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OBb ABTOPAX

VYumbam C. Knar gBJsteTcsT TIOYeTHBIM ITpodeccopoM O1o-
sioruu B Komnemke Heto-Ixepcu (B mpouuiom — Kosieaxk
mrata B TpeHntone) B FOunre mrata Heto-Ixepcu, roe
OH BOT yXe 17 JIeT CIy>KUT pyKOBOAMTEJIEM JTUIUIOMHBIX
paboT cTyaeHTOB OuoJiornueckoro ¢akysabrera. OH Momy-
YuJ CTereHb OakanaBpa Ouonoruu ot Komnemka Yobaiia
B Kpodopacsunn mrata MHamaHa, a cteneHb HOKTOpa
¢unocopunu — ot CeBepo-3amagHOTO YHUBEPCUTETA B
. OBaHcToHe mtata Mmmmnoiic. Jlo epexona B Komnemk
Heio-IIxxepcu oH mnperniogasan B Komtemke YoOaia, roe
. OH BITEPBbIC HAYaJI IIPEIIOIAaBaTh TCHETUKY, a TAKXKE OOIIIYIO
OUMOJIOTHIO U 3JIEKTPOHHYI0 MUKPOCKOIHIO. B 00/1aCTh €ro HayYHbIX MHTEPECOB BXOIUIIN
VABTPACTPYKTYPHBIE Y MOJIEKYJISIPHBIE TEHETUUEeCKUE UCCIIENOBAHUSI PA3BUTHSI, UCTIOJTb-
30BaHUs ooreHe3a y Drosophila xak MoaenbHOU cuctembl. bosee 40 yieT oH Bes Kypc 1o
TeHEeTHKe, a TaKKe CEMMHApPhl 110 MOJIEKYJISIPHOI TeHETUKE M TeHETHKEe YeIoBeKa s
CTY/IEHTOB OaKkagaBpuaTa C OCHOBHOIM crietiranu3anueii mo ouosnoruu. B 2001 . oH nouty-
YUJI TIEPBYIO exeronHyto npemuto yuutens B Komnemke Hero-xkepcu, npucyxaaemyro
MpernoaaBaTe/IsiM YUeOHBIX 3aBeJCHUI, KOTOphIE «<Hanboiee TpeOoBaTeIbHBI K CTyIEHTaM
JIJIST JOCTVKEHMS BBICOKMX cTaHAapTOB». B 2004 . MexX1yHapOIHBIM COLMAIBHBIM KOJIIe-
ruanbHbeIM OpatcTBoM CurMma ITu eMy ObUTO TIpUCBOEHO 3BaHME «Bhimaronuiics mpodec-
COp», M B TOM K€ TOIy OH OBbLI HOMUHUPOBAH Ha 3BaHUE IIPEIToaaBaTesIs roga, KOTopoe
npucyxnaercss CoBetoMm Huio-I[xkepcu 110 ncciienoBaHusM 1 pa3sutuio. Korma n-p Kiar
HE 3aHMMAeTCsT PeIaKTUPOBaHEM YICOHUKOB, He TIOTPYKEH B JIMTEPaTypy IO TCHETUKE
WIM He cTapaeTcsl u3dexaTh JBOMHOrO Xyrena (Ipyu Urpe B rojibg), €ro MHOrjaa MOXXHO
HaTH TUTBIBYIIIMM Ha Oaiiapke B MekcukaHCKOM 3ayiiBe win B 3auBe [leHoOckoT- baii
aKBaTOpUM 3a11uBa M3H.

Mumenp P. Kamvmunre gaBisercsa mpodeccopoM-uccie-
moBaTeneM (haKyyIbTeTa OMOJIOTUUECKUX, XUMUUECKUX 1
dm3myecKknx HayK B MITMHOMCKOM MHCTUTYTE TEXHOJIOTHHI
(Yukaro, MnnuHoiic). bonee 25 et oH ObUT MpenojgaBa-
TejeM hakyJbTeTa OMOJTOTMYECKUX HayK U (pakyabTeTa
MOJIEKYJISIpHOM reHeTuku MIITMHOMCKOTOo YHUBEpPCUTETA
B Yukaro. OH Takxe mnpemnonaBan B CeBepo-3anagHoMm
yHuBepcuteTe Dopuabl, a CTereHb 0aKaaaBpa MOTydrI
ot Konnemxka Cssaroit Mapuu B YuHoHa, MUHHecOTa, a TakKKe CTEIeHb MarucTpa HaykK
U n-pa ¢punocopun or CeBepo-3amagHoro yHuBepcureTa B IBaHCTOHe, MmHoiic.
ITomuMmo 3TOrO Yy4eOHMKA, OH HaIMcall ydeOHUKY TT0 TeHETHKE YeJIoBeKa 1 o011Ieit 01o-
Jorun. O0JIaCTh €ro HAyIHBIX MHTEPECOB COCPEIOTOUCHA Ha MOJICKYJISIPHOM OpraHN3aIny
1 GU3NIECKOM KapTUPOBAHUU TeTEPOXPOMATHICCKNX YIACTKOB aKPOIEHTPUICCKIX
TOJIOBUATHIX XPOMOCOM 4YesIoBeKa. JJis CTymeHTOB OakalaBpuaTa OH YUTAJ KYPCHI 10
MOJIEKYJISIDHOI TeHETHKe, TEHETUKE YeJIoBeKa 1 o0Ielt OMoIoTnu, cTaB obIanaTesieM
MHOTOYMCIICHHBIX HAarpaj 3a BEICOKWI YPOBEHb IIPEITOAaBaHU OT (paKyJIBTeTa YHUBEPCH -
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TeTa, CTyAeHYECKMX OpraHM3aliil U BBITYCKHUMKOB yHUBepcuTeTa. Korma n-p KammuHre
HE 3aHST MperoaBaHueM WIM HallMCaHUEM CTaTeli, ero MOXHO 4acTO HAlTH AaJIeKO OT
Oepera 3a peIOATIKOIA.

IIMapaorra A. Cnencep — NMOYETHBIN AOLEHT (haKyabreTa
OHKOJIOTUM YHUBepcuTeTa AnboepTa B DIMOHTOHE, TIPO-
BuHLMA Anboepta, Kanama. OHa TakxKe mperojaBaia Ha
(akybreTe OMOXMMHUHU B YHUBepcuTeTe Anpoepra. CTerneHb
OakayiaBpa HayK B MUKPOOMOJIOTMH TTOJTy4MIIa OT YHUBEPCH-
Teta bputanckoit Konym6uu Anpdepra, CTereHb 10KTopa
dumocodun — oT YHHBepcuTeTa AJThOepTa C IMOCICIYIOIIeit
noctaoKropaHTypoii B LleHTpe nccnemoBanuii paka @pena
XatunHcoHa B Cuatie, mtat BammHrrod. O61acTh ee HayYHbIX MHTEPECOB BKIIIOYAET
ucciaenoBaHue peryasuuu TpaHckpunuun PHK-monumepassl 11 B pakoBbIX KiIeTKax,
B KJIeTKaX, mHGumupoBaHHBIX [IHK -conep:karmmu BupycaMu, U B KJIIETKaX, ITPOXOISIIINX
MHUTOTHYECKYIO (ha3y KJIeTOUHOro 1MKiIa. [1pernonaBana cTyieHTaM U YuTaia MmocaeBy-
30BCKHE KYPChI I10 OMOXUMUU, TeHETUKE, MOJIEKYISIPHOI OMooruu U oHkosioruu. OHa
TaK>Ke COCTaBJIsIa OYKJIETHI MO UCCIIEA0OBaHUIO OMOJI0TUM 151 u3naTenbcTBa Prentice Hall.
Ecnu n-p CnieHcep He MUILIET U He peAaKTUPYET CTaThbU IS TyOJIUKALMU B Y4eOHUKM T10
TeHeTHUKEe, OHa paboTaeT Ha CBOEil OpexoBoil hepMe M HACIaXKIaeTCsI MUPOM M TTIOKOEM
yIaJIeHHOTO OT 3aragHoro nodepexnss bputanckoii Komrym6um octposa.

Mumens A. Ilannaguno sBasieTcs 3aMeCTUTENEM IpPO-
peKkTopa 1o IMOCAeAUINIOMHOMY 00pa30BaHMIO, ObIBIIUI
JIeKaH (pakyJibTeTa eCTeCTBO3HaHUS U Tpodeccop Omo-
norun YHusepcutetra MoHMyT B YacT-JloHr-bpaHue,
mrat Heio JIxxepcu. OH mojyuymnia cTelieHb 0akajaBpa
ouosorumn ot Konnemxka Hpio [xxepcu U cTeneHb AOK-
Topa pusrocodum MO0 aHATOMUN U OMOJIOTUM KIIETKH OT
VYuusepcutera Bupmxkunuu. Ha npotskeHuun 6osee yem
15 neT oH pyKOBOAW UCCIEAOBATEIbCKOM TabopaTopueit
CTYIEeHTOB OaKajaBpuarta, IMOJICPXKUBAeMON BHEITHUM
(buHancupoBaHveM HalimoHaIbHOTO MHCTUTYTA 3I0POBBSI,
6uodapmaleBTUIeCKMX KOMITAHUI U IPYTUX areHTCTB. OH
U €T0 CTYACHTHI U3yJaJIl MOJICKYJISIPHbIE MEXaHU3MBI, IPU-
YaCTHBIE K HACJIEACTBEHHOMY UMMYHMTETY PEPOIYKTUBHBIX OPTaHOB MY>KCKUX 0CO0eH
MJICKOITMTAIOIINX, U TeHBI, TPUYACTHBIE K TOMEOCTa3y KUCIOPOaa U K UIIEMUIECKOMY
TMOPaXeHUIO CeMEHHMKOB. OH YMTaJl MHOTO Pa3IMYHBIX KYpCOB, BKJIIOYAsl TCHETUKY,
OMOTEXHOJIOTUIO, SHAOKPUHOJIOTUIO, a TAKXKE MOJIEKYISIPHYIO OMOJIOIUI0 U OUOJIOTUIO
kieTku. [loxyymi HeCKOJIbKO Harpan 3a MCCAeAOBaHMS M TIperogaBaHNe, BKIIOYAs
Harpany «MoJomoil aHIpoior» OT AMepUKaHCKOTO obmectBa aHapogoruu (2009 1),
«Bolparomuiics npernoaaBaTeib» — oT YHUuBepcuteta Moumyta (2005 1) 1 «3a060T1MBOE
cepaie» — oT AccoliMaluu ouoMenuUMHCKUX ucciaenoBanuit Heto-IIxxepeu (2005 r).
OH gBJIsIeTCS COABTOPOM yUYEeOHMKA IS CTyIEeHTOB «BBeeHre B OMOTEXHOI0THI0». Bbul
peIakTOpOM CepuM OYKJIETOB «AKTyaJbHbIE BOIIPOCH OMOJIOTUU» JUISl U31aTeIbCTBA
Benjamin Cummings 1 aBTOpoM IepBoro 0ykiera 3Toit cepuu — «[loHUMaHue poeKTa
reHoMma uejoBeka». Eciu n-p [asianuHo HaXoquTcs BHE YHUBEPCUTETA M HE 3aHUMAETCsI
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COCTaBJICHMEM y4eOHMKA, ero MOXKHO 3aCTaTh 3a UTpoii B (¢yTOOJ MU PHIOHOI TOBJIEH
B IIPECHON WJIM COJIEHOM BOJIE.

Jappenn JIxx. Kunnmman paboTtaet goleHTOM (hakyJabTeTa
MoJieKyasipHoii ouonoruu B Komenke Konopano ropoaa
Konopano-Cnpunrce, mrat Kojgopano. OH mojay4yun cTe-
MeHb 0aKaTaBpa MOJICKYISIPHO OMOJIOTMU U OMOXUMUU OT
VacnuaHckoro yHuBepcuteTa B MumirayHe, mrtaT KoHHeK-
THUKYT, 10 Hayayia paboThI B KaUeCTBE CTapIIeTo JadopaHTa
Kadeapsl MOJICKYJIIPHOI TeHeTUKU B PokdemiepoBckom
yauBepcutete B Hplo-Mopke, mrat Heto-Mopk. CremneHb
IokTopa puimocopum 1Mo TeHEeTHKE Pa3BUTHSI OH ITOJY-
unn ot Helo-MopKcKoro yHUBepcHTeTa 1 IIPOLIET KypC
i TIOCTIOKTOpPaHTYphl B YHUBepcuteTe Konopago—boynaep
&ﬁ Ha (axkyabTeTe MOJIEKYISIPHOM, KJIETOUHON OMOJIOTUU U
ouosoruu pa3sutus. o nepexona B Komnemk Konopamo oH ObLT 1OLIEHTOM OMOJOTUN
B Konnemxe Hpio-/Ixepcu B FOunre, mratr Heio-/Ixxepcu. Ero HaydHble MHTEpeCHI
COCPENOTOUYUIMCh HAa TeHETUYECKON PEryJsiiMy Pa3BUTHS KUBOTHBIX, U OH Oy
¢puHaHcupoBaHue oT HalmoHaabHOrOo MHCTUTYTA 300pOBbs M HarmmoHanbHoro ¢oHma
HayKu. B HacTosImee BpeMst OH CO CBOMMM ITOMOIITHUKAMU IO IIPOrpamMMe CTYIeHYECKO
MCCIeA0BaTeIbCKOM pabOThl 3aHUMAETCS UCCIIeI0BAHUSIMU MOJIEKYJISIPHOM TeHETUYeCKOM
PETYJISIINM pa3BUTHS HEPBHOM cucTeMBbl, ncnonb3yst C. elegans m Drosophila B KaduecTBe
MOIEIIBHBIX CUCTEM. BeeT Iy1s cTyIeHTOB KypChI 110 TeHETUKE , MOJICKYJISIPHOM 1 KJIETOU -
HOW OMOJIOTHH, OMOJIOTHH CTBOJIOBBIX KJIETOK M HEMPOOMOJIOTUY Pa3BUTHSL. 3a IIpeaeIaMu
YUeOHO ayTUTOPHUH 1 UCCIIeA0OBATEIBCKOM JabopaTopuu I-pa KnmraHa 9acTo MOXKHO
HaWTH MCCIIEIYIONIMM Ha BEJIOCUTIENE JJeCHBIC TPOIbl B HallmOHaTBbHBIX 3aITOBETHUKAX
Can-HM3zabens u IMaiik.

MocedaweHue

MpI niocBsIIaeM 3T0 U3AaHue HallleMy KoJiiere u apyry lappu Hukna, kotopeiii B2017 1.
yILIe U3 XXKU3HU. FIMest MHOTOJIETHUIA OIIBIT ITperogaBaHusi TeHETUKM CTyaeHTaM B Kpeii-
TOHCKOM YHUBepcuTeTe, [appy BHOCKII CYLLIECTBEHHbII BKJIa[ B HALIM Y4eOHUKHU, BKIIIO-
Yas COCTaBJICHNE PYKOBOICTB IIJISI CTYIEHTOB M MOCOOMIA 11O TIOATOTOBKE K 3K3aMeHaM
C 3a7ayaMU U UX PELIEHUSIMU, a TAKXKe OaHKa TECTOB M MHOTUX CBSI3aHHBIX C TAHHBIMU
3a/1a4, KOTOphIe pa3MeIaIiNCh B KOHIIE Kaxmoii T1aBbl. OH 1aBaJl IOJIE3HbIE COBETHI IIPHU
00CYKIEHUY KaxXJI0TO M3MaHusl. MBI BCeraa BBICOKO IIEHWIN €TO MpodecCuoHaIbHOE
MHEHUE, IPY>KO0Y ¥ OOIINTETEHOCTh M OBITH paIbl €T0 YIACTHIO B paOOTE HAIIIeH TPYITITHL.
Temepb ero oUYeHb HE XBATACT.



NMPEAUCITIOBUE

Knura «OCHOBBI TeHETUKIW» HaITMCcaHa AJ1s1 y4eOHBIX KYpCOB, TpeOyIoluX 60jiee KpaTKo-
ro U MeHee MOJAPOOHOT0 U3JIOKEHUS, YEM B TTOJTHOM U3aaHuU « KOHLIeTIMY reHeTUKU».
HecmoTps Ha TwiatesbHO MOA0OpaHHBIN KPYT TEM COBPEMEHHOI reHeTUKU, «OCHOBbI
TEHETUKMW» HaTMCaHbI SI3bIKOM, KOTOPbIi BMOJHE AOCTYMEH KaK JJis CIeLUaJuCTOB B
00J1acTU OMOJIOTUHU, TaK U IUISI CTYIEHTOB, CIIELUATIU3UPYIOIIUXCS B IPYTUX TUCIIM-
TUIMHAX, BKJIIOYasl CETbCKOE XO35IMCTBO, JKUBOTHOBOJICTBO, XMMUIO, CECTPMHCKOE 1EJ10,
WHXEHEPHOE JIEJI0, JIECHOE XO3SICTBO, TICUXOJIOTHIO U IIPUPOIOOXPAHHYIO NESTETbHOCTD.
ITockonbky «OCHOBBI TeHETUKHM» KOMIIAaKTHEE IPYTUX YYeOHMKOB, 3Ta KHUTA yI00HA JIJIsST
HM3y4eHUS Ha Kypcax IMPOIOKUTEIIFHOCTHIO B OTHY YeTBEPTh-TPUMECTD.

Uenu

I Be HamOoJIee BaxKHBIE HeIN n3gaHusT «OCHOBBI TEHETUKI» 3aKJTIOUAICh B TOM, YTOOBI
BHEIPUTH ITeAarormuecKie MHHOBAIIMH, YITyUIIAOIINE IIPOLIeCC OOYUIEeHUST, 1 00ECITCUNTh
TILIATEJIbHO OOHOBJIEHHOE 1 JOCTYITHOE OCBEllleHUE 001acTeli FTeHETUKU, UMEIOIIMX 3Ha-
YeHUE C TOYKHU 3pEHUST KaK UCTOPUU T€HETUKU, TaK U COBPEMEHHOM HayKu. [1ocKoIbKy
TIOCTOSTHHO TOSIBJISTIOTCS] HOBBIE TEXHOJIOTUM M Pe3YJIBTaThl TeHETMUECKUX UCCICIOBaHUI,
npuodpeTarolye Bce 0oJibliiee 3HaUeHNE TIPU U3YUCHUU OMOJIOTUYSCKUX TUCIIATUIMH,
MPEroaBaTev CTAIKMBAIOTCS C TPYAHBIM BEIOOPOM HamboJsiee BaXXHOW TeMaTUKU TSI
3HaKOMCTBA CTYICHTOB C TaHHOW 00J1acThI0 HayKu. B cBeTe 3TOi mpobeMbl MBI TIIA-
TEJIBHO TIePeCMOTPEIIN KaXKIyIo T1aBy, BEIOOPOYHO COKPATHUB JeTaJbHOE OIMMCAHNE WJIN
00BEM TJIaB ¢ KIACCHUYECKMMHU TeMaMM, YTOOBI 00eCTIeUnTh 00jiee IMUPOKNUIT OXBaT U
KOHTEKCT JUTsI U3JIOXKEeHUsT 00Jiee COBPEMEHHBIX BOIIPOCOB TeHeTUKU. Haina 1ies cocto-
HT B TOM, YTOOKI TIPOTOJIKUTE 3(PDEKTUBHO OCBellaTh (DyHIaMEHTAIbHbBIC KOHIICITIINT
HacJieMOBaHU TIPU3HAKOB U TIepeIauyl TeHOB, a TAKXKe MOJIEKYJISIPHON TeHETUKH. DTH
TIPUHIIUITHI 3aKJIaIBIBaIOT OCHOBY IIJIsT 00JIee TITYOOKOTO TIOHMMAaHUS HOBBIX TEM, MMe-
IOIIUX BCe OoJibllIee 3HaYeHUEe, B YaCTHOCTH, MHOTMX aCIIeKTOB TeHOMHOI PEBOJIIOLINH,
KOTOpbIE KacaloTcsl TOBCEAHEBHOM XU3HU YeIoBeKa.

HecMoTps Ha mornipaBKu, BHECEHHBIE B 3TO U3IaHUE, YTOOBI UATH B HOTY C MEHSIO-
IIMMCSI CoIepKaHUEeM U MPAKTUKOI IperogaBaHusl, MBI ITO-TIPEKHEMY TTPUBEPXKEHBI
MIPUHITUIIAM, TIOJIOKEHHBIM B OCHOBY 3TOM KHUTH. B 4acTHOCTH, MBI CTPEeMUMCS

B paccMarTpuBaTh KOHIIEMIINY 0€3 Ype3MEPHOIL IeTalu3aliu;

B YeTKO u3Jjlaratb Matepuall, HpﬁﬂHBBHE\‘iCHHbIﬁ CTyaCHTaM, OJjisd JOCTYITHOI'O U I10-
HSITHOT'O OOBSICHEHMSI CIIOXKHBIX aHAJIMTUYECKUX TEM;

B y/ieasaTh 0c000€ BHMMAaHUE PEIICHUIO 3a/1ay, TEM CaMbIM MOOYX/Iasi CTyIeHTOB
MBICJIUTh aHAJTUTUYECKHU, a TAKKE IIPUMEHSITD U PaCcIIMPSITh CBOM 3HAHUSI B 00J1aCTU
TCHETUKH;

B 00ecCIeYuTh CaMOe COBPEMEHHOE U aKTyaJIbHOE OCBEIICHUE 3TOM 3aXBaThIBAIOIIICH
00J1acTh HayKU;

B 0o0cyauTh OOTaTyI0 NCTOPUIO TEHETUKM, KOTOPast TPEKPACHO OOBICHSIET HAaKOIIJICHUE
U IIpeoOpa3oBaHKre HH(GOPMALIUK 10 MEPE Pa3BUTHUSI FEHETUKM;
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co31aTh IpUBJIEKaTeJIbHbIC U IMO3HABATEIbHbIC C IEIarornyecKoil TOYKU 3pEHMS
WITIOCTPAIU, TOMTOJTHEHHBIE TH(MOPMATUBHBIMU (DOTOTpadUsIMU, YTOOBI IIPUBJICYD
BHUMAaHUE y4alIUXCS U YIYYIINTh IOHMMaHKUe MaTepuaa;

00ecreynTh HIMPOKYIO MHTEPAKTUBHYIO METUATIONAECPXKKY, YTOOBI TOMOYb YYaITUMCSI
MOHSATH BaxKHBIC KOHIIEIIIIMU C TIOMOIIBI0 aHUMAIIMK, O0YJAIOIINX YIIpakHeHUN 1
OLICHOYHBIX KPUTEPUEB.

BrllieykazaHHbIe 1IeIM CIyXKaT KpaeyroJbHbIM KaMHeM KHUTU «OCHOBBI T€HETH-

KW». DTa megarornyeckas OCHOBa IMO3BOJISET pPasMECTUTh B OJJHOM y‘-I€6HI/IKe JICKIIUU
C MHO2KCCTBOM Pa3JIMYHBIX ITOAXOI0B 1 CbOpMaTOB. BTo BpEMs KaK B OTJIaBJICHUM KHUTHU
IpeaACTaBJICHbI BBAMMOCBA3aHHBIC TCMbI KypCa rCHCTUKM, OTACJIbHBIC I'JTaBbl HAIITMCAHbI
J0CTATOYHO HE3AaBUCUMO APYT OT ApYyTra, 1 3TO MMO3BOJIACT IIPEogaBaTe/IAAM NCIT0JIb30BaTh
HX B ITPOU3BOJIbHOM IMOPAIKE.

HoBoe B 3TOM u3paHun

B nononHeHue K 0OHOBIEHHOM MH(MOPMALIMY C HOBBIMU BBIBOJIAMU, IIPEACTABICHHBIMU
BO BCEX IJIaBaX, B 3TOM U3JaHUU TOSBUINUCH YETHIPE HOBBIC TJIaBhI.

