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OBO3HAYEHUA N COKPALHIEHUA

CDS - Coding DNA Sequences

CLSI — Clinical & Laboratory Standards Institute

MALDI-TOF — Matrix Assisted Laser Desorbtion/Ionization Time of Flight
MIST — Microbial In Silico Typer (software)

MLEE — Multilocus enzyme electrophoresis

MLST — MultiLocus Sequence Typing

MLVA — Multiple-Locus Variable number tandem repeat Analysis
MRSA — Methicillin-resistant Staphylococcus aureus

MST — Minimum Spanning Tree

MVLST — Multi-Virulence-Locus Sequence Typing

PFGE — Pulsed Field Gel Electrophoresis

RFLP — Restriction Fragment Length Polymorphism

SNP — Single-Nucleotide Polymorphism

ST — Sequence Type

UPGMA - Unweighted Pair-Group Method Using Arithmetic Averages
VNTR - Variable Number Tandem Repeat

WGS — Whole Genome Sequencing

JIHK — Jle30kcuprOOHYKIENHOBAsT KHCIIOTA

MUK — MunumanesHas Marubupytromas KonuenTpanms

MJICT — MynetunokycHoe CekBeHUpOBaHUE TUITMPOBAHUE

MJID® — MyabTrinokycHblil OnexkTpodope3 ODepMEeHTOB

1.0. — [Tap OcHoOBaHuMii (yTMHA HYKJICOTUAHOM MOCJIEN0BATEILHOCTH )
[I'D — Iynbc-I'ens Dnekrpodopes

[TJAP® — [Homamopdusm nrn PecTpukiunoHHbIX OparMeHTOB

[TLP — IMonmumepasnas Llennas Peakuus



BBEJAEHHUE

AKTYaJbHOCTH NPO0JIEMBbI

OCHOBHBIM npcaHa3Ha4CHUCM BHYTPHBHUAOBOI'O THUIIMPOBAHUA
MHKPOOPraHu3MoOB ABIIACTCA OLCHKAa B3anMOCBA3HU MCIKIOY n30JIATaMH
MHKPOOPraHu3MoOB onpcacICHHOIO BUaa. OCHOBHBIMH 3agadyaMiu

SNUACMHOJIOTHYECKAX —~ UCCIICIOBAHWIA  SIBJISIOTCSA.  YCTAHOBIEHHE  MCTOYHHMKA
WHQEKIMOHHBIX ~ 3a00JICBaHWIA, OMpenciacHue NyTed W MEXaHU3MOB  HX
paclpOCTPaHEHMsI, TOATBEPXKICHUE WM UCKIIOYEHHE SIUACMHOJIOTMYECKOrO
XapakTepa BCIBIIIKH, a TAKXKE OLICHKA YPPEKTUBHOCTH MEP SMUAEMHUOIOTHYECKOTO
KOHTpoJid. MIMEHHO CyOBMAOBOE THIMPOBAHME TO3BOJSET B OOJBIICH CTENECHU
Pa3peIIuTh MHOTHE BOMPOCHI, CBSI3AHHBIC C B3MUAEMHUOJOTHEN HMH(PEKIMOHHBIX
NaTOreHOB, OJlarogapsi BO3MOXKHOCTH TNPOBEACHHS PA3TUUUANA SMUAECMHOIOTHYECKH
CBSI3aHHBIX M30JIATOB OT HECBA3AHHBIX C SMUACMUYECKUM MPOLIECCOM, HA OCHOBAHHUHU
YCTAHOBJICHHsI KJIOHAJIIBHOI'O Xapakrepa pacnpocTpaHeHus mnaroreHoB [1, 2]
bnaronmaps 1a00paTOPHBIM METOIaM BHYTPUBH0BOTO TUNUPOBAHUS
MUKPOOPraHW3MOB  TMOSBHJIACh  BO3MOXKHOCTh  KOJIMYECTBEHHOH  OLEHKH
3} (PeKTHBHOCTH  cHUCTEM  HAOMIOACHHS M KOHTPOAS 3a MH(EKIMOHHBIMHU
3a0o0sicBaHusAMU, OOecreunBas MPOBEICHUE aHalM3a B Pa3padOTKE CTPATEruu
yIpaBjicHUs B 00JaCTH OOIIECTBEHHOTO 3[PaBOOXPAHECHMUSI.

[Tpun BceM pazHOOOpa3Mu METOIOB TUUPOBAHUS MMATOTEHOB, B OCHOBE KOTOPBIX
JeKaT Pa3UYHbIE TPHHLMIBL, OTAMYAOIUECS KAaK IO BPEMEHMW BBIMOIHCHHS
WCCIICIOBAHMS W TPYA03aTPATHOCTH, HANECKHOCTH, BOCIIPOU3BOIMMOCTH U LEHE, TaK
U CHOCOOHOCThIO K JU(PDEPEHIIUMPOBKE H30JATOB [3], BCE METOABI MOTYT OBITh
NoJpa3fciicHbl HAa (PEHOTUNMYECKHE W TECHOTHUIMYECKUWE. B CBA3M ¢ HaTM4yMeM
JOCTATOYHO OOJIBIIOTO KOJMYECTBA HEJOCTATKOB B (DEHOTHIMMYECKHX METOAX
UCCIICIOBAHMSI, TAKWX KaK TPYAOEMKOCTb, BPEMs BBIMOJIHECHHS WCCIECIOBAHMS,
BapraOeIbHOCTh  PE3YJIbTATOB,  OTHOCHTEIBHO  HEBBICOKAS  Pa3peliaromas
CHOCOOHOCTH [4, 5], FEHETHUECKHUE METOIBI THITUPOBAHUS B HACTOSILEE BPEMS 3aHSIIA
JOMUHUPYIOLIYO TO3WLMI0 B PEHICHAM PA3TUYHBIX 330a4 MHUKPOOHOJIOTUH W
SMUACMHUAOIOTHH [6].

BriGop moaxoasmero MeToga MOJIEKYJISPHOIO THUMMPOBAHMS CYLICCTBEHHO
3aBUCUT OT PEUICHHS NPOOJEMbl M SNUACMUOJIOIMYECKONH CUTyallud, B KOTOPOW
BbIOpaHHBIA METON OYJET MCIONB30BAThCS, a TAKXKE BPEMEHM M IeOrpapuuecKoro
macmraba €ro  ucnojib3oBaHus. CrleayeT OTMETHTh, 4YTO  MPEACTABUTENH
OMPEACTIEHHOrO BUAA MUKPOOPTraHW3MOB, BBI3bIBAIOLME 3a00JIEBAHUS Y YEIIOBEKA,
NPEACTABISIFOT €000 JOCTATOYHO TETEPOreHHOE COOOMIECTBO, MO3TOMY BaXKHO,
yroOBl METOM 00JaAa CHOCOOHOCTBIO THIMPOBAHUS BCEX MHUKPOOPTaHU3MOB
naHHoro Buaa [7]. OgHUM M3 KJIIOYEBBIX MMApPaMETPOB NpPH BHIOOpE METOAA
TUNUPOBAHUS ~ C  LENb0  M3YYCHHMs  BCOBIMICK — MHPEKUU  sSBIsETCS
JUCKPUMUHUPYIOIIAs ~ MOIIHOCTb,  IMO3BOJISIONIAs  MPOBOAUTH  HEOOXOOMMOE
PA3IMUYEHUE  DNUACMHUOJIOTHYECKA  CBSI3aHHBIX  M30JSTOB  OT  [ITAMMOB,
HEACCOLMMPOBAHHBIX CO BCHBIIIKOW. B waeanbHOM cllydae, METOA CyOBHIOBOTO
TUNUPOBAHUS JOJDKEH Pa3inyarhk ONMM3KOPOACTBEHHBIE [ITAMMBI, MO3BOJISASL BBISIBUTH
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NYTH U MEXAHU3MBI NIEPEIAYM MUKPOOPTAaHU3MOB B BOCIIPUMMYHMBON MOMYJISLUH, YTO
UMEET KJIIOYEBOC 3HAYCHHE MpPU Pa3pabOTKE CTPATErMM MO MPEAOTBPAILICHUIO
JAJTbHEHIIET0 TMCCEMUHUPOBAHUS MHPEKIIUH.

Takum oOpazom, Ha (¢QoHe OO0JBIIOr0 pa3HOOOpa3ust MOJICKYJISIPHO-
IFEHETUYECKUX METOJOB THUIIMPOBAHWS MHUKPOOPraHM3MOB, & TaK)KE HAKOIUICHHBIX
JAHHBIX, MOJIYYEHHBIX B PE3YJbTATE TUIMPOBAHMS, MPEIACTABISACT ONMPEACITICHHBIN
MHTEPEC MPOBECTA CPABHUTEIIBHBINA aHATN3 COBPEMEHHBIX METOJIOB BHYTPHUBHIOBOTO
TUNIUPOBAHUSI.

Heans ncciaenoBanus

CpaBHUTENIbHAS ~ OLICHKA  KOHKOPJAAHTHOCTH W JHUCKPUMUHUPYIOUICH
CHOCOOHOCTH COBPEMEHHBIX MOJEKYJISIPHO-TEHETHUYECKAX METOJ0B CYOBHIOBOIO
TUNUPOBAHUS MUKPOOPTraHU3MOB.

3agaum uccjie10BaHusA

1. ChopmupoBaTh MNPEACTABUTEIBHYIO KOJJIEKIMIO KIMHUYECKMX I[ITaMMOB
S.aureus, aHHOTUPOBATH W ONPEACIHTH YYBCTBUTEIBHOCTH K AHTUMUKPOOHBIM
npernaparaM, a TaKKe TMOIYYUTh TNOJHOTEHOMHBIE MJAHHBIE S.aureus, BKIKOYAs
uHdopmaio 0 Mecte U BpeMeHM u3ojsuuu, ucnoib3dys NCBI GenBank, NCBI
PubMed, Pathosystems Resource Integration Center — PATRIC 6a3b1 1aHHBIX.

2. [IpoBecTH BHYTPUBHIOBOC TUNUPOBAHUE KJIMHUYECKUX IITAMMOB S.qureus
metogamMu MLVA u Spa TMNMpOBaHuWs, a TaKXKe in Silico TANMPOBAHUE METOAAMM
MLST, spa, MVLST, MLVA, PFGE, ¢cgMLST, wgMLST u panGenome, ncnoyb3ys
NOJTHOTEHOMHBIE JAHHBIC S.qureus.

3. OllCHUTh  JTUCKPUMHHHMPYIOIIYK)  MOIIMHOCTh  METOJAOB  CyOBHIOBOIO
TUITAPOBAHUSA S.aureus MeTonoM CUMIICOHA.

4. OuUeHUTh KOHKOPJAHTHOCTh (COMIACOBAHHOCTH) MEXIY PpEe3yJibTaTaMu,
NOJYYEHHBIMHA PA3JIMYHBIMA METOJAMU THUIMPOBAHUS HA YPOBHE BHYTPHUBHIOBBIX
TUMOB U OJIM3KOPOACTBEHHBIX I'PYNI/KOMIUIEKCOB/KIIACTEPOB METOIOM Panna.

5. U3yunTh mMapameTphl, BIHAIOIMIAC HA TOKA3aTeIM KOHKOPAAHTHOCTH M
JUCKPUMHUHUPYIOIIEH  CIIOCOOHOCTM  METOAOB  BHYTPUBUAOBOIO  THUIMPOBAHHS
MUKDPOOPTraHU3MOB.

Hay4nast HOBH3HA

- Bnepseie B Kazaxcrane nmpoBeI€HO BHYTPUBUIOBOE TUITUPOBAHUE KOJUIEKLIMA
KIIMHAYECKHAX ITAaMMOB S.aureus meronamu MLVA u Spa, ¢ 1enbro onpeacieHus
pa3pelaroneii  MOIMHOCTH  K&KAOT0 METOJA M YPOBHS  COTJIACOBAHHOCTH
MOJIYYEHHBIX PE3YJIbTATOB.

- BnepBeie monyueHa CpaBHMTENbHAS OLEHKA 7 COBPEMEHHBIX MOJIEKYJISIPHO-
FeHETUYECKUX  METOAOB  TUNWPOBAHMS, BKJIKOYAs MOAXOAbl HA  OCHOBE
MTOJIHOTEHOMHOI'0 CEKBEHUPOBaHus, Takux kak cgMLST, wgMLST u panGenome, Ha
OONBIION KOJIEKIMU TEHOMOB (N = 4976), 4TO MO3BOJIAJIO PAHXKHPOBATH METOBI
BHYTPUBHJOBOIO THUIUPOBAHHUS MHKPOOPraHM3MOB MO  JUCKPUMHHHPYOIICH
CHOCOOHOCTH, a TaKXKE OLEHUTh TMOKAa3aTeNd COTJaCOBAHHOCTH PE3YJITATOB Ha
YPOBHE BHYTPUBHIOBBIX THIIOB M  OJNM3KOPOJICTBEHHBIX TPYMI/KOMIUIEKCOB
/KJTaCTEPOB.



- IlpoBeneHa KOMILIEKCHAs OLEHKA (PAKTOPOB, OKAa3bIBAKOIIMX BIUSHUE HAa
JUCKPUMHUHHPYIOIIYK) CIIOCOOHOCTh METOJA THUIHAPOBAHWS W KOHKOPAAHTHOCTH
PE3yJITATOB, NOJYYEHHBIX PA3HBIMA METOJAMHU TUITMPOBAHMS.

IIpakTHyeckas 3HAYUMOCTH

[TpoBeneHHBIE B JAMCCEPTALMOHHOW PAa0OTE€ MCCICAOBAHUS — PACIIUPSIOT
MPEACTABIICHUS O MPEUMYLIECTBAX U HEAOCTATKAX KAKIOr0 METOAA BHYTPUBUIOTO
TUNUPOBAHUS MUKPOOPraHU3MOB, MO3BOJISIS MPOBECTH AICKBATHBIM BBIOOP METOAA B
3aBUCMMOCTM  OT THUNA 334a4 MPAKTAYECKOrO0 3APABOOXPAHCHHMs, BKIIHOYAS
paccnea0BaHnE KaK JOKAIBHBIX BCIIBIIIEK, TAK U TTI00ATbHBIX SMUAEMUIA.

Buenpenust pe3yJibTaTOB B IPAKTHKY
[To pe3ynbraram JUCCEPTALMOHHOIO MCCIEAOBAHUS TMONYYEHO | CBHUAETENBCTBO O
rOCY/IapCTBEHHON PETMCTPALMM MPaB HAa 0O0BEKT aBTOpckoro mpasa (IIpuiioskeHue
A). Meroael pacueTa OLCHKM KOHKOPAAHTHOCTH M JUCKPUMHHHPYIOIICH
CHOCOOHOCTH  METOJOB THUIMPOBAHHWS MHUKPOOPIaHU3MOB, MCHOJB3YEMBIE B
JUCCEPTALIMOHHOM paboTe, BHEAPEHBI B yUeOHBIN Mpouece Kadeapbl MUKPOOHOJIOTHA
u  Kadeapsl MOJIGKYISPHOH OHOJIOrMM M MEAWLIMHCKOH TEeHETHKH. Meton
KJIaCTeEpU3allid  Spa THIOB B  OJIM3KOPOACTBEHHBIE BHYTPUBUIOBBIE T'PYIIIbI
CTa(UJIOKOKKOB BHEAPEH B JA0OpPATOpPUM KOJUICKTUBHOTO TmoJib3oBaHus KI'MY
(ITpunoxenue b).

OCHOBHBIE NOJIOKEHUSI AUCCEPTANNH, BBIHOCUMbIC HA 3ALIUTY

1. YpoBeHbp  pE3UCTEHTHOCTM  S.qureus, BBIAEICHHBIX B  LleHTpasibHO-
KazaxcTtaHckoM permoHe Kk makpojujaam (a3uTpOMUIUMH) cocTaBuil 25%. YPOBEHBb
ycToHYMBOCTH K LedanocnopuHam (ueda3onivH, HepakcuTtuH) otmedancs y 18%
U30JISITOB CTA(UIOKOKKOB. PE3UCTEHTHOCTh K OKCALIMJUTMHY HAOII0JAJIOCh HA YPOBHE
18%, o0OycnoBlIcHHAsT METULWIIMH-YCTOMUMBBIMA — [ITAMMaMH  CTaPHIOKOKKA
(MRSA), moaTBep:KI€HHAS UCCIICIOBAHUEM HA HAJIMUME MECA TeHA.

2. Knacrepubiii aHanu3 pe3ysabraroB Spa u MLVA TUnupoBaHW H30JISTOB
S.aureus yCTAaHOBWJ JOMHHMPOBAHWE [BYX KJIOHAJIBHBIX TIPYNI/KOMILICKCOB,
CTPYKTypa KOTOPBIX VYKAa3bIBAECT PETHOHAIBHYK) LUPKYISALUIO MPEACTABUTEICH
OINpEACTIEHHBIX BHYTPUBUAOBBIX rpynn. OOHapyxenHsie 002, t030, t008 Spa Tunsl
YKa3bIBAOT HA MPHHAIJIEKHOCTh K KIOHAIBHBIM TPYIIAaM/KOMIUIEKCAM S.aureus
rII00ATBHBIM AMUAEMAYECKUM PACTPOCTPAHCHUEM.

3. uckpumuHupyromas MomHocte MLVA 1 Spa MeTon0B, MONy4YeHHas pU
TUNUPOBAHWY KOJUIEKIIMN KIIMHUYECKUX ITAMMOB S.aureus (n = 98) Oblj1a HA YPOBHE
~ 90-92%. KOHKOPJAHTHOCTE PE3YJNBTATOB JABYX METONOB THIMPOBAHUS COCTABMUIIA
20,7% Ha ypoBHE BHYTPUBUIOBBIX THIOB U 86,2% Ha ypOBHE OJM3KOPOACTBEHHBIX
IPYyMI/KOMIIEKCOB.

4. In silico ananu3z 4976 MOJTHOTEHOMHBIX JAAHHBIX S.aureus onpeaeauna 100%
JUCKPUMHUHUPYIOILY10 crnocoOHocTh panGenome, wgMLST u c¢gMLST, 98%
MLVA, 92% MVLST, 90% Spa u 85,5% MLST MeTonoB TUNUPOBAHUS.
CoryiacoBaHHOCTE PE3YJBTATOB METOJOB THUNMUPOBAHMS HE mpeBeicuna 50% Ha
ypoBHE THUNOB, 3a uckimoueHueM cgMLST u wgMLST (85%). Ha ypoBHe
OJIM3KOPOJCTBEHHBIX  I'PYMI/KOMIUIEKCOB/KIACTEPOB  KOHKOPJAHTHOCTH — MEXKIY
JAHHBIMM TUIAPOBaHUs Oblla B JAMama3zoHe OT 66% a0 95%. HckmoueHue
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COCTABJISIET COINACOBAHHOCTH MexAy ML VA TunupoBaHueM U IPYTMMHA METOJAMHU
cyOBMI0BOTO TUNHPOBaHUs (39-61%).

5. TlapameTrpamu, BAMSIOMIMMHA HA JUCKPUMHHUPYIOIIYIO CHOCOOHOCTH CXEMBI
TUNUPOBAHUS, SBIISIFOTCS: KOJMYECTBO JIOKYCOB B CXEME THMHMPOBAHMS, NMOKA3ATEIN
MEXKIIOKYCHOH KOHKOPAAHTHOCTH M JUCKPUMHUHHMPYIOMIAs MOIIHOCTh KaXOOTrO
JOKyCa, BXOJSIIET0O B CXEMy THUNUPOBaHWs. Beayias pones B ONpeACHcHUH
pazpemaromei cnocoOOHOCTH MPUHAMIEKHUT MOKA3ATEN0 «KOJIMYECTBO MAPKEPOB» B
cxeMe TUMHpoBaHus. KOMIEKIHs MUKPOOPraHM3MOB, KOTOpas MOABEPIIIACH
BHYTPUBHJOBOMY THIHMPOBAHWIO, TAaKKEC OKA3bIBACT BIMSHUE HA TOKA3aTellb
CumrcoHa.

6. Bce aTansl K1aCTEpHOro aHAIM3a JAHHBIX THIIMPOBAHUS MUKPOOPraHU3MOB,
BKJIFOYass BBIOOp pacyera MaTpullbl TEHETHYECKMX JMCTAHLWNA, aIrOpuT™M
KJIACTEPU3ALMN C MOCTPOCHUEM JACHAPOrpaMMbl M TpaBuia (POPMHUPOBAHMS TPYIII
WIA 3HaueHue cut-off BAMSAIOT Ha TpyNNnUpPOBAHUE MHUKPOOPraHM3MOB M Kak
CJICICTBUE HA MOKA3areib KOHKOPAAHTHOCTH MEKIY Pe3ybTaTaMH BHYTPUBUIOBOIO
TUNUPOBAHUS MUKPOOPTraHU3MOB.

Cas13b ANCCEPTANNY € JPYTHMH HAYYHO-UCCAEA0BATEILCKAMHI padoTaMu

JluccepTans BBIMTOJIHATIACH Ha 0a3e 1abopaToOpHK KOJUIEKTHBHOTO MOJIb30BAHHMS
HUILL[ KI'MVY B pamkax Hay4YHO-HMCCIEAOBATEIBCKOrO MPOEKTa, (PMHAHCHUPYEMOTO
MOH PK «MHOroueHTpoBOE€  MCCIECIOBAHME  AHTUOMOTHKOPE3UCTEHTHOCTH
METULWIINH-YCTOWUYMBBIX  [ITAaMMOB  Staphylococcus aureus B 1leHTpaabHOM
Kazaxcraney (2012-2014) (Ne rocpeructpanmu 0112PK00812).

Anpobanust AUCCePTanuu

OCHOBHBIE  TOJOKEHUST M Pe3yabTarbl  padOThl  JOKIAABIBAINCH  HA
MexayHapoaHOH KOH(PEPEHIMH MOJIOABIX YUYEHBIX «MHUP HAyKM W MOJIOJEKD:
OOCTUKEeHHs M nepcnekTuBby, Kaparanna (Kazaxcran), 26 ¢gespans 2015 roga; 16
MeskayHapoaAHOM KOHTpecce no MHPEeKIMoHHbIM 3a00aeBanusM — [SID, Keint-Tayn
(FOAP), 2-5 anpens, 2014 roma;, 25 EBponeiickoM KOHIpecce KIMHUYECKON
MuKpoOuosiorui U nHPekMoHHbIX 3a0oneBanuii — ECCMID, Konenraren (/lanus),
25-28 anpens 2015 ropa; 7 MexXayHapoJHOM KOHIPECCE a3uaTCKO-THXOOKEAHCKOTO
oOuiectBa Mo nHPeKunoHHOMy KOHTposto — APSIC, Taii6si (TaiiBans), 26-29 mapra
2015 roma; XVII MexayHapoIHOM KOHIPECCE MO AHTUMUKPOOHOH Tepanuu —
MAKMAX (IACMAC), Mocksa (Poccust), 2022 mas 2015 r.; 17 MexxayHapoaHOM
KOHIpecce Mo MH(pEeKUMOHHBIM 3a0oneBanusm — ISID, XaiimapaGan (Mugus), 2-5
mapra 2016 ropma; bIM)KHE-BOCTOYHOM M KO’KHO-A3MATCKOM  KOHIPECCE TIO
SNUTCHETUKE M N'€HOMHMKE MH(PEKIMOHHBIX 3a0oneBanuii — Amman (Moppanus), 7-8
mapra 2016 roma; 26 EBponeickoM KOHrpecce KIMHWYECKOW MHUKPOOHMOJIOTMH W
uH(pekunoHHbIX 3aboneBannii — ECCMID, Amcrepaam (Hunepnanaer), 9-12 anpens
2016 roma; MexnyHapoaHOH KOH(PEPEHUMH MOJIOABIX YYEHbIX «MUp Hayku W
MOJIOJICKb. HOBBIE NIyTH pa3BuTusy, Kaparanna (Kazaxcran), 12 anpens 2016 rona;
XIX  MexnayHapoaHOH  MEOUMKO-OMOIOTMYECKOM  KOH(PEPEHUMH  MOJIOABIX
uccienoarencii « OyHaaMeHTallbHas HAyKa M KIMHAYECKAs MEAMIAHA — YETIOBEK U
ero 3mopoBbe», Cankr-llerepOypr (Poccust), 26 anpens, 2016, XVIII



MexayHapoAHOM KOHTpecce no aHTUMUKpoOHO# Tepannn — MAKMAX (IACMAC),
Mocksa (Poccust), 25-27 mas 2016 1.

[Ipenzanmra npoxXoauyia HA COBMECTHOM 3aCEJAHWM HAYYHO-IKCIIEPTHOMN
komuccun «Menuko-Ononornueckux Hayk», HUL[ KIMVY u xadenp cMeKHBIX
qucuuiuiiH KI'MY, mpotokost Ne 12 ot 17 urons 2016 rona.

HyOankanuu

[To marepuanam aucceptaiu onyOankoBaHo 42 padoT, B TOM YKCIIE TJ1aBbl B 2
cOOpHUKaAX MO Ja00paTOPHON AMArHOCTUKE, ONMYyOJMKOBAHHBIX M3AATEIBCKUM JJOMOM
Lambert (2015, 2016 rr.). B wu3naHusx, pekoMeHAOBaHHBIX KomureToM 10
KOHTPOJII0 B cepe oOpazoBaHus W HAyKW, ONyOJUKOBaHO 5 pabot. B uznanusx,
BXOMAUMX B 0a3dy nmaHHeIX Scopus w/wim Thomson Reuters omyOnukoBano 13
nyOnukanuii, B ToM 4uciae 6 crarbl UM 7 Te3ucCOB. [lonydeHO CBMAECTENBCTBO 00
UHTEUICKTYaIbHOM coOcTBeHHOCTH Ne 156 ot 07.04.2016 rona.

CTpykrypa u 00beM JUCCepTANNH

Huccepranus wu3noxkeHa Ha 117 cTpaHWmax, COCTOUT U3 BBEIACHUS, OCHOBHOM
YaCTH, 3AKIIFOYCHUS W CIHCKA WCIOJIb30BAHHBIX MCTOYHUKOB, BKJIHOYAKOMMX 228
CChUTOK Ha paboTel. B padorte coaepxkutcs 36 Tabmui u 48 pUCYHKOB U 2
PUTIOKEHUS.
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1 CTAHOBJIIEHUE MOJIEKYJIAPHOI SIHUAEMHUOJIOTHN KAK
HAYKH

ONUIEMUONOTUS — 3TO HAyKa O PACIPOCTPAHEHUU STUOJIOTHYECKH 3HAYMMBIX
arcHTOB 3a00JICBaHUI B BOCIPUUMYMBON nonyjsiuuu [8, 9]. Yike Ha paHHMX dTanax
BIMUAECMHUOJIOTHYECKMX HMCCIICIOBAHUI WCIOJMb30BAIA, HAPALY C KIIACCHYECKUMH
BMUAEMHUOJIOTHYECKUMHU TIOAXOJAMH, MOJIEKYJIIPHBIE METOJBI JOCTYIHBIE HA TOT
MOMEHT, KaK HalpuMep, ONPEACIICHUE TUTPA AHTUTENl B CBIBOPOTKE MALMEHTOB C
aentocnupo3oM [10] unM ypoBHS JIMMKAIOB MPH KAPAMOBACKYJISIPHBIX 3a00J1EBAHUSAX
[11]. JInme B moCneaHUE ACCATUIIETUS MOJIEKYJIIPHAS SMHACMUOJIOTHS TEpenuia B
CaMOCTOSITENIbHY IO 00JIaCTh UCCIICTOBAHMSI.

Bnepeeie  ynmomuHaHuss 00  MCIOJAB30BAHMM  METOIOB  MOJICKYJISIPHOH
SMUAEMUONIOTHA B JuTeparype otHocarcs kK 1970-80 romam [12-14]. 310
OPEICTABIUIO COOOKH KOMOMHALIMIO «CIOXKHBIX» W «IPOJBHHYTHIX» JTA0OPAaTOPHBIX
METOAOB C TPAAULMOHHBIMUA 3MUACMHUOJOTMYECKUMHU METOAAMU MCCIaeA0BaHus [12,
¢.480; 14, ¢.590]. Crasio 04eBUAHBIM, YTO TAKOW MOAXO UMEET PsiA NPEUMYILECTB B
SNUACMHOJIOTMYECKAX UCCIICIOBAHUSX, YTO MOATBEPKAACTCA BCE OOJIBIIMM YUCIIOM
paboT ¢  HCHOOJIB30BAHMEM  MOJICKYJISPHO-3MUACMUOIIOTUYECKUX  MOIXOA0B
[13, 15, 16].

B OTHOWmIEHWM TEPMHUHOJIOIMM, A0 CHX IMOP B JUTEPATYPE HET EOUHOIO
OMPEACIICHUS «MONEKyIsipHas >nuaeMuonorusy [17]. Knaccuueckum onpenencHuem
CUMTAETCs BapWaHT, NpeioxkeHHbH LleHTpom mo KonTpomo 3a 3aboneBaHusMU
(Center for Disease Control — CDC, Atnanta, 1994), B KOTOPOM «MOJIEKYJISIpHAs
SOUACMHOJIOTHSY  TMPEACTABIAET  COOOM  «...HCIOJIB30BAHME  PA3TMYHBIX
OMOXMMHYECKAX W MOJICKYJISIPHBIX METOAOB B THUNMPOBAHUU W CYyOTHIIMPOBAHHUU
MIATOTEHOB»,  MPECHEAYIOWAs  JOCTaTOYHO  NPOCTYK  LEAb —  BHUIOBYHO
UACHTA(PHUKALINIO C MOCJIE Y FOLLIUM BHYTPUBHUIOBBIM TUITMPOBAHUEM
MUKPOOPraHu3Ma Ha OCHOBE METOJIOB, MPEVIOKEHHBIX OMOXUMHUEH W MOJIEKYJIIPHOM
Ouonorvei.  ODBONIOLMS  MOHUMAHUS  JOCTAaTOYHO  MOJONOM, HO  AKTHBHO
Pa3BUBAOILECHCA AUCLMUIUIAHBL «MOJIEKYJISIPHAS SIUIACMHUOJIOTHS» HA PA3NMYHBIX
ATanax pa3BUTHS HAYKH MPeacTaBicHa B Tadnuue 1.

B ompeneneHue  «MOJIEKYJSpHAs — OSMHMACMHOIOTUS»  BKIIFOYEH  TEPMHUH
«MOJIEKYJISIPDHBI», TIOJ KOTOPBIM TOAPA3yMEBACTCS HCIOJIB30BAHUE METOIOB
MOJIEKYJISIPHOM OHMOJIOTUM € LETBbI0 JETEKUMW MOJEKYJ HYKJIEHMHOBBIX KHCIOT W
AMUHOKHMCIIOT U WX OLCHKH, M «3NUIACMHUOJIOTHSY, U3YyYarOas BO3HUKHOBEHHUE WU
pacnpocTpaHeHre (PaKTOPOB, ACCOLMMPOBAHHBIX C 3a00JIEBAHWMEM B TOMYJISLUA
moaci. OTIMYUTEN HOW OCOOCHHOCTBEO MOJICKYJISIPHON SNUACMUOJIOTHA SBISETCS
UHTETpalys ToKa3arelcd OMOMAapKEpOB C METOAAMM  3MUAEMHOJOTHYECKOTO
WCCIICIOBAHMS UIsl YTOUHEHWS IMArHo3a 3a00JIEBaHMWs, YCTAHOBJICHUS (DAaKTOPOB
BO3JICHCTBHSI, ICTEKIINS MAPKEPOB BOCIIPUMMUYMBOCTH K 3a00seBanuto [27, 28].

TeXHOIOTHYECKUE MPOPHIBBL B MOJIEKYJISIPHOM OMOJIOTMM M TEHETHKE BHECIH
3HAUMTENIbHBI BKJIAQJ B MHTErPALMI0 Ja0OPATOPHBIX METOJOB B COBPEMECHHBIE
MOJIEKYJIIPHO-3MTHIEMHAOTIOTUYECKME UCCIIETOBAHHS.
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Tabmuna 1 — IIpemioKeHHBIE ONPEACICHHAS «MOJICKYJISPHAS SMHIEMUOJIOTUS» B
Pa3IMYHbIE IEPUO/IBI CTAHOBIIEHUS KAK CAMOCTOSTENIbHON TUCLMILIAHBI

Onpenenexue I'og ABTOp Ccpuika
«IIpumeHenne CHOXKHBIX METO/I0B B | 1977 | HigginsonJ. |[12]
SMMIEMHOJIOTHYECKOM HCCIEA0BAHUM OHOIOTHYECKOTO

matepuanay (C.463)

«MomnekynsapHas 3MHAEMHOIOTHS — Hayka, B Kotopol | 1993 | Schulte P.A. | [18]
HCTIONB3YIOTCA OHOIOTHYECKHE MApKEePhl WIIH TMPOBOIAT
OHMOJIOTHYECKHE M3MEPEHUS B SMHMIECMHUOJIOTHYECKUX
nccneaoanuax» (C.13)

«[IpumeneHre MONEKyISIpHOW Omonoruu ans usydeHws | 1994 | Tompkins [19]
SMUACMHOTOTHH WH(MEKIMOHHBIX 3a00meBanuiy. (C.65) L.S.
«Hcmonp30BaHWe  MOJEKYIHIPHBIX ~ OnoMapkepoB B | 1994 | McMichael [20]
stuaemuoioruny (C.5) Al
«MonexkyIApHO-3MUIEMUONIOTHYECKOE  UccaeaoBanue | 1995 | Groopman [21]
MPEANONaracT BBISIBIICHHUE BO3JECUCTBUA J1.D.,,
MPEONaracMoT0  BO3OYAMTENT C  TMOCJICTYIOITHM Kensler T.W.,
onomorndeckuM 3QPEeKTOM B TPYTIIIE 0COOEH, BXOIIAMMX Links J.M.

B nomyysiuioy (C. 763)

«AHanM3 HyKJIEHHOBBIX KHCJIOT U O€NKOB TipH u3ydyeHnn | 1996 | Hall A [22]
300pOBbsS U 3a00JIEBAHUN B YEIIOBEUECKOHN TOIYIIALIAN

(C.407)

«MonekynsapHas SMUAEMHUOTIOTUA ucnons3yet | 1997 | Shpilberg O., | [23]
MOJIEKYIJIIPHBIE TIOAXO/BI IJIS OTIPEAEIIEHUS 3200 BAaHUA Dorman J.S.,

U €ero JOKIMHUYECKHX  COCTOSSHUM C  LENBIO Ferrell R.E.
KOJIMYECTBEHHOW OLEHKH BO3JACHUCTBUA W PAHHETO U JIp.

ononorudeckoro 3¢dekra, a TaKKe HAIHYHAE TECHOB
BocipuumMumrBoCcTI» (C.633)

«K MPaKTHYECKAM 3agayam MonekysapHou | 1999 | Levin B.R., [24]
SIMUIEMHUAOTIOTHHA OTHOCSTCH: BBISIBJICHHE Lipsitch M.,
MHUKPOTIAPA3UTOB, OTBETCTBEHHBIX 3a WH(EKIIHOHHBIE Bonhoeffer S.
3a00JICBaHHASA, oTipeieIICHHE WCTOYHHUKOB,

OHMOJIOTHYECKHE B3aUMOOTHOIICHHUA M TyTH TIEPEAaYH, a
Takke TEHBI, OTBETCTBEHHBIE 33 BHUPYJICHTHOCTB,
AHTUTEHHOCTh M PE3UCTCHTHOCTh K JIEKAPCTBEHHBIM
npemnaparam» (C.806)

«MonekynsapHas SNHACMHONOTHS BKouaeT B cebs | 2000 | Boffetta P. [25]
SMHUIEMUOJIOTHYECKHE  WCCIIEAOBAHUA, B  KOTOPBIX
(dakTopel  PUCKA, HWCXOMABI, BIWMOMUE  (PAKTOPHI
H3MEPSFOTCS ¢ TOMOIIBI0 OnoMapkeposy (C.448)

«MonekynapHas SMHASMHONOTHA  ABIsAETCS  ochio, | 2011 | Schulte P. A., | [26]

KOTOpast OOBEIUHAET 3HAHUA MOJIEKYIIAPHOTO YPOBHA M Rothman N.,

MOHUMAaHKE OOJIE3HH HA TTOMYISTHOHHOM ypoBHE» (C. 1) Hainaut P.,
Smith M. T.,
Boffetta P.,
Perera F. P.
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BxiroueHHe MOJIEKYISPHBIX HHCTPYMEHTOB B 3MTUACMHOJIOTHIO MH()EKIIMOHHBIX
3a00JICBaHM TPHUBENO K BO3MOXKHOCTH O0JI€€ TOYHO OMMCHIBATH T€HETUYECKYIO
W3MECHUYMBOCTh NATOTEHOB M OLICHUTh B3aMMOCBA3b 3TOM HM3MEHUYMBOCTH C
pacrpocTpaHeHHMeM HMH(EeKIMM U pasBuTheM 3aloneBaHus. Vcnonb3oBaHue
OMOMapKEpPOB B JSNUACMHOJIOTHYECKAX HCCIEIOBAHUAX A00ABISIET YBEPEHHOCT,
TOYHOCTh W CHEUM(PUYHOCTH B JU3alHE MCCIACAOBAHMSA NyTeM OO0JiEe TOYHOrO
YCTAHOBJICHHSI KaK 3a00JICBaHUs, TaK U BO3JCHCTBYHOLIErO (pakropa [28].

HecmoTps Ha TO, 4TO Ha HAYAIBLHOM 3Tarne MOJICKYJISPHOH 3MUAEMHUOJOTHA
UCMOJBb30BAIUCh  MUMMYHOJIOTHYECKAE W OMOXMMHMYECKHE METOABI C  LEIBIO
IMQPQPEPEHIMPOBKM  TATOTEHHBIX ~ MUKPOOPraHU3MOB, COBPEMEHHBIE  METOJBI,
OCHOBAHHBIC HA JOCTHKCHHUSX B TEHOMHOM TEXHOJOTHH, MO3BOIWIN 0O0JEE TOYHO U
JETAJIbHO OLICHWBATh IMATOTCHOB, A TAKXKE AQHAIM3APOBATh NYTH HMX MEPEAAYM B
BOCHPUUMYMBOM  monyysinuu  [29]. MOJEKyJISIPHO-TEHETUYECKUE  TIOIXOJIbI
00eCneunBaOT CNOCcO0 ONMUCAaHWsT MHUKPOOPraHW3MOB HA BHYTPUBHIOBOM YPOBHE
NyTEM  ONPEACTCHUS VHUKAIBHBIX CTPYKTYpP B  MOJIEKYJaX, TaKMX Kak
NOBEPXHOCTHBIC OEJIKH, WM BBISBICHUS YHHKAIBHBIX N€HETMYECKHX W3MCHCHUN B
JJHK w/unu PHK, Ha OCHOBaHMM KOTOPBIX MNPOU3BOJAMTCS YCTAHOBJICHHUE
B3aMMOCBS3M M30JATOB BHYTpU BHaa [30]. CoBpeMEHHbIE AOCTHXKECHUs B 00NacTh
TEeHETUYECKOr0 aHAIM3a MO3BOJISIOT MPOBOIUThE PA3IUUME MEXKIY OPraHu3MaMu Ha
YPOBHE T€HOB/TEHOMOB, UACHTU(DULMPOBATh U3MEHEHHYIO CTPYKTYPY WM (DyHKIUIO
KaK B [ATOM€HE, TaK W B BOCIOPUMMYKABOM OPraHU3ME, 4YTO [MO3BOJISIET
UACHTU(PUIMPOBATh JIMLIA C HauOONbIICH BOCHPHAMYMBOCTBIO K 3a00JICBAHMSIM.
Tekymas npakThKa XpaHEHUs U OOMEHA JAHHBIMHA F€HETHYECKOrO aHAIM3a B BHUJIE
NOCTIEA0BATENBHOCTEN TEHOB/TEHOMOB B JOCTYIHBIX 0a3ax AAHHBIX, Takux kak NCBI
GenBank [31], European Nucleotide Archive (ENA) [32], DNA Data Bank of Japan
(DDBJ) [33] NOBBICKJIO NOTCHIAAT MOJICKYJISPHON SNUACMHUOJOTHHA U TTPEI0CTABUIIO
YHUKQJIBHBI TMOAXOA B COBMECTHOM HCIIOJIB30BAHMM W ONUCAHUHU TJOOAIBHOM
ANUACMHOJIOTMH [ITAMMOB MATOT€HHBIX MUKPOOPraHU3MOB.

1.1 Posib MoJIeKyISIpHO-T€HETHYECKHUX METOA0B B 3MUAEMHOJIOTHH

Ha Texymmii MOMEHT CYIIECTBYET MHOKECTBO MOJICKYJISIPHO-TEHETHICCKIX
NOJX0/0B, KOTOPBIE OTJAMYAIOTCS MO MPUHIIMITY METOJA U MOJIEKYJISIPHOMY OOBEKTY
uccnenosanus (JIHK, PHK, Genkn unm merabonutsl). Tun uHpopManuu, KOTOPYIO
MOKHO TOYEPIHYTh TakKe Bapbupyercs. OJHU TECThl MO3BOJISIIOT OOHAPY)KUTH
TEKYIIEE COCTOSHHME (HAJIMUYME/OTCYTCTBHE) MOJICKYJISIPHOIO MapkKepa, Jpyrue
METOABl  OLICHMBAIOT  Bapualuio JUOO B  MPOCTPAHCTBEHHON  CTPYKTYpe
MOJIEKYJITPHOM MHUIIEHU, JUOO B MOCJIEAOBATEILHOCTH TE€HETUYECKOrO MapKepa.
MeToI0IOTUYECKHUE  TOAXOAbl B THUIOMPOBAHWUM  TAKXKE  Pa3IMYalOTCs  TI0
JOCTOBEPHOCTH, HAJIC)KHOCTH, CTOMMOCTH M BO3MOKHOCTBIO 00ECHEUEHUSI BBICOKOM
IPONYCKHOW CTOCOOHOCTH.

[TpuHIMOHATEHOH OCOOCHHOCTBIO B OMPEICICHUM BUIOBON MPUHAAJIEKHOCTH
NaTOreHOB Ha OCHOBE MOJIEKYJISIPHO-T€HETUUYECKUX METO/OB SIBJSIETCS OTCYTCTBHE
3aBUCHUMOCTH OT KYJbTYPaJIbHBIX CBOMCTB Ha MHUTATENbHBIX cpeaaxX. JlocTaTouHo
HAJIMYUE CJICIOBBIX KOHIEHTpALMid HYKJIEMHOBBIX KUCIOT B oOpasue yis
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YCTAHOBJICHHSI KaK POJIOBOM, Tak U BUJIOBOH XapaKTEPUCTUKA MUKPOOPraHu3mMa. OTo
MO3BOJISIET OMKMCAaTh M MPOAHAIU3UPOBATH HE TOJIBKO HAIMYUE WM OTCYTCTBUE
MAaTOTCHOB B CpEJI€, HO W B3aUMOOTHOIICHHUS C JAPYTHUMH MPEICTABUTEISIMU
MUKPOOPraHu3MOB. MMEHHO METAareHOMHBIE WCCIICIOBAHUS, 1EIbI0 KOTOPBIX
SBJISICTCS M3YUYEHUE BCEX TCHOMOB B KOHKPETHOW cpeae uiau o0pas3le, U3MEHUIU
Halle NPEICTaBICHUE O BO3MOKHOM OOWTAaHWHA MUKPOOPraHU3MOB B TOM WJIM MHOM
OMOTOME, SKOTOIE, a TAKXKE UX B3aUMOACUCTBUS B acconanuu [34, 35].

