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Culture-dependent and culture-independent denaturing gradient gel electrophoresis (DGGE) analyses
were employed to investigate the bacterial community associated with a natural dye wastewater treat-
ment facility. A total of 104 (influent water, 48 strains; aeration tank, 25; settling tank, 31) bacterial
strains were isolated. Based on the 165 rRNA gene sequences comparison analysis, the isolates be-
longed to four phyla: Proteobacteria, Actinobacteria, Firmicutes, and Bacteriodetes. Seventeen DGGE bands
representing dominant taxa in each sample were cloned and partially sequenced. The same four phyla
were detected by DGGE fingerprinting. The most dominant taxon retrieved by both methods was the
member of the phylum Profeobacteria with Alphaproteobacteria as the predominant class. The bacterial
community associated with the natural dye wastewater treatment facility is composed of parasites of
animals and plants, decomposers of polysaccharides and dyes, and producers of extracellular

polysaccharides.
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4L 5& F4 SA7I(YSI 556MPS, USA)E AH-&-3Ho]
AA AH FAsA o, BODE 4220t EFUE
FWY, CODE A KMnOM, FHEA L FeEld oA,
FTAFFEFL of2FZRNARAY, FHALTHFS AIA
FREENE ALY ZARUT2 A NEE FeA
T2 o33 F 340 nm} 657 nmoll M 9] §HEE A5
o M50 A7 &2 Phugare & al [26] ] WH o we} 243}
AqoH A& g 2o
A T A A & (%)=A-B/ Ax100

NEE AeAdad A4 34352 Plate Count Agar
(PCA; Becton Dickinson, USA)dl| &% 3o, 25T 547t
Hj kst colony+E ATstAL MF F FAOE TE col-
ony FHE H MAES &F £ T4 A A8
742 20% (v /) glyceroldll #AIE Ho] 80T Y&
Hastgo.

SE,:-:,
Ql’,
mlm\_&

22|72 16S rRNA FHXt 5%

&g 88 A 7FA 1~2 loopE lysis buffer [10 mM
Tis-HCl (pH 8.0), 1 mM EDTA, 10 mM NaCl, 2% SDS] 100
ul9k 2 small spoon®] glass bead (size: 04 mm)E ¥ i 10&7t
TOMY mixer (TOMY, USA)E o] &3t #AE i ¥
EF3t9 o, 1x TE buffer 300 ul¢+ phenol:chloroform: iso-
amylalcohol (25:24:1) 400 ul& ¥ 1, 3%7 TOMY mixer©]
OA &S & & %"' i (12000 rpm, 10 min) 33T, &5
S MEE tubed] &3 ¥ RNase A (20 mg/ml) 3 ul& ¥
37T 1A17F )9k 5}3} 1, 0.1 volume® 3 M sodium acetate
(pH 5.2)¢+ 2 volumed] A7} 100% ethanols ¥ 11 DNAS
AR AR F Y4E8(12,000 rpm, 10 min, 4C) ATk B 7
© 70% ethanol A% § § Fzxste] FFHFol 5o A
AHEE w7kA 20°C WE HAs AT 165 IRNAFAHAE 5

Z317] Y3l Aol EolH o2 Rt 27F primer (£ colf

numbering 8 ~ 27; 5" -AGA GTT TGA TCM TGG CTC AG-
3")9F 1492R primer (£ coli numbering 1492 ~ 1510; 5 " -
GGY TAC CTT GIT ACG ACT T-3" )& A&3tStH?20].
PCREF2 9% Wh3-&Ae] 74& +9 DNA 1 ul, dNTP
mixture (Z} 25 mM) 5 pul, 10xHH3¢4ZER[0.15 mM
MgCl,10 mM Tris-HCl (pH 9.0), 40 mM KCl, 3 mM MgSO,]
5 ul, BSA (4 ng/ul) 5 ul, 5 U/pl Ex 7ag DNA polymerase
(TaKaRa, Japan) 0.25 ul, 27F primer (20 pM) 1 ul, 1492R pri-
mer (20 uM) 1 ploll B8 23} SR/RFE Hrleto F R &
50 ul & 3¢tk PCR ¥H8-2 TP600 (TaKaRa, Japan)< ©] &3t
Slor PCR ¥b-e20 & AR S UTCAA 38 3

