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MeTareHOMHOEe CeKBeHMpPOBaHUE — MOJIEKYNAPHO-reHeTU4YeCKum
MeTo4 uccrnegoBaHUSA, MCMNONb3yeMbiM AN aHanum3a  BceX
HYKNEeMHOBbLIX KUCNOT B uUccneayemMomMm Mmartepuvane B TMu.
copokynHoctn [OHK/PHK mukpoopraHusmoB (BupycoB, OakTepuwu,

NPOCTEeNLLUNX)
OcHOBHbIe NpenMylLLecTBa:

= BO3MOXHOCTb MHOMKALUUU N naeHTU(UKaLUM LULMPOKOIro CrneKkTpa
MUKPOOPraHN3MoB, B TOM YUCSIe aTUNMUNYHbIX bopmMm;

= BbISIBIEHNE HEKYILTUBUPYEMbIX U TPYAHOKYNLTUBUPYEMbIX
MUKPOOPraHN3MOB;

= OTKPbITUE HOBbIX ODaKTepuu n BUPYCOB;

= MOJSTy4YeHMe HOBbIX AaHHbIX O BUAOBOM CMEKTpe U reHeTU4YEeCKOU
reTeporeHHOCTU MUKPOOPraHN3MOB;

= OTCYTCTBME HEOOXOAUMOCTHU BblAerieHNNA KynbTypbl.

;



T

OcHOBHbIe noaxoabl K npoBeAeHU0 MeTareHOMHOro
CeKBEeHMPOBaHMUA:

. CekBeHupoBaHue chparmeHToB AHK, koanpyrowmx 3BosIFOLMOHHO-
KOHCepBaTUBHbIE MeHbl (TapreTHoe ceKkBeHMpoBaHne, aMnyANKOHHOEe
CeKBEeHMpPOBaHMe);

» CeKkBeHUpoOBaHMe NOSIHOro MetareHoMa Urnin «NOJSIHOreHOMHoe
cekBeHMpoBaHue» (cekBeHnpoBaHune cymmapHou [IHK/PHK).




ﬁ
I'Ipeumyu.l,eCTBa U HeJOCTaTKMN OCHOBHbLIX MeTOAOB

MeéTareHOMHOIro CeKkBeHNpoBaHus

MeTtoabl NMpeunmywectBa HepoctaTtku
MeTareHOMHbIX
uccrnenoBaHuUn
CekBeHnpoBaHme o NpPOBeAEeHNE TaKCOHOMUYECKON Krnaccnudukaumm | » BuAoBas MaeHTUdUKaUUA He
doparmMeHTOB 6e3 NpUMEHEHNS 3HAYNTENBbHbIX BCerga BO3MOXHa
OHK, kogmpyroLmx BbIYUCINTESNbHbIX MOLLIHOCTEN e OTCYTCTBUE OOCTOBEPHOM
3BOSTOLIMOHHO o HE3HaYUTENbHbIE MaTepuarnbHble U BPEMEHHbIE NHOpMaUNKM O CTPYKTYpe
KOHCepBaTMBHbIE reHbl pacxopbl coobLlecTBa
(nocnegoBaTenbHOCTb o OXBAaT LLUMPOKOro cnektpa bakrtepuarnbHbIX
reHa 16S PHK n gp. TaKkCOHOB
reHOB)
CekBeHupoBaHue * CMNOCODOHOCTb BbISIBMSATL BECb CNEKTP * BbICOKast CTOMMOCTb
NOMHOro MUKpOOpraHnamoB (6akTtepuun, BUPYCbl,rpmnbbl 1 | * NOBbILLWEHHbIE TPEOOBAHUS K
MeTareHoma npocTenwumne) KadecTBy NpobonoaroToBKu
* MonyvYeHne gaHHbIX O HanM4nu PakTopos * CJIOXHbIN
NaTOreHHOCTU, reHOB aTUBMOTUKOYCTOMYNBOCTU BrnonHdopmMaLMOHHbIM aHann3
* O3BOMSAET NOAEHTUPULUMPOBATL reHOBapUaHThI
BbISIBIIEHHbIX MUKPOOPraHM3mMoB

