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Table 1. Physical and Chemical Properties of soil samples

Sample A B C D

Organic carbon (g/kg) 11.82 4. 40" 7.99 +0. 94 3.73 £0.67° 12.93 +7. 81"
Total nitrogen (g/kg) 1.07 £0. 35 0.69 +0.20" 0.32 = 0.05" 1.33 0. 30"

Total phosphorus (g/kg) 0.78 +0.17" 0.57 +0. 02" 0.47 0. 02* 0. 66 0. 06"

Total water soluble salt (g/kg) 9.11 +3.72* 7.11 £0.29° 13.65 +2. 24" 20.46 +4.30°
pH 8.04 +0. 13" 8.61 +0.13" 9.25 +0. 10° 8.69 +0. 044

NH, * N (mg/kg) 3.39 +0.57° 1.95+0. 19" 0.91+0.01° 1.34 +0.37"¢
K* (g/kg) 0.15 £0. 04 0.15 £0.01* 0.21 +0.02" 0.15£0.01°

Na* (g/kg) 8.33 £3.19° 7.25 £2.57° 18.57 +2.93" 26.72 8. 38"
Ca’>* (g/kg) 1.36 £0.31° 0.32+0.00" 0.21 £0.04° 1.11 £0. 06"

Mg** (g/kg) 3.03 £0.75° 1.30 £0.24" 1.55 +0.05" 0.82 £0.37"

Cl™ (g/kg) 5.50 £1.35® 5.97 0. 22" 15.10 =1.81°" 14.50 +4. 28"
S0,%" (g/kg) 7.49 £2.15° 3.80 +£2.35° 4.75 £1. 04" 7.32 +£4.34"

€0,%" (g/kg) 0. 00 =0. 00* 0.08 +0. 12° 0.50 +0. 10" 0.08 £0. 13"

HCO, ~ (g/kg) 0.56 0. 12° 0.67 +0. 04" 1.09 0. 87" 0.96 +0. 08*

Lowercase letters represent significantly different at P < 0. 05.
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A AL T 52 A8 B bR e NY /T 1121, 62006, 23 %
T2 A A8 A v NY /T 534987, i B I 5 4K 5 A e
NY/T 884988, /K #f # & & & & #x #E NY/T

1121. 162006, pH il & &K #% 4% #E NY/T 1121.2-
2006 , i A Z 52 R A0 2 et B A A e
KT € Moy 6 L €92, KO 0 4K 4% AR E LY /T 1251 -
1999, Na * Il 5& AR 38 bR LY /T 12514999, Ca®* il 5&
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WHRARUE LY /T 12514999, Mg™* Il 52 4% 41 A v LY /
T 12514999, C1™ I & 4K 45 b5 #E LY /T 12514999,
SO,” Wi sz M AR AR UE LY /T 12514999, CO,> il 53 &
PEFRVE LY /T 12514999, HCO, ~ Wl 5& 4K 4 k5 LY/
T 12514999,
1.3 #HHEERFEL DNA 2

K Li 45 (2013) %18 1 J5 v 42 Bt AL ) 1 45
FODNAM BB BT R (1) HL 0.5 g 2247 DU
Wy ER L ERE N TR B IE IR 2 mL B0 E T A
600 wL DNA $2 M 2% ph i (0.1 mol/L Tris-HCI, 1.5
mol /L NaCl, fil 1% CTAB, pH 8.0) ,300 pL 4% %
B (0. 05 mol /L), 33 JiE 30 s; (2) A 100 pL
20% SDS, % JiE 3 min, 65°C ¥ & 10 min; (3) A
100 L A6 (3 mol /L) » JH T Z45E % ; (4)
WG 1000 L, 0 &5 R AR My < U4 - S G I 2% 0
RV A B0k, 12000 x g 2500 5 min; (5) B ki 900
pL T 1.5 mL @08, N 0.6 £ 4R S5 74 I, oK
# 10 min, .0 5 min; (6) FF L3, F 50 wL #84liK
8 ddH, 0 WR I TR 2 b e 2 il 1 2
UE A UL 5E B (H A5 38 (5) i SR Byl iE (AN i A4 B
@), Tkt g (6) , NI (7) JFin. (7) 3% Lk
oI 700 wL YT GE % R W (0. 43 mol /L K it R
0.43 mol/L BE® %N, A1 0. 17 mol/L NaCl, pH 4. 6),
F 100 L % ¥ 2 W W B0k B B 3T VE EE A N
0.6 f5AEF F R EE, YK 10 min, 5.0 5 min; (8) F
3%, 50 w4l K B ddH, O v i 3T i B g T
e 8y M e
1.4 16S rRNA VI-V3 X S@ENF
1.4.1 VI-V3 X PCR ¥y #E5ME: KNAKFR:2.0
pl 2.5 x10 * mol /L. dNTPs,1.0 L 0.5 x 10 ~> mol /L
27F 5|4y (5" -AGAGTTTGATCCTGGCTCAG3") ,1.0
L 0.5 x 10 ° mol/L 533R 5|4 (5-ITA CCG CGG
CTG CTG GCA C37) ,4.0 pL 5 x FastPfu ZZ3 ¥, 10
ng A B BL K& 0.4 wL Fast Pfu Polymerase, # f& I
ddH,0 %] 20 pL. 51#%F 27F F1 533R 45k 5 i 4
FLX Titanium $3k FR& 5190, A #8519
A 5"-ATCTCTCGTA3", B #E 8k 51k 5-
ATGCTACGTC3", C Ff & I # 3k ol ¥k 5-
ATGTGACTAC3", D #t W 0 B L 51 %W N 5-
CACGAGACAG3". X W 4 fF:95C 2 min; 95C
30 $,55%C 30 s,72°C 30 s,28 {F#;72°C 10 min.
AT 1) PCR 7= W) AT 2% 35t 5 0 e Jie v Uk A H

