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KHUCAOTA

(AHK)



Ae3okcunpubonykaennoBaa kucaora? (AHK) — oauH u3 AByX THIIOB
HYKACHHOBBIX KHCAOT, OOECIICYNBAOIINX XPAHEHUE, IIEPEAAYY U3 IIOKOACHHUS B
ITOKOACHUE U PEAAU3AINIO TEHETHIECKOHN IIPOTrPAMMBI PA3BUTHSA U
dyHKIIIOHEIpPOBAaHMA KUBHIX OpraHu3MoB. OcHoBHasa poab AHK B kaeTKax —
AOATOBpeMEHHOE XpaHeHne nHdopmaruu o crpykrype PHK 1 6eaxos.

B kaeTtkax sykapmoT (Hampumep, :KkuBOTHBIX HAH pactenni) AHK maxoamTcs B sape
KACTKHA B COCTaBE XPOMOCOM, 4 TAK/KE B HEKOTOPBIX KACTOYHBIX OPIaHOMAAX
(MHTOXOHAPHAX U ITAACTHAAX). B KAETKAX ITPOKAPHOTHYIECKHX OPraHU3MOB (OaKTepHu
1 ApXEN) KOABIIEBAA UAU AMHEUHAA MOAEKYAQ AHK, Tak BaspiBaeMbIi HYKACOHA,
MIPUKPEIIACHA U3HYTPH K KACTOYHOU MEMOpaHe. Y HUX U Y HU3IIUX 3YKAPUOT
(HaTIpIMED, APOACGKEN) BCTPEYIATOTCH TAK/KE HEOOABIIIE ABTOHOMHEIE,
IIPEUMYIIECTBEHHO KOoAbLieBbIe MOAEKYABl AHK, HazsBaemble m1aazmMuaamu. Kpome
TOTO, OAHO- UAU AByxuenodeansie MoAeKyAsl AHK moryr oopasossBars rerom AHK-
COAEPIKAIIUX BIPYCOB.

C xummaeckoit Toukn 3perusa, AHK — o510 AAmHHAA HOAMMEpHAs MOAEKYAQ,
COCTOAIIAA U3 IIOBTOPAIOIIUXCA OAOKOB, HYKACOTHAOB. KaKABIIT HYKACOTHA COCTOUT
M3 a30THCTOTO OCHOBAaHUSA, caxapa (Ae30kcupro603a) u docdarHon rpymmel. Casu
MEKAY HYKAGOTHAAMU B IIEITH OOPA3YIOTCA 32 CUET AC3OKCHPHO03a B PocdaTHON
rpymisl. B moaaBAfromnem OOABIIHHCTBE CAYYaEeB (KPOME HEKOTOPBIX BUPYCOB,
coaepxxarmux oaronenodeunyro AHK) makpomoaekyaa AHK cocront u3 AByx merren,
OPHUEHTHPOBAHHBIX a30THUCTBIMU OCHOBAHHUAMHU APYT K APYTY. DTa ABYXIIEIIOYCIHAS
MOAEKyAa cruupasn3osana. B meaom crpykrypa moaekyasr AHK nmoayamaa HasBanue
«ABOITHOM CITHPAAID.



= B AHK Bcrpewaercs derspe BmAa a30THCTEIX OCHOBAHUN (AACHUH,
I'YAHUH, THMUH U IIMTO3WH). A30THCTBIE OCHOBAHHUA OAHOU U3 IIETIEH
COCAMHEHEI C a30TUCTBIMA OCHOBAHUAMU APYTOU LIETTH BOAOPOAHBIMU
CBA3AMHU COTAACHO IIPUHITAITY KOMIIAEMEHTAPHOCTH: AACHIH
COEANHAETCHA TOABKO C THMHIHOM, TYAaHIH — TOABKO C ITHTO3HHOM.
[TocAeAOBATEABHOCTD HYKAEOTHAOB ITO3BOAAET KKOAUPOBATDY
nHPOPMAITHIO O pasAangHbIX Turax PHK, manboaee BaxabME 13
KOTOPBIX ABAAIOTCA HH(POPMATHOHHEIE, mAN MaTpraHble (MPHK),
puoocomaspnbie (pPHK) i tpancnopraere (TPHK). Bee stu tnmer PHK
cuaTesupyrorca Ha Matpure AHK 3a caer konmmposanns
nocaeaoBaTeabaoCcTH AHK B mocaepaoBaTeapnOoCcTh PHK,
CHHTE3UPYEMOU B IIPOIECCE TPAHCKPHUIIITUH U IIPUHUMAIOT YIACTHE B
omocuHTe3e OEAKOB (IIportecce TparcAaAnun). [ lommmo koampyrommx
rrocaeaoBateApHOCTEH, AHK KAETOK COAEPKUT ITOCAEAOBATEABPHOCTH,
BBIITOAHSTOIITHE PETYAATOPHBIE M CTPYKTYpHBIE (DyHKIUH. Kpome Toro, B
I€HOME SYKAPHUOT YaCTO BCTPEUAFOTCA YIACTKHI, IPUHAAAECKAIIINE
"TeHEeTHYECKNM [TApa3UTaM ', HAIIPUMEDP, TPAHCIIO30HAM

s Pacmmudposka crpykryper AHK (1953 r.) ctana oAHEM 13 HOBOPOTHEIX
MOMEHTOB B ICTOPUH OMOAOTHHU. 32 BBIAAFOIITHICA BKAAA B 3TO
otkperTie Pponrcucy Kpuky, Axeiimcy Yortcory, Moprcy YuakuHcy
ObIAa TIpUCYxA€HA HobOeaeBckas mpemus Mo (PU3MOAOTHH T MEAUITHHE

1962 r.
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HyKAeHHOBbIe KHUCAOTBI

= HykaenmHOBBI€ KUCAOTBI (OT AQT. nuclens —
AAPO) — BBICOKOMOAEKYAAPHBIEC OPTAHUYCCKUE
COCAMHEHUS, OMOITOAMEPHI
(TOAMHYKAEOTHABI), OOPA30BAHHBIE OCTATKAMU
HYKA€OTHAOB. Hykaennoswie kmcaoTer — AHK
u PHK mipucyrcrByroT B KAETKAX BCEX KUBBIX
OPIraHW3MOB U BBIITOAHAIOT BAKHEHIITIE
PYHKIINI IO XPAHEHUIO, IIEPEAAYTN T
PEAAU3AIINHI HACAEACTBEHHON MH(POPMAITIH.



|l emeTka

s ] eHeTHuKA HACAEGACTBEHHOCTH U M3MEHYUBOCTH.
Yacre 00Omenr omororuu. Eé AOCTHKEeHUS
VICIIOAB3VIOTCA B OOAACTH TEHHOM HMH/KEHEPHL.



buroAormueckas KM3HD

buoaornueckas >KU3Hb — 9TO OCOOO€ COCTOSTHUE MATEPHH,
OTAMYAOIIEE OMOAOTHYECKHAE OPTAaHU3MBI OT HEOPTAHIUYIECKUX
OOBEKTOB, T. €. HEKUBBIX, MEPTBBIX OPTAHU3MOB, AOCTHUTIAEMOE 32
CYET CAEAYIOIIUX IIPOLECCOB:

IIOBEAECHIIE
META0OAM3M
pocT
PA3MHOKECHIE
Pa3BHUTHE
TOMEOCTA3



KaAerka

s Kaerka — saemenTapHas eAMHHUIIA CTPOCHUSA U
’KHU3HEAEATEAPHOCTH BCEX KUBBIX OPIaHU3MOB (KPOME BUPYCOB,
O KOTOPBIX HEPEAKO TOBOPAT KAK O HEKACTOYHBIX popmMax
’KH3HH), OOAAAAFOITIA COOCTBEHHBIM OOMEHOM BEITIECTB,
CITOCOOHAA K CAMOCTOSTEABHOMY CYITIECTBOBAHUIO,
CaMOBOCIIPOH3BEACHHUIO U Pa3BUTHIO. Bce uBble OpraHn3Mer
AMOO, KAK MHOTOKAETOYHBIC JKUBOTHBIC, PACTCHUSA U IPUOBI,
COCTOAT U3 MHOKECTBA KACTOK, AOO, KAK MHOTHE IIPOCTEHIIIHIE
Y OAKTEPUH, ABAFIOTCA OAHOKAETOYHBIMU OpraHn3Mamu. Pasaea
OMOAOIMH, 3AaHUMAIOIIHICA U3YICHUEM CTPOCHUS U
’KU3HEACATECABHOCTU KACTOK, IIOAYINA HA3BAHUE IIUTOAOTHH. B
IIOCACAHEE BPEMS IIPUHATO TAKKE TOBOPUTH O OMOAOTHH KACTKH,
VAU KAeTOUYHOU Onoaornu (aHrA. Cell biology).



udopmanmen. Mladpopmarius

-

HNudopmanueitr (0T Aat. mformatio — «HayIeHUEY», <CBEACHHUE», OIIOBEIIICHUE))
HA3BIBAFOTCA CBEACHUS, TO €CTh 3HAHIIA — HAYICHHUEY», <CBEACHHUEY», KOITOBEITICHUEY)
HA3BIBAIOTCA CBEACHUSA, TO €CTh 3HAHUSA, IIEPEAABAEMBIC CUCTEMOI 3HAKOB —
«HAYIECHHUEY», «CBEACHHEY, «OITOBECITICHUE») HA3BIBAFOTCSA CBEACHUS, TO €CTh 3HAHUS,
IIEPEAABAEMBIEC CHCTEMOIT 3HAKOB AFOOOTO poAall] — «HaydeHmEY, «CBEACHHEY,
«OITOBEITICHHEY») HA3BIBAIOTCA CBEACHISA, TO €CTh 3HAHMSA, IIEPEAABACMBIC CHCTEMOTT
3HAKOB ATOOOro poaa[l]. TouHOE OOmIETPpUHATOE OIIPEAEACHHE OTCYTCTBYET, BBUAY
OTCYTCTBHA OOAEE OOIIEro N3BECTHOTO MOHATHA (YTO TAKOE 'CBEACHHA' TOXKE HHKOMY
He n3BectHO). [loaromy morsaTHE "HHMOPMAINA" TPUHATO OIIPEACAATD YEpeE3 ee
cBoiicTBa (ToA0OHO mtousATHIO "Marepusd'), T.e. UHOOPMAILIMA - s10 siBACHHE,
KOTOPOE XaPAKTEPU3YETCA HAAMYINEM NCTOYHUKA, [IPUEMHIKA, KAHAAA CBA3H U T.A. K
COKAACHIIO MHOTHE U3 CBOMCTB MH(OPMAIINH, HAIIPUMED, ''CMBICA', €Ilie He BITOAHE
ITO3HAHBI HAYKOI, 9TO €IIIe DOAEE 3aTPYAHACT (DOPMYAUPOBKY TOYHOIO OIIPEACACHUS.
B XX Beke TepmuH «nHGOpPMALIHM OBIA BBEACH B PAAE HAYIHBIX OOAACTEH, IIOAYIUB
OCOOBIE AAfl HUIX TOAKOBAHUSA U OIIPEACACHUA..

HNudopmanuda ecTb CIIOCOOHOCTh CHCTEMBI IIOAAEPKUBATE CBOFO IIEAOCTHOCTB. B
CAMOM AEAE, PACCMOTPHUM KAACCUYECKUI CAyYall, KOTAQ MBI IMEEM UCTOYHUK
HAOPMALIHN, AUHHUIO, II0 KOTOPOIT IEPEAAETCS 3Ta HHAOPMAITHsA, U IIPUEMHIUK,
KOTOPBIH ITOAYYIAET 3Ty HH(popmarnuro. Ha ka:xAOM ypOBHE 3TOHM CTPYKTYPEL MBI
AOAKHBI HAOAFOAQTh CBOIICTBO IEAOCTHOCTH, MHAYE HH(OPMAITNA HUKOTAA HE AOUAET
AO TIPUEMHUKA, HAHU IIPUAET K HEMY B HCKQKEHHOM BHAE, HAH IIPUEMHUK OYAET He



PHK (puboHyKAEHHOBBIE KHCAOTHI

PHK (punOoHYyKA€MHOBBIE KMCAOTBI) — HYKACHHOBBIE KUCAOTBI, AMHEITHBIC
IIOAIMEPEL HYKACOTHAOB, B COCTAB KOTOPBIX BXOAAT OCTATOK OPTOOCHOPHOIT
KICAOTEL, pr0o03a (B otamane ot AHK, coaeprxarmeit Ae30kcuprO03y) 1 a30THCTEIE
OCHOBAHUA — AACHHUH, [TUTO3UH, TYaHUH U ypauA (B otamaue ot AHK, coaepxarieint
BMecTO yparmaa TumuH). PHK coaep:xaTcs TAaBHBIM 0Opa3oM B IIUTOIAA3ME U
MHUKPOCOMAX KUBOTHBIX U PACTUTEABHBIX KACTOK. DTH MOAEKYABI COACPIKATCA B
KAETKAX BCEX KUBBIX OPTraHU3MOB, 2 TAKKE B HEKOTOPBIX BHPYCAX.

Kaerounsie PHK 06pasyroTcs B X0A€ Iporiecca, Ha3bIBAEMOTO TPAHCKPHUIIITUEH, TO
ects cuaTe3a PHK Ha matpune AHK, ocymectBAasieMOro crermaAbHBIME (DEPMEHTAME
— PHK-mmoammepazamm. 3arem marpuunere PHK (MPHK), mpurumaror yaactue B
IIPOIIECCE, HA3BIBAEMOM TPAHCAAIIUEH. T paHCAAIINA — 9TO CHHTE3 OCAKA Ha MATPHUIIE
MPHK npu ygactum pubocom. [Iporecc rrepeBeaeHNA reHeTHIeCKON HHOPMALTHN OT
reaomuor AHK B popmy PHK ¢ mocaeayrormmm cuntsBannemM ee puOOCOMOM,
OCYIIECTBAAIFOIIIEN CHHTE3 OEAKA, ABAAETCA OCHOBHBIM CIIOCOOOM PEAAU3AITIN
FeHETHIECKOU HH(OPMAITUH OPraHU3MA U HA3BIBAETCH (IIEHTPAABHOU AOTMOM
MOAEKyAsipHOM 6moAorum» (central dogma of molecular biology).




B oramune ot aABynenodeunsix Mmoaekya AHK, mrpeacTaBAfrOImx coOom peryAspHyro
AVHEHHYIO CTPYKTYPY B KOTOPOM BCE HYKACOTHABI OAHOU IIEIIH OOPA3YIOT BOAOPOAHBIE CBA3H C
HYKACOTHUAAMH KOMIIAEMEHTAPHOU LIenu, AAfl OAHOLIenodeuyHbix PHK xapaxkrepHbl
Pa3HOOOPA3HBIE IIPOCTPAHCTBEHHBIE CTPYKTYPHL, B KOTOPBIX 9aCTh HYKACOTHAOB OAHOI U TOM K€
LIEIIN CITAPEHBI MEKAY co00It. HekoToprre BeicokocTpykrypupoBarnuasie PHK npuamMaror
y9acTHE B METAOOAH3ME KACTKH, HarpuMep, Tparcroptasie PHK cayxar aas y3HaBanusa
KOAOHOB B IIPOIIECCE CHHTE3a OEAKA U AOCTABKI COOTBETCBYIOIINX AMIHOKHUCAOT, PUOOCOMHBI
PHK BxoafT B coctaB pudocoM, maasie saepubie PHK nmpunmmaroT yaactue B criaaricuare
sykapuotndeckux MaTpuaHbix PHK 1 1. A. [ToMumo Toro, uro moaexkyast PHK BxoasT B cocras
HEKOTOPBIX (DEPMEHTOB (HaIIp., TeAoMepassl) y HekoTopeix PHK oOHapyxena coocTBeHHAsA
SH3UMATHYIECKAS AKTUBHOCTD, HAIIPUMEDP CIIOCOOHOCTHh BHOCHUTD PAa3PHIBBI B APYIHE MOACKYABI
PHK maAmn, Hao60por, «ckaeuBate» ABa PHK-dpparmenTa. Takue PHK HaseBarorcs pubosnmamu.

