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EARER S L Ok b IS, ORI EEIREAC (7 SRR A 6 8 ML) ot (£
) OB Z AT 5 HHTH b, R HEEE (L, FENOWEDIZIF100%RH 15 5
IFEBREE I CHUMRTE S LT W72y, W2 53040 R L, AtolissiteEmaibs:
EDTedIZ, RIS F COBRMMBAAPHEEE 200, WHASLZEL T, AL & b IckEEE
EHS 2 2 LA PE S Y, 20074F & 0, WA EOMMAIEZELAT DAL, b L BEEIHE b
CRAS B 3 12 TIEBEZED LT H LT Ww b, —H DX b Z e 3, RIEFHE» T b T
DB, FHOREEE 2 5 ROV ED D DAENERTEICBWT, A F 7 )V a7 X L BEEED
A BB S, 2 AR S T & 729, 2004471213, HHEAEIZZD F F (2,
GEMRRE | ) FEEEL 4 D A &2 WD SR 2 L AvPE S, 20104RIC I REBIR 2 A4 3 X T OEEE
DI FRL2#T L7ze 201310 H ICI3AEISEED S 11, OB LT b i7z?, BE (3 &8 s
b, BUEIZX b7 BB H GO [UDfE] NTHRAE « KBTI T W 5,

R E X P U O W TII20044 & 0, 2 NEFNOf5E S L OEREE 2 B & < Rkz
BRI OMAEMTIE DT b I T & 72279, W& LeEY (7 & - B - i) oo b, il
HWIZOWT L, Bk s 21 < 16S rRNA iR TSRS (LIF, 16S rDNA) % w7z
SRR 12 L AR O AL, WIS 2 L U Ze i FEBE D AFAE DS &5 0 & 7 5 729,
¥riz, MW & 4 Bacillus ceveus 3B L O Bacillus simplex \ZAERk7e fIHE DB G FE & L ToriE
729, Bacillus cereus Jeighh (44, Bacillus aff. thurvingiensis & 2%it®, LT B. cereus
group) (IFEIAE TS, ELET OB R P O LA ENO R D TR LT H D, R
op, RO A ENINEREE D 6 D FEEGFD—D2T L H b, b 9 —T7D Bacillus simplex 35
ixFE (4%, Bacillus aff. simplex & 3RiC®, VUN B. simplex group) 13, wAnigalk o ARl
I DHHAREIARN T DB 51308 S LT 2wy, AERA 7 & NS % o B bz
MR, AEERIZ X oKk SO RE L T H Y, X P WA ENGEHI B W T Y Bacillus
JBTHOFEELBIETH b, & 512, Ochrobactrum J&\3, FINEHIBOAENIMNC BT 5 T
TSN —D2THh 505, F F 7B SIS L ThZen,

O3 HERR ORI E I 7216S tDNA 12 X 5 i (3, MR ORE L~V 0 RHEHEE 1A %) 7% Tk
D—DOTH5b, L»L, 16S rDNA T3 TEFRZLIEDRER DM L W2 X 5, 1F, Bl
DIZDITIED 5 37 BEARICE D 5 7 2 X — B0 ZHEIET L WEN S W D Dji(x
FIIEBCH 2 A TSIBHT O v 5T 5, Midr o EZ 5 Ekbk & L T S 4172 Bacillus &

R 2ALT 7 2 ZANGT e ZR 2 IJUNERLE e R etk 2 2 AT - SR TG E
VB By 227 RS M) =X
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B L Ochrobactrum JEIZIDIRIFEME & LTSN EMELEEN 2™, ¥ Bacillus  cereus
group DEEAIFEIZIZ, £ L7 AWK Z Wk ¥ OIREHIFE A E L5 7207, &0 L RZED
VERH DL, L-T, @itk % b2 mEHe 50 N BEME T H 5 Bacillus &
D2 I7N—=T8 L Ochrobactrum J&DHE5FHRIZ DO WT, NI XX — BV TMET2HNWT,
PR IR E S FEREOWHEE B AT 5 72D T, ZDOFRERICOWTHRET 5, 4B, ZOMOEELH
WBERICOWTIE, T TIMEBNICFRER SN TN E,
2. i LUHE

2—1 . #EEKC ERESEETF

RITICH W72 E iRt - X b Z WD 5 OBk 2R 1 » 5K 3 127" L7z, 16S rDNA D
M kE S 2 &, B. cereus group 7y Bt ¥k (328%k (3 1), B. simplex group (336%k (3% 2),
Ochrobactrum JE(Z1TRR(F 3) TH-7T2e ZDLH 5 & 512, 16S rDNA A DR E M
R TR 70 ¥ 2RI N7 R X — 0 TRIE T ORI T 2 itk e I L72 (R 1~ 3,
DDBJ accession no.? gyrB, groEL (250D & 5 Witk#83) . Bacillus J&1Z, DNA gyrase
subunit B &% (LUF, gyrB) %, Ochrobactrum J& 3, gyrB {7+ 3 L 1860-kDa heat shock
protein GroEL (&7 (LL'F, groEL) ZfRTORERE Uiz, 78, BRI W20 ibki 38
ACEERESE AT S A 1) Y — Z & > ¥ — (Japan Collection of Microorganisms; JCM) 2436 L,
P L 7o s HE IR S 13 [E ST (5 24052 DN A Data Bank of Japan (DDB]) 12%4% L 72,
ENZNDORHE S IR PR Lz,

