REFERENCES

American Public Health Association. Standard methods for the examination of water

and wastewater, 20" edition, Washington DC, USA, 1998.

Aakra, A., Utaaker, J.B., and Nes, I.LF. Comparative phylogeny of the ammonia
monooxygenase subunit A and 16S rRNA genes of ammonia-oxidizing

bacteria FEMS Microbiology Letters 205 (2001a): 237-242.

Alexander, M. Biodegradation of organic chemicals. Environmental Science and

Technology. 18,2 (1985): 106-111.

Alzerreca, J. J., Norton, J. M., and Klotz, M. G. The amo operon in marine,

ammonia-oxidizing gamma-proteobacteria. FEMS Microbiology Letters 180

(1999): 21-29.

Arciero, D.T., Vannelli, M.L., and Hooper, A.B. Degradation of trichloroethylene
by the ammonia-oxidizing bacterium Nitrosomonas europaea. Archives of
Biochemistry and Biophysics 159 (1989): 640-643.

Ballinger, S.J., Head, I.M., Curtis, T.P. and Godley, A.R. Molecular microbial

ecology of nitrification in an activated sludge process treating refinery

wastewater. Water Science and Technology 37 (1998): 105-108.

Beman, J.M., and Francis, C.A. Diversity of ammoniaoxidizing archaea and bacteria
‘in the sediments of a hypernutrified subtropical estuary: Bahia del Tobari,

Mexico. Applied and Environmental Microbiology 72 (2006): 7767-7777.

Bollmann, A., and Laanbroek H.J. Continuous culture enrichments of ammonia-
oxidizing bacteria at low ammonium concentrations. FEMS Microbiology

Ecology 37 (2001): 211-221.

Bollmann, A. and Laanbroek, H.J. Influence of oxygen partial pressure and
salinity on the community composition of ammonia-oxidizing bacteria in the

schelde estuary. Aquatic Microbial Ecology 28 (2002): 239-247.

Burton, S.A., and Prosser J.I. Autotrophic ammonia oxidation at low pH through
urea hydrolysis. Applied and Environmental Microbiology.67 (2001): 2952-
2957




72

Carballa, M., Omil, F., Lema, J.M., Llompart, M., Garci a-Jares, C., Rodr1"guez, 1.,
Go'mez, M., Ternes, T. Behavior of pharmaceuticals, cosmetics and

hormones in a sewage treatment plant. Water Research 38, 12 (2004): 2918-
2926.

Casciotti, K.L., and Ward B.B. Dissimilatory nitrite reductase genes from autotrophic
ammonia-oxidizing bacteria. Applied and Environmental Microbiology 67
(2001): 2213-2221.

Ceccherini, M.T., Castialdini, M., Piovanelli, C., Hastings, R.C., McCarthy, A.J.,

Bazzicalupoet, M., and Miclaus, N. Effects of swine manure on autotrophic
ammonia-oxidizing bacteria in soil microcosms. Applied Soil Ecology 7
(1998): 149-157.

Coolen, M.J.L., Abbas, B., Van Bleijswijk, J., Hopmans, E.C., Kuypers, M.M.M.,

Wakeham, S.G. Putative ammonia-oxidizing Crenarchaeota in suboxic waters
of the Black Sea: a basin-wide ecological study using 16S ribosomal and

functional genes and membrane lipids. Environmental Microbiology 9

(2007): 1001-1016.

Clara, M., Kreuzingera, N., Strenna, B., Gansb, O., Kroiss, H. The solids retention
time a suitable design parameter to evaluate the capacity of wastewater
treatment plants to remove micropollutants. Water Research 39, 1 (2005): 97-
106. A

Damsté, J.S., Rijpstra, W.I.C., Hopmans, E.C., Prahl, F.G., Wakeham, S.G., and

Schouten, S. Distribution of membrane lipids of planktonic Crenarchaeota in
the Arabian sea. Applied and Environment Microbiology 68 (2002b): 2997-
3002.

Dang, H., Zhang, X., Sun, J., Li, T., Zhang, Z., and Yang, G. Diversity and spatial
distribution of sediment ammonia-oxidizing crenarchaeota in response to
estuarine and environmental gradient in the Changjiang Estuary and East
China Sea. Microbiology 154 (2008): 2084-2095.

De Boer, W., and Laanbroek, H.J. Ureolytic nitrification at low pH by Nitrosospira
species. Archives of Microbiology 152 (1989): 178-181.




73

De Boer, W., Klein-Gunnewiek, P.J.A., Veenhuis, M., Bock, E., and Laanbroek, H.J.
Nitrification at low pH by aggregated autotrophic bacteria. Applied and
Environmental Microbiology 57 (1991): 3600-3604.

DeLong, E.F. Archaea in coastal marine environments. Proceeding of the National
Academy of Sciences USA 89 (1992): 5685-5689.
Dionisi, H.M., Layton, A.C., Harms, G., Gregory, IR., Robinson, KG., and Sayler,

GS. Quantification of Nitrosomonas oligotropha like ammonia-oxidizing
bacteria and Nitrospira spp. from full-scale wastewater treatment plants by
competitive PCR. Applied and Environmental Microbiology 68 (2002): 245~
258,

Ely, R.L., Hyman, M.R., Arp, D.J., Guenther, R.B., Williamson, K.J. A cometabolic

kinetics model incorporation enzyme inhibition, inactivation, and recovery: II.
Trichloroethylene degradation experiments. Biotechnology and
Bioengineering 46 (1995): 232-245.

Foesel, B.U., Gieseke, A., Schwermer, C., Stief, P., Koch, L., Cytryn, E., de la Torre,

J.T., van Rijn, J., Minz, D., Drake,H.L.. and Schramm, A. Nitrosomonas
Nm143-like ammonia oxidizers and Nitrospira marina-like nitrite oxidizers
dominate the nitrifier community in a marine aquaculture biofilm. FEMS
Microbiology Ecology 63, 2 (2008): 192-204.

Francis, C.A., Roberts, K.J., Beman, J.M., Santoro, A.E., Oakley, B.B. Ubiquity and

diversity of ammonia-oxidizing archaea in water columns and sediments of the
ocean. Proceeding of the National Academy of Sciences USA 102 (2005):
14683-14688.

Gieseke, A. Community structure and activity dynamics of nitrifying bacteria in a
phosphate-removing biofilm. Applied and Environment Microbiology 67
(2001): 1351-1362.

Golovacheva, R.S. Thermophilic nitrifying bacteria from hot springs. Journal of
Microbiology 45 (1976): 329-331.

Goreau, T.W., Kaplan, W.A., Wofsy, S.C., McElroy, M.B., Valois, F.W., and
Watson, S.W. Production of NO;,™ and N,O by nitrifying bacteria at reduced
concentrations of oxygen. Applied and Environment Microbiology 40

(1980.): 526-532.




74

Hall, G.H. Nitriiefton m loke 3 Piokser. AR finification, 127-156. Oxford

UK: IRL Press, 1986.
Harms, G., Layton, A.C., Dionisi, H.M., Gregory, [.R., Garrett, V. M., Hawkins, S.

A., Robinson, K.G., and Sayler, G.S. Real-time PCR quantification of
nitrifying bacteria in a municipal wastewater treatment plant. Environmental
Science and Technology 37 (2003): 343-351.

Head, 1.M., Hiorns, W.D., Embley, T.M., McCarthy, A.J., and Saunders, JR. The

phylogeny of autotrophic ammonia-oxidizing bacteria as determined by

analysis of 16S ribosomal RNA gene sequences. Journal of General

Microbiology 139 (1993): 1147-1153.

Hermansson, A., and Lindgren, P. E. Quantification of ammonia-oxidizing bacteria
in Arable soil by real-time PCR. Applied and Environment Microbiology 67,
2 (2001): 972 -976.

Hommes, N.G., Sayavedra-Soto, L.A., and Arp, D.J. Mutagenesis and expression of

amo, which codes for ammoniamonooxygenase in Nitrosomonas europaea.
Journal of Bacteriology 180 (1998): 3353-3359.
Horz, H.P., Rotthauwe, J.H., Lukow, T., and Liesack, W. Identification of major

subgroups of ammonia-oxidizing bacteria in environmental samples by T-
RFLP of amoA PCR products. Journal of Microbiological Methods 39
(2000): 197-204.

Hyman, M.R., Russell, S.A., Ely, R.L., Willamson, K.J., Arp, D.J. Inhibition,

inactivation, and recovery of ammonia-oxidizing activity in cometabolism of

trichloroethylene by Nitrosomonas europaea. Applied and Environment
Microbiology 61 (1995) 1480-1487.

International Union of Pure and Applied Chemistry (IUPAC). Endocrine disruptors in
the environment (IUPAC Technical Report). Pure and Applied Chemistry
75,5 (2003): 631-381.

Jiang, Q.Q., and Bakken, L.R. Comparison of Niftrosospira strains isolated from
terrestrial environments. FEMS Microbioloy Ecology 30 (1999): 171-186.

Jones, R.D., Morita, R.Y., Koops, H.P., and Watson, S.W. A new marine

ammonium-oxidizing bacterium, Nitrosomonas cryotolerans sp. nov. Can.

Journal of Microbiology 34 (1988): 1122-1128.




75

Juretschko, S., Timmermann, G., Schmid, M., Schieifer, K.H., Pommerening-Roser,
A., Koops, H.P., and Wagne, M. Combined molecular and conventional
analyses of nitrifying bacterium diversity in activated sludge: Nitrosococcus
mobilis and Nitrospira-like bacteria as dominant populations. Applied and
Environment Microbiology 64 (1998): 3042—-3051.

Klotz, M.G., and Norton, J.M. Sequence of an ammonia monooxygenase subunit A-
encoding gene from Nitrosospira sp. NpAV. Gene 163 (1995): 159-160.

Konneke, M., Bernhard, A.E., de la Torre, J.R., Walker, C.B., Waterbury, J.B., Stahl
D.A. Isolation of an autotrophic ammonia-oxidizing marine archacon. Nature
437 (2005): 543-546.

Koops, H. P., and Harms, H. Deoxyribonucleic acid homologies among 96
strains of ammonia-oxidizing bacteria. Archives of Microbiology 141 (1985):
214-218.

Koops, H.P., Bottcher, B., Méller, U.C., Pommerening-Roser, A., and Stehr; G.

Description of a new species of Nitrosococcus. Archives of Microbiology 154
(1990): 244-248.
Koops, H.P., Béttcher, B., Moller, U. C., Pommerening-Réser, A., and Stehr, G.

Classification of eight new species of ammonia-oxidizing bacteria:
Nitrosomonas communis sp. nov., Nitrosomonas ureae sp. nov., Nitrosomonas
aestuarii sp. nov., Nitrosomonas marina sp. nov., Nitrosomonas nitrosa sp.

nov., Nitrosomonas eutropha sp. nov., Nitrosomonas oligotropha sp. nov., and

Nitrosomonas halophila sp. nov. Journal of General Microbiology 137
(1991): 1689-1699.

Koops, H.P., and Pommerening-Roser A. Distribution and ecophysiology of the
nitrifying bacteria emphasizing cultured species. FEMS Microbiology
Ecology 37 (2001): 1-9.

Koops, H. P., Purkhold, U., Pommeren, R. A., Timmermann, G., and Wagner, M.

The Lithoautotrophic Ammonia-Oxidizing Bacteria. M. Dworkin et al

(eds.), The Prokaryotes: An Evolving Electronic Resource For the
Microbiological Community, 1-22. New York, 2003.




76

Kowalchuk, G.A. Analysis of ammonia-oxidizing bacteria of the Bsubdivision of
the class Proteobacteria in costal sand dunes by denaturing gradient gel
electrophoresis and sequencing of PCR-amplified 16S ribosomal DNA
fragments. Applied and Environment Microbiology 63, 4 (1997): 1489-1497.
Kowalchuk, G.A., Naoumenko, Z.S., Derikx, P.J.L., Felske, A., Stephen, J.R., and

Laanbroek, H.J.  Community analysis of ammonia-oxidising bacteria, in
relation to oxygen availability in soils and root-oxygenated sediments, using
PCR, DGGE and oligonucleotide probe hybridization. FEMS Microbiology
Ecology 27 (1998): 339-350.

Kowalchuk, G.A., and Stephen, J.R. Ammonia-oxidizing bacteria: a model for
molecular microbial ecology. Annual Review of Microbiology 55 (2001):
485-529.