1PHK — tpancnopraas PHK
pPHK — pubocomaspnas PHK
MPHK — marpranas uan nadopmarmonnas PHK

MAPHK — manad aaepras PHK



beAxm

beAku (TpoTenHBI) — CAOKHBIE BBICOKOMOAEKYAAPHBIE IPUPOAHBIC
OPTraHUYECKHUE BEIIECTBA, IOCTPOECHHBIE U3 AMIHOKHUCAOT, COEAMHEHHBIX
IIEIITUAHBIME CBA3AMH (T.€. OCAKHU - 9TO J1uHelHb1e TIOAUMEPEI AMIHOKICAOT).
[TocAeAOBATEAPHOCTh AMHHOKHCAOT B OCAKE OIIPEACACHA TEHOM 1
3aIT(PpOBAHA B TEHETUIECKOM KOAE. XOTs Ha IIEPBBIA B3TASA MOMKET
IIOKA3aTbCsA, YTO HaAmdne «BCero» 20 BHAOB aMHHOKHCAOT OTPAHUIUBACT
pa3sHOOOpas3ue OEAKOBBIX CTPYKTYP, HA CAMOM AEAE KOAMYECTBO BAPHAHTOB
TPYAHO HEPEOIEHUTD: AAS IIEITOYKU BCETO U3 5 AMUHOKHUCAOT OHO COCTABASET
y2Ke OoAee 3 MUAAHNOHOB, a nerrouka u3 100 aMrmHOKHCAOT (HEOOABIIION
OEAOK) MOKET OBITB IIpeAcTaBAcHA ODoAee ueM B 10130 BapmanTax. Aas
BBIIIOAHEHUS OIIPEACAEHHON (DYHKIIHH 3a94CTYIO TPEOYeTCA COBMECTHOE
y9aCTHE HECKOABKIX Pa3HBIX OCAKOB. beAkn gacto cBszpBaroTcs, hopmMupys
CTAOHABHBIE KOMITAEKCHL. OIIpeAeACHIIE AMIHOKICAOTHOM
ITOCAEAOBATEABHOCTH IIEPBOIO OEAKA, MHCYAHHA, METOAOM CEKBEHUPOBAHUSA
oeAxoB ripuHecAo Ppeaepuky HobOeaesckyro mpemmuro B 1958 roay. Ilepseie
TPEXMEPHBIE CTPYKTYPBI OCAKOB - FTEMOTAOOHMHA T MUOTAOOMHA - OBIAT
Pa3PEIIEHEI METOAOM AU PAKIINN PEHTICHOBCKUX AYYEl, COOTBETCTBEHHO,
Maxkcowm Ilepyriem n Askorom Kerapro B 1958 roay, 3a aro B 1962 onn
rmoAyanAr HoOeAeBCKyIo IpeMHuIo 110 XUMUH.



| loammep

IToAMep — BBICOKOMOAEKYASIPHOE COCAMHEHHE, BEMIECTBO C OOABIIION
MOAEKYASPHOH MAaCCOH (OT HECKOABKHUX TBICAY AO HECKOABKUX MUAAHOHOB), B
KOTOPOM aTOMBI, COEATHEHHBIE XUMIYECKIMH CBA3AMU, OOPa3yIOT AMHEIHBIE
HAHW PAa3BETBACHHBIC IIEIIH, 4 TAKXKE IIPOCTPAHCTBEHHBIE TPEXMEPHBIE
CTPYKTYpPBL. HYacTO B €r0 CTPOEHUN MOKHO BEIACAUTH MOHOMEP —
ITOBTOPSAOIITUICA CTPYKTYPHBIN (DPATMEHT, BKAIOYAFOIIIHA HECKOABKO
atroMoB. [loanmep oOpasyeTcss 13 MOHOMEPOB B PE3YABTATE ITOAUMEPHU3AITI.
K moamMepamMm OTHOCATCA MHOTOYHUCAEHHBIE IIPUPOAHBIE COEAMTHEHUSA: OCAKH,
HYKAEHMHOBBIE KUCAOTBL, HOAMCAXAPUABL, KAYIYK U APYTHE OPTraHUYIECKUE
BEIIEeCTBA. B OOABIIMHCTBE CAY9IaEB ITOHATHE OTHOCAT K OPTAHUYECKIM
COEAMHEHUAM, OAHAKO CYIIIECTBYET U MHOKECTBO HEOPTAHUYECKUX
IIOAUMEPOB. bOABIIIOE YHMCAO IOAMMEPOB HOAYIAIOT CUHTETUYECKUM ITyTEM
Ha OCHOBE IIPOCTEUIITNX COEAMHEHNUU 9AEMEHTOB IPUPOAHOIO
IIPOUCXOKACHUA HYTEM PEAKITUN ITOAUMEPUIAINN, IOAUKOHACHCAITUU U
XUMHYIECKAX IIPEBPAIICHUM.



A30THUCTBIE OCHOBAHUSA

A30THCTBIE OCHOBAHUA — [E€TEDOIMKANYECKIE OPIAHIIECKIE COCANHEHUS,
IIPOMU3BOAHBIEC IMPUMHUANHA 1 IIYPHUHA, BKOAAILINE B COCTAB HYKACHMHOBBIX
KICAOT. K HIM OTHOCAT aA€HUH, T'YaHUH, TUMUH, IIUTO3UH U YPAITHA.

AACHI/IH 1 I'YaHHH ABAAROTCA HpOI/ISBOAHbIMI/I HypI/IHa, 4 IMTO3HUH, ypaL[I/IA "
THUMUH — HpOI/ISBOAHbIC HI/IpI/IMI/I,A,I/IHa.

Tumua npucyrctByT ToAbko B AHK, B pHOOHYKAECHHOBEIX KHCAOTAX €rO
3aAMEHAET YPAIUA, KOTOPBIU OTAUYAETCH OT TUMHUHA OTCYTCTBUEM METUABHOU
TPYIIIEL § 5 aTOMA YTAEPOAA.

A30THCTBIE OCHOBAHHUSA, COCAUHAACH C MOAEKYAOHU PHOO3BI HAH
AE30KCHPH0032a, OOPA3YIOT HYKACOZUABL. HyKACO3HABL, B KOTOPBIX K 5'-
JTAEPOAY Caxapa IPHCOECAMHEHBI OAHA MAT HECKOABKO (POCEATHBIX TPYIILL,
HA3BIBAFOTCA HYKACOTHAAMUIAZOTHCTBIE OCHOBAHUSA, COEAHHSAACH C MOAEKYAOM
PHOO3BI MAU AC30KCHPHO032, OOPA3YIOT HYKACO3HABL. HykAeo3nasL, B
KOTOPBIX K 5'-yTACPOAY caxapa IPHUCOCANMHEHBI OAHA HAH HECKOABKO
docdaTHBIX TPYIIII, HA3BIBAIOTCA HYKACOTHAAMH, KOTOPBIE U ABASIOTCH
CTPOUTEABHBIMI OAOKAMU MOAEKYA HYKACHHOBBIX KHCAOT —
AHKA3OTHCTEIE OCHOBAHUSA, COEAHUHSAACH C MOAEKYAOU PHOO3EI HAHT
AE30KCHPH0032a, OOPA3YIOT HYKACOZUABL. HyKACO3HABL, B KOTOPBIX K 5'-
JTAEPOAY Caxapa IPHCOECAMHEHBI OAHA MAT HECKOABKO (POCEATHBIX TPYIILL,
HA3BIBAFOTCSA HYKACOTHAAMH, KOTOPBIE U ABAAFOTCSA CTPOUTEABHBIMUA OAOKAME
MOACKUVA HVKATTHORBIX KticAoT — AHK 1 PHK




OprodocopHad KUCAOTA

Oprodocdopnaa kucaora (H3PO4) — 1BEpAOE BemmecTBo Ipu
KOMHATHOU TEMIIEPATYPE, OECLBETHBIE TUTPOCKOIIMYHBIE KPUCTAAABI C
aotHOCTBIO 1,87 r/em?. Moasipaas macca 98 r/moab. Temireparypa
nAaaBAeHus +42.35 °C. [lpu temmeparype Beire 213 °C mpesparmaercs B
mmapodocdopryro kucroty H4P20O7. Ogens xopommo pactBopuMa B BOAE
(548 r 1a 100 r H20 mpu 20 °C); 0Osraa0 0pTOdOCHOPHO (MAH IIPOCTO
dpochopHOIT) KHCAOTOI HA3HIBAFOT €€ KOHIIEHTPHUPOBAHHBIN BOAHBII
pacTtBOp (OecrBeTHAS JKHAKOCTD Oe3 3amaxa). PacTBopmMa Takke B 9TAHOAE U
APYTHX OOBIYHBIX PACTBOPHTEAAX.

Vcrmroas3yercs B nurieBerx A00aBkax (E338), a takixe npu maiike B kadecTBe
dAroca (IO OKUCAEHHOU MEAH, TIO YEPHOMY METAAAY, ITO HEPKABEIOIIEH
CTAAN), AAl ICCAGAOBAHUU B OOAACTH MOAEKYAAPHON OMOAOIHH
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MarpuvaHas puOOHYKACHHOBAA KUCAOTA

OcHoBHbIe 3Ta1E! KU3HEHHOTO ITuKAa MPHK sykapuor

Marpuanas pubonykaennosas kucsora (MPHK, cunonmv — nagopmarmonnas PHK,
nPHK) — PHK) — PHK, orseuaromas 3a rrepeHoC I/IH(popMauHH O IEPBUYHOU CTPYKIVPE)
— PHK, orBewarormmas 3a nepeHoc HHPOPMAIIIH O TEPBIIHOM CTPYKType oeakos ot AHK)
— PHK, OTBEYAIOIIAA 32 IIEPEHOC MH(OPMALIHH O IIEpBUYHOM cTpyKType 6eakoB or AHK k
MecTaMm cuHTe3a beakos) — PHK, oTBewaromias 3a mepenoc mH(OpMATIN O IEPBUIHON
crpykrype 6eakoB or AHK k mecram cunresza 6eaxoB. MPHK cunresupyercs va ocaose AHK
B XoAe Tpanckpurmn) — PHK, orBedaromas 3a mepenoc ma(opMaun o IepBUIHON
crpykrype 6eakoB or AHK k mectam cunrtesza 6eakoB. MPHK cunresupyercs aa ocaose AHK
B XOA€ TPAHCKPHUIIITUN, IIOCAE YETO, B CBOIO OYEPEAD, HCIIOAB3YETCA B XOAE TDAHCAAITIIT) —
PHK, orBeuarormas 3a rreperoc naHdoOpManum o epBuaHoM crpykrype 6eaxkos ot AHK k
mectaMm cuHTe3a 0eakoB. MPHK cunresupyerca va ocaose AHK B x0A€ TpaHCKpHIIITHH, TTOCAE
YE€ro, B CBOIO OYEPEAD, UCIIOAB3YETCH B XOAE TPAHCAAIINN KAaK MATPHIIA AASl CHHTE32 OEAKOB.
Tem camerv MPHK urpaer BazkHy®0 poAb B «arposasaeHum» (9kcipeccun) — PHK, orBewarormasn
3a IIepeHOC NHQOpMaIHu O IIepBUIHON cTpykType 6eAkoB or AHK k Mectam cuHTE3a OEAKOB.
MPHK cuaTesupyercsa ra ocuose AHK B X0A€ TpaHCKpHIIITIHI, TIOCAE YETO, B CBOIO OYEPEAD,
HICIIOAB3YETCH B XOAE TPAHCAAIINN KaK MATPHIIA AAA CHHTe3a OeAkoB. Tem cambiv MPHK
UTPAET BAKHYIO POAD B «IIPOABACHUM» (IKCIIPECCHU) LCHOB.

Aanza Tummmason 3peaort MPHK cocraBafieT OT HECKOABKHX COTEH AO HECKOABKHX TBICAY
nykAeoTHAOBAAMHA TuImaHON 3perort MPHK cocraBafeT oT HECKOABKHX COTEH AO
HECKOABKUX TBICAY HYKACOTHAOB. Camble aoaumaabIe MPHK ot™Medensr y (+)orr PHK-
coaepaamux pupyvcosAamna tTunmgaon 3peroit MPHK cocraBasier oT HECKOABKUX COTEH AO
HECKOABKUX TBICAY HYKACOTHAOB. Camble aoauaabIe MPHK ot™Medensr y (+)orr PHK-
COAEPIKAIIIIX BUPYCOB, HAIIPUMEP LKOpHABIPYCOBAAMHA THIIIYHOU 3pesort MPHK
COCTaBAfIET OT HECKOABKIX COTEH AO HECKOABKHX THICAY HYKACOTUAOB. CaMble AAMHHBIE
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PrOocomaabHBIE PUOOHYKAEHTHOBBIE
KHUCAOTBI

s PubocomaabHbIE pHOOHYKACTHOBBIE
kucAoThl (pPPHK) — mHeckoabko MoAekyA
PHEK) — meckoapko Mmoaekya PHK
COCTABASFOIITIX OCHOBY PHOOCOMBI) —

HeCKOABKO MOAekyA PHK cocraBagrormmx

OCHOBY prOOCcOMBI. OCHOBHOH (DYHKITHEH
pPHK saBaAserca ocyiiectBAeHIE IIpOIIECCa
TPAHCAAIIN) — HECKOABKO MOAEkyA PHK

COCTABASIFOIITIX OCHOBY prOOCOMBEL. OCHOBHOM
dyukmuenr pPHK aBaserca ocymrecrsaenne

TTITOOTTACCCA TODODIOYIOCAYDTITIAIAN —- CUITTVTRARIRAIIIA9d



TPHK

= TPHK — PHK, dyaxnmeir kotopoit ABagercs
TpaHCcIopTHpPOBKa amurokucAoT — PHK| pyrkmuest kotopoin
ABAACTCA TPAHCIOPTUPOBKA AMUHOKHCAOT K MECTY CHUHTE32
oeaka — PHK, dyrkmmeir koTopoit ABAdeTCA TPAHCIOPTUPOBKA
AMHHOKHCAOT K MecTy cuHTe3a Oeaka. TPHK Takxe mpuHmmarot
HEIIOCPEACTBEHHOE YIACTUE B HAPAITUBAHUN ITOAUIIEIITHAHOMI
IIEIIN, IIPUCOCAVHAACH — OYAYYH B KOMITAEKCE C
AMHHOKHICAOTOU — K aHTHKOAOHY MPHK — PHK| dpyrkmuen
KOTOPOU ABAAETCA TPAHCHOPTUPOBKA AMHHOKHUCAOT K MECTY
cuHTe3a Oeaka. TPHK Takke mpumHIMArOT HETTOCPEACTBEHHOE
yIACTHE B HAPAIIIUBAHUU ITOAUMICIITUAHOH IIEIIN,
IIPUCOEAMHAACH — OYAYYH B KOMIIAEKCE C AMIHOKHCAOTOH — K
aaTnKOAOHY MPHK 1 oOecrieunBas HEOOXOAUMYIO AAS
0OPa30BAHUA HOBOM ILIEITUAHOI CBA3Y KOH(DOPMAITIHI
KOMITACKCA.
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TPYKTYyPa MOAECKYABI

|=|,I/ITO3I/IH

ApneHo3nHMoHodocdaT

TuMuH

CTpyKTYypbl OCHOBaHUIN, Hanbosee Yacto BcTpevarowmxca B coctase AHK, n npumep Hykneotuaa, ns
koTopbix coctont AHK — ageHosnHmoHodocdaT (AMP)



