B5goMm39emBo 350mymaoeo xowgbols @s89gdol 3meg3memmo &o306M9ds
5 oMy 969@03MM0 5b3¢groBo

93596M0bg bsgnsdy

BOBMPIPMIIN0Z0 K 9BI(330L WMIEHMMOLS35)T0IMHO bodobbols
3mb3m390wo Homdmygboooligh@sEos

1599360960 M bgEdd3569Wodmms (356539
990033060L 535009809600 EMIEGHMMO, SLME0MIOMWO 3OHMBILMOO
03569 X 93560330¢0l Lobgemdols mdooliols Labgwdfoxzm Mboggdlodg@ol

8903060553 E9GHOLLOBMYIMIIMN030 X bOE30L Y35 HbEGO

03569% 93560830 0ll5bgEMdOLmMdOEOLOLLIbgEdFoxzmmboggmlodgdo
89030bobgs3 O

”d0¢oLo, 2018



I DUOBOMN0 ettt ettt 6
L1 360mOEQO0L 5B IOMDMBI ..eveiiiiiiiiiiteicicitee e 6
1.2 330093006 B0DBO OO STMEBOIBGIO ...t 7
1.3 6596MH™30L 3936096000 BOODDY...c.oiviiiiiiiiiii 7
1.4 B596OHMA0L 3M5JGH0IMNW0 QOMGINIANGS ...eviviniririiriiiriitiiiiieiisiee e 8
2 @OoBIMIGINNEI0 FOTMDOMITO ...ttt 8
2.1 XOIGOOU OUGEIMMIO ...ttt 8
2.2 XOGDOU GEOMEOMPOD c.eviiiiiiiiiiiiiieiiiiei ittt 10
23 xogbol 3000603900 BOMIGO0 ©O 350MYPGBIDO ..ceviiiiiiii 11
2.4 x0IHOL GEOITOMEIMIPOI....e.viiiiiriiiiiieiiiieteiee e 15
25  x0o@gbol 2536039900 ABMGADOMBO....c.ccviuieriieiiieiirieitrteerieteie ettt ne 17
26 x0ogbol 536039 gd BOJIMMZIIIMAO ...eviniiiiiiiiiiiii e 20
27  x0ogbols 3mbEGHOMMEI0 5 SOMBOIIIBO3IO - cuviriiiririiiiiiiiiiiiiiteiiee s 25
271 XOWIOOU JMBEOIMUO0 <.t s 25
272 OGBBOOGOS o 25
28  x0gbols sdm®5GHMMOMI0 QOIABMUEI0ZY ..eiiviiiiiiiiiiiiiieiic e 29
2.9 XOGbOL G3LIOBIMIMBY ...t 30
210 xogbols merg329mmM0 GHo3060M905 5 ZEMOSCMMO0 BOWMYPIDIBHO0ZO vovvrverrrenireniiennns 31
3 330930 AoLog0s QOO BYOIMEGDO....eviiiuiiiniiteiiitiieiceer et 38
3.1 9359900l 35dEgM0MEMP0O0 BMTDIOIDD ..t 38
3.2 B3-0U gJUBOOJBO0u v ettt e 39
33  3m@o0dgmsHmmo xsF39M0 ©95J30s (3xX6M) M95¢6H MMJo — real-time PCR................. 40
3.4  96mH»-69309mEH0MO0 3nwodm®zgobdo (Single Nucleotide Polymorphism -SNP)............. 41
3.4.1 LOHo g9bmdol bgdz9bo®mgds Aust94 xm530L guHogerols JOBBOo ... 42
3.4.2 JoOH Mo 9¢53900Lm30L B39g3053039M0 CanSNP bgargdos s 9bswobo.......ecee 42
35  36530Mmd0m0 m3ML9goolL G9bgdeme gobdgmgdso sb30dgztmdgdol 33ws©o

50096MO0L 565CI0DBO = MLVA ... e 46
3.6  LOMEOo 9bmdob gdz9bo®mgds (Whole Genome Sequencing - WGS) ... 52
3.6.1 396M3MO0 BT - 0L GJUAOOIBOS cvevvviiiriiiiiiitc 52
3.6.2 68 30d0M0930L dMTDsYdY, 19g39b0MYdS s BMbEITMS SBIWODO ... 54
4 3300930 TGQONARIDO...eiuiririiiiiiiieiieiet ettt 58



4.1 B anthracis QQOQQOUG MO .....cucuiuiriiiiiiiiiiieiiiiteie ettt 58

4.2 B anthracis SNP ggbm@E0306I000 .....cvvviiiiiiiiiiiiiiiiii s 58
43 B anthracis MLVA g0Bm@03061000 ....c.covivimiiiiiiiiiiiiiciiic s 66
4.4 B anthracis 5600 2960300 Bgd390060905 - WGS ..o 69
5 @OUITIBOS wiiiiiiiiiiic e 74
6  6590:m3ol 0baoly®9bm3560 HGBOMBY ...oviiiiii 81
7 QOOBSIOIGOO ...ttt 87
7.1  @sbsemo 1 - 33¢0935d0 253mygbgd o 3bxgz-0b 3mergdiosdo sOBYdMero B. anthracis

FBH53900L BEOWII0 SOPGEIS ettt 87
72 b0 2 - LyYOMSTMOOLM FMbsEGdT0 398MI3994690ME0 BLEHIBOIOO ..o 93
73  @©b5O™0 3 - LEYOMSTMOHOLM JMBRIMIB3090Dg FoMgboo dmblgbgdgdo ..................... 94
8  399MYgb9090 COGIMOIBIOIO v Error! Bookmark not defined.



0530900l BsdMbsmgsewo

LMoo 1. B. anthracis BoLOEMEBIM (30300....ccuiiiiiiiiii 16
@900 2. 5530569030 X 0gbols 06(300096EH™Md, 2008-2017 §F......oveveveieiiciciccce, 23
L300 3. 5580569330 X0 gbols G90mb3g93900L oM bmds, 2008-2017 G ....c.vvvvvveiiiii 23

U©000 4. 5530569030 X ogbols 90mbg93900L gowabsfoegds Mgaombgdol dobgwzom, 2009-
20T 7 e 24
Lm©900 5. 5530569000 Y} 0gbols d9dmbggzems gobsfoegds 0bgoEoMgdol MHolzol god@mMgdol
90b903007, 2008-2017 .0 ..ocveiiiiie 24
@000 6. MLVA-8 39bm3 0306900l 89009390 3009000 gowmyqby@olzméo bg; A o B
33LEYMYOT0 499010565900 89 MB0 SN0 AIBMAOB0 ..., 33
G500 7. canSNP 303060900l 99009390H9 ©oyMHbMmdom 53900 B. anthracis dermdowwy®o
BOIMAIDGBOITIOI0 B vttt 36
Um©000 8. ©96EOHMYMTs SLobogL AbMmBOMT0 Yo3MEwgdeo 1,033 B. anthracis 9&sdob MLVA-15
@5 SNP $0306900l 8909390 30093100 296ME08IOU...c.oviviiiiiiiiiiiic s 37
bm@o00 9.B. anthracis ©©5350LGHwM09gw0o real-time PCR 53300053035300L 360¥0900......ccvcvnneeee. 41
om0 10. 5. @w®dOL IOYO; d. ™mdOL 3030 (BioRad CFX96 Real-Time Detection System).......44
bmGomo 11. bbgoslibgs SNP s¢qwgdol (Der & Anc) goblibgseggdvyeo bmdgdol qgwom
FODTYIIMIODIBOS coviitiiitiitee e 45
bm@omo 12. MLVA-25 3650996900l 005060 s ganrmm®glizgb@veo bawgdsgqgdoo dmbodzbols
Uggs. oMY BsB3969005 VINTR-0L Bmdols ©0s35Bmbo. olitob 13900 dorjmomgdl

R mOgb396G M0 LyMYds30L BgOL HMIomsE IMbodbmwos VNTR (d(3:69 = VIC™; crormytrxo =
FAM; 8530= NED™; omgao=PET™). .....ccioiiiiiiiiiiiiiici e 48
bGomo 13. B. anthracis MLVA-25 gagd@®HmgzgOhmasdgdol GeneMapper-om 30699505305 .....50
L)oo 14. 53O0 B BMT96EHJOOL 303980L BMTJdOL 30DwYsEOD30s WS bgwgd3os........ 54
bmE@omo 15. MAFFT 360Hma 650590 ,,Clustal® 5306350 @sd90L dmemol Mmemogmo gobansgqgde: (5)
SNR m3mUo CL10 (0) SNR c0m3U0 CLIZ ....ouiiiiiiiiiiiiiiiiec e 57
LS50 16. MLST — 7 3096530 3960L s0fgtMs; Bgdzgbl Godol (ST) 4oblsbeg®s. Sequence

ComPATator SOIMYMOTO; . .c.veuiriiiuiiitiitiiiite ettt 57
bm@smo 17. In Silico 496mEH03060930L 3900 - MLVABaNk 5.0.......ccccoviiiiiiiiiiiiiiiiiccie 58
U500 18. 396MB0329M0 SNP-RAMTBGDO ...t 59
bm@omo 19. B. anthracis 5602900 8300900 gobmoglios A.Br.013 366mbo3me J39xawado.............. 59



bm@oomo 20. B. anthracis 3ogmygbgdogzs LodsGmgganmdo. A) bgdzgbotmgdmwo Ggnqcmabl s
JoODMO 0BMEs3HO0 gobmoglgdEo Jm0sbo gqbmdol 119dz9bo®mgdol Bow MY bgEHo3MH bgby.
A9630b5¢0 ™0 939X%3539d0L oMoy qbgwro bgd3z9boMgdeo 8900 dmbodbryeos
356013353930m. B) Aust94 o 3960603960 SNP xam53930L  25000b5Hoemgds JoGromwmen

29693 mMmgdsdo. C) 272 Jsrorewo B. anthracis 0Dmes@ol gowmygmy®ai0ss@ebowos 4394bols

M JoBg M50MBIOOL BOBGEOZOD. ..t 62
bm@ooo 21. B. anthracis)s®oeoo ©s 0090400 @od900L SNP 09b®mmy®0s ... 65
bOsmo 22. B. anthracis Js6mwo 9¢3sdgdol MLVA-25 gb®ma@0s .....ccvcvvviiiiiiiiiiiiicice, 67
bm@ooo 23. B. anthracisonwy6gogenod@edgdols MLVA-25 ©qb®ma@o0s ... 68

bmEooo 24. B. anthracis 13 Jo6weo 49bm3o 35603193990 4enmdsere 30mygbgdo3m®

bmEooo 26. 10 B. anthracis 0bm@s@®g MLVAS / MLVA 15 s MLVA25 / MLVA 31 3393900

d0bg300 5290990 EIBOMYMsTs (BioNumerics v. 7.6 3OMQM89) ..o, 73
bGomo 27. A.Br.013/015 x50l Aust94 5 52-G 2969 BHMIOIO0 ...ccvvviriiiiiiiiicrcic, 75
3b0ogdols Bsdmbscmzgsero

gb®owo 1. Melt-MAMA ©s 39¢-99d@GOmB063500 sbseroBolsmgzol dgmhbgmwo 356mbozm®o

SINP 3O1008GMGO0 ...eviviriiiiietce ettt 46
3b®owo 2. MLVA-25 33093590 359099690900 3650896930L Bodmbom3omo ... 47
3b®owo 3. MLVA-25 PCR bo®godzom bs6rggzol dmdbowgdol sb@owo (bstgzo A, B,CsD)........ 49

gb®owo 4. B. anthracis MLVA-25 VNTR-930l 9mloem@©bgano BmIG00 ......ccvvviiiiiiiciiiciccs 51
3600 5. 199396060900 B. anthracis IBHOYDO ......c.cccvviiuiuiiriiriiiiiice e 52
3HOoo 6. 330093580 35dMYgbgd o B. anthracis GIBRIOIBL FBOTGOO. ....cevvveuiiiiiiiiiiiiiiicce 60

3b®owo 7. B. anthracis 56000 5 099010 d@sdgdol 40wobsfowrgds SNP xqma3qddo.......... 64
3b®owo 8. B. anthracis 98599090l 1yd396009d0Ls s sfitrmdol 9999 Jowgdwyero dsB3969dgdo.71
3BO0wo 9. pagA 3960 565¢0BOL TYOIRGIO. ....eiuiiviiiiiiiiriiiiiiiiic 72



1 3dgbogsero
1.1 36mdggdol sg@wmoemds

LogoOmzgermdo, olggg GmamO3 doger dbmxzwomdo xowgbol §obssmdogy 3G
LoBMYIMYIO030 X 9BIOMYEMBdOL / 9300 HYTBYOZ9WMBOL JO-9MH 3HOMMOEGYEI©
900Bb9g35; Fomowo 30609 gbE™MdoL s 1LO3IZOEOL 5dm{izg30L TgbodergdMmdol godm,
326M9m39, 396Mgdmdo L3MOYOOL [o®mddbol s bossado MOz SO ol
3496353 Md530 LoEgmEboliboMmosbmdol FgbsmBmbgdols mM30lgdgdolL omgzswolijobgdom
Bacillus anthracis 56b532906(9000 Bsdod 3500Mmqbms 1-o GOLZ-XFMBOL BOMEMAO0MMO
BoBOMbOL 3o00myqbl 80930136005.

Xowgbol  9bgdM®  Bmbgddo 30MmBHY30L  Fomods  1O33OW0sbMdSd  Fglodems
399Mm0f300mL 50 MdMH030  Lexgwol  dgmObgmdol  Lgd@mMol  JglmlBgds o
39M339Mhomo  sdom  Fmbobgmdobmgol  LssMLYdm  Fysmml  ©IMM3939G.
LOBMAOOMIIM030 K 9BO330L OGO BoBOMbY9dOL, OMYMOOE BoRdWOMs© X0 gboo,
369306030L,  398m3wgbol s  FomDBg  Moa0M9d0L  odw0gMgds b R
36003690mg560 bgds 9bwgdmGmo  J399bgdolomgzol, Gsms oo dgdermb 2005 (erol
X96IOMYMdoL  Logmmsdm®obm  Fqlgdol (IHR) o xs63M009mmdol  germdserm®o
MBogMHMbMYdoL Mol faliMogaol (GHSA) 8mmbmgbgdol s3dsgmaowmgds.

X0wgbo Lodo@rmzgumdo 96@gdNG 99350 0039ds. 5©F0bMS s 3bMmzgwms
Q553500900L 93mb3z93990 23630090 J399bol yz9ws Mg0Mbdo 2o36MEIEXgdoL bbgswalibgs
0bbBHIBLOgMBOmM;  M39b65L3bgo  2-3  fawol  gobdzsmdsdo  J399sbsdo  5aBosbme
Q5935009d0L 3900l BH9babi0s  9©00b0dbgds, o3 WS39380MYdME0s  3bM39wgddo
X09bol Bofiobssedgam 3543065300 LolEgdol 58mddggdsbmsb. dombgwagzsw sdobs,
©Q)3©Y, v MY IMPZIOIOYWQ 39O FI0MIWIBS 535PIOVIE BbMZIL DS 133Ol
/ ©589983900L {9gbgdol s Fomo BsdsMbgdol dmfymdols o330l boddg, Moz Msgzol FbGMog
3303 MBgds 5930569030  x0wrgbols  A9630mMgdOL  BosEro  GoLZoL  To@sMgdgw
399 GHMOS.

. 1oY395M9w0dols  LobgErMdOl  LOJoMMZIWML 935 JdOMS  3MBGHOMEOLS s
LoBMYSEMIIO030  KIBIODIEMdOL  gOmgbmwo 3960 (©3bxIE)  J39ysbsdo
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39bLO3MPMgd0m 10T 0b6339d3090Dg 930BYIPHTBYIP3IWMBOL 3MIMYMSTOL BIMRWHdTO
9m0035 9HoMTIMgdl xowgbol  ¥6gdMm0ogz0 396930l FgMHBIZ30000 S W35 JOOL
3006039600 2930390930l LOWE Jmbo@Mm®mobyl.

1.2 33930l 30Bsbo s sm3sbgdo

©OLEEIMd0D ©3LXIE Jnwgdsosdo B. anthracis 580 9Esdo 0bobgds, M™MIgarms
56599000M39 dmg3MEOHo  dgomEgdol (9Mm-bm3wgm@EHoeo 3mwodm®OHrobdo -
SNP, 09653¢0md0mo  @m39gdol  obgdn®mo gobdgmEmqdoo 196308 g3tr@mdgdoL
3390 M5MmEYbMdOL sb5eoBo - MLVA s 5b5¢00o 0omdol bOremo 396mdol bgdzgbo®mgds
- WGS 259mygbgdom xowmagbols g59mdf3930L 39bm@H0306M90s ©5 Bowmygbg@olzm®o
3b5¢r0Bo  ImEgdmeo  LsEobyMGHsgom BsdMMAol doMoms doBsbL  HoMTmowagbs.
sbObMYo  FoBboL  JobLObMM(309egdWs© F99ga0  98M356930L  Mgo0DBYds  gobgs
Lo FoO:

B.  anthracis 9®s59930L  496m@H0306900LsmM308  MsbsdgOMM3g B3N IMHO

99000q00L OG0B 305dEH03500 IBYMA3S

" 393990 I9gMmEYdom bodosMmzgermdo dmnEoM3mwoty B. anthracis d@s0900L
3969303600 3M935¢0xz39MOM36900L Tglfogens

" x0@gbob 9353930l 3sl3mMEH0DsE0s

= LSgOHOMIMbBs3dMs d5BoL G9Jdbs

1.3 659G:mdol d93609Mo Losbang

" 30639wo LogoOmzgarmdo dqlfogero 0dbs §3994sbsdo go3M39wgdmeo xowgbol
9358900 396930379600 303900 S om0 M530B90vIMGd9d60

" 50dmBgboero 0dbs Je@mmero B. anthracis 0Bm@o@gdolmzol b3gEoB03MMo M35
sboro 396G 0370 SNP J39x3:130

" 3069003060 XeIBIVI0  ©>(Hd00  IM350BYIO™M36dOL Fgbfsgerol  TYYEd®
3993w 0bs M58gbodg MLVA s SNR 2969303960 3G:mz0mo



" 5006 Lodo®mzgurmdo ImEzo®m3Mwotq B. anthracis 0mes@gool bsmglsgmemo
393906980 bmgeoml bbgssbbgs §39960sb godmygmaow xowgbols 4@s993msb

14 6596>m3ol 3573030 0MmYdEgds

BodMMAoL  G3oMmagddo  Bo@BHo®madds 3300939035 3oM9amLs s 5980sbL  BmGol
350Mma9bol 306330009 330603900l LMo gds dMYP339; 9093MMNSE, Bgdmm
5009000 3900MmEgdoL 3M5JG03500 IbgMHR358 TgLodEgdgeo Aobss MHMYME [ sbeno
0BME0MgdMwo xowgbol 9Es39d0L 06839300l Fyomml MMM godmgzwgbs, 51939
306039600 s 49699m 6093900l FoMdMBog3wmdol s om0 39693030 3538069d0l
Q53 9bs.

4m3903g H9dmmblighgdmeol gom35¢olfjobgdom, s0bodbmwo BsdMmaol FosMawqddo
>0fi9Mowo 3393990  bgwb MHgmdl 939956580 d090bstg X0wgbol
9300H9s9H939w M0l F9LodErgdEMdIOOL 25dW0gMYdsL S 3MIMYMHTOL 303 MIBOM
IB9JAHNEG  2obbmM30gmgdsl.  0ogol  dbGMOZ xowgbol  930HBYsTbg39WMdOL
3990969 oML O OMEL SLGMEGOL TMUBsbgErmdol Xowgbom 535MdOL
39930609055 s BMPSO X 96IOMGMOOL Bs30MbgdOL 2563E30(390530.

2 @o@g®ms@Eyeo dodmbowgs
2.1  xogbol oGm0

30639000 993900,  OMIwol  2odmdfzg30  dodBH9Moobl,  Bacillus  anthracis-olb,
0096@08030M7053 dmbs, Xowgbo ogym (Dutz W, et al, 1981). 553500900l Lobgeimegds
9dmd0bs6gMdL 09MHI6vYo LoEyzoLash ,anthrakis®, Gmdgero 6odbsgl BobdoMl, 30650056
X0wgbol 39608 Bm®Iol Jgdmbggzsdo  396%Bg Bbgds  bsbdoGmol  Auasglbo, dogo
sH05bgdq00 (Goel, A. K. 2015; Inglesby TV, et al, 1999).

Casimir Davaine o Pierre Rayer 043696 30639cbo, 3063 89598609l Abotol gmddol
3036OMmMOA60DTGd0 X0gHOM 9350000 3HBMZIEOLS S 5QsT0sbol Lolberdo 1850



Db, 1863 {gerls Davaine-05 95933039, ®md gl Bbo®gdo, d9@0 5¢dsmMdom, 0f)3930b9b
309006M0L (g mb, 30650056 3bZIOL 56 63005 9350YdS 0bBOEFOMYOMEMIb
3MbGSJGOL 296909 (Compton, J, et al, 1987). 1876 {9l &0d96ME 300bds 8900993535 8gormo
B. anthracis -ob bLYGDS 3MGHWOOL FoLowgds. S0boIbMo Igomo sl 5dEY3
159D, Yymzoogm 30639¢0, 3063 bsmgwl dm3ggbos xowgbol BboMol Lewmen
Lobogmabm 303wl - B3MmM9d0b  393939GH0MO  RMMIT©) ©> 9999y  0lg3
U3GO0 (Biddle, W. 1995). 3:bds, 51939, 390m0oyqgbs B. anthracis , Gsms 899093539006
@S 599()30(399065 15390 3MUGEsGHJO0 8535008 F03MMdIMWOo FoMdMIMdOL
05mds%%Y (Koch, R. 1876, Compton, ], et al, 1987).

1881 {garl oo 3sEgemds dgddbs xowgbol Lsfobssmdgam 3oM3z9wo 3608369wm3zs60
3593005 139@M39d0Lm3oL (Pasteur L, 1881; Goel, A. K. 2015). do9bgs3s0 0dobs, GHmd 1870-
0560 fargdol 990gy  Bgwdolsfzmdo ogm xowgbol Lofobsswdgam 35J30bgdo,
Q553500905 330003 MBJOMES LEROMbYL MMYMEOF 30MvEY30LM30L, 0LYsE056gdOLM30L,
39bLO3MPMGO0m BOY 256300050905 §399469dd0, MMIWGdOE SBOOL, H83M030L S LodbGmY
5996030l 3mbE0bgbEHgobgs Qobwsqqdmwo (Dutz W, et al, 1981). mgdm 39303, 092060,
600 B. anthracis gOH®»OOMMEO© IM935¢00 J399bol, oo dmMol 5dd-I dOMEMYOYGO
053053306 5MLgbserol Bofowro oym. 1972 {erob domEmaommo 05Msmol 3mb3zgbiool
0565b3o, 59 056500l FoMdmgds s03Mdoews (Hilleman, M. 2002). 30959350 3oLy, B.
anthracis 3353 9dooBbgzs 17 4399bol domEma0mHo 053053308 sGBYbserol bafows
(Inglesby TV, et al, 1999).

AbmREomb Y3560  dEEMIsMgMdoLs @S  BHIOMOHODBAOL  533MOMYBMHBOMGOSO
bobosmMOL  Qomzseolobgdom, BowsErgngdBHMo  35J30bol  ITDOIds,  MMIgEos
BO6390gMmBL ©593500900L Y39es BMMToLYSL LErMErs® (339, 04690M© gHMzbyo
BOMEWMAOOHO 1535330L 3OLYBsols 3603369 m3zs60 3MA3MbgbEo (Cimons, M. 1998;
Compton, ], et al, 1987).



2.2 xo@gbol 9BOMMMY0s

B. anthracis 59600, 46053-05©00m0, ¥9dMs30 Bbo®gdos (Koehler T M, et al, 1994).
0odBHotool bmdss 1-1.580 x 3-1000 (Ibrahim KH, et al, 1999). 1L3mGOYOOL Fo@dmJdbs
5006036985 MmO 39BGHMIWMGMms©, 91939  35M539BGHMIMMI© @S o6  0f393L
05dBH90ool gBMOIs3008(Dixon IC, et al, 1999; Inglesby TV, et al, 1999). L3mEMgodols
3m®I0MGds bgds b6mEMm096EHIO0L FoMogol  sdmfFmm30LsL, Bsgowoms@, doldobderols
10330000l 8999y 96 359MMb 9JudmboEoolsls (Barlett ]G, et al, 2002).B. anthracis
B3mMgd0  dogH  MHIBOLEHIOGHIE0s  2o6gdM  FodBHMEMGOOL 0T S  0bsMBMBYdL
LoEMEbWOLBsMOSbMBL b0ssado, 3590Bg, gols s 83gbscnqddo, dombgsgzs©
300010960 Logbolb 96 Loogol, AsFMIOGMBOL, Jodowemo BogzmogMdgdom EsdwYdsggdols
0¥ MEEGM500LRIO bb0ggdmsb 3mb@sd@obls. 13mMmgdol dswswo MHBoLEHIBEGHMds byl
2Pymdl oo bsba®dw0g sOLYdMdL o®gdmdo (Dragon DC, et al, 1995; Dutz W, et al, 1981).
054905 3565 0BMHYds 37°C-Bg y3z9gws B39 gdcM0g 803MMI0MMY0mM boswoyby,
33608 Lolb0sbo MOl Bsmzwom, s FoMdmddbol s6Mo-390mEoBME 3:membogdL.
3dgo® 153390 96M9Dg, OMmamO3 fglo, 3wobgds 4-530 mbgdo, mgMEo  JmErmbogdo,
535bsB0sMYdgo 3dodol Abyoglo BmMTom, MMIgElisg bdoGMmsw dmobligbogdgb, Gmyme s
»039990 MIob* 56 ,0900)DBOL Mo30LgdMO 3:eMmbogdl (Ibrahim KH, et al, 1999, Inglesby
TV, et al, 1999). B. anthracis Jbm30@80 35693W0s gMmMgMo 96 {yz0egdols Lsboom
Q5 3N GH030M900LSL Fodmdabol 3erslioz®, ,353MmbolgdM aMdge xs33L (Dutz W, et al,
1981).B.  anthracisB.  cereus xyMBoL  §o6OIMopgbgeros,  GmIgedos,  sbg39,
399600056900y B. cereus, B. thuringiensis s B. Mycoides; % 0gbol Bbo®ol goblbgoggds
50bodbmo  xamazzol  Ubgs  o@ImBsaqbugdolgsb  ®sdgbodg dgom@om Mol
d9Lsdegdgwo. B. cereus X3MBoL y3zgams 19300, 2o0s B. anthracis -obs, bsbos0gds
3960300bol 3035000 MHYHoLEHIbGH™d0m JOHMIMBMINo 296900l FJogH 3MoMgdYwo
09BHO-WogBo05BoL qodm (Dixon TC, et al, 1999). Asbsb0smMGOYOL, HMIWYGO0E FodMMBI3L
B. anthracis -b Bacillus bbgs Lobgmdgdobash, 809379336905 390m@obol sMGMBGOMDY,
A0S o D-4a93s80bols 35930l 99933900 56¢H0RBM3E0EGWIO0 358bews (Ibrahim KH,
et al, 1999; Mesnage S, et al, 1998).
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23  xowgbol 3e0bozmo gmM3gdo ©s 3500ma9bgbo

Q59350905  3sboyqlHotmads  39Bol,  0b3sersgowm®o (3o GH30L00960) 56
3UGHM™0bEHJLEH0bMNOO BMMTom, L3MOYOOL MMP60DBTdo ImbzgMol 4bol dobgwzom.
m3965L369000 MO0 - 0b35¢o30MMo s PLEAMMOBEHILEGHObMOO BMEMTs  A3BLsIMPOIBOM
WIAHIMHO O 990900 03305m05 (Goossens PL, 2009; Banerjee D, et al, 2017).

o xogbol 3560l RM®Ps, AbMFBoml dsbdEHedom, xowgbol yzgwrs dgdmbggzols

95%-30 godloMEYds s, MIMNIZMJLO®, 3OMBIBOWO  3MBGHIJBHO  SOL
399mf39mwo (WHO, 4* edition, 2008)3560L gm®dol 900mbggzs8o y39ws®g bdodo
B056@9gd5 3530, 30L9MO S 300MOHYO0. L3MOYGOOL T93MS, MAMOE Hobo, bogds
39606 FMHo@mdol 956 Bo355M0L gBom, 535Lmsb, 3960l GHEMozdol SMLYGdMDdS 56 SEOL

