I'mana 8

POU3NKA BUOCUHTE3A BEJIKA

§ 8.1. llpoGaema reHeTHIECKOro Koma

T'enm ecrr, wacte maxpomonexyasl [JHK, otsercrsenman 3a canres
onmoli Genxosoit menu. JIHH comepxmar mmdopmannio o nepBmuHOR
cTpyEType 6Genka — remernueckylo mH@opmammio. Oma zammcana B
neppuunoit crpykrype JHK, 1. e. B mocienoBatensHOCTH HYKIEOTH-
zos. B Bmpycax PHH—mna TeHeTHYECKAasx MporpaMma 3ajJ03KeHa
B Moytexynax PHH.

Haxoso coorsercrse MeX[Iy DOCIETOBATENLHOCTLHIO HYKICOTHIOB
g IHK u» PHRK # mociegoBaTenbHOCTHIO aMHHOKHMCIOTHBIX OCTATKOB
B Genxonoit uenun? B arom m cocTromT mpo6ieMa reHETHYECKOTO KOA.

Ito Pmanueckas npobaema. Bo-mepsriX, cTaBHTCA BOIPOC O COOT-
percreun  nadopmanmonunoro coiepmannsa JJHK n 6enxa, so-sro-
PHIX,— 0 KOJNYECTBEHHBIX B3aHMOOTHOINEHHMAX MEKIY HYKIeoTHIaM®
M AMAHOKACJTOTAMH, OHpEJEIAEMBIX B KOHEUHOM cuyeTe B3anMmojueil-
CTBMAME MOJEKYJ B MATPHYHOM CHHTE3¢ OEJIKA — MOJEeKYJIAPHBIM
ysnasagmeM. B-TperrHx, BosmHKaeT BOIpoc 0 (PH3HYECKOM CMBICIE
PeHETHYECKOr0 KOj/la, B-UETBEPTHIX, O €rc JBONINHOHHOM IIPOHC-
XOK/IeHAHN.

ITpoGaema reHernueckoro Kozia OwlIa BruepBbie cHOPMYIHPOBAHA
t¢ursnrom (Tamos, 1953) u panxg ¢naukoB UPHHAN yuacTHe B ee pe-
mennn. Opnako Kojy Obui pacmudposam ne QusmuecknMmu, Ho GHO-
JMOTHUECKNMA B XAMHUYECKHMHA METOXAMH.

Benxosnii Texcr mamudcam a(aBATOM M3 ABajHaTH OYKB, TEKCT
JHHK (anm PHHR)— 53 uersipex. W3 anemenmtapmbix coofpamennit
ciegyeT, 4ro KOJ0BO€ OTHOTNEHHE, T. €. TACIO HYKJICOTANOB, KOXA-
PYIOmMUX OfMH AMHHOKHCIOTHHIA OCTATOK, HE MOMKET ObITh MEHbLINe
tpex. B camom mene, umcao couetanmit u3 4 no 2 pasno 4* =16 < 20,
wncio couetanuii u3 4 mo 3 pasno 4° = 64> 20.

T'amoB mpeanonoxkun, uro GenkoBasa Henb cobnpaercs Hemocpen-
croenno ma paBoimoir cumpanm JHK, mpnueM Kammas amMpHOKHCIOTa
pacmolaraeTcd B BLIEMKE MEIKAY UeTHIPbMA HYKNEOTHXaMHA. JITa BHIEM-
Ka nMeeT npnMepHo poMOmueckyo dopmy. /[Ba nyKineoTAxa mprHAN-
Zemar ogHOH nenu, Asa — gpyroik, Ouua A3 HYKIEOTHAOB mepBoit me-
nr ofpasyeT YOTCOH-KPHKOBCKYI HAapy C HYKIEOTHIOM BTOPOit lie-
mn. «By6ronuii kox» [amopa oGecmewnsaer nmenmo 20 «6yKB».
Kapan «6yxBa», T. . pom6, cocroAT H3 WeThIpeX HYKJIEOTHIOB.
Yncno cowerannii ma 4 no 4 pasmo 4* = 256. Ho mmerorca orpanmue-
HAsA, TAK KaK Manas gnaroHans pomGa o6asartensno coeguuser A ¢ T
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i T ¢ II. Ecam cunTath TOKOECTBEHUBIMH IPaBbie H JieBble GOPMHE
pomOoB, Hanpumep,

r r
A --T=T---A,
A A

ro noiayunrca guwb 20 paznmunbix poMGoB.