B % WAAT, 302), 2TE0C, 30%), AT, 4032)
& % 303 WEST FAAMC, 108)E FHA
E2 1% agarose geldl A7]¥9E T F 165 rRNA
£ gkt

gHrIMe 2M J ASEHN

T4 MEEA L 27F primers AHE3tEoH @714 E
242 13 24 (http:/ /dna.macrogen.com)ol 9] 2 8} 3 o
A71AH €L PHYDIT version 3.1(http://plaza.snu.ackr/
~jchun/phydit/)& ol &3he] A7 4P 349 00 CHIMERA
CHECK Z 2 1.3 (http:/ / decipher.cee.wisc.edu/[32]) ©] &
stof B4 RS SASAT FE 165 rRNA #4974
" EzTaxon-e database (http://eztaxon-e.ezbiocloud. net/
[19)& ol &3t H2AFS AT

AZ2RE DNA £
Asrd Nae B4 =2EE A8
2, Whatman, USA)Z &3} & i
(022 um, Millipore, USA)2. 2 FZ3}5th §F58 ARE
Massana ef a/ [24] 2 Somerville et a/. [3019 “J 1S AHgsko
chromosomal DNA< #2331 Th. DNA9| shearings &<l
3t7] 913 1% agarose gel & o] &3t H71YF S T &<
3}%3L, DNA &5 +& spectrophotometer (Ultrospec 2100 pro,
Amersham Biosciences, USA)2 A & 3t th. DGGE 4] &
DNA® #H &= 23 DNAE 0.75% agarose gel o 271
&3t 5 kb o]l $A38t= chromosomal DNA & A &3}
o] 1x TAE §¥¢] 971 dialysis bagell B3 #7195 ZAlol
100 Vel A 30 & 59k A7 Al7130 BhAl W vt 1023t
o A7) 3Rtk I H dialysis bag ¢t 1x TAE & A2 &
tube 2 &7 1/10 ¢ 8 M LiCLY F ®jo] ¥ztd 100%

ethanol]l A A7 DNAE 3]F5t5ith

93] o A (No.
SterivexTM - GP filter unit

Denaturing gradient gel electrophoresis (DGGE)

16S rRNA 3RS FZ317] 93] 27F primerdt 803R
Primer (5 -CTA CCR GGG TAT CTA ATC C3)E A-&3}%
o PCR $%& A% #3894 #42 ANTP mixture (2.5
mM) 5 pl, Ex 7ag DNA polymerase (5 U) 2.5 ul, F3 DNA
1 ul, BSA (4 pg/ul) 5 ul ¥ PCR ¥H& 4584410 mM
Tris-HCl, 40 mM KCl, 2.5 mM MgCly) 5 ulo] % 3} 7} 50
wh 455 SRS A7bsA". PCR HES TP600
(TaKaRa, ]apan)% o] &35} 2H 165 rRNA ### FZ3
FYE 24 ALY vHE ZIE 1% agarose gelol
2719 %34 ethidium bromide® @A13te] <34t

DGGEE 98 nested-PCR2 GC clamp7} 9] & GC-
341F primer (5" -CGC CCG CCG CGC GCG GCG GGC
GGG GCG GGG GCA CGG GGG GCC TAC GGG AGG



