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Materials and methods

WA A S T ge A TRl iR . ANN(artificial neural
networks).

BOMFEHLEEA ] TN, R 10 FRiEs A
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R Z 5H R IR 2SR, BFEC. N ST, PA
HIZ. BeEimfe. NN, BemAPUE RN

o TWAEMIH S I REMEAUTE /1B TSR . ANN(artificial
neural networks).
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Materials and methods
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Results
1. NEAFERMS T R BRI e #7545 14

o

Table 1 Results of significant differences of the geochemical properties, the microbial community composition and the functional
community structure between the sample groups

Dissimilarity method Geochemical Microbial community Functional community
properties compaosition structure
{Euclidean distance) (Bray-CurtisF (Log. Bray—Curtis)*
Statistic P-value Statistic Pwvalue Statistic P-value
Adonig® 0.0249 0.0 0.098 0.018 0.207 0.001
ANOSIM® 0.244 0.0 0.041 0.015 0.238 0.001
MEPP 0.082 0.0 0.032 0.031 0. 106 0.001

*Bray—Curtis distance of microbial community com position is calculated based on the OTUs defined at the 97% similarity level. "The signal
intensity of each probe was logtransformed before Bray—Curtis distance calculation, “Permutational multivariate analysis of variance, JAnalyds of
similarity. *Multi-response permutation procedure analysis.
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functional community structure (¢} among distinct environmental conditions.
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Results
2. XTI IB A TR A 73 S 2 B A 7 B e B

Table 55. Environmental and taxonomic variable loadings on the PCs across the AMD samples.

PCenl PCexl PCraml PCrim? PCrm? PCrd

Environmental propertes (E1) ) Microbial taxa T1) (T2) (T3) (T4)
(Abbr.) (Abbr.)

exp.* 0522 0.203 exp. 0280 0.169 0.141 0118
pH 0.636 -0.001 Euryarchaeota (Eury) -1.050 0251 -0.691 0.062
Dizsclved Oxygen (DO) 0.103 0.148 Acidobacteria (Acido) -0.088 -0.769 0.368 -0.647
Total Organic Carbon (TOC) 0397 01735 Actinobacteria (Actino) -0.842 -0.812 0.019 0.081
Electrical Conductivity (EC) -0.505  -0.040 Firmicutes (Firm) -0.808 -0.690 0.180 0184
Sulfate (S04™) -0.392 0118 Nitrospira (Nitro) 0712 0.711 0.133 -0.420
Ferric ion (Fe') -1.519 0.387 Alphaprotesbacteria (Alpha) 0282 -0.074 -0.083 -1.214
Ferrous ion (Fe™) -1.174 0,933 Betaprotecbacteria (Beta) 1151 0370 -0.620 0.293
Alpminum (Al) -1.047  -0.152 Gammaprotesbacteria (Gamma) 0222 0.708 0.980 0230
Copper (Cu) -0.662  -1.246
Zmc (n) -1.032 0342
Arsenic (As) -0.615  -0.348
Cadminm (Cd) -0.194 0205
Lead (Pb) 0376 -0.278
Phosphorus (F) 0100 -0.024
Variables in bold show the donunant influence (top-30%0) on each PC.

* Proportion explained.

2016/4/9 13



Results

Redatitvd brfiu dands %

19 20 3 40 50

Gueneplimmmtllmy ol Motstohp ot orfinilom

: Gene diversity:
I:)CSTaxa

Metabolic potential:
: PCsg, E1
PCsSpya T1- T3. T4

miil

T4

- = [ I:JCLocation < I:)CSEnvPCSTaxa

b

E1E2 L TIT2TAT4 E1E2L MT2TaT4

I‘l.;l.',une 2 Relative influence (%) of exvironmenial properiies [P, B1, E2), 'Ep&liﬂ] distrilmdion (Pl aam, L) and microhial oomm ity
mposition (FOsree, T1-T4) for gene diversily [Simpson index) and hundional metabolic polential that evaluated by ABT modek. Data
profiles [that is, the elative influence of different PCs for each gene) were clustersd with avemge clustering method hased on the Pearson
mormlation. The "hoces’ -:;lu|ilaliv:-:|'.-' revaal 1he A e Bl 'I'i|:|::|u:']iu;.g E1, T4, T2 and T4) for the metabolic |.|.'.l|1‘u|i.:|].\ af dliffe
Tundional genes acmeding o the resulls of hiemochical clustedng,

