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F1 RESEERMIKEFESH
Tablel. Geography and geochemical parameters of water in the Three Gorges Reservoir (TGR)
Sample site M1 M2 M3 M4 M5 Bl B2 B3 B4
GPSlocation 110°58.8/ 110°50.87/ 110°40.1/ 110°21.5/ 110°18.07/ 110°57.0/ 110°51.0/ 110°37.3/ 110°19.5/
(E/N) 30°52.1' 30°53.0°  31°00.1' 31°03.3  31°01.0' 30°53.77 30°515  30°58.6  31°04.7
Water temperature/  14.3 144 144 151 138 16.6 157 16.6 16
°C
Conductivity/ 400.0 395.0 362.0 3720 369.0 396.0 414.0 370.0 334.0
(ns'cm)
DO/(mg/L) 217 20.3 233 23.7 23.7 273 223 26.0 30.7
Algae content/ 2.26 2.88 284 3.02 2.76 3.39 361 38 172
(10" cell/mL)
Flow velocity/ 49 17 6.9 12.6 11.9 36 131 152 114
(cm/s)
TDS/(mg/L) 260.0 280.0 243.0 250.0 248.0 300.0 279.0 248.0 224.0
pH 8.1 81 8.2 81 8.2 8.6 83 8.7 9.3
Water chemical parameters/(mg/L)
TN 34 34 34 35 40 38 39 34 24
TP 0.2 0.1 0.2 0.2 0.1 0.1 0.2 0.1 0.1
DOC 6.3 6.1 6.0 304 49 3.6 55 6.7 254
DIC 96.0 124.8 124.8 121.6 128 112 121.6 1184 96.0
Sdlinity 167.4 164.2 166.1 167.9 167.9 161.8 166.5 159.8 154.1
Concentration of major ions/(mg/L)
K* 26 24 24 25 24 23 24 23 22
Na" 20.8 180 18.3 185 18.3 181 181 16.0 159
cat 45.7 46.5 47.2 47.7 47.7 45.8 48.3 48.1 411
M92+ 113 114 116 11.6 11.6 11.0 11.6 11.0 114
Sela 53.4 53.0 53.2 54.1 54.3 515 525 52.7 57.0
cr 227 224 228 232 231 229 229 19.8 20.1
F2 ZBERXINTENENSD MR
Table 2. Diversity indices of the nine clone libraries retrieved from the TGR water samples
Clone libraries M1 M2 M3 M4 M5 B1 B2 B3 B4
Library size (No. of clones) 47 47 45 40 45 43 49 39 51
Coverage/% 91 94 96 95 98 91 98 100 94
No. of observed OTUs 15 13 15 12 10 13 11 7 18
Chao-1 17.0 13.8 15.2 12.2 10.0 14.2 11.0 7.0 184
Shannon-Weaver's diversity index 25 24 2.6 2.3 21 21 22 16 2.7
Simpson’s diversity index 0.9 0.9 0.9 0.9 0.9 0.8 0.9 0.8 0.9

R T 53T 0o =0 XK AR B B AR T
% F % 4 J8 T p-Proteobacteria il
a-Proteobacteria Pi1~4 . 7£ B-Proteobacteria 44,
F OE A

Limnohabitans . Curvibacter .
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Figure 2. Rarefaction curves of the nine soxB gene
clone libraries retrieved from the TGR water samples.

Rhodovulum 331 3 V& (8 3).

B-Proteobacteria & T it Al 3 it RAF i Y 22
i AL BV, TR B ST Hh R X B 2
=T 95.6% (&l 4), SRT, TEEFH b, THRAE
FLZ B SCRAE 2 ], DA K SRR m A
JOE A8 A A 2 ) B AR A T R v AR AT
25 (K 4). £ TR, Limnohabitans J& A1 Ottowia
&AL W AFTE T A 5 DR,
Limnohabitans J& H & E L TE M1, M2, M5 xi
R X 3 B 4 1 15 F) 46.8% . 61.7%711 33.3%,
Ottowia J& M E AL B FE M3, M5 s A X i 43
ik E] 32.6%F1 28.9%. L IEAILAE [ 77 B4 R
Thiobacillus fF7EF M2, M3, M4, M5iX 4
WA, MY EEVIREY 2.2%-11.8%. Leptothrix
1 Enhydrobacter & T A W)E, B UF T
M3 5, HAIREE R 2.2%, J5HUET M5 A4,
FEXFF 8 4.4%, 7ESCU T, Limnohabitans J& #1
Ottowia J& I i A AL I RIFEAATE T T A 4 RAE RS
rh, Limnohabitans J& 4 i S8 L 76 B2 1 B4 54

