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Effect of uranium pollution on the soil fungal community as revealed via high—throughput sequencing

XIAO Shi—qi', SONG Shou'?, CHEN Xiao—ming"*", QI Xin', ZHANG Xiang—hui', TIAN Jia', HUANG Sen', DONG Fa—qin'

(1.College of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China; 2.Defense Key Labo-
ratory, Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: In order to investigate the effect of uranium pollution on the community structure of soil fungi, in this study, indoor pollution by
uranium of the soil environment (2, 5, 10, 20, 50 mg + kg™ and 100 mg - kg™') was simulated, and untreated soil samples were blank con-
trols. Using a combination of Illumina MiSeq high—throughput sequencing and bioinformatics analysis method, the diversity and community
structure of soil fungi under the different concentrations of uranium were determined. The results showed that uranium had an important in-
fluence on fungal diversity. When the uranium concentration was 20 mg - kg™, the fungal diversity was the lowest. At the phylum level, the
dominant strains were from the Zygomycota, accounting for 33.46%~73.36%, with Mortierella the dominant genus, accounting for 33.46%~
73.30%. Principal component analysis showed that the fungal community structure of the soil under uranium stress was significantly differ-
ent from that of the control group. Ten species of uranium-resistant fungi were found via correlation analysis, such as Pseudeurotium, Glo-
mus, and Cylindrocarpon. The results of this study can provide a theoretical basis for evaluating and remediating ecological environments
polluted by uranium.

Keywords : uranium pollution; fungal community structure; high—throughput sequencing; uranium-resistant fungi

Wi EH.2018-02-26  FRABH:2018-04-27

PEEEA : FRFRT(1995—) 0, VU8 T AP AR R 4 ) LA S MRATSE . E-mail : 570860956@qq.com

SBEIEE FREY  E-mail : chenxiaoming@swust.edu.cn

ESTE « 9 G MR B U P 30 RHIF R 00 H (162G6101) 5 16 5¢ i g BERIIF 78 & S 110751 H (2014CB846003) ; 14 )11 45 R4 770 H
(18YYJC0927)

Project supported: The National Defense Science and Technology Foundation of China ( 16ZG6101) ; The National Basic Research Program of China
(2014CB846003) ; Science and Technology Department of Sichuan Province (18YYJC0927)



20184 8 B

P RF I, A5« e e P 7 S o b SRR R A R B S 1699

W 5 A% L TN P DR T, X AR Sl 1 7 R
SR BRI A R R AR T R
PEMEELSBENREYE B K, 1525 Tk
SR SR 05 Y, RS Y s, —
A Y 3 A A AR S R SR E LR
2V PUE AN, 55—y 1, L L P R Gl B S
AR AN 38 B R P RES L ™ EE
o NS B AR, TR I, A b Sl e X+
B IIR R

HIEMAYE LSRG PR E CEER,
80%~90% 1] - 3EAH 5 T BE AR B i 2B Wy e R 4y, L35
TR AL, R AR E T BB TR AR D1, 7E
AW U A R O B SRR ) 3 T e A,
fE B4 S W5 e ) 1) M S v A s o), H R B
PR T 430 R A ik W A W i, L HLAT oA AL
i AR T RE R A S R G R T R
P, A AT S [RGB 4 A
AL A 20 L S 4 g W R R OE | 200 6 P /06 I i 1 7 A
4 @ 5 20 R ) 2 5 AN R PN 1) R I AT 2% A
PRI, X 4 398 0 P R 45 44 (R BIF 9 8 R TRA G 52 4
TSP EEME R IS

e A I LA R R A R T SRR A
) 2 W IR A RIS A oE v o Wa SR
FH e 38 S P AR, AT T H T e i X rp -
A o K T 4 JE G B0 A 0 R T AR 22 A T 1
Wi, &35 5 ¢ BH 4= b (o0 PSS = 2 SO Tl A W s AL
It HORE MU UE MR, ZFE M i 2 . Guo
SEMI) P v R R R R T 4 T g
T RIS 1 A8 4k, IR AR5 T 4 J R B B T P 1
IR AR R 5T IR i A MRV S R AR T R
P S . FET UL, AWFR Sl o 1 IR
TETE 2R S 2R | A AN [ il R Ak 3 4 198 A
FEIE LS 22 5, RS e 33 AR 25 TR Al S 16 42 41
HEAR A

