REFERENCES

Agele, S., Ewulo, B., and Oyewusi, [. 2005. Effects of Some Soil Management
Systems on Soil Physical Properties, Microbial Biomass and Nutrient
Distribution Under Rainfed Maize Production in a Humid Rainforest Alfisol
Nut. Cycl. Agroeco. 72: 121-134.

Alexander, M. 1977. Introduction to Soil Microbiology. 2" ed. New York: Wiley.

Altschul, S. F., Gish, W., Miller, W., Myers, E. W., and Lipman, D. J. 1990. Basic
local alignment search tool. J. Mol. Biol. 215: 403-10.

Alvarez, M. A. D., Gagne, S., and Antoun, L. 1995. Effect of compost on
rhizosphere microflora of the tomato and on the incidence of plant growth-
promoting rhizobacteria. Appl. Environ. Microbiol. 61: 194-199.

Alvarez, R., and Lavado, R. S. 1998. Climate, organic matter and clay content
relationships in the Pampa and Chaco soils, Argentina. Geoderma. 83: 127-
141.

Amann, R., Ludwig, W., and Schleifer, K. H. 1995. Phylogenetic identification and
in situ detection of individual microbial cells without cultivation. Microbiol.
Rev. 59: 143-169.

Amann, R., Ludwig, W., 2000. Ribosomal RNA-targeted nucleic acid probes for
studies in microbial ecology. FEMS Microbiol. Ecol. 24: 555-565.

Ampontuah, E. O., Robinson, J. S., and Nortcliff, S. 2006. Assessment of soil particle
redistribution on two contrasting cultivated hillslopes. Geoderma. 132: 324-

343.



102

Amthor, J. S., and Huston, M. A. 1998. Terrestrial ecosystem responses to global
change. A research strategy, Report No. ORNL/TM-1998/27. Oak Ridge
National Laboratory.

Andrew, J. H., and Harris, R. F. 1986. r- and K-selection in microbial ecology. Adv.
Microb. Ecol 9: 99-147.

Asakawa, S., and Kimura, M. 2007. Comparison of bacterial community structures
at main habitats in paddy field ecosystem based on DGGE analysis. Soil. Biol.
Biochem. (Article in press).

Atlas, R. M. 1984. Use of bacterial diversity measurements to assess environmental
stress. In: Klug, M.J., Reddy, C.A. (Eds.), Current Perspectives in Bacterial
Ecology, pp.540-545. Washington DC: American Society for Microbiology.

Atlas, R. M., and Bartha, R. 1998. Microbial Ecology: Fundamentals and Applications.
Redwood City, CA: Benjamin/Cummings.

Balestra, G. M., and Misaghi, 1. J. 1997. Increasing the efficiency of the plate counting
method for estimating bacterial diversity. J. Microbiol. Meth. 30: 111-117.

Barns, S. M., Takala, S. L., and Kuske, C. R. 1999. Wide Distribution and Diversity
of Members of the Bacterial Kingdom Acidobacterium in the Environment.
Appl. Environ. Microbiol. 65: 1731-1737.

Barrios, E., Delve, R. J., Bekunda, M., Mowo, J., Agunda, J., Ramisch, J., Trejo, M.
T., and Thomas, R. J. 2006. Indicators of soil quality: A South-South
development of a methodological guide for linking local and technical
knowledge. Geoderma. 135: 248-259.

Berthelet, M., Whyte, L. G. and Greer, C. W. 1996. Rapid, direct extraction of DNA
from soils for PCR analysis using polyvinylpolypyrrolidone spin columns.

FEMS Microbiology Letters. 138: 17-22.



103

Bertrand, H. 2005. High molecular weight DNA recovery from soils prerequisite for
biotechnological metagenomic library construction. J. Microbiol. Methods.
62: 1-11.

Bintrim, S. B., Donohue, T. J., Handelsman, J., Roberts, G. P., and Goodman, R. M.
1997. Molecular phylogeny of Archaea from soil. Proc. Natl. Acad. Sci. USA
94:277-282.

Birnboim, H. C. 1983. A rapid alkaline extraction method for the isolation of
plasmid DNA. Methods Enzymol. 100: 243-255.

Birnboim, H. C., and Doly, J. 1979. A rapid extraction procedure for screening
recombinant plasmid DNA. Nucleic Acids Res. 7: 1513-1523.

Black, C.A. 1965. Methods of Soil Analysis: Part I Physical and mineralogical
properties. American Society of Agronomy, Madison, Wisconsin, USA.

Boehm, M. J., Madden, L. V., and Hoitink, H. A. J. 1993. Effect of organic matter
decomposition level on bacterial species diversity and composition in relation
to Pythium damping-off severity. Appl. Environ. Microbiol. 59: 4171-4179

Boehm, M. J., Wu, T., Stone, A. G., Kraakman, B., lannotti, D. A., Wilson, E. G.,
Madden, L. V., and Hoitink, H. A. J. 1997. Cross-polarized magic-angle
sphnﬁng'%ZnuckarnmgneﬁcreynmncespecHosunﬁcchmacmrmaﬁonofsoﬂ
organic matter relative to culturable bacterial species composition and
sustained biological control of Pythium root rot. Appl. Environ. Microbiol. 63:
162-168.

Borneman, J., Skroch, P. W., O’Sullivan, K. M., Palus, J. A., Rumjanek, N. G.,
Jansen, J. L., Nienhuis, J., and Triplett, E. W. 1996. Molecular microbial
diversity of an agricultural soil in Wisconsin. Appl. Environ. Microbiol. 62:

1935-1943.



104

Borneman, J., and Triplett, E. W. 1997. Molecular microbial diversity in soils from
eastern Amazonia: evidence for unusual microorganisms and microbial
population shifts associated with deforestation. Appl. Environ. Microbiol. 63:
2647-2653.

Brady, N. C., Weil, R. R., and Weil, R. 1999. The Nature and Properties of Soils.
Upper Sadler River: Prentice-Hall.

Brady, S. F., and Clardy, J. 2005. Cloning and heterologous expression of isocyanide
biosynthetic genes from environmental DNA. Angew. Chem. Int. Ed Engl. 44:
7063-7065.

Braid, M. D., Daniels, L. M., and Kitts, C. L. 2003. Removal of PCR inhibitors from
soil DNA by chemical flocculation. J. Microbiol. Methods. 52: 389- 393.

Braimoh, A. K., and Vlek, P. L. G. 2004. The impact of land-cover change on soil
properties in northern Ghana. Land Degrad. Dev. 15: 65-74.

Bremner, J. M., and Mulvaney, C. S. 1982. Methods of soil analysis part 2 chemical
and microbiological properties.

Bruijn, F. J. 1992. Use of repetitive (repetitive extragenic element and
enterobacterial repetitive intergenic consensus) sequences and the polymerase
chain reaction to fingerprint the genomes of Rhizobium meliloti isolates and
other soil bacteria. Appl. Environ. Microbiol. 58: 2180-2187.

Brunk, C. F., AvanissAghajani, E., and Brunk, C. A. 1996. A computer analysis of
primer and probe hybridization potential with small-subunit rRNA sequences.
Appl. Environ. Microbiol. 62: 872-879.

BuchholzCleven, B. E. E., Rattunde, B., and Straub, K.L. 1997. Screening for
genetic diversity of isolates of anaerobic Fe (II) oxidizing bacteria using

DGGE and whole cell hybridization. Syst. Appl. Microbiol. 20: 301-309.



105

Buckley, D. H., Graber, J. R., and Schmidt, T. M. 1998. Phylogenetic analysis of
nonthermophilic members of the kingdom Crenarchaeota and their diversity
and abundance in soils. Appl Environ Microbiol. 64: 4333-4339.

Burger, J. A., and Kelting, D. L. 1999. Using soil quality indicators to assess forest
stand management. For. Ecol. Manag. 122: 155-166.

Cambardella, C. A., and Elliott, E. T. 1992. Particulate soil organic matter changes
across a grassland cultivation sequence. Soil Sci. Soc. Am. J. 56: 777-783.

Chanway, C. P, Holl, F. B., and Turkington, R. 1990. Specificity of association
between Bacillus isolates and genotypes of Lolium perenne and Trifolium
repens from a grass-legume pasture. Can. J. Bot. 68: 1126-1130.

Charman, P. E. V., and Murphy, B. W. 1998. 5thed. Soils, their properties and
management. Melbourne: Oxford University Press.

Chen, G., Gan, L., and Wang, S. 2001. A comparative study on the microbiological
characteristics of soils under different land-use conditions from karst areas of
Southwest China. Chinese J. Geochem. 20(1): 52-58.

Cole, J. R., Chai, B., Marsh, T. L., Farris, R. J., Wang, Q., Kulam, S. A., Chandra, S.,
McGarrell, D. M., Schmidt, T. M., Garrity, and G. M., Tiedje, J. M. 2003.
The Ribosomal Database Project (RDP-II): previewing a new autoaligner that
allows regular updates and the new prokaryotic taxonomy. Nucleic Acids Res.
31:442-443.

Collins, H. P., Rasmussen, P. E., and Douglas Jr., C. L. 1992. Crop rotation and residue
management effects on soil carbon and bacterial dynamics. Soil Sci. Soc. Am.
J. 56: 783-788.

Cook, R. J., and Baker, K. F. 1983. The Nature and Practice of Biological Control of

Plant Pathogens. St. Paul: American Phytopathological Society.



106

Cook, R. J. 1990. Twenty-five years of progress towards biological control. In:
Hornby, D. (Ed.), Biological Control of Soilborne Pathogens. CAB
International, Wallingford, UK. 1-14.

Cookson, W. R., Murphy, D. V., and Roper, M. M. 2008. Characterizing the
relationships between soil organic matter components and microbial function
and composition along a tillage disturbance gradient. Soil Biol. Biochem. 40:
763-777.

Day, P. R. 1965. Particle fractionation and particle-size analysis p. 545-567. In.
C.A. Black (ed.) Methods of soil analysis, Part 1. Agronomy. 9: 545-567.

De Leij F. A. A. M., Whipps J. M., and Lynch J. M. 1993. The use of colony
development for the characterization of bacterial communities in soil and on
roots. Microb. Ecol. 27: 81-97.

Desmarais, T. R., Solo-Gabriele, H. M., and Palmer, C. J. 2002. Influence of soil on
fecal indicator organisms in a tidally influenced subtropical environment. Appl
Environ Microbiol. 68: 1165-1172.

Diallo, M. D., Martens, M., Vloemans, N., Cousin, S. Vandekerckhove, T. M., Neyra, M.
de Lajudie, P., Willems, A., Gillis, M., Vyverman, W., and Van Der Gucht, K.
2004. Phylogenetic analysis of partial bacterial 16S rDNA sequences of
tropical grass pasture soil under Acacia tortilis subsp. raddiana in Senegal.
System. Appl. Microbiol. 27: 238-252.

Diaz-Ravina, M., and Baath, E. 1996. Development of metal tolerance in soil bacterial
communities exposed to experimentally increased metal levels. Appl. Environ.
Microbiol. 62: 2970-2977.

Dick, W. A. 1983. Organic-carbon, nitrogen, and phosphorus concentrations and pH

in soil profiles as affected by tillage intensity. Soil Sci Soc Am J. 47: 102-107.



107

Dong, D., Yan, A., Liu, H., Zhang, X., and Xu, Y. 2006. Removal of humic
substances from soil DNA using aluminium sulfate. J. Microbiol. Methods.
66: 217-222.

Doran, J. W., 2002. Soil health and global sustainability: translating science into
practice. Agric. Ecosyst. Env. 88: 119-127.

Duarte, G.F., Rosado, A.S., Seldin, L., Keijzer-Wolters, A.C., and van Elsas, J.D.
1998. Extraction of ribosomal RNA and genomic DNA from soil for studying
the diversity of the indigenous bacterial community. J. Microbiol. Methods
32:21-29.

Dubey, S. K., Tripathi, A. K., and Upadhyay, S. N. 2006. Exploration of soil bacterial
communities for their potential as bioresource. Bioresour Technol. 97(17):
2217-24.

Duineveld, B. M., Kowalchuk, G. A., Keijzer, A., van Elsas, J. D., and van Veen, J.
A.2001. Analysis of bacterial communities in the rhizosphere of
chrysanthemum via denaturing gradient gel electrophoresis of PCR-amplified
16S rRNA as well as DNA fragments coding for 16S rRNA. Appl. Environ.
Microbiol. 67: 172-178.

Dunbar, J., Takala, S., Barns, S. M., Davis, J. A., and Kuske, C. R. 1999. Levels of
bacterial community diversity in four arid soils compared by cultivation and
16S rRNA gene cloning. Appl. Environ. Microbiol. 65: 1662-1669.

Edwards, U., Rogall, T., Blocker, H., Emde, M., and Béttger, E. C. 1989. Isolation
and direct complete nucleotide determination of entire genes: characterization

of a gene coding for 16S ribosomal RNA. Nucleic Acids Res. 17: 7843-7853.



108

Elliott, L. F., and Lynch, J. M. 1994. Biodiversity and soil resilience. In: Greenland,
D. J., Szabolcs, 1. (Eds.), Soil Resilience and Sustainable Land Use.
Wallingford: CAB International.

El Nashaar, H. M., and Stack, R. W. 1989. Effect of long-term continuous cropping
of spring wheat on aggressiveness of Cochliobolus sativus. Can. J. Plant Sci.
69: 395-400.

Emadi, M., Emadi, M., Baghernejad, M., Fathi, H., Saffari, M. 2008. Effect of Land
Use Change on Selected Soil Physical and Chemical Properties in North
Highlands of Iran. J Appl Sci 8: 496-502.

Emerson, D., Worden, R. M, and Breznak, J. A. 1993. A diffusion gradient chamber
for studying microbial behavior and separating microorganisms. Appl.
Environ. Microbiol. 60: 1269-1278.

Fegri, A., Torsvik, V. L., and Gokseyr, J. 1977. Bacterial and fungal activities in
soil: Separation of bacteria and fungi by a rapid fractionated centrifugation
technique. Soil Biol. Biochem. 9: 105-112.

Felske, A., Engelen, B., Nubel, U., and Backhaus, H. 1996. Direct ribosome isolation
from soil to extract bacterial IRNA for community analysis. Appl. Environ.
Microbiol. 62: 4162-4167.

Felske, A., Rheims, H., Wolterink, A., Stackenbrandt, E., and Akkermans, A. D. L.
1997. Ribosome analysis reveals prominent activity of an uncultured member
of the class Actinobacteria in grassland soils. Microbiology 143: 2983-2989.

Felske, A., Wolterink, A., van Lis, R., Akkermans A. D. L. 1998. Phylogeny of the
main bacterial 16S rDNA sequences in Drentse A grassland soils (The

Netherlands). Appl Environ Microbiol. 64: 871-879.



109

Ferris, M., Muyzer, G., and Ward, D. 1996. Denaturing gradient gel electrophoresis
profiles of 16S rRNA-defined populations inhabiting a hot spring microbial
mat community. Appl. Environ. Microbiol. 62: 340-346.

Ferris, M., and Ward, D. 1997. Seasonal distributions of dominant 16S rRNA-
defined populations in a hot spring microbial mat examined by denaturing
gradient gel electrophoresis. Appl. Environ. Microbiol. 63: 1375-1381.

Fortin, N., Fulthorpe, R. R., Allen D. G., and Greer, C. W. 1998. Molecular analysis
of bacterial isolates and total community DNA from kraft pulp mill effluent
treatment systems. Can. J. Microbiol. 44: 537-546.

Fredrickson, J. K., Balkwill, D. L., Zachara, J. M., Li, S. M. W., Brockman, F. J., and
Simmons, M. A. 1991. Physiological diversity and distributions of heterotrophic
bacteria in deep cretaceous sediments of the Atlantic coastal plain. Appl.
Environ. Microbiol. 57: 402-411.

Fu, B., Wang, J., Chen, L., and Qiu, Y. 2003. The effects of land use on soil moisture
variation in the Danangou catchment of the Loess Plateau, China. Catena 54:
197-213.

Garland, J. L., and Mills, A. L. 1994. Classification and characterization of
heterotrophic microbial communities on the basis of patterns of community-
level sole-carbon-source utilization. Appl. Environ. Microbiol. 57: 2351-2359.

Garland, J. L. 1996. Patterns of potential C source utilization by rhizosphere
communities. Soil Biol. Biochem. 28: 223-230.

Gavlak, R., Horneck, D., Miller, R., and Kotuby-Amacher, J. 2003. Soil, Plant and
Water Reference Methods for the Western Region, 2nd ed. WERA-103.

Collins: Colorado State University.



110

Gee, G. W., and Bauder, J. W. 1986. Particle-size analysis. In Methods of Soil
Analysis. Part 1 Physical and Mineralogical Methods., Klute A. Ed. Chap. 15.
American Society of Agronomy. Soil Sci. Soc. Am., 383-411.

Gerasimova, M. L., Gubin, S. V., and Shoba, S. A., 1996. Soils of Russia and Adjacent
Countries: Geography and Micromorphology. Moscow State University-
Wageningen Agricultural University, 204.

Getaneh, F., Deressa, A., and Negassa, W. 2007. Influence of Small scale Irrigation
on Selected Soil Chemical Properties. Tropentag 2007, October 9 - 11, 2007
Witzenhausen, Germany.

Giovannoni, S. J., Britschgi, T. B., Moyer, C. L., and Field, K. G. 1990. Genetic
diversity in Sargasso Sea Bacterioplankton. Narure. 345: 60-62.

Gong, J., Chen, L., Fu, B., Huang, Y., Huang, Z., and Peng, H. 2005. Effect of land
use on soil nutrients in the loess hilly area of the Loess Plateau, China Land
Deg. Dev. 17: 453-465.

Griffiths, R. ., Whiteley, A. S., O’Donnell, A. G., and M. J. Bailey. 2000. Rapid
method for coextraction of DNA and RNA from natural environments for
analysis of ribosomal DNA- and rRNA-based microbial community
composition. Appl. Environ. Microb. 66: 5488-5491.

Haack, S. K, Garchow, H., Klug, M.J., and Forney, L. J. 1995. Analysis of factors
affecting the accuracy, reproducibility, and interpretation of microbial

community carbon source utilization patterns. Appl. Environ. Microbiol. 61:

1458-1468.



111

Hallett, P. D., Mickovski, S. B., Bengough, A. G., Bransby, M. F., Davies, M. C. R,
and Sonnenberg, R. 2006. Material stiffness, branching pattern, and soil
matric potential affect the pullout resistance of model root systems. Eur. J.
Soil Science 58: 1471-1481.

Hawksworth, D. L. 1991. The Biodiversity of Microorganisms and Invertebrates: Its
Role in Sustainable Agriculture. Melksham: CAB International, Redwood
Press.

Henne, A. 1999. Construction of Environmental DNA Libraries in Escherichia coli
and Screening for the Presence of Genes Conferring Utilization of 4-
Hydroxybutyrate. Appl. Environ. Microb. (September 1999): 3901-3907.

Heuer, H., Krsek, M., Baker, P., Smalla, K., and Wellington, E. M. H. 1997.
Analysis of actinomycete communities by specific amplification of genes
encoding 16S rRNA and gel-electrophoretic separation in denaturing
gradients. Appl. Environ. Microbiol. 63: 3233-3241.

Heym, B., Gehanno, P., Friocourt, V., Bougnoux, M. E., Le Moal, M., Husson, C.,
Leibowitch, J., and Nicolas-Chanoine, M. H. 2005. Molecular detection of
Cellulosimicrobium cellulans as the etiological agent of a chronic tongue ulcer
in a human immunodeficiency virus-positive patient. J. Clin. Microbiol. 43:
4269-4271.

Hill, G. T., Mitkowski, N. A., Aldrish-Wolfe, L., Emele, L. R. Jurkonie, D. D., Ficke,
A., Maldonado-Ramirez, S., Lynch, S. T., and Nelson, E. B. 2000. Methods
for assessing the composition and diversity of soil microbial communities.
Applied Soil Ecology. 15: 25-36.

Hillis, D. M., and Dixon, M. T. 1991. Ribosomal DNA: molecular evolution and

phylogenetic inference. Quart Rev Biol. 66: 411-453.



112

Hirt, B. 1967. Selective extraction of polyoma DNA from infected mouse cell
cultures. J. Mol. Biol. 26: 365-369.

