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Influence of lead on bacterial community composition in Lou soil
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University, Xi'an 710048, China)

Abstract:To research the soil bacteria microbial community composition influenced by lead, while examining its relationship with the
physicochemical properties of Pb—contaminated Lou soils, the [llumina platform Miseq high—throughput sequencing technique was used to
analyze the agricultural soil treated with various concentrations of Pb?*. Three treatments, namely high concentration treatment (WHIGH ),
low concentration treatment (WLOW ), and control (WCK ), were used. The results showed that Proteobacteria (with an average relative
abundance of 25% ) and Actinobacteria(with an average relative abundance of 18.6% ) were the most abundant phyla among the three treat—
ments. The other dominant phyla were Acidobacteria, Bacteroidetes, etc. Actinobacteria, Betaproteobacteria, and Cytophagi were the most
abundant classes in WHIGH among the three treatments. At the genus level, the relative abundance of 9 genera were significantly different
among the three treatments ( P<0.05), namely Pseudomonas, Skemanella, Balneimona, A gromyces, Enhydrobacter, Devosia, Variovorax,

Flavihumibacter and Lacibacter. Moreover, the relative abundance of 7 genera were below 0.3%, except for Pseudomonas and Skemanella in
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both treatments. The variance analysis showed that the richness index of the community (Chao and ACE ) had significant differences between

the WHIGH and WLOW treatments( P<0.05 ). The bacteria community structure of OTU was fairly similar in the WCK and WLOW treat—

ments, while it was different in the WHIGH treatment. The redundancy analysis and correlation analysis showed that the content of available

Pb and total Pb were positively correlated with WHIGH's bacterial community structure of OTU, while being negatively correlated with those

of WLOW and WCK. Firmicutes, Gemmatimonadetes, Verrucomicrobia, Chloroflexi, and Nitrospirae correlated closely with the physico—

chemical properties of soil (P<0.05). The results of the present study indicated that bacterial community of Lou soil has been greatly influ—

enced by long—term Pb contamination, which changed the bacterial community composition of the soil.

Keywords: 16S rDNA gene sequence; bacteria; Lou soil; lead; bacterial community

R SLYNeS DRy eaibl - Siel W e o e 9 £
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<) 15 U AT AR H A AR PRl A W (R A v A Al i 22
REME ™ A 1 25 R

TR YT S5 F ) 7 7k E2EA Biolog Y
B 22100 i 107 IR 3 1 TVRT PCR. AR M B R 5 R H Uk
(DGGE )15 i3k 675 A R A FUKS 1 2 5 i A —
JE R JRBRAE . i i DNA I SR FT0HE 3k
WA & SR TERT R L AN R AR D5 TR R AR
RRERE R o Ye S5 SR il S PP BB S TG ETS
PeRT5 K R A M E A ), 25 R T A
PARTE AR B , 15 7K o3 SOMF T T A
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SET I, AN R P v e R A xS A
TR ETS LR , 7 LS PR 5 A0 TR A 2
BZ IR AR , i 15 G e ) R I P A AR )
A P itk .

I HE S

1.1 R A IR E T
FH 1] 280 565 b 57 F B 70 45 A 18 7 v DX L SR R (34°
17'51" N, 108°00'48" E ) |5 5% 1 + I J1 FIAE KL R 5 W

WL 1% BE AR 524.7 m, AR 024 13 °C L 4F
SR KA 585 mm, R 4 EAE T2 K,
U HJE RE A R (R B AL, & B
Ji o ARG H JE FE A A L JE Tl Al 431 o

RIS 3 AN, AL B 3 AN A, 43 i At B
(WCK) A BR(WLOW) | R Ab H( WHIGH ) o {47
AEFRGR N Ph(NO, ), MREE R 175 mg-kg™ s R A AL FRES N
Pb(NO;), ¥l 350 mg kg™ ; X BRI Ph(NO; ),
VS 38 9 A/NX BN 2 m, BE 1 m, /NX Z (7]
WIERE R 0.5 m IR EAT , FEAERAS /N X Y JE 3 TR
JE2 0.5 m AKJER@MR . T 2010 4F 6 J1 3 H ARk
& Ph(NOs ), ¥ WS N 22 A0 /N X2, % B2 T
INEERFRR K il N THERIEE 0~20 em 36)2 48R
H 35 BHES KRN H K S 80%, &1k, Z
Joi BN SL /N A - BORERAE . /N EOR AN A
IR/ IMIE 22 FIBEHL 16, 33 Fi7E /N X 4 3 it
R ICAE, AR RE 0.15 g-kg™'; Ca(H,PO,),
0.05 g-kg"; K,S0, 0.10 g-kg ',