1 MREFE

1.1 HmRERMAE

P R B VU R RO AR B N TE TS G AL
JIE IR () B B, - S S A AR M T L3 1. SRAETT
PiAE 1 m® SRS ROEIURE | SRR IR e 57 25 M 3R A
Y1, S mm JE AR )ZE LI IZIUERE N 20 em (19 1
5o, BOFETRE N 6~10 em. T HERAE 5 285 0 L £ BR
Fe TSR AL IR o A 5B aE A B R R ) (4K 1 B e R

T A IRl T 2 A AR P8 3R Lk 785 5%, A~ 1
FRMA 25 g1 1 3 HIESER B [UO.(CHACOO0: ), -
2H.0, ZrAfr 4t , A0 Ak T AT FR A w1, DAatifhit,
BC B 1 g L7 Al W T DA Ay B VRCHE A T i 38 A0 B
AINIE S 3 e EE A 2.5.10.,20.50, 100 mg- kg™, KK
¢ h U2.U5.U10,020,US0 A1 U100, LLJS#G + 34
FZS X IR L2 U0, AL BRJS  + E EAE 25 CF
PEATRE SR, W30 mF 1] g 15 d, - 38K 45435 Sy ) 45
KR 60% -
#1 SR HERATE MR

Table 1 Basic physical and chemical properties of the soil

28 Parameters {H Values 2% Parameters { Values
pH & 7.15 3 g - kg™ 138.20
AL /g kg 5.93 AR /mg kg™ 450.20
A A /mg - kg™ 51.74 AR g kg™ 21.28
A 3 img - kg™ 7.28 Hli/mg kg 231

1.2 TEDNARBRSEENF

K F OMEGA A= 913 w4 E.Z.N.A. Soil DNA Kit
32 5200 A $E B 1 A DNA L A 4 R I A 188
rRNA JE R o (1 ITS1F-1TS2 X B Ry s vk 4, 5%
2% : 1E 17 ITS1F (5’ ~CTTGGTCATTTAGAGGAAG
TAA-3" ), JZ [i] 2043R (5’ = GCTGCGTTCTTCATCGA
TG C-3"). f#H AxyPrepDNA & Ji RIS £ (AXY -
GEN 23 w5 YIg I PCR 724, % PCR 7™ ¥ H Quanti-
Fluor™-ST i 45 0 5 1t R G A7 7 it , A4
T3 DNA MBS R RE AL 12 1 ELBRR A IR GIR A
5], MiSeq SCE#4) K Nlumina = 38 & 0 5 2 i
g R B 2R A BRI SE AR K DA 8
A%z NCBL U b, 4R 15 %5 5t 5 SRR6921796 .
SRR6921807 .SRR6921809 .SRR6921813 .SRR6921814 .
SRR6921851 F1SRR6921858 .,
1.3 RS

Z REPE B 43 B - XE AR B A5 81 64T OTU Rl
53, FTF 97% WAL A B OTU ekt , 44 22 B
2. Vi FH Mothur # 4 H () summary.single 17 4> , 7155
Chaol \Ace ,Shannon & Simpson 4 F# FH 89 4= %) Z #f
PEFEEL

M AF F Qiime *F- 5 5 RDP classifier Ul
3737 X5 97% FHABLK T OTU AR 3R 7 51 k45 40 2
SO M CEAG FEBIE M 0.7) , Hod DL Unite 0 8048 14
A5 B A [v] Ve B A Ah BREAS 19 EL TR A TR ZKOF 1)
R AR T s i I Ay R rp
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] S A B 2E 2 R, DA norank fE FARid. 4028
2 HONT i AR A A B AL R 0 i , 237 HE L0283 2R
HERE— RGN MEEAR, DL Unclassified ric.
S50 B < SR FH SPSS 17.0 HkH 61 43 B 2% 28 b
SRS EERE R . F 57 HT (Principle com-
ponent analysis ) J5 345 43 B A [6) ¥ B 4l Ak $RE AN 1]
BRI 2SS R RIES 1Y Vegan 152

