AnreGpa curHaTyp

0.31.3. I'enom

HccnenoBanusi CTPYKTypbl YHUBEPCAIBHOTO KOJA, C MOMOIIBIO KOTOPOTO
BBICTPAaUBAIOTCA BCE OPraHUYECKUE CYIIHOCTH, IO3BOJISIIOT TMOHATH OOIIKe
cpoiictBa Koma IIpuponbl, MOCKONBEKY BCe YPOBHH BBITHS MOMOOHBI, Tak Kak
3mwkayTed Ha Enunbix [punuunax TBopenus.

Mmsa TBOPLIA 3-9-11-% = H'VHIi 3anoxxeHO B OCHOBaHHME BCEX SBJICHUH
IIpupo/sl, HO OCOOCHHO SPKO TO MPOSIBIIACTCS B KHUBBIX OPraHU3MaXx.

Monekynbl ne3okcupudonykiennoBoi kucinotsl (JJHK) u pubonyknento-
Boii kucioTel (PHK), xpansiue reHernueckyo HHGOPMAIMIO U YIIPABISIONINE
XUMH3MOM BCETO HBOTO, CTPOSTCS W3 IATH 3JIeMEHTOB (OyKB): YeThIpEeX HYK-
JICOTHIIOB U caxopHO-(ochopHOro OcHOBaHuUs (SUQUr unite) (puc. 0.71):

H' \Y H I 1 (ko)
2yanun  adeHun MUMUH  YumosuH caxapHo-gpocghoproe
ocHosanue
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Puc.0.71. Yyactok cnupanu monekynst PHK [27]

B coBpemeHHOH JuTepaType HYKJICOTHIBI NMPUHATO 0003HAYATh CIEIYIO-
mumMu  OykBamu: TyanuH (guanine) (G), agenun (adenine) (A), TumuH
(thymine) (T), uuto3un (cytosine) (C). [Toatomy Oyznem monb30BaThCs OJHUM
n3 0003HaYeHHI

Caxopno-hochopHoe

OCHOBaHMeE (SUQUr unite) - S wm i (xoy)
Anenun (adenine) -4 mwm 1
I'yanun (guanine) - G wm H (0.130)
Tumun (thymine) - T vm V
Huto3us (cytosine) - C mm H

Camu HYKJICOTHIBl [MCXOAHBIE «KHPIWYMKK» OPTaHUYECKUX TKaHEH
(0.130)] Tax >xe cocTOAT U3 MATH BUAOB aToMoB (cM. puc. 0.71):



AnreGpa curHaTyp

i I H v H'
BOJOpOJa  yriepola KHCIOpOoJa a3oTa tdocdopa,

00BETMHEHHBIX B yCcTOHUnBEIe Gopmbl 3Be3n dauma u ComoMoHa (Uit KOTO-
PBIX XapaKTEPHO IMOCTOSIHCTBO «30JIOTHIX» ceueHni) (cM. 1. 0.24, u puc. 0.71).

Monexynst JTHK u PHK — sT0 3akommpoBaHHBIE COOOIIECHHS, KOTOpHIC
CTposiTCA cnemyromuM oopazoM. Kaxmoil aMHHOKHCIIOTE COOTBETCTBYET yda-
crok nern JJHK u3 Tpex psmom crosmux HykieoTHnoB. Hampumep, ydacTtok
T-T-T cooTBeTCTBYeT aMHWHOKHCIOTE JM3WHY, O0Tpe3ok A-C-A — nucrewHy,
C-A-A — BanuHy u T. 1. [IycTh B TeHe HYKJICOTH]IbI CIEAYIOT B CIAEAYIOUIEM T10-
panke: A-C-A-T-T-T-A-A-C-C-A-A-G-G-G. Pa30uB 310t psin Ha TpoWKHU (TpH-
IUIETHI), Cpa3y OOHAPYKHUBAEM:

A-C-A T-T-T A-A-C C-A-A G-G-G . (0.131)
Huctenn  Jlusun Jlevinun Banmun IIponun

Youeumenvro, no bonvuuncmeo Croe TOPPI max sice umerom mpexoyk-
6EHHYI0 KOPHEBYI0 0CHO8Y!

Hykneotnnos 4, cienoBaTenbHO, YMCIO BO3MOXKHBIX KOMOWHALIMH YeThIpEX
aseMeHTOB 10 3 paBHO 64 [cM. matpuny (0.44)]. Ho nelicTBeHHBIX aMHHOKHC-
JI0T Bcero 22.