2013 4 12 J1, R “ME”5 s BOREik  F 4k
AR IRRE S BUREIR Sy 0~20 em, AN /NXCREE +
FEZ) 0.5 kg, ¥ EHEFMIRE G 2B SRR I A
Bk, B A2 0.1 kg 26 A KB R A B4 F, Bk &+
HCH [ 528028, 1 2 mm 5 S ARAFE T80 CukAf
PEFT 53 FHE 2 b s Fodr AR A B 48 rpy [l 512
B, N B ARRT 2o 0 fe i 3R A BAE P
Jo M A R
1.2 H@aH

43¢ pH {E I 2 19 £ K H OB ARER ) S 1:2.5;
- B ML 00 S R P B R R B A Ak 5 Ak
40 5 ) 2 6 BE 7 5 SR 0 R A 0.5 mol - L' 1Y
NaHCO; 242 EH B BT b 43 06 6 B 100 2 5 B A
KB /O a2, By vk Y S B i B
VARiIIRI

41 R HNOs—HC1-HC1O, I i K M T+ 1
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RAIMERF 2R IR A

W (PE, AA800, 36 [ ) S5 il ", A S 45 (APD)
% EDTA Z42"ICP-MS(Thermo, Xseries Il , 35 [H )
WE , BEAFE SR E 3 AER , BOLEIEITT R A
SOBLIERYE BT (L A
1.3 DNA $2E{.PCR ¥ $&Fnil

K DNA 57 &5 48 B - B 5 DNA, 50
FastDNA®Spin kit(MP bio, Santa Ana, 35 [E ), DNA ¥¢
J2EE R SR ) o A R 8 11 00 2 A4z ) ( Thermo,
NanoDrop ND 2000, 3% [& ), #% 4% & 1035 %2 5K ) DNA
PRI R FL R A E Y1, #id Dlumina MiSeq F &
SERL Y . PCR §7 34 R 16S rDNA J:[H V4
X wid 5] 4 515F (5 -GTG CCA GCM GCC GCG
GTAA-3")#1 806R(5'-GGA CTA CHV GGG TWT CTA
AT-3"), PCR B s6AFANTR, PSP 95 CLR4F 3
min; 28 P . 95 CAR 3 30 s; 38 k56 CAR3f 30 s; 4E
.72 CLR-EF 45 s, 3 30 MG ;72 CLE{H 20 min,
JrH1F-$K BE 253 bp, #2238 NCBI %44 72, I¥ 915
SRP075183,
1.4 BUESW

K 1 Mothur(V.1.36.1) i U8 £ 8 , #5455 T 12 19
AL, FFEF USEARCH(v7.0.1090 ) 76 97%#H
RLEE R S T R IEAT 2 AT HAE /3 2 ot (OTU) iR
¥4 ;i1 RDP classifer(v2.2) 8 {4 4% OTU {3 ¥ 51
SIEE PR LT A TR RE . St MR R TE R
OTU P+ EfE R

K SPSS 22.0 2R A5 A% il Y - 18 LA 3L A
T AT B A e A A (R 2= e A A T L
K7 22457 B (LSD %) i B2 /K 2 (Spearman ) #H 54

34 W CANOCO 4.5 B x5 #1958 D 3R A0 AV
LA TTUAR P HT(RDA ) o

2 HERESMH

2.1 TIEEMR

PR ORI S UL 1o 3 AN BRI £
TR AL AR AR A SR LR
WA % 22 5 (P<0.05 ), pH FG i &% 2 o i % 2=
5 (P>0.05),
22 TIEMBBTERAERN

9 A~ AR S I e 345 2] 153 653 25
A, AR RS 17 073 25751, LL 97%4HH
LB K] 43 HeA5 5 14 414 4~ OTU, A4 H OTU %0 H i
ok 1574~1652, B RAFES P A 1601 4~ OTU,

220 3 AR IVEU AR R T 2557
Wras H Bos : WCK 5 WHIGH 434 551 5icfy 1 2%
P22 55 (P<0.05) ; WLOW Fil WHIGH 4b B = & 18
#(Chao F1 ACE) EA B & 125 % (P<0.05), HWLOW
Ab IR (4 T 5 BE S B0 T WHIGH &b B (4 40 1 48 , 3¢
BIWLOW Ab 3 (% 241 R 7% =F ' B & T WHIGH ; LA
Z FE % 45 %4 (Shannon Fi1 Simpson ), WCK . WLOW #1
WHIGH 43 2 ]33 Jc i 4 22 7 (P>0.05) .