H  JIBe HOBbIE VIABBI PACIIMPSIOT MO3HAHHUS B 00J1ACTH PETYJISIUH SKCIPECCHH FeHoB. Tema

TeHEeTUYECKOI PeryysiliMy paHee paccMaTpuBajach B OMHOI IJlaBe, HO TeIepb pas-
JeJeHa Ha Be 1aBhl. [1epBast u3 HuXx (r71aBa 15) BKITtoyaeT 0030p O PeTyIsiiui IeHOB
y OaKTepuii, B TO BpeMsi Kak Bropas (Ij1aBa 16) mocBssillieHa 00CYKASHUIO PeryJisiun
9KCITPECCUU TEHOB Y 3yKapuoT. XapaKTepUCTUKA MEXaHU3MOB PETYJISIINN TeHOB
y OaKTepHii IBJIIeTCSI HOBAaTOPCKOII 1 3aBepiaetcst orrcaneM texHoaoruu CRISPR
CAS. O6cyxmeHne MeXaHU3MOB PETYJISIIIMYA TEHOB Y 3YKapHuoT cPOKYCMPOBAaHO Ha
PeTyJISIU SKCIIPECCUN TeHOB CHAaYaJIa Ha YPOBHE TPAHCKPHUIIIINAHN, a 3aTeM IOCTTPaH-
CKPUITIIMOHHO. B 3T01 ITaBe moapoOHO pacCMOTPEHBI MEXaHU3MBI PETYJISTIINN TPAHC-
Kpuniuu ¢ ygactueM pasnmndHbeix PHK. McciaenoBanus mocTTpaHCKPUITIIMOHHON
PETYJISILIMY aKTUBHOCTH T€HOB 3a MOCJICIHIE TeCATUIICTUS YKA3bIBAIOT Ha BaXKHOCTh
TaKMX MPOLIECCOB, KaK aJITEPHATUBHBIN CILJIAaiCUHT, TTOAIepKaHUe CTAOUILHOCTU
u pacnag MPHK, a Takke Ha posb perynsitopHbeix Hekoaupytomux PHK. B coso-
KYIMHOCTU 100aBJIeHNEe JIBYX HOBBIX IJIaB MO3BOJISIET MIPEIOAaBaTe/IsIM U CTyIeHTaM
MOAPOOHO IMO3HAKOMUTLCS C aKTYaIbHBIMU U BaXKHBIMU aCIIeKTaMU TeHETUKMU.

JIBa HOBBIX pa3nena «CrieluabHblie BONPOCHI COBPEMEHHOI reHeTHKI». B ritaBax, mocBsi-
LIEHHBIX CIIELIMAIIbHBIM BOITpOCaM, LieJIeHAPaBIEHHO, KPAaTKO U CBSI3HO MPEACTaBICH
0030p BaXKHBIX TEM COBPEMEHHOM reHETUKU. B TaHHOM M31aH1M IIPEACTABIEHO CEMb
IJIaB 10 CHELMAIBbHBIM TEMaM, JIB€ U3 KOTOPBIX — HOBbIe. B pasnene CrieninaabHbie
BOIIPOCHI COBPEMEHHOM reHeTuKn-2 «[eHeTnuecKkoe TeCTUPOBaHME» 00CYXKIAeTCs,
KaK TeHETUIECKOE TECTUPOBAHUE CTAHOBUTCS BaKHBIM HaIpaBICHUEM T€HETHKMU,
a ero MCIIOJIb30BaHME BEI3BIBACT MHOXECTBO IPOOJIEM, BKITIOUAs STHUECKHe. Pa3-
nen CrelraibHBIe BOIIPOCH COBPEMEHHOM TeHEeTHKN-4 «/10CTIKeHUs B 00JIaCTH
HEMpPOTeHETUKU: cclieAoBaHNe 00J1e3HM [EHTUHTTOHA» TOCBSIIEH UCCICIOBAHUIO
60Jie3HN [eHTMHITOHA M MHOTOYMCIICHHBIM yCITeXaM, TOCTUTHYTBIM B M3YUYCHUU
3TOr0 MOHOT€HHOTOo 3a001eBaHMsI yenoBeka XIX—XX BEeKOB, KOTOPOE M3y4aeTcs ¢
KCITOJTb30BAHUEM PAa3JIMYHBIX MTOAXOI0B, BKIIIOUAIOIIMX MOJIEKYISIPHYIO TeHETHKY.
Takum ob6pa3oM, 3Ta IaBa WLTIOCTPUPYET pacTyIIUil 00beM HaKOIIJICHHON HGbOP-
MalWM O IPUYMHAX, CUMIITOMAX Y JIEYUEHUU 3TOI'0 pacCTPOMCTBA B OYAYIIEM.
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B Pacumpennblii anaiu3 TexHosnorum penakrupoanus reioma CRISPR-Cas. C MmoMeHTa
MO IMKAIMK TIPEIBITYIIETO U3IaHUsI METOIbI PEIaKTUPOBAHMSI TeHOMA 3HAUUTETh-
HO ycoBeplIleHcTBoBaIMCh Oaromaps TexHojgoruu CRISPR-Cas. Takum obpazom,
MBI TeMaTudyecku oobeauHunu nHpopmauuio o CRISPR CAS, pasMelieHHYyI0
B pa3HbIX MecTax KHUTHU. Posb penakTupoBaHus reHoma ¢ momoibio CRISPR-Cas
KpaTKo MpeAcTaBlieHa B r1aBe 1. 3aTeM u3 r1aBbl 15 yyaniyecst y3HaloT, Kak cCUcTeMa
CRISPR-Cas, nepBoHavabHO OOHApYKEHHAs y 0AKTEPUil, pEryJIMpyeT 9KCIIPECCUIO
TeHOB B 0aKTepHaJIbHBIX BUpycax (bakTeprodarax), obecrieunBas UMMYHUTET IMPOTUB
BupycHoi nH@ekmn. Bo3amoxHoctu cucrembl CRISPR-Cas g 6noTexHoJIorumn
paccmatpuBatoTcs B riaBe 17. HakoHelr, ucronb3oBaHNe TEXHOJIOTUN PENAKTUPO-
BaHus renoma CRISPR-Cas ais reHHOI Tepanuu U MPOU3BOJCTBA TEHETUUECKHU
MOAN(DUITMPOBAHHBIX TTPOYKTOB 00Cy>K1atoTces B paznenax CriernaibHbIe BOITPOCH
COBpEMEHHOI TeHeTUKU-2 «[eHHas Tepanus» 1 CrielnalbHBIC BOITPOCH COBPEMEH-
HOI TeHeTUKU-6 «[eHeTnuecKn MoaMMUIIMPOBAHHBIC TIPOIYKTHI».

B B sTOM M3gaHMU MBI yIeseM 0co00¢ BHUMaHUE 3TUYECKUM aclieKTaM, KOTOpHIe
TeHEeTHUKA MPUBHOCUT B TTOBCETHEBHYIO JK13Hb. PYKOBOICTBYSICH 3TUMM COOOpazKe-
HUSIMU, MBI TTIpeoOpa3oBain pasnen «[eHeTnKa, TEXHOJIOTMY 1 OOIIECTBO» B CTAaThIO
C JIOTIOJIHUTEIbHBIM aKIIEHTOM Ha 3TUYECKUX BOMpoOcax U Ha3Baldu ee «[eHeTuka,
3TUKA 1 0011ecTBO». [IprMepHO MoJIOBMHA TJIaB COASPXKUT HOBBIE WM Mepepado-
TaHHBIE 3aKJIIOUCHUS B BUIE TEMAaTUIECKOTO ouepKa. B KaxmoM ciydae mpeacrapicH
KpaTKuii 0030p 3TUUECKOI MpoOJIeMbl, CBI3aHHOI C OTKPLITUEM B 00JIaCTU COBpE-
MEHHO TeHeTUKH, KOTOPOE OKa3bIBaeT HEITOCPEACTBEHHOE BIMSIHIE Ha OOIIIECTBO.
Crenyroomuii pa3aes o Ha3BaHUeM «Baire MHeHMEe» HAIIpaBIIsSICT CTyACHTOB K CO-
OTBETCTBYIOIINM MH(POPMAIITMOHHBIM pecypcaM T UTeHUS 1 BeO-caiiTaM U1t oJiee
IyOOKOTO U3YYCHMS ¥ OOCYKACHMST OCHOBHOM TeMBI KaxkIoro ouepka. Kpome Toro,
3aKITIOYNTEITBHBIN pa3ies o Ha3BaHeM «CIryJail n3 ITpaKTHKI» TakKKe TiepepadoTaH
C TIOBBIIIEHHBIM BHMMaHUEM K 3TUYECKUM mpobiaemaM. O0a pasaesa MOBHIIIAIOT
BO3MOKHOCTH aKTUBHOTO COBMECTHOTO OOYUCHWSI.

HoBoe u 0GHOBJNIEHHOE coaepXXaHue

Huxe IIPUBEACH CITMCOK MPCACTAaBJICHHBIX B 9TOM U3JaHWU TJ1aB C HanboJiee 3HaYMMbIM
HOBBIM WJIM OOHOBJIEHHBIM MaTepurajioM.

Inasa 1. Beenenue B reneTuky ® HoBas 3acTaBka B Hauajie 3TOil IJIaBbl TOAYEPKUBACT
BaxXHOCTb OTKPBITUSI CRISPR-Cas9 — MoIHoi cucTeMbl pe1aKTUPOBaHUS TeHOMa.

I'naBa 2. Muto3 u Meiio3 ® HoBast uHgopMaiys 0 MUKpOTpyOOUYKax i MUKpO(pUIaMeHTax
e HcnpapieHHbIl pucyHoK 2.9 nmpoda3ssl I meito3a. ® HoBoe BBeaeHMe B UcCaen0Ba-
tenbeKylo reHoMuky (EG):PubMed: AHanu3 1 monMcK 0MOMEIULIMHCKOM TUTEPaTyphl @
Hosrriii pazaen «Ciy4ait u3 nmpakTuku»: Bpemst — 3To Bce.

I'naBa 3. MenneneBckasi renernka ® Hosag Tadnuua 3.2 JIoMMHaHTHBIE U pelieCCUBHbBIC
MpU3HaKU y yejoBeka ® HoBBIN MyHKT 3.5 — aHaIM3 poIOCIOBHOIM B pasaeie «Permmm
3aMaqy».

Inasa 4. Momudukanus MeHaeIeBCKIX COOTHOImeHnin ® HoBast nHbopMmalius B pasaesne
«MUTOXOHAPKH, 3I0POBbE YeJOBEKa U cTapeHne» ® Hopas mHdOpManys o Myranuu
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MERFF e HoBoe BBeneHue B paszjaeiie «[eHeTrKka, 3TUKa U OOIIECTBO»: «3aMelleHue
MUTOXOHAPUNA U JETU TPEX POAUTEIE».

Ihasa 5. Onpenenenue noJia u noJoBbie XxpoMocombl ® HoBast uHbopMaLysi 0 CUHIpOME
Knaitndensrepa ® Hosblli paznen «[eHeTrka, aTuka u obiectBo»: «[Ipobiema mona:
MOJIOBOI OTOOP y UEIOBEKa».

IMasa 6. XpoMocoMHbIe MyTAIMK: BAPHAIMH 110 KOJHYECTBY U JJOKau3anuu © OGHOBICHHAsS
nHbOopMaLus 06 U3BMEHEHUH Ynciia Konuii ® HoBblit pazaen «[eHeTrKa, 3TMKa 1 0011Ie-
ctBO»: «CuHapom JlayHa U npeHaTallbHast AMarHoCTHKa — HoBasl eBreHuka?» ® Hosas
3amaya B KOHIIE IJIaBbl, CBSI3aHHAs C KAPTUPOBAHUEM TE€HOB Y IPO30(DIIIHI.

I'naBa 8. I'eHeTHYeCcKuil aHAIM3 U KapTHPOBaHUe Oaktepuii U 0akrepuodaroB ® Hosblii
pasznen «[eHeTuka, aTMKa U 00I11IeCTBO»: «bakTepuu ¢ MHOXECTBEHHO JIeKapCTBEHHOM
YCTOMYMBOCTBIO: OOpKOa ¢ haramu».

Inasa 10. Penymmkauys u Pekomonnanusa JHK e HoBble mogpoOHOCTH 0 MEXaHU3ME pac-
kpyunBanus JIHK Bo Bpemst periukauuu ® HoBblii pa3aen, o3ariaaBieHHbIN « Tenomepbl
MpU 3200JIeBaHUSIX, CTAPEHUM U paKe» ® JIBe HOBBIX 3a1a4l B KOHIIE IJIaBbl, CBSI3aHHBIE
C TeJIOMepaMM 1 TeJIOMEPa30id.

Inasa 12. TeneTnyecKuii Kox M TpaHCKpunmus ® [lepecMOTpeHHBI 0030p TPaHCKPUITITUN
u nipoueccuHra PHK y sykapuor ® HoBas uHdopmalusi o TepMUHALUMA TPAaHCKPUII-
nuu y 6aktepuii ®© HoBbril paszmes, o3amiaBieHHBIN «[lodeMy CyIIeCTBYIOT MHTPOHBI?»
e HoBblii pazaen «IeHeTHKa, 3TMKa U 001IECTBO»: «JleueHre MbIIIeYHON AucTpoduun
Jl1o11eHHa ¢ MOMOIIIBIO TTpernapaToB, MPOITYCKAIOIIMX 9K30H».

InaBa 13. Tpauciasius u 6enku ® [lepecMOTpeHHOE OMMCAHUE CTPYKTYPhl puOOCOM U
TPHK e TlepecMoTpeHHOE onucaHue TPaHCISILIUK y OakTepuii ® PaciirpeHHoe onuca-
HUE TPAHCSILIMU Y 9YKapUOT, BKJIIOYask HOBYIO MH(OPMAIIMIO O TPAHCISLIUY 3aMKHYTOTO
koHTypa PHK, cxemMaTnuecku nmokaszaHHyO Ha HOBOM pucyHke (puc. 13.10).

InaBa 14. I'ennbie MyTamuu, penapamust JIHK u MoOuibHbIe 3/ieMeHTBI ® V3MeHEHMS
B pazjelie 0 KjaccupUuKaluy MyTalluii, BKJII0Yasi HOBble CBOAHbIE Tabaubl ® HoBblit
paciIMpeHHbI 0030p 0 YacTOTaX FTepMUHAIBHBIX M COMaTUUECKUX MyTallMii Y yeJioBeKa
® HoBblil, UBMEHEHHBII 0030p 0 MOOUJBHBIX 2JEMEHTAX ¢ aKLEHTOM Ha OCHOBHBIX
XapaKTepucTUKax perpoTpaHcno3oHoB U JIHK-TpaHcio30HOB, a TakKe Ha pOJIM TpaHC-
MO30HOB B MyTareHe3e ® Tpu HOBBIX pUCYHKA 1 OTHA HOBasl TaOJIu1Ia.

Inasa 15. Peryasiuus sxcnpeccuu reHoB © HoBas riaBa, B KOTOpoil 0co00e BHUMaHUE
yIeNsieTCsl PeTyJIsiliuM DKCIIPEeCCUN TeHOB y OakTepuii ® PaciuupeHHoe o0CyXIeHue
poau PHK B perynaunu 6aktepuanbHbix reHoB ® HoBoe obcyxneHne CRISPR-Cas-
OIIOCPEIOBAHHOM PETYJISILIMM BCTPOSHHBIX TTocaeaoBareibHocTe BupycHoi JIHK.

Inasa 16. Perynsmusa skcnpeccuu reHoB y 3yKapuot ® HoBas ri1aBa, B KOTOpOii ocoboe
BHUMaHUE yIesieTCs PEerysiiiuy 3KCIIPecCUur TeHOB Y ayKapuoT ® [lepecMoTpeHHOE 1
pacimpeHHOe 00CYXXIeHNE albTePHATUBHOTO CITJIAaiCMHTA, BKIIIOYAsi HOBBIN PUCYHOK
U eT0 3HAYMMOCTb JUISl Pa3BUTHS 3a00JieBaHU y yenoBeka ® PacimpeHHoe onvcaHue
MEXaHU3MOB TIOJ/IEPXKAHUST CTAOMIBLHOM CTPYKTYpHI U pacnana PHK, Bkiovast HOBbIN
pucyHok (puc. 16.11) e O6HOBIeHHas1 H(GopManus o Hekoaupyomux PHK, peryiu-
PYIOIIUX SKCIPEeCcCUIo TeHOB ® PaciiMpeHHoe onvcaHue mpolecca Ierpajalnuu oenka,
OIIOCPEAOBAHHOIO YOUKBUTHHOM, BKJIIOUasl HOBBII pUCYHOK (puc. 16.14).
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InaBa 17. Metoa pekomounantHbix JIHK © O6HOBIIEHHOE 00CYXIIEeHNE COBPEMEHHBIX
TEXHOJIOTUI CEKBEHUPOBAHUS, BKJTIOUAst HOBBII PUCYHOK (puc. 17.12), onuchiBatomui
TMPUHIIUITBI CEKBEHUPOBAHUS TPETHETO MOKOJIEHUS (CEKBEHUPOBAHUE OJHOLICTIOYEUHOMN
JAHK) e Hosnliii paznen «PegakrupoBanue reHoMa ¢ momoiiibio CRISPR-Cas» onuceiBaet
3Ty CUCTEMY KaK MHCTPYMEHT PEIaKTUPOBAHUSI TeHOMA U COAEPKUT HOBBIM PUCYHOK
(puc. 17.16).

I'naBa 18. I'enomuka, OnonngopmaTuka u nporeomnka ® Hosblii pasnen «buonHpopmaTika
¥ TeHOMHBIE 0a3bl JaHHBIX IJI aHaiu3a nocaenoBaTenbHocT JJHK», o mpumMeHeHun
ouonH(poOpMaTUKH, 6a3 JaHHBIX TeHOMa U (PYHKIIMOHATBbHON TeHOMUKU JJIsI TOHUMAa-
HUS QYHKIIMY TEeHOB C ITOMOIIBIO aHaiu3a nocnenoBaTeabHocTel JJTHK © M3meHnenHoe
U TIEPECMOTPEHHOE cojiepKaHue IpoeKTa «[eHOM YeioBeKa», BKIIIOYas HOBYIO 3ajady
B KOHIIE T7IaBbI cO cchlIKOM Ha 6a3y maHHbIX PANTHER kak yacts 6a361 Human Genome
B paMKax nmpoekTta «[eHoM yestoBeKa» ® OOHOBIICHHOE 00CYKIeHMe ITpoekTa «I lepcoHab-
HBIN reHOM» ® HoBast MH(bopMaIIys 1o AUTIIONIHBIM TeHOMaM, MO3aUIIN3MY, STaJIOHHBIM
reHOMaM U ITAHTEHOMY, C aKIICHTOM Ha TeHeTMYECKOI M3MEHYMBOCTH Y YeJIOBEKA, a TAKIKE
HOBBII pUCYHOK (puc. 18.8) ® O6cyxaeHue npoekTa «MUKpoOHOM YeT0BeKa» BKIIOYEHO
B HOBBII pa3nen «MeTareHoMHKay», pacIIMPeHO COIepsKaHue TIaBbl, JOOABIICH HOBBII
pucyHok (puc. 18.9), oToOpaxkaroluii pe3yJbTaThl aHadu3a MUKPOOMOMa MalleHTOB
C pa3IM4yHbIMUM 3a0oseBaHUsIMU ® HoBbIN paznen mon HazBaHUeM «CeKBeHUpPOBaHUE
PHK» e Hosnlit paznen «CUHTETHYECKUE TEHOMBI U TTOSIBICHUE CUHTETUYECKOI OMO-
JIOTW», BKJIIOYas HOBBIN pucyHOK (puc. 18.13) ® Hosriii pasaen «[eHeTuka, aTuka u
06111ecTBO» : KOH(MMIEHINAIBHOCTD M aHOHMMHOCTbD B 3II0XY aHaJI3a OOJIBIIIMX MACCUBOB
TCHOMHBIX JaHHBIX ® HecKoJbK0O HOBBIX M MOTU(HUIIMPOBAHHBIX 3a1a4 B KOHIIC IJIaBHI.

I[naBa 19. I'enetnka u paK ® PaciivipeHHbIN oxBaT (aKTOPOB OKPYXKAIOIIECH Cpebl, CII0-
COOCTBYIOIIIMX Pa3BUTHUIO paKa y JTIOIeH, BKITIOUAsI JOITOTHUTEIBHYIO MH(MOPMAIINIO O KaH-
LIeporeHax, Kak IpUpOIHbIX, TAK U CO3IaHHBIX 4eJI0BEKOM ® B HoBoM moapa3sneie «Pak u
TabaYHbIi JbIM» 00CYXKIAETCSI, KAK XOPOILIO U3y4EHHBII KAHIIEPOTeH BbI3bIBAET IIIMPOKUIA
CITeKTpP TeHETUUECKIX N3MEHEHUI, KOTOPBIE MOTYT IIPUBECTH K MYTALIUSIM 1 PaKy.

InaBa 20. KosmyecTBenHas reHeTHKAa W MHOTO(aKkTOpHbIe Mpu3HAKU ® OOHOBJIEHO 00-
CyXJIeHUE SKCIPECCUU T€HOB, KOIUPYIOIIUX KOJIWYeCcTBeHHbIe TTpu3Haku (eQTLs), u
ee peryasiunvu ® HoBblii paznen «[eHeTuka, a3TuKa U 00111eCTBO» Mo Ha3BaHueM «Ilepe-
CMOTp 3eJIeHO peBoson» ® HoBblii paznen «Ciaydyail U3 mpakKTUKKW» MO, Ha3BaHUEM
«Ciy4JaifHoe OTKPBITHEY.

InaBa 21. IMonyasuuoHHasi U IBOJTIOIMOHHAS reHeTnka ® HoBblii pucyHok (puc. 21.7),
Ha KOTOPOM TT0Ka3aHa B3aMMOCBSI3b MEXK/y TEHOTUIIOM U YacTOTOM aJijiesieil ® BakHbie
u3MeHeHus B puc. 21.8 u 21.9, wimoctpupyoniyie otoop awieneit ®© HoBelil prucyHOK
(puc. 21.13), Ha KOTOPOM MOKa3aHO BIUSHUE TUIIOB OTOOpA HA CPEIHIOI0 U BApUAHCY U3-
yuyaeMoro npusHaka B JaHHOM ¢peHoTurne ® [lepecMOTpeH TEKCT M pUCYHOK (puc. 21.24),
WJUTIOCTPUPYIOLIU I TPUHLIUIT MOJIEKYJISIPHBIX YyacoB ® OOHOBIeHA MH(MOPpMALIUS O TIPO-
HMCXOXIEHUN TeHoMa 4JejioBeka ® HoBblil pucyHoK (puc. 21.26), Ha KOTOpOM IOKa3aH
BKJIaJ, TOMUHUIOB B TCHOM COBPEMEHHBIX JIFO/ICH.

CrienajbHbIE BOIIPOCHI COBPeMeHHOIi reHeTHKH 1. DmureneTnka ® [TepecMoTpeH, 0OHOBIICH
1 pacLIMPEH 0030p M0 ANUTEHETUKE, BKITI0Yasi MoAU(bUKALIMU TUCTOHOB, HEKOAUPYIOLLIME
PHK, BcriomorateibHbIe PeNPOAYKTUBHBIE TEXHOJIOTUM W HACIEIYeMOCTh ITOBEICHMSI,
CIIPOBOLIMPOBAHHOTO cTpeccoM ® OGHOBJIEHO 00CYXIEHUE POJIU AMUTEHETHYECKUX MeXa-
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HU3MOB B pa3BUTHUM paka ® HoBblll pazaes «DNUreHeTukKa i MoOHoasuIeIbHasl SKCIPeCCust
reHoB (MAD)» e HoBble naHHble 0 MeTuiMpoBaHuu JIHK, xuMuueckoit Mogupukanmmn
TUCTOHOB, O TEHOMHOM UMIIPUHTUHTE, CIy4altHOI 3KCIIPECCUU MOHOAJLIEIbHBIX ayTO-
COMHBIX T€HOB, UMIIPUHTUHTE B ITOJIOBBIX KJIETKAX 1 O BAUSHUYA MaTEPUHCKOTO ITOBEACHUS
TPU KOPMJICHUH KPBICST Ha UX peakKIiIuIo IpU cTpecce.

