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M3 cummeTpun B AHK nocTpoeH
CUMMETPUYHBLIA ONTUMAaNbHbIA KOZ
OTHOCUTENLHO MOMSAPHOCT U aMUHO-
KNCNOT MpW MyTauusix B HyKNeoTu-
Jax. Ha ocHoBe 6a3 faHHbIX reHe-
Tuyecknx 3abonesaHuii NoOKasaHo,
YTO CUMMETPUYHbIA KOZ B 60/b-
LUMHCTBE ClyyaeB WCMpaBnseT Hapy-
LLIEHWE NONAPHOCT M NPK My TaLysX.
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CUMMETPUYHBIN KOA,
N TEHETUMECKUE MYTALIUU

BBefeHve. YHuBepcasbHbIli reHeTUYECKUIA KOg,
COr/laCHO KOTOPOMY B XMBbIX OpraHn3max npo-
NCXOAMT CUHTE3 GeNKOB Ha OCHOBE MH(OpMa-
umn, cogepxauleincs B OAHK, Obln OTKpbIT B
60-x rogax XX Beka [1]. OfHVWM 13 OCHOBHbIX
(haKTOPOB, KOTOPble MOIM BAUATb HAa 3BOJO-
LMI0 KOAa, ABNAMOCH MOBbILLEHWE ero yCTonumn-
BOCTW MO OTHOLUEHWIO K MyTaUUAM — UCKaXe-
HMSAM TEHETMYECKON WH(OopMaLmMK, BO3HUKatO-
MM B KNeTkax oboro opraHusma. Mytaumm
MPOUCTEKAKOT M3-3a OLIMOOK B pennvkauuy B
OHK, vnn paspywmntenbHbIX BO3AENCTBUIA My-
TareHoB, TakMX KakK XMUMWUYECKMe areHTbl U pa-
Avauma, KoTtopble pearupyot ¢ AHK n un3me-
HAOT CTPYKTYPY OTAENbHbIX  HYKNeoTUOB.
B MHOrok/feTOYHOM OpraHu3Me TO/IbKO Te COo-
ObITNA, KOTOPbIE MPOUCXOAAT B 3apOfbILLEBbLIX
KNeTkax, COMPsHKEHbl C 3BOJIOLMEN reHOMa.
M3mMeHeHVs B reHomMax COMAaTUYECKUX K/eTOK
He B/IMAIOT Ha 3BOJIIOLMIO, HO OHM MprobpeTaroT
OGM0MOrMYECKYHO 3HAUYMMOCTb, €C/IN MOPOXAAOT
MOPOYHbIV (PEHOTUN, KOTOPbIV TYOUTENbHO CKa-
3blBAETCH Ha 340POBbE OpraHn3Ma.
OnpepeneHvie nocnefoBaTeNbHOCTU HYK/eo-
TULOB MEpPBOr0 reHoma OblN0 BbIMO/HEHO B
npoekte «eHOM YenoBeka», KOTOPbIA 3aBep-
wwunca B 2001 r. n ctoun 3 mApA. LONIAPOB.
CTas10 M3BECTHO, YTO FEHOMbI IOAEN NAEHTUY-
Hbl Ha 99,9 %, ocTaBLlumecs 0,1 % reHoma OTBe-
YaloT 3a MHAMBMAYaSbHbIE MNPU3HAKN NHOLEN,
Takve Kak LBeT rnas, CnocobHOCTb ycBavBaTb
NaKTo3y IM60 CK/IOHHOCTb K ONpeAeneHHbIM
3aboneBaHuaM. Cnegytowas Lenb Coo6LLECTBa,
COCTOSILLIEr0 M3 aKkafeMUyeCKUX U KOMMepye-
CKUX OpraHusauuii, CTano noBbllleHne 3fdek-
TUBHOCTW METOZO0B PacLUNPPOBKN FreHOMOB A
TOro, 4TO6bl CHU3NUTL LEHY pacLUM(pPOBKY
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[0 1000 gonnapos 3a reHoM. C Tex Mop CKOPOCTb Y TOUHOCTb PacLUM(POBKN reHOMOB
MOCTOAAHHO PacTeT, a LeHa 3TOM npouefypbl HEYKIOHHO CHUxaetcs. B HacTosLlee
BpeMs pacLU1(pOBKa reHoMa YefioBeKa COCTaB/IAET MOpsALKa HECKOMIbKUX MeCALEB, a
LIeHa — HECKO/IbKO [IeCATKOB ThbICAY [0/1/1aP0B.

