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1.1 &R R T AR RERRE

2016 4F 11 7 13 FAETF B T8 X 4 VbW A VA
SARAEH R A b A TR . JEBRLIR SRR A (35. 96°N,
120. 25°E) G F 4 VoM LA B5YERE B2 100 m, 1%
PP RRE A B ) 5 EL RS R 2, 7R
iR P 1240 2 m RAOHT 4 2 b IR
JKEETAE 2.0 LoKRECILEE 1. il 200 B I K B
HEFT 91 1 08 D 2 B K IR S ), P I 0. 22 pm
S BB L e A6 U AT WA A7 TR
A7 T IR 4E DNA 7.

x1 HmER

Table 1 The information of samples

GG SRAE IS (1] REERFH
Sample Sampling time Sample volume/L
JS1.1 11 A 13 H 10:00 2.0

JS2.1 11 A 13 H 12:00 2.0

JS3.1 11 H 13 H 14.00 2.0

JS4.1 11 H 13 H 16:00 2.0

JS5.1 11 A 13 H 18:00 2.0

AWETER N 15 B AR BT v [ 97 I ik i) e )
5 10:00—16.:00,16.00 H#5v&E . H,10.00 H &
ARG E] 5 16 : 00 Ay e ey A B i)
1.2 REHT/KPELSEHNE

K Mettler Toledo £ £ %t F £F M & 1Y
(Seven2Go) Xt 25 R A B[] 1) 7K A 11 & B2 32E 17 30 37
7 K HACH 2 Z80FF¢ il 2 4 (HQ30D) X 45 %
FERFIR] K RER pH SEAT BRI E . R 45 ] 7k
FE L0 LG, e B 0. 45 pm BEFRET 4 U Bt uE /K AE
IR TEREA TR H] 2 4 100 mL R IR . — 0
R TR KFF (—20 °C). I F NO; -N, NO; -N,
NH{ -N.POT P [0 &2 5 55 — 1 % A W3 A0 5 IR
TRAE, T SIOF =St il 2 . XK #E i NO; =N,
NO; -N.NH/ -N, PO} -P.,SiO} -Si .30 & F h # %
FHE SR B 3T (BRAN+LUEBBE) 4 7l 2
1.3 REHTKFAREEREH DNA 2

TR BRCH D T, KT B B T B R S

BT E L%, i § Powersoil® DNA Isolation Kit
(MOBIO, USA) #i174078 & DNA $2 10, 153 19 DNA
TRAET —80°CUKAE T A T 235,
L4 MR EM T K hAEEESF

M 16S rRNA K qPCR & Ml {fi i FastStart
Universal SYBR Green Master (ROX) iR & (F K,
D, F B 519 338F (5'-ACTCCTACGGGAGGCAG-
CA)FI 806R(5'-GGACTACHVGGGTWTCTAAT) %f
PR 16S rRNA FEH AT 3. P &4 K. 50 C
UNG [0S 2 min; 95 ‘CHAS 4 10 min, 95 ‘C 28 4
15 5,58 "CiR K 2 min, 40 PNMEFR, FHET KA X
B3 AEATRE IR MR R P E 1A IR
FIE DNA 4§38 (4 45 5%, X4 3R KRR §h 9 DNA
B A T4 e 26 3
L5 &ML KPR ELEMRSHEST
1.5.1 Nllumina Zi@ 5 I HLHE 16S rRNA 3
V3-V4 A] 78 X 5| 4 341F (5'-CCTAYGGGRBG-
CASCAG) il 806R (5'-GGA CTA CNN GGG TAT
CTA ADXH4IE DNA #47 PCR #3, PCR JZ ) %
P4 :94 °C HiZAsPE 10 min; 94 “CASPE 30 s,58 “CiE k
45 5,72 ‘CHEMH 1 min, 35 PEHF; 72 CHEA#H 10 min,
YR DNA P 3 7= 4K 25 420 bp, P45 a8 2 %03
G PR s Pk AT RGN L ik A A5 S o A T S
J S SRS A 1 I SC PR fif H Hiseq2500 PE250 F- &
HEFFINY
1.5.2 HIEHH AL XoF D I 5 A 7 o
GiE . BRE 1Y EEBCOREEEOR T 1 ()7 51 DL B o 4y
BUNT 20 (P8 LAGRAFL TR 507 L 306 1P 0 e I
KEHITGIT. X BRI 16S rRNA JEH 7
FILL 97 % (ALK SEAE S OTU 1y K1) 4340 38 98 17 58
25, £ QIIME9. 0 # 4 Chttp://qiime. org) H %
BLAST {75 36 1 £ 5 51 5 SILVA Chttp: //www.
arb-silva.de/) ) SSU rRNA ¥4 5 317 LL %, 315 4
—A OTU 7E£ 0 KA s B . PR 76
B FIKE LI R TR S5 B GE i i il
FH QIIMED. O B A % A~ 24 6 AH [R]85 43331
1143 Chaol ,Shannon 4§ Alpha Z #4555, I 22 i #
B2k . i Canoco for Windows 5 B4 %] 5 A= My ke
VR L AE SRS ) IR BRI AT A3 AR R VR A5k
MR 2 IRl A AH S
1.6 FHIERS

