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i OE: [(HR) AFRDETREBME, BaTRELESRAANTHEL K. REHT
B 3 B R B AL Rk s IR R BB R, ERFREAD SR BRI L
BT RTHERGER. [B 8] AR HELE 0 mRY b a i B 50 F AR LA R T
8RR, RIS B T 21 Asbre) R BB SERTIRA. [FX] AR A0 AFHEK
(Illumina HiSeq 2500)%t 48 16S rRNA A F V3-V4 HER#ATN 5, T84 XKILE T4
AR ¥ B AR A R A A AR, K EIR T ALIR S A 69 T2 E T, [4R] #F
RRIR ZAAEN A LB OIS TFHA 1 (Proteobacteria) & 56.8%, BAATH I'1(Acidobacteria)
& 8.9%, %% @ 1 (Chloroflexi) & 8.1%, 44 & I (Bacteroidetes) & 6.2%, HF y-ZH AR
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(Redundancy analysis, RDA)Z IR R 3R ¥ IRFE F APl mABE LML R %R,
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Structure characteristics of core bacterial communities in surface
sediments and analysis on their responses to environmental factors in
the inlet of Bohai Bay
LIU Peng-Yuan'*® CHEN Qing-Cai’ HU Xijao-Ke'**"

(1. Key Laboratory of Coastal Biology and Bio-resource Utilization, Yantai I nstitute of Coastal Zone Research, Chinese

Academy of Sciences, Yantai, Shandong 264003, China)

(2. Laboratory for Marine Biology and Biotechnology, Qingdao National Laboratory for Marine Science and Technol ogy,
Qingdao, Shandong 266237, China)

(3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [Background] In recent years, the increasingly polluted environment of Bohai Bay has
impacted the sustainability of offshore ecosystems. [Objective] To explore the distribution
characteristics of bacterial communities in surface sediments and their response to environmental
factors, we selected surface sediment samples from 21 stations for study. [Methods] We investigated
the microbial community structure by sequencing the V3—V4 hypervariable regions of bacterial 16S
rRNA gene using the Illumina HiSeq 2500. Bacterial community composition, spatial distribution
characteristics and environmental factors were combined and analyzed in an attempt to understand
the key interactions. [Results] The 16S rRNA gene clone library analysis indicated that the most
common phyla that were widely distributed in the 21 sites were: Proteobacteria (56.8%),
Acidobacteria (8.9%), Chloroflexi (8.1%), Bacteroidetes (6.2%). Moreover, y- Proteobacteria and d-
Proteobacteria were the most dominant classes in Proteobacteria. Total organic carbon and total
organic nitrogen content in the near shore sediments is high due to the input of anthropogenic materia
and gradually decreased offshore. The most significant influence on species composition and
community structure within the study area were found to be from particle size (content<4 pm) and
organic nitrogen load. [Conclusion] The microbial diversity in the inlet of Bohai Bay is very high
and is significantly related to a variety of environmental parameters. Human activities play an
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important role in structuring the microbial diversity, community structure and distribution.

Keywords: Bohai Bay, Sediment, Microbial community, 16S rRNA gene diversity
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PESR . K SCHBSRARAE . KB 1550 . EFRERSE
HAR M IR AR 2278 o R SXo it VS ¥ 11 W 3 3 ) 2
DU A D RETE IS E AT B =, DR, ARSE
ISTESNEE TS T XCOREE T 21 ANhhirR)IZ VIR
YERWFGE X G, 32 i 2 O o3 A7 45 5 A 5%
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DU AR R VE AL, BB R 5
DRI A REIE R . S04 S ZREE R R, F
— SRR TR T AN R A S5 A ORI R
1 MREFE
1.1 #HEEE

2013 4F 10 HoREE T #EETE 11/ 21 D uhfi
(B 1), e B B2 [R] 9 400 R Bk 21 Akl 43
B3 AN/ VS C1EER 7 Auh (BN
BN2. BN3, BN4, BN5, BN6., BN7); i
R 8 ANulifz(BM8, BM9, BM10, BMII
BM12, BMI13, BMI14, BMI15); s 11 5570
6 ~ufifi(BS16, BS17. BS18. BS19., BS20,
BS21), VIR AECRAESRTTES, IEE 0-5 cm &

JZUTRWIRE S, RSG5 mL BRI
B T DNA RIS, {47 300-500 g
FESAFE—20 °C VKA THUL K F I E . 7 a5
B3 MRS TER VR TIRALH R VR T4 72 h, BB
&, AET AR LR
1.2 FZRLHIFLER

PowerSoil™ DNA Isolation Kit, Mo Bio 2\ H];
Phusion® High-Fidelity PCR Kit, Next” Ultra™ DNA
Library Prep Kit, New England Biolabs /A ], %84h
7966, Thermo Scientific 23] ; Illumina HiSeq
2500 MFAL, Mlumina 2AF]; @URTHEHL, Christ
NE] BOCkEY, Malvern Instruments 23 H]; JG
R4rHriL, Elmentar 2Aw]; EZLR T, Seal
AT
1.3 AR EFNE