MGER T 57.1%71 60.4%. i Ottowia J& K% E AL
PR 7E B2 s (AR R 5 32.7%, 1632 I i HAth
KT 13%., e T 1z 20 Aii iy Thiobacillus
JE B AEA T, 2 RAELE T3 e B4 i, HAH
PRI S 3.8%, Polaromonas it 4 1L i S
TET 3, 16 B4 R AYAHNT FRE A 3 24.5%, 75
41, Rhodovulum F1 Pseudorhodoplanes . J2 37 i
R m)E, BUEAET B4 S HAMEXFEESN
1.9%. 7 9 MRAEmh, A A EE T
RIFRAER R G, HARXTERE Y 3.8%-38.5%.
FAh, e 9 AR TP YEA K I Chlorobia,
y-Proteobacteria 4 1) i AL B

2.3 Giitartr

BAROPRZE R BN, 5 AT RS BRTE
] — B b, AR S0 4 A SRR SR R AT
I HL 3P R AR A5 X R a5 AN 7R [F]— 40 A
(B 4) Ml F AR50 8T (PCoA) R, 55— FE AR
(PCo-1) FlI 5 — F Ak bk (PCo-2) 43 B LA 25.2% 1
20.6%/1ff Fi i, PCoA I s IRIEI (K] B) B rn, X
U AT A A A LA R AR, T S I R R )
DA R S pt FRORE I T U a5 4 T TR P P A 7 4 A
ZREWIR, XGRS SR AR
Mantel Fill 25 5 o, i EU A TR R I 2 S B
R WA, WO E. pH B¥HEA B (P<0.05)
FRIEGER 3).

o- £ Ff 1 45 % (Chao-1 . Shannon-Weaver's
diversity index)5 155748 &%) Pearson AH 437
2R Won, FEEHE Chaol 5 DIC ik
(r=—-0.671, P<O.05)ZE R EMAHL, HEHEREFERE
JE 5% Chao-1 1 Shannon F8 5034 A G, MG
F K047 51 515 -0.810 F1-0.805.,

http://journals.im.ac.cn/actamicrocn



590 Qiaoling Chu et a. | Acta Microbiologica Snica, 2018, 58(4)

66 «OTU09, OTU17, OTU11, OTU41, OTU16, OTU29, OTU65
OTU15, OTU45, OTUS1, OTUS3, OTUS5, OTU03
Limnohabitans planktonicus, WP 053172024
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OTUS8
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—— OTU26
YR 0OTuU22
OTU21, OTU35
[ Limnohabitans sp. 103DPR2, WP 055360190
97 '« OTUS56, OTU10, OTU42
OTU12, OTU36
OTU37
Curvibacter sp. GWA2 64 110, OGP02317 Curvibacter
OTU23, OTU30
OTU05
Pseudorhodoferax sp. Leaf265, WP 056662408 Pseudorhodoferax | s
99 Ottowia thiooxydans, WP 028601711 %
OTU01, OTU13, OTU02 Ottowia 2
9. 0TU27, OTUG6 "3
OTU33, OTU71, OTU62, OTU06, OTU54 ‘g.
OTU50 . D
03l Jeprothrix cholodnii, WP 012348779 | Leprothrix 2
OTU52 | Unclassified 1
OTU64
OTuo7 Thiobacillus
Thiobacillus sp. GWE1 62 9, OHE59622
OTU18 | Unclassified 2
Lautropia sp. SCN 69-89, ODS98827 )
39 OTU48, OTU08, OTU46, OTU47, OTU19, OTU32 Lautropia
— OTU40
L’_‘qupriavidus pauculus, WP 061953537 Cupriavidus
53 OTU69, OTU70
99 OTU39
Polaromonas sp. A23, WP 077594928 Polaromonas
G OTU20, OTU49, OTU61, OTU63, OTU67
97 OTU25
ﬂ|——‘:Betaproteobacter1a bacterium, OGA72414 Unclassified 3
| 50 OTU43
ey OTU59, OTUO04, OTU72, OTU31, OTU68 J =
99 OTU44 8
Rhodovulum sulfidophilum, WP 075785482 Rhodovulum _§
92 —%ﬂj34 ‘ Enhydrobacter - §
L Enhydrobacter aerosaccus, WP 085937146 ]
76 OTU60 ‘ Pseudorhodoplanes §
99 Pseudorhodoplanes sinuspersici, WP 086090114 B
Aquifex aeolicus VF5, AE000657 <
0.1