PRSI 40 B 16S rRNA K [ J5 04 54 1% %)
NCBISRA (Sequence Read Archive) (g FEh, & F 5
k1 SRP133872,

2SR50
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2.1 XEMTKREBEUSEHST
BRI 10 3 T KR R AT B S B0 E (W3R
2). HhPEFEE W A HE RS 22 B S AR S T i A H

NO; H1 NH, BRI & ka3, Horp i RAE 1
PRAETKR T B B BE . SIOZ )6 3056 T v P AR 0
B HERAE S BUAE K5 39 e/ ME H BUEE Sk o3

R2 BREVHEREREREMTKELSH

Table 2 Environment parameters of shallow groundwater at different times in the Golden Beach

i g NOz NH; NO;y Si0%~ PO~
Sample Salinity pH /(umol« L") /(umol+L ') /(umoleL ') /(umoleL ') /(umol-L ")
JS1.1 15.18 7.79 0.102 7.868 4.41 27.862 0.204
JS2.1 15.13 7.81 0.093 1.035 144.08 43.924 0.986
JS3.1 13.69 7.56 0.011 0.617 88.96 44.109 0.723
IS4 14.90 7.92 0.011 0.438 116.31 44.633 0.638
JS5.1 15.04 8.04 0.033 0.913 100.81 44.121 0.788

e B BRI AT RENN RE (S Y(E . All data in the table are mean values

2.2 KEMT/KRAFEFESNT

X 4 0 M 2 MR K R R Al T gPCR S5
AR 16S rRNA J (1 40 ik i 2 0 B0, R W] 5 E
g PCR BN e 051 40 — SR A 1 R AR 52 93 K
Mo IR b P A AT E R B TR R
BRI 16S rRNA BN 95 DU T 7. 55X 10" ~
2.94X10" copies/ml, Hi /& 1 Al 1. 4 5 (14 F JE B &
SRFEI ] A HE RS B S T W e BT A
A 33T e B A A o 2 A T B R K
TS TR AR RS 200 T 2 B AT 7 35K 0 v ST 4 7 2 5 8
PURLARAK Y- k15 300 2 e W i B 40 R R R
S B KR B Be AR SORE T R AR BT
2R BHAT P A 52 080+ 5 v R 9 3 UK R A W A
v A RE R TR R AR % . i T AR T
KBl BLGE » T B B A B A AR W B B B AR
.
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- J
e \
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S 5
‘2 3.0x10° A
a
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e —
1'0><105 b - - 2 x - >
b SLUE R Bl 5 7R
Early rising tide: High tide in the lateigpp tide period
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Fig.1 Bacterial abundance in shallow

groundwater from Golden Beach

determined by parallel samples.

