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Momusayus u  yenp.  AHaIM3  CTaTUCTUYECKMX  CBOMCTB  HYKJIEOTHIHBIX
MOCIIEI0BATENIEHOCTEN SBISIETCSI OCHOBHOM 3amadeil Omom3nku, OMONH(OPMATHKU U
MOJIEKYJISIpHOU OmMooru. MHOXECTBO padoT OBLIO MOCBSIIEHO PA3IMYHBIM ACTICKTaM
3TOTO HANPABJICHUS HUCCIeNOBaHUH (CM., Hanpumep, [ 1-4]). B nannoii pabote paccMoT-
peHa CBs3b MEeXAY WH(GOPMAIIMOHHOW €MKOCTHIO YaCTOTHBIX CIIOBapel HYKICOTHIHBIX
MOCIIEA0OBATENIEHOCTE TOMMUHOW OT 2 10 20 CHMBOJIOB W OHMONOTHYECKUMH
CBOMCTBaMM JTHX TMOCjenoBaTelbHOCTeH. Kaxkmoil HyKICOTUIHON IMOCIen0BaTEIhb-
HOCTH CTAaBHTCS B COOTBETCTBHE TOouka B 18-mepHOM mpocrtpanctBe. Koopaunaramu
TOYKH SIBJSIFOTCSL yCIIOBHBIE SHTPOIHH, BBIYHUCICHHBIE /IS JAHHOW ITOCIIEIOBa-
tenbHOCTH. [IpoaHanu3upoBaH COCTaB KIACTEPOB, OOPa30BaHHBIX MPOCKIMSIMUA TOYCK
n3 18-MepHOro MpoCTpPaHCTBA B MPOCTPAHCTBO MEPBBIX TPEX INIABHBIX KOMIIOHEHT.

Memoost u aneopummol: Mpl OyZieM UCTIONH30BATh YaCTOTHBIE CIIOBAPH — COBOKYITHOCTD
BceX (hparMeHTOB HYKICOTHIHOW IIOCIIEOBATEIPHOCTH (UKCUPOBAHHOW JIJIMHEI,
BCTPEYAIONINXCS B HEH, C YKa3aHHEM WX 4acTOThl [5—7]. BBenem oCHOBHBIC MOHSTHSL.
PaccMOTpUM  HYKJICOTHAHYIO MOCIeI0BaTeibHOCTh JuHbl N, cocrosimyro U3
cumBonoB A, C, G, T. JlroOyro mocienoBaTelbHOCTh CHMBOJIOB JUJITMHBI ( Oynem

Ha3blBaTh CJI0BOM @ . IlycTh N, — KOJMYECTBO KONMI 3TOrO CIOBA B HYKJIEOTUIHOU
MOCJIEI0BATENbHOCTH; TOT 1A APy (a), n w) Oyznem Ha3bIBaTh (KOHEUHBIM) ciioBapeM W(Q

n
TOJIIIWHEI (. 3aMEHHB KOJIMYSCTBO KOIIMM 4aCTOTOM fw =2 , HOJIy4YacM YaCTOTHBIN

cioBapb W( Toii ke TommuHbl. B padote [8] Obl1a n3yuena uHGpOpMaIOHHAS EMKOCTb
CHUMBOJIBHBIX I10CJIEIOBATEIILHOCTEH KaK YCJIOBHAsl SHTPOMNHUS YAaCTOTHBIX CIIOBapen
TOJILIMHBI (, BBIYMCIEHHAs 0 YAacTOTHBIM CJIOBapsSM MEHbIIEH TOMIIMUHBL. MBI
WCTIOJIB3YEeM 3TOT MOJXOJT JJIsl BEIYUCICHHSI MHPOPMAITHOHHON €MKOCTH T€HETUYEeCKUX
M0CJIeI0BAaTENILHOCTEN ISl pa3HON TOJIIMHEI cioBaps. MHpopManroHHas eMKOCTh WIH
YCIIOBHASI SHTPOIUS CJOBaps TONILIMHBI  MOXET ObITh BBIYMCICHA 1O (opMye:

S_=28q_1—5q—5q_2 m6o S =2S,-S, am =2, rme Sq:_fszlnfw -

a0COJFOTHAS PHTPOIIMS YaCTOTHOTO ciIoBaps TommuHs! 4. B Hamem cinyuae ( < 20. To
€CTbh JUIs KayKIO0ro TeHOMa MBI IToJTydaeM 18 3HaueHuil ycII0OBHON SHTPOINH.

