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The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2019.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields. The
sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and Technology
to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a new research
system where JAEA-academia collaboration is reinforced and medium-to-long term research/development
and human resource development contributing to the decommissioning are stably and consecutively
implemented.

Among the adopted proposals in FY2019, this report summarizes the research results of the “Study of
corrosion and degradation of the objects in the nuclear reactor by microorganisms” conducted in FY2019.

The purpose of the study is to obtain knowledge related to microorganisms that will be useful in the
decommissioning process of the Fukushima Daiichi Nuclear Power Station. For this reason, the current
conditions of the microbial community inhabiting the power plant and its premises will be clarified. In the
first research year, we obtained environmental samples such as soils from the south of the boundary of the
plant, seabed soils near the plant, and surface water 3 km offshore from the plant, and successfully prepared
their microbial genomic DNAs. Nucleotide sequence analysis revealed bacterial and microalgae communities
in the environments. In addition, we started joint research with the Kazan Federal University in Russia.

Keywords: Environmental Microbiome, Metagenome Analysis, Bacteria, Microalga, Next Generation
Sequencer (NGS), Soil, Seawater, Joint Research with Russia

This work was performed by Keio University under contract with Japan Atomic Energy Agency.
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UTF®D 2 SDOFIECTHEMFED A 2T ) LENT 2573 5, (a) PCR IEIZED VARY —2A
DNA EinFa4HiE L., ZORERIOREEZ TS, RE LIS LY, FOFHa BE7
%, (b) Nanopore ¥ —7 »H#—IZ XKV | HEAYE VY DNA Wil OBLHIFENT & 2 oWl oMk
B IE 2 W RO IE R PR 7 RE 1T 9o

T—AR—RIEE
1) 7 —Z_X— 2D (Bt BYLParIeeT)

AW THOND A XS 7 LMEH (B TOBS)) MOELREICET 2 &EDE - by
TEEEL, ESLBEFAFETT BT - EH L TO2DAEMIZET 57 — % ~X—2 [MicrobeDB.jp
W T D, Fiz, BHonlcT —Z O b O o FVBlO g, X6, ARSI Ty
DMDIERIRNEWE DI EZWREL TH20DT TV r—a v E2RET S,

2) Kazan Federal University & OIF A (BERAKRY, BEIL: BYLFIERT)

27 Kazan Federal University OAEMIFFEE L IERASH LA L2036, BEWOT —ZZH

LCiEmd D, £, 7T—FX—ATAMTEL7T—ZIZEHL TRV L0 5.

® AHEDOHE
REE—RERUMMANCERT SMEVMBED A 27/ LEHRT (KE)
1) fENOERET DT EE AW AEMBEED A X 7 ) DT OREST
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BEHEFGRANR T Seih A B PRI SR T O W) oW o 7L & -V T TR DNA il 3 >
NOFEE R L, TR WOV T AENEN BEREOMAEMIZH KT H DNA OF
BINFIREE 72 o 72, F72. FIDNA 22537 7 U 7 @ 16S tRNA i#{n 1-%: % PCR {EIZ THINE 9
AEHOT T ha— L a5 ST,

2) & HE RN O TRSCEMINO LD 7Y 7 GEESE - JAEA)

5 — BN I W T, BB m (LK Y 7 BEDm) OFE L, 3 km &
DREK, BEFE RIS OWELEZOE EANSY TV ERILT, £2HET 5
BREEY 7L LTHMILRNBIRD D T CHRIROIE K, wERA)IIRMABE DY 7
PLILEEE D 3 KR B SLEEZ O E O KEFEORIZ Lc, £72. HE) L O &
HERT, RELTHIMEE R TIFEENOWME KR EDOGWICEFTHIETT
fRZ1F7=, Gt T, FHKIENO STl 21T 72,

3) fEE R BHNIMC A BT D AEWEEEE D A X 7 ) MRNT

b 2) THE LERET 7 b7 ) A DNA OFflEIT-7-, A5 L7- DNA (2B L
T, ULFD 2 DD FIEICTIRERHED A X 77 ) LMt 22347 L1z, (@) PCRIEIZE D, VARV
— . DNA BE A HE L, ZOWEERSOREL Lic, RELZESICLY, EITAT7 TV
T LI BT A EMBEE AP LT LZ, (b)) —EOREES ) LY TSk L
Nanopore ¥ —77 > % —I2 LV | LLEGHIE VY DNA W7 OESIENT 217 - 7=,

T—AR—ZBE (KFR)
1) 7—Z_X—2DMEE (FEe: B 5eT)

KFEETHIT SN — I 2 AT —=Z ZHiAT — % ~X—Z [MicrobeDB.jp) (Z8&T 52
LEEIL, A7 2 NEHOT 7 A RXR—= T =2 _X—2AEHE LT, ZHIZED ., #
BT —HRX=AV AT WMIMET DT T T4 T, KPP =7 MNEHOT —Z D
BT RLT —FZ R=2TFL SN TN DT —F & DRI vTRg & e o 72,

2) Kazan Federal University & OTFH#AcH (BIERNY:, HEEk: BULFHIZERT)

BRITE 12 Alcw T AFERERE OR A 2%, B PR CaEE T o, rYv T
% B ARDOESNT — & Z WREREMAEY OBLR N G5 Z LICR oz, o, v 7 ik
THRRINTZY 7 TA FTESIFRFTOF =)V 7 74V R BEO & B O FFR % F1 F 7 12K
HELT7-, TORE, Fov /) 74 VRFFENICEBT DA RO IREIZOWNTOIEREZ
7

® REEORAL

B2 FET. REENDAF LoEm e (AR Y > 7 @RS TR
F v N —NIEK ) OV TNV AR RICERE DNA 2 U, £ ZIERT 2MEY # 2 W
LINITEDEEZTWD, FTo, ZOMRE ., WIFEOIGREEE., KBRS ICI T 51
EWREEEEIE & O U, O RRTREE & A R & O BRI A B WTRE TH D, ABFITIE S
F2ERARKRTTIETHDLN., ZNETIC, ULEDORREE, 5 —%~—2Z [MicrobeDB.jp]
IZUXERFTRE & T L T D, 20 BT, ARUFFEZE LT, BEIFICEN IS LTI 22 TEL
TW5,

Vi
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1. [ETL®IC

KIFTENL, 7 DIRATIS S 7280 % 1 D BB R B S A e B A 2 T O 4 H I SR D B4
TN—TINFEREL IR TRAZYT ) MM EAT O SHIT, ARIZBIT DALY ) MM O/3A F
=7 Td L EN BRI %@QMﬁﬁ&@mﬁ%ﬁmi%ﬁoﬁi%@ﬁn@% NETH
L RPERF-OWRME—/ B2, B PR Z@ L TSIML T\, TOEKRT, AZ7 /A
FRHT S0 i O RRBR B (2 36 1T DA BESE OB OfRITICBA L T, T aEDRE L L > Tnd, Eio,
77 CHE— DR — 7 o —& % —ZBEd 5 Kazan Federation University 7%, = 3 7 ] /X
— hF—&LTEMLTWE, av T TiE, T/ 74V FEKE L TEL OWFIERTTHILT

D, HHAEEL CEERIERDFICADARERS D, I HIT, KBFRIL, 7/ 2B5H, %
LW 35j1352§ HIERFLEE . v ARy NI, R LHE OIEF IR E 6 DT
BRF— L TETINHDT, ZNETOFRBICITEDLOLRWEHIARBBEZEL TRERH S (X
L1 Z2Z2M)

|
Jg Eaﬁﬁg WRHE : BRI HRLEEE
P il m{*”" “’ AWEE (2E)
[ L 1 BREREX (2§
EEERRF H{LFHRm JAEA GESR)
EHBE  10% HE—  10% %M 10% kB R (EE)
WMEDEHEOAS 6 - BB BEHBE 5%
¥ ) LR HEDRBHBRES &
UEmAY > 7L ﬁﬁ?ﬁﬁ)’]%‘
e HAEFE (EX)
ﬁﬂ!ﬂ?
mﬁ Af— 3% s — ﬁ= HEEM (JAEA)
'r 5! R— 7\& ﬁlﬁ?ﬂﬁ ERAL Hﬂﬁi‘lﬁﬂﬁh
=0 a2 KA (JAEA)
[ZEH] Sia i
Russia side \ Gusev Oleg (RIKEN)
s 7% #4% : Kazan Federal University
Elena Shagimardanova
Genome Analysis of Fukushima
Daiichi NPP

1.1 AT 2zy FOREEH

CHETORFHIEIETICEL, (L%, TEMRMED D DOHBIT SN TE 2, ATEITRK
BDT ) DR 2@ C T, MAEMIC I DB R - BEOMREBE LI LT, RbLET
IR 20 N D5 YK BRBE 22 EAL N B+ 2 Fdt &2 5- A D TREMED N D D, AWFIEL TR & L T,
ZOWE TOMZERFHE S, BARNRERE LTRETEI DL ICEELTV D,
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2. XIGEE

2.1 25EH
AREHOEREHEXK 2 X 2.1-1 1277,

M ESE-REBEAACERT SRMEDHED
AR LR

@ MEMOBHFOFEERBN-RENHED
A BT 7 LRRHTEORL

@ EEE—REHREMMAN DT KOEBAD IR
YTy

(FLF i)
@ EBRE—RENGBANERT IHEDHELD
ARY ) LR

() T—HR—AMEE
D F—ER—ADIE
(BALLFHRA)

@ Kazan Federal University & Mi%$g35i8
(RSB Re, B{LLWER

©OF 3

20194FRE
3A

70k

FHaRE Mx
“« > >

Low

20204F S
124

=l REDER

iR AT
>

High
saxp SHAHE FENRR

ol | )

PORS oo

A Hu7L

-
REMMR S
(0} 3-F3<0)

l=rt I E ]S

TRORE LU b
PIIr=a AR
‘_.—._

 SRRIOWERS

« >
MENRR
AT

TR0, T
L S

DIZHD

L EmaitEBRMCIIMEZR

+

fTéantsd

L

UL E RS HORE

-«

St Il
-

>

- HE
e

X2 1-1

WHFEEAR DK 14 7 A0 5 B BH-ITRBE R E Y > 70 (8 55— R BR O ot A 5

EAFTER

YK, MELE) 2, R¥IC, BEH HARERNOEBEREY TV 20 HFu,

K2 OPEMFEEBE LI O T 5, MTT. IR (BERRBRRT, B Prsear, [ENL
BARTFAFERT. JAEA %) L v 7 (Kazan Federation University) D& [RF— AIZ XK > TIT,
ZORERET = N—AHMENT D, Flo, v THNCF =L T4 Y FEFEICET L ER

DR 2T D

_20_




JAEA-Review 2020-047

. DT EEOERRNERUAR

SN REE—REHEMANNCERT DMEMBEED A 27/ LEH
ST BEENDRFDAEZZANEHMENBEED A 27/ LEFTEDHEL
O BEZIAZLinEGEEAER (LERERERET) CTOREY Y TILORE
AR 1348 55— RO N ©, R IF N OAEMREEY 7L 0vh DNA il T,
fEENDEHT DA BT ) DR AT CE D FIEEMRLT H, ZOH—BREE LT, £7,
BEEFER T Fetm/E A e gEET (BRI ) o HL)IKOY Tz v, i
B DNA fiitH = v FOFEEZ B LTz, Yo 7V OBRBGETC H R 133 3.1.1-1 12, #
BT OBER AKX 3.1.1-1 I2E LD ThH 5.