2—2. EEFEEEIIENSEE
INTAX =Y TET (9B B L O groEL) OILEAM OPE L, 16STDNA B LU
2 x — ¥ v 7R ORI < 3 R O XEAEAEIZ, Handa H'VIhiE- 72,
FAGKFERRE, s R (CM3, Oxoid) 12T, 30C T24~48WefssE L7, B L7722
v=—%ERL, 20=—2 5 DNA O, IEHERT 7 0ex7F 75— x Hue, il
DNA {3, BZ2he U T Marmur O FEDIZHEWREEL L 72, ARIDIRNT D64 & 3 5 HN AR
TWr iy PCR (Polymerase Chain Reaction) 21C & 235 &, B DOEHGDI2HD L —
JZ vy WIS A4 > —I%, Bacillus J&5BEbk(Z, Goto 5938 L UF Yamamoto 57
(gy¥B) 12, Ochrobactrum @578kl Huber 5'® (gyrB B X O groEL) 1I2HE- 72, A L7
BT T A2 —DIIEHNZONTIIFTK L IR L7z, E L7z gyrB B LW groEL O &I
13, EEREIECS) 7 — % ~—2 (DDBJ/ENA/GenBank) 12xf4 % BLAST (Basic Local
Alignment Search Tool) % H\V72fHFRMEMERIC L D, Wik & 2 S AHEREICHR T 215
FEICH) DIRER AT > 7219, AHFEHERMER 1S & 2 HAEBCH O MFE R OFER 2 I (2, Gkk L H 2 Hilb
MU FEDFLAERR (type strain) (ZHIRS B IEHRICA) T — 2 % [HBEAERCH] 77— & < — 29 5 1L
5L, vk & DIEIERCH DRI I S FRRBIR O IR D 720, 3T RETICHE L 72,
AR D T2 D DI LR A O RULEL X LT, MUSCL program?®# JH\ T, Hug L 72330
FNDEEH) (ZET Z74 A~ b)) 2IT>72, 5 FREMITIE, V7 87 =7 MEGA ver. 62V% Jf]
W, RS AR AR O T EBRE R A A DY TIT 572 RHH O KRR DSFEIED 720D
MEHRUERR, 77— F R M7y 7ERC LT L, 20 (7— F 2 M2 v 7)) &R D
IR L 72,
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K. ERE - X NS S 08E S 172 Bacillus ceveus group 43 Bikk
Group Other Isolation source Sampling DDB]J accession no.
/Isolate no. designation (T, Takamatsuzuka Tumulus; K, Kitora Tumulus) date 16S gyB
Group 1
: Vi Is below the painti f th f th t
T5916-6b JOM 28784 - Viscous gels below the paintings of the group of women o the €ast 50,161 o501 LC150718
wall inside the stone chamber
Group 2
T: B ish subst: d the painti f the blue d th
T5916-8h JCM 28785 rownish substances around the paintings of the biue aragon onthe 52,9 16 1C150622  LC150719
east wall inside the stone chamber
T6220-1-1b JCM 28786 T: On the paintings of the group of women on the west wall inside the 2006/2/20  LC150623 B
stone chamber
T6517-1-1b JCM 28791 T Black spots on the paintings of the group of women on the west wall 2006/5/17  LC150624 B
inside the stone chamber
T6517-2-5b JCM 28794 T Black spots on the paintings of the group of women on the west wall 2006/5/17  LC150625 -
inside the stone chamber
T6713-1-1b JCM 28796 T Flack spots on the paintings of the group of women on the west wall 2006/7/13  LC150626 -~
inside the stone chamber
T: Black 5 h inti f the f h 11
T61017-1-1b oM 28799 L) ack spots on the paintings of the group of women on the west wa 2006/10/17  LC150627 B
inside the stone chamber
T61017-5-1b JCM 28801  T: Black spots on the west wall inside the stone chamber 2006/10/17  LC150628 —
T7405-4-1b JCM 28804 T Blackish substances on the top surface of north wall (during reloca- 2007/4/5 LC150630 -
tion of the stone chamber)
T7413-7-3b JCM 28816 T Black substances between north wall and east wall 3 (during reloca- 2007/4/13  LC150631 -
tion of the stone chamber)
T7417-2-5b JCM 28819  T: On the west side wall 3 (during relocation of the stone chamber) 2007/4/17  LC150632 —
T7495-4-3b JCM 28823 T: Black substances on the east side wall 3 (during relocation of the 2007/4/25  LC150633 B
stone chamber)
T7495-9-%b JOM 28824 T: Black onlds arounfi the paintings of the group of women on the east 2007/4/25  LC150634 B
wall 3 (during relocation of the stone chamber)
T7495-12-1b JOM 28825 T: Black m})lds arounfl the paintings of the group of women on the west 2007/4/25  LC150635 -
wall 3 (during relocation of the stone chamber)
T7510-3-1b JCM 28831 T: Bhlackish brf)wn substances on the side surface of west wall stone 2 2007/5/10  LC150636 B
(during relocation of the stone chamber)
TT517-5-1b JCM 28834 T: Blackish viscous substances on the east side wall 2 (during relocation 2007/5/17  LC150637 B
of the stone chamber)
T81203-5-2b JCM 28849  T: Soil (Hanchiku) in the southern area of the burial mound 2008/12/3  LC150643 -
T81203-9-2b JCM 28851  T: Soil in the adjacent space 2008/12/3  LC150644 -
T81203-9-5b JCM 28854 T: Soil in the adjacent space 2008/12/3  LC150645 -
K5916-1-2b JCM 28855 K: Viscous gels on the south wall inside the stone chamber 2005/9/16  LC150646 -
K8626-1b JCM 28865 K: Soil in burial mound 2008/6/26  LC150648 —
Group 3
T7214-7-1b JCM 28802  T: Grayish substances on the western area inside the adjacent space 2007/2/14  LC150629  LC150720
Group 4
T8804-4-1b JCM 28843  T: Clay soil around eastern area of the conservation facility 2008/8/4 LC150638  LC150721
Group 5
T81027-1-2b JCM 28844  T: Soil (Hanchiku) in the southeast area of the burial mound 2008/10/27 LC150639  LC150722
Group 6
T81027-2-1b JCM 28845  T: Soil around eastern area of the tumulus 2008/10/27  LC150640  LC150723
Group 7
T81028-3b JCM 28846  T: Soil around northern area of the tumulus 2008/10/28  LC150641  LC150724
Group 8
T81119-2-1b JCM 28847  T: Soil around western area of the conservation facility 2008/11/19 LC150642  LC150725
Group 9
K6630-4-5b JCM 28860 K: Viscous gels on the floor near the west wall inside the stone chamber ~ 2006/6/30  LC150647  LC150733

