v av v v -
ua:aqmmmu ARNNAMENIIHN Aqunand

i

L Wk Wt e e m-— £ ALAASN Y A

B R R
VW NELUING ¢ emd I /LY »5%.‘3,?“»:\ =

i B~V o ) G ‘\_\,..--...,.,,m-_: ,..,..‘,,.,...,\..- —r
e e ™S S TN VA & R
. o L g aF et 1 - AGCL L N e S \'-

bl e o L L o2\ remy g &
V- e ) ! = AN(TFLIENE P A
ViSS PUNTI"AR SONTH N

L L V]
\..Jwa..é“u‘u.

R

VIAR 2003

VY




P N
JA v/
- /

L
viasmyanuidu dinawanensminieiSuushind

l

COMMUNITIES OF AMMONIA-OXIDIZING BACTERIA AND ARCHAEA IN
FULL-SCALE WASTEWATER TREATMENT PLANTS IN THAILAND

I0I0]

E46283

Miss Puntipar Sonthiphand

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Environmental Management
(Interdisciplinary Program)
Graduate School
Chulalongkorn University
Academic Year 2008
Copyright of Chulalongkorn University

LA
5087529520




g < a o’nl S a = o o gol =)
nauisransuanluiiseandlafiuuanFouazends luszumindauinidealulszmalns

WNANMINUEINY AUTWUS

'3wmﬁwuﬁiﬂudmuﬁwmmsﬁm:ﬂmwﬁﬂ@‘mﬁn&lmﬁwmmamumﬁmﬁm
#1171 ANNTRINIA SR (@UA21%91)
HunaInenae RaInTadNmIIne gt
tnsfnmn 2551

A1ENE12INIRINTAINMNINEN AT



Thesis Title COMMUNITIES OF AMMONIA-OXIDIZING BACTERIA
AND ARCHAEA IN FULL-SCALE WASTEWATER
TREATMENT PLANTS IN THAILAND

By Miss Puntipar Sonthiphand
Field of Study Environmental Management
Advisor Tawan Limpiyakorn, Ph.D.

Accepted by the Graduate School, Chulalongkorn University in Partial

Fulfillment of the Requirements for the Master’s Degree

6 ................ Dean of the Graduate School

( Associate Professor Pornpote Piumsomboon, Ph.D.)

Examiner

(Assistant Professor Ekawan Luepromchai, Ph.D.)

.................................................. Examiner
(Associate Professor Alissara Reungsang, Ph.D.)

i /
........... @'J(/\"(ﬂ"/tlixtemal Examiner
(Sorawit Powtongsook, Ph.D.)



Wughn ausius: nguisransuenlnfiueendlafieuuaiiGauazendaluszuutindatide
Tulszinalne. (COMMUNITIES OF AMMONIA-OXIDIZING BACTERIA AND ARCHAEA IN
FULL-SCALE WASTEWATER TREATMENT PLANTS IN THAILAND) a. NN Ine s

UAN : 8. A9.AZIU antlanng, 105 Wi,

E46283

ananudsluedanduentuiueentladiuuaiGe (A0B) Wugadnwiidumnmanluniseandladuenbuiisiiululani
daquiimadunuduenanuuaiioudagainnguonds (Archaea) fannsasandloduenbuilelidilulanild  arnwdngiu
Ly b . AL, L s = oy
mailaguesiiu amoA rewenluiiteandladieendn (AOA) lunziauaziu uananiifaiimauanandsannnualdifluaiusnie
Nitrosopumilus maritimus  WATANMALA real-ime PCR Wud1 HUFHN0UEN amoA 1898 AsuINNIILUATIGE  URAAI0NTN
AOA \ihigadwuanluniseandladuenluilelilululanivieli  swidseibjd@nwinganlszans AOB uaz AOA lussuunindiain
y v ; v
e 10 wis (Tsainiedndegaaivnas 4 wiv warlsainiminGeguou 6 wiy) Aldnuusindy, sswilsznaureszuy, uazms
o 0 RS T L . o
ARLANTZLIUNUANGINAMY uananlifAnmuansznurasfunnuenbuiissanguilszains AOB uaz AOA Wlussingauanfivusia
. - > ;
adad (NAS) lanidennszuminimin@ogumundosludauineed 3 61 lneswnseluvdimifunauenludosiegiu 2mm,
10mM, Uaz 30 mM NH',-N (NAS2, NAS10, uaz NAS30 snuaeit) wnsansnguilszang AOB tneldinatia specific PCR
amplification A9t DGGE WATBUAALINANUGNITNIAY AOB 165 rRNA flu daunguilszanng AOA inmsdnunlaedinail
specific PCR amplification A135i9t) clone libraries uAZBNUAALTHAWLNIINTBYL AOA amoA fu S INWAMIMARBINLINGH
5 : ; g

