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Abstract

Introduction: The presence of short oligonucleotide fragments that constitute the viral
genome is unique, and the variation in their abundance among different species
significantly influences the pathogenicity of viral strains, evasion of the immune
system, and response to antiviral treatment. Data mining and the use of weighting
models are effective methods for identifying these characteristic fragments. Given the
importance of oligonucleotide fragments in the genomic sequence of the hepatitis C
virus (HCV) concerning resistance to interferon treatment and evasion of the host's
innate immune system, this study aims to identify these characteristic fragments using
weighting models applied to the HCV genomic sequence.

Method: In this study, we employed ten different weighting models for the first time
to identify short oligonucleotide fragments, including distinguishing dinucleotide,
trinucleotide, and tetranucleotide sequences, between two groups of individuals
infected with HCV who exhibit different therapeutic responses to interferon (INF)
treatment. Ten weighting algorithms were executed and evaluated based on the relative
abundance of short oligonucleotide fragments constituting the HCV genome in
genotypes la, 1b, and 2b from two groups of patients resistant and sensitive to
interferon treatment using Rapid Miner software.

Results: Several oligonucleotide fragments, including UU, UA, and UC among
dinucleotide sequences, and GUA, CUA, and CGUA among trinucleotide and
tetranucleotide sequences, showed significant differences between the two groups.
Previous studies indicate that the presence of these sequences plays a crucial role in the
interferon response against viruses.

Conclusion: The results of this study suggest that employing various weighting models
in data mining can help predict important genomic indicators of the virus that are
effective in evading the host's immune system and antiviral treatments at early stages.
These indicators can subsequently be targeted in experimental studies for drug and
vaccine design.

Keywords: Weighting algorithms, Data mining, Genome sequences, Oligonucleotide
fragments

© 2025 The Author(s); Published by Kerman University of Medical Sciences. 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 use, distribution, and reproduction in any medium, provided the original work is properly cite

Journal of Health and Biomedical Informatics 2025; 12(2): 124-131 e


http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2025.17&domain=pdf&date_stamp=2025-09-22
https://dx.doi.org/10.34172/jhbmi.2025.17
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.34172/jhbmi.2025.17
https://jhbmi.com/article-1-938-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2025.17 |

@
WETY (o VFoF Lo cpgd o)lod comdilsd )50 Sontd 33 Connnd § § CooMawr Soiilo 59831 o r
doi: 10.34172/jhbmi.2025.17
OleyS (S pole o8ty (S5 Sleyois] Clidios S 5

®

CrossMark tS"‘"b 9).? Ao

. p “ 2 S & K o s & . 2 .S
318 50 (o Sl (g pg £ 95 58 LSl (Sui gl 95 Oladad bl
SgL 0315 30 (B (439 Sy j 03kl b (g 2wl il

0 Sgwge PN (S g 0 s e TSI 0 e 85

1l O B kS (S o sle o&ils ¢ S e YDkt it 5S¢ (S5 & 5 (51873 Lils )
Q\ﬁ\Lbffcbwé.ixr}ka@lbxéixe@hc&:):é}x}wi}ﬁa;;."

0121 08 F ¢ oDl 33T o8l O 8 ol 3 5ol cnkign 03,8 Sl o5 guntige i)l il ST ¥

Ol b8 0l ST (S o ke il ¢ STy (b5 ST 5 (bt 58 Slidiond S o ¢ (S ol s 5 (815> Gbsleal F

Ol el S el ST (S e olils ¢ gy bl Sy oSl (gl g5 5 555 b 0g S 0

LRI Ao OleYb]
Sold > Sglds g 0392 38 4y jacio b g g peis odimd ST Ga5 gl $gSl oligS laad jpuls tdonile Wléo dislw

25 oleyd @ el 5 (ol i L8 cnny 55 (liclon 1 (ol OB il sladisS (> la]

bl 33 g o a5 d 5"l il gy e 51 030 sl e 5 o3litid 5 (cglSoold S o il (sns VEFIFIO scdlys

VEEIEINY 13
VEF/EITY ths Ll

095 g 53 padls a5l ¢Sl lakad jguas ool 4 da i b il 0058 SS Wl o sl labad -yl
25 485 reuad dalllas cpl )3 Gbie (S sl e 5l B g (g8 50] loyd 4 ueglie > C cuiln yug g
28 515 alelid 5y90 C cusln gy (0955 Jg5 695 2 (230059 lade (635 4 b opasls claad ()