3a1aun  SOUACMHUOJOTHYECCKUX HCCICIOBAHUMN, BKIIOYAs MPEANOJIONKEHUS U
MPOBEPKY TUIIOTE3bI, & TAKIKE OMUCAHUE U PACCIICIOBAHUE DIUACMUYCCKUX BCIBIIICK,
JOMOJHSIOTCS W YCWIMBAKOTCS  MOJIEKYJISIPHO-TEHETUUYECKUMU  METOJAMHU
UCCIICIOBAHMSI. DMUAEMUOJIOTHYECKUE UCCIEA0OBAHUS 110 U3YUYEHUIO 3aKOHOMEPHOCTH
BO3HMKHOBEHUS M PpacHpoCTpaHECHW 3a00JicBaHWl B MOMYJISIUM  JIOJEH C
UCIOJIb30BAHUEM COBPEMEHHBIX JIAOOPATOPHBIX METOAOB JAMATHOCTUKHA CHOCOOHBI
CBOCBPEMEHHO  BBISIBUTh  BO3HUKAKOUIYID  yrpo3y  Juisl  OOIIECTBEHHOIO
3IPaBOOXPAHEHUS, YCTAHOBUTh 3THOJIOTMYECKOTO areHTa SMUAEMUYECKOr0 poLecca
[36, 37], 4TO B CBOKO OUEPEAD, MO3BOJUT pa3padoTaTh 3P(HEKTUBHBIE CTPATETHYECCKUE
MOJXO/Abl B TPO(PUITAKTHKE.

COBpEMEHHBIE MOJIEKYJISIPHBIE METOJBI BBIMOIHSAIOT BAKHYIO POJb HA BCEX
ATanax SMUJEMUYECKOrO UCCIEA0BAHUS - OyJb TO MECTO M BPEMsI BO3HUKHOBCHUS
SMUJEMUYECKOTO COOBITHS, ATHOJOTUYECKHANA (PAKTOp WM BOCHPUUMYMBOEC JIUIIO
(tabmuua 2).

Ta6n1/1ua 2 — Ponb MCTOAOB BHYTPUBHUAOBOI'O TUIIMPOBAHUA B 3ITMACMHOJIOTHYCCKUX
HUCCIICA0OBAHUAX

Mecto u Bpemsi | e BO3MOXHOCTb HIEHTU(UKAINU pe3epByapa MH(PEKINN BCIEACTBUE
SMUEMUYECKOTO BBICOKOU 4yBCTBUTEIBHOCTH MOJIEKYJIIPHBIX METOOB.
npouecca ¢ BO3MOXXHOCTb YTOUHEHHS JIOKAJIU3ALUU SMHIEMUYECKOrO IIpoLecca

3a CUeT YJYYIIEHHOW AEeTeKUMU HMH(PUIMPOBAHHBIX JIML, BKIOYAS
Jvna ¢ CyOKJIMHIYECKUM MPOSIBIIEHUEM WH(PEKIIIH.

e bosee TO4YHOE omnpeneneHue BPEMEHH OKCIO3ULHUM BO3AEHCTBUS
3THOJIOTUYECKOrO areHTa.

e BO3MOXHOCTH TECTHPOBaHHs O0pa3lOB TOCIE JAJIUTEIBHOTO
XPaHEHMsI, YTO IO3BOJHUT OMNPEAETUTh TEHACHLUIO HHPEKUHUH BO

BPEMEHH.
e Y CTaHOBJEHUE NEPBOUCTOYHUKA.
DTHONOTUYECKUH e BO3MOXHOCTB NPOCIEIUTH MPOUCXOKACHUE MUKPOOPTaHU3MOB.
arcHT e BO3MOXHOCTb  YCTAHOBJIEHUsI  TPOUCXOXKIEHUS  TE€HOB, B

OCOOEHHOCTH, AaCCOLMHUPOBAHHBIX C TpPaHCMHUCCHEH (aKTOPOB
PE3UCTEHTHOCTH U BUPYJIEHTHOCTH.

e Jlerekuusi MEXaHW3MOB II€pedaud TIeHETHYeCKHX  (PaKTOpOB
MATOr€HHOCTH, BUPYJEHTHOCTH U PE3UCTEHTHOCTH.

Bocnpunmunsoe nuio e YCTaHOBIIECHHE FE€HETHYECKHUX MapKepoB, CBsI3aHHBIX C
BOCIIPUIMYHBOCTBIO K MH()EKIIHH.

e IlpoBeneHue OLCHKM OTBETHOM pEaKLUM XO3sMHA HAa BHEIPEHHUE
UH(EKIIMOHHOTO areHTa, Ha OCHOBAaHUH ONPEACICHHUs YPOBHS
MEJUATOPOB OTBETHOMN PEaKL1U.
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1.2 IlpusoxeHust MOJIEKYJISIPHOI 31HAEMHOJIOTHH

Kontpoas 3a numeBbiMU (TOKCHKO)HHPeKIHIMU. OIHUM U3 TPUIOKEHUR
MOJIEKYJISIPHOM ~ SOMACMHOJIOTMHM  SIBJIIETCS  CO3AHUE  CETH  JTabopaTtopuid
oOmecTBeHHOTO 3apaBooxpaneHust (PulseNet), koopamampyemoit lleHTpom 10
KOHTPOJIFO U MPOQUIaKTUKE 3a00JICBaHHNA, LENBI0 KOTOPOH SBISETCS KOHTPOJb 3a
NUIIECBBIMU  (TOKCHKO )MH(peKkimsiMu  [38]. OCHOBHBIM METOAOM  CyOBHJIOBOTO
TUMTAPOBAHUSI MTATOTEHOB SIBJIICTCS MyJibC-TeNb 2iekTpodopeszom (I11'3) Ha ocHOBeE
KOTOPOTO  MOJIYYAOT TEHETHYECKUE  (UHTEPOPHHTHI  (NIEKTPOPOPETHUECKUAE
NaTTepHbl) OOJIC3HETBOPHBIX OAaKTEpWH, BBIACICHHBIX OT JIOACH C MHLIEBOM
(Tokcuko)uHpekuued. Bce  pe3ynpTaThl  MydbC-relb  AJNEKTPO(OPETUUECCKOTO
TUNUPOBAHUSL COXPAHSIOTCS B 0a3e JaHHBIX, JOCTYMHON AJIs AAJbHEHIIEr0 aHAIN3a,
HA OCHOBAHWM KOTOPBIX MOXXHO TPYNIUPOBATH MATOTEHbI B Pa3jMYHbIC KIaCTEPhI
UCXOAS U3 BPEMEHHBIX M reorpauuecKux AAHHBIX, YTO B CBOK) OYEPEIb MO3BOJIAT
OINPEACTUTh UCTOUHUK HHPeKInK [38, ¢.22].

I'eorpagpuueckoe  pacnpocTpaHeHue  HHQEKUHOHHBIX  3a00JIeBaHUIi.
OCHOBHBIM ~ BOMPOCOM, BO3HMKAKOIIMM HA PaHHUX JTanax MCCIACIOBAHUS
IMOTCHIIUAJILHOW BCIBIIIKA, ABJISECTCS HATUYME BO3MOYKHOW JMUIAEMHUYECKON CBS3H
HAOMOJAEMBIX 3a00JIEBAaHUN B JTAHHOM PETMOHE CO CIy4YasMU, BO3HUKIIUMHU B
Apyrux reorpaguueckux paiioHax. OnNpeaesneHue CTeneHu reorpaduiyeckoro
PacCMpOCTPAHEHHsT ANUACMUYECKA-3HAYMMBIX KJIIOHAIBHBIX TPYMI W CTENECHb WX
POJACTBA SIBJISIETCA BAKHBIM aCIMEKTOM MOJIEKYJIIPHOM snuaeMuonorun. Kpome Toro,
HAOFOJAEMBIEC CITydyal MOTYT HE OTHOCHUTHCS K JMHIAEMHUOJOTMYECKOMY MPOLECCY,
ABJISSICH OTACIIBHBIMUA WM ' CIIOPAAMYECKUMU" CaydassMH. J[aHHBIA aCIEKT MOMXKET
OBITh TAKXKE Pa3PELICH C MOMOIIBI0 MOJIEKYJISPHO-TEHETHYECKUX TOAX010B [39, 40].

AlikemOaeB u Ap. B cBoed padore [41] wucnonws3zoBaim MLVA u SNP
TUNUPOBAHUE IITaMMOB B.anthracis ¢ 1enbro ONMucaHus TeHETUYECKUX Mpoduiei, a
TAK)KE BBISBICHAC JOMHMHAHTHBIX KIOHAJIBHBIX TPyNNn M KX Treorpaduueckoe
pacnpoctpanenue Ha tepputopuu  Kasaxcrama. Ha  OCHOBaHMM — JTaHHBIX
TEHETUYECKOr0 aHAIM3a, MCCIEA0BATENSIM YAAIOCh YCTAHOBUTH TE€HEATOTHUYECKYIO
CBsI3b Ka3axCTaHCKUX mTaMMOB B.anthracis ¢ eBponeiickoii reHeTHUECKON JTMHUEH.

PacnpocrpaneHue uH(PEKHHOHHOIO mpouecca BO BpeMeHH. J[aHHBIE ©
BO3HMKHOBECHUM M PACOPOCTPAHCHWHM WH(PEKIMOHHBIX 3a00JIEBaHUI BO BPEMEHHU
SBJIIFOTCS  KJIFOUEBBIM 3HAHMEM, HAa OCHOBE KOTOpPOro Oynaer (HhopMHUpPOBATHCS
npeacTaBicHue 00 WH(MEKIHOHHBIX 3a00JIEBAHUSAX, BBI3BAHHBIX TEM WM WHBIM
NAaTOTCHOM B YEJIOBEUYECKOHW MOMYJSLMH C TOYKA 3PECHUS HCTOPHH, A TAaKXKe
SBOJIIOIMKA WH(EKIMOHHBIX Aar€HTOB W HMX HM3MEHEHWI B OTBET HA CEJIEKTMBHOE
nasieHue. JlaHHas wHQOpPManKs B COBOKYNHOCTM C TOHMMAaHHEM 00 YPOBHE
nosimMop(pu3Ma(oB) W CKOPOCTH MyTalui SBJSECTCS KJIKOYEBBIM MOMEHTOM B
NOHAMAHWM MEXAHM3MOB BO3HMKHOBECHHsI YCTOMYMBOCTH MHKPOOPraHHM3Ma, YTO
SBJIICTCS B CBOK OYEpEnb IICHHOW WH(pOpManumen, Kacatouieiics pa3padOTKu
CTPaTEruy BaKLIMHALMW W/WIH pa3pabOTKX HOBBIX aHTUOAKTEPUATBHBIX MPENAPATOB.

['pynna uccnenoparenei noa pykooacreoMm Feikin m ap. [42] nokazana, 4ro 3a
nepuon  1928-2008 rr. B CHIA  HaOmoAacTcss  ANUIAEMHUOJIOTHYECKOE
pacnpoCTpaHEHUE MHEBMOKOKKOBOM MH(EKIIMK ¢ OOIICH TCHACHIUEH HA YBETUYCHUE
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3a005IcBacMOCTH. B TOke Bpemsi, aBTOpaMU OTMEYACTCS CBS3b CHIKCHUS YPOBHS
3a00JICBACMOCTH  JTAHHOW  WH(pEKUMEH ¢  BBEACHUEM  CYJIb(aHHIAMUIHBIX
aHTUOMOTHKOB B 1936 roy v mocCIeayOmWEro BBEACHUS NeHNMnHA [42, ¢.551].

Mexanusm nepegaun uH@pexkuuid. MeToabl, UCIONB3YEMBIE MOJIEKYJISPHON
SNUACMHOJIOTHEH, TO3BOJIIFOT YCTAHOBUTH MEXAHU3M TMEPEAAUl HHPEKIUH, a TAKKE
OMpPEACTUTh JOJEBOC COOTHOLICHWE WH(MEKIMA, BBI3BAHHBIX ONPEACICHHBIMA
TUNIAMU W/ WU KIOHATBHBIMM KOMIUIEKCAMH MHKPOOPraHu3MoB. [Ipumepom, TOro
KaK Ha MpakTUKEe OBUI0O MPOBEICHO pAaCCICIOBAHME MEXaHW3Ma Tepeaadn
WH(QEKIMOHHOIO arcHTa, SBISETCS paboTa TPYyMIbl  MCCAEAOBATENCH MOA
PYKOBOACTBOM  XOJIMCAa MO  M3YYCHHIO  BHYTPUOOJBHWUYHON  BCIBILIKH,
acconmupoBanHoii ¢ Burkholderia cepacia [43]. JlaHHBIA NATOreH W3BECTEH Kak
ATUOJIOTUYECKHI (PaKTOp KHUCTO3HOrO (prdpo3a MHPEKIMOHHON MPUPOIbI, UMEIOIINHA,
KaK MpaBWJIo, OOLIETO MCTOYHWMKA BHYTPUOOIBHUYHBIX BCHBIMIEK. bplia mokasana
CB3b BO3HWUKHOBEHHUS BHYTPHOOJIbHWYHOH BCHBIIIKM CPEAM NALMECHTOB 0€3
KACTO3HOro (pubpo3a, CBA3aHHAs C OOMMM WCTOYHUKOM. KmeHHo, Omaromaps
METOJAM BHYTPUBHIOBOTO TUnMpoBanus, TakuM Kak RFLP w PFGE Xonmc u np.
CMOIJIM ONPENEIUTh THN B. cepacia U yCTaHOBUTH NMYTh MEPEAAYX JAHHOTO arcHTa
MEXKIY NalMEHTaMU ¢ KUCTO3HBIM (pUOpPO30M M 0€3 KUCTO3HOTrO (prudpo3a B YCIOBHIX
cranuoHnapa [43, ¢.1200].

Ho3zoxomMunanbubie uHpexknuu. MONEKYISIPHO-TEHETUYECKUE WHCTPYMEHTHI
MOJIEKYJISIPHOM ~ SMHUAEMUOJIOTUM  TO3BOJISIFOT  NPOBOJWUTH  PACCIICAOBAHHS
BHYTPUOOJIBHUYHBIX BCIIBILICK, ONPEAEsIsl HCTOYHUK MHPEKIMOHHOTO TPOLECCA, UYTO
UMEET KIIFOUYEBOEC 3HAUEHWE MPU PETHCTPALMHM YBEIMYCHUE KOJMYECTBA CIIyYacB
WH(pEKIMOHHBIX 3a0oneBanuii. MHpopmanus 00 MCTOYHUKE WHPEKUUNA TMMO3BOJIHT
OTPEACITUTh npo(UIaKTUIECKHE MEPONPUSITHS VTS NPEIOTBPALLCHHS
BO3HUKHOBCHUSl  JIOTIOJTHUTEIBHBIX  CIY4acB  HMH(PEKIUOHHBIX  3a00JCBaHMIA.
[Tpumepom TOro kak Oblila pacciaenoBaHa BHYTPUOOJIBHUYHAS BCIBIIIKA, BbI3BAHHAS
Enterobacter cloacae B Kamnunace (bpasunus), sensercs padora Tresoldi A T. u ap.
[44], korga ¢ MOMOIIBID MYJILC-TEb 3JICKTPodope3a MCCIeIOBATENN TMO3BOJIAIN
UACHTU(PUIMPOBATh KIOHAJIBHYIO CTPYKTYPY M YCTAHOBUTb MCTOYHMK HMH(EKIWH.
['eneTnuecknii Tpouiab M30JATOB, BBIACIEHHBIX OT HOBOPOKICHHBIX ObLI
uacHtnueH ¢ PFGE npodunem mTaMMOB MUKpPOOPraHW3MOB, BBIICICHHBIX W3
pacTBopa Ui NAPEHTEPAILHOTO MUTAHUs JJIi HOBOPOKIEHHBIX, OMPEACTUB €r0 B
KAaueCTBE CTOYHUKA HH(PULIMPOBAHMSI.

JuHamMuka WHQEKUHOHHOr0 mnpouecca. MoJekyspHas JSIUAASMUOIOTUS
UMEET pPEIIAIICe 3HAYCHUE B TMOHUMAHWUM JUHAMUKKA  PacHpOCTPAHCHUS
WH(QEKIMOHHBIX ~ Oose3Heil. bmaromaps maHHOW  WHpOpPMAnUM  TOSBISETCS
BO3MOKHOCTh  pa3zpaborarh H((EKTUBHYK) CTPATETHI0 MO NPEAYNPEKICHUIO
pacnpocTpaHeHusi MH(PEKIMOHHOTO Tpouecca. Jns ocymecTtBieHus 3(h(HEKTUBHBIX
MEP  NPOPUIAKTHKM,  HEOOXOAMMO  ONPEACIIATh  MEXaHWU3M  [Epeaayd,
NaTOTCHHOCTL/BUPYJIEHTHOCTh WH(EKIIHOHHOTO arcHTa, NOTCHLIAAIBHBIE
BOCIIPUMMYMBBIC JILA, PE3€PBYapbl BO30yauTens. IMEHHO Ha JaHHOW MH(pOpPMALK
OyAyT BBICTPAMBATBCS 3Talbl MPOPUIAKTUYECKOTO KOHTPOJIS HHPEKIMOHHOTO
3a0oneBanus. Pojab MOJEKYISIPHO-TEHETHUYECKUX TEXHOJOTMI KpaiiHe BaKHA B
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ONPEACIICHUH TUHAMHUKM NIEPENAYM TEX WM UHBIX BHYTPUBUIOBBIX TPYMI, KOTOPBIE
NO3BOJIIIOT 0OJIEE TOYHO M TOHKO MNPOBOAWTH AUPPEPEHUMPOBKY KIMHUYECKUX
u30iTOB. OJHUM W3 TEPBbIX W HAUOOJIEE MOMYJISIPHBIX METOAOB THITMPOBAHMS,
MIPUMEHIEMOT0 B DIUAJAEMHUOJIOTHYECKAX HccienoBaHusax sisicsa [1IJIPD Ha ocHoBe
ananu3a [S6110 [45, 46].

Hccnenosanue, mnposeneHHoe B IOxHoi  Kopee, rae oueHuBanach
NOMYJISIMMOHHAsA CTpykTypa M. tuberculosis ¢ MHOKECTBEHHOH JIEKAPCTBEHHOM
ycroiunBocThio (XDR TB) Ha ocHoge [1/IP® u cnonurotunuposanus/MIRU-VNTR
TAMUPOBAHUS, YKa3aJl0 HAa BBICOKHMNA YPOBEHb KJIACTEpU3alMKU U30JATOB [47],
NO3BOJIMB  MPEMJIOKUATH  TUMOTE3y O  MNPUOOPETEHHE  PE3UCTEHTHOCTH K
JIEKAPCTBEHHBIM CPEACTBAM TOCPEACTBOM HEAJACKBATHOIO JICYEHUS, 4 HE NYTEM
pacpOCTPaHEHHsI YCTORYMBBIX INITAMMOB, YKa3blBas HA MpoOsieMy OOIIECTBEHHOTO
3/1paBOOXPAHEHUS.

1.3 Ob6aacTs npuMeHeHus1 METOA0B THITHPOBAHUS

BrI6op MeTOAa TMMTMPOBAHKUS 3aBUCHUT OT JIBYX OCHOBHBIX MMAPaAMETPOB:

1. momyJsuMOHHAs CTPYKTYpa MEKPOOPraHU3Ma,

2. reorpauyeckuii W BPEMEHHOW MacmTad WCCICAYEMON MOMYJISIHK
MUKPOOPTraHU3MOB.

IonmyasinnoHHAsE TeHeTHKA MHUKPOOPraHu3MoB. CKOPOCTb 3BOJIFOLIMOHHBIX
W3MECHEHWH, BHYTPUBHIOBOE Pa3HOOOpa3He W NEHETHMYECKAs CTPYKTypa MOIMYJISLHANA
CWIBHO Ppa3/IMyaroTCsl Cpeard OaKTepuajbHBIX MMAToreHoB 4enmoBeka [48]. B
3aBUCUMOCTH  OT  YacCTOTbl PEKOMOMHALIMM  W/WJIM  TOYEYHBIX  MYyTalMil,
NOMYJISIIMOHHAS CTPYKTYpa MHUKPOOPTaHM3MOB MOKET OBITh NPEACTABICHA OT
KJIOHAJIbHOM, B KOTOPOH oOpa3oBaBIIME, MyTeM OWHAPHOIO [EJICHUS KIICTKA
UIACHTAYHBI ~ UCXOAHBIM  POJWTENBCKUM  KJIETKaM W JAWBepcu(puKanms
MUKPOOPraHU3MOB  TMPOMCXOJUT  WCKIFOUMTENIBHO  MYyT€EM  MYTallMOHHOIO
TEHETUYECKOrO «Ipu(PTa», A0 MAHMUKTUYECKOH (OT Ap.-rped. mav - BCE U MELS -
CMEIICHUE), B KOTOPOW [OYEPHUE KIETKM TECHETUYECKHM OTIUYAOTCS  OT
POAUTENBCKHAX BCJICICTBUE BBICOKON YaCTOTHI CTyYalHOT0 MEKTEHOMHOTO OOMEHa.

Ha cerognsimnmii 1eHb OONBIMIMHCTBO OAKTEPHATBHBIX NATOTEHOB HWMEOT
NPEUMYIIECTBEHHO KJIOHAJIBHYIO CTPYKTYPY, XapakTCPU3YIOLIYIOCS HAIU4YMEM
JOMUHUPYIOLIMX KJIOHAIBHBIX KOMIUIEKCOB, B KOTOPBIX HAOMIOJAETCS CHIBHOE
"HepaBHOBecHOe  cuermieHue"  (linkage — disequilibrium) - HecnydaliHoe
pacrpenenieHue 4YacToT ajuieNieii Pa3HbIX JIOKYCOB, OOYCIIOBJIEHHOE HE TOJBKO
TECHbIM T€HETUYECKUM CLCIJIEHUEM TE€HOB, HO W HAJIAYMEM AJaNTHBHOTO
NPEUMYIIECTBA KOHKPETHOM KOMOMHALIMKA aJlIeNIeH, 4acTOTa KOTOPOM B pe3yJsibTare
BO3PACTacT B CPABHEHUM C 0>KMAACMOW NP CITy4aiitHOM pactipeaesiennu [48, ¢.134 -
52]. Tem He MeEHee, y HEKOTOPbIX BHIOB MHKPOOPTaHWU3MOB C MAHMHUKTHYECKOHN
NOMYJISIMMOHHOW  CTPYKTYPOH, TakKe MOXKET ObITh OOHAPY>KEHO NEPEXOTHOE
COCTOSIHME KJIOHAJIBHOCTH, KOTJA MPOUCXOJUT SKOJOTMYECKOE HM30JMPOBAHUE
KJIOHAJIbHBIX KOMIUIEKCOB WIIM BCIEACTBHE Oosiee OBICTPOrO PpacnpoCTPAHCHUS
OMM3KOPOJCTBEHHBIX IITAMMOB, BXOISALIMX B KJIOHAIBHYK CTPYKTYPY, BO BpeMs
ANUAECMHYECKOTO MPOLIECCA B CPABHEHUM CO CKOPOCTBED PEKOMOMHALIMK B Mpeaenax
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nomyysiid. Hampumep, B cilydasx ¢ MEHMHTOKOKKOM, KOTOPBI OOBIYHO HMEET
NAHMUKTUYECKYIO MOMYJISIUAOHHYI0 CTPYKTYPY, MOTYT OBITh WACHTH(PHLIAPOBAHBI
SNUACMHYECKUE KIIOHBI, PACMPOCTPAHSIOLIMECS B TeorpauyuecKkd OrpaHuYCHHBIX
teppuropusix [49]. B CcBOW ouepenap, MOXKET BO3HMKHYTh CHUTyalus, KOrja
HE3aBUCUMBII 3BOIMIOLMOHHBIA TPOLECC CPEM TEHETUYECKHA PA3HOPOIHBIX U30JIATOB
MOKET MPUBECTH K NPUOOPETEHUIO O00mMX (EHOTHIWYECKUX NPU3HAKOB TMOJ
JNEHCTBUEM CENEKTUBHOIO HAaBiicHHsS. CIOKMBIIASICS KOHBEPrEHUMS W OLEHKA
M30JITOB HA OCHOBE THUINHMPOBAaHUS IO JAHHOMY IPU3HAKY MOXET NPUBECTH K
Pa3MBIBAHAIO JAHHBIX 00 3MMAECMHUYECKOM MPOLECCE U K MCKAKEHHOMY BBIBOIY O
KIIOHQJIBHOM CTPYKTYPE.

[ToHMaHWe  TEHETHMYECKMX  OCHOB  TOMYJISIMMOHHOW  CTPYKTYpPBl W
MOJIEKYJISIPHBIX ~MEXaHM3MOB 3BOJIIOLIMOHHOIO TMporecca OakTepuii  sBAseTCs
HEOOXOMMBIM YCIIOBUEM ISl BEIOOpA COOTBETCTBYIOLIETO METO/Ia BHYTPUBUIOBOIO
TUnupoBanus. Hampumep, B OMHUX CAyyasx METOJ THIHAPOBAHUS MOXKET 00JIaaaTh
JIOCTATOYHOM pa3peliaroeid CUI0M B OTHOLICHWHW NATOT€HOB C MAHMUKTHYECKOM
MOMYJIILMOHHOW CTPYKTYPOH, HO HE CMOXKET MPOBECTH PA3IUUYME CPEIU M30JSATOB C
KJIIOHJIBHOM MOMYJIALUOHHON CTPYKTYPOH.

MacmTad 3nuAeMHOJOTrHYeCKHX HCecAeI0BaHuil. [lnana3oH NpUMEHEHHS
METOJI0B CYOBHAOBOIO TUMUPOBAHUS OUEHb IIMPOK, HAUMHAS OT aHainu3a 00pasloB,
BBIJICJICHHBIX OT OJIHOIO UCTOYHHKA (XO35IMHA), 10 aHAJIU3a KOJUIEKIIMK COOPAHHON U3
pPa3NMYHBIX PETMOHOB 3€MHOr0 1apa. B mepBoM cioydae METOABI  MOTYT
WCIOJIb30BaThCS € LENb0 AUPPEPEHUMPOBKN PELMIMBA MHPEKIMOHHOIO Mpolecca
OT PeHH(EKIMH, BBI3BAHHON HOBBIM M30JIITOM TOTO K€ BHJIA.

MONEKyJIAPHO-TEHETUYECKAE METOABl  TUNUPOBAHUS MPU  HCCICAOBAHUHN
ANUACMHYECKON BCIBIIKK CIIOCOOHBI ONTPEIETUTS:

1. CreneHb SNUAEMMYECKOTO PACHPOCTPAHCHUsT WH(EKIMOHHOTO arcHTa B
NOMYJISILAH,

2. UcTounuK MH(MEKIMH 1 TyTH PACTIPOCTPAHEHHsI MH(PEKIIMOHHOTO arcHTa,;

3. CreneHp BMsHHMS NPOPHIAKTHYECKUX MEPONPUATHI, HANPABICHHBIX HA
CHCPXKMBAHME JMUACMHYECKOrO IPOLIECCA, A TAKXKE CKOPOCTh PaCHpPOCTPAHEHUS
WH(EKIMOHHOTO areHTa.

MeToabpl cyOBHIOBOTO THIMPOBAHHUS WMEKOT PA3JIMYHBIC YPOBHU MPUMEHEHUS
(pucyHok 1). BaxHO moHMMaTh "ANUACMHUOJOTHYECKYIO MIKATy", KaK KIHOUEBOH
napaMeTp MpU BEIOOPE MOAXOASIIETO MOJIEKYJISIPHO-TEHETHYECKOTO METOIA.

Hanpumep, npu uccnenoBaHusx BOJIOLMUOHHOIO Pa3BUTHS MUKPOOPTaHU3MOB,
KaK TPaBWJIO, MCIOJB3YKOT METOJAbl THIMPOBAHHWS HA OCHOBE JIOKYCOB/TEHOB C
YMEPEHHO KOHCEPBATUBHOW CTPYKTYPOW (HAampuMeEp, F€Hbl JTOMAIIHETO XO35HCTBA,
housekeeping genes). C 01HON CTOPOHBI, TAKME METOJbl TUMUPOBAHUS SBJISIOTCS
CBOCro poAa pedepeHc METOAOM Ui APYTMX METOJOB THUIMPOBAHHWS, MO3BOJISS
OPOBOAWTh  KalWMOpPOBAaHWE JAPYIrMX METOJOB TUIMPOBAHUS MO  CKOPOCTH
3BOMIOLUMOHHBIX M3MEHEHMA. C OpYrol CTOPOHBI, TAKME METOJBI, KAaK MPABUIIO,
00J1a1al0T HEBBICOKOW pazpemaromeidl cnocOOHOCThI0 B OTHOWICHWUH KOJUIEKIIAW
W30JISITOB, COOPAHHOM 3a OTHOCHTENBHO KOPOTKMH NPOMEKYTOK BPEMECHH W3
JIOKAJTBHBIX TeorpauyecKux paifoHoB.
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Kon-8o MUKpOBHbIX Kon-Bo uukno nepegayu
reHepauui

BbIBOPKA

Ino6anbHas anuaeMuonorus

UcTouHuK
MHbEeKLUMU

WH$EKUMUOHHDIV KOHTPO/Ib

Benbiwwka nHGeKumMmn

b __

BPEMA
Paspewatowas cnocobHocTb Mapkepa ]

CTabunbHOCTb reHETUYECKOro MapKepa Bo BpeMeHU

Pucynoxk 1 — I[IpocTpaHCTBEHHO-BPEMEHHAS LIIKAJIA PA3JIMYHBIX TOYEK
NPUJIOKEHUH TIPU BBIOOPE MOAXOAAIIETO METOAA THITUPOBAHUS MUKPOOPTaHU3MOB

Jlns vccienoBaHuii JOKAIBHBIX BCOBIIICK 00J€€ MPEANnOYTUTENIbHBI METOABI C
BBICOKMM pa3pelieHUuEM. B Takux MEeToAax UCMONIb3YIOTCS B KAUECTBE MUIIEHHU T'€HBI
WM YYacTKU TeHoma, obnaaarouime 0oliee BBICOKOW 3BOIFOLIMOHHONW CKOPOCTBIO —
KaK TPaBWJIO, ATO MOBEPXHOCTHbIE OCJIKM WJIM YYaCTKM TE€HOMAa C TaHACMHBIMU
nopropamu. [Ipy JOKaJIbHOM SMUAEMHUOJOTHUYECKOM HAI30pe HEOOXOIUMO HaTh
KOMIIPOMUCCHOE ~ PELICHUE  MEXKIY  JUCKPUMUHUPYIOHICH  MOIIHOCTBIO U
CTAaOMIBHOCTBI0 TEHETHYECKOTO MApKEPA, HA OCHOBE KOTOPOro Oyner 0a3upoBarhes
METO CyOBUIOBOTO TUITMPOBAHMUSI.

ONHUIEMHUOIOTHYECKME HCCIIEAOBAHUS € MCIOJIb30BAHHEM  MOJIEKYJISPHO-
TCHETUYECKUX TMOAXO/0B, B KOHEUHOM CUETE, JOJDKHBI OOECHEUUTh MOHUMAHUE U
OMUCAHUE BHYTPUBUIOBBIX Tpynn (TUIOB, BapUaHTOB) C KCIMOJIb30BAHUEM
KPUTEPUEB, HA OCHOBE KOTOPHIX MPOMCXOJUT TUMNMPOBaHWE.  UIEHTUUYHOCTH
U30JIATOB SIBJISIETCS MEPOW «pPaBEHCTBA», OMPEICIIEHHOE KOHKPETHBIM METOJI0OM
TUNHPOBaHUs. HO MOKHO JiM yTBEPKIATh, YTO YKA3aHHbIE BHYTPUBHUIOBBIE TUIIBI HA
caMoM JieJie MPEACTABNISAIOT OO0 peasibHO MACHTUYHBIE WIM CXOXHE U CBSI3aHHBIC
HITAMMbI MUKPOOPraHU3MOB? B KOHEYHOM cueTe, BCE CPABHEHUS TOXKACCTBEHHOCTH
HITAMMOB ~ MMEIOT  JIeI0 C  BEPOSATHOCTBIO  TOTO, 4YTO  MOJIEKYJISIPHBIH
KJacTep/Tpynna/moATuI, OMPEACTICHHBIM METOJAOM THMHMPOBAHUS, SBISETCS JMUIb
UHCTPYMEHTOM OLIEHKUA UCTUHHOM 3MUACMHUOJIOTUUECKOM CBSI3U WU 3BOTIOLIMOHHOTO
Pa3BUTHUS, €CJTU PEUb UACT O CUCTEMATHKE UK (PUIIOTEHETUKE.

1.4 Kpurepum oleHKH METOA0B BHYTPHBHA0BOI0 THIIHPOBAHUS

[Tepen  WCHOJNIB30BAHWUEM  MOJEKYJSIDHBIX ~ METONOB  TUNHMPOBAaHUSA B
BMUAEMHUOJIOTHYECKUX HMCCIEIOBAHUAX CIEAYET MPOBECTH OLEHKY M MPOBEPUTH HA
COOTBETCTBUE  KpuTepusMm, pazpadotaHHeiM  ESCMID  uccienoBarenbekoi
KOMUCCHEH 1o renetnyecknum mapkepam (ESGEM) [53].
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Tunupyemocms — cnocOOHOCTh METOAA ONPEIACIIATh BHYTPUBHIOBOW THN AJIs
MIPOTECTUPOBAHHBIX W30JISITOB, BBIPAKEHHAS B IPOLEHTHOM COOTHOLIEHHWH. OTO
KOJIMYECTBO JACTEKTHPYEMBIX METOAOM BHYTPHBHUAOBBIX THIIOB M30JSTOB K OOLIEMY
KOJIMYECTBY BKIIFOUECHHBIX B MCCIEAOBAHUE IUITAMMOB MUKPOOPraHU3MOB. J[pyrumu
CJIOBaMH, CHOCOOHOCTH METOJA ONPEICNITh BHYTPUBHUIAOBOW THIT JUISL KaXKAOTO
M30J15Ta BKIIFOUEHHOIO B UCCIIEOBAHUE.

Cmabunvrocms — KPUTEPUH, OTHOCSILIMIACA K HWCHOJIB3YEMOMY MAapKepy H
OLICHMBAECTCA Ui K&KAOrO0 BUJAA OpraHu3mMoB. Kak mpaBWiio, 3TOT napaMmeTp
OpOBEPSETCST B JTAOOpATOpUM  MOCJIEAOBATENBHO, MPOBOAS  BHYTPUBHIOBOE
TUNUPOBAHUE OJHUX M TEX K€ H30JATOB. B waeane, CTaOWIBHOCTH CIIEAYET
OLICHWBATh U B €CTECTBEHHBIX YCJIOBHAX. TaKk KaKk CKOPOCTh PEKOMOWHALMU W/HMITU
MyTalMy PA3JIMYAOTC B 3aBUCUMOCTH OT BHJA MHKPOOpraHusma. Jlpyrumu
CJIOBaMH, 3TO CIOCOOHOCTh PaclO3HABATH KJIOHAJIBHOE POACTBO MEXAY M3OJSATAMH,
HECMOTPs HA HAKATUTMBAKOILMECS TCHETUYECKUE PA3ITUYHSI.

Bocnpouzsooumocms — COCOOHOCTh METOAa TUMMPOBAHKS MPUCBAUBATH OJWH
M TOT K€ TUN B OTHOWIEHHMH OJHOTO M TOIr0 K€ H30J4Ta NPHA MOBTOPHOM
TECTUPOBAHUM. BOCIPOM3BOAMMOCTE MOXET 3aBHCETh OT MHOIMX IapaMETPOB,
BKJIFOYAs WHTEPNPETALMIO PE3YJbTATOB. BCe 5TM NOTEHUMANBHO BIMSIOLIMAEC
napaMeTpbl JAOJDKHBI OBITH YUTEHBI BO BPEMsI OLIEHKH pe3yabTaToB. Kpome TOro,
HEOOXOMMO HCIOJIb30BaTh peepeHc METOA Ui KOHTPOJS KAueCTBA KAKIAOTO
IIPOrOHAa  TECTUPOBAHMS. [Tpn TECTUPOBAHUHT 00BN KOJUIEKLIUU
MUKPOOPraHu3MOB, MEkKIIadopaTopHas BOCIPOU3BOAMMOCTh SIBJSIETCS KIIFOUYEBOIA.
Jlpyrumu cinoBaMu, COOCOOHOCTh OOECNEUMBATh MACHTHUYHBIMHA PE3YJIbTATAMU TPU
WCCJICIOBAHUH M30JISTA B PA3HbIX 1a00PaTOPUsIX.

Jluckpumunupyiowas mownocms — CIOCOOHOCTh METO/IA HA3HAYATh JBA Pa3HbBIX
TUIIA JBYM OJNUIACMHUOJIOTMYECKM HECBA3AHHBIM IITAMMaM B HUCCIEAYEMOMR
NOMYJISIIMKA.  JTOT TMApaMeTP MOXKET OBITh OLICHEH C TMOMOIIBK HMHJIEKCA
pazHooOpazus CumriicoHa [54], KOTOPBIA BBIPAKAET BEPOSTHOCTh HA3HAYCHHS JIBYX
PA3IMYHBIX TUIIOB JJsi JBYX LITAMMOB, OTOOpPAHHBIX Cly4yailHIM OOpa3oM u3
OOJBIION KOJUICKIIMM SMUJAEMUOJIOTMYECKH HEPOJACTBEHHBIX W30JATOB [7, C.5].
OnpeneneHue NOBEPUTENBHOTO MHTEPBAJIA MO3BOJISAET 3AKIKOYUTE O CTATUCTHYECKON
3HQYAMOCTH PA3JIMUUS JUCKPUMUHUPYIOIICH CHJIBI, PACCUMTAHHOM HA IAapameTpe
CuMnicoHa, Mg Pa3HBIX METONOB TUNUPOBAaHMs. [[pyrumMu  CIIOBaMH, 3TO
CIOCOOHOCTE  OOEcreunBaTh  pa3javyde  IITAMMOB,  aCCOLMUPOBAaHHBIX €
BMUAEMHUOJIOTHYECKUM TIPOLECCOM OT BMUAECMHUOIIOTMYECKH HECBA3AHHBIX M30JISITOB
HA  CYOBMJOBOM  YPOBHE. [IpuromgHocTe  METOAA  TUNMPOBAHMAS B
SNUACMHOJIOTHYECKAX HKCCIEA0BAHUAX HE 00s3aTelIbHO JOJDKHA OBITh CBS3aHA C
BBICOKOH JUCKPUMHUHHUPYIOIIEH MOIIHOCTBIO.

InuoemMuonocU4ecKas coenaco8aHHOCmMy (KOHKOPOAHMHOCHb) — CIOCOOHOCTh
METOAA TUUPOBAHMS OMPEAETATD SMUAEMUAYECKHA CBA3AHHBIC U30JISTHI, BbIICIICHHBIC
IPHA PA3JIMYHBIX BCIBIMIKAX B €AUHBIA KJIOH WM KIOHAJIBHBIH KOMIUIEKC (TPYIIy).
OTOT  mapamMeTp JO/DKeH  ObITb  NPOBEPEH  HA  HECKOJBKHX  XOPOLIO
CTAaHJAPTH30BaHHbIX MeTomax. [lo  cytm, 3TO  cmOCOOHOCTH  pa3nvyarh
BMUAEMHUOJIOTHYECKH POACTBEHHBIE IITAMMBI, OT TEX, KOTOPBIE UMW HE SBIIAIOTCS, U
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pe3ybTaThl MOJIEKYJSPHOIO TUIIMPOBAHUS CBEPSIOTCS M COMNIACYIOTCS C JaHHBIMU
ANUIEMHUOJIOTMUYECKOT0 UCCAeA0BaHMs. Hanpumep, mpu 3MUAEMUYECKOW BCHBILIKE
BBIJICTICHHBIC [ITAMMBI MOTYT MCIOJB30BAaThCS B KAYECTBE 3TAJOHA MPU CBEPKE
Pe3y/bTaTOB TUMTMPOBAHUS JPYTUX MUKPOOPTAHU3MOB.

IIpocmoma  unmepnpemayuu  NOJNYYEHHbIX  OdHHBLIX — CIIOCOOHOCTh K
OJTHO3HAYHOH, HEJIBYCMBICJICHHOM MHTEPIPETALIMM MOJYUYEHHBIX JAHHBIX.

IIpocmoma 6 uchonHeHuu — CIOCOOHOCTh OBbITh BOCIPOU3BEACHHBIM B HE
CMCLUMAIM3UPOBAHHBIX Ja0opaTopusix, HE TPeOYIOMUX CIIOKHOM MOArOTOBKU
CMELMATIMCTOB ISl POBEJCHUS UCCIIEA0BAHMS.

Buicokas nponycknas cnocobrnocms — cnocoOHOCTh oOpalbarbiBaTh OOJIBIIOE
KOJIMYECTBO M3OJIATOB 34 ONPEICTCHHBIN MPOMEKYTOK BPEMEHU M 3aBUCUT KaK OT
IPOCTOTHI MPOLIEAYPHI, TAK U BO3MOXKHOCTH aBTOMATU3aIlMK BBHITIOJHEHHU I aHAJTU30B.

Cmoumocms U OOCMYNHOCMb — 3d6Ucum OT CTOUMOCTH M JOCTYIMHOCTH
peareHTOB ¥ 00OpYAOBaHMS, a TAKKE OT HAIWYMS HEOOXOJUMBIX HABBIKOB s
BBITOJIHEHMUS.

1.5 O030p MeTO10B THNIMPOBAHUS

1.5.1®DeHoTUINYECKUE METOABI TUITUPOBAHUS

TunupoBaHue HAa OCHOBE YYBCTBHTEJIBHOCTH K AHTHOAKTEPHAJIBHBIM
npenaparaMm. ONpeAeneHUue YyBCTBUTEIBHOCTH K AHTUMUKPOOHBIM Mpenaparam
OCYIIECTBIISAETCS B KIMHUYECKHX MHUKPOOMOJOTMYECKMX Ja00paTOpUsx C LETbIO
HAa3HAYEHUs  aaeKBaTHOM  xumwmorepanmu.  [logxonx,  OCHOBaHHBIM — Ha
AHTHOMOTHKOTpaMMe, OBLT TaKXKe WCMHOJIb30BAH Ui TUIIMPOBAHUS IATOTCHOB B
KAueCTBE MApKEpa KIIOHAIBHOCTU MPU YCIOBUM JOCTATOYHOW NMCKPUMUHUPYIOLIEH
CWJIE U CTaOMJILHOCTA BO BPEMEHU. B TO K€ BpeMs, Nr€HETHYECKUE NETCPMUHAHTHI
YCTOHYMBOCTM  MOTYT  pacloyiiaraTbCs HAa IUIa3MUAAX W/WIKA ~ MOOWIIBHBIX
FEHETUYECKUX JJIEMEHTAX, YTO, B CBOK OYEPEIb, MOXKET TIPUBECTH K
TOPU30OHTAILHOMY NEPEHOCY N'EHOB PE3UCTEHTHOCTH W/WJIM BO3MOYKHON WX MOTEPE 3a
JOCTATOYHO KOPOTKHM MPOMEKYTOK BpeMeHHU [55]. boJiee TOro, ypoBeHb SKCIPECCUN
I'€HOB PE3UCTEHTHOCTH PErYJIMPYETCS NOCTATOYHO CIOXKHBIMU BHYTPHUKJIETOYHBIMH
CUCTEMAMH, 3aBUCSIIMMHA OT MHOTUX (akTopoB [56, 57]. TeM He MEHEE CYLIECTBYIOT
paboTBl N0  YCOEIIHOMY NPUMECHEHHIO  CIEKTPA  YyBCTBUTENBHOCTH K
aHTHOAKTEPUAIBHBIM TpEraparaM B KaueCTBE MapKepa B SMHIEMHOJOTHYECKUX
uccienoBanusx [58, 59]. Blanc D.S. ¢ coaBT. B cBo€il paboTe Moka3ajiv MPUMEHEHHE
JAHHBIX YYBCTBUTEIBHOCTHA K aHTUOMOTHKAM, OLICHEHHBIE MO 30HAM 3aJICP’KKH POCTA,
C LENBEO TUITAPOBAHUS METULMIUIMH-YCTOMYMBBIX CTaAPUIIOKOKKOB,
MPOJEMOHCTPAPOBAB  XOPOLIYKO  KOPPEJSIUMKO ¢ JAaHHBIMM ~ METOJOM
pubotunupoBanus [60]. C oneHkn r100ATBHOTO PacHpOCTPAHCHUS CENU(PUIECKIX
MYJBTUPE3UCTCHTHBIX KJIOHOB OBUIM CO3JaHbl MEXKIYHAPOIHbIE Oa3bl JaHHBIX,
COJIEPIKALINE JTAHHBIE O YYBCTBUTEILHOCTA K AHTUOMOTHKAM, 4 TAKXKE KIIMHUYECKOE
U reorpaduueckoe NPOUCXOXKACHUE U30JIATOB [61].