dszmng AOB Tuszuunindmindograunssuiinamainuatesinninluszumintaindequee. A0B wulussuutidatude
grarnasuaneglu 4 adamns Ail unknown Nitrosomonas cluster, N. europaea-Nc. mobilis cluster, N. communis cluster, WAy
N. oligotropha cluster @ AOB #inuluszuutininindeguaunnetlu N. communis cluster Uaz N. oligotropha cluster azifiu
. \ . L v - s v o o aya .

DAHUANANTRIAN LAY (AnudiudusnauenTiitiy) enailuladaudnivinliAngUuuumsnszaaeesnguissains AOB
luszuiiadndens 2 uuy ssumiiaundeguauieuimuailueriufinadns (activated sludge process) nyitiieanie
Tsatintionflutiednenne (aerated lagoon system) wudngailszanns AOB annszutninimin@equaunnusauiiouty axdiuin
asdtlsznauuazNIAUANTTUILTA MAA T TRanddrusings Tudiuaes AOA annsouanld 72 Taau aanuialudussuy
thtiadude uazansnsauialéii 38 OTUs nszanelu 12 Adawes @iisineaan AOB Ae nqalszaing AOA luszuuininuds
gratunssuiiauuanuaetaondluszuuiniaindegey. snssuuinimindograunssuwy AOA A n 2 uia Wintl Ae

n .
nszutiinunidageaungsuiiunmazueslnilin/unans (40 -70 mg-NA) wu AOA atjlu AdaRas G uaz K usilainu AOA Tu

. , , s

sruutinimindugeamnesuniuniszuenliuiionn (13 mg-N/) uazge (422 mg-NA) lumamsaiudhumy AOA annsyuutintiann
.

. v ;

Gemmuiaoinwisiaiunszuentanilien (5 - 13 mg-N/) wu AOA atlu AdaERT A, B, C.E. F, G, I, J, K, L, M, ug N uenannii
fantrnanndasthaiinanszuniniaunwerdiaddng AOA aznszaeeglu 1 - 3 afawed wishethainantedieme
wudh AOA aznszauetlu 6 admsed Gaulunsdizes AOA addlsznauuarniInIuANTULINaat sl dAysansnszane
UBINGUUTZIINT AOA f-nnnwﬁmﬁm{mm:uuﬂwﬂmﬁwL?iﬂ‘qwnummu?:mlu NAS widn nguilszang AOB finmaulasuutla
athailiddndty naulszanns AOB snadasaneglunga N. communis cluster waz N. oligotropha cluster wdeanniagslumany
adindunenlinile N. communis cluster welilainyn NAS wu AOB i affinity siauanliiogelu NAS 2 (N, oligotropha
cluster), WU AOB il affinity sauailniioanly NAS 30 (N. europaea cluster), Lazwu AOB Vaaartialy NAS 10 (unknown
Nitrosomonas cluster and N. europaea cluster) Rgadinuiu AOB Lﬁﬂwjniﬂauma AOA a1 NAS 2 (19 /7n 21), NAS10 (23 a1n

26), WAz NAS 30 (30 a1 30) anluadawes K anviangailszains AOA lu NAS 2 uaz NAS10 Harsmainuanainnndnlu NAS

30 dWiiidnfBnmuenluiliinaathadideddysanginlszang AOB uwdbiiinaateiidudArysanguilszaing AOA Tuyn NAS
: ; Heo5 QAo o

AN NNINANNTAUIAARL awilededan N l'&(iﬂ YW AUOH WS

- ‘ i B = i N7z 9
TngAnEn 2551 aedlede 8. i nwavendwusuan H 4



##508 75295 20: MAJOR ENRONMENTAL MANAGEMENT
KEYWORDS : AMMONIA-OXIDIZING BACTERIA/ AMMONIA-OXIDIZING

ARCHAEA/ amoA GENE/ 16S rRNA GENE/ MICROBIAL. COMMUNITY/
WASTEWATER TREATMENT PLANT

PUNTIPAR SONTHIPHAND: COMMUNITIES OF AMONIA-OXIDIZING
BACTERIA°  AND ARCHAEA IN FULL-SCALE WASTEWATER
TREATMENT  PLANTS IN  THAILAND. ADVISOR: TAWAN
LIMPIYAKORN, PH.D, 105 PP. E46283

