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MpepucnoBue

«[eHOM 4YeoBeKa» SIBIIAETCST KPATKOM CBOJIKOW OCHOBHBIX (haKTOB O
reHax 4YejioBeKa, O TOM, KaK OHM JKCIIPECCHPYIOTCSI, KaK MyTalluu
MPUBOAAT K TIPOCTHIM WJIM CJIOXHBIM HapylIeHUsIM, U O TOM, KakK
ObICTpbIE JOCTWXKEHUS B HallleM TIOHMMaHWM TeHOMa 4esIoBeKa BIIMSI-
0T Ha MPaKTUYECKyl0 MEAUIMHY. DTa KHUTra OyleT IMoJie3Ha JIOASIM,
3aHMMAIOIIMMCSI HAyKaMM O 3[I0POBbe Ha BCEX YPOBHSIX, OT CTYJACHTOB
JI0 COCTOSIBLIMXCSI MPO(DECCHOHANOB, KOTOPbIE XOTeIU Obl PaCIIMPUTh
CBOM 3HaHMSI O FeHETHKe uesioBeka 6e3 0coObIX 3aTpaT BpeMeHu. «[e-
HOM YeJIOBeKa» OKaXETCSI TAaKXKe XOPOILIMM TOIMOJHUTEIbHBIM yueO-
HBIM TTOCOOMEM JUISI TeX Pa3HOOOPa3HBIX YHUBEPCUTETCKUX KYpCOB,
rJle OCHOBHOM TEKCT C HEAOCTATOUHOI TIyOMHOI OCBEIlaeT TeHETUKY
YyeJioBeKa.

DrTa KHWUTA MpeArojiaraeT, YTo BbI yKe MPOIILTN BBOAHBIC YHUBEP-
CUTETCKME KYpCHI 10 OMOJIOTMM WJIU, TIO KpailHell Mepe, BBl 3HaeTe
ocHoBHBIe (pakThl 0 reHax, JIHK, 0enkax u T.11. Eciiu Bel He yBepeHBI,
YTO 3Ta KHUTA UMEHHO TO, YTO BaM HYXXHO, TO TOIBITAUTECh TPOBE-
PUTH cebs1 ¢ TTOMOIIbIO CISAYIONIET0 KOPOTKOTO TeCTa:

1. 3akoHbl MeHpaens 6butn Hanucanbl 2500 JIeT ToMy Hazag MUC-

tukamu CpeaHero BocToka, KOTOpbIe KWIM B Mellepax.

2. YorcoH u Kpuk — 3T0 mapa M3BECTHbIX KOMHUKOB, KOTOPBIE
CHUMAJIMUCh BO MHOTMX KMHOKOMenusix B 1940—1950-¢ roapl.
AT® — s10 Bemymas TeJleKOMMYHUKALIMOHHAS KOMITaHWS.

4. XpoMOCOMBI pa3jIMyaroTcs LIBETOM, HarpuMep, X-XxpoMocoma —
po3oBas, a Y-XpoMocoma — rojydas.
5. Meiio3 — 310 00JIE3HDb, TIEPEAAIOIIASICS TIOJOBBIM ITyTEM.

bl

Ecim BB 3agymanich Ha HECKOJbKO MWITUCEKYHI, 3aCOMHEBaB-
LIWCh B JIOKHOCTU 3TUX YTBEPXKIEHWI, TO Bbl MOXeTe HE YMTaTh ITY
kHury. Ecau ke Bbl Ha Bce 100% cripaBUIMCh C 3TUM TECTOM, TO BBI
MOXeTe 3aIrITHYTh B KOHeIl KaXKIOi TJaBbl U MPOUUTATh UX pE3lOMeE.
Ecau BbI peniuTe, 4To BaM XOPOIIO U3BECTHBI OCHOBHbBIE CBEIEHHUSI O
reHax M MX 9KCIPECCUU, U3JIOKEHHbIe B IMaBe 1, — He Gema: mpocTo
MPOMYCTUTE TO, C YEM XOPOLIO 3HAKOMBI, U MEPEXOIUTE K TeM pasfie-
JlaM, KOTOpbIE XOTeJIOCh ObI MO3HATh WUJIM OCBEXWUTh B TTaMsITU. Brioi-
HE BO3MOXHO, YTO Bbl Hai/IeTe 316Cb MHOIO MOJIE3HOTO IS ceOsl.



OT usparenncTBa

ABTOp, PEIAKTOPHI M M3IATEILCTBO MPEINTPUHSIIA MAKCUMYM YCHITUIA,
YTOOBI TIPEACTABUTEL MO BO3MOXHOCTA KOPPEKTHYIO MHGOPMALHIO.
OnHaKo OHM He HECYT OTBETCTBEHHOCTH 3a OIIMOKM, YIYIIEHUS WU
JIOObIe IPyTrve HEeIOUYEThl, OTHOCSIIMECS K MCIONIb30BAHUIO YMTATE-
JIIMU COAEpKaHUsl TAaHHOW KHWTU U K YIOTPeOICHUIO OMUCAHHBIX B
KHUre TPOAYKTOB. B TekcTe ynmoMMHAIOTCS M 0OCYXKIAloTCsl JieKap-
CTBEHHBIE TIperaparbl U Ipyrhe MEIUIMHCKHUE CPEACTBa, KOTOPBIE
moryT nMmeTh perymupyemoe FDA (Food and Drug Administration)!
OrpaHUYeHHOEe TMPUMEHEHNE MCKITIOUUTENILHO TS TAOOPaTOPHBIX UC-
CJIeI0BaHMIT M KIIMHUYECKUX UCTTbITaHuii. MH(bopMalus o 1ekapcTBax,
MpeACTaB/IEHHAsl B TEKCTE, U3BJIEUCHA U3 JIMTEPATYPHBIX UCTOUHUKOB,
HEJABHO OMyOJIMKOBAHHBIX JAHHBIX W OTYETOB O (HapMaKOJIOTHUeC-
KUX UCIbITaHuIX. MccmemoBaTean, MPaKTUKU-KIMHUALIMCTE W Opra-
HBI TOCYIAPCTBEHHOTO KOHTPOJISI U PETYIMPOBAHKS YaCTO MEHSIOT IPH-
HATBIE B JAHHOW 00JacTH cTaHmapThl. Korma mpuHUMaeTcsl pelneHune
HCIOJIb30BaTh KaKoe-JIN00 JIEKApCTBO B KIMHHUKE, TO 3a OIMpeac/IeHIE
TOTO, KaKOB B HACTOSIILIEE BpEeMsI CTaTyC JaHHOro JiekapctBa B FDA,
OTBETCTBEHHOCTh HECYT Bpay WJIM YMTATENIb-TMOJIb30BaTe b, 1151 3TOrO0
OHU 00sI3aHbI MPOBEPUTH, COOTBETCTBYET JIM COMAECPKMMOE YIMAKOBKU
ee OMMCaHUIo, MPOYNUTATh MHCTPYKIIUIO TTO TIPUMEHEHUIO JAaHHOTO Jie-
KapcTBa, peKOMEHIAIMU TI0 TO3UPOBKAM, TPEIOCTEPEKEHUS U TPO-
TUBOITOKA3aHUs M OLIEHUTh MPHEMJIEMOCTb MCIOJIb30BaHUs JaHHOTO
MpoAyKTa. DTO OCOOEHHO BAXKHO B CJIydasX C HOBBIMU WJIU PEIKO
MPUMEHSIEMBIMU JIEKAPCTBAMM.

"' B Poccuu KOHTPOJIb 3a JIEKApPCTBEHHBIMU CPEICTBAMM OCYIIECTBIISIIOT Opra-
Hbl MUHMCTEPCTBA 3APaBOOXPAHEHUSI M COLIMAIBLHOIO pa3BuTHsi Poccuiickoit
Denepanmu. Cwm.: http://www.mzsrrf.ru/. 3mech 1 najee MpuM. Tiep.



rNNABA 1

ECTECTBEHHAA NCTOPUA
TEHOMA YEJIOBEKA

MpbI X1BEM B 9py 3aXBaThIBAIOLLETO IyX Mporpecca B 00JacTu reHeTh-
KU 4ejioBeka. Drta 3pa — 3pa reHOMMKU — BpeMsl, KOrjaa MnocjenoBa-
teapHOCTh JJHK B reHOoMe uesioBeka ompejesieHa TOYTH MOJHOCTHIO,
BpeMsI, KOTJa aHaJIM3UPYyeTCsl POJib THICSY TEHOB YesloBeKa B HOpMeE U
npu 6one3Hsx. HactymaeT Bpemsi, Korma nzydyeHrue HeOOJbIINX Bapu-
alMii BO MHOTMX Te€Hax MpMBeIeT HAC K WHIMBUIYAJIU3UPOBAHHOM
MeIULIMHE, BpeMsl, KOTia OYIyT BbISIBIEHbI TEHETUYECKUE OCHOBBI 00JTb-
IIMHCTBA BPOXKIEHHBIX aHOMAJIMiA, U BpeMsl, KOTAa CpaBHEHHE FeHOB
YyeJIOBEKa M MPUMATOB BbISIBUT T€HETUUECKUE OCHOBBI YeJIOBEUECKOM
YHUKAJIBHOCTU. DTO BpeMsI MOCTOSIHHOTO 3MOLMOHAJIILHOTO BO30YXK-
JNEHUST W JUJIST TeX, KTO y4aCTBYET B OTKPBITUSIX HEMOCPEICTBEHHO, U
JUIS TeX, KTO Y4acTBYET OIOCPENOBAHHO, MPUMEHsISI OYpHBIN MOTOK
HOBBIX 3HAHUI K BpaueOHbIM cdepaM AesITeIbHOCTHU.

O6waa xapakTepucTuka reHoma

CoBO «reHOM» OTHOCHUTCS K o0iieMy comepxanuto JIHK y manxoro
BUIA, BKJTIOUasi reHbl U Bcto octaibHyo JJHK. OnHako eerom ectb HeuTo
OoJiblliee, YeM BbIpakeHue misl obo3HayeHus konmdectBa JJHK; xorma
MBI TOBOPUM O T€HOME, B JCHCTBUTEILHOCTM Mbl MBICIMM B TEPMMHAX
nHpopMauoHHoro coaepxanus. Coaepxxanue JJHK B kierkax ueno-
BeKa SIBJISETCS JOCTATOYHO CTAHAAPTHBIM JJIsl MJIEKOMUTAIOIIMX U CO-
CTaBJIsIeT MPUMEPHO 3 MWUTMAapaa Map HYKJICOTUIOB B 3apOJbIIIEBbIX
(MONTOBBIX) KJIETKAX (2anioudmustii 2eHom) VUTA TIPUMEPHO 6 MWLTHAPIOB
nap HYKJIEOTUIOB B OOJIBIIMHCTBE COMATUYECKUX KJIETOK (dunaoudmwlii
eerom)' . TlocnenHuit SKBUMBaJICEHTEH MPHUMEPHO IIeCTH MUKOTpaMmam
(6:1072 1) IHK, urto cocTaBisieT mpumepHo 100 B 10712 0T Macchl coiu
B yaiiHOW JIoXKe. Pa3Mep reHoma y CJIOHA M MBIIIM TTPUMEPHO TaKOM
K€, TIOOTOMY TOT (haKT, YTO MBI CITOCOOHBI OOIIATLCS W IHUCATh Ha ThICS-

I 3a pybexom (a 3auacTyio M y Hac) IInHy TociaenoBaTenbHocTelr JTHK m3me-
PSIIOT YMCJIOM Tap OCHOBaHUM (COKpallleHHO: I1.0. WK bp).