;
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CxemMmaTn4yHoe nlobpaxeHme BapuabenbHbIX

pernoHoB V1-V9 B cTpykTtype reHa 16S pPHK

(B)
MapkupoBka Mo3nuum B reHe OnunHa
Toneall (PparmeHTa (Hauano u KoHew, dparmeHTa,
o ve s “ihen V7 cdbparmeHTa) n.o.
V1-V2 27-338 311
e, V1-V3 27-534 507
V3-V4 241-748 404
V4 515-806 293
V4-V5 515-944 429
V6-V8 939-1378 439
2 V7-V9 1115-1492 377
(D) V2




T
Llenb:

Onpepenutb BO3MOXHOCTb AeTeKuuun, unaeHtudukaumm wm npepen
oOHapyXxeHna Bo30yauTenen nNpupoaHo-ovaroBbiX MHdeKkuun Borrelia
burgdorferi s.l., Rickettsia spp., Francisella tularensis, Coxiella burnetil,
Anaplasma phagocytophilum B obGpa3uax nNoneBoro M KIAUHUYECKOro
MaTtepuana c¢ pas3nudyHon Harpyskou OHK metogom meTareHOMHOro
cekBeHuUpoBaHuA reHa 16S pPHK.

MaTepuanbl u meToAabl.

16 npobd noneBOro N KNMHUYECKOro Mmatepuaria, B KOTOPbIX METOA4O0M
NMUP obHapyxunun Bo3doyauteneun NMNON.
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MeToabl uccnegoBaHUA:

. NMoarotoBka noneBoro u KNMHU4Yeckoro matepuana (MY 3.1.0322-23);

« JKCTpaKUUA HyKnenHoBbIxX kucnot (Hadbop peareHtoB «PUBO-npen» (OO0
«NHTepllabCepBuC», Poccusa), ncnonb3oBarics COrnacHO MHCTPYKUMN NpousBoauTens);

. AMnnudpumkauma cpparmentoB reHa 16S pPHK (Cmecb npanmepos (V1-V2, V1-V3, V3-V4, V4,
V4-V5, V6-V8,V7-V9) Abellan-Schneyder c coaBT. (2021).;

. AnekTopodopeTnyeckana Busyanmsaumusa npoaykros amnmcpunkaumm (1% araposHbiu resb);

. Ounctka npoaykros amnnucpukaummn: Habop CleanMag DNA (EBporeH, Poccus);

. UamepeHue KoHUueHTpauumn npoaykros amnnudpukaumm (cpnyopomeTtp Qubit, Habop
peareHToB QubitTM 1X dsDNA High Sensivity u Broad Range (BR);

. MNMoaroroBka 6ubnuotek AJHK n cekBeHnposaHue (IMpotokon lonXpressTM Plus gDNA
Fragment Library Preparation (Revision K.0) c uncnonnsosaHmem Habopa lon Plus Fragment
Lybrary Kit. CekBeHnpoBaHue cmecen aMnIMKOHOB BbIMOJSHAMN C UCNONb30BaHNEM
BbiCcOKonpoussoauTtenbHoro cekBeHatopa lon GeneStudio S5 Plus (Thermo Fisher
Scientific Inc) no npotokony lon 510™ & lon 520™ & lon 530™ Kit — Chef (Revision D.0);

. bnoHdopmaumoHHbIN aHanu3 (NpoBoaUncsa B pexume on-line c nomoubIO pecypca
EasyMAP).

;



Pe3ynbraTthbl akcnepmumeHTa 1. .

