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REAKRBRLTERRKLEZRBLIRD S FRICE T SMEMBRAEN

EESs S RIS, WESAEY S EREFE-M ML 'EEF"°

VBB KA BRI T A R
2 BRI IR ALK P IR Al LRI 7
S BRI PGB IR FHNA T2 ) n =t 5 —

HH AR KRR OHBRIK DS A R~ 2 7o R B O O 7= 8, LRITOMFZEICH| X i X FEK/KH (unflooded: UF),
IR L727K - (short term: ST), FHIMNEAK L727KH (long term: LT) 36 J ONRHIMIR K L TS 3 IS 217 o 72K
WZBT BEBEIRIK S % O EHEEREERE 2 AT L72. P9 LUl X O Proteobacteria FH D L
L OFRHTCIE UF &I27K HEEICRHEAEVIT R 60T, FefE s 7 A4 —ffr C b fREWIZ R o Rno7z. LaL, &
K EHECIIR SRR LA (SOB) OFIGIE, RAKD 1 FHZITHEARS LT 0NTRVWKHETIE®H 2 DD, UF L0 b3 nmy i

FH (long term and cultivate: LTC)

ARGz, 207D, THEBAEMBERIT N 5 HBHR KO

WHIZK 5 FRICBNTHDLT AR EEEL WD EEZ BN

7z. F7z, SOB (TR L7z LHEMEMBEEDRIE 251572012 5 FLL EORHIMICHI= Y, ARV 5 2 REtE R

B XN,

F—U— N BEEAEY, SRAAKEN, K, SIEMEiEESS, Kt —7xr 49—

2011 ARITHEAE U 7 BAL UG AR 1 B AR
IR HBLAIE ERKOMETH Y, ZIITHENE
A2 U 7o R TR O U T 4 2 RIE L7z (Maeda et
al.,2011; Mimura etal., 2011) . 3|3 HL R 4k 5 itk oD
FHEREFEO—D2THY, BEIKIZ KD MR DO
B, Bk XK OVEVRIC KX D155 LA 8E T
HRKTH -7~ (Guoetal, 2011). HFKDIENIIIED
~OEBICEHEET HDEHRED LR EE2F X
=3 (Kume et al., 2009; McLeod et al., 2004). £7=
T, (F OB TR RET 5 TEREY
NAE FNES 7 Lo

VAR % 130 FAEMRFEZ Vv, BERKIZ R
L HEEEA A REE ~ OB A TN L7z (Asano et
al,, 2013). FHEFEAEND 1 FHZRIZBWNT, FERAK T
8 CI% Acidobacteria FH 2%, 2K L 7z 18 <
Proteobacteria 723 Z €4 L TEY, BAKLE
THECIIAE IR L (SOB) OFIGHHML (A

KT 20%), dEAHEem LB (NOB) OFIG A3
L7z, &6IT, MFEOBRE TOZRES L TND
Zeta-Proteobacteria il & i #i 4 @ SOB T & 5
Halothibacillus J&DNZ/K EE N OHBE S NLZ. 20 X
IR R R KT 1 R ICRB W T e
WMNCFER IR BE B2 TWDH Z ENRH LN ST,
L2aL, fEHiofE B & ke e T 2 (RS 5 72D
W2, EO XS I THEMAEMSEIE L, E7E ol
BIZEDL VORI D R L, RN R
GIRAVAL R o Y d Wil

AL TIX R ORI L A MAEDREE~DR
BEET D20, HFRO S FERITRAK LB+
BOFIEMAREMEE ORI 217V, FERAK T L
DI HIT T2
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MHEFE

TIEEHORE
TGN E IR AR BT OKHN S 2016 4 4
A 8 HITEHL L 7=. LARTOHFSE & [FIERIZ (Asano et al.,
2013), HERE 0I2 7K & fedL 727K H (unflooded field: UF),
2 FRNR/K L72KH (short term: ST) 38XV 2 +» A
12K L72KH (long term: LT) 22 HERE L7, i
OKEILARTOBIFE & [J— DK H & AW e. ARBFZE
T IR, LT OFAT, 2K L7 1% W55
HFIUCEM T2 HB L7 /KHE (long term and
cultivation: LTC1, LTC2) 75 &l BIL L 7=,

MEBEESIT
HAEEE (NO2 ), fiHlE2  (NOs), Wil (SO4%),

Uik (POS) BLOMEFE (CI) A AU BEX
A A7 a~ k2777 ¢ (1CS-2100, Thermo Fisher
Scientific K.K.) #ZHWTHIE L. TrE=TU LA
A (NH) BEEFA— N7+ 74%— (Qua
Atro2-HR BLTEC) Z MW TCHlIEL7=. pH & &R
EE (EC) IXE N Z 4 pH A — % — (B-212, HORIBA)
BLOEC A—%— (B-173, Horiba) % FH\CHlE
L7z.