3. soxB ZERERIBHIRERFINRFEREW
Figure 3. Phylogenetic tree constructed by amino acid sequence translated from the soxB gene sequences in nine
clone libraries. Maximum likelihood tree showing the phylogenetic relationships of the deduced SoxB protein
sequences translated from the soxB gene clone sequences obtained in this study and their closely related sequences
from the GenBank database. The numbers following OTU are employed to distinguish OTUs. The scale bar
indicates the expected number of changes per homologous position. Bootstrap values of (1000 replicates) >50% are
shown. The SoxB amino acid sequence from Aquifex aeolicus was used as outgroup.
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Table 3. Results of Mantd tests between sulfur-oxidizing
bacterial population composition and environmental
conditions of the TGR water samples

Physico-chemical parameter R P

Water temperature 0.344 0.023
Conductivity 0.011 0.471
DO 0.411 0.042
Alga content 0.511 0.009
Salinity 0.397 0.048
Flow velocity -0.076 0.657
TDS 0.351 0.070
pH 0.458 0.033
TN 0.158 0.359
TP 0.037 0.564
DIC 0.008 0.420
DOC 0.277 0.168

BRI & Limnohabitans J& 7 & 1k & 7
ST S T2 A 7R o Limnohabitans J& T
B- Proteobacteriad® 2 T2 0 A Tk K AEZS
Z %39 Limnohabitans H.A7 #% 5 Y 3R 55 13 A5 fiE
31335V b A K BB R AR B fig 710,

J34h, Limnohabitans J& il 4 Y1k v] LA s fi
I A ME—RRIEERFA K, X2 Limnohabitans
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® 4R Chlorobia 244 Fi1 y-Protobacteria 25 (1 i A
AT IR K FRBE 02 43 A1 B B S Ak 2 133839
{BAEABF R K 5 Z ALY Bt AL TR 741
Chlorobia 1 4 Ak T A1 ™ 4 R A 4n a1
ZRMT B ALY A . PR O T R
S ST AR TR KRR, #R
TRIZK, RESMEEELER 20.3-30.7 mg/L
(# 1), Hk, Chlorobia 2K H & AL B XELATE R Z
KR, B4k, y-Proteobacteria 4417 AL
TR 406 AR 0 58 (R AN T, X SRANTE) 2 0 A T
ALY F & A G DA G TP W L s
Yy R PEERRE | AR B s PR AR, AR SR
W X R R KA AR BT AL, (AR
FE, IMFHAEE y-Proteobacteria 40 E AL
A=A

TR DX TS A e, BAT7ES B
MR WA AR, JERL T 5 & A PR AHE
N EE AR . TEAIIFRSE R rh, FEX T A A
A TRE 7 2H LA ARARL, T S H i SEL Tk TV
HMERBEWE ., XATRRSHERERAL, Ik
RIS, o T RIS B E I 2 DX K ER
S S AN T A, RIZ AT BT i H
AP S R IR B s R, i,
R LR R SR . ARPRI S B AR BE | Ah I A3
IR PRI 22 5, ¥R AR KRB A 5
T 52 0] 37 3 4 O ) BV AR o KRR P o 1Y)
AT A AN DA R P A AR D B, B
ANEFREEAAET AR A (] 25 DR 2 1% 400 77
PR, 3 b 5 DR 7R ) 72 A (s e R A i S IR ABUAA A
[l R ANTRARAE . FEARBIE S, S AR R T

actamicro@im.ac.cn

LA SRR IE L R B — 2 22 5, B2 A
AR EE . $hABE . WS, pHo B, X
Uit -55 0 LT AV e A S B B T A LA
—E Y22 AR I S 3 A T v ) A TR
EH MR A, Sik. A BRI
Ty S PR AE S [mIK DR T3t 3T 1 X EAT 3R Y
2550, T U ARV A 25 R ) — A e R
KPR ERAR A T 1 45 B 43 A AR 35 57 198

ek 85 2 5 Wi A A 0 i 2 R ) O B P 5 A
o ARIAEA H RS NAERIRE, AiRE,
JKR 8 72 Ak 55 T Ui A TR Y VR 2H R AL B A
oK, I IR FE HE AR AT LUK 2 25 L 2= I U 200 7R A
T IX TR, DR AR M 2 17 U0 24 T R
FAT AL R SRR IK 8 S0 A A TR
JEE o - AL WU E VR ZH B A — s A Y
77 A Tk B i 1 D DL AT R AR T RE A AT A o
YEREE, R Y B N3 5 ) 20 RN I S L
JREIFIF, MTHTCAS T 40 A BT 4L

