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IIpoanasizoBano mapaMeTpu3arIiiio PAHTOBO-4ACTOTHUX PO3IIOIIIIB Ta 9aCTOTHUX
CTIEKTPIB JJIsT HYKJIEOTUIHUX mocimoBHocTedt y Bipycaux PHK, aki orpumano
[LISIXOM 3aMiHM HAR9IACTOTHIIIOrO HYKJICOTHy B F€HOMI Ha PO3ALIIOBAY (<«IIpO-
6ia»). Ha migcraBi paHroBo-4acTOTHUX PO3IO/LIIB PO3PAXOBAHO TaKi mapame-
TPU: EHTPOIlis, cepeHsd JOBXKUHA TOCTiIOBHOCTI, JHUCHEPCis JIOBXKWHU TOCJIi-
JoBHOCTI, Koeditient aucmepcii. YacToTHI CIeKTPH AIIPOKCUMOBAHO MOAMMIKO-
BaHuM po3nozaiiiom Bo3e, B gKOMy 3BUYAlHY €KCIIOHEHTY 3aMiHEHO HA KaIllla-
excrionenTy Kaniamaxica, 1110 03BOJISI€ TOYHIINE BiITBOPIOBATH CIIOCTEPEIKYBA-
Hi «XBOCTH» PO3MOLIiB. Mu odiKyemo, 1110 3aIpOTIOHOBAHI TTapaMeTpu MOXKYTh
OyTH KOPUCHUMU [Jis MAROYTHIX TOCIIiIXKEHb, HATPUKJIIA/, YePe3 BCTAHOBIEHHS
KOpeJIAIil 1XHIX 3HAYeHb 3 iHIIUMU XapaKTePUCTUKAMU BipyCiB.

Kurrouosi coroBa: PHK-Bipyc, Hyk/I€OTHIHA MOCTIOBHICTH, PAHTOBO-4aCTOT-
HU PO3MOIILJI, 9acTOTHUI CeKTp, Kanmna-ekcrnonenta Kamiamakica, mommdiko-
BaHmit po3moaia Boze.

1. Bcryn

3acrocyBaHHS MiXKIUCHUILIIHAPDHUX MiAXOMIB € MPUTAMAHHOI PHUCOI0 CyYACHUX JI0-
CJIIPKEHD y PI3HUX rary3dax HayKu. ¥ Liil npami Mu 30cepeaumocs Ha (Hi3MIHrX MOIEIsAx
st omucy Oiosoridamx 00’€KTiB. Take MOIETIOBAHHS MOXKE CTOCYBATHCS, HATTPUKJIIAI,
PeaIbHUX TIPOIECiB y KIITHHAX Y B3aeMOJIl MakpoMmoseky: [1-4] abo x i rpyHTyBaTHCsS
Ha abCTPAKTHINIMX METONAX Teopii CKIAJAHUX Mepex [5-7].

BuBdenHs HyK/JICOTHIHUX IIOCJIIIOBHOCTEHl 9acTO BiaOyBaeTbCsa Ha mOrpanmddi ¢i-
3WKH, JIHTBICTUKU Ta OIOJIOTiI, IO TMOB’SI3aHO 3 TMEBHUMH aHAJOTISIMA MiXK a30THCTUMU
OCHOBAMU, KOJIOHAMHU, TEHAMU TOIIO Ta JIiTEPAMU, CJIOBAMH, PEUEHHAMM Ta IHIIMAMHU TEKC-
ropumu onuuutgmu [10-14]. 3 inmoro 6oky, came MeTO[U CTATUCTHYIHOL (DI3UKU BUKOPH-
CTOBYIOTb JIJIsl IOSICHEHHS 3aKOHOMIPHOCTEHl y rasty3i KBaHTUTaTUBHOI JiHrBicTuKY [15-18]
(nuB. Takox https://www.maths.usyd.edu.au/u/ega/physicist-language/). ¥ wuiil
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npari Md IPOJOBIKYEMO JOCiKeHHs, po3nodari B [8,9]. O3uayupuiu crnoci6 po36ur-
ta ganmoxkka PHK Ha mociigoBHOCTI HyKI€OTHIIB, MU IIPOMOHYEMO Habip mapamerpis,
AKHI MOXKHA 3aCTOCYBaTH /i jonomizkaol Kiaacudikarii PHK-sipycis.

