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-5 MiSeq T, 32 % I IR 0 F SR U H R
L4 DNA BTY) A B, SR )5 KX 28 DNA J B
i B AR T, JEAT 5 7 i) PCR 973, 1551
Iyt , AT TR AT RS LR 7558 B2 119 DNA
JEAUME L o AR SCIE B R 3 A 18
SRR AR X5 DG DX S AR W Y R R
MEAZETT AR, 25 A BRI 7 5 UE M e v
AR B SR ZR , DU H T = o o IR Al
WIHEVE SE AR R R 2R, DT A 10 — A R A v
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Bff 5 X7 T b 93T A4 DX T Rl R X
Y M, 30°517-30°52' N il 122°557-122°56'E

AIFEEEIN (B 1) o 10 Ay ilg =0 5 AR Y & ik
FIEAM T LT 2015 4E9 A & 10 H #4746
—UCRAE MR Z B T T MR R A K A
FFbf B ZERE AT 1 UCRAE™ 03] F 2016 4F
SHEE) 8 A(HEZE) 10 ] (FkF) (12 (%
7 ) SR AL RS DX O X 1 A i, B
RAEHUR T S 5 BORE IR BEHLIORE ™ | FARHICR 42
20 cm x 20 em FE 0 ~20 em RE W IR
BG4S, B 3 DI, 3L 24 RN HER
RFER A TCIE S bRt (R 1) A [ 525
= KRR 1 AE - 80°C VAR IR A2, 1 17
PEBN T AW w) BTN R, AR R I T H
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Fig.1 Site of the study area

*1 HEmES
Tab.1 Sample number
FAENL L SRAEIS (8] FEA S| SRAEALA SRAETR] A 5 g 5
Sites Time Number Sites Time Number
SH M35 SH  M6S5
Jepx 8 H M3_8 | msEx 8 H M6_8
Light beach 10 H M3_10 [Dense area 10 H M6_10
12 H M3_12 12 A M6_12

1.2 e
SE R N2 DNA e, I 1% Bl e
JIS2 FL KRS I A 42 ) FE D 4 DNA ., PCR 47734k

TransGen  AP221-02; TransStartFastpfu =~ DNA
Polymerase; 20 L Jz W & Z&: PCR {¥ & ABI
GeneAmp® 9700 %I ; A A~FEA 3 A~ F &, H 7] —
FEATY PCR P2 W1R 5 5 1 2% B b B 15 v Tk
K, fi FH AxyPrepDNA & Ji¢ [ml i i 57 &
(AXYGEN 2~ 7)) Y i [\l it PCR 724, Tris_HCI
VRN ;2% S NEAH R kR o 2 R Tk ) 40 1
ZEH ¥ PCR 724 ] QuantiFluor™-ST % {4, %¢ )
E TR R G (Promega 24 W) HEATRLIN E B, 2 )5 %
PR REAS 0 e i 25K, 7R A7 A0 I L 1) 7 TR
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Ho Miseq SCEMEE, Miseq U7, LA S5
BN w 5E (e 2469, Bl o
1.3 REEFIHAE

B 1 SR T (] S B/ NVBEAR
(100 mL) L AEFRHE, HCAE 100 °C BEAR HL5E 42 At
T MRS KR R AR LR TEANAR
KT B Je i 100 H i A B B4, i prac,
TN VK AR Ve o 25 1 D0 B Ak 1 o, AR 4 M i
RS RIBIRGT A S, S I 0 B 2 A 43 A
) F 2 IEIAL P A SR SRR
PRERA . & 7K 3. R B E Bk I & + 4 R
R T - BT G EE T e S i, B
FRER A AR R Eh Bk AL R -3 Do
THEFATINE , 436G EE A5 2 UV-1800 (/5 it
AT o R FIMEER 2 S HOK BTN E AU E K+
F5: 1 HHER R A R
1.4 RS

