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Cd Pb Cu Zn
(PO) 3 0~15cm
Cd Pb Cu
Zn 1) -80
DNA
(201 20 100
20 pH CEC 100
1.2
[llumina 1.2.1
HiSeq (21]
Pb Cd Cu Zn - 221
DTPA Cu
Zn Cd Pb
[23] Pn= {[(Pi
1 Y+(Pi )23 Pi Pi
1.1
- (GB15618-2008)
2015 10 28 1
Pb-Cd
120 m(P1) 80 m(P2) 2 DTPA
60 m(P3) 30m(P4) 10 m(P5)
F1 il EERERMER
Table 1 Basic characteristics of tested soils
pH (H.0) (g/kg) CEC (cmol/kg) (g/kg) (g/kg) (g/kg)
PO 6.07 53.34 19.95 0.49 14.45 0.44
Pl 6.20 53.07 18.70 0.45 14.12 0.39
P2 6.17 57.26 19.47 0.60 15.58 0.28
P3 6.14 61.07 19.15 0.55 15.41 0.61
P4 5.84 67.61 19.90 0.53 14.56 0.63
P5 6.00 62.41 24.25 0.63 15.38 0.36
®2 AEEEESESEATIEECREAENMNIETEESEH
Table 2 Heavy metal contents and Nemerow pollution index in different gradients of heavy metal-polluted soils
(mg/kg) 0.005 mol/L DTPA (mg/kg)
Pb cd Cu Zn > ) Pb cd Cu Zn
PO 39.68+3.93d 130+0.56e 4049+892d 82.73+12.34c¢ 1.02 1542+345¢ 0.78+0.15e¢ 2.58+0.56¢ 1.31+0.28d
Pl 106.83£19.29¢2.60+0.27 de 5548 +5.55¢ 103.73+337bc  2.04 29.38+0.76d 2.09+0.23de 4.12+048d 1.44+0.28d
P2 123.92+£3.00c 3.75+0.11cd 69.21 £597b 112.47+8.29 be 2.93 40.94+3.72¢c 3.49+0.28cd 520+0.09¢c 1.93+0.32cd
P3 290.94+2942b 5.03+021c 74.02+190b 110.01+7.85bc  3.96 4277+291¢c 470+045¢c 5.87+0.39b 2.78+0.06 be
P4 37996+82.63a 740+0.69b 79.55+2.48b 137.20+1831b 575 66.09+330b 7.28+041b 593+£0.09b 335+0.28b
PS5 36829+3270a21.13+2.32a101.24+9.38a 361.68+30.09a 15.74 13473 £3.37a 1296+2.09a 9.24+0.18a 22.13+135a
(P<0.05) P =0.7 07 P =1.0
1.0 P =20 20 P =30 P 3.0
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1.2.3 —_ PCR
18S rRNA PCR
Pb Cd SYBR®Premix EX
1.2.2 DNA 030 g Tag™ (Takara Bio, Otsu, Shiga, Japan)
DNA DNA (Power iCycler 1Q5 PCR (Bio-Rad, Hercules, CA)
Soil Mo Bio ) DNA 20 ul 1ul  DNA
1.5% 10 umol/L 0.4pul 7.8ul
DNA NanoDrop 10.4 ul PCR
ND-1000 3
#3 TE=EPCRAOWMMABNEEMSIMFEIIRYT EREF
Table 3 Primer sets and thermal profiles used for Quantitative PCR of target gene
(539
188 Fung ATTCCCCGTTACCCGTTG 300bp  95°C3min 95°C 1 min,57°C1  May 12
TRNA NS GTAGTCATATGCTTGTCTC min, 72 °C 1 min 40

1.24 Illumina HiSeq

PCR-DGGE PLFA

BIOLOG

454 TIllumina
[llmina HiSeq MiSeq
Solexa

(Sequencing by Synthesis SBS) dNTP

[2527] Illumina HiSeq

1 4

Barcode-+linker

forward primer  reverse primer

N\ | ~——425/320 bp—> | P

ey
‘ampliﬁcation
adepter A ladeptor linkage  adepter B
N Ve

‘Miseq PE300 sequencing

overlap PE reads
read splice and
decomplexing

‘ long sample-labelled reads

16S/ITS analysis

1 MFREE
Fig.1 Principle of High-throughput sequencing

x4 SEENFIINFT
Table 4 Primer sets of High-throughput sequencing

5'-CTTGGTCATTTAGAGGAAGTAA-3’ PE250
5'- GCTGCGTTCTTCATCGATGC-3'

ITS ITSIF
ITS2R
1.3
Illumina HiSeq
QC usearch
usearch reads
97%
ouT ouT
denovo
tags
OuT Qiime alpha

Qiime ouT
ouT reads
uclust ITS
ouT

ouT ouT

ouT ( Findley ITS
Database(ITS)).