. . _ L . . .'JM‘ Ouliuint 7
ol ¢ 2apjy ke Juo 00 x5 @ b ol odsl cln A8 485 eead adlae ) 5 5 0 >

09,5 99 oS ploie a3l 113 5 MY 67 (s H (60 I edlox ) oS sgilS sl dadat
55 5 s 3,50 (INF) 95l cogh &0 otz il ol U (HCV) C ol ey 40391 o kel
53555 5l Sk s 3 537 1 (Weighting algorithms) s siaysl Jaa o3 schsn o ol | [ COSHYDH@vahoo.com
9l ooy & el g polio liless Sl 09,5 53 )3 2b 5 1a,1b (s )3 HCV pgij osims JiSUis oligs

<5 1B byl 3560 o 1>l Rapid Miner )38 ¢ 5 5l ooliwl b

9 s35eilSy o0 sl Jlg e > UU, UA, UC des 5l sa59288 663l cilabad 51 (oolaws dalsl j> tlaaidly ;
) by Glpl e g/
30505 95 o > P ssb & SIS S1S 5 sailS s < slaJlg o 5> GUA, CUA, CGUA, Ny
o ) o - Sgwge me (S0 One
b gy e 2 (9,850l Gl )3 (sore (3B o Jlgs (] jpan (L8 Sl & dag | & isgy glite 31,31 cld lbs el
S P52 0als (a5 Sl
PoB » o cla ans
I oslatal b (g9l mailSa

1> 1,8 8 Lo I I ohb sl (4]159% Il S B ol B
N JEREATN ol oS > Slpy2e © D clBll g9 g & - 5o i
))5 PralbRalt] 9990 > r s J 9 W{)swm;iﬁ;ln)ym‘m

Gl ol g5 o (ool oaly 3 23y cilises (sla Jho (£S5 b oS ol s dalllas oyl ol 2 6 S A

ot Ayl Jolpe 0 citun Bhe wgpg as slagley g Gljue (ool i J5 )3 &S]y g g (0955 moe

6855118 53Rl s ¢_sogss o5 35l o gmdsjo (b o 5 lanls AVETVATNIY AT (K25

VYo Journal of Health and Biomedical Informatics 2025; 12(2): 124-131



https://dx.doi.org/10.34172/jhbmi.2025.17
http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2025.17&domain=pdf&date_stamp=2025-09-22
http://dx.doi.org/10.34172/jhbmi.2025.17
https://jhbmi.com/article-1-938-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2025.17 |

