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NCHOJIB30BAHUE METOJ10B OBPATHOM TPAHCJISILUU IS
BEJIKOBOUM MH)KEHEPHUH IN SILICO

Pedepar. benkoBas wumXKeHepuss — pasledl OUOTEXHOJOTHH, KOTOPHIM
3aHMMAaeTCsl pa3pabOTKOM TOJIE3HBIX WJIM IIEHHBIX OenkoB. TexHosoruw,
MPEIOCTABISIEMBIE JIAHHOM OTPAC/bl0, C KaXIbIM TOJIOM, BCE AaKTHUBHEE
BHeNpsieTcsi B pabOTy CENEKIIMOHEpOB U TreHeTukoB. JlaGopaTopusm
OMOTEXHOJOTUYECKOTO MPOQUIsl, KOTOPbIE 3aHUMAIOTCSI BBIJCICHUEM T'€HOB, a
TaKKe HUX PEJaKTUPOBAHUEM, C IEJIbI0 BBIACHEHUS HOBBIX MPHU3HAKOB JIMOO
YIYUIICHHEM YK€ W3YYCHHBIX, TEXHOJOTUU OCIKOBOM WMH)KEHEPUU TMO3BOJIST
COKPaTHUTh MPOIIECC MOUCKA, BBUAY TOTO UYTO Y€ U3BECTHOMY OEJIKY 3aJ1at0TCsl
HEeoOXoauMble CBOMCTBA. TO €CTh MOJXOJ 3aKJIIOYAECTCSl HE BO BHECEHHE
M3HAYaJIbHBIX MOAU(PHUKALIUNA B TEHOM, a U3MEHEHHUIO B TIEPBYIO ouepe/ib Oerka,
IIOCJIE YE€ro, CMHTE3y HOBOW IOCIJIEIOBATEIIBHOCTH HYKJIEOTHUIIOB, KOTOpAasl B
nanbpHeieM OyneT BCTpoeHa B T€HOM B3aMeH cTapoil. Cl0XHOCTbh TakoTo
MOJXO0/a 3aKJoYaeTcd B M30BITOYHOCTH TE€HEeTUYecKoro kojaa. CBOMCTBO
U30BITOYHOCTH TPUBOAUT K TOMY, YTO OT TPEX JI0 YETHIPEX Pa3HBIX KOJIOHOB,
MOTYT KOJMPOBAaTh OJHY M Ty € aMHHOKHUCIOTY. OJTO CBOWMCTBO [daeT
BO3MOXKHOCTh TIPU TMOJYYEHUH TE€HETHUYECKUX TMOBPEKICHUN W HM3MEHCHHI
HYKJICOTUJOB B T'€HOME, COXPAHATh MUCXOJHBINM CMBICI TPUILUIETA, TO €CTh IPHU
M3MEHEHUH HYKJICOTHU]IOB, HE U3MEHSETCS aMUHOKHCIIOTa. B cityuae, koraa Mbl
OyZeM TBITaTbCs 3aKOJAUMPOBATh TMOJUIENTUIHYIO TOCIEI0BATENbHOCTh B

