, mnpudeM  3(pdeKTuBHOCTD
obOpazoBanus TpanchopmantoB g0 100 pa3 Beime, yeM mpu
oObryHOK  TpaHchopMammu  CepoIuIacToB  JAPOIOKEH
BekTOopamu cemeiictea YAC.

Becbma CYLIECTBEHHBIM CBOMCTBOM CUCTEMBbI
KIIOHUPOBaHUS, OCHOBAHHOM Ha BekTopax cemelictBa BAC,
SBIISETCd €€ TIeHeTHYecKas cradmibHOCTh.  McxoaHas
CTpyKTypa KioHUpoBaHHBIX (parmentoB JIHK B mpenemax
TOYHOCTH HCIIOJIb30BAaHHBIX METOJIOB COXpAaHSAETCS B TaKUX
BekTopax gaxke mnocie 100  cepuilHBIX  MEPECEeBOB
OaKTEepHAIBHBIX KJIETOK, COJEpXKAIIMX PEKOMOMHAHTHBIE
monekynsl JIHK. Bce BelmenepednciieHHbIE  CBOWMCTBA
nepeBoAsAT BEKTOpoB ceMeiictBa BAC B pa3psn CBEpXbEMKHUX
BEKTOPOB HOBOTO IMOKOJICHHUS.

Crnenytomiasi rpynmna CBEpXbeMKHUX BEKTOPOB - 8eKMOpPbl
cemeticmeéa PAC (P1- derived artificial chromosome), koTopsie
IIMPOKO HCHONB3YIOTCA B COBPEMEHHBIX HCCIIEIOBAHUSX.
Bekropsl 310l cepum coaepxkar TeHbl Oaktepuodara P-1,
ofecrieunBaroIfe PEIUIMKAUI0  (aroBoil XpOMOCOMBI B
3apa)KeHHBIX OaKTepuadbHbIX KileTkaX. PekomOunanTHeie JJHK
Ha uX ocHOBe (pasmep BcraBku 150-200 T.1.H.) BBOIATCSA B
OakTepuaNbHbIE KJIETKH C TOMOIIBIO  AIEKTPOIOPAIHH.
OtnuuutenbHas ocobenHoctb ¢ara P-1 B TOoM, uTO
MOJIEP)KUBAET XPOMOCOMY B IMTOIUIa3Me OaKTepUalbHbIX
KJIETOK B BUJE KOJIbIIEBON KOBaJIEHTHO-3aMKHYTOW MOJIEKYJIBI,
HallOMHMHAIOIIEH IUIa3MUAy, pasMep KoTopoil cocrasisger 100
T.I.H. Pa3mep peminkoHa, KOTOpeI crnocoOeH obecreunBaTh
peruMKanuo XxpoMocoMsl P-1 cocrasnser Beero 1,5 T.11.H.
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Hckycecmeennvie xpomocomst scusomuvix (MAC - Mam-
malian artificial chromosome) u ueroéexa (HAC — Human arti-
ficial chromosome).

Crpareruss koHctpyupoBanuss MAC ocHoBaHa Ha
MOCIIEIOBATEIbHOM YKOPAYMBAaHUH TMPHPOTHBIX XPOMOCOM C
COXpAaHEHHEM HX SJIEMEHTOB, 00ECIICUMBAIONINX PEIUIUKALIUIO
Y MHTOTHYECKYIO CETperanuio. JTa Tpymia MeTOJ0B N3BECTHA
Kak  (parMeHTamuMs  XpOMOCOM, C  HCIIOJIb30BaHUEM
TEJIOMEPHBIX nocienoBareiabHocTeil  (telomere-associated
chromosome fragmentation — TACF) wiu ykopaduBaHue c
nmomoInpio Tenomep (telomere directed truncation — TDT).
Merton oCHOBaH Ha TOMOJIOTUYHOM PEKOMOMHAIIMU MEXITY
BektopoM (YAC) u  yKkopaumBaeMoil XpoMOCOMOH, B
pe3ynbTaTe KOTOPOW MPOMCXOIUT 3aMEHa OOJBIICH YacTh
MOCJIeI0BaTeIbHOCTEN iey XpOMOCOMBI Ha
MOCJIEIOBATEILHOCTH BEKTOPA.

[Ipu KOHCTPYUPOBAHUU MAC HMCKYCCTBEHHYIO
MUHHUXPOMOCOMY coOuparoT u3 OT/IEIbHBIX
MOCJIEIOBATEILHOCTEH, COOTBETCTBYIOLIUX TeroMepam,
LEHTpOMEpaM M O0JIaCTSAM Hayalla PEeIUIMKAlMM TPUPOTHBIX
XpOMOCOM, C  KOTOPBIMH  OOBEAMHAIOT  TpeOyemyro
pexomOunantHyro JIHK. Temnomepnble mnocaenoBaTENbHOCTH
KUBOTHBIX TPEICTABIAIOT COOOI TaHAEMHO MOBTOPSIOLIHECS
nocinenoBarensHocTd Buaa (TTAGGG)n , xotopsle, Oymyuu
O0OBbEIMHEHHBIMM B TOBTOpPHl JUIMHOW oOkono 1 T.LH.,
3pPeKTUBHO QYHKIMOHUPYIOT B KJIETKAX YeOBEKa.

Koncmpyuposanue pexombunanmnoix JJHK
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[Tox pexkomOuHanTHEIME TOHUMAatOT JIHK, oO6pa3zoBaHHbIC
oObenuHeHHeM in vitro aByx winu Oonee ¢parmento JIHK,
BBIJICJIEHHBIX U3 PA3JIMYHBIX OMOJIOTUYECKUX HCTOUYHUKOB.

Kak wu3BectHo, ¢parmentsr JIHK, B TOM umcie u
(bparMeHTsl coAep)Kallfe TeHbl, MOJY4aloT B OCHOBHOM C
HCII0JIb30BaHUEM pPECTpUKTA3. Pectpuxrassl MOTYT
00pa30BbIBaTh (PparMeHTHl KakK C TYNBbIMU, TaK U C JUIKUMU
koHuamu. CmmBka ¢parmenroB JIHK Bo3MokHa Tpemst
OCHOBHBIMHM METOJIaMH, 3aBHUCSIIUMHU OT TOTO, KaKM€ KOHIIbI
uMmerot (pparmenTsl cumBaembix JJHK:

- CIIMBKA 0 OJHOMMEHHBIM "TUTKUM" KOHIIaM (PECTPUKTA3HO
JIUTa3HbIA METON);

- CIIMBKA 10 "TyNbIM" KOHIIAM (KOHHEKTOPHBIN METON);

- CLIMBKA ()parMEeHTOB C pa3HOUMEHHBIMH JIMIIKMMU KOHI[AMH.

Cwuska no oonoumenuvim "munkum" konuam
(pecmpukmasHo auea3uslii Memoo)

OTOT METOJ SBISETCA CaMblM PacHpOCTPAaHEHHBIM H
nonyJspHeiM. BrepBele stuM cmocobom rubpumnas JIHK
ob11a mostyaena C. Kosnom B 1973 roay. Cyth MeTOZ1a COCTOUT
B CIIEAYIOILIEM:

1. Pectpukrasoit kiacca Il pa3pesator monekyny JJHK na
(bparMeHThI ¢ TUNKUMH (KOMIUJIEMEHTaPHBIMHU ) KOHIIAMHU.

2. IIpenapatst Pa3MTAYHBIX MOJIEKYJI JHK,
TUAPOIU30BAHHBIX OJHOM M TOW K€  PECTPUKTA30H,
CMEIIMBAIOT U JUMKUE KOHIIBI Pa3HbIX (Ppakiuii COeTUHSIIOTCS
BOJIOPOJHBIMHM CBSI3SIMM 10 MPUHLHIY KOMILIEMEHTAPHOCTH
A30THUCTBIX OCHOBAHU.

3. C nomompro JIHK-naurassl npoucxoauT KOBalIEHTHOE
cszbiBanue (parmentoB JIHK. Ilo Takoii cxeme Moryr ObITh
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COC/IMHEHBI KOBAJICHTHO IN VItro aa u Oojee (parMeHTOB,
MOJIYYCHHBIX IpH rujgposaunse mouekyibsl JJHK ogHoM u To# xke
PECTPUKTA301.

OHK

| e T e By

Hind IO

Hind ITT

nurasa

— L .

Puc. 18. Cxema pecTpHKTa3HO-IUTa3HOI0 METO/Ia

Cuwuexa no "mynwvim" Konyam (KOHHEKMOPHbLL Memoo)
Jlunkue KOHIBI He aOCONIOTHO HEOOXOIUMBI st
cesa3biBanus ¢parmenToB JIHK. Tymbple KOHIBI TakkKe MOTYT
ObITh coenmHeHbl 3a cuer aericrBus JIHK-murasel. OgHako, B
3TOM CJy4ae peakiys JIMTUPOBAHUS UMEET CBOM 0COOEHHOCTHU
u ee dPPEeKTUBHOCTh HUXKE, YEeM MpPU CUIUBKE IO JUIKUM
KoHIIaM. BriepBble Takue >KCHEPUMEHTHI ObLIIM BBIMOJIHEHBI B
1972 romy IlL.beprom B Crendopackom yHuBepcurere. B
JAHHOW TEXHOJIOTHUHU HCIONIB3YIOT (pepMeHT - TpaHcdepasy u3
TUMycCa TEJeHKa, KOTopas MPUCOEAMHSAET HYKIEOTHAb K 3' -
konnmam 1eneir JHK. Ecmm k 3'-koHmam ogHOro U3
pexoMOuHMpyembIX in vitro ¢parmentoB JIHK noctpouts
onHorenioyeunble  onuro  (dA)-cerMeHTHI — ONpeAeTeHHOM
JUIMHBI, @ K KoHUam japyroro ¢parmenra — omauro (dT)-
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CErMEHTBhl IIPUMEPHO TAKOW K€ JUIMHBI, TO INPU CMEIICHUH
MOJIydEeHHBIX TakUM 0O0Opa3oM (parMeHTOB MPOUCXOIUT
criapuBaHue (PparMeHTOB IO MPUHIUITY KOMIUIEMEHTAPHOCTH.

Coeaauenne apvy fiparsentos JHE
RORHCKTORHSIM METOLI0M
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Puc.19. Cxema KOHHEKTOPHOTO METOAA.

[Tockompky, TakuM oO0Opa3oM MOXHO (opMHUPOBATH
JOCTaTOYHO JUIMHHBIE B3aMMOKOMIIJIEMEHTapHbIE
OJIHOIIETIOYEYHbIE KOHIIbI, THOPUAHBIE MOJIEKYIBI 00pa3yrOTCs
C BBICOKOH 3(dexTuBHOCTBIO. [lo3TOMY mpU KIOHHMPOBAHUU
JAHK-xonuit  matpuunbix PHK, koTopsie J0CTynmHbI B
OTPAaHMYEHHBIX KOJMYECTBAX, 4Yalle BCEro HCIOJB3YIOT
KOHHEKTOPHBII METOJI.

OaHMM U3 OCHOBHBIX HEJIOCTAaTKOB METOJa SIBIISETCS TO,
yto BcTpauBaemele yuacTku AAAAA u TTTTT moryr BiusThH
Ha (QYHKIIMM COEIMHAEMBIX MOJIEKYJ U MO3TOMY BCerja, Korjaa
TOJIBKO BO3MOJKHO, JUIS MOJTy4eHHUs peKOMOMHAHTHBIX MOJIEKYII
JIHK monb3yroTcst JTUOKUMHU KOHLIAMH, 00pa30BaBIIMMMCS B
pe3yibpTaTe NeHCTBUS PECTPUKTA3.
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Cwuexa ppazcmenmos ¢ pazHouMeHHbIMU
JUNKUMU KOHYAMU

B curyanum, korga HEOOXOAWMO CIIUTH (parMeHTHI,
o0pa3oBaHHbIE pa3HbIMU SHAOHYKJI€A3aMH PECTPUKIUH, H
HMMEIOIIUE pa3Hble, TO €CThb HEKOMIUIEMEHTapHbIE APYT JIPYry
JIMIKUE KOHIIbI, MPUMEHSIOT TaK Ha3bIBAaEMbI€ JIMHKEPHI (MU
"mepexoaHUKH"). JInHKkepbl - 3TO XUMUYECKU
CUHTE3UPOBAHHBIE  OJIMTOHYKJICOTUIbI,  IPEICTABIISIONINE
co00i1 caliThl peCTPUKIIMK WM UX KoMOuHanuio. BriepBbie 3Ty
unerwo npemnoxun Ilemnep ¢ corpynHukamu B 1977 rony.
CymiectByroT OonpIne Ha0OPbI TAKUX TE€HHBIX
"nmepexoHUKOB". ECTECTBEHHO, YTO MNpPHU HCIOJIb30BAHUU
JIMHKEPOB JIOJIKHA YYUTHIBATHCSI HEOOXOAUMOCTh COOIIOICHUS
MpaBWJI JKCIPECCHH TEeHETHYecKor wuHpopMamuu. Yacto B
CepeMHy JMHKEpa IOMEMIAIOT KaKOW-THO0 pPeryiIsiTOpHBII
TEHETUYECKUN DIIEMEHT, HallpuMep, MPOMOTOP WM YYacToK,
CBS3aHHBIH ¢ pubocoMoii. B »TOM ciydae JHHKEpHI
obecrieunBarOT HE TOJbKO OObEIUHEHHWE TEHOB, HO U
oOycnaBiauBalOT UX J3kcnpeccuto. CylecTBYIOT JIMHKEPHI
"Tyrou KOHell - JTUIKUI KoHel'".

[Ipn HEOOXOIMMOCTH JTUIKHE KOHIIBI MOXHO MPEBPATUTH
B Tymble. OTO JOCTUraeTcss IMOO OTIICIUICHHEM JUIKUX
KOHIIOB C MOMOIIbI0 epMeHTa - dHAOHYKIea3bl S1, koTopas
paspymaer Toibko opnouenoueuynyro JIHK, mubo nunkue
KOHIIBI "3acTpanBatoT”, To ecTh ¢ noMobto JJHK-nommepasbt
I Ha OJHOHMTEBBIX JMNKHX KOHLAX CHHTE3UPYIOT BTOPYIO
HUTB.
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JInnkepraa
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Puc.20. CumBka ¢hparMeHTOB ¢ Pa3sHOMMEHHBIMH JIUIIKUMH
KOHI[aMH

[Tocne MOJTyYEHUSI BEKTOPHOM KOHCTPYKIIMH
HCCIIEIOBATENI0 HE0OX0MMO 00ECIeUUTh «JIOCTaBKY» I'eHa B
COCTaBe BEKTOpa B FT€HOM KJIETKHU.

Bseoenue pexombunanmuvlx MoaeKyn 8 Kiemxu.

[Ipomecc moromeHuss KISTKONW opraHu3Ma CBOOOTIHOM
mosekynbl JIHK nau e€ yuactka u3 cpenbl U BCTpanBaHUsA €€ B
TE€HOM, T.€. TeHETHYeCKass MOIU(UKAIUS KIICTKH, Ha3bIBACTCS —
Tpanchopmaiusa. B mpupome MUPOKO  pacmpocTpaHEHBI
€CTECTBEHHBIC CMOCOOBI TpaHCHOpMAIMM T'€HOMa KIIETKH,
HarpuMmep:

- TpaHCAyKUUs — nepenoc 6akrepuanbHoit JIHK u3 ogHoit
KJIETKH B JIPYyryto OakTepuodaramu;

- KOHBIOTAIMs — OJHOHANPABIECHHBI MEPEHOC YacTH
TEHETUYECKOT0 Marepuaia MpU HEMOCPEICTBEHHOM KOHTAaKTe
JIBYX OaKTepUAIbHBIX KIIETOK;

106



- TpaHCIO3ULHUA — IEPEMEUICHUE OIpPEAEICHHBIX
TFEHETUUYECKUX 3JIEMEHTOB (TPAHCIIO30HOB) U3 OJIHOTO MECTa Ha
XpOMOCOME B JIPYIO€.

Beenenue xxe pexombunantaoun JJHK B kieTky xo3simHa
MPOBOJUTCS  pA3IUMYHBIMU  METoJamu,  00JaJaroliUMHU
paznuaHoi 3 dekTuBHOCTRIO. Kakplii U3 METOJ0B JIOCTaBKH
gyxkeponHoit JIHK B kieTku ummeer CBOM OCOOEHHOCTH,
MPEUMYIIECTBA U HEJAOCTATKA B OTHOIIEHWU BBIKMBAEMOCTH
KIEeTOK, d3((QEKTUBHOCTU  BBEICHHS, YHHBEPCAIbHOCTH,
BO3MOXHOCTEH TEXHHYECKOTO  OCyIIecTBIeHHs. Brioop
MeTo/Ja 3aBUCUT OT THUINA KJIETOK-XO35ieB M  THMa
HCIOJIb30BAaHHOTO  BEKTOpa, a Takke OT  JIMYHBIX
NPEANOYTEeHU W BO3MOXKHOCTEM  AKCIEPUMEHTATOPA.
HauGosee yacTo ucnonb3yroTes cleayiomne MeTo bl

1. Mukpounvekyus. Ilpm nomomM  TOHYANIIEH
CTEKJISIHHOW TPYOOUYKM M MUKPOMAHHUITYJSATOPA B SIAPO KIETKH
MOXHO BBecTH BekTOpHyro JIHK ¢ BkiIloueHHBIM B Hee
tpancrenoMm. Yucmo wmonexkyn JIHK, BBoaumbIXx 3a OAHY
HHBEKIIUIO, MOKET cocTaBysATh oT 100 mo 300 000.

2. Onexmponopayusa. Ilon nedcTBUEM HUMMYJIbCOB
ANIEKTPUYECKOTO TOKa BBICOKOTO HAMpSOHKEHHS 0OpaTUMO
yBEJIIMYMBAETCS TMPOHMIIAEMOCTh MeMOpaH. B pesynbrare,
yepe3 oOpasytomuecss B MemOpaHe wukpornopsl, JHK wu3
OKpYXaoLlel cpeibl IPOHUKAET B KIETKY.

3. Tpancgexyua. Bexrop 00paOaTbIBalOT HOHAMHU
KaJIbLIUSl 1 HAaHOKOMIUIEKCHl MOHOB M BEKTOpPAa NPOHUKAKOT B
KJIETKYy TIIyTéM NHUHOIMTO3a. MeTon MNpUMEHSIOT IS
BHE/IPEHUS TPAHCTE€HOB B DYKAPUOTUYECKUE KIIETKH.

4. Vnaxosxa 6 nunocomwl. Jlunocombel — cdepuueckue
oOpa3oBaHUs, TOKPHITEIE (ochomunuaaMu | CoAepIKallue
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BHYTPH BEKTOp, CHOCOOHBIE NMPOHUKATh B KJIETKY BCIIEJCTBHE
UX paCTBOPEHUS B JIMINJIAX IJ1a3MaIEMMBI.

5. Bombapouposanue mukpoyacmuyamu. ITO OAUH W3
cambIX 3(()EKTUBHBIX METOJOB TpaHCPOPMALUU PACTCHUH.
JUia BHeJpeHus HCHOJb3YIOT HE3PEJble 3apOJbIIIN CEMSH,
KOTOpBIE OOMOApAMPYIOT YacTUIIAMH 30JI0Ta WM BOJb(pama,
Ha KOTOpbIE HAHOCHUTCS TIOKPBITHE W3 BEKTOpa. OTHUMHU
YaCcTULIAMHU 3apsDKAIOT «T€HHbIE MYIIKW», TOCIE BBICTPEIOB U3
KOTOPBIX YacTUIBl TPOHMKAIOT B KieTku. Kietkn B
HaIpaBJICHUH BBICTpEJIa Yallle BCEro MOHYT, B TO BpeMs KakK B
3oH¢ 0,6-lcM oOT T1IeHTpa HaAXOJATCA Hamboiee yaavyHO
TpaHc(OPMUPOBAHHBIE KIETKH. YacTHIBI MOTYT IPOHUKATh Ha
rIIyOuHY 2-3 KJIETOYHBIX CJI0€B. Y IUBUTEIBHYIO MO IPOCTOTE U
JICIIEBU3HE KOHCTPYKLHIO «TE€HHOM MYIIKU» MPEATIOKUI
oTeuecTBeHHBIN yueHblid P.K. Canaes.