16S rDNA 12 & 2 70 =73 F DRER & % 70— 7126 £ 15 7Bk &5 & Group/Isolation no.i2, &43HEbko, BALEIISEH x4 4 1) Y — 22> —
Japan Collection of Microorganisms (JCM) ~?%t% 5 % Other designation 12, ZrEEEM I #Hi% Isolation source 12, PeiE L 72 HiIERCH 0 [F 3758

{22452 DNA Data Bank of Japan (DDBJ) ~?%it% 5% DDBJ accession no.l2/R¥ . 2 HibkE 52 T 2 H0h F 2 0Bk (3 sinig b Bt

kLU, K2 bhhZ 500 Hibkiz b 7l HERHS IR T 5.
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R2. R - X b S liE D S X L7z Bacillus simplex group 3 BERk
Group Other Isolation source Sampling DDB]J accession no.
/Isolate no. designation (T, Takamatsuzuka Tumulus; K, Kitora Tumulus) date 16S gvB
Group 1
T7405-4-2b JCM 28805 T Blackish substances on the top surface of north wall (during reloca- 2007/4/5 LCI50661  LC150726
tion of the stone chamber)
T7410-2-1b JCM 28810 T: Black substances behind the north wall (during relocation of the 2007/4/10  LC150664 _
stone chamber)
T7413-5-2 JCM 28812 T Black substances between north wall and west wall 3 (during reloca- 2007/4/13  LC150666 _
tion of the stone chamber)
T7413-6-2D JCM 28814 T: A plec{e of plaste}” on the joint space between east wall 3 and north 2007/4/13  LC150668 _
wall (during relocation of the stone chamber)
T7426-14-2b JCM 28830 T: Bllack sul?stances ar-ound the eastern area of the stone chamber 2007/4/26  LC150672 _
exterior (during relocation of the stone chamber)
T7528-3-2b JCM 28835 T: Between east wall 1 and ceiling stone 2 (during relocation of the 2007/3/28  LC150674 _
stone chamber)
T7528-9-1b JCM 28837 T: Black substances between ceiling stone 1 and 2 (during relocation of 2007/5/28  LC150675 -
the stone chamber)
T7528-11-2b JCM 28838 T: Black substances behind the east wall 1 (during relocation of the 2007/5/28  LC150676 -~
stone chamber)
T7611-4-3b JCM 28840 T: Bla?klsh viscous gels and plant roots on the east wall 1 (during 2007/6/11  LC150678 -~
relocation of the stone chamber)
T7821-16-3b JCM 28841 T: Soil on the lateral side of floor 2 (during relocation of the stone 2007/8/21  LC150679 -~
chamber)
K101008-7-3b JCM 28869 K: Clay soil on the stone of the south wall in the stone chamber 2010/10/8  LC150656 -
Group 2
T7409-2-4b JCM 28806 T: Soil and plaster behind the north wall (during relocation of the stone 2007/4/9 LCI50662  LC150727
chamber)
Group 3
T7410-1-5b JCM 28807 T: Plasters between north wall and ceiling stone (during relocation of 2007/4/10  LC150663  LC150728
the stone chamber)
T7413-2-2b JCM 28811 T Black substances between north wall and west wall 3 (during reloca- 2007/4/13  LC150665 -~
tion of the stone chamber)
T7425-1-1b JCM 28821 T: Blask substances on the top surface of west wall stone 3 (during 2007/4/25  LC150669 -~
relocation of the stone chamber)
T7426-12-1h JCM 28828 T: I_%lack sp0t§ on the western area of the stone chamber exterior 2007/4/26  LC150670 _
(during relocation of the stone chamber)
T7426-12-2b JCM 28829 T: E_%lack sp0t§ on the western area of the stone chamber exterior 2007/4/26  LC150671 _
(during relocation of the stone chamber)
T7510-3-2b JCM 28832 T: B}acklsh brf)wn substances on the side surface of west wall stone 2 2007/5/10  LC150673 _
(during relocation of the stone chamber)
T7822-2-1b JCM 28842  T: Black spots on the floor 1 (during relocation of the stone chamber) 2007/8/22  LC150680 —
K8617-2-1b JCM 28861 K: Brownish viscous gels on the east wall in the stone chamber 2008/6/17  LC150653 -
Group 4
T7413-6-1b JCM 28813 T: A plec_e of pIaste}' on the joint space between east wall 3 and north 2007/4/13  LC150667 LC150729
wall (during relocation of the stone chamber)
T7611-4-2b JCM 28839 T: Bla_cklsh viscous gels and plant roots on the east wall 1 (during 2007/6/11  LC150677 _
relocation of the stone chamber)
K6303-2-1b JCM 28857 K: On the east wall inside the stone chamber 2006/3/3  LC150650 —
K6630-3-2b JCM 28859  K: Black moldy spots on the ceiling stone inside the stone chamber 2006/6/30  LC150652 -
K8617-3-1b JCM 28862 K: White particle on the east wall inside the stone chamber 2008/6/17  LC150654 —
K8617-7-2b JCM 28864 K: Aqua substances on south area of the floor inside the stone chamber  2008/6/17  LC150658 -
K101008-6-1b JCM 28868 K: Black spots on the stone of the west wall inside the stone chamber 2010/10/8  LC150655 —
Group 5
T81119-2-3b JCM 28848  T: Soil around western area of the conservation facility 2008/11/19  LC150681  LC150730
Group 6
T81203-9-1b JCM 28850  T: Soil in the adjacent space 2008/12/3  LC150682  LC150731
T81203-9-3b JCM 28852  T: Soil in the adjacent space 2008/12/3  LC150683 -
T81203-9-4b JCM 28853  T: Soil in the adjacent space 2008/12/3  LC150684 —
Group 7
K6203-10-3b JCM 28856 K: Viscous gels on the west wall inside the stone chamber 2006/2/3 LC150649  LC150732
K6303-9-1b JCM 28858  K: On the floor inside the stone chamber 2006/3/3  LC150651 -
K8617-5-1b JCM 28863 K: White particle on the west wall inside the stone chamber 2008/6/17  LC150657 —
Group 8
K9703-3-1b JCM 28866 K: Whitish viscous gels on the stone of the east wall inside the stone 2009/7/3 LCI50650  LC150734
chamber
K9703-10-1h JCM 28867 K: Yellow viscous gels on the plaster of west wall inside the stone 2009/7/3 LC150660 _

chamber

1SR
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K3, AN EH D 508X 72 Ochrobactrum @47 BiERk