HYKJIEHHOBYIO KHUCJIOTY, BO3HUKHET BBIOOp MEXKIY pa3HbIMHU Tpuiuieramu. B
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OnouH(oOpMaTUKE TaKOW MpoIlecC Ha3bIBaeTCS OOpPaTHOM TpaHCIALMUEH W JUIs
HEro HaIKCaHbl CIICHHAIbHBIC aITOPUTMBI JIJIsl TIEPeBOAA MPOTEMHA OOpPaTHO B
JIHK. Otu metonsl paboTaioT 1o NpHUHIMIY M0a00pa Hanbosaee BEPOSTHOTO
HYKJIEOTH/1a, HAauOOJee 4YacTO BCTPEUYAIOIIETOCs Ha TOM WJIM HWHOM TO3UIUU.
Hcxoas U3 3TUX AaHHBIX, KAKJIOMY HYKJICOTHIY B KOJOHE MPUCBAUBAETCS CBOM
HOMEP M BEPOATHOCTh HAIMYUS KaXJOro Hykjeotuaa. B nmanHoit pabote
OMHCHIBACTCS OIBIT MPUMEHEHHS TOJ00HOTO aJropuTMa B clydae IMepeBoia
nosnentuna WIN ¢ BHECEHHBIM OJTHOHYKJICOTUIHBIM mojumopduzmom B 86
nosioxkeHun. M3menennnit reH WIN, momydeHHbBI B pe3yiibrare 0OpaTHOM
TPaHCISALIMM, OBUI CpaBHEH C pe(epeHCHbBIM TeHOM U3 0a3bl JIaHHBIX
HAIlMOHAJILHOTO  IIeHTpa OuotexHonorndeckor wuHpopmarmu(NCBI). B
pe3ynbTare OblJa  TOJIydeHA  HYKICOTHAHAs  IOCIEI0BATEIbHOCTS,
IpeICKa3aHHasl C TOYHOCTBIO OKOJO /5% MO MAEHTUYHOCTU HYKJIEOTHUIHOTO
cocraBa. Tak ke, HECMOTpS Ha OTIMYUA TIPU OOpaTHOW TPaAHCISIIHH,
TCHETUYECKUH CMBICI KaXJOro TpPUIUIETa B HOBOM TOCJIEIOBATEIIHBHOCTH
HYKJICOTHI0B ¢ TOUHOCTHIO 710 100% ObLT coxpaneH. [Ipu coxpaHHOCTH CMBICTa
HOBOM I€MH, MOXHO CJIeJIaTh BBIBOJI 00 YCHEIIHOM MPOBEICHUN KOHBEPTAIIUH
aMUHOKHUCJIOTHOM mocienoBatenbHoctu 0enka B JIHK. DTo mocmyXuT ocHOBOM
JUIS CHHTE3a U3MEHEHHOW HYKJIICOTHIHOW MOCIEN0BATEIbHOCTU [IJI1 BHEAPECHUS
B F€HOM.

KawueBbie ciaoBa: WIN, Glycine max, oOpartHas  TpaHCIALMS,
ononHpopmaTrka, OeIKOBass HHXKEHEpHs, OnoTexHosorus, in silico

Abstract. Protein engineering is a branch of biotechnology that develops useful
or valuable proteins. The technologies provided by this industry are being
increasingly introduced into the work of breeders and geneticists every year.
Biotechnological laboratories that are engaged in the isolation of genes, as well
as their editing, in order to find out new features or improve those already
studied, protein engineering technologies will reduce the search process, due to

the fact that the necessary properties are set for an already known protein. That
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Is, the approach is not to make initial modifications to the genome, but to
change, first of all, the protein, after which, the synthesis of a new sequence of
nucleotides, which will later be embedded in the genome instead of the old one.
The complexity of this approach lies in the redundancy of the genetic code. The
redundancy property leads to the fact that from three to four different codons
can encode the same amino acid. This property makes it possible, when
receiving genetic damage and changes in nucleotides in the genome, to preserve
the original meaning of the triplet, that is, when changing nucleotides, the amino
acid does not change. In the case when we try to encode a polypeptide sequence
into a nucleic acid, there will be a choice between different triplets. In
bioinformatics, this process is called reverse translation and special algorithms
have been written for it to translate the protein back into DNA. These methods
work on the principle of selecting the most likely nucleotide most commonly
found in a particular position. Based on these data, each nucleotide in the codon
Is assigned its own number and the probability of the presence of each
nucleotide. This paper describes the experience of using such an algorithm in the
case of translation of a WIN polypeptide with an introduced single-nucleotide
polymorphism in position 86. The modified WIN gene obtained as a result of
reverse translation was compared with a reference gene from the database of the
National Center for Biotechnology Information (NCBI). As a result, a nucleotide
sequence was obtained, predicted with an accuracy of about 75% by the identity
of the nucleotide composition. Also, despite the differences in reverse
translation, the genetic meaning of each triplet in a new sequence of nucleotides
with an accuracy of 100% was preserved. With the preservation of the meaning
of the new chain, it can be concluded that the conversion of the amino acid
sequence of the protein into DNA has been successfully carried out. This will
serve as the basis for the synthesis of an altered nucleotide sequence for

insertion into the genome.
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BBenenue