Hofmann, B., Ulrich, S., and Christen, O. 2003. Effects of different land use on soil
physical properties in the long-term study "Ewiger Roggenbau". Mitteilungen
der Deutschen Bodenkundlichen Gesellschaft. 102: 85-86.

Holben, W. E., and Tiedje, J. M. 1988. Tracing tiny organisms. Ecology 69: 561-
568.

Holben, W. E., and Harris, D. 1995. DNA-based monitoring of total bacterial
community structure in environmental samples. Molec. Ecol. 4: 627-631.

Holben, W. E., Jansson, J. K., Chelm, B. K., and Tiedje, J. M. 1988. DNA probe
method for the detection of specific microorganisms in the soil bacterial
community. Appl. Environ. Microbiol. 54: 703-711.

Holmes, D. S., and Quigley, M. 1981. A rapid boiling method for the preparation of
bacterial plasmids. Anal. Biochem. 114:193-197.

Houghton, R. A., Hackler, J. L., and Lawrence, K. T. 1999. The U.S. carbon budget:
contributions from land use change. Science. 285: 574-578.

Hu, S., and van Bruggen, A. H. C. 1997. Microbial dynamics associated with
multiphasic decomposition of 14C-labeled cellulose in soil. Microb. Ecol. 33:
134-143.

Ibrahim, A., Gerner-Smidt, P., and Liesack, W. 1997. Phylogenetic relationship of
the twenty-one DNA groups of the genus Acinetobacter as revealed by 16S
ribosomal DNA sequence analysis. /nt. J. Syst. Bacteriol. 47: 837-841.

Ibekwe, A. M., Papiernik, S. K., Yang, C. H., 2004. Enrichment and molecular
characterization of chloropicrin and metam-sodiumdegrading microbial

communities. Appl. Microbiol. Biotech. 66: 325-332.



113

Islam, K. R., and Weil, R. R. 2000. Land use effects on soil quality in a tropical forest
ecosystem of Bangladesh. Agri. Eco. Environ. 79: 9-16.

Jacobsen, C. S., and Rasmussen, O. F. 1992. Development and application of a new
method to extract bacterial DNA from soil based on separation of bacteria
from soil with cation-exchange resin. Appl. Environ. Microbiol. 58: 2458-2462.

Jensen, S., @vreas, L., Daae F. L., and Torsvik, V. 1998. Diversity in methane
enrichments from agricultural soil revealed by DGGE separation of PCR
amplified 16S rRNA fragments. FEMS Microb Ecol. 26: 17-26.

Johnsen, K., Jacobsen,C. S., Torsvik, V., and Serensen, J. 2001. Pesticide effects on
bacterial diversity in agricultural soils - a review. Biology and Fertility of Soil.
33:443-453.

Johnsen, K., and Nielsen, P. 1999. Diversity of Pseudomonas strains isolated with
King’s B and Gould’s S1 agar determined by repetitive extragenic
palindromic-polymerase chain reaction, 16S rDNA sequencing and Fourier
transform infrared spectroscopy characterisation. FEMS Microbiology Letters.
173: 155-162.

Johnson, N. C., Copeland, P. J., Crookston, B. K., and Pfleger, F. L. 1992. Mycorrhizae:
possible explanation for yield decline with continuous corn and soybean.
Agron. J. 84: 387-390.

Kassen, R., Rainey, P. B., 2004. The ecology and genetics of microbial diversity. Ann.
Rev. Microbiol. 58: 207-231.

Katila, M. L., and Mattila, J. 1991. Enhancement of growth of Mycobactenum

malmoense by acidic pH and pyruvate. Eur. J. Clin. Microbiol. 8: 998-1000.



114

Kauffmann, I. M., Schmitt, J., and Schmid, R. D. 2004. DNA isolation from soil
samples for cloning in different hosts. Appl. Microbiol. Biotechnol. 64: 665-
670.

Kennedy, A. C. 1999. Bacterial diversity in agroecosystem. Agric. Ecosyst. Environ.
74: 65-76.

Kennedy, A. C., and Smith, K. L. 1995. Soil microbial diversity and the
sustainability of agricultural soils. Plant Soil. 170: 75-86.

Kim, J. S., Sparovek, G., Longo, R. M. , De Melo, W. J., and Crowley, D. 2007.
Bacterial diversity of terra preta and pristine forest soil from the Western
Amazon. Soil Biol. Biochem. 39: 684-690.

Kirk, J. L., Beaudette, L. A., Hart, M., Moutoglis, P., Klironomos, J. N., Lee, H., and
Trevors, J. T. 2004. Methods of studying soil microbial diversity. J. Microb.
Methods 58: 169-188.

Kirschner, R. A. Jr., Parker, B. C., and Falkinham, J.O.III. 1999. Humic and fulvic
acids stimulate the growth of Mycobacterium avium. FEMS Microbiol. Ecol.
30: 327-332.

Knapp, E. B, Elliott, L. F., and Campbell, G. S. 1983. Bacterial respiration and
growth during the decomposition of wheat straw. Soil Biol. Biochem. 15: 319-
323,

Kowalchuk, G. A., Stephen, J. R., de Boer, W., Prosser, J. I., Embley, T. M., and
Woldendorp, J. W. 1997. Analysis of ammoniaoxidizing bacteria of the -
subdivision of the class Proteobacteria in coastal sand dunes by denaturing
gradient gel electrophoresis and sequencing of PCR-amplified 16S ribosomal

DNA fragments. Appl. Environ. Microbiol. 63: 1489-1497.



115

Krave, A. S., Lin, B., Braster, M., Laverman, A. M., van Straalen, N. M., Roling, W.
F. M., and van Verseveld, H. W., 2002. Stratification and seasonal stability of
diverse bacterial communities in a Pinus merkusii (pine) forest soil in central
Java, Indonesia. Environ. Microbiol. 4: 361-373.

Kunito, T., Saeki, K., Nagaoka, K., Oyaizu, H., and Matsumoto, S. 2001.
Characterization of copper-resistant bacterial community in rhizosphere of
highly copper-contaminated soil. Eur. J. Soil Biol. 37: 95-102,

Kuske, C. R., Barns, S. M., and Busch, J. D. 1997. Diverse uncultivated bacterial
groups from soils of the arid Southwestern United States that are present in
many geographic regions. Appl. Environ. Microb. 63: 3614-3621.

Lambin, E. F., and Geist, H. 2006. Land-Use and Land-Cover Change-Local
Processes and Global Impacts. Springer, Germany, 71-113.

Lane, D.J. 1991. 16S/23S rRNA sequencing. /n: Stackebrandt E, Goodfellow M
(ed) Nucleic Acid Techniques in Bacterial Systematics. John Wiley & Sons,
New York: 115-175.

Lee, D. H., Zo, Y. G., and Kim, S. J. 1996. Nonradioactive method to study genetic
profiles of natural bacterial communities by PCR-Single-Strand-Conformation
Polymorphism. Appl. Environ. Microbiol. 62: 3112-3120.

Lee, K. E., and Foster, R. C. 1991. Soil fauna and soil structure. Aust. J. Soil Res.
29: 745-775.

Leeper, G. W., and Uren, N. C. 1993. Sthed. Soil science, an introduction.
Melbourne: Melbourne University Press.

Liesack, W., and Stackebrandt, E. 1992. Occurrence of novel groups of the domain
Bacteria as revealed by analysis of genetic material isolated from an

Australian terrestrial environment. J. Bacteriol. 174: 5072-5078.



116

Lichon, M. 1993. Human impacts on processes in karst terranes, with special
reference to Tasmania. Cave Science, 20(2): 55-60.

Lim, H. K. 2005. Characterization of a forest soil metagenome clone that confers
indirubin and indigo production on Escherichia coli. Appl. Environ.
Microbiol. 71: 7768-7777.

Liu, B. R., Jia, G. M., Chen, J., and Wang, G. 2006. A review of methods for
studying microbial diversity in soils. Pedosphere 16(1): 18-24.

Ludwig, and Schleifer, K. 1992. Phylogenetic identification and in situ detection of
individual microbial cells without cultivation. Microbiol. Rev. 59:143-169.

Lynch, J. M. 1983. Soil biotechnology, microbiological factors in crop productivity.
Oxford: Blackwell Scientific Publications.

Lynch, J. M., and Bragg, E. 1985. Microorganisms and soil aggregate stability. Adv.
Soil Sci. 2: 133-171.

Lynch, J. M. 2002. Resilience of the rhizosphere to anthropogenic disturbance.
Biodegradation 13: 21-27.

Madigan, M. T., and Martinko, J. M. 2006. Brock Biology of Microorganisms, 11" ed.
Prentice Hall, Englewood Cliffs, NJ.

Magurran, A. E. 1988. Ecological diversity and its measurement. Croom Helm
Limited, Cambridge, GB.

Maidak, B. L., Olsen, G. J., Larson, N., Overbeek, R. McCaughey, M. J., and Woese,
C.R. 1997. The RDP (Ribosomal Database Project). Nucleic Acids Res. 25:
109-111.

Maloney, P. E., van Bruggen, A. H. C., and Hu, S. 1997. Bacterial community
structure in relation to the carbon environments in lettuce and tomato

rhizospheres and in bulk soil. Microb. Ecol. 34: 109-117.



117

Marilley, L., and Aragno, M. 1999. Phylogenetic diversity of bacterial communities
differing in degree of proximity of Lolium perenne and Trifolium repens roots.
Appl. Soil Ecol. 13: 127-136.

Marschner, P., Kandeler, E., and Marschner, B. 2003. Structure and function of soil
microbial community in a long-term fertilizer experiment. Soil Biol. Biochem.
35:453-461.

Martinez, M. A. J., Acinas, S. G., and Rodriguez, V. F. 1995. Evaluation of
prokaryotic diversity by restrictase digestion of 16S rDNA directly amplified
from hypersaline environments. FEMS Microb Ecol. 17: 247-255.

Massol, D. A. A., Odelson, D. A., Hickey, R. F., and Tiedje, J. M. 1995. Bacterial
community fingerprinting of amplified 16S and 16-23S ribosomal DNA gene
sequences and restriction endonuclease analysis (ARDRA). In: Akkermans
ADL, v Elsas JD, d Bruijn FJ (eds). Molecular Microbial Ecology Manual.
London: Kluwer Academic Publishers.

Mehta, A. K., Khera, K. L., and Bhushan, B. 2005. Effect of soil physical properties
and land use on soil erodibility. Ind J of Soil Cons. 33: 180-182.

Mickovski, S. B., Bengough, A. G., Bransby, M. F., Davies, M. C. R., Hallett, P. D.,
and Sonnenberg, R. 2007. Material stiffness, branching pattern, and soil matric
potential affect the pullout resistance of model root systems. Euro. J. Soil Sci.
58:1471-1481.

Milford, M. H. 1997. Introduction to Soils and Soil Particle Analysis Procedure.
Iowa: Kendall/Hunt Publishing Company.

Mills, A.L., Wassel, R.A. 1980. Aspects of diversity measurement for microbial

communities. Appl Environ Microbio. 140: 578-586.




118

Miller, D. N., Bryant, J. E., Madsen, E. L., and Ghiorse, W. C. 1999. Evaluation and
optimization of DNA extraction and purification procedures for soil and
sediment samples. Appl. Environ. Microb. 65: 4715-4724.

Miskin, 1., Rhodes, G., Lawlor, K., Saunders, J. R., and Pickup, R. W. 1998.
Bacteria in post-glacial freshwater sediments. Microbiology 144: 2427-2439.

Mitsui, H., Gorlach, K., Lee, H. J., Hattori, R., and Hattori, T. 1997. Incubation time
and media requirements of culturable bacteria from different phylogenetic
groups. J. Microbiol. Meth. 30: 103-110.

Monokrousos, N., Papatheodorou, E. M., Diamantopoulos, J. D., and Stamou, G. P.
2006. Soil quality variables in organically and conventionally cultivated field
sites. Soil Biol. Biochem. 38: 1282-1289.

More, M. 1., Herrick, J. B., Silva, M. C., Ghiorse, W. C., and Madsen, E. L. 1994.
Quantitative cell lysis of indigenous microorganisms and rapid extraction of
microbial DNA from sediment. Appl. Environ. Microbiol. 60: 1572-1580.

Morgan, J. A. W., and Winstanley, C. 1997. Microbial biomarkers. In: van Elsas, J.
D., Trevors, J. T., Wellington, E. M. H. (Eds.), Modern Soil Microbiology,
pp-331-352. New York: Marcel Dekker.

Murray, A. E. , Hollibaugh, J. T., and Orrego, C. 1996. Phylogenetic compositions
of bacterioplankton from two California estuaries compared by denaturing
gradient electrophoresis of 16S rDNA fragments. Appl. Environ. Microbiol.
62: 2676-2680.

Muyzer, G., De Waal, E. C., and Uitterlinden, A. G. 1993. Profiling of complex
microbial populations by denaturing gradient gel electrophoresis analysis of
polymerase chain reaction-amplified genes encoding for 16S rRNA. A4ppl.

Environ. Microbiol. 59: 695-700.



119

Muyzer, G., and Smalla, K. 1998. Application of denaturing gradient gel electrophoresis
(DGGE) and temperature gradient gel electrophoresis (TGGE) in microbial
ecology. Antonie van Leeuwenhoek 73: 127-141.

Myers, R. M., Fischer, S. G., Lerman, L. S., and Maniatis, T. 1985. Nearly all single
base substitutions in DNA fragments joined to a GC clamp can be detected by
denaturing gradient gel electrophoresis. Nucleic Acids Res. 13: 3131-3145.

Nambiar, E. K. S. 1997. Sustained productivity of forests as a continuing challenge to
soil science. Soil Sci. Soc. Am. J. 60: 1629-1642.

National Statistical Office of Thailand. 2008. Statistics by Province[online].
Available from:

http://service.nso.go.th/nso/thailand/dataFile/01/J01P/J01P/th/55.htm[2008,

January 20].

Navarro, E., Simonet, P., Normand, P., and Bardin, R. 1992. Characterization of
natural populations of Nitrobacter spp. using PCR/RFLP analysis of the
ribosomal intergenic spacer. Arch Microbiol. 157: 107-115.

Nubel, U., Engelen, B., Felske, A., Snaidr, J., Wieshuber, A., Amann, R. I., Ludwig, W.,
and Backhaus, H. 1996. Sequence heterogeneities of genes encoding 16S
rRNAs in Paenibacillus polymyxa detected by temperature gradient gel
electrophoresis. J. Bacteriol. 178: 5636-5643.

O’Donnell, A. G., and Gorres, H. E. 1999. 16S rDNA methods in soil microbiology.
Currt Biotech 10: 225-229.

Olsen, G. J., and Woese, C. R. 1993. Ribosomal RNA: a key to phylogeny. FASEB

J. T 113=123.



120

Ovreés, L., Forney, L., Daae, F. D., and Torsvik, V. 1997. Distribution of
bacterioplankton in meromictic lake Selenvannet, as determined by
denaturing gradient gel electrophoresis of PCR amplified gene fragments
coding for 16S tRNA. Appl Environ Microbiol. 63: 3367-3373.

QOvreés, L., and Torsvik, V. 1998. Microbial diversity and community structure in
two different agricultural soil communities. Microb. Ecol. 36: 303-315.

Pace, N. R., 1997. A molecular view of microbial biodiversity and the biosphere.
Science. 276: 734-740.

Pansu, M., and Gautheyrou, J. 2006. Handbook of soil analysis: mineralogical,
organic and inorganic methods. New York: Springer.

Perry, D. A., Amaranthus, M. P., Borchers, J. G., Borchers, S. L., and Brainerd, R. E.
1989. Bootstrapping in ecosystems. Bioscience 39: 230-237.

Portaels, F., and Pattyn, S. R. 1992. Growth of mycobacteria in relation to the pH of
the medium. Ann. Inst. Pasteur Microbiol. 133: 213-221.

Porteous, L.A., Seidler, R.J., and Watrud, L.S. 1997. An improved method for
purifying DNA from soil for polymerase chain reaction amplification and
molecular ecology applications. Mol. Ecol. 6: 787-791.

Postma, J., Schilder, M., and Speksnijder, A. 2007. Soil suppressiveness and
functional diversity of the soil microflora in organic farming systems 3" QLIF
Congress, Hohenheim, Germany, March 20-23, 2007 [online]. Available

from: http://orgprints.org/view/projects/int_conf glif2007.html [2008,

February 2].
Qui, X., Wu, L., Huang, H., McDonel, P. E., Palumbo, A. V., Tiedje, J. M., and Zhou, J.
2001. Evaluation of PCR-generated chimeras, mutations, and heteroduplexes

with 16S rRNA gene-based cloning. Appl. Environ. Microbiol. 67: 880-887.



121

Quirino, B. F., Pappas, G. J., Tagliaferro, A. C., Collevatti, R. G., Neto, E. L., Silva,
M. R. S. S., Bustamante, M. M. C., and Kruger, R. H. 2007. Molecular
phylogenetic diversity of bacteria associated with soil of the savanna-like
Cerrado vegetation. Microb Res. (Article in press).

Rasmussen, K. J. 1999. Impact of ploughless soil tillage on yield and soil quality: a
Scandinavian review. Soil and Tillage Res. 53: 3-14.

Royal Irrigation Department. 2006. Water data[online]. Available from:

http://www.rid.go.th/riddata.php[2006, December 06].

Rochelle, P. A., Fry, J. C., Parkes, R. J., and Weightman, A. J. 1992. DNA
extraction for 16S rRNA gene analysis to determine genetic diversity in deep
sediment communities. FEMS Microbiol Lett. 100: 59-66.

Rosello-Mora, R., Amann, R., 2001. The species concept for prokaryotes. FEMS
Microbiol. Rev. 25: 39-67.

Sarah, P. 2006. Soil organic matter and land degradation in semi-arid area. Israel.
Catena. 67: 50-55.

Sambrook, J., Fritsch, E.F., and Maniatis, T. 1989. Molecular cloning: a laboratory
manual, 2" ed. New York: Cold Spring Harbor Laboratory Press.

Saitou, N., and Nei, M. 1987. The neighbor-joining method: a new method for
constructing phylogenetic trees. Mol. Biol. Evol. 4: 406-425.

Sarathchandra, S. U., Burch, G., and Cox, N.R . 1997. Growth patterns of bacterial
communities in the rhizoplane and rhizosphere of white clover (Trifolium
repens L.) and perennial ryegrass (Lolium perenne L.) in long-term pasture.
Appl. Soil Ecol. 6: 293-299.

Schlesinger, W. M. 1977. Carbon balance in terrestrial detritus. Ann. Rev. Ecol. 8: 51-

81.



122

Scholes, M. C., Powlson, D., and Tian, G. 1997. Input control of organic matter
dynamics. Geoderma. 79: 25-47.

Schumacher, B. A. 2002. Methods for the determination of total organic carbon
(TOC) in soils and sediments. EMASC-001. U.S. Environmental Protection
Agency, Las Vegas, NV.

Selenska, S., and Klingmuller, W. 1991. DNA recovery and direct detection of TnJ
sequences from soil. Lett. Appl. Microbiol. 13: 21-24.

Shepherd, G., Bureh, R. J., Gregory, P. J. 2000. Land-use affects the distribution of
soil inorganic nitrogen in smallholder production systems in Kenya. Biol. Fert.
Soils, 31: 348-355.

Shipton, P. J. 1977. Monoculture and soil borne plant pathogens. Annu. Rev.
Phytopathol. 15: 387-407.

Shravage, B. V., Dayananda, K. M., Patole, M.S., and Shouche, Y. S. 2007.
Molecular microbial diversity of a soil sample and detection of ammonia
oxidizers from Cape Evans, Mcmurdo Dry Valley, Antarctica. Microb. Res.
162: 15-25.

Smalla, K., Cresswell, N., Mendoca-Hagler, L. C., Walters, A., and van Elsas, J. D.
1993. Rapid DNA extraction protocol from soil for polymerase chain
reaction-mediated amplification. J. Appl. Bacteriol. 74: 78-85.

Smalla, K., Wieland, G., Buchner, A., Zock, A., Parzy, J., Kaiser, S., Roskot, N.,
Heuer, H. and Berg, G. 2001. Bulk and rhizosphere soil bacterial communities
studied by denaturing gradient gel electrophoresis: Plant-dependent
enrichment and seasonal shifts revealed. Appl. Environ. Microbiol. 67: 4742-

4751.