CAG CAG-3") ¢} 518R primer (5 -WTT ACC GCG GCT

GCT G-3") & 2434 165 IRNA 44 F V3 F4&

ZZ3 %Y. PCR & 93 reaction mixture 74 & —Zr?ﬂ

DNAZE165 rDNA PCR A& 11l 2 1A AL A

RNA 244 $%3 FdstA FA38 8% PCR t&%%
< o

mlm

TP600 (TaKaRa, Japan)< ©]&3t5 o™ PCR ¥&Z21& %
7184 & 94T oA 5 82 AT, WA (4T, 30%), A
(65C HH 56C7HA cycle thth 05C 4 £5& Ud, 30%),

A7, 302)S 20 3 A3, WA (94T, 302), AT
5T, 30%), A1472°C, 302)& 10 3 APsgd. v Loz
TART2C, 7R)= TR AT PCRAFE21% agarose gel
o 4719 % 34 ethidium bromideZ G2 s}e] &3} o).

DGGE & D-code System (Bio-Rad, USA)& ©]&3%1 1
polyacrylamide gel®] ¥ %+ 8%, 27|+ 20x16(WxH), 7
T 1 mmE A&t "AA=
(Sigma, USA)E ©] £3}4 40~60% Atol 9] s ul7} 22
2 945 FHHEE gel& AA3HTE D-code systemel]
¢k 7 litter®] 1x TAE buffer (20 mM Tris, 10 mM acetic acid,
0.5 mM EDTA, pH 8.0)& A1 gelell 6x loading buffer
(0.25% bromphenol blue, 40% sucrose)?} nested-PCR prod-
ucts %?&3}01 gelo] AL, 200 VE 5 £3+ 27] 4719
T 5 60 Vol A 930 & TS 719 5FH 2™ SYBR green
O gel& 1587 G ¥ bandsS T

a1

urea® formamide

DGGE band 2 ¥I7[MY 24

BE AR ¥5S2 YEtd band9t 2t A EA &
2% bandE AEE . bandE Zeho] Edd %E 3
ulell =35tk GC dampE A A7) 943 GC clamp7t
£ 341F ¢} 518R primerS ©] &3} PCRE AAdtal

o—i

pGEM-T Easy VectorE ©] &3} clonings TH3 & E i

DH5a competent celld]l AA3 A#A X-Gal (5-bromo-4-
chloro-3-indoly- #D-galactopyranoside) (Promega, USA),
IPTG  (isopropyl- 5-D-thiogalacto-pyranoside)  (Promega,
USA), ampicillin (50 pg/ml)°] 23¥ LB agertl 7 ol A
blue-white colony A8 ol oe) FAHS & clones A
3tk A E white colonyE direct reamplified PCR%
oz YT o W] AL primere vector Ujoll EX)
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3t pGTf (5 -TAC GAC TCA CTA TAG GGC GA-3 ")
primerst pGTr (5 -ACT CAA GCT ATG CAT CCA ACG-
3") primerg A&t 1[7], PCRZ 2 16S rRNA 79
53 20 9714 E 242 LT 165 rRNA 4 ¢

EERRER-DE T R LT

Mol ofst % FEE =l

Z Bl #olste Ade A7) Hd) 2l Al 257
T A4S 2z A9E & FEE(http//www.
naturaldyeing.or.kr) 0.1% (w / v)7} 38 R2A A A=
(Becton Dickinson, USA)ell &3 $ 259} 30Tl A &
g Aoz 308 &< WdFd T 340 nme} 657
nmol A FFEE SAste] AEAAES T

2 o
Al29 2F 29
Az #7892 Table 13 2t} COD, ¥ ¢ &7,

F Ada FREe deadadA 7 x93, BODS Ss=
A&7 2 A 7M4 B9koH, pHE 7.7~819 WY& Yt
Sk ARY Hd FHEE 340 nmol A YERROH, 657
nmol| Al FHA peakE Flst Tt FUFH 7)1 2E AA
ARz o2& T 95% o449 M=rt AAHA