330e09d9wo (Dixon TC, et al, 1999). 063105309600 39G0Mm©O, L3MMOgdOL d9FMol

3900099, P39Mw90M03, 2Mdgrgds 1-10 g. ULsfigolo Lod3EGHmAgdo bdoGs
300bgds  0bxgdgool 396580  sMLgdmwo  MdBH30369Mm 3530l Lsboo,
MMIglsg 9HILOsMYIL 93000 s oozl AHgMol 653096L. 1-2 mgdo bgds
353290l 3513030, DMy F9gdmbgzgzsdo - 398mMsg00m. 98 39H03MWgdols
3obgmd30l 9999y HoMBmogddbgds  fywmwgdo @mswmGo 99339000, 653
39065306Md90L  ©sdsbslosmMgdgwo  ddMowo,  bg3hmbmwo, Fsgo  396GHGOL
3MOI0MGISL. 95350, MIMAMmO3 [alo, WMmIsoBYPIMWos, MMI3d 353096¢JOL
dgbodems  avdm3wobgo  @bgwgds,  Lobwldg ©@s  ®mogzol  (BH3o30wo.
3b63H000M3H03MYM5305 396 5BgMYOL 353090l Yo 4oMddbols 36mgLl.
QO0RIMIB305MMO 05RBMDBO MBS FoBHIMEIL Y4o30LRIM0 MOdMOOL B53BIBMIB,
BINoE™b,  Fmwmzsb-x0M3300m356  BHwwscgdosbomsb, 435300 msb
(330090000 oBM{3gME 3560l IB0BYDdYdMB), A9BAMGPBM B 9dGH0Bsls o
39G0L 6535906 (Barlett ]G, et al, 2002). s6@0d0m@H03mmgMo300L ©59y9d509
9339690 wos B3gdoLdogMo EsHB0IBIOOL  WSdMMIGHMMOMO  OSRBMLEH03S.
10330 0s6MdOL  BsB39bgdgo  xogbols 3960l @m®Iol  Fgdmbgzgzsdo,
363030MEH030M096M5300L 256909, 20%-U J9opqbL, s6E0d0MEHIOOL I3 MMbsETMdOL
53mbbyg 30 - 08305m0s (Inglesby TV, et al, 1999).
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0 X0eabol 0635¢0530MM0 RMOTS 305MHPJdS BL3MMGOOL BOWFHZJOOL SEZIMED

bogM39do  ©Y3MboMgdol Fggas (Holty JE, et al, 2006). oLEGHMOMHO)oQ,
0b3owo3ommo  @mMds 0d  5©305bms 08300000  FOMBILOMWO S35,
MHMIgdo3 by Fo@Yywmsb dmdsmdab, 5d9wsb 2sdmdobatg, dsl @YKol
©53bMOLbYdIJDs 99350 039l (Bell JH, et al, 1880). xowqbols
U3MEOIOOM  H535JOOL 393039 9ds (1979 fgl - L39O M3L3oL LsdbgO™
LoPo®mdMIB, ymazow LLM3-8o, 2001 Fgwl - 533-do) Hodmogbl domermyor®Ho
05M500L  y4g9wsdg  bdoMos  godmboggbgdger  BmEMISL  domEGHgH™OHOHIoL
39000b3939930.30330L  Jumzomdo  gmg30bmsbsgg  B3MMgdo  Fms0bmJdgds
95360MmB53900L J0gH s BHEMBL3MOGH0MPYds FologMHols s 3owvliols WodgMH
339609000, Looz oLobo go®ms0ddbgds 39393300 RMOTs. JMIFoggdLMD
9005, d543H9M09d0 0fygdl 359M53egdL s GHMJLoboL 3MHMEYJ30s. gMdobszools
3900099 ©5593509d0L Lod3EMgd0 LGRS 0fygdl godmzagbsl. Mmam®a falo, g
ofiygds  0bxzgdgool  Fysmmbmob  gdudmbBogoosb  1-10  ®gdo.  xowgbols
063553060 MO BEdobsbEGH MmO 93500905, MHMIgEoa HBA0MO® 2 9Bo35©
90900bs6MgMm3dL. Lofgolo LoA3EBHMTGOO ML sMIL3H30B03IM0, MO0l 96 SEHO3MMO
36930mbools dbgogbo (Plotkin SA, et al, 2002; Grinberg LM, et al, 2001). 1-¢vo
UBoo0L Lod3GHMAYd0 dMO393L 3FBYWYdLL, 903035905, FoMBD MBWOSEMBSL, Mog0L

G3030L,  5OBOMEYIGHON  b3gesl,  H3ozol  FewdzgOEol  s6gdo,
3990bMY35L5 S gdobgdsL (Holty JE, et al, 2006; Holty JE, et al, 2006). 9 LS50

dgLodms 20039l M599bodg  Losmosb  ®s89bodg ©®Ydy o
ILOMWEOIL  A9TMYI6IOMGgdom. 5L BHMexs© Lol 6 89-2 LEsos,
3903 boliosmgds oldbmgmo, 3bgwgdom, MEBE0sbmdoms s dmzom (Albrink
WS, et al, 1960). 37039600l H9bGHgbmyMon0s bdoMos 430639690l FoslagMols
39BIOMMYOSL,  MBIY30  WodBsgbm3smoom  (Ross  JM, et al, 1957).
5535093030l sTobILOSMYIJ0s, MMy glbo, Lolberols 8993390
39300 godmbogmbo. gmwd3gHol 3md3omEGHgewo  Gmdma®mogoom (CT)
3006@gds 5350090030l 1B3YEOBROZMNMO,  TMOloymoly @S 3oligdol
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399336003900 (3906530v0) odFMEo  33956d900, TMsloyol  g9gds o
393600 250mbogmbo.  ©oxrgIMIB30o ©0sBMBO MBS FoBIMEIL AMO30L
30656, AM09M3MMDMIb, A 56H930sLmb, LOM3I3MOEMBMI6,
30LEGHM3WIBAMDMD, W0dGFMALMB, BoErO3MDMb, LoALOZbglML, s6930MBALS
@S o3gm©H  3OMEGJobmbmb (Barlett ]G, et al,  2002). Lolbeool
05JAHIO0MEMPO0MM0 565¢0B0 @O LEBHIMOWMMO LoMb)xd0IB AsdMmymzoo B.
anthracis-os  ©b3-0b3ME0TIOSBMWO  X9FIMOO  M95J30000  GgbBomgds (PCR)
X0wgbol  0635eo30mmo  GmOIolb  osbmbGozol 360d3bgermgsbo  dgomos
(Barlett ]G, et al, 2002).56&080mE03000965300 LoFoMms, 0d3s dobo ofigyqds
69339609005 99-2 BEGHOIPOOL OYMTAEY, VMO NYDBOHMB39WYMmm 35309DEHOL
23900566 g65.993000gdws© 6 50ObMIbML  Yowgbols dgbobagoMHo  FmEAs,
MHM3gog dogosh 3s0swo 103300 0sbMmdoL dshz9bgdom sMHOL bmdowro s
3obobogds  MHmamemE  xowgbols  dogrosh  08305m0  Q98M3e0bgds;  0I3o,
360853 90bg 590MmDBMW0MG0Io B3MOIO0m Bo@oMgdmMwo 33¢g3900l 899agd0s,
o939 O®MmAMO3 L39O M3L3I0L sx8gmMJqgdoL (1979 ) AbbgzgM3wms s9GHMBLOOL
0909290  90©gdmwds  0b6x3m®mTs3050  (30LEsbo  9B39bs, ®MI  dgbobyo@Hoom
39M0Mgds 3e00bYds 0635¢o30MH0 ABOomM 9535090 50% 3530963 9080;
05306 BLObFOMOLS s YGHIWMBOL AsM35¢oLfiobgdom, yzges 0d 353096@Ed0 30633
oL690Mm3b690ME0s  0B3swszoMo  gbom  Mbs 0dbgl  Fom3zsemobfiobgdero
X0gbol d9bob oMo mEmTs O JoMMgdgdo (Garcia AG, et al, 1999; Giircan,
S, et al, 2005). xowgbols 0b635¢05309M0 mMIom 45dm{39mwo 103goosbmdols
9563969090 396ygmdls 80-99%-b ImEmol, 03993 dgladerms 0ymb 3936s@ bs3zwgdo,
099 936bsEMds 0{y9gds 89-2 LEs0sdwy (/nglesby TV, et al, 1999; Brook I, 2002).

Xx0eqbol  25LEMM0bELE06MM0, Yz9wsbg 083000 BMOIoL  FsbogglBeEos

d90dwgds dmbgl Mo gbom, 0dol dobgwzom, mvy LsFdeol dmdbgegdgero
A®ogdBHol Mg 19YAbEGHT0 I3MboMPYds L3MMYdO. LML OMMZ9dS 319F-
Bsfarogol BMogBol Bgws bsfowdo gobsdo®mdgdl xowgbol m®mMmasmobygsem®o
xmOIob, bmwm dob J3gs Bofloerdo ©g3mboMgds, mgdmlb bofiersgols s 3G
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Bofemsgol Bomgaom - 4oLEHM™0bEJLEH0bMH0 FGm®ToL 45630m009dsL (Inglesby TV,
et al, 1999; Babamahmoodi F, et al, 2006). >0bodbmwo xgm®ds, Omamea fobo,
3990399905  L3MMYGOOM  HB0BIMMGOMO  bMOEOL 15339050  odMmYgbgdoo.
0637905309600  39M0m©o  2MIg©gds 2-5 9. 0683030609dIMWo  XMOXR oL
InORMWMYP0s  93W9bL  Fo3MMMmOYsb0BIGOOL  sMLGIMOSL  FM3MBNEO o
1909 3MBMO  WodFMEG Jumzodo, d9HI6EGHIOM  W0IRsWIBOEHMB gPHo.
X0wgbol  25LAHOMobBHILGH0EMMO FmOToL  sdsbsliosmgdgwo  Lod3GHMA0s
XOORWOL sy gds. bgs b8oMow sdmgargboe Lod3@™agdL 8093010036900
930mbMo  0dxsIbMm3sm0s,  9gds,  AMolimgls,  ©gd0bgds,  LOLYLEGY,
Lobbgrosbo ostgs, (3939 839w, 3bgmgds, oLRBLR0S s LBYBLOLO. 535MdS
39630009305 LolboL  sbs3sFom, Lombols s  gugdBHOHMWOoE ool
@©OoLBSEIBLOM S FM3om. WYEBIXMEMmO F9gIR0 YOS bofiersgol 3gMaMGmS300LS
099 Hdugdool 2odm. OsRbMBOL EYJhs BAoMms bgds 39M0EMbgMwo Lombol
3M530L fgbom Tgwgdz30m, Mog 93wgbll oo Bmdol BboMmgdl, o6 SLoEMMo
Lombob 359dGHgM0MEWMy0M©o 250m 3309300 (Ibrahim KH, et al, 1999; Dixon 1C, et al,
1999). xo@qgbol 35LGHOMM0bEJLEH0bMOHO0 FmEOTs bobosmM©Yds 103IZPO0sbMdOL
doosh  Bomoemo  BsBg9bgdom, M3 ©3930069dMW0s  SEOMIMIEO
05360mLEH0M5d0L LOMMIEGLMB. S6E0BOMEH03MMGM53058 Tglsdwms dMIbEOLbMUL
LBIBLOLOL 496305090l s bogzOOlL 36093963305, MYI3s, 3obol BmGIoL
AL ogLo, ol 396 5BxMYBL HywrmEgdol 3OMaMgbo®gdsls(Inglesby TV, et al, 1999). B.
anthracis -0o 259039990 061394305 0§ggds 39680 56 MOFM396 JoMLTo L3MMgdOL
3936M0LsL. 5901 8999y  Bgds  L3AMOMIOOL  BORMBFOGHOMGDS  SPAOWMIMOZ0
0530033539006 3090 ©5  BHMIBLIMOEGHOMGOS MYROMboH WodRwWE 335609000,
OMAadoi 9Hgbab d93Mol syool Mgbssls. B. anthracis gJuGH®oEILOMEOM®O
350009605, OHMIgrdsg 0639J3008 060306MHFdOLIMZ0L 0bEOIEI WMo BSOS
MBS Qo050 (Mock M, et al, 2001). oL L3MMYO0, HMIWIOOE FIPIMOBRII0SH
3393Mm30GHMDBL,  39M0bs30sL  49b0EE0sD M35 F930MRsRqdTd0o.  L3MOYdOL
39630bs30oL  1393083039M0 25383900 d9dsbobdo 3bMdos, MMI3s, BMYSWI,
39603065305 0fjygds 580b6MBs13900m, 64930 gMmB0II0MS S FE3MHB00d IO
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39M99mdo  dgligerolsl, o3 43b3wgds 3bM3zgEols s  5EsB0sboL  slidobdgen
6960039080 (Dixon TC, et al, 1999; Inglesby TV, et al, 1999).

B, anthracis -ob 306099 gbGHMOO  BMOTJO0IJOEI3l MmO O,  35000Mg6MBSLMI
5393006090 3wsHdos: pXO1-b (181.6 kb) - 53m©0GMOL Kxowrgbol EHmJlobgdol
39690L: pagA, lef s cya (Koehler TM, 2002;Guidi-Rontani C, et al, 1999)cos pXO2-b (93.5 kb),
Mm39wo3 99056 3583l BLObmgBLs s IFMOPH305DY 3oLvboldygdger 49bgdo:
capA, -B, -C, ©»s -D(Green BD, et al, 1985; Uchida I, et al, 1985)B. anthracis 3500966
593H0gmdsL 93w 9bl JOMO0MHIE  OBLLICOLS  (9BEO-BOAMEFOGHWMO  5JBH0ZMdS) S 0d
A™gbobgdol 3ma3egdbol Mmool 39d39Mmdom, MMIgEoi ImoEsgl bsd 36MHMEgobl:
593936 96BH0ggbL (PA), arg@ocm® x3sdB™mOL (LF) s 993993900L xsd@meL (EF). B.
anthracis -0b LOEYEO 35MYJ6MIOMBOL FodMBOZGbsE 5Y(30EGOYE0s 50bodbMWwo MmMo
©OEO  3esBdos, OHMIJWDoRsb  gMm-ghmol  geodobsgos  39bs3oMHMdYdL
903600 M2560Hd0l M5035O 5B motndls(Fasanella A, et al, 2013).

24 xogbol 930H30MEMY0d

X0W9bo BMMbMBMMO 5535009055, OMIJE0E F0MOMIPIE sD0s6YOL dosbolidFodgew
3H5™39wgdl, OHMYMM9gd0Ess Abbgowagbs MHJmlisbo 3oMwMEY30 - IOMb., s3M9mM3g 3b3560,
o0bo, bGHowM3s s 0Mgdo. olobo 0680E0MYd06 3MbEIToboMgdmwo d3gbstggdol,
Pgaobs s Bossgaol Imbdocgdolisl. xowgbol §30BmMmmEGH0gd0 bdotMs LyHBMbME boliosml
5G96M0L; (3bMZIWMS 935 JdOL dgEglo T9dmnbz93900 Fo00 VoS LHIM3MGdIDY AoLgesL
90mb393s (LYGsmo 1).
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Goel AK. Anthrax

LA &

- ;
Anthrax infection in animal
\ N\

Anthrax cycle ( r
o ——
Animal grazing in anthrax Animal death
spore infested field Blood from the natural orifices (up to 10°
Songy 0 B. anthracis per mL blood)

v N
AR lsmie;
B. anthracis bacteria convert into spores

and infest agriculture fields

LbmGomol. B. anthracis bsbogmabwm gogwo

5580560,  OMmamO3  fgbo,  FJgBmbzgz00  FsL30bIgl  HoMmBmoagbl.  xowgbo
396L539MHgd0m bJoM0s (396G MMO s LodbMHgm 599MH030L, LMOLI3sOWO sBMO 30U,
3960 s LodbMHgm-ologwrgm  sHBool, LEFBOID s SWIMLOZEge  93MM30L
LOLMREIM-L5TGMOMbgm  M9ga0mbgddo. Fobgsgzs 0dols, G®A 583-s s 3Jobowsdo
00mgdol ym3z9mHeron®s© 500bodbgds xowgbols sx39mdqdgdo Jobom® oy doMmgew
05¢sbolFsdger 3bm3z9wddo, 505305608 0bxoiEMgdol F9gdmbggzgdo mMogzg J399sbsdo
003000095. ABMBom FsLIEHIOOm, 50930569330 Y39y BdoMsw (95-99%) xowgbol
3960l Bm®ds 3000bgds. xowgbols 39bols o Bofiersgm®o  BmGIGIOL  sx3gmMJd9gd0
SLMEOMYIMWos 065303060900 3bM39gdOL O3IZWSL, sFYT53905L5 s Fomo b0
15339090 259MYgqbgdsLMsb. 53 839N JdsMs MIMSZgLMdS 500b0dBYdS 5Bl S SBMOZOL
960936 3969090 (CDC, 2018).

©5530JL0MGOM0s  FMYDBIMOMILMD  SLbMEoMIdIMwo  xowgbol  dbmermE  9OMO
d90mbggzs. 2006 (ol 9BHgmdobgdme 0dbs xowgbol 3560L gmE®IoL 3wwobozmGo
d900bg935 Joardo, HMIgEros GIOOLE™S 330609 XAMNBMD JOMO© 259d3Ho365 65F0dOSLS
5 dmB1356530, LBdbOYI 9x3MH03IST0. Aol 56 3dmbos »Mdmsem 3mbGSBHO 3bM39w)db,

009935 X3BoL bbgs (9360, GMIgerdsz ©osdmdags 1 (56 9gEo) @gbmgzgerol wgdo,
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©59b3sM5 sl MONDBY MLYdMOo FHOMdOL ofidgbsdo, Moz 998maTo 90©s0ddbs
X0wgbol ©sHB0sbgdol 396Ms. Lbgs Jgdmnbzgzqd0 500b0dbs 9b9gdMMo  J3996900b
033 E06M90w0, 0630300900 MbOL FYs3000 ITDIIMYW MEGdDY 336GV
@5 3500  8353900L5L.  Jobgszs@ 0dols, MHMA Abyoglo EMEWYdom  Xowgbol
309m{)3930L  MOLZO BSOS,  TgLodergdgero  MBgds  LogmEberolmgol  Lsdodo  sb
ABOAIWMMO 953500900l 9B305609ds: 5@5T0sbgOL FmMol, GMIgdoE 534935390090,
36530696 56 MdMm© 0y369b 08 500 BY, Ly 900b0TEYOMPS X0 gbol 3560 (4),
Bofersgm®o (1) s 0b3swsiom®o (Bow@zoldogmo) (3) BmMIgdol dgdmbggzgdo (CDC,
2018).

BO©@OWwMmgm 93603580 499m3w0bs Mdowo Jumzowqdol 33539 06639430900, LgnLobobs
@5  LoLEBYIMMO 068900l  Bosmzwom, (odserEodM30©IOME  5@T0s67dT0,  M5g3,
1539M9MEOM, M3930060©IOMES B.  anthracis 3OO0  ©OO06IMOYdIMwo  IgMmobols
9mbds69gdsls. 30609080, HMIWGO0E 9O 0090036 39MMobL, 56 godmzwgbows xowgbmsb

SLmEoMgdMwo  Jgdmbzgz900 ©d ©O®YIY, 9O  EIPILEGHMYPIMWS  39OHMmobol B
anthraciss3m©9d0m sd0bINMGOOL SO gMmo F9gdmbgggs (Hanczaruk, M, et al, 2014)

0b3owoi30mco  3mbEodBH0o, oLEHMMOMES®, 353060 ME0s  BYs30Ld s FsBYwob
0b6MLEGHMO0M 539953905056  (,05¢ Yol ITHsOOLHYIGEMS 53505 ), M3,
39653690  smalifiergmegddo  ob, slg3g,  SLMEOMPOMEO 0y  BOMEIOMOODIMNIG.
X0wgbol L3mOmsmEo 89dmbgg39d0 godmgwobs $33-Us s bbgs s6gqddo, Loss

06g99300L §gs6Om 3303 ©57Iybgeo MRgds.

25 xowgbol gs3m3gwrgds dsmgmomdo

X0wgbol  [omBMmImds, L35MIMOME, Ja303BHJus s gum3m@GHedosls 3538060 Y0s.
965350 8936090l sBOOm, Bmbgl 9g3mdsdo, 9330330l 10 Lobxgwosb dgbwog -
Q95350090, MMIgwo3 3¢0bgdms 35969030, MHJmlsb JoMwMEY3dm, 363609030, Bl
Qo 5Jw9dgddo, LHmMg Xowgbo Mbs ynRowoym. 30ddoMoL fywmwo, s15939, 39OPS©
Bo3bmdo oym dzgen LodgMdbgmls s GMITo, Mog 0WMLEBHMOMGOME0s 58 39MH0MEOL

17



3bmdo 3936090 30935 d3z9wgL bofgMTo. Fsasomo, 893600 933193560l SBOHom,
X0gbo sLsbeEo 0ym 3mdgH™MLOL ,,000050530%, HMIgErog JMoLEIL Fmdsdg 700 fierom
56 ©o0(ig6s, 0bg39, OMYMOE 39MH0wombol 3mqdgddo (Dirckx JH, 1981), GmIgwrogs
35™360MdEs JHoLEHGL Fmds9g 70-19 fiewgddo. Bma0gemol SHBOOm, }¥0owgbds 3o6 339790
03000 8903965 M@0l s(398530.

15396M5)OME, Xowgbo (oMmBdm0dzs v 5BMLIZEgNTO s A93MEILPS (HM3IIOI0S
> (3bm39wmo  3MHMEYJBHJPom 353OMd0L dBom. ol 3wobEgds momddol dogwo
AbmREoml  dsbd@odom. Jobgszs 0dols, MM Bmyogho  J399sbsdo  xowgbol
3900b393900 96 BoJLOMEYOS, oL 33Ws3 bdoMo MRYds GHMM303MW SBMH03sd0, Fs
50AMbogwgmdo, gmgoo LsdFmms  393doMol  dgbmdger  J3994bgddo, (396G mEoO,
LodbOgom  5d9MH03oLs s  sBool  JoM339M  bsfowgddo (Hugh-Jones M, et al, 2009;
Shadomy SV, et al, 2016). xowgbobmzol 256Ls3MmEOHIO0m Tobslosmgdgo 396900
390G Mmo s LodbOHgm  5396M030L, LBLBLI3SOMEO  sBOOZOL, (396GHOIMMO o
LsABEOY0I-EOLOZEJ  sDoOoL,  LodbMgm s SVIMBOZWge  93MM30Ly s 39M0dOL
39969 930L LolMBEM-159gMMbgm Mgu0MmbxdTo IEYdSMGMDL.

X0w9bo 083050005 53960030l F99MqdME IBHoE9dT0, 0d3s B3MMOIEWwo d9dmbgg39d0
35063 30b@9gds 290 5 Fobo®  dorsboldFsdger  3bM3zgEgddo, BoPOWOMI©
abgomggbs MJmbiob 306m@Y39dLs s 0Mdgddo. xowgbo MBOH™ HJoMos gobz0mscMmgds©
5 00 g394b90d0, OHMIGEMS3 56 593 39EJO0BIOMWO K 5b(330L 3OMAMSTYOO Y owgbols
LoHobosswdgam 353060 3bMm3ggdols HGE0bmwo 0dMbobsgoobmzol(CDC, 2018)

x0er9bol 8crerer Mol 9300059390998980:

(https.//en. wikipedia.org/wiki/List of anthrax outbreaks#See also)

= 2001 §orob Lgd@gddgedo xogbol L3m®mgdol 899339w0 §9M0wgdo As03Bogbs
58096039 LS0bZMMIs30m Tgool Mmxobls s od3-U ™ UBgbs@MM™Mb, Mol
090925053 39Mo0(335d BYMO s I0bR0E0MEs 17 5@s30s60. Fompsb 11-l
39630960 xowgbol  39b6ol,  11-L 30 0b3serogowEo gmGds. 22
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0683030609090 @b 20 8MFomdES 5AO0WDY, Losg Bmbs 0bxgoioMmgdmwo
Da6ool dowgds (Jernigan DB, et al, 2002).

2009 fool  ©9399096M3do, bowm 3583806030, Jol  IMEILAHMOS  XoEgbol
Bofeogm®mo gmMTs. o, LO39MEME, 0bROEFOMES EILILHIMWDY, LSS
36530696 ©MEgdby, MsdEIbod) OOm s©MY Tol 835 PobMdsdwy (CDC,
weekly report, 2010). @0l H9s3060H0sb 50g0mwo 608xdqdo ©sgdomo oym
Bacillus anthracis 56bgdMmd59; 353096@0 250o6Rs.

0mMm  @OML  sOHgMOo  xogbol  sx3gmggdol  dmbgdmogo  d9dmbgzg3zgdo
3993w0bs 5950053300090 35309639030, 2009 ol ©9399d600sb 2010
farolb  ©93900650©g  390H0Mm©A0, 9303580, JOMOMIPI® - A3JOHD0bYdME
bodgymdo (Hicks, C. W, e al, 2012). Lsghom %5330, 50sLEMgdwgen d90mbggzoms
509bMds 54 0ym, LO3JZ3OOBMdOL 30 - 18(Sweeney DA, et al, 2011). 3530953900
"BoMm©bb Md00o Jum30gdol 0bx3gd305L 39MHMmobol 0bgdEool 56990d0. SMLYdIMBL
50b0dbmmo  3gmmobol  3m6@580606Mgdol  Gsdgbodg  3m@gbzomeo  {gotrm.
93613500 2594035000 396Mm0bol doMomso bsffomo 0ffaMdmgds s3wsbgmTo s
AG®BL3MOEHOMYOS 0M6OLS s MMMHJJOL Fogwom, xowgbo 30 9EBMMEGHMEO0S
000Mge 53 §399456500(CIA, 2012, Del Giudice P, 2004). my6ém 39303, 396mobo,
MmamO3 §oLo, Bo3wgds b03mM0xMYdgd0m, HMIWgdoaE bdoGms® 3mbEdoboMgdmwos
3ommyqbgdom (Powell AG, et al, 2011).

2014 ool mg@GHmddgmdo 0bmgmol ghom-gho bmggedo xowgbol s539mggdols
39009390 0035 7 50580560. 06MgmOol 553503305 3MBEHMMEOL gBMm3bmwo
395GM0L  dmbszgdgdom, b ogm  gOM-9MMO  Y39wsd) OO 98390 J9ds
103300 056Mmd0L J5B396900ls dobgzom (Daniel D, 2014).

2016 ol 03woldo xowgbol 58390dqd0l 99 I0M3s ssbamgdom 40
50580560 8Ty BHMIJO0D BOHOowMmgm (3003Gdo, HMbgmdo s 1,500-%g
9930 BOOWMmgmol 0090 - 0535¢m-69b9330L 933MbMIonE Gsombdo. 53539
5839mgq0sl g9hocs 12 farols 853030 (Anthrax outbreak triggered by climate change
kills boy in Arctic Circle’. The Guardian). 39360960900L sDMHom, EbMdOL F99a9©
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https://www.theguardian.com/world/2016/aug/01/anthrax-outbreak-climate-change-arctic-circle-russia
https://www.theguardian.com/world/2016/aug/01/anthrax-outbreak-climate-change-arctic-circle-russia
https://www.theguardian.com/world/2016/aug/01/anthrax-outbreak-climate-change-arctic-circle-russia

ool LoBIMOEIL  2odM™MO30LIBWES BOHOWMgmMOL oMol wgdo, MHMIGEO3
Q0035 X0wgbol §obs s390d9gdobols, 1968 (ganls (Tess Owen, 2016).

" 5930 g0s© B 900608bMmbxowgbols sx3gmdqds bggMowrmglizdo - 1979 {erol
336M0Wbs s 350830 LodFmms 353806030, Jowsd U39M©OEM3L3d0  sROJLOM.
X0wgbol vhggMmm s39mdqgds(Meselson M et al, 1994; Abramova F, et al, 1993).
9099595350 530V, 0b0dbMWo 58gmNgo0L Tglobgd F9BHYmd0bgds 56 95390090
5L53w M 990580 1980-0560 Hergdol slsfyobsdg. Imy3056900m, 58539 Hgarl,
LodFmms  BsdgoEobm,  3939M0bseM  ©s  0MMHOoEOVIY OB gdTo
399093996900 LEs@H0gd0 98 999mbgg3sL 90HgMH, MHMYMeOE 39gMHAGOOLMZ0L
535bsB0sMYdg, ¥6g0MH03 55839gJgOSl, MMIGEds3 Jodmofiz0s 96 3eobozmeo
d9000bgz935 9@530569080. Fo0ob 79 oym xowgbol bofiersgm®o, 17 30 - 3960l
53m©ds. LsdFMMS FMbgwrgqdol 06x3m®mIs300m 96 069303060930 5©F0sb0EIL 64

390503355 X 0wgbol bsfersgzmMo g3mGmdoo.

0bMLEGHMmOoMwo  3030960L  odxMOdgLYdsTd, 0d3MOHGHOMGOIMOo  30mbEF0boMGIMWO
353900 Fo63mIMdoL FoLogdols 45dmygbgdoll 89930609058 s Mobzol J39d dgymazo
9m0M8s39  390LMbowol 03603000,  Tgbododobo@,  Aobs3oMmMds  xowgbols
06300096@GH™d0L 903060905, #oblvgMMMGdom 49630090  J39yb9ddo (Brachman PS,

1980)0>70(35 0830500 9000b393900 330003 3e0bds.

2.6 xomgbol 2530390 9ds LogoMmzgemdo

LogJoOM39e™mTo Yo gbo MmEomMYPs639 36Mmdos. Lbgosbbgs 3mmbgdo ol Lbgsslibgs

Lobgerom  dmobligbogdbgb - ,303d0MoL fyweo® ,xowgbo, 035w, 0930,
L, DM, ,0900b0gM0".

X0W9bom 93500905 BodoMmz9wml yzgms Mgaombdo a3bzqgds(Kracalik 1, et al, 2014,
Kracalik I, et al, 2013). xo@gbo® 5350000l dmdog bsdodmmgdsly Jabol 53 LbgmEgdoL
900500 s bsbaMI0350 IMJdgo Bo0IRMMO 396M900. 3930 3IX9d0L 0bEgbLogMdOm
Ubgoolibgs  Mga0mbgdo 9339060  29b6Lb39300g0056  9PHMBobgmOoLgsb.  yz9wsby
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56539000 l503gMd 35HgmOL, Jos s §399M JoM0IWOL EIdEIMBO s 030M0L Bgysbo. 53
930069030 505305bMs X 0wgbom v350Md0L F5B396939w0 Y39wsBg MBROM Foo0s. S
3OLBYOMEO MBOWO  3¢0dsB0, DBmBogho Lobm@Hogg, bosIAOL FgdsAgbemds Jabosb
bawloy®ge 3060MdgdL 256M9dmTo xowgbols L3mMmgdol bobyMdewogo sGLYDdMdOLMIZ0L, Mo3
39020 29630000090 IgLogdmbergmdsbomsb 3930030 49bs30MmMBdgOL  xowgbom
53500Md0L  35B39693oll LoEoEL. Lodos®mzgemdo gl dsB39690go ygzqgwsdg dzocgs
obO3Egm  393395b0MbEBY (BgLBHOOL, wbGHGHOL, (398900l s bofowmdMogz, Mmboby s
53dOMW ML M50Mbgd0 (39bs¢nsdzocro o, 2007).

bosMdogm  Asboggddo  Lododmggrmdo  1882-1921 §f). ©9aoLEGMmoMgdMYmo ogm 636
5653900b50d9M 3M6JE0, 3m0(35305 MOoMJol Yz9ws Msbsdg®mmgzg MoombL (65 b - 69
50mb0s6) (Kyxaramsrrm T.1.1974). mxo30s©Ho dmbs399900L dobgwzom 3 Hergddo
©50b6x30300©s 16778 3bM39w00, BsoIbsE WgEs 8895 Lmo. g3obmmE0s B39MWgdMHO3
L9H™bYOHO boliosmol 0gm (0360L5b MJEHMDdGHTY WI0bTZOEGOMES 57,5%) (13).