vio vuidilha WULWUPMRUVE VILITUIT DI TTpribuoArincnnul U 11U J THUJTU/RT VIV R Ud)\dpy
Oe30Kcnpmnbose, K KOTOpoMY Takke vepes rmukosngHyto cesdb (C—N) no 1'-nonoXxeHuto
npucoeanHeHo OgHO 13 YeTbipex a3oTUCTbIX OCHOBaHMW. IMeHHO Hanun4due
XapaKTepHOro caxapa u coctaBnseT ogHO 13 rnaBHbIX pasnuymn mexay OHK n PHK,
3a(prKCMpoBaHHOE B Ha3BaHMAX 3TUX HYKITEMHOBLIX KMCIOT (B coctaB PHK Bxoant
caxap pubosa). [Npumep HykneoTnga — ageHo3nMHMOHoocdaT — rae oCHoBaHWUeE,
npucoeanHeEHHoe K docdaty n pubdose, 3TO adeHWH, NoKa3aH Ha PUCYHKE.
icxoaa u3 CTpyKTypbl MONEKYS, OCHOBaHUA, BXOASALLME B COCTaB HYKNeoTuaoB.,
pasgensaoT Ha ABe rpynnbl: NypuHbIICXoaa 3 CTPYKTYPbl MOMEKY, OCHOBAHMUA,
BXOASILLME B COCTAB HYKITEOTMOOB, pa3gendatoT Ha ABe rpynnbl: NypuHbl (aaeHmnHcxoas
N3 CTPYKTYPblI MOSIEKYI, OCHOBaHWUSA, BXOASLLME B COCTAB HYKIIeOTUAOO0B, pa3aenstoT Ha
aBe rpynnbl: NypuHbl (aaeHnH [A] n ryannHcxoasa ns CcTpykTypbl MOMEKY, OCHOBaHUS,
BXOASILLME B COCTAB HYKIIEOTMAOB, pa3dendatoT Ha ABe rpynnbl: NypuHbl (ageHuH [A] v
ryaHuH [G]) obpasoBaHbl COEANHEHHBIMU MATU- N LUECTUYNEHHbLIM
rerepounknammhicxoas n3 CTpykTypbl MOSEKYST, OCHOBaHUS, BXOASLLME B COCTaB
HYKIeoTNa0B, pasaensatoT Ha ABe rpynnbl: NypuHbl (aaeHuH [A] n ryaHunH [G])
obpasoBaHbl COEANHEHHbLIMU NATU- N LUECTUYSIEHHbLIM FrETEPOLIMKNAMMU;
nnpnMuanHeiAicxons n3 CTPYKTYpbl MOSEKYN, OCHOBAHUA, BXoAsILLME B COCTaB
HYKIeoTNa0B, pas3aensatoT Ha ABe rpynnbl: NypuHbl (aaeHuH [A] n ryaHunH [G])
obpa3oBaHbl COEANHEHHBIMWU MNATU- N LUECTUYNEHHBIM reTepounKnamMm; NMPUMNOnHbI
(uMTO3MHMCX0OA U3 CTPYKTYPbl MOMNEKYI, OCHOBaHUA, BXOASLWNE B COCTAB HYKNeoTUAoB.,
pasgensaroT Ha ABe rpynnbl: NypuHbl (ageHuH [A] n ryaHnH [G]) obpa3soBaHbl
COEAUHEHHBIMU NATU- U LLUECTUYSIEHHBIM reTepouuKiaMmu; NTMPUMUAnHLI (LUTO3UH [C] 1
TUMUH [T]) — WECTUYNEHHBLIM FrETEPOLMKITOM.
B Bunae vcknodeHuns, Hanpumep, y 6a|<TeD|/|od)araB BUAE VCKITIOHEHNS], Hanpwvlep y
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ABOIHAA COUPAAB

s [loammep AHK 00AapaeT AOBOABHO CAOKHOI CTPYKTYPOH.
HyKA€OTHABI COEAMTHEHBI MEKAY COOON KOBAACHTHO B AAMHHEBIE
NOAUHYKACOMUOHBIE TIETT. DTU IIEITH B IIOAABASIOIIIEM OOABIITIHHCTBE
CAy4IaeB (KpOME HEKOTOPBIX BUPYCOB, OOAAAAFOIIIIX
oaronerogeaynsiMu AHK-reromamn), B cBO¥O OYEPEAB, IIOTTAPHO
OOBEAMHAIOTCSA TIPU IIOMOLIN BOAOPOAHBIX CBA3CH B CTPYKTYPY,
ITIOAYYIUBIIYIO Ha3BAHUE 060410t cnupasy . OCTOB KAKAOHM U3 LI
cocrouT u3 yepeayromuxca dhocdaros . OCTOB KaKAOHU U3 IIEIIEH
COCTOUT U3 depeAyromuxcsa pocdatoB u caxapos . OCTOB KaKAOU U3
IIEIIEH COCTOUT U3 YepeAyrormuxca dpocdaros u caxapon. PocdaTHble
. OcTOB KaKAOIT U3 IENEN COCTOUT U3 YepeAyrornuxcsa pocdartos u
caxapoB. Pocdarubie rpymmer popmMupyroT dochoansdupmere cBA3m
MEXKAY TPETBUM U IIATBIM ATOMAMH JTAEPOAA COCEAHHX MOAEKYA
AE€30KCUPHUOO3BL, B PE3YABTATE B3AUMOACHCTBHUA MEKAY 3'-
ruApokcuAbHON (3' —OH) rpyniror oAHOI MOAEKYABI
Ae30KcHpu003el 1 5'-docdaruon rpymmoii (5' —PO3) aApyroii.
Acnmmerpranbie ko e AHK wassarores 3' (rpu npum) u 5'
(1111 TIDUM). [ JOASITDHOCTD IIEIIM MIDAET BAKHVIO DOAB IIDM CHUETE3E




Kak y>e 6b1510 cKasaHo Bblille, Y NogaBnsowero 0onbWMHCTBA XuBbIX opraHnamos AHK
COCTOUT He N3 OgHOW, a 13 ABYX NOSIMHYKNEOTUAHbIX Lenen. 3Tn ABe ANMMHHbIE Lenu
3aKpy4YeHbl 0OgHa BOKPYr ApYyron B BUaAe ABOMHOW criMpanu, ctabunmanpoBaHHOM
BOAOPOAHBLIMU CBA3sAMMU, 0B6pasyowmMMmnca Mexay odbpalleHHbIMU APYr K Apyry
a30TUCTbIMM OCHOBaHMAMU BXOOSALWMX B HEE Lenen. B npupoge ata cnupans, Yalle
BCEro, npaBo3akpy4vyeHHas. HanpaeneHus ot 3' KOHUA K 5' KOHUY B ABYX Lensax, U3
KOTOpbIX cocToUT Mosekyna OHK, npoTnBononoXxHobl (Lenu «aHTunapaniesnbHb» apyr
apyry).

LLinpnHa asorHomn cnivpanu coctasnseT oT 22 go 24 A (adrcrpemllnpuna aBoiiHom
cnvpanu coctasnset oT 22 go 24 A (anrctpem), unun 2,2 — 2.4 Hadomerpa, AnvHa
kaxgoro HykneoTtuaa 3,3 A (0,33 HaHomeTpa). [Mogo6HO TOMY, Kak B BUHTOBOW NECTHULIE
cbOKy MOXHO yBMOETb CTYNEHbKU, Ha ABoMHOM cnupanun OHK B npomexyTkax mexay
doochaTHbIM OCTOBOM MOJEKYSbl MOXXHO BUAETb pebpa OCHOBaHWMK, KOSibLia KOTOPbIX
PAacCrOSIOXKEHbI B NMIIOCKOCTU, NEPNEHANKYSIAPHON NO OTHOLLUEHUIO K MPOAOSIbHON OCKU
MaKpOMOJSIEKYIIblI.

B aBoviHon cnupanu pasnuyatot manyto (12 A) n 6onbluyio (22 A) 6oposaku. Benku,
HanpumMmep, PakTopbl TPAHCKPUMLLMK, KOTOPbIE NPUCOEANHAIOTCA K ONpeaeneHHbIM
nocrnegoBartenbHoCcTaAM B AByxuenodedHon [QHK, oOblMHO B3anMOOENCTBYIOT C KpasiMu
OCHOBaHuM B bosnbLon 6opo3ake, rae Te 6onee AOCTYIMHbI.




ABYXMEPHBIE CITUPAAT

AByXMepHBIE CIIIPAAU

AByXMepHas CIIIPAAb MOKET OBITh OIIICAHA B IIOASIPHBIX KOOPAUHATAX, OIIPEACAUB
DAAMYC 7 KAK HEIIPDEPBIBHYIO KAK HEIIPEPBIBHYIO MOHOTOHHYVIO KaK HEIIPEPHIBHYIO
MOHOTOHHYIO (DVHKIIHIO OT yrAa ¢. OKpy:KHOCTD. OKPYKHOCTD MOKHO CUUTATH
BBIPO’KACHHBIM YaCTHBIM CAYYAEeM CHHPAAU (PYHKIIHA HE CTPOrO MOHOTOHHA, 4
ABASETCA KOHCTAHTON).

HexoTopsle n3 HanOOAEE BaKHBIX THIIOB ABYXMEPHEBIX CITHPAACH:
ApPXHMEAOBA CITUPAAD!

L] 5
Crmpasp Pepma:
u 5

[ mrepOoAmYecKas CIIMPAAD!

u b

Aorapudmudeckas ClIMpaAb:

=,
Crupass PudonaganCrimpass PUOOHAYIN U 30A0TAA CIIUPAAD — YACTHBIE CAYYAH
AOTAPU(PMHIIECKOI CITUPAAH.

TpéxmepHsble cimpasu



TpéxmMepHBIE CITUPAAT

Kak n B AByxmMepHOM criyyae, r — HenpepbIBHYIO — HeMNpepbIBHYIO MOHOTOHHYIO —
HernpepbIBHYIO MOHOTOHHYO (OYHKLIMIO OT 2.

[1na NpoCTbIX TPEXMEPHBLIX cnupanen TpeTbs nepeMmeHHasa h — Takxke HenpepbiBHasA
MOHOTOHHas PyHKUMA OT 7. Hanpumep, KOHMYecKas BUHTOBasa NuHua. Hanpumep,
KOHMYEeCKasi BAHTOBAsA NIMHNA MOXET ObITb onpeaeneHa Kak cnuparb Ha KOHUYECKOW
NOBEPXHOCTN C PACCTOAHMEM OT BEPLUMHbI KaK 3KCMOHEHUMaNnbHOW PyHKUMEN OT 2.
[na crioXHbIX TPEXMEPHbIX Cnnparnen, Kkak, Hanpumep, cgpepuvyeckasi cnupasb, h
BO3pacTaeT C pOCTOM ? C OAHOMN CTOPOHbI OT TOYKU N YObIBAET — C APYroWn.
Cdepunyeckasn cnupanb

Cohepuyveckasi cnupanb (fiokcoapoma (nnokcogpoma) — 3To KpuBast Ha cdepe,
nepecekarwasa Bce MepunanaHbl (JJokcogpoma) — 9TO KpuBas Ha cdpepe,
nepecekarowasd Bce MmepuanaHbl Nog O4HUM YriioM (He npambiM (Flokcogpoma) — 370
KpuBas Ha cdepe, nepecekaroLlas Bce MepuanaHsl nog ogHMM yriom (He npsiMbiM). OTa
KpuBas nmeet BeckoHevyHoe (JToKcogpoma) — 3TO KpuBas Ha cdpepe, nepecekatroLlas
BCE MepuauaHbl Nog o4HUM YoM (He npamMbiM). OTa KpuBasi uMeeT beCKoHeYHoe
4YUCI10 BUTKOB. PaccTtosiHne mexay HUMmn yobiBaeT no Mepe npubnmkeHnsa K ogHOMY U3
MOJIHOCOB.

Tena, umerowgue opmy cnupanu

PakoBrHaPakoBuHa y DpHOXOHOIMxX

LinTockener aykapmot

Cnupanb MexaHnyeckux Yacos

LinknoHUmnknoH, AHTULIMKNOH










B 3aBMCMMOCTM OT KOHLUEHTPAaLMN NOHOB N HYKNEOTUAHOIro coctaBa MOJSIeKysbl, ABOMHASA
cnupanb OHK B X1BbIX opraHn3max CyLlecTByeT B pa3Hbix doopmax. Ha pucyHke (cnesa
Hanpaso) npeactaeneHsl A, B n Z dopmbl



OOpasoBaHUuEe CBA3EU MEXKAY
OCHOBaHUAMHU

Kaxaoe ocHOBaHIE HA OAHOU U3 ILIEIIEH CBA3BIBACTCA C OAHUM OIIPEACAECHHBIM OCHOBAHUEM Ha
BTOpOU nenu. Takoe creruduyaeckoe CBA3bIBAHNE HA3BIBACTCA KOMIIAEMEHTAPHBIM.

[ IypunbiKaxaoe OCHOBaHHE Ha OAHOM U3 IIEIIEH CBA3BIBACTCA C OAHUM OIIPEACACHHBIM
OCHOBAaHHEM Ha BTOPOH IEIn. 1aKoe CIEU(PUIECKOE CBA3BIBAHNE HA3BIBACTCH
KOMIIA€MeHTapHBIM. [ lypuHBl KOMIIAEMEHTAPHBI IupuMUANHAMKAKAOE OCHOBAHIE HA OAHOU U3
IICTIETT CBA3BIBACTCA C OAHUM OIIPEACAEHHBIM OCHOBAHHUEM Ha BTOPOM Ieru. Takoe
crrenuUYIECKOE CBA3BIBAHIE HA3BIBACTCA KOMIIAEMEHTAPHEIM. | [ypHHBI KOMITAEMEHTAPHBI
MUPUMHUAUHAM (TO €CThb, CLIOCOOHBI K OOPa30BAHUIO BOAOPOAHBIX CBA3EH C HUMH): AACHIH
00pPa3yeT CBA3U TOABKO C THMHUHOM, a4 IIHTO3HH — C TYaHUHOM. B ABOMHON CIIMpAaAU IIEITOYKH
TAK/KE CBA3AHBI C IIOMOIIBIO I'MAPO(OOHEIX cBA3erKakAOe OCHOBAHNE HA OAHOM U3 IIEIIEH
CBA3BIBACTCSA C OAHUM OIIPEACAECHHBIM OCHOBAHHEM Ha BTOPOU Iemn. 1akoe crernuduyeckoe
CBA3BIBAHNE HA3BIBACTCA KOMIAEMEHTAPHBIM. | [yprHBI KOMIIAEMEHTAPHBI TUPUMUAUHAM (TO
€CTb, CIIOCOOHBI K OOPa30BaHUIO BOAOPOAHBIX CBA3EH C HUMH): AaACHUH OOPA3yeT CBA3U TOABKO C
TUMUHOM, a4 IUTO3UH — C TYaHUHOM. B ABOMHOII clIMpaAl IIEIOYKH TaKKE CBA3AHBI C
IIOMOIIIBIO THAPO(POOHBIX CBA3EU M CTOKUHTA, KOTOPBIE HE 3aBHUCAT OT IIOCACAOBATEABHOCTH
ocuoBanun AHK.

KomiraeMeHTApHOCTD ABOMHOI CIIIPAAN O3HAYACT, ITO HHAOPMAITHSA, COACPIKAIIAACA B OAHOM
LIEIIN, COACPIKUTCH U B APyroit nern. OOpaTHMOCTh U CHENU(MPUIHOCTD B3ANMOAECHCTBAI MEKAY
KOMITAGMECHTAPHBIMU ITapaMu OCHOBaHNH BakHA AAf peraukarimua AHK u Bcex ocraapHbIX
dbyukmuin AHK B xuBBIX Oprannsmax.

Tak Kak BOAOPOAHBIE CBA3M HEKOBAACHTHEL |'aK KAK BOAOPOAHBIE CBA3H HEKOBAACHTHBI, OHU

AETKO Pa3pHIBAIOCA U BOCCTAHABAUBAIOTCA. LIeMOYKH ABOMHOM CHIUPAAU MOTYT PACXOAUTHCH KaK

3aMOK-MOAHUS IIOA ACHICTBHEM (DEPMEHTOB (XEAMKA3bI) HAH IIPU BBICOKOU Temiieparype. Pasuere
‘ o ’ POy —

T T




XuMUdeCKue MOAN(PUKAITNU
OCHOBAHUU

s  Crpykrypa XpoMaTUHA BAUAET HA TPAHCKPHUIIIIUIO T€HOB: YIACTKU
reTePOXPOMATUHA (OTCYCTBUE UAU HU3KUU YPOBEHDb TPAHCKPUIIITUI
reHOB) KOppeAanpveTCTPYKTypa XPOMATHHA BAUAECT HA TPAHCKPUIIIHAIO
I€HOB: YIACTKU I€TEPOXPOMATUHA (OTCYCTBHE HAU HU3KUH YPOBEHD
TPAHCKPUIIIINU T€HOB) KOPPEAUPYET C METHAUPOBAHUEM
nuTo3snHACTPYKTYPa XPOMATHHA BAUAECT HA TPAHCKPHUIIITUIO I'€HOB:
YVIACTKH I€TEPOXPOMATHHA (OTCYCTBUE UAU HU3KUM YPOBEHD
TPAHCKPHUIIIIUU T€HOB) KOPPEAUPYET C METUAUPOBAHUEM ITUTO3UHA.
Hamprmep, METHAUPOBAHNE IIUTO3HHA C OOPAa30BAHUEM 5-
METHALIUTO3UHA BAXKHO AAA HMHAKTUBAIIMU X-XPOMOCOMBICTPYKTYpa
XPOMATUHA BAUAET HA TPAHCKPHUIIIIUIO T€HOB: YIACTKU
reTepOXPOMATUHA (OTCYCTBUE UAU HU3KUU YPOBEHDb TPAHCKPUIIITUI
I'€HOB) KOPPEAUPYET C METUAMPOBAHUEM U TO3MHA. Hanpumep,
METHAHPOBAHHUE MUTO3MHA C OOPA3OBAHUEM 5-METHAITUTO3NHA BAXKHO
AAfl THAKTUBAITUHU X-XPOMOCOMEL. CPEAHHN YPOBEHDb METUAUPOBAHUSA
OTAMYAETCH V DA3HBIX ODTAHU3MOB. Tak V HeMaToOABl Caenorbabditis eleoans