OeTtekuuna n ngeHtudpukauun sosoyauntenen NOU B obpasuax

noJsfieBoro MmatTepuara MeTO.D,OM MeéTareHOMHOIro ceKkBeHMpoBaHus

Ne [aHHble o PesynekTraTt Pe3ynbraTtbl 16Sp PHK meTtareHoMHOro cekBeHMpoBaHusi
n/n npoGe nupP

Ixodes ricinus

Ixodes ricinus

Ixodes ricinus

Ixodes ricinus
Ixodes ricinus

Dermacentor
marginatus

Boophilus
annulatus

Dermacentor
marginatus

MoneBKa
OObIKHOBEHHa
A (cMbIB)

B. burgdorferi s.I.

B. burgdorferi s.I.

B. burgdorferi s.I.

A. phagocytophilu
m

A. phagocytophilu
m
Rickettsia spp.

Rickettsia spp.

F. tularensis

F. tularensis

21,8

22,1

21,1
31,4
23,4
17,1
8

32,3

26,6

10,1

Borrelia spp.

Borrelia spp.

Borrelia spp.

He oGHapyxeHo
He obHapyxeHo
R. aeschlimannii

R. aeschlimannii

Francisella spp.

F. tularensis

Flavobacterium haoranii, Morganella psychrotolerans, Serratia liquefaciens, Yersinia
enterocolitica, Pedobacter mendelii, Cellulophaga baltica, Adhaeribacter swui

Flavobacterium hercynium, Providencia rettgeri, Serratia fonticola, Serratia
liquefaciens, Yersinia enterocolitica, Aeromonas encheleia, Aeromonas salmonicida,
Alcanivorax dieselolei, Pedobacter roseus, Pedobacter miscanthi

Flavobacterium hercynium, Flavobacterium saccharophilum, Providencia rettgeri,
Serratia liquefaciens,Yersinia enterocolitica,Aeromonas encheleia

Candidatus Midichloria mitochondrii, Bradyrhizobium amphicarpaeae, Staphylococcus
chromogenes

Candidatus Midichloria mitochondrii, Staphylococcus agnetis, Sphingopyxis sp. MG,
Rhizorhabdus dicambivorans

Coxiella endosymbiont of Dermacentor marginatus, Arsenophonus nasoniae,
Candidatus Midichloria sp. B9

Rickettsiella endosymbiont of Pandinus imperator, Candidatus Coxiella mudrowiae,
Staphylococcus agnetis, Sphingopyxis sp. MG, Rhizorhabdus dicambivorans

Pseudomonas spp., uncultured Hymenobacter sp.

Desulfovibrio fairfieldensis, Ruminococcus champanellensis, Corynebacterium
segmentosum, Eubacterium rangiferina, Brochothrix thermosphacta, Sphingomonas
paucimobilis, Rikenella microfusus




e3yliblaTlbl 3KCIEPUMEHTa <.
YcTtaHOBneHue MUKCT-uHcbuumpoBaHua Bo3oyautenamm [MOU

UKCOO0BbIX Kfewen MeTogomMm MeTareHOMHOro CeKBeHMpoBaHUA

Ne [aHHble o Pesynerat MNLUP Ct PesyneraTthl 16S pPHK meTareHoMHOro cekBeHUpoBaHuUA

npob6e
Hyalomma B. burgdorferis.l. 20,24  Borrelia turcica, Borrelia hispanica Francisella orientalis, Francisella salina
aegyptium Flavobacterium spp., Pseudomonas sp, Micrococcus sp.

Ixodes ricinus  B. burgdorferis.l. 25,4 Borrelia spp. Flavobacterium spp., Pseudomonas sp. S49, Bradyrhizobium
sp. SK17, Methylobacterium sp. N191, Citrobacter gillenii,
uncultured Rickettsiella sp.