B cospemennoti 6uonocuu obviuno ynomunarom o 20 euoax amuHokuciom,
Ho axademux PAEH, 0. 6. n. I1. I1. I'apses 6 nuunou becede ¢ agmopom cooo-
wun, ymo Ha camom dene amunoxuciom 22. O mak dlce CKaza, Ymo HACHUmbl-
saemcsi 4 unu 5 mynuxogvix Ka0ona, Komopbule 03HAYaOm Kouey (pazvl 6 2eHe-
muueckom «npedaodcenuuy. Ilpupooa JKusozo ocnosana na kode, cosnadaio-
WUM ¢ OOHUM U3 GAPUAHMOE PACKPHIMUS UGPUMA, 6 KOMOPOM DA3PEUleHHble
KoMOuHayuu uemvipex Oykg nenpousnocumozo Mmenu H'VHI ¢opmupyrom 22
(unu 24) bykewl espetickoeo angpasuma (cm. n. 0.15).

IToaTOMyY OJIHY U Ty K€ aMUHOKHUCIIOTY MOT'YT KOAUPOBAaTh PA3JIMYHBIEC TPU-
IUIETHl HyKJICOTUAOB (MX Ha3bIBAIOT CUHOHUMBD»). HEKOTOpbIe TPHUIIETHl MOX-
HO CYMTaTh TOYKAMH — CTOI-CUTHAJaMH I'€HETHYECKOTO KOJa, OHH O3HAYAIOT
KOHell cuuThiBanus. Y3 64 BO3MOXKHBIX TPUILIETOB 59 KOIUPYIOT aMUHOKHUCIIO-
TBI, OCTAJILHBIC 5 CITy>KaT «3HAKAMHU MIPETIMHAHKS» TEHETUIECKOTO KOJIa.

Eciu u3 22 BUIOB aMHHOKHUCIIOT COCTABUTh pa3iIMuHbIe KoMOuHaImu ((hpa-
361), coctosmme u3 100, 200, 300, ... 3THX «3IEeMEHTapHBIX» CHMBOJIOB, TO Ka-
xKpmas Takas (pasa m OyZeT COOTBETCTBOBAaTh KaKOMY-HHOYAb OIHOMY OEIKY.
JlocTaTo4HO MOMEHSATh O/IHY OYKBY — M CMbICH (Ppa3bl KapAMHAIBHO U3MEHUTCH.
Jlerko mpencTaBUTh, KaKO€ TUTAHTCKOE YHCIIO BAapUAHTOB peau3alluil pa3sind-
HBIX OEJIKOB («IPEITOKSHHUI»Y ) BO3MOIKHO.
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Kax BunHO u3 puc. 0.72, pacnonoxxeHue %
HYKJIEOTUJIOB B 3aKpY4YCHHOM Lienu IBOMHOI
cinupanu monekynsl JTHK ne ciyuaiino. Ecimn
B OJHOW WENH PACIONOXKEeH adeHur (A), TO
HalpoTHB HEro, B IPOTHUBOIOJIOXXHOW ILENH
MOeT Haxonutbes Tonbko mumut (T). A eya-
nun (G) Bcera MOTOMHAETCS TOJBKO Yumosu-
Hom (C). ITosToMy ecnu Ha KaKOM-TO Y4acTKe
onuot e JIHK crnenyror ogma 3a apyrum
nykneotuasl: A, G, G, C, T, A, C, To Ha mpo-
THBOIIOJIO)KHOM y4acTKe ApYroil 1emnu o0si3a-
TCJIbHO OKa3bIBAKOTCA «AOIIOJIHUTCIIBHBIC» UM
nykneotunst: T, C, C, G, A, T, G.

[IpuHIMD «IOMOIHUTEIBHOCTH» MO3BO-
JISIeT TIOHATH, KaK CHHTE3UPYIOTCSI HOBBIE MO-
nekynsl JIHK npu nenennu knetku. Korna nse
menu Monekynsl JJHK pasvemmastorcs (puc.
0.72), x KaXI0i W3 3TUX LENe MPUCOSAUHS-
I0TCS COOTBETCTBYIOIIUE HYKIEOTHIBI M3 OK- Puc.0.72. Cxema
pyKaromieli ux TuTaTenbHoit cpenpl. Takum penpoxykuuu JJHK
obpa3oM, u3 oxHoM Modekynsl JJHK nomyua-

I0TCS IB€ COBEPIIEHHO OJIMHAKOBBIE MOJIEKYJIBI.