CepoTnnupoBaHue UPOKO UCHOJIB30BAIOCHh B KAYECTBE 3TAJOHHOTO METOAA
pU THUNWPOBAHWUM CAIBMOHEIUT W KHUIICYHOW mnanouku [62, 63]. OCHOBHbIMHU
HEAOCTAaTKAMU JAHHOTO TOAXO0Ja SIBJISIOTCS BapuaOeIbHOCTh B MMOKA3ATENSAX
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TUNUPOBAHUS, B CTA0WJIIBHOCTH W JUCKPUMHHUPYIOIIEH MOIIHOCTH BCJICACTBHE
BO3MO)KHOH TEPEKPECTHON peakluu, YTO 4YacTO NPHBOJWIO K OCIOKHEHHIO B
WUHTEPNPETALMKA  TOJYYCHHBIX  pe3ysbTaroB.  Paspemaromas  crnmocoOHOCTh
CEPOTUNUPOBAHUS 3aBUCUT OT BHJIOBOW NPHHAUICKHOCTH MUKPOOpranusma [64].
PekoMOMHAIMOHHBIE COOBITUSI TPUBOIAT K U3MEHCHHIO CEPOTHIIA, YTO CKA3bIBACTCS
HA BOCMPOM3BOAMMOCTH MOKA3aTeJIe TUIMMPOBAHUS (HampuMmep, Tpanchopmanums S.
pneumoniae, TpaHcaykiuu Salmonella). B 1ienoM, KOHKOPAaHTHOCTh AHTHIE€HHBIX
BApHAHTOB C TE€HETUYECKOW MapKepamMu [OCTAaTOYHO ciadast, Jake Yy BHUAOB C
KJIOHAJIbHOM MOMYJIILMOHHON CTPYKTYPOi, kak Hanpumep, Escherichia coli [65] unu
Legionella pneumophila [66]. Jlns HEKOTOpbIE CXEM CEPOTHIMHMPOBAHMS OBLIH
OOHapy>KCHbI aJIbTCPHATUBHBIC T'€HOTUITMYECKUE METObI, Kak Hampumep ais E.coli
[67] u C.trachomatis [68].

Meton (paroTHNHPOBAHUSI OCHOBAH HA OMPEACIICHUU XapakTepa JTUTHYECKOTO
CHEeKTpa OAaKTEPUAIBHBIX W30JISITOB, TMOABEPralOLIMXCsS OMPEICICHHOMY HaOopy
OakTeprodaros. JlanHblid MeToa ObLT pazpadoTaH A HEOOJBIIONO KOJWYECTBA
NATOTCHHBIX BUAOB MHKPOOPIaHU3MOB, SIBJISISICH TEXHUYECKH JOCTATOYHO CIIOKHBIM
U BpeMs3aTpatHbiM. K TOMy e, TaHHBIA METOI MPOAEMOHCTPUPOBAII HEBBICOKYIO
CTaOUIBHOCTh, THIUPYEMOCTh U BOCIPOM3BOAUMOCTD, MPOSBIISAS BapuaOEIbHOCTh B
JUCKPUMHUHUPYIOLIEH CTOCOOHOCTU JAHHOTO MeToaa. biaronaps 3TuM HemocTarkam,
(aroTunupoBaHre ObLIO 3aMEHEHO MOJCKYJISPHBIMU TOIXOJaMH B CYOBHIOBOM
TunupoBannu. Ha Tekymem stame posib OakTepuodaroB paccMaTpUBAKOT Kak
TPAHCMHUCCUBHBIN (PAKTOP BUPYJIEHTHOCTH, KOTOPBIA MOKHO OTCIAEAUTH C MOMOIIBIO
ananu3za oakrepuansHoi JIHK [69].

MyabTHIOKYCHBIIE  3jiekTpodope3  ¢epmenToB  (multilocus  enzyme
electrophoresis — MLEE) — genotunuueckunii Mmeroa cyOBHMAOBOIO TUIUPOBAHHUS, B
OCHOBE KOTOPOIO JICKHUT JETEKUMs M3MeHeHWi B Habope mu3 10-35 (epmeHTOB
JOMAITHETO XO3SMCTBA, BapHalMs KOTOPBIX ACTEKTHPYETCS C MOMOLIBIO TENb
anekTpodopesa [70, 71]. Korna-ro MJID®D paccmarpuBajcs B KAYECTBE ATATIOHHOTO
METOJA JJIs  ONpeAcieHus (PUIOTCHETUYECKOW  CTPYKTYpbl  OaKTepUAIBHBIX
nonyJysiiuid [71, ¢.79]. Ha Ttekymem stane npomsounuia 3ameHa MJID® meronma
TUNUPOBAHUS TCHOTHUMMYECKMM  SKBUBAJICHTOM B  BHJAEC  MYJbTHIOKYCHOTO
CEKBEHUPOBAHUS TUITUPOBAHUSI.

Macc-cnekTpoMeTpusi MEPBOHAYATBHO HWCHOJB30BATACh C LEJIBK aHAIW3a
COCTaBa CIIOKHBIX CMECEH XMMUYECKUX WM OPraHUYECKUX (MAaKpO) MOJIEKYN. Bbu1o
NOKAa3aHO, YTO pa3pabOTaHHBI HOBBI BAPHAHT MACC-CIEKTPOMETPUH — MaTpru4HO-
AKTUBMPOBAHHAA Ja3epHas aecopOuus/monm3anus, (ot anri. Matrix Assisted Laser
Desorbtion/lonization Time of Flight, MALDI-TOF) — moxeT ObITh NpUMEHEHA K
LEJIBIM KJIETKaM, MO3BOJISIS aHAJTM3UPOBATh OPraHUYECKHE MOJICKYJIbI, BXOSLIME B
COCTaB KJIETKM W ONPEACHATh HMX CJOXKHBIA CHOEKTP, KOTOPBIE BIOCIEACTBAU
CpaBHHBAKOTCS ¢ Macc-cniekTpaMu 6asbl JaHHbIX. MALDI-TOF kak meTon ObIcTpoil n
HAJAC)KHOM  BHIOBOW  WACHTU(WKAUMKA  MUKPOOPraHW3MOB  ObUI  YCIIEHIHO
MOATBEPKAEH B psijic padoT [72-74]. OmHMM M3 TJABHBIX MPEUMYLIECTB METOAA
MALDI-TOF  macc-CEeKTpOMETPUM  SBJISIETCS.  OTCYTCTBHUE  IPEABAPUTEIBHOM
NOJArOTOBKA MHKPOOPraHM3Ma Jjis aHaiu3a. JloCTaTOYHO MPOM3BECTH HAHECEHHE
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OaKTepUaNbHONH KOJOHWM Ha TUIACTUHY, CMEHIAaB C COOTBETCTBYIOIICH MAaTPHIICH.
BBu10 MOKa3aHo, 4TO yCIIOBUSL KYJIBTUBAPOBAHMS HA TJIOTHBIX MHUTATEIBHBIX CPENAXx,
BKJIFOUYasi COCTaB CPEJbl, TEMIEPATyYpHBIE YCIOBHS M (pa3a pocTta U Pa3MHOKECHUS
MUKPOOPraHW3MOB, OKa3bIBAlOT HE3HAUUTENBHBIA 3(PdeKkT B popMupoBaHMH Macc-
cnekTpoB [75, 76]. OOnagass TOCTATOYHOM pa3peliaronicid cnocoOOHOCThIO, Macc-
CHEKTPOMETPUS. MOXKET MCMONB30BAThC W IS BHYTPUBUAOBOTO THUIMPOBAHUS
MUKPOOPraHu3MOB [77], XOTsl B OTHOLIEHWM HEKOTOPHIX BHIOB MHUKPOOPIaHW3MOB
pazpemiaronias cnocooHocte MALDI-TOF Obuia He BhiCOKO# [78].

1.5.2 MOnexkyJIapHO-Tr€HETUYECKUE METOIbI TUTTMPOBAHUS

Honaumoppusm inHbl pecTpUKIMOHHBIX ¢pparmentos (II/IP®) ocHOBaH Ha
¢parmenTrpoBannu xpomocomHoi JIHK ¢ ncnonib3oBanreM pepMEHTOB-PECTPUKTA3
B COYCTAHWU C TUOpPHIM3ALMEH C MEUYEHBIMH 30HJAMH M OTHOCHUTCS K IEPBOMY
MOKOJICHWIO TEHOTUITMPOBAHUSA MUKPOOPraHMU3MOB, MUCHONb3yeMbId B 1980-x romax
[79, 80]. YcmemHoe UCnoNb30BaHUE 3TOTO MOAX0/1A WUTKOCTPUPYETCS HA MPUMEPE
[S6110 TunupoBanust M.tuberculosis, ctanmapTuzoBaHHOro Gomnee 15 et Ha3zan u ¢
YCIEXOM PUMEHSETCS U IO CEH IEHb MHOTUMH HCcieaoBarensmu [81-83].

Iyabc-reas 3aexkrpodopes (III'I), pazpaboTaHHbIi W MCHONB3YEeMBbIA Ha
MPOTSDKEHUN TIOCTIEAHUX JIBYX JNECATUIICTUH, SBISACTCS JIOTHYECKUM IMPOJOJKEHUEM
METO/JIa, OCHOBAHHOI'O HA MOJMMOpP(HU3ME UIMH PECTPUKLIMOHHBIX (pparMeHTOB. B
ocHoBe [II'D JEXKAT NPOTOKOJ € MCHOJB30BAHUEM  MAKPOPECTPUKLUMU W
NOCTEAYIOIUM  JJIEKTPOPOPETUUECKAM  PA3JCIICHUEM B IMYJICHPYIOIIEM
ANEKTPOMArHATHOM Tmosne. Ha COBPEMEHHOM 3Tane pacCMaTpUBACTCS B KA4YECTBE
«30JI0TOTO  CTAHAAPTA» TPU JINUAECMHUOJIIOITMYECKUX PACCIECNIOBAHUIX BCHBILIEK
NUIIECBBIX U BHYTPUOOJBbHUYHBIX HH(PEKINI OakTepraibHON mpupoasi[84].

[Ipn wcnone3oBanum [1I'D  OakTepuanbHBIi TEHOM aHAIU3MpyeTcs Oe3
UCTONb30BaHUsl  30HAOB.  baktepmanbHas  xpomocoma  (pparMeHTHpyETCs
PEIKOUICTISIIIAMA ~ PECTPUKTA3aMK,  KOTOPBIE  PacHO3HAOT  CEHH(PUUECKHE
nocneaoBarensHoctd JIHK nnuno# 5-8 ocHoBanmid, (popmupyst 10-30 ¢pparmeHTOB.
Kputnueckn BaKHBIM MOMEHTOM MPU NPOBEACHUM JAHHOM METOAUKH SIBISIETCS
HEJIOMYLLEHUE MEXAHUUYECKOro NMOBpexacHus XxpomocoMHoil JITHK. B cBs3u ¢ aTum,
IU3UC OaKTEepUAIbHBIX KJIETOK W mocienyromas ¢parmentanuss reHomHoit JIHK
OPOXOAUT B MMMOOWIM3WPOBAHHOM COCTOSHMM B arapo3HoM rene. llojydeHHbie
¢parmenTsl JJHK nporoHstores B cnenyagibHOM arapo3HoM refe, FAe MPOUCXOIUT X
MUTPALMsl B COOTBETCTBUM C HMX MOJIEKYJSIPHBIMM pa3Mepamu. Takoid mnoaxon
no3posisieT pazaenuts (pparmentel JIHK nmo 800 k6aiit. Toueunwsie myTammw,
JEJICHMU, BCTABKM WM MPUOOPETEHHE TUTA3MUI MOTYT MPUBECTH K HE3HAYMTEIbHBIM
PA3AUMAM B 3IEKTPOPOPETHUECKUX MPOPUIISIX, MO3BOISIOIME BKIKOYATh KX B OJTHY
TEHETUYECKYIO TPynny (KJIACTEP) 3MUAEMHUOJOTUYECKH CBS3aHHBIX IITAMMOB. OTH
IFCHETUYECKUE COOBITHS, KaK MPaBWIIO, NMPUBOAAT K 2-3 pa3MuusaM B NarTepHax
05H10B. Ha OCHOBaHMM 3TWX JaHHBIX ObUTIO MPUHATO MPABWIO MO MWHTEPHOPETALUU
pe3yapTaToB TUNMpoBaHus MeroaoMm [II'D: pasauma B npoQuisix s TECHO
CBSI3aHHBIX H30JSTOB COCTaBisieT 2-3 OdHAA, Ui TMOTEHLMAIBHO CBSI3aHHBIX
WTaMMOB — pasznuuue B 4-6 ¢parmentoB. Paznuume B 7 u Oonee (parmeHTax
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CBUACTENBCTBYET O OOJIBINOW TEHETUYECKOW TETEPOreHHOCTH W OTCYTCTBUH
AMUAICMUOJIOTUYECKOM CBsi3H [85].

CubHBIMU CTOPOHAMH MYJIbC-TEITb AMEKTPO(OpE3a SBISIOTCS YHUBEPCATHHOCTh
W BBICOKAs paspeliaromas cuia. TeM HE MeHee, 3TOM METOAMKE MPUCYLl Psif
HEAOCTATKOB, TAKUX KaK MPOJOJDKUTEIBHOCTh BBIMOTHEHHS METOAA THUIHPOBAHMS,
nopoil 3aHmMaromas 2-4 aHs, TPYJOEMKOCTb, HEOOXOAMMOE BBICOKOE KaYeCTBO W
cranpaptu3oBanHoe kosmmuecTBO JIHK, TpeOyromiee B 1EmTOM CTaHIapTH3ALMUIO
IPOTOKOJIOB Il MEXITA00paTopHOW Bepu(ukanmu pe3ynpratoB [86]. HecmoTps Ha
YCIICIIHOE MPUMEHEHUE CTAHAAPTHBIX NMOAX0A0B [IDIT B TUNMPOBAHWMM MUIIECBBIX
WH(pEKIMHA, TPOUECC CTAHJAPTH3ALMM HCMBITBIBAT TPYAHOCTH B OTHOLUICHHH
KIMHUYECCKMX [ITAMMOB, TaKMX KaK METUIWIIMH-PE3UCTEHTHBIA 30J0THUCTHIN
CTa(UIIOKOKK (MRSA), CBSI3aHHBIC Cc MJI0XOM MeKI1a00paTOPHOA
BOCIPOM3BOAUMOCTBIO [87]. HecMOTps HA CIOKHOCTH, MO3XkKe ObUTM pa3padoTaHsbl,
CTaHIAPTH30BaHbl U PACHPOCTPAHEHBI MPOTOKOJBI HccaeaoBanuss MRSA meTonom
PFGE B CIIA u Espone. beina co3maHa 0a3a JaHHBIX W HOMEHKJIATypa IO
TUNUPOBAHUIO  METHLWJUIMH-YCTOHYMBBIX ~ IITAMMOB  METOJAOM  MYJbC-TEJNb
anekTpodopesa [88].

Hommmepa3znass unennast peaxkuust (I1L[P) — mmpoko pacnpocTpaHeHHBIN
JUArHOCTUYECKUHA ~ METOJ  JETEKUMW, OCHOBAaHHBIM  Ha  aMIumukanmu
cnenrprUECKOi MOCIEA0BATENIBHOCTH HYKIEHHOBBIX KUCIOT. CIOCOOHOCTh JAHHOTO
METOJIA BBISBIATH crielu@uueckue ydactku reHomHoi JIHK maroreHoB, mo3Bosmia
CTaTb MOMYJSPHBIM METOAOM JIUATHOCTHKH HMH(PEKIMOHHBIX  3a00JICBaHMIA.
Haneneiimee passutue [P moaxona v co3gaHue HOBBIX JW3AaWHOB MpaiMepoB U
30HJ0OB TO3BOJIMIIM MNPHUMEHATh MNOJUMEPA3HYI0 LEMHYIH) PEAKIUI0 KaK METOA
tunupoBanus, B 4vactHocth PCR-RFLP [89], PCR-ribotyping [90], randomly
amplification of polymorphic DNA (RAPD) [91], repetitive extragenic palindromic
PCR, (Rep-PCR) [92], enterobacterial repetitive intergenic consensus — PCR (ERIC-
PCR) [93], PCR-sequencing [94] u apyrue B 3NUAEMHUOIOTHYECKUX HCCIIET0BAHUSX.

HIP-nonumopdpusm LInHBI pecTpuKIHOHHBIX (pparmenTos (I P-IIIPD)
SBJIIETCS PA3HOBUIHOCTBIO METOJA TUIUPOBAHUS, OCHOBAHHBIM HA MOTUMOP(pHU3ME
JUIMHBl PECTPUKUMOHHBIX (PPAarMEHTOB, B KOTOPOM PECTPUKLMOHHBIA aHAIN3
npoBoaiaT Ha mnpoxaykrtax [IP-amnmudukanuu. [lomydeHHblii nmpoduns O3HIOB
NOCTIE PECTPUKUMU M BIIEKTPOPOpe3a HKCMOJB3YIOT [UIsl CPABHEHHS MATTEPHOB
MUKPOOPTraHU3MOB JAHHOTO BUAA. Ba)KHBIM MOMEHTOM B JTAHHOM METOAC SIBISIETCS
BBIOOD MHINECHM aMIUIMPUKAIUKM — TE€H JODKEH WMETh BapHAOEIBbHYIO
NOCTIEAOBATENBHOCTE C KOHCEPBATHBHBIMU  (PIAHKMPYIOIIMMHA ~ yYacTKaMHu, Ha
KOTOpBIX OyayT oTxkurarbcs npavimepsl. Ha texymmii moment [TLP-ITIP® meron
NPUMEHSETCS B 3MUAEMUOJIOTHYECKOM HMCCIEAOBAHUMA PA3JIMYHBIX POJOB W BUAOB
MHUKPOOPraHu3MoB [95].

Cayuaiinas amminpuxkanus noaumoppuoii JHK (Random Amplification
of Polymorphic DNA - RAPD-PCR) sBnsgercs METOAOM TUNUPOBAHUA
MUKPOOPTraHU3MOB C KCIIOJIb30BAHUEM KOPOTKHMX CIIyYalHBIX MPAiMEpPOB, KOTOPHIC
TUOpUIN3HPYIOTCS € JocTtaroyHoi  adpuuHOCTRIO K reHomHod  JIHK-
NOCTIEAOBATENBHOCTH MPHA HU3KOHM Temmeparype oTxkura. CyllecTBYHOT BapHALAA
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RAPD-PCR, takue kak I[P ¢ npowusBonbHbIMU Tpaiimepamu (arbitrarily primed
PCR - AP-PCR), INLP-¢unrepmpuntr (DNA amplification fingerprinting, DAF),
OTJMYAKOIIMECS, TJaBHbIM  00pa3oM, [JIMHOH MpaiiMepoB W YCIOBUSMH
TEPMOUMKIMPOBAaHUS. [IpOAYKTH aMmMpUKAUK PA3ACTAOTCI € TMOMOIIBIO
arapo3Horo renb-3nekrpodopesa. IlonyueHHbIE 31EKTPOPOPETUUECKUE TATTEPHBI
WCIOJIB3YOTCS TPU CPABHEHUM OAKTEPUANIBHBIX ITAMMOB. METOT JOCTATOYHO MPOCT
B HWCIOJHEHMM W He Tpedyer mnpeasapurenbHoi wmHpopmaumu o JHK
NoCNneAoBaTeNbHOCTH [96]. OTCyTCTBHE CTPOrod cnenupuyHOCTH NpaiMepoB
o0ecnieunBacT THOKOCTBIO JAaHHBIA METOJ, YTO TMO3BOJISIET MPUMEHATH €ro Ha
JOCTATOYHO WIMPOKON TPpymnIe MUKpoopraHu3sMoB [97, 98]. J[OMONHUTENBHBIMU
npeumyiiectBaMu  RAPD-PCR  sBIsrOTCS  CPAaBHUTENBHO  HEOOMBIIOE  BPEMs
HEOOXOMMOE Ha BBINIOJTHEHUE MCCIICTOBAHMS, & TAKKE UCHOIB30BAHUE HEOOJBIIOTO
konuuectBa OaktepuanbHol JIHK. B To ke Bpemsi HaOmOmaeTcsi 3aBUCHMOCTB
JUCKPUMUHUPYIOIIEH MOIIHOCTA METOAA OT KOJIMYECTBA MPaiMEPOB M MX
NOCTIEAOBATENBHOCTH, a TaKXKe YCIoBMH amrumduianuu. Takke HEIO0CTaTKOM
TaKOoro MoOAX0Ja B  TUNMPOBAHMKA  MHMKPOOPraHM3MOB  SBIIAETCS  HU3Kas
MexxadoparopHas BOCIPOU3BOAUMOCTH [99, 100].

Crparerus  IIIP MOBTOPSAIOLIHX CS MEKIeHHBIX KOHCEHCYCHBIX
nocjaenoBaresibHocTeii Jurepodakrepuii (Enterobacterial Repetitive Inter-genic
Consensus sequences - ERIC-PCR) ocHOBaHa Ha WUCMONB30BaHUU CHECHU(PUUECCKIX
F€HOMHBIX  TOCJIEAOBATENIBHOCTEH € KOHCEPBATMBHBIMM  LIEHTPAJIbHBIMH
WHBEPTUPOBAaHHBIMK TOBTOpaMU (126 map OCHOBaHWIi), PACMOJIOKEHHBIMH B
MEXTECHHBIX pPaiiOHaX OaKTEpUATbHBIX TE€HOMOB. [IOJIO’KEHWE 3THX 3IEMEHTOB B
FCHOMAax SHTEPOOAKTEpUA BappUPYyEeTCs B  3aBUCUMOCTM OT BHJIOBOM W
BHYTPUBUIOBOW NPHUHAIIECKHOCTA MHUKPOOPraHM3Ma M YCIECIIHO HKCIOIBb3YETCS B
KaueCcTBE TeHeTuueckoro mapkepa [93, ¢.2294; 101]. ERIC-PCR Obu1 ocoOeHHO
MOJIE3EH B KAUECTBE METOAA TUIIMPOBAHUS  MOJIMPE3UCTEHTHBIX  [ITAMMOB
SHTEPOOAKTEpU M OBICTPOH WAeHTH(UKAUMU MaHaemMudyeckoro kioHa ST131
KuieyHoM manmouku [102].

MyJbTHIOKYCHBI aHAMH3 TaHAEMHBIX NOBTOpPOB (multilocus variable
number of tandem repeat analysis — ML VA). beino 00Hapy>keHO, 4TO B r€HOMAax
MIPOKAPUOT MIMPOKO BCTPEYAKOTCS TEHETHUECKUE BJIEMEHTHI C MOBTOPSIOILMMUCA
IpyNIaMi HYKJICOTUAHBIX OnokoB [87]. BapraGenbHOCTh B MOBTOPHBIX 3JIEMEHTAX
oOpasyeTcs 3a CYeT OIMUOOYHOH PEIUIMKALMKA - «IPOCKAIB3bIBAHUE BUIIOK
pemnmukaumiiy  (slipped-strand mispairing), 4Yro, B pe3yJbTare, NPUBOIUT K
VBEIMYCHUIO WM VKOPOUYEHUIO TAHAEMHOIO PErMOHAa 34 CYET BCTABOK WJIM
BBINIAJICHAIA TIOBTOPOB [103]. TanaeMHBIE TOBTOPBLI PA3JIMYAKOTCA KakK IO
JIOKJIM3alMU B TEHOME, TaK U MO Pa3Mepy M CIOKHOCTH. MyJIbTUIIOKYCHBIN aHAJIN3
TAHJACMHBIX MOBTOPOB C BapuaOelIbHbIM YHCIIOM 3BeHbEB (ML VA-aHanm3) ocHOBaH
Ha OIPEIEIIEHAA KOJIMYECTBA IMOBTOPOB C MOMOILIBIO MynbTUILIEKCHON [ILIP ¢
(ITAaHKUPYIOIMMHA ~ MpaiMEPaMH € TMOCJIEAYIOIIAM  ONPEICICHHEM  pa3Mepa
npoayktoB I[P B arapo3HOM reje WK ¢ MOMOLIBI0 KAMUJUIIPHOTO 3leKTpodopesa
BBICOKOTO paspemieHus. Jinsd KaKIoro JOKyca, B 3aBUCHMOCTH OT KOJIMYECTBA
TaHJAEMHBIX MOBTOPOB WJIM MOJEKynspHoi maccel [ILIP nmpoxykra, nmpucBamBacTcs
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nudpoBoil koA, MeTon TUNWUPOBAHMS, OCHOBAHHBIA HA TAHJAEMHBIX MOBTOpaXx
MPEACTABIACT OCOOBIA HMHTEPEC Il TEHOTHIMPOBAHWS MATOTEHOB C BBICOKOW
CTENEHBIO OJHOPOJHOCTM TeHOMa, Takux kak B.anthracis [104] u M.tuberculosis
[105, 106]. B nenom, MLVA TunupoBaHwe MNPOAEMOHCTPUPOBATIO XOPOIIYIO
KOPPEJSLHUIO C JPYTUMHU METOIAMU T€HOTUIIMPOBAHUS, 4 €€ TEXHUYECKAs MPOCTOTA U
OBICTPOTA  JICNAOT  JAHHBIA  TMOAXOJ  NPHUBJIEKATEIbHBIM.  [lOTEHIMAIBHBIM
HenoctatkoM MLVA  TunupoBaHusi SIBASIETCS  CIAMIIKOM — OBICTpasi CKOPOCTH
SBOJIOIMOHHBIX ~ W3MECHEHWH, 4TO  MOXKET MPUBECTH K  HApPYUICHUIO
AMUJAEMHUOJIOTMYECKON KOHKOPIAHTHOCTH.

MeTtoabl THMHPOBAHMSI, OCHOBAHHbIE HA CEKBeHUPOBaHMU. M3MEHUMBOCTH
OaKTepUaATbHBIX TEHOMOB o0ecreunBaeTcs MYTallMOHHBIMHA u/vinm
PEKOMOMHALMOHHBIMKM ~ TIpoLieccamMu. M3meHnenHas mnepBuuHas crpykrypa JIHK
MO>KET UCHOJIB30BATLCSA B METOIaX MOJICKYJIIPHOTO TUIMMPOBaHUs. Ha ceroaHsiHmii
neHb, [P TexHomorus mo3BojsSeT HaKOMUTh Oobinoe kojguuecTBo JIHK Marpuiisi
NyTeM aMITU(PUKAUU, KOTOpas MOXKET ObITh OTCEKBECHUPOBAHA, MPEABAPUTEILHO
ouncTuB €€ OT [ I[P KOMITIOHEHTOB.

OCHOBHBIM MPEUMYIICCTBOM METOJIAa THUIUPOBAHWS HA OCHOBE MEPBUYHOM
MOCJIETIOBATEILHOCTH reHa(oB) HaJ METOAMMU, UCIOJIB3YIOMIMMHU
ANEKTPOPOPETUYECKOE  PA3JACIICHUE,  SBISACTCS  MOJYYECHHWE  OJHO3HAYHBIX,
CTaHJAAPTU30BAHHBIX W  MOPTATUBHBIX JAHHBIX HWCHOJIB3YS CEKBCHHPOBAHUE
TCHOMHBIX MUIIICHEH.

OnHosloKkycHOe  cexkBeHupoBanue tunuposanue (OJICT) - wmeron
TUIIAPOBAHUS, OCHOBAHHBIA HA CEKBCHUPOBAHWM OJHOTO THUIECPBAPUAOCIIBHOTO
JOKyca W HWMCKOIIMA MNPEUMYLIECTBO HAJ MYJBTWIOKYCHBIM CEKBEHUPOBAHUEM
TUMTAPOBAHUEM MO MapaMeTpaM TPyA03aTPaTHOCTH, TPeOyeMOro BpPEMEHW Ha
BBITIOJTHEHHE MCCIIE0BAHUS U CTOMMOCTH aHalIM3a 0AHOTro oOpasua. J(aHHbIi noaxon
UCHONB3yeTCs A TunupoBanus Staphylococcus aureus Ha OCHOBE aHalM3a
runepBapradenbHoi X o0nactu Spa reHa, KOTOPbIH COAEPKUT MEPEMEHHOE YHCTo 24
I.LH. TaQHJCMHBIX TOBTOPOB. SIBISSICh Pa3HOBUAHOCTHIO METOJIOB, OCHOBAHHBIX Ha
CEKBCHHUPOBAHWHU, [AHHBIH METOAMYECKMH TOAXO0J COBMEIIACT B ceOE Takue
MPAKTUYECKUE MPEUMYIIECTBA Kak OBICTpOTa, BOCHPOW3BOJMMOCTh, MPOCTOTA
UCIOJIb30BaHUsl W mnopraruBHOCTE [107]. Bapuabenprnocts X oOnactu Spa reHa
UMEET KAaK MUKpOBapvalliu, TaKk W MakpoBapHuallih, KOTOPHIE B IIEJIOM HMEIOT
XOpOIIYK COTJTACOBAHHOCTh C BapHALMsSMH BCEro reHoma. J[aHHOE CBOKHCTBO
MO3BOJISIET MCIOJIB30BATh Spa TUMHPOBAHUE KaK B JIOKAJIBHOM, Tak W r00aabHOM
snuaemuosiornn [108]. HMccnenoBaHusi, MPOBEACHHBIE Ha OOJBIIONW KOJUICKIIUH,
coOpaHHOM 3a OTHOCUTEILHO OONBIIONW MEPUOJ BPEMEHHM, MMOKa3aliW, 4To Spa
TUMIAPOBAHUE OOJAAACT BBICOKOH Ppa3peliaronIeii CMmoCOOHOCThIO M XOpouiei
KOHKOPAAHTHOCTBIO ¢ MLST u PFGE [109, 110]. CnoxHbIM MOMEHTOM SIBJISIETCS
aHaAJIM3 MOJYUYEHHBIX JAHHBIX Spa TUMMPOBAHUS, U HA TEKYIIUA MOMEHT PEIIAETCS C
MOMOIIBI0 KOMMEPUYECKUX MPOrpaMMHBIX MPOAYKTOB, TakWx Kak Bionumerics u
Ridom Spa typer, no3Bossis MPOBOAMTE AHAIM3 B TMOJYaBTOMATHYECKOM PEXKHUME,
WCIIOJIb3Ysl TAHHBIE, TIOJTYUYCHHBIE C AHATM3UPYIOLIETro Mpudopa (CEKBEHATOPA).
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MyabTHI0KYCHOE cekBeHupoBaHue tunuposanue (MJICT) — wmerogn,
OCHOBAHHBIM HA JACTEKIIMA U3MEHEHWI B MOCJIEI0BATENBHOCTSIX (PPArMEHTOB IJTMHOM
400-500 m.o. renoB aomaiHero xo3sicTea (house-keeping genes). IlepBoHadaabHO
JaHHBIA ~ MeTox  Obll  pa3paboTaH  uisl  3MHAEMHUOJIOTHYECKOTO  aHalM3a
TUIEPBUPYJIEHTHBIX IITAMMOB MEHUHTOKOKKOB [111]. Kaxknas mociienoBaTreabHOCTh
JIOKyCa  paccMarpuBacTCs B KA4YeCTBE  AJUICNIA, COBOKYNHOCTBH  ajlIeNei,
ONPEACTIEHHBIX [UIsl KOKAOTO TeHa, BKIKOYEHHBIX B MeToauky MIICT, dopmupyror
npo¢uib, IMEHYEMBIH CUKBEHC THI (sequence type - ST). OgHol u3 0coOeHHOCTEH
MJICT sBnsieTcss TO, 4TO W3MEHCHHWs, HAOMOMarolmMecs B aliensx, OyJb TO
OJTHOHYKJICOTUJHBIC 3aMEHbl WM PEKOMOWHAMOHHBIC  SIBJICHUS, BKIIIOYast
rOpU3OHTAIBHBINA IEpeHoc reHoB (horizontal gene transfer - HGT), paccmaTtpuBarotes
B KQUECTBE OJJMHOYHBIX NT€HETUUYECKUX COOBITUH.

['eHeTHUYECKOE POJCTBO, CXOJACTBO MOKET OBITH BBISBICHO C WCHOJb30BAHUEM
Pa3IMYHBIX METOJOB KIACTEPU3ALIMU:

a) METOJOM HEB3BeUIEHHOro mnomapHoro cpeanero (Unweighted Pair-Group
Method Using Arithmetic Averages - UPGMA) ¢ uCHOIB30BAHUEM MATpPHIL
PACCTOSTHUIA, COACPKAIMX MONAPHbIE Pa3INYrs AJUIENBHBIX MPOQUIICH;

0) nepeBbEB MUHUMAJIBHBIX TUCTAHLWNA, B KOTOPBIX BCE 3JIEMEHTBI COCINHEHBI
TakuM OOpa3oM, 4YTO CyMMapHas JHUCTAHLMS BCEX 3BCHBCB JEpPEBa SBISICTCS
MHWHUMAJIbHOM

B) ¢ wucnonb3oBanueM €BURST, wnm Oonee ONTUMU3HPOBAHHOH BEPCUU
goeBURST anroputma, KOTOPBIA MO3BOJSIET HA OCHOBAHUM OJIM3KOPOJCTBEHHBIX
CUKBEHC THIIOB BBIBOJUTH 3aKOHOMEPHOCTH 3BOJIOLAOHHOIO IMPOUCXOKICHHUS
M30JIATOB €  KJIOHAJBHOW  MOMNYJIAUMOHHOW  CTPYKTYPOH,  IO3BOJIAIOLIECH
c(hopMHpOBaTh KIIOHAIBHBIC KOMILIEKCHI[ 112].

Ha nmanvbiit momenT B Oazax MJICT TunupoBaHus HAXOASTCS JAHHBIE IS
Oonee yem 40 maroreHHbIX Oaktepuili M rpudOoB. Takue 0a3bl JAHHBIX KYPUPYIOTCS
CHELMATTUCTAMH, MOJACPKUBAsi BBICOKOE KA4E€CTBO NAHHBIX, (POPMUPYS OCHOBY AJIs
CTaHIAPTU30BAHHON HOMEHKJIATYPBI MJICT-TunupoBaHusi. HexoropsiMu
uccnenoBareasMu MJICT TUnNUpoOBaHWME PACcCMATPUBACTCS B KAYECTBE ''30JI0TOTO
craHaapra’ s ONPENENCHUS BHYTPUBUAOBOW CTPYKTYPbl MOIYJISLUUM MHOTHX
MUKpoopranu3MoB [113, 114]. JlaHHBIA METOA HALIEN NPUMEHEHUE TIPU ITPOBEACHUH
SNUACMHOJIOTHYECKAX HWCCIICIOBAHUM pPa3IMUHBIX MaclTadoB, a TaKXKe NpH
W3YYCHUH NOMYJISIIMOHHOM CTPYKTYPBI M 3BOJIFOLIMOHHOTO pa3BuThs Oaktepuit [115].

HenmoctarkoM MyJIBTHMIOKYCHOIO CEKBEHUPOBAHUS THUIIMPOBAHUS  SBJISIETCS
OTHOCHTEJIbHO HEBBICOKAS Pa3pelIaroNias CMOCOOHOCTh B CPAaBHEHWHM C APYTHMH
merogamu, kak Hampumep PFGE, MLVA, 4ro paemaet €ro HENPUroJHbIM B
ANUACMHOJIOTHYECKAX MCCICAOBAHAAX HA KOJUIEKIMK OAaKTEPUATIbHBIX H30JITOB,
COOpPaHHBIX B TECYCHMHM KOPOTKOTO BPEMEHM W HAa OrPAaHMYEHHOW TEPPUTOPHH,
HaNpUMEp, MPH PaccieOBAHNK BHYTPUOOIBHUYHBIX BCObIIEK. Kpome Toro, B cuiy
O0COOCHHOCTH TEXHOJOTMU CEKBCHUPOBAHWSI, WUCHOJIB3YEMBIH B JAaHHOW METOAMKE,
MJICT meron sBAsETCS TPYAOEMKHAM K BPEMS 3aTPATHBIM, YTO OTPAHUYMBACT €TI0
WCIOJb30BAHUE MPHU SMUACMHUOIIOTHYECKOM UCCIICIOBAHUM, TI€ TPEOYeTCs BBICOKAS
NPONYCKHAs CIIOCOOHOCTb.
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Baxxupim MomenToM npu paspabotke MJICT cxembl s TOCIEAYIOLIETO
WCIOJIB30BaHUS €70 B MUACMHOIOTHYCCKUX UCCICAOBAHUAX SIBJISIETCS BBIOOP T€HOB
U WX KOJIMYECTBO JUIS JOCTWKCHHS JOCTAaTOYHOH pa3pelaroneii cnocoOHOCTH,
[TO3BOJISIFOIIEH pa3Mdarh INTAaMMBI ¢ PAaHHEW IMBEPrECHIUECH. Jnsa oToi nenu
HEOOXOMMO BBIOpPATh TEHBI, HAXOAALIMECS MOJ OO0JEe CHIIBHBIM CEJICKTUBHBIM
JNABICHUEM, HAOPUMEDP, TEHBl BUPYJCHTHOCTH. B JaHHOM ciydae METOA
TUNUPOBAHUS, OCHOBAaHHBIH Ha TE€HAaX BUPYJECHTHOCTH ¢ 0OOJee BBICOKOMA
BapraOeIbHOCTEIO B CPABHEHWM C TEHAMM JIOMAIHErO XO35CTBA HA3BIBACTCS
MYJIBTHJIOKYCHOE CEKBEHMPOBAHME TUIIMPOBAHUE HA OCHOBE I'€HOB BUPYJIECHTHOCTH
(Multi-virulence-locus sequence typing — MVLST) [116].

Oanonykieoruanblii  moaumopdusm (OHIL, anrm.  Single nucleotide
polymorphism - SNP) — MeTO/;, OCHOBaHHBI HA JETEKIIMK U3MEHEHUI HYKJICOTHIOB
(A, T, G wm C) B mocnenoBarenbHocT JIHK mpu cpaBHEHMH C AWKHAM THIIOM,
BOZHMKAIOIIMM BCJIEACTBUE CIYYAHHBIX MYTALMi, TOPU30HTAIBHOTO MEPEHOCA TEHOB
WIA PEKOMOMHALMOHHBIX MPOLECCOB. METOBI T€HOTUITMPOBAHUS, OCHOBAHHBIE HA
OJTHOHYKJIEOTUHBIX MOIMMOPPU3MAX MPUMEHSIOTCA Ui TUIUPOBAHUS HW30JISTOB,
UMEKOIIMX OJHOPOAHYH), TEHETUYECKM KOHCEPBATUBHYK CTPYKTYPY TI€HOMA
(Hampumep, M.tuberculosis, E.coli O157: H7 nmu B.anthracis). [letexuus nanGonee
4acTO BCTPEUANOIIMXCA MNOAUMOPPU3MOB, accoumupoBaHHbix ¢ MJICT Tunowm,
ABIIICTCA OOJiee TMPOCTOM M SKOHOMMYECKH H(P(EKTUBHON albTEPHATUBON K
nonHoneHHo MJICT cxeme TtunupoBanus. OuOreHeTHUECKass CTPYKTYPA,
oucHeHHass Ha SNP, mmeer cxoxyro ¢ MJICT @uiioreHeTukoil, HO ¢ MEHbLICH
muckpumuHanmen. Eme  oaaum  orpanmuennem  OHII  moaxoma — sBiseTCA
HEBO3MOKHOCTh JIE€TEKTUPOBATH HOBBIC AJUICIIBHBIE BapuaHThl. Tem HE meHee SNP
TEHOTAIAPOBAHUE MOXKET MPUMEHATHCA Il CKPUHUHTA 3MUACMHYECKOr0 mporecca
WIH JETCKIMHN KIOHATBHBIX KOMILJIEKCOB C M100AJIbHBIM pacnpocTpaneHuem [117].

Mukpounnsl (Microarrays). C MOMEHTa BCTYIUICHUS MHUKPOOMOJIOTMM B
NOCTTEHOMHYKO 3Py, THUIHAPOBAHWE MHUKPOOPraHM3MOB B OOJIbLIECH CTENEHU
OCHOBBIBACTCS HA aHAIM3€ TMOJHOTCHOMHBIX JaHHbIX. Ha TekymmiA MOMEHT
CEKBCHUPOBAHMUE BCEr0 TE€HOMA SBISETCS JOPOTOCTOSIIMM M, COOTBETCTBEHHO,
OTPAaHUYEHHBIM MEPOMPHUATHEM JUTsl MPAKTUYECKUX J1aboparopuii. B Takoii cutyanmm,
wiargopmMa aHaaM3a TEHOMAa Ha 4YuNax sBISETCS XOPOWIECH albTePHATHBOM
NOJJHOTEHOMHOMY ~ MCCIIEIOBAHMIO, TO3BOJISAIOWIEH oOecrneurBaTh B HEKOTOPBIX
cllydasx ucYepnbIBaolieid wHpopMalued o OakTepuaJbHOM TE€HOME, BKIIOYAs
TFCHOTUNUPOBAHUE. MHUKPOUMNBI MPEACTABISIOT COOOH TBEPAYI) MOMIOXKKY C
HaHeceHHbIMM Ha Heil JIHK 30HmamMm ¢ QuiyopecueHTHON METKOH, Ha KOTOpOW
OPOUCXOANT TUOPUAM3anMsl MUIICHEH HCCIenyeMoro odpasna ¢ MOJyYCHUEM
KOJIMYECTBEHHBIX WJIM KAYECTBEHHBIX CUTHAIOB [118]. TexHONIOrus HA YAmax MOMXKET
OBITH MCIONB30BaHA ISl IIAPOKOIO CHEKTPA MPUMEHEHWH, BKIKOYAs TUIMHPOBAHHE
MuKpoopranu3moB [119, 120]. OCHOBHBIM MPEUMYLIECTBOM JAHHOW TEXHOJIOTMH
SBJIIETCS  CIMIOCOOHOCTh  MOJYYWTh OMHCATEIBHYI0 XAPAKTEPUCTUKY LITAMMA,
BKJIFOUYAsl HAJTMYME TE€HOB BUPYJICHTHOCTH W/WIIM PE3UCTEHTHOCTH, & TAKXKE T€HOTHI
uzonsaroB  [121]. Microarray ~ TEXHOJIOTHsST ~ YCHEHIHO  MPUMEHSJIACh B
SNUACMHOJIOTHYECKAX WCCIEAOBAHUAX TNPHA TUIMPOBAHWM OaKTEepHil Ppa3MUHbIX
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BUJIOB, BKtouas S.enterica [122], S.aureus [123], E.coli [124], Campylobacter jejuni
[125] u apyrux. [lockonabky HaOMHOAAETCS TEHACHIMS K YAYYIIEHUIO TEXHOJIOTHUH
MUKPOYMIIOB C TNApaUICTbHBIM CHW)KCHMEM CTOMMOCTH aHalin3a, niargopma Ha
YUNax CTAHOBHUTCS  PACIPOCTPAHEHHOHM HE TOJBKO B MCCIEAOBATEIHLCKUX
JadopaTopusx, HO U KIIMHAYECKHX [126].