@ Thaea 1. Ecmecmeennas ucmopus 2eHoma 4enoseka

Yax SI3bIKOB, CO3/IaBaTh KOMITBIOTEPHI, TOCHUIATh PAKETHI B TITyOMHBI KOC-
MOca ¥ 3aHUMAaThCs BCSIKOTO Pojia TTO3HABATEIBHOM IeSITEIbHOCTBIO, UeTO
He MOTYT JOCTUYb JIpyrve MJICKOIUTAIOLIUE, JOJKEH OBITh CICICTBUEM
pa3muuuii B OTHOCUTEIbHO HeOosbinoi yacty Hameid JHK. Mpoentu-
ukanms reHeTUUeCKUX OCHOB YHUKAJIbHOCTH Halllei YeIoBeUeCcKoli aHa-
TOMUM, (PU3UOJIOTHHU, TTOBEACHUS 1 TTO3HABATEIBHBIX CIIOCOOHOCTEM OYy-
eT OJHMM M3 BeIMYalIIMX HaydyHbIX npukiouyeHuit XXI Beka. Ho
MPEKIe BCErO Mbl JOJDKHbBI 3aBEPIIUTH KATAIOTM3AlMIO TeHOB YeJIoBeKa
U TIOHSITh, KAK OHU YYacTBYIOT B HOPM&JIbHOM Pa3BUTUM U OOMEHE Be-
mectB (MeTabonuame). Dta nHGopMalusi, JOTOJHEHHAsT UCUEpPIThIBaI0-
LM KaTaJTOroM HOPMaJTbHBIX M aHOMAJTbHBIX TeHETUUECKMX BAPUAHTOB,
OCHOBATEJIbHO TTOBJIMSIET HA KIIMHWYECKYIO MEIUIINHY.

Kak renernueckuii marepuan JHK Obuta maeHTuguumpoBaHa B
1944 r., xorna OBepu'!, MaxJleon? 1 MakKapTtu® mokaszanu, uto ce-
HOTHUIT OaKTepUMd MOXHO M3MEHWTb, €CJIU KJIETKU OMHOTO INTaMMa
obpaborars JIHK npyroro mramma, Ho He ero 6eiakom win PHK.
B 1953 r. Yorcon* u Kpuk® BeiBeM AByXcMpaibHyto cTpykTypy JTHK,
B KOTOpOit nmapbl ocHoBaHuit A=T (ageHuH-tuMuH) U G=C (ryaHuH-
LIUTO3MH) PACIOJOXEHbl MEXIy HUTSIMU, U Takash MOJIEKYyJspHas
MOJieIb cpa3dy OObsICHWJIA KaK KOIMPOBAHUE T€HETUYeCKOoil MHMOp-
MalliH, TaK ¥ PEIUIMKAIMIO TCHETUIECKOr0 MaTepuaa’.

3amonro no toro, kak JIHK Obuia rnprusHaHa reHeTUYECKUMM MaTe-
pHUajioM, C TTIOMOIIbIO CBETOBOTO MUKPOCKOIMA ObLIN M3Y4eHBI XPOMO-
COMBI Gyaromapsi TOMy MPEUMYILECTBY, UTO B MeTadase — LeHTpallb-
HOW CTaIMM MUTOTUYECKOTO ACTCHUS] KJIETKM — XPOMOCOMBI CHJIBHO
KOHICHCUPOBAHBI M (DU3UUECKU OTICJCHBI OpyT OT npyra. Ha 3ape 1m-
TOTEHETUKN OBUIO MHOXECTBO HeIOpa3syMEeHHWI KacaTeJIbHO OOIIero

! OcBanbn Teomop Dlit]|Bepu (Oswald Theodor Avery [21.10.1877 — 20.02.1955] —
ypoxkeHenr KaHampl, aMeprMKaHCKMIT Bpady, OAKTEpUOJIOT, OIMH W3 OCHOBaTe-
JIelk UMMYHOXUMUU U OJMH U3 TIEPBBIX MOJICKYJISIPHBIX OMOJIOTOB.

2 Komua Mynpo MaxJIeon (Colin Munro MacLeod [28.01.1909 — 11.02.1972] —
KaHaJICKO-aMePUKAHCKUI TCHETHUK.

3 Maximn MakKapru (Maclyn McCarty [09.06.1911 — 03.01.2005]) — amepu-
KaHCKUI TE€HETHUK.

4 IIxeiimc [pton Yorcon (James Dewey Watson [p. 06.04.1928] — onuH u3
HanboJiee BIMSITEIbHBIX aMEPUMKAHCKUX MOJIEKYJISIPHBIX OHOJIOTOB.

5 ®pencuc Xappu Kommnron Kpuk (Francis Harry Compton Crick [08.06.1916 —
28.07.2004]|) — aHrmMidcKuil (UMK U MOJEKYISIPHBIN OHUOJIOT.

¢ Konmu kiiaccuueckux crateit Osepu — MakJleona — MakKapt u YorcoHa —
Kpuka cBoOOIHO JAOCTYITHBI Ha caiitax: http://www.nature.com/nature/dna50/
archive.html u http://www.exploratorium.edu/origins/coldspring/printit.html.
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YHUCIa XPOMOCOM B KJIETKaxX 4ejoBeka. He Tak-To Jierko ObUIO TOJy-
YUTh MemagasHyro niacmuHkKy XOpollero KadecTBa (T.e. TaKoil pas-
OpOC XPOMOCOM Ha TIPEIMETHOM CTEKJIe, YTOOBI XPOMOCOMBI M3 OJHOM
KJIETKM ObUIM BUOHBI OTACIBHO APYT OT Apyra)'. B Te BpemeHa Xpomo-
COMBI Ha TpernapaTax BBIVIIASIU KakK JOBOJbHO OecthOpMeHHbIE TeM-
HblE CTYCTKM W 4YacTO MepeKpbIBaIv IpyT Apyra. M3BeCTHBIN LUTOIOT
Teodunyc TleitHtep?, ndydasi criepMaToLMThI, Tipuiea B 1923 1. K BbI-
BOdy, UTO y uejoBeka 48 xpomocom’. Dra mudpa He MoaBepraiach
comHeHuto oyt 30 jet. MHoro nosxe ObUT pa3padoTaH METO[ MOJTy-
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Puc. 1.1. MeTtadasHasi IIacTHHKA KaprOTHTIA HOPMATBHOTO MYXKUH-
HbI ¢ okpackoit 1o I'mmze. (C mo6e3Horo paszpetenus: David
Peakman, Reproductive Genetics Inc., Denver)

! B oTeuecTBEHHOI1 IUTEpaType TePMUHOM Memaghaznas niacmunka (metaphase
plate) 0603HavalOTCsS Kak CKOIUICHHME XPOMOCOM B TUIOCKOCTH, TEPICHAMUKY-
JIIPHOW OCH JiesieHusT (9KBaTOpUabHasl TJIOCKOCTb) Ha CTaauu MeTadasbl Ie-
pen HayajaoM aHada3zHOro pacXoXAEHHUsl, TaK U CKOIUICHUE XPOMOCOM Ha I11-
TOTEHETUUECKHMX Mperaparax, HabJoIaeMoe Mol MUKPOCKOTIOM TTOCIIe pa3pbiBa
kieTku (metaphase spread).

2 Theophilus Shickel Painter [22.08.1889 — 05.10.1969] — amepukaHcKuii 300-
Jor 1 uurosior. Omucan (1933 r.) «ruraHTcKue» (MOJUTEHHBIE) XPOMOCOMBI B
CJTIOHHBIX XeJe3aX JUYMHOK Apo30(dWibl U MPOBeT HAa HUX M3YYEHHE XPOMO-
COMHBIX TIEPECTPOCK M KOHBIOTallMM XpOMOCcOM. OIHMM M3 TIEPBBIX MPOBEI
aHaJIM3 XPOMOCOM 4YeJIOBeKa.

3 YIuBUTENBHO He TO, uTo [leiiHTep ommobCsi, HO YTO UCIOJIb3Ysl HECOBEPIICH-
HYIO TeXHUKY, OH OKa3aJICsl CTOJIb OJIM30K K NMPaBUIbLHOMY OTBETY.
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yeHUs pa30yXIlMX KJIETOK B TMIIOTOHUYECKUX pacTBopax (pacTBopax C
HM3KOW MOHHON CWJION), a ApyTre MCCIIeNnoBaTeId OTKPBUIA BEIleCTBa,
CITOCOOHBIE OJJOKMPOBATh JeJIeHWe KIETOK (IPY BBIpALMBAaHUW HX B
KyJbType) Ha cTaguy MeTadasbl, ¥ TAKUM 00pa30M CHJIBHO YIIPOCTHIOCH
MoJTydeHue OOJIbILIOTO KOJIMYEeCTBA HEOOXOAMMOTO 3KCIePUMEHTATbHO-
TO MaTtepuaia. DT JBa TEXHUYECKUX HOBIIECTBA PE3KO MOBBICKIIN Kaye-
CTBO XPOMOCOMHBIX TIPEMapaToB, U C MX UCIOJb30BaHUeM B 1956 T. yue-
HbI€ TOJTYYMUIM HECOMHEHHBIE T0KA3aTeIbCTBA TOrO, YTO UCTUHHOE YUCIIO
XPOMOCOM Y 4ejioBeka 46'. Harir qurionaHblii TeHoM ohopMIIeH B BUe
23 nap xpomocom, pa3mMep KOTOPBIX BapbupyeT OT 45 MWUIMOHOB Tiap
HYKJICOTUIOB 10 TpruMepHO 280 MMJIMOHOB map HyKjieoTuaoB. Mx Hux
22 mapbl — aymocombt Vi OIHA TIapa — HO.106ble XPOMOCOMDBL .

Bonee mompobOHast kiaccudukamus, KOTopyio pa3padoTanu B 1940—
1950-x TT., OBLJIa OCHOBaHA Ha PACTIOJOKCHUU UEHMpPOMepbl — XPOMO-
COMHOI CTPYKTYPBI, K KOTOPOI TMPUCOSANHSIOTCS HUTH MUTOTUYECKO-
ro BepereHa. LleHTpoMepbl MOTYT pacroiaraTbCsl JMOO MPUMEPHO
rocepearHe XPOMOCOMBI (memauemputeckue), 1100 3aMETHO OJIKe K
OITHOMY M3 KOHIIOB XPOMOCOMBI, YeM K Ipyromy (cyémemauenmpusec-
Kue), WM OYeHb OJIM3KO K OMHOMY M3 KOHIIOB (@KpoueHmputueckue).
XpOMOCOMBI YeJIOBEKa TPYIIUPOBAIM HA CeMb KJIACCOB, COTJIACHO WX
pa3Mmepy U pacrioioXXEHUIO LIEHTPOMEpHI.