MiSeq Il 775 21| 1) 42 Wi 157 51 554 , 1 76l
# PE reads Z[H] ] overlap 5& &, Al Flash {45
X E) reads $f 4% (merge ) 1 45751, [A] I
Trimmomatic {4 X} reads [ it £ Fl merge %R
HEAT BT L g, AR 7 91 1 R P i 119 barcode Al
FIYIFE N X o3 R A B RO A, JERE 7 81 7
], R AEAL K s F Usearch (vesion 7. 0) 44
AP SIS AR E 741, i B 97 % AL X HE
HE S AT OTU J2E, A i OTU A% Rk H]
Qiime /AR 3% RDP classifier D1 -3 % 97 %
FARLKF-19 OTU IR 54T 70 2700 s L
mothur 15 AN [] BEHLAlAE T 1 22 4 1 48 %, H
Chao F54( 1 ACE $5BER=Y)Fh F &, J Simpson
1 Shannon F85FR YR Z RN FH R 1B S X
ZREVETE B AT student” s T K55, F| R 1B S
vegan {0kt RDA 4 BR S - BE . 40 BE 7 2
[ £8) 0 R AT 20 A A I

2 HiR50H

2.1 OTU BERIRER

3 Miseq 75 38 #7507 LAk 5, 6 A4 b
FLFJA5 2 669 658 55741, B IEEL 1 056 068 304
bp , AP A FE 24 7E 381 ~400 bp Z[H],
FIREAS EE DN 395. 58 bp, H TIPS 2
J7 1) D C 380 500 P DA T 7 A 5 R e ) DG e
AR I S6 A8 J5T 17 3] O B 45 21 19 0 i 22 1 A 25
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Fig.2 Shannon curves of different soil samples

Shannon-Wiener $54§/& I AL A i 4= 9 2
FEME A5, FI R A AR A T 2t A AS ) ) R
FEI HITUAE W) Z RV B it il 2k, D) S e
REATEAS [ I B0 I B A o 2 R 0
2 "] LA H Shannon {28t 1) 730, 158 B 0 ¥
BE R, T DL SRR A v 4 R 22 RO T AR
WG R AR BA T8 2
2.2 Alpha S5

ZEAHEA Alpha ZREMEFREC(FR 2) , AT LLAI
T 1 8 B X R A VR T N A I
FHEMEX (M6 > M3), Shannon {B 8K , Ui W #¥
% ZFEPERGR , Simpson $5 BB K, UL VR 2
REPEBAR ™ i REA #2221 Shannon
FRBE/INT B N4 22 (1) Shannon 544, 2
K25 1) Simpson 45 £ ¥ K T Bk F= F1 & 2= 1
Simpson 84, ViAREA ZHEMEA R 12 k. T
K3 2R W, [F]— b S AN [R) 25 P =F 5 B R 2
PEXA W E 22 5% (P <0.01,583) . B NS
FEINR T A ) e T 2R 32 2 1 AR AL R )
BFEP ORFZ IR R K ek A R
A, F 2SR AR, W B2 A, 3 T A A K,
PGS PE S , A F & M 2 HE PR B
Tk 2345 L Pk B R A A A T R
AR IRER s & ZAE W R A DL IS I, A B T
WAEM ARSI, FBEWEMAEY 2
M RN T AP, ATRE S THE S
P A=A RS T - 8 v s ik, sk A 4 AT A
A DLBTR D F S A ) Z 8 R T 3
A TR R, R A X SO X A — 2
TR A FEFEERARELER (P <
0.01) ., BERURAEIXAEY) B, R KLIB, IR
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T, 45 : Miseq {5 23 #r Bl B 5 1 =8 PR Y ot 1 SR WO RV AR R 221528 4k 721

BRI 7107 3 ) A TG ME A2 1), ik 26 A ) 7 e
ORRBR b R A AR AR PR
PG shan 8, B 3 2, Y i A R A 2 AR

