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This study investigates the possibility of applying microbial community profile
changes to pollution source identification. In the first-year study, sediment microcosm
was established and exposed to copper sulfate. In addition, water and sediments were
sampled from a local river to verify the results. The results showed that
Aeromonadaceae, Burkholderiales_incertae_sedis, Caldilineaceae, Chloroflexi,
Firmicutes, Planctomycetaceae, Pseudomonodaceae, and Xanthobacteraceae can be
found from microcosm, river sediments and factory discharge. And, the correlation
analysis showed that Burkholderiaceae, Hydrogenophilaceae, Methylophilaceae,
Chitinophagaceae, and Flavobacteriaceae were closely related to copper concentration.
In the second year, sediments and water samples from both upstream and downstream
of an actual industrial park discharging point were collected and analyzed. These
samples will be used to verify the possibility of using the microbial change analysis as a
pollution source identification. 16S-rRNA gene amplicon sequencing was performed for
all 5 sediment samples collected from the river receiving industrial discharge and

metagenomics function from each sample was estimated by PICRUSt (v1.1.3). In



addition, whole sediment genome was also analyzed by illumnia shot gun sequencing.
The amplicon sequencing results showed that Microscillaceae and Geobacteraceae
were increased after discharging point. The Hydrogenophilaceae and Gallionaellaceae
were two groups mostly affected by the industrial discharge. Especially, the
Hydrogenophilaceae group is in agreement as the finding from the first year’s results.
The results from PICRUSt estimation, there were 20 gene functions were affected by
the industrial discharge, within those function, calcium signal pathway and
photosynthesis — antenna proteins were the two major functions affected significantly
by the industrial discharge, and may be considered as functional gene indicators in the
future. From the whole genome analysis, the metal related (Cu, Zn, Cr) ATPase activity
(transporting or exporting) gene expressed highest impact from the industrial
discharge. It can also be considered and indicating functional gene for the future
applications.
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Abstract

This study investigates the possibility of applying microbial community
profile changes to pollution source identification. In the first-year study,
sediment microcosm was established and exposed to copper sulfate. In
addition, water and sediments were sampled from a local river to verify the
results. The results showed that Aeromonadaceae,
Burkholderiales_incertae_sedis, Caldilineaceae, Chloroflexi, Firmicutes,
Planctomycetaceae, Pseudomonodaceae, and Xanthobacteraceae can be
found from microcosm, river sediments and factory discharge. And, the
correlation analysis showed that Burkholderiaceae, Hydrogenophilaceae,
Methylophilaceae, Chitinophagaceae, and Flavobacteriaceae were closely
related to copper concentration. In the second year, sediments and water
samples from both upstream and downstream of an actual industrial park
discharging point were collected and analyzed. These samples will be used
to verify the possibility of using the microbial change analysis as a
pollution source identification. 16S-rRNA gene amplicon sequencing was
performed for all 5 sediment samples collected from the river receiving
industrial discharge and metagenomics function from each sample was
estimated by PICRUSt (v1.1.3). In addition, whole sediment genome was
also analyzed by illumnia shot gun sequencing. The amplicon sequencing
results showed that Microscillaceae and Geobacteraceae were increased
after discharging point. The Hydrogenophilaceae and Gallionaellaceae
were two groups mostly affected by the industrial discharge. Especially, the
Hydrogenophilaceae group is in agreement as the finding from the first
year’s results. The results from PICRUSt estimation, there were 20 gene



functions were affected by the industrial discharge, within those function,
calcium signal pathway and photosynthesis — antenna proteins were the two
major functions affected significantly by the industrial discharge, and may
be considered as functional gene indicators in the future. From the whole
genome analysis, the metal related (Cu, Zn, Cr) ATPase activity
(transporting or exporting) gene expressed highest impact from the
industrial discharge. It can also be considered and indicating functional
gene for the future applications.
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Vil

Bk ¥k EAcd a4t L RE ) QIAGEN #& &2 DNeasy
PowerSoil Kit 3| £ & 7 w5 F PP Ea(DNA) R B~ o 2 e {7
PCR #%3# » f1* B Lt 2 44 F (PCR) %~ 1 V3-V4 B £ B 5§
H550bp » *xx f¢ A & * GeneHlow Gel / PCR & iv:5H] £ % v
(Geneaid) > d **3x = (SR 7| k¥ K33 [llunina R I E4&E 5
(overhang adapters) » ]t ¥ U %’ﬁ R S B 7| (overhang
adapters) » /2 I1lumina #% &2 Nextera XT Index :##® £ > fI*
N % %75 barcodes ¥2 [1lumina Z_F& #:8 & 7| (Pb, PT) e & 513
o Pl ib i ang - 0w PCR F R+ 4% AMPure XP
BIR 2 % 630bp + ) % E(library) o # * Agilent
bioanalyzer 2100 | & Fipl~ Bz < ] % & * ¥ L 7§ ;2 (Qubit)
BIEEFREER DEFRREERE R A L aF G 3
HEZRSF RADTA Ko 240 2 & A &R MiSeq) 2 4f 5
R & f=sady F s (bridge amplification)#-#k & 4 11 3%~ ¥ L&

RISTRUEL > FEd R BARY B Rk A F K iRied 3 kg

Vq,

¢ ORFRILI M R A K E REFTE KR H “,f'zf’ BRI

P RCS RB FAEA TR (B A & &R 2%300bp) -



6. PICRUSt er&45indz s 5 L 4RI B EE 9 16SrRNA A F1 A7) » 2 17
B %% 0TU 414 (Closed-reference OTU picking) > if i ¥?

Greengenes F LB ¥ F45 5 — 5B A A 7]eh "5 B A B TRiT

”
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5% 0TU £ k1395 “% B 7|5 faT A58 7 & rRNA
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AT JHEFAOT ERELEERE 5 B ERE “57 57
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7. Shotgun metagenomics A % 4 477 4 i&{7 DNA Libaray 2 F1& %
% fv*_ A (shotgun sequencing) - 2 SR AFIREE o473 2 4 5
BRASFHE FEAREY AR ~ATFERAEZ YR 2 ATH
FedifE B R RE F kv BRI
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PELBRFREDBAIE A AREEBERLT £ - & 2 A

w2018 & 57 26 prEWED BRTESRFEARRLER £

-~ kR EEBER (H = img/L)

o

~
Bhn #(Ag) 4(CD) £(Co) fr) (AL £.(Sr) 40h) 4 (Fe)
Streetl ND ND ND ND 0.214 ND 0.024 0.319
Street?2 ND ND ND ND 0.076 ND 0.025 0.129
Streetd ND ND ND ND 0.034 0.013 0.062 0.079
Street4d ND ND ND ND 0.055 0.017 0.028 0.138
Streetb ND ND ND ND 0.014 0.014 0.056 0.128
T 3afc - - - - 0.078 0.013 0.039 0.159
L - - - - 0.07 0.003 0.017 0.083
B B - - — — 0.014 ND 0.024 0.079
] - - - - 0.214 0.017 0.062 0.319
AR 0.05 0.01 - - - - 0.05 -

S BEEEE T H G RMARE K FRE, R ALY 5 B2 Bk

B IVILEE o

i -~k E s BER (= ng/l)

L

At B #£Ba) #(Cw 4 Ga) 4(In) 4(Pd) #(Zn)
Streetl 0.203 ND ND 0.049 0.045 0.016 0.017
Street2 (.102 ND ND 0.022 0.018 0.016 ND
Street3 0.13  ND  0.054 0.019 ND 0.0l  ND
Street4 0.108 ND ND 0.02 0.014 ND ND
Streetd (.079 ND ND 0.017 ND 0.012 0.19
T 0.124 - 0.015 0.026 0.022 0.012 0.044
w® L 0.042 - 0.020 0.012 0.014 0.003 0.073
s E 0.079 - ND 0.017 ND ND ND
== B 0.203 - 0.054 0.049 0.045 0.016 0.19
HEE - - 0.03 - - 0.1 0.5
AREEEE T8 G RMASE RTIRE ) S RIECRIEE S BY 2 HRRk
A IR EL - o




- s RAEEERZE(E = ng/kg)

o = & E7 B 25 4F &L iE A
(Ag) (Cd) (Co) (Cr) (AD) (Sr) (M) (Fe)
Streetl ND ND  71.4 78.6 2.89E+04 11.9 134.5  2.13E+04
Street2 ND ND  59.9 70 2.31E+04 16.7 139.7 1. 74E+04
Streetd ND ND 119 247.2 5.47E+04 33.4 551.4 3. 9E+04
Streetd ND ND 140 415.4 5.23E+04 57.1 074.8 3. 17TE+04
Streetb ND ND 76.6 78.5 3.13E+04 14.6 142.6 1. 75E+04
T g - - 93.4 177.9 3.81E+04 26.7 308.6  2.54E+04
L - - 30.7 136.1 1.29E+04 16.9  207.9  8.55E+03
B ® ND ND 59.9 70 2.31E+04 11.9 134.5 1. 74E+04
Bx® ND ND 140 415.4 5.47E+04 57.1 574.8  3.89E+04
g 2.49 233
T g 0.65 76.

;1’_’[9\‘,1_’}5 NDlEﬂal}J LBl &
§5§xr$¢%}§.51ﬁL@él“ K€ &R
? 44.8 mg/kg °

0
Bk B L0 0.01 mg/Ls Rl 4 Rt=4 5 B Y
7 P 42(Ag) 2 45(Cd)z MDL 4 %] & 20. 1 mg/kg

F4&- - REELEBTE(HE mg/ke)

Az B #@Ba) #(Cw 4Ga) FLIn) &P #Zn)
Streetl  183.6 128 83.10 362.5 259.6 240.4 114.4
Street2 167.5 112.8 47.30 365.1 145.9 207.9  35.8
Streetd 193.7 249.4  326.9 366.2 282.3 225.2 699.5
Streetd  183.95 239 1002  386.5 250.6 291.8 823.7
Streetdb  148.2 128.2 9.300 352.5 240.6 192.9 281.2
Lok 175.3 183.5 293.7 366.6 235.8 308.6 390.9
A 15.9 7.9  371.2  11.1 47.0 34.0  315.3
] B 148.2 112.8 9.300 352.5 145.9 192.9  35.8
AR} 183.6  249.4 1002  386.5 282.3 291.8 823.7

P RE 2157 1161 1384
TR 50.0 248.0 2140
SR ND EF B RRIEL & BER T 001 ng/L; RlE s RIEE 5 B Y

ERHB B ER e

Xl



R B AF PR S 2 RNA B3R Rl et 0 4T
100 ppm 4F ik &8 % @ (8 Methylobacterium aquaticum £ # 135 % %

vA R o mar)kR D0 ppm et R R frrd d Mg L AR
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A B S RE e IR HE 3 ppn 2 10 ppn chR & Rl ez
S GAEd R EPANLE 0 A Ed RS LR S
%% %~ 3 ppm~ 10 ppm 2 50 ppm i&® &g {7 RNA $ B o sdo B i ch

RNA i 3 A 452 (5 ST emF RV S A2 R A f 6 F B4

Fv

2

WP AR M A FOoRHE S AT L RS DR A BB kg

Tn U T %% streetd shR R A b = e street] I streetd sk =

T

R4

7 ATEA R > @ ostreeth (A F e QI o b e iR B abc s b
B P RO oo B 1S 0 L AR EEATFES D ) v B R TR R
thBEE 77 UPGMA B34 47 > &A1 8% k5 » street? 2 streetd

A P s BEiTm B SRR street] ¥ street2-street3

==
s
pr
b o
&
e
Y

B g feIHELRID] L '8 0 street] o H A4 BEY:
FE PRI EEE ARG AL AT EF PR G ARG AT

P55 R BER fr streetl I streetd w2z Height &3 - 254 > %
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7 streetd 2 streeth HIRBEA L A oot P52 E 23T 4
BHxodmF R i2 T PCoA L EiEs 478 5 % fo UPGMA 4p i2 > street?
% streetd H R BEUK R g o e 2 B 5 3%31T 0 @ street]l & igs 2
Poe 3T 0 TS BRRECEZ EIERRGE L T TN T T FSR R
FIFEE AR F PFE AR 3 A E B A o BRBA TR R BT
T 5 streetd R BEE streetd HARBA WG A 0 FHF AT H B R
BLy P RERI A THER L o @ T ES BEREET GO R SRR e
Ff*3 @ @ > &% % Microscillaceae 2 Geobacteraceae ° @ .t 7

¢ 7NN HFREART R G DFRF A Sulfuricellaceae -

Anaerolineaceae # Hydrogenophilaceae °

fI* # Bl (heat map)~ 17 1 PICRUSt # F|en3g ip| 3L F1# iv ¥ & >
AT B TR N B L R B PEahstreet] iR ERH RN
BHPMATFIER AT BHRSE? RE Vi ) T HBRREHITE LT
A4 RN EF P R hom 222 AP F i TN T 3B B streetd
A FIFER B A FIE R T B ST R BM o 2 SRR EFH
PIAFIH R ERARESS DT PFI THEERERT RS

BIAFIH G > 27 MBFRIAFTS LM AT RKELF L 517

X1



FOEMAEE o R HIFRIA TS N EF AR X AN e 2 iR
& (Cellular Processes) -~ it @ 4 k2 (Genetic Information
Processing) % i #(Metabolism) » EAB% i k57 F 253 ™ P54p M
ATFEE R T AR A PE A4 FEIF R AR FIF o < E WA
felk St g MG IRBRE e L F RE B L AT et
PRI T fe 2 Terdp B AA Fllic g 2 1 & 7 v e L P37 5y
€1 R ERRAF ML FRFDEHE S PP P LA 4

E’%}ﬁ @ %\' ﬁ,Eﬁ% TL o

FE AR & street] TR TR L E 2 AF I AR 0 1Y A
F)# i &~ #8 GO (Gene Ontology) = 4% B iE 7 L Flerfhit 4 47 >
BEET T 100 2 BAFE ER{E £ NP B AR e
3 M (% 5-9-%5-10) & ® & >4 3 # i Al (molecular function)
Fr4 72 j5 3] (biological process)s 38 L Fla 5gF e - {3t 4§
BATAp M A TP o ot gD 248 (Fe) ~ 47 (Cw) ~ & (Zn) ~ % 45(Cd)
FELERT MMM AT > L & &2 £ B @B M R (4 ion
transport fr transmembrane ¥ ) # ¢ &4 5 Bk F] 5 11 fh o b

ot EER (A A (M) E 4 B E & Bl kT o B -
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FRiyEI4m ~ 4T ~ 425 & B33 Aph 0L 7] > H it » % 2 transport
% transmembrane F B 5 i o B34 3 # it (molecular function)#p
MerfAFP 0 BE 23 MM 2P 25 - RRps
(oxidoreductase) ~ 2 @ fi=(dehydrogenase) ~ % transmembrane

transporter activity #* 7 B2 A% o H ¢ 24p5 B FlF 34 -

IR

‘3“-

B streetl 57 A R 73 - LB L ERF RE
FEAPR 2 # A AN 2 R S AT] AR AL o TRir BIRELY
hE ERFELRGE ST I RWE R E AT T EERF LN E K

NRRBRB T o

foL D B RE RS IR PR & Streetl B A B € £ B AP
B L T]H G BB donk b H T T R/ in T 2 B E o b BB S T
BulEd s BAAMATBEOL B > L EEPHAT A
e vy e W CEATFIAT RS ERRE o T % Streetd
22 Streetb eh% 3 0 7 B I4AF ~ & ~ 452 ATPase activity
(transporting or exporting) » ¥ 13 B A eh— Rl 3 ¥ - B
[ATP + H20 + Cu2 + (in) — ADP +#ipi#®+ Cu2 + (out) ] &1 O

FERTENELRAAE P10 PHA P EHELRF B A2



PR ATFEREA TR RE £ & BN ORATI AT X R
#Street]l P F(F R E)FHFR PE AL & P e P T

P REFFXIEER AL ORAEL BT ALY HE

1. 1 #-2%nv T 58 (Streetd ~ Streetd ~ Streeth) H &k & &35
kg g oty e b p5engh i (Streetl 2 Street2) > @ k¥ dF kR B
B BB AT 0 T 2 e Streetd B Bor 1 RO R R ER
9% o

2. TRB RIEINA > Streetd 2 Streetd B &L Y 4 ER EP B3
+ 75 Streetl % Street2 ghi= o {37 &8 - 5Lif (Streetd) B i 4
RRE 9. 3mg/kg #e i B ¥ 0 BT i FlE R BEHITE BT S R
e AR L 0 R ERR e ERARARPIER TR

3. Methylobacterium aquaticum* — F/E>T B kR 2 Fifedh & &
EHAALAARE LI ER 100ppmPF ¢ R FH = 27 4y
A& &7 BIRRE TR FET € ¥ Methylobacterium aquaticum
A Ao MERSERG L LY R kg T A
Methylobacterium aquaticumit = # {2358 o
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AR TRE PR AR S 2 P e R BIE (7 4 47 o street? £
streetd ericd f e 2 B 5 3T 0 Vo e T G A E T
PFLARFEG B oo
TR ACRMP R E BRI PR AR o PR 4o AR
$ehE ™5 3 B & %W 5 Microscillaceae # Geobacteraceae °
At g g T RAREARER T OE R
Sulfuricellaceae ~ Anaerolineaceae # Hydrogenophilaceae °
1245 PICRUSTt 4 345 41 7 44 fA3F R A Flot ic B Ap B A Pl "B ¥
FPER T NE AR o 2 AN Y o B a5 B TR R Y
Brvimre 4 i F 2 B 8T L RIL TR TERIA FIH G & R
AFHE 2 R A0 DT LPRT €K ERKR KA
P E B BB P d £ T R @A R
.
Calcium signal pathway ¥? Photosynthesis - antenna proteins
BRAAFIEREE £ ETRAEMIEET B o 0 A
A AFT VTR AR EE ke T o

KR B 5 street] AR E T AFITA RS T 100

SRBAFIZERIE ERAD B A REFEF M Y M

—
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g e
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activity (transporting or exporting) > ¥ 14 #=3 F i e—
A5 ¥ - RI[ATP + H20 + Cu2 + (in) — ADP +#ipt @+ Cu2 +
(out) ] "B NG EFRXDNELEB=4pF 7Y ikt 5 ¢
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s Eﬁ%
1.1 sHE&HE

FHY TS AP AT RE Ry F BN » /KIS e ELRE R AR (O T VA ERT S
B A R > GO0 TR SR R AR S - SALUKER EREEHE - E5F2
FGAEIRE T R BE R AR B PRI E S R A M) AR RE R NG 824G - Bl
[(ETSPIRTEHR - AP ARG By ] BN R R Z 25 AT AT RE
PE

F—ERt BT IRy R 1 S HERE ER MR AIIAT » LURKIR IR TE
e FEE i i i LA SR R TR 5 2 > RE IR ER B S R A L AT /KB R BT R ik an » AeHl]
HoKBR R JETE R - IR SR AR PRECE R R S m /KB s - i
KRS BRI - TR SERE TR 3 HUAH 3R KA ki B s 1
Ry ERFEREUE R 0T WA E 0, 2, 4, 8 EHUR B s RIS E VB E -
IRy - B ENR B E NIFSESEEREL T 13 {EJE)etkin > 19 (&7 K6 m sy
T o FrAHKE RERE HAX B E T R IUEFr  455REUT » Aeromonadaceae,
Burkholderiales_incertae_sedis, Caldilineaceae, Chloroflexi, Firmicutes, Planctomycetaceae,
Pseudomonodaceae, 2 Xanthobacteraceae & HE & HERAFIZIZFEIE ~ %K ~ KT
RBUK BAA SR e Em s i b A B Rl 5 e 2 iR M e R H B R -
5350 o HIRTERE ~ EENEK BRI R andfil R A X EE ¥ - &ERET
Burkholderiaceae, Hydrogenophilaceae, Methylophilaceae, Chitinophagaceae,

Flavobacteriaceae 55 7 "5 [ H = B B FEAHREE -

ARETEFHESE R 2 WA bR » DIAEE TSNS > 1
SIATEL mRNA FRIA & 52 G s BEEL R FRIR 22 5 o SS DI T EroR Ok
e 2 48 DNA » 88 HH s 2 & A E el ( Next Generation Sequencing )



DA AT Rydfindl) 5 AR RO (1/2)

IR T R R AR 22 5 -

1.2 srEEE
AETETHEET BT ¢
1. BEBINSMI AR YAE R N BE 2 ThRE MR IR B 5 A TR 2 AHRE SRk -

2. MR Z AIREREE o oA R FP A M S s G ER T RE PR R
ZEGAHEFTOTAERIEAE -

3. DISEANAGESR el RS I S0 5 A FTRE ARV DO RE RN > R DUS %
TR IR AN T A AR AT RE I

1.2.1 StELEAR

1. SEERBIANS e BT ACRE R P E YR A N AG SE DRE M AR N R 5 A B A= )
AREEEZSTRE R -
(). WEESB TR > MY 5 AAH R SR -
Q). HEESERER - EYIIREERRFIR S BRSO -

2. MEEFHFEZEBOMGER  DESERAG S T A s PSR E Y TRE
PEESRIEEA L - M AT A 5 R e 2 F D RE M -
(D). EFE = USRI IR EMEY) - UL RNA 36 DARESRAS 2 oA
AT SRR S R 2 DhRe RN

3. BEEU—EIZTHEA)I > W ATREZ IS ARG B~ NE R R AUR ek
7T R AR B R RE RS R A 5 G a2 B SR - RS EREVEI PR R D Re R
R Ry 5 AR ik mTRENE:
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(D). EESFER B~ MR EEESR -
). EEBPR B~ N ARG R WA DA R R E Rio 3t

ek Z ATREME



DA AT Rydfindl) 5 AR RO (1/2)

1.2.2 SHESITER R

*x 1-1 st ETREERE

THIE #EFE (CUH A ERT)

A= 1 2 B W4 5 6 7 8 9 [0
TENEHE |55 107 |107 [107 |107 |107 [107 |107 |107 107 |107
Atz 3 4 |5 |6 7 8 9 (10 |11 |12
1. BEENINEEMEYE
ZE BT B R R
Sy RTRERE SRR

). T?!{wﬁi/m 1 J:—F/ﬁ?}ﬁg/):tﬁk

3. #%}i#% Methylotrophs Bk @ i
T B B SR B A IO » 22
H{ mRNA #1TEF

4. TEFPEER T

ﬁﬁf

5. SERRMT IR 1 1F -

THEHEE R E e (%)

10 |16 28 {30 [35 |45 |79 |95 |100

A% THE 5E piHF ]

AN R

—RIAEHer (10745 H

SLEEEI ISR o I — D Rl

S P 107 8 A

SERCERHNERES ~ N RFEEE R k= il E e P ot -

AR & 107 £ 11 A

FEATIRUR ek an AR S e PAG R A G R 1L -

e 107 5 12 H

S




FoE B FATEARME

2% 1-2 AETETRY B K BRI TGN

BIL)E 2 THE S R E 7 Eh 100% HIEET 100%
(%) HEE (%)
TIEREIH | BEESTHEP =R (F1v) | BERER | HEs | 7HE
H Fé | &tk | R sTRGE | E5ERK
5 HHA
HERN | B EE | VY
INEJETR | Bl TAL R
Az | RERES WY
HERET | FRHEARREE
FLELELN | BUSHUHERSC
KM | B (2)  REEE
FHRHSCRR - | BBmEai% oY)
Dhae AR
LR
Bk M FFEERA T i
Hri st -
PRI WRETEHEE | v
Methylotrop | M7ZEHY RNA > 24
hs bR #E | TUTERERE
fTHilEsE | (blank ~ 3 ppm -~
FEALZK | 10 ppm > 50 ppm)
B AL | MR IR R E
mRNA #1T e e
TEFP ©
RERUR | CelEEnEsR | v
ORI | Beodr LA
e | A U R
SN | SERCE R
SEEE | 4HRK PICRUSt
Frorf o A | ERREREA AT - [F]
SPfHHEAL | FF5ERE Shotgun
KggZ=IH | metagenomics %44
HE AR T
R THIE SE RS BRI AR
Hirp s 107 % 8 H SERCERITEREE - LN BB K




DA AT E Ry diindl) 5 ALR ROl (2/2)

R B EE TN o

HAR & 107 £ 11 H AT O LR ek an B B RE Y
kN ga R B -

B - AR EEERIETEIRNE - B DUGTE TIEN A H 8 T By -




BE FFRTESRNE

= BT EERME

2.1 F—FEEVFITE

1. REBANINTETGARE - EEE 20 505 3B A YA BB L SURE
¥l o

2. BN FESZUA)ICEENR) - PO Z b o TR - o HEAEEL
A EPAL R BRIRCE By 5 e sl 2 P RE M - BRERREALL0E 2-1 Fr ¢

pA
7. 587 290 34D i P 4“ G
20170517 EEREFHGIS (5977 s gk
Q sitem *\'
20170522 EETRLFHGIS ()
\, §
Q sitm A
20170623 T HciA ¢
P
Q mitm é“
A
\ 6
A
£s
Y
1
%
{
9
y A
Xin %0
T onSg * )
El £ /
A R
P Sae s
A -
ho R
{ A
hu Cityi. & £
ichu Cityis ‘
s : |
. A
ML L Tkiometers
007515 3 45 6

B 2-1 EENRAERE M EE ~ SRERERKE - LERRTEBCAUK)

3. KEEOMIHEARE ~ pH ~ HEE - XA E - BhkE a COD - HAHL - &
Fo AKPF2EET ~ B8 - MAEYIREE - IR HTEE A pH ~ #IZfE ~ CNSH
JLERELS ~ ERERE - HEYIRESE -