AXYGEN 72 ] i) AxyPrepDNA i J52 [F] I 71 5 D) I
[Pl PCR 774, Tris-HCL P& Bt ; ff 3 Promega 72 1)
1] QuantiFluorTM—ST WERCERRGHATRIM.
FAFASFE I R IR S R B A\
454 FLX Titanium J 74X 58 BT 51 3 47 o
1.4.2 NEHEESH: AW)FIR% T, RHZ A
ai AT I 7V B2 AR R TR AR e &R
TR A0 3 51N T — BORR 8 HRE AR TR AE B
barcode #3257 5] o B, 40 2 U GR 17 31) & A 5e 3
1) barcode b5 %5 Fr 41 I » 1% )7 51 A 4% A K 41 27 41
AR HI UL EEN T RS0 EE Bt
i BEL iy O R SRS A B ZE A B A A A N A
BOF ANEAT L% AR RB I FE v, W& A Ak
Fi S R0 v BO AR A R 514G Bk L B i
R B R S 1) 5 2 AR I, 3 o Ay 0 3 i 4 Sk A 5
Yy 2 B 7 40 R 8 (R AR 5T 7 41 7 470 v 5 AT ARORY)
% (ambiguous) - ¥ 3 &= # & X (homologous) L K&
KR R0 3 41 B X L R 5 Al N 3 B 25 BEAIG A0 AT
Ji, PR A& BT L L BR (uim) 035043 77 515 15 21 (RS
#HE2 B A 4 P F. AR Ok B Al B, #2E AT OTU
(Operational Taxonomic Units) A 7> #r. AE¥15 B 2
e, WP AR A — P00k A — DR TR
—ANRE D A R R R B R A AE R T R
AT A K 4 (cluster) o T8 3 152K 1E, ¥ 7 41
HBLE L £ 97% VA4 — > OTU. 4# il mothur {7
(http : / /www. mothur. org/wiki/ Main_Page) #2 B dF
FEFPA) AR Hrh ML R C R EH & Y silva
JZE Chttp: //www. arb-silva. de/) 1 [ aligned (16S/
18S, SSU) ¥ ¥ 14 Fe 51 ¥ 4fs P2 L %t 5 4 ) UCHIME
Ji kA N JF 2 By Chimeric J3° 81 5 o1 55 HOX S 55 /5 19
J¥ %1 [i] uncorrected pairwise FA 55 ; i H fx i 48 i v
R OTU SR 5 iF 57 2 FE L 45 %L Chaol \ Ace.
Shannon Ll & Simpson #5 % -
L5 GgitaHh

P s 4 1) SPSS 16. 0 B 47 4k #5543 #7, #%
HE il 1) F) - 23348 22 53 R 1] ome-way ANOVA F [K] 3%
TTEN,P<0. 05 X xnERTEF. CCA (Canoco
for Windows 4. 5) F 3k 4> ¥ 2K 55 IR 7 6 45 A= 1) B V%
SRR S M) 5 L b o 5 P A BOH AR O IR AR L R
VIR AR T 17KV L 10 AH R = B 40 7 b ) i 8
i R 55 1 BioEnv T Fe 0 2 5% Wi 15k 2E 4 F ¥
Sik i) B 7. R, ] Mantel-Carlo
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2 iR RN
2.1 IEBUMR