Group Other Isolation source Sampling DDB]J accession no.
/Isolate no. designation (T, Takamatsuzuka Tumulus) date 16S B g70EL
Group 1
T: Vi Is below the inti f the white ti
T5916-1-1b  JCM 28783 SCOuS BT DETOW T paInnngs o e WAIE BEST O 9005/0/16  LC150685  LC150735  LCI50738
the west wall in the stone chamber
T: Vi 1 1 h inti f the bl
TH16-7-1h  JCM 28782 iscous gels below the paintings of the blue dragon on 00,15 1 c150685  LC150736  LC150739
the east wall inside the stone chamber
Group 2
T: Spot d the inti f the f wi
T6220-2-3b  JCM 28787 POLs around He paimtings of the eroup ob WOmen O o465 /90 LC150687  LCI50737  LCI50740
the west wall inside the stone chamber
T6220-4-3b JCM 28788 T: Viscous gel's b'elow the paintings of the white tiger on 2006/2/20  LC150688 _ B
the west wall inside the stone chamber
T: Black e inti f th f
T6517-15b  JCM 28793 ack spots on the paintings of the group Ofwomen o yy05/17 1 c150680 - -
the west wall inside the stone chamber
T: Black spots a he paintings of th f w
T6517-3-3b JCM 28795 ack spots dr(A)unAdt e paintings of the group of women 2006/5/17 LC150690 -~ _
on the west wall inside the stone chamber
T: Black s h intings of the f wi
T6713-1-db JCM 28797 ac SpOtS} 01? the paintings of the group of women on 2006/7/13 LC150691 _ _
the west wall inside the stone chamber
T: Black molds he paintings of the bl
T6713-9-3D JCM 28798 ack mo! qs z{round the paintings of the blue dragon on 2006/7/13  LC150692 -~ -~
the east wall inside the stone chamber
T: Black spots on the painti f the f
T61017-1-4b  JCM 28800 ack spots on the paintings of the group 0L Women on o6 1 17 1.C150693 - -
the west wall inside the stone chamber
T7405-3-2b* JCM 28803 T: E?lacklsh su.bstances on the top surface of north wall 2007/4/5 LC150694 B B
(during relocation of the stone chamber)
T7410-1-7h JCM 28800 T: Plas_tcrs between north wall and ceiling stone (during 2007/4/10  LC150695 B B
relocation of the stone chamber)
T: Black substances on the joint space between east wall . .
T7413-7-1 M 2881 1 LC1 - -
T1s-T-1b JCM 28815 3 and north wall (during relocation of the stone chamber) 2007/4/13 C150696
T: Side surf: f vall i 1 i f
T7417-2-3b JCM 28817 Side surface of west wall stone 3 (during relocation o 2007/4/17  LC150697 B -
the stone chamber)
T: Spots around the paintings of the group of women on
T7417-7-3b JCM 28820 the west wall stone 3 (during relocation of the stone 2007/4/17  LCI150698 — —
chamber)
:B v:
T7495-1-3b JOM 28822 T la'ck substanAces on the top surface of west wall stone 2007/4/25  LC150699 B B
3 (during relocation of the stone chamber)
T: Black S h h-l 1 si f ceili
T7426-6-2b JCM 28826 acl substar}ces on t ? south-lateral side of ceiling 2007/4/26  LC150700 - -
stone wall 2 (during relocation of the stone chamber)
T7426-9-3b JOM 28827 T: Brownis:h substan(fes on the surface of ceiling stone 2007/4/26  LC150701 - -~
wall 2 (during relocation of the stone chamber)
1S
* L E Mo srEkk (T7405-3-2b) 13, 16S rRNA{x T DNA HIERCH 7 — & Bk kic, JERATHER S 7z,
R4, WBRICHWT I ~—
TIA =% T4 =—DksH (53 J51m) 23 3K
Bacillus gyrB gene
UP-1G GAAGTCATCATGACCGTTCTGCAYGCNG Goto et al. 2003
- oto et at.
GNGGNAARTTYGG ’
UP-2r AGCAGGGTACGGATGTGCGAGCCRTCNA Yamamoto ef al. 1995
CRTCNGCRTCNGTCAT v
UP-1S GAAGTCATCATGACCGTTCTGCA Yamamoto et al., 1995
UP-2Sr AGCAGGGTACGGATGTGCGAGCC Yamamoto et al., 1995
Ochrobactrum gyrB gene
GyrB_f GATGATGATCTTGTGRTAVCGCAG Huber et al., 2010
GyrB_r CGAGGTCATCATGACCCAGCTTC Huber et al., 2010

GyrB_int 544 r
Ochrobactrum groEL gene

GroEL f
GroEL_r

GACGCTGACCGGCGATGACTG

CGGCGAAGACCTGCTGATC
GCAACGATACCTTCTTCAACCG

Huber et al., 2010

Huber et al., 2010
Huber et al., 2010
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3. BERBIUEE

