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Abstract

The chlorinated solvent (PCE, TCE, 1.2.2-TAC, and CT) has ignitable,
explosive, low-melting, and high pressure characteristics, and are often used for
cleansing solvent in industries. In the past, we did not realize the issue how we can
prevent our dwelling environments near soils or groundwater from contamination,
thus leading to the accidental leakage of the chlorinated solvent into the groundwater.
Bioremediation is a friendly, cost-effective, and safe technique which is commonly
used for remediation in contaminated sites. Bioaugmentation is to add exogenous
microorganisms with the potential to degrade polluted chemicals. In this study, we
hope to detect the presence of one dehalococcus species with the ability for
degrading the chlorinated solvent, and then harvest it for application of

bioaugmentation.

In the mid-term report, our research field trial is located in % = & X & # {7 £
decreased to the undetected level the monitoring well, we indicated that the
degradation of the chlorinated solvent occurs. To assure the success of
bioremediation in our field trial, we need to confirm the presence of
Dehalococoides for future application. In this study, we will first apply the
metagenome and qPCR to detect the change of bacterial community before and
after bioremediation, and prove the role of Dehalococoides in field trial
contaminated with the chlorinated solvent. We herein emphasize that the
advantages of metagenome over other molecular techniques are to prove more
information about the population of each bacterial genus and even in species within
the soils or water, and also to be a fast, and high accurate technique. With this
bioremediation proposal, we hope that our biomediation strategies can prove the
standard model for the degradation of the chlorinated solvent in field trial.

Key word: Metagenome > The chlorinated solvent - Biomediation
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> J1* QRT-PCR % # Dehalococcoides 72 # & * jp| 2B & % & 75 F] verA »

bvcA ~tceAz_ £ L E > FERIS A Hh R F T

> i% i Metagenomics &4 qPCR 4% H 3 i34 A 2 3 B endd i » B 3
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FoR PR ER

2.1

Wk R

TR F R 101 #3-F -k 4 @ E i g(K) 43 1.23x10°m/s & 9.83x10°
m/s> Tia-k4 B Gl 3.68x105m/s 5 iEHR BplIFE » REK4 B
(D5 0010 d *t3n i 8 5804 44k4 > & BEIVHIN)G 5 0455 49
i & 2 =(Darcy’s Law) > 3+ 8 A 3yt T35k T -konik X 5 2.58 mlyaer -

V=KxI/n

V =3.68x10 %x 0.010 / 0.45 = 8.19 xx10 ®m/s=0.007 m/day

R R AP MK 4 RleheT

<>

R T R

2.2

'k 4 & % % #(Hydraulic conductivity, K) : 3.68 x10 ®m/sec -
# -k % #e(Transmissivity, T) : 1.91x10 *° m %/sec -

itk 1% #(Storage coefficient, S) 0.0105 -

ok F L70L/MminpE s BRBLEL 407 o

Byl r & E 258 0% o

BTORES lawitlasd e

BRI ARE AT 14 5 21 2R

#-3% ¥ BioScreen & sife

Mp S - WERER R S T X DR AR s
T Tok? 73 PCE~TCEZ 11224 ¢ %544 d WP LR RS
EACP WAL Y TR ZTEFLP T e ACHE T RREE20~22m>
kA @ l(K) 4+t 1.23x10°%m/s 3 9.83x10°%m/ss # T okmiE 5 2.58
mlyaere > X KB 2-1 977 0 B¢ ¢ 3 4 %R BP-01-BP-02 -~ BP-
03 2 EPB-MWI1DA ; 4 v g+ 101 ~102~103 2 104 ; 1 v 44 -k EO1 -

BP-01 it i34 T -kiim 2 7% B B ehit S BB A B TR * 4 BP-
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02 2 EPB-MWIDA 3 #8385 1 & T p|2 (% 2-1) - -3 BioScreen & %t
e TORERA 4T i (Groundwater Circulation Bio-remediation
System,GCB) 2. - »GCB ¥ ¥ 5 4= TRF I+ 2> Rty 2 B(NH
Gl DERLEY- LR F o ns%tspth;JJ?ﬁ_fi%ﬂnﬁqu—f@;purs
Tk @A ME TORMBTE G o SR s ATRB R o A2
ARPP 2 AR HEFLABTEH S e E L RER /54,3%1 y ¥ %ﬁd
LA LN B2 A AR RO L Nz A R I I S A A £

FOERIL S 05 g B (EOL) 0 B gt TR 15 T4 APt r A b A
(Percol)f % 35w it 4 v i # f o gl ks 24 ) PR R BB
¢ E] PFEAELE G S 100ml 3B 4] 5 F ) pE S 1.2m e percol &
BAD L B EBEED Ak RS ABI2 ERT RS TAH
BARERAABLMEAT T R F FREER A BLFE P
FARERS M PR TS SRR AR WL A B AFER
FUBLCHA R RTH I SELRERY TR A0 BRF R
TEEE Y

[AS7 Sl ST AR U NS ES B I SR S S
ok THRE 1oAY > Bk RB ] BRI ER G D
ﬁ;]i d e irEAr R BB E RE o Aol 297 o d BN AR S BoT
T 8LTMInG AAKAE B ABERZIFEAL 12m ALY RER
Bildm > BHEERYEEALRS 2 MR > BHEEARAKX T 5mME (9
14m)> -k 2812 BERRIDPR o i @ EHT LR T FRE
BooRHELY FEEL Imo i 2 Rk FEES 15mo Bk S P E A
ik ok (0.6 M3/ ehliR o B 120 T R EAIRFE B

A 21 fie R FAR L
A

No. | #i | #B() | #is(d) | ##m) | R éEm)
i 1 2 14 9-14
i#r 4 2 14 9-14
=R 4 2 14 9-14
I 9 _ _ —
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23 B TKEERDIZERT

AT AR BRSBTS LEFE R 2178 P B A TR
BAWIHAD M7 533452 M2 4pA 17 c BERE BB S8k s 70
FOORFERRE B RRE Al o 2R w AR T IR JE 0 B
F) Sl AT R E AR T RTR R ER TR K% CT(NIEA) & 2 2

BT ORERBEE A4 B HE o

BA P ROGAEIT RS AR A A A PR S R 1
%%@ﬁéiﬁﬁﬁlf’ﬁﬁZﬁ’?%@ﬁ%i%@%”1$?&&ﬁ
BSR4 TR R K AREH 6 B Y S THR o Bk E TR

AR R Ack 2-20

3 2-2 WOHES K T RR R AL A

2 i W) g Ewv Egi o3t
23 3% |49 |5% |68 |73 [88-107
— 4L3F P
&% #A(TOC) ~ 448 (Fe) ~
- H4s(Fe®) ~ A B (NOs) 1 4 4 4 1 1 3 18
LA e (NO2) ~ 5 % (NHs-N) »
& 3+ (CI) ~ #ipt 3 (SO4%))
5 % 4 (VOCs) 1 4 4 4 2 2 3 20
B A 4 (7 %(CHa) ~ 2 % (CoHa)) 1 4 4 4 2 2 3 20

2.3 1 ¥, &

AR ¢ AT G B i ER Y R TR | o st

FoR IR agdd S RRDH L SR REKREET ¥ %
(99.99%) 4k ¥¢ 1 5 ik @ F M kiR RO RBENF F ¢ b X Ak e

ﬁw&ﬁaﬁvﬁﬂﬁﬁ&’NOlOSUMnﬁ¢ﬁ$$wwkqﬁ%&%¢%
BiE<0.125Ls(Ls & 2 & & &) i R BRI TORI-KFR - Fk
FRILGEFER2 T FFRLOARE QYR THEREF & pH
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©40.2 ~ DO +10%% ORP 20 mV z &< -

PoTORRHRZ BT R EE S 2B NIEA 224 2 L TEF o s ek
REHRAE S 0L HEEFESIF 5 FENRSHAER L ACHFEET W

AT sz ] 022 umIt s JEiER o 5 Et-80C R e 0 iE

AR REEFRLE AT

2.3.2 &~ 738 B

(1) BHF~ 4738 B
kB (T)
%7 R (EC)
%% (DO)
3 B R 7% =(ORP)
pH &
(2 F &% - LA TE P
XS

&3 #a(TOC) ~ 48i(Fe) ~ &:(Mn) ~ # it B (NO5) ~ T # it B(NO2) ~ &
# (NHa-N) ~ & 4+ (CI) ~ £t B (SO4)

B 7 i3 4 1
® & & % (PCE)~ = # ¢ % (TCE) ~ = # ¢ % (DCE) ~ & & % (VC)
B¥ A S

7 4(CHe) + & 4 (CoHa)

Rtk B A AT R R 7RI B (e B TR B R Sk r(NIEA) 2 2 A 45 32

e
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24 FBHEBHEY 3 DNA

FoRHIE 200 2 KERFFLFNY § B MRERNTET > L ACHE
FEEI D AIZF A T AT 0.22 um T4 E 2 R iR IR 0 B R O F >-80
CTHwfme 2" 233 R Fipnit 284 7 41*% PowerWater®
DNA Isolation Kit % P~ DNA » H 3k (%4 4o

(1) 3= jg "2 » 3] 5ml PowerWater® Bead Tube ¢ -
(2) /- PowerWater® Bead Tube 4c ~ 1 ml PW1 ;% ;% -

(3) # PowerWater® Bead Tube % % % MO BIO i >k if fie B ¥ 00+ @i
FRFRT S A
(4) % 8<4000g < 1 A 45 o