#&3.1.1-1 BESBAFEREGMFHER (LRERBET) REY T

o] Bt BREH EP VAN
s LB s B T K= | S Fnooe B e R e A m B P R R E L )]
F B ARE 403-1 0A7TH (H) W L7 HEER T 1—2 em (10 g FREE X6 4%)
Ik A E BRICAR BE SRR S A B PR SE AT E 0 ) 117K
12H17H (k) | (16.5 C pH: 7.4)

3. 1.1-1 BEZIRZEAMEGEZHAERR (LBEERS) TOREYY TILORE
A) YT B) NIk T

_21_
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@ BEYUTILH 5O DNA RSy ORI EEELRTO ba—ILOER

BEER R T S mEL PR ETE O HEO)IK 2 BRE Y V0B & LT, £
ZICEET AMAEMD DNA %, HEZN S TICHEERR TE 2RO F* v &G L7,
RkSH Za 22 K AERO% T, £9, LHETIX Takara #:0 NucleoSpin Soil ¥ k&
Nippon Gene f:® ISOIL ¥ v M ZHONDRMTHI LTz, EAICELHLDOF Y R TH
BEHEDS 7 5 DNA OFNTE 2 (% 3.1.1-2 XK 3.1.1-2) , — 5T, ISOIL ¥ v bk
DOFHFNR., LVESTDOF 7 A DNA 20 Frx—2Pl L) ZHEBEERLHUCX-0T, B
%, 2 TCOTHEY 7NV TISOIL v hEHWDHZ LI Lz, 72F PCR f#fTICiX, EoF
v N CHfF L7z DNA b RWEHFRICR D Z 2R L TWD (1hih) . WICERBEKICHRS
LWAEM DT ) I DNA % AAF7E5 3 TEBOE VY Qiagen £1:0D DNeasy Power Water & » |
ERWTHRE Lz, ZOPEBME LT, 8BEK (ZZTIEIK) 2V ART74#0 022 pm

(&5 NE 0.1 um) K7 @ Durapore PVDF 7 4 VX —Z@ L, MEMREL 7 L2 — kT
k7 > 7 L7, DNeasy Power Water &% v hCTi, Igli DNA (T TCx 50D, + A4 XN
3-8 FRRN—ATARAT (Fu—7N) RiZeo7z, B, BEKDTZ 4 V2= 51 ISOIL
v FEHWTS  LDNA OFRZ T 5 L. &F D5/ 5 DNA PR CE 22, Z DI
B IR D CTHE)o T2,

£3.1.1-2 BRELEBEYVITLASODNAFREFY +

R | it ¥y M 22 b

77 5 DNA L CX D08, ENWRESTDOHOD

+-1 Takara NucleoSpin Soil DT, 2 AT %<

. i 20 g2 _X— 2 @D DA I DNA SRS
e Nippon [SOIL F EDREDT ) VAN E G

Gene Do

. DNeasy Power A AT HB < MK ENDL, AT ED S
JH7K Qiagen NI

Water / 5 DNA SR CX 5,
A
w;:“u;il;l:ul 0.5 g solll tube) {5 g solll tuba)
Buffer: SL1 SL2 ’ § §

d
Enhancer SX: -+ () 23 =3

3.1.1-2 BERZXF (BE™ REYUITLHMASODINARHEE XY FOKE

(A) HENS DS 7 L DNA FRBLORF), Takara £ & Nippon Gene fLD % v &, @D
A (SL1, SL2 X° Enhancer SX & HGL) OHMESS, o7 NAORER EELEZ THEEL T
V%, Nippon Gene 10 ISOIL D% > FA3@E 53D/ I DNA Zaid T& 5 Z L2353
%o (B) JIANSDS ) 2 DNA OFHEL, 2FEDORT VA XD AHHZE W THRAEY 2 £ DT
73, DNeasy Power Water % > R C4/ A DNA IFFAICX 51 DD, YA X 3-8 F
—ATAATIRICHA D, MIZDNA Oy F-B~—T—%/R7,

4
_22_



JAEA-Review 2020-047

@ IBEEBEDNAICXIT 2727 O @i

Bacteria
Actinobacteria Firmicutes i
' Cyanobacteria :
Bacteroidetes
7 Parcubacteria
[V
:'-_.:'7:':"_\-' "._I ™
’ b
/7 . -
v S Microgenomates
Alphaproteobacteria - (OP11)
Betaproteobacteria
Gammaproteobacteria L\
. Eukaryotes
DPANN b
Archaea
TACK

X3.1.1-3 E£MOD=KK*AA D%k

HEMOZRKRKAAL L THDH37 77T (Bacteria, E1IEMIE) . 7 —F7 (Archaea;
B) . KMOERAEY  (Bukaryotes) D5%&#if, Candidate Phyla Radiation (CPR) X7 7 U7
T, AT MEITIC L > TRA, RBSNIZ, ZRETONRT T VT ERBEAIITHI
BEL BTV THTHD, AMIX, Hug & Nature Microbiology (2016) 1: 4-5 D [X] % 28

L7=bDThD,

B13.1.1-3 1%, BIEZ X LTV D HIER LICEET 2 MO R4 Ch 5, BREEICH KT
HDIEMOIRITIZNE E AV ENRNT T U T ZRBIATOI TWD D, RIFETILZE DR E N7
TUTOHRELT, 7T—F 7 CHEMIEOBEEAY (EEECR) (SO TR 52 &1
L7z, BREICHRT 2 ED X 5 24W0s, wEE - HEORFHFNTHEIEL THWLHD0, &£
DEMFEPBEIF O T v R LEERNGH LN AARTDIZ, £, ZIIXHET L ERBDbRD
EWTFED 7 ) DERE RIS T 2720 THD, ZOEMOT-DIEYHEERET 57
WD PCR 7T A ~— (NLHICEMR LW DNA, 4V IX 7 LAF R) 285, STk
AAEIZ LDV IAALTE (£ 3.1.1-3) .
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#3.1.1-3 KXBRRICEALI-TZ4I—DYR b

K o~ [inr ]
%; TI4~— | R| #EH 9“]\ axk
A : PE
D % %ﬁ‘ ﬁ ﬁajgz % 5 F (5!_3!) R (51_31)
BHE L BEAYD O
341f GACTACHVG | flala=714—®
+ CCTACGGGN
& . V3-V4 465 GGTATCTAAT | H#TiRH %< ® OTU
= GGCWGCAG o
785t CcC R ELND,
(ZE3CHk 1)
Ty /ala=7 4
? DOME#ED L v IEHE
> 515F-Y i GTGYCAGC | CCGYCAATT | 7Z2#fEEfiz ~L, i
; & X V4-V5 412 | MGCCGCGG | YMTTTRAGT | % D7 5 A =—Tlx
926R TAA TT R IO Y (LAY x|
TE O % B 28 7T RE
(ZE 3Tk 2)
27F SE AGAGTTTGA | TACGGYTAC | V3-V4 i & T
=
& L6 ;NA 1506 | TCMTGGCTC | CTTGTTAYG | i\ Ay Jesefigfs s
r
1492R AG ACTT (ZE 3Tk 3)
T—%7T, mb%
SSU1ArF < D OTU#» 5 Hi
TCCGGTTGA | GCTACGRRY
& V1-v4 519 A (va—hFrY—
T TCCYGCBRG | GYTTTARRC )
] SSU520R K)o
;F (BEH 4)
340F GGACTACNV
CCCTAYGGG va—hU—FK,
& V4-V5 467 GGGTWTCTA
GYGCASCAG (BB Ik 4)
806rB AT
nu-SSU-1333-5 | . .
& CGATAACGA | AICCATTCAA | EEHENE > R,
& V7-V8 348
SSU-1647-3 B ACGAGACCT | TCGGTAIT (B 3Tk 5)
nu— - -
% BEHIZBWTEVZ
V8f , ATAACAGGT | CCTTCYGCA _ R
= #m < D KR O FEAT A3
L & . V8-V9 372 | CTGTGATGC | GGTTCACCT N )
3 W ARE, (BT
A 1510r N CCT AC
o L] 6)
B & BEEAY O
1389F Bala=F1—on
=N TTGTACACA | CCTSCSCTTA
& V9-1TS2 984 FCTHRH %< O 0TU
| ¥ CCGCCcC NTDATATGC | .
ITS4ngsUni HnEohnsd, (&
EICER )
SE R

(1) Thijs, S. et al. (2017). Comparative evaluation of four bacteria-specific primer pairs for 16S rRNA

gene surveys. Frontiers in Microbiology, 8, 494.

6
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(2) Parada, A. E. et al. (2016). Every base matters: assessing small subunit rRNA primers for marine

microbiomes with mock communities, time series and global field samples. Environmental

Microbiology, 18(5), 1403-1414.

(3) Johnson, J. S. et al. (2019). Evaluation of 16S rRNA gene sequencing for species and strain-level

microbiome analysis. Nature Communications, 10(1), 5029,1-11.
Bahram, M. et al. (2019). Newly designed 16S rRNA metabarcoding primers amplify diverse and

“
novel archaeal taxa from the environment. Environmental Microbiology Reports, 11(4), 487-494.

(5) Banos, S. et al. (2018). A comprehensive fungi-specific 18S rRNA gene sequence primer toolkit
suited for diverse research issues and sequencing platforms. BMC Microbiology, 18(1), 190,1-15.

(6) Bradley, I. M. et al. (2016). Design and evaluation of [llumina MiSeg-compatible, 18S rRNA gene-
specific primers for improved characterization of mixed phototrophic communities. Appl. Environ.
Microbiol., 82(19), 5878-5891.

(7) Tedersoo, L. et al. (2018). PacBio metabarcoding of Fungi and other eukaryotes: errors, biases and

perspectives. New Phytologist, 217(3), 1370-1385.

3114 2 R0 8 RIVIBIWIRLETTA~Y—DH 6, N7 T VT OISR 16S U
RNY —L RNA BIEFEHIRCE L7 74 ~—2HWEHEIT, WffSh D ¥ A XD PCR
WHHIE ST\ D, F7o, ZOMIEORIL, 5541072 DNA OPEK (X 3.1.1-2 5 H)
ZHEVIKTFLTEDLT, 774 ~v—ORGERDIMAEDOAREGET D EEZBND,

PCR result #1 PCR result #2
iﬁ DNeasy PowerWater Kit
( ) Tak Nippon Gene Tak Nippon Gene (J [ I*) IQIAGEN)
S . ISoIL G 1s0IL
NucleeSpin Soil pin Soil o =] o k-
(0.5 g soill tuba) ? ? (0.5 g soill tube) %\ %‘ § § ‘;gs ..'_:E
] L] s & & §
Soil DNA u? : Soil DNA : : £ £ I3
—_— Ss < g g =
Buffer: SL1 sL2 3= Sl SL.2 = = i
T I — =] tromcs - — =]
Buhamosr S {FN 6 F o DM e®ss

Primers: 1389F/ITS4ngsUni 34141785¢
X SSUTASFISSUSIOR  J410TESc
(for Fungi & Eukaryotes) (for Bacteria) Primers: for Archaea for Bacteria
984 bp 465 bp 519 bp 465 bp

3.1.1-4 BEERBKRZE (BRE™) REY > TILDNA £ = PCR EERH

BERARFZOREY VDA L7203 o DNA (X 3.1.1-2 228) ([2B8W\WThH,

N7 T YT 16S VAR Y — A RNA BIETIZXT 2D PCR EY (465 X—R) X, ZH7e < HHIE
ENTWDZ Ny 0Dd, —f, HES T TIZERAEYO S O 18S U R Y — A RNA
B8, JIKTIET7—%7 (FHIE) @ 16S VAR Y —24 RNA NMEIREN TRV &

PAWALAP
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@ % PR R T L

A B
M (1) @)

(1) Qamp Mini (2) GeneAmp PCR System 9700

<«

E. coli gene
(alkB)

E3.1.1-5 BHPRIRTFLOEY FT7 VT

(A) PCR Z£/& (1) Qamp Mini, (2) GeneAmp PCR system 9700
(B) PCR HHEDH]  1.0%7 H 11— A7 )VESKKE) (EtBr Yuth)
(HDFE S PCR ¥ AT AlX, Q)DilH D PCR VAT LEEDDH T 7L,
KIGHEEE T (alkB) ZHIETE 2,

B2 FREICREE T —RRICH R T D m AU o 7V A B IRIN TR )5 7o DY
fii L LTS PCR & 2 it L7=, Z @ PCR ¥E®E Qamp Mini (BiOptic £1) 1%, [FIKFIC
T CE DY L 8 REDRWA, FOUOLY A XT, SEIOBEMIZH > TWD,
PCR Hihg & F % 238 H 1T > TV D GeneAmp PCR system 9700 3 AT A % FW T AT & h 270
Vv (X3.1.1-5) .

