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Microeukaryotic Biodiversity in the Waste Ore Samples Surrounding an Acid

Mine Drainage Lake

LI Si-yuan"” ,HAO Chun-bo'* ,WANG Li-hua",LU Zheng’ , ZHANG Li-na"* | LIU Ying'? ,FENG Chuan-ping"’
(1. Key Laboratory of Groundwater Circulation and Evolution of Ministry of Education, China University of Geosciences, Beijing
100083, China; 2. School of Water Resources and Environment, China University of Geosciences, Beijing 100083, China;
3. Shijiazhuang Tron & Steel Co. , Ltd. , (Xinyue Sintering) , Shijiazhuang 050033, China)

Abstract: The abandoned mineral samples were collected in an acid mine drainage area in Anhui Province. Molecular ecological
methods were used to construct 18S rDNA clone libraries after analyzing the main physicochemical parameters, and then the
microeukaryotic diversity and community structure in the acid mine drainage area were studied. The results showed that the region was
strongly acidic (pH <3), and the concentrations of Fe, SO;~, P, NO; -N showed the same trend, all higher in the bare waste ore
samples PD and 1M than in the vegetation covered samples LW and XC. Four eukaryotic phyla were detected in the abandoned mineral
samples: Ascomycota, Basidiomycota, Glomeromycota and Arthropoda. Glomeromycota can form an absolute symbiotic relationship
with the plant, and it was a key factor for early plant to adapt the terrestrial environment. The biodiversity of the vegetation covered
samples LW and XC, which contained Glomeromycota, was much higher than that of the bare abandoned rock samples PD and 1M.
Moreover, many sequences in the libraries were closely related to some isolated strains, which are tolerant to low pH and heavy metals,
such as Penicillium purpurogenum , Chaetothyriales sp. and Staninwardia suttonii.
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Fig. 1 Photographs of four sampling points
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&), A T R AR R Y 20 BR A BCEE R 2 DNAL i
FHEAZA W) 18S tDNA i 514 Euk-817F (5'-TTA
GCA TGG AAT AAT RRA ATA GGA-3") #l Euk-1536
(5'-ATT GCA ATG CYC TAT CCC CA-3") #EA7 HIK

FEHEM P 1. PCR M9 R 4% 42 95°C T A8 4 8
min,94°C M 30 5,53°CiR k 30 s,72°C HEfH1 90 s, I
35 MER G TE 72°C FAEff 5 min. PCR J h )™
Y 1% By ReoW e 5 Hi RSl
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TAA TAC GAC TCA CTA TAG GGC-3") Fl SP6 (5'-
ATT TAG GTG ACA CTA TAG AAT ACT C-3") #t47
PCR ¥ 4 50 ik A 7 B R/, i i BH I ve . IF
FHP AR R & PE S VI ( Hha 1T F0 Msp 1) #6478 D10
Mr,#i2 ARDRA ZERIEH SR J5 FH SR A AR Se b
HEATINT .
1.5 RBEEEHHr

AL G , 1 9 H Bellerophon 2 K6 i & 75
B WAL, B 617 16 i AR R H
Dutor A% FT 5 7 91 ik — 20 430 25 5l B A [A] 7 51
PEAT 15 FF %) % A NCBI M 3%, /1] Blast 72 % 5
GenBank "1 ELA B FFFIHEAT HEXT, T 8 AU B
()75 8RR U 35 S I E AP P S E & 2% . %
F A 7 51 ] BioEdit 1 ClustalW 2 75 o 4} &,
MEGA 4. 0 82 250 % B W
1.6 JPAEEZRS

ARG IAFITH1 3 C 4258 GenBank 1, JF 511
50 10968637-JQ968685.