NHTepKannpoBaHHOE XMMUYECKOE COeANHEHME, KOTOPOE HAaXOAUTCS B CepeanHe
crnvpanu - 6eH30n1MpeH, OCHOBHOM MyTareH Taba4yHoro abima



IloBpexxaenue AHK

AHK mozxer mospemxaaTses pasaooopasubeivu MyraremaMu/AHK mozkeT moBpexaaTses
Pa3HOOOPA3HBIMU MyTareHaMu, K KOTOpeIM oTHOCATCA okucaaronme AHK MoxeT moBpexaarses
Pa3HOOOPA3HBIMU MyTar€HaMH, K KOTOPBIM OTHOCATCSH OKHCAsArormue u askmanpyvromume AHK
MOZKET ITOBPEKAATHCA PA3HOOOPA3HBIMU MYTar€HAMH, K KOTOPBIM OTHOCATCSA OKHCASIFOIINE H
AAKHAMPYIOIIINE BEIIECTBA, 4 TAKKE BBICOKO3HEpreTndeckas sAekTpomarunTHas paamarma AHK
MOZKET ITOBPEKAATHCA PA3HOOOPA3HEIMU MYTareHaMH, K KOTOPBIM OTHOCATCSH OKHCASFOIIIIE U
AAKHAMPYIOIIINE BEIIECTBA, 2 TAKKE BBICOKOHEPreTUIeCKasd SACKTPOMATHUTHAA PAAUAITIA —
vabTpacduoreToBoe AHK MozkeT mOBpekAaThCA pa3HOOOPA3HBIMU MYTar€HAMH, K KOTOPBIM
OTHOCATCH OKHUCAAFOINHE U AAKHAUPYIOIIINE BEIIIECTBA, 4 TAKAKE BBICOKOIHEPIeTHIECKAs
9AEKTPOMATHUTHAA paAdanusa — yAbTpacdroseToBoe u penrrenosckoe nsayaenune AHK mozxer
IIOBPEKAATHCA PA3HOOOPAZHBIMUA MyTaI€HAMH, K KOTOPBIM OTHOCATCSH OKHCASAOIIUE 1
AAKHAMPYIOIIINE BEIIECTBA, 2 TAKKE BBICOKOIHEPreTUIeCKasd SACKTPOMATHUTHAA PAANAITIA —
VABTPA(HOAETOBOE B PEHTIEHOBCKOE m3AydeHue. 1 mospexaernsa AHK 3asucur ot trma
myraresa. Hampumep, yarrpadpuoser nmospexaaer AHK myrém oOpazoBaHms B HEH AUMEPOB
TUMHHA, KOTOPBIE OOPA3YIOTCA IIPH OOPA3OBAHNN KOBAACHTHBIX CBA3EIH MEKAY COCEAHUMU
ocHoBaHUAMU. OKCHAAHTSHI, Takue Kak cBoOoAnbie pasnkaAblAHK MozxkeT mmoBpexaarses
Pa3HOOOPA3HBIMU MyTar€HaMH, K KOTOPBIM OTHOCATCSH OKHCASFOIIHE U aAKHAHPYIOIIIIE
BEIIIECTBA, 4 TAKKE BBICOKOHEPreTUIeCKasd SACKTPOMATHUTHAA PAAHAITIA — YABTPA(PHOAETOBOE
U peHTreHoBckoe n3aydenue. Tum nospexaenus AHK saBucut ot tama myrarena. Hampumep,
yabTpacduoaet mospexaaer AHK myrém obpasoBanms B HElT AMMEPOB THMHHA, KOTOPHIE
0OPa3yIOTCA IIPU OOPA3OBAHNH KOBAACHTHBIX CBA3EH MEKAY COCEAHUMU OCHOBAHHUAMH.
OKCHAAHTBL, TAKHE KaK CBOOOAHBIE PAAUKAABI HAH Irepeknch BoAOPoAaAHK mozxer
ITIOBPEKAATHCA PA3HOOOPAZHBIMUA MyTaI€HAMH, K KOTOPBIM OTHOCATCH OKHCASAOIIUE 1
AAKHAMPYIOIIINE BEIIECTBA, 4 TAKKE BBICOKOHEPreTUIeCKasd SACKTPOMArHUTHAA PAANAITIA —
VABTPA(HOAETOBOE B PEHTIEHOBCKOE m3AydeHue. 1un mospexaernsa AHK 3asucur ot trma
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CynepckpyueHHOCTD

s FcAwm B3ATbCA 32 KOHITEI BEPEBKU M HAYATh CKPYYINBATH UX B
Pa3HBIE CTOPOHEBI, OHA CTAHOBUTCS KOPOYE U HA BEPEBKE
OOPA3YIOTCA «CYIIEPBUTKI». | aKiKe MOKET OBITh CyIIEPCKPYIEHA
u AHK. B oosraaoMm cocrosamuu rierrouka AHK Aeaaer oann
oboport Ha KaxkAble 10,4 ocHOBaHMSA, HO B CYIIEPCKPYIEHHOM
COCTOSIHUH CITHPAAB MOKET OBITh CBEPHYTA TYKE UAH
pacIAeTeHa. BeIAeAAIOT ABa THIIA CYIIEpCKPYIHBAHUA:
ITOAOKUTEABHOE — B HAIIPABACHUN HOPMAABHBIX BUTKOB, IIPH
KOTOPOM OCHOBAHHSA PACIIOAOKEHBI OAWKE APYT K APYTY; U
OTPHUIIATEABHOE — B IPOTHUBOIIOAOKHOM HaIIpaBAeHUU. B
ipupoae MOAEKYAR AHK 0OBIHO HAXOAATCA B OTPHUITATEABHOM
CYIIEPCKPYIUBAHUN, KOTOPOE BHOCHTCHA (DEPMEHTAMI —
TorronzomepasaMuE.cAT B3ATbCA 34 KOHITEI BEDEBKU M HAYATH
CKPYYHBATh UX B pa3HBIE CTOPOHBI, OHA CTAHOBHUTCA KOPOYE U HA
BEPEBKE OOPA3YIOTCA «CYIIEPBUTKIN. | aKiKe MOKET OBITH
cyrrepckpyuera u AHK. B oosrarom cocrosann riemouxka AHK
A€A2ET OAHH 000poT Ha KaxkAble 10,4 ocHOBaHMA, HO B
CVIIEDCKDVUYIEHHOM COCTOSHII CIIMDAABL MOJKET OBITH CBEDHVTA




CrpyKkTypBhl Ha KOHIIAX XPOMOCOM

Ha xoH1ax AmHeHBIX xpomMocomHa KOHITaX AMHEMHBIX XPOMOCOM HAXOAATCSA
cuermasusuposannsie crpykrypsl AHK, HaspBaembre reaomepamvmHa KoHITAX AMHENRHBIX
XPOMOCOM HAXOAATCSA CIIEITUAAU3SUPOBAHHBIE CTPYKTYPEI AHK, HassBaembe TEAOMEPAMIU.
OcnHoBHaA QYHKIHA 9TUX YIACTKOB — ITOAAECPKAHHIE IIEAOCTHOCTH KOHIIOB XPOMOCOM.
Teaomepsl Taxxe 3amuraror kousl AHK oT aerpasarunm sxsonykaeazammrHa konmax
AVHEWHBIX XPOMOCOM HAaXOAATCA crienuasnsupoBanubie crpykryper AHK, HaseBaembre
TeAoMepamu. OCHOBHAA (PYHKIIUA 3THX YIACTKOB — IIOAACPIKAHUE IIEAOCTHOCTH KOHIIOB
xpomocoM. Teromepsr Taxke sarmummnaroT KoHIEl AHK oT Aerpasarniun sk3oHyKA€a3aMU U
IPEAOTBPAINAIOT AKTHBAIIIFO CHCTEMbI PETIAPAITHHL. [Tockoarky oosrarere AHK-moammepassr ae
MOI'YT PEHAUITIPOBATEHA KOHIIAX AMHEHMHBIX XPOMOCOM HAXOAATCA CHEIITMAAU3ZUPOBAHHEIC
crpykryper AHK, Haseaemeie Teromepamu. OCHOBHAA (DYHKITNA STHX YIACTKOB —
IIOAAEPKAHIE IIEAOCTHOCTH KOHITOB XpoMOcOM. Teaomeps! Takixe 3armurnaror kouier AHK ot
AETPAAAITUN 3K30HYKAECA3AMU U IIPEAOTBPAIIIAIOT AKTUBAIINIO CUCTEMBI perraparuun. [TockoAbky
obsranbie AHK-moAnvepasst He MOIyT penmAunnpoBars 3' KOHIIBI XPOMOCOM, 9TO ACAACT
CHEITMAABHBIA (DEPMEHT — TEAOMEDA3a.

B kaerkax gyeAoBeka TeAOMEPBI OOBIYHO IIpeAcTaBAeHBI OAHOLeroueuHon AHK u cocrosT us
HECKOABKO TBHICAY ITOBTOPSArOIUXCcA eAnHHIT tocaeaoBareapHOCTH TTAITT. D1
IIOCA€AOBATEABHOCTH C BEICOKHM COAEP/KAHHEM I'YaHHHA CTAOMAU3HUPYIOT KOHITBI XPOMOCOM,
dopmupys OYEeHb HEOOBITHEIE CTPYKTYPHI, HadbiBaeMble G-KBaApyIIAckcaMuB KAeTkax geAoBeka
TEAOMEPBI OOBIYHO IIpeAcTaBAeHBI OAHOLenoueuHor AHK u cocrosiT u3 HeCKOABKO ThICAY
roBTopsroruxca eAnHurr mocaeaoBareabHocT TTAITT. D1 TOCAEAOBATEABHOCTH C BEICOKUM
COAEP/KAHUEM TYaHHHA CTAOMAU3HUPYIOT KOHITBI XPOMOCOM, cpopMprﬂ OYEHDb HEOOBIYHBIE
CTPYKTYPBI, HA3BIBACMEIC G- -KBAADYIIACKCAMH U COCTOAIIIIE 13 YETBIPEX, A HE ABYX
B3aHMMOAEHUCTBYIOIIUX OCHOBAHUN. YeThIpe T'YaHMHOBBIX OCHOBAHUSA, BCE ATOMBI KOTOPBIX
HAXOAATCA B OAHOU ITAOCKOCTH, OOPa3yIOT IIAACTUHKY, CTAOMAUSHPOBAHHYIO BOAOPOAHBIMU
CBA3SAMU MEKAY OCHOBAHHAMHU U XEAATUPOBaHIEMB KAETKAX YeAOBEKA TEAOMEPEL OOBIYHO
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buoaornueckue pyHkimm

AHK sBAsieTcs HOCUTEAEM TEHETHYIECKON HH(DOPMAITUH, 3AIIICAHHON B BHAC
ITOCAEAOBATEABHOCTH HYKACOTHAOBAHK ABAfIETCA HOCHTEAEM I€HETHIECKOMN
MHQOPMAIIIH, 3AIIMCAHHOIN B BUAE€ IIOCAEGAOBATEAPHOCTH HYKACOTHAOB C IIOMOIIIBIO
reaermaeckoro koAaAHK fBAfleTcs HOCHTEAEM TeHEeTHIEeCKON HH(DOPMALIHH,
3aIIMCAHHOU B BUAE IIOCACAOBATEABHOCTH HYKACOTHAOB C IIOMOIIBIO TEHETUIECKOIO
koAa. C moaekyaamn AHK cBfizaHBI ABA OCHOBOIIOAATAFOIITIX CBOYICTBA KUBBIX
opraHn3MoB — HacAeACTBeHHOCTBAHK ABAfIETCA HOCHTEAEM I€HETHYIECKOM
MHQOPMAIIIH, 3AIIMCAHHOIN B BUAE€ IIOCAEGAOBATEAPHOCTH HYKACOTHAOB C IIOMOIIIBIO
reaetmaeckoro koaa. C moaekyramu AHK cBfA3aHbBI ABa OCHOBOIIOAATAFOIIINX CBOMCTBA
’KHBBIX OPTaHU3MOB — HACAEACTBEHHOCTD 1 mamernunBocTbAHK ABAfeTCA HOCHTEAEM
I€HETHYECKON HH(DOPMAITIH, 3aIIMCAHHON B BHAE ITOCAEAOBATEABHOCTH HYKACOTHAOB
¢ moMoIIbio reHeTmaeckoro koaa. C moaekyaavu AHK cBszamsr ABa
OCHOBOIIOAQTAFOINHUX CBOMCTBA KUBBIX OPIrAHU3MOB — HACACACTBEHHOCTD U
M3MEHINBOCTE. B x0Ae mIponecca, HaspBaemoro perankarmmen AHK sBAsercs
HOCHTEAEM I€HETUIECKON NMH(POPMALIHH, 3AIIMCAHHON B BUAEC ITIOCAECAOBATEABHOCTH
HYKACOTHAOB C IIOMOIIBIO reHeTndeckoro koaa. C moaexkyaamu AHK cBsazaner ABa
OCHOBOIIOAQTAFOINHUX CBOMCTBA KUBBIX OPIrAaHU3MOB — HACACACTBEHHOCTD U
M3MEHINBOCTD. B x0A€ mIponecca, HaseBaemoro perankanuert AHK, oOpasyrorcs aAse
KOITMY ICXOAHOH ITEIIOYKH, HacAeAyeMble AoouepHIMH kaeTkamMunAHK aBasercs
HOCHTEAEM I€HETHIECKON NH(OPMALIHH, 3AIIMCAHHON B BUAEC ITIOCACAOBATEABHOCTH
HYKACOTHAOB C IIOMOIIBIO reHeTndeckoro koaa. C moaexkyaamu AHK cBsazaner ABa




Crpykrypa renoma

BoasmmucTtso mpupoarerx AHK mmeer AByXmermodednyro CTpyKTypy, AHHETHYEO
(avxapuoTrerboasmurcTBO MpupoAHbIX AHK mMeeT AByXIemouedHyro CTPYKIYPY,
AVHENHYIO (3YKapHOTHI, HEKOTOPHIe BupychiboabmmuHcTBO mpupoarsrx AHK nmvmeer
ABYXIICITOYEYHYIO CTPYKTYPY, AMHEHHYIO (3YKapHOTHI, HEKOTOPBIE BUPYCHI 1
OTAEABHBIE POABI DakTepuiiboabpmmaCTBO TpHpoAHEIX AHK mmeer
ABYXIICIIOYEYHYIO CTPYKTYPY, AUHECHHYIO (3YKapHOTHI, HEKOTOPHIE BUPYCHI 1
OTAEABHBIE POABI OAKTEPHIT) HAU KOABIIEBYIO (HDOKaDHOTbIBOAbLHHHCTBo
npupoAHbIX AHK mMeeT AByXIIEIOYEYHYIO CTPYKTYPY, ANHEHHYIO (9YKAPHOTHI,
HEKOTOPBIE BUPYCH X OTACABHBIE POABI OAKTEPUI) HAH KOABIIEBYIO (IIPOKAPHOTHL,
xaoporaacteiboapmmaCTBO TpHposHEXx AHK mMmeer AByxmerogednyro cTpykTypy,
AVHETHYIO (3YKAPHOTHI, HEKOTOPHIE BUPYCHL H OTAEABHEIE POABI OAKTEPHIT) HAN
KOABIIEBYIO (IIPOKaPHUOTHI, XAOPOIIAACTEL U MITOXOHAPUIBOABITIHCTBO IPHUPOAHBIX
AHK mmMeer ABYXIIETTOYEUHYIO CTPYKTYPY, AHHEHHYIO (3YKaPHOTEL, HEKOTOPHIE
BHPYCH X OTACABHBIE POABI OAKTEPHUIT) HAH KOABIIEBYIO (IIPOKAPUOTHL, XAOPOIIAACTHI
1 MHTOXOHAPpHN). AmHeiHyIo oaHOoLermogewnyro AHK coaep:xar HekoTopsie
srupycoiboapmmaCcTBO TpHposEEXx AHK mMmeer AByxmerogednyro CTpykTypy,
AVHENHYIO (3YKAPHOTHI, HEKOTOPBIE BUPYCHI H OTAEABHEIE POABI OAKTEPHIT) HAN
KOABIIEBYIO (IIPOKAPHOTEL, XAOPOIIAACTHl I MHTOXOHAPHM). \HHETHYEO
oaHorerrogeanyro AHK coaep:xaTt HeKOTOpBIE BUPYCH U
oaxrepuodarnboasmmuHcTBO HTpHposHBX AHK nmMmeer AByxmerogednyro cTpykTypy,
AVHENHYIO (3YKAPHOTHI, HEKOTOPHIE BUPYCHI H OTAEABHEIE POABI OAKTEPHIT) HAU
KOABIIEBYIO (IIPOKAPHOTEL, XAOPOIIAACTHl I MHTOXOHAPHM). \HHETHYEO
oanorerrouednyro AHK coaeprxar HekoTOpble BUPYCH 1 OakTeprmodaru. B kaeTkax