1921-1940 §%. Lodo®M3g™MTo EIROJLOMGOMEO 0gm 682 56539000 -Bs0dg™ 39bJ@o.
3995505330000l s@Eslldo dmygzsboro dmbs3gdgdol dobgazom, 0bxzooMgdmwo oym
19345 Lo Logmbgero s 4411 5sd0560. 500b0dbs X 0wgbol 99mbgz93900 dowrgddo _
1922 9ol 2 dseero (bgbszol G-60), 1924 ol _ 4 (fgow@agdmlb ©-60), bomem 1925 fgwl _
10 dseero (§yse@mdml ©-60) (Kyxaramsrru 1.1 1974;Kyxaramsnru 1.1.1976).

d9m6y dbmgxzmomn mdob 3gMomEdo xowgbols 8980mbgq3q0ds 3603369-wm3bs dmodsds,
596 glMLEBHS X0wgbol Bofiobss®dgam Mbolidogdsms FoBsMYds. 98 3gMmom©do
(1940-1945) ©9a0LEGHM0MGIMWOS 247 56539000 Lo50dgM 3bJ@0, ©s0brogotmos 2030
b0, brnwm 5s3056ms ©s9350gd0L HOEb3ds 357-1 doswfos.

mdob d90pama 3960Mm©I0 X0wgbom ©9350JOS JOMOMIPIE B3MOSMEO BILOSMOLYS.
94399460L  BHIOOGHMOM05Dg  sOLYOMBL X0 gbols  AMOZ5¢0  BoSIRMOO 3960,  Mo3
3965306Md9OL  53500Md0L  Yym3z9wficron®  Jgdmbgzg3zqgol.  doMH0mOI©  BodLOMEYDS
Q553500900L L3OOm0 89dmbg93900, MI3Es YOO 5938 XFMIBMO JG8Nb39390LG.
LodoOmggermdo  xowgbbg  mxzogoswMo  36mdgdo  Lssdozm  ©™3dgbEgddo

399mbobwmamos (30390 bsdgoEobm s 39GHIM0bsm gdodms 35@o30Ls s bodwdsm
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3b6g0608900L LEb001.1960 Ferosb 30 Xowgbom 5Eo0sbMs 5350930l F9dmnbz93900

930bOHMOOEYOS Y3JH oM.

L5496 390 ™T0 K 0gbol $5d0sboL 9dmbzq3900L 0bsd03s 2008-2017 Hergddo:

2008-2017 §agddo  Lododmggermdo  M9a0LBHM0MgdMwos  Xowgbol  5s8056mo
Q553509d0L 629  F9do;mbggzs (LMo 2; LmGomo 3); Foomgeb 627 dgdmbggzs oym
X0wgbol 3560l gm®Ts,  LoJo®MZgE™MTo 30MH39WO©  IMYHOLEBHMOMGOMWO  JPMO-
MOMBIOOBR00 BMOTs s M0 J9b0bY MO 3mMTs (2017 Harolb dgdmbgzg3900).

0 530 ool 996853¢mdsdo 5 990mb3zg3s ILOIWES WYGSWMMS. 3 d9dombggzs
94399 Jo®mneols MHga0mbdo: 2011 gl - 1 9900bg93s 099mM0fysm™Ml Hsombdo, 2012 §. -1

d900bgz935 J.6bmegdo, 2013 §. — 1 89000b3935 490360l Moombdo, 2017 §). - 1 d90mbgggs
5396530  (bgergobom®ol M-bo, 09bobygocmG®o g3m®ds) s 2017 §. — 1 9gdobggzs
Lo39aMgEm Bgdm bgsbgmol M9ga0mbTo (J. BMMO, X0Egbol MOMBIMOBAO0ICO BMOT).

LGOI ME0 360b03MM0 J90mbzg3900L Mom©abmdols dobgwzom J390m-Jstomnero
39bgomol s LsdEbg X 039569000L Mga0MmbgdmMsb gMHms@ Fgodegds Bs0MZ5eML xogbols
9OM-900 Y39wsHg do0so MHob3ol GH9MHoG™mEOH0gds© (LMomo 4). 2008-2017 fergddo
d900b393990L 58% 535380609005 93500900 BodMmbEIOl 533W0-25(3)Yo3905L5 O
bmM30L 50y0BY 53853705 sb (LyMsmo 5).
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fowo
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fowo
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500530569090 }omgbols 990mbzg39d0L Hom@gbmdol
36535¢f0560 ©obsdozs Mgaombgdols dobgzom

100 #2008 ®m2009 ®m2010 m2011 m2012 m2013 2014 = 2015 2016 2017
90
80
70
60
50
40
30
20
10
0 ._J [ . - - J J -_J - - wull - ]
Q Q o Q (o] Q Q Q J “J %0 Q
0V é‘é 5& ‘o‘b& é‘& @‘b@ ‘o‘§ @‘b& Q‘o “o@ st“) ,g&
& £ © & £ N 5 &3 X :5 N ’
©° o3 > S = N ad & © & ¢
& “bb 6;:) ébo& @/ ~o .;%a do()
}Sb Q‘b %é‘; -f)bb © o°
© S +
N
R

LYOOMO 4. 5530569800 X owgbol Fgdmbg93900L Fo@obsfowrgds Mgaombgdol dobggom, 2009-2017 §f

B (055350090990 Logmbeol ©s3zEs-
39953905, bn®Eob 50wy ©sd)dsggds
B 39dgboo bm®Eol ©sdsdszgds
B 3m6@3s806069dwo boswsyo
g0l bo3dgbo

B 95@geol adv)8s39ds

B »36mdo

bmGomo 5. 9080569800  xowgbol  9gdmbggzoms  aobafowgds
dobggom, 2008-2017 §.§.

065303060900l Hobzol  Bod@mmgdol
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2.7 x0mgbol 3mbGHOHMEO S 3OMBOMIBH0IS

2.7.1 xowgbol 3mb@GHMmmwo

3MmbGOMmmo s,  Abgowxgbs  Lodmbeools  9gdmbggzsdo,  xowgboli 95035300
39653003908 0bxqJ3o0l (30300l §y39@L. ™ 3bmdowos 3m@gbgom®mo 0bxggdsool
D906, ©799m369903 Mbs dmbgl dolo geodobszos. 0dob gomzswolijobgdom, Mma
X0wgbo  MIMogzMglo  dosboldFsdger  dmdMIfmzmms  O939YdSS,  3MBEHMMEOL
53m3ML0M9ds bgds dobsm® Auibgowagbs Lodmbgeby. 39MTs0 9350 JdOL 5839g0J9dol
d900bgz935d0  3bGHOMEoL Dmdgdo Mmoozl 9d(9d)ol Lomsbsm 2591369090 gmesL,
0633994300l 50 obLs s BHLEOLMZ0L A5dMYqbgdrIemo BsboErgdol 3MbEST0bs30sl s
bbgo 3bm39gdols 93Mbsenmdol /s 35d30bs30ol @sHygdsl, LsFommgdol dobgwgzom.
qdob 299936909cgma3ol Lom3909LM FgOMPOS INIS. Xowgbol 359306900 Abbgowxgbs
Logmberobmgol bgwdolbsfigomdos «mdg@al J9399bgddo, 2sblszmmEgdom 30 0d, Loog
4m39Hom®s©  30JLoMEIds 953990900 b  L3MMsEIwo Fgdmbggzqdo. 35930bs
55805690030l 0fsMTmgds  FbmwmE mmb J399sbsdo s edM0oYygbgds FbMmEPME
3Gx39b0MEo MHob3ol §39d IYymxy 30609ddo, o039 LEBO3MNBT0. Fglodsdolo, 595505
35056 300mTs 5056 F9BMMM0s. GEDMMEHME 396 dbgdsdo, LosE ImJdggdl
bgwdgmbgdEmdol  3mo@03s, xXowgbbg  3mBGHOMOol BTGl  goBocgds
d9LsdgdgEos  FBMEME  ROIEIOJ  BoEMS309030 b 3mE3MYEBHMwo  Lobgmdol
396502 M9g00L Golizol 99dmbgq35d0. 53 Lo30MbOL obbogs Mbos dmbgl bbgoy3zsMo
d9005Mgd0m 930609 96 3m09OE0M  LsbsOomM  BHYMHOGHMOM09dDY.  60d3bgrm3z5605
©MRMTMOOBO 3MIYM(300 5EY0JOTd0, Lo BIMIGOL JusBPIMYds Absglbo 39w wGO
0bgds. (WHO, 4" edition, 2008)

2.7.2  353bosgos

3943065,  OmIgmoi  woggbbodgdmmos 983-do dbmwmE  39¢gO0bsOMwo
9mbdsMgdobmzol, 6oL 3mabowo L3mEMgdol dgd3zgwo  36M935MsGo (Anthrax Spore
Vaccine), ©@sdbs¢g0v)cro Colorado Serum Company-ol dog®(Colorado Serum Company.
Anthrax Iive spore vaccine information leaflet). 354306580 8909535000 xoggbols d@Esdo
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0909935390 0465 9EgMbols dogm, 1930-056 (ergddo (Sterne, M. 1939; Sterne, M. 1939;
Turnbull, P. 1991).B. anthracis -ob 9@GgMbolb 9BHodo  565358LWOMIOMOs S
539bMo0gdmwo(Ivins B, Welkos S, 1988). 351 56 5943b 398Lwemol 3s3m©@o0gdgwo pXO2
35300, MmMd3s 06560BMbgdL pXO1 3enoBdol, MHMIGEoa 53MmoMgdl gybmEmglobl.
bbgo@olbgs 33e0g30L  dobg300m ©oYgboos s©0bodbmwo  35d3060L  M3oMo@glmds
X OIIO0LYYD 09308 BOE  359d3069dsb  FgeMgdom, 306506  0dwg3zs  dwog®
3060 9gbGHMM0 JBHodgdolgob o330l LBodmogdsbsg. gl gboderms godmfzgmeo ogmb
CMI bs3sbmbm Ggodi00b 3sdmfzgzom gbmggwgddolvins B, et al, 1988; Mizrahi, A (ed).
1990; Pezard C, et al, 1995; Turnbull, P. 1991). 3m3bsero L3mM9gdol d98339wo 35Jd30bs
LoFoMHMYdL dbmermE gMo Lsfyol 0dMboBsEosL (96wgdn® 39Mgddo €93mIbgdwmeos
™60 03960Ds305), 96330 ym3z9geHicron®o dLEGHIH MHBom - LOYwo 0dx9bo@gdEob
d9Lsdabgams (Colorado Serum Company. Anthrax live spore vaccine information leaflet).
909959350 5doby, Kowgboli s0bodbme 35d30bsli 9g3l MmMo WsHymBomo M30LYds.
3939M0bsrmwo  35d30b0Lm30L  godmygbgdmwo IEHsdo 0bsmBMbgdL 0bgdiool  sM9do
M3 OHo 6930mDol, 3bmggwms BMmYoghHo Lobgmdsdo 30, oaswoms Mbgdls o
599030 - 559350930l 26300560 gd0L TglodwgdemdI (Ivins B, et al, 1988; Mizrahi, A (ed).
1990).c0553500900L  353mf3930L  MHoL3o,  JombgEsegzsE  0dz00m0  Fgdmbgzg3zgdols,
Do0mogbl JobgBL, oL godmE @OLSHZEG 93MM3s O3l 035390l 5E5B056gdOL
3™Ebowo 35J30600 031b0BsEgo0LYsb (Mizrahi, A (ed). 1990).

5058056030l 2563MM3bowo 3MEbowo 35d306990L dodsMr FoEMmds Lb3sa35M0 0gm
Bobgombs s GGl Bgges30s500 (Pomerantsev et al., 1996; Stepanov AS, et al, 1996). 50
dbemog om0  IIMI0IOMgds  3bM39egddo  godmboggbgdws  ITIBoYdMo
3594306900l Algo3L0s. Bobgms S HYlgMOL BIIMS305d0 M Ebowo L3MMgdol J9d(339wo
394306900 8B5S 5 W0ExEbBOMGOME0s 5056900 Q5TMBoYgbgdEs®. MHMLO
39430695, ®™Ageoi 1930 s 1940-0560 argdoom ms@owgds (Shlyakhov EN, Rubinstein E,
1994), 04gbgdlL STI-1 9¢sdl, GMIgerog FoOdmdmdom dEgMbol 34F2 950l dbasglbos (STI
Dodmogdbs 9BHodoseb “Krasnaya Niva”, ®mIdgerog godmoym xowgboo ©owv3wewo
3b96056 (Cherkasskiy, personal communication, 2002). 1953 {joeol 956 dmo03m3s o396%o0s
50530569030  139M0R035300L  dbom, bmem 1959 (gl - 3964398 TgLoyzobsco.
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bgdobsfizomdo 0bgm®mds3ool sbsbds, Mmoo 35d30bol dm3m3z9ds Tglodargdgeros
M9gmoL BgIOS300L LsDPZOYOL BoMdsz. o3 899bgds Bobgml, ol sdBoEIOL dbMmEPME
960m3bmwo  LsFoMMIGOIOLMZOL  153ITMOL  MoMmEIbMdIL s BobwmEmo 35d3obs 96 GOl
bgedobsfzomdo  J3qggbol  ao®gom. 1950-1960-056 (argddo Gmlo dgisbogcdgdols doge
Bo3oMs 33193900 0b63sems3ool gbom 0dboBsgools dgbodergdermdol olioygbs.
3b™M39ms  Bbgoolibgs  Lobgmdsdo 0b63seogools gboo  MHgoemEmo, ©O3339XMO0MO
33963050l dJmbg 0dmbo@g@ol dgboddbgwrow LsFoMm s0dmPbos gmEboswo 3sdi0bol
OO  0635¢mo30wmmo  mbgdo (20-50 dowombo ©s dgBHo UL3mGS) (Anon., 1967;
Lebendinskii, 1971; Ogarov & Gapochko, 1975). 58 ©@mBg000 35J30bol 8@sdds godmofigos
Dm0 06039J309. wgd9bobLizd (1971) gobobogns 1958-1967 fiergddo s9md3zgybgdmeo
965350 BESH0s, MHMIGdo3  S0PIO©s  Xogbol  59MMBMWobYdIMwo  3sd3obol
3900905l 4000 50053056%9 ombgdom: 15-300 dogrombo STI Esdol bdmeMs. d90yma 260
558056 031boBozos  BomBs©s  STI  J@sdolb  L3mMgdol 993390,  dwoge
©oL3gMLoMEo  MHY35©O  HGOMBME0m.STT  35d;3060L  9839dEGHMOMBS  gobolisDwzcmgds
BB JLobol BHglBGom. BMOJBobo SMOL Foowo FHgddgmo@mol dodsm YOO
300olgdoMm0-360Mm3HJ0b-bd-ol  3mA3wgdlbo, GMIgwoyg doowgds B.  anthracis-ob
50535830 dwo  dBsdolysh. gl 3m33wgdbo o6 dgo3sgL B. anthracis-ols doge
30O 39RLW MM b BHMJLoygb M bogmogMgdgdL (Shlyakhov E, et al, 1997).
b gbobols 3560l GHglGol 3MBsmdol 30063030 GHvdgMIobol 3560L Lobyxol Auysglos
o 9899dbgds YO 009boGHYOL(Sharma M, et al, 1996; Shlyakhov E. 1970).
3bEModbobols 3m33wgdbol 0bgdaos bgds 0bEHMoYMHIMws©, F9IR00 30 030Mbgds 24
Lol 899gy. IEIOOMO M9god300L Jg8mNb3z935d0 30bgds gM0mgds ssbEMgdom
990 ©0599BHM0m S 0bEMMSE00m, o3 39MOLOLEHMIOL 48 Losmol  obdogwrMdsdo
(Shlyakhov E. 1970). &gb®o Lo®ombmo goblobeg®ogl 35d30bom 0bovyio®gdmwo
099603 9@0L sOBYOMBIL 230b690L MEYdT0, 3HZMIOLS S 5sT0s6gdT0, 0ln39, MMM
35309639030, ®MIgdo3 20-30 Herom s 99350900 0Y369b 303d0MOL Hywmom,
099935 8305690000 5096 M3w0bEgdMmIm B. anthracis 36n3gobgdols LyHobssmdgym
3bEoLbbgmEgdo. 3000609 0bxm™Isgos CMI-ol HmeEool Jglobgd  xowgbol  dodsGo
1393083037900 039boGgBHol dgddbsdo djoGmo MBGds, vobeglids 33w390ds 5ERObIL
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3OEbO0 35943060l (565 9ME0WgIWI© 3MEbIo B3MMmgdOL F90(339¢00) MB0MSGHIIMDS
Jodow&o 30m33mbybEHId0m d0MgdvIen 35d30bslmsb Fgstgdom (Shlyakhov E, et al, 1997).
90bgo350 530bY, 3530963900 s L¥IYEOEOBM 39MHLMbEo Mozl 0353908 EFMEbswo
L3mM9gdol 993390 35943060L 25dmYyqbgdoligsb 08 998mbgzg35d03 30, M) FEsdo 96 SOl
3069600, oo 306 gbEHIO BMMTSE FoMgabol Fodol godm.

X0wgbol 3593065, ®MIgoa wo3gbbomgdmeos 588-00 580569000 45dmMbogqbgdesc,
89098539005  30B0obol  LoBMYsMIIM030  K9bOE30L  ©IY3sMIESAGBEHOL (MDPH),
bomem ©sdHsgdyeo - BioPort Corporation-ols dog6 (Anthrax vaccine adsorbed description
leaflet, 1987). AVA (s@bm®d06m90mwo xowgbol 35J30bs) sGol 3sd30bol J3gxamao,
3903 Homdmoygbl »x9gdolgsd mszolbRse gduBMog@L. 35d30bs Fo®mdmowygbl
5edoboll  30MHMmJloL,  MMIGEoE  SEILMOMDOM©IdS  BEBIMOWMMO 3 EGHOOL
RBoGHMsGob 999339 PA-Yyg (Ivins B, et al, 1994). 3o @HMo@o Hoedmodbqgds B. anthracis -
ol 5653580 gdMwo, GHMJLodabm@o JEsdolb - V77-NPI-R-ob - 8553963963 9dgwo
3G MO0LYsb (Ivins B, et al, 1994, Ivins B, et al, 1988). 35J30b580 090s35¢00 d@Eodo
390 EG03000905 BLObMYHBME 60sIRDY, BMIgwoi bgwl MHgmdls PA-ob LobmgBls s
1930930l BOEOL Gsbsdo, M3oGsBglo bbgs 3OmEJobgddy (Ivins B, et al, 1994).
50580560l }¥0oEgbols 359d30bsL 5943L M999bodg WoHymzomo m30Lgds. LEMEYMBOWwo
09996039@0L dgboddbgs LsFoMHms 0dbobsEgool 6 3MMEgEMOOL Bsdomgds 8 ™m30L
3968530 Md5d0, MoLsE 096 BEI3L ymzgEhwom®o dMLEIOH MBoL Jowgdol LsFocMmmgds
(Ivins B, et al, 1988, Anthrax vaccine adsorbed description leaflet, 1987). 00 5005305bmo 35%-,
MOMIwgdo3 00936 s0bodbmer 359d3065L, WIFOJBOMPS SPYOWMIMOZ0 Mo (30930
WMISYOHO (3303000, LOFoMEOLs s SBMYdOL Loboo (Ivins B, et al, 1988;Ivins B, et al,
1994; Singh Y, et al, 1998). 3543060l 300093 9600 bs3c00s 0ls, Mmd dsb 396 dgdem g30bg0L
06900l ©s33> B.  anthracis -ob 5053060 gbGHMOHO  FBHodgdol  sgMmbBmEom
065303060990L56, 03boB300L LEOVIEO 39OLOL gogwrol J9dgass 3o (Coulson N, et al,
1994; Ivins B, Welkos S, 1988; Ivins B, et al, 1994,;Ivins B, Welkos S, 1958).

39J30653300L5m30L  3P3969d5 omMzargds: 3939 06839d30MM0 @S 9G9-0bxqz0MGO
Q59350090900; JOHMB03w0 9350090900 3od()353900L LE905d0; LoLbEPOL 53030L9d0560
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Q55350090900; 3dodg 3MMAMILOMGISEO LMTdGHMO ©535009)09d0; 08IbMPIROEOGIOO
900M3o69Md; 3560l JOMb03 Mo 935009-0900; 39bId0dMd.

392009600 5360900  MAIMPPsm  9300P39bgd0L  dobgzom  WBdMMSEHMMO0L
05650060 gdl, GMIgdLs3 Fdomds bdsm  Kogboll 3MmEbIw 3w EHWEOSDY;
BMmm39309053908 @5 00 3060908, MHMIGd0E 3OMBIBOMEISEO  39390YIbO 30D
3063Y30lL  ©s33wobfjobs Jgbobgzom, @s33wom, 253HYo390000 @S bmOEoL  sdbom;
3539060 FomdmImdol byowgmwols 99aMmaqd0m, d9bsbgom, GHEMbLdm®mEG0Mm9d0m ©s
306390 35-085390000 0535390 306090,  LoJoMHM39wMT0  EBMEMSEHMMO0L
05659960 gdL X0wgbol 4923060 53Ms STT 35Jd3060L godmygbgdoom wESMEYOIm. O3
d99b90s Logomzgemdo (3bm3gwgdols 35d30bsE0sl, o9 398m0oygbgds Grmlimemo Homdmgdols
35J30b6s - ,Bakiuna nporus Cubupckoi A3Ber xuBoTHBIX U3 mTamma 55-BHUVBBuM xusas
xuAKaA . 51939 M59m©gbodg ol fob godmygbgdmeo 0dbs Logomzgurmdo Ho@mdmgdmwo
»0.3.b. 039bM960L* BogH HoIMgdyo 35J30bs. 39d30bsE0s bM39Wwgddo, J0dE0bscIgMdL

4m39Hom6s©, oboxbrmbyg 3543060l 0blE®mJ300L Tglsdsdolo.

2.8 x0@gbols WsdMOSEHMMOMEOo E0536MLEGH03S

AbmREoMmL 9BIOSO 5dMMEHMMH09dd0 X0wgbol W5dMMSEGHMMOHOICO
LG MIOOLMZ0L  BsOOMO  A59M0Ygbgd505dBHIMOMEMPO0MEO, BGOHMEMAOOO ©d
099bm3obEmgodon®mo dgonmEado, 9939 GHILVGHO X0WwIbol sdEs30 bEH0RboL (PA)
509MLsRYB® O 3t0dgMsDMo K5F3MM0 Mgod30s b gBYJaool Bobbom (Bell, C, et
al, 2002; Espy, M. ], et al, 2006).

500530569030 X0gbol W sdMMSEHMMOI0 EO0PBMUBEH030LSM30L 15331930 ToLons
5(30009dO© MBs 0465l 50O 96EH0d0MEH0390000 839OBswMmdOL  ©HYgdsdY.
50Ls603b5300, BIMT WHdIMOIGHMOHOVIEO 33¢0g30L  9RIJGHIOMBSL SOLYI0MOE STF0MYOL
9339 05045090 56@080MmEH030096M5300; 56EH000M 303900l 8039006 24 Losmdo w339
b0 259m3(3930L 3929G930IO0 BMMTJOOL TMB3MBS.

29



bodomggermdo, olg3g MHMmamOE domgel JbmBEomdo Xowgbols sdmMGMSEMMOIE0
©053bMbG035/3mbx06MBs300 3033cgdlvM0s s IMOo(393L 98P B0 gdgOL:

> 05JGIO0MEMPO0MMO: 39 EVIOHOL 0DBMEs30s 3¢0b039M0 B03MTgd0ob (Lolbero,
D9 memol G0amo3L0, 29653500, odzm®o s 5.9)

> Lgomemaon®o:  ELISA - Lolbbeol  3Ms@do  xogbol  Lbofobsswdogym
3bEoLbbgmgdol (IgG o IgM) s0dmbgbs; ELISPOT - vyxMgomeo 0dwbodg@ol
240bLOBEZEMS

> 0mwg3m®o: Real-Time PCR 3m00g6HsHwwo xsF370H0 69od30d ©9oenm6
@Omdo - 3w0bozm® bodmddo xowgbol 30MMEgbBH™MBOL  gobALEBOZGgO
3w sHd0ogdoLs (pXO1; pXO2) s JOHmdmbmdol ©g@gd3os; s0bodbmwo dgmmpom

31939 bgds 259MmyMmzBowo 3wEHWIOHOL BodMEMMm IILEIMYDdS.

BsdmmzEowo dgomgdosb Real-Time PCR-U 99bLo3mo®gdmmo syowo m3om@ogl
5653303069050 6083900l 3H9LBH06Mgd530; S©0bodbmwo Fgmmol L3gEoTRMOMdS
5 Go0oo  daMdbmdgermds BMHoL 8030Md0L  ©9B9J300l  FgbodegdMmdsl  oligom
6083903803 30, LssE 803OMMEMYBODBIOL MoMmEIBbMBds 50D IBIW0S S OBMEISEHOL
900905 396 bgMbgds.

29 xogbol 339®bogomds

X09bol 8390bsMmd0LIMZ0L sMBYIMOL 5d30 M8EIB0TY 3560560 SBEHOMdOME039d0LS
@5 3bGHoEMJLobOL  godmygbgdols Bsmgzgwom. 353096¢gd0 (3939 Xowgbol BmGIom
5302905 bs 04696 3mL30EO0BoMYdMgdo; Tgladerms s ILFOMI0 LMo
520900 939MBIWMBS OMYMEOHOESS BLomMbol bsbamdmogzo MYboMgds s BowE39d0L
99956037960 396G 0ws30s.

3bGH0d0MBH03MMYM5305  0ffygds  dYobogMo 93500l JoMmzgwo  Bodbgdol

399mbBgbolmbo39 o 930G 15331930 FobdEPol 5¢gdol J909Y.
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Bsbg3960 Lom3Mmbol fob 396056 ymends (1955 () shgs: ,3960300bds s BoMHM
1399dBHMOL 56EGH0d0M 3039035 08B 255F5MEH039L X0 gbols JoMrIMNZ5, MM MSZ30LIBWS©
390dwgds 0009358 - xogbo, MMAMOE 99350905  BgMoMmbBM  LOgOMbIL  SPIE
Dom0moygbl.“ 3ol 8909y, ULogodmggermdo boby®mderogo Mmool  456ds3ermdsdo
X0gbol 33Obsemdol sGBY30L 36Mg35M0BH0 0gm d9bbowdgbosowobo(Jamie WE, 2002),
0939, dmwm Hewgddo B, anthracis3gbo3owob®gboliGgbdmwo 8@sd900l  gobgbsd
3990305 Lbgs 36935653Hgd0L BsOM30L LyFOMMYdS; ©9339 ML, MBI30L 3MIY35GES®
3°9009gbgds  303MMBEmdLs3zobo. LobGod@m  3M935053¢0s  303MMmzwmduszobo,
5 39MboGHomwo — mdboiolzwobo. 3dodg 99dmbgg3zgddo 0bodbgds 303MMTBMJLsE0bo
96 mdlogozwobo + 5030l 30M935MEH0 FMAbMBYEMdOL Jobg300 (Yoergbols Jstorz0l
36 haz302¢70, 2015).

X0wgbol 396063950 mMo s Fow@GH3z0Ldogmo RGOl d3)MHbser™ds  J0dE0bIMGMAL
960b5065; 259mI0bs6g 0Josb, O™ PMJLoEo3wobo 396 Wbzl 3935EMIb3gBICO
056(09ML, Job Bo33ws@ 9dM0Ygbgds 0.3. BEMOHJobmwMmbgdo; s193g M93mdgbOMYdME0s
3260G03mBEIOM0EIo0L  45dmygbgds 3960bygomemo  BmMIol EOHML  ™og0lL  BH30bol
399993900L Mol3oL gLsd30M90ws© (0c9bol Fs®030b 36GH M 02¢0, 2015).