Oona u3 08yx Humeti 080tHOU cnupanu moaexkynst JJHK cuysicum obpasyom.
Boonwb nee 6 coomsemcemeuu co snakamu Kooa npupacmaen KOMIIUMEHMAPHAs
Hums. Ha «nepenucvisanue» 2ena, yxooum HecKoaIbKo CeKyHO. 3amem cunmesiu-
posannas Hums (PHK) omoensiemcsa u nepexooum u3 s0pa Kiemku 6 ee yumo-
NA3MY — KAK YePMedic Uil MexXHON0SUYEeCKdsl Kapma nepexoount u3 KOHCmpyK-
MOopCcKo20 610po 8 NPOU3BOOCMBEHHbIL Yex. B yumonnazme Humo UCHOIb3YEMCs
8 kauecmee obpasya Oisl CUHME3UPOBAHUS HEODOXOOUMbBIX OENKOBbIX MOEKYIL.
Ilockonvky ona Hedonzogeuna, 8 sA0pe yice NPOUCXOOUM CO30aHUe Credyrouyel
xonuu. Tax 60016 HUMeL XPOMOCOM NOCMOAHHO, 8 PASMEPEHHOM pumme, 6yKed
3a OYK6OU, Npoucxooum npoumenue OPesHetUx CMpoK, — pPAa3blepbléaemcs
MUCmepusi NPespauerUs «ClLo8a» 6 blCOKOOP2AHUZ08AHHOE Mel0, UHDOpMAYU-
OHHAs hopmyna npeobpazyemcs 6 HCugyio mamepuanvhyio cmpykmypy [28].
Penpoodykyus xpomocom, conpogoxcoaromasics OeieHuem (YMHOJICeHuem) Kie-
MOK, — 9MO HEeCKOHYAEeMblll Npoyecc nepeoauu 2eHemuyeckol uHgopmayuu us
npownoeo ¢ byoyusee.

Ilocne xomupoBaHusi anuHHble HUTH Mosekyn JHK cBopauuBarorcs B
CJIO’KHBIE MOTKH, KOTOpBIE NPHHATO HA3bIBATh XPOMOCOMaMH. MecTaMu BUTKH
cBepHyTO# HUTH MOseKynsl JJHK coenunsroTcs rucroramMu — Mosekyiamu 6e-
KOB, IIOMOTAIOIIUMHU COXPAHATH (POPMY XPOMOCOMBI.
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B xpomocomax, T. e. B cBepHyThIX HUTsIX JJHK, 3akimtoueHo Bce reneruye-
CKOe Haclieque, rnepeaaBaeMoe noromkaMm. HoBble XpoMOCOMBI BO3HHMKAIOT 3a
OYEHb KOPOTKOE BpeMsl, KOMHUPYS POJIUTEIICKHE XPOMOCOMBI MOYTH Cpa3y B
3aKOHYEHHOM BHJIE, HE TIPOXO/Is HUKAKUX MPOMEXYTOUHBIX (Da3 pa3BUTHUS.

«B naccusnom cocmosinuu onunnan monexyna JHK 3akpyuena 6 cnupano,
Kascovl eumok komopotu oxeameisaem 10 nap nyxreomuoog (10 Chpupom?).
Pasnuuarom cnedyrowue cmpykmypor komnakmuguxayuu J[HK [29]:

- NepeUYHAs CMPYKMYpa — NOTUHYKIEOMUOHAS Yenb,

- 6MOPUYHASL CMPYKMYPA — 2 Yenu, C8A3AHHbIe B00OPOOHBIMU CEAZAMU;

- MPEeMUYHas CMpyKmypa — mpexmepHasl CRUpaib.

Kpome mozo, 6razooapsi ocHognviM Oenkam — 2UCTOHAM, KUCTASL MOJEKYd
JIHK moocem npunumamo ewje HeCKOIbKO ypoeHel cnupanuzayuu. braeooaps
uemy [HK ykopauusaemcs ¢ 7, 12, 42, 1100 u 8000 pas, nocredoeamenvHo
ymomyasce om 2 um = 2-10°m 00 600 um = 6-107m.

HHK, ynaxoeannas 6 xpomocomy, HANOMUHAem CONEHOUO CO CRUPATU3A-
yuei 4-x nopsaoxos (HVHI). Ilpuuem xomnaxmuguxkayuu paziuyHblx y4acmros
JIHK pasnuunel. B cocamom, uepoenuguueckom eude xomnnexc [JHK-eucmon
Hedocmynen 01 CYHUMbIBAHUs TUHeUHOU unpopmayuu. i moeo umobwl moie-
xkyaa JTHK nepewinia 6 akmusHoe cocmosiHue Heobxoouma ee 0eKOMnaKmugpura-
yus u pazdenenue. 3amo CNUPAIU30BAHHASL XPOMOCOMA CHOCOOHA 83aUMOOeli-
CMB0OBAMY C OpYUMU XPOMOCOMAMU, YMO BANCHO NPU OeleHUU KIemoK, K020d
20MOJI02UUHBIE XPOMOCOMBL 8bICIPAUBAIOMCS Opye npomus opyaa [29].

Bcero B sape kaxnoit kinerku umeercs 46 xpomocoM. M3 HUX 23 MyXckue
XPOMOCOMBI (OTLIOBCKHE, XpaHSIINECS B CIepMaTo30uie), u 23 KeHcKkue (Mare-
PHUHCKHE, XpaHsIIUecs B SHIEKIIETKE).