HEFRAC T CA R ) B A R ' Bk
725 VE P (B A ) Bl i 6 A 2 fg (CFE i) AT
RUFEB D (D ) PO LI BALE R R 1. A
MUBRAE 4 DMAEMTPRAEZEZR, BT CHERS D
R PACIEPSYESPSE -t =4 i WNER S S PA IR N
ANAEAE S35 22 S KUY R R R A R B R A AE
ZE St LRI ALTT 1), 4 AMHE R E AR LB B 8 T
(78 %A s pHL R AT O Bl 1 5 A 28 S0 AT A I R B 2
BUAE B E IR S 2 T A T A
A DA R S X K DOAR ) 8 B s 3 R
MR B2 5 AP 7 (K" Na™ . Ca”" .

Mg**.Cl~ .80, .CO,>” HCO, ) t,Na* Fll Cl~ %
g PRGNS AT NEMIR AL/ o TV SRS RE ST
W) A BAT B3 22 S s AR 3% SR A R A R S
X b2 () % A O e AR A (O HE K 4% A
NV 55 & (AT B A K) Z [0 f7 15 B 3
Z2 5, HAX PRI RS 7 (1 & bt A 6 Bh s 1 11 % &
o
2.2 MEMEEMNER - FESZHM

e 0 A 4 RO SRR R LR A
BT 5 26875 5%, VB Kk 446 bp, A FE A
3032 4% (908 /> OTUs) , B £ i 0 7% 3483 4% (1818
/N OTUs) » C #E 5 A5 5799 4% (2659 4~ OTUs) , D
FEfb A1 55 8027 4 (3937 A~ OTUs) «

% ¥ Pk #8 2t Chaol. Ace. Shannon DL K& 1/
Simpson [ £ L R W I w E TR AW (A FE ) 2
EEEE (B FERL) Bl SR R f (CFE 5L AT 5
B (D AE ) 1 4 ASFE S s 2 8 Pk s 207 318 i 1
m (£ 2) .

RLANTRHRAEHENFENSHMEREY

Table 2. Richness and diversity index of bacterial community for four different samples

Sources A B C D

Reads 3032 3483 5799 8027

OTUs 908 1818 2659 3937

Distance 0.03 0.1 0.03 0.1 0.03 0.1 0.03 0.1
Coverage% 78 85 63 76 70 83 67 82
Chaol 2692 1537 4810 2899 6296 3451 9717 4838
ACE 4553 2732 7943 4652 9942 4729 15384 6709
1/Simpons 8.37 4. 44 385 199 527 253 1172 340
Shannon 4.59 3.66 6.98 6.45 7.32 6. 67 7.79 7.04

ETT R B4 AR B KRN
Proteobacteria, A\ A %] D [ 41 % & H K XA
78.89% « 49.93% . 48.03% A 44.4% .
proteobacteria J& A FJ L HA S K AT, M E B A
62. 83% ; 3—proteobacteria 5= B WAL 4> 2K 86,
Xt ok 18.72% ;y-proteobacteria #& C L #p 2K
T, MIXT & &8 o 15, 64% ; aproteobacteria J& D [
PEF sy 50, A 5 &5 22.62% o TR & 1 7K 1
s Sulfurimonas J& AB Al C )AL 3573 28 570, AH XY
EEHN 56.5% 7.21% F1 5.19% ; 78 D {3
Mo A7 AN B 2o K2 Sulfurimonas X /43 25 WG (H
R, T ot A (A) AR & 1 A7 X & &
(56.5%) | 5% BT AL - 3 (D) AR 1 AH X & #
(1.59%) , FREH %o ULHITE 8 K -F b, X KR

Hod, -

PR A A 0 A T8 9 AL T R b A A AR G e . D
K1,
2.3 MEEFHHEERFESEMAZN

CCA 7y Mrai WP 3. 1 HEFp 558 2 Hi e
SRR 4y )l 58% FN 23.4% o 555 1 HE P il AR
KRB A KE S S (R=-0.891) .
pH M (R = -0.6391) .5 & % (R =0.8421) \Na”
(R= -0.9356) .Mg’* (R =0.8179) .Cl” (R = -
0.8932) fl HCO, ™ (R = —0.8443) ; 5% 2 54l
H DG e 1R B A R A A BB (R =0.9196) « VA
(R =0.9174) . 5 B (R =0.9204) . Ca’" (R
0.996) . SO, (R = 0.9488) F1 CO,”” (R
0.6763) o FE&L B FIRE S C FE B AT, B AL, 5
FE Sy A FURE S, D BE B Rz (] 2) .