Pesynsmamur: Boumu paccmoTtpens! 70 TeHOMOB, OTHOCSIIIUXCS K cemercTBy Poxviridae,
pasmemennsix B GenBank. /st 9THX TéHOMOB OBbLTH BHIYHCIICHBI YCIOBHBIC SHTPOITHH
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JUTs cioBapei ToMmuHBIoHoT 1 10 20. Habop yCIoBHBIX SHTPOIUIA AT KaKI0T0 FeHOMa
paccmaTtpuBaeM Kak TOukKy B 18-mepHOM mpocTpaHcTBe. [lamee B mporpamme
VidaExpert (http://bioinfo-out.curie.fr/projects/vidaexpert/) mpoerpyem mogyueHHOES
MHOXXECTBO TOYEK B IIPOCTPAHCTBO IIE€PBBIX TPEX TJIABHBIX KOMIIOHCHT. beumn
MMPpOAHAIIM3UPOBAHBI KJIACTCPBhI, COCTOAIIMC H3 TOYCK, YbU 3HAYCHUA yCJ'IOBHOfI
SHTpOMHA ONW3KM B METPHKE EBKJIMIOBA TMPOCTpaHCTBa. bpumm 0OHapyKeHBI
crlenyrone KiacTepbl: ocma HacekoMmbix (AF063866 Melanoplus sanguinipes
entomopoxvirus O isolate Tucson, AF250284 Amsacta moorei entomopoxvirus,
AP013055 Anomala cuprea entomopoxvirus DNA, HF679131 Adoxophyes honmai
enomopoxvirus L, HF679132 Choristoneura biennis entomopoxvirus L, HF679133
Choristoneura rosaceana entomopoxvirus L, HF679134 Mythimna separata
entomopoxvirus L). 'enom KR095315 Diachasmimorpha longicaudata entomopoxvirus
HE IOTajl B 3TOT Kiacrep, Tak kak GC-cocras atoro renoma pasen 0.3, a GC-cocraBbl
OCTAJIBHBIX TEHOMOB OCIIBI HAaCEKOMBIX HMEIOT 3HaueHmss okoio (0.2. Ocma mrum
(AF198100 Fowlpox virus, AY318871 Canarypox virus strain ATCC VR-111,
KJ801920 Pigeonpox virus isolate FeP2, KJ859677 Penguinpox virus isolate PSan92,
MF678796 Flamingopox virus FGPVKD09, MK903864 Magpiepox virus, MT799800
Cheloniid poxvirus 1, MW365933 Albatrosspox virus strain SAN97-0665NZ,
MW485973 Magpiepox virus 2 isolate 62-11-06-2000-ANU). B atort e knactep momnan
reHoM ocibl yepernaxu MT799800 Cheloniid poxvirus 1. Kinacrep, B cocTaB KOTOPOro
BXOJIAIT T€HOMBI, OTHOCsIHecs K poxy Orthopoxvirus (AF482758 Cowpox virus strain
Brighton Red, AY009089 Camelpox virus CMS, DQ437594 Taterapox virus strain
Dahomey 1968, HM172544 Monkeypox virus strain Zaire 1979-005, KP143769
Raccoonpox virus, KU749310 Skunkpox virus strain WA, KU749311 Volepox virus
strain CA, L22579 Variola major virus strain Bangladesh-1975, MH607141 Akhmeta
virus isolate Akhmeta 2013-88, MH816996 Orthopoxvirus Abatino, MN240300
Borealpox virus, OP526861 Monkeypox virus isolate MPXV USA 2022 FL0019,
X69198 Variola virus DNA, Y16780 Variola minor virus). Knacrep, B KOTOpBIii BXOAST
