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BneAeHue

Anrya"rrbHocrb reMbr. TyrrpevrvIs, 3ooHo3nafl. rlprrpoAHo'oqaroBat

nn$erqnr, Bbr3brBaeMaf, lpaMorpvllaremnofi rorro6arlznnofi Francisella iularensis .

.fsr.f,ercq oco6o onacHoitu orHocr{Tc.s K II rpyurre rraroreHHocrz. B rocneArree BpeMfl

Ha reppvrropr4u Poccuficrofi Oe4epa\vkr ex(eroAHo Bbr.flBJrrercq 6oree 100 cnyraen

sa6oresaHkrs, rynnpevruefi. flo 4auHbrM pe$epeHc-rleHrpa B rrepvoA c 2000 no 2024

roAbr sa$raxcktpoBaHo 4103 cnyqar 3apalrenvrr B 67 cy6rerrax PO. IIo Aannofi

uHSercqrllr orHocr.rreJrbHoe 6larouonyr{ue onpeAeJrrerc.f, KoMrrJreKcoM Meporrpusruit

ro rpo$urarrlrKe sa6oreBaHun [ 1 3].

:r ' B cB.f,3kr c grLrM , garaLra u1etuasnra\uur urraMMoB rynqpeuzftHoro Mzxpo6a

r4Meer oco6yro aKryanbHocrb v 3aKnroqaercfl. B orrpeAeJreHur{ llx [pzHaAne)KHocrl{ K

'.:t-t-

no4nv4y, 6uonapy kr cy6uouyrrflr\vrvr B cBtr3pr c cyqecrByroqt4Mr4 pa3rLItIr4flMV B

dnpyneHrHocrr.r Me)KAy rrrraMvravrz. [ 1 ].

"' ' Ha Hacroxrqufi MoMeHT BpeMeHr4 BHyrp 14 Bvr1a F. tularensis oco6oro B:nu:vta:nvIfl,

ip'e6yror ABa BbrcoKorraroreHHbrx roABprAa: tularensis, r{Merorluft arle cy6uonynflr\vrvr

Ai u AII, holarctica, r{Meroq€u japonica, epktrpoMkrrllrHycrofiuusstir Ery*,

gpr.rrpoMnrlt4HrryBcrBt4relrnrrfi Eryt 6uonaprr coorBercrBeHHo. He ucrloJlb3yt

MeroAbr in silico, rcpafine rpyAHo orrpeAeJrlrrb AaHHyro BHyrprdBl{AoByro

IIpI{HaAJIe}KHocTb Toro vlrvI LIHoro IIITaMM a l7l.
Ife"rrr u sauaqn nccJreAoBaHun. I-{enbro AaHnofi pa6orn cr€uro coBepueHcrBo-

BaHr{e cuoco6os ALrQ$epeHrIZp oBa:avrfl, SzroreHerr{rrecKr.rx rpyrr ryJltperuzfiuoro
'i ':,'

uzrp o 6 a c vrcrtoJr b3 oBaH r.r eM 6 uo nn S opMarllrle cKktx n oAxoAo B .

YTvl

AIr pemeHvrfl, yKa3aHuofi qenr 6slnu orpeAeJreHbr cneAyroque sa4aLrvr:

reHoMoB rrrraMMoB F. tularensis in silico.

2. Paspa6orKa cnoco6a orpeAeJreHurr BHyrpr,rnugonofi rIpHHaAJIex(Hocru

'F. tularensis in silico Ha ocHoBanvwr BblflBJrenvrfl. cnequ$LrrlHblx rIoJILIMopQHux

HyKJreorr{AoB (SI.IP), AeJrequfi u scraBoK u Apyrvx Bapua6emsnx fracrKoB reHoMa.



3. flponeAeHr{e anpo6a\vu paspa6oraHHoro rroAXoA a Ha reHoMax rrrraMMoB H3

SoH4a <locylapcrBeHuofi KoJrJreKrpvrkr rlaroreHHbrx 6arcreputrt>> OKyH Poccuficxult

rlp orl,rB orryMHbrfi pru cr vrryT <<Murpo 6 >> Po cnorp e 6 n a43 op a.

4. Onpe4eJreHue BHyrplrnz4onofi rpl{HaAJrexHocru rrrraMMoB F. tularensis,

[oJrHoreHoMHbre rrocJreAoBareJrbcrn Koropbrx npeAcraBJreHbr B 6ase AaHHrIX

GenB anld{CBI, c rroMorrlbrc rrpeAJroxeHHoro MeroAa.