3HAUMTENIbHBIN TIporpecc ObUT AOCTUTHYT B 1960 r., Korma ObuTH
pa3paboTaHbl METOIbI OKpAIlMBaHUSI, KOTOPbIE TMO3BOJISIIOT BBISIBISITH
YepeayroIIMecs: CBeTIbie M OKpallleHHbIE MOMEePEUHbIe MOJIOChI (IUCKU,
«09HIBI») B MeTada3HBIX XpoMocoMax. Hanbosee yacTto ucronb3yercs
cHcTeMa OKpallimBaHusI, padpadoTtaHHas [ mm3oii’. Ero umMs temepsb yBe-
KOBEYEHO B HAa3BaHWM CAMMX OKPAIICHHBIX JUCKOB, KOTOPBIE MTPUHSITO

! ABTOpaMM 3TOTO 3MOXaJIbHOTO JOKa3aTeIbCTBa ObUIM sIBAHELl KHUTACKOTO
npovcxoxaeHust uutoreHeTuk Jxo Xun Tmxuo (Joe Hin Tjio [1916—2001]) B
nepuof ero padotsl B YHuBepcutere JlyHaa (ILIBeuusi) u mBeacKuii 60TaHUK
u reHetuk Asnpbept JleBan (Albert Levan [1905—1998]).

2 Kaxpast mapa ayTocoM TMpPEACTaBICHA 20M0A02UYHbIMU, T.€. MOP(HOIOTMUECKU
WACHTUYHBIMM, 3K3eMIUISIPAMU, W JIMIIbL Mapa TMOJOBBIX XPOMOCOM SIBJISIETCS
reTepoMopGHOIi.

3 I'ycraB I'mmza (Gustav Giemsa [20.11.1867 — 10.06.1948]) — HeMeLKUil XK~
MUK, Oakrepuosior u ¢dapmaieBT. Kpacureabs I'mMm3bl (pacTBop cMecu asypa,
903MHAa M METUJICHOBOTO CHMHEro B MeTaHOoJe M TIMLEPUHE) eCTb He3HaYM-
TesibHas MoauduKaums (1odaBKa MIMLEpUHA KaK cTabMIM3aTopa) Kpacurels,
coCTaB KOTOPOro pa3paboTajl PyCCKUil TepareBT, FeMaToJor U MaJsipuoJior
Jmutpuii Jleonunosuu PomanoBckuii [1861—1921]. TToatoMy ero HasbIBaroT
TaKkxke KpacuteneM (wid pactBopoM) PomaHoBckoro — I'MM3bI.
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COKpallleHHO Ha3bIBaTh G-duckamu, a cam Meton — G-memodom (nud-
depeHIMaIbHOrO OKpalllMBaHUsI XpOMOCOM). PUCYHOK («ImaTrrepH»)
OKpalllMBaHUSI OKa3bIBAeTCSI CHEIMMUIHBIM IS KaXKION XpOMOCO-
MBI, ¥ 3TO TIO3BOJISIET BITOJIHE OMHO3HAYHO WACHTU(DUIIMPOBATH BCE
XpoMocoMbl B MeTadasHoi miaactuHke. dusmyeckass nmpupoaa TeM-
HOTO U CBETJIOro OKpalllMBaHWs TMOJOC 0 KOHIIA He BBISICHEHa, HO
HMMeeT MECTO ONpee/eHHast KOPPEsirs C COCTAaBOM TeHOB. TeMHbIe
G-I1CKM OTHOCUTEIBHO Oosiee GoraThl mapamMu ocHoBaHuil A=T (ane-
HUH-TUMMH), B HUX TOBOJbHO MajO T€HOB, M OHU TO3IHEE IPYrux
PEeTUIMLUPYIOTCS B KJIETOUHOM LiMkie. Cetible G-nucku 6osiee 000-
raiieHsl mapamu ocHoBaHuit G=C (ryaHMH-1IUTO3WH), CoepXat 00JIb-
IIYIO YacTh TEHOB W PEIUIMIIMPYIOTCS paHbIlle — B S-haze KIETOUHOTO
mukia (ocHoBHas cranust permkaunu JIHK). OGuiee comepxkanue
GC B reHoMe yestoBeKa cocTapisieT 41%, HO OHO SIBHO HepaBHOMEP-
Ho: TeMHble G-mucku comepxar npumepHo 37% GC, a cBeTibie —
0KOJI0 45%. YBBI, MBI IO CHX TIOp HEe 3HaeM, UMEIOT JIK 3TH Pa3TUIUS
B COCTaBe 3BOJIIOLIMOHHOE MU (DYHKIIMOHAIBLHOE 3HAYSHUE.

B 1971 r. B I1apuxe cobpajicsi KOMUTET 9KCMEePTOB, KOTOPBII pe-
KOMEHIIOBaJI MPUITUCHIBAThL XpOMOCOMaM HoMmepa, HauuHas ¢ Ne 1 —
JUIsl HauOOJIbIIEel XpOMOCOMBI M KOHYast Ne 22 — i HauMeHbllei
XpoMocoMbl. OHaKO LMTOJIOTMYECKasl TeXHWKa BCe elle OcTaBalach
HECOBEPIICHHOM, ¥ TIOTOMY ObLTa TOTTyIIIeHa HeOOJTbIIIast OITMOKa: Hau-
GopIMiT HOMep 22 OBUT TIPUTTCAH TIPEITIOCICIHEN W3 CaMBIX Ma-
JIBIX XpOMOcoMe. B IeiicTBUTETBHOCTH 3Ke HauMEHbILEH SIBIISIETCS XPO-
mocoma 21. Ilapuicckas koHpeperyus 6éeaa makaice cucmemy Hymepayuu
Juckoé u OyKeeHHble 0003HAYeHUA: P — 04 KOPOMKO020 naea Kaxicoou
Xpomocomul u q — 045 0AuHH020 naeua. T1ooBbIe XPOMOCOMBI HE HyMe-
pPYIOTCsI; OHU 0003HAYaIOTCs KaK X- U Y-XpoMocoMbl. CaMKi MJIEKO-
MUTAIOLINX UMEIOT IBe X-XpOMOCOMBI, a CaMIIbl UMEIOT OAHY X- U
OHY Y-XpOMOCOMY. X-XpOMOCOMa MMEEeT CPEeIHUI pasMep M couep-
JKUT CpeiHee YMCIIO TEHOB. Y-XpPOMOCOMa JOBOJIbHO MajJeHbKasi; OHa
CONIEP>KUT COBCEM MaJIO TEHOB, HEKOTOPbIE M3 KOTOPbIX HEOOXOAUMBI
JUISI Pa3BUTHSI OPraHu3Ma MYKCKOTO I10J1a, HO B OCHOBHOM OHa MpeJi-
CTaBJIEHA 2emepoxXpoMamuHom — TPOTSDKEHHbIMU y4acTKaMu TOBTO-
PSIIOTIMXCST ¥ BEICOKO KOHIICHCUPOBAHHBIX TTOCIICOBATEIBHOCTEH, KO-
TOpBIE He KOAMPYIOT HUKAKNX OETKOB.

ITosHbIl HAOOP XPOMOCOM UeJIOBEKA Ha3bIBaeTCs Kapuonunom. O0blu-
HO HOPMaJIBHBIN KapUOTHIT YeJIOBeKa NIPUHATO 0003HavYaTh Kak 46,XY —
Ut My>karH 1 46,XX — st sxeHIIMH. C HEKOTOPBIMM aHOMAaJIbHBIMU
KapuoTUIIaMU BBl O3HAKOMMUTECH B IJ1. 2. Pesysibrar aHammza meracdas-
HOM MUIACTMHKU TT0C/Ie oKpaiumBaHus 1o G-Metony (MM KakoMy-JI10o
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MHOMY METO/y) MOXHO HAIJISIHO MPEJCTABUTh B BUIIE YIOPSIOUEHHOM
JMarpaMMmBbl, KOTOpast Ha3bIBAETCs1 uOUOepammolt Vv kapuoepammo'. Uau-
orpaMMa KapHMOTHUIIA YeJIOBeKa MpeacTaBieHa Hinke (puc. 1.2).

LT
TELE

?E’éﬁé%ﬁ@ﬁ%ﬁ

Puc. 1.2.

HarorpamMmma XpoMOCOM ueJioBeKa. 1'[0Ka3a1-n;1 ToTepevHbIe
MHTEHCUBHO OKpAalllMBaeMbIC IMOJIOCHI (TEMHBIE W CBETJIBIE),
HaOJIoaeMble TIPY HCTIOb30BAHUM JBYX Pa3IMYHBIX Kpacu-
teneii. [To: ISCN 1985: An International System for Human
Cytogenetic Nomenclature (1985): Report of the Standing
Committee on Human Cytogenetic Nomenclature. Eds: D.
G. Harnden, et al. (c paspewenus S. Karger SG)

' Uouoepamma (idiogram), v kapuoepamma (karyogram), — rpacpuaeckoe (cxe-
MaTHyeckoe) M3o0paxeHue («packKiaaka») AUIIOUIHOTO Habopa XpOMOCOM
TECTUPYEMOTO 00BEKTa, CUCTeMaTU3UpOBaHHOE MO MUKpodoTorpadusim my-
TeM MoA0Opa TOMOJIOIMYHBIX Map M pacrpeaeaeHus: mo MophoJoruuecKum
rnapaMeTpaM (pa3mepbl, COOTHOIIEHHUE JJIMHBI XPOMOCOMHBIX TUIEY, Pacroyio-
JKEHUE BTOPUYHBIX MEPETSIKEK M CITyTHUYHBIX 3JIEMEHTOB, JIOKAIU3aIus aud-
depeHIIMaTbHO OKpAllIEHHBIX 30H W APYrre MpU3HAKM).
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B 1970—1980-¢ rT. B reHeTHKe Mpeo0s1anaio MOCTPOSHNE U U3ydeHe
eenemuveckux xapm. OTHUM U3 TDIOMOTBOPHBIX TIOAXOMOB OBUIO cO3Ma-
HUE 2uGpuoHbIX KAemoK, KOTOPbIe COAEPKaI TOJHBI TEHOM TIpbI3yHa
(MBI WX KPBICHI) M OMHY WM HECKOJIBKO XpOMOCOM 4YesioBeKa. Kor-
Jla y TaKOTo KJIETOYHOTO TMOpWAa yaaBajloch MAEHTU(UIIMPOBATh CIie-
1MUIecKnii MPOAYKT IreHa yesioBeKa Win (hepMEeHTAaTUBHYIO aKTUBHOCTD,
TO MOXHO OBUIO 3aKJIOUUTb, Kakas M3 XPOMOCOM CONEPXUT COOTBET-
CTBYIOLLIMI TeH. BriocnenctBum Oypuoe pazeumue mexnonoeuu pexomou-
Haumuoix JITHK cdenano 603MOJICHbIM KAOHUPOBAMb 2€Hbl 4ea08eKd. DTO
MO3BOJIMJIO MPOM3BOIUTh B KJIETKAX MUKPOOPraHW3MOB HEOTPaHUYCH-
HOE KOJIMYECTBO HEOOJIBIIMX YYaCTKOB ((hparMeHTOB) reHOMa 4eJloBeKa.
B couetanuu ¢ pa3HOOOpa3HBLIMUA HOBBIMM (PU3UUECKUMU METOIAMHM U
TPATULIMOHHBIMU METOIaMU T€HETUKHW KJIOHWPOBaHWE HEBEPOSITHO TTO-
BBICHJIO MOIIb T€HETUIECKOTO KapTUPOBAHMS U aHAIM3a.