Hoanorenomuoe cexkBeHupoBanne (Whole Genome Sequencing - WGS).
Ycnexu B pa3pabOTKE METOJOB MOJHOTEHOMHOIO CEKBEHWPOBAHWS MPUBOIAT K
Oonee IIMPOKOMY TPUMEHEHUED 3TOM  TEXHONOTMM 34 CYET  CHWKCHUS
SKOHOMHUYECKUX 3aTpaT U BPEMEHU CEKBEHMPOBaHWs reHoma. Ha Tekymumii MOMEHT
CTOMMOCTb M BPEMsI CEKBEHHPOBAHHWS THIMYHOTO OaKTEPUAIBHOTO TeHOMAa
cocrapisiet nopsaka $ 100-400 3a 1-5 aneit. [TomHOT€HOMHOE CEKBEHUPOBAHUE BCE
OONbIIE CTAHOBUTCS KOHKYPEHTOCHOCOOHBIM MO CPABHEHUIO C TPAAWLMOHHBIMHU
JVUArHOCTUYECKUMHU  METOJAMH, BKJIFOUash METOJ KYJbTUBUPOBAHHS OaKTEPHIA.
Hanneii meton mnossosisger onpeaenuts MLST w SNP  nanHele ucxons w3
MOJIHOTEHOMHBIX JAHHBIX M, M0 MHEHUK) HEKOTOPBIX HMCCIECAOBATENCH, B TCUCHHE
HECKOJIBKAX JIET MOXKET CTaTb OCHOBHBIM MOJEKYJISIPHO-3TUACMHUOJIOTHYECKUM
METOJIOM MuccaeaoBanus [127]. Tem He MeHee, KOMIICKCHBIM MOAXO0/, COYETAFOITUI
«TPAOULMOHHBIE» METOABl M TOJHOTEHOMHOE CEKBEHHUPOBAHWE SIBIIACTCA, HAa
TEKYIIAA MOMEHT, HEOOXOAMMBIM, OCOOCHHO, B YCIOBHUM JOCTATOYHO BBICOKHX
3aTpar Ha IMOJIHOTEHOMHOE CEKBEHUMpPOBaHMWE. [IpM 3TOM CEKBEHMPOBAHHME TE€HOMA
SBJISIETCS PEANIBHON AJITEPHATUBOM B Cy4asX ¢ HEKYJIbTUBUPYECMBIMH, OMTACHBIMU U
MEUIEHHO pacTymmmMu Oakrepusmu [128-130].

Takum 00pazoM, METOJbl BHYTPUBHAOBOIO THUIUPOBAHHUS MUKPOOPTraHWU3MOB
UTPAKOT BAXHYKO POJb B OWOMEIMIMHCKHX WCCIEAOBAHUSX, IMO3BOJSS PElIaTh
BOMPOCHI, CBS3aHHBIE C  AHTUOMOTHKOPE3UCTEHTHOCTBIO,  BHPYJIEHTHOCTBIO,
MOMYJIAIIMOHHON CTPYKTYPOH, (UIOrEeHETUKOMN 51 B pacciie10BaHur
SNUACMHOJIOTMYECKAX BCIBIMIEK. Ha TeKkylnidi MOMEHT MNPEANoKEHO OOMbIIOE
KOJIMYECTBO Pa3HOOOpPA3HBIX ~ METOIUK BHYTPUBHI0BOTO TUTTAPOBAHUS
MUKDPOOPraHU3MOB, B OCHOBE KOTOPBIX JIEKAT PA3IMYHBIE IPUHLMIIBI IEHCTBUS. {5
KKIOr0, UMEIOLLETOCS B aPCEHANIE MOJIEKYJIIPHON 3MUACMHUOJIOTAN, METOA, B TOM
YHCJIE BHOBb PA3pabOTaHHON METOAMKM TUIMPOBAHUS, HAYYHOE COOOIIECTBO AAcT
OLICHKY METOAY MO PAAy MapaMeTPoOB, € LEIbI0 TOHUMAaHUs HACKOJIBKO YCIIEIIHO U B
KaKHX ClIydasx JaHHas pa3padoTKa MOXKET ObITh UCMOIb30BaHA. OJHUM W3 TIABHBIX
NapamMeTPOB SABISACTCA AUCKPUMUHUPYIOIIAS CUJIA METOJA TUIHMPOBAHUS, KOTOPBIHA
OLICHMBAETCS C TOMOLIBIO MoKazaresnss CUMIICOHA.

Hcnonb3oBaHue pasMuHBIX MOAXOJ0B B TUIMPOBAHWM MHMKPOOPTaHU3MOB
PA3IMYHBIMUA WCCJICAOBATEILCKUMU TPYINAMU MPUBEIO K TOMY, YTO HA JAHHBIA
MOMCEHT, B MyOnMKanusax U 0a3ax JaHHBIX HAKOMWJIOCH W MPOAOIKACT MOMOJIHITHCS
OONBIIOE KOJMYECTBO PE3YJITATOB TUIMPOBAHUS, YTO B CBOKO OUEPE/lb, MPUBOANT K
HEOOXOMMOCTH TPOBEACHUS CPABHUTEIBHOTO aHAIM3a METOJO0B TUITMPOBAHUS 110 MX
paspeliaronieid Cujie, a TakKe YPOBHS COIIACOBAHHOCTH (KOHKOPJAHTHOCTH)
PE3yJIBTATOB TUITAPOBAHUSI.
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2 MATEPHUAJIbI U METO/IbI

2.1 Meroabl 0aKTepUOJIOrHYECKOr0 UCC/IeI0BAHUSA

3a nepuoa 2014 r. Obuta coOpaHa KOJUIEKIIMS MUKPOOPTaHU3MOB BUAA S.aureus
(n=98) W3 pa3AMYHBIX OTACICHWH, BKIKOYAs MEIUATPAYECKOE, XUPYPruyecKoe,
KO>KHO-BEHEPOJIOTHYECKOE, IMYJIbMOHOJOTMYECKOE W JAP. OTACIICHWHA CTalMOHAPOB
roponoB:. Kaparanma, Acrana JKeskasran m Cemeill. MarepuanaMu HCCIICIOBAHUS
SBJISIMCH 00pa3iibl KPOBHU, THOMHBIE BBIACICHHUS PaH, MOYa, MOKPOTA, Ma3KH U3 HOCA,
3¢Ba, KOHBIOHKTUBBI, OpOHXOAlbBEOJSAPHBIA JIaBOXX M JIpyrue  0o0pasipbl,
ACCOLMUPOBAHHBIE C UH()EKIIMOHHBIM MTPOLIECCOM.

MukpoOHOJIOTHYECKHIE WCCIIEI0OBAHUS MPOBOIUIIUCH Ha 0aze
MukpoOuosiornueckoil taboparopunn HULL KI'MYVY. Breiaenenue 4yncThIX KyJabTYp U3
KIIMHAYECKOTO0 Marepuajia MNpoBOMIIM 1o  olwmenpuHsaTol cxeme [131-133].
[lepBuyHas uacHTU(PUKALUS BAJA MUKPOOPTraHU3MOB MPOBOAMIACH B COOTBETCTBUH
¢ uacHTU(PUKAIMOHHBIMH Kiatodamu «Omnpeaenutens Oaktepuit bepmxm» [134].
[ToaTBepkACHUE B BUIOBOH MACHTU(PHKALMN HITAMMOB, & TAKXKE YCTAHOBJICHUE BUJA
B COMHUTENBHBIX CIIy4asX MPOBOAMIIOCH HA OCHOBE BPEMS-IPOJIETHOH Macc-
cnektpomeTpun ¢ ucnosb3oBanneM MALDI-TOF Microflex (Bruker, Daltoniks).
HUnentudguumrpoBanHas KyJabTypa KIMHAYECKUAX [ITAMMOB S.aureus BHOCUIIACh B 0a3y
nanaeix WhoNet [135], a caMu mTaMMbl XpaHWJIUCh B CpeAc C JI00ABICHHEM
rimnepuHa npu -80°C. Ilepen uCnoab30BaHUEM ITAMMBbI BOCCTAHABIMBAIM HA MSCO-
nenToHoM OyJsiboHE B TeueHue 18-24 yacop[136].

AHanu3 Ha YyBCTBUTEIIBHOCTh K AHTHOMOTHKAM MPOBOJIMIICS KOJMYECTBEHHBIM
METOJAOM — METOAOM CEPUMHBIX PAa3BEIACHUI C HCIOJB30BAHUEM 96 JIYHOUHBIX
IUTAHIIETOB (ABYKpaTHOE paspencHue - oT 512 mkr/ma go 0,1 mkr/min). Ilponece
NPUTOTOBJIEHHS PACTBOPA AaHTUOMOTUKA B OyJIbOHE M HAHECEHUE MUKPOOHOH B3BECH
S.aureus, npeABapUTENILHO CTaHAApTA30BaB 1o 0,5 Maxk®apnanay [137] npoBoaumics
C HCMOJb30BaHMEM poOOTHM3UpOBaHHOW craHmmu Tecan 100. Pesynprare
YyBCTBUTEIBHOCTH K AHTUOMOTHMKAM YUYHTBIBAIMCH CHEKTPO(POTOMETPUUECKH,
nononHss Oazy maHHbiX WhoNet co mrTammamu. AHaIW3 aHTUOMOTHKOTPAMMBbI
MIPOBOJMUIICS B COOTBETCTBUM C KpuTepussMu CLSI 1 3KCIEpTHBIMU ITPABUIIAMH.

2.2 MoJieKky asipHO-TeHeTHYeCKHe METOAbI THIIHPOBAHUS S.aureus

KynpTuBHpOBaHME MHUKPOOPraHU3MOB S.qureus OCYIIECTBISIIOCh HA YKUAKON
NUTATENBHOM cpeae B TeueHue 18 dacoB B kombax (500mi.), comeprkammx 120 mo.
nuTarenpHo cpeabl mpu 37°C  wWcnmonb3ys TepMmocTatupyembiid  mmielikep (100
00/MUH), NOBEAS ONTHYECKYK IJIOTHOCTh KyJabTypel A0 OD440=0.5. Kynerypa
KIIETOK ~MHUKPOOPraHW3MOB TPWXKABl OTMBIBAJIACH OT MNMTATEIIbLHOH  CPEJbI
uentpudyrupopanueM (mpu t = 4°C). OTMBITBIA 0CaOK OAKTEPHAIBHBIX KJIETOK
peCyCeHIMpoBan B puznonorndeckom pacteope a0 OD440 = 10.

Beiaenenne OakrepuanbHoit JIHK mpoBoamiock, MCHONB3yss KOMMEPUYECKUH
KOMIUICKT pearcHToB st skcrpakimu  JIHK  skenpecc-metonom  «3/JEM» B
COOTBETCTBUM C MHCTPpYyKIMEH. OueHka kauecTsa BeiaeneHnoi JJHK npoBoaunace Ha
OCHOBE MeToja mnpsmoi  crnektpodotomerpun  [138] ¢ MCmonb30BaHUEM
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cnexkrpodoromerpa Nanophotometr P-class (P-330) (IMPLEN, GMBH, Munich,
Germany).

Beinenennas JIHK kIMHMYECKMX MITAMMOB S.qureus WCHONb30BAIACH B
KAueCTBE 00BEKTA MOJICKYJIIPHO-TEHETHYECKOTO TUIMMMPOBaHUs MeTogamMu Spa [139]
u MLVA Ha ocHoBe Staphylococcal Interspersed Repeat Unit (SIRU)
mapkepos [140].

Spa TunupoBaHKEe CTAPUIIOKOKKOB MPOBOJMIIOCH B COOTBETCTBUM C METOIUKOMA,
npemnoxeHHoid Frenay H. ¢ coaBr. [141], onyOnukoBaHHOW Ha caiite ridom.de.
AMmmuKanus TUNEPBApUAOEIBHOTO y4yacTka Spa TIe€Ha MPOBOJWIACHE C
uCcnoab30BanueM npaiimepos - spa-1113f 5>-TAAAGACGATCCTTCGGTGAGC-3’
n spa-1514r 5’-CAGCAGTAGTGCCGTTTGCTT-3", KOTOpBIE OTKUIaJUCh Ha
(QuaHkupyromMe y4actku (¢parmeHtra Spa reHa. Axamm3  [IP-npoaykros
OPOBOAMJICS C HMCHOJB30BaHUEM 2% arapo3HOro refis, B KOTOPOM OLEHUBAlIAcCh
npuONM3UTENIbHAS JJIMHA NPOAYKTOB aMIUii(uKaumy, pe3yabTar KOTOPOro
OLICHMBAJICS HA reb-A0KyMeHTupytomleit cucreme Gel-Doc XR+ (Bio-Rad).

Ha cnegyromem ostane ocyuiecTBisjiack npoueaypa (hepMeHTaTuBHOR
00pabOTKM MPOAYKTOB aMITU(UKALKAK 3K30HYKIea30i | m menounoi ¢gocdarazoit
kpeBeTkn (Fermentas, Jlutea). CekBeHMpOBaHKE aMIIM(UIMPOBAHHOTO yYacTKa Spa
reHa MNpoBOAMIM ¢ ucnojib3oBaHueM HaOopa BigDye Terminator v3.1 Cycle
Sequencing Kit na npubope ABI PRISM 3500 Genetic Analyzer (Applied
Biosystems, CIIIA) (pucyHok 2).

ARTTCCACACARCATACGAGCCOGOAARGCATAARG
[Lill 190 200

. 1)

PucyHok 2 — [Ipumep AaHHBIX, OJy4aEMbIX TPA CEKBEHUPOBAHUH
no CaHrepy, ucnonb3ys Habop BigDye Terminator v3.1
(cexBeHnarop Genetic Analyzer)

[TonyueHHass mOCIENOBATEALHOCTh coXpaHsiiack B fasta ¢Qopmare wu
uMnoprupoBanace B mporpammy Geneious [142] ang aHaim3a MOMYyYEHHOM
NOCIEAOBATENBHOCTH (pparMeHTa Spa TreHa MyTEM MOUCKA (DIaHKUPYOMUX
CHELM(PUUECKAX CUTHATYP W YCTAHOBJICHHS KAYECTBEHHOTO W KOJIMYECTBEHHOIO
COCTaBa MOBTOPOB W UX MOPSAIOK B MOCIEA0BATEIIBHOCTH (PUCYHOK 3).
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PucyHok 3 — AHaJIN3 IOJIYYEHHON Spa MOCAE0BATEILHOCTH ITaMMa S.aureus,
NPOU3BEICHHBIN B MporpaMMe Geneious ¢ LENbI0 ONPEACIICHUS KOTMYECTBA U
MOJIOXKEHUSL Spa MOBTOPOB

[TonyueHHbiii cocTaB Spa MOBTOPOB COMOCTABJSUICS ¢ 0a30d  JaHHBIX
spa.ridom.de aysg onpeneneHust Spa Tvna (pucyHok 4).

" iE spa.ridom.de/spatypes.shtm

|L.l.l-'L ”'uu [ = S R S e ey |

tlo2 ||14-44-12-17-17-23-18-17

t163  |04-20-17-20-17-45-16-34
tlo4|07-06-17-21-34-34-22-34

t165  |07-23-12-34-46-12-47-12-2

t106 ||04-44-33-31-12-16-34-16-12-25-22-34

Pucynok 4 — Onpenenenne Spa Tuna ucxoas U3 MOBTOPOB, MOy YEHHBIX TTOCIIE
CEKBCHUPOBAHMS YYaCTKA Spa reHa

MLVA TuUnUApOBaHWE KIMHAYECKUX LITAMMOB S.qureus TPOBOAWIOCH MO 6
nokycam - SIRU 01, SIRU 05, SIRU 07, SIRU 13, SIRU 15, SIRU 21, cornmacHo
MeToauke, npemnokeHHo lkawaty R. m ap. [143] ¢ uWCHob30BaHUEM JBYX
MynbTUIUIEKCHBIX [P peakumii, ammumduuupys 3 70Kyca B KaXAOH peakluu.
Pazmep [P npoayKToB ompeAessyicss ¢ MOMOIIBI0 KAMWUIIPHOTO 31eKTpodopesa
BBICOKOTO PA3PELICHUS ¢ aBTOMATHYECKON (PITyOPECIIEHTHON NETEKIMEH (PUCYHOK 5).
[Tony4yeHHbIE  MOJEKYJSIPHBIE  MAacChl  AMIUIMKOHOB — MCHOJIB30BAJIACH  JUIA
¢opmupoBannss MLVA npoduneii, cocrodmmx u3 6-3HAYHOTO LUPPOBOTO KOAA,
COOTBETCTBYIOIINX KOJIMYECTBY TOBTOPOB B KAXKIIOM JIOKYCE.
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PucyHOK 5 - Xapakrep NUKOB MPOAYKTOB aMIIM(UKALMU C MEYEHHBIMA
npaiiMepamu sl YCTaHOBIJICHUS MOJIEKYJISIPHOM MacChl (KA PHBIHA
anekTpodope3 BeicOKOro paspenieHus: Genetic analyzer 3500)

2.3 Spa, MLLST, MVLST, MLVA, PFGE, ¢gMLST, wgMLST u panGenome
TUNHPOBAHHE HA OCHOBE TOJHOTCHOMHBIX JaHHBIX S.aureus: in silico
Hcc/Ie10BaHHe

Spa TUNMPOBAHWE HA OCHOBE IMOJIHOTCHOMHBIX MOCIEAOBATENBHOCTEH S.aureus
MPOBOJIMJIOCH C HWCHOJIb30BaHWEM mporpammbl  SeqSphere+ (Ridom, Germany).
[TpyHimn paGoTel JAaHHOH NPOTPAMMBbI 3AKIIFOUAETCS B TIOMCKE B TEHOMHOM
nocienoBarenbHocT  (puankupyrommx — curHatyp F—-GCMCCAAAA wu R-
AAAGAAGAYGGYAACGGRGTAYATGTCGT, wmexay KOTOPbIMM HAaXOAATCS
NOBTOPBI,  onpenensomme  Spa  tun.  [locienoBaTensHOCT  TIOBTOPOB
uacHTuuumpyerca Ha ocHoBe BLAST BeipaBHuBanus [144]. Ha Texymmii MOMEHT
cyuiecTByroT Oosiee 700 yHUKanbHBIX MOBTOPOB, (popmupyrommx cBeime 16000 Spa
TUTIOB.

MLST TunupoBaHue, LENBK KOTOPOTO SBISJIOCH ONPEACIICHUE CHKBEHC THUIIA
(ST), npoBOaMIOCE B COOTBETCTBHM CO CXEMOM, KOoTOpas Oblia pazpaborana Mark
Enright [145], Bkimrovaromas B ceOs 7 JIOKYCOB I€HOB JIOMAUIHETO XO3siCTBA -
Carbamate kinase (arc), Shikimate dehydrogenase (aro), Glycerol kinase (glp),
Guanylate kinase (gmk), Phosphate acetyltransferase (pta), Triosephosphate
isomerase (tp1), Acetyle coenzyme A acetyltransferase (yqi). Ilowick TeHOB
JOMAITHETO X03sicTBa M ycraHoBieHrne MLST Tumna npu ucnoib30BaHUM FEHOMHBIX
JTAHHBIX S.aureus MPOBOJAUIUCH ¢ UCTIONB30BaHueM Microbial in silico typing (MIST)
nporpamMmel, paspadotanHoi Peter Kruczkiewicz m np. [146]. TlpuHinun paboThl
JAHHOHM MPOrpaMMBbl COCTOMT B MOMCKE MOCIEN0BATEIBHOCTEN JTOKYCOB CXOJHBIX C
0azoii nanHbIX ayiened 7 reHoB Ha ocHoBe BLAST anroputma. B pesynbrare 100%
COBMAJEHUS MPOUCXOJNAT NPHUCBOCHUE AJUIETILHOTO HOMEpPA Ul KKIOrO JIOKycCa,
YTO, B KOHEYHOM cuete, (popmupyer mudporoit npodusie MLST cukBeHc Thna wm3
cemu 3HaucHUi. Cxema paboTel mporpammbl MIST npeacrasiena Ha pucyHke 6.
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BLAST noucK uaeHTU4HbIX

nocnefoBaTe/IbHOCT! el

[la 100%
cosnage
Hue

Bbibop annens

HeT

Bbibop Haubonee
6auskoro annens

Pucynok 6 — [TpuHiun pa6otet MIST nporpammst
s onpeneneans MLST tuna

Onpeneneane MVLST Tuma mnpoBOIMIOCE HA  OCHOBE  METOJIMKW,
BKJIFOYAIONICH BapraOeIbHbIC JJOKYCHl 6 TeHOB BUPYJeHTHOCTH: autolysin (alt), Type
VII secretion system protein EssC (essC), lipase (geh), c-hemolysin (hlgA), serine
protease (htrA) u Ser-Asp rich protein (sdrC). Ha ocHoBe mnpaiiMepos,
npeatoxkeHHbix Bindhu Verghese u coapt. [147] Oblia nmpoBeacHA CUMYJISIIMOHHAS
[TLP ¢ nenvro nonyueHust pparmeHToB amiupukanmu. [lomyyennsie qanusie TP
aMIUTM(UKALIMKM UCTIOIB30BaIuCh i co3nanus BLAST 6a3bl naHHBIX, 10 KOTOPOA,
B JaJbHEHIIEM, NPOM3BOAWJICA  MOMCK  WACHTUYHBIX  WJIM  CXOJHBIX
NOCTIEA0BATENBHOCTEN (PPAarMEHTOB T€HOB BUPYJICHTHOCTH B TeHOMAxX S.aureus. Jjis
K@KI0M HOBON IIOCIIENOBATEILHOCTH JIOKYCAa MPHUCBAMBAIICS HOBBIM HOMED,
¢dopmupys npopune MVLST Tuna.

MLVA TunupoBaHuEe OCYLIECTBINIOCH TmyreM cumyisinun  e-PCR ¢
UCIOJIb30BAHUEM MPAaMEPOB, yKa3aHHbIX B Tabnuue 1, npemioxkeHHbix Schouls L.
M. wu coar. [148], wucnone3ys primer3 mnporpammy [149], BKIOUCHHas B
nporpammHblii nakeT Genenious. [lpumep MLVA ananu3a, BBINOJIHEHHOTO HA
renome Staphylococcus aureus strain 2395 USAS500 npeacraeneH Ha pucynke 7. Kak
BUJIHO W3 pucyHkKa, B Geneious Obula co3gaHa 0Oaza mOpaiiMepoB, KOTOPBIC
WCTOJB30BAMCH I CUMYJISIUN MOJMMEPA3HOM LEnHOM peakuuu. B pesynbrare
OBUIM TOJNY4YEHBl TPOAYKTHI amiumdukanuu B pasmepe or 129 mo 479 map
OCHOBaHWI, pa3MeEp KOTOPBIX MOKET OBITh ONPENCICH HAa MPAKTHKE, HCHOJb3Ys
KalUJUISIPHBINA 3JIEKTPO(OPE3 BEICOKOTO Pa3pelleHus (KanWIISPHBII CEKBEHATOP).
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Tabmuna 3 - IlocienoBaTenbHOCTH NpaiiMEpPOB, HCHONb3yeMblx s MVLA
TUITAPOBAHUS S.aureus

HanmenoBanue . Jmna | %
. [TocnenoBarenbHOCTH PANMEPOB
npaiimMepa (mo.) | GC

VNTRO9 O1Ff | ATAAGCATTGAAACCATTATGATG | 24 292 54
VNTRO09 Olr GCAACTTCTTAAAACAAAATATIG | 24 25 | 522

VNTR21 Olr AGCAATGAATCAATAATTTTCA 22 22,7| 50,7
VNTR21 01Vf | GTCGATAAAGCATAAAGCTTT 21 33.3| 52,6
VNTR24 01Pf | CAGCAGTAGTGCCGTT 16 56,3]| 53,6
VNTR24 Olr GTAACGGCTTCATCCA 16 50 | 50,2
VNTR61 OINf | AATGCACATGAAACACTAATT 21 28,6| 52,3

VNTR61 Olr GGTCAAGAATATTTAAAATCAATT 24 20,8| 50,3
VNTR61 02f CTGTGAAGTTAGATAGATGAGTTT 24 33,3| 54,2
VNTRO61 02r GCAATTAACGATTTCTTCAC 20 35 | 51,2
VNTR63 O1Ff | TGAAGATGTAGTAGGAATGTTAGT | 24 33.3| 54,8
VNTR63 Olr AGAAAAAGCTAAAGAAGTTGAA 22 27,3| 52,2
VNTR67 01Pf | CGTGAATCTCTTTTATAAGAGTGT 24 33.3| 54,8
VNTR67 Olr CCCTCCTATTAATATATATACCGT 24 33,3] 523

VNTRS81 OINf | TTTGGATATGAAGCGAGA 18 38,9 504

VNTRS81 Olr CATATGTCGCAGTACCATC 19 474 53,1
|Name & | N, | HGC

W MLVA-MecA-Ff 19 42.1%

w MLVA-MecA-r 20 45.0%

w MLVAPVLFF 2 39.1%

w MLVAPVLT 20 40.0%

W VNTROS_O1FF 24 29.2%

W VNTRO9_O1r 24 25.0%

W VNTR2101r 2 2.7%

W VNTR21_OI%F 21 3.3%

W VNTR24_01PF 16 56.3%

W VNTR24_01r 16 50.0%

W VNTR61_OINF 21 28.6%

W VNTR61O1r 24 20.8%

W VNTR61_02f 24 B.3% )

W VNTR61_02r 20 35.0% 1. - ot

W VNTR63_O1FF 24 33.3% /

W VNTR63_Olr 2 27.3%

W VNTR67_01Pf 24 B.3%

W VNTRE7_O1r 24 33.3%

W VNTRGI_OINF 18 38.9%

W VNTRS1OIr 19 47.4%

Name & | Product Size |
MLYA-MecA-Ff 150
v [Search for Forward [VNTROS_O1FF WNTRO9_O1FF 346
- VNTRO9_O1r WYNTR21_01vF 129
[v 'Search for Reverse UNTR21 O1r i
[ [Search for Probe [vnTR21_01vF 1\ VNTR24_01PF 417
v |Pairs Only VNTR24_01PF YNTR61_O1NF 388
e VNTR61_02f 395
¥ [ Included Region: 061955 | 1ot HO6SS D il VNTR63_O1FF 395
% [ Terget Region: 055 7o) [D6,15= T VNTR67_01PF 479
[v | Product Size Between: | 60/=] And | 1,200=] VNTRSl_Ole 415
| |Optimal Product Size: 13: =

Pucynok 7 — Camyssinust TILP ammmdukanmm ¢ ucnonbs3oBaHue npaitMepoB
st MLV A tunupoBanus S.aureus
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Ha ocHOBaHMM TOJYYCHHBIX  Pa3MepoOB  MPOAYKTOB  aMILIU(UKAIIN
dbopmupoBaiics MLVA npoduiib, oTpakaroumii KOJUYECTBO MOBTOPOB B KaXKIOM
JIOKYC€, MMyTEM BbIYMTAHUS (DJIAHKAPYIOIIUX YYAaCTKOB € MOCJICYOIUM JEICHUEM Ha
JUIMHY MOBTOpa. JlaHHbIE 0 pazmMepax (IaHKUPYIOMIMX YYAaCTKOB W JIJIMH MOBTOPOB
JUTS KQKIO0TO JIOKYCa MPEACTaBJICHbI B Ta0nuIe 4.

Tabmuna 4 — Ilokazarenu, HEOOXOAUMBIE U BBIYUCIICHHUS KOJIMYECTBA MTOBTOPOB B
nokyce npu popmupoBannn MLV A nipoduis

HaumenoBanue mapkepa | JlnrHa moBTopa JlinHa pIaHKUPYIOMIKUX YYACTKOB
VNTRO09 9 1.o. 238 m.o.
VNTR21 21 m.o. 108 mm.o.
VNTR24 24 1m.o. 153 m.o.
VNTR61 01 61 m.o. 241 n.o.
VNTR61 02 61 m.o. 207 m.o.
VNTR63 63 11.0. 269 nm.o.
VNTR67 67 11.0. 145 nm.o.
VNTRS1 81 m.o. 91 m.o.

Hanpumep, nocne TP ammmudukanuu (e-PCR) ¢ ucnosib3oBaHUEM TeHOMA S.
aureus 2395 USAS500 nonyuynsinch npoayktsl pazmepamu: ais VNTRO9 — 346 mo.,
st VNTR21 — 129 m.o., qns VNTR24—- 417 n.o., nins VNTR61 01— 388 m.o., s
VNTR61 02 — 395 n.o., mis VNTR63 — 395 mo., mng VNTR67— 479 n.o. u mis
VNTRS81 — 496 m.o. I[lociie BbIYMTaHUsI COOTBETCTBYIOIIMX JJIUH (MIAHKUPYOLIMX
YYaCTKOB, YCTAHABIIMBAEM KOJMYECTBO TAHACMHBIX IMOBTOPOB B 3aBUCHUMOCTH OT
KPaTHOCTH JJUHBI K&KAO0T0 MOBTOpa, nosyyaeM MVLA npodwnp 12-1-11-2-3-2-5-4.

Cumynsuust PFGE in silico ocymectensimace B 2 3tana. Ha mepBom 3rtarme
TEHOMBI S.qureus OJBEPrajJuch PECTPUKIIMOHHOMY PACIIEIUICHUIO ¢ MOMOLIBI0 Smal
depmenTa ¢ caiitom pacnosHaBanus B 6 m.o. — CCC GGG [150]. TlomydyeHHbIC
(parMeHTbl TOABEPrajivCh AJICKTPOPOPETHUECCKOMY Pa3JEICHUID ¢ 00pa30BaHUEM
AAEKTPOPOPETUUYECKOTO MATTEPHA (KOJUUYECTBO MOJIOC U X PACIONIOKEHUE HA TEIIE).
JlanHas mpouenypa BbINOJHsUIach Ha Oaze mporpammbl Geneious. IlomyueHHOE
aneKkTpodopeTHyeckoe u300pakeHue aHammsupoBasiock B TotalLab (Nonlinear
Dynamics, UK). [Iponecc PFGE ananu3a noJlHOreHOMHBIX TaHHBIX S.aureus in silico
MPEJCTABIICH HA PUCYHKE 8.

MeTol TOJHOTEHOMHOIO MYJBTHJIIOKYCHOTO CEKBEHUPOBAHUS TUIHPOBAHUS
(cgMLST, wgMLST) sBnseTcss cTaHIapTU30BAaHHOM NPOUEAYPOH THUIIMPOBAHWS,
pazpadorannoii Alexander Mellmann (Inst. Hygiene) u Dag Harmsen (University
Munster), koTopast BKItoyaeT B ce0st 1861 OCHOBHBIX I'€HOB (COTE ZENes), BXOIAIINE
B WgMLST cxemy u 706 no0aBo4yHBIX IeHOB (accessory genes). B pesynbrare
TUNUPOBaHUsL ObUTM MCMOJB30BAHBI 2 CXEMBI, BKItOHaromme 2567 reHoB. AHau3
nojsHoreHoMHoro ML ST TunupoBaHus Ha OCHOBE T€HOMHBIX MOCIEA0BATEIBHOCTSIX
S.aureus mnpoBommics ¢ Hcnoib3oBaHueM SeqSphere+ nporpammbl.  [TpuHnmn
paboTel cg/wgMLST B mporpamme SeqSphere+ npeacTaBieH Ha pUCYHKE 9.
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Pucynoxk 8 — Cxema in silico PFGE TunupoBaHusi reHOMHBIX JAHHBIX S.aureus ¢
MCIOJIb30BAHMEM ABYX MporpamMmm: BBepxy — Geneious, BHu3y TotalLab

100% MAEHTUYHOCTb —

Bblbop annens
CvkBeHC A —annensl P

CuxBeHc b — annens2

CuxBeHc B — annens3

CuksBeHc I — annensd

CukBeHc J1 — annensh

CuuBenc E — annens6 OTCyTCTBME MOSHTUYHBIX B Ba3se -

AONO/IHEHWNE HOBbIM CMKBEHCOM + HOBbIA a/l/1efb

PucyHnok 9 — Cxemarudeckuii mpuHIun padboTel mporpaMmsl SeqSphere+ s
noysiHoreHomHoro MLST ananu3za

AHaIM3 JAHHBIX TOJMHOTeHOMHOro MLST TunupoBaHus TPOBOAWICS C

NOMOIIBI0 poppr naketa R cratuctuku [151]. Jlims BeIOOpa JIOKYCOB, BXOJSLIMX B
cxeMbl cgMLST u wgMLST Obumn BeiOpansl 0% u 5% cut-off, cootBeTcTBEHHO, TpH
MCIOJIb30BAHMH MOJIHOTEHOMHBIX JAHHBIX S.qurens, KOTOPBIE SBIISIOTCS HA TEKYILMANA
MOMCEHT 3aBepiieHHbIMA (n = 116). Takum oOpazom, cgMLST cxema Bkmrovana 1107
reHoB, a wWgMLST - 2097 renoB. Ilpm anamuse CTaQUIOKOKKOBBIX T€HOMOB,

cocrosiiux U3 ckad(onmoB W/MIM KOHTHIOB (HE3aBEPIIEHHBIE TEHOMBI) KPUTEPUU
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BbIOOPa JToKycoB st cgMLST u wgMLST 6butn 0,5% 1 5% cut-off, yTo mo3sonuno
chopmupoBarb cxemy u3 1333 renoB ang cgMLST u 1715 renoB mist wgMLST.
Kpurepnii cut-off mns c¢cgMLST Obm1 u3menen ¢ 0% mpo 0,5% B ciywae ¢
HE3aBEPIICHHBIMA TE€HOMAMHM BCJEACTBAC HAJIW4Ms Pa3pbiBOB  (gaps) MEXKIY
KOHTHUramMu w/wim cka@ongaMu 4to, B CBOK OYEpPEdb, MPUBOIUT K MCKIFOYCHUIO
psana nokycos npu BLAST noucke meronom cgMLST tunuposanus.

MeTon TUMMPOBAaHUSI HA OCHOBE MAHTEHOMHOTO CPABHEHUSI TEHOMOB S.aureus
(PanGenome typing) mnpoBomwics ¢ mnomomblo R/Bioconductor package
«FindMyFriends»  [152]. TlpensaputenbHO Oblla  MPOM3BEACHA  ACTEKIUS
TpaHCAUPYyEMBIX ydacTkoB reHoma (coding DNA sequences — CDS), ux pasmepa u
NO3ULMS B TEHOME NpU NoMouIy nporpamMmsl Prodigal, mepeBoas U3 HyKI€OTHIHON
MOCJEAOBATENLHOCTH B AMUHOKHCIIOTHYH [153]. Pesynbprarel aHannsa TEeHOMOB
COXpaHsIuch B BUAC fasta (paiiyioB, KOTOphIC B AATbHEHIIEM MCIOJB30BAIUCH MPU
NAHTCHOMHOM aHanu3e. M3 Bcell COBOKYNMHOCTH T€HOB IF€HOMOB (POPMHPOBAIKCH
IPyNnbl-OpTONoru ¢ 85 % HMAEHTUYHOCTBIO HAa OCHOBE amroputmMoB CD-HIT [154,
155] u kmer cosine similarity [152, c.2]. B pe3ynabrate Oblia chopmupoBaHa
marpuna OWHapHBIX 3HAueHWH (1 — HammuWe rpynnsl-opTojora B reHome, 0 —
OTCYTCTBHE ), KOTOpasi UCIOIb30BANIACH B JAJBHEHIIIEM MTPH KIACTEPU3ALUU U30JISITOB
S.aureus.

2.4 Kanacrepusanus pe3y/jibTaToB THIIHPOBAHUS

['pynnupoBaHue W30JATOB S.aureus MPOBOAMIOCH METOJOM KIACTEPU3ALNH,
NyTEM MOCTPOCHMS JACHAPOIPAMMBI WM JEPEBbEB MHHUMAJIBHBIX IUCTAHLAN
(minimum spanning tree — MST) Ha OCHOBE AAHHBIX, MOTYYECHHBIX PA3JIMYHBIMA
METOAMU THITUPOBAHHSI.

OueHKa TEHETHYECKOTO pPa3ivuvs MEXKAY Pa3iMyHBIMH  Spa  TUIIAMU
IPOBOAMIIACE METOIOM MOMAPHOTO BHIPABHUBAHUSL Spa MOBTOPOB € MCIIOJIB30BAHUEM
anroputMa Needleman—Wunsch [156]. Ha ocHOBe TOJy4YeHHOro »jaliMeHTa
pacCUMTHIBATIACH MATPULIA TEHETUYECKUX QUCTAHLIMMN, TIE 32 EAMHUILY TEHETUYECKOTO
COOBITHSI TPUHUMAJIUCh TOYEUHbIE MyTalmu (mismatches) uim BCTaBKa/BbITAICHHUE
(InDels). Knactepuzaiuss nOpoBOAWJIaCh HA OCHOBE airopuTMa JE€PEBHEB
MUHUMAJIBHBIX AACTAHUWI. B spa rpynmy BOLIIM Spa-TUMbL, OTJIMYaBIIMECS Ha 1
COOBITHE.

Pesynbratel TunmpoBanus Mmeromamu MLST, MVLST, MLVA, cgMLST,
wgMLST, npencrtaBieHHblE B BHAC AIECIBHBIX NPO(UICH, aHAIM3UPOBATIUCH C
MCIOJB30BaHUEM (POPMYJIBI pACUETA TEHETHUECKOTO PACCTOSIHUS, MPEATTIOKEHHOM Nei
M. ¢ coagr. [157, 158]:

e T2

1-23°Y VEaws

Knacrepuzaumss w BU3yanusals ajuIeIbHbIX JaHHBIX OCYLIECTBIUIACH C
ucnosibzoBanueM €BURST/MST anroputma [159]. ®dopmupoBaHue KIacTEpoB,
KOMIIJIEKCOB OCYILECTBIISTIOCH MPH UCTIONB30BAHUM JBYX MTPABHUIL
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1. MakcuMasnbHas AUCTAHIMS B TPYIIIE/KOMIUIEKCE;

2. MuHUMAaNBHOE KOJIMYECTBO U30JISTOB B TPYIIIE.

Jlns METOAOB THUNMPOBAHMS, BKIIOYAKOMIMX OrPAHUYEHHOE KOJMYECTBO
MapKEPOB B CXEME TUIMPOBAHUS MAKCUMAIbHAS AUCTAHLMS IS CPOPMUPOBAHHOM
IPYMNIbI SBASETCS 1, IPU YCIOBAM HE MEHEE 2 U30JIATOB B IPYIIIIE.

DOpMHUPOBAHUE KIIACTEPOB JIsl CXEM € OOJIBIIUM KOJMYECTBO JJOKYCOB B CXEME
tanupoBanus, Hampumep, cgMLST w wgMLST npoBoamnock Ha OCHOBAaHWUU
3HaueHus 10% cut-off.

Knacrepuzaumst ~ pe3ynbTaroB  TUIMPOBAHWUS ~ METOAOM  MYJIbC-TEIb
aneKTpodope3a OCYIIECTBISUIACH HA CPABHEHMHM MATTEPHOB OBHAOB, KOTOPHIC
KOAMPOBAINCH B BUJIC OMHAPHBIX JAHHBIX, T¢ | — HAIM4KE MOJIOCKH, O — OTCYTCTBHE
nojocku Ha rene. OUEHKa TIEHETUYECKUX JUCTAHIMKA OWHAPHBIX JAHHBIX
IPOBOAMIIACE METOJIOM, MpeaioskeHHbIM Jaccard P. (1912) [160, 161]. B pe3ynbrare,
(opMUPOBAHUE KIIACTEPHU3ALMHA TPOBOAMIOCH HA OCHOBE aJITOPUTMA HEB3BELICHHOTO
nonapHoro cpeanero (Unweighted Pair-Group Method Using Arithmetic Averages —
UPGMA) Ha OCHOBAaHMM MOJIYYECHHOH MaTpUIbl TEHETUYECKUX OUCTaHIM [162,
163]. ®opmuposanune PFGE rpynn npoBoaunock mpu 80% cut-off [164].

Jannbie PanGenome THNMMpOBaHHs MPEACTABISAIOT cOOOW OMHAPHYIO TAOIHILY
TEeHETUYECKUX TPyNI-OPTOJIOroB, rae 1 — MpUCYTCTBUE T€HA B oprosior-rpynne, 0 —
orcyrcTBHe reHa. Knacrepwsaums ©W BU3yanu3auus — OWHAPHBIX  JTAHHBIX
ocyuiectBisiack ¢ ucnonab3oBanueM c¢BURST/MST anroputMa; rpynnupoBaHue
OCYUIECTBIISUIOCH ¢ ucnonb3oBanueM 1% cut-off.

2.5 Ouenka AHCKPUMHUHHPYIOLICHi MOIMHOCTH METOAOB BHYTPHBHI0BOIO
TUNHPOBAHHS U HX COTJIACOBAHHOCTH (KOHKOPAAHTHOCTD)

OneHka IMCKPUMUHUPYIOLIEHN CIOCOOHOCTH METOIa TAMPOBAHUS POBOAMIACH
C MCMOJIb30BaHKEM HHACKca CuMIicoHa 1o opMmyJie, UCMONb3ys «vegany T package
[165]):

> ni(n ;= 1)
D=)_2" 7/
o N (N N 1)
[TapameTp KOHKOPIAHTHOCTH OLICHUBAJICS HA OCHOBAHWM CKOPPEKTUPOBAHHOTO
koa(ppuumenta Panna [160] («vegclust» r package [167]).

Index — ExpectedIndex
MaxIndex — ExpectedIndex
2(NooN11 — No1Vo)
(Noo + Noi }(Nor + N1 ) + (Noo + N1o)(N1o + N )

ARI(X,Y)

Pacuer 95% noBEepUTENBHOTO MHTEPBAJIA TSI MOKA3ATENEH pa3peatomei
MOIIHOCTHA METO/Ia BHYTPUBHI0BOIO TUTUPOBAHMUS TPOBOAMJIICS MyTEM Tesampling
jackknife («resample» r package [168]).
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3 PE3YJIbTATBHI U OBCY/KJIEHUE

3.1 XapaxkrTepucruka KJIHHHYECKHX H30JATOB S.aureus. Onpenesienue
YyBCTBHUTEIbHOCTH K aHTHOMOTHKAM

MeTUIMIIIMH-YCTOWYMBBIA  3010TUCTBIA  cTaduiiokokk (MRSA)  sBrisercs
STHUOJIOTUYECKHM AareHTOM MHOKECTBA TSDKENBIX HH(PEKIMOHHBIX 3a00JIEBAHWN C
BBICOKMM PUCKOM CMEPTHOCTHU [169]. XOTS, MO MHEHHIO HEKOTOPBIX MCCIEAOBAHMM,
B pAJE Clly4acB HaOMIOAAeTCsl HOCUTENBCTBO JAHHOTO ar€HTa, PoJib KOTOPOTO JI0 CHX
nop He sicHa [170, 171]. Tem He MeHee, B IOCJICTHUE rO/Ibl HAOIOAETCS TCHICHIINS
K  YBEIMYEHUIO  PACHPOCTPAHCHHS  YCTOHYMBBIX  IITAMMOB  S.qureus K
aHTUMUKPOOHBIM npenapaTtaMm [172]. Kak Obuto mokazaHo B psjie padOT, U30JSATHI
S.aureus cnocoOHbl MPUOOPETaTh TEHETUYECKHAE AJIEMEHTHI, B 4acTHOCTH SCCmecA
n mecC KacCeThl, HECYIME TeHBI MATOINCHHOCTH, BUPYJCHTHOCTH U YCTOMYMBOCTH K
aHTUOAKTEpPUAJIBHBIM TIpenaparaM, B pe3yJjbTaTe TOPU30HTAIBHOrO mepeHoca [173,
174].

Pe3ynbrarel MOJNIEKYISPHO-3MUAIEMUOIOTHYECKUX HMCCIAEAOBAHUHN, W3yYarOIIne
pacnpoCTPaHEHHOCTh  S.aureus, B TOM uyucie MRSA, mnokazanu, 4rto Ui
CTAPUIIOKOKKA XapakTepHAa KIOHAJbHAs NOMYJALHOHHAs CTpyKTypa. llpu sTOM
HAONIOAAOTCS pa3jiuyus MEXKAy Pa3HbIMM KJIOHAMM Komruiekcamu [175, 176].
Otmeuaercst, 4to Onarogapss CBOMM OCOOCHHOCTSM, HEKOTOPBIE KIIOHBI S.aureus
00naarT MPEMMYLIECTBOM M CHOCOOHBI K 0oJice OBICTPOMY PAacMpOCTPAHEHHIO B
TOCIUTANIAX, SBJSSICH TEM CaMbIM OOJIEE YACTBIMH 3THOJIOTMYECKAMH arcHTaMu
BHYTPUOOJIBbHUYHBIX BCIbIIIEK [177-179].