CrnenpasbHble BONPOCHI COBPEMEHHOI reHeTHKH 2. IeHeTnueckoe TectupoBanue ® Hopas
r1aBa B pasneie «CrenuaabHble BOMPOCH COBPEMEHHOM TeHETUKMW», TTOCBSIIEHHAs
COBPEMEHHBIM MOMIXO0IaM K F€HETUYECKOMY TECTUPOBAHUIO, BKJIIOYAS MPEHATAIbHYIO
TeHETUYECKYIO TMAarHOCTUKY, HeMHBa3uBHbIe MeToabl [IHK-nrarnoctrku miona, TecTu-
pOBaHUE C UCIIOb30BAaHUEM AJIETb-CIEIIU(UMUHBIX OJTUTOHYKJICOTUI0B, MUKPOUYHUIIOB 1
reHeTu4YecKoro aHanusa myrem cekseHupoBaHusi JIHK u PHK e BxiroueHo onucanue
YHHUBEPCATbHOM IMaHE ! ISl CKpUHMHTA 3a00JIeBaHU, CeTH HeTUAarHOCTUPOBAaHHBIX 3a-
0oJieBaHU I U TeHETUUYECKU I aHaIU3 7151 UIeHTU(UKALIMKA TATOT€HOB BO BPEMSI BCIIbILLIEK
MH(PEKIMOHHBIX 3a00jieBaHUll ® Pasjen, MOCBSIIEHHBINM UCCIeT0BaHUSIM TeHOMHBIX
accoluanuii, BKI0YaeT MOAX0bl K TEHOMHOMY aHaau3y 3a00JieBaHUil Ha YPOBHE TO-
nynsiuii © O0cyxKaaeTcs psii STUYECKUX, COLMAIbHBIX 1 MTPaBOBBIX HOPM, COOJTI0IaeMbIX
MpY TeHeTUYECKOM TECTUPOBAHUMU.

CrenpajbHble BOIPOCHI COBpeMeHHOI reHeTnku 3. I'enHasd Tepamusa © OOHOBJICHA WH-
dopmarnnst o MPOBOAMMBIX KIIMHIUYECKHUX MCITBITAHUSIX TEHHOU Teparu ® PacimpeH
pasnen «PenaktupoBaHue reHoMa», ocBellarouii npumeHeHue cuctembl CRISPR-Cas
M OTMCBIBAIOIIMIA HEKOTOPbIE U3 HaruboJiee MepCleKTUBHBIX METOAOB FTeHHOM Teparuu,
WCIIBITAHHBIX Ha JTIOASIX U XKUBOTHBIX ® HoBbIe aTHUecKMe COOOpaXkeHUsI IPUMEHEHUS
CRISPR-Cas 1151 pegakTMpoBaHusI TeHOMa KJIETOK 3apOAbIIIEBOI TMHUU U SMOPUOHATb-
Horo reHoMa ® HoBblit paznen « TepaneBTuueckue cpeactBa Ha ocHoBe PHK», koTtopsbiit
BKTIoUaeT mpuMeHeHue antucMbicsioBeix PHK; PHK-uaTEpdhepeHnm u 00HOBIEHHBIX
TIPOTOKOJIOB Teparuu Ha ocHoBe PHK, Bximtowast Spinraza, mist MoguduKaum criaii-
CHMHTA C TTIOMOIIILI0 aHTUCMBICTIOBEIX PHK 1 medeHms cmmHaIbHOM MBITIIEYHOM aTpodun
® OOHOBIICH MaTepHaJI O POJIM CTBOJIOBEIX KJIETOK B TeHHOM Teparuu ® [IpencTaBieHBI
HOBBIC JaHHBIC 0 KOMOWMHAIINKA METOIOB peAaKTUPOBAHMSI TeHOMA C MMMYHOTeparmei.

CrenpajibHbIe BOIPOCHI COBPEMEHHO reHeTHKH 4. JI0CTIKeHHs B 001aCTH HelipOreHe THKH:
uccienosanue 6ose3nn [entunrrona ® HoBast riaBa, mocBsiiiieHHAst ICTOPUY U3y4eHUS 00-
sie3nu [entunrrona (BIN) ¢ 1970 roga mo Hactosiiee Bpemst ® OOCyKIaloTcsl FeHeTUYecKast
ocHoBa 1 iporpeccupoBanue bI, kapTupoBaHue u MaeHTU(GUKALIMS TeHa, OTBETCTBEHHOTO
3a 9T0 3a00JIeBaHME, a TAKKE MpeIcTaBIeHa MH(MOPMALIMS O POAYKTE MyTAHTHOTO T'eHa @
Paznen BkmodaeT MHGOPMAIIHIO 0 MOJIEKY/ISIPHBIX Y KJIETOUHBIX U3MEHEHUSIX, BhI3BAHHBIX
MYTaHTHBIM OJIKOM, IIPMMEPhI MCII0JIb30BaHUS TPAaHCICHHBIX XKUBOTHBIX Moeieil BT, a
TaKKe 0030p MOJIEKYJISIPHBIX U KJIETOUHBIX TTOAX0A0B K Tepanuu bI.

Cnenuanbnbie BONpochl coBpemMenHoii reneTuku 5. JIHK-kpuvunamucTuka © HoBblil pasaen
non Ha3BaHneM «JIHK-deHOoTHITMPOBaHME» OMUCHIBAET CIIOPHBIN CyaeOHO-MEIUIINH -
CKUIA ITOJIXO/I, BKJIIOYasl €ro UCIIOIb30BaHKUE IIPABOOXPAHUTEIbHBIMI OpraHaMMU.

CnenuanbHbie BONPOCH COBpeMeHHO# reHeTHKH 6. I'eHeTHYecKn Moau(pUIMPOBAHHBIE
nuiessie NpoaykThl ® HoBbiil pasnen, o3arnasieHHbli «PenaktupoBaHue reHoma u
I'MO-conepxaliiye MpoayKThl», B KOTOPOM OIMCHIBAETCS UCIOJb30BaHME HOBBIX METO-
nmoB pegakTupoBaHus reHoB (Bkitouass ZFN, TALENS u CRISPR-Cas) mis momyyeHust
I'MO- conepkaluyx MUIIeBbIX MPOAYKTOB. O6CykIaeTcst BOMPOC, KaK MPUMEHEHUE 3THUX
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TeHHO-MHXXEHEPHBIX METOIOB MOBJIMSJIO Ha IIPABOBOE PErYJIMPOBAHUE MCIIOIb30BaHMS
I'MO-conepxainux nmpoaykToB ® IIpeacTtaBiieH HOBBIN MH(OPMALIMOHHBII OJIOK, 03a-
rnaBneHHbI «HoBorit rpu6 CRISPR», onuckiBarommii pa3paboTKy 1 0100peHue pery-
JIMPYIOIIMMU opraHaMu TriepBoro co3gaHHoro merogoM CRISPR I'MO-conepkaiiero
TIPOAYKTa, KOTOPBIi pa3pellicH I IIOTPEOICHUS YeTTOBEKOM.

CrienpajibHbIE BONPOCHI COBpeMeHHO# reHeTHKH 7. [eHOMMKa B Mpenu3noHHAS MeIUIHA ©
Hosrrit paznen, o3armaBieHHBIN «[1pelim3noHHas OHKOJIOTHSI», OITMCHIBACT IBa IIOIXO0Ia
K TapreTHOIt UMMYHOTEpAaIU paKa: aloNTUBHBIN KJIeTOUHBIN niepeHoc (AKT) u reHHO-
nHXXeHepHYI0 T-KireTouHyo Tepanuio ® OOHOBICHHBIN pasnen «PapMaKOreHOMUKA»,
BKJTIOUAeT 0OCYXEHUE HOBBIX TEHACHUIMI B yrpexaamoueM GapMakKOreHOMHOM CKpU-
HuHre ® [IpeacraBiieH HOBBIM MaTepuas Ha TeEMY «YIpexaaromuii (papMakoreHOMHBbI
ckpuHuHT: [Tporpamma pGEN4Kids», BKiIroyalonumii onvcaHue NpeBeHTUBHOIO CKPU-
HUHTa T'eHOB C BHeceHueM pesysbratoB aHanu3a JJHK B aynekTpoHHBIE MEAULIMHCKHE
KapThl MalleHTOB.

AKLEeHT Ha KOHUenunuax

B xaUTE «OCHOBBI TCHETUKHM» MBI COCPEIOTOUMIN BHIMAaHNE Ha KOHIIETITYaJIbHBIX BO-
Mpocax TeHeTUKM M Ha PEIICHUH 3a1a4 Ij1s 6oJiee TIyOOKOTo ITOHMMAaHUSI 3TUX BOIIPO-
coB. MBI paccMaTprBaeM ITOHSITHE KaK KOTHUTUBHYIO ¢IMHUILY, BKITIOUAIOIIYIO B ceOsI
CBSI3aHHBII HA00P HayYHO 00OCHOBAHHBIX BEIBOIOB M MIeii. TaKM 00pa3oM, KOHIICTTIIHST
obecrieynBaeT MUPOTY MBIIIIJICHUS U, TTO HAIlleMy MHEHUIO, SIBIISICTCST O4eHb 3(D(EeKTUB-
HBIM CIIOCOOOM 00yUYeHUST HayKe, B JAaHHOM CJIydae TeHeThKe. JleTaii, KOTopble MOXHO
ObLIO OBl 3alIOMHUTh, HO BCKOPE 3a0bITh, BKJIIOYAIOTCSI B KOHLIENITYaIbHYIO CTPYKTYDY,
KOTOPYIO Jierye 3alIOMHUTh. Takasi CTpyKTypa MOXET pacllupsIThCs 110 COASPKaAHUIO TIO
Mepe TOoJTyYeHUs HOBOM MH(OPMALIMU U MOXET B3aUMOIEHCTBOBATh C APYTUMU KOH-
LETLMSME, 00eCIIeYnBasi IOJIE3HBII MEXaHU3M JIJISI MHTEIPaLliy U JTYYIIIero IOHMMaHUs
CBSI3aHHBIX TPOLIECCOB U Maei. MOXHO pa3paboTaTh OOLIMPHBIA HAOOP KOHLIETLIWMA,
YTOOBI B UTOTC OXBATUTh U MPEICTABUTH LCIYIO TUCIHUILUIMHY — U 3TO IICJIb HAIIEeTO
y4eOHHMKa 110 TeHETUKE.

YToOBI MOMOYB CTYIEHTaM OIPEACINTh KOHIIETITYaIbHBIC aCTICKThI OCHOBHOM TEMBI,
KaxkIas IJ1aBa HauMHaeTcs ¢ pasaena «ComepskaHre», B KOTOPOM OIIPeIeITIOTCs HanboJiee
BaKHBIC UIEU, KOTOPEIE OYAYT IpeACTaBIeHEl. 3aTeM, Ha IIPOTSLKEHUN KaKIOM TIaBblI
TIPUBOAATCS OCHOBHBIE MOMEHTBI, OITPEAEIISIONINE KITFOUeBbIe BOIIPOCHI IS 00CYXKIe-
HUSI. «3HAeTe JIM BBI?» — BOIIPOC, C KOTOPOTO HAYMHAETCS TOA00PKA 3a1ad B KaxKI0n
IJ1aBe, U CTYAEHTaM IpeiaraeTcsl ONnpeaeJuTh IKCIIePUMEHTAIbHYIO OCHOBY BaKHBIX
TeHEeTUYECKUX OTKPBITU, TIPEACTaBICHHBIX B IJIaBe. SBsSCh MPOAOKEHUEM TTOAX0aa
K 00y4YeHMI0 B OMOJIOTUM 110 Ha3BaHMeM «Hayka Kak crioco0 rmo3HaHusI», 3TOT TOIXO/,
yJIy4ylllaeT MOHUMAaHUE yJallMMMCS MHOTHX KJIIOUEBBIX TOHSTUI, pacCMaTpUBaeMbIX
B Kaxmoii riaBe. Hakone1r B moapasnene « KoHIeNTyaabHBII BOIIPOC» YIAIIUMCS TIPeI-
JlaraeTcs pacCMOTPETh U IMPOKOMMEHTHUPOBATh KOHKPETHBIC BOIPOCHI M3 KOHIICTILINI
IJIaBBL. B COBOKYITHOCTH 3TH aCTIEKTHI IOMOTAIOT yJAIIMCS OCO3HATD 1 ITOHSATH OCHOBHEIC
KOHIIETITYaJIbHbBIC IIPOOJIEMBI, ITOCKOJIBKY OHU CTAIKMBAIOTCS C TEHETUIECKOM TepMUHO-
JIOTHCT I MHOTMMHU BaXKHBIMU MOHATUSIMU. TIIIaTEIFHO TTPOIYMaHHBIC PUCYHKH TaKKe
TIOMOTAIOT PeaIM30BaTh 3TOT MOIXOMA Ha MPOTSKEHUN BCell KHUTH.
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AKuEeHT Ha pelleHuun 3aaay

[Tomoub cTyneHTaM pa3BUTh HABBIKM PEIICHMS 3a1a9 — OJHA U3 LIeJIel Kypca TeHETUKU.
PyGpuka «Penimm 3agady» B cOCTaBe KaxIOM IJIaBbI IIpeiyiaraeT y4alluuMcsl HEIIOCpe-
CTBEHHBIM 00pa30M CBSI3aTh KOHIIENITYaJIbHOE TIOHUMAaHUE C peIlICHUeM 3a1a4 1 IIepeiTH K
6oJ1ee MoapoOHOMY paszesy «3aJaun U BOIIPOCHI J1s1 00CYKIEHMSI» , KOTOPBII 3aBepIliaeT
KaxKIIyIo IIaBY. 31MeCh IIPEACTABICHBI BOITPOCHI, B KOTOPBIX PACCMATPUBAIOTCSI TEMEI TJIaBHI,
¥ 3aJa4¥, pa3BUBAOIINE aHATIUTUICCKIE W TIPUKJIATHBIC HABBIKM MbIIIIeHUs. [Jo6aB-
JieHue pyopuku Mastering Genetics (MG) — Osaadenue eenemukoil — y4eOHOTO caiTa 1Jist
CaMOCTOSITETbHOM PabOThI, paCIIMPSICT BOBMOKHOCTHI PEIICHUS 3a1a9 OHJIAIH, U 3TO IT0-
3BOJISIET CTYACHTAM IOJYYUTh ITOMOILb U PEKOMEHAAIIUHU, MPAKTUKYSICh B pEILICHUHU 3a1a4.

MpoponxeHHble pyopukn

B nmecsitrom u3naHuKM COXPaHUIOCHh HECKOJIBKO IMOIYJISIPHBIX PYOPUK, KOTOPbIE MOJIe3-
HbI UISL CTYJIEHTOB, M3Yy4YaloIlKX TeHeTUKY. BMecTe oHM co31aoT miatgopMy, KOTopast
CTPEMUTCS MOOYINTH CTYACHTOB INIyOOKO MPOAaHATM3UPOBATh U MTOHSITh M3yJaeMylo
VHGOPMALIUIO B TTIOJTHOM 00BbEME.

B HccaenoBareabcKasi TeHOMUKA. DTa pyOpUKa MIPUCYTCTBYET BO MHOTHX TJIaBaX, OHa
WUTIOCTPUPYET IIMPOKOE pacrpocTpaHeHNe TeHOMUKU B COBPEMEHHOM T€HETHKE.
CryneHTaM npeiaraeTcs oJyIuTh JOCTYIT K OTHOMY MJIM HECKOJIbKUM BeO-caiiTaMm,
TeMaTUYECKU CBSI3aHHBIM C TeHOMUKOI, KOTOPHIE B COBOKYITHOCTH SIBJISTIOTCSI OMHUMU
M3 JYYIINX OOIIEeIOCTYITHBIX PECYpCOB M 0a3 JaHHBIX. Ydalluecs padoTaloT ¢ Io-
MOIIIbIO MHTEPAKTUBHBIX YIIPAaKHEHUI, KOTOPHIC MO3BOJISIOT UM MO3HAKOMUTHCS
C IOCTYITHOU MH(pOpPMaLIMeil B 00JIaCTU TEHOMUKU MJIN TIPOTCOMUKHU. YIIPaKHEHUS
00y4aloT CTYIEHTOB METOAMKAM UCCIeO0BAHUS 110 KOHKPETHBIM TeMaM U IIOMOra-
0T MOJIYYUTh AOCTYI K BaKHBIM JaHHBIM. BOIpOCHl HAmpaBisioT MCCIeIOBaHUE
U MOOYXIAIOT CTYAEHTOB K JajbHEHIIEMY CAMOCTOSTEIbHOMY M3YyYeHUIO CAUTOB.
BaxHo otMeTuTh, uTo «MccaenoBarenbckas reHOMIKa» 00beTUHSIET MHPOPMAIINIO
0 TeHOMUKE TI0 BCeMY TEKCTY, TTOCKOJIbKY 3Ta HOBast 00J1aCTh CBsI3aHa C CoJiepKaHUEM
J1aBbl. OTa (PyHKIIMS 00ecTieunBaeT OCHOBY JUISI MHAWBUAYAJTbHBIX VI IPYITIIOBBIX
3aHSATHI B KJIaCCE WJIM BHE €T0.

B TemaTuyeckue UCCeAOBAHMS. DTa pyOPUKA C MOBBIIIIEHHBIM aKIIEHTOM Ha STUYECKUE
HOPMBI, MMOSIBJISIETCSI B KOHIIE KaXKIOM I1aBbl M 00ECIIeYMBaeT OCHOBY JUTS YJIyYIIEHUS
B3aUMOJEHCTBUS B Kjacce. B Kaxmoit 3anmucu mpeacTtaBieH KpaTKUMl ClieHapuid,
CBSI3aHHBIH C OIHO 13 TEM TJIaBbl, 32 KOTOPBIM CJIETyeT HECKOJIBKO BOMPOCOB. B HUX
CTYICHTaM IpejIaraeTcs MIPUMEHUTb CBOM HETABHO NTPUOOPETEHHBIE 3HAHUS K pe-
aJIbHBIM 3a/la4aM U BOIPOCaM, KOTOPbIE PEIIAIOTCS B XO/I€ TUCKYCCUI B HEOOJbIINX
TPYIIIAaX WIKA B KAYECTBE UHIUBUAYAIbHbBIX 3aJaHUNA.

Ans npenogaBaTens Win UHCTPYKTOpa

Osnanenue nHpopMalueit B 00JacTu TEHETUKM C TIOMOIIbIO pecypca http://www.
masteringgenetics.com 1 OCBOEHME HayKV BOBJIEKAET U MOTUBUPYET ydalIuxcsl K o0yue-
HUIO, a TAaKXXE TTO3BOJISIET BaM JIETKO Ha3HAyaTh aBTOMAaTUYeCKU OLIEHUBAEMbIE BUIbI
JESITETbHOCTUA. YUeOHbIe TTOCOOMSI TMPEIOCTABISIOT yJalluMCsl BO3MOKHOCTb WHIIUBY -
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NyaJJbHOTO OOy4yeHUsI U oOpaTHOM CBsI3U. MICIIOIb3ys 3aUeTHYI0 KHUKKY, Bbl MOXETe
OBICTPO OTCJIEXKUBATH U OTOOpaXKaTh Pe3yJabTaThl ydaiuxcsi. OCBoOeHUE TeHETUKH JIETKO
MOJTaeTCSI KOHTPOJIIO U OIIEHKE Pe3yIbTaToB paboThl. Pecypchl i caMOCTOSITeIbHOM
pabOThI BKJIFOYAOT:

IToapoOHbIe yueOHBIE TTOCOOUSI, KOTOPbIE HE TOJILKO 00y4YaroT CTYIEHTOB, HO U I10-
3BOJISIIOT UM UCTTPABUTh OIIMOKM.

HoBast HapexxHast OubIMoTeKa MPUKIIAMTHBIX 33124 MPeiiaraeT 00JIbIlie BO3MOXKHOCTEH
JUTSI PETIIEHUST CIIOKHBIX 33149 TIPY BBHITTOTHEHUY JIOMAIITHETO 3aMaHUsI WJTU TTPAKTH -
YECKOI pabOThI ydalIuxcsi. DTU BOMPOCH BKITIOYATOT 1IeJIEHAITPABICHHYIO0 00paTHYIO
CBSI3b C UCIIPABJICHUEM HEBEPHBIX OTBETOB, YTOOBI TTOMOYb yJaIIUMCSI YUUThCS Ha
cBoux ommmroKax. OHU TTOSBIISIIOTCST B TIPOIIECCE OCBOCHUSI TEHETUKH, TIPUYEM pe-
IIEHMS 3a/1a4 He BKITIOYEHBI B «PyKOBONICTBO 110 pellieHUIO 3a1a4 1T CTYIEHTOB».

bubnuoteka SaﬂaHHﬁ, BKJII04asd 3aga4 B KOHIIC I'JIaBbl, BOITPOCHI 13 C60pHI/IKa TC-
CTOB U TECTHI 11O pE3YyJabTaTaM N3YyUYCHUA TCKCTA y‘{C6HI/IKa. Bbl MOXeTe UCIOJIb30BaTh
TOTOBLIC 3aJaHUA, CO3JaHHBLIC U3AaTCIICM, 4TOOBI 6BICTpO IIPUCTYIIUTDH K paGOTe.
Kaxnprit BOITPOC MO2KHO JIETKO OTPECAAKTUPOBATb B COOTBETCTBUN C KOHKPECTHBIMU
TTOHATUAMU, KOTOPLIC Bbl UCITOJIL3YETE.

3ayeTHasi KHUXKKa, KOTOpasi MpeloCcTaB/IsieT BaM ObICTPbIE PE3YJIbTaThl, a TAKXKE UH-
dopmaLUIo 11 UHTEPIPEeTallui Pe3yIbTaTOB YCIIEBAEMOCTH yUalllMXCS.

Pecypchbl onga npenogasaTens Uin UHCTPYKToOpa

Mastering Genetics http://www.masteringgenetics.com

Pecypchl 11 npernoaaBaTesist UM MHCTPYKTOPA HOCTYITHBI IUIsl 3arpy3KM U IIpeajiaraior
MOJIB30BATEJISIM TEKCTa YIOOHBIN JOCTYM K BCeoObeMITIONIEH MHGMOPMALUK U TIOAGOPY
JIEKIMOHHBIX MPE3eHTALMi 1 y4eOHBIX ITocoOuii. PaspaboTaHHbIe KaK IJIsI OIBITHBIX,
TaK U JUTIsl HAYMHAIOLIMX MHCTPYKTOPOB, 3TU PECYPChl BKIIIOYAIOT:

®aiter JPEG co BceMu pUCyHKaMM, BKITIOUAs HAIITUCH U TOCTYDKEHUS OITH-
MaJIbHBIX pe3yJIbTaTOB MPY NIEMOHCTPALUU CJAI0B, a TAKXKe BEPCUU PUCYHKOB 0€3
HaAMuCcei U BCe TEKCTOBbIE TAOIUIIbI.

BonbimHeTBo hotorpaduii B bopmate JPEG, Bkitouas Bce hotorpaduu, umeroniye
oOyuarollee 3HaYeHUE.

®aiinbl JPEG ¢ rpadpukamu, pororpacdusiMu v TabanIIaMu, IpeIBAPUTEILHO 3arpy-
>KEHHBIE B KOMILJIEKCHBIE MTpe3eHTanunu B popmare PowerPoint muist Kaxkmoit riiaBbl.
Bropoii Habop npe3eHTalnii PowerPoint, cocTosiiuii U3 moapoOHOro riaHa JeKLuu
IJIST KaK/I0W TJ1aBbl, JOTIOJTHEHHOTO KJTIOUYEBBIMU WJLTIOCTPALIMSIMU U TEKCTOM.
Brievatsistionast cepusi KpaTKMX aHUMAIIUI 17151 THCTPYKTOPA, T00ABJISIONINX TITyOMHY
U BU3YaJIbHYIO SICHOCTh HauOOJIee BaXKHBIM TEMaM U TMHAMUYECKUM ITpolieccaM,
OIMUCAHHBIM B TEKCTE.