[F] o

xR2 ARTEHEEPHEVHSHEEERER
Tab.2 Alpha Index of microbial
of different soil samples

FEA WRERE YR EE FRISE AR
Samples 8% ACE 35%¢ Chao  Shannon Simpson
M3-5 2094.78 1635.62 2.47 0.27
M3-8 2603.36 1964.52 3.07 0.17
M3-10 4129.12 4 067.35 6.78 0.00
M3-12 3509.09 3447.22 4.87 0.07
M6-5 2726.44 2 134.75 3.71 0.09
M6-8 2704.89 2 059.99 3.44 0.16
M6-10 5164.91 5071.70 6.93 0.00
M6-12 5278.98 5 190.04 7.00 0.00

R3 BHAXEITEMEVSHEMERERTRE
(B—FTAREHR)
Tab.3 T test of soil microbial diversity index between
samples ( Same season at different sites)

A FEA TR AR W EE YR EE
Samples ~ Samples  Shannon %{ Simpson f§%% ACE 5% Chao
M3_5 M3_8 * ® EE 0.053 1

M6_5 * % * % * % % %
M3_8 M6_8 e 0.4354 0.9064 0.7413
M3_10 M3_12 * % % * % % %
M3_5 S ERE EE RS
M3_8 * ok ok * %k ok * ok ok * ok ok
M6_10 * 0.964 6 * ok ® %
M3_12 M3_5 EE # ok B R
M3_8 EE * k% % % ok ok
M6_12 P * % * ok ok * ok ok
M6_5 M6_8 0.079 6 * 0.6554 0.5207
M6_10 M6_12 0.1623 0.3438 0.6408 0.8653
M6_5 * ok % * k% * k% % ok %
M6_8 * %k ok % k% % %k % x %k %
M6_12 M6_5 k% EE Y * ok %
M6_8 * k% % ok % ok P

e P<0.05, % «P<0.0l, * % =P <0.001
Notes; % P <0.05, * %= P<0.0l, % % %P <0.001

LR 4 HZREPERE BOT SR ALY Wy b
SR RS R B A TR A
PRI 2 W BEBOR, vk Z AR PR B 5 A
7] DX I AS = 6 M AR A W 22 5 AR A T
TR
2.3 YIFEEELSHST

XA 215 25 FEAS F AR ) 1) 1) o ol 288
T A MR Ao A e (TR ) 1B v
RPN X IR s — R B (11K | Tz

DI T AR R /N 2R 78 32 ) il A 3 A 1 b b v AR
XA A 3 FTLUE H,24 DREA PSR
PWHh 3 2 40 §f Proteobacteria (22 JE & ] ) .
Bacteroidetes (U} /-  []) . Acidobacteria ( fig
['7) .Chloroflexi ( £ 25 [ [ ] ) | Planctomycetes ( V%%
7). Actinobacteria ( L £k B [] ) . Cyanobacteria
(¥ B ]) . Gemmatimonadetes ( A LI TR []) |
Nitrospirae ( Fi§fL B2 i€ 7 | 1) . Bacteria_unclassified
(KRB ) Ignavibacteriae , Firmicutes ( JEBE
[]) . Latescibacteria ., Verrucomicrobia ( 3¢ i
[']) .Spirochaetae ( B2 iE 7 [ ] ) . Deferribacteres ( Jiii
BAFTE1T) 55, Horp 32 B2 d% 5 #Y 2 Proteobacteria
(LRI , HIK & Bacteroidetes (FFFR]) ,3X
2 R T ITERFEAR P S IE L IS T 40% , TEH
MEF 41 ik 3 80% UL, 5 &
Acidobacteria ( g #F # [] ) . Chloroflexi ( &f 25 14
['T) . Planctomycetes ( % %% & [] ) . Actinobacteria
(JRZ ) \Cyanobacteria (B R 1) , 7ERKZE A
KRR BFEA TG L2 40%