6. Ungexyus eupycom. Meton SBASETCS TPUPOIHO-
MH(MEKIIUOHHBIM  CIIOCOOOM  3apakeHHs]  KJIETKH-XO3iHHA.
OcHoBaH Ha OCOOEHHOCTSIX MeEXaHU3Ma pPa3MHOKEHUs
PETPOBHUPYCOB.

B 3akmioyeHnun nOpoBOAAT HJIEHTHU(UKALUIO KIETOK,
coaepxamux pekomouHanTHyro JIHK, m ux otbop wim
CeJIeKIIMI0. B OCHOBHOM OCYIIECTBISIETCS Ha CEJIEKTUBHOM
cpele Mo MapKepHbIM TeHam. Hambosiee mHMpOKO B KauyecTBe
MapKepa UCIOJIb3YIOTCS TeHbl YCTOMYMBOCTH K aHTHOUOTHKAM.
Ecnu B BEKTOPHOU MOJIEKYJIE COAEPKUTCS TEH YCTOMUUBOCTH K
KaKoMy-JI100 aHTUOMOTHUKY TO COOTBETCTBEHHO
TpaHC(OPMUPOBAHHbBIE KJIETKU OyIyT YCTOWYMBBI TOJIBKO K
3TOMY aHTHUOMOTUKY. [To 3TOMY npH3HaKy UX OTOMPAIOT.

7. I'eHHOMH KEeHEePHbIE NIPOAYKTBI.
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PexoMOMHAHTHBIN ITaMM MHKPOOpraHH3Ma B Mpoliecce
KYJIbTUBUPOBAaHUSl CHUHTE3UPYET HE CBOMICTBEHHBIH €My
MIPOJIYKT, KOJAWPYEMBI BCTPOEHHBIM 4YY)KEpPOJHBIM TI'eHOM. B
HACTOSIIIIEE BpEMsI IOJYYEHbl COTHU PEKOMOMHAHTHBIX
ITAMMOB ~ OaKkTepHWil, JPOXKEH, BUPYCOB, CIIOCOOHBIX
[IPOJyLIPOBaTh Pa3HOOOpa3Hble OHOJIOTUYECKH AKTHBHBIE
BEILECTBA: AHTUIEHBI, aHTUTeNa, (EPMEHTH, TOPMOHBI,
HMMYHOMOAYNIATOpPsl U Ap. Pa3paboTaHbl  TeXHOJIOTHU
MOJIyYE€HUSI COTE€H MEIUIMHCKUX IIPEernapaToB Ha OCHOBE
TeHeTUYECKON HWH)XXEeHEepHUH. MHOTHe M3 HUX BHEJIPEHbl B
MPAKTUKY U HIUPOKO MPUMEHSIOTCS B MEIULIMHE. DTO TOPMOHBI
(MHCYIIMH ¥ COMATOTpPOIIHH), AHTUKOAryJasHTBl |
TPOMOOJIUTHKY (TKaHEBOM aKTUBATOP IIa3MUHOTEHA, (haKTOPbI
VIII u IX), BakiuHb! («IpoxoKeBas BaKIMHA MPOTUB T'enaTUTa
B), ummyHOMOIynsaTopsl (MHTEpPEpOHBI W HMHTEPJICHKUHBI)
dbepmenTsl (ypeasa), auarHoctuueckue mpemaparbl (Ha BIY-
nH(pEK1NI0, HAa BUPYCHbIE T'eMaTUThHI U JIP.), MOHOKJIOHAIbHbBIE
aHTHUTea, KOJIOHUECTUMYJIUPYIOIINE bakTopbI
(MakpodaranbHbIi, TPaHYJIOLUTAPHBIN U JIp.), a TAKXKE MHOTHE
OMOJIOTUYECKU aKTUBHbBIE TIEHTH/IBI.

[IpumeHeHre METOJOB T'€HETHYECKONH WH)XXEHEPUH B
O6uoTrexHosoruu Beeraa 3h(eKTUBHO, KOT/1a HY>KHOE BEIeCTBO
HEBO3MOXXHO TMOJYYUTh JAPYTUM CHOCOOOM U Korja Tpelyercs
0€30MacHOCTh JUIA 4YelOBeKa M  OKPY)KAIoMIeH  Cpelbl.
Hanmpumep, aHTUTeHBI JA7S CO3JaHUS BAaKIMH IPOTUB
HEKYJIbTUBHPYEMBIX MUKPOOPTaHU3MOB (TJ1a3MOJIUN MalIIpUH,
BO3OyauTeNnb  cuduiauca) MOXKHO — TMOJYYUTH  TOJBKO
T€HHOUHXEHEPHBIM CIIOCOOOM. I'eHHOMH)KEHEPHBII
UHTEp(PEPOH MPEBOCXOJUT IO AKTUBHOCTH HUHTEpPEpOH,
MIOJIyYEHHBIM U3 JIEMKOIMTOB KPOBH, U 3HAYUTEIBHO JICLIEBIIE
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nocieanero. IlpuroToBiieHne mnpenapaToB U3 AHTUTECHOB
Bo30OymuTeneld 0co0o omacHbIX HMH(DEKHu (dyma, Xojepa)
MOXHO 3aMEHHTh OHOCHHTE30M UX PEKOMOWHAHTHBIMU
ITaMMaMH HETIATOT€HHBIX OAKTEpHil.

MeTtonbl T€HETHYECKOW HMHKEHEPUU  HAXOHIIT  BCE
OoJsplliee TMpPUMEHEHHWE B  OHOJOTHM, B MEIUIUHE U
BETEpUHApUHU, 3a HUM Oousblioe Oyaymiee. OTOT METOJ
MO3BOJISIET TOJy4aTh HOBBbIE A(PQPEKTUBHBIE JIEKApPCTBEHHbIE
npenaparsl, MPUHIUMIIAAILHO HOBBIE TMOJMBAJICHTHBIC YKUBHIC
(BEKTOpHBIC) BaKIIMHBI, PETYISATOPHBIE OCJIKH, OCYIIECTBISATH
TE€HOIMATHOCTUKY ¥ T€HOTEPAIHIO.

buonnxenepHoe HarpaBiieHUE CETOMHS SBJISICTCS OJTHUM
W3  CcaMbIX  TIEPCHEKTUBHBIX B  OOJACTH  CO3/JIaHHS
BBICOKOA(D(PEKTUBHBIX  JIEKApCTB,  BO3JCUCTBYIOIIMX  Ha
OpraHM3M HaMHOTO TouyHee H  3p(deKTuBHEE, YeM
TPaJUIMOHHbIE XUMHYECKHE CpEeICTBa. YK€  CEroJHs
CKOHCTPYHPOBAHBI JICKAPCTBA, CIIOCOOHBIE OOPOTHCS C TAKUMH
paHee HeusyneunmbiMu Henyramu, kak CIIAJI, remaTuTsl,
paccesiHHBIN CKIIepo3, 001e3Hbp AnbIreiimepa, u ap. Exxeroano
B mupe mnpojmaercs Oosee yem Ha 30 mapa. gomn. CIIA
MIpernapaToB, MOJIY4E€HHBIX IPU MOMOIIY T€HHOM WHKEHEPUH.

B 3aBucumocTy 0T GHMOJIOTHYECKOTO JeHCTBUS
HATypaJIbHBIX TPOTOTUIIOB PEKOMOWHAHTHBIX MPENapaToB
MOXKHO Pa3/IeJUTh Ha CIEAYIOIINE OCHOBHBIC IPYIIIbIL:

1. IuTOKHMHBI:
a) UnTepdeponst
6) UnTeprneiikuHbl
B) @aKkTOpHI pocTa KIETOK KOCTHOTO MO3Ta!
2.I'opMOHBI
3.DakTophI CBEPTHIBAaHUS KPOBU
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4.depMeHTHI
5. BakuuHbl

bnu3ko K peKOMOWHAHTHBIM TIpenapaTaMm IO METOIY
MOJIyYCHHUSI M TI0 XapaKTepy OMOJOTHYECKOTO ACHCTBHS CTOST
TaK)kKe MOHOKJIOHAJIbHBIC aHTUTEJIA.

HuTOKHUHEI MPEICTABISIOT coboit rpymnmny
TOJTUTIETITH AHBIX MeINaToOpPOB, Y4aCTBYIOIIHX B
(GOpPMUPOBAHUM W PETYISALUHU 3aIIUTHBIX PEAKIUi OpraHu3Ma.
W3BectHo  Oomee 100  WMHOMBUAYaJbHBIX  BELIECTB,
OTHOCSIITNXCS K CEeMEUCTBY IUTOKWHOB. [ €HBI OOJBITMHCTBA
UTOKWHOB KJIOHUPOBAHBI M TIOJTYYEHBI pPEKOMOWHAHTHEIC
aHAaJIOTH, TIOJTHOCTHIO TIOBTOPSIONINE OMOJIOTHYECKHE CBOWCTBA
MPUPOJTHBIX MOJIEKYJA. MHOTHE W3 HHX TPUMEHSIOTCS B
MEULUHE.

HNutepdeponsr -  3amuTHBIE  BelecTBa  OEIKOBOM
IPUPOJBI, KOTOpBIE BhIPAOATHIBAIOTCS KJIETKAaMU B OTBET Ha
IIPOHUKHOBEHUE BUPYCOB. BblaeneHo tpu tuna uHTEp(HEpoHOB
yenoBeka: anb(da- Oeta- u ramma. MHTEphEpOHBI TPOSBIISIIOT
CBOE JEHCTBHE, CBS3BIBAACH B KIETKaX OpraHu3Ma co
crieln(pUYECKUMHU peLenTopaMu, 4YTo B CBOIO O4Yepe/ib BEAET K
CHHTE3y KJIETKaMU OKOJIO TPUALATH IPOTEMHOB, Oxaronaps
KOTOPBIM U PEaJU3yIOTCsl OCHOBHBIE 3(P(eKThl HHTEP(HEPOHOB,
a  HMEHHO:  IPOTHUBOBUPYCHBIH,  IPOTHUBOMHKPOOHBIH,
IIPOTHBOOITYX0JIEBBIH, UMMYHOMOAYIUPYIOIUI U Ap.

PexoMOMHaHTHBIM ~ o-uMHTEp)EepoH  ObLT  MEPBBIM
IpernapaToM, MOJYYEHHBIM T'€HHO-MHXEHEPHbIM METOJIOM B
CIIA B 1984 r. B Poccun n3 pekOMOMHAHTHBIX INpenapaToB
UMEHHO  MHTepdepoHbl  HAIM  Haubojiee  LIMPOKOE
npuMeHenue. IlpenapaTsl HMHTEp()EPOHOB NPUMEHSIOTCS B
MEPBYIO OuYepe/b MPU BUPYCHBIX MH(MEKIUAX, CPeIU KOTOPBIX
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Hanboyiee W3Y4YEHBl OCTpble W XPOHUYECKHUE BHUPYCHBIC
renaTuThl, reprerndeckue nopaxenus, rpunm, OPBU u np.

WHTepnelikuHbl - OHOJOTMYECKH AaKTHUBHBIE BEILECTBA,
BBIPa0aTHIBAIOIIUECS JIefKouuTaMu u ABJIAIOIIKECS
MOCPEJHUKAMU B MEXKKIETOUHBIX  B3aUMOJICHCTBUSX.
WHTepneikuHbl SBISIIOTCS IJIaBHBIMUA YYaCTHUKaMU Pa3BUTHS
MMMYHHOIO OTBE€Ta Ha BHEJIPEHHE MHKPOOPraHU3MOB,
(hopMHUpOBaHMSI BOCTIAIUTENBHON PEAKIMH, OCYLIECTBICHUS
MIPOTHUBOOITYX0JIEBOTO UMMYHHTETA U Jp. B obmactu cunrtesa
uHTEepIeHknHoB y Poccun ecth cyliecTBEHHBIE JOCTHKEHHUS.
OcBOEH BBINTYCK HECKOJIBKUX PEKOMOMHAHTHBIX MPENapaToB Ha
ocHOBe mHTepieiikuHa-1 genoseka (MJI-1) u uHTepnelikuna-2
yesnoseka (MJI-2).

Opno w3 rmaBHBIX cBoiictB MJI-1, 3akimrouaeTcs B €ro
CIIOCOOHOCTH OJHOBPEMEHHO CTHUMYJIUPOBaTh (DYHKIUH U
YBEIIMUMBATh YUCIO JIEHKOIUTOB. OCHOBHBIM IOKa3aHHUEM K
MPUMEHCHHUIO SBJISIETCS TOKcHWueckas Jedkomenus [1-1V
CTENEHH, BO3HMKAIOIIAs Ha (PoOHE XMMHO- U pajuOTEepanuu
3J1I0Kau€CTBEHHBIX OIlyXOJIeH. B Ka4yecTBe
UMMYHOCTUMYJATOPAa  MCHOJIb3YeTCs A YCTpaHEHHus
UMMYHOJICIIPECCUM  TIOCJI€  TSDKENbIX TpPaBM, OOIIMPHBIX
XUPYPrUYeCKUX BMEIIATENbCTB, a Takke IpU THOMHO-
CeNTUYECKUX M  THOMHO-JIECTPYKTUBHBIX  Ipolieccax,
XPOHUYECKHUX CENTHUECKUX COCTOSIHUAX.

Wntepneiikun-2 (WJI-2), mpoayuupyercs B OpraHusMe
gyenoBeka T-nuMdonuramMu  XeiamepamMM M BBIOJHSET
KIIOYEBYI0 pOJIb B IpOLlECCE WHMIMALMNA W Pa3BUTHSA
uMMyHHOro oTBerta. Ilpenmapar crumynupyer nponudepannio
T-mumM@ouMTOB, aKTUBUPYET HUX, B pE3ydbTaTe Yero OHHU
CTaHOBSTCS LUTOTOKCUYECKUMH. NJI-2 YCUIIUBAET
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o0pa3oBaHue UMMYHOTJIOOYIUHOB B-KileTkaMu, akTHBHU3UPYET
(GYHKLIMIO MOHOIIUTOB M TKaHEBBIX Makpodaros. B nenom, NJI-
2 obnamgaer MMMYHOMOTYJTHPYIOIIAM NEHCTBUEM,
HamlpaBJICHHBIM Ha YCWJICHHE MPOTUBOOAKTEPUATBHOTO,
MPOTHBOBUPYCHOTO, POTUBOTPHOKOBOTO u
MIPOTHBOOITYX0JIEBOTO KIMMYHHOTO OTBETA.

ExenneBHo B opranusMme deinoBeka oOpa3syercs Oosee
200 MHIITHAPIOB KJIETOK KPOBU. DTOT MPOIIECC HAXOIUTCS TO/T
TOHKHM KOHTPOJIEM pa3IMYHBIX MEXaHW3MOB, OJHUM U3
KOTOPBIX SIBISIETCSI CUCTeMa (PaKTOPOB POCTa KIETOK KOCTHOTO
Mo3ra. ®akTophl pocTa MHEJIOUAHBIX KJIETOK KOCTHOTO MO3Ta B
OpraHu3Me TpPOAYIUPYIOTCS Pa3IMYHBIMA THIIAMH KJIIETOK:
¢ubpobracTamMu, 3HIOTETNAIBHBIMY KJIETKaMH, Makpodaramu,
T-mambormramu. [IBa U3 dYeThIpex pPOCTOBBIX (AKTOPOB B
HACTOSIIEE  BpeMs  MPOU3BOMATCS  T'CHHO-WH)KCHEPHBIM
METOJIOM:

1. Kononunectumynupytomniae GaxkTtopsl - (GakTopsl pocTa
JEHKOLUTAPHOTO  POCTKA  KOCTHOTO  MO3ra, TOPMOHBI
CTUMYJHUpYIOIIHE 00pa30BaHUE MOHOIIMTOB M HEHTPO(DHUIIOB B
KOCTHOM MO3r¢ (TpaMOCTHM, (PHITPACTUM, JICHOTPACTHM).

2. ®akTop pocTa IPUTPOUIHOTO POCTKA KOCTHOTO MO3Ta,
(baKTOpBI HPUTPOTION3A (IPUTPOTIOATHUH HITU SMOTHH).

T'opmoHabHbBIE PEKOMOMHAHTHBIE npenapaThl
MPEJCTaBICHBl B IMEPBYID OdYepelb PEKOMOWHAHTHBIMU
YeoBeuecKUMH HMHcyauHamu. B Poccum 3apeructpupoBaHO
OKOJIO COPOKa PEKOMOMHAHTHBIX UHCYJIHUHOB.

W3 npyrux pekoMOMHAHTHBIX TOPMOHAIBHBIX MPEMapaToB
Ha  POCCHUIICKOM  pBIHKE, KpOME COMaTOTpolMHAa U
(bOJTMKYTOCTUMYIUPYIOIIEro ropMoHa, Poccuiickux aHaJioroB
B HACTOSIIEE BPeMs HeT.
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TkaHeBble aKTUBATOPHl IUIA3MUHOT€HA OTHOCUTCA K
YHCcIy HauboJee MepCIeKTUBHBIX JIEKAPCTBEHHBIX CPEJICTB IS
MPEAOTBPAIICHUS M JICUCHUS MIIEMHYECKUX IOpPAXKEHUH -
nHpapKTa MUOKapJa M HMHCYJIbTa KOPBI TOJOBHOTO MO3Ta.
PexomMOMHaHTHBIE TKaHEBBIE AKTHUBATOPHI  IJIa3MHHOTEHA
MPEACTaBICHbl M JABYMS POCCHUMCKMMHU Ipenaparamu —
mypojlaza M TeMasa, JEHCTBYIOIIUM BEIIECTBOM KOTOPBIX
SBISIETCA  MPOYPOKHHA3a. [IpoypoknHaza  uenoBeka
KaTaJu3upyeT MpeBpalleHue IUIa3MUHOI€Ha B IIJIa3MUH -
CEpUHOBYIO MpOTEa3y, CHOCOOHYIO JIM3UPOBATH (PUOPUHOBBIE
CTYCTKH, W 00JajaeT BBICOKOW CHENU(PUIHOCTHIO NEWCTBUS,
TaK KaK AaKTUBU3HUPYET IUIA3MUHOTEH TMPEUMYIIECTBEHHO B
obmactu Tpomba, UTO CHHXKAET PHCK BO3HUKHOBEHHUS
BO3MOYKHBIX KPOBOTEUEHHUI U T€MOpPpArrid.

Pa3paborana TEXHOJIOTUS MIPOU3BOJICTBA
pPEeKOMOMHAHTHOM cymepokcuaaucMyTasbl. Kak y Hac B cTpane,
Tak 1 3a pybexxoMm mosrydeHa 3(pexkTuBHAs peKOMOMHAHTHAsS
BaKIIMHA NMPOTUB renarura B.

8. 'eHeTH4YecKkasi MH)KEHEPUS PACTEHMIA.

[lepBbie TpaHCreHHBIC pacTeHUs (pacTeHHsi Tabaka Co
BCTPOCHHBIMH T€HAMH M3 MUKPOOPTaHU3MOB) OBbUIM MOTYYEHBI
B 1983 r. Ilocne mpoxoskIeHus BceX HEOOXOMMBIX TECTOB Ha
TOKCUYHOCTh, AJJIEPreHHOCTh, MYTareHHOCTb U T.J. TEpPBbHIE
TpaHCT€HHbIE MPOAYKTHI MOsIBUIKCH B mpoaaxke B CLIIA B 1994
r. OT0 OBUIM TOMATHI C 3aMEJUICHHBIM CO3PEBAHHEM, a TaKkKe
repOuIa-ycToiunBas cosi. B Hacrosiiee BpeMs MOIy4eHHUEM
Y UCHBITAHUEM TEeHETUYECKH MOIU(PHUIIMPOBAHHBIX PACTCHUU
3aHUMAIOTCSI COTHH KOMMEpPYECKHMX (UPM BO BCEM MHUpPE C
COBOKYITHBIM KamHUTalioM 0ojiee cTa MUJUTHAPIOB JIOJIAPOB.
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I'enHo-MH)XEeHEpHAsT OMOTEXHOJOTHS pAacTeHHH Yyxke cTana
BAYKHOM OTpACIbIO MPOU3BOJICTBA MPOJOBOIBCTBUS U JPYIHX
IOJIE3HBIX MTPOYKTOB.