AHVIMAaLMS 11 THCTPYKTOPA, MPEIBapUTEIbHO 3arpyKeHHas B (haiiiibl Tpe3eHTallMi
B ¢hopmate PowerPoint 1j1s1 KaX 10t riaBbl.
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B [IpesenTtanuu B popmare PowerPoint, cogepxkaliiye rmojHbIii HA0OP BOIIPOCOB U OT-
BETOB B KJIacce /JIs1 KaXIO IJ1aBbl.

B B ¢aitnax Word nomHblii HaOOp OLIEHOYHBIX MaTepUajoB U YYeOHBIX BOIIPOCOB U
OTBETOB U3 COOPHMKA TECTOB, BOIIPOCHI K TEKCTY B [JIaBE U MPAKTUYECKKIE BOIIPOCHI
IUISI CTYIEHTOB 10 TaHHBIM CPEACTB MaccoBoli MHMopMaliiu. KoMmbloTepHoe TIpo-
rpaMMHOe oOecrieueHue 1151 TECTUPOBAHUSI.

TestGen EQ KomnbioTepHoe nporpaMmmHoe obecneyeHne
AN TeCTUpPOBaHUs

(ISBN: 0135272823 /9780135272824)

TecToBBIE BOTIPOCHI JOCTYITHBI KaK YacTh MPOrPaMMHOTO O0eCIIedeHUsl TSI TECTH-
poBanus TestGen EQ, mporpaMMbl TECTUPOBAHUS I KOHKPETHOTO TEKCTa, KOTOPhIE
MOJAKJIIOUEHbI K CETH JUISI KOHTPOJSI TECTOB. DTO TakXKe MO3BOJIEeT MpernoaaBaTessiM
MpOCMaTpUBaTh U PEIaKTUPOBATh BOIIPOCHI, 9KCIIOPTUPOBATH BOIPOCH B BUJIE TECTOB 1
pacreyvarbiBaTh X B Pa3IMYHBIX (hopmaTax.

Ans ctypeHTa
PykoBoAcCTBO AN CTYAEHTOB U PYKOBOACTBO MO peLleHUusam

Astopbl: Mumiens [onett, YHuBepcutet Tadtca, u Tappu Hukna (ISBN: 0132300728 /
9780135300428). DTO LIeHHOE PYyKOBOJCTBO COACPKUT MOAPOOHOE MOIIArOBOE PEIIeHUE
WJIU TIOAPOOHOE 00CYKAeHUE KaXKI01 3aJauu, TIpeAcTaBIeHHOM B TekcTe. PyKoBoICTBO
TAKXKe COACPXKUT ITOMOJHUTEIbHbIE YYeOHbIE TOCOOMS, B TOM YKCJIE TOMOJIHUTEIbHbIC
y4eOHbIe 3aaun, KOHCIIEKTBI IJ1aB, CJIOBAPU, YIIPaXKHEHUs KU 0030p CPEACTB IS M3yde-
HUSI TEHETUKM.

OenapeHue reHeTukon http://www.masteringgenetics.com

BDTa ucrnonb3yeMas 60j1ee Y4eM MIUJUTMOHOM CTYACHTOB, U3YYaIOLINX €CTECTBEHHbIE HAYKH,
iatropma Mastering siBasieTcsi HanboJsee 3(h@GEKTUBHBIM U IIIMPOKO UCIIOIb3YEMbIM
OHJIaliH-y4eOHUKOM, TOMAIIHUM 3aJlaHUEeM U CUCTEMOW OLIEHKHU MO €CTECTBEHHbBIM
HaykaM. Kak cuctema noMalrHuxX 3aqaHuii, Ha3HaYeHHasl Mpernoaasarenem, Mastering
Genetics TipeHa3HaYeHa JJIs1 yYalluxcsl JUIsl TOMOIIM B TIOHUMaHUM OCHOBHBIX TEM U
KOHUEMIIUHA, /151 Pa3BUTHSI HABBIKOB PEILIEHUSI 3a1ay.

Pykosodcmeo no oceoenuio yuebHsix nocobuii no eeHemuke MO3BOJISIET CTYIEHTAM CaMO-
CTOSITENTbHO M3Y4YaTh CAMBIE CIIOKHBIE TEMbI B 00J1ACTU TEHETUKU C TIOMOIIBIO YI€OHbBIX
MOCOOUil, KOTOPbIE 00ECTIEUNBAIOT MHANBUAYAIbHOE 00y4YeHNe C MOACKa3KaMu U 00-
paTHO# CBsA3b10. CTYyIEHTHI TAKXKE MOTYT U3YUUTh YUeOHbIN MaTepuan Mastering Genetics,
KOTOPBII BKJIIOYAET B ce0S aHUMALIUIO, TEKCT, YIPAXKHEHUS M0 U3YYEHUI0 TEHOMUKU
u apyrue ydyeOHsle nocodusi. MHTepakTuBHbIN eText 2.0 MO3BOJSET y4alluMCs MOJy-
YaTh TOCTYM K CBOEMY TEKCTY Ha MOOMJIbHBIX YCTPOMCTBAX, BBIACSATh TEKCT, 10OABISAThH
y4yeOHbIe 3aMETKU, TPOCMATPUBATh 3aMETKU MPeTnoaaBaTesisi U OCYIIECTBIATh TOUCK IO
BCEMY TEKCTY KPYIJIOCYTOUHO.
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BnaropapHocTu
Contributors

B 3akitoueHue Mbl BbIpaxkaeM 0co0y1o 0J1aroJapHOCTb TEM, KTO BHEC HETTOCPEACTBEHHbI
BKJIaJl B HaTMcaHKe 3Toil KHuru. Ml 6aronapumM Kpructn @uiiiman U3 YHUBEpcUTeTa
Konopano—boynnep, FOTTy Xemnep uz Yuusepcurtera Bammurron — Takoma, Kpucro-
(¢epa Xansera uz Yuusepcuteta mrtata CesepHasa Kaponuna, [Tameny OceHKOBCKY U3
Yuusepcuteta Jloitonsl B Ynkaro, Mateio Mapueinio u3 Yuusepcurera Ileiica, Cbhlo3aH
VYacmumnep us Llkonsl cectpuHckoro aena IMutrcOyprckoro yHuBepcutreTa, MaHamu
MImemny 3 konsl cectpuHckoro aena Iurrcoypreckoro yHuBepcuteta u @uoHa
Poyn u3 Yuusepcutera TopoHTo—Muccuccora 3a ux padoTy Haa MeIuanporpaMMoii;
Bupmxunuio MaxkIoHoy u3 Xoyn-komremka u Cunau ManoyH n3 KannudopHuiickoro
ToCcyIapCcTBEHHOIO YHUBepcuTeTa B HopTpumke, KOTopbie BHECIM OOJIBIIOI BKIIAM B IO -
TOTOBKY HMHCTPYKTOPOB. MBI OJ1aromapuM clieAyIOIINX IperiogaBaTesicii 3a mX padboTy Hax
cOopHUKOM / 6aHKOM TecToB: Mapka Xedee n3 O61ecTBeHHOTO Koiriemka JleHBepa,
Ckotra XappucoHa u3 FOxHoro yausepcureta Jxxopmkuu, dsBuna Kacca uz Yausep-
cureta Boctounoro Muuurana u CrtuseHa Ileiimka n3 CounanabHOro Kojuieaka oKkpyra
bantumop. Mbl Takke BbIpaxkaeM 0co0yio 0JarogapHoOCTh NMpoHULIATeIbHONH Mulliesb
TonmeTT, HemaBHO BhIIIEAIIIEH Ha MeHCUIO U3 YHuBepcuTteTa Tacrca. bymyuu aBTopom «Py-
KOBOJCTBA /151 CTYIEHTOB» U «PyKOBOJCTBA MO peIlIEeHUSIM TECTOB U3 0aHKa TeCTOB», OHa
paccMoTpeia U OTpeAaKTUpoBaia 3a1adi B KOHIIE IJIaBbl M COOTBETCTBYIOIIME PEILICHUS
B PykoBoxctse u B [IpuioxkeHun K orBeTaM. M bl 6J1arogapHbI BCeM 3TUM YIaCTHHUKAM He
TOJIBKO 32 TO, YTO OHM TOJIEIUINCH CBOMM HayYHBIM OITBITOM, HO M 32 UX IMPEeIaHHOCTh
3TOMY IIPOEKTY, a TAaKXKe 3a APYXKECKYIO IIPUSITHYIO aTMOchepy B OOLIEHUN C HUMMU.

KoppekTopbl 1 NpoBepka TOYHOCTU

TimaTesbHOE TIPOYTEHUE PYKOIMCH YUyeOHMKA 3aciIy>KUBaeT OoJIbIlei 0J1arofapHOCTH,
YeM 3TO MOKHO BBIPa3UTh CJIoBaMU. MBI IIyOOKO Mpu3HaTeIbHBI Mutenb [ogeTr u3
Yuusepcuteta Tadrca u OuH bneiitku u3 [ocynapcTBeHHOro YHuBepcuteTa B boina,
KOTOpPHBIE 00€CITeUmIv IMMPOBEPKY TOYHOCTU MHOTUX IJ1aB, a Takke Keppu Tomacco, Koto-
pasi BbIUMTaja BCIO pyKOonuch. OHM MOIXOAMIIN K 3TOM 3aa4e C TepIeHUEM U ycepaueM
M BHECJIM 00JIbIIION BKJIA/ B ITOBBIIICHHE KA4eCTBA 3TOr0 U3AaHMsI.

PeueH3eHTbI

Bo BceoObeMITIONINI TEKCT KHUTH BHECIIH IICHHBIN BKJIaI MHOTHE PEIICH3EHTHI. XOTS MBI
HeCceM MOJIHYIO OTBETCTBEHHOCTb 3a JIIOObIE OLIIMOKHU B 9TOI KHUTE, MBI C 0J1ar0JapHOCTbIO
MpU3HAEM MOMOIIlb, OKa3aHHYIO TEMU, KTO O3HAKOMMJICS C COIep>KaHUEM 1 00yJalrolei
0a30ii TOro U3NaHusl, 3TO:

Hxeccuka Korrpenn, Yuuepcurer CeToH- X011

Tamapa IsBuc, Komremx bpun Mop

Kpucrn @unnman, Yausepcurer Kosopano-boyinaep

Kpucru ®@nut, Komnemk Dmopu u [eHpu

Hounna-Mapu [apanep, Kosnemk okpyra Mumicekc

Kpucrodep Xapennza, O01ecTBeHHBIN KOJUIEIK OKpyra MOHTroMepu



IIpeducnosue Z\D)

Anbdpeno Jleon, Komnemxk Maitamu Heiin

Tamapa MaHc, O61uecTBeHHBII Koteak CeBepHOro XeHHeInHa

Xomm Moppuc, O61iecTBeHHBIN Kosutemk JInxaii-KapooHn

Wcaiia I. llaysp, Konnemnx bpaszocnopra

bpenna Tpasep, yaubepcutet [lencunbBanuu, lainkun

Crro3aH Yacmmmiep, LlIkora skoHomMuku [TUTTCOYPTCKOTO YHUBEPCUTETA

Muens Bun, Komnemk bpun Mop

Ocobas 6marogapHocts Maiiky [unpu u3 kopnopauuu LightCone Interactive u Kapen
Xb103 13 YHUBepcuTeTa TeHHECCH 3a MX OPUTUHAJIBHBIN BKJIad B MenrariporpaMmy. Kak
SICHO 13 BBIIIIECKA3aHHOTO, TEKCT KHUTH SIBJIIETCS PE3YJIBTATOM KOJIJIEKTUBHOI PaOOTHI.
Bce BbllIEnepeyrcieHHbIE KA 3aCIy>KUBAIOT TOTO, YTOOBI pa3neuThb 000 ycrex,
KOTOPBIM TTOJIb3yeTCs 3TOT YYeOHUK. MBI XOTHUM, YTOObI OHU 3HAJIM, YTO Halla OJaro-
JApHOCTh CpaBHUMA C UX OIPOMHOIN CaMOOTBEPXKEHHOCThIO U YCUIUsIMU. OrpoMHOE
crmacu6o um Bcem!

Bknap B pepgaktupoBaHue un BbINMYCK KHUI'nN

BrIparkaeM pu3HATEIBHOCTD M BEICOKYIO OIICHKY PEIaKTOPCKOMY pPYKOBOACTBY Maiikira
Ttecniv, bW MIEH Y YCHITHST TIOMOTITA C(DOPMUPOBATH U YCOBEPIIIEHCTBOBATH OCOOCH-
HocTH 3Toro m3maHus. bpert Kokep, OTBeTCTBEHHBIN 3a BBIMYCK, HEYCTAHHO paboTaj
HaJl TeM, YTOOBI IMPOEKT IIIeJT ITO TpadUKy, ¥ OIS PKUBAJ HAIIK CTAHIAPTH BEICOKOTO
kauectBa. Kpome Toro, Haia pegakiponHas koManaa: JokuHHu Cumuone FOTcoH —
WUCITOJIHUTENIbHBIN AUPEKTOP Mo pa3BuTuio, Podept IxkoHcoH — npomtocep Rich Media,
u Capa [I>keHCeH — TUPEKTOp IO peAaKIIMOHHOMY KOHTEeHTY st Mastering Genetics —
BHECJIM LIEHHBII BKJIaJ B TeKyllee n3ganue. OHU TBOpYECKU pabOTaI HAl TEM, YTOOBI
reJaroruka v nu3aiiH KHUTY U MeaManakeTa ObLIM Ha IepeaHeM Kpae ObICTPO MEHSIIO-
wieiicst aucuuiuinHbel. bpetr Kokep n Xaiiagu Arvap pyKOBOAMIM BCEMM TOHKOCTSIMU
TIPOM3BOACTBA C OOJIBIIMM BHUMAaHUEM K JACTaISIM M HACTOMYMBOCTHIO. BoImarommiicst
aBTOPCKUIT MOHTaXX OBLI BEITIOTHEH JItoc MajutiHe, 3a 94TO MBI €if OUeHb 61arogapHEI.
Ommucon Pona, OnucyH Ocrec u Kemnu [ammm npodecCuoHaTbHO U C 9HTY3Ua3MOM
PYKOBOIVIIM MapKETUHTOM M31aHus1. be3 cobmoneHrs TpyI0BOil STUKH 1 CAMOOTBEPKEH-
HOCTH BBIIIIENIEPEUNCIIEHHBIX COTPYIHNKOB YHUBepcuTeTa CeToH-XO0JU1, MBI HE CMOTJIN
OBI peayTM30BaTh HAIIl TTPOEKT.



Seonouusa npeacTassnieHNin 0 reHe

Ihasa 3

B nuoHepckux paborax [peropa MeHzaessi reH paccMaTpyUBaICs B BUIE HACIeyeMOM
eIUHUILBI (haKkTopa, KOTOPBIN AETEPMUHUPYET MPOSIBICHNE HAa0II0AaeMOro Mpu3Haka,
WK peHoTUMA.

I'nmasa 4

Ha ocHoBaHum pa60T MHOTUX TCHETUKOB BCJICO 3a ITOBTOPHBLIM OTKPBLITUCM
3aKOHOB MCH[[CI[H B caMoM Hayasie XX Beka ObLia BbIIBMHYTa XpOMOCOMHadA TCOPpUA
HacJeacTBeHHOCTH. COTJIacHO 3TOM TEOPUM, TeHBI JJOKAJTN30BaHBI B XpOMOCOMax, 1
Me03 CIYKUT (PU3MIECKON OCHOBOM MOCTynaToB MeHaens. B TeueHne nmocireayommx
40 et mpoucxoauaa 3BOJIOLUS MPeACTaBIeHUI O TeHe, KOTopas Halllja OTpakeHue
B TUIIOTE3€ O MHOXECTBEC HACJIICACTBECHHBIX CAWMHUII, WUJIN aJlJieiei. Kammﬁ U3 OTUX
ajuiesieid MOXeT BHECTU BKJIad B (PeHOTUII, U3MEHSIS €T0 Pa3IMYHbIMU CITOCOOAMU, YTO
IIPUBOAUT K HETIOJHOMY JOMUWHUPOBAHNIO, KONOMHWHUPOBAHUIO 1 NAaXKE K JIECTAJIbHOCTHU
aJJiesiet. BBIHCHI/IJIOCL, YTO HOBBIC aJJICJIN ITOABJIAIOTCA B PE3YJIbTAaTC MYTaHI/Ifl.

I[naBa 7

Ha ocHoBaHuM pabOT Mo KapTUpoBaHUIO reHoB Drosophila 1 MHOTUX APYTUX
opranu3MoB ¢ 1920-x 1 no cepenuHbl 1950-X I'T. TeHETUKU pacCMaTPYBaJIv T€HBI B KAYCCTBE
HACJIEICTBEHHBIX SAMHMUII, B OIIPEACIICHHOM ITOCIeA0BATSIbHOCT OPTaHM30BaHHBIX Ha
XpOMOCOMAX, MEXIy KOTOPbIMM MOI'YT BOBHMKATh peKOMOMHAaLMuU. [IpuyemM reHbl cum-
TaJINCh HENEINMBIMU «OYCUHKAMU HA HUTH».

InaBa 9

OcnosreiBasgch Ha Mmoaenu JIHK, mpennoxenHoit Yorconom n Kpukom B 1953 1, ¢ Mo-
JIEKYJISIPHOI TOYKM 3pSHUSI TeH pacCMaTPpUBaIN KaK IMOCIeI0BATEIIbHOCTD HYKJICOTUIOB
B criupanu JJHK, kogupyroleit reHeTHYecKy1o MHGOPMAaIINIO.

InaBa 12

B 1960-x romax mpumep>XuBaJIMCh KOHIEMIIUU, YTO TeH COCTOUT W3 JIMHEWHOM
MOCJIeIOBATEIbHOCTY HYKJIEOTUIHBIX TPUTLIETOB, KOAUPYIOIINX aMUHOKHUCIOTHYIO
MOCJIeN0BATEIbHOCTD 0eJ1Ka. DTO yTBEPXKACHUE NEHCTBUTENBHO [IsI 0aKTepUii U BUPYCOB.
Opnako B 1977 . Obl1a OOHApYKEHA TIPEPBIBUCTAsI CTPYKTypa TEHOB YKapuOT, KOraa
KOAUPYIOIIKE MOCIEeI0BATETbHOCTU, WU PK30HBI, IEPEMEXKAIOTCS C HEKOAUPYIOIIUMU
MOCJIeA0BATEIbHOCTSMU — UHTPOHAMU (MTPOMEXYTOUHBIMU MOCIEN0BATEIbHOCTIMU),
KOTOpBbIe yaajstorces npu co3peBanun MPHK.

I'nasa 13

B 1940-x rogmax, xorma MoJeKyJsipHasi Ipupoia reHa elle He Oblia orpejiesieHa,
IIpOpbIBHAA pa60Ta lemna n TaTYMa npuBeJja NEpBbIC S3KCINIECPUMCECHTAJTbHBIC
JI0Ka3aTeJIbCTBA TEHHOTO MIPOAYKTa, MOATBEPKIAIOLINE UX TUIIOTE3Y «OIUH reH — OJUH
(epMeHT». DTa uaes rnoaydyusia JaJbHenyo NoaaepKKy U Mo3:Ke Obljia U3MEHEHa, UTOObI
yKasaTb, YTO OAMH I'CH OIIPECACIACT OAHY ITOJUIICIITUAHYIO LICITb.



Deoaroyus npedcmaeseHuil o eeHe 2\@)

Inasa 15

Hosatopckast pabota 2Kako6a, MoHo u JIbBoBa B Hauase 1960-x rogoB ycTaHOBUIIA
MOJIEJTb OTIEPOHA JUTSI PETYJISILIMK SKCIIPECCUY TeHOB Y OakTepuii. OHU JOTTOJHUIIY ITOHSITHE
0 TeHe, BKIIIOYUB B €r0 CTPYKTYPY HEKOAMPYIOLLYIO PErYJIATOPHYIO IMOCIE10BATEILHOCTD
B HaIpaBJIEHUU K 5'-KOHIy OT KOAUpYIollei oonacTu. TpaHCKPUTILIUST HECKOJbKUX
CMEXHBIX T€HOB, MPOAYKTHI KOTOPBIX BOBJICYCHBI B OJUH U TOT Xe OMOXUMUYECKUIA
Ipoliecc, B 0aKTepUaIbHbIX OIIEPOHAX PEryJIUPYeTCss KOOPAMHUPOBAHHO.

I'nasa 18

Ha ocnoBanum mnccnegoBanuii npoekra ENCODE ctano ussectHo, uto JJTHK,
KOTOPYIO PaHbIlIe CYUTAIN «<MYyCOPHOI», IOTOMY YTO OHA HE KOAMPYET O€IKHU, Ha CaMOM
JIeJie 4acTo TpaHCKpUOMpyeTcs ¢ 00pa3oBaHMEM TaK Ha3biBaeMoii Hekoaupytomeit PHK
(HkPHK). ®ynkimu HekoTtopbix 13 atux PHK ceifyac onpeneieHbl, 1 ClienyeT 00CyIuTh,
HYXHO JIM PacIIMPUTh MOHSITHE TeHa, YTOOBI OHO BKJIIOUAJIO U ITOCIEA0BATEILHOCTH
JAHK, xomupyromue HKPHK. IToka KoHCeHCYC MO 3TOMY BOIIPOCY HE JOCTUTHYT, HO
IUJIST IUTATEIIs BaXKHO OBITH B KypCce COBPEMEHHBIX NCCIICIOBAHUIA IO Mepe TOTO, KaK BB
pa3pabaTeIiBacTe CBOIO OKOHYATEIHFHYIO MHTEPIIPETAIIMIO TeHA.



CoBpeMeHHbIe MOJIEJIbHBIE OPTaHNU3MBI BKITIOUAIOT KPyTyioro yepss, C. elegans, TI00-
caTyto peIOKY naHuo, D. rerio, 1 MycOpHOE pacTeHue pe3yliky Tasst (apabumoricuc), A.
thaliana

Maea 1
BBEAEHWUE B rEHETUKY

CopnepxaHue rnasbl

Tenetuka XXI Beka ocHOBaHa Ha TPAAULIUSIX OTKPBITUM U 3KCIIEPUMEHTOB, 000oTra-
IIABIIMX HAYKy C IPeBHUX BPeMEH 0 HAIIIMX THEH.

TpancMmccroOHHAs TeHETHKA M3yJaeT OCHOBOITOIATAIOIIMIA ITPOIIeCC Iepeaadyr TeHOB
¥ HaCJIeAyeMBIX TIPU3HAKOB 13 TTOKOJICHNS B ITIOKOJICHHUE.

MYTaHTHLIG HITaMMbI MOXHO UCITIOJIB30BAaTh B TCHETUYECCKUX CKPCINMBAHUAX I
JIOKaJIM3alluM U KapTUPOBaHUA r€HOB Ha XpOMOCOMax.

Mopens crpyktypsl JJHK Yorcona — Kpuka mnposicHsieT crnocod xpaHeHusI 1 BOC-
MIPOU3BEICHNUS TeHETUICCKOM MH(MOPMALIMU. DTO OTKPHITHE JICKUT B OCHOBE MOJIC-
KYJISIPHOI TeHETHKM.

ITpoexr «IeHOM YemoBeKa» OCHOBAH Ha TexHoJoruu pekomonHanTHbx JJHK!, co-
BEPILUBILIEH HACTOSIIMIA TIEPEBOPOT B reHeTHKe. PaboTa Haj 3TUM MPOEeKTOM IpUBea
K TTOSIBJIEHUIO HOBBIX 00JIaCTel TeHETUKHU, CBI3aHHbBIX ¢ MTH(POPMATUKOIA.

' Cyrb TexHoornu, pazpaboranHoi B 1970-X I'T., COCTOUT B BEIPE3aHUU OIIPeIe/IEHHBIX (hparMeH-
ToB JIHK ¢ moMol1ibio crieliuguuHbIX 9HA0HYKJIea3 (pecTpUKTa3) ¢ MOCIEAYIOIINM BBeIeHEeM
WX B TIOAXOASIINIA BEeKTOp. — [Ipum. peo.