(5) @& * wB-t > XA D] - 5z & o 2ml Collection Tube # 12 130009
%ﬁ_:iﬁ 1 A,\fu_o

(6) 4t » 200 | PW2 » f¥ i iR § » 4°C 4 5 A 4b -
(7) 130009 &g~ 1 4 45 ¥ 3 B & # 5 3| - B 3z7% < 2ml Collection Tube-
(8) 4r » 650 | PW3 » iff % 5 -

(9) 423 650 | & # 1~ 1 Spin Filter * > 13000g &t 1 4 & - 5 4 Jhix &
;?;Pd-ﬂjﬁﬂi ,ﬁém“rp /Ff§°

(10) #= Spin Filter 2= 3| - i 5z % <5 2ml Collection Tube # -

(11) PWA4 i * % £33 o 4c ~ 650 | PW4 » 130009 &t 1 4 4 o
(12) 3 2 Jhi% » v » 650 £ | PW5 ;3% » 130009 &< 1 A 48 o

(13) 3 2 i > 13000g &t 2 A 48 > A > §5% kiR o

(14) 4= Spin Filter *x 3| - i 32 7% ¢ 2ml Collection Tube ¢ -

(15) 4c » 100 ¢ | PW6 F| g0 & JRiEe w o

(16) 130009 &< 1 4 48 » pt P& DNA T2 56 5B~ o
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(17) DNA (-20°C-80°C) i o

(18) i¢ * NanoDrop (Thermo)ip| = DNA k& & & F 12 1.2 % 3 3 8 %
AT R

2.5 Metagenomics #£#§]* 16SrDNAZE = 54 %42 %

B2 ¥ Ee
251 $RAFleg i

(1) # +~ DNA 4 u] 2 F27 & R534 ~ F519 & R926 % F968 & R1492 = %515
i£47 16STRNAV1-V3~V4-V5+V6-VOPCR 2 % o # & A & % 508bp ~
412 bp ~ 524 bp -

(2) 1 12 % 2§ o 83T AL 47 A+ £ 2 Agencount® RNACIlean® XP
Purification Beads i i* PCR DNA # % -

252 » A Flezi

(1) #& ~ DNA 12 SOLIDTM Library Micro Column Purification Kit % it {4 12
Covaris S220 i& (74> 2 m ] » 12 2% 3§ "o PR B8 E 7 7 A T - 450bp +»
;’.IJ1E_f1‘5 il "'“B’» °

(2) m+ Agencount® RNACIlean® XP Purification Beads i it -

(3) & i7zheLiz 44 & * End Repair Master Mix >t 25C » & 30 » 45{s £ 12 70
CFRBI10 4 -
2532 > 5 % Fn2 BB 2 F AW

(1) #% R Flez > A Flez 2 DNA & {7 adapter 3 & 232X o

(2) Adapter £ & # * Ligation Master Mix >+ 25°C ¥ Ji& 30 4~ 4afs £ 2 70C &

16



s 10 = 45 -
(3) 2 Agencount® RNACIlean® XP Purification Beads % i+ Ligated DNA -

(4) library 4% 3 & 7 @ * Amplification Master Mix ** 72°C * J& 2 » 45.(s £ 14
(94°C/30 5 ~60°C/30 #5 ~ 72°C/60 /)12 # %k » Bt 4 T2CF & 5 ~ 4 o

(5) r4 Agencount® RNACIean® XP Purification Beads s it 4% 3 library -

(6) =& 4_2 Qubit® 2.0 Fluorometer i # Az Quant-iT dSDNA High Sensitivity
AssayKit :& 7 /p] & o = 2R E @ * Agilent 2100 Bioanalyzer Az Aglient
HighSensitivity DNA kit # /7| library 5 B = /| & @# o

(7) #tH 3 2 library 12 Illumina MiSeq System 2 x 300 bp kit & 7 = 5
(Paired-end Sequencing) °

254 2 F 3 N EL TR

d > MiSeq System :& = 2 x 300bp Paired - end Sequencing » §d & &
(merge) 35 7|7 JE Tk shread » ¥ #-%t Roche 454 long read -+ ~ >
Fe At 44 2 library 12 Illumina MiSeq System & 7 2 x 300bp Paired -
end Sequencing Z_5 -

Sequencing Raw Reads

2. Filter low-quality reads

1. Merge reads to samples
3. Generate effective reads

Effective Reads

Software:

Classify reads with RDP database OTU clustering MOTHUR

V1.32.0

OTU (Operational
Reads Taxonom . .
y Taxonomic Unit)

\/

OTU Taxonomy
QlIME Vl.E‘.O
l l l l Software:
Venn Taxonomy Alpha Diversity

OTU Heatmap

Diagram Profiling Rarefaction
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255 &7t * f Al

OUT 4 #71¢ * #ir48 MOTHUR V1.32.0 > #4478 * QIIMEV1.8.0 -

2.6 Metagenomics 4 #7335 ¥ # i fL A F1 X2 2 BB FAP
261 TR/ A EL TR

4o @) » 12 Covaris S220 £ #- DNA # %7 - £ % # * Ovation Ultralow DR
Multiplex System 1-96 (NUGEN) #-4= %715 < DNA £ % library » # {5 ¢ *
ke library S F e Rl R ER S &R o

- % % Qubit® 2.0 Fluorometer > #fie 2 High Sensitivity Kit> ¥ - 2 5 Agilent
2100Bioanalyzer - & * 2 DNA 1000 Kit i& {7 4 ] » £z library & B 247 15
R R Tl -

Shear the DNA
End Repair the DNA

Ligate Adaptors to the DNA & Quantitate the DNA

Library Amplification

Purification of Amplified Library

Check the Size Distribution of the Library

Sequence on the lllumina Systems
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Raw data

Raw data QC

Blast Blast
against NCBI nr database against RDP database

ST A {0 3 A AT 3 R LS BRI QVB0 0B A2
7w R S F- 5 R 3T 11000 A A i T IR R S el 0 1S 2
A% v R o d 3t B % (de novoassembly)pF 5 read £ B ik H B sk
% gk R@anread s txié * 2 ¥ {8 chpairedreads > 13453 2B A AP B E_E
7 overlap s FC LB (T merge > B-F o Rfe X8 - { £eoread’ £
#-pt merged reads £2 not merge reads i {7 & 25 4 47 o

% 2x : Quality Value - QV =-10logl0(Pe) ,Pe 5 T A ¥ it er4s 385 -

2.6.3 &7 * g Al

¢ * CLC Genomics Workbench 7.0 2 MEGANS #r 48 :& {7 4 47
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2.7 ez g PCR %% =& Dehalococcoides sp.erg £
271z E PCR

~3+3% 1 SYBR Green ;% :& {7 % ¥+ T & Dehalococcoides sp.17% € » &
£ 41 *  Primer Express software (Applied Blosystems, Foster City, CA) 4+ 4
Dehalococcoides sp. 3% 3+ # £ % 31 3 o %k T SR ad & 5 & L (L) FHH A
ek B £ 50-150bp » (2)31F &0 Tm xﬁ,; 58-60°C » (3)GC ez £ F » " &
30-80 mol% > 25 = Bt Fer G Co ;ﬁé NCBI BLAST &4 47 iR
51+ ¥t Dehalococcoides sp.=% — 25 o

% 2-3. PCR#* 2 3513 R 7|
Gene Primer sequence?® (5°—3’) reference

Dehalococcoides16 | Dhc730FgCggTTTTCTAgQgTTgTC
S rRNA gene Dhc 1350R  CACCTTgCTgATATgCgg

of, forward primer; r, reverse primer;

GC clamp, CgCCCgCCyCgCyCggCygg9CygggCyggggCACgggggy

He, 2003

2722 > {RFd R

41 * Dhc730F £ Dhc 1350R iz 2 31+ :2 {7 PCR *x = k5
Dehalococcoides sp. =7 16S rRNA & 7] 5 £ o #-* PCR & 4 # & 7| pGEM-
T Easy Vector (50ng/pl)+ - & {7 T_F /a4~ 48 o #-Fx ©_5 Dehalococcoides
Sp.en AR A8 17 15 iR W ARuE 2 o

KA 7 AR ik & - 3P~ & 7 Dehalococcoides sp. /- 71
RS 0 PS5 ul RdetR A (RS &) 4 ~ 45 pl R Fi e i ddH0 & 7 4
100 > 2 5 TR 10 B iR A 5 R (T A FIHFE - 2T A2 R
(1) > #-R 5 fFR e ik R4 5 2 gene copies » i — X2 # 4 (gene
copies ¥ Ct @) AT EF=Z €4 GF B i Brraii i d

25V (1) 44 =k & DNA % &3 & gene copies (Ritalahti et al.,
2006 )

20



1g )(1 molbp DNA
10003ng”* 660 g DNA

)

gene copies = (DNA concentration [ng/ul]) (

6.023 x 1023 1 copy

)

molbp plasmid size [bp])>< (volume of template [ul])

BT okt 2 2 RV WG AR foftie Rk - FEF
realtimePCR » £ #-#7 B 3k S E B E 4 RER > T7 F ok &

Dehalococcoides sp.# & -

% 2-4. e E PCR 513 & 7

51+ LA 3l R 7| reference
DHC1200F CTggAgCTAATCCCCAAAQCT | Ritalahti, et al., 2006
DGC1271R CAACTTCATgCAggCyggg

2733+ E %8 ¢ # % Dehalococcoides sp. #& &

FI* T2 2 (2) > BT DNA #7ipl# o Ct & > % R0 0 545 21 4p
ik chgenecopies #cp o T dE R <& L Tk &P 3 % -5 Dehalococcoides
Sp. gene copies # P o

232 ® B P k& gene copies 4 & o ;¢ (Ritalahti et al., 2006 )

gene copies per L sample
_ (gene copies per reaction mix)x(volume of DNA [ul])

(2 pl DNA per reaction mix)x(L sample used)
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28 LR EIFEH 22 1 1F5E P (H 4 H)

£ %
2 3 4 5 6 7 8 9 10 11

1 T3 P

Bied 2 Zp2 Ry~

B s ——)

= > a3k B ¢ DNA HpisT

\.”