X AN 2 AR AS T oy AR s Y T AT 0
Mr(E 4) , mTUAE A RAEAS P A ] iR AS —
B A FTAREARY R A 3 AR R A
[flo ARIETR T ITE S AEA b AR b i A AR —
B, B 2= S T e AR A — B T A
W b, RN, AR e E TR R,
K 5RO 70% K EAE T AR MH, A
30% ZeAq i) o LG s AT IR T 89 o F B Y A2 A B
TR, ELRR I B, th #7506 25% ~ 45% W 5
K 1% ~7% . A BT AL VR B B
U i SR, SUAF BT 12 25 FlOK AR 3R 55
WRAGFR N E 2S5, IR & AR A T3 3 777
HAcR ™ BREA T BT 1T 55
T TREE IR R TR 1] 0 R B T ) FE Rk = 2%
BT, G H ik B 40% 5 JGREX (M3)
FEA PR — H L T & BERANRES
(0.05% ~0.3% ) , FEE AR X (M6 ) AEA iy
B [ ITERKZ= I ] i, N =1 0. 06% T d 1
BN 8. 5% , & ZEFNE WK 700, W B 3%
R IR, BRI 2
PEBI AR PR , T P RO T v T AU B
BT = R R S IR EE I MK 5 B
B & TP R L B R R T AR B 14 T 17
SRR A HES B T XA

http: //www. shhydxxb. com



722 SR I RS

27 %

T Bl i AL B K, TR, A P SR

-gl.OO---l..

& | | - =

-

g

=

£ 0.7

NE

%g 0.50

&S III

>

ig 0.25

Q

- o

%

&

= 0

8 v—1| C'Dl Nl v—tl Nl 0’3[ v—tl Nl o’:lm

&~ 0 1o W o W W O O O «

o (It T ot Aot B B S

= 222228 e
= =2 = =
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M3_12_2
M3_12_1

FTHE ] Bacteroidetes

#% 5] Planctomycetes
I35 I T ] Gemmart imonadettes Ml JH4UARIER [ Nitrospirae MMJB/EKHTFHIT ] Deferribacteres
I R4PKIM4HE Bacteria unclassified [l 4B (] Ignavibacteriae

M6 5 2

M6_5_1

M6_8_1

M6 8 2
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M6_10_1
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B RATEEI] Acidobacteria g JEf%E 1] Verrucomicrobia
JRERE ] Actinobacteria [UBHEE ] Spirochaetae

M EEEH ] Firmicutes

B3 ARAFTEERMMHSE(1KTE)

Fig.3 Species distribution in different seasons of the samples ( phylum)
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[EpatiA
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0.2
M3_12 M3_5 M3 8 M6_10
FEA Samples

Bl FE] Proteobacteria
[0 #UFEE] Bacteroidetes
B FRHFET] Acidobacteria
BB Z%HE] Chloroflexi

B E&FH] Planctomycetes
B J8£E ] Actinobacteria
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Fig.4 Histogram of dominant bacteria in different seasons

3.4 WEVBESEMSINMEEFHSN

WH R 1G5 vegan 1§ RDA ( Redundancy
Analysis ) B # CCA ( Canonical Correlation
Analysis) 70 Hr B E 5 BRI 7 Z A 5C & . RDA
AT LN, CCA JEHE T HIERERL . JpHral
DAREIN PRI PR 7 AEAS TR = () A 56 R Bl
PP Z (8] 56 & . RDA = CCA H5 % Ay 1 5 )i
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I Yo species-sample 45 (97% AR RLE 9 FEAS
OTU %) ftf DCA 7387, & 0 Hr 45 R ' Lengths of
gradient 55— Rl /N, WERK T 4. 0, 500 % ik
CCA, A 3.0 ~4.0 Z[a], 3% RDA F1 CCA ¥jmJ,
WAR/NF 3.0, RDA IZHRE T CCA, X HLAR
PErbrik# T CCA.
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9 RDA/CCA on OTU level

