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ABSTRACT 

The results from this work demonstrated the relationship between vegetation cover and 

the diversity of soil bacterial communities from two sites in an abandoned unmined porphyry 

deposit at Bosque del Pueblo, Adjuntas, PR.  The sampling sites were named as Estación Bosque 

(EB), located within the secondary forest and cover by vegetation; and Estación Mina (EM) 

which is deforested and lies adjacent to the forest.  The aims of this study were i) to characterize 

the diversity of soil bacterial community at two sites using PCR-amplified 16S rDNA clone 

libraries and terminal restriction fragment length polymorphism (T-RFLP, or TRF) analyses, and 

ii) to correlate the sites’ bacterial diversity to physical and chemical properties of  soil and water 

streams at these locations.  Both 16S rDNA phylogenetic  analysis and T-RFLP profiles revealed 

that the bacterial communities in secondary forest soil samples were distinct from those in 

deforested soils and that similarities in bacterial community composition were detected within 

the forested soil samples as well as within the deforested soil samples. The collection of 

sequences from Estación Bosque were dominated by members of Acidobacteria (35%), followed 

by Proteobacteria (31%) members.  Whereas the clone sequences detected in Estación Mina 

were more closely related to members of phylum Choloflexi (40%).   According to Shannon 

index (H) the bacterial composition was more diverse in the Estación Bosque than in Estación 

Mina.  In terms of the physico-chemical properties of soil and water streams at the sites, the 

organic matter, organic carbon, and total nitrogen content in the forested soil samples were 

higher than the corresponding content in deforested soil samples.  Furthermore, water samples 

taken from the deforested site exhibited higher conductivity, acidity, and metal ions 

concentrations than samples from the forested site.  It is concluded that a shift in vegetation 

cover from secondary forest to deforested soil induces changes in the physico-chemical 
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properties of soil and water streams in Bosque del Pueblo that in turn influence the soil bacterial 

diversity. 
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Resumen 
 

 Los resultados de este trabajo demostraron la relación entre la cobertura vegetal y la 

diversidad de las comunidades bacterianas en el suelo de dos lugares en un depósito porfídico 

abandonado y no minado en el Bosque del Pueblo (Adjuntas, PR).  Los lugares de muestreo 

fueron nombrados como: Estación Bosque (EB), localizada dentro del bosque secundario y con 

cobertura vegetal; y Estación Mina (EM) la cual esta deforestada y localizada adyacente al 

bosque.  Las metas de este estudio fueron i) caracterizar la diversidad bacteriana del suelo en dos 

estaciones usando  los análisis de las librerías de clones del gen 16S rDNA amplificado por PCR 

y los perfiles del polimorfismo de la longitud  del fragmento terminal de restricción (T-RFLP), y 

ii) correlacionar la diversidad bacteriana de los lugares muestreados a las propiedades físicas y 

químicas de los suelos y arroyos en estos lugares. Ambos, análisis filogenéticos del 16s rDNA y 

los perfiles de T-RFLP, revelaron que las comunidades bacterianas en las muestras de suelo del 

bosque secundario fueron distintas de aquellas en suelos deforestados y que similitudes en la 

composición bacteriana fueron detectadas dentro de las muestras de suelos forestados, así como, 

dentro de las muestras de suelo deforestado. La colección de secuencias de la Estación Bosque 

fue dominada por miembros de Acidobacteria (35%), seguido por miembros de Proteobacteria 

(31%).  Mientras que las secuencias de clones detectadas en la Estación Mina fueron 

relacionadas más cercanamente a miembros del phylum Chloroflexi (40%).  De acuerdo al índice 

Shannon (H), la composición bacteriana fue más diversa en la Estación Bosque que en la 

Estación Mina.  En términos de las propiedades físico-químicas del suelo y los arroyos en los 

lugares muestreados, el contenido de materia orgánica, carbono orgánico y nitrógeno total fueron 

mayores en las muestras de suelo forestadas que el contenido correspondiente en las muestras de 

suelos deforestados.  Más aun, las muestras de agua tomadas de la estación deforestada 
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exhibieron mayor conductividad, acidez y concentración de iones metálicos que las muestras de 

la estación forestada.  Se concluye que una alteración en la cobertura vegetal, de bosque 

secundario a suelo deforestado, induce cambios en las propiedades del suelo y los arroyos del 

Bosque del Pueblo que a su vez influyen en la diversidad bacteriana del suelo.                           
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CHAPTER I 

 INTRODUCTION 

 

Geology of Puerto Rico  

 Puerto Rico is the easternmost island of the Greater Antilles in the Caribbean Sea.  It lies 

in the trade-wind belt 18o 15’north of the equator and 66o 30’ west of the Greenwich meridian.  

