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Abstract: To accumulate distribution information for microbes around Japan, we analyzed the microbial
community in the surface sediments of the marine geological survey in the waters surrounding the Tokara
Islands, Japan (GB21-1). DNA was successfully obtained from 42 of 47 samples collected, sequenced
by high-throughput sequencer, and analyzed by R. The results of the analysis showed that many DNA
sequences were identified as belonging to Gammaproteobacteria and Alphaproteobacteria of the phylum
Proteobacteria, followed by Actinobacteria of the phylum Actinobacteriota. Microbial community
structure tends to be grouped according to the depth zone and the type of substrate. It may be possible
to compare geographical differences in microbial communities by increasing the number of sites. This
study is the first comprehensive and quantitative assessment of the microbial community structure in
the Tokara Islands and is expected to be used as basic information for future understanding of deep-sea
communities and environmental impact assessment.
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HARJEE OGRS 35 V) 5 RIGHER O WA 5 G
WOFEWD =8, b F 55 R 0% TINE L 7= ik
WHEHA (GB21-1) 12k W, REHERMOWMEDORE
BT 21T 5 72, BRELL 7= RIS HERE M 47 80K D 5 5 42
alFt 2 & ODNASIIIZK DI L, /N 2L =T b ¥ —
YA =2 KB HEIERSIOWE, R (R Core Team, 2021)
12k BN 24T - 72, AT D KGR, Proteobacterial™] D
Gammaproteobacteriafli] & Alphaproteobacteriafii|, K\ T
Actinobacteriotaf"]D Actinobacteriafif| |2 [F] 7& X 11 5 DNAHAL
A% < iy iz, MAEMTHERGE I ARTER R OEE
DTN =T B MBI 5 5 Z LIRS,
RFEL BB ICHE 2T 5 REMEIRE S 5%H
A A B3 Z & THA TR ORI 20380 & TR
TEBHEMELH 5. AW b FFNBIHEIZI T
H16 THEFREN) 70D 58 S0 V2BV D Tk Wk S i 2 Al
L2 CHEELMETH D, SH%OUEERDO AW %Rk
DOHHER, FREEME 175 L TR s E#RE LT
WHEhB Z MG Ehs.

1. FUBHIC

BRECP ORI ERERHES RIELEET S Z & 13,
AEREER I, (REEWIEN B 5 S EE L
METH B, BERICBWTY, KA s SRR
ENBLERERDPEKD - TH D, ZOBIRIUER BB
BRI FIOEEE A TE L L, B
W T OEAE A O BRI & 2 TEREA IR E 13 RER A3 2
20, FELHMAESLETH B, EEOBAT N
i ORERIZ K D, MR RIEGHEREY) 7 £ O BRGNS
BAFT ADNAZHNI L4 5 Z & T, BREPRIZAERL
T3 AMMEO AT % U RE L, Wb W 5 BRIFDNA
AT 23 H X Ty B (Jackson et al., 2016 5 Pawlowski et
al., 20201% 7). WMEEFOWEMIZBWTE, BREIDNA
fEE T 2 58 U TR IS $5 1 % 2 RRMERTAf 23 5L &5 1 Tk
ATWS (Wu et al., 2013 ; Lindh et al., 20171F5). &4
WBZOFkE, TNV 9F I TR MREBAZ N
4 FL—bEEDWHETINF — - SIMEIROMF IR
BERN— 2 T 4 VP R ORI A S S A
REHEDTNBEH, HAREIEEIC B 5 SO XRE
R OWED O LB RMOBERITIZLE AL KL,
BTl AT 5 L TofEE ko T\W5,
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WHEM 7 0P 2 b THERML TS MR EHERYIERE
A TTIE, PIE A BRVEROBLE, ABELOGUOR ORI,
AKEE - Kl - R - HERTPIRLRSE D FEFE U 7= Bl PG 7
&, BUNDNAMTIC s 2 slR AR 5 s, AifFFE T3,
MR B 7 R SRR O —BR & LT, b I 7 5l il il
WA MBI, RIS B 2 RIGHERI OWMAEM O % hk
PEREHROEEZ HIGE L2lE 21T 5 72,

2. F&k

2.1 REKE

R RFMEOLENEMML, 202143 H6H» 5
325 HIZ2 T A 7 SIS RN 5 Tl i s
FAMIEGB21-1 2 FEhE L 72, AKHFEAE TORBIRIIZFE1
EZRCEIFNIRT 61 HEIZBWTA TR Y 7 7HeE
(K-35 7) # T - 72 (BARIE A, 2022). DNAFEHT
FDEHT, TAROEEARIAMEINT X 22471510k
W, OB TORERAT I AF v 2 27—V EHN
Ta2=/%y ZITWERE 10 gFEE 2 BN L 72, EEIIAR =
TOZ 7 7 RBREONIRBISIC D &, 0, JeD3
FEXAIC i 2 L 72, BRELL 72 50RHEARN O -60C
DOHHENTRIE, FHEFZ-15CLUN TfH LU Tk
UIFZEIcH bR - 72,