5. CoslaHr{e 6asH AaHHbrx HyKJreorprAHbrx nocneAoBareJmnocrefi, c

KJlaccrdSraraqnefi ruranaMoB Ha o cHoBe reHoMHbrx pautuuuit.
r r- \ I'i' ' MareprraJrbr rr MeroAbr rrccJreAoBaHrrfl. O6reKToM uccneAoBaHu.f, flBrrflJrvtcb

reHerlarrecKue [ocneAoBarenbHocrr{ 106 rloJrHbrx reHoMoB rrrraMMoB pr3 pr3 Son4a

nh.ylapcrBeHHofi KoJrJreKr\uv rraroreHHbrx 6arrepuir>> OKyH Poccuficrufi

nporunoqyMHbrit uHcrHryT <Mzrcpo6> Pocuorpe6Ha43opa u 914 rroJrHbrx reHoMoB

rurauuos t tularenszs 6asrr AaHHbrx Genbank NCBI.

llomrorenoNano e c exseHnp onaHz e

flomroreHoMHoe ceBeHkrpoBaHve ocyqecrBJrflJrocb Ha nnarQopMe DNBSEQ

G50 (Mgi Tech, KIP).

i BraouH0opnaarzqecrzfi aHartus

Als amaJwl:,a AaHHbrx 14 aBToMarknarlvru ncrroJrb3oB€urcr t3bIK

nporpaMMktpoBaHnn Python (nepcHr 3. 1 1 ). I4cuorrb3oBturvrcb 6u6tuoreKr4 Biopython

Anfl pa6oru c 6vororuqecKr.rMr,r nocneAoBareJrbHocrrMr{, 6u6tmoreKa Scikit-learn

LrcfroJrb3oBiurcfl Anfl Bocrrpolr3BeAeHvIfl. MeroAoB KJracrepu3ar\uu Ha feHoMHbIX

rrocneAoBareJrbHocrflx. Tarxe Pandas v SciPy Anfl cra,rlrcrz.recrofi o6pa6orKkt vl

', I'

MaHr.rryJr xtluit c AaHHbrMlr. Bn6luoreKu matplotlib Lr seaborn Ans Brrrcy€ulr4sar1krr4

AaHHbrx. -flgrrr rporpaMMprpoBanus, R (nepcnr 4.3) B HeM 6r'nu sa4eficrBoBaHbl

rraKerbr ggplot2 Anfl rrocrpoelavrs, rpaQzron u dplyr Anfl o6pa6orKz AaHHIIX.

r,rHcrpyMeHTa Anf, JroK€urbHoro BbrpaBHvtBanufl. nocne.qoBareJlbHocrefi BLAST (Basic

Local Alignment Search Tool, Bepcntr 2.I4), rcoropufi rrpuMeHnrrcn p^nfr rlot4cKa

roMoJrornit Mex{Ay rleJreBbrMr4 rrocJreAoBareJlbHocrf,Mu u 6asofi AaH:aux NCBI. 3ro



rro3BoJrr{Jro onpeAeJrrrrb rroreHrlu€urbHbre SruoreHeruqecKue cBflspr Me)ICAy

Lr3rraeMblMrr reHaMH vr y)Ke r[3BecTHbIMLI [ocJreAoBaTeJIbHocTtMLI. Tar )Ke oH

racrroJrb3oB€urcr [nfl u3Blleq eHus, coorBercrByroqnx reHoB-Mzrueuefi 
-'LI3 

Bcex

ruraMMoB, ucrroJrb3yeMbD( B LrccJreAoBaHr{Id. llporpaMMa Nffi MHo)KecrBeHHorc)

BbrpaBHnBaHLrs. MAFFT (nepcna 7.505) ucronb3oB€rnacb Anr roqHoro u 6rrcrporo

BbrpaBHvrBaHvrfl. rryKJreorrrAHbrx Lr aMLrHoKLIcJIorHbrx rrocJleAoBareJrbHocrefi. I\4AFFT

TaK )Ke [pr{MeH flIrc , AIrfl rrocrpo enufl, KoHKareHupoBaHHbrx BbrpaBHusanuit, tITo

o 6e cne.rlrBaJro HaAe)KHo crb a:rralrusa QunoreHerlrqe cKnx AepeBbeB.

flonapHoe cpaBHeHue reHoMoB ruTaMMoB orHocureJrbHo 3aAaHHoro peSepeHca

rrpoBoAunocb rrporpaMnaofi Snippy (nepcnx 4.6.).
:i i'i

t,t OuroreHern.recKLrfi aHarlus

:, , @uloreHerurrecKlre AepeBbn,6sutu nocrpoeHbr prcrroJrb3yr rporpaMMy PhyML

(nepcnr 3.3.2023) naero4oM MaKcrrM€urbHoro npaBAorroAo1us. UGENE (nepcur 52.0)

+ [porpaMMHoe o6ecue.reHrre c orKpbrrbrM ]IcxoAHbrM KoAoM TaK )Ke [puMeHtJrcfl Anfl

KoMnJr e Kc H ofo aH €urlr3 a 6uonn Q opnaarl{tl e cKlrx A aH Hbrx.

i:- flau-reHoMHbrit anarus

3.1r.2).

flau-reHoMHbrfi aHauu3 rpoBoAuJrcfl c rroMorrlbro rporpaMuu Roary (nepcufl

Bce Qafimr c6opor noJrHbrx reHoMoB rrocJreAoBareJmnocrefr rloABepr€ulrrcb

IvIlsT-rr{rurpoBaHuro Ha orKpbrroM oruafin pecypce PubMLST (https://pubmlst.org0

AJrr cBepKpr pe3yJrbTaToB.

r' Crpyrcrypa n o6r6rvr pa6oru. Pa6ora Lr3Jrox(eHa ua74 crpaHLrIIbI, BKrroqaer B

:c,e6l BBeAeHuer 3 DraBbI, 3aKrIorIeHLre, BbIBoAbI, cuucoK LrcrIoJIb3oBaHHbIx LIcrotIHI{KoB

r npr{JroxeHrre. Pa6ora rpouJrJrrocrpupoBaHa 8 ra6JrurlaMrr u 16 pLIcyHKaMI4. Cuucorc

HorloJrb3oBaHHbrx [croqHlrKoB BKrIoqa et 52 HaLIMeH oBanvlfl.