HeiHemnuil stan pa3BUTHS TI'€HETMYECKONM WHXKCHEPUH
pacTeHMil MoJyuyns Ha3BaHuEe 'MeTadojmdecKas WHKEeHepus'.
I'maBHBIM 00pa3omM, 3TO U3-3a TOTO, YTO CTABHUTCS 3ahadyeil HE
CTOJIKO YIYYIIUTh T€ WM HHBIE HMEIOLIMECs] KauecTBa
pacTeHusl, Kak pHU TPAJIULUOHHOMN CEIEKIUHU, HO U «HAYUUTH»
pacTeHue NPOU3BOJAUTH COBEPUICHHO HOBBIE COEIMHEHUS,
UCIOJIb3yeMble B MEIUIIMHE, XMMUYECKOM IMPOU3BOJICTBE U B
Opyrux obnactax. OTHMU COEIUHEHUSIMH MOTYT OBITb,
HampuMmep, OcoOble >KHUPHBIE KHCIOTHI, MOJIE3HbIE OEIKU C
BBICOKMM  COJEp)KaHHEM  HE3aMEHHMbIX  aMUHOKHUCIIOT,
MOAU(UIMPOBAHHBIE TOJIMCAXAPHIbl, CbhEJOOHBIE BAaKIMHBI,
aHTuTeNa, UHTep(EepoHBI U Apyrue "nexkapcTBeHHbIE" OENKH, a
TAK)K€ HOBBIC IIOJMMEPBI, HE 3aCOPAIOIINE OKPYKAIOIIYIO
Cpelly U MHOTO€ IpYyroe.

I'eHHO-MH)KEHEPHBIE METOIBI IO3BOJIIIOT pelarb psif
BAXHBIX 3aJay M0 MOBBIIIEHUIO YCTOHYMBOCTU HOBBIX (GOpM,
JMHUHA, COPTOB U TUOPUIOB CEIIbCKOXO35IHICTBEHHBIX pacTEeHUI
K pa3sIMuYHBIM ~ IIATOre€HaM U COKpAILCHHUIO
IIPOJIOJKUTEIBHOCTH BBIBEJCHHSI HOBBIX COPTOB.

I'enernueckass MH)KEHEpHsl PACTCHM, KaK M B LEJIOM,
TCHHAasT MH)KEHEPUs, COCTOMT W3 CIEAYIOUIMX OCHOBHBIX
JTaroB:

- BBIOOD T'€Ha M €ro KIIOHUPOBAHUE;

- 10/100p F€HOTHIA PACTEHHSI — PELUITUEHTA,

- BBEJICHUE I'€HA U €ro JKCIpeccuss B T€HOME PaCTEHHUs-
PELUIINEHTA;
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- pereHepaiysi TpaHC(HOPMUPOBAHHBIX KJIETOK M OTOOP
TPaHCT€HHBIX PACTCHUIA.

BaxxHpIM IIpeuMyIECTBOM pPAacTEHUM II0 CPAaBHEHUIO C
KUBOTHBIMHU  SIBJIISIETCS  BO3MOXKHOCTH  TIOJYYEHMs] LIE€JIOTO
pacTeHust U3 OJHON KJIETKHU - TOTUIIOTEHTHOCTb.

Tomunomenmuocms (aHri. totipotency) — crocoOHOCTH
KJIETKUA IyTeM JeJIeHUs JaTh Hayauo JiIo0OMYy KIETOYHOMY
Tuny opraHuzMa. CBONCTBO COMAaTHUYECKUX KJIETOK PacTeHHH
MOJIHOCTBIO ~ PEasln30BbIBATh CBOIO HACJIEJICTBEHHYIO
MPOrpaMMy OHTOTE€HETHYECKOI0 Pa3BUTHS MPU OINpPEIETCHHbBIX
YCIIOBUSAX BBIPAIIMBAHUS BIUIOTH O OOpa30BaHUS B3POCIBIX
pacTeHUH U CEMSIH.

OpHolf W3 OCHOBHBIX MpoOJIEeM TMpU  MOIy4YEHUU
TPAaHCT'€HHBIX  pAacTeHUl  sABISETCA  CIOCOO  BBEJCHHUS
YyXKCPOIHBIX T€HOB B  XPOMOCOMBI  DAacT€HUH, T.C.
TpaHchOpMaIHsl PACTUTENBHBIX KIETOK.

I'enernueckass KOHCTPYKLHSA, BBOJUMAs B PACTUTEIIBHYIO
KIIETKY, 0OBIYHO BKJIIOYAET: 0€10K-KOAUPYIOLIYIO
CTPYKTYPHYIO IIOCJIEI0BATEIBHOCTb, CUTHAIBHBIE DJIEMEHTBI
TPAHCISALMU U TPAHCKPUIILIMH, a TAK)KE MAPKEPHBIE TECHBI.

Tpancpopmayus pacmumenvHvix K1emox.

Bectu uyxkepoanyro JHK B pacrenuss MoxHO
pasnuuHbIMU  criocoGamu. [l ABYAOJBHBIX — pacTEHH
CYHIECTBYET €CTECTBEHHBIM BEKTOpP JUIsI TOPHU30HTAIBHOIO
NepeHoca IeHOB - IUIa3MUIbl arpobakrepuil. Uro kacaercs
OJHOJOJIBHBIX, XOTS M B IOCIEIHUE TOJbl JOCTUTHYTBI
OIIPENIETICHHBIE yclexu B ux TpaHchopMaIu
arpoOakTepuallbHBIMU BEKTOpaMH, BCE€ K€ MOJOOHBIM MyTh
TpaHchopMaIK BCTPEYAET CYILIECTBEHHbIE 3aTPYAHEHUS.
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W3BecTHO, YTO HEKOTOPHIE BUIBI MOYBEHHBIX OakTepuit
(Agrobacteria) moryr 3apaxkaTh JBYAOJbHBIC PACTECHHS U
BBI3BaTh IPH 3TOM OOpa30BaHHE CIEHU(PUIECKUX OIMyXOJEH.
OnyxoJieBble KIETKH CUHTE3UPYIOT HEOObIYHBIE Il PACTEHUS
AMUHOKHCIIOTBI — OTMUHBI (ITPOU3BOJIHBIE APTMHHUHA), KOTOPHIE
HCIOJIb3YIOTCSL arpoOakTepUsiMM B KaueCTBE MCTOYHMKA a30Ta
n yraepoma. Takum o0pa3oMm, HpH 3apakKEHUU PaACTEHUN
arpo0akTepusiMi TMPOUCXOTUT TEpPECTpoiika MeTaboau3Ma
TpaHC(OPMUPOBAHHBIX  PACTHTENIBHBIX  KJIETOK W  OHH
HAaYMHAIOT CUHTE3UPOBATh COEIMHEHUS, HEOOXOAUMbIE TOJIBKO
JUTsl OaKTepUid.

B nponiecce Tpancopmanuu KiieTouHasi CTEHKa pacTEHUS
MOBPEXKJIaeTcs MoJ JEHCTBHEM MEKTOIUTUYECKUX (EPMEHTOB
OakTepuii M oOecreuynBaeTCs IUIOTHBIM KOHTAKT OAaKTEpHM C
IJ1a3MajJieMMOM pAaCTUTENBHON KJIETKU. B pe3ynbTaTe 3TOTO
koHTakta JIHK OakTepuii mepeHOCHTCS B pacTHUTEIBHYIO
KIIETKY.

HaubGonee wu3yyeHHbIMM U IIUPOKO MPUMEHIEMbIMU
ABIIAIOTCA 2 Buaa arpobaxrepuii. Ilepseiii - Agrobacterium tu-
mefacienes, Bropoii — Agrobacterium rhizogenes.

A. tumefaciens cmocoOeH HWHAYIIMPOBATh Yy pacTEHUU
oOpa3oBaHue omyxoyied Tuma "KOpoHYAaTroro ramia", dYTo
cBsizaHo ¢ HamuuueM y Hux Ti-rutasmuaer (tumer inducing),
4acTh KOTOPOM BCTPaUBaETCs B XPOMOCOMBI KJIETOK PACTEHUH.

A. rhizogenes - BeI3bIBaeT 3ab0jI€BaHHE, MMEHYEMOE
"GopoJaTblii KOpeHsb", MpH KOTOPOM B 30HE IOBPEXIACHUS
KOpHs o0Opa3yeTcsi Macca HOBBIX KOPEIIKOB M CBSI3aHO 3TO
sBieHue Ri — mnazmuoii (root inducing).

[MogpobHass wuHpopMamust 0  CTPYKType IUIa3MU
Agrobacterium mosyueHa myTeM HX PECTPUKIIMOHHOTO HWJIH
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¢usnveckoro  kaptupoBaHus. [lmasMuasl - KOJIBLEBBIC
monekynsl  JIHK, umHOM  okono 200  T.mLH. B
OaKkTepHalIbHBIX KJIETKaX OHH CHOCOOHBI PEIUTUIIPOBATHCS
ABTOHOMHO.

N3yuas mexaHuzma TpaHC(OpMaluu BBISBIEHO, YTO HU
arpoOaxTepusi, HU TUIa3MH/a caMa HE BXOAUT B PACTHUTEIHHYIO
kieTky. llepeHocuTcss B KIETKY U BCTpamBaeTcsi B TI'E€HOM
TOJNBKO YacTh IUIa3MUABI, KoTopas HaseBaercs T-JHK
(Tpanchopmupyromas [IHK). JInuna — okono 23t1.m.H. Kpome
T-JHK B mmasmMugax wuMeTcs 00J1acTh  KOIUPYIOMIAs
¢yukuuio konwtoranuu (Tra), obmacts pernkanuu (OriV) u
obmacte BupynentHoctu (Vir). IlocnemoBarensHoctn Ti-
mnasmuabl,  Grankupyromme T-JIHK (morpanwynsie  wmum
KOHLIEBbIE 00JIaCTH), UTPalOT BaXHYIO POJb B MHTErpaluu B
pacCTUTENBHBINA T€HOM U COAEPKAT MOBTOPHI 10 24 - 25 1. H.

Xpomocoma | =——

\ -‘
oo G-
j\r@ (@

Atumefaciens \Ui\j OpOHHaTHf

» Agrobacterium
. tumefasiens TpaHchopMUpoBaHHaA
. pacTuTenbHan Knetka

Puc. 21. Wnrerpamms T-JJHK B xpomocomy pacTeHHWil u
o0pazoBaHue onmyxonu (kopoHuyaroro rayuia) rno 2.C. Ilupysss.
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VY4uThIBasg BOXXHYIO pOJIb KOHIIEBOM 00JIaCTH B MepeHOCe
T-AHK, MoxxHO mpeanonoxutb, yto nt00oii cerment /JHK,
BCTPOEHHBII MEXIy 3TUMHM KOHLIAMH, MOXET OBbITh IEPEHECEH
B pacteHus kak dacte T-JIHK. ITnmasmuasr momudunupyror
TaKUM  00pa3oM, 4YTOOBl  yJalUTh BCE OHKOTECHHBIC
IIOCJIE0BATEIBHOCTH, @ HA UX MECTO BCTPOUTH UYKEPOIHYIO
JIHK. B pesynprare miasmuga TepseT CBOM OHKOTECHHBIE
ceorictBa, HeoHkorenHsle T-JIHK, mnpucyrcrByromue B
pacTeHusAX - pereHepaHTax, MEPEeNarTCs COTJIACHO 3aKOHaM
Menpens.

OKTONHHOBAA

Honannxropas

Ti-nnaimuna Ti-nnasmMuaa

Puc. 22. Crpykrypa Ti-ruta3mu.

PazpaOoTtanbl 1Ba MeToJa BBeJeHUs B pacTeHus Ti-1uiaz-

MUJHBIX [10CJIEI0BATEIIBHOCTEN, CONEPKAIINX HYKHBIM I'eH.
[lepBrIii METOJL - METO ] «IIPOMEKYTOUYHBIX
(KOMHTErpaTUBHBIX) BEKTOPOB, OCHOBAH Ha MCIOJb30BaHUU
maa3Muabl kumeyHoi nanouku pBR 322, T-JIHK Beipe3atot u3
Ti-mna3sMupl ¢ MOMOIIBIO PECTPHKTA3 M BCTPAaUBAIOT B
mwiasmuy pBR 322 nans kimonupoBanus B E. coli. B
kinonupoBanHyro T-/IHK ¢ wucnonp3oBaHumeM pecTpukras
BCTPAaWBAIOT HYXHBIM TeH, MOJIyYeHHYIO PEKOMOMHAHTHYIO
MOJIEKYJy CHOBA pPa3MHOXAalOT B OOJBIIOM KOJIUYECTBE, TO
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€CTb KJIIOHUPYIOT B KHUIIEYHOW NaAJIOYKE. 3aT€M C IIOMOIIBIO
KOHBIOTAllUM BBOJAT B KIETKM arpoOakTepuu, HeCyllue
nosHyto Ti-masmuny.

Bropoii MeTo1 0OCHOBaH Ha CO3/1aHUU CUCTEMbI OMHAPHBIX
(nBOlHBIX) BekTOpoB. llocnenHue wuccnenoBaHUs MOKa3allH,
9TO JUIsl 3apakeHus W TpaHchopmammm He Hy)KHaA menas Ti-
I1a3Muja, a JIOCTaTOYHbBI TOJIBKO MOrpaHUuYHble obnactu T-
JHK wu oaun ydactok Ti-mma3muabl, OTBETCTBEHHBIM 3a
BUpPYJIEHTHOCTb. IIpnmuem »5tm  nBa ywactka JIHK He
00s13aTENILHO JOJDKHBI HAXOOWTHLCS B OIHOHM HM TOM IKe
wiazmuze. Ecnu kinetku arpobaktepuit conepkar Ti-mmazmMuay
C cerMeHToM Vir u apyryto miasmuay ¢ T-JIHK, atu 6axtepun
MOTYyT TpaHc(hOpMUpOBaTh KIEeTKH pacteHuit. [Ipum stom T-
JIHK ¢ mo0biMU BCTPOCHHBIMU B HEE T'€HaMH HUHTETPUPYET C
F€HOMOM pacTeHus, Uil 3TOr0 HE HYXHa TOMOJIOTMYHAas
pekoMOUHaIHS B OaKTEPHAIBHBIX KIETKAX.

Jlnst TpaHcopManui  pacTeHW JTOCTATOYHO HIUPOKO
HCIIOJIB3YIOTCS Takke BeKTopbl Ha ocHoBe [IHK-conepxkamumx
BHUpycoB. Hanbosee nepcrneKTUBHBIM SBIISETCS BUPYC MO3aUKH
0enmoil  KamycTbl, MOPaXAIOUIMi B OCHOBHOM pPAacTEHUs
CEeMeICTBa KalmyCTHbIX. Bupron nMeer nquametp okosio 50 HM
conepskanuii konbueByto JJHK amunoit 8000 um. HeGonpmioi
pa3mep reHoma Mo3BoJisIeT MaHUITYJIUPOBATh IN VItr0 BUPYCHOM
JIHK kak OakTepualbHOM IUIa3MHJION M 3aTeM BBOJIUTH €€ B
pacTeHus MyTeM BTUPAHMS B JUCThS, IPU 3TOM MPOUCXOJIUT
MHUIMPOBaHUE BCEX KIETOK, T.K. BUPYC PpPa3MHOMKAETCS
OBICTPO U TIepeaeTCsl OT KJIETKHU K KIIETKE.

IIpenmymiecTBOM BEKTOPHBIX CHCTEM Ha OCHOBE BUPYCOB
SIBJSIIOTCS Maliblid pa3Mep T€HOMa, BBICOKAs KOHLIEHTpalus
BupycHoit JIHK B knerkax pacrenuii (mo 50 000 Ha KIeTky),
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HAJIMYME CHJBHBIX IPOMOTOPOB, KOTOpbIE 0OECIEeYHBAIOT
3¢ HEKTUBHYIO SIKCIIPECCHUIO YY)KEPOIHBIX TCHOB.

Hns TpancopManmy YCTOMYMBBIX K arpoOakTepusM
pacTeHuii pa3paboTaHbl TPHUEMBI MPSIMOTO (PU3HUECKOTO
nepesoca JIHK B KkieTky, MHOru€ U3 KOTOPBIX B3ATHl H3
MPAKTUKHA PabOTHI ¢ KIETKaMU OAKTEpPHUH WM JKUBOTHBIX. DTH
METO/bl  JIOCTaTOYHO  pPa3HOOOpa3Hbl, OHU  BKJIIOYAIOT:
O0MOapAMPOBKY MHUKPOUYACTUIIAMU WM OaJUTMCTUYECKUM
METOJ; 3JIEKTPOIOpalrio; 00pabOTKy MOJUITHICHTIUKOJIEM;
nepenoc JIHK B cocraBe numnocom u ap.

Haubonee npoayKTUBHBIM M Yallle BCETO MCIOJIb3yEMbIM
ABIeTCS MeToJ OomMOapaupoBKH Mukpoudacturamu. [Ipu
JOCTaTOYHOM CKOPOCTH 3TH YACTHIIbl MOTYT HETIOCPEICTBEHHO
MPOHUKATh B SAPO, YTO CHUJILHO MOBBIAET 3(PPEKTUBHOCTD
TpaHchopmau. OTHUM K€ METOJOM MOXKHO, BIIPOYEM,
tpanchopmupoBarh u apyrue JIHK-conmepkamme kinetodnsie
OpraHesuIbl - XJIOPOIUIACThl U MUTOXOHIPUH.

B nmocnennee BpeMsl YCHEIIHO HCIOJNb3YETCS TaKkKe
KOMOMHUPOBAaHHBIH  MeToA  TpaHchopMaluu, Ha3BaHHBII
arposiuctudyeckum. Ilpu srom uyxepoanas JIHK BBogutcs B
TKaHU KaKUM-IHOO  (QU3UYECKHMM METOJOM, Hampumep,
oammctuyeckuM. Bpoaumas JIHK Bxmowaer kak T-JIHK,
BEKTOp C IIeJIeBBIM W  MapKepHbIM TE€HOM, TaK H
arpo6akTepualbHbIE TeHbl BUPYJIECHTHOCTH, TOCTABICHHBIE TO]T
9YKapuOTHYECKUHM INPOMOTOp. BpemeHHast sKcrpeccus reHOB
BUPYJIEHTHOCTH B PACTUTENBHON KIIETKE MPUBOAUT K CUHTE3Y
0€eJKOB, KOTOPBIE MO3BOJIAIOT NMpaBMiIbHO Bbipe3aTsh T-J{HK u3
IUIa3MUbl U BCTpauBaTh €€ B XO3AWCKUM I€HOM, KaK U IIpU
0OBIYHOM arpoOaxkTepragIbHON TpaHcHopMaIUm.
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[locne mpoBeneHHMs TeM WM WHBIM  CIOCOOOM
TpaHchopMaIul pacTUTEIHHOW TKAaHU €€ MOMEIA0T in Vitro
Ha CHENHAIBHYIO Cpeay ¢ (UTOrOpMOHAMHU, CIIOCOOCTBYIOIIYIO
pasMHOXeHHIO  KieTok.  Cpema  OOBIYHO — COJEPKHUT
CEJICKTUBHBIA areHT, B OTHOIICHMH KOTOPOTO  TOJIBKO
TpaHCTCHHbBIE KJIETKH nproOpeTaroT YCTOWYHMBOCTb.
Perenepanusi yaiie Bcero MpOXOJUT 4Yepe3 CTaAMI0 KaJulyca,
[OCJIE Yero IMpHU MpPaBUIBLHOM M0AO0OpE Cpel HayuHaeTcs
opraHorene3 (moOerooOpazoBanue). Kannyc umu kaniycHas
MKAHbL - 9MO HEeOP2aHU308AHHAS NPOIUPEPUpYIoOuas mKaub,
cocmoswas u3 HeoughepeHyuupoBaHHvLX Ki1emox.