Pewarowum docmudicenuem MoAeKYAAPHOU eeHeMUKU cmaia paspa-
bomka memodoe cexeenupoosanus JHK ¢ 1977 e. Jlo 3T0TO MOMEHTA
BO3MOXHOCTb MHTEHCUBHOTO M3y4YeHMsI TeHOMa uesjloBeKa M MoJie-
KYJSIPHBIX OCHOB TeHETHMYeCKHMX OoJjie3Hell Kazansach Oe3HameKHBbIM
nenaom. K cepennne 80-x rr. cekBeHupoBanue JIHK ObL10 cTOJB CY-
LIECTBEHHO YJYUYILIEHO, YTO CTAJO0 BO3MOXHBIM MPAKTUUYECKOE OCY-
LIECTBJIEHUE KPYMHOMACIITAOHBIX TTPOEKTOB MO CEKBEHUPOBAHUIO Te-
HOMOB pa3IMUHBIX BUIOB. ['pymra ydyeHBIX, y4acTBYIOIIMX B pea-
JIM3aluu OMOJIOTUYECKON TporpaMMbl MMWHMCTEPCTBA 3SHEPTETUKU
CIIA, HateseHHO Ha M3ydyeHUEe CKOPOCTY MYTMPOBAaHUS Y YesloBeKa
(cM. 1. 2), OcOo3HaIM, YTO Terepb MOSIBUIACh BO3MOXHOCTbh M3y4yaTh
MyTallid Ha MOJIEKYJSIpHOM ypoBHe. OmHaKo IS TTOMCKa U M3yde-
Hug myTtaumii Ha ypoBHe JIHK HeobOxommMo 3HATH Takke MCXOTHYIO
(HopManbHy10) TtocaenoBaTenbHocTh JIHK. Tak Obl10 mOI0XKEeHO Ha-
qano npoexmy «lenom uerosexka», KOTOPHI O(GUIIMATIBLHO CTAPTOBAJ
oceHbto 1990 1. Garogapsi COBMECTHBIM YCUIUSIM MUHKCTEPCTBA HEP-
reTuku 1 HalmoHaJbHBIX MHCTUTYTOB 300POBbsI!, KOTOpPbIE, TOMUMO
JIPYTUX OPraHU3alMOHHBIX MEPOMPUSTUI, YUPEAWIU IS ITOTO CIie-
LMaTbHbI HalMoHanbHBI MHCTUTYT MCCIEI0OBAaHUSI TeHOMA YesIOBe-
ka’. TIpoekT cpa3y crajq MeXIyHapOAHBIM, B KOTOpPBI, HapaBHE C
CIIA, Hanbonee 3HAYMTETbHBIN BKJIAJ BHECIU TaKKe YJeHbIe U3 16
nHCTUTYTOB Bemmkoopuranun, @panuuu, 'epmanun, Amonnn n Ku-

' B Poccum anamoramm HalmoHaJIBHBIX MHCTUTYTOB 3I0POBbS SIBIISIIOTCS Ha-
YUHO-UCCIIEIOBATEIbCKME MHCTUTYTHI Poccuiickoil akanmeMuu MeTUITMHCKUX
HayK.

2 CMm. http://www.genome.gov.
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Tasi. OTU cTpaHbl oOpa3zoBanu MexcdyHapooublii KOHCOpUUYM NO CeKee-
HUPOBAHUIO 2eHOMA Yea06eKa’.

I'naBHOIT 1enblo mpoekta «['eHOM YenoBeKa» OBUIO CEKBEHMPO-
BaTh Bce 3 MUJUIMApA Tap HYKJICOTUIOB B TAIUIOMIHOM TEHOME UYeJio-
BeKa M MIeHTUOUIIMPOBATh Bce reHbl. OTYeT O IJIaBHOM Iporpecce B
9T0i obnacTu ObL1 omybiaukoBaH B 2001 r. K sTomy BpeMeHU OBLIO
CEeKBEHHMPOBaHO MpuMepHO 90% reHoMa, HO 3HAYMTEJIbHAS YaCTh BCEi
MOC/IeA0BaTeIbHOCTU OCTaBajach Bce ellle B BUIe (hparMeHTOB JJIU-
HOI B HECKOJIbKO ThICSY IMap HYyKJI€OTUI0B. OUEeBUIHO, UTO 3TO CUJIb-
HO OrpaHWYMBAET TOJIb3y OT TaKMX JAHHBIX. DTO aHAJTOTUYHO TOMY,
KakK ecj OBl BCE TIPEMJIOKEHUS B 3TOM KHWUTE OBbIIM HAIMCAaHBl Ha
OTIEJIbHBIX OOpBIBKAX Oymaru M, Tocjie TOro Kak B KHUKHOM Marasu-
He BbI 3aIJIaTWJIM 32 KHUTY, BBl TIOJYUYMJIN MELIOK C 3TUMU OOpBIBKA-
MM, TIepeMeIIaHHBIMU B CJIyJaiiHOM Topsinke. M3 Takoi «KHUTH» BBI
BpSII T OBl MHOTOE Y3HAJIM O TeHETHKe JesioBeKa!

B cnenyromye nBa roga moutv Bce TakKue Opellr ObUIM 3aIlojHe-
HBI, U O 3aBeplLICHNUN MPAKTUUECKHM BCEHl TMOCIeN0BATEIbHOCTH OBIIO
o0bsiBiIeHO B anpese 2003 r. — noaxoasiuas aaTta, YToObl OTIPA3IHO-
Batb 50-netHuit robueir moaenu ctpykrypbl JJHK Yorcona u Kpuka!
Oxkoso 99% pailoHOB, COIEPXKAIIMX T'€HbI, OBLTM CEKBEHUPOBAHBI C
TOYHOCTBIO 99,99%. [Toka eiie octaeTcst MeHee 400 Gpelrreit, U B cpei-
HEM HeMpepbIBHbIE YYaCTKU COCTABJISAIOT Oosiee 27 MWIIMOHOB Tap
HYKJIEOTUIOB, a OOINMII pa3Mep TreHoMa, KaK yxke TOBOPUIIOCH, CO-
CTaBJIsIeT TIpUMepHO 3,2 MWwuIMapaa map Hykiaeotumon’. HeoxumaH-
HBIM DPE3YJIBTATOM OKa3aJoCh TO, UTO 00ujee Yuca0 2eHO8 Y 4en06eKa
Haxodumcs 6 npedeaax om 30 000 do 35 000, 4TO HAMHOTO MEHBIIIE,

'V Hac ¢ uneeii ceKBeHUPOBaHUSI TeHOMaA uesioBeKa BhICTYI B 1988 r. aka-
nemuk Anekcannp Anexkcanaposuy baes [10.01(28.12)1903 — 31.12.1994], u B
1989 r. B cTpaHe Obul opraHM3oBaH HayuyHbIli coBeT mo mporpamme «I'eHOM
yenoBeka». B 1990 r. Obi1a coznana MexayHapoaHasi opraHu3aius Mo usyde-
Huto reHoma venoBeka (HUGO), Bulie-npe3neHTOM KOTOpOil B TeUeHUE He-
CKOJIbKMX JieT Obul akageMuk AHpapeit JapreBuu Mupszabekon [19.10.1937 —
13.07.2003]. C camoro Hauyajga pabOT IO T€HOMHOMY IIPOCKTY Y4YeHBIC
JIOTOBOPWJIMCH 00 OTKPBITOCTM M JOCTYITHOCTM BCEW ToJydaeMoit nHdopma-
LMK VTSI €r0 YYACTHMKOB HE3aBMCUMO OT MX BKJIaaa W rOCYIapCTBEHHOM MpH-
HajuiexxHocTu. PabGoTta Han Bcemu 23 XpomMocoMamu YejioBeKa Oblia MojeieHa
MEXJy CTpaHaMU-ydacTHUIIAMU. Poccuiickue ydeHble MOJDKHBI ObUIM MCCIie-
JIoBaTh CTPYKTYpy 3-ii u 19-it xpomocoM. OmHako Bckope (hMHAHCUPOBAHUE
9TUX PabOT B Hallleil cTpaHe ObUIO Ype3aHO, U PealbHOrO yJacTHsl B CEKBEHM-
pOBaHMU TeHOMa uesioBeka Poccus, K CoXaleHUI0, He MpUHUMaIa.

2 Camoii mocjaenHei, auiib HeaaBHo, B 2006 . GblIa MOJHOCTBIO CEKBEHUPO-
BaHa camasi OoJibliiasi Xxpomocoma 1.
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yeM TIperiosarajioch paHee, M BCEro B JiBa pa3a OoJiblle, YeM YMCIIO
TeHOB y TUIOZIOBOM MYIIKU JAPO30(UIbl WIM Y MUKPOCKOTTUYECKOTO
KpYrj0ro 4epBsi (MIOYBEHHOW HEeMaToObl)'.

3aBeplieHe CeKBEHUPOBAHMSI TeHOMaA YeJIoBeKa SIBJISIETCS BaK-
HOI BeXOil B Nr€HETMKE 4YeJIOBeKa, HO ATO OTHIOAb HE O3HayaeT, uyTo
MbI 3HaeM (DYHKLMU BCEX 3TUX I'eHOB. AHaIMU3 (YHKUMU THICSY Te-
HOB B HOpME U Ipu 00sie3HsIX OymeT ropaszno 6oJjiee CI0XHBIM IPO-
€KTOM, YeM ceKBeHMpoBaHUe reHoMma. Ceifuac TIaHUPYeTCsl NCMOJb-
30BaTh (DyHAaMEeHTAJIbHbIE JaHHbIE O MOCIEI0BaTEIbHOCTU FTeHOMA B
pa3HoOOpa3HbIX cepax, 0 yeM OyIeT paccka3aHO B CIACAYIOLIMX TJia-
BaxX JaHHOW KHUTU. 37eCh XK€ JOCTaTOYHO CKa3aTh, YTO HaJW4ue
MOJIHOM TMOCJIe0BAaTEIbHOCTA TeHOMA YeJI0BeKa OTKPBHIBAET BO3MOXK-
HOCTU TOHSITh OMOJIOTHIO YeJloBeKa U ero 00JIe3HW Ha TaKOM YPOB-
HEe, 0O KOTOPOM HeJb3sl ObLIO Jaxe BOOOpasWTh BCETO JIWIIbL HeE-
CKOJIBKO JIET.

Y10 Takoe reH?