Hay.rHafl HoBrr3Ha.

Bnepnue 6ulo npoBeAeHHoe KoMrrJreKcHoe r{ccneAoBaHpre reHoMuoro

pa3Hoo6pasut, cocroflrrlee lrc ceMV rroAXoAoB K BHyrpr.rBlrAoBofi prQQep6Hqza\krkr

rrrraMMoB F. tularensis, rrro no3BoJrl{Jro non} rrrrb KarrecrBeHHyrc ' Kaprzrry

$uroreHervrre crofi crpyKTypbr AaHHoro rlaroreHa.

IIpa rcrnqecKafl 3Harr Ir Mocrb.

Bul pazpa6oraH €ilropprrM BHyrprlnu4onofi ArdQQepeHrlr.Ia\w Ha ocHoBe

rroJruMopSrasvron reHa 235 pPHK, roropuft rporuen aupo6arlZo, AoK€B€ur cBoro

eQSerrvBHocrb r.r MolKer 6urr racloJrb3oBaH He roJrbKo Anr orAenbHoro reHa, Ho Ll

Anfl nrr6pauHbrx noKycoB, perroHoB ALIQQepeHrIVarIru v Aaxe Arfl Ilenofi cerll
I

|EHETI4qE CKI4X 3JI EMEHTOB.

iiii I Paspa6oraua 6aga AaHHbrx, KJraccnszqr{poBaHHbrx no rroABl4Aosofi

rrprlHaAJrexrHocrt4 (c yK€BaHr4eM cy6uonynflr\uu rr 6uonapoB), yKa3aHI{eM

reorpaQu.recrofi [pr{HaAJrex(Hocrt4, reHerr4rrecKoro BapvIaHTa, HocpITeJIfl

nos6y4rareJrfl, Aare u Mecra BbrAeJIeHLrfl ryJlflpeunfinux Lr3oJr.f,ToB, no3BoJlvrr cr4lrbHo
'l lr

o6ner.rr{Tb A€urbHefiuryro pa6ory zccneAoBareJrefi Aauuoro rraroreHa. [auuat 6aza
i

AaHHbrx flBJrflercf, rroprarznuofi, coAeplKLIT BcrpoeHHbre r.rHcrpyMeHTbl anaJrvna
1',v

rrocneAoBaTeJrbHocTer{, copTr{poBKr4 vr [aKeTHoH Bbrfpy3Klr [ocneAoBaTeJlbHocTell

rroJrHbrx reHoMoB rynrpeunfiHrrx LI3oJIflToB.

' iloJrolr(eHnq, BbrHocrrMbre Ha 3alrlrrry.
j.

1. YcraHoBJreHo, rrro uau6olee roqHaf, peKoHcrpyKrlrdr gBonIoqI{oHHbIX

B3ar4MoorHorxeHuir MexrAy 6rzsropoAcrBeHHbrMr4 Lr3oJrrraMv\ cpeAl{ Bcex
t ri'i

llluolrcyeMbrx rroAXoAoB, Aocrrdraercfl, rlpn vcronb3oBaHldll aHarrzrga rro KopoBbIM

SNPs c rocrpoeHlreM SzroreHerrtrlecKlrx Apen MeroAoM MaKcLIManbHofi
i r,. r

gKOHOMHOCTI4.

- 2. ConeprreHcrBoBaHpre rporleAypbl aHa.Jrvaa ro3BoJIVIrvI I{AeHTLIQuqupoBarb

paHee He orrracaHHbre roqeqHbre Myrar\r4rl B KoHcepBarr{BHbIX fracrKax23S pPHK.

3. Paspa6orannlrfi aJrropr,rrM BHyrpl4ua4onofi ALI$QepeHrIvaIII4LI Ha ocHoBe

rroJrr{MopQusvron reHa 23S pPHK, roroprtfi rpotuen aupo6aIIHF, AoKa3aJI cBoK)

sQQerrr4BHocrb r{ Mo)Ker 6urr [crroJrb3oBaH He roJIbKo AJIfl orAenbHoro reHa, Ho I4



[rrfl, nu6paHHbrx JroKycoB, perlroHoB ALrOQepeHrIuarIvLt v Aax(e Anfl qerofi ceru

IeHeTI{qe cKllx gJreMeHTOB.

4. AnroplrrM Br{yrp}rBprAoBofi an$QepeHrlua\uu Ha ocHoBe uorzuopSzsuon

iena 23S pPHK, o6o6ulen Ha Bce MHoroodpazue froJrHbrx reHoMoB ruTaMMoB F.

tularensls coAepx(aBruuxcfl, s 6a3e AaHHbrx GenBank NCBI.