3 — 1. Bacillus cereus group

3—1—1. 16S rDNA 1237 < 2 - Rt

EREB L% b Sl & 08k & U7z Bacillus cereus group (28 £ 41 5 280 iRk,
16S rDNA ORIED? 65, 9 DD 7N —7125r 1 s 7z (1, Group 145 Group 9,). *F
12 Group 21ZIF20M A E E N2 (R 1) TNHDE TN —T 58P L 72 1 ROIESNIZHE
DL TR DOFESE,  Bacillus cereus group (& EN 508D 5 B 8§ v —713, B.
cereus, B. thuringiensis 3 X 18 B. toyonensis D 3Fe X 7 — b Z b 5 v 7fli66% D43k DI
EEN, BED S W ICF UALE 2R T 2 &2 5, 16S rDNA 12K {f#T T3, 2
5D EEROTE L NV TOREIIH R L o7z (K1), filbh, Group 49 1 ¥k, B.
pseudomycoides &7 — b Z N F v THO1%DFEDIL 2T L, H\ 24 < [—D 0 1T REY:
MPLEZ R L2 L s, RENDREI RS S (X1),

3—1—2. gyrB 123 1R
16S rDNA 2 Lk N2 BT, ¥7i2, B. cereus, B. thuringiensis 3 LU B. toyonensis O
3TE & [Al— Do T RMFINE & 78 L 72 8 7V —T7 Do ik, ZIZNEE7 2501 A=

Bacillus toyonensis BCT-7112T (CP006863)
Bacillus thuringiensis ATCC 107927 (AF290545)
Bacillus cereus ATCC 14579" (AE016877)
Group 1: T5916-6b (LC150621)
Group 2: T5916-8b (LC150622)
66 | Group 3: T7214-7-1b (LC150629)
| Group 5: T81027-1-2b (LC150639)
Group 6: T81027-2-1b (LC150640)
Group 7: T81028-3b (LC150641)
% | | Group 8: T81119-2-1b (LC150642)
Group 9: K6630-4-5b (LC150647)

Bacillus weihenstephanensis DSM 118217 (AB021199)
;' Bacillus mycoides ATCC 64627 (AB021192)
Bacillus anthracis ATCC 145787 (AB190217)

Bacillus pseudomycoides DSM 124427 (AM747226)

51—| Group 4: T8804-4-1b (LC150638)

Bacillus cytotoxicus NVH391-98T (AM747234)
Bacillus shackletonii LMG 184357 (AJ250318)

99

e
0.005

1 Bacillus cereus group \28& F 5 mfAE B L% b 7 Wil BBk D 16S rDNA 123D < 41
SRk
W& T (diinigab ok, Kz b 7 iolikkz Sk L, £osof iz 7 — b 2
b7 7HGE (1,0000]) OFHME (77— 2 b F v 7l %), /i FOx—I131000853512> & 51
HoENERT,
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iz~ L72 (X2), Group 18 XL U85 (T5916-6b 1 L ¥ T81027-1-2b) (3, B. thuringiensis
EP%NDT =P ATy TMTHFEIND 7 725 =% L, B. thuringiensis £ gyrB O
FARIX, 212 199.7% 8B L W08.9%ThH»72, THZ kh b, Group 1B LWL % B. thur-
ingiensis L[RE L7 (K12), F72, Group 28 L3 (T5916-8b B L r T7214-7-1b) (¥, A
WA [Rl— Do RN 278 L, B. toyonensis £100% D7 — k2 k5 o 7 TXIEEI N
57728 =&ML, B.toyonensis L@ gyrB ORI, £ H1299.6%TH-72, LT,
Group 2B LW 3 % B. toyonensis LlWE L7z (X2), 25612, Group 7 (T81028-3b) (I B.
cereus £100% D7 — b A b v 7MHETHFEI NS 7 728 —% K L, M&EDMHE I
99.5%TdH > 72, fit> T, Group 7% B. cereus EREL72(X12), 7% B, Group 4(T8804-4-1b)
1%, 16S rDNA D #E5L & Ik, B. pseudomycoides £ 100% D7 — b A b Z w 7METHFHEI N
57728 =%k L, WHEDHFEIIF9.9% TH -7z, & - T Group 4% B. pseudomycoides
ERELZ: (K2),

—J5 T, Group 6, 8B L9 (T81027-2-1b, T81119-2-1b # X F K6630-4-5b) (¥, 100%
DT —=FAMT7 v TMHTKEEINE 7 727 =KL, B. cereus group O REAITE & (34057
L7 FRmiE 2R L (X2), 72, Shs 3BED gyrB 13T 1297.1% V) EooiH &
2o 72y, o BEMEE X ORI 296 . 1% LT ThH -7, T b 38T Bacillus JEOH T L
B. thuringiensis B £ U B. loyonensis |G G HBAFETH L L FEZ LN, 4% L DG

9|1 Group 1: T5916-6b (LC150718) B. thuringiensis

99 1 Bacillus thuringiensis ATCC 107927 (CM000753) | Identified as
T
99 Group 5: T81027-1-2b (LC150722)

Bacillus toyonensis BCT-7112T (CP006863) |dentified as
100 15[| Group 2: T5916-8b (LC150719) B. toyonensis
971 Group 3: T7214-7-1b (LC150720)
86 — Group 8: T81119-2-1b (LC150725) Unidentified

100 _l—_Group 6: T81027-2-1b (LC150723)
79 Group 9: K6630-4-5b (LC150733)
99 r [ Bacilius mycoides ATCC 64627 (EF210263)
100 L Bacitius weihenstephanensis NBRC 1012387 (BAUY01000042)
55 L— Bacillus anthracis Ames (AE016879)
99 |-— Bacillus cereus ATCC 145797 (AB190226)

100 L Group 7: T81028-3b {(LC150724)
Bacillus cytotoxicus NVH 391-98" (CP000764)

Identified as
B. cereus

Identified as

|Bacillus pseudomycoides DSM 124427 (CM000745),
B. pseudomycoides

100l Group 4: T8804-4-1b (LC150721)
Bacillus shackletonii LMG 184357 (LJJC01000008)

—
0.05

2  Bacillus cereus group (28 L5 EIRIEB L OV b Z WS BERD gyrB 12860 {4312k
i}
W& T (diinigab ok, Kz b 7 iolikkz Sk L, £osof iz 7 — b 2
b7 7 HE (1,00000) OFFHUE (77— 2+ 7 v 7, %), & FOs8—31008F3 12> & 535
DEVERT,
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M2 B2 AT S EPWETH D LHZ s,
Vi ko X 9512, 16S tDNA TlR[HIE D WEET H - 72 Bacillus ceveus group 128 £ 115 70 Hikk
DPLEFIFIZOWT, gyrB 25 56 2 L T L ) iz RED I EE & 7 - 72,