CrarTa Mae Taky CTPYKTypy. ¥ JAPYroMy PO3Jijii OMHCAHO MPOIEAYPY PO3OUTTS Ma-
kpomostekymm PHK wa mocsitoBHOCTI HYKJI€OTHIIB Ta HABEAEHO PE3YILTATH JEIKUX PO3-
PaxXyHKIB, IO TPYHTYIOTHCSI HA PAHTOBO-YACTOTHUX PO3MOALIAX IHUX MOCIIJOBHOCTE.
Po3nin 3 mpucBgvyeno ampokcumariii YaCTOTHUX CIIEKTPiB, siKi OTPUMYIOTH i3 PAHTOBO-
4YaCTOTHUX PO3HO/iIiB, 3a Jomomoroi MomudikoBaHoro posnoainy Boze. ¥V pozaim 4
TTPOAHAJTI30BAHO 3AJIEXKHICTH OJTHOTO 3 MapaMeTPiB BiJl KiTLKOCTI MOCiTIOBHOCTEH y TeHO-
umi. Koporke 06roBopentsi oepKaHuxX pe3yabTaTiB HABEIEHO B PO 5.

2. Ilapamerpmu3saliis PaHTOBO-YaCTOTHUX PO3IIO/ILIIIB

Mix JHK i PHK € tpu ocuoBni Bimminnocti: JTHK wmicTuth 1mMyKop me30KcupuOO-
3y, PHK — pubo3y, y sikoi € m0maTkoBa, MOPIBHAHO 3 A€30KCHPUO030I0, TiIPOKCUIBHA
rpyna. Ila rpymna 30ibinye WMOBIPHICTD TifpOJIi3y MOJIEKY/In, TOOTO 3MEHITYE CTaOLIb-
micts momekynu PHK. Monekynu PHK, y cepemuabomy, HaGaraTo KOpOTIIi # mepeBarKHO
OZIHOIAHIOKKOB] [22, 23].

st mporo pocaimkenns Oysio B3garo renomu PHK-sipycis i3 Hamionansaoro lHenTpy
Biorexnosorii (NCBI, https://www.ncbi.nlm.nih.gov), /1jisi OOYNCIEHHS MU BUKODH-
cramu 52 Bipycui PHK, ne Ginbruicrs BipyciB MaioTh maHaemiitaunii xapakrep [9].

ITo6u nmpoananizysarn PHK 3anmmamoBanmmu B it mparii miaxomamu, Tpeba MeBHAM
cr1oco6oM moALINTH 11 Ha YacTUHU. A30THCTI OCHOBH, 110 (DOPMYIOTH HYKJIEOTUIU Y CKIAIl
JHK ta PHK, no3nagarors 3a mepimMu JiTepaMu iXHiX HA3B: a — aJeHiH, ¢ — IIUTO3WH,
g — ryamin, t — Tumin. Tyr BapTo 3a3mauntm, mo Hacupasai B PHK 3amdicts TnMminy
BXOJUTH ypaIWJ, OJHAK 3 MipKyBaHb yHiI(DIKOBAHOrO crocoly mojmanus iHdopwmarii B
6azax NCBI i€l pizuuni we Bimobpaxkeno. s moaisy Ha YaCTUHA MU BUKOPHUCTOBYEMO
3aMiHy ajeHiny (a) Ha «1pobisi», a MOPOKHIO HOCJIAOBHICT, 110 3HAXOIUTHC MiXK JBOMA
PO3ILTbHAKAME, TIO3HAYUMO K X, TOOTO ITOCJIiTOBHICTD HYKJIEOTHIIB

aacctaccactcaccctagcattacttatatgatatgtctccatacccattacaatce (1)

neperige B
x cct cc cte ceet ge tt ctt t tg t tgtctee t cee tt ¢ x te. (2)

Orpumani BHACTIZOK TaKOl IPOLEAYPH IMOCTIAOBHOCTI HYKJIEOTHIB 1 € OJUHUIAMHU
Ui aHA3y. IXHI PAHMOBO-4ACTOTHI 3a/I€XKHOCTI OTPUMYEMO CTAHIAPTHHM CIOCOOOM:
HaiffyacrorHima Mae panr 1, HacTymHA 3a 9acTorToio panr 2 tomo. IlocaimoBHocTsam 3
OJIHAKOBUM YACTOTAMH TIPHCBOIOEMO MOCJiIOBHI paHTH [8].