Kreuzinger, N., Clara, M., Strenn, B., Kroiss, B. Relevance of the sludge retention
time (SRT) as design criteria for wastewater treatment plants for the removal
of endocrine disruptors and pharmaceuticals from wastewater. Water Science

and Technology 50, 5 (2004): 149-156.

Kurisu, F., Satoh, H., Mino, T., and Matsuo, T. Microbial community analysis of
thermophilic contact oxidation process by using ribosomal RNA approaches
and the quinone profile method. Water Research 36 (2002): 429-438.

Leininger, S., Urich, T., Schloter, M., Schwark, L., Qi, J., Nicol, G.W. Archaea

predominate among ammonia-oxidizing prokaryotes in soils. Nature 442
(2006): 806-809.

Limpiyakorn T., Shinihara, Y., Kurisu, F., and Yagi, O. Communities of ammonia
oxidizing bacteria in activated sludge of various sewage treatment plants in

Tokyo. FEMS Microbiology Ecology 54 (2005): 205-117.

Limpiyakorn, T., Kurisu, F., and Yagi, O. Development and application of real-time
PCR quantification for particular ammonia-oxidizing bacteria in full-scale
sewage activated sludge systems and continuous enrichment cultures. Applied

and Environmental Microbiology 72 (2006a): 1004-1013.




77

Limpiyakorn, T., Kurisu, F., and Yagi, O. Quantification of ammonia-oxidizing
bacteria populations in full-scale sewage activated sludge systems and
assessment of system variables affecting their performance. Water Science

and Technology 54 (2006b): 91-99.

Limpiyakorn, T., Kurisu, F., Sakamoto, Y., and Yagi, O. Effects of ammonium and
nitrite on communities and populations of ammonia-oxidizing bacteria in
laboratory-scale continuous-flow reactors. FEMS Microbiology Ecology 60
(2007): 501-512.

Liu Xin-chun, Zhang Yu, Yang Min, Wang Zhen-yu, Lv Wen-zhou. Analysis of
bacterial community structures in two sewage treatment plants with different
sludge properties and treatment performance by nested PCR-DGGE method.
Journal of Environmental Sciences 19 (2007): 60-66.

MacDonald, R. M. Nitrification in soil: a introductory history J.I. Prosser (Eds.),
Nitrification, 1-16. Oxford UK: IRL Press, 1986

McTavish, H., Fuchs, J.A., and Hooper, A.B. Sequence of the gene coding for
ammonia monooxygenase in Nitrosomonas europaea. Journal of Bacteriology
175 (1993): 2436-2444.

Mobarry, B.K., Wagner, M., Urbain, V., Rittmann, B.E., and Stahl, D A.

Phylogenetic probes for analyzing abundance and spatial organization of
nitrifying bacteria. Applied and Environment Microbiology 62, 6 (1996):
2156-2162.

Nicol, G.W., and Schleper, C. Ammonia-oxidising Crenarchaeota: important players

in the nitrogen cycle? Trends in Microbiology 14, 5 (2006): 207-212.

Nicolaisen, M.H. and Ramsing, N.B. Denaturing gradient gel electrophoresis
(DGGE) approaches to study the diversity of ammonia-oxidizing bacteria.
Journal of Microbiologigal Methods 50 (2002): 189-203.

Nold, S.C., Zhou, J., Devol, A -H.,, and Tiedje, J.M. Pacific Northwest marine

sediments contain ammonia-oxidizing bacteria in the beta subdivision of the

Proteobacteria. Applied and Environment Microbiology 66 (2000): 4532-
4535.



78

Norton, J.M., Alzerreca, J.J., Suwa, Y., and Klotz, M.G. Diversity of ammonia

monooxygenase operon in autotrophic ammonia-oxidizing bacteria.

Archieves of Microbiology 177 (2002): 139-149.

Okabe, S., Satoh, H., and Watanabe, Y. In situ analysis of nitrifying biofilms as
determined by in situ hybridization and the use of microelectrodes. Applied
and Environment Microbiology 65 (1999): 3182-3191.

Painter, H.A. Nitrification in the Treatment of Sewage and Waste-waters. Prosser,
J.I. (Ed.), Nitrification, 185-211. Oxford UK: IRL Press, 1986.
Park, H.D, Wells, G.F., Bae, H., Criddle, C.S., Francis, C.A. Occurrence of

ammonia-oxidizing archaea in wastewater treatment plant bioreactors.

Applied and Environment Microbiology 72 (2006): 5643-5647.

Prosser, J.I., and Embley, T.M. Cultivation-based and molecular approaches to
characterisation of terrestrial and aquatic nitrifiers. Antonie Van
Leeuwenhoek 81 (2002): 165-179.

Purdom, C.E., Hardiman, P.A., Bye, V.J., Eno, N.C., Tyler C.R., Sumpter, J.P.
Estrogenic effects of effluents from sewage treatment works. Journal of
Chemical Ecology 8 (1994): 275-285.

Purkhold, U., Pommering-Réser, A., Juretschko, S, Schmid, M. C., Koops, H.P., and

Wagner, M. Phylogeny of all recognized species of ammonia oxidizers based
on comparative 16S rRNA and amoA sequence analysis: implications for
molecular diversity surveys. Applied and Environment Microbiology 66

(2000): 5368-5382.

Purkhold, U., Wagner, M., Timmermann, G., Pommerening-Rdser, A., and Koops,
H.P. 16S rRNA and amoA-based Phylogeny of 12 Novel Betaproteobacterial
Ammonia Oxidizing Isolates: Extension of the Data Set and Proposal of a

New Lineage within the Nitrosomonads. International Journal of Systematic

and Evolutionary Microbiology [online] (2003) Available from:
http://dx.doi.org/10.1099/ijs.0.02638-0 [10/5/2007]
Regan, J.M., Harrington, G.W., and Noguera, D.R. Ammonia and

nitrite-oxidizing bacterial communities in a pilot-scale chloraminated drinking
water distribution system. Applied and Environment Microbiology 68 (2002):
73-81.




i)

Regan, J.M., Harrington, G.W., Baribeau, H., De Leon, R., and Noguera, D.R.
Diversity of nitrifying bacteria in full-scale chloraminated distribution

systems. Water Research 37 (2003): 197-205.

Rotthauwe, J.H., de Boer, W., and Liesack, W. Comparative analysis of gene
sequences encoding ammonia monooxygenase of Nitrosospira sp. AHB1 and
Nitrosolobus multiformis C-71. FEMS Microbiology Letters 133 (1995): 131-
[35]

Rotthauwe, J.H., Witzel, K.P., and Liesack, W. The ammonia monooxygenase
structural gene amoA as a functional marker: molecular fine-scale analysis of
natural ammonia-oxidizing populations. Applied and Environment

Microbiology 63 (1997): 4704-4712.

Routledge, EJ. Identification of estrogenic chemicals in STW effluent-1l. In

vivo responses in trout and roach. Environmental Science and Technology 32
(1998): 1559-1565.
Santoro, A.E., Francis, C.A., de Sieyes, N.R., and Boehm, A.B. Shifts in the relative

abundance of ammonia-oxidizing bacteria and archaea across physicochemical
gradients in a subterranean estuary. Environmental Microbioogy 10 (2008):

1068-1079.

Schleper, C. Genomic studies of uncultivated archaea. Nature Reviews Microbiology

3 (2005): 479-488.

Schloss, P.D., and Handelsman, J. Introducing DOTUR, a computerprogram for
defining operational taxonomic units and estimating speciesrichness. Applied

and Environment Microbiology 71 (2005): 1501-1506.

Schmidt, 1., and Bock, E. Anaerobic ammonia oxidation with nitrogen dioxide by

Nitrosomonas eutropha. Archives of Microbiology 167 (1997): 106-111.

Schmidt, 1., and Bock, E. Anaerobic ammonia oxidation with nitrogen dioxide by
cell-free extracts of Nitrosomonas eutropha. Antonie van [Leeuwenhoek 73

(1998): 271-278.

Schramm, A., De Beer, D., Wagner, M., and Amann, R. Identification and activities
in situ of Nitrosospira and Nitrospira spp. as dominant population in nitrifying
fluidized bed reactor. Applied and Environment Microbiology 64 (1998):
3480-3485.




80

Shi, J., Fujisawa, S., Nakai, S., Hosomi, M. Biodegradation of natural and synthetic
estrogen by nitrifying activated sludge and ammonia-oxidizing bacterium

Nitromonas europaea. Water Research 38,9 (2004): 2323-2330.

Siripong, S., and Rittmannb, B.E. Diversity study of nitrifying bacteria in full-scale
municipal wastewater treatment plants. Water Research 41 (2007): 1110 —

1120.

Stehr, G., Bottcher, B., Dittberner, P., Rath, G., and Koops, H.P. The ammonia
oxidizing nitrifying population of the River Elbe estuary. FEMS
Microbiology Ecology 17 (1995a): 177-186.

Stehr, G., Zorner, S., Bottcher, B., and Koops, H.P. Exopolymers: A ecological
Characteristic of a Floc-Attached, Ammonia-Oxidizing Bacterium. Microbial
Ecology 30 (1995b): 115-126.

Stephen, J.R., Chang, Y.J., Macnaughton, S.J., Kowalchuk, G.A., Leung, K.T.,
Flemming, C.A., and White, D.C. Effect of toxic metals on indigenous soil
beta-subgroup proteobacterium ammonia oxidizer community structure and

protection against toxicity by inoculated metal-resistant bacteria. Applied and
Environment Microbiology 65 (1999): 95-101.

Strickland, J.D., and Parson, T.R. Fishery research board of Canada. A practical
handbook of seawater analysis, 310-315. Otawa, 1972.

Suwa, Y., Imamura, Y., Suzuki, T., Tashiro, T., and Urushigawa, Y. Ammonia-
oxidizing bacteria with different sensitivities to (NH4),SOy4 in activated sludge

Water Research 28 (1994): 1523-1532.

Suwa, Y., Sumino, T., and Noto, K. Phylogenetic relationships of activated sludge
isolates of ammonia oxidizers with different sensitivities to ammonium
sulfate. Applied Microbiology 43 (1997): 373-379.

Taewoo Ti and Willief. Harper, JR. The Link between Nitrification and

Biotransformation of 17a-Ethinylestradiol. Environmental Science and
Technology 41 (2007): 4311-4316.
Torre, José R., Christopher B. Walker, Anitra E. Ingalls, Martin Kénneke, and

David A. Stahl. Cultivation of a thermophilic ammonia oxidizingarchaeon
synthesizing crenarchaeol. Environmental Microbiology 10,1 (2008): 810
818.




81

Treusch, A.H., Leininger, S., Kletzin, A., Schuster, S.C., Klenk, H.P., Schleper, C.
Novel genes or nitrite reductase and Amo-related proteins indicate a role of
uncultivated mesophilic crenarchaeota in nitrogen cycling. Environmental
Microbiology 7 (2005): 1985-1995.

Vader, J.S.  Degradation of ethinyl estradiol by nitrifying activated sludge.
Chemosphere 41 (2000): 1239-1243.

Venter, J.C., Remington, K., Heidelberg, J.F., Halper, A.L., Rusc, D., Eisen, J.A.
Environmental genome shotgun sequencing of the Sargasso Sea. Science 304
(2004): 66-74.

Vogel, T.M., and McCarty, P.L. Biotransformation of tetrachloroethylene to
trichloroethylene, dichloroethylene, vinyl chloride, and carbon dioxide under
methanogenic conditions, Applied and Environment Microbiology 49
(1985): 1080-1083.

Wagner, M., Rath, G., Amann, R., Koops, H.P., and Schleifer, K.H. In situ

identification of ammonia-oxidizing bacteria.  Systematic and Applied

Microbiology 18 (1995): 251-264.

Wagner, M., Noguera, D.R., Juretschko, S., Rath, G, Koops, H.P., and Schleifer ,
H.K.H. Combining fluorescent in situ hybridization (FISH) with cultivation
and mathematical modeling to study population structure and function of
ammonia-oxidizing bacteria in activated sludge. @ Water Science and

Technology 37 (1998): 441-449.

Wagner, M., Loy, A. Bacterial community composition and function in sewage
treatment systems. Current Opinion Biotechnology 13 (2002): 218-227.
Ward, B.B., Martino, D.P., Diaz, M.C., and Joye, S.B. Analysis of ammonia-

oxidizing bacteria from hypersaline Mono Lake, California, on the basis of
16S rRNA sequences. Applied and Environment Microbiology 66 (2000):
2873-2881.

Watson, S.W., and Mandel, M. Comparison of the morphology and deoxyribonucleid
acid composition of 27 strains of nitrifying bacteria Journal of Bacteriology

107 (1971): 563-569.