%A% A3k F E AR AL )

iz + QRT-PCR A 5L 5 (S

RIS fR AR e ——)

Bl E AR AT )

I A 5T A AT

metagenome data —

e S UE =3 Sl TR 1A

R 2 G E———)

TEFEEREY L —

1iFRRBIE A (R 14%| 20%| 28% | 37%| 46%| 55% | 65% | 75%| 85% | 100%
# &)
#p ¢ 1oz zpl@ 237 23 DNA iR T & o
' 2. & = 11 metagenome v mAH ¢ R L o
FETATE 1. 2 QRT-PCR |25 % 2 H A f2 Ffhfes i 1A F12 4834

A (2 maphiEL D .

B

FFEERIEREA T HAizp P o

1. 1R L FETE GR ) Ao
L EENE > BT AV I TR T AR R By

T
2 ~ rll?ziff;pk\PLJf]}al“éﬁE@’?{)

(1) 2 i (2) B A (3) 1 PR g o (4) BES P B2 B WIS -
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2% ALRBFEREEH
31 247343 n2 A+ 8L,

fiw ¢ EARE R R R & TINIEA) 2 4 2 8 7 k4%
2o yr A E e e P & g okE(T) ¥ T AEC) ~35(DO) ~F
# & T =(ORP) % pH i » %+ » % % BP-01-BP-02 - BP-03-BP-04 %
EPB-MW1DA - BP-02 2 EPB-MWI1DA % i & £ ## -

B 3-1 252 ki pHER™ ; 6 AAHEE 28L 4740 | B 3-2
TR RKRZETRET B 33ERF kR FCERT R B 34
ERF kR F ERT -

=]
pH —a— BPIMM
R TR BP-0Z
——-—3—— HBPRO32
5 ———..- BP04
— —=m — EPBMW1DA
L 7 o g e -
o ﬁﬁ& — 2. & - B i
.
&
E‘ I I I I I I I I
0 20 40 80 20 100 120 140 180 180
Day

W 3-1 % p/F Ktz pH S
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U mha/cm

K SRR TAYIRELY)

1800

1800

1400

Electric conduetivity — +—— EBFO1

........ Do BPOT
o ——-—y—— BPO3
£ — e BP-34
— -m — EPBMWIDA

BII:ID T T T T T T T T
0 20 40 80 50 100 120 140 180 180
Day
W 3-2F R kR HFTRED
0
20 J ORP — e  BRPD1
e Creeeeeens BP-02
——-y-—— BPFD2
-40 —_——l— BP-04
— - — EFBMWIDA
-0
50 4
- i /F’. 2
Yoo . \‘/ SN
Ii — o H
-120 4 ; w
: I
140 - o 1\‘ -
“ o ol o
-180 &
-180 T T T T T T T T
0 20 40 80 80 100 120 140 160 180
Day
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2.0
DO — e« BPOI
........ Caeee BPAOZ
2.5 1 —_——— EFOZ
— e —. BP-04
4 — = — EPBMWIDA
2.0
o
2 o
= 1.5 # 3 2 \ @
T A TRV SR
: : Yo
L N
B W Had o
o5 % &
0.0 T T T T T T T T
0 20 40 a0 80 100 120 140 180 180
Day

W 34 FR2 ki B2

FHHFAFAAARE DR NS TREFA L FI LGS
oo FABFHE AP REARR ZRBF A TEALE I NEF LS
a1 23 FFHNAHAPF YRR FHEPETE - X LRRBE T
%%TL? BERTETRLAIERFELAF R ELF AP FRPE
pH Ex s ffgx £ 3 > %F;r’fﬁ*f‘/*ﬁ?? o4 HFA L FRAY 5 37
%ﬁfﬁzﬂfuﬂ; F 2 T3 B EFE R M Y B R H
TR PHERETAE F P RRT 283 ENAERE g R

=
FIp > R A2 P S AR A P45 CHH T RT2HH -

32 FAAAIRLIEE LT

Fir ¢ AR TR R F BB R ST(NIEA) S £ 2453 2517 - A 47
P F AT A(TOC) ~ 48 (Fe) ~ 42(Mn) ~ #) it 8 (NOg™) ~ I 4 it B (NO2) »
% % (NHa-N) ~ % 323 (CI) ~ 7ifit @ (SO4%) » Z B ¥ » w52 BP-02 2 EPB-
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MW1DA -

Bl 3-5 %1 &5 pF BP-02 k42 TOC %1 -~ B 3-7 1 & & p|¥ EPB-
MWI1DA -k k2. TOC %1+ > 4% 24 5 {12 REEE percol 2 % % % i
RS GAREEEEN 42 4 Bl2 25 REEZ G SR
FEMERES B ME AT T AR AREERASBLEL T
FRERFEIPEFOLFIERFEIFAP REZ PP AFRRM
i%ﬂébﬁﬁb%iﬁghﬁ’éﬁ%wT@ﬁ*#ﬂW?? R
P B TS L R A e S A TR R B 4
(Fe) ~ 4&(Mn) ~ 7 A& 8 (NOs) ~ 7 a9 it B (NO2) ~ % % (NH3-N) ~ % #+ (CI) ~
Frife B (SO4%) » 4T B 3-6 ~ B] 3-8 ¥7F o

2500

BP-02

—— TOC

2000 4

2800

ma'L

1500 -

1000

500

Cray
W 3-531 & Fp¥ BP-02-k#kz TOC % it
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W 3-7 1 & % pl¥ EPB-MWIDA -k k2 TOC % it
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100 —_—
EPB-MWIDA T P : gg
——— ——  MHZ-M
o | &,f’:"m__n e . ————y— e O
.. A e —_— - — So42-
\'\ﬂ: ":'“——\_ﬂ_-"- '.Eﬂ . O0—— Fe
80 -
N P
I=]
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W 3-8 1 & ¥ pl¥ EPB-MWIDA k2 Tk 8 8% v
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33 A FAFAKFLM Y = RP 2 BB AP LK

Flr P AR FRRER FESFRBE KRR TNIEA) 2 2 2473 2/ 7 o
PP T AL F L ‘~'TF(PCE)‘:_ # ¢ % (TCE)~ = # ¢ % (DCE)~
% ¢ F(VC)» &k A 412 W (C2HE) » £ gl # & w] 5 BP-02 2 EPB-MWIDA
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i &Ll BP-02 2 EPB-MWIDA » 487 LB A4c 2 4 { s % B
Zm o Fp T ERIe e F e S F R F LAY B
BRI R FRES RIS BRFAIFERBER S LT
RS SRR SR 1P ) T 3-ENEAUE RIS O I S
M2 gFgefrgeya20xzvz 284 FTFEEZRESHET
ERN2ZBRE > Bd W F WAL AHAAF T HE S GE TR
Gh- RKOBTAN G EEARLAHFAHEE 2 FH AN
BoORRERBTALET ARG ML B TRE BT EE
FAUEA S gz 8 T EA R E R G o AR E R R RET e
Fef ZH e SRR R E AT R R R
FeHAL RFVEP AR T L A%

34 2 &P I -LIpEREY ik DNA 55

AP %G 2 16SIDNA - & HHT L2 FEBIRE Y 415
e 4722 DNA > ARk iR E e 1 2 33 KRt 2 5icd 5 1 7
* PowerWater® DNA Isolation kit % 2 DNA » 2 {524 & * Nano drop i#|
T DNA Z kR % S0 0 B & %40

3 317k kAP DNA 52 5.4

Sample Quality Control
ik 55 R - : : i 1
HE Jh 46 4R QC # 3% | A260/A280 | A& (ng/nl) | Total Amount (pg)
Genomic Nano
1 | Water DNA 12 B 1.84 66.2 9.93
DMA drop
) Genommic Nano _
2| Water DNA L4 ) 1.77 0.9 10.63
DNA drop
) Genomic Nano
3| Water DNA /4 a 1.73 42.1 6.31
DNA drop

AL Y7 ratio BEEEE L 2

FE R B RAP TR A 2 3% DNA ¥
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3.5 ## Metagenome 4 47#7% 2 16S rDNA &

FHipm AR L > P gHH 3 3 &R 3 R840 4 1757 16S rDNA region %
V6 & V5-VOregion (% 3-2) » @ A3 E AR L RB E 0 Tl R
114 V1-V9 & & = i amplicon i& {7 metagenome 4 47 % ¥ iE I B & FE 2
LSk o BP 5 Rl 3-13