BHosb npocmampusaemcs yousumenoHo mouHas aHano2us ¢ paso80eHHbIM
angasumom (0.58) 6 xomopom éceeo 46 nap b6yxe. U3 nux 23 byxevl Oe3 daze-
wa (m. e. be3 mouxu enympu) — mysrcckue, u 23 OyKavl ¢ Oazeuiem — HceHcKue.

Opraam3mel 32 moutd 6000 JeT CyIecTBOBaHHUS MPETEPIHETH OIIYTHMYIO
SBOJIIOIMIO, HO MX XPOMOCOMBI OCTAlOTCSA TEMH K€, 4TO W ObUTM B Hadaje MX
CoTBopeHusl.

B renax XxpoMocoM «3arucaHbl paclOpsDKEHUsD, KOTOPbIE IPUBOIAT K TO-
My, YTO U3 OJHOM SHLEKJIETKH pPa3BUBAIOTCA COTHU JIPYTUX Pa3HOBUAHOCTEU
KJIETOK, B SJJpaX KOTOPBIX BCErJa COJEPIKUTCS OAMHAKOBBIH HA0OP XPOMOCOM.

XpOMOCOMbI OAHOBPEMEHHO ABJIAIOTCA U «IIAMATBIO», U «PpaCclopsAaAnTEIb-
HBIM LEHTPOM)» KIETKH U Bcero Tena. OHU Bceraa AEHCTBYIOT HOJHBIM KOM-
IJIEKTOM, XOTsl, HAPUMEP, MBIILIEYHOM KJIETKE HYXHBI JIMIIb T€ U3 COPOKa ILIeC-
TH XpPOMOCOM, KOTOPBIE COIEPKAT HEOOXOIUMBIE T€HBI.

I'eHBI XpOMOCOM YYaCTBYIOT B (DOPMHUPOBAHUHU CIIOKHBIX OCIKOBBIX MOJE-
KYJ — 3H3uM, KOTOPBIE YIaCTBYIOT B JKU3HEOOCCIIEUeHNH KJIETKU, B 3aBUCHMO-
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CTH OT €€ MECTOIIOJIOKEHHS B TeJle OpraHu3Ma M ee HazHaudeHus. «l3rorosie-
HHUE» SH3MMa HaYWHAETCsI C KONMPOBAHMS TeHa.

Wrak, Ha MUKpOOHOIOTHYECKOM YpOBHE BbbITHS 00HapykHBaeM MHOXXECTBO
cootBercTBHE Mexny JKusoit PeansHocThio, Cedep Eumpa (Kauroit TBopeHms)
u U-13eH (Kauroi [lepemen):

4 + 1 =5 monexyn, odpasyromue Hykineotuapl —4 + 1 =15 Oyks Umenn;

4+1=5 HYKICOTHIOB - 4+ 1=5 6yks Umenn

22 aMHHOKHUCIIOTHI - 22 OyKBBI UBPHUTA;

64 TpuIeTa HyKJIeoTUI0B — 64 rekcarpammbl;

5 TYNUKOBBIX KOJIOHA - 5 copuTHBIX OYKB UBpHTA

270 HYKJIOHOB B XUMHUYECKHX — 270 oriacoBaHHBIX
JIEMEHTax OyKB MBpHTA.

[Nosicaum mocnennioro ananoruto. Haubospliee yucino HyKIOHOB (IpOTO-
HOB ¥ HEWTPOHOB) B f/IpaX aTOMOB XUMHYECKHX DJIEMEHTOB B IIPHPOJE PABHO
mpumeprao 270. B mpupone BcTpedaroTcs mpotakTHHUK-231, Topuii-232, ypas-
238 (tme 231, 232, 238 — aToMHBIE Beca, O3HAYAOIINE, 110 CYTH, KOJIUIECTBO
HYKJIOHOB B SIpaX COOTBETCTBYIOIIMX aTOMOB). B HHMYTOXHBIX KOJIMYECTBaxX B
OKOJIO3EMHOW TIPUPOJe HAXOAWUTCS IUIyTOHUI-244. HO MCKYyCCTBEHHBIM ITyTEM
IMOJYUYCHBbI €UI€ HECKOJIbKO aKTHHOWIOB. CaMbIii TSDKENBIH W3 HNCKYCCTBCHHO
MOJIyYEHHBIX aKTHHOMJOB (OCTPOB YCTOWYMBOCTH), HACKOJIBKO MHE W3BECTHO,
umeetr 272 nykiona. CpaBHUTE 3TO YHCJIO C YUCIOM COIVIACOBAHHBIX OYKB HB-
puta (0.68).