Ten onpedensiemes kax ywacmox IHK, komopuii mpanckpubupyemces 6
PHK-konuto oouoti uz numeti JIHK (3T0T mipoliecc OymeT onucaH aajiee
B 2TOl IJ1aBe). boavuiuncmeo eenos sasasromes ywacmiamu JIHK, komo-
pble Hecym UHGPOPMAyUio 0 nocaedo8ameabHoOCmu aMUHOKUCAOMHBIX OC-
mamkoe @ benke, 00HAKO HeKomopble eenvl Kodupylom moavko PHK.
dakTruecK Bce MeTabosMuecKre (PYHKIUU KUBBIX KJIETOK OMOCpe-
JYIOTCSl OeJIkaMu, HO B TO XK€ BpeMsl Ipyrue 06eaKu o0pa3yroT MHOXe-
CTBO BHYTPUKJIETOUHBIX U BHEKJIETOUHBIX CTPYKTYp. Co gcemu eenamu
C653aHbl peeyasimopHble nocaedosamenvHocmu JJHK, KoTopble SIBISIIOT-
Csl TAKUMM y4acTKaMU, K KOTOPBIM TPUCOEANHSIIOTCS OeJIKU, ompee-
JITIOIIMe, OyIeT JIM TeH 9KCIPECCUPOBaH B TaHHOE BpeMsT U B JAaHHOM
Mecte. HekoTopble TeHETMKM Ha3bIBAIOT TaKUe PETYISITOPHBIE TTOCIIe-
JIOBATEJIbHOCTH TOXE TeHaMMU.

Puc. 1.3 nomoxker ocBexuTh Ballly mamMsaThb OTHOCHTEIbLHO OC-
HOBHBIX 2JieMeHTOB cTpyKTypbl JIHK. B okHax a u 6 moxka3zaHbI
CTPYKTYpPBI YeThIpEX OCHOBAHMII: NIBYX MYypUMHOB — aaeHuHa (A) u
ryanuHa (G) u nByx nupuMuauHoB — tumuHa (T) u uutosuna (C).
B oxHe ¢ mokaszaHa oOlasi CTpyKTypa HYKJICOTHIA, SIBJISTFOILETOCS
dyHaamMeHTaNbHON enuHuLIel, U3 KOTophix cobupatotcs u JHK u
PHK. 3amernTe, uTOo cmMBOJIBI 5 1 37, KOTOpBIe 0003HAYAIOT KOHIILI

! Tlnonosast mywika Drosophila melanogaster n nemarona Caenorhabditis elegans —
IIBA MOJIEJTbHBIX JKMBOTHBIX OOBEKTa, C TIOMOIIBIO KOTOPHIX OBUTM TTOJTYYeHBI U
TIOJTYYaIOTCsT KPYITHEHIINE TOCTIDKEHUS KIIACCUIECKO M MOJIEKYJISIDHOM TEHETHKH.
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MOJIMHYKJICOTUHOM 1IeIu, SIBJISIOTCS HOMEpaMu aTOMOB YIJiepo-
Ja B OCTaTKe caxapa B cocTaBe HyKJieoTuna. [1epBblif HYKICOTUI B
Havajie MOJMHYKJIEOTUAHON 1enu umeer 5'-dpochaTHblil 0cTaTOK,
a TMOCJIeAHUI HYKJIEOTU B KOHIIE 1IeMU MMeeT 3'-TUAPOKCUIbHYIO
rpymnny. B okHe e mokaszaHa aByxcrupaibHas cTpykTtypa JIHK,
HUTU KOTOPOU YAEpKMBAIOTCSI BMECTE BOJOPOJHBIMU CBSI3SIMU
mexay mapamu ocHoBaHuil (A=T unu G=C). JleHTOOOpa3HbIE
JIMHUU CEpOro IBeTa CUMMBOJIM3UPYIOT caxapodocdaTHbIil OCTOB,
K KOTOpOMY MpMCOeIMHEeHbl ocHOBaHuUs. Ha 3ToM e pucyHke
CXeMaTMYeCKHU TMOoKa3aH TakXe Mpolecc TPAaHCKPUMUMU (CUHTe3a
komruiemeHTapHoit HUTM PHK), KoTopslit Mbl oOcyaum nanee B
3TO TJaBe.

Ilpexae ueM yriyOuUTbCsS B CTPYKTYpY TeHa, CJIEAyeT yKas3aTh Ha
HEKOTOpbIE TEPMUHOJIOTUYECKHE M ab0OpeBMaTypHbIe HECYpa3HOCTH.
TTockonbky anemenTapHbiMu eauHuiamMu JJHK (unmu PHK) ssnsior-
Csl HyKJICOTUIBI, TO JUIMHY IBYHMTEBBLIX ITociemoBaTenabHocTeit [JTHK
(v PHK) normyHo BbIpaxkaTh B napax HyKAeomudog, COKpPAllLleHHO
n.n. Ho uHoraa, ciemnysl aHTIOSI3bIYHON TPAJAMIIMM, UCTIONB3YIOT CJIO-
BOCOUYETAHUE NApbl OCHOBAHUI W COOTBETCTBEHHO COKpAlleHUe — T1.0.
Toicsuy map HYKJI€OTUAOB OOBIYHO 0003HAvYalOT Kak m.n.H. Ho nHor-
Jla HEONPABAAHHO UCIOJIb3YETCs 1ab0OPATOPHbIi KaproH, SIBJSIOLIUIACS
KaJbKOM ¢ aHmIMiickoro: «kuiiobasa» (kilobase) n cokparieHue kb —
BMECTO T.I.H., a Takxke Mb — «merabaza» (megabase) — BMECTO MUJI-
JMoHa map HykieotuaoB U Gb — «rurabaza» (gigabase) — BMecTo
MwuMapaa map HykiaeotunoB. Hnuny omHoHuteBbix [JJHK m PHK
U3MEPSIIOT, eCTEeCTBEHHO, He TTapaMH, a MPOCTO YMCIOM HYKJICOTHUIOB
(wnu ocHoBaHmit). «Havano» kaxnoit nmocnenosarenbHocTy JHK mmun
PHK o6o3navaeTcsa kak 5 (unTaercs Kak «IIITh-IITPUX»), a OKOHYA-
HUe — Kak 3’ («TpU-1UTpUX»). DTU HOMEpPA COOTBETCTBYIOT CTPYKTYpe
HYKJIeOoTuA0B (CM. puc. 1.36) 1 ToMy, KaKuM IyTeM OHM COOMpPAIOTCs
B Hutu JHK win PHK (cMm. . 2).

TunuuHbBIA TeH 4yesoBeKa MpeacTaBsieT co0oi uyepeqoBaHue K-
30HOB M MHTPOHOB. DK30HBI sBjsitorcsl ydactkamu JTHK, kortopbie
OynyT npenacrapieHsl B 3peioit MarpuuHoit PHK (MPHK), kortopas
obOpaszyeTcsl B Mpoliecce dKCIpeccuu reHa. bolbIIMHCTBO 9K30HOB CO-
nepxatr UHGOPMALIMIO O TMOC/IEA0BATeIbHOCTY aMUHOKUCAOM — 3Jie-
MEHTapHBIX equHUIL 0eKoB. Kpome 3Toro, B Havae u B KoHue MPHK
HaxoMsTCs TaKWe 9K30HBI, KOTOPBIE HE KOAUPYIOT TIOCIEI0BATEIbHOCTD
aMUHOKHCJIOT, HO MOTYT COJIEPXXaTh Pa3IUYHbBIC TUITBI PETYJISATOPHOM
nHbOpMaAIUU. MHmMpoHbL dice A6AIOMCA MAKUMU YHACMKAMU 2€H08, KO-
Mopble PacnonoiceHsl Mexcoy IK30Hamu u omcymcemeyom 6 3peavix MmPHK.
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Puc. 1.4. Crpykrypa r1o0MHOBBIX reHoB uenoBeka. E-1, E-2 u E-3
SIBIISTIOTCS 9K30HaMU; I-1 1 [-2 — MHTpOHBI. 3aKpalleHHbIe
obylacTh Ha KoHLax BoWayT B coctaB PHK-Tpankpumnra
(MPHK — wmarpuunoit wim mnHdopmaumontoit PHK), Ho
He OyIyT TPaHCIMPOBATLCS B OEJIKOBYIO MOCIIEI0BATEILHOCTb.
Yucna Ha rpaHUIiax MeXIy MHTPOHAMM M 9K30HaMHU 000-
3HAUYalOT HOMEpPAa KOAMPYEMBIX AMUHOKUCIIOT

OTHOIIIEHUE YKCIa 9K30HOB K YMCITy MHTPOHOB BapbUpPYeT TOCTaTOYHO
MMpoKo. JIumb HebOIbIIoe KOJIMUYECTBO TE€HOB HE COIepXKaT MHTPO-
HOB, B TO X€& BpeMsl €CTh I'eHbI, B KOTOPbIX MHTPOHBI COCTABJISIIOT OoJiee
95% wix muHbl. DYHKIMS MHTPOHOB M UX 3BOJIIOLIMOHHOE BO3HUKHO-
BEHME 10 CHMX TMOp He J0 KOHIIA TOHSTHI, HO MPUHSTO CYUTATh, YTO
HaJIMure reHOB, CKOHCTPYMPOBAHHBIX U3 Psijia KOPOTKUX KOIMPYIOLLIMX
MOC/IEeI0BaTEIbHOCTEN (3K30HOB), 00€CIeYMBacT 3BOIIOIMOHHYIO TJia-
ctuuHocTh. Ha puc. 1.4 cxemaTuyecku TpeicTaBlieHa 9K30H-WHTPOH-
Hasl CTPYKTypa JIBYX XOPOIIO M3Y4eHHBIX TeHOB, KOTOPbIe KOTUPYIOT or-
U [-TIOMUTICTITUIHBIC TIeTTA TIIOOMHOBOM YacTH TeMOTJIOOMHA.
CornacHo oruety KoHcopiimyma mo CeKBEHUPOBAHUIO 6 cpedHem
2eH uenoeexa cooepycum 27 m.n.H. Eciu Mbl yMHOXUM 27 T.11.H. Ha 30000
T€HOB, TO TIONYYMM, UTO 2eHbl Yeaogeka 3anumarom 0,8 MAH.N.H., m.e.
MPUMEPHO JIIIb OJHY YeTBEPTh OT Bcero reHoma. KoHcopiumym 1o
CEKBEHMPOBAHUIO COOOIIIAeT HaM ellle HeKOTOpble MHTEPECHbIe KO-
YeCcTBeHHbIE JaHHBIE O reHax 4yenaoBeka. Cpeduee uucio IK30HO8, NPUXo-
osueecst Ha 00UH 2eH, paeHo npumepHo § (COOTBETCTBEHHO CpeIHEee YMC-
JIO MUHTPOHOB B FeHe JOJLKHO ObITh paBHO 7). CpeHMil pasMep 2K30Ha
coctapisieT 145 TL.H., a cpemHUi pa3mep MHTpoHa — 3365 1.H. Jlerko
COCUUTATh, YTO B CPEAHEM DK30HBI COCTABIISIOT MeHee 5% OT oOliei
JUTMHBI TeHa. B cpemHeM cymmapHast [UIMHAa KOAMPYIOIIMX 3K30HOB B
omHOM reHe cocTaBisieT 1340 1m.H.; 9TOro J0CTaTOYHO, YTOOLI 00pa3o-
BaTh O€JIOK JUIMHOM B 447 aMUHOKUCIIOTHBIX OCTaTKOB. OIHAKO UMeEET
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MECTO TpOMajiHasi BaprabeIbHOCTh B pa3Mepe TeHOB, YMCJIe MHTPOHOB,
pa3Mepe KOIUpyeMbIX OeIKOB M T.I. PasmMep HanOOJIbILIETO U3 M3BECT-
HBIX TEHOB TIPEBBIIIACT 2,4 MJTH.II.H., BBISIBICHBI MHTPOHBI JJIMHOM 00-
nee 30 T.IL.H., a HeKOTophle Oenku comepxkaT Oonee 3000 amMuHOKMC-
JIOTHBIX OCTaTKOB.