602

Jingyu Li et al. /Acta Microbiologica Sinica (2015) 55 (5)

(a) 100+

80+

60

404

20

Relative abundance/%
=)
L

B Froiecbacieria B Spimchoetes | ™6
B Bacteroideles W Lentisphasrae B NPL-UPA2
B Chioroflexi O Candidate_division_BRC1 W Candidate_division_OP11
W Actinobacteria O Fibrobacteres W Elusimicrobia
| . oc _division_WS3 B Hyd24-12
B Planciomycetes B Candidale_division OP3 B JL-ETNP-Z39
B Verrucomicrobia B Nitrospiras | GOUTA4
O Firmicutes W BD1-§ B Caldiserica
B Deinococcus-Thermus W TA06 B Candidate_division_OP9
O Acidobacteria B Deferribacieres O Fusobacteria
B Candidate_division_CD1 B Armatimonadetes | SM2F11
W Chiorobi W Tenericutes O Synergistetes
B Candidate_division_TM7 B RF3 B WCHBI1-80
B Cyancbacteria B Candidate_division_SR1
(b) 100 — —
= == I
— - -
g
E — ] -
=)
Gl
2 40
E —
]
=~
i l
0-
A B (0 D
W Sulturimonas O Urania-1B-19_marine_sediment_group B Fodinicurvata
W Nitriliruptor O Alcanivorax B Thiobacillus
B Caidilineaceas_uncultured B Desuliobacteraceas_uncultured B Gillisia
B Anaemlineacens_uncultured B Sapospiracess_uncultured O Gracilimonas
B Thioalkalispira B Desullobulbus B Reichenbachiella
B Trepera W Marinicella O Pelagibius
B Pseudomonas W Rhodothermaceas_uncultured B Salinimicrobium
O Methylomicrobium B Amarcus B Phenylobacterium
B Sulluovum B Desullarculaceas_uncultured B Marinobacterium
B Marinobacter B Desullosarcing W Planclomyces
W Thioalkalivibrio O Spirochaeta B Enierobacter
W Desuliotignum B Alkaiillexus B lumalobacier
B Arcobacter O ignavibacterium O Owenweeksia
B Eumbya B Sphingomonas O Desuliopila
B Halomonas B Phycisphasra O Meniscus
W Desullorhopalus B SM1AD2 B Fibobacteraceas_uncultured
O Desulturomusa W Bacteriovorax

Bl 1. 4 MHEMAEEEETKE () FABKT (b) EHERIBENEE

Figure 1. Bacteria composition and relative abundance of four samples at phylum level (a) and genus level (b) .
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N T AR E IR B A 08 A A TR 2R ) A v S

() 52, A ] BioEnv F2 7% #EAT T AN [R] 3 5% K 7 41 &
SRR E YR AR AT, g5 R LR 3. IR
K75 fE P40 B KBS B BEREER NS,
LT G0 B BV 5 A6 1) 5% ) e R W S A G R B
fe i (R =0.8857) ; 3 855 A 7 7 4 o B « 7K 9 36 0
i pH A FVE A B AL 5 5N 41 T TF VR 45 74 41k
(R A ¢ 22800 0. 8857 ; B8 [A 1 1 42 i Tl A1 4% 4 4R
P2 G 5 4 20 B R VR 45 R A I A o8 R
0. 7714 ; FAN IR DA 7 e 25 015 AN A a1 B 0 &5 0
LR AR O R BN 0. 7714 SR 55 N 1 1 42 4 WLBK
BV K Sh R B pH A SR UL A 5 A4
VR THE T 45 R0 20 TR A DG R 4 0. 7143

R3. FRATEEFHSSMEMRLEMMERXE

Table 3. The relationship between different combination of environmental variables and bacterial community

Different combination of environmental factors

Bacterial community based-on
pyrosequencing data of 16S rRNA

at phylum level

NH, * N

Total phosphorus + NH, * N

Total phosphorus + Total water soluble salt + NH, * N

Total phosphorus + Total water soluble salt + pH + NH, * N

Organic carbon + Total phosphorus + Total water soluble salt + pH + NH, * N

Organic carbon + Total nitrogen + Total phosphorus + Total water soluble salt + pH + NH, * N