I AR AT 5 1 RS, ANIA] pH 4%
XA B — 8 B IEPEVE , —I0UET 0 gt B A
M 30 AN B A AT 0 R A b s, AR TRV
LR pH 5 A OE P XS T K B TR 1 et
PR (pH BT BB S0 T 110 B 162 1) — T 5
R, wAEAE N ILHAFE B Thiothrix sp. .
Thiobacillus plumbophilus, Thiomonas intermedia
BT AR B R A, Thiooxidan, P HCHEN H
IREE LRI pH AR 0SB A b B A A VR T
(14 B B I R 22— D5 pH X 4 T TRV 2 0 S
LR E A 5 A T R B SR AR AN Y
RGBSR, ST, RN R 2
REZRY], mEAKIKH o-Protobacteria i 7
M, TAEIR KKK B-Protobacteria i 327 b



BT % | k43R, 2018, 58(4)

593

{71550 A )l ) T 4 P T % B 25 A i 3
B 5, DRI B 2 5 ) A A T A B

BribZ A, WA EREE . pH & AR 5 K
R I AR, RS W B A T T RV 4L
JO g TS B AR S P AR R R
20 BRI R BB, A [ ol B 2 X 3K 2R AT L
e R T RB DA BT AN TR] (45 5 — PR A0 it o) 24
PR IR LA — PR . BlanTEARB S Tz
I3 AT 94N KHE S Y Limnohabitans Xif 3 2511 2E 4
BERAAFRE S AR 9 A RBE S AT AL TR
o 8 A A BRI AT L gk A R
L COy, BRI pH, MR B AL B 7
TR, Pearson AHICPE TS IR R, Bk
DX AU Ab TR ) 2R 1 5 3 1 i DIC S AR
B RGN S R KA ML AL . TR
A pH, USRI TR A AR DD BB T R
AT, ZREMERRAR, R CHLIR(DIC)E
B RIR , FLUR B N T RE £ R 2R
G, SECEIEY RN AUk, DIC
S B I 2 KRR pH T 7, A1 S BUgUgh
TEBCH AU Ry 2R 12

4 Hi

(1) =0k XK A A TR 9 20 i 22 D)
B-Protobacteria }1 3 ; (2) EX T s AL A%
L BLAE R AL, T A [ S A A A TR AR 2 ol 2
SRS, I LSRR R T S A B AR A
TR ATE VR LA AE W] 8 22 5% 5 (B) S Uit AT It R A A
Hof S TR VR AR S KRR . pH, $hJE
BRI EMIG; (@) SR TR s i Ak
PR R S S R DIC S B AR R,

Z % XM

(1

(2

(3l

(4]

(5]

(6]

(7]

(8]

(9

[10]

[11]

[12]

[13]

[14]

Canfield DE, Kristensen E, Thamdrup B. The sulfur cycle.
Advances in Marine Biology, 2005, 48: 313-381.

Friedrich CG, Bardischewsky F, Rother D, Quentmeie A,
Fischer J. Prokaryotic sulfur oxidation. Current Opinion in
Microbiology, 2005, 8(3): 253-259.

RNEE BRIT/K A S A A B A 1 B R AR AR AT 9T
AT LT R 1 2183, 2016.

Lens PNL, Kuenen JG. The biologica sulfur cycle: novel
opportunities for environmental biotechnology. Water Science
and Technology, 2001, 44(8): 57-66.

Ford BJ. Microbe Power: Tomorrow’s Revolution. New York:
Stein & Day Pub, 1976.

Suess E. Effects of microbe activity. Nature, 1988, 333(6168):
17-18.

B O B AL RV S R OB SRR Y . AR
KA g, 2011

42/ R, BORPE VR OB B SN T 1 50 88 A 8 5 2R M)
BT, BRI 2= 183, 2012,

Mever B, Kuever J. Molecular analysis of the diversity of
sulfate-reducing and sulfur-oxidizing prokaryotes in the
environment, using aprA as functional marker gene. Applied
and Environmental Microbiology, 2007, 73(23): 7664—7679.
Mever B, Imhoff JF, Kuever J. Molecular analysis of the
distribution and phylogeny of the soxB gene among
sulfur-oxidizing bacteria—evolution of the Sox sulfur
oxidation enzyme system. Environmental Microbiology, 2007,
9(12): 2957-2977.

Huber JA, Butterfield DA, Baross JA. Bacterial diversity in a
subseafloor habitat following a deep-sea volcanic eruption.
FEMS Microbiology Ecology, 2003, 43(3): 393-409.

