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Microbial vertical diversity in core sediments and its response to environmental factors near the hydrothermal field
of the southern Okinawa Trough
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1. College of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China
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Abstract: In recent years, microbe and its adaptation mechanism in submarine hydrothermal environment have become the focus of marine
science research. At present, relevant researches focus on the horizontal distribution diversity of surface sediments and microorganisms, and
only few researches on the vertical distribution diversity of microorganisms in columnar sediments. Based on the columnar sediment samples
from the S2 station in the southern hydrothermal area of the Okinawa Trough in the western Pacific Ocean, we revealed the vertical community
distribution characteristics of culturable microorganisms and the overall microorganisms in the samples through isolation, culture, and high-
throughput sequencing of 16S rRNA gene from the samples at different levels. At the same time, the microbial community structure and its
response to environmental factors were discussed by using statistical methods such as the evaluation of major elements, trace elements, carbon
and nitrogen contents, and redundancy analysis. Results show that the organic matter content of the core sediment at this site is relatively poor,
and Cu-Zn-Pb is rich in two layers; the microbial community of each layer is composed of mainly Proteobacteria, while the surface sediments
exhibit higher microbial diversity. Meanwhile, it indicated a closer relationship between the organic carbon content of core sediments and the

composition of their microbial communities. This study obtained bacterial strain resources and provided a basis for further research into
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microbial participation in the geochemical cycle of elements in submarine hydrothermal environment.

Key words: seafloor hydrothermal field; microbial community; core sediment; environmental factors; Okinawa Trough
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Table | Geochemical compositions of the samples used in this study

Ff iR

18 30 81 100 110 171 181 190 199 240 248 267 288 301 311 334 380 392 475
& /cmbsf

Na,0/% 2.03 198 1.81 19 18 198 18 184 184 179 179 178 195 189 19 183 189 202 188
MgO/% 264 23 249 25 259 203 243 265 258 24 238 241 271 258 248 239 254 257 249
ALOy/% 1632 1539 1633 15.77 1523 1425 16.11 16.65 1631 1637 162 1641 16.13 1592 1531 1598 1596 159 1637
SiOy/% 58.88 60.43 59.27 59.7 59.17 62.59 59.43 58.05 57.99 59.26 59.53 59.27 59.12 58.48 58.99 59.51 59.62 58.96 58.55
Fe,05/% 6.43 585 643 603 598 509 621 641 643 631 6.18 623 632 623 58 614 626 624 626
K,O/% 326 297 327 311 3.09 276 326 346 335 329 323 326 328 323 3.04 321 324 317 328
CaO/% 221 267 24 266 352 292 26 266 292 255 26 249 241 313 346 268 252 262 275
P/10° 706.1 7143 6843 674 6325 623.6 6314 607.2 6354 642 649.2 689.1 646.6 602.5 653.1 620.1 623 899 618.5
S/10°  761.1 859.7 649.3 841 804.9 956.8 567.1 580.2 657.2 517.6 559 569.4 6203 650.5 7829 556.5 734.1 6604 6613
CI/10° 6037.2 6000 3860.6 4979.2 4420.3 5220.8 4230.2 5057 5537.6 3815.5 4061.6 4257.9 5084 5536.1 6376.4 4519.6 4159.3 6186.9 5395
Ti/10° 4742.1 4697.5 4834.1 4714.8 4530.7 4377.6 4777.1 4603 4734.4 4868.5 4826 4845.9 4641.3 4639.4 4567 4743.7 4663.3 4562.8 4811.9
V/10°¢  131.8 110 1284 1249 122.7 1009 122.7 129.6 1284 1189 119.6 117.4 139.2 1273 117 119.8 1319 1292 125
Cr/10° 995 846 949 832 888 761 90.1 100.1 952 91.6 90.8 90 97.6 926 858 83.6 946 898 934
Mn/10°° 4784 5053 527.1 463 4962 404.1 507 475 4938 5132 510.5 5424 489.8 503.1 492.1 509.3 458.6 623.8 529.6
Co/10° 165 166 186 16 218 139 166 16.7 161 156 156 177 177 175 16 17 16.7 16 16.8
Ni/10° 403 358 408 372 369 30.8 375 399 385 385 373 375 394 395 359 369 388 373 39
Cuw/10° 489 282 385 365 35 189 263 401 286 289 254 265 579 285 252 26 443 439 27
Zn/10° 1308 959 117.6 1139 1104 834 103.3 126.8 107.2 1083 103.2 1055 1547 107.4 957 102.5 1354 129.5 105.4
Ga/10° 212 19.7 225 202 209 183 21 229 216 228 209 216 213 217 19 215 222 207 217
As/10° 17 155 194 123 105 83 122 148 125 126 122 132 173 11.6 92 115 14 147  11.7
Rb/10° 150.6 1359 1533 141.8 140.8 122.5 152.7 163.4 158 157.3 151.8 152.6 150.5 151.1 137.3 150.6 149.7 1446 154
Sr/10° 144 149 149 149 170 149 149 155 159 151 152 147 151 162 167 152 151 155 155
Zr/10° 194 208 190 203 189 236 196 170 177 192 198 196 184 179 200 194 189 191 187
Nb/10° 183 216 18 17.3 177 17 188 17.7 204 185 19 187 178 19 189 185 21.1 178 182
u/10°¢ 3.7 3.8 3.5 3.5 3.9 29 38 39 42 4.1 3.8 3.8 3.8 3.8 3.4 3.8 3.9 3.6 3.6
Mo/10°¢ 1.2 1.5 1.3 1.1 1.3 1 14 15 16 1.3 1.3 1.3 1.4 1.4 1.3 1.3 1.7 1.2 1.3
Sw/10°  10.1 9.7 83 7.3 10.6 8 122 146 136 95 1.1 142 109 144 152 108 187 13.6 109
Sb/10° 152 9.6 9.3 7.1 10 112 134 183 138 7.7 123 157 11.8 206 172 13 245 15 14.9
Ba/10° 524 474 521 493 507 430 517 549 515 509 500 497 562 504 487 503 537 518 500
Hf/10°¢ 5.5 5.9 5.4 6 5.5 6.7 55 51 51 5.7 5.9 5.5 5.3 5.4 5.8 5.5 5.2 5.6 5.3
W/10°¢ 2.9 7.3 5.1 121 9.1 129 44 24 63 43 42 69 11.6 32 7.6 43 44 6.6 4.6
Pb/10° 935 336 559 583 499 276 368 61.1 375 374 338 345 1169 393 367 387 923 949 36
Bi/10° 0.5 0.2 1 1.3 1.4 24 12 16 03 1.3 1.5 0 0 0 0.7 1 0.6 1.3 0
Th/10° 15.2 15 13.8 139 128 106 161 14 16.1 147 146 155 147 164 13.1 148 151 147 145
Ce/10° 765 542 628 737 718 748 655 684 78.7 728 664 694 668 684 729 65.1 68 657 844