4. BVUEREGERRIERE 2 N ERE > DUREIER 5 UEEE JER RS IR
NIRRT 529 > DA i B e P 5 U AT e T B AR P R B IS Ll e e 2 1
HIEG LB EEEE > SHEBU A AR -



DA AT E Ry diindl) 5 ALR ROl (2/2)

TR RE JEC e FA i S MEAE - 2 Fh BB P v 7 B Y B B BT A ARG - 5
T R S DR SR B AN S A 4R A R - BEEIAYE R 10
NIy &k 20 Ay o FHER FEREEEEHLY 10 A0 B EZR BIFRE - WGE
FHSREN BRI BRI SRAVE RN R HIm 7Kk 2 SERE N » HOKT S SHFREI4 Fs 4
NI o BREEAREVE R K & 0 A (RIS AL HF(Copper() sulfate, CuSO4)
Ry S NERE 2 207 > IO A T DA R B0 73 31172 150me/L~300mg/L ~ 600mg/L >
[EFH DA IR S AR K i R B B 22 A HRAH - BREIREE 14~ 28~ 56 K
PEEER D o RTERHEL /KR 3T pH 8 ~ BEE - B - SEHEK - 5
J& ~ TREEEE - & - R RIERI M & 8 KA

5. KRR A AT+ Sl EE R Mlumina MiSeq 24 #ETT » EP4S
A B B SR AR E 2 B 7 B (quality score, QUSUHIETAEE - 559N INTA 35
bps Z FPHE AR o Sl 8 e PP 2 Y148 K 8 EF-(tim
illumine adapter sequence) ~ & fifi 15 (quality and ambiguity trimming) ~ FE7IET4H 25
(merge overlapping paired reads) ~ k5| FEI4RAEFIIMERL ~ /ofkm ~ FIEREA S
16S 5| FHIFFHI]: E A" Cutadapt v.1.4.2" &t [Martin, 2011] EEREEC T
AR Seqtk v.1.2-r94" #E1T/E B ZE(quality trimming) > B FFIC N 35
bp) K IEACE 2~ BE— 5 (singlet reads) 2Bk + /B B EE (& YL #1751 (paired-end
reads) B 51 ¥ (read pairs)FFAIFH™ FLASH(Fast Length Adjustment of Short reads,
v1.2.9)” [Magoc and Salzberg, 20111551 ¥ 82 (overlapping merged) iR #EEHY
HEEFPA - dHBHR AR /NS 200 bps Z A ARREE » SAMORCH FR3IA
= 16S 5IFEING HIEEE - B3 % APy E— P A" UPARSE
implemented in USEARCH (v9.2.64)" %4 [Edgar , 201311 TEAFE (HL R

dereplication, singlet discarding, #I chimera filtering){& i 53R /E /T 3H BT

Operational taxonomic unit (OTU)534E » W ZERERE LAY OTUs %= 5 #:& LL” RDP



BE FFRTESRNE

Classifier v2.12" [Wang, 200711271 OTUs Z A7 TR & » U5 m
S AR YIREF A R (R
B EVIREE 2K E (R (52 B LRI RS 73 17 (canonical correspondence
analysis, CCA)HETT » DA BESFTE 2 OTUs BT E VIR A 22 SRS 4T
FoKE R RARE M AT » oA gl SR PR S g R Z AR MU B R A YR ERAH AL
PRI WK anoE B AT AR R fn Z S A R B R AH AR (L » 2 - (R
WA i Z A VIR G [F] 5 B4 - BRI /KB RS B A P RRE 2 52
BHB LIS AR - B ERIDEHEEER TR -

22 B—EEEER

5 TEINSMHRBE TR > MACH /KIS0 52 MREARREIE « R HHE
TR TR AHEEE - SEECFIEARZ AR P HEY i = H

N

HELTHE -

AIFEBEE 2 27544 | Rtk E % - 2 2017 427 AR > 030k 5 A 17
H~5H23HkSH24 H > Z2EFEMUGHETT 3 T8tk - R B2 NEIEFER
& TAIKER ~ T TSR BAR TR RUAUK MU R R B i 1T B i oAy - 4RIIEER AL
T 13 EEER G > 19 [EA KRR AT > R E SR TR 2-1 For -

& 2-1 H)IKEESERE (FEAr : mg/l)
A% RAg #C) $aAD M) #Ee) #H(Pb)  FEZn)  §ECw)

1 <0.01 <0.01 0329 0041 0458 <001 0.061 <0.01
Fl <0.01 <0.01 0113 0013 0218 <001 0.022  0.005
2 <0.01 <0.01 0338 0056 0419 0012 0.033 0.032
3 <0.01 <0.01 0216 0.028 0391 0012 0.034 0019
F2 <00l <001 0317 0034 0402 0011 0.024 0.013




DA AT E Ry diindl) 5 ALR ROl (2/2)

F3 <0.01 <0.01 1363 0.129 1.110 0.020 0.103  0.088
F4 <001 <001 0223 0057 035 0012 0.054  0.035
4-1 <0.01 <0.01 0305 0068 0431 0018 0.037 0016

4 <0.01 <0.01 0523 008 069 0020 0.054 0.024

5 <0.01 <0.01 0345 0.116 0782 0017 0.078  0.043

6 <0.01 <0.01 0378 0.112 0673 0016  0.031 0.017

F5 <0.01 <0.01 0278 0068 0298 <001 0.114 0.036
F6 <00l <001 0314 0033 0241 <001 0.05 0.010

7 <0.01 <0.01 0385 0.042 0340 0.014 0.035 0018

8 <0.01 <0.01 0446 0043 0404 0011 0.022 0014

F7 <0.01 <0.01 1.198 0.130 1.950 0011 0222 0.051

9 <0.01 <0.01 0507 0097 0582 <001 0.107 0.021

F8 <0.01 <0.01 0.028 0024 0028 <001 <001 <0.01
F9 <0.01 <0.01 0293 <001 0326 <001 0.011 <0.01
FHEL <001 <001 0416 0.062 0531 0.009 0.058  0.023
TEAEE - - 0.328  0.040 0418 0.008  0.051  0.021
/ME <001 <0.01 0028 <001 0028 <001 <001 <001
mAE <001 <001 1363 0130 1950 0.020 0222  0.088

it o AHENERAEE ol 515 88 i = e FEE HH ERURG L.

JEJES FERE TR 7y - (5 I H R K A IR B S (F Ry #E0 » e R BRI AT
KBTI > AHYEE 0, 2, 4, 8 MEHUS MERE IR (UM ik it - FRMUKER ~ JERJEbR fnfE2E
AU IR (& A TR AOE P » E P a R BB R0t ailE 2-2 Fros - ZENRHRH
PR AP AT ANE 2-3 B e
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ca

T
e

T30

-
Ty

]
Tio Tae T8 Sher Pous
SN

crz

s
T1 Hydrogenophilaceoe

2 Chromatiaceae

3 Ruminococcoceae

T4 Sphingomanadaceae
5 Methylophilocece

T6 Rhodobacteraceae

7 Ignavibacteriaceoe

18 Clostridiaceoe

9 Moraxellaceae

T10 Campylobacteracece
T11 Parphyromanadaseae
12 Prolixibacteracece
T13 Peptastreptococcaceae
T14 Microbacterioceae
T15 Aeromonadacece

16 Burkholderiaceoe

17 Pseudomonadaceae
T18 Cyanobacteria Family if
119 Angerolineaceoe

120 Chitinophagaceae

121 Cjomorphaceae
122 Chioroplost

123 sinobacteraceoe
124 Comemonodoceor
125 Verrucomierobiaceae
126 Rhodocyclaceoe

127 Coldiineaceoe

128 Xanthobacteraceae
729 Flovebacterioceoe
T30 syntrophaceae

731 Ploncromycetoceoe
32 Geobacteraceae

133 Xenthomonodocese
T34 Mycobocteriaceae
135 Helicobacteracege
136 Burkholderioles_incertae_sedis
137 Halothiobacillaceae.
138 Desulfobocteracece
139 Cytophagaceae

— R EERME

2-2 BEEE BB ERR R S RER AR BRI Z A R

TKRAE () B B R () Z /K B B s = HLRURRHS: 3-47 (canonical correspondence
analysis, CCA)&E5R

T1 Hydrogenophilacee

T1 Hydrogenophitaceae

T2 Chromatiaceae T26 Rhodocyclaceae
T3 Ruminacoccaceae 27 Coldifineaceae T2 Chromatiaceae
T4 Sphingomanadaceae T28Xanthobacteraceae T3 Ruminocaccoceoe
1 5 Methmiophaceae 128 Flovobocterioceae T4 Sphingomonadaceae
T30Synrophaceac T Methylophiaceoe
T NOE-H T Té Rhodobacteraceae
. 7 ignaviboeteriaceae
T6 Rhodobocteraceae T8 Clostridiaceae .
7 lanavibocteriaceae > T9 Moraxellaceae B
| e cestrigioceae T10 Compylobacteraceae -
9 Moraxellaceae Tl Porphyromonadacece L
T10 Campylobacteraceae oG, T12 Prolixibacteraceae )
TL1 Parphyramonadaceae TISPeptostreptococcacese pagiy
3 TA2 Prolizibacteraceae Tt 3 Ta8 Microbacterioceoe ’i:u e
Ti3Peptastreptacocioceas T15 Aeromonadaceae .
TidMicrobacterioceae o n2 T . o e
T15 Aeromonadaceae ° 17 .
L6 Buckiroldamiccece . - T18 Cyanobacterio Familvl  T308yntrophaceae
T17 Pseudomonadaceae T ),5' T31 Planctomycetaceae T19 Anserclineacece T31 Planctomyeetaceae
| TiBeyancbacteria Family 1 J 32 Geobacteraceae 120 T
T19 Ancerolineaceae 12 NHH 33 Xonthomanadaceoe 216 ™
T20 Chitinophagaceae | ca T34 Mycobacterioceoe T22 Chloroplost TBMpeobocterisceve
T21€Cryomonphaceae T35 Hellcabacteraceae 23 -
T22 Chioroplast d | T36 Burkholderiales_incertae_sedis L T24 Comamonadaceas 136 Burkholderioies. incertae. sedis
T2 sinobocteraceae soiz T37Halothiobacilloceae 125 . - -
724 Comamenadaceae 738 Desulfobocteracee 26 p
T25 Verrucomicrabiaceae T39 Cytophagaceas 127 Caldiiineccece
s a0 0s 00 0s w0 10 05 0o os 0
e can

2-3 BK(ED)BEHEECA) M HE R CAERMY BRI 2K BE e bR
(H& BB &g s HLRURHEE 43T (canonical correspondence analysis, CCA)%5 5

JRHLEE—

BT AN PRI R S FEREA
KR T Z A=A e
B YRR 2R
SHpHY—EEARRE M - (ER B
TIAHUSHER

PR T

&8 CCA 1

anE P EE R HE T AT R R

E‘/ﬁnﬁ BUJ.?:

TG

Aoy IR o HFY AR
LA Ty AR 2 OTUs #E

Methylobacter, Mycobacterium, Longilinea, PAKz Methylocystis It T EHY OTUs IANE

HZ
SRR -

b TR <2 B 5
RS TE YRR i i
T4  Thiobacillus,

BEITAL %
2 dp Gyt

E/
(h=7

= iz



DA AT E Ry diindl) 5 ALR ROl (2/2)

[ HERBIESJE copy numbers THAHHHERAVIE R » bR Thiobacillus 51 > & B EACEHHH
[88 o &LRZ B AR R (A B LR st i & 2 Ve RO K BRI Z AR BE PR S AT ] 15 - 3]/
ik o {85 Methylobacter F1 Methylocystis FEAFE M FRE A T EAHRE > B (F
TR © 550 FTA R S E R BEREEINT CCA 73 » st SR
BARBIRVERD 225 19 F - WIREEBR = IR ER 5701 T HYE R copy numbers
FiT o SR8 1 53 EEARA [ ] R R SR Y B L > S8R e IRHE B S I
FEES AR L SRR LA A B BRI (b - Horr > Burkholderiaceae AESRHYAIIHATH
R ZE A - AT S EEFITTS ¢ At Hydrogenophilaceae, Methylophilaceae,

Chitinophagaceae, & Flavobacteriaceae ZEVUEEFHHEIIAZE H4H » 1F &7 Wi B S A

FRFT S EEBT IR o BEIRF AT AE rTER B Ry R AR S A B S 5 AV e T B
HRATER -

2.3 F—FetEEw

L BRI KEE S 19 (SR 11 (AR S EURE Ry P55 > TIN
REEEAET R RS WS ES R SRR - B
AR AL(FT) -

2. MR TRERURKER 7 FE SRR (F1ORUUK Z BB ~ COD M EE
{HiS > JCEREL0) Mol LSRR (F13)AHTRE R

3. BHEIRENY - IR EFUEE R [ 3 EERR T R A BRI (FS) fo K Bl &E T e
B SRAERALET KT 10%51 - Hik CNSH HAEEELLHI/INA 4% 5 &
PIRIEZA TR BRI  $¥ R RS - TEAh - BENEUN
JEJEEBEH - 5%~ RS REE - RN REITEE NEY 1 SRR 5T
F& A —SAERE L (FT)

12



BE FFRTESRNE

[ FEREER 73 A USSR RE R B RN IV SRS - HA TSGR B8 =

R B AIRIIAE o Bt B IRAT R R D AT RE 2 U 2 B B S A% A8

[ FERE 1% R e ©
[ FERE B R EE S A I S R S A A 2 8RR DIVER 52 - (BT AR
b B S S] 1654 B 1E A (Nitrification) ©
S WEEES A D5 S TR e ] 7 (S A5 ECUSE Y SRR FE RS 1T - JERVJE 2 i BB B A A R S A
B - RETARE g BN RET B AEYREN: - AAMARE S ERHE
SO E B R S A I - NI AR B E N AR EREFHER R
FESE o
DL CCA BUAYRENG: 7> M7 B < i S (s e MR R4 e — S B 2 AHRATE - 12
RS S AT B8 R - DL SRR M AT REHEC A B R B —)5 4% -
NI > Aeromonadaceae, Burkholderiales_incertae_sedis, Caldilineaceae, Chloroflexi,
Firmicutes, Planctomycetaceae, Pseudomonodaceae, 5 Xanthobacteraceae EE#E H R
FEHIZEPIRIE ~ 130K ~ R IBURKEA S RE @ikt - Aikd
R i 5 5% 2 3 R M FE A B R -
H1 CCA BRARIGAE M Mo - PR AR AN L )R R AR B T A8 H 19 B - LB
= e S FERE TR AH S (L H 58 Burkholderiaceae, Hydrogenophilaceae,
Methylophilaceae, Chitinophagaceae, & Flavobacteriaceae 2 il 2% (7 4H FHlis 88 (Ll
R A G R R 55 SRRt -

DA e e 51 e JEJE < S MEREGRIA] o347 > 45t Thiobacillus, Methylobacter,
Mycobacterium, Longilinea, ¢ Methylocystis % & &M = BA 5 FEREG SRR AR -
PAMEEICE AR A ~ 8 8 foK R R 2 RN - EH
Methylobacter #1 Methylocystis FEAER I HRERE A 1 REAHRE - AR Z IR

A TR BRI R L R R FE A T 8 < ] RE M

13



DA AT E Ry diindl) 5 ALR ROl (2/2)

B AR B - ER SR ARER

14



FHEE FESUMIEREE

= FRIRERR

Bg IS I BN E R RN E -1 AEY)  BEEYSEEIEER - 75V
FESAEA FIPEARHY AR PRI o EPEH ARG T A% - s lEey 4
Vit > HEIMER 5 E SRRV AEVIRG N B > (BRI T R e =l A4
VA RIS EN5AY) » HREEBAE R > BRI SIS ER
€A

i

DA MBUR TS A 6 — PRy S5 SR 2 375 S 2 M e e B RN — (BT JER B
EYZ 25 AR S G — ST RE ML N R A - RS — SRR oA
SR o A LUSRIRFE 75 AR E BN B G I 8 HE A A IS (EER S
225 HAIREE R RS - BB A S LR A (R E AR - S 1055
WG BNERE TP YA B o RS 5 A B b o MR SR —HRF R AT Rk
FIFRERTE > SR RS AT EAR IR AR R -

3.1 N IARETR T T Et B RRE (b

Jie B2 # (Jie et al., 2016) #HFTHREERHF(GeoChip 5.0) RIFFEA T H AR
FRRIGEHE ~ 4HEG ~ R0 AR IR S 3 = (B RE Y B e 5 e B ) - B
AR =18 B EHRRE 2R - #iRE R 392 2 570 me/ke ~ MURER 177 2
2480 mg / kg ~ $&IRE Sy 01.1 % 88.5 me/kg KORRE Sy 1.6 2 24.3 mg/ke @ BB
FEFIRZIIRPUEREAR - 7ML =B R A RIss 2 &
5,595 MEINREE RS BIRFEHVE(LIEBRE - BEmEREEO T  BHAARSES
J& ST - B E AR S ENieBER - BEEATUER T Z E R (cueo
mer ~ metc ~ merb ~ tehb ~ terc) » K SIVEEYITIRE ZEENE o HEALZRIANYS5ELEE

15



DA AT E Ry diindl) 5 ALR ROl (2/2)

ISRV S AR - W ORFF AR ME 2 ] - Mantel 5058300~ S ~ Cu~ Cd ~ Hg »

Cr HYJRE B A VIRE S Z DhRE4S TR E AHRE

54 Kang FEE 3 (Kang et al., 2013)¥} DePue M T IR EAVUAE VIR EIE &5
FHRATHRE MR N #ET THISE © DePue 8 & BIREZ A AT FE 6 RV IURU K 594 R 28 )+
A KiRbsed S ch iy 7oA B 53R AR E T RIEBREE o i - HAEIE
A= SR =2 21383 me/kg § MEARBEAL HYEIESFERE & 3104 mg/kg » 1R
BRI RN DR MR RN SR M Z A F w5 A RS R e B AR
(i e e FEE Rl 7 B e BB P TR (1 AR R B 3 85%) » E 2 (B A DhRE M AR T &2
Pl @ TR A FEIMEE - B B Ehi A R AR R & ARG 2 3
WS BT o AR E AR T EINS = S8 YRR - — R B B
K BHE (Xanthomonas campestris) HIHTZR AL (g1 6689520)1M 55— AIE K H
SESSERERE (Schizosaccharomyces pombe) HI$ Zn F1 Cd HilEER (gl 1749680)
1 F b o i B 2 R e (dsn) Y ER 7 » BEZRSEREREASHY dsr ARSI = AR - (B
BRI SR dsr IVEFIG ZTREFLISU/K RN & RS2 ER R 37> SRB B 5K
IR A E RIU RN - i SR AT (AR VIR R TP i e R B I B O
R RENEERN G » SBEREREEKRE Desulfotomaculum puter (Zn )
Desultovibrio longus (Cu) ~ Desulfobacterium oleovorans (Cu) F1 Desulfotomaculum
kuznetsovii (Cu) HY dsrA F1/2%, dstB > Desulfovibrio piger (Pb > Cu) F12KH vululfovibrio
vulgaris (Cu) HYAHREELER ¢ - @B E R HMEEE R EA P EaiE 28K
AP A B A EEN R EEY - EEHRRPEMEN R Bt A EE
B WL FRIIEE SRR T - MEYIRE T DUP e B a i g e
DUEMIRE IV EEERE -

Yin FEE (Yinet al., 2015) & THRRMAEVIH BB 55 (HI20 Cr> Mn > Zn)

16



V.

=R FROURIEE

HYSZIE » i 16S rRNA AR T HIDIRE R A M P S A e 2 b ST et A VB
SEHVAEER o SERERIINAETE ) o ¥ 16S tRNA FHIAY MR - &5 A
Firmicutes > Chloroflexi F1 Crenarchacota FY4H ¥ % fE#2 = > 1 Proteobacteria 7l
Actinobacteria FYHH S EHE - HEA1 - ARABAIFF BB 7T AE REAF4% 73 At (molecular
ecological network analysis) » B I BEAE & S A AYF L EE T AH AL (E ] - AHIERY > 4 K
SETBEMNRRE AR (140 » chiR > metC > merB) @ BRAHAIEHEELESE
AR i T BN S B - RS A &I PR RS v S A H AR BN
FIETRIEIEAES) - SZHFTRITIREN T Z A YIRE% 7T RE L8 HAH R4S 1 DR
ThREEJe(function priority) FIAH . /E FH4E4E » DA HIE B EREE )5 AAy i IE M st

Du %= A(Du et al., 2018) LAE &t T E s B s P UTE EE & (Pb, Cr, Cd, #
Cuw)¥f H A = {7 1[(Kurisu River, Tjira River, 1 Gyaku River)#JEEfAEY) 2 5228
73 A LA %2 (HPC, heterotrophic bacteria) ~ &l & 14 (¥ elucose iy & iEH Y UH2K)
ARG RS S S BTG e A Y VRS 28 < JBHY S (Du et al., 2018) » 45
REURHHCoHHE SR A HERIHRNIZE - HRRHR(CA) - M (Pb) K d&(Cn ¥
HPC WY& BN RS - & SR EavSE(100 me/L #1000 me/L)AYEERAAAE AL
4 6 REVEGEH R IEE % > HPC AVEIEH 107 (CFU/mg-dry) BHE B N 10°
(CFU/mg-dry) » Hr Kurisu River #1 Tjira River AYEEJEREAL> HPC # 2 H1#: Gyaku
River HI&H « 2RI » DAATEtE A R R EUR Al BRDE P - Siey B Bt A i ek
/D(E 107 hr'/CFU/ml /0 5 10" hr'/CFU/ml) © 1A PCR-DGGE S ViEEERE
M T AE (AN Sphingomonas sp., Novosphingobium sp., K1 Curvibacter sp.55)4% 30
RAVEGER T B R BN B RS - H&S RBUR IR R MU 152
EEBTAIIEREE AR - MEE RSN R YRR SRRV E(E -
A AR R L B <R 5 4R [R5 -

17



DA AT E Ry diindl) 5 ALR ROl (2/2)

32 REDRESRHETHEMEYERRHEE

Lejon & ALE 2007 FEA9BF5E 5 (Lejon et al., 2007) » BHEE T 43 FHEEUHTA
(molecular fingerprinting assay) K&t copA FERHIZELNE » copA FERE 22 B G
SEAPUMER B L ENE 2 — - copA DNA fE4U BRI o1 B YE 8 A
HIREE (SOS) R [EIHY 19 b BB ENAY DNA #1778 L - BHNEHEbTFery 1% >
TS THFIERT copA HE{EHEERE W H 2A 1YY LER R BRI S AT~ T pH
TEEMA TR A S E ERRSIEE - copA BRI T RARMEEHE  FFEN
copA FRIFEEEHE SOS EBZHRr MY - 1S 7EARIR copA FERI AR 1158
e PR NIYIH G S FE R BURL - 15 RATEF S BB 2 K copA ERRYZ B
YRS > TN 252 28 AR H P RE A2 -

ifi Magalhdes ZEE2 (Magalhdes et al., 2011) 9% 3 B2 BFAEALEE T LR
JEe N B R BT s B VIR B 1 R A R SRR BRI -
SRR BN 2 S N R R _ BT AR - RIBEE - EFURER
JeZ SHTRIEZEER] 60 ug I > A 85%H RIS HAIH] - BLAh - SV IIE{E—&
R R (R B ~ Ak =S L EAIR RN - #E—DFH real-time PCR
AIERERH - BREEAESR R (BB - B (b s — S B EE AR Z nirK ~ nirS 1 nosZ
FRRIRI B & RIEE{K(79% 2 81%) » [FIiF » [Zf##k PCR S MEREREE K M7 A]
Bt nirK ~ nirS 71 nosZ SR EY)IE - &R AHEHRE MR -

£ 2012 = Altimira FFEE2E S A5 L T (Altimira et al., 2012) - M ERSE 7]
o 1S L R ME A 2R St G A9 = R ) T 2 5 ) I A 0 TR S ] T e
T PTELER - 455 » Hi05 4% T TR gl <2 MR Y S E BRI I 5 4%
T3> ST 13~46 i o HESRENELE Cu /5L TR RAH DNA Has i 244

18



V.