2.10 xoggbols ImerglemEo 03060705 S MO0 Bowrmagbg@ogs

B. anthracis g6H»-960m0 43900sDg dmbmdmOHzmo Lobgmdss, o3 60dbogl 0dsl, GMmJ
6900L30gMH0  FyoOHmEIb v 29MAMIBOMWO WM3IS3000 [oMmIMTs35w0 0BMEIsEHYdO
5396MmE03996M50 ©5 396MmGH03MMO© oMol gOHmMTsbgmol 0IbEMM0s. B39BME03IMS,
935990L dmMob bbgomdol 25dm3wgbs dbMEm© 0lYMO MMM YBMdM030 56 Bobgz®moco-
50mbMdM030  FoboliosmgdEgdom  SMOL  FgbodergdgEo,  OMYMOGO0ESS  JMEmbool
IMORMEMYP0S, FAEPMINWS300 MHY39 153390 9M9d0, MXOIEOOL BMTs, F9FMOZEGOOL
LboBdotg, BL3MMGdOL FoMdmdabol 9x39dGHemds, LD50 3gbmggwms Lobxqddo s Lbg. s
bbgo0035m5 3969303900 Log3mAd3zgeo xXJO 3093 5O OOl sPIBOE0, bemgrm ggbmdols
Ubgomdol  ©9BYJ300  IMmEg3Mem  mbybg  Logdsm@  GHoos.  domdodo®o,
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LIOMEMPONOO S BoZMG0300900L  JNMEYd0,  MOMAWIdOE  JdIM0oygbgds  Lbgs
35mmqbgd0ol 9dmbgg35d0, 50 MHOL VoMgdMwo B. anthracis-ol Lb3zosbbgs 9Es9900l
0096@0x8030MJ00LM30L. 3505369 fergddo  8600369wm3zsbo  3GMmaMglbo  odbs
dofgmmo bmBEom dsBIEH000 Bbgsolbgs 0BMmEo@gdl dmcmol Bowmqby@ozm®o
MOD0YOHNIOZF0OOL  ABLIDBEOIMOL  MZoELOBOMOLOM; sl BoRoOMs©, FMSFMBOMO
©@m3Mbgdol  3Hobgdmemo 963gmeMmgdso ™MsbdodyztmdgdoL (33O MoMm©gbmdol
3b65¢00bol (Multi Locus Variable-Number Tandem Repeat Analisis - MLV A89d3gmdoo (Keim
et al, 2000;Keim & Smith, 2002). MLVA 99000©0 ©5329d690w0sy9bmddo,B. anthracis-ols
J6O@AMb@IGOLy s 3eoBTogddo F@sdob dodsmm  L3gEoBozMe, b3 gmEGogdol
396890mM 900 56308 93MMmdsms (VNTR) 500mbhgbol  s6Lgdmdsby; 9300030603900
MLVA 0306930bsm30l 635 35639600560 LobGgds 0dbs godmygbgdmwo (MLVA-8), Hob
Log3dzgebYs Imbs FmgBoml bgsolibgs 939996d0@Ib 4odmymazowo 426 0BMWsEHOL
193565305 MO OO0 MBI MO ¥ aMRs© - A gobdBHMgds mmbo 6 dg@o, bogrm B -
™60 930609 3olEgMom. A - AmBWwomdo Yy39wsHg BoOOM® 93039 I XyIRBL
DoM0moagbl, Bl s@dmBgboros dbmmwme LsdbMOHgm s3M035d0, bmem B2 - domgw
AbmREomdo  sx8M03Z0L  goms (bwGsmo 6)(Keim et al, 2000). s0bs60dbsg0s, ™A
Logomm39emPo s LEAbEOY 35335b00L Mgaombdo dglfsgzerowo ImE0M3IMWoMg X owgbols
9359900 2496939036905 MLVA 3e00b¢g0  A-U.(Merabishvili M, et al, 2006; Durmaz R, et al,
2012; Eremenko EI, et al, 2012)306dm@ 30, 99L(53c00o oym bodoOmggaerml bbgoalbgs
93069006 0BMEoMgdMmo xowagbol 18 JEodo, M™IgdoiE 33¢g30L 9wgaq00L
0565bdo  39693m369BMLVAA3 3¢05L@geb. 93539 3asbBg®do bBsbsbo oym xowagbol
0)OJMo  0BMEsBHJO0E, M3 F9BHY39wgdL LsdbOgm  39335B05-medqgmol Mgaombdo
LgONM 496MEGH03900L (306035305 DY.
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Marker Differences « & o ¢ o 59
4 2 o GN § § Egt 8 X %

Geo. Region

313 229 162 613 604 153 123 137 Italy USA
313 229 162 613 604 153 123 135 CaAN

313 229 162 613 604 153 126 137 NoA BZ EUR
313 229 162 613 604 153 126 139 USA Haiti
229 162 613 604 153 126 135 OCaW

301 22% 162 613 604 153 126 137 USA

301 229 162 613 604 153 126 135 CAN

313 229 162 613 607 153 126 137 CaN

313 229 162 613 607 153 120 137 CAN

313 229 171 613 604 153 126 137 USA

313 229 171 613 604 153 132 137 TURK

313 229 153 613 604 153 129 137 TURK

313 229 162 613 604 153 132 137 China TURK
313 229 162 613 604 153 132 141 China

325 229 162 613 604 153 132 141 POL

325 229 162 613 604 153 132 139 HUN

325 229 162 613 604 153 132 137 NOR

325 229 162 613 604 153 129 135 s1O

289 229 162 613 604 153 123 137 HUN

193 162 613 604 153 123 137 Italy

313 229 162 613 604 158 123 137 TANZ UK
301 229 162 613 604 158 123 137

313 229 162 613 604 158 141 137

313 229 162 613 604 158 129 137

1 313 229 162 613 604 158 129 135

4 313 229 162 613 604 158 120 139

i

CWRNDNIWN -

Al.a

Il

P IR | P
w
-
w

NN
N
o
©

A1

UK
TURK
UK
UsSA
ZAM
1 313 229 162 613 604 158 132 139 MNOR
313 229 153 613 604 158 117 137 7TURK
1 313 193 162 520 604 158 132 137 PAK
14 313 229 162 613 532 158 123 135 ZAM NAM
INDO
Korea INDO
TURK
Ko

fi

AT AL AN T PPk IN P A 4y ATt A A A R AT T st T Sl cht s todr At het P it R e T

313 229 162 613 532 158 123 137
229 162 613 532 158 123 139
313 229 162 613 532 158 123 141
313 229 162 685 532 158 123 139 rea
229 162 613 532 158 132 141 TURK NAM UK USA
313 229 162 613 532 158 132 145
313 229 162 613 532 158 132 143
313 229 162 613 532 158 132 155 GER
313 229 162 613 532 158 132 147 SA
229 162 613 532 158 132 139 NAM MOZ
301 229 162 613 532 158 132 141 TURK
TURK
TURK

P
w
P
w

o, .
w
=
w

-
w
-
w

313 229 162 502 532 158 132 141
313 229 162 613 532 158 135 141
229 162 613 532 158 126 141 TURK NAM
313 229 162 613 532 158 129 141 TURK SAF ARG USA (V770)
229 162 613 532 158 129 141 ARG
313 229 162 613 532 158 135 149 UK
313 229 162 613 532 158 126 149 UK
UK
UK

.
w
-
w

N
®
o

313 229 162 613 532 158 129 143

Al.a

313 229 171 613 532 158 129 143 USA

325 229 162 613 532 158 126 145 India
229 162 613 532 158 126 145 India
g 3 313 193 162 613 532 158 126 141 AUS NAM
313 193 162 613 532 158 126 139 AUS
L——— 2 313 193 162 613 532 158 132 141 NAM
3 313 229 162 583 532 158 123 141 China USA
313 229 162 583 532 158 126 141 Can
1 313 229 162 583 532 158 129 141 China (Sterne)
A3b 301 229 162 583 532 158 129 141 GER
313 229 162 583 532 158 129 135 GER (Sterne)
313 229 153 583 532 158 123 141 USA UK (Ames)
———s 313 229 162 583 532 158 132 139 INDO
A3 !  N—— g 313 229 171 583 532 158 132 139 INDO
Jpr——— 313 229 162 583 532 158 135 137 GER
28 313 229 162 400 532 158 120 137 AUS
91 337 229 162 613 532 158 120 135 SAF
301 229 153 613 532 158 126 141 Usa
i p— 313 229 162 538 532 158 132 139 PAK
313 229 162 538 532 158 129 139 NOR
1 313 229 162 538 604 158 132 139 Ireland
E 2 313 229 162 538 604 158 129 139 SWI
2 313 229 162 538 604 158 135 139 China USA
&

313 229 162 538 604 158 132 141 PAK GER
313 229 162 538 604 158 135 141 SWI
325 229 162 538 604 158 141 139 PAK

| Ad

|

301 220 162 583 532 158 129 135 SLO FRA CRO
301 220 162 583 532 158 129 137
301 256 171 583 532 158 123 139
301 256 171 583 532 158 123 143

B B2
B

301 256 171 583 532 158 120 137

[LLlL

1 301 256 171 583 532 158 120 143
1 301 256 162 583 532 158 123 141

FRA
SAF
SAF
MOZ
UK
301 184 171 583 532 158 123 139 MOZ
NOR
SAF
SAF
USA

byyMs0o 6. MLVA-8 396m@0306300L 9909200 300gdwmo gowmynbg@ozn®o bg; A s B 3mslgghgddo
29590005bgdo 89 »bozswm™mo ygbm@Eodo
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30B9Ho, M M5GHMA 560l A FFH3gd0L JerMdSEIMH0 3536MEJGds dSEP0sb BosmM, brem
B 983009008 - 6om©obmdMmogzs@ d9B0mommo, MEbmdos. 3099 xmblo §30m635HMmdL
303mmqBsL (personal communication, 2003), &3 gl gbsderms godmfzgmeo oymlb A (s
565 B) 9359900l 3096 o@9b@wm0 06939300l g99mf3930L Tgbodergdermds®yg. Ldo@ds o
30w x™bLIS 5©TMBObYL BOEOLS s L3MOYIWHEO0L A5BL339dMEo Fobsliosmgdergdo
bbgo@slbgs 29bmEH03d0 s 035M9MEIL, MY 5933560 Bb3™MdS oMY gbs B3B3
39090 30OMIGOMIB  53BHO300L Fg9al(Keim & Smith, 2002). s 0mobobgl o0
363983008 0MLGHMIE0s  XOoWwgbbg  3sLbolidygdgwo  mGo  a9bm@odol  Lsboom
5ed9ME530, 396500580. M55 MBOM BOHLOWMINO0m 0Ym 453039 gdewo d@sdo, dom dg@o
oym dooo (in vitro) HBOEOLS s L3MOMEs300L LoBds®g. LdoGHoLs @y 30w XMBLOL
0565b8s, gl SLObO3ES 5@3GOE0SL FYBHO© 835300 3WodoGol Fodocmm, LosE 23500
WRO®  BHOO8I©0 3030905 @ d9B0MOMwosLo33owoll  d90amd  HBMEOoLs o
L3MOMEsEool  Mm. MLVA-3  9golemes  8603369cmgsbo  Gmeo  360030bsgrme
399md0gdqddo 2001 fgl $83-do xowgbols L3MMJd0m I0BFOEFOMYGOMEO Mo gdol
L590980 068394300l Fgommb 2oblsbL3MOLLL. AMmbogzmmos, Lobgmdsms dmbmdm®mzoBdol
396L53MPMHPIMo bo®olbo Fogfgeml RsJBL, Gmd B. anthracisbbgs dsdGHgMome o
3500096996 LobgMdYOMb T9MGI0MYITMZGIOLMZ0L BoFoMM Q5MGIML 3936 YYREOM
003050053 MBU.

O™ 256853emdsdo MLVA  0o306900L bdqds Gmdgwoi dmoEegs 8 wm3znmbol

90bg30m GH030M0905L PORIOMMIPS S 330 ©IL FMOZoe J399sbsdo 31 m3zmlo
399m0yqbgds (Beyer, W, et al, 2012;Thierry S, et al, 2014; Liu D, et al, 2017).

9969 doMOMOIPO 5 MEGHMIMIBgEOM3g TgnMmEOo, G®MmIgwos YL  Xowgbol
299m3f3930L  BowMma9693H03MM0  331093900LMZ0L  49dM0Ygbgds sl 4gbmddo  gMm-
6930 9mGH0MO0  3mE0dmORoHdgool (Single Nucleotide Repeats - SNP) 500dmBgbsby
©ox3dbgdmwo 33eggs(Keim P, et al, 2004; Stephens AJ, et al, 2006, Van Ert, et al,
2007),6:029¢00l 5356gddoa Bodo®s B. anthracis-ob 7 83sdol (C.USA.A1055, KrugerB,
CNEVA.9066, Ames, Australia94, Vollum, Western North America) 996mdolb LEwwo
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b9d39b06Mgds 08300000 JOM-6130IMEHOMGO 3M0dMOBOHBIYGOOL (SNPs) godmgzegbols
doBboom(Van Ert, et al, 2007); H5bs3 0tm3943s 53 dsbsliosmgdegdol 10wmagbg@ozm®o
39054365 93MmEME0ME INEIWE. S0b0dbMEo sbseoBOl Fggas dmbs 03 geom-
693gmGHoM©mHo  3modm®mxobdgool  (SNPs)  0@gbGHonogo®mgds,  GMIwgdos
396L5BE3MO3L LEbYMBIMS JOMOMOE JWMBME K AMBJOL (356MboMMo SNP-900).

50b0dbEo 356mbozmemo SNP-9d0, 15 33e0@0 Gom©gbmdol ¢sbgd®o gobdgmemgdgdol
(VNTR) 0563960930056 9005, 359mygbgdren odbs 42 J399bosb B. anthracis-ol 1,033
0bmws@ol 999333900 3Mgdiool bdGH0306M9d0L Jobbom, ggbmEodols dsldEedGo
dmbs3gdms  dobolb  dgddbol  FoBbom. 98 9bsE0BOL  Fggyo  0DBMEsEHJdOL
3l0goE0MYds dmbEs Bsd dJoMHoMs© XAMBRs©: A,B s C, H™Igdos, megzol dbGmog,
04mxmEs 12 300mbme  J39xaRBI©, Lsdmmmmo 30 - 221 vbozsewme MLVAIS
396m@03s(Van Ert, et al, 2007) (by6omo7, Lm@omos). gl 09300000 396mdNGmo 35005309
390mygbgdme  odbs B anthracis 93309600 3963000609008  sbobgols o
96535R9MM36000L  MdIMmo  60dMdgdol  oEygbols  dobbom. A xaMx30L
0DBME53HJO0 BIOMME MOV o3 39egdo ;g AbmBEromdo, 85906, HmEgbsg B s C
X3Y15B900 336300905 IbMEMmE 9D MEo FsbdEs00L LogmEgdo. Bmemg3MEMMO BosmMOol
9o, HOM3gwoE ©oxwydbgdos 4gbmadols Lobmbodm® 3ES3090DY, dog3z0m0MGAL A
X3BoL  Asbom®  slboggdsby Fms  3memzgbol g3mdsdo (/3965369  3,064-6,127
Dengddo B396L MHMAY). MRO™ 0sbsdgM™mgg IsldEsd0m, B. anthracis-ob yEomdSCOHO
339953008 BLEAHOMIBHOS SLobogl 3MmMbos® gcmsdo L3xEOR03WMO 4gbmEGH039d0L
003m6GH0M905L dz39wo ABMmBEomEsb sbsewdo, 0lgzg, OMmam®E Lblzoolibgs 4gbm@odol
39689m6 900  0bEMLEGHMOM  033MOGL  29b30maMgdM 399469080  L3MGgdO»
Q5306dmM9gdmo 3bmzgemo 36MHMYJEHgool d9dzgmdoom. gl s©0dmBgbgdo a30h39690L,
M3 50590569005 8603369wm3560 Gmo F9olevegl xX0wwgbol 93mEv305do, 53 sbews

91339 3LPMOSCMEIO0 ©95350JOOL 3BIMMORIMHSF00LS S J93M(39EYOOL M35 LsBEOOLO.
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3 33¢930L AsLsems s IgmmEgdo

50b0dbMo  LoolgMEsEom BsIMMIoL FosMAwqgddo dgbfjsgerowos B. anthracis 272
d@odo, MMIgEoE  0bsbgds Lodsemggerml dMmdol, xsbIMmMIr™mdol s beE0sEMO
©5330L  LYAOBOLEBHMML . 159g35(9EP0doL BObgEPMBOL 5935 JOIMS  3MBGHOMEOL o
LOBMYSOMIIO030 K IBIOMYGMOOL GOHM3b)o (396GHGOL  dodBHgM0gdol s 3060HLgdOL
96m3bmw 3Hgmddo; 33c093500 490mygbgdmero B. anthracis 0Dm@H3HJO0 450MYMBOE0s
1990 - 2011 fewgddo Lbgoolibgs (ysmrmgdosb: s@sdosbo, dlbgowagbs s (3Mowxngbs
OJmbsbo 30603HY30, Bosoro s 2oMgdm - o3 3Iolbdmdl Lbbgoolbgs dobogsls
Logmberol 330l / 353HYs3900L / FsMB30L 50 gd0@IB, BdMbscgEbL bbgsalbgs
B905306090056, 5GHYwL s 9.9. (sbsGIMO1).

3990©0b56g 04osb, M B. anthracis oblozm®gdom Lsdodo 3500Mmg6900L XaMRL
909379036905,  FoLob  3MBomdoLol  BOMNMLIGROHDBMGOOL  3MPbom 256339490
139308032900  LYIMTom  3OMEIOIOJOOL 533> 0gm BdFOMM. LFMToMmgdo, 33¢930L
bbgoobbgs 9¢edbg 8080bsergmds d0mwlsgO®mbmgdol dqlsdy s dgmemg mbols (BSL-
3; BSL-2+) WHdMOOGHMMH090do,  139E0WMMO 306050 SVFMYOZ0wmdoo  (PPE),
X963 9mdol  AbmBEom  MmOasbobsgool (WHO) s 983 Log®ombol 8993060930l
bo5396G™L  (DTRA) dogh Imfimadmewo ©@s ©3bxg3 0096M Im©oxnoEocgdmwo /
WsdMM5GHMMH090Bg  IMMRIOMO ©d 933030 LEBIOEGHMWOo  Lom3gmozom
362390090900 (B13) Jobg300.

3.1 8®o09d0l dsgdEHgMomEmaom®mo dmdbswgds

395GH®OL 9hHM3zbmer bozegdo B. anthracis 9350900 0bsbgds -80°C-bHg bagobmewgdo 25%
3039gOMmEol  blbs®do;  s0bodbmeo  Loobg®Gsgom  bs8GMIoL  FoMawqddo
BoLOEOMGOIO  WHBMEMISEHMM0MEO 3319308 B0Bbom bgdm©s Lo(3930056 K} owgbol
39@GHMMIO0L 9.0, 2odmfgMs, o3 4mErolbdmdl oo  bgobow  L,a03mEbagdsl” -
3033960060560 bLbsM0I6  Jguodsdol 163390 9M9HBg  goBOIL s L3MOMZB0WH6
39393°G06 BmMIST0 MBI, 5ToLOMZ0L, BJIMEs MOMMIGME0 JESTob QomgLigs
5% @3Ebgmol Lolbosh ogoOBg (SBA) s om0 mgMdmb@s@do ob3zmdsgos  37°C-%by.
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dm0936m gL, bgdmEs BobxbHJOOL 30DMOMGO  EIMZI0gMHds s BsBMIOL
5OLgdMdOL  J9gdnb3935d0  BodBHIMOMEMAONO  WIBMOSGHMOOOLMZ0L 45093935  BoG,
530bxboL  IMZ9e0gMgdol 89damd 0MBRgMmES 9gHMO 0Bmwomgdmwo B. antrhacis
30mbos s bgdms 9339 LYIBDS, (39E39ME0 3MMBoOl bgwsbswo Jssmglizs 5%
33600l LoLbEOSD  ogsMBY; booglgdo  33ws3  ME3BEYdMEs  IMIEI3bM  WYIY
0903bGHsG0  37°C-Bg 05dbodNd 16 LosmOL gobdsgMdsdo ds30Wgdol B3MMMZ6
363530 goilizerol Megz0l sMH0YdoL JoBbom; LEdME MM, Ym39e0 JEsdol dglsdsdolo
gobxsbo  ghmo  Lyxms  3mwmboosb  800gdMEo  ByBIMOm  45059(399Mo

99309)MH0 93000900 MYP00L EdMOMIEGHMM0SL 999aMd0 33¢093930LmM30U.

3.2 b3-ob gduE®aggos

©b3-0b  gduBGodaos B. anthracis LMBZMS  dJBHIMONMNWO 3 EHMIO0IBOMVOWOL
99000l 459mygbgd0om BSL-3 sdmGs@m6mosdo 8080bscgmd@s; ool dgmm@o

3359093l Bodwmoegdsl dogommom UBs3dsMobo Lofjdobools s 3mbggb@®Msgool ©ba,
MOMAol  459mygbgds  Fgbodegdgeos  3eslogemo 96/ Mgermm  ©MO™mdo  3xO
33w930Lm30L. 3OM(39OVIOS GH9MIdIMES O3LXIE-BO FEGHI0EIOMo LL3-0b dobggom:

" BGHIOOMOH0  9ODRIMSEO  Bologbo oMYl 498mygbgdom 3@ Mob
53066006 bgdms 1-2 d5dH9gM0mwo 3memmboolsmgds s 500 83¢» TE 8539630
2obLbY;

= BoMg3z0L  3mEOE9Juol  Lsdmoegdom 15 3ol 4963s3e0mdsT0Tgbx 0M930L
039900L Bsdmy®ol doBbom bsbdmzwg 39bGH®ORMA0Mm9d0L 990y  bgdms
dolo 0639905300 95°C-Bg 25 ffmmob 496353emdsdo;

" 0639905300L 99003 603493900l (396GHO0RMR0Mgds bgdmos 14000 d6/fo> 5
Dm0l gobdogermds80;

" 3953058200900  LOWWdOLMIDZ), LObxIMJd0IE  bgdmos  40003¢n
1939665396EOL 2oo@9bs sbsen 1.5 A d03M™M 39bEGHMORMAOL Lobyxs69dd0;

" 000M)M 30090 ©bd 608dBY BHoMIOdM®S BEBHIMOEMdOL BHILEHO SOLYdMEO
LL3-0l  dobggz00: bLbsGOL 5% gfizgmgdm®s 3b3MOL  Lolbosh sas6M%by s
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0631980m©gdms 37°C-Bg 72 Lo-ob Q563530 mdsdo. Jo3OMdMEo 3membogdols
0o0mgddbols  dgdmbgzgzsdo b3 oxgowm@GHMmgdms 0.22 930 gow@H®do b
0b59d3H03060090ms  95°C-Bg  ao3bgwgdom  15-20 fior-ob  go63s3wmdsdo, ol
390009353 39689690000 Im{jogdmEs BEGHGMHOWMdSBY.

3.3 3mo0dgMsbmo xs3F3MH0o Mg5d305(3XRM) Mgsemme Mmdo — real-time PCR

B. anthracis 3790 &19609000056 450mymx30eo ©bd-ol LsdMmE MM EIILEHYMJdS BYdIMES
Moo ©@Omdo  3xM  9goom©olb  49dmygbgdoom;  sdolom3zol  godmoygbgdms
3006MH0E0BS30Io  BEMMOLEIbGHo  DmbgdoldMoibodby 89909353900 5.
anthracis L5EOSRBMUBEHO3M bo3Mgd0 (B. anthracis DetectionKit Targetl, Target 2, Freeze-
Dried Reagents, BioFire Defense, LLC), ®m3deol bsdwsggdomss begdms bo3zerg3 ©bd
6091300 xowgbol 306w gbGHMdOL gobdloBraMgwo 3wsBToEIdol sedmbgbs (pXO1;
pX02); 3x6 653609030 dgoms LobxsMgdo, HMmIWgddol Inmoglgdywo oym Fobslfs®
399050900, WoMmBOWOoDBOMGOIMWOo BsGgsdom 5609900 yzqws LsFomm 3ma3mbybEoom
(Mg+2-0b  0mbgdo, Taq-3m0dgmsbs, U3g3oxnozwmedo  ¢dbol  36Ms0dgmgdo @
RBMmO9L3EI0EGHME0 Bogdsg0m IMbodb DBmbOo); 50bodbme LobxsMgdL 9dsEgdm©s
10 93c» b3 s 30 3¢ Hgowo; xsddo 40 93¢ B30 09bdMO® bsforgdms me-m6
3o30oMmdo  (20-20 03¢) @O MO0 BHJOOL  Lobom  0YTJIMOS 39O
503w0x035GHm®do Light Cycler 2.0, Roche 999090 Lotgodom 306H:Mmd9d000:

v Lafigobo @gba@m@ogos  94°C 2 fo
v @gbs@m®s30s 94°C 10

45 303wo
V' 00308035305 60°C 20 ¢0

b3 5330530353008 FMMEIdOL 30DYOOBs30s bEIdMm®s Mgodiool  AL3EgEMdOL
356595, beagem dmbsgdms LsdmEwmm 0bEGHIM3MYEE0s s F9gaJd0L sbserobo

bgdMEs ©9593008 ILEOYGdOL F9dg (LwMsmo 9).
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[ZFe Gt Vew Took Window Hep EE [ZFe Gt Vew Toos Window Help EE
I Qkew. whn. Qe | Qe G @ (P Tenplale_ £ Runbecn L Qkew. efn. Qeae | Qe Goae  @fe (P Tenplale_ £ Runbecn

Chamel (B40] = Cior Conpemsation + “ro=n 71 - ||| Advanced

Amplification Curves Amplification Curves

be®smo 9.B. anthracissd5@sbEMegdgwo real-time PCR $93@og03s30ol 36xogdo

3.4 96h»-6v300gmE0©Ho 3memodmn®xobdo (Single Nucleotide Polymorphism -
SNP)

090Lom30L, ®MI 272 JsGoryero B. anthracis 0HMmo@0 496930305 ©9339bsl0s0gd0bs
5 2562390003L90065 Mo BowmygbgEolzme by (Pearson T, et al, 2004; Price EP,
et al, 2012), 53535090 4390 Bomgsbols SNP gq9bm@Hodomgds 3998eog3s3osdo (56 Bhowwm
5M0BMmbol  b039MLOGHYBHOL  3MBWO03Is30sdo)  sefigPoo  39bmbogm@o  SNP
(canSNP)3gommeogzobdobggom (Van Ert, et al, 2007). 9009dmwo 8909208 0sbsbds
g439ws 0dmWsBHo 9093m3bs Aust94 49693030 xR (Birdsell DN, et al, 2012).
090Lsm30L, OMI JoOM 49693030 XFMNBI0 0DBMWSEHGOL FmOol Lbbgomds wMRG®
3000 oMBY35Md0MYsdMY393e0bs, B39 odsBHdom Bogsde®go B. anthracisAust94
X3IB0L 225 0BmEs@ol ggbmEodo®mgds, HMIwgddos d9Eom©s HMAMME JoOHmwwo,0lq
BOOowm  56MH0BMbol  MboggdlodgBHol (NAU) 3megdsosdo sGLYdMmo  dmepwroml
bbgo@olbgs §39996s80 asdmygmaxzowo Bozmwgdzom 9@99d0. 296MmEH030609ds BoGHIM
OMaMO3, 950609 s0fgMowo Aust94 SNP sbsewobol(Birdsell DN, et al, 2012), 5193950
33930l Botryengddo 899853900 365039MHgdol d9dzgmdom(ob.  Jzgzom - CanSNP
LgegdEos O 965EP0B0). 3 FoBBOL ToLoefgzs® LoFoMm ogm MdmEgbody Js®mwmwo
93530b LEOEo 9gbmBol BgdgzgboMgds.
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3.41 LEMWO 39630l bgdzgbomgdsAust94 xamaol dglfszerol dobbom

Jotome Austd4 xoxdo 2969303900 BEHMWIEHIOOL G90Mdo oblsbEzmOL dobbom,
BO©OwMm 56H0DMbol Mboggdlodgdmsb 3mmwsdmEMszool BoMawgddo  Bo@oMs Aust94
396930360 x2x30L Lsdo JoGomo obmws@ol (52-G, 9080-G s 8903-G)umvyero
396mdol Bgdzgbo®gds Illumina Genome Analyzer II 3eo@Bm®Mdsby (San Diego, CA). 0
0BMEs3HJdolomzol ©bd  dodommg30L  FMIBsYds  IM0Es3S  BEBBIMEHMO,
JwmOHmgm®don gduGeed3ool dGmEm3mwmoo (Sambrook ], et al, 1989)dowgdmwo 5 3y
396m3MM0 ©b3-0l ©FT53935L W EEMdYIOOm, MOl F9IYIPSE BYdMEs Jobo IFMS
Lodmoeom Bmdol 350bp BGMLad96EJds. ©BI-0L MOMPYbMBGOZ0 2obLEBOZMS BEIdM®
SYBR-o3wdbgdmwo  Gomgbmd@ogo  3x®  (QPCR)  6gsjgoolb  99d39mdo0.
©50Yy30mgdmwo  ®sb30dg3mdgdol  LogMdg,  MMIgwms  ogombgzs  mM0ogg
90050 gdom  bgdms, oym  100bp. 52-G, 9080-G s 8903-G  9sd900L
19d39b60MgdMwo  MBT0Y3OMdJIO  sBHZ0MMY 0dbs GenBank dmbsggdoms dsBsTo
(PRJNA224563, PRJNA224558 s PRJNA224562) (Khmaladze E, et al, 2014).

3.4.2 Js6H0Meo 33)53900Lm30b 1393053031600 CanSNP Lgemad0s @s s6semoBHo

bogoMm9mm SNP-900L 00096@03030M900L JoBbom 2sdmygbgdmeo ogm 30330vGHIOME0
36535 MUMmer. 30639 030 2560b5B03M9dMm©s  3mImEmyom®o  ggbmdnmo
wdbgdo(Kurtz S, et al, 2004); 890009y, SNP 0qLs6Bg3500bgdm©s  bs33eg30
56000009360M0900Ls @S M989OIBLYIO  FEHSToL  MODOYOHMNYIBWOYGdS  3OMYGMSTOL
SolSNP(http://sourceforge.net/projects/solsnp/)d9dggmdom.  SNP  bgawgdsoolb  dobboom
3°0350bF0bgdMo 0ym MdM©Yb0dg 356589GM0: 39MHdmE, LsFoMmm oym 3m@gbgom®o
3965¢0m9gd0L (45639mEMH0500 29bm3MEm0 dbgdOL) gerodoboios; s1g3g, y3ges SNP dmmol
9060850 ©sdMmMgds Mbs ymxzgowoym 100 bp;s 490 53oby, 9(30E9dgIWO 0Ym
390Bgmo SNP m3nmbol s6bgdmds g39ws 250m33wgme 396mddo. dgmBgmeo SNP-
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http://sourceforge.net/projects/solsnp/

0l350O3E00BsM30L 03 F5dL0ToEEETgdFoEMHMadIero by (maximum-parsimony
tree) PAUP 4.0b10 36m6530b 39d39m300m.