Smart, D. R., Ritchie, K., Stark, J. K, and Bugbee, B.1997. Evidence that elevated
CO; levels can indirectly increase rhizophere denitrifier activity. Appl.
Environ. Microbiol. 63: 4621-4624.

Smit, E., Leeflang, P., Gommans, S., van den Broek, J., van Mil, S., and Wernars, K.
2001. Diversity and Seasonal Fluctuations of the Dominant Members of the
Bacterial Soil Community in a Wheat Field as Determined by Cultivation and
Molecular Methods. App. Environ. Microbiol. 67: 2284-2291.

Smith, J. L., and Paul, E. A. 1990. The significance of soil bacterial biomass
estimations in soil. In: Bollag, G.M., Stotzkey, G.(Eds.), Soil Biochemistry,
vol. 6, pp.357-396. New York: Marcel Dekker.

Serheim, R., Torsvik, V. L., and Gokseyr, J. 1989. Phenotypic divergences between
populations of soil bacteria isolated on different media. Microb. Ecol. 17:
181-192.

Sparling, G. P., Shepherd, T. G., and Schipper, L. A. 2000. Topsoil characteristics of
three contrasting New Zealand soils under four long-term land uses NZ. J.
Agri. Res. 43: 569-583.

Stach, J. E. M., Bathe, S., Clapp, J. P., and Burns, R. G. 2001. PCR-SSCP comparison
of 16S rDNA sequence diversity in soil DNA obtained using different
isolation and purification methods. FEMS Microb. Ecol. 36: 139-151.

Stahl, D. A., and Amann, R. 1991. Development and Application of Nucleic Acid
Probes. West Sussex: John Wiley and Sons Ltd.

Stark, C., Condron, L. M., Stewart, A., Di, H. J., and O’Callghan, M. 2007.
Influence of organic and mineral amendments on microbial soil properties

and processes. Appl. Soil Ecol. 35: 79-93.



124

Steffan, R. J., and Atlas, R. M. 1988. DNA amplification to enhance detection of
genetically engineered bacteria in environmental samples. Appl. Environ.
Microbiol. 54:2185-2191.

Steffan, R. J., Goksoyr, J., Bej, A. K., and Atlas, R. M. 1988. Recovery of DNA
from soils and sediments. Appl. Environ. Microbiol. 56: 776-781.

Tamura, K., Dudley, J., Nei, M., and Kumar, S. 2007. MEGA 4: Molecular
Evolutionary Genetics Analysis (MEGA) software version 4.0. Mol. Biol.
Evol. 24: 1596-1599.

Thai Meteorological department. 2006. Kanchanaburi weather[Online]. Available

from: http://www.tmd.go.th/en/province.php?id=35[2006, December 06].

Thailandmap.net. 2008. Service the Maps of Thailand[Online]. Available from:

http://www.thailandmaps.net/kanchanaburi_map.html [2008, January 20].

Thomas, V. G., and Kevan, P. G. 1993. Basic principle of agroecology and sustainable
agriculture. J. Agric. Environ. Eth. 5:1-18.

Thomson, J. D., Gibson, T. J., Plewniak, F., Jeanmougin, F., and Higgins, D. G.
1997. The ClustalX windows interface: flexible strategies for multiple
sequence alignment aided by quality analysis tools. Nucleic Acids Res. 24:
4876-4882.

Tiedje, J. M., Sextone, A. J., Parkin, T. B., Revsbech, N. P., and Shelton, D. R. 1984.
Anaerobic processes in soil. Plant Soil 76: 197-212.

Tisdall, J. M. 1991. Fungal hyphae and structural stability of soil. Aust. J. Soil Res.
29: 729-743.

Torsvik, V., Goksoyr, J., and Daale, F. L. 1990a. High diversity in DNA of soil

bacteria. Appl. Envrion. Microbiol. 56: 782-787.



123

Torsvik, V., Salte, K., Sorkeim, R., and Goksoyr, J. 1990b. Comparison of
phenotypic diversity and DNA heterogeneity in a population of soil bacteria.
Appl. Environ. Microbiol. 56: 776-781.

Torsvik, V., Sorheim, R., and Goksoyr, J. 1996. Total bacterial diversity in soil and
sediment communities - a review. J. Ind. Microbiol. 17: 170-178.

Torsvik, V., and @vreas, L. 2002. Microbial diversity and function in soil: from
genes to ecosystems. Current Opinion in Microbiology 5: 240-245.

Tsai, Y., and Olsen, B. H. 1992. Detection of low numbers of bacterial cells in soils
and sediments by polymerase chain reaction. Appl. Environ. Microbiol. 58:
754-757.

Tunlid, A., Hoitink, H. A. J., Low, C., and White, D. C. 1989. Characterization of
bacteria that suppress Rhizoctonia damping-oft in bark compost media by
analysis of fatty acid biomarkers. Appl. Environ. Microbiol. 55: 1368-1374.

Turco, R. F., and Bezdicek, D. F. 1987. Diversity within two serogroups of
Rhizobium leguminosarum native to soils in the Palouse of eastern
Washington. Ann. Appl. Biol. 111: 103-114.

Ueda, T., Suga, Y., and Matsuguchi, T. 1995. Molecular phylogenetic analysis of a
soil microbial community in a soybean field. Eur. J. Soil. Sci. 46: 415-421.

Valinsky, L., Vedova, G. D., Scupham, A. J., Alvey, S., Figueroa, A., Yin, B., Hartin,
R. J., Chrobak, M., Crowley, D. E., Jiang, T., and Borneman, J. 2002. Analysis
of bacterial community composition by oligonucleotide fingerprinting of

rRNA genes. Appl. Environ. Microbiol. 68: 3243-3250.



126

Vallaeys, T., Topp, E., Muyzer, G., Macheret, V., Laguerre, G., and Soulas, G. 1997.
Evaluation of denaturing gradient gel electrophoresis in the detection of 16S
rDNA sequence variation in rhizobia and methanotrophs. FEMS
Microbiology Ecology. 24: 279-285.

Vallejo, V. R., Diaz-Fierros, F., and de la Rosa, D. 2005. Impactos sobre los recursos
edaficos. Evaluacion Preliminar de los Impactos en Espaiia por Efecto del
Cambio Climatico. Ministerio de Medio Ambiente. 355-398.

Venter, J. C. 2004. Environmental genome shotgun sequencing of the Sargasso Sea.
Science. 304: 66-74.

Versalovic, J., Koeuth, T., and Lupski, J. R. 1991. Distribution of repetitive DNA
sequences in eubacteria and application to fingerprinting bacterial genomes.
Nucleic Acids Res. 19: 6823-6831.

Vitousek, P, M., Mooney, H. A., Lubchenco, J., and Melillo, J. M. 1997. Human
domination of earth’s ecosystems. Science. 277: 494-499.

Voget, S., Steele, H. L., and Streit, W. R. 2006. Characterization of a metagenome-
derived halotolerant cellulase. J. Biotechnol. 126: 26-36.

Walker, B. H. 1992. Biodiversity and ecological redundancy. Conserv. Biol. 6: 18-
23.

ngzqwdwxmmmTll1%4ImmmndDNAﬂ@mmmﬁmn%mmeyl
by centrifugation. Nucl. Acids Res. 22: 2862-2863.

Ward, D. M., Weller, R., and Bateson, M. M. 1990. 16S rRNA sequences reveal
numerous uncultured microorganisms in a natural community. Nature 345:

63-65.



127

Ward, D. M., Bateson, M. M., Weller, R., and Ruff-Roberts, A. L. 1992. Ribosomal
RNA analysis of microorganisms as they occur in nature. In: Marshall, K.C.
(Ed.), Advances in Microbial Ecology, pp.219-286. New York: Plenum Press.

Watson, R. J., and Blackwell, J. 2000. Purification and characterization of a common
soil component which inhibits the polymerase chain reaction. Can. J.
Microbiol. 46: 633-642.

Wawer, C., and Muyzer, G. 1995. Genetic diversity of Desulfovibrio spp. in
environmental samples analyzed by denaturing gradient gel electrophoresis of
(NiFe) hydrogenase gene fragments. Appl Environ Microbiol. 61: 2203-2210.

Wexler, M., Bond, P. L., Richardson, D.J., and Johnston, A. W. 2005. A wide host-
range metagenomic library from a waste water treatment plant yields a novel
alcohol/aldehyde dehydrogenase. Environ Microbiol. 7: 1917-1926.

Woese, C. R. 1987. Bacterial evolution. Microbiol. Rev. 51: 221-271.

Woese, C. R., Kandler, O., and Wheelis, M. L. 1990. Towards a natural system of
organisms: proposal for the domains Archaea, Bacteria, and Eucarya. Proc.
Natl. Acad. Sci. USA 87: 4576-4579.

Workneh, F., van Bruggen, A. H. C., Drinkwater, L. E., and Shennan, C. 1993.
Variables associated with corky root and Phytophthora root rot of tomatoes in
organic and conventional farms. Phytopathology 83: 581-589.

Workneh, F., and Van Bruggen, A. H. C. 1995. Bacterial density, composition and
diversity in organically and conventionally managed rhizosphere soil in

relation to suppression of corky root of tomatoes. Appl. Soil Ecol. 1: 219-230.



128

Xue, Y., Xu, Y., Liu, Y., Ma, Y., and Zhou, P. 2001. Thermoanaerobacter
lengcongensis sp. nov., a novel anaerobic, saccharolytic, thermophilic
bacterium isolated from a hot spring in Tengcong, China. Int J Syst Evol
Microbiol. 51:1335-1341.

Zak, J. C., Willig, M. R., Moorhead, D. L., and Wildman H. G. 1994. Functional
diversity of bacterial communities: a quantitative approach. Soil Biol.
Biochem. 26: 1101-1108.

Zhang, H., Kallimanis, A., Koukkou, A. L., Drainas, C., 2004. Isolation and
characterization of novel bacteria degrading polycyclic aromatic hydrocarbons
from polluted Greek soils. Appl. Microbiol. Biotech. 65: 124-131.

Zhang, K., Martiny, A. C., Reppas, N. B., Barry, K. W., Malek, J., Chisholm, S. W,
and Church, G. M. 2006 Sequencing genomes from single cells by polymerase
cloning. Nat Biotech. 24: 680-686.

Zhang, Q., Li, F., Ou, G., Song, X., and Yang, C. 2005. Effects of land use on soil
physical and chemical characters at debris flow bottomland. Soil Sci. Soc. Am.
J 70:163-171.

Zhou, J., Bruns, M. A, and Tiedje, J. M. 1996. DNA recovery from soils of diverse
composition. Appl. Environ. Microbiol. 62: 312-322.

Zhou, J., Davey, M.E., Figueras, J.B., Rivkina, E., Gilichinsky, D., and Tiedje, J.M.
1997. Phylogenetic diversity of a bacterial community determined from
Siberian tundra soil DNA. Microbiology. 143: 3913-3919.

Zhou, J., Xia, B., Huang, H., Treves, D. S., Hauser, L. S., Mural, R. J., Palumbo, A. V.,
and Tiedje J. M. 2003. Bacterial phylogenetic diversity and a novel candidate
division of two humid region, sandy surface soils. Soil Biol. Biochem. 35:

915-924.



APPENDICES



Appendix 1 — Statistical analysis

Descriptives

| 95% Confidence Interval for
Std. Std. o Mean
N Mean Deviation Error Minimum | Maximum
Lower Bound | Upper Bound

airtemp  ddry | ¢ 26.5000 151658 | 61914 24.9085 28.0915 25.00 29.00
fdry 6 33.3333 81650 33333 32.4765 34.1902 32.00 34.00

vdry | ¢ 35.5000 2.34521 95743 | 33.0389 37.9611 32.00 | 38.00

dwet | ¢ 29.3333 1.69312 69121 27.5565 31.1102 26.00 | 30.50

fwet | ¢ 26.1667 40825 16667 25.7382 26.5951 26.00 27.00

vwet | ¢ 28.3333 1.36626 55777 26.8995 29.7671 26.50 30.00

Total | 3¢ 29.8611 3.76186 162698 28.5883 31.1339 25.00 38.00

humidity — ddry | 6| 756667 | 326599 | 133333 722392 79.0941 | 7100 78.00
fdry 6 48.3333 6.12100 | 2.49889 | 41.9097 54.7569 43.00 57.00

vdry | ¢ 48.5000 372827 | 1.52206 44.5874 52.4126 42.00 | 53.00

dwet | 73.8333 2.22860 90982 71.4946 76.1721 72.00 78.00

fwet | ¢ 92,6667 | 1.63299 66667 90.9529 94.3804 92.00 96.00

vwet | ¢ 81.0000 428952 | 175119 76.4984 | 85.5016 77.00 88.00

Total | 3¢ 70.0000 | 17.00420 | 2.83403 | 64.2466 75.7534 42.00 | 96.00

soiltemp  ddry | ¢ 22.6667 51640 21082 22.1247 23.2086 22.00 | 23.00
fdry 6 29.0000 2.44949 | 1.00000 26.4294 31.5706 27.00 32.00

vdry | ¢ 28.1667 2.04124 83333 26.0245 30.3088 | 26.00 32.00

dwet | ¢ 254167 49160 20069 | 24.9008 259326 | 25.00 26.00

fwet | 6| 250000 00000 00000 | 25.0000 25.0000 25.00 25.00

vwet | ¢ 24.6667 51640 21082 24.1247 25.2086 24.00 | 25.00

Total | 3¢ 25.8194 251326 41888 24.9691 26.6698 22.00 32.00

pH ddry | ¢ 5.5417 22790 | 09304 | 5.3025 5.7808 5.17 5.87
fdry 6 6.5883 41170 16808 | 6.1563 7.0204 6.22 724

vdry | ¢ 5.8400 110936 04465 5.7252 5.9548 573 | 5.98

dwet | ¢ 5.5783 30616 12499 5.2570 5.8996 5.18 583

fwet | ¢ 6.8117 33914 13845 6.4558 7.1676 6.48 7.44

vwet | ¢ 6.0633 22214 109069 5.8302 6.2965 5.71 6.36

Total | 3¢ 6.0706 55582 09264 | 5.8825 6.2586 5.17 | 7.44

soil moist  ddry | ¢ 26.1500 1.69789 69316 24.3682 27.9318 23.79 28.21
fdry 6 9.6700 95735 39084 8.6653 10.6747 8.37 10.86

vdry | ¢ 120750 | 1.87605 | 76589 10.1062 14.0438 10.47 15.05

dwet | ¢ 251300 | 491966 | 200844 19.9671 30.2929 20.31 33.98

fwet | ¢ 23.2833 6.08317 | 248344 16.8994 29.6672 17.81 34.52

vwet | ¢ 232117 375163 | 1.53160 19.2746 27.1488 20.16 28.24

Total [ 36 19.9200 744748 | 124125 17.4001 22.4399 8.37 34.52

WHC ddry | ¢ 37.4017 3.98153 | 162545 | 332233 41.5800 31.44 4136
fdry 6 39.6017 7.25067 | 2.96007 31.9926 472108 3112 48.86

vdry | ¢ 35.3200 2.46821 | 1.00764 32.7298 37.9102 31.71 38.25

dwet | ¢ 38.1983 2.19334 89543 35.8966 40.5001 34.03 40.48

fwet | ¢ 41.6583 822351 | 3.35723 33.0283 50.2884 30.37 53.46

vwet | ¢ 33.7017 4.54243 | 1.85444 28.9347 38.4687 27.51 39.29

Total | 3¢ 37.6469 | 556898 | 92816 35.7627 39.5312 2751 | 53.46




Descriptives
[ 1 95% Confidence Interval for
Std. | Std. | Mean
N Mean Deviation Error Minimum | Maximum
Lower Bound Upper Bound
oc ddry | ¢ 9783 24078 | 09830 7256 1.2310 68 1.33
fdry 6 2.4200 64056 26151 1.7478 3.0922 1.84 3.39
vdry | ¢ 1.7450 28034 11445 1.4508 2.0392 137 2.19
dwet | ¢ 1.5033 31168 12724 1.1762 1.8304 1.26 2.12
fwet | ¢ 22017 42508 17354 1.7556 2.6478 1.69 2.85
vwet | ¢ 1.4233 36396 14859 | 1.0414 1.8053 1.02 | 1.95
Total | 36 1.7119 61481 10247 1.5039 1.9200 68 3.39
OM ddry 6 1.6817 41470 16930 1.2465 2.1169 1.17 229
fdry 6 4.1600 1.09701 44785 3.0088 53112 3.17 | 5.82
vdry | ¢ 2.9933 48186 19672 | 2.4877 3.4990 235 3.76
|

dwet | ¢ 2.5833 53410 21805 2.0228 3.1438 2.17 3.64
fwet 6 3.7883 3112 29848 3.0211 45556 2.91 4.90
vwet | ¢ 2.4467 62276 | 25424 1.7931 3.1002 1.76 3.35
Total | 3¢ 2.9422 1.05648 | 17608 2.5848 3.2997 1.17 5.82
N ddry 6 0968 01518 ‘ 00620 .0809 1128 08 o
fdry 6 2362 06555 02676 1674 3050 15 30
vdry | ¢ 1443 01747 00713 1260 1627 12 17
dwet | ¢ 1423 03766 | 01537 1028 1819 10 21
fwet 6 1827 03496 ‘ 01427 | 1460 2194 14 23
vwet | ¢ 1277 02746 | 01121 0988 | 1565 10 16
Total | 34 1550 05649 | 00941 1359 1741 08 30
P ddry 6 0255 01127 | 00460 0137 0373 01 | 04

= |
fdry 6 0010 00148 00060 | -.0006 0025 .00 .00
vdry | ¢ .0007 00085 00035 -.0002 0016 .00 00
dwet | ¢ 0501 02011 | 00821 0290 0712 02 08
fwet 6 0011 00156 00064 -.0006 0027 .00 .00
vwet | g .0003 00082 00033 -.0005 0012 .00 00
Total | 34 0131 02102 00350 | 0060 0202 .00 08
C/Nratio  ddry 6 10.0067 114838 | 46883 } 8.8015 112118 8.54 11.58
fdry 6 10.6433 2.69207 | 1.09903 7.8182 13.4685 6.18 | 13.98
vdry | ¢ 12.1183 1.89794 77483 ‘ 10.1266 14.1101 11.05 15.95
dwet | ¢ 10.6983 91587 37390 9.7372 11.6595 9.89 12.39
fwet 6 12.1617 1.63112 66590 10.4499 13.8734 9.63 13.92
vwet | ¢ 11.1083 1.10415 45077 | 9.9496 12.2671 9.85 12.16
Total | 36 11.1228 1.74677 29113 10.5318 11.7138 15.95

6.18\l




Descriptives

| ‘ L 95% Confidence Interval for ‘

‘ Std. Std. - Mean |
N Mean | Deviation | Emor | Minimum | Maximum

! | Lower Bound Upper Bound

CFU ddry | ¢ 50.0000 | 45.55839 ‘ 18.59914 | 2.1894 97.8106 3.33 126.67
fdry 6 95.5557 | 56.79088 | 23.18478 35.9573 155.1540 43.33 206.67
vdry | ¢ 572222 | 3536583 ‘ 14.43804 20.1080 943363 20.00 110.00
dwet | ¢ 78.8888 | 32.77298 | 13.37951 44.4957 113.2820 40.00 12333
fwet 6 | 1055555 | 66.25446 ‘ 27.04827 36.0257 175.0853 60.00 236.67
vwet | ¢ 57.7778 8.86088 | 3.61744 48.4789 67.0768 46.67 73.33
Total | 3¢ 74.1667 | 46.62846 \ 7.77141 58.3899 89.9435 3.33 236.67
EPI ddry 6 6393 40093 ‘ 16368 2185 1.0600 .00 1.24
fdry 6 4006 06663 | 02720 3307 | 4705 32 51
vdry | ¢ 6694 23116 ‘ 09437 4268 9120 42 | 1.00
dwet | ¢ 4499 23282 | 09505 | 2056 6942 20 81
fwet 6 3864 | 09640 | 03936 ‘ 2853 4876 25 51
vwet | ¢ 5189 28757 | 11740 2171 | 8207 25 95
Total | 3¢ 5107 | 25424 | 04237 4247 5968 00 | 124




ANOVA
Sum of ‘
Squares df | Mean Square F Sig.
air temp Between Groups 428.472 | 5 \ 85.694 38.466 000
Within Groups 66.833 30 | 2.228
Total 495.306 ‘ 35
humidity Between Groups 9679.667 | 5 1935.933 131.896 .000
Within Groups 440.333 | 30 14.678
Total 10120.000 35
soil temp Between Groups 166.368 | 5 33.274 18.246 .000
Within Groups 54.708 30 1.824
Total 221.076 | 35
pH Between Groups 8.355 | 5 1.671 20.400 .000
Within Groups 2.457 30 .082
Total 10813 | 35 |
soil moist Between Groups 1528.264 | 5 305.653 22.202 | .000
Within Groups 413.009 | 30 13.767
Total 1941272 | 35
WHC Between Groups 247.538 5 49.508 1.772 149
Within Groups 837.938 30 27.931
Total 1085.475 35
0C Between Groups 8.444 | 5 1.689 10.585 000
Within Groups 4.786 30 .160
Total 13.230 35
OM Between Groups 24.989 5 4.998 10.652 .000
Within Groups 14.076 30 469
Total 39.065 35
N Between Groups 071 | 5 014 10.290 .000
Within Groups 041 | 30 .001
Total 112 | 35
P Between Groups 013 | 5 .003 28.521 .000
Within Groups .003 30 .000
Total 015 ‘ 35 \
CN Between Groups 22358 | 5 4.472 1.589 193
Within Groups 84.434 | 30 2.814
Total 106.792 | 35 ‘
ANOVA
Sum of | ‘
Squares df Mean Square E Sig.
CFU Between Groups 15628.709 5 3125.742 1.551 204
Within Groups 60468.749 30 2015.625
Total 76097.458 35
EPI Between Groups 438 5 .088 1.441 238
Within Groups 1.824 30 061
Total 2.262 ‘ 35




Tukey HSD

Air temperature

Friibsct foralpha=.05 |
group N 1 ‘ 2 \ 3
fwet 6 26.1667 } |
ddry 6 26.5000 | ;
v wet 6 28.3333 28.3333 \
d wet 6 29.3333 ‘
fdry 6 33.3333
v dry 6 355000
Sig. 152 | 852 | 152

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.