FHEE FESUMIEREE

SLERHY copA BN » A T AR HH s i s P A &0 B o e o B o DU S
P2 copA FN - FRE T EIEEN TS0 15 ARG T §E R E N AR
AN > fiE copA BENE SR P g2 (3 -

Besaury 554 (Besaury et al., 2014){F 2016 S8 F 1 ZE4NH] LR BN UREPIZR
EETTOUHER ZR45E MO HH SRR A P A 28 <2 MR EE ] cusA 1T copA HY R Z [
(abundance ) FIZe % (expression) © 45 SR TAEIR cusA 2 copA A HFEE filiRE
VG NS & FEET AR > [EIFE cusA LRI Z FELLAD copA AR T+ /A4 -
TEZREETTHE » A copA FRTIEA EAERE R N H RNA FEZWEN - MAE
25T WAL NHY 73 T 24158 B (molecular phylogeny) & > 3837 1 SEVHE TS copA
il cusA FEARFHIIIZAR ME S -

Chen % A (Chen et al., 2018)Flli5 HI- R B RS E w8 54« ERT B 50 RE
Z AR R HINRE AR - MR RERE R ~ 16S IRNA EREFF ~ K qPCR &
BINESREUR  ZESE5AAIHEDDG > Dongdagou River, &0 — {257 Y
&R £ (bacterial biomass) Kz BRI BFHY 'S (richness) AR ER (KR _EIFAR 20540 R
(MQ » Maqu) » ZEE B @5 AR 2 B 58 5 A Mk i 2 SRR YRR 2 E
—BRHY » EERE P& SRR DDG i a8 BT IR R (E18 (DNA damage
repair) 5 5t B <2 8 (heavy-metal resistance) A BARYLIREARLN » DDG ki B B 5 A
BARYDIRE AR B E IR = MQ B 5 #E—REE KEGG B RHER T8I~ DDG
e A BT 2B B 2 (enzymes) & FIEE BB UM (resistance) B [ (reduction) FHEARY -
Ho Proteobacteria f¢ Bacteroidetes BiJ& & A 2 BLEE @ HHRAMY D BE AN - B iH
RAMYINREEL IR E Cu™-exporting ATPase ~  copper transport protein *  copper resistance
protein B ~ f Copper homeostasis protein % o &5 REUR &SR EH @ 544
DDG #Eim I A= VIR E AR Ak S BB < AR BRI Y D RE AL R A B R [Rl i RS2 5 44 i
MQ) » AV EEEE B 8 5 44 1T 48 e S8 LB i S (redox reactions) &2 DNA 18



DA AT E Ry diindl) 5 ALR ROl (2/2)

SR > (A R E S B S -

BRI
EL 3.1 THIZKSRE R T4 ME st AN R IR L ~ 3.2 R TR E S E T
FE A YIERINRIR L - B =0 H TSRl -

20



U,
VY ~ BT AR R

4.1 ZEHEAR T
ZHNEEE 367 AHE » EFERFEER - R

i Wapei b

SRR R TP & - (RHYK
[ > USRS 82 P AE - N B A4S 5K R TR R K

VAR o

4.1.1 PREERLAIEER

£ 2018 4 5 H 26 HIAHEHNS S (@B BT /KE B e ERe

» FEEES: 5 K
FREL 5 (EEIJEREA » SRARBE AL T E] -
& o 57
% nis o
Y £
> s - %28
BT I (@ 47/?9/5 = = [E W27
i = -~ /8
~_Street 5 % =R =
= O3y |
- o [0
Y, X
Street 4 N A2 R
, ABTEE > 5
T\ 4w % D
= oo (o
A %-) ?% T H iy
& % @ N
o o ,9
s\ T T %,
;OU % o Daguan Road > %’p
2 3 1ILA (23
> antag ) ClfStilet %
o ftaie N =%
5% Streetl
2%
4. S [Wa3 (P
TFE [ TRMF S
E—é\, H/ A
EiRfF
o3 C N —

E 4-1 EENREREERE AT

KetEFFENEEZE L2 TR BT RS BRI - o iréd

21



AR B AR R RSl 5 AR Rl 17.(2/2)

PSR EENRE N B ARG (StreetS BEL)7K R R JE Hr SE B B <
refE s )ONIFRE TR TREURK PR fRE - AL - S&0
MrRG AL T EENE N - DLE R T RIBUAUKEE AR Street3 BEAL K0, -
T B R N RERR AR 2 (EBEL - FE rhR SRR B8 » DAELRE & /K E B
Jesz TIRERUKStreet)FRARRHIEEE » PR T Streetl 41 > Heg 4 BEHFAT
S HBEERE AR p R A RS /KER -

F4-1 EHNZ 2018 £ 5 H 26 HE—RRERE

A% BHMfEt | fTEUE | BREEE T | BRERR | @ ME | EREEA | S5 AR

T3EE FFF 2.6 -
Street] KEE | 20180526 | 10:58 | 25.05742 | 121.19899 = H
ALY
Street2 HIERE KEE | 20180526 | 11:57 | 25.06382 | 121.19638 = A
Street3 | THEERUAIL | KEE | 20180526 | 14:16 | 25.07448 | 121.18695 = A
T3l N 0.7
Street4 / KREE | 20180526 | 15:51 | 25.07559 | 121.17996 H H
ANEEL
Street5 | FFEHAE—IE | KEE | 20180526 | 16:38 | 25.07739 | 121.17797 = A

B] 3-1-2 Streetl B 3-1-4 Street3

B 3-1-5 Street4 8] 3-1-6 Street5 8] 3-1-7 Street2 *xjm v

22




FUUE BT AR

B] 3-1-8 Street3 3z v ®] 3-1-9 Street5 *z i v

4.1.2 BREEDHTRE

FREEBHE S B/ K BRI R B 53 OB 4-2) » KRR RRIETESIIT 735
AN 414 R 415 -

kA R ik
/\ l
L ) REEAH RHE A
CERE sit ¥ 7§ §(COD) +pH
*pH ¢ B R (TOC) R A FF
CET R * % % (NHy) ¢CNSH =~ % 1t G A 47
SR ¢k P IEgEF NOs ‘L2 BER AT
vE %2 a NO, - CI' ~ SO/~ O HCA FoE A T
z PO,
CEEBER AT

& 4-2 FESTRE—E

23



DB A i 5 A B T T (2/2)

4.1.3 BEETTA

1 KEE + (EFHZERKAS - DA i 7 U AUKEE » AV E RS 2 /KEREE 20 um I8
kTR - ULEERS 2 L BRI > HARUER A E I R s MR PP i > IR
BB LEEIR% - RS KRR TEIKEE - & HEERERIRER 4 C
TKFE AR ST -

2. J&JE  ERETK > DA GHMEEEsE - FZHUERE - WERHEA 2 mm ERgeiE

G o U EEE R RS RS KRBk - BIBR S ARG 20 C
KRB B -

24



FIUE HrFETAREE

4.1.4 JKBEIIHTIRE K I5E

IIMTITEAEMEN > R ERE ST E T o SRR AE 4-3 -

BB R EREY)
2L WIBH
ESB | 25 SHET TOC COD "
40mL || 200 mL 10 mL 8 40 mL % S8
PRERHR || YRR 0.22 #m 0.45 £ m I 500 mL
el || boBiEE || MCEJEER || MCEUEER |[ ., g
” \V - l closed v
g§$2 Y Y reflux NG
(o || ke || KTEREET ) ke | colonsm ) g gy
2 e || BHOTE— || i || eic .
e %;24 HETEITE || Jik—i& || method s
S || s#ErmRe || HACH 75E—103C ~
Fras | e || NOLNOL (| e || method 105°C #28%
i ‘ CL,POS, || fL/4rsheg || 8000)
A 505) HIE %

KBS 2R

fﬁiﬂlixﬂﬁg E ﬁxmf D %
At SRE) > /KA PR DU U ERR 2 28 T HACH HQ40D HI=

B 4-3 PERIHTAEE

LR a HIRKES O E =R DL YSIFEXO /KE IR - (DR ERAT ¢

L~ R o FRUE > REHEUK
S8 M

25
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DL 2 28 T 1% HACH HQ40D Z pH st &M > BHEER 0 C 2
50°C-
pH

DU 25 28 F 1% HACH HQ40D 2 pH $R$1 80 - fEas#HE ] 22 &
B R 0.0 2 14.0 - M ZAEMEMER $£0.002 -

HT
el

AE

\

DR 25 S8 F 1% HACH HQ40D =2 DO Hedt &3 e diE il & HNE 4
EHER 001 £ 200 mg/L - EHANEEE 2 BN HE1% -
HEE

DIEEIR 2 280 T HACH HQ40D 2 HEFEHREIEMN] - SHPEER 2 4
Bl B540.5% «
Lk E a

LIz 2HrKE# YSI-EXO &1 » v &0 #ilE Ky 0.07 to 400 ug/L > f#fT

% 0.01 pg/L °

8K R

HEE riH HA (LR EECOD) A TIRIREZ(TOC) ~ i EEAREE T-(NOY)

SR BRIREET-(NO) ~ EBET(Cl) ~ TREEFREET(SO.") ~ BEREIRBET(PO.)
(NH-N) e ZHEE 8 - o 5EaT

1.

26

{LEEFE S & (COD)

{8} HACH closed reflux colorimetric method (HACH method 8000) » 4%
USEPA #AEsd ] 2 fwb@ )77 - COD JRE AT HFEG AT KEMRIVEE R
(mg/L) - 7KEELGEIEZNIA HACH COD &7 H &l 2 M LB E RS
¥95) 0 BL1S0 °C InBVEAE 2 /N - BT EEY) 2 BALIE - Balg LUKE 7y
6§ HACH DR3900 #1737 » EMIHIE £ 3 2 150 mg/L (Low Range s:47) -
A PR (TOC)



FIUE HrFETAREE

{5 P 7K i 485 T A R U7 025 — 8 R PR B B I B GE A B /4T MR ORI E VR
(NIEA W532.52C) > Fid & Aurora 1030W TOC Analyzer #E28HI7E  BEALE 0.45 um
TEARMETE - TRE RN (LRTR IR DS AT - AKERSEECBIR (L - et
R T SRR HET - RIS SRR AR - A bR
Fo — @bl - DAIIRSTHERALIMRIIITEE - SH7KEE P A TR -

T EEREET-(NOY) ~ SEREEIREET(NOY) ~ &BEF(CD) ~ BiFEIREET-(SO.) ~ i
BEREET-(POS ) H e T

{5 FH7K BB TA0HI 7 7% — BE T EATAWNIEA W415.53B) » 7KEELE 045
um EACEEMFE% 4% > £ Dionex ICS-1100 B T@HTHE > LL9 mM 2 hi
BesmlE R BB » KR libeiE T AR ENMH AR A el 7Tt
ERERE o REBSRIER R B TSR B 2 BRI IR R 88 > fa 1otk
A AP T A B T (AU B - BT (L A R R ROR e T R 2 e T
FORE - e EAIEEE S 0.001-10 mg/L ©
Z E(NH=-N)

5 7K Hr & ER R 7 0% — AE B bE A (NIEA W448.51B) » R ABL
(Hypochlorite ) Je B 75 & F17K o & B Bl T O IE - AR BOREE 0. Fe
(Indophenol) » (EFASTEEERTHA & 640 nm BEHEFTELESTHT - ok e

RERERIELL - #HEEGUDLEEER A - SHREEAEURE > R LR
58 > IR KEE R &R R -

S LUK R R ZLRUH A — O BB M L7ANIEA W312.51C) (A=

Wl SRS HBIR - HICEROEInE . BT Kh B TR EH - 2%
REE 2 TR > FRUK < E R R T AR A — R & B A TR T
FEFPEEEAENIEA W311.53C) DARER & B S T2 5Lt B ICP) I E A A

TR - R F LPAGARE - A R e RUEAR S RS EL -

27
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BRonFT ST R S USRS ARt - SEHD e et SR R R AR ARt
&1z Btk -
T E )

{58 FER I AT 2 e Z /K T RUA AR L A s R I AR i 575 —103°C~105°C
HZJE(NIEA W210.56A) 1 0.45 um BEHBAERARLL 105°C 2L E - )
ERYKEREN 045 um FEBEAERRRBAMAE > LL105°C JREZ—/NEFILFF
B - FH#EATR SR E B 2 B K P R ERY) R -

4.1.5 JEIRINTHE KI5E

JEIBLL 2 mm ERgEERER AR REIR - PREFHS-20 "C UKIERFIREE T

SR E A pH ~ BREIR S EE H oth - ERERE ST

1.

3.

28

pH

(ER g (E (pH B HE 774 — &fuE (NIEA S410.62C) » %115
fitin 20 g BEEUHIK 20 mL RS - fHE 5 I sERAFED U 1 /NEF > FEIRELES
Ry > 58 Hach HQ40D Z pH EERCHIE Bk L < Briig{E -
S EUT R

(EFER ~ & Wi~ & SorERESERNITTE - TR EANIEA
M403.01B) > iR EEZHY e AR 1 mm ERgETR - 5 105 °C BEAEHEEZ 2 /)
B - 2N A 72 Elementar vario EL cube BUSEZR T T » AT S
UmATEERET PUREE - R & B FEITTR S BE RSB - 7K5R

SV RS TR GRS - AAHEVEEENES (Thermal conductivity
detector, TCD ) AgfllEsR ~ & (bR ~ /KRR S (b > E TR
o & WMZEEESLE -

TP EERATTE - OB EACHEIANIEA S301.60B) > +-I#EEE

Hil



FIUE HrFETAREE

2

SR IREER S - B ROEIIAUET N LATERE - Fries L
AR USRS AR TS (ICP) ME(F5F -
4. RUASHT

[ PR 594786 CILAS 1000L SRS E BRI 53 - TAHRLES

SRR REIR B 830 nm Z ALYEEIRSEE Y B8 BHE ASH R E I 3 B Hh 2k
+ o FIFHARRFEHAE/N NI FER AR ZRTFEULRN > iJ&
SRR R E# R E Ay 0.04 ~500 um ©

4.1.6 &Y
BRI ZEY) DNA » AKX DNA Z£HU 5748 £ FH QIAGEN DNeasy Power

Soil Kit » ZHGFERNT © -

(1)

2
©)

)

)
©)

(7)

Y 0.25 ¢ JEJEEEARIIA PowerBead Tubes 51 » 37870 60 uL. EEFEZL 60-70°
CZ Solution C1> LR EEZA B ERE 2 10 70 (AR A SR IROE &9 4] -
FAZ B DLSiBEE (10,0002) B 0a 30 F0 > (K53 F-EL/INGT F-57 8
HEERIS R 2 mL Z S 0 E R - 780 250 uL Solution C2 » B
S PhEEfE  FROVRES > KSR 5 S -

Z00 N FFRASEER(10,0000)B 0y 1 7388 » eHL EOFIRERHTHY 2 mL (it
LEH

N0 200 uL of Solution C3 » =% 5 MV 2 SRS » FKS 5 778 -
2080 N FFLASEEER(10,0002)BE Ly 1 7388 » WeHN EOBIRERHTHY 2 mL (it
LEHF -

HU 750 uL EJERASEEHHY 2 mL Z EBE O/E T © 700 1200 uL ZE5EHE
%4552 Solution C4 » B4 5 PhE(E 2 FEliE S -

WHY 675 uL HL &Y 2 R ERREICASEEE R collection tube HY spin

column > He.Cs 1 77 > (ARG EER - B2 mE IR -
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) MWEPFERETE > A0 500 uL 2 Solution C5 DA 2(10,0002) .0 30 0 - #1
BER AR ERL 1 78

(10) spin column B ZHHY 2 mL ZFEEECVE S > 780 100 uL 2 Solution C6
JEFA spin column 0y > BL 10,000 g BLs 30 # o

(11) THEREIBARZERZ DNA » fREFAE-20'C RHEEFH -

30
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4.2.1 MiSeq 16S-TRNA Bi&¥

I ERz ARG QIAGENTZfE Z DNeasy PowerSoil Kit Sl & 1 T4 H i &
ZHERZ I (DNA)FEAL - &7 8% - DNA ZE 845 100 2 200 ng FORE £ 50 2 150
ng/ul Z[H > PEEHETT PCR {5558 - 1 DNA JEFEHEHEZE SOng/ul » A5 FHEAANE 16S
TZIERAZ IR IR LR (16S tRNA gene) V3-V4 FRHI G H#HT—HIER S F -
16S Amplicon PCR Forward Primer = 5'
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG
16S Amplicon PCR Reverse Primer = 5'
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTA

ATCC

FI B Gl Z PR S E(PCRIUA H V3-V4 R B > R4 5500p » IKIRED)
{5/ GeneHlow Gel / PCR fi{badl & 4fi{b(Geneaid) » FHR R IE I 51 R B 5%
5T llumina Z€H#ERET(overhang adapters) » [RIIEER] DARE Hh2€ 1% - F
(overhang adapters) » A Illumina $2f2 Nextera XT Index & > FIFHAN &S
barcodes 8 Illumina & FFHEFHFFFI(PS,PHMVIES S [FKF - a4 baa gy Yt
—35 LI PCR K FERUKA AT AMPure XP WEER&I(ERLEY 630bp A /NHY S

(library) °

{5 Agilent bioanalyzer 2100 & RFHIS[E 2 KN R 5 FHEE Y E &2 (Qubit)H
BRPADCERE - SRR RS % » AN ARE A O 510
T am R b Sl R B O E R (MiSeq) 2 8 =X £ B $ 4 SZ TE (bridge
amplification) ik A Hi 3G AR EE St IRV ERSE - %5 HHE 2872 iR [ g Eh e
JCARRCHEA R EIAVE D CBR AR kY O s Y S E AR TR AR M PR B

A - BRI AR 22 B R FR A B P81 (B8 E e £ & 2#300bp) ©
31


https://www.qiagen.com/us/shop/sample-technologies/dna/genomic-dna/dneasy-powersoil-kit/

DLBEEE AR 1E Ryl 5 AR RO 0L (2/2)

4.2.2 R ERF K

HUBGER NG AR T NYISTAPER © (—) DA FastQC IR & E PR 4a
Bt EHEREARRY Q30 AYELBIREARTL 75% (S A., 2010) ° (=) fF PEAR #igks
BB E P &IPS I I I B B 2 ST & 0F - IERFREBEEV N 10bp #Y
Fe5 &N (Zhang et al., 2014) - 3lf H A B — B D BR i 8 an B M E B 5 R R Y
H[f# > By assembled readse (=) Z=ff: F#it assembled reads 745 3 bp SHE /A Q20
PSR AE 53 17Ti8 By effective reads o (PU) DA UCLUST #RESRFFEIAE KA 97%
BL YR 5 &l Ry — 1 8% £2 (cluster) > 3 2 B operational taxonomical unit
(OTU)RC E., 2010) » $4&{# A QIIME software package (version 1.9.1)#RFGHET TFHEL
{E 731 (Caporaso et al., 2014) - 75182 GreenGenes & (release 13_8)(TZ1 et al.,
20060)#ETTELES > LE¥5E 2 FPHI1# By taxon reads © (1) PkiSEHEEA taxon reads KA
50000  (75) FlIF R #A& 27T The alpha diversity, beta diveristy, microbiome structure,
multi-variant statistical analysis and Cooccurrence network analysis 48 [&] > 3 DA

Mann-Whitney-Wilcoxon Test #E7 72540 Y LEES W L H p-value ©
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QC

Merging

Alignment

FIUE HrFETAREE

Raw Reads

. . 30 =75%.
Resegencing Q
>ed - * < 50000 reads.
Average reads quality
and
the number of reads

Pair/single

end reads | Pair-end
¢ The overlap < 10 bases.
¥
Merge R1 R2
Single-end
* Primer sequence.
Remove ¢ The number of consecutive low

quality base(<Q20) are > 3 bases, then
hd remove the reads.

[ Effective reads

¥
Reads clustered into operational
taxonomical units (OTUs) with 97%
sequence identity by uclust.

* Reads without mapping OTUs from
Remove =
Greengenes database (13_8).
¥

¥

Aignment | OTU Table I

r

reads J | Group information J

Create phylogenetic tree [ Taxon

h 4

Further analysis
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Further analysis

l

Alpha diversity

l l

box plot boxviolin plot
Sae oo e s e A L [
v e e e

l

laa!g

L [z — =
3D plot 2D plot 2D plot — -6 me ethods
. l.\\ i; E;)@ ;E 3_ - i m‘q«i:
e} % % : - -

Bar chart

il

* T
e structure

atistical Analysis

Heatmap Volcanol plot

VennDiagram plot

3 circles plot

OTU (=0.5%) phylogenetic tree
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Function prediction and OTU network

Function prediction

OTU network

Significant pathway

I

Mobile Element
Containing

Oxidative Stress
Tolerant

Aerobic

Oxygen Utilizing

Anaerobic

Faculatively anaerobic|
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4.2.3 PICRUSt BHEHREHTOREREAE 24T

PICRUSt4:H% 5 “Phylogenetic Investigation of Communities by Reconstruction
of Unobserved States” > FJLUE#E16S rRNAFERIFES > FEM S EAVAHE A 4T B
A THRERS - PICRUSHYFERAL T COHIAH AR AIZHAY 16S IRNA =R 751 > HEET
TRV EH SRV E R IRERE - ¥ Greengenes B 1 H B AV fE Y EL R T8E
TTHERT - RS A BRI AT B AR R D RETEDRIRY » itk » PRI S 2T R4
RCAIERHER AL TR - W B DR T VUGS (Langille et al., 2016) -
PICRUSt By riiie sy Ry =2 © BRI HIFFEREHY 16S rRNA B AFEA -
fTEIF 2% OTU #1437 (Closed-reference OTU picking ) * 838 Greengenes &}
EELLE SHE—IFFIIN “SERIIRETME" - WS % 0TV /B
KRN “SEFEYIREETAE" 1 rRNA BNEEE - BPESH OTU B AR
TTIRIE  J&iHE "2 FFYIRME" HIER KEGC FENDIAERLER  #H
TR BV R RS (T DhRE (B 4-5) -

Reference OTU tree Gene content table
(e.g., derived from (inc. marker gene count)
Greengenes) (e.g., derived from IMG) PICRUSt workflow

Known gene content (genome is et d
known for tip in reference tree) eference data set

Inferred ancestral gene content Data file (PICRUSt
outputs and
Inferred contemporary gene

content
3, O Unknown gene content \:I Process

Prune tips with unknown
gene content

intermediate files)

(uogewuojur pay ndwooseud)
S0UIBJU| JUBJUOD BUBD)

Infer ancestral
gene contents
(incl. marker

Infer gene_
CD contents for tips E>
with unknown

gene counts) gene content
copy e —— ki <:r’
predictions predictions
'l ot
25 -
DTU table Normalize OTU table Infer metagenomes

(sample x :> (divide OTU table counts
marker gene by marker gene copy
count matrix; numbers to estimate
abundance of each OTU)

N fized (multiph Gene table
lormalize multiply gene < [ (sample x functional
" OTU table w contents by inferred Q (gemfco:nt rr:]cag)\g
number of OTUs for )

each sample)

souaigjul
mwet'nw

8 4-5 PICRUSt AR~ R E
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4.2.4 Shotgun metagenomics &% & 53HT

DNA Libaray ZRERFRIESF (shotgun sequencing)

FIFE S E 8% (Qubit) 1 DNA FH5248 & 100 ng » DU EHRZ S (Covaris
M220) i DNA BEARERER H BoR/INEy 350bp ARAEILEEA > (<08 Nlumina 23 H]
AYEFradI4H (TruSeq nano DNA-seq kit) DA#XUimf#¥ 2% (end-repair enzyme) iRf/5 B2
{bz &R R R (sticky) FPoIRHRCE ARG (blunt) » F A SERERE R B BE 22
R ELIRIA AR T (adenosine) SR EEERTHIN 3" Ui (2L REGTERE LEFFH
H—M5lF (5,17) » TERRETRE SR E - RO e S TR
TR AL Ry B %% 2 DNA BRI » E #0738 A NextSeq500 & 73K &
(umina Inc., CIC bioGUNE, Bilbao, Spain) * MIEERETEF/AET cDNA FHKEE i i
% 150 {EiZ H % -

SEERBES A
(—) FYIEEE

BHEEEARNEF4ESE FASTQ F£LL Trimmomatic (version 0.36) (Bolger et al.,
2014)HY sliding window AT T ZCETT I E R - FHE i B B R A A BR
(triming) > E.H window size £ 4 bp * phred quality score cutoff = 20 » {EEI1& E P+
FEATGEE AR 80 bp » FETB LA FastQC (version 0.11.5) (Andrews and Simon, 2010)k
MultiQC (version 0.9) (Ewels et al., 2016) I&fRAEFIRT& N EEAL AR E P E (per
base sequence quality) ~ GC && - FFVIEETHEE -

) FARHEEEE

A ZEIR Y1 (cleaned reads) DA MetaPhlAn2 (version 2.7.5) (Truong et al.,
20151 EEFEE ZE R (taxonomic abundance) 75 H-e I HE S BIEN 1% AR
Ry R - IRIBFFYIAEIUE (sequence similarity) S EfEFHE & » LA GraPhlAn
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(version 0.9.7) (Asnicar et al., 2015) 4&#LE (LA (cladogram) » Wi LA [EIBE IR 57 7%
{5352 (clade) -
=) ZRFEH - o REEE
LA A5-miseq (version 20160825) (Coil et al., 2015) ¥¥ cleaned reads #E{TFF1|4HZE

(sequence assembly) > FE{# A MetaGeneMark (version 3.38) (Zhu et al., 2010) TEHIEE
° FORIHHZRAYALA - LL CD-HIT (version 4.7) (Fu et al., 2012) fRIZHFFHIAHE
TR ELIRIEE (gene catalogs) * FE{HHH eXpress (version 1.5.1) (Roberts and Pachter,
2013) #1 Bowtie (version 1.2.2) (Langmead et al., 2009) /& cleaned reads % 7EHIH HYEE

BT ZRFHIELE (remapping) - LA TPM (transcript per million) fZ#4(E - &
REEENEAEATNEEE -

() ERNrEERE - BERRIIREEL I

BERENEARFRMENER - B egeNOG-mapper (version 1.0.3)
(Huerta-Cepas et al., 2017) H{#SH: GO (gene ontology) Slim (Ashburner et al., 2000) F
KEGG (Kanehisa and Goto, 2000)LEEMEFER# (functional annotation) » AR
GO term FFTAEERRT TPM {EiFH z score » z score KA 1.96 BN -1.96 FEA
HIE A A GO terme 515 Z score FrfRHY P EAIEAEZZZ LI NCBI &R EH 100
{E1EF A EEE N RS (SRA045646 A1 SRA050230) 2 GO term fyFEHE o
TIMTEERPEVEE GO term FEAEZSTERHERY 100 (Efgfet 2/ &/ = HAFH
TPM 18 » J7Alat 5 2 score DALEHCH 22 ST » % TPM {E/NR =B AT 2 score
ROTER  “NA" o FHINEYE FTREEEL 2 score HUIBFEYE - B GO term AYHE &S
Pt TIE “NA” BYESEE (non_NA_percentage) fit{#f&S% - FEMIHIZK
HAEETERA GO ZKEGG HRHENAYAEA > L HMMER hmmscan (version 3.1b2)
(Eddy, 2011) ¥f Pfam kI (version 31, Pfam-A.hmm) (Finn et al., 2016) #1755
EE3 - A AT RE Y& 1 B 4585 (protein domain)
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Taxonomoics