HRE55
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KA 4 DR ARES Y P S 83 1
Fian. WAl DUE B A RE S ) pH {E#SE 3 L

2

T, PD A, AR 2,48, FRiAY 4 @ T E
Fe ) & fem, 4 DRSS EYET 90
mg-g_l. R AR PD, 1M B AR
Fe WY& i TA MO E T LW XC AN & AR
. Al SRR Z, KZH 60 mg-g™'. SO, M
HAE PD ALIM PSR SR AR &, M AT RESE R T 52
KRR 2B B WK, 4 DNFERA
PR B 22 AR K, 7E XC o8 0. 34% |, i 7E 1M
W HA 0.09% , 7T g i T A8 Y 5% 8% 1 2 i, f XC |
LW AP & 88, P NO; N5 Fe, SO;~
SR Rl —FL A, PD AL M B9 & S T XC O
LW () Fr . M SPSS b By b S50, 15 8 R
T (L 2) , W 2 Fal DUE Y BE S LW D
XC WA s AL T, SR WIS BURE s i Ak o
SRR
2.2 FESVRAIE S HT

4 SRR EE ST SO SO B Bellerophon EryRd
K36 5Bk i A A5 , A Dotur 2K A4 XA %07 51
HEATAAT , el 4 A S ) A% A ) SR R
MLk (B 3). 4 ST HI L35 17 RS2
AT (operational taxonomic units, OTUs) , H:H 1M,
PD, LW, XC B850 4 3.7, 72k "LIE
LW A XC A S E

R1 BREMBLESH

Table 1  Physical and chemical parameters of sample

FE Fe/mg-g ™! Cu/mg-g~! Na/mg-g ™! K/mg-g~! Mn/mg-g ! Al/mg-g~!
PD 105. 66 0. 06 26.43 5.89 0. 80 61.06

M 98.43 0. 64 23.68 4.73 0.78 57.53

LW 90. 32 0.79 24. 44 5.16 0.46 59.51

XC 94.59 0.36 20. 61 8.27 1.41 60. 94
FE i pH HHLH/ % SO2~ /mg-L"! P/mg-L"! NO; -N/mg-L"! NH; -N/mg-L "
PD 2.48 0.10 143. 4 80.3 28.5 19.7

1M 2.51 0.09 284.4 68.0 40.3 14.6

LW 2.69 0.15 72.8 45.17 5.7 10.9

XC 2.87 0.34 58.0 21.9 0.9 28.7

2.3 EHREAYIZERE G

P00 745 2 1948 3R P S AE GenBank U4 5
PEATARALTE LERT 453 4 SFESL Y 18S rDNA Y EEA
3@ T DU R ZERE 7300 T 22 5411 ( Ascomycota) |
fH 7 & 1 ( Basidiomycota ), ¥R %% & [
( Glomeromycota) #1715 5. 84 '] ( Arthropoda ) , U %]
4. K 4 AT U Y RS TM AT PD Y 781 42
RJE TR, M HFRE7E LW, XC FE 53
JE R B 4 R A 62. 8% | 64. 7% . HH TR
IIHE LW SR O 58 —REHE, 2015 27. 9% ,1E XC

SCEMN A ) 11.8% . ERBEWE1E LW SCE AL
2.33% fHFE XC SCEWNHINE R, [ 20.6%.
TS I TAE LW A1 XC iy IR AR, 20 51
6.98% . 2.94% . MK 4 AT LLFE H, XC F1 LW P>
FEMTET T — 2R I BB & A 4 AR A2
BT 1M A1 PD S PR LU R 5 1 Ak
B, UG, XC T LW A A Y REVR S5 F T A AR L.
2.4 RBEEFI

4 XC, LW, PD, IM iX 4 M R g 5L R 4
BT Blast 7387, M H ARG KB R ik — T
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Fig. 2 Cluster analysis of the four samples
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Fig. 4 Proportions of the 4 phyla in the four samples