Tukey HSD

Relative humidity

group

_ Subsetforalpha=05
I | 2 3 ‘ 4

fdry
v dry
d wet
ddry
v wet
f wet

Sig.

[N, W e NN e N Nl e

483333 ‘ | ‘

48.5000 | |
73.8333 | |
756667 75.6667 ‘
1 1150 ‘

| 92,6667
1000 | 960 | 185 | 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.

Soil temperature

Tukey HSD
__ Subsetforalpha=.05

group N 1 | 2 \ 3

ddry 6 22.6667 ‘

v wet 6 24.6667 24.6667 |

fwet 6 25.0000 25.0000 ‘

d wet 6 25.4167 |

v dry 6 28.1667
fdry 6 o 29.0000
Sig. 056 926 | 890

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.



Soil pH
Tukey HSD
_Subset foralpha=.05

group | 2 3
ddry 6 | 5.5417
d wet 6 5.5783 5.5783
v dry 6 5.8400 5.8400
v wet 6 6.0633
fdry 6 6.5883
fwet 6 ‘ | 6.8117
Sig. 478 063 ‘ 754

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 6.000.

Tukey HSD

Soil moisture

Subset for alpha = .05

group 1 2

fdry 6 9.6700

v dry 6 12.0750

v wet 6 232117
f wet 6 23.2833
d wet 6 25.1300
ddry 6 26.1500
Sig. \ 868 | 743

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 6.000.

Soil water holding capacity (WHC)

Tukey HSD

Subset for
| alpha=.05 |

group 1
v wet 6 33.7017
v dry 6 35.3200
d dry 6 37.4017
d wet 6 38.1983
fdry 6 39.6017
f wet 6 41.6583
Sig. [ 197

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 6.000.
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Tukey HSD

Soil organic carbon (OC)

I _Subset for alpha = .05
group | | 2 | 3 4
ddry 6 9783 ‘
v wet 6 1.4233 1.4233 |
d wet 6 1.5033 1.5033 1.5033
v dry 6 1.7450 | 1.7450 1.7450
fwet 6 ‘ 2.2017 2.2017
fdry 6 ! 2.4200
Sig. 235 | 730 052 065
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.
Soil organic matter (OM)
Tukey HSD
Subset t‘orglphgjf()j N
group 1 2 ‘ 3
ddry 6 1.6817 |
Vv wet 6 2.4467 2.4467 |
d wet 6 2.5833 2.5833 |
v dry 6 2.9933 | 2.9933
f wet 6 3.7883
fdry 6 | 4.1600
Sig. 233 | 737 | 061
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.
Total Nitrogen
Tukey HSD
’ Subset for alpha =.05 gy
group 1 2 | 3
d dry 6 .0968 ‘
v wet 6 1277 A277
d wet 6 1423 1423 |
v dry 6 1443 1443 |
fwet 6 1827 1827
fdry 6 2362
Sig. ( 258 | 136 155

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.




Available phosphorus

Tukey HSD
Subset foralpha=.05 |
group N 1 2 3
v wet 6 .0003
v dry 6 .0007
fdry 6 0010
fwet 6 0011
d dry 6 10255
d wet 6 0501
Sig. 1.000 1.000 | 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.

C/N ratio
Tukey HSD

Subset for

alpha=.05 |
group N 1
d dry 6 10.0067
fdry 6 10.6433
d wet 6 10.6983
v wet 6 11.1083
v dry 6 12.1183
f wet 6 12.1617
Sig. 256

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.
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Colony forming unit (CFU)

Tukey HSD

Subset for

alpha = .05
group N 1
ddry 6 50.0000
v dry 6 57.2222
v wet 6 57.7778
d wet 6 78.8888
fdry 6 95.5557
fwet 6| 1055555
Sig. 293

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.

Ecophysiological index (EPI)

Tukey HSD
\ Subset for
| alpha=.05
1
group N 1
fwet 6 | 3864
fdry 6 | 4006
d wet 6 4499
v wet 6 5189
d dry 6 6393
v dry 6 6694
Sig. 373

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.



Correlations

leﬂl:p humidity | soil temp pH : soil moist T oC N P C/N ratio
artemp  Pearson Correlation 1| -899(**) | .784(**) 003 | -740(**) 331(%) 326 -283 170
Sig. (2-tailed) 000 000 984 | 000 | 048 | 053 095 3
N 36 36 36 3 | % | 36 36 36 36
gty PeassonConglngm | sogghey | 1| -7290*%) g | 7380 | aw -326 157 044
Sig. (2-tailed) 000 000 547 | 000 164 053 361 798
N 36 36 36 | 36 ‘ 36 36 36 36 36 |
soil teinp  PearsniConelation |' 7aips#] 1700 ! 255 | -758(**) | .472(*%) 557(*%) -323 032
Sig. (2-tailed) 000 1000 133 000 | 004 000 054 851
N 36 36 36 36 36 36 36 36 36
pH Pearson Correlation -.003 104 255 | ‘ 2269 | 809(**) T17(**) | -626(**) | 234
Sig. (2-tailed) 984 547 | 133 13 000 000 000 169 ‘
N 36 36 36 36 ‘ 36 ‘ 36 | 36 36 36 ‘
soil moist  Pearson Correlation | _740¢x#) | 738(**) | - 758(**%) 269 | 1| -354(%) S376(*) | 458(**) 111 |
Sig. (2-tailed) 1000 1000 1000 13 | ‘ 034 024 005 519 1
N 36 36 36 | 56 | 36 36 36 36 | 36 \
oc Pearson Correlation 331(%) 2237 | A720%%) | 809(**) | -354(%) I 8570%) | 4100y | 365(%) |
Sig. (2-tailed) 048 164 004 000 034 ‘ 000 013 029 :
N 36 36 36 36 ‘ 36 | 36 36 36 36
1 ‘
O FearsononelatGadll _ s40my 2235 | 4720*%) | 8100 | -353(*) | 1.000(**) 857(**) | -410*) | .365(*)
Sig. (2-tailed) 049 167 004 000 | 035 | 1000 000 013 029
N 36 36 36 | 36 ‘ 36 36 36 36 36
N Pegrson Conelatign 326 2326 | 557040 | 170y | -376(%) | 857(*%) 1] =339 -132
Sig. (2-tailed) 053 053 000 000 | 024 000 ‘ 043 443 |
N 36 36 36 36 | 36 36 | 36 36 36 |
4 Pearson Correlation -283 157 2323 | -626(*%) ! 458(**) | -410(%) -339(%) 1| =228
Sig. (2-tailed) 095 361 054 000 005 013 | 043 185
N 36 36 36 % | 36 36 36 36 36
C/Nratio Pearson Correlation 170 044 032 234 il 365(%) 132 -226 1
Sig. (2-tailed) 322 798 851 169 ‘ 519 | 029 443 185
N 36 36 36 36 | 36 | 36 | 36 | 36 36
CFU Pearson Correlation -027 076 099 | 576(**) et S0y 520(**) -154 022
Sig. [Hailed) 876 660 565 000 710 ‘ 001 | 001 368 901
N 36 36 | 36 | 36 36 | 36 36 | 36 36
EPI Pearson Correlation 179 | -ass 040 | -289 073 i -152 -236 024 235
Sig. (2-tailed) 297 279 819 088 | 673 | 376 167 888 168 |
N 36 36 36 36 | 36 ‘ 36 36 36 36 ‘

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).




Correlation graph
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Colony forming unit (CFU) in each class

Chemically-intensive farm in dry season

Appendix 2 - Data

141

Colony Forming Unit (CFU - g)
Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10
DI/l 233E+05  533E+05  6.00E+05  S5.67E+05 S67E+05  5.67E+05  6.00E+05  6.00E+05  6.00E+05  6.00E+05
D2/1  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  3.33E+04
D3/1 1.67E+05  3.00E+05 3.67E+05 4.00E+05 3.67E+05 3.67E+05 3.67E+05 3.67E+05 3.67E+05  3.67E+05
D4/1  533E+05  633E+05  7.33E+05  7.00E+05  5.67E+05 S5.67E+05 5.67E+05 S5.67E+05 S5.67E+05  5.67E+05
D5/1  3.33E+04  333E+04 3.33E+04 6.67E+04  6.67E+04 6.67E+04 6.67E+04 6.67TE+04 6.67E+04  6.67E+04
D6/1  2.67E+0S  833E+05  8.67E+05  9.67E+05  9.67E+05  1.07E+06 1.10E+06 1.10E+06 1.10E+06 1.10E+06
Organic farm in dry season
Colony Forming Unit (CFU - g)
Class | Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10
VI/I. 6.67E+04  1.00E+05  1.33E+05  1.33E+05  133E+05  1.33E+05 1.33E+05 2.00E+05 2.00E+05 2.00E+05
V2/1  1.33E+05  4.00E+05 4.67E+05  S5.00E+05  5.00E+05  5.00E+05 5.00E+05 5.67E+05  5.67E+05  5.67E+05
V3/1 333E+04  1.00E+05  1.67E+05 233E+05  233E+05 2.67E+05 2.67E+05 3.00E+05 3.00E+05 3.00E+05
V4/1  533E+05  8.67E+05  1.I3E+06  1.20E+06  1.13E+06  1.10E+06 1.13E+06 1.13E4+06 1.13E+06 1.13E+06
V5/1 233E+05  S533E+05  8.00E+05  8.67E+05  9.00E+05  9.33E+05  9.00E+05 833E+05 8.33E+05 8.33E+05
V6/1 _1.33E+05  2.00E+05 2.67E+05 2.67E+05  3.00E+05  3.00E+05 3.00E+05 3.00E+05 3.00E+05 3.00E+05
Forest in dry season
Colony Forming Unit (CFU - g™)
Class | Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10
FI/1  233E+05  7.00E+05 8.00E+05 7.67E+05 7.33E+05 8.00E+05 8.33E+05 8.67E+05 8.67E+05 8.67E+05
F2/1  0.00E+00  333E+05 3.33E+05 3.33E+05 333E+05  3.67E+05 3.67E+05 4.00E+05 4.00E+05 4.00E+05
F3/1  833E+05 1.80E+06  1.87E+06 1.97E+06 2.07E+06  2.10E+06 2.07E+06 2.07E+06 2.07E+06 2.07E+06
F4/1  433E+05 8.00E+05 8.67E+05 8.67E+05 8.33E+05  8.00E+05 8.00E+05 8.00E+05 8.00E+05  8.00E+05
F5/1 333E+04  533E+05  7.00E+05 6.33E+05  8.33E+05  8.00E+05 8.00E+05 8.67E+05 8.67E+05 8.67E+05
F6/1  2.67E+05  6.67E+05  7.33E+05  7.67E+05  733E+05  7.33E+05  7.33E+05  7.33E+05  7.33E+05  7.33E+05
Chemically-intensive farm in wet season
Colony Forming Unit (CFU - g™')
Class | Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10
D12 4.67E+05  7.67E+05 8.00E+05  8.33E+05 9.67E+05 9.67E+05 9.67E+05 9.67E+05 8.00E+05  8.00E+05
D272 1.00E+05  2.67E+05 3.33E+05 3.33E+05 333E+05 3.33E+05 3.33E+05 3.33E4+05  3.33E+05  3.33E+05
D3/2 533E+05  6.00E+05  6.00E+05  6.33E+05  7.00E+05  7.00E+05 7.00E+05 7.00E+05 7.00E+05 7.00E+05
D472 4.00E+05  1.17E+06  1.20E+06  1.20E+06  123E+06 123E+06 123E+06 123E+06 123E+06 1.23E+06
D52 1.67E+05  2.67E+05  3.00E+05 3.00E+05  3.00E+05  3.00E+05 3.00E+05 3.00E+05 3.00E+05  3.00E+05
D6/2 3.67E+05  9.33E+05  9.33E+05  1.00E+06  1.03E+06  1.10E+06 1.10E+06 1.10E+06 1.10E+06  1.10E+06




Organic farm in wet season

142

Colony Forming Unit (CFU - g
Class | Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10
V122 333E+05 4.67E+05 5.33E+05  5.67E+05  5.67E+05  5.67E+05  5.67E+05  5.67E+05  5.67E+05  5.67E+05
V272 200E+05  3.67E+05 4.00E+05 4.00E+05 4.00E+05 4.33E+05 5.33E+05 5.33E+05 5.33E+05 5.67E+05
V32 2.00E+05  3.00E+05 3.33E+05 3.33E+05 4.00E+05  4.00E+05 4.00E+05 4.00E+05 4.00E+05  4.00E+05
V42 6.33E+05  6.67E+05  6.67E+05 6.67E+05  6.67E+05  6.67E+05 6.67E+05 6.67E+05  6.67E+05 6.67E+05
V52 2.00E+05  4.00E+05 4.33E+05 4.33E+05 433E+05 433E+05 4.33E+05 4.33E+05  4.33E+05  4.33E+05
V6/2  200E+05  3.67E+05  4.33E+05  433E+05  4.67E+05  4.67E+05 4.67E+05 4.67E+05 4.67E+05 4.67E+05
Forest in wet season
Colony Forming Unit (CFU - g)
Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10
F1/2 400E+05  933E+05 1.00E+06 1.17E+06 127E+06 127E+06 127E+06 127E+06 127E+06 127E+06
F2/2 3.00E+05  7.67E+05 8.00E+05 8.00E+05 833E+05 8.33E+05 9.33E+05 9.33E+05  9.33E+05  9.33E+05
F3/2  233E+05 4.67E+05 5.67E+05 6.67E+05 6.67E+05 6.67E+05 6.67E+05 6.67E+05 6.67E+05 6.67E+05
F4/2  6.33E+05  7.00E+05  7.00E+05 8.00E+05 833E+05 833E+05 833E+05 8.33E+05 8.33E+05 8.33E+05
F5/2 4.00E+05  7.67E+05  9.00E+05  9.67E+05  9.67E+05  9.67E+05 9.67E+05 9.67E+05 9.67E+05 9.67E+05
F6/2  150E+06  2.00E+06  2.10E+06  2.30E+06  2.33E+06  243E+06 2.43E+06 2.43E+06 243E+06 2 37E+06
Ecophysiological index (EPI)
Dry season Wet season
.Chel‘w'ncalﬂly— Organic farm Forest ‘Chen_ncalwly- Organic farm Forest
intensive farm intensive farm
Plot1 0.684 0.897 0.417 0.492 0.319 0.514
Plot2 0.000 0.565 0.505 0.814 0.766 0.446
Plot3 0.495 0.998 0.323 0.244 0.954 0.369
Plot4 0.690 0.422 0.359 0.205 0.245 0.252
Plot5 1.241 0.482 0.439 0.602 0.530 0.430
Plot6 0.725 0.653 0.359 0.343 0.300 0.307
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Colony forming unit (CFU) counts of soil bacterial populations grown on nutrient

agar plate, presented as average + standard error (n=6).

Season Study site Total cell counts
Chemically-intensive farm 5.40 (£3.78) x 10° CFU.g'
Dry season Organic farm 5.56 (+3.66) x 10> CFU-g"!
Forest 7.33 (£1.94) x 10° CFU-g"'
Chemically-intensive farm 7.44 (£3.84) x 10° CFU-g"!
Wet season Organic farm 5.17 (£1.01) x 10° CFU-g'
Forest 9.33 (+£2.20) x 10° CFU-g'

Ecophysiological index (EPI) values of soil bacterial populations grown on nutrient

agar plate, presented as average + standard error (n=6).