Taxonomic
Abundance
(MetaPhlAn)

Visulization
(GraPhlAn)

Quality Control and Reads Trimming
(Fastqc/MultiQC/Trimmomatic)

|

Assembly
(AS-miseq)

Functional

1

Gene Prediction Reads Mapping
(MetaGeneMark) (eXpress)

'

1

Gene Catalog
(CD-HIT)

Functional
Abundance

'

Functional Annotation

t

(eggNOG-mapper)

Predicted but not

Domain Mapping
(Pfam)

annotated genes

[ 4-6 SRBERRER T A
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DB BE AR B 5 A B R T A TT.(2/2)
43 BERZHE R BT R R
431 GHEREGEEMRERSRE

b 72 BEE DL B — R B B == PR I B 3l AL % & - F o0 EE RNA
T - (R —FIHFTEE R - AR LEE (methylotrophs) 71 5 ERE <2 1 I #i
s BRAE > INILBEHL Methylobacterium aquaticum t— B EETTHEE - &R
J peptone yeast extract medium (1L HH&H yeast extract 2.5¢ ~ peptone 2.5g ~NaCl 2.5¢)
220 1% methanol(B55 A 0.22um FLISIEHFIRER) -

HORFEIN-80'C ERIRIRIE 2 2= RIENIIN A BERNELLE S - Bt 28
C BERIEZACETIRIE - 1Y 96 /NRHEIR I ZE & A W HY S &R avEE LE
N TREE IR B - B R O EUR S DA 55 R B 7y A IO B Bk 3 ppm
10 ppm ~ 50 ppm ~ 100 ppm » 7 P& — AR IR EE S H T RS B R Ry 22 91 4H blank
FEIREER 28°C sl EE o ILAAHE 6 /NFHIE —E OD600 Bk 4g B4

ik
4.3.2 BIRZERU N AR

B Methylobacterium aquaticum FEEZWOCELTE 0.3~0.5 21  FE R DL EE
ODARHESEERE LA KENSEI AT - i1 ARREE M EEZ DL TRIZOL
Z<H! RNA - 13287 RNA FH NanoDrop {FHIERE 2 FE A Agilent RNA 6000

Nano kit /T E L -

43.3 ERIIEHERS T

(—)RNA Libaray ZERERFEMER (transcriptome)
FihH RNA 7&{# A NanoDrop ND -1000 475% ¢ 5T (Thermo Scientific) i
Agilent 2100 &=¥17781 (Agilent Technologies, Palo Alto, CA) RHESL RNA JEE A

mE o BfERY RNA SHEFET MY A260/A280 = 1.8-2.0 » RNA 52%E[%, RIN > 8.0 » [
40
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AR E &% Qubit B RNA JEEFHEE S 200 ng/ul < FIJA Ribo-Zero rRNA
Removal Kit (Illumina) #F4HES Y rRNA B ERIGAIE5E1% > (78 Tlumina 2\ S E
FeatI4H (TruSeq stranded RNA-seq) FTEUERYIEFFELH cDNA AN (cDNA
Library) » EERAMEITHI T 208 JeF F (B8 T’ RNA (7R BfL > S RNA
i BER/INGT By 180-200 A% H % » B 14 DA S B S IG BB 14 | TS ik A% 2 cDNA -
FE BRI CDNAZ S B13 WilGDAREGHEGEE LER A BT (5,17
SER % M TR A S I - L FE 5 Y cDNA UK SI bR Ry de
cDNA A © EFFE57{# F NextSeq500 EFF & (llumina Inc., CIC bioGUNE,

Bilbao, Spain) > DAEEREEFATE R cDNA KBRS 150 {Ef% 1 -

(Z)Metatranscriptome =SB EEF - 405 KT
HEREF

EBAE TR HEELHE total RNA - T2 RNA  enrichment 75 20 EISE R
AE R RNA FEBE(FI4: mRNA > IncRNA > microRNA)IE © 2L mRNA Bl > A
LAY RNA & —20 (0 F S 8B 02 random primer SCEEEERE cDNA - FE{%
TN R (EEE E#554E MiSeq 16S-RNA /3%) (Bikel et al., 2015) ©

Y A

Metatranscriptome 73 AT AE 73 i IS TESRIB (& 4-7): (—) BFEFFRYEIfES%
FREBGR CAERE » (5) BERFFYI#ETRSS AR % (e novo
assembly) R HHTHY transcriptomes © 4855 — M - FEHRF RNA R FeAEliG
EARFENSFENHEGE pathways ERHE(GEE KEGG) » A UEA [EHY taxonomy
J@45 b WRLL genes fEELIARBIEIMEEFRIERZE FITECE THE - HIEGELE
pathways 1 LEHEAH B @ FHE I HI RS - BRI T (—) DL FastQC /2
A E P FAEE R SHERAN Q30 HIELBIFE AR 75% (S A., 2010) (=) DA
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trimmomatic FEFURFEFFMEERT - abEEFERIFYIA BeAER (Bolge et al,,
2014) © (=) LA bowtie2 F2FURHE Fr R AR E Rl G F 278 FL NS B0UZ 227 pathway
&kl (Langmead and Salzberg, 2012) = (PU) DL htseq f2 N EALE P FF I E A
RIEAE pathway HYFS3ER (Anders et al., 2015) © (1) DA deseq?2 R EffifEfTEEE
BT (Love et al., 2014) - &1 fES: 5 AL NGHAHES AT SRS » A ISR ETHTREN
HEFRAHERE o T BT (—) DA Trinity B2 THEEREAH4HAS (Henschel et al.,
2012) * (Z)LA Transdecoder 20 AE— T Efige4H 25 7 51|30 FEH] ORFs (open reading
frames) (Haas and Papanicolaou, 2016) = (=) A Trinotate F2 = 4H 2514 1Y #EGH4H 1
{Takfi# - $&HC Swiss-port M1 Pfam FI{EEHE - ERHGREL 2 ITA0E — : (—)
DABNE 23R R R AT > SRAGVIE 23R pathway HYZ A% (alpha diversity) © (Z)

Metatranscriptome 7 HTEL G IE 77 4F 2 B (% > DLENE S S 4 s E £ 35 -

De novo . 2 A
Raw Sequencing Alignment Aligned
Assemblies /: Assembly  [€—7 " poads /_" Reads
‘ . —
Flltereq ———>| Annotated Quantification
Assemblies Assemblies HtSeq
] Ao !
i Differential
Predicted i
ORFs E)ipfesslon
Table

4-T Metatranscriptome Z3HTFRAZAIAAREE o (—)FSEEREITRE - (2

(2% https://www.oceanridgebio.com/metatranscriptomics_bioinformatics)
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Quantification of the metatranscriptome

Up/down Species Species-specific Distribution and
regulation stratification transcription utilization
Pathwayl g~ -
Pathway2 L] g .'-% . l MUY
Pathway2 _‘3: L BT .$ R ® I l l l
Pathway4 © 2 = ! J l'_' 2 l‘ II || |
Pathways e a g r S I - ‘ "
UniGenel i o = i ar " _' §
UniGene2 =g b w: s . ChL I -
UniGene3 A £ L ‘ ' .' I
UniGebe4 .
Unigene5 L ! ‘ B | Pathways
Unigene6 Species
Samples
Community Profiling
Species composition Ecological network
x |. | g o.
N A . T
| : . . v
° i B °
... 0 ™ ..
s (\' X
: \ .‘ = 2
° -

[& 4-8 Metatranscriptome 434455 23R R EE ° (—) Metatranscriptome E{ESHT(Z)
Metatranscriptome 5347 ERERFHSI R Z Bi{% - (Abu-Ali et al., 2018)

IR
ﬁ@@“rEZEﬁjLﬁ/ii_lﬁz_?ﬁﬁﬁﬁﬁéﬁﬂ)ﬂ TR PR KB LR Z 73T~ 1=
HEESE ~ SRR E NG R B R AT 0 i T DA
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5.1 IRHERAR T

5.L1 FIKESRHAE

A~ &R

FOE SR

& 5-1 1) (KSR B HEE

B | SEECO pH fjﬁi; fﬁf‘) %ii ‘
Street1 324 6.04 7.19 677 19.03
Street2 32.8 6.72 7.69 637 17.38
Street3 33.0 6.42 6.22 5,570 7.40
Street4 31.0 6.34 5.23 3,220 23.03
Street5 31.8 6.40 6.33 2,770 14.19
P 32.2 6.38 6.53 2,575 16.21
3 e 0.8 0.24 0.95 2,048 5.86
el 33.0 6.72 7.69 5570 23.03
=M 31.0 6.04 5.3 637 7.40
pH

5-1 Ky pH 4347 > HATARERHE _LFZE MRS pH s KB Ry 6.72 0 IS
i~ Street2 > B/ IME Ry 6.04 > HSY Streetl » pH ~FE91E B 6.38 ©
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DLBEE AR E Rydfiail) 5 AR RO 0. (2/2)

pH value
(4]

3 A pH value

Street Street?2  Street3  Streetd  Streeth
Sampling position

Bl 5-1 )1 KB R o AT

W RIBE,

[ 5-2 Ryl & RO RN » TR R A £ 33.0°C » F/IME R 31.0°C » JRE
BB 32201 0.81 5 AEEAME B 7.69 mg/L IS Street2 » He/IME £ 5.23 mg/L >
ST Streetd

40 10
A A A A 8
—~ ] (0] A
O 30 o
o © © ls <
)
& 20 o E
o L O
3 ‘o
= 10 -
A Temperature r 2
O DO
0 0

Street Street?2  Streetd  Streetd  Streath

Sampling position
& 5-2 ) [KEERE KBRS AR
HEE

[ 5-3 Ry E AT » BB AE R 5,570 me/L » S Street3 » f/IME
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FOE SR

By 637 me/L o HIEFA Street2 @ NIFEEE =R B o

6000

S

= 5000 ¢ A Conductivity
4000 A
3000 A

2000 4

Conductivity (uS/cm

1000 -

Street1  Street?2  Street3d  Streetd Streetd

Sampling position

&l 5-3 JH) KRB E A
TR a

5-4 REELEZ o 0An o AEEME S ARME A 23.03 me/L @ HIEFY Streetd » %
JIME By 7.040 mg/L > SHITEHA Street3 °

30

A Chka

25 1

Chl-a (ug/L)
- —_ N
o (&)] o
>
| 4

[6,]

o

Street 1 Street2 Street3 Street4 Street5

Sampling position

[ 5-4 ) [ZKEEREERER a
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DLBEE AR E Rydfiail) 5 AR RO 0. (2/2)

5.1.2 HJIDKEEERRZE S

T = o H AR ERGSS) ~ SR RIRRE(TOC) ~ {E2E2FEFECOD) ~ &E
(NH:-N) ~ i EZ E(NO:-N) ~ G EE E(NO:-N) ~ S T(Cl) ~ BEREFREET-(POS) ~ Bt
FEFREE SO RSER BT - T 42 FalIKEERIRTE - SR KE

BT NTEE -
2= 5-2 MIKEEERSTEIE (L : mg/L)
BA% | SS | TOC | COD | NIbN | NOs.N | NOo.N | CI | PO~ | SO7
Streetl | 733 | 8807 | 39 | 0869 | 1030 | <000l | 59.61 | <0001 | 15107
Stree2 | 9.87 | 6637 | 27 | 0.196 | 1291 | <000l | 5510 | <0001 | 131.17
Street3 . “56'7 107 | 9424 | 7631 | <0001 | 102674 | <0001 | 1667.35
Streetd 5 1192'9 57 | 2106 | 6052 | <0001 | 39797 | <0001 | 111250
Streets | 948 | 9898 | S0 | 1737 | 70.07 | <000l | 396.54 | <0001 | 985.51
ST | 843 “2'6 56 | 2.866 | 46.02 387.19 809.52
FEZ | 104 | 420 | 31 | 3741 | 3193 395.86 661.88
EUME | 987 | 6637 | 27 | 019 | 1030 55.10 131.17
B | 733 ] 1675 | 107 | 9424 | 7631 1026.74 1667.35

SR MER(TOC) h(LEE TR S & (COD)

BEAILIY Street2 o

48

JNZKEEH TOC Fz COD F3AmdlE 5-5 F A4 Ry TOC BifE » S KB R 16.75
mg/L > i/ IME £y 6.37 mg/L 5 BlFEE Sy COD #fH » COD s RME £ 107 mg/L -
/IME Ry 27 mg/L » TOC Fz COD i##E5—8L » & i Bt it Street3 » R (RIRIE

=1

HY
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FOE SR

120 120
e TOC ©
100, * 100
~ 801 80 I
> o
£ 60| o - 60 §
S ° 3
2 404 o 40 O
20 ? 20
] . _
L 3 - . -
O T T T T T 0

Streetl  Street?2 Streetd  Streetd  Streetd
Sampling position

& 5-5 JEJI7KEEH TOC K COD 434R
KR4S, (Total Inorganic Nitrogen, TIN)

HI R RERE - IR R IO R R SR - [E] 5-6 RARMiRE 1 - 4R
PREE AR E 85.73 me/L » SRS TRHEZKIE T J7 2 Street3 B - f/MERFY 11.17
mg/L » JAFFY Street] Bifiz o DUR DS ZHEEEE - SREEREERE NN 0 £ 9.5
mg/L » Street3 Z R EIHH HEE54wKER(EEURE AR 3 mg/L) » Street2 ~ Street3
ZRBEGHT RSP TAEERE TN 1~2.9 me/l) » Street]l 7 EEREHES
FESS A EEERE /M 0.5~0.99 mg/L) » Street2 B EEEAIBI K Z 544 EEEE

/INFY 0.5 mg/L) > TFTA B & 2 H IR ERE RN R ERE -

~ 100

s> NN
£ 8o | ==nosn
c

®

o

g 60 -

c

=

% 40 -

2

o

£ 20 |

Y ’—‘

Street1 OStreet2 Street3 Streetd Streetb
Sampling position

& 5-6 JEIJIIZKEEH TIN 4375
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DLBEE AR E Rydfiail) 5 AR RO 0. (2/2)

TR T(SO.) ~ S F(Cl) B BEARBE T (PO.")

K BT AmaiE 5-7 0 iR ERAREE 5o B By 1667.35 me/L » F/IME/N
A 0.001 me/l > SR EE 1026.74 me/l > B/IME B 55.10 me/L > WilighRuE
T R SRR TR RS - BB T iEeE By e A BRI B RE AT
B PR B A -

.34
ém 3.2 f o
o 3.0 ) o . .
o
= 28 i
c
L 26 o o
©
£ 24
8 2 2 i
5 e
(8] 20 i
5
E 1.8 - o o
1.6 . . . . .
Street1 Street2 Street3 Street4 Streetd
Sampling position
& 5-7 JH)17KEE Rl A
ROFERI(SS)

7K 2 E B YR o AR A& 5-8 - HITSBE G = BEAE Street2 Ay
0.87 mg/L » E{EKEBEAE Street] £y 7.33 mg/L » ZBEEIZT/ N DA V5445 EA4E
SS B BB A TR /NS 20.0 mg/L) ©

12
® ss

10 °
= [ J
ES)
E
[} 8 1 [ ]
w ° [}

6 -

Street1 Street2 Street3 Streetd Streets
Sampling position

5-8 7K R E R VIR 70 AT
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%EE ZD%‘E;%:‘ uFFH

KR E S
LUICP e H M E @A) [ PR GRAR 5.3) > Hfik(Ag) ~ #A(Cd) ~ §h

(Co) ~ $8(Cr) s $H(Ba)5F 5 el B < a8 R 85/ NP EDHIS PR T 2005 » &< R Ay
= {E 2 Y Street] BREERS » JIfS/K 2 $2(AD ~ $#(Fe) ~ #1(B) ~ #%(Ga) ~ #(In) ~
SH(PO)IRIE Ky S5 (EERAREL T 2 S =i{E -

IR ORE 2EUKEENE A EEZE T IEMRE( Street2) KT & & —5&(H
StreetS) Ak Z HIE - BUAGSTEPREEIGRIBLEAHIT 2 2018 4 4 HECRIEUE » ¥
TK RS RE Afr L - AR & TRUBOR 1T 789 Street3 BEALAIS SRR
0.054 mg/L » HERHIBLERREE S N IR REDZAS SRS 2BVKEE
S BORIEE - I IEAE(E Street2) Z #iREE £ 0.008 mg/L » (i & A& —5 &
StreetS) 7 $AREE Al Sy 0.076 me/L » AREIFRARREENIF4E R IR -

R 53 W)IDKEEEERE (A : mg/l)

FEA #R(Ag) #8(Cd) $5(Co) #5(Cr) #a(AD  #8(Sr) #&0Mn) #(Fe)

Streetl  ND ND ND ND 0214 ND 0.024  0.319
Street2  ND ND ND ND  0.076 ND 0.025  0.129
Street3  ND ND ND ND  0.034 0013 0062 0.079
Streetd  ND ND ND ND  0.055 0017 0.028  0.138
StreetS  ND ND ND ND  0.014 0.014 0.05  0.128

L - - - - 0.078  0.013  0.039  0.159
TR - - - - 0.070 ~ 0.003  0.017  0.083
/e - - - - 0.014 ND 0.024  0.079
BN E . - - - 0.214  0.017  0.062  0.319
AEEEE 005 001 - - 0.05 -

it ¢ B2 T KR T ROKE TEEJ , /EHEJJ[W e Rl e e e i
JEE LR ABRAT -

&R 5-3 MIKEREEERE (B © me/l)
BAH B $HBa)  #Cwy  #HGa)  #ldn) 850 ()
Steetl 0203 ND  ND 0049 0045 0016 0017
Steet2 0102 ND  ND 0022 0018 0016 ND
Steet3 0130  ND 0054 0019 ND 00l  ND
Steetd 0108  ND  ND 0020 0014 ND  ND
StreetS  0.079  ND  ND 0017 ND 0012 0.190
FHEC 0124 - 0015 0026 0022 0012 0.044
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DLBEE AR E Rydfiail) 5 AR RO 0. (2/2)

TAERE 0,042 - 0020 0012 0014 0003 0073
f/ME 0.079 - ND 0017 ND ND ND
e RfE 0203 - 0054 0049 0045 0016 019
HMEE - - 0.03 - - 0.1 0.5
it - AEESE T AKEE RO KE R | B DIEAER Ryl 51 < i =
JE HERREAL -
& 54 KT ESBANEHEHZ MDL
iR(Ag) $(Cd) #ti(Co) #%(Cr) $E(Sr)
MDL (mg/L)  0.0025 0.0056 0.0033 0.0043 0.0028
$H(Ba) 5f(Cu) $#(In) §5(Pd) $¥(Zn)
MDL (mg/L)  0.0111 0.0047 0.0086 0.0088 0.0054

513 I RYE( 2SR

pH

J&JJE pH FEEE AT 5-4 &l 5-9 » RpEIetkin 20 g BEAKIZK 20 mL
BETR - SRS > DR/ NS EIER - DLERUEM] pH - JRJE pH /it

6.28 & 7.15 ] -

% 5-5 J&JE pH 2

B pH {&
Street] 6.28
Street?2 6.50
Street3 6.85
Street4 7.15
Street5 6.74
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v Vg
JERETTRE T RN ~ &

5-10 B ~ &

pH value of soill

FOE SR

A pH value

Street

Street2

Sampling position

Street3

& 5-9 J&JE pH 4346

Street4

Streets

i @2 R ST EEfl - SRR 5-5 K E
» Wi TR AR A RATRRAETR > HoEEdRIE S - ATAE

EHEISWAEY)  WREM S B EE o EhAERIH 7.3265% % 9.8735 % » Himan 8
Street2 » FHZEy StreetS o

56 J&Je CNSH TREEH LA

- Weight tTotal CNSH
A% (mg) C % N % S % H % HH (%)
Streetl 7.3265 0.7305 0.1610 18.4770 4.0545 23.4230
Street2 | 9.8735 0.2035 0.0830 0.1540 0.2355 0.6760
Street3 | 7.8900 1.4520 0.2030 0.3650 0.4625 2.4825
Street4 | 7.5855 8.5910 0.9810 1.0625 1.5200 12.1545
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DLBEE AR E Rydfiail) 5 AR RO 0. (2/2)

Street5 9.4760 0.1950 0.0720 0.0510 0.1905 0.5085
SEHE | 8.4303 2.2344 0.3000 4.0219 1.2926 7.8489
EAEZE | 1.1619 3.5904 0.3846 8.0903 1.6356 9.9401
w/ME | 7.3265 0.1950 0.0720 0.0510 0.1905 0.5085
mAME | 9.8735 8.5910 0.9810 18.4770 4.0545 23.4230
25
—cC
20 | o S
. H
)
o 15
(@)}
T
c
S 10 -
)
0o
5 |
0 ! 1 | T T T
Street1 Street2 Street3 Street4d Street5
Sampling position
& 5-10 &Y CNSH JtE4HA,
ARl

IR BRI E LA SR A B AT A2 TR R o0 ARt 4k 5-6 = /INHE
CEERERR - e =M T HEYI LR - PR R ARE M Street2 - ~FHHL

i/ NE IS StreetS e

R 51 RS TR

FETE RET E BB (um)
A% SPEE (um)
<10% <50% <90%
Street1 54.52 204.87 369.74 208.11
Street2 16.69 242.46 435.92 236.37
Street3 3.09 12.57 27.65 14.20
Street4 5.81 21.21 60.88 28.05
Street5 1.70 7.29 23.93 10.44
SEEE 16.36 97.68 183.62 99.43
R 22.13 115.88 201.98 112.74
2N 1.70 7.29 23.93 10.44
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FOE SR

54.52 242.46 236.37

BAE 435.92

ERESE

JEIJEEAIURHAEIR LL ICP e BN R T EEERE » R ER 5-7 - K
sTEOIT B 28 - S % 10 EE R 2 RE R SR SRR
Street4 » MBURICIIE T J7 Street3 Bl Fodm ~ 8 ~ Wl RSl SR 2 FfE » B4
BB SR B B -

SHATEE T HISEIRREE S T LR - SARERORSE 2008-2000 470 | [FEAG S A s
FOARETERIEE 2 KEREEQ017 £ 5 H ) 10 FDEHE 455 - 2008-2000 F45 5%
HEOR > RS R AU By 485 & 2490 me/ke o B R M A S RS
(5] Street 5 Bhfir) 5 2017 FABBCAESE R - NIFSDRE Ry 138 2 573 me/ke » #x
SRS AR B B —9RAE (5] Street 5 BT o ARG HT ISR &I E F 9.300
2 1002 mg/kg * Bermm RIS EF B A —5EAE _Fi4Y 0.5 S BLERAY Street 4 B5ir
TEERURI T Street 3 K¢ Street 4 Bh {7 JE)EAYHE R BHE = 7 _EJFF Street 1 &
Street 2 B o MEFFE A —SEE(Street SRR (E 9.3 mo/ke BRFHE » HEHIA]

BE R ERAGE B 2T T A T AR ) | AR 1 > (F1SeaEpras - EEEER
FERMEEIZIERAL -
% 5-8 WEEESEHSEEN - mgke)
A R 8hF 8 i 7 S 2
(Ag) (Cd) (Co) (Cr) (AD (Sr)  (Mn) (Fe)
Streetl ND ND 714 786 289E+04 119 1345  2.13E+04
Street2 ND ND  59.9 700 231E+04 167 1397  1.74E+04
Street3 ND  ND  119.0 247.2 547E+04 334 5514  3.9B+04
Street4 ND ND 140.0 4154 5.23E+04 571 5748  3.17E+04
StreetS ND ND 766 785 3.13E+04 146 1426  1.75E+04
SR - - 934 1779 3.81E+04 267  308.6  2.54E+04
AR - - 30.7 136.1 1.29E+04 169 2079  8.55E+03
B/ME O ND  ND 599 700 231E+04 119 1345  1.74E+04
BAE ND  ND 1400 4154 SA47E+04 571  574.8  3.89E+04
PRE 2.49 233
TRRE 0.65 76.0

55
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i BEA ND H#E R ERAS 2 £ E@ RS /N 0.01 mg/L s JAVEINEAEE R (&A1
EEaE RS HIREMT ¢ JREESEE HIR(Ag)B#E(Cd)~ MDL 73 hlE 20.1
mg/kg 1 44.8 mg/kg o