82

William, K.K., and Daniel, J.A. Kinetic studies of ammonia monooxygenase
inhibition in Nitrosomonas europaea by hydrocarbons and halogenated

hydrocarbons in an optimized whole-cell assay. Applied and Environment

Microbiology 59 (1993): 501-510.

Wilson, J.T., and Wilson, B.H. Biodegradation of trichloroethylene in soil. Applied
and Environment Microbiology 49 (1985). 242-243.

Woese, C.R., Weisburg, W.G., Paster, B.J., Hahn, C.M., Tanner, R.S., Krieg, N.R.,

Koops, H.P., Harms, H., and Stackebrandt, E. The phylogeny of the purple
bacteria: the beta subdivision system. Applied Microbiology 5 (1984): 327-
336.

Woese, C.R., Weisburg, W.G., Hahn, C.M., Paster, B.J., Zablen, L.B., Lewis, B.J. ,

Macke, T.J., Ludwig, W., and Stackebrandt, E. The phylogeny of the purple

bacteria: the gamma subdivision system. Applied Microbiology 6 (1985): 25-
33.

Wuchter, C., Abbas, B., Coolen, M.J.L., Herfort, L., van Bleijswijk, J., Timmers, P.

Archaeal nitrification in the ocean. Proceeding of the National Academy of

Sciences USA 103 (2006): 12317-12322.

You, S.J., Hsu, C.L., Chuang, S.H. and Ouyang, C.F. Nitrification efficiency and
nitrifying bacteria abundance in combined AS-RBC and A,O systems. Water
Research 37 (2003): 2281-2290.

Yamagata, A., Kato, J., Hirota, R., Kuroda, A., Ikeda, T., Takiguchi, N., and Ohtake,
H. Isolation and characterization of two cryptic plasmids in the ammonia-
oxidizing bacterium Nitrosomonas sp. Strain ENI-11. Journal of Bacteriology

181 (1999): 3375-3381.

Zart, D., Schmidt, I., and Bock, E. Significance of gaseous NO for ammonia
oxidation by Nitrosomonas eutropha. Antonie Van Leeuwenhoek 77 (2000):
49-55.




APPENDICES



APPENDIX A

84



85

Sequences of ammonia-oxidizing bacteria found in full-scale WWTPs

>AOB-11-1
NGNNNATCCCTCAACTCAANGGGCNACGGATACAGTAGTTGGTCTGAGAGGACGACCAGCCACACTGGG
ACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGCAAGCCTGA
TCCAGCAATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTTAGT TGAAAAGAAAAAACA
GCGATTAATAATCGCTGTTATGACGGTATCAACAGAAAAAGCACCGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGGGTGCGCAGGCGGTTTTGTAAG
TCAGATGTGAAATCCCCGGGCTTAACCTGGGAATTGCGTTTGAAACTACAAGGCTAGACCGGT
>AOB-12-1
ANGNGCCNNTTACGCAAAGGCAATCTGAGCANTAGAAGGTCAGAGAGGACGGCCAACCACACTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCC
AGCCATGCCGCGTGAGTGAAGAAGSCCTTCGGGTTGTAAAGCTCTTTTAGTCGGARAGAAAGAGTTGCA
ATGAATAATTGTGATTTATGACGGTACCGACAGAAAAAGCACCGGCTAACTACGTGCCAGCAGCCGLGE
TAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGGGTGCGCAGGCGGTCTTGCAAGTC
AGATGTGAAAGCCCCGGGCTTAACCTGGGAATTGCGTTTGAAACTACAAGGCTAGA

>AOB-1I3-1
NNNNNCNNTAACCAANGGCGACGACCACTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGA
CACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGGAAGCCTGATCCAGCA
ATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCAGTCGAGAAGAAAAGGCTATGCCGA
ATAAGTATAGTTAATGACGGTATCGAAAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAAT
ACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGGGTGCGCAGGCGGTACTGTAAGTCAGAT
GTGAAATCCCCGGGCTTAACCTGGGAATTGCGTTTGAAACTCNNAGCTAGACCGTTTGANGCTTGAAAG
TTCGAGGTTGGAACTTCGGAGCTTGATATTTGAAATTTCGGTGTTTTGCTTGTGACGGG

>AOB-13-2
TATNNGGGCCCTAACCAAGGCGACGATCAGTAGTTGGTCTGAGAGGACGACCAGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGCAAGCCTGATCCAG
CAATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCAGTCGAGAAGAAAAGGCTGCAGT
GAATAACTGTAGTTTATGACGGTATCGACAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTA
ATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGGGTGCGCAGGCGGTTTTGTAAGTCAG
ATGTGAAATCCCCGGGCTTAACCTGGGAATTGCGTTTGAAACTACAAGGCTAGACCGTTGGCCTTTGAA
ACTACCAAGGTAGGAGGGTCGAAATTGAAACCTCCCACTTTTAGAGCTCTCGCAAAATTTGNN
>AOB-I14-1
TNTCGGAACGNATCATCGATNGTTGGGCGGAGAGGACCTACTGCCAAAACGGGACTGAAACACGGCTCA
TACTCCTACGGCAGGCCATGTGGGTAATTTTGGAGATGTGCCARAGATTGATCCAACACTGTGGCGAGA
GTGAGGAAGGCCTTCTGGTTGCAACGCTGTTTGAGTCGGAAAGAAATATCTATAAAARATATTTATAGA
GGATGACGGTACCGACATAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGC
AAGCGTTAATCGGAATTATTGGGCGTAAAGGGTGCGCAGGCGGTGCTGTAAGTCAGATGTGAAATCCCC
GGGCTTAACCTGGGAATTGCGTTTGAAACTACAAGGCTAGA

>AOB-LM1-1
CAGGGGATCGAAAGACCTTATGCTTTTNGAGCGGCCGATGTCTGATTAGCTAGTTGGTAGGGTAATGGC
CTACCAAGGCGACGATCAGTAGTTGGTCTGAGAGGATGGCCAGCCACACTGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGT
GAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCAGTTGAGAGGAAAAGNTTGTGACTAATAATCACA
ATTCATGACAGTATCAACAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGT
GCAAGCGTTAATCGGAATTATTGGGCGTAAAGGGTGCGCAGGCGGTTCTGTAAGTCAGATGTGAAATCC
CCGGGCTTAACCTGGGAATTGCGTTTGAAA

>AOB-LM1-2
GGGGATCGAAAGACCTCGTGCTTTGAGNGTGGCCGATGTCTGATTAGCTAGTTGGTAGGGTAAAGGCCT
ACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGA
GTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCGGTCGGAAAGAAATATCTATAAAAAATATTTATAGA
GGATGACGGTACCGACATAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGC
AAGCGTTAATCGGAATTATTGGGCGTAAAGGGTGCGCAGGCGGTGTTGTAAGTCAGATGTGAAATCCCC
GGGCTTAACCTGGGAATTGCGTTTGAAACT
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>AOB-LM1-1
GGGATCGAAAGACCTCGTGCTTTGAGGGTGGCCGATGTCTGATTAGCTAGTTGGTAGGGTAAAGGCCTA
CCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGAC
TCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGARAGCCTGATCCAGCCATGCCGCGTGAG
TGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCGGTCGGAAAGAAATATCTATAAAAAATATTTATAGAG
GATGACGGTACCGACATAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCA
AGCGTTAATCGGAATTATTGGGCGTAAAGGGTGCGCAGGCGGTGCTGTAAGTCAGATGTGAAATCCCCG
GGCTTAACCTGGGAATTGCGTTTGAAAC

> AOB-LM2-1
NNNNNNACAATAAGTACTCTGGNCTCGATGAGGACGATCAACCACACTGGGACTGAGACACGGCCCACA
CTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGA
GTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCGGTCGGAAAGAAATATCTATAAAAAATATTTATAGA
GGATGACGGTACCGACATAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGC
AAGCGTTAATCGGAATTATTGGGCGTAAAGGGTGCGCAGGCGGTGTTGTAAGTCAGATGTGAAATCCCC
GGGCTTAACCTGGGAATTGCGTTTGAAACTCAAGGCTAGGNCGTTTGATTTTTCTGCGTGGATGTTTAG
ATTCTACAAGAGAGATGTCGTAGTGGCAATCGCTTATATTTTTAN

> AOB-LM3-1
NCNAAANGGNNACGATCAGTATTTNGGNCTGAGAGGATGGCCAACCACACTGGGACTGAGACACGGCCC
AGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGGGAAACCCTGATCCAGCAATGCCGCG
TGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCAGTTGAGAAGAAAAGGTTGTGACTAATAATCAT
AATTTATGACGGTATCAACAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
TGCAAGCGTTAATCGGAATTACTGGGCGTAAAGGGTGCGCAGGCGGTTATGTAAGTCAGATGTGAAATC
CCCGGGCTTAACCTGGGAATGGCGTTTGAAATCNAAAGGCTAGAAGTN

> AOB-LM3-2
NGNGTAACGTTTTCGCCGACACCGGCTAGGGTTTTCATGGGCCAGGGCAGATTCGATAACGCGGACAAA
TGAAACATGCTGGCCTTCAATTCGGCCCGTTAGAGGGAAATTTCTGAAGATGCCCAAAAGACCGATACG
ACCATGCGGCGTGAGTGATTAAAGCTTCCAGGTTGGAAAGCTCTTTCGGTCGGAAAGAAATATCTATAA
AAAATATTTATAGAGGATGACGGTACCGACATAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGT
AATACGTAGGGTGCAAGCGTTAATCGGAATTATTGGGCGTAAAGGGTGCGCAGGCGGTGCTGTAAGTCA
GATGTGAAATCCCCGGGCTTAACCTGGCGAATTGCGTTTGAAACTACAAGGCTAGA

> AOB-LM4-1
NNGATNCATGTATGCTTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCT
ACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGAGTGAA
GAAGGCCTTCGGGTTGTAAAGCTCTTTCAGTCGAGAAGAAAAGATTATGTCTAATAAACATAGTTCATG
ACGGTATCGATAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCTAGCG
TTAATCGGAATTACTGGGCGTAAAGGGTGCGCAGGCGGATCTGTAAGTCAGATGTGAAATCCCCGGGCT
TAACCTGGGAATTGCGTTTGAAACTCNAG

> AOB-SM1-1
NNNNATGCAGTAAGCTNGGNCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCACACTCCT
ACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGGAAGCCTGATCCAGCAATGCCGCGTGAGTGAA
GAAGGCCTTCGGGTTGTAAAGCTCTTTCAGTCGAGAAGAAAAGGCTATGCCAAATAAGTATAGTTAATG
ACGGTATCGAAAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCG
TTAATCGGAATTACTGGGCGTAAAGGGTGCGCAGGCGGTACTGTAAGTCAGATGTGAAATCCCCGGGCT
TAACCTGGGAATTGCGTTTGAAACTCGAGGCTAGACCGTTTGAAATTAAAAAAGCTCGGCGTTAGAAAC
TACGAAGCTAGACGTTTAACG

> AOB-SM4-1
NNNNGACCGCCTAGAGTTTACCANGGCGACAATGTGGGTGGCTGGGATAGGACCACCCGCCGGCTGGGA
CTGATACACGGCCCGACGCCGACGGGAGGGGATTATGGGGAATTTTGTACAATGGTGGCAAGCCTGATC
TGGCTTGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCAGT TGAGAAGAAAAGATTGTG
ACTAATAATTGCAATTCATGACGGTATCAACAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGG
TAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGGGTGCGCAGGCGGTTCTGTAAGTC
AGATGTGAAATCCCCGGGCTTAACCTGGGAACTGCGTTTGAAATNNTAAGCTAGACATTGAAACTACCA
AGGTAGGCCTTTGGAACCTACAAGGTTAGACGTTTGAAATTACAGGGCTAGACGTTAGAAT
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Sequences of ammonia-oxidizing archaea found in full-scale WWTPs

>AOA-13-1
TTGTTGCAGTTAACAGTACGTTGCTAACAATCAACGCAGGAGATTACATCTTCTATACCGACTGGGCGTGG
ACATCATTTGTCGTATTTTCGATTTCTCAATCCACAATGCTTGTGGTTGGAGCTATATACTATATGTTGTT
TACAGGCGTTCCGGGTACTGCTACGTATTATGCAACTATAATGACTATATATACATGGGTTGCCARAAGGTG
CATGGTTTGCATTGGGATATCCATACGACTTTGTTGTGGTTCCTGTTTGGATACCATCGGCGATGTTGTTG
GATTTGGCGTACTGGGCAACAAGGAGAAACAAACACGCGGCTATATTAATTGGTGGTGTGTTGGTAGGAAT
GTCGCTACCACTATTTAATATGATCAACTTGTTGTTGGTTGCTGATCCCTTGGAAATGGCATTCAAGTATC
CAAGACCCACTTTACCACCATACATGACTCCAATCGAACCTCAGGTAGGTAAGTTCTATAATAGTCCTGTT
GCGCTAGGGGCCGGTGCGGGAGCTGTGCTATGTGTTCCTATAGCGGCATTGGGTGCAAAACTCAATACCTG
GACATACAGATGGATGGCCGGC

