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1. ELC®IC

X M 7, ARSI A EROBEESICAE T 5 ZBREROMETH ), EHoFk5]
PEHCIRE SN T3, ZOAFENOREMIZ, 20044FED A BN FRIEFELH SHD /h LA TE
S, 20084512 (X MEE D FEME 532 RIFD L X DI S LIEZEASET L, 20104R121%, &H
BIRIZOWT RIS LT Lz, W) S BRI D W CIEBIE, ZHEEO SN
7 E RN TOHRAHEEEED T DL T W B,

BEE 24T NIC & - 72 E, MR 2w RO R E D 2 A B FI2B W T, BEE D
HEMIBALTRD S, FIRRAI S LT & 7202, FlZ 1S, 2005450 &5 (3 ZHEFRHOMIE, SR
RFELE 7 ¥ DOBFBNRAET D L) T D £ DT IVIRIWE O F 7 4 v a) HEREEE S
ALY, RIFEIC A L2/ &2 5% (ca. 10 mm diam) 7 5% / —)v 2 iFAIciib L T
FiEls % 223 B REEE T (Gluconacetobacter JEFMNE) 5or Bl - 1538 - [E S N>, WEEDRE
B TRAVESR T VROWE SR L7292 LR SN T w5, BEEZE) 4L 72
ETIE, 20094ELIKE, BIRIICERIMGEE AT 2 2 & ORAEMRA: 2 01§ 2 Qi 3940 S 11
THEY, BAEWRAE»RS ST, T2 HIICE) R E, R IR o X
M FRR TRET 2% EOMEPI LN T ERY, 2L ) AENTKRE 2 EwE IS
BT LFn L odehy, —HT, SEIMRCITED B 5 LFH 2L S5 BED/NRER (bulbil)
%K BHAWART 5 N7 W Burgoa B HHLTBEEI N 597 L, NAMIHIH S 11725
BEICe L 72 E R OB RS 3 Nz, £ 2T, AEND N L Aok L
P D EEIMRI &\ o 2 AR DR e X ik L TS T b LT & 72101, £
D%, ¥ b T HEOLEIZ20134E12H £ TS, AENOEIMEIRG 2% 2 THERIZMDR I N,
WA OB ED 5T b,

AFGTIE, HifR 12O 0WT, AEHE LAIOHRED X b 7 A ENBED#HE L LT,
20124F 9 HICAHEND SR L 2EHZ D WT, 2 vy —47 o 2RI X 2 W & #H (RFs
TIIWER kingdom Fungi ZIF3#Hk & L THW 2 @ k33 GRS ) O BEERE S AT
BATHTRDTEDOMPEZMET 5, &8, ¥+ 7 EHAEND N TOMEWTHRE R
FEROWIRIZOWTIE, NISOWEPICHEL WD T, Rt L dbETHHI NIz,

2. BB IUEREE
2—1. AHDEER

20124F-9 H1iZ, *¥ F 7 HHUAENICBE W T 8B 2RI L 72 (K 1), aURHIIRE fiks T lIX
L, iR (F4°C) TFReBIw b, oMrictlid 2 £ T-30°C I Tl L7z, &b, BRI

MR TS AN - TR (R T2 AN - T IRT R
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12012489 HI2X b Z W HIA SN S HRIR S ALY A aOR— 822

Bl No. ERIE AR IR TE
K12924-1 | HEE ey & F B WA VIR (158)
K12924-2 | RIFAhJLmEf3 & 1 R~ VIR (1)
K12924-3 | RILAALME 2 A defor 7 v — 2 — | g ta s v ikil, B eagiibioh 1
K12924-4 | RIFARILAHEVER 2 v — 2 — B~ A
K12924-5 | dEErpgedim (K12924-104T) T~ A VARBE, B ER ARk T
K12924-6 | V4% e g e LIk
K12924-7 | PHEER RIS ~B L VIR (1358)
K12924-8 | VURE AR AT WG T VIR, B