*M3_10
- mM3 12
1 TP TN NO-N ®M3_5
= S5 AM3 8
N0 XM6_10
s M6_12
e D/W =M6_5
= 1 +M6_8
g . B
-2
-3

-1 -0.5 0 0.5 1 1.5
CCA,/ (30. 31%)

ES5 tiZEiFmOTU AEMERFH RSN
Fig.5 Redundancy analysis of OTU composition
and environmental factors in soil samples
Con. conductivity, i, 5% ; TN. Total nitrogen, 5% ; TP. Total

phosphorus, B ; D/W. dry/wet, T1# Lt

x4 TRATHRRBRE

Tab.4 Proportion of variance of redundant analysis

M Axis CCAl CCA2 CCA3 CCA4 CCA5 CCA6

Proportion of 0.303 1 0.2543 0.1958 0.0986 0.0847 0.0635

variance

RPTTHRR

. 0.3031 0.5574 0.7532 0.8518 0.9365 1
Cumulative

x5 HRIFEBELET(HE)RTHRE
Tab.5 Physical and chemical factors

(mean) and T test in soil samples

PEA WEE BA mSER TR WERERETMERE
Samples TP TN Con D/W  NO;_N & NO, N

M3_10 0.058 0.029 829 0.762  0.300 4.300
M3_12 0.046  0.030 890 0.770  0.280 3.610
M3_5 0.058 0.021 533 0.882  0.320 3.700
M3_8 0.045 0.049 630 0.782 0.300 3.580
M6_10 0.056 0.048 1294 0.580 0.240 3.530
M6_12 0.058  0.041 1595 0.722  0.330 3.580
M6_5 0.047 0.023 1032 0.820 0.380 3.630
M6_8 0.047 0.037 1400 0.576 0.280 4.130
P 0.009"" 0.057 0.006"" 0.043" 0.003" " 0.598
#H.*P<0.05; **P<0.01
Notes: * P <0.05; **P<0.01

K5 Fom LIRS 451 (OTU ) 5
PRBE DT I TUAR 0T, A S ) 25 ) B s
AN [ v 4 P BRI, AR 2R 58 [ i Y
BB AR FEA 2% 5 T IS i A i
J e i B Sk B B 2 R R IR R B IR 1
AR MBSO , BRI IR 5~ 2 1] 1) S £y 3 D PR B 1A 1
ZIEHICHE ™ o S5 S fk s AT LIA %

WAL OTU 2R R B DR T B2 ik i
KT SR . BRSP4 T
FHIK(P <0.01) , B a5 25 S 5 B 25 B
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TRV S ARGy R — o MR N
EARESY ot R gt o s
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VBRS8N T4 I 5 4 90 5 R i, 7R
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T AR AN 5 KRR, 2 I K i 2 1 48
T2 AR, A v, R W AR 2 K BE T, ikt
LR WA A T8 0y 52 6 2 R 5 308 T A
FIVR A TR SR A

0 L S 25 2055 R S 4y o 4 Rt
BEMRME(P <0.01) , X 7T HE BRI K (9 ] 77
JHA 5, 4 DX AR 5, AR 2R K38, 0K o
WP T 0 9000 55 , DR Vb O AR B S, - 3 35 )2 I
LR b R B4 A R B T S R R 2
o, T R R K AR AR RE 7, 00 0 FR B
THCEE ) 2R K S B 0 0 AL S B T LT
4 N Tk BTG 2 1 45 0k B AR 2L 1]
PEGE 20 B, R T S R, WA
AT SR 3 A2 T A0S 25 R0 25 3 40 T B A 2 A1
PERHAE B K L EVT RS W
BRI 2R B DT kg +
SERS SRR T 1 S A A Y B
2, IS KR AN S R U Y A e
e K™