Oo6parnas TpPaHCIALUA - 3TO MIPOIIECC JIEKOJIMPOBAHUS
IIOCJIEA0BATENBHOCTH AMHUHOKHUCIIOT B COOTBETCTBYIOIIME KOJOHBL. Bee cuctemel
CUHTETUYECKOTO T'€HHOTO Ju3aiiHa BKIIIOYAIOT MOJYJb OOpaTHOM TpaHCIISIIUHU.
M30BITOYHOCT, TEHETHYECKOTOo KOoAa JenaeT oOOpaTHYI0  TpPaHCISIHIO
MOTEHIIMAIBHO HEOJIHO3HAYHOM, TMOCKOJIbKY OOJBIIMHCTBO aMHUHOKHCIIOT
KOJUPYIOTCSI pa3sHbIMH KoJOHaMU. OOMIMI MOAXO0M K MPEOJ0JCHUIO OSTOM
TPYAHOCTA OCHOBAaH HA MMUTAIIMW WCIMOJIb30BaHUS KOJOHOB B IMpeaenax BUA
[1].

OnTuManpHOE pelIeHWE JaHHOM 3ajaud  OyJeT akTyalbHO s
nabopartopuii, 3aHUMAOIIMXCS OCJIKOBOM W TEeHHOM wuHXKeHepued. B
7abopaTopusax MOJOOHOTO THIMA HMMEETCS MOTPEOHOCTh BO BCTPAMBAHUU
reHeTUYecKo uHOpMamMu B  TECT-CUCTEMY JJIi  DKCIPECCHUU  WIH
MOJIHOLICHHBIN OPraHU3M.

K mnpoueccy koaupoBaHus MNOJUIIENTHAA MOXXHO TMOJIOWTH pPa3HbIMU
ononHpopmaTuueckuMu crnocodamu. CyIIeCTBYeT pa3IM4yHOE MPOTPaMMHOE
oOecrieuenue, paboraromiee Mo pasHbIM alroputMam. K yuciay moaxoaoB B
CO3/IaHUE AJITOPUTMOB MOHO BBIJCIUTh HMMHUTAIMIO KOJIOHOB, KOTOPBIE
MPECTABIIOT CO00M HamOoJiee BEPOATHBIN HEBBIPOXKICHHBIN YYacTOK, IS
reHepaiuu  JIHK. AnbTepHaTuBHBIE MOIXOJBl HUCIOIB3YIOT — AITOPUTMBI
CKPBITBIX MapKoBckux mogzeneit (CMM). CMM Ha3bIBalOT CTaTUCTUYECKYIO
MOJIeNIb, WUMUTHUPYIOIIYI0 paboTy mpoIrecca TMOXOKEr0 Ha MapKOBCKUH C
HEU3BECTHBIMU TIapaMeTpaMH, M 3aJladyeil CTAaBUTCA pas3raiblBaHUE JaHHBIX
napamMeTpoB Ha OCHOBE HaOmrojaembiX. l[loydeHHble mapamMeTpbl MOTYT OBIThH
UCIIOJB30BaHbl B JIaJIbHEWINIEM aHalW3e, HampuMep, g Pacrno3HABaHUS

o6pazoB. CMM MoxeT ObITh pacCMOTpPEHA KakK MpocTeiias 6ailecoBcKas CETh



noBepus. JlaHHasi cTaTUCTHYECKas MOJENIb HalllJla ITUPOKOE HCIOJIb30BaHHUE B
pelIeHre pa3Horo poaa OMoMHGOPMATHIECKHUX 3a/1a4.