Nd/10° 27.8 384 34 291 328 293 351 31 269 268 336 308 357 313 318 28 275 252 295
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AL
i fembst 18 30 81 100 110 171 181 190 199 240 248 267 288 301 311 334 380 392 475
Y/107 268 274 268 27 255 261 268 244 26 262 277 272 258 258 261 267 254 256 27
La/107 447 363 443 353 364 403 412 364 446 448 398 42 37.7 381 338 408 382 446 438
Sc/107 13.9 15 16.6 147 155 10.6 16 15,6 16.1 13,6 129 175 134 143 128 159 151 154 143
TN/% 0.16 01 014 01 0.3 0.07 o0.11 015 013 012 01 015 016 012 013 012 014 014 0.12
TC/% 1.43 1.1 129 124 158 1.16 133 154 133 139 138 163 143 162 164 141 152 143 152
TOC/% 1.05 0.7 091 0.69 092 0.67 0.82 093 085 066 08 101 096 098 08 085 1.04 1.02 09
&2 ET 16SrRNA EEFIIMER I XEERR
Table 2 Isolation and identification of strains based on 16S rRNA gene sequence analysis
Witk SEL TR 16S rRNA % [ AR BL1E/% JEBLIR BE /embst 168 IRNAZE P51 8o 5
18A01 Alcanivorax xenomutans JC109" 99.22 18 0Q186762
18E01 Bacillus tequilensis KCTC 13 622" 99.79 18 0Q186763
18E02 Pelagibacterium halotolerans B2" 99.78 18 0Q186764
18E03 Bacillus altitudinis 41KF2b" 99.93 18 0Q186765
18E04 Pseudonocardia carboxydivorans Y8" 99.93 18 0Q186766
18E05 Alcanivorax xenomutans JC109" 100 18 0Q186767
18MO01 Alcanivorax venustensis 1S04" 100 18 0Q186768
18S01 Alcanivorax xenomutans JC109" 100 18 0Q186769
81A02 Alcanivorax xenomutans JC109" 99.93 81 0Q186770
81E01 Rossellomorea aquimaris TF-12" 99.21 81 0Q186771
81E02 Sutcliffiella halmapala DSM 87237 99.14 81 0Q186772
81E03 Rossellomorea aquimaris TF-12" 99.29 81 0Q186773
81E05 Fictibacillus arsenicus Con a/37 99.71 81 0Q186774
81E06 Bacillus safensis subsp. safensis FO-36b" 99.86 81 0Q186775
81E07-1 Alcanivorax xenomutans JC109" 99.93 81 0Q186777
81E07-2 Staphylococcus pseudoxylosus S04009" 99.86 81 0Q186778
81E08 Mesobacillus thioparans BMP-1" 99.71 81 0Q186779
81E09 Mesorhizobium sediminum YIM M12096" 99.77 81 0Q186780
110E01 Halomonas titanicae BH1" 99.44 110 0Q186781
110E02 Metabacillus idriensis SMC 4352-27 99.93 110 0Q186782
110E03 Pseudonocardia carboxydivorans Y8" 100 110 0Q186783
110E04 Mesorhizobium sediminum YIM M12096" 99.77 110 0Q186784
110E05 Pelagibacterium halotolerans B2" 99.78 110 0Q186785
110E06 Sutcliffiella horikoshii DSM 8 719" 99.29 110 0Q186786
110E07 Virgibacillus halodenitrificans DSM 10037" 99.93 110 0Q186787
181E01 Halomonas titanicae BH1" 100 181 0Q186788
181E02 Rossellomorea aquimaris TF-12" 99.36 181 0Q186789
181E03 Pseudonocardia carboxydivorans Y8" 99.79 181 0Q186790
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181E04 Nitratireductor aquibiodomus JCM 21 793" 99.08 181 0Q186791
181M01 Halomonas titanicae BH1" 100 181 0Q186792
181501 Martelella mediterranea DSM 17316" 99.63 181 0Q186793
199A01 Alcanivorax xenomutans JC109" 100 199 0Q18679%4
199E01 Nitratireductor aquibiodomus JCM 21 793" 99.17 199 0Q186795
199E02 Mesorhizobium sediminum YIM M12096" 99.77 199 0Q186796
199E03 Pseudonocardia carboxydivorans Y8" 99.78 199 0Q186797
199M01 Halomonas titanicae BH1" 100 199 0Q186798
248E02 Paenisporosarcina quisquiliarum SK 557 99.38 248 0Q186799
248E04 Nitratireductor aquibiodomus JCM 21 793" 99.03 248 0Q186800
248E05 Citromicrobium bathyomarinum JF-1" 99.7 248 0Q186801
301A01 Alcanivorax xenomutans JC109" 99.93 301 0Q186802
301E02 Paenisporosarcina macmurdoensis CMS 21w" 99.31 301 0Q186803
301E04 Paenisporosarcina macmurdoensis CMS 21w" 99.72 301 0Q186804
301E05 Pelagerythrobacter marinus H32" 99.93 301 0Q186805
301E06 Nitratireductor aquibiodomus JCM 21 793" 98.94 301 0Q186806
334E03 Paenisporosarcina macmurdoensis CMS 21w" 99.15 334 0Q186807
334E04 Paenisporosarcina macmurdoensis CMS 21w" 99.14 334 0Q186808
334E05 Alcanivorax xenomutans JC109" 100 334 0Q186809
334M01 Alcanivorax xenomutans JC109" 99.93 334 0Q186810
334502 Alcanivorax xenomutans JC109" 100 334 0Q186811
334503 Muricauda ruestringensis DSM 13 258" 98.48 334 0Q186812
334504 Alcanivorax xenomutans JC109" 100 334 0Q186813
392A01 Alcanivorax xenomutans JC109" 99.93 392 0Q186814
392E01 Paenisporosarcina quisquiliarum SK 557 99.71 392 0Q186815
392E02 Alcanivorax xenomutans JC109" 100 392 0Q186816
392E03 Pelagerythrobacter marinus H32" 100 392 0Q186817
392E04 Pelagibacterium nitratireducens JLT2005" 99.77 392 0Q186818
392E05 Paracoccus marcusii DSM 11 574" 99.77 392 0Q186819
392E06 Paenisporosarcina quisquiliarum SK 557 99.79 392 0Q186820
475E01 Alkalihalobacillus hwajinpoensis SW-72" 99.65 475 0Q186821
475E02 Thalassospira xiamenensis M-5" 99.65 475 0Q186822
475E03 Qipengyuania vulgaris 022 2-10" 99.85 475 0Q186823
475E04 Pelagibacterium nitratireducens JLT2005" 99.7 475 0Q186824
475501 Alcanivorax xenomutans JC109" 99.93 475 0Q186825
475M01 Thalassospira xiamenensis M-5" 99.85 475 0Q186826
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Muricauda lutimaris SMK-108" (EU156065)
Muricauda ruestringensis B 1" (AF218782)
334503 (OQ186812)