I

HHZE M7 =& =4

228 1047] #F9 165 rRNA 379 £2 97149 S
Edz 4% A3 Proteoéactmla—“r'—% Mg BE 69T
(66.3%)= YEMSL L, Firmicutes & 97 5(8.7%), Actinobac-
teria &2 795 (6.7%), Bacteriodetes &2 197 5-(18.3%)Z |
Ebstth (Table 2). 3719 A2 RFolA 4719 9 AlFw
A

Hfrdaod Eele 48708 ¢F= Proteobacteria ¥-©)
297K (60.4%) % 7+ wol 24A 8t O™, Bacteroidetes &2 12
N, Firmicutes &-& 57, Actinobacteria &-& 27§ = 22 250%,
104%, 42%%E A A ATH(Table 2). Proteobacteria %
Betaproteobacteria 7+ ¥ Gammaproteobacteria 73 ©] 2t 2104
(208%)2 7H4 & vl &S AR 3tk F(family) 42F o A

Table 1. Physicochemical properties of water samples obtained from wastewater treatment facility in Naju Natural Dyeing Cultural

Center
5 BOD COD SS T-P T-N Chromaticity
Site Tem. (C H
O gy gy gy gy mgny P N Ao
W 22 5.7 8.0 6.3 0.155 2.790 7.95 0.80 0.31
AT 23 6.0 4.0 129 0.046 2.325 8.10 0.04 0.01
ST 21 5.8 6.0 43 0.141 1.777 7.70 0.03 0.00

*Tem., temperature; BOD, biochemical oxygen demand; COD, chemical oxygen demand; SS, suspended solids; T-P, total phosphorus;
T-N, total nitrogen; IW, influent water; AT, aeration tank; ST, settling tank.
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Table 2. Relative abundance of isolates from wastewater treatment facility in Naju Natural Dyeing Cultural Center

Phylum (Class) Influent water Aeration tank Settling tank Total
Proteobacteria 29 (60.4) 16 (64.0) 24 (77.4) 69 (66.4)
Alphaproteobacteria 9 (18.8) 12 (48.0) 20 (64.5) 41 (39.4)
Betaproteobacteria 10 (20.8) 2 ( 8.0) 2 (65) 14 (135)
Gammaproteobacteria 10 (20.8) 2 ( 8.0) 2 (65) 14 (135)
Firnicutes 5 (10.4) 1 (40) 3 (97 9 (87
Actinolacteria 2 (42) 3 (120) 2 (65) 7 (67)
Bacteroicktes 12 (25.0) 5 (20.0) 2 ( 65) 19 (18.3)
Total 48 25 31 104

*Numerals in parentheses are percentage.

T Moraxellaceaee™  (Gammaproteobacteria  78)7t  5d
(Acinetobacter )2 7} %2 vl && 214 3% th(Table 3).
71z A BE 5dFE M1 £l £33 28 Proteobac-
teria E-& 167} (64 0%) #F2 7F¢ weol AA stfon,

Bacteroidetes &2 57\, Actinobacteria &2 37\, Firmicutes &<
142 Z+7F 20.0%, 12.0%, 4.0%2 Bl &2 212 3 9 t}(Table
2). &3] Alphaproteobacteria 7% °] 1271 #5-(48.0%)% 713 &
S HES AT A zNA EeE 310 7724709
2ol £k L7 2N ME Proteolacteria ¥-& 247) (77.4%) 2
M ol AA Ao, Firmicutes &-& 37, Bacteroidetes
T3 Actinobacteria && AA2NE 2472 9.7%, 6.5%, 6.5% 9
Hl &< 2A 9l th(Table 2). <7, 712 2egu Fdx=
24 E At 24 A3 Proteobacteria &2 A2] vl &0
=AW Bacteroidetes & ©] A 9] ¥l&o] Hastal Il
53] Proteobacteria & % Alphaproteobacteria 7o 4@ A|+t9
Hl&o] A F7keta I TH(Table 2).