&k 5-8 WEESEEEE - mgke)
AR BB #HBa)  #Cw  $FGa)  #n)  #5Pd)  F#E(Zn)
Streetl 183.6  128.0 83.1 362.5  259.6 2404 1144
Street2 167.5 112.8 47.3 365.1 1459 207.9 35.8
Street3 19377 2494 3269 3662 2823 2252 @ 6995
Street4 1835 299.0 10020 3865 2506  291.8  823.7
Street5 148.2 128.2 9.3 3525 2406 1929  281.2
RSk 175.3 1835 2937 3666 2358  308.6  390.9
TEAEE 159 75.9 371.2 11.1 47.0 34.0 3153
w/ME 1482 1128 9.3 352.5 145.9 192.9 35.8
N ] 183.6 2494  1002.0 3865 2823  291.8  823.7
ERME 2157 1161 1384
R{E 50.0 248.0 2140

it - B ND (E& BB bRIG Z @R/ Nk 0.01 mg/L  HHELIIEAE R Ky (A1
s E“‘T%‘»%V R BEAL -

5.2 GiERBEREIHRER
52.1 MREEE R

& 5-11 Ry HIE OD {E 600 Z 455 » FERLANE Hh Ay A R ih 4R 0T USRI IR <
mid-log phase £Y7E 20 El 40 /NF 2 [H] » #2125 RNA FHEREE 24T 22 /N %
BT o SSIMEE RGP A DB - SEREREIERIZ 100 ppm AR EIRE OD
BRI & By 0 0 ol B w8 = (15 Methylobacterium aquaticum 74
FERFEIR AR - MHRE 50 ppm AYRSERAIZE B 4HATER DA% 2= R
HBSHAE RIS R 8 - ERUNIIEIE 3 ppm K 10 ppm HY B BRAH AR ZE 2 4HAF 4
Reihé ERIIBNY AR - DU A R 4RaE 3R R AR ZE - 12422 140~ 3 ppm ~ 10 ppm
J¢ 50 ppm 72 PUAH #EST RNA Z£HY -

56



0B600

FOE SR

0.0

0 20 40 60 80

Time (hours)

—&— blank
—O— 3 ppm
—v— 10 ppm
—4— 50 ppm
—&— 100 ppm

5-11 U R B ILIH R TR RN EER
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5.2.2 RNA fHEURE 47

YEHEY LAY RNA FIIFH Agilent RNA 6000 Nano kit DAFGR
(Bioanalyzer2100) #EfT4717 2 1% » 2B UZHAM
BB EFFEZE(E 5-12) -

LR B
B RNA BIRASSIRERS - AT

Electropherogram Summary

1 2
Ful | . [FU] | o ]
250 | | 250 |
|
200 | | 2004 !
|
150 | | 150 |
100 | i 100 | =
= I =
50 : | z 50 y
0 - WAL ALY 0 : L
T T Tt T T = 2'0 JLJ 4IIJ SIO 60 }'ID 5] =
20 25 30 35 40 45 50 55 60 65 7F0[s]
Overall Results for sample 8 : 1 L Overall Results for sample 9 : 2 o
RMA Area: 11136 RNA Arepc L1623
RNA Concentration: 737 nghd RNA Concentrotion: 770 ngful
rRNA Ratio [285 | 18s]: 04 rANA Ratio [285 / 18s): 04
RMA Tntegrity Number (RIN): WA (B02.08) RNA Integrity Number (RIN): NA_(B.02.0%)
Result Flagging Color: Result Flagging Color:
Result F Label: RIN H/A Result Flagging Label: RIN N/A
Fr t table for le 8 : 1 Fragment table for sample 9 : 2
Name Start Time [s] End Time [s] Area % of total Area Mame SurtTimels] EndTimels] A % oftotal Area
1ne 2a0% a1re aaa
3 o 4
[Fu) ] Ful | a
]
1 |
|
200 s0 |
(-
100 [ [ = ol
1 | —_— | i e
L] O~ B —
0 : _.:*“?'.t? =i l SRl | |
T T T T T - T T T T T T T T T =
20 30 40 50 60 70 [s] 20 25 30 35 40 45 S50 55 60 [s)
Overall Results for sample 10 : 3 o Overall Results for sample 11 : 4 o
BNA Area: 1,233.5 RMA Area: 2230
RMNA Concentration: 817 naful RMA Concentration: 148 nafpl
RNA Ratio [285 | 18s]: 05 rRAA Ratio [28s [ 18s]: 00
RNA Integrity Number (RIN): NiA (Bukz.o8) RMA, Inkegrity Mumber (RIN): MfA (BUDRO8)
Result Flagging Color: Result Flagging Color:
Result Flagging Labe: RIN N/A Result Flagging Label; RIN Nf&
Fragment table for sample 10 : 3 Fragment table for sample 11 : 4
Name Start Time [s] End Time [s] Area % of total Area Name Start Time [s] Emiﬂrne [s] Area %o of total Area
188 39,95 4143 388 258 185 38,72 553 248
288 43,90 4652 ugs 121

5-12 SR BRI ST HBAZEHL RNA SRR E IR i EEE R
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FOE SR

5.3 HJIEREREB I
5.3.1 M) EJeE BT

JE PR AR ER

A AUE &R AEHE (S B ST (quality-filtering) HIZ % & (non-chimera) ##5
HEF > 5 A mothur (Schloss et al.,2009)#=HE OTU 73 Ac4s rlsERY 385 A - OTU &
TE#R(F /T # BIT(Operational Taxonomic Unit) s&ike P S IIAHAT 2 P HlI(A1>98 % HH{ELEE)
B Ry —{E OTU Wy —EETE 7= #eB BNV E < 088 - f£12
R SILVA 1322-5 OTU ££4& > Ref NR 99 #E{THHE OTU S33HEE ST © street] 2
streetS & AL {EBRHEE SL o FTE Y OTU $&EALE street] BEALZYA 14000 {E (&
5-13) » Tfi street2 % streetd A HIZTA 10000 & > E] T streetS Al FFEE] 7000
&« B SRRt Y OTUs 5 — LA ny BB ME (IS HHERAE R DL _E AR e B ([
5-14) » A 185 f# OTUs B TL{Ef i E it -

RGN MHERRESJEEA (OTU) Ry EE—4H - 8 ARy
JHEY - BEEAEE AR E SILVA 85 (SILVA hitA 132) HIERMEFS -
QUME BEF{E/THAER L3 OTU #E7T73%48 - A KRONA v2.7(Ondov et al.,2011)
BB R YIET RN S A4S - Street 1~5 BT RN EHNRBERI 1 2 5 -
UTEEERERER - street] B EEREEAY OTUs H 97%E £ bacteria » A
3%y archaca([&] 5-15) 5 11 street2 B EFREEHAY OTUs o 99% 5 & bacteria » A
1% % archaca([& 5-16) 5 street3 B P EEREHIAY OTUs H 97% & £y bacteria * A 3%
Fy archaea ; Il streetd J% street5 B4 archaeca Fiist 2 OTUs ELBIE /D » 3BIHRA
0.8% 5z 0.2%([&] 5-17 ~ [& 5-18) °
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Statistic analysis of the tags and OTUs number of each samples
14 W Total Tags
B Unigue Tags
W Taxon Tags
13—+ OTUs
12k
. .
2 11k é
£ £
= z
w @
=] 10k E
e o
9k
8k
7k
street_1 street_2 street_3 street_4 street_3
Sample Name

& 5-13 BRI tags K OTU BEHE
Street 1~5 BRab AT R EENAREERL 1 £ 5 PUNArAERIE RS -

street-1

street-5

street-2

street-3 street-4

& 5-14 OTU 4 fis BUE
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-Uncultured bacteriym

&
o

[ 5-15 street] B RERE IR & LLBIE

bl 5-16 street2 A R XEFE e L B B
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9__Denitrayig,

s
H
2
]
b
5
g
2
e
g

5-17 street3 B G B LEA

fE 5-18 streetd A R XERE e L] B



FOE SRR

& 5-19 street5 B R RERE fE LL A E

BN = NG ) S A g

A E PR S IR IR RS OTUs 3£ » 571 OTUs 2 (R FEFp5IHE
TTHIESEE » WPA excel FiatEbEmd AT e Z WP (phylum)Z OTUs #i& - FEHR
FIRy 100% - ft& a2k P e E PIREFAE R © B AR fn Y R P9 (family) $HEZED
BignkE 5-20 Ao - & B E AR AR A HIAY B 88 (unidentified) 49 5 9% % 25 %
Z[E] o 1M street3 BEASERARRL Ry 2 B BUR CIRTZ RV » street] ¢ street2 BEAERAEL
FEEEE U B » 1T streetd Bz streetS BEATREERERIAEBEE UM 1 N IF © (€845
R FISHRCEL BB R - ORI iE streetd FYEERUAEYISH R street] 2
street3 HYAHRCA FTZESE » 1T streetS AYRAEMIAHRCAE R HIFUERIE BERI T8 44
AR B E -
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I -

I

[ ignavibacteriaceae

[ Acidiferrobacteraceae
72

e
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HAG DL B PR ARG P A BB P IEL B 2 (E PR EERE 1T T UPGMA 58F
SyA(E 5-21) » EEREE R AT [ — s R A E AH BT RIS
[ HEE A (Height B8 » BRI YIH P REAR DU A - T oA ddi S
R > street2 e street3 HYTAPIAH Al E Ro BT - T f_EIFFERARE street] B2 street2 ~
street3 BEREAT(H Ko R [FI4H P REAIERGEOIE] © BRT streetl 4 » Hk 4 BETAT BH
Bl BRIt e A RA BT 2E 5 /KB LA FBR 4 o 0 T Re £ B AR
street] % street3 4l Height (A —E7%& 7 » Fon streetd JZ streetS PREERIERIER
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street_4
street 1
street 2
street 3

distance. ex
hclust (*, "average")

B 5-21 BRi%E5E UPGMA &EEE0

PEE R LA EBR R AT A L Y BRI P IEL B3 S E R B AT T PCoA £ JFEAE
4387 » PCoA (principal coordinates analysis ) & —fEbT2E ERME{IE B ZE TR
BALDTA - il — 2SR R E R R R BT % - B R SR 2y
FrEUE - A SR B 2 R AL B R % - PR R b o e £ A AR
iHE PCoA H] UBHZ (G BCRFAG IRy 72 52 - HLAE AR UPGMA AH{LA(HE 5-22) street2
K street3 BREEREAVEJETH A YIGH i Fo 1231 - 1M street] BiiE WA AHEKE R REAT » T 1
PR R R 72 — SHERRERGE R R BOR N IRV EE AR RIS F Il SiX
MOFA/NZERAE -
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PCoA - PC1 vs PC2
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PC1 - Percent variation explained 53.79%
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Desulfarculaceae
Acidiferrobacteraceae 15

Ignavibacteriaceae

anaerobic digester metagenome

LD-RB-34 05
Sulfuricellaceae -
Anaerolineaceae
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Syntrophaceae 05
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Shewanellaceae
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AKYH767
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53.2 PICRUSt f&4YIThREMERFIREAAL T

A AEAUE PSRRI R B A FRIE PICRUSH S E R A & B U
BRI E R R ARG G D RE AR BRI A N B A= B - PICRUSE FHASHY
FIRFAN R STER TR 8= - [ 5-24 BURENFR B STE S EENEE 0.1% 2 E
AR E - o] RORER I A PR AR Ry B AR B QR AH R -

\

= Metabolism = Genetic Information Processing
= Unclassified Cellular Processes
® Environmental Information Processing ® Human Diseases

m Organismal Systems

B 5-24 FFH PICRUSt sHbJEJEA EITHRERVE N E

e e AR N 2 S F B (heat map) 7347 1 PICRUSH 15 IRV TEHIEL A TIAE
L 5-25 a-d) > {ERNBIAY D ITEE R EFREEAG I TNREAGR > B LI street]
PRI RS H TN AR B B N SR Tk dn T R s - R RE 2 R HpR R E M AT
A RA BT SRS /KRR IR (4 o 11 B2 A SR 2 U [ BRBERT street3 HYZE[A]
TR B N S A T h S IR K

Z B R R RS TN AL R DA B BB 45 SR e T bR R Bl 22 T bR
=R(EL BB RUR CEREERER) - S 23 T RSy TR R TRE - 354 44
TEFUHE R DR HAHR A N B B 2 N irA RIS, - iiiE 44 FETEN
ELIN RS BB AIE 5-26 AR o M2 1%L street] FuFkitE - 112 44 FETEHIEAIAE
TEEAEER AR B HAH B R R R DU BAE AT A » 7 H AR Y B R DO RE ST
o3HA > H AR A (B R fECellular Processes)  ~ % {#{5 S #H(Genetic
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Information Processing) JzfXa#f(Metabolism)ia —=f# ([&] 5-27 % 5-29) {888 LK
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L1eans I
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gl2ans I I

Alanine, aspartate and glutamate metabaolism
alpha—-Linclenic acid metabolism
Arning scid mietabolism

Amino acid related enzymes

Amino sugar and nucleotide sugar metabolism
Aminoacyl-tRMNA biosynthesis
Aminobenzoate degradation

Apoptosis
|| aginine and proline metabolism
Ascorbate and aldarate metabolism

Atrazine degradation

Bacterial chemotais.

Bacterial metility proteins.

Basal transcription factors

Base excizion repair

Benzoate degradation

beta—Alanine metabalism

beta-Laciam resistance

Biosynthesis and biedegradation of secondary metabolites.
Biosynthesis of ansamycins

Biosynthesis of siderophore group nonribosomal peptides
Biosynthesis of type || polyketide products
Biosynthesis of unsaturatad fatty acids
Biosynthesis of vanconmyain group antibictics
Biotin metabolism

Bisphenol degradation

Butancate metabolism

Butirosin and necnmycin biosynthesis

| |cr-Branched dibasic acid metabolism

o I I II IIIIII I I IIII IIIII I
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D—Glutamine and D-glutamate metabolism
Diowin degradation

DMA repair and recombination protains.
DA replication

DMA replication proteins

Drug metabolism — cytochrome P450
Dirug metabolism — other enzymes
Electron transfer camiars

5
%

g
|

Ethylbenzene degradation
Fatty acid biosynthesis

Fatty acid metabalism
T
Flawone and flavonal bicsynthesis
Flavonoid biosynthesis
Fluombenzoate degradation

Fualate biosynthesis
Fruciose and mannose metabolism

Function unknown

Galactose metabolism

General function prediction only

Geraniol degradation

Glutathicne metabalism

Glycan biosynthesis and metabalism
Glycerolipid metabolism

Giyceraphosphalipid metabalism

Glycine, serine and threonine metabalism
Glycolysis / Gluconeogenesis
Glycosaminoghycan degradation
Glyeosphingolipid biosynthesis - ganglio series
Glycosphingolipid biosynthesis — globe series
Glycosyltransferases

Giyowylate and dicarbowylate metabolism

Histidine metabolism

Homelogous recombination

Indale alkaloid biosynthesis

Imorganic ion transport and metabolism
Inositol phosphate metabaolism
Isoquimaline alkaloid biosynthesis
Limonene and pinene degradation
Linoleic acid metabolism

Lipid metabalism

Lipoic acid metabolism
Lipopolysaccharide biosynthesis
Lipopalysaccharide biosynthesis proteins
Lysine biosynthesis

Lysine degradation

Ll=sans

17-IQOJISI IIIII I III I II

glealg
Giealls
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Lysosame 1.5
Meiosis — yeast

Membrane and intracellular structural molcules !
R T ———— 0s
] Metabolism of xenobiofics by cytochrome P460 o
Methane metabolism

Mismatch repair

mAMA surveillance pathway I—1

0.5

|
Maphthalene degradation

N-Glycan biosynthesis.

Hicotinate and nicotinamide metabolism
Mitrogen metabolism

Hitratoluene degradation

Nowobiosin biosynthesis

Mudlectide excision repair

Hudeotide metabolism

One carbon pool by folate

Cither glycan degradation

Cther ion—coupled transporters

Cither tramsporters

Others.

Ciidative phosphary ation

P53 signaling pathway

Pantothenate and CoA biosynthesis
Penicillin and cephalosporin biosynthesis
Pentose and glucurcnate interconversions
Pentose phosphate pathway

Peptidases

Permdsome

Phemylalanine metabolism

Phemylalanine, tyrosine and trypiophan biesynthesis
Phenylpropanaid biosynthesis
Phosphenate and phesphinate metabolism
Photosynthesis

Photosynthesis — antenna proteins
Photosynthesis proteins

Polycyclic aromatic hydrocarbon degradation
Pohyketide sugar unit biosynthesis

Pores ion channels

Parphyrin and chiomphyll metabaolism
Prenyitransferases

Primary bile acid biesynthesis
Propancate metabaolism

Proteasome

Protein export

Protein kinases
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Protein processing in endoplasmic reticulum
Purine metabolism
Pyrimidine metabolism
Pyruvate metabolism

F ion, rect ion and repair proteins

IRECNI

Zeans II

g£1ealg

pieens

gleaNs

Restriction enzyme

Retingl metabolizm

Riboflavin metabolism

Ribosome

Ribosome Biogenesis

Ribosome biogenesis in eukaryotes

RMNA degradation

RMA polymerase

RMA transpart

‘Secondary bile acid biosynthesis
‘Selenocompound metabolism
‘Sphingolipid metabolism

‘Sporulation

Starch and sucrose metabolism

Stergid harmone biosynthesis

Styrene degradation

Sulfur metabolism

Sulfur relay system

‘Synthesis and degradation of ketone bodies
Taurine and hypotaurine metabalism
Terpenoid backbone biosynthesis
Tetracydline biosynthesis

Taluene degradation

Transcription faciors

Transcription machinery

Transcription related proteins

Translation factors

Translation proteins

Tropane, piperidine and pyridine alkaloid biosynthesis
Tryptophan metabolism

Tyrosine metabolism

Ubiguinone and other terpencid-quinone biosynthesis
Ubiguitin system

Valine, leucine and isoleucine biosynthesis
Valine, leucine and isoleucine degradation
arious types of N-glycan biosynthesis
Vitamin BE metabolism

Hylene degradation

Zeatin biosynthesis

d. PICRUSt FERIZELNTHAE B FEZ40E (4/4)
& 5-25 PICRUSt FEHIERTHAE B ZE2\E] (a-d)
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L1ealls

Z1eals
£1e8ls
¥1e8is
gleals

Amino sugar and nucleotide sugar metabolism
Aminoacyl-tRNA biosynthesis

Bacterial motility proteins

Biosynthesis of type Il polyketide products
Biosynthesis of vancomycin group antibiotics
C5-Branched dibasic acid metabolism
Carbon fixation in photosynthetic organisms
Carbon fixation pathways in prokaryotes
Cell motility and secretion

Citrate cycle (TCA cycle)

Cytoskeleton proteins

Electron transfer carriers

Flagellar assembly

Folate biosynthesis

Fructose and mannose metabolism
Galactose metabolism

Glycan biosynthesis and metabolism
Glycerolipid metabolism
Glycerophospholipid metabolism

Glycolysis / Gluconeogenesis
Lipopolysaccharide biosynthesis
Lipopolysaccharide biosynthesis proteins
Lysine biosynthesis

Metabolism of cofactors and vitamins
Methane metabolism

Mismatch repair

N-Glycan biosynthesis

Nitrogen metabolism

Nitrotoluene degradation

Oxidative phospharylation

Phenylalanine, tyrosine and tryptophan biosynthesis
Polyketide sugar unit biosynthesis
Proteasome

Protein export

Protein folding and associated processing
Protein processing in endoplasmic reficulum
RNA polymerase

Sporulation

Streptomycin biosynthesis

Sulfur metabolism

Sulfur relay system

Thiamine metabolism

Valine, leucine and isoleucine biosynthesis
Zeatin biosynthesis

B 5-26 BEE 44 EFHERTEEERE

PAStreet] Ry kAR AL N read B8 L
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Street.1 Street.2 Street.3 Street.4 Street.5

—#—DBacterial motility proteins
—li—(Cytoskeleton proteins
—d—Flagellar assembly
—=Cell motility and secretion
—f=Electron transfer carriers

=@—Sporulation

Bl 5-27 street] AoFE:#EEE T AR 4 {65 FE (Cellular Processes) PR IR T AEAH BRI &S
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=—4—Proteasome

—i— Protein export

== Protein processing in
endoplasmic reticulum

=== Sulfur relay system

== Mismatch repair

—0—RNA polymerase

== Aminoacy|-tRNA
biosynthesis
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Street.1 Street.2 Street.3 Street.4 Street.5

Protein folding and
associated processing

5-28 street] k5 iE BB 5 (S B i HH (Genetic Information Processing) TR HIELR

ThAEAE R R B B i S5

1.6 -

1.4

1.2
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0.6

0.4

BAStreet] R AEAERH L Rread BB HAH

0.2 -

Street.1 Street.2

== Lysine biosynthesis
—4—Valine, leucine and isoleucine biosynthesis
== Amino sugar and nucleotide sugar metabolism
== Citrate cycle (TCA cycle)
Galactose metabolism
== Carbon fixation in photosynthetic organisms
=== Methane metabolism
—&—Oxidative phosphorylation
- Lipopolysaccharide biosynthesis
== N-Glycan biosynthesis
Glycerophospholipid metabolism
====Thiamine metabolism
Biosynthesis of vancomycin group antibiotics
Zeatin biosynthesis
Glycan biosynthesis and metabolism

Street.3 Street.4 Street.5

== Phenylalanine, tyrosine and tryptophan biosynthesis
== Streptomycin biosynthesis

—&— C5-Branched dibasic acid metabolism
= Fructose and mannose metabolism

—#— Glycolysis / Gluconeogenesis

=== Carbon fixation pathways in prokaryotes
=== Nitrogen metabolism

== Sulfur metabolism

- Lipopolysaccharide biosynthesis proteins
== Glycerolipid metabolism

Folate biosynthesis

Biosynthesis of type Il polyketide products
Polyketide sugar unit biosynthesis
Nitrotoluene degradation

Metabolism of cofactors and vitamins

B 5-29 street] Ry % 328 E B8 (Metabolism) PRI R T AEAH R B NS = 24 E

5.3.3 BUROEEIE PICRUSt S MITEHIE R KRR &

E—EALABAE A AE PICRUSt FUHI G D RE AR B NS E A 2= F A > 3%
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B street] AAS B TR CEHAHE A AR SR AE T EBE an =5 » 1T B 2 A BOBEE U
CIEREERE street3 BB PRITEANCHAH R AR PR B R A T (A i BRI - 12 AT AR
I street] $REEREIE A, BRI A2 F 4T street3 BREEESAE UM C1HIRA G - RIEEFE
BT street] 1 street3 BRECRTEHICEHDIRE tHRRAR N EITHE—20 04 » 51 street]
I street3 FUNIELRIDHREARRAA N B ERZ R - STRAEFRE A 20 MR
AE street] IR street3 UM CIHVAHRBHENE R Z T 50%LL | » 15 20 FHAYTEHIES
PRENELNE 5-30 Fros > MR street] RyASAE » ¥5E 20 MDA DIREAE & (B PREE
L AR B AL B R B B 40 E 5-31 P © It 20 FRTHHIZS I ) Ae tH R AR A S 1
IR RS street] ZBOR IEREEES street3 Nl FFE > ZRIMAEE NAEAE RS
streetd J streetS RIZ A EHEAAVEEE, -

p53 signaling pathway I1.5
lon channels 1
Calcium signaling pathway os
Non-homologous end-joining 0
Glycosphingolipid biosynthesis — ganglio series -5
Retinol metabolism I -1
Other glycan degradation

Photosynthesis

Sphingolipid metabolism

Photosynthesis proteins

Stilbenoid, diarylheptanoid and gingerol biosynthesis
Glycosaminoglycan degradation

Isoflavonoid biosynthesis

beta-Lactam resistance

Ether lipid metabolism

Steroid hormone biosynthesis

Flavonoid biosynthesis

Biosynthesis of 12—, 14- and 16-membered macrolides
Steroid biosynthesis

Photosynthesis — antenna proteins
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Street.1 Street.2 Street.3 Street.4 Street.5

—+—p53signaling pathway
—#—lon channels
—— Calcium signaling pathway
—<—Non-homologous end-joining
—#— Glycosphingolipid biosynthesis - ganglio series
—o— Retinol metabolism
—+—Other glycan degradation
—— Photosynthesis
—— Sphingolipid metabolism
Photosynthesis proteins
—i—Stilbenoid, diarylheptanoid and gingerol biosynthesis
—i— Glycosaminoglycan degradation
Isoflavonoid biosynthesis
beta-Lactam resistance
Ether lipid metabolism
Steroid hormone biosynthesis
—— Flavonoid biosynthesis
Biosynthesis of 12-, 14- and 16-membered macrolides
Steroid biosynthesis

il 5-31 street] Ry BAEBEE 20 TR TR R ThHE A BB DR 85 S0 34

B 2 20 2 UM s B B 2 BN RE T 2 B - BERECEE Y
B R AHRR M o AT ] 5-32 B - F ] AT RIS 3 B2 20 53731 B Calcium signal
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pathway Ei Photosynthesis - antenna proteins #7238 ~ $% ~ $EAVEEHRIMIEE = -
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w5 EH

1 p53 signaling pathway

2 Ion channels

3 Calcium signaling pathway

4 Non-homologous end-joining

5 Glycosphingolipid biosynthesis - ganglio series

6 Retinol metabolism

7 Other glycan degradation

8 Photosynthesis

9 Sphingolipid metabolism

10 Photosynthesis proteins

11 Stilbenoid, diarylheptanoid and gingerol biosynthesis

12 Glycosaminoglycan degradation

13 Isoflavonoid biosynthesis

14 beta-Lactam resistance

15 Ether lipid metabolism

16 Steroid hormone biosynthesis

17 Flavonoid biosynthesis

18 Biosynthesis of 12-, 14- and 16-membered macrolides

19 Steroid biosynthesis

20 Photosynthesis - antenna proteins

Bl 5-32 R 20 TEEe R NS E 5 R - BRI P 0T
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5.3.4 Shotgun metagenomics 42EEELPREE M TAEER
4HEE4E DNA FHESGER

A4 B 42 DNA 1% - FIl B RE i SefR 8 vk s R il H U4 DNA 528
K BE k45 SRS B AR AT 48 DNA 52 8E S » [BEEER - HE A/
10Kb DAL > w124 E P b (& 5-33) -

10Kb

[ 5-33 4HER48 DNA BIX&ERE
REREEIER

REBLAEER - (& L2 TR streetl~ street5 © DA streetl Foffil > 2L
Trimmomatic {EEIRIHY Read 1 Ml Read 2 &FH 15,253,067 {751 > (EEIE ST T
9,251,746 % (60.65%) > GC L& 58% (& 5-34) - feE T EHFYIRER (120
bp~150 bp) HYAHE 7T ENMETIRBIETETT - & 5-35 Ry bAutlE - s b R RAEsh
5 (kingdom) ~ ' (phylum) ~ 4% (class) ~ H (order) ~ £} (family) ~ & (genus) -~
& (species) * HB5 7 T 53 K [EHY assembly accession © 8 {LAgoH A [EEH E Y
EHARAEL (class) - HIER MBI EE o K/ME YIS R
(family) > EAN—J@RE (genus) > FHEAN—|EHHE (species) A~T » WfEAIT:
A - B (node) MK » RoReZ NS EEHS -

Taxonomy Z3ir4hE R - street] BEARTT 99.26% &4 E 77 (Bacteria)  0.54%
B I 4HE (Archaea) > 0.18% @R HE (Virus) « BARET (Proteobacteria) {L4E
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EHY92.32% RS EE (abundance) Fe=iHYE"T > HrHY Hydrogenophilaceae FHdb
52.76% - F1& S E RS Y BEAETE © Thiobacillus denitrificans (10.92%) - E&EfE
FoME =SB Thiomonas unclassified (10.45%) 1 Thauera unclassified
(4.64%) ° Unclassified Tz B HEEHE 578 MetaPhlAn2 BRHEE H (LAl ELA1HY
AR - SHETA 12 [EEES SN 1% -

(i MetaGeneMark FEFEUHTHY 59,620 (&AL EE » PA egeNOG-mapper EE¥T Gene
Ontology EfHE% » 1 Biological process ~ molecular function 1 cellular component
A 2,853 ~ 1,669 A1 375 {lEl GO term « HH » Z score EFBZE AR (KN 1.96
2/NA-1.96) ~non_NA_ percentage &5 100% H. TPM {EHE44 5% = 1Y GO term description
& cytoplasm (GO:0005737 > TPM < 100111.8) ~membrane part (GO:0044425 > TPM :
20841.0) ~ catalytic activity (GO:0003824 - TPM * 150816.5) ~ transferase activity
(GO:0016740° TPM : 50497.2) ~biological process (GO:0008150° TPM : 222013.1) & -

{5 HMMER hmmscan ¥t Pfam ERHEEITFSIEEE > i 1,041 (@& H
B &5 %1 0 HMMER hmmscan @ H f# fi7 5% B 7] 2% HMMER {# H 5~ i
(http://eddylab.org/software/hmmer3/3.1b2/Userguide.pdf) °
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General Statistics

l i Copy table ] l £ Configure Columns ” Wi Plot ] Showing /5 rows and V5 columns.