18E04 (OQ186766)

110E03 (0Q186783)
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248E02 (0Q186799)
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Mesobacillus thioparans BMP-1" (DQ371431)
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Virgibacillus halodenitrificans ATCC 49067" (AB021186)
110E07 (0OQ186787)

Rossellomorea aquimaris TF-12" (AF483625)

81E03 (0Q186773)

181E02 (0Q186789)

81E01 (OQ186771)

Staphylococcus pseudoxylosus S04009T (MH643903)
81E07-2 (0Q186778)

Metabacillus idriensis SMC 43522 (AY904033)

110E02 (0Q186782)

Bacillus tequilensis 10b™ (KJ847721)

18E01(0Q186763)

Bacillus altitudinis 41KF2b" (AJ831842)

18E03 (0Q186765)

81E06 (OQ186775)

Bacillus safensis FO-36b" (KT989852)

Bacillus safensis subsp. osmophilus BC09" (KY990920)

Branch 1

Alcanivorax venustensis ISO4" (AF328762)
18MO01 (0Q186768)

‘Halomonas titanicae BH1" (KY471040)

110E01 (0Q186781)

181E01 (0Q186788)

199M01 (0Q186798)

181M01 (0Q186792)

475M01 (0Q186826)

Thalassospira xiamenensis M-5" (MN905373)
475E02 (0Q186822)

Paracoccus marcusii MHI™ (Y12703)

392E05 (0Q186819)

Acuticoccus yangtzensis JL1095" (KF741873)
Citromicrobium bathyomarinum JF-17 (Y16267)
248E05 (0Q186801)

Qipengyuania vulgaris 022-2-10" (AY706935)
475E03 (0Q186823)

301E05 (0OQ186805)

Pelagerythrobacter marinus H32" (EU726272)
392E03 (0Q186817)

Martelella mediterranea DSM 17316 (MN905357)
181501 (OQ186793)

81E09 (0Q186780)

Mesorhizobium sediminum YIM M12096" (KX151664)
199E02 (0Q186796)

110E04 (0Q186784)
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181E04 (0OQ186791)

199E01 (0Q186795)

301E06 (0OQ186806)

248E04 (OQ186800)

18E02 (0Q186764)

Pelagibacterium nitratireducens JLT2005" (HQ638980)
110E05 (0Q186785)

392E04 (0Q186818)

Pelagibacterium halotolerans B2"(EU709017)

is SW-72T (AF541966)

.
[] i (Bacillota)
|
|
b
.

A i
D a- B H4 (Alphaproteobacteria) 475E04 (0Q186824)

K2 FET 168 rRNA H: K F7 51 bt i v 355 57 40 0 K R 50 0 8 W
43301 AL E I E AR AT 18AOL, 18E05, 18S01, 81A02, 81E07-1, 199A01, 301A01, 334E05. 334MO1. 334802, 334504, 392A01. 392E02,
475E05 1 Alcanivorax xenomutans JC109" (HE601937).
Fig.2 Phylogenetic tree of cultivable bacteria isolated from hydrothermal field sediment core in the southern Okinawa Trough based on the
16S rRNA gene sequences using the maximum-likelihood algorithm
GenBank accession numbers are shown in parentheses. Bar, 0.1 substitutions per nucleotide position. Branch 1 represented 18A01, 18E05, 18S01, 81A02,

81E07-1, 199A01, 301A01, 334E05, 334MO01, 334502, 334504, 392A01, 392E02, 475E05, and Alcanivorax xenomutans JC109" (HE601937).
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Fig.3 Characteristics of a-diversity index of the samples
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Fig.4 Relative abundance of bacteria in the samples on family level
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Fig.6  Cluster heatmap based on relative abundance of differential species at family level
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Fig.7 Redundancy analysis on the relationships between environmental factors and relative abundance at family level

fi WP AE X B B 5 19 Prevotellaceae( 5 75 K G B
Al) . Muribaculaceae, Lachnospiraceae( =& 1 Ji¢ [# £} )
FIAEBHNETESS 500 NAHER T Z 0
LI 0 R TR G o DA 2 R TR I Y 3
Ak A LLE Y R Z DR YA i AN TR 2 DU A
G ) 53 A FE Rk ST ) DX 8, R TR A I T
T A A L 21 58 TR 7 2 80, FEXT S A P R v
S AT Y R e PR A L AR

3 i

3.1 AR TT R M BK L F T

TEASBIE 5T 285 A R N B IF 52 5085 , 166 cmbst il
444 cmbst JZ 0 UL FE S Cu, Zn, Pb L E &
£ HEEWHESTEREY P& 8. Bk
Ui, FEVLELY) 166 cmbsf 4k, Cu, Zn F1 Pb Y 7 & 5>
Sk 73.7x10°°, 356.0x10°°, 160.0x10°% 7E 444 cmbsf
QbR AE R, 435k 38.8x107°, 321.0x10°°, 121.0%
107, 25 B 4k v T ol 2 VA R v A A B X DR R
B JC Z Al (Cu g 23x10°, Zn N 91x10°, Pb 2y 18x
10°0) BT o 24 Vg A L i OB TP A e R A, HE R
HUTR bk T A8 W I F TR Z 40, AT RIS