«By6GroBBI Kom» nepexpoiBalomiuiicsi. Tak Kak B Kamuslii poM6
BXOJAT HYKIEOTHObl M3 TPEX HOCHEeNOBATENBHBIX IIap, ABA HYKICOTH-
Ia, HaxoJAIMXcsA Ha ofHoH cTopone pomba, ABIAIOTCA OOIOUMH MIJisk
IByX cocennux pomOoB. TeMm caMbiM BO3HUKAET KOPPENANHA MemLY
IBYMS coCeTHMMM AMHHOKHCIOTHBIME OCTaTKaMu, 3a FaHHBIM oCTAT-
KoM MoKeT cliefloBaTh He n1060il na 20, Ho nume HeKoTopsie. OnEaKo
JalbHedmine uccleloBaHUA [OKAa3all, YTO NePeKPHBalOMUECA KON
HEJIB3#1 COIJIACOBATH € ONBITOM, TAK KaK M0G0 aMHUHORNCIOTHBIR oC-
TATOK MOMKET cliefoBaTh 3a JIOOBIM. OTCYTCTBHE KOPPENANUH [eXaeT
HEBO3MOKHON TEOPETHIECKYI0, YMO3PHTEIbHEYI0 pacmuudpoBKy Koda.

HesoaMoxHaOCTE NepeKPHIBAMErocs Kofa caeayel Take H3 OT-
CYTCTBEA MYTAlZOHHBIX 3aMEIEHHU IBYX COCEIHHX aMWHOKHCJIOTHBIX
octaTkoB B Oenke. Myranua mykjaeorula, obuiero mias IBYX cOcex-
HHAX OCTATKOB, JOJMHA NPHBOAUTHL K TAKOMY JIBOIHOMY 3aMemeHHIO,

Homoroe ormomenue 6nuio HalileHo DKCHEPUMEHTANBHO B Pe3yiib-
Tare TeHeTHYECKOr0 HcCleloBaHHsA, mposenennoro Kpmxom ¢ cotpyn-
nukamn (1961), mayvasmmmu ob6nacte rll remoma dara T4, pasmuo-
maomeroes B Kynsrypax E. coli. Beino yeranosneno, 4to myrannad
B 9T0# 061aCTH, BHI3LIBAEMble AKPHANHOBBIMH KPACHTEIAMH, COCTOMT
B BHINAJEHNH, OJeseylld, HYKIEOTHIOB W B uX gobasaennu. J{mxmit
THO W pa3MHOMKaeTcsa Ha mramMax B w K12 E. coli. Myramtn r
PasMHOMKAIOTCA ToONbKo Ha B-mitammax, o6pasya pesko ouepueHHBIO
6mamkn, HexoTophle 3 MYTaHTOB 3TOro THAa cIOCOOHLI CIOHTAHHO
BO3BPAmMATHCA K AUKOMY tHny w. [eHeTmvueckmii amanma fokasai,
yro TaKkpwe PepepTAHTH BOSHHKAIOT He B pesyiabraTe o6paTHOiT MyTa-
UK 7~ W, HO BCIENCTBHE [IOABJEHUS BTOPON CYyPecCOpHOR MyTanam
w — r p6ansm nepsoit. Rakman u3 IpyXx Myrandii moposHb IpPEBOIAT
K yTpare CIOCOGHOCTM CHHTEe3HPOBATH COOTBETCTBYIOmUH G6elok, Ho
codeTaHfe [BYX MyTandil B ofHOM CeHE 3Ty CoCoOHOCTHL BOCCTAHAB-
amsaer. Beero 6ouio m3yueHo okoio 80 r-MyTamToB, B TOM YHCH®
KBoiiHBe N TpoHHBIE HX KOMOMHANNH — CYNPECCOPH CYNpeccopoB M
cynpeccophl cympeccopoB cympeccopoB. Bce cympeccopnl okasanmch
OoTHOCAIAMUCSH K IBYM KmaccaM: -+ (moGasnenwe myxieornga) m — (me-

nenua). Ecan uexonmaa myranma r ects +, To ee cympeccop —, ®
maobopor. [uxmit ¢emornn pgaior kombumapnum +—, —+, ++-+,
———, B0 He ++, ——, ++++ ————,