[IporpammubIM  oOecrieueHHMEM, B OCHOBE  KOTOPOTO  JICKHUT
ucnois3oBanne CMM wMokHo HasBath EasyBack. Ilpuniun ero paOoThl
3aKJTF0YAaeTCsl HE B MUMUTAIIUM HCIIONIB30BAaHUS KOJIOHOB B TIpe/eNiax IIEICBOTO
BHJIa, @ B MCIOJIb30BAHUKM KPUTEPHUEB CXOJICTBA IMOCe0BaTeIbHOCTEH. Moaenb
o0Oy4aeTcsi ¢ UCHOJb30BaHMEM Habopa OENKOB C M3BECTHBIMU KOJIUPYIOIIUMHU
nocienoBateabHOCTIMH KJIHK, CKOHCTpyHpOBaHHBIX M3 BXOJHOTO O€IKa IMyTeM
3anpoca 0a3 gaHHeix NCBI ¢ momompero BLAST. B  omauunme ot
CYIIECTBYIOMIETO  MPOTPAMMHOTO  OOECIIEUEHHUs, TMpeaaracMblii  METOJ
MO3BOJIIET OIICHUTh KA4yeCTBO IporHo3upoBaHus. K HemocTaTkam mOg0O0HBIX
porpaMM MOJXKHO OTHECTH WX (OPMAIBHYIO YyCTapeloCTh, TPYAHOCTH B
HaXO0XKJICHHE MOJOOHOTO 00eCIIeYeHUs U UX MCHOoJb30BaHue. B maHHBIN MOMEHT
MONYJIIPHOCTh ~ HAOUPAOT  MPOrpaMMHBIE  OOECIICUCHMS,  ITO3BOJISIOIINE
MOJIb30BAThCS BBIYHMCICHUSIMH HE JIOKaJdbHO, a ymaineHHo. K ToMmy ke s
MoJIb30BaTeNie, paboTaronMX B 00JACTH  BBIUYMCIMTEIBHOW OHOJIOTHH,
CHIDKAETCSI TIOPOT BXOXKJICHUS BBUIY Y>KE€ TOTOBBIX aJITOPUTMOB.

B nannoii ctathe OyAeT onucaH OMBIT UCTOJIb30BAHUS METOAa OOpaTHOM
TpaHcisnuu Ha npumepe Oenka Glycine max(cou) WIN, ¢ BHeCeHHBIM
OJTHOHYKJICOTUHBIM TOJIMMOP(GU3MOM M TIEPEBOJIa €r0 B CHHTE3WPOBAHHYIO
JIHK matpuiry. [IpoBenenne oOpaTHOM TpaHCIISIIUN TPOXOIUIIN HA BeO-pecypce
«Sequence Manipulation Suite» [2].
beutn BBICTaBICHBI TpeOOBaHWE K IPOBEACHHBIM BBIUMCICHUSAM, PE3yIbTaT
TPAHCIISIIIUN CUHTE3UPOBAHHOW HYKJICOTHUAHOW Iemu B OENOK, JODKHA OBITh
100% u cooTBETCTBOBATH TOYHOCTH COXPAHEHHUs CXOACTBA HyKJIeOTHAOB B /0%
1 BEIIIIE.

Marepuajbl 1 METOAbI UCCJIEOBAHUA
[Momunentuauasa nocnenosareibHOCTh Oeika WIN Onuta B3sita ¢ 0asbl

nanaelx  Uniprot. Tlo Meroay TOMOJIOTHYHOTO CXOJCTBA OBUT MpeacKa3aH
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OJTHOHYKJICOTUIHBIN mnonumopdusm. KoTopelii mocie OblT MHIYIUPOBAH B
NOJIMIICTITUIHYIO [IeMh, Yepe3 pelaKTUpOBaHWE MCXOMHOTO JokymeHrta fasta-
dbopmara ¥ 3aMEHbl OJHOM aMUHOKHCIOTHI Ha JApyryro. B npanbHeiiimieMm B
KauecTBE METOJIOB KOHTPOJIsi ObLI MPOBEJEH AJITOPUTM OOpPATHOM TPaHCIISILIUU
HATUBHOW monumnenTuaHon mermu. OOpaTHas TPAHCIAIUS OCYIIESCTBISAIACH B
BUPTYaJIbHOM 1a00paTopuu AJig paboThI C MEPBUYHBIMU MOCIIE0BATEIBHOCTIMHU
SMS. Aunroputw™, nexamuii B OCHOBE 0OpaTHOTO TPAHCIATOPA, OMUCHIBACTCS
KaK MMUTAIMOHHBIN TOAOOp YacTO BCTPEYAIOUIUXCS KOJOHOB Y HMCKOMOTO
TaKCOHAa. BBUIO MCIONB30BaHO J1Ba THUMA MOAOOPAHHBIX KOJMOHOB. [lepBbIil THI
SBISJICSL  CTAaHAApTHBIM W TpeUiarajiics caMoOil  IpOrpaMMoOi,  ero
TakCOHOMHUecKuil Tun coorBerctBoBan E.Coli. [{ns Broporo Ttuma ObLIH
nojo0pansl  cOOTBeTCTByROmmMe Tpumierel s Glycine max. Iloxdop
UMUTAIIMOHHBIX KoJ0HOB mpoxoxawn ©Ha Codon Usage Database [3].
[Tomy4yeHHBIN pe3yabTaT B BUJIE MTOCIIEI0OBATEILHOCTH HYKJICOTHIOB ObLIT CBEPEH
c CDS (6enok-xoampyromast obmacte) y pedepencuoit JIHK. NMudopmarus o
nepBu4HON cTpykType pedepercHoit [JHK u anHoTamus k Heli Obuia B3siTa C
06azel  manablx  NCBI(HamuonanbHblii  LEHTp ~ OMOTEXHOJIOTHYECKOM
unpopmarnn) [4]. CXxoacTBO HOBOCHHTE3MPOBAHHOW IMOCICAOBATEIBHOCTH
JJHK wu pedepeHcHOM TPOU3BOAWIOCH 4YEpe3 CTAHIAPTHYIO METOAUKY
JIOKAJIbHOTO BBIpaBHMBaHUS Ha cepBuce Emboss [5]. Omenka coxpanHOCTH
CMBICJIa HOBBIX KOJIOHOB TPOBOJWJIOCH B TOW K€ BUPTYaJbHOU J1abopaTtopuw,
rie ¥ Tpou3BoaWiach oOpatHas TpaHcisanusa. OreHka  pe3ynbTaToB
BBIPAaBHUBAHMUS TIPOBOJMJIOCH B CaMOM TPOTPAMMHOM OOECTIeUueHUU C
MCIOJIb30BaHueM anropurma Humimana-Bynma.
Pesyabrarsl