LEOMo 29bMIMOO M96I0TWI3MMdJO0L (Whole Genome Sequence (WGS)) 990o6m9090ds
JoOom (52-G) ©d sbsMPRg6 Aust94 (Aust94, AAES00000000) 9¢3sdgdl dmeol 459mo3eobs
52-G 9Eodobomgol 1393053032900 50 BogsMsmm SNP. Bgdmom sefigdowo SNP dgmbgzol
360@9M0m3900L  omzsoljobgdomTgomBs 26 SNP s dmbs  dglsdsdobo  SNP
3650096(900L oBsobo. 0O00MJLIEO A9LGHoLbm3z0l SEYE0-
13930830329M036M50396M9d0ld)0v53905bJIMOS Primer Express 3.0 36MHmyMsdol
d9939mdoom (Applied Biosystems, Foster City, CA);

LOOMEMME, 999999535 SNP 496m@GH0306900L 3HgbGgoo, MIwgdog oDs0bocMmgdrmo
oym Mmamm3 SYBR Green 3¢o¢@m®mdsby ©sdgs®gdyero real-time PCR o6y .. melt-
MAMA  (Missmatch  Amplification Mutation Assay)(Birdsell DN, et al, 2012),
3b65¢r0Bolsm3z0L, 91939 I-9gdOHEHMBRMOIBom dodobstg PCR 6gsjaoolsmgzolsg.
melt-MAMAG39om©0994mHbmdm@s  SNP  5¢gwgdol 1393080399600 ®mOO0  BmEOZ56MH©
3650996008 3m6379O9bGH MW 533¢0x035300L,  MHMIgdLsg  SNP  3mbogool  ob
bwmgbmGe  sMOLHmO0  BM3gmBHoo  3dmbim  ©s3sEgdMEo, bmwm  ghomghHom
RMOZ9OE 36M503960Dg ©353Hgo0m 20-6m3wgmEHoosbo GC 3mo oym dodsy®mgdmero.
PCR 6954305 8080656935 99800930 300:0m09300m: 95°C 10 (ool 256053¢mds80, ©bd-
ol ©9bs@GHMms300L JoBbom; 5351 dm3yz9dm©s 33 3030 99990 30MHMdgdom: 95°C — 15
00 o 55°C / 60°C - 1 for; PCR 30300l olitremqdobomobsgg 983cro3mbols ¢ommdols
39939605 MS 2960L5BO3MadM©s bgaro (0.2°C/Hm) 3o3bgergdom 60°C-qsb 95°C-dpg o
BEMmOIBEI0GHM0 9§GH03m00L MHy3z9BH0 dobmdzom.Real-Time PCR 695g309d0Lsm3z0L
390m0yqgbgdmes BioRad CFX96 Real-Time 5356M530. @@Md0ob ©obmEos3ool 3600b3odo
3MobbIMOL 2963397 Bgd39ceB OBy 99303mbgdol ©bd-ol  mGxsF30060
LAHOMIGHYOOL TSl @S LobxsMsdo  SYBR  Green-ob  geom®qlgbdmeo
6507900Ld9HY39@OL.  ©OoLMmEosEool MOl  3OHMYMITMWO  ©)dsz9d0L  FYIRS®
900090Mm©S WMdOL 9339M5G MO 303900(LEMsmo 10 5 ©s d). Jgbodsdols, ol
RMOZ9OE 3605009600, OMIgLsg GC 3M©o 3Jmbs 80dspMgdwo MBOM  FoMowo
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©@OMdoL 3H9939M5@IMm00 boliosmgdms, 30O 39mMg BMM35M© 3605039600 GC 3oL
396909.
Melt Gurve Mett Peak
N . S — o
2900

2800

2700

RFU
-d(RFU)/IT

2600

2500

2400

2300

50 60 70 80 90 50 60 70 80 90

S Temperature, Celsius Temperature, Celsius

BG500 10. 5. @EMdOl 36:¢©0; 3. eemdols 3030 (BioRad CFX96 Real-Time Detection System)
39-99dBHOMBMOmIBoL  Jgmbgzgzsdo  2.5%-0560  s4oMMBOL w0  0©YIJPIMOS
3OH0BMbBOIMM0  9gdBHOHMBMOHIBOL 53565GT0, Losg Fobslfo® oym dmmglgdmwo
TBE (Tris 130 mM; EDTA 2.5 mM; dm6Mob 35535 45 mM) dm93960. gengdGemamegbo 2,5
LSOl 256353¢Md5d0 J0dE0bsMYMd©s 100 3menEo dsd30L 3060HMdgdd0. gol d9mgo3s
bgdmEs  gmoowd  dOmdool  blbs®do (100  dp/w0),  bmerm  F99agd0L
30D995¢0B300L5mM30L G®3bLodobsdmemols MEGHOI00LBIOO 259mbboggds
3990099690m@s. 89092900 30H95¢0BsE0d s IBOJLOMYdS BOIOIMPS M HOMOEOLS
> (30x8OMWO 358960900l 39d39Mmd0m.  99IRO©, 306039ws©o  SNP  sengemo 20
b3 9gmEGH0om MBOM 35396 BMRAIBEHL 0dwrgms dg33wroeo SNP sergols 9jmby
3350096 9amgdom (bMsomo 11).
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bmEomo 11. bbgoalibgs SNP sargemgdol (Der & Anc) goblbbgoeggdero B©mdgdol 3gaoo 30bwswobsios

3909853900 36509909008 3505300l JoBbom  Lotgodzom  9Mgdo  BMM3sM©
36150996980 GC 390000 ©5 3990L o6gdg 9853HgdMm©s Bb35ILLIS 3MbEgbG®mszoom (1:1;
1:3 o 1:6) @ 35e(35¢039, brargnm ©9396ML 365099M0L MoMm©9bmds s PCR H95J3ool yggws
bbgs 333mbgbGo Mi3ergaro ®RIdM®Y. 35¢0EsE00L F99Rd© Y39es 3M039MoLm30L
3960Bgm@0 0gm Mm3GH0dsmcmo 3mb3gbGMo30s;

3XO  M9od300L boolboll s 983008035300l  IMMEIdol  3obwWormEmo  Fgroligdol

3909250, LsdMWMMIgoMBs MOMMIMEo 3969303100 XaBROL As6ALIDLIMIwo O3o,
JoOHMo 0BMWHEJOOLIMZ0L B3YE0B0IMMO 356MmbozMOSNP Egldo (gbGoo 1).
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gbMogo 1. Melt-MAMA @5 39e-9e9dGOmummgbom sbserobolismgols 9gmBgmeo 3sbmbogrmmHo SNP
3650990900

3mB0oEos 36503960l Q0L
SNP AmeSA SNP B, Melt MAMA Melt-MAMA 36503960 0s680009360:md930 36a00gob @o3b3?ﬂr?ﬁ)gbob g;as. T

J39X%39%B0 a0 (Der/Anc) 36500960 3m6@3.(UM) 5083. (°C) ¢0)

A. Br 026 3640599 T/C Der  cggggcggggcgggecgggsCTTCTTTTAATACATCTAAGTAAGTAAGCGTTcT 0,15 60 71,4
Anc  CTTCTTTTAATACATCTAAGTAAGTAAGCGTTgC 0,45 78,5
Con  ATTGACCCAACAGCTACGAAATAC 0,15

A. Br 027 4355524 A/G Der cggggcggeocgpeecggggCCCATTCCAAGTGACACACTgA 0,15 60 82,2
Anc  CCCATTCCAAGTGACACACTcG 0,60 74,2
Con  AGCACTTGCTTATCTTGGAGCTT 0,15

A. Br 028 791256 A/G Der  cggggcgggecgegecggggACAGAGAAGGTTATAAGTCCAGAaGA 0,15 60 79
Anc  ACAGAGAAGGTTATAAGTCCAGACGG 0,15 73
Con  CTCGCTTTTCCTGTTCTTTTATTCAC 0,15

A. Br 029 3960657 A/G Der geggcgggecgegecgggecggeec AGTATTCCAACCATTACTATAGTCACT A 0,15 60 79,4
Anc  AGTATTCCAACCATTACTATAGTCACTaG 0,15 71,5
Con  GTACTTATTGGTGGTACTGCCAAATT 0,15

A.Br 030 3528668 A/G Der  ggggcgggaceggaceggecggggc CAATCCCTCGATTTACATATAAATATAACA 0,15 60 75,4
Anc  CAATCCCTCGATTTACATATAAATATAAaG 0,15 69,2
Con  AGGTATGTATGAATTAGAAGGGAAGAA 0,15

A.Br 031 3018054 c/T Der  cggggegggecgeegcggggACTATCGCCAAAAGCAATTGLAC 0,15 55 77,5
Anc  ACTATCGCCAAAAGCAATTGaAT 0,15 69
Con  TATTTTAGACAAGTACGAACTAGATAAATCAA 0,15

A.Br 032 3520170 G/A Der  cggggcgggecgeegcggggCCACCAACAACGAATGGAAGAG 0,15 60 80
Anc  CCACCAACAACGAATGGAAGLA 0,45 70,2
Con  AGCATTTAATGAACGGCGTAAGTAATA 0,15

A.Br 033 3610151 /T Der  ggggcggggcgggecggegcgggecCTAAATAACCAAGGCGTCTTGCLAC 0,15 60 81,60
Anc  TAAATAACCAAGGCGTCTTGCCAT 0,60 72,8
Con  TGTAGGACGTAGTATGGTGAAAGTAGTAGAT 0,15

3.5 0M33@Mmd0m0 m3MigdoL &H9bEIdn®miE 35609mMHYds©O 056808 g3MMdYdOL
33%5©0 M5MmEYbmdOL sbsgrobo — MLVA

JoowmwB. anthracis 4969303760 X3IB9030 300093 MNBOM IgBHo IM350RIOM3bJdOL
d9LHogerols BoBbom, Bgamom sefgeowo 8 SNP J39xa530©0s6 MLVA-25 33c0930Ls0m30L

d900Bs  Lodomzgwwmdo  0bmeodgdmwo 30 B anthracis 0bBmEs@do.  33¢093500
399my9gb9dmwo oym 25 3s639Mm0sb0 VNTR rm3mlgdol bobEgds (9.9.B. anthracis MLVA-
25)(Lista F, et al, 2006) 6039003 5©53GH0O®©S bmomo gemdgbigb@ o bowgdsgol
50q4dol  9bseol dJmbg 3WwoBHBRMEMmI>bg 3100xl Genetic Analyzer, Applied Biosystems
(EbOOwoO 2).
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3bMogo 2. MLVA-25 33693530 359mygbgdagemo 36G50dgMagdols Bodmbsmgosgo

36503960l EsLIbYEgds

365039M0L 63w gmEH0EM©mo 056303g3MMds

[

Ceb-Bams 1F-FAM

GTTGAGCATGAGAGGTACCTTGTCCTTTTT

2 | Ceb-Bams 1R AGTTCAAGCGCCAGAAGGTTATGAGTTATC
3 | Ceb-Bams 3F-VIC GCAGCAACAGAAAACTTCTCTCCAATAACA
4 | Ceb-Bams 3R TCCTCCCTGAGAACTGCTATCACCTTTAAC
5 | Ceb-Bams 5F-PET GCAGGAAGAACAAAAGAAACTAGAAGAGCA
6 | Ceb-Bams5R ATTATTAGCAGGGGCCTCTCCTGCATTACC
7 | Ceb-Bams 13F-VIC AATTGAGAAATTGCTGTACCAAACT

8 | Ceb-Bams 13R CTAGTGCATTTGACCCTAATCTTGT

9 | Ceb-Bams 15F-NED GTATTTCCCCCAGATACAGTAATCC

10 | Ceb-Bams 15R GTGTACATGTTGATTCATGCTGTTT

11 | Ceb-Bams 21F-VIC TGTAGTGCCAGATTTGTCTTCTGTA

12 | Ceb-Bams 21R CAAATTTTGAGATGGGAGTTTTACT

13 | Ceb-Bams 22F-FAM ATCAAAAATTCTTGGCAGACTGA

14 | Ceb-Bams 22R ACCGTTAATTCACGTTTAGCAGA

15 | Ceb-Bams 23F-NED CGGTCTGTCTCTATTATTCAGTGGT

16 | Ceb-Bams 23R CCTGTTGCTCCTAGTGATTTCTTAC

17 | Ceb-Bams 24F-FAM CITCTACTTCCGTACTTGAAATTGG

18 | Ceb-Bams 24R CGTCACGTACCATTTAATGTTGTTA

19 | Ceb-Bams 25F-PET CCGAATACGTAAGAAATAAATCCAC

20 | Ceb-Bams 25R TGAAAGATCTTGAAAAACAAGCATT

21 | Ceb-Bams 28F-PET CTCTGTTGTAACAAAATTTCCGTCT

22 | Ceb-Bams 28R TATTAAACCAGGCGTTACTTACAGC

23 | Ceb-Bams 30F-VIC AGCTAATCACCTACAACACCTGGTA

24 | Ceb-Bams 30R CAGAAAATATTGGACCTACCTTCC

25 | Ceb-Bams 31F-NED GCTGTATTTATCGAGCTTCAAAATCT

26 | Ceb-Bams 31R GGAGTACTGTTTGTTGAATGTTGTTIT

27 | Ceb-Bams 34F-NED CAGCAAAATCAATCGAATCAAA

28 | Ceb-Bams 34R TGTGCTAAATCATCTTGCTTGG

29 | Ceb-Bams 44F-VIC GCGAATTAATTGCTCCTCAAAT

30 | Ceb-Bams 44R GCACTTGAATATTTGGCGGTAT

31 | Ceb-Bams 51F-PET ATTTCCTGAAGCAGGTTGTGTT

32 | Ceb-Bams 51R TGCATCTAACAATGCAGAACAA

33 | Ceb-Bams 53F-NED GAGGTGTGTTAGGTGGGCTTAC

34 | Ceb-Bams 53R CATATTTTCACCTTAATTTTGGAAG

35 | virA-F-VIC CAC AACTAC CACCGATGG CACA

36 | virA-R GCG CGTTTCGTT TGA TTCATA C

37 | virBI-F-FAM ATA GGT GGT TTT CCG CAA GTT ATT C
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38 | vrrBI-R GAT GAG TTT GAT AAA GAA TAG CCT GTG
39 | vzrrB2-F-NED CACAGG CTATTCTIT ATC AAA CTC ATC
40 | virtB2R CCC AAG GTG AAG ATT GTT GTIT GA

41 | vrrC1-F GAA GCA AGA AAG TGA TGT AGT GGA C
42 | vrrC1-R-PET CAT TTC CTC AAG TGC TAC AGG TTC

43 | vrrC2-F-FAM CCA GAA GAA GTG GAA CCT GTAGCAC
44 | virC2-R GTCTTT CCA TTA ATC GCG CTCTAT C

45 | CG3-F-VIC TGT CGT TTT ACT TCT CTC TCC AAT AC

46 | CG3-R AGT CAT TGT TCT GTA TAA AGG GCA'T

47 | pXO1-AAT-F-FAM CAATTT ATT AAC GAT CAG ATT AAGTTCA
48 | pXO1-AAT-R TCT AGA ATT AGT TGC TTC ATA ATG GC
49 | pXO2-AT-F-VIC TCA TCC TCT TTT AAG TCT TGG GT

30 | pXO2-AT-R GTG TGA TGA ACT CCG ACG ACA

25 VNTR qom3mbolb 9gbsdsdobo 3600009Mgdo (Forward & Reverse) 259600056900 ogm 4

9 GH03ww9dbme Loegsdaom bsmggzdo (Multiplex A; Multiplex B; Multiplex C; Multiplex D)

(gb®owo 3)(LyGsmo 12).

multiplex C muliplex B mulplex A

multiplax D

A\

A

pPD1-ap

ALA
[

boyBoomo 12. MLVA-25 360503969008 0bs0bo s gerrmm®mqlzgb@dwywo bomgdsgqgdom dmbodzbol bdqds.

obMgdom bsB3zgbgdos VNTR-ob Bmdol @o0s3sBmbo. ob®mol ggmo 00vmomgdl  garm®gbgb@vyero
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Logdsgol BIOL OHMIwomsg dmbodbmwos VNTR (d(3s6g = VIC™; woéyxo = FAM; dsgo= NED™;
fomgwo=PET™).

gbMogo 3. MLVA-25 PCR La@gsggom 650930l dmdbsgdol gbtogo (6ségzo A, B, Cs D)

6sggo A/ Multiplex A 15 ul/well 6sggo C / Multiplex C 15 ul/well
bafg. bsB. dmg. 1 bsFyg. b5B. dmg. 1

6989600 3‘“‘136' 3063 ﬁg?deoa‘bg ©0539600 3('16580. 3063, ﬁg?ﬂeoa‘bg
H20 7,55 pl H20 8,10 ul
bo33em930 ©bd 1,00 pl bo3gem9zo ©bad 1,00 pl
10X PCR Ls®asdgom o6y 10X 1X 1,50 pl 10X PCR Lba®asdgom o6g 10X 1X 1,50 wl
Cg3_F&R 5 uM 0,033 uM 0,10 pl witA_F&R 5uM 0,033 uM 0,10 pl
bams44 _F&R 10 uM 0,133 uM 0,20 pl bams25_ F&R 10 uM 0,1 uM 0,15 pl
bams3_F&R 10 uM 0,333 uM 0,50 ul bams21 F&R 10 uM 0,4 uM 0,60
virB2_ F&R 5 uM 0,033 uM 0,10 pl bams34 F&R 10 uM 0,167 uM 0,25 ul
bams5_ F&R 10 uM 0,1 uM 0,15 pl bams24_F&R 10 uM 0,4 uM 0,60 pl
bams15_F&R 10 uM 0,333 uM 0,50 pl MgCI2 50 mM 5 mM 1,50 pl
bamsl_F&R 10 uM 0,2 uM 0,30 pl DNTP 656930 (2.5mM) 2,5 mM ea| 0,167 mM ea| 1,00 pl
wrCl_F&R 10 uM 0,267 uM 0,40 pl platTaq ©6d 3mgrodq®sds (5U/ul) 5 Ul 0,5 Ulrxn 0,20 pl
MgCI2 50 mM 5 mM 1,50 pl 153, Ggsdaool dmg. 15,00 pl
DNTP 656930 (2.5mM) 2,5 mM eg 0,167 mM eq 1,00 pl
platTaq ©bd 3merodg®s®s (5U/ul) 5 Ul 0,5 Ulrxn 0,20 pl

Lod. Hgsggools dag. 15,00 pl
6s6ggo B / Multiplex B 15 ul/well Bséggo D/ Multiplex D 15 ul/well

bafy. bsd. 9mg. 1 bsGy. bsd. dmg. 1

69300660 3(-)":53@ 3mbg. 6)350{]00.5"03 69200600 3(')6583. 3mbg. 6)3565]305%3
H20 7,55 pl H20 6,95 pl
1533¢m930 ©BI 1,00 ul b533¢m930 6 1,00 pl
10X PCR batgsdgom o6y 10X 1X 1,50 pl 10X PCR batasdgom o9 10 X 1X 1,50
baml13 F&R 10 uM 0,2 uM 0,30 pl bams51_ F&R 10 uM 0,4 uM 0,60 pl
virB1_ F&R 5 uM 0,067 uM 0,20 pl bams22_ F&R 10 uM 0,333 uM 0,50 pl
bams28_ F&R 10 uM 0,3 uM 0,45 pl bams23_F&R 10 uM 0,333 uM 0,50 pl
vrirC2_ F&R 5 uM 0,117 uM 0,35 pl bams30_ F&R 10 uM 0,6 uM 0,90 ul
bams53_F&R 10 uM 0,233 uM 0,35 pl pX01_F&R 5 uM 0,05 uM 0,15 pl
bams31_F&R 10 uM 0,4 uM 0,60 pl pX02_ F&R 5 uM 0,067 uM 0,20 pl
MgCI2 50 mM 5 mM 1,50 pl MgCI2 50 mM 5 mM 1,50 wl
DNTP 656930 (2.5mM) 2,5mMeg 0,167 mM eq 1,00 pl DNTP 656930 (2.5mM) 2,5mMea| 0,167 mM ea| 1,00 w
platTag @63 3mgodqg®msbs (5UMul) 5 Ulul 0,5 Urxn 0,20 pl platTaq ©63 3mgodn®sbs (5UMul) 5 Ulul 0,5 U/rxn 0,20 pl

bsd. Gg5ggools dmg. 15,00 pl 13d. Ggsgdgool dmg. 15,00 pl

3XO 30000900 oym 999gabsoco: Lsfigolo gabsGuesgos 95°C — 5 (o, 8999y
593033035300l 35 (3030030MMdgd0m: 95°C — 30 {19, 55°C — 30 {0 s 72°C - 60 (j8;m95J30s
LEOMWEIOIMES LEdMWMM  GEMbYsE00M72°C — 5 fo. 533W0R035300L  ILEOYIGdOL
39009y, 00090Mwo  3OMEIBHIO0  Do3IdMm©s  IOMm3mMioom  1:100 (2 93w
503w0x030MI0M  3OMEYIAHL  90sGgdm©s 198 3 fgoo)  39MoEgeMo,
dD500I0MEs  ©IbsGHWMGMs3o0L  dggeols  (18.7 93w  Hi-Di  gm®dsdoo) o
RMmOLEI0EHMEo  BmIol BEbIMEHL(0.3 93 1200 LIZ Size Standard) 6s6ggz0; 96-
3mbemosbo  3wsbdg@olb  mommgme Rmbemdo 9ds@gdm©s  BMOsdoEoLs s Brmdob

LGObIOEOL batrgzol 19 93¢ s 1 3¢ POMMGME0 5330R0EOMYOIO0, J56DOg9dME0
3XO  30mddHo  (Lodmemm  dmEmemds 20 93w);  godbogdmo  Bodmdgdol
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965 MM5305 bgdms 95°C-Bg 5 for-ob 96d53cmdsdo 0gMHIm303wgMdo GeneAmp PCR
System 9700, Applied Biosystems; ©gbs@®o3olb 9909y 3wobdgdHo orgmabgderog
530YdMEs Yobmawdg 3-5 oo gobdsgwmdsdo; 3xO 3MMIBHIO0L ROSYTI6EHMwO
3b65e0Bo  @d  BmIol 30D Bs30s  F0EObIMYMdEs  16-50b0SD  3o30sGHYYIEw
93¢)MIoBMLgd39bsBHmm®bg  (Applied Biosystems 3100xl Genetic Analyzer): ombggso
5360053oEOoL  3mo0dgmHdo  99dBHOMBMOMG B0 bEIdMEs  533w03mbgdol  DBmdgdol
9d0bg30m IYMRS. F90093900L 9650 BOLIMZ0L godmoygbgdms 3Mmy®msds GeneMapper,
Applied Biosystems (LmEomo 13),6039wo3 ROX (carboxy-X-rhodamine)
RBmOLEIBGHMEo  LBogdsgom  dmbodbmwo 1200 dmergimeemdo  fmbol  LIZ
LGObIMEHOL dobgzom A0S FogdMEo 533w03mbgdol  BMIGL; MocMgMEo
0BMEsGHOLZ0L,  J0MgdIo  BMRIBEGHOL  BMIgdol  bmOIoeroBgds bgdmes
dbOEm©bgero HBmdgdol fobslifs® dmigdmemo bGowol dobgzom (EbGowo 4), beagnm

900900 999900l LadMmEmMm 3WsLEBHIOMEo 5b5E0Bo s IBOMYMSAOL  s9ds
bgdms 36530l Bionumerics v6.6, Applied Maths 59mygbgdoom.

1w e ) BB a2 HAMALAS &

2 HE oW oEERE

bmGomo 13. B. anthracis MLVA-25 gwgd@Bommagmhmy®sdqgdol GeneMapper-0o 309¢95¢00bogos
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3b®owo 4. B. anthracis MLV A-25 VNTR-gd0ob 8mbsermobgero Bmdgdo

VIC-5| VIC-39 | VIC-15 | NED-9| NED-9 | FAM-21| PET-39 | PET-9 | FAM-9 | FAM-18| VIC-39 | PET-24 | NED-12 | NED-9 | VIC-12 | VIC-45 | PET-15 | NED-39 | FAM-42 | PET-45 | FAM-36 | FAM-9 | NED-42 | VIC3 VIC-2
CG3 | Bams-44|Bams-3| vrrB2 | Bams-15| Bams-1 |Bams-5| vrrC1 | vrrB1 | vrrC2 |Bams-13|Bams-28| Bams-53(Bams-31| wvrrA Bams-21 | Bams-25 | Bams-34 | Bams-24 | Bams-51 | Bams-22 | pXO-1 | Bams-23 | pX0-2 | Bams-30
153 339 474 135 409 380 229 | 517 | 193 532 337 373 212 331 290 541 376 238 469 358 555 132 399 13 268
158 378 489 144 418 401 268 | 526 | 202 550 376 397 224 340 302 586 391 m 511 403 591 141 441 126 270
417 504 153 427 422 307 [ 535 | 211 568 415 421 236 349 314 631 406 316 553 443 627 150 483 129 272

519 162 436 443 346 | 544 | 220 586 454 445 358 326 676 355 595 49 663 525 132 274

534 171 445 464 385 [ 553 | 229 604 493 269 367 394 637 538 699 567 135 276

549 454 485 562 | 238 532 493 376 433 735 609 278

564 463 571 | 247 571 385 an 651 280

579 472 580 | 356 610 39 511 282

594 481 589 649 403 550 284

609 490 598 688 412 589 286

499 607 727 421 288

508 616 766 430 290

517 805 439 292

526 844 448 294

535 883 457 2%

544 466 298

553 475 300

562 434 302

571 493 304

580 502 306

589 511 308

598 520 310

607 529 312

618 538 314

547 316

556 38

565 320

574 L)

583 34

592 326

601 38

925 916
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3.6 UGMmo g9b6mdol gdzgbomgds (Whole Genome Sequencing - WGS)

50b0dbmeo  LBoobgmGszom  65dOMIoL  BoMawqgddo  xowgboll  0BMEIsEHYOOL
UOHMYMRBOEO EIBILOIMGIOL JoBBoM F5YS LoJoOMZgW ML BbgssLb3s Mgyombdo
bbgo@albgs §gomrm@sb 0bmwomgdmwmo xowagbol smo J@sdol dmrosbo  ggbmdols

19439606905 ©3LXIE WMRIOOL L)  33¢93000  (396GHMT0sOLYdIMWO  sbowro  MOMdOL
19939606M900L F9gdbmermyool 4sdmygbgdoo - Illumina, MiSeq.

3905 356509 sboliosmMgdMEo 272 JoHmeo 0DmsEGHols, ©3LXIG 33006
5935390000  ©50©9b0dg xowgbol IEHsdol SNP  Ho30609050 godmogerobs  bmomo
0BMEsGH0 HMIgwos 35693153690 LEMEos Bb3s, JoMmEgdolash 249693 03MMo©
dmeL dymad 396mbogmé SNP xamals - TEA (A.Br.008). Lim®go sd0@™a, bervyero 396mdols
199d39606M900LmM30L  FgoBs MmM03g 396MmbozM®o SNP xomzol (omdmdswygbowwo B
anthracis 10 0bm@s@o (3bMowo 5).

3bMoo 5. igdagbotmgdwyemo B. anthracis 3¢s3gdo

i/{lhilslz(lln; Byl # SNP %3990 9@odols ‘;){;’oq(:)@aeoob Gpombo '60060156(;‘:)2563001)
S1 1802-G AUS94 (A.br003) 2012 - 5380960
$2 1897/12-G AUS94 (A.br003) 2012 - 30614930
54 8776-G AUS94 (A.br003) 1992 2969560 5sdosbo
$9 9065-G AUS94 (A.br003) 2008 foamzo 5©s80s60
510 9108-G AUS94 (A.br003) 2008 0doolo 5380960
$3 7673-G TEA (A.br008) 1989 d9bHos bossgo
§5 8782-G TEA (A.br008) 1992 29960%.9560 30613930
S6 8784-G TEA (A.br008) 1992 odoolo 30613930
§7 8785-G TEA (A.br008) 1992 dgbgos 5380960
S8 8884-G TEA (A.br008) 1994 Jobgmo 5380360

3.6.1 2963960 ©bA - ol gduE®madizos

199d39606M900LsmM30L TgMBgMwo BEsdgdosb, gbmdmemo ©bd-ol 9duEHModsos BOO™
500DBMbol MbogzgMLo@g@ol doge Imimgdmwo 3OmEHm3meol dobgwozom bgdms
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10.

11.

12.

. 90000 30emboosb doegdmmo 16 Lossmosbo JMEHGs MogLbgdms 11 dg» TE

0539630, OHMIGELoE obolifo® ods@gdeo 3Jmbes 11 3¢ RNase A (1003y/d).
053005300390 5@IOMA350M3560 LL3g6B0S MI3bEYdM©s Mgz sBMETo 1 for-om
LEOME 45906350y, bmm 899gy 5-10 §0-0065°C yarols s35Bsbsdo LGy
390©bMd53Y; 3MMEIEMS IgMM©OIOMS 2-3-x 9.

LL396BOL MMbOL FHga3geMsEIMSBIYIRMOWgdol 989 9do@Ggdms 225 d3er 20%
SDS s 45 93¢ 360 3gobs®s K (20 9p/0¢r); bogdms bsmgzol 0b3mdsios 55°C {gwol
505B65d0.

0632995300L  ©slimargdobmoebsgg botgzl 9do@gdmes 2.5 d¢w 5 M NaCl ©s 5 fo
39685303590 BOHMboEro IMIMH5Md00 bEgdms dolo g6mgas.