Itn PakTel 0OBACHAIICA, €CNM HONYCTHTH, YTO KOJ TPHMAETHBIMA,
HenepexkpuiBAIOIMMACA ¥ «IMTAEMBIN» HOAPAN, HAUHHAA ¢ HEKOTOPOIo
$uKcHpoBanHOro Hykiaeoruga. Ilpencrasum nems JIHK mnocienosa-
renbaocTEI0 Oyke ABCABC... (puc. 8.1,4). Ha mecte xammoit 6yx-
BB MOKeT HaxoIHThes n06oit m3 uwersipex Hyknmeotmuos A, T, T, I1.
Yreane Kofla, HAYUHAA € OIpefleienHoil 6yKBbl, SKBABAJIEHTHO HAJO-
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JKeHNI0 Ha 3Ty HOCHEOBATENBHOCTE PaMKH ¢ upopessio. Ecaun opua ns
6yxs BbImana (—) wim, HaonpoTue, pob6aBuiace nopaa (+), To BCHA
HOCHe0BATENLHOCTh, HAYMHAS ¢ MECTAa MyTamuu, HCKa)KeHa, T. e.
HODMANbHBIH Oellok [HKOrNG THIIA HE MOMeT CHHTE3HPOBATHCHA
(puc. 8.1, 6,6). Ecain nosasumack cynpeccopmas Myramus (—-+ wiu

5

c| asc [ asc [ asc | asc [ asc | asc | aBc | aBc | &
o | aBc [A-CATLBCAY/BCA N BCAZL BUAJ/BCA L BLA I8
c| asc | aBc | aBc | asc [AABA7cAB7F CaB A7 CAB KT
¢ | ABC VA-CAZLBCAK/BCAZ] +ABG | asc | aBc | aBc |4
c| aBc | asc PAAB N CAB NVLAB/F-80/] asc | Asc | A 2
¢ | ABC VACAUBCA X B-AB/J/CAB J/c-8.7) ABC | ABC |4 e
C| ABC [ AB*B Y CAB N/CA+A A/ BCA J/8C+C/] ABL | ABC [ A

Pnc. 81. Texctmt JHK: ¢ — gaxmil TUm, 6 — myraur (genenus), 6 — MyTanT
(no6Gannenme), 2,  — ppodnLie MyTanTh TAOA -+ -, € — TPOANOK MyTanT — — —,
2 — TpoitHoll MyTaHT -+ -+ . 3amITpEXOBaHBI HCKA)KeHHbIE YYACTKM TEKCTa

>

X

+—), To mocleIoBaTENBHOCTL MCKAKEHA JMINb B 0OMacTH MeMy ABY-
Ma myranuamu (puc, 8.1,2 u 7). Ecim wuckamennaa obnacTy He
CIANIIKOM [JINHHA, TO CMHTE3MPYeMbId OeJOK MOMKeT COXPAHHThL CBOIO
¢$ymrnuio u Oymer mabmopartsest pegepcus. Pue. 8.1, e, s noscusT
peBepCHH NpH TPEX ONHOTHIHBIX MYTAMMAN: ——— H ++++. Tlouaruo
TaK}Ke ToueMy [BOWHBIE, YeTBEPHBIE K MATEPHBIE OJHOTHIHEIE MYTa-
nuu He FaloT peBepenii.

W3 3Tix pesynbTaToB clienyer K0Jogoe OTHOWEHIE, KPATHOE TPEM.
EcrecTBeHHO HPEIIOIOKUTE, YTO OHO pPaBHO MMEHHO TpeM. B gais-
pmeiimeM 5To ObLIO MONTBEPH{IEHO HPAMBIM M3YYEHUEM MEPBUYIHON
CTPYRTYpHl CcHHTE3MpPOBAHHOTO Oenxa. «Myrayuu cdeuza pamkus
(frame shift mutations) wabGnomaoTca n mig rema $ara T4, npo-
aynupymomero jgusonum. OKazaloch, 9T0 «CJBUCM PaMKH» HeACTBH-
TEIbHO MCRAKAKT OenkoBbill Texct. [|BOiTHOI peBepTrUPOBaHHBIN MY-
TAHT JIM30MMMa OTIMYAETCS OT JUKOro THHA HOCIENOBATENLHOCTHIO
OATH OCTATHOB!