@
B Ohan 5 L3k oy 9952 7] ailSe 515158 53 (w929 935 1> LSS (SLaa iS5

Aoddo

N5 bea b g 03l i ) 395 (095} (I oo b Bl 00 o it lagfl dloa Sl g g disilon Jelge (s
26 Sl i Sl Flael (b RNA- Guin 5l o055 (JI5i b bagogng oiug & (Sote @b ool > )5 [V] 259
063 WSS Sz 3l (oS 5 N> SlareustlE g e ilo apug g peis (V] 0,8 wimlss 8 (L (sieal e (wans
313 3529 (o985 e 53 hewlys cmarert sl 4 GORNA (sla g g )50 3 45 Conl 0l LSS (255 5 063165 c0aposd
Olyie & [Y]am3 e JoSiii po3f 53y ggite obS (5u398lS g8l labab I (lagoome cpgif )3 laassdlS s Slgl3 I (oS 5 Y]
@y Gilisen cloaial dunl 0158 5 0k aBld 1908 lgis 4 4 el (cATgHS 5 dus labad clebad ) el Lo
S Jls 5l (pdm jgan am3 o 0Lt b gy 2 (e 0 F] ol g 465 10 )3 (il Ls 2 b g ()l slageiy n W5
29k 4 omgpy Sacigie 29)l> loyd 4 Fwl g ilen Coptn (2lilen ) (oang oS JI ) LA eSS
sbul e 4 )3 &S g pgf » padld SEISHS G Jlg ) i b gugpg [08] cusl IS 8L aeg LB
O pU b (eSgp Sl sl ) Jle plgis 4y [V] S o 58 lops @ Gl 5 (lise (ol i oy I 0950
o5 039l Joho )3 wgpg Mo slacisie | aam 4 zwb > (zinc-finger antiviral protein) gy~ cusSSl wgpg s
(Cytosine-Guanine) (s -(njsins s4isiS9 0> Jgi Jl (58 & (oo p953 3l (g & JLadl b Bon ) 2500
HIV (Human Immunodeficiency Virus) _wgmg o3 o lis b pw)yp L o S 0 jlae |y (wgpg pois piSS ol
Jio [AR] am3 o (alS 353 p555 53 ) CG 15998 (93 Slslid i 33 beomgng 8 oufign ol el 51518 ol
FJHCV Gogpg [V J ol (G985l gloyd & canglio o (awgng 16 Gsly 5115 sl € el ooy s3T5l 3)90 ) %0
gl lagley (o wdiS glaans )3 W] 29800 Cgucne Logiu) S5kt o 5950 cpofo Cailir Jale oy g (5sY o3lgls
w3 LS Caoglie gyl ployd a4 hlew 5 pdm b ol b Y] canl 039 g8 il 5l ealitwl ¢ gy ol 4 0391 5131
5 295 WU Bk 2 Y] ol 0 0315 i o905 20955 I 9 g} Sl ool g5 4 (S5l (o] slacds (inte 31 &S
4 sl b 398 pgiy 3 ) UA 5 UU (laasgilSss 6 1 a8 Slsld o5 C el ooy | (brais) (o lilllas
359l 935Sl o JIg5 i ((Sloyodilon slolile s Sl odlil g s gideliy dngi b ojgyel [VF] distus pglie 9,950
Soslatal b cadllan cpaiz )3 1pdl sl (b5l BB (s pSaia job 4 mole ©jg0 4 bl )lg)See g )3 odimd JoSits
slog)S 5 1y [asls glaiel dowl g 1568l oSl sla Jlg Sildtaslys (3059 lapss o) 5l odlitul § (gglSodls sla s,
ol (s coly cglaallia o Jso ol (oS54 b ol ool (6l i a8 S e anlllan ] 5 [V0-VY] a8 sl Cilises
plxl (Interferon) (9,3 il 4 wglite (Sloys gl b33l 5log)5 93 )5 HCEV ooy (0955 g5 )3 jabotie sl gils 5igSl
L5 slagleys sl 9)ls (b g (ugpg 1S Fly ) Gliee el i 3 hol lil 5 (S gl & pl @ a2 g b 0y
@ prie &5 ugng (o9) JF 2 0adld (asglS 5ol jeae ololid 3 Wiy adlas @l [VA] cwsl gy

Bl 018 S8 298 g0 (99,8 ] yras ) (swg g MS Cueglie

SLEIY

HCV (g9 o9 5l Job5 s JIg5 gl 5wl 9 gdums

dor jlep; ObMas! jl S 5 eolitsl L Scopus 3 Web of Science PubMed sy xSl slaosls oL )3 gocines Juwl
55 JI5 86 sy 0 oS Sllae @ b ord ol lul (g gl 5 €09 psb «olS g «C cusla ugng
@isoj ol 5> ool Cawd 4 dulllan 03y 3 (S 5D D9 g (wpiwd g ot plsl INF L loys a0 gl 10 C csln g
33 wldllan 4 bgsye JolS SleMbl g oty i 4 NCBI o1y 55 b 53 canlllas g3 5l HCV ol ogi5 csla Jlgs s
JHCV Logm92b g cwigs g 1a, 1DY lacuss; 5l JoolS og; JIgi W gasme o [NAN-] Cul o $5Y g
Journal of Health and Biomedical Informatics 2025; 12(2): 124-131 "1


http://dx.doi.org/10.34172/jhbmi.2025.17
https://jhbmi.com/article-1-938-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2025.17 |

WY o OFF Lo cpgd oladd cundjled 093 u.iw).: Sty g Codw ‘Sgb),ﬁ' Ao

doi: 10.34172/jhbmi.2025.17
oS S, psle olKls ¢ Kby Silosil Clidos 9 5o

D

Slolyd aelsl > a8, 18 Sgy8 5] loyd & wlas g pglie 51yl 69,5 93 ;3 basye cleMbl 3k 4 zlsuwl NCBI oKL
L Jlos 389,55 s 13 it Sy i & ol 51 B8 o 5 e cp3is o Iy odimd St obigS (slaagigtlS 5o
non-Sustained virologic ) g8l leys 4 pylée o (Sustained virologic response) g ,b ol oloys 4 gl

Lab a3 L s (response

adlae ol )3 045 3,1y S 15 9 olalllas 1) Jgua

P lgoslas a4 Fwl 3 jlen i HCV i adlllae 3590 Lo Sl 2958 Jw Ok g5

NCBI 254 P92 55) leyd
AB661373- SVR (44) vs non- 2b Iz " Yo Kadokura
AB661429 SVR (16) o
EF407411 - SVR (22) vs non- la A