TeHOMBI BUPYCOB OCIIbI TapHOKOMBITHBIX (AF325528 Lumpy skin disease virus NI1-2490
isolate Neethling 2490, AF410153 Swinepox virus isolate 17077-99, AY077832
Sheeppox virus 10700-99 strain TU-V02127, AY077835 Goatpox virus Pellor,
AY 689436 Deerpox virus W-848-83, AY689437 Deerpox virus W-1170-84, MF966153
White-tailed deer poxvirus isolate OV179, MG751778 Moosepox virus GoldyGopher14)
¥ reHoMbI BUpycoB AJ293568 Yaba-like disease virus YLDV, EF420156 Tanapox virus
isolate TPV-Kenya, HQ849551 Yoka poxvirus strain DakArB 4268. Kiiactep, B KOTOpBbIii
BXOZSIT TeHOMBI ocmbl moacemMeiictBa Chordopoxvirinae pasueix pomos (AF170722
Rabbit fibroma virus, AF170726 Myxoma virus strain Lausanne, KT159937 Salmon gill
poxvirus, KU980965 Pteropox virus strain Australia, MH427217 Sea otter poxvirus
strain ELK, MN653921 Cetacean poxvirus 1 strain CePV-TA, MT712273 Teiidae
poxvirus 1 isolate 1642 19). Kiactep, BKJIIOYAIOIINI T€HOMBI OCIIBI JIETYYHX MBIIICH,
nuko6paza u meieir (HQ647181 Cotia virus SPANn232, KY747497 Eptesipox virus
strain Washington, MK860688 Hypsugopox virus strain 251170-23 2017, MN692191
Brazilian porcupinepox virus 1 strain UFU USP001). Knacrep, conepariuii reHOMBI
ocrel mopcemeiictea Chordopoxvirinae ¢ GC-cocrasom Gosbmre 0.6 (AY 386265 Bovine
papular stomatitis virus strain BV-AR02, GQ329670 Pseudocowpox virus strain VR634,
HE601899 Squirrel poxvirus strain Red squirrel UK, KM502564 Parapoxvirus red deer
HL953 strain HL953, MN339351 Equine molluscum contagiosum-like virus strain
Tanzania 2016, U60315 Molluscum contagiosum virus subtype 1). Ilaper 6am3ko
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PacCIioJIOKCHHBIX TOYCK, COOTBETCTBYIOIIUC I'CHOMAM OCIIbI 6J'II/I3KOp0HCTBCHHI)IX BUJOB
(DQ356948 Nile crocodilepox virus, MG450915 Saltwater crocodilepox virus
subtype 1), (MF467280 Western grey kangaroopox virus strain Western Australia,
MF467281 Eastern grey kangaroopox virus strain Sunshine Coast) u (MF001304
Murmansk poxvirus strain LEIV-11411, MF001305 NY 014 poxvirus strain 2013). A
TaKX€ I'CHOMbBI OCIIbI, TOYKH, COOTBETCTBYIOIIHUE KOTOPBIM, HAXOAATCA AOCTATOYHO
yIAJICHHO OT oMucanHbIX Boiiie kimactepoB (KR095315 Diachasmimorpha longicaudata
entomopoxvirus, KY382358 Seal parapoxvirus isolate AFK76s1, LC613089 Carp
edema virus FT12020 DNA, KP728110 Turkeypox virus strain TKPV-HU1124 2011,
MF503315 Squirrelpox virus Berlin 2015).