UacTo BcTpevatoLasaca doopmMma HeKOAUPYOLLKMX nocnegoBaTenbHOCTEN YeroBeka —
NnceBOOreHbI, KOMMU reHOB, MHAKTUBMPOBAaHHLIE B pe3ynbstarte myTtaumn[44]. 9tum
nocrenoBaTenbHOCTU HEYTO BPOAE MOSEKYSIAPHbBIX MCKOMAeMbIX, XOTS MHOr4a OHW MOTYT
CIYXXUTb UCXOOHbLIM MaTepuanom Ans aynnukauum u nocreayowen gMBepreHunm reHos
[45]. Opyron UCTOYHUK pa3Hoobpa3nsa OerikoB B opraHM3amMe, 3TO UCMOSIb30BaHNE
NHTPOHOB B KAQYECTBE «JIMHUW pa3pes3a N CKNENBaAHNSA» B anbTePHATUBHOM CNilanCUHre
[46]). Tenomepbl N LEHTPOMEPLI CcoAepKaT Manoe YMCNo reHoB, HO OHU BaXkHbl OS5
dYHKLUMOHMPOBAHMA U cTabunbHOCTU XpoMmocoM[36][43]. HacTo BcTpevatrowasaca goopma
HEeKOOMPYOLLKMX NocnegoBaTenbHOCTEN YerioBeka — NceBAoreHbl, Konuu reHos,
NHaKTMBUPOBAHHbIE B pe3ynbrate Mmytaunin[44]. 3tn nocnegoBaTensHOCTU HEYTO Bpoae
MOJSIEKYNAPHbIX NCKONAEMbIX, XOTS MHOr4a OHM MOTYT CIY>XXUTb UCXOAHBbIM MaTtepuasriom
Onsa gynnukaumm n nocneaywowen gmeepreHumn reHos[45]. [pyron NCTOYHUK
pa3Hoobpa3nsa 6enkoB B opraHM3me, 3To UCnofb3oBaHNE MHTPOHOB B KA4YE€CTBE «JIMHUW
paspesa 1 CKnenBaHna» B anbTepHaTUMBHOM cnnancuHre[46]. HakoHeu, Hekogmpyoume
©enok nocnegoBaTefibHOCTM MOTYT KOAUPOBaTb BcnomoraTtesibHble KrneTodHble PHK).
Terniomepbl U LEHTPOMEPLI coaepXaT Manoe Y1Cro reHOB, HO OHW BaXXHbl ON14
dyHKUMOHNPOBAHUA U cTabunbHOCTN Xpomocom[36][43]. HacTo BcTpevatowasacsa dopma
HEeKOOMPYOLLKMX NocnegoBaTenbHOCTEN YernoBeka — NnceBaoreHbl, Konnuu reHos,
NHaKTMBUPOBAaHHbIE B pe3ynbrate Mytaunmn[44]. 3Tn nocnegoBaTensHOCTU HEYTO Bpoae
MOJSIEKYNAPHbIX NCKONAEMbIX, XOTS MHOr4a OHM MOTYT CIY>XXUTb UCXOAHbIM MaTtepuasriom
Onsa gynnukaumm n nocnegywowen gmeepreHumm reHos[45]. [pyron NCTOYHUK
pa3Hoobpa3nsa 6enkoB B opraHM3me, 3To UCnofb3oBaHNE UHTPOHOB B KA4YECTBE «JIMHUW
paspesa 1 CKnenBaHna» B anbTepHaTUMBHOM cnnancuHre[46]. HakoHeu, Hekogupyrouwme
©enok nocnegoBaTefibHOCTM MOTYT KOANMPOBaTb BCroMoraTtesibHble KreTouHble PHK,
Hanpumep, uaPHK). Tenomepbl 1 LEHTPOMEPBLI coaepaT Maroe YUCrio reHoB, HO OHU



OHK reHoma bakTepuodara: potorpadpusa nog TPaHCMUCCUOHHbBIM
9NMEKTPOHHBLIM MUKPOCKOMOM




IlocaepOBaTEABHOCTH I'€HOMA, HE
KOAMPYIOIIHE OEAOK

= B macrosmee Bpems HakammAMBaeTCS BCE OOABIIIE AAHHBIX, IIPOTHBOPEYAIIIX
HAEE O HEKOAHUPYIOIIHX IIOCAEAOBATEABHOCTAX Kak «mycopHO AHK» (amra.
Junk DNA). Teaomeprr). Teanomepsr u rieHTpoMepErn). TeaoMepH n
IIEHTPOMEPHI COAEPKAT MAAOE YHUCAO TEHOB, HO OHH Ba/KHBI AAS
dDYHKIMOHMPOBAHUSA U CTAOUMABHOCTH XPOMOCOM. HacTO BCTpedaromiancs
dopma HEKOAUPYIOIITUX ITOCAEAOBATEABHOCTEH YEAOBEKA — IICEBAOTEHEL,
KOITMY T€HOB, MHAKTUBHPOBAHHBIE B PE3YABTATE MYTAIIIIT). € AOMEPHI 1
IIEHTPOMEPHI COAEPKAT MAAOE YHUCAO TEHOB, HO OHH Ba/KHBI AAS
dDYHKIMOHNPOBAHNSA U CTAOUMABHOCTH XPOMOCOM. HacTO BCTpedaromancs
dopma HEKOAUPYIOIIUX ITOCAEAOBATEABHOCTEH YEAOBEKA — IICEBAOTECHEL,
KOITMY T'€HOB, MHAKTUBHPOBAHHBIE B PE3YABTATE MYTAIIHH. DTH
ITOCACAOBATEABHOCTH HEUTO BPOAE MOAEKYASAPHBIX ICKOIIAEMBIX). T'eAOMEpPHI
I IIEHTPOMEPBI COAEPKAT MAAO€ UUCAO T€HOB, HO OHHU BAXKHBI AAfL
dDYHKIMOHNPOBAHMUSA U CTAOUABHOCTH XPOMOCOM. HacTO BCTpedaromiancs
dpopma HEKOAUPYIOIIUX ITOCAEAOBATEABHOCTEH YEAOBEKA — IICEBAOTECHEL,
KOITMY T€HOB, MHAKTUBHPOBAHHBIE B PE3YABTATE MYTAIIHH. DTH
ITOCAEAOBATEABHOCTH HEYTO BPOAEC MOAEKYAAPHBIX MCKOIIAEMBIX, XOTS HHOTAQ
OHU MOTYT CAYKHUTb HCXOAHBIM MaTEPHAAOM AAf AVIIAUKAITNI). T'eAOMEPH 1
IIEHTPOMEPHI COAEPKAT MAAOE YHUCAO TEHOB, HO OHH Ba/KHBI AAS
dYHKIMOHNPOBAHMUSA U CTAOUABHOCTH XPOMOCOM. HacTO BCTpedaromancs
dopma HEKOAUPYIOIINUX ITOCAEAOBATEABHOCTEH YEAOBEKA — ITCEBAOTEHEL,
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TpaHCKPHUIIIIUA U TPAHCAAIAA

I'enermyeckas uuopmarms, 3akopuposanaas B AHK, coaxHa ObITe IpOUnTaHa U B
KOHEYHOM HTOI'C BBIPAKEHA B CHHTE3€ PA3ANYHBIX OuonoAumMeposl enermaeckasn
nadopmarud, 3akoanposanHas B AHK, A0AKHA OBITh IPOYNTAHA U B KOHEYHOM
HUTOIE BEIPAKEHA B CHHTE3€ PA3AMYHBIX OHMOIIOAUMEPOB, U3 KOTOPBIX COCTOAT KACTKU.
ITocaeaoBaTeapHOCTD OcHOBaHUU B rertouke AHK Hanpsamyro onpeaeaser
IIOCAEAOBATEABHOCTD ocHOBaHmIT B PHKI enerudeckas nadopmarus,
zakoanposarHasg B AHK, coAxHa OBITE IIpOYNTAHA U B KOHEYHOM HTOTE BEIPAKCHA B
CHHTE3€ Pa3ANYHBIX OMOIIOAHMMEPOB, U3 KOTOPBIX COCTOAT KACTKH.
[TocaeaoBateapHOCTE OcHOBaHUU B riertouke AHK mHanpsamyro onpeaeaser
IIOCAEAOBATEABHOCTD ocHOBaHUI B PHK, Ha KOTOpYFO OHA «TIepenucrBacTCa» B
Ipolecce, HaspibaeMoM TpaHckpumnen. B cayaae MmPHKI enernaeckas
nadopmarud, 3akoanposanHas B AHK, A0AKHA OBITh IPOYNTAHA U B KOHEYHOM
HUTOIE BEIPAKEHA B CHHTE3€ PA3AMYHBIX OHMOIIOAUMEPOB, U3 KOTOPBIX COCTOAT KAETKU.
[TocaeaoBaTeapHOCTD OcHOBaHUU B rertouke AHK mHanpsamyro onpeaeaser
IIOCAEAOBATEABHOCTD ocHOBaHUl B PHK, Ha KOTOpYFO OHA «TIepenucrBacTCa» B
Impolecce, HazeiBaeMoM TpaHckpurnrueil. B caygae MPHK sTa mocaeaoBareAbHOCTD
OIIpeACAAET AMUHOKICAOTEI] eHeTnaeckas nadopmarnud, 3akoanposanHad B AHK,
AOAKHA OBITH IIPOYNTAHA U B KOHEYHOM HTOIEC BBIPAKECHA B CHHTE3E PA3ANYHBIX
OMOIIOAMMEPOB, U3 KOTOPBIX COCTOAT KAETKH. | loCA€AOBATEABHOCTH OCHOBAHHUII B
nenouke AHK mHampsamyro ompeaeaser mocaeaoBareAbHOCTD OcHOBaHUN B PHK, Ha
KOTOPYIO OHA «IIEPEIHUCHIBACTC» B IIPOIIECCE, HA3BIBAEMOM TpaHCKpuIuen. B caygae
MPHK aTa 110cA€A0BAaTEABHOCTD OIIPEAEAAET AMHHOKHCAOTH OeAKka. COOTHOIIIEHME
MEKAY HYKACOTHAHOH ITOCA€AOBAaTEABHOCTEIO MPHK 11 aMmmHOKHICAOTHOIT
TTOCAEAOBRATE ABHOCTLEIO OTTHEAEATETCTS TTDARITAAMIT TOATICAITTI ] emeTiraeckas




| emeTrueckumm KOA

I'eneTn?9yecKuii KOA — 5TO OIIPEAECACHHBIE COYETAHUA HYKACOTUAOB — 3TO
OIIPEACACHHBIE COYETAHUA HYKACOTHAOB U IIOCACAOBATEABHOCTD UX
pacroAoxxeHuA B MoAekyae AHK — 3T0 ompeaeAeHHBIE cOYeTaHUA
HYKACOTHAOB B ITOCACAOBATEABHOCTD UX pacroAoxeHusa B MoAekyAe AHK.
DTO CBOUCTBEHHBIN BCEM KUBBIM OPTaHU3MaM CIIOCOO KOAMPOBAHUSA — 3TO
OIIPEACACHHBIE COYETAHUA HYKACOTHAOB U IIOCACAOBATEABHOCTD UX
pacrroaoxerus B MoArekyae AHK. DTo cBONCTBEHHBII BCEM KUBBIM
OpPTaHU3MaM CIIOCOO KOAUPOBAHHUA AMUHOKICAOTHON — 3TO OIIPEACACHHBIC
COYETAHUA HYKACOTHAOB U IIOCACAOBATEABHOCTD UX PACIIOAOKEHUA B
MoAekyae AHK. DTo cBOMICTBEHHEBIN BCEM KUBBIM OPraHU3MaM CIIOCOO
KOAHMPOBAHHUA AMIHOKHUCAOTHOM ITOCAEAOBATEABHOCTH OEAKOB ITPH ITOMOIITI
IIOCAEAOBATEABHOCTH HYKACOTHAOB.

B AHK ucmoassyercs gersipe Hykacotuaa — aacunuaB AHK ucrioassyercs
yeTsIpe HykAeoTHAA — aAeHHuH (A), ryannaB AHK ncnoassyercs gersipe
HykAeoTHAA — aAcHUH (A), ryaruH (), nmurosuaB AHK wncroassyercs
geTBIpe HyKACOTHAA — aAeHUH (A), ryanuH (G), nurosuH (C), ruvuaB AHK
HICIIOAB3YETCSA YeThIpe HyKAeOoTHAA — aAcHUH (A), ryanuH (G), murosun (C),
TuMHH (1), KOTOpPBIE B PYCCKOA3BIIHON AUTEPATYPE OOO3HATAFOTCH OYKBAME
A, I, Il u T. O 6ykser cocraBasaror aadasutB AHK ncoassyercs gersipe
HykAeOTHAA — aAcHUH (A), ryanunH (G), nurosuH (C), TumuH (1), koTOpee B
PYCCKOASBIYHON AuTEpaType o0o3HavaroTca OykBamu A, I, [T u T. D1 OykseI



KomiiaeMeHTapHBIE HYKAECOTHABI

AAfl TOCTPOEHUA OEAKOB B IIPUPOAE UCIIOAB3YeTCA 20 pa3AHMIHBIX
AMIHTOKICAOT. KaKABIT OEAOK IIPEACTABAAET COOOH HEMOYKY HAH HECKOABKO
IIEIIOYEK AMHHOKHUCAOT B CTPOTO OIIPEACAEHHON ITOCACAOBATEABHOCTH. D12
IIOCAEAOBATEABHOCTD OIIPEAEASET CTPOEHHE OEAKA, 2 CAEAOBATEABHO BCE €TO
omoAormaeckre cBomcTsa. Habop aMIHOKHCAOT TaKKe YHHBEPCAAECH AAA
IIOYTH BCEX KUBBIX OPTraHU3MOB.

Peaamzarsa remermaeckont nadopmarmuPeasnsanus reHeTHIeCKOM
MHAOPMAIIUH B KUBBIX KAECTKAX (TO €CTh CHHTE3 OEAKA, KOAIPYEMOTO
renomPeaAnsarua reHeTHIeCKON HHAOPMAITIH B KUBBIX KAETKAaX (TO €CTh
CHHTE3 OEAKA, KOAUPYEMOTO T€HOM) OCYILIECTBASAETCS IIPHU ITOMOIITI ABYX
MATPHUYHBIX IIPOLECCOB: TPAHCKpUIIINI PeaAns3anus reHeTHIeCKOM
MHQOPMAITUHN B KUBBIX KACTKAX (TO €CTh CHHTE3 OEAKA, KOAUPYEMOI'O I'€HOM)
OCYIIIECTBAAIECTCA IIPU IIOMOIIU ABYX MATPHYHBIX IIPOIIECCOB: TPAHCKPHUIIIIIN
(to ectb cunTesa uPHKPearnsanma remetnaeckoilt ”HOOPMAITUN B KABBIX
KAETKaX (TO €CTh CHHTE3 OCAKA, KOAUPYEMOI'O T€HOM) OCYIIIECTBASAETCH IIPH
IIOMOIITH ABYX MATPUYHBIX IIPOIECCOB: TPAHCKPHUIIIIUHU (TO €CTh CHHTE3a
nPHK na marpune AHKPeaamnsarms remetumdeckoit HMOPMAIIUT B JKUBBIX
KAETKaX (TO €CTh CHHTE3 OCAKA, KOAUPYEMOIO T€HOM) OCYIIIECTBASACTCH IIPH
IIOMOIIA ABYX MATPUYHBIX IIPOIECCOB: TPAHCKPHUIIIIUHU (TO €CTh CHHTE3a
nPHK ma marpurie AHK) 1 tpauncasiimnPeaansanua reHeTnyeckon
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Tpanckpurms

nporecc cuuareza PHK nporecc cunreza PHK ¢
ncroAbzobanuem AHK B kagecTBe MaTPHUIIHL,
IIPONCXOAAIIII BO BCEX KUBBIX KACTKAX. ApyramMu
CAOBAMH, 3TO IIEPEHOC F€HETUIECKON HH(MPOPMAITIH C

AHK ua PHK.