ARRA4

Ellzjg;jgg— gxg 82 VS non- 1b ¥y Bel Donlin
EF407504 SVR (13)

HCV (w9529 0935 31 JIF 2 1> Wi gllS 95951 Syl 8 dmwlone

N3Pl ey Fasta text cuyd b HCV (wopg (o955 claly (ilss sglate 4 (slaely dual )3 cadgl Julo g 325 ploxl (ol
S et & 61355 IS S 5 5 00 5ol Jlgie Sy &1 o35 g 5 iy ) oslizal b 5 4z Lab view
6k U 5> laasgilS sl Slghd cadllas ol )3l dnloes 138l 5 L e (o935 g o JSls 439208 535Sl 50
(slosiglS55S1 g5 (Markow) 55 o gy 5 oolil b ispad 45 sl aalite 16 sl olsic & ogis Jlg o
IS Sl b o gt e g g 5356 (515§ S5l (sl ol 13 el sty 35 o} g o 5o s 6
93 I 2 ol ol jite plgis 4 )eS6 () g cdplone il BB Slgly8 4y osalin LB Slsl8 e b e oo g p5i)
g el (weilS's 1,5 YOF wgilS'si sy £F ciailS'si 60 V) (pusio YYF goome )0 [VVIY] 0l a8)S Jlai > gy
L gyl 1ab VIEW |l38le 5 bawgs wg g

Wosly Jold slow!

A5 St a9l oSl asdad y 4y bgype il 00> sl L8 HCV g9 51 25 18,10 (slacesy 5l ol jo ol
155 9 saigtllsh (6 e sisilSs (o3 Clabad 4y bgyyo djome L aw (o555 sl aslad bl il o (sl Egeoe 5
A8 dulie (39,8l loyd 4 (ol g polie (lews 09,5 93y (S5 9HIS 595l aslaB o (LB 2 53 &S b Sl (sugZlS 5
caliseo slan )Xl jl eolitwl b g o 3)lg Rapid Miner (Rapid Miner, Germany) 138l o5 4 b6 o 5 ol 4y
D pazuie 09,8 93 (nl oS late 439US 595l pegs (23005

Koadld

Lodly b

Osezen 5 1A 5| 5S35 g (Shmer capo b L B jite )5 Gl pite wadgileSy ol BB S ol
LYY] B0 Bl beodly degosme 5 +/Y (galue b iaS Jlme Byl b cso8e sl yusio

W e 43 (P3(339

Information Gain, Information Gain Ratio, Rule Deviation, Chi Jols 23 5} (slaei )3 5| Calisee Jio 03
slaodls 51 L6 ,» ¢4, »» Squared, Gini Index, Uncertainty, Relief, Support Vector Machine (SVM), PCA
Dygl Candty Y B+ o (o0 puiie y il oSl ol 5l a1 ya Jlael asecs p> i sl rapid miner 8l s 5 55 i b

\Yy Journal of Health and Biomedical Informatics 2025; 12(2): 124-131


https://dx.doi.org/10.34172/jhbmi.2025.17
http://dx.doi.org/10.34172/jhbmi.2025.17
https://jhbmi.com/article-1-938-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2025.17 |

[ Ohan 5 L3k oy 9952 7] ailSe 515158 53 (w929 935 1> LSS (SLaa iS5

10 (VU (oaae dapi )65 dod (o 53 &S (g yuiie aaldl (3 [VEAY] 39 Jlai 3)90 09,5 93 paled jd ko o) Cenl dnyd 5l ol &S
A5 1S gl leyd 4 Sglite guly b oylers Sl 095 93 edimdled juite n iee lgie 4 y] Gy )

b b 50 deodly ded (pl by 035 o jyl s yusiio dad a5 U astiiio 5l o (gl jusie Bls (gly daodly (g5l sl jlan
ol bS8 05,5 53 013 (930 Sl pg S sl L et o il s ol b olon 355 5 b3 390
countif ob jl osliwl b e 359 (sl odd odlaiul winyo3 Ve o 5 .cd)S )13 Lioxiaw )90 9,8 50] loyd 4 cuglize
Slaad 4 by e 0403 (p YL b a4 F=F Jgdn 3 0d bl o9l cowda |y w oS Ve o )3 +/0 YL (59 &S (6 puio
Oy 4 pglie g ol 213l 09,5 93 e 5 2bgla, 1D (slacesss HOV g o5 g orimd LS5 (saisilS 53651
oLy & Ceoglie Sbul P HCV gy (o) Jg5 3 asgils (60 Jlgld cumonl 4 dogi bl oad (5155 (9,8 5|
9 ol slow 09)5 93 alod )3 (GuSglS 8 (63 Claad ()3 B9 (VL 9 o0 oaaliilie Jgi2 53 &5 pobo (lod ¢ S9)850
Sl 2b ¢ 1b (cla sy 09,5 o dim .l UAJUC,UU (clangsilS'ss (o3 4 bgryo (1@ Csgi} 15 0y9y8 ) 4 poléo