Puerto Rico is a complex island arc terrain with a geological record of about 195 million years. 

Together with the northern Virgin Islands, it represents the subaerially exposed parts of the 

Puerto Rico-Virgin Islands microplate (PRVI) (Byrne et al., 1985), which lies within the 

seismically active Caribbean-North American Plate boundary zone.  The northern border of the 

Caribbean Plate is marked by the 8,516 meter deep Puerto Rico Trench, the deepest point in the 

Atlantic Ocean.  For tens of millions of years this trench was the site of the subduction of the 

North American Plate beneath the northward moving Caribbean Plate. The subduction of the 

North American Plate into the Puerto Rico Trench resulted in a series of volcanic eruptions that 

piled tuff, ash, and magma onto the ocean floor. These highly folded, faulted, and eroded 

volcanic and sedimentary rocks now form the core of the Cordillera Central, an east-west 

trending spine of mountains that cross the island from west to east (Barabas, 1982). 

 The geology of Puerto Rico is dominated by an east-west belt of Cretaceous to Eocene 

volcanic and sediments intruded by irregular bodies of ultramarfic to granitic rocks.  The 

volcanic-plutonic complex underlies about two-thirds of the island and makes up its mountainous 

central core.   Flat-lying Oligocene limestones, in turn overlain by recent alluvial, beach and 

swamp deposits, form flanking east-west belts along the north and south coasts. 
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Porphyry copper deposits 

Porphyry ore deposits are the most important source of valuable ore minerals, usually 

copper or gold.  Nearly 60% of the world’s copper is extracted from porphyry copper deposits 

(Cline, 2003). 

Porphyry copper deposits are large bodies of rocks that occur in the roof zones of igneous 

intrusions in island arc and continental margins settings. They are characterized by intense 

hydrothermal alteration.  Many of these hydrothermal deposits are associated with boiling 

hydrothermal fluids transport metals upward.  The principal component of hydrothermal 

solutions is water containing dissolved salts such as NaCl, KCl, CaSO2 and CaCl2.  

Hydrothermal fluids are capable of dissolving small amounts of elements.  The fluids react with 

the rocks, cool and change its chemistry; as a result chalcopyrite (CuFeS2) and other ore 

minerals are precipitated within the rock.  The porphyry copper deposits typically contain 

copper, molybdenum and gold, disseminated through the host rock.  

 

Porphyry copper deposits of Puerto Rico 

 The existences of copper deposits throughout the central volcanic-plutonic belt have been 

known since colonial times.  In fact, Puerto Rico was a significant source of gold for the Spanish 

during the 16th century. 

 All the known porphyry copper deposits in Puerto Rico occur along the southern margin 

of the Utuado batholiths in the west-central part of the island, Figure 1. These deposits were 

associated with a series of hydrothermally altered bodies of quartz diorite stocks of Eocene age 

that have intruded the batholiths or volcanic rocks adjacent to the batholiths. 
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 The principal porphyry copper deposits of Puerto Rico were discovered during the late 

1950’s.  In 1958, Kennett Copper Corporation implemented an exploration program in the Lares’ 

area northwest of Utuado.  The copper Creek and Laundry creek porphyry copper prospects were 

identified near the Tanamá River.  Later, between 1961 and 1965, Tanamá and Helechos 

deposits were discovered and explored by drilling.  Reserves at Río Tanamá mineralized area 

were estimated at about 139 millions tons grading 0.64 percent copper. 

As a result of explorations that began in 1957, an economically recoverable amount of 

copper was found approximately 2.75 miles northeast of the town of Adjuntas by W.R. Bergey. 

Two ore bodies, contained in quartz-diorite intrusions at the edge of the Utuado Batholith, were 

identified and referred to as the Cala Abajo ore body and the Piedra Hueca ore body. A third ore 

body was discovered 8 km southeast of Utuado which was given the name Sapo Alegre. The 

Figure 1. Simplified geologic map of  Puerto Rico from Barabas, 1982. The red circle indicates the 
location of the Rio Viví porphyry copper deposits. 
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ages of the deposits are estimated to be between 39.1 to 43.7 Ma (mega-annum= million years) 

for Calá Abajo, between 35 to 43.1 Ma for Piedra Hueca, and between 41.8 to 42.1 Ma for sapo 

Alegre (Barabas, 1982).  The Cala Abajo, Piedra Hueca and the Sapo Alegre are grouped within 

0.5 km of each other along the Río Viví. 