HEXUIARN S DHED L [F]—TH 57202 T TIREIE L,

2—2. DNA i, PCRIEIE, ~M 0> —4 > XBINH L URKEHEN

Ak 5 0 DNA i 8 X 058413 Extrap Soil DNA Kit Plus Ver.2 (A $kf: 4 BBk 4
#t J-Bio2lt > —) # MW Tir-72, K% DNA %k DNA £ (3, PicoGreen dsDNA
Assay Kit (Invitrogen) # W THIE L7z, ZOK58 DNA #2455 & L, #lED16S rRNA &
{25 VI-VIu[Z5EK & D ) RV — 2581270 9 £5.8S rRNA EZFHIEES & 2 D
Btk 2 H B NlE G 2 ~—+ —4fsk (Internal Transcribed Spacer region, L) FHLIZ I'TS M
WYL %) EHER) & L7z PCR HE %47 - 72, HIE16S rRNA s 1 PCR BgiZ, 27F
754 <— (5-GAGTTTGATC [A/C] TGGCTCAG-3) W&518R 754 ~— (5-[A/T]
TTACCGCGGCTGCTGG-3) 2 L, WHHITS ko> PCR ¥, ITS57 74 =— (5
~-GGAAGTAAAAGTCGTAACAAGG-3") W X ITS47 72 4 =— (5’
-TCCTCCGCTTATTGATATGC-3)* %M L, 94°C T 5 /[ fk#s L 724%, 94°C TI5F0,
55°C T45FMM], 72°C T 147 #2359 4 2 Wvtkiz, 72°C T 8 D RIusTir» 72, 6172
PCR ¥l EYnZ, 454 Life Sciences GS FLX Titanium system (Roche Applied Science) (2
ka3t gy =7 vy v TN ERAT 5 72 4% 65 17z DNA R %2 FH W T, Rk 77— N —
Z (GenBank/EMBL/DDB]J, Silva rRNA database [http://www.arb-silva.de/] B X"
UNITE [http://unite.ut.ee/]) I2fa HREIEMER : BLAST FisR'™) L, Lz Tl L 72,
o8, B 50 DNA B & ORI H S BRIk &4t J-Bio2l & > # —i2, PCR
et my =7 o 2R 2ttt av s v - ooy (BOR) ICEFEL, 4B, W
BO(EER) DOH VA~V ED@ERAFASRIZ O W TIE Hibbett 59 (2HEHLL 72,

3. BREEZE

Gk L 72 8 SUBL O #i B 16S rRNA GEE T %2 xR & L 7T h 5, K12924-1, K12924-2,
K12924-3, K12924-4, K12924-5, K12924-6, K12924-7, ¥ X W* K12924-8T, Z#.£116,637,
8,053, 7,185, 6,507, 5,799, 6,294, 8,222, B XU7,2308C4 (reads) #fiail 72, & alEl
> 545 5 LIEIERCH 2 D TR 247, 208l (M) 2 & @ reads BOFEEIS %
IMERBRE & LI 1T ISR L7z, X Coalkl ¢dbab U C I EBUE 258 o 7o o FiH i,
Proteobacteria P (MY BB B 1 5.8-65.5%), Mk & & Actinobacteria P (Hy B8 B
20.9-82.5%) Th 72, F72, Bacteroidetes 113, kI K12924-8 T3 MEIHE A51.3% & 7
oz DD, FDMDFEFTIZIE L CHEBE 2v 82 > 72 (B £ 8.0-35.8%) . D
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WXITIE, 7 v — UTEIC & 5% b T E A ENOMIETEERE RS ST v 525, 18
L7z 4 350k Cdkil U T Actinobacteria P WBUHEE 255 < (BB © 33.7-95.7%), ML
WVDGFERET A B &AM L NICHRITLEDRIGERD 2 L Lic, —H T, 7 v — STl
TRCORE» SIS N7 a— o 26 MCHBENZDITK LT, ¥ vy —7 v 2T
TIFAMNZHFH S N7z, SAUSHURHER, BURMRECH AR, SURMRIURFI SR 5 2 &, Hw2)
N2 T A2 =R E LTEFLNLD, Nfos—7 o X TS
PeHEIEICAN B DS 2\ T2 DAFAEEN D D3 70 I R IE D 50 A 8 & 0 SRS L ICfr S 722 L b
HZ bbb,

SR ITS s 2 PR & L7213, [ 8 &kl T2 2, 3,036, 3,246, 4,479, 5,079,
6,180, 5,557, 4,885, B X 1r5,65300% (reads) % fftae L7z, e L72FCH 2 & & ICHHRMEARR
FER2T, S i) S EoMBEERZX2ICF o, TRTOFE @ L C I
HYE o 12538, Sordariomycetes MO BB T H - 72 (MBI 0 9.5-89.3%), 7z,
Eurotiomycetes #ill3, &0kl K12924-8 T3 INBIBE DD 70 02 - 7228, Z D Uk Clddiam L
THBBE Dy i e - 72 (IEBIUBEE © 5.4-61.5%) . [AlfkIC, Leotiomycetes #ili3, #FF K12924-1
I3 HERBEEE A3 7 o 728, Z oo kTl dtam L CHIERBE s o 70 (R BIBEEE ¢
8.1-63.2%) . Dothideomycetes #il D WA (T, U K12924-3 & K12924-8% B < &, EIHE
P¥4.6-45.2% L RRE AT TH - 72,