FCA R 85 45 T W B A A B A, HL A T A Y %
AR DAL B ff 1 F 5T LR W, HOBAB4-S2 4
ARVUERY) TP A AR RS Bh S e 5% o

Wang % F 5% o 45 1 8 A6 0 HIR O R i
1) TC & &, H I B35 m T m i & E TR YA 5 Y
TC & %, 1 H TN Fl TOC & i W 7 i A U R B
an P OJC B 35 22 S, HLS AT AS A HE 45 R — B
A WEFEARIE, 75 & A DL Y H D0 R - T 4R A
A, U Y S A PLEk (TOC) % & >
2%~ 8%, T whég I Al A LAR Y, L AT LA 1) 5
N 0.66%~ 1.05%, H & A HLT Y DL A7 HLAK A9
SRR 2™, RV X8 T30 HL5 I X,
() B A A T N B B 5 AT DAk B, B v A A ) B
H LA AEAN TR TOC & & 1Y M5 R B AR K 2%
S A ST, IR 7 R LU H i 4 T R e
TR DX 3 AR T AR v 400 T i 4 R Y o R
2 e TOC, BRZ A BT 5 45 R R — . [,
A ST B G A VR V& 4548 53 B Fl RDA 43 A Hb el LA
F i1 i1 SAR11-Clade I & 7 i) Alphaproteobacteria 2
BEFIEH Thioalkalispiraceae 3 /) Gammaproteobacteria
Ak Bk 5 TOC Fl TC & BHHRA — & B9 IEAH G
X ZR .. BRI T TOC X} Alphaproteobacteria f) 5 i
FEEERT Gammaproteobacteria, fif TC %} Gammaproteo-



210 YRR M J5 5 56 D0 20 b TR

2023 4F 10 H

bacteria [ 5 I F2 & K T Alphaproteobacteria, & il T
M ¥ )2 #] I’ )2 Gammaproteobacteria #f 2 ]
Alphaproteobacteria I, /b ) #4 #¢, X 5 Teske!®! Z Hif
X Vi 3 IO FR ) v B A ) 08 A O 5 4 SR A B
I, HEARTTARY b i TOC il TC £ k43 412 X i
A= W 1 22 A M LR Vi 45 A8 R AIE 77 A S S T
JUAE v i DR B i s A A BIL R AT e AR B
Ze AT B — L R AR, (HIRATAR A 5 15 Hh X
BERYHEDN . TC F1 TOC 1 A= Wy 3 22 1) 5 57 W) o
FBE TR YR, oA W ) A A AR £ PR L T A 3 855 v
1 T AN (AL 77 A — 2 B A 1, AT 1S 3 S Ak
YRR 25

32 MARMERNREY SENE

TE R ATHR] I 26 85 372 T B oy B 19 64 4 # bk
Proteobacteria 7€ [ ] 7+ KK L e F & o ek iE
Proteobacteria i 7 15 24 & UL B9 B B AE7E T AR
B W ¥R 5% B, Eb W Perez Rodriguez % Al
Rajasabapathy 257 73 51| 75 A [6] AR X 73 25 %558 2
T K12 By Gammaproteobacteria, [7] i, A ilF 57 %5
— B J% T Proteobacteria 1 Alcanivorax., Thalassospira.
Halomonas . Paracoccus T fi£55 3| 7= g ol 7= O (1) i
AL AR, ARG 3 B B T AR A A 2 Y EE 1B
J& Ik S, 17 3 L 1Y) TR AR AE At B A B
o3 B F| W ) AN WE SR R B, J& F Gammapro-
teobacteria i) Marinobacter Fll Pseudoalteromonas 1Y
MAMERARKBEE L2571 48840, hag
T R RO DX B DU AR ) Al Ay B B TR
Marinobacter I Pseudoalteromonas J& 1 7 £ , 1H J&
P Y e AT IR A o B B X P B bR, S
e I A R e AR AR S PR AR .
[%: T Proteobacteria Z %}, Bacillota & 77 & 159 2| 7 ¥k
WSS ORISR 20, X S AH 1A R T L0l R Y 20 g
S5 AR AT PR AT DA 32 0 IR T AR T, AR
[] 1 % AVAETE T AN [ i OB R B2 v 0, BF 98 N B
MANRW RPN ET I5ME T
Bacillus ) TR KR, TR 55 & 8 T 2 X e A K
A Y A A HEAE HICY, [ 43 25 H Guaymas 7 Hh i)
— L J8 T Bacillus RS 5 T 805 0958 A Aot
e K, FRATHEW A RS BN E T
Bacillota R AT ES 5 T HAB RE T 4
J& A AT R

BET 16S rDNA 75 i 2t 5 (9 30 A= W 20 1 o0 B
R, AHESE F TR AR i B A ) 2H TR T DK
SF- I, Proteobacteria i $i& 45 X A P FE A o FE X AN

["JH', Gammaproteobacteria, Alphaproteobacteria +2& P
AN EEWER, X 4R S ol 48 R b T Theya
North Fl Theya Ridge # & X LA K K-V & 48 1Y
RO g 11 BRE 3 O AR W A W 2 R A O 26
fp) 2153581 S EiT 1Y WF 95 2% B Epsilonproteobacteria( e-
AT TR AN ) FE 55 PAGRIE I I A4S LR 1R 85 /) AH G 1) 3L
AR B e S A, [R] B R AT BR A RO
W% 11 o S B DL A B, FE Bk L B A B A 4R
TR AR S0 ELAE 4 A Y 35 A RO T 1T Ab
&l Epsilonproteobacteria i | —E R bl o520
SR, 7 ASHIE 5% A FE b H Epsilonproteobacteria %) =
JEEMAREY o 53— D7 T, & T I 28 g R =1 PO DX T
W v A W0 19 BE V& BF 98 3R B, Deltaproteo-
bacteria( 5-Z5 JE B 4¥ ) Al Chloroflexi( £ 25 B4 ] ) i %
fy SIS, ] Deltaproteobacteria A1 Chloroflexi
O IO oA o N T O = T RV 3 | e A
(<1%). EidZRG HE, AR IS E TR VE IR
X UL L FR 55 7, Proteobacteria i & 1F 7 32 T 1 i A4
YR, (H2E Bk A58 N 25 S0 HF T X R — i i
B, FH T I VS RO 1) 3% BRAR B[R] DA S 5 A et 11
() FE B[], AN [l A A AR A i v B 2 ) A
2 NG B R e B B AN TR, DT 3 R T A
FERBEAY 2 . AN Epsilonproteobacteria & i 2k
B U T R P RO S T A A R AR ] L O v R
¥ 3% ; Alphaproteobacteria 1 Gammaproteobacteria
B AN T BRI PO B b . g — 2D HE I T LR
i, HOBAB4-S2 A1 AR UL R Wy A i il T H HAT v 2
J& ) Alphaproteobacteria, Gammaproteobacteria F/1 1§
= FF ) Epsilonproteobacteria, 5 M 4 ¥ #ll 15 5K 1 #4
T RN AR AR T RR ) b A W R I A R
255, WA ZAL SR T 9 HOR T H AT B2 AN TR
BRAY, {H & H TR Y b Gl W 0 2H R 2 2 8 34
P TE B 52 R )