ol oy BB laal ol aS ol olaidl sgs a1y 59 cp YU GA aibe (o5 (ca5eilS g5 (0

9850 oleys 4 31,81 09,5 1aled 13 2Y gy € Cuild (g g (0935 I 53 545 S8 P5II arbad (2 yieen Y g
gl 31,81 b duglio >

gl el (53 039 &Y 8 G SiglS el 1,55 039
UA % GCU A AGUC A

ucC 5 GUA A UAAG A

uu 5 GGG v GCAC v

CUA v UUCG v

2 (958551 Hloyd s e 31,81 095 1led 2 DY Caiglj € Cuild (g pg (0555 (9 55 (5 gl 95l axkad (43 y5oke0 1Y Jgu>
©e9lie 31 81 b dw e

SHPY © 0j9  SWAF Y iy sy 1N 09
GA % AGA AGCG
GU 5 CcCcu ACCU
UG 5 AAU GCGU
CGU GAGA

UGUG

AAGU

AAAA

CCAG

GUUC

GAUU

ccce

GUUA

UCUG

UCUG

CcCccu

CUAC

UGAU

Journal of Health and Biomedical Informatics 2025; 12(2): 124-131 YA

< > > >

< < < < < < < < < < > > > 3> > > >



http://dx.doi.org/10.34172/jhbmi.2025.17
https://jhbmi.com/article-1-938-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2025.17 |

WY o OFF Lo cpgd oladd cundjled 093 u.iw).: Sty g Codw ‘Sc.?lo),ii' Ao

doi: 10.34172/jhbmi.2025.17
oS S, psle olKls ¢ Kby Silosil Clidos 9 5o

D

23 (F985) loyd a1 s 31,81 09,5 1aled ;3 DY cuigj C Cudld (wy g (0995 N5 )3 (534595 93951 anlad (2 5 oo € Jgo
'aglio b‘)ﬁl L A o

Sl y (60 039 Sl 5 039 EWlse 15 039
GA a ucCC AAAU
cC 5 UUG uCCcC
GAA AUUG

CGA UAUC

CCUA

AAUC

CAAC

CAAU

UUGC

UGCG

AUGU

UGAA

Gucc

AGGA

UAGU

CAGA

CCUA

< > > >

N 0 e e Y Y KKK <> > >

S5 et 9 Cou

Jlos g jo Ban b ol adllae (lopd 4 gl g (e (el i Sl )2 00 e gy (o) Iy Cueal 4 d2g L
o3l gy jledlil b o> ey ol AL acglio 3 9,8yl (loyd & pslie (ilen ) € ciln (wgns o JIs el
099 18 gy 0 (gagiglS s 93 Sl JIg o 53 483 i @l I pob s cd)S pladl oy slade 5 sl
L xioyg) cwsar ]y 039 YL UU S UC ol o) jlam g el 55 023Vl b UA sagiglS's o0 Jlg HCV
O AnSs corge o5 Wi RNASE L o051 51 e UU 3 UA (u568lS6 (00 slo Jlg ( alEiolej] cilalas & asg5
oS Jsls s3] 5 So RNASEL 31 V] 390 ol ol 51 oSRNA (glaugs o5 Jlsi 5 Joloo BRNA
oS ol oaib 4 lis sl S el s wiee 6133 5 (S mopl ol 98 o0 W Ll ales I walisee (slaybjue bausgs
Slaigrg o955 JF cansd b g wad Jub gy 039l (slaJole )3 g g (ogas & ol b Cigie 20 5 Ygans
4 03901 (slo Jglus ) (g 8yl yae (b Jlb dondi )3 il ol s ) 090 28 1 (glon Jlae 4 e JBRNA
g cglio ¢ 59,8yl claleyd 4 C el 4 Mo jlow 3,81 Lg)ls Cnglie cle oplply {YFNO] 2 anlgd Jld gy
2 oizren 5 4058 ALk}l Glllas 4 4295 b o RNASEL 51 g <o 55 pln 3 C el (wopg (o935
p35 » UA 3 UU (asgilss (o3 slaJly (ials g i sbl b wlg o C sl Gog g ol adllas ;3 oral cwday
D% B9 b sl gy g e smal gesly 5l sl ytasl ol b o 13 5 03,8 Cunglio 9,810 Geanly g eou 3l o 56 il o 053
3,8 b dslio 3 C culn ogpg 1 caigss 4 ogll a3l amy o s asdS b oldllas a5 el S5 4 a3 [VF] S
P55 89y 2 oSS (Slo )y casll )3 V] simd o Lt g ydyil Gloyd dx 65Vl Cenglin ¥ 5 ¥ (slociss ax 03]
sloasglSy (0 5l 1S 1 ladg pys 3 UU g UA (assilS g (o Jlgls o5 sl qLis HCV g g cilises slacesyis
o | g o il ginod (LS Clddllas @ bgypo ol b adlles () slaaidl o pla dog b cplplo YV] el Ko
2,8 sl (leyd & gl (e ) Bt Sl ng pe g dulie (sl sglosls )3 (23054