% 3-2 m A 3 kB FAp “7 4 7 40 16S rDNA region

Reference Samples F primer . primer 165 _regions
Sogin et al, 2006 [Deep sea 967F CARCGCGAAGARACCTTACC 1046R CGACAGCCATGCANCACCT v
R T e———
TP—
1046RFF CGACAACCATGCANCACCTE .
Huber et al, 2007 [Deep sea 967F-UC2 CAACGCGCAGARCCTTACC & 1 046RADL CGAC s L]
SG6TF-TC3 ATACGCGARGAACCTTACC &
S5TF-AQ CT AN TYACC 1046RA02 CGACGACCATGCANCACCT
1043arcR CGROGGOCATGCACCWC & .
.2 : TTFEANTCARC
Huber et al, 2007 Deep sea d5garcE: AA GCCGG 1 0482rcR CGRCR - L]
[Roesch et al, 2007 Soils T8TF GNTACCTTGTTACGACTT 14592R ATTAGATACCCHGGTAG VE-Vo
Andersson et al, 2008 Human gut T84F AGGATTAGATACCCTGGTA 1061R CRRCACGAGCTGACGAC VE-VE
Dowd et al, 2008a Cattel feces 530F GTGCCAGCMGCHGCGG 1100R GGGTTHCGNTCGTTG V4-V6
Huse et al, 2008 Human gut 338F ACTCCTACGGGAGGCAGCAG 533R TTACCGCGGCTGCTGGHCAC w3
Huse et al, 2008 IDeep sea vents 67E e TTACC 1046k G & Ve
e P & ATARCGCGA [AG] GAROCTTACC 1046R1 AGGTGNTGCATGGTTGTLG
McKenna et al, 2008 Macague gut Fd CTGCTGECCTYCCGTA B.337 AGAGTTTGATCCTGGCTCAG 2-v3
[Kim et al, 2008 Tidal sediments |[bact363F CAATGGREGVRASTCTGAHS Bacti31R: CTHYGTMTTACCGOGGITGE w3
Kim et al, 2008 Tidal sediments |Arch333F GGYGCASCAGGCGCEVANW Prchi23R THMOCGCGGCEGCTEVCASC v
Turnbaugh et al, 2008 Human gut 3F AGAGTTTGATCCTGGCTCAG 338R RTGCTGOCTCCOCGTAGGAGT 2
R T ——
TP—
1045RFPP CGACAACCATGCANCACCTE .
Turnbaugh et al, 2008  [Human gut 967F-TC2 CAACGCGCAGAACCTTACC & 1 046RADL CGAC 5 Ve
SG6TF-TC3 ATACGCGARGAACCTTACC &
S5TF-AQ CT GAN TYACC 1045RA02 CGACGACCATGCANCACCT
- S09F AAACTYAAARRAATTGACGG & .
1: -
Keijser et al, 2008 Mouth 917F cee 1061R TCACGRCACGAGCTGACGAC L]
Fierer et al, 2008 Human skin 27F AGAGTTTGATCCTGGCTCAG 338R CATGCTGCCTCCCGTAGGAGT v2-v3
F1l CAACGCGAAGAACCTTACC & .
“»,
IDethlefsen et al, 2008 Human gut P2 ATACGO TTACC R CGACARCCATGCASCACCT Ve
IDethlefsen et al, 2008 Human gut F ACTCCTACGGGAGGCAGCAG R TTACCGCGGCTGCTGGCAC V3
Spear et al, 2008 Human vagina 27F AGAGTTTGATCCTGGCTCAG 355R GCTGCCTCCCGTAGGAGT Vi-v3
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F519
Fo68
Fln
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= e ~ ~
2 2 2 =
x
Sanger
454 FLX and 454 FLX Titanium
—_— —
--m:--—.—---—m-‘ A —————————— - ——

B T

S

T e PYR s
—
T ————— el
1007t 165 DNA gene
e a—— E Varable region
—  Amplxcon
o w— Senger 3730x
-t 454X
............. S ST —— T o P 454 FLX Titanium
s Niuwmine 101 PE

W 3-11 ~3:*+ 3 :& {7 metagenome 4 +52. 16S rDNA region

& A4 A4 &7 metagenome 4 472 16S rDNAregion » # PCR

513 5 A paptgeT 4 3-3

% 3-316S rDNA region 2. PCR 313 % 3+

.
Z TR

Region | Primer Annealing temp | Amplicon size
27F  |AGAGTTTGATCMTGGCTCAG )

V1-V3 60C 508bp
534R  |ATTACCGCGGCTGCTGGC
519F |CAGCMGCCGCGGTAA

V4-V5 45C 408bp
926R  |CCGTCAATTYYTTTRAGTTT
968F |AACGCGGAAGAACCTTAC )

V6-V9 60C 524bp
1492R  |CGGTTACCTTGTTACGACTT

2

—_ e

ik Fital 3 2

™t A paeg DNA §]* PCR B & fsstigh £ i th % 16S

rDNA region i& {7 3t > 5 % | * 2% Agarose Gel :& 7 & A 4 47 » B & % 4
4o B 3-14 > H R Az kB KR8 ratio B30
B FFIr 2 LA REFHEI AT
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12 11 10 9 8 7 6 5 432 1 g;

03.
04.

05.
06.
07.
08.

09.
10.
1.
12.

3/4_(V4-V5)
1/4_(V4-V5)
1/2_(V4-V5)
Native Control_(V4-V5)

3/4_(V6-V9)
1/4_(V6-V9)
1/72_(V6-V9)
Native Control_(V6-V9)

3/4_(V1-V3)
1/4_(V1-V3)
1/2_(V1-V3)
Native Control_(V1-V3)

W) 3-122% Agarose Gel %~ 47 16S rDNA region

3.6 Metagenom16S rDNA 2 # F 4 5

3.6.1 R4s¥cdh TR

Sample name File name Number of reads Longest read (bp)

water-DNA1-2_S51_L001_R1_001.fastq 3,357,364
water-DNA1-2_S51_L001_R2_001.fastq 3,357,364

Water DNA 1\2

300
300

Quality distribution

Quality distribution
60 3
50 3
o -
S 403
W -
2 3p = —— 95%ile
water-DNA1-2_851_L001_R1_001.fastq % 3 —— 75%ile
a 20 Median
10 =3 — 25%ile
3 — 5%ile
0 T T T T I T T T T l T T T T
0 100 200 300
base position

Base-quality distribution along the base positions.
x: base position
y: median & percentiles of guality scores observed

at that base position

A 47t -1 {7 paired-end library Bl B #7TE bR E 0 &R P R &

IR ETE VRt S
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3.6.2 Metagenome F4p 4 17 % *

AT E SRR T PR T Tt 16STRNA T8 7447 » BH 51 hy B

1 MiSeq2*300bp i& 7R B » T E TF RAsBchpie T E A A 4T 0 T

et P FAR A T o BT RSB R fr e P S s dicdy & (merge) &
— iEE PF 7 (read) » BRI A ST AR (S 0 T LG R 7|

(effectlve reads) > f£ #-3z i § 3K 738 (7 £ B (cluster) > -5 7 4p 2 m&p’?ﬁ

- i OTU(OperationalTaxonomic Unit » 4 it 4 55 H =) » & % £ B-15E

# e OTU i& 7 A4 47 o (waterDNAL 3 2 42 7 % 2 & & > waterDNA2

SAPRT 2K A)

HE 5% 4o

V1-V3 region

OTU Taxonomy

BT 3 13,641 B OUT & 4 > &> 30 @ 3 F chphylum > 5> 436 i

genus > H ¢ x ¥ F & 1 715 i species » = H ¢ 283 & speciesunclassified -

T B Venn diagram &+ 2 #2457 0 {6 OUT 2 E#ic® £ 7 624 B -

Venn Diagram at distance 0.03

waterDNA1 waterDNA2
8762 624 4235

V4-V5 region
OTU Taxonomy
B %3P % 1 20,685 1 OTU » 46>+ 30 1 # Ik < phylum > ff>t 570 B
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genus > H ¥ x ¥ F 4 411,026 i species - 2 H # 357 speciesunclassified -
T B Venn diagram &1 4 42 v w8 OUT 2 & = 5 1667 B -

Venn Diagram at distance 0.03

watetDNA1 waterDNA2
12647 1667 6371

V6-V9 region

OTU Taxonomy

PR B R EE 41570 B OTU » 2> 29 I % e &9 phylum » FLT?%? 549 B
genus » H ¢ x ¥ % 4 11 963 1 species » & H ¢ 361 speciesunclassified e
™ B Venn diagram A1 4 45 v w2 OUT < #® £ 5 1165 B -

Venn Diagram at distance 0.03

waterDNA1 waterDNA?2
23329 1165 17076

A OTU Taxonomy 4 #7 {¢ ¥ 71| 41 V1-V3 ~ V4-V5 ~ V6-VOregion >t 24 34 ¥
misF AL TR RE R L AM FEIRT o
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V1-V3 region

taxon total waterDNAT waterDNA2
Sulfuncurwum_kujiense_DSM_16994_(T) 253 53 206
Paludibacter_propionicigenes_(T)__WB4 164 g 163
Dehalogenimonas_lykanthroporepellens_(T)  BL-DC-9 92 T8 18
uncultured_candidate_division_0D1_bactenum__DA18 86 83 5
Desulfatiferula_olefinivorans_(T)__LM2801 62 62 0
Geobacter_thiogenes_(T) 53 49 8
Anaeromyxobacter_dehalogenans_(T)_ 2CP-1__ ATCC_BAA-258 53 53 1
Victivallis_vadensis_(T)_ Cello 47 12 36
Desulfurivibrio_alkaliphilus_(T)__AHT2 45 45 1
Malikia_spinosa_(T)__|AM_14918 43 0 43
Geobacter_psychrophilus_(T)__ P35 40 39 4
Ignavibactenium_album_(T)_ Mat3-16 38 38 8
uncultured_candidate_division_SR1_bactenum__SRB30 38 0 38
Desulfovibrio_putealis_(T)__DSM_16056 7 5 36
Aquabacterium_parvum_(T)__B6 34 30 6
Anaerovorax_odorimutans_(T)__ NorPut 32 5 31
Desulforegula_conservatrix_(T) 31 30 4
Meniscus_glaucopis_(T)__ ATCC_29398 30 17 19
Dehalobacter_restrictus_(T)_ PER-K23 30 3 29
Opitutus_terrae_(T)_ PB90-1 29 27 4
Spirochaeta_caldaria_(T)__DSMZ7334 26 15 16
Smithella_propionica_(T)__LYP 25 25 1
Geothnx_fermentans_(T)__HS 23 23 2
Desulfarculus_baarsii_(T)__DSM_2075 22 20 3
uncultured_candidate_division_OD1_bactenum__BMS43 22 21 3
uncultured_Acidobactena_bacternum__ R3.0074 21 20 1
Levilinea_saccharolytica_(T)__KIBI-1 21 12 13
Pelobacter_acetylenicus_(T)_ WoAcy1_DSM2348 21 21 1
Dechloromonas_agitata_(T)_ CKB 20 19 2
Eubacterium_aggregans_(T)_ SR12__DSM_12183 18 0 18
uncultured_esubacterium_WCHB1-26 18 8 10
Hydrogenophaga_bisanensis_(T)__ K102 17 17 2
Saccharofermentans_acetigenes _(T)_ P& 17 L] 17
Dechloromonas_hortensis_(T)_ MA-1 16 1 16