2016/4/9 14



Results
B35 T MRACYR T 7750 TR B 2 R0 Ak A 0 40 KA Ak B i 7

Tabe 34, Miskipk liscar regr rluthe whund lincapges s metabsale poteatial of unctisesl genes
Eavironimeaial prperiics Micrabial Lasa
Chingiry b s e dk T @l F* B* Al O Za Bwy  Adbe  Niw  Apk Bas  Gemm
Tt gen kg Dewirizsian = 1] e T T Ty
Kiznigen kg Desirdican wrd; | we | o | 03
[r——— Assmibiory Hrslican  mrf 11246 Fe +Fe® a4l
Sl svimg Hulfle rmlusior dird | ws | e | ame
[em—— [Fm— Fed chister bineling prosen T S TPT ¥ H R Y
Fnayy prves Pt Lrmgcet Tervadnsin | omam | FEem | ams M7
Fazy) prcen F ] i [ me | s 1 am
o . i fome | @ | 2w
|- [r— [m— i) # 4
Metd! ez & anf b | @w | am
JTAR—— 4 ani 1 | m pH 43
et i od cadd | wa | W s
Meta! etz [ e TR TFY" R R R 1
Ml midms e ol mw | o@ew | oam
Heti i Te arl” 143 Cu a5
[Y—— T lerl) mm [merteal  am P ans
Samw e Haal s 1134 Cu [
St e Kilnuge inslalars pnd 13T | @RI | AT
r— [i—— e wa | | A
[ p— [ S—— mn | o4 ] am
F— [— i mH | A+ 0415 asm
recrnpiuN N S— WA s wsE | e 23
FIERTER S—. MR waaticn ma @ FE
it g g Devilriizali ard 8 7 Emefam N\ il
[r—— Dicenialiry Hrodation— sefd 1 Funy a0
o Heat e s | Fury | 43
E— [ ——— e sl Fuan aal
Srcatie Fluspbalc intution e T | Fury | o
FIENIETII — [ — 1335 Bew P
Hitnigen iyiing Aoy Nrmlestin. sl me | G| 433
Fuigdams Phomhons wlicsion  ppk & [y 438
Salfe g - x HIER [ | 035
I — M P i Fusy + Feta a5 (13
Metel stz o cadil) IRTEN =S N | 0305
TAR— ¥ ekt 1 (e 441
i i Haal o R0 || ama+ Acide+ ey | 4% ki
[p— [ m——— o s Tl = Bt 044
At s T e s | GematByo || 031
[re——— Ansniiaation P s i + A a0
[ p— [Fn— faratusin usidurclistas ms | i | a3l
TR — Hy mer 11413 i a1
frsp— Oy Emitin e . | || (5111
vt v il calegry Fan [t Beat i 4 0w
*The s g P s the el et uf Fenctions! geoes that AET ok, and the vars infharrar bl o 3 nnrngs were ebevind s et i e el e eyrmsin (MR e
* The bt ol Bl e e ATC vl
Ondy gl stimates (P 055 B the bt el it bl vz b iy | rapertis e it L s e e et o Pt ord, e

2016/4/9

E1: PH

Relative microbial abundances:
Euryarchaeota
Gammaproteobacteria

pHAN R A AR X =
AMDZAE & 24 th B ThfE
RS ) EE R R

15



Results
ST T A M) v <H R AN g Be P A T8 /0

4 T 4 A W 2248 ) Bray -Curtis BE 25 5 A [8) A ) 7K S Y
TR AE VD BETR 2 RN Th RE MEAR U J1 AT L
R VEA R 77 LU A M BEv% 4H R B 5 T

a
( Relative abundances Functional metabolic pn‘tanth
norm. data orig. signal
100 ~ ENV TAXA ENV TAXA
d
Sl e
g2
3 m
- ﬂﬂ-
8 E
bl
§ ¢
2 =
& &
S m_
m_