® ¥iL-7ora—L
FaR U7 SO ERMR S 2R T, ML LR T 0 b a—L 3 AU TIORY, S o
k==,
1) TEMAEYS 7 4 DNA Offit
2) REKMAEM S/ 2 DNA Offitt
3) PCRIEICX % 16S U AR Y —2L RNA EisFoHE (S5 <o o,
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7'a ha—)v 1 HEMEY S ) A DNA O

/7 7 2 DNA OfliHH 2% ISOIL (NIPPON GENE) ¥ v &4 2%,

Yo7 (05¢g ODHEEZRVDIES)

R A
*ERBRAETOBRCIE, TR EFREEMN L, 7AaNF—ESF v T2+ L,
*EBRCHEMNTL 2ml Fa—T7 3 POA - L—TWE L T 2 &,

FiE
. WELZ2ml F=2—71205gn+HHEY 7 LEAND,

2. 950 ul @ Lysis Solution HE X% T} 50 ul @ Lysis Solution 208 Z 12, F=2—7 D7 X % /X577
ANV LTV LT GEREIRINCH IR G Do

3. 10 pEICHEENRFI L7228 5 65 °CTC 1 Bl A > F 2 X— F (B—7 —% — TR0 Z s &
BRENHA L Fa_X—FLTHEWD)

4. 12,000 X g =i T 1 /OB L72%, R 600 ul 281 L 2ml F =2 — 7 IZEN T %,
5. Purification Solution % 400 pl Nz CHIZRAT D (BD) .

6. 600 ul DY EBKRNLEINMZT 1S BEALT v 7 A L%, 12,000 X g IR T 15 43 iz
STHET S,

7. HEBEANRONEIICHERE LR GKE 800 ul ZH L 2ml F = —7IZFIT 5,

8. Precipitation Solution (Bt 4 °CHRTE) % 800 ul 1z CTHIZiRA L, 20,000Xg, 4 °CT
15 43 fElis O BET

9. E{HEZ#T. 1ml® Wash Solution (BAH}%% 4°CHR1F) A N2 CTHURIERENEFN L 7=, 20,000
X g, 4°CT 10 srfiE Lot 2,

10, BEZET, 1ml D 70%<H ) —/ K (2pul @ Ethachinmate (BREf# 4°CRTE) ZNZ.
RNVT v 7 AIFH—% D THEE LI, 20,000Xg, 4°CT 5 sl 0o 5.

11. BEEET, Fa—7 2B L7-%. LE% 100 ul @ TE buffer (pH 8.0) [ZIAfRT 5, W
VT 4 °CITTIRTET 5,

12. ZZL 1 W ZEH LT, O.D. ORE (Azgo LASMT Azzo & Asso HINY . DNA DHMLEE 2 fife 52
LTEBLIL) L08%T Hu—RAF LEKIKE CHERAIT .,
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7'a ha—)v 2 BEKSAY S A DNA O#H

7/ 2 DNA OfliH1Z13 DNeasy® PowerWater® (QIAGEN) v h &3 %,

H 7L (%) 500 ml DEREEK)

RS
*EBRAITORRICIR, TR EFREEH L, 74NV —ETF v 72MEHTH L,
* Solution PW1 (X7 55 °CT 5 ~ 10 RS T AN L T X, FHPTE 55 °CE2F—
TLTEBL L,
* Solution PW3 (ZILE AN 7L 53 5 85A001% 55 °CC 5~ 10 0 BIRD TILB & 09,
* Solution PW4 X FHETIC AR ML ZR > THORIKZIRE S Z &,

Fik
BREEAKDT 4 VF—5iE : 500 ml 5y
1. BAATO7 42 —Htb T 55613 B0 EHARY 4L, 022 um D7 (v
4 — (Durapore 0.22 um PVDF Membrane, 47 mm; 7 ¢ /L —HJE L T <) 2HE LY

vy hTEY TS, TOET =0T &y

2. AmEEEEZ RN TITEE, k%&% RN HDLGEEIET—E R ETE LN S 500ml Y7
NEAHEmL, WBEWME 7 A NVF =T NT v T T D,

BREBEKNS D4/ 2 DNA i : DNeasy® PowerWater® Kit (QIAGEN)

3. WEME NIy IR TANE—OWuEE Ly FTONR, T 4V E—DOFREMBT
VA =D S L 912D 7Y 5 5 ml PowerWater DNA Bead Tube (2 AL 5 (3 <12/
HALRWEAIE, Y —VITELIZED £ T, 80 °CTR7FT D)

4. T8 55°CTIELH TEBU /- Solution PW1 % 1 ml Iz 5,

5. (B TR LI WD S £ o6 (R - #E72 ) 1L, Solution PW1 %l 2.
721%. 65°CT 10 7pfilA o F=aX—T5) ,

6. 5 ml PowerWater DNA Bead Tube % /K272 X H5IZARNVT v o7 AT X7 % — (SI-H512
Horizontal 15ml Tube Holder; Scientific Industries, Inc. ) (Z[EET 5,
* E?‘%’)IW I Tube DML LHRNGDHEHEZE LBy DX ICKEMHIT5HE,
— TR ETRNT v 7 AZEET D DOIXRRE O ENEL 725 O THET 5,

7. EWRKEETS ALV T v 7 A L% (FilR) | 4,000Xg Z=IE T 1 om0 oS 5,

8. 1ml DNy NF v 72 E—XDEIZE AT L D IC AN T EEE WU, 2ml Collection
Tube (289 (600 ~ 650 ul [FIX TX %)

10
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
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13,000 X g iR T 1 4 Wiz 04y B,
Ry Wb WEIITEE LR G, EE4H LV 2ml Collection Tube (277,

Solution IRS % 200 pl 7 7 AN Z TEELS AT v 7 ZATRE% (AW 5) . 2-8°C (on
ice) TSHMA vF¥aX— KT 5,

13,000Xg T 1 43, SR TELODEEE, XLy FERDRNE S ICERELARRS RiE%
3 L\ 2ml Collection Tube (257,

Solution PW3 % 650 ul 7 7 LM A TS RLT v 7 A TRES,

JRA 650 pl % MB Spin Column |Z Load L. 13,000Xg T 1 /3. SRR Ty BfEs
flow-through Z #C %,

14 DAT v THIRBBENEL 725 F TR IRT,
MB Spin Column Filter % %7 L \> 2ml Collection Tube (257",

i FHIERTZHR  JRE 7= Solution PW4 (Wash buffer) % 650 pl iz, 13,000 Xg T 1 43f#,
IR TELEET D

flow-through % 5T 650 pl @ ethanol (Kit (ZfT8) %Nz 13,000Xg T 143, =iRIZ TiE Ll
STEET S,

flow-through Z#5C72 5 ethanol Z 52 4ZH Y FrR< 728 13,000 X g T 2 43fH], =|IRIC Tl
IHET %,

MB Spin Column Filter % %7 L \> 2ml Collection Tube (257",

Solution EB % 100 pl 7 1 /L% — @D H 42 Load 5,
* Solution EB O W 12 H L 7= D.W.X° TE buffer ZfEH L TH R,

13,000 X g T 1 43, SRR TEOEE L. DNA Z 95, [\ L72 DNA I 4 °ClZ TH
T“ﬁqéo

DNA %% 1 pl 2 LT, O.D. OHE (Azo LAIMT Azzo & Azgo HIIIY . DNA DOFLEE % fife
BLTHELZE) & 08%T i —AF VESIKE CHRZITI .,

11
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7a h=2—)L 3 : PCRIEICE D 16S VAR Y —2A RNA

B O¥EE (12 6)

PCR DIEEXN RE=T
Bacteria 16STRNA V3-V4 ik (F{1E 51 X 465 bp)

BRI S (BRBES ) L DNA: 5~30ng/ 5 pl FLE)

TIA =
1. Forward(341f, 17 mer, 100 pmol/ ul)
2. Reverse(785r, 21 mer, 100 pmol/ ul)

PCR R Jitx

1Tube &729

2xbuffer for KOD FX Neo 25 ul
2mM dNTP mix 10 pl
Template DNA Sul
Primer F (100 pmol) 1 ul
Primer R (100 pmol) 1l
KOD FX Neo DNA polymerase 1 ul
D.W 7 ul
Total 50 pl

PCR i DEBD 1.5 % T T u— R FIVERIKENT X A HER

PCR &5t
94 °C 2 min
98 °C 10 sec
60 °C 30 sec
68 °C 60 sec

4°C soak

~—7%— : DM2100 DNA Ladder marker Sul Z{# 3%,

VAN
PCR product Sul
TE buffer 4 ul
10xDye 1wl

35 cycles

ZIRG L, 10w Zyk#)L, EtBriC THET D,

729 O PCR EMiT -30 )CTHRE L, BMERFNOREIZHAVD,

12
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3.1.2 BEE—REEBMANDOH T KPLEMADTIEDY > T U5 (E#ESL : JAEA)

2 TCIEEE RN DY T L TRA SRR S &, HpNIicE L
TV TVDAFEHEERF Lz, £2. 2SO atED 5720, Hiot BB
BHEOREER STz, RELTZH TV THRA U MZBWT, MEMERY v T VO
HUAATV, R A e Lz,

o — RSB AN I T BB R Bk 2 o 7 BEOR) DOFIE T, 3km ME
DOERBEK, BEFFRL OWELEZOE EANOT TV AR, £-B#T 5
B Ve L CHMIILBANBIRD U Z U HLR OB E K0, a5 R IR fABl 0w 7 v
PLILGEEE D 13 KIRR AL E OME OBREEY I VEORRE Lz, £/, HE
EOITEEERT, RE L ThLEEE R EIE T ERNDOMEKR EDOGHIEFT D
L TTRERT, BT, BHXKIEANOSHTE 21T - 7=,

ERCRI LT, LPICib % 4 IHBE DWW TER L7 BN E Z2R~T,
D REF—ERBHANDY LT VITRA 2 bDRE

R FRENICIE, T ARRHRAKE I, AEDBTRAL TWD, MAEMSITOTH
RS —HRERNN LR K ESLATHERE LT, JELORIE « #EICOWTHRAELEZ (K
3.1.2-1) o REHE—FFEOALANTIEAT ) RAVEER KB R IEN TV D, BEEE O
DUFKIES 100 D —2DTh o - PN FIHAZITEA X L 720 . SEAVHIRE 2R o7z, Rk 25
(2013) 4 5 A )OI R SRR EMR IR L 70 D FFONEA D R ATRE L I o 7o, T 2D
B RO A AT 6 km FIENIZRE)DNRAVIEICIE <, BBJINAT DS I RE) | kR 2E 1

EIAE -SRI
| WA - R E AT Y
N ATASE - SN E T LS
S-S AT R EREALEE
o e i ch - 0 ch BT AT AR ML AL

[ AT ch i -ch R ch A AT AR ML AL
0 SAR - ch A AT R St JOLE s
0 seusasrt-AT Tt AT OR S

E3.1.2-1 RERRUMBEOMERIRE
https://tohoku-geo.ne.jp/information/daichi/img/53/03.pdf % ci 28

13
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ARG D 0 | FEOHEBMDHURN A SN TWND, T O JINCF L& B 7o @ 55 —IR
FERH T 1T TR L, @R OO L 0 IRADFEN TV D,

SE 30k
https://www.youtube.com/watch?v=4 6YQPhXK8g OWIEAR K LV BEEWKIBG) .
https://www.town.okuma.fukushima.jp/soshiki/somu/9647. html (KRERT#: 45 & 0 fEALIE) .