MDA Journal of Health and Biomedical Informatics 2025; 12(2): 124-131


https://dx.doi.org/10.34172/jhbmi.2025.17
http://dx.doi.org/10.34172/jhbmi.2025.17
https://jhbmi.com/article-1-938-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2025.17 |

[ Ohan 5 L3k oy 9952 7] ailSe 515158 53 (w929 935 1> LSS (SLaa iS5

RNASEL 51 buwgs RNA (¢4 UA s UU (cadgilS s (o3 slo Jlgy canSs smd o lis 0,565 Olalllas S5 )b )
RNASEL 1 45 casl ois 03l oLis alKuislojl asllae 5 p3 a5 gl 4355 4 9,5 (S 5 b)) lgmmon slodsoilS'ss 4
98 ol audllan 1> [YE] 05l )l 3639 G L g C elonsoils'ss b)) Slibl 15 a8 cu5eilS'ss (o5 sla JIg cons & Llos
) ol dasMe BB 59 18 cusgj ;5 CGUA , CUA ,GUA (slo Iy «sa59:S s ,loan g 4w o Jlg5 cpo > 55 5l
Lol s ,Ss sl g 4 cod

3 30)31 05,5 93 oS plaie dGA (cu56ilS g5 (63 JIg 03 sldiuig} 99 dy90 1 (1@ gy AU p b lgic a5 ol o
sl 48y )13 (g 2y90 4B (0205 Clalllas 3 I ol (18 5 g o sl (Sg)8 sl leyd 4 el

s Cyge @ Glyiee wsgliodls slagby) ) (2305 iitte slare I edlatul b am oo Lt adllae ] slaaidly
Oloyd & gl 9 Gljee (ol a1 )L caljsslon 53 &5y bl g Sm (0535 JIg5 3 0UsS caigilS 5isSl (sla sl
58 lolid Aiten S5

‘j"b)-\é 9 ’SM 5

231l o 03530 (o) U113 45 plasS S5 gl oSl i (555 3 pulid 8 e 350 1 S5

Y
L s IRKMU.REC.1397.577 gl 55 | oo, Sz pole olSiils )3 od s e ligins b 5 Jols dllie
)5 bl S S5 pole oKl ()Kan

o i b
Sl @8l o)l ;a8 b (B g

Slasly culled odls (g9l 3,5 9 wwgiaslip )3 g3 odiwm g

References

[1]. Sanjuan R, Nebot MR, Chirico N, Mansky LM, Belshaw R. Viral mutation rates. J Virol 2010;84(19):9733—-48.
doi: 10.1128/JV1.00694-10

[2]. Kamp C, Wilke CO, Adami C, Bornholdt S. Viral evolution under the pressure of an adaptive immune system: optimal
mutation rates for viral escape. Complexity 2002;8(2):28-33. https://doi.org/10.1002/cplx.10067

[3]. Bernaola-Galvan P, Carpena P, Gomez-Martin C, Oliver JL. Compositional structure of the genome: A review.
Biology (Basel) 2023;12(6):849. doi: 10.3390/biology 12060849

[4]. Belalov IS, Lukashev AN. Causes and implications of codon usage bias in RNA viruses. PLoS One 2013;8(2):e56642.
doi: 10.1371/journal.pone.0056642

[5]. Yin C. Dinucleotide repeats in coronavirus SARS-CoV-2 genome: evolutionary implications. arXiv:2006.00280;
2020. https://doi.org/10.48550/arXiv.2006.00280