YnomsiHyTast olieHKa uncia reHoB B rpenenax 30 000—35 000 6buta
MoJiyyeHa MyTeM KOMITBIOTEPHOTrO aHaM3a TeHOMHBIX MOC/IeI0BaTEeb-
HocTeli. CHavasia MoaCcuYUuTaIv YHUCIIO U3BECHIHbIX 2eH08 (UTO, €CTECTBEH-
HO, ObLJIO JOCTaTOYHO JIETKO C/IeNaTh) U K HEMYy M00aBWJIM YMCIIO Te-
HOB, HaJIMYKe KOTOPBIX MOXHO ObIJIO TpeacKa3aTh M3 OLEHOK YKCia
BO3MOXHBIX 9K30HOB, UMCJIa COMPSIKEHHBIX 9K30H-UHTPOHHBIX TIOCITE-
JIOBATEeJIbHOCTE M HEKOTOPBIX APYTMX XapaKTepucTuK. [ToHSATHO, 4TO
YUCJIO NpedcKa3aHHbIX 2eH08 TOBOJIBLHO HEONpPEeCSIEHHO, TTOCKOJIbKY, C
OITHOI CTOPOHBI, HEKOTOPbIE TeHbI KOMITBIOTEP MOXET He pacrio3HaTh,
a C IPYToif CTOPOHBI, KOMITBIOTEP MOKET OLIMOOYHO TpeIcKa3aTh TeHbI,
KOTOpBIE B PEaJIbHOCTH HE CYILECTBYIOT.

OnuH U3 crocoboB 0OHAPYKMBATh HEM3BECTHBIE TEHBI 3aKIIIOYAETCs
B YCTaHOBJIEHUM CXONCTBA C TOCJIEIOBATEIbHOCTHIO M3BECTHOTO TeHA.
Muoeue benok-kodupyroujue eeHvl 06pazyrom cemelicmed, Komopbie npeo-
CMaeAsom coooll epynnbl 2eHO8, UMEIOUUX 3HAUUMENbHOe CX00CMBO 8 CEOUX
nocaedosamenvrhocmsix. OCHOBHBIM COOBITMEM, MPUBOMASILMM K MOSIBIIE-
HMIO CEMEICTB TeHOB, SIBJISIETCS TYTUTMKALIMS TeHa, KOTOPast MOXET CITy-
YaiiHO BO3HMKATb BCJICACTBUE OIIMOOK PEIUIMKAIMU W PEKOMOMHALIN
JHK (cm. . 2). Korma obpasytoTcst 1Be KOIMWM T'eHa, OJHa U3 KOIHiA
MOXET MYTHPOBATh TAKMM 00pa3oM, UTO 0Opa3yeTcsl HECKOJIBKO M3Me-
HEHHBII TeH, KOTOPBIA Oy/IeT KOAMpOoBaTh OEJIOK CO CBOMCTBAMU, CJIETKA
OTJIMYHBIMKA OT OpuTrMHaia. Eciu pa3muuust, nMpruoOpeTeHHbIe HOBBIM
OeJIKOM, TIPUIAIYT eMy HEKOTOpbIe TIPEUMYILECTBA, TO TIPOIIecC 0TOopa
MOXET YBEKOBEUUThb MX B TIOCJIEMYIOIINX MOKOJMeHUsIX. BeenacTBue oue-
PEIHBIX OIIMOOK B XO[e PETUIMKALIMK WIIM PEKOMOMHAILIMU YMCIIO TAKUX
MO-Pa3HOMY U3MEHEHHBIX KOMUil TeHOB MOXET Pa3pacTUCh, U B PE3YJlb-
TaTte MOJYYUTCS MYJBTUTEHHOE CEeMENCTBO M, KPOME TOrO, OHU MOTYT
paccpeioTOUUTLCS TI0 TEHOMY Ha OTAAJIEHHbIE PACCTOSIHUSI.

KnaccnmuecknM mprMepoM TeHHBIX CEMEICTB y YeJloBeKa SIBJISIET-
csl KJIacTep reHoB B-robuHa Ha xpomocome |1 U reHoB a-r1o0uHa
Ha xpoMocoMme 16. Mx cxema mpeacrasieHa Ha puc. 1.5.

OO6paTuTe BHUMaHKMe Ha HAJIMIKME NCe6002eH08 B KAXKIOM KilacTepe
(oHn oOo3HavyeHbl rpeueckoil OykBoi ). IlceBooreHbl 00Opas3yroTcs
W3 IYTUTMIAPOBAHHBIX TEHOB, OHA M3 KOMUI KOTOPHIX TTPHOOpETaeT
Takye MYyTalluu, KOTOpble AeNaloT HEBO3MOXHBIM €€ 3KCIIPECCHIO.
M3BecTHbI MHOTHE ApYrye TeHHbIe CEMEeNCTBa, YMCIO WIEHOB B KOTO-
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Puc. 1.5. Knactepsl r100MHOBBIX TEHOB

(W¢L, yo2, yol u yp — ncepnoreHsl. Kaxaplil U3 I00MHOB CUHTE3UPY-
€TCsl B OIPEICeICHHOM OpraHe W Ha ONpeAeeHHOM cTaauu pa3Butus. [100u-
HbI { M € BbIpabaThIBAIOTCSl HA PAHHUX CTaIMsIX Pa3BUTUSI IMOPUOHA KJIeTKa-
MU XKEJTOUHOTO MellIKa, U TeMOIJIOOMH TpeACTaBisieT coboit TeTpamep (2¢2.
K KoHIIy TpeTbero Mecsiiia ero BbIpaboTKa MpeKpallaeTcs 1 HaYMHAeTCsl CUHTE3
eranbHbIX (YTPOOHBIX) T1OOMHOB Ay 1 Gy B KJIeTKaX MEUeHU U CeJIe3eHKHU.
Oo6pasyetcs tetpamep ¢eranbHoro remornodouna Ay2Gy2 (Hb-F). B nepuon
MOCTOMOPUOHHOTO PAa3BUTUSI CUHTE3UPYIOTCSI B OCHOBHOM IJIOOMHBI o U f3
KJIETKAMU KOCTHOTO Mo3ra. Bosbliasi 4acTh reMorjao0MHa B3pOCJIOro 4esio-
BeKa cocTouT u3 Terpamepa 022 (Hb-A). — Ilpum. nep.)

PBIX UCYMCIISIETCST IeCATKaMU; TIPUMEpaMHU SIBIISTIOTCS CEMEICTBa Te-
HOB [UTSI aKTMHOB, MMO3MHOB, arOJUIONPOTEMHOB, TUCTOHOB U MM~
MyHOIJI00yIMHOB. Korma aHanusupyloTcst yaajleHHbIe OpYyr OT Apyra
ceMeiicTBa, TO MHOTME M3 HMX MOXKHO Ha3BaThb CBEpXCEMENCTBAMMU,
ITOTOMY YTO OHU HACUYUTHIBAIOT COTHU WJICHOB.

JlaBaiiTe Terepb BBIYMCINM €llle OMHO MHTepecHoe uncio. Kakas
JIOJIST TeHOMa 4YeJloBeKa COAEPXKUT MH(MOPMAIIMIO I KOAUPOBAHUS
o0enkoB? YmHoxuB 1340 m.H. Ha 30 000 reHOB, MBI MOJIydyaeM, 4TO 3a
konupoBaHue 6enkoB oteevaroT 40 200 000 m.H. Pazgenus 310 ymncio
Ha pa3Mep TarIOMJIHOTO TeHoMa 4esioBeka (3,2 MJIPMI.ILH.), Mbl IPU-
XOJIMM K BBIBOMY, 4TO moavko 1,25% naweeo eenoma Hecym ungopma-
Uur 0 Koouposanuu 6eakog. DT duciaa MpUOIU3UTETbHBI, TaK UYTO He
VIOUBJISANTECH, €CJM B IPYTUX UCTOYHUKAX BbI BCTPETUTE HECKOJBKO
OTJIMYHBIE OT ITUX 4vucaa. Bajxcho mo, umo auub ouenv manas 004s
uenogeueckoul JIHK kooupyem beaxu.

Yto xe mpeacTapisieT coboi ocTajbHas yacTb reHoma? Mbl 3Ha-
eM, uto 20—25% 3aHMMalOT MHTPOHBI, HO OOJIbIIIast YaCTh OCTAJIBHOM
JHK snsiercst mexceennoti /THK. 3HaunTeNIbHYIO YacTb MEXTEHHOM



Tosmopsiowascs JTHK Q

JHK coctaBnsioT peeyasmophsie nocaedogameabHocmu, KOTOPbIE Mbl
ceituac oocynum. CylliecTByeT HECKOJIbKO TDYIIN 2eH08, Komopbvle He
Kodupylom 6eaku; TIpOyKTaMU Takux reHoB siBisitorcst PHK, kotopsie
WUTPaloT BaXKHYIO POJIb BO MHOTHX KJIETOUHBIX IPOIIECCaX U CTPYKTY-
pax. MHorma u3 HuX 00pasyloTcs HYKJIEOMPOTEMHOBbIE CTPYKTYPHI,
MHOTIJIa OHU HaleauBawoT pepmeHTsl Ha apyrue PHK. B aroii kHure s
Oymy HEOJHOKPATHO YNMOMMHATh crienrduueckre Kiaacchl (hyHKIMO-
HaJIbHO aKTUBHBIX Hekodupyrwwux PHK. KpoMe TOro, HeKOTophbie 4a-
CTU TeHOMa WTIpaloT CTPYKTYpPHYIO pojib. TeM He MeHee y Hac Her
HUKAKOro OYEBUIHOTO 00bsICHEHUSI, TToueMy Tak MHoro JIHK He yva-
CTBYET HEMOCPEACTBEHHO HU B KaueCTBE CTPYKTYPHI JJIsSI TEHOB, HU B
JI00bIX Apyrux ¢GyHKIuMsIX. HekoTopoe moHMMaHMe TPOOJIEMbl «U3-
obiTka» JJHK MOXHO moyiyuyuTh, B3IJISIHYB Ha TEHOM C HECKOJIbKO
WHOM cTOpoHBI. YTO MBI ceifuac U cueaeM.