CdopmupoBaHHbIle TOOErd TMEPEHOCAT Ha  Cpeay
YKOPEHEHHsI, 4acTO TaKKe COJAEPIKAIYI0 CEJIEKTHUBHBIN areHT
Ut 60JIe€ CTPOTOr0 0TOOpA TPAHCTEHHBIX 0COOCH.

B nocnennue ronapl ydeHble WCMOJIB3YIOT HOBBIM MOJIXO]
JUTsl TIOJTy9EeHMsI TPAaHCTEHHBIX pacTeHui ¢ "antisense RNA"
(mepeBepryToit  wmnm  anTucMmbicioBoit  PHK), kotopsrii
MO3BOJISIET YIPaBJIATh paboOTON MHTEpecyeMoro resa. B stom
ciydae mpu KoHcTpyupoBanuu Bektopa komuto JJHK (k-JITHK)
BCTpamMBaeMoOTro reHa nepeopaunBaroT Ha 180°. B pesymnbrare
B TPAHCTEHHOM DPAaCTEHUU O00pa3yeTcsi HOpMallbHask MoOJIeKyJia
MPHK u nepeBepHyTas, KoTopas B CHIIy KOMILUIEMEHTAPHOCTH
HopmansHoii MPHK oOpasyer ¢ Heill komIulekC H
3aKOJIMPOBAHHBIN O€J0K HE CHHTE3UPYETCS.

Takoit monaxon, HampuMep, OBIT HWCHONB30BaH IS
MOJY4YeHUs] TPAHCT€HHBIX PACTEHUH TOMAaTOB C YJIyYIIEHHBIM
kauecTBOM IuI0A0B. Bekrtop Brimouan k-JIHK renma PG,
KOHTPOJUPYIOIIET0 CHHTE3 MOJUTalaKTypoHas3bl - (EepMEHTa,
YY4acTBYIOIIETO B  pa3pylI€HUH  MEKTUHA, OCHOBHOIO
KOMIIOHEHTa MEXKJIETOYHOIO MPOCTPAHCTBA PACTUTEIbHBIX

122



tka"eil. [lpoaykr rena PG cuHTe3upyercs B Mepuoi
CO3pEBaHUs IUIOJOB TOMAaTOB, & YBEIMYEHUE €r0 KOJIMYECTBA
MPUBOJUT K TOMY, YTO TOMATbhl CTAHOBATCS 00Jjiee MATKUMH,
YTO 3HAUYUTEIBHO COKpAIIAeT CPOK UX XpaHeHUs. OTKIOYEHHE
9TOTO TE€HAa B TPAHCT€HAX IO3BOJIWIO IOJYyYUTb DPACTCHUSA
TOMAaTOB C HOBBIMU CBOMCTBaMU IIJIOJIOB, KOTOPbIE HE TOJIBKO
3HAYUTENBHO J0JbIlE COXPAHSUIUCH, HO U CaMU PACTEHUs ObLIU
0oJsiee yCTOMYMBBI K TPUOHBIM 3a00J1€BaHUSIM.

reHeTMYeCKan KOHCTPYKUUA reH nponuHaervaporeHasbl B reHOMe pacTeHun

a..mmumoaajm/ MPHK nponuHaervuaporeHassl

Q )

- ’ -
o 1
b N
B NPUCYTCTBAN aHTUCMbICNOBLIX PHK — 8 OTCYTCTBME aHTUCMbICNOBLIX PHK —
NpexpalweHme TPaHCNAUUK, paspylieHue HOPManbHbIA CUHTE3 hepMeHTa
MPHK nponuHaernaporexasbi

¥ NpexpalueHue CuHTela pepmenHTa

Puc. 23. Cxema monmy4yeHus: TeHETHYECKA MOIU(MHUITMPOBAHHBIX
pacTeHuii 6e3 TpaHCTeHa.

CTpaTel"I/ISI AHTHCMBICJIOBBIX KOHCTI)YKI_II/Iﬁ IIHUPOKO
IOpuMCHHUMa I MOI[I/I(l)I/IKaI_[I/II/I OKCIIPECCHUH TI'CHOB. Ora
CTpaTerusa UCIOJIb3YCTCA HC TOJIBKO IUIA IOJTYUYCHUSA paCTeHI/Iﬁ
C HOBBIMH KadyC€CTBaMM, HO H JIA (I)YHI[aMeHTaHBHLIX
HCCIIEOBAHUI B T€HETHKE paCTeHHﬁ.
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9. I'eHeTHYeCcKM MOAU(PULIHMPOBAHHBIE NPOIYKTHI.

[IepBbie TpaHCTEHHBIE TTPOIYKTHI HAYAIH MPOU3BOIUTHCS
aMEPHUKAHCKOW OBIBIICH BOCHHOW KoMMaHWed MOHCAHTO B
koHne 80-x TomoB. Kazamoce OBl OTKpBITHE T€HHO-
MoauduImpoBaHHbIX opraHu3MoB (I'MO) — 310 BakHEUIIHI
mar B Jene noOedpl YeloBeKa Halx mpupoioi. Benp
BO3MO>KHOCTb CO3JJaHUSI HOBBIX OPraHU3MOB C TAKUM HAOOpOM
TE€HOB, KOTOPBIN HHUKOT/Aa paHee HE BCTpedalcs B TMPHUPOJIE,
MO3BOJIAIOT YYEHBIM «IIPOU3BOJIUTHY HOBBIE BUIbI )KUBOTHBIX U
pacTeHWi B JIa0OPATOPHBIX YCIOBHSX, T.€. B3STh IMPOIECC
OBOJIIONMHA (PAKTUYECKU TOJ CBOM KOHTpOJb. (OmHAKO, C
MOMEHTa TIOSIBJICHHMSI M 3a BC€ BpeMsl CYIIECTBOBAHUS,
npobsieMa  Te€HHO-MOJIU(DUIIMPOBAHHBIX  OPraHU3MOB  HE
[IEPECTACT TPEBOKUTh YMblI, KaK YUYEHBIX, TaK M IPOCTHIX
oOBIBaTee. OTO CBI3aHO C TEM, YTO HMX BO3JEHCTBHE Ha
OpraHu3M 4Y€JOBEKA MAJIO U3YYEHO.

OrpoMHO€ KOJMYECTBO JIIOACH Ha IUIAHETE €XKEIHEBHO
yHnoTpeOIsIIOT B MUILY MPOAYKTHI, comepxkamue ['MO. Ho mo
CUX TIOpP HET OJHO3HAYHOTO0 OTBETA Ha BOINpPOC: OE30MacHbI JIU
takue mnpoaykrel? KakoBo Binussaue I'MO Ha opranusm
yenoBeka’?

Cy1miecTByIOT Kak CTOPOHHMKH, TaK U npoTuBHUKU ['MO.
W xaxnplil mpeniaraeT CBOM JIOBOJIBI B 3aIIUTy COOCTBEHHOM
TEOPUH.

3allUTHUKKA TPAHCT€HHBIX OPraHU3MOB 3aMaYUBaIOT
BiussHME ['MO Ha nrofei U KUBOTHBIX UM MPOBO3MIIAIIAIOT 3TU
MPOAYKThl KaK YHHKAJIbHOE CIIACEHHE BCETO YEJIOBEYECTBA OT
roJjioja. Benp HaceJeHue MIJIAHETBI MPOAOJIKAET
YBEIIMYMBATHCS, & HMMEIOIIUECS PECYpChl YK€ He CIIOCOOHBI
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MOKPBITh BCE BO3pACTAOUINE MOTPEOHOCTH JHOAEH B ele.
CrnenoBarenbHO, HEOOXOAMMO B HECKOJIBKO pPa3 YBEIUYUTh
00BEMBI TMPOM3BOJICTBA MPOIYKTOB IUTAHUS, B YaCTHOCTHU
CENBbCKOXO351MCTBEHHON IPOAYKIIUY. HecomuenHo,
TeHETUYECKH MOAU(DUIIMPOBAHHBIE OPraHU3MBl  O0JIAAAIOT
PAIOM IPEUMYILECTB IEpesl €CTECTBEHHO-IPUPOIHBIX. DTO U
BBICOKAst ypOXKalHOCTh, M TIOBBIIICHHAS MOpO30- H
3aCyXOyCTOWYMBOCTh, U CIIOCOOHOCTH MPOTHUBOCTOSITH MHOTHM
00JIe3HSAM U BPEIUTENAM U Jp.

B cBorw ouepeny cnenumanuctel-npotTuBHUKM MO
MIPUBOJIAT JTAaHHBIE HCCIIEZIOBaHUM,
MOJTBEP)KAAONIMX HeraTuBHoe  BiaugHue ['MO kak Ha
YyeloBeKa, TaK W B IEeJIOM Ha OKpyXKawllyro cpeny. B
MHOTOUYHCIIEHHBIX JOKJIaJaX TOBOPUTCA O TOM OLIYTHMOM
Bpene, KOTOPbI HaHOCAT ['M-IIpOIyKThI 3J0POBBIO YEJIOBEKA.
B yacTHOCTM BO3MOXXHO BO3HMKHOBEHHE AJUIEPIrUYECKUX
peaKkuuii, yrHeTeHUE MMMYHHOW CHCTEMbl 4eloBeka. Moryt
OBbITh BBISIBJIICHBI Pa3IMYHbIC PACCTPONCTBA OOMEHA BEILIECTB.

Omnacocte MO Moxer  ObITh  00YyCIIOBIICHA
HECKOJIbKUMHU MpHYMHaMU. Bo-mepBbiX, OojbplIoe 3HAYEHUE
MMeEeT, KaKue HMMEHHO TIe€Hbl BcTpaumBaroTcsi. B mpouecce
BHEJIPEHUsT T€Hbl MOTYT Kak CaMH MYTUPOBaTh, TaK U
OKa3blBaThb HETAaTHUBHOE BO3JCHCTBME HA T'€HOM OpraHu3Ma-
XO35MHA.

Bo-BTOpBIX, B pe3ynbTaTe aKTUBHOCTH BHEIPEHHBIX
T€HOB MOTYT 00Opa30BBIBATHCS HEU3BECTHHIE TOKCUYHBIEC OENKH,
BBI3BIBAIOIIME TOKCHUKO3bl WJIM aJUIEPrUI0 y YeIoBEeKa U
KUBOTHBIX. K TOMy e pacTeHuss MOTyT aKKyMYyJIHpPOBAaTb
TepOUIUIBI ¥ IECTUIIUABI, K KOTOPHIM OHH YCTOWYHBHIL.
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B tperbux, ocoboe BHHMaHHE HaA0 OOpaTUTh Ha CaMu
crocoObl BCTpauUBaHMS T'€HA, KOTOPHIE €Ile HECOBEPIICHHBI U
HE TapaHTUPYIOT 0E30MacCHOCTH PACTCHUH, CO3JAHHBIX C HX
noMompo. Jlemo B TOM, dYro s BCTpaWBaHUS T'eHA
UCTOJB3YIOT ~ BHPYCHI, TPAHCHO30HBI WM  TUIA3MHJBL,
CrOocOOHBIE TPOHUKHYTH B KJIETKY OpraHu3Ma U 3aTeM
WCTIONH30BATh KIETOYHBIE PECYPCHI Ul CO3JaHUS MHOXKECTBA
COOCTBEHHBIX KOMHMHA WM BHEJPHUTHCS B KIETOYHBIH TE€HOM
(KaK U «BBIIPBITHYTH» U3 HETO).

Memoowvt uoenmughuxayuu I'MO

Pazpabotka metomoB wuumeHtudukanuu ['MO Hagamach
OJHOBPEMEHHO C BBIXOJOM MHUIIEBON mpoaykuuu u3 'MO Ha
MHPOBOM NPOJOBOJIBCTBEHHBIM pPBIHOK. B Hacrosmee Bpems
O JABJISIIONIEE OOJIBIIIMHCTBO I'MO pacTUTEIIBHOTO
MIPOUCXOXKIACHUS, MPEICTABICHHBIX HA PBIHKE, OTIMYAETCA OT
HCXOIHOTO TPAJAMIIMOHHOIO COPTa pACTEHUs HAJIUYHAEM B
reHome pexomOuHanTHoM JIHK. JlroGoii reH xoaupyer
MEPBUYHYIO CTPYKTYpPY OIpeAesieHHOro Oenka, KOTOPBIi
OmnpelensieT HOBBIM MPU3HAK, U COIEPKUT HYKICOTUIHBIC
MOCJIEIOBATENILHOCTH  perynupymommue padoTy 3TOro reHa.
[losTomy B kauecTBe MumeHu s ompexaeneHus ['MO B
MUIIEBOM TMPOAYKTE MOTYT pacCMaTpuUBaThCsi KaK HOBBIN
MOIU(UIIMPOBAHHBIN O€oK, Tak U pekomOnHaHTHas JIHK.

Bce metonp! uaentudukanuu ' MU pacTUTeIBHOTO
MIPOUCXOKACHUS MOAPA3IETSAIOT HAa 3 TPYIIIbL:

- XUMHYECKHUE;

- UMMYHOJIOTHUECKHE;

- MoJIeKyJIsipHO-TeHeTnyeckue (Meto bl [1L[P).
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XUMHYECKUE METO/IbI HAIIPABJIEHBI HA OIIPEIEICHHE
COEJIMHEHU, KOTOPbIE MOTYT CUHTE3UPOBAThCSI B KJIETKAaX
I'MO B oTBeT Ha BHEJIpEHUE UYKEPOJHBIX [€HOB: TPAHCT€HHAas
JIHK, HOBBII 3KCIIpeCCUPOBAaHHBIN 00K, (hepMEHTHI,
0JINTOCaXapubl, BBICOKOMOJIEKYJISIPHBIE KUPHBIE KUCIOTHI,
BHTAMHHBI, TOPMOHEI U JIp.

HaubGonee mmpoxko MNpUMEHSIOTCS W3 O3TOM TPYIIBI
METO/IOB HCCIIEIOBaHMUS: METO/IbI xpomarorpaduu,
CHEKTPO()OTOMETPUH, CHEKTPODIIOOPUMETPUH U JIp., KOTOPBIE
BBISIBJISIFOT M3MEHEHHBIE MapaMeTphl B XUMHYECKOM COCTaBe
npojykTa. Tak, TeHeTHYeCKH MOIU(PUIMPOBAaHHbIE JINHUN COU
G94-1, G94-19, G168 uMerOT M3MEHEHHBIN KHUPHOKUCIIOTHBIN
COCTaB, CpaBHUTEIbHBIH  aHAJIMW3  KOTOPOTO  IOKa3al
yBEJIMYEHHE COJCPKAHUS OJIEMHOBOM KUCJIOTHI B F€HETHUECKU
MoauduimpoBanHoi coe (83,8%) mo cpaBHeHHIO C €€
TpaIuUMOHHBIM aHaioroM (23,1%). [lpumeHenue B JaHHOM
cllydae MEeTo/a Ta30BOM Xpomarorpaduu MO3BOJISIET BBISIBUTH
TEHETUYECKYI0 MOJU(PHUKAIUIO COU JaXe B TaKUX MPOAYKTaX,
kotopeie He coxepkar JIHK wm ©Oenka, Hampuwmep,
pabuHUPOBAHHOE COEBOE MACJIO.

[IpucyrcTBHEe B  MpPOAYKTE HOBOro Oenka  JaeT
BO3MOXHOCTh ~ NPUMEHATH  ans  ompenenenus  ['MO
UMMyHOJorH4Yeckre MeTonasl. OnHu Hauboyiee MPOCTHI B
WCIIOJIHEHUHU, HMEIOT OTHOCHUTEIIBHO HHU3KYI) CTOUMOCTH U
MO3BOJISIOT OINPENETUTh KOHKPETHBIN OeNoK, HeCyluii HOBBIN
npu3Hak. B Hactosimiee BpeMs pa3paboTaHbl TECT-CUCTEMBI,
MPUMEHSST KOTOPBIX MOYXHO MPOBOJUTH KOJUYECTBEHHOE
onpeneneHue MOJIUGHUIMPOBAHHOTO Oelka B MPOIYKTax.
TexHonornuecko OCHOBOM B MOJOOHBIX TECT-CUCTEMAax B
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OO0JIBIIMHCTBE cllydaeB HCHOJIb3YKOTCS METO/IbI
UMMYHODEPMEHMHO20 aHANU3A.

[IpuHnun meToja 3aKiro4aercss B TOM, 4To aHTureH (Al)
unu antuteno (AT), Bcrynmatoniee B MMMYHHYIO PEAKIUIO,
METUTCS (EpMEHTOM W TIO0 TPEeBpalICeHHI0 CyOcTpara
(epMEHTOM MOXKHO CYAWTH O KOJUYECTBE BCTYIHBIIETO BO
B3aUMOJICHiCTBUE  KOMIIOHEeHTa peakmuun Al —  AT.
UysctButenbHocTh UDA 4ype3BblyailHO BBICOKA M MO3BOJISET
OTIPENENATh MUHUMAaJbHbIE KOJINYECTBA BELIECTBA
(HaHOTPaMMBI).

OgHuM  ©3  HEJOCTAaTKOB  3TOr0  MeToja  IpH
uneatuuraun I'MO sBnsercs HU3Kas 3PPEKTUBHOCTH MPU
OIICHKE MPOJYKTOB, MO/IBEPrIInXCs KaKou-1100
TEXHOJIOTHYECKOW 00pabOTKe, BBI3BIBAIONICH MPAKTHYECKH
MOJIHYI0 ~ JCHATYypalMi0O WM  pacllerjeHhue  MOJIEKYI
MO (UIIMPOBAHHOTO Oeika. B03MOXXHOCTH ompenencHus
Oenka  MUMMYHO(DEpPMEHTHBIM  METOJIOM  MOXET  OBITh
OTpaHHYEHA TaK)KE€ YPOBHEM €r0 COJepKaHUsI B IPOIYKTE.

B OonpmmHCTBE CTpaH MHpa OCHOBHBIM CIOCOOOM
ompenenenus I'MO B mpoaykrax SIBJISIFOTCS MOJIEKYJISIPHO-
TeHEeTUYECKUE METOJbl, OCHOBAHHBIE Ha  OIpE/eICHUU
pekomOunantHo JIHK wu rmaBHeIM  0o0pazom, MeTon
noauMmepasHoit  mernHoi  peakmuu  (ITIIIP). JIHK ©Gonee
cTabuibHa, 4eM O€lIOK, U B MEHBIICH CTENeHU pa3pyliaeTcs
IIPU TEXHOJIOTUYECKOHN MM KYJIMHApHON 00paboTKe MUIIEBBIX
IIPOJYKTOB, 4YTO J€JaeT BO3MOXKHBIM OIIPEJNEICHHE B HUX
I'MO. OO0benunennsiii  Hayunbiit  Llentp EBpomneiickoit
Komuccnun 00bsSBUII 3TOT METOJT B KQUECTBE CTaHIAAPTHOIO JUIs
uneatudukaru 'MO.
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B Poccum IIIP Obun yrBepkaeHn MunsnpaBom PO B
KayecTBE  OCHOBHOTO  MeTojga s WACHTH(HKAIUU
TCeHETUYECKH  MOJM(UIMPOBAHHBIX  UCTOYHHKOB  (I'MU)

PaCTHTENHLHOTO MPOUCXOXKIACHHUS B THIIEBBIX NPOIYKTaX B
2000romy.

I'iaBa 2
Kiierounasi nH:keHepus

Knemounas unoicenepuss - COBOKYITHOCTH METOJIOB,
UCTIONB3YyEeMBIX  JUISI KOHCTPYHPOBAHHSI HOBBIX  KIIETOK.
Bximoyaer KynbTHBHPOBAaHHE W KIOHHMPOBAHWE KIIETOK Ha
CIeIUagbHO TOJOOpPaHHBIX Cpeaax, THOPHAM3AIUI0 KIETOK,
nepecasiky KICTOYHBIX SiAep M JIPYTHe MUKPOXHPYPTHUYECKHE
omepamuu 1Mo «pa3dopke» U «COOpKe» (PEKOHCTPYKIIUH)
KU3HECTIOCOOHBIX KJIETOK M3 OTACIbHBIX ()PArMEHTOB.