Ixodes ricinus B. burgdorferis.l. 25,7 Borrelia valaisiana Rickettsiella endosymbiont of Pandinus imperator,
Flavobacterium sp. Nj-25, Pseudomonas spp.,
Bradyrhizobium sp. SK17, Serratia sp., Micrococcus sp. M55-
6N, Rhodococcus corynebacterioides, uncultured Rickettsiella

sp.
Dermacentor F. tularensis 25,5 Francisella tularensis Francisella persica, Francisella frigiditurris, Francisella

reticulatus orientalis, Rickettsiella endosymbiont of Pandinus
imperator, Spirosoma aureum, uncultured Rickettsiella sp.

Dermacentor  F. tularensis 12,62 Francisella tularensis Francisella persica, uncultured Francisella sp.

reticulatus Rickettsia endosymbiont of Bemisia tabaci, Spirosoma
litoris, Spirosoma agri, Pseudomonas sp., Bradyrhizobium
spp., Prevotella melaninogenica, Piscirickettsia salmonis,
uncultured Deinococcus sp., Rhodococcus sp., Nocardioides
aquaticus, uncultured Rickettsia sp.
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Pesynbrathl akcnepmumeHTa 3.

deTtekuna n ngeHtndpmkauma sosoyautenen NMNOU
B KIIMHNYECKOM MmaTepuane MeToaomMm MetareHOMHOro CeKBeHMpoBaHUS 0%

100%

Pesynbrar Ct
nupe 80%

[laHHble 0 Pesynbratbl 16S pPHK MeTareHOMHOro ceKkBeHMpoBaHuA

npobGe

70%
1 YenoBek C. burnetii 21,4 C. burnetii

(cbiBopoOTKa

) . D_0__ Bacteria;D_1__Proteobacteria;D_2__Alphaproteobacteria;D_3__Rhizobiales;D_4__Methylobacteriaceae;D_5__Methylobacterium;D_6__
KpoBU

. D_0_ Bacteria;D_1__Firmicutes;D_2_ Bacilli;D_3__Lactobacillales;D_4__Streptococcaceae;D_5__ Streptococcus;D_6__uncultured organism 60%
. D_0_ Bacteria;D_1__Proteobacteria;D_2__Gammaproteobacteria;D_3__Pseudomonadales;D_4__Pseudomonadaceae;D_5__Pseudomonas;,

. D_0__Bacteria;D_1__Proteobacteria;D_2__Alphaproteobacteria;D_3__Sphingomonadales;D_4__Sphingomonadaceae;D_5__Sphingobium;__

quency

D_0__Bacteria;D_1__Proteobacteria;D_2__Betaproteobacteria;D_3__Rhodocyclales;D_4__Rhodocyclaceae;D_5__Dechloromonas;__
50% —
D_0_ Bacteria;D_1__Firmicutes;D_2__ Bacilli;D_3__Lactobacillales;D_4__ Streptococcaceae;D_5__ Streptococcus;D_6__ uncultured bacterium

Relative Fre:

- k__Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales;f__Alicyclobacillaceae;g__Alicyclobacillus;s__

. k__Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales;__; ;

- k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Aerococcaceae;g__Alloiococcus;s___

. k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Comamonadaceae;__;

40% —
2 YenoBek C. burnetii 21,3 C. burnetii
(cbiBOpoOTKa 30%
Kp OBM) . k__Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales;f__Staphylococcaceae;g__Staphylococcus;__
. k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Sphingomonadales;f__Sphingomonadaceae;g__Sphingomonas;s__yabuuchiae
. k__Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales;f__Staphylococcaceae;g__Staphylococcus;s__haemolyticus
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PE3YNbTATbI AETEKUUA N UOEHTUOUKALIUN BO3BYOAUTEJIEM NOU B OEPA3LAX MOJIEBOIrO U KIMIMHUYECKOIO
MATEPUANA C PA3NIMYHOU HAIPY3KOW OHK METOOOM METAFEHOMHOIO CEKBEHMPOBAHUSA 'EHA 16S pPHK