HEFREEDEN
+5830kL 0.5 ¢ 2>5 FastDNA Spin Kit for Soil
(Q-Biogene) # VT DNA i L7z, Zhzh
RNZ LT, EIEME O 16S rRNA AR 112 RF RN
8F/518R 7' 7 A ~— X7 & H W TR Z1T - 7=
(Baker et al., 2003; Horz et al., 2005) . kAL —2
T Y= W D72, 7T A <= —IZi 454
GS Jr.s A7 2 (Roche) (TR T &7 % —EH
%k S72 (Binladen et al., 2007; Wegner et al.,
2000) . PCR 21X 1x Go Taq Green Master Mix
(Promega) % iV 7=. PCR PHIEFEW L7 /L EXIK
BT WRFRA 2B A RZ280 LU CORR L7,
GS Junior Titanium emPCR Kit (Lib-L; Roche) % A
WTxZv /LY a PCR Z{To7c. =< /L ¥a v E—
Rk UI21%, 454 GS I v AT Ax N Ty —7
T AT AT o 1.
HEohil-v—27 = A5 — ¥ |% Ribosomal

Database Project (RDP)
(http://pyro.cme.msu.edu/) 33 & UY Data Bank of Japan
(DDBJ)
(BLAST)  (http://blast.ddbj.nig.ac.jp/top-j. html) %

MO TRT L7z, BEEEREEO D72, 97%LA E

D FE A M & R > ¥ — 27 = A % operational

(OTU) L LTEE&®, % OTU HEKL

L35 R software  (www.r-project.org) & Tt

gk R Lo —27 U » NEEBEZER L, e 7

A B — M Z AT > Tz

Pyrosequencing Pipeline

@ Basic Local Alignment Search Tool

taxonomic unit

HBREER

MELES T

F 1 HERE OB LR E 2 2R 9. ST 135G
B U729 _RTCOEB T UF & DEWITR LN -
7ZHO0, LT BEOLTC 1% SO&-S OREENE L,
NO3-N 2MEVWMEM N oz, £z, ZoMicd
EC, NOy-N B LU CIrOEWKHZH - 7.

AR K 1 2B W T, ST B L OLT TEC,
S047-S 5 L ONCI3 UF & T 100 5L EOfETH
0, MEREREZESE (FFIC NHS-N) & 10 (SFEEOfE T
»H-o7= (Asanoetal 2013) . LLEX VAR K LT
THEOYBYLFREIZIE, RAKD SHFEZIZBNTH
HIIRAKDOEENROND OO, ZDORBITIER
WhEL o T B EEZ LN,

R LESAHDYELZRIIFIE

EME pH EC  NH/-N NO;-N NO;-N PO/ -P SO/-S CI
% mS/m mg/kg
UF 70.0 552 218 5.3 0.08 10.3 0.17 63 6.2
ST 69.3 5.65 2.07 7.3 0.07 11.9 0.19 63 7.7
LT 736 571 411 3.9 0.06 3.5 0.10 36.0 185
LTC1 79.1 6.03 5.85 14.2 0.36 4.6 0.17 35.7 15
LTC2 758 5.90 1.98 5.4 0.07 2.6 0.08 133 80
HMERSEE DM