B B — RS TXORTAE & PR (L C B E 7 i@ © #5 O KFER IS E T 5D, Z 0k
Y HUT %@Eljﬂ%%%%it’%éﬂ%%ﬁ)@’iofﬁﬂ%ﬁ%Mi&&ﬁ%f%th\ bH, ZZ
CIEFAERE M =R - B =R, S OICEH IO REE DN oM T 5, ZORIE
mEia%%Eﬁm#%ﬁ%%mbgﬁ_iéiﬁﬁ1%hn@%mEf&éoik\Wﬁ
PR ILHIEE S O PRI I A WG 230 v . ZRIRIR e AT & 48 S A A i o [ & b 2 &
P FE ST M~ B DT E Ch D,

IS OW BT A ARIIESEAIZE W
TEHMEEHIRERCAE AR H LT, FRiC
EMMH‘& FE AR T - P B 2R
S TR ICAE RSB AT B, o TRIIE
“C”B“\°7'75’/1) N (BEaAERE) 7BIx b
EREAHOEKRY %) [ER)
(B REOREEEZEHR L, &6
Wz, T~ xx—p] iz sor gyl

ERA) M, o248, 77F
A REFSADERT D, B, V7
BTHLWKT 7 ABEFHTHY ®m3.1.2-2 BHEENETEDHRK 95 LR

(K 3.1.2-2) | #&IChILR & BEIROE G| R s BAAERMIE S CRF ] 2153 C iR
BEDNBIRIZE M ED T T CPLRFE R E
NHFETIE, YRFTITHAR-ONE Th D KBRS T,

BHNIL, B = RO EMBEA, Bl bhc o T, Wik 0 m~30 m BEICHMT 5,
Z DR FALD T 3 #EIX, & L THRROBEIRE~TEE B0 . B PR EE.
ﬁ%% HIgH (W LA OEE) | RES» DRSNS, SHEITEH o 2cbi

TITFE CEETHA L, mEAE A CIRIREARNAS, P71 TN 2°F FEEEA LT
éo%EL /AT DR A B ITEKE TH D, 2B, REE —FRER M OW KR
IR S TRERL S VTV D, RIS O T iX, B~10mfEEDOE X THEif L THfm L T
WADTREIIC K VK SN TND, £ L TREREE —RRBERE O TINS5 g 182
LTV (¥3.1.2-3) , - T, BRIZIHAT2HTAKIZ, B HEREY 2 @i L 72 K2
Wb s g %18 U CEEBORANII L, BEOMANIH DALV AL TWS & ED
N5,

14
_32_



JAEA-Review 2020-047

&30k
http://www.town.ishikawa.fukushima.jp/admin/material/ (3 )I| BT JiE 52 RAR & BHEE) .

http://rss.tepco.co.jp/mu/fukushima-np/roadmap/images/c130823 05-j.pdf
R MRESE R T HRBHTELOME - Hi T /K JOMT) Pk 25 48 A 23 AEED .

QP +40mp=

OP+30m[~ - =
\
OP.Z0mp= T . - — E - S _ oPx0m

OP~-10m=

OP~50m™

- 0P.~50m

3.1.2-3 EEF—REERERIOHERE

Vlb, 55— R EL OHIE - WEIZET 2RI 21TV, BEMICHAT 2 KO
WREWE~OTMABE LT, NPTV U TRA L MNERE LT, £, FRNICE
BT o7 7 ) ORBMREEZEE LT, ZHIHEES M E Y 7Y TR A
& LTEAT,

@ BN D DY Y TILDAFHEDRE

BHAN S OV T NADO AFFEIZOWTIE, THE T JAEA 1 TEEE R IZBN TR
S NTAGRARFICEENDA T MO 2 380 L T & 7o, BARRICITE T BEEm AL
HEREOH TR KL ZDOLBIZLIVGEONDLKEMRE Lz, EifIX, H-3, C-14, Cl-
36, Ca-41, Mn-54, Ni-59, Co-60. Ni-63, Se-79. Sr-90, Nb-94, Tc-99, Sb-125, 1-129,
Cs-137, Eu (-152,-154) | U (-233, -234, -235, -236, -238) . Np-237. Pu (-238, -239,
2240, -241, -242) . Am (-241, -242m, -243) . Cm (244, -245, -246) TH D, 1 bH
T —H#EL L TARINTND

SE XM
A, SEATF. BRERA. RERIE, RZE. BIIER. i (2017) . HEDE
BT REITICRE W TERIRES NG YK M NS O 57 — Z % JAEA-
Data/Code 2017-001,78p.

—J7. BSOSOV TIT JAEA O 2 E CTOERIEENCH 2Rk T-, JAEA 136ESH—
JRFS FHE A% K JEROBREE O BUR R EE A Fi ke U C & 72, @ S EE — R3S R O BREEHUR BE
DOEANIIR T IR EZEROFMBE THLH Y . AANY LAY ZIEH Lz22hZ 2 L

O EBPEZ FH L TWD, M T, B2 8108 03 ES TREIEER L > DBRET S RE D
EaAkRE L TN D, 20 9 FEROFHAORER, FlE% & i L T—HREE TETLTY
Al

15
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Sanada, Y. et al., Evaluation of ecological half-life of dose rate based on airborne radiation

monitoring following the Fukushima Dai-ichi nuclear power plant accident. J. Environ. Radioact.,

192, 417-425 (2018).

Mikami, S. et al., The deposition densities of radiocesium and the air dose rates in undisturbed fields

around the Fukushima Dai-ichi nuclear power plant; their temporal changes for five years after the

accident. J. Environ. Radioact., 210, 105941 (2019).

S B2, JAEA [VErENTFEBH FE S & o
B R0 R — L DR EED, WBET
DOEENFHZFER LTS, 26 OREH
R 2 FBEIIIER T 52 LV 2D, K
HETOWMEW Y 7V 7 i@ ERIE
M4z ezt lic, ZhICKVEESE—
RS H DY T o R & R
HTEWTET, £, BHINIZONWTE,
ZIVE TOMEKOEKFESHT OE3IC, A
D NG TR T 2 I3 5 2 & TxiAL

L7,

ANFLIEH I AorefhiEs LT, @A
T Lo M OV N o e 2 YA L 7, Bl O
By A b BEF AT 2BRICEN T 5, BARREREEZ e ha—1 2 (103
=) 2RO L, Fo, PRGBEERIE, BRIRL 72K B A B HTHE 23 5 £ T
DOREIHERT 2 (X3.1.24) .

- %

cINIBERIE (AT 4 V7 ) —P—)

B H Ok
S —KTAE (KITAMAN-T24)

13,500 rpm
17,730 G
2mlx24 A&
-9~-40 °C

&l LA 5 (FMF-038F1)

IR R i
WA B

-40~-15 °C
38U v kb

16
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@ HoTYUTRL Y FDREIZDNT
18— RO E D (e, BN . TR ST AT TR A D
et 2 X 3.1.2-5 1277,

_ | mkemELins ||
i¢ //A"

s e = — E e

‘.
4]
X 4/
TiEsHh S

®3.1.2-5 BEFE—REEBDOY LT VITRA V MEH

SEKDHL T

Mz, Bk s LT 7 o8kl e LTXI3.1.2-6 D2 » AT (NEIEERBEH & v 7 — &%
OME B R A BRI ABIE IR L) 2BATE, REE BB MARNICE T LT DBRET
TUIE, ENAEOREGTIFNORME K LR SN TV HBHKO B TR 2 ICEE L
TW5, FNITEBIHRO T 0K T O TRl & EH T U NVEOERPEITL TS, Z0
JFNOBREE T C. KO b o 7 o BMbF i R ORI 2 B E 22T 228 5 LD
BFtO—BE LT, REETIIERTUAFLET 27 7 VA LMAEMOBEZFHET 5, %
T2 MK OBHER T & L C HNIHERZ OGO K b I L 72, SEGITCY o 7L ORI
F312-1ICEEDTH D,

NIPIREREEHA & > 27 — AR S 2 HTA ) ETFR LS SR L5 1 JRARSE A O

3.1.2-6 B thigi it

17
_35_



JAEA-Review 2020-047

@ WMEMERY > TILORIE MSTIRERE D BIE

T T T ORI OWNWTREBT 5,
1) EEFE—REBMBAINSOLES TS

| Am_
e | eEERSImOBEO
7 | WRIRBE (pSv/h)
(A : THRSHEI0A16E)

19.0 <

-
=l
=]

Ok LD
(ST Tl e T by

orhinoiomin

[T =l=T=T Y]
R

F—HTHRERF

s
: 3

. - NI TN

( Nty 7y o ousE
-~

E3.1.2-1 £EHTYITRAU b

ARTTAE 11 A 18 B, X 3.1.2-7 {8 LIZHISICEB W TR S 13 em DR EFRIT T, 20
RO D HIREBNZ 3 AR LT (A EN TEORSICL W EBEZ T HZ LN
HONTWAT®) , HiRENOOERL, E2ND 0-2 em, FREOME 6-7 cm, ROJE
#H11-13em TH D (K3.1.3-1) . M2 T, KA 5 100 ecm B/ ALE O R LHE A 3 2T
BRLE (7Y TOHBMICERTES) . R"vbomE ik, b, i, mH
Thsd, REOMNEDE X THEEEZRRLZ (K 3.1.3-1) , BREL 7= HEIIRAFIA
DWDU—F =Ry 7 ZIZANT, WER=FN O JAEA ¥ Tl L., mEE (20 °C) 12
ATURE Lz, BREBUGHT CIXEHRZ T, MEZNE Lz, HEND 5 cm OALET
71 uSv/h TH -7,

2) BEMLDY T

&R OWFLED D O 77 ) o XSO 12 A 19 HICREK &R 72
BN ZEDE _FAKOREM M TON T (K 3.1.2-8 LK 3.12-9) , S50, K5 L L
THM24E2 A 6 BIZ, HYMEKOZDOMEDWEKOERIA THON . (X¥3.1.2-10) , #*
JEARD—EFITBHIECTT 4 WV E =2 VTR E M TOL (e ha—L228H) | £0
DY > TATHRL N, W, E RIS TEER AR et BB P JE T 2%
P&z,

18
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3.1.2-8 KEKYLTYIRAU b

KI@KOV TV o TARA b (W) HESHE T (F) 2268 3km O ETH D,

®3.1.2-9 BELXEZOELKOYLT)Y
(A) WK LB EAKRDOY TV v T Dk,
(B) Stl, St2, St4 [ IELEF 7Y 7 LIcAaTH S,
WLIiERBEAK (K3.128 228) OF 7V THRA V|,

19
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X3.1.2-10 BIAEBETOYUTYUIRAU b REBEDHERERE LTHILDS)
(A) B (B) HAZEkiha

3) BEEMIE (ARls. FIASHTILIL)

S DICAFEOREEME & LT, NBIREREEINE 2 — (1 3.1.2-11) KOwRERA
JUBTFIABLE SR (K 3.1.2-12) Ko ¥ o7V o 7 aFEh Lz, NEIERER Mt ¥ —
TiE, RFEMEN B SN TEBYNEEZ 2 7 ) — MREAMIT ER->TEY, FED—
WA RZERICBEH LIZREETH S, FLENOBEES KT EPICHEZR SNt 2 — 2% 2@
LT, BUAEAY HORPWIZH HEFEEICED DD, T OEFEMEICITEKR S 70N
BIn Ty, EFEENOIFKER-EREEB X 5 L ABNICRA BT 5 TOMT O
B ORISR SN DA L o TS, Thbb, VT VKO F 2@ TE
TEBEKTH D, LTIC, IROEFZRT, BIE T CICBERBRR P mAdmely
WFFEFTIZ AT LTz,

- i

SERE & kAR T BT NIKOEEFEEFE, pH. 1E OWE
BT NGRT BRI OD : 10.11 mg/l @ 11.1 °C
HF 1 2020/01/15  15:16 pH : 622 @ 14.3 °C

3.1.2-11  ARKREHEMi 2 —TOY > TILKIER

20
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Fio, A)IBETFABLEILLIZ W TiX, BEREASUE & L TOREI i S ETEN O
SAVITHIE SN TWD, ZORHINEAY OORTEZHERLZ, SUEOAY DI3/NE
WO ORI H 0 . FEFEICIIME AR D, HUEAY A2 5 30 m FEOBATIZI
NS, FT LI TMNIOKBERI L, ZHBIEFEBIRY . BRI
B TR - D RHAIFZEATIC T 1) 3.1.2-4 ISR & 912 -40 °CT 10 H B O BASRE D
%, BEFRBAKPLI A MBI A TEETIC AR U, MEVTISRAE R IC T 5,