3BeCTHO, YTO 3aMeHa aMMHOKWC/IOTbI U HapyLleHWe ee MONSAPHOCTU B Benkax
BpefHa, NMOCKO/IbKY YepefoBaHueM MONAPHBIX M HENONAPHBLIX aMUHOKWCIOT onpege-
NAETCA ero npocTpaHCTBeHHasd CTPyKTypa. B pa6otax [1, 2] nmpegnonaranocb, 4To
3BONOLYMA 0TO6pasia Havbonee NOMEXOYCTONYMBLIA BapuaHT, T. €. CTaHA4apTHbINA re-
HETWUYECKMIN KOZ, XMBbIX OpraHu3mMoB (Tabn. 1) cBOAUT K MUHUMYMY 3aMeHbl MEXAy
MOJIAPHLIMU 1 HEMO/IAPHLIMM aMUHOKUCI0TaMW.

TABJIMLA 1. CTaHf4apTHbI FeHETUYECKUIA KOZ, XXMBbIX OpraHn3MoB

8 % BTopoe ocHoBaHwve ® %
Q T 2 c
e 8 28
C 3 T C A G 5
o o
theHUNanaHmH cepuH (S), n ™po3uH (Y), n | umctenH (C), H T
T theHnnanaHuH cepuH (S), n TMpo3mH (Y), n | yuctenH (C), H C
neiumH (L), H cepuH (S), n cTon cTon A
neiumH (L), H cepuH (S), n cTon TpunTodhaH G
neiumH (L), H nponuH (P), H rmctuamH (H), arpyHuH (R), n T
C neiumH (L), H nponuH (P), H ructuaunH (H), arpuHuH (R), n C
neiumH (L), H nponuH (P), H rnytamuH (Q), | arpuHuH (R), n A
neiumH (L), H nponuH (P), H rnytamMuH (Q), | arpuHuH (R), n G
nzoneiumH (1),H | TpeoHuH (T), n | acnaparuH (N), | cepuH (S), n T
A nzoneiiuyH (1), H | TpeoHuH (T), n | acnaparuH (N), | cepuH (S), n C
nzoneiiuyH (1), H | TpeoHuH (T), n | im3uH (K), n arpvHuH (R), n A
METUOHWH (M), H | TpeoHuH (T), n | amsuH (K), n arpvHuH (R), n G
BafvH (V), H anaHuH (A), H acn. k-ta (D), n | rAavumH (G), H T
G BafvH (V), H anaHuH (A), H acn. k-t1a (D), n | ranumH (G), H C
BafvH (V), H anaHuH (A), H rnyT. K-Ta (E), rnavuuH (G), H A
BaavH (V), H anaHuH (A), H rnyT. K-1a (E), rnvuuH (G), H G

