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AHHOTanUA

PaGoTa nmocasileHa U3y4eHUIO CBA3HU JJIMH OPTOJIOTMYHBIX 6€JIKOB YeThbIpeX OPraHU3MOB, OAAUH U3 KOTOPBIX
NPUHAT 3a 6a3ucHbIN (B cymMMe GoJsiee 1200 6eskoB). Mcrosib30BaHbl METO/bI MHOTOMEPHOTO CTaTUCTHYe-
CKOT0 aHa/IM3a, KOTOPbIH NpUMeHsAEeTCs K IapaM, TPOHKaM U YeTBEpPKaM (CTPOKaM), COCTAaBJIEHHbIM U3 JAJIUH
OPTOJIOTMYHBIX 6e/1KOB. Takux cTpok oT 200 10 400. AHa/IM3 NAPHBIX KOPPEJISIUH, OpTOroHa/IbHOE Ipeobpa-
30BaHUeE U KJIACTepHbIH aHa/IU3 M03BOJIMJIM BbIENUTh JiBa OJHOPOAHBIX KJIacTepa 4eTBEPOK JJuH. [lapas-
JIeJIbHO U3y4asld IpUpalleHus JJIMHbI OpTOJOIMYHOr0 6eslKa OTHOCUTEIbHO 6a3ucHoro opranusma. [loxasa-
JIY, YTO CTPOKH 06pa3yIoT HEOAHOPOJHY0 BEIGOPKY, a IpUpallieHHsl 06pasyIoT OHOPOAHYIO BbIGOPKY. [Janee
3ajJja4a COCTOsIa B pacIIMPEeHUH KJIAcTepOB CTPOKAMU C HEMOJIHBIMU JaHHbIMU. [lokasay, 4To JJis 3TOro
KJIaCTEPHBIN aHA/IU3 He NIPUMEHUM, I03TOMY HCIO/b30Balu AUCKPUMHUHAHTHBINA aHa/IU3 € 06y4arollei Bbl-
GOpKOH - KJIacTepu3anyel ¢ noJHbIMU JaHHbIMU. [TosrydeHo 100-npoleHTHOE pas/iesieHue BCeX HelOIHbIX
CTPOK I10 KJIaCTepaM; ¢ 0C/IeAYIOLIMM ONMCaHUeM 10 KJIacTepaM 3aBUCHMOCTH JIIMH OT 6a3ucHbIX. [IpoBepe-
Ha a/leKBaTHOCTb NOJIyYeHHBIX YpaBHEHUH perpeccud. B pesysbraTe cTaTUCTHUYECKOro aHaIM3a CAeJIaHbI
cllefiyroliye BbIBOABL JI/1sI MHOXeCTBa JJIMH OPTOJIOTUYHBIX PSAJ0B N0JIy4YeH 06061aoluii ¢pakTop, Ha30BeM
€ro pa3MepoM OpPTOJIOTUYHOI0 06'beKTa U3 4-X JJIMH OPTOJOrHYHBIX 6eKoB. /11 AaHHOH 3a/a4X MOJIyYeHbI
TaKHe pa3Mepbl 06bEKTOB, IPUYEM UX CpeJIHHe IPYNIIOBble OT/IMYAIOTCS OHHU 06Pa3yloT ABa OTAE/bHBIX HH-
TepBaJla 3Ha4eHUH, 10 OJHOMY JJIl K&KJ0H IPYNIIbl U3 N0Jy4YeHHbIX APYTUMU MeToAaMu. [ls psAJioB IpUpa-
I[eHUH JJIMH OPTOJIOTMYHBIX 6eJIKOB U3 06bEKTOB 110 YeThlpe aHaIU3 T10Ka3al BCeMU MeTOAaMH OJHOPOJ-
HOCTb MHOXeCTBa. [lokaszaHo, YTO JJIMHbI OPTOJIOTMYHbIX 6€JIKOB UMEIOT 3HAaYMMY10 aBTOKOPPEJIALHIO, KaK U
ObIBaeT ¥ PA/0B, CBA3aHHBIX C OHUM U TeM Ke 6a3UCHBIM PsJIOM.

Abstract

The article is devoted to the study of the relationship between the lengths of orthologous proteins of four
organisms, one of which is taken as the basic one ( more than 1200 proteins in total). The methods of multi-
variate statistical analysis are used, it is applied to pairs, triples and fours (strings) composed of lengths of
orthologous proteins. The number of such lines is from 200 to 400.

The analysis of pair correlations, orthogonal transformation and cluster analysis allowed us to distinguish
two homogeneous clusters of four-lengths. At the same time, we studied the increments of the length of the
orthologous protein relative to the basic organism. We showed that the lines form a non-uniform sample,
and the increments form a homogeneous sample. Then the task was to expand the clusters with rows with
incomplete data. It was shown that cluster analysis is not applicable for this task, so we used discriminant
analysis with a training sample — clustering with complete data. A 100 percent separation of all incomplete
rows by clusters was obtained; with the following description of the length dependences of clusters on the
base. The adequacy of the resulting regression equations was tested. As a result of statistical analysis, the
following conclusions were made. For a set of lengths of orthologous series, a generalizing factor was ob-
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tained, let’s call it the size of an orthologic object from 4 lengths of orthologous proteins. For the given task
such sizes of objects were obtained, and their average group values differ, they form two separate ranges of
values, one for each group of the values obtained by other methods. For series of increments of the lengths
of orthologous proteins from objects of four, an analysis performed by all methods showed homogeneity of
the set. It was shown that the lengths of orthologous proteins have significant autocorrelation, as is the case
with rows associated with the same basic series.

BBeaenue

B naHHO# pa6oTe uCClefoOBalM CBA3H JJIMH OPTOJIOTMYHBIX
6€eJIKOB C yY4eTOM CBOWCTBA OPTOJIOTMYHOCTH GeJIKOB, KOTOpOe CBsl-
3bIBAET PSAbI AJIMH GEJIKOB 110 YeThbIpe B CTPOKe. /I/Is1 3TOT0 KCIOJIb-
30Ba/IM JUCKPUMHUHAHTHBII MeTO/J, MHOTOMEPHOI0 CTaTUCTHYECKO-
ro aHa;u3a. CofeprkaHre paccMaTpyUBaeMoi 3a/jauy U HanpaBJleHue,
K KOTOPOMY OHa OTHOCHTCS], OIMCaHbI B [2-5].