3.1.2-12 MABTIILDETF
SHIZ, FHFFANOBLIKICE L THRREN LFELEWE b oo, TORR, HYKD

. WNTEHRRDFERDOANZIE, HOENPCORFENHHRL, THREELZLeRL L
T, T LT,

®3.1.2-1 BEAZYT/ L#ER YUTWIRE F&H
N BEF-—RFAREMEBOEREY > TIL

SaE | I R BT BEH ES AN
T | KEL & B BEOERE R | B oniE &I 55— R 7 13 BT
D 1 mdbd® (W) | BERTRFRIRAL | 11 A 18 B | BB AR (JLBELKZ > 7 BED
2) 1 mde3g@ NE) | A (A) )
3) 1 mFEH (SE)
TREER 37°24'59.3"N,
4) k (0-2 cm) 141°01'24.7"E
5) H (6-7 cm)
6) F (11-13 cm)
WK | REK 1 Wi SR - R EFT G 3 km
D Wi 37°25'27.54"N, 12A190 | &
141°3'11.255"E (R) ERUAREE (EC)
9.03 mS/cm @ 8.7 °C
DO:9.18 mg/L @ 10.0°C  pH 8.2

21
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WK | KL 1) Stl: SFoTAE & — R TSI R BT O
1) Stl 37°2927.6"N, |12 A 19 H (K) b 11551
2) St2 141°2'58.9"E 1) Stl:
3) St4 2) St2: BREEE (EC)
37°35'4.8"N, 11.60 mS/cm
141°3'57.5"E pH 8.4
3) St4 : 2) St2:
37°23'8.1"N, BREEE (EC)
141°5'30.5"E 13.44 mS/cm
pH 85
WHE | H K [ _E S FIeAE
(s o i) 12H 1908 (K
1) Stl
2) St2
(St4 1%, $hiF=7=o
ML)
(B) BiLEREY>TIL
PaE| B VIR BT BEH IR b
I RIRULH N | B2 4 %5 5 HREH
2H6R0 (&) AR 4°C
WEKIREE © 12.5°C
HE7K R ASIHE | Sf02 4 IR 13.04 °C
e 2H7H () ¥y 34.08
36°29' 66™N, HEE 18.87 %o
140°38' 805”E B E 25.67
C) ARl S VEKLERNDIREY > TIL
Sag! YT il BREH = VAN
1K ol 1L U2V AR | D2 AR NIRRT v 2 — R,
SEEFHT EZEIE | 1 H 156 H (OK) | FHIENOEKER S T=
1550 OD 10.11 mg/l @ 11.1°C
pH 6.22 @ 14.3°C
D) MABBFWLSGLILDOEEY >V TIL
Pag! P T VEEM il BREH = VAN
+-1 BE R AR | &Fn 2 4 JEL > 113
F)NATEFIL |3 H 17T H (OK)
JHK A b il SEBEOD) 7K
22
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3.1.3 BEE—RESBHANCERT 2MEMHEEDA 24/ LEFEH
D BEFE—REOBOBRBICERT 2MEMH SDS / L DNA G

WFFRPVEEE (BFt 11 HX OS24 3 H) IZBWTEE 3.12-1 IZE D780
RIEEV I VENEL, TORRBICAERT HAMAEMICH KT S EEXHNDS ) A DNA %
B E T HMTICH B BICTHBET L2 Z LN TEL, T, Sfed 11 A~12 A
2T T, BEES BRI R R R T O B B 1T RS [ T o 501K Y > 7L T
FUEMREEIT->C, 78 ha— BRI ETBW=Z ERAKREW GILIESR) , KET
I, IO DREY IO G | BEE IR AR TEY L R RIS T R
FEDORBKICESZ LT, OHFBREY T 504 7 4 DNA L, @FRLEZY /7 A
DNA 725, UARY—ARNABET (X777 U777 —%7 TiX 16S U AR Y—2A RNA BB
T BEAEMTIE 18S UAR Y —LA RNA #IE 1) @ PCR IEIZLAHIE (77U 2 DH
%) . GRS —27 =% — (NGS) I2X D7 7V o ORISR E & R4
BLTWOIWMAMELHE, £ LT, (v L7z 185 7 & DNA @ Oxford Nanopore
Technologies (ONT) #LX A 4> (MinlON) v —727 =W —IZ K DHHTICBA L CTE & DTz,

=2
-
L

6.y

A Soil depth < (cm)

kbase
psa Soil depth %

67

3 1]

8 0-2cm ; :
2

1113 1

w
%Q v
Cagy
We, 54

=

[=]

e

]
M
2

S%

Hory,

Y (1) Northeast

=

i
1
i
A

=
=]
=
=
=
N —

Samples
by depth S

|

(2) Southeast

3.1.3-1 RBEE—RE EHRHALEY L TILHSOMENS / L DNA DFFR
THEY TV OBSSITICE L TiE, K 3.1.2-7 #B3RI N0,
(A) 3 EEORSICE DTV 7 (EXR) LB L7=%/ 5 DNA © 0.8 % 774
17— AELUKE (EBr §efa)  (HX) .
(B) WEIC LDV TV U 7ALEN S ZnEidirE, LR, FEHRIC 100 cm D HIT
OtEEmEEY T T (EX) EFRLZS ) L DNAD0.8% 7 H—AEX
PkE (EtBr¥efa) () . 4~/ - DNA OFFHEGE ISOIL ¥ v b & iz,

23
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3.1.3-2 REFE—IRH EREBEDORBAKN-OMEY / L DNA DFRH
KIEKDY TV o TRA  MIEESE RN ORI km O ETHL (M3.12-8 25H) |
DNeasy Power Water % v MBI L 7=~/ . DNA % 0.8 % 7 H 1 — ABEXIKE) (EtBr Yufa) |
THRHT L7 (lotl, 2 & H1Z 250 ml DHFKZ 022 um D7 AL X —IZFF v F L) |

X 3.1.3-1 &[¥ 3.1.3-2 [TZNE, \BEFH R MR EEY v e | [ R R
PEOEBKY TN EREL L7 ) 5 DNA IZBELTCEL DD THDL, &b HDORE
ME B 3112 I THRHN LD ERZED 7 ) 5 DNA BEIGTE TWAZ ENgnDd,

@ EEE—EFHABOBIEDNAH > 7LD PCR LIEEFFIRE(Z#HA L 1= PCR EY

>~ SN S
§§§E

Sample # 1 B2 B3 B4 B5 B6 BY M1 M2 M3 M4 M5 M6 M7

55228
I e

—— - - - P a0
372bp 200
100

412 bp

3.1.3-3 BEMIREIZFERL-EEREMEMHED PCR EY

% PCR MEWZET Ha—A7 b E 0 H L TOERKZIZ 1.5 % 7 e —AEXKIKSE) (EtBr 4
é) \ZTHRNT L7=, Sample # (26D BII/XZ7 7V 7 ? 16S VAR — L RNA &5 12535

WHE D 7T A ~— (341£/785r) T, MIIMlBEEE (EEZ4Y) @ 18S U AR Y —ARNAE
11:%3“%& L7=7 74 ~— (V8f/1510r) T, ZLCMB IZHEENTZ T VT D 16S VARV —A
RNA Bl fZxf4 & L2774 ~— (515F-Y/926R) THilE L7=t D TH 5, Bl, M, MBI:
T (X 02 em) . B2, M2, MB2: 1 (EZ 6-7 cm) | B3, M3, MB3: 15 (X 11-13
cm) . B4, M4: HEEFE (k) . BS,MS: HEEERm (L#H) . Be,M6: HEEFRm (FiH) .
B7, M7, MB4: #Jg/K (kK W1) ([ZHRT 204EHD S 7 L DNA % PCR UL ORI
L7,
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Q@ RUKI—V T oHY—I2&BT7oTIAVI—9 T RO

PCR 2L > THE L7 DNA O T A 77 U —fR &k v —r 2o 713, sty —
VARANIEFE LTz, BAIRE T A 7 7 U —Ii%. NEBNext Ultra I DNA Library Prep Kit for
[llumina (New England Biolabs, England) #fiH L, A—F—DHEO 7w Fa— it
TS &, Mlumina /~A A/L—F v k¥ —2 =¥ —NovaSeq PE250 (T &> T 250bp D2
TIY Ry— v TR, B3133IRLIERTOT 7Y a ikt LT, %
100 77V — RLLEOESIDS IS S 47,

V=AY = R, REEDO ) — RRT X T =R EEN TV SO T, MED#M
AT ORNZ, ZNELLTOFIRTRE L, 1ZIUDIL, TH¥ 72 —%250 ) — FOREL
1TV, Z20%, KEEDO Y — K (P —7 =2 72T —DFIEN 1 %l ) ZREL
oo V=AY — ROMNTIZIEA X T ) NRNT XA T 5 A4 Y — )L Th % QIME2

(Version 2019.10) i L7z, &YV 7LD FASTQ 7 7 A /v (R — 27 = o 2 g T
W27 740 T, UV — FOBRERI ES{EED 7 AV T4 2fWLIzbD) T —7
V=D T —FHIET S DADA2 ET M LY A RAREELITIR, forward & reverse D Y
— RO S 77 A ~—0O/eH D Y I 7 %1772 57, forward & reverse DY — R& i
&L, REESNOWREZIT > 1o, REES EFAPIIED B WIS 2R 572012, SILVA 138
SSU 7 — # ~—Z (https://www.arb-silva.de/documentation/release-138/) @ 16S VU &KV — A
RNA 77— 2 _X—=2 % T, REESEZFVNEDERSE LT, BLASIN 7127 J A

(Version : 2.9.0) |2 X Z2ESPELIEMREE (E-value OB~ b4 7 fHIX 1le-5) =1T-o7z, WF
BLH DA Rt » &R L, Python @ seaborn (Version : 0.9.0) /X 7r— % W CREA E
T 7 7 7 i LT,

Broad
P % 9% Bacteria
5] Bacteria
P Actinobacteria
] Actinobacteridae
= Bifidobacteriales
# Bifidobacteriaceae
B 5 Bifidobacterium
& « O\ Species | Bifidobacterium bifidum Specific
R

X 3.1.3-4 S£YDOEBHLS5E
RAAL . S M, M. B, B B, BEMBR TR0 T, JHEITIVIRESNZD
D725,

25
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WA DM AT AN, EVOMRERI L AECEAL THRRB L T &, X

3.1.3-4 [IAEMOPEREN R TH L, ML . B, B B, ML TORLIZHOTH S,
B EBED R A A ANIFRBECH R ETHAEHORIHIC L > T, R (Fr 7 F L) LIEST
LhboaA, AREETE, MILIBICLRLEEY, AYF YT (EEME) . T—%7
(HAIE) ROEEAEM I VR END RAL 2 Lizw, 22T, EBERONHERIE &S5
REMREE G, BEPTRHIZOoN T, KVREINTZHDIZRD, MEMEDT 7Y
TAMEAF LIZ A X7 DN T, TR D REORICHE D D Z L ITEN 2D T, O
SRR T 2RI, M. M1, BO LU TSRS 2 ORI TH 5.,

(B) Phylum (C) Class

(A) Domain

100 N Archaea 109

= Eukaryota
= Unassigned

= Acidobacteriota
W= Proteobacteria

= Actinobacteriota
Emm Patescibacteria
. Planctomycetota
- WPS-2

. Acidobacteriae

= Alphaprotecbacteria
= Actinobacteria

mmm Saccharimonadia
. Planctomycetes
. uncultured bacterium

80 80 == Cyanobacteria = Parcubacteria
= Myxococcota mm Acidimicrobiia
mmm Chloroflexi mmm Phycisphaerae
m Verrucomicrobiota . metagenome
= Bdellovibrionota E uncultured forest soil bacterium
= Firmicutes . Vampirivibrionia
60 60 . Armatimonadot mmm Myxococcia
= Crenarchaeota . Verrucomicrobiae
— Bnteadutn = Kredonobacteria
m Abditibacteriota = Bdellovibrionia
s SAR324 clade{Marine group B) = Gammaproteobacteria
m RCP2-54 = Clostridia
. 40 = Gemmatimonadota s uncultured Firmicutes bacterium
. Amorphea === AD3
mmm Spirochaetota m Fimbriimonadia
s Thermoplasmatota B Sericytochromatia
= Dependentiae = Bactercidia
20 20 BN Fusobacteriota N Polyangia
= Elusimicrobiota = Nitrososphaeria
= Archaeplastida = TK10
e Campilobacterota = Anaerolineae
. Synergistota = Abditibacteria
e Dadabacteria mm KD4-96
] 0 s W= SAR = Thermoleophilia
B1 B1 m Other B1 = Other