(1) RARAGI . YR URTEE 09 SL S 2 mm i
Do 2 B ROk 2% Jot, B 3 et PO B A SR
AR RN
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Figure 1 Distribution of sampling sites in the inlet of Bohai Bay
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BWE 3 FAT; AR EH A 1 mol/L (&R
3mL, H#300 W MHEAVEM 1 h fiEHFEMES,
L NECE 1 hy FIRE R EIE R R R R
1 mol/L WL B 2 L™ 4E, /5 1 hJF=
IRACE 24 hy FEEWH WA 3 mL #EE4liK,
RAEET 60 °C HAEHHETRZK, HEE MK
M, BHZE BN pH S Ik MRS
FIFHICER 73 B A3 o

(3) =AM . FEAZ 100 HE M35
PRI 2.5 g T 50 mL 92U, A 2 mol/L ) KC1
W 25 mL, PR%% 1 h 3245 ARG
W, 1t 0.45 um IEMEZE 34> 15 mL B0 P (B EE
A BEE 3 ASEA T HE S sh /T G Tl A .
1.4 HFH DNA BiEEl. PCRyHERSEE
)=

21 NS TTRRPIRE S ) DNA $2BCR &
PowerSoil™ DNA Isolation Kit, SZEFES RIAF]
EULIA T, DNA 43 Fvk i iGN 7E 28 4h 36t
B F5E. SR Phusion” High-Fidelity PCR Kit
K PCR P44 16S rRNA HEFEE V3-V4 578
X, Sl TH 6 MMEFERY Barcode FIE 5S4
341F (5-CCTACGGGNBGCASCAG-3")HIJZ 1] 514
785R (5-GACTACNVGGGTATCTAATCC-3")**,
PCR J% )i #& & : 2xPhusion® High-Fidelity PCR
Master Mix with GC Buffer 15 uL, DNA g
100-200 ng, 1E. [ 5[47(10 pmol/L)4 1 pL,
FHC T A ZE K #hF55] 30 pL., PCR JZ b 554
95 °C 5 min; 95°C 1 min, 50 °C 1 min, 72 °C
1 min, 25 MMEFF; 72 °C 7 min; 4 °C f#4£. PCR
PGt PRI, RS RS ) PCR 4
Next® Ultra™ DNA Library Prep Kit for Illumina
JE AR 50 6 A S o U S 0 R i A Tllumina
HiSeq 2500 - %, WP TAEEIL st poA4:
TSR TE
1.5 HUBALIBFOZ ST

2 381 737 4R FSILE QIIME (V.1.8.0)*° 171
Mothur (V.1.36)PV5¢ i Ab B /4 . B i o

PG T RS bR, A FEIT i E>20, 51Y%
AL, WABMBIE, FREK<7 % BisE
Greengene (V.13.5)%1 USEARCH V.61 {445 ¥k
Erim A, FEFARN OTU %, FIH Mothur 43
HrAEf Y o ZFEPE(f2 45 Chaol . Shannon F1 Simpson

SHZE), B ZFEMERIFT Primer V6.0 (Primer-E Ltd.)
T ) Euclidean [ 25 FINAL Bray-Curtis 25,
1E NMDS EIFIFE il 25387 (Cluster) .
1.6 Fito i

FIIFH SPSS (V.16.0)58 i34 T Pearson A

PERG S, DL P<0.05 fEN 225 B K- REESEH
S F LR HE T CANOCO 4.5 5
R~ % B4 5 (Monte Carlo permutation test ,
permutation=999) ; ¥ 5i PR [A] A AH G 73 el R %
H(V.3.1.3)5E 1.

2 ZR545H0
2.1 ZHEMEEESH

21 MRES S 20— R AN A T, Jt
PAFT 2094 757 FABUFHNER 1), FFHAE 97%LA
EARUKE BRI 231 014 A ERES ISR
(Operational taxonomic units, OTUs). #5845 %L
STRAE 98.58%-99.43%, Ui BHIN P45 vl LI 4 Thi
b S5z R A XS R B A DRI (O LS DL . AR
A RGPS E L % NCBI £dils 2, HR150)
F#315 A SRR7062257-SRR7062277 .,

Chaol FEEUTIR S BRIEHE 5 B, FRE0MR UL
HiH R S EGEZ2 ; Shannon A1 Simpson FHEUFH AL
PR BEZ M (Community diversity), ASSZE; Chaol
R AL TEFEITE 3 021.5—1 857.7, f8HUR KMy
3 ANEEARIKE BN1, BN4, BN2, b
K MFEEERAKM 3 ANt BM8, BMI12,
BM11, BE%FEE L. Shannon$5%(F Simpson 1§
B BM10, BN4, BN2 sfifv ifleems, F£oizat
WEEY ZREvERm , RS I HArmcsy sy
BMS8. BS17. BMI12 GfiifEH/N, BEALEHIA]
XN TR, 3 MU B H—3, PR
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Table 1 Prokaryotic microbial alpha diversity index of sediment samples in the Bohai Bay inlet