2 HRESW

2.1 TEERESHMEEY

W 245 245 2% reads 223 004 5%, F- 24 RE
31 857 4%, H P4 B A = 1k 7 771 584, -3 B
KR 245 bpo RN P HHELTREHLAMAE I 5%, LA
FE) 7 A0 S BT REA R OTU ME H #2275 ¢
P 2R, 214 2 ) P 2 N U I e A B
W 1R, 6 A Ah BT 0 R Bk 28 00 2 B4k BTt
Wil 3598 140, 8 2 R e R s A D R
OTU, Pt FIAEAS i e DA 35 A ELRA . I FLREA
TR BUEIIAE 99% DA (32 2) , it — 4 UE S A vl
J7 45 AR BT M AR AR A T R W ST SRS . b
Hb B ARAG AN AR A Hh ECTR 1 Alpha 22 FF M6 S0 .
Ace Fll Chaol 8 5535 W] F T4 S #E V5 T OTU % H
PP S B R AT . i, U10,US0 1 U100 4b
FEZH 1 Chaol Fl Ace 5 B4 X BE4H /&7 , T U2, US F4
U20 2b FR2H fy 40 B2, H v U20 Ab 3L Y W 4
B FAK . Shannon F1 Simpson ¥ R AE G AE Y HE R 2
FEE . Shannon {88 K, 106 B B V&% 22 RE 2 B &7,
Simpson {H 8K, B 75 ZAE MK, Hrh U20 4b#E 4
% Shannon {H %, S 1.86; US04 2H {4 Shannon {H
B, 245, B U204bFRZE Ah , HoAx4h Ak P2 24
PEY R T B 2 25 R B T A HEXT I 2

150

100

501

Rarefaction measure: rarefaction

10000 15000 20000 25000 30000

0 5000
Number of reads sampled label: 0.97
1 $hAbZE T T E E R AR I il 2k

Figure 1 Rarefaction curves of soil fungi under uranium stress

F2 HAIET LEREFER Alpha ZRE R

Table 2 Alpha index of soil fungi under uranium stress

FE R Chaol Ace Shannon  Simpson
Samples  Coverage 8%k EiEg EiFg 3 TREL
Uo 0.999 4 157.7 154.7 1.86 0.279 4
U2 0.999 7 129.7 131.3 1.88 0.281 6
U5 0.999 3 1553 139.7 2.04 02535
U10 0.999 5 164.0 160.7 227 0.204 3
U20 0.999 8 117.0 117.3 1.86 0.319 8
Us0 0.999 4 159.0 1583 2.45 0.1811
U100 0.999 3 159.0 161.7 2.08 0.242

FEMA L2, IF H 20 mg - kg™ A4l AL FRXT 1+ 18 B
B AL K
22 TEERERREHAEN

P 2w A I A ) OTU 228 T 4 1 1]
X, TE AR K84 W 1] (Zygomycota , 33.46%~
73.36% ) F B fe &, H k8 F 42 & 1] (Ascomycota,
24.56%~59.33%) A 53 K I E A T ] Fungi_unclassi-
fied(1.68%~7.86%) J¢4H-F 14| ] (Basidiomycota, 0.41%~
3.53%) . SXTIRAAHLE, FIELEZ B IPA S A
BTN R, T3 T R SRR
WFFEEE AL, TR e B E SR i5 Y s F T
i, 2 I RE TR ] LA n] BB X B 4w BT B it 52
Peo IBAh, R REELE LD A —E el IR H
HAESMIEShIE 5 0 53 v F A B DR AR R LA
A - S0 17 il P v HA R S

1EJE K- (1 3) R A5 Hir 100 R AL i s . F 1
KF 1% W & J& B Mortierella Ascomycota_unclassi-

[ Zyomycota Basidiomycota

O Ascomycota H Others
Fungi_unclassified
00 | ]
2 | A
Us | UM
U10 | A
020 | N
Us0 | N
U100 | %)
0 20 20 60 0 100
F B Abundance/%