B BUOTEeXHOJOTUS CO3IaeT FeHeTUUYEeCKM MOAUMUIIMPOBAHHbIE OPTaHU3MbI U COOT-
BETCTBYIOILIME MMPOAYKTHI, KOTOPHIE IITUPOKO MCTIOIB3YIOTCS B CEILCKOM XO3SIMCTBE,
MEIUIIMHE W IIPOMBIIIJICHHOCTH.

B Jlng uccnemoBaHus 3a00JIeBaHU YeJIOBEKA COBpeMEHHasi TeHeTKa BMECTE C METOJIOM
pexoMOuHaHTHBIX JIHK 1 reHOMUKO UCIIO/IB3YET MOJEIbHbIE OPTaHU3MBI.

B [eHeTMYeCKHUE TEXHOJOTUM OIepeskaloT PEryJMpyIolIie UX MOJUTUIYECKUE 1 3aKO0-
HOJATEIbHBIC aKThl 1 COTJIAIIICHMSI.

ITpusiTHO, YTO YK€ ¢ caMOro Havajia TIepBOi TJIaBbl y4eOHMKA 10 TEHETUKE MOXKHO
MepUOINYECKY 3HAKOMUTD YMTATENICH C TPaHAMO3HBIM ITIPOPHIBOM B 3TOM HayKe, 0Ka3aB-
MM MOITHOE W pa3HOOOpa3HOE BIMSHKME Ha YeJIOBEYECKYIO KU3Hb. B aTOM M3nanum y
Hac MosIBUJIach 3aMevaTeibHasi BO3MOXHOCTb paccKa3aTh 00 OTKPBITUM MOJIEKYJISIPHOM
cucrembl CRISPR-Cas', o0Hapy:KeHHOI y 6aKTepuil 1 TPUMEHSIEMON [Tl TTePEITUChI-
BaHus TociuenoBatenabHocTeilr [JJHK reHoB moboro opranusma. Ilo cytu ata cucrema
TIPEACTaBIsICT CO00I OCHOBHOI TeHHO-MHXXEHEPHBIN MHCTPYMEHT JIJII TOYHOTO PelaK-
TUPOBAHUSI TCHOMOB Pa3IMYHBIX OPraHW3MOB, BKJTIOUAsI YyeIoBeka. Moaudukaims reHOB
MyTeM PeTaKTUPOBAHUS CTala Pe3yIbTaTOM JOCTHKCHII OMOTEXHOJIOTUM 3a TIOCICTHIE
35 neT, BKIIIO9ast CEKBEHNPOBaHME TeHOMA YeIOBeKa.

XoTs peIaKTUPOBaHME TeHOB OBLIO BIIEPBHIC BBHIITOTHEHO APYTUMH METOIAMU, ceiiaac
cuctema CRISPR-Cas siBisieTcst mpearnoyTUTeIbHOM 11sl MOAUMUKALIMY FeHOB Oy1aroaaps
cBoeii 6osiee BBICOKOI TOUHOCTH, 3(PHEKTUBHOCTU, YHUBEPCATBHOCTHU U ITPOCTOTE UCTIONb-
3oBaHus. [TepBoHavanbHo cricteMa CRISPR-Cas 6b11a OTKpbITa KaK MEXaHU3M «ITOMCKa U
YHUYTOXEHUSI», KOTOPBIM ITOJIb30BaIMCh OAKTEPUU J1J1s1 00PHObI C BUPYCHOM MH(MEKITUEA.
0O6o3HaueHue CRISPR (kiactepbl KOpOTKHX MaJIMHAPOMHBIX MTOBTOPOB, pa3fesIeHHbIX
crieiicepamMuy) OTHOCUTCS K KOIMPYIOIIUM IOCAeA0BaTebHOCTSIM IT'eHoMa 0aKTepuu, C
KOTOPBIX TPAaHCKPUOUPYIOTCS MOJIEKYIbI puboHyKiIenHoBol KuciaoTel (PHK), a cokpa-
menue Cas (CRISPR-accommmmrpoBaHHast) OTHOCUTCS K 9HIOHYKJICa3e WM K peCTPUKTa-
3¢ — (pepmenTy, paspesaromemy JJHK. 3atem PHK, konnpyemast CRISPR, cBsi3biBaeTcs ¢
OeTKaMM 1 y3HaeT KOMIUIEMEHTapHYIo TocaenoBareabHocTh B BupycHoi JJHK (rpoiiecc
TIoMCKa), a HykJjeasbl Cas pa3pesaroT 1 yHrmuToxator 3ty JHK, 3ammiias KireTky ot uH-
bexumm. Mccnenoparen mpUMeHWIN 3Ty TEXHOJIOTHIO, CUHTe3upys MoJieKyTsl CRISPR
PHK, kotopsie HampaBisuin Cas-HykJjieasbl K J1000i BEIOpaHHOH MOCIe10BaTeIbHOCTU
JHK. B nadoparopHsix skcriepuMeHTax cuctema CRISPR-Cas yxe ucrnonbs3oBaHa st
penapalyuy MyTalyii B KJIETKaX, B3SIThIX OT JIMIL C TEHETMYECKUMU HApYIIEHUSIMU, TAKUMU
KakK MyKOBUCIIUIO3, XOpest [EHTMHITOHA, CePIIOBUIHO-KJIETOYHASI aHEMUST U MbIIIIEeYHAasT
nuctpodusi. B CILIA dhopmupyroTcst TpyIinbl yYJaCTHUKOB B KIIMHUYECKUX UCTIBITAHUSIX
cuctembl CRISPR-Cas ¢ 1ienbio pegakTupoBaHus reHoMa Mpu Teparnuu paka. B To xe
BpeMsI MIOATOTOBJICHBI KIIMHUYECKHUE MPOTOKOJBI TS JICUSHUST HACTEICTBEHHOM CIeTOThI
¥ TEeHETUYECKM OOYCIOBIIEHHBIX 3a00yieBaHuii KpoBu. B Kurae He MeHee 86 maimeHToOB
IPUCTYIMIN K KimmHndeckuM ucnbiTanusaM CRISPR-Cas st repanin paka.

ITpuMeHeHMe 3TOM 3aMedaTeTbHOM CHCTEMBI BEIXOIUT JAJICKO 32 pAMKH pa3padoTKU
METOIOB JICUCHUS TeHETHICCKIX 3a00JIeBaHMIT YeloBeKa. B opraHm3amax Bcex BUIOB —

' Cucrembl CRISPR-Cas oGHapy:KeHbI y OOJIbIIMHCTBA apXeil ¥ GaKTepuil 1 JIOKAIU30BaHbI Ha

XPOMOCOME WJIN peXe — B cocTaBe (haroB U MOOMJIbHBIX TEHETUUECKUX 271eMEeHTOB. OHU COCTO-
ST U3 IByX oCHOBHBIX 010K0B: CRISPR-kacceTrsl — kopoTkux JIHK-1moBTOpOB, pasmeneHHBIX
crieiicepamu, U MPUWJIETAIOLIEro K Hell KjlacTepa reHOB cas, KOAUPYIOLIETO KACIa3bl.



@ Ihaea 1. Beedenue 6 ecenemuky

Be3e, IIe TeHeTuIecKue MoauMUKaLMU MOTYT IIPUHECTH MOJIb3Y YeJIOBEYECKOMY CYIIIe-
CTBOBAaHUIO U Hallleil IiaHeTe B 1enoM, ucnonab3oBanue cucteMbl CRISPR-Cas Oyner
MHOTOLIeJIeBbIM. Harpumep, B 0MHOM MccIem0BaTe IbCKOM TPYIINE OTPEIaKTUPOBATIU TeH
Yy KOMapoB, 1 3TO He TTO3BOJIMIIO UM TIEPEHOCHUTH Tapa3uTa, BEI3BIBAIOIIETO Y YeJTOBEKa
Massiputo. Jlpyrue ucciemoBaTe I OTpeIaKTUPOBAIM TEHOM BOIOPOCIIH, JIJISI TOTO YTOOBI
YIBOWUTH UX ITPOAYKTUBHOCTB JIUISI BBIPAOOTKH OMOTOILINBA. DTOT METO MCITOIb30BaJICS
TaK:Ke IJIST CO3MaHMUs YCTOMIMBBIX K O0JIE3HSIM COPTOB MIICHUIIEI M pHca.

Bo03MOXHOCTH 3TOi1 CHCTEMBI, KaK 1 OOJIBITMHCTBO TEXHOJIOTHMUECKUX JTOCTIKECHUIA,
yKe CO3IATH PsIT STUIECKUX TTpooireM. Harpumep, reHeTrmaecKast MOTU(UKAITAS YeI0-
BEUCCKUX SMOPHOHOB U3BMEHHT FreHETUIECKYIO MH(MOPMALINIO, TIEPEHOCUMYIO OYIYIITUMM
TMOKOJICHUSIMU. DTH U3MEHEHWS MOTYT UMETh HEelpeaHaMePEeHHbBIE U CYIIECTBEHHBIC He-
raTUBHBIC TTOCIEICTBUS JUIS1 Halllero ouosornyeckoro Buna. B 2017 . MexxayHapomgHast
rpyTIIia 9KCIepTOB 00CYyXIaaa HaydYHble, STUYECKUE U YITpaBIeHUECKME aCIIeKThI pelaK-
TUPOBaHUs TeHOMA YeJIOBeKa. DTO IPYIIoil peKOMEHIOBAHO ITPOSIBUTH OCTOPOKHOCTD,
HO He 3ampelarh IpMMEHEeHUE peIaKTUPOBAaHMS. DKCIIePThI YTBEPXKAAIN, YTO U3MEHEHHUE
YeJIOBEUYECKIX AIMOPHOHOB MOXKET «OBITh pa3pelIeHO TOIbKO IIPU HEOTIPOBEPKMMBIX J10-
BOJAX U IO CTPOTUM HaA30POM»".

MoxeTt okazatbes, uyTo cucteMa CRISPR-Cas cranet omHnM 13 HamnboJjiee 3axBa-
TBIBAIOIINX JOCTYDKEHUI TCHETHKY 3a TIpoleamme aecaTmietrst. [1o3xke MBI BepHeMCS
K OOCYXIEHUIO OTKPBITUSI 3TOI CUCTEMBI y OakTepuii (T1aBa 15), ee pazpaboTke B Kaue-
CTBE MHCTPYMEHTA TeHHOM MHXXeHepuH (T71aBa 17), K MCITOIb30BAaHMIO 3TOM TEXHOJIOTUH
B reHHOI Tepanuu (CrieuraabHbIi pa3nes riaBbl 3 «[eHHas Tepanus») U K ee MPUMEHEHUIO
B FeHETUYECKU OTPEIAKTUPOBAHHBIX MPOAYKTAX IMUTAHMS (CITeIUAIbHBIN pa3ae IIaBbl 6
«[eHeTnyecku MoAMGUIIMPOBAHHbBIE TTPOTYKTHI MTUTAHUS» ).

Hapeemcs, uTo 3T0 KpaTKoe BBeAEHUE MPOOYAUT y YMTaTeNeil 1I0003HATEIbHOCTD,
WHTEpEC U DHTY3Ma3M K U3YYEHMIO TeHETUMKU. B ocTaabHOM YacTU 2TOM IJIaBbl Mpe-
CTaBJIeH 0030p MHOTUX BaXXKHBIX TTOHSITUI TEHETUKN U OCHOBHBIX MTOBOPOTHBIX TOYCK
B UCTOPUM OTOM HAYKM.

1.1. Y reHeTtukun 6orartas, UHTepecHas ucropus

TouHO He M3BECTHO, KOT/Ia YEJIOBEUECTBO PACITO3HAJIO HACTIEICTBEHHYIO IIPUPOY HEKOTO-
PBIX IPU3HAKOB. OITHAKO apXeOJIOTMYECKIE HAXOMKK,, HAIIPUMEp, TIEPBOOBITHOE UCKYCCTBO,
COXpaHUBILIMECS KOCTHU 1 Yeperia, BRICOXIIIME 3epHa, YKa3bIBalOT Ha YCIIEIITHOE pa3BeieH1e
YeJIOBEKOM JOMAIITHUX KUBOTHBIX Y KYJIBTYPHBIX PACTCHU ITyTeM UCKYCCTBEHHOM CeJIeK-

' B 2015 roay kuTaiickue y4eHble MOMBITAIUCh UCTIPABUTh TEHOM UYeJIOBEYECKOTO AMOpPUOHA.

OHU UCTIOJIb30BAM OTUIOIOTBOPEHHBIE STHIIEKIIETKN C MyTalluell reHa, 00yCIOBIMBAIONIeH 3a-
OoseBaHue KpoBU OeTa-Tanaccemuto. B sittiexnetku BBonuu 6enok Cas9 u PHK-run, kotopeie
TOJKHBI ObUTM HAWTHU M pa3pylInTh MYTAaHTHYIO KOTIMIO TeHa C TMOCJeayIoliell pemapanneit
JHK Ha ocHoBe HOopMasibHOI MaTpuuHoii tenu JJHK 6e3 myraiimu atoro reHa. B pesynbrate
SKCTMEPUMEHTa yIAIOCh BEPHYTh HOPMAJIBHYIO TIOCETOBATEIbHOCTh TeHa OeTa-TajJacceMUu B
5—10 % >MOPUOHOB, U HACJIENCTBEHHBIN aedeKT ObUT ucnpanieH. OMHAKO HEOXUIAHHO IS
HCClieoBaTesIeii MPaKTUYECKU BO BCEX KJIETKaX «IIPOJICUeHHBIX» 9MOPUOHOB OBLIIO OOHApYXe-
HO MHOKECTBO CITyJYallHBIX MyTallWii, TOKAJIM30BAHHBIX B Pa3IMUHBIX caiiTaXx. Takum obpazom,
TEXHOJIOTUSI HYXKIAeTCsI B COBEPIIIEHCTBOBAHUM, OHA HEIOCTATOYHO TouHasl. B repByto ouepenn
¢ momonibio CRISPR/Cas9 MBI cMOXeM JICUUTh «ITPOCTHIC», MOHOTEHHBIC TeHETUYECKHE 3a-
OoJeBaHUsI, HATIPUMED, TeMOMUINIO U MyKOBUCUUIO03. — [Ipum. peo.



1.1. Y eenemuku 60eamas, unmepecHas UCMopus...

LMY TMKUX BUAOB Y3Ke THICSUM JIET TOMY Hazaj. Jlomaau, BepOJitobl, OBLBI U BOJIKU ObUIA
npupydeHbl JoapMu Mexxay 800—1000 rr. mo H. 3. [TpumepnHo 5000 et 10 H. 3.HAYAJIOCh
KYJIBTUBUPOBAHUE MHOTHX CEJIbCKOXO3SICTBEHHBIX PACTEHUH, BKITIOUAs KyKYpY3Y, MILIEHU -
11y, pyc, (GUHUKOBYIO MATbMY. DTO TOKA3bIBAET, UTO HAIIY TTPEAKU MOTJIA MAaHUITY TUPOBATh
BUIOBBIM TeHO(OHIIOM.

Emre 8 350 T 10 H. 9. ApUCTOTENTh pacCMaTPUBAJ B KAUECTBE HOCUTEIICH HACTIEICTBEH-
HOCTU FyMOP, HaXOASIIUICS B pa3HbIX YacTsx Tena, B TeyeHue noutu 1900 set (¢ 300 mo
1600 . H. 3.) He MOSIBUJIOCh HU OJHOM 3HAYMMOI Teopuu HacsieacTBeHHOCTH. B 1600 1.
AHTJIMIACKUI aHaTOM YuiibsaMm Xapseit (1578—1657) Hamucan TpakTtaT O pa3MHOXKEHUU
¥ Pa3BUTHH, B KOTOPOM OH IIPUAEPXKUBAJICS TeOpyru anureHe3a. CorjacHo 3TOW TeOpUr
OpraHu3M pa3BUBaeTCs U3 siilia, TpruoOpeTasi CBOMCTBEHHYIO €My CTPYKTYPY B IIpoliecce
3MOPUOHAIBHOTO pa3BUTHS. Teopust s3MUreHe3a MPOTUBOPEYNIa B3MIsNaM, pacipo-
ctpaHeHHbIM B XVII Beke, UTO MOJI0BbIE KJIETKU CONEPKAT YK€ TOTOBbIN YeoBeYeCKU i
OpraHu3M B MUHUATIOPE, TAK Ha3bIBaeMbIil FOMYHKYIyC (puc. 1.1). Teopus npedopmammn,
TO €CTh paHHETo (hOPMUPOBAHUS YEIOBEUECKOTO OPraHM3Ma, OCTaBaJlach MOMYJISIPHOM
BrioTh 1o XVIII Beka. I1pumepno B 1830 . Martuac Ineitnen u Teomop IlIBaHH Ha
OCHOBAHUM PE3YJIBTATOB, TTOJYYEHHBIX C TOMOIIBIO YCOBEPIIIEHCTBOBAHHOTO MUKPOCKO-
Ta, TIPEITOIOXKIIIN, YTO BCE OPTAHU3MBI COCTOSIT M3 KJIETOK. Viest 3apoKaeHust JKUBbIX
OPraHu3MoOB 13 HEXKMBbIX KOMIIOHEHTOB ObLTa ONTPOBEprHYTa B KOHIIe Beka JIyu [Tactepom.
Cranno o0IIenpUHATHIM MHEHUE, UTO XXUBbIE OPTAaHU3MbI TTIPOUCXOMIST OT XXUBBIX MPE-
1LIECTBEHHUKOB 1 COCTOSIT U3 KaeToK. B cepenune 1800-x rr. Yapab3 JlapsuH u [perop
MeHnzenb B CBOMX OCHOBOITOJIaralonX padoTax 3a10XKWIN MPEANOCHUIKU 151 ObICTPOTO
pa3BuTus reHeTuku B XX 1 XXI nepBom Bekax.

Yapnb3 JapsuH u lperop MeHpenb

B 1859 1. Yap:p3 JlapBUH OIyOJIMKOBAII CBOIO PadOTY «/Ipoucxoscoerue
6u006», B KOTOPOII 000CHOBAJI TeOpUIO 3BomoLnu. Ha ocHoBaHUM
MHOTOYMCIICHHBIX T€OJIOTMIECKHX, TeoTpaduIecKIX M OMOJTOTMUECKIX
HaOJTIOIEHNH OH cJieJ1all BBIBOA 00 MI3MEHUYMBOCTH BUIOB. B pesyibraTe
IPaHIMO3HOM SKCITeIUIINU Ha Kopabite «burib» (1831—1836) lapBuH
JTOTIOJTHWJT CBOIO TEOPUIO YUeHHEM 0 eCTECTBEHHOM 0TOOPE 1 ITOTTBITAJICS
00BSICHUTH MeXaHU3MBI 3BoTIoIK. HezaBucumo ot JlapBrHa, IpuH-
LIMMBI €CTECTBEHHOTO OTOOpa ObLIU C(hOopMyarMpoBaHbl AlbdpeaoM
Yonnecom. OH yTBep:KAaJl, YTO B MOMYJISILIMU MOAIEPKMBAETCS OOJIbIIAS
YHCJIEHHOCTh 0c00ei (ITOTOMCTBA), YEM 3TO BO3MOXKHO B OIpeaeIeH-
HBIX YCJIOBUSIX CPEIbI, YTO OOYCIOBIMBAET OOPHOY 3a CYIIIECTBOBaHUE.
I1pu a3TOM OpraHu3msbl, obagaoLIMe JyUllield TPUCIOCO0EHHOCThIO
K JaHHOU cpelie, BBIKUBAIOT M pa3MHOXaIOTcs 3G (GEeKTUBHEE, YeM
MeHee IIpucItocobieHHbie. Hebomplme, HO Tarole HeKOTOpoe Tpe-
HWMYIIECTBO B BEDKMBAHIUY MOAM(PUKALINY ITPU3HAKOB MOT'YT HAKATUTH -
BaThCS IUTUTETbHOE BpeMsl. [1pu n3osisiuu onpeneieHHOM MOy,
Hecylel Takue HacJIeICTBEHHbBIE U3MEHEHNsI, BO3MOXKHO 00pa3oBaHue
HOBBIX BUJIOB.

Puc. 1.1. M3o0paxeHue «romyHkyayca». CriepMaTo30M.1
' COIEPKUT ITOJIHOCTBIO C(POPMUPOBAHHBII Y€TOBEYESCKUIA
{ OpraHu3M B MUHUATIOpE
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OCHOBHOI1 HeoCcTaTOK Teopuu JlapBrHa, KOTOPBIi OABEPICS CIIPaBeIIMBOM KPUTHUKE
B XX CTOJIETUH, COCTOSITT B TOM, YTO U3BMEHUMBOCTD M HACJIEICTBEHHOCTh HE MMEJIH IO
co0o0i1 reHeTnueckoi 6a3pl. IToutn ogHoBpeMeHHO ¢ JlapBuHbIM, B 1856—1863 ronax,
Iperop Morann MeHaenb MpoBOANIT SKCIEPUMEHTBI, PE3YJIbTaThl KOTOPBIX ObLIX OMYOJIM-
KOBaHbI B 1866 roay. MeHnesib IpoaeMOHCTPUPOBAII CTATUCTUYECKHE 3aKOHOMEPHOCTH,
00YCITOBIMBAIOIIINE HACIEICTBEHHOCTD, U TSI OOBSICHEHUSI 3TUX 3aKOHOMEPHOCTEH pa3-
BWJI TEOPUIO O HACJIEICTBEHHBIX (paKTOpax B 3apOJIbIIIEeBbIX KiieTKax. Ho ero pabora 6nuta
3a6b1Ta 10 1900 ., BpeMeHU MOBTOPHOT'O OTKPBITUS OOHAPYXKEHHBIX UM 3aKOHOMEPHOCTE
Kapsom Koppencom, [yro ne @puzom 1 Dpukom dpoH Yepmakom.

B nHauvane XX B. ObLIM OTKPBITHI XPOMOCOMBI, YTO TTOATBEPAUIO TEOPUIO DITUTE-
He3a. [TocTeneHHO CcTajo 0YEBUIHO, YTO HACJIENCTBEHHOCTh M Pa3BUTHE OpraHuU3Ma
00yCJIOBJIeHBI MH(OpMalUelt, «3alIMCaHHO» B XpOMOCOMAaXx 1 coaepxKallieics B mo-
JIOBBIX KJIeTKaX Kaxmoii ocoou. B Hayane XX Beka cTajio siCHO, YTO HACJIeICTBEHHOCTD
U Pa3BUTHE 3aBUCSIT OT FTeHETUUECKO MH(OpMaLINK, CoepKallelicsl B TeHaxX, KOTOphIe
HaXOIISITCSI B XpPOMOCOMAX 1 3aTEM BHOCSITCSI B TEHOM KaXKIOTO MHAMBHUIyyMa raMeTaMH.
DTO COOTBETCTBYET TaK HAa3bIBAEMOI XPOMOCOMHOM meopuu HacredcmeenHocmu. Takum
obpa3oMm, «opern» B Teopuu JlapBrHAa 3aMETHO COKPATHIIMCh. 3aKOHBI MeHIeIsI 1 110
ceil meHb TIPEACTABIISIIOT CO00M (hyHIAMEHTAIbHbBIC OCHOBBI TCHETUKH.

1.2. MeHee 4eM 3a BEK reHeTUKa BblpoCJia OT 3aKOHOB
Meunpensa no cTpyktypbl AIHK

TeHeTryeckue mpoilecchl JeXaT B CepALEBUHE OMOJIOrMYECKON HAyKU U XKU3HMU B 1IEJIOM.
Touka oTcyeTa reHETMKM KaK HayKW HaxoguTcs B KoHIE 1850-X IT., B MOHACTBIPCKOM
cany LlenTtpanbHoii EBporibl.

pr,ﬂ,bl MeHnpens no nepepaye Nnpu3HaKkoB noToMCTBY

ABrycTUHCKMI MOoHax [perop MeHIeb TPOBEIT IeCATUIICTHIOI CEPHIO SKCITIEPUMEHTOB
¢ ropoxoM. KonmuecTBeHHBIM aHAIN3 MPU3HAKOB MOKa3all, YTO OHM IepeaaloTcs OT
poIMTeIIeii TOTOMCTBY B IIpeICKa3yeMbIX ITPOITOpUMIX. B maapHeitmeM MeHaemb pu-
1IIeJT K BEIBOLY, YTO IMPU3HAKN KOHTPOJIMPYIOTCS ITapOii TeHOB U TP 00pa30BaHUM raMeT
(STMIEKIIETOK M CIIEPMATO30MI0B) TeHBI KaXKIOW Mapbl pacXOIsITCS B IOJIOBBIC KJICTKU
He3aBUCcUMO ApyT oT npyra. [lonTeep:kneHHbIe 3aKOHBI M eH1es1 TO3BOJIUIN OOBSICHUTD
rnepefavyy NpU3HAKOB Y TOpoxa U Ipyrux opraHu3mMoB. OHU JIETJIM B OCHOBY F€HETUKH —
00JlacTi OMOJIOTMH, U3yJarollel HaCAeACTBEHHOCTh U U3MEHYMBOCTh. O MEHIEJIEBCKOM
TeHEeTUKE UIET pedb B IJ1aBax 3 u 4.