HpI/IBe,Z[eHHaH BBIIIC KJIACTEpHU3alHsd I'€HOMOB OCIIbI ITOKAa3bIBA€T, YTO Ha6J'I}OZ[aCTC$[
J0CTAaTOYHO CHJIbHAA 3aBUCUMOCTb MCKAY CTAaTUCTUYCCKUMU CBOMCTBaMU T'€HOMOB
OCIIbI (B HameM cjiydyac yCJ'IOBHOfI SHTPOHI/II/I) M TAKCOHOMHUEHN HOCHUTENEN 3a00IeBaHUs
b0 TakcoHOMHEW camoro Bupyca. OcoOOEHHO YETKO 3TO BHUIAHO HA T€HOMAaxX OCIIBI
HaCC€KOMBIX, OCIIbI IITHUI] U OCIIbI MTAPHOKOIIBITHBIX. B 10 xe BpEMA UMCIOTCS KJIaCTEPhI,
B KOTOpbI€ IMOMAJIM TEHOMBI OCIbl omHOro poma Orthopoxvirus wmu omHOTrO
moacemMetictea Chordopoxvirinae.

Qunancuposanue. bazoBplid npoekT «HoBbIE METOAB U TEXHOJOTHUA KOMIUIEKCHOIO
aHaJIn3a CJIOXKHBIX IIPHUPOJHBIX U AaHTPOIIOICHHBIX 39KOCUCTEM Ha OCHOBE COBPEMCHHBIX
CPEIICTB MOJCIUPOBAHUSI W OOpaOOTKU JaHHBIX, PACIPEICICHHBIX BBIYMCICHUA U
ugpoBoro MmonutTopunray, FWES-2024-0014.
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Motivation and Aim: Analysis of the statistical properties of nucleotide sequences is a
core task of biophysics, bioinformatics and molecular biology. A number of papers have
recently in this area (see, e.g. [1-4]). This paper examines the relationship between the
information capacity of frequency dictionaries of nucleotide sequences with a thickness
of 2 to 20 characters and the biological properties of these sequences. Each nucleotide
sequence is assigned a point in 18-dimensional space. The coordinates of a point are the
conditional entropies calculated for a given sequence. The composition of clusters
formed by projections of points from 18-dimensional space into the space of the first
three principal components is analyzed.

Methods and Algorithms: We will use frequency dictionaries it is a set of all fragments
of a nucleotide sequence of a fixed length found in it, accompanied with their frequency
[5-7]. An idea of the information capacity [8] characterizes sequences was studied as
the conditional entropy of frequency dictionaries of thickness g, calculated from
frequency dictionaries of smaller thickness (shorter words). The information capacity or
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conditional entropy of the thickness dictionary g is provided by the formulae
S =25, ,-S,—S;, or S =2S, S, incase of q=2; these are the absolute entropy

of the thickness d of frequency dictionary. In our case Sq - _fz f,Inf, . Thus each

genome is converted into a set of 18 figures of conditional entropy.