ZEA LA bS5 SEAT AL, B =R R AR B
e I B EREE R T A S kR
YA, AR e AR I BF S 45 R B, i e [
R 2 5 WA = R B R I A0 A 1 R R
BEDIF-. EUCTT AR, AR A K R
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ARILE T = e 5 SR B 1 S 2
Yy, i =A% B AR W 2 AR AR SR TR e
AR E A R A IR . MRk 2 R0y
HrioR , e =B i AR IX I RUE Yy 2 HE v
FHEEYY R TG, B[R — A RUE Y
Vi AR LS 2 S K Wi A v 2 R 23 A
R REAS Bl A W O B R A Y A A, FE Y
A DXIAEAS G ) B A RO 22 R BRI RR A
W [ 2SR ROR, IR e B AT AT AR 3
BN TR ML AR, 455 %F 1 E
BERCEY), B G 3 R £ BE L5 K A pH, i E
H A5 2 I R R DL B SR 2, D i M A
B RABIE K .

PR, ey SR BON I B AG T BE, + B e
Pt DU AR DA T i 22 Vi = g B 3 L 1Y
PRFUE I, 2 (A1 R PR, A SR
WA, SR Y v = e R i B Sl AR
HA R E = 003 53, iRt i B i R b i 1
S e PR A oW AL ] 3l 25 2 R I 18 S L
WS N — BT

3 4hip

B B R R D AR R AR S R B Wi R
V=i B B N TC B A, AR 7 21 % 4, WE VR 4
T A e T R AUE 0 28 b 2 DR i T — e
AR A3 I T BLRRAE

FEABEGE T & B, 24 D REA R AL AE AR 15 Fif
A28, Horp S 1] U B 1) R A T
TSR] TREE A ] IR T T T
PAMIPE T A AC IR B 1] 24 SRR T 8
BT, X 9O AN T THE 2 ANFEA 4 /> 2 B rpok X
F AR B2 5 FEAR R 2 AR Ak
B, 0B A R ) R R A B T
e, 70 BE R VR S R A & ik B i e

ZHEME T ACE $5 803 WA S i A W
ZREPE R BE R AR X > JEEIX, Chao 45 53 1
AR A TR 0 P A S ROCh - R AR X >
X, XS REA Z [ P Fh = 5 22 e B . AR
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Using Miseq sequencing to analyze seasonal soil microbial community
dynamics in reclaimed Scirpus mariqueter coastal wetlands

ZHAO Meng', YIN Chunsheng', LI Chengwei'”, ZHONG Shengcai'*, YU Kefeng'?, FANG Shubo'~
(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Research
Center of Universities for Water Environment & Ecology Engineering, Shanghai Ocean University, Shanghai 201306, China)

Abstract; By Miseq high-throughput sequencing technology, soil microbial community dynamics and the
associated soil physiochemical characteristics were studied. The reclaimed Scirpus mariqueter wetland in
Shanghai Nanhui Dongtan coastal area was the study site, which is just undergoing large scale wetlands
reclamation impacts. Results showed the dense area and the light beach of S. mariqueter soil microbial
communities were significantly different (P <0.001). The dense area of S. mariqueter is higher than the light
beach area. The seasonal variation of microbial diversity and abundance in the same area was significant ( P <
0.001), and the spring and summer microbial diversity and abundance was lower than that in the autumn and
winter.  Proteobacteria, Bacteroidetes, Acidobacteria, Chloroflexi, Planctomycetes, Actinobacteria,
Cyanobacteria, Gemmatimonadetes, and Nitrospirae were relatively abundant, and the seasonal dominant
microbial community was different. Redundancy analysis showed that microbial community structure was
significantly correlated with factors including soil salinity, dry wet ratio and nitrate nitrogen. This study is
helpful to understand the micromechanism during S. mariqueter wetlands spatial sprawling and promote the
fast remediation of S. mariqueter wetlands.

Key words: high-throughput sequencing; microbial diversity; Scirpus mariqueter; sedimentary environment;

wetland remediation

http: //www. shhydxxb. com