3 — 2. Bacillus simplex group

3—2—1. 16S rDNA (237 { 7 1 REEfNT

AR B L ONF b Z M S5k X L7z Bacillus simplex group (28 F 415 3650 BiEkkIZ
16S rDNA DEFEEAH D g A 5, 8 DD 7NN —7 120 F s 7z (2, Group 1705 Group

8), ZHyEkkEEFN L 7NV —7"L LT, Group 1(11%k), Group 3(8 k), Group 4(7

) R s (K2), Tihs %7 =T BRI L 72 1 BRDIEIREANIZ I < 4T Rt
MrDFERL, Bacillus simplex group (28 LA 0BibkD 5 B 7 70V —"7"13, BEAITE & (34057 L 72

ST RCERIALE 2 R L 72 (X 3), i 72, DI HD6IN=T1F, HWIZR—D5 1R
P& 2R L7z, )i, Group 2 (T7409-2-4b) (%, B. simplex & [Rl—D o1 R pifnE 2
R, [FFENORREARE S 72,

3—2— 2. gyB 123D 5T RN
16S rDNA Tli]— D7 FRFFIEZ R/ L7726 DD 7 )NV—TD ) H Group 78 LU 8
(K6203-10-3b & & tr K9703-3-1b) (AW IZH—D o FRMFHILEZ R L, D 4> 7
W—TNIENZTNLEL 0 FRMFENIMEZ R L72(X4), L2L, 26 62D 7NV —TI2,
Group 2 (T7409-2-4b) Zinz 727 70V—"71%, B. simplex % &1100% D7 — h 2~ F v 7l
TXFEINE 7 IR =R LIz, £/, TNHET7NV—7"t B. simplex ¥ DRI F (2

Group 1: T7405-4-2b (LC150661)

Group 3: T7410-1-5b (LC150663)

89 | Group 4: T7413-6-1b (LC150667)

Group 5: T81119-2-3b (LC150681)

sa| |Group 7: K6203-10-3b (LC150649)

— | Group 8: K9703-3-1b (LC150659)

62 | Group 2: T7409-2-4b (LC150662)

[I Bacillus simplex LMG 111607 (AJ628743)

66 I—I;i Bacillus butanolivorans K97 (EF206294)
56 Group 6: T81203-9-1b (LC150682)
—— Bacillus muralis LMG 202387 (AJ628748)
Bacillus psychrosaccharolyticus ATCC 232967 (AB021195)

—_
0.005

X3 Bacillus simplex group I8 L5 EEEB X U% b 7 Wi 8RR 16S tDNA 1230 < 45
TR
W& T (diinigab ok, Kz b 7 iolikkz Sk L, £osof iz 7 — b 2
k7 v 7 RE (1,0000]) OFIUE (77— b2 T v 7H, %), £ FD/S—=131000853E 12> & 51
DENELT,
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56 Bacillus simplex NBRC 157207 (LC164025)

Identified as
Group 4: T7413-6-1b (LC150729) B. simplex

79| 93 Group 3: T7410-1-5b (LC150728)
Group 5: T81119-2-3b (LC150730)
Group 1: T7405-4-2b (LC150726)
Group 7: K6203-10-3b (LC150732)
100! Group 8: K9703-3-1b (LC150734)
Group 2: T7409-2-4b (LC150727)
Bacillus muralis DSM 162887 (LC164024)

100

92 44

Bacillus butanolivorans DSM 189267 (LC164023) | Identified as
—[ B. butanolivorans
100L— Group 6: T81203-9-1b (LC150731)

B. psychrosaccharolyticus ATCC 232967 (AJTN02000193)

—
0.05

X4 Bacillus simplex group (28 £ 5 NGBS L ONF% ~ 5 Wik gyrB 12360 < Rk
i)
WF5 o T diintiab oriivk, Kixx b 7 W Eolibks Bk L, Zoiofk 37— 2
FZ oy ZHGE (1,0000]) OFIHME (77— b 2 b5 7, %), £ FD - x—131008E381c D X 53k
DENWEET,

94.9~96 . 4%DFHTH Y, fbDBEMFE L (389% KM TH 72, LI EDFERDP L, s 7O
DITN—T G EN 55k %E B simplex £ W% L7 (M 4), —7, 16S rDNA T B.
butanolivovans & 7 5 A % —% & L 72 Group 6 (T81203-9-1) 13, gvvB T b Ak IS
butanolivorans L100% D7 — b A b 7 v 7 THFFINSE 7 7 A8 — &K L, Wi O
1398. 7% TH 720 TDZ D5, Group 6(T81203-9-1) 1Z B. butanolivorans ¥ [Al5E L 72 (X
4),

3 — 3. Ochrobactrum J&

3—3—1. 16S rDNA 1250 < 4 RHfRNT

ER IO BN S o3 EEE L7 Ochrobactrum J& 126 £ 1 5 170 BERRIZ, 16S tDNA
DR S, 22007 NV—7125F 57z (£ 3, Group 13 XX Group 2), Group 16 6i
2 ¥kA5, Group 2ICIIISKRE 72 (F23), BN —7"0 658K L7z 1 DB I
1R OFEH, Group 113 O. pecoris 1ZE#%TH Y, Group 213 O. pituitosum ~L$%%
rEZon (X5),

3—3—2. gyrB B X groEL 123 41 R AT

gyrB B X groEL 12350 < 05 T RIRT O FER,  Ochrobactrum J& 53 Btk 5 ©, Group
2(T6220-2-3b) 13, gvB B kX groEL 12355 { 43 T RIS B W T, & b2 O. pituitosum
E100% D7 — b AT v TMETHFINE 7 72— R L (X6, X7), gvB (398.7%,
groEL (399 6% DMRIRTH - 720 DT D5, EEHEASHND® 5D Ochrobactrum
J& B EiRTH 5 Group 213, O. pituitosum g 172, Group 1(T5916-1-1b) (%, gy»B
Tl O. anthrvopi £ 7 527 — %K L7z DD, WMHDORIZIZRFENNICK E  IHEEDED &
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97  Ochrobactrum pituitosum CCUG 508997 (AM490609)
Group 2: T6220-2-3b (LC150687)