®3.1.3-5 BELERAXRBI YU TILEEBRTIEMREAC, M.
fEEFE IR MAARO LE (RS 02 om) ICHKT DY ) 25227V T7 O 16S VKRV —
LARNABRETFOHETT7 A ~—TPCR¥IEL (Bl ¥ 7)) | ZOHEIERS|EZRE LT,
BRNOT ) T7—vaviE RAL L, M, ML~V CHER LTz, o7 osEiiixX3.1.3-3 %
2,

Bl 7, bbb, BEHE-IREOMAMALE (RS 02 cm) [CHRT 2REES /
LENRZTVTD16S VARV —LRNABIE OB T A ~—TPCRIGIE LT 7V =
Y EMAT LB OW TR L2 (K 3.1.3-5) o 9. FAAL L TliE, BSIDIEE
WEBRTTIVTTHDLZENDIND, ZOTTAS—0BXZTUTD 16S VARV —A
RNA OFH|ZBREMICHE S ETNWD 2 EnFsid BT 7 A TlET7T—x7 %4
Wz 5, #%ik) o WIS, PRI L AV THER LI T 7 TR, o7 T ) TR FE T
IR CERRRAEMRHIC L VRSN TS Z EBRH LMD, —H T, AL 5 BEOFIM
BT DWMAEDNEERD 90% LI EEZ EDTNDZ Ebond, Bl IEH L~ Tid,
Acidobacteriaec (75) . Alphaproteobacteria (41> 3") | Actinobacteria (%)

26
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(%) . Planctomycetes ($8) O 5 DOMAN FE R MAEM#E LR T 5 Z LI1Z/2b, Z I T,
HRIBT OMEDEI LTSN TV D bD b b D03, AREVE LI ERSIOT 7 7
—a OFEME R TH D &, #ilZ21E Alphaproteobacteria |ZJ& 3 HBELYID—-DI%, Bacteria;
Proteobacteria; Alphaproteobacteria; Rhizobiales; Beijerinckiaceae; Roseiarcus; uncultured bacterium
ERERENTEY . ZOBMEMIIREERDO LT SR TORWBAED EUTWD & LE
KTxpu, F72, Al EFITHAWVDOIL, FFLOF 4 (LD Saccharimonadia #i<°H 7 fr.D
Parcubacteria (XIT4EIZ72 > Tnh, TDOHFENT-Z Y LB ST/ T TIZET
5 CPR X777 V7 (K 31.13) O—fETHHZETHD, £7-%F 6 (LIZIL uncultured
bacterium & & V) | K THEOWMAEME O RFIIARBTTZ T TIIHm LW EZ2ERLTWD, 1€
ST, WAEMEOEIE ORMTICINA T, & ZITHIET D EERMAEM DT ) 2K % TR
LTS K9 e MBI 2> TS (ZOFMMEEZRFOON, %ibd %, @ ONT 4:3
FA A (MinlON) v —7 = —% AW TH D)

Yo T o T EAT ST BREC &L > TMEMER ED K S ICRIR D0 E R LT D701,
Bl ¥ 7Tl o7 & 2 efifhia . B2~B7 OV 7B THEITL, fEREML~L

(¥ 3.1.3-6) LffiL~1 (3.1.3-7) (ZTHB L TAH, 9. [ UmMAKRERORE ZM#
#r L7z B4, B5, B6 OV 7L, TOMEDHEDORIGD/NE =B TESETND Z
LW D, TP AT L DT OBFBMES O TRWI &2 XFFLTWD, £,
K& (BI~B6) & (B7) TRARLILLMWALNTHD (EEF 7B LT
Tk 2) . mWHEVOIL, Bl B2, B3 OBkx & HIEOY T o S ORENELS DY
YINT, FlRIE, ML/ T Actinobacteria (%) < Saccharimonadia (77) (X, IS FET
PR 722 EFIGD/INE L 725 T DIZH L, Acidimicrobiia (B1 D Z > 27 TH 8 {7, JX
) X Ktedonobacteria (Bl ®F > 7 T 15 fir, 2 EIHDER) TiX B2 »HHEIGAH L T
Do WAEMBDORIG DY — N EDDDIE, TOBREORFRRE, RE, pH, KERLE
HaRFREBERLTHNLEDOT (BEXH) « ZORKRZRLDOIITEE TR TR bR
WV, RIS, ARMFZE TR, BERRE WO BREERA S IO L Z L2 d, ZOEZ il
LT, arha—nerd, U7 HIRD G D NBIRCIABEILLOBREEY 7V 2 AF
LTWs,

SE X
Nishiyama E, Higashi K, Mori H, Suda K, Nakamura H, Omori S, Maruyama S, Hongoh Y,
Kurokawa K. (2018). The Relationship Between Microbial Community Structures and
Environmental Parameters Revealed by Metagenomic Analysis of Hot Spring Water in the
Kirishima Area, Japan. Front Bioeng Biotechnol., 6: 202, doi: 10.3389/fbioe.2018.00202.
Kim M, Cho A, Lim HS, Hong SG, Kim JH, Lee J, Choi T, Ahn TS, Kim OS. (2015). Highly
Heterogeneous Soil Bacterial Communities Around Terra Nova Bay of Northern Victoria Land,

Antarctica. PLoS One, 10(3): e0119966, doi: 10.1371/journal.pone.0119966.
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Phylum level classification

B1

B2 B3 B4 B5 B6 B7

Acidobacteriota
Proteobacteria
Actinobacteriota
Patescibacteria
Planctomycetota
WPS-2
Cyanobacteria
Myxococcota
Chioroflexi
Verrucomicrobiota
Bdellovibrionota
Firmicutes
Armatimonadota
Crenarchaecta
Bacteroidota
Abditibacteriota
SAR324 clade(Marine group B)
RCP2-54
Gemmatimonadota
Amorphea
Spirochaetota
Thermoplasmatota
Dependentiae
Fusobacteriota
Elusimicrobiota
Archaeplastida
Campilobacterota
Synergistota
Dadabacteria

SAR

Other

X3.1.3-6 {EETIE. BKIUTILIZHET DT 7O LARILTOLE
B1~B7 > 7V OFEMILIN 3.1.3-3 2504,

100 -

40 4

20 4

Class level classification

B1 B2 B3 B4

B1~B7

B5 B6 B7
3.1.3-1 BEXIE., BKYUTIVCHET ENITI)TOMLARILTOHLE

Acidobacteriae
Alphaproteobacteria
Actinobacteria
Saccharimonadia
Planctomycetes
uncultured bacterium
Parcubacteria
Acidimicrobiia
Phycisphaerae
metagenome
uncultured forest soil bacterium
Vampirivibrionia
Myxococcia
Verrucomicroblae
Kredonobacteria
Bdellovibrionia
Gammaproteobacteria
Clostridia

uncultured Firmicutes bacterium
AD3

Fimbriimonadia
Sericytochromatia
Bacteroidia

Polyangia
Nitrososphaeria

TK10

Anaerolineae
Abditibacteria
KD4-96
Thermoleophilia
Other

TV OFERNEIX 3.1.3-3 &,
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ST, CPRAZTUT (M3.1.1-3) LT, A LAIRLTRHL TR E 0, #EKED
EMIRESAITIT T—FT7, ELTEBEMND 3 2O RAAL AT b5 2 EIF
AR L7z THH0, K3 LIBICHLNRE DI, ATV TE, ZRETICE<Mmbi
o, TaT AN TV THRT =3I X a—T AW, T F NI TV TR EEELRRK
R e, HLIBBENT CPR N7 T U 7 ORMERICKE S 2 ENTND Z L B35H
%5, CPR D7 L— RIZIEML~WTHAE T 5 7 V=7 BEHES END LHEES TR,
Z@OHTH, Parcubacteria & Microgenomates & FEEILD 2 DO KX T )L—TRNIFE L,
CPR N DA O3 L EIX Z oW it g+ 2,

A E|OfEMTC Bl OF 7 02 T & 7= Parcubacteria (2B LT, EDOFEMA N L ChTZ &
Z 4. Nomurabacteria & Kaiserbacteria & 4 S/ 2 FlENDH R A Z ERg0oT-, L,
ZORMF EONEIT, CPR ORIIALE L THY (M3.13-8A) . MEMOENEEZD

I‘fomurabacteria Kaiserbacteria

Bacter

CPR

andidate
Phyla Radiation Bacteria

Mapor beroges with nolated reprmsentoliee 4ol
Major Eneage lacking inolated representative: &

8 39 @ non-CPR

£

'g! @ Nomurabacteria
340

"3 © Kaiserbacteria CPR

] ® Other CPR

S 0

=

o

@

=

240

190

Genome size (Mb)

3.1.3-8 EXIEICIXCPRR NI TITHERT S

(A) EETE TR SN CPR N7 7 U T 2 FORFE ECofE, RFEEIEX 3.1.1-3 %
M, B) e B TR I CPR N7 7 U T LEFEIZ/NE 27 7 A (0.5~1.0 A HT~_—
) EFFO,
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ECHBREVMIFFEX G TH DL Z EMPA LN ol SHIZ, ZTRH2 DD CPRAI T I T
ERFED T ) LTINS, ZD2FED T N—TDF ) DY A R 0.5~1.0 A H_— R L
ThEL (K 3.13-8B) . TNHDF ) AEFBRTEIUR, R/ANT ) DRAERN LA E
BFERETLINENIMEICH L TH, BOWDFEMEIZ RIS 52 810 d725 9,

S5 XAk
EREYT. ZEIEOCSC, LILREE, SRR (20200 | A ORIEEICIST 5 CPR N T
U7 OEEM, MPMEEE (Journal of Geography) . BURHIAH% . in press.
Brown CT, Hug LA, Thomas BC, Sharon I, Castelle CJ, Singh A, Wilkins MJ, Wrighton KC,
Williams KH, Banfield JF. (2015) Unusual Biology Across a Group Comprising More Than 15%
of Domain Bacteria. Nature 523(7559): 208-211. doi: 10.1038/nature14486.

NITUTDARGT ) NMEHTO S 6, WEOREK (BT 7)) HEOMAEMIZEL
THHI LIz, 7, WEOY TN RAAL LUV T 80 %7 T U T %, 20 %
DT —FT D 16S VARV —2 RNA Bl F g S22 & nnd (K3.139A) . AL
KEKDEEEET ) L7l o LEBAEMTH LD, HoliEedED 18S VAR Y —2A RNA B f D
PCR g2 &5 2 & (¥ 3.1.3-10 KT 3.1.3-11) KV, 3411/785r (FJFEL AW Fr
(A) Domain

(B) Phylum (C) Class

100 BN Bacteria N Protecbacteria 100 N Alphaproteocbacteria
. Archaea Em Cyanobacteria mm Cyancbacteriia
. Eukaryota N Thermoplasmatola N Thérmoplasmata
BN Unassigned N Actinobacteriota . Acidimicrobiia
= Chloroflexi mm Gammaproteobacteria
. Amorphea N Obazroa
80 == Dadabacteria 80 == Dadabacteriia
m Crenarchacota N Nitrososphaeria
s Planctomycetota s Dehalococcoldia
= Margulisbacteria = Panctomycetes
= SAR324 clade(Marine group B) . uncultured bacterium
e Bdellovibrionota N Actinobacteria
60 . Bacterckdota 60 = Bdellovibrionia

40

20

_— Verrucomicroblota
BN Firmicutes

. Marinimicrobla (SAR406 clade)
. Nitrospinota

N Halobacterota
N Nanoarchaeota
W Patescibacteria
. Campilobacterota
m Fusobacteriota
. SAR

. Myxococcota

. Gemmatimonadota
= Acidobacteriota
W Desulfobacterota
= Euryarchaeota

40

20

N Bacteroidia

- KD4-96

. uncultured marine bacterium
== Phycisphaerae

N uncultured delta proteobacterium
. metagenome

N Anacrolineae

N Clostridia

N Nitrospinia

Em Verrucomicrobiae

. Halobacteria

. Lentisphaeria

= Nanoarchaeia

. Amoebozoa

G 30-KF-CM66

. RCP2.54 . Campylobacteria
o mmm Spirochaetota 0 = Saccharimonadia
— Other — Other