R=0.7714
R =0.7714
R =0. 8857
R =0. 8857
R =0.7143
R =0. 4857

3 e

A T IB 7K S 80 B0 T SR B R
B3 0% 7K BT WL A T HE AR . SR AL IE 7E S EUK
BRI I K B 19 Bk 0E J5 B AE IR LB B
S 3ok 5 o R B 2 B A 1 P A AT S A e
MR EAE R BT o 7R R AG E T A 7 T B
OB T MR D E R R LML H e
proteobacteria & il A A 75 B 18 B4 i % T 9 ) 4F
FH » BE S B 70 3 B A A5 R e b AR 3 M A
HEpetbm ™ o O RZ/IATIRY D, KT
e-proteobacteria 2K BE [ 47 75, FLAH X F B 1R &, 76 )&
() 7K ¥ Sulfurimonas i T B E W BE I 72, 07%
AR E LS TR H, FE Sl T Ak B
TR Ah R R 2R 50 O, fE A T2 6 ™ A T R
A 3o R O J5 A T Ak 0 £ A o R BT g & LA
N,O Al N, (TG R AE . Sulfurimonas [t KX 3

JEEAR 15 U W e ORR ) A7 A A SRR AL DARGR T 2
AW AT A= Ak 2 SN o R S A TR 2 0 A A
R A0 S BT P R O S N A UM i = 0 U
Desulfuromusa~  Desulfarculaceae uncultured
Desulfobacteraceae _uncultured F1 Desulfosarcina 1] 1
FERTRE S TR AL I 7 2R A 5o AR WA AL Uy ) E,
F T P B A R R e R X DT AR )
H Sulfurimonas 1A 3 5 A 32 W B AR 7] I 4 B
AR GICE Y S RE B, 24 1 15 R L
14 v O A R IR AE SR DX R S R AR A
REf 2, 0PN A I 2, B IERERDN & B W] el %
Sto fESRFMEHNIHIE Z W AR T,
AR S A A 0 T 1T 03 2R A 5512 0T
WS R I I AR A FR B DDA O, W] RAAE b iz AR A &
GEIHR 7R A IF 4 20 8 Ak v B I8 R A R AL )
RS A T P B O T R A AR B

MR DTAR P 3 8 30 e 35 X+ 3 iR I R R, 4
W RET R E T ORI AL > T 18 2 ) ol 241 B3 2 A
R TR LR R W], XA AR 5 3 Fh
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LR P AP R T E Pl 1 0 5 N S R 2 2
WIAUTRA Y 55 7 25 0 B AE S A AL T KRS 2
T 7K R B AR — B, T B R A B e A TN
AR AEBEATHE K B 25 98 B 1) 1) 53 5 DX 3o 3 11
DX A5, 7K R A B T R AN RE S B0 R X
K R R R A T AT 3 FhRE L T RE 2
thF /KR S8 A TR E BRI . i
132 0 0 ) XA R K SRR B R TR R X L
e, vl e 5 T BR O IR O AR B AT B
) 328 3 38 s g SR TR R RIS BTSRRI
AR 0 3 2% 2 AR W5 T LE S A AR P B
[)# # (Halomonas, 0.92% 3 2.85% ) o 4 Fh 1 1
o Na® S 8.ClT & &M S0, B & |K e, Na”
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Abstract: [Objective] We studied soil bacterial community composition, abundance and diversity of transition zone along
eutrophic lakeside wetland sediments and soils. [Methods] The total DNA was extracted according to the sediment DNA
extraction. Then high-throughput pyrosequencing was used to detect soil bacterial community composition, abundance and
diversity based-on 16S rRNA gene. Soil physicochemical properties were tested to analyze its effects on bacterial
community according to standard methods. [Results] The soil bacterial community composition and relative abundance
were very different across transition zone in littoral wetland. Bacteria groups mainly include Proteobacteria, Bacteroidetes,
Chloroflexi, Actinobacteria, Planctomycetes and Gemmatimonadetes at phylum level. The diversity index of bacterial
communities gradually increased according the land distribution, especially the phylum Proteobacteria and the genus
Sulfurimonas. Correlation analysis indicated that the combination of total phosphorus, total water soluble salt and
ammonium has the most significant effects on the whole bacterial community structure, and Mantel Test results indicated
that the correlation was statistically significant (R = 0. 8857, P =0.037). [Conclusion] The bacterial community
structure of transition zone is quite different in littoral wetland of Wuliangsuhai eutrophic lake, where Sulfurimonas play
potential important roles in biogeochemical cycles of sediments in Wuliangsuhai Lake.

Keywords: Eutrophic Lake, Lakeside wetlands, Sediments, Bacterial community structure, Spatial heterogeneity
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