For several decades, it had been believed that ammonia-oxidizing bacteria (AOB) is the only microorganisms
that are responsible for the oxidation of ammonia to nitrite in the global nitrogen cycle. Recently, a few
evidences have shown that autotrophic ammonia oxidation is not only restricted to the domain Bacteria, but
also the domain Archaea. The presence of an ammonia monooxygenase (amoA) genes of ammonia-oxidizing
archaeca (AOA) has been revealed in a few marine and soil environments; in addition, the first AOA,
Nitrosopumilus maritimus, has been isolated from sea water. Abundances of amoA4 genes of AOA over those
of AOB have been found in few studies using quantitative real-time PCR technique. As results, AOA is
questionable of the major environmental microorganisms that oxidize ammonia to nitrite. In this study,
communities of AOB and AOA in ten full-scale wastewater treatment plants (WWTPs) (four industrial
WWTPs and six municipal WWTPs) that are different in influent characteristics, system configuration and
system operation were observed. In addition, effect of ammonium loads on AOB and AOA communities was
investigated by enriching sludge taken from a municipal WWTP with inorganic medium containing different
ammonium concentrations of 2, 10, and 30 mM NH';-N (NAS2, NAS10, and NAS30, respectively). The
communities of AOB and AOA were analyzed using specific PCR amplification followed by DGGE and
sequencing of AOB 16S rRNA genes and specific PCR simplification followed by clone libraries and
sequencing of AOA amoA genes, respectively. Results from full-scale WWTPs showed that AOB
communities in four industrial WWTPs were more diverse than those in the six municipal WWTPs. AOB
found in industrial WWTPs fell into 4 clusters that are unknown Nitrosomonas cluster, N. europaea-Nc.
mobilis cluster, N. communis cluster, and N. oligotropha cluster, while AOB found in municipal WWTPs were
restricted to only N. communis cluster and N. oligotropha cluster. The difference of influent wastewater
characteristic (ammonium concentration) might be the key factor causing distinct distribution patterns of AOB
communities in both types of WWTPs. Almost all municipal WWTPs in this study were activated sludge
processes with exception for one plant that was aerated lagoon system. The communities of AOB in all
municipal WWTPs were similar. As results, system configuration and system operation were less significant
than influent wastewater characteristics. A total 72 AOA amoA sequences, recovered from eight out of ten
WWTPs, could be categorized into 38 OTUs, and distributed in 12 clusters. Unlike AOB, communities of
AOA in the industrial WWTPs were less diverse than those in the municipal WWTPs. Only 2 industrial
WWTPs with moderate ammonium loads (40 -70 mg-N/1), contained AOA (clusters G and K). Negative PCR
amplification occurred with another two industrial WWTPs with low (13 mg-N/l) and high (422 mg-N/I)
ammonium loads. In contrast, all six municipal WWTPs, that received low ammonium loads of 5 — 13 mg-N/I,

activated sludge processes, whereas another was an aerated lagoon system. For each sample of activated
sludge processes, only 1 — 3 clusters of AOA were observed, while in the sample from an aerated lagoon
system much more AOA clusters of 6 were found. Therefore, system configuration and system operation
might be significant for the distribution of AOA in WWTPs. Results from enriched NASs suggested that AOB
communities obviously shifted from seed sludge to enriched NASs and in each enriched NAS, communities of
AOB varied particularly. Sludge taken from a municipal WWTP used as a seed for all reactors contained
members of N. communis cluster and N. oligotropha cluster. After it was enriched under various ammonium
loads, members of N. communis cluster disappeared from all enriched NASs. AOB with high affinity to
ammonia presented in NAS 2 (N. oligotropha cluster), AOB with low affinity to ammonia presented in NAS
30 (N. europaea cluster), and both types of AOB survived in NAS 10 (unknown Nitrosomonas cluster and N.
europaea cluster). In contrast to AOB, almost all AOA clones from NAS2 (19 out of 21), NAS10 (23 out of
26), and NAS30 (30 out of 30) fell in the same cluster (cluster K). AOA communities in NAS2 and NAS10
were more diverse than those of NAS30. These demonstrated that ammonium load significantly influenced
AOB communities, but not AOA communities in enriched NASs.
s cs N J

Field of Study : ___Environmental Management Student’s Signature ;W qun'}\n AUDD

Academic Year: 2008 Advisor’s Signature : .04 I8



Vi

ACKNOWLDGEMENTS

I do wish to express my graceful appreciation to Dr. Tawan Limpiyakorn who
is my thesis advisor for his guidance and support during the entire of my study and for
his time, patience and suggestions and comments, I am deeply indebted.