B7

B7

B7

X3.1.3-9 BEBEINDKBKAEBI YU TILEERTIEMRAC >, M. #

B7 Yo7V (REEWHEREK) ([CHET DS ) 2% 377U 7D 16S UK Y —2A RNA #&
fDIET T A ~—"T PCR ¥lE L, OIS ZRE LTz, BIOT ) T—vark
RAA L M, ML~V THESF LT, 7V ORI 3.1.3-3 3 [,
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W7 TA~—LWRDIEAD, —HT, T—FTIRb LI 74 ~—2 F (3 3.1.1-3)
WL, FBAKDBEEES ) AN DOPCRIZA AT 251 & . HFF Sz XD PCR
PEM) DX RIHRD TR/ R CThoTe, NI T VT OF ) AEFINST X H72DIT,
7 —F% T ® PCR ZHAMIIHEL THDO0E LLZV, BT OMEH#EOEIG N HEOZ
NERESEARLDIL, Cyanobacteria (Fil L-~=/LE 2 i, AL > U, 3.1.3-9) X
Thermoplasmata (] L~V 55 3 fif, Hka, 3.1.3-9) OEENZ N LETHD, -,
Dadabacteriia (fffl L' ~/V55 7 fif, &7, 3.1.3-9) 1%, ARWFETITHEIC LR SN
RNDT, ZOXEIBRANTT IV THEMOFEMETRRDLUNENDH DA D, 72k, WHFEME Y
TUT D168 VARY—A RNA BETEMRIETESD PCR 774 ~v— (F 3.1.1-3) IZBWT
b, Wik 7 ) ar (MBI~MB4) ZBAGTE 728, ZOREMIL, 2 b O 21
TR T UL B 7R,

—J7, EAEAEY) CIIMGIEEE & #XE O 18S U AR Y — L4 RNA B2 T& % PCR 77

A~— (& 3.1.1-3) ZHWT BI~B7 £ T&[H UBRE DNA ZF~7eh, Hiffsns7 7
UarohA XM RERoIsE chy (K3.1.3-10 K¢ 3.1.3-11) | £
DT 7TV arEMI~MT E LT (K3.1.3-3) , MfllEEO 7 7Y 2 (EERITEEO A
TRV Z ERHIILTWD) 1, N7 T U T OZRUCHRTEHEEICZ LKL D IR THR
AR, BIEMELE LT, DHEOEMBHEIC /> TWARNWE ST FRRW, BIEAL %
FANLIN TV D oEIRR E LT, HERERAED 2 (ISOP) I X2 5FIERRANPFIET D
A TFOSEIH) 2, &< BLWGEERPREREI AT D, FlxiX, HEIChkT 5
MI1~M6 DOl L ~L T 80~90 %73 Obazoa &\ 5 HEREHCE TN, ZONELHFH LWL G
DTHD,

Archaeplastida (M1 DOFFL~ULEE 3 {7, ke, X 3.1.3-10) (X, ZAUET, [ bW, &%
e, ALEE, KO ENREERTWZHDTHY . £72, Rhizaria (M1 Of L~/VE 3 fif,
fRf, X 3.1.3-11) X, 2 ETHESL (BB RbND) | ALh (EFEEEY) |
B ETZ7 7 ) BWEENABERTH L 0T, BURBINZEMETH 5 D)oy
MBHTHAHY, Sk, ZNDOFEMBRIRNTIL, EZAEMOELZimT 2B T H M) TEHE
(2725, AWFFETIE, RACERE £ TS, MEASBEREIZ R RO 2 MosE, A 2 &2
TERRENE I DA B TEXLLRWVWEEZ X TV A,

SEXHR
K, BEFEZ (2020) . BEEAEMOERDFEKRZOWGET—A et al. (2019) (2O
T— ¥ 7%, HAREBWDFEFSRE,  48: 71-83.
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Phylum level classification

Amorphea

SAR
Archaeplastida
Haptophyta
Cryptophyceae
Discoba
Proteobacteria
Acidobacteriota
Planctomycetota
Myxococcota
Firmicutes
Excavata
Gemmatimonadota
Actinobacteriota
Incertae Sedis
Picozoa
Dependentiae
RCP2-54
Chloroflexi
Bacteroidota
Verrucomicrobiota
WPS-2
uncultured
Unassigned

100 4

40 1

204

M1 M2 M3 M4 M5 M6 M7

X3.1.3-10 EELTIE. #BKY Y TILICHFET 2MEEEOMAL AL TOLEE
M1~M7 %> 7V OFEMIEX 3.1.3-3 &[4,

Class level classification

Obazoa

Amoebozoa

Rhizaria

Alveolata
Stramenopiles
Chloroplastida
Prymnesiophyceae
Goniomonas
Discicristata
Acidobacteriae
Phycisphaerae
Alphaproteobacteria
Gammaproteobacteria
metagenome
Polyangia

Bacilli
Verrucomicrobiae
uncultured
Thermoleophilia
Telonema
uncultured bacterium
Subgroup 5

100

8

s

40

20 1

M M2 M3 M4 M5 M6 M7

X3.1.3-11 {EETIE. BKIUTILIZHET 2MARFOML NILTOLHER
M1 ~M7 B> 7V OFEIEIN 3.1.3-3 25,
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@ ONT#ESF4a44> (MinlON) S—H T oH—I2&KBTEY D TILY / LOENR

ERRETOT T 3 E RO RTIIIRE D # O AT OEIS ORI IS R A R T D
D, FESNIZFERBEM T, 205 ) AREEROEERY|ZRE SN T, B
MINZED LI BRBIETFER L CNDT ) DRONERETHZ EIXTERVY, 22T, A4
70 NRENTORER & UCHEE, RIE SN AMEMEDO L 13, REESCEREETHY | =
BRI TERNWI ENRZV, R TIE, BONTZEREES ) AR B RS %
WRETHZIET, ZOFIZED X RBIEFBHEELTWHDONLHALNIT S, £/, 7
RETHIUE, IRELLS  AihZarta—4 ETRILbE T, BEMRY / A Z2RET
TR, BT HRBEICED XD BRMAEMDEIE L TWDONEVEICRTZENTED
EEZON, ZOHBMIZHENEWVOMNR, ONT I+ 4 4> (MinlON) ¥ —27 % —
VAT LATHD (¥ 3.13-12) , ZOY—7 Y —3NTHY 2R, HF o X—2)
5 100 F e _N—2fREE TORM DNA # KRBT TELhHThb, £, IMNMITH D
ZEMBUAEEIZR T HEHKINICAERT DMAEM DT ) Ly — 7 o AT BN &
Wrans (33.1HESMR)

3.1.3-12 ONT#t=+4A4#4> (MinION) >—H T oH— X T L
(https://nanoporetech. com/)

AWFFETIE, RS MAAEREO HEY 7L (F3.12-1 TlrEREL by 7
) ZEHWCIFA A —r 2o —%ty N7 v 7T 5 LT, [FEREE DNA Ok
Bl A & P8 LTz,

BInTT7 477V —0OfHIE, ONT £ b2t 4172 Genomic DNA by Ligation 7'= | =1 /L
(SQK-LSK109) (ZHt~> TiTo7z, ¥ —27 T2 v 7747 Z U —, Ligation Sequencing
Kit (ONT #:# ; SQK-LSK109) ZHWTHH L7, £7°. 7/ L DNA % Agencourt AMPure
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XP B — X2 KR L7, DNA (B Kk O'>= > R 7V v 7|21, NEBNext Ultra II End
Repair/da-tailing Module Z{# H L 7=, {&1E L7z DNA % Agencourt AMPure XP £™— X & 70 %=

Z=NTHEHFL, X7 VT =BT U —KkTiEti Lic, 0%k, 7H4 74— v 7 A (ONT
Ltd., SQK LSK109) . NEBNext Quick Ligation Reaction Buffer (New England Biolabs, Inc., 7

&1 7% B6058S) . KON Quick T4 DNA Ligase (New England Biolabs, Inc., 7 % 1 7%=

M2200S) LIRAT DI &K, THET =T = arwitole, 7 X7 =ik

L 72 DNA %, Agencourt AMPure XP &'— X TC#i§ L. Elution buffer (ONT Ltd. ; SQK-LSK109)
¥ LT,

YaJFEECAH O E T, MinlON (ONT Ltd. ; MIN-101B) & 7 v —%/L (FLO-MIN106) % >
TIT>72, MinKNOW (Version3.6.3) D317 & 1 Basecalling (X MinIT Z /2, 7w —t&/L
1%, Flush Tether (ONT Ltd. ; EXP-FLP001) & = — 7 @ Flush Buffer (ONT Ltd. ; EXP-
FLPOO1) ZRALTHBLETIA I I RNy 77 —TF T4 7 L, KRIZ,
Sequencing Buffer (ONT Ltd. ; SQK-LSK109) & Library Loading Beads (ONT Ltd. ; SQK-
LSK109) ZIRA L72fikT 475 U —% 71—k /L® SpotON H > 7 /LR — MM F L7
br—RL7, A¥— kb 22 W 36 3kl —7 2o v 7 aEIR LT,

#&3.1.3-1 ONT# I F4A# AEHTECER

Run Info

Experiment Name Fukushima-NW-0317
Sample ID NW

Run ID Oa7dlee8-26b4-4896-a274-13d4fa563971
Flow Cell Id FAM92303

Start Time March 17, 06:55

Run Length 22h 36m

Run Summary

Reads Generated 247.75 K

Bases Generated 385.57 Mb

Estimated Bases 400.39 Mb

#3131 MIFAF NIV HEONEESNOERKZRLTWD, K25 HEDF ) LW
WY —7 T AZ L, £ OEHIOBFNTHR 400 A T X—ATHDHZ LEZRLTWD, KiGE
DT ) BIFHK 4 AT _X—=R72DT, i, RIBEZ /L 100 lo0RIBGELNTEZ LI
2%, BUE, MRS OREEEZITY L4ic, L0 KREOHERS ZRE TE D X ) ekt
MNET-TND, /2, va v M VEHRIC K 2EERESOPRE LRI 52 L &2, EaE
IR L REt LT D,
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3.2 T—AR—XIEE
3.2.1 T—AAR—XBE (BERAL : BILEHRAM)

AIFFETHEOLND A X7 7 MMEH (Bl olds) kOVERREICET 28EWE - by
HHix, ELEEFPHFETLRERE - EAL TWHAIMAEHICET LT — ¥ X— 2
[MicrobeDB.jp| ([Z8EkT D, ZDH, A7yl NEHADT T4 X— 7 —HX—2R
EREE LT, ZHICED, AT —F =R 2T MBS DI85 T4 T, AT
nYx=2 MNEHOT = Z ORI LT RIET —Z N—=Z TSN TV DT —F & DLkfE
Hrodalie & 72572,

AWK A DB [MicrobeDB.jp) &iX, N7 T VT 7 K30 Tk, A—Ya 78517387
T, AZT 7 5160 F¥ o 7wl L, MAEMICET 27 — % 2% - BIoT - BREO
3 OO > TEE - A LT —4_—2b b, RZfk, BiaT. BEOKERMND 7
LTWL DT, BinFeREOMBRIELZASICHIET 5 Z L METHD (K3.2.1-1) .
%72 URL: https://microbedb.jp/.

Data sources of MicrobeDB.jp ver. 3

Q Keyword Search

ali Representation and Visualization

any Wob sppicaions. So0 | TogoStanza List | for morn information.

iZ Comparative Analysis

#» Upload Your Data

For that.