Taxon % Fjf & # > waterDNAL % 2 $ 45 ¥ = 2 [74p > waterDNA2 3 2 4=
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V4-V/5region

taxon
Dehalogenimonas_lykanthroporepellens_(T)_ BL-DC-9
Sulfuricunaum_kujiense_DSM_16994_(T)
Paludibacter_propionicigenes_(T)_ WB4
Malikia_spinosa_(T)__IAM_14918
Ignavibacterium_album_(T)_ Mat9-16
uncultured_candidate_division_OD1_bactenum__SRC17
Dechloromonas_denitrificans_(T)__ type_strain:_ED1
Desulforegula_conservatrix_(T)
Desulfuromonas_michiganensis_(T)_ BB1
Georgfuchsia_toluolica_(T)__G5G6
Eubacterium_aggregans_(T)__SR12__ DSM_12183
Blastopirellula_marina_(T)__IFAM_1313
Agquabacterium_parvum_(T)__B6
uncultured_seil_bacterium_PBS-II-27
Geothnx_fermentans_(T)__H5
Desulfovibrio_putealis_(T) __DSM_16056
Opitutus_terrae_(T)_ PB90-1
Saccharofermentans_acetigenes_(T)__P§
Desulfatiferula_olefinivorans_(T)__ LM2801
Anaerovorax_odorimutans_(T)__NorPut
Dehalobacter_restrictus_(T)_ PER-K23
Longilinea_arvoryzae_(T)_ KOME-1
uncultured_eubacterium_WCHB141_(T)
Papillibacter_cinnamivorans_(T)__CIN1__DSM12816
Syntrophorhabdus_aromaticivorans_(T)__Ul
uncultured_eubacterium_WCHA1-33_(T)
Sporobacter_termitidis_(T)__SYR
Anaeromyxobacter_dehalegenans_(T)_ 2CP-1__ ATCC_BAA-258
Proteiniclasticum_ruminis_(T)_ D3RC-2
Nitrospira_moscoviensis_(T)
Bdellovibrio_bacteriovorus_(T)__HD_100,_DSM_50701
Spirochaeta_caldaria_(T)__DSMZT7334
Desulfotomaculum_acetoxidans_(T) __DSM_771

Syntrophomeonas_zehnden_(T)_ OL-4

37

total

212

114

93

83

55

4

7

7

35

32

3

27

27

27

26

25

25

25

23

22

22

20

20

20

16

16

16

waterDNA

186

21

9

10

54

38

12

36

35

32

1

25

22

26

23

23

waterDNAZ

37

97

90

T4

1

5

27

24

23

22

22

= 2 4P waterDNA2 % 2 4
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V6-V9region
taxon total waterDNA1 waterDNA2
Sulfuncurvum_kujiense_DSM_16994_(T) 635 326 317
Desulfatiferula_oclefinivorans_(T)__LM2801 h78 577 2
Sporomusa_malonica_(T)__DSM_5090_Type 289 9 282
Pelobacter_propionicus_(T)__DSM_2379 253 253 1
Desulforegula_conservatrix_(T) 239 230 12
Desulfovibrio_putealis_(T)_ DSM_16056 231 2 231
Victivallis_vadensis_(T)__Cello 217 26 198
Geobacter_thiogenes_(T) 203 143 62
uncultured_subacterium_WCHA1-80_(T) 194 1 194
Geothrix_fermentans_(T)__H5 175 174 3
Dehalogenimonas_lykanthroporepellens_(T)__BL-DC-9 171 169 4
Ignavibacterium_album_(T)__Mat9-16 166 153 26
Anaeromyxobacter_dehalogenans_(T)_ 2CP-1__ ATCC_BAA-258 163 163 2
Trichococcus_patagoniensis_(T)_ PMagG1 135 5 131
Opitutus_terrae_(T)__PB90-1 134 79 62
Eubacterium_barkeri_(T) 114 0 114
Clostndium_magnum_(T)__DSM_2767 101 8 94
Dehalobacter_restrictus_(T)_ PER-K23 95 4 95
Desulfuromonas_michiganensis_(T)_ BB1 92 92 2
Proteiniclasticum_ruminis_(T)_D3RC-2 92 10 85
uncultured_eubactenum_WCHB1-41_(T) 84 83 3
Dechloromonas_denitrificans_(T)__type_strain:_ED1 70 56 15
Desulfovibrio_psychrotolerans_(T)__ type_strain:_PWC_=_JS1 69 35 35
Oxobacter_pfennigi_(T)__DSM_3222 67 18 55
uncultured_soil_bacterium_PBS-III-9 62 12 54
Geobacter_pelophilus_(T)__Dfr2 a7 57 1
Acetobacterium_paludosum_(T)__DSM_8237 56 0 b6
Desulfetomaculum_acetoxidans_(T)__DSM_T771 56 51 17
Desulfomonile_limimaris_(T) 50 50 2
Malikia_granosa_(T)__type_strain:._P1 46 46 0
Geobacter_argillaceus_(T)__ G12 46 46 0
Desulfarculus_baarsii_(T)__DSM_2075 39 36 6
Sedimentibacter_saalensis_(T)_ 7ZF2 39 2 39
Desulfosporosinus_auripigmenti_(T)__ type_strain:_DSMZ_13351 39 30 12

Taxon = A& &4 > waterDNAL Z 2 42 5 = 2 ;)48 > waterDNA2 % 2 4

\%\}
[y
(\s
3
NS
i)
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¥l &3+ 3% 1 * metagenome

oA v —

B 7

A S B T

= ) ) N2 P 2-99 £4] 99 2 , 4 NS PN
B TR R S P AP RREPOE B FE SR AT
Yool M, s R s Yo A S s sk =
= APy w2 At o waterDNA2 & 2 540 7 18 2 F4p
V1-V3region
100%
Others
Victivallis
90%
Treponema
Sulfuricurvum
80% - SR1_genus_incertae_sedis
Spirochaeta
70% - ™ Pseudomonas
= Pelobacter
60% |  Parabacteroides
m Paludibacter
W OD1_genus_incertae_sedis
50% L
m Malikia
W Hydrogenophaga
40% - u Geothrix
® Geobacter
30% W Desulfurivibrio
B Desulforegula
20% | W Desulfatiferula
M Dehalogenimonas
H Dechloromonas
10% - .
v W Aquabacterium
B Anaeromyxobacter
0% - o Acidovorax
waterDNA1 waterDNA2
V4-V5region
100% -
Others
Victivallis
90% -
Treponema
Sulfuricurvum
80% - SR1_genus_incertae_sedis
Spirochaeta
70% - ™ Pseudomonas
m Pelobacter
60% -  Parabacteroides
W Paludibacter
W OD1_genus_incertae_sedis
50% .
m Malikia
W Hydrogenophaga
40% - B Geothrix
® Geobacter
30% - m Desulfurivibrio
M Desulforegula
20% - W Desulfatiferula
B Dehalogenimonas
B Dechloromonas
10% m Aquabacterium
W Anaeromyxobacter
0% M Acidovorax
waterDNA1 waterDNA2
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V6-V9region

100% -+

Others
Veillonellaceae
90% -
Syntrophaceae
Synergistaceae
50% | Spir.ochaetaceae
Sphingomonadaceae
Ruminococcaceae
0% Rhodocyclaceae
Rhodobacteraceae
Pseudomonadaceae

60% - Porphyromonadaceae

u Peptococcaceae_1
mODI1_family_incertae_sedis
50% - Ignavibacteriaceae

¥ Holophagaceae

u Helicobacteraceae

40% - u Geobacteraceae

u Eubacteriaceae

® Desulfuromonadaceae

30% - = Desulfovibrionaceae
H Desulfobulbaceae

o Desulfobacteraceae
20% - ¥ Dehalococcoidetes_family_incertae_sedis
u Cystobacteraceae

® Comamonadaceae

® Clostridiaceae_1

® Burkholderiales_incertae_sedis

10% -

¥ Anaerolineaceae
|

0% -

waterDNA1 waterDNA2

W 3-13 2 474 = % (4 Fap i) £ %1

M2 e A 4T 0 d b g % B AP RAR T W F 4R (waterDNAT)
24 P4 T 15 40 (WaterDNAZ) f 7 FL 7 enk Bt (7 g 0 3 A $HIRB P 2
ﬁ;}piﬁﬁ/)ﬁﬂi’ ¢ * 16SrDNA ¢ cRs % B> # & i * 16SrDNA > & »
Flpt A E R RERR AL 17 AP #-16SIDNA % 4 5 V1-V3: V4-
V5 2 V6-V9 = BE4Ff kB ¥ et 2. 16SIDNA > £ o @ figdt v 2
oo w ¥ VI-V3 > V4A-V5 2 V6-V9 Rl a It A F AT 84 54
fo ATkt b B B I E A
V1-V3:0D1familyincertaesedis (24%) vsHelicobacteraceae (17%),
V4-V5:Rhodocyclaceae (11%) vs Burkholderiales_incertae_sedi (14%),
V6-V9: Desulfuromonadaceae vs Ruminococcaceae (10 %)
AL AT LB RES AR REE L A Ao R A BT
AL 33 3 VI-V3 0 VA-V5 2 V6-VO % P B BlE B kA B 5 V-
V3: Sulfuricurvum_kujienseDSM16994 (17%)
V4-V/5: Paludibacter_propionicigenesWB4 (9%)
V6-V9: SulfuricurvumkujienseDSM16994 (7%)
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3.7 # 8 Metagenome & {7#7%F 2 # ik LA FIE