TeopeTHYecKas 4YacTh: pe3y/IbTAThI

MeTozbl CTaTUCTUYECKOrO aHa/M3a MHOTOMEPHbIX JaHHbIX
IpUMeHEeHbl /i BbIIBJIEHUS B3aUMOCBs3ell psAZ0B AJIMH OpPTOJIO-
TUYHBIX GEJIKOB M0 YeTblpeM opraHusMaM. 0603Ha4yuM S - cTosber
JUIMH 6esikoB 6asucHoro opranusma, T, N U P - cTon61b! A/IMH 6eJi-
KOB TpeX OpPTaHMW3MOB OPTOJIOTMYHBIX 0a3MCHOMY. B mpusioxeHuH
3THU GYKBbI 0603HAYAIOT COOTBETCTBEHHO LHAHOOAKTEPHUH, TOKCO-
IJ1a3Mbl, HEOCHOPBI U IJIa3MOAUHU. B ONOTHUTEIbHBIX MaTepUaIax
K [1] a1vHBI GesIKOB npuBeAeHbl napamMu ctos1610B (ST), (SN) u (SP),
rJie YUCJI0 nap JJIMH B cToOLax pasHoe: 318, 279 u 245 cooTBeT-
cTBeHHO. TaM e npuBejieHa 60JblIast YacTb 3TUX JAHHBIX, OPraHU-
30BaHHAas B MaTpuly o 4 opTojoruuHeix 6esnka (STNP), Takux
CTpOK 1o 4 okasasoch 198. B 6uonHdpopmMaTHKe NPUHATO paccMa-
TPUBATb TaKXKe CBA3M NPHUPALIEHUH JJUH OPTOJOTHYHBIX GeJKOB
OTHOCHTEJIbHO JJIMH 6eJIKOB 6a3ucHOro opraHuama. Pa6ora [6] mo-
CBsIllleHa MCC/IeJ0BAHUIO B3aUMOCBS3eH AJIMH OPTOJIOTHYHBIX Gesl-
KOB, a TaK)Ke UX NpUpalLleHU OTHOCUTENBHO AJIMH 6a3UCHOTO psija
HOoNapHo AJj1s1 6a3UCHOTO psjZia U eMy OPTOJIOTHYHOrO psja AJIMH U
psijia npupalleHuH OTeIbHO.

B pa6orte BblZesieHbl /iBa 3Tana. Ha nepBoMm ucciejoBaau B Ka-
YecTBe MCXOAHBIX JAHHBIX MaTPHUIy AJUH OPTOJOTHYHBIX GEJKOB
(STNP), rae CTpOKH yropsiioueHbl MO BO3PACTAHUIO JJIMH GEJIKOB
opraHusMa S, a TakXKe aHaJIOTHYHYI0 MaTPULYy NPHUpAIleHUH 3TUX
JIIUH OTHOCHUTEJIBHO JJIMH OGeJIKOB 6a3MCHOro opraHusma (3To Ma-
TpuLbl 4 Ha 198). Ha BTOpoM 3Tamne 1ccie0Baly Te 3Ha4eHU JJIMH
OPTOJIOTUYHBIX 6€JIKOB, [JIf KOTOpble He BOLIM B MaTpuLy 4 Ha 198.

B Ta6aune 1 mpuBeseHbl YHCI0BblE XapaKTEPUCTUKU PSLOB
JUIVH U IPUPALleHUH AJIMH OPTOJIOTUYHBIX 6€JIKOB, COCTABJISIOIHX
ONHKCaHHbIE MAaTPHIbI 110 4 3HAYEHUSA B CTPOKE.

Ta6mmna 1. OCHOBHbIe YHC/I0Bble XaPAKTEPUCTUKHU JJIs1 PAJOB AJIMH U
HpUpaleHUi AJUH OPTOJIOTUYHbBIX GEIKOB
Table 1. Basic numerical characteristics for series of lengths and length increments

of orthologous proteins

Pan CpepHee CpeaHeKkBajpaTu- 3HayeHUe
3HaYyeHHe
S 393,33 228,417 52174,343
T 575,82 372,87 139034,312
N 521,67 358,66 128639,381
P 504,28 348,85 121698,334
T-S 182,49 229,27 52567,317
N-S 128,34 200,04 40016,895
P-S 110,95 175,91 30945,642
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BrinosiHeHa npoBepKa HOPMaJbHOCTU paclpejie/leHHi 3THX Ba-
pUALMOHHBIX PAAOB. MMeeTcs focTaTouHOe NPUGIMKEHHE K HOpMaJIb-
HOMY pacrpe/ie/IeHUI0 JJIUH KXA0r0 U3 3TUX PSAJAOB, YTO [03BOJIAET
UCI0JIb30BaTh KJIACTepPHbIH, GaKTOPHBIN U perpecCUOHHbIN aHaIU3.

Jl1s1 psIZI0B JIJIMH OPTOJIOTMYHBIX 6€JIKOB 10 4 B CTPOKe IpoBe-
JIM KOPpeJIALMOHHBIN aHa/INU3 AJ151 BbIACHEHUS HAaJIUYUA U CUJIbI CBSI-
34 MeXAy psAjaMM AJHUH OPTOJIOTMYHBIX 6esKoB. KoadduuueHTs
apHO# KoppesALuy )i BCeX AJHUH OPTOJOTMYHBIX O€JIKOB IIpUBe-
JileHbl B TabJMlLe 2 ¢ JOBepUTEIbHbIMU HHTEpPBaIaMH.

Ta6una 2. [TapHble K03GOUIMEHTDBI KOPPEJISLUU C J0BEPUTETbHBIMU
HMHTepBaJaMU JJIsi MAaTPULbI AJINH
Table 2. Paired correlation coefficients with confidence intervals

for the length matrix

Koppens- S T N p
U
S 1 0,814+0,06 | 0,859+0,072 | 0,897+0,03
T 0,814+0,06 1 0,941+0,024 | 0,89+0,045
N 0,859+0,072 [0,941+0,024 1 0,899+0,039
P 0,897+0,03 | 0,89+0,045 | 0,899+0,039 1

Kak Buzaum, paabl gaul S, T, N u P cBsI3aHbl NpaKTUYeCKH JIU-
HelHOo. BpicoOKOe 3HaueHHe NapHbIX KOPpeaslui JJIMH GeJKOB MO-
KeT ObITb CJIEJICTBUEM CBSI3aHHOCTH PSAJ0B OPTOJIOTUYHBIX GEJIKOB
¢ 6GA3MCHBIM PSJIOM.

KoadduiueHThl MapHbIX KOPpeJsSLUi NpupalieH|ui AJ1H 6e-
KOB OTHOCHUTEJIbHO 0A3UCHBIX, IPUBE/EHbI B TabJuIle 3 TaKKe BMe-
CTe C JOBEPUTEJbHBIMU UHTEPBAJAMHU.