5. CogAaHHafl, 6aga AaHHbrx HyKJreorr{AHbrx rrocJreAoBareJnuocrefi, c

KJraccuSraraqnefi ruTaMMoB Ha ocHoBe reHoMHbrx pautuuuit, uo3BoJrur clrJlbHo

o 6ner.r vtrb A€urbHefi uryro p a6 ory uc cneAo Barenefi 4anH oro n aroreHa.

OcHonHoe coAeprnaHrre pa6oru

B rrraee <<OcHoBHaff rracrb> [peAcraBlreH aH€uru3 JrlrreparypHbrx LrcroqHLIKoB,

csoefi TeMarLrrofi Kacarclqvrxcfl. BbrAeJreHvIs, Kynbryprr, o6napylKeHvfl, rynrflpenaufinoro
!:,i.drirurena, coBpeMeHHoro grrrrAeMlroJroruqecKoro cocroqnvffi, 4auHofi unQerqzz vr

TkrrrupoBaHzro ruTaMMoB E tularensis. B Aauuofi HraBe

:\'-v

cpaBHprreJrbHarr xaparcreplrcrvKa MeroAoB BHyrpLrBLrAoBoLr AHQOepeH\r4a\vv

iynxpeuufiHoro nrnrpo6 a vr vrx Arrc4pLrMrIHaIIuoHHar cuoco6nocrr [5].

B DraBe <Pesylbrarbr lrccneAoBaHrrn) rrpuBoAflTcfl [oJIfreHHbIe

eKcrepr{MeHr€lJrbHbrM ryTeM AaHHbre pa3Hbrx roAXoAoB K BHyrpllnu4onofi

ala Q Q ep e Hrlr,raqkr u roJrHbrx reHoMoB TyJIrp eunfi nrrx Lr3 oJrrroB.

Klacrepnnfi aHaJrH3 rro HyKJreorr.rAHoMy u GC-cocraBy rroKa3aJr .uocraroqHo
!i;
qerKoe AeJreHne Ha rrolBuAbr ryJrrpeuufinrrx I{3oJrrroB, oAHaKo HI,I3Kyro

.

AlrcKpr4Mr{HarluoHHyrc cuoco6Hocrb KacareJrbHo orrpeAeJleHlrf, 6uonapon vl
'i r,',FV
cyoronyJrfluxvr.

flan-reHoMHbrit aHailu3, flBrrflercr rpafiHe [epcuercr BHbrM no4xoAoM I{ AoJIXeH

nc[oJrb3oBaTbcfl B rrccJreAoBaHlrflx caMoro Bblcoro ypoBHt, TaK

,lir vrrpeAocraBJrrrb [oJrrryro KapruHy reHoMHbIX pa3iluLrprlrl

6rusrcopoAcrBeHHbrMpr rrrraMMaMu rraroreHa. Ho BMecre c grlrM
tu

aHaJrr{3 collprxeH co 3HaqureJlbHolr rpyAoeMKocrbro,

cKoopAr{Hr,rpoBaHHofo MexArrcqprnJrr{HapHoro rroAxoAa B o6racru KJlaccuqecKoft

naraxpo6uoJror[vrvrvrareMarlrKu, poJrb Koroporo Bo3pacraer c [oBbIIIreHVeM nu6oprul

TaK Xe noKa3aHa

KaK cnoco6en

Aaxe MexAy

rraH-reHouHuft

rpe6yroIqefi

LrccJreAyeMbrx reHoMoB.



3olorofi cranAapr rrarruporlarrvrfl.Ha ocHoBe KaHoHr.rqecKLtx oAHor{yKJreorrrAHbrx

ronl,IMopSnsvrou (canSNPs) AoJrroe BpeMf, BbrcrynaJr KaK golorofi craHAapr p^nr

BblcoKoroqHoro rrrrruporianvls. TyJlrpenrnfinrrx Pr3oJrrroB, TaK KaK B orjrz.rue or

MeroAoB, ocHoBaHHbrx Ha napuadeJrbHbrx roBTopax urvt Apyrux crpyKTypHbrx

pa3nl4qnfi, roropbre B cBoro oqepeAb MoryT 6rrrr rpafiue Heycrofiuunu, KaK HarplrMep

reHbl, [onfreHHbre nyreM ropLt3oHTzrrrbHoro rrepeHoca. KanonnqecKrae SNPs

rlpeAcraBJrflIor co6ofi yHr{KEUrbHbre, cra6unbHbre u gBoJrroqnoHHo o6ocnoBaHHbre

MapKepbr, Koropbre Bo3HLrKaIor oAHoKparHo n He rroABep)KeHbr o6palrbrM rvryrarlwtM

vrlrvr He3aBlrcprMoMy Bo3HLrKHoBeHuro. ,{anHufi [oAxoA rlo3BoJlfler c ssrcorcofi

ToqHocrbro pa3AeJrurb ocHoBHbre noABuAbr (tularensis, holarctica, mediasiatica) na

lrerKo orpeAeJreHHbre SunoreHerlrqecKrre KJraAbr u cy6rna4u u rpprcBourb

reHoBapuaHrbr KoHKperHbrM LrccJreAyeMbrM ruTaMMau [7].