 The Cala Abajo ore body is irregularly elongated, approximately 1,200 x 200 meters in 

surface dimension, and contains approximately 71 million tons of ore assayed at an average of 

0.82 percent copper.  The upper portion of the ore body is a soft, spunky material containing 

copper primarily as covellite (CuS) at one percent.  Lower layers of ore become progressively 

harder and contain smaller percentages of copper, mostly as chalcopyrite (CuFeS2). 

 The Piedra Hueca ore body is irregularly oval in surface dimension, is approximately 450 

x 200 meters, and contains about 33 million tons of ore at approximately 0.82 percent copper.  

Copper is present mainly as chalcopyrite with some pyrite involved and is contained in very hard 

plutonic rock. 

 The Sapo Alegre is an elongated porphyry copper-molybdenite deposit, approximately 

500 x 100 meters in plan dimension.  Sapo Alegre differs from Cala Abajo and Piedra Hueca 

deposits in having high molybdenum content and a low copper content. Subsequent geological 

studies revealed that Sapo Alegre was too small for financially viable mining (Cox et al., 1975).   

 Amax and Kennett performed economic and environmental feasibility studies on Cala 

Abajo and Piedra Hueca deposits.  In 1967, these companies presented a series of proposals to 

the government of the Commonwealth of Puerto Rico for a large-scale mining of these reserves.  

The companies failed to reach an agreement for a mining lease with the Commonwealth of 

Puerto Rico.  In 1987 they abandoned interest in the project. 
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 In 1992, the company Southern Gold resources (USA), Inc. received permission from the 

Puerto Rico Department of Natural Resources to explore the Cala Abajo deposits.  Later, in 1995 

the permit was amended and enlarged to cover the adjacent Piedra Hueca deposit.  Based on 

results from these explorations Southern Gold Resources proposed to mine the deposits by 

standard open-pit mining techniques. 

 In the early 1980s, the community of Puerto Rico under the leadership of Adjuntas’ Art 

and Culture Workshop, today known as Casa Pueblo, opposed the proposed mining activity on 

the account of the negative impact of the mining to the environment.  In June 1995, the Puerto 

Rico legislative amended Law number 9 of August 18, 1933 prohibiting any kind of mining 

activities in Puerto Rico.  Finally, in 1996 the communitarian organization Casa Pueblo reached 

the position of Forest administrator and the zone, previously impacted by mining activities, was 

transformed by law in a Puerto Rican protected forest, Bosque del Pueblo.   

 

Rock Acid drainage 

 Pyrite (FeS2) is the most abundant sulfide mineral in earth’s crust (Edwards et al., 1998).  

When the solid-phase pyrite rock is exposed to water and atmospheric oxygen, metals ions and 

hydrogen ions are released into the environment.  The products generated by this reaction alter 

the pH and heavy metal composition of nearby soils and streams.  When acid is generated at 

mining sites it is refers as acid-mine drainage; whereas acid-rock drainage occur naturally within 

some environments as part of the rock weathering process usually seen within rocks containing 

an abundance of sulfide minerals. 

 The oxidation of pyrite begins with the following reaction:  

4FeS2(s) + 14O2(g) + 4H2O(l)   � 4Fe2+
(aq) +  8SO4

2-
(aq) + 8H+

(aq)  (1) 
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 As a result of this reaction, the concentration of reduced Iron II ions and hydrogen ions 

increases significantly in the nearby soils and streams.  Iron II ions are oxidized to Iron III ions 

through the reaction: 

4Fe2+
(aq) + O2(g) + 4H+

(aq)� 4Fe3+
(aq) +  H2O(l)   (2) 

 Ferric ions (III) are soluble in acidic runoff with pH values below 3.  When the acidic 

runoff is diluted by other water sources, the pH will increase.  This increase in pH causes iron III 

ions to precipitate out of solution in the form of Iron III hydroxide as described by reaction:  

4Fe3+
(aq) + 12H2O(l) � 4Fe(OH)3(s) +  12H+

(aq)       (3) 

 The iron-rich acidic drainage kills aquatic life and renders the contaminated stream 

unsuitable as a water supply or for recreational use. 