090amd  9BHodbg  Botg3zl  9dsBHgdmes 1.4  dg»  CTAB/NaCl (10%  39duo-
©IGOCGHO03gm0-5dmbomd d¢mdoo (CTAB), 0.7 M NaCl bubsédo) s olog
ROOHBOW© 9OHgmEs 10 for 496353emdsdo

590l 89999 bgdms bogzolL 10 for-0560 063mdsz0s 65°C fywol sdsBsbsdo.
0632995300b 899099 6560930 5 -0 BgH0YdM©O Mmmsbob gddgemo@®ma®y, LHMoxs©
905¢)99ms 12 3 (obslifjot ImIBogdMwo  JwmOHMBMEOIoLs s 0DMIToErol
L30MEOU (24:1) B30 S 6o IMIOSMIOM 0bxWMHYM©s 10 Fo-0b gobdsg3wmdsdo
bgdm©s 656930L 39bGHM0RMA0Mq0s 4°C-Bg 10 ffor-ob 996353wmdsdo 4000 d6/foo
(3220x g ) boBdsGrom

39933003509 BB 9B Bob)s®sdo 2ooGBoL 89dgy 0lgg 9ds¢gdms 12 dg»
JmOOamOI:0Bmsdool (24:1) bsGgzo, 9MHgMEs ©s bgdmEs (396GHH0BYR0MGS
4000 36 /o (3220x g ) 4°C-Bg 10 oo 496353 mdsdo

B9 BoBs 080w EHYdMm©s 0.22 930 Bow@®Io s 9o LObxsMSA0 QoEbOL
9990099 905390Mm©s 0.6 dmEEmds 0HBMm3OM35bMMO, 350250 ghHgms ©HI-ob LW
3999935909 5 00ATJIMES -20°C T5(30350d0 IO VSFOM

3969 9L bgdms Lobx sl 396@M0TMY0Mm9ds 4000 d6/fod (3220x g ) LoBJoegby
4°C-%9 30 for 2963530 d530

139M65BHBEHOL 2oo3MoL 9999y bocnrgdl 9dsGgdms 1 g 70% gomsbmero o
395&®0xM300H©90Mm©s 4°C 10 Hoo 296353cmdsdo 4000 d6/foo (3220x g ) Lohds®gBy

53



13. Lm39g@bo@obBHolb  goow3®ol 8999y, bosewrgdo BM9gdms, 9ds@gdmes 300 d3¢»
LAHgOoOHo TE 39539600 ©5 0ad9dm©s 4°C-bg dogmo sdom, ©bd-ol LGy
3obLbsdY

900900 Fo0oe3mb39b@M0M9dwo 9gbmdmmo ©bd Im(dgdms LBEGHIMOEMdsBY: 15
93 (5%) 9§39090m©s 5%-056 3H3OHOL LOLLEOSE 5Ol s BYdMEs Jobo 0632935305
37°C-%g 72 ULorom. bsHBsol (omdmddbol dgdmbggzsdo  ©bd  bgwdgmMgo

0530 GHM90Mes 0.2 830 Bow@®Jo.

3.6.2 ©bd 30dOoM™Mq30L IMIDBSIDS, bLada9boMds S IMbozNdms SbsEroBo

B. anthracis 10 0bm@s@ol 49bmdmMo ©bd-ol 13¢ogdgb@Egdol 00dwommg30l dmdbogds
bgdm©s @Ml 5esdmbol  bsgombo®o  WsdMmMs@GmMool  doge  dmfmadeo
MluminaMiSeq sbsgro momdol bYdz9boGdol dMMmEHMIMEol dobggom. 39Mdmo 3o B.
anthracis ©b9 6099900 0bEoRgdMEI67OMOBIGHMOOLGIZ)MdOM IsbMgdom 450bp.
00Mbs0BsBHMMHDY (Agilent 2100 Bioanalyzer) gwgd@Omam®gbombogdmos ©s3mowwo
RM523963 900l bomolbol 3mb@®mmeo (LyyGmsmo 14).

[FU] Sample 7
160+

140
120+
100+

80

60—

T T T T T T T
40 G0 falu} 100 120 140 160 [s]

LGomo 14. s FMH0owo ©bd BMsadgb@gdol 303900l Bmdgdol 30HIseoboE0s s bgwgdzos
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19939606900l OML Bo3Bg J0dsaMGOIEO MOMMYMWo BT BGMLATIBEHOL LgdlzgboMgdols
3030  8090bsGgmds  300-x96M, MHMIol ©OMLsg  bgdms 150 bp bBmdob
05680909360Md0L jo3000b35 G039 30856 gdom.

199396069008 9RO BoMIOVIO  30M3gsEo  Jmbsggdgdo 3853 dMEIEDGE
Bioinformatics 36my®sd0L 99339mdoom (Po-E Li, et al, 2017), 6&3geoog B6Omvb3gmymams

999092 36MHm39LgdAL:

e bo®olbolb  3mbGHOMEo  BLAHBIOGHMWO 356539 3HOJO0m,  MMAMOOESS oy
906085¢rmEo (ozombgzol LogMdyg - 50 bp, 30bodscrMo 3mbEGH0yolL Bmds — 200bp s
Lbg.

*  296mdol 30639mso (De Novo) s{gmds IDBA 53¢n03s300L 990mygbgdoo (Po-E Li, et
al, 2017), &00olb 990930053 900090Mm©s  0ommge  d@sdbg 490339990
509bMdoL oo Bmdol MsbdodEY3zmdgdo 9.). 3mbGH0ygd0. Fomo TgxzsLgds
b5dm©s B@Iol (obodwad 200 bp) s baerolbol 3mbEHMMEOL Bbgs 35605d9EMm9d0m,
OMIgms IOl Yy39wsHg ycmobomgdos bEs@olb@ogm®o 0sB39b9dgwo N50,
Mol Jobgz00 SHymdowo 296mdol bmzwgm@ogdol 50% bggds N Bmadol
3mb@0g90d0.

o 5Pymdowo 3060390 296m3gd0lL bm@Es30s NCBI 360H™3560H0mEMmo 949bmadgdols
9330 35G M0 56Mm@ o300l 30530l Qodmygbgdom (Angiuoli SV, et al, 2008) (PGAAP

revision 3.3; http://www.ncbi.nlm.nih.gov/genomes/static/Pipeline.html).

dn056ds  29bmBM®Ts 1939606 gdST  JoOHPMEPO 0DMWHBHIOOL 303 YBROM  OOTS
QbsL0SMGOOL LTS WdS FMY3(3d; 9TOLOMZOL T3GHJO0D FodMmYgbgdmwo ogm oligmo
95050 M9BM300L  dJmbg  3sbsdgMH™Mzg  BmegIMEMMo 33009308 39NMEYOO
OMaMO9003 9OOL: 9O 0-69939gmEH0OO0 gobdgmmgdgdo (single-nucleotide repeat -SNR)
396Mm3H0306M905 M3 MBOMO mIMLgdol bgdazgbo®mgdoo (multiple-locus sequence typing -
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MLST) s @®gobsmzgol bgwdobsfizomdo 31 VNTR 856396000 GH0306090s Lbgoalibgs

MLVA 3569gd0l 3:m300bs5:30000:

LOHMo 296mdol BgdzgboMgdol 30M39wso FMby3gdgd0 FMT3s 3OMAGMSTS
CLC bio-U d9d39mdoo (CLC Genomics Workbench software package).

dmbs 593530 PA sb&0g9gbols pagA aqbol 1gd39bl sboserobo.

3930 39693031600 35M056GHOL  2odmbogwgbo@, gOmLy s 08539 SNP xamando,
B0 965¢00B0 4 y39wsBg 39390 30m0dmO Mo SNR wm3mlol (CL10, CL12,

CL33, CL35) dobgogom(Kenefic Lj, et al, 2008); 50mygbgdrmen  odbs
00M0bBMOIsBH03Mwo 3MmyMmsdgdo - CLC bio s Multiple Alignment using Fast
Fourier Transform (MAFFT v7.220; by@oomo 15).

353w MdOMO  m3MLgdom 9d3gbl GHo39gdol (STs) glfogrs dmbs 7 dmmEsgo
2960b (glpF, gmk, ilvD, pta, pur, pycA, tpi) bgdzgbl sbscrobols dobggom (Helgason E,
et al, 2004; Priest FG, et al, 2004, Marston C, et al, 2006) scogcoms 0965000009360:3900
9900905 9MLYOME  OIRIOBL  FBS0gdmeb  Bacillus cereusMLST 390339609
360> Sequence Comparator godmygbgdoo (http://pubmlst.org/beereus/) (LwyHoco
16).

D9OG0mmz560  dm@o30900L  5©0dmBIboL  Loxgdz9wby,  GHmJbobdo  Jglsderm
33093900l 259MBo3w9bs® s 330 BEH0PIBOL BHo306Mgd0l Jobboom Imbs
pag 3960L LOHMEO MsbJ0dEY3OMBOL TJ30MOL30MYDS MYBYMHSWYIO A96096.

AUS94 (A.Br.003) o> TEA (A.Br.008) 356mb03496 SNP xama39ddo bgdzgbo®mgdmen 10
0BMWOGL  JmM0olL 85300 3969303 MM0  3OHMBOWGIOL  AsFMbo3wgbo
3990y9690mw 0465 gl bgerdobsfzomado gzges MLVA 3s6geo: MLVA-8; MLVA-
15; MLVA-25; MLVA-31. s¢ogeoms 49639m6M9050mdol Lobdotmg s 39bm@E03gdol
00096¢ 05803060705 MLV ABank-ob 459myg69000m bo@o®rs(bvydsmo 17)
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5. s1
s2
s3
s5
s6
s7
s8
s4
s9
s10

GCGTTTTTTITTTTITTITTTTTTTTTGTTGATAAAATTGAAAATTCTGTCTTTTTATCTATT
GCGTTTTTTITTTTITTITTTTTTTTTGTTGATAAAATTGAAAATTCTGTCTTTTTATCTATT

GCG------ TTITTTTTTTTTTTTTGTTGATAAAATTGAAAATTCTGTCTTTTTATCTATT
GCG------ TTITTTTTTTTTTTTTIGTTGATAAAATTGAAAATTCTGTCTTTTTATCTATT
GCG------ TTITTTTTTTTTTTTTGTTGATAAAATTGAAAATTCTGTCTTTTTATCTATT
GCG--~-~--- TTTTTTTTTTTTTTTGTTGATAAAATTGAAAATTCTGTCTTTTTATCTATT
GCG------ TTTTTTTTTTTTTTTGTTGATAAAATTGAAAATTCTGTCTTTTTATCTATT

GCG--TTTTTTTTTTTTTTTTTTITGTTGATAAAATTGAAAATTCTGTCTTTTTATCTATT
GCG--TTTTTTTTTTTITTITTTITTTGTTGATAAAATTGAAAATTCTGTCTTTTTATCTATT
GCG-TTTTTTTTTITTTITTITTTTTTGTTGATAAAATTGAAAATTCTGTCTTTTTATCTATT

- B e

CTCACTGTGCCTCGCTAAAACTATATCATTTATTTAC - - -AAAAAAAAAAAAAAAGAAAA
CTCACTGTGCCTCGCTAAAACTATATCATTTATTTAC - - -AAAAAAAAAAAAAAAGAAAA
CTCACTGTGCCTCGCTAAAACTATATCATTTATTTAC - - - AAAAAAAAAAAAAAAGAAAA
CTCACTGTGCCTCGCTAAAACTATATCATTTATTTAC- - -AAAAAAAAAAAAAAAGAAAA
CTCACTGTGCCTCGCTAAAACTATATCATTTATTTAC - - - AAAAAAAAAAAAAAAGAAAA
CTCACTGTGCCTCGCTAAAACTATATCATTTATTTAC - - - AAAAAAAAAAAAAAAGAAAA
CTCACTGTGCCTCGCTAAAACTATATCATTTATTTAC - - -AAAAAAAAAAAAAAAGAAAA
CTCACTGTGCCTCGCTAAAACTATATCATTTATTTAC - -AAAAAAAAAAAAAAAAGAAAA
CTCACTGTGCCTCGCTAAAACTATATCATTTATT TACAAAAAAAAAAAAAAAAAAGAAAA
CTCACTGTGCCTCGCTAAAACTATATCATTTATTTAC - AAAAAAAAAAAAAAAAAGAAAA

B R

L0015, MAFFT 36Gma®s35do ,Clustal® gm®m3s@oo 33edgdl dmmol »Hhmogho asbwoggds: (s) SNR
wm3~bo CL10 (3) SNR comzomlso CL12

Length Start position |End position

glp:- 1
gmk: 1
ihv: 1
pta- 1
pur: 1
pyc: 1
tpi- 1
MLST

2528429 2528800
504 4675239 46575742
393 980725 981117
414 3291385 3291798
348 3632840 3633187
363 4554052 4554414
435 2901375 2901809

(= l-J.EIR—.1,:7-105 4 NOt defined

bGom0l6. MLST — 7 00mvg6sg30 99b0b swfgéos; Lgdagbl Godol (ST) goblsbwg®s. Sequence Comparator

360 MyM5ds;
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Choose maximum sumber of strains to show Display typ
0 Do not display duplicate genotypes
Chosse maximum distance 5  Defankt (Display al)

* Calculate with MLVA

Enter the value for each mil yaste in the first column to fill the rest

bmGomol?. In Silico g9bm@Eo3ocmgdol dgomeo - MLVABank 5.0

4 33930l d9©ga9d0

4.1 B. anthracis ©Q5sLEMOYOS

B. anthracis osabmbiEozolbsmgol 2006 (erosb ©3zbxgis-9o 4o0moyqbgds real-time
PCR Lobgs; GgbGo®goolsl godmygbgdwwo dsmswbidg3oxo3w96m0 65360909000 (5.
anthracis DetectionKit Targetl, Target 2, BioFire Defense, LLC) bo3v95¢090007 dmbgos
33w930bmzol  d9mBgmero 272 B, anthracis 153999Hggdcm  BHsdol  Lodmenmm
©OLBGMOMYds s Fomdo 300 9bEMmo  Bod@mMgdol - pXOl s pXO2
3 5H30@Yd0L 4obLDBL3Mo.

4.2 B anthracis SNP 39bm&030690s

SNP 296m@&0306900b 30039 9393DY, JoOmneo B. anthracisd@sdgdolb yanmdogrm
5300™a9693H03960 bgbg 296003930l Jobbom Jmbs 272 0BMmEs@olidgdm{iagds
BO©OWwMm 56MH0DMbol MbogzgMlodgdol 933w 9350900l doge 89dw9dsggdmewo 9.0.
396mbo3mé SNP (canSNP) ds6390gd0m(Van Ert, et al, 2007).3906030©, 0O0mMMIE0
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609493bg melt-MAMAPCR 9gmmol g59mygbgdom  @so@ps bren 13 306mbozmmo

SNP 25693HMgd900l dgbodsdolo GgbGo (byesmo 18)

Lineage/Group Type Strain. Sequence

ABr001 ABr002 ABr003 ABr004 ABr006 ABr007 ABr008 ABr009 B.Br001 BBr002 BBr003 B.Br004 A/BBr001

C.Br.A1055
B.Br.KrugerB
B.Br001/002
B.Br.CNEVA
A.BrAmes
A Br001/002
ABrAust94
A Br003/004
A.Br.Vollum
A Br.003/006
A Br008/009

ABrWNA

C.A1033

B1.AO442
B1.A0102
B2.A0402
A2.A0462
A2.A0034
AT.A0D39
A2A0489
ALA0488
ALA0158
AL.A0293

ALA0193

C.USA.A1055

KrugerB

CNEVA.9066

T

T

T

T
Ames C
T

Australia9d T
T

Vollum T
T
T
T

W.N. America

[®]
=3
[}
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[p]

e

Lm0 18. 356mbozm®o SNP-xamxiqd0

396mbozm@o SNP 29bmE030609d0l 8909390 Y39s 272 Jo®omvemo 93sdo 29693790365

beogeondo g3gwaby BIONME F93OEFIWIONE Xowgbol x3IBL - A, 39Odme 3o,
X3%300  9OLgdMer  A.Br.Aus94 (Aust94)gobdBHmgool A.Br.013 J39xamaL  (LyGsmo

19)(Birdsell DN, et al, 2012).

A.Br.003__,

ABr.002 —,

ABr014 —

A.Br.016

— sk Ames Ancestor

A-B'-W*Australian94

A.Br.015

A.Br.014

272 Jstormewo B. anthracis 0Bmes@o

Lbr@omo 19. B. anthracis 456000 8359900 296m03Ls A.Br.013 356mbo3m® J39xamx3do
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Aust94  xamxdo  ©s353HJ00m0  Bowmygbg3Ho3o  3OHMmzowgdol  (LEHOWJEHMOOL)
399m3wqboll dobbom BOHOWwM sHOBMBOL MbogzgMLoE @b (NAU) 30esdmGs3ool

306 gddo  BsBoMms Aust94 29b9303nOxaMndo  Homdmygbgwo Lsdo  Jsdmmwo
0bmws@ob (52-G, 9080-G s 8903-G) LEero 296mdol bgdzgboMgds. LgdzgboMgd o

396m3900L  bbgs, ULbgosolbgs ggmaMsgommo §9HEH0wgdosb asdmymagow GgnqMgbl
935090096 (gbGowo 6) 99sMgd00m0 965¢r0Bol ggas dmbs xowgbols dbmem
3900 0BMEsEHYdoLm30L 1393058032900 SNP wm3Mbgdol 0gbEH0TB0E30MGd;

300 6. 330093500 d50mygbadmo B. anthracis Gg8g6HgbL 93s0900.
*-00 50603605 JoMEo 0BMWHEHJOO

69939096l 93508900 GenBank -ob dog6 doboFqdyero bmdgeo

C.Br.A1055 PRJNA54131, PRJNA10795 AAEO00000000.1
B.Br.KrugerB PRJNA324 and AAEQO0000000
B.Br.CNEVA-9066 |PRJNA10796 and AAEN00000000
A.Br.Ames Ancestor |PRJNA10784 and AE017334
A.Br.Aust94 PRJNA10799 and AAES00000000
A.Br.Vollum PRJNA10797 and AAEP00000000
A.BrW.N. America |PRJNA337 and AAER00000000
A.Br.Ba4599 AGQP00000000 and AGQP01000000
A.Br.A0149 SRX562299

A.Br.A0897 SRX541689

A.Br.9080-G * PRJNA224558

A.Br.8903-G * PRJNA224562

A.Br.52-G* PRJNA224563

d96Bgmwo SNP ¢nm319L900Lm30L 8934995305 26 SNP 29bm@E03060900L GHqlGo, Mmdwgdos
©0H50b60MgdMo ogm GHmam®3 SYBR Green 3¢0o@gm®dstg odys®gdwyero real-time PCR
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9699 9.. melt-MAMA 565¢00B0obsm30L, 3939 9w-9¢9dOGHMBMOGBom dodobstg PCR
6954300L5M30L53.

26 GobOOLEdE 393, 339 993YTIZPNL ©S FSWOROOIPNX 3969wBY  Jod Yo
0BME53gdol 999m[dgdol 9999 259033905 8 oo SNP 4969303160 J39%a%30,
HM39md dmMob dmbs 330093590 BSOMO 439 JoOMIEO 0DBMWSEHOL gobmogligds.
399306569 0dosb, ™A FgMbgrds 26-85 SNP @om3mlds 259mogzeobs dbmermo 8
90M03569gmoLAD 49bLLZ9390ME0 JsMmero 2obdBHmgds, Melt-MAMA 695J30900Lsm30L
EMdOL  dMMEIdoLbomolbol  qom3zscobfjobgdom  dmbs momm  J39xaIBoLm30L
1393053039960 JOMO 356Mb03MMO SNP-0b gobloBzes (A.Br.026 - A.Br.033).

5056006 gPMo, 90bodbMwo  3sbgwom  Fgdmfids NAU  3megdsosdo  sGlgdmeo
Abmyomlb  bbgsolbgs 939969306 (53LEGHGMOW0s, Bobgmo, 0bawolo, 39Mdsboy,
0bMmgmo, 3mBsdd030, 6580005, B0ddDZ9, LEABOYIM 5T3M03S, TMGHWIBPOs, FHO0WSbEo,
00900 s 5dd) 0BMEoMmgdwo B. anthracis 224 3@s90. GHgbGoMgdol 899y, NAU
300993000056 490BMmsG0 J9000930 3JMYMIBOVICN0 MIS309000b: 530 (9), 496M3sbos
(1), obpaeolo (1) s 0MMdgmo (38) BsORIE Jo®orme FE939dmMb ghmE Aobmoglis

b5 50dMmBgbon oM J39x3539ddo (Lydsmo 20).
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*C.Elr_m 055 HE-B“CNEVA

|E|.E|I’.D|:I1ID|32
A Br005/006 Br.Krugerd
—*A.Elr.‘mllum

B A Br.ooai0n4
:1:] |
ABr013 R
ABro14 —
. A Broze (GEO=48) -t 050G
ABro27 {GEQ=173; TUR=5) - B8303-G
&.Br.025 (GEO=23)
& Br0za (GEO=6; TUR=1)
A .Br.0z0
(ALUS=24;, CHM=38, GER=3, GRB=2; IND=1, &R0 (GEO=18) 7
; . ! - : N
T NS AR T BASR AED A.Elr.Dnglr 033 52-G(GEC=1)
C o ABron A B kA

Number of isolates
5-7 912 1317
—

boy@omo 20. B. anthracis goermaqbgdogs Lbodstoggemdo. A) Lgdzgbo®gdmwo Mgngegbl ©s JsGmwyeo
0DBMsBHId0 Pobmagligdwo doosbo 9gbmdol LydzgboMadol gowmagbgBHozn® bgbg. GHgMdobsememo

J39% 353900 Fomdmdsagbgeo Lgdzgbo®gdmwo dEsdgdo dmbodbmwos 3sML3gwsggdom. B) Aust94 s
396Mmb603mMm0 SNP xamx3900L  250bsfoemgds Jodommen 2s63@mgdsdo. C) 272 JsGormwo B. anthracis

0DBMEsEHOL BowrMygmaMms530505EB0w0s J394bol MrmdsBg Msombydol dobgpgzoom.

bg0mom dmygzsbods 999ag0ds 3bsym MMI mveJgmdo IMEoM3MEoMg Xowgbol
9359900  4969(3)03MM0©  Sbml sl LogdoMmzgermdo  0BMWomgdME  JEodgdmsb;
Uiedg 980¢md, B396 35053693090 3533930d9wgdobs 33wg3s s dga39Llisgers B390L
M930mbd0, 390dmE 30 LoJoOMZgMBs S MMEMJgodo ImEo®M3MwotgB. anthracislsgHm™
396930300 3500563 JOOLIOLYOdMD;  sFoLOMZOL,  @RSMOL by 330930,
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396¢H®3o3LXI3 ©O MMMJgool  gomLol MbogzgmlodgBol LsgMDM  3MEsdMEOSE00L
5306 gddo  dmbs  bbgoolbgs  ysmrmgdosb s  Lbgosslbgs ol  ommedgomdo
0DBMEoMgdwo  xowgbols 30 @sdolb SNP g9bm@E0306090s. mwedmwo 0Bmes@gdo
09000y AbmBEom ©s JoMomne 396mbozm® SNP a9bm@Hodogdol 3569gdbg o
dmbs 3s00 99s6mqds 30 JoMmme xowgbols 4@sdmsb, MHmIgems SNP  xamaqddo
do@sbsfiowwgds 11339 3bmBOWO ogm. 33¢g30L FIRIROE Y39WS PYOIIWo 0BMIGO
JoOMgdol  bgoglo  Aobmoglis Aust94  s6dBHmgdol — A.Br.013/015439x35300;
JoOom 356909 GHgbHoMgdol T9ggRd© MYOJMds 9EH90ds 9B39bgdl dzoMmgo
3obLbge390s  JoMoew 93odgdmsb FgsMgdom s olLobo gobsfoerbgb ULsd SNP
Jd3oxamxdo:  gzgws  qobg3momgbs  A.Br.026/027; A.Br.028/029; A.Br.029/030(sbGoero
7).305b3H90wo 5bse0Bo s ©IbEOMYMSTOL 599ds dbEI3MMYMsds Bionumerics v6.6,
Applied Maths g58mg9gbgdom(Lweomo2l)

63



3bMowo 7. B. anthracis Jo6m)eoo s 00720 83sdgdol go@sbofiowgds SNP xoqmaqddo

0BbMmEsi3ooL 0DBME53ooL | ALMmBErPoM 35bmbozmeo FPOPOXO
9BGHoaob # J30956s 356mbogzmeo
Voo Uyt SNP X080 SNP ~eps9230
8347-G 2007 LodosGo3gwm R25M9gIm A.Br.Aus94/A.Br.013/015 | A.Br.027/028
8295-G 2007 LogdoGo3gem 29699 m A.Br.Aus94/A.Br.013/015 | A.Br.029/030
9102-G 2008 LodoGomgzgerm | 30MHMBY30 | A.Br.Aus94/A.Br.013/015 | A.Br.032/033
9099-G 2008 LodosGon3geom 25699 A.Br.Aus94/A.Br.013/015 | A.Br.032/033
9104-G 2008 LodoGom3zgerm | 5@sdosbo | A.Br.Aus94/A.Br.013/015 | A.Br.032/033
9107-G 2008 LodoGHM39Er™m | 5s30560 | A.Br.Aus94/A.Br.013/015 | A.Br.028/029
9105-G 2008 LogdosGon3ger™m 29699 A.Br.Aus94/A.Br.013/015 | A.Br.028/029
89-G 2009 Lodoomggerm | s5@sdosbo | A.Br.Aus94/A.Br.013/015 | A.Br.028/029
52-G 2009 LogdoGong3garm 29499 A.Br.Aus94/A.Br.013/015 A.Br.033
50-G 2009 LodosGomgzgerm | 30MHMBY30 | A.Br.Aus94/A.Br.013/015 | A.Br.032/033
91-G 2009 Logdoongzgerm 25M9gIm A.Br.Aus94/A.Br.013/015 | A.Br.028/029
154-G 2009 LodoMomggerm | s5@sdosbo | A.Br.Aus94/A.Br.013/015 | A.Br.028/029
1242-G 2002 LodosGHo3gw™m 256M9gIm A.Br.Aus94/A.Br.013/015 | A.Br.029/030
1998-G 2002 LogdoMm3gEr™m | 5@odosbo | A.Br.Aus94/A.Br.013/015 [ A.Br.028/029
411-G 2001 LodosGomggerm | 5©s30560 [ A.Br.Aus94/A.Br.013/015 | A.Br.027/028
406-G 2001 LodoGon3gwm R25M9gIm A.Br.Aus94/A.Br.013/015 | A.Br.028/029
392-G 2001 LodoGM3gEr™m | 5s30s60 | A.Br.Aus94/A.Br.013/015 | A.Br.027/028
368-G 2001 LogdoBm3gr™m | s5@odosbo | A.Br.Aus94/A.Br.013/015 [ A.Br.027/028
8670-G 1992 Lodo®omggerm 25MgIm A.Br.Aus94/A.Br.013/015 | A.Br.027/028
9630-G 2000 LodoGom3zgerm | 5@s3osbo | A.Br.Aus94/A.Br.013/015 | A.Br.027/028
9450-G 1999 LodoGHM3gEr™m | 5@s80560 | A.Br.Aus94/A.Br.013/015 | A.Br.028/029
8903-G 1997 LogdoGHo 3™ 29499 A.Br.Aus94/A.Br.013/015 | A.Br.028/029
8889-G 1996 LodoMomggerm | s5@sdosbo | A.Br.Aus94/A.Br.013/015 | A.Br.028/029
8500-G 1991 LogdoGo 3™ 25M9dm A.Br.Aus94/A.Br.013/015 | A.Br.027/028
8276-G 2007 LodoGomgzggerm | Boswosxo A.Br.Aus94/A.Br.013/015 | A.Br.029/030
8263-G 2007 Logdoongzger™m Bosopo A.Br.Aus94/A.Br.013/015 | A.Br.028/029
7763-G 2007 LodoMomggerm | s5@sdosbo | A.Br.Aus94/A.Br.013/015 | A.Br.028/029
7762-G 2007 LodoGM3gErm | 5@s30s6o | A.Br.Aus94/A.Br.013/015 | A.Br.028/029
6671-G 2006 LogdoMom3gm | 3oMHMGy30o | A.Br.Aus94/A.Br.013/015 [ A.Br.029/030
6150-G 2006 LodosGomggerm | 5©s30s560 [ A.Br.Aus94/A.Br.013/015 | A.Br.029/030
K-2 <2004 »OHJgo o 3063HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.028/029
K-28 <2004 »IOHJYoO O 306 GHY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.026/027
K-44 2006 »GJgoo 30603HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.026/027
K-51 2010 »MGJgoo 3060HMGHY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.029/030
K-52 2005 »OIOHJgo o 306 3HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.028/029
K-60 2007 ovGdgoo 30606 GHY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.026/027
K-62 2008 »GJgooo 306H3HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.026/027
K-68 2012 »GJgoo 3060HMGHY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.028/029
K-78 2013 »IOHJgoO o 3060HmM3HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.028/029
K-80 2014 »OIOHJYoO O 306 GHY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.026/027
K-86 2004 »GJgooo 3060H3HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.026/027
K-98 2009 »GJgoo 3060HM3HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.028/029
K-100 2011 »IOHJgoO O 30606 3HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.026/027
K-107 2004 »MOHJgo o 306 BHY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.026/027
K-116 <2004 oOMGdgoo 3060H3HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.026/027
K-132 2012 »GOJgoo 3060HM3HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.028/029
K-139 2006 DOIOHIJgHO 306 3HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.026/027
K-145 2008 »GJgoo 3063HY30 | A.Br.Aus94/A.Br.013/015 [ A.Br.026/027
K-146 2013 »GJgoo 5530560 | A.Br.Aus94/A.Br.013/015 | A.Br.026/027
K-149 2013 OYIGIJg o J>QO A.Br.Aus94/A.Br.013/015 | A.Br.028/029
K-150 2012 OIGHIJgHO 29M9Im A.Br.Aus94/A.Br.013/015 | A.Br.026/027
K-156 2012 DOIGHIJgHO 29499 A.Br.Aus94/A.Br.013/015 | A.Br.029/030
K-160 2013 »GJgoo 25M9Im A.Br.Aus94/A.Br.013/015 | A.Br.026/027
K-173 2013 OO Jgoo R2oM9gIm A.Br.Aus94/A.Br.013/015 | A.Br.026/027
K-183 2014 »OIOHJYoO o 25M9Im A.Br.Aus94/A.Br.013/015 | A.Br.026/027
K-199 2012 OIGHIJgHO 29499 A.Br.Aus94/A.Br.013/015 | A.Br.028/029
K-204 2013 OMOIJgoO o 25MgIm A.Br.Aus94/A.Br.013/015 | A.Br.026/027
K-211 2014 DO IOHIJgHO 29499 A.Br.Aus94/A.Br.013/015 | A.Br.028/029
K-215 2009 »OIOHJYoO O 25M9gIm A.Br.Aus94/A.Br.013/015 | A.Br.028/029
K-220 2012 »GJgoo 2590 A.Br.Aus94/A.Br.013/015 | A.Br.026/027
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Tap-10-SNP (<All Characters>)
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A.Br.027/028
A.Br.027/028
A.Br.027/028
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.026/027
A.Br.032/033
A.Br.032/033
A.Br.032/033
A.Br.032/033
A.Br.033

oue]

> B H EH H % % % % % % % % % % % % % % % * % * O O OO0 OO O 0 06 0606 0606 060 060 060 060 060 0000000 ¢ 0009000

bGomo 21. B. anthracisjs®:oyeo s 0O dreo d@sd9d0l SNP gbo®ma®msds

K-51
K-156
8295-G
1242-G
8276-G
6671-G
6150-G
K-2
K-52
K-68
K-78
K-98
K-132
K-149
K-199
K-211
K-215
9107-G
9105-G
89-G
91-G
154-G
1998-G
406-G
9450-G
8903-G
8889-G
8263-G
7763-G
7762-G
8347-G
411-G
392-G
368-G
8670-G
9630-G
8500-G
K-28
K-44
K-60
K-62
K-80
K-86
K-100
K-107
K-116
K-139
K-145
K-146
K-150
K-160
K-173
K-183
K-204
K-220
9102-G
9099-G
9104-G
50-G
52-G

Turkey
Turkey
Georgia
Georgia
Georgia
Georgia
Georgia
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Georgia
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Georgia
Georgia
Georgia
Georgia
Georgia

2010
2012
2007
2002
2007
2006
2006
<2004
2005
2012
2013
2009
2012
2013
2012
2014
2009
2008
2008
2009
2009
2009
2002
2001
1999
1997
1996
2007
2007
2007
2007
2001
2001
2001
1992
2000
1991
<2004
2006
2007
2008
2014
2004
2011
2004
<2004
2006
2008
2013
2012
2013
2013
2014
2013
2012
2008
2008
2008
2009
2009

Cattle

Environm.
Environm.
Environm.
Environm.