fif X LE EZ AW R GE R B s M T 4 DR
ARG R EM (B 5). WK 5 hal LIE T, 74
T DRI, A5 10 R AL 05 T A
TSI oA 3 BRG] A 1 R

WL RGER T F M, RN 1L K
WX FRZ AR W S R | TR B < B T PR 2 DDA

K. B FEE B 0 TR ] ( Ascomycota)
KIFH) AMD-2 78 4 MES A A, Hoh 78
1M(85.3% ) Fll LW (46. 5% ) ¥ i 305 P e i e s
HL7E XC(20.6% ) Fl PD (9. 09% ) 3CJE i B A5 ¢
B0 EEE AMD- 2 5 3F & B Penicillium
purpurogenum W FIEPERT L 99% . Say %" B 57
Penicillium purpurogenum 1E R 1 21 55 b X T Ca,
Pb. As, Hg S5 4 Jm 9 L BRAE J1, 45 R R W], Wt
FRBE pH HORTHE R, 75 pH 2 5 I, WK B 28 ik
B RAE, T HIZE TR AT Ph B B R fe .
FHEREAR , SCHR[ 12,13 1 RFFE MR N, P K
R, X SRR SR N, PSR —
oo TR BA A LR, B AR R B P Y
Si—O Fl Al—O iP5, K, Mishra 2511 JUKE
BT K AR o B R 1 BR T B T Penicillium
purpurogenum MTCC7356 , F-F1| 1% B Mk 25 Bk 7 &
BARMA A Sio A AL T S84 Fe I0H
SR, FESEERIEAT 30 d ZJ5, RNAA R Y pH i
6.8 R 2.1, HolR B L 2 i T AR IR v i R
TR X . AL, Penicillium 75 P AN R
SRR, H AR (A LR W] [ SR 55 pH T
W, FECP LRI . [HREAE AL A1 Fe & AR Y
PRI P L2 , I R i HE B AR A AL R Fe
mERRER . DR, VR IR P AR HE B IR i, £
IR P EE. AR TR ERAKE AT Fe
FIAL B AR e, TR PEE 3 — AT AR
FF BRI 2 ROFR T P o i Y — > EE AR
AMD-5 J2& PD SCHE i F 5 YL L (84. 8% )
fEXC CREHR A 2.94%, EE R BW LY
Chaetothyriales sp. % H—7%. Chaetothyriales ( JJ&
H) &—Z A8 E B (rock-inhabiting fungi, RIF)
FHHEAAOMBE HEKMWRERZ —
Chaetothyriales A LA R4 HA: K AEE TR 0 A A 3R
J2  HARH AR v A 10 R S L P O 4 R
REMZEY) o2 T1, SEAMN M 4 R 3. JF H,
Chaetothyriales 1734 1l A= K 2218 H 2 kIR,
W HAAF T B RE ) AR D | 545 3 1oy 7 3R K
SIBURHIIRE.  [RI %28 TR By A 5 5 TR B, 2y
A TR 22 Fr BT LAVE R SO TE RS T
BHEGAAET L ARBIE T PD AR R TR
0T DX, SRR R R 2 A A A R LR AR
K, PRIHGZ S BT ARG 2 B2 53h 84. 8% .
AMD-11 7€ XC SCFEH 5 5.88% , B 5 HH
Staninwardia suttonii B35 2 K R L. XTI AR
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AMD-13 (JQ968637)
Sevtinostroma alutum from mushroom {AF026607)

971 Seytinostroma caudisporum (AY293158)
Uncultured Basidiomycota clone North_Pole_SI60_23 from sea ice (HQ438113)
AMD-7 (JQ968661)
Uncultured eukaryote clone RU12192007A7 from air ( HQ427481)
00l Coniophora puteana clone MUCL:1000 (GU187631)
Uncultured eukaryote clone AB3F14RJ9G07 from anoxic water column sample (GU824528)
AMD-9 (JQ968664)
Uncultured fungus clone 6049RhFu from desert (GU201471)
AMD-2 (JQ968677)

7 Penicillium purpurogenum isolate Li-3 (GUS573849)
YOO} pepicitiium purpurogenum strain KCTC16073 ( AF245268)

Uncultured fungus clone FAS_78 from sea water (GU072577)

—a 89— AMD-5 (JQ968650)
f: Chaetothyriales sp. clone TRN515 (FI358334)
104 Uncultured fungus clone Y4A34d from water deposit (EUT08355)

AMD-11 (JQ968670)
Fungal sp. M23 (TL-2008) isolate M23 (EU940021)
Staninwardia suttonii strain CPC 13055 (GU214594)
Uncultured Dikarya clone AY2009D1 from eutrophic lake (HQ219443)
AMD-4 (JQ968682)
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Fig. 5 Phylogenetic tree of the four solid samples
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