371H N BATE LT HRR

2 Qubit # Bl A

2 nanodrop # ] DNA & & pF > $H4% ~ 5 F & £ O.D A260/A280 & F %
181 » PR APIESEHEE Ro

B~ 1ul 2 1.2% Agarose gel i& = 7 & 2 Agilent DNA 1000 Assay # ip|] libirary
Bam o B £ A RE

o 57 R A260/A280 % (ng/ul) Total Amount (ug) H

Water DNA 1/2 gDNA 1.84 66.2 9.93

3/4 1/2 1/4

1 I

% 3 kb

water DNA 1/2 whole genome

-
FU 3 &
[FUl o 5
100 ' ' -
504 / \l
: F LR
L I 1 LI —
15 100 200 300 400 1500[bp]
Overall Results for sample 7 : water DNA 1/2 whole genome
MNumber of peaks found: 1
Peak table for sample 7 : water DNA 1/2 whole genome
Peak Size Conc. Molarity Observatio
[bp] [ng/pl]l [nmol/I1] ns
1 ‘ 15 420 4242 Lower Marker
2 631 1347 306
3 } 1,500 210 21 Upper Marker

W 3-14 # i L A P A SR RS
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3.8Metagenom # it A FITEFIA T4 F FTRA

3.8.1 R dnBcdy & TR Rl

File name Number of reads Longestread (bp) Raw data throughput (bp)
WaterDNA1-2-whole-genome_S60_L001_R1_001 7,560,881 301 2,275,825,181
WaterDNA1-2-whole-genome_S60_L001_R2_001. 7,560,881 301 2,275,825,181

T [ 2 & 3% #45 LALCLC Genomics Workbench 7.0k 42 i 47 & F s @ - #7 » *] Rreadsf—1a@
base#yQV 1A - R13% #1454 % 250~260 base » £ F34QV4E 5 730 » R2s% 345 4 % 200~220
basez fil » # F3HQVIE 730 > Bk > HEFLREF BEABE R > BEETF78 > £
#T%EQV =30 (Brsgsn & F 185 1/1000) -

Quality distribution

(S -]

WaterDNA1-2-whole-genome_S60
_L001_R1_001.fastq

N

*’_“_LAA,,\ —— 95%ile
75%ile
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3.8.2 Trim

& * CLC Genomics Workbench 7.0 i {7 &~ 47 > d 3>yt X T K & H A% 2
o F AT 2 Sk 28 ¥ (Trim) QV 4 30 ~ 3 ambiguous 12 2 ¥ i %
Fenadaptor R F] o b DR FE ATk 2 B o 3 “/f R
£ B 43t 64bp ehread » 2 T {8 7% F e trimmedreads - % § 15,121,762 if
reads > T35E& & 5 176.4bp -
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3.8.3 Merge
B 713 5§

sk 7 7 £

3.9MEGAN Analysis 2 $
357,852 i

LCA » 47
¥t 7| cellular organisms

long read

Merged reads + 7
e

» f #-p¢ merged reads
Workbench 7.0 i& {7

Archaea it &8 0

7Y D
H o EE#RE read

+
T~

-

m

2.2% -

reads

L ¥4 7] Bacteria =

=

$-H P i

o

1E 7 is

24
BLastX 4 #71& >
LCA_Taxonomy profiling table #7-r > 71.4% reads *

rreads ik B R 4 reads 1

BT

-~

= 4

paired reads
* 2 #4% Roche 454 long read T - #73E {%
#3478 % CLC Genomics

> 45 0 % % fE ¥ 357,852 mergedreads °

5:(:

# 3-4 LCA_Taxonomy profiling table

merge 4 17

MEGANS :i& 7

166.4%:>

Kimglom

Bacteria

Arnchsea

Percentsge Phylumn.

664%

22%

Actinobacteria

Bacteroidetes

Lentisphaerae
Vermeomicrobia
Chloroflexi <phyhum>
Cyanobacteria
environmental samples

Acidobacteria
Firmicutes

Planctomycetes
Proteobacteria

Spirochaetes

Synergistetes

Thermotogae <phylums

unclassified Bacteria

Euryarchasots

Percentage Class Percentage Order Percentage Family
06%  Actinobacteridas 05% 05%
Coriobacteridse 0.1% Corioh ! 0.1% Corioh
21% Bacteroidia 09% Bacterodales 09% Bacteroideceas
Porphyromonadacese
Cytophagia 02% Cyophagales 02%
Flavobacteria. 02%  Flavobacteriales 02%  Flavobacteriacess
Sphingobacteriia 0.1% Sphingobactenales  0.1%
0.1% Lentisphoenia 01% L hagrak 01% L
06%  Opitutas 04%  Opittales 0.3%  Opitutaceas
Vermeomicrobiae 0.1% Vercomicrobisles  0.1%  Verrucomicrobia subdivisio
12%  Ansemolinese 03%  Anserolineales 03%  Anserolineacess
Daha]nl:nccmdm 06% Dehalococcosdales 06% Dehalococcouacess
02%  Oseillatori 0.1%  Osillatorial 0.1%
28%  uncultured bacternum 27%
01%
12.1% Bacilh 07%  Bacillales 05%  Bacillacese
Paenibacillacess
Lactobacillales 01%
Clostrdia 64%  Clostridiales 58% Clostridiacese
Eubacteriacese
Lachnospiracess
Oscillospiracese
Peptococcacess
Rumninococcacese
Thermoanserobacter  0.1%
environmentsl ssmples <c.  0.3%
Negativicutes 04% ) dal 04%  Veillonell
03%  Planclomycetia 03% Planctomycetsles 0.3%  Panctomycetaceas
24.2%  Alphaprotechacteria 09%  Rhizobiales 02%
Rhodospirillales 02% Rhodospirillaceas
Sphingo 3l 01%  Sphi i
Betaproteobacteria 76% Bukholderisles 5.1%  Alceligenacese
Burkholeriacese
Comamonadaceas
Oxalobacteracese
Burkholderiales Genera inc
Rhodocyclales 04% Rhodocyclacess
Deltsproteobacteria. 30% Desulfobacterales 04%  Desulfobacterscese
Desulfobulbacese
Desulfovib l 09%  Desulfovib
Desul onadales  12% b
Myxococcales 01%  Cystobacteriness
Eps:lan:pxubahnchm 1.7%  Campylobecterales 16%  Helicobacteraceas
Garmapr T4% Al dalk 0.1%
Chyomatiales 0.1%
Entsrob 0 01% Enterob
Posud dal 64%  Morsell
Pseudomonadacese
Vibrionales 0.1%  Vibrionaceas
28%  Spirochaetia 28% 5 haetal 28% h
06%  Synergistia 05% Synergistales 05%  Swynergistacess
01%  Thermotogee 01% Th ! 01% Th
10% Candidstus Ssccharibacter 06%  candidate divison T, 0.1%
Candidatus Sacchari 04%  Cendidatus Saccharimonas
Closcimonetes 0.1% unclassified Cloacim  0.1%
Parcubacteria 0.1%
19%  Methanomicrobia 14% Methanomdcobisles  03%  Methanoregulacese
Methanosarcinales 07%  Methanosarcinacese
unclassified Methanc 04%

Percentage Genus

01%
0.1%
0.1%
0.3%

02%
0.1%
0.1%
03%

0.1%
03%
06%

01%
0.3%

24%

02%

02%
01%
04%

05%

0.3%
0.2%

01%
0.1%
0.1%
04%

17%

02%
0.3%
04%
0.1%
02%
07%
11%
01%
15%

01%
0.1%
6.2%

0.1%

27%

05%

01%

04%

02%
06%

Streptomycetacese
Coriobacteriacese
Bacteroides
Paludibacter

Imtechella

Lentisphaera

Opitutus

e lassified Opitutacess
Pedosphaern
Anserolinea
Dehalococcoides

Bacillus
Paenibacillus

Alkaliphalus
Clostrid om

Acetobacteriun
Eubacterium

wnclassified Lachnospirac

Oscallibacter
Dehalobacter
Desulfosporosinus
Faecalibacteriom

Burkholderia
Ralstonia
Acuovorax
Comamonas
Delftia
Janthinobacteriun
Leptothrix
Thanera

Desulfobulbus
Desulfovibrio
Geobacter

Sulfuricurvum

Acinetobacter
Pseudomonas

Vibrio
Spheerochaets
Spirochaeta
Treponema
Symergistes

Methanoregula
Methanosarcina
Methanomassiliicoceus

Percentsge Species

01%
0.1%
0.1%
0.1%

01%
0.1%
0.1%
0.1%
02%
0.1%
03%
06%

01%
02%

0.1%
21%

0.1%
0.1%
0.1%
01%
0.1%
0.1%
03%

0.1%
0.1%
03%
04%
0.1%
0.1%
0.1%
01%

02%
07%
10%

0.1%
62%

0.1%
02%
02%
12%
02%

02%
05%
04%

Streplomyces

Paludibacter propionicigenes
Imtechells halotolerans

Lentisphaera araneosa.
Opitutus terrae

Pedospheera parvula

Anserolinea thermophila
Dehalococcoides mecartyi

Alkakiphilus oremland s
Clostrdiwm sp. CAG 1024
Clostrdium sp. CAG 226
Acetobacterium woodit