Ha nacrorurytfi MoMeHT BpeMeHrr AeHAporpaMMbr Ha ocHoBe 6onruoro qucna

SNPs npeAcraBJlter 6oree znQopuarusHHfi no4xoA rro cpaBHeHlrro co cxeuofi

KaHoHuqecKLIX, TeM 6oree qro nocneAHrr Moxer Bbr3brBarb cyrqecrBeHHbre orrru6rcu

npu A€IJIbHefiurefi vHTeprperarluu. HanprrMep, rrrraMMbr c pa3HbrMlr AoqepHuMr4

canSNP-rLIraMLI (B.199 u B.95), rporr3BoAHbrMr,r or B.65, ecJru rocrpovrrb AepeBo rro

KopoBbrM SNPs (coreSNPs) Sopnrnpyror reurrrfi KJracrep, q o rroArBep)KAaer vrx

6fiusroe poAcrBo, xorr lrcxoAfl H3 yK€BaHHbrx reHorLrloB gra rrpeAcraBrr.flJrocb

MtuloBeporrHbrM. Taxxe rrrrupoBaHrre rro canSNPs Mo)Ker co3Aarb Jro)KHoe

rIpeAcraBJIeHVe o6 LrAeHTLrqHocrLr rex krJrkr rrHbrx ruraMMoB, npuMepoM ToMy Moxer

crarb BaKIILrHurrfi rrrraMM IslilryI3ll roroprrfi LrMeer rarofi )Ke reHorur rrro vr rpr4

rpllpoAHbrx Lr3orrrra, BbrAeJreHHbrx e Eorrapuu: FDC184, FDC186, FDCl79.3rofi

loxnofi vHTeprrperarryrur Mo)r{Ho ug6exam raK xe nyreM nocrpoemus, AepeBa rro

coreSNPS, rAo AaHHbre rrrraMMu 6y4yr JrolKrlrbcfl yxe B orAeJrbHbr cy6xnaau [5].
B orrlrq[e or noAxoAoB, ucnoJrb3yloqux rraH-reHoMHoe npoQruupoBaHl{e,

napua6eJrbHbre fracrKrr, KaHoHrirqecKpre KoHcepBaruBHbre SNPs urru KJracrepv3ar\r4s

no roMy urwr r{HoMy nprrcHar(y, amaJru3 ro KopoBbrM SNPs (coreSNPs) 4eraer Qoxyc

Ha scefi roJrHore SNPs, npucyrcrByroquey nn6opruuccileAyeMbrx uoJrHbrx reHoMoB

IuraMMoB Lr pa3AeJrrroulrx rrx Apyr or Apyra, o6ecue.rvrBas, BbrcoKyro HaAelKHocrb Ll



Bocrpolr3BoAlrMocrb pe3yJrbraroB. ,{anurrfi anaJrvrs Bo3MoxeH, HanpuMep upu

LrcnoJrb3oBaHlru MeroAa (MaKclruarsnofi gKoHoMW)r, B ocHoBe AaHHoro MeroAa

Jre)Kur npuHrlurr gKoHoMHocrLt gBonroquoHHoro uo6oro rerBoro opranzeua. LTnu

MeroAa (MaKc[MarrbHoro [paBAono4o6un>, B ocHoBe Koroporo Jre)Kur xpafine

crporrrfi uareuarlrqecrcuit MeroA nepeoqe rKH npaBAonoAo6uocrlr AepeBa B rrpoqecce

ero [ocrpoeHr{r. 3ro [o3BoJrf,er co6lrocrlr Bce Bo3Mo)KHbre nplr3HaKvr cxo)Kecrurulru

pagrurrr4fl, Me)KAy [oJIHbrMu reHoMaMu ]r3oJrsroB H o6ecne.rurb BbrcoKylo

AlrQQepeHrluaqrrc Me)KAy HrrMr{.

Ananug cr a6unbHbD( BLrAo crequQuuHbrx SNP s o6e cneq rrBaer Bo crpor{3BoALt -

Mrre p$yJrbrarbr vruvrmvrMu3rrpyer pucK JroxcHoro pa3AeJreHurfl.. Tarofi MeroA oco6eHHo
.: -BaxeH AJrr obrcrporo oTHeceldvIfl, HoBbIx KJrr{HIitrIecKLIX LI3oJItroB K LI3BecTHbrM reHe-

''r'l .-w- v

tn.recrrrM rpyrrrraM. B raqecrBe repcrercrLrBHofi ru{I(-MurrreHu Anfl. Br{yrplrsuAosofi

r,rAeHTr{Suraqu v ay rrflpeuzfi noro MLrKp o6a 6ura nrr6pana ro cJreAoBareJrbHo crb KoH-

cepBarnBHoro reHa pn6ocoMuurbHofi PHK 23S pPHK, B KoropoM paHee 6unvI BbrflB-

JreHbr sflp, cneqnQuqHbre Alrfl, Brryrpr.IBI,IAoBbIX TaKcouon [2].