Bo36yautenb, noagTBepPXAEHHbIN 3HaueHue KonuyectBo pugoB PesynbtaTtbl 16Sp PHK
metoaom lLP Ct MeTareHOMHOro CeKBeHUpoBaHUA

Borrelia burgdorferi s.I. 20,24

21,1

21,8

22,1

25,4

25,1

Franciella tularensis 12,62
10,1

26,5

Coxiella burnetti 21,3
21,4

Rickettsia spp 16,29
17,18

17,23

18,79

21,05

32,32

16336

10627

5822

20236

11506

5952

40969

40161

1127

7223

8926

16336

8239

17945

5952

16336

22324

B. turcica, B. hispanica

Borrelia spp.
Borrelia spp.
Borrelia spp.
Borrelia spp.
B. valaisiana
F. tularensis
F. tularensis
Francisella spp.
C. burnetii
C. burnetii
R. aeschlimannii
R. aeschlimannii
R. aeschlimannii
Rickettsia spp.
Rickettsia spp.

R. aeschlimannii

;
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Pesyn bTAdTbl U BbIiBO4bl

* MMokazaHa 3(PPEeKTUBHOCTL MNPUMEHEHUS MeTog4a MeTareHOMHOro
cekBeHupoBaHusa reHa 16S pPHK agna pgetekumm um unaeHtudpukauuu
Bo3oyauTternen NMNOWU B npobax KNMHMYECKOro n norieBoro martepuvana.

* MoaTBepXXaeHa  BO3MOXHOCTb  MAeHTUPUKaumMm OO0 popa  AOns
MukpoopraHmamoB Borrelia, Francisella, Coxiella, Rickettsia.

* MMpoBepeHa maeHTudukauma ao Bupa:. R. aeschlimannii, C. burnetii, F.
tularensis, B. turcica, B. hispanica u B. valaisiana

Metoa mMoXeT ObITb peKOMeHOoOBaH B KadecTBe AOMNOSIHUTESIbHOro Ans
AeTekuMn n uaeHtTudmkaumm Bo3dyauteneun B criy4ae aTUNUYHOU KapTUHbI
3aboneBaHMA, a TaKKe AOfif YCTaHOBNEHUA  CrlyYaeB  MMKCT-
UHPULUUPOBaAHUA.

;



Bonpocsl, Tpebyrowmne npoBegeHNa Hay4YHbIX nccnegoBaHUM,
B T.4. 3KCNepuMeHTanbHbIX. [lepcnekTnBbl NpoaOMKeHUs
nccnegoBaHuUu

1. OueHka 3apeKTMBHOCTN OeTEKUMM N naeHTudukaunm sosdyautenen NMNOU B pasnmyHbIX Tunax obpasuos
Npn NCNOMNb30BaHUN METAareHOMHOIro CEKBEHUPOBAHMAL.

2. PaspaboTka 1 coBepLUeHCTBOBAHME MPOTOKONOB npobonoarotoBkn obpasuoB OmomaTtepuana (CbiBOpPOTKA
KPOBW, OpraHbl MEMNKNX MNEeKONUTAIOLLNX, CYCNEH3MN SKTONapasnuToB).

3. PaspaboTtka 1 coBepLUueHCTBOBaHME NPOTOKOIOB aHanmn3a JaHHbIX METareHOMHOro CEKBEHUPOBaHUSA.

4. Apantauus NPOTOKOJIOB METAreHOMHOro CeKBeHNpoOBaHUNA K pPa3finyHbIM rlnachopmaM ana reHeTn4eckoro
daHalrin3a.

5. CosgaHne yHUUUMPOBAHHbLIX MPOTOKOSOB aHanmM3a U BHEOPEHME MX B MNPaKTUKY AOMS 3TMOSTIOrMYeCKOn
paclwnPOBKM CITOXKHbIX CriyvYaeB MHMEKLMOHHbIX 3aboreBaHNN.

;



bnarogapto 3a BHUMaHue!