Yang J, Jiang HC, Dong HL, Wu G, Hou WG, Zhao WY, Sun
YJ, La ZP. Abundance and diversity of sulfur-oxidizing
bacteria along a salinity gradient in four Qinghai-Tibetan
Lakes, China. Geomicrobiology Journal, 2013, 30(9):
851-860.

Aguilar JRP, Cabriales JJP, Vega MM. ldentification and
characterization of sulfur-oxidizing bacteria in an artificia
wetland that treats wastewater from a tannery. International
Journal of Phytoremediation, 2008, 10(5): 359-370.

Zhang S, Yan L, Chen ZB. Geographical distribution of

sulfur-oxidizing bacteria. Journal of Heilongjiang Bayi

http://journals.im.ac.cn/actamicrocn



594

Qiaoling Chu et a. | Acta Microbiologica Snica, 2018, 58(4)

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Agricultural University, 2017, 29(2): 68-73. (in Chinese)
K, 2, BREE. MR IS AT RRE. BTN
— e B R AEAE, 2017, 29(2): 68-73.

Huang YN, Ji DB, Long LH, Liu DF, Song LX, Su QQ. The
variance analysis of characteristics and blooms of the typical
tributaries of the Three Gorges Reservoir in spring. Resources
and Environment in the Yangtze Basin, 2017, 26(3): 461-470.
(in Chinese)

WS, @ik, RO, XIEE, R, HEE. =ik
J2E DX IR S 3 AR R RAE K AR AR 3D 22 R A0 . TLIR
BRI S5 REE, 2017, 26(3): 461-470.

Zhu AM, Hu JX, Li SX, Zhou LF, Liang YG. Phytoplankton
diversity and water quality in the main stream and tributaries
of Three Gorges Reservoir region of Yangtze River during dry
seasons. Journal of Lake Sciences, 2013, 25(3): 378-385. (in
Chinese)

KRER, WA, SME, FHER, RO =Wk ERIT
T B SR A K R A ) Z R KB AR,
2013, 25(3): 378-385.

PRREIRE. oK R 8 FR R 20 A0 R S5 i B 0B B 9T
TR A28 3, 2009,

Bernhard AE, Colbert D, McManus J, Field KG. Microbial
community dynamics based on 16S rRNA gene profiles in a
Pacific Northwest estuary and its tributaries. FEMS
Microbiology Ecology, 2005, 52(1): 115-128.

Liang XL, Pan ZQ, Wang AP, Yao XX, Liu LJ, Zhou T.
Determination of dissolved oxygen in water by iodometric
method. Chemical Analysis and Meterage, 2008, 17(2):
54-56. (in Chinese)

BT, WA, EEME, BHOE, XNE, M. ik
WK P AL fhaf s Pt at, 2008, 17(2): 54-56.

Liu ZK. Determination of carbonate and bicarbonate content
in mixed alkali——double mixed indicator method. Journal

o1

of Zhengzhou University(Engineering Science), 1981, (1):
120-126. (in Chinese)

XUBAIE. JRE P B R AR A BRI E AR & 1k i E ——XUR
BRI, N T4 BE2E4, 1981, (1): 120-126.

Chen W, Zeng GN, Zhou Y, Yu J, Long H, Huang C, Peng JP.
Determination of phosphorus in seaweed by molybdenum blue
spectrophotometry. Marine Environmental Science, 2009,
28(S1): 79-82. (in Chinese)

WRZE, WMET, M, KR, ek, IR, 2T, BHHE

actamicro@im.ac.cn

[22]

(23]

[24]

[29]

[26]

[27]

(28]

[29]

G RE VI T PP A 1 5 i
79-82.

IR RLF, 2009, 28(S1):

Xiao YD. Alkaline potassium persulfate digestion UV
spectrophotometric method for determination of total nitrogen
in water by the method of. Guangdong Chemical Industry,
2012, 39(4): 165-166, 135. (in Chinese)

o R 3. P ek AR R T A 5 S0 53 0 B I S K R
B R TR AT, 2012, 39(4): 165-166, 135.

Qian KM, Liu X, Chen YW. A review on methods of cell
enumeration and quantification of freshwater phytoplankton.
Journal of Lake Sciences, 2015, 27(5): 767—775. (in Chinese)
BRZEM, XIE, RS, KR8 S e 2k, #
THRL2, 2015, 27(5): 767-775.

Sun X, Wang HR, Yang ZW, Yin J. Comparison of three
methods for measuring biomass of agae. Journal of
Preventive Medicine of Chinese People’s Liberation Army,
2012, 30(5): 350-351. (in Chinese)

IR, EAIR, #0ZE, TR, SRR I Ty i
BRI ETR R 2, 2012, 30(5): 350-351.