B pa6otax [3, 4] nokasaHO, YTO CTaHA4APTHbIA FEHETUYECKUIA KOL He ABNSETCA
ONTUMA/IbHLIM [aXe /I0KaIbHO, MOCKOMbKY CYLLECTBYIOT MapHble NepecTaHOBKM KO-
[OHOB, a TaKXXe N3MEHeHWs B TUME aMUHOKUC/IOTbI, KOTOPbIe YBENIMUMBAIOT KO3D(HU-
LIMEHT NOMEX0YCTONUMBOCTU. C MOMOLLbIO NapHbIX NMepecTaHOBOK MOCTPOEH FeHeTu-
YeCKUi Kog, ¢ KO3(h(MLMEHTOM NOMEXOYCTONUYNBOCTU Ha 9 % Bbillle, YeM y CTaHAAPT-
HOro Koja. Ha 0CHOBe reHeTUYeCKUX anropuMTMOB MOCTPOEHbI PasNNyHbIe BapUaHTbI
ONTUMA/IbHbIX KOZOB, OT/INYAOLLMXCS OT CTaHZAPTHOrO KOAAa YMC/IOM CTOM-KOAOHOB,
a TaKkXKe KONMYeCTBOM TPUMNIETOB, ONPeSenstowmX NonspHble ¥ HeNoMspHbIE aMUHO-
KWUCNOTbI.
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AMVHOKMCNOTbI, cnaratiowme 6enok, aenatcs Ha nonsipHole (10 WTyK) v Heno-
napHble (10 wryk). MonspHbIe aMUHOKMCNOTLI: acnaparnHosas Kucnora (D), rnyta-
muHoBas kucnota (E), ructugun (H), nusun (K), acnaparud (N), rnytamud (Q), ap-
rMHUH (R), cepuH (S), TpeoHuH (T), TnposuH (Y). HenondapHble: anaHnH (A), uucre-
nH (C), beHnnananuH (F), ravumH (G), nsoneiymH (1), neiumH (L), METUOHMH (M),
nponuH (P), sanmH (V), TpuntodaH (W). AMUHOKMCIOTbI OT/IMHAKOTCS MO B3aMMO-
[eVCTBUIO C MO/eKynamMu BoAbl. HenonspHble aMUHOKUCNOTLI 60/1ee rapodo6HbI,
OHW OTTa/IKMBAKOT MOJIEKY/Ibl BOAbI M CAMNAKOTCA APYr C APYrOM, NOMsipHble rmapo-
(WbHbI 1 B3aUMOAEWCTBYIOT C BOOIA; B pe3ynbTaTe 06pasyeTcs CNOXHas (hopma,
KOTOpas COOTBETCTBYET BbINONHAEMON 6enkoM (DyHKUMW. Ecnn B pesynbTaTte mMyTa-
LMK NONSPHbLINA OCTAaTOK B Ge/IKe CMEHUTCS Ha HENONAPHbLIN (MK Hao6opoT), TO dop-
Ma MONEKY/Ibl MOXET U3MEHUTLCA HACTO/bKO, YTO BENOK HE CMOXKET BbIMOHATL CBOO
(hyHKUWMIO. Viccnefyem noBefjeH e NoMexXoyCTOMYMBOCTM NPU U3MEHEHUU OJHOTO U3
OCHOBaHWI B KOAOHE, KOTOPbIA KOAUPYET aMUHOKMCIOTY. Kaxablid Tpunnet gonyc-
KaeT 9 OLHOKPATHbIX 3aMeH, YMCN0 KOAMPYHOLMX aMUHOKMCNOTbI TPUMIETOB PaBHO
61. M03TOMy KONMYECTBO BO3MOXHbIX 3aMeH HYK/IeOTUAOB ANA BCEX KOLOHOB —
549; n3 HuX 23 3aMeHbl HYKNEOTUAO0B MPUBOAAT K TMOABNEHWUIO CTOM-KOJOHOB,
134 3ameHbl He MEHSAIT KOAMPYeMY aMMHOKMCNOTY, 230 3aMeH He MEeHSAIT Knacc
KOLMPYeMOW aMWHOKMCNOTbI. [Ns CTaH4ApPTHOrO KoAa BO3MOXHbI 526 3amMeLLeHWiA,
B KOTOPbIX KOZOH [0 W MOC/e MyTauun He ABNSETCA OLHVM W3 TPex CTOM-KOZOHOB,
M3 HUX 364 3aMelleHVsi He MEHSKT MOMIPHOCTb, T. €. ero NMOMEXOyCTOMUYMBOCTb
cocTaBnseTt 364/526 = 69,20 %.

B pa6ote [5] uccnegoBaHa CUMMETPMS M CBOWCTBA 3arUCU FEHETUYECKON WH-
(hopmauum B AHK. COOTHOLLIEHNS CUMMETPUM BbIBOAATCA NO 04HON HWUTU B OHK:
KO/IMYeCTBO KOPOTKMX MOC/ef0BaTe/lbHOCTEN HYKIeoTULOB MPUMEPHO PaBHO KOMW-
YeCTBY 06paTHO KOMMJIEMEHTAPHbIX NOCMef0BaTeIbHOCTEN. [1/11 KOLOHOB CUMMETPHUS
no ofgHoi HuTKM HK 3anucbiBaeTcs B BUae

n(ijk) = n(k ji), 1)
rae n(ijk) — umcno Tpoek ocHoaruii(ijk), i, j,k € {A,C,G,T}, (kji) - aHTuko-
noH kogonHa (Kji ). B cummetpuunom koge kogoH (ijK) koaupyeT nonsphyto amu-
HOKWCNOTY, @ aHTUKOAOH (Kji ) — HenonspHyo, 1M6o Hao60poT (He YunTbIBas CTOM-