Season Study site EPI values
Chemically-intensive farm (0.639 £ 0.164)
Dry season Organic farm (0.669 £ 0.094)
Forest (0.401 £ 0.027)
Chemically-intensive farm (0.450 £ 0.095)
Wet season Organic farm (0.519+0.117)

Forest (0.386 + 0.039)
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Appendix 3 — rDNA Sequences

>D1 01
AGAGTTTGATCCTGGCTCAGGTTGTGTCGCAGACCATTAGCCTCGCTTCGACGCCGCAATCTATCTCCA
TTCCCGTCACGAGTGGGACGGAATACGAAATACAGTTGGTCGGTTTGGGTTCTGGGAGCTACACGATGC
GGCTGGATCACCCCCTTTAGGTTATGTGGTGACTAATCGTACTATATTAAAGAAGGGAAGACTGTCTCC
AAATGCTAGGCTCTTGGAAGTAGGGAGTGCGCCGCAGCGACGCAGTCCGAAAGCGGGTAACGCGTTATA
AGGGGTGACGACGGAGGGCATCCTCAGACCCGGCACAAGGTCAGGGTCACACCGACTAGTAGGAGAGTC
TGGTCGATGGGTAGCAGCGGAACCACCCGGCAATGGGGGGGTTGGTCGATTACCCTGCGCCTGAGTAGC
TTTTCGCCTTCGTATACGTCTCCGGAGGAAAGGACGTATTTAGTATTATACGTCGCATACGCCATAATC
GTCAGCAAAGGTTGACAATAAGGAGTGAGGGGCCATCTAATAGGTGCGCAATGAGTGGGCACGCGGTGA
GATGAGTAAGGGCTTCCTTGARAAGAGCAAGCTGAACGTACACAATTCGTGCGGCGGTCGT

>Dl ‘02
AGAGTTTGATCCTGGCTCAGGAAGCTTTCAGATCCCTTGTCCAAGAGGGGATGTTAATTAATGATACTA
GGCAAATCGTAAGCCCTGATAATTGGTTTTTGATTTCCCCCAGGGGCTCAGCATTCTATGCGGCTGGAT
CACCTCCTTCCGACGACTAGCAGCGGAACCACCCGGCAATGGGGCGGTTGCTCGATTAGTCTGCGCCCG
GGTAGGGCATGGTGGCCTCAGAAGAAGGCCTTTGGTACGCCARAAGGCCTTGCATACGCCATAATCGTCG
GCAAAGGCCGACAATAGGGGGCCATGCCCCGTCCAACGAGTGCGCAATGAGTGGGCAGGCGGTGAGTCA
GTGCCCGTGAAGGCGAGGCTTTTTGAAGGCATAGGCACGAAGCAAGCTGAAC

>D1 03
AAGTTTGATCCTGGCTCAGCTGGATCGAAAATCCGCTCGTCTGGTCGACCGTGATGCTGCGCGCCGACA
CCGCCTGCGGCTGGATCACCTCCTTGGGGATGCCGATGGAACAATGCTGAAGTGGGGTCAGCGACTGGG
ATGGCACCAATCGACGGAGGAACGCCAATCGTGTGATGGAAGCCCAATTTGGTTGAGGGTACCACACTG
CCCGCCACACATGTTCCGGGCCCTTGCATARGTGGCGCCGTACGACTAGGCGCTAATGATCGCTAAGGT
TGAAGTACGTGAGCTCAACGTCTCACGTTAGGCTTGACTCTACCGAAAACCTCTAATCGAGCTGTAGCG
ACAGAGCGACGGGTGACAGTGGTGGTAAC

>D1 04
AGAGTTTGATCCTGGCTCAGCAACTTGCAGGTTCTCTGGAACGATAGCCCCTTGTTAGCTTTATTGATG
GGGGGCGGGCTATTGCTGGCGGTTTTCCGGCACAGCCGTCGCGATTTGTTACTGATAATTTTCCCCCTG
GCTTACCTGCTCTATTTCAACGGGTTGCGGCTGGATCACCTCCTTCATGGCTAAGACATGCAAGTCGAA
CGGACTATTTTGAAGAGTAATCGGATAAATAGTTAGTGGCGAAAGGGTGAGGAATAGATAGGTAACGTA
CCCCAAACTTTGGAATAGCGTCTGGATGCTTGCATCCTTCCGAAAGGGGCAGTAATACCGAATAATATC
ACAATTCGTAAGTTTTGTGATCAAAGATTTATCGGTTTGGGA

>D1 05
AGAGTTTGATCCTGGCTCAGATCGATTTCCACGGCATGGATGACAGCGCCAAGGGGACGTCCTTGCCGT
AAGTGCGCCGTACCGACGCAGTCCGAAAGCGGGTAACGCGTTCTAAGGGGTGACGACGGAGGGCATCCT
CAAACCCGGCACAGAGTCAGGGTTACACCGACTAGTAGGAGAGTCTGGTCGATGACTAGCAGCGGAACC
ACTCGGAAATGGAGTGGTTGATCGATTAGTCTGCGCCCGGCGAGATTTCCGCTATTTAGAAAGGGGGCT
TCCCGTGTAAGCCATAATCGTGTTCAAAGGGACTCAATAAGGCTTGGATTTCCGTGCAAGGGTGCACAA
TGAGTGGGCAGGCGGTGATTGAGGCTTCTCAAGCAAGCTGAACGTACACAATCCGGACGGCGGTCGCAA
GCGACTGGGCGCTGCCGGCCCCCGGCGCGACGGGCTACTTCGGCTTCCCGGGCTTCCCGGGCACTACCT
TCAACAACGGCAACAGCGGCGGGCCCAACGAGCTCACCAATCACCCGTCGATTTACRAACGTATTCCGTC
CGGCGTCGGCCAACCGCCTCTACCCGGTGTCCGGTATGGCGGCGATCTTGCGGCTGGATCACCTCCTT

>D1 06
AAGGAGGTGATCCAGCCGCAACCTGCTATTCGATGCTCAGATCGGGATCTGAAACACCAGTTCGTCATT
TTTCGCTGAGCCAGGATCAAACTCTACCGACCAAGTCTGAACGCAGGTAACTGGTTATAAGGAATGACG
ACGGAGGGCATCCTCAGCCCGGGCACAGAGTCACGGGCACACTGACCAGCACGAGAGTGTGGTCAATGA
CTAGCAGCGGATCCATTCGGCAATGGAATGGATGATCGATTAGTCTGCGCTCGAGTAGAAGTCCGATAT
TTATAAAGTGGGGCTTCCCGTGTAGCCCAAAATCGTCGGCAAAGGTCGACAACAGGGGCAGGATTTCCG
TCTAAGAATGCGCAATGAGTGGGCAGGCGGAGATCTAGGCTTCTAGGGCAAGCTGAACGT

>D1 07
AAGGAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCAAACTCTGGTTTACAACCCGAAGGCCGTCAT
CCCTCACGCGGCGTCGCTGCATCAGGCTTTCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAG



145

GAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGGTCGCCCTCTCAGGCCGGCTACCCGTCGTCGCCTT
GGTGAGCCATTACCTCACCAACAAGCTGATAGGCCGCGGGCTCATCCTGCACCGCCGGAGCTTTCGAAC
CTCACAGATGCCTGCGAGGATCAGTATCCGGTATTAGACCCCGTTTCCAGGGCTTGTCCCAGAGTGCAG
GGCAGATTGCCCACGTGTTACTCACCCGTTCGCCACTAATCCCCACCGAAGTGGTTCATCGTTCGACTT
GCATGTGTTAAGCACGCCGCCAGCGTTCGTCCTGAGCCAGGATCAAACTCAGARAAGGAGGTGATCCAGC
CTGAGCCAGGATCAAACTCAGAAAGGAGGTGATCCAGCCTGAGCCAGGATCAAACTCAGARAGGAGGTG
ATCCAGCCTGAGCCAGGATCAAACTCAGAAAGGAGGTGATC

>D1 08
AAGGAGGTGATCCAGCCGCAGAGACTCGAATCGGAATTTGATAAATCCAGAGGCTTTCCGTCTCCGAGG
TCTTCTCCACGATCACCGGCCCAAACACCTTCACAGATGCATCGCTGCTGAGCCAGGATCAAACTCTGA
CCGTGCTTCAATCGGCCCCGAATAAGACGCCCATGGCAGTAGTAGCAGGGGCGGTTTTCTCGAAATGTT
AGGCTTTTGGAAGAAGTGAGTGCGCCGTAACGACCTTAGTCCGAACGCGGGTAACAGGTTATAAGGGGT
GACGACGGAGGGCATCCTCARACCCGGCACAGAGTCAGGGTTACACCGACTAGTAGGAGAGTCTGGTCG
ATGACTAGCGTCCGAACCATCCGGAAATGGGGTGGTTGATGGATTAGTCTGCGTCCGAGGAGGAGTCTG
CGGTGGTCCAACGGGGTTACTGAAACCGGGAGTCCGTAGTACGCCATAATCGGCATCAAAGGGTGCCAA
CAGGGGGTAGGTTCCTATCTAAGGATGCGCAATGAGTGGGCAGGCGGTGACGGGCCTCAACGGGGGCTT
GGCACGCTGAACGTACACAATTCGTACGG

>D1 09
AAGGAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCAAACTCTCAGTCATAACCGGGTCTCTGGACG
GAAGCGGTAACCACAAGGAGGACTATAGACGCGTAAGGTGGCGATGTGGTCCTTAAGGTCAGAGGGGAT
GGTTTGAGATCGAGCTGGCATAGCCTACGTCCAGACCCCAACTCGGGGTCTARAAGTGTAGGCTGCATT
GCTTGGTGGATGCTCGAGAAATGCGGGTTATTAAGGCCTGTTGCGAACGTGGGATACATAATGGCGCCG
ACGACCGTGTATCAATCGGCCACGAAGAAGACATCCATGGCAGTGAAAGCGAAGAAGGGATGACTTTCG
CCAAATGTTGGGCTTCCGGAAGTAGGGCGTGCGCCGCAGCGACCCAGTCTCAAAGGAGGTARCGGGTTA
TAAGGGGTGACGACGGAGGGCATCCTCAGACCCGGCACAGAGTCGGGGTCACACCGGCCAGCGGGAGAG
TCCGGCCGATGGGCAGCAGCGGAACCACTCGGTAATGGAGTGGTTGTTCGACTATCCGGCGCTCCAGTA
GAAGATGGCTTTTTGAAAGGTTTGAGCCACTACGGTGGTTCARAGTATAGGCCATAATCGGGGCCARAG
GGCCTCAATAGGGTCACATCTTCCGTCTAAGGAGTGCACAAGGAGTGGGCAAGCGGCGATTAAGTGATG
GCTTCATCAAAGTAG

>D1 10
AAGGAGGTGATCCAGCCGCACTCTGCGTGCCGTGTTGGATCAAGTCCGCACCGTCTCGCCGACGGACTC
CACCGTTCTGAGCCAGGATCAAACTCTAGACCCGGCACAGAGTCAGGGTCACACCGACTAGTAGGAGAG
TCTGGTCGATGGCTAGCAGCGGAACCACTCGGAAATGGAGTGGTTGATCGATTAGCCTGCGCCCGGCTA
GAAAGCCGTTATTTAGAAAGGGGGCTTCCCGCATAGGCCATAATCGAGTTCRARAAGGGACTCAATAAGGC
TTGGCTTTCCGTGCAAGGGTGCGCAATGAGTGGGCAGACGGTGAGACATAACGATGTCGCAAGCTGAAC
G

»Dl 11
AAGGAGGTGATCCAGCCGCAGGAAATGCGGGTCACTAAGGCTTGTTGCGATCGTGGGAGGCAGAATGGC
GCCGACGACCGTGCCTCAATCGGCCACGAAGAAGAGGCCCATGGCAGTAGTAGCAGGGGCCGCTTTCCC
GAAATGTTGGGCTTCCGGAAGTAGTGGGTGCGCCGCAGCGACCTAGTCCCAACGGGGGTAACAGGTTCT
AAGGGGTGACGACGGAGGGCATCCTCAGACCCGGCACAGAGTCAGGGTCACACCGACTGGTAGGAGAGT
CTGGTCGATGGCTAGTGTCGGAACCATCCGGCGATGGGGTGGTTGGTCGATTAGCCTGCGCCCGGGTAG
GGTCCGGCGGACTCGAAACCGGTACTGGGAGAGCCCAGTGCCGCAGTAGGCCATAGTTTCCCGCGGTTG
TCCCGGTGCCCGGGGCAGGTACCCACGCGTTACTCACCCGTTCGCCACTAGGATCGCCCCCGAAGGGAC
CATCCCCGTTCGACTTGCATGTGTTAGGCGCGCCGCCAGCGTTCGTTCTGAGCCAGGATCAARACTCT

>D2 01
AGAETTTGATCCTGGCTCAGATCTGCGGCTGGATCACCTCCTTCAAGTCGAACGGTAGCAGGTAAGTAC
TTGTACTTATGCTGACGAGTGGCGGACGGGTGAGTAATGCTTGGGGATCTGGCTTATGGAGGGGGATAA
CGACGGGAAACTGTCGCTAATACCGCGTAGAATCGAGAGATGAAAGTGTGGGACCTTTGGGCCACATGC
CATAGGATGAACCCAAGTGGGATTAGGTAGTTGGTAGGGTAATGGCCTACCAAGCCGACGATCCCTAGC
TGGTCTGAGAGGATGACCAGCCACACCGGGACTGAGACACGGCCCGGACTCCTACGGGAGGCAGCAGTG
GGGAATATTGCGCAATGGGGGGAACCCTGACGCAGCCATGCCGCGTGAATGAAGAAGGCCTTCGGGTTT
TCCTCCACTAGGTCGGCGTCTAGACTCGGTCCTAGTTTGAGA

>D2_02
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AGAGTTTGATCCTGGCTCAGGAAATTATCCAGATAGAAAAGCATGGCCGGGCTTTTGGCCGTGGCATCG
AGCAGATCCTGGAATTTGCCCAGCGTGTGCGGCTGGATCACCTCCTTGATCCTGGCTCAGTATCGTAAC
AAGGTAGCCGTAGAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTCAGACATGCARGTCGA
ACGCGAAAGTTCCCTTCGGGGAGCGAGTAGAGTGGCGCACGGGTGAGTAACACGTGGGTAATTTACCTT
CGGGTGGGGAATAACAGTCGGAAACGACTGCTAATACCGCATGATGCAGCGGCACCACATGGTGACAGT
TGTTAAAGCGGGGGATCGCAAGACCTCGCGCCTGAAGAGAAGCCCGCGGCAGATTAGCTAGTTGGTAAG
GTAATGGCTTACCAAGGCAACGATCTGTAGCCGGCCTGAGAGGGCGGTCGGCCACACTGACACTGAATA
ACGGGTCAGACTCCTACGGGAGGCAGCAGTCGGGAATTTTGGGCAATGGGCGAARGCCTGA

>D2 03
CGCCAGTGTGATGGATATCTGCACCCTTCGCCCTTAAGGAGGTGATCCATCCGTAAGTACCTGAGCCAG
GATCAAACTCTAAGGGCGAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCARG
CTTGGCGTAATCATGGGCTTTGGCTCAGAACGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAGCG
GGCGTAGCAATACGTCAGCGGCAGACGGGTGAGTAAACGCGTGGGAACGTACCTTTTGGTTCGGAACAA
CACAGGGAAACTTGTGCTAATACCGGATAAGCCCTTACGGGGAAAGATTTATCGCCGAAAGATCGGCCC
GCGTCTGATTAGCTAGTTGGTAGGGTAATGGCCTACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGAT
GATCAGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTGGG

>D2 04
AGAGTTTGATCCTGGCTCAGAGAGTTTGCGGCTGGATCACCTCCTTGAGTTTGATCATGGCTCAGGTCG
TATATGTCGGCTGGATCACCTCCTTAGAGTTTGATCATGGCTCAGAGAGTTTGATCCCGGCTGGATCAC
CTCCTTAGAGTTTGATCCTGGCTCAGGTCGTATATGTCGGCTGGATCACCTCCTTAGAGTTTGATCATG
GCTCAGCCGGCTGGATCACCTCCTTAGAGTTTGATCCTGGCTCAGGTCGTATATGTCGGCTGGATCACC
TCCTTAGAGTTTGATCATGGCTCAGGAAGGTGCGGCTGGATCACCTCCTTAGAGTTTGATCATGGCTCA
GGTCGTATATGTCGGCTGGATCACCTCCTTAGAGTTTGATCATGGCTCAGAACGAACGCTGGCGGTATG
CTTAACACATGCAAGTCGAACGAACAARAATTGGGGCTTGCCCCAATTTTAGTGAG

>D2. 105
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGGGTATTTCTGCGAGCAGTGTCGTTTGCGGCTGGA
TCACCTCCTTCAGAAGCGGCGGCGGTGCCCGTTGTTAAGCAAAACCTGCGTGAAGCGACAGAAGCGTTC
CAGCGTGAAACTATTCGCCAGGCACTGGCACAAAATCATCATAACTGGGCTGCCTGCGCGCGGATGCTG
GAAACCGACGTCGCCAACCTGCATCGGCTGGCGARACGTCTGGGAATGAAGGATTAA

>D2 06
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAACGGTAACAGG
TCTTCGGATGCTGACGAGTGGCGAACGGGTGAGTAATACATCGGAACGTGCCTAGTAGTGGGGGATALC
TACTCGAAAGAGTAGCTAATACCGCATGAGATCTACGGATGAAAGCAGGGGACCTTCGGGCCTTGTGCT
ACTAGAGCGGCTGATGGCAGATTAGGTAGTTGGTGGGGTAAAGGCTTACCAAGCCTGCGATCTGTAGCT
GGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGG
GGAATTTTGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGCAGGATGAAGGCCCTCGGGTTGT
ARACTGCTTTTGTACGGAACGAAAAGCCTGGGGCTAATATCCCCGGGTCATGACGGTACCGTRAAGAATA
AGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGG
GCGTAAAGCGTGCGCAGGCGGTTTTGTAAGACAGTGGTGRAAATCCCCGGGCTCAACCTGGGAACTGCCA
TTGTGACTGCAAGGCTAGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGAT
ATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGRAAAGCGTGG
GGAGCAAACAGGA

=DZ Q7
AAGGAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCARACTCTGAGCCAGGATCARAACTCTGACTCG
GTCCTAGTTTGAGTCGGTCCTAGTTTGAGACGGTCCTAGTTTGAGACGGTCCTAGTTTGAGACGGTCCT
AGTTTGAGACGGTCCTAGTTTGAGAGCACCACACTGCCCGCCACACATGTTCCGGGCCCTTGCATAAGT
GGCGCCGTACGACTAGGCGCTAATGATCGCTAAGGCCGAAGTACGTCCGCTCAACGTCGGACGTTAGGC
TTGACTCTTACCGAAATACCCTAACCGAGGTGGAGCGCCGAAGCGAAGGGAAACATGGTAGGTAACA

>D2 08

AAGEAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCAAACTCTTTCCTCCACTAGGTCGGCTGTATA
TGCTGGACTCGGTCCTAGTTTGAGATTCCTCCACTAGGTCGGCCGACTCGGTACTAGTTTGAGATTCCT
CCACTAGGTCGGCTGTATATGCTGGACTCGGTCCTAGTTTGAGATTCCTCCACTAGGTCGGCCCTAGTT
TGAGAGACTCGGTACTAGTTTGAGATTCCTCCACTAGGTCGGCTGTATATGCTGGACTCGGTACTAGTT
TGAGGTTCCTCCACTAGGTCGGCCCTAGTTTGAGAGACTCGGTACTAGTTTGAGATTCCTCCACTAGGT
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CGGCCATTTCGACTCGGTACTAGTTTGAGATTCCTCCACTAGGTCGGCCATTTCGACTCGGTACTAGTT
TGAGATTCCCGCTTAAGACGTCTATAGGTAGTGTGACCGCCGG

>D2 09
AAGGAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCAAACTCTGAGCCAGGATCAAACTCTGAGCCA
GGATCAAACTCTGAGCCAGGATCAAACTCTCTGAGCCAGGATCAAACTCTCTGAGCCAGGATCAAACTC
TCTGAGCCAGGACCAACCTCTCTGAGCCAGGATCAAACTCTAGGCTGAAGTGCGTCAGCTCAACGTCTG
ACGCTAGGCCTGATGCTAGCCCAAAGACCCTAACCGAGGGGGAGCGCCCAACCGCTGGGAGACAGGGCT
GGTAACATACTGCACACTTCGGGATGGGTATTCCCGGTACTCCTGAACTGCAGTAGGGGTGGAAGGAGG
CCAAACAGTGGCCGTCAGAGTAATCTCACGGGAAAGCATCGTTGATTACTGTTCCCAACGCGAGCAACG
CCCTGAATTGGGTTGTAGAGTGCTGTGCTCGACTGCTGTCGGTACGTCGTGGACACAAGGCCAAGAGAA
CGCTCGTGAGGATTTAGAGAAGTCCTAAGGTCTGTACAGTTCCCATCCATTCCAARAAAGCGCAACGTAG
CTTAATTAGGTGTAGTAGGTGGCGAACACGCCCAGGGGCAGTTAAGGAAACTCAARATTAGAACGCTGG
CATGAGGGGTCCGCCAGTTGAAGTGCGCAATCGACGCGATGGTTCCGGGCTTCCGGGGTTGTCGATCAA
CTGTAGCAAATCCCGCACCTGATGGTCCCATAGATTAGGACAAACGA

202 10
AAGGAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCAAACTCTATTCCTCCACTAGGTCGGCTGTAT
ATGCTGGACTCGGTCCTAGTTTGAGATTCCTCCACTAGGTCGGCCGACTCGGTACTAGTTTGAGATTCC
TCCACTAGGTCGGCTGTATATGCTGGACTCGGTCCTAGTTTGAGATTCCTCCACTAGGTCGGCCCTAGT
TTGAGAGACTCGGTACTAGTTTGAGATTCCTCCACTAGGTCGGCTGTATAT

2D 2]
AAGGAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCAAACTCTATTCCTCCACTAGGTCGGCTGTAT
ATGCTGGACTCGGTCCTAGTTTGAGATTCCTCCACTAGGTCGGCCGACTCGGTACTAGTTTGAGATTCC
TCCACTAGGTCGGCTGTATATGCTGGACTCGGTCCTAGTTTGAGATTCCTCCACTAGGTCGGCCCTAGT
TTGAGAGACTCGGTACTAGTTTGAGATTCCTCCACTAGGTCGGCTGTATATGCTGGACTCGGTACTAGT
TTGAGGTTCCTCCACTAGGTCGGCCCTAGTTTGAGAGACTCGGTACTAGTTTGAGATTCCTCCACTAGG
TCGGCCATTTCGACTCGGTACTAGTTTGAGATTCCTCCACTAGGTCGGCCATTTCGACTCGGTACTAGT
TTGAGATTCCCGCTTAAGACGTCTATAGGTAG