llo pesynbraraM pa6oru aJrropurMa ng 106 uranaMoB ns Songa <f,ocy4apcrBen-
\,!l'i, ? v :YtrrrY.^ v v v
Hofi KoJrJreKrIuu rraror€HHbrx 6arcrepnit>> OKyH Poccufi crcuit rporrrBoqyMHblit umcrn-

ryr <Murpo6> Pocuorpe6na43opa, 3 npunaArlexaJrn FTT AI, 5 - FTT AII, 2 - FTM,

54 -FTH Ery*, 38 - FTH Ery', 2 - FTH japonicau2 - FTN. AHarorr{rrHo rro pe3yJrb-

raraM pa6oru a"rrropurMa us 914 rurauMoB 6asrr AaHHbrx Genbank NCBI, 46 npumaA-

JrexaJrr FTT AI,27 - FTT AII, 17 -FTM, 206- FTH Ery*, 573 - FTH Eryt, 4 - FTH

japonicau 41 - FTN. TaK )Ke B xoAe npoBeAeHufl, alnaJrusa BbrflBJreHbr AorroJIHureJIbHbIe

Myrarluz (ucrurcqar €rrrJreJrlr reHoB FTN) B rocJreAoBareJlbHocrtx reHa 23S pPFilC -
i'i

cenar eAprHr4qHbrx noJrrrMopQnrnron v rpvr eAllHrrrrHbre BcraBKuI.

Ha uonaeHT laaqaJra pa6oru s 6a3e Genbank, rpoqeHT uAeHru$nqupoBaHHblx

F.a,ypoBHe roABuAoy (tularensis, holarctica, mediasiatica u novicida) IrIraMMoB co-

QTOpnsr 53yo, rpnqeM raroreHHbre noABuAst tularensis u holarctica He pa3rpaHvrqu-

BaJrucb Ha cy6norryJrrrlnu AI u AII v Ha Japonica, epprrpoMuqzrryctofi.Iusrrfi Ery*,

qplrrpoMulluHqyBcrBlrreJrbHrrfi Erys 6uonapbr coorBercrBeHHo. B cnssl{ c grI,IM co-



34aHr,re 6agH AaHHbrx, BK[roqarculrirx s ce6s Bce [oJrceAoBareJr Hocrlr rloJrHbrx reHo-

MoB rrrraMMoB, rrpeAcraBJreHHbrx s GenBank NCBI c yKa3aHrreM Aauuofi AnOQepeH-

\na\vLl, rBJrf,eTcr IIp rcTuqecKr.r 3Harruvrofi sa4a.refi. Mu pellllrJr]r He ocranariuvrBaTbcfl

ToJrbKo Ha.{aHHoM rrp[3HaKe, Ho rr BHecru n 6asy MeraAaHHbre fro reHerurrecKoMy Ba-

praaHry Aare r4 Mecry BbrAeJrenurfl, HoMepa ID (GenBank ID) u duolorkrqecKrx rpo-

eICroB (BioProject GenBank) Lr HocureJrro roro ulru prHoro u3oJrrra nos6y4urerfl,rynfl-

peMrar.r. Erua co3AaHa noprarnBmafl,6aga AaHHbrx r{yKJreorlrAHbrx [ocneAoBareJrbHo-

crefi rroJrHbrx reHoMoB ruTaMMoB E tularensis c nx KJraccuQnrcaqnefi, nosMolr(Hocrblo

ioprupoBKr.r, oAraHoqnofi u rraKernofi Bbllpy3ru QafiJroB (.fasta) yKa3aHHbrx rrocJleAo-

v

BATEJIbHOCTEI.

Taruu o6pasona, 6rltle npoBeAeHa KoMlJreKcHar xaparcrepucrr4Ka reHoMHoro

pa3Hoo 6pazut, ruraMMos lT tul arensrs c rprMeHeHLreM pa3nurrHbrx 6uoznQopMarl4tle-

CKITTX [OAXO.{OB.

BunoArr

1. flpe4craBrreHHbre B nccJreAoBaHuu cuoco6rr BHyrpr,rsrrAonofi

AuQQepeHrluarluu reHoMoB ruraMMoB E tularensis in silico AeMoHcrpupoBarru

pa3rrarrr{yro e$SerruBHocrb u rpyAoeMKocrb Lrx HcrroJrb3oBaHrrfl. Cnoco6

Klacrepusa\urr rro rryKJreoruAHoMy u GC-cocraBy rroKa3aJr cnoco6Hocrb

Tr,rlrapoBanvrfl, [oJrHbrx reHoMoB naroreHa roJrbKo Ao ypoBHr [oABLrAa. flau-renounufi

aHErJrLt3 rroKa3uur BbrcoKyro AlrcKp[MnHarluoHr{yro cnoco6Hocrb r,r [epclelcTuBHocrb

LrccJreAoBaHr{r AaHHoro MeroAa, oAHaKo o6ra4aer AocraroqHo rpyAoenarofi

peaJrlr3a\ueit. AHallus uo KaHoHr{qecKr4M SNPs rBJrrercr rpafine sQQerruBHbIM

?
cIIocoooM
''..' 