Moreover, I would like to express my appreciation and sincere gratitude to
Dr. Manaskorn Rachakornkij who is a chairman of my thesis committee, Assistant
Professor Ekawan Luepromchai, Associate Professor Alissara Reungsang, and Dr.
Sorawit Powtongsook who are committee members for their suggestions and
recommendations throughout my research work.

In addition, I would like to thank the National Center of Excellence for
Environmental and Hazardous Waste Management (NCE-EHWM) for the full
scholarship, funding and supporting facilities for my study.

I also would like to thank the Bangkok Metropolitan Administration (BMA)
for providing municipal wastewater samples and their information for this study.

Special thanks to Miss Chantana Intim who is a Laboratory supervisor and all
staffs at NCE-EHWM program for their helps especially in the analytical works.

I thank to my fellow all students at NCE-EHWM for making the time
enjoyable in the lab.

Last but definite not least, [ would like to express my deep appreciation to my

family. They always support and encourage in any time.



CONTENTS

Page
ABRTRAGCT (THAT). ......... S e S it . ... . . ..o e e o T v
ABSTRAC T BINCIIISH ) WS, . . ccs i - 90 i o B st - 5 \%
ACKNOWLEDGEMENIRSE.™. ... 8. ... %0 ... 0. SR Tk vi
CONTENTS............c... ........................................................... vii
LISTEOF TABLESmatte.. . M. . ... « st 0 Sl T8t . <o i iy s oo v B 6 - Xi
RIST OF FIGURES . . ... g .. Wi i S s ... % . S T g Xii
CHAPTERY & INTREGRIELION .. 5.... .0 0. .ol .- ot e T oo F . o 1
1.1 Background and motivation...............c.oeeuueinemiiiinnenieenennen. 1
127 ObJCRLIVES. . . ... it St [, - - . S T R N 4
18 BlypotheSs, MEREt ..o s o MR-+« 3 v RERRIIE . oo ol 5
1. A9 eppeigihthe St i, , .- e ot ......c. . » oo rrnc s gl il 5
CHAPTER 11 LITENBSELIRE REVIEWS oo ¢ s saial a0 ocooomivns & § swiasa 6
2.1 Microbial nitrification ...........oueuiiiiiiiii e iiieaieaiaeaenns 6
2.2 Ammonia-oxidizing bacteria (AOB)..........c.cooooiii 7
2.2.1 Phylogeny of ammonia-oxidizing bacteria...................... 7
2.2.2 Factors influencing communities of ammonia-oxidizing 13

o7 (e g . RGN e CEERE—
2.2.3 Dominant populations of ammonia-oxidizing bacteria in 15

wastewater thieatment plantie.. - ceammsssass o sowsamonastioess
224 Co-mfztabolism of organic compounds by ammonia- 15

oxidizing bacteria..........oceoveiueiniiiininiiiiie e

2.3 - Ammonia-exidizing archaea (AOA)......cstsms ustims. . . dissassmns vy 17
2. NEhylogeny of SOIA. .. S, .. B, . oo SR 19
2.3.2 Factors influencing communities of ammonia-oxidizing 20

ATCNACH s AN, . WO W s « o srstosmeciarars o oia o AR



2.4 Molecular technique

CHAPTER III : METHODOLOGY

9 A X paRTOECTTtA] T e P .. oo < o - S e o < 8

3.2 Measurement ammonia, nitrite, and nitrate

33

3.2.1 Measurement Of aMMONIUIM . ....oeeeeernee e eaeannns
3.2.2 Measurement Of NItIIte. .. ...ttt e,
3.2.3 Measurement Of NILrate. ......oovnnneneeeeeeee e,

Analysis of communities of ammonia-oxidizing bacteria and
giehaca... 0 Seepae®y.... .00 ... 8. ... W8 ... . BE.

