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Abstract: To study the effect of heavy metal pollutlon on mictobial communities, ml(roblal dlverqlty and, community %tructure of soﬂ%
near Ql—ngshultang mdubmal district in Zhuzhouy; Ching’; I-We;e “analyzed by Hlumlna high- throughput sequencing technology. In thlsl
study, the microbial leCI‘blty and community .Fela-twg,,fﬁbund‘dnce decreased with eredsed heavylmefal pollution level. Proteohdcte*nd_‘_.,
(49556% ) were, the most abundant phyldm i dll sampleé, followed by Chloroflexi (13.07% )jand' Acidobacteria (8 77% ). The

microbial commimity structures of all samples were SimilargfThe overlap of OTUS Wik |52.164% 7Vland lthe structures of ‘the abundant

OTUs*subc sommunities were more similar than the  rake, OTUs community structires were. Heavy metals caused increa$es in
Plotegbadtatia and Chidroflexi and decreases in Aeidgbactfria and' Nitrospirae. According to Spearman’s correlation, Proteobacteria was
51gn1ﬁ’canﬂy negat}vely correlated with Cr, whereas Chloroﬂexl swas positively correlated with Cr. 'Cd, Cu, Pb, and Zn were
significantlyznegatively correlated with Nitrospitae. Theae Testilts “showed that heavy metal pollution is an important factor affecting the
soil microbial structure in the soil of the Qingshuitang industrial district.
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Fig. 2 Rarefaction curves



5154 2N 5%

B

39 &

Shannon BN EE ZFEVERGEL FEABCEYIIE R
JERZ AP B o) KL T G s e R R 1) —

A A S AR B > FRHE C > MR D, R JE TR
FEREB T, e E YIRS 2 B R .

R3 BEFEMESEMERYY

Table 3 Species richness and diversity estimators

KA Sobs T84k Chao $8 %4 ACE 8%k Shannon 8 %% R
A 2129 2548 2499 6.574 0.9817
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D 1748 2192 2146 5.793 0.9824
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Fig. 3 Microbial community structure in samples at phylum level
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Fig. 8 Correlations between microbial diversity indices (Sobs, Chao, and Shannon) and Cd and Zn concentrations

I < X (R TR VR A A RS AR S B ANTRL = B2 DX () OTU 1 EE 43 Ja8 J 35 AH 6 R[]

HIRTERE RS T 0. 05% (9 404 A~ OTU, ML S AR (3 4). BEWIREE AR AE 0.05% ~0. 1%

Y Spearman HIOCHEC R, RIAEA 159 4~ OTU ), 5 4 )8 W38 B/ FUH DGR OTU £ H I £,

HA R, A IEADE 73 A, HUAHE 89 4. H985 45 HKGEAE0. 1% ~0.5% Z 1], 466 1~
F4 FEEEREDOTU ME LW REHLMENH

Table 4  Significant relation numbers of heavy metals with different richness threshold values at OTU level

AT = BE DX ] cd Cr Cu Pb Zn As
T 0.5% 4 1, -1 4, -1 3, -1 5, -1
At 4 2 5 4 6
0.1% ~0.5% 19, -15 8, —12 9, -16 9, -13 11, -16 3, -4
a1t 34 20 25 22 27 7
0.05% ~0.1% 14, -17 19, -20 12, -19 10, -16 10, -16 1, -6
At 31 39 31 26 26 7
BT 0.05% 37, -32 28, -33 25, -36 22, =30 26, -33 4, =10

a1t 69 61 61 52 59 14
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T 0.5% & /b, A8 A, X T A X AE
0.05% ~0. 1% Z 8] /) G A= ) 32 ¥ 4 T 5% ) de K,
mT0.5% ZHEEJREME /N SEEE C, Cr,
Cu, Pb, Zn, As WM ICH OTU £ H 53514 69
61, 61,52, 59, 14, WS JE Cd XA 3252 =
T 0. 05% HITRA VI HETE 2 e R K.

k5 pR, 159 S 5E 48 B OTU

JEOVET 13 AT, M F R AR ] 5 &
&8 W EAH I OTU BH &£, h 85 4~ Hrf s-
BIEN S ES)E Cd, Cu, Pb, Zn FE RN EFHIE
X, BIE NS 6 FhiE 4@ ¥4 1 35 1IEAH K.
EALIRE R 1] 5 6 B 4@ ¥ o 2 AR G 4
W15 6 Fhi 4 e 50 W3 IE A5G, Hofth 12687
AW 5 A TR B W AR DG