Tourna M, Maclean P, Condron L, O’Callaghan M, Wakelin
SA. Links between sulphur oxidation and sulphur-oxidising
bacteria abundance and diversity in soil microcosms based on
soxB functional gene analysis. FEMS Microbiology Ecology,
2014, 88(3): 538-549.

Jiang HC, Dong HL, Yu BS, Lv G, Deng SC, Berzins N, Dai
MH. Diversity and abundance of Ammonia-Oxidizing
Archaea and Bacteria in Qinghai Lake, Northwestern China.
Geomicrobiology Journal, 2009, 26(3): 199-211.

Osborn AM, Moore ERB, Timmis KN. An evauation of
terminal-restriction fragment length polymorphism (T-RFLP)
analysis for the study of microbial community structure and
dynamics. Environmental Microbiology, 2000, 2(1): 39-50.
Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann M,
Holister EB, Lesniewski RA, Oakley BB, Parks DH,
Robinson CJ, Sahl JW, Stres B, Thallinger GG, van Horn DJ,
Weber CF.
platform-independent,

Introducing mothur: Open-source,
community-supported software for
describing and comparing microbial communities. Applied
and Environmental Microbiology, 2009, 75(23): 7537-7541.

Hall TA. BioEdit:
alignment editor and analysis program for windows 95/98/NT.

Proceedings of the Nucleic Acids Symposium Series, 1999, 41:

a user-friendly biological seguence



BT % | k43R, 2018, 58(4)

595

[30]

(31]

[32]

(33]

[34]

(39]

(36]

(37]

(38]

95-98.

Kirchman DL, Dittel Al, Mamstrom RR, Cottrell
Biogeography of major bacterial groups in the Delaware
2005, 50(5):

MT.

Estuary. Limnology and Oceanography,
1697-1706.

Newton RJ, Jones SE, Eiler A, McMahon KD, Bertilsson S. A
guide to the natura history of freshwater lake bacteria
Microbiology and Molecular Biology Reviews, 2011, 75(1):
14-49.

Simek K, Kasalicky V, Zapomélovd E, Horidk K.
Alga-derived substrates select for distinct betaproteobacterial
lineages and contribute to niche separation in Limnohabitans
strains. Applied and Environmental Microbiology, 2011,
77(20): 7307-7315.

Simek K, Kasalicky V, Jezbera J, Jezberova J, Hejzlar J, Hahn
MW. Broad habitat range of the phylogenetically narrow
R-BT065 cluster, representing a core group of the
betaproteobacterial genus Limnohabitans. Applied and
Environmental Microbiology, 2010, 76(3): 631-639.

Alonso C, Zeder M, Piccini C, Conde D, Pernthaler J.
betaproteobacterial

populations in two hydrochemically distinct compartments of

Ecophysiological differences  of
a subtropical lagoon. Environmental Microbiology, 2009,
11(4): 867-876.

Simek K, Horndk K, Jezbra J, Nedoma J, Vrba J, Straskrabova
V, Macek M, Dolan JR, Hahn MW. Maximum growth rates
and possible life strategies of different bacterioplankton
groups in relation to phosphorus availability in a freshwater
reservoir. Environmental Microbiology, 2006, 8(9): 1613-1624.
Salcher MM, Pernthaler J, Zeder M, Psenner R, Posch T.
Spatio-temporal
Betaproteobacteria in an
Environmental Microbiology, 2008, 10(8): 2074—-2086.
Hornidk K, Jezbera J, Nedoma J, Gasol JM, Simek K. Effects

niche  separation  of planktonic

oligo-mesotrophic  lake.

of resource availability and bacterivory on leucine

different freshwater
assessed using microautoradiography.
Aquatic Microbial Ecology, 2006, 45(3): 277-289.

Yang SP, Lin ZH, Cui XH, Lian JK, Zhao CG, Qu YB. Current

incorporation in groups  of

bacterioplankton,

taxonomy of anoxygenic phototrophic bacteria——a review.
Acta Microbiologica Sinica, 2008, 48(11): 1562-1566. (in

Chinese)

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47)

BRNE, Mk, BMME, EER, BES, Ek A
FOLE M e, WA Y4, 2008, 48(11):
1562—1566.

Jackson SA, Kennedy J, Morrissey JP, O'Gara F, Dobson
ADW. Pyrosequencing reveals diverse and distinct
sponge-specific microbial communities in sponges from a
single geographical location in Irish waters. Microbial
Ecology, 2012, 64(1): 105-116.