XpomMmocomMHas Teopuda HacneacTBeHHOCTU: 3aKoHbl MeHaenqa
n Mmeno3s

3akoHbl MeH e ObUTU OTKPBITHI 3a10JIT0 10 U3YUYEHUS CTPYKTYPhI U POJIU XPOMOCOM.
C MOMOILBIO YCOBEPIIIEHCTBOBAHHOTO MUKPOCKOIIA UCCIEN0BATESIM YIAJIOCh UIEHTU -
(uLmpoBaTh XpOMOCOMBI JIUIIL CITycTs 20 JeT mocie myoaukaiuu TpyaoB MeHmens.
Oka3zasnoch, 4TO MPEACTABUTEIN KAXIOTO BUIA 3YKAPUOT UMEIOT B OOJIBIIMHCTBE KIJIETOK
crneur@uueckoe YMCcao XpOMOCOM, Ha3bIBa€MOE TUIIONMIHBIM YuCJIOM (21). Y yenoBeka



1.2. Menee uem 3a eex eenemuixa gvipocia om 3axonoe Mendeas do cmpykmyput IHK
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Puc. 1.2. LIBeTHOE M300paxkeHue
XPOMOCOMHOTO Habopa — Kapuo-
THTIA — MY>XYUHBI

JUATUTOMIHOE YK CIIO XPOMOCOM paBHO 46 (puc. 1.2). B IUTIIIOMAHBIX KIIETKaX XPOMOCOMBI
00pa3yoT Mapbl, Ha3bIBa¢MbIC TOMOJIOTHYHBIMH XPOMOCOMAMH.

B KOHIIe aeBITHANLIATOrO BeKa ydeHble OMMUCAIU MOBEIEHUE XPOMOCOM BO BpeMsi
NeJICHNS KIIETOK B MHTO3€ 1 Meiio3e. B MUTO3¢ XpOMOCOMBI YIBAUBAIOTCS 1 PACXOIATCS
TaKUM 00pa30M, YTO B KaxKIyIO TOYCPHIOKO KJIICTKY IOTanaeT Habop XpOMOCOM, MICHTHY-
HBII poguTeabckomy. [Tpu Meiio3e B TaMeTy moIagacT TOJIBKO OHA M3 TTaphl TOMOJIOTOB,
¥ raMeTa HeceT ralIoHIHOe YHCJI0 XPOMOCOM (1). YMEHBIIIEHUE YHCIa XpOMOCOM BIBOE
MO3BOJISIET TIOJIEPKMBATh IMOCTOSTHCTBO XPOMOCOMHOTI'O COCTaBa B ITOTOMCTBE TIOCIIE
CJIVISTHUSI TATUTOMIHBIX TaMET, M Y BUIA B LIEJIOM.

B nauane nBaguaroro Beka Yonrep CarroH u Teogop boBepu He3aBHCUMO ApPYT OT
JIpyTa roKasaJii, 4YTO ITOBEIEHUE XPOMOCOM B Mei103€ COOTBETCTBYET ITOBEACHIIO TEHOB
B IIpoliecce opMUpOBaHUS TaMeT, OITMcaHHOMY MeHeneM. DTU yYeHbIe MPEATOI0XUIH,
YTO Tapbl TEHOB HAXOASTCS B COOTBETCTBYIOIIMX MapHBIX XPOMOCOMAaX U pacIipencsisi-
I0TCS TIpU 00pa30BaHUM raMeT He3daBUCUMO. OHM CaMOCTOSITENIbHO ChOPMYIUPOBAIIA
XPOMOCOMHYIO TEOPHIO HAC/IEACTBEHHOCTH, KOTOPAsl yTBEPKAAET: HAC/IeAyeMble TPU3HAKU
KOHTPOJIMPYIOTCSI TeHAMM, PACIIOJI0XEHHBIMU Ha XPOMOCOMaX, M TOYHO MepeaaroTcs
B raMeThl, TTOAICPKUBasI B IOKOJCHUSIX TeHETUIECKOE TIOCTOSTHCTBO.

PE3IOME

XpOMOCOMHas TeEOpUst HACNEACTBEHHOCTM 00BbACHSAET, Kak reHeTnyeckas nHdopmauus
nepenaetca 13 NoKoJIEHNA B NOKOJIEHNE.

leHeTyeckass U3BMEHYUBOCTb

TToutrt OMHOBPEMEHHO C MOSIBJICHHEM XPOMOCOMHO TEOPUH HACIEICTBEHHOCTH YUCHBIE
MPUCTYMUINU K U3YUYEHUIO HACIeIoBaHUs TTPU3HAKOB y (pyKTOBOI Myluiku Drosophila
melanogaster. CHavajia Cpeiv KpaCHOTIJIa3bIX MyX TUKOTO THITa ObLIM OOHApYKEeHBI OeJI0-
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Puc. 1.3. HopmasibHbIe KpacHbIE TJ1a3a
Drosophila melanogaster (cipaBa) u
MyTaHTHBIE Oejibie (clieBa)

r1asbie Myxu (puc. 1.3). DTo U3BMeHeHUe OKPaCKU IJ1a3 BbI3BAHO MyTalueil B OMHOM U3
TeHOB, KOHTPOJUPYIOIIMX IIBET I71a3. MyTtaius — 3To Jtoboe HacleayeMoe U3MEHEHUE
B nnocnenoBarenbHocTU JIHK, MCTOYHUK Bcelt reHeTUUeCKOM M3MEHYMBOCTH.

Bbensie rmaszay Drosophila 00ycIOBICeHBI MyTAHTHBIM aJlJIeJIeM TeHa, KOHTPOJIMPYIOIIIe-
TO OKpPAcKYy I1a3. AJUIeNIN IIPeICTaBIIIIOT COOO0M aTbTepHAaTUBHBIC (OPMBI TeHa. PasHbie
aJUIe]I MOTYT OOYCIOBUTD pa3Inure HaOI0JaeMbIX IIPU3HAKOB, WX pa3HbIe ()eHOTHIIbI
opranusma. Habop asieneii, onpeaeasonx JaHHbI TPpU3HAaK OpraHu3Ma, Ha3bIBaeTCs
reHoTunoM. VcItob3ys reHHbIe MyTallii B Ka4eCTBE MapKepOB, TeHETUKHA MOTYT KapTH-
pOBaTh TeHBI HA XpOMOCOMaX.

Mouck xumuyeckoii npupoabl reHoB: AAHK nnu 6enok?

ITpu uccregoBaHNM OEIOIIA3bIX MYX OKAa3aJoCh, UYTO MYTAHTHBIN TPU3HAK CBSI3aH C
€IMHCTBEHHOI XPOMOCOMOM M 3TO ITOATBEPKIAJI0 MO O JIOKAIM3AIINY TeHOB Ha XPOMO-
coMax. 3aTeM HCcCclieIoBaTe I 00paTUI BHUMaHME Ha IIOMCK XUMUYECKIX KOMITOHEHTOB
XPOMOCOMBI, HECYIITNX FeHeTIeCKYIo MHpopMatmio. K 1920-M IT. yke BBISICHAIIOCH, 9TO
OCHOBHBIMM COCTaBJISIIOIIUMU XpoMOcoM sBiisitoTcs 6enxku u JIHK. bouio unentuduiim-
pPOBaHO OIPOMHOE KOJIMYECTBO Pa3IMUHBIX OCJIKOB C YHUBEPCAIBHBIM paciipeIecHIeM
VX B IIpe Y [IUTOTILIa3Me, TI03TOMY MHOTHE YICHBIC CYUTAT HOCUTEIIIMUA TeHETHIECKOM
WHGOPMALIMU UMEHHO OEJIKOBbIE MOJIEKYJIBI.

B 1944 . OcBanba Omepu, Konnn Mak-Jleog u Makiaun Mak-Kaptu u3 Pokdennepos-
CKOTO MHCTHTYTa B Hblo-VlOpKe OMyGIMKOBAIN Pe3yJIbTaThl SKCIIEPUMEHTOB, TOKA3bIBa-
IolIMe, YTO y OaKTepuit HocuTeneM reHeTuueckoi nHdopmanuu saeisiercs JJHK. Onnako
9THU SICHBIE I0KA3aTeIbCTBA HE YOI MHOTMX BIUSITEIbHBIX YUSHBIX. JIOTIOTHUTEIbHbBIE
nokasatenbeTBa pon JIHK kak HocuTenst reHeTMYeCcKoii MH(pOpMaLMy ObITY TTOTy4deHbI
OT UcceaoBaTelNeli, pabOTaBIINX C BUpyCaMU. DT, a TAKKE Pe3yIbTaThl TOCIICTYIOIINX
WCCIIEAOBAHMI TTO3BOJIMIM OCHOBATEJIFHO YTBEPXKIATh, YTO He 0eoK, a mMeHHO JIHK
SIBJISIETCST TCHETMUECKMM MaTteprarioM. Ha ciemyromeM 3Tare HY»KHO OBLTO YCTAaHOBUTH

cTpykTypy mosekys JHK.

1.3. OTKpbITUE ABOMHOW CNMpasin CTaNo Ha4YaNIoM 3pbl
MOJIEKYNSIPHOW FEHETUKUN

Korna BeisicHunocsk, uyto JIHK HeceT reHeTHuecKyo nH(pOpMaLNIO, yIYeHbIe CKOHIIEH-
TPUPOBAJIUCH Ha pacIMpoBKe CTPYKTYphbl Moiekya JJHK, Ha MmexaHu3max xpaHeHUs
TeHETUYECKOI MHMOPMALIMU U ee TIPOSIBICHMS B (DEHOTHUTIE.



1.3. Omkpoimue 080iHOI ChUpanu cmano Ha4anoM 3Pl MOACKYAAPHOL eeHeMUKU

Caxap
(aeokcupubo3a)

Puc. 1.4. CtpykTypa IByCcIu-
panbHoit Mosekyabl JIHK
(ceBa) ¥ cxeMa ee CTPOCHUS
(cripaBa). Cnnabble XUMMUe-
— Qocdar CKHE CBSI3U, HA3bIBA€MbIE
BOJIOPOIHBIMU CBSI3SIMU,
BBIJIEJIEHBI CTIPaBa MPEPhI-
BUCTBIMU JTUHUSIMU. OHU

— Hykneotna

KomnaemeHTapHas napa oCHOBaHWi YAEPXKUBAIOT BMECTE 1BE
(TummrpaMH — ApeHuH) LIETIX B CIIMPaAJIbHON MoJie-
kyne JHK

CTpyKTypa HyKJIEMHOBbIX KUCJIOT

JBycriupanbHas ctpykrypa JJHK u ee crpoeHune mokaszansl Ha puc. 1.4. Monexkynsl JHK
HaXONSITCS B KJIETKaX B BUMIE [UTMHHBIX CITMPAJICBUIHBIX CTPYKTYP, Ha3bIBACMbIX TBOI-
HOM crimpaiblo. Kaxaast 1ernb Takoii criupajiy npeacTaBieHa MoJMMepHON MOJIEKYI0M,
TIOCTPOCHHOI M3 HYKJIEOTHIOB YETHIPEX TUIIOB. B cOCTaB HYKJIEOTUIOB BXOISAT YETHIPE
a30THCTBIX ocHOBaHUS: A (ageHnH), G (ryanuH), T (tumuauH) v C (HUTO3WH). DTH OC-
HOBaHUS — CBOETO pOJia T HETUYECKUIA aliDaBUT, OT pa3TUIHBIX KOMOWHAIINI KOTOPOTO
3aBUCUT cOCTaB OesikoBoii MoJiekyJbl. IBe HuTH JIHK KoMIsieMeHTapHbI IPYT APYTY, TaK
YTO 3BEHbS ABOMHOI CITUpaM BCETIa COCTOAT U3 criapeHHbIX ocHoBaHU A =T u G =
C. Ixeiimc YorcoH u ®panHcuc Kpuk mpeanoaoxuin, 4To ABe ey IByCITUpaTbHOR
moutekyJibl JJHK B TOUHOCTM KOMILIEMEHTAPHBI APYT APYTY, TAK YTO BUTKU «JIECTHULbI»
Bcernaa coctoaT uian u3s nap A=T, unu G=C. 3a uccinegonanue ctpyktypbl JJHK Yorcon
u Kpuk BMecte ¢ Mopucom YuiikuHcoM nonydmiu B 1962 r. HoGeneBekylo nmpemMuio. Mbl
oocynum ctpyktypy JHK B 1. 9.

Monexynst PHK ouenn 61u3ku no crpoenuio K JIJHK. OnHako BMecTo ocrarka
JIe30KCUPUO03bl OHU COepKaT OCTATOK caxapa pubo3bl, a TAMUAMH 3aMmenieH B PHK
ypamioMm. Mosnexkynsl PHK 00b14HO 0gHOLIETIOUEUHBIE.

dkcnpeccus reHos: ot JHK k peHoTuny

Teneruueckast nHdopmalus, 3aKOAMPOBaHHAsI B BUE OINPEACIEHHOI MOCae10BaTe b-
HOCTH HyKJIeoTu10B B MoJiekyJie JIHK, moatanmHo skcnpeccupyeTcst v 3aTeM MPOsIBIISIETCST
B (peHOTHUIIE. B OONBIIMHCTBE CllyyaeB 3TUM MPOIYKTOM siBJIisieTcs 6esoK. B aykapuoTu-
YeCKUX KJIeTKaxX 3TOT MPOLIECC HAUMHAETCS C TPAHCKpUNnuM B siipe. HykineornaHas ro-
cJieloBaTe/IbHOCTh OAHOM U3 1Lieneit MonekyJibl JIHK ciykuT MaTpuiieit 1jist nocTpoeHust
KoMIuieMeHTapHoii nmociaegoBateabHocT PHK, Kak moka3zaHo B BepxHeii yactu puc. 1.5.
3atem monekyna MPHK (messenger RNA) nmomagaeT B IUTOIIa3My KJIETKU U CBSI3bIBA-
eTcst ¢ pubocomamu. briocunTe3 6enka Ha monekyie MPHK HasbiBaeTcst Tpancasmuei
(B nentpe puc. 1.5). Mndopmamusi, 3akonupoBanHas B Mojiekysie MPHK u Ha3biBae-
Masl FeHeTUIeCKMM KOJIOM, TIPEICTaBIeHa TPUIIETAMU HYKJIEOTUAOB, PACTIOIOXKEHHBIX
B OIpeeICHHOM NoceaoBaTeIbHOCTU. KaX b1l TPUILIET, WU KOIOH, KOMILIEMEHTapeH
nocyeaoBaTebHOCTH HyKJIeoTua0B B JIHK 1 onpenesnsier mo3uimio cooTBEeTCTBYIONICH
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Puc. 1.5. Dxcrnpeccust TeHa 3aKIII04aeTCsT
Met  Val Leu Ser B Tpanckpununu MPHK ¢ monexyner JHK
Benok Q— —— (BBEpXy) U B TpaHCsALMKY Oefika (B LIeHTpe)
AMUHOKUCAOTHI ¢ mosekynsl MPHK Ha pu6ocomax (BHU3Y)

€My aMUHOKHCJIOTBI B MOJIeKyJe Oenka. benku — 3To moaumepsl, MOJIEKYJIbl KOTOPBIX
TMOCTPOEHBI U3 aMUHOKUCIIOT — MOHOMEPOB (BHM3Y puC. 1.5). OOBIUHO B cOCTaB OEJIKOB
BxoauT 20 pa3IMIHbIX aMUHOKHUCIIOT.

B c6opke MosteKyIbI 6eTKa yJacTBYIOT anantepHbie, win Tpancnoptasie PHK (TPHK).
Monexkynbsl TPHK y3HatoT kononsl MPHK 1 mepeHoCST COOTBETCTBYIOIIME aMUHOKHUC-
JIOTHI B TIpoliecce COOPKM OeTKa Ha prudOCOMaXx IIPH TPAHCIISIIAMN.

Tenepb HaM U3BECTHO, YTO DKCIIPECCHUS F'eHa MOXET OBbITh O0Jiee CIOXKHOM, YeM OMu-
CaHO B JaHHOM paszfesie. HekoTopble U3 3THUX CIOXHOCTEH 00CYXIAIOTCS MO3XKe (CM.
IaBel 15 1 16).

Benkn n ux buonornyeckue GyHKLUU

Wrak, 6e1K1 — 3TO KOHEYHBIE TTPOAYKTHI 9KCIIPECCUM I'eHOB. belIKoBbIe MOJIEKYJIbI BbI-
MOJIHSIIOT MHOXECTBO Pa3IMYHbIX (DyHKIIMI M OTBEYAIOT 3a BaXKHEMIIME CBOMCTBA XK UBBIX
opranusmoB. KomonHamm 20 aMMHOKMCIIOT, KaK ¥ KoMOnHanuu 20 OykB andasuTa,
JAIOT THICSUM PAa3IMYHBIX «CJIOB», O0ECIeYnBasi pa3Hoo0pa3ue CTPYKTYp U (YyHKIIMIA
0eJIKOBBIX MOJIeKy1. JlomycTuM, 4TO MoJiekyia 6ejika cocTouT Bcero u3 100 aMmHoKuC-
JIOTHBIX OCTaTKOB, IIPHYEM B KaXK IO IMTO3UIINNA HAXOMUTCS JTTo0ast 3 20 aMUHOKUCJIOT.
Torma 4ucIIo pa3IMYHbBIX MOJIEKYJI TAKOM IJIMHBI paBHO 20'°°, OueBUIHO, YTO B SBOJIIOLIMN
3aKPENUJICS KJIacC MOJIEKYJI C OTPOMHBIM MOTEHIIMAJIOM pa3HooOpasus, CO3MaroIIniA
OCHOBY OMOJIOTUYECKUX CHCTEM.



1.3. Omkpoimue 080iHOI ChUpanu cmano Ha4anoM 3Pl MOACKYAAPHOL eeHeMUKU

OCHOBHOI Kj1acC OEJIKOB — 3TO 3H3UMbI, WK (hepMeHThI. MoJeKyibl (hepMEeHTOB
CJIykaT OMOJOTUYECKUMM KaTaiu3aTopamMu, 00eCTieUYnBaOIIMMU BBICOKYIO CKOPOCTh
OMOXMMUYECKUX peaKIii B XKMBBIX opraHu3Max. Hampumep, npu ygactuu (hepMeHTOB
CHIXAETCsI SHEPTUS aKTUBALIUM, U METa0OJIN3M MPOTEKAET MPU TeMIIepaType YeaoBe-
4yecKoro Tena.

Jnst GyHKIIMOHUPOBAHUS KJIETOK U OPraHU3MOB KpaliHe BaxKHBI TaKue OCIKU, KaK
TeMOTJIOOUH — KUCIOPO/I-CBSI3bIBAIOLIN I OEJIOK 9PUTPOIIMTOB, MHCYJIUH — TOPMOH MO/ -
JKEJTYTIOUHOM XKeJie3bl, KOJJIareH — OeJI0K B COCTaBe COEAMHUTEIbHON TKAHU, aKTUH U
MMO3UH — COKPATUTENIbHbIE 0K MBI, PopMa MOJIEKYITBI O€TKa U eTO XUMUYECKUe
CBOICTBA OTIPEAENSIOTCS JIMHEWHON MOCIeA0BATEIbHOCTHI0O aMUHOKHCIIOT, KOTOPAst
3anucaHa u xpanurcd B JHK, mepenaercsa Ha monekyny MPHK u 3atem Hanpasnser
CHUHTE3 OeJiKa.

Cea3b reHoTMNa ¢ ¢eHOTVII10M: cepnoBuUAHOKJ1IeTO4YHaa aHeMusa

buoxumuueckue u CTpyKTypHbIE CBOMCTBA CUHTE3UPOBAHHOIO O€JIKa OTpaxkaloTcs B pe-
HoTuIe. MyTalus B reHe MOXET IMPUBECTU K U3MEHEHUIO WX TTOJTHOM yTpaTe (hyHKIIUI
OesKa 1 TToBpeauTh (heHOTUIT. YTOOBI IMPOCISANTH 3TY LIeTTh COOBITUI, pACCMOTPUM Ha-
CJIeICTBEHHOE 3a00JIeBaHIE YeJI0BEKA — CEPIIOBUIHOKICTOYHYIO aHEMUIO.

D10 3a00JIeBaHNE BHI3BAHO MYTaHTHOM (hOPMOI reMOrJIoOMHa — OeIKa, KOTOPHIi
TIEPEHOCUT B KJIIETKM KHCJIOPOI U3 JIETKMX. MoJjieKyjla TeMOTIJIOOMHA COCTOUT U3 IBYX
0eJIKOB — o-TJI00MHA U 3-TJI00MHA, KOMUPYEMbIX Pa3TUYHBIMU reHaMu. [1pu ceprioBUIHO-
KJIETOYHOI aHEMUU MYTallsI B TeHE, KOMUPYIOIIEM 3-TJIOOWH, TPUBOIUT K 3aMEHE OTHOM
u3 146 aMUHOKKCIIOT B MOJIEKYJIe 3Toro 6ejika. Ha puc. 1.6 mokasaHa 4acTh Imoclie1oBa-
teabHocTu JIHK, a Takske cooTBeTcTBY101IME KOToHBI MPHK 11 aMMHOKMCIOTHEIE TTOCTIE-
JIOBaTeIbHOCTU (4—7) B HOpMaJIbHOI U MyTaHTHOM (hopMax MOJIEKYJIbI 3-TeMOTrI00HHa.
3aMeHa omHoro Hykjeotuaa B Mojiekysie JIHK nmpuBoaut k uameHeHuro kogona 6 MPHK
¢ GAG Ha GUG u K 3aMeHe aMUHOKMCJIOTHI B IMIO3ULIMHU 6 C TIyTAMUHOBOM KMUCJIOTHI HA
BaJIMH. DTa MyTallMs He 3aTparuBaet apyrue 145 aMMHOKUCIIOT B MoJieKyJie O6efKa.