Tpanckpunua KaTaAn3upyercs | paHCKpHAIITHAA
KaTaAu3upyerca depmenTom I paHCKPHAIIITHA
katasmusupyercs dpepmentom AHK-3asucrnvon PHK-
rioanMepaszou. | Iponecc cunresa PHK nporekaer B
HAIIPABACHUH OT 5'- K 3'- KOHILy, TO €CTh 110
mvatpraron nermm AHK PHK-mmoamvepasa ABmkercs B
HAIIpaBAeHHU 3'->5'

TpaHCKpI/IHHI/I}I COCTOMT U3 CTAAHUU MHHUITHAITHAN,



unnmanma TpaHCKpUIIIINT

s VHunmanusa TpaHCKPUIIITUT — CAOKHBIH
IIPOLIECC, 3ABUCAINNIN OT IHOCAEAOBATEABHOCTHU
AHK BOAm3T TpaHCKpHOMpPyeMOn
ITOCACAOBATEABHOCTH (2 Y 9YKAPHUOT TAKKE U OT
0OAEE AAAEKHX YIACTKOB TEHOMA) U OT HAAWYHUA
AW OTCYTCTBHSA PA3AIMYIHBIX OEAKOBBIX

dakTOpOSB.




DAOHTAIIUA TPAHCKPUIIITUNA

MowmenT nepexoaa PHK-moAnMepaser OT HHAIIIAITAHA TPAHCKPHUIIITUH K SAOHTAIIUA TOYHO HE OIIPEACACH.
Tpu OCHOBHBIX OHOXMMHUYECKUX COOBITHS XaPAKTEPU3YIOT 3TOT ITepexoA B caygae PHK-moanmepaser
kuriegnon masodkunMomenT nepexoaa PHK-moanMepassr oT mHAIIMAITNN TPAHCKPHUIIITUN K SAOHTAITUN
TOYHO HE OIIPEACACH. pPM OCHOBHEIX OMOXHMHYECKIX COOBITHA XaPAKTEPHUIYIOT ITOT IIEPEXOA B CAyUAE
PHK-1mmoAnMepassl KUIIIEYHO ITAAOYKI: OTAGAEHHE CUIMa-(paKkTOpa, meppas rpancaokarmsaMomMeHT
nepexoaa PHK-mmoAnmMepassl oT mHAIIMAITNY TPAHCKPUIILIIY K 9AOHTAIIIMHI TOYHO HE OIPEACACH. 1 pu
OCHOBHBIX OMOXMMHUYECKUX COOBITUS XaPAKTEPU3YIOT 3TOT IIepexoA B cayyae PHK-moanmepaser kurregnon
ITAAOYKI: OTAGACHHE CUIMa-(PaKTOPa, IepBas TpaHCAOKAIusa MOAEKYAB hepmenraMoment repexoaa PHK-
IIOAMMEPA3El OT MHULIHAITUY TPAHCKPHUIIIINN K 9AOHTAIINN TOYHO HE OIIPEACACH. 1 pU OCHOBHBIX
OMOXHUMUYECKAX COOBITUA XaPAKTEPU3YIOT 9TOT IIEPEXOA B cAydae PHK-mmoAnmMepassr kummednolt maAovku:
oTAeAeHHE curma-hakTopa, IIepBas TPAHCAOKAITUA MOACKYABI (PEPMEHTA BAOAD MATPHUITEL U CHABHASA
CTAOMAHM3AIHSA TPAHCKPHUIIIIMOHHOTO KOMITAEKCA, KOTOPBIH Kpome PHK-1roAmnMepassl BkArogaeT pacTyryo
nerrs PHK u tpauckpudupyemyro AHK. Or1u ke aBaerus xapaxrepusr u aas PHK-rmoanmepas sykapuror.
[TepexoA OT MHUITMAIINH K SAOHTAIIUH COIIPOBOKAAETCA PA3PBIBOM CBA3EH MEKAY PEPMEHTOM,
npomoTopomMonmenT nepexoaa PHK-moAumMepassl oT mHUITIAITNN TPAHCKPUIIIIUN K SAOHTAIINN TOYHO HE
OIIPEACACH. 1 pH OCHOBHBIX OMOXUMUYECKAX COOBITHSA XaPAKTEPU3YIOT 9TOT IIepexoA B cayuae PHK-
IIOAMMEPA3BI KAIIIEYHON TAAOYKH: OTACACHHUE CUIMA-(PAKTOPA, IEPBas TPAHCAOKALIIA MOAEKYAB (DEPMEHTA
BAOAD MATPHIIBI I CHABHAS CTAOMAN3AIINSA TPAHCKPHUIIIIHOHHOTO KOMITAEKCA, KOTOphi kpome PHK-
ITOAMEpPAsel BkArogaeT pacryruyro e PHK u tparckpudbupyemyro AHK. Dru ke ABACHHA XapaKTEepHBI 1
and PHK-mtoanmmepas sykapuor. [lepexoaA oT mHAIIMAITNT K 9AOHTAITUH COIIPOBOKAAETCA PA3PEIBOM CBA3EU
MEXKAY PEPMEHTOM, IIPOMOTOPOM, (PAKTOPAMU MHUITUALIIH TPAHCKPHUIIIIUH, 2 B PAAE CAYIAEB — IIEPEXOAOM
PHK-moAmnMepassl B COCTOAHNE KOMIIETEHTHOCTH B OTHOIIIEHUN SAOHTAIINH (HaIIpUMED,
docdhopuanposanneMomernT nepexopa PHK-moanmepaser oT mHUIHAITAH TPAHCKPHUIIITUN K 9AOHTAITIN
TOYHO HE OIIPEACACH. pI OCHOBHEIX OMOXHMHYECKIX COOBITHA XaPAKTEPHUIYIOT ITOT IIEPEXOA B CAyUAE
PHK-mmoAnMepassl KUIIIETHON ITAAOYKH: OTAGACHHE CUIMa-(PAaKTOPa, IEPBas TPAHCAOKAIIA MOACKYABI
depmMeHTa BAOAD MATPHITEI I CHABHAS CTAOMAHU3ALHSA TPAHCKPHUIIIIMOHHOTO KOMITAEKCA, KOTOPBIF KPOME
PHK-moaumepassr Bkarouaer pacrymyro nerns PHK u tpanckproupyemyro AHK. Or1u ke aBaeHms
xapakTtepHBl U Aad PHK-moanmMepas sykapuot. [lepexoA oT MHUITMATMN K SAOHTAIIHN COIPOBOKAACTCS
PAa3PBIBOM CBA3EIH MEKAY PEPMEHTOM, IIPOMOTOPOM, (PAKTOPAMU MHUITUALIIH TPAHCKPHUIIIIUH, 2 B PAAC

caygaeB — nepexoaoM PHK-moAnmepaser B cocTosgHIE KOMIETEHTHOCTH B OTHOIIIEHUN SAOHTAIIII
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TpaHckpunuma (cxema).
TpaHckpunuua (dotorpadus noa brnedHo po3sossiti — OHK;
TPAHCMMUCCUOHHbLIM 3N1IEKTPOHHbLIM memHo-po308bit — PHK;
MUKpocKonom). Begin — Havyano 3erieHblu, 2onybod, cuHe-
TpaHckpunuun, End — KoHew TpaHCKpUnuum, 3e/1eHbIl — cyobeanHuLbl
DNA — [OHK. PHK-nonnmepassi.




TpaHcnaumen HasbIiBalOT OCYLLECTBNSAEMbIN PpOOCOMON Ha3bIBalOT OCYLLECTBNSAEMbIN
PUBOCOMON CUHTE3 HA3bIBAOT OCYLLECTBIIIEMbIN PUOOCOMON CUHTES Dernka HasbiBaloT
OCyLLeCTBNAeEMbIN pUBOCOMON CUHTES Benka N3 aMMHOKUCIIOT Ha3blBakoT
OCYLLECTBNSAEMbIN PUOOCOMON CUHTES Bernka N3 aMMHOKUCIOT Ha MaTpuue
NHdopMaLUnOHHON (Mnn matpuyHon) PHK HasbiBaloT ocyLlecTBNsiEMbI pboCcoMou
CUHTE3 Bernka n3 aMMHOKMUCIOT Ha MaTtpuue nHpopmaumoHHon (Mnu matpmyHon) PHK
(MPHK nnn mPHK HasblBaloT ocyLlecTBnsiemMbin pudbocomon cuHtes berka n3
aMUHOKMCIOT Ha maTpuue nHpopmaumoHHon (unu matpuyHon) PHK (MPHK nnn mPHK).
TpaHcnauusa asnaeTca ouHanbHOM peakumen peanusaumy reHeTMYeckon nHopmaumnm




PemAaukarma

Aeaenne kaeTokAeAeHIE KAETOK HEOOXOAUMO AASl PA3MHOKEHUS
OAHOKAETOUYHOrOAeA€HIE KAETOK HEOOXOAUMO AASl PA3MHOKEHUSA
OAHOKAETOYHOI'O B POCTA MHOTOKAETOYHOI'O OPTaHU3Ma, HO AO ACACHHUSA
KAETKA AOAKHA YABOHTB T€HOM, YTOOBI AOYEPHHE KAETKH COAEPIKAAH TY 7KE
I€HETHYIECKYIO HH(OPMAIIHIO, YTO M UCXOAHAA KAeTKA. VI3 HeCKOABKHX
TEOPETUIECKH BO3MOKHBIX MEXaHU3MOB yABOoeHHA (permankarmm) AHK
pEaAM3yeTCs IIOAYKOHCEPBATUBHEIN. ABE IIETIOYKH PA3ACASAIOTCH U 3aTEM
Ka’KAQs HEAOCTAFOIasA KOMITAeMeHTapHAA/AeACHHE KACTOK HEOOXOAUMO AAS
Pa3MHOKEHHUSA OAHOKAETOYHOTO U POCTA MHOTOKAETOYHOTIO OPraHU3Ma, HO
AO AGACHHS KAETKA AOAKHA YABOUTB T€HOM, YTOOBI AOYEPHUE KACTKA
COAEPIKAAH TY K€ TEHETHIECKYFO HH(MOPMAITHIO, YTO U UCXOAHAA KAETKA. 113
HECKOABKHX TEOPETHYIECKI BO3MOKHBIX MEXAHU3MOB YABOCHUS (PEIIAVMKAITIIN)
AHK peaamsyercs HOAYKOHCEPBATUBHEIN. ABE IETTOYKH PA3ACAAIOTCH U
3aTEM KaKAasd HEAOCTAFOIasg KOMIIAEMEHTapHAsA ITocaeAoBaTeAbHOCTE AHK
Bocpouspoantcs pepmentTom AHK-moanmvepasoitAeaenne KaeTok
HEOOXOAUMO AAS PA3MHOKEHUA OAHOKAETOYHOIO H POCTA MHOTOKAETOYHOTO
OpPTaHMU3Ma, HO AO AEACHHSA KAETKA AOAYKHA JABOUTDH T'€HOM, YTOOBI AOYEpHUE
KAETKH COAEPKAAU TY KE TEHETHIECKYIO MH(POPMAIIHIO, YTO U HCXOAHAA
KAETKA. VI3 HECKOABKHX TEOPETHIECKH BO3MOKHBIX MEXAHU3MOB YABOCHUS
(peramkarum) AHK peaamsyercs MOAyKOHCEPBATUBHEINA. /ABE HETTOYKH
PASACAAIOTCA 1 3ATEM KAKAAA HEAOCTATOITASl KOMITACMEHTAPHAS
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PermAankarmd

Permankanmua AHK — sto mportecc cuaTE32 AOYEPHENT MOAEKYABI AC3OKCHPUOOHYKAEHHOBOT
KIICAQTEL — 9TO IIPOIIECC CHHTE3a AOYEPHEN MOAEKYABI A€30KCUPUOOHYKACHHOBON KHUCAOTHI,
KOTOPBII IIPOUCXOAUT B IIPOIIECCE ACACHHSA KACTKI Ha MATPHUIIE POAUTEABCKON MOAekyAsr AHK.
[Tpu sTOM reHeTHYecKuil MaTepraA, 3amudposansbil B AHK, yaBauBaeTcs u AeAITCAS MEKAY
AOYEPHUMU KAETKAMHU.

XeankazaXeAnKasa, Torounsomepasa X eAnkasa, rorronsomepasza u AHK-csaspBarommme 6eAxn
pacuaeraror AHK, yaep:xuBaroT MaTpuily B pa3BeAEHHOM COCTOSTHUH U BPAIIAIOT MOAEKYAY
AHK. IIpaBuABHOCTD pElTAMKAITHH OOECIIEYNBAETCA TOYHBIM COOTBETCTBUEM KOMIIAEMEHTAPHBIX
Imap OCHOBAaHUY U akTUBHOCTBHIO AHK-11oAmMepassl, ctocOOHON pacIO3HATH U UCIIPABUTD
ormnoOky. Perrankarus karaausupyerca Heckoabkumu AHK-rroanmepasamu. [Tocae permankarimm

AOYEPHHUE CIIMPAAU 3AKPYIUBAIOTCA OOPATHO Y2KE O€3 3aTpaT SHEPIUHU U KAKHX-AHUOO
dbepmenTOB.

Llertn moaexkyasr AHK pacxoasiTcs u kaskAas U3 HUX CTAHOBHTCH MATPHUIIEH, HA KOTOPOU
CHHTE3UPYETCA HOBAsA KOMIIAEMEHTAPHAA IEIb. B pesyAbraTe 00pa3yroTcs HOBBIE
aycmpaabHablie MOACKYABI AHK, mAeHTHYHEIE POAUTEABCKON MOAEKYAE.

Kaxaas moaekyaa AHK cocrouT 13 0AHOI Iemn HCXOAHOU POAUTEABCKOM MOAEKYABI I OAHOU
BHOBb CHHTE3UPOBAHHOU IEIN. 1 aKOM MEXAHHU3M PEIIAMKAIIII HA3BIBACTCH
IIOAYKOHCEPBATUBHBIM. B HacTofAIIIEe BpeMs 9TOT MEXAHU3M CUYHTAETCA AOKA3AaHHBIM OAAroAaps
ombrtam M. Meseacorna u @. Craas (1958 r.) Pamee cymectBoBaAlr i ABE APYTHE MOACAM:
«KOHCEPBATUBHAA» - B pe3yAbTaTe perrankanuu oAHa MoAekyaa AHK cocrourt Toabko u3
POAUTEABCKUX IIEIIEH, 4 APYTas - TOABKO M3 AOYEPHUX IEIIEH; AUCIIEPCHOHHAM» - BCE
IIOAYYHBINIIECA B pe3yAbTaTe perankarmu MoAekyAsl AHK cocrosT m3 1erert, oAHH y9acTku
KOTOPBIX BHOBb CHHTE3UPOBAHBI, 2 ADYTHE B3ATHI U3 POAHTEABCKOM MOAeKyABl AHK).



HUTH, (3) AHK noanmepasa (Pola), (4) AHK aurasa, (5) PHK npatimep, (6) AHK
nparimazaCxeMarnyeckoe N300pakeHUE IPOIEecca PEMANKAIINH, I paMu
orMmeueHsl: (1) Amaupyroniaa HUTh, (2) 3anasapIBaroIas HUTH, (3) AHK
noaumepasa (Polx), (4) AHK aurasa, (5) PHK npaiimep, (6) AHK nparimasa, (7)
dparmenT OkazaknCxemaTudyeckoe N300pa>keHHE IIPoIlecca PerANKaIuy,
nudgpamu ormeueHbI: (1) Amaupyromas HuTh, (2) 3anmasapiBaroInad HuTh, (3) AHK
noaumepasa (Polx), (4) AHK aurasa, (5) PHK npaiimep, (6) AHK nparimasa, (7)
dparmenTt Oxkazaku, (8) AHK moanmepasa (Pold), (9) xeauxazaCxemaruueckoe
n300paskeHue Iporecca penaukanuu, mudpamu ormedeHsr: (1) amaupyromiasn
HUTH, (2) 3amma3apiBaroias HUThH, (3) AHK uoanmepasa (Polx), (4) AHK aurasa, (5)
PHK npaiimep, (6) AHK npaitmaza, (7) gpparment Oxasaku, (8) AHK noanmepasa

(Pold), (9) xeAI»'r"'w (103 'i ‘:icl'"lrﬁ'i ﬁ .I | 157 ~BA3aHHBIMEU OeAkamu, (11)
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B3anmMmoaAencreue ¢ 0eAKkaMu

s Bce dyrkmmn AHK 3aBucar ot e€ B3anMOAEHUCTBHSA ¢ OEAKAMU.
BsammMoaeiicTBus MOIyT OBITh KaK HECITEITU(DIIECKIMI, KOTAQ
oeAok ripucoeanHAeTca K AFooor moaekyae AHK man 3aBucers
OT HAAWYHA OCOOOM ITOCAEAOBATEABHOCTH. PepMEHTHI TaKKE
mMoryT B3anmoaercTBoBath ¢ AHK, n3 Hux HamboAee BakHBIC
510 PHK-moAnmMepaser, KoTopble KOHUPYEOT
nocaepaoBareAbHOCT ocHOBaHUYN AHK ma PHK B
TPAHCKPUIIIINI UAY IIpU cuHTe3e HoBol nerm AHK —
PEIIAMKAITHH.