FE 97%1 OTU AHALLEE T ,3 4> Ab PR 345 512582
A~ OTU(E 1), Hiif WCK 1 WLOW b FiHEA 18224
OTU,WCK F1 WHIGH 4 P34 1796 4~ OTU, WLOW
F1 WHIGH 4b B4 1814 4~ OTU, i 1697 4~ OTU
N 3 AN FEIAT , H WHIGH 43454 OTU %0k 204
A B F WCK 1 WLOW b

F1 TEBYERMNBEE

Table 1 Characteristics of soil samples and lead content

b3 Fokht AP SOM/  HBE AP/ EUMER AR/ BREAN, ARIGEHY APH AR TP
Treatments pH {E Moisture/% g kg mg-kg™ mg-kg™! mg-kg™ mg-kg™ mg-kg™!
WCK 7.62+0.10a 2.95+0.16a 14.91+0.27a 23.67+0.95b 149.73+4.21b 63.56+2.69a 8.13+0.08¢ 23.41+0.29¢
WLOW 7.65+0.06a 2.38+0.23b 12.47+0.18¢ 23.36+3.31b 160.89+4.22a  60.53+2.70a 80.61+8.38b  165.83+4.48b
WHIGH 7.59+0.04a 2.22+0.25b 13.14+0.33b 29.26+2.04a 158.32+4.07a 61.72+3.68a 161.22+5.87a  331.13+8.51a

TE B AR EZE (n=3 ) , IR F AN JR] R b B R 25 5 % (P<0.05), 18D % T Al.

Note: The values are mean+SD(n=3). Different letters in the same column mean significant difference between treatments at P<0.05 of LSD’s test. The

same below.

®2 AEAEETRAFEFES ZHMREY

Table 2 Soil bacterial abundance and diversity indices between different treatments

L FEAI%K 97%ABIAKT- 97% similarity
Treatments Tag number Chao ACE Shannon Simpson
WCK 17 488.00+432.78a 1 780.26+22.83ab 1 830.85+5.81ab 6.23+0.02a 0.005 9+0.000 4a
WLOW 16 996.3+248.23ab 1 809.57+10.35a 1 859.08+22.78a 6.24+0.09a 0.005 6+0.001 la
WHIGH 16 733.33+375.16b 1 772.92+9.68b 1 824.31+9.51b 6.25+0.01a 0.005 2+0.000 2a
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WCK WLOW

WHIGH

B 1 3 MNAbIERS Venn BI(OTUsqs)
Figure 1 Venn diagram shared bacterial OTU among three
treatments(OTUsg;)
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Figure 2 The taxonomic composition distribution in

samples of phylum—level
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Figure 3 The taxonomic composition distribution in

samples of genus—level
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bacterial among three treatments
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Figure 5 Analysis of significant differences at the genus—level
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Figure 6 Redundancy analysis( RDA ) of the relationship between
the structure of soil microbial communities( relative abundances of

OTUs) and environmental variables
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3 1S EKELAREES TSR Spearman 2 #7 (I EE>0.5%)

Table 3 Spearman’s rank correlations between abundant taxa of phylum-level (RA>0.5% in all samples combined ) and soil properties

I"] Phylum pH{E  &JKiE Moisture AHLBT SOM  BHALHE AP BE AK BAFA AN ARGEH APb G TP
Acidobacteria -0.118 0.200 -0.267 -0.517 0.167 -0.500 -0.267 -0.467
Actinobacteria 0.277 -0.167 -0.117 0.333 -0.067 0.067 0.267 0.483
Bacteroidetes -0.420 -0.283 0.083 0.083 -0.083 0.050 0.417 0.183

Chloroflexi 0.143 -0.583 -0.100 0.883%* 0.450 0.167 0.750%* 0.833%*

Firmicutes -0.059 0.750%* 0.500 -0.550 -0.717* 0.300 -0.750* -0.817%*

Gemmatimonadetes 0.345 0.533 0.467 -0.100 -0.667* 0.200 -0.300 -0.067
Planctomycetes -0.303 0.117 0.117 -0.200 0.083 0.017 -0.517 -0.483
Proteobacteria 0.118 -0.067 0.333 0.400 0.167 0.633 -0.167 0