Sample Name % Dups % GC M Segs
R 0.8% 58% 153
R2 1.0% £9% 153

FastQC

FastQC is a quality control tool for high throughput sequence data, written by Simon Andrews at the Babraham Institute in Cambridge.

Sequence Quality Histograms

The mean quality value across each base position in the read. See the FastQC help.

vumits: [

Mean Quality Scores

Phred Scare

& Export Plot

80 140 150
Position (bp)
Created with MultiQC
General Statistics
[ 8 Copy table “ £ Configure Columns ” i Piot I snowing 217 rows and /s columns.
sample Name % Dups % GC M Seqs
R1.trimmed oo - 05
R2.trimmed 07% 58% 93

FastQC

FasiQC is a quality control tool for high throughput sequence data, written by Simon Andrews at the Babraham Institute in Cambridge.

Sequence Quality Histograms IIIEREN

The mean quality value across each base position in the read. See the FastQC help.

Y-Limits:

Mean Quality Scores

Phred Score

70 80
Position (bp)

& Export Plot

140 150

Created with MultiQC

[ 5-34 street] £ FASTQ £39R7 (b) MfEBI% (T) HY MuliQC #ithad R
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A: Methanosaeta unclassified

B: Rhodococcus erythropolis

C: Peptostreptococcaceae noname unclassified
D: Candidatus Nitrospira defluvii

E: Caulobacter unclassified

F: Thiomonas unclassified

G: Alicycliphilus unclassified

H: Variovorax unclassified

I: Janthinobacterium unclassified

J: Sulfuricella denitrificans

K: Thiobacillus denitrificans @ ACIDOBACTERIIA LY °
L: Thiobacillus thioparus © ACTINOBACTERIA % » P
M: Azoarcus unclassified ALPHAPROTEOBACTERIA N ot ’
N: Methyloversatilis unclassified BETAPROTEOBACTERIA T ™ ) 3 »
0O: Thauera aminoaromatica @ CLOSTRIDIA Y G Y . . © Ry
P: Thauera unclassified @ DELTAPROTEOBACTERIA % 0 7 LR 4
Q: Anaeromyxobacter unclassified =~ @ EPSILONPROTEOBACTERIA K Pty . . » &
R: Sulfuricurvum kujiense @ GAMMAPROTEOBACTERIA /f‘im,,w J o & -
S: Pseudomonas unclassified ® METHANOMICROBIA P, 2o
T: Rhodanobacter unclassified @ NITROSPIRA oy, "Sulygcera Thavers

Xese soect?

w

5-35 streetl BE4<LA GraPhlAn 488~ BfEHEILRY (cladogram)

AR RENEFERAESBHEBE T

H RIS EJERE S street] P THY S B E R ERE PSR - FIFERD)

£7748 GO (Gene Ontology)HVEFHERMEI TR B MELEE i 45 REURETA 100
Z AR B A S A~ (i~ o~ FHFEEARIER 59 & 5-10) 0 IH
73S 3T 2hRE A (molecular function) 144777 AY (biological process)H R HE AR A
YRR B AEYR ARV RS - 3 RIEEE FIBLE(Fe) ~ $(Cu) ~ $#%(Zn) ~
Fe#R(CA)S5 B < A BRI AR RS Y - S 5 < J (S A BRI 5473 (41 fon
transport {1 transmembrane 55) - HrBEA BHAVER (%2 11 1) EHE B 75
2 Fi(detoxification of copper ion) ~ S5~ #5 & (Stress response to copper ion) °
U1 E2L )8t -4 52 JE (cellular response to copper ion) A BEFYEERIEE » S8 By Bl
e T8 BEAIES R (AT copper ion transport ~ copper ion export * copper ion import
J% copper ion transmembrane transport %) « [4h > A ELE FIELRH(AS) IR (He) FH
MEE S B AHRIAVELIR > fFI41 > response to arsenic-containing substance . response to

methylmercury % - HerEA A0 BLET - 5 - SR ESBHETHRBIRVAA - HIRe
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7,26 B transport % transmembrane Hd A F o

J& 1 73T LgE (molecular function) tHEHAYALAIT » 73 /5Ed#H(Fe) ~ $¥(Zn)
HE(Cu) ~ fesh(Vn)FE BB A RN - H§ 2% Bl b FE§ (oxidoreductase) ~ 25 &
(dehydrogenase) ~ % transmembrane transporter activity A2 HA - Hr BigEA
BRAVESRI (A 3 1) L FE B T-45 & (copper ion binding) ~ M4 Z-#H4% 4 LS
P (heme-copper terminal oxidase activity) ~ ¢l 2 7 A5 48 25 (/& 14 (copper ion
transmembrane transporter activity) S A B /7 T IIRE AN o EIEE SRR
street] B R AVFRAE YIRS B — b Bl B < o S R A A R 2 ThRE AR IR B4
YRR - BB Y E SRR T E S BR R T AtRE T
EEEHESE AR - K BUREEET -

2 5-9 Bim street] =B R REN E Frés R E S BAHRM A YRR (Biological
process)HYE A

@E@)&E ELEFF/E ) biological process B¥4H ~ FHRBAAA

8 (Fe)

Iron

. iron ion transport

. response to iron(l11) ion

. intracellular sequestering of iron ion

. ferrous iron transport

. cellular iron ion homeostasis

. iron ion transmembrane transport

. iron assimilation

. chemotaxis in host environment

. movement in environment of other organism involved in symbiotic interaction
10. cellular response to iron ion starvation

11. iron coordination entity transport

12. response to iron ion

13. iron-sulfur cluster assembly

14. iron ion homeostasis

15. movement in host environment

16. iron assimilation by chelation and transport

17. chemotaxis in environment of other organism involved in symbiotic interaction
18. iron chelate transport

19. iron ion transmembrane transport

20. iron assimilation by reduction and transport

oo~NoOUOT~hWNE

#i(Cu)
Copper

1. copper ion transport

2. response to copper ion

3. copper ion export

4. cellular copper ion homeostasis

5. detoxification of copper ion

6. stress response to copper ion

7. copper ion import

8. cellular response to copper ion

9. plasma membrane copper ion transport
10. copper ion transmembrane transport
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F(2Zn)

Zinc

#(Na)

sodium

$(Cd)

Cadmium

#7 (K)

Potassium

$R(AQ)

Silver

$f(Pd)
Lead

i (Mn)

Manganese

$8(Ni)
Nickel

#£(Mg)

Magnesium

$5(Ca)

calcium

Fifi(As)

Arsenic

7K (Hg)

Mercury

$it(Co)
Cobalt

FOE EREE

11. copper ion homeostasis

P NNFE NP NP NP WONEFE WONEFE RDOWONEFE OO WNE NOORWNE NOORRWNE

. zinc ion transmembrane transport

. detoxification of zinc ion

. zinc ion transport

. response to zinc ion

. cellular response to zinc ion

. zinc ion import across plasma membrane
. cellular response to zinc ion starvation

. regulation of sodium ion transport

. sodium ion transmembrane transport

. positive regulation of sodium ion transport

. regulation of sodium ion transmembrane transport

. regulation of sodium ion transmembrane transporter activit

. positive regulation of sodium ion transmembrane transporter activity
. sodium ion transport

. cellular response to cadmium ion

. cadmium ion transmembrane transport
. stress response to cadmium ion

. response to cadmium ion

. detoxification of cadmium ion

. cadmium ion transport

. regulation of potassium ion transport

. potassium ion transmembrane transport
. potassium ion transport

. cellular potassium ion transport

. response to silver ion
. silver ion transport
. cellular response to silver ion

. cellular response to lead ion
. lead ion transport
. response to lead ion

. manganese ion transmembrane transport
. manganese ion transport

. nickel cation transport
. nickel cation transmembrane transport

. magnesium ion transport _
. cellular response to magnesium starvation

. positive regulation of calcium ion transport
. regulation of calcium ion transport
. response to arsenic-containing substance

. response to methylmercury

. cobalt ion transport
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= 5-10 B street]l EEEREERNEFEREESBHER 5 TI5E
(molecular function)ZER

EEE EEEFEIE RS molecular function B£4H 2 FH BRI R A
#B(Fe) 1. 4 iron, 4 sulfur cluster binding
Iron 2. 3iron, 4 sulfur cluster binding
3. oxidoreductase activity, acting on hydrogen as donor, iron-sulfur protein as
acceptor
4. oxidoreductase activity, acting on iron-sulfur proteins as donors, NAD or NADP as
acceptor
5. iron chelate transmembrane transporter activity
6. 2 iron, 2 sulfur cluster binding
7. iron ion transmembrane transporter activity
8. iron-sulfur cluster binding
9. alcohol dehydrogenase activity, iron-dependent
10. ferrous iron binding
11. iron chaperone activity
12. iron-responsive element binding
13. oxidoreductase activity, acting on the aldehyde or oxo group of donors, iron-sulfur
protein as acceptor
14. oxidoreductase activity, acting on paired donors, with incorporation or reduction
of molecular oxygen, reduced iron-sulfur protein as one donor, and incorporation of
one atom of oxygen
15. iron ion binding
16. oxidoreductase activity, acting on CH or CH2 groups, with an iron-sulfur protein
as acceptor
17. oxidoreductase activity, acting on iron-sulfur proteins as donors
#(2Zn) 1. alcohol dehydrogenase activity, zinc-dependent
zZinc 2. zinc D-Ala-D-Ala carboxypeptidase activity
3. zinc ion transmembrane transporter activity
4. zinc ion binding
5. zinc-exporting AT Pase activity
#i(Cu) 1. copper ion binding
Copper 2. heme-copper terminal oxidase activity
3. copper ion transmembrane transporter activity
#2(Mn) 1.manganese ion binding
Manganese 2.manganese ion transmembrane transporter activity
#2(Ni) 1.nickel cation transmembrane transporter activity
Nickel 2. nickel cation binding
I (As) 1. oxidoreductase activity, acting on phosphorus or arsenic in donors, disulfide as
Arsenic acceptor
2. oxidoreductase activity, acting on phosphorus or arsenic in donors
$%(Cd) 1. cadmium-exporting ATPase activity
Cadmium 2. cadmium ion transmembrane transporter activity
££(Mg) 1. magnesium ion transmembrane transporter activity
Magnesium 2. magnesium ion binding
$5(Co) 1. cobalt ion binding
Cobalt 2. cobalt ion transmembrane transporter activity
$#R(AQ) 1. silver ion transmembrane transporter activity
Silver
#5(Pd) 1. lead ion transmembrane transporter activity
Lead
SE(LI) 1. lithium ion binding
lithium
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FOE EREE

TiEHEHEEREEHIE Street] F StreetS #EATHY M E RN E PR > FIA
FLRTHRE 7348 GO (Gene Ontology)HYE A E #ET T 53 T-HhAE A (Molecular function) Al
A= Wi (54U (Biological process)fY ITRELAR 7 BEEE I EL ¥ AT (U N3 5-11 &2
5-15) » &ERSEFRTE Street] F] StreetS B &7 #i(Fe) ~ $H(Cu) ~ $#(Zn) ~ KIRH(C)FEH
B HERAYAA > DU E i 8 (0 s #) M BE AR N & > Horr A= 7321E (biological
process)HHBHES RTERFLY & 731~ LHAE (molecular function). Fs PRI AFEE & AW (5 /2
A 0 bR Street] Bl JE B EE & AR RHEL R L OB B RN DI B TR/
it I(Street-2~-5) 2 Bl - Tl Street2 A= B E BB EVIRK
(biological process) THEALAREIFEL B (1.66% /2 1.24%) » N iF#fkan StreetS A
3 e B 4 B B B 42 B8 57 T-BhAE (molecular function)FH Ak PRI FERAE EE (51 81185 2. (3.49%
K2 2.05%) °

PRI+ 5 M i PR (18] 51 B B < s AR A AR A R Y 72 S A o BH B
28 E S EAER AT S (B in | A HIFR - Biological process FYER 7> 2 8l
transportation ~ homeostasis ~ response HYERARH » H o A {EEEmE F 2A Street2
H &5 response to iron(IT) ion YKL » HAr B JE response to iron(I1I) ion : Molecular
function J5TH » KZHIJE Binding ~ Activity(oxidoreductase ~ chaperone ~ transmembrane
transporter activity) A BEFVEL R [LAME T UFF Streetd B3 StreetS BYIERIE > 228 PR3
$F ~ $FEL ATPase activity(transporting or exporting) » B DA 508 B (e BT —(H]
R E) S —HIATP + H:O + Cw + (in) — ADP +BEfEHI+ Cu + (out) ] BURHY
BRI EIE SR T4 0 PR a BB - A TRE ARy
G A B LHVERER - SHIMER — SR E B H(As) NIZR(H)HRBIRYZIAE
FEA o 5 EfE B E SRR N AR - BE - RELHIESEE R AR
bt 7E Z IR PEEHRR i Street2 £ StreetS ¢ e 6 A4 i R Street] _EIF (R 5=1E)
A EE RS ES BN - (B A VB ERZE R > SR BT
I RIS ] 2 B B TAAVIE R nl ge R AR L -
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2 BAE AT R RO L B P E B R CRE AN R Z R EE S
JE5ALR > _LF Street] BR PTG 2 B BB HBANVARES - 88 - KIEHIA
8Lk A (Street2-5)HY 72 SEMEA 157 BHER - (85 /)51 7 L B < g A B Y A AV e
FUELE MFEBhn(Street2-5) TP 8837 > [IoRAE Street-1 fehnH MG » BE4N - HEDRIE
Jebkin 2 BT RIT A RN 2 B HE T 34 B B < R A RR AV B N A (B
b BEEREA S RAKOKE 2 B RS S E 2 e E S BT
FHIRIL ©
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% 5-11 B Streetl~S S REE RERNEFEREASBEESBRES BN
BRAEY3R R (Biological process) 5z 7T EhAE (molecular function)E:R4E R = L

Amount of Amount/% of genes Amount/% of genes
biological process genes related to metals related to heavy metals
Street1 5467 67 (1.23%) 53 (0.97%)
Street2 5466 91 (1.66%) 68 (1.24%)
Street3 5535 87 (1.57%) 66 (1.19%)
Street4 5420 80 (1.48%) 59 (1.09%)
Street5 6052 84 (1.39%) 62 (1.02%)
Amount of Amount of genes Amount of genes related
molecular function genes related to metals to heavy metals
Street1 2410 74 (3.07%) 42 (1.74%)
Street2 2400 76 (3.17%) 46 (1.92%)
Street3 2410 75 (3.11%) 45 (1.87%)
Street4 2341 77 (3.29%) 46 (1.96%)
Street5 2434 85 (3.49%) 50 (2.05%)

= 5-12 KR Streetl~5 EE R R ERN T F4E R HEEEER (Fe, ron)fHRHEYIR
R (Biological process) 53T IhEE (molecular function)E:RIEEHH -

EEB

biological process genes

Streetl

Street2

Street3  Street4  Street5

#(Fe)

Iron

1. ferrous iron transport

2. iron assimilation by reduction and transport
3. 1ron assimilation by chelation and transport
4. response to iron ion

5. 1ron 1on homeostasis

6. regulation of translational initiation by iron
7. cellular response to iron ion

8. ferrous iron import

9. cellular iron 10n homeostasis

10. response to 1ron(Il) 1on

11. iron-sulfur cluster assembly

12. intracellular sequestering of iron ion

13. cellular response to iron ion starvation

14. 1ron 1on import

15. iron 1on transmembrane transport

16. iron coordination entity transport

17. ferric iron transport

18. 1ron chelate transport

19. response to iron(IIl) 1on

20. 1ron assimilation
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AR B AR R RSl 5 AR Rl 17.(2/2)

molecular function genes Street]  Street2  Street3  Street4  StreetS
1. oxidoreductase activity, acting on a sulfur - o o o o
group of donors, iron-sulfur protein as
acceptor

2. 2 1ron, 2 sulfur cluster binding
3.ox1doreductase activity, acting on iron-sulfur
proteins as donors
4.oxidoreductase activity, acting on paired o
donors, with incorporation or reduction of
molecular oxygen, reduced iron-sulfur
protein as one donor, and incorporation of
one atom of oxygen

5. ferrous iron binding o ) o o o

6. ferrous iron transmembrane transporter - ) o o o
activity

7. iron ion binding o ) o o o

8. iron-sulfur cluster binding o o o o o

9. iron-responsive element binding o o o o o

10. ferric iron binding o o o o o

11. oxidoreductase activity, acting on hydrogen o [ ] o o o
as donor, iron-sulfur protein as acceptor

12. 4 iron, 4 sulfur cluster binding o ) o o o

13. oxidoreductase activity, acting on the o o o o o

aldehyde or oxo group of donors, iron-sulfur
protein as acceptor

14. 1ron chelate transmembrane transporter
activity

15. oxidoreductase activity, acting on CH or
CH2 groups, with an iron-sulfur protein as
acceptor

16. 1ron chaperone activity

17. alcohol dehydrogenase activity,
iron-dependent

18. iron 1on transmembrane transporter activity

19. oxidoreductase activity, acting on
iron-sulfur proteins as donors, NAD or
NADP as acceptor

20. 3 iron, 4 sulfur cluster binding o ([ ) o [ )

Ps. Bold items refer to difference between up-stream sample Street]l and other
down-stream samples Street2-5. Grey colored items refer to the genes found n all 5
samples.

@ R ILEREHMBAT] Street] A7 > @RFILERE A EFEASHHHE
-REIEREIE AR A I -
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DLBEEE AR 1E Ryl 5 AR RO 0L (2/2)

R 5-13 1 Streetl~5 SEE R AN E 745 R B < B8 (Cu, copper) & (Zn,
zinc)FH B A #73R B (Biological process) ;2T LhEE (molecular function)Zs R

(B)E&E  biological process genes Street]  Street2  Street3  Streetd  Street5
#(Cu) |.copper ion transport o o o o o
Copper 2.response to copper ion o o o o o
3.copper ion export o o o o o
4 cellular copper ion homeostasis o o o o o
5.detoxification of copper ion o o o o o
6.stress response to copper ion o o o o o
7.copper ion import o o o o o
8.cellular response to copper ion o o o o o
9.plasma membrane copper 1on transport o o o o o
10.copper 10n transmembrane transport o o o o o
1 1.copper ion homeostasis o o o o o
molecular function genes Street]  Street2  Street3  Street4  StreetS
1. copper chaperone activity o o o - o
2. copper ion binding o o o o o
3. copper ion sensor activity - - - o o
4. copper ion transmembrane transporter o o o o o
activity
5. copper-exporting ATPase activity - - - o o
6. copper-transporting ATPase activity - - - o o
7. heme-copper terminal oxidase activity o o o o o
(E)&B Dbiological process genes Street]  Street2  Street3  Streetd  Street5
F¥(Zn) 1.cellular response to zinc ion [ ) o o - o
Zinc 2. cellular response to zinc ion starvation o o o o o
3. cellular zinc ion homeostasis - o o - o
4. detoxification of zinc ion o o [ o o
5. response to zinc ion o o o ® ®
6. zinc ion homeostasis - o o o o
7. zinc 10n import across plasma membrane (] (] o - o
8. zinc ion transmembrane transport o o o o o
9. zinc ion transport [ ) [ ) [ ) [ ] [ ]
molecular function genes Street]  Street2  Street3  Street4  Street5
1. alcohol dehydrogenase activity, o o o ® o
zinc-dependent
2. zinc D-Ala-D-Ala carboxypeptidase activity o o o ® o
3. zinc efflux active transmembrane transporter o o o - o
activity
4. zinc efflux transmembrane transporter o o o - o
activity
5. zinc ion binding o o o o o
6. zinc ion transmembrane transporter activity o o o o o
7. zinc-exporting ATPase activity [ o o o o
8. zinc-transporting ATPase activity - - - - o
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R 5-14 1 Street] ~5 S B E R ER E PSR A E S /&IR(Cd, cadmium)-
#%(Mn, manganese) ~ Jz &5 (Pd, lead)HH #8 4 #7738 (Biological process) s 4FIIHEE
(molecular function)ELRIE&H -

EeB biological process genes Street]  Street2 Street3  Streetd  StreetS
ﬁ(Cd_) 1.cadmium ion homeostasis - o o - [
Cadmium 2. cadmium ion transmembrane transport o o o o o
3. cadmium ion transport o o o o o
4. cellular cadmium ion homeostasis o o o o o
5. cellular response to cadmium ion o o o o o
6. detoxification of cadmium ion o o o o o
7. response to cadmium ion o o o o o
8. stress response to cadmium ion o o o o o
molecular function genes Streetl  Street2  Street3  Streetd  Street5
1. cadmium ion binding o o o o o
2. cadmium 1on transmembrane transporter o o o o o
activity
3. cadmium-exporting ATPase activity o o o o o
4, cadmium-transporting ATPase activity - - - - o
@EE&E biological process genes Street]  Street2  Street3  Streetd  Street5
& (Mn) 1.cellular manganese ion homeostasis - - - o -
Manganese 2.cellular response to manganese ion - - - o -
3.manganese ion homeostasis - - - o -
4, manganese ion transmembrane transport [ ) o o o o
5. manganese ion transport o o o ® ®
6. response to manganese ion - o o [ [
molecular function genes Street]  Street2  Street3  Street4  StreetS
|. manganese ion binding o o o o o
2. manganese 1on transmembrane transporter o o o o o
activity
(E)&B  biological process genes Street]  Street2  Street3  Streetd  StreetS
#5(Pd) 1.cellular response to lead ion o o o - o
Lead 2. lead ion transport o o o o o
3. response to lead ion [ ) [ ) [ ) - [
molecular function genes Streetl  Street2  Street3  Street4  Street5
1.lead 10n transmembrane transporter activity L [ ) [ ) [ ) [ )
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R 5-15 B Streetl~5 SREREREFER T HHESHR(Ag, silver) - §&
(Ni, Nickel) ~ A#i(As, arsenic) ~ #H(Co, cobalt) 7k (Hg, mercury)HH B A& PRRE

(Biological process) ;z453TIhEE (molecular function)Zk PRI #EH

(EB)&E  biological process genes Street]  Street2  Street3  Streetd  StreetS
SH(A 1.cellular response to silver 1on o o o o o
#k(Ag) 2. response to silver ion o o o o o
Silver 3. silver ion transport o o o o o

molecular function genes Streetl  Street2  Street3  Street4  Street5
1. silver 10n transmembrane transporter o o o o o
activity

(E)&B  biological process genes Street]  Street2  Street3  Streetd  StreetS
$5(Ni) 1.nickel cation transmembrane transport o o o o o

) 2. nickel cation transport o o o o o
Nickel 3. response to nickel cation - - - [ ) [ ]

molecular function genes Street]  Street2 Street3  Streetd  StreetS

1. nickel cation binding o o o o o

2. nickel cation transmembrane transporter o o o o o
activity

(E)&E  biological process genes Street]  Street2 Street3  Streetd  StreetS
F(As) 1. cellular response to arsenic-containing - o o o o
Arseni substance