Faecalibacterium sp. CAG 74

Ralstonia pickethi

Comamonas testosteroni

Leptothrix cholodrdi

Desulfobulbus propiomicus
Desulfovibrio magnsticus
Geabacter lovleyi

uncultured Sulfuricurvum sp. RIFRC

Pseudomonas seruginosa
Pseudomonas fluorescens

Sphserochseta pleomorpha

Treponema calderia
Synergistes sp. 3_1_synl

Methannre guls formicica
Methanosarcina mazei
Candidatus Methanomassiliicocens ©

Percentag
@

01%

0%
01%
01%
01%
01%
01%

03%
06%

01%
08%

01%

03%

01%
04%

01%

02%
0l%
07%

02%

02%
02%

01%

02%
02%

01%
04%
0l%
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Taxonomy profiling bar chart_Phylum level » ¥ 2 2 & FHfE />
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Proteobacteria
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Candidatus Saccharibacteria

||
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_ Synergistetes

- Spirochaetes

Proteobacteria
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Acidobacteria
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Methanomassilicoccus luminyensis
Candidatus Methanomassilicoccus intestinalis
Methanosarcina mazei
Methanoregula formicica
Parcubacteria

unclassified Cloacimonetes
Candidatus Saccharimonas aalborgensis
candidate division TM7 genomosp. GTL1
Thermotogaceae

Synergistes sp. 3 1 syn1
Treponema caldaria
Spirochaeta

Sphaerochaeta pleomorpha
Vibrio

Pseudomonas fluorescens
Pseudomonas aeruginosa
Acinetobacter
Enterobacteriaceae
Chromatiales
Alteromonadales
Sulfuricurvum kujiense
uncultured Sulfuricurvum sp. RIFRC-1
Cystobacterineae

Geaobacter lovleyi
Desulfovibrio magneticus
Desulfobulbus propionicus
Desulfobacteraceae

Thauera

Leptothrix cholodnii
Janthinobacterium

Delftia

Comamonas testosteroni
Acidovorax

Ralstonia pickettii
Burkhalderia

Alcaligenaceae
Sphingomonadaceae
Rhodospirillaceae
Rhizobiales
Flanctomycetaceae
Veillonellaceae
emvironmental samples <clostridial firmicutes=
Thermoanaerobacterales
Faecalibacterium sp. CAG:74
Desulfosporosinus
Dehalobacter

Oscillibacter

unclassified Lachnospiraceae
Eubacterium

Acetobacterium woodii
Clostridium sp. CAG:226
Clostridium sp. CAG:1024
Alkaliphilus oremlandii
Lactobacilales

Paenibacillus

Bacillus

Acidobacteria

uncultured bacterium
Oscillatoriales
Dehalococcoides mecartyi
Anaeralinea thermophila
FPedosphaera parvula
unclassified Opitutaceae
Opitutus terrae

Lentisphaera araneosa
Sphingobacteriales
Imtechella halotolerans
Cytophagales

Paludibacter propionicigenes
Bacteroides
Caoriobacteriaceae
Streptomyces

P FIHR A 5B R

b

¥ 3-15-2 # &

Taxa
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3.11KEGG # # Fi 4

Merged reads + 3 357,852 i » i& {7 BLastX # 475 » % MEGANS i& {7
KEGG 4 #7 > % % 4r™ % KEGGreport #r7+ » w 10 ¥ % 3L & & F = pathway
% B % Purine metabolism ~ Pyrimidine metabolism -~ Nitrogen metabolism -~

Methane metabolism

+ Pyruvate metabolism

~ Glycolysis / Gluconeogenesis ~

Oxidative phosphorylation ~ Amino sugar and nucleotide sugar metabolism ~
Carbon fixation pathways in prokaryotes -~ Alanine, aspartate and glutamate

metabolism -
# 3-5KEGG i #fig j S8 £
Read
Pathway number
KEGG Metabolism Nucleotide Metabolism Purine metabolism 7368
KEGG Metabolism Nucleotide Metabolism Pyrimidine metabolism 7226
KEGG Metabolism Energy Metabolism Nitrogen metabolism 3741
KEGG Metabolism Energy Metabolism Methane metabolism 3626
KEGG Metabolism Carbohydrate Metabolism Pyruvate metabolism 3455
KEGG Metabolism Carbohydrate Metabolism Glycolysis / Gluconeogenesis 3164
KEGG Metabolism Energy Metabolism Oxidative phosphorylation 3159
KEGG Metabolism Carbohydrate Metabolism Amino sugar and nucleotide sugar metabolism 3129
KEGG Metabolism Energy Metabolism Carbon fixation pathways in prokaryotes 3097
KEGG Metabolism Amino Acid Metabolism Alanine, aspartate and glutamate metabolism 2983
KEGG Metabolism Amino Acid Metabolism Arginine and proline metabolism 2918
KEGG Metabolism Amino Acid Metabolism Glycine, serine and threonine metabolism 2656
KEGG Metabolism Carbohydrate Metabolism Citrate cycle (TCA cycle) 2231
KEGG Metabolism Carbohydrate Metaholism Butanoate metabolism 2220
KEGG Metabolism Carbohydrate Metabolism Glyoxylate and dicarboxylate metabolism 2128
KEGG Metabolism Amino Acid Metabolism Cysteine and methionine metabolism 2068
KEGG Metabolism Carbohydrate Metabolism Propanoate metabolism 2035
KEGG Metabolism Glycan Biosynthesis and Metabolism Peptidoglycan biosynthesis 1975
KEGG Metabolism Carbohydrate Metabolism Starch and sucrose metabolism 1953
KEGG Metabolism Carbohydrate Metaholism Pentose phosphate pathway 1921
KEGG Metabolism Carbohydrate Metabolism Fructose and mannose metabolism 1811
KEGG Metabolism Metabolism of Cofactors and Vitamins One carbon pool by folate 1597
KEGG Metabolism Energy Metabolism Carbon fixation in photosynthetic organisms 1418
KEGG Metabolism Amino Acid Metabolism Lysine biosynthesis 1415
KEGG Metabolism Amino Acid Metabolism Phenylalanine, tyrosine and tryptophan biosynthesis 1400
KEGG Metabolism Metabolism of Cofactors and Vitamins Porphyrin and chlorophyll metabolism 1313
KEGG Metabolism Lipid Metaholism Fatty acid metabolism 1267
KEGG Metabolism Amino Acid Metabolism Valine, leucine and isoleucine degradation 1232
KEGG Metabolism Carbohydrate Metabolism Galactose metabolism 1206
KEGG Metabolism Amino Acid Metabolism Valine, leucine and isoleucine biosynthesis 1204
KEGG Metabolism Carbohydrate Metabolism Pentose and glucuronate interconversions 1125
KEGG Metabolism Metabolism of Cofactors and Vitamins Pantothenate and CoA biosynthesis 1052
KEGG Metabolism Metabolism of Terpenoids and Polyketides Terpenoid backbone biosynthesis 1013
KEGG Metabolism Amino Acid Metabolism Histidine metabolism 1001
KEGG Metabolism Amino Acid Metabolism Tyrosine metabolism 981
KEGG Metabolism Metabolism of Other Amino Acids Selenocompound metabolism 976
KEGG Metabolism Lipid Metabolism Fatty acid biosynthesis 941
KEGG Metabolism Amino Acid Metabolism Phenylalanine metabolism 899
KEGG Metabolism Lipid Metabolism Glycerophospholipid metabolism 888
KEGG Metabolism Metabolism of Cofactors and Vitamins Nicotinate and nicotinamide metabolism 877
KEGG Metabolism Xenochiotics Biodegradation and Metaholism Benzoate degradation 806
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KEGG 4 45 ¢ x ¥ A » #3 MRF 2 $ % 20 pathway » % 7] &7

% 3-6KEGG k¥ i 3#hig T s s £

Xenobiotic degradation pathways numbers of reads

Benzoate degradation 806
Drug metabolism - other enzymes 647
Chloroalkane and chloroalkene degradation 631
Aminobenzoate degradation 520
Nitrotoluene degradation 506
Toluene degradation 342
Naphthalene degradation 315
Bisphenol degradation 248
Polycyclic aromatic hydrocarbon degradation 239
Xylene degradation 187
Drug metabolism - cytochrome P450 181
Metabolism of xenobiotics by cytochrome P450 171
Dioxin degradation 167
Caprolactam degradation 165
Atrazine degradation 146
Chlorocyclohexane and chlorobenzene degradation 140
Ethylbenzene degradation 124
Styrene degradation 120
Fluorobenzoate degradation 113
Steroid degradation 32
Trichloro-2,2-bis(4-chlorophenyl)ethane (DDT) 9
degradation

d Q% T F IR e RE B4R e 21 1 pathways 7 B > H P x § 3 B

4

pathways feik¥ R h i & 7 B > » %4

Chloroalkane and chloroalkene degradation

Chlorocyclohexane and chlorobenzene degradation
Trichloro-2,2-bis(4-chlorophenyl)ethane (DDT) degradation

H

RIS T Bl 3-15 ~ Bl 3-16 ~ B 3-17
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I y-HEXACHLOROCYCLOHEXANE DEGRADATION |

e | 24 Trillorsbemzzan 3,46 Trichlooestechol

Ligee o o—_—»o—|_|—> T »-0—{13.1.10 O TIBIIT]#-G 2.3, 5- Trichloro-cis,cis- nuwonste
Pentarhloro- 3.4.8- Tm:hlum ClS 1,2-dibsredroz:;
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C— spontaneous 1,4 Dichlorobenzene
2,5-Dicklorophenol 2,4.5-Trichloro- O g igmhlimh%earbuxyrmmﬁem
t-2-en-4-0l