B2 BT HEABEFENEXNFE
Figure 2 Relative abundance of dominant fungi under

uranium stress
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Figure 3 Heatmap of fungal community clusters under uranium stress
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fied, Fungi_unclassified . Fusarium . Staphylotrichum .
Basidiomycota_unclassified . Montagnulaceae_unclassi-
fied, Haematonectria . Podospora. Agaricales_unclassi-
fied , Coniochaetaceae_unclassified . Pyrenochaetopsis Fll
Entrophospora. F:H Mortierella(33.46%~73.3% ) 1 As-
comycota_unclassified (15.89%~52.56% ) 3. & & 16 4%
AEPREE TR X IRAR L, Sl AL 3 2 5 - S Mortierel-
la (N ECEE B T I, I 2080 T 40%; T Ascomyco-
ta_unclassified B 381, f B39 T 37%

BEAh  FEALHUS BRI R RRE S, R 2
F R, Hoh Mortierellales_unclassified, Lophiosto-
ma, Xylaria F1 Thelonectria A 7E X} B8 21 A 0 2] | 17
Trichosporon 1 Agaricomycetes_unclassified A B AE &
PALFRA AR LR AR — A PRZE AN 2], 4
Glomus, Fellomyces, Rhizoctonia, Scutellinia Fl Occultifur
AAEFE T U100 A FREH ', Myxotrichaceae_unclassified
H1 Eurotiomycetes_unclassified A7 7£ T US0 2+, 1fij
Westerdykella F1 Sporobolomyces {XAF-1EF U10 4b B 20
Ho DLEZERERI, B3 RIS g R AR
HNA YRR,

2.3 ISR TEEREEERN RN

FH 53 53 (PCA) 25 48 A [ ke JB il 5 ¢ 1
Bh AR AR 22 5 . NI4T IR 38—
AR T Jh X R i 22 S B TR (B 88.55% , 5 — - AL bR

20007
Us00U10
1000 [ x U100
i o
R | +Us
~ 0
b 020
g 0o v
& 1000
U2
A
-2000
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PC1:88.55%

4 BT HIEEREE PCAS

Figure 4 PCA analysis of fungal communities under uranium stress

A TTHRAEL R 7.72% . Bl 28 526 b B B B A RE AR
RIFRTE A AT B AIL, b U0 A1 USO il b 34
FF il B4 EL B 25 R AR B, US 0 U100 il b BERE: it F) FL T
SEFIARARL, M0 UO X Bt 21 1 39 v T 3 25 4 5 il A P2
FHZERER o LR R W] T AN [R) e B2 gl 7 e Xy L 3
HH I L TR R R 5 A IS S

A FER AR RAE 0 Hr, i — 2B 5 T fl 5 0L
ARIBRI R . S Hras A o ZE0H G E 5 4l
oW R F, P 10 R & 5 5h A 8 A G, 3R
W32 10 Fft LG 0 4l HA — @ Mk . 3 3 o, dil
5 Epicoccum , Agaricomycetes_unclassified Fl Cylindro-
carpon 5 . 3 5 (P<0.05) , 5 Pseudeurotium . Glo-
mu . Fellomyces . Rhizoctonia . Scutellinia . Occultifur F1

Cephaliophora 1% . 2 1TEAHE (P<0.01) .
3 atig

A B 5E F ] Mlumina MiSeq I 545 A, LT 7E
7% ZAENE AR B T TS 5E T AN TR Bl TG Gt
TIEA IR . WA R R, AN [ R b Ak 3
&, BRI R R A B e, X
FIRER T S A W e K R R T R TS YR
AR P IRBE ST, %of 45 Je g PR BUR N AR ) B D
T P i A A B AR PR3 10 R i A2 A, e Abh, 228K
Bl AL FEZH Shannon $5 £ 5 T 6T BRAH, SR B A 3 )5
B ZAEME ETE . SARBETORIL, BRAR A% B
A T Yl b rh BUGE G 2, AT A L A
I T Jose S5 IBIFFY ¢ B e A B 4 SR S e s i
REARAN I RE 7K 2 A1 X AT RE 1 T RUAE Y0 46 R 1Y
M 7 2 AN ], S e TR X 4 i i A v, LU
20 TR TR TR