FaEAAT LAY fHete Ade ot 2o
Corynebacterium (Actinobacteria <), Streptococcus (Firmicutes
), Brevundimonas, Rhizobium (Alphaproteobacteria 7}), Acido-
vorax, Albidiferax, Janthinobacterium (Betaproteobacteria 7§),
Rheinheimera, Acinetobacte, Pseudomonas (Gammaproteobacteria
%), Cloacibacterium, Mucilaginibacter, Pedobacter (Bacteroidetes
i) (Table 3).

L)z AT WA o2 Feld M Microlacterium
Micracaccus (Actinobacteria &), Elstera (Alphaproteolacteria 7¥)
1)1 Ralstonia (Betaproteolacteria 73)°] t.

AAzA M B JAAY $H et A Frigoribacte
rium, Kocuria (Actinobacteria <), Rhodobacter, Sphingomonas,
Sphingosinicella, Novosphingobium (Alphaproteobacteria 7) 5 ©l
2.1, Xanthobacter (Gammaproteobacteria 7)) E7) 29 3
Azo Mgt 247 339k 55 2 H AT

9 AdE F 9le AT FEL 7Aool o =34
(Table 3). ©] AlFE29]16S rRNA FHA9 24 H71ML&

4% A ov] 538} 2ATH FAEI 97% o5
ool AFEY H 2AFE T3t RTHREF %) Rhocbdacter

capsulatus (1), Microbacterium schieiferi (1), Ralstonia sol-
anacearum (1), Flavobacterium pectinovorum (1), Flavobacterium
resistens (3), Mucilaginibacter polysacchareus (1).

DGGEE 0|88t Mz CtN 24

Al e AeEHE A4 %3 DNAZRE 22 DGGE
band & & Fig. 13 2t $=7F & bandt 2749 A &
o £E3 band 1771 & A3} clonings AAH @71HNES
#4938 A& Table 49 2t} 1719 band Z 371 A& A
F 522 YEtE bande ¥ 1072 YEFRTE 1770 band®]
clonegel Hdl @712 2 23 1079 bande ©Y
A7 E FAHA oY, 709 bandoll A& F 74A 0]}

o

IW AT ST

IW AT ST

IW AT ST

A ———]

10
| == |

i

17

Fig. 1. PCR product of partial 16S rRNA gene amplified using
primer pairs, 27F and 803R (A) and GC-341F and 518R
(B) and DGGE profiles (C). Samples: IW, influent water;
AT, aeration tank; ST, settling tank; M, 100 bp DNA
ladder.
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Table 3. Affiliation of the isolates from the natural dye wastewater treatment facility