2. 2 DNAHH

W28 312 CIEVE FUR ODNAS AT 1, DNAeasy Power
Soil Kit (QIAGEN, Valencia, CA, USA)% i\ 7=, flih
DEEHEAETE Y P OFIREFIHK - 2. MAE OB
ik v b {8 DPowerBead &, FastPrep Beads Beater
(FastPrep-24 5G, M. P. Biomedicals, CA, USA) % H »
7o, BB AW, EOSEICX D EEAERIL T,
g VS EEN, 73 VEORERELTY, 2V
NTLTANE—IZKDBERETH 7. 1551 72DNA
1210 uLOTEA# (10 mM Tris-HC1, 1 mM EDTAMD #4&
7% :pH 8.0) IZVAH L 2. Qubit207 )4 1@ X — & —
(Invitrogen, Carlsbad, USA) X U'QubitT v £ 4 (dsDNAF,
ThermoFisher Scientific, Waltham, USA) % fivy, F v b
HEDFNEE IZHE > T AGHDNARE #JE L7z IRE
HEOFR, BohMl% d 212, 0.5 ng/uLODNAJRE
ELTHEL, b4 2PCRHADKTAR L TO0.5 ng/uL
IREEDDNABWEE LT 72,

2. 3 PCR (Polymerase Chain Reaction)

PCRIFAEN HENA AN =Ty by =7 v H =12k B
Hr &£ T F % T3 Takahashi et al. (2014) 12 & - 7=.
1 R O IR 0 168 rRNAEAR 1355 BCF V3 R % K iR
T35, 43 FtMiseqv =7 V¥ —H7 &7 & -4l
EELITIA4A~—Thd, 77— FTIF74~<—
Pro341F (5 -ACACTCTTTCCCTACACGACGCTCTTCCG
ATCTCCTACGGGNBGCASCAG) & Y /N— 2T 5 4 ¥ —

F1& A#EHE (GB21-1) TK-' T 7 & AW TEE R & %
JiE U 7= 38 5 OO REPE AR & KR

Table 1 Latitude/longitude and water depth of the sites where
surface sediment sampling was carried out using K-grabs
in this survey (GB21-1).

Site latitude (°N)  longitude (°E)  Depth (m)

222 28.515995 129.231519 823
223 28.533643 129.294443 572
g24 28.544605 129.354605 473
237 28.504589 128.564466 543
238 28.52545 129.27093 489
239 28.537013 129.89014 657
240 28.554893 129.15624 702
g4l 28.57398 129.212051 705
g42 28.586501 129.272013 735
g43 29.03873 129.335522 861
857 28.5151 128.361302 1005
258 28.526583 128.422701 960
259 28.578635 128.506561 849
260 28.559058 128.547102 841
g61 28.576100 129.07988 759
262 28.592091 129.7376 746
263 28.59953 129.121000 587
g64 29.42796 129.203852 524
865 29.41381 129.254945 638
866 29.76533 129.277371 896
867 29.92860 129.338176 943
282 28.547817 128.28658 942
283 28.564046 128.341743 852
284 28.58798 128.403693 958
285 28.597399 128.465112 942
286 28.595391 128.517776 847
287 29.48281 128.599481 883
288 29.46494 129.51060 699
289 29.79615 129.174972 248
290 29.95475 129.237009 353
g91 29.11639 129.298061 808
292 29.128182 129.361468 924
gl07 29.01751 128.261948 1077
2108 29.0568 128.313265 1169
2109 29.16820 128.375274 1163
gl10 29.67410 128.456022 1071
glll 29.67940 128.507253 915
gll12 29.84644 128.57307 836
gl13 29.10701 129.32352 828
gl14 29.117201 129.94828 323
glls 29.133392 129.156489 614
gl17 29.165603 129.288117 576
gl34 29.72858 128.306054 1151
g136 29.105208 128.428744 1034
g137 29.122520 128.49771 677
g138 29.138414 128.553223 714
g139 29.154348 129.14751 709
2140 29.17461 129.75794 222
gl4l 29.186921 129.138600 475
gl42 29.203808 129.199290 583
2143 29.219974 129.262133 669
g160 29.144154 128.349465 1125
gl62 29.176520 128.472356 1003
gl6d 29.209138 128.595821 682
gl65 29.225597 129.57507 173
2188 29.23617 128.452755 1145
2190 29.244932 129.17208 932
2197 29.361061 129.349611 868
2222 29.432350 129.392688 509
2223 29.446310 129.454393 563
2224 29.463369 129.518721 416
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Fig. 1 Map showing the location of each sampling site. Map showing the location of each sampling site. Modified from

Kishimoto (2000).