? v
OIUI4OOIIHOU
:

r(AeHTrr$uraqnu, Ho Mox(er [priBoAlrrb B HeKoropbrx cJlyrraflx K

uHrepuperarluv. Auaurr3 no KopoBbrnr SNP npoAeMoHcrpllpoBan caMylo

Bblcoxyrc stf SeraLrBHo crb.

tularensis in silico Ha ocHoBaHLIH BbIflBJIeHufl

rryKJreorrAoB (SI.IP), AeJrerlufi r.r scraBoK tI Apyrrx

2. Errn pazpa6oraH cnoco6 onpeAeJreHrrf, BHyrpLrBLrAoBofi upunaAJlexHocru F.

cneqn$r4rrHbrx noJII{MopQHrx

B rcaqecrBe repcrercrrreHofi ff{I(-naurueHv 6una nu6paua rocJreAoBarenbHocrb reHa

yapua6eJrbHblx )rqacrKoB reHoMa.

I



23S pPHK, B KoropoM 6suz BbrrBJreHbr strp, cnequQzrrHbre Anfl BHyrpLrBHAoBbIx

TAKCOHOB.

3. IIo cuoco6y yKa3aHHoMy Bbrrrre 6ur paspa6oraH aBToMarv3upoBanurr[

EUrropr4TM, roropufi 6ur arryo6upoBaH Ha rxraMMax r{3 SoH4a ofrtyoapcrBeHHofr

KoJrJreKrIuu rraroreHHbrx 6arrepuir>> OKyH Poccufict<uit uporlrBoqyNrHbrit uscruryr

<Murpo6> Pocuorpe6HaAsopa (|KIIE). Pesyrbrarbr alaarrvl:,a rroJrHocrbK) coBrraru c

y4p H3BecrHbrM[ 3HarreH flMvt raKcoHoMurlecrofi reHoMoB rrrraMMoB |KIIE.

r1"', | ''-rr'' 4. [anHnfi rroAXoA 6ur o6o6qeH Ha Bce MHoroo6pasue reHoMoB IrrraMMoB

rrpeAcraBJreHHbrx B 6ase AaHHbrx GenBank NCBI Ha MoMeHr 15.09.2024 n B cBflsu c

XlenHrreHVeM nu6opru rccJreAyeMbrx IrrraMMoB B xoAe pa6oru 6sll:u BbIf,BJIeHbr

AgIIO,nHLrTeJrbHbre MyTarluu B nocneAoBaTeJrbHocTr4 reHa 235 pPHK ceMb

pAuHurrHbrx rroJrraMop$nsrr,roB Lr rpr{ eAHHLIqHbre BcraBKpr.

) n' 5. Brua co3AaHa rropraruB:nafl, 6asu AaHHbrx HyKJreorr.rAHbIX

rrocJreAoBareJrbHocrefi, c KJraccvrSurcaqueit rrrraMMoB Ha ocHoBe reHoMHbrx pa3nuuvtit,

Igaa BorrrJrr{ 9I4 roJrHbrx rrocJreAoBareJrbHocrefi ryJrrpeuufinux rr3oJltroB.

CnncoK rrc[oJrb3oBaHHblx rrcrorrHrrKoB

''tl'' 1 BHyrpLrBvr$oBas,Ara$OepeHlluarlr4flrrrraMMos Francisella tularensls ue-
(),j1. 1:, u v v
TOAOM MynbTunOKyCHOLr rroJrraMepa3Hopr qerrHokt peaKrlt4r{ c rreToM pe3yJrbTaToB B pe-

xrrMe pearrbHoro BpeMeHn / H.A. Ocuna [er ap.] ll fIpo6.rreMbr oco6o orlacHblx unQex-

I{14fi., - 2023, Nq 1. - C. 132-I4I.

x\j , 2 Ocuua, H.A. BnyrpnBraAoBaf, AI{QQepeHrIVarIus, Francisella tularensls c

rroMorrlbro rroJrvMep uofi qensofi peaKllun I H.A. OcutHa, C.A. lloprenro, JI.H .I4sa-

rrreHrleBa, A.H. KyluueHKo llfenoAlrarHocr. rnHSeKrILtoH. 6oregsn: Marepl{€ulbl Pocc.

Hafr.-rparcr. rouQ., 25-27 orcrr6ps2005 n - HosocH6LIpcK, 2005. - C. 138-140.
-'r (i' L , Pors HyKneorlrAHbrx 3aMeH s V AoMeHe 23S PHK Francisella tularensis

fi $opvrlrpoBaH W pesvrcreHrHocrr{ TynrpeuufiHoro rvrurpo6a K epl{rpoMllq vr:ny l B.C.
(r!(.

Tianro$een [z Ap.] ll AruyaJrbHbre upo6neMbr orrlrAeMr{onorr4ut n npoSI{JIaICTI{qecrofi

I[0: il tl

Il it'il: 
'

iirl!. j '
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MeALIIIIaHrI: Marepnulrrbr VI Bcepoc. Ha)rq.-[paKT. ronS. MonoAbrx freHbrx r4 crreqva-

JII4croB Pocuorpe6Ha43opa. - 2014. - C. II2.