OcobauBiCcTIO TIHOTO PO3MIOIIIY € Te, IO WOMYy MPUTAMAHHA ODEPHEHO MPOMOPITiiHA
3aeKHICTh Mi’K PAHTOM Ta YaCTOTOI0, i 1e 300pazkeHo Ha puc. 1 s po3MOaiTy Kilb-
kox Bipycaux PHK, mo 6yau y Tabaumni 1. Buxomsgqam i3 mporo, OymeMo aHasi3yBaTu Iii
posnoaim sk obeprenonpouopuiiiui [19].

et po3moaia MOKEMO OXapaKTePU3yBATH €HTPOITIEIO:

Tmax

S:—Zprlnpr, (3)
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Puc. 1: Parroso-4acToTHi 3a/1€2KHOCTI [UI1s KITHbKOX JOC/IKYBAaHUX BIpyciB
Fig. 1: Range-frequency dependences for several studied viruses

I
N
Crarucrudna eHTPOLis € OJHUM i3 mapamMeTpiB s Kiacudikanil po3HoAlLy HyKIeo-
TUaHUX TocaigoBHocTel y BipycHux PHK [9,19]. Pasom 3 Heto cepes mapaMerpiB MOXKHA
BUJIUIATH CEPEIHE 3HAYEHHs NOBXKUHU MOCTII0BHOCTI (mepinuii MeHTpaJbHIil MOMEHT):

ne pr ==, N =5 f., fr — KiIbKICTh TIOCTIIOBHOCTEH JIS1 7-TO DAHTY.
s

my = %ZI@, (4)

ge N — KiTbKIiCTb MOCTiIOBHOCTEH HYKJIEOTU/IIB Y MeHOMi, L; — KiJbKiCTh HYKJ/IEOTHU/IIB
Jtst 4-1 moctitoBroCTi. 3po3ymiso, mo x Mae gopxuny L = 0. Hacrynaum napamerpom
JI7IsI TIHOTO PO3MOAiLTy Oyae AucCIepcisd CTATUCTHIHONO PO3IOMLY, IO € MipOI0 PO3CIAHHSI
CTATUCTUYHOI BEJTMUYWHU BiTHOCHO CepeIHbOTO 3HAYEHHS PO3TMOILIY, i1 TAaKOXK HA3WBAIOTH
JIPYTUM TIeHTpabHIM MoMeHTOM [20,21]:

mo = NZ(LZ —m1)2. (5)

Koeditmient aucnepcii 03HAINMO TaK:

ma

d= (6)

ml—l'

[licna npoBenenHs 0OYHUC/IEHD OTPUMAHO CTATUCTUYHI IapaMeTPH, 10 HABEIEH] y Ta-
oanri 2.
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Tab6s. 1: ParrosBo-gacToTHi crimcku mis geskux Bipycis. Tyt r — pamr, f, — gacrora
Table 1: Rank—frequency lists for some viruses. Here, r is rank and f, stands for frequency

. Ebola HINI hepatitis A HIV-1 SARS-CoV
nocaA. fr | noca. fr | noca. fr | noca. fr | noca. fr

1| x 1978 | x 1511 | x 692 | x 1087 | x 2515
2 |c 506 | g 437 | g 212 | g 360 | ¢ 780
3|g 421 | c 340 | c 130 | c 264 | g 538
41t 352 |t 222 |t 109 | ¢ 221 | t 397
5 | tc 147 | tg 128 | tg 69 | gg 100 | tt 191
6 | tt 137 | gg 111 | tt 57 | ge 99 | tg 191
7| tg 115 | tc 91 | gg 46 | gt 93 | ct 167
8 | cc 110 | gc 86 | tc 43 | tt 63 | cc 162
9| gg 109 | cc 62 | ttg 31 | cc 60 | tc 140
10 | gc 92 | tgg 52 | gc 28 | tc 50 | gg 139
11 | ct 70 | ct ol | tgg 22 | tg 49 | gt 116
12 | gt 67 | gt 51 | cc 22 | ct 32 | gc 106
13 | cg 99 | tt 42 | ttt 21 | tgg 26 | ctc 52
14 | ttg 55 | ttg 40 | ttc 19 | ggg 25 | tgc 52
15 | ttt 40 | tge 33 | gt 16 | gce 22 | tgg ol
16 | ttc 37 | gge 28 | ctc 14 | get 14 | ctg 48
17 | cte 34 | ttc 27 | tee 14 | ccc 13 | ttc 46
18 | tcc 32 | ggg 26 | ct 14 | tcc 13 | ctt 46
19 | gtg 31 | cg 23 | gct 11 | tgt 13 | ttg 45
20 | ctg 29 | ctg 22 | tge 10 | gtt 12 | ttt 44