MoeTopsowasaca OHK

B aobom croncrnom eenome JJTHK moxucHo nodpazdeaums Ha 0éa muna:
oonoxonuiinyio JIHK (m.e. nociedosamenvnocmii, npedcmaeneHHule 6 ean-
AOUOHOM 2eHOME eOUHCMBEHHbIMU IK3eMNAAPAMU) U NOBMOPIIOUYIOC
JIHK (nocaedosamenvrHocmu, npedcmaegieHHble 8 2aniouOHOM eeHOME MHO-
eoxpamno). TIpumepHo 50% reHoMa 4YejioBeKa MPEACTABISAIOT COOO
nosropsitotytocs JTHK. TlonynsipHblit TepMuH 1151 OOJIBIIIMHCTBA
nosropstonuxcsa JIHK u mis Hekoropeix omHokormmitHeix JITHK, xo-
TOpbIE HE SIBJISIIOTCS YacThiO TeHOB, — 3TO «MycopHas (junk) JTHK».
Jla, ckopee BCero B HACTOsIIIIee BpeMsT HAlllM TEHOMBI COIEPXKAT HEKO-
Topoe KoauuectBo JIHK, xoTopnie He HecyT HUKaKOWl (byHKLMU U
MOTYT BIIOJIHE 3aKOHHO CUMTAThCSl «MYCOPHBIMU», HO 4eM OOJIbILIEe
MbI Y3HaeM O T€HOMax M O PeryJsiMu KCIPECCUU T'eHOB, TeM 00JIb-
e Mbl OTKpbIBaeM HOBbIX dyHKIMi i JJHK, o KoTopbix paHblie
Mbl HE UMM HUKAKOTO MpenacTaBieHusi. Kpome Toro, 3HauuTe bHas
yacth JIHK, xoropast B Hacrosiiiee BpeMsl SIBHO HE MCIIOJIb3YEeTCS,
OTIpENICJICHHO SIBJISIETCS 3aITaCHBIM MaTepUaJioM ISl 3BOJIOLUM TeHO-
ma. Takum 00pa3om, e€cjii MBICIUTL O OMOJOTMYECKUX BUAAX KaK O
TUHAMUYECKUX CYLIHOCTSIX, M3MEHSIOMNXCS (3BOJIOLMOHUPYIOIINX)
BO BpEMEHHU, TO BIIOJHE BO3MOXKHO, YTO «MyCOpa» B MX TeéHOMax He
TaK y>X ¥ MHOTO.

Pazauvarom dea kaacca nosmopsarwweiica JAHK: (1) mandemno no-
smopsaowuecs nocaedosameabHocmu (N08MmMopwl), KOTOPbIe PACIoOIoXKe-
HBI IPYT 3a JAPYIOM <«I'0JIOBAa K XBOCTY», U (2) ducnepeuposanhvie no-
6Mopbl, KOTOPbIe Pa3dpOCcaHbl MO BCEMY T'€HOMY, ITPUUYEM Yallle BCEro
OHU ObIBAIOT MpeACTaBJICHbl OJHOI KOMuel B JaHHOM MecTe (caiTe).
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Tanoemno nosemop:srouwuecs nocaedosameavHocmu

OCHOBHBIM KAQCCOM MAHOEMHO NOBMOPAIOWUXCS NOCAe008aMEAbHOCIEN
saensiemces yenmpomepras /IHK. Hanbosnee pacripocTpaHeHHbI TUTT LIEH-
tpomepHoii JIHK HaspiBaercs anbdounnoiit (alphoid) AHK', moBTops-
[OIIMecs eAMHUIBI KOTOPOl MMEIOT MIMHY npuMepHo B 170 m.H. DT
€IMHMIIBI 00Pa3yIOT Psbl, UIMHA KOTOPBIX BapbupyeT oT 250 T.M.H. 10
5 MJIH.ILH., ¥ OHU COCTABIISTIOT He MeHee 3% reHoma. BHyTpM omgHOro
psia MOBTOPbI HEWAEHTUYHBI, OHM HEMHOTO Pa3IMyaloTcsl, U MEXIy
XpoMOocoOMaMM 3TH pazinuuus eie 6onbuie. LlenrpomepHas JJTHK 006-
pasyeT LIEHTPOMEPHI, CJOXKHBIE CTPYKTYpbl, KoTopble kKpome JHK co-
JIepKaT OCJIKM HECKOJIBKUX TUIOB, K KOTOPBIM MPUCOCIUHSIIOTCS HUTH
BepeTeHa B IMpoliecce JAeJeHUs] KJIETKU.

TaHmeMHO MOBTOPSIIOIIMECS] MOCEN0BATEIbHOCTU HaMIEeHbl TaK-
K€ B meaomepax, KOTOPbIE PACOJIOXEHbl Ha KOHLIAX KaXKI0H XpOMO-
COMBI. Y uejioBeKa TeJIOMEPHBIMU TOCJEI0BATETbHOCTIMU SIBJISIIOTCS
GGGTTA; B pa3HBIX XpOMOCOMax OHU ITOBTOpstoTcs ot 250 mo 1500
pa3. B mocnennue romel meaomepunas JIHK ctama mipeaMeToM IIpH-
CTaJILHOTO BHUMAaHMUSI MccaenoBaresieil u3-3a Toro, 4ro Obiia ooHapy-
JKEHa CBSI3b MEXJY YKOPOUeHHEM TeloMmep M cTapeHueM. SI He Oymy
3[IeCh ETAJIbHO 00CYXIaTh 3TOT BOMPOC, CKAXY TOJbKO, YTO OCHOB-
Hasl ulesi COCTOUT B TOM, YTO YKOPOUEHUE TeJOMEep SIBJSIETCSl OJHUM
U3 nocaenacTBuil npoiecca perimkanuu JHK, KoTopbiii mpoucxoaur
nepes KaxIblM aKTOM KJIETOUHOro nejneHus’. Eciu Takoe mpoaoska-
€TCsl IOCTaTOYHO [I0JITO, TO TEJIOMEPHbIE MOCIEN0BATEIbHOCTUA DJIU-
MUHUPYIOTCS U CTaHYT TMOBPEXIAThCS MpUiiexallue K HUM TeHbI.
B pesynbrate KjieTka MOXET YyMEpeTh WM MepecTaTh AeauThes. Takoe

' Anspoudnas (ot cioB «anbda-caresymmrtHas») J/HK BriepBbie omucaHa y 3efe-
HBIX MapThilieK porna Cercopithecus B BUIie TIOBTOPOB TOC/IEIOBATEILHOCTU pa3-
MepoM 172 mapbl HykiIeoTHaoB. OHa BKJIIOYACT 3HAYMTEIHHOE YMCIIO HYKJICO-
TUIHBIX 3aMEH, YTO B psifie CJIy4aeB JejlaeT €€ XpOMOCOMOCIen(MUIHOIM.
B cBsI3M ¢ 3TUM COOTBETCTBYIOIIME 30H/IbI IIIMPOKO MCIOJIB3YIOTCS ISl MapKK-
POBaHMSI OTACIBHBIX XPOMOCOM METOJIOM TMOPUIM3ALIMU i1 Situ B UHTeP(ha3HBIX
KJIETKAX, B YACTHOCTH, B CJIyJasiX MOHO- WJIM TPUCOMMU — HAINpUMep, B MpeHa-
TaJIbHOM JMArHOCTHMKE cuHapoma JlayHa.

2 ['unotesy O CBSI3M YKOPOUEHUS TEJIOMEP M CTapeHMsl BIepBblie c(HOPMYIMPOBAIT
B 1971 r. poccuiickuit 6uonor Anekceit MatseeBud OnoBHMKOB. JIuibs B 1998 T.
€ro BBIBOJ 3KCIEPUMEHTAILHO TMOATBEPIWIN aMEePUKAHCKKE UCCIIeIOBATEIN.
B 2003 r. aBTOp BBIABMHYJI «TUIIOTE3Y PEAYCOMHOTO CTApEHUS» U MILI0 O TOM,
YTO CTapeHUE eCTh «yHUBepcalbHasi XpOHUYECKasi 0OJIE3Hb KOJIMYECTBEHHBIX
npusHakoB». Cwm.: http://www.medline.ru/public/art/tom4/art28.phtml.
Cwm.: caiit aBropa: http://www.chronos.msu.ru/nameindex/olovnikov.html.
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MPOUCXOAUT B OOJIBIIMHCTBE HOPMAJIBHBIX COMATUYECKUX KJIETOK, U
MO3TOMY B OpraHU3Me WIM B KJIETOYHOW KyJbTYpe OHM UMEIOT Orpa-
HUYEHHYIO CITOCOOHOCTh K pa3MHOXeHMI0. OMHAKO B 3apOJBIIICBBIX
(IT0JI0BBIX) KJIETKAX, CTBOJIOBBIX KJIETKAX M Pa3HOOOPA3HBIX PAKOBBIX
KJIeTKax uMmeeTcsl (pepMeHT meromepasza, CTIOCOOHBIN BOCCTaHABIMU-
BaThb TeJOMEpHbIE TMOCAeN0BATEIbHOCTH, KOTOPbIE B €r0 OTCYTCTBHE
yKopauuBaloTcs npu KaxnaoM akte perummkauuu JHK. Tenomepasa
SIBJISIETCSI HEOOBIUHBIM (hePMEHTOM, Y KOTOPOTO MMEIOTCSI 1BA KOMIIO-
Henrta: PHK u 6enok; npu atom PHK cayxut matpuiieit ajis Boccta-
HOBJIEHUST YTPAYeHHBIX TEJIOMEPHBIX MOBTOPOB. Puc. 1.6 B 00LIMX
yepTax MoKa3bIBaeT, KaK OCYUIECTBIISIETCSl STOT MPOLIECC.

Hekotopsle npyrue kjiacchl TAHAEMHO MOBTOPSIIOIIMXCST TIOC/IEI0BA-
TeJIbHOCTE! SIBIAIOTCS TeHamu st Hekomupytommx PHK. Hawmbomee
WU3BECTHBIMU M3 HUX SIBJISIIOTCS TeHbl 1is1 pubocomnoi PHK (pPHK).
B reHome yenoBeka UMEIOTCS TISITh TPYII TAKUX TEHOB, Kax/1ast U3 KOTO-

a)

Tenomepasa
5 —— GGGTTAGGGITAGGGTTA

PHK
3'—— CCCAAT

Cuntes OHK
Ha PHK-matpuue

0)
5'—— GGGTTAGGGTTAGGGITAGGGTTA

3'—— CCCAAT

HapauwmBaHue noBTopsioweiics
6-HykneoTuLHOM
nocnepoBatenbHoctn GGGTTA

6
) 5 —— GGGTTAGGGTTAGGGTTAGGGTTAGGGTTA

3'—— CCCAAT =— AATCCC ¥

Lenb, CUHTE3NPYyeMas

]3ana3ub|3a|om.aﬂ (oTcTatowas)
Kak onucaHo B . 2

Puc. 1.6. ITommepxaHue CTPYKTYphI TeJIOMeEp
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PBIX conepXKUT oKoJto 60 Kormit. OHM PacIiooKeHbl B KOPOTKUX TTIevax
aKkpolLeHTpuueckux xpomocom 13, 14, 15, 21 u 22. Btu wiacrepsl Ajsi
pPHK Bwmecte ¢ HekoTopbiMu gornonHuTeIbHbIMU yyacTKamu JIHK Ha-
3BIBAIOTCS AOPHUUKOGHIMU OPeAHU3AMOPAMU, TIOTOMY YTO SITPBHIIIKO MO-
JKeT ObITh 00PA30BAHO KaXKABbIM MX HUX. SAPBIIIKY PacioOXKeHbI B KJie-
TOUHOM SiIpe U IBJIstoTCs habprkamu 1o coopke pudbocom. CylilecTByeT
6osnee 80 TMMOB pUOOCOMHBIX OeKOB. OHM CUHTE3UPYIOTCS B ILIUTOII-
Jla3Me M MUTPUPYIOT B siIpo, e oHu cBs3biBaloTcs ¢ pPHK, kotopast
CUHTE3UPYETCs B SIAPBILLIKE. B KaXKIOM sApBILLIKE HAKAIIMBAETCS TAKXKe
MHOXKECTBO JIPYTMX OEJIKOB, IJie OHW NPUHUMAIOT YyJacThe B COOpKe pu-
6ocoM. Kpome Toro, B cOopke pOOCOM yJacTBYIOT HEOOJIbIIIE HEKOIM-
pytomie PHK Heckonbkix tTnmoB. B xpomocome 1 pacrionoxkeH elie
ONIMH KJIacTep TaHAEMHO TMOBTOpsitonmxcsi reHoB mist 5S-pPHK, xoto-
past TakKe SBIISIETCS BaXKHBIM KOMITOHEHTOM pUOOCOM.