2.3 FIPMEREM T KPARBEELEHR ZFEST
2.3.1 mABE 5L X RAE B KA A 2E
FTAR 16S rRNA B[ Tlumina mpl &0y A&, 5 4
TRJEHL T KAE A L3RG 164 587 & m B P4, f1
FEA PP AN S0 T 29 618~41 418 S5 [H]., J¥ 54
RUEE 97 XN HEAFIHFEA OTU K43, 5 AFE S L3RS
3276 AOTUs. A KR 1) OTUs B/ T 2 185 &5
2 551 Z[a], WXL AR o« ZREELE 3D 8T
JeBRL IS5 1 AR A= L s T AR L T JS4L 1Y
ZREEE T HABRES . 5 MR E S EY ST
980, BT 2] 1 e o it 7 B B R 6% A 0B AR L R
EUPNEZ L7/
232 mEBHARSH  OTU BEER)E, 645
MRER TR G R AT S . 5 SRR IR AG I 2] 45
ANTT.81 AN 154 A4S H (266 ANBE 417 4N JE 166 F,
I 53 KIS SRR I 3 12 AR R R
(WLIE 2), HoARTEE T o 22 TE 4 (Alphapro-
teobacteria) , -2 % B 47 ( Gammaproteobacteria) | §-28
JE T 40 (Deltaproteobacteria) . 342 JE B 44 ( Betapro-
teobacteria) , -2 JE 1 44 ( Epsilonproteobacteria) {F £
FEah TR 4w T B S TE 1 12 1 00F 50 X 38
TR, SAR202 clade. #2 4k 2F ML 4 # (Clos-
tridia) . Cytophagia . ZE T 7 49 ( Bacilli) . Flavobacteri-
ia,Bacteroidia S E AL AV A HE . XL
PRI s o BT BN AE TS1. 1 S JS2. 1 5 4 e ffe
Az, FiF 4 LA T 18. 83%645 35. 98 % . v 8K B 40
FEJS3. 1,054, 1 K JS5. 1w S dfa e 3 ooz Bir o U B
T 22.51040 45 26.9200 Z 6], v JE B 40 78 ik 9 B
B BEAE I R RS FL T o5 L B BT AR JSAL 1 AR
T Y B EE R B B KB
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Table 3 The diversity index of bacterial community in shallow groundwater from Golden Beach

FE JF 5 555 OTU 4%k i IR (e TR 2 R AL BRERE/ Y
Sample Sequence number OTU number Chao 1 Shannon Cover degree
JS1.1 41 418 2196 2 090.51 7.42 98.4
JS2.1 29 618 2185 2 146.19 8.09 98.7
JS3.1 30 773 2 243 2 221.38 8.25 98.6
JS4.1 31653 2 435 2 395.22 8.73 98.5
JS5.1 31125 2 551 2 542.81 8.71 98.4
1.0+
Il = © Other
- B Flavobacteriia

0.5+ .

H X} E J&F Relative abundance

B Bacteroidia
- Nitrospira
B Ciosiridia
[ Betaproteobacteria
B Epsilonproteobacteria
Deltaproteobacteria
- Unidentified Actinobacteria
B 54R202 clade
Gammaproteobacteria
-Alphaproteobacteria