Ha HawambHOM 53Tame  Hamiero  MCCIEAOBaHMs — ObUIO  HEOOXOAMMO
(PEHOTUITMYECKH OLICHUTH KOJUIEKIUIO KIMHUYECKUX IITaMMOB S.aureus. Ha MOMEHT
UCCIICIOBAHHUST MUKPOOMOJIOTUYECKAs KOJUICKIMsS S.qureus Oblna MpeAcTapicHa 98
W30JISITAMHA, COOPAaHHBIMM W3 pPa3jMYHbIX CcTanuoHapoB Kaparanawl, AcTaHsl,
Keskaszrana u Cemes. J10a€BO€ COOTHOIICHUE KIMHHYECKUX IITAMMOB 30JI0THCTOIO
CTAPHUIIOKOKKA, TOJYUYEHHBIX U3 PA3IMYHBIX ropoaoB KazaxcraHa, MpeACTABICHO HA
pucynke 10.

Cemeit |

Kaparanna

Pucynok 10 — JIosieBO€ COOTHOMIEHUE U30JIATOB S.aureus, BbIICICHHBIX U3
paznu4HbIX TOPoJoB PecnyOnuku Kazaxcran
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Kak npencraBneHo Ha pucynke 10, 6osee monoBuHbl (64,3%) mraMMoOB ObLITH
MOJIYYEHBI W3 CTanMOHApoB KaparanawmHCKOro permonHa, Bkirouas 53,1% mrammoB
n3 Kaparanasl u 11,2% u3 XKeskazrana. Jloneseie nponopuuu mrammoB u3 Cemes u
Actansbl coctaBiim 25,6% 1 9,2%, COOTBETCTBEHHO.

Kimnanveckne 00pasubl, W3 KOTOPBIX MPOMCXOAWIIO BBIACICHUE S.aureus, a
TAK>KE CTPYKTYypa Npouiici CTaMOHAPOB MPEACTABICHA B Ta0IULE 5.

Tabmuna 5 — I[podune OTAENECHUE W KIIMHWYECKUI MaTrepuas, U3 KOTOPBIX ObUIA
BBIJICJICHBI KIIMHUYECKUE IITAMMBI S.aureus

[Tpodune oTaeneHnii

Knunanyeckuit | Ilepmaro- | Jlop | Oprans- | [lemu- | ITynemo- | Tepamus | Xupyp-

Mateprall BEHEPO- MOJIOTHSI | aTPHs | HOJIOTHS rus
JIOTHUS

bponxo- 0 0 0 0 1 0 1
AJIbBEOJISIPHBIN
JIABAK
['HoiiHOE 0 1 0 0 0 3 31
OTACIISIEMOE
Ma3sok u3 3¢Ba 0 15 0 16 0 1 4
Cocko0 ¢ Koxu 0 0 0 1 0
Mazok ¢ 0 0 3 0 0
KOHBIOHKTUBBI
KpoBb 0 0 0 0 0 1 0
Mokpota 0 1 0 4 2 1 1
Moua 0 0 0 0 0 2 0
Beiaenenus u3 0 1 0 0 0 0 0
HOCA
PaneBoe 0 0 0 0 0 0 3
OTACIISIEMOE
Mazok u3 yxa 0 2 0 0 0 0 0

JIs OUEHKH YPOBHSI YCTOWUYMBOCTH K aHTUOAKTEPHUAIBHBIM MpenaparaMm ObLIo
OPOBEACHO (PEHOTHUIMYECKOE HCCICAOBAHUE METONOM CEPUIHBIX Pa3BEACHUIN ¢
LEJIBI0 MOJIYYCHUS KOJMYECTBEHHBIX MOKA3ATENCH PE3UCTECHTHOCTH KIMHUYECKUX
mTaMMOB S.aureus. OneHKka MUHUMAJIbHOW MHruOupyromei konuenTpaunu (MHUK)
aHTUOMOTHKA MPOBOAMIIACH CHEKTPOPoTOMETpUYECKU. ONpeeicHHe YCTOWUYMBOCTH
K aHTMOMOTUKY YCTAHABIUBAIOCh B COOTBETCTBHM C PYKOBOACTBOM KIIMHMYECKOI
nadboparopun HHctutyra cranaaproB (Clinical Laboratory Standards Institute -
CLSI) [180], koTopeie BKIIFOUeHBI B TporpaMmmy WhoNet.

Pe3ynbrarel aHTHOMOTHKOTPAMMBI S.aureus MPEACTABICHBI B TaOIuIIE 6.
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Tabnuna 6 - UyBCTBUTENBHOCTh K AHTUOMOTHUKAM LTAMMOB S.aureus, ONpencicHHast
METOJIOM CEPUIHBIX Pa3BEICHUN

KomuauecTBo
AHTHOMOTHK IITAMMOB %R %I %S %R 95%C.1.

Oxacillin 98 17,3 0 82,7 10.7-26.6
Cefazolin 98 17,3 0 82,7 10.7-26.6
Cefoxitin 88 18,2 0 81,8 11.1-28.2
Gentamicin 98 10,2 0 89.8 5.3-18.4
Streptomycin 92 3,3 1,1 95,7 0.9-10.0
Tobramycin 86 7 0 93 2.9-15.2
Rifampin 98 2, 0 98 0.3-7.8
Ciprofloxacin 98 11,2 5,1 83,7 6.0-19.6
Lincomycin 98 15,3 0 84,7 9.1-24.3
Azithromycin 98 24.5 0 75,5 16.6-34.4
Linezolid 96 0 0 100 0.0-4.8
Vancomycin 98 2 0 98 0.3-7.8
Fusidic acid 97 0 0 100 0.0-4.7

OmHuM  HM3 METOAOB, NOATBEP)KAANOIIUX YCTOWYMBOCTH K METHLWLIMHY,
OKCAlIWJIJIMHY SIBJISIETCS OMPEICIICHUE TEHETUYECKOTO Mapkepa mecA rena [181]. B
pesynbrare [P uccnenosanus 17 mrammoB S.aureus oOgagaim mecA reHoOM, 4To
no3BOJIMIO WX OTHecTH K rpynne MRSA. DBnekrpodopernyeckas KapTHHA
pesyapTaTtoB [P ammirpukanmu npeacraBieHa Ha pucyHke 11.

Pucynok 11 — Dnexkrpodopernueckas IeTEKIMS MEeCA reHa. 9 TuHus — MapKep
MOJIEKYJIIPHBIX Pa3MEPOB, 6 — MONOKUTEIbHBIA KOHTPOJIb, 1-5, 7, 8, 10-16 nuann
KJIMHAYECKUX ITAMMOB S.aureus (pe3yabTaT OTPULIATEIbHBIM )

[To pe3ynbraram J1adOPaTOPHOrO AHAIM3A MO ONMPEACIICHUIO YyBCTBUTEIBHOCTH
K aHTHOAKTEPUAJIbHBIM MTPEnaparam, BhISICHUIOChH, YTO BHICOKOH aHTHOAKTEpUATILHOM
AKTUBHOCTBIO 00JIalajii BAHKOMUIMH, JIMHE30WA, pudgamMnunuH, Qy3uaueBas
KHUCJIOTa, MpenapaThl FPYIIbl aMUHOTIIMKO3UIOB (CTPENTOMUIIMH, ToOpamuliuH). B
TO € BPEMS, PE3UCTCHTHOCTH K a3UTPOMUIIMHY, MPEACTABUTEIIO MaKPOJIUJIOB,
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HaOmonanack B 24,5 % caydaeB (95% JIA 16,6-34,4), sBIsASCH CIIECICTBHEM
UHIYIHOETLHOTO XapaKkTepa BO3HUKHOBEHHUSI PE3UCTCHTHOCTH K Makpoauaam [182-
184]. Taxxe HaAOMIOAANCSA TOCTATOYHO BBICOKMI MPOLEHT YCTOWYMBBIX IITAMMOB K
uenogpacnopunam - uedazonun 17,3% (95% AU 10.7-26.6), uedpokcutun 18,2%
(95% AU, 11.1-28.2).

CylIecTBYIOT /1Ba OCHOBHBIM MeEXaHW3Ma (POPMUPOBAHUS YCTOMUMBOCTH K
MaKpOJIMaa rpamM-IMmoNIOKUTENbHBIX OakTepuii: 1. Moau(UKaALAs MULLICHH ICHCTBUS, B
yactHocTH, S50S cyObenununa OakrepuanbHOi pubOocombl [185], 2. AkTuBanus
cuctembl 3dpdnrokca.[186], MoaudukanuoHHbIA MPOIECC MUIIECHW 3aKJIFOYacT B
METWIAPOBaHUK aAcHWHA B 23S-pubocomanbHoii PHK gepmenTtom metmmazoi. Ha
JAHHBIA MOMEHT OonKcaHo cBhilie 30 reHoB-MeTma3 (erm — erythromycin ribosome
methylation) s pazauyHbIX BUAOB MuKpoopraHusmoB [187]. Dddurokc[188]
cucTeMa O00€CreunuBacT BbIOPOC AHTMOMOTHMKOB MOCPEACTBOM JMOO OENKOB
cemeiictBa AT®-cBA3BIBAOIIMX  KacceT, JHOO TOCPEACTBOM  MEMOpPaHHBIX
TPAHCIIOPTHBIX OEJIKOB, 00ECIEUMBAIOLIMX TMEPEHOC BELIECTB M3 KJIETKM HapPYyXKy,
o0ecrnieurnBass HOPMAIBbHYIO (YHKIMOHAJIBHYIO aKTUBHOCTH PHOOCOM. BOJIBIIMHCTBO
MaKpOJIMA-PE3UCTEHTHBIE TEHBl ACCOLMUPOBAHBI C MOOWJIBHBIMA TE€HETHYECCKHMHU
3JIEMEHTAMM, obecneunBast pacrmpocTpaHeHHE YCTOWYMBOCTH cpenu
MUKPOOpranusmos [ 188, ¢.3885].

Taxkum 00pa3oM, OLEHKA YyBCTBUTEIBHOCTH K AHTUMUKPOOHBIM Mpemnaparam
ITAMMOB S.aureus, BBIACTEHHBIX U3 PA3TUYHBIX CTAMOHAPOB ropoaos:. Kaparanna,
Acrana, JKe3kazran u Cemeidl mno3Bosmiaa BbIssBUTH 17 mramMMoB MRSA.
YCTOWUYMBOCTh K MAKPOIHIAM (a3UTPOMULMH) cocTaBuiia 25%, a k uedanocnopuHam
(uedazonuy, nedakcutuH ) nopsaka 18%.

3.2 Spa TunMpoOBaHHE KIMHUYECKUX INTAMMOB S.aureus

TunupoBaHue KOJIJIEKIMU TAMMOB S.aureus (n=98) METOAOM CEKBEHUPOBAHMS
¢parmeHTa Spa-reHa npoxXoAuIo B 2 CTaIuH:

1. AMmndukanuss runeppapuadbenbHOro peruoHa Spa-reHa meroaom [ILP.
KonTpone 3a 3QQPeKTUBHOCTBIO aMIIIM(PUKALUN OCYLICCTBISJICS METOIOM
refb-31eKTpodopesa (pUCyHOK 12).

2. OnpeaeneHre MNOCAEAOBATENBHOCTH MPOAYKTOB aMIUTM(PUKALIMK METOIOM
KanWIISPHOrO CEKBEHUPOBaHUs (10 METOy Sanger).

Kak BuaHO M3 31eKTpoPOpeTHUECKO KapTUHBI aMIIMpUKanul Spa reHa, B 31
ciyvae u3 36 ObLIO MPOBEJACHO YCIEITHOE aMIUIUpUIMpoBaHue (PparmMeHTa Spa reHa.
Hcexons u3 mapkepa MOJNIEKYISPHBIX Mace, pazMepsl npoaykToB [P ammmdukanmm
BapeupoBal 0T 300-420 HyKIECOTHIOB.
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Pucynok 12 — JInuHbl aMuin@UIMPOBAaHHBIX (PparMeHTOB BapuaOeIbHOTO
pErvoHa Spa UCCeJ0BAHHBIX IITAMMOB

IIpumeuanue - 1, 19 — Mapkepsl MONEKYJISIPHBIX pa3Mmepos, 2-15, 17, 20-36 — knuHU4YeCcKue
oOpasusbl S.aureus. 18 — oTpULATENBHBIX KOHTPOJb. 16, 24 — oTcyTCTBHE amMIuTuduKanun Spa resa

CexBenunpoBanue nponaykroB I[P wmccnenoBaHusi NO3BOJMIO YCTAHOBHTH
nepBuyHyto nocnenosarensHocTh JJHK runepeapuaGenbHOro ywacrtka Spa resa.
bronH(popmarnyecknii moaxoa MO3BOMWII ONMPEACTUTE Spa THI TAMMOB S.aureus
UCXO U3 MOJIYYCHHOM MOCIEA0BATENBHOCTH X PErMoHa Spa rexa.

N3 98 o6pazuoB 94 m3omasTa OBLIM YCIEITHO MPOAHAIM3UPOBAHBI C TOMOLIBIO
Spa TunmpoBanus. Ha pucynke 13 nmpeacrasieHa CTpyKTypa Spa TUIIOB S.aureus.

e 16778  t853 t002
13626 t550 (587 4% 1%

1% 2% 2% '

t346
1012
6%
t015

t008
14%

t214
9%

t156
2%

t1312
5%

|

1%
1%

t129
5%
t030
9%

t127
3%

t1094 t t037
12% 1% 9%

Pucynok 13 — Crpykrypa Spa TUIOB, MOJYYEHHBIX HA KOJUIEKLIMA LITAMMOB
S.aureus (n = 94)

Kak BuaHO w3 Tabmmuel 7, JOMUHUPYIOIMMH Spa TUnamu sBisauce t008
(13.8%), t1094 (11.7%), t002 (10.6%).
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Tabmuna 7 — Pe3ynbrarel Spa TUOUPOBAHMS KOJJIEKIIMU KIMHUYECKUX H30JISITOB
S.aureus

I'opon Spa Tun Spa moBTOPHI Konnuectso
AcrtaHa t002 26-23-17-34-17-20-17-12-17-16 2
2Ke3kasran t002 26-23-17-34-17-20-17-12-17-16 2
Kaparanna t002 26-23-17-34-17-20-17-12-17-16 1
Cemeii t002 26-23-17-34-17-20-17-12-17-16 5
2Keskazran t008 11-19-12-21-17-34-24-34-22-25 2
Kaparanna t008 11-19-12-21-17-34-24-34-22-25 5
Cemeii t008 11-19-12-21-17-34-24-34-22-25 6
Kaparanna t012 15-12-16-02-16-02-25-17-24-24 4
Cemeii t012 15-12-16-02-16-02-25-17-24-24 2
2Ke3kasran t015 08-16-02-16-34-13-17-34-16-34 1
Acrana t030 15-12-16-02-24-24 1
Kaparanna t030 15-12-16-02-24-24 6
Cewmeii t030 15-12-16-02-24-24 1
AcrtaHa t037 15-12-16-02-25-17-24 1
Kaparanga t037 15-12-16-02-25-17-24 4
Cemeii t037 15-12-16-02-25-17-24 3
Cewmeii t067 26-23-17-34-17-20-17-12-17 1
2Keskazran t1094 | 23-17-34-17-20-17-12-17-16 3
Kaparanna t1094 | 23-17-34-17-20-17-12-17-16 7
Cemeii t1094 | 23-17-34-17-20-17-12-17-16 1
Kaparanna t127 07-23-21-16-34-33-13 2
Cemeii t127 07-23-21-16-34-33-13 1
Kaparanga t129 15-12-24 4
Cewmeli t129 15-12-24 1
2Keskazran t1312 | 04-20-12-17-17 2
Kaparanna t1312 | 04-20-12-17-17 2
Cemeii t1312 | 04-20-12-17-17 1
Kaparanna t156 07-23-12-33-22-17 2
AcrtaHa 1214 26-23-17-34-17-20-17-12-17-16-16 3
2Keskazran 1214 26-23-17-34-17-20-17-12-17-16-16 1
Kaparanna 1214 26-23-17-34-17-20-17-12-17-16-16 2
Cemeii 1214 26-23-17-34-17-20-17-12-17-16-16 2
Kaparanna 1346 07-23-12-34-12-12-23-02-12-23 1
Kaparanna 13626 | 07-23-12-21-17-34-34-34-33 1
AcrtaHa t550 08-17-34-16-34 2
Kaparanna t587 14-12-23-02-02-34-34 2
Kaparanga t6778 | 26-23-16-34-17-20-17-12-17-16 3
Cemeii t6778 | 26-23-16-34-17-20-17-12-17-16 1
Kaparanna t853 07-23-34-34-12-12-23-02-12-23 3
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B To e BpeMs, Ha MPAKTUKE NOPHHATO MPOBOJUTH TPYNIUPOBAHUE
OJM3KOPOJACTBEHHBIX Spa TUIOB B TPYMIMBL, ISl TOTO 4TOOBI OMPEACIIATH HACKOIBKO
reTeporeHHas CTpykrypa S.aureus HAPKYJIUPYET B TOM WM HUHOM PETUOHE.

Bbeuto mpoBencHO cpaBHEHWE Tpoduieid Spa TUNOB, HA OCHOBAHMM KOTOPBIX
(opMupoBaIUCH Spa rpymbl, B KOTOPHIC BOLLIM Spa TUMBL, OTIIMYABLUINECS HA OJHO
TEHETUYECKOE COOBITHE (MyTALMSI WIH ETCLHS/MHCEPLUS ).

Takum o0pa3omM, B pe3yabTare KJIACTEPU3alUMM  METOAOM  JEPEBBEB
MUHUMAIBHBIX JUCTaHIMK Obuth cpopmupoBansl 4 spaCC, BKIOUAOIuUeE OT 2 A0 5
spa TMNOB (PUCYHOK 14).

actana  Spa rpynmna 1 JKE3KA3TAH Spa rpynna 4
15% \l y 33%

CEMEW
29%

JKE3KA3TAH
18%

ACTAHA
67%

ACTAHA

CEMEI1 7%
26%'

Spa rpynna 2
\ Spa THIBI He BoIlIe/ILIHE B TPYIITY

0 0 b

Spa rpynna 3 30% > 2

- il
0% 0 0 0 0
t008 t127 t1312 t156 13626 t587

EOKE3KA3SIAH ®mKAPATAHJIA ®CEMEM

Pucynoxk 14 — Knacrepusanus Spa THIIOB B TPYIIIBI METOAOM JIEPEBLEB
MUHHAMAJIbHBIX TMCTAHLUN

B pesynprare Spa tunupoBanus 94 mramMmoB S.aureus 33 wzonsAta (35%)
npuHaiexanu 1 spa rpynne (spaCC/t002), 27 uzonsatoB S.aureus (28.7%) BOILLIN BO
BTOpY1O0 spa rpymmy (spaCC/t030). Spa tun t008 Obut onpeneneH B 13 uzonsTax
S.aureus (13.8%).

Kiacrepuzaums Spa TUIOB M30JIATOB, BBIACIICHHBIX M3 Pa3jIMYHBIX PETMOHOB
PecnyOnukn Kazaxcran (Acrtana, Kaparanga, ’Keskasran u Cemeil), B Spa rpynmsl
VKa3bIBACT HA JOMHUHHAPOBAHUE JABYX Spa KIOHANBHBIX rpynm u Spa tuna t008, uro
MO3BOJISIET CHENIATh BBIBOJ LIAPKYJSLUMU ONPEACICHHBIX KIOHAJIBHBIX TPYII B
PecnyOnuke Kazaxcran. [TonyueHHbIE pe3yabTaThl COTIACYIOTCS C JaHHBIMU aBTOPOB
cocennux ctpaH — Poccum [189, 190] m Kwuras [191, 192]. Takum o6pazom,
LUPKYJIALUS OMPENEICHHBIX SPa-TUIOB, PacnpocTpaHeHHbIX B KaszaxcraHe u B
COCEIHMX CTPaHax, a TAK)KE€ BO MHOTMX APYIMX PETMOHOB 3€MHOro mapa [193-195]
MO3BOJIIET TOBOPUTh O BOBJIEYCHHOCTH B MIOOAIBHYHO SMUACMHOJIOTHIO M30JSTOB
S.aureus, BoiicNeHHBIX B PecnyOnuke KazaxcraH.
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OneHka paspemiaronieii  cnocoOHOCTM Spa TUNUPOBAHMS, Kak METOAA
BHYTPUBHOBOIO TUNMPOBAHUS CTAPUIOKOKOB, coctasuia 0,929 (95% JU; 0,913-
0,944), 4yto yKa3bIBa€T HA JOCTATOYHO BBICOKYIO AUCKPUMHUHUPYIOLIYIO CHITY
JAHHOTO METOJa TUITUPOBAHMS.

3.3 MVLA tunupoBaHue KJIMHHYECKHX INTAMMOB S.aureus

BHyTpUBHI0BOE TUNUPOBAHWE KOJUICKIIMM IITAMMOB S.qureus METOAOM
aHanu3a TaHAEMHBIX MoBTOpoB (MLVA  TunupoBaHue) MOpOBOAWIOCH €
ucnons3oBanueM 6 SIRU mapkepos - SIRU 01, SIRU 05, SIRU 07, SIRU 13, SIRU
15, SIRU 21. B pe3ynbrare JaHHOTO UCCIECAOBaHWsS ObUIH BhIsIBICHB 16 MLVA
tunoB (MLVA npoduieii). Hanbonee pacnpoctpaneHHeiMu MLVA npoduismu
Obum 295-566-305-305-368-342 (21,4%), 348-266-360-179-368-342 (18,4%) n 348-
246-360-179-368-342  (12,2%). Pacnpeneneane MLVA npoduneid  S.aureus
MPEJCTABIEHO HA PUCYHKE 15.

400-266-250-179-368-270 _400-266-305-179-368-170
400-266-240-179-368-270

348-266-360-179-368-342
/ e
200-744-250-367-368-366
348-246-360-179-368-342
200-744-360-367-368-366
240-566-305-305-368-342
295-566-305-305-368-366

. 180-266-250-367-368-366

180-744-250-367-368-366

180-744-360-367-368-366

295-566-295-305-368-342

295-566-295-305-368-366

295-566-305-305-368-342

Pucynok 15 — Crpykrypa MLV A TUIIOB KITMHUYECKUAX
U30NATOB S.aureus (n=98)

JlaHHBIE O KOJIMYECTBE INTaMMOB S.aureus ¢ onpeaesieHHbim MLVA
npoguieM, a TaKke MECTO UX BbIICICHHS MPEACTABIEHBI B TAOIULE 8.
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Tabnuua 8 - KomuecTBEHHAs: XapakKTEPUCTHKA U3OJISITOB S.aureus ¢ ONPEACTICHHBIM
MLVA THIOB 1 MECTOM H30JIALNHN

I'opon MVLA npoduib KoymmuecTBo
Kaparanna 180-266-250-367-368-366 1
Cemeid 180-266-250-367-368-366 3
Kaparanna 180-744-250-367-368-366 5
Cemeid 180-744-250-367-368-366 2
Kaparanna 180-744-360-367-368-366 6
Cemeid 200-266-250-367-368-366 1
JKeskazran 200-744-250-367-368-366 3
Kaparanna 200-744-250-367-368-366 2
Cemeid 200-744-250-367-368-366 2
JKeskazran 200-744-360-367-368-366 1
Kaparanna 240-566-305-305-368-342 4
Kaparanna 295-566-295-305-368-342 1
Cemeid 295-566-295-305-368-342 2
Cemeid 295-566-295-305-368-366 4
AcTtaHa 295-566-305-305-368-342 5
JKeskazran 295-566-305-305-368-342 5
Kaparanna 295-566-305-305-368-342 6
Cemeid 295-566-305-305-368-342 5
2Ke3kazran 295-566-305-305-368-366 1
Kaparanna 295-566-305-305-368-366 2
AcTtaHa 348-246-360-179-368-342 2
Kaparanna 348-246-360-179-368-342 7
Cemeid 348-246-360-179-368-342 3
Kaparanja 348-266-360-179-368-342 14
Cemeid 348-266-360-179-368-342 4
Kaparanna 400-266-240-179-368-270 2
Kaparanna 400-266-250-179-368-270 2
AcTtaHa 400-266-305-179-368-170 2
JKeskazran 400-266-305-179-368-170 1

Knacrepuzaumst mramMmoB — S.qureus Ha ocHoBe MLVA  npoduneit
OCYLIECTBIISUIACH METOAOM TIOCTPOCHUS JIEPEBLEB MWHUMAJIBHBIX JAUCTAHLIMMA,
NPEACTABICHHAs HA pUCyHKe 16. ®opmupoBanne ML VA KOMILIEKCOB MPOBOAUIIOCH
HAa OCHOBAaHWM MPABUJIA. MAKCUMAJIBHOE OTJIMYME B KOMIUIEKCE =1, MUHUMAJIBHOE
KOJIMYECTBO [ITAMMOB (POPMUPYIOIIUE KOMIUIEKC = 2. B pe3ynbrare Obliin NOayUYeHBI
4 MLVA xoMmIutekca.
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i MLVA komnnekc 1

MLVA komnnekc 4
MLVA komnnekc 2

MLVA komnnekc 3

MST based on 6 columns, no missing values

O Acrana

O)Ke:(aaran
O Kaparanpna

OCeaai

Pucynok 16 — Kitactepusanys KITUHUYECKUX IITAMMOB S.aureus
meroaoM ML VA tunmpoBanus

Ananu3 gaHHbIX MLVA THNHpOBaHHs KOJUIEKUMHU S.qureus, MOTYYEHHBIX M3
roponos: Acrana, Kaparanna, XKe3kazran u CeMel MO3BOJSET CAENATh 3AKIHOYCHUE
O pacnpoCTPaHEHUH U B3aMMHOH LUPKYJISILIUK [ITAMMOB S.qureus B JAHHOM PETHOHE.

Onenka pazpewraronieid cnocooHoctu meroga MLVA  cocraBuna 0,898
(95% U, 0,869-0.926), 4TO TOBOPUT O MAOCTATOYHO BBICOKOH paspelaroimei
CHOCOOHOCTH METO1a THIMPOBAHUS, OCHOBAHHOTO HA TAHJEMHBIX TTOBTOPAX.

3.4 Pe3yabTarsl cpaBHeHust JaHHBIX Spa 1 MLVA tunupoBanmii

CpaBHUTENIbHAS ~ OLICHKA  JUCKPUMUHUPYIOLICH  CHJIBI  JBYX  METOJOB
TUNUPOBAHUS KIMHUYECKHAX M30JISTOB 30JIOTHCTOTO CTa(PUIOKOKKA MPEACTABIICHA B
tabnuie 9. Hecmotps Ha 0oJiee BHICOKMIA MOKA3aTeNlb pa3peuiaromeid cnocoOHOCTH
Spa TunmupoBanus B cpaBHeHMM ¢ ML VA TunmpoBaHuem, nepexpeiBatromuics 95%
JOBEPUTENIbHBIE MHTEPBAIBI HE TO3BOJSAIOT 3aKIKOYATH O 3HAYMMOM pa3jvuyuu B
pazpemaromei crnocoOHOCTH AAHHBIX METOI0B THITHPOBAHMSI.

Tabmuna 9 — OueHka AUCKPUMUHUPYIOMICH MOIIHOCTA METOJIOB THIMPOBAHUS
S.aureus

Meron KonnuecTBo Hunekc 95% 1
TUNMPOBAHUS PaA3JINYHBIX THIIOB Cumncona
MVLA 16 0,898 (0,869-0,926)
Spa 17 0,923 (0,906-0,939)
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Ouenka cornmacoBaHHOCTH — pe3yapratoB Spa u MLVA  tunupoBaHus
OPOBOAMIIACE HA OCHOBE pacueTa CKOPPEKTHPOBAHHOrO Ko3dduuuenra Panga
(rabnmuua 10). JlanHeie Spa tunupoBanuss ¥ MLVA TUNHpOBaHUS MMEKOT CIa0yro
cornmacoBaHHoCTh 20,7% (95% AU, 14,2-27,3%) Ha ypOBHE BHYTPUBHIOBBIX THIIOB.
B 10 e BpeMms, rpynnupoBaHue ONM3KOPOACTBEHHBIX TUIIOB B PYNIBI/KOMILJIEKCHI
Mo3BOIWIIO A00UTHEs 86,2% (95% J1U; 75,8-97%) KOHKOPJAHTHOCTH.

Tabmuna 10 — CornacoBaHHOCTH pe3ysibTatoB Spa 1 ML VA TunmpoBaHus

BayTprBUI0BEIE Spa tun Spa rpynna MVLA tun
TUIBI U TPYTIBI
Spa rpynna 0,406 - -
(0,305-0,502)
MVLA tun 0,207 0,479 -
(0,142-0,273) (0,372-0,590)
MLVA koMmrIuiekc 0,323 0,862 0,444
(0,263-0,384) (0,758-0,970) (0,347-0,544)

Takum 00pa3oM, Pe3yJbTaThbl HUCCICAOBAHUS HA 98 KIMHUYECKUX H30JIATax
S.aureus, coOpanHbixX 3a 2014 rox U3 pa3IMuHBIX CTAMOHAPOB AcTaHbl, Kaparanmasl,
Keskazrana u CeMes yKa3blBalOT HA  MEKPETHOHAIBHYIO  LUPKYJSALHUIO
ONPEACIICHHBIX BHYTPUBUAOBBIX TUIIOB S.qureus, KIACTEPU30BAHHBIX B 4 OCHOBHBIE
Ipynnel, TOJYYEHHBIX Kak Spa TUmApoBaHueM, Tak U MLVA TunupoBaHueMm.
OcHoBHbIe Spa Tunel, Takue kak t002, t003, t008, KOTOpPHIC BBISBICHBI B HAIIEM
WCCIICTOBAHUH, TAKXKE PACIPOCTPAHEHBI BO MHOTMX PETMOHAX 3€MHOro mapa [196-
198], yka3biBasg Ha BOBJICYEHHOCTh B MIOOATBHYIO 3MHACMHUOJIOTHIO KIMHUYECKHX
W30JISITOB S.aureus, BeIACIEHHBIX B PecyOnnke Kazaxcran.

JIMCKPUMUHUPYIOIIAsE CIIOCOOHOCTh JIBYX METOJOB CyOBHIOBOTO THUIMPOBAHMS
S.aureus (Spa m MLVA tunupoBanue) Obuta cxOxeil M cocraBuina nopsaka ~90-
92%.

AHanmM3 Ha KOHKOPJAHTHOCTh PE3YJIbTATOB PA3JIMYHBIX METOJOB TUIIMPOBAHUS,
OLICHEHHBIH C MOMOIIBI0 CKOPPEKTUPOBAHHOTO MoKaszaTens PaHna, mokasan crnadyro
cormacoBaHHOCTh Mexay Spa 1 MVLA tunamu (20,7%), HO TOCTaTOYHO BBICOKYIO
(86%) Ha ypOBHE KOMILIEKCOB.

CnaGasg  COMIACOBAHHOCTh  PE3YJIbTAaTOB  TUIMPOBAHWS  HA  YPOBHE
BHYTPUBUIOBBIX  THNOB, HO  XOpOWIas  COIVIACOBAHHOCTb  HA  YPOBHE
OJM3KOPOJCTBEHHBIX TPYII (KOMIUIEKCOB) OOBICHSAETCS MPUUNHAMH:

e Mapkepbl Spa 1 MLVA tunupoBanusi o0NagaroT pPa3HbIMA CKOPOCTAMHU
3BOMIOLMOHHBIX M3MEHEHWH, 4YTO NPHUBEIO K HEBBICOKOM COTJIACOBAHHOCTH
PE3yJIbTATOB TUIIMPOBAHUS, UCNIOJIB3YsI TUIIBI IPU CPABHEHHHU.

e Komnekuus KIMHUYECKUX WTaMMOB S.qureus, cOOpaHHas 3a OTHOCHUTEIBHO
HEOONBIIONH MPOMEKYTOK BPEMEHM B OrPAHMYECHHOM TeorpaguuecKkoM apeae
(pernon llentpanesHoro Kazaxcrana u ropon Cemeil), a Takke KJIOHAJbHAS
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NOMYJISIMOHHAS ~ CTPYKTypa  30JIOTHCTOTO  CTaQWIOKOKKA  OOBscHsET 86%
KOHKOPJAHTHOCTb PE3YJIbTaTOB TUIUPOBAHUS HA YPOBHE IPYII/KOMILIEKCOB.

3.5 XapakTepucTHKA NOJTHOT€HOMHBIX JAHHBIX S.aureus, BKJIOYEHHbIX B in

silico uccnenoBanue

Ha momenT uccnenoBanus (aryct 2016 roga) 6aza nanaeix NCBI GenBank
BKIOYasia 116 3aBeplIeHHBIX,  AHHOTUPOBAHHBIX  T'€HOMOB  S.aureus.
[TocnenoBaTeIbHOCTA T€HOMOB MCHOJIB30BAMCH i onpenenenus PFGE, MLVA,
MLST, MVLST, spa, ¢cgMLST, wgMLST u panGenome THIIOB C TOMOIIBIO
OMOMH(POPMATHIECKUX METOJIOB.

AHanu3 NUTEpaTypPHBIX JaHHBIX, a Takke MHpopMmanmu, ykazaHHoi GenBank
OPU BKJIKOYCHUH TeHOMa S.aureus B 0a3y JAHHBIX, O BPEMEHH M MECTE W3OJISLAA
mTaMMa S.aureus yKa3blBacT Ha Pa300IIEHHOCTh KOJUIEKIIANA HU30JISITOB 30JI0TUCTOTO
crapuiiokokka (n = 116) B mpoCTpaHCTBEHHO-BPEMEHHOM U3MEPEHHUH (PUCYHOK 17).

2000-2014

1955
987 9.
19451947 1952-53 1963 1982 198 1993

O N M CEE [ L] ]

Pucynoxk 17 — IIpocTpaHCBEHHO-BPEMEHHAS XaPAKTEPUCTHKA KOJIJIEKLIMHA U30JIATOB
S.aureus, 1s1 KOTOPBIX OB ONPEIEIEHBI TOTHOTEHOMHBIE MOCIIEA0BATEIbHOCTH

3.6 In silico ananu3 Ha onpenenenune PFGE, MLVA, MLST, MVLST, spa,
cgMLST, wgMLST, PanGenome THNOB HCHOJIb3YSl MOJHOTCHOMHBIC JAHHbIC
S.aureus. OueHka THCKPUMHHHPYHOIIECH CMIOCOOHOCTH METOI0B TUNHPOBAHUS U
KOHKOPJAAHTHOCTH MEKIY MOJYy4eHHbIMH JAHHBIMH

TunupoBanue S.aureus meroaom mnyJjabnc-resib yiekrpopopesa (PFGE) - in
silico nccnepoanme. XpomocomHas J[HK 116 mrammoB S.aureus moasepriach
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pacuiemieHuto in silico ¢ momoitbo gpepmerta Smal, pacnosnaroniero CCC GGG
MOCJICIOBATENBHOCTh. B pe3ynbrare pecTpUKIMU ObLIM TMOJIYYEHBI (PPArMEHTHI,
KOTOPBIE PA3ACIISUIMCh B BUPTYAJIbHOM 3JIeKTpodopese B auanazone ot 50 mo 750
kunoda3 ¢ (opMupoBaHMeM monoc B reme ot 6 go 12 (B cpeaHem 9 03HI0B)
(pucyHok 18).
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Pucynok 18 — ITpumep GpopmupoBanust 3€KTpOPOPETHUECKOTO MPOPUIIs
NyJIbC-TeNb AIEKTpodope3a

Banmupanmonnass oleHKa MyJbC-T€Ib  AJIEKTPO(POpErpaMMbl, MOJYUYECHHOMR
OMOMH(POPMATUYECKUMHU METOJAMM, MPOBOJUIACH B CPAaBHUBHEHUU C MYJIbC-
(dope3orpaMmamMu, B3ATBIMA W3 MyOJUKAIMKM, TJE€ HCIOJIb30BATUCh IITAMMBI,
KOTOPbIE HA TEKYIIMA MOMEHT SBJSIOTCS MMOJTHOCTBIO OTCEKBCHHUPOBAHBI W
anHotupoBanbl [199, 200]. B pabdotre Hiramatsu K. u coast., npoBoausiock PFGE
TUnMpoBanue B auamnazoHe oT 50 mo 400 kwino6a3, BkIwyvastomee 4 mramma,
KOTOPBIE MCCIICNOBATUCH in silico B Hamied pabdote. B uccnemoBarenbckoii padote
Sieradzki K. ¢ coaBT. mpoBojawics aHaiu3 mtamMMoB S.aureus meronoB PFGE B
muanazoHe 48.5-630 k0., koTopeiid BKItOUan 3 OOHIMX C HANIUM HMCCIIEIOBAHUEM
mTaMmMoB S.aureus. Kak mnoka3biBacT CpaBHEHHWE JJieKTpodope3orpamMm, B 000MX
cilydasx HaOJIOJaeTCs XOpoliee COBNAJACHUE OAHAO0B, OJYYCHHBIX B JJA0OPATOPHBIX
YCIIOBUSIX | in silico (pucyHku 15 u 16).
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PucyHnok 19 — CpaBHEHME MyJIbC-TeNIb NATTEPHOB, MOJIYYCHHBIX B TJa0OPATOPHBIX
YCIIOBUSX | in silico 4 oOumx u305ToB S.aureus (Smal pecTpukims)
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Sieradzki, K., et al., Evolution of a vancomycin-intermediate
Staphylococcus aureus strain in vivo: multiple changes in the antibiotic
resistance phenotypes of a single lineage of methicillin-resistant S.
aureus under the impact of antibiotics administered for chemotherapy. J
Clin Microbiol, 2003. 41(4): p. 1687-93.

Pucynok 20 — CpaBHEHME MyJIbC-TENIb NATTEPHOB, MOJIYYECHHBIX B Ja0OPATOPHBIX
YCIIOBUSIX | in silico 3 oOumx u30yToB S.aureus (Smal pecTpukims)

Cdopmupoannsie in silico PFGE npogunu 116 wmrammoB S.aureus ObLiH
KJIacTepU30BaHbl € [EAbI0  MOAYYEHHMs]  MYJbC-TPYMI,  BKJIIOYAIOIIUX
ONMU3KOPOJICTBEHHBIE MYJIbC-TUIBL. DOPMUPOBAHKE TPYII MPOBOJWIOCH HA OCHOBE
Jaccard /UPGMA anroputMa [uist IOCTPOEHUS ACHAPOrpaMMBbl, Ha KoTopoit 80% cut-
off onpenenst PFGE rpynnst (pucyHok 21).
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Pucynok 21 — Jaccard/UPGMA neHaporpamma, nojgydeHHas npu Smal
pectpukumm reHomMoB S.aureus (TotalLab TL120)
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[Tynbc-reap anekTpodope3 MO3BONMI JAETEKTHpoBaTh M3 116 mrTamMmoB 93
YHUKQJIBHBIX MMyJIb-TAMOB. OLEHKA paspemaronieii CrmocoOOHOCTH JAHHOTO METOJA
TunupoBanus (MHAcke Cumicona) cocrasuia 0,991 (95% J1H, 0,984-0,998).

TunupoBanue S.aureus meroaoM MyJabTWIOKYCHOro VNTR ananusa
(MLVA) — in silico nccnenopanmne. OnpeneneHue BHYTPUBUIOBOTO TUNA S.aureus
Ha ocHoBe Multiple Loci VNTR Analysis (MLVA) oCymecTBIsIOCH NyTEM
cumyssinna  €-PCR ¢ ucnone3oBannem 8 map mpaiimepoB VNTRO9, VNTR2I,
VNTR24, VNTR61-01, VNTR61-02, VNTR63, VNTR67 wu VNTRSEI,
npemioxeHHslx Leo M. Schouls w gp. [148, ¢.5087]. IlonyueHHbIE pa3Mepsl
OPOAYKTOB aMITU(UKAIMK MO 8 JIOKycaM B MOCJICAYIOMIEM MEPECUUTHIBAIMCH HA
KOJIMYECTBO MOBTOPOB B KaKIOM JIoKyce ans (popmupoBanus MLVA npodwus. C
LENbI0 OLEHKM YPOBHS COINIACOBAHHOCTH pPe3ysibTaroB MVLA  TunupoBanus,
NoJIyueHHsbIe in silico u gaHHble, npeactaBieHnbie Leo M. Schouls B MLVA 0aze
JAHHBIX JUIS CTAPUIOKOKKOB (KOJIMYECTBO M30JIATOB S.qureus, KOTOPblE HA JTAHHBIN
MOMEHT MOJIHOCTBE) OTCEKBEHUPOBAHBI U AHHOTHPOBAHBI, 4 TAKXKE MPUCYTCTBYIOT B
0a3e JaHHBIX COCTABJISET 14 U30JIATOB).

Pesynbrarel cpaBHenuss MLVA mnpodwuneid, monydeHHbIX B Hamieid paborte
OMOMH(pOMATHYECKUM MOAX0A0M U pe3ysibTaramu, npeacraeieHusie Leo M. Schouls
C COaBT. yKa3aHbl B Ta0nuie 11.

Tabmuna 11 — CpaBHenne MLVA npoduneii, mosydyeHHbIX B Ja00PaTOPHBIX
YCIIOBUSX U in Silico

VNTR locus
[MTamm — = — e ] I
S al?reus Sl S| 3] S % @ ; —| MLVA npogu,
S & x| o o 2 2 s NOJIyYCHHBIH B
> > 2 > & faHHO# paboTe

RF122 8|1 (3]0 |1 |1T]1]4]|81-3-0-1-1-1-4
N315 412 (112 |1|6]|3]5]|14-2-11-2-1-6-3-5
NCTC8325 1211121 3 1312191 4]12-1-12-3-3-2-94
USA300 1211 (113 13|2]5]3]12-1-11-3-3-2-5-3
USA300 TCHI516 (12| 1 | 9 | 3 | 3 |2 | 5| 3 |12-1-9-3-3-2-5-3
Str. Newman 1211 (11 3 |3 |1]5]4]12-1-11-3-3-1-54
COL 1211 (11 3 | 3|3]5]4]12-1-11-3-3-3-54
JH1 412 (112 |1|5]3]5]|14-2-11-2-1-5-3-5
JH9 4121112 11]5]3]5]14-2-11-2-1-5-3-5
MRSA252 1911 [12]199%* 2|2 ]2 ] 3 |19-1-12-01p-2-2-2-3
MSSA476 17911 | 112]51]4]11-1-9-1-1-2-54
MW?2 O1 11910121 ]|7]4]919-0-2-1-7-4
Mu3 414 (112 |1|6]|3]|5|14-4-11-2-1-6-3-5
Mu50 414 (112 |1|6]|3]|5|14-4-11-2-1-6-3-5

[Tpumedanue - 99* - OTCYTCTBUE NPOAYKTOB aMIUTA(PUKALIMK
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Kak mnoka3biBacT CpaBHEHHWE, PpE3y/ibTaThl, MOJYYCHHBIC B Haieh padore,
MOMHOCTBID  COBIAMAKOT €  PE3YyJbTaTaMK, TMOJYYEHHBIMU  BBILICYKA3aHHBIMHA
ABTOPAMH, YTO TaKXKE CBHUACTEIBCTBYET O BBICOKOH JOCTOBEPHOCTH JAHHBIX
TunupoBanus MmetogoM ML VA, nony4eHHbIX in silico.

B 10 )¢ Bpems, meron, ocHoBaHHbIA Ha [II[P aMmmudukanum yd4acTKOB ¢
TAHJEMHBIMU MOBTOPAMH, BBISIBUJI Clly4aW, KOrja HE HaOMIOJACTCs HAKOIUICHUE
MPOAYKTOB aMIUTM(PUKAIMKA JUIsI HEKOTOPBIX JIOKyCOB. B  Hamem in silico
skcnepumente B ciaywasx ¢ VNTR21, VNTR24, VNTR61-01, VNTR61-02,
VNTR63, VNTRS81 Hadmronanuce orpunarensubie pedynbtarsl [P B 8, 1,4, 2,1
u 1 oOpaziax, COOTBETCTBEHHO (Tabnuia 12).