M & WO & 5 ISR %0 (8) ToafmE2X 3 LX4 1Rl 22TI3, &
AEHZ B W THEBE D &2 - 2B 28 LT, ZalkHE T o MBI % ik L 72,

BB DOFEFIZ O W T FIZERT 5,

1) kb K12924-1 CREERILT X $ 1)
DDA D WTUE, Actinobacteria D Jiangella | (WEIBEFE209%), Streptomyces g,
(5 %) & Proteobacteria M &, Alphaproteobacteria ¥l 7" ) —7"Tad % Mesorhizobium
& (12%), Sphingomonas @& (9 %) »°% Ml 3417z, WHHTIE, Dothideomycetes #i P

100%

Proteobacteria

" DOActinobacteria

80% Z B Bacteroidetes

[ Planctomycetes

N Acidobacteria
60% 2; Z

B Thermomicrobia

N

Bl
gﬁ 50% Z Verrucomicrobia
® m Chioroflexi

W Firmicutes

0 Cyanobacteria

B Fusobacteria

[ Nitrospirae

B Fibrobacteria

MR
ML
PN

K12924-1 K12924-2 K12924-3 K12924-4 K12924-5 K12924-6 K12924-7 K12924-8 B Spirochaetes
(n=6,637) (n=8,053) (n=7,185) (n=6,507) (n=5,799) (n=6,294) (n=8,222) (n=7,230)

AR (roadsE)

1 x 2 WHAEND? SIRIRL2REID NS v o —5 o 2T & 2 #0308 (M) o i
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N

100%

N N N [ o

N Dothideomycetes

O Sordariomycetes

B Eurotiomycetes

M Leotiomycetes

MW Saccharomycetes

LIRAERE

[ Pezizomycetes

30% 4 B Agaricomycetes

B Tremellomycetes
20% 4

B Dacrymycetes

mmm B Glomeromycetes

= T T T —
K12924-1 K12924-2 K12924-3 K12924-4 K12924-5 K12924-6 K12924-7 K12924-8
(n=3,036) (n=3,246) {n=4,479) (n=5,079) {n=6,180) {n=5,557) (n=4,885) {n=5,653)

HEE (reads#)

2 X WL END SERIRL2EED A vy — 2 ZRITIC & B RS S () o MEUETE

10%

0%

Farlowiella J& (32%), Sordariomycetes #il?> Mariannaea J& (36%), Eurotiomycetes o>
Exophiala Jg@ (9 %) £ty iiz,
2) kM D K12924-2 CRIFA il & 5)

I 1L, Actinobacteria I Jiangella )& (WEBEIE23%), Alphaproteobacteria ¥ Sphin-
gomonas & (25%) & Rhizobium & (17%) ¥ &8 TR R L7z, BFE T, Leotiomycetes
#iD Thelebolus J& (21%), Eurotiomycetes o> Exophiala J& (19%) & Phialophora J& (17%)
& Penicillium Jg& (13%) £ < S iz,

3) HE 1 K12924-3 CRIFAALMES 2 fipdefdie 7 v — % —)

¥ X, Bacteroidetes "/ Olivibacter J& (23%), Actinobacteria "1 Promicromonospora
J& (21%) O B s i@ - 72, BiFE T3, Eurotiomycetes #ilo> Exophiala J7 (61%), Sordar-
iomycetes il Beauveria Jg (13%) & Acremonium J& (Sarocladium-clade'®) (13%) Dl
R DY R - 72,

4) B D K12924-4 (RIFA P aefdh el 7 v — % —)

#IR 12, Bacteroidetes 11 Chitinophaga & (36%) , Actinobacteria "1 Promicromonospora
J& (10%), Alphaproteobactevia #ilD Inquilinus J& (9 %) AR T Lz, WIHTIE,
Eurotiomycetes #fil @ Exophiala J& (47%), Sordariomycetes #iil @ Beauveria J& (18%),
Leotiomycetes #il?> Thelebolus J& (13%) »¥ g TR S 7z,

5) KM% 1 K12924-5 (HEEE R L32)m)

MU (X, Actinobacteria P Promicromonospora J& (70%) & Streptomyces J& (12%) D H

HBERE 7 - 72, W T, Sordariomycetes il Acremonium & (Sarocladium-clade)
(59%), Eurotiomycetes #ilo> Phialophora J& (14%) o WEBHEE Hs i hr - 72,
6) k% 1 K12924-6 (PHEE v gup b ge)