3. UYactoTHi cnekTpu

OsHaunMo n; AK KUIBKIiCTh MOCHITOBHOCTEH, MO MaOTh JacToTy, piHy j. Tomi, mo-
OyIyBaBIIN 3a7€KHICTD N, ATPOKCHMY€EMO i1 3a moandikosannM Boze-posnomgimom:

1

- 7 7
m z*lX((j}1)7>—1 ()
ne X(t) = e,
ni
— =t 8
i= (8)

TYT N1 — Ha#bLIbIIA KiTbKICTD TOC/IIMOBHOCTEH /IJIs IIEBHOI YaCTOTH, 4 B HAILIOMY BHIIA]I-
Ky — KIJIBbKIiCTh MOCJIIOBHOCTEI, 110 TPATUISIOTHCS ¥ PO3MOALIL JIuie ofuH pa3 [8].
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Xou i pozuozi (7) niaxonuTs s apoKCcUMaliil, aje BCe XK TaKU 3aJIUIIAI0TbCS «XBO-
CTH», IKi He HAKJIAJAIOTHCSA HA PO3MOILJ, IO TTOB’ST3aHO 31 MBUAKUM CTIQTAHHAMI €KCITO-
HEHTU Ha BEJUKWX 3HAUYEHHSX apryMeHTa. Tomy JIMIMWM BapiaHTOM IS alrpOKCUMAITIT
Oyze, HATIPUKJIAT, PO3IMO/II TAKOTO BUTJISIIY:

1

z7lexp,, (7@}1)”) — 1’

Je exp,, () — kanna-ekcnonenra Kaniagakica [24, 25]

(9)

n; =

P2

exp,,(z) = ( 14 5222 + %m) , (10)

1110 3aCTOCOBYETHCS JIJI KAHOHIYHOT'O PO3IOLILY T'i66ca [26], 1 nobpe uigxouuTs st apo-
KCUMAIIii YaCcTOTHUX CIeKTPiB [8].

Ak moxna nobaunTn 3 puc. 2, anpokcumaris 3a posnogiiom (9) cupasai Giabnie
nigxonuTh, Hixk 3a (7). Ilig 4ac po3paxyHKIB JJisi OPOCTOTH BBAXKAEMO, 1O v = 1.5 1
obuncioemo napamerpu » 1 1. TexwuigHO 1€ peasizoBaHO 3a JOMOMOro0 mponeaypu fit
y nporpami GNUPlot.

1000 P —
nj ®-na (9) ——
HINT O

100

10

o)
o
o
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Puc. 2: AnpokcumMariisi 9aCTOTHOTO CIIEKTpa I BipyCy cBuHAHOTO Tpury (HI1N1) 3a posmnomi-
samu (7) ta (9). Tpeba 3a3HauuTy Takuil MOMEHT: reHOMH BIPYCiB IDUIly CKJIQJAaiOThCH 3 7—8
cermenTis [27]. ITix uac po3paxyHKIB «IpoGLIM» JOJAHO HA MeXKaX CErMEHTIB
Fig. 2: Approximation of the frequency spectrum for swine influenza virus (HIN1) by distri-
butions (7) and (9). It should be noted that the genomes of influenza viruses consist of 7-8
segments [27]. In the calculations, “spaces” are added at the segment boundaries

PesynpraTn po3paxyskis napaMmerpis s i T msa mociiizKyBaHux y 1iit pobori Bipycis
MTPOJAEMOHCTPOBAHO HA puc. 3 i B Tabi. 2.
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Tab6s. 2: CraTucTU9Hi TapaMeTpu I yCIX TOCTIAKYBAHUX BipycCiB.
Table 2: Statistical parameters for all the studied viruses