K3.2.1-1 A4%5 /) LT—2~X—X [MicrobeDB. jp] m7OY pR—=
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3.2.2 Kazan Federal University & DIEHMIRM (BERXZARFE. BEFREL: BILFEHREH)

SR 8 A5, 1 7 Kazan Federal University O ZE W) iF%E3% CTd 5 Elena
Shagimardanova f#i+ (= &7 HIAFFEMAFRE) o BYLFHIZERT WFFEE D Gusev Oleg H+:

(Kazan Federal University % #fff) LiEET AT ARE T A — /M TERARHEZ LR 5,
ATv Y=y NOMEHTHCBENOT — 2B L Ciim &t T\ D,

TROLE 12 IZiE, v o T MRFRAEE Ok A 2%, BUL e TR T o T,
g T RO N ST 2 £ 9 HRE TROT, BRI, BAMTEONBAEY S
S LDT—F K kRkx RTER R OBLED G IFREF AT LT W E OREDN B - T

(2 TROHMGE CTh LS ) M Z1TS) . Flo, U TETERSINZY VT
A FENIFEEFTOF = v ) T A VIRFFBEEOERORFRE AW, ZTORE, F=1 /7
A VRN T 2 AEME & DO IKEIZHOWNTOERZ 7=, Oleg Gusev itz L,
Ry TENTIE, FoA )/ T7AUDr—AETORETRIN>72IT LA, 15 BFTLAEO RS
PREIC R DR (BRI GT7 EOFFMEZ G L, REREETELDEW) B3H
HEDZEThHoTz, SBIZ, BROT7a Y27 FRIEL N LI R BIX, a v T BT
ZDO XD RIGYBREIZHRT DWMEN DT ) Mg A HEE L T AIREER B D & D Z & T
bolz, ZiUuX, mR2 FUBEO Y =7 NOKFIRGEICEET S EENH D,
=z, AEOXFETr Y 27 MEREZBVTENTT BT 5720126, B TICTY—
7 ayTEMELIZO E I MNEDRENR BRI, M2 HED 8 HITTEINLR, Fiila
2 A VR EGYE O WHR A A BIE A T FHEITEM L TV D, R AE R T, A% o HE
ZIRDTZN,

HAMIDNRE Lo &8 — R BREEICHOR T 2MAEM DA 2 7 ) 57 — 21X, BEICZED—
Hae, A ¥ =3y haLTHAELTND,

® BLTR&YBEFoIL/ T4 ) BEERIXDEZER

- G 344 : Electron microscopic studies in solving problems of environmental safety of the
Chernobyl Nuclear Power Plant sarcophagus (Shelter Structure) and the Chernobyl Exclusion
Zone

- 33 A. A. Kimounukos, B. B. Pribanka, I'. U. Ieremun, Y. H. Kannesa, }0. A. 3umun, b. B.
Cepounosuy, b, A. Kpacuos (A. A. Kljuchnikov, V. B. Rybalka, G. . Petelin ef al.)

« MEGEN ) - Chomobyl, 2006. 28 p. (Prepr. / National Academy of Sciences of Ukraine. Institute for

safety problems of nuclear power plants; 06-2).

Introduction

The main directions of using electron microscopy and microprobe element analysis in solving problems
of environmental safety of the Shelter Structure are monitoring the post-accident condition of fuel-
containing materials of the Shelter Structure and in radionuclide-contaminated soils, as well as the study
of aerosols formed in the premises of the Shelter Structure. The main purpose of using electron
microscopy is to study the factors that cause changes in the physical and chemical characteristics of

particles, containing radionuclides, in order to develop practical solutions that can improve the radiation
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and environmental safety of the Shelter Structure and the contaminated Chernobyl territories. Electron
microscopy allows visual monitoring of the state of the materials at the micro level, determining changes
in the properties and dynamics of transformation of materials containing radionuclides during
experiments, including monitoring the effects of the environment on fuel-containing and other radiation-

hazardous materials.

1. Electron microscopic studies of smears from the wall surfaces of the interior of the Shelter
Structure. Biotic corrosion of irradiated nuclear fuel

Smears from the walls of the Shelter Structure collected in 2003 were used for the study. Samples were
divided into heavy and light fractions by decantation (elutriation) method. The bulk of the heavy fraction
was consisted of organic particles, which was confirmed by the results of x-ray microprobe analysis.
The light fraction was a light fibrous small flake and contained a large number of fuel particles, firmly
bound by organic matter. Analysis of the light fraction was conducted, using high vacuum annealing.
As a result, it was found that the large part of cesium-137 is fitted inside a material of organic origin.
During high vacuum annealing, '3’Cs evaporates together with organic matter. The analysis of fuel

particles showed that they were in organic "capsules" before annealing.

Analysis of the surface state of microparticles of irradiated nuclear fuel

Surface soil samples from the Red forest collected in 1993 and 1998 were compared. The fuel particles
had no noticeable signs of corrosion damage in the 1993 samples. The fuel particles of the 1998 samples
had a highly corroded surface in the form of irregular cavities. Probably, the corrosion was caused by
deposition of particles in the soil rich in organic matter for a long period of time, hence this type of
corrosion is due to bacterial activity. This type of corrosion was not observed in particles that were

stored in sterile conditions for several years.

Summary

- In the studied samples the size of fuel particles was within 1-100 microns, which corresponds to
the grain size of irradiated non-oxidized fuel. The main source of radioactivity is '*’Cs transported by
aerosol.

- Almost all of aerosol '*’Cs is in organic material, the fuel particles are coated with organic matter
of biotic origin. This indicates active microbiological processes occurring on surfaces inside the Shelter
Structure.

- A trace of biotic corrosion on the surface of irradiated nuclear fuel was detected.

2. Electron microscopic studies of radioactive aerosols in the Shelter Structure

The dissolution of fuel-containing materials due to the activity of microorganisms can generate new
compounds of radionuclides together with organic matter, which are potentially more mobile and more
dangerous for environment. Based on the obtained experimental data, it was shown the relationship

between the biotic factor and aerosols of the Shelter Structure. Bacteria of the genus Rhodococcus that

37



JAEA-Review 2020-047

can selectively accumulate cesium ions were found in samples of the Shelter Structure. Inclusion of
spores of this microorganism in the aerosol of the "Shelter" may give the impression of a submicron
fraction of irradiated nuclear fuel in aerosols and may lead to a reassessment of the danger of the

radiation factor.

Uranium dioxide particles were found to be 4-10 microns in size. The bulk was made up of organic
particles: spores, bacteria, and organic residues. Most of the mineral particles had a matrix of calcium
or silicium. Some fuel-containing particles had a matrix of uranium oxide or had local inclusions of

uranium in the matrix.

Summary

- The investigated aerosol samples of the Shelter Structure contained a large number of particles
consisting of organic matter. A significant number of these particles were identified as microbial cells
and spores.

- Usage of cascade impactors for aerosol analysis for improving the methodological approach
produces more accurately assess the possibility of overestimating the radiation hazard of aerosols in the
Shelter Structure. It also can show the actual biological danger of pathogenic spores penetration that
cultivated under high radiation conditions into the respiratory organs of people is not taken into account.
The obtained data show the relevance of revising approaches to aerosol analysis, taking into
consideration the presence of the biotic factor.

- The combination of electron microscopy with using cascade impactors for efficient separation of

aerosol particles into size fractions allows for a deeper interpretation of the results.

3. Electron microscopic studies of '""hot" particles of nuclear fuel of the Chernobyl Nuclear Power
Plant and a retrospective assessment of breakdown at the reactor #4
The scenario of breakdown process in the reactor of the 4th block of the Chernobyl Nuclear Power Plant

was clarified based on the study of fuel microparticles released by the explosion.

Conclusion

The following results were obtained using electron microscopy:

- A part of irradiated nuclear fuel was bound by biotic mucus inside the premises of the Shelter
Structure;

- Cesium-137 was found to be inside the contamination of walls in the premises of the Shelter
Structure, binding by organic matter of biotic origin;

- Irradiated nuclear fuel had corrosion by the biotic action;

- Spores of microorganisms containing radioactive cesium that is associated with organic matter
were found in aerosol of the Shelter Structure;

- The scenario of breakdown of the 4th reactor in the Chernobyl Nuclear Power Plant was clarified

based on the study of fuel microparticles released by the explosion.
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3.3 MR HELE
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a7 b O RAHMEN 2 FhE L 7=,

3.3.1 BIRHMEFMABRTOY / LSHFERICONT

W — R DR EFTN O BRI X 21553 TR EIC K- TiHER ST b
D] & U TR EE IR IV THRD R O BN H D, REEIZTELTNDT /) L
SHTOVERT, AARIETIIAFIEBRRE B BB A 7 L T2 R ISR E T 5 @ LUV
S E ST ERE  (Chemical Processing Facility; CPF) TS 248 E L TV %, CPF [IfEH
BEGEIN O D T R8T b =0 DEORIREME % 3 BRI S 5B 21T O Mt TH 0 |
B EBROEEN 2\, T T, 7 LMo E LT, BREMEE AR ICE ST 5
ST FIEEZRE Lz, MEHTH 2o TiE, GG EIOMERIZED 2615, BERKIRNICE
FOIE¥E LRI EBE LT,

77 BAATIE. X 3.3.0-1 IR T X 91D, (YK HEREE DNA A4 L, HEES Ok E
FCHEFEMT HEHEE Lz, i L7ZDNA X, T ZEBIZONTAER 1 4 (MinlON)
V= I B T, PCRIEICT 16S VAR Y — A RNA &t (77 ay)
ZHELC, AEOy—r ot —iZndsd 2 DOFIEEZRKRGTF L7z, 22T, DNA fiHO#%
W2, EHEFHC LY DNA RBEAZJEL, /o, 7 H e —R S VEKIKEICL Y N FE
T %,

[ Bk |
. ‘ \
| DNAZH: |

® ¥

DNAZEERY | | DNAMgiE |
(o —br 4 —) (PCR)

- ‘ -
| DNA##A
¥

DNAZEER Y
| (=F>9-) |

®3.3.1-1 BEFE—REFARERERKPDT/ LSHFIE
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3.3.2 BHERKHAMDAFIZTONT

JAEA [XBENF - 1HYKKIRFEIC D & DWW TEYAKDO ST &2 FE i LT b, YKk E LT
X, BEHT O, AKEEERE O TR ER3 &0 . CPF \ZIX T iRIZFE - 7215k D
AEEREL TS, ZNORABNOFEELEBEZIONDBOEZROSITICHT 2 TETH D,
E, EEHIRIEICH KT DIE YK EI O AR L CHRE R — VT 1 7
Z - (BR) ICTWHTEW ., BEFE R ELEREN S OV 7L ORBUZEA L T, AARET
HIWFTEBRFEREAS BRI R BT EIFR LR IE 2 o ¥ — D 2 KEEN BFZERI T8, K OVE I 3
TN—TY =X =2 TN E AW, BREICEROBEERT D, £o. ABIRY T U8l
DYLEE Z KO L T, NBIRERERN 2 —DOAREEZ iR, HRAELZ Mgk
FHHME, ROMEEO W HES, U7 a0 ERE &K OFAB S 85 L o FifERC
BAL Tl s Ra) T OB RISEBHED T 2157, 2 ZICEHOEEZRT D,
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+ 7 —< 6 Microbial morphology observation using a scanning electron microscope

42
_60_



JAEA-Review 2020-047

4. 4%

ARFFECDONT, WHEE TIHFHE S NZZEDIF E A SICB W CHEREREZH/ DL Z LN TE
L LTS, TV ORET JAEA OEmMNRH A 25 TR A T, B33, B
Ko WK, BETFEOZNETNLOY T b, EEICERES / A DNA il Tx 72, PCR
fENTIZ, N7 T VT OHRBELT, T T OHMBOERAEME TEED T, TOSEMEO
AL LTWD A, BAIENT (7 LOFMERSCLER T ) ST 2 5T) &2 ORI,
FEEL ORHMPRELRDIEH 5, —H T, ZZETOMITIL. A 2 FEOKIEDOANTH
5. WEE—FRNICHEE L, BB TS 2 EKEICHET HMEWED A X 7 ) Mgt
DD &5 REMIFIZ D, Thbb, BUROMTIZ, KIDOAZ T ) Mgt & k45 2
LIZE-oTE LD T, WMEHE R EWHD L O REREOMAEDEN, 0L 5 RRIUEEZZT,
EO LX) BAENFBICELL T oT2D, HHWFELL TV oD ZB NI TELH T &
2725, Flo, TORMREEBERT L LN TE D,

B2 444 ABIET, FREN L OHEEER T, RE L THIMEH —HERFFREND
WK EOITICETTHZ L TTMERTRY ., JAEA OFEBXIRN TEITREER T/ LR
WrOBRERHM 2 SEOOH D, KT =7 MISF 2 D 12 £ TEHMAE N,
bHe. 8 yr HORIZ, BRMEOBMET, FHEEVICETLIEVWEEZE LTS, T[RRI,
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