HOPMAAbHbBIN B-TAOBUH

PA\ 5 | CO—— TGA GGA CTC CTC.oeee

(V]33 | ACU ccu GAG GAG.rer Puc. 1.6. OnHoHYKJI€OTHAHAS

AMUHOKHCAOTA v —| ThE | Pro | Glu |— Glu_ ... samena CTC — CAC B JIHK,
a 5 6 7 Koaupytolleii B-rjao0uH, Mpu-

_ BOIUT K U3MEHEHUIO KOJTOHA

MYTAHTHbIW B-TAOBUH MPHK GAG — GUG u K 3a-

P\ | C— TGA GGA CAC (o [ cF— MeHe aMUMHOKMCIOoTh Glu —

MPHK..oonmmmmms~ ACU CCU  GUG  GAGu.wn Val. B pesyiibrare obpasyercst

AMUHOKHUCAOTA erreereee { Thr H Pro H Val H Glu } M3MEHEHHBI 6eNoK B-r100MH
m 5 6 7 ¥ pa3BUBAaETCsI CEPIIOBUIHO-

KJIETOYHAs aHEMUS

Y HocuTenelt IByxX KOMWii MyTaHTHOTO Ir'eHa 3-TJI00MHAa pa3BUBAETCS CEPIIOBUIHO-KJIIE-
To4yHast aHemus. [1py HU3KOM KOHLIEHTPpALIMKM KUCJIOPOAa B KPACHBIX KPOBSTHBIX KJIETKaX
MOJIEKYJIBl MYTAaHTHOTO [-IJIOOMHA MOJUMEPU3YIOTCS, 00pa3ysl JIMHHOLIEITOYEYHbII
0€J10K, KOTOPBIi U3MeHsIeT (hopMy S3pUTpoLUTOB (puc. 1.7). ledbopMupoBaHHbIE KIETKU
CTaAHOBSITCS XPYNKUMM, Y YUCICHHOCTh LIUPKYIUPYIOIIMX B KPOBU IPUTPOLIUTOB Taja-
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Puc. 1.7. HopmanbHbie (OKpYIJbIe) U cep-
MOBUIHBIE KPACHBIE KPOBSIHBIE KJISTKU,
3aKpbIBAOILIME ITPOCBET KANMLISIPOB U
i MEJIKMX KPOBEHOCHBIX COCY/IOB

€T, pa3BUBAeTCS aHEMMSI, BRI3BAHHAS HEIOCTATOYHOCTBIO KPACHBIX KPOBSHEIX KIIETOK.
DPUTPOLUTHI CEPIOBUIHON (POPMBI 3aTPYIHSIIOT KPOBOTOK B KalMJUISIPaX M MEJTKUX
KPOBEHOCHBIX COCY/IaX, YTO OOYCJIOBIMBAET OOJIM M HapyllleHUe pabOThI cepjlia, MO3Ta,
MBI U TToYeK. Bce 9T cuMnToMbl 00YCIOBIEHBI €AMHCTBEHHON OHOHYKJICOTUIHOMN
3aMEHOM B TeHe, KOTopasi IPUBOIUT K 3aMeHe OJHOI 13 146 aMUHOKUCIIOT B MOJIEKYJIe
Oesnka 3-rJ100MHa, HATJISIAHO MOKA3bIBasi B3aMMOCBSI3b MEXKIY TeHOTUTIOM U (DEHOTHUTIOM.

PE3IOME

LleHTpanbHas morma MosekysiipHO 61MoNornm 0O bACHAET, Kak FreHbl KOHTPONNPYIOT de-
HoTunbl. OHa rmacwuT, 4to AHK cnyxunt matpuueri pna PHK, koTopas HanpaBnseT CUHTES
06esnkoB.

1.4. PazButue TexHonormm pekomoumHaHTHoix QHK ctano
ocHoBoOM ans knoHuposaHus AHK

Opa pekomObuHaHTHBIX JJHK Havanach B nepBoii mojgoBuHe 1970-X rogoB U cBsI3aHa
C OTKPBITHEM PECTPUKTA3. DTU (PePMEHTHI MCIIOJIB3YIOTCS B OaKTepHaTbHBIX KJIIETKAX TSI
paspesdanus BupycHoit JIHK v moaxoasT nist pectpukimu go6oit JIHK B crienimguuHbix
caiiTax HyKJEOTHIHOM MOCJIeN0BaTeIbHOCTU. B pe3ynbraTe pecTpuKIuyu o0pasyeTcst
BOCIIPOM3BOAMMBIN Habop crienupuyHbIX ¢pparmeHToB JJHK.

Bckope nmocie 3Toro HalIu CrocoObl BHEAPEHUS TAKUX PECTPUKLIMOHHBIX (DparMeH-
TOB B MoJiekyJibl JIHK, HazBaHHbBIe BeKTOpaMH, [UTS ITOTyYeHUsI peKoMOuHaHTHBIX JITHK.
B npotiecce neneHnst 6aktepuii 00pa3yioTcs THICSYM KO, MIIN KJIOHOB, T. €. ()parMeHTOB
JHK, KJIoHUpOBaHHOI1 B BEKTOP, KOTOPhIE MOXKHO 3aT€M BbIIEINUTh U3 XO3SIMCKUX KJIETOK.
DTU parMeHTHl UCIIOIB3YIOT IS UACHTU(MUKALIMU TCHOB, U3YYCHUS UX CTPYKTYPHI U
GYHKIINI, HYKJICOTUIHOM ITOCIEIOBATeIBHOCTH M SBOJIIOIIH.

Kosmneximu KIIOHOB, TIpeICTaBISIONINE TeHOMBI OpraHu3MoB, — 3To Bee JIHK B coctaBe
TIOJTHBIX TaIIOMIHBIX HA0OPOB XPOMOCOM, Ha3bIBaeMble TCHOMHBIMH OMOJIMOTCKAMH.
B Hacrosmiee BpeMst JOCTYITHBI TeHOMHBIE OMOJTMOTEKN COTEH BUIOB.

Texaonorust pekomouHauTHbIX JIHK He TOJIBKO YCKOpMIIa MCCIICAOBAHMSI, HO W IIPH-
BeJIa K CO3JaHMIO OMOTEXHOIOTMIECKOM ITPOMBIIIJICHHOCTH, KOTOpast BHOCUT OTPOMHBII
BKJIana B 9KoHoMmuky CIIIA.



1.5. 3nauenue buomexuonoeuu NOCMOSHHO eo3pacmaem

1.5. SHayeHne OMOTEXHOJSIOrMU NOCTOSSHHO BOo3pacTaeT

HNcnonbzoBaHue MeTon0B peKoMOMHaHTHBIX JIHK 1 apyrux MoieKkyasspHbIX ITOJIXOI0B
CIoco0CTBOBAIO TTOsIBIIeHNIO OnoTexHoJormu. B CIIIA OmoTexHoorus mpeodpasnia
MHOTHE CTOPOHBI MOBCEIHEBHOM XM3HM; B Mara3nHax JOCTYITHBI IOJIyIeHHEIE C I10-
MOIIIbIO OMOTEXHOJIOTUH IIPOAYKTHI, OHU IIPUMEHSIIOTCS B 3IpaBOOXPAHEHNH, CEIBCKOM
XO3SUCTBE, CyneOHol cucteme. B 1. 18 oTu actieKThl OMOTEXHOJOTUN 00CYKAAIOTCS
OoJsiee MOAPOOHO, 3/1€Ch MBI OCTAHOBUMCSI Ha HEKOTOPBIX MPUMEpaX UCIOJb30BaAHUS
OMOTEXHOJOTMYECKUX pa3pabOTOK.

PaCTeHI/ISI, XXNBOTHbIE M obGecnevyeHune npoaykramMmm nutaHua

ITpumenenune pekomouHanTHEIX JIHK 11t moyyeHus reHeTHYeCKY MOoIu(pUIIMPOBaH-
HBIX KYJBTYPHBIX PACTEHMIA CTaJl0 PEeBOJIIOLIMEN B CEIbCKOM X03sicTBe. B pacteHust
CTaJIi BHOCUTD TeHBI YCTOMYMBOCTH K TepOUIIaaM, MHCEKTUIIMAAM, a TaKXKe MOBBIIIIA-
foIIe MUTaTeIbHYIO IIeHHOCTD. [lepemaya HacIemyeMbIX IIPU3HAKOB BUIAM C TIOMOIIBIO
pekomOomHaHTHBIX JIHK mpuBesna K co3maHnIo TpaHCTEHHBIX OPraHU3MOB.

IlepBbiMu B cepeare 1990-X rofgoB Ha MOJISIX MOSIBWIMCH YCTOMUMBBIE K repOuiiaamM
copTa KYKypy3bl M COM, KOTOPBIE 3aHUMAIOT ceiiuac 88 1 93 % moceBHBIX IJIOIANEI CO-
oTBeTCTBeHHO. M3BecTHO, uTo 6osiee 70 % mpoayKToB nuTaHusl, ipou3BoauMbix B CIIIA,
comep:kaT KOMIIOHEHTBI TPAHCTEHHBIX PACTCHUI.

Hanee MbI OymeM o0CYKIaTh caMble TTOCICTHUE OTKPBITHSI, UCIIOIB3YIOIIME TeHeTHYC-
CKU Moau(pUIIMpOBaHHBIe opraHu3Mbl (pasaen CrielnaabHbIe BOIIPOCH COBPEMEHHOM
reHeTuku 6 «[eHeTruecKu MOAU(PULIMPOBAHHBIE MTUILEBBIE IIPOMAYKTHI»).

HoBbie MeTOmBI KIIOHMPOBAHUS OBEIL U KOPOB M3MEHWJIH IIPEACTABICHHE O TPAIUIIA-
OHHOM HCIT0JIb30BAHMU JOMAIIHUX XKUBOTHBIX. B 1996 . Gbl1a KJ1oHMpoBaHa oBLa Joiun
(puc. 1.8). dns atoro siapo auddepeHIMPOBAHHON KIIETKU TTEPEHECN B STMIIEKIICTKY,
3 KOTOPOIi OBLIO YIAJIEeHO € COOCTBEHHOE SIAPO. DTOT METO ITO3BOJIMI ITIPOM3BOINTH
IEeCSITKN M COTHU ITOTOMKOB XMBOTHOTO C 3KeJaeMbIMK Mpu3HakaMu. KiloHMpoBaHIE
MyTeM TepeHoca Sapa TUIIOMITHON KIIETKA MOXKET MCTIOJIB30BaThCS B CEITBCKOM X03sTii-
CTBE I MEIULINHE.

BuoTexHororus MoBIMsiia Ha TPOAYKITUIO YEIOBEUECKMX OEJTKOB IJIST METUIIMHCKUX
meneit. HyxxHble mis iedeHrst 0K MOXKHO TeTleph M0JyJYaTh ¢ ITOMOIIBIO ITepecaiku

Puc. 1.8. OBLa nopoasl (pUHH AOPCET IO
kinuke Jlosuiu, K1oHMpoBaHHAs U3 AUd-
depeHIIMPOBaHHON KIIETKU MOJIOYHOIM
JKeJIe3bl, PSIIOM CO CBOUM IEPBbIM SITHEH-
koM bonHu
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COOTBETCTBYIOIIMX I€HOB B KJIETKU KUBOTHBIX. Tak, B 2009 . U3 MOJIOKa TPaHCTEHHBIX
KO3 OBIJI TTOJTy4eH OeJIOK, IMPENSTCTBYIOLINI CBepTHIBAHNIO KPOBU, KOTOPHII ObLT 0M00peH
®enepanpupiM genaptrameHToM CIIA mo mpomoBosbeTBuio 1 MeaukaMeHTaM (FDA).
Hpyrue yeroBedecKue 0eJIKU, IIPOAYyIIPYeMbIe B KJIETKaX TPAHCTCHHBIX JKUBOTHBIX, MC-
TIOJTB3YIOTCS B KITMHUYECKOI ITpaKTHUKE TS JICUeHUsI HEKOTOPBIX 3a00JieBaHmii. Brorex-
HOJIOTMYECKast PEBOJTIOLIKS TTIPOIOJIKACTCSI, TTOSIBIISTIOTCST BCe HOBBbIE MeTOIBI. PeBoTionyist
B OMOTEXHOJIOTMHU OyIeT MPOAOKATh PACIIMPATHCS IO MEPE TOTO, KaK peAaKTUPOBaAaHUE
reHoB ¢ moMo1bio cucteMbl CRISPR/Cas 1 npyrux HOBBIX METOIOB CTAHET MCITOIb30-
BaThCS I pa3pabOTKU M YBEJITMUCHUST aCCOPTUMEHTA IIPOIYKTOB.

BrnotexHonorus B reHeTuke n MeauLuHe

B CIJA oT pa3nuyHbIX T€HETUYECKUX 3a00eBaHUll cTpafgaeT 6osiee 10 MUTIMOHOB
B3pocbix U AeTeii. Kaxnmas cynpyxkeckasi mapa B oXUIaHUM peOeHKa CTaJKUBAeTCsl C
npuMepHO 3%-HbIM PUCKOM ITPOSIBJICHUST Y HOBOPOXKIEHHOIO FeHETUYECKOI aHOMAJTHH.
Vike n3BeCTHBI MOJIEKY/ISIPHBIE OCHOBBI COTEH T'eHETUYeCKMX 3a00JIeBaHMIi, a MHOTHE U3
aCCOILMMPOBAHHBIX C IMTATOJIOTUSIMU T€HOB UAEHTU(MDUILIMPOBAHbBI Y KIIOHUPOBaHbI. OCHO-
BaHHOE HAa OMOTEXHOJIOTUUECKUX ITOAX0AaX TEHETUYECKOE TECTUPOBAHUE CTAJIO TOCTYII-
HBIM JIJTsI TpeHATaIbHOM IMarHOCTUKY HACIeACTBEHHBIX 3a00J1eBaHUIA, 1T TECTUPOBAHUS
pOIUTENIE 1 OTIpeIeJIEeHUST BO3MOXKHOTO HOCUTEIBCTBA FEHOB ITPEIPACIONIOXKEHHOCTH K
oosiee ueM 100 Takux 6osnesHeit. HoBble MeTOAbI CKAHUPOBAHUS BCETO TeHOMA MTO3BOJISIIOT
YCTAaHOBUTb UHAMBUAYAIbHBIN PUCK Pa3BUTHS TEHETUUECKOTO 3a00J1€BaHUST U POXKIECHUS
0osibHOrO pedbeHkKa. Mcnoab3oBaHWe TeHETUYECKOTO TECTUPOBAHUS U CMEXHBIX C HUM
TEXHOJIOTUI CO3aeT onpeeeHHbIE ATUYECKHE MPOOJIEMbI, KOTOPbIE MPEACTOUT PELIaTh.

PE3IOME

BuoTtexHonorus npeoﬁpasvma CEeNbCKOE XO3ANCTBO U q)apMaLLeBTI/I‘-IeCKyIO NPOMbILL-
NNEHHOCTb, B TO BpEMS KaK reHeTn4eckoe TectmpoBaHme BHECIIO 3HAYUTENbHbIN BKNag, B
ANarH0CTUKY HacneaCTBEHHbIX 3aboneBaHui.

1.6. l’eHoMuka, npoTeomMmuka n 6uouHdpopmaTuka —
HOBbl€ ObICTPOpPa3BUBalOLWUECS AUCLUMNJIHDI

Hcnonb3oBanue TexHoaoruu pekomorHaHTHbIX JIHK 1151 codnanusi reHOMHbIX 010110~
TeK TOOYIMIIO YUYEHBIX K CEKBEHHPOBAHUIO BCEX KIIOHMPOBAHHBIX ITOC/ICI0BATEIBHOCTEH,
YTOOBI TTOJIYIUTh ITOJTHOPA3MEPHBIM TeHOM. DTO IMO3BOJIMIIO ObI MICHTU(MUIINPOBATH
JI000I U3 TEHOB U OIPEACINTh TeHHBIC (DYHKITUH.

OnuH 13 TaKuX MPOEKTOB MO CEKBEHUPOBAHUIO YEIOBEYECKOTO TeHOMa — «[eHOM
yesoBeKa» — ctapToBai B 1990 . 1 00beAMHWI yCUITUS UCCIENOBATENe U3 pa3HbIX CTPaH.
K 2003 . cekBeHUpOBaHME KOAUPYIOLLIEH YacTU reHoMa ObLIO 3aBepIleHO KaK MyOJIMUYHbBIM
MPOEKTOM, TaK ¥ TIPOEKTOM, (PMHAHCUPYEMBIM YaCTHBIMU (DUpMaMU.

ITo mepe pacuipoBKH HOBBIX MOCAEAOBATEIbHOCTEN BOZHUKIIO HECKOJBKO OMO-
JIOTUYECKUX OUCHUIUIMH. Tak Ha3biBaeMasi reHOMHKa (M3y4yeHUe reHOMOB) MCCJeayeT
CTPYKTYDY, GOYHKIMHU 1 3BOJIIOLMIO TeHOB U reHoMOB. IIpoTeoMuka naeHTUGUIIUPYET
Habop OEIKOB, MPEACTABACHHBIX B KJIETKE B OMPEICICHHBIX YCIOBUSIX, N3yJyaeT (DYHK-
LIMY 3TUX OEJIKOB I MEXXMOJICKYISIPHBIC B3auMoneCcTBUS. [ XpaHeHWST, U3BJICUCHUS



1.6. lenomuka, npomeomuxa u buourgpopmamuxa

M aHaJIM3a MAaCCUBOB JaHHbIX, MOJYYEHHbBIX TEHOMUKOM U MPOTEOMMKOM, CYIIIECTBYIOT
WHGbOPMAIIMOHHBIE TEXHOJIOTUHM, Ha3biBaeMble OnouHpopmMaTukoii. OHU MO3BOISIOT
pa3BUBaTh IPOrpaMMHOE M CUCTEMHOE oOecreueHue 1t 00pabOTKU JaHHBIX O HYKJIe-
OTMIHBIX 1 AMUHOKUCIOTHBIX ITOCJIeI0BATEIbHOCTSIX.

J1s1 pellieHusT SKCIIepMMEHTAIbHBIX 3a[a4 32 MUHYTHI, @ HE MECSILIbI UM TOfIbI, CO-
BpEeMEHHBIC TCHETUKN U IPYTUE CTICIIMAINCTHI TTOIB3YIOTCS 0a3aMU JaHHBIX, KOTOPHIC
comepkaT MHMOPMAIIUIO O ITOCIEAOBATEILHOCTSIX HYKJICHHOBEIX KHUCJIOT, OCJIKOB U
o reHax. Pasnen «MccaenoBaTenbcKasi TCHOMUKA», TIOMEIIEHHBIM B KOHIIE MHOTHX TJIaB
3TOM KHHUTH, JAET BO3MOKXHOCTh CAMOCTOSITEJTEHO ITOPa0b0TaTh ¢ 3TUMM Oa3aMU JaHHBIX
TIPY BBITTOJITHEHUY MHTEPAKTUBHBIX YITPAKCHUI.

CoBpeMeHHble Noaxoabl K MOHMMaHUI0 PYHKLUU FreHOB

HcTopuyecku ClOXMIOCh TaK, YTO MOAXOM, Ha3bIBAEMbII KJIACCUYECKOU WU TPO-
TPECCUBHOI TeHETUKOI, HEOOXOMMM IIJIST U3YICHMS Y TIOHUMaHUsI (PYHKIIUY TCHOB

ITpu TakoM ITOAXOIE TCHETUKU MCIIOJIb30BAIM €CTECTBEHHO BO3HUKATOIINE (CITOHTAaH-
HBIC ) WJIM HAMEPEHHO MHAYLIMPOBAHHBIC C TTOMOIIBI0O XUMHIECKIX PEareHTOB, PCHTICH-
TOBCKOTO WJIY YIBTPa(hUOIETOBOTO OOTYUYEHUST MyTallUM TSI U3BMEHEHUs (DEHOTUTIOB y
MOJEIbHBIX OPTAHU3MOB. 3aTeM OHU MPUCTYIAIU K TPYIOEMKOMY U JOJTOMY MPOLIECCY
UAeHTU(BUKAIIMKY T€HOB, KOTOPbIE OTBETCTBEHHBI 32 TTOSIBJIEHNE HOBBIX (DEHOTHUIIOB.

Takoe oncaHue reHeTUIECKUX M3MEHEHMI 3a9aCTYIO ITPUBOIMIIO K MIEHTU(DUKAIIIN
WHTEPECYIOIIEro reHa WM TeHOB, U C MPOABUXKEHUEM TEXHOJIOTMU CEKBEHUPOBAaHUS
CTaJ10 BO3MOXHBIM OTPENesITh MOCAeA0BATEIbHOCTU 3TUX T€HOB.

Knaccuueckue reHeTHYeCK1e METOIbI BCE eI1e UCITOb3YIOTCSI, HO IO MePe TOT0 KakK
TIOJTHOTEHOMHOE CEKBEeHMPOBAHUE CTAHOBUTCSI PYTUHOM, MOJIEKYJISIPHBIE TTOAXOIBI K ITO-
HUMaHUIO QYHKIIUHY T€HOB B TCHETUYSCKUX UCCCAOBAHMSIX 3HAUMTEIHHO U3MEHUJINCH.
DTHU COBpeMEHHBIC MOIXOIBI MBI 1 pACCMOTPUM B JaHHOM paszelie.

B TeyeHme mociemHNX ABYX AeCATUICTUMN MIINM OKOJIO TOTO TeHETHKH MCTIOJIb30BaJIN
MOJICKYJISIpPHBIE METOIbI, BKITIOYAIOIINME TOIXOM, Ha3bIBaeMbIii 0OOpAaTHOM T¢HETUKOM.
B obpatHoii reHeTrKe nocienoBarenbHOCTh JJHK KOHKpeTHOro nHTepecyonero reHa
M3BECTHA, OJHAKO POJIb M (PYHKIIMS 3TOTO TeHa, KaK MpaBUJIO, HEMOCTATOYHO XOPOIIIO
M3y4YEeHBI.

Hanpumep, MeToabl MOJIEKYJIIPHOM OMOJIOTUH, TaKHe KaK HOKIAyH FeHOB, JAeJaloT
11eJIeBble TeHbl HE(PYHKIIMOHAIBHBIMUA B MOACJIBHOM OpPraHU3Me WM KYJIbTUBUPYEMBbIX
KJIETKAX, TI03BOJIASA YYEHBIM MCCIEN0BATh (DYHAAMEHTANLHBIN BOIPOC O TOM, YTO MPO-
M30MET, €C/IU 3TOT reH OyneT HapyuieH? [Tocie co3maHust HOKIayH-opraHu3Ma y4eHble
WIIYT KaK OYeBUIHBIC U3MEHEHUS (DeHOTUIIA, TaK U U3MEHEHUST Ha KJIETOUHOM M MO-
JIEKYJISIpHOM ypoBHsIX. KoHeYHast 11eJ1b COCTOUT B TOM, YTOOBI OMPEneTUTh (DYHKIINIO
M3y4aeMOoro TeHa.

Hampumep, MeTombl MOJIEKYIISIPHOM OMOJIOTHMH, TaKWe KaK HOKayT TeHa, ITepeBOISIT
TeHBI-MUIIIEH B MOACIPHOM OpPTaHMU3Me WM KYJIBTUBUPYEMBIX KJIETKaX B HE(PYHKIIN-
OHAJILHOE COCTOSTHUE, TTO3BOJISISI YUYEHBIM MCCIIENOBaTh (DyHIaMEHTaTbHBIN BOMIPOC O
TOM, YTO MPOU3OMAET, €CIU AKTUBHOCTD 3TOro reHa oynet HapyueHa? [locie co3nanus
HOKAayTHOTO OpraHu3Ma yYeHble WIIYT KaK OYeBUAHBbIC U3MEHEeHUs (heHOTHUIIa, TaK 1
M3MEHEHUS Ha KJIETOYHOM M MOJIEKYJISIPHOM YpoBHsIX. KoHeuHast 11eJ1b COCTOUT B OIIpe-
JeneHun GyHKIMY U3y4aeMoro reHa.
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PE3IOME

TexHonorusa pekomobuHaHTHbIXx IHK cnocobcTBOBana pa3BuTUO HOBbLIX AUCLIUMINH,
BKJItOYAsA FEHOMUKY, MPOTEOMUKY 1 OBMONHDOPMATUKY, KOTOPbIE MO3BOJIAIOT UCCIIE0BaTbL
CTPYKTYPY 1 3BOJIOLMIO FEHOMOB, @ TakXe KOOVUPYEMbIX MU 6ENKoB.