Ta6una 3. [TapHble K03GPUIMEHTBI KOPPEJISLUU C J0BEPUTETbHBIMU
HMHTepBa/JaMU JiJIsi MaTPULbl IPUpALeHU I ATUH
Table 3. Paired correlation coefficients with confidence intervals for the length

increment matrix

Koppe- S T-S N-S P-S
JIANHWA
1 0,327+0,18 | 0,399+0,18 0,48+0,15
T-S 0,327+0,18 1 0,834+0,06 | 0,673+0,09
N-S 0,399+0,18 | 0,834+0,06 1 0,647+0,12
P-S 0,48+0,15 0,673+0,09 | 0,647+0,12 1

31ecb KoppessuH caabee, XOTS U 3HaYUMbL. OTMeTHM, YTO BCe
KOppeJIALUY N0JI0XKUTeNbHbI 10 06eUM TabuuaM. Ho yacTb 3Haue-
HUH KO3QPULHUEHTOB KOppeJALUY, HanpuMep, AJs Hapbl psAJOB
(TN) napHas xoppesasinus 0,94. [loaTomy onpezesisiv 3Ha4eHUs aB-
TOKOppeJIALMs, KoTopass OKa3alacb 3HAaYMMOH, HO He JOCTaTOYHO
60JIbLION, YTOOBI UCKA3UTb IIapHble YPAaBHEHUS perpeccuu.

Cyzs 1o pe3y/ibTaTaM KOppeJssIIMOHHOTO aHa/lnu3a PsAAbl JJIUH
6enkoB T, S u N nonapHo cBsi3aHbl IMHEHHOW perpeccuel, HO HeJlb3sl
HOJIyYUTb HAJEKHY0 MHOTOMepHyl perpeccuto. [loaToMy Hamu
6bL1 IpoBeJieH GaKTOPHBIN aHAIU3 MEeTO/0M IVIaBHbIX KOMIIOHEHT C
OpPTOrOHAJBHBIM IPe06pa3oBaHUeM UCXOAHBIX JaHHbIX.

B pesysbraTe Takoro mpeoGpasoBaHus Aas 198 ctpok no 4
3HAYeHUsIM JIJIMH OPTOJIOTMYHBIX 6eJIKOB, KaK 00bEKTOB, Bble/ieHa
O/lHa IVIaBHAasi KOMIIOHEHTA AJIs1 KOTOPOH HadaJbHOe COGCTBEHHOE
3HaueHHe paBHO 3,65, a /11 Apyrux 3Ty 3HadyeHus 0,2 U MeHbLIe.
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[IpuyeM nosiHast 06'bsACHEHHAA JUCIIePCUs KOPPeIALHOHHON MaTpu-
bl 1151 PSIZIOB AJIMH GesikoB coctaBJseT 91,26 % asis nepBoi KOM-
MNOHEHTBL. 3HaYUT, MOXKHO NpeHe6pedb APYTUMU TpeMs KOMIOHEH-
TaMH, oobsacHsomumMu 5,20 %; 2,23 % u 1,31 % cooTBETCTBEHHO.
JTa IV1aBHas KOMIIOHEHTA BKJ/IIOYaeT B JIMHEHHYI0 KOMGUHALMIO, TO
eCTb B JJATEHTHYIO (CKPBITYI0) epeMeHHY!0 Y, 3Ha4eHHUs JJIMH BCeX
YyeTbIpeXx PSA0B U UMeeT BUJ:

Y=0,933*S+0,954*T+0,968*N+0,965*P.

3nech k03¢duLMEeHTh! Y ABJIAITCA 3HAaYeHUAMU PaKTOPHBIX
Harpy3ok npusHakoB. OHU TOKa3bIBalOT BeC KaX/AOTO NMpPU3HAKa —
JUINH GeJIKOB YeTbIpex pa3HbIX OPraHU3MOB, OPTOJIOTHYHBIE GeIKH
KOTOPBIX HcCleyoTcs. UHTepecHo, 4To GaKTOpHbIe HAarpy3KH MNpH-
6JIM3UTE/IbHO PAaBHBI U CTPOKE 3HAUYEHUH YeTbIpeX AJUH COOTBET-
CTBYET OAHO 3HaueHHUe Y, KOTOpOe XapaKTepHU3yeT OGIUI UJIN CyM-
MapHbIH (C HEKOTOPOH MONMpaBKO#) pasMep 00beKTa U3 YeThIpex
JIJIUH OPTOJIOTHYHBIX GEJIKOB.

Jl1s mpupaleHUi AJKMH 6e/IKOB BblieJIeHa TAaKXKe OJHa IJIaB-
Hasl KOMIIOHEHTa, y KOTOPOH HadaJbHOe COGCTBEHHOEe 3HayeHHe
6oJibllle HYJIsl, HO OHAa OO'BSCHSAET TOJbKO 67,97 % oT mosHOM Juc-
Iepcuy, a BKJYEHHe ellle JIBYX Maso 3HAYMMbIX KOMIIOHEHT He
onpaBJaHo.

[Ipy aHa/M3e MapHBIX Perpeccuil psAoB O BCEM TOYKAaM He-
CMOTPS Ha BbICOKHE 3HAa4YeHHU s K03 PUIIMEHTOB KOPpeJIALUY 3aMeT-
HBbI CT'YIEHUS] TOYEK B OAHOHM 06J1aCTH, OTJIMYAIOIIME ee OT APYTUX
obJlacTel Ha BCex napax psAoB. [I03ToMy ObLJIO pellleHO NMPOBECTH
KJIaCTepHbIH aHa/IU3 UCXOJHbIX JJaHHbIX (198 06beKTOB 0 YeThIpe),
YTOGBI C TOMOILBI0 IPYNIIMPOBKY O6'BEKTOB U BBIYUCIEHUH PacCTOsI-
HUH MeXJly PasHbIMM TpPyNNaMH BblJeJUTb KOMIAKTHO PacHoJio-
JKEHHbIe U yJaJIeHHble ApYT OT Jpyra IpyInibl 06beKTOB. 3a Mepy
paccToAHUA MeX/ly 06’beKTaMU BbIGpa/iv eBKJINJ0BO PacCTOSAHUE.

Jlns BblJle/IeHHs KJ1acTepOB UCI0/1b30BaIM HauboJiee pac-
NPOCTPaHEHHbIH HepapXM4YecKUH arjoMepaTHBHBbIM MeTOJ, ajlro-
PUTM KOTOPOIO NpeJCTaBUM B BUJE NOC/Je[0BaTeJbHOCTH onepa-
uui. IlpuHazNeXHOCTb 00BbEKTa K KOHKPETHOMY KJjacTepy
BBISICHALJIM MeTO/I0M K-CpeiHUX KJIaCTepHOI0 aHa/Iu3a, 0CHOBAHHOTO
Ha Ipolejype ONTHMaJbHOr0 pa3sbHeHHs HayasbHbIX JAHHBIX Ha
onpe/ieJIeHHOEe YMUCJI0 KJIacTepoB. B uTore no/iyuyu/v Tpu Kjaacrepa
06'bEKTOB /11 JIMH GeJIKOB U 2 KJacTepa /i NpUpalleHuid JJI1H,
npuyeM IOC/e/JHUe KJIacTepbl COCTOAT M3 TPeX OJHHUX U TeX XKe
CTpOK.

Pesy/nbTaThl KJacTepusaluy A AJIUH 6eJIKOB pUBeJieHbl B
Tabauie 4.