3.3 KRR FRMENSHERNRIEEER

H T P PG K ST T b B AL R K S 4R Y
K, 20 A R TR 1 22 REPEAR 25 5 52 B VE TR Y 52 ) B,
XE—AEEE B s AR, EEW LB
PIR TR . R A AL A AR % pH DL
b Py b 35K Ak 27 A B A 2 DR 3R 10 AR IE 5 1 IX 3
AN T o 2 VA e S AR DX B, LT AR RN ) T i
bR T 2 GG S, e — i FR R 2 e
RIUFLW . TUA AT 45 R A e T H Al 2 A
W T, HR VT TOC, Zn F1 Pb & 5
TAE W RV R B T R B C R, B PR 45



XS24, 25 i 24 VAR A g TS R T X R S A DR LA o B A 0 4 e B0 A R B

43 s

X 3458 R 7 (1% i [0 211

AR RS TR E PRI R BOAE W O RV 4 R AT AR
HEARY R . INIRATOI SR 45 51 b R B, BUEYI Y
THEVE M B DO TR JEE B AN () T AN ], 3k vl B2 M
BRA A BRI — A Bk, T BERE TR W B
B BEMEZ T . S350, AR BTURR R
TURR Rt 7T RETE AN [R] A BUAE R o DA G 4
DR A= 0 B i 45 K R 2 e — R 1 R TR
SFOF B PURP B A O, X — s 7E Y HE
TSI 2RV RSP PR B b A T 9 rp B IR 52 00

4 ZEip

(1) w4 365 48 75 3 HOBAB4-S2 AR TR W) &=
P Si0,. ALOs. Fe,O3 S5 4 A, iX 3 F 4l 70 &% 1=
H 3.8%~69.3%. %A UL YA HLIT & Ak
=2, M APAE & Cu-Zn-Pb )2,

(2) F| FH HOBAB4-S2 HUtR LAY, i 4 43 15 K%
I 15 3 4l &/ Bk 64 £ , Proteobacteria 24 57 L 2 1Y
59%. T 168 rRNA 3 [H = 38 & I 5 19 45 2 [m) A
T, TE A DU Z A AR TR BT R o 40 248 X6 O
PRI, PP LG 7E B IR 2 (> 240 embsf) B TR
Wy R B O B A IR Z TR, K2
DU R B T & A 2 MM . G O R T
B 5 A 15 37 07 125 3R AS B AN [R) B A W i T 2 e 1k
T W], AL UURRY P AR KA W I EA ] 1 57
A

(3)H b F At 22 ) A 85 R 7, AR TR
(1) TOC & f 5 FLA A Wy 1) B V% 2 B AT 46 B8 Sl % 1)
MRFR

SRR, A I s T v 4 VA A R AR X
B 3 T AR PR B8 40 TR ) 22 A R R EE LG A AR AR,
TR W ) B 7 45 ) K 5 it J 90 R Ao R 1 A G 1
PRAL T IR o BEE AR B G SRR M A F R
(PR R, A P Ak 2 B 4 A T B AR Ry 7
() B B 9 DN T 2K L TF SR 5, ()i &5 45 v il
S P B AL 2 A AT, A B T i — 2 b B 08 T A
T TP A 0 AR AL ) R HL 5 B 5 A B I
A B DL B AT A BR Y 0GB R v VR

£ & 3Lk (References)

(1] ERF, FBE, 0, 5. REMEDZ M 0. EMEHT,
2013, 21(4): 446-456. [WANG Fengping, ZHOU Yueheng, ZHANG
Xinxu, et al. Biodiversity of deep-sea microorganisms[J]. Biodiversity
Science, 2013, 21(4): 446-456.]

(2] ZE2d%, iR, ML IRIEBAE T HOE RS A Wb R 248 38 0],

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

TAE P24, 2013, 40(1): 59-70. [LI Xuegong, XU Jun, XIAO Xi-
ang. High pressure adaptation of deep-sea microorganisms and biogeo-
chemical cycles[J]. Microbiology China, 2013, 40(1): 59-70.]

Takai K, Nakagawa S, Nunoura T. Comparative investigation of mi-
crobial communities associated with hydrothermal activities in the Ok-
inawa Trough[M]//Ishibashi J I, Okino K, Sunamura M. Subseafloor
Biosphere Linked to Hydrothermal Systems. Tokyo: Springer, 2015:
421-435.

Takai K, Nakamura K. Compositional, physiological and metabolic
variability in microbial communities associated with geochemically di-
verse, deep-sea hydrothermal vent fluids[M]//Barton L L, Mandl M,
Loy A. Geomicrobiology: Molecular and Environmental Perspective.
Dordrecht: Springer, 2010: 251-283.

Nakamura K, Takai K. Theoretical constraints of physical and chemic-
al properties of hydrothermal fluids on variations in chemolithotrophic
microbial communities in seafloor hydrothermal systems[J]. Progress
in Earth and Planetary Science, 2014, 1(1): 5.

Nakagawa S, Takai K. Deep-sea vent chemoautotrophs: diversity, bio-
chemistry and ecological significance[J]. FEMS Microbiology Eco-
logy, 2008, 65(1): 1-14.

Takai K, Nakamura K. Archaeal diversity and community develop-
ment in deep-sea hydrothermal vents[J]. Current Opinion in Microbio-
logy, 2011, 14(3): 282-291.

Guan L, Cho K H, Lee J H. Analysis of the cultivable bacterial com-
munity in jeotgal, a Korean salted and fermented seafood, and identi-
fication of its dominant bacteria[J]. Food Microbiology, 2011, 28(1):
101-113.

Thornburg C C, Zabriskie T M, McPhail K L. Deep-sea hydrothermal
vents: potential hot spots for natural products discovery?[J]. Journal of
Natural Products, 2010, 73(3): 489-499.

Wang S S, Jiang L J, Hu Q T, et al. Elemental sulfur reduction by a
deep-sea hydrothermal vent Campylobacterium Sulfurimonas sp.
NW10[J]. Environmental Microbiology, 2021, 23(2): 965-979.

K, TH RS, S AR AR X TR SRR A AN T 2
B U AR R (7). BE 4R, 2019, 59(6): 1036-1049. [DU Rui,
YU Min, CHENG Jingguang, et al. Diversity and sulfur oxidation
characteristics of cultivable sulfur oxidizing bacteria in hydrothermal
fields of Okinawa Trough[J]. Acta microbiologica Sinica, 2019, 59(6):
1036-1049.]