Pro805R (5" -GTGACTGGAGTTCAGACGTGTGCTCTTCCG
ATCTGACTACNVGGGTATCTAATCC) % i\ 7= (Takahashi
etal,2014). PCRIHDOEEF & LTI, Mighty Amp® DNA
Polymerase Ver.2 (Takara Bio Inc., Shiga, Japan) v, 1
ngDEFHFIDNAK 025 mMD T I54 v —+ty bEINAR
(Takahashi et al., 2014). 1st PCRD Y —~<ILH 4 7 LD
b LT, &9 F &Y YPCRIEEE 2 Muyzer et al.,
1993). ERMIZI1X98°C, 25 TR AWML X & 72
DB, BN (98C, 108), 7=—1 v (158), fil
EIG (68C, 30) %4 2 0D3 5, RYIOF A4 2
N7 ==Y rBEesCTHIEL, DRIy A2 LT
EIZICTH A 556C E TTY, WNTS5CT254
AN &FEL 72, PCRIGIRIZ K /54 7 2 2 4liET %
HHYT 1st PCREUMI 13RI B 72 0 2K & [l TYTW, 3
MDA A 7 1 — 2 7 VBRI TR, 2K
FORBEIARICE LD THOH -2, 5K Y -
Zik#EAgencourt AMPure XP (Beckman-Coulter, Villepinte,
France) I K D KEHL, %% 2nd PCRD 728 DFHEIDNA

WAL L7z, 2nd PCRTIE, NA ANL—=Fy by =Y
Y — TSNS 2 BRI L B ARG OR 2 &Sl o 4 2 Fd
5] (Index) % AL 72. 2nd PCRDFE5F 1%, 1st PCRD
LEEFMkE L &b, KRETE, 77V avyo
7 47— FIKOY 23— 2O 12 2 2 6ds) % 54
ZR7IYFEEL, 27EAZT 47— FHATLY
YN = Z O J TRAEIZE L S X ICHASDE .
2nd PCREEMNZ, B ¥ — X ik 3Agencourt AMPure XP
(Beckman-Coulter, Villepinte, France) {Z & D fE#IL, %%
T4 T TV EAaMIZE D X ITIRERAEL T, 1KD~
fraF1—TIlF L.

2. 4 NARWV=Ty b= H—Ei

NAZN =Ty by = v H—RIZEARL =T v 7Y
AVET—NLIT7ATTY)EHNT, 437 MiSeq
12k BIERBHI N A FERE L 72, BITHOF v M
Miseq Reagent Kit V3 (600 % 4 7 JL ; Tllumina) % vy, F
VIOFX )T 4 —DREED 28 IZPhix Control V3 ([llumina,
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B2 M Z & OB MIEEERSE ORELUE » SRR L 72 BB, RS OKE, 75 7REDRELZGTH T TERLTY
5., BTy o0 FEOKMEIE, HOIIILF A —LTOT— A LTy 7l (BP), EOMKIEPNIEED 7 — b %
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Fig. 2 Dendrogram based on the similarity of microbial community composition between sites. The water depths at the condition of the

grab surface are indicated by different colors. Numbers above each edge indicate multi-scale bootstrap values (BP; green on the

right) and approximately unbiased P-values (AU; red on the left). Gray numbers below each edge indicate the edge number.

San Diego, CA) #FB L =7 v 7)) a v T - L L %ER
ALz ZhEEREEN bpOXRT—FIT YV Fy—7
v 2 & U Tlllumina Miseq Sequence System (Illumina, San
Diego, CA) THEA|%HfS L 7=.