Hazsa ‘ OCHOBU ‘ N ‘ S ‘ mi ‘ mo ‘ T ‘ P

Australian bat lyssavirus 11822 3433 | 3.952 | 2.720 7.231 81.2 4.20
Ball python nidovirus 33452 | 11118 | 3.691 | 2.338 4.574 167.5 4.03
Coxsackievirus A 7460 2205 | 3.857 | 2.657 6.972 45.5 7.57
Coxsackievirus B 7402 2119 | 3.913 | 2.776 8.237 43.9 6.83
Dengue 10723 3554 | 3.520 | 2.347 5.183 60.5 5.12
Ebola 18962 6056 | 3.770 | 2.455 5.598 99.2 4.44
Enterovirus71 7405 2009 | 4.139 | 2.948 8.021 54.1 4.86
Feline a-CoV 29355 8572 | 4.038 | 2.734 7.524 170.8 2.87
HIN1 13371 4456 | 3.545 | 2.340 5.292 66.7 5.50
H3N2 13332 4456 | 3.518 | 2.344 5.538 67.6 6.11
H5N1 13559 4438 | 3.614 | 2.394 5.333 73.5 7.21
Hantaan 11845 3835 | 3.662 | 2.395 5.480 71.2 7.00
HCoV-229E 27317 7421 | 4.141 | 2.997 | 10.324 | 146.8 3.84
HCoV-HKU1 29926 8332 | 4.065 | 2.893 8.350 163.5 3.76
HCoV-NL63 27553 7254 | 4.208 | 3.105 | 10.306 | 169.6 2.05
HCoV-0C43 30741 8503 | 4.187 | 2.907 8.352 183.2 2.84
Hendra henipavirus 18234 6015 | 3.649 | 2.337 5.156 88.9 5.42
Hepatitis A 7478 2189 | 3.713 | 2.730 8.322 48.7 5.49
Hepatitis C 9646 1890 | 4.742 | 4.302 | 31.255 47.7 4.99
Hepatitis D 1682 340 | 3.760 | 4.195 | 28.428 9.0 5.34
Hepatitis E 7176 1231 | 4.957 | 4.984 | 28.894 32.2 4.66
HIV-1 9181 3273 | 3.302 | 2.133 4.347 56.1 4.29
HIV-2 10359 3507 | 3.412 | 2.272 5.356 70.9 4.41
HRV-A1l 7137 2389 | 3.461 | 2.313 5.295 39.8 8.60
HRV-B3 7208 2339 | 3.582 | 2.378 5.286 26.1 9.82
HRV-C 6944 2177 | 3.636 | 2.488 6.345 43.0 5.99
Japanese encephalitis 10965 3013 | 4.023 | 2.930 9.580 53.9 6.93
Kunjin 10795 2955 | 4.093 | 2.930 8.698 73.9 4.20
Lassa mammarenavirus 10659 3038 | 3.900 | 2.816 8.628 58.7 5.48
Marburgvirus 19114 6256 | 3.662 | 2.396 | 5.418 115.5 | 3.34
Measles 15894 4639 | 4.068 | 2.697 6.702 85.5 5.62
MERS-CoV 30119 7901 | 4.394 | 3.089 9.693 171.8 3.08
Mumps 15384 4729 | 3.867 | 2.551 5.987 77.2 4.82
Murray Valley encephalitis 11014 3182 | 3.928 | 2.761 7.924 70.7 4.41
Nipah 18246 6176 | 3.580 | 2.277 4.543 80.6 7.32
Norovirus 7600 2094 | 3.931 | 2.919 9.136 42.4 4.85
Phage-MS2 3569 836 | 4.138 | 3.528 | 13.413 22.4 7.59
Planidovirus 41178 | 16361 | 3.036 | 1.885 2.756 143.9 4.80
Poliovirus 7440 2207 | 3.824 | 2.654 7.163 29.4 12.88
Puumala 12062 3940 | 3.608 | 2.382 5.217 61.2 7.48
Rabies 11928 3419 | 3.976 | 2.772 7.784 86.5 3.40
Rift Valley 11979 3343 | 4.043 | 2.839 8.221 64.0 7.49
Rubella 9762 1459 | 5.308 | 5.831 | 36.851 49.9 3.44
Saint Louis encephalitis 10939 3194 | 3.897 | 2.733 6.917 71.9 3.83
SARS-CoV 29751 8482 | 4.111 | 2.804 8.201 165.3 3.00
SARS-CoV-2 29903 8955 | 3.937 | 2.661 7.367 153.7 3.42
SETS 11490 3076 | 4.135 | 2.988 8.975 66.1 7.40
Tobacco mosaic 6395 1862 | 3.806 | 2.734 7.759 41.2 5.84
West Nile 10962 2997 | 4.038 | 2.936 9.576 63.2 6.16
Western equine encephalomyelitis 11484 3251 | 4.087 | 2.796 7.635 65.0 7.12
Yellow fever 10862 2964 | 3.985 | 2.955 9.866 61.7 4.99
Zika 10794 2992 | 4.011 | 2.873 8.163 75.2 3.83
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Puc. 3: Bunavuenns » i T anga 10ciiKyBaHUX BipyciB
Fig. 3: The values of s and T for the studied viruses