>AOA-13-2
CAGTTAACAGTACGTTGCTTACAATCAACGCAGGAGATTACATCTTCTATACCGACTGGGCGTGGACAT
CATTTGTCGTATTTTCGATTTCTCAATCCACAATGCTTGTGGTTGGAGCTATATACTATATGTTGTTTA
CAGGCGTTCCGGGTACTGCTACGTATTATGCAACTATAATGACTATATATACATGGGTTGCCAAAGGTG
CATGGTTTGCATTGGGATATCCATACGACTTTGTTGTGGTTCCTGTTTGGATGCCATCGGCGATGTTGT
TGGATTTGGCGTACTGGGCAACAAGGAGAAACAAACACGCGGCTATATTAATTGGTGGTGTGTTGGTAG
GAATGTCGCTACCACTATTTAATATGATCAACTTGTTGTTGGTTGCTAATCCCTTGGARAATGGCATTCA
AGTATCCAAGACCCACTTTACCACCATACATGACTCCAATCGAACCTCAGGTAGGTAAGTTCTATAATA
GTCCTGTTGCGCTAGGGGCCGGTGCGGGAGCTGTGCTATGTGTTCCTATAGCGGCATTGGGTGCAAAAC
TCAATACCTGGACATACAGATGGATTGGCCGC

>AOA-13-3
CAGTTACAGTACGTTGCTTACAATCAACGCAGGAGATTACATCTTCTATACCGACTGGGCGTGGACATCAT
TTGTCGTATTTTCGATTTCTCAATCCACAATGCTTGTGGTTGGAGCTATATACTATATGTTGTTTACAGGC
GTTCCGGGTACTGCTACGTATTATGCAACTATAATGACTATATATACATGGGTTGCCAAAGGTGCATGGTT
TGCATTGGGATATCCATACGACTTTGTTGTGGTTCCTGTTTGGATACCATCGGCGATGTTGTTGGATTTGG
CGTACTGGGCAACAAGGAGAAACAAACACGCGGCTATATTAATTGGTGGTGTGTTGGTAGGAACGTCGCTA
CCACTATTTAATATGATCAACTTGTTGTTGGTTGCTGATCCCTTGGAAATGGCATTCAAGTATCCAAGACC
CACTTTACCACCATACATGACTCCAATCGAGCCTCAGGTAGGTAAGTTCTATAATAGTCCTGTTGCGCTAG
GGGCCGGTGCGGGAGCTGTGCTATGTGTTCCTATAGCGGCATTGGGTGCAAAACTCAATACCTGGACATAC
AGATGGATGGGCCGCA

>A0OA-13-4
CTGCAGTTACAGTACGTTGCTTACAATCAACGCAGGAGATTACATCTTCTATACCGACTGGGCGTGGACAT
CATTTGTCGTATTTTCGATTTCTCAATCCACAATGCTTGTGGTTGGAGCTATATACTATATGTTGTTTACA
GGCGTTCCGGGTACTGCTACGTATTATGCAACTATAATGACTATATATACATGGGTTGCCAAAGGTGTATG
GTTTGCATTGGGATATCCATACGACTTTGTTGTGGTTCCTGTTTGGTTACCATCGGCGATGTTGTTGGATT
TGGCGTACTGGGCAACAAGGAGAAACAAACACGCGGCTATATTAATTGGTGGTGTGTTGGTAGGAATGTCG
CTACCACTATTTAATATGATCAACTTGTTGTTGGTTGCTGATCCCTTGGAAATGGCATTCAAGTATCCAAG
ACCCACTTTACCACCATACATGACTCCAATCGAACCTCAGGTAGGTAAGTTCTATAATAGTCCTGTTGCGC
TAGGGGCCGGTGCGGGAGCTGTGCTATGTGTTCCTACAGCGGCATTGGGTGCAAAACTCAATACCTGGACA
TACAGATGGATGGCCGCA

>AOA-13-5
TGCAGTTACAGTACGTTGCTTACAATCAACGCAGGAGATTACATCTTCTATACTGACTGGGCGTGGACATC
ATTTGTCGTATTTTCGATTTCTCAATCCACAATGCTTGTGGT TGGAGCTATATACTATATGTTGTTTACAG
GCGTTCCGGGTACTGCTACGTATTATGCAACTATAATGACTATATATACATGGGTTGCCAAAGGTGCATGG
TTTGCATTGGGATATCCATACGACTTTGTTGTGGTTCCTGTTTGGATACCATCGGCGATGCTGTTGGATTT
GGCGTACTGGGCAACAAGGAGAAACAAACACGCGGCTATATTAATTGGTGGTGTGTTGGTAGGAATGTCGC
TACCACTATTTAATATGATCAACTTGTTGTTGGTTGCTGATCCCTTGGAAATGGCATTCAAGTATCCAAGA
CCCACTTTACCACCATACATGACTCCAATCGAACCTCAGGTAGGTAAGTTCTATAATAGTCCTGTTGCGCC
AGGGGCCGGTGCGGGAGCTGTGCTATGTGTTCCTATAGCGGCATTGGGTGCAAAACTCAATACCTGGACAT
ACAGATGGATGGCCNCAA
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>AOA-I4-1
TACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTCTCGCAATCTACGATGCTTGCGGTCGGC
GCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGCTACATACTACGCCACAATCATGACCATC
TACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTATCCGTACGACTTCGTGGTCGTGCCGGTG
TGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGCTACAAGACGTAACAAGCACGCCGCCATA
CTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTCAACATGGTCAACTTGTTGCTTGTCAGA
GACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTGCCCGCATACATGACACCAATAGAGCCC
AGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTCAGGCGCAGGAGCAGTACTGACAGTCCCCA
TGGCAGCGTTGGGAGCAAAACTCAACACGTGG

>AOA-LM1-1
TATACTGACTGGGCTTGGACTTCGTTCACGGTATTTTCAATATCGCAAACGTTGATGCTTGCAGTAGGT
GCAACATATTACCTGACATTTACAGGTGTTCCAGGAACAGCAACGTACTACGGCCTAATTATGACAGTA
TACACATGGGTAGCAAAAGGAGCATGGTTTGCACTAGGTTATCCATATGACTTCATTGTAACACCAATT
TGGTTACCATCAGCAATGTTGCTTGATTTAGCCTATTGGGCAACAAGGAGGAACAAGCACTCCTTGATA
CTGTTTGGCGGAGTACTAGTAGGAATGTCTTTACCATTATTCAACATGGTAAACCTGATAACAGTAGCA
GACCCACTAGAAACGGCATTCAAATACCCAAGACCAACATTGCCACCATACATGACACCAATAGAACCT
CAAGTAGGTAAATTCTATAACAGTCCAGTAGCACTGGGTGCAGGTGCGGGTGCAGTTTTGTCGGTTACA
TTTACAGCCTTAGGTTGTAAACTAAACACTTGG

>AOA-1LM1-2
TACACTGACTGGGCATGGACTTCATATGTCGTGTTCTCAATATCACAGACATTGATGTTGGTAGTAGGA
GCAACTTACTATCTGACATTTACAGGAGTTCCAGGAACCGCAACGTACTACGCGCTTATTATGACCGTG
TATACATGGATCGCAAARAGGCGCATGGTTCGCACTAGGTTACCCATATGACTTCATTGTTACACCAGTT
TGGCTACCATCAGCAATGCTGATTGATTTGGCTTACTGGGCTACAAAGAAGAACAAGCACTCACTGATA
CTATTCGGTGGTGTGTTGTGTGGAATGTCACTGCCATTGTTCAACATGGTAAATCTAATCACCGTGGCT
GATCCATTGGAGACTGCATTCAAATATCCAAGACCAACATTGCCTCCATACATGACTCCAATAGAACCC
CAAGTGGGCAAGTTCTATAACAGTCCAGTTGCACTCGGTGCAGGCGCAGGTGCTGTATTATCAGTAACC
TTTGCTGCTCTAGGATGTAAACTGAATACGTGG

>AOA-LM1-3
TACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTCTCGCAATCTACGATGCTTGCGGTCGGC
GCGATATACTACATGCTCTTCACAGGGGTTCCAGGTACAGCTACATACTACGCCACAATCATGACCATC
TACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTATCCGTACGACTTCGTGGTCGTGCCGGTG
TGGATTCCATCAGCAATGCTGCTAGACCTCTCGTACTGGGCTACAAGACGTAACAAGCACGCCGCCATA
CTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTCAACATGGTCAACTTGTTGCTTGTCAGA
GACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTGCCCGCATACATGACACCAATAGAGCCC
CAGGTAGGTAAGTTCTACAACAGTTTTGTAGCACTTGGTTCAGGCGTAGGAGCAGTACTGACAGTCCCC
ATGGCAGCGTTGGGAGCAAAACTCAACACGTGG

>AOA-LM1-4
TACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTCTCGCAATCTACGATGCTTGCGGTCGGC
GCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGCTACATACTACGCCACAATCATGACCATC
TACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTATCCGTACGACTTCGTGGTCGTGCCGGTG
TGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGCTACAAGACGTAACAAGCACGCCGCCATA
CTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTCAACATGGTCAACTTGTTGCTTGTCAGA
GACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTGCCCGCATACATGACACCAATAGAGCCC
CAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTCAGGCGCAGGAGCAGTACTGACAGTCCCC
ATGGCAGCGTTGGGAGCAAAACTCAACACGTGG

>AOA-LM1-5
TACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTCTCGCAATCTACGATGCTTGCGGTCGGC
GCGATATACTACATGCTCTTCACAGGGGTTCCAGGTACAGCTACATACTACGCCACAATCATGACCATC
TACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTATCCGTACGACTTCGTGGTCGTGCCGGTG
TGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGCTACAAGACGTAACAAGCACGCCGCCATA
CTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTCAACATGGTCAACTTGTTGCTTGTCAGA
GACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTGCCCGCATACATGACACCAATAGAGCCC
CAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTCAGGCGCAGGAGCAGTACTGACAGTCCCC
ATGGCAGCGTTGGGAGCAAAACTCAACACGTGG
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>AOA-LM1-6
TAGTTGCAGTTACCCAACACTGTTAACAATTAATGCAGGAGACTACATTTTCTATACTGACTGGGCTTG
GACTTCGTTCACGGTATTTTCAATATCGCAAACGTTGATGCTTGCAGTAGGTGCAACATATTACCTGAC
ATTTACAGGTGTTCCAGGAACAGCAACGTACTACGGCCTTATTATGACAGTATATACATGGGTAGCAAA
AGGAGCATGGTTTGCACTAGGTTATCCATATGACTTCATTGTAACACCAATTTGGTTACCATCAGCAAT
GTTGCTTGATTTAGCCTATTGGGCAACAAAGAGGAACAAGCACTCCTTGATACTGTTTGGCGGAGTACT
AGTAGGAATGTCTTTACCATTATTCAACATGGTAAACCTGATAACAGTAGCAGACCCACTAGAAACGGC
ATTCAAATACCCAAGACCAACATTGCCACCATACATGACACCAATAGAACCTCAAGTAGGTAAATTCTA
TAACAGTCCAGTAGCACTGGGTGCAGGTGCGGGTGCAGTTTTGTCGGTTACATTTACAGC
>AOA-LM2-1
TACACAGACTGGATGTGGACATCTTTCGTGGTATTCTCGGTCTCGCAGTCGACTATGCTCGCTGTGGGT
GCGGTATACTACATGTTGTTCACAGGCGTTCCAGGGACCGCAACATACTATGCAACAATCATGACCATC
TACACATGGGTTGCAAAGGGTGCATGGTTCGCACTTGGATACCCGTATGACTTCGTCGTGGTGCCAGTG
TGGATCCCGTCGGCAATGCTTCTAGACCTCACGTACTGGGCGACAAGACGCAACAAGCACGCTGCCATC
ATCATTGGCGGAACGCTGGTTGGCCTCTCATTCCCGCTGTTCAACATGGTCAACCTGTTGCTCGTCAGA
GACCCACTCGAGGTGCCCTTCAAGTATCCAAGACCGACGCTGCCAGCGTACATGACGCCTATAGAGCCT
CAGGTAGGTAAGTTCTACAACTCGCCTGTCGCCCTGGGTTCAGGTGCTGGTGCAGTGCTAACGGTGCCC
ATTACTGCGTTGGGTGCGAAACTTAACACGTGG