Tabmuna 12 — KonuvectBo HeratuBHbIX [P peaknmii, a Taxke nHaeke CUMICOHA,
pacCUATaHHBIA 1T KaKA0ro Jokyca MLV A cxembl TMnUpOBaHus S.aureus

MLVA Komuuec- | KonuuectBo Konu- Hnnekc 95%
JIOKYC TBO 00pasIioB ¢ Y€CTBO Cumncona N
00pasIioB oTpula- Pa3TUYHBIX
TenbHOM [P MLVA
TUTIOB

VNTRO9 116 0 11 0.714 [0.65 -
0.778]

VNTR21 108 8 4 0.391 [0.299 -
0.484]

VNTR24 115 1 9 0.808 [0.77 -
0.846]

VNTR61 01 112 4 7 0.751 [0.71 -
0.791]

VNTR61 02 114 2 4 0.655 [0.614 -
0.697]

VNTR63 115 1 7 0.723 [0.67 -
0.777]

VNTR67 116 0 8 0.788 [0.759 -
0.817]

VNTRS81 115 1 7 0.742 [0.703 -
0.781]

O BO3MOXXHOM OTpuIATeNbHOM pe3yabrare [P ammmmudpukanmm HEKOTOPHIX
nokycoB MLV A cxeMbl TUNUPOBaHUS S.qureus TAKKE YKa3bIBaeTcs B psaae paboT
[201-203].

[Tonmyyennbie MLVA npoduin, BKIFOYAOIIUE 8 MAPKEPOB, UCIOJIB30BATUCH C
uenapr0  rpynnupoBanus MLVA  kommiekcoB, Brmwoudaronmx MLVA - Tumsbl,
ormmyaromuxcss Ha 1 mapkep. Knacrepumzaums manseix MVLA TunupoBanus
npoBoguiack Ha ocHoBe €BURST/MST anroputma, KOTOpas NPEACTaBlICHA Ha
PUCYHKE 22.
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Pucynok 22 - Knacrepuzauus 116 mrammos S.aureus Ha ocHoBannn ML VA
TUITAPOBAHUS METOAOM JEPEBBEB MUHUMAJIBHBIX TACTAHLIAS
(minimum spanning tree - MST)

IIpumeuanue - L{Berom Bbinenens MLV A KoMITIEKCHI

B pesynbrare knactepuzaru 90 uzossatoB S.aureus 116 OblTA pacnpeneacHbl B
12 MLVA komMmiekcoB. OcTtajibHbIE 26 ITAMMOB S.aureus HE ObLTA BKIIFOYECHBI B TOT
unu uHOM MLV A KoMILIEKC.

CymMMapHblii JUCKpUMUHUPYIOIMMA nHAeKC ML VA TUnupoBaHus, MOy YEHHBIH
Ha 116 mrammax S.aureus merogoMm Cumncona coctaBui 0,986 (95%J1U; 0,977 —
0,995).

TunupoBanue S.aureus MeToaOM MYJIbTHIOKYCHOTO CEKBEHHMPOBAHUSA
TunupoBanust (MLST) — in silico nccnenoBanmue.

[Touck amnenvHBIX BapuaHtoB 7 JIOKyCOB MLST cX€MBI B NOJHOT€HOMHOMR
MOCJIENOBATENBHOCTH S.qureus MPOBOAMICS ¢ nmOMOIIB0 nporpammbl MIST. basa
AJJIEIbHBIX BapHAHTOB JIOKYcOB M Tabmuna MLST TunoB, omnpenenaeHHas Ha
AJJIETBHBIX BApUAHTAX JIOKYCOB ObLIa B34Ta ¢ OPUIIMATBLHON O0a3bl JaHHBIX.

B 113 w3 116 renomax S.qgureus Oblld  HAWJACHBI  AJUICTbHBIC
NOCTIEA0BATENBHOCTH JIOKYCOB W onpeaeneHbl MLST tunel. B aByx cnywasx Obuin
OOHapy>KCHbl 2 HOBBIX QIECJNBHBIX BapUaHTA arcC reHa, 4YTO HE MO3BOJIUIIO
yctanoBuTh MLST Tun v B 01HOM ciiydae ObUIM YCIEIHO OMPEIEIICHBI BCE alIEN
JIOKYCOB, HO KOMOWHAaIMsi MapKEPOB SIBJIsIaCh HOBOM B cpaBHEeHMH ¢ Oazoii MLST
TUIIOB, YTO TAK)KE HE MO3BOMMIO0 yeTaHOBUTH MLST Tun. Tem He menee, Bce MLST
npouiar MCHOJMB30BATNCH KAK B KIACTEPU3ALMH, TAK W I ONPEIACIICHUS
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paspemiaronieii  cmocoOHOCTM  JaHHOrO  Mertona  TunupoBanus. Tom 11
naerektrupoBaHHblx MLST TMNOB npeacTaBieHsl B Tadbaune 13.

Tabmuna 13 — Ton 11 MLST TuNoOB, ONPEeACTCHHBIX HA MOJHON¢HOMHBIX JTAHHBIX
116 n3onsaToB S.aureus

MLST Tun KonmuectBo n30/151TOB % OT 00IIEro KOIHYECTBA
ST8 22 18.97
ST 5 14 12.07
ST 239 13 11.21
ST 228 8 6.90
ST 398 5 431
ST 15 4 3.45
ST 59 4 3.45
ST 72 4 3.45
ST 105 3 2.59
ST 30 3 2.59
ST 80 3 2.59

Kak mpencrapneHo B tabmuue 13 nHambosiee MOMyJISPHBIMA CUKBEHC THUIIAMHU
S.aureus spisitoress ST8, STS u ST239. CornacHO NUTEPATYPHBIM TAHHBIM, JTAHHBIE
MLST Tumel SBIAKOTCS OCHOBHBIMHM — MPEACTABUTENSIMH  BHYTPHOOJIbHUYHBIX
WH(QEKINHA, BbI3BAHHBIX CTA(QWIOKOKKAMH, KOTOPbIE OO0JIaJar0T MHOKECTBEHHOM
YCTOHYMBOCTBIO K  AHTUMUKPOOHBIM MpenaparaM W HMMEKOT  MIOOAIBHOE
pacnpoctpanenue [204, 205].

Pesynbrarel knacrepuzanuu MLST ThnoB B kinoHainpHbIE KOMIUIEKCH (MLST
CC) npencraBieHbl HA pUCYHKE 23.

(\,\(L/ b MLST CC 10
o, @
MLST Tmnbl = 39 MLST G 7 7 b
MLSTkomnaeKkcobl = 13 \) L =St cc 2

Konuyecteo o6pasuoeB
MLST komnnekcax = 104

MLST CC 11

MLSTCCS

2\ = MLST CC 12
}

fem= Y=
—~ S —~ ﬁg =40
< 5%

<

¥ Q MLST CC 13
o
b *

Pucynok 23 — eBURST/MST knacrepuzanms MSLT npoduneii 116
ITAMMOB S.aureus

58



B pesynbrare rpynnupoBanus 39 pasnmmunbix MLST Ttunos S.aureus,
NOJTYYEHHBIX HA JAHHBIX TeHOMHOM mocnenoBarenbHocTH JJHK Obum mosyuenst 13
MLST kJIOHaNBHBIX KOMITIEKCOB, BKIHOYAOMKX 104 mraMMa ctaduiioKkoKKa.

Pazpemraronas cnocoOHOCTh Kakaoro mapkepa, Bxoasmero B MLST cxemy
TUNUPOBAHUS, a TAKKE KOJMYECTBO AQUICTBHBIX BapUAHTOB, OOHAPYXCHHBIX B
pesyaprate MLST TunupoBanus 116 S.aureus npeacrapneHsl B Tabnuue 14.

Tabmuna 14 — JIMCKPUMHUHUPYIOWIAS CIMOCOOHOCTh MapKepa, BXOISAIIETO B COCTaB
MLST cxembl THIIMPOBAHUS S.aureus

MLST Komm- Komu4ectBo Komu4ecTso Nunekc 95% JI1
JIOKYC YECTBO 00pasmoB pasmuunblx | CuMIcOHA
00pasnoB | HEOOHAPY:KCHHBIE | ayUIeNieH ISt
B 0a3e JaAHHBIX JIOKycCa
Arcc 114 2 14 0,789 (0,746 - 0,832)
Aroe 116 0 18 0,781 (0,726 - 0,835)
Glpf 116 0 14 0,434 (0,318 - 0,55)
Gmk 116 0 13 0,722 (0,665 - 0,779)
Pta 116 0 18 0,77 (0,713 - 0,828)
Tpi 116 0 22 0,813 (0,756 - 0,871)
Yqil 116 0 20 0,82 (0,765 - 0,875)

Cnenyer  ormetuth, uyro MLST cxema  TUNHMpOBaHUSA  SIBISIETCS
CTaHAAPTU30BAHHOW METOJMKOW, KOTOPAs KyPUPYETCA M MOCTOSHHO MOIMOJHAETCS
HOBbIMM JaHHbIMU. Enumbas 0Oaza manaeix MLST TunoB S.aureus omnpenensier
MEXIYHAPOJHYI0 HOMEHKIIATYPY, MO KOTOPOM mnpoucxomut omnpeneneHue MLST
tuna S.aureus. HeCMOTps Ha SBHOE MPEUMYIIECTBO MAHHOIO TMOAX0JA, MOXKET
BO3HMKHYTh CHTyalMs, KOTJa HA MOMEHT MCCIIEOBAHUS MOKET HE OKa3aThbCs
annenbHoro Bapuanta mapkepa MLST cxembl wnm xomMOumHanuu ajuiencii B 0ase
JAHHBIX. B TakoM ciiy4ae, TOJBKO IMOCJE BKIFOUEHUS HOBOIO AJUIEIBHOIO BAPUAHTA
WIA KOMOWHAIMM QJUICJIbHBIX MApKEPOB M TMPUCBOCHHUS HOBOIO CHUKBEHC THIA C
NOCTEAYIOIUM BKITFOUEHHEM €ro B 0a3y JAaHHBIX, MOXKHO OYJET ONPENCIUTh HOBBIMA
BapuanT MLST Tuna.

CymMmapHelii  JUCKpuMuHUpYROIMA uHACKC MLST cxembl TUNMpOBaHUs
ollcHeHHBIN Ha 116 mramMmmax S.aureus coctaBui 0,929 (0,905 - 0,954).

TunupoBanue S.aureus MeroaoM MYJIbTHJIOKYCHOTO CEKBEHHPOBAHMS
TUNHPOBAHHUS HA OCHOBE I'¢HOB BUpYJeHTHOCcTH (Multi-virulence-locus sequence
typing - MVLST) — in silico uccienoBanme.

B 2012 roay Bindhu Verghese ¢ coat. npemyioxunm anbrepHatuHyro MLST
METOAMKY TUIIUPOBAHUSA S.aureus IyTEM CEKBEHUPOBAHUS 6 I'€HOB BUPYJIECHTHOCTH
(alt, essC, geh, higA, htrA m sdrC) ¢ nenpr0 MOBBIEHUS AUCKPUMHHHAPYIOIICH
cnocoOHoCTH Metoaa tunupoBanus [147, ¢.1819]. IlpennoxkeHHble TpaiMepsl st
amuM(pukanyv GparMeHTOB T€HOB OBbLITN MCIOJIB30BAHbBI T OMPEACIICHUS yYaCTKOB
aMIuIM(pUKalK, TOCIEAOBATENBHOCTH KOTOPBIX CPaBHUBAIACH. [l  KaXaoro
HOBOI'0 JUIEJIBHOIO BApUAHTA JIOKYCA NMPUCBAMBAJICS HOBBIM HOMED, a I KaKIOM
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KOMOMHALMK ajuieneil MmapkepoB npucBanBaiics HOBbIi MVLST tun. B pesynbrare
Obu TOJTydeHbl Ui Beex 116 mrammoB S.aureus npopumn MVLST tunupoBanus,
HAa OCHOBAHMM KOTOPbIX mpoBoauiack knacrepusamus MLVST tunoB B8 MVLST
KOMIUICKCHI, TPEACTABICHHBIE HA PUCYHKE 24,

MVLST Complex §

Oc ¥ &
MVLST Tunbl = 52 MVLST Complex 3 % \P _= @Q Q
MVLSTKomnneKesbl = 15 e @ @ e
Konuuectso o6pasuoB B MVLST Complex 4
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g MVLST Complex 8
MVLST Complex 11 @
& A @ &
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© =0
e MVLST Complex 9 g

Pucynok 24 — eBURST/MST knacrepuzanus MVSLT npodunei
116 mrammoB S.aureus

B pesyaprare rpynnupoBanus 52 pazmuuHblx MVLST Tunos S.aureus,
NOJYYEHHBIX B PeE3yabTaTe in silico aHaau3a TOJHOTCHOMHBIX JAHHBIX ObUIA
nonyudeHbl 15 MVLST KOMIIEKCOB, BKIIOYAOMIKMX 97 U30JIATOB CTAPHIIOKOKKA.

Pazpemaronias cnocoOHOCTh KaXKa0ro Mapkepa, Bxoasiero B MVLST cxemy, a
TAK)KE KOJIMYECTBO AJIJIENIBHBIX BAapPUAHTOB, OOHApYXCHHBIX B pe3ysbrate MLST
TunupoBanus 116 o0pa3uoB S.aureus npeacTapaecHbl B Tadbmuue 15.

Tabmuna 15 — JluckpumuHHpyromias cnocoOHOCTh MapKepa, BXOJSAUIETO B COCTaB
MVLST cxembl THIMPOBAHUSA S.aureus

MVLST|KomnuuectBo Komu4ecTso Komu4ectBo Nunekc 95% 11
JOKyC | 0OpasmoB | OTPHUIATEIIHHBIX Pa3ITHYHBIX CumrncoHna
00pasmoB anenaeu st
JIOKyca

alt 109 T 27 0,912 (0,882 - 0,943)
EssC 116 0 26 0,88 (0,845 - 0,915)
gch 116 0 26 0,893 (0,864 - 0,922)
hlgA 116 0 18 0,802 (0,756 - 0,847)
htrA 115 1 24 0,856 (0,816 - 0,895)
sdrC 115 1 24 0,855 (0,814 - 0,897)
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Kak BuaHo u3 Tabmuuel 15, B HEKOTOPBIX clydyasix HAOMIOJAETCsl OTCYTCTBUE
nerekumm  Mapkepa MVLST cxembl TunMpoBaHus. Tem He MEHee, MNpaBuilo
(opmupoBanus no3BoaseT 00beHATE MVLST npodunu ¢ paznuuaronymucs Ha 1
ajiesib n30J4T0B, BxoAsmmx B MVLST kommekce. CrienyeT OTMETUTD, YTO KaXKIbIi
mMapkep MVLST tunupoBanuss 00€CIEUMBACT  BBICOKYIO  Pa3peliaronlyro
cnocoOHOCTh cBbIle 80%. CyMMmapHblii MHACKC CHMIICOHA Ui JAHHOTO METOJa
tunupoBanus coctasmi 0,943 (95% JIH; 0,916 — 0,97).

TunupoBanue S.aureus ™erogoMm Spa TunupoBanuss — in silico
HCC/IeI0BAaHMe. Spa THUINHMPOBAHME OCHOBAHO HA M3YYCHWUM BaphalMM B
nonumop(dHoil yacth mporenHa A (spa reH). B 1aHHOW METOAMKE HCHOB3YIOT
CEKBEHUPOBAHME OJHOTO JIOKYCA, YTO MO3BOJSAET OTHECTH €r0 K OAHOJIOKYCHOMY
CCKBCHUPOBAHMIO  TUNUPOBAHMIO. MeETon, B OCHOBE  KOTOPOTO  JICKUT
CEKBCHHMPOBAHME (PparMeHTa reHa 00JagacT TAaKUMH KE MPEUMYIIECTBAMH, KaK W
meroq MLST. Bonee Toro, B JaHHOM C1y4ae MPOUCXOAUT CEKBEHUPOBAHUE OJHOTO
JIOKyCa, 4TO OOECMEUMBACT MPEUMYIIECTBO KaK B CTOMMOCTH, TaK W BO BPEMEHH
BBITIOJIHEHUS OHOTO aHAIN3A.

Onpenenenue Spa Tuma, UCHONB3YS JAHHBIE TOCIECAOBATENBHOCTH TE€HOMOB
S.aureus, TPOBOAMIIOCH OMOMH(POPMATHUECKMMU METOAaMK. B pe3ynbpTare aHanusa
116 cTaQMIOKOKKOBBIX TEHOMOB, B 3 Cy4asX HE yAATOCh YCTAHOBUThL Spa THII, TaK
KaK Ha MOMEHT KCCJICIOBAHUS MOCIEA0BATENBHOCTH Spa MOBTOPOB HE ObLIO B 0ase
JaHHBIX Spa TUNOB. B pe3ynbrare uccnenoBanus ObUA MOMy4YeHbl 50 pa3TuyHbIX Spa
tunoB. Ton 10 spa TMMOB mpeacTaBieHbl B Tadauie 16.

Tabmuna 16 — YacTo BCTpeyarOIMECS Spa THUIIbI, MOJYYEHHbIE HA JAHHBIX
NOJTHOTEHOMHBIX MOCIICA0BATENBHOCTIX S.aureus

Spa Tun Spa noBTOpHI KonuuecTBo | % ot o0mero
U30JI5TOB KOJINYECTBA

t008 11-19-12-21-17-34-24-34-22-25 16 14.16
1002 26-23-17-34-17-20-17-12-17-16 14 12.39
t037 15-12-16-02-25-17-24 11 9.73
t1003 26-17-20-17-34-17-20-17-12-17-16 8 7.08
1044 07-23-12-34-34-33-34 3 2.65
1084 07-23-12-34-34-12-12-23-02-12-23 3 2.65
1324 07-23-12-12-17-20-17-12-12-17 3 2.65
t437 04-20-17-20-17-25-34 3 2.65
t011 08-16-02-25-34-24-25 2 1.77
1021 15-12-16-02-16-02-25-17-24 2 1.77

C wenpro yeTaHOBJIEHHUS TPYII, Oblla MPOBEACHA KJIacTEpHU3aLMs Spa THIOB. B
Spa rpynmy Bouuid Spa THUMBL, OTIMYAKOMMEcs Ha 1 reHeTudeckoe coObiThe. B
pesynbrare Obui0  mosiydyeHo 10 sparpynm, BKIOYarOOMX 96  mTaMMoB
CTAPUIIOKOKKOB (PUCYHOK 25).
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PucyHok 25 — Knacrepusanus spa TUIIOB B TPYIIIIBI

JIaHHBII METOI TUITMPOBAHUS CTAPHUIOKOKKOB mokazan 95% (95%1U; 93-97%)
JUCKPUMHUHUPYIOLLY 0 MOLIHOCTb.

TunupoBanue S.aureus merogamm cgMLST u wgMLST - in silico
uccaenosanme. [Ipemoxennsii Shana R. Leopold ¢ coast. B 2014 rogy HOBBIN
meron turmupoanus cgMLST (MLST® B mporpamme SeqSphere) S.aureus
MPEACTABIIST COOOH MOTHOTEHOMHBIM BapHAHT AJIENBHOrO TUMMpoBaHus [206]. B
KauecTBe pedepenca Obul UCHoiab30BaH reHom S. aureus usossat COL (GenBank
accession no. NC 002951). TIlpoeas cgMLST awamuz ¢ 39 JgaHHBIMH
MOJIHOTEHOMHBIX TOCIEA0BATENILHOCTER S.aureus METOAOM TMONAPHOTO CPABHEHHUS
I'€HOB B I'€HOME NPU MCHOJIB30BAaHMM mapameTpoB >90% wupentnunoctd u 100%
NOKPBITUM T€HOB MOJYYHJIM HAa0Op FeHOB-MapkepoB (n=1861), Bomeammx B cXemy
cgMLST TtunupoBanusi. BnOocienacTBuuM ¢ UENBKO MCKIIOYCHUS IyTAHWIBI B
HaumeHoBaHun CcgMLST Obul nmepenMenoBaHn B wgMLST. Ha naHHblii MOMEHT
wgMLST cxema tunupoBanusi S.aureus Kypupyercs Alexander Mellmann (Inst.
Hygiene) u Dag Harmsen (University Munster). B 10 ke Bpems, WcxXoas W3
onpenenenus core genome B cgMLST cxemy, CIEayeT BKIIOUYMTH I'€HbI, KOTOPBIE
BCTPEYAOTCA BO BCEX INEHOMAax JAaHHOTO BUJA MUKPOOpPraHu3MoB. B pesynbrare
MPOBEAECHHOTO HaMu aHanu3a 116 reHom S.aureus 1107 reHOB BOLLIM B COTE TEHOM.
Jns wgMLST cxembl ObUTi BIOpaHBI T€HBI, KOTOPbIE BCTPEYATUCH B 95% W BBILIIE,
YTO B PE3YJBTATE A0 BO3MOKHOCTE NOIYYUTh 2097 JTOKYCOB.

Xapakrepuctuka 10 mapkepoB ¢ HauOOJIbLIEH pa3permaromeii CnocoOHOCTBIO,
Bxomaumx B ¢gMLST m wgMLST cxembl THNMPOBaHUSI MPEACTABIECHBI B TaOIMIAX
17 u 18, COOTBETCTBECHHO.
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Tabmuma 17

— Ton 10 nokycoB c¢gMLST ¢ HauBbiCHIEH paspemaromeit

CHOCOOHOCTBIO
Jlokyc benox I'en | dnuHa N Paznnu Hnpaexc
re€Ha | T€HOM | HBIE Cumncona
OB THIIBI (95% 1N)
SACOL gramicidin S - 7176 | 116 53 0,953
0164 synthetase 2 (0,933 -0,972)
related protein
SACOL | DNA parC 2403 | 116 45 0,953
1390 topoisomerase (0,938 - 0,968)
IV subunit A
SACOL | DNA dnaX | 1698 | 116 36 0,926
0520 polymerase 111 (0,903 - 0,949)
subunits
gamma and tau
SACOL | penicillin- pbp2 | 2184 | 116 37 0,926
1490 binding protein (0,898 - 0,955)
2
SACOL | Gfo/Idh/MocA | - 1077 116 32 0,925
0196 family (0,898 - 0,951)
oxidoreductase
SACOL | glutamate gltB 4500 | 116 53 0,923
0514 synthase (0,885 - 0,962)
SACOL |drug - 1377 116 34 0,921
0261 transporter (0,897 - 0,946)
SACOL | PTS system, - 1953 | 116 34 0,921
2663 fructose- (0,895 - 0,947)
specific IABC
components
SACOL | acetyl-CoA - 1599 | 116 38 0,92
2624 synthetase (0,892 - 0,948)
SACOL | glutamate gltD 1464 | 116 34 0,919
0515 synthase (0,892 - 0,945)
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Tabmuna 18

— Tom 10 nokycoB wgMLST ¢ HauBbICIIEH pa3peliaromieii

CHOCOOHOCTBIO
Jlokyc benox I'en Jmawa | N | Paznu Hnnekc
F€HA | F'€HO | YHBIC Cumncona
MOB | THUIIBI (95% JAN)
SACOLO1 | gramicidin S - 7176 | 116 53 0,953
64 synthetase 2 (0,933 -0,972)
related protein
SACOL13 | DNA parC 2403 | 116 45 0,953
90 topoisomerase 0,938 - 0,968)
IV subunit A
SACOLOO | DNA gyrase, | gyrA 2664 | 115 39 0,946
06 A subunit (0,929 - 0,962)
SACOL16 | competence - 2148 | 112 34 0,946
44 protein (0,93 - 0,962)
ComEC/Rec2
SACOLOS | transcription- | mfd 3507 | 113 40 0,941
47 repair coupling (0,916 - 0,965)
factor
SACOL17 | FtsK/SpolllE | - 3825 111 37 0,939
91 family protein (0,919 - 0,959)
SACOLO2 | sorbitol gutB 1056 | 115 35 0,938
33 dehydrogenase (0,917 - 0,96)
SACOLO1 | glycosyl - 1167 | 114 32 0,935
15 transferase, (0,917 - 0,953)
group 1 family
protein
SACOLOO | sensory box yycG 1827 | 114 40 0,93
20 histidine (0,904 - 0,956)
kinase YycG
SACOL27 | ABC - 1881 | 115 37 0,928
25 transporter (0,901 - 0,954)
permease

I'pynnupoBanue 116 mrammoB S.aureus Ha OCHOBaHMHM AAHHBIX CEGMLST m
wgMLST  OoCyECTBISUIIOCH  METOJOM  KJIACTEpU3aldu € HCIOJIb30BAHHEM
eBURST/MST anroputma, Ha kOTOpoM u30JTHl ¢ 10% W MEHee pa3nuuusiMu
dopmupoBanu kinactepel. ['papuyeckoe H300pakKeHUE ICHAPOTPAMMbBI  JEPEBbS
MUHUMAIBHBIX JUCTAHLIMI C BBIACIICHHBIMA KJIACTEpaMu S.aureus MPEICTABICHB HA
pUCYHKax 26 u 27.
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cgMLST T1nbl = 105
cgMLST knactepbl = 14
KonuyectBo o6pasuoB B
cgMLST knactepax = 88

gMLST Cluster 2

© )
cgMLST Cluster 13
cgMLST Cluster 14

Pucynok 26 — Kimacrepuszanus 116 uzonstos S.aureus Ha
ocHoBanuu cCgMLST TunmpoBanuu

WGMLST Cluster 2
wgMLST Tunbl = 112

wgMLST knactepbl = 15
KonuyectBo o6pasuoBB
wgMLST knactepax = 88

&

WgMLST Cluster 3

wgMLST Cluster 5

Pucynoxk 27 — Knacrepuzauus 116 uzonsatoB S.aureus Ha OCHOBAHUH
wegMLST tunuposanuu

B pesynbrare Tunupoanus metogamu cgMLST u wgMLST Obutd osry4deHsbl
105 u 112 pa3nuyHbIX BHYTPUBUIOBBIX THIIOB, COOTBETCTBEHHO, YTO ITO3BOJIHAJIO
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J00UThCS paspemmaromeid MouHocTH 99,5% (95% J1H; 98,9 — 100%) u 99,9% (95%
JIU; 99,8 — 100%).

TunupoBanue S.aureus merogom PanGenome — in silico ncciienoBanue.

B cpaBHUTENBHOI T€HOMHMKE MHKPOOPraHW3MOB, panGenome OmpeaenseTcs
UCXOJs U3 PACHPEICIICHUs] T€HOB MO TPyNIam-OpToJioraM Ha OCHOBE HMX CXOJACTBA.
Tepmun «panGenome» BBen Duccio Medini B 2004 rony, a rox cnycts Hervé
Tettelin omyObnmmkoBan nepByro paboTy mo uccneaoBanuio panGenome Streptococcus
agalactiae [207].

Kak mpaBwio, mpu MCCIEIOBaHMM TMAaHTCHOMA MHKPOOPTAaHWU3MOB, BCE TECHBI
pacrpeaeneHsl Ha 3 TPYMIbI, B 3aBUCUMOCTH OT WX PACIPOCTPAHEHHOCTH CPEAr
reHoMoB. K OCHOBHO# rpynne (core genes) OTHOCITCS TeHbI, TPEICTABICHHBIE BO
BCEX NCHOMAX, JOTMOJHUTENbHAS WA BCIIOMOTaTellbHAs IPynmna r'eHOB (Aaccessories
unu dispensable genes), KOTOpbIE BCTPEUYAOTCS B HEKOTOPBIX, HO HE BO BCEX M'EHOMAX
W yHUKaJdbHas rpynna (singletone mnm unique genes) — IEHbl, BCTPEUAOLIMECS
TOJIBKO B OTHOM F€HOME.

Ha Texymmii MOMEHT CyHIECTBYIOT HECKOJIBKO MPOTPaMM, HUMEIOIIUE PA3TNYHBIE
OPUHLHUINB  (POPMUPOBAHUSL  TPYMI-OPTOJIOTOB, HEOOXOAMMBIX JJIs  aHAJIM3a
nanreaoma [208-212].

B nanHOM uccnenoBaHun ObUT UCTIONB30BaH « MindMylFriends» R/Bioconductor
naker npu asanuse 116 mraMmoB S.qureus WCHONB3Yys TApameTpbl aHaaU3a IO
YMOJYAHUIO, 32 HCKIFOUYEHUEM YycTaHOBiIeHUS 85% cut-off anms ycraHoBicHHS
TOMOJIOTMM W OMNPEICIICHUS] OPTOJIOr-Tpymibl. B pesynprare anammsza 116 reHoMOB
S.aureus Obul0 ompenencHo 10339 rpynm-opTosIOrOB, HA OCHOBAaHUM KOTOPBIX W
OPOBOAMJICS QHAIM3 JUCKPUMHHHMPYIOMICH MOIIHOCTH, a TAaKKE KIacTepu3alus |
OLICHKA KOHKOPJAHTHOCTH, MOJIYYCHHBIX JAaHHBIX C PE3yJbTaTaMH APYTUX METOI0B
TUNUPOBaHUs. Pe3ynbTarel pacnpefesicHusi TEHOB B MAHTCHOME MPEICTABICHBI HA
puCyHKe 28.

[TpumedarenbHbIM SIBIIETCS TOT (PAKT, 4TO MPH UCHOJB30BaHMM panGenome
aHaym3a 116 mrammoB core genome ObLT npeAcTaBiicH 1115 renamu, B TO BpeMsl Kak
B cgMLST cxeme, KOTOpbI€ TakKe AOKHBI OBITH MPEACTaBIECHBI BO Bcex 116
F€HOMAaX KOJMYECTBO IE€HOB ObLIO CXOkuM W Bkirowano 1107. [lpu stom crenyer
OTMETHTb, YTO ONPEIACICHUE COre genome MPOMCXOAWIO HAa OCHOBAaHUU
MCIOJIb30BaHUs TPUHLIMITHAIBHO PA3TNYAKOIIMXCS AJITOPUTMOB.

EBURST/MST anroputm knacrepu3anuu OWHAPHBIX NAHHBIX TE€HETHYECKHX
rpynn-oprosioroB 116 mramMMmoB S.qureus TO3BOIWI ONPENETUTh KIACTEPHI HA
ocHoBaHun 1% cut-off. ['paduueckoe wu300pakeHHEe ACHAPOIPAMMBI JICPEBbS
MUHUMAIBHBIX JUCTAHLIMI C BBIACIICHHBIMA KJIACTEpaMu S.aureus MPEICTABICHB HA
pUCYHKE 29.
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PucyHnok 28 — Tpu rpynnel T€HOB, MOJYYEHHBIX B PE3YJIBTATE TAHTEHOMHOTO
agaymza 116 S.aureus
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Pucynok 29 — Kimacrepuszanust iraMmmMoB S.qureus Tpu UCIOJIb30BAHU T
panGenome TUIMPOBAHHUS

[TanrenoMublii aHamm3 116 mramMmoB S.aureus MO3BONWI onpeacymts 112
PA3IMYHBIX BHYTPUBHUJIOBBIX THIIOB, 4YTO OMNPEACHAACT MAHHBIA METOJ, Kak
BbICOKOpazpewaromuii ¢ 99.9% (95% JH; 99,7-100%) nucCKpuMUHUPYIOLICH
MOIIIHOCTBIO.
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3.7 JAMCKPUMHHHPYKOIIAS CHOCOOHOCTH H KOHKOPHAHTHOCTHL MeETOHOB
TUNHPOBAHHUS

buoun(popmarnyeckoe MCCIETOBAHUE MOJHOTCHOMHBIX JaHHBIX 116 M30JTOB
S.aureus ¢ UENbIO YCTAHOBJICHHWS BHYTPUBUIOBBIX THIIOB, NPUMEHSS PAa3JIAYHBIC
COBPEMEHHBIE METOABI T€HOTUIMPOBAHUS, MTO3BOIWIIO ONPEACIUTh OJUH U3 CaMbIX
BOKHBIX IMAPAMETPOB METOJA THUIMPOBAHUSA — AUCKPUMUHHUPYIOLIYIO MOIIHOCTE.
Pesynbrarel in silico uccneoBaHus Mo OLUEHKE pa3pemiaronieil crmocoOHOCTH BOChbMU
COBPEMEHHBIX MOJIEKYJIIPHO-TEHETHYECKUX METOI0B TPEICTABICHO B Tabmuie 19.

Tabnmuna 19 — Pazpemaromas MOIHOCTh COBPEMEHHBIX MOJIEKYJISIPHO-TEHETHYECKUX
METOJI0B TUIAPOBAHHUS

Meton KonuuecTtso Hupnexc 95% 1
TUTTUPOBAHHMS PA3JINYHBIX THIIOB CumrcoHa

panGenome 112 0,999 (0,997-1,000)
wgMLST 112 0,999 (0,998-1,000)
cgMLST 102 0,995 (0,989-1,000)
PFGE 90 0,991 (0,984-0,998)
MLVA 79 0,986 (0,977-0,995)

Spa 50 0,95 (0,93-0,97)

MVLST 52 0,943 (0,916-0,97)
MLST 38 0,929 (0,905 - 0,954)

Metonpl  THMHpPOBaHMS  S.qureus, OCHOBAHHBIE HA  MCHOJb30BAaHWUU
MOJIHOTEHOMHOM ~ TIOCNIEA0BATENLHOCTH, Takue Kak panGenome, wgMLST wu
cgMLST, a Take UCNOJBb30BAHUM PEAKOLIEIAIIMX JHAOHYKIIEA3, Y3HAKOLIUX
cnenuduueckne caiTel pecTpukumu o Bcemy reHomy (PFGE tunmpoBanue),
MOKAa3aJId HauOOJIBIIYI0 Pa3pelIarolly0 COCOOHOCTh TUMUPOBaHUS B 99% u BhIIIIE.
Meroa, B OCHOBE KOTOPOTO HMCIOJIB3YIOTCS JIOKYChl C TaHIEMHBIMU IIOBTOPaMH,
NPOACMOHCTPAPOBAJI YYTh HWXKE AUCKPUMHHHPYIOIIYI0 MOIIHOCTH (98,5%). Spa,
MVLST u MLST kak MeTOAbl THUIUPOBAHMs, OCHOBAHHBIC HA CEKBCHUPOBAHWUH
HEOOJILIIOr0 YKCIIA JIOKYCOB, 007aat0T 95% W HUKE paspemaronieii cuioi. B To ke
BpEMS CIEAYET OTMETHUTh, YTO MEPEKPHIBAOILUECA 95% NOBEPUTENBHBIE MHTEPBAIIBI
HE NO3BOJISIOT TOBOPUTH O 3HAYMMOM PA3JIMUMU B AUCKPUMUHUPYIOIIEH MOLITHOCTH.

OueHka COrIacOBaHHOCTU MEXAY JAHHBIMU HA YPOBHE BHYTPMBHJIOBBIX THUIIOB
1 OJTM3KOPOJICTBEHHBIX BHYTPUBUAOBBIX FPYIIN/KOMIUIEKCOB/KJIACTEPOB, MOy YCHHBIX
pa3IM4YHBIMKA METOJaMH, TnpeactrapieHa B Tadbmunax 20 w21, B nenowm,
COTJIACOBAHHOCTh PE3YJIbTAaTOB HA YPOBHE TUNOB He mpeBbimact 50%, 3a
uckaoueHreM B nape PFGE-MLVA (64%) u cgMLST-PFGE (74%), uto oTpaxaer
HU3KYK) KOHKOPAAHTHOCTb PE3YJbTATOB PA3NMYHBIX METOAOB TUIIMPOBAHUS, HE
MO3BOJISASA MPEACKA3aTh € JAOCTATOYHO BBICOKOW BEPOATHOCTBI) HA OCHOBAHWMH
JAHHBIX, MTOJYYEHHBIX OJHUM METOJOM TUIUPOBAHWS, JAHHBIE IJIsl IPYTOro METOAA
TUNUPOBaHWs. B TO ke BpeMms, CJIeAyeT OTMETHTh, 4YTO TPYNIHAPOBAHHE
OJIM3KOPOJCTBEHHBIX TUIOB B TPYIIIBI/KOMIUIEKCHI/KIACTEPHl MO3BOJIAIO JOCTHYb
Oonee BBICOKMX TMOKA3aTeNiell COMIACOBAHHOCTH PE3YJIbTATOB, JOCTHTHYB B
HEKOTOPBIX ciydasx 80% u Oonee (Tabnuua 21).
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Tabmuna 20 — OneHka KOHKOPAAHTHOCTH PE3YJIbTATOB, MOJIYYCHHBIX PA3JIMYHBIMH METOJAMW THIIMPOBAHWS HA YPOBHE
BHYTPUBHIOBLIX THIIOB

BrytpuBunossie PFGE tun MLVA tun | MLST tun MVLST tun Spatun | cgMLST tun wgMLST
TUIIBL S.qureus THI
PFGE tun - - - - - - -
MLVA tun 0.641 - - - - - -
MLST tun 0.207 0.298 - - - - -
MVLST tun 0.249 0.338 0.449 - - - -

Spa Tun 0.308 0.428 0.526 0.419 - - -
cgMLST tun 0.714 0.436 0.13 0.157 0.191 - -
wegMLST tun 0.18 0.121 0.024 0.03 0.035 0.292 -

panGenome THII 0.207 0.14 0.027 0.034 0.041 0.046 0

Tabmuma 21 - OineHka KOHKOPJAHTHOCTH PEe3YJIbTaTOB, MOJYYCHHBIX PA3JIMYHBIMU METOJAMM TUNWPOBAHMS HA YPOBHE
OJIM3KOPOJACTBEHHBIX IPYIIT/KIOHATBHBIX KOMILJIEKCOB/KIAaCTEPOB

BryTpuBHI0BBIE IPYIIIIBI PFGE-rpymnmna MLVA MLST MVLST Spa cgMLST wgMLST

S.aureus KOMIIJIEKC KOMIIJIEKC KOMIIJIEKC rpynna | KiacTtep KJIACTEP
PFGE-rpynmna - - - - - - -
MLVA komnyekc 0.297 - - - - - -
MLST kommuiekc 0.198 0.613 - - - - -
MVLST komnuekc 0.357 0.657 0.429 - - - -

Spa rpynma 0.264 0.809 0.596 0.696 - - -
cgMLST knactep 0411 0.668 0.43 0.853 0.698 - -
wegMLST knactep 0.49 0.568 0.492 0.678 0.554 0.845 -

panGenome KiacTep 0.407 0.649 0.422 0.737 0.69 0.885 0.753
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3.8 Ilapamerpsl,
MeTO0/1a THIIHPOBAHUSA

Koanexknusi M30J9TOB S.aureus, BKIIOYeHHAs B uccjaeaoBaHue. OJHUM U3
BaKHBIX MAPaMETPOB, BIMSKONIMX HA MOKA3aTeau AUCKPUMUHUPYIOMICH MOIIHOCTH
METO/Ma CYyOBHIOBOIO THIUPOBAHUS MHUKPOOPraHW3MOB, SIBJISIETCS  KOJUICKIIUS
MUKPOOPraHU3MOB, MOABEPruascs TUNUPOBaHUIO. KccaenoBaHusi, MPOBEJICHHBIC
pa3IM4YHBIMA aBTOPAaMHM Ha Pa3JIMYHbIX BBIOOPKAX W30JISTOB, YKa3bIBAlOT Ha
pa3IMyaronIMecss mapaMmeTpbl paspemaronieii cnocCOOHOCTH METOAOB TUMHPOBAHUS
(Tabnuna 22).

BJMSOIIHE HAa IUCKPHUMHHHPYKOIIYK CHOCOOHOCTH

Tabmuna 22 — OleHka paspemarneil cnocoOHOCTH METOJ0B THIUPOBAHMS,
WCIOJIb30BABIIUXCS B PA3JIMYHBIX UCCICTOBAHUSX

Onucanue BEIOOPKH | n PFGE MLVA SIRU Spa MLST
CILIA 200 0,76 - - 0,87 0,84
2008-2009 [213] (0,7 - (0,83 - (0,79-

0,82) 0,92) 0,88)
['mobanbHas 104 0,998 - 0,992 0, 976 0,917
KOJIICKITHS (0,997- (0,987— | (0,964 - | (0,885 -
1943-2006 [140] 1,0) 0,998) 0,988) 0,95)
['moGanbHas 198 0,959 - - 0,973 0,948
KOJIJIEKIIHS (0,949 - (0,963— | (0,934 -
c 1957 rona [214] 0,969) 0,983) 0,962)
Hunepnanmsi 85 0,887 - 0,781 0,69 0,831
1988-2005 [203] (0,847 - (0,71 - (0,627- (0,787-

0,926) 0,852) 0,752) 0,875)
Hwnepnannei, 134 - 0,789 - 0,76 -
['epmanus [215] (0,735 - (0,701-

0,844) 0,818)

Hunepnanmsi 529 0,979 0,982 - 0,949 -
2005-2007 [148] (0,975- | (0,979 - (0,94 -

0,983) 0,985) 0,959)
Kazaxcran 94 - 0,898 0,923 -
2014 (0,869- (0,906 -
[Harme i 0,926) 0,939)
HCCleI0BaHUE |
['moGanbHas 116 0,985 - 0,95 0,926
KOJUICKITHS 0,991 (0,976- (0,930 - (0,9 -
1884-2014 (0,983- ,995) 0,970) 0,952)
[Hatue in silico 0,998)
HCCIIeI0BAHUE |
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Kak yka3ano B Tabnulie, 3Ha4CHUS TUCKPUMUHHUPYIOIIEH CIIOCOOHOCTH METOIOB
U WX PaHKUPOBAHME IO JAHHOMY TNIPHA3HAKY MEHSETCS B 3aBUCUMOCTH OT
UCCIICIOBaHMsl. B TO ke BpeMms CIEAyeT OTMETHTh, YTO OOLIMM HEJOCTATKOM
ABJIIETCS OTFPAHMYEHHAs KOJUIEKIMS M30JIATOB  MHUKPOOPraHHU3MOB, KOTOPBIE
MOJABEPIVIMCh BHYTPUBUIAOBOMY THUIMPOBAHUIO. J[AHHOE OIPAHUYEHUE HE MO3BOJIACT
OPOBECTH 3HAYMMOE paA3IMUMe B JUCKPUMUHUPYIOUICH CIOCOOHOCTH METOJOB
TUITAPOBAHUS U OJTHO3HAYHO PAHXKMPOBATH M0 JAHHOMY MapaMmeTpy.

C wenpto pemieHus NaHHOW mpoOjeMbl ObUIO PEIIEHO NPOBECTH in silico
TUIIAPOBAHUE, HUCIONB3Ys 6970 TeHOMOB S.aureus, IOOCTYIIHBIX HA MOMEHT
UCCIIEA0BAHMUS.

In silico TunupoBanue 6970 renomoB S.aureus. 6970 MOJHOTCHOMHBIX
NOCTIEA0BATENBHOCTEN S.qureus, MPENCTABICHHBIX B BUAC KOHTHIOB, cKadQonaos
Ob mostydeHbl ¢ GenBank 06a3el paHHbix. B 5604 renomax S.aureus (80,4%)
YVAQJIOCh YCIENTHO JETEKTUPOBATh Spa Tumbl. AHanu3 Ha onpeaeneane MLST tunos
NO3BOJIMJI OMPEAEIIUTE CUKBEHC TUIBL B 6912 renomax (99,2%). MVLST anamu3
MOJIHOTCHOMHBIX JaHHbIX onpeaenuwy MVLST tunet B 6882 reHomax (98,7%).
MLVA npodunu 6sutn yecnemno oOHapyskeHbl B 6290 reromax (90,2%). cgMLST u
wgMLST Tunel Obimn onpenencHsl s 5202 renomoB S.aureus (74,5%), npu
YCIIOBUM BKJIFOUEHHS JIOKYCOB C KOIM4ecTBOM He Oonee 0,5% oTpuUarenbHbIX
pesynbraroB (1332 gnokycoB) B cgMLST u He Oonee 5% OTpUIIATEIBHBIX
pe3ysbTaroB ajis jJokyca (1714 mokycoB) B wgMLST cxeme tunupoBanus. Tadmuna,
JUIE KOTOPOH OBUIM YCHEIIHO ONMPEACIICHbl BHYTPUBUAOBBIC THUIBI HA OCHOBE Spa,
MLST, MLVA, MVLST, cgMLST, wgMLST MeTONOB THNHUPOBAHUS BKIHOUYAIA
4976 rtenomoB. Ilocne ompeneneHus TEHOMOB, JUISi KOTOPBIX OBUIM  YCHENTHO
OMpPEACTIEHbl  OCHOBHBIE  BHYTPUBHJOBBIC  THIIbI, Pa3MYHBIMU  METOJAMH
TUNUPOBaHus, ObUl MpoBeAcH panGenome aHaim3. PemeHue O BBINOJHEHUH
TUNUPOBAHUS HA OCHOBE NAHTCHOMHOTO aHalKM3a B MOCICIHIOK OYepenb ObLIo
OPUHATO MCXOMS W3 PECYPCOEMKOCTH M BPEMEHU HEOOXOAMMOIO AJIsi BBIMOTHCHHS
JAHHOTO MCCIIEN0BAaHU — IyJ1, coaepxkaimii ceeie 900 Teics4 reHoB 4976 reHOMOB,
HEOOX0qMMO OBIJIO ONPEIECNITh MO rpynnam-oprojoram. B pesynerare, Obuin
chopmupoBanbl 48578 rpynn-opToJIoroB Ha OCHOBE 85 % cut-off cxokecTH.