2. 3 T—H4mBIR
4L I FMiSeqic &K » T, HERSEZD I X ) T 4

237 M & izfastq7 7 4 L &= @RHBEICH I U 7=,

7 % U — FESIDfastq7 7 A MIZDWT, YT b7
2% r — U Qiime2 2021.4 (Bolyen et al., 2019) IZFEE X h
7zCutadapt (Martin, 2011) & H\CT 7 5 4 ~ — | Dk %
%47 > 72, DADA2 (Callahan, 2016) %\ T x5 —fid
Hl - AKSYEELY (QfE < 20) - F 4 7 EdF - RS DR
FHrfio7z Bohl7 v 7)) 3 VESIZE YA (amplicon
sequence variant, ASV) 125 LT, 16S rRNAE(R T DAELS
7 — # X — Z Silva 138 SSURef NR99 full-length sequences
(Quast et al., 2013 ; Yilmaz et al., 2014 ; Robeson et al.,
2020) SR L, B~ A 25358 (Bokulich et al., 2018)
EHCTEMLOHE D Y TEIT> 72, QIME2 TH I X
NG EASVEZ LD zcsvT 7 A L EHNT, VY
7 M = 7R (R Core team, 2021) 12K % 7 — 4 LB %

To7z. BMET — 2 IO THELIIREZRZ, FHU
L BHEDOY Y T v 2T 5 — O F CHERM
O IE TR % WA L 72 £ T, {KHUE (0.1%) DASVE
HIFR U 7=, BFEOTHDE 2 iR 2 72812, Wardikic
32728 —@MEFEBL . £z, KEE100 mZ
ClZHhTTY =L, KELEREEFHEKE L
Permutational analysis of variance (PERMANOVA) I & % &
E AT o 72,

3. BREEE

BLA 23 P oE U 7242308 2> 5, 4,479,105 DASV A 13
SNz, BT DORER, 4T o H S TProteobacteriaf™]
D Gammaproteobacteriaffil & Alphaproteobacteriaffil, IX
W\ CActinobacteriotal™ M Actinobacteriafiil 12 [F] € X 1
SDNABLSI 28 % < Bty & 7z, Actinobacteriaf™] } UF
Gammaproteobacteriafil (2 MHETEH K< RSN TWnW 3
INT T )T %G8 RET & % (Blackall et al., 2015 5
Ainsworth et al., 2015 ; Bourne et al., 2016). RIZ & %
728 — T AT o AR, R 7 22— LT
BT 2 L2007 —TRER SN, FEREs 7 2
A—DHBREIBEEIDDI T A4 =17z (2
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X). ¥, HEHLg23L022413ZH0563DOD0 F 2
A—DERIZEBIEVWNEILH >/ £/, 752X
H— 132 FRELETOREAIBETHD, 75
A8 =28 WHEEMETH -2 72, 7725111
TR ARER L, 7 T 2 4 — 213 KR ER EH >
7=, JERERE 2 5 2 & — RN THHY X hf:ﬁ“)b—?t’l 1213

Gammaproteobacteriafii 73, ") — 72 (FIZFE 2K D 2

5 Z & — 2) 1213 Actinobacteriotaf 1 S R % < B & 7=,

PERMANOVAIZ & 2 ME & 1T - 72 45K, AEMRESE K
HERBE CHRBAZR/ BRI &N (p <001) 28, KE
EREOTHAEMBEIIER TIEA» 572 (p>0.1). Dk
DORER KD, FEORFHEEDOMEMRERE, K
HRREICHEEZIT TSRS RIE I W X5
12223 & @224 13t o> FAE Ik & HexCAEMliZ i@ L ¢
B, SHEEOMEER AR TZ & THEMHED
HPER 2038 B IR T X 2R D 5.

AREE200 mPh ORI, HER ECHERM - mE &1
RROEMOERBMTH 25, 77 2O 26
EUBEE RS 2200+ 05T -2 OEMMTE T
W, REFFEIE N A T HIEIERIC B5)THI0 TREZERN
2D E RN EE O YITE RS 4 57l L 72 M CHEH
BRIZTH B, SOOWRERIE, SHOFEBEWRE
OHIER, BURMEH AT > LN A ERE LT
WHENZZEhHEEN S,

SRR AW, E LR TR B AR A ST -
HEFERS LY 4 -1 X 3 [HRHER 70 Y 2 & |
D—BRE LT, 72, ESLAITRBHIGEAE LR AHT
ZeRT - BREGERANTUBE SEFRIIZE 5 R (E-code) DB % 5%
CHEENZEDTH S, FENMBIZH 2>, HE
TH 3 EREMRT I —-TRIZIZEREZTWHH, &
TEE N0, ﬁﬁki@@ﬁ%ﬁﬁWWW%Eﬂj
DOifRZ 6 CICRME, WEE, FITREDF 412
ﬁé&%ﬁ@%#&@&ﬁ&%ﬂiﬁ%ﬁéLftn«
ABMEEIZ 572, 72, BIZFFEBEOFHEIZOWTRE
W7 2 = AN 24 v 7 OWNEERLHE L, 720
i 3R prR st e B oKL safdibic THeEhn 7272
Wiz, ZOuEED TESEILHL B3,
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