KOAOHbI). CUMMETPUYHBIV KOO BO3MOXEH TOMbKO AN HEYETHbIX KOAOB. [ns map
HYKNEOTU/0B BbIMOMHATCA COOTHOLLIEHNS

n(ij) = n(ji), )

rpe i,je{AC,GT}, A=T, C=G, T=A, G=C. 3ametum, uto napsl AT, TA,

CG n GC He npucyTcTBYHOT B (2), NOCKOMbKY OHW MPUBOAAT K TaBTo/MOrMn. Ans
4eTbipex6yKBEHHOI 0 KOLa TakuX UCKIHOYeHWiA 16.

B Tabn. 1 npmeegeHa NONSPHOCTb aMUHOKMCIOT U XXMPHBIM LIPU(TOM Bblfe/NeHbl

KNETKU, B KOTOPbIX HapyLLAETCs CUMMETPUSt OTHOCUTE/NLHO MOMSIPHOCTU, TakiM 06pa-
30M, CTaHAAPTHbIV KOA Ha 3/4 COOTBETCTBYET CUMMETPUUYHOMY KOAY.
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B Tabn. 2 nocTpoeH ONTUMAabHbLIA CUMMETPUYHBIVA FEHETUYECKWIA Kog, [3, 4],
VIMEIOLLIMIA TPW CTOM-KOAOHA; YMCN0 KOAOHOB, ONpefenstomX NofspHbIe U Henonsp-
Hble aMUHOKMC/IOTbI, TaKOE XKe, KaK y CTaH4apTHOro koga: 30 TpMnIeToB 3a4atoT no-
NAPHbIE aMUHOKUCOTbI, 31 — HENONsAPHbIE. 3TOT KOL MOXHO MOMY4YMTb 38 8 NapHbIX
MepecTaHOBOK M3 CTAH4APTHOrO KOAA, XXUPHbLIM LLUPU(TOM BblfeNleHbl N3MEHEHMS M0
CPaBHEHMIO CO CTaHAAPTHbIM KOZOM. [1OMeXOycTOMYMBOCTb KOfa COCTaBfsieT
408/524 = 77,86 %, npn 3ToM 138 3aMeH B OCHOBaHMAX COXPaHAIOT TY>e aMUHOKMC-
noTy. Kak BMAHO, ONTUMa/IbHBIA KO MMeeT JOCTAaTOMHO NPOCTYH CTPYKTYPY U ero
MO>XXHO NOMYyUYnTb 63 BbINOSIHEHWS KOMIMBIOTEPHBIX PacHeToB: 4 MapHble nepecTaHoB-
KN 3aMEHAIOT TPEOHWH Ha TIMUWH, U 4 MepecTaHOBKM 3aMEHSIOT CepUH Ha CTor-
KOAOH, TpunToaH M UMCTEUH, UMUCTeMH. ONTUMaNbHbIA CUMMETPUYHBIA  KOA
B Tab/s1. 2 ob6pasyeTcs U3 CTaHAAPTHOrO Kofa 3a CYeT MUHMMaIbHOMO Ymnc/a nepecra-
HOBOK. 3aMeTUM, YTO €C/IN B K/IETKE C NepBbiMY ABYMSA HyKneoTuaamu TC npucyTcT-
BYHOT LMCTEUH, LUWCTENH, CTOMN-KOAOH U TPUNTOMaH, TO MOAYYaeTCs KOZ, MMEOLLUi
nomexoyctonumsocTs 408/526 = 77,57 %.

B onTvManbHOM Koge 13 9 BO3MOXHbIX MyTauuii KOLOHa NONSAPHOCTL He coxpa-
HAeTCA B ABYX cfiyyasx. COOTBETCTBEHHO MOMEXOYCTOMYMBOCTb KOAa MOMy4vaeTcs
4yTb G0nbLUE 7/9 (3a CYET HAIMUNSA CTOMN-KOAO0HOB).