»88 >80 >40 >20 *§ >80 >75 >S50 =50 100 >50 100 >50 100 >50 100
(8 (W0} (W) @7} {35 (A & (14

Phylum Order oTu Gene (n=144)

Occurrence %
(number of taxa/genes)

16

201 6/4/9 Figure 3 The comparison of prediction accuracies (a)



Results
)fay%ﬁE ?, n‘netabolic:F;cr;t{:rﬁir:; (log, 4x))

9
orig. signal
8 | R%= 0.97
o
L\b N ) ‘\ /g N -;l—l—‘ N, \\ @ ]
DR AT 71 Ee sk A= MR v 2H R B ) Tl 3 ¥
B 6 - i
E I:;.'.w:u:vn cyclimg
5 5 : Promhone
D Sulfur cycling
& Enargy procass
25 4 q Mambrana ransport
] Anfbialic resislance
- h:‘:ulzlrne:-isla'u:u-
R® (oTU, n=14) = 0.52 \3 L ; : . it el
3 4 5§ rd 8 a
Relative abundances (log,(x+1))
v 2.5 :
o P pryturn, =gy = .70
= P v, mmasy = DLB2
= - 2 0 4 Riom, s =052 . N
: : ;
o
o > 1.5 1
5 E
5 1.0
I
G D.El N + Prylam
Ohrdar
e OTU
0.0 1 : . . .
0.0 05 10 15 20 25 0.0 0.5 1.0 1.5 2.0 2.5

Predicted values

Predicted values

2016/4/9 17




Results
88 £ I REVR ZEL RN T B AT 7 % pHAS A i g [

1 Ewyarchasocia
B0 N Acidohacionn
N Actnoboclonn

EEE Frmicutes

N Niroxcpirn

B Alph prolnoh aciori
St annoiach soinnm

E Gommansie obacinsn

Euryrchaeota

(Obaened)

=
)
=
7
o
Z
|
&

<20 20-25 25-30 30-35 35-40 = 4.0 Nitrospira |:>

(&) {11} (18} () {1} {1}

%ﬁ)@ﬂﬂf}

e

Gammaproteobacteria @~ ~——

Refatve abundance %
{Predicted)

=20 20-25 25-30 30-35 35-40 40
{20} 50 {50) 150) 509 (38)

pH rangs
Figure 4 The comparison of predicted and observed relative
abundances (%) of dominant lineages along the gradient of pH

levels. Values were mean+s.e. and the numbers in bracket
indicate the number of samples that considered in each pH group.

2016/4/9 18



Res
b T AL

2016/4/9

100 N Tran
1 Vakdabon
B Average

&

(=]
L]
1

Bray-Curtis simllardty
S a

100 -

.

g

Bray-Curtls similarity

Fipare 54 Bry-Cortis somdlanify befwesn predicied and observed waloes of mlsfive pdmobial ahmdances
(phvhmm level 2) and zene memholic potentials of different finctional catepnriss (with relative abumdance
miormaton of micobial phyla, b). The somlanty of the oweall micmobial copmmminy coMpositon was
caloated based oo these sipht microbial phyls. Avermpe mehides the daf ses for raiming amd validation
Valkoes are mean = SE and the significances of the similanty were lisied m sopplementary bles.

19



Results

ColorKey: <20 20-25 25-30 30-35 35-40 =40 (pH range)

E 0§ B B B B

a
=3 [
(N, — NH,)
nifH
nos? 106 gdh _
(N0 —N,) (organic N — NH,")
norB amodl
(NO — N (NH,— NO;)
mirs Y nirA
{NO; = NO) | |
|
|
NiR* nirB
(NG~ NO; ) / (NO;—NH;)

napA nefA

'hnasﬁ. — narG
(NO, = NO.)