>AOA-LM2-2
TACACAGACTGGATGTGGACATCTTTCGTGGTATTCTCGGTCTCGCAGTCGTCTATGCTCGCTGTGGGT
GCGGTATACTACATGTTGTTCACAGGCGTTCCAGGGACCGCAACATACTATGCAACAATCATGACCATC
TACACATGGGTTGCAAAGGGTGCATGGTTCGCACTTGGATACCCGTATGACTTCGTCGTGGTGCCAGTG
TGGATCCCGTCGGCAATGCTTCTAGACCTCACGTACTGGGCGACAAGACGCAACAAGCACGCTGCCATC
ATCATTGGCGGAACGCTGGTTGGCCTCTCATTCCCGCTGTTCAACATGGTCAACCTGTTGCTCGTCAGA
GACCCACTCGAGGTGGCCTTCAAGTATCCAAGACCGACGCTGCCAGCGTACATGACGCCTATAGAGCCT
CAGGTAGGTAAGTTCCACAACTCGCCTGTCGCCCTGGGTTCAGGTGCTGGTGCAGTGCTAACGGTGCCC
ATTACTGCGTTGGGTGCGAAACTTAACACGTGG

>AOA-LM2-3
TACACAGACTGGATGTGGACATCTTTCGTGGTATTCTCGGTCTCGCAGTCGACTATGCTCGCTGTGGGT
GCGGTATACTACATGTTGTTCACAGGCGTTCCAGGGACCGCAACATACTATGCAACAATCATGGCCATC
TACACATGGGTTGCAAAGGGTGCATGGTTCGCACTTGGATACCCGTATGACTTCGTCGTGGTGCCAGTG
TGGATCCCGTCGGCAATGCTTCTAGACCTCACGTACTGGGCGGCAAGACGCAACAAGCACGCTGCCATC
ATCATTGGCGGAACGCTGGTTGGCCTCTCATTCCCGCTGTTCAACATGGTCAACCTGTTGCTCGTCAGA
GACCCACTCGAGGTGGCCTTCAAGTATCCAAGACCGACGCTGCCAGCGTACATGACGCCTATAGAGCCT
CAGGTAGGTAAGTTCTACAACTCGCCTGTCGCCCTGGGTTCAGGTGCTGGTGCAGTGCTAACGGTGCCC
ATTACTGCGTTGGGTGCGAAACTTAACACGTGG

>AOA-LM2-4
TACACAGACTGGATGTGGACATCTTTCGTGGTATTCTCGGTCTCGCAGTCGACTATGCTCGCTGTGGGT
GCGGTATACTACATGTTGTTCACAGGCGTTCCAGGGACCGCAACATACTATGCAACAATCATGACCATC
TACACATGGGTTGCAAAGGGTGCATGGTTCGCACTTGGATACCCGTATGACTTCGTCGTGGTGCCAGTG
TGGATCCCGTCGGCAATGCTTCTAGACCTCACGTACTGGGCGACAAGACGCAACAAGCACGCTGCCATC
ATCATTGGCGGAACGCTGGTTGGCCTCTCATTCCCGCTGTTCAACATGGTCAACCTGTTGCTCGTCAGA
GACCCACTCGAGGTGGCCTTCAAGTATCCAAGACCGACGCTGCCAGCGTACATGACGCCTATAGAGCCT
CAGGTAGGTAAGTTCTACAACTCGCCTGTCGCCCTGGGTCCAGGTGCTGGTGCAGTGCTAACAGTGCCC
ATTACTGCGTTGGGTGCGARACTTAACACGTGG

>AOA-LM3-1
TACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTCTCGCAATCTACGATGCTTGCGGTCGGC
GCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGCTACATACTACGCCACAATCATGACCATC
TACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTATCCGTACGACTTCGTGGTCGTGCCGGTG
TGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGCTACAAGACGTAACAAGCACGCCGCCATA
CTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTCAACATGGTCAACTTGTTGCTTGTCAGA
GACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTGCCCGCATACATGACACCAATAGAGCCC
CAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTCAGGCGCAGGAGCAGTACTGACAGTCCCC
ATGGCAGCGTTGGGGGCAAAACTCAACACGTGG
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>AOA-LM3-2
TACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTCTCGCAATCTACGATGCTTGCGGTCGGC
GCGATATACTACATGCTCTTCACAGGGGTTCCAGGTACAGCTACATACTACGCCACAATCATGACCATC
TACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTATCCGTACGACTTCGTGGTCGTGCCGGTG
TGGATTCCATCAGCAATGTTGCTGGACCTCTCGTACTGGGCTACAAGACGTAACAAGCACGCCGCCATA
CTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTCAACATGGTCAACTTGTTGCTTGTCAGA
GACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTGCCCGCATACATGACACCAATAGAGCCC
CAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTCAGGCGCAGGAGCAGTACTGACAGTCCCC
ATGGCAGCGTTGGGAGCAAAACTCAACACGTGG

>AOA-LM3-3
TACACAGACTGGGCTTGGACTTCATTTGTAGTATTTTCAATTTCACAATCTACAATGCTTGTAGTTGGT
GCAATATACTACATGTTATTTACAGGAGTACCAGGAACGGCCACATATTATGCAACAATTATGACAATA
TACACATGGGTTGCGAAAGGCSCATGGTTTGCACTTGGTTATCCGTATGACTTCATTGTAACGCCAGTT
TGGATACCTTCGGCAATGCTATTGGATCTTACATACTGGGCGACCAGAAGAAACAAGCACGCGGCAATT
ATCATTGGAGGTACTTTGGTAGGATTATCATTACCAATTTTCAATATGATAAACCTCTTGCTTGTAAGG
GATCCTTTAGAAATGGCATTCAAATATCCAAGACCGACGTTACCGCCATATATGACGCCAATTGAACCT
CGGGTAGGAAAGTTCTACAACAGTCCCGTTGCGTTAGGCTCCGGTGCAGGAGCAGTATTAAGTGTACCC
ATTGCAGCACTAGGTGCTAAGTTAAATACCTGG

>AOA-LM3-4
TACACAGACTGGGCTTGGACTTCATTTGTAGTATTTTCAATTTCACAATCTACAATGCTTGTAGTTGGT
GCAATATACTACATGTTATTTACAGGAGTACCAGGAACGGCTACATATTATGCAACAATTATGACAATA
TACACATGGGTTGCGAAAGGCGCATGGTTTGCACTTGGTTATCCGTATGACTTCATTGTAACGCCAGTT
TGGATACCTTCGGCCATGCTATTGGATCTTACATACTGGGCGACCAGAAGAAACAAGCACGCGGCAATT
ATCATTGGAGGCACTTTGGTAGGATTATCATTACCAATTTTCAATATGATAAACCTCTTGCTTGTAAGG
GATCCTTTAGAAATGGCATTCAAATATCCAAGACCGACGTTACCGCCATATATGACGCCAATTGAACCT
CAGGTAGGAAAGTTCTACAACAGTCCCGTTGCGTTAGGCTCTGGTGCAGGAGCAGTATTAAGTGTACCC
ATTGCAGCACTAGGTGCTAAGTTAAATACCTGG

>AOA-LM3-5
TACACAGACTGGGCTTGGACTTCATTTGTAGTATTTTCAATTTCACAATCTACAATGCTTGTAGTTGGT
GCAATATACTACATGTTATTTACAGGAGTACCAGGAACGGCTACATATTATGCAACAATTATGACAATA
TACACATGGGTTGCGAAAGGCGCATGGTTTGCACTTGGTTATCCGTATGACTTCATTGTAACGCCAGTT
TGGATACCTTCGGCAATGCTATTGGATCTTACATACTGGGCGACCAGAAGAAACAAGCACGCGGCAATT
ATCATTGGAGGCACTTTGGTAGGATTATCATTACCAATTTTCAATATGATAAACCTCTTGCTTGTAAGG
GATCCTTTAGAAATGGCATTCAAATATCCAAGACCGACGTTACCGCCATATATGACGCCAATTGAACCT
CAGGTAGGAAAGTTCTACAACAGTCCCGTTGCGTTAGGCTCTGGTGCAGGAGCAGTATTAAGTGTACCC
ATTGCAGCACTAGGAGCTAAGTTAAATACATGG

>AOA-LM3-6
TACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTCTCGCAATCTACGATGCTTGCGGTCGGC
GCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGCTACATACTACGCCACAATCATGACCATC
TACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTATCCGTACGACTTCGTGGTCGTGCCGGTG
TGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGCTACAAGACGTAACAAGCACGCCGCCATA
CTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTCAACATGGTCAACTTGTTGCTTGTCAGA
GACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTGCCCGCATACATGACACCAATAGAGCCC
CAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTCAGGCGCAGGAGCAGTACTGACAGTCCCC
ATGGCAGCGTTGGGAGCAAAACTCAACACGTGG

>AOA-LM3-77
TACACTGACTGGGCCTGGACTTCGTTTGTAATATTCTCAATATCACAATCGTTGATGTTGGTGGTAGGA
GCATGTTACTATCTAACATTCACTGGAGTCCCAGGAACAGCAACGTATTACGCGTTGATAATGACCGTC
TACACACGGGTAGCAAAAGGTGCATGGTTTGCACTCGGATACCCATATGACTTCATTGTAACACCAGTT
TGGCTGCCGTCAGCAATGTTGCTTGACCTGGCATACTGGGCAACAAAGAAGAACAAGCACTCACTGATA
CTATTCGGTGGTGTGATGTGTGGAATGTCATTGCCGTTGTTTAACATGGTCAACCTCATCACTGTGGCT
GATCCATTAGAGACTGCATTCAAATATCCAAGACCAACGCTCGCTCCGTATATGACACCGATAGAACCT
GCGGTAGGCAAGTTCTATAACAGTCCAGTCGCATTAGGTGCCGGTGCAGGTGCTGTATTATCAGTAACC
ATGGCCGCGCTGGGATGTAAACTGAACACGTGG
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>AOA-LM3-8
TACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTCTCGCAATCTACGATGCTTGCGGTCGGC
GCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGCTACATACTACGCCACAATCATGACCATC
TACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTATCCGTACGACTTCGTGGTCGTGCCGGTG
TGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGCTACAAGACGTAACAAGCACGCCGCCATA
CTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTCAACATGGTCAACTTGTTGCTTGTCAGA
GACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTGCCCGCATACATGACACCAATAGAGCCC
TAGGTAGGTAAGTTCTACAACAGTCCTGTAACACTTGGTTCAGGCGCAGGAGCAGTACTGACAGTCCCC
ATGGCAGCGTTGGGAGCAAAACTCAACACGTGG

>AOA-1LM4-1
TATACAGATTGGGCATGGACATCATTTGTTGTATTCTCAATATCCCAATCAACAATGCTTGTAGTTGGA
GCAATCTATTACATGCTATTCACCGGTGTACCAGGGACTGCAACATATTATGCAACAATCATGACTATC
TATACATGGGTAGCCAAAGGAGCCTGGTTTGCATTAGGATATCCATACGACTTCATCGTAACTCCAGTT
TGGATACCTTCAGCAATGCTGTTAGATCTGACATATTGGGCAACAAGAAGGAACAAGCATGCTGCCATT
ATAATTGGCGGAACGTTGGTAGGACTTTCATTGCCAATATTCAACATGATAAATCTACTGCTGGTCAGA
GATCCTCTAGAGATGGCATTCAAGTATCCTCGTCCAACACTGCCTCCATATATGACGCCAATTGAGCCT
CAGGTCGGTAAGTTCTACAATAGTCCCGTGGCGCTAGGATCCGGGGCGGGAGCTGTACTGAGCGTTCCA
ATCGCTGCATTGGGCGCAAAGCTAAATACTTGG