Ananuz 4976 reHoMoB S.aureus OMOMH(POPMATHIECKUMHU METOJAMH TTO3BOJIHII
onpenemuts 251 MLST tun, 507 Spa tunos, 924 MVLST tuna, 1344 MLVA Tuna,
4057 cgMLST tunos, 4221 wgMLST tun u 4970 panGenome tunos. Ha ocHOBaHuM
NOJlyYEHHBIX BHYTPUBHJOBBIX THUMOB ObUIa paccuMTaHa AMCKPUMHHHUPYIOLIAS
MOIIIHOCTh K&KJO0T0 METO/a TUIMPOBAHMWS, KOTOpas MPEACTaBIcHa B Talmune 23.
Pe3ynmbTarbl  CONVIACOBAHHOCTH  MEXKAY JAHHBIMHM, T[IOJYYEHHBIE Pa3JIMYHBIMU
METOJAMU TUIIMPOBAHUS, KAK HA YPOBHE BHYTPUBHJIOBBIX THUIIOB, TAK U HA YPOBHE
OJIMBKOPOJCTBEHHBIX TPYIIN/KOMIUJIEKCOB/KJIACTEPOB TMOKa3aHbl B Tadnuie 24.
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Tabnmuua 23 — JIMCKpUMUHUPYIOIIAsi MOIIHOCTh METOJIOB CYOBHI0OBOIO TUTUPOBAHUS S.aureus

Mertona TunMpoBanus KonuyecTBo TUIIOB Hnnexc CnmriicoHa 95% 1A
PanGenome 4970 1 (1,000-1,000)
wgMLST 4221 1 (1,000-1,000)
ceMLST 4057 1 (1,000-1,000)
MLVA 1344 0,979 (0,977-0,980)
MVSLT 924 0,919 (0,914-0,925)
Spa 507 0,907 (0,902-0,913)
MLST 251 0,854 (0,848-0,859)

Tabnuna 24 — OueHka CorIacoOBaHHOCTH PE3YIbTATOB, OJYUYEHHBIX METOJAMU TUITMPOBAHUS S.aureus

Merton panGenome wgMLST cgMLST MLST MVLST Spa* MLVA
TUMTUPOBAHUS

panGenome 0 0.88166480 | 0.88034520 | 0.66565030 | 0.78012950 | 0.65857880 | 0.38715910
wgMLST 0.00163121 010.95698500 | 0.73442500| 0.85357340 | 0.72063950 | 0.42693130
cgMLST 0.00119544 0.84513270 0| 0.77486160 | 0.85597420|0.76116170 | 0.45216510
MLST 0.00000847 0.00229015 | 0.00312795 0| 0.82659780| 0.90374400 | 0.61026850
MVLST 0.00001658 0.00395918 | 0.00546281 | 0.34239160 0] 0.81855280 | 0.48064000
Spa 0.00001426 0.00340656 | 0.00466653 | 0.40535450 | 0.38802870 0| 0.56137000
MLVA 0.00006620 0.00576403 | 0.00750489 | 0.17084670 | 0.16272570 | 0.31035170 0

[Mpumedanue - JleBasi HIKHSST YacTh TAONUIBI YKa3bIBA€T HAa COMJIACOBAHHOCTb MEKAy THmamu. lIpaBas BepxXHssS 4acTh YKa3bIBAeT Ha
KOHKOP-ZJAHTHOCTb MEXKAY TPyMImaMu. * B ciiydae co Spa Tunamu, B GOPMHUPOBAHUK Spa CPyII y4acTBOBAIM Spa Tumbl ¢ Oonee 3 mosTopamu. B
CBSI3U C UCKJIIOYeHHEeM 42 TeHOMOB S.aureus ¢ 3 W MeHee MOBTOpaMu B Spa TUIAX W3 aHAJN3a, KOHKOPAAHTHOCTb MEXAy Spa TpymmaMu ¢
pe3yJibTaTaMH IPYTUX METONOB THIIHMPOBAHUS OlleHuBa1ach Ha 4934 reHomax S.aureus
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AHanu3, MPOBEACHHOW Ha OONBIIONH BBIOOPKE NO3BOJMI MOJIYYUTH OoJice
OJTHO3HAYHYIO OLEHKY Pa3pellarouieii CnocOOHOCTH KaKIOr0 METOJA TUNMPOBAHUS
(Ha 4T0 yKa3bBacT 95% MOBEPUTEIBHBIA HHTEPBAN), YTO B CBOK) OUYEPEb MO3BOJIHI
NPOBECTU PaH)KAPOBAHWE METOAOB THUIMPOBAHUS MCXOAS M3 JUCKPUMHHHPYIOIICH
cnocobHoctn. Kak ®  mpexkne, METOAbl TUNOUPOBAHUS,  MCIOIb3YIOLIME
MMOJIHOTCHOMHBIC ~ JlaHHbIE, Takue Kak panGenome, wgMLST, cgMLST
NPOACMOHCTPAPOBAIM HAMBBICINYIO PA3PEIIAOILY0 CIIOCOOHOCTh.  THUNMpPOBaHUE,
OCHOBAHHOC HA BBIABJICHUM pPA3MuMii B TaHAeMHbIX moBropax (MLVA
TUITAPOBAHUE) MOKa3ano 98% MUCKpUMHUHHUPYIONIYK0 MOIMHOCTh.  Paspemaronias
cwia MVLST wu spa tunupoBanuss Osbuta 4yTh Bbie 90% (92% wu 90%,
COOTBETCTBEHHO). HamMeHbIIEH TUCKpUMUHUPYIOIIEHR cuitoit oOnanan merogq MLST
(85,5%).

JAUCKPUMHHHPYIOIIAsE CHOCOOHOCTh MapKepa W HX KOJHYECTBO B CXeMme
TUnUupoBanus. Psajn pabor, BK/IOYas HAlKA HCCAeAOoBaHUs (cM. Tadnuiy 22)
YKa3bIBAKOT, YTO HAMMEHBIICH IUCKPUMUHHUPYIOMICH CHOCOOHOCTBIO OOiagact
MLST, HecMOTpst HA 7 MapKepOB, MCMOJB3YEMBIX B TAHHOM METOJE THUITMPOBAHMS.
Anamu3z cxembl MLST TunupoBaHus mOKa3ai, 4TO MPUYMHONW CTOJIb CPaBHUTEIBHO
HEBBICOKOH Pa3pelIaronieii CrioCOOHOCTH SIBUIACH BBICOKAsE KOHKOPAAHTHOCTh MEKIY
MapKepamu, B YaCTHOCTU MeKay arc, glpf, pta, yqio nokycamu (Tabnuia 25).

Tabnuna 25 — MexXJI0KyCHasl COrllacOBaHHOCTh (KOHKOPAAHTHOCTh) B MLST cxeme
TUTIAPOBAHUS S.aureus

Jlokychl B arcc aroe gmk pta tpi
MLST cxeme

Arcc - - - - -

Aroe 0.744 - - - -
Glpf 0.135 0.26 - - -

Gmk 0.706 0.874 - - -
Pta 0.746 0.928 0.876 - -
Tpi 0.75 0.898 0.847 0.927 -

Yqio 0.599 0.77 0.716 0.786 0.784

Bricokas MEXKIOKyCHas KOHKOPJAHTHOCTh O3HAYaeT, 4TO NpU A00aBICHUH
KOKJIOT0 TAKOro JIOKyCa B CXEMY THNMPOBAHHMS HE HAOMIOAACTCS 3HAYUTEIIBLHOE
YBEIMYCHHUE pa3peliatonmeii cnocoOHOCTH METOAA B LEAOM. BbIl MpoBeAEH aHaN3
ynpouieHHo cxembl MLST, Brmouatomeid 4 sokyca (arce, glpf, pta, yqio)
MPEABAPUTEIILHO UCKITFOUUB JIOKYCHI C BBICOKOW MEKIIOKYCHON KOHKOPAAHTHOCTBIO.
Hunekc Cumiicona nanHoid MLST cxemsbl noctur nokazarens 0.838 (95%/1U; 0,832-
0,843), 4tOo comocTtaBUMO C Kjaccudyeckod cxemoi MLST TtunupoBanus,
BKIrovaromieit 7 mapkepoB — 0,854 (95%/1U; 0,848-0,859). bonee Toro,
COrJIaCOBAHHOCTb, OIICHEHHAs HA CKOPPEKTUPOBAHHOM Mokazatene Panna (adjusted
Rand) mexny MLST cxemamu ¢ 4 u 7 nokycamu Obuta: 94% Ha ypoBHE THIIOB U 95%
HA YPOBHE KJIOHAJIbHBIX KOMILICKCOB.
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Takum 00pa3oMm, BBICOKAas MEXIOKYCHas COIVIACOBAHHOCTb B CXEME
TUNUPOBAHUS SIBIIIETCS OJHUM M3 (PAaKTOPOB, BIMSIOLIMM HA Pa3pellarOIY 0 CHITY
METOJA B LIEJIOM.

Pesynmbrarel  MEXIOKYCHOW KOHKOpAaHTHOcTH MLVA um MVLST cxem
TUNUPOBAHUS IPEICTABJICHBI B TaOaMIax 25 u 26.

Tabmuna 26 — MexnokycHas cornacoBaHHOCTb MLVA  cxembl THNHPOBAHHS
S.aureus
JIokychl B Jlokyc | Jlokyc |Jlokyc | Jlokyc |Jlokyc | Jlokyc | Jlokyc
MLVA cxeme 9 21 24 61 1 61 2 63 67
Jlokyc 21 0,138 - - - - - -
Jlokyc 24 0,154 0,011 - - - - -
Jlokyc 61 1 0,276 0,258 | 0,194 - - - -
Jlokyc 61 2 0,335 0,596 | 0,146 0,447 - - -
Jlokyc 63 0,236 0,382 | 0,079 0,269 0,329 - -
Jlokyc 67 0,332 0,268 | 0,252 0,401 0,452 | 0,341 -
Jlokyc 81 0,172 0,117 | 0,092 0,209 0,234 | 0,249 | 0,336
Tabmuna 27 — MexnokycHas cornmacoBaHHOCTe MVLST cxeMbl THNHpOBaHHS
S.aureus
Jlokycel B alt essC geh hlgA htrA
MVLST cxeme
Essc 0,522 - - - -
Geh 0,725 0,64 - - -
Hlga 0,656 0,578 0,703 - -
Htra 0,804 0,554 0,751 0,69 -
Sdrc 0,699 0,574 0,712 0,759 0,734

B cxeme MLVA TunupoBaHusi HaOJIIOAACTCS B CPEHEM HU3KAs MEKJIOKYCHAs
KOHKOpAaHTHOCTh 0.261 (95%/1M; 0,211 —0,311), B TO BpeMsl Kak yCpeIHEHHAs
MEKMapKepHasi cornacoBaHHOCTh B metoae MVLST cocraBuna 0,673 (95%/1U;
0,627 —0,72). Hecmotpst Ha GoJblIee KOMMYECTBO JIOKycOB B ML VA TunupoBanuu
(n =8) B cpaBHeHuM ¢ MVLST cxemoli (n=6), a Takxe 00ee HAU3KOH MEKITOKYCHOM
COMIACOBAHHOCTHIO, AUCKpUMUHUPYromas MomHocTe ML VA obnagaet mmub Ha 6%
BBIIIC JACKPUMUHUPYIOLIEH MOMHOCTBIO (97,9% mns MVLA npotus 91,9% s
MVLST). Takum o0pa3oM, NOMHMO MEXIOKYCHOH KOHKOPAAHTHOCTH, Ha
JUCKPUMHUHUPYIOIIYK) CHOCOOHOCTh METOJAa THUIMPOBAHMS B LIEJIOM OKa3bIBACT
BIIMSHUE pPa3peliaromias CHJia OTAEIBHO B3ATOrO0 MApKEpPa, BXOIAILEIO B CXEMY
tunpoBanus.  [na MLVA cxembl yCpPeAHEHHBIA II0KA3aTeNb pPa3pelIaroici
cnocoOHOCTH JIOKYCOB coctaBmil 0,694 (95% J1U; 0,609 — 0,774), B TO BpeMs Kak JJis
MVLST stot nokazarens Obut Boite 0,827(95% JIU; 0,788-0,867).
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CxemMarnueckoe n3o0pakeHue (PakTOpPOB, BIMSIOIIUX HA JUCKPUMUHUAPYFOTYIO
MOIIHOCTb METOAQ, MPEACTABICHO HA pUCYHKE 30.

arcc aroe glpf gmk pta tpi yqi BIHAHHE Ha PA3PEIIAIOIIYIC CTIOCOBHOCTD
Meron THIHPOBaHUA METCZIA TETTHPOBAHILA
(va mprmepe MLST) e
CpenHaa QUCKPHMIHHD VEOLT AT
JTHCKPHMHEHPY IO 1St gca"lr J\<.;L 'Lo)b‘ 0;;;‘) ‘33'('\ ,)chb foo cnocoBHOCTE NOKYCoB +
cro co0HOCTE JIOKyca Qv% O Q?J QJ.\ Q’.\ Q,-\ Q?’
| | arcc | aroe | gmk | pta | i [ ygio |
[ aroe ORE
KOHKOleﬂH‘IHOCT]’ Q159 U220 CpepHai comMmacoBaHHoCTD
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LT 0746 | 0.928 | 0.876
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Pucynok 30 — [TapaMeTphbl, ONPEACTSIONME PA3PEMIAOIILY0 MOIIHOCTh
METOJ1a TUTTUPOBAHMS

[TonyAspHOCTH HEKOTOPBIX METOAOB THUIUPOBAHUS S.qureus, TAKHX Kak Spa,
MLST, MVLST 3aBucUT OT psaa mapameTpoB, B TOM YHCIE Onarogaps XOpPOLIMM
NOKa3aTeysiM  pa3pellaromeii crnocoOOHOCTH TPH  MCHOJB30BAHWM OTPAHUUYEHHOTO
KOJIMUECTBA MAPKEPOB B CxemMe TunupoBaHus [216-218]. beuio mpoBencHO
WCCIICIOBAHUE Ha OMNPEACICHUE 3aBUCHMMOCTH pa3pellarleii CnocoOHOCTH ¢
MCIOJb30BAHUEM OTPAHMYEHHOTO KOJIMYECTBA JIOKYCOB (OT 3 10 10 TeHOB), B3SITHIX
n3 cxembl CGMLST ¢ nenpro nosiy4eHus: ypoBHs JUCKPUMUAHUPYIOLIECH CHATIBI METOAA
B LEJIOM OT KOJHMYECTBA JIOKYCOB, MX pa3pellarolleii ClOCOOHOCTH, a TAKXKE YPOBHS
KOHKOPJAHTHOCTH MEXAy HuUMU. B pe3yaprare Obula MONMydYeHa JIMHEHHAs
3aBUCUMOCTD PA3PEIIAOIIEH CUJTBI METOAA TUIIMPOBAHUS OT BCEX TPEX MAPaMETPOB.
[TomyyeHHas MOAETb TO3BOJSACT OOBACHUTH TAKYK) 3aBUCUMOCTH Ha 76%
(CKOppeKTHPOBaHHbLI Kod(uimenT aerepmunanun R* = 0,762), mpua 5TOM Bce
MapaMeTPhl, BKIIFOYCHHBIE B JTAHHYIO MOJCHb, UMENH p-3HaYeHuE Hwxke 0,001, urto
NO3BOJIAET ¢ OOJbUIEH YBEPEHHOCTHIO CENATh 3aKIOUEHUE O BIIMSIHUN MPEIUKTOPOB
(KOTMYECTBO ~ JIOKYCOB, CPEIHsE MEXKJIOKYCHAs  COTJIAaCOBAHHOCTb,  CPEOHSsS
paspeniaronias CnocoOHOCTh JIOKYCOB) HA YPOBEHb Pa3pellaronicid CrnocoOHOCTH
METO/IA B IIEJIOM (PUCYHOK 31).

OneHka OTHOCHTENIBHOTO BKJIAJA KKAOTO M3 TPEX NApamMeTpoB B JAHHYIO
MOJIETb TIOKa3aHa Ha pucyHke 32. HanOonpmuM BIMSHAEM HA TMCKPUMUHHUPYHOLILY O
CHOCOOHOCTh METOAA B LENOM 00JIaJacT MapaMeTp «KOJIMYECTBO JIOKYCOBY» C
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BKIaaoM B 544%. BTOpeIM 10 YPOBHIO OTHOCUTEJIIBHOIO BJIMSHUS HA
JUCKPUMUHHUPYIOIIYI0 MOIIHOCTh METOJA TUNUPOBAHUS SIBISJICA YCPEAHECHHBIN
NOKa3aTeNib Pa3peluaronieii CnoCOOHOCTH JIOKYCOB, BXOAAINNX B METOA CyOBHOBOTO
tunupoBanus  (28,8%). Ha jgomo  TpeThero mapameTpa  «MEKJIOKYCHas
KOHKOPAAHTHOCTB)» NPULLIOCH 16,8%.
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Pucynok 31 — Maremarnyeckas MOJENb JIMHEWHON 3aBUCUMOCTH
paspelaroe MOIHOCTH METOAA OT TPEX MapamMeTPOB IIPU
UCIIOJIb30BAHUU OTPAHUUYCHHOIO KOJIMYECTBA JIOKYCOB

Crnemyer OTMETUTh, YTO MPUHLUUNUAIBHO BAKHBIM MOMEHTOM SIBIIIETCS TOT
(dakTt, 4ro JaHHas MOJEAb 00JaJacT MPeacKa3aTreabHOM CIOCOOHOCTBIO B Cllydae ¢
METOJIOM THUIHPOBAHUS S.qureus, KOTOPbIA MMEKT B CBOEH cxeme HeOOJbIIOoe
KOJIMYECTBO JIOKYCOB (MapKepOB), Kak nmpasuio, ot 3 1o 10. Mcnonb3oBaHue 1aHHOTO
JMara3oHa KOJIMYECTBA MAPKEPOB B METOJE THUMHAPOBAHMS TO3BOJISIET AOCTHYb
YPOBHs pazpemaromieii Momuoct Mmetoaa ot 80 1o 88%. B TO ke BpeMsi, B KAUECTBE
UCKJTIOUYCHHsI, Obllla OOHAPY)KEHA KOMOWHANMS CXEMbl TUMUPOBAHUS M3 3 JIOKYCOB,
MO3BOJIMBIIAS JOCTUYL PA3PELIAOIIYI0 COCOOHOCTH B 90% mnpH MmoKazarensx
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MEXKIIOKYCHON KOHKOpAaHTHOCTH 40% W pazpeuiaronieii cnocoOHOCTH JIOKYCOB B
cpenneM 73% (tabnuna 28).

OTHOCWTENbHBI BKNaA napameTpoB B PerpeccMoHHY Modenb

Konunvectso NOKYCOB T

VepenHeHHBIH [TOKA3aTeb

JHCKPHMHHHPYIOLIeH -
CHI0COGHOCTHIIOKY COB

VepeaHeHHBIH MOKA3aTeb
KOHKOPAaHTHOCTH
MEKTY JIOKYCaMH

T T T T
20 30 40 50

% of R-Square
Total R-Square=0.762

PucyHok 32 — OTHOCHTEIIBHBIN BKJIAJ] KKI0TO MapaMeTpa B
PETPECCUOHHYIO MOJENb

Tabmuna 28 — Jlokycel c¢gMLST, mno3BomuBmme goctnub  90%  ypoBHS
JUCKPUMHAHUPYIOLIEH CIOCOOHOCTH METO1a

Haummenosanue | ['en Jlnmina HammeHnoBanue KomruecTBo
JIOKyca reHa NPOAYKTA reHa aJenei B
(1.0.) 0aze Ridom
SACOL1075 | purC 705 | phosphoribosylaminoimidazole- 104

succinocarboxamide synthase

SACOL1390 | parC 2403 | DNA topoisomerase IV subunit 350
A
SACOL2440 - 807 hypothetical protein 138

[Tpy BKIIOYEHUH B CXEMY TUITUPOBAHUS OOJIBIIETO KOJIMYECTBA (COTHH, THICSYH )
JIOKYCOB/MapKEPOB/TEHOB  3aBUCHUMOCTh pa3peliaromeil CmocoOHOCTH METOAA B
LEJIOM OT KOJIMYECTBA MAPKEPOB, UX JUCKPUMUHUPYIOLIEH CHITBI I KOHKOPIAHTHOCTH
npPUOOPETAET JTOrapuPMUUECCKHX XapakTep (PUCYHOK 33 ).

Kak mnokaspiBaeT kpuBasi 3aBucuMocTH, 90% paszpeuraronias CcrnocoOHOCTh
METOJIa AOCTUTacTCsl B CPEIHEM MPU BKIIFOUYEHUHU 8 JIOKYCOB B CXEMY THITMPOBAHMS,
XOTS CYHIECTBYKOT CX€Mbl W3 3-7 JIOKYCOB, NO3BOJISIIOIIME MOJNYy4YaThb WHACKC
Cumncona 0,9. JluckpumuHUpyronias cnocoOHOCTh B 95%, comocTaBuMas co Spa u
MVLST TunupoBaHueM, JOCTUTACTCS MPU MCHOJB30BAaHUM 25 JIOKyCOB. /[lns
TOCTHKEHUS 99% MUCKPUMUHUPYIOMICH MOIIHOCTA METOJIA, CX0KEH C TaKOBOW IpH
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ucnosib3oBanun MLVA u PFGE metonoB tunupoBanus, noTpeOyeTcsi BKIHOYCHUE
65-85 noKycoB B cxeMy TuUnupoBaHusa. 99.9% paspemaromas cuna MeEToaa
TUITAPOBAHUS BO3MOXKHA TTPH Mcnoab30BaHuu 200-250 OKyCOoB.

0.99 = MLVA, PFGE

085

0.95 = Spa, MVLST
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Pucynox 33 — JlorapudmMuueckuii xapakTep 3aBUCUMOCTH JTUCKPUMUHUPYIOLIEH
CHOCOOHOCTH OT 3 MPEIUKTOPOB

[Tocnenyromee yBEIMYEHHE KOJIMYECTBA JIOKYCOB HE TMO3BOJISIET YBEJIHYUTH
paspelarnlyo cnocoOHOCTh MeToda, Aaxe BkaounB 1000 mapkepoB. B Hamiem
ciyyae Juuib ¢cgMLST cxema TtunumpoBanus, coctosimas Oosiee yem w3 1300
JIOKYCOB, Mmo3BomMaa a0cTuub 100% paspeuarony0 CUly, OLCHEHHYI) WHICKCOM
Cumncona. [Ipu 3TOM cneayer OTMETUTB, YTO C YBEJIMYEHUEM KOJIMYECTBA JIOKYCOB,
nocruras 1000 MapkepoB, CpeaHUR YPOBEHb MENIIOKYCHONM KOHKOPAAHTHOCTH
ctpemurcs Kk 0,627 (95% JU; 0,626-0,628) mnokazarento CKOPPEKTUPOBAHHOTO
uHAckca PaHpma, a ycpelaHEHHBIH mNokaszarenbk WHACKCa CUMIICOHA sl JIOKYCOB,
BXOIMX B cxemy TunupoBanus — 0,671 (95%/1U; 0,661-0,681) (pucynok 33 B, C).
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Bonee Toro, HaOmomaercs mpsMas  3aBUCUMOCTb  MEXKAY MOKA3aTeNsIMU
KOHKOPJAHTHOCTH M JUCKPUMHUHHUPYIOLICH CIOCOOHOCTIO JIOKYCOB B  CXEME
TUnupoBanus (pucyHok 33 D). JlanHbli QakT 03HAYAET, YTO MEXKAY JIOKYCAMH C
BBICOKOH pa3pemaronicii cnocoOOHOCTHIO HAOIFOIAETCSl BBICOKAsE COTJIaCOBAHHOCTb.

C 1enpr0 yCTAaHOBJIEHHS JOJIU TE€HOB, O0JAJAIOIIMX BBICOKOHM paspelnaromei
CHOCOOHOCTBIO, & TAKKE YPOBHS KOHKOPAAHTHOCTH MEXKIY HUMH, ObLT MPOBEACH
aHaIM3 BCEX JIOKYCOB, BXomsammx B CgMLST cxemy tunmpoBanusa. Kak mokaszano
UCCIICIOBAHUE, B TEHOME S.qureus 00nee MOMOBUHBI TE€HOB (57,2%) SBISIOTCS
runepBapradenbHbIMu ¢ 75% U BbllIe mHACKCOM CumriicoHa. JlanpHelmmidi aHamm3
NoKa3aja, 4YTro MEXKIAY MJAHHBIMM TeéHaMM HaOOJacTCs BBICOKMH  YPOBEHB
KOHKOpHaHTHOcTH. B 75% reHax ¢ BBICOKMM TnokazareneM  CUMIICOHA,
KOHKOPAAHTHOCTH focTuria 80% u BeIIE (pUCYHOK 34).

Takum 00pa3oM, MOJENb 3aBUCHUMOCTH JUCKPUMUHHUPYIOLIEH CIOCOOHOCTH
METOJIA, BKJIFOYAKOIIETO COTHH MAapKEPOB, VYKAa3bIBACT HA JIOrapu(pMUUECKHIA
Xapakrep, koTtopas pocturaet 99,9% npu ucnons3oBanun 200-250 JIOKYCOB B CXEME
TUITAPOBAHUSI.
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Pucynok 34 — IToka3arenu TUCKPUMUHUAPYIOMIEH MOIIHOCTHA TEHOB, BXOSAIINX B
TEHOM S.aureus, a TAKKE YPOBEHb KOHKOPJIAHTHOCTH MEKAY HUMH
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Marematiyeckas MOJENb 3aBUCUMOCTH AUCKPUMHHHUPYIOIIECH CIIOCOOHOCTH
METO/IA, BKJIOYAKOUIETO COTHHW/THICAYM MApKEPOB, MPEICTABICHA HAa PUCYHKE 35.
CKOppEKTUPOBAHHBIH KO3 (PUIUEHT JNETEPMHUHALIMA (adj.R?) JAHHOM
MPOTHOCTUYECKOM Monaenu coctaBuil  95,4%, OOBACHSAS SBHYI 3aBUCUMOCTB
pazpemaronieid cuabl METoJa OT 3 MapamMeTpoB. 3HAYEHHs p AL BCEX TPEX
napameTpoB cocraBwiio MeHee 0,05, HMexoms W3 [aHHOM MOAENW, YPOBHH
OTHOCHTEJILHOTO BIIMSIHHS MPEAUKTOPOB U3MEHUINCH. J{0JI mapamMmeTpa «KOJIMYECTBO
JIOKyCcOB» cTana Oosee onpeaenstoniei (85,9%). Ha noto yCpeIHEeHHOTO moKa3aTeis
MEKIIOKYCHONH KOHKOPAAHTHOCTH MPHUIILTOCH 0KOJI0 (13,9%).

(N(oci)=(N(loci)=1))/2 i N
23 e act, ad;_Rand+0‘0239 - z1 (toc) S

slla=0.8522% 13(18(0-3201 * N(EOCE))) = ILDOGH, (N(oci)*(N (loci)—1))/2 N(loci) "’

20e

SID — Simpson Index Diversity (JuekpuMunupyiowas cura Memooa munuposanus);
N(loci) - KOMUYEeCcmeo 10KYCo8 8 CXxeMe muniposanis,
sNUociy*(N(ociy-))/2 _ t oo g
1 Y- - VCPEOHEeHHBIIL NOKA3amenb KOHKOPOGHMHOCTI MeNHCOY 10KV CAMU Ha OCHOBE CKOPPEKMUPOBAHHO20
(NUoch «(N(loci)-1))72 E )
napamempa Panda (adj.Rand);
ZT(“’“) SI - YCpeoHeHHbI NOKA3aMm el OUCKPUMURUPYIOU[el CUTBL TOKYCO8, 6X00AUIe 6 cxemy munuposarnus (SI— undexc
N(leci) Curtncona)
OTHOCUTEeNbHbIN BKNAA NapaMeTpos B perpeccMoHHYo moaens
KonuuecTtso nokycos
-
YepenHeHHBI noka3arensb
KOHKOPAAHTHOCTH -
MEKAY TOKyCcaMH
Yepennennstii mokasarens -
IOHCKPHMMHHpYIOLLEeii
CIOCOCHOCTH JIOKYCOB
T T T T T
o} 20 40 60 80

% of R-Square
Total R-Square= 0.955

Pucynok 35 — Marematnueckas MOAEIb JOrapu(pMUUECKONA 3aBUCUMOCTH
pasperuaroeil MOIHOCTH METOAA OT TPEX MapaMeTPOB MPHA UCIOJIB30BAHUA
OONBIIOTO KOJMYECTBA JIOKYCOB, a TAK)KE OTHOCUTEIIbHBIN BKJIAJ KaXKI0TO U3

[apaMeTpoB

Jlonst yCpemHEHHOTO TOKasaTens pPa3peliaromeil CrmoCOOHOCTH JIOKYCOB,
BXOJMIIMX B TpeacKasarenpHyro monaens cocraBuna 0,2%. Takoe W3MEHEHHE B
OTHOCHTEIIbHOW POJIM JAHHBIX TApaMETPOB B MPEACKA3aHWM  Pa3pellarolei
MOIIHOCTA METOAA B LEJIOM OTYACTU OOBACHACTCA TEM (PAKTOM, UYTO YBETUUYCHHE
YHCJIa MAPKEPOB B CXEME TUIMPOBAHWS MPUBOAUT K CHI)KCHUIO BapHALMHW, JIBYX
NapaMeTpoB, TaKUX  KaK  CPEOHUE  MMOKA3areau  KOHKOPAAHTHOCTH W
JUCKPUMHAHUPYIOLIEH CIOCOOHOCTH JIOKYCOB, BXOJSIIMX B METOJ TUITMPOBAHMSI.

Taxkum 00pa3oM, Ha BEIWYMHY AMCKPUMUHHUPYIOLICH CHOCOOHOCTH METOJA B
LEJIOM, B TMEPBYK) OYEPEIb, BIUACT MApaMETP «KOJMYECTBO JIOKYCOBY. [lpu
UCTIOJIB30BAHNM  HEOONBIIOTO  KOJIMYECTBA JIOKYCOB HAOMIONACTCS  JIMHEHHAS
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3aBUCUMOCTb, B TO BPEMsl Kak, 100aBIeHUe OONBIIET0 KOJIMYECTBA JIOKYCOB B CXEMY
TUMTAPOBAHUS (ACCATKA U COTHW) MPUBOJUT K CHWKCHUIO TEHACHIMU YBEIMYCHUS
pa3pemaronicii MOIHOCTH METOAA B IEJIOM, JOCTUTHYB MAKCUMAJIBLHOIO 3HAYECHUS
uaaekca Cumncona 0,999 npu wucnonme3oBanun  200-250 JIOKYCOB B CXEME
TANUPOBAHUSA. JlabHEHIIIEE YBEIUYEHUE MAPKEPOB HE TPUBOJIUT K YBEIIMUCHUIO
nokazarenst CHMIICOHA, 4YTO, BEPOSITHO, OOBSACHSACTCS BKJIKOUYCHHEM B CXEMY
TUMIAPOBAHUS BCE OOJIBIIErO KOJMYECTBA JIOKYCOB C BBICOKOM MEXKIIOKYCHOM
KOHKOPJAHTHOCTBIO, JIOJISI KOTOPBIX B T€HOME COCTaBisAeT 57,2%, 4TO, B CBOKO
OYEPEb, HE TO3BOJSET 3HAYMTENIBHO YBEIWYHWTH PA3PELIAOIIYI0 CIIOCOOHOCTh
METO/A B LIEJIOM.

3.9 Ilapamerpsl, BJAHSIOIIHE HA MOKAa3aTe/Jb KOHKOPJAAHTHOCTH MEKIY
AAHHBIMH, MOJIy4YeHHbIMH PA3JTH4YHbIMH METOAAMHU THIHPOBAHUSA

Kak Obp10 MOKa3aHO paHEe B HAINWMX MCCICAOBAHMSX, a TaKke B paborax
HEKOTOPBIX aBTOpoB [109 ¢.91; 219, 220] rpynnupoBaHue ONM3KOPOACTBEHHBIX
TUNOB  S.qureus B KOMIUICKCBI/KJIACTEPBl MOXET TMPUBECTH K TOBBILICHUIO
COITIACOBAHHOCTH PE3YJIBTATOB TUITMPOBAHUS, MOJYUYECHHBIX Pa3HbIMA MeTonamu. Ha
NPAKTUKE TMpouecc (POPMUPOBAHUS TPYII OCYIICCTBISETCS  KJIACTEPU3ALUEN,
KOTOpasi B CBOKO OYEPEb COCTOUT M3 HECKOJIBKMX 3TANOB M 3aBUCUT OT HEKOTOPBIX
napaMeTpoB. Ctagun GopMUPOBaHUS TPYIII MPEACTABIEHBI HA PUCYHKE 36.

Tror ganHEX | EuHapHEIe (HamuHe/ 0TCYTCTRHE MAPKEPa) Uscnopsle (Ko-I0MHHAPYIOLTHE MAPKEPEL)
| : :
; (mipevep: PFGE, AFLE, RAPD) (mamprvep, microstallites, allozymes, MLST)
i
a4 S P g e N S b et o : e
| . . +d 1 A .
Pacyer MAaTpHITEL I Slmple Matchmg S.W - a+:+c+d : Euclidean distance Dy = ’E. (X.‘Y.)z
TEHETHI ECKHX | !
9] I | =¥ F
AEICTAHITHE I Jaccard (1901) 5= “:H i Rogers distance (1972) p, . -ty
(KO3 PHIHEHTRI ! ! 2
cxoncrea/pazmreni) | Dice (1945), 1 | Nei distance (1983)  Do=1-XJX5,
: Sorensen (1948) * la+bsc ! i
i Hep aE;ﬁ;;E;;H_;H;E_T;E_H;;H;; ______________ }QEBEELH MHHHMATLHEX i Metog k-cpenmnz T
1 Cotnplete-linkage  Single-linkage }gnc‘raﬂgﬂﬁf goleBurst amreput ¥
| Dicses) Diw) o I [ | Y=Y Le-w?
| ST €,C;)= max D(x,x, f { =
| Clomplete-linkage P ey ._,_ l} | Meron mewetsoli snacrepisanin
Bero | Sigle lnkage D{6,e)=_min_ D(x,x,) ! | Ceeoex
KITACTEPH3ALHH ! g e : i E=Z5u;™ |-Gl
: Average linkage D(Cvc)"LJ‘E ED(xx) | : ij T
| P 11€2) = TiTeq 3% . \ \ /- . L
| xSy x; 60y W : l_‘l\ : HANHS IMABHEY KOMIOHEHT
! Ward D = D(x 2 W &7 ;
: alley m%q ( ’F‘l”‘!) / '!'\" } JHCKpEMHHAHTEE T aHaTEs
: 2 | IMaBHHE KOMIOCHEHT
! =
I Bribop sHauerme Cut-off Ha geHmporpanmee ) - Lpasuno oy CBAHIA
| i IpyIm
: iy QCHOBHOH HeZOCTATOK —
I _I Lw 1) MaKoHMam:Hag HeobxomHMo VEA3ATE ML
OnpeneneHHe I {7 DML B TPy NpeNEapHTENEHO
Tpyrm | - 2)  MuspdamHoe, OMpeflalTh KOMHMYECTEO
! 'L i i e KTACTEPOE B TIOMYTLALIHEL
I [.E = (M30MATOB/TEHOTHIIOB B
| i TPYITIELD

PucyHok 36 — Cxema onpenencHust BHyTPUBUAOBBIX IPYIIT MUKPOOPTaHU3MOB

I[aHHBIe, NOJIy4aCMEBIC IIPpH MCIIOJIB30BaAHMH COBPCMCHHLBLIX MOJICKYJIAPHO-
ICHCTHUYCCKUX MCTOAOB THIIMPOBAHHA, B OCHOBC KOTOPBLIX JICKAT Pa3JIMYHLBIC
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METOJMYECKUE MPUHLMIBIL, MOKHO paszfenuTh Ha 2 rpynnel — OuHapHbie (PFGE,
panGenome) u OykBeHHO-4HCcI0BbIE (SNP, MLST, MLLVA). Mcxons U3 ThNa TaHHbIX
OPOMCXOAMT BBIOOP METOAA pacyeTa TIEHETUYECKUX AWCTAHLMH, SIBISIFOIIAKCS
CJICIYIOIIMM 3TarnoM (POPMHUPOBAHHUSI KIIACTEPHU3ALIMH.

BeiOop Meroma pacdera mMaTpuubl T€HETHYECKHX IMCTAHUMI (MHIEKC
cxoacrBa/pazauums). Ha  Tekymuii  MOMEHT — CYHMIECTBYET  MHOKECTBO
PEUIOKEHHBIX KO3(PPHUIIMEHTOB sl pacyeTa NeHETHYECKUX TUCTAHIMA (MaTpuua
cxoactra/paznuunii). David Mayer u Christian Buchta B cBoeil paboTe yka3biBatoT Ha
0onee 20 MHACKCOB PACUYCTOB MATPUIl T€HETHUYECCKUX JUCTAHLMNA Njisi OWHApPHBIX
JAHHbIX [221].

JUts onpenesicHus BIMSHHUS HKCIOJBb30BAHUS PA3MYHBIX METOAOB pacydeT
TCHETUYECKUX TUCTAHIMI, ObLIM UCTIOIB30BaHbI 6 PA3IMYHBIX AJITOPUTMOB, BKITHOYAs
nonyaspHeie Jaccard m Dice koadpduuuentsr [160, ¢.5486; 222, 223] ananuza
OMHAPHBIX TAHHBIX, MOTYYECHHBIX B pe3ynbrare in silico PFGE tunupoBanus.

KoppensumoHHblii  aHanM3 PAaCCUMTAHHBIX MATPULl TOKa3al  XOPOIIYHO
koppensiuo Mexay Gower u Simple matching (R*=1), Cosine u Dice (R*=0,99),
Dice u Jaccard (R*=0,98), Cosine u Jaccard (R?*=0,97). B T0 ke BpeMsi B HEKOTOPBIX
ciydasix HaOMOJaeTCsl HEBBICOKAS KOPPESALUS MEXKAY NTaHHBIMH (PUCYHOK 37).

cosine 0.99 0.76 0.97 0.87 0.76

DICE 0.75 0.98 0.88 0.75

04

r 0z

Jaccard 0.88 0.76
Fo-02

r-04

Simpson 0.71

simple matching

Pucynok 37 — KoppensiuuonHast Tabjidia MaTpul TeHETUYECKUX JTUCTAHIUH,
PACCUMTAHHBIX Pa3IMYHbIMK KO3 (pPHULmeHTaMU

Ha ocnoanumu INOJIYUCHHBIX PC3YJIbTATOB, NPCACTABICHHLIC B BUAC MATPHUIIbI
ICHCTHUYCCKOIo CXOACTBA, PACCUMTAHHLIC PA3JIMYHBIMKA aAJIFOpUTMAaMHK, MTaMMbI
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S.aureus TPyNnmUpOBAJIMCh Ha JACHApPOrpaMMe, HcCHoib3ys complete-linkage
KJacTepu3aluio. B kauecTBe MOPOTOBOrO 3HAUEHMs] BKJIKOYEHUS B TPYHIy
ucnoab3oBaics mokazare 20% cut-off pasnuuums.  Pe3ynbrarel KiacTepu3aliu
IIPEACTABIICHBI HA PUCYHKE 38.

PFGE cosine PFGE Dice

e

60
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0 20
]
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fall

PFGE Gower PFGE Jaccard
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PFGE simple matching

| | =t
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Pucynok 38 — Knacrepuzauus u rpynnupoanue nanubix PFGE tunupoBanus
S.aureus, NCTIONB3Ysl PA3JIMYHBIE METOBI PACYETA TEHETUYECKUAX AUCTAHLIMMA

Pe3ynbTaTel KOHKOPJAHTHOCTH, MPEACTABICHHBIC B Ta0IMIE 29, MOKA3bIBAKOT,
YTO B HEKOTOPBIX CIIy4asX COMIACOBAHHOCTH pe3ynbraroB PFGE tunupoBanus npu
UCIIONB30BAaHUM PA3IMYHbIX METOJOB pacyera MaTPULl N€HETHYECKUX PACCTOSHUI
MOKET CHWXAThcsl 10 78%, yKaspiBas Ha JOCTATOYHO OOJBIIOE pPAa3IMYUE B
¢opmupoBannu PFGE rpymm, ucnosie3yst pa3anyHbie alrOPUTMBI pacueToB. BepxHe-
NPaBbIC 3HAYEHUS OOO3HAYAKOT CPEAHEE 3HAUYCHUE OTHOCHTEIBHBIX PA3IMUUi B
JUIMHAX BETBEH MEHAPOTPaMM;, HHKHE-JICBBIC 3HAYEHHsI — COBIAICHUE/OTIUYHE B
TOIOJIOTAX JEHAPOIPAMM.
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Tabmuna 29 — Pesynerartel cornacoBaHHocTH AaHHbIX PFGE  tunmposanus,
MCITOJIb3Ysl PA3JIMUHBIE METOBI PACYETA MATPULIBI TEHETUUECKUX PACCTOSHUMA

ANTOPUTMBI Cosine DICE Gower Jaccard | Simpson
TeHETUYECKUX
JMCTaHIIbI
DICE 0.996 - - - -
Gower 0.960 0.964 - - -
Jaccard 0.802 0.798 0.778 - -
Simpson 0.982 0.986 0.950 0.784 -
Simple matching 0.960 0.964 1.000 0.778 0.950

CpaBHUTENBHBIA aHAIM3 JEHAPOTPAMM, TMOTYYECHHBIX MPH HMCHOJIb30BaHUU
PA3IMYHBIX AITOPUTMOB pacyera MaTpull TEHETHYECKHX JUCTAaHLIMKA TOoKa3al
pa3IAuMsl Kak B TOMOJOTWMH, TaK M B JUIMHE BETBEH NEHAPOTPaMM, YTO B CBOKO
OYEpeb MPHUBEIIO K BAPAALMKU BKITFOUEHHS H30JIATOB B rpyIibl (Tadbmuna 30).

Tabmuna 30 - CpaBHuTENbHAs OLEHKA JCHAPOrPAMM, MOJYYEHHBIX MPH
UCIMOJIb30BAHUS PA3JIMUHBIX METOJIOB pacueTa FreHETUYECKUX TUCTAHLIU]
ANTOpUTMBI :
. . : Simple
renetnueckux | Cosine Dice Gower | Jaccard | Simpson :
matching
JMCTAHIIbI
Cosine - 0.008 0.115 0.319 0.113 0.1158
Dice OTJL. - 0.117 0.317 0.118 0.1174
Gower OTJL. OTJL. - 0.462 0.18 COBII.
Jaccard OTJ1. COBII. OTJL. - 0.322 0.316
Simpson OTJI. OTJI. OTJL. OTJI. - 0.098
Simple
matching OTJI. OTJI. COBII. OTJI. OTJI. -
HpI/IMeLIaHI/Ie - BerHe-HpaBbIe 3HadYeHuss O0003HAYAIOT YCPECAHCHHBIC IMOKA3aTCIIN

pa3juuuii B JJIMHAX BETBEH JEHIPOrPAMM, HIKHE-JIEBbIE — COBMANEHUE/Pa3TMuue TOTOJOTHIMA
JEeHIPOrpamMm

Takum oOpa3oM, BHIOOpP METOAA pacueTa T€HETHYECKOTO PACcCTOSHUS MEXKITY
U30JISITAMH MUKPOOPTaHM3MOB Ha OCHOBAaHMM JAaHHBIX METOJOB THUIMPOBAHMS, B
KOHEYHOM CUETE, MOXKET MOBJIMATH Ha KOHKOPJAHTHOCTh PE3YJIbTaTOB TUITHPOBAHUSI.