Ta6una 4. PacnipesiesieHue 1o kyiacrepam 06'beKToB U3 JnH psiioB S, T, N, P
Table 4. The distribution over clusters of objects from the lengths
of therows S, T, N, P

Ne KosinuectBO Ha6monenus
KJ1acTepa HabII0jeHu |
1 158 He BollejlIMe B KjacTepbl Ne2 u Ne3
3-6,8,9,11, 14, 16,19, 21, 23, 24,

2 37 27,29,37,46,49,52, 54, 62, 66, 84,

86,100, 102-104, 107,108, 117, 118,
132,150, 156,191, 195
3 3 1,2,10

Jl151 06'bEKTOB C IPUPALleHUSIMU Pe3yJIbTaThl IPUBE/IEHbI B Ta-
6Juie 5.

CoBpeMmeHHble
MH(opMaLMOHHbIEe
TeXHONornu

n UT-o6pasoBaHue

Ta6smupa 5. Pacnpe/enieHue 1o kjiacrepaM 06'beKTOB NPUpPALeHUH JI/IMH GeJIKOB

Table 5. Distribution of protein length increments over object clusters

Ne ksiactepa KosinyecTBO HaGJII0J€eHU M Ha6usroaenus
BC€, KpoMe
1 195 06nexkToB 1,2,10
2 3 1,2,10

Jlisi 3HaYeHUH Iy1IaBHOW KOMNOHEHTHI (Y), BbIYMC/IEHHBIX MO
NpUBeIeHHOM Bblllle JIMHEHHOW KOMOGUHALUM B COOTBETCTBUM C
ONMCaHHOH KJIacTepU3alllel, B Tab/IM1le 6 IpUBe/ieHbl CpeJJHUE 3Ha-
YeHHs U KOHIbl UHTEPBAJIOB.

Ta6siuna 6. /luana3oH 3Ha4eHUH JJaTeHTHOU IepeMeHHOH Y ¢ yueToM

KJIaCTepU3ALUU
Table 6. The range of values of the latent variable Y with regard to clustering
Munu- Makcu-
Kna- KosnyecTtBo CpenHee
o MaJIbHOe MaJIbHOe

cTep HabJII0JeHU SHAYCHUE 2HAYCHUE 3Ha4YyeHue
Nel 158 281,16 3106,48 1441,8803
Ne2 37 1958,11 5172,01 3459,8920
Ne3 3 6511,72 7467,00 7105,965

Jlajiee mosiydusd ypaBHeHUs JIMHEHHOH perpeccuy, NOHapHO
CBAI3bIBAIOLIME OPTOJIOTMYHbIE PAJbL JTO MO3BOJIMJIO HE TOJIbKO
IpeJCTaBUTh XapaKTep CBA3U KaXKJ0ro opTOJI0rMYHOro 6eJsika c 6a-
3UCHBIM, HO U CPaBHUTB 3THU CBA3U MeX/y COGOH.

3aBUCUMOCTD psifia OT psAAa AJUH Gesika S psi/loB JJIMH GeJIKOB
T, P u N cooTBeTCTBEHHO, IpUYeM I10 JIBYM KJlacTepaM OT/eJIbHO:

T,,=1.007*S+130.808,F,  =146,n=158;

T, =0598*S+88,142F, =10,548n=37.

P, =1.02*S+44,346F  =423702, n=158;

P, =0,807*5+391.875F, =32,078, n=37.

N, =0,947*S+92,517F,  =243,261,n=158;

N, =0,786*S +422,522F, _=21,069,n=37.

I'paduky 3TUX ypaBHEHUH perpeccuu AJisl HalvIsAHOr0 CpaBHe-
HUS pe3y/JbTaToB OyAyT NPUBeJEeHbl HUXe.

Kpome onvcaHHbIX perpeccui 6bIIM pacCYUTaHbl TAKXKe ypaB-
Henus us nap (TP), (TN) u (NP) Takxke no kiacrepam. [IpuBegem
TOJIbKO OZHO U3 HUX.

T,,=098*N+64449F, =54,27,n=158;

T, =0765*N+262,39F, =10,158,n=37.

['paduku s3TUX ypaBHEHUH IpUBeJieHbl HA PUCYHKe 1 BMecTe C
3MIUPUYECKUMU TOUYKAMHU.
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Puc. 1. 'paduku ypaBHeHUH napHOU JIMHeHHOU perpeccun 6esikoB N U T 1 Touek
C KOOpJMHATaMH, PABHbIMH 3HAYeHHUSIM JAJIMH GEeJIKOB
Fig. 1. Graphs of equations of pairwise linear regression of N and T proteins and

points with coordinates equal to protein lengths
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W3y4yeHue psgoB JJIMH OPTOJIOTHYHBIX OEJIKOB YeTBEpPKaMH,
KaK CBsSI3aHHbIX UMEHHO 0A3UCHBIM PsA0M, YoeAUTeNbHO 10Ka3alo,
YTO UMEETCS] BO3MOXKHOCTb 10 3TOMY IPU3HAKY pa3fie/IUTh 06'beKThI
Ha /iBa kJacTepa. [loaToMy BcTasl BOIpoC HeJsb3sl JIU ONpeJeNUTh,
KaKOMY U3 BblJleJIeHHBIX KJIACTEPOB IPUHA/IJIEkKAT Te GEJIKH, 4YTO He
BOILJIM B MaTpuly u3 198 06bekToB. HanoMHUM, YTO Ji/1s1 OpraHus-
moB T, P u N Takux 6e/JIKOB 0CTaJoCh COOTBEeTCTBeHHO: aAJsa T - 110,
ansa P -47 u pna N - 81. VX A/MHBI JOTIOJHAIOT COOTBETCTBYIOLINE
psagbl gavH T, Py N, a Takxke AJ151 6a3UCHOTO psiia AJIUH S, COCTaBJIsA-
I01I[er0 OPTOJIOTMYHbBIE Napbl K HUM.

B Ta6auue 7 npyBesieHbl YUCI0 3HAYEHUN JOMOJHEHHBIX Psi-
Jl0B U JIpyrHe XapaKTepUCTHUKHU.