0.0

5 Sample

JS1.1 JS2.1 JS3.1 IS4.1

JS5.1

Bl 2 RJZ T AR 445 oK LA A X 2

Fig.2 The relative abundance of bacteria at class level in shallow groundwater

T X A0 T g 23 SRR GE T R B 3) 5 AN
REAS B4 1 HE 7% 45 1 FL AT 35 ) 2R S 22 St HL
B 6020 LL b0 TR JE N BB A2 43 A, K
AR R IEAFHRAMSE . Shewanella \No-
cardioides . Pseudomonas. Caulobacter . Arcobacter
Oceaniserpentilla . Novosphingobium ¥ % F 5 &
HABEFERIZ T K P a3 ete . XL E R i EsE
KB, Shewanella . Pseudomonas Arcobacter TE 3§ B
B Bl I ) HE RS FL BT (5 L E i b, 76 R B B A
Xof = BB TR A
2.3.3 mABGAMEL £ oAb X5 AR
1 OTU 73 A e ik K B COLIEL 4D . 5 A FE il i %O
OTUs $E4 948 A, 29 5 B4 28. 9%, #0 OTUs
TEASHE b B o LG 3 S M R T
84.28%0, Ho A JSL 1 AF dh P (9 A0 XF F B R 38

94. 9% ., MATAFAZ L OTUs 7E&AE i B9 LLEE 4307 &
B, B B IR A HE RS, 40 OTUs BIF i (1 L 58 2% 97 Uk
A HE TS5, 1 /b E 84, 3%, MHEEAFERFEA I OTU
PTG R B Ul G TR A ) OTUs 78 72 3 148 4>
A HREA 1 OTUs 48K 28076 4 A FE b i A
XFERENT 0. 0106, H T B Z FIAE A b i 1L
FHINT 100 T i 1 LU E RS G D 2 R K 2
2T L AT N

HI TR0 OTUs ZEASRE i B A AR 52 52
FHE 8000 LA L XS 25 HF: ity v By 200 B A V& 45 H A 52
FCHufz . A% OTUs FERAERD Z 18] 19 2 22 S i 5 1R
AN TFVRE A TRV 2R B AR v 284 22 S ) R B Tk
IS [H] A4S B0 OTU's ZEAF il F L H 8 W KA A%
L OTUs FEAF & 1 U E B W T 5
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F X} F FF Relaive abundance

1.0 4
0.5
0.0 - T T v v

B = other
L] Sulfurimonas
L] Sphingomonas
- Phenylobacterium
-Amphritea
- Pseudoalteromonas
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- Novosphingobium
Oceaniserpentilla
-Arcobacter
I:] Caulobacter
B Pscudomonas
Bl Vocardioides
B shewanelia

JS3.1
5 Sample

JS1.1 JS2.1

IS4.1 US5: 1

3 VR TOK PR A K AR A HIX o

Fig.3

JS1.1

72
& 34 JS5.1

Js2.1 101 o
85 N

948

148

IS4.1
J83.1

Bl 4 RZHT K aliE s OTU 434 Venn &
Fig.4 The Venn diagram showing distribution of
OTUs in shallow groundwater
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G % b T 7K 20 TR U R SR A R B BT R
LAY AN 3 32, o JSTL1,JS2. 1 AR AL SR
— N33 JS3. 1. 0S4 1 K IS5 1 BRI — A (I
K 5).

ML S AT 4 v M B LA L A5 IR AT K
PAL FEREART I G S1. 1.JS2. 1 R i 55 4k 15 1 B BE
(9 JS4. 1.JS5. 1 BEh Z RIFELE R R 22 571k

The relative abundance of bacteria at genus level in shallow groundwater

JS5.1

IS4.1

JS3.1

IS2.1

JS1.1

[ T T T 1
0 0.1 0.2 0.3 0.4

F5  IRJZEHL T K b A R 2 A

Fig.5 The cluster of bacterial community in shallow groundwater
2.4 XEM T KH AR ESMERFHEXES