Jlucnepeupoeannsie
nosmopsaiouuecss noc1e008ameibHocmu

Jlucnepeuposannsie nosmopsowuecs nocie008amenbHOCMU Yauje 8ceeo
pasbpocansl no eeHomy hno omadeavHocmu, a He kaacmepamu. CorjaacHo
pa3Mepy WX TMOApa3NessTioT Ha JABE TPYIIbL: JUIMHHBIE TUCIIEPTUPO-
BaHHbIE 2JieMeHThI, obo3Hauaemble Kak LINE (Long INterspersed
Elements), 1 KopoTKue AUCIeprupoBaHHbIC 3JIEMEHTbI, 00O3Havae-
mbie kKak SINE (Short INterspersed Elements). O6a xiracca sIBIISIIOTCS
TTOABVKHBIMU (MOOMJIBHBIMI) TEHETUIECKUMU JIEMEHTaMU, KOTOPBIE
Ha3bIBAIOTCS pempomparcno3onamu. TTOTHOCTHIO (DYHKIIMOHUPYIOIIUIA
PeTPOTPAHCIIO30H CIIOCOOEeH pa3MHOXAaTh JIMOO caM cebst, 11bo pom-
CTBEHHBIE MOCIENOBATEIBHOCTH, KaK 3TO OYyAET OMUCAHO B CIEIyIO-
mem ab3are. PeTpoTpaHCMO30HBI MOTYT BO3HMKATh KakK PETPOBUPY-
ChI, KOTOPBIE MBI PACCMOTPUM B IJ1. 4 u 6.

OOHUM U3 8adNCHEUUUX KAACCO8 OUCNEPSUPOBAHHBIX NOBMOPAIOUAUXCS
nocaedosamensrocmetl seasemes LINE-1 uau epynna L1, kotopast ripe-
CTaBJieHa B TeHOMe uesioBeka B koimuecTBe 10 500 000 konuii U coctaB-
JigeT nipuMepHo 15% ot Bcero reHoma. bosbiimHeTBO 31eMeHTOB L1
SIBIISTIOTCST YKOPOUYEHHBIMM KOTMSIMU TIOJTHOLIEHHBIX €IMHULI, JUTMHA KO-
TOpPBIX cocTaBisieT 0Koj10 5000 IT.H., HO HECKOJIBKO ThICSY 37IeMeHTOB L1
nmetoT nojHyto uiiHy. Tonbko 40—50 u3 HUX QYHKIMOHAIBHO aKTUB-
HBI, T.e. OHU KOJAUPYIOT HECKOJIBKO OEJIKOB, KOTOPBIE CITOCOOHBI BHI3bI-
BaTh TPAHCIO3ULINIO MO0 caMoro ajemMeHTa L1, 1100 HEKOTOPBIX ApYy-
TMX MOOMJIbHBIX 3JIEMEHTOB. DjieMeHThI L1 HecyT 1Ba reHa (Ha3bIBaeMbIX
OTKPBITEIMU paMKamu cunThiBaHus — ORF) (cm. puc. 1.7). ORF1 koau-
pyeT OeJIoK, CBSA3BIBAIOIIUICS ¢ HYKJIeMHOBbIMU KucaoTamu (p40), ORF2



[Tlosmopsrowasca THK \QD

AnemeHT L1 B reHome

ORF1 ORF2
T p40 EN RT o
o TpaHckpunuus | W NPOLECCUHT o
MPHK
Tpaucnauus 1 cBasbiBaHue 6enka p40 ¢ MPHK
S'Nww 3
Happes (nick) OHK-muwenn 3HAOHYKneason EN
1 cuHte3 k[AHK ¢ nomouwpio obpatHoii TpaHckpunTassl RT

MPHK
S’AAA/:/‘
kOHK

Cunte3 BTopoi uenu AHK
W BCTpauBaHue B XPOMOCOMY

Puc. 1.7. Perporpancnioszuist anementa L1

(ORF1 1 ORF2 — reHbl, Ha3bIBacMbIC B JAHHOM CJIy4ac OMKPbIMbIMU PAMKA-
mu cuumoiéanus (open reading frame). ORF1 konupyet oqun 6enok p40, a ORF2
komupyeT aBa Oeiaka: EN — sHmoHykieady 1 RT — obOpaTHyio TpaHCKpUIITasy.
Benok p40 nmeer Bbicokoe cpoacTBo Wist csa3biBanust ¢ PHK u o6pasyer pubo-
HyKsieonporernHoByio yactuily ¢ PHK anementa L1. OnHOBpeMEHHO OH SIBIISIET-
sl 1IATrIePOHOM IS HYKJIEMHOBOM KUCJIOTBI, M 3Ta €r0 aKTMBHOCTb HEOOXOaMMa
st perporpaHcnosuiu L1. DHmoHykieaza EN ocyiiecTBiseT Haape3 reHoM-
Hoii IHK, BcriencTBue yero craHoBUTCSI BO3MOXKHBIM cuHTe3 KIIHK mo marputie
MPHK ¢ nomoliipio o6patHoii TpaHckpunrtassl RT. — Ipum. nep.)

KOIUPYET U oOpamuyto mpanckpunmasy (bepMEHT, KOTOPbIA UCMOJIb3YET
MPHK kak MaTpuily M co3maeT KOMIUIEMEHTapHYIO €if OIHOIETouey-
nHyto JHK-koruto, x[IHK) u sndonyraeasy, koropas mpou3BOaUT HaJ-
pe3bl B reHoMHoi JIHK, kyma moxer BcTpauBatbest HoBass K HK.
Korma MPHK u3 snemenTa L1 TpaHciupyercs, To 0O0pa3ylolimecs
0eIKM OOBIYHO CBSI3BIBAIOTCS HermocpeacTBeHHO co cBoeil MPHK. Ta-
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kot koMmruteke 0enka ¢ PHK mepemenaercs B simpo, rime sHOOHYKIIea3a
paspezaet onny u3 uerneir JJHK, u B pesynbrate obpasyercsi cBoOOI-
HBII KoHell. OOpaTHas TPaHCKPWIITa3a MCITOJNb3YeT 3TOT CBOOOMHBIN
KoHel B KauectBe 3aTpaBku u co3naeT JJHK-xomuio MPHK snementa
L1. B koH1e KoH1I0OB obpa3yetcs BTopas uenb KJIHK u aByHuteBas
MOJIEKyJIa BCTPaMBaETCSl B XPOMOCOMY Ha MECTO OJHOHUTEBOTO pa3pbl-
Ba. Mbl 10 cMX IOp He 3HaeM, Io4YeMy TOJbKO 4YacThb 2jeMeHTa L1
SIBJISIETCSl HanboJiee YacThiM MPOAYKTOM PETPOTPAHCIIO3UIIUU.

Cuuraertcsi, YTO OOpaTHasl TPaHCKPUITa3a OTBETCTBEHHA TaKXKe 3a
00pa3oBaHNE NPOUECCUPOBAHHBIX Ncesdo2eros, KoTopbie sipisitoTcest JIHK -
konusimu MPHK 1 kotopbie BcTpauBaroTcsi B MecTa, HEPOJICTBEHHbBIC
(HEroMoJIOTMYHBIE) UCXOMHOMY T'€HY, M3 KOTOPOTO MPOU30IILIa CKO-
nupoBaHHas MPHK. TIpouieccupoBaHHbIe TCeBIOreHbI HE copepxkar
WHTPOHOB U OOBIYHO HECTTOCOOHBI SKCITPECCUPOBATHCS B BUIE TTOJTH-
METNTHUAOB (XOTS MHOT/IA U CIyJaloTcsl UCKimoueHus ). [Iporcxonur ato
60 M3-3a TOTO, YTO OHM HE MMEIOT PETYISITOPHBIX MOCIeI0BATEIb-
HOCTel, 1100 IMOTOMY, YTO OHU coaep:xkaT MyTauuu. [IceBmoreHs! (kak
MPOIIECCUPOBAHHbIE, TaK M OOBIUHBIE) JTOBOJBLHO PACIpPOCTPaHEHbI U
B TeHOMe 4esioBeka cocTapisiioT 0,5—1%. Hanpumep, cekBeHHpOBa-
HUE XpOMOCOMBbI 22 BbIsIBUIIO 134 miceBnoreHa.

Haubonbmmii kinacc anementoB SINE coctouT 13 mocienoBaTesib-
HocTeli Alu (HazBaHME TIPOMCXOAMT OT Ha3BaHUS (PepMEHTa PeCTPUKIINN
Alu I — sHaoHykieasbl, kotopast pacuierisier JIHK B mecrax Haxoxme-
HUST CrIeMMUUHBIX KOPOTKMX TOC/EIOBATEILHOCTE M MOXKET MCITOJb-
30BaThCs TSI BbIpe3aHUsl rociienoBatebHocTeit Alu u3 reHomHoit JIHK)!.
B reHome yeoBeka HaXOMUTCS TMTPUMEPHO MUJUTMOH TIOC/IEIOBATEIBHO-
creit Alu, kotopele paBHsieTcss npumepHo 10—12% sceit JHK. InuHa
OCHOBHOM emMHUILIBI cocTaBisgeT mpuMepHo 300 m.H., HO B Kiacce Alu
CYIIECTBYET MHOTO Pa3IMUHBIX MTOCIeA0BaTeIbHOCTE. B OCHOBHOM OHU
HaxXOAITCsl MEXIy F'eHaMW M BHYTPU MHTPOHOB, HO M3peaKa OHU MOTYT
obITh BKIoueHbl B MPHK. TlocnenoBarenbHocTi Alu He KOAMpyIoT Oel-
KOB, U TIO9TOMY OHU HECIOCOOHBI CaMU TepeMelaThCsl U3 OMHOTO MecTa
B apyroe. OnHaKo MHOTWE MocaeaoBaTeIbHOCTU Alu TpaHCKPUOUPYIOT-
Csl, 1 Ha MX KOHILIAX CYILIECTBYIOT HEKOTOPbIE KOPOTKHUE TTOCIIEIOBATEb-
Hoctu, TonooHbie PHK y smementoB L1. ITostoMy pacrnpoctpaHeHO
MHEHUe, YTO (pepMEHTBI, KOTOPbIC MTPOU3BOASTCS 31eMeHTamu L1, yua-
CTBYIOT B pempomparcnosuuuu nocaedogameavrnocmeii Alu, XOTs1 OKOHYA-
TeJIbHBIE JOKA3aTeIbCTBA 3TOTO BCE €Ile He TOTyYeHBI.

' B cBoto ouepenb Alu 0603HAYaeT UCTOYHUK PECTPUKTA3Bl — a30T(PUKCUPYIO-
e 6akrepun Arthrobacter luteus.