Huruit w-tun ... Tpe Jlus Cep IIpo Cep Jleit Aca Ana ...

Peseprant
(ucesmo-w-tun) ... Tpe Jiua Ban I'mc T'uc Jleirt Mer Anma .

ITH remeTHYecKue MCCIEOBAHUS NDHBEJH K pemieHnio papa du-
3MYyecK1X BOIPOCOB. ¥ CTAHOBJIEHO KOA0BOE OTHOMIeHUE, TOKa3zaHA KOJ-
JMHEeapHOCTL KOAa, MOKA3aHO, YTO KOJ YMTAETCH, HAYMHAA ¢ oIpeje-
JIEHHOT0 HYKJIEOTHHA, ¥ He uMeeT 3anfATHX, T. €. MaTrepualbHBIX
BIeMEHTOB, pasgenawmux kodoust. Homomamu maseiBaldTca TpPOHKMA
cIefiylomux APy 3a ApPYyroM HYKIEOTHJOB, KOAMPyHOImue aMMHOKHC-
soTHEIe ocTaTku., O6miee UMCIO PasHBIX KOMOHOB paBHO 4° = 64.
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B cnasum ¢ atuM Bertan Boupoc o evipormdenuu koda. Tar war o00-
mee uncao xoponos (64) Goapme umena amumuokmenor (20), To mym-
HO BBIACHATH, CKOJABKMMH DA3JIMYHBIMA KOJOHAMH KOJAHpYyeTcHd KaiK-
amit ocraror. CiloBo «BRIpOsKIleHMe» ymoTpelnserca afech B (uamyue-
CKOM, a He B OMOJOTMYECKOM CMLICIe.

WccnemoBanme Myranuii cjBura paMKkm HeINOCpeICTBEHHO CBU/E-
TeIbCTBYET O BHIPOKIEHHH Ko0Ja. BepHmemca K TONBKO uTo m300pa-
dKemHbBIM (parMeHTaM JM300UMa. Eenu KOX HE BRIPOMKICH, TO 00a
kojiona iA I'mc B pesepramre momsxuEbl OBITH ofWHaKoBHIMH. OG03HA-
unm nx ABCABC. Ecan cusur shapiBaercsa gofasieHueM HYKIeoTHIA
caesa ¥ KouoH 1A Ilpo ectn BCA, To coormomenne mesxpy NUKAM
THIIOM ¥ PeBEepPTAHTOM H300pasnTCa TaK:

. lIpo Cep
. A BCA BCA .
... ABC ABC .
e.. I'me T'me

Ho orciopa caepyer, uro koxon ans Cep ects takme BCA. Ilporm-
BOpeuHe CHHMAeTCA, JHIb eciH HMelTCA Da3iWYBLIe KOjOHH HNIA
Iuc.

Briposienne woga JoKasbIBAETCA W TEM, 9UTO NMPH 3HAUATENBHBIX
Bapuanuax B cocrase [HHK pasnuunwix oprammsmos (moma I'+1J

AUA LAA
e Aa mr ol AT Ay WA AVA  AUT VAR LFA AT
rurAvr )'I'A><YAI'><U}I'
s ra’ o omf ray oAy A TU
yd v
T rry ryr vir

ALl UAL, U.UJ\\ - /IMLL
Tuy Ayl Ay YAL o Ury o uay YUA  UvA  ulr YU, UYLL;><H%Y
™y ooy AY yry YAy Ury YA oyur wr gy wyy
- - Y'ﬁy/

Prc. 8.2, OxTersl KO0HOB

papeupyer or 25 g0 75%) cpexmuii cocrap OenKoB MeHsercs Malo.
Bumecre ¢ tem pang ¢arropoB YKaspIBaeT HA YHHBEPCAJIBHOCTH KOJA.