3.3.1 Sample preparation and DNA extraction........................
3.3.2 Analysis of ammonia-oxidizing bacteria communities.........

3.3.3 Analysis of ammonia-oxidizing archaea communities........

3.4 Experiment Part [ and II : Analysis of communities of ammonia-

39

oxidizing bacteria and archaea in full-scale wastewater treatment
PIaiie (WANRHDS ). . .coovon el e o s ool s« « ¢ coaiiBagdlifon « « oo

3.4.1 Sample collection and description..............cooeveiniinnn.n

3.4.2 Analysis of communities of ammonia-oxidizing bacteria in
finl el N L e e os < & = commrmemns - = & § s S § § SUBE

3.4.3 Analysis of communities of ammonia-oxidizing archaea in
full-scale WWTPs. ...,

Experiment Part III : Effect of ammonium concentrations on
communities of ammonia-oxidizing bacteria and archaea in
enriched nitrifying activated sludge (NAS).............c.coiiiel

3.5.] Seed slndogerSsass. .. ... B ... Sy I A
3.5.2 Medium for enriching nitrifying activated sludge..............

3.5.3 Enrichment of nitrifying activated sludge by inorganic
medium containing different ammonium concentrations (2,
10, AITRS0 My IR . ............... Y . . R CE

3.5.4 Analysis of communities of ammonia-oxidizing bacteria in
sted shidpe agilienpighcd NASER, . . .ccvoms < s s consmmmund GoRas

25
25

26
26
26
2%

%
27
28
30

32

32

32

32

34

35
33

35

36



1X

Page
3.5.5 Analysis of communities of ammonia-oxidizing archaea in 36
sfed sludpe and Sneh@ NASTSE: . .- W Mo B a6 - -
CHAPTER IV : RESULTS AND DISCUSSION.......ccccoeviiiiiaeeininnnn 37
4.1 Communities of ammonia-oxidizing bacteria and archaea in full-
scale wastewater treatment plants (WWTPs).......................... 37
4.1.1 Description of full-scale WWTPs...................ooo g7
4.1.2 Communities of ammonia-oxidizing bacteria in full-scale
visicavateritedinignt planisl s S0 . . . .. o g0 1 39
4.1.3 Communities of ammonia-oxidizing archaea in full-scale
wastewater treatment plants...................... 44
4.2 Effect of ammonium concentrations on communities of ammonia-
oxidizing bacteria and archaea in enriched nitrifying activated
slidueeas........ N = = R Serd s 54
4.2.1 Enrichment of nitrifying activated sludge by inorganic
medium containing different ammonium concentrations of 2, 10,
and 30 mM NH4"-N (NAS 2, NAS 10, and NAS 30)................. 54
4.2.2 Communities of ammonia-oxidizing bacteria in seed sludge
antieiEchC@dNARE B . covoveonmmemnn oo s BT R . ol . 55
4.2.3 Communities of ammonia-oxidizing archaea in seed sludge
and Enn O et TN e iR I s v 3 6 0 s 59
CHAPTER V : CONCLUSIONS AND SUGGESTIONS FOR FUTURE
B o L T s S R — 68
5.1 CoONCLUSIONS .covc s o SRRERY . « . Bty SENY SN =~ 68
5.1.1 Communities of ammonia-oxidizing bacteria and archaea in
full-scale wastewater treatment plants................................. 68

5.1.2 Effect of ammonia concentrations on communities of
ammonia-oxidizing bacteria and arhaea in seed sludge and
enriched NAS. ... o e 69

5.2 Suggestions for future works..................co, 70



Page

REFERENEES. .. 2. 0. .« ot « cafie e oss demois o= PP micns - Mgy 5 PR agmay 8.« moxe gt €l
APPENDICESS. . ..h . .ot i vty se o - o - iy i, Moo 2 Senpe 83
APPENDIX A...oitiiiiiniiiiateeientiaiiatineanaateoeeanrotasinsessssnanaan 84
APPENDIX B...ootiiniiiiiiieaieeaeaatesirseanmaanaseerecssananssnnonens 87
APPENDIX € iovtais e odiieaes Fadoemnn st rorsns e abbmsmamnts o« ocosiie ses 95
ABPENDIX Tl ot S - s s sss 5 4 s 5w iMERAR: ==ave o v ol e 98