Boi0op mMerona knacrepusanmnu. KiactepHbiil aHanmm3 npeactaBiaser coOoi
MOIIArOBBIM MPONECC MOCIEIOBATEIBLHOTO OOBEAMHEHNST OOBEKTOB (B JAHHOM CJTy4dae
W30JI9TOB MUKPOOPTraHU3MOB) Ha OCHOBE MX CXOJCTBA, OMpEnesieHHOro (opmyJioi
pacueTa TeHETUUECKOTO CXOJICTBA/pa3iuuus, B IPyNIbl/KiIacTepsl. Pe3yabTar 3TOro
mporiecca, Kak MmpaBuiio, n300paxkaeTcs B BUAE AeHAporpaMMbl. Ha qaHHBI MOMEHT
CYIIECTBYIOT pa3IMYHbIC aJTOPUTMBI KJIacTepW3alluy, BKItouYas Takue kak Ward,
UPGMA u ¢eBURST [159, ¢.1524; 224, ¢.240; 225, c.1424].
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BrmusHue ucnonbs3oBaHuss 6 Pa3IMUHBIX METOJOB pacueTa KiIacTeph3aluu,
TakKMX Kak MoiHoW cBsizu (complete-linkage), Yopaa (Ward), HauMeHblel CBI3U
(single-linkage), eBURST, w® MeTOOOM  MOMAPHOTO  BHYTPUTPYIIOBOIO
HEB3BEHIEHHOrO cpenaHero (unweighted pair group method with arithmetic mean,
UPGMA) ¢ nocneayrommuM NOCTPOCHUEM JTEHAPOTPAMMBI, ObLTO MPOAHATM3UPOBAHO
C uCnoJib30BaHuEM JaHHbiX MLVA TunupoBanus 116 wmrammoB S.aureus,
NOJTYYEHHBIX i1 silico (pucyHOK 39).
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Pucynok 39 — Paznmuunbie METOABI KJIIACTEPU3ALMM [ITAMMOB S.qureus Ha OCHOBE
nasHeix ML VA tunupoBanus

Pe3ynbrarel KOHKOPAAHTHOCTH MOJYYEHHBIX JAHHBIX MPEACTABICHBI B TaOIULE
31. JlanHble, MpEACTaBJACHHbIE B TaOJNMIEC, YKA3blBAIOT Ha  BapHaIUio
KOHKOpHaHTHOCTH OT 25% no 100%. CpaBHUTENBHBIA aHAM3 JACHAPOTPAMM,
NOJTYYEHHBIX PA3IMYHBIMU METOJAMH KJlacTepu3auuu JaHHbIX ML VA tunupoBanus
TaK)Ke MOKa3aJl pa3jinyus KaKk B TOMOJIOTUH, TaK U AJIMHE BETBEH (Tabnuia 32).
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Tabmuna 31 — CormacoBaHHOCTE pe3yiabTaroB MLVA TunupoBanus S.aureus npu
MCIOJIb30BAHNH PA3IMYHBIX AITOPUTMOB KJIACTEPU3ALIAN

MeToabl KiTacTepU3aliu MST Ward | Average | Single
Minimum spanning tree (eBurst) - - - -
Dendrogram(ward clustering) 0,246 - - -
Dendrogram(average clustering) 0,450 0,638 - -
Dendrogram(single clustering) 1,000 0,246 0,450 -
Dendrogram(complete clustering) 0,450 0,638 1,000 0,450

Tabmuma 32 -—

CpaBHUTENbHAS OLIEHKA JCHIPOTPaMM,

NOJIYYEHHBIX TPH

HCIIOJIB30BAHMHK PA3JIMYHBIX aJITOPUTMOB KIIACTCPHOI'O IMOCTPOCHUA ACHA0I'DaM

Meroabl KlacTepr3aluu Ward Average | Single | Complete
Dendrogram(ward clustering) 0,184 0,416 | 1,71
Dendrogram (average clustering) OTJI. 0,287 | 2,11
Dendrogram(single clustering) OTJI. OTJL. 3,28
Dendrogram(complete clustering) OTJL. OTJL. OTJL.

[Ipumeuanne - BepxHe-mpaBele 3Ha4YeHHs O0O3HAYAIOT YCPEAHEHHBbIE IOKA3aTeNn
pa3IuYMii B IJIMHAX BETBEH NEHIPOrpamMM; HUKHE-JIEBBIE — COBIIAJCHHE/Pa3IndMe TOIOJOTHIM
JEHAPOrpamMMm

Taxum 00pazom, TPHU HCIIOJIB30BAHWH PA3TUYHBIX AJITOPUTMOB KJIACTEpU3alU
JAHHBIX METOAOB TUIMPOBAHUS C MOCIECAYIOWIEH BA3yaln3alueii Ha JEHAPOrPaMMe
BO3HUKAKOT M3MEHEHUS KOHKOPJAHTHOCTHM MEXKAY TOJYYEHHBIMH JTAHHBIMHA
BCJIC/ICTBHC PA3JIMYMI B IJIMHAX BETBEH JACHAPOIPAMMBI, & TAKXKE TOMOJOTUH, YTO B
CBOKO oOuepenb Npu BBIOpaHHOM YypoBHE cut-off mpuBener k (OpPMUPOBAHUIO
PA3IMYHBIX TPYIIIL.

Cut-off 3Hayenme mnpu QopmMupoBaHUH OJM3KOPOACTBEHHBIX IPYNI
/ROMILIEKCOB/KJIACTEPOB. 3aBEPIIAIOIIMM 3TANOM OINPEACIICHAS BHYTPUBHUIOBBIX
OJMM3KOPOJCTBEHHBIX TPYNN  MOCIAE  BBINOJHEHUS  KIACTEPU3ALMU  SIBIISCTCS
onpeaencHue npaBua WM 3HaueHus cut-off. Ha Brmmsrommii xapakrep BbeiOOpa
nokaszarens cut-off Ha KOHKOPIAHTHOCTh PE3YIBTATOB YKa3bIBAcTCs B padote [226].

BBUIO MpoaHanM3MpPOBaHO W3MEHEHUE NapaMeTpa KOHKOPJAHTHOCTH MEXKIY
nanaeiMu cgMLST u wgMLST TunmpoBaHuM UCXOAS U3 PA3NMYHBIX MMOKA3ATEICH
cut-off (pucynok 40).

[Ipu ycranoBnenmn 10%  cut-off s ¢QopmupoBaHus  KIacTepoB
COIIaCOBAHHOCTH pe3yabTaToB Mexay cgMLST u wgMLST meTtonamMu THIMPOBaAHUSA
cocraBmia 84%. B To sxe Bpems, npu u3mMeHeHun 3HaueHud 10% cut-off s
cgMLST u 9% cut-off s wgMLST koHkopaanTHOCTE qocturactes 95%. B ciydae
¢ 13% u 11% 3HauecHusmu cut-off s cgMLST n wgMLST nabmopaetcs 100%
COINTACOBAHHOCTH PE3YJIBTATOB.
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- adj. Rand
cgMLST 10% cut-off
wgMLST 10 % cut-off
Ad.Rand=0.84

cgMLST 13% cut-off
wgMLST 11 % cut-off
Ad.Rand=1

cgMLST 10% cut-off
wgMLST 9 % cut-off
Ad.Rand =0.95

Adjusted Rand

Pucynok 40 — 3D nmoBepxHOCTB, OTPAKAKOLIAS U3MEHEHUE TTOKA3aTENEH
KOHKOPJAAQHTHOCTH OT M3MEHEHUS mapameTpoB cut-off

Takum oOpasom, mokasarenu cut-off, KOTOpeie TO3BOJSAOT C(HOPMUPOBATH
BHYTPUBUIOBbIE OJIM3KOPOJCTBEHHBIC PYMIbI HA ACHAPOTPAMME, SIBJISIFOTCS OJHUM
W3 T[JIaBHBIX [apaMEeTPOB, BIMSIIOMIMX HA YPOBEHb COTIIACOBAHHOCTH MEXKIY
JAHHBIMHU, MOJTYYEHHBIMU PA3JTUYHBIMUA METOAAMHU TUITMPOBAHMUSI.

3.10 Ouenka BO3MOKHOCTEH TCHOTHINHUYECKHX METOJ0B HA KJIMHHYECKHX
mrammax S.aureus ¢ (PEHOTHNUYCCKHUMH H3MCHCHHUSAMH 32 2 — 7-MeCSIMHBbII
nepuo

B GenBank NCBI na momenT uccnenopanus (apryct 2016 r.) Haxoaunocs 116
MOJIHBIX, 3aBEPUICHHBIX W QHHOTUPOBAHHBIX T'€HOMOB S.aureus. [ns 10 u3onsatos
S.aureus ONUCAHBl KIMHWUYECKHUE CIIy4aud, B KOTOPBIX YKa3bIBACTCA W3MCHCHUE
(EHOTUMNYECCKUX CBONCTB, TAKUX KAaK TOSIBJICHUE YCTOWYMBOCTH Ha (POHE JICUEHUS
AHTUMUKPOOHBIMU TIpeNaparaMi WJd MOSBJICHHE (PAKTOPOB BHUPYJICHTHOCTH MPH
nepexoae MHQPEKIMOHHOIO Mpolecca W3 OCTPOH CTaauu B XPOHUYECKYIO.
OtrMmeuaercsi, YTO [JAHHBIC CBOWCTBA MUKPOOPTaHU3MOB IMOSIBWIHCH CITYCTS
HECKOJIBKO MECSIEB. ABTOPBl JAHHBIX WCCIACAOBAHWNA PEIIMJIA  MPOBECTH
MMOJIHOTEHOMHOE CEKBEHUPOBAHUE C IEJBK) YCTAHOBJICHUS M3MCHEHWUH B TEHOME,
MOBJICKIINX MOSBJICHAE (PEHOTUITUUYECKONH N3MEHUYNBOCTH.

['eHOMHBIE  MOCIEAOBATEILHOCTH  JAHHBIX  M3O0JATOB  S.qureus  ObLIN
MPOAHAJIM3UPOBAHBI i1 silico ¢ TENbI0 YCTAHOBJICHWUS BHYTPUBHJOBBIX THIIOB,
OMPENCIICHHBIX  PA3JIMYHBIMA ~ METOAAMM  TUIAPOBAHUS W ONPEHACIICHHS
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BO3MOKHOCTEH METOJOB THUMUPOBAHUS B CHOCOOHOCTM TMPOBECTH  pa3iuyuKe
ITAMMOB, C MPUOOPETCHHBIMU (PECHOTUNMYECKUMH OCOOEHHOCTAMHM 3a 2 — 7-
MECAYHBIN TTEPUOL.

Cayuaii 1. Tetsuo Yamaguchi ¢ coaBT. NpoBeNM MOJHOE CEKBEHUPOBAHHUE 2
HITAMMOB, KOTOpbIE ObUIM BBIIENCHBI OT MAlMEHTA C Omepalueil Ha aopTe, Mocye
KOTOPOH BO3HMKJIO BOCHAJEHUE B CpeAoCTeHMH [227]. Bakrepuonoruyeckoe
UCCJIEIOBAHUE OMPEAEIUIIO, UYTO ITUOJIOTUYECKAM areHTOM SIBJISIETCS 30JIOTHCTHIN
CTAPUIIOKOKK, OOadAroMiA PE3UCTEHTHOCTRI0 K MeTUIIIMHY (MRSA). Ha stane
Hauajia JiedeHWs ObLT  BBUACIACH  WITAaMM  S.qureus, KOTOpbId  oOnanan
YyBCTBUTEIBHOCTh K JantomMuiuby. Crycts 2 Mecsia OblT MOAYYEH W30JIST
S.aureus, KOTOpbI 0Ojanan yCTOWYMBOCTBIO K AANTOMUIMHY. (Cxema JICUCHMUs
naiueHTa B MOCTONEPAIMOHHbIN MEPUO/] MPENCTABICHA Ha PUCYHKE 41.

VAN DAP LZD

ik

[( 12 greit 1\~ 30 priei S/ 28 el R
7 k 38 aHeli j I‘I“".‘ —_—

RIF

Sau_TMUS2126 Sau_TMUS2134
2770164 n.c. 2770164 n.o.
(GenBank # AP014652) (GenBank # AP014653)

VAN - BaakomuniuH, DAP — nantomuniuH, RIF — pudamoummn, LZD — nunesonun

Pucynok 41 — Kypc aHTrOaKTepruaibHO#N Tepanuu MalueHTa, Ha (poHe KOTOPO# y
S.aureus pa3BUIACh PE3UCTEHTHOCTD

ABTOpBI POBENU NOJIHOTEHOMHOE CEKBEHUPOBAHUE JAHHBIX U30JISATOB, C LEJBIO
M3YYeHUsT M3MEHEHHMS B TIE€HOME, AaCCOLMMPOBAHHBIE C  BO3HUKHOBEHHMEM
PE3UCTEHTHOCTH K JANTOMULMHY 32 CTOJb HEOOJBUION MPOMEXKYTOK BpeMeHH. B
pe3yJIbTaTe CPABHEHHUS JBYX T€HOMOB, QHAJIA3 MOKA3aJl PA3NUYKe B 4 HYKJICOTHUIA.

In silico WccnenoBaHWE MAHHBIX TEHOMOB S.qureus € UEIBKO OMPEACICHHS
JOCTATOYHOCTH PA3PEIIAIIEH CTOCOOHOCTH PA3TUYHBIX METOJOB TUIHPOBAHUS IS
JBYX IITAMMOB MPEACTABICHO B Ta0nuie 33.

B nmanHOM ciywae, mitaMMbl 30JI0TUCTOTO CTa(PUIOKOKKA, ¢ U3MEHEHUSIMHA B 4
HYKJICOTH/Aa B TEHOME, HAKOIMMBINMECS 3a 2 MECAYHBIA MEPUOJ CMOITM OBITh
pa3nUyYeHbl Wb ¢ UCTIONB30BaHuEM METON0B CgMLST u wgMLST TtunupoBanus.
OctanbHBIE METOABI BHYTPUBHIOBOIO THUIUPOBAHMS HE CMOIVIM NPOBECTU
pa3aeneHrs JaHHBIX U30JIATOB S.aureus.
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Tabnmuna 33 — CpaBHEHKE pE3yJIETAaTOB TUIIMPOBAHMSI IBYX U30JIATOB S.aureus

Crpana | I'on |MLST| Spa | MVLST | MLVA |PFGE| Cg Wg Pan
IMtamm BbIJlE- tun | taun | npodwuis | mpodpuns| THn | MLST | MLST | Genome
JCHUS TUT THT THT
Sau_ Kopest |2014| 72 |t324|4,3,1,3,|12-1-11-| 82 93 type 101
TMUS2126 4,4 |1-3-1-1-5 100
Sau Kopest |2014| 72 |t324|4,3,1,3,|12-1-11-| 82 94 type 101
TMUS2134 4,4 |1-3-1-1-5 101

Cayuaii 2. Knuaudeckue M30sThl S.qureus ObUIM BBIAECICHBI OT MAllMEHTA C
OakTepremueit [200, ¢.1688]. bakTepHOIOrMYECKOE HCCACAOBAHUE YCTAHOBHUIIO
MPUHAJIEKHOCTh JAHHBIX [ITAMMOB K METHIWIJIMH-PE3UCTEHTHBIM CTA(PUITIOKOKKAM.
Ha ¢one neyeHuss IMUNIEHEMOM W BaHKOMMIIMHHOM Yy mtamma S.aureus JH1 cnycts
2,5 Mecsia pa3Buiiach yCTOMUMBOCTh K BaHKOMULIMHY (S.aureus JH9) (pucyHok 42).

20 wians 2000 It 13 okmaBpa 2000
[ 20pner |

. 56 gHeit

= Tt VAN a— .

Sau_JH1
2906507 n.o.
(GenBank # NC_009632.1)

Sau_JHS
2906700 n.o.
(GenBank # NC_009487.1)

IMP — umuneneM, VAN — BAaHKOMULIUH

Pucynok 42 — Kypc aHTHOaKTepruaIbHON Tepanuy MalKueHTa, Ha (poHe KOTOPO# y
S.aureus pa3BUIACh PE3UCTEHTHOCTD

[TONMHOr€HOMHOE CPAaBHEHHME MOKA3AIO0, YTO 3a 2,5 MECAYHBIA MEPHUOJ B TEHOME
S.aureus JH9 npouzonum nopsiaka 100 renetnueckux coOsithii (70 SNP, 6 nenenuid,
23 uHcepuuii, 1 TpaHCIOKAalMs ) B CPABHEHHUH ¢ TEHOMOM S.aureus JHI.

buonn(popmarnyecknii aHaIM3 reHOMOB S.aureus, HA OCHOBE KOTOPOro ObLTU
NOJTyYEHbl BHYTPUBHIOBBIC TUMBI S.qureus Pa3AYHBIMU METOJAMH THUITMPOBAHUS
JUTSL OUEHKH JTOCTATOYHOCTH PA3PEIIAIOLICH CIOCOOHOCTH JAHHBIX METOOB B CIIyYae
C 2 KTMHUYECKAMHU ITAMMaMHU S.qureus MPEACTABIICH B Tabmuue 34.

Mertobl, OCHOBaHHBIE HA TapreTHOM cekBeHupoBanun (MLST, MVLST, spa),
a Tarxke Ha TaHAeMHbIX moBTopax (ML VA) u caiitax pectpukuuu (PFGE) ve cmorim
YCTAHOBUTBb HAKOIUIEHHOE pazyimuue B reHome nopsaka 0,001%. B nannom ciyyae,
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METOJIbI, B OCHOBE KOTOPBIX HMCHOJB3YKOTCS IMOJTHOTEHOMHBIE AaHHble (CgMLST,
wgMLST u panGenome) nNO3BOJMIM MPOBECTH PA3IMUME MEXKAY JTAHHBIMA
U30JIATAMU S.aureus.

Tabnuna 34 — CpaBHEHHE PE3YNBTATOB TUIMPOBAHUS JIBYX M30JIATOB S.aureus

Iltamm | Ctpana| I'on| MLST | Spa | MVLST | MLVA PFGE | Cg Wg Pan

BblJlE- THUII tun | npodwmie | npopune | Tum | MLST | MLST | Geno
JeHUs THT THT me
TUII
Sau USA [2000 105 t002 | 7,5, 5, 14-2-11- | 56 63 65 64
JH1 5,5,6 2-1-5-3-5
Sau USA [2000 105 t002 | 7,5, 5, 14-2-11- | 56 64 66 65
JHO 5,5,6 2-1-5-3-5

Cayuaii 3. B cBoeil pabore (paHIy3cKME HCCACAOBATENIM U3YYaJH
(PEHOTUITMYECKY0) W3MEHUYMBOCTh KIMHUYECKUX IITAMMOB S.qureus, BBI3BAHHYIO
aJANTAMOHHBIMU MEXaHU3MaMU C MPUOOpPETeHHEM (PAKTOPOB BUPYJICHTHOCTH B
NEPUOA TEPEX0JAa OT OCTPOro B XPOHMYECKYHO (hasy HMH(PEKIMOHHOIO Mpolecca
[228]. Ha maHHBI MOMEHT, TCHOMBI KIIMHUYECKUX W30JISTOB S.aureus, BbIICICHHBIC
OT NAUMEHTOB B IMOCTONMEPALMOHHBIA NEPUOA M crycTs 3 mecsaua B 1 cioywae, 7
MECSLEB BO BTOPOM CIIy4ac M 5 MECSILIEB B TPEThEM ClTydae, OblJIM OTCEKBEHUPOBAHBI
u pasmemeHsl B NCIB GenBank (# CP012978, CP012979, CP012970, CP012972,
CP012974, CP012976).

AHanmu3 TOMHOTEHOMHBIX IMOCJHENOBATEIBHOCTER C LENBK  ONPEACICHUS
KOJIMYECTBA OJHOHYKJICOTHIHBIX 3aMEH, WHCEPUMA W JENelUil MOKa3al, 4To B
rerome Sau 20130939 (B cpaBHeHuu ¢ Sau 20130938) 3a 2-3 -mMecsUHbIi nEPUOA
npou3oniM  nopsaka 114 reHeTMYeckuX — COOBITHIA,  BKIwoHaromux 34
OJIHOHYKJICOTUJIHBIC 3aMeHbl, 36 aenenmii U 44 wHcepumid, yro coctaBuiio 0,05%
paznuunre B reHomax. B ciydae ¢ wmzomaramu Sau 20130942 m Sau 20130943, B
nocineaHeM 3a 6-7-mMecsauHblii nepuoa npousourim 102 renetndeckux coObiTus (33
SNPs, 27 neneumii u 42 uacepuwmii ), uto cocrapisier 0,007% pa3nuune B reHOMAXx.
Jis mapet reHoMOB Sau 20130940 m Sau 20130941 3a 5 Mecs4yHbId NEepuoa
MPOU30LIIO0 HAKOIUIEHUWE B 47 OMHOHYKJICOTHAHBIE MyTauui, 63 nemeumu u 27
MHCEPLMH, YTO B UTOTE, IpUBEIIO K 0,5% paznuuuto.

B03MOXKHOCTM METOAOB TUNUPOBAHMS MPOBECTH PA3IMYMAE NAHHBIX IITAMMOB
S.aureus, B TeHOMaxX KOTOPBIX MPOU30LUIA N'EHETUUYECKAE M3MEHEHUS 3a MEPUOJ B
HECKOJIBKO MECSIEB, MPEACTABIICHBI B Ta0HLE 35.

B nmaHHOM cnyyae METOABI TOJHOTEHOMHOro TunupoBaHus (cgMLST,
wgMLST u panGenome) cMOIIM MPOBECTH Pa3iMyuMe AAHHBIX M30JATOB. Clemyer
OTMETUTH, 4TO0 B 1 m3 3 ciyuace MLVA TUNMpOBAHHWE MO3BOJHIO MPOBECTH
pas3nuure MEKIy [TaMMaMu S.aureus B Cllydae ¢ mauueHTom Nel.

B TO e BpeMs, €CliM NPOBECTH CPABHEHUE IITAMMOB, BBIACIIEHHBIX OT
Pa3NMYHBIX MMAUMEHTOB C Pa3IMYMEM BO BPEMEHH 7—8 MECALEB, HO B OJHOM
rocrnurane, Hanpumep, wraMmmsl S.aureus 20130938 u S.aureus 20130940, koTopele
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C J0JICH BEPOATHOCTHA MOTYT OBITH OTHECEHBI K IPEACTABUTENSIM BHYTPHOOIBHUYHOM
uHpeKmn (BbIICICHHBIE B 0HONU OonbHuULle ¢ 00muM MLST, MVLST npodunem).
CpaBHEHHE TEHOMOB JAHHBIX IITAMMOB onpenenuio 2,14% pasnuuue, Briarovas 378
OHOHYKJICOTUIHBIX 3aMeH, 51 nemeumro m 378 uHcepumid. [Ipn Takom pasmuuuu B
reHoMax S.aureus METOJbI TUNUPOBaHus, Takue kak Spa, MLVA, PFGE, a Takxke
METO/IbI, OCHOBAHHBIE HA JAHHBIX MOJHONEHOMHOM mocnenoBarenbHOCTH (CgMLST,
wegMLST u panGenome) CMOIIM NPOBECTH pa3duue. METO/Abl, UCHOJIb3YIOIINE
YaCTUYHOE CEKBCHHPOBaHUE, Takue kak MLST u MVLST He nokazanu 40CTaTOYHON
pazpemaromei cnocoOHOCTH AJist MPOBeAcHUs T (H(HEPEHIIMPOBKN JTAHHBIX IITAMMOB
S.aureus (Tabnuna 36).

Hecmotps Ha To, uyro MVLST tunupoBanue mokazano OOJBIIYIO
pa3pemarouIyr0 MOIMHOCTE B CPABHEHUHU CO Spa TUMMPOBAHUEM Ha KOJUIEKIMU 4976
LITAMMOB S.aureus, XapakTep U3MEHEHUH B TEHOME U UX KOJIMYECTBO HE MO3BOJIUIIN
ONPEAECIUTh HAKOIUIEHHOE PAa3jM4Me, B TO BPEMS KaK Spa MCCIEA0OBAHUE PA3ACIUIIO
UX.

Takum 00pa3oM, HECMOTPS HA TAKOW Ba)KHBIM MapaMeTp METOAa TUITUPOBAHUS
KaK JUCKPUMUHUPYIOIIAS MOIIHOCTb, B TE€HOMAax MHUKPOOPraHW3MOB MOIYT
OPOM30MTH  M3MEHEHMs, KOTOPbIE MOTYyT OBITh JETEKTUPOBAHBI  METOJIOM
TUITAPOBAHUS, 00IaAAF0IINM MEHBIIEH pa3pelaroieid cnoCOOHOCTHIO.
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Tabnuia 35 — CpaBHEHHE PE3YNIHTATOB TUIIMPOBAHUS KIIMHUYECKUX U30JIATOB S.aureus

TTaument Nel (my>xuuna 26 ner)

IMItamm Ctpana Bpewms ST | Spa | MVLST MLVA PFGE cgMLST | wgMLST | PanGenome
BBIICJICHHS | BBIICJICHUSI tun | npoduib npodub TUII TUII TUII TUII
Sau 20130938 | @panmms | 2009-05 15 |t385]25,31,23,2, 1,1 7-1-11-3-2-4-1-3 71 81 88 89
Sau 20130939 | ®@panmms | 2009-08 15 |t385]25,31,23,2, 1,1 7-1-11-1-2-5-1-3 71 82 89 90
HarmenTt No2 (my>xumHa 80 jsier)
Sau 20130942 | ®@panmms | 2009-05 25 | t078 | 11, 14, 24,2, 20, 21| 12-1-10-0-2-6-4-3 6 6 6 6
Sau 20130943 | ®@paamus | 2009-12 25 | t078 | 11, 14, 24,2, 20, 21| 12-1-10-0-2-6-4-3 6 7 7 7
Harnuent No3 (xenuuna 82 yiet)
Sau 20130940 | ®@panmms | 2010-01 15 | t084]25,31,23,2 1,1 7-1-12-3-2-4-1-3 70 79 86 87
Sau 20130941 | ©@paamus | 2010-06 15 | t084]25,31,23,2 1,1 7-1-12-3-2-6-1-2 70 80 87 88
Tabnuia 36 — CpaBHEHHE PE3YNIHTATOB TUIIMPOBAHUS KIIMHUYECKUX U30JIATOB S.aureus
IMItamm Crpana ron ST Spa Tun MVLST MLVA PFGE cgMLST | wgMLST | PanGenome
BBIICJICHUS npodub npodub TUII TUII TUII TUII
Sau 20130938 | ®panuus 2009-05 | 15 t385 25,31,23,2, | 7-1-11-3-2-4- 71 81 88 89
1,1 1-3
Sau 20130940 | ®panuus 2010-01 | 15 t084 25,31,23,2, | 7-1-12-3-2-4- 70 79 86 87
1,1 1-3
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JAKJIIOYEHUE

JluccepranmonHas paboTa BeINOIHsUIACk Ha Oaze JlaGopaTopun KomnekTuBHOTO
[Tonb3oBanuss KI'MY (Kaparannma, Kazaxcran), Oonblnas yacte pabOTBI 1O
NPOBEACHUIO BHYTPUBHAOBOTO TUIUPOBAHUS S.qureus U WX MOCIECAYIOIIErO aHATN3a
BBITIOJTHSIACH CAMUM aBTOPOM.

[TepBuyHBIM 3TaroM 0003HAYEHHOTO HAMTPABJICHUSI MCCIIEI0BAHUS SBISIICS cOOp
KOJUIEKIIMM ~ ITAMMOB  S.qureus, BBIACICHHBIX OT MNAlUUMEHTOB  Pa3IMYHbBIX
crauuoHapoB ropoaoB. Acrana, Kaparanma, Xeskazran w Cemeil. [lonydenme
YUCTON KyJBTYPbl MUKPOOPTaHM3MOB M YCTAHOBJICHHWE BUAOBOH MPUHAIIECKHOCTH
OPOBOAMIIOCH C HCIONB30BAHUEM KJIACCUUYECKUX OAKTEPUOJOTUYECKUX METOA0B
naGoparopHoro  uccienoBanus. [loaTBepskacHHEe  BUAOBOH — MACHTH(DHUKALMH
MPOBOAWJIOCH Ha OCHOBE Macc-crekrpomerpun MALDI-TOF texnomoruu. OneHka
YyBCTBUTEIBHOCTH K QaHTHMHUKPOOHBIM MpenapaTtaM NPOBOAMIIACH KOJTMYECTBEHHBIM
METOJOM (METOJ CEPUIHOTO PA3BEJCHUS) C MCHOJB30BAHUEM POOOTH3UPOBAHHOM
cranuuA Tecan. Pe3ynbrarel 4yBCTBHTEIBHOCTM K AHTMMHUKPOOHBIM Ipenaparam
OLICHMBANChL Ha OCHOBE pykoBoactBa CLSI, koTopele OBUIM MPOMKMCAHBI B
nporpamme WhoNet.

Ha cnemyromem o3tane KOUIEKUMsS KIMHWUYECKUX  M30IATOB  S.aureus
NOJIBEPriach BHYTPHBHIOBOMY THITMPOBaHHMIO MeToaamMu Spa (Shopsin B ¢ coasr.,
1999) u MLVA (Hardy, K. ¢ coasrt., 2004) ¢ nocnenyrouiei knacrepuzauuei ass
YCTAHOBJICHHSI TE€TEPOT€HHOCTH BHYTPUBHIOBBIX TPYMI, a YPOBHS KJIOHAJIBHOTO
pacnpocTpanenus S.aureus Ha Tepputopun LienTpanbHoro Kazaxcrana.

OneHka JUCKPUMUHHUPYIOMICH crmocoOHOCTH MeTogoB  Spa u  MLVA
TUNUPOBAHUS, A TAKXKE YPOBHA KOHKOPIAHTHOCTH PE3yJIbTATOB METOJOB
TUMUPOBAHUST HA YPOBHE BHYTPUBUAOBBIX TUIOB M BHYTPUBUAOBBIX TPy
paccUnTHIBATIACh HA OCHOBE MHJEKca CUMIICOHA M CKOPPEKTHPOBAHHOTO MOKA3aTEIs
Panpa. CpaBHUTENBHAS OLEHKA COBPEMEHHBIX MOJICKYJISIPHO-TEHETUYECKUX METO0B
tunupoBanus, takux kak MLST, Spa, MVLST, MLVA, cgMLST, wgMLST,
panGenome, NoOJlydeHHasi Ha OOJIbIIOH BBIOOPKE MIOOANBHOW KOJUICKIIUU H30JISTOB
S.aureus, Oblna Mody4YeHa B in Silico WCCIENOBAHUM HA OCHOBE MOJHOT€HOMHBIX
HaHHbIX (N=6970) S.qureus ¢ WCIONB30BAHHEM PA3IMYHBIX OMOMH(OPMATUYECCKUX
noaX0a0B. Ha 3aKJIFOUMTENBHOM 3Tane MCCIEeI0BaHWS ObLI MPOBEIEH MOAPOOHBIMA
aHaJIM3 MAapaMeTpoOB, BIUSOIMX HA Pa3pellarIyl0  CIOCOOHOCTh  METOHA
TUNUPOBAHUS, a TAK)KE YPOBEHb COMIACOBAHHOCTH PE3YJIbTATOB, MOJYYEHHBIX MPH
WCMOJb30BAaHUH PA3JIMYHbBIX METOAOB CYOBHJOBOIO THIIMPOBAHKUS MUKPOOPTraHU3MOB
Ha puMepe S.aureus.

Ha  ocHoBaHMM  pe3ynpTaTOB  AMCCEPTALIMOHHOM  pabOTBl  MOXKHO
c(hOpPMYIUPOBATH CICTYIOIINE BHIBOIBI:

1. YpoBeHb  yCTOMUMBOCTH  KIMHWYECKHX  M3OMATOB  S.aureus (n=98)
LlenTpanbHo-Ka3axcTaHCKOro peruoHa K MakponuaaM (a3UTPOMMIIMH) COCTAaBJISIET
25%, a k unedanocnopuHam (medaszonuH, nepakcutuH) — mnopsaka 18%.
Pe3uCcTeHTHOCTD K OKCanuiuIMHy HaOmrogactes Ha ypoBHe 18% mrammamu MRSA,
yro noarsepkpactes [P necnenoBannemM Ha HaNM4IUe MECA rexa.
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2. Knacrepusanust 1aHHbIX Spa TUnUpoBanus 1 ML VA TUNMPOBaHUS U30ISTOB
S.aureus TO3BOJIMIJIO YCTAHOBUTH 4 BHYTPUBUIOBBIX KOMIUJIEKCA/TPYMIBI €
JOMWUHUPOBAHUEM JIBYX KJIOHAJIBHBIX KOMIUIEKCOB.  CTPyKTypa KOMIUIEKCOB,
BKJIFOYAKOIIAs M30JIATHI U3 PA3IMYHBIX ropoaoB Ka3axcraHa B3aMMHYIO LUPKYJISLHUIO
NPEICTABUTENICH ONPEACIEHHBIX BHYTPUBMAOBBIX TIpynn. B To ke Bpems,
oOHapykeHue Spa tunos t002, t030, t008 MO3BONSET TOBOPUTH O BOBJIICUCHHOCTH B
rIIOOATBHYI0  AMUIAEMHUOJIOTHIO U30JISITOB  S.qureus, BBIACICHHbIX B PecrnyOmuke
Kaszaxcras.

3. Juckpumunupyromas MomHoctb MLVA u Spa METOA0B, MOJyYEHHAs TPH
TUNUPOBAHWY KOJUIEKIIMN KIIMHUYECKUX ITAMMOB S.aureus (n = 98) Oblj1a HA YPOBHE
~90-92%.

4. KOHKOPAAHTHOCTh PE3YyJbTaTOB ABYX METOAOB THUMHpoBaHUs (Spa u MLVA)
cocraBwia 20,7% Ha ypOBHE BHYTPUBHAOBBIX TUIIOB K 86,2% Ha ypOBHE
OJIM3KOPOJCTBEHHBIX TPYII, YKa3plBas HA XOPOWIYK CONIACOBAHHOCTh  AJIst
BHYTPUBHOBBIX IPYIIL, OMPEACICHHBIX JAHHBIMA METOIaAMH THITHPOBAHMSI.

5. In silico anam3 4976 NOJIHOTEHOMHBIX JAHHBIX TIOOAIBHOM KOJUIEKIINU
S.aureus, TO3BOJIAN PaHXUPOBATH 8 COBPEMEHHBIX MOJEKYJISIPHO-TEHETHYECKUAX
METOJIOB THUMHPOBAHUM S.qureus MO WX JACKPUMUHUPYIOWEH CHOCOOHOCTH.
MeToapl, OCHOBAHHBIE HA MOJHOTEHOMHOM MOCIEN0BATENIBHOCTH MUKPOOPTaHU3MOB,
takue kak panGenome, wgMLST, cgMLST npoaeMOHCTPUPOBAIM HAWBBICUIYIO
pazpeniaronyto cnocooHocTh (100%). MeToa TuMpoBaHUs HA TAHACMHBIX TOBTOPAX
nmokazan 98% MUCKPUMUHUPYIOMIYI0 MOIMHOCTh.  Paspemaromas cuia MVLST u
Spa TtunupoBanus Obuta 4yTh Bbime 90% (92% u 90%, COOTBETCTBEHHO).
Hanmenpiein nuckpumunmnpyromieid cunoi odnagan MLST meton (85,5%).

6. KOHKOpPIaHTHOCTh JaHHBIX METOAOB THUMUPOBAHWS HA YPOBHE THIIOB HE
npeBbiciiia 50%, 3a uckmouenue cgMLST u wgMLST (85%). CornacoBaHHOCTB
PE3YABTATOB, CrPYNIHAPOBAHHBIX B  OJNM3KOPOJCTBEHHBIC TPYMIBI/KOMIICKCHI/
KJIACTEPBI XOPOIITYH COMIACOBAHHOCTh B AUAra3oHe 0T 66% 10 95%, 3a HCKITIOUCHUE
corracoBaHHOCTH Mexky ML VA TunupoBanuem v apyrumMu Meronamu (39-61%).

7. IlapameTpamu, BIHSIOIIAMA HAa AUCKPUMHHHAPYIOIIYIO CIOCOOHOCTH CXEMBI
TUNUPOBAHUS, SIBIISIFOTCS: KOJMYECTBO JIOKYCOB B CXEME TUIMPOBAHUS, MOKA3ATEIH
MEXKIIOKYCHOH KOHKOPAAHTHOCTH W JUCKPUMUHHUPYIOLIAs MOIIHOCTh KaXKJIO0TO
JIOKyCa, BXOIAIIME B CXEMy TUIMPOBaHWsA. Beaymas ponb B ONPEACICHUH
pazpemaroneil crnocoOOHOCTH NMPUHAMNEKHAT MOKA3ATEN0 «KOJIMYECTBO MAPKEPOBY» B
cxeMe TUnUpoBaHus. Kpome TOro, KOJUIEKIMS MHUKPOOPraHW3MOB, HAa KOTOPOW
BBINIOJIHSAJIOCh ~ MCCIICIOBAHME, TAKXKE BIMSET HA mokasarenb CUMIICOHA,
OTPaKAKIIMH JUCKPUMHAHUPYIOLILY K MOLITHOCTb METOA TUITHPOBAHMSI.

8. Bce aTambl KIACTEPHOTO aHA/M3a [AHHBIX, TAKME Kak BBIOOp pacyeTa
MATPULIbl TEHETHYECKUX JWCTAHLMMA, aJrOPUTMBI KJIACTEPHOM COOpKHM  Uist
NOCTPOCHUS ACHAPOIPAMMBI, a TaKKe MoKaszaresb cut-off WM nmpaeuna, Ha KOTOPBIX
OPOUCXOAUT (POPMHUPOBAHME BHYTPUBUAOBBIX TPYMI, OKA3bIBAKOT BIMSHUE Ha
NOKa3aTeyib KOHKOPJAHTHOCTH MEXKAY Pe3yJibTaTaMy BHYTPUBUAOBOTO TUITUPOBAHUS
MUKPOOPTraHU3MOB.
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HPAKTUYECKHUE PEKOMEHJAIINN

Bonbiioe KOJIMYECTBO Pa3HOOOPa3HBIX METOJIOB TUNMPOBAHUS
MUKPOOPraHU3MOB, a TaKK€ OTCYTCTBHE OOIICIPUHATOTO pePepeHc MEeToja,
KOTOPbI MOKET OBITH MCIOJIb30BAH B KAUECTBE «30JI0TOrO CTaH1apTay, OCTABIISIET 3a
UCCIIEI0BATENIEM MPaBO BbIOOpPa METOJAa TUNMPOBaHWUS. B To ke Bpems, BBIOOD
METOAA TUIUPOBAHUS JOHKEH MCXOAUT HE TOJNBKO M3 XapaKTEPUCTHUK METOAA, HO
TAKXKE LEJel W 3a4ad HCCIENOBATENIbCKOW paboThl. MeETon, OCHOBAaHHBIM Ha
CEKBEHMUPOBAHWM TE€HOB JOMAIIHErO XO35MCTBAa SBJISETCS MOAXOISAIIUM JUis
U3yUCHUS TOMYJISLIMOHHOM CTPYKTYphl MHUKPOOPraHW3MOB, B TO BpeMs Kak
ANUIEMHUOJIOTMUYECKOE PACCIEAOBAHUE BHYTPUOOTBHUYHBIX BCIHBIMIEK MOTPEOyeT
METOJ THMUPOBAHUS ¢ OO0JIbIICH JUCKPUMUHUPYIOUICH CIOCOOHOCTHIO.

Metoasl CcyOBMIOBOTO THUIMPOBAHUS MHUKPOOPraHM3MOB, OCHOBAHHBIC Ha
CCKBEHUPOBAHUU, SBJSIOTCS O0Jie€ MPEANOYTUTEILHBIMA B CHJIY BO3MOJKHOM
cTaHfapTu3aiuu  pe3yabtatoB. Co3naHue  MEXKIyHApOAHbIM  0a3bl  JaHHBIX
pe3yJbTaToB TUIUPOBAHMSI MO3BOJIUT o0ecrneynThb MEXKITYHAPOAHYIO
CTaHJapTU30BAaHHYI0 HOMEHKJIATYPy BHYTPHUBHIOBBIX THUIIOB MHUKPOOPraHWU3MOB, B
KOTOpPOil ~ comocTaBisisi  COOCTBEHHbIC  pe3yJabTaTbl C  JaHHBIMU  JPYTUX
ucclieA0BaTeNneit MOKHO MOJTyUUTh SMUACMUOJOTHUECKYIO TMHAMUKY TEX WJIM MHBIX
KJIOHOB B TJIOOAJIbHOM MaciTade.

ONHOJNOKYCHOE  CEKBEHUPOBAHME TUNMPOBAHME HA OCHOBE  MapKepa,
COBMEILAOIIEE B ce0c BapHALIMM KaK B HYKJICOTHIHOW MOCIEAOBATENBHOCTH, TaK B
KOJIMYECTBE TAHJEMHBIX TIOBTOPOB, KaK HampuMep Spa TUIMHUPOBAHUE, 0OECIICUNBAET
psl  TPEUMYINECTB, TaKMX KaKk CTaHAApPTU3alusl  MOJYYEHHBIX  JaHHBIX,
NOPTATUBHOCTh PE3YJIbTATOB, MeEKIaboparopHas BOCHPOM3BOAMMOCTD, BBICOKAsS
JUCKPUMHUHUPYIOLIAs CHOCOOHOCTh MPH YMEHBUICHHBIX 3arparax BPEMEHU U
CTOMMOCTH Ha BBIMOJIHEHUE WCCIAECAOBAHUS B CPABHEHUU C MYJIBTHJIOKYCHBIM
CEKBEHUPOBAHUEM TUITMPOBAHUEM.

MeTobl, OCHOBAaHHbIE HAa AHAJIU3€ MOJHOTCHOMHBIX JAHHBIX, TaKUE Kak
cgMLST, wgMLST, panGenome  TUIMPOBAHUE, TMOMHMO  PE3YJIBTATOB
TCHOTUIIMPOBAHUST BBICOKOTO pPa3pEelICHUs, MOTYT MPEAOCTaBUTh WH(MOPMAIINIO O
HAJIMYME TEHETUYECKUX  JETCPMUHAHT  YCTOWYMBOCTH, BUPYJIEHTHOCTH U
NaTOreHHOCTU. B TO ’ke BpeMs, aHa/iu3 MOJHOTEHOMHBIX MaHHBIX MNOTPEOyeT OT
UCCIIEAOBATENsl HaUuue OMOMH(POPMATUUYECCKUX HABBIKOB M MHCTPYMEHTOB IS
paboTHI.

AKTUBHO Ppa3BUBAIOLIUICS S3bIK MPOTPAMMUPOBAHUS JJIi CTATUCTUYECKOM
00palboTKKM JaHHBIX — R statistics, BKIIOYAIOMMA MaKEThI M0 OMOWH(POPMATHYECKOMY
ananu3y (R/Bioconductor packages), MOXET SBIATBCS XOPOWIEH albTEPHATHBOM
JOPOTUM KOMMEPYECKMM NOPOrpaMHbiM mpoaykram, Takux kak CLC Genomic
Workbench, Geneious, Lasergene DNAstar, Bionumerics 1 MHOTUM JpyTHM.
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