Verrucomicrobia -0.689* 0.367 0.517 -0.350 -0.567 -0.050 -0.333 -0.533
Armatimonadetes -0.487 0.117 0.617 0.150 -0.100 0.383 -0.350 -0.317
Cyanobacteria 0.109 0.200 0.350 -0.050 -0.317 0.033 0.033 0.117
Nitrospirae -0.227 —0.833%* -0.167 0.667* 0.617 0.200 0.700%* 0.700%*

¥ FoR P<0.05 ;%% FoR P<0.01,

Note : ** indicates P<0.01; * indicates P<0.05.
I"J( Chloroflexi ) A1 fil AL B2 i€ 45 [ ] ( Nitrospirae ) i 2 1E
FHS& , T Al AL 5 B 1] ( Nitrospirae ) 5 2 K 5 g 3
EPS

3 g

3.1 4R AN X 4 T B 4E X O 22
+YEZEE RIS PG A PR AR T A B
S AR AR RS R e ) - SR 4 S TS Y
RS e SR S i S Niklinska 564 K
W% 4 B 15 YL IO ZRAR A W TS 4 AR AL AR
Ko ABFFE PCA 43#H7 78 WCK Fl WLOW AbFH )
Y R S5 F R AL, {0 WHIGH AbFE S —F A
255 0 H & FEFE U (Chao 1 ACE), tHi2 75 H
WLOW 1 WCK kb 8] G B & 225, {H WLOW 5
WHIGH 4b ¥ 2 [a] 5 g 2 25 5 ; WHIGH b FiL %) Shan—
nons 7550 = T WLOW F1 WCK &b FH ity AH R, H:
FEE I OTU £k 204 A~ 1), it WHIGH AbH 4
HHETE ZRE MRS B F WLOW H1 WCK AZbBH . Golebi-
ewski ZE I T 4 JE V5 YL Y L IRRE AL AR T TR B 4
FKF EARETE A RIS DR AR A, 5 2 AR
()3 25 B TT R R I RIS A8 Ak A SCHE T 193 25K
b RE RV LH R i 2 7 T ) ( Actinobacteria ) R FF
B '] (Acidobacteria ) 7F =/ Ab B[R 0% A 22 540, Hogy
FHEAE 3 AALPE KARFAL, X5 Golebiewski S54%5
VAR ; T AE J8 43 25K b, R R A B T) A S B 4
Z 125 BEYF(E 5); H WHIGH 5WLOW HAY
2 2R R 5 Fl(P<0.05), ¥ AR E B Fh (4R

XFERE<0.3%), AT ULASC AN B HE 7 4 A 110 A8 Ak 32 22
PRBEMR R B R A A T i 2 o Xt e I vy
FoA Heg B B T R 0 R, RERS TR B G2k
YIRETE S5 R 2R AL

— B PR N 4 s L e AR I A BV P
M2 TE4 R, FEUNAFIRE A28 9 8l 3 77—
43X B 4 S A Uk AR AE A, DA T o L SR G A P A
7 AP I, A SR A R T PAHs FIE 4
J& Pb.Cu 1 Zn {5 4%+ rh B TEIE . ASCHEN ]
HFIH WAL, MR E S A E R, HAE
WHIGH 4b 3 4 AH X = B2 %5 T WLOW I WCK Ab 3,
AR SR A 45— A C WHIGH Zb B ()
B —A% T i 24X ( Betaproteobacteria ) F1 5 ¥ 75 24X ( Cy—
tophagia ) FHXF F X T WLOW Fl WCK AbBE. AETE
"] (Proteobacteria ) & 5 43 J& V5 Y 33 Hp A DL $5 4t
B, ATRE S R S A 35 iz A o2 e
44 ( Cytophagia )i 7 F F4b P H 43 J& V5 Y i K 44, H:
AT AEAHLRE 153D A 2208, N TS G5 ey Hh i B
4 )@ B F25 . WHIGH H, WLOW il WCK &b 3 7
A HE ZHPTE T X AT BB WHIGH Ab P2 A+
& IR 22— A SCHU R R LR A R TS
EAWFIE
32 HEEELEMS TEERZENER