>AOA-LM4-2
TATACAGATTGGGCATGGACATCATTTGTTGTATTCTCAATATCCCAATCAACAATGCTTGTAGTTGGA
GCAATCTATTACATGCTATTCACCGGTGTACCAGGGACTGCAACATATTATGCAACAATCCTGACTATC
TATACATGGGTAGCCAAAGGAGCCTGGTTTGCATTAGGATATCCATACGACTTCATCGTAACTCCAGTT
TGGATACCTTCAGCAATGCTGTTAGATCTGACATATTGGGCAACAAGAAGGAACAAGCATGCTGCCATT
ATAATTGGCGGAACGTTGGTAGGACTTTCATTGCCAATATTCAACATGATAAATCTACTGCTGGTCAGA
GATCCTCTAGAGATGGCATTCAAGTATCCTCGTCCAACACTGCCTCCATATATGACGCCAATTGAGCCT
CAGGTCGGTAAGTTCTACAATAGTCCCGTGGCGCTAGGATCCGGGGCGGGAGCTGTACTGAGCGTTCCA
ATCGCTGCATTGGGCGCAAAGCTAAATACTTGG

>AOA-SM1-1
TACACAGACTGGGCTTGGACTTCCTTTGTAGTATTTTCAATTTCACAATCTACAATGCTTGTAGTTGGT
GCAATATACTACATGTTATTTACAGGAGTTCCAGGAACAGCTACATATTATGCAACAATTATGACAATA
TACACATGGGTTGCAAAAGGTGCATGGTTTGCACTTGGCTATCCATATGACTTCATTGTAACACCAGTT
TGGATACCATCAGCTATGCTATTGGACCTTGTATACTGGGCTACCAGAAGAAACAAGCATGCAGCAATT
ATCATTGGTGGAACTTTGGTAGGATTATCATTACCAATATTCAATATGATAAATCTCTTGCTTGTARAAG
GATCCTCTAGAAATGGCATTTAAGTATCCAAGACCGACGTTACCACCATATATGACGCCAATTGAACCT
CAGGTAGGAAAGTTCTATAACAGTCCCGTTGCGTTAGGCTCCGGTGCAGGAGCGGTCTTATGTGTACCT
ATAGCAGCGCTAGGTGCTAAGTTAAATACATGG

>AOA-SM1-2
TACACAGACTGGGCTTGGACTTCCTTTGTAGTATTTTCAATTTCACAATCTACAATGCTTGTAGT TGGT
GCAATATACTACATGTTATTTACAGGAGTTCCAGGAACAGCTACATATTATGCAACAATTATGACAATA
TACACATGGGTTGCAAAAGGTGCATGGTTTGCACTTGGCTATCCATATGACTTCATTGTAACACCAGTT
TGGATACCATCAGCTATGCTATTGGACCTTGTATACTGGGCTACCAGAAGAAACAGCTGCGCAATATAA
TGGTGGAACTATGTTGTGGTAGGATTATCATTACCAATATTCAATATGATAAATCTCTTGCTTGTAAAG
GATCCTCTAGAAATGGCATTTAAGTATCCAAGACCGACGTTACCACATTATATGACGCCAATTGAACCT
CANGTAGGAAAGTTCTATAACAGTCCCGTTGCGTTAGGCCTCCGGTGCAGGAGCGGTCTTATGTGTACC
TATAGCAGCGCTAGGTGCTAAGTTAAATACATGG

>AOA-SM4-1
TATACAGATTGGGCATGGACATCATTCGTAGTATTCTCAATATCCCAATCAACAATGCTTGTAGTTGGC
GCAATCTATTACATGCTATTCACCGATGTACCAGGGACTGCAACATATTACGCAACAATCATGACTATC
TATACATGGGTAGCCAAAGGAGCTTGGTTTGCATTAGGATATCCATACGACTTCATCGTAACTCCAGTC
TGGATACCTTCAGCAATGCTGCTAGATTTGACATATTGGGCAACAAGAAGGAATAAGCATGCTGCCATT
ATAATTGGTGGAACATTAGTAGGACTTTCATTGCCAATATTCAATATGATAAATCTACTGCTGGTCAGA
GATCCTCTAGAGATGGCATTCAAGTACCCTCGTCCAACATTGCCTCCATACATGACCCCAATTGAGCCT
CAGGTCGGTARAGTTCTACAATAGTCCCGTGGCGTTAGGATCGGGAGCAGGAGCTGTACTGAGCGTTCCA
ATAGCTGCACTAGGTGCTAAACTAAATACTTGG



>AOA-SM4-2
TACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTCTCGCAATCTACGATGCTTGCGGTCGGC
GCGATATACTACATGCTCTTCACAGGGGTTCCAGGTACAGCTACATACTACGCCACAATCATGACCATC
TACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTATCCGTACGACTTCGTGGTCGTGCCGGTG
TGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGCTACAAGACGTAACAAGCACGCCGCCATA
CTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTCAACATGGTCAACTTGTTGCTTGTCAGA
GACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTGCCCGCATACATGACACCAATAGAGCCC
CAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTCAGGCGCAGGAGCAGTACTGACAGTCCCC
ATGGCAGCGTTGGGAGCAAAACTCAACACGTGG

>AOA-SM4-3
TATACAGATTGGGCATGGACATCATTCGTAGTATTCTCAATATCCCAATTAACAATGCTTGTAGTCGGC
GCAATCTATTACATGCTATTCACCGGTGTACCAGGGACTGCAACATATTATGCAACAATCATGACTATC
TATACATGGGTAGCCAAAGGAGCTTGGTTTGCATTAGGATATCCATACGACTTCATCGTAACTCCAGTC
TGGATACCTTCAGCAATGCTGCTAGATTTGACATATTGGGCAACAAGAAGGAATAAGCATGCTGCCGTT
ATAATTGGCGGAACATTAGTAGGACTTTCATTGCCAATATTCAATATGATAAATCTACTGCTGGTCAGA
GATCCTCTAGAAATGGCATTCAAGTATCCTCGTCCAACATTGCCTCCATACATGACCCCAATTGAGCCT
CAGGTCGGTAAGTTCTACAATAGTCCCGTGGCGCTAGGATCGGGAGCAGGAGCTGTACTGAGCGTTCCA
ATAGCTGCACTAGGTGCTAAACTAAATACTTGG

>AOA-SM4-4
TATACTGATTGGGCATGGACATCATTTGTGGTATTCTCAATATCGCAAACGTTGATGCTAGCTGTTGGA
GCTTCGTATTATCTTACATTTACTGGGGTTCCTGGAACYGCTACGTATTATGCGTTGATTATGGCTGTT
TACACTTGGATTGCTAAAGGTGCATGGTTTGCATTAGGTTATCCGTATGATTTCATTGTAACACCAGTA
TGGTTGCCATCAGCGATGCTGTTGGACTTGGCGTATTGGGCTACAAAGAGAAGCAGGCACTCGCTGATA
CTGTTTGGCGGTGTGTTAGTTGGAATGTCATTGCCACTGTTTAACATGGTCAACTTGATCACGGTCGCA
GACCCACTAGAAACGGCATTCAAATATCCAAGACCAACATTGCCACCTTACATGACTCCGATAGAACCG
CAAGTCGGTAAATTCTATAACAGCCCGGTAGCGCTGGGTGCTGGAGCTGGTGCAGTATTGTCAGTCACT
ATGGCTGCGTTGGGTGTATAACTCAATACTTGG

>AOA-SM4-5
TACACAGACTGGGCTTGGACTTCATTTGTGGTATTTTCAATTTCACAATCTACAATGCTTGTAGTTGGT
GCAATATACTACATGTTATTTACAGGAGTACCAGGAACGGCTACATATTATGTAACAATTATGACAATA
TACACATGGGTTGCGAAAGGCGCATGGTTTGCACTTGGTTATCCGTATGACTTCATTGTAACGCCAGTT
TGGATACCTTCGGCAATGCTATTGGATCTTACATACTGGGCGACCAGAAGAAACAAGCACGCGGCAATT
ATCATTGGAGGCACTTTGGTAGGATTATCATTACCAATTTTCAATATGATAAACCTCTTGCTTGTAAGG
GATCCTTTAGAAATGGCATTCAAATATCCAAGACCGACGTTACCGCCATATATGACGCCAATTGAACCT
CAGGTAGGAAAGTTCTACAACAGTCCCGTTGCGTTAGGCTCTGGTGCAGGAGCAGTATTAAGTGTACCC
ATTGCAGCACTGGGAGCTAAGTTAAATACATGG

>AOA-SM4-6
TACACAGATTGGGCTTGGACGTCCTTTGTAGTATTCTCCATCTCACAAACTTTGATGTTAGTGGTTGGT
GCATGCTATTACCTAACATTTACAGGAGTTCCAGGTACAGCAACGTATTACGCGTTGATCATGACGGTG
TATACATGGGTAGCAAAAGGTGCATAGTTTGCACTCGGATATCCATATGACTTCATTGTTACACCAGTA
TGGATTCCATCAGCGATGCTGTTGGACTTGGCGTATTGGGCAACAARAGAAGAACAAGCACTCTCTGATC
TTGTTCGGCGGAGTACTGTGTGGAATGTCATTGCCATTGTTCAACATGGTAACCTGATCACAGTGGCGG
ATCCATTGGAGACTGCATTCAAGTATCCAAGACCTACGTTGCCACCATACATGACACCGATAGAACCGC
AGGTAGGCAAGTTCTATAACAGCCCAGTCGCTCTTGGCGCAGGTGCTGGTGCAGTTTTGTCGGTTACGT
TTGCCGCGTTAGGATGTAAACTGACTACGTGG

>AOA-SM4-7
TACACTGACTGGGCCTGGACGTCGTTTGTAGTATTTTCAATATCGCAAACGCTTATGCTCTCCGTTGGT
GCAGCATATTACCTAACCTTTACGGGTGTTCCAGGAACAGCTACGTACTACGCATTAATTATGACGGTA
TACACGTGGGTAGCAAAAGGTGCATGGTTTGCACTTGGATATCCATACGACTTCATTGTCACCCCAGTT
TGGCTACCGTCAGCAATGTTGATGGACTTGGCGTATTGGGCAACARAGAAGAACAAGCACAGCTTGATA
CTGTTCGGCGGTGTACTGGTAGGAATGTCTTTACCATTGTTCAACATGGTAAACCTGATTACGGTCGCA
GACCCACTAGAAACGGCCTTTAAGTATCCAAGACCAACCTTACCACCATACATGACACCAATTGAACCG
CAAGTCGGAAAGTTCTATAACAGTCCGGTTGCGCTCGGTGCTGGTGCTGGTGCAGTTTTGGCATGTACT
TTCATGGCGTTGGGTTGTAAACTCAACACGTGG
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>AOA-SM4 -8
TATACTGATTGGGCTTGGACTTCATTTGTCGTATTTTCTATTTCACAATCTACTATGCTTGTGGTAGGA
GCGATTTATTACATGCTCTTCACAGGAGTCCCAGGTACAGCTACATATTATGCAACAATTATGACGATA
TATACATGGGTTGCAAAAGGTGCATGGTTTTCTTTAGGATATCCCTATGACTTTATAGTAGTTCCAGTC
TGGATTCCTTCTGCAATGTTATTAGACCTATCATATTGGGCTACAAGGAGAAACAAACATGCAGCCATT
CTAATAGGTGGAACACTAGTTGGAATGTCATTGCCTGTATTCAATATGATAAACCTGTTGCTAATCAAG
GATCCGCTAGAARATGGCATTTAAATATCCTAGACCTACGCTACCTCCGTATATGACGCCTATAGAGCCT
CAGGTCGGTAAGTTCTACAATAGCCCTGTAGCTTTAGGTGCAGGAGCAGGTGCAGTGCTTAGTGTGCCA
ATAGCAGCATTAGGTGCTAAGTTAAATACTTGG

>AOA-SM4-9
TATACAGATTGGGCATGGACATCTTTTGTTGTATTCTCAGTATCCCAGTCAACAATGCTTGTAGTTGGA
GCAATCTATTACATGCTATTCACCGGTGTACCAGGGACTGCAACATATTATGCAACAATCATGACTATC
TATACATGGGTAGCCAAAGGAGCTTGGTTTGCACTAGGATATCCATATGACTTCATAGTAACTCCAGTT
TGGATACCTTCAGCAATGCTGCTAGATTTGACATATTGGGCAACAAGAAGGAACAAGCATGCTGCCATT
ATAATTGGCGGAACATTGGTAGGACTTTCATTGCCAATATTCAACATGATAAATCTACTGCTGGTCAGA
GATCCTCTTGAGATGGCGTTCAAGTATCCTCGTCCAACATTGCCTCCATACATGACACCAATTGAACCT
CAGGTCGGTAAGTTCTACAATAGTCCCGTGGCGCTAGGATCCGGGGCAGGAGCTGTACTGAGCGTTCCA
ATCGCTGCATTGGGCGCGAAGCTAAATACTTGG