Ta6snua 7. Yuc/10Bble XapaKTEePUCTUKHU AOMOJHEHHBIX
nap oprosioruuHbix psiioB (ST), (SN) u (SP)
Table 7. Numerical characteristics of augmented pairs of orthologous series (ST),
(SN) and (SP)

s, T S N s, p
Yucao
3HayeHu#| 318 318 279 279 245 245
psaga
Ctn.
orknone-| 233.636 | 361.230 | 230.817 | 337.23 |224.204|331.198
HUEe
Paamax | 1162.00 | 2539.00 | 1135.00 | 2430.00 | 1162.00 | 2339.00
Munumym| 38.00 | 37.00 | 6500 | 59.00 | 3800 | 36.00
M;‘;;”' 1200.00 | 2576.00 | 1200.00 | 2489.00 |1200.00 | 2375.00

YTo6b! pachmpeje/UTb 3TU JONOJHUTE/bHble 3HaYyeHU: IO
KJIacTepaM CHaya/la MCHOJIb30BaJM KJIACTePHbIH aHaIu3 JJIs map,
COCTOSILIMX U3 AJIMH 6a3UCHBIX 6€/JIKOB U OPTOJIOTMYHBIX €My JI0NO0JI-
HEHHBIX PAJI0B, a pe3y/bTaThl CPABHUJIM C IPeAbIAYLIIUM HCClIe[0Ba-
HUEeM 00'bEKTOB I10 YeThIpe B CTPOKe. Pe3ysibTaThl 0Ka3aluCh He yoe-
JUTeJbHBIMU Ha TpaHULAX KJacTepoB. [losToMy NpUMeHUIH
JUCKPUMHUHAHTHBINA aHA/IU3 JJIs KaxA0W napbl psajgoB aaul (ST),
(SN), (SP), o6pa3oBaHHbIX 3HAYEHUSIMH, HE BXOJSLIMMHU B MEPBYIO
YyeThIpeXMepHYI0 MaTpuLy. Peasn3oBaH JUCKPUMUHAHTHBIN aHAINU3
¢ AByMs1 06Y4aIOIUMU BbIGOPKAMHU AJ11 K1acCUPUKALUK UMEHHO I10
3TUM JIBYM KJIacTepaM. ¢ o0yyaroleil BHIGOPKOH, B KaueCTBe KOTO-
pOM MCNOJIb30BaIM KJIACTePbl, MOJyYeHHbIe 0 06'beKTaM U3 JJIUH
110 4 B cTpoke. Huxe mpuBesieHbI pe3y/IbTaThl 3TOTO UCCIeJ0BAHUS.

[Ipu peanuszauuy JUCKPUMHUHAHTHOIO aHA/IM3a ONpeJe/IseTCs
JUCKPUMUHAHTHAs lepeMeHHast, KOTopast UCIOJIb3yeTcs AJIs Npea-
CKa3aHMsA NPUHA/JIEKHOCTH HOBBIX 3HAUeHUH nap psAoB AauH (ST),
(SN), (SP) cooTBeTCTBEHHO K IepBO# MJIM BTOPOH IpymIle, OCHOBAMHU
JUI1 KOTOPBIX NMOCJIYKaT KJIaCTePhl, OJIy4eHHble IPU UCCIeJ0BAHUN
YyeTBEpPKaMHU.

Jlis KaK/0¥ maphl AJIMH psJi0B NepBasi o6y4varolias BbIGOpKa
cocrosa U3 158 3HaueHuH, a BTOpas us 37.

[IpucyTcTBHE pa3zensolUX 0CO6EHHOCTEN y KaX /10l IPyIIIb
Y 3HAYMMOCTb Pa3/IMYMi MeX/y lepeMeHHbIMU [10CJIe JUCKPUMHHA-
LM BUJHO IO CIeAYIOLIMM IT0Ka3aTessiM B TabJune 8.
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Ta6una 8. Kpurepuit paBeHCTBa IPYIIIOBBIX CPEJHUX
s nap psigos (S,P), (SN) u (S,T).
Table 8. The criterion for the equality of group averedges for pairs of rows (S, P),
(SN)and (S, T)

Jlamb6pa | F-xkputepuii | CreneHei CreneHel | YpoBeHb
Yunkca cB0oGOABI 1 | cBOGOABI 2 |3HAYMMO-
cTH

S 0,497 195,079 1 193 0,0001
P 0,389 302,590 1 193 0,0001
S 0,497 195,079 1 193 0,0001
N 0,472 215,712 1 193 0,0001
S 0,497 195,079 1 193 0,000
T 0,472 215,712 1 193 0,000

[TosiyyeHbI BecbMa 3Ha4YMMble pas3/nunsa Mexy rpynnamu. Ta-
KMM 06pa3oM, HU OfIHA [lepeMeHHasl He MOXeT 6bITb UCK/II04YeHa U3
crnucKa 6e3 yxyAlleHUs KadecTBa KJaccUPUKanUK 3HadeHUH. O xo-
polleM KauecTBe JUCKPUMMHALUU OOBEKTOB IO JBAa 3HAYEHUs B
CTPOKe [OBOPAT JaHHble TabIULbI 9.

Ta6una 9. AHanus K03pPULHEeHTOB AUCKPUMUHAHTHON QYHKIUU

Table 9. Analysis of the coefficients of the discriminant function

O6bscHeH-
Cob6cTBeEH- .
OyHKIUA Hoe Hasd KymynsaTuBHbld | KaHoHU4Yeckas
0,
MPARBL | o eHye ,ELI/[CH;pCI/IH, MpOIeHT, % KOppeJanusa
0
1; SN 1,3152 100,0 100,0 0,754
1;S,P 1,568° 100,0 100,0 0,781
;ST 1,315° 100,0 100,0 0,754

Co6cTBEeHHbIE 3HAYeHUs MAaTPUILbI, BbIpaXkaeMble Kak OTHOLIe-
HUe MeXTPYNIOoBOH CyMMbl KBaZpaToOB K BHYTPUTPYIIOBOH cymMe
KBa/IpaToOB, B TabJule 24 03BOJIAIOT CYAUTb O TOM, UTO 06e IPYIIIbI,
[OJIyYeHHble B pe3y/bTaTe KJacCMPUKALMU OOGBEKTOB KaKJ0H
napsl ps0B, AUCKPUMUHUPYIOTCS OAHOH, JOCTAaTOYHO TOYHO MOJ0-
6panHOM, pyHKLMeH (TaKk KaK COOCTBEHHbIE 3HAYEHHUS MPEBBILIAIOT
eauHuLy). Kaxpaas us tpex ¢yHkuui yuuroisaet 100% aucnepcuu
nepeMeHHBIX. KpoMe Toro, Koppeslus MeXAy UCXOJHBIMU U pac-
IIMPEeHHBIMU JaHHBIMHU - CUJIbHAs - nopsaka 0,75 mo KaxAoH rpyn-
ne. 3HaYUMOCTb JUCKPUMUHAHTHOM QYHKLMHU 110 KaXAOMY KpUTe-
PHIO M03BOJISIET UCI0/Ib30BaATh ee /s KJacCuUKaLUU 3HaYeHUH.

BkJiag ka0l He3aBUCUMOW NepeMeHHOW B pasjiMyue JByX
IPYII MOXKHO OLLeHUTb 10 HOPMUPOBAHHBIM K03$QUIlieHTaM KaHo-
HUYeCKOHM AMCKPUMUHAHTHON QYHKIMY, [10Jy4eHHbIE B pe3y/IbTaTe
BblYeTa CPeHUX 3HAYeHUH U JleJIeHUs Ha AUCIePCHI0 COOTBETCTBY-
I0IUX K03QUIHUEHTOB AUCKPUMUHAHTHBIX GYHKUUHN. 151 nap ps-
noB (S,P); (SN); (S,T) 3t K03pPUIHMEHTBI COOTBETCTBEHHO PABHbI

(0,02;0,984); (0,495;0,614) u (0,495;0,614). U3 aToro BUAHO,
YTO HAUOOJIBIIMK BKJIAJ B KJacCUPUKALMIO BHOCAT He 6a3UCHBIE, a
PAABL, AJIMHBI KOTOPBIX CBSI3aHbI C 6a3MCHBIM M0 IIPHU3HAKY OPTOJIO-
TUYHOCTH.