>D2 12

AAGGAGGTGATCCAGCCGCAAGTACCTAGTTTGAGAGCACCACACTGCCCGCCACACATGTTCCGGGCC
CTTGCATAAGTGGCGCCGTACGACTAGGCGCTAATGATCGCTAAGGCCGAAGTACGTCCGCTCAACGTC
GGACGTTAGGCTTGACTCTTACCGAAATACCCTAACCGAGGTGGAGCGCCGAAGCGAAGGGAAACATGG
TAGGTAACATCGTGCACACATCGGGTCCAGTATTCCCCGTACTACTAAACTGCAGTAGGGGTGGAAGGA
GGCCAAACAGTGGCCGTCAGTGGAATCTCACGGGTTGACTTACGACCGTTGATTCCAGTTCCCAACGCG
AGCAACGCCCTGAATTGGGTTGTAGAGTGCTGTGCTCGACTGCTGTTGGTACGTGGTGGACCGTGCTGA
GCCAGGATCAAACTCTAGCCAGGATCAAACTCTGAGCCAGGATCAAACTCTGAGCCAGGATCAAACTCT

>F1 01
TAGGCGAATGGGCCCTCTAATGCATGCTCGAGCGGCCGCCAGTGTGATGGATATCTGCCCAATTCGCCC
TTAGAGTTTGATCCTGGCTCAGGAAACCGGAAAATTTACCCAGTTGGAGTCACTTGAATTAGCCATTGA
AAACGGGGAGACGGCTGGCGCGTGTGATGACGGCTTTGCGAGTGCTTATACCAATACGATTTCGGGGAR
AAGCCCCAACACAGCGCTCGTGACTCATAACAACCCCCGAGGGGTGTTCAAGGGGTTGTTCGGCGACTC
CGGTAACCCCTATCCCAAACGACGACTGATACGGATCCAAACACAGCGAACCGCGATGGATTCGGTGAC
TCAAGAAATTTACCCCCTCCGAGGGTCGCTCGGTGCGGCAGGGATCCACTGCCTCAAGGGCGAAATCCA
GCACACTGGCGGGCATTACTAATGGATCCGAGCTGGCATCCCATCTTGGCGGGAATCATGG

>F1 02

NCCAGTATCAAGGCGATGGGCCGTCTATGCATGCTCGAGCGGCCGCCAGTGTGATGGATATCTGCAGAA
TTCGCCCTTAAGGAGGTGATCCAGCCGCAGGTTCCCCTACGGTTACCTTGTTACGACTTAAGCCCCATC
ACGGGTTTCATCTTCGGAGCCTGCCTCGCGGCTCCGGAGACTTCGGATGCCCCCCGCTTTGGTGGCTTG
ACGGGCGGTGTGTACAAGGCTCAAGAACACATTCACCGCGGCACTGCTGATCCGCGATTACTAGCGATT
CCGGCTTCATGCGGGCGGCTTGCAGCCCACAATCTGAACTGGGGCGTGGTTTTTGCGATTGGCTCCCCG
ATCGCCGGCTTGCGACACTTTGTCCACGCCATTGTAGCACGTGTGCATCCCCCGGTATAAGGGCCATGA
GGACTTGACGTCATCCCCGCCTTCCTCCGGCTTCACGCCGGCGGTCCACCCAGAGTCCCCGACATGACT
CGCTGGCAACTGGGCGCAGGGGTTTCGCTCGTTCTGGGACTTAACCCGACACCTCACGGCACGAGCTGA
CTACAGCCATGCAGCACCTGTGCACGTTCCACTTGCGCGTCACCGACCTTTCCGCCGGCTAATCCGTGC
ATGTCAAGCCTGGGATAAGGTTCTTCGCGCAGCCTCGAATTAAGCCACATGCTCCACCGCTTGTGTGAA
CCCCCGTCAATTCCTTTGAGTTTCAGCCTTGAGACCATACTCCCCACGGGGGGCACTTCACCCTTTCGC
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TCCGGAACAGAAACCATGGACGGTCCCACTGCCCACAGCCCATCGT TTACAGCCAGGACTACCGGGGTA
TCIARTCCE

>F1 03
NTTTGTATCTTCAGCTACTGTGCCCCTTCTAGCATGCTCGATCGGCCCCCAGAGTGATGGAAATCTGCC
GAATTCGCCCTTAATGAGGTGATCCTTCCGTACGTTCACCTACGGGTCCTCTGTCACAACGGAAGGCCC
CCCTCGGGGTTGTTTTCTCGAAAGTATGTCTTGAGGCTCAGGAGACTTCAGATGACGACCGCTAAGGTG
GCTTTACGGGCGGAGTGTTTAATGCTCTCGTACCCCTTCTCCGGCTGATTGCTGATCCGCAATCACTAG
CCCTCCCGGCTTTATGTCGCCTGATCGCAGATTCCAATATGAAATGGGGCGCGGTCGTTGCGATTGGGT
CCGCAGCGCTCGCTTGGGACACATTGCCCCCCCCATTGTTAAATGAGTGCATACCCAAGTTTCTTGCCC
CTGATGACCAGGTGTCGTCCCGCATCTTCCTCCGGCGAGACGTCTTTGGTCCACTCAGAGTCCCGTATG
TGACTCCACTGGCCTCTGGCTCGCAGTGATAGCTTTCGTGATGGGACTTAACCTCACACTTTTCTGTAC
GACTTGACATAAGATTATGCAGCACCCTGAGCAGCTACCATATCGCGCGCTTAGGACCTTTTGCTCTGT
TAACCCATGTACGTCTAGCCTGAGAAAAATGTTCTTCACCAAATCCCCAGATTCGGCCTCATGAATCCA
CCGCTCGTGCGAGCTCCCTGTCAATTCATTTTGAACTACCTCCCTGAACAA

>F1 04
AGAGTTTGATCCTGGCTCAGGGCGGGTTCCATTACGAAGCACCTGATAGGAGGCTGGCACTTCGCAGGG
ATTCTGGGCGTAGCGAACGGGGCCTGGCTGAATCCGGTACAGCCGAGCACCTTCCTCAATTCTCGTCCT
GACTACAGTGGAGGGAATCCCTACCTGAACGGGAGCAACCGATATCTCTATCTGAACCGGGCGGCATTT
ACGCTAATTCCAACCGGCGTCAGCGGGGCTCCGATCCGGCCTGGCAATCTGGGCAAGAACGCTCTTCGC
GGCCCCAGTTTTTGGAATCTGGATCTTTCAATCTCCAAGGACTTCAAATTCCATGAGCGCTATGGTCTG
AAGTTCCGTCTGGACATGTTCAATGGCACAAACAGCGTGCGGCTGGATCACCTCCTT

>F1 .05
AGAGTTTGATCCTGGCTCACGAAACCGGCAAATTTACCCAGTTGGCGTCACTTGAATTAGCCATTGAAA
ACGGCGAGACGGCTGGCGCATGTGATGTCGGCTTTGCGTGTGCTTATACCAATACGATTTCGTGGAAAA
GCCCCAACACACCGCTCGTGACTCAGAACAACCCGCGCGTGGTGTTCGAGCGGCTGTTCGGCGACGCCG
GAAACACAGATCCCAAAGCGCGACTGACGCGGATCCAACAACAGCGCAGCGTGGTGGATTCGGTGACTA
AAGAAATTTCCCAACTGCACGGGTCGCTCGGCGCGGCTGGATCACCTCCTT

>F1 06
AGAGTTTGATCCTGGCTCAGGGCGGGTTCCATTACGAAGCACCTGATAGGAGGCTGGCACTTCGCAGGG
ATTCTGGGCGTAGCGAACGGGGCCTGGCTGAATCCGGTACAGCCGAGCACCTTCCTCAATTCTCGTCCT
GACTACAGTGGAGGGAATCCCTACCTGAACGGGAGCAACCGATATCTCTATCTGAACCGGGCGGCATTT
ACGCTAATTCCAACCGGCGTCAGCGGGGCTCCGATCCGGCCTGGCAATCTGGGCAAGAACGCTCTTCGC
GGCCCCAGTTTTTGGAATCTGGATCTTTCAATCTCCAAGGACTTCAAATTCCATGAGCGCTATGGTCTG
AAGTTCCGTCTGGACATGTTCAATGGCACAAACAGCGTGCGGCTGGATCACCTCCTT

>F1 07
AAGGAGGTGATCCAGCCGCAGGTTCTCCTACAGCTACCTTGTTACGACTTCACCCCAATCATGGATCAT
ACCGTGGGCGTCTGCCTCCCTTACGGGTTGGCGCGACGACTTCTAGTACAACCCACTTTCGTGATGTGA
CGGGCGGTGTGTACAAGACCCGGGAACGTATTCACCGCAGCATGCTGATCTGCGATTACTAGCGATTCC
AGCTTCATGGAGTCGAGTTGCAGACTCCAATCCGAACTGAGACCGGCTTTTTGCGATTGGCTCCCTCTC
GCGAGTTTGCAGCGCTTTGTACCGGCCATTGTAGCACGTGTGTAGCCCTGGATATAAAGGCCATGAGGA
CTTGACGTCATCCCCACCTTCCTCCGTTTTGTCAACGGCAGTCTCAATAGAGTGCTCGGCCGAACCGCT
AGCAACTATCCATAATGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGAC
AGCCATGCAGCACCCTTGCACTCTGCCTGGTTTTACCCAGGAAACCGTATCTCTACGGCTGTCAGAGGC
ATTCTAGCCCAGGTAAGGTTCTTCGCGTTGCGTCCAATTGAACCACATGCTCCACCGTTGGTGCGGGTC
CCCGTCTAATTCCTTTAATTTTCCGTCTTGCAACCTTTCTCCCCCGGCTGGAATGTTTACCGCTTTAGC
TGTGGTCCCCGCAAGACTAATAAAACTCTAAAACCCAAGCTTTTCCTCCTTTTTAAGGCCATAACTTCC
GGGGCATATTAAACCC

>F1 08

NCCAGTATCAAGGCGATGGGCCGTCTATGCATGCTCGAGCGGCCGCCAGTGTGATGGATATCTGCAGAA
TTCGCCCTTAAGGAGGTGATCCAGCCGCAGGTTCCCCTACGGTTACCTTGTTACGACTTAAGCCCCATC
ACGGGTTTCATCTTCGGAGCCTGCCTCGCGGCTCCGGAGACTTCGGATGCCCCCCGCTTTGGTGGCTTG
ACGGGCGGTGTGTACAAGGCTCAAGAACACATTCACCGCGGCACTGCTGATCCGCGATTACTAGCGATT
CCGGCTTCATGCGGGCGGCTTGCAGCCCACAATCTGAACTGGGGCGTGGTTTTTGCGATTGGCTCCCCG
ATCGCCGGCTTGCGACACTTTGTCCACGCCATTGTAGCACGTGTGCATCCCCCGGTATAAGGGCCATGA
GGACTTGACGTCATCCCCGCCTTCCTCCGGCTTCACGCCGGCGGTCCACCCAGAGTCCCCGACATGACT
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CGCTGGCAACTGGGCGCAGGGGTTTCGCTCGTTCTGGGACTTAACCCGACACCTCACGGCACGAGCTGA
CTACAGCCATGCAGCACCTGTGCACGTTCCACTTGCGCGTCACCGACCTTTCCGCCGGCTAATCCGTGC
ATGTCAAGCCTGGGATAAGGTTCTTCGCGCAGCCTCGAATTAAGCCACATGCTCCACCGCTTGTGTGAA
CCCCCGTCAATTCCTTTGAGTTTCAGCCTTGAGACCATACTCCCCACGGGGGGCACTTCACCCTTTCGC
TCCGGAACAGAAACCATGGACGGTCCCACTGCCCACAGCCCATCGTTTACAGCCAGGACTACCGGGGTA
TCTAATCCE

>F1 09
NTTTGTATCTTCAGCTACTGTGCCCCTTCTAGCATGCTCGATCGCGECECCAGAGTGATGGARATCTGCL
GAATTCGCCCTTAATGAGGTGATCCTTCCGTACGTTCACCTACGGGTCCTCTGTCACAACGGAAGGCCC
CCCTCGGGGTTGTTTTCTCGAAAGTATGTCTTGAGGCTCAGGAGACTTCAGATGACGACCGCTAAGGTG
GCTTTACGGGCGGAGTGTTTAATGCTCTCGTACCCCTTCTCCGGCTGATTGCTGATCCGCAATCACTAG
CCCTCCCGGCTTTATGTCGCCTGATCGCAGATTCCAATATGAAATGGGGCGCGGTCGTTGCGATTGGGT
CCGCAGCGCTCGCTTGGGACACATTGCCCCCCCCATTGTTARAATGAGTGCATACCCAAGTTTCTTGCCC
CTGATGACCAGGTGTCGTCCCGCATCTTCCTCCGGCGAGACGTCTTTGGTCCACTCAGAGTCCCGTATG
TGACTCCACTGGCCTCTGGCTCGCAGTGATAGCTTTCGTGATGGGACTTAACCTCACACTTTTCTGTAC
GACTTGACATAAGATTATGCAGCACCCTGAGCAGCTACCATATCGCGCGCTTAGGACCTTTTGCTCTGT
TAACCCATGTACGTCTAGCCTGAGAAAAATGTTCTTCACCAAATCCCCAGATTCGGCCTCATGAATCCA
CCGCTCGTGECGAGCTCCCTEGTCAATTCATTTTCAACTACCTCCCTGAACEA

>F1 10

AAGGAGGTGATCCAGCCGCAGGTTCCCCTACGGCTACCTTGTTACGACTTCATCCCAGTTACCACTCAT
AGCGTAGGCGGCTGCACCCATTGCTGGTTAGCGCGCCGGCTTCGGCTACAAGTGACTTCCATGATGTGA
CGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACGGCGTCGTAGCTGATACGCCATTACTAGCGATTC
CGGCTTCATGAAGTCGAGTTGCAGACTTCAATCCGAACTGGGCCCAGTTTTAGTAGATTTCCTCCACCT
CGCGGTCTTGGATCGTTCTGTACTGGGCATTGTAGTACGTGTGCAGCCCTGGCCGTAAGGGCCATACTG
ACTTGACGTCGTCCCCACCTTCCTCCCCGTTTCACAGGGCAGTCTGAACAGAGTGCTGGAACCTCACEE
TTCCGTGGCAACAGTTCACAGGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCT
GACGACAGCCATGCAGCACCTGTGCAAATTGTCCCTTTCGGGACTCGCTGGCTTTCACCAACTTAGAGA
TGCATGTCAAGGCCAGGTAAGGTTCTTCGTGTTGCATCGAATTAAGCCACATACTCCACCGCTTGTGCG
GGCCCCCGTCAATTTCTTTGAATTTTAATCTTGCGACCGTACTCCCCAGGCGGCACGTTTAACGCGTTA
GCTCCGGCGCAGAANGGGTCGAATCCTCCCCCACCARACGTGCACCGTTTACTGCCAGGAATACCGGGE
TATCTA

>F1 11

AAGGAGGTGATCCAGCCGCAGGTTCTCCTACAGCTACCTTGTTACGACTTCACCCCAATCATGGATCAT
ACCGTGGGCGTCTGCCTCCCTTACGGGTTGGCGCGACGACTTCTAGTACAACCCACTTTCGTGATGTGA
CGGGCGGTGTGTACAAGACCCGGGAACGTATTCACCGCAGCATGCTGATCTGCGATTACTAGCGATTCC
AGCTTCATGGAGTCGAGTTGCAGACTCCAATCCGAACTGAGACCGGCTTTTTGCGATTGGCTCCCTCTC
GCGAGTTTGCAGCGCTTTGTACCGGCCATTGTAGCACGTGTGTAGCCCTGGATATARAGGCCATGAGGA
CTTGACGTCATCCCCACCTTCCTCCGTTTTGTCAACGGCAGT CTCARATAGAGTGCTCGGCCGAACCECT
AGCAACTATCGATAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGAC
AGCCATGCAGCACCTTGCACTCTGCCTGGTTTTACCCAGGAAACCGTATCTCTACGGCTGTCAGAGGCA
TTCTAGCCCAGGTAAGGTTCTTCGCGTTGCGTCGAATTGAACCACATGCTCCACCGCTTGTGCGGGTCC
CCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGGATGCTTAACGCGTTAGCTGC
GGCACCCGGAGACTATGAAACTCCAGACACCAAGCATCCATCGTTTAAGGCCAGGAATACCGGGGGTAC

>F1 12
AAGGAGGTGATCCAGCCGCACCTTCCGATACGGCTACCTTGTTACGACTTCACCCCAGTCATGAACCCT
GCCGTGGTAATCGCCCTCCTTGCGGTTAGGCTAACTACTTCTGGCAAAACCCACTCCCATGGTGTGACG
GGCGGTGTGTACAAGACCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAG
CTTCACGTAGTCGAGTTGCAGACTACGATCCGGACTACGATGCGTTTTCTGGGATTAGCTCCCCCTCGC
GGGTTGGCAACCCTCTGTACGCACCATTGTATGACGTGTGAAGCCCTACCCATAAGGGCCATGAGGACT
TGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCTCTAGAGTGCCCTTTCGTAGCAACTA
GAGACAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAGCCATGC
AGCACCTGTGTCCACTTTCCCTTTCGGGCACCTGATGCATCTCTGCTTCGTTAGTGGCATGTCAAGGGT
AGGTAAGGTTTTTCGCGTTGCATCGAATTAATCCACATCATCCACCGCTTGTGCGGGTCCCCGTCAATT
CCTTTGAGTTTTAATCTTGCGACCGTACTCCCCAGGCGGTCAACTTCACGCGTTAGCTACGTTACTGAG
AAAATGAATCCCCAACAACTAGTTGACATCGTTTAGGGCGTGGACTACCAGGGTATCTAATCCTGTTTG
CTCCCCACGC
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>F2 101
AGAGTTTGATCCTGGCTCAGGACCTGCCCTTCATCCCGTTATATTTCGGGGTGACCTACGACGCCTATC
GAAATATCGCCTATCCGTTCGACTCCGTACTGGGCGGCTTGAGCGGGATCTACGGCGCGCCGTCCCTGG
CAGTTCCCGCGTCGCGCTAGGAAATCTTTGCTATAATCAGGCCCAACTCGGAACGAGGAGTCGAATCGT
GGCGAAGACCGACCAGAAACCTCTGCTGGAAGTCAAGGACCTTAAAACACATTTCTTCACTGAGGACGG
TGTGGTTCACGCGGTGGGCGGGGTAGGTTTTGTGGTATATCCCGGAGAAATCCTGGGCTTGGTGGGGGA
ATCAGGTTGCGGCAAGAGCGTGACATCGCTCTCCATCATGCGGCTGGATCACCTCCTT

>F2 02
AGAGTTTGATCCTGGCTCAGATCGATTTCCACGGCATGGATGACAGCGCCAAGGGGACGTCCTTGCCCT
GGGCGCTGCCGGCCCCCGGCGCGACGGGCTACTTCGGCTTCCCGGGCTTCCCGGGCACTACCTTCAACA
ACGGCAACAGCGGCGGGCCCAACGAGCTCACCAATCACCCGTCGATTTACAACGTATTCCGTCCGGCGT
CGGCCAACCGCCTCTACCCGGTGTCCGGTATGGCGGCGATCTTGCGGCTGGATCACCTCCTTAGACGTG
CAAGTCGAACGAGAGAATTGCTAGCTTGCTAATAATTCTCTAGTGGCGCACGGGTGAGTAACACGTGAG
TAACCTGCCCCCGAGAGCGGGATAGCCCTGGGAAACTGGGATTAATACCGCATAGTATCGAAAGATTAR
AGCAGCAATGCGCTTGGGGATGGGCTCGCGGCCTATTAGT TAGTTGGTGAGGTAACGGCTCACCAAGGC
GATGACGGGTAGCCGGTCTGAGAGGATGTCCGGCCACACTGGAACTGAAACACGGTCCAGACACCTACG
GGTGGCAGCAGTCGAGAATCATTCACAATGGGGGARACCCTGACGGTGTGACGCCGCGTGGGGGAATTG
AAGGTCTTCGGATAGTAAACCCCTGTCATGTGGGAGCAAATTAAAAAGATAGTACCACAAGAGGAAGAG
ACGGCTAACT