Knerounass WH)XEHepHs SIBISICTCS OJHUM M3 OCHOBHBIX
pa3ziesoB MOJICKYJSIpHOW OHOTexXHOJOTHU. [loa KIeTOYHOM
WH)KCHEpHen B IIIUPOKOM CMBICIIE MOHUMAIOT
KyJIbTUBUPOBAHHE B aCCNTUYECKUX YCIOBHSIX CpEIbl BHE
opranu3ma (in Vitro) H30JUPOBAHHBIX KIETOK M TKAaHEH
pacTeHMif, KHUBOTHBIX W MHKPOOPraHMU3MOB, a TaKkKe
pa3IMYHbIE MAHUITYIISIUN C HUMH.

C mepexoloM Ha KyJIbTUBHPOBAaHUE KJIETOK OHOJIOTH
MOJYYMUIIM  MOINHBIA ~ MHCTpYMEHTapuid AN HU3MEHEHHUS
HACJIEICTBEHHOCTH OPraHU3MOB, TOTYYCHHS MPUHIUITHAIBHO
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HOBBIX (pOpM, pa3pabOTKH HOBBIX TEXHOJOTHHA B PAKTHUECKOM
MEIULMHE ¥ BETEPUHAPHH, B TCHETUKE KUBOTHBIX M PACTCHUH,
B 3alIMTE PACTCHUI ¥ MOBBIMICHUS IJIOJOPOIHS MTOYB, 3aIUTE
OKpyXxaroien cpeasl u ap. O6acTb TPUMEHEHUS JOCTHXKCHUM
KJICTOYHOUH WHXEHEPHUH CETOJTHS CTPEMHUTEIBHO PACIIHPSCTCS.

1. Kparkas ucropus. locTu:keHust

Havano kierouHoil mHxeHepuu oTHOcAT K 1960-m rrT.,
KOI/Ia BOBHUK METOJ rMOpuAM3alii cCOMaTH4EeCKUX KieTok. K
9TOMY BpeMEeHHM ObUIM  YCOBEPIIEHCTBOBAaHbI  CIIOCOOBI
KyJIbTUBUPOBAHUSI JKHBOTHBIX KJIETOK W TOSBWIIUCH CIOCOOBI
BEIpAIIMBaHUSl B KYJIbType KIETOK W TKaHEW pacTEeHU.
ComaTtuueckyro ruOpuan3alnio, T. €. MoJydeHne ruopuaos 0e3
ydacTHs IIOJIOBOTO  IIpoliecca, MPOBOJSAT, KYJIbTUBUDPYS
COBMECTHO KJI€TKM PAa3JIMYHBIX JIMHUN OJHOrO BHJA WIH
KJIETKM pa3luuyHbIX BUAOB. IIpy omnpenenéHHBIX YCIOBHUIX
MPOUCXOIUT CIUSHUE JIBYyX Pa3HbIX KIETOK B  OJHY
THOPUIIHYIO, COJEpIKallyl0 00a TEHOMa OO0BEIUHHUBIIUXCS
KJIETOK. YJaJloCh MOJYYUTh THOPUIBI MEXIy KIETKaMu
KHUBOTHBIX, JAIEKUX IO CHUCTEMATUYECKOMY IOJIOKEHHUIO,
HalpuMep MBIIIH U KYypHLIBI.

Comarnyeckue TuOpuAbl HALUIM IIUPOKOE INPUMEHEHHE,
KaK B HAay4HBIX MCCIIEJIOBaHMAX, Tak U B OnoTexHosoruu. C
MOMOIIbIO THOPUIHBIX KIJIETOK, MOJYYEHHBIX OT KIETOK
YeJoBeKa M MBbIIIH, YEJIOBEKa M KUTAWCKOTrOo XOMsuKa, Oblia
npojesiaHa BaXkHast JUIs MEAMLMHBI paboTa MO KapTHUPOBAHUIO
TeHOB B  XpoMocomMax desjoBeka. [uOpumpl  Mexay
ONyXOJIEBBIMU  KJIETKAaMH U HOPMaJbHBIMH  KJIETKaMHU
UMMYHHOW cHcTeMbl (JMM@OIMTaMH) — TaK Ha3bIBaeMble
ruOpuIOMbl — 00JIaal0T CBOMCTBAMU O00EUX POJUTENBCKUX
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KJIETOUHbIX JHMHUNA. [looOHO pakoBBIM KJIE€TKaM, OHH
CIOCOOHBI HEOTPAHHMUEHHO J0JITO JETUTHCA HAa UCKYCCTBEHHBIX
NUTATENbHBIX Cpelax H, M0J00HO JUMQOLUTaM, MOTYT
BBIpa0aThIBATh MOHOKJIOHAJbHBIE AHTUTENA OINPEACIEHHON
cnenn(uIHOCTH. Takue aHTHTENa MPUMEHSIOT B JEYEOHBIX U
JUArHOCTHYECKUX LENsAX, B Ka4eCTBE YyBCTBUTEIBHBIX
peareHTOB Ha pa3JIMYHbIE OpPraHMYEeCKUE BEECTBA U T. 1.

JIpyroe HampaBlIeHME  KJIETOYHOM  WHKEHEpUH  —
MaHUIYJISIOUU  C¢  0e3bAACPHBIMU  KJIETKaMH, CBOOOJHBIMHU
aapaMu M JApYyrUMU  (parMeHTaMu, CBOAAIIUECT K
KOMOMHHUPOBAHUIO  PAa3HOPOIHBIX 4YacTed KJIETKU. OTH
JKCIIEPUMEHTBHI, a TAK)KE MUKPOMHBEKIIMH B KIIETKY XpOMOCOM,
KpacuTened MW T. M. TPOBOJAT I BBISICHEHUS B3aMMHBIX
BIMSHUM sIpa M IUTOIUIA3Mbl, (AKTOPOB, PETYIMPYIOLUIUX
AKTUBHOCTb I'€HOB, U T. II

[IyréM coenuHeHMs KJIETOK pa3HbIX 3apoJbllIed Ha
paHHUX CTagusX MX PAa3sBUTHA BBIPAIIMBAIOT MO3aWYHBIX
YKUBOTHBIX, WJIM XUMEP, COCTOSIIUX U3 JBYX PA3IHUYAIOLINXCS
FCHOTUIIAaMH  BHJIOB  KiIeToK. C  TOMOIIBIO  TaKUX
9KCIEPUMEHTOB  H3y4yaloT Hpouecchl  Iu(pPpepeHIUPOBKU
KJIETOK ¥ TKaHEW B XOJI¢ Pa3BUTHs OPraHU3Ma.

Benymuecs yxe He OIHO IECATWIETUE ONBITHI 110
nepecajgke sAep COMAaTHYECKUX KIETOK B JIMILEHHBIE sIEP
(3HYKJIEMPOBaHHbIE) AUIEKIETKH KUBOTHBIX, C MOCIETYIOLIUM
BBIpAIIMBAHUEM 3apOJbIIIa BO B3POCIBIA OpraHu3M, C KOHILA
20 B. NOJY4YWJIM IIMPOKYK) H3BECTHOCTb KaK KIOHUPOBAHUE
KUBOTHBIX.

PexoHCTpyKIMS SMOpPHOHANBHBIX KJIETOK (IOJ 3TUM B
NIEPBYIO OUYEPE]b MOHUMAIOT 3aMEHY siipa KIETKH) MO3BOJISET
BIUIOTHYIO IIOJOMTH K BBIACHCHHIO MEXaHM3MOB peallu3aluu
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reHeTudeckoil muHpopmamuu. M 31ech, B MEpBYIO Ouepeib,

MHTEPECHBI UCCIIEI0BAaHUS o aHaINU3y
TOTHIIOTCHTHOCTH I'€HOMA KJICTOK pasHoro YPOBHA
mddepeHInpOBKH WIH ero CIOCOOHOCTH K

penporpaMMUpPOBAHNIO, BO3MOKHOCTU TOJYYEHUS] OTLIOBCKHUX
U MaTepUHCKUX KOmMH (T.e. K KIOHMPOBAHMIO), a TAKXKE
MOJIyYEHUS MEXBHUJOBBIX XUMEPHBIX (WM MO3aWYHBIX)
XKUBOTHBIX MU T.[. PEKOHCTPYKIMS 3MOPHOHATIBHBIX KJIETOK
BaAXKHA U 1 TJI00adbHOW MpoOJIEMBbl, TOAHSITON BIIEpPBBIE
npodeccopom b. H. BenpunnessiM B 70-€ TOIBI TakoW Kak
peanu3anus TE€HETUYECKOMN uHpopmanuu
KPUOKOHCEPBUPOBAHHBIX ~ T'€HOMOB  KCUE3aIOUIUX  BHJIOB
KUBOTHBIX.

[IpenmyiiecTBO KJIETOUYHOM HMHXKEHEPUU B TOM, YTO OHa
MO3BOJISIET SKCIIEPUMEHTUPOBATH C KJIETKaMHU, a HE C LIEJIbIMU
opranu3zMamMu. MeTo/pl KJIETOYHON HH)KEHEPUU B MEIUIIMHE,
CEJIbCKOM XO34MCTBE MJIM OMOTEXHOJIOTUH YacTO MPUMEHSIOT B
COYETAHHH C T€HHON MH)XXEHEPUEH.

MeTonbl KIETOYHOW WHXEHEPUU TEPCHEKTUBHBI U B
KUBOTHOBOJCTBE. YK€  HAKOIUIEH  OOJIBIION  OMBIT
KyJbTUBUPOBAHHS COMATHYECKHX KICTOK JKUBOTHBIX IN Vitro,
paspaboTaHbl ONTUMAJIbHbIE cpenbl u PEKUMBI
KYJIbTUBHPOBaHUS, OTpPabOTaHbl  CIOCOOBI  JUIMTEIHHOTO
XpaHEHUs KIIETOK MPH HU3KHUX Temieparypax. Kak yxe ObL10
CKa3aHO, AaKTUBHBIE HCCIIEJOBAaHUS MPOBOJATCS M IO
KyJIbTUBUPOBAHUIO T€HEPAaTHBHBIX KIETOK. Pa3zpaboTka 3THX
METOJIOB CO3/1a€T IIPOYHYIO OCHOBY [UIsl pa3BEPTHIBAHUS
TEOPETUYECKMX U TMPHUKIAJHBIX paboT MO  KJIETOYHOM
WHXEHEPUN CEJIbCKOXO3SICTBEHHBIX JKUBOTHBIX, KOTOpbIE
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OyIyT MMETh BCE BO3pACTAIOIIEe HAPOTHOXO3SMCTBEHHOE 3HA-
YCHUE.

2. Tpancrenes

Tpanceene3 - UCKYCCTBEHHBIM NIEPEHOC I'€HA WM TPYIIIIbI
T€HOB M3 OJIHOTO OPraHu3Ma B JPYyrod M CO3JaHHME YCIOBUU
JUISL UX DKCIIPECCHH.

TpaHcreHes — OAWMH W3 MPOLECCOB B MOJICKYJISIPHOM
OMTEXHOJIOTUH, OOBEAUHSIONIMNA TEeHHYI0O U  KIETOYHYIO
WHXKEHEpUI0 B OJHO 1enoe  (OWouHXKeHepus), T.K.
MpelycMaTpuBaeT UCIOIb30BAaHUE METOJIOB KaK F'eHHOW, TaK U
KJIETOYHOW WHKEHEPUU.

Bnepsbie 0 mombiTke TpaHCHOPMHUPOBATH KUBOTHOE
coobmun  Benoit ¢ coaBropamm  (1957), ommcas
(dbeHoTUNMYECKOE M3MEHEHUE YTOK MEKUHCKOW MOpOoIbl Mpu
BBeleHMM uM dk3oreHHod JIHK  uHTpomnepuToHeanbHO
(BHYTPHUOPIOIIMHHO).

B 1974 r. Jaenisch u Mintz BriepBble MOJYYWIH JIMHUIO
MBIIIICH, HECYIIHUX 4YYKEpOJHbIA reH. OHU Omucaau CXeMy
SKCIEpUMEHTa 10 BBeaeHuIo uyxepoanoi JJHK Bupyca SV40
B 0JIaCTOLIMCTHI, KOTOpbIE MOMEHIAIM B MATKy CHELHaIbHO
MOATOTOBJICHHBIX caMOK. M3 Takux sMOpHOHOB pa3BUBAIKCH
HOpPMaJIbHbIE B3POCIIBIE MBIIIIH, YaCTh U3 KOTOPBIX COJepkKalia B
cBOeM reHome MHokectBeHHble konnu JIHK Bupyca SV40.

B 1975 r. Mintz u Illmensee mnpoaeMOHCTPUPOBATII
BO3MOXHOCTb BBEJEHHUS UYXEPOJHBIX TI'€HOB B OpraHu3M
KUBOTHOTO, HCHONB3ysd KiIeTku TepaTtokapuuHomel (TCC)
MBIIIIH.

B 1980 r. Gordon ¢ coaBTopamu OIyOJIMKOBAIHU TEPBHIi
OTYET O  TMOJYYEHUH  TPAHCTEHHOM  MBIIIK  MyTEM
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MUKPOMHBEKIIMU B TpoHykieyc. Ilpomecc tpanchopmarum
MBIIIMHOTO  reHoma B yyxepogHon JIHK  nmyrém
MUKPOMHBEKIIMM B MPOHYKJIEYC Ha3BaJl «TPAHCIEHE30M).
«TpaHCreHHOE KMBOTHOE» OHHU OIPEAEININ KAaK >KUBOTHOE,
uMerolee TeH (WM TeHbl) BKIIOYEHHBIH B KX TE€HOM C
YEeJIOBEYECKMM Y4YaCTUEM HCKYCCTBEHHO, a CaM TI€H WIH
yuactok aByHuteBoi JIHK Obu1 Ha3BaH «TpaHCTEHOMM.

Boigenstor crienyromue OCHOBHBIE 3Tanbl B CO3JaHUU
TPAHCTEHHOTO OpPraHu3Ma:

1. TToydenne U30TMPOBAHHYIO TEIEBYIO
nocnenosarensHocTh JIHK (ren);

2. Ha ocHOBe TaHHO¥ TOCIIEI0BATEILHOCTH
KOHCTPYHPOBaHHE CHEIMATILHOTO TPAHCTE€HHOTO BEKTOPA;

3. Baenpenue BekTopa B MOIU(DUIIMPYEMBIA OPTaHU3M;

4. BeisiBneHue 1 0T00p MOAUGHUIIUPOBAHHBIX 0COOEH;

MeTo1bl BbIZIENIEHUSI TEHOB M KOHCTPYUPOBAHUS
T€HETHYECKUX BEKTOPOB HIEHTUYHBI TEM, YTO IPUMEHSIOTCS B
T€HHOW UH)KEHEPUHU.

Bueopenue sexkmopa 6 mooughuyupyemoiii opearnuzm

B mHacrosimee BpeMs HM3BECTHBI Pa3IMUHBIC CIOCOOBI
BHenpenus sk3orenHor JIHK B renom skuBoTHBIX. Hambomee
LIMPOKOE MPUMEHEHHE B MPAKTUKE MOJIYUNIIU:

e Meroq Mukpounbekiuu JIHK B nmpoHykiieyc 3urorsi;

® [IEPEHOC I'€HOB PETPOBUPYCAMH;

® TIepeHOC TpaHC(HOPMUPOBAHHBIX sIIep TE€HEPATHUBHBIX U
COMATHYECKHUX KIIETOK;

® HCKYCCTBEHHOE OIUIOJOTBOPEHUE C UCIIOJIb30BAHUEM
reHeTnyecku MoaudunupoBanueix crepmarozonaos (ICSI);

® JJIEKTPOIIOpaALUSL.
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Kaxnaplii w3 METogOB MMEET CBOM JOCTOMHCTBA U
HEIOCTAaTKU. BBIOOP TOTO MM MHOTO METO/a 3aBHCUT OT LENU
KOHKPETHOTO UCCIIEI0BaHUS.

[lepeHoc TE€HOB C HCIOJIB30BAHUEM PETPOBUPYCHBIX
BEKTOPOB — JIOCTATOYHO pe3yJbTaTUBHBIM croco0 mnepenayu
JIHK B 5MOpuoOHanbHbIE KIETKU.

PerpoBupycel — cemeiicTBo sykapuotnueckux PHK-
COJIep’KalluX BHPYCOB. Kak yxe ObUIO cKazaHo B
npeaslAyIlnX riaaBax, perposupycHas PHK nmomanmas BHyTpb
KJIETKH, npespamraercs B JHK  myrem  oGparnoit
TPAHCKPHUIIIIUM, KOTOpas BCTPAMBAETCS B TEHOM KIETKH
(mpoBupyc). Takum o00pa3oMm, pETPOBHUPYC CBOEro poja
€CTECTBEHHO-TIPUPOIHBIM FT€HETUYECKUNA BEKTOP.

B MonekynspHO#t OHMOTEXHONOTMH HaubOJIEe YaCTO
WCIIOJB3YIOTCA ~ PETPOBUPYCHBIE  BEKTOpa  Ha  OCHOBE
perpoBupycoB MbIH THNa C (BUpyC JielikeMun MbIn). Takue
BEKTOPHBIE CHCTEMBI COCTOSIT W3 JBYX KOMIIOHEHTOB:
BEKTOPHOM KOHCTPYKUMH W JIMHUMA KJIETOK-ynakoBumi. B
BEKTOpHOM  KOoHCTpykumu  (mpoBupycHass JIHK) rensl,
KOJIMPYIOIIKE CTPYKTYpHBIE Oenku perpoBupyca (gag, pol,
€nv), 3aMelalTCs Yy>KEPOHbBIMU IT'€HaAMU.

[Ipeumy1iecTBOM MPUMEHEHHS TAKOTO MOAXOJa SABISAETCS
ToT ¢akt, yto 10 100% 0OpabOTaHHBIX SMOPUOHOB MOTYT
ObITh  ycnemHo  WHGUIUpPOBaHB  perpoBupycoM. K
HEJIOCTaTKaM OTHOCAT OTPaHUYECHHYIO €MKOCTh TaKUX CHUCTEM
(pa3mep BcTaBkM — He OoJiee 8 T.ILH.), a TaKXKe€ BO3MOKHOE
MOJABJIECHUE  OKCIIPECCMU  TPAHCIEHOB U BEPOSITHOCTH
aKTUBAIIUU KIETOYHBIX OHKOT€HOB (DpHCT, 3uHOBBEBA, 2002).

JpyruM crmocoOoM TMOTydeHUs TPAHCTEHHBIX >KUBOTHBIX
SIBJISIETCS.  MCIIOJIb30BAaHUE TPAHC(POPMUPOBAHHBIX TE€HHBIMHU
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KOHCTPYKUMSIMU KJIETOUHBIX JUHUNA. C 3TOHW LENbl0 MOTYT
OBITh WCHOJB30BAaHBI JIMHUM, KaK CTBOJIOBBIX, TaK U
COMAaTHYECKUX KIETOK. [IpeumyiectBoM 3TOro mnoaxoja
SIBJISIETCSI BO3MOKHOCTh T€CTUPOBAHUS MHTETPAIIMM TPAaHCTEHA
HEMOCPEACTBEHHO B KYJIbTYPE KIETOK U BO3MOKHOCTh OLICHKH
9KCIIPECCUU TpaHCreHOB. TakuM oOpa3oM, MOXKHO IOJIy4aTh
TOJIBKO TPAHCT€HHOE TOTOMCTBO, OTOMPAst JAJIs MIEPECATKH sTIEP
TOJNBKO TE€ KJICTOYHBIE JIMHHH, B KOTOPBIX TPAHCTEH
TPAHCKPHUIIIIMOHHO ¥ TPAHCIISIIMOHHO aKTHUBEH.

B kaudectBe npupoHOrO BeKTOpa, nocrasistomero [JHK
B KIETKH, MOTYT OBITb HCIOJIb30BAaHbl CIEPMATO30MIbI.
Cnepmaro3zouabl MoryT mnorjomiate 3k3oreHHyro [IHK wu
akKyMyiaupoBaTh €€ B sype. OUeBHUIHBIM MPEUMYIIECTBOM
ABJISIETCS. BO3MOXXHOCTh ~ HCIIOJIb30BAaHUS  CIEPMATO30UI0B
M0CJ€ KPUOKOHCEPBALMU W JUIMTENIBHOIO KYJIbTHUBUPOBAHMS.
Opnnako, MexaHu3M uHTerpaiuu sk3orenHord JIHK B renom
CIEPMATO30M0B HE JI0 KOHIA YCTAHOBJICH.