Fd ARIEL OTU %k B . . : .
Samples Valid sequences number OTUs number Coverage (%) Chaolindex  Shannon index  Simpson index
BN1 111 839 15051 0.995 3021.498 6.179 0.989
BN2 125 892 15077 0.997 3008.172 6.385 0.993
BN3 131 942 13095 0.997 2 886.009 6.211 0.992
BN4 96 550 12 732 0.996 3010.410 6.387 0.993
BNS5 129 365 13 199 0.997 2 959.388 6.271 0.992
BN6 124 310 11 934 0.996 2 875.796 5.986 0.990
BN7 123 852 12 368 0.996 2 871.744 5.976 0.989
BM8 58397 5805 0.988 1 857.659 5.234 0.979
BM9 89 024 11 045 0.994 2987.891 6.259 0.991
BM10 74915 11273 0.992 2934.017 6.444 0.995
BMI11 66 895 9102 0.990 2462.277 6.030 0.992
BM12 41 685 6288 0.986 2 185.645 5.866 0.990
BM13 106 000 11 536 0.996 2 970.029 6.176 0.991
BM14 87 754 9479 0.994 2 850.593 6.138 0.989
BM15 115317 10 385 0.997 2 841.268 6.047 0.987
BS16 118 329 10 328 0.996 2 728.175 5.964 0.988
BS17 117 601 8924 0.996 2 589.900 5.787 0.986
BS18 83 622 9 800 0.994 2 793.421 6.061 0.989
BS19 86 966 10 659 0.995 2 855.383 6.142 0.990
BS20 110 943 12 174 0.996 2 833.793 6.134 0.989
BS21 93 559 10 760 0.994 2 777.472 5.913 0.980

2 X TR S5 AR A e . Y — Rl . Uk
W) 22 FEE S B VR T T 10 AU IR R A e Ak v AN H R
(R

22 HEREESN

21 AL EAZ A ) 16S TRNA JEDRIN 745
H15 Silva B ZEAE O HERES2E, J6155) 23 1]
554 42877, o 7T TR EEROERE, 4
d BLEARRYT 90.7%. EIEEETE IR . L dE 3 DX
BRI RNZH R ZE S B35 (P=0.001)

MK FE, ZIEEI ] (Proteobacteria) . iR
FFH T J(Acidobacteria) . %25 1% | ] (Chloroflexi) 2 i)
TRV TR AE I E B O AN RE(E] 2A);
W Ah, HUFF B 1] (Bacteroidetes) . il 44 8 i€ T[]
(Nitrospirae ). ZFHLE | |(Gemmatimonadetes) . i
2% T# ] (Actinobacteria) . & 71 [ ['] (Crenarchaeota)
TEFTA S A )2 A o

STE BT THARXS £ B =i 56.8%, MTAT ¥l
PIPLA R REBMS YL TET SR TR RS, AR
FRERE ) 3 DU BS21 (64.6%). BM13
(63.7%). BM15 (63.4%), X FBERARAY 3 bl
4 BM8 (26.0%). BM11 (35.95). BM12 (39.9%),
Hos () 43 AR A R L TR . BT
FHEEI(P<0.005; P<0.005), BRI T8 BEASE
RIZM, FEA y-ZIE 9 (Gammaproteobacteria) .
5- T i 4N (Deltaproteobacteria) . a-748 & [ 44
(Alphaproteobacteria) (& 2B). HH 5T R 4R A XT
FERER 3 Dl BM14 (35.6%). BS17
(34.8%). BM15 (34.7%), TiHflKry 3 4l 2
BMI11 (6.0%). BMS8 (6.2%). BMI2 (7.1%); &8-7%
T TR AR = B A e sl AR BN2 (31.2%)
BN3 (30.9%). BNS5 (30.0%), FEF&EKubAik BS17
(16.4%). BMS8 (16.7%). BM14 (19.6%); a-ZSIETH
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Relative abundance (%)

o Proteobacteria

= Acidobacteria

g Chloroflexi

u Bacteroidetes

= Nitrospirae

o Gemmatimonadetes
o Actinobacteria

8 Other

Relative abundance (%)

8 Gammaproteobacteria
m Deltaproteobacteria
8 Alphaproteobacteria
B Anaerolineae

= Nitrospira

B Acidimicrobiia

o Flavobacteriia

8 Acidobacteria-6

8 Dehalococcoidetes

o Bacteroidia

¥ Cytophagia

® Other

B2 SBEZOARMAREELENER

Figure 2 Differences in bacterial community in sediments of Bohai Bay inlet
TE: A TUKOF ERIREEAG B: UK RAIEEAL. FREART 1% L0k HERVEBLA YIRS Other.