2 5’eyelohexadiene-1-0l
31145

3-Chloro-cis- 1, 2-dibodlrox:
Chlorobenzens (11413 yciohexac3,S-diene oy
23 T
2,4 Dichlorhenznats degradation il Haphthal 13119 & 2.5-Dihloro-c-oxobex-
v anthracens d.egradahon l Tenedinate
1 1

\
|

Paraﬂuon Avinoparathion vl 3.Chlorocatechal O
oS

o]
pAndogal A
[Lt4141] 2,5-Dichlore- & 1 4 Dichloroby Lzt
- - 4-Dichlorobenzene X -3
[121] O 2-Chlnro-cis,cis-rnconats )
€ Paraoxon 1_4Z| 4 Succinate
T e b
phosphoric acid i
O Chlorhydro e Chloroaretate
0] gunone 0 HE-
[ziz1] S b
oDl 3312|3813
ophﬂsﬁum arid 30145
cis, trans-Hydo, iyde
31341 L ¥ nonces s ZI) Glyeolste
o— 18l —=0 11413- i—{léjé |—>q>—| LinE }—»o—|12161|—>?1v[aleyl.acem I
4 Hitophenyl- . yrdroguinone
Sioptens’ [BTS)  HMiopacl p-Benzoquincre | ;
ll- Gl
I d.\c%?bg)lfyiahe retsholisrn
T TGO Resorcinl
2-Hyelroxy-| A henmoquinone | 1637 (L1157} I
[THEs—»o—[—»o—————— ~+{_ Boramie dograation via hykrozyaton |

4-Nm'ocahechc1 1.2, 4-Bem:enemol

00361 92210
i) Kanehisa Laboratories

® 3-16Chloroalkane and chloroalkene degradation

TETRACHLOROETHENE DEGRADATION

Aeetwlens
O

Aeetaldehyre |
Trichloroethens W inyl chloride Ettodene oxide
o—{1o7.1 8} w107 15 wO—{1971. - wO—[1971. —wO—|14Emwo—III#»0——— | Dy
Tetrachloroethene trans-1,2-Dickloroethens Ethylene Aeetyd-Cols

cis-1,2-Dichloroethene Cl)Ethylene glyeol
|
i
Glynxylate and dicarboxsdate
R

00625 &80
(c) Kanehisa Laboratories

® 3-17Chlorocyclohexane and chlorobenzene degradation
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1,1,1-TRICHLORO-2,2-BI5-(4'-CHLOROPHENYL)E THAME {DDT) DEGEADATION

DDNIS

DD

DDHO

1.1-Dichloro-2- (dJ.hyd.mxy
cis-2,3-Dihydrodiol- DDT O O 4_chlorophenyd)-2
cl'uloropl*mnjd)eﬂiy]em DDOH

2- 4' Cl’dnrophenyl)
é Cﬁol;gdm hloropropenoate

nyy)- o mF——— == -
g T
I

Tyrosine metaholisr

4 Chlorohernmoate (F
|
|
|

(2,4—Dic}ﬂnrobermahe dsgradatinn)

00351 7720010
{c) Kanehisa Laboratories

W] 3-18 Trichloro-2,2-bis(4-chlorophenyl)ethane (DDT) degradation
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Srd o HbneRET

7 Dehalogemmonas spp-.
( Mycobacterium spp. :.
. Nocardioides spp. ./

-

7 \

PCE — TCE — cDCE — VC — ethene

X —
-
.

P Desu{fowbno spp\ P
[ Desulfuomonas spp. - /" Dehalococcoides mecartyi\,
| Dechloromonas spp. ) l| Methyltrophs spp. )
\_ Geobacter spp.  / \ Pseudomonas spp. /
. Dehalobacter spp.~ S

——— _—

Bla-l et bes bl g3 By ejrlay iz &4

A prdea ek e %fsa\;‘?ﬁ R A SR £ e cnBl g2 1E (Shah
etal., 2013) > d »tft e o A1 FitaufAre F LT LG ST ANk
4 $o s A enidk % (Desai et al., 2009) vm E R E - A P E R AT
N HEE B R RRBA AP KA 0 FmAEE TR AIHE
T3 P REEE 0 == 2 47 12 4R (Shah, 2011; Shah, 2012) » ]t 7 f2pc 2 4
PR RSBTSRBTS RS T f - B RP

(xenobiotics) s 4 f%:i5 4 4 (recalcitrant pollutants) (Ramos et al., 2011) -
7| enfE

~3-F 1% Metagenome Hiis> Ak 7 & F W L2 F a7 -
o1 ARE AT RS AR T A R E S A B AT o dow -
a0k Bor 0 AP AT- (o Metagenome A 5 B T B d-nk o 4R A
150 3] 7 AZiE 600 fA e b e A q‘% ERUES 35 gl & </ SRR R L
#ADGGE #titpr 7 I L ERH R NTRAE Y P kA A 'r%;m,
i B ERIRS ]?]#Eﬂ’%ﬂ’“ ¢ o % 5 R f* FtkA L 16SIDNA H
- BERED WA TR IEM 0 A3 F R 16S IDNA ¢ VI1-V3, V4-V5, fr

VB-VO i 2 & M eha 47 0 ipfk hs 452 50 T‘uﬁ MIRE Y MR R IOEF
49
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B # ehgre )k (Kotik et al., 2013) » &8 @& * @52 03 AR 2
Ao R FTE A L ER A A Bl A PR AT 0 B R RS
APFRATFE ST R RS S & G AP Ak FIRAPL 2% 5 DNA

AT EHGEAF DS T B FA P E T Poafddgs v oI
AL TR BT A AT R AP T U fRRE Y e P A EpTRR A
Frernffed o A ERTE P g NG FRE D E PG - R Rk U
FIpb oo L7 fE i A 4»,,&-; R AN E S - R o R -\m,(:zr (Shah
etal., 2013) -

LR AFE T RS F AR ERORKR AP R
Anaeromyxobacter, Desulfuomonas {= Desulfovibrio %+ 31t ? » /7 F & &
ernd ¢ > Desulfuomonas % TCE %% 27 4 /?ﬁ BRWME hEd > Fu A
® & o TR R - & ¢ Y enig Az (Davidetal, 2014) > Dechloromonas spp. €_-
HWRE o ik iR R F(Wolterink et al., 2005)F 17 -7 5 § 5 #87= 4 4 "%

A

fao BA PR g ¢ AP R RO RILEE AR B B FERe R
AT RFIEE T A R 0 B R ETIEhER AR o

Geothrix fermentans = Sulfuricurvum kujiense sc 53 &2 7 Fifik 8 H%R 5
T #-TCE "% fZ(Tsaietal,, 2014) » @ &3 PR~ 2 4R T duBAR? AP

B3] o e pESV L @ R3] Dehalobacter restrictus PERK23 H 5 R {r % & 3
W= 44 % j25 B (Kruse et al., 2013).

Dehalogenimonas spp. B k&% 3 7L FHBE T R AT MER
§§@W%m@ﬁ’ﬁ¢%ﬁ%mi%ibT$4#ﬁ ;@gr
(Maness et al., 2012) » @ 2P F= 78 I A 03 8 i oA P& ) 3
k7 ¥ 3 4v > Dehalogenimonas lykanthroporepellens » 3 % ﬂ\ %s_ifr
Dehalogenimonas lykanthroporepellens ¥ &2 #-w & 2 %55 j2 3 & ¢ % - it
EH#-7 L ’fﬁ e T ’ﬁ (Maness et al., 2012) » % i ;:rs Frig Dehalococcoides #_
Fodaile oM A A LCA R HEE Y hr ATk
R 6 éf 7. Dehalococcoides mecartyi 7% # 0 & £ 3 4] * 16SrDNA i&
TR I AFRI P AR Ao B 16SIDNA ~ 475 ¢ F48
H - fAG rxen™ E 0 ARa g s 17 4 T 7 i & 4 15 Dehalococcoides(Kotik
et al.,, 2013) o pt*b 3 = /;;Jca‘p Dehalococcoides &_{x#g 4] * 16S rDNA ¥ %
41 % e(Holmes et aI., 2006; Tas et al., 2010) °

Vq,

(o

A

g
ok
oM P

%

o
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¥ jkdg IV ié 3 £ R3] Dehalococcoides i 7 > it & 427 » 7 -

TEFEF o RE ERT R LD Y RHTF e blder o GrEfRE e
sk A ¥ 25 d  Methyltrophs 4= methane monooxygenase 7% ¥ = =
(Kotik et al., 013) P RE o BN Bk EAE T A PR
Wied 7 8 AT % g ie ek F methyltrophs & ak @ B S & e SR
¥ ¢bs 5 # % 4p 1 Pseudomonas, Mycobacterium {= Nocardioides(Mattes et al.,
2010)ig & FIBAET M g § PIRB T RHE o W AT Y AL PR
% V' | 9 Pseudomonas spp.® Mycobacterium 4= Nocardioides % - 3
Frab g R noA R fREALY APRATDIR 2 5 ¢ & B {8 Pseudomonas
spp.ch g £ 47 fri‘a D WRgEFC AL Fp A IF“;}&‘/EJ Pseudomonas spp.~
FTEPRREIE T WAL R e AR A FApE R E2 5
BRT 2B v APgFad > ORP 2 DO 2 &% 8T » ixii%h_nu—l
A EHEE AL R 2 RBIF WA PP ER
Pseudomonas, Mycobacterium f- Nocardioides » & @tk & 5 ¥ "% % 8 423 ¢
Pré L FHRERE RT3 SRFLE RIS LA PHRGRES
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