Ochrobactrum rhizosphaerae PR17"7 (AM490632)
Ochrobactrum grignonense OgA9aT (AJ242581)
Ochrobactrum pseudogrignonense CCUG 307177 (AM422371)
Ochrobactrum thiophenivorans DSM 72167 (AM490617)
Ochrobactrum pecoris 08RB2639T (FR668302)
Group 1: T5916-1-1b (LC150685)
Ochrobactrum haematophilum CCUG 385317 (AM422370)
Ochrobactrum tritici SCII24T (AJ242584)

97 L Ochrobactrum anthropi LMG 33317 (AM114398)

60 Ochrobactrum intermedium CCUG 246947 (AM114411)
Brucella melitensis ATCC 234567 (L26166)

Paenochrobactrum gallinarii Sa257 (FN391023)
10— Pseudochrobactrum asaccharolyticum CCUG 460167 (AM180485)

_|— Ensifer adhaerens LMG 20216 (AM181733)
80 Rhizobium radiobacter ATCC 193587 (AJ389904)

Bradyrhizobium japonicum LM G6138T (X66024)

—
0.01

5 Ochrobactrum J&\2 & £ 105 sl B BERk D 16S rDNA (235 < 43 1- Rkt
WF5 o T ldmintgob ok, Kixx b 7otk s &k L, Souiof a7 — b 2
k7 v 7 RE (1,00008) OFBUE (77— b2 b7 v 71, %), £ FDOx—131008 > & 113
DENERT,

WX 6), groEL TIXWITNOBFIMEE HE7 D), ML L7z FRHNIE L R L2 (X7),

Ochrobactrum J& T3, T XTOBRAETHMD T 2 X — B 78R T 2 o 72 ffT 2547
bNTWEDLITTIIZL L, Bk ->T#LE %, 16STDNA I2BWT, Group 1 (T5916-1-1b)
13 O. pecoris 2Tk LIEMETH > 7205, AT gyrB B LU groEL DRSS N TEH 59, ik
BUA DB GEANEAD, L 72h > T, O. pecoris D gyrB B X 8 groEL s&f{z1 % AT L T3
LRERH L L DD, BHEETIE, Group 1 (T5916-1-1b) (3 Ochrobactrum J&DHikE 2 Kk
T3 D R S 1L 5,

4. B8HYIC

FREB LI P M IEO EEMBEHETH 5 Bacillus & D 2 DD 7 NW—7"8B LW
Ochrobactrum JBIZD\WT, ™7 2 X — Y r ZHBETF 2 HOT 217, L0 3l fiE L ~ov
TORESTREEHEE T 5 2 LKk, 2D 9 B, Bacillus J#12 (3, BYSEEB L7V 2~
FIECFEWMS NHMEFET, A AL —77 4 L~orl* (BSL1*, HHUNEAE) DLz
ENTWAEHFEE LT 3% (B. anthracis, B. cereus, B. weihenstephanensis) »4EE 241
THEH (HAMEF2 <http://jsbac.org/infectious_disease/bsl level.pdf > IZ#EHL), FXT
Bacillus cereus group ICEH Fi 5, miniEB L% b Z MG HEY 7 v b 54 8E S 1172 Bacil-
lus cereus group \ZIRIET 50 BERD 5 B, B. cereus \ZIRIET 5 L HEE S L7z orBERRIE Group
TOHTHY, FEHEOHE D SRR EEOLNENTIIZ S, HEMoTETH L (F1),
72, b9 V& DD Bacillus |&5r Bk D EUE 7NV —"7"Th % B. simplex group 57 HERk(Z, 40l
DIFHTIZ LY, B. simplex 3 X 18 B. butanolivorvans \ZIgE$ 5 EHEE S 7z. Bacillus J& 558



2017 ERREE - X b S A & 0 RN 4R ¢ Bacillus + Ochrobactrum Wilg53 BEkk D 53 1 R HeF b i 43

Identified as

O. pituitosum

100 — Ochrobactrum pituitosum CCUG 508997 (FM863814)
100 |

Group 2: T6220-2-3b (LC150737)
Ochrobactrum grignonense OgA9a’ (FM863815)

56

Ochrobactrum pseudogrignonense CCUG 307177 (FM863816)

Ochrobactrum rhizosphaerae PR177T (FM863818)

Ochrobactrum thiophenivorans DSM 7216 (FM863817)

Group 1: T5916-1-1b (LC150735) | Unidentified Ochrobactrum sp.
Ochrobactrum anthropi ATCC 491887 (CP000758)

Ochrobactrum ciceri Ca-34T (HQ285869)

100 L— Ochrobactrum intermedium LMG 33017 (ACQA01000001)

-|:Ochrobactrum daejeonense MJ11T (HQ285868)
49 Brucella melitensis 16MT (AE008917)

Rhizobium radiobacter DSM 301477 (ASXY(01000445)

—
0.05

6  Ochrobactrum J&\2E& F 15 mintgak o BERR D gyrB 1235 < 45 1 R
W5 T IEind ik, Kidx b 7 ik c Sk L, SoWnoR 37— M2
N Z v 7HRGE (1,0000]) OFEBUE (77—~ 2 b7 v 71, %), T TFD/S—31008FFE 12> = 5L
DENERT,

100 - Ochrobactrum pituitosum CCUG 508997 (FM863820) | |dentified as

O. pituitosum

Group 2: T6220-2-3b (LC150740)
Ochrobactrum grignonense OgA9aT (FM863821)
Ochrobactrum thiophenivorans DSM 72167 (FM863823)