Results: 70 genomes of the family Poxviridae, from GenBank, have been examined. For
these genomes, conditional entropies were calculated for dictionaries of thickness
ranging from 1 to 20. The set of conditional entropies for each genome is considered as
a point in 18-dimensional space. Next, the freely distributed VidaExpert software
(http://bioinfo-out.curie.fr/projects/vidaexpert/) mapping the genomes into a set of
points in principal components. We analyzed clusters consisting of points whose values
of conditional entropy are close in the metric of Euclidean space. The following clusters
were found: insect pox (AF063866 Melanoplus sanguinipes entomopoxvirus O isolate
Tucson, AF250284 Amsacta moorei entomopoxvirus, AP013055 Anomala cuprea
entomopoxvirus DNA, HF679131 Adoxophyes honmai enomopoxvirus L, HF679132
Choristoneura biennis opoxvirus L, HF679133 Choristoneura rosaceana
entomopoxvirus L, HF679134 Mythimna separata entomopoxvirus L). The KR095315
Diachasmimorpha longicaudata entomopoxvirus genome did not fall into this cluster,
since the GC-content of this genome is 0.3, and the GC-contents of the remaining insect
pox genomes is about 0.2. Bird pox (AF198100 Fowlpox virus, AY318871 Canarypox
virus strain ATCC VR-111, KJ801920 Pigeonpox virus isolate FeP2, KJ859677
Penguinpox virus isolate PSan92, MF678796 Flamingopox virus FGPVKDOQ9,
MK903864 Magpiepox virus, MT799800 Che loniid poxvirus 1, MW365933
Albatrosspox virus strain SAN97-0665NZ, MW485973 Magpiepox virus 2 isolate 62-
11-06-2000-ANU). The same cluster included the turtlepox genome MT799800
Cheloniid poxvirus 1. A cluster including genomes of the genus Orthopoxvirus genomes
(AF482758 Cowpox virus strain Brighton Red, AY009089 Camelpox virus CMS,
DQ437594 Taterapox strain virus Dahomey 1968, HM172544 Monkeypox virus strain
Zaire 1979-005, KP143769 Raccoonpox virus, KU749310 Skunkpox virus strain WA,
KU749311 Volepox virus strain CA, L22579 Variola major virus strain Bangladesh-
1975, MH607141 Akhmeta virus isolate Akhmeta 2013-88, MH816996 Orthopoxvirus
Abatino, MN240300 Borealpox virus, OP526861 Monkeypox virus isolate MPXV USA
2022 FL0019, X69198 Variola virus DNA, Y16780 Variola minor virus). A cluster
comprising the genomes of artiodactyl pox viruses (AF325528 Lumpy skin disease virus
NI-2490 isolate Neethling 2490, AF410153 Swinepox virus isolate 17077-99,
AY077832 Sheeppox virus 10700-99 strain TU-V02127, AY077835 Goatpox virus
Pellor, AY689436 Deerpox virus W -848-83, AY689437 Deerpox virus W-1170-84,
MF966153 White-tailed deer poxvirus isolate OV179, MG751778 Moosepox virus
GoldyGopher14) and virus genomes AJ293568 Yaba-like disease virus YLDV,
EF420156 Tanapox virus isolate TPV-Kenya, HQ849551 Yoka poxvirus strain DakArB
4268. Cluster comprising smallpox genomes of the subfamily Chordopoxvirinae of
different genera (AF170722 Rabbit fibroma virus, AF170726 Myxoma virus strain
Lausanne, KT159937 Salmon gill poxvirus, KU980965 Pteropox virus strain Australia,
MH427217 Sea otter poxvirus strain ELK, MN653921 Cetacean poxvirus 1 strain
CePV-TA, MT712273 Teiidae poxvirus 1 isolate 1642 19). A cluster comprising the
smallpox genomes of bats, porcupines and mice (HQ647181 Cotia virus SPAN232,
KY747497 Eptesipox virus strain Washington, MK860688 Hypsugopox virus strain
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251170-23 2017, MN692191 Brazilian porcupinepox virus 1 strain UFU USP001).
Cluster comprising smallpox genomes of the subfamily Chordopoxvirinae with GC-
content greater than 0.6 (AY386265 Bovine papular stomatitis virus strain BV-AR02,
GQ329670 Pseudocowpox virus strain VR634, HE601899 Squirrel poxvirus strain Red
squirrel UK, KM502564 Parapoxvirus red deer 3 strain HL953, MN339351 Equine
molluscum contagiosum-like virus strain Tanzania 2016, U60315 Molluscum
contagiosum virus subtype 1). Pairs of closely located points corresponding to the
smallpox genomes of closely related species: (DQ356948 Nile crocodilepox virus,
MG450915 Saltwater crocodilepox virus subtype 1), (MF467280 Western gray
kangaroopox virus strain Western Australia, MF467281 Eastern gray kangaroopox
strain virus Sunshine Coast) and (MF001304 Murmansk poxvirus strain LEIV-11411,
MF001305 NY 014 poxvirus strain 2013), as well as smallpox genomes, which
corresponding points are located quite far from the clusters described above (KR095315
Diachasmimorpha longicaudata entomopoxvirus, KY 382358 Seal parapoxvirus isolate
AFK76s1, LC613089 Carp edema virus FT12020 DNA, KP728110 Turkeypox virus
strain TKPV-HU1124 2 011, MF503315 Squirrelpox virus Berlin 2015).

The above clustering of smallpox genomes shows that there is a fairly strong dependence
between the statistical properties of smallpox genomes (in terms of conditional entropy)
and the taxonomy of disease hosts, or the taxonomy of the virus itself. This is clearly are
the genomes of insect pox, bird pox and artiodactyl pox. Simultaneously, there are
clusters that contain smallpox genomes of one genus Orthopoxvirus or one subfamily
Chordopoxvirinae.

Funding: Basic project “New methods and technologies for complex analysis of
complex natural and anthropogenic ecosystems based on modern modeling and data
processing tools, distributed computing and digital monitoring”, FWES-2024-0014.
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