1 BB O FLIERH B O FH L ~L O REEEAE S
ZoRd. O HEEEElC Proteobacteria FH72N it & 18
HLTHBY, £OMIZH Chloroflexi <
Acidobacteria PH23ME 5 L Cu 7z,
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& 5 L T\ 7=. Gamma-Proteobacteria | % Lz 7
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HERIRK 1 %O TEIZB W T, STEELULT
I3 UF & iz LT NOB OEIGMEL, SOB DEIS
NE L, EHITEYE SOB O Halothibacillus J& 7>
Hi & 417z (Asano et al. 2013). =D 7=, NOB & SOB
ZOWT bt 21T o7 (X 4). NOB [XFAZA A
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0.1%LLF, NOB T 1%L FThH -7 (Asano et al.,
2013). #/K L7z 18Tl Proteobacteria P35 L
Bacteroidetes fFA23ME L3 50 m 2R o 72. £z
Proteobacteria FH{Z-2>\ Ti¥ Gamma-33 X OY Epsilon-
Proteobacteria D EIG ML, X SIEEM: OB
BE B O BT BED A STV S Zeta-Proteobacteria
M Sz, F7- NOB OEIG X UF @ 10 45D
LLUR 7257223, SOB DEIEITH IR 400 fi5 T~ 72
LT TIXMHEM: D Halothibacillus J&7% SOB D)%%
ZEOTWeE, BLbD & 97 UF &RKEHEOME
FEMIEOMEIIREBR 7 7 2 X —fiTIC b K &
, WEIHAICERRD 7 T AZ—EER LTz

—J7, BHERK SEICBWTIE, LBy
Proteobacteria P L ~/L 4 5l @ O FE¥EIC UF
ERAKEBIFEA R ENTIR ONT, BB 7 X
S —fEMT T H M IIAMEICR R D 7 T A X —Z UK
Lo fo. 72K 1500 NOB OFI5 13 UF L1F
FRZETH Y, FF¥H) CTd - 7= Zeta-Proteobacteria i
B LU SOB O Halothibacillus J& 1 & g
mxol=. Mz T, ST, LT BLOLTC ORI H M
FEMEOBEWVIR N7, L LR,
RIK LT 13813 SOB OFEIG A UF L0 b O30
VMERIS R BT

PLEXY, HRAARRER CTHEIRK L7z HEEOM
PRFEMISE IS, BAK 1 ERICAONIFR KR E
B2 DRI, BAK S FRIITZITIA LN 8o
72b DD, SOB OEIGITHT MNIT @V MEM 23 7 54
ZDT2, HHIRKDFEBITIRK 5 FEICBWD
THHOTOLRBRLE-STWD EEZLN. £,
SOB [FHiR /K U7z HEEMU/EMREEE ORI 2 51 5
72Dz, 5 FLLEORMIMNIC O AR IR
D 9 5 AREMED R S U7
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Bacterial Communities in Seawater Flooded Soil at Five Years after the 2011
Tohoku Tsunami.

Ryoki Asano' 3, Atsushi Hayakawa?, Midori Abe?, Yoichiro Shimura', Yayoi Kobayashi!, & Jun

Fukushima'-3

! Department of Biotechnology, Faculty of Bioresource Sciences, Akita Prefectural University
2 Department of Biological Environment, Faculty of Bioresource Sciences, Akita Prefectural University

3 Biotechnology Center, Faculty of Bioresource Sciences, Akita Prefectural University

The long-term effects of the inundation caused by the 2011 Tohoku tsunami on soil bacterial communities in agricultural fields were evaluated.
Following previous study, bacterial communities were compared across different types of soil, unflooded field (UF) soil, soil flooded for 2 weeks
(short term: ST), and soil flooded for 2 months (long term: LT) and soil flooded for 2 months where cultivation was begun without field
maintenance (long term and cultivated: LTC), using polymerase chain reaction-pyrosequencing of 16S rRNA genes at 5 years after the tsunami.
The bacterial structure of phyla level, class level in Proteobacteria and hierarchical cluster analysis for operational taxonomy units (OTUs), the
differences between UF and flooded soils were not observed. However, the relative abundance of sulfur-oxidizing bacteria (SOB) in flooded soils
were slightly higher than in UF, although these were much lower than the same site at 1 year after the Tsunami inundation. Our results
demonstrate that the effects of the 2011 Tohoku tsunami on soil bacterial communities in agricultural fields may have lasted at least 5 years.

Furthermore, SOB may serve as indicators of the effects of seawater inundation on microorganisms.

Keywords: Soil microbiology, 2011 Tohoku earthquake and tsunami, Tsunami flooded soil, Bacteria structure, Next generation

sequencer
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