1.7. B reHeTU4eCKNxX uccnegoBaHUAX UCMNOJIb3YIOTCS
MopAeJibHble OpraHu3mbl

IToBTOpHOE OTKpBITHE 3aKOHOB Menaens B 1900 1. mpu paborte ¢ pa3HOOOpa3HBIMU
OopraHU3MaMHM TOATBEPIUIO OCHOBHbBIC NTPUHIIMIIBI HACAEIOBAHUS U UX YHUBEPCAIb-
HOCTD JUISI PACTEHUI M XXMBOTHBIX. [10CTeNIEHHO T€HETUKM COCPEIOTOUYMINChH Ha He-
OOJIBIIOM KOJIMYECTBE MOJIEIbHBIX OPTaHU3MOB, BKJIIOUast (ppyKToBYIO MyXy (Drosophila
melanogaster) u Mblllib (Mus musculus) (puc. 1.9). s aTOro 0b110 1B MPUYMHBI: BO-
MEPBbIX, BBISICHWIACH OOLIIHOCTh T€HETUYECKMX MEXaHMU3MOB J1JIsl OOJIBIIMHCTBA BUIOB,
BO-BTOPBIX, 9TH MOJEJIbHbIC OPraHM3MbI 0Ka3aJIMCh OU€Hb YIOOHBIMM UL TEHETUYECKUX
ucciaenoBanuii. MIx 1erko pa3BoauTh, KU3HEHHbBIN LUK Y HUX JOCTATOYHO KOPOTKUIA,
[IPU 3TOM OHU OYE€HbD IJIOAOBUTHI,  FEHETUYECKUIA aHAJIU3 STUX OPTaHU3MOB HECJIOXKEH.
Co BpeMeHeM OBLT CO3IaH OTPOMHBIN KAaTaJoT MyTaHTHBIX TUHUMA 3TUX OPTaHU3MOB, a
CcaMM MyTalll¥ JOCKOHAJIBHO U3YYeHBI, OXapaKTepU30BaHbI M KAPTUPOBAHBI. DTU BUIBI
CTaJT MOJIEJIbHBIMH OPraHU3MAMU 1 AKTUBHO MCTIOJB3YIOTCS TSI UCCIIEIOBAHNSI OCHOBHBIX
OMOJIOTMIECKUX ITPOIIECCOB. B nabHeiiiieM Mbl YBUIUM, KaK UCCJIEIOBAHNE MOICTbHBIX
OpPraHM3MOB TIPOSICHSIET MHOTHE BOITPOCH OMOJIOTUM, BKJIIOUAst MEXaHU3MbI CTapeHUsI,
OITYXOJIEBOTO POCTa, pabOThl UMMYHHOI CUCTEMBI 1 TTIOBEICHUSI.

/

Q - =t Puc. 1.9. Ilepsoe noxkosneHue
Nk

MOJIEIbHBIX OPTaHU3MOB JIJIST
TeHEeTUYEeCKOro aHaiu3a: (a)
@) Mbllb, Mus musculus v (b)
dpykroBas myxa, Drosophila
(b) melanogaster

MopenbHble opraHu3mbl B COBPEMEHHOI reHeTuKke

ITocTerneHHO reHETUKM PACIIMPUIN CIIMCOK MOJEIbHBIX OPIraHM3MOB, BKJIIOYUB B HEr'O
BUPYCHI, HarrpuMep, T-¢aros u dar 1s1M01a, 1 MUKPOOPTaHU3MBI — OakTeputo Escherichia
coli m opoxcku Saccharomyces cerevisae (puc. 1.10).

ITo3xe K 3TUM BHIAM IIPUCOSIMHUIN OPYrHMe OPraHU3MbI, TPU U3 HUX MOKa3aHbI
Ha doTrorpacdnu B Hadajie 3TOU INIaBhl. McciiemoBaHMe KaXKIOTO M3 TAKUX BUIOB I10-
3BOJISIET PEIaTh MPOOIeMbl SMOPUOHAIBHOTO pa3BUTHS. Ha mpuMepe Kpyriioro yepsst



1.7. B eenemuueckux uccaedo8anusx ucnoav3yromeces MOoOenbHble Op2aHU3Mbl

Puc. 1.10. Mukpoopranus-
MBI, CTaBIIIME MOACTbHBIMU
JUTSI TEHETUYECKMX UC-
cliefoBaHMIA: (a) APOKKU
Saccharomyces cerevisae u
(b) (b) 6akTepuu Escherichia coli

Caenorhabditis elegans uiccieayroTcst pa3BUTUE U QYHKIIMU HEPBHOM CUCTEMbI, TOCKOIbKY
HEepBHAas CUCTEMa 3TOM HeMAaTO bl COAEPKUT JIMIIb HECKOJIBKO COTEH HEPBHBIX KJIETOK,
cyb0y KOTOPBIX, a TaKXKe M BCEX APYIMX KJIETOK TeJla, MOXXHO MpocienuTb. Hebombioe
pacteHue Arabidopsis thaliana ¢ KOpOTKUM XU3HEHHBIM IIUKJIOM CTaJ0 MOIEIBIO IS
U3ydyeHUs] MHOTUX TIpobyieM Ouojiornu pacreHuit. [lonocarast peioka Danio rerio nuc-
TIOJIB3YETCS TS UCCIICIOBAHUS PAa3BUTHUSI TTO3BOHOYHBIX, IIOCKOJIBKY 3TH PHIOKH MaJIbl,
OBICTPO Pa3MHOXKAIOTCS, 2 UX UKPUHKU Y JIMIMHKY IIPO3PadIHEI.

MopenbHbie OpraHN3MmbI N 0oie3HUu YenoBeKa

TexHonorust pekomouHaHTHEIX JITHK 1 mocnenyionee cekBeHUpoBaHUE reHOMa IO/ -
TBEPAUIU OOIIHOCTh MPOUCXOXKIEHUST Bcero xxuporo. OTclona ciaeayeT, YTO CXOAHbBIE
1o (pYHKIIMM T€HBI Pa3HbIX OPTaHM3MOB OJIU3KM WJIM UASCHTUYHBI 110 CTPYKTYpe U Hy-
KJIEOTUIHBIM TIOCJIeIOBATEIbHOCTIM. [103TOMY OOJBIIMHCTBO BOIIPOCOB, U3y4aeMbIX
TeHETUKaMM Ha MOACIBHBIX OpraHu3Max, IOMOTaloT MOHSTh MIPUYMHBI Pa3BUTHS 3a-
boneBanuii y yenoseka. Co3gaH1Io MOeNIell YeaoBeUeCKrX Ooe3Hei, HallpuMep paka
TOJICTOM KUK, CITOCOOCTBOBAJIM TPaHCTE€HHBbIE OPraHU3MBbI, BKITIOUast 0aKTepUu, IPUObI,
pacTeHUs U XKUBOTHBIX, MTOJYYEHHBIX TyTEM MEXBUI0BOTO MepeHoca reHoB (Taou. 1.1).

Ta6mamna 1.1. MoneabHbIe OpraHM3MBbI IJ1s1 U3y4eHHUsI HEKOTOPBIX O0JIe3HE yeloBeKa

Opranuzm 3a0osieBanne y yeioBeKa

E.coli Pak Tosicroii Kuilku u apyrue (popMbl paka

S. cerevisae Pak, cunapom BepHepa

D. melanogaster TlaTtomoruu HEpBHOI CUCTEMBI, PaK

C. elegans Jluabet

D. rerio CepeuHOo-CcoCyIMCThIe 3a00IeBaHusI

M. musculus bonesns Jlema — Huxana, MyKoBUCLIMIIO3, CUHAPOM JIOMKOM

X—XpOMOCOMI)I U MHOT'ME APYIUe rnaTojorumn
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WUnesa uccnenoBaHust paka TOJCTONM KUIIKU ¢ MOMOIIBIO E. coli MOXeT moKa3aTbcs
ctpaHHoi. OmHako ocHOBHBbIE Tarbl penapaiuu JJHK (medekTHble MpyU HEKOTOPHIX
dopmax paka TOJICTOM KUIIIKHN), a TAKXKE BOBJICYCHHBIC B HUX T€HBI Y KUIIIEYHOM MaJTOUKU
1 YeJIoBeKa COBMAAAIOT: HarpuMep, TeHbl mutL 'y E.colin MLH1y yenoBeka. Ene Bax-
Hee TO OOCTOSITETLCTBO, UTO OAKTEpUAIbHBIC KJIETKU ACNISITCS OYeHb OBICTPO, KaXKIbIe
20 munyT. [To3TOMY Yy4eHBIE MOTYT JIETKO MOIETTMPOBATH U U3y4aTh MyTalluy TeHa mutL
IIJIST BBISICHEHMST eTo (DyHKIIMI. DTH 3HAHUS CIIOCOOCTBOBAIN CO3MAHMIO JICKAPCTBEHHBIX
MpernapaToB W Pa3BUTHIO METOIOB JICUCHUST paKa TOJICTOM KHUIIIKH Y YeJIOBeKa.

®pykToBas Myxa D. melanogaster Takxe UCTIOIb3YETCS IJIT U3YIeHUS 3a00JIeBaHMIA
yejioBeka. Y 1po30puiibl 00OHApyKeHbI MyTallii FTeHOB, 00YCJIOBIMBAIOLIE aHOMAJIUU
HEPBHOI CUCTEMBI, BKJTIOUast CTPYKTYPY MO3Ta 1 IeTeHepaTUBHBIC U3MEHEHMsI HEPBHOM
CHUCTEMBbI Y B3POCJIBIX HACEKOMBIX. [EHOMHOE CeKBEeHUPOBaHUE MOKa3ajlo, YTO MOYTU
BCE 3TU IeHbl UMEIOTCS y YeaoBeka. Hampumep, yenoBeyeckue reHbl, OTBeYarolue 3a
CJIOXHOE 3a00JIeBaHME CETYATKU IJ1a3a — MUTMEHTHBI PETUHUT — UIEHTUYHBI TeHaM
Drosophila, BOBIIeUeHHBIM B IcTeHepaTUBHBIC U3MEHEHMS ceTyaTKu. M3yueHue MyTaruii
STUX TEHOB Y MyX ITO3BOJISIET IIPOaHATN3NPOBATh CI0XHOE 3a00JIeBaHNE YeIoBeKa IS
naeHTU(UKAINYA GYHKIIMN BOBJICYCHHBIX B HETO TEHOB.

Jpyroii TToaxom IMpy UCCAeA0BaHNH 3a00JI¢BaHNI HEPBHOM CCTEMBI YEJIOBEKA CO-
CTOWT B MEPEHOCE YEJIOBCYCCKNX T€HOB B KJIETKH IPO30(MDUIIBI ¢ TOMOIIBIO PEKOMOM-
HaHTHBIX JIHK. TpaHCcreHHBIE MyXU CIIyKaT IJISI U3YYeHUST MYTALIU B YEJIOBEUECKUX
reHax, aCCOIIMMPOBAHHEBIX ¢ 3a00JIeBaHNEM, a TAaKKe B TeHaX, KOTOPhIC HAPYIIAIOT MX
skcrnpeccuio. KpomMe Toro, Ha 3Toit MOJIETN MOXHO MCCIIEIOBATh ACCTBUE JIEKAPCTBEH-
HBIX TIperapaToB Ha 9KCIPECCUIO TEHOB — BCE, UTO TPYAHO MJIM HEBO3MOXHO M3y4YaTh
y yesnoBeka Hampsmyto. I1oaxos ¢ mepeHocoM IeHOB aKTUBHO MCITOJb3YeTCs IS 13-
YUYEeHUSI MHOTUX HelpoJereHepaTUBHBIX 3a00eBaHUI UesloBeKa, BKIII0OUYas 00JIe3Hb
[enTuHrrona, 6one3Hb Mavago — JIxko3eda, MUOTOHUUECKYIO TUCTPODHUIO 1 OOJIE3Hb
Anbureiimepa.

Yuras 3Ty I71aBY, BBl MHOTO pa3 CTOJKHYJINCH C YIIOMUHAHUEM MOJIEIbHBIX Opra-
HU3MOB M YCITEJIM XOPOIIIO ¢ HUMM MTO3HAKOMUTHCS. JIeMCTBUTEIBLHO, ¥ BCEX U3 HUX
HE TOJIbKO OoraTasi UICTOpUsI y4aCTUs B HAyYHBIX MCCIeIOBaHUSIX 10 reHetuke. OHU
BHECIIM OOJIBIIION BKJIAA B MCCICAOBAHUS TeHETHIECKUX M MH(MEKIIMOHHBIX 3a00JIeBa-
HUI YeIoBeKa.

PE3IOME

M3y4yeHne MoaenbHbIX OPraHU3MOB NO3BOSET MOHSATb MPUYMHBI 3a601eBaHUN 1 OCHOBbI
300p0BbA HenoBeka. 9T10 HanpaB/eHne reHeTnkn n OroTeEXHONOrNN 6bICTpO MEeHAET Hally
noBCceaHEBHYIO XXU3Hb.

1.8. NeHeTuka oka3ana rnyookoe BiMssHUe Ha o0LLecTBO

B cBoeii pabote, ripeacTaBieHHONM HAyYHOI O0IIECTBEHHOCTH Ha coopaHuu OO1ecTBa
ecTecTBeHHOI uctopuu B bpHo (Mopasus) B 1865 ., MeHeb oruca pe3yJabTaThl 1ecsi-
TUJIETHErO U3yYeHMsI HAac/IeJOBaHMs ITPU3HAKOB y ropoxa. Crycts moutu 100 siet, B 1962 1.
Jxeitmc YorcoH, @pencuc Kpuk nu Mopuc YunkuHc 6sutn ynoctoeHsl HobeneBckoit
IIpeMUN 3a paboThl Mo pacimdpoBke cTpyKTypsl JHK. BTOT IIpoMekyTOK BpeMeHU
BMECTUJI IOATBEpKIeHNE 3aKOHOB MeH IelIsI, OTKPEITHE TeHOB Ha XpOMOCOMaX, DKCIIC-



1.8. lenemuka okazana enyb6okoe eausHue Ha 0ouecmeo

pUMeHTaJIbHOe JoKa3aTeabeTBoO ponu JIHK B KonnpoBaHMYU reHeTHYECKO MH(pOpMaLIUH,
co3IaHue MOJIEKYJISIpHOI OCHOBBI it aHanu3a perummkanuu JJHK. Beictpoe passutue
TEHETUKM OT OIBITOB MeEHIEesT B MOHACTBIPCKOM camy 10 MpoekTa «[eHOM yeToBeKa»
oTpaxeHo Ha puc. 1.11.

MokasaHo, uto reHeTHYeCKas

UHbOpmauua xpaHutes B AHK;

npeAnoKeHa MoAenb
YorcoHa-Kpuka

MpearoXeHa XpOMOCOMHas Teopus H
launHaeT pasBuTHE TEXHONOTUA  [eHoMMKa NpUCTYNaeT
Ony6nurosara padora HacAeACTBEHHOCTH. Pa3BuTHe AHK P
MeHpens Kp 3apau

TpaHCMMCCMOHHDﬁ T€HETUKN \

| 18605 | 18705 | 18805 | 1890 \‘ 1900s | 19105 | 19205 | 1930s | 19405 \ 19505 | 1960s | 19705 | 1980 \‘ 1990s | 20005 | 20105 | ..

ToATBEPXACHHE PE3YALTATOB 3pa MOAEKYAIPHOW FEHETHKM. Hauano npoekra PepaktupoBaHue reHos
MeHAeAs U CBAA3b UX C I TeHom uenoBeka C NOMOLLbIO TEXHOAOT Ui
XPOMOCOM B Meiio3e PETyASUMM FeHHOM 3KCNpeccun TALENS u CRISPR/Cas9

Puc. 1.11. BpeMeHH4s 111Kaia pa3BUTUsI TEHETUKU OT DKCIIEpUMEHTOB [peropa Menpaenst
C TOPOXOM JI0 COBPEMEHHOM e HETUKM ¢ MHOXKECTBOM MPUKJIAIHBIX UCCIICIOBAHUIA B
00J1aCTU HAayKU, MEIULIMHbBI U 00111eCTBEHHOM cepbl. MCTOPUS OTKPBITHUII B TeHETUKE
HalllJla CBOe OTPaKeHEHUE B CTPOSHUU ITOM KHUTU

HoOGeneBckue npeMmun B 0671aCTU reHETUKUN

Hu B onHOI M3 HAYYHBIX IUCLIUILIMH OTKPBITHUS HE BbI3bIBAIM TAKOTO MH(MOPMAIITMOHHOTO
B3pbIBa U CTOJIbKO BOJTHEHUSI, KaK B reHeTrkKe. O HaydHOM BKJIaZe FTeHETUKU MOXKHO CYIUTh
10 CITUCKY JaypeaToB HobeneBckoii mpeMun, ¢ Hayajaa XX Beka, S0-X IT. ¥ 110 HaLlIU JHU
(cMm. ITpunoxenune). HobeneBckue mpeMuu B 00J1aCTU (PU3MOJIOTUU U MEIULIMHBI, a TAKKE
XUMMU PETYJISIPHO BPy4yaloTCsl TeHETUKAM M YUYEHBIM M3 CMEXHBIX C Heil HayK. [lepBas
W3 TaKUX ITpeMuii Obl1a BpydeHa Tomacy Moprany B 1933 1. 3a co3maHne XpOMOCOMHOM
TEOPUHU HACIEACTBEHHOCTH. 3aTeM IMOCIEA0BAI0 MHOKECTBO pabOT, BKITIOYAsT OTKPHITHE
TeHEeTUUYECKOM PeKOMOMHAIINN, aHAIN3 B3aMMOOTHOIIICHUI MEXKIy TeHAMM 1 OeTKaMU,
n3ydeHue cTpykTypsl JJHK, OTKpBITHE TeHeTYIECKOTO Koaa. DTa TeHACHIINS COXPaHsIIach
Ha npotskeHun XX u XXI Bekos. [TosiBieHre TeHOMHBIX UCCIeI0BAaHUM U MPUMEHEHUE
WX pe3yJIbTaTOB Ha MPaKTUKeE, 0e3yCI0BHO, IMPOJIOXKAT ITYTh K OYAYIIIUM JOCTVKCHUSIM.

FeHeTuka, 3TUKa U OOLLLECTBO

IeHeTyeckue ucciienoBaHUs U UX BIUSIHUE HAa OOIeCTBO HUKOTIA ellle He ObLIU CTOJIb
3HAYMMBIMHU, KaK B HacTosIiee BpeMs. bruorexHosornyeckue MmpuioXeHUsT TeHETUKHA
pa3BUBAIOTCS HAMHOTO OBICTpee, YeM COLIMaTbHBIE KOHBEHIIMHY, OOIIeCTBEeHHAS ITOJTUTUKA
¥ IIPaBOBBIC HOPMBI, PETYIMPYIOIINE UX IIPUMEHEHNE Ha ITpakTuKe. OOeCIIOKOCHHOCTD
00I1IECTBEHHOCTHY BbI3bIBAET MPeHATAIbHOE TECTUPOBAHNUE, TEHETUYECKAs AUCKPUMUHA-
1y, BiaaeHue renamu (JIHK), noctynmHocTh M 6€30MacHOCTb FTeHOTepanuu U reHeTuJe-
cKasi KOH(UIEHIMATbHOCTDb. B IByX pa3aesax B KoH1Ee 00bIIMHCTBA M1aB: «[IpuMepsl u3
MpaKTUKI» U «[eHeTrKa, 3TUKa 1 00IIIECTBO» — PACCMATPUBAIOTCS 3THIECKIE TTPOOJIEMBI,
BO3HUKAIOLLIME MPU UCTIOJIb30BAaHUY F€HETUYECKUX TEXHOJIOT M. Takoit aK1IeHT Ha 3TUKE
OoTpaxkaeT pacTyIIylo 03a004eHHOCTb U AUJIEMMBbI, KOTOpbIE TOCTUKEHHUS B 00JIaCTH Te-
HETUKMU TTOCTaBUJIU MIEPE/] HALLIMM OOLLIECTBOM U OyIYIIIMM YejioBeuecTBa. Mbl HageeMcs,
YTO TOCJIe 3aBepIIeHUST HAlllero Kypca TeHeTUKM YUTaTe b CTaHET MH(OOPMUPOBAHHBIM
Y aKTUBHBIM YYaCTHUKOM J1€0aTOB, KOTOPbIE BOBHUKHYT B OYIYIIIEM.
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PE3IOME

[eHeTnYeckne TEXHONOr MM OKa3biBaloT [yO0KOoe B/IMsHME Ha 06LLECTBO, OOHOBPEMEHHO
co34aBas MHOXECTBO 3TUYECKMX AUJIEMM.

10.
11.
12.

13.

14.

15.

16.

3apaum u BONpockbl ansg oocyxaeHus

Pacckaxure o BeiBomax MeHmens1, Kacaloniuxcs repeaayn MPU3HaKOB U3 MOKOJIEHUS B TIO-
KOJICHUE.

KOHIIEIITYAJIbHBIE BOITPOCHBI. [TIpocMoTpuTe conepkaHue Ha epBOii CTpaHUIIE TJ1aBbl.
BonpmmHCcTBO paccMaTpuBaeMbIX B Heil BonpocoB cBsizaHo ¢ oTkpbiTheM JJHK B kauectse
TEHETUYECKOro MaTepualla u ¢ Tocjeaytolleil pa3paboTKOM TeXHOJIOTMU PEKOMOMHAHTHBIX
JHK. Hanuiuute KpaTKuil o4epK, B KOTOPOM OOCYXIAETCsl BKJIAal TEXHOJIOTUU PEKOMOU-
HaHTHbIX [IHK B pasBuTHe cCOBpeMeHHOI TeHETUKMU.

B 4eM cyThb XpOMOCOMHOI T€OpUM HACTIEACTBEHHOCTH M KaK OHA CBSI3aHA C OTKPBITUSIMU
Mennensa?

[aiiTe onpeneaeHue reHOTUIa U (peHOTUIIa, KaK OHU B3aMMOCBSI3aHbI?

Pacckaxurte 06 ypoBHE TeHETUKU BO BpeMsl aKcrepuMeHToB OBepu, MakJleona u MakKap-
1. [ToueMy HeKoTOpbIe yueHble ¢ HenoBepueM BocnipuHumaiu JJHK B kauectBe HocuTenst
reHeTuyeckoi nHdopmauunm?

CpaBHHUTE XPOMOCOMBI Y TEHBI.

KakuMm o06pa3zoM 3akoaupoBaHa reHeTrudeckast uHgopmaius B mojiekyie JJHK?

KakoBa 1ieHTpabHast TorMa MOJIEKYJISIPHOM TeHETUKM M TI0YeMy OHa TOJIoKeHa B OCHOBY
COBPEMEHHOI reHeTUKU?

CKOJIBKO pa3IMYHBIX OCJIKOBBIX MOJIEKYJI ¢ YHUKAJIBHOM TTOCIIEAOBATEIbHOCTBI0 aMITHOKWC-
JIOTHBIX OCTaTKOB MOXHO ITOCTPOUTH U3 ST aMUHOKHUCIIOT?

PacckaxuTe 0 pojii pecTpuKTa3 U BEKTOPOB Mpu KjioHuposanuu JHK.

KakoBa posib GMOTEeXHOJIOTUU B CEJEKIMU 3/1aKOBbIX KyIbTyp B CILIA?

l_[pI/IBCI[I/ITe APryMEeHTDLI 3a U IIPOTUB IMaTCHTOBAHUA ICHETUYCCKU MOI[I/I(I)I/II_[I/IPOBEIHH])IX op-
TaHU3MOB.

B renome uenoseka okosio 20 000 reHoB. K HacTos1ieMy BpeMeHU MaTeHTHI MOTYT OBITh ITOJTY-
yeHb! Ha 6000 reHoB. BO3MOXKHO J11 MOJy4eHME TAKOTO YMCia MMaTeHTOB KOMITAHUSIMU WIIU
OTIEIbHBIMU JTIOAbMU? APIYMEHTHUPYIATE CBOI OTBET.

Kaxk mcrnojib30BaHre MOJETBHBIX OPraHM3MOB pacIIMpPsIeT HAIIIM 3HAHKS O TeHaX, KOHTPOJIH-
pylolux 3aboyieBaHus yeaoBeka’?

JlomycTuM, YTO Ballla CEMbs OTSTOLIEHA HACAEACTBEHHBIM 3a00J€BAHUEM C ITO3MHUM IIPO-
SIBJIEHHEM B (DeHOTHIIE U BBl MOXKETE IIPOMTH TECTUPOBAaHME B IBaALATWICTHEM BO3paCTe.
XoTenoch Obl BaM 3HaTh O CBOEM HOCUTEILCTBE HACJIeACTBEHHOM maTtojorun? M3menunach
OBbI B 3TOM CJIyyae Ballla XXM3Hb 110 JocTikeHuu 40 net?

IToueMy 3a OTKPBITHS B TeHETUKE TaK 4yacTo Bpydarorcss HobeneBekue nmpeMun?