Note: A: Community composition base on phylum level; B: Community composition based on class level. Low relative abundance (<1%)

species were classified as Other.

90 K KF T BE B uh A /2 BS17 (8.3%) . BN7
(8.2%). BN6 (7.5%), AN HARA 7 8 BMS
(2.7%). BM11 (4.3%). BNI1 (4.3%).

FRFTET ] 5 BEEE N 8.9%, FLrAHNT &5
B3 Ak BN3 (12.1%). BS18 (12.1%).
BS16 (10.7%), AHXFFFEEARA 3 Aulifiiie BM8
(3.3%). BMI11 (5.6%). BMI0 (7.0%), 2]
TE A I T 11 R V3 2 v R (P=0.04).

VT VS VS 10 v R A T ) AR X o B ) R
FFEETT, Hop BMS sl eI B AN (31.8%)

FC S AT 1(26.0%) A 1Z 35 0 B3V

LTI FEERE SR 3 AR BMS
(38.1%). BMI11 (24.5%). BMI12 (19.4%), #H*f+
FERRAY 3 N ubifiidd BS17 (1.7%). BN7 (2.2%).

BS16 (2.9%), &5 [8) 3 A FEAE Ay i) 5 7B 1 rp g
FRN B B S TR . dU T R X (P=0.04;

P=0.04)., PR %729 (Anaerolineae) /=28 25 1 | 1 H 1Y
LR, HADXS FEER A0 BM8 (16.9%) .

BMI11 (9.5%). BM10 (6.9%), AH*=FEEHARA G107
 BS17 (1.3%). BN7 (1.8%). BS16 (1.9%).
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Br UL EAZOBEAN, SFFRT 25 [0 430 A RRAE R
VTS VS 11 P AR SOR T ARHS , 76 BN7 ulifor Hefsil
fi, BMI2 b7 R, 3 S ol BT TR AN
(Flavobacteriia)ZH i i AL IR 5E B [ ) A0 ZF SR AL T 1)
(1) 25 (B 3 AT R AE S S A IR T AR B, SRy i v T
FZR v AR 0 = B sy, I L LU ER7E BM12
wli o e ey HOBNT sl e fik, FERSALIRBE AT T
i 2 1 B AL IR E R 40 (Nitrospira) . T4k
W2 A AR R S ASTE T ] . BRAT I T IAHARL,
AR B B S VS T O rh R KR, e b o
N BS17, e ARuiih BMS, 32 R 4
(Acidimicrobiia)ZH i, R BT I FE B IR TE T 11 Hhf
MIXTFRER R, 76 BMS 3hfifmab 21.4%, {UKT
AT, BOREE ARRRSE RIS Oy
P AR TR T AR IR R 1% LA T

M HERR I B (Buclidean  distance) 872 X ¥ Fh i7F
AR = 24k R 43 Hr(Non-metric multidi-mensional
scaling, NMDS) (& 3), HWis Z45(Stress) ™ 0.03 &
A2 [ AT DA Gy b e A ot [0 % 45 40 1) AF AL A2

FREE . TSSO AEER . HhER SR ER 3 A XA
T H4ER) NMDS F&]_EA7 5010 DX BE A A AL
AR AR (8 4), LIS LI, &,
A BRI SRR YR i 5 A b (AR A B 2 D1
WSV R BMS, BM10, BM11, BMI2
AU TR R, S5 VST D TR J- B4 TR 2 A
ARG 2 B LA (3R )10, ¥ TS TS 1 pg L JEiREI
YR TR 41 SN F BB AL, RTE 8-BIB R
. O TRARRT R E A B 2R R MR
fe 5P LA B = SRR Z,
YR IREZEH 2 . Dehalococcoidetes . £F4
K 9 71 4 (Cytophagia) ,  HC7E H S v 3 o IR A8 20 T
2¥ . Dehalococcoidetes [ i &1 %, 3 H v A
AN, LFYERL R N B
TR AN IHELE 21 ARG A2 9 OTU
LIRS BIAH PSSR 25 (R 34 EAE e
P BIUEEEAR] ] (Spirochaetes) H ZE IS VS 114
R L, A AL L BITE 1%LAT 5 #5H%E
4fi 7% (Cyanobacteria) 2 7E BN6 55 BN7 i fii 7 L A51] 155
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\
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Figure 3 NMDS ordination based on Euclidean similarities of bacterial community structure