x5 ELEXREYIIZE Spearman 1HXHEH T

Table 5 Spearman’s correlation of heavy metals at phylum level

/2 cd Cr Cu Pb Zn As Total
TIEWI]/ P<0.05 1-1 -3 -1 -1 1, -1 1 1, -4
a-ZE I TN &t 2 3 1 1 2 1 5
BILHI]/ P<0.05 3, -8 -11 1, -12 2, -9 1,-9 1, -2 5, =26
BB T4 it 11 11 13 11 10 )3 31
I/ P<0.05 17, -2 3, -8 10, -3 7, -3 12, -3 0 20, -13
S5-I T AW &t 19 11 13 10 15 0 33
IR/ P<0.05 6, -4 1, -5 2, -7 1, -5 3, -6 0 6, —10
y- A HA it 10 6 9 6 9 0 A6
AT ] P<0.05 1, -1 -1 -2 -1 —4 Ay 16
&t 2 1 2 1 4 = /13
A ACARTA ] P<0.05 -9 a3 -6 - -9 0 J 14
&t 9 3 6 4 9 0 .
BRI P<0.05 7,.-1 .10, -1 5 /st 4 -2 F, A,
it K (& 1 5 /s v/ 2 +5
R 4] P<0.05 [ | N -1 el T WY 1 542
o S I e /) S B 1 'y &) w2 d 1 T .
WAET] | 4 P<0.05 ¥ o 1, -2 1 -2 ¥ -1 0 4 g
i 1 F it T T ipl Yo 3 ¥ ) 0 5
PEIAT] L P<0.05 0/ ’ iy -1 Pl 0 1, -2 %, 3
il . At g I | AL 1 1 0 3 5
IR _P<0.05 0.4 oS 1 "2 1 0 1, -1
ol B r- At 0 A 1 2 1 0 2
RN LT P<0.05 0 = 0 0 0 0 1, -1
o &it 0 2 0 0 0 0 2
AR P<0.05 0 1 1 1 1 0 2
At 0 1 1 1 1 0 2
LR HT] P<0.05 1 0 1 1 1 0 1
&it 1 0 1 1 1 0 1
Ignavibacteriae P=<0.05 0 1 2 1 0 0 2
&it 0 1 2 1 0 0 2
Latescibacteria P<0.05 -1 0 -1 -1 -1 0 -1
&it 0 1 1 1 0 1
unclassified P<0.05 1 0 1, -1 1, -1 1 0 1, -1
At 1 0 2 2 1 0 2

1) HXFFEE >0.05% 5 Total LI 1532/ Fr AT i i M HE 428 B A5G OTU % H

¥ 159 548 W E M S OTU J7 3 Heoxt
@K, k6 Frw. KB 60 4~ OTU FHIEELL
XFEEAE, 78T 25 8. Wils s . Hi6
RIS IE R S | AL R | R R A 2 A
GRA BEM AN, WXL MEY T E 4R
(TR 32 e ) #5555 IR AN A0 DA JE . b R R R
Haliangium . S2HEA)E I 2P0 5 4 J@ A 0 2% (1) IE A

2, VLI LSS A W% 54 Jm RO T 32 RE 1 .
3 it
3.1 FEH SERUE YR B S5 4R,

4 ADREHD A R S AL A T T A TR W )
SRS, BRFFE T, AT, AR e ],
R XA REEE SR T A, &
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®6 ET OTU 9% ZKFE Spearman XM H 47"