Venter J C, Remington K, Heidelberg J F, et al. Environmental gen-
ome shotgun sequencing of the Sargasso Sea[J]. Science, 2004,
304(5667): 66-74.

XIWIE, FAEEE, ATV, 5. RIBRGEERZ VTR TE VA 4510 K
M B> AT HEFE [T, WEFE S 1E, 2015, 46(5): 1119-1131. [LTU
Minghua, WANG Jianxin, YU Kaicheng, et al. Community structure
and geographical distribution of bacterial on surface layer sediments in
the east China Sea[J]. Oceanologia et Limnologia Sinica, 2015, 46(5):
1119-1131.]

iy, HIEHE, UK, 5 FERTHES SR KR ZTTRDH
VAR 45 1 S Honr DURR IR B (W 87 (7). WV 22 BT 5, 2021, 39(2):
21-32. [WANG Yuanru, CUI Hongpeng, LI Jidong, et al. The struc-

ture of bacterial communities and its response to the sedimentary dis-


https://doi.org/10.1186/2197-4284-1-5
https://doi.org/10.1186/2197-4284-1-5
https://doi.org/10.1111/j.1574-6941.2008.00502.x
https://doi.org/10.1111/j.1574-6941.2008.00502.x
https://doi.org/10.1111/j.1574-6941.2008.00502.x
https://doi.org/10.1016/j.mib.2011.04.013
https://doi.org/10.1016/j.mib.2011.04.013
https://doi.org/10.1016/j.mib.2011.04.013
https://doi.org/10.1016/j.fm.2010.09.001
https://doi.org/10.1021/np900662k
https://doi.org/10.1021/np900662k
https://doi.org/10.1111/1462-2920.15247
https://doi.org/10.13343/j.cnki.wsxb.20180353
https://doi.org/10.13343/j.cnki.wsxb.20180353
https://doi.org/10.1126/science.1093857

212

T M S5 5 1 20 M S

2023 4F 10 H

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

271

turbance in the surface sediment of western Pacific polymetallic nod-
ule area[J]. Journal of Marine Sciences, 2021, 39(2): 21-32.]

Inagaki F, Kuypers M M M, Tsunogai U, et al. Microbial community
in a sediment-hosted CO, lake of the southern Okinawa Trough hydro-
thermal system[J]. Proceedings of the National Academy of Sciences
of the United States of America, 2006, 103(38): 14164-14169.
Yanagawa K, Ijiri A, Breuker A, et al. Defining boundaries for the dis-
tribution of microbial communities beneath the sediment-buried, hy-
drothermally active seafloor[J]. The ISME Journal, 2017, 11(2): 529-
542.

Nakagawa S, Takai K, Inagaki F, et al. Variability in microbial com-
munity and venting chemistry in a sediment-hosted backarc hydro-
thermal system: impacts of subseafloor phase-separation[J]. FEMS Mi-
crobiology Ecology, 2005, 54(1): 141-155.

Wang L, Yu M, Liu Y, et al. Comparative analyses of the bacterial
community of hydrothermal deposits and seafloor sediments across
Okinawa Trough[J]. Journal of Marine Systems, 2018, 180: 162-172.
Yanagawa K, Breuker A, Schippers A, et al. Microbial community
stratification controlled by the subseafloor fluid flow and geothermal
gradient at the Theya North hydrothermal field in the Mid-Okinawa
Trough (Integrated Ocean Drilling Program Expedition 331)[J]. Ap-
plied and Environmental Microbiology, 2014, 80(19): 6126-6135.
Yanagawa K, Morono Y, de Beer D, et al. Metabolically active micro-
bial communities in marine sediment under high-CO, and low-pH ex-
tremes[J]. The ISME Journal, 2013, 7(3): 555-567.

Zhang J, Sun Q L, Zeng Z G, et al. Microbial diversity in the deep-sea
sediments of Theya North and Theya Ridge, Okinawa Trough[J]. Micro-
biological Research, 2015, 177: 43-52.

Rona P A, Scott S D. A special issue on sea-floor hydrothermal miner-
alization: new perspectives: preface[J]. Economic Geology, 1993,
88(8): 1935-1976.

ARE, BREST, AR, ENEEE G 2 R BRI BRI T
SR (9], HEEHLT S 5 UL HBIR, 2015, 35(5): 125-133. [SHAO
Ke, CHEN Jianping, REN Mengyi. Quantitative prediction and evalu-
ation of polymetallic sulfide mineral deposits along the central Indian
ocean ridge[J]. Marine Geology & Quaternary Geology, 2015, 35(5):
125-133.]

Walsh J J. Importance of continental margins in the marine biogeo-
chemical cycling of carbon and nitrogen[J]. Nature, 1991, 350(6313):
53-55.

BT P SRR R R S3 A TR P 2 AN ER L 22 AT 5 [D].
o Rk B R (Y R 27 B A E 4 ) 1l 22 A2 185, 2020.
[HU Siyi. Mineralogical and geochemical study of sediment core S3
from the southern Okinawa Trough[D]. Doctor Dissertation of Insti-
tute of Oceanology, Chinese Academy of Sciences, 2020.]

WS, Rk, XIEL, 5. IR BV T TR R
SO IR ARG SRR R [T]. A BT S A DU A8 T, 2018,
38(2): 25-37. [YANG Baoju, WU Yonghua, LIU Jihua, et al. Element-
al geochemistry of surface sediments in Okinawa Trough and its im-
plications for provenance and hydrothermal activity[J]. Marine Geo-
logy & Quaternary Geology, 2018, 38(2): 25-37.]

BYESE, Hl. SRR RCE RS S BNE R AL (1] h

(28]

[29]

(30]

(31]

[32]

[33]

[34]

[35]

[36]

(37]

(38]

[39]

[40]

[41]

Bl Ak, 2023, 53(5): 660-671. [ZHAO Weishu, XIAO Xiang.
Microbiome and environmental adaption mechanisms in deep-sea hy-
drothermal vents[J]. Scientia Sinica: Vitae, 2023, 53(5): 660-671.]
. SRR e A R U T B YRR AT 5T (D). o A
e K (T E ARG T 2 i3, 2021, [YANG
Yamin. Study on the characteristics of turbidite sediments hosted-sulf-
ides deposit from the southern Okinawa Trough[D]. Doctor Disserta-
tion of Institute of Oceanology, Chinese Academy of Sciences, 2021.]
Zeng Z G, Chen S, Ma Y, et al. Chemical compositions of mussels and
clams from the Tangyin and Yonaguni Knoll IV hydrothermal fields in
the southwestern Okinawa Trough[J]. Ore Geology Reviews, 2017, 87:
172-191.