Phylum (class)/family W Isizf;es ST Nearest neighbor Accession No.
Actinobacteria
Corynebacteriaceae 1 Corynebacterium afermentans subsp. afermentans X82054
Microbacteriaceae 1 Microbacterium schleiferit Y17237
1 Frigoribacterium faeni Y18807
1 Rothia dentocariosa M59055
Micrococcaceae* 1 Kocuria gwangalliensis EU286964
1 Micrococcus luteus AJ536198
Nocardiaceae* 1 Nocardia takedensis AB158277
Firmicutes
2 Bacillus licheniformis CP000002
. 1 Bacillus simplex AJ439078
Bacillaceae” 1 Bacillus thuringiensis D16281
1 Bacillus stratosphericus AJ831841
Paenibacillaceae 1 Paenibacillus urinalis EF212892
1 1 Staphylococcus caprae AB009935
Staphylococcaceae” 7 Sz‘aif/]ococcus ha[;n]yz‘icus X66100
Streptococcaceae* 1 Streptococcus salivarius subsp. salivarius AY188352
Proteobacteria
(Alphaproteobacteria)
Bradyrhizobiaceae* 1 1 Afipia birgiae AF288304
1 Brevundimonas mediterranea AJ227801
1 Brevundimonas nasdae AB071954
3 Brevundimonas vesicularis AJ227780
Caulolncteraceae 1 Brevundimonas bullata D12785
1 Phenylobacterium haematophilum AJ244650
1 Phenylobacterium conjunctum AJ227767
Erythrobacteraceae 1 Erythrobacter gaetbuli AY562220
Hyphomicrobiaceae 1 2 3 Aquabacter spiritensis FR733686
Rhizobiaceae 1 Rhizobium radiobacter AB247615
Rhodbbacteraceae 1 Rhodbbacter capsulatus® D16428
Rhodbspirillaceae* 1 Elstera Iitoralis EU678309
1 Sphingomonas mali Y09638
2 Sphingomonas wittichii AB021492
1 Sphingomonas histidinilytica EF530202
. 1 Sphingobium xeng X94098
Sphingomonadaceac” 1 5;;1’&“11}7;51}7&6/]& chfi;lfsn;miwrans ABO84247
1 Novosphingobium resinovorum EF029110
7 Sphingopyxis panaciterrae AB245353
1 1 Sphingopyxis soli FJ599671
Unclassified Rhodospirillales 1 2 Reyranella massiliensis EF394922
(Betaproteobacteria)
Burkholderiaceae 1 Ralstonia solanacearunit EF016361
1 Acidovorax delafieldi AF078764
7 Acidovorax radicis HMO027578
1 1 Acidovorax soli FJ599672
Comamonadaceae* 2 Acidovorax temperans AF(78766
3 Albidiferax ferrireducens CP000267
1 Hydrogenophaga defluvii AJ585993
1 Hydrogenophaga atypica AJ585992
Oxalobacteraceae 2 Janthinobacterium lividum Y08846
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Table 3. Continued

Isolates

Phylum (class)/family W AT ST Nearest neighbor Accession No.
(Gammaproteobacteria)
Aeromonadacese 1 Aeromonas veronii X60414
1 Aeromonas jandaei X60413
(hromatiaceae 1 Rheinheimera tangshanensis DQ874340
3 Acinetobacter johnsonii 793440
Moraxellaceac* 1 Acinetobacter radioresistens X81666
1 Acinetobacter schindleri AJ278311
1 Acinetobacter Iwoffii X81665
1 1 Pseudomonas guineae AM491810
Pseudomonadhaceae’* 1 Pseudomonas peli AM114534
7 Pseudomonas psychroplila AB041885
1 Thermomonas koreensis DQ154906
Aanthommadaceze 3 5 Xanthobacter flavus X94199
Bacteroidetes
1 Cloacibacterium normanense AJ575430
1 Flavobacterium aquidurense AM177392
7 1 1 Cloacibacterium rupense EU581834
Flavobacterium banpakuense GQ281770
Flavobacteriaceac* 2 Flavobacterium limicola AB075230
1 Flavobacterium reichenbachii AM177616
1 Flavobacterium macrobrachii FJ593904
1 Flavobacterium pectinovorunit AB681003
3 Flavobacterium resistenst EF575563
1 Mucilaginibacter polysacchareust HM748604
Sphingobacteriaceae 1 1 Pedobacter aquatilis AM114396
2 Pedobacter terrae DQ889723

48 25 31

The taxa detected also by the DGGE profiles.

'Candidate species (<97% 165 rRNA gene sequence similarity).

IW, influent water; AT, aeration tank; ST, settling tank.

d71Mgel EFH0l EAsE AS & F AU 9] 24
A3 A A BF Proteobacteria w°| 7+ -3 o, Firmi-
cutes ¥, Actinobacteria %3} Bacteroidetes 59l 43+ A|¢o] &
A5 S th(Table 4).