Emé omuum crocobom BHeapenwmsi sx3oreHHoi JIHK B
KJIETKM  SIBJIIETCS.  METOJ  DJIEKTPOIOPALlMM,  BIIEPBbIE
npuMmeHeHHbld B 1982 r. T. Bourom u E. Heiimanom c¢
COTPYIHHUKAMU. Cytp oJaxo/a 3aKJIH0YAETCS B
KpaTKOBpeMeHHOM (5 — 20 MC) BO3JICHCTBUM DIIEKTPUUECKOTO
1oJist BEICOKO# HampspkeHHocTd (1 — 15 kB/cM) Ha Gucnoitnyio
JTUNUAHYI0O MeMOpaHy, 4TO MPUBOAMT K OOpa30BaHUIO B HE
nop. Bpemsi cyiiecTBoBaHuUSA U pa3Mep MOp MO3BOJISIOT TAKUM
MakpomoJiekynam, kak JIHK, Boiitu B KieTky non aelcTBueM
OCMOTHUYECKHX CHI. HampsK€HHOCTh 3JEKTPUYECKOTO MOJs U
MPOJOJKUTENIBHOCTh €r0 JCUCTBUS, a TAKKE KOHIEHTPALMS
sk3orenHod  JIHK u  KoiM4yecTBO  KIIETOK-PELUIIMEHTOB
MOAOUPAIOTCS KCTIEPUMEHTAIBHO. DJIEKTPONOpAITUs SBISETCS
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Haunboiee IIPOCTBIM, 3G PEeKTUBHBIM u XOpOLIO
BOCIIPOMU3BOJIMMBIM METOJOM BBeleHuss MoJiekyn JHK B
KJIETKH.

Krnaccudeckum ke METogoM TpaHC(HOPMAIUK KHUBOTHBIX
SIBJISIETCSI METOJ1 MUKPOUHBEKITUH.

Illepenoc ecenos memoooe muxpounvekyuu J[HK 6
NPOHYKNEYC  3U20mbl —  OCHOBHOU Memoo  NOJYYEHUs
MPAHC2EHHBIX HCUBOMHDBLX.

3anauy nepeHoca TE€HOB 1a00paTOPHBIM
MJIEKOTIMTAIOIINM (MBIIIIaM) BIIEPBBIE YIAJI0Ch pa3pentuTh Jx.
l'opnony B 1980 romy. Beuto goka3aHo, 4TO MpPU UHBEKIHUH
Yy)KEPOJHBIX TE€HOB B MYKCKOW MPOHYKIEYC 3HUTOTHI OHU
WHTETPUPYIOTCS B XPOMOCOME PEIUITMEHTa, a 3aTeM B XOJIe
pa3BuTHs SMOpHOHA M HOBOPOXJAEHHOTO  >KHMBOTHOTO
pacnpenesnsroTCs 0 COMATUYECKUM U MOJIOBBIM KJIETKaM.

CyTh MeTOMa 3akiroyaercs B cieayromem. M3 siineBoaa
CaMKHU M3BJIEKAIOT 3UTOThI, OCBOOOXKIAIOT UX OT OKPYXKAIOLIUX
(hOTUKYIASPHBIX KIETOK, HHKYOUPYIOT B CIIEUANBbHBIX Cpeaax
moJg  OOBEKTUBOM  MHUKPOCKOMA.  3UTOTYy  (UKCHUPYIOT
MHKPOITUIIETKOM, 3aKpeIJIEHHON Ha MuKpoManumyiarope. C
MIPOTUBONIOJIO)KHOW ~ CTOPOHBI ~ MOJBOJAT  MHBEKIMOHHYIO
MHUKPOIIUIIETKY, B KOTOPOM HAXOAUTCS PACTBOP C T€HOM.

Jnsa  wunbexkuuun yyxkeponHoi JHK B myxkckoi
MIPOHYKJIEYC 3UTOThI HCIIOJB3YIOT TIJIa3MM /1B c
KOHCTPYKIUSIMH, BKJIIOUAIOIIMMHU TPOMOTOP U CTPYKTYPHBIH
rei. B MyXckoll MNpOHYKIEYC HMHBEUUPYIOT OKoJio 1

AHK Myxckon 3
NPOHYKNeyc HKeHckui
NPOHyKNeyc

\ b dukcupylowas

= nunerka
MHbEKUMOHHBIN

Kanunnap




nukonuTpa OydepHoro pactBopa ¢ pexombunantHou JIHK,
conepxameit 1o 100 u Gonee xormmii rena. Kak mpasuio, 60-
80%  pEKOHCTPYMPOBAHHBIX 3UTOT  XOPOIIO  TEPEHOCAT
MUKpoMaHUIMyJsiuu.  [locie  OmeHKH  KH3HECTIOCOOHOCTH
3UTOTBI  TPAHCIUIAHTUPYIOT  CaMKe-pPEUUIHUEeHTY  JApYrou
F€HETUYECKON JTMHUU.

Puc. 24. Muxkpounbeknusi 3kx3orennoi [JHK B mponykieyc
OIIOJIOTBOPEHHOM SUIIEKIETKU MJIEKOIUTAIOIINX 110 MUKPOCKOIIOM
(a) u cxema 3kcriepumenta (0).

Texnonmorust TTOJTY9ICHHSI TPAHCTE€HHBIX
CEIbCKOXO3SUCTBEHHBIX JKUBOTHBIX ITyTeM MUKPOUHBEKIINH
YY)KEPOJHBIX KJIOHWPOBAHHBIX T'€HOB B IMPOHYKJIEYC 3UTOTHI
BKJIIOUAET CJIEAYIOLNE OCHOBHBIE CTANH:

® TOpMOHaJbHAas MOATOTOBKA TIOHOPOB-CAMOK;

® BbIJICIICHHE u3 sieBoaa OTLIOIOTBOPEHHBIX
SWLEKIIETOK Ha CTaJuM JIBYX MPOHYKJICYCOB M BH3yaJau3alus
MIPOHYKJICYCOB;

® MUKPOUHBEKIINA B IPOHYKIIeyC 3urothl pactBopa JHK;

® TpaHCIUIAHTALUSA UHBEIIUPOBAHHBIX 3UTOT;

® BbIsIBJICHUE UHTErpauu gyxepoaHoi JTHK.

OcnogHvle HanpasneHus UCNONb308AHUS
MPAHC2EHHBIX HCUBOMHBIX
B OGMOTeXHOJIOTHYECKOH OTpaciu MOXHO BBIJICIUTh
CIIEQYIOIINE HANpPAaBJICHUS MCIOJIb30BaHUS TPAHCTEHHBIX
KHUBOTHBIX:
- MpoINyKuusi  OEITKOB M POCTOBBIX  (haKTOPOB,
HCIOJIb3YEMBIX B HAYKE U MEJUIIMHE;
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- peuleHHe KCEHOTPAaHCIUIAHTALMOHHBIX (MEXBHUIOBAs
TpaHCILIAHTAIIHS ) TPOOIIeM;

- CEJIbCKOXO3SIIICTBEHHbIE U MUIIEBBIE HYXKIbI;

- MOJIeIMpPOBaHUE 3a0o0JieBaHU u U3y4eHUE
(byHJaMEHTAIBHBIX OMOJIOTHYECKUX TPOIECCOB.

[TonyyeHnue TpaHCTEHHBIX OCOOEH KUBOTHBIX, KOTOPBIX
MOXXHO  HCIIOJIb30BaTh B  KAuyeCcTBE IMPOJYLEHTOB  JUId
MIPOU3BOJICTBA JIEKAPCTBEHHBIX OEJIKOB 4YEJIOBEKA, SIBISETCS
KpYIHEWIIUM IIaroM B CTAHOBJIEHUU (apMaleBTUUECKON
MPOMBIIIJIEHHOCTH  HOBoro Ttuma. lcnonb3oBanue st
MOJIyUYEHUsI JICKapCTBEHHBIX OEJIKOB YeJOBeKa >KUBOTHBIX-
MPOJYLIEHTOB ~ CHUMAaeT  MHOXECTBO  BONpPOCOB.  IJTO
9KOJIOTMYECKH YHCTOE HEIHEProeMKOe IIPOU3BOJICTBO, JaloIIee
BO3MOXHOCTh ~ KOHTPOJUPOBAaTH  00bBEM  BBIMYCKAaE€MBIX
npenapaToB 3aBUCUMOCTH OT TpeOOBaHMN  pPBIHKA.
Jlmgupyromee  TMOJIOKEHHWE B OTOM  00JIaCTU  3aHUMAET
ouorexnonorunueckue komnanuu CHIA.

B Hameit cTpaHe mMOJy4YeHBI CBUHBH, HECYIIHE
JOTIOTHUTEJIBHBINA T'eH coMaToTponuHa. OHU HEe OTIIMYAIIUCH 110
TEMIIaM pPOCTa OT HOPMAJbHBIX XUBOTHBIX, HO H3MEHEHHE
oOMeHa BelIeCTB CKa3alloCh HAa COJCPXKAHUH KUpa. Y TaKHUX
KUBOTHBIX ~ MHTHOMPOBANIUCH TMPOILIECCHl  JUMOTeHe3a U
aKTUBUPOBAIICS CHHTE3 Oenka. Takue TpaHCTEHHBIE CBUHBU
ObUTM CO3JAaHBl [UISI M3YYEHHUs IEMOYKH OHOXUMHUYECKHX
IpeBpalleHuil ropmMoHa, a NOO0O0YHBIM 3(ddexkTom sBHUIOCH
YKpPEIJIEHNE UMMYHHOM CHCTEMBI.

Camas  MomHas  OEJIOKCHMHTE3WpYIOIlas  cucTeMa
HaxOJUTCs B KJIETKaX MOJIOYHOW jkene3pl. Eciu mocTtaBUTH
TeHbl YY)KUX OJNKOB MOJ| KOHTPOJb Ka3eMHOBOTO IPOMOTOPA,
TO SKCIPECCHs 3TUX T'€HOB OyJeT MOIIHOM M CTaOWJIbHOH, a
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0enok OyAeT HaKaluIMBAaThCS B MOJIOKE. YK€ IOJIy4eHbI
TPAHCTE€HHBIE KOPOBBI, B MOJIOKE KOTOPBIX COIECPKUTCS
YeIIoOBEUYCCKUI Oenok nakTodeppuH. DTOT OETOK IUTAHUPYIOT
OPUMEHATh JUIS  TPOQPHIAKTUKH TacTPOIHTEPOJOTHUECKIX
3a00JICBaHM y JIIOJIEH C HU3KOH HMMYHOPE3UCTEHTHOCTBIO.
Takum kareropusiMm mrogeil otHocsites OonbHbie CIINlom,
HEJIOHOIIEHHbIE MJIAJICHLbI, OOJIbHBIE PAKOM, IIPOIIEIIINE
paguoTepanuio u Jip. OcoOEHHO OOBIINE YCIIEXU JOCTUTHYTHI
B 3T0M 06nactu B KHP.

B Axrimmu co3gaHbl TPAaHCTEHHBIE OBIIBI, MOJIOKO
KOTOPBIX COJEPKUT (PakTop cBepThiBaHUs KpoBH. B Poccum
MOJTyYEHBI KPOJIUKH, BBIACTISIONINE y-uHTepepoH,
SPUTPONOATHH. bBBUIM TONydeHBI OBIBI, CBHHBH, pbIOA H
KpPOJIMKH — C yBelTndeHneM Macchl Tenma Ha 30-50% .

TpancreHHbIx AKHUBOTHBIX HOJY4aroT u B
KCEHOTPAHCIUIAHTAIMOHHBIX 1essaX. OHUM U3 M3ITI00JEHHBIX
JIOHOPOB OPraHOB SABJSAIOTCS CBUHBU, TaK KaK HMeeTcs
aHATOMMYECKOE CXOJICTBO OpraHoB u CXOJICTBO
MMMYHOJIOTHYECKUX CBOMCTB. Peaknuu OTTOpKEHUs IIpU
TPaHCIUIAHTALMU SBJISIETCs HauboJiee 3HaYUMO MpoOiaeMoil u
UMEIOT CJIOKHBIA MOJIEKYJISIPHBIM MeXaHu3M pa3BuTHs. OHUM
U3 CUTHAJIOB JJIS aTaKy OPraHM3Ma Ha YyXOW OpraH sBJISIOTCS
OenKW, JIOKAJIM30BaHHbIE HAa  BHEIIHEH  IMOBEPXHOCTHU
MeMOpaHbl. Y TPaHCT€HHBIX CBUHEW 3TH O€NIKM 3aMEHEHbl Ha
YEJI0OBEYECKHE.

B HayyHO - ucclefoBaTeNbCKUX WHCTUTYTaX BEIyTCS
HCCIIEIOBAHUS 110 TPAHCTEHE3Y KUBOTHBIX C IEJIBIO MOTYyYEeHUS
TKaHEH s TepecaJkd YeJlOBEKY, [0 XHUPYPru4eckomMy
KJIOHMPOBAHUIO TyTeM pa3JeleHuss 3MOpPHOHOB B paHHEM
BO3pacTe U T.A.
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Eme opHO HampaBieHMe pa3BUTUS TpPAHCIEHE3a —
MOJIydeHHE  yCTOWYMBBIX K  OOJE3HSAM  JKUBOTHBIX.
’KuBOTHOBOJCTBO AEPKUTCS HAa BAaKLMHAX, TaK KaK CEJIEKLIUS
BEJIETCSl NIPEUMYILECTBEHHO Ha XO3AHCTBEHHO IICHHBIE
MPU3HAKU — HIEPCTUCTOCTh, MOJIOYHOCTh U T. J. IloBbIlIeHHE
YCTOMYMBOCTU — JI€JI0 TEHHBIX MHXeHepoB. K 3amuTHBIM
0enKkaM OTHOCSTCS MHTEPQEPOHBI, T03TOMY I'eH UHTepdhepoHa
BCTpauBaIM pPAa3IUYHbIM JKUBOTHBIM. TpaHCTEHHbIE MBIIIH
MOJIyYMJIM YCTOMYMBOCTb, OHU HE 0oJjienu uiu Oosienu Maio, a
BOT y CBUHEH Takoro dpdekra He 00HaApyKEHO.

Jlpyroe HampaBiieHHE — BBEICHHME T'€HOB, KOAMPYIOLIUX
antucmeicioByro  PHK. Jlnsg  KMBOTHOBOJACTBA  OCTpOH
npoOeMoit ABIIAIOTCS JIeHKO3bl, BbI3biBaeMble PHK-Bupycamu.
TpaHCreHHble KpOJMKH, HECYIIME TEHbl, OTBEYAIOIIME 3a
NMPUCYTCTBHE B  KIeTke aHTucMmbicioBor PHK, Oputm
YCTOWYUBBHI K JICHKO3aM.

TpaHCreHHBIX JKMBOTHBIX MOXHO WCIIOJIb30BaTh JJIA
W3Y4YEeHUs HACJIEJICTBEHHBIX 3a00JeBaHMI MO3ra U HEPBHOI
cucteMbl. ['enpl Oose3nn AmblreiiMepa (oTiiokeHHe Oenka [3-
aMWJIOua MPUBOJUT K 0OPAa30BaHUIO XapaKTEPHBIX OJIAIIEK) U
TeHbl, OTBEYAIOIME 3a Pa3BUTHE JMUIIEIICUU, 00Je3HEel Mo3ra
BBOJATCSI B T'€HOM HOPMAaJbHBIX JKMBOTHBIX. TaK IOJIy4arOT
TPAaHCT€HHBIX JKMBOTHBIX-MOJIEJIEH, HAa KOTOPBIX MOYHO
WCIIBITHIBATh Pa3JIMYHbIC TEPANIEBTUUECKUE TPUEMBI.

TpaHCreHHBIX JKMBOTHBIX CTalM HCIOJb30BAaTh  JUIs
HCCIIEIOBAHUS  BOCHAJIMUTENIBHBIX M  HMMMYHOJOTHYECKHX
3a00JIeBaHUI YeNoBeKa, HampuMep, PEeBMATOUHOTO apTpUTa.
MoenupyroTcs 607€3HH, CBA3aHHBIE C JIUIHIHBIM OOMEHOM.

TpaHCreHHbIE MBIIIN SABJISIOTCS MOJEIBHBIMU CUCTEMaMU
Ui u3ydeHust OoJie3HEH 4YeroBeKa M TecT — CHCTeMaMH JUls
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M3yYeHUS BO3MOKHOCTH CHHTE3a HPOAYKTOB,
MPEJCTABISIIOIINE  WHTEpEC i1  MEOUUUHBL.  TakuMu
00Je3HAMU  SIBIAIOTCS: 00J€e3Hb  AJjblreliMepa, apTpHT,
MBIIIeYHast AUCTpOo(dus, 0Opa3oBaHUE OMyXOJel, TUIEPTOHUS,
TUCTpO(dUs SHIOKPUHHBIX Kele3 U Ip.

3. KiionnpoBanue — crnocod co31aHusi HOBBIX
OPraHu3MoB.

5 uronga 1996 roma, B lllomnananu MosiBUIach Ha CBET
oBeuka Jlooumm — TepBoe  TEIJIOKPOBHOE  JKMBOTHOE,
MOJYyYeHHOE W3 TEHETUYECKOTO KOJa JIPyroro B3pOCIIOTro
CYIIIECTBA MyTEM KIIOHUpOBaHUs. KnoHuposanue 6 buonocuu —
9TO TOJy4YeHHWE TOYHBIX KOMHK OpraHu3Ma WIH JIPYyroro
0o0bekTa, Hampumep, KieTku win reHa. [lossnenue Jlommm
CTaJI0 HACTOSIIUM TPOPHIBOM B KJIETOYHBIX TEXHOJIOTHUSX,
pEBOJIIOLIMEN B TE€HHOM WHXKeHepuu. Ha ceromHsmiHuii eHb
nmpoOsieMa KJIOHUPOBAHUS MJICKOMUTAIOIINX SIBIISCTCS OJHOMU
W3 CaMbIX aKTyaJIbHBIX B MUPOBOM HayKe.

Knonuposanue — nony4eHne UIEHTUYHBIX TOTOMKOB TIPH
rmoMoIM Oecrojyoro pasMHokeHHs. [losrydeHHbIE OpraHU3MBbI
IMOX0KM HE TOJLKO BHEIIHE, HO M TIE€HETHYECKHH KO,
3aJ10KEHHBIN B HUX, OJUHAKOB.

Meronq ~ KJIOHMpOBaHHUS  BO3HHK B pe3yabTaTe
WCCIIEIOBAaHUN IO J0Ka3aTeNbCTBY TOTO, YTO SApa 3peiblX
KIETOK COJIep’KaT BCIO HMHQPOpPMAIMIO HEOOXOAUMYIO st
KOJIMPOBaHUsI BCEX NPHU3HAKOB OpraHU3Ma, CHEUaTIU3alns
KKJOM KJIeTKH OOyCIOBJIEHA C HAYaJIOM WMIU MpeKpalieHueM
(YHKIIMOHUPOBAHUS OTMIPEICTIEHHBIX T€HOB.
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Hcropus KIOHMPOBAaHUS HAYMHAETCS C IKCIEPHUMEHTOB
HeMenkoro sMmOpuonora Xanca J[[pwina, KOTOpBIA JoOKa3al
«BO3MOKHOCTb HMCKYCCTBEHHOTO MOJYy4eHUs Onu3HenoB». OH
pa3feNuB KIETKU JBYKJIETOYHOTO 3apojbllla MOPCKOIO €Xa,
MIOJIY4MJI JIBa FTEHETUUECKU UACHTUYHBIX OPraHu3Ma.

[lepBple ycmemHble OMNBITHI MO TPAHCIUIAHTALUM SAEP
KJIETOK Tejla OpraHu3Ma B SIHIEKJIETKY OCyHlecTBHWIA B 1952
rony bpure u Kunr Ha skcnepumenTtax ¢ amebamu. B 1976
rony JIx. I'opooH noka3zall BO3MOXHOCTh KJIOHMPOBAHUSA Ha
nsarymkax, a B 1979 rony anrnmuanuH Bunancen paspabortan
METO/I TOJY4YEeHUSI OJHOSMIEBBIX OJIM3HENOB M3 AMOPHOHOB
OBIIbI U KOPOBBI.