W T, BRAE, TRUIE, S5 P am i v A A B X T 3
RRAE B R 23 BT [0 g P4t o 5 55 DY 42 b R, 2019, 39(4): 12-22.
[SHANG Luning, CHEN Lei, ZHANG Xunhua, et al. Topographic
features of the hydrothermal field and their genetic mechanisms in
southern Okinawa Trough[J]. Marine Geology & Quaternary Geology,
2019, 39(4): 12-22.]

Atlas R M. Handbook of Microbiological Media[M]. Boca Raton:
CRC Press, 1993: 527.

Ruby E G, Wirsen C O, Jannasch H W. Chemolithotrophic sulfur-oxid-
izing bacteria from the Galapagos rift hydrothermal vents[J]. Applied
and Environmental Microbiology, 1981, 42(2): 317-324.

Das A, Cao W R, Zhang H J, et al. Carbon fixation in sediments of
Sino-Pacific seas-differential contributions of bacterial and archaeal
domains[J]. Journal of Marine Systems, 2017, 175: 15-23.

Cao W R, Lu D C, Sun X K, et al. Seonamhaeicola maritimus sp. nov.,
isolated from coastal sediment[J]. International Journal of Systematic
and Evolutionary Microbiology, 2020, 70(2): 902-908.

Wang F, Men X, Zhang G, et al. Assessment of 16S rRNA gene
primers for studying bacterial community structure and function of
aging flue-cured tobaccos[J]. AMB Express, 2018, 8(1): 182.

Tamura K, Stecher G, Kumar S. MEGA11: molecular evolutionary ge-
netics analysis version 11[J]. Molecular Biology and Evolution, 2021,
38(7): 3022-3027.

Felsenstein J. Evolutionary trees from DNA sequences: a maximum
likelihood approach[J]. Journal of Molecular Evolution, 1981, 17(6):
368-376.

Kimura M. A simple method for estimating evolutionary rates of base
substitutions through comparative studies of nucleotide sequences[J].
Journal of Molecular Evolution, 1980, 16(2): 111-120.

Nossa C W, Oberdorf W E, Yang L Y, et al. Design of 16S rRNA gene
primers for 454 pyrosequencing of the human foregut microbiome[J].
World Journal of Gastroenterology, 2010, 16(33): 4135-444.

Yang Y M, Zeng Z G, Yin X B, et al. Mineralogy, geochemistry, and
sulfur isotope characteristics of sediment-hosted hydrothermal sulfide
minerals from the southern Okinawa Trough[J]. Acta Oceanologica
Sinica, 2021, 40(10): 129-143.

B—BH, B, Ak, S AR T RO RN R (9],
Blafimif, 1996, 41(14): 1307-1310. [ZHAO Yiyang, ZHAI Shikui,
LI Yongzhi, et al. New records of submarine hydrothermal activity in

middle part of the Okinawa Trough[J]. Chinese Science Bulletin, 1997,


https://doi.org/10.1038/ismej.2016.119
https://doi.org/10.1016/j.femsec.2005.03.007
https://doi.org/10.1016/j.femsec.2005.03.007
https://doi.org/10.1016/j.femsec.2005.03.007
https://doi.org/10.1016/j.jmarsys.2016.11.012
https://doi.org/10.1128/AEM.01741-14
https://doi.org/10.1128/AEM.01741-14
https://doi.org/10.1038/ismej.2012.124
https://doi.org/10.1016/j.micres.2015.05.006
https://doi.org/10.1016/j.micres.2015.05.006
https://doi.org/10.2113/gsecongeo.88.8.1935
https://doi.org/10.1038/350053a0
https://doi.org/10.1016/j.oregeorev.2016.09.015
https://doi.org/10.1128/aem.42.2.317-324.1981
https://doi.org/10.1128/aem.42.2.317-324.1981
https://doi.org/10.1016/j.jmarsys.2017.06.005
https://doi.org/10.1186/s13568-018-0713-1
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1007/BF01734359
https://doi.org/10.1007/BF01731581
https://doi.org/10.3748/wjg.v16.i33.4135
https://doi.org/10.1007/s13131-021-1836-9
https://doi.org/10.1007/s13131-021-1836-9

%4346 5 5

XS24, 25 i 24 VAR A g TS R T X R S A DR LA o B A 0 4 e B0 A R B

X FRIE K] 4 1) 7

213

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

42(7): 574-577.]

R, FRE, BUN AR LR E TR T R Rk
SEURAE [J]. HEEESVE, 2006, 37(1): 75-83. [JIANG Fuging, LI An-
chun, LI Tiegang. Geochemical characteristics of transition elements in
surface sediments northern Okinawa Trough[J]. Oceanologia et Limno-
logia Sinica, 2006, 37(1): 75-83.]

Edlund A, Hardeman F, Jansson J K, et al. Active bacterial community
structure along vertical redox gradients in Baltic Sea sediment[J]. En-
vironmental Microbiology, 2008, 10(8): 2051-2063.

Chu H Y, Sun H B, Tripathi B M, et al. Bacterial community dissimil-
arity between the surface and subsurface soils equals horizontal differ-
ences over several kilometers in the western Tibetan Plateau[J]. Envir-
onmental Microbiology, 2016, 18(5): 1523-1533.

Teske A P. Microbial community composition in deep marine subsur-
face sediments of ODP Leg 201: sequencing surveys and cultivations
[M]//Jergensen B B, D'Hondt S L, Miller D J. Proceedings of the
Ocean Drilling Program Scientific Results. 2006.

Pérez-Rodriguez I, Bohnert K A, Cuebas M, et al. Detection and phylo-
genetic analysis of the membrane-bound nitrate reductase (Nar) in pure
cultures and microbial communities from deep-sea hydrothermal
vents[J]. FEMS Microbiology Ecology, 2013, 86(2): 256-267.
Rajasabapathy R, Mohandass C, Colaco A, et al. Culturable bacterial
phylogeny from a shallow water hydrothermal vent of Espalamaca
(Faial, Azores) reveals a variety of novel taxa[J]. Current Science,
2014, 106(1): 58-69.