Sheep
Human
Cattle
Cattle
Cattle
Cattle
Cattle
Sheep
Dog

Environm.
Environm.
Environm.

Human

Environm.

Human

Environm.

Human

Human

Environm.

Human

Environm.

Human

Environm.

Human
Human

Environm.

Human
Human
Human

Environm.

Human

Environm.

Cattle
Cattle
Cattle
Cattle
Cattle
Cattle
Cattle
Sheep
Sheep
Sheep
Sheep
Human

Environm.
Environm.
Environm.
Environm.
Environm.
Environm.

Calf

Environm.

Human
Cattle

Environm.
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4.3 B. anthracis MLVA g96m@®0306905

Sbeo@ s0dmBgboe SNP xam5393d0sds@qgoomo 396m@03gool gsdmbsgargbsco MLVA
33193030l 906MRs  LydoOM3zgErmdo 0BMmEoMmgdmwo Bbgsslbgs SNP  xamagdols
HomImoygbgwro 30 B. anthracisdsdo; 9¢53900L hsdmbosmgowo Fomdmoygbowos Hgdmm
Domdmpgbow 39-7 sbGogdo.

FoOommo  93odgdol MLVA-25  a96m@03069dol 89093990l 00bsbBo, 33wg35d0
Bo®Me0ds yzqgws B. anthracisobmeos@ds 563960 99¢0 96535¢05390mMm3690s SNP %390l
dogbom o osbsfocrs 30609 MLVA 3amsbdgmgds (Lomo 21). spbsbodbsgos ol
339430 O™, gOM-9Mm SLgm 3eslEIOTo bsbsbo 0gm 0wgbEHMHo MLVA 49bm@odol ddmbg
9459900, GMIgdoE 398MmYgmzowo 0gm 3060EY30s6 (Ge-3 9102-G), Boosg0sb (Ge-4
9099-G) s 3530963096 (Ge-5 9104-G) s 9OH0 s 03039 39M0L (RoMsd560, 2008 §.),
53 390LObO F0P0MGIL 069399300L gl HoemBmBsz3wmdsBg (LvMomo 22).

535bm9b 9hHmo@ 9453, 0L9g39 OMMO3 SNP g9bm@GH0306m900Lsl, 3393580 mvyGJgodo
0BMEoMYdMwo  xowgbol FFs39d03 0ym  59mygbgdmwo (sbMowo 7). owedmwo
93909006 MLVA-25 296m@3H030609050 958053wo0bs mMo doGomso MLVA  3wsb@géo
(30OMdoms© A ©@s B 3asl@ghgdo) s Tomdo  gosbsfowmgdmwo 13 MLVA
Jd3oxamgo(Khmaladze E, et al, 2017); 5d90sb A 3e0sb@gedo 9980033900 8 J39X3IBO O
50dmPbs  MBOM  IMOZ5RIOM3B0  30Mg  3wsbBgho B, Mg  dgLodergdgwos
053930069390 0yml 259M 33090 93Hodgdol dzocmg M5MmgbmdsLmb s d@Esgd0l
3990mygmaz0l OO S 03039 50T JOMIMISLMSD (Jo®Olio, MMMIgm0) (LYMsmo 23).

JoOOMo s 0O JMo  xowagbol 9Esdgool MLVA-25 g96m@E03060900L 9909390
52900 ©96OMAM900L  FgoMgdolsol  AsdmM0339m0 MO0  OEO 3G gmo -
FoOOMO S MMOIMNXO  0DMWHBHIO0M.DOMNMIMNE  JsLGHIMTo  TJOOMPS  (39¢39
JoOOMo S 39539 0VOJMo FBHodgdo; 4s0m033gms, ©Mmd B. anthracis 9&sdgdo

653c09d50 99399009056 93056 296930396 (33¢0gdOL S 99300 F9IMJI0™ LiESOOMHO
396M30 2563399900 OMOL gobTogEMdsTo.
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< vl I\ - (=}
IS I DI ]

T Geds
Ge-6
Ge-24
Ge-23
Ge-2
Ge-1
Ge-27
Ge-28

—
[

N
—
-

Ge-25
Ge-29
Ge-12
Ge-14
Ge-22

Ge-11
| Ge-8
Ge-7

Ge-15
Ge-19
Ge-17
Ge-20
Ge-30

Ge-10
Ge-3
Ge-4
Ge-5

Ge-9
Ge-18

2002
2008
1991
1996
2007
2007
2007
2007
2001
1999
2007
2006
2009
2002
1997
2009
2009
2008
2001
1992
2001
2000
2006
2009
2008
2008
2008
2009
2001

Zugdidi
Gardabani
Sukhumi
Gardabani
Terjola
Tetri Tskaro
Zestaponi
Zestaphoni
Zugdidi
Zestaphoni
Gardabani
Gardabani
Rustavi
Rustavi
Gardabani
Tsalka
Tsalka
Khobi
Kutaisi
Sukhumi
Rustavi
Akhalkalaki
Rustavi
Marneuli
Gardabani
Gardabani
Gardabani
Thilisi
Kutaisi

ulcer
ulcer
wash-out
ulcer

soil
wash-out
ulcer
ulcer

soil

ulcer

soil
sheep intestine
ulcer
ulcer

soil

soil

ulcer

soil

ulcer

soil

ulcer
ulcer
ulcer
bowel
blood
soil

ulcer
meat

ulcer

Patient
Patient
Environment
Patient
Environment
Environment
Patient
Patient
Environment
Patient
Environment
Animal
Patient
Patient
Environment
Environment
Patient
Environment
Patient
Environment
Patient
Patient
Patient
Animal
Animal
Environment
Patient
Animal

Patient

bmGomo 22. B. anthracis 560000 900900l MLVA-25 ©gbtmy®sds
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Ba-VMNTR-25

-2

3.0

16

1]

-0

Ssample Sample
Mame Source
* Ka-20
* Ka-26
* Ka-29
* Ka-12
® |K3-9
& 3-1
® 3-8
® {327
® {328
® {35
®Ka-22
W a4
® 316
®Ka-18
K323
W Ca-10
® 319
® |32
® {321
® [ a-25
®Kab
® [ a-7
® [ a-11
$Ka-13
® {314
® K317
®[{a-24
® |{3-30
+Ka-15
®[a-3

50il
50il
50il
cattle
cattle
cattle
cattle
50il
50il
sheep
cattle
cattle
cattle
=l
dog
sheep
50il
cattle
s0il
human
sheep
cattle
cattle
50il
cattle
sheep
s0il
cattle
cattle
sheep

Sample
type

environmental sa.
environmental sa
environmental sa.

animal tissue
animal tissue
animal tissue
animal tissue

environmental sa.
environmental sa

animal tissue
animal tissue
animal tissue
animal tissue

environmental sa

animal tissue
animal tissue

environmental sa

animal tissue

environmental sa.

wound

animal tissue
animal tissue
animal tissue

environmental sa

animal tissue
animal tissue

environmental sa.

animal tissue
animal tissue
animal tissue

bmGomo 23. B. anthracisonv)®dmerod@oedgdol MLVA-25 ©gbotmma®msds

Sample
Location

Kars-Selim
Kars-Selim
Kars-Selim
Kars-Selim
Kars-Center
Kars-Center
Kars-Center
Kars-Center
Kars-Center
Kars-Center
Kars-Center
kars-Akyvaka
Kars-Center
Kars-Ampagay
kKars-Digor
kars-Akyaka
Kars-Center
Kars-Center
Kars-Center
Kars-Center
Kars-Ampagay
Kars-Center
Kars-Center
k.aars-Digor
Kars-Center
Kars-Center
Kars-Center
Kars-Center
kars-Digor
Kars-Center

Collection
Date

2012
2013
2014
2009
2008
befor.
2007
2013
2014
2004
2013
2004
2012
2012
2013
2008
2012
befor.
2012
2013
2006
2005
2006
2009
2010
2012
2013
2014
2011
befor.



4.4 B. anthracis 56™@o 396030b bgdzgboMmgds- WGS

AUS94 (A.Br.003) > TEA (A.Br.008) 3s6mbozmé SNP xama3gomsb sbmEo®gdmwo
JoOommo B anthracis 0bm@sGHgool dmerosbo  29bmdol  bgdzgbo®madol  sbscrobols
99009390 398m3wobs 999ga0: ol JMmImbmdmeo (codY; feoB)(Chdteau A, et al, 2011;
Chatterjee A, et al, 2018) @ 3esBdomemo 296900 (cya, lef, pagA, sigB, capB, capC, capA)
MHmIgdoz 960336gwm3zsb MHMEL 15359Mmd96 xowagbols d5d@EHgeools 3060 gb@mdols
39bLOBMZMST0, A9TM0MBY3056 Fo®owo 3mbLYMZsGMMdom, 35d0b MMPLyE 9T MmO
SNPyxama3do 990535 x0egbol  9EHodgdol  29b6mdgddo  godmgwobs  Lbbgosobbgs
35HBFoEMM0 3MMROW0. 390dME 30, OEJOM 5 @330, HMIWgdog gobgzmmzbs TEA
3960mb03m6 SNP xamalipXO2 3wsBdos 96 508mBbs, AUSI4 obmws@gdo 3o m6mogg
pXO1 s pXO2 3w sHdooom 043bgb Hoedmeagbobo.

3905 5oL, 50b0dbero 10 9E53olL byd39606M9d0l F9dgy dmbs 28 sboero, JsGmwmwo
935390030l 139300303900  SNP  m3mlgdols  5©0dmBgbs.  dmdsgser  33e09390d0
53933005 50b0dbmwo SNP-9d0Lmzol Melt-MAMA 3030609000 &9b&gdol 990wdsggds
hlers dsmo 339 5GBGdME SNP 39bm303060900L Jo®ovmem 35690y sd5¢gds.

d0005bMdsdo  B9d39boMgdMos  Lods@mggurmdo godmygmaowo 13 xowgbol d@sdo.

bLEOMWo ggbmdmEmo 1gd39blol T9gYRIOBY WIYMHPbMBdOM sogM RO MAqbgE03MO0 by,
OMI9dsg  LoJoOM3g™MTo  J9FMYMBOEO KO gbols  I3odgd0gobsmogly  EIMBSH

530™ma9693H03960 sy (LmGomo 24).
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Chatterjee%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29381237

*C.Br.MOSS 4* B.Br.CNEVA

| B.Br.001/002

\—* B.Br.KrugerB
A Br.005/006

by@ooo 24. B. anthracis 13 Js®omeo 3qbmdo 45605319090 germdseme i3owmagbgdolzm® bgbg

b9d39606MHgdMwo B

—— < ABrVolum

L ABr.003/004

— 4A.Br.Aust‘34
ABRO14
|

1802G 51

876G 54

9080-G

A_Br.001/002
A_Br.Ames Anc

ABr.A0897
ABr.AD149
A Br.Ba4599

8785G S7
A.Br.008/011
7673G S3
[ 87826 S5

E
- 87846 56
88846 S8
A Br011/009
s
ABr01 A.Br.WNA

anthracis 4s6owo  93Hedgdol 096300 g3OMmdgd0  S0GHZ0M™MS

396m3MM0 d5630L IMbs39dms d9Bsdo (BioProject PRINA336484) (3b®owro 8)(Khmaladze E,

et al, 2017).
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3b®owo 8. B. anthracis 8859900L bgd39b0M9d0Ls s sfMHMdOL 9dgy BowgdEo Fob39bgdgdo

3®odols # 0DmEszool | 0bmmsgool | GenBank -ols dog® 360900l 25005835630 N50 32©0MYdYOo
oo Fgstrer doboFgdwo 6502009635 05B396909o0 363 0g900b 30w9dol
6m3gMo 65020096035 6502009bmd>
1802-G 2012 90590560 MVKJ00000000 78 119.35 365,205 5,722
1897/12-G 2012 Logdmberol MVKH00000000 88 132.10 413,677 5,723
bmégo
8776-G 1992 00530560 MVKI00000000 81 141.80 331,561 5,719
9065-G 2008 90590560 MVKG00000000 70 209.11 331,561 5,724
9108-G 2008 5Q5d0sbo MVKF00000000 95 157.55 432,600 5,727
7673-G 1989 Booogo MVKEO00000000 86 211.16 868,539 5,618
8782-G 1992 3b3MoL MVKD00000000 84 98.30 287,604 5,618
09230
8784-G 1992 Logdmberol MVKC00000000 72 195.48 266,373 5,618
bmeEo
8785-G 1992 90000560 MVKB00000000 70 154.38 313,727 5,616
8884-G 1994 5Q5d0sbo MYVIR00000000 69 168.97 320,727 5,616

B. anthracissoo Lo 49bmdxmo 1599396060900l as0©s dmbs 9Esdgool  Fomoero

390B93500Md0L ()  MbmE300l) dJmbg FgomEYdom ©3MTs39ds, MOl T9OIRSPI3

3993065 99990 $og@gdo:

pagA 3960b 1gd39bLol s65¢P0Bds Ly godmogErobs MmMo 3MEsE0s: Lobmbodwm®mo s
365-bobmbodMMo (BolgbL) -  FmES30s. Jobgbl-0mEHOE0d M0 BYOMWO 0ym
95050 563096Mmd0l IJmbg MdBol dmdoxbs3zg s 0f393s 9¢sbob > 35¢obols
3B3W0EgdsL, sdom 30 3M0GH03MW MWL SLOWWIDdES WIGITMORBIIEHMODL(LF)

0539300690580. 50b0dbE0 3ME9309d0L godmzargbs Loggmdzws WgEM mGo PA
396m@030l (PA genotype I; PA genotype V) s m®o PA g9bm@odol (FPA; FPV)

(Price L, et al, 1999)56L5B065L (3bG0¢00 9);
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35600 9. pagA 4960l sb5cr0Bol Bggagd0

3935300L 3mboios/
PA PA
3Bsdob # Lbobdoy bagewondoo
396m@030  ggbmE030

1998 3602
7673-G,8782-G,
8784-G, 8785-G, I FPA 5/10. C C(A)

8884-G
1897/12-G, 8776-G,

9108-G, 1802-G, \4 FPV 5/10. T T(V)

9065-G

mombo  3mwodmegmewo SNR  @em3mbol (CL10, CL12, CL33, CL35) sbsgrobol
90bg30m Bo@oMgdmo 33e930L d99Rd© IMbEs 9Hmo s 03039 39bMmbozmeo
SNP xama0l dogbom xowgbols 9sdgdol ogmezs. xsddo m® 356mbozmé SNP
X3I3BL ImOol bmomo Bbgsslbgs SNR g9bm@odo godmozzgoms; A.Br.008 xawmado
065bs Ibmwmo ghHmo, benem A.Br.003-do mombo SNR 3Hmgowo (byy@smo 25).

s7
s8
s6

A.br008

s5
s3

s1

s2

s4

A.br003

s9

s10

LbmEomo 25. SNR-33w9300 8909390 933909000 ©0qbMmaMsds
299Mygbgdo 36OHMAMs9900 -Genius 7.0.6 s MEGA6
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e 930000 ImMs30 99bol (glpF, gmk, ilvD, pta, pur, pycA, tpi) MLST g96m@03069ds0

33193530 RGN0 53039 93530l 0©9bEH0TB0306M9ds dMsbobs MHmymes bgd39bl

&odo (ST) 1.

e MLVA-8 s MLVA-15 3sbgwoom 339350 AUS94 (A.Br.003) s TEA (A.Br.008)

396mbozmé SNP xamaqgddo 10B. antrhacis oBmEs@dl dmGol 4s0msgewobs bsdo

bbgoolbgs MLVA gqgbm@odo; MLVA-25 ©s MLVA-31 9900m@©gdds  sB39b9L

39MB9350MB0L 25300900 MBOM FodO MBIMO S FMIBEPObYL FE9Tgdl TGOl

635, bowmn  mommgme  SNP  xamxdo 4 ¢bozsemm®oMLVA  496m@odols

MLVAS g 8 8§ %2 % 8§ 8 8 3 ¢ 8 8 8 3 3% %
MLVA25 A e oA - ow 808 T s o§ 0§ 0§ 0§ 0§98 % %%
£ > 5§ 0 o £ £ £

s SEPEEEEREIIIIIIIIEIIIIINLEA
: |

S1
st oo o® T8 w2 owowom w7 B momoom e on uls e N

S2
S2 no® TRE 72 fow B 7 B ¥ o0 o5 of 9 N uEE 7 s 9 e
— e T § 7 o2 s o0 onow B % 0 5 o1 o9 on g w 'BEH ]

S10
Q0w % 0@ o2 0o 7B MW oN 4N i@ 9 s 9
—  ———] B 4 5 a & 3
6 Sl v 108 9 U O VR R A T T MM 1 s o9 e
s7 & 0o g 2 9 I I B ' I T TR R B8 1 o s o

53 53
=1 v ® 7.8 2 3 B o7 oA w5 on 9B uENH o5 s e
S5 .
S5 0o § 2 f 3w 7 w08 0o s on oulENE 7 s s s
58

8 —— g 21 1 B 7 oA w5 on 9B u a5 s s

bmGomo 26. 10 B. anthracis obmgoo®®g MLVAS / MLVA 15 oo MLVA25 / MLVA 31 33¢93990b dobggom

53900 ©EIbEOHMYMsTs (BioNumerics v. 7.6 30:0050s)
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5 olgnbos

350mMmabmMo  803MMMMR60DIGdol  9bgIMNmO O 9MBSEYHOMDMH030  FBodgdol
960356900L256 A5Fox3bs 1L3ToMm© GV Bogombl FoMTMoqbl, o3 ™s30LdbMO3
d9Lsderms 399m0bsGml 0bm3560 BOMPIMYOOROYWO0 LEAHOMIGHMOOL
Bodmyo0dgdsdo.  LimGgo  sdo@dmd,  doewbgo  360d3b9wmzsbos  0b@gbbom®o
930mbsmMEmO 330093900 965 FBMEM© 96EIIMNMO FFsdgd0ol 0©IbEHOTBOE0MYOOLS ©
393639930l 4oBLOBOZMOLMZOL, 9T 993500l 45dMA)3II30L  JEPMBI YO
R0 MY)693032M036006(30390077 Y BoLsM30L.

LodoMM39em, o30L0 oLEGHMMOYIero 3503369 MdOLS s MOZ30BYOIMO  JIMAMOBROEO
WM3d3000 - 853 @S 39L300L B39l FmMoL, 93MM30Ly s SBoOL Foloygsby O

0b@96mglL 0{)393L X} 0wgbols 259md[3930L ALMBWOM Fo3M3ggdol aHBgdol Tgbfagerol
035BsBOOLOM.

50b0dbe LoEoLyMGHSEom bsd®Mmddo s©fgmowo canSNP 565¢00bBol 459mygbgdom272
JoOM0 0BMEsEHOL 33009308 F9IROP 259M3e0bEs, MM yz9ws domysbo dog3m3bs
Australia94 (Aust94) 2560@HMmgdsL. JoOomeo Aust94 0Bmo@gdolygmy®mozgor)ero mvw
30My9693H03M0 3M535¢R9gMOM3690s, 50b0dbM MHgaombdo Lbgs 83319350900l Joge
MLVA A3a 0%Bm@s®gdol ©g@gdEosbomeb goomo@ (83536050 933035¢9b@Gw®0os Aust94
006053 mdol J0docmrm), Fo9moagbl 53 IBHML 93mEmy0OO ©I3Z30MJdOL dE0ge
930390 gosl.  Aust94  xamaol (9360900l  09bEGH0R0E0Mgds  dmbs  bmomogg
3Mb6E0b96GO0L  939969ddo  (o3LEH®o0s,  Bobgmo, 0bawolio, 9gMdsbos, obomgomo,
9nB530030, 6530005, B0TBY3Z9, FNEHWIBEOS, LEABOY0 SBOOZY, BO0EBEO, MMOJJ0
LogoOm3germ), o3 doMomMIdOL X 0wgbol30MMILIE  BIODM  J93MEIWYdsDY  /
29069359. 330 59 2963BHMYIOL YEHIWIOHO FOEMPIMAMIR0S XIOXJOMOOM LEOEOSE
56 5M0L S>EfgMOwO.

LOHMo 496mINHo SNP 30wmaqbg@o3mmbgbg, HMIoboggdolsmgol gsdmygbgdmwo
04mxowgbol 13 ®gnqgmgbl d@sdo, Lydo JsGowo odbmwsdo (9080-G; 8903-G s 52-
G)gobmagbs Aust94 4969303160 xando. BOHOM® sGOBMbOL Mbogzgdlodgdol B.
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anthracisdsdgdol dbmgwom 3megdsool 13Mobobydsdsbsdg d9ddsg39de 356mbozm®
SNP 65360909, 250ms3wo0bs Aust94 4569@™qdol brmo 3969@037M0 J3gxamxo (A.Br.014;
A.Br.013; A.Br.015; A.Br.016; A.Br.017). Bg9bo 33c0930L g3oGargddo d9dmd39dmewo SNP
35690l 39339Mmd00 30. MdsEe bgbg goBbs sboo, 52-G 9EHsdol g9gbmdoo
3obLOBEZMIMEo, 9.0, Jommmo  obd@Mmgds, MMmIgwog  Jodmmeo  JEodgdolmzols
1393083039600 M35 J39XJMNBOM ©H3MI3gJB©s (A.Br.026; A.Br.027; A.Br.028; A.Br.029;
A.Br.030; A.Br.031; A.Br.032; A.Br.033).

39603™90900 5 om0 BHM3MEMR059bMGH030MdM, I3 9MdYJ39606MgdM
0DBME539dd0dMMmI©Y 56 3e00bYds, MBJdS MEbmdo, BowwMaqbE03MM0 S0IMPBYBdOL
LoLEGYINOO (3MI0EGOOLS S J9BTBHMYOGOOL 3MEORLOL godMm, 0¥9d3s om0 Booglsmeo
3930060 MAHYgmo©05.A.Br.014 s A.Br.013 g3gxamxgdol  go8s90H00sb90gmo 3356d0@sb
LomO39L  0BL Y39 sBg BSBIWMMO S FMOZ5RIMMZ560 SNP yamazo MmIgwos
596005690L 0DMHBHIOL 5 bLbgoolbgs 3006¢30bgbE0s6.A.Br.013/015 d39x a0 dmozsgl
0DMWOEJOL 93MM306 (N=2) s 593-sb (n=8). sG> 5doly,A.Br.013/015 x3mx3005b
L5™539L 0MgdL FobIBHMGds, BMIgGFoE 299MHD0s69dME0s 272 JoOHDMEO 0DMWHEHO0S
51939 3obdEBHMYds, MMIGeo3 dEM3Yds Aust94 d@sdoo (Lr@smo 27).

#8015 o (GBR=1; GER=1; USA=8)
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Ekaterine Khmaladze

Molecular Genotyping and Phylogenetic Analysis of B. anthracis Strains Isolated in Georgia,

PhD Thesis

Summary

Introduction

Fighting against anthrax is considered to be one of the priorities for public
health/epidemiological surveillance not only in Georgia, but also in the whole world. Due to
the high virulence and ability to cause death, as well as spore formation in the environment and
capacity to maintain spore viability in the soil during decades, B. anthracis was assigned to the

especially dangerous pathogens, bio threat agent A.

High mortality rates of animals in the areas endemic to anthrax may cause weakening of the
local agriculture sector and reduce the population’s livelihood to some extent.Strengthening
prevention, detection and response to the public health hazards, such as anthrax, becomes more
and more important for endemic countries, in order to develop their capacityto meet the
requirements of the International Health Regulations (IHR) and Global Health Security Agenda

(GHSA) (2005).

Anthrax is an endemic disease in Georgia. The cases in humans and animals are found in all
regions of the country with varied distributionintensity.Over the past 2-3 years, there has been
a tendency to decrease human morbidity in the country, which is related to the implementation
of an animal immunization program against anthrax. However, regulations regarding
slaughtering/processing of sick animals and arranging their graves have not been fully resolved

yet, which still remains a high-risk factor for developing anthrax in humans.
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In the framework of the epidemiological surveillance program of especially dangerous
pathogens, L. Sakvarelidze National Centre for Disease Control and Public Health (NCDC)

continuously ensures full monitoring of natural fociand clinical dispersion of the disease.

Aim of the study

Genotyping and phylogenetic analysis of archival B. anthracis strains from the NCDC live

culture repository and bordering countries was the main aim of this PhD thesis.

Objectives

= Develop modern genotyping assays (Single-Nucleotide Polymorphisms — SNP, Multiple Locus
Variable-Number Tandem Repeat Analysis - MLVA and Whole Genome-Sequencing - WGS)for
rapid typing of newly isolated Bacillus anthracis strains as well as clinical and environmental
samples

* Phylogenetically characterize Bacillus anthracis isolates from the National collection of Bacteria
and Viruses of NCDC of Georgia

= To place the Georgian Bacillus anthracis isolates into an existing global phylogeographic
framework

* Identify new populations among Bacillus anthracis strains isolated from Georgia

Practical Value of the Study

The research, carried out in the framework of the thesis, allowed us to observe the circulation
of the pathogen between environment and human.At the same time, practical implementation
of the above-mentioned methods made it possible to timely detect the source of infection —
newly isolated B. anthracis strains, as well as determine the origination of clinical and
environmental samples and their genetic interrelation. According to the issues named earlier in
the thesis, the described studies promote improvement of epidemiological surveillance of

anthrax in the country and more efficient realization of the program. Strengthening the
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epidemiological surveillance of anthrax will play an extremely important role in decreasing the

morbidity rate in the population and addressing general health issues.

Materials and Methods

A total of 272 B. anthracis archival strains from the NCDC live culture repository and 30
Turkish B. anthracis DNAs isolated from the Kars region (in scope of Georgia — Turkey

collaboration) were included in this study;

For PCR confirmation, SNP and MLVA-25 genotyping, DNA was isolated using heat soak
method; for Whole Genome Sequencing (WGS) genomic DNA extraction of selected strains was
performed with chlorophorm extraction method; for culture confirmation real-time PCR (5.

anthracis DetectionKit Target1, Target 2, Freeze-Dried Reagents, BioFire Defense, LLC).

For molecular typing of B. anthracis strains Single Nucleotide Polymorphism (SNP) and Multi
Locus Variable-Number Tandem Repeat Analysis (MLVA) techniques were applied. Georgian-
specific SNP discovery was performed by comparison of available and newly sequenced
Georgian strains in collaboration with Northern Arizona University (NAU). From discovered
SNPs specific for Georgian isolates, SNP genotyping panel was developed - PCR assays were
designed for using both, Melt-MAMA (Mismatch Amplification Mutation Assay) real-time and

gel platforms.

In order to study genetic modifications in this organism, 10 B. anthracis strains were chosen for
Whole Genome Sequencing from different identified B. anthracis SNP subclades. WGS was
carried out on Illumina, MiSeq platform at R.G. Lugar Center for Public Health Research at
NCDC. To expand knowledge about the scope of genetic diversitywithin B.anthracis spread in
Georgia, after WGS data collection Single Nucleotide Repeat analysis (SNR), Multilocus

Sequence Typing (MLST) and study of Protective Antigen (PA) genotypes was performed.
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Results and discussions

Single Nucleotide Polymorphisms (SNPs)

26 putative SNPs specific to the Georgian lineage were identified in the whole genome
sequence analysis and were incorporated into melt-MAMA genotyping assays. GC-rich tails
were used on one allele specific primer what made them applicable to use for both SYBR Green
and Gel Assays. These assays were used to screen 272 B. anthracis isolates from the NCDC
collection. As a result, a new sub-lineage within the A.Br.013/015 clade that contained 272
Georgian isolates was discovered. Within this new European/Asian juncture sub-lineage, eight
new genetic subgroups were identified that are spread on geographically distinct west and east
territories of Georgia. After quality control and evaluation of PCR reactions, one assay per SNP
group was selected.A total of eight SNP assays were considered for newly generated SNP
genotyping panel (A.Br.026; A.Br.027; A.Br.028; A.Br.029; A.Br.030; A.Br.031; A.Br.032 and
A.Br.033).