Excel 2003 SPSS 20.0
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(LSD )
P<0.05 alpha 39
705  reads ouT 1 926 ouT
2 543.81
2.1 2.2
Illumina HiSeq 5 PO
883 206
863 969
240.14 bp usearch  0.97
1 926 P5 Chaol
OouT 544 +£26.95 OUT
reads
x5 TRBREEERESELIEEENFERE. ZHMREERFEEELY
Table 5 Abundances, Diversity and Richness indexes of soil fungi in different gradients of heavy metal-polluted paddy soils
(><10% copies/g) Chao 1
PO 6.33+4.65a 5.58£0.45 ab 0.93+£0.025a 661 £8.04 a
P1 1.37+0.40b 536+031b 0.94+0.017 a 475+34.12 ¢
P2 2.89+£0.73 ab 5.55+0.07 ab 0.95+0.008 a 574 +42.27b
P3 1.67+£0.22b 5.83£0.11 ab 0.95+0.006 a 590 +24.19b
P4 226+0.46D 5.49+0.18b 0.94+0.010 a 560 +39.01 b
PS5 2.04+0.23b 5.99+0.15a 0.96 £ 0.009 a 681+£9.02a
(P <0.05)
2.3 (Neocallimastigomycota) Basidiomycota
Chytridiom-
ycota
(2
PC1 PC2 PC3 Zygomycota
3596% 21.48% 11.71% PO P3 P4
P1 P2 P5
PCl1 Ascomycota
P5 PO PO Glomeromycota
P4
P3 P4 Rozellomycota
P1 P2 P5
Neocallimastigomycota ~ P3
3 PO
2.4 6 (Bolbitius)
3 7 (Pseudozyma) (Bjerkandera)
(Ascomycota) (Mortierella)
(Zygomycota) (Basidiomycota) PO P3 P4
(Chytridiomycota)
(Glomeromycota) Rozellomycota P5 (Gamarophyllus)
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Fig. 2 Principal coordinate analysis of fungal in different gradients of heavy metal-polluted paddy soils
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Fig. 3 Relative abundance of major fungal phylum in different gradients of heavy metal-polluted paddy soils
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*6 TREEEECRSEATIEMBERRIHENEE(%)

Table 6 Relative abundance of superiority fungal genus in different gradients of heavy metal-polluted paddy soils

PO Pl P2 P3 P4 P5
Mortierella 16.88 a 11.39 be 893 ¢ 15.14 ab 16.60 a 2.11d
Bolbitius 8.77a 0.0la Oa 0.17a 0.03a Oa
Camarophyllus 1.57b 6.10 a 1.20b 0b 0b 0b
Trichoderma 1.84a 1.71a 229a 135a 1.36a 0.01b
Paraglomus 0.02d 0.29cd 0.61c 0.33 cd 1.98a 1.03b
Rhizophlyctis 0.03b 0.33b 0.66 ab 1.86a 0.76 ab 0320
Fusarium 1.08 ab 0.70b 0.66 b 127 a 0.05¢ 0.08 ¢
Podospora 1.08 a 0.05b 0.21 ab 0.42 ab 1.01 ab 0.28 ab
Apodus 1.83 a 0b 0b 0b 0b 0b
Penicillium 0.10 ¢ 0.28 ab 0.31 ab 0.16 be 0.36a 0.22 abc
Stachybotrys 0.03b 0.12b 0.27b 0.26b 0.04b 0.68a
Hypholoma 1.15a 0b 0b 0b 0b 0b
Tetracladium 0.01b 0.05b 0.03b 0.17 ab 0.28 ab 0.57a
Pilobolus 0.07b 0.07b 0.23b 0.14b 0.04 ab 04l a
Pseudozyma 0.51 a 0.01a 0.01 a 0.24 a 0.03 a 0.04 a
Bjerkandera 0a Oa 0.80 a Oa Oa Oa
Apodospora 0.05 be 0.01c Oc 0.22 ab 0.19 abc 0.29a
Agrocybe 0.02 b 0.01b 0.67 a 0.02b 0b 0b
Trichothecium 0.08 b 037a 0.08b 0.06 b 0.01b 0.05b
Rhizophydium 0.08 b 0.01b 0.03b 0.09 ab 0.12 ab 0.29a
Other 64.8 78.5 82.99 78.1 77.12 93.62
P<0.05
20T :
P22
P23
1.5 F
Total_Cu
Quick_Cu
o b Agrocybe
B iler Relickrib
Total_Pb
P53 N P21
2 0.5 1 Quick_Cd maLCTimljn Quick Zn
. P Pz Sl Trichoderns
Tetracladium etis
0.0 pad13P127 1
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Fig. 4 Redundancy analysis of fungal in different gradients of heavy metal-polluted paddy soils
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Effects of Different Gradients of Heavy Metal Contamination on Soil
Fungi Community Structure in Paddy Soils

YAN Hua, OUYANG Ming, ZHANG Xuhui’, YING Duo, ZHAO Xijun, ZHANG Yujiao, ZHENG Jufeng,
LIU Xiaoyu, BIAN Rongjun, LI Lianging, PAN Genxing

(Institute of Resource, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Fungi community structure in paddy soils in south Jiangsu under different gradients of heavy metal pollution
was analyzed in order to study the impact of heavy metal pollution on the microbial variability. The results showed that heavy
metal pollution has significant impact on fungi number and community structure in paddy soil. Principal coordinate analysis
(PCoA) revealed that the first and second components accounted for 35.96% and 21.48% of contribution rates, respectively. The
results of redundancy analysis (RDA) showed that Pb and Cu greatly influenced fungi community structure. Relative abundance
analysis of fungi at genus taxonomic level showed that heavy metal pollution significantly reduced the population of sensitive
fungi but increased the population of patience fungi. Sensitive fungi genus included Mortierella, Trichoderma, Apodus and
Hypholoma, wheras patience fungi genus included Paraglomus, Tetracladium and Rhizophydium. In conclusion, heavy
metal-contamination can significantly influences soil fungi community structure in paddy soils, increasing heavy metal
concentration can increase the population and diversity of heavy metal tolerant fungi and decrease sensitive fungi, which furtherly
increases the differentiation of the structure of fungi community.

Key words: Heavy metal pollution; Paddy soil; Fungi community structure; Illumina HiSeq sequencing
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