4. MacmrabyBanHda nmapamMerpa 1’

Ananisyroun 3HadeHHst napaMerpa 1', MOXKHA 3ayBaKMTH, 110 BOHM Ol/ibLUi jijis J10B-
mux reromiB. Ile crmocTeperkeHHst MATBEPIKYETHCS 30KPEMa 3HAYECHHSIM KOEDIIieHTa
kopeutsariil [lipcona, po3paxoBanum Jijid napu 3MiHaux 1T—N:

(Ti = (T)) (Ni = (N))

r(T,N) = : ) (11)
ST ) Y (V- (V)
1=0 1=0

ne (...) mo3Hauae cepeaue 3uavenus eqmanun. O6uncrenus gae (T, N) ~ 0.87, To6To
BKa3y€ Ha BUCOKY KopeJsrito. Llikaso, 1mo mapamerp s, Ha BiaMiny Bix T, 10BOJ €200
KOPEeJIOE 3 KLUIBKICTIO MOCJiTIOBHOCTeH N y T€HOMi, /IO TOrO K KOpeJSIlis HEeraTUBHA:
r(s, N) ~ —0.42.
Taka kopensuia mixk T'1 N nae nigcrasu roBopuru npo iesHe macirrabysanns (abo
«CKelinury ), nopisu. [28],
T = aN®. (12)
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3HadYeHHs OKA3HUKa b BUABJISAE€TbC Ou3bkuM 10 omauuauii, b = 0.92 4 0.05. Pesyabraru
PO3PaxXyHKIB MPOLTIOCTPOBAHO HA puC. 4. YpaxyBaHHsT TAKOTO MACIITAOYBAHHS A€ 3MOTY
3aIpPONIONYBATH Ha JOJATOK 10 1 immmit mapamerp, t = TN P, axuit He Gyae cyTTeBO
KOPEJIIOBATH 3 JTOBXKWHOIO '€HOMA, SIK ITOKA3AHO HA PHUC. J.

200
T /
°
o ® '. °
150 P ®
100 / ®
$ // ¥
°
3.
e ©
® { ]
50 o g
Y &
N
0
0 2000 4000 6000 8000 10000 12000

Puc. 4: Banexnicts 3HaduenHs nmapamerpa 1’ Bixg kimbkocti mocmigosrocreit N y renomax. Cy-
ninbHa JiHig Bianosinae Habmmkennio (12) i3 b = 0.921
Dependence of the value of the parameter T" on the number of sequences N in the
genomes. The solid line corresponds to approximation (12) with b = 0.921

5. (OO6roBopenHs

Mu npejcTaBuIn KibKa MiaxoiB 10 mpoctol mapamerpusaniii PHK BipyciB Ha ocHOBI
anasisy mociigosrocTeit HyKaeoTuai y Bipycunx PHK. TomaTrkoso 10 anarizoBanoro pa-
Hiue Habopy napamerpis, L0 BKIIOYAE eHTPOLil Ta cepe/iti J0BAKUHYU 10CioBHOCTEl [9],
y Tt mpari 3acTOCOBAHO ATPOKCUMAIII0 TaK 3BAHUX YACTOTHUX CIEKTPIB 34 JTOMOMOTOIO
mommbikoBaHoro po3nosiny Bose [8]. Mu TakoXK pO3NIMPHIIN MOYATKOBY 06a3y JaHUX i3
30 mo 52 Bipycis.