Senic 2. response to arsenic-containing substance [ [ [ ) [ ] [ ]
molecular function genes Street]  Street2  Street3  Street4  StreetS
1. oxidoreductase activity, acting on o o o ® ®
phosphorus or arsenic in donors
2. oxidoreductase activity, acting on o o o o o
phosphorus or arsenic in donors, disulfide
as acceptor

(E)&B  biological process genes Street]  Street2  Street3  Streetd  StreetS

$E(Co) 1. cobalt ion transport () o o ® ®
2. response to cobalt ion - [ ) [ ) - -

Cobalt

(o)
molecular function genes Street]  Street2  Street3  Street4  StreetS
1. cobalt ion binding () o o o o
2. cobalt ion transmembrane transporter o o o o o
activity

3. sirohydrochlorin cobaltochelatase activity L) [ ) [ ] [ ] -

(E)&B  biological process genes MS1 MS2 MS3 MS4 MS5
£H 1. cellular response to mercury ion - o o o o
7K (He) 2. response to mercury ion - o o o o
Mercury 3. response to methylmercury o o o o o
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Z

7

4
an
=114

6.1 EERKE RJETRARH

AIREREERT 5 R > RE T /KE B E BRI — 20 (FEEE
TOC ~ COD 2@ FHK P 2T RESF I HE b TSERUR L N
(Street3~ Street4 ~ Street5) FR= & (E S BA B = R RO L1 _LIFEHIBEAL (Street] K Street2) -
T 7K H SRR P A = (BRI A IO 1 R J7HY Street3 B » BN TIRUBUR /K2 280
JI7KE

JERAIEE T ik EIR ELLBIELE 23.4 %% 0.5% A5 » bR T EREEEL Street]
1 Street4 4PELER 3 BEEFAE 3% AT 5 Street2 B R EHIRIIEER A > StreetS Bk
P RRIIS N © SERREEES ST > SRS B =R LAE Streetd HIREE £ 1002 me/ke
TEEBUR I N Street3 fe Streetd BEALJEJE TR EAZ =L LIF Street] K
Street2 BEAL o METEE— A& (StreetS)REA HTRE(E 0.300 me/ke #FFE » HEH
T RE R ERASE BE B AT (A T AR AT [ AR T > (F{SESEaH i s > EEEE
FEHIE BB -

6.2 DL PICRUSt TEHITHRE M ERFIR

2% 16S-rRNA amplicon sequencing 75 BRI S AU AE VDAL R EE BT - FFI
UPGMA EEREITHE— 20 25T street2 J¢ street3 HYTAEYIAH RCE Ryt » T 0
PRAES street] B street2 ~ street3 SEREUT(H Fy AN [FISH ATREAIBLGRUNE] : BR T street]
A Bk 4 BHI T AR R IR oA RAES IS KPR AR % -
If] streetd K streetS PRAGKESEEIMEPIAH RICRT_EIff Ko 88 e BT 1 7 FEEL K P
PCoA MR HTHEEFA UPGMA FHL - street2 & street3 ERECREHVIEIEM A
AHRR R Ry AT > 11 street] ERAE RRHAR Ry FEAT - 1T NIl 9 PRA R AT 2 = KH B BfE it
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Sfe ALr ffdA
BNE G

FORIBUR NV BB AR RARE Y B ROR A A/ N2 527 ATREAITR
MEUSHSRTHER S Nl TR AT -

LA street] B LUFHE R E B2 WIFTH L2 N EEE R - DIEAE
IS RBUR L N IFA AN VR TR EA SRR A IR OIS - W s
SV FTARE - 5371 Fs Microscillaceae f¢ Geobacteraceae © {£52 F T 3@ UM
(street 3)52 ZEEEARL S YRR & Hydrogenophilaceae 5 Gallionaellaceae © [ -
Hydrogenophilaceae [ FT8L5E —FEERART » A TR E UM 118 SRR - R
ARATRERC Ry T 2R B BT -

FRIE PICRUS 8537 SEAG AL IN TR DHREZICE » ix_EIFHY street] BRERELH:
FROHIACHHAE RS R B AR TL(E AR S P R s - FI R (RIS Y HLERARART 4T 02
ERA B T2 05 /KR TR BRI (% o 1 B 2 AH SEE TE ORI PR AR street3 HYARIRITEHI
A B AR R S A T i H B RS R AR o 242 H T 44 FRTHRIER AT RE HoAH
FAANEEEE LEE NFA R REEEES - RPEE D SR TIRE AR (% >
R 4R A= (LS e R (S B B » 18 e TR N DI RE R RV AE R A RS &
SULRRHO A T A T RE & F A BRe AR HI A (b - 2 B
AR R 2 HECEERIE(L - HAA 20 BERARZ R 8
§b >[I 20 FEE 5 > Calcium signal pathway £ Photosynthesis - antenna proteins RifeE
RN G E B - $5 - SVREMHBIMEIRE & - SRR RE AR AT RE F] 1F
Fo AR ETSERTAE R -

6.3 & esEERR I

PHATEIERR I street] FrAE{THY S i 8 72 AN %€ 7 (illumnia shot gun sequencing)
SR 49F 100 ZEE R B E S BAH - (Fin - o - FEEAR - LA
7y T HIRE A (molecular function) FIA=P)R1E A (biological process)HY I FHELA]
TPEREET - B AR BRI ERE - o3 I EE R B8 E S A B A AR RE A
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R > T ARG B s i AE B B0y (0 ion transport 1 transmembrane ) o Hr
B A RAREN 22 11 1 - 190 - AL FIEL(As) FIZRk (He) F & E B
BARVARIA - DURELE ~ §5 - SRS @mEE - HHRIHVELN - B 7T DAt (molecular
function) HRBHAVESA o » L A BRI - 2% BB F B (oxidoreductase) ~ 25
Zlf(dehydrogenase) ~ K transmembrane transporter activity fHBE o FiltsS BT
street] B FRAVISAE VIMEE &7 — b Bl EE < 85 S B S B R 2 D Re AR B4R
PR ISHEN > BB E YA AR RE T E SR ERE - T aREF
B EEHESE TR TIE K - BUREEET -

LR 5 (EJEERE ML % 2 H FIFFRE T Street] B 5 EE < B AR BR AR LLA
BAE S INE/ DA E T IRRUR T 2 80(E - 5 (B S b3 M1 B B < Jas A R AL R
TRy 7= R > ZRE S BAERENLE 5 i h BA W - A VEENE

TR S o TbF Streetd B StreetS AYER - 53T ~ £ - $781 ATPase
activity (transporting or exporting) » A PLEFAE (e FE AT — (A% 21 55— HI[ATP + H:0
+Cu”" (in) — ADP +B#£EE+ Cu’" (out) | » BURHE RIS Z EIE BT
NP e S B B S E - 2 AR T RE AR DR A s o [T T B LY BRI

IS
RERSHE AR EATA TAERILL 6.1 SEDZIHEREE - 6.2 TR TR

P (AR ETRRE S TR ) 6.3 B || R SR 55 A2 VT 7 T
RS SR AT B -
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. KERea 8 FREEER KUEYRSSHNE - I B R - 3
RARFE R BT EIR SV SRR - DI IO A SRR R -

2. EERGERSERHBUERUR OB N R BRI B R VIR Z IR R 2 22 A
BEHARAAT Ry fa e 2 B BRI B » ARG EWIFEE R ] @) 1J524E
T T S -

B © ARG S IR T e A R R
1 ERGERESIEE U L MR RESR B A Y REE Z FIHIRE (4 -
RETFE W7 aE F Al (R G5 A T E Y S T 2

it

2. KEREMEFREEE MEYEE S A B R R
S o ORI AR R S M AR Y F R &R DI oA
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#Level 1 Level 2 Level 3 Observation Ids Street.1 | Street.2 | Street.3 | Street.4 | Street.5
Cellular Processes Cell Communication Adherens junction Adherens junction 6 1 1 1 2
Cellular Processes Cell Growth and Death Apoptosis Apoptosis 1870 1409 964 2197 3608
Cellular Processes Cell Motility Bacterial chemotaxis Bacterial chemotaxis 432918 648629 304395 310687 373506
Cellular Processes Cell Motility Bacterial motility proteins Bacterial motility proteins 10229411 1259288 709089 791822 907247
Cellular Processes Cell Growth and Death Cell cycle Cell cycle 878 454 939 134 72
Cellular Processes Cell Growth and Death Cell cycle - Caulobacter Cell cycle - Caulobacter 248063 284698 159130 215009 213887
Cellular Processes Cell Growth and Death Cell cycle - yeast Cell cycle - yeast 0 0 0 0 0
Cellular Processes Cell Motility Cytoskeleton proteins Cytoskeleton proteins 128987 1635541 83551 110166| 102405
Cellular Processes Transport and Catabolism Endocytosis Endocytosis 16 9 10 16 34
Cellular Processes Cell Motility Flagellar assembly Flagellar assembly 390533 479256| 293882 259713| 368027
Cellular Processes Cell Communication Focal adhesion Focal adhesion 18 11 15 21 29
Cellular Processes Transport and Catabolism Lysosome Lysosome 25694 13340 10457 23954 21529
Cellular Processes Cell Growth and Death Meiosis - yeast Meiosis - yeast 23285 19337 13647 26877 12854
Cellular Processes Cell Growth and Death Oocyte meiosis Oocyte meiosis 0 0 0 1 0
Cellular Processes Cell Growth and Death p53 signaling pathway p53 signaling pathway 2225 1394 1014 2538 1540
Cellular Processes Transport and Catabolism Peroxisome Peroxisome 111818 979951  71200f 98433 130294
Cellular Processes Transport and Catabolism Phagosome Phagosome 334 206 65 107 21
Cellular Processes Cell Motility Regulation of actin cytoskeleton Regulation of actin cytoskeleton 6 1 1 1 2
Cellular Processes Cell Communication Tight junction Tight junction 6 1 1 1 2
Environmental Information ProcessiiMembrane Transport ABC transporters ABC transporters 1320660| 1242014] 849723] 1084773] 1173836
Environmental Information ProcessiiMembrane Transport Bacterial secretion system Bacterial secretion system 360704 448221 254964 293591 410736
Environmental Information Processir]Signaling Molecules and Interaction |Bacterial toxins Bacterial toxins 31117 26449 18733]  23468] 30368
Environmental Information Processir]Signal Transduction Calcium signaling pathway Calcium signaling pathway 1014 672 90 3253 175
Environmental Information Processir]Signaling Molecules and Interaction |CAM ligands CAM ligands 12 10 14 20 27
Environmental Information Processir|Signaling Molecules and Interaction |Cellular antigens Cellular antigens 20042 23428 16209] 30858] 49830
Environmental Information Processir|Signaling Molecules and Interaction |Cytokine receptors Cytokine receptors 0 0 0 0 0
Environmental Information Processir]Signaling Molecules and Interaction |Cytokine-cytokine receptor interactionCytokine-cytokine receptor interal 0 0 0 0 0
Environmental Information Processir|Signaling Molecules and Interaction |ECM-receptor interaction ECM-receptor interaction 12 10 14 20 27
Environmental Information Processir]Signal Transduction ErbB signaling pathway ErbB signaling pathway 0 0 0 1 0
Environmental Information Processir]Signaling Molecules and Interaction |G protein-coupled receptors G protein-coupled receptors 2 3 1 15 6
Environmental Information Processir]Signaling Molecules and Interaction |Glycan bindng proteins Glycan bindng proteins 35 9 17 34 24
Environmental Information ProcessirSignaling Molecules and Interaction |GTP-binding proteins GTP-binding proteins 0 0 0 0 0
Environmental Information Processir]Signal Transduction Hedgehog signaling pathway Hedgehog signaling pathway 0 0 0 0 0
Environmental Information Processir|Signaling Molecules and Interaction |Ion channels Ton channels 5777 2765 2233 6843 7993
Environmental Information Processir]Signal Transduction MAPK signaling pathway MAPK signaling pathway 0 0 0 0 0




Environmental Information Processir]Signal Transduction MAPK signaling pathway - yeast MAPK signaling pathway - yeast 14032 8236 8284 16515 14549
Environmental Information Processir]Signal Transduction mTOR signaling pathway mTOR signaling pathway 878 454 939 134 72
Environmental Information Processir|Signaling Molecules and Interaction |Neuroactive ligand-receptor interactiojNeuroactive ligand-receptor inter: 1 0 1 1 2
Environmental Information Processir]Signal Transduction Notch signaling pathway Notch signaling pathway 40 30 9 41 14
Environmental Information Processir]Signal Transduction Phosphatidylinositol signaling system |Phosphatidylinositol signaling syy 59094 58360 39602 52387 43137
Environmental Information ProcessiiMembrane Transport Phosphotransferase system (PTS) Phosphotransferase system (PTS)| 23927 16098 16504 21859] 29541
Environmental Information ProcessiriMembrane Transport Secretion system Secretion system 8447141 905408 566072 711427] 918884
Environmental Information Processir]Signal Transduction TGEF-beta signaling pathway TGEF-beta signaling pathway 0 0 0 0 0
Environmental Information ProcessiriMembrane Transport Transporters Transporters 2176041] 1967511] 1373374] 1739634| 1899947
Environmental Information Processir]Signal Transduction Two-component system Two-component system 1127210] 1263878 733926] 956534| 1012993
Environmental Information Processir]Signal Transduction VEGEF signaling pathway VEGEF signaling pathway 3 3 1 3 4
Environmental Information Processir]Signal Transduction Whnt signaling pathway Whnt signaling pathway 40 30 9 47 14
Genetic Information Processing Translation Aminoacyl-tRNA biosynthesis Aminoacyl-tRNA biosynthesis 526779 532280| 357258| 437052| 419658
Genetic Information Processing Transcription Basal transcription factors Basal transcription factors 4563 2284 4097 1233 3003
Genetic Information Processing Replication and Repair Base excision repair Base excision repair 186606 177436 120367 159919 173692
Genetic Information Processing Folding, Sorting and Degradation  |Chaperones and folding catalysts Chaperones and folding catalysts| 504238 490810 323402| 453969] 458190
Genetic Information Processing Replication and Repair Chromosome Chromosome 609570 609954| 393850 579822| 613795
Genetic Information Processing Replication and Repair DNA repair and recombination proteif DNA repair and recombination pf 1154196| 1145106 749008| 1031068| 1084086
Genetic Information Processing Replication and Repair DNA replication DNA replication 269054 286912 183450 234429 253974
Genetic Information Processing Replication and Repair DNA replication proteins DNA replication proteins 449589 451305] 298188| 402447 430041
Genetic Information Processing Replication and Repair Homologous recombination Homologous recombination 367005 379592 242166| 324964| 347740
Genetic Information Processing Replication and Repair Mismatch repair Mismatch repair 335535 366836 223119 290725| 291799
Genetic Information Processing Translation mRNA surveillance pathway mRNA surveillance pathway 3159 1179 2473 591 407
Genetic Information Processing Replication and Repair Non-homologous end-joining Non-homologous end-joining 13912 6204 6879 8747 15901
Genetic Information Processing Replication and Repair Nucleotide excision repair Nucleotide excision repair 158432 1502091 104261 132473 140779
Genetic Information Processing Folding, Sorting and Degradation  |Proteasome Proteasome 23638 19209 15388 16361 16511
Genetic Information Processing Folding, Sorting and Degradation  |Protein export Protein export 2060648 274197| 182187 230029| 235398
Genetic Information Processing Folding, Sorting and Degradation  |Protein processing in endoplasmic reti{Protein processing in endoplasmid  60748] 66082| 38843] 45460| 34470
Genetic Information Processing Translation Ribosome Ribosome 960815 966378 653950 830487| 842078
Genetic Information Processing Translation Ribosome Biogenesis Ribosome Biogenesis 560000 576373| 378287 504796] 560923
Genetic Information Processing Translation Ribosome biogenesis in eukaryotes  |Ribosome biogenesis in eukaryotd  24270] 22801 16270 20991 24332
Genetic Information Processing Folding, Sorting and Degradation ~ |RNA degradation RNA degradation 219011 219206 139715| 207255] 208306
Genetic Information Processing Transcription RNA polymerase RNA polymerase 73259 71821 50357 61254 55928
Genetic Information Processing Translation RNA transport RNA transport 72276 736431 50377 51393 64669
Genetic Information Processing Transcription Spliceosome Spliceosome 220 40 794 346 108
Genetic Information Processing Folding, Sorting and Degradation  |Sulfur relay system Sulfur relay system 207824 217285| 132493 159749 142880




Genetic Information Processing Transcription Transcription factors Transcription factors 524005 501951| 335303 431176] 590903
Genetic Information Processing Transcription Transcription machinery Transcription machinery 394053 339061| 241306] 338363| 361803
Genetic Information Processing Translation Translation factors Translation factors 229116 217957| 151432 196104] 203805
Genetic Information Processing Folding, Sorting and Degradation  |Ubiquitin system Ubiquitin system 9394 4006 4847 7280 4453
Human Diseases Infectious Diseases African trypanosomiasis African trypanosomiasis 5542 3563 2730 4258 13918
Human Diseases Neurodegenerative Diseases Alzheimer's disease Alzheimer's disease 53158 69306 40153] 42499 55327
Human Diseases Infectious Diseases Amoebiasis Amoebiasis 7236 4677 3916 6507 6871
Human Diseases Neurodegenerative Diseases Amyotrophic lateral sclerosis (ALS) |Amyotrophic lateral sclerosis (Al 9735 6438 5659 9329 19761
Human Diseases Cardiovascular Diseases Arrhythmogenic right ventricular card] Arrhythmogenic right ventricular 6 1 1 1 2
Human Diseases Infectious Diseases Bacterial invasion of epithelial cells |Bacterial invasion of epithelial ce 1316 847 173 3507 291
Human Diseases Cancers Bladder cancer Bladder cancer 1011 601 577 843 4206
Human Diseases Infectious Diseases Chagas disease (American trypanoson]Chagas disease (American trypan 4798 3273 2536 4105 11001
Human Diseases Cancers Chronic myeloid leukemia Chronic myeloid leukemia 40 30 9 41 14
Human Diseases Cancers Colorectal cancer Colorectal cancer 1519 1126 791 1776 1140
Human Diseases Cardiovascular Diseases Dilated cardiomyopathy (DCM) Dilated cardiomyopathy (DCM) 6 1 1 1 2
Human Diseases Infectious Diseases Epithelial cell signaling in HelicobactdEpithelial cell signaling in Helico] 23255 21657 15157 23784 26839
Human Diseases Cancers Glioma Glioma 0 0 0 1 0
Human Diseases Infectious Diseases Hepatitis C Hepatitis C 878 454 939 134 72
Human Diseases Neurodegenerative Diseases Huntington's disease Huntington's disease 54948 69831 39619 41295 48975
Human Diseases Cardiovascular Diseases Hypertrophic cardiomyopathy (HCM) |Hypertrophic cardiomyopathy (H 342 163 166 252 321
Human Diseases Infectious Diseases Influenza A Influenza A 2404 1581 1732 1912 1216
Human Diseases Infectious Diseases Leishmaniasis Leishmaniasis 3 3 1 3 4
Human Diseases Infectious Diseases Measles Measles 878 454 939 134 72
Human Diseases Cancers Pancreatic cancer Pancreatic cancer 0 0 0 0 0
Human Diseases Neurodegenerative Diseases Parkinson's disease Parkinson's disease 27267 38796 21901 19110] 21255
Human Diseases Infectious Diseases Pathogenic Escherichia coli infection |Pathogenic Escherichia coli infec 6 1 1 1 2
Human Diseases Cancers Pathways in cancer Pathways in cancer 20490 33348 20916] 28285 26067
Human Diseases Infectious Diseases Pertussis Pertussis 25685 46402 17977( 19669 26700
Human Diseases Immune System Diseases Primary immunodeficiency Primary immunodeficiency 15577 16999 10032 14653 22154
Human Diseases Neurodegenerative Diseases Prion diseases Prion diseases 2521 1697 1765 1793 6194
Human Diseases Cancers Prostate cancer Prostate cancer 15078] 16780] 10397] 14347] 14906
Human Diseases Cancers Renal cell carcinoma Renal cell carcinoma 128391 15400 9704 12098 9976
Human Diseases Immune System Diseases Rheumatoid arthritis Rheumatoid arthritis 0 0 0 0 0
Human Diseases Infectious Diseases Shigellosis Shigellosis 6 1 1 1 2
Human Diseases Cancers Small cell lung cancer Small cell lung cancer 1534 1138 806 1799 1171
Human Diseases Infectious Diseases Staphylococcus aureus infection Staphylococcus aureus infection 576 320 231 575 821




Human Diseases Immune System Diseases Systemic lupus erythematosus Systemic lupus erythematosus 163 106 56 268 371
Human Diseases Infectious Diseases Toxoplasmosis Toxoplasmosis 1519 1126 791 1776 1143
Human Diseases Infectious Diseases Tuberculosis Tuberculosis 85170  71455] 477091 80634] 63176
Human Diseases Metabolic Diseases Type 1 diabetes mellitus Type 1 diabetes mellitus 24587 21745 138491 207201 20227
Human Diseases Metabolic Diseases Type 1I diabetes mellitus Type 1I diabetes mellitus 224291 21375 127791 20643 21851
Human Diseases Infectious Diseases Vibrio cholerae infection Vibrio cholerae infection 783 655 315 276 310
Human Diseases Infectious Diseases Vibrio cholerae pathogenic cycle Vibrio cholerae pathogenic cycle 55243 59172  34305] 51105] 53785
Human Diseases Cardiovascular Diseases Viral myocarditis Viral myocarditis 1525 1127 792 1777 1142
Metabolism Xenobiotics Biodegradation and Met{1,1,1-Trichloro-2,2-bis(4-chloropheny] 1,1, 1-Trichloro-2,2-bis(4-chloropl 751 521 393 724 418
Metabolism Amino Acid Metabolism Alanine, aspartate and glutamate metalAlanine, aspartate and glutamate | 439761| 422641 288934 374279| 414807
Metabolism Lipid Metabolism alpha-Linolenic acid metabolism alpha-Linolenic acid metabolism 17412 18024 11932 13445 19592
Metabolism Amino Acid Metabolism Amino acid related enzymes Amino acid related enzymes 659767 648109 444912 559278| 615707
Metabolism Carbohydrate Metabolism Amino sugar and nucleotide sugar meff Amino sugar and nucleotide suga] 546433| 529557| 345749 442373 438779
Metabolism Xenobiotics Biodegradation and Met{ Aminobenzoate degradation Aminobenzoate degradation 110789] 65867 69328 103680 132747
Metabolism Lipid Metabolism Arachidonic acid metabolism Arachidonic acid metabolism 234151 21208 139721 27842 40842
Metabolism Amino Acid Metabolism Arginine and proline metabolism Arginine and proline metabolism| 555555 520420| 361558| 493704| 527473
Metabolism Carbohydrate Metabolism Ascorbate and aldarate metabolism  |Ascorbate and aldarate metabolis]  51738| 44723 29462 45177 64790
Metabolism Xenobiotics Biodegradation and Met{ Atrazine degradation Atrazine degradation 28577 25623 16858 24105 25683
Metabolism Xenobiotics Biodegradation and Met{Benzoate degradation Benzoate degradation 142711 86785 97854 135522 191666
Metabolism Metabolism of Other Amino Acids [beta-Alanine metabolism beta-Alanine metabolism 138211 104155[ 90473 126573 164147
Metabolism Biosynthesis of Other Secondary Me{beta-Lactam resistance beta-Lactam resistance 11665 5810 4933 13322 17506
Metabolism Biosynthesis of Other Secondary Me{Betalain biosynthesis Betalain biosynthesis 2696 1993 2492 1146 2084
Metabolism Metabolism of Terpenoids and Polyk|Biosynthesis of 12-, 14- and 16-memb)|Biosynthesis of 12-, 14- and 16-11 115 114 36 156 231
Metabolism Metabolism of Terpenoids and Polyk|Biosynthesis of ansamycins Biosynthesis of ansamycins 34105 33704] 23930] 25625 32791
Metabolism Metabolism of Terpenoids and Polyk|Biosynthesis of siderophore group nonBiosynthesis of siderophore grougf 15690 17288 10921 15061 20673
Metabolism Metabolism of Terpenoids and Polyk|Biosynthesis of type II polyketide bacl Biosynthesis of type II polyketida 0 3 0 0 3
Metabolism Metabolism of Terpenoids and Polyk|Biosynthesis of type II polyketide prodBiosynthesis of type II polyketida 3900 3583 2609 888 907
Metabolism Lipid Metabolism Biosynthesis of unsaturated fatty acidg|Biosynthesis of unsaturated fatty { 103897 63831 620791  86687| 106860
Metabolism Metabolism of Terpenoids and Polyk|Biosynthesis of vancomycin group ant|Biosynthesis of vancomycin grou]  38663| 43927| 24536] 29231 29250
Metabolism Metabolism of Cofactors and VitamifBiotin metabolism Biotin metabolism 89690 102111] 62454] 793551 91559
Metabolism Xenobiotics Biodegradation and Met{Bisphenol degradation Bisphenol degradation 317301 25829 18018 27203 35022
Metabolism Carbohydrate Metabolism Butanoate metabolism Butanoate metabolism 387596| 333323 253707 309405| 404752
Metabolism Biosynthesis of Other Secondary Me{Butirosin and neomycin biosynthesis |Butirosin and neomycin biosynthd  24979] 22984 16602 21382 11750
Metabolism Carbohydrate Metabolism (C5-Branched dibasic acid metabolism |C5-Branched dibasic acid metabo 162183 160996 106902 127809 126703
Metabolism Biosynthesis of Other Secondary Me{Caffeine metabolism Caffeine metabolism 132 93 102 265 186
Metabolism Xenobiotics Biodegradation and Met{Caprolactam degradation Caprolactam degradation 53102 302301 31364] 474001 63869