Table

24

2.2

3.1
3.2
33

4.1
4.2
43
4.4
45
4.6
4.7
4.8
4.9

X1

LIST OF TABLES

Page
Characteristics and preferred habitats of described species of the
ammenia-oxidizing BACIERIA. .\ L. 0. 0 . oo « « o ovnonig s e oo B 14
Specific primer targeting 16S rRNA and amoA gene of AOB and
APA....... . B R RN 24
Specific primers for AOB used in this study.................oooin 29
Specific primers of AOA used in this study...............coo 31
Influent and effluent characteristics, system configuration, and system
operation of WWTPs. ... e 33
Description of wastewater treatment plants...................c.oooiia 38
Closely related sequences of AOB 16S rRNA gene fragments.......... 39
Summary of AOB found in full-scale WWTPs...................... 40
Closely related sequences of AOA amoA gene fragments............... 45
Summary of AOA communities in full-scale WWTPs.................... 47
Closely related sequences of AOB 16S rRNA gene fragments.......... 56
Summary of AOB found in seed sludge and enriched NAS.............. 56
Closely related sequences of AOA amoA gene fragments............... 60

Summary of AOA communities in seed sludge and enriched NAS..... 61



Figure

28
22
2.5

24
2.5
2.6
3.1
892

3.3

4.1

4.2

43

4.4

4.5

4.6

Xii

LIST OF FIGURES

Page
Autotrophic ammonia-oxidation during nitrification....................... 6
16S rRNA based phylogenetic tree of the nitrosomonads................. 10
16S rRNA-based phylogenetic tree of the highly related genera
Nitrosospira, Nitrosolobus, and Nitrosovibrio.............................. 11
AmoA-based phylogenetic tree of the betaproteobacterial AOB......... 12
CometavolishiFof ethyietiav AOR BF. ... 8. . Siaree ot N oot 8. 16
Bhflopenctigiise oR AOA Se R X . . e et o s+« o sl 20
Experimentiiiimework. . L.... 8. 55 ... .. oSl b S 4. ... 3
Experimental framework for analysis of ammonia-oxidizing bacteria
CHMITTHNIEES o « - - TRt TN R ... . . . G . 28
Experimental framework for analysis of ammonia oxidizing archaea
SO MU S M o - e R = 565 5,300 gl » = g s < ol 30
Experimental framework for analyzing the effect of ammonium
concentrations on communities of AOB and AOA in enriched NAS... 34
Phylogenetic tree showing 16S rRNA genes of AOB belonging to
Betaproteobacterial with addition of 400-bp sequences from full-scale
WWTPs into the distance tree that was previously based on
comparison of 1000-bp sequences of described AOB..................... 42
Neighbor joining tree of AOA amoA sequences from full-scale
WWTPe. ... B B . R i ... ciciocuss « o s ammes 48
Distance matrix tree of AOA amoA sequences from full-scale
LAY B T G GO S—— 49
Maximum parsimony tree of AOA amoA sequences from full-scale
NV TS, . s scommussns s ¢ 5 mmmanas s s smamsnres s 1 4 soiyrosss s « » ssrssimiss s s smmmmmsmiaiesiin 50
Maximum likelihood tree of AOA amoA sequences from full-scale
W TP . e 51

Concentrations of ammonium, nitrite, and nitrate during enrichment
of nitrifying activated sludge by inorganic medium containing
different afEnipnium COBCCIEAITONS. » Sl . -« oxmusens <+ s s snorens + s s oo 54



Figure

4.7

4.8

4.9

4.10

4.11

Phylogenetic tree showing 16S rRNA genes of AOB belonging to
Betaproteobacterial with addition of 400-bp sequences from seed
sludge and enriched NAS into the distance tree that was previously
based on comparison of 1000-bp sequences of described AOB.........

Neighbor joining tree of AOA amoA sequences from seed sludge and
ElrighaiiSIAS . . S W T i o T TR .o B N

Distance matrix tree of AOA amoA sequences from seed sludge and
efftighed NASEERS. .. ....o 0. f Wt WA . ... B ..

Maximum parsimony tree of AOA amoA sequences from seed sludge
and-EirichEaallA.S .. . . .. . Fo SRR B . . . Wi - P HEal o o=

Maximum likelihood tree of AOA amoA sequences from seed sludge
anfEnriched TESED" el 0 . oo T s o ool + o 5 o s TR, « 5 5.0 scssisisialiondl + 5 65

Xiil

Page

57

62

63

64

65