Cnocobwl u Memoovl KIOHUPOBAHUSL

B ocHOBe TexHONOTMM KJIOHMPOBAaHMS, TaK WM HHAue,
JEKUT  CIOCOOHOCTh  KJIETKM  Pa3BUBAThCSl  TOJIBKO  C
MaTEepPUHCKUM JUIUIOUIHBIM HAa0OpOM XpPOMOCOM. 3acTaBUTh
KJIETKY pPa3BUBAaTh TaKyld CHOCOOHOCTh MOXHO JABYMS
crioco0aMu: xupypeuveckum u “mepanesmuueckum”.

XPpOHOJIOTHYECKH BTOPOW METOJ H300peTéH HaMHOTO
panbiie. Cto jeT Hazaj 300J0T MOCKOBCKOTO YHHBEPCHUTETA
A. TuxomupoB J0Ka3al, 4To siiflla TyTOBOTO MIEIKOMPSIA MO
BO3JICHCTBUEM  PA3JIMYHBIX XHUMHUYECKUX U  (UINYECKUX
peakiuii MOTyT pa3BUBaThbCA 0€3 OIJIOJOTBOpPEeHMs. Takoe
pa3BuTHE OBLJIO HA3BAHO MAPTEHOTECHE30M.

Knonuposath MJIEKOTTHTAIOIINX MO>KHO, Kak
YIIOMHUHANIOCh, W APYrUM crnocoOom — xupyprudeckum. OH
OCHOBaH Ha 3aMEHE TAalIONJHOTO sJpa SUIEKIeTKH Ha
JTUIUIOUIHOE SAPO, B3SITOE M3 KIETOK AMOPHUOHOB. DTH KIIETKU
emé He AuQQepeHIInpOBaHbl, TO €CTh HE Hayalach 3aKiIajKa
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OpraHoB, TIOA3TOMY HX SJpa JErK0 3aMEHSIOT (QYHKIUIO
JUIUIOUIHOTO s/ipa TOJIBKO 4YTO OIUIOJOTBOPEHHOM KIIETH.
Takum metonom B CIIA (1952) V. P. bpurrc u T. JIx. Kunr, B
Aunrmuu . b. l'opoon (1960) mony4yminn reHeTuyeckue KOmuu
narymkd, a B 1997 rogy motnanzen WM. Yunmyt nosyuun
XUPYpruuyeckuM MnyréM 3HamMeHuTyro oBny [omm -
TFeHETUYECKYIO KOTIMIO MaTEPH.

TexHosnorust Xupyprudeckoro KJIOHHPOBAHUSI COCTOMT B
TOM, 4TO W3 SHUEKIETKH MPH MOMOUIM MUKPOXUPYPTrUYECKOU
omepanuu yAajaseTcsl SIpo U BMECTO HEro BBOJUTCS SIPO
COMaTHYECKOM KIETKH Jpyrod ocoOu (IOHOpPaA), B KOTOPOM
COJIepKaTcsl TeHbl TOJIBKO JOHOPCKOTO opranusmMa. Paznuuus B
TreHOMax POJUTENHCKOTO OpraHu3Ma M €ro KJIOHa COCTaBIISIOT
He Oonee 0,1%. Bropoil BapuaHT TEXHOJOTUH — 3TO
SHYKJIyalllsl COMaTU4YeCKOM KJIETKM M BBEJCHUE B Hee spa
ANNEKIeTKH. B CcBsI3u ¢ Tem, 4YTO pas3iuuus, XOTb U
MUHHUMaJIbHBIE, B CTPOIOM CMBICJE CJIOBa KJIOH HE SBISETCS
a0COJIFOTHO UAECHTUYHBIM POJAUTEIBCKOMY OPraHU3MY.

Buureanit MONOUHONR Xenean
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Puc. 25. KnonupoBaHue OBIIBI METOJIOM IIEpeHOCa SApa

YueHnble W3 yHHMBEpcUTETa  IUTaTa  BHUCKOHCHH
omnpoOoBaIn HOBYIO METOIUKY KJIOHUPOBAHUS
MJICKOTIUTAIOIINX, OTJIWYHYIO OT TOH, 4YTO NPHUMEHSIACh
YYeHBIMH U3 POCIMHTCKOTO WHCTHTYTa, BBIPACTHBIIUMU
Honnmu. OHM B KayecTBE OCHOBHOIO HMCXOJHOTO Marepuaia
WCIIOJIb30BANIN SIULIEKJIETKY KOPOBBI, Y KOTOPOl IN€HETUYECKUN
Marepuana 3aMEHWJIM  Ha monekynsl  JIHK  mpyrux
KJIIOHUPYEMBIX JKUBOTHBIX - CBUHBH, KpPBICHI, OBLBI WIN
o0e3bsiHbl.  Ilpy  3TOM  HCTOYHMKOM  HAClI€JICTBEHHOIO
Marepuana CIYXKWIH KISTKM TKaHEeHd B3pOCIBIX 0CO0eH,
B3ATbI€, HAIlpUMEpP, U3 CBUHOIO WM KpbicMHOro yxa. Ilocne
HCKYCCTBEHHOI'O OIUIOJIOTBOPEHUSI U3 KOPOBbEU SIHLIEKIIETKH,
MOJIyYMBIIEH HOBYIO TeHETUYECKYIO HH(POPMAIUIO, pPa3BUBAJICS
3apOJbIl APYTOro MIIEKOMUTAIOIIETO - KOIMHUS T€HETHYECKOTO
noHopa. Takum o00pa3oM, YYeHBIM YJIAIOCh OJaromoay4HO
BBIPACTUTh B JA0OPATOPHBIX YCIOBUAX 3MOPHOHBI CBUHBH,
KPBICHI, OBIIBI 1 00€3bsHBIL.

Pa3paboTunku mMerona yBepeHbI, YTO WX HCCIIEJOBAHHS
MMEIOT BaXXHOE 3HAUYECHME ISl Pa3BUTHSI T€HHOW MH)KEHEPUU U
M3Y4YEHUsI BO3MOXXHOCTEH T'€HETHYECKOro JOHOpcTBa. JlaHHas
METO/JMKa KIOHHUPOBAaHUS B OydylieM CMOXET MOMOYb
COXpaHEHHUIO UCUE3aOUIUX U PEAKUX BUJIOB KUBOTHBIX.

Buowl knonuposanus
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B Hacrosee BpeMsi BBIICISIOT /1Ba BU/Ia KIIOHUPOBAHUS:
penpodykmugHoe U  mepanesmuueckoe. B pe3ynbrare
pPENpOJAYKTUBHOTO  KJIOHUPOBAHHMS  oOpa3yeTcsi  HOBBIU
LEJIOCTHBIA OPraHU3M, KOTOPBIA SBJSETCS TE€HETHYECKOU
KOITHEH JIpyroro opraHu3ma — KJIOH.

TepaneBTHYECKOE KIOHHUPOBAHUE — OTO TEXHOJIOTHS
KIIOHUPOBAHUS C LEIbI0  TOJY4YCHUS]  SMOPHOHAIBHBIX
CTBOJIOBBIX  KJIETOK JUIsi  HAYYHBIX  HCCIICIOBAHHM WU
WCIIOJIb30BAHUS B TEPANIUU PA3IMYHBIX 3a00JI€BaHUI YeIOBEKa.
B mponecce TepaneBTHMUECKOTO KIOHMPOBAHHUS AMOPHOH HE
TEPEHOCUTCS IS JAIBHEHIIET0 pPa3BUTHSA B TOJIOCTh MAaTKH
JKEHIIIMHBI, a WCIOJIb3YyeTCSI B Ka4eCTBE OOBEKTa HAyYHBIX
WCCTIE0BAaHUM U TIOJYYE€HUSI CTBOJIOBBIX KJIETOK.

3urora SBISIETCA TOTHUIIOTEHTHOM, T.€. W3 JIO00H ee
KJIETKA MOET MPHU COOTBETCTBYIOUIMX YCJIOBHUSIX Pa3BUTHCA
3apO/IBIIII. Ha cTaauu OJIACTOIMCTEI o0Opazyrorcs
IUTIOPUIIOTEHTHBIE KJIETKHA, W3 KOTOPBIX B JallbHEHIIEM
(dhopmMupyroTCS BCE OpraHbl M TKaHW opraHu3Mma. B mporecce
TEpPaneBTUYECKOTO  KJIOHMPOBAaHMUS SMOPHOH  HEU30€KHO
YHUYTOXKACTCSA IMOcie OoOpa30BaHMsI TEPBUYHON «ITOJIOCKH»
(«cTBOJIAa») KIETOK, T.K. UX JaJbHEHIIIEE pa3BUTHE MPOUCXOIUT
B Pa3JIMYHBIX YCIOBUIX UCKYCCTBEHHOM Cpelibl B COOTBETCTBUU
C TeM, KaKylo TKaHb IIPEAINOJIaraeTcs MOJIy4UTh.

TexHonorust penpoayKTUBHOIO KIOHUPOBAHMS IIUPOKO
MIPUMEHSETCS] B MCCIEIOBATENbCKUX LENIX Ha XKUBOTHBIX. K
HACTOSIIIIEMY BPEMEHHU HAKOMIIEH OOLIUPHBIN OMBIT TIO
KIIOHUPOBAHUIO JKUBOTHBIX Pa3HBIX BUAOB (TPBI3YHBI, KOIIKH,
KpOJIUKH, CBUHBH, TENATa U JIp.).

Haubonee mepcrneKTUBHBIM HAMpPaBJICHUEM B KIETOYHOMN
WH)XEHEpUU  SBIISIETCA  KJIOHHUPOBAaHUE  JKMBOTHBIX  C
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HCIIOJb30BAHUEM METOJIOB I'€HHOW HMH)KEHEepuu. BBeneHue B
smOpuon HoBoit JIHK mo3Bomsier moiydars KHBOTHBIX C
HOBBIMHM CBOMCTBAMHU HUX OpPraHU3MOB. OTH CBONCTBA MOTYT
ObITh HCIIOJIb30BAHBI B MEIUILUHE JJIs JICYEHUS Pa3IUUHbIX
3a00JeBaHMid, TPAHCIUIAHTAWK, B (apMaleBTUYECKONH U
MUIIEBOW  TpoMbINUIeHHOCTH.  Hampumep, B 1997r.
ouorexnonoruueckass kommanuss PPL  Therapeutics Inc.
COBMECTHO C PO3IMHCKMM MHCTUTYTOM KJIOHHMPOBAJIA OBILY IO
kinuke [lonm W3 TreHeTMYecKH HW3MEHEHHOM 3apOoJbIIIEeBON
KJIETKM. MOJOKO KJIOHHPOBAaHHOTO >XHUBOTHOTO COJEPKAI
0€eJ0K, BBI3BIBAIOLINI CBEPTHIBAHUE KPOBU YEJIOBEKA, KOTOPBIN
MO>KET OBITh UCIOJIL30BaH JJIs JICUEHUS] TeMOUITHH.

BosmoxnHOoCcTH HCIIOJIB30BAaHUS TEXHOJIOTUI
TEPANEBTHUYECKOTO W PENPOAYKTUBHOIO  KIOHHUPOBAHHUS
BBISIBWIN LEJBIA psAA ATUKO - (UIOCO(CKUX, COLHUAIBHO -
IIPAaBOBBIX W JPYTruUX MpoOJeM, CBA3aHHBIX CO CHELU(PUKON
KaKJOTO U3 dTUX BUJIOB KJIOHUPOBAHHS.

[Ipumenenue TEXHOJIOTMH PENpPOAYKTUBHOTO
KJIOHMPOBAHUS HA YEJIOBEKE BBI3BAJIO HaMOOJIbIIEe KOJIUYECTBO
BO3pPa)XXCHUM, CIIOPOB M JHUCKYCCUH pPa3IU4YHOIO YPOBHA H
HanpaBjieHUH. DKCIEPUMEHTHI 10 KIOHUPOBAHUIO 3MOPHOHOB
YyejoBeKa IMepeBeNM JaHHyl MpoliemMy U3 obiactu
OuoMenuIMHbBL B 00JIACTh ITHKO-IPABOBBIX, COLUAIBHO-
MOJIMTUYECKUX M PEJIMTHO3HBIX MPOOJIEM MHPOBOTO 3HAUCHMUS.
B Hacrosmee BpeMs NEPCIEKTHUBA KIOHUPOBAHMS YEJIOBEKa
paccMarpuBaeTcsd  Kak ~ I[OTEHUUWaldbHas  yrposa s
CaMOOBITHOCTH 4YeNlOBeKa, Kak B (U3NYECKOM, Tak U B
JyXOBHO-TICUXOJIOTHYECKOM ILJIaHE.

[IpaBoBoif acmekr mnpoOneMbl KIOHUPOBaHMSA HalIel
IIUPOKOE  OTPAXKEHHE B PAAC  MEKIYHAPOIOHBIX U
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rOCyJapCTBEHHbIX ~ JOKYMEHTOB  MHOTMX  cTpaH. Ha
MEXJyHApOAHOM  ypOBHE mpolOiieMa  PernpoayKTHBHOTO
KIIOHUPOBAHUS 4YEJIOBEKAa paccMaTpuBajach HECKOJBKUMH
CTEUAN3UPOBAHHBIMU YUPEKACHUIMU CHCTEMBI
Opramm3ammn  OObenuHeHHbix  Hammit. Bo  BceoOmieit
Jlexnapaiuu o reHoMe 4YeJloBeKa U IIpaBax 4eJ0BeKa B 00J1acTu
ouomenuiasl (BMA), npunaroit B 1997 r. u onobpeHHoi
Accambneeit OOH B 1998 r., mpoBo3riameHo, 4To IE€HOM
YeJIOBEKa <«3HAMEHYEeT COOOH JIOCTOSIHUE 4YeIOBEYECTBa» M
MIPU3HAETCS «HEOTHEMJIEMOE JIOCTOMHCTBO M pazHOOOpazue»
BCEX MPEACTAaBUTENICH YeloBeYeCKoro poaa. B ganHoOM
JOKYMEHTE KIIOHUPOBaHUE yeJoBeKa MIPU3HAETCS
MPOTUBOPEYAIIMM YeJIOBEYECKOMY JOCTOMHCTBY. B paznene
«MccnenoBanus, KacarolMecs TIeHOMa 4YelOBEKa» CKa3aHo:
«He nomyckaeTcs npakTHka, IPOTHBOpPEYALas YEIOBEYECKOMY
JOCTOMHCTBY, Takas, Kak IMPAKTHKAa KIOHUPOBAHUS B IIEJIAX
BOCIIPOM3BO/ICTBA YEJIOBEUECKOH 0COOM».

Haubosiee BEpOsTHBIM U NEPCHEKTUBHBIM HAIIPABJIEHUEM
B HCIOJb30BAHUM TEXHOJOTMH KJIOHMPOBAHUS SIBISETCA
KJIOHUPOBAHHE JOMAaIHUX ’KUBOTHBIX c LEJIBIO
YIOBJIETBOPEHHUsI  IOTPEOHOCTH  HAcelIeHUs B  MSCHBIX
OpOAYKTaxX  IMHTaHUsS, TEPaleBTUYECKOE  KIOHUPOBAaHHE
OpraHoB  Teja  4YeJoOBeKa Ui MOCIeyroued  ux
TPAaHCIUIAHTALlMM W  peIUIMKalMs KJIETOK sl  HaydHbIX
HCCIIEI0BaHUN.

4. CTB0OJIOBBIE KJIETKH

B 1999 rony xypHan «Science» MNpHU3HAT OTKPBITHE
SMOPHOHAIBHBIX CTBOJIOBBIX KJIETOK TPETHUM I10 3HAUUMOCTHU
COOBITHEM B OMOJIOTHH TIOCIIE pacIu(POBKH IBOMHON crimpaiu
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JHK u nporpammel «I'eHoM uenoBeka». CTBOIOBbIE KIETKH —
3TO Hepapxusi 0COOBIX KJIETOK JKMBBIX OPTaHU3MOB, KaXKJaas U3
KOTOPBIX CIOCOOHAa BHOCHEACTBHM JU(G(HEpEHIINPOBATHCS
0cOObIM 00pa3oM, T.e. TOJydYaTh CICHMUAIM3ALUI0 U Jajnee
pa3BUBATHCS KaK OOBIYHAS KIIETKA.

Bce opranbr 00pa3yroTcs U3 OJHON M TOH K€ CTBOJIOBOM
KJIETKH, HO MOYEMY-TO B OJHOM MECTE€ OHa IpeBpallaercs B
KJIETKY KpOBHU, B JPYIrOM — B KJETKY *XHUPOBOM WM KOCTHOM
TKaHH, @ B TPEThEM M3 HEe MOSBISAETCS XpsllleBas KieTka —
XOHJpoUuT u T.4. [Iprpoaa ncnonb3yeT orpoMHOE KOJIMYECTBO
OMOJIOTMYECKH AaKTUBHBIX BEIIECTB B TOM MJIM HHOM
codeTaHuu, 4ToObl auddepeHITUPOBaThL CTBOJIOBBIE KJIETKH B
pa3HbIX HaIpaBJICHUAX U CO3/1aBaTh W3 HHUX Pa3HbIE OpPraHbl.
Pa3zragka »TOro mpupoAHOro KoJa — camasi CJIO)KHas 3ajadya,
KOTOPOil 3aHUMAIOTCSl YU€HbIE MHOTUX CTPaH MHUpa.

Knerku, BblaeneHHble U3 5SMOpPUOHOB Ha  CTaguu
OJ1aCTOLMCTHI, MOTYT MPOJU(EPUPOBATh B KYIbTYPE, COXpaHss
crocoOHOCTh K AuddepeHIIMPOBKE B JIIOOBIC THIIBI KJIETOK, B
T.4. U B KJIETKU 3apO/IbIIIEBON JTUHHUH, TIPU BBEICHUU B IPYron
SMOpPHOH Ha cTajuu OacTOUMCThI. Takue KIEeTKH Ha3bIBAIOTCS
TUTIOPUIIOTEHTHBIMU SMOPHUOHAIBHBIMU CTBOJIOBBIMH KJIETKaMH
(ES — knetkwn).

OHu  sBisitoTCS  Haumboliee  yHHBEpCaJIbHBIMU U
XapaKTePU3UPYIOTCS CIEIYIOIIMMHA OCHOBHBIMU CBOMCTBAMU:

1. ToTMHNOTEHTHOCTP — CHOCOOHOCTH O6paSOBLIBaTI>
J'IIO6YIO TKaHb OpraHnu3mMa.
2. XOYMI/IHF — CHOCOOHOCTH CTBOJIOBBIX KIJICTOK, IIpH

BBEJICHUM WX B OpPraHM3M, HAXOJWUTh 30HY IOBPEXKIEHUSA U
(UKCUPOBATHCS TaM, UCTIOIHAS YTPAYSHHYIO (DYHKIIHUIO.
3. Tenomepas3Hast aKTUBHOCTb.
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4. Hannuue B nuromtasme MPHK Bcex renos, kotopbie
OTBEYAIOT 32 PAHHEE Pa3BUTHUE 3apOIbIIIA.

B pasznuunHbIX OpraHax M TKaHSAX B3POCJIOr0 OpraHuU3Ma
CYIIECTBYIOT YAaCTHYHO CO3PEBIIME CTBOJIOBBIE KIIETKH,
TOTOBBIC OBICTPO JIO3PETh M MPEBPATHTHCS B KICTKH HYKHOTO
tuna. JudpepeHnnpoBKy MOTYT 3aIlyCKaTh KaKk BHYTPECHHUE
MPUYUHBL, Tak U BHemrHWe. CTBOJIOBBIE KJIETKH TasT B cebe
HEBHUJIAHHBIE BO3MOYXHOCTH: OT pPEreHEeparliu MOBPEXKICHHBIX
OpraHOB W TKaHEH 10 JIeueHUs 3a00JI€BaHMIA, HE IO JIAtOIIIUXCS
JIeKapcTBeHHOM Tepanuu. CTBOJIOBBIE KIETKA B3pPOCIIOTrO
opranu3ma O00€CTeUMBaAIOT HOPMAJbHOE PA3BUTHE YEIIOBEKA,
HO KJIETKHA B3pPOCJBIX HE TaKHE YHUBEpCAJIbHBIE KaK KJIETKU
sMOpuoHa. OHM MOTYT CTaTh TaKUM TUIIOM KJIETOK, KOTOPBIH
COXpaHseT crnenuuKy TKaHu, U3 KOTOPO ObUIH BbIIETICHBDI.