[6]. Bahiri-Elitzur S, Tuller T. Codon-based indices for modeling gene expression and transcript evolution. Comput Struct
Biotechnol J 2021:19:2646-63. doi: 10.1016/j.csbj.2021.04.042

Journal of Health and Biomedical Informatics 2025; 12(2): 124-131 VY


https://doi.org/10.1128/jvi.00694-10
https://doi.org/10.1002/cplx.10067
https://doi.org/10.3390/biology12060849
https://doi.org/10.1371/journal.pone.0056642
https://doi.org/10.1016/j.csbj.2021.04.042
http://dx.doi.org/10.34172/jhbmi.2025.17
https://jhbmi.com/article-1-938-en.html

[ Downloaded from jhbmi.com on 2026-01-30 ]

[ DOI: 10.34172/jhbmi.2025.17 |

@
WY o OFF Lo cpgd oladd cundjled 093 u.iw).: Sty g Codw ‘Sﬁ.?lo),ii' Ao ‘
doi: 10.34172/jhbmi.2025.17
OleyS (S pole oLl ( (S Sileyoil wlidss S50

[7]. Ibrahim A, Fros J, Bertran A, Sechan F, Odon V, Torrance L, et al. A functional investigation of the suppression of
CpG and UpA dinucleotide frequencies in plant RNA virus genomes. Sci Rep 2019;9(1):18359. doi: 10.1038/s41598-
019-54853-0

[8]. Ficarelli M, Antzin-Anduetza I, Hugh-White R, Firth AE, Sertkaya H, Wilson H, et al. CpG dinucleotides inhibit
HIV-1 replication through zinc finger antiviral protein (ZAP)-dependent and-independent mechanisms. J Virol
2020;94(6):¢01337-19. doi: 10.1128/JVI.01337-19

[9]. Miyazato P, Matsuo M, Tan BJY, Tokunaga M, Katsuya H, Islam S, et al. HTLV-1 contains a high CG dinucleotide
content and is susceptible to the host antiviral protein ZAP. Retrovirology 2019;16(1):38 . doi: 10.1186/s12977-019-
0500-3

[10]. Takata MA, Gongalves-Carneiro D, Zang TM, Soll SJ, York A, Blanco-Melo D, et al. CG dinucleotide suppression
enables antiviral defence targeting non-self RNA. Nature 2017;550(7674):124-7. doi: 10.1038/nature24039

[11]. Petruzziello A. Epidemiology of hepatitis B virus (HBV) and hepatitis C virus (HCV) related hepatocellular
carcinoma. Open Virol J 2018:12:26-32. doi: 10.2174/1874357901812010026

[12]. Feld JJ, Hoofnagle JH. Mechanism of action of interferon and ribavirin in treatment of hepatitis C. Nature.
2005;436(7053):967-72. doi: 10.1038/nature04082

[13]. Pawlotsky JM, Germanidis G, Neumann AU, Pellerin M, Frainais PO, Dhumeaux D. Interferon resistance of
hepatitis C virus genotype 1b: relationship to nonstructural SA gene quasispecies mutations. J Virol 1998;72(4):2795—
805. doi: 10.1128/JV1.72.4.2795-2805.1998

[14]. Washenberger CL, Han JQ, Kechris KJ, Jha BK, Silverman RH, Barton DJ. Hepatitis C virus RNA: dinucleotide
frequencies and cleavage by RNase L. Virus Res 2007;130(1-2):85-95. doi: 10.1016/j.virusres.2007.05.020

[15]. KayvanJoo AH, Ebrahimi M, Haqgshenas G. Prediction of hepatitis C virus interferon/ribavirin therapy outcome
based on viral nucleotide attributes wusing machine learning algorithms. BMC Res Notes
2014;7(1):565. doi: 10.1186/1756-0500-7-565

[16]. Ebrahimie E, Ebrahimi M, Sarvestani NR, Ebrahimi M. Protein attributes contribute to halo-stability, bioinformatics
approach. Saline Syst 2011;7(1):1. doi: 10.1186/1746-1448-7-1

[17]. Ebrahimi M, Lakizadeh A, Agha-Golzadeh P, Ebrahimie E, Ebrahimi M. Prediction of thermostability from amino
acid attributes by combination of clustering with attribute weighting: a new vista in engineering enzymes. PLoS One
2011;6(8):e23146. doi: 10.1371/journal.pone.0023146

[18]. Samuel CE. Antiviral actions of interferons. Clin Microbiol Rev 2001;14(4):778—809. doi: 10.1128/CMR.14.4.778-
809.2001