TE: BAIREREE AL, b By

Note: Dashed lines indicate the northern, middle and southern of Bohai Bay inlet.
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Figure 4 Plots of station cluster scaling based on Bray-Curtis distance
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Table 2 Comparisons of relative abundances (mean+SE, %) of major bacterial taxa in sediments of Bohai Bay inlet
Taxonomy Jeirs T R R BNvs. BNvs. BMvs. BN+BSvs.
BN BS BN+BS BM BM BS BS BM
Proteobacteria 60.59+0.97 61.19+0.93  60.87+0.65 50.30+5.20 0.05* 0.91 0.05* <0.01**
Gammaproteobacteria 25.51+1.67 31.4740.93  28.26+1.28  20.84+4.63 0.31 0.23 0.04* <0.01**
Deltaproteobacteria 28.12+1.32 21.93+1.35  25.26+1.27 23.33+1.33 0.02* 0.01**  0.47 0.47
Alphaproteobacteria 6.00+0.52 6.21+0.52 6.10+0.36 5.52+0.55 0.53 0.79 0.38 0.61
Acidobacteria 8.86+0.87 10.40+0.44 9.57+0.54 7.9240.85 0.39 0.20 0.04* 0.36
Acidobacteria-6 1.48+0.27 1.3640.11 1.43+0.15 1.70+0.38 0.60 0.78 0.44 0.24
Chloroflexi 4.79+0.69 4.05+0.68 4.45+0.48 13.94+4.48 0.04* 0.87 0.04* <0.01%**
Anaerolineae 3.07+0.34 3.2140.53 3.13+0.29 6.44+1.78 0.06 0.94 0.08 0.01%*
Dehalococcoidetes 0.97+0.29 0.38+0.17 0.70+0.19 2.71+1.11 0.11 0.61 0.05* <0.01%**
Bacteroidetes 7.07£1.21 7.00+1.25 7.04+0.83 4.85+0.96 0.17 0.97 0.20 0.76
Flavobacteriia 3.56+0.98 3.34+1.02 3.46+0.68 1.74+0.53 0.13 0.86 0.20 0.06
Bacteroidia 1.36+0.07 1.21+0.24 1.29+0.11 1.29+0.16 0.76 0.53 0.73 0.61
Cytophagia 1.03+0.07 0.95+0.09 1.00+0.06 0.84+0.15 0.24 0.64 0.51 0.01%*
Nitrospirae 3.42+0.45 3.37+0.22 4.16+0.39 3.40+0.25 0.17 0.93 0.17 0.31
Nitrospira 3.42+0.45 3.37+0.22 4.16+0.39 3.40+0.25 0.17 0.93 0.17 0.31
Gemmatimonadetes 3.27+0.33 3.60+0.06 3.42+0.18 3.86+0.55 0.31 0.60 0.66 0.10
Actinobacteria 3.31+0.22 4.22+0.28 3.73+0.21 2.84+0.35 0.27 0.05* 0.01%** 0.83
Acidimicrobiia 2.73+0.18 3.79+0.28 3.22+0.22 2.35+0.34 0.33 0.02* <0.01%* 0.74
W % ZREFEPL0.05); **; Z5HEEP<0.01).

Note: *: Significance at 0.05 level; **: Significance at 0.01 level.

7

F 1%; 72 ] (Planctomycetes) H 7E BMS ¥y H
KK ; HEEFE T ](Elusimicrobia) H & 1T BMS ¥}
7.
23 HETEOARYELE T

ENETETE O . . AEEERZ TR A5
IR F 22 5 A Bk 2 (P=0.001),  H B it 3 5 g B AN it
T AN (P=0.002; P=0.01).

DR R AR B IR T 2 BV V5 7S 11 g A X3
BAR S, R SRR 2 (R 3).
BS21. BS20. BS19, BS18, BS17., BS16,
BN5, BN4, BN3, BN2, BN1, BN6, BN7 ufifi
B BT, B BRI A A R
T REMIRYY, RV RCR AR (P<0.05) 8
KFHHS, Hrp R LOHAD Sy EERAE, B
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x3 HEBEETORAYERELETF

Table 3 Physicochemical parameters of sediments collected from Bohai bay inlet

IEES TEHLA
FEdh Particj:size (%) REE i GLEGLES Inorganic rf:rogen
Samples Bt Clay Wb silt VR Sand D(‘r’:l’;h Temgeéi‘mre T((jf T((/’I)“ NH; NO, NO;
(<4 pm) (4-63 pm) (>63 pm) (mg/l) (ng/L) (mg/L)