M (X, Actinobacteria '] @ Streptomyces J& (43%) & Promicromonospora Jg (15%),

Bacteroidetes P Olivibacter J& (33%) 75 % { #1172, WHHTIE, Sordariomycetes HilD
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K12924-1
(n=6,637)
Others
Promicro-
menospora
Roseomonas —_ (_____Sphingcpyxi:
Nitrobacter _—— ] Rhizobium
nqutings— | o
K12924-3
(n=7,185) Jiangelia ___ Streptomyces

Mesorhizobium

Roseomonas

Sphingopyxis
K12924-5 Nitrobacter

— inquilinus A
(n=5,799) OSBoMO RS — Jiangella

Strepto-
myces

SphingopyAis

Sphingomonas’

Mesorhizobium

K12924-7

(n=8,222) Roseomonas

Streptomyces

S

Nitrobacter
Chitinophaga

inquilinus__|

Olivibacter

K12924-2
(n=8,053)

Streptomyces

Nitrobacter 18 hii monas

Promicro-
monospora

Ofivibacter.

K12924-4

(n=6,507) __Streptomyces

Meso-
rﬂ'uzc-blr.‘m

| Sphingo-
-monas

phingopyxis
Rhizobium

Nitrobacter

Roseomonas

Olivibacter
K12924-6
_ Roseomonas
(n=6,234) Nitrobacter Jiangella
Inquilinus. —

Chitinophaga

Olivibacter Strepto-
myces

Phyflobacterium

Rhizobium_—

/ o\
Sphingopyxis_~ / \

V4 \ P
K12924-8

(n=7,230)

___Streptomyces
Others

—rhizobium
ts,phingamarms
___Rhizobium
~————Phyllobacterium

Roseomonas

Olivibacter

3 X b I WHAEND SR 72 5 UEHIS B 1T 2 MR R O RER LR O Ho
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K12924-1  renicilium Thelebolus_____——Phialophera
(n=3,036)

Acremonium

Farlowiella

Beauveria

K12924-3
(n=4,479)

Phialophora
Farlowiella

Penicillium. Mariannaea

r

K12924-5

(n=6,180)

Exophialal

K12924-7

(n=4,885)

Phialophora

Exophiala

W PEE R - 210

il 2

K12924-2

(n=3,246)

Farlowielia

Beauveria

Phialophora

Penicillium

Mariannaea

K12924-4
{n=5,079)

Phialophora

enicillium

Acremonium

K12924-6

(n=5,557)

Thelebolus Mariannaea

Phialophora

Penicillium

Farlowiella
(n=5,653)
Penicillium Others

Phialophora

B4 b oW HEND SR 72 &R 5 1 2 BUE O R LR 1

PRA7EFYE No.bd
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Acremonium & (Sarocladium-clade) (38%), Eurotiomycetes #fl> Phialophora J& (21%)
& Penicillium J& (16%) £ < S iz,
7) VB D K12924-7 (PEEEREIRIEARIL)

MU (X, Actinobacteria P Promicromonospora J& (54%), Bacteroidetes P Olivibacter
J& (139%) e oM S 7z, WEE T, Eurotiomycetes #i> Phialophora J& (59%) &
Penicillium J& (16%) 5B TRl S 7z,

8) k4% 1 K12924-8 (VHEE MR A AIL)

I L, Actinobacteria 1 Promicromonospora J& (28%) & Jiangella & (7 %), Alpha-
proteobacteria #f & Sphingopyxis J& (1096) 7% W BHEE TR & L7z, B 3H T, Sordar-
iomycetes # Beauveria J& (869) H3IEH 1 E W TR R L7z,

Jg L~V T A 72 O B S AT RS S T3, Actinobacteria 19 Promicromonospora &,
Jiangella J&, Streptomyces J&1Z, < D DB T W INBUEE TH - 72, 20114E10 7 I2ERIX
BN 7 o — ARENTPIZB W T Y, Promicromonospora Jg@ 13 K111013-1508E T H BB
7%95%, K111013-35EHT96%, K111013-6i8k} T26% TH V), Jiangella JF (13 K111013-5:8K}T
189, K111013-6:8k}T26%TH 1), Streptomyces J&1%, K111013-6:VET15% TH Y, Al
FEAL & [ARRIC o BB TR S UCHIBE T H - 720 BN OSRIMEIRGI SR N To HAL
BEETE, BMEYOREGIHR SN TS EHIFS NI en» b, 2L DBRREEEOM &
P Z 72D T3 <, AT BRI BT 2 BERE O EIG 2 5 o Tniz (Y
) DTV EFHEZ L5, BERETEOME Lk & SKOMRIRGHC & 2 SNBSS0 21k
DBGEMEICOWTIIABROME TREPETH 5, 4B, X b 7 HIEEmDBRED B
PRIZTLTW2EHZ 50T WA, Gluconacetobacter tumulicola K8617-7-3b7 1ZUr#s 7 it
F13 K12924-1308) (0.2%), K12924-250KF (0.02%), K12924-4#0kF (0.1%), K12924-7:0KEk