Metabolism Energy Metabolism Carbon fixation in photosynthetic orggCarbon fixation in photosynthetic|] 278061 264487| 181194| 245439 238424
Metabolism Energy Metabolism Carbon fixation pathways in prokaryoffCarbon fixation pathways in prok| 615588| 621874 415538 462258| 509142
Metabolism Metabolism of Terpenoids and Polyk|Carotenoid biosynthesis Carotenoid biosynthesis 30784 20544] 19482 40572 28711
Metabolism Xenobiotics Biodegradation and Met{Chloroalkane and chloroalkene degrad|Chloroalkane and chloroalkene d4 96570 85766] 51280] 86839] 93786
Metabolism Xenobiotics Biodegradation and Met{Chlorocyclohexane and chlorobenzenelChlorocyclohexane and chloroberf 27670 16243 17114 33045 22246
Metabolism Carbohydrate Metabolism Citrate cycle (TCA cycle) Citrate cycle (TCA cycle) 480037] 530920 343017 337809 374168
Metabolism Biosynthesis of Other Secondary Me{Clavulanic acid biosynthesis Clavulanic acid biosynthesis 2 6 2 2 2
Metabolism Metabolism of Other Amino Acids |Cyanoamino acid metabolism Cyanoamino acid metabolism 80002 71794] 49895] 82120] 92977
Metabolism Amino Acid Metabolism Cysteine and methionine metabolism |Cysteine and methionine metabol] 399254 390419 261123| 351720] 371309
Metabolism Enzyme Families Cytochrome P450 Cytochrome P450 31 26 17 41 55
Metabolism Metabolism of Other Amino Acids [D-Alanine metabolism D-Alanine metabolism 40487]  38235] 29181 35904] 38815
Metabolism Metabolism of Other Amino Acids |D-Arginine and D-ornithine metabolis|D-Arginine and D-ornithine meta 4564 2579 3530 4440 2302
Metabolism Metabolism of Other Amino Acids |D-Glutamine and D-glutamate metabo|D-Glutamine and D-glutamate md ~ 62500f  59495] 40786] 55691 59612
Metabolism Xenobiotics Biodegradation and Met{Dioxin degradation Dioxin degradation 21989 13423 12644 24082 18379
Metabolism Xenobiotics Biodegradation and Met{Drug metabolism - cytochrome P450 |Drug metabolism - cytochrome P{ 49071 290451  26756] 57734 62734
Metabolism Xenobiotics Biodegradation and Met{Drug metabolism - other enzymes Drug metabolism - other enzyme 89783  69033] 58432] 76381| 107639
Metabolism Lipid Metabolism Ether lipid metabolism Ether lipid metabolism 2967 1494 1241 2112 9445
Metabolism Xenobiotics Biodegradation and Met{Ethylbenzene degradation Ethylbenzene degradation 23800 13904 17017 21657 39160
Metabolism Lipid Metabolism Fatty acid biosynthesis Fatty acid biosynthesis 202762 223845| 166214 221695| 266352
Metabolism Lipid Metabolism Fatty acid elongation in mitochondria |Fatty acid elongation in mitochon 53 23 9 120 26
Metabolism Lipid Metabolism Fatty acid metabolism Fatty acid metabolism 217067 153840 134395| 192322| 251445
Metabolism Biosynthesis of Other Secondary Me{Flavone and flavonol biosynthesis Flavone and flavonol biosynthesi 1431 432 1241 1149 581
Metabolism Biosynthesis of Other Secondary Me{Flavonoid biosynthesis Flavonoid biosynthesis 10099 5854 3298 10731 4499
Metabolism Xenobiotics Biodegradation and Met{Fluorobenzoate degradation Fluorobenzoate degradation 12491 7754 7007 15337 13114
Metabolism Metabolism of Cofactors and VitamijFolate biosynthesis Folate biosynthesis 2402201 245516 160105 201112| 210474
Metabolism Carbohydrate Metabolism Fructose and mannose metabolism  |Fructose and mannose metabolisyy 274126 250316 172965 234685| 226415
Metabolism Carbohydrate Metabolism Galactose metabolism Galactose metabolism 184315] 156796 112682 140299 140644
Metabolism Metabolism of Terpenoids and Polyk|Geraniol degradation Geraniol degradation 80426] 45674 49134]  75561| 110002
Metabolism Metabolism of Other Amino Acids [Glutathione metabolism Glutathione metabolism 147453 132218 94593 159936 184929
Metabolism Lipid Metabolism Glycerolipid metabolism Glycerolipid metabolism 152081 131540] 96588| 124698 125362
Metabolism Lipid Metabolism Glycerophospholipid metabolism Glycerophospholipid metabolism| 264098| 276975] 179558| 203661] 228090
Metabolism Amino Acid Metabolism Glycine, serine and threonine metabol]Glycine, serine and threonine mef 394492 377386 256823| 333796| 432508
Metabolism Carbohydrate Metabolism Glycolysis / Gluconeogenesis Glycolysis / Gluconeogenesis 537070 522754| 359510 436675| 445482
Metabolism Glycan Biosynthesis and Metabolism|Glycosaminoglycan biosynthesis - cho]Glycosaminoglycan biosynthesis 0 0 0 0 0
Metabolism Glycan Biosynthesis and Metabolism|Glycosaminoglycan degradation Glycosaminoglycan degradation 14049 7187 6411 13299 10953
Metabolism Glycan Biosynthesis and Metabolism|Glycosphingolipid biosynthesis - gang|Glycosphingolipid biosynthesis - 8872 4925 4369 9260 9274




Metabolism Glycan Biosynthesis and Metabolism|Glycosphingolipid biosynthesis - globdGlycosphingolipid biosynthesis - 27436 19715 15300 17272 14997
Metabolism Glycan Biosynthesis and Metabolism|Glycosphingolipid biosynthesis - lacto]Glycosphingolipid biosynthesis - 50 43 35 59 2124
Metabolism Glycan Biosynthesis and Metabolism|Glycosylphosphatidylinositol(GPI)-andGlycosylphosphatidylinositol(GP] 21 11 8 34 14
Metabolism Glycan Biosynthesis and Metabolism|Glycosyltransferases Glycosyltransferases 200695 179000 120411 172229] 168470
Metabolism Carbohydrate Metabolism Glyoxylate and dicarboxylate metabol|Glyoxylate and dicarboxylate me{ 299029 252441 196275| 260912| 324415
Metabolism Amino Acid Metabolism Histidine metabolism Histidine metabolism 280684 248954| 187491 241673] 282646
Metabolism Biosynthesis of Other Secondary Me{Indole alkaloid biosynthesis Indole alkaloid biosynthesis 2684 1979 2485 1135 2769
Metabolism Carbohydrate Metabolism Inositol phosphate metabolism Inositol phosphate metabolism 776221  65696| 53276] 54982 78756
Metabolism Biosynthesis of Other Secondary Me{Isoflavonoid biosynthesis Isoflavonoid biosynthesis 197 83 84 92 61
Metabolism Biosynthesis of Other Secondary Me{Isoquinoline alkaloid biosynthesis Isoquinoline alkaloid biosynthesi 32286 26472 20263] 26668| 33357
Metabolism Metabolism of Terpenoids and Polyk|Limonene and pinene degradation Limonene and pinene degradatiof 87164 49084| 55883 82421] 133336
Metabolism Lipid Metabolism Linoleic acid metabolism Linoleic acid metabolism 22157 19998 11740 18272 28887
Metabolism Lipid Metabolism Lipid biosynthesis proteins Lipid biosynthesis proteins 365406 295044 231523 308043| 353202
Metabolism Metabolism of Cofactors and VitamijLipoic acid metabolism Lipoic acid metabolism 32026 181791 209491 36783 31006
Metabolism Glycan Biosynthesis and Metabolism|Lipopolysaccharide biosynthesis Lipopolysaccharide biosynthesis | 248015 273337| 170433] 197757] 219118
Metabolism Glycan Biosynthesis and Metabolism|Lipopolysaccharide biosynthesis prote]Lipopolysaccharide biosynthesis | 310577| 339256] 214473] 240905| 276093
Metabolism Amino Acid Metabolism Lysine biosynthesis Lysine biosynthesis 315525 314198| 207243 254528| 265503
Metabolism Amino Acid Metabolism Lysine degradation Lysine degradation 1394221 1047231 92169 125350 186054
Metabolism Xenobiotics Biodegradation and Met{Metabolism of xenobiotics by cytochr{Metabolism of xenobiotics by cyt| 46611 28912  25396| 54506] 59861
Metabolism Energy Metabolism Methane metabolism Methane metabolism 604681| 554134| 378028 449305| 428211
Metabolism Xenobiotics Biodegradation and Met{Naphthalene degradation Naphthalene degradation 64677 38033 38674 64851 85898
Metabolism Glycan Biosynthesis and Metabolism|N-Glycan biosynthesis N-Glycan biosynthesis 3689001 297531 21078] 22290f 19991
Metabolism Metabolism of Cofactors and VitamifNicotinate and nicotinamide metaboligNicotinate and nicotinamide meta] 183490] 167086] 121368] 168876] 172996
Metabolism Energy Metabolism Nitrogen metabolism Nitrogen metabolism 476064 642019] 333269 374929 397285
Metabolism Xenobiotics Biodegradation and Met{Nitrotoluene degradation Nitrotoluene degradation 90631 113723 61858] 50312 41414
Metabolism Biosynthesis of Other Secondary Me{Novobiocin biosynthesis Novobiocin biosynthesis 69454 63552 45126] 55652 61250
Metabolism Metabolism of Cofactors and VitamijOne carbon pool by folate One carbon pool by folate 242042 242416 162097| 215004| 233142
Metabolism Glycan Biosynthesis and Metabolism|Other glycan degradation Other glycan degradation 46057  27338| 22433 472701 33230
Metabolism Glycan Biosynthesis and Metabolism|Other types of O-glycan biosynthesis |Other types of O-glycan biosynth 0 0 0 0 0
Metabolism Energy Metabolism Oxidative phosphorylation Oxidative phosphorylation 802413 7793201 541183] 633601] 659171
Metabolism Metabolism of Cofactors and VitamijPantothenate and CoA biosynthesis  |Pantothenate and CoA biosynthes 275657| 266893| 179299] 238271| 253990
Metabolism Biosynthesis of Other Secondary Me{Penicillin and cephalosporin biosynthdPenicillin and cephalosporin biosy 26401 16553 15034 20772 32159
Metabolism Carbohydrate Metabolism Pentose and glucuronate interconversi¢Pentose and glucuronate intercony 160757 125008 94656 118871 134039
Metabolism Carbohydrate Metabolism Pentose phosphate pathway Pentose phosphate pathway 3172701 273783 203792 276940 281250
Metabolism Enzyme Families Peptidases Peptidases 732589 682202 463994 670418 714720
Metabolism Glycan Biosynthesis and Metabolism|Peptidoglycan biosynthesis Peptidoglycan biosynthesis 305645 298753 200806| 278925] 289968




Metabolism Amino Acid Metabolism Phenylalanine metabolism Phenylalanine metabolism 137128 95774 84814| 121403 156259
Metabolism Amino Acid Metabolism Phenylalanine, tyrosine and tryptophar{Phenylalanine, tyrosine and tryptd 378076| 366224 251726 320841| 327583
Metabolism Biosynthesis of Other Secondary Me{Phenylpropanoid biosynthesis Phenylpropanoid biosynthesis 40599 24706 23304 42677 40244
Metabolism Metabolism of Other Amino Acids |Phosphonate and phosphinate metabol{Phosphonate and phosphinate me{ 20833 21102 13796 18144 33265
Metabolism Energy Metabolism Photosynthesis Photosynthesis 208321 193199 101403| 315955] 140760
Metabolism Energy Metabolism Photosynthesis - antenna proteins Photosynthesis - antenna proteins| 15783 10817 1098] 54683 2690
Metabolism Energy Metabolism Photosynthesis proteins Photosynthesis proteins 2317791 207948| 107486| 379586] 149610
Metabolism Xenobiotics Biodegradation and Met{Polycyclic aromatic hydrocarbon degrjPolycyclic aromatic hydrocarbon|  47269] 356401 31783] 48071] 40998
Metabolism Metabolism of Terpenoids and Polyk|Polyketide sugar unit biosynthesis Polyketide sugar unit biosynthesiy 102937 110952 65461 87031 87693
Metabolism Metabolism of Cofactors and VitamijPorphyrin and chlorophyll metabolism|Porphyrin and chlorophyll metabd 489757| 464728 297861 482617| 425076
Metabolism Metabolism of Terpenoids and Polyk|Prenyltransferases Prenyltransferases 169707 1475921 111679 160650 150948
Metabolism Lipid Metabolism Primary bile acid biosynthesis Primary bile acid biosynthesis 3736 3465 2246 3803 1931
Metabolism Carbohydrate Metabolism Propanoate metabolism Propanoate metabolism 366182 309367 251326] 292989 381895
Metabolism Enzyme Families Protein kinases Protein kinases 2063101 227399 128096| 205595 177114
Metabolism Nucleotide Metabolism Purine metabolism Purine metabolism 995690 1017248] 675354] 851965] 904259
Metabolism Nucleotide Metabolism Pyrimidine metabolism Pyrimidine metabolism 695451 700674 467206 608428| 676662
Metabolism Carbohydrate Metabolism Pyruvate metabolism Pyruvate metabolism 546145 499770 364248 445437 480335
Metabolism Metabolism of Cofactors and VitamifRetinol metabolism Retinol metabolism 20154 17860f 14291 27802 24016
Metabolism Metabolism of Cofactors and VitamijRiboflavin metabolism Riboflavin metabolism 129352 131547{ 86113 120740{ 121452
Metabolism Lipid Metabolism Secondary bile acid biosynthesis Secondary bile acid biosynthesis 671 827 371 2278 482
Metabolism Metabolism of Other Amino Acids |Selenocompound metabolism Selenocompound metabolism 180602 176687 124066 151430 162738
Metabolism Metabolism of Terpenoids and Polyk|Sesquiterpenoid biosynthesis Sesquiterpenoid biosynthesis 1 0 1 0 4
Metabolism Lipid Metabolism Sphingolipid metabolism Sphingolipid metabolism 54523 32864 26029] 39830 29867
Metabolism Carbohydrate Metabolism Starch and sucrose metabolism Starch and sucrose metabolism 273002 243461 164479 240306] 200853
Metabolism Lipid Metabolism Steroid biosynthesis Steroid biosynthesis 7260 3634 1622 6629 3368
Metabolism Lipid Metabolism Steroid hormone biosynthesis Steroid hormone biosynthesis 13620 5941 4920 12628 8079
Metabolism Biosynthesis of Other Secondary Me{Stilbenoid, diarylheptanoid and ginger]Stilbenoid, diarylheptanoid and g 7095 4931 3278 9394 3366
Metabolism Biosynthesis of Other Secondary Me{Streptomycin biosynthesis Streptomycin biosynthesis 172043 170673 112064| 143486] 126251
Metabolism Xenobiotics Biodegradation and Met{Styrene degradation Styrene degradation 23822 14809 14947 24894 43645
Metabolism Energy Metabolism Sulfur metabolism Sulfur metabolism 165632 171485 104956 148676 131075
Metabolism Lipid Metabolism Synthesis and degradation of ketone b{Synthesis and degradation of ketd 39966 24239 26670 31542| 71449
Metabolism Metabolism of Other Amino Acids |Taurine and hypotaurine metabolism |Taurine and hypotaurine metabol] 47360 51924 31334] 49240] 57596
Metabolism Metabolism of Terpenoids and Polyk| Terpenoid backbone biosynthesis Terpenoid backbone biosynthesis| 242000 226140 161066] 221022] 211193
Metabolism Metabolism of Terpenoids and Polyk| Tetracycline biosynthesis Tetracycline biosynthesis 74906 71581 49137 69494| 74558
Metabolism Metabolism of Cofactors and Vitamif Thiamine metabolism Thiamine metabolism 188274 177392 122260 166426 161853
Metabolism Xenobiotics Biodegradation and Met{Toluene degradation Toluene degradation 89005] 89988|  61988| 74077 73742




Metabolism Biosynthesis of Other Secondary Me{Tropane, piperidine and pyridine alkal| Tropane, piperidine and pyridine 61190 51269] 38115] 51245 57116
Metabolism Amino Acid Metabolism Tryptophan metabolism Tryptophan metabolism 172389 109977 109520 162746] 245021
Metabolism Amino Acid Metabolism Tyrosine metabolism Tyrosine metabolism 161343 118736 102018 149882 195033
Metabolism Metabolism of Cofactors and VitamijUbiquinone and other terpenoid-quino]Ubiquinone and other terpenoid-q 181466| 157555] 116134] 188374| 181284
Metabolism Amino Acid Metabolism Valine, leucine and isoleucine biosynt] Valine, leucine and isoleucine bid 369509 362325| 244339] 307565| 306305
Metabolism Amino Acid Metabolism Valine, leucine and isoleucine degradg Valine, leucine and isoleucine dey 259187| 170171 169441 225476] 366472
Metabolism Glycan Biosynthesis and Metabolism| Various types of N-glycan biosynthesi|Various types of N-glycan biosyn 4944 10695 4748 1885 1105
Metabolism Metabolism of Cofactors and Vitamif Vitamin B6 metabolism Vitamin B6 metabolism 81813  71471] 53478] 70662] 76123
Metabolism Xenobiotics Biodegradation and Met{Xylene degradation Xylene degradation 19495 123101 11594 20708 8979
Metabolism Metabolism of Terpenoids and Polyk|Zeatin biosynthesis Zeatin biosynthesis 18122 18075 12522 16178 16200
Organismal Systems Endocrine System Adipocytokine signaling pathway Adipocytokine signaling pathway| 38273  31055| 24175 33183 36006
Organismal Systems Excretory System Aldosterone-regulated sodium reabsorj Aldosterone-regulated sodium red 189 176 94 120 203
Organismal Systems Immune System Antigen processing and presentation |Antigen processing and presentat] 15077 16780 10397 14347 14906
Organismal Systems Digestive System Bile secretion Bile secretion 3197 2338 2360 011 788
Organismal Systems Digestive System Carbohydrate digestion and absorption|Carbohydrate digestion and absor] 1955 1434 618 2951 6592
Organismal Systems Circulatory System Cardiac muscle contraction Cardiac muscle contraction 25916 37838 21199 17431 20309
Organismal Systems Nervous System Cholinergic synapse Cholinergic synapse 0 0 0 1 0
Organismal Systems Environmental Adaptation Circadian rhythm - plant Circadian rhythm - plant 2597 740 568 1537 1715
Organismal Systems Immune System Complement and coagulation cascadedComplement and coagulation cas 0 0 0 0 0
Organismal Systems Immune System Cytosolic DNA-sensing pathway Cytosolic DNA-sensing pathway 0 1 0 0 0
Organismal Systems Excretory System Endocrine and other factor-regulated dEndocrine and other factor-reguld 189 176 94 120 203
Organismal Systems Digestive System Fat digestion and absorption Fat digestion and absorption 0 0 0 0 0
Organismal Systems Immune System Fc epsilon RI signaling pathway Fc epsilon RI signaling pathway 0 0 0 0 0
Organismal Systems Immune System Fc gamma R-mediated phagocytosis |Fc gamma R-mediated phagocyto 16 9 10 16 34
Organismal Systems Digestive System Gastric acid secretion Gastric acid secretion 189 176 04 121 203
Organismal Systems Nervous System Glutamatergic synapse Glutamatergic synapse 32599 26855 20993 30706] 34022
Organismal Systems Endocrine System GnRH signaling pathway GnRH signaling pathway 16 9 10 17 34
Organismal Systems Immune System Hematopoietic cell lineage Hematopoietic cell lineage 3 5 2 6 4
Organismal Systems Endocrine System Insulin signaling pathway Insulin signaling pathway 43187 42050 25823 44695 28111
Organismal Systems Immune System Leukocyte transendothelial migration |Leukocyte transendothelial migra 6 1 1 1 2
Organismal Systems Nervous System Long-term depression Long-term depression 0 0 0 0 0
Organismal Systems Nervous System Long-term potentiation Long-term potentiation 0 0 0 1 0
Organismal Systems Endocrine System Melanogenesis Melanogenesis 12 10 5 10 212
Organismal Systems Digestive System Mineral absorption Mineral absorption 8437 4915 4572 14715 10571
Organismal Systems Nervous System Neurotrophin signaling pathway Neurotrophin signaling pathway 0 0 0 1 0
Organismal Systems Immune System NOD-like receptor signaling pathway |[NOD-like receptor signaling path] 15100 16803 10421 14379 14988




Organismal Systems Sensory System Olfactory transduction Olfactory transduction 0 0 0 1 0
Organismal Systems Digestive System Pancreatic secretion Pancreatic secretion 190 176 95 121 205
Organismal Systems Sensory System Phototransduction Phototransduction 0 0 0 0 0
Organismal Systems Sensory System Phototransduction - fly Phototransduction - fly 6 1 1 2 2
Organismal Systems Environmental Adaptation Plant-pathogen interaction Plant-pathogen interaction 72045] 78931 47606 52825 61342
Organismal Systems Endocrine System PPAR signaling pathway PPAR signaling pathway 692721 50649 42603 61684 65523
Organismal Systems Endocrine System Progesterone-mediated oocyte maturat|Progesterone-mediated oocyte mq 15077 16780 10397 14347 14906
Organismal Systems Digestive System Protein digestion and absorption Protein digestion and absorption 5020 2517 2797 7099 15504
Organismal Systems Excretory System Proximal tubule bicarbonate reclamati{Proximal tubule bicarbonate recld 18848 11670 11806 14705 17709
Organismal Systems Endocrine System Renin-angiotensin system Renin-angiotensin system 875 359 272 519 3009
Organismal Systems Immune System RIG-I-like receptor signaling pathway |RIG-I-like receptor signaling path 2032 1827 1352 522 446
Organismal Systems Digestive System Salivary secretion Salivary secretion 189 176 94 120 203
Organismal Systems Circulatory System Vascular smooth muscle contraction |Vascular smooth muscle contract] 0 0 0 0 0
Organismal Systems Excretory System Vasopressin-regulated water reabsorpt| Vasopressin-regulated water reab 2064 1909 1345 576 574
Unclassified Metabolism Amino acid metabolism Amino acid metabolism 105996  74107f 60221 97369 100219
Unclassified Metabolism Biosynthesis and biodegradation of sedBiosynthesis and biodegradation 309201 39582 21536| 23112 32901
Unclassified Metabolism Carbohydrate metabolism Carbohydrate metabolism 55782 60031 314101 54165] 25128
Unclassified Cellular Processes and Signaling Cell division Cell division 350791 29017] 21830] 34080| 39173
Unclassified Cellular Processes and Signaling Cell motility and secretion Cell motility and secretion 156310] 156149 94619 124771| 128448
Unclassified Cellular Processes and Signaling Electron transfer carriers Electron transfer carriers 16198 15896 12394 12078 6020
Unclassified Metabolism Energy metabolism Energy metabolism 425438| 354646| 274734 355079 387945
Unclassified Poorly Characterized Function unknown Function unknown 802011 790356] 536633] 648611 770792
Unclassified Poorly Characterized General function prediction only General function prediction only | 1747022 1665404 1123591] 1500257] 1601516
Unclassified Cellular Processes and Signaling Germination Germination 221 314 217 506 689
Unclassified Metabolism Glycan biosynthesis and metabolism |Glycan biosynthesis and metabolif 41196 47119  28823| 33834| 33864
Unclassified Cellular Processes and Signaling Inorganic ion transport and metabolisnInorganic ion transport and metay 166998| 159848 103911 130794] 156280
Unclassified Metabolism Lipid metabolism Lipid metabolism 54428 467001 30139 50967 67989
Unclassified Cellular Processes and Signaling Membrane and intracellular structural [Membrane and intracellular struc{ 346565 351196 229659 316231| 380976
Unclassified Metabolism Metabolism of cofactors and vitamins [Metabolism of cofactors and vita] 97723 102839]  68638]  75590] 76157
Unclassified Metabolism Nucleotide metabolism Nucleotide metabolism 16186] 11653] 11408 9155 14039
Unclassified Cellular Processes and Signaling Other ion-coupled transporters Other ion-coupled transporters 451804 418985 287626 398710 445580
Unclassified Cellular Processes and Signaling Other transporters Other transporters 104685] 85895 65573 103144| 117613
Unclassified Metabolism Others Others 446133 388202 264615 455111 529074
Unclassified Cellular Processes and Signaling Pores 1on channels Pores 1on channels 2746401 304556 171082 255955| 362171
Unclassified Genetic Information Processing Protein folding and associated process|{Protein folding and associated prd 450878| 467303| 304370 386084| 364644
Unclassified Genetic Information Processing Replication, recombination and repair [Replication, recombination and rd 355866| 323273 225217| 345912| 312843




Unclassified Genetic Information Processing Restriction enzyme Restriction enzyme 88579 120836] 60001] 70613] 80794
Unclassified Cellular Processes and Signaling Signal transduction mechanisms Signal transduction mechanisms | 222689] 194808| 141290] 211908| 222022
Unclassified Cellular Processes and Signaling Sporulation Sporulation 26518 33911 18699 22283 15868
Unclassified Genetic Information Processing Transcription related proteins Transcription related proteins 5807 3063 5299 1314 2435
Unclassified Genetic Information Processing Translation proteins Translation proteins 412049] 406186 279137 360995| 383943
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