BN1 19.84 72.29 7.87 29.00 8.16 0.73 0.07 0.74 6.70  0.10
BN2 8.38 31.00 60.62 23.00 8.21 0.18 0.02 0.09 6.73  0.11
BN3 13.41 47.21 39.39 28.00 8.22 0.36 0.03 0.07 6.77  0.10
BN4 14.01 48.16 37.83 31.00 8.20 0.47 0.03 0.08 7.10 0.13
BNS5 21.80 68.31 9.89 33.80 8.18 0.85 0.04 0.27 740  0.10
BN6 19.83 68.14 12.03 22.60 8.08 0.74 0.07 4.09 7.90 0.12
BN7 17.97 71.51 10.52 11.800 8.19 0.93 0.08 0.64 7.07  0.09
BMS 29.52 70.19 0.28 25.00 8.29 1.34 0.07 0.46 727  0.15
BM9 23.70 75.79 0.52 26.00 8.27 1.27 0.06 0.40 720 0.12
BM10 26.17 71.39 2.45 25.50 8.25 1.03 0.06 0.36 7.07 0.14
BMI11 23.25 76.55 0.21 27.00 8.26 1.02 0.06 0.28 6.83  0.09
BM12 21.23 78.26 0.51 23.80 8.19 1.08 0.06 0.18 747  0.10
BM13 16.92 75.57 7.51 21.50 8.27 1.19 0.07 0.35 7.23  0.11
BM14 20.09 78.99 0.92 30.00 8.46 1.32 0.07 0.28 827 0.14
BM15 18.08 80.84 1.09 16.00 8.21 1.26 0.05 0.36 7.33  0.16
BS16 10.98 71.14 17.88 / / 0.86 0.03 0.29 8.10 0.21
BS17 6.82 38.50 54.69 16.00 8.15 0.86 0.03 0.51 6.67 0.17
BSI18 16.67 81.70 1.63 20.60 8.08 1.33 0.05 0.58 6.60 0.15
BS19 16.99 77.74 5.27 19.50 8.11 1.03 0.04 122 70.00 0.13
BS20 12.65 72.84 14.51 17.50 8.18 0.84 0.03 0.31 7.37  0.11
BS21 15.22 70.38 14.40 / 8.24 1.02 0.04 0.26 7.55  0.10

T /e Bk,

Note: /: Missing data.

iS22 R AR R D, s v oty 57 /A AR TR
W it 25 T g AR ZE 14 H (P<0.01),
TS D AEE TOC &8 (F SA) B KT+
B X (P<0.01), fc @ b £ ZE P TE BMS
(1.34). BS18 (1.33). BMI14 (1.32). BM9 (1.27).
BMI15 (1.26)4k, 435I T v v 1 v | ma s
KW HE AL, AR BPREEAR, 7ELE BN2
(0.18). BN3 (0.36). BN1 (0.73)A0 5 EikFHRD .,
ASEH TON Fri (& SB)de i i s 87
BM7 (0.08)31v, H¥k>k BNS (0.07). BN6 (0.07)3
7, HAhsb O S EED, BNNEE TS 11 TON &R
SIARFFEE PR I B (. A5 %W TON J&
HEPETTEWI R F R R 62%)7, i

TR TCHLA T N NO, . NOy . NH, . Hi
5C-E W[ LIFEH NO,™ (6.60-8.27 pg/L)fib s iAks
B, VA BM14 (8.27). BS16 (8.10)i% 2 Pl
SERME; NOs (0.09-0.21 mg/L)H&f7E BS16
S BRI A, R IR AR NH,
(0.07-4.09 mg/L)H) & SRS LA FARA &
2T HMSA . PSS DR ST S
ROCRGTHEBEINIERE® TR, B TR A
XY h B UG R & R e 45 S ER -
TR PR A B IR 2 ) A AR fE B —
TE P FEYEFAROCOC R, X 5K AR iEsh
YR, A XIEN TOC 5%+, Kb, ¥
KA R B 0.57, 0.80, —0.80 LA
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Figure S Distribution trend of environmental factors
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e A AHR; B: BHLA; C: THESA; D: HA%A; E: 854

Note: A: TOC; B: TON; C: NO, ; D: NO;; E: NH,'.

W 2% (P<0.01), TON 5%+ . NO5 . VRLAAH
KRB 073, 0.61, —0.71, FH W EME
(P<0.01). TOC #1 TON [1& &t STTRMIRZE+ .
MAPRIEAE, W5k R A, X551
HESE R —2!, TOC Fl TON Z [t @R i T i
FHHYIEAHSCHME(P<0.01), HAHXKRHCN 0.58. NO5
5 TONIRUEAIRL, S5+ Wb, URIAER
BOrH 1,00, 0.61, —0.79, HAHCHEHS ik B %
(P<0.01); NO; 5 TOC. TON HJHHE R E 351K