TABJIMUA 2. OnTMa/IbHbIA CUMMETPUYHBIN KOZ,

QL @
oz 3 3
2 3 BTopoe ocHoBaHwe 5
g2 T c A G =2
C 8 g

theHunananuH (F) | cton TMpo3suH (Y) CepuiH (S) T
T theHunananuH (F) | Tpuntodad (W) | TuposmH (Y) cepuH (S) C
neiuuH (L) uuctenH (C) cron cepuH (S) A
neuuH (L) uuctenH (C) cTon cepuH (S) G
neiiumH (L) nponuH (P) ructuaud (H) | arpuHuH (R) T
C neiiyuH (L) nponuH (P) rmctnguH (H) | arpuHuH (R) C
neiiyuH (L) nponuH (P) rnytamuH (Q) | arpuHuH (R) A
nevuuH (L) nponvH (P) rnytamvH (Q) | arpuHuH (R) G
n3oneliuyH (1) rAMumH (G) acnaparviH (N) | cepwH (S) T
A n3oneiuyH (1) rnmumH (G) acnaparviH (N) | cepwH (S) Cc
n3oneiuyH (1) rnmumH (G) nmsuH (K) arpuHvH (R) A
METUOHUH (M) rnmumH (G) nmsuH (K) arpmHvH (R) G
BanuH (V) anaHviH (A) acn. k-ta (D) TPEOHWH T
G BanH (V) anaHvH (A) acn. k-ta (D) TPEOHWUH C
BanH (V) anaHviH (A) rnyT. k-ta (E) | TPEOHMH A
Ba/IMH (V) ajlaHuH (A) rnyT. K-1a (E) | TPEOHWUH G
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MepBble ABa cTON6LA NOMYYEHHOrO KOfa COAEpKaT HEMONSPHbIE aMUHOKMCIIOTHI,
TPETWIA N YETBEPTbIN — NONSPHbIE aMUHOKMCAOTI, T. €. ecnm KogoH (ijk) onpeaensiet

NOMAPHYIO aMUHOKMCAOTY, TO KOoH (Kji ) — HenossipHyto 1 Hao60poT. MoaTomy, Kak

M B CTaHZapTHOM Kofe 31 KOAOH ornpefensieT HernonspHble aMUHOKMUCIOTHI, a 30 —
NO/SIPHbIE.

C NOMOLLbK FEeHETUYECKMX aNrOPUTMOB, OMNWCaHHbLIX B [4], MOCTPOEH CUMMET-
PUYHBIA KOL C NMOMEXOYCTOMYMBOCTbIO Koga 78,29 %, y KOToporo 4 CTon-KogoHa
MPUCYTCTBYIOT B K/IETKe C NepsbiMK ABYMA HyKeotugamu TA, B kneTke TC cofepxar-
ca amuHokmenoTtbl  uuctenH (C), unctenH (C), tpuntogad (W), TpunTogad (W), a B
knetke TG — ammHokucnoTbl TMPo3nH (YY), TMposuH (Y), cepuH (S), cepuH (S). Takum
06pa3om, 32 KofoHa OMNpeaensoT HeNoIAPHbIE aMUHOKMCOTHI, & 28 — NOISPHbIE.

3amMeTuMm, YTO CUMMETPUS Kofa, NOHMMaeMas Kak nepexof OT NofspHOM aMUHO-
KMCNOTbI K HEMONIAPHON MpKU Nepexoje OT KOAOHA K aHTUKOAOHY, He ABNSeTCH Heob-
XOAMMbBIM YC/I0BMEM OMTUMA/IbHOCTV FEHETUYECKOro Koga. Hanpumep, ecnv B Koge,
npuvBeAeHHOM B Tab/1. 2, MOMeHATL MecTamu cTon6Lbl C 1 A, NOyYMM ONTUMa/bHbIN
KOA, 419 KOTOPOro CMMMETPUSA HE BbINOJHAETCA — KOAOH M aHTUKOAOH BCerga Koau-
PYIOT aMUHOKMCNOTY O4HOIO Tuna (NONSPHYHO AW HEMONSPHYHO).