B pesyinbraTe NpUMeHEHHs JAWCKPUMMHAHTHOTO aHaIM3a
OblJIO TOJIyYeHO JeJleHHe 1o 00y4alollMM BbIGOpKaM, 3HAYeHUH
JUIMH PSIZIOB OPTOJIOTMYHBIX GEJIKOB, He KJIaCTEePHU30BAHHBIX MO Ye-
TBIpEM pAAAM:

W3 46 HecrpynnupoBaHHBIX 3HA4eHUH mapbl psagoB (SP) 46
OblJIM OTHECEHBI K NepBOM I'pyIIe, 06pa3oBaHHOMN NePBbIM KJacTe-
poM, a 1 3Ha4YeHHe - KO BTOPOH, COOTBETCTBEHHO 06pa30BaHHOM
BTOPBIM KJIaCTEPOM.
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W3 135 HecrpynnupoBaHHbIX 3HaYeHUH napsl psajgos (ST) 95
OblJIM OTHECEHBI K TepBoH rpymnme, a 40 3Ha4eHUH — KO BTOPOH.

W3 81 HecrpynnupoBaHHOro 3HaYeHHUs napbl psagoB (SN) 69
OblJIM OTHECEHBI K IepBOY rpymne, a 12 3Ha4eHUH — KO BTOPOH.

[locne fuckpuMUHaLMU UcxoHble psAAbl AauH S, N, P u T, npu-
BeJleHHble Ha calTe (cchbl/iKa Ha 3 CTP. 3TOM paboThl), mapaMu, 6a3uc-
HbIM U eMy OPTOJIOTUYHBIN PAAJ, 0Ka3a/MCh TaKXe IapaMu pasfeJie-
HbI Ha JiBe rpynnbl. McK/IoueHb! JUIIb 3 YeTBEPKU JJIUH 6GEsIKOB,
KOTOpBbIe GbIIN BblJeJIeHbl BCEMU METOJaMH, U K1acCUQUIMPOBAHBI
3/lecb Kak BbIOpOChL. Bosiee moJpo6GHOe TeopeTHYecKoe HcCle0Ba-
HUe 3TOr0 BOIIPOca BbINOJHEHO B [7-17].

[Tocsie AUCKPUMUHALMM [J151 TOJIHBIX PAZ0B M0 pacClIMPeHHBIM
KJlacTepaM I0Jiy4eHbl JIMHEHHble YPaBHEHUSl Perpeccuy, ¢ 3aBUCH-
MOCTbIO OT psifia AJIUH 6eJika S psiioB JuinH 6enkoB T, P u N cooTBeT-
cTBeHHO. [IpuBesieHbl BMecTe CO 3HaUeHUsIMU KpuTepus Puiuepa u
YHCJIOM 3HaYeHUH psja.

T,,=089*S+158,084,F, =190,n=254;

T, =0467*S+708555F, =85n=61

P,,=1.011*5+59,723F  =534,n=204;

P,=0,814*5+383,800F,  =33n=38

N, =0,954*5+130,419F, =209, n=227;

N, =0,509 *S +624,252,F, _ =8,6,n=49.

Kax BUAKM, perpeccuy 1o pacliipeHHbIM IPyIIaM HocJe JUc-
KpUMUHALUY, afleKBaTHbI ONUCbIBA€MbIM JAAHHBIM U MaJio OTJIHYa-
I0TCSl OT perpeccui s Ipyni 4yeTblpexMepHOU KJlacTepHUsaluy.

Ha pucyHnkax 4, 5 u 6 nprBe/ieHbl TOYKH, KOOPJUHAThI KOTOPBIX
- JUIMHBI COOTBETCTBYIOLIUX GeJKOB U JAJsl CPaBHeHUs IpadUKH
HTOTOBBIX yPaBHEHUH perpeccuu mocje AUCKPUMHHALUU BMeCTe C
rpaduKaMU perpeccui, MOJyYeHHBIX MO JAHHBIM KJacTepU3aluu
198 06bEKTOB.
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Puc. 4. YpaBHeHus perpeccuit st psgos S,T Jiist rpynn 4yeTblpexMepHoi
KJIaCTePU3aLUU U 0CJIe JUCKPUMHUHALMN
Fig. 4. Regression equations for the S, T series for four-dimensional clustering

groups and after discrimination
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Puc. 5. YpaBHeHus perpeccuid st psifioB S,P st rpynn yeTblpexMepHoOn
KJIaCTePU3aLUU U 0C/Ie JUCKPUMHHALMN
Fig. 4. Regression equations for the S, T series for four-dimensional clustering
groups and after discrimination
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Puc. 6. YpaBHeHus perpeccui st psafioB S,N Jiist rpyIin YeThIpexMepHOoH
KJIaCTePU3aLUU U 0CJIe JUCKPUMHHALMN
Fig. 6. Regression equations for the S, N series for four-dimensional clustering

groups and after discrimination
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Ha npuBe/ieHHbIX BbIllle PUCYHKAX BUJUM He NPUHIUNHAIbHOE
pasjinuue perpeccuit Ha GoHe pa3bpoca JaHHbIX. ITO NOATBEPXKAAET
060CHOBAaHHOCTb Pe3y/1bTaTOB JUCKPUMUHAHTHOro aHanu3a. Ho uto
O4YeHb BaXKHO, IOATBEPHAAET TaKKe Ha/IM4Ke JBYX KJIaCTepOB PAJOB
JUIVH IIpU y4eTe OPTOJIOTHYHOCTH GesIKOB [0 pa3HbIM OpraHMW3MaM.

3ak/iloueHue

B pa6oTe MHOTOMEPHBIMHM MeTOAaMH U3yYeHbl KaK PsiJibl JJIMH,
TaK U PsiZibl IPUPALEHUH JJIMH OTHOCUTEIbHO 6a3UCHOTO psifia C yue-
TOM TOT0, YTO CBOUCTBO OPTOJIOTMYHOCTH MPOSIB/ISETCS B CBSI3aHHOCTH
psiioB AsivH. [Ipu 3TOM MO0Ka3aHO pa3/iniyne CBOWCTB MHOXeCTBA JJIMH
M MHOXeCTBa MpHUpalleHUui 6e/IKOB: MOC/IeHIe MeHee KoppeaupoBa-
HbI, HO OJHOPO/IHbI, a [I/INHbI CBSI3aHbI IPAKTHYECKU JIMHEHHO U pa3/ie-
JISIKOTCS Ha /IBe TPYIIIbI, 60JIbIIAst YaCTh KOTOPBIX 3TO MaJible U CpeJIHHE
JUIMHBI, @ MEHBIIYIO TPYIIY COCTABJISIIOT GEJIKU C 60JIBIION JJIHHOM.