Table 6 Spearman’s correlation at OTU level

1/ J& OTU 7% cd Cr Cu Ph Zn As AHXS F= B/ %
AR K%Hﬁﬂ% 2274 0.151 -0.679* -0.021  -0.072 0.15 0.627" 0. 09
P S Rl P R 2217 -0.812% -0.021  -0.798" -0.769* -0.784" -0.301 0.07
Defluviicoccus 2484 0.732  0.178 0. 549 0.537 0.668* —0.124 0. 06
A Sideroxydans 2190 -0.207 0. 043 -0.344  -0.394 -0.347 -0.653" 0.11
/BT BN Dechloromonas 898 -0.547  -0.477 -0.691* -0.512 -0.558 -0.087 0.05
1030 0.771** -0.29 0.522 0.513 0.654* 0.435 0.25
e 2220 0.643 0. 095 0. 476 0.382 0.589* —0.095 0. 14
KRN R 992 0. 503 0.11 0.615*  0.498 0.543  0.54 0.10
1372 0.725  0.372 0.774™  0.61°* 0.767 " 0.069 0.09
Desulfatiglans 2530 0.221 -0.727" -0.102  -0.032 0.072  0.428 0.16
Desulfobacca 2194 -0.62*  -0.182 -0.431  -0.332 -0.442  0.177 0.09
2552 0.755  0.329 0.65" 0.691*  0.705* -0.095 0.13
SR 1406 -0.295 0.732* 0.133 0.141  -0.035 -0.428 0.08
2661 0.648" —0.437 0.371 0. 366 0.534  0.548 0.07
I 2600 0.769*  0.074 0.755  0.737* 0.737" 0.233 0.27
/87 TE TR AW Geothermobacter 2137 0.65" 0. 095 0.35 0.277 0.557 -0.134 0. 14
344 -0.424  -0.326 -0.757" —0.671* —0.604" -0.403 0. 14
2293 0.07 -0.743" -0.28 -0.234  -0.018  0.449 0.13
HI6 1618 0.588* —0.048 0.312 0.228 0.424 -0.18 0.10
2688 -0.42 -0.364 -0.769* -0.839" -0.593* -0.194 _~0.06
2051 —0.593° -0.362  -0.495 -0.467] 1-0.496  0.448  _0.06
2590 0.699 * 0.212 0.629* | 0.53 0.624* 0.018- = 70.15
Haliangium 2166 0,745  0.128 0.629" | 076541  0.695° 0.067 /008
2503 0578  0.687" 0.7227/ L0.759% 40.675° -0.141 5 40.07
HERE 3166 0.681* -0.438 0.428 | 110.454 '0.535  0.476 [ 47 0.06/ .
31y 10,783 -0.329 0.476, _ 0.477 " 0.617* 0.342 L5847
/ 2583 10.7837° 0,042 0.776*  0.737% 0,748 0.272 77 10473
- S Sulfurifustis 2665,/ L0182 47 0.643" 0.336/' " 0302  0.086 -0.046 0. 46 .
JERET S 2529 4/ ‘};61,54 -0.018 0.364" /' 0.379 |} 6483 0.007 _  0.27 = J
Vo AL ~ AN i 2482 ¥ 07614 _-0.28 0.349/ 0,396 0.523  0.31 (T 0.11 g
‘ JF S 1035 # 20.7322F  0.143 ~0.494 70,402 - -0.562 -0.233 2. 0.50
PLBLER AT 657 1 —0.916™ ~0.117 -0.72 "% f'- 0,688 ~0.794* —0.106 0. 41
HUE \ & BRI 2867 | J0.028  —0.581*  -0.137p% -0.012  -0.041  0.205 0.06
7 I/ . 10120 ~0.658* #0.096 -0.49"  -0.409 -0.592* 0.053 0.30
| Y410 2 - 1076 <0.084-"_<0633"  -0.526  -0.447 -0.32 0. 06 0.23
/ e 940 —0.629°"  0.254 -0.413  -0.365 -0.596* -0.215 0.22
‘ . 1225 -0.774 -0.17 -0.729* -0.64" -0.77** -0.11 0.20
934 -0.585* -0.31 -0.599* -0.51 -0.627* -0.004 0.17
1024 -0.684" —0.309 —0.818" —0.757* —0.782* —0.149 0.16
" NI S 1056 -0.786 " 0.202 -0.458  -0.38 -0.642* -0.008 0.16
AL AE T ] ALER AR 2386  -0.767° 0.2 ~0.592° -0.51  —0.691° 0.12 0.09
967 -0.368  —0.555 -0.635* -0.59* -0.549  0.055 0.08
1424 -0.79"  -0.444 —0.945"  —0.924" -0.922* -0.286 0.08
3212 -0.592* -0.09 -0.403  -0.297 -0.495  0.148 0.07
2215 0.263  -0.613* -0.084  —0.009 0.124  0.28 0.05
1154 -0.55 -0.115 -0.543  -0.501 -0.624* -0.208 0.05
2890 0.052  -0.687* -0.455  —0.412 -0.228 -0.008 0.05
Bryobacter 2691 -0.07 0.675 0. 385 0.421 0.116 —0.106 0.23
1657 -0.095 0.283 -0.21 -0.265 -0.24 -0.576" 0.16
JT o 1487 -0.067 0.644 " 0.337 0.254 0.092 -0.248 0.08
WaAT ] Candidatus_Solibacter 3,07 _o 077 0.756™  0.238 0.242 0.032  -0.406 0. 06
2639 -0.203 0.704 " 0.221 0.193  -0.049 -0.279 0. 06
AKIWG659 1151 -0. 141 0.707 ** 0. 081 0.071  -0.112 -0.722* 0.05
ET 1 DA 4 T )R 1291 -0.196 0.721" 0 -0.084 -0.099 -0.631" 0.29
e e e 2447 -0.669* -0.196 -0.729" -0.779** -0.763 " -0.281 0.12
P ] ERLl 1032 —0.595 " 0. 359 -0.452  -0.534 -0.613* -0.481 0. 06
r e 3202 0.406  -0.081 0.559 0.621* 0.511  0.466 0.11
YRIEFET] BRIE (KR 1007 0. 488 0. 284 0.575*  0.687°  0.581° 0.186 0.08
] FH Jot 2 1 ) 32 0. 427 -0.662" 0.085 0. 084 0.262  0.309 0.08
Methanocella 854 -0.252 0. 859 ** 0. 147 0.137  -0.032 -0.511 0. 06

1) HXFERE >0.05% ;5 * F£80.01 <P<0.05, = = Fx P<0.01; BIAFERDBEHLE
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