[19]. Donlin MJ, Cannon NA, Yao E, Li J, Wahed A, Taylor MW, et al. Pretreatment sequence diversity differences in
the full-length hepatitis C virus open reading frame correlate with early response to therapy. J Virol 2007;81(15):8211—
24. doi: 10.1128/JV1.00487-07

[20]. Kadokura M, Maekawa S, Sueki R, Miura M, Komase K, Shindo H, et al. Analysis of the complete open reading
frame of hepatitis C virus in genotype 2a infection reveals critical sites influencing the response to peginterferon and
ribavirin therapy. Hepatol Int 2011;5(3):789-99.

[21]. Rima BK, McFerran N V. Dinucleotide and stop codon frequencies in single-stranded RNA viruses. J Gen Virol.
1997;78(11):2859-70. doi: 10.1099/0022-1317-78-11-2859

[22]. Pride DT, Wassenaar TM, Ghose C, Blaser MJ. Evidence of host-virus co-evolution in tetranucleotide usage patterns
of bacteriophages and eukaryotic viruses. BMC Genomics 2006;7:8. doi: 10.1186/1471-2164-7-8

[23]. KayvanJoo AH, Ebrahimi M, Hagshenas G. Prediction of hepatitis C virus interferon/ribavirin therapy outcome
based on viral nucleotide attributes using machine learning algorithms. BMC Res Notes 2014:7:565. doi: 10.1186/1756-
0500-7-565

[24]. Iliou MS, da Silva-Diz V, Carmona FJ, Ramalho-Carvalho J, Heyn H, Villanueva A, et al. Impaired DICER1
function promotes stemness and metastasis in colon cancer. Oncogene 2014;33(30):4003-15. doi: 10.1038/onc.2013.398
[25]. Cooper DA, Jha BK, Silverman RH, Hesselberth JR, Barton DJ. Ribonuclease L and metal-ion — independent
endoribonuclease cleavage sites in host and viral RNAs. Nucleic Acids Res 2014;42(8):5202-16. doi: 10.1093/nar/gkul 18
[26]. Han J giu, Wroblewski G, Xu ZA, Silverman RH, Barton DJ, Rnase RL, et al. Sensitivity of Hepatitis C Virus RNA
to the Antiviral Enzyme Ribonuclease L Is Determined by a Subset of Efficient Cleavage Sites. J Interferon Cytokine Res
2004;24(11):664-7. doi: 10.1089/§ir.2004.24.664

[27]. Han J qiu, Barton DJ. Activation and evasion of the antiviral 2 9 -5 9 oligoadenylate synthetase / ribonuclease L
pathway by hepatitis C virus mRNA. RNA Society 2002; 8(4):512-25. doi: https://doi.org/10.1017/S1355838202020617

Y Journal of Health and Biomedical Informatics 2025; 12(2): 124-131


https://dx.doi.org/10.34172/jhbmi.2025.17
https://doi.org/10.1038/s41598-019-54853-0
https://doi.org/10.1038/s41598-019-54853-0
https://doi.org/10.1128/jvi.01337-19
https://doi.org/10.1186/s12977-019-0500-3
https://doi.org/10.1186/s12977-019-0500-3
https://doi.org/10.1038/nature24039
https://doi.org/10.2174/1874357901812010026
https://doi.org/10.1038/nature04082
https://doi.org/10.1128/jvi.72.4.2795-2805.1998
https://doi.org/10.1016/j.virusres.2007.05.020
https://doi.org/10.1186/1756-0500-7-565
https://doi.org/10.1186/1746-1448-7-1
https://doi.org/10.1371/journal.pone.0023146
https://doi.org/10.1128/cmr.14.4.778-809.2001
https://doi.org/10.1128/cmr.14.4.778-809.2001
https://doi.org/10.1128/jvi.00487-07
https://doi.org/10.1099/0022-1317-78-11-2859
https://doi.org/10.1186/1471-2164-7-8
https://doi.org/10.1186/1756-0500-7-565
https://doi.org/10.1186/1756-0500-7-565
https://doi.org/10.1038/onc.2013.398
https://doi.org/10.1093/nar/gku118
https://doi.org/10.1089/jir.2004.24.664
https://doi.org/10.1017/S1355838202020617
https://doi.org/10.1017/S1355838202020617
http://dx.doi.org/10.34172/jhbmi.2025.17
https://jhbmi.com/article-1-938-en.html
http://www.tcpdf.org