0.57 (P<0.01)#1 0.73 (P<0.01) (I&] 6).
2.4 FEEEEMIRTING E TR

TEI 153 28K X OTU M = AR R R F X L
43#1(Detrended correspondence analysis, DCA), %
KEKEEH 112, HEER T 045391 (Redundancy
analysis, RDA)RERITHHET A 5 IREE T Z Al
KARE 7). KBF L. TON WA 545
FEVR A5 A0 HOAH G OC 2R 125 (P<0.05), Ty HeAd BR 55 A
E AL (NS
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Figure 6 Correlation analysis of environmental factors
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Figure 7 Redundancy analysis based on phylum level
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%% 25 14 1] (Chloroflexi) . OP8 . 12 JiE {4 |']
(Spirochaetes) . GNO4 . #2 #F [ '] (Fusobacteria) 7£
S 1 rh AR T EE AR X B, T AR S R
B IEASC; BB T ] (Proteobacteria) . R
I'I(Acidobacteria) . fLL#F 7 [ | (Bacteroidetes) . £k
I"J(Actinobacteria) . Z§ [ [ ](Chlorobi) e i 1%
1A% 23 (8] 53 Ai RAE R AU o TS X = B e v
BRI, T HAR SR SRR, 5 TON & it
SR SR TR W0 TR AT 1 1] (Acidobacteria) . il
21 ] (Actinobacteria), £Ep [ ]J(Chlorobi).

3 WikE%R
30 WMEMBESHEENNTSSHES

VTV UTRR ) Th A TR R I R VAR S R G L
) RABAE 7R TE, T AR T 52 A R R i
B IR, G TV X i
PRI S RIS o 00k PO Jie S R A 1k
YT TS, KBRIMNIE AR S A 14 T
XK, LB ERENABIEET TR y-F1 8B TE R, HK
NIFFET] . PR AR ], Eagl
RN E TR P AR SIE T TR o-
My, HUCHRRFFET] . P TFE
[ Yo FA9E 2 P2 0 P AL DR ) A R R
ZREPERIWTFE [FIRER B y- 1 8- TR 44 23
HHE . ARSLIRTEMIGTE TS DT R AL R 23 A4
M1, AN EIRE T y-. 8-F1 o BB R
4, RSSO AT 2 e S i TR
T ZAEMER BRI — 8, I Bk 2R
P T ) A TR

VT 2o AT TR, S 5a0W
IR S AL R, TEIRA SR T2 5 IREA
SEAERRY; SR AR v P ThBE 22 SRR AR
G o BB AN S Sl h R A AL
AHY AN ) 2 ) e 3K A 2 A0 P X T i i T AR S AR
EEACHIER . ABTETT T Y - e BT TR 2N 7E
TR VES VS 11 1) i AT i o7 FELRRL O =F BE AL IR, B-ABTE
P — RO RS AR R e, 2 AR

SEIRIK B BOK FREE R IR B At 32k 457 B 2 3T
MG BN6. BN7 WY B fE AR 32 B 4%
s M e WIBENZAAAE T ARSI HIbE
Hr, BS21 i e R AR AR X, s 1 X
WARTESIE, FI e B RREBERK .

WANRRFFAT] . ST, AT, 2
FATR ] AH AR e R | S5 AE B IR VS T 1 & i 6 3
A o3 A FLub iR 28 580K, #8717 REER i AE P
TEPENE, WUEYIZAEAATEE S R 225 . TR
[CINE 22 (o a ey e b Y Ll 3 OE S A ]
ARSI TP AT TR T B ARXS R IR B 8.9%, JF
H i s T e, RS n i
(G305 R REE S RV NEIFCE = S N D Rers i
ZINFEIE AW, BT IR A, I
TE 7 H e A2 25 22 G0 Hh B ik B K A5 40 00 G At 48 i
PRI RS IR SE00, S2 K BT B 1) A A Bt
BONEFEN, 2RI AL RE AR A 2R
B, BEREREME A Ry FInerdgE R, JLT .
DNA FiIEfg, e S5@IaypIga: = 10t E1E
My EASE, JF BRI b =%,
TERKAES RGP AR AERE L, Mg
S TR RAIY S EE, TURYRIZ M)
YAk s Sl Re s PR T AR, X SR A
THEFFRE B AT YA B AT LU A R SR
FALAH IR B K AE A AR R L, T2 3w
T VAT SR R R T Y W s e S i e T
Tk i PR, TURRPIE B T AT AL
W E PRI A A7 1) BRI, ek S T VS VS 1T T
AR HE T RS A Ui

Sy S T VS VS 1 e a7 P R R 2 s B
D) T R b AL, 7 v S v e R AR 4 TR A
Dehalococcoidetes 5 B &2, [FIH} y-ZS IR 4 |
ET YR TR B L, AT REJE UL TS SR
REVE M HhERIRE I, B IR AT T R B AR o
TS VS VR R T Tl R R . IR FRGE . iR
Tl 68 B i A= 1% 15 7K B HE T BOR ML o
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wAE, HEEGAEYREE T R R IR, i RUE
FEAE W) 2 FE e i T e iR e, (R I AN REHE
BREE SR AEALEE | I ) AR G 2 R Z TS LAY
W,
3.2 INEREFHWIFE

WO AR AR 29 1.1x10° t Je Vb ik A
TECS VSRR T AW A R R R 1)
JE| BB R B O e e /N IR, 38 B A5
TULRFIC, FrUAERIEA /NRER L R
FL ARG R X 22 AT I el T SRR AR
NI TS

B A KT, ALY
—RIC BN, I A AR TOC &t
ey, I ) R SR B D T T P AR I i
oMb LR, 235 P R TRV S5 48 R BOK ST PR 0
FHXTR2E , WAL SR .