RDA 255 R, A RS R S5 WHIGH
ARSI T OTU K F- B 7 20 5 A 3585 1) 1E A G
5, 5 WCK 1 WLOW AbFEAY AN BT OTU /K-ERETE 40
SEASC, IS R — P ENE T WHIGH 35 A %
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RAIMERF 2R IR A

ZIPLS AR . WCK AL AHTE OTU /K- 24
S PUTIEAHSE A HUTT AT hAs - LR R AR
5 gk, A 2 g2 sh VR R AR K 7, T
9 41 TR B AT B A A K BRI, Spearman 43 B 45 A
R, 4% pH (H KR EAE O SO AL
B8 R N I A D SR A DG o 48 pH (E A
K 8 T EL R A HEERAR SN, DT R M AR 0 1
S AAFIREE W E I A AR = A — e 1Ak 2E )
JO St ke SCRE R T A 3 Ak 25 ) I 1 A AR TR A AR
E[27—28]O

SMEATIHEA S 2 SR AR E R
M), A b NS A AR AR TG M A BRI
BEREIGEARP, 5P EESE LY, X 15
A, AREE B in i) 4R & 2R T RS KE,
HAIETE KA 3 48, BAR 3 AN Ab B A A HY A 22
St ARTEAS R -5 (0 41 B I8 2k A B 7R
TN, IEES e 5 BT S I — 8 A U R
TR UL KA 2 AR RO, TR T i B3y
BAYEYRIRL , KPS A0 == B I AF 78 25 5, L b3
A3 AR AR X 3 v 1 T 4 TR S TR R R ) M Wi
VB 384 T BB ON 7R &2 8 U T, AR PR 21 45
W) pH {E \Eh {H MR R kA T AR MR 530
RS W T S AR B R 4 P2 Cu> CA* 5 B4R BT
A TE AT BB IR BT e [ o A -4 i
5% 1 1) 76 4 J8 7 3 R A -t W R iR RS e Ak
A5 RT3 A 4 A ] ) P e AL, DA R 1
AP ZREE RN (B BARPL LA A 5 T
A J5 TR A MBS o AS3C 3 ANAbEE a] Y 1 S 4N P
TEA A 2253, B4 R N i B A 22 5 1) 32
PRI, - HEER I DR X 20 BT P R 1) el At = A T —
FREE MR o BT A SCAS AN vk FE Rl Hgad T
B I SR, -3 A g v T e A R A k1B
AR PR E N E B IS, NS TR IR AR
TAEYME S ER AL T B AR

4 Hig

(D)X FRAMIRAT AL FE G OTU 2H A ARARL , 17 v 5
ALY OTU 5T — 3 22 i k. BB (Pro-
teobacteria, 25% )it 2k 7| ] ( Actinobacteria, 18.60% )
1 3 AL B LA TERE AR F B2 A R A I
HEAFT ] (Acidobacteria) 3IFFF ] (Bacteroidetes ) .
2525 B ] (Chloroflexi ) #1 7% 25 £ | ] ( Planctomycetes ) ;
T 2% T 24X ( Actinobacteria ) . B-AZIE W ( Betapro—

teobacteria ) A1 15 3 i/ 4X ( Cytophagia ) 7 & 4540 B A AH
X 4= B A e o

()TEJ&® 7y K- E R 3% 22 S iE A 9 4
(P<0.05), B3 fE2 B Jfd 147 J& ( Pseudomonas ) F 215K 4 J&
(Skemanella) 5 (FHXT FFE>0.6% ) , Balneimonas &%
T J& (A gromyces ) . 7K Wi 14 J& ( Enhydrobacter ) . Devosi—
a W E (Variovorax) Flavihumibacter F1 Lacibacter
PR BE TR R CREX B <0.3% )

(3) - $3A A0A AFIEVR 5 5 Ak ) A T
OTU JK-V-REF& 2 5 IEARSG, T 55 00 BRI Ak 3 Y
A OTU K- v 4 52 DR OG5 X R 4HTTR OTU K
SRR ZH LS A DL A OC AR 2K
b, JERER ] (Firmicutes ) . ZF B B | ] ( Gemmatimon—
adetes) JEIF ] ( Verrucomicrobia ) %25 1] ( Chlo—
roflexi ) IR AL IR HE R | ] ( Nitrospirae ) 5 1 HEFREE [H &
B H K (P<0.05)
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