JlJ1s MHOKeCTBa JIJIMH OPTOJIOTMYHBIX PSIZIOB MOJIy4YeH 0600611a-
101U GpaKTop, HA30BEM €ro pa3MepoM OPTOJOTHYHOr0 06BEKTA U3
4-X IJIMH OPTOJIOTMYHBIX 6eKOB. [l JAaHHOH 3a/ja4y TOJy4YeHbl Ta-
Ke pa3Mepbl 00bEKTOB, IPUYEM UX CPEHUE IPYIIOBbIE OTINYAKOT-
cs1 OHHM 06PA3YIOT [1Ba OT/EIbHBIX HHTEPBaJa 3HAYE€HHUH, 10 OAHOMY
JIUIS1 KQXK/IOM TPYIIbI U3 MOJIyY€HHBIX JPYTUMU METOJaMHU.

JI1s1 psAlOB pUpAIeHUH JJIHH OPTOJOTHYHBIX GEJKOB U3 06b-
€KTOB M0 YeThIpe aHaJ13 0Ka3aJ BCEMU METOAaMU OJHOPOAHOCTh
MHOXK€eCTBa.

[TokazaHo, YTO JJIMHBI OPTOJIOTUYHBIX GEJIKOB MMEIOT 3HAYH-
MYI0 aBTOKOPPEJISILHIO, KaK U ObIBAET Y PS/0B, CBA3aHHBIX C OJHUM
Y TeM e 6a3UCHBIM PSIJIOM.

CIMCOK MCNOJIb30BAaHHBIX UCTOYHHUKOB

[1] Seliverstov A.V, Zverkov O.A., Istomina S.N., Pirogov S.A., Kit-
sis PS. Comparative Analysis of Apicoplast-Targeted Protein
Extension Lengths in Apicomplexan Parasites // BioMed Re-
search International. 2015. Vol. 2015, Article ID 452958. DOI:
10.1155/2015/452958

2] Seliverstov A.V,, Rubanov L.1, Shilovsky G.A., Zverkov O.A., Ly-
ubetsky V.A. Longevity in euarchontoglires: lost genes as a
determinant // FEBS Open Bio. 2018. Vol. 8, Suppl. 1. Pp. 456-
457.DO0I: 10.1002/2211-5463.12453

[3] Lyubetsky VA, Gershgorin R.A., Gorbunov K.Yu. Chromosome
structures: reduction of certain problems with unequal gene
content and gene paralogs to integer linear programming //
BMC Bioinformatics. 2017. Vol. 18, Article 537, 18 pp. DOI:
10.1186/512859-017-1944-x

[4] Lyubetsky V.A., Korotkova D.D., Ivanova A.S., Rubanov L.I, Seliv-
erstov A.V,, Zverkov 0.A., Nesterenko A.M., Tereshina M.B., Zara-
isky A.G. Novel transmembrane protein c-Answer revealed by
bioinformatic screening of genes present only in well regen-
erating animals // FEBS Journal. 2017. Vol. 284, issue S1. Pp.
155.DOI: doi.org/10.1111 /febs.14174

[5] Korotkova D.D., Ivanova A.S.,, Lyubetsky V.A., Seliverstov A.V,
Martynova N.Yu., Nesterenko A.M., Tereshina M.B., Zaraisky A.G.
Novel FGF-signaling modulator c-Answer revealed by bioin-
formatics screening for genes present only in well-regenera-
tive animals // Mechanisms of Development. 2017. Vol. 145.
Pp. S49. DOI: doi.org/10.1016/j.mod.2017.04.089

Vol. 14, no 3. 2018 ISSN 2411-1473 sitito.cs.msu.ru

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Hcmomuna C.H. CpaBHUTeIbHBIN aHA/IU3 CBA3aHHBIX PSAJLOB:
JUIMH OPTOJIOTHYHBIX GEJIKOB U MX MPUPAIEHHUH OTHOCH-
TeJIbHO JIJIUH 6a3UCHBIX 6ea1K0B // CoBpeMeHHble HHPOpMa-
LHOoHHbIe TexHoJioruK UT obpazoBanusd. 2015. Tom 11, Ne 2.
C. 594-599. URL: https://elibrary.ru/item.asp?id=26167553
(maTa o6pamenus: 05.08.2018).

Gorbunov K.Yu., Lyubetsky V.A. The minimum-cost transforma-
tion of graphs // Doklady Mathematics. 2017. Vol. 96, no. 2.
Pp.503-505.DO0I: 10.1134/S1064562417050313

Top6yHoe K.10,, Jlvw6eykuti B.A. JIMHEWHbIA QITOPUTM MUHH-
Ma/IbHOH IepecTpoiku cTpyKTyp // Ilpo6ieMbl nepejauu
nHdpopmanuu. 2017. Tom 53, Bein. 1. C. 60-78. URL: https://
elibrary.ru/item.asp?id=28876248  (mata  oOpalieHus:
05.08.2018).

Lyubetsky VA. Linear algorithm for minimal rearrange-
ment of structures // Problems of Information Trans-
mission. 2017. Vol. 53, issue 1. Pp. 55-72. DOI: 10.1134/
S0032946017010057

Gorbunov K.Yu., Lyubetsky V.A. A linear algorithm for the
shortest transformation of graphs with different operation
costs // Journal of Communications Technology and Elec-
tronics. 2017. Vol. 62, no. 6. Pp. 653-662. DOI: 10.1134/
$1064226917060092

Korolev S.A., Zverkov 0.A., Seliverstov A.V,, Lyubetsky V.A. Ribo-
some reinitiation at leader peptides increases translation of
bacterial proteins // Biology Direct. 2016. Vol. 11, no. 1, Arti-
cle 20. 6 pp. DOI: 10.1186/s13062-016-0123-8

Lyubetsky V.A., Gershgorin R.A., Seliverstov A.V, Gorbunov K.Yu.
Algorithms for reconstruction of chromosomal structures //
BMC Bioinformatics. 2016. Vol. 17, no. 1, Article 40. 23 pp.
DOI: 10.1186/512859-016-0878-z

Rubanov L.I, Seliverstov A.V, Zverkov O.A. Lyubetsky VA. A
method for identification of highly conserved elements and
evolutionary analysis of superphylum Alveolata // BMC
Bioinformatics. 2016. Vol. 17, no. 1, Article 385. 16 pp. DOI:
10.1186/s12859-016-1257-5

Gorbunov K.Yu., Gershgorin RA. Lyubetsky V.A. Rearrange-
ment and Inference of Chromosome Structures // Molecu-
lar Biology. 2015. Vol. 49, no. 3. Pp. 327-338. DOI: 10.1134/
$0026893315030073

Zverkov 0.A., Seliverstov A.V,, Lyubetsky V.A. A Database of Plas-
tid Protein Families from Red Algae and Apicomplexa and Ex-
pression Regulation of the moeB Gene // BioMed Research
International. 2015. Vol. 2015, Article ID 510598. 5 pp. DOI:
10.1155/2015/510598

Rusin L.Yu.,, Lyubetskaya E.V, Gorbunov K.Yu., Lyubetsky V.A.
Reconciliation of Gene and Species Trees // BioMed Research
International. 2014. Vol. 2014, Article ID 642089. 22 pp. DOI:
10.1155/2014/642089

Lyubetsky V.A., Korolev S.A., Seliverstov A.V, Zverkov 0.A., Ruban-
ov L.I. Gene expression regulation of the PF00480 or PF14340
domain proteins suggests their involvement in sulfur metab-
olism // Computational Biology and Chemistry. 2014. Vol. 49.
Pp.7-13.DOI: 10.1016/j.compbiolchem.2014.01.001

[Moctynusa 05.08.2018; npunsiTa B neyats 02.09.2018;
ony6JrMKkoBaHa oHsaiH 30.09.2018.