Nudopmanus o nepsuyHoii crpykrype npoternHa cou WIN Obi1a B3siTa u3
0a3pl manHbIX Uniprot, mocjiae yero Haj HUM ObUTa MPOM3BEACHA pPEAAKIIHS,

IyTEM BHEJPEHHUS OJJHOHYKJICOTUIHOTO ToiuMopdusma (puc. 1).



KPYSWRSKYGWTAFCGPVGPRGRDSCGKCLRVINTGTGANTIVRIVDQCSNGGLDLDVGVFNRIDTD
GRGYQQGHLIVNYQFVDCGNELDLTKPLLSILDAP

KPYSWRSKYGWTAFCGPVGPRGRDSCGKCLRVINTGTGANTIVRIVDQCSNGGLDLDVGVEFNRIDTD
GRGYQQGHLIVNYQFVDCDNELDLTKPLLSILDAP

Puc.1 CpaBnenne aMMHOKUCIOTHBIX LETIEH.
CBepxXy HaTHBHAS MOJMICHTHIHAS IICTb, CHU3Y C HHAYIIUPOBAHHBIM ITOJIUMOP(PHU3MOM,
KpacHBIM 0003Ha4Y€HbI aMUHOKHCJIOTHI C TIOPSIKOBBIM HOMEPOM 86, I/ie MpOU30IIIa 3aMeHa ¢
GuaD

OOpaTHO! TpaHCIAUMU OBLIM MOJABEPTHYTHI: HATUBHAS LEMb, B KAYECTBE
METO/Ja KOHTPOJS M UMb C HHAYLUUPOBAHHBIM MojaumMopdusMom. beuia
Ompejie]icHa TOYHOCTh TIPOTHO3a, IyTeM cpaBHeHus cxozactBa (Taoum.1).
TO4YHOCTB TpaHCISLMHU y BCeX KaHAMAATOB Obl1a paBHa 100%.

Tadauua 1.
To4yHOCTH MPOTHO3a

N TouHoCTh 0OpaTHOM
TounocTh 0OpaTHOI .
Tun creHepupoBaHHBIX . TPAHCIISIMN IS LeTel ¢
TPAHCIISIMHU JIJIsI HATUBHON
KOJIOHOB HemH OJTHOHYKJICOTHTHBIM
noJauMopduzmMom
E.Coli 76.4% 76.7%
Glycine max 75.1% 75.8%
Oo0cyxaeHue