>F2 03
AGAGTTTGATCCTGGCTCAGGAAATTATCCAGATAGAAAAGCATGGCCGGGCTTTTGGCCGTGGCATCG
AGCAGATCCTGGAATTTGCCCAGCGTGTGCGGCTGGATCACCTCCTTTGCCCCTTGCGTTACTGCTGTT
GTCCAGGTATTCGAGCATGGCCGGGCTTTGCAGGGTGGCCAGCAGCAGGTCCTTGAACTTGCCCAGGGE
GTGGGGCGGAGGGTGTTTTCAAGGTAGT CGGCGGTCAGCAGCCGCACCCTGCCCTTGCCCTGGAACACG
CTGAAATGGTTGAGCCAGAACAGCACCAGTTGTTCCTTGAGCTGGTTGGGGCCGTAGACAGCTTGCAAC
AGCACACTGGACTGGGTCTGTTCAGCCAGTTGCCCGGCGTACTGGCGCAGGTCTTTTTGCGCCTGGTTG
CGCGCTTCGCCCTCGGGCATTGCCTTGATCTGTTCCTGGCGCTGCCGGARACTCCTCCAGCAGGGAGCGG
GGTGAATCGTTCAGGGCCGGATTACTGCGCAGCAGGGTGTCGATGGCCGGTGGCAACGGATCGTGCAGG
CGATCGTCCAGTTGCGCCCTCAGCAGCTCATTGCGCCCCAGGGTGCGCAGGCGGC

>F2 04
AGAGTTTGATCCTGGCTCAGCGCTTCTGCCCGGCCAACCGCCAGCAAACTATGCTCATCGACCGTGTAC
TTATGGTACTGGTTGAATTGCATAAGGCCACGGACCTTCCCCATCGCAGGCACTAGTTTTTCGAGCAAG
TGGGCACGGTGCATGGCTTCCAGCGTTCCCGTGGTACCTGGGCCTGCCAGGATTTTCAGARAACCTTACC
AGGGCTTGACATGCAGGTAGTAGCGAGCCGAAAGGTGAGCGACCCTCTCTTATGGGAGGGAGCCTGCAC
AGGTGGTGCATGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCC
TGCCTCTAGTTGCCAGCGGGTGATGCCGGGCACTCTAGAGGGACTGCCGTCGATAAGACGGAGGAAGGT
GGGGATGACGTCAAATCATCATGCCCTATATGCCCTGGGCCACACACGTGCTACAATGGCCGGTACAGA
GGGAAGCGAAGGAGTGATCTGGAGCGAATCCCAAAAAGCCGGTCTCAGTTCGGATTGCAGGCTGCAACT
CGCCTGCATGAAGGCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATGCGTTCCCGGGCCT
TGTACACACCGCCCGTCACACCACGAGAGTCTGCAACACCCGAAGCCGGTGGCCCAACCCGAAGAGGGA
GGGAGCCGTCGAAGGTGGGGCAGATGATTGGGGTGAAGTCGTAACAAGGTAGCCGTACGGGACGTGCGE
CTGGATCACCTCCTT

>F2 05
AGAGTTTGATCCTGGCTCAGAGCTTCATGATCGGCGACAAGCTGATCGATCTGGAAATGCCCCAGACCC
GCCCCCGGGTGGTCTTGCTTGACCGCGACGGAACGCTCAACGAGGAGGTTCATTATCTGGCCCGCCCCE
ATCAGTTGGTGCTGATTCCCGGCGCCGTCGCCGGATTGCGCCGGCTTCGCGACCTGGGACTGACCCTGG
TGGTGGTCACCAATCAGTCGGGTCTGGAGCGCGGCTATTTCTCGAACGCCGATCTCGAGGCCATTCACC
GCCGACTGATCGACATGCTGGCCGCCGAGGGCATCGTTCTGGCCGGGATCTTCGTTTGTCCCCACGGETC
CCGATAGCGACTGCGAGTGCCGCAAGCCGAAACCCGGGCTGGTCGACGCGGCGCGCCACGCCCTGGETT
TCGATCCGGCCGAGGCCTTCATGATCGGCGACTGCGGCTGGATCACCTCCTT

>F2 06

AAGEAGGTGATCCAGCCGCATCCTAGTTTGAGTCGGTCCTAGTTTGAGACGGTCCTAGTTTGAGACGGT
CCTAGTTTGAGACGGTCCTAGTTTGAGACGGTCCTAGTTTGAGAGCACCACACTGCCCGCCACACATGT
TCCGGGCCCTTGCATAAGTGGCGCCGTACGACTAGGCGCTAATGATCGCTAAGGCCGAAGTACGTCCGC
TCAACGTCGGACGTTAGGCTTGACTCTTACCGAAATACCCTAACCGAGGTGGAGCGCCGAAGCGAAGGG
AAACATGGTAGGTAACATCGTGCACACATCGGGTCCAGTATTCCCCGTACTACTAACTGCAGTAGGGGG
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TGGAAGGAGGCCARACAGTGGCCGTCAGTGGAATCTCACGGGTTGACTTACGACCGTTGATTCCAGTTC
CCAACGCGAGCAACGCCCTGAATTGGGTTGTAGAGTGAGTACCTGAGCCAGGATCAAACTCTAGCCAGG
ATCAAACTCTGAGCCAGGATCAAACTCTGAGCCAGGATCAAACTCT

>FZ 07
AAGEAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCAAACTCTAAGGAGGTGATCCAGCCGCATGGT
GGATCCCGCTGAGCCAGGATCAAACTCTAGAGTTTGATCATGGCTCAATATGACTGTTTACTGGGGCCC
TCTAGATGCATGCTCGAGCGGCCGCCAGTGTGATGGATATCTGCAGAATTCGCCCTTAGAGTTTGATCA
TGGCTCAGCTTTACCGGCTGGATCACTCCTTAGAGTTTGATCATGGCTCAGCTTTACCGGCTGGATCAC
CTCCTTAGAGTTTGATCATGGCTCAGAGAGTTTGATCCCGGCTGGATCACCTCCTTGGAGTTTGATCAT
GGCTCAGGTCGTATATGTCGGCTGGATCACCTCCATAGAGTTTGATCATGGCTCAGAGAGTTTGATGCC
GGCTGGATCACCTCCTTAGAGTTTGATCCTGGCTCAGGTCGTATATGTCGGCTGGA

>F2 08
AAGGAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCAAACTCTAAGCCAGGATCAAACTCTGAGCCA
GGATCAAACTGAGCCAGGATCAAACTGAGCCAGGATCAAACTCTTTCCCCTTCGGGGGCATCGGTGACA
GGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT
TGACCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGATCGTGG
GGGATGACGTCAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACARAGG
GAAGCGAAGCCGCGAGGTGGAGCCAATCCCATAAAGCCATTCTCAGTTCGGATTGCAGGCTGCAACTCG
CCTGCTAGAAGCCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTG
TACACACCGCCCGTCACACCACGAGAGTTTGATCCTGGCAGAGTTTGATCCTGGCAGAGTTTGATCCTG
GCA

>F2..09
AAGGAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCAAACTCTGAGCCAGGATCAAACTCTAAGGGC
GAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTGGCGTAATCATGTT
CGCTACTACCGTTTCTTTCCCTGACAAAAGAGCTTTACAACCCGAAGGCCTTCTTCACTCACGCGGCAT
TGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCACTGCTGCCTCCCGTAGGATTCTGGGCCGTG
TCTCAGTCCCAGTGTGGCTGGTCGTCCTCTCAGACCAGCTACTGATCGTTGCCTTGGTAGGCTTTTACA
CCACCAACTAGCTAATCAGATATCGGCCGCTCCAGGAGCATGAGGTTTTGCGATCCCCCACTTTCATCC
GTAGATCGTATGCGGTATTAGCTAGTCTTTCGACTAGTTATCCCCCACTCTAGGGCACGTTGGCATATA
TTACTCACCCGTTCGCCACTCGCCATCAGGAGCAAGCTCCTATGCTGCCGTTCGACTTGCATGTGTAAG
GCATGCCGCCGGCGTTCAAT

>F2 10
AAGGAGGTGATCCAGCCGCATCCTAGTTTGAGTCGGTCCTAGTTTGAGACGGTCCTAGTTTGAGACGGT
CCTAGTTTGAGACGGTCCTAGTTTGAGACGGTCCTAGTTTGAGAGCACCACACTGCCCGCCACACATGT
TCCGGGCCCTTGCATAAGTGGCGCCGTACGACTAGGCGCTAATGATCGCTAAGGCCGAAGTACGTCCGC
TCAACGTCGGACGTTAGGCTTGACTCTTACCGAAATACCCTAACCGAGGTGGAGCGCCGAAGCGAAGGG
AAACATGGTAGGTAACATCGTGCACACATCGGGTCCAGTATTCCCCGTACTACTAACTGCAGTAGGGGG
TGGAAGGAGGCCAAACAGTGGCCGTCAGTGGAATCTCACGGGTTGACTTACGACCGTTGATTCCAGTTC
CCAACGCGAGCAACGCCCTGAATTGGGTTGTAGAGTGAGTACCTGAGCCAGGATCAAACTCTAGCCAGG
ATCAAACTCTGAGCCAGGATCAAACTCTGAGCCAGGATCAAACTCT

>E2 Ll
AAGGAGGTGATCCAGCCGCATCCTAGTTTGAGT CGGTCCTAGT TTGAGACGGTCCTAGTTTGAGACGGT
CCTAGTTTGAGACGGTCCTAGTTTGAGACGGTCCTAGTTTGAGAGCACCACACTGCCCGCCACACATGT
TCCGGGCCCTTGCATAAGTGGCGCCGTACGACTAGGCGCTAATGATCGCTAAGGCCGAAGTACGTCCGC
TCAACGTCGGACGTTAGGCTTGACTCTTACCGAAATACCCTAACCGAGGTGGAGCGCCGAAGCGAAGGG
AAACATGGTAGGTAACATCGTGCACACATCGGGTCCAGTATTCCCCGTACTACTAACTGCAGTAGGGGG
TGGAAGGAGGCCAAACAGTGGCCGTCAGTGGAATCTCACGGGTTGACTTACGACCGTTGATTCCAGTTC
CCAACGCGAGCAACGCCCTGAATTGGGTTGTAGAGTGAGTACCTGAGCCAGGATCAAACTCTAGCCAGG
ATCAAACTCTGAGCCAGGATCARACTCTGAGCCAGGATCAAACTCT

>F2 12

AAGEAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCAAACTCTAAGCCAGGATCAAACTCTGAGCCA
GGATCAAACTGAGCCAGGATCAAACTGAGCCAGGATCAAACTCTTTCCCCTTCGGGGGCATCGGTGACR
GGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT
TGACCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGATCGTGG
GGGATGACGTCAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACARAGG
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GAAGCGAAGCCGCGAGGTGGAGCCAATCCCATARAGCCATTCTCAGTTCGGATTGCAGGCTGCAACTCG
CCTGCTAGAAGCCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTG
TACACACCGCCCGTCACACCACGAGAGTTTGATCCTGGCAGAGTTTGATCCTGGCAGAGTTTGATCCTG
GCA

>Vl 01
AAGGAGGTGATCCAGCCGCAAGTACCTGAGCCAGGATCAAACTCTAAGCGCTAGAACGCGCCCGACGGT
GAGGGATGAAAGCTGGGGGAGCGAACCGGATTAGATACCCGGGTAGTCCCAGCTGTAAACGATGCAGAC
TAGGTGTTTGGACGGCCACGTGCCGTTCTAGTGCCGCAGGGAAGCTGTTAAGTCTGCCGCCTGGGGAGT
ACGATCGCAAGATTGAAACTTAAAGGAATTGGCGGGGGAGCACCACAAGGGGTGAAGCTTGCGGTTTAA
TTGGAGTCAACGCCGGAAATCTCACCGGGAGCGACAGCAGTATGAAAGCCAGATTGAAGGTCTTGCTAG
ACGAGCTGAGAGGAGGTGCATGGCCGTCGCCAGTTCGTGCCGTGAGGTGTCCTGTTAAGTCAGGCAACG
ATCGAGACCCGCGTCCTCTGTTGCAACCAGCTTTGAGCTGGGCACACTGAGGAGACCGCCACTGATAAA
GTGGAGGAAGGAGCGGGCCACGGCAGGTCCGTATGCCCCGAACAGGATCAAACTCTGAGCCAGGATCAA
ACTGAGCCAGGATCAAACTGAGCCAGGATCAAACTCTAAGGGCGAATTCCAGCACACTGGCGGCCGTTA
CTAGTGGATCCGAGCTCGGTACCAAGCTTGGCGTAATCATGTCATAGCTGTTTCCTGTGTGAAATTGTT
ATCCGCTCAC

>V 82
AGAGTTTGATCCTGGCTCAGACTCTTGCGGCTGGATCACCTCCTTGCGGCTGGATCACCTCCTTATCAT
GGCTCAGGAAGGTGCGGCTGGATCACCTCCTTAGAGTTTGATCATGGCTCAGGTCGTATATGTCGGCTG
GATCACCTCCTTAGAGTTTGATCATGGCTCAGAACGAACGCTGGCGGTATGCTTAACACATGCAAGTCG
AACGAACAAAATTGGGGCTTGCCCCAATTTTAGTGAGTGGCAAACGGGTGAGTAACACGTGGGAATCTA
CCCATCAGTACGGAATAACATTTGGAAACAAATGCTAATACCGTATATCCTCTAAGGAGGAAAGATTTA
TCGCTGATGGATGAGCCCGCGTAAGATTAGGTAGTTGGTAGGGTAATGGCCTACCAAGCCGACGATCTT
TAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA

> 038
AGAGTTTGATCCTGGCTCAGGTCGATGGCTTCTTGCAGCAACGGCGTCGCTTCGCGGTAGCGTCGGAGG
GAATGGTAGGTCGTAGCCAGGACCGCGAGTTTGGAGAATGGCAGCGCAATGACATTCTTGCGGGTATCT
TCGAGCCAGCCATGATCGACATTGATCTAGCTATCCTGCTTACAAAAGCAAGAGAACATAGCGTTGCCT
TGGTAGGTCCGCCAGCGGAGGAATTCTTTGACCCGGTTCCTGAACAGGATCTATTCGAGGCGCTGAGGG
AAACCTTGAAGCTATGGAACTCGCAGCCCGACTGGGCCGGCGATGAGCGAAATGTAGTGCTTACGTTGT
CCCGCATTTGGTACAGCGCAATAACCGGCAAAATCGCGCCGAAGGATGTCGCTGCCGACTGGGCAATAA
AACGCCTACCTGCCCAGTATCAGCCCGTCTTACTTGAAGCTAAGCAAGCTTATCTGGGACAAAAAGAAG
ATCACTTGGCCTCACGCGCAGATCACTTGGAAGAATTTATTCGCTTTGTGAAAGGCGAGATCATCAAGT
CAGTTGGTAAATGATGTCTAACAATTCGTTCAAGCCGACCGCGCTACGCGCGGCGGCTTAACTCCGGCG
TTAGATGCACTAAGCACATAATTGCTCACAGCCAAACTATCAGGTCAAGTCTGCTTAAACTCGGACCAT
TGTTTACTGGCGCTGTAAACGCCGAGCAGATTGTGCATGCTGGTCAACGTCAACGGATGATTTGTTCCG
TAGCGGGCTTGCGTGCGGCTGGATCACCTCCTTAAGGGCGAATTCCAGCACACTGGCGGCCGTTACTAG
TGGATCCGAGCTCGGTACCAAGCTTGGCGTAATCCTG

>V1l 04
TCATGCCCCTTATGTCCTGGGCTACACACGTGCTACAATGGCCTGTACAGAGGGATCATTCGTGCGAAC
CCGTGAGGGGGAGCGGATCCCAAAAAGCAGGTCCCAGTTCGGATCGCAGGCTGCAACCCGCCTGCGTGA
AGTCGGAATCGCTAGTAATCGCGGGTCAGCATACCGCGGTGAATACGTTCCCGGGCCTTGTACACACCG
CCCGTCACACCACGGAAGCCTGCAACACCCGAAGCCGGTGGGCTAACCCGAAAGGGAGGCAGCCGTCGA
AGGTGGGGCAGGTGATTGGGGTGAAGTCGTAACAAGGTACCTTACGCCCTGTTGGATGTAAAGCGAGTA
GCGGCCGGGTCAGCCCGACGCTCAAGGTATCGAAGTTCCAAAGGGAGTCGCGGAGCTTATCTAGGACAA
GTCCTTGGCCCATAAGGGCGAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCA
AGCTTGGCGTAATCATG

>V, 105
AGAGTTTGATCCTGGCTCAGGAAGCTTTCAGATCCCTTGTCCAAGAGGGCGATGTTAATTAATGATACTA
GGCAAATCGTAAGCCCTGATAATTGGTTTTTGATTTCCCCCAGGGGCTCAGCATTCTATGCGGCTGGAT
CACCTCCTTGGTAACCATAGAGTTTGATCCTGGCTCAGTATCGTAACAAGGTAGCCGTAGAGTTTGATC
CTGGCTCAGAATCAACGCTGGCGGCGTGCCTCAGACATGCAAGTCGAACGCGARAGTTCCCTTCGGGGA
GCGAGTAGAGTGGCGCACGGGTGAGTAACACGTGGGTAATTTACCTTCGGGTGGGGAATAACAGTCGGA
AACGACTGCTAATACCGCATGATGCAGCGGCACCACATGGTGACAGTTGTTAAAGCGGGGGATCGCAAG
ACCTCGCGCCTGAAGAGAAGCCCGCGGCAGATTAGCTAGTTGGTAAG
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>V1 06
AGAGTTTGATCCTGGCTCAAAACGAACGCTGGCGGCGTGGATAAGACATGCAAGTCGAACGAGAGAATG
CTAGCTTGCTAATAATTCTCTAGTGGCGCACGGGTGAGTAACACGTGAGTAACCTGCCCCCGAGAGCGG
GCTAGCCCTGGGAAACTGGGATTAATACCGCATAGTATCGAAAGATTAAAGCAGCAATGCGCTTGGGGA
TGGGCTCGCGGCCTATTAGTTAGTTGGTGAGGTAACGGCTCACCAAGGCGATGATGAGAGGATGTCCGG
CCACACTGGAACTGAGACACGGTCCAGACACCTACGGGTGGCAGTCAGTCGAGAATCATTCACAATGGG
GGAAACCCTGATGGTGCGACGCCGCGTGGGGGAATGAAGGTCTTCGGATTGTAAACCCCTGTCATGTGG
GAGCAAATTAAAAAGATAGTACCACAAGAGGGAAATGGACAGCTTCATAGTCGTTAGAATCTTTCACTG
AARAAGGCAACTGCCACGCGCCGGCCGAGAAACCATCAAGCTCAATCTTAATTCAACCGATTTAAGCAGA
GACACGTTTTGTCCCATCGAATCTAGCATCTCAACCACATCGGCCTA

>Vl 07
CGCCAGTGTGATGGATATCTGCACCCTTCGCCCTTAAGGAGGTGATCCATCCGTAAGTACCTGAGCCAG
GATCAAACTCTAAGGGCGAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCAAG
CTTGGCGTAATCATGGGCTTTGGCTCAGAACGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAGCG
GGCGTAGCAATACGTCAGCGGCAGACGGGTGAGTAAACGCGTGGGAACGTACCTTTTGGTTCGGAACAA
CACAGGGAAACTTGTGCTAATACCGGATAAGCCCTTACGGGGARAAGATTTATCGCCGAAAGATCGGCCC
GCGTCTGATTAGCTAGTTGGTAGGGTAATGGCCTACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGAT
GATCAGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTGGG

>V1 08
TAGGCGAATGGGCCCTCTAATGCATGCTCGAGCGGCCGCCAGTGTGATGGATATCTGCCCAATTCGCCC
TTAGAGTTTGATCCTGGCTCAGGAAACCGGAAAATTTACCCAGTTGGAGTCACTTGAATTAGCCATTGA
AAACGGGGAGACGGCTGGCGCGTGTGATGACGGCTTTGCGAGTGCTTATACCAATACGATTTCGGGGRAA
AAGCCCCAACACAGCGCTCGTGACTCATAACAACCCCCGAGGGGTGTTCAAGGGGTTGTTCGGCGACTC
CGGTAACCCCTATCCCAAACGACGACTGATACGGATCCAAACACAGCGAACCGCGATGGATTCGGTGAC
TCAAGAAATTTACCCCCTCCGAGGGTCGCTCGGTGCGGCAGGGATCCACTGCCTCAAGGGCGAAATCCA
GCACACTGGCGGGCATTACTAATGGATCCGAGCTGGCATCCCATCTTGGCGGGAATCATGG