(1%) THOIT»ITHBINT WS,

ORI E TR TUE, SN E TORGEREIC L 2T TS LT\ 59, Exophiala
J&, Phialophova J&, Acremonium J& (Sarocladium~-clade), Penicillium @73\~ HEUE T
B RN B B - 720 —H T, Farlowiella J@, Mariannaea )&, Thelebolus J&, Beauveria
JBE VoI NE TORFEETIIRBIN T WEHERPEST 28D B -2 40T,
Beauveria J&13\ < D 0FRHIIE L CRINS N WHETH 625, AN R B EE2
IRTHELEFN, HENITORBDOIENGZIE & L THEY A 7 4 WA ZA Ry MIKIZ
M L7 REED B 5,

4. EbY)IC

A T, BT D IR & 5 % b 7 i HHE T IS >0 W T, A SR Lo etk
DT & L T20124: 9 HICHEN SHRIL 7230 o B R E I W TN, v
= AR GBI TR > THLNIT L2, ZOHME LTIE, 20094V T 1L
T B IRIERIMEIRGHC & > TIHUEYIFERESE S D L 5 ITZILL Twdr i =8 ) v 7
T2720I2EBLTHY, PERDOIEHETITIZ THiM (20114510 HIRIGUEY) & 40l (20124
9 H) ITI3FEREAREIC L DIUEBEER ST 21T > 72, BE2sR L LT, MR UV BEH
L BEHIE A S 5 T, M OBFIERE R T ISR BB SRR L3 2 i3 &
2o E72, X+ 7 HHEOWEHOIEEREC L HWNTIE, AROETHID TiTbit7zhy, £-<
e & L7z Exophiala J&X° Phialophora J& 3OO AMEGH» & LELTE L L RIS
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TWwa (hilES, REEF—F). INLDHEERAM OB RIF TR AR T
DB OWTIRABMRET L T BB D B,

HIH T2 X912, ¥ b 7 HHUF20134E12)0] £ T2, HEMNOEIMEIRGH 2K 2 THE(IR
ORI NTHY, BEHEOKMIED LT WD, Z0DA%IIAENOBEHE
119 S EhHkzZ s, Al F TIH S 22 EITEREE TR 543, B WA OBUEY
W2 2 Tw< D 2 TORBEN AR E %5 2 LS N5,
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Pyrosequence Analysis for the Microbial Community in
the Kitora Tumulus under Intermittent UV Irradiation

Yoshinori SATO, Rika KIGAWA, Tomohiko KIYUNA*,
Nozomi TAZATO*, Miyuki NISHIJIMA* and Junta SUGIYAMA *?

Almost all of the plaster walls and ceilings with polychrome mural paintings covering
the interior of the stone chamber in the Kitora Tumulus were relocated in 2008, and all of
the plaster without paintings were also relocated completely in 2010. Intermittent UV
irradiation was applied to control microbes on the remaining plasters from 2009 to 2013.
Although significant fungal growth on the plaster was suppressed effectively, continuous
monitoring for the changes of the microbial communities under intermittent UV irradiation
control inside the stone chamber is still necessary.

In the present study, pyrosequencing analysis was performed to monitor current
microbial communities on the stone surface. From the result of bacterial community
analysis, the genera Jiangella, Promicromonospora and Streptomyces in the phylum
“Actinobacteria” were detected in high abundance in some samples. For fungal commu-
nities, the genus Farlowiella in the class Dothideomycetes, the genera Mariannaea, Beauver-
ia, and Acremonium (Sarocladium-clade) in the class Sordariomycetes, the genus
Thelebolus in the class Leotiomycetes, and the genera Phialophova and Exophiala in the
class Eurotiomycetes were detected predominantly.

Because the stone chamber of the Kitora Tumlus was buried in 2013, it will not be
possible to collect more samples for microbial analysis. Basic information obtained from
a series of microbiological surveys in the Kitora Tumulus under intermittent UV irradia-
tion will be helpful for future development to conserve other stone chambers and mural
paintings.

*TechnoSuruga Laboratory Co., Ltd. *2TechnoSuruga Laboratory Co., Ltd., Chiba Branch Office
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