Cnoco6HOCTb ObICTPO pacLUM(pPOBLIBATL MHAVBUAYASIbHbLIE TEHOMbI IHO4ENA NOo-
3BO/IN/IA HAKOMWUTbL OrPOMHbIE MacCKBbI JaHHbIX O 3a60/1eBaHMSAX N CBA3AHHbLIX C HUMM
myTaumsmmn B AHK. TMossunucb cny6bl NnaHWpPoOBaHWS CeMbW, MO3BOMSIOLLME
CYMNPY>XeCKUM napam OnpefennTb CKIOHHOCTb MX OyayLmX AeTel K onpegenieHHbIM
3a60/1eBaHMAM. BbISCHWMIOCL, YTO MHOrMe 3ab60/1eBaHNs CBA3aHbl C MyTauusaMun efu-
HWYHbIX HYKeoTugos. B pabote 6bin NpoBepeHbl MyTauuu, KOTOpble OTBEYarT
yeTbipeM TUNam 3ab0neBaHWi: ayTOMMMYHHbIE, TeHeTUYeCcKue, HelpoaereHepaTuB-
Hble, a TaKXKe Apyrve 3ab60/eBaHUsA, He NOMNaBLUME B NepevncieHHble rpynmbl.

Cpeam Bcex MyTaumii HAXOAWUANCH Te, KOTOpPbIe NonagatoT B 6€/10K-KOANPYHOLLYHO
061acCTb reHa, M NOTEHLUMaNbHO MOTYT MOB/IMATL HA aMUHOKMCNOTHBIA cocTaB Genka.
[ns 3TOro ncnonb3oBaIMCh faHHbIE pecypca
(http://www.eupedia.com/genetics/medical_dna_test.shtml), rge 3a6oneBaHusiM CTa-
BATCA B COOTBETCTBME CBA3aHHble ¢ HUMK MyTauuu B AHK. IogpobHble faHHbIE MO
KKLOW W3 MyTauumin nonyyvaamucb Mo WAEHTUMKATOpY MyTauum K3  pecypca
(http://www.ncbi.nlm.nih.gov/snp). Takum 06pa3om, Gbinnv NOAYUEHbl Napbl UCXOA-
HbIX 1 MyTUPOBaHHbLIX TPUNNETOB HYK/IEOTULOB, 1 COOTBETCTBEHHO KOAMPYEMbIX UMW
aMVMHOKMCNOT.

Bcero 66110 npoBepeHo 103 MyTauum Ans nepevynucieHHbIX Bbille 3a60/1eBaHui.
B 22 cnyyasx onTvMabHbIA CUMMETPUYHBIA KOL COXpaHAeT NONSAPHOCTb MCXOAHOIO
KOAOHa 3a CYET MCMpaBieHNs MOMSPHOCTM MyTaHTa. B 21 cnydae onTUMasibHbIA KOg,
MCNpaBun HapyLLeHWe NOMSPHOCTYM 3a CYET UCNPaB/ieHNst NONSPHOCTA NCXOLHOIO KO-
JoHa. B nATY cnyyasx onTUMa/ibHbIA KO He Ucnpaswi NONSPHOCTb Ha Nape KOLOHOB.
TakvM 06pa3om, HapyLleHne NONSPHOCTY UMENO MecTo B 48 cnydasx n3 103.
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OKa3anocb, YTO ONTUMa/bHbIA AaHTUCUMMETPUYHBIA KOf, ONMCaHHbI BbilLE, faeT
OYeHb MIOXMe Pe3ynbTaTbl, MOCKOMbKY B 34 CMydasix OH HapylUaeT COBMajeHue Mo-
NSIPHOCTW Ha Mape WCXOAHbIV KOLOH-MYyTaHT. B Tabn. 3 npuBeAeHbI NpYMepbl COXpa-
HEHWS MONSPHOCTU MCXOAHOTO KOZIOHA 3a CYET WMCMPaB/MeHNUs MOMSPHOCTM MyTaHTa C
MOMOLLbH0 ONTUMa/IbHOTO CUMMETPUYHOTO KOa.