1T BN6 I BN7 3 71t 2 B ap ) Tolk X430t
VRS AR T DA AT T Kt TON E AR,
FirEA TON & A E i v v 11 Pa 638 b ¥l e
FEVEWE SN . A B An R A S R R Ve e R
Rl NO, . NO; Ml NH, - A 554, 3HH
LR B FELL NOy B A 7E . SEIBEH
UL NO; AU FE AR XI55 I 7E BT AU 14k
P, RIS N JCHL AR B AR Ak 32 48 37 Bl Pk
IR A sZm, JF FLieE v 1 b X e A ik 5
A

Gt R BRIk A% 5 2 Fh 5 A
X, TOC. TON. Fi+FUg b & A BB W 1E
FHOCHE, TS5 VR A R A A e E . DT
Priokn e/, HERTHAER G, BERIR IS . &
i 52 E R G T, FF HoRAR R B % 45 A
ANERESN IR 5 Mk BE A K 0 OkL 5 A ALY 45
BJa, KRS 0L R 5 R EURL R 45
%, ANFITHEPR R
3.3  BEERLSMIXTING EF B0 L

T 5% 2 W A 1) 0 5 W 5 5 R 1Y) TR B A
17, REEARRIA A0 T RS i 0

A~ Bl B
[=] Eigl%o

A X0 FH ] R TR Sl ) A9 9 3R R R ) B ik
TR XIS R 2 TR Y i A D R 25 R4 1
YR8 # s Zheng ZE e A5 ORI 2 B TTRY
(AR A2 PN i SR R PAER Ik Bl 5 T B
PoA N R EEIRET IR H 0 A0 g
PV A 4 55 P R A S 43 AT i, & AN [ 346
55 - X A T AT S BRI 52 25 e T8 Tk
VIR S5 R R 25 0] 3 A

AR SRS, FRATT A BV VS T 1 AR
YWEE LY TON FimxH i BAT W& I sh k. R A
SRR RS B INBE R T A VL i R S i
By, DN S MR Tl A 400 765 3 0 T ) A 055 e L

Foh v VS AU R A i A A Tl X, Tk g
IKAEFTRERZ: TON Fr S 7 A HH 3055 v L ) E 2
Jr B Z — o Z RIS R R SRR
LA B AR, U0 Fierer 2 WWF5T & PR
R P3SN, A FH BB A 2 2R 1Y (]
i, BRFFET 1AM BE RS Ramirez %51 *V& 3R
R P3G I AR IR AT A 1 ) FIYERA T ] (Firmicute)
ROECE . AR AZE TON 5 St e 2 5 8mRAT
I"J(Acidobacteria) . Ji{Zk [ J(Actinobacteria), ZE[H
["J(Chlorobi) % F F#AK

S e I TS TS O R TR AR ) 2 A
A8 T 1 DX 3 3 ) SRy BT 1 KT 1T, FR DA 2 AN X
SN L [ ANE A RR A, 33X 5 XIS TR e
FAE 5 7R I AT T AT AR W v i 2 TR 2 A
PR T I e A S . X e R 45 SRR
i FE A2 Y XT E VRE VE VS T DL AR i A WV S
HHE AT ZARAREEVE R WK AR I ST i
Hevs , (AR KR rh A K A ML R T A
R ARG, iz in] 11 3 dul g 7K R B A S5 [ R A
TRAEWRAERKER; 75, BS54
AIREE . RAFFT W) Kl B 55 22 1 S R AR AT e S i
DRSS 11 SN DR B AN 2 e 22 5
34 it

PR TE 11 21 Dl R IZ TR IS 514 J
IR FRTERI LA T 458 (1) BhiE 21 Aol

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1954

TEY I8

Microbiol. China

{7 AR HEUTE . AR ](Proteobacteria) |
FRFF I | ] (Acidobacteria) . %% %5 [ ] (Chloroflexi) il
IR H 1] (Bacteroidetes), R )i = B4 45 y-
ILHN . LI HN ., o-BIEWHN, FHH y-BIE
WA RRE . (2) B9 XIS rh 35T R 43 AR
{23 : TOC I TON ¥ JBE 73 52 A e 11 L2 0 s
It 1o Jil [ R AT R a3, ARAELAS 1T rh R R K
X1, (3) TOC. TON Hl NO; &# 5UTFHYE |
Kb G A W R A IE ARG, SRS R A G
P, I H TOC 1 TON Z[E] 52 2 & RIIEAMSE . (4) A
58 & BRTTRR A () %8 4P TON W] R 52 1 i
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