>AOA-SM4-10
TACACTGACTGGGCCTGGTCGTCGTTTGTAGTATTTTCAATATCGCAAACGCTTATGCTCTCCGTTGGT
GCAGCATATTACCTAACCTTTACGGGTGTTCCAGGAACAGCTACGTACTACGCATTAATTATGACGGTA
TACACGTGGGTAGCAAAGGGTGCATGGTTTGCACTTGGATATCCATACGACTTCATTGTCACCCCAGTT
TGGCTACCATCAGCAATGTTGATGGACTTGGCGTATTGGGCAACAAAGAAGAACAAGCACAGC TTGATA
CTGTTCGGCGGTGTACTGGTAGGAATGTCTTTACCATTGTTCAACATGGTAAACCTGATTACGGTCGCA
GACCCACTAGAAACGGCCTTTAAGTATCCAAGACCAACCTTACCACCATACACGACACCAATTGAACCG
CAAGTCGGAAAGTTCTATAACAGTCCGGTTGCGCTCGGTGCTGGTGCTGGTGCAGTTTTGGCATGTACT
TTCATGGCGTAGGGTTGTAAACTCAACACGTGG
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Sequences of ammonia-oxidizing bacteria found in seed sludge and enriched NAS

>A0OB-S-1
CAGGGGATCGAAAGACCTTATGCTTTTNGAGCGGCCGATGTCTGATTAGCTAGTTGGTAGGGTAATGGC
CTACCAAGGCGACGATCAGTAGTTGGTCTGAGAGGATGGCCAGCCACACTGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGT
GAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCAGTTGAGAGGAAAAGNTTGTGACTAATAATCACA
ATTCATGACAGTATCAACAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGT
GCAAGCGTTAATCGGAATTATTGGGCGTAAAGGGTGCGCAGGCGGTTCTGTAAGTCAGATGTGAAATCC
CCGGGCTTAACCTGGGAATTGCGTTTGAAA

>A0B-S-2
GGGGATCGAAAGACCTCGTGCTTTGAGNGTGGCCGATGTCTGATTAGCTAGTTGGTAGGGTAAAGGCCT
ACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGA
GTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCGGTCGGAAAGAAATATCTATAAAAAATATTTATAGA
GGATGACGGTACCGACATAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGC
AAGCGTTAATCGGAATTATTGGGCGTAAAGGGTGCGCAGGCGGTGTTGTAAGTCAGATGTGAAATCCCC
GGGCTTAACCTGGGAATTGCGTTTGAAACT

>A0OB-S-3
GGGATCGAAAGACCTCGTGCTTTGAGGGTGGCCGATGTCTGATTAGCTAGTTGGTAGGGTAAAGGCCTA
CCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGAL
TCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGAG
TGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCGGTCGGAAAGAAATATCTATAAARAAATATTTATAGAG
GATGACGGTACCGACATAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCA
AGCGTTAATCGGAATTATTGGGCGTAAAGGGTGCGCAGGCGGTGCTGTAAGTCAGATGTGAAATCCCCG
GGCTTAACCTGGGAATTGCGTTTGAAAC

>AOB-NAS2-1
GGGGNGGCAAGCACATGACGCGATTCTGATAGCTAGTTGGTGGGGAAGGGCCTACCAAGGCGACGATCA
GTAGTTGGTCTAAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATTTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGAGTGAAGAAGGCCTTCG
GGTTGTAAAGCTCTTTCAGTCGAGAAGAAAAGGCTGCAGTGAATAACTGTAGTTTATGACGGTATCGAC
AGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAAT
TACTGGGCGTAAAGGGTGCGCAGGCGGTTTTGTAAGTCAGATGTGAAATCCCCGGGCTTAACCTGGGAA
TTGCGTTTGAAACTCA

>AOB-NAS10-1
GGAGAAAAGGCAGGGGATCGAAAGACCTTGCGGCTAAAGGAGCGGCTGATGTCTGATTAGCTAGTTGGT
GGGGTAAgGGCTTACCAAGGCAACGATCAGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCAG
CCATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTTAGTCGGAAAGAAAGAGTCATAGT
AAATAGCTATGATTTATGACGGTACCGACAGAAAAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTA
ATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGGGTGCGCAGGCGGCCTTGTAAGTCAG
ATGTGAAAGCCCCTGGGCTTAACCTGGGAATTGCGTTTGAAAC

>AOB-NAS10-2
GGGATCGNAAGACCTTGCGTTTTTGGGAGCGGGCCGATGTCTGATTAGCTAGTTGGTGGGGTAAGGGCC
TACCAAGGNCgACGATCAGTAGTTGGTCTGAGAGGACGACCAgCCACACTGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCAGCaATGCCGCGT
GAGtGAAGAAGGCCTTCGGGTTGTAAAGCCTCTTTCACTCGAgAAGAAAAGGTGCAGTGAATAACTGTA
gTTTATGACGGTATCGACAGAANAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGT
GCGAGCGTTAATCGGAATTACTGGGCGTAAAGGGTGCGCAGGCGGTTTTGTAAGTCAGATGTGAAATCC
CCCGGGCTTAACCTGGGAATTGCGTTTGAAA

>AOB-NAS10-3
CGATGTCTGATTAGCTAGTTGGTGGGGTAAGGGGCCTACCAAGGCGACGATCAGTAGTTGGTCTGAGAG
GACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGG
ACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTT
CAGTCGAGAAGAAAAGGCTGCAGTGAATAACTGTAGTTTATGACGGTATCGACAGAAGAAGCACCGGCT
AACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGGG
TGCGCAGGCGGTTTTGTAAGTCAGATGTGAAATCCCCGGGCTTAACCTGGGAATTGCGTTTGA

AA
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>AOB-NAS30-1
GGAGAAAAGCAGGGGATCGNAAGACCTTGCGCTAAAGGAGCGGCCGATGTCTGATTAGCTAGTTGGTGG
GGTAAAGGCTTACCAAGGCAACGATCAGTAGTTGGTCTGAGAGGACGGCCAACCACACTGGGACTGAGA
CACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGCGAAAGCCTGATCCAGCC
ATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTTAGTCGGAAAGAAAGAGTTGCAATGA
ATAATTGTGATTTATGACGGTACCGACAGAAAAAGCACCGGCTAACTACGTGCCAGCCAGCCGCGGTAA
TACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAGGGTGCGCAGGCGGTTTTGCAAGTCAGA
TGTGAAAGCCCCGGGCTTAACCTGGGAATTGCGTTTGAAACTAC
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Sequences of ammonia-oxidizing archaea found in seed sludge and enriched NAS

>AOA-S-1
TAACATCACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTC
TCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGCT
ACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTAT
CCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGCT
ACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTC
AACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTG
CCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTCA
GGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCAAAACTCAACACGTGGACATACAGA
TG

>AOA-S-2
TACCATCACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTC
TCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGCT
ACATACTACGCCACAATCATGACCGTCTACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTAT
CCGTACGACTTCGTGGACGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGCT
ACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTC
AACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTG
CCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTCA
GGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCARAACTCAACACGTGGACATACAGA
TG

>AOA-S-3
TAACCATCACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGT
CTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGC
TACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTA
TCCGAACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGC
TACAAGACGTAACAAGCACGCTGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTT
CAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATT
GCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTC
AGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCARAACTCAACACGTGGACATACAG
AT

>AOA-S-4
TTACTATTAACGCAGGAGACTACATTTTCTACACAGACTGGGCTTGGACTTCATTTGTAGTATTTTCAA
TTTCACAATCTACAATGCTTGTAGTTGGTGCAATATACTACATGTTATTTACAGGAGTACCAGGAACGG
CTACATATTATGCAACAATTATGACAATATACACATGGGT TGCGAAAGGCGCATGGTTTGCACTTGGTT
ATCCGTATGACTTCATTGTAACGCCAGTTTGGATACCTTCGGCAATGCTATTGGATCTTACATACTGGG
CGACCAGAAGAAACAAGCACGCGGCAATTATCATTGGAGGCACTTTGGTAGGATTATCATTACCAATTT
TCAATATGATAAACCTCTTGCTTGTAAGGGATCCTTTAGAARATGGCATTCAAATATCCAAGACCGACGT
TACCGCCATATATGACGCCAATTGAACCTCAGGTAGGAAAGTTCTACAACAGTCCCGTTGCGT TAGGCT
CTGGTGCAGGAGCAGTATTAAGTGTACCCATTGCAGCACTAGGAGCTAAGTTAAATACATGGACATACA
GA

>AOA-S-5
TACCATCACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTC
TCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGCT
ACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGCGCATGGTTTGCACTTGGTTAT
CCGTATGACTTCATTGTAACGCCAGTTTGGATACCTTCGGCAATGCTATTGGATCTTACATACTGGGCG
ACCAGAAGAAACAAGCACGCGGCAATTATCATTGGAGGCACTTTGGTAGGATTATCATTACCAATTTTC
AATATGATAAACCTCTTGCTTGTAAGGGATCCTTTAGAAATGGCATTCAAATATCCAAGACCGACGTTA
CCGCCATATATGACGCCAATTGAACCTCAGGTAGGAAAGTTCTACAACAGTCCCGTTGCGTTAGGCTCT
GGTGCAGGAGCAGTATTAAGTGTACCCATTGCAGCACTAGGAGCTAAGTTAAATACATGGACATACAGA
TG
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>AOA-S-6
TAACTATTAACGCAGGAGACTACATTTTCTACACAGACTGGGCTTGGACTTCATTTGTAGTATTTTCAA
TTTCACAATCTACAATGCTTGTAGTCGGTGCAATATACTACATGTTATTTACAGGAGTACCGGGAACGE
CTACATATTATGCAACAATTATGACAATATACACATGGGTTGCAAAAGGCGCATGGTTTGCACTTGGTT
ATCCGTATGACTTCATTGTAACGCCAGTTTGGATACCTTCGGCAATGCTATTGGATCTTACATACTGGG
CGACCAGAAGAAACAAGCACGCGGCAATTATCATTGGAGGCACTTTGGTAGGATTATCATTACCAATTT
TCAATATGATAAACCTCTTGCTTGTAAGGGATCCTTTAGAAATGGCATTCAAATATCCAAGACCGACGT
TACCGCCATATATGACGCCAATTGAACCTCAGGTAGGARAAGT TCTACAACAGTCCCGTTGCGTTAGGCT
CTGGTGCAGGAGCAGTATTAAGTGTACCCATTGCAGCACTAGGAGCTAAGTTARATACATGGACATACA
GA

>AOA-NAS2-1
TAACATCAACGCAGGAGACTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGT
CTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGC
TACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTA
TCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGC
TACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTT
CAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATT
GCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTC
AGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCAAAACTCAACACGTGGACATACAG
AT

>AOA-NAS2-2
TACCATCAACGCAGGAGACTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGT
CTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACAGGGGTTCCAGGTACAGC
TACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAARAGGTGCATGGTTCGCACTAGGCTA
TCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGC
TACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTT
CAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATT
GCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTC
AGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCARAACTCAACACGTGGACATACAA
TG

>AOA-NAS2-3
TACCATCAACGCAGGAGACTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGT
CTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACAGGGGTTCCAGGTACAGC
TACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCGTGGTTCGCACTAGGCTA
TCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGC
TACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTT
CAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATT
GCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTC

AGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCARAACTCAACACGTGGACATACAG
AT

>AOA-NAS2-4
TACCATCACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTC
TCGCAATCCACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGCT
ACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTAT
CCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGCT
ACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTC
AACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTCCAAGTATCCTAGACCAACATTG
CCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGT TCTACAACAGTCCTGTAGCACTTGGTTCA
GGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCAAAACTCAACACGTGGACATACARA
TG
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>AOA-NAS2-5
TACCATCACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGTC
TCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGCT
ACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTAT
CCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGCT
ACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTTC
AACATGTTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATTG
CCCGCATACATGACACCAATAGAGCCCCTGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTCG
GGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCAAAACTCAACACGTGGACATACAGA
TG