374 e} N glA AstAl debd band 4, 5, 6, 912 3L 10&
FHshe vHoE Bgste] 4 d S &9 & 23} band
4% Sphingopyxis witflariensis, Acinetobacter - guilouiae
Sphinggpyxis favimaris=. 27} & ©]’¢o] &g L, band 5+
Delftia acidovorans, 12| 1lband 6-& Sphingopyxis witflariensis
2 9 #FY9E AT Band 9= Sphingopyxis wit-
flariensis °} Achromobacter marplatensis ©]™, band 102
Necardia soli; Dangia mobilis } Linmobabitans parvus 7¢ £ 3 5]
of AT F¥ band 15& 7129} Fdze $HFOR
HZHFE Rothia mucilaginosa © 31t

o #
£ 490l ol §8 AAGAAFAL A Lol AR A )
sl olsd S4¢ A5k A9 2E 20E 2

o7k YERIA 43k}, o] A

g]

T o] ThsE RS o) §8 APANAE H5A
AAL YA B RS B 24 WAE 4 ¢
A

o~
T
A
-

21 P2E 2 Ao} GEA g9d 23 Baas,
2

A HEGAAF FAFIE

A 1t (Streptococcus, Staphylococcus and Acmetotacfar) [5]°]
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Table 4. Sequence identification of clones obtained from DGGE bands
B;gd Source Phylum Family Nearest neighbor Accession No. siri;qa?ii;m?% )
1 IW, AT, ST Fir Staphylococcaceae Staphylococcus caprae AB009935 100.0
Pro Sphingomonadaceae Sphingopyxis witflariensis AJ416410 99.4
2 IW, AT, ST Bac Flavobacteriaceae Tamlana crocina AM286230 93.2
Fir Streptococcaceae Streptocaccus gordonii AF003931 99.0
3 w Fir Rhodobacteraceae Oceanobacillus chironomi DQ298074 100.0
Pro Sphingomonadaceae Sphingapyxis witflariensis AJ416410 99.4
4 IW, AT, ST Pro Moraxellaceae Acinetobacter guillouiae X81659 99.5
Pro Sphingomonadaceae Sphingopyxis flavimaris AY554010 98.2
5 IW, AT, ST Pro Comamonadhceae Delftia acidovorans AB021417 97.9
IW, AT, ST Pro Sphingomonadaceae Sphingopyxis witflariensis AJ416410 99.4
IW, AT, ST Pro Sphingomonadaceae Sphingopyxis witflariensis AJ416410 99.4
8 W Pro Enterobacteriaceae Shigella sonnei FR870445 99.5
Bac Chitingphagaceae Terrimonas lutea AB192292 96.3
Pro Sphingomonadaceae Sphingopyxis witflariensis AJ416410 99.4
9 IW, AT, ST Pro Alcaligenaceae Achromobacter marplatensis EU150134 99.5
Pro Pseudbmonadaceae Pseudomonas  hibiscicola AB021405 99.0
10 IW. AT, ST Pro Rhodespirillaceae Dongia mobilis FJ455532 98.8
e Pro Comamonachceae Limnohabitans parvus FM165536 95.4
11 AT Pro Sphingomonadaceae Sphingomonas xinjiangensis FJ754464 100.0
12 AT Pro Bradyrhizobiaceae Salinarimonas rosea EU878006 96.5
13 W AT ST Act Nocardioidaceae Nocardioides dubius AY928902 93.0
o Pro Oxalobacteraceae Oxalicibacterium favum AY061962 9.9
Fir Planococcaceae Bhargavaea cecembensis AM286423 99.5
14 IW, AT, ST Pro Sphingomonadaceae Sphingopyxis flavimaris AY554010 99.4
Pro Pseudbmonadaceae Pseudbmonas vranovensis AY970951 100.0
15 AT, ST Act Micrococcaceae Rothia nucilaginosa X87758 99.4
16 ST Fir Bacilliaceae Bacillus Ilicheniformis CP000002 100.0
17 ST Bac Flavobacteriaceae Flavobacterium glycines EU672803 98.4

*Act, Actinobacteria, Bac, Bacteroidetes, Fir, Firmicutes, Pro, Proteobacteria, IW, influent water; AT, aeration tank; ST, settling tank.
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