TABJINLA 3. TprMepbl COXpaHeHUs MOSIPHOCTY

VicxoaHbIi KOJOH MyTauus bonesHb
GCA ACA [Onabet
CGG TGG Onabet
ATA ACA AcTMma
ATC ACC CnoXHbIA CKNepo3
GCC ACC ['nyxoTa
CGC TGC Anburerimep

BbiBoabl. Ha ocHoBe cOOTHOLIEHWIA cuMmmeTpumn B OHK nocTpoeH cummeTpuy-
HbI/i ONTUMaTbHBIA KOL C KOIPPULMEHTOM MOMEXOYCTONYMBOCTM NPU MyTaumsx B
HyKneotTngax Ha 9 % Bbile, Yem Yy CTaHZAPTHOro Kofa. CUMMETPUYHBIA KOf,
B Tabn. 2 06pasyeTcs 13 CTaHAAPTHOrO KoZa 3a CYET MUHUMA/IbHOMO YKca 13 BOCbMM
NapHbIX NnepecTaHoBOK. C MOMOLLbIO FeHETUYECKUX alifOPUTMOB MOCTPOEHbI BapuaH-
Tbl ONTUM&/IbHLIX KOAOB, OT/IMYAKOLWMXCA OT CTaH4APTHOrO Koja YWUC/IoM CTOoM-
KOZIOHOB, a TaKXe KOMM4YeCTBOM TPUMNJIETOB, OMpPefeNAloWmX nonspHble 1 Henonap-
Hble aMUHOKMC/IOTbI.

3 coBpeMeHHbIX 6a3 [aHHbIX FeHeTUYECKMUX 3ab60/1eBaHUn BbISCHUIOCH, UTO
MHOrve 3a60/1eBaHUsA CBS3aHbl C MyTaUUAMU eAMHUYHBIX HYKNe0TUA0B. HapylueHune
NOMIAPHOCTM aMUHOKMCIOT NMPX MyTaumaxX NPUBOANUT K U3MEHEHUIO CTPYKTYpbl 6enka
N COOTBETCTBEHHO BO3HWKHOBEHUIO CEPbE3HbIX 3a60/1eBaHNIN B OpraHu3Me YesioBeka.
Mpwy nccnegoBaHUN FeHETUYECKUX MyTauuiA BbISCHUMIOCH, YTO NOCTPOEHHbINA CUMMET-
PUYHBIA KOZ, BONBLUMHCTBE C/lyvaeB MUCMPaBsSeT HapyLUeHWe NOMSPHOCTM Npu MyTa-
LMSX B HYKNeoTuaax.

B.0. Bineubkuii, A.M. I'ynan, M.A. l'ynan
CUMETPUYHWI KOO TA FrEHETWYHI MYTALI,I'I'

3a gonomoroto cumeTpii B JHK BrBEAEHO CUMETPUYHUIA ONTUMAaNbHWIA KO WOAO MONSPHOCTI
aMiHOKMC/IOT NpU MyTauisxX y HykneoTugax. Ha ocHoBi 6a3 JaHMX TeHeTUYHMX 3axXBOPHOBaHb
MOKasaHo, L0 CUMETPUYHUIA KOA Y GinbLIOCTI BUNaAKaxX BUNpaBAse MOPYLUEHHS MOASAPHOCTI Npu
MyTaLifx.
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CUMMETPUYHBIV KOL, W TEHETUYECKUE MYTALIMA

B.A. Biletskyy, A.M. Gupal, N.A. Gupal
SYMMETRIC CODE AND GENETIC MUTATIONS

The symmetric optimum code concerning polarity of amino acids at mutations in nucleotides is con-
structed using DNA symmetry. On the basis of databases of genetic diseases, it is shown that the symmet-
ric code, in most cases, corrects the defects of polarity at the mutations.
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Beneukuii Bopuc AnekcaHaposuY,

KaHAMAAT (PU3NKO-MaTeMaTUYECKNX HayK,
Hayu4HbIli COTPYAHUK NIHCTUTYTa KN6epHETMKM nMeHn B.M. IMnywikoBa HAH Y KpavHbl,

l'ynan AHaTonuii Muxaiinosny,

[OKTOP (PU3NKO-MaTEMaTUUYECKNX HaYK,

uneH-kopecnoHaeHT HAH YkpauHsl,

npodecop, 3aBefyHoLMin OTAEN0M

MHCTUTYTa KnbepHeTUKM uMeHn B.M. Mnywikosa HAH YkpavHel,

'ynan HuknTa AHaTOoNbeBNY,

MNaALLINIA HayYHbIA COTPYAHMK
MHCcTnTyTa KnbepHeTUKM umeHn B.M. Mnywkosa HAH YKpavHsl.
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