>AOA-NAS2-6
TCACATTAACGCAGGTGACTATATCTTCTACACAGATTGGGCTTGGACATCCTTTGTAGTATACTCCAT
CTCACAAACTTTGATGTTGGTGGTTGGTGCATGTTACTATCTAACATTTACAGGAGTTCCAGGCACTGC
AACGTATTACGCGTTGATCATGACGGTGTATACATGGGTAGCAAAAGGTGCATGGTTTGCACTAGGATA
TCCATATGACTTTATTGTTACACCAGTATGGATTCCATCAGCAATGCTGTTGGACTTGGCGTATTGGGC
AACAAAGAAAAATAAACGCTCACTGATCCTGTTTGGCGGAGTACTGTGTGGAATGTCATTGCCATTATT
CAACATGGTAAACCTGATCACGGTAGCGGATCCATTGGAGACTGCATTCAAGTATCCAAGACCTACGTT
GCCACCATACATGACACCGATAGAACCGCAGGTAGGCAAGTTCTATAACAGCCCAGTCGCTCTTGGCGC
AGGTGCTGGTGCAGTTTTGTCGGTTACGTTTGCCACGTTAGGATGTARACTGACTACGTGGACATACAA
TG

>AOA-NAS2-7
TTACAATTAACGCAGGAGATTATATCTTCTATACTGATTGGGCCTGGACATCATTTACGGTATTCTCAA
TATCGCAAACTTTGATGCTTGTTGTAGGTGCAACATATTACCTTACATTTACAGGCGTTCCAGGAACAG
CAACGTATTACGCGTTGATTATGACGGTGTATACCTGGGTAGCAAAAGGCGCATGGTTCGCATTAGGTT
ATCCATATGACTTCATTGTAACACCAGTATGGTTGCCATCAGCGATGCTGTTGGACTTGGCGTATTGGG
CTACAAAGAGAAACAAGCACTCGCTGATACTGTTTGGCGGTGTGTTAGTTGGAATGTCATTGCCACTGT
TTAACATGGTCAACTTGATCACGGTCGCAGACCCACTAGAAACGGCATTCAAATATCCAAGACCAACAT
TGCCACCTTACATGACTCCGATAGAACCGCAAGTCGGTAAATTCTATAACAGCCCGGTAGCGCTGGGTG
CTGGAGCAGGTGCAGTATTGTCAGTCACTATGGCTGCGTTGGGTGTTAAACTCAATACT TGGACATACA
AT

>AOA-NAS2-8

TACCATCAACACAGGAGACTACCTGT TCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTTTCGCT
CGGACAATCTACAATGCTTGTCGTGGGTGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGC
TACATACTACGCCACAATCATGACCATCTACACATGGGTCGCARAAGGCGCGTGGTTCGCACTGGGCTA
TCCGTACGACTTTGTCGTAACGCCGGTGTGGATCCCATCAGCAATGTTGCTGGACTTGTCGTACTGGGC
TACAAGACGTAACAAACACGCCGCCATACTGATTGGTGGAAGTCTTGTCGGTCTGTCCCTTCCGTTGTT
CAACATGGTCAACCTGTTGCTGGTAAGAGATCCGCTAGAAGTCGCGTTCAAGTATCCTAGACCGACACT
GCCCGCATATATGACACCAATAGAGCCCCAGGTGGGTAAATTCCACAACAGTCCTGTAGCCTTAGGCTC
AGGCGCAGGAGCAGTATTGAGTGTGCCAATGGCAGCGTTAGGAACAAAACTCAACACGTGGACATACAG
AT

>AOA-NAS10-1
TAACCATCAACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCG
TCTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAG
CTACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAARAGGTGCATGGTTCGCACTAGGCT
ATCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGG
CTACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGT
TCAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACAT
TGCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTT
CAGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCAAAACTCAACACGTGGACATACA
AT
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>AOA-NAS10-2
TACCATCAACGCAGGAGACTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGT
CTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACAGGGGTTCCAGGTACAGC
TACATACTACGCCACAATCATGACCATCTACACATGGGTCGCARAAAGGTGCATGGTTCGCACTAGGCTA
TCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGC
TACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTT
CAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATT
GCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTC
AGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCAAAACTCAACACGTGGACATACAG
AG

>AOA-NAS10-3
TACCATCAACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGT
CTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGC
TACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAGGGTGCATGGTTCGCACTAGGCTA
TCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGC
TACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTAGACTTTCACTTCCGTTGTT
CAACATGGTCAACTTGTTGCTTGTCGGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATT
GCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTCGTTC
AGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCARAACTCAACACGTGGACATACGA
TG

>AOA-NAS10-4
TACCATCAACGCAGGAGACTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGT
CTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAGC
TACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCATGGTTCGTACTAGGCTA
TCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGC
TACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTT
CAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATT
GCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTC

AGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCARAGCTCAACACGTGGACATACAG
AG

>AOA-NAS10-5
TAACCATCAACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCG
TCTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAG
CTACATACTACGCCACAATCATGACCATCTGCACATGGGTCGCARAAGGTGCATGGTTCGCACTAGGCT
ATCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATTGGCAATGTTGCTAGACCTCTCGTACTGGG
CTACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGT
TCAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACAT
TGCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAGGTTCTACAACAGTCCTGTAGCACTTGGTT
CAGGCGCAGGAGCAGTACTGACAGTCCCCGTGGCAGCGTCGGGAGCAAAACTCAACACGTGGACATACA
GA

>AOA-NAS10-6
TTACATCAACGCAGGAGATTATATCTTCTATACTGACTGGGCATGGACATCATTCGTCGTATTCTCGAT
CTCACAATCCACAATGCTTGTGGTAGGAGCTATATACTATATGTTGTTTACAGGTGTCCCTGGCACGGC
TACGTATTATGCAACTATTATGACGATTTATACATGGGTTGCCAAAGGAGCATGGTTCGCATTGGGATA
CCCGTACGATTTTGTCGTGGTTCCTGTTTGGATACCGTCTGCTATGTTATTGGACTTGGCGTACTGGGC
AACAAGAAGAAACAAACACGCGGCAATATTAATCGGTGGTGTATTGGTAGGAATGTCACTCCCACTGTT
TAATATGATCAACTTATTGCTGGTTGCTGACCCATTAGAAATGGCATTCAAATATCCTAGACCCACATT
ACCACCATACATGACTCCAATTGAGCCACAGGTAGGAAAGTTCTATAACAGTCCTGTTGCGTTAGGAGC
AGGTGCTGGAGCGGTGCTTTGTGTACCTATAGCAGCCTTGGGTGCAAAACTCAACACGTGGACATACAG
AT
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>AOA-NAS10-7
TTACATTAACGCAGGTGACTATATCTTCTACACAGATTGGGCTTGGACGTCCTTTGTAGTATTCTCCAT
CTCACAAACTTTGATGTTAGTGGTTGGTGCATGCTATTACCTAACATTTACAGGAGTTCCAGGTACAGC
AACGTATTACGCGTTGATCATGACGGTGTATACATGGGTAGCARAAGGTGCATGGTTTGCACTCGGATA
TCCATATGACTTCATTGTTACACCAGTATGGATTCCATCAGCGATGCTGTTGGACTTGGCGTATTGGGC
AACAAAGAAGAACAAGCACTCTCTGATCTTGTTCGGCGGAGTACTGTGTGGAATGTCATTGCCATTGTT
CAACATGGTAAACCTGATCACAGTGGCGGATCCATTGGAGACTGCATTCAAGTATCCAAGACCTACGTT
GCCACCATACATGACACCGATAGAACCGCAGGTAGGAARAGTTCTATAATAGCCCAGTTGCGCTTGGAGC
AGGAGCTGGAGCTGTGTTGTCTGTAACGTTTGCTGCGTTAGGATGTAAACTAACTACGTGGACATACAG
AG

>A0OA-NAS10-8
TTACAATCGACGCAGGAGACTACATCTTCTACACTGACTGGGCATGGACTTCATATGTCGTGTTCTCAA
TATCACAGACATTGATGTTGGTAGTAGGTGCAACTTACTATCTAACATTTACAGGAGTTCCAGGAACCG
CAACGTACTACGCGCTTATTATGACCGTGTATACATGGATCGCAAAAGGCGCATGGTTCGCACTAGGTT
ACCCATATGACTTCATTGTTACACCAGTTTGGTTGCCATCAGCAATGTTGCTTGATCTGGCATACTGGG
CAACAAAGAAGAACAAGCACTCACTGATACTATTCGGTGGTGTGTTGTGTGGAATGTCACTGCCATTGT
TCAACATGGTAAATCTAATCACCGTGGCTGATCCACTGGAGACTGCATTCAAATATCCAAGACCAACTT
TGCCTCCATACATGACTCCAATAGAACCCCAAGTGGGCAAGTTCTATAACAGTCCAGTTGCACTCGGTG
CAGGCGCAGGTGCTGTATTAGCATGTACCTTTGCCGCTCTAGGATGTAARACTGAATACGTGGACATACA
GA

>AOA-NAS30-1
TAACCATCAACGCAGGAGATTACATCTACTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCG
TCTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAG
CTACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCT
ATCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGG
CTACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGT
TCAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACAT
TGCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGT TCTACAACAGTCCTGTAGCACTTGGTT
CAGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCARAACTCAACACGTGGACATACA
GA

>AOA-NAS30-2
TAACCATCAACGCAGGAGACTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCG
TCTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACAGGGGTTCCAGGTACAG
CTACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAARAAGGTGCATGGTTCGCACTAGGCT
ATCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGE
CTACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGT
TCAATATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACAT
TGCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTT
CANGCGCANGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCAAAACTCAACACGTGGACATACA
GA

>AOA-NAS30-3
TAACCATCAACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCG
TCTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAG
CTACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAARAGGTACATGGTTCGCACTAGGCT
ATCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGG
CTACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGGTGGACTTTCACTTCCGTTGT
TCAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACAT
TGCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTT
CAGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCARAACTCAACACGTGGACATACA
AG
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>AOA-NAS30-4

TACCATCAACGCAGGAGACTACATCTTCTACACGGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGT
CTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACAGGGGTTCCAGGTACAGC
TACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTA
TCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGC
TACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTT
CAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATT
GCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTC

AGGCGCAGGAGCAGTACTGACAGTCACCATGGCAGCGTTGGGAGCAAAACTCAACACGTGGACATACAA
GA

>AOA-NAS30-5

TACCATCAACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATCCTCCGT
CTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTCCACGGGGGTTCCAGGTACAGC
TACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTA
TCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGC
TACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTT
CAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATT
GCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTTC

AGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCAARAACTCAACACGTGGACATACAA
GA

>AOA-NAS30-6

TAACATCAACGCAGGAGACTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCGT
CTCGCAATCTACGATGCTTGCGGTCGGCGCGATATATTACATGCTCTTCACAGGGGTTCCAGGTACAGC
TACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCTA
TCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGGC
TACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGTT
CAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACATY
GCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTGCAACAGTCCTGTAGCACTTGGTTC

AGGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGAGCAAAACTCAACACGTGGACATACAG
AT

>AOA-NAS30-7

TAACCATCAACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCG
TCTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAG
CTACATACTACGCCACAATCATGACCATCTACACATGGGTCGCAAAAGGTGCATGGTTCGCACTAGGCT
ATCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCGGCAATGTTGCTAGACCTCTCGTACTGGG
CTACAAGACGTAACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGT
TCAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACAT
TGCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAGTCCTGTAGCACTTGGTT

CAGGCGCAGGAGCAGTACTGACAGTCCCCGTGGCAGCGTTGGGAGCAAAACTCAACACGTGGACATACA
GA

>AOA-NAS30-8

TAACCATCAACGCAGGAGATTACATCTTCTACACAGACTGGATGTGGACCTCTTTTGTGGTATTCTCCG
TCTCGCAATCTACGATGCTTGCGGTCGGCGCGATATACTACATGCTCTTCACGGGGGTTCCAGGTACAG
CTACATACTACGCCACAATCATGACCATCTACACATGGATCGCARAAGGTGCATGGTTCGCACTAGGCT
ATCCGTACGACTTCGTGGTCGTGCCGGTGTGGATTCCATCAGCAATGTTGCTAGACCTCTCGTACTGGG
CTACAAGACGTRACAAGCACGCCGCCATACTGATTGGTGGAACTATGGTTGGACTTTCACTTCCGTTGT
TCAACATGGTCAACTTGTTGCTTGTCAGAGACCCGCTCGAGGTGGCCTTCAAGTATCCTAGACCAACAT
TGCCCGCATACATGACACCAATAGAGCCCCAGGTAGGTAAGTTCTACAACAATCCTGTAGCACTTGGTT

CAGCGCAGGAGCAGTACTGACAGTCCCCATGGCAGCGTTGGGGGCARAACTCAACACATGGACATACAG
AT
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