Modern
Information
Technologies
and IT-Education




678

bonblwne aaHHbie N MPUIOXKEHNA

C.H. UcTommnHa

References

(1

(5]

(6]

(7]

(8]

Seliverstov A.V., Zverkov O.A. Istomina S.N. Pirogov S.A,
Kitsis PS. Comparative Analysis of Apicoplast-Target-
ed Protein Extension Lengths in Apicomplexan Parasites.
BioMed Research International. 2015; 2015:452958. DOI:
10.1155/2015/452958

Seliverstov A.V, Rubanov L.I, Shilovsky G.A. Zverkov O.A,
Lyubetsky V.A. Longevity in euarchontoglires: lost genes as a
determinant. FEBS Open Bio. 2018; 8(Suppl. 1):456-457. DOL:
10.1002/2211-5463.12453

Lyubetsky V.A., Gershgorin R.A., Gorbunov K.Yu. Chromosome
structures: reduction of certain problems with unequal gene
content and gene paralogs to integer linear programming.
BMC Bioinformatics. 2017; 18:537. 18 pp. DOI: 10.1186/
$12859-017-1944-x

Lyubetsky V.A. Korotkova D.D., Ivanova A.S., Rubanov L.I,
Seliverstov AV, Zverkov O.A. Nesterenko A.M., Tereshina
M.B., Zaraisky A.G. Novel transmembrane protein c-Answer
revealed by bioinformatic screening of genes present only in
well regenerating animals. FEBS Journal. 2017; 284(S1):155.
DOI: doi.org/10.1111/febs.14174

Korotkova D.D., Ivanova A.S., Lyubetsky V.A,, Seliverstov A.V,,
Martynova N.Yu., Nesterenko A.M., Tereshina M.B., Zaraisky
A.G. Novel FGF-signaling modulator c-Answer revealed by
bioinformatics screening for genes present only in well-re-
generative animals. Mechanisms of Development. 2017;
145:549. DOI: doi.org/10.1016/j.mod.2017.04.089

Istomina S.N. Comparative analysis of related series: lengths
of orthologous proteins and their increments relative to the
lengths of basic proteins. Modern Information Technology
and IT-education. 2015; 11(2):594-599. Available at: https://
elibrary.ru/item.asp?id=26167553 18 (accessed 05.08.2018).
(In Russian)

Gorbunov K.Yu,, Lyubetsky V.A. The minimum-cost transfor-
mation of graphs. Doklady Mathematics. 2017; 96(2):503-
505.DO0I: 10.1134/S1064562417050313

Gorbunov K.Yu., Lyubetsky V.A. Linear algorithm for minimal
rearrangement of structures. Problems of Information
Transmission. 2017; 53(1):60-78. Available at: https://
elibrary.ru/item.asp?id=28876248 (accessed 05.08.2018).
(In Russian)

About the author;

Svetlana N. Istomina, Candidate of Sciences in Chemistry, Associate Professor, Moscow Aviation Institute (National Research University) (4 Volokol-
amsk highway, Moscow 125993, Russia), ORCID: http://orcid.org/0000-0002-9206-2641, stomina_sn45@mail.ru

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

Lyubetsky V.A. Linear algorithm for minimal rearrangement
of structures. Problems of Information Transmission. 2017;
53(1):55-72.DO0I: 10.1134/S0032946017010057

Gorbunov K.Yu., Lyubetsky V.A. A linear algorithm for the
shortest transformation of graphs with different operation
costs. Journal of Communications Technology and Electronics.
2017; 62(6):653-662. DOI: 10.1134/5S1064226917060092
Korolev S.A., Zverkov 0.A,, Seliverstov A.V,, Lyubetsky V.A. Ri-
bosome reinitiation at leader peptides increases translation
of bacterial proteins. Biology Direct. 2016; 11(1):20. 6 pp.
DOI: 10.1186/s13062-016-0123-8

Lyubetsky V.A., Gershgorin R.A., Seliverstov A.V., Gorbun-
ov K.Yu. Algorithms for reconstruction of chromosomal
structures. BMC Bioinformatics. 2016; 17(1):40. 23 pp. DOI:
10.1186/512859-016-0878-z

Rubanov L.I, Seliverstov A.V,, Zverkov 0.A., Lyubetsky VA. A
method for identification of highly conserved elements and
evolutionary analysis of superphylum Alveolata. BMC Bio-
informatics. 2016; 17(1):385. 16 pp. DOI: 10.1186/s12859-
016-1257-5

Gorbunov K.\Yu., Gershgorin R.A. Lyubetsky V.A. Rear-
rangement and Inference of Chromosome Structures.
Molecular Biology. 2015; 49(3):327-338. DOIl: 10.1134/
$0026893315030073

Zverkov O.A. Seliverstov A.V, Lyubetsky V.A. A Database
of Plastid Protein Families from Red Algae and Apicom-
plexa and Expression Regulation of the moeB Gene. BioMed
Research International. 2015; 2015:510598. 5 pp. DOIL:
10.1155/2015/510598

Rusin L.Yu. Lyubetskaya E.V, Gorbunov K.Yu., Lyubetsky
V.A. Reconciliation of Gene and Species Trees. BioMed Re-
search International. 2014; 2014:642089. 22 pp. DOIL
10.1155/2014/642089

Lyubetsky V.A., Korolev S.A., Seliverstov A.V, Zverkov O.A,
Rubanov L.I. Gene expression regulation of the PF00480 or
PF14340 domain proteins suggests their involvement in sul-
fur metabolism. Computational Biology and Chemistry. 2014;
49:7-13.DOI: 10.1016/j.compbiolchem.2014.01.001

Submitted 05.08.2018; revised 02.09.2018;
published online 30.09.2018.

(OWON

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which
permits unrestricted reuse, distribution, and reproduction in any medium provided the original work is properly cited.

CoBpeMmeHHble
MH(opMaLMOHHbIEe
TeXHONornu

n UT-o6pasoBaHue

Tom 14 N2 3 (2018)
A T 7

ISSN 2411-1473 sitito.cs.msu.ru