4 Bn4ereHr{e cpeAHea3rrarcKoro rroABLrAa ryJrspenaprftnoro unkpo6a Ha

reppllropvrr4 AnraficKoro Kpar / A.H. MorpueBr4rr [u lp.] ll f1:po6teMbr oco6o orac-

Hbrx ran$erquir. - 2013, J'',lb 1. - C. 66-69.

5 MorpzeBllq, A.H. MorercyltpHo-reHerrrqecKLre noAxoAbr K r{ccneAoBa-

HLIK) noa6ygzreJlt rynqpeMvrr4 Anfl Ilerefi coBeprleHcrBoBanvrs. ALrarHo crvrKvr z crrequ-

Snuecrofi upoQurar{vrKr4: Avrc KaHA. 6uon. HayK / A.H. MorpneBkrrr. - M.: Moc-
.!i:; vKoscrufi nayr.-r{ccneA. krH-T errlrAeMr{oJrorr4r4 14 Mvrrpo6noJrorkl4 prvr. I-H. fa6putreB-

cKoro, 2016. - 145 c.

)i" '' ru 
Tuuo$eeB, B.C. lenerzqecKoe pa3Hoo6pazue Francisella tularen^rz^s r{3

iip"poauirx oqaroB Poccuz : Ar4c... . KaHA. 6uon. HayK / B.C. TnuoSeeB. - O6oreHcK:

foc. Hay.I. IIeHTp rrpr4KnaAuofi vrzrpo6roJrorr{uu6uorexHoJrorkrv\20I5. - 168 c.
:; i ' 7 Phylogeography of Francisella tularensis: global expansion of a highly fit

bibne I A.J.Vogler [et a1.] ll Journal of Bacteriology. -2009. -V. lgl,i\b 8. -P. 2474-
'.''/'. I
,i i I 1

2484.
i-:ri'r ' ' 8 lesorulrrpoBaHlre MeroAoM MyJrbrr,rnoKycHoro VNTR-anar v3arrrraMMoB

Francisella tularenszs, nuAeJreHHbrx r.r3 npllpoAHbrx oqaroB TynrpeMuu Pocroecrofi

oOnu.t u I A.C. Bo4oubnHoB [ra ap.] ll MoleKynrp las. reHerrirKa, Mr.rKpo6zoro rvrfl. 14

I t-
i i-,

Br.rpycoJrorrrr. - 2004, J\b 2. - C. 24-28.

9 MynrruJroKycHoe VNTR-rnurpoBaHr{e rrrraMMoB Francisella tularensis

/4.C. Bo4ourflHoB [u ap.] ll ]KypnaJI Mt4Kpo6uororvrv\ orrr{AeMrdoJrorlruuvtMMyHo-
,.1 ;

6uonorvwr. - 20O4,Ns 2. - C. 2l-25.

10 ltr-p Ar4QQepeHrlr.rarlufl roABLIAos Francisella tularensts c roMorrlbro oA-
:'!'!: v ,.nr - h r 1 tt::,,- F F I v
Horo npafirraepa I I-M. BaxpanreeBa [u ap.] ll fIpofl.rreMbr oco6o oracHbrx vu$erqzfi. -
('jt.' ,.
20n, J\b 1. - c. 46-48.

I I Differentiation of the Francisella tularenszs subspecies by the INDEL typ-

ing method / V.M. Sorokin [et al.] ll Journal of microbiology, epidemiology and im-

munobiology. -2022. -V. 99, Nr 2. - P. 193-202.
ri:il , _- '' v12 flurareJrbHafl cpeAa Anflruy6zHHoro Kynbrr,rBrapoBaHurTyJrrpenavftuoro
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MI4IQo6a I O.A. Borox [n Ap.] - flareHr Ha nso6pereHkre RUS 2524687,2014.

i 13 AHalv3 orru3ooronoru.Iecrcofi I4 grruAeMr{oJroruqecKoft cutya\vu rro ry-

nspeMl{ vI Harepplrr oplruPoccnficrofi Oe4epa \uu s 2023 n u nporHo g Ha 2024 r. I
TIO. Ky4pxnlleBa [u ap.] // flpo6teMbr oco6o oracHbrx znQexquft. - \OZ4,Nq l. - C.

17 -28.

14 A real-time PCR array for hierarchical identification of Francisella iso-

{+lgq / K. Svensson [et al.] / / PloS one. - 2009. - V. 4, ]',lb 12. -P. E8360.

15 Cpanuzrenrnufi MoJreKyntpHo-reHerr{rrecrnfi aHaJrr{3 rrrraMMoB

Francisella tularensls, usoJll4poBaHHbrx s Pocroscrofi o6lacru s 2020 r., r{ rocJreAo-
.''t jl' : .'

BareJrbHocrefi reHoMoB IrrraMMoB, BbrAeJIeHHbrx B p€BJrlrqHbrx peruoHax Mkrp a I A.C.
-t' :

BoAonrrHoB [Ia ap.] llfIpo6neMbr oco6o oracHrrx nnQerqufi.-2023,.h1b 3. - C. 60-

64:

.t

t

12