Martins A, Tenreiro T, Andrade G, et al. Photoprotective bioactivity
present in a unique marine bacteria collection from Portuguese deep
sea hydrothermal vents[J]. Marine Drugs, 2013, 11(5): 1506-1523.
Kaye J Z, Sylvan J B, Edwards K J, et al. Halomonas and Marinobac-
ter ecotypes from hydrothermal vent, subseafloor and deep-sea envir-
onments[J]. FEMS Microbiology Ecology, 2011, 75(1): 123-133.

Cao HL, Wang Y, Lee O O, et al. Microbial sulfur cycle in two hydro-
thermal chimneys on the southwest Indian Ridge[J]. mBio, 2014, 5(1):
€00980-13.

Mohandass C, Rajasabapathy R, Ravindran C, et al. Bacterial diversity
and their adaptations in the shallow water hydrothermal vent at D. Jodo
de Castro Seamount (DJCS), Azores, Portugal[J]. Cahiers de Biologie
Marine, 2012, 53(1): 65-76.

Dick G J, Lee Y E, Tebo B M. Manganese(I)-oxidizing Bacillus
spores in Guaymas basin hydrothermal sediments and plumes[J]. Ap-
plied and Environmental Microbiology, 2006, 72(5): 3184-3190.

Liao L, Xu X W, Jiang X W, et al. Microbial diversity in deep-sea sed-

[54]

[55]

[56]

(571

(58]

[59]

[60]

[61]

[62]

[63]

iment from the cobalt-rich crust deposit region in the Pacific Ocean[J].
FEMS Microbiology Ecology, 2011, 78(3): 565-585.

Xu M X, Wang F P, Meng J, et al. Construction and preliminary ana-
lysis of a metagenomic library from a deep-sea sediment of East Pa-
cific Nodule province[J]. FEMS Microbiology Ecology, 2007, 62(3):
233-241.

G S 7 A HISE D U T R E RS AT (D).
BRI 24 4718 3, 2010. [WEI Manman. Study on microbial com-
munity structures in sediments from Lau Basin deep-sea hydrothermal
vents[D]. Master Dissertation of Central South University, 2010.]
Flores G E, Campbell J H, Kirshtein J D, et al. Microbial community
structure of hydrothermal deposits from geochemically different vent
fields along the Mid-Atlantic Ridge[J]. Environmental Microbiology,
2011, 13(8): 2158-2171.

Sylvan J B, Toner B M, Edwards K J. Life and death of deep-sea vents:
bacterial diversity and ecosystem succession on inactive hydrothermal
sulfides[J]. mBio, 2012, 3(1): ¢00279-11.

Cao W R, Wang L S, Saren G, et al. Variable microbial communities in
the non-hydrothermal sediments of the Mid-Okinawa Trough[J]. Geo-
microbiology Journal, 2020, 37(8): 774-782.

TR, s R UR WCE D 2 P VR G5 R R AE T 7
[D]. v B Ak B 4F 50 A B (it v AFF 56 A7) T 2 22 A2 18 32, 2010,
[ZHANG Wei. Microbial diversity and community structure in marine
sediments from the tropical western Pacific[D]. Master Dissertation of
Institute of Oceanology, Chinese Academy of Sciences, 2010.]

Lee S Y, Huh C A, Su C C, et al. Sedimentation in the Southern Ok-
inawa Trough: enhanced particle scavenging and teleconnection
between the Equatorial Pacific and western Pacific margins[J]. Deep
Sea Research Part I: Oceanographic Research Papers, 2004, 51(11):
1769-1780.

AR, R XA RE B IR R 2 REE . AQBIRRAE 53R
[J]. BI2£i84R, 2018, 63(36): 3902-3910. [SHAO Zongze. Diversity
and metabolism of prokaryotic chemoautotrophs and their interactions
with deep-sea hydrothermal environments[J]. Chinese Science Bullet-
in, 2018, 63(36): 3902-3910.]

LiY X, Li F C, Zhang X W, et al. Vertical distribution of bacterial and
archaeal communities along discrete layers of a deep-sea cold sedi-
ment sample at the East Pacific Rise (—~13°N)[J]. Extremophiles,
2008, 12(4): 573-585.

Wang P, Xiao X, Wang F P. Phylogenetic analysis of Archaea in the
deep-sea sediments of west Pacific Warm Pool[J]. Extremophiles,

2005, 9(3): 209-217.


https://doi.org/10.3321/j.issn:0029-814X.2006.01.012
https://doi.org/10.3321/j.issn:0029-814X.2006.01.012
https://doi.org/10.3321/j.issn:0029-814X.2006.01.012
https://doi.org/10.3321/j.issn:0029-814X.2006.01.012
https://doi.org/10.1111/j.1462-2920.2008.01624.x
https://doi.org/10.1111/j.1462-2920.2008.01624.x
https://doi.org/10.1111/1462-2920.13236
https://doi.org/10.1111/1462-2920.13236
https://doi.org/10.1111/1574-6941.12158
https://doi.org/10.3390/md11051506
https://doi.org/10.1111/j.1574-6941.2010.00984.x
https://doi.org/10.1128/AEM.72.5.3184-3190.2006
https://doi.org/10.1128/AEM.72.5.3184-3190.2006
https://doi.org/10.1111/j.1574-6941.2011.01186.x
https://doi.org/10.1111/j.1574-6941.2007.00377.x
https://doi.org/10.1111/j.1462-2920.2011.02463.x
https://doi.org/10.1080/01490451.2020.1776800
https://doi.org/10.1080/01490451.2020.1776800
https://doi.org/10.1016/j.dsr.2004.07.008
https://doi.org/10.1016/j.dsr.2004.07.008
https://doi.org/10.1360/N972018-00980
https://doi.org/10.1360/N972018-00980
https://doi.org/10.1360/N972018-00980
https://doi.org/10.1360/N972018-00980
https://doi.org/10.1007/s00792-008-0159-5
https://doi.org/10.1007/s00792-005-0436-5

	1 材料与方法
	1.1 样本来源
	1.2 元素地球化学特征
	1.3 主要试剂和培养基
	1.4 菌株DNA提取、16S rRNA基因扩增和分类鉴定及系统发育分析
	1.5 环境样品DNA提取扩增、高通量测序和数据分析
	1.6 登录序列号

	2 结果
	2.1 主量元素和微量元素组成分析
	2.2 可培养细菌的分离鉴定及其多样性
	2.3 基于16S rRNA基因高通量测序分析的微生物多样性
	2.4 微生物群落、环境因子和样品间的关系

	3 讨论
	3.1 沉积物柱的元素地球化学特征
	3.2 沉积物柱中的微生物多样性
	3.3 柱状沉积物中微生物多样性的影响因素

	4 结论
	参考文献