TEREVR LA L, FLT =22 LA Mortierella Fl Ascomy-
cota_unclassified i 3 o 1 Mortierella 765 AL R )
FHEET . SR 5K EX B X 1
PEFAET (1) 53 B 45 SR AL, Mortierella 7E AR B2 5 43
IEREE/A = T R o S = 1 1] S D S R ) R
& BTG T ERAN R o 130 Xylaria AULEXT BZH

R EHEAREEEXENABERE

Table 3 Significant correlation of dominant genera with uranium

ﬁﬁﬁ}‘ﬁﬁ Pseudeurotium  Glomus Ag(lncom)'f(ietes_ Epicoccum Fell~ Rhizoctonia  Scutellinia  Occultifur Cephalio= Cylindro=
Dominant genera unclassified omyces phora carpon
*ﬁ?éfﬂﬁ?:%( 0.983%*%  (.883** 0.781%* 0.772%  0.883**  0.883%%* 0.8837%#* 0.883%#* 0.930%* 0.776%*
Coefficient

T R B, R B
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K H T Trichosporon AN A 4l Ak 3 S H PR Fellomyces,
Eurotiomycetes_unclassified Fll Sporobolomyces S5 A A 1E
TR PR . T o BT R R, 2 2l Ak
PR B 1 LRV 2540 O AR X 245 SR SR
TEANTS YN, IR 45 R A T8 . X T RE
S E TR B TS YU TR AR N B RN R 22 1]
MTES KR, FBURMMAMRER £ TO0H, mim ol i
Wy = R 34 0 5 ELE SE AR AR W it 52 il 0 3 A A
Yy ddr 1 HARRI AR A TR Y, DT A A5 g -3 A 40
PR T R U,

ASBIFSE AT B0 Bl HAT A A L D Glomus |
Rhizoctonia . Scutellinia . Agaricomycetes X Cylindrocar-
pon B M ELT o 12K LR W] S A YT it A 1R
B, 2 BRI A A ) A, A Al [ A 2R
AR 3 — & BRSO BB ST IR S22, 7E
ARG L, AR — Ty T a] AR A A
OB JST SR o3 e LA, DA T S8 S A Ay 0 o S ¥
A 32 RE T, 55— T ThI TR AR EL AT ) B RERS IR | [ 45
H g JE  INIMTAE—E RERE R 58 o < Jm XA ) 1Y)
A E N FE AR B SO SEIE 5L T RN Glomus
sp. W IRIA B BT AR 20 . BIFSE SRR FE iz I
TR By T IR WA SR 1k O RE Dol 22 i 0 R WA A R
Vare™ FI| FTRE 5 70 B X R HE 5 T AR E X HAE )R
A T PR AL, G T R TR O RV v R A T S R
BRRRUTTE . HrPBEIRAN 5y 15 BB 5 L as A, 9F B
FLRE 32 2 W Wil - BE 78 20 M 9 TR R Y Bl R £ DT
BEM . ARG H T DO Al A TR P RE 2 Hh TS 1
HEN IS W im R, B TR Mo b S R B
Mo 5 GV s ST ITE . Hh A BEIRTTTERE R
26 2400 L v P e ) B, T A58 200 ff 4 52 ok —
ATEH o FET I, FHRAE Py Bl i sz AL R ER
SEAT R R B S 52 Al S YL PR EE RS R L i —
AT TR Y ) T AL A A A B S SR
o

4 £ig

(1) 5 X RRA L85, sl Y Jo L VR ZFEvEA
BRI 2 AR o Al e VR R 50 mg - ke B, HIEE £
FEMEf Al DA YR B R 20 mg - ke B, HIEE I Z
FEPE A

) ais e n LIEARRE R A BB, 53
B2 He %8, Mortierella =F J& fx Z2 08 /0 T 40%; 1] Asco-
mycota_unclassified 3 = 381 T 37%. W45 M 2%

SRARHT, b Ak PR 1 EC VR 4 M 2 5 0 IR 25 5
R,

(3) A JCE 3 Bt 25 SR A5 31 10 Flowk st B A it 1 1
EL I , 49 9l J& Pseudeurotium, Glomus, Agaricomycetes_
unclassified, Epicoccum, Fellomyces, Rhizoctonia, Scute—

llinia,Occultifur,Cephaliophora 1 Cylindrocarpon.
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