£ OTU ZKF 1568 < Vb J2 T oK b 40 i i o
SR S IREE R 5 AR SR T 20 B (LR 6) . 28 BIO-
ENV f A58 IR B A 308358 B 5 047 0 2, 45 3
NO, (Nitri.), SiOF (DS, pH,NO; (Nitra.) 4 5%
GRSl D6 RIS IR g U ey < £ DU PA
GIMTIERTHE S TUAR 0 # BE 38 G AN S8 K A b 48 R
VAL SR T A PR M. SRR AR —
S A B AR A T AT LU R b S PR I )
83. 6 Yo iy R FH AR R, Nitri. . DSi, Nitra. 2 fift B A WF 5%
TR RS S5 AR AL R I 7. SR RIR R
FW L Nitri, DSE XSGV RETR JZ 3T 7K Ff B 20 R 1 Vs 4
F HA 250 (P<<0. 05) .
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Fig.6 The redundancy analysis of bacterial community and

environmental parameters in shallow groundwater
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BRI BRAL A8 B Y T R E B VDR 2 T K
BRYRE S 2 A v (4. 31 % ~ 7. 67 %) , Herp 40 3% 7] R 47
[ U 9 [ R MR TR R (Azospirillum) , AT AT ZAGAE
P73 SCFF# & (Mycobacterium ) » #E47 FCRHALAE HTEY)
BRI E & (Pseudomonas) . AN S FF 1 & (Acinetobact-
er) S AT AL AE FH %) 01l AL BR 18 & ( Nitrosococcus)
S X 6 FTARAE R0 KR NO, ¥ B x40
TRV 2 LA S 3R (P<<0. 05) . TR, 29 1E
FHIRIFZR 4 VD MEVR 2 Hb T 7K o %) 8008 2 3 72 b A T
BR .

U WETR JZ 1T KR i -5 AR AR G 1 48 BT
R R EETE 1. 29 %6 ~ 1. 80 %6 22 i) , M vp 4 4% 7]
TR IR £R 340 I () B i 9 18 J& (Desul fovibrio) , W] #E 47
RAEALITFERY Sul furimonas JRMIRF & (Thiomicro-
spira) \Sul furovum ER R FF B (Sul fitobacter ) 254
WA o M T 7K Hh el AR W 0 e A Sl A X # s AT
REJE Y T2l XA T U i A - B = B R 46 55 8 = )
TSI A -

4 45k

AWFFEIET 0 5 HE S F I IE R II A RIXR 2
H K AN B RV A AL L AR SRR S . 2
FERA WA 1 FH B S 00 T b K R 20 R R S AL 2
LR 2 A R 2 R K b 5 R 26
AHDC I 4 T AR 32 B2 e L BTG S e . W 1
FHOXS 3R 7K PR MR v B AN
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Influence of Tide on Bacterial Community Structure in Coastal Shallow Groundwater

Zhang Shengdong'?®, Wang Xungong'?®, Zhen Yu!?*?
(1. The Key Laboratory of Marine Environment and Ecology, Ministry of Education, Ocean University of China, Qingdao
266100, China; 2. The Laboratory for Marine Ecology and Environmental Science, Pilot National Laboratory for Marine
Science and Technology (Qingao), Qingdao 266237, China; 3. College of Environmental Science and Engineering, Ocean
University of China, Qingdao 266100, China)

Abstract: In this study, the shallow groundwater samples were collected continuously in the upper tid-
al zone of Qingdao Golden Beach. The high-throughput sequencing and fluorescent quantitative PCR
were used to investigate the influence of tide on bacterial community structure in coastal shallow ground-
water. The results showed that Proteobacteria were the dominant group of microorganisms in the
groundwater, and the tide significantly changed the composition and abundance of bacterial community
in the groundwater. It was found that there was high community similarity among samples in the early
rising tide period and ones in the falling tide period by cluster analysis, while there was significant
difference in the samples from the high tide period. The NO7 and SiO%~ had important influence on the
bacterial community structure in shallow groundwater (P <C0. 05). Influenced by the tide, the bacteria
associated with nitrogen cycle in shallow groundwater was relatively abundant. This study demonstrates
that it cannot be negligible that the influence of tide on bacterial community structure in shallow ground-
water.

Key words: tide; microbial community; shallow groundwater; high-throughput sequencing
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