88 Ochrobactrum rhizosphaerae PR17T (FM863819)

Ochrobactrum pseudogrignonense CCUG 307177 (FM863822)
Group 1: T5916-1-1b (LC150738) | Unidentified Ochrobactrum sp.
Ochrobactrum anthropi ATCC 49188T (CP000759)

93 Ochrobactrum intermedium LMG 33017 (ACQA01000002)
m' Ochrobactrum ciceri Ca-34T (HQ285871)
Ochrobactrum daejeonense MJ11T (HQ285870)
62 Brucella melitensis 16MT (AE008918)

Rhizobium radiobacter DSM 301477 (ASXY01000001)

—
0.02

7 Ochrobactrum J& 26 £ 15 Sl B BEbR D groEL 1235 < 45 1Rt
M D T (T eintg bk, K (3% b 7 3ok 2 sk L, &7 — b2
k7w 7HRCE (1,0000]) OFBUE (77—~ 2 b7 v 7, %), i FD/S—31008FFE 12> = 2 L
DENERT,

¥k 5 B B. toyonensis T5916-8-1b 3 Lk U B. simplex K6203-10-3b 12D\ TIIEEE A 11
LDEMDOEFRIDVEDTH BIKEEAIN T T L EHERT 5 %2 6N 5 GHEEEDEKS, B
B D)% 1 HRTRALLE I W S L@ R BREHlE LTHW sy ) —vdh b
W3 YT a8 =)V EDGREEIEED BT O W T ORI T H AL T Vs 524729 il o3 fikk
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I3BHE ZIRIE IV 7 ADVEIRIZIRE L5723 DD, BHEOERB L UMb T2 7% pH KT
PR LN, E T MBS 1 %R ICH RS N AR TR T2 2 LR S LT v
5220, ZNHDI L, SHRRIZAENTOBERDOHIS, RAEEEICHG SNBMD
FALE T b > TR A% 2 b b,

BE 20 & D Bacillus &M & L TlE, BIRFRTIE B. decolorationis®, B. muralis®, 5 &
W B. murimartini®® D 3FEHFCHI N T W25, TD 9B, Bacillus simplex group 128 £
% B. muralis |13, FEU4ERRE S LEBOMA F 4 2@ “Lutheran church of Greene-Kreiensen”
B Iz~ A > “Servilia tomb of the Roman necropolis of Carmona” DREHH & 7yl &
NTW523, X5 60k L, wintR, ¥ b7 WA END &) ZiRMEAERE Tl <, i
LR L SNTWaY, T HEBRAMETED R 2B T TED & 9 ICREE DM EmS b
Wb LD0, JEHICHEEN TS 5 EFIERIC, oMM B EH 2 5 EToHbE
HREZL D2 ENETE S,

Ochrobactrum & @ 5 B, T % 45 Bt #k @ Group 213 O. pituitosum 12 [7] £ & 4 72,
Ochrobactrum JF (%, —H%IC T3 S5o08ES 4, K & OBIMRME GREIE, SHEZE) OmEH
HEHN, ZD—I)T, EMHRDELHED SN EY (FA Y TlE, O. anthropi B L O. inter-
medium (3 BSL2IZH5E S LT W % (http://www.baua.de/nn_15226/de/ Themen-von-A-Z/
Biologische-Arbeitsstoffe/ TRBA/pdf/ TRBA-466.pdf) )., Group 24 [ & & # 72 O.
pituitosum (%, TR HDFHERTH ), IRETEICET 2MED LT WIETH 5, —H T,
AEATTIEAFE & 7 - 72 Group 1043 HERRIS, JRIFE & 705 BERIAE & (35 1 REEMIC 52
o Tz, 72, 21U61320054F 9 A o @B A ENOWHEZ L0 SNTE 57,
WilZ Group 2(320054F 9 H D&kl 5 (35 BES LT\, W U Ochrobactrum JEDTET H -
Ty, BB A RIS %2 5.2 720 Bt B 5 o Ochrobactrum J@5 BERR (ZHFIME D 2 0
== DRD S, AENTHERI N7 VIS 0S4 47 4 vL) Z2RERT 2 BB
HHOVEDTH -2 P REINT WS, X512 0. pituitosum T6220-2-3b [ ZBEEE D4
& pH DR T2, 1 %DTS ) =B bNIIA YT a3 — LB R RO 5 NTED,
TEDBALITEI G- L 72 o[ REtEARE Z L5,

FiAiRIC X 2R, 156 N2 itk O HE-D'1F (characterization) 2> 5 2 DR %
Mp L TEELERE 6T EFRES, 2ERE FEHICREST 22 LIk ), KHEDBE
TRk 5 ZORE 2 HHET 2 2 Lo fRE L 4 ), UL OMRGFEICAHRE LN RS2 V7265 )
NDEHZ D,

SEH
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Molecular Phylogenetic Placements
of Bacillus and Ochrobactrum Isolates
from the Takamatsuzuka and Kitora Tumuli
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Molecular phylogenetic placements of the three major bacterial taxa, i.e., Bacillus
cereus group (28 isolates), Bacillus simplex group (36 isolates), and Ochrobactrum spp. (17
isolates), isolated from various samples collected from the stone chamber interior or
exterior environment of Takamatsuzuka Tumulus and Kitora Tumulus were conducted
based on the sequences of housekeeping genes (i.e., gy»B for 17 Bacillus isolates, and gy»B
and groEL for 3 Ochrobactrum isolates) in addition to 16S rRNA gene sequences (for all 64
Bacillus and 17 Ochrobactrum isolates). Molecular phylogenetic analyses revealed that
almost all isolates belonging to both genera Bacillus and Ochrobactrum were assignable to
known species (i.e., Bacillus butanolivovans, B. cereus, B. pseudomycoides, B. simplex, B.
thuvingiensis, B. toyoensis, and Ochrobactrum pituitosum), and it was possible to infer
whether these isolates were pathogenic or not. On the other hand, for the remaining
Bacillus and Ochrobactrum isolates, which were not identified as known species, further
study is necessary to identify accurately whether these are assignable to novel taxa or not.
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