B  pesyaprate TOpPOBENEHHOTO  aNrOpuUTMa  yIajdoCch  MOJYYUTH
HYKJICOTHUJIHBIE IIEMH, KOTOpPhIE B OOOMX CIIy4asX CT€HEPUPOBAHHBIX KOJOHOB
nonajaiu moja TouHocTh cBhiie /0%. MHTepecHbIM HAaOII0ICHUEM SIBJISIETCS TO,
YTO HMMHUTAIMS KOJOHOB, TakcoHoMmueckn Oimskux k E.Coli mamo Oomee
BBICOKOE CXOJICTBO K peepEHCHOM MMM, YeM HMHTAIIMOHHBIC TPUILICTHI IS
Glycine max. Takoii pe3ynbTaT MOXKET OOBICHATHCS HE JIOCTATOYHOMN
popaboOTKOM camoil 0a3bl JAHHBIX W MaJIOTO KOJMYECTBA AHHOTUPOBAHHOM

uH(popMaIMu O reHax Ui COM M HaoOOpoT Oojee MOJHYI0 U KOMIUIEKCHYIO




KapTUHY JJIs KHUIIEYHOW TNAallouKd, KOTOpasl SBJSIETCS OJHUM M3 CaMbIX
HOMYJSIPHBIX OOBEKTOB HCCIIENIOBAaHUS B OOJACTH T€HETUKU U MOJIEKYJSPHON
ouonorun. Tak xe HaOIIOAAaETCS TUHAMUKA BO3PACTaHUS TOYHOCTH MPOTHO3A Yy
00erX HYKJIEWHOBBIX KHUCIIOT B CilIy4ae MWHIYKIUUA OJHOHYKJICOTHIHBIX
nonumMophu3MoB. [IpupocT TOUHOCTH XOTh U HE3HAYUTENIEH B 3TOM CIy4ae, HO
CTaTUCTUYECKH BOCHPOHM3BOJIUM, YTO MOXET OOBSICHITHCS HCKYCCTBEHHBIM
pEeIaKTUPOBAaHHEM CaMHMX TPUILIETOB B pe(EepeHCHBIX TIeHaX, YTO CHHUXKAeT
HOTPELIHOCTh HapHOTO BbIPaBHUBAHUS. Hcxons u3 aHanmm3a
BBIIICTIEPEUNCIICHHBIX TAHHBIX MOKHO IPUNUTHU K 3aKIIOYEHUIO, UTO B MOMBITKAX
COBEPIINTHh OOPATHYIO TPAHCISAIHUIO 711 OEIKOB HEIOCTATOYHO aHHOTHPOBAHBIX
OpPraHM3MOB, JOIYCKAeTCsl MCIOJIb30BAHUE CTAHAAPTHBIX HMMHTALMOHHBIX
TPUILICTOB CTEHEPUPOBAHHBIX camoii 6a3oii nanabix Codon Usage Database mst
ceppuca SMS. Takoil TpPOTHO3 JaeT BBICOKYI0 TOYHOCTH IMpeICKa3aHHBIX
HYKJIEOTH/IOB, ¥ MOTPEIIHOCTh HE JIOJKHA OyAeT OKa3aTh BIUSHUE HA YPOBEHb
MaTPUYHON IKCIPECCUU BHYTpU camoro reHoma. K Tomy ke monoOHbIN cepBep
UMEET HU3KHUM MOpOr BXOXKJIEHUE U MOCTOSIHHOE TEXHMYECKOe OOCTyKUBaHUE,
YTO JIeNaeT ero JOCTYMHbBIM JJIsi MHOTHX HccienoBateneid. OnHako B paboTe He
OLIEHMBAJIOCh CPaBHEHHWE MPOTPaAMMHOIO oOOecredeHus, padoTalomMX IO
IOPUHLIMITY CKPBITBIX MAapKOBCKMX MOJeNel, 4Ybd MPOrHO3bl BBUAY Ooiiee
CIIO)KHBIX METOJIOB OOpabOTKM MacCHMBa JaHHBIX JAaOT MPOrHO3 ToudHee. B
JanbHEWIIeM IUIaHUPYETCS ONTHMHU3ALMUA JJIs HMCclefoBaTene MmoJo0HbIX

QITOPUTMOB, KOTOPBIE TIPEIOCTABIT 00JIee MPOCTON CITOCOO PabOTHI C TAaHHBIMHU.
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