Ilo TAHHBIM Mex1yHapoAHOro oO1ecTBa 1o
nccaenoBanuto crBoioBbIX KieTok (ISSCR), cymiecTByeT nBa
THAMNa CTBOJIOBBIX KJIETOK. [TepBbrit u CaMblii
pacpOCTpaHEHHbI BUJ HOCUT HAa3BAHHUE I'€MOIO3TUYECKHUX
CTBOJIOBBIX KJIETOK, KOTOpPbIE€ OOpa3ylOT BCE THUIIbI KPOBSHBIX
KJIETOK B OopraHusme. BTopas kaTeropusi CTBOJIOBBIX KJIETOK Y
B3pOCIBIX HOCUT HA3BAHHME CTPOMAJIbHBIX CTBOJIOBBIX KIIETOK
KOCTHOI'O MO3la WJIM ME3€HXMMAJIbHBIX CTBOJIOBBIX KJIETOK
(MCK).

XpaHUIUIIEM CTBOJIOBBIX KIIETOK OpraHU3Ma CIIY>KHT
KOCTHBIM MO3r, TJI€¢ CTBOJIOBbIE KJIETKH HaXOJATCA B
CBOEOOpPA3HOW HUIIE B OKPYXEHUH CTPOMAIBHBIX KIETOK,
KOTOPBIE€ YUACTBYIOT B IIEPEAAUE PETYIATOPHBIX CUTHAJIOB.

CTBOJNIOBBIE KIIETKH, XOTS W B HEOONBIIOM 00BEME,
MOXXHO HAaWTH M B UUPKYISIUOHHONW (TaKk Ha3bIBaeMOil
nepudeprudecKoii) KpoBu.
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Puc. 26. PonocioBHOe APEBO KIETOK KPOBH.

Ilepenpozpammuposanue comamuieckux Kiemox

HccnenoBanusamu B oOnactu MOJIEKYJISIPHOM
OMOTEXHOJIOTMM MOCIEAHUX JIET JOKa3aHO BO3MOKHOCTb
u3MeHeHus: mpouecca auddepeHumanuu kiuerok. Eciam 1o
HE/JaBHEr0 BPEMEHM CYMTAIM, 4YTO IMPOLECC PpPa3BUTHUSA
OIUIOJJOTBOPEHHON SHLEKIETKH IPOUCXOAUT IMO3TAMHO C
MOCTENIEHHON  yTpaTol MOJMIOTEHTHOCTH, TO SIMOHCKUMI
yueHblii Cunbg fImManaka ¢ coasTropamu (2006) ycTaHOBMIH
BO3MOJKHOCTh TpEBpaIleHUs] TUPPEepeHIIUPOBAHHBIX KIIETOK
B CTBOJIOBBIE, TO €CTh B MHIYLIMPOBAaHHBIE IUIFOPUIIOTECHTHHIE
crBosioBbie kieTku (MIICK) wmu IPS (induced pluripotenht
stem cells).
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be3ycinoBHO, 3TO  OTKpBITHME CTaJ0  BEIUYANIINM
JOCTHKEHUEM B KIETOYHOM HWHXKEHEPUH, U HE CIy4alHo,
Cunbsa SImanaka B 2012 roxy Obu1 ynocroeH HoGeneBckoit
MIPEMUH 110 (PU3HOJIOTHU U MEUIIUHE.

Ceroansi TexHosorusi fIMaHakud JaeT BO3MOXXHOCTH U3
CHEIMATN3UPOBAHHBIX KJIETOK B3pOCIIOTO OpraHuisMa (yaiie
Bcero u3 (pubpoOIacTOB KOXKHM) MOJIydaTh IUIIOPUIIOTEHTHBIE
KJIETKH, HaJIeJIEHHbIE BO3MOXHOCTSIMU Pa3BUBATHCS B KIIETKU
pPa3HBIX TKaHEH W OpraHoB. J[Jis 3TOro B HUX HY)KHO BHEIIPUTH
yeTeipe TeHa - Oct4, Sox2, KIf4 u c-Myc., koTopbsie 00bIYHO
paboTaroT B AMOPHUOHATBHBIX CTBOJIOBBIX KJIETKaX. JTH TE€HBI
MepenporpaMMHUPYIOT KJIIETOYHBIN T€HOM, BO3BpaIlias KJIETKY B
SMOPHOHAIBHYIO CTAIUI0 U B TIOCIEAYIOIMIEM W3 HUX MOXHO
MOJy4YuTh JI000# Tum kietok. Tak, [[. IllpuBactaBe momydwn
cepJieuHble MHUOLIUTHI U3 KIIETOK KOXKH, a M.BepHura u3 kierok
Koxu HeripoHsl (2010 1.) u ap.

Texnonorust orpaboTaHa, HO y Hee €CTh HEIOCTAaTKU: OHA
JIOBOJIPHO MeieHHa W Hed(pdeKTHBHA IS TOTO, 4YTOOBI ee
MOXXHO OBLJIO HCIIOJIb30BaTh B MpakTHUeckod Mmeaunuue. O
paZvKalbHOM €€ COBEPILICHCTBOBAHUU [JOJIOKUIM yYEHbIE U3
M3panns monx pykoBojacTBoMm naokrtopa Skyba Xanna. OHu
COBEpUIWIA HACTOSAIIMI MPOPHIB B TEXHOJOTUHU, NOOMIHCH
TOT0, YTO BCE UCXOJHBIE (UOPOOIACTHI CTAIN MPEBPAILATHCS B
UIICK. DTOT mpophlB Ype3BbIYANHO BaKEH Kak JUIsl Lenei
MEJIMLUHBI, TaK U AJI Jy4IIEro MOHUMaHUs CaMoro Ipoliecca
nepenporpaMMHUpPOBaHUSL.

Jlo cero BpeMeHM MEpPernporpaMMUPOBAHUE 3PENBIX
(uOpoOIaCTOB B CTBOJIOBBIE KIETKM 3aHUMAlO CBBINIE 4-X
Heznenb. CI0KHOCTh COCTOUT €II€ U B TOM, YTO 3TOT MPOIECC
MPOUCXOJUT HECUHXPOHHO B pa3HbIX KieTkax. Haxonern,
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BBIXOJ] KOHeyHoro npoxaykra, To ectb MUIICK, He mpeBbimaer
1%. [Ipuuuna, He naromas kieTkam 3(p(HEeKTUBHO MEHSTH CBOIO
cyns0y, OKa3anach B OJJHOM Oelke 1o HazBaHuem MBD-3.

JlanHbIid O€JIOK BCer/a MPHUCYTCTBYET B JIIOOOW KIIETKE Ha
1000 CTaauu €€ pa3BUTHS, HO JIO CUX IOP YUEHBIE HE 3HAIU
ero ¢ynkmmii. Kak BBICHWIM HCCICIOBATENN, SAUHCTBEHHOE
Bpemsi, korna 6enka MBD-3 HeT B KIIeTKe, 9TO MepBbIe TPH THS
MOCJI€ OIUIOAOTBOPEHHUS, TO €CTh TE€ camble NEepBbIE JTHHU
pa3BUTHSI 3UTOTHI, KOTJAa OHAa HA4YMHAET JEIUThbCs, oOpasys
Omactymy W  KoTopas oOpa3oBaHa  3MOpPHOHATBHBIMU
CTBOJIOBBIMH KJIETKaMHU. Y’Ke, HauuMHas C YETBEPTOro JHA
pa3BuTHA, B KIETKax moseisercs Oemok MBD-3, u oHu
MOCTENIEHHO YTPAayMBaIOT IUIIOPUIIOTEHTHOCTh U MX Pa3BUTHE
HalpasJisieTcd [0 TOMY WM WHOMY NyTH. B panbHeiiem
KJIETKA 00pasyloT TpU 3apOABILIEBBIX JIMUCTKA — 3KTOJEPMY,
SHAONEPMY M Me30/epMy. bHOJOrH mnpeanosioKWIN, YTOo
nMeHHO Oenox MBD-3 mpoTHBOCTOWT TUTFOPUIIOTEHTHOCTH.
OHu ynanunu ero u3 KIETOK, B pe3ylbTaTe CKOPOCTh U
3¢ deKTUBHOCTD ux nepenporpaMMupOBaHus pe3ko
noBeicuiuch. HeobxommumMoe i 3TOro BpeMs COKPaTUIIOCh C
YeThlpeX Henelab J0 BOcbMM JHed. Kietku Havamm
WCIBITHIBATH MPEBpaIleHre CHHXPOHHO. U ero 3pQekTHBHOCTD
npubnusuiacs k 100%.

5. MOHOKJIOHAJbHBIE AHTHTEJIA.

Kak wu3BeCTHO, BO3HMKHOBEHHE KJIETOYHON WHXEHEPUU
CBA3aHO C  pa3pabOTKON  TEXHOJNOTWUH  TUOpUIU3ALUU
COMATMYECKUX KIETOK. B HacTosiiee Bpemsi CO3/JaHHE
TUOPUAOMHOM TEXHOJIOTMH MOXHO CUMUTaTh Hambojee spKOi
CTpaHMIIE HE TOJBKO KJIETOYHOW WHXXEHEpUHU, HO U
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MOJIEKYJISIpHOM OnoTexHoJornu B 1eiaoM. K 3Tomy BpemeHH
YCOBEPIIEHCTBOBAHbI CIOCOOBI KYJIbTUBUPOBAHUS KUBOTHBIX
KJIETOK U TMOSBUIUCH CIOCOOBI BbIpAIllMBaHUSA B KYIbTYpe
KJIETOK M TKaHEH PaCTCHUM.

[lon xneTOYHOM HMHKEHEPUEH B OCHOBHOM ITIOHUMAKOT
METO/i KOHCTPYHPOBAHUS KJIETOK HOBOI'O THIIA HA OCHOBE HX
KYJIbTUBUPOBAHUS, THOPUIN3ALUU U PEKOHCTPYKIUU.

Kynbrypa KIIETOK — METO /T COXpaHEeHus
KU3HECIIOCOOHOCTU KJIETOK BHE OpraHM3Ma B HCKYCCTBEHHO
CO3aHHBIX YCIOBUSAX MUTATEeNIbHBIX cpel. s
KYJIbTUBUPOBAHUS MOTYT OBITh  HCHOJB30BaHbl  KIIETKU
Pa3IUYHBIX OPraHoB, TUMGOUUTHI, GUOPOOIACTHI, SIMOPUOHBI,
KJIETKA T[0YEK JKUBOTHBIX M YEJIOBEKa, PAaKOBbIE KIETKH
yeqmoBeka ©H 0 T. A.  Kyaemypwl, — npucomoénennvle
HenocpeocmeeHHo U3 MKAHel Op2aHu3Ma, HA3bl8AIOMCSl
nepeuunvimu. B OONBIIMHCTBE CllyyaeB KIETKH MEPBUYHOMN
KYJIBTYPBl MOKHO II€PEHECTH M3 KyJIbTypalbHOM 4YallKd U
HCIOJIb30BATh JJIS MOJIY4YEHHs] BTOPUYHBIX KYJIbTYpP, KOTOPbIE
MOXKHO IIOCJIEJOBATEIbHO II€PEBUBAThb B TEUCHUE HENENb U
MECSLEB.

OmHuM W3  BaXHEHIIUX JOCTHKCHHHA THOPUIAOMHON
TEXHOJIOTUM SIBJIAETCS pa3paboTKa METOJMKU IOJIydeHUs
MOHOKJIOHQJIBHBIX aHTHUTEIL.

IIpu BBeleHMM aHTUI'€HA B OPraHU3M BO3HHMKAET O0JIbIIOE
CEMEICTBO PA3JIMYHBIX AHTHUTEII, HAIIPABJICHHBIX K PAa3HBIM €TI0
nerepMuHanTaM. OpHako, MHOTAa  TpedyeTrcs  TOJBKO
OTpeNIeNEHHBIA BU AHTUTEJN, CHEHU(PUUHBIX JMIIb K OJHOU
JETEPMUHAHTE AHTUI€HA M MMCEKIOIIHUX OJHU M TE IKE
XapaKTEPUCTHUKHU.
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Monoxnonanvnvie aumumena — 3TO AHTUTENA CTPOTO
OTpENeNEHHON  CIeMU(pUYHOCTH, TPOIYKT OIHOTO KJIIOHA
KJIeTOK. MOHOKJIOHaNbHBIE AHTUTENA TOMOIEHHbl KaK IO
cenu(UIHOCTH, TaK U MO (U3UKO-XUMHUYECKUM CBOWCTBAM.
MOHOKJIOHAJIbHOE AHTHUTENO CBSA3BIBAETCS TOJIBKO C OJHOM
AHTUICHHOW JETEPMHMHAHTOM Ha MOJIEKyJe aHTWIeHa. B
NpUpOJE€ TMOYTH HUKOTJAa He HaOIoAaercs MCTUHHBINA
MOHOKJIOHQJIbHBIN OTBET.

[Tonyuenue MOHOKJIOHAJIbHBIX aHTUTEN CTaso
BO3MOXKHBIM Omnaronapsi padoram ['eopra Kenepa u Ilesaps
Munemteiina, kotopele B 1984 r. cramm naypearamu
Hobenesckoit mpemun.

I Kenmnep m L. MunbmTeiiH mnomyuyuinu TruOpUAHbBIE
KJIETKH U3 JUMGOUIHONU OIMyX0ojau (MHEIOMa) U HOPMAaIbHOTO
mumdonuta. ['mOpuaHbIE KIETKM HMEIH YacTh XPOMOCOM
HOpPMaJbHOTO JUM$OUUTa ¢ YacTb - OT OIYXOJH.
CrnenoBatenpbHO, THOpHIOMA HacienoBajla OT HOPMaJIbHOM
KJIETKA CIHOCOOHOCTh K CHHTE3y aHTHUTEN, a OT OIYyXOJEeBOM
KJIETKU — CTIIOCOOHOCTh K HEOTPAaHUUYEHHOMY UHCIY JEICHUM.

Takum oOpazom, rUOpUIOMHAST TEXHOJOTHS IOIyYEHUs
MOHOKJIOHQJIBHBIX QHTHUTEN - CIUSHUE JUMQOIMTOB TKaHEH
(qamre CEJIe3EHKH ) OpraHu3MOB, MpPEeIBAPUTEIILHO
MMMYHHU3UPOBAHHBIX ONPECIEHHBIM aHTUTCHOM, C PAKOBBIMU
KJIETKaMH, CHOCOOHBIMH K OECKOHEYHOMY JIEJICHHIO.
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Puc. 27. Dransl oydeHnss MOHOKIIOHAILHBIX aHTHTEIL.

['uOpumomel - 6eccMepTHBIE KIOHBI KIETOK JIMMQOUTHON
TKaHH, CUHTE3UPYIOIINEe MOHOKJIOHAJIbHbIEC aHTUTENA.

MOHOKIIOHANIbHBIE aHTHUTENa, MPOAYLHUPYEMbIE OTHUM
KJIOHOM 00J1a/1al0T CJIEYIOIIMMH CBOWCTBAMU:

* BbICOKOCIENU(UYHBI U CHEHU(UIHOCTh HAINpaBiIeHA
TOJIBKO K 3aJJaHHON aHTUT€HHOU JIETEPMHUHAHTE;

* UJEHTHYHBI MO AJIOTUIY U HUIUOTHUILY, a TaKXKe IO
abbuHHOCTH U (PU3UKO-XUMHYECKUM XapaKTePUCTHUKAM.

CraOunbHble KYJIBTYPBI rudpuoM CHOCOOHBI
POAYLIMPOBATh MOHOKJIOHAJIbHBIE aHTUTENa B
HEOrpaHMYEHHOM  KoJindecTBe.  bmaromaps CBOUM

YHHUKAJIbHBIM CBOMCTBAM  MOHOKJIOHAJIbHBIE  aHTHTEIIA
YCIIEUTHO HCIIONB3YIOTCA Ui PEIIeHUsT MHOTHUX aKTyallbHBIX
3agay  Owoyiorun ©u Meauumubl. CeromHsa ©Oonee 20%
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pa3pabaTbIBaeMbIX OonodapMareBTUIeCKUX penaparon
SBIISIFOTCSL TIPOJYKTaMH THOPHIOMHOM TEXHOJIOTHH.

[Tonyuenue 1 UCHOJIL30BaHNE MOHOKJIOHAIBHBIX aHTUTEI
— OJHO U3 CYIIECTBEHHBIX JOCTHM)KCHUH COBPEMEHHOM
uMMyHoJiorud. C MX MOMOIIBI0O MOKHO OIpPEAEIUTh J11000e
MMMYHOT'€HHOE BEIIECTBO:

1) aHTHUTEHBI, OMPENEIAIOINE T'HCTOCOBMECTUMOCTh U
muhdepeHIupoBKY;

2) nupPepeHIMPOBOYHBIC,  OMyXOJEBbIE U JPYyrue
AQHTUTCHBl KJIETOYHOW IOBEPXHOCTH, KOTOpPHIC JIUIICHBI
nmoJimMoppr3Ma 1 HEMMMYHOTEHHBI B QJJIOTEHHBIX CHUCTEMax,
HO pacHo3HAIOTCS MPYU UMMYHU3AIINH;

3) BUpYCHBIC U OaKTepHATIbHbBIC AHTUTCHBI;

4) emUHUYHBIC aHTUT€HHbIE JEeTepPMUHAHTBI
Pa3HOOOPa3HBIX OCJIKOB, HYKJIEMHOBBIX KUCIIOT H JIP.

MoHOKIIOHANIbHBIE AHTUTENa MOKHO HCIOJIb30BaTh s
JMArHOCTHKH paKa M OIpe/eleHUs IOKATU3aIUU OMyX0JId, JUIs
JIMArHOCTUKU HH(apKkTa MHOKapAa. MOXHO HCIOIb30BaTh
MOHOKJIOHQJIbHBIE ~aHTHUTeNa [UIs OINpeieNieHus TMmojia Yy
KpPYITIHOTO pOraToro CKOTa Ha MPEeIUMIUIaHTAIIMOHHOW CTaauu
pa3BUTHs, a Takke M8 CTaHAapTH3alUH  METOJOB
TUNIUPOBAHUS TKaHEH NpU TPAHCIUIAHTALIMM OPTaHOB, MpPU
W3YYEHUU KJIETOYHBIX MeMOpaH, /i1 MOCTPOCHUS aHTUTECHHBIX
KapT BUPYCOB, BO30ynuTenei 60e3Hen.

B MemuuuHe Ha OCHOBE MOHOKJIOHAIBHBIX AHTUTEI
pa3paboTaHo OOJIbIIOE KOJIMYECTBO AUArHOCTHMUYECKUX CHUCTEM
TSt Ppa3IUYHBIX 3a00JIEBaHUI (MH(DEKIIMOHHBIX,
OHKOJIOTMYECKMX M JIp.), AaKTUBHO pa3padaTbIBaloTCsI U
JIEKapCTBEHHbIE MpernapaThl, HAIpUMeEp, MPOTHBOOIYXOJIEBbIE
npernaparsl, aHTULIUTOKUHOBBIE aHTUTENA U Jp.
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	Они являются наиболее универсальными и характеризируются следующими основными свойствами:
	В различных органах и тканях взрослого организма существуют частично созревшие стволовые клетки, готовые быстро дозреть и превратиться в клетки нужного типа. Дифференцировку могут запускать как внутренние причины, так и внешние. Стволовые клетки таят ...
	По данным Международного общества по исследованию стволовых клеток (ISSCR), существует два типа стволовых клеток. Первый и самый распространенный вид носит название гемопоэтических стволовых клеток, которые образуют все типы кровяных клеток в организм...
	Рис. 26. Родословное древо клеток крови.
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