Figure 5 The predictive changes of relative metabolic potential of functional genes in nitrogen cycling (a)
along the gradient of pH levels.

2016/4/9

225 2 HRIE L
P25 3 K X HJAMD
ARGHIKHE 7 I pHIE
(1.8-4.1, #.470.01)

CHEH

20



Results

[Tt e

paC

psta phoB

Figure 5 The predictive changes of relative metabolic potential of functional genes in
phosphorus cycling (blalong the g;r:adicnt of pH levels.

2016/4/9

21



Results

mid al
Cc b capA
cspA Y e
proV o groEs axyR j by
mr 5 ginA
oxyR i _ A
anca
c5pA
pral groES
fr
Rt b
fhr mnA
arci anE R
A

Figure SS The changes Df relative metabolic potential of functional gene
¥ ET.IEII'lEI.I I1I."‘§
stress s response (b) a,lung the g;radlent of pH levels.

2016/4/9

s 1

HERH

L
2

-5

o

=

[ 2H

AMDAS R4St
IR R

M

<2 R AR 14
Y& 7 I3 N

22



Discussion

P 53 22 R R T 52 [ B B A B B 48
EARE R EE S
a???ﬁ FL IR 4H 2 AT Y [ BRB A A
M ERAL, 22 B ,
Bk > VIR TE AERER MM IA
FRIE 5
R4

2016/4/9 23



Discussion

N 2
[ IR { T fe 2L A :{ HGHE 7J } [%ﬁ%%ﬂi%}
Y Y

M

ARASFIACUR T 77 (0 5 BE T REJE DA A5 22 AL ) s v
X RE DI HE AT e L S AL VIR T S A B 22 TR] A A AR

2016/4/9 24



Discussion
CHG AMD & 4t CHE A PR

AR L |oemnam
VTV F O R

ENGEE-SE IS N
ol . 5 {H:I o o HHJ:I \‘%‘-}. R . = RN
T I i o By, RRHI L
(NO—N, oaneNy) Nk R TR R R
norB amoA
(NO — N,0) (NH, — NOJ) ~N
| | S I A v R
nirs rirA VSTt 3. 2Ly
(NO;— NO) | e W& ERE Ui
| | BEHEE . TR AT
NiR nirB e - e
(NO,— NO;) / INOS—NHy) \ . AT )
napA —’_._J nrf.ﬂ:
“nasA — narG
R MR R . R
PH > nifH

FERRVEA S 1) = T 3z
2016/4/9 o5



Discussion

PTEA
PH KEFe3*Hl
K PO, 1 fic R Z
FEAL FIF- Wk
ﬁﬁﬁc@ﬁi%ﬁﬂ'ﬁlﬁfﬁI?
(ppk~ ppx) EI’J?FH
phytase g Xﬂ”mﬁf{*é?jj fok7E
sts ; £
P 80 PP 9
] i
e BRI I 7 (Pho)
PEfC ppx g Wit AL WA _|_~l
s iRy
e
K
i
psiB phoA I ﬁ
B
=
pstA phoB }l]?[é ffg R = 1

2016/4/9



Discussion
He mbitt

fero

4 )

AR T
g R A A IR

Z 5 P B ARSI 7 )35k DAL ) AR 0 3000 D v 184

2016/4/9

>

\ W J

T pHAE AN ZEF5 41
HEIBE s AT ORI

- J

I

4 )

KA b s R Ay
PZR

\ y

27



2016/4/9

Discussion

PR T M 7 g
oy ARG et i

BRI
SrAHL %@AMD% o M

ZIN= : I N
aaErkr Ly © UL
oK F 5 5 Bl

28



2016/4/9

16S rRNALEGEER I 7

4

WA I3 2R 5 o

I

el 2 R 4 15K GeoChip

WA RES AL &

FE DR ZH Iy

A T REAN 7 REHE KIS B

REHIE L
g R IrBAE R
w

L AR A 3

K iE R

29



THANKS FOR LISTENING!