BsammoaetictBue AHK c rucromamu. OcHOBHBbIE aMHHOKHCAOTHI TUCTOHOB (HA

PHCYHKE ITOKA3aHbI TOAYOBIM IIBETOM) B3aMMOAEMCTBYIOT C KHCAOTHBIMHU
docdarasmvmu rpynnamu AHK (kpacesbriii 11Ber).




B3aumoaeticrBue pakropa tpanckpunmuu STAT3 c AHK

(TToxa3aHa B BUA€ CUHEN CIIUPAAN)




CrpyKkTypHBIE U PETYAATOPHBIE

OCAKHU

Xopomro u3y4eHHbIME IIpuMepamu Bzanmoaetictsusa 6eakos u AHK, He 3aBucsmmero or
HYKACOTHAHOM 1tocaeaoBaTeabHOCTH AHK| fiBAfIeTCS B3ANMOAEGHCTBHE CO CTPYKTYPHBIMU
oeaxkamu. B kaerke AHK cBszana ¢ atumMu OeAkaMu, 0Opa3ys KOMIIAKTHYIO CTPYKTYPY, KOTOpas
HA3BIBACTCA XPOMATHH. Y IIPOKAPHUOT XPOMATHH 00pazoBaH npu npucoeanaennn k AHK
HEOOABIIINX IIIEAOYHBIX OEAKOB — I'MCTOHOB, MEHEE YIIOPAAOUYEHHBIN XPOMATHH IIPOKAPUOT
COAEP’KUT I'HCTOH-IIOAOOHBIE OeAKH. |'MCTOHBI POPMUPYIOT AUCKOOOPA3HYIO OEAKOBYIO
CTPYKTYPY — HYKAEOCOMY, BOKPYT KQ’KAOH M3 KOTOPBIX BMEIIIAETCA ABAa 00OPOTA CIIHPAAU
AHK. Heciertudprraeckue casu mexay rucroramu u AHK oOpasyrores 3a caér HOHHBIX
CBA3EI IIEAOYHBIX AMIHOKHICAOT THCTOHOB U KHCAOTHBIX OCTATKOB caxapodoctdaTHOro
ocroBa AHK. Xumndaeckrne MOARDUKAIINHT 5THX AMHHOKHCAOT BKAIOYAIOT METHAUPOBAHUE,
docdopranposanme U AIETHAUPOBAHUE. DTU XUMIYECKHIE MOAU(DUKAITINA U3MEHAIOT CHAY
B3anmoaeticTBusa MexkAy AHK u rucronamu, BAUAA Ha AOCTYITHOCTD CIIEIU(DIIECKUX
ITOCAEAOBATEABHOCTEN AAfl (DAKTOPOBXOPOIIO U3YIECHHBIMU IIPUMEPAMI B3aUMOACHCTBHA
oeaxos u AHK, He 3aBucAIero ot Hykaeotupanon nocaeaopareaproctu AHK, asasgercs
B3aHMOAEHICTBHE CO CTPYKTypHBIMU OeAkamu. B kaetke AHK cBsizana ¢ atumu 6eAkamuy,
00pa3ys KOMIIAKTHYIO CTPYKTYPY, KOTOPas HA3BIBACTCA XPOMATHH. Y IIPOKAPUOT XPOMATHH
obpasosan nipu npucoeanennu K AHK HeOOABIIINX ITIeAOYHBIX OEAKOB — I'HCTOHOB, MEHEE
VIIOPAAOYEHHBIA XPOMATHH IIPOKAPUOT COAEPIKUT I'HCTOH-IIOAOOHBIE OeAKH. | 'MCTOHBI
dopMHEPYIOT ALCKOOOPA3HYIO OEAKOBYIO CTPYKTYPY — HYKAEOCOMY, BOKPYT KAKAOH 13
KOTOPBIX BMEIIIAETCA ABa OOOPOTA CITIPAATT AHK. Hecneuncpnqecme CBA3H MEKAY
rucroHamu 1 AHK oOpasyrorcs 3a c4€T HOHHBIX CBA3EH IIIEAOYHBIX AMUHOKHCAOT THCTOHOB U
KHCAOTHBIX OCTaTKOB caxapodocrdaraoro ocroBa AHK. Xummraeckne moandpukamm stux
AMUHOKHCAOT BKATOYAFOT METHAMPOBAHHE, (POCCHOPUANPOBAHIE 1 ACTHAHPOBAHIC. DTH
XUMIYCCKIE MOAM(UKALIMI U3MCHAIOT CHAY B3aumoacicTBus Mexay AHK u rucromanm,
BAUSAA HA AOCTYIIHOCTD CIIEIU(PUIECKUX ITOCACAOBATEABHOCTEH AASl PAKTOPOB TPAHCKPHUIIITIN
U U3MEHSASA CKOPOCTDh TPAHCKPHUIIIINU. \DVyrue OEAKH B COCTABE XPOMATHHA, KOTOPHIE



B To xe Bpems Apyrre OEAKH Y3HAIOT U IIPUCOCANHSAIOTCH K CHEIH(DPUIECCKIM
rocaeaoBareAbHOCTAM. HamboAee nsydenHas rpyma Takux O€AKOB — Pa3AHMYHBIC
KAACChI (PAKTOPOB TPAHCKPHUIIIIUH, TO €CTh OEAKH, PEIYAUPYIOIINE TPAHCKpUIIIioB
TO 7K€ BPEMS APYTHE OCAKH Y3HAIOT U IIPUCOCAUHSAIOTCA K CIIEITN(PUIECKIM
rocaepoBareAbHOCTAM. HamboAee nsydenHas rpyma Takux O€AKOB — Pa3AHMYIHBIC
KAACCBI DAKTOPOB TPAHCKPHUIILIIH, TO €CTh OEAKH, PEIYAUPYIOIINE TPAHCKPHUIIIIHIO.
KaKABIIT 13 9THX OEAKOB Y3HAET CBOIO IIOCAEAOBATEABHOCTD, YaCTO B IIpomoTopeB To
K€ BpeMs APYyTHe OEAKH Y3HAIOT U IIPUCOCAUHAIOTCSH K CIEIH(DUIECKIM
rocaepoBareAbHOCTAM. HamboAee nsydenHas rpyma Takux O€AKOB — Pa3AHMYIHBIC
KAAQCCHI (DAKTOPOB TPAHCKPHUIILIIH, TO €CTh OEAKH, PEIYAUPYIOIINE TPAHCKPHUIIIIHIO.
KaKABIIT 13 9THX OEAKOB Y3HAET CBOIO IIOCAEAOBATEABHOCTD, YaCTO B IIPOMOTOPE U
AKTUBHUPYET UAH ITIOAABAAET TPAHCKPHUIIIIUIO I'€Ha. DTO IIPOUCXOAHUT IIPU ACCOLTHAIIIH
daxropos Tparckpummu ¢ PHK-moanvepasonB To ke Bpems Apyrue OEAKH y3HAIOT
U IIPUCOECAUHAIOTCA K CHEIIU(PUIECKIM IIOCACAOBaTEABHOCTAM. HanboAee n3yuennas
IPYIIIIA TAKIX OEAKOB — PAa3AHYHBIE KAACCHI (PAKTOPOB TPAHCKPUIIIIUH, TO €CTh
OEAKH, PETYAUPYIOIIHUE TPAHCKPUIIIHIO. KaKABIM 13 9THX OEAKOB Y3HAET CBOIO
IIOCAEAOBATEABHOCTbD, YaCTO B IIPOMOTOPE U AKTHBUPYET UAU IIOAABAACT
TPAHCKPHUIIIIUIO I'eHa. DTO IPOUCXOAUT IIPU ACCOIHUAIINHU (DAKTOPOB TPAHCKPUIIITHHU C
PHK-mtoanmepason Anb60 HapsaMyro, ANOO depes OeAKu-TocpeAHuku. [ loanmepasa
ACCOIIMUPYET CHAYAAA C OEAKAMH, 2 IIOTOM HAYMHAET TPAHCKpHUIIIIIIO. B Apyrux
CAy4Yaax pakTOPBI TPAHCKPHUIIIIMI MOIYT IIPHCOEANHATECA K dhepmenTamB To xe
BpEMs APYIHE OCAKH Y3HAIOT U IIPUCOCAUHSAIOTCA K CIIEITN(PUIECKIM
rmocaepoBareAbHOCTAM. HamboAee nsydenHas rpyma Takux O€AKOB — Pa3AHMYIHBIC
KAACCET DakTODOR THOAHCKDUTITITIIT TO 6CTEH OEAKIT DeTVATDVIOITTIIE TOATCKDTITTITEO .




Depmentsr, Moaudurupyromue AHK
Tononsomepasbl ¥ XEAUKA3EL

B kaerke AHK HaXoAMTCS B KOMITAKTHOM T. H. CYIIEPCKPVYEHHOM COCTOSTHUY, HHAYE
OHA HE CMOT'A2 OBI B HEY YMECTUTCA. AAS IIPOTEKAHUSA }KU3HEHHOBAKHBIX IIPOIIECCOB
AHK AoAxkH2 OBITH paCcKpy4Y€HA, 9YTO IIPOU3BOAUTCA ABYMSA IPYIIIAMU OEAKOB —
TOIIOM30MEPA3AMH U XEAUKA3AMI.

Tomounsomepaser Torronzomepassr — PEPMEHTEL, KOTOPBIE HMEIOT U HYKACA3HYIO U
AUTA3HVIO aKTUBHOCTH. DTH OEAKH HU3MEHAIOT CTelleHb cynepckpyuenaocta B AHK.
Hexoropere u3 atux dpepmerTos paspesaror cuupasb AHK u r1osBoastoT Bpararscs
OAHOM M3 IIEIEH, TEM CAMBIM YMCHBIIIAS YPOBEHD CYIIEPCKPYICHHOCTH, IIOCAE YETO
depmenT 3apeAbBaeT pasprB. Apyrre depMEHTHI MOTYT pa3pe3aTb OAHY U3 LIEHEH U
IIPOBOAUTD BTOPYIO IIEIIb YEPE3 PA3PhIB, 4 IOTOM AUTHPOBATH PA3PHIB B IIEPBOIT IICIIH.
Torouzomepassl HECOOXOAUMBI BO MHOTHX IIpoiteccax, cBazaHabrx ¢ AHK, Takux kak
PEIIAUKALIISA U TPAHCKPHIIITHSL.

XeAnkaser XeAUKA3bl — OCAKH, KOTOPBIE ABASIOTCS OAHHUM U3 MOACKVAADHBIX
MOTOPOBXEAUKA3BI — OEAKH, KOTOPBIE ABAAIOTCA OAHUM U3 MOAEKYASPHBIX MOTOPOB.
OHH UCITOAB3YIOT XUMIYECKYIO 9HEPIHIO HYKACOTHATPUMOChaTOB X EeAMKAZH —
OEAKH, KOTOPBIE ABASIOTCA OAHHM U3 MOACKYAAPHBIX MOTOPOB. OHHU HCIIOAB3YIOT
XIMHYECKYIO SHEPIHIO HYKACOTHATpH(OCdaToB, yare Bcero ATD, ars pasprBa
BOAOPOAHBIX CBA3EH MEKAY OCHOBAHHUAMU, PACKPYIUBAsA ABOMHYIO CIIMPAAD HA
OTAEABHBIE IIECIIOYKH. DTH (PEPMEHTHI BAKHBI AAS OOABIIIMHCTBA IIPOIIECCOB, TAC
OeAxaM HEOOXOAUM AocTyll K ocHoBaHuAM AHK.




HyxaAea3pl 1 Aurassl

B pasamanbIx mporeccax, IpOUCXOAAIIUX B KAETKE, HAIIPUMED,
pexoMOmHAMIB pasAWdHBIX ITporeccax, IPOUCXOAAIINX B KACTKE,
HAIIPUIMEDP, PEKOMOMHAIINY U perrapannuB pasAndHbIX IIporeccax,
IIPOUCXOAAINHX B KAETKE, HAIIPUMEDP, PEKOMONHAITNHI U PEHapariini
VIaCTBYIOT (DEPMEHTHL, CIIOCOOHBIE Pa3pe3aTb U BOCCTAHABAMBATH
rreaoctHOCTh HUTer AHK. @epmentsr, paspesarormue AHK, HOCAT HazBaHme
HykAeas. Hykaeassl, KoTopble IHAPOANSYVIOTB pasAanmgHbIX mporeccax,
IIPOUCXOAAIINX B KAETKE, HAIIPUMEDP, PEKOMOMHAITNH U PEIapariini
VYIaCTBYIOT (DEPMEHTHL, CIIOCOOHBIE Pa3pe3aTb U BOCCTAHABAMBATH
rteaoctHOCTh HUTer AHK. @epmentsr, paspesarormue AHK, HOCAT HazBaHme
HykAea3. Hykaeassl, KOTOpbIe THAPOAU3YIOT HYKACOTHABI HA KOHIIAX
MoAekyArl AHK Ha3eIBaroTcs 9K30HYKA€A3aMH, 2 SHAOHYKAEA3El PA3PE3AFOT
AHK BryTpH mterrm. HamboAee 9acTo UCIIOAB3YEMBIE B MOACKVAADHOI
omoAornuB pasAWIHEIX TIporeccax, IPOUCXOAAIINX B KACTKE, HAIIPUMED,
PEKOMOMHAIINY U PEIIAPALIIH YIACTBYIOT (DEPMEHTHI, CHOCOOHBIE Pa3pe3aTh
11 BOCCTAaHABAHUBATH I1eAOCTHOCTh HUTE AHK. ®epmenter, pazpesaroriue
AHK, sOCAT HazBanwme HykAea3. Hykaeassl, KOTOpbIE THAPOAU3YIOT
HYKAEGOTHABI Ha KOHITaX MOAeKyABl AHK HaseBaroTcs sk3oHykAeazamu, a
sHAOHYKAEa3sl pasdpesaror AHK suyTpm nenm. Hamboaee gacto
VICIIOAB3YEMBIE B MOAEKYAPHON OMOAOTHH U IEHETHMYECKON mikernepunB
PA3AMHHBIX IPOIIECCAX, HPOUCXOAAMIMX B KACTKE, HALPUMED, PEKOMOUHATIIT
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KaTanmsnpyoLwine KkoBaneHTHoe clumBaHune uenen OHK B gynnekce npu pennukaumm, penapau,mm n
pexkombunarnmn — pepmeHTbl (EC 6.5.1.1), kaTanuaupytowime koBaneHTHoe cwumBaHve Lenen JHK B
aynnekce npu pennvkauum, penapauum n pekombuHaumnmn. OHm obpasyoT dhocdoamadmpHble
MOCTUKN Mexay S'-dpochopunbHon u 3'-rmapoKCUNbHON rpynnaMmm COCEOHUX AC30KCHHYKAEOTUAOB —
depmeHThl (EC 6.5.1.1), kKaTanusnpytowme koBaneHTHoe clumBaHmne uenen [HK B gynnekce npu
pennukaumm, penapauum n pekombmHaumm. OHm obpasyroT oocdhoanapupHbie MOCTUKK Mexay 5'-
doochopunbHOM 1 3'-rmgpoKCUITIbHON rpynnamMm cocegHnX Oe30KCMHYKNeoTna0B B MecTax paspbiBa
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B Aynsiekce npu pennmkauumn, Ee apagmm — PepmeHThI opu aTanuaupyoLiue KoBasieHTHoe
cwmsaHue uenen OHK B gynnekce npu pennukauuun, penapaumm v DeKOM6VIHaLI.I/IVI — (pepmeHnThl (EC 6.5.1.1),
KatanuaupyoLine koBaneHTHoe cwumeaHne uenen HK B gynnekce npu pennukauum, penapauum v
pekomounHauuun. OHM o6pasyoT hocdoamadnpHbie MOCTUKM MexXay 5'-dpoccopnnbHON K 3'-rmapOoKCUTbHON
rpynnamm cocegHux gesokcuHykneotnaos — dpepmeHTol (EC 6.5.1.1), kKatanuanpyloLwime KoBaneHTHoe
cwmBaHue uenen [JHK B gynnekce npu pennuvkauuu, penapauumn n pekombuHaumm. OHm obpasyrot
docdhoamnadmpHbie MOCTUKM MexXay 5'-ocdopunsibHOM N 3'-rMAPOKCUITBLHOM FpynnamMmm CocegHuUx
[Ee30KCMHYKNeoTnaoB B MecTax paspbisa AHK nnun mexay asyms monekynamu AHK. [Ina obpasoBaHus aTux
MOCTMKOB fnurasbl UCNOSb3YT aHepruto rmaponusa — pepmeHtol (EC 6.5.1.1), katanusnpyloLwime KoBaneHTHoe
cwmBaHue uenen [JHK B gynnekce npu pennuvkauuu, penapauun n pekombuHaumm. OHm obpasyrot
docdhoamadpmpHbie MOCTUKM Mexay 5'-ocdopunsibHOM N 3'-rMAPOKCUITBLHOM FpynnamMmu CocegHuUxX
[Ee30KCMHYKNeoTnaoB B MecTax paspbisa AHK nnu mexay asyms monekynamu AHK. [Ina obpasoBaHus aTux
MOCTUMKOB fnnrasbl UCMOSIb3YT SHEPruo rmgponuisa nupodocgopusibHon ceasnm ATO — depmeHTol (EC