Beatty JT, Overmann J, Lince MT, Manske AK, Lang AS,
Blankenship RE, van Dover CL, Martinson TA, Plumley FG.
An obligately photosynthetic bacterial anaerobe from a
deep-sea hydrothermal vent. Proceedings of the National
Academy of Sciences of the United Sates of America, 2005,
102(26): 9306-9310.

Overmann J, Cypionka H, Pfennig N. An extremely low-light
adapted phototrophic sulfur bacterium from the Black Sea.
Limnology and Oceanography, 1992, 37(1): 150-155.

Ward DM, Ferris MJ, Nold SC, Bateson MM. A natural view
of microbial biodiversity within hot spring cyanobacterial mat
communities. Microbiology and Molecular Biology Reviews,
1998, 62(4): 1353-1370.

Kampf C, Pfennig N. Capacity of chromatiaceae for
chemotrophic growth. Specific respiration rates of Thiocystis
violacea and Chromatium vinosum. Archives of Microbiology,
1980, 127(2): 125-135.

Liu CQ, Wang FS, Wang Y C, Wang BL. Responses of aquatic
environment to river damming——from the geochemical
view. Resources and Environment in the Yangtze Basin, 20009,
18(4): 384-396. (in Chinese)

XIAAGR, VERRN, FRiF, FEEF. MmsmE g K5
e o —— 2k b R Ak 27 AR A RV B R R
2009, 18(4): 384-396.

Hill WR, Ryon MG, Schilling EM. Light limitation in a stream
ecosystem: responses by primary producers and consumers.
Ecology, 1995, 76(4): 1297-1309.

Kiffney PM, Richardson JS, Bull JP. Responses of periphyton
and insects to experimental manipulation of riparian buffer
width along forest streams. Journal of Applied Ecology, 2003,
40(6): 1060-1076.

Xing P, Kong FX, Gao G. Phylogenetic diversity and seasonal
variation of bacterioplankton communities in Lake Taihu.
Journal of Lake Science, 2007, 19(4): 373-381. (in Chinese)

http://journals.im.ac.cn/actamicrocn



596

Qiaoling Chu et a. | Acta Microbiologica Snica, 2018, 58(4)

(48]

[49]

(50]

(51]

(52]

(53]

(54]

[55]

[56]

TS, FLEEA, miot. I I AN b R (8] 22 4 1
T AL R, WIEFR#, 2007, 19(4): 373-381.

Jasti S, Sieracki ME, Poulton NJ, Giewat MW, Rooney-Varga
JIN. Phylogenetic diversity and specificity of bacteria closely
associated with Alexandrium spp. and other phytoplankton.
Applied and Environmental 2005, 71(7):
3483-3494.

Pearce DA. The structure and stability of the bacterioplankton

Microbiology,

community in Antarctic freshwater lakes, subject to extremely
rapid environmental change. FEMS Microbiology Ecology,
2005, 53(1): 61-72.

Kan JJ, Crump BC, Wang K, Chen F. Bacterioplankton
community in Chesapeake Bay: Predictable or random
assemblages. Limnology and Oceanography, 2006, 51(5):
2157-2169.

Hu YL, Wang SL, Yan SK. Research advances on the factors
influencing the activity and community structure of soil
microorganism. Chinese Journal of Soil Science, 2006, 37(1):
170-176. (in Chinese)

BANEAR, TERUE, BUZE. 52w g Ul Ui S iR 45
FYR R 5 UL, 17, 2006, 37(1): 170-176.
Kirchman DL, Rich JH. Regulation of bacterial growth rates
by dissolved organic carbon and temperature in the Equatorial
Pacific Ocean. Microbial Ecology, 1997, 33(1): 11-20.
Yannarell AC, Triplett EW. Geographic and environmental
sources of variation in lake bacterial community composition.
Applied and Environmental Microbiology, 2005, 71(1): 227-239.
Okabe S, Odagiri M,
sulfur-oxidizing bacteria in the microbial community on
corroding Applied and
Environmental Microbiology, 2007, 73(3): 971-980.

Jiang HC, Dong HL, Yu BS, Liu XQ, Li YL, Ji SS, Zhang CL.
Microbial response to salinity change in Lake Chaka, a

Ito T, Satoh H. Succession of

concrete in  sewer systems.

hypersaline lake on
Microbiology, 2007, 9(10): 2603—-2621.