Genotyping of B. anthracis strains isolated in the Kars region of Turkey using canonical SNPs as
well as a newly discovered Georgian SNP panel placed all Turkish isolates in Aust94 lineage and
among three Georgian SNP subgroups - A.Br.026; A.Br.028 and A.Br.029. This finding is
consistent with the idea that this new genetic group may be geographically restricted to border
regions of the European/Asian continents. This restricted geographic distribution, as well as the
high levels of genetic diversity within the lineage, is consistent with a relatively older origin
and localized differentiation. In addition, the molecular SNP signatures that mark the
geographically restricted European/Asian juncture sub-lineage and their genetic subgroups
provide with the capability to trace B. anthracis that originate from regions along the

European/Asian continents.
Multi Locus Variable-Number Tandem Repeat Analysis (MLVA)

According to the BA-MLVA-25 genotyping results,30 Georgian B. anthracis strains generally
showed more diversity within SNP subgroups, but structured in multiple small MLVA clusters.
Interestingly, in one of the clusters the same MLVA genotype was found in strains isolated from

patient, animal and soil from the same area, what provides a direct evidence of the source of
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infection. As for strains from Turkey, all 30 isolates belonged to two clusters (A and B) with
thirteen MLVA genotypes. Cluster A is more diverse than cluster B, which could be explained
by the relatively small sample size and different sample locations. Our results suggest that B.
anthracis strains originating from Georgia and the northeastern part of Turkey are genetically
interrelated, which could be explained by the geographic proximity of the countries. When
both data compared there were two clear clusters by the origin of strains, Turkey’s cluster and
Georgia’s cluster. It suggested that B. anthracis might transmit at relatively low level and have a
relatively stable genome over time.

MLVA genotyping is established in Georgia and along with other molecular techniques it will
enhance current surveillance and detection capabilities and will be in routine use to track

sources of infection.

Whole Genome Sequencing — WGS

A comparison of virulence factors and genes within Georgian B. anthracis isolates associated
with different SNP subclades showed that chromosomal genes that are known to affect
virulence as well as genes located on plasmids, appeared to be conservative, while pXO1 and
pXO2 plasmid composition revealed different profiles and separated strains into two canSNP
groups: A.Br.013/015 groups (Aust94) and A.Br.008/009 (TEA). In addition, 28 putative SNPs
specific to the Georgian isolates were identified based on new WGS data; newly discovered
SNPs will be converted into the Melt-MAMA and will be added to already established SNP
genotyping assay panel at NCDC. Two very distinct and relatively distant populations of B.
anthracis were discovered across the Georgian landscape. Within the small geographic scale of
Georgia, the identification of two distinct and genetically distant populations of B. anthracis
suggests that Georgia is the site of multiple waves of B. anthracis dispersals from different

origins.

Study of Protective Antigen (PA) genotypes and phenotypes indicate that the pagdata are
consistent with chromosomal diversity in SNP groups. Although sequencing of pagA results in
limited numbers of subtypes, it does have the added benefit of determining if the pagA gene has

been altered or engineered. MLST analysis was unable to identify polymorphisms in the studied
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B. anthracis strains; all isolates had the same sequence type, and were identified as Sequence

Type (ST1) 1.

Our study demonstrated that SNR analysis was able to discriminate strains within the same

canSNP group. These two combined data sets (canSNP/SNR) provided greater resolution and

can be applied in tracking outbreaks as well as in forensic studies.

Conclusions

272 strains of B. anthracis stored in the National Center for Disease Control and Public Health
(NCDC) collection are genetically characterized by various molecular methods.

According to the results of canonical SNP genotyping,all Georgian, as well as Turkish B.
anthracis strains were assigned to the B. anthracisgroup A, particularly Aust94 SNP lineage.

SNP genotyping revealed a new lineage on the global phylogenetic map, which was specific to
Georgian isolates and consisted of eight new Georgian subgroups.

There was developed and implemented a Georgian strain-specific SNP genotyping panel, which,
along with MLVA and other modern molecular typing methods, will be used in routine works
for detection of the source of anthrax in the country.

For first time in Georgia Whole-Genome Sequencing of B. anthracis strains became available and
was carried out. Currently, there are a total of 13 sequenced B. anthracis strains, isolated in
Georgia.

Whole-Genome Sequencing (WSG) and SNP-typing revealed two geographically separated and
genetically distinct phylogenetic groups among Georgian strains — Aust94 and TEA.

SNR genotyping method revealed additional genetic profiles in SNP groups, containing Georgian
strains; therefore, research using combination of SNR/SNP methods is characterized by higher
resolution.

This study allowed us to obtain more information regarding distribution of anthrax in the
region, which makes the history, mechanisms and trends of its global dissemination obvious and
expands them even further.

Consideration of agricultural activities and animal migration revealed the necessity of studying

B.anthracis strains, dispersed through the neighboring countries.

86



7  sbstmgdo

7.1 @bs®mo 1 - 33emg3530 g580mygbgdmmo ©3bxgE-oL 3Mergdzosdo sGLgdmmo B.
anthracis 9&s9900L LOmo Sefiges

Van Ert et al 2007 Birdsell et

9Bodob # | 9Esdolobmmozoolfigeo | @sdolbobmmsioolsgaomo | d@sdolobemsgoolfigs®m |  gsdmdagygbgdmmo 359cgdggyt
canSNP %3930 canSNP ¢

261-G 2009 15BHOIO 6050590 A.Br.Aus9%4 A.Br.01
1162-G 2002 sbondoado 6050590 A.Br.Aus94 A.Br.01
2345-G 2002 09go@mdm 3007&Y30 A.Br.Aus94 A.Br.01
2346-G 2003 9o @mdem 60530 A Br.Aus%4 A.Br.01
367-G 2001 Jmomsobo 500590060 A.Br.Aus94 A.Br.01
368-G 2001 Jomsobo 500590060 A.Br.Aus94 A.Br.01
392-G 2001 6los30 500590060 A.Br.Aus94 A.Br.01
405-G 2001 b9a000 605530 A Br.Aus%4 A.Br.01
411-G 2001 Jmomsobo 50590560 A Br.Aus%4 A.Br.01
4568-G 2004 239050560 B0sog0 A.Br.Aus94 A.Br.01
5040-G 2004 09go@mdm 500590060 A.Br.Aus94 A.Br.01
5041-G 2004 Lgbsgo 500590060 A.Br.Aus94 A.Br.01
5042-G 2004 9o @mdem 605530 A Br.Aus%4 A.Br.01
5043-G 2004 9o @mdem 605530 A Br.Aus%4 A.Br.01
5044-G 2004 bgbozo B0sog0 A.Br.Aus94 A.Br.01
6393-G 2006 Lo BHMIPOS B0oog0 A.Br.Aus94 A.Br.01
6394-G 2006 153 BHMIPOS 3063Y30 A.Br.Aus94 A.Br.01
6395-G 2006 159GHIPOS 50590560 A Br.Aus%4 A.Br.01
6396-G 2006 159GHIOS 50590560 A Br.Aus%4 A.Br.01
6423-G 2006 0950 GHdm 500590060 A.Br.Aus94 A.Br.01
6424-G 2006 D950 GHdMm 500590060 A.Br.Aus94 A.Br.01
6425-G 2006 09go@mdm 60550 A.Br.Aus94 A.Br.01
6426-G 2006 159GHIPOOS 50590560 A Br.Aus%4 A.Br.01
8222-G 1990 ®d0E0obO 235690m A.Br.Aus94 A.Br.01
8268-G 2007 Lgbogo 500590060 A.Br.Aus94 A.Br.01
8269-G 2007 Lgbogo 500590060 A.Br.Aus94 A.Br.01
8279-G 2007 bmbo 5580560 A Br.Aus9%4 A.Br.01
8280-G 2007 bmbo 60030 A Br.Aus%4 A.Br.01
8296-G 2007 bmbo 30699%y30 A.Br.Aus94 A.Br.01
8298-G 2007 D950 GHdem 500590060 A.Br.Aus94 A.Br.01
8309-G 2007 bgbsgo 500590060 A.Br.Aus94 A.Br.01
8347-G 2007 ®90M0fYsOH™ 356090 A.Br.Aus94 A.Br.01
8374-G 2007 1gbs30 B0ooy0 A.Br.Aus9%4 A.Br.01
8402-G 2007 Jmomsolo 500590060 A.Br.Aus94 A.Br.01
8500-G 1991 Lbembodo 395690 A.Br.Aus94 A.Br.01
8668-G 1991 obogameo 30699%y30 A.Br.Aus94 A.Br.01
8670-G 1992 Lbmbwmdo 6050 A.Br.Aus9%4 A.Br.01
8776-G 1992 32I6OX 5960 5059060 A.Br.Aus9%4 A.Br.01
8777-G 1992 9o @mdm Booog0 A.Br.Aus94 A.Br.01
8778-G 1992 09go@mdm 30699%y30 A.Br.Aus94 A.Br.01
8779-G 1992 Joomv®s 500590060 A.Br.Aus9%4 A.Br.01
8887-G 1994 Jo@geo 50590560 A.Br.Aus94 A.Br.01
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8893-G 1996 153G 500590060 A.Br.Aus94 A.Br.01
8992-G 2008 Jmomsobo 60550 A.Br.Aus%4 A.Br.01
9064-G 2008 oo 5500560 A.Br.Aus%94 A.Br.01
9080-G 1998 2960050560 6050590 A.Br.Aus94 A.Br.01
9630-G 2000 abogrdsmodo 500590060 A.Br.Aus94 A.Br.01
9681-G 2008 153 BHMIPOS 500590060 A.Br.Aus9%4 A.Br.01
A136 - N/A unknown A.Br.Aus94 A.Br.01
1028-G 2010 29050560 30699%Y30 A.Br.Aus%94 A.Br.01
1029-G 2010 2960050560 2396090 A.Br.Aus94 A.Br.01
1047-G 2010 DobBsnmbo 300&Y30 A.Br.Aus94 A.Br.01
105-G 2009 fJom3o B0sog0 A.Br.Aus9%4 A.Br.01
106-G 2009 oo 3069)%Y30 A.Br.Aus%94 A.Br.01
107-G 2009 oo 5500560 A.Br.Aus94 A.Br.01
108-G 2009 6mboogo 500590060 A.Br.Aus94 A.Br.01
109-G 2009 3900560 500590060 A.Br.Aus94 A.Br.01
110-G 2009 2396050560 605530 A Br.Aus%4 A.Br.01
111-G 2009 2396050560 306)3Y30 A Br.Aus%4 A.Br.01
112-G 2009 foam3o 300EY30 A.Br.Aus9%4 A.Br.01
113-G 2009 fom3o 60550 A.Br.Aus94 A.Br.01
1173-G 2010 bmdo 500590060 A.Br.Aus94 A.Br.01
1202-G 2010 2396050560 50590560 A Br.Aus%4 A.Br.01
1203-G 2010 0JOR M 605050 A.Br.Aus94 A.Br.01
1211-G 2010 239050560 500590060 A.Br.Aus94 A.Br.01
1212-G 2010 fogbyxobo 300&Y30 A.Br.Aus9%4 A.Br.01
1213-G 2010 Powgbxobo 60550 A Br.Aus9%4 A.Br.01
1218-G 2010 2396050560 50590560 A Br.Aus%4 A.Br.01
1230-G 2010 Lo dMgx ™ 50590560 A Br.Aus%4 A.Br.01
1243-G 2010 Joos 3060994930 A.Br.Aus94 A.Br.01
1248-G 2010 ob3obds 239690m A.Br.Aus94 A.Br.01
1251-G 2011 YIRS 3000&Y30 A.Br.Aus94 A.Br.01
1254-G 2011 ©9OMBoLHYsOH™ 600 A Br.Aus%4 A.Br.01
1255-G 2011 ©9OMBoLHYsOH™ 60030 A Br.Aus%4 A.Br.01
1256-G 2011 ©9)MBobysO™m 300EY30 A.Br.Aus9%4 A.Br.01
1272-G 2011 29600560 B0sog0 A .Br.Aus9%4 A.Br.01
1288-G 2011 25650560 60550 A Br.Aus9%4 A.Br.01
1289-G 2011 2396050560 3063930 A Br.Aus%4 A.Br.01
130-G 2009 2560560 B0osy0 A.Br.Aus9%4 A.Br.01
1310-G 2011 shoandomsdo B0so0 A.Br.Aus94 A.Br.01
1311-G 2011 29050560 Booog0 A.Br.Aus94 A.Br.01
131-G 2009 29050560 500590060 A.Br.Aus94 A.Br.01
1340-G 2011 »d0obo 5580560 A.Br.Aus94 A.Br.01
1344-G 2011 DobGonmbo 500500560 A.Br.Aus9%4 A.Br.01
1345-G 2011 DgbBHommbo Booog0 A.Br.Aus94 A.Br.01
1349-G 2011 Lo oMgx ™ 30699%Hy30 A.Br.Aus94 A.Br.01
1350-G 2011 Lo oMgx ™ 30699%y30 A.Br.Aus94 A.Br.01
1351-G 2011 LogoMgxX ™ 500500060 A.Br.Aus9%4 A.Br.01
1352-G 2011 0500 5059060 A.Br.Aus9%4 A.Br.01
1353-G 2011 ©3s60L0 50530560 A.Br.Aus%4 A.Br.01
1358-G 2011 L9Bs30 5500560 A.Br.Aus94 A.Br.01
1359-G 2011 Bogo69x e 3063930 A.Br.Aus%4 A.Br.01
1360-G 2011 LogaMgxR™ 3063930 A.Br.Aus9%4 A.Br.01
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1361-G 2011 Bogo6m9x 3063930 A.Br.Aus94 A.Br.01
1362-G 2011 Lo oMgX 306)HY30 A Br.Aus%4 A.Br.01
1363-G 2011 LogaMgxR™ 3063Y30 A.Br.Aus94 A.Br.01
1364-G 2011 Fowgzs 5500560 A.Br.Aus9%4 A.Br.01
1379-G 2011 090M0ofigsmrm 5500560 A.Br.Aus94 A.Br.01
1380-G 2011 »YJDOHOfYse™ 5500560 A.Br.Aus94 A.Br.01
1381-G 2011 Fogs 60550 A.Br.Aus9%4 A.Br.01
1382-G 2011 DMIWS30 5590560 A.Br.Aus94 A.Br.01
1383-G 2011 Fogs 5500560 A.Br.Aus94 A.Br.01
1384-G 2011 3566970 5500560 A.Br.Aus%4 A.Br.01
1385-G 2011 Fowgzs 5500560 A.Br.Aus9%4 A.Br.01
1386-G 2011 »gnM0fgserm 50590560 A.Br.Aus94 A.Br.01
1387-G 2011 »9JNMHOfYse™ 50500560 A.Br.Aus9%4 A.Br.01
1388-G 2011 »gnM0fgserm 50590560 A.Br.Aus94 A.Br.01
1391-G 2011 MIWS30 30639430 A.Br.Aus9%4 A.Br.01
1392-G 2011 Foemgo 3063Y30 A Br.Aus9%4 A.Br.01
1393-G 2011 ®90M0fysmrm 300&Y30 A.Br.Aus9%4 A.Br.01
1394-G 2011 »9JNMHOfYse™ 30639430 A.Br.Aus9%4 A.Br.01
1395-G 2011 ®90M0fysmrm 300&Y30 A.Br.Aus9%4 A.Br.01
1396-G 2011 »9JNMHOfYse™ 30639430 A.Br.Aus9%4 A.Br.01
1397-G 2011 dmembolio 306)3Y30 A Br.Aus%4 A.Br.01
1398-G 2011 Fowngo 30639430 A.Br.Aus%4 A.Br.01
1402/11-G 2011 25650560 5500560 A.Br.Aus9%4 A.Br.01
1403/11-G 2011 356b9290 5530560 A.Br.Aus%94 A.Br.01
1404/11-G 2011 (o Telielel o) 50500560 A.Br.Aus94 A.Br.01
1405/11-G 2011 3o6b9290 5530560 A.Br.Aus%4 A.Br.01
1406/11-G 2011 ©0560b0 5500560 A.Br.Aus94 A.Br.01
1407/11-G 2011 2560560 50590560 A.Br.Aus9%4 A.Br.01
1408/11-G 2011 35600 5530560 A.Br.Aus%94 A.Br.01
1409/11-G 2011 »9JNMHOfYse™ B0s@s0 A.Br.Aus94 A.Br.01
1410/11-G 2011 090M0fysmrm 60550 A.Br.Aus94 A.Br.01
1411/11-G 2011 35669730 30939430 A.Br.Aus94 A.Br.01
1412/11-G 2011 Foego 306)3Y30 A.Br.Aus9%4 A.Br.01
1413/11-G 2011 2560560 300@Y30 A.Br.Aus9%4 A.Br.01
1414/11-G 2011 296060 300@Y30 A.Br.Aus9%4 A.Br.01
1415/11-G 2011 ©3s60L0 3063930 A .Br.Aus%4 A.Br.01
1416/11-G 2011 ®90M0fYsOH™ 300&Y30 A.Br.Aus94 A.Br.01
151-G 2009 bm30 300@Y30 A.Br.Aus94 A.Br.01
1521/11-G 2011 090M0ofigscmrm 5500560 A.Br.Aus94 A.Br.01
1522/11-G 2011 090M0fiysmm 5580560 A.Br.Aus94 A.Br.01
1523/11-G 2011 090M0ofigsmrm 5500560 A.Br.Aus94 A.Br.01
1524/11-G 2011 090M0fiyscmm 500590060 A.Br.Aus94 A.Br.01
1525/11-G 2011 deagBolio Boooy0 A.Br.Aus%4 A.Br.01
1526/11-G 2011 dmaembolio 3063930 A.Br.Aus%4 A.Br.01
1527/11-G 2011 bmdo 3060@Y30 A.Br.Aus9%4 A.Br.01
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152-G 2009 ;O30 3060@Y30 A.Br.Aus%4 A.Br.01
1530/11-G 2011 bmdo Boogoyo A.Br.Aus94 A.Br.01
1531/11-G 2011 bmdo Boooy0 A.Br.Aus94 A.Br.01
1532/11-G 2011 bmdo B05@s0 A.Br.Aus9%4 A.Br.01
1533/11-G 2011 LogaMgxR™ 5500560 A.Br.Aus94 A.Br.01
1534/11-G 2011 ®d0E0obO 5500560 A.Br.Aus94 A.Br.01
1535/11-G 2011 bmdo 5500560 A.Br.Aus94 A.Br.01
1536/11-G 2011 Jodrymgmo 5500560 A.Br.Aus%94 A.Br.01

153-G 2009 690530 6050 A.Br.Aus9%4 A.Br.01
1545/11-G 2011 »gDMOfYse™ 3063930 A.Br.Aus9%4 A.Br.01
1546/11-G 2011 LogaMIR M 5500560 A.Br.Aus%94 A.Br.01
1547/11-G 2011 25650560 50500560 A.Br.Aus9%4 A.Br.01
1548/11-G 2011 dmembolio 3063Y30 A Br.Aus9%4 A.Br.01

154-G 2009 9530 50500560 A.Br.Aus94 A.Br.01

155-G 2009 630 5500560 A.Br.Aus94 A.Br.01
1574/11-G 2011 AqlBos 5530560 A.Br.Aus%4 A.Br.01
1575/11-G 2011 LogaMgxR™ 50500560 A.Br.Aus9%4 A.Br.01
1576/11-G 2011 bm30 5530560 A.Br.Aus%94 A.Br.01
1585/11-G 2011 LogaMgxR™ 30639430 A.Br.Aus9%4 A.Br.01
1617/11-G 2011 2560560 60os0 A.Br.Aus%4 A.Br.01
1618/11-G 2011 256©d560 306)HY30 A Br.Aus%4 A.Br.01
1631/11-G 2011 BbGsgmbo 30639430 A.Br.Aus9%4 A.Br.01

1998-G 2002 b030 5530560 A.Br.Aus%94 A.Br.01

201-G 2009 6bms30 3069939430 A.Br.Aus94 A.Br.01

280-G 2009 96530 B0osy0 A.Br.Aus9%4 A.Br.01

309-G 2009 Jros0lo 300939430 A.Br.Aus94 A.Br.01

310-G 2009 LogaMgxR™ 5500560 A.Br.Aus94 A.Br.01

406-G 2001 93,0000 B0osy0 A.Br.Aus9%4 A.Br.01

4124-G 2003 B)3,00©0 B0so0 A.Br.Aus94 A.Br.01
4125-G 2003 93,0000 B0os0 A.Br.Aus94 A.Br.01
4126-G 2003 B)3,00©0 B0s@o0 A.Br.Aus94 A.Br.01
4805-G 2004 ®d00oLO 300EY30 A.Br.Aus9%4 A.Br.01
4806-G 2004 ®d30E0obo 306939430 A.Br.Aus94 A.Br.01
5045-G 2004 Lgbsgo Boooy0 A.Br.Aus%4 A.Br.01
5046-G 2004 L9Bsgo B0ss0 A.Br.Aus94 A.Br.01
5056-G 2004 25650560 50590560 A.Br.Aus94 A.Br.01
5064-G 2004 2560560 5500560 A.Br.Aus9%4 A.Br.01
5681-G 2005 ®d0E0oLO 5500560 A.Br.Aus94 A.Br.01
5682-G 2005 »MdOWolo 50590560 A.Br.Aus94 A.Br.01
5776-G 2005 ®d0E0obOo 5500560 A.Br.Aus94 A.Br.01
5899-G 2005 ®056gm0 50590560 A.Br.Aus%4 A.Br.01
5900-G 2005 ®0569000 300@Y30 A.Br.Aus94 A.Br.01
5901-G 2005 ®0569m0 35690m A.Br.Aus%4 A.Br.01
5902-G 2005 ®0569m0 3063930 A.Br.Aus%4 A.Br.01
5903-G 2005 ®0569000 3060@Y30 A.Br.Aus94 A.Br.01
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5919-G 2005 0989000 Boogoyo A.Br.Aus9%4 A.Br.01
6341-G 2006 29650560 605530 A.Br.Aus9%4 A.Br.01
7763-G 2007 DgbBHonmbo 500590060 A.Br.Aus94 A.Br.01
8263-G 2007 39b30 Boooyo A.Br.Aus94 A.Br.01
8264-G 2006 BgbHogmbo 60550 A.Br.Aus%4 A.Br.01
8273-G 2007 L9bsgo 3063Y30 A.Br.Aus94 A.Br.01
830-G 2010 R 3069)HY30 A Br.Aus%4 A.Br.01
8888-G 1995 2560560 5500560 A.Br.Aus9%4 A.Br.01
8889-G 1996 25650560 5500560 A.Br.Aus94 A.Br.01
8903-G 1997 25650560 60550 A.Br.Aus%4 A.Br.01
8904-G 1997 6bmsg0 5590560 A.Br.Aus94 A.Br.01
8982-G 2008 BgbHogmbo 5500560 A.Br.Aus9%4 A.Br.01

89-G 2009 Fowgo 5500560 A.Br.Aus%4 A.Br.01
9061-G 2008 »MdOWOLO 50500560 A.Br.Aus94 A.Br.01
9062-G 2008 Foego 306)3Y30 A.Br.Aus9%4 A.Br.01
9063-G 2008 Fowgzs 30639430 A.Br.Aus9%4 A.Br.01
9065-G 2008 Fowgo 5530560 A.Br.Aus%94 A.Br.01
9066-G 2008 Fowgzs 30639430 A.Br.Aus94 A.Br.01
9067-G 2008 Fowgzs 60os0 A.Br.Aus9%4 A.Br.01
9068-G 2008 159BHI0S 5530560 A.Br.Aus%94 A.Br.01
9074-G 2008 Fowgzs 5500560 A.Br.Aus9%4 A.Br.01
9075-G 2008 0569000 5530560 A.Br.Aus%94 A.Br.01
907-G 2010 BbGsxmbo 300939430 A.Br.Aus94 A.Br.01

90-G 2009 Foemgo 306)3Y30 A Br.Aus94 A.Br.01
9100-G 2008 BlBogmbo 5500560 A.Br.Aus%4 A.Br.01
9105-G 2008 bmdo B0so0 A.Br.Aus94 A.Br.01
9107-G 2008 25600560 5530560 A.Br.Aus%94 A.Br.01
9129-G 2008 25650560 B0s@o0 A.Br.Aus94 A.Br.01
9130-G 2008 2560560 5530560 A.Br.Aus%94 A.Br.01

91-G 2009 Fowgzs B0s@s0 A.Br.Aus94 A.Br.01

92-G 2009 Fowgzs 50590560 A.Br.Aus9%4 A.Br.01

93-G 2009 Fowgzo 50590560 A.Br.Aus9%4 A.Br.01
940-G 2010 2560560 500590060 A.Br.Aus94 A.Br.01
941-G 2010 256©d560 Boooy0 A.Br.Aus%4 A.Br.01
942-G 2011 2960560 300@Y30 A.Br.Aus9%4 A.Br.01
9450-G 1999 BbEHsgembo 50590560 A.Br.Aus%4 A.Br.01
9680-G 2008 602530 5500560 A.Br.Aus9%4 A.Br.01
9682-G 2008 153BHBI0S 5500560 A.Br.Aus94 A.Br.01
981-G 2010 Bogo69x e 50590560 A.Br.Aus%4 A.Br.01
1185-G 2010 35669790 5500560 A.Br.Aus94 A.Br.01
1186-G 2010 85669290 Boooy0 A.Br.Aus%4 A.Br.01
1204-G 2010 @53m©9bo B0s@s0 A.Br.Aus94 A.Br.01
1242-G 2002 B)3©0©O Boooy0 A.Br.Aus%4 A.Br.01
13390-G 2009 ®»d0Eobo 300M&Y30 A.Br.Aus94 A.Br.01
4166-G 2003 29650560 5500560 A.Br.Aus9%4 A.Br.01
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4250-G 2003 25650560 45690m A.Br.Aus94 A.Br.01
4300-G 2003 2560560 5500560 A.Br.Aus9%4 A.Br.01
4301-G 2004 29658560 6os@op0 A.Br.Aus94 A.Br.01
6150-G 2006 OML0O30 50500560 A.Br.Aus94 A.Br.01
6670-G 2006 25650560 3063930 A.Br.Aus94 A.Br.01
6672-G 2006 2560560 230690m A.Br.Aus9%4 A.Br.01
6673-G 2006 25650560 50590560 A.Br.Aus94 A.Br.01
8275-G 2007 2560560 5500560 A.Br.Aus%4 A.Br.01
8276-G 2007 2560560 6050 A.Br.Aus9%4 A.Br.01
8277-G 2007 25650560 3063930 A.Br.Aus9%4 A.Br.01
8295-G 2007 bmbo B05@s0 A.Br.Aus9%4 A.Br.01
8981-G 2008 BbGsgmbo 50500560 A.Br.Aus9%4 A.Br.01
9084-G 2008 256©d560 3063Y30 A Br.Aus94 A.Br.01
9085-G 2008 25650560 60550 A.Br.Aus9%4 A.Br.01
9101-G 2008 BbGsgmbo 5500560 A.Br.Aus94 A.Br.01
9108-G 2008 ®d0E0obo 50590560 A.Br.Aus9%4 A.Br.01
9677-G 2000 LogaMgxR™ 256Mq0m A.Br.Aus94 A.Br.01
1205-G 2010 ) B0os0 A.Br.Aus9%4 A.Br.01
1206-G 2010 @53,m9bo 30639430 A.Br.Aus9%4 A.Br.01
1207-G 2010 ) 60os0 A.Br.Aus9%4 A.Br.01
1208-G 2010 @1MEgbo 235699m A.Br.Aus%94 A.Br.01
1209-G 2010 @53,m©9bo 30639430 A.Br.Aus9%4 A.Br.01
1210-G 2010 »MdOWolo 35690m A.Br.Aus94 A.Br.01
3063-G 2003 25650560 5500560 A.Br.Aus94 A.Br.01
9896-G 2009 2560560 B0osy0 A.Br.Aus9%4 A.Br.01
13389-G 2009 25650560 300939430 A.Br.Aus94 A.Br.01
3061-G 2003 25650560 B0s@s0 A.Br.Aus94 A.Br.01
3062-G 2003 2560560 B0osy0 A.Br.Aus9%4 A.Br.01
349-G 2009 ©90M3woLFysH® 5500560 A.Br.Aus94 A.Br.01
350-G 2009 ©)OgolFysH® 306)3Y30 A Br.Aus94 A.Br.01
351-G 2009 ©90M3woLFysH® B0s@o0 A.Br.Aus94 A.Br.01
50-G 2009 85669290 3063930 A Br.Aus94 A.Br.01
51-G 2009 35669790 B0osy0 A.Br.Aus9%4 A.Br.01
8905-G 1997 296050560 B0ss0 A.Br.Aus9%4 A.Br.01
9099-G 2008 2560560 Boooy0 A.Br.Aus%4 A.Br.01
9102-G 2008 2960560 300@Y30 A.Br.Aus9%4 A.Br.01
9103-G 2008 256©d560 3063930 A.Br.Aus%4 A.Br.01
9104-G 2008 296050560 5500560 A.Br.Aus94 A.Br.01
9442-G 1999 ©EMBEoLysOHM 5500560 A.Br.Aus94 A.Br.01
9443-G 1999 256©d560 50530560 A.Br.Aus%4 A.Br.01
9894-G 2009 2960560 300@Y30 A.Br.Aus9%4 A.Br.01
9895-G 2009 256©d560 35690m A.Br.Aus%4 A.Br.01
9897-G 2009 239050560 5500560 A.Br.Aus94 A.Br.01
52-G 2009 »MdOWOolo 3063930 A.Br.Aus94 A.Br.01
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