IloamMmepasbl

CyrectByer Takxe BazkHag AAf MeTaboAansma AHK rpymma doepmeHTOB, KOTOPBIE CHHTE3UPYIOT LICITH
IIOAMHYKACOTHAOB U3 HykAcosuaTprudocdarosCyrmectByer Takke BaskHasg AAf Metadboansma AHK rpyrma
depMEHTOB, KOTOPBIE CHHTE3UPYIOT LIEITH IIOAHHYKACOTHAOB U3 HykAeo3uaTpudocdaros — AHK-
rmoAumepassl. OHI AOOABASIOT HYKACOTHABI K 3'-THADOKCHABHOM rpyiiire CyImecTByeT TAK/KE BAXKHAA AAS
meraboanmsma AHK rpymra dpepmeHTOB, KOTOPEIE CHHTE3UPYIOT LIEIH IIOAHHYKACOTHAOB U3
HykAacosuaTpudocdaroB — AHK-moanmepassr. OHn AOOABAAIOT HYKACOTHABI K 3'-THAPOKCHABHOMN IPYIIIIE
npeasiayiero HykaeotuAa B rernu AHK, mostomy Bce moanmepasst paboTaroT B HartpaBAeHnu 5'--> 3' . B
AKTUBHOM IIEHTPE 3TUX (DEPMEHTOB CyOCTpaT — HyKA€O3HATpHudOCcdaT — crrapuBaeTcs C
KOMAVMEHTADHBIM OCHOBAHUEM B COCTABE OAHOIICIIOYEYHON IIOANHYKACOTHAHON IIEITOYKI — MATPHULIBL.

B mpomnecce pemankartmu AHKB nporecce permamkarmun AHK, AHK-sapucumas AHK-moanmepaszaB
npouecce peraukarun AHK, AHK-3asucumas AHK-mmoaumepasa cuaTe3supyer KOO HCXOAHOMN
nocaepoBareapHOCTH AHK. TOYHOCTS OYEHD BajKHA B 3TOM IIPOIIECCE, TAK KAK OIIHOKH B IIOAUMEPHU3AIIN
npuBeAyT k MyrarmamB nporecce perrankarimun AHK, AHK-3aBucnvas AHK-roanmvepasa curresupyer
KOIIHFO UCXOAHOM rmocaeaoBateabHOCTH AHK. TouHOCTS OYEHB BAXKHA B 3TOM IIPOIIECCE, TAK KAK OIITHOKH B
ITOAUMEPH3AIIH IIPUBEAYT K MYTALIAAM, IIO9TOMY MHOTHE ITOAUMEPA3hI OOAGAAFOT CIIOCOOHOCTBIO K
«PEAAKTHPOBAHUIO» — HCIIPABACHHIO OIHIOOK. [loAmmepasa y3HAET OIIIMOKH B CHHTE3€ ITO OTCYTCTBHEO
CIIAPUBAHUS MEKAY HEIIPABUABHBIMHU HYKACOTHAAMHE. [TocAe OImpeAeACHHS OTCYTCTBHA CIIAPUBAHIS
aktuBupyercs 3'--> 5' sxsonykacasuas akrusrnoctsB porecce penamkarmmun AHK, AHK-3asucnvas AHK-
[TIOAUIMEPA3a CHHTE3UPYET KOIUIO UCXOAHOHN rtocaeaoBaTteapHOCTH AHK. TouHOCTS OUYCHD Ba)kHA B 9TOM
IIPOIIECCE, TAK KAK OIIINOKN B IOAMMEPHU3AIINH IIPUBEAYT K MyTAIIHAM, II09TOMY MHOITIE ITOAMMEPA3BI
0DAQAAFOT CITOCOOHOCTHIO K «PEAAKTHPOBAHIIO» — HCIPABACHHUIO OIIHOOK. [loAmMepasa y3HaET OIrnOKy B
CHHTE3€ I10 OTCYTCTBHUIO CIIAPUBAHIS MEKAY HEIIPABUABHBIMI HYKACOTHAAME. [locae ompeaeaeHms
OTCYTCTBHSA CITAPHUBAHUA aKTUBUPYyeTCH 3'--> 5' 9K30HYKAea3Has AKTHBHOCTD IIOAMMEPA3Bl X HEIIPABHABHOE
ocHOBaHUE yAarseTcs. B boapmmacTBe oprannsmos AHK-moAnmMepasst paboTaroT B BEAC OOABIIIOrO
KOMIIAEKCA, HA3BIBAEMOTO PEIIAICOMOI, KOTOPAs COACP/KAT MHOTOYICACHHBEIE AOITOAHHUTCABHBIC
CYOBEANHHIIBI, HAIIPUMED, XCAUKA3HIL.

PHK-sapucumere AHK-moamviepassiPHK-3asucumeie AHK-moAnMepassr — crermaAu3upOBaHHBIA THII
ITOAMMEPa3, KoTopsle KonupyroT mocAeaoBateAbHOCTs PHK Ha AHK. K sTOMY THITY OTHOCHTCA
supycupiPHK-3aBucuvbie AHK-oAnMepassr — crermaAn3upOBaHHBIN THIT IIOAUMEPA3, KOTOPEIE
xorpyroT rmocaeaosareabHocTsh PHK Ha AHK. K TOMY THITY OTHOCHTCA BUPYCHBIH DepMEHT OOpaTHasd
tpanckpurrrazaPHK-3asucuvmere AHK-moAnMepasel — crienmmaAn3mpoOBAHHBIN THIT IIOAUMEDPA3, KOTODHIE




OHK-nonumepasa | (konbueobpasHasa CTPyKTypa, CoCTosILasa U3 HECKOMNbKNX
OOMHAKOBbIX MOrekyn Bernka, nokasaHHbIX pa3HbiMX LBETAMK), NUTMpPYyoLLLas
nospexaeHHyo uens JHK



I'eHeTmueckasa peKOMOUHAINA

Asoriaas cimpasb AHK oOsraaO He B3anmoaercTsyer ¢ Apyrumu cermerTamMu AHK, u B
YEAOBEYCCKUX KACTKAX PA3HBIE XPOMOCOMBI IIPOCTPAHCTBEHHO PA3ACACHBEL B IAPE. DTO
PACCTOSIHIE MEKAY PA3HBIMU XpOMOCcOMamu BaxxHO AAA crtocobrocTr AHK AerictBOBaTh B
Ka9eCTBE CTAOMABHOIrO HocHuTeAd nH@opMarnu. B mmporiecce pekOMOMHAIINN € IIOMOIIIBIO
depmenTos ABe crimpasu AHK paspeiBarorcsi, OOMEHHBAIOTCA YIACTKAMU, IIOCAE YETO
HEIIPEPBIBHOCTD CITIPAAEH BOCCTAHABAUBACTCS, IIOITOMY OOMEH YYIACTKAMHI HETOMOAOTHYHBIX
XPOMOCOM MOJKET IIPUBECTHU K IIOBPEKACHUIO [IEAOCTHOCTH I€HETHIECKOTO MATEPHAAA.

PexoMOnHAITNA ITO3BOAAET XPOMOCOMAM OOMEHUBATHCA TEHETHIECKON HH(POPMAITHET, B
PE3YABTATE 3TOrO OOPA3YIOTCA HOBBIE KOMOMHAITUY I€HOB, YTO YBEAHYIHBAET 9DEKTUBHOCTD
ECTECTBEHHOIO 0100paPekOMOMHAITIA TTO3BOAAET XPOMOCOMAM OOMEHUBATHCH TEHETHIECKOM
MH(OPMALIHEH, B PE3YABTATE 9TOIO OOPA3YIOTCA HOBBIE KOMOMHALIIH I'€HOB, YTO YBEAUYUBACT
9(p(PEKTUBHOCTD €CTECTBEHHOTO OTOOPA U BAXKHO AASl OBICTPOM 9BOAFOIIMN HOBBIX OEAKOB.
I'eHeTnaeckas peKOMOMHAITNSA TAK/KE UIPAET POAb B DEIIAPAIINHI, OCOOEHHO B OTBETE KACTKU Ha
paspeB ooenx rerreir AHK..

Camas pacrapocTtpanéunas opMa KpOCCHHIOBEPAa — 3TO TOMOAOTHYHAA pekomOmparmsaCamas
pacpocTpaHéHHas (pOpMa KPOCCHHIOBEPA — 9TO TOMOAOTHYHAS PEKOMOMHAIIHSA, KOTAA
IIPUHUMAIOIINE YIACTHE B PEKOMOMHAIIUNHI XPOMOCOMBI IMEIOT OUYEHb ITOXOKHE
ITOCAEAOBaTEABHOCTH. VIHOrAQ B KaWeCTBE yIACTKOB TOMOAOTHH BBICTYITAFOT TpaHcIro3oueiCamas
pacrpocTpaHéHHas (POpMa KPOCCHHIOBEPA — 9TO TOMOAOTHYHAS PEKOMOMHAIIHSA, KOTAA
IIPUHUMAIOIINE YIACTHE B PEKOMOMHAIIIH XPOMOCOMBI IMEIOT OUYEHb ITOXOKHE
ITOCAEAOBATEABHOCTH. FIHOTAZ B KaUeCTBE YIaCTKOB TOMOAOTHH BBICTYITAFOT TPAHCIIO30HHI.
HeromoAorumgnas peKOMOMHAITHA MOKET IIPUBECTH K IIOBPEKACHHIO KACTKH, IIOCKOABKY B
PE3YABTATE TAKOM PEKOMOHMHAIINY BO3HHUKAIOT IpanciokarmuCamas pacrpoctpanéuaas dpopma
KPOCCHHIOBEPA — 9TO TOMOAOTHYHAS PEKOMOMHAITNSA, KOTAA IIPUHUMAIOIINIE YIACTHE B
PEKOMOMHAIIII XPOMOCOMBI IMEFOT OYEHB ITOXOKHUE IT0CACAOBaTEABHOCTH. VIHOrAQ B KavecTBe

YTT T AL, TT27 23T T AR ALY A 22N T T XTI TOT Y7V T Y TTI AT T "N AT T, T Ty 7N T YT T T—TQT\(‘\‘A s A Z AT T X T T T T ALY N AOAT AN rg‘rr'r'rn TYIYTTLET N AT A O




PekomburHauus nponcxogut B pesyrstate onsm4eckoro paspbiBa B xpomocomax (M) un
(F) n nx nocnegytowero coeanHeHusi ¢ obpasoBaHnem Apyx HoBbIX Xpomocom (C1 and
C2)



PexkomOmmammsa

s PexoMmOmHanma — mporecc 0OMeHa TeHeTHIECKIM
MATEPHUAAOM IYTEM Pa3pPbIBa I COEAMHEHU PA3HBIX MOAEKYA.
PexoMOMHAITIA IIPOUCXOAUT IIPU PEIIAPAITNN ABYHHUTEBBIX
pasperBos B AHK — mponecc oOmena remeTnaecknm
MATEPHUAAOM IYTEM Pa3pPbIBa I COEAMHEHUA PA3HBIX MOAEKYA.
PexoMOMHAITIA IIPOUCXOAUT IIPHU PEIAPAITNN ABYHHUTEBBIX
pasperBos B AHK 1 AAfl mpoAOAXKeHHSA pETANKAIINT — IIPOIIECC
OOMEHA F€HETUIECKUM MATEPUAAOM IIYTEM Pa3PHIBA U
COCAMHEHU PA3HBIX MOAEKYA. PeKOMOMHAITIA IIPOUCXOAUT IIPHU
permaparuy AByHUTEBBIX paspeiBos B AHK m aaf mpoaoaxkenms
PEITAUKAITIH B CAY9a€ OCTAHOBKHU PEIAMKAITMOHHOW BUAKI —
IIPOIIECC OOMEHA TEHETHIECKIM MaTEPHUAAOM IIYTEM Pa3pblBa U
COCAMHEHU PA3HBIX MOAEKYA. PeKOMOMHAITHSA IIPONCXOAUT IIPHU
permaparni AByHUTEBBIX pa3peiBoB B AHK 1 aad mpoaoaxenns
PEIIAMKAIIIN B CAy9ae OCTAHOBKH PEIIAHKAIIMOHHOW BUAKH Y
5YKApHUOT, OAKTEPII — IIPOIIECC OOMEHA T€HETIIECKIM
MATEPHUAAOM IYTEM Pa3pPbIBa I COEAMHEHUA PA3HBIX MOAEKYA.
PeKOMOMHAITSA IIDOMCXOAVT IIDU DEMADAIINI ABVHIITEBBIX




BDBOAIOITA META00OAM3MA,
ocHoBaHHoro Ha AHK

AHK coaepKuT reHeTHYIECKyIO HH(POPMAITHIO, KOTOPas AEAAET BO3MOKHON
KUSHEACATEABHOCTD, POCT, PASBUTUC U PASMHOMKCHUE BCEX COBPEMECHHBIX OPIaHU3MOB.
OAHAKO KaK AOATO B TEYEHHE YETHIPEX MUAAMAPAOB ACT HCTOPHH KUSHI HA 3emae
AHK OBrAa rAaBHBIM HOCHTEAEM I€HETHYECKON HH(OPMALIHHN, HEU3BECTHO.
Cymmectsyrot rumotessl, uto PHKAHK coaepxut remetrmaeckyro nHMOPMAIIHIO,
KOTOPAs A€A2ET BO3ZMOKHOM KHU3HEAECATEABHOCTD, POCT, PA3BUTHE U PA3MHOKEHHE
BCEX COBPEMEHHBIX OpraHn3MoB. OAHAKO KaK AOATO B TEUEHHE YETHIPEX MHAAHAPAOB
Aet ucrtopu xu3HA Ha 3emae AHK Oblaa TAaBHBIM HOCHTEAEM T'€HETHIECKON
nH@OpMarny, HensBecTHO. CymrectByroT rurroressl, 9to PHK mrpasa rrenrpaspayro
poAbAHK coAepKUT reHeTHYIeCKyI0 HH(POPMAITHIO, KOTOPas ACAAET BO3MOKHOI
KU3HEACATEABHOCTD, POCT, PASBUTUC U PASMHOMKCHUE BCEX COBPEMECHHBIX OPIaHU3MOB.
OAHAKO KaK AOATO B TEYEHHE YETHIPEX MUAAMAPAOB ACT HCTOPHH JKUSHI HA 3emae
AHK OprAaa rAaBHBIM HOCHTEAEM T€HETHYECKON HMH(OPMALIHHN, HEM3BECTHO.
CymectsyroT runoreser, 9to PHK mrpaasa mentpaapuyro poas B oomene sermects AHK
COAEPKHUT TE€HETHYIECKYIO HH(OPMAIIHIO, KOTOPAs AEAAET BO3ZMOKHOM
’KHU3HEAECATEABHOCTD, POCT, PA3BUTHE U Pa3MHOKEHHUE BCEX COBPEMEHHBIX OPIraHU3MOB.
OAHAKO KaK AOATO B TEYEHUE YETBIPEX MHAAHAPAOB AE€T UCTOPHUH KU3HHU HA 3EMAE
AHK OBrAa rAaBHBIM HOCHTEAEM I€HETHYECKON HH(OPMALIHHN, HEN3BECTHO.
Cymmectsyrot rumoressl, uTo PHK mrpasa mmeHTpaAbHYIO pOAB B OOMEHE BEIIIECTB,
ITOCKOABKY OHA MOKET H IIEPEHOCUTDH T€HETHIECKYIO HH(MOPMAITHIO, 1 OCYILCCTBASATE
KaTaAH:sAHK  COACPIKHT IE€HETHHUCCKYTO HHcpopMaumo KOTOpAs ACAQCT BO3MOKHOM