Chen Z, He D, Ren LJ. The potential impacts of temperature

Tibetan plateau. Environmental

and nutrient levels on freshwater bacterioplankton community

structure. Journal of Nanjing University(Natural Sciences),

actamicro@im.ac.cn

(57]

(58]

[59]

[60]

(61]

[62]

2016, 52(4): 590-600. (in Chinese)

WRpol, fofIMy, FEREAE. I LR E 55 Eh KT X K R T 2 T
FEVE G5 F B AE 2 W . g B0 R 22 22 4 (B R B ), 2016,
52(4): 590-600.

Winter C, Hein T, Kavka G, Mach RL, Farnleitner AH.
Longitudinal changes in the bacterial community composition
of the Danube River: a whole-river approach. Applied and
Environmental Microbiology, 2007, 73(2): 421-431.

Cao XY, Xu HM, Wang SC, Huang R, Shen F, He XW, Yu ZB,
Zhao DY. Seasonal variation of bacterioplankton community
structure and it's relationship with environmental factors of
Mochou Lake and Zixia Lake in Nanjing. Chemistry and
Bioengineering, 2016, 33(12): 19-26, 30. (in Chinese)
i, WEM, ERR, ®WE, W, MHEB, KR,
XS . Pt B RK I 2R T T AN TR R O A R Y 2T
AR SHERFMRER. % 54T R, 2016,
33(12): 19-26, 30.

Wang XL, Liu XT, Wu YJ. Analysis of water environment
characteristics and purification ability of Honghu Lake
Wetland in Jianghan Plain. Journal of Wuhan University
(Natural Science Edition), 2003, 49(2): 217-220. (in Chinese)
EE, KA, REE WK ISR S WE I
fLRE IWFSE. BRI 2E R (24 R, 2003, 49(2): 217-220.
Dodds WK. Trophic state, eutrophication and nutrient criteria
in streams. Trends in Ecology & Evolution, 2007, 22(12):
669-676.

Yang MX, Liu ZH, Sun HL, Yang R, Chen B. Organic carbon
source tracing and DIC fertilization effect in the Pearl River:
insights from lipid biomarker. Earth and Environment, 2017,
45(1): 46-56. (in Chinese)

BUIER, X4, IhETe, WA, BRI BTG
FIBRIT 338G HLAR 5 & DIC MERL AL 5T, HiBR S5 ER8E,
2017, 45(1): 46-56.

Huang DJ, Qi SB, Yu XJ. Distribution characteristics of
dissolved inorganic carbon in the Daya Bay in Spring.
Ecological Science, 2012, 31(1): 75-79. (in Chinese)

WOEA, FHOR, THE. KW=M IO 3 A
IR, AR, 2012, 31(L): 75-79.



BT | e 424, 2018, 58(4) 597

Diversity of sulfur-oxidizing bacteria in watersof the Three
Gorges Reservoir, China

Qiaoling Chu, Jian Y ang, Hongchen Jiang’

State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan 430074, Hubei
Province, China

Abstract: [Objective] To explore the composition and diversity of sulfur-oxidizing bacteria (SOB) community and
its response to environmental variables in the mainstream and branches of the Three Gorges Reservoir (TGR).
[Methods] A total of nine sampling locations were selected along the mainstream and branches of the TGR in
March 2017. The physical and chemical parameters were measured on the sampled waters, followed by soxB
gene-based phylogenetic analyses. The correlation analysis was performed between the physicochemical properties
of the sampled waters and the composition and diversity of sulfur-oxidizing bacterial community. [Results] SOB in
the collocted TGR waters belonged to a-Proteobacteria and f-Proteobacteria, with the the latter being dominant
(relative abundance was higher than 95.6% in the studied mainstream and branch samples). Cluster analysis and
principal coordinate analysis (PCoA) showed that the branch samples are scattered with each other and with their
corresponding mainstream sample, while the mainstream sampls are relatively more centralized. The Mantel test
showed that the SOB population composition was significantly (P<0.05) correlated with the measured
physicochemical parameters (i.e. water temperature, salinity, dissolved oxygen, algal content and pH) of the water
samples. Pearson correlation analysis showed that the community diversity of sulfur-oxidizing bacteria was
negatively correlated with algal content and dissolved inorganic carbon (DIC). [Conclusion] The SOB in the
branch and mainstream TGR waters mainly belongs to the Proteobacteria. The composition of the SOB populations
is similar among the mainstream samples, whereas the SOB population composition in the branch samples differs
with each other and with their corresponding mainstream samples. This situation is mainly caused by the
characteristic physical and chemical properties of the TGR waters.

Keywords: the Three Gorges Reservoir, sulfur-oxidizing bacteria, sulfur cycle, soxB
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