O BEIPOKIEHHOCTH KOAA CBHETENBCTBYET M HCCIENOBAHHE MYTa-
HI/If/.I, KAaK MHAYIOHPOBAHHBIX XMMHUYCCKHMH areHTaMy, TaK # CIOHTaH-
HBIX. A30THCTAA KACAOTA BHI3BKBAET 3aMelleHAe aMUHHON TpyNNEL Ha
THAPOKCIIILHYIO:

—NII, + HNO, - —OH + N, + H,0.
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Tem cameiM, murpur opespamaet L 8 ¥, I' B camten 1 A — B -
nokcautud. [locie penamranmn KCauTMH U MIIOKCAHTHH 3aMEMAIOTCA
ma I'. Caegosarencno, nponcxogar samenst I{ - ¥ n A—T. 64 tpu-
IJIETHHIX KOJOHA MOKHO NpPEACTaBATH BOCHMBIO okTeramm (BmrrMan).
Ha pnc. 8.2 m3ofpaskensl 3TH OKTETHI, CTPEJIKAMH TIOKA3aHbl HUTPHT-
Hple Toueunsie Myranuu. HaGnopaeMmble saMemennsa B Oejike BHpyca

Tipo Cep Ak —  Tpe Hne n — Tny
Jei  Cyp — Wng  Tnw Mer A T —
Pen Ban R

Prc. 8.3. OrHecenne aMAHOKHOCAOTHBIX OCTATKOB K OKTETaM HA OCHOBAHNM HHT-
purasix Myranmi BTM

Tabavunoit Mosamkm (BTM) pacnomararmrea mo 7TeM e oOKreTam.
Barrman ycramosuin, uro no rpaitmeit mepe Cep mnm Hne (pme. 8.3)
JOIKHEl KOAUPOBATHCA HECKONBKUMH TpPHOJNETAMH, T. €. KOJ BHIDOK-
JeH, JTH JaHHBIE OJHOBPEMEHHO MOKA3HBAIOT, 4TO OONMBIIAA YACTh
samelnennil B OelKe NMPOHCXOOHT B PE3YNBLTATE 3AMEHBl OJ(HOTO HYK-
JeoTHAA B KOJOHe.

B panbmeiiiiem o5Ta nonoskenua ObIM MHOTOKPATHO HOATBEp:KIE-
uel, lenermuecknit Ko ABIAETCA TPUIIETHLIM, HelePeKPHIBAIOMMMCA,
JumeHUBIM 3anATex U BBIposkAeHRBIM. Hon ymmsepcanen ansa Beex
Opramm3MOB, HATHHAS € BHPYCOB W KoHuasa wenosekom. (Bmpouewm,
HeJlaBHO YCTAHOBJIEHO, YTO TpH CHHTE3¢ [[HTOXPOMOKCHIA3BI B MHTO-
XOH/IPHAX KOJI HECKOIBKO OTIMYEH OT YHHBepCAJNbHOro — cM. c. 279.)
Tlonnan pacmndposka koma morpedoBaja NpAMBIX OHOXMMHAYECKHX
ONBITOB, CTABIMIMX BO3MOKHUBIMH IAMb B pe3yJibTaTe PACKPBITAA Me-
xapA3Ma Omocunresa Oemra.

§ 8.2. Buocunres Genxa

Camo cymecrsoBaune (PHKCHpDOBAHHON UEPBHYHOR CTPYRTYpSHI
y Oenxosoil nenm MOKA3BIBAET, ITO B KIETKE JOMAKHA OBITH 3aJl0jKeHa
HporpaMMa OOCTpoeHHA 3TOH cTPYKTYPH. «Tercr» ne Moker BoSHHMEK-
HYTH B Pe3yibTare CIHY4alHEIX BCTPEY AMHHOKHCIOT — M0jo0Ho TH-
norpadcKOMy TEKCTY OH [O/KeH «HAOMpaThcA» Ha HEKOTOPOH Mar-
pune, Jro noraman y:ke Hoabios 3anonro mo OTEpHITAA pond HYK-
aenHOBHIX Kuelor. OH cvdTal, 9T0 PONH MATPHIL, OTBETCTBEHHOL
3a cAnres Oenxa, urpaer TakKe Genor. Ceituac Mul 3HaeMm, uTo Mat-
punamu cuy:xar monexkynul JHK m PHR. JIna «maGopa texcra»
HeofXoauM remermyeckmit koA. MaTpuumblii npmHOMD OHocHATEe3a
6enKxa ABIAercd OCHOBHBIM [JIA MOJeKyJIApHoOil Omollormu m mone-
KyaAapHoit 6noduamkn.

WNuadopmanus, conepsamasca s remax, 1. e. 8 JHK, nepenaer-
ca MPHH s npomecce 7Tpanckpunyuu, Cuures Oelka npoucXognT
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