>V1 09
AAGGAGGTGATCCAGCCGCATCGGATCGCAGGCTGCAACCCGCCTGCGTGAAGTCGGAATCGCTAGTAA
TCGCGGGTCAGCATACCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGGAAG
CCTGCAACACCCGAAGCCGGTGGGCTAACCCGAAAGGGAGGCAGCCGTCGAAGGTGGGGCAGGTGATTG
GGGTGAAGTCGTAACAAGGTACCGTTCGGTCCTGAGCCAGGATCAAACTCTAAGGGCGAATTCCAGCAC
ACTGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTGGCGTAATCATGGTCATAGCTGTTTC
CTGA

>V1 10
ACGTAATTAGGGCCATTGCGCCCTCTGATGCATGCTCGAGAGGCCGCCAGTGTGATGGATATCTGCCCA
CATTCGAACCTATAGTTTGATCCTGGCTCAGGACGAACGCCGGCGGCGTGCTTAACACTCGCAAGTCTA
ACGATGATGCCCAGCTTGCTGGGTGGATTATTGGCTAACGGGTGTATAACACTTGAGTAACCTGCCCTT
GACTTCGGGATAACTCCGGCAAACCGGGGCTAATACCGGATATGATCTACCTTCCCATGGGGGCGGTTG
GAACGTTTTTCGGCCAGGAATGGGTTCTCGGCCTATAATCTTGTTAATGGGCCGTTGCCCTACATAGTC
CAAACATTTAGACAGGTCTTTTTACCCCACCGGCTATTTTTCGATCCGAATCACGCCCACCACTCTCTT
CCAACTCCTTCTCAAGCCATTTTCTCCCAATTATAACTCAACTCCCTTACCTTACCCTCCCCCTCCTCT
ATCTTCTTTCACTCTCATCTACTTCTTCCTCACACCCCCTCTTCCTCCTCTCCCTCCTCAARCCTCCAC
TCCTTTTAGACTCAACTCCTCAAARACCTGACATTTTTCCACTCTACTCCTTCCTTTCCCATACACCTTA
ACTTCTTTACAAACTCATTTTCAATCATTCATCTACTTTACTATACTCTCGTCTAACTTTAATCCGAAT
CACATCACTACCATTTATTCCTTCCATTCTCCTCTCCGTTATCCACTATCCCTCCCTATCTCTARAGTC
TCTCACTCTTCATAAT

>VL 1
GAGTTTGATCCTGGCTCAGATCTGCGGCTGGATCACCTCCTTTCGTCTGAACTGGACTATCAAACCGAC
ACTCGTTAATACACGAATCACGTAGATTGCGGCCTCAATTCGGCGGCGCGCATCGCGCCAGCCGAACTT
GCTTAACAATCTGTAGTAAATGGTTGACTGAACTACTAGAGCGGAAAGTGTTTCGCTTATTTAAGAAGG
TTCACTAGACGCGCACTCCGGTTCACTAGAAGARAAAACAGGGTCTATTCGAACGAATCGAAGTTCATTC
TGCCCGACTATGACCCGTCCATCCGCAAAATAACGGGTCAGCCGTCGCTGTAGGAAGCCGCGCTAAAAC
GGCCAATAACGCGACATGGTTTACGCCCTGTTGCATTCGTGATGTAAAGCGAGTAGCGGCCGGGTCAGC
CCGACGCTCAAGGTATCGAAGTTCCAAAGGGAGTCGCGGAGCTTATCTAGGACAAGTCCTTGGCCCATA
AGGGCGAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTGGCGTAATC
ATG
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>V1 12
TCCGATCTGACTTTCCTCCCTACATTTACTTATATCTCAACTAATAGCCACTTTATGCTTAATCAATAC
CTGATATATTTCTCTACCTTATCTTTTATNNNNNNCGAAACACATAAGGAGGAAGTGGGCCCCCATAAA
TGCAGGCTTCGGAGCGGCCCGCCCAGGGATGATGGAATATTTTGCACCACCTTTGCTCCTTTAGACGTA
TTGATCGCTGGTCTCAGAGATGAACGCTTAGACGCTCAGAGCCTTAATCACATGTCAAGCACGAGACGC
GGACGTAAGCTAGAACATACGTTAGCTTCAGATGGGCACACTGGGATGACGTAAGCTCGGTATCGCAAC
ACTGACCTATTAACTTGGGGAGATAGCCCCGTGGGAAACCACGGCATTAATACTCGCATACGCCCGCAA
GGGGAAAGGCTTAGGCCGGTGACAGACGGGGCTGCGCCCGATTAGCTAGTTGGTGGGGTAATGGCCTAC
CAAGGCGACGATCGGTAACTGGTCTGAGAGGATGGCCATCACATTGGGATTGAGAACGGCCCAAATCCC
TACGGGGAGCAGCAGTGAGGAATATTCGGCAATGGGCGCAAGCCTGAGCCGAGCGACGCCGCGTGCGGE
AAGACGCTTCTCGGAGTGTAAACCGCTTTTCTCTGTGACGAGACAGGACGGTAGCAGGAGGAAGAAGTC
TCGGCTAACTACGTGCCGCAGCCGCGGTAATACGTAGGAGGCAAGCGTTGTCCGGAGTTACTGGGCGTA
AAGCGTGGGTAGGCGGTCGTGTGCGTCTGTGGTGAAATCTCCTGGCTTACCTGGGAGGGGGCTATGGAT
ACGGCGCG

>V2 01
AGAGTTTGATCCTGGCTCAGGATGAACGCTAGCGGCAGGCTTAATACATGCAAGTCGAGGGGCAGCATG
ACTGTAGCAATACAGTTGATGGCGACCGGCARAACGGGTGCGGAACACGTACAGAACCTTCCTTCGAGCG
GGGGATAGCCCAGAGAAATTTGGATTAATACCCCATAGTATATCGGAGTGGCATCACTTTGATATTAAA
GATTTATCACTTGAAGATGGCTGTGCGGCTGGATCACCTCCTT

>V2 02
AGAGTTTGATCCTGGCTCAGGACCGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGAR
GGGAGCTTGCTCCCGGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTCCTGCCTGTAAGACTGGGA
TAACTCCGGGAAACCGGAGCTAATACCGGATAGTTCCTTGAACCGCATGGTTCAAGGATGAAAGACGGT
TTCGGCTGTCACTTACAGATGGACCCGCGGAGCGCATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGG
CGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACAGGCCCAGACTCCTACG
GGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTTGAAGG
TTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCGAGAGTAACTGCTCGCACCTTGACGTA
CCTAACCAGAAAGCCACGGGGGTTCTATAAGAAGCATGGGTTGGATGCAGATTTGCTGTTCATCCCAAG
CACCACAACCAGTGTATCCAGCCTGGTGGCTGGCGACGTACAGGTGGCCAACGCATCGGGAGGTGGGGT
GGCGAGCGCGGCGGTTGCGGGAGCCGATCTTGTCCTGATCTCGTGTTATCTCAATTCCCTTCCCTATGA
GCTGGTCGTGAGCGAGTCAGTCAAATCGGCGGAAGATTTGAAAGGGAAAAGCGTCGGCATTAGCCGGCT
CGGCAGCGCCTCCGATGTAGCCGCGCGTGCGTTAATCCGAGGATTGCGGCTGGATCACCTCCTT

>V2 03
ACGTAATTAGGGCCATTGCGCCCTCTGATGCATGCTCGAGAGGCCGCCAGTGTGATGGATATCTGCCCA
CATTCGAACCTATAGTTTGATCCTGGCTCAGGACGAACGCCGGCGGCGTGCTTAACACTCGCAAGTCTA
ACGATGATGCCCAGCTTGCTGGGTGGATTATTGGCTAACGGGTGTATAACACTTGAGTAACCTGCCCTT
GACTTCGGGATAACTCCGGCAAACCGGGGCTAATACCGGATATGATCTACCTTCCCATGGGGGCGGTTG
GAACGTTTTTCGGCCAGGAATGGGTTCTCGGCCTATAATCTTGTTAATGGGCCGTTGCCCTACATAGTC
CARACATTTAGACAGGTCTTTTTACCCCACCGGCTATTTTTCGATCCGAATCACGCCCACCACTCTCTT
CCAACTCCTTCTCAARGCCATTTTCTCCEAAT TATARNCTCAACTCCETIACCTTRACCETCCCCETCCTET
ATCTTCTITTCACTCTCATCTACTT CRTECETCACACEECETCTTCCTCETETCCCTEOTCARACCTCEAT
TCCTTTTAGACTCAACTCCTCAAAACCTGACATTTTTCCACTCTACTCCTTCCTTTCCCATACACCTTA
ACTTCTTTACAAACTCATTTTCAATCATTCATCTACTTTACTATACTCTCGTCTAACTTTAATCCGAAT
CACATCACTACCATTTATTCCTTCCATTCTCCTCTCCGTTATCCACTATCCCTCCCTATCTCTARAGTC
TCTCACTCTTCATAAT

>V2 04
AGAGTTTGATCCTGGCTCAGCGCTTCTGCACGGCCAACCGCCAGCARAACTATGCTCATCGACCGTGTAC
TTATGGTACTGGTTGAATTGCATAAGGCCACGGACCTTCCCCATCGCAGGCACCAGTTTTTCCAGCAAG
TGGGCACGGTGCATGGCTTCCAGCGTTCCCGTGGTACCTGGGCCTGCCAGGATTTTCAGARACGTGCGG
CTGGATCACCTCCTT

>V2 05

AAGGAGGTGATCCAGCCGCACAGCGCGCACAAGGCAAACCGCACCAACATCAGACTACAGCGGGAGCAA
CAAGCGTGGGAAGAACGCATGAGCAACACCGCAATGCAAAGGAGAGTCGAAGACTTGAAGGCTGCTGGA
CTCAACCCAGTCTTGGCCGCCTCGGGAACCGGAGCAAGCACGCCAAGCGTCGCTCCGGCGCAAGTCGAG
GCCGCCTTCAAGGATAACCCGACCAAGGGAATAGTTAGTAGCGCCATGCTACTCCGAGCACAACTCGAT
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CAGATGAAAGCGACCACCGCCAACACCTCTGCCGACACCAGGCAAAAAACGGTCGCCACCGACATCATG
GAAAGCTTCGAGCCAACCTCGAGAGAACTCGACATCARAGGCAAGGAACTGAGCCAGGATCARACTCTC
GGGAATAACGAGGCGTCGTTTTCGTCAAATGTTGGGTATCCCGGCAGCAGGACGTGCGCCGTACCGACC
AAGTCCGAAGGCGGGTAACTGGTTGTAAGGAGTGACGACGGAGGGCATCCTCATACCTGGCACAGAGTC
AAGGTAACACCCCCTGGAAGGAGAGTCTTGGGGATGACTAGCAGCGGAGCCACCCGGCAATGGGGCGGC
TGATCGATTAGTCTGCGCTCGGTTAGGCAGTGGAGG

>V2 06
AAGGAGGTGATCCAGCCGCACAGCGCGCACAAGGCAAACCGCACCAACATCAGACTACAGCGGGAGCAA
CAAGCGTGGGAAGAACGCATGAGCAACACCGCAATGCAAAGGAGAGTCGAAGACTTGAAGGCTGCTGGA
CTCAACCCAGTCTTGGCCGCCTCGGGAACCGGAGCAAGCACGCCAAGCGTCGCTCCGGCGCAAGTCGAG
GCCGCCTTCAAGGATAACCCGACCAAGGGAATAGTTAGTAGCGCCATGCTACTCCGAGCACAACTCGAT
CAGATGAAAGCGACCACCGCCAACACCTCTGCCGACACCAGGCAAAAAACGGTCGCCACCGACATCATG
GAAAGCTTCGAGCCAACCTCGAGAGAACTCGACATCAAAGGCAAGGAACTGAGCCAGGATCAAACTCTC
GGGAATAACGAGGCGTCGTTTTCGTCARAATGTTGGGTATCCCGGCAGCAGGACGTGCGCCGTACCGACC
AAGTCCGAAGGCGGGTAACTGGTTGTAAGGAGTGACGACGGAGGGCATCCTCATACCTGGCACAGAGTC
AAGGTAACACCCCCTGGAAGGAGAGTCTTGGGGATGACTAGCAGCGGAGCCACCCGGCAATGGGGCGGEE
TGATCGATTAGTCTGCGCTCGGTTAGGCAGTGGAGG

>V2 07
AAGGAGGTGATCCAGCCGCAGGTTCCCCTACGGCTACCTTGTTACGACTTCATCCCAGTTACCACTCAT
AGCGTAGGCGGCTGCACCCATTGCTGGTTAGCGCGCCGGCTTCGGCTACAAGTGACTTCCATGATGTGA
CGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACGGCGTCGTAGCTGATACGCCATTACTAGCGATTC
CGGCTTCATGAAGTCGAGTTGCAGACTTCAATCCGAACTGGGCCCAGTTTTAGTAGATTTCCTCCACCT
CGCGGTCTTGGATCGTTCTGTACTGGGCATTGTAGTACGTGTGCAGCCCTGGCCGTAAGGGCCATACTG
ACTTGACGT

>V2 08
AAGGAGGTGATCCAGCCGCAGGAGATGTGACCCATAAGGTGGGAGGAGAAGGCCGGAGGTCGGTTCGTC
AGGGCCGGCGTGGAGGCCCCAACTCGGGGCCCGAAAGTGTTTCGGCTGAACGGACCGGCGGATGCGCGEG
GAAATGCGGGTCACTAAGGCTTGTTGCGATCGTGGGAGGCAGAATGGCGCCGACGACCGTGCCTCAATC
GGCCACGAAGAAGAGGCCCATGGCAGTAGTAGCAGGGGCCGCTTTCCCGARATGTTGGGCTTCCGGAAG
TAGTGGGTGCGCCGCAGCGACCTAGTCCCAACGGGGGTAACAGGTTCTAAGGGGTGACGACGGAGGGCA
TCCTCAGACCCGGCACAGAGTCAGGGTCACACCGACTGGTAGGAGAGTCTGGTCGATGGCTAGTGTCGG
AACCATCCGGCGATGGGGTGGTTGGTCGATTAGCCTGCGCCCGGGTAGGGTCCGGCGGACTCGAAACCE
GTACTGGGAGAGCCCAGTGCCGCAGTAGGCCATAGTTTCCCGCGGTTGTCCCGGTGCCCGGGGCAGGTA
CCCACGCGTTACTCACCCGTTCGCCACTAGGATCGCCCCCGAAGGGACCATCCCCGTTCGACTTGCATG
TGTTAGGCGCGCCGCCAGCGTTCGTTCTGAGCCAGGATCAAACTCT

>V2 09
AAGGAGGTGATCCAGCCGCACGGACCGGCGGATGCGCGGGARATGCGGGTCACTAAGGCTTGTTGCGAT
CGTGGGAGGCAGAATGGCGCCGACGACCGTGCCTCAATCGGCCACGAAGAAGAGGCCCATGGCAGTAGT
AGCAGGGGCCGCTTTCCCGAAATGTTGGGCTTCCGGAAGTAGTGGGTGCGCCGCAGCGACCTAGTCCCA
ACGGGGGTAACAGGTTCTAAGGGGTGACGACGGAGGGCATCCTCAGACCCGGCACAGAGTCAGGGTCAC
ACCGACTGGTAGGAGAGTCTGGTCGATGGCTAGTGTCGGAACCATCCGGCGATGGGGTGGTTGGTCGAT
TAGCCTGCGCCCGGGTAGGGTCCGGCGGACTCGARACCGGTACTGGGAGAGCCCAGTGCCGCAGTAGGC
CATAGTTTCCCGCGGTTGTCCCGGTGCCCGGGGCAGGTACCCACGCGTTACTCACCCGTTCGCCACTAG
GATCGCCCCCGAAGGGACCATCCCCGTTCGACTTGCATGTGTTAGGCGCGCCGCCAGCGTTCGTTCTGA
GCCAGGATCAAACTCT

>V2 10
AAGGAGGTGATCCAGCCGCAGAGACGGTCCTAGTTTGAGACGGTCCTAGTTTGAGAGCACCACACTGCC
CGCCACACATGTTCCGGGCCCTTGCATAAGTGGCGCCGTACGACTAGGCGCTAATGATCGCTAAGGCCG
AAGTACGTCCGCTCAACGTCGGACGTTAGGCTTGACTCTTACCGAAATACCCTAACCGAGGTGGAGCGC
CGAAGCGAAGGGAAACATGGTAGGTAACATCGTGCACACATCGGGTCCAGTATTCCCCGTACTACTAAC
TGCAGTAGGGGGTGGAAGGAGGCCAAACAGTGGCCGTCAGTGGAATCTCACGGGTTGACTTACGACCGT
TGATTCCAGTTCCCAACGCGAGCAACGCCCTGAATTGGGTTGTAGAGTGCTGTGCTCGACTGCTGTTGG
TACGTGGTGGACAGTGGCTACGGGGGCTTCCCCTTTGAGACAGAGTACCTGAGCCAGGATCARAACTCTT
GAGCCAGGATCAAACTCCTGAGCCAGGATCAAACTCT

>V2 11
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AAGGAGGTGATCCAGCCGCACTAGTTTGAGAGCACCACACTGCCCGCCACACATGTTCCGGGCCCTTGE
ATAAGTGGCGCCGTACGACTAGGCGCTAATGATCGCTAAGGCCGAAGTACGTCCGCTCAACGTCGGACG
TTAGGCTTGACTCTTACCGAAATACCCTAACCGAGGTGGAGCGCCGAAGCGAAGGGAAACATGGTAGGT
AACATCGTGCACACATCGGGTCCAGTATTCCCCGTACTACTAACTGCAGTAGGGGGTGGAAGGAGGCCA
AACAGTGGCCGTCAGTGGAATCTCACGGGTTGACTTACGACCGTTGATTCCAGT TCCCAACGCGAGCAR
CGCCCTGAATTGGGTTGTAGAGTGCTGTGCTCGACTGCTGTTGGTACGTGGTGGACAGTGGCTACGGGG

GCTTCCCCTTTGAGACAGAGTACCTGAGCCAGGATCAAACTCTTGAGCCAGGATCARACTCCTGAGCCA
GGATCAAAC
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Appendix 4 — Percentages of each bacterial group

Abundance of rDNA clones of different bacteria group. Phylogenetic distribution of

16S rRNA genes amplified from DNA extracted from 3 different soils.

Bacterial group Percentage
Unidentified 57.14
Firmicutes 12.86
Actinobacteria 8.57
a- Proteobacteria 8.57
- Proteobacteria 2.86
y- Proteobacteria 7.14
Bacteriodes 1.43
Planctomycetes 1.43

Abundance of rDNA clones of different bacteria group. Phylogenetic distribution of

165 rRNA genes amplified from DNA extracted from each different soils, presented

as the percentage.

Chemically-

Bacterial group e Ear organic farm Forest
Unidentified 60.87 43.48 66.67
Firmicutes 4.35 21.74 12.5
Actinobacteria 1739 8.7 0
a- Proteobacteria 13.04 8.7 4.17
p- Proteobacteria 4.35 0 4.17
y- Proteobacteria 0 13.04 8.33
Bacteriodes 0 4.35 0

Planctomycetes 0 0 4.17
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Abundance of rDNA clones of different bacteria group. Phylogenetic distribution of

16S rRNA genes amplified from DNA extracted from 3 different soils in each season,

presented as the percentage.

Dry season Wet season
Bacterial Group

Ch}jeerlrrlrigal. O;iirr:lic . ChFeerI?Iilial. O;iilr?lic Borcst
Unidentified 63.64 3 75 58.33 54.55 58.33
Firmicutes 0 16.67 0 8.33 27.27 23
Actinobacteria 18.18 8.33 0 16.67 9.09 8.33
a- Proteobacteria 18.18 16.67 0 8.33 0 8.33
f- Proteobacteria 0 0 8.33 8.33 0 0
y- Proteobacteria 0 25 8.33 0 0 0
Bacteriodes 0 0 0 0 9.09 0
Planctomycetes 0 0 8.33 0 0 0
Total 100 100 100 100 100 100
Cloned numbers 11 12 12 12 11 12
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