Hagemeni pesymbpraru BKa3yOTh HA T€, IO CXOXKi BIPYCH 3HAXOAATHCA OJIUKYE OIUH
JI0 OIHOTO. 30KpeMa, 3 PUC. 3 MOYKHA TIOMITUTH, 110 BipyCH 3 POJUHU KOPOHABIPYCiB 3HA~
XOAATHCS PA30M, OKpeMille BiJl iHIIUX BipycCiB; /st HUX MIPUTAMAaHHI BeJWKi 3Ha4eHHs T
Ta MaJi 3HAYEHHS 7, TAKOXK IX MOXKHA KjacudiKyBaTH 3a MapaMeTpaMu, IO HABEIEHi
B TabJ. 2, OCKLIbKH [JIsT HUX [MPUTAMAHHA HEBEJIUKA PO30iKHICTH 3a UMK IapaMeTrpa-
wmu. [TonibHe crmocrepiraemMo TakoXK st TIPEJICTaBHUKIB ponunan (ioBipycie — FEbola- Ta
Marburgvirus.

3 irmoro 60Ky, HOTpibHO MaTu Ha yBasi, mo Kiacudikaiis TaKuX CKIaIHIUX 00’ €KTiB
3a IBOMa TapaMeTpaMy MOXKe OyTH JIWIIe JOTMOMiKHUM IHCTPYMEHTOM [IJIsi BU3HAYEHHS
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Puc. 5: Bnauenns » 1a t = TN Y nna nocaimkyBanux Bipycis. [loduadennst Taki cami, K Ha
puc. 3. Bipyc noniomienity nepebysae 1103a Me2KkaMyu BEPTUKAJIbBHOIO [AIIA30HY
Fig. 5: The values of » and t = TN~° for the studied viruses. The notations are the same as in
Fig. 3. The polio virus is outside the vertical range

CXOXKOCTi BHIIB, TOOTO 3 OJM3HKOCTI 3HAYEHH TAapaMeTpiB Oe3mocepeqHho He BUIIINBAE
momibHicTh oprani3miB. CrpaB/i, Take 300paXKeHHs € JIUINE MPOEKIEI0 HA JBOBUMIDHY
IIJIOITHHY TOYOK MEBHOIO 6AraTOBUMIPHOTO IIPOCTOPY, /1€ KOOPANHATAMHI BACTYIIAIOTH 3HA-
YeHHs pi3HOMaHiTHUX mapamerpis [9].

Hakonmuennst janmx mpo mapamMerpu PO3MOAiay HYKJIEOTHIHUX IOC/IiIOBHOCTEH B
PHK pi3uux BipyciB cripusiTume pO3IMUpEeHHI0 637 MOPIBHIIBHUX TOC/TIIXKEHb, 1 B MOXKE
CTaTH JOTIOMIYKHUM MaTepiajioM I MOJAJIBITION0 BUBYEHHS IIUX BipyCiB Ta iX BJIACTHBO-

creit [9,19].
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Parametrization of rank-frequency distributions

of nucleotide sequences in virus RNAs
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The paper analyzes the parameterization of rank—frequency distributi-
ons and frequency spectra of nucleotide sequences in viral RNA defi-
ned in a special way. To achieve homogeneity of data, we analyze
genomes of 52 single-stranded RNA viruses only. Such sequences are
obtained by replacing the most frequent nucleotide in the genome wi-
th a separator (“space”’). This can be illustrated as follows. The sequence
aacctaccactcaccctagcattacttatatgatatgtctccatacccattacaatce, with adeni-
ne (a) being the most frequent nucleotide, becomes x cct cc cte cect ge tt
ctt t tg t tgtcteec t ccc tt ¢ x tc. Note that a zero-length sequence named
x is inserted between two consecutive adenines. Based on the rank-frequency
distributions, the following parameters are calculated: entropy, mean sequence
length, sequence length variance, variance coefficient.

The frequency spectra IV; are defined as the number of different sequences within
a particular genome having absolute frequency exactly equal to j. They are fitted
by a modified Bose distribution, in which the ordinary exponential is rtleplaced wi-

th the Kaniadakis kappa-exponential exp,, (z) = (V1 + 222 + sx) . Such an
approach allows to more accurately reproduce the observed “tails” of the distri-
butions. The calculated values of the fitting parameters, s and T', demonstrate
moderate grouping of related species. We also observed that there exists a
high positive correlation between T and the genome length N (measured as
the number of defined nucleotide sequences). The fitting with the function
T = aN? over all the 52 genomes yielded b = 0.92 % 0.05, so another classi-
fication parameter, t = TN " was suggested.

We expect that the proposed parameters may be useful for future studies, for
example, by correlating their values with other characteristics of viruses.

Key words: RNA virus, nucleotide sequence, rank-frequency distribution,
frequency spectrum, Kaniadakis kappa-exponential, modified Bose-distribution.