 Some microbial processes are very important in catalyzing the chemical reactions that 

produce acid mine drainage (Edwards et al., 2000).  The oxidation of metal sulfides proceeds by 

various known mechanisms.  Microorganisms obtain energy by the oxidation of either iron or 

sulfur; the reactions may be represented by the following schemes: 

                   S8 +1.5O2 + H20            →                        SO4
-2 + 2H+         (4) 

                     2Fe2+ + 0.5O2 + 2H+                                               2Fe3+   + H2O                    (5) 

 Elemental sulfur is oxidized to sulfate by sulfur-oxidizing microorganisms such as 

Acidithiobacillus thioxidans (previously Thiobacillus thiooxidans) or Acidithiobacillus caldus 

(previously Thiobacillus caldus).  The ferrous iron generated in reaction (1) is reoxidized to 

ferric iron by iron-oxidizing microorganisms such as Acidithiobacillus ferrooxidans, 

Leptospirillum ferrooxidans, Leptospirillum ferriphilum and Sulfobacillus thermosulfidooxidans.  

The role of iron-sulfur oxidizing microorganisms is to provide an acidic environment (schemes 

4) to accelerate the rate of oxidation of Fe2+ to Fe3+ (schemes 5).  

microbes microbes 
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 Microorganisms are widely used in bioleaching processes to convert insoluble metal 

sulfides to water soluble metal sulfates or as a biooxidation pretreatment process to expose the 

mineral (Rawling, 2005).  

 

Soil microbial ecology  

 The vast majority of life on Earth is microbial, distributed among three primary domains: 

Archaea, Bacteria and Eucarya (Pace, 1997; Hugenholtz et al., 1998). The interactions between 

microorganisms and their non-living surrounding have been going on for about 3.8 billion years 

(Torsvik et al., 2002).  The inorganic nutrition sustained the earliest form of life on Earth.  Later 

the phototrophy and organotrophy were established.  

 The soil is a very complex habitat in which the microbial population is very diverse.  In 

1996, Torsvik and collaborators calculated the presence of about 6,000 different bacterial 

genomes per gram of soil (Torsvik et al., 1996).  Another important characteristic of soil is that 

less than 5% of the overall available space in soil is occupied by living microorganisms 

(Nannipieri et al., 2003).   Important biological molecules such as proteins and nucleic acids are 

absorbed and protected against degradation by nucleases into the solid phase of soil.  Biological 

molecules can be incorporated by bacterial cells and inserted into its chromosomal DNA in a 

process known as horizontal gene transfer.  

Many chemical reactions are catalyzed in the surfaces of soil mineral components.  Soil 

microorganisms, especially algae, bacteria, fungi and lichens, contribute to the soil formation 

process.  These organisms are able to solubilize silicates and other minerals through production 

of organics acids and chelating agents (Atlas and Bartha, 1997).  
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Microorganisms can break down decayed plant and animal tissue into energy, carbon, 

and nutrients sources.  The organic matter generated by microbial decomposition improves the 

water-holding capacity and the ion exchange capacity of soil.  In the nitrogen cycles, soil 

microorganisms mediate the reduction of gaseous nitrogen to ammonia.  They also contribute to 

denitrification process by converting nitrate through nitrite to nitric oxide (NO), and nitrous 

oxide (N2O) to molecular nitrogen. 

Plant community composition greatly influenced the community composition of soil 

microorganisms.  Microorganisms in soil have sensory mechanisms to recognized nutrients 

exudates by plants.  These exudates act as chemoattractans for bacteria.  Low molecular weight 

exudates include amino acids, organic acids, sugar, aromatics and various other secondary 

metabolites, whereas high molecular weight exudates include polysaccharides and proteins 

(Brencic and Winans, 2005)  The biomass and activity of microorganisms in soil around plant 

roots is termed rhizosphere and was first described by Hilter in 1904 (Bonkowski, 2004).  The 

exudates liberated from plants create a favorable habitat for microbial growth, which benefit by 

obtaining carbon and other nutrients from their hosts.  Within the rhizosphere the density of 

microorganisms is higher than in the nearby bulk soil.  Because different plants exudates a great 

diversity of organics components to soil the interaction between plant and microbes is specific. 

During plant development, microorganisms make adjustment to their own physiology in 

response to changes in the physiology of their host.  Microorganisms also undergo successional 

changes as the plant grows (Atlas and Bartha, 1997). 

Just as plants have an effect on the microbial community in soil, microorganisms also 

interact with plants in a variety of ways (White et al., 2005).  Plants obtain essential minerals 

elements from soil.  These include six macronutrients (N, K, P, S, Mg and Cu) and eight 
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micronutrients (B, Cl, Cu, Fe, Mn, Mo, Ni and Zn).  Microbes can stimulate plant growth by 

maintaining the recycling and solubilization of mineral nutrients; through the synthesis of 

vitamins, amino acids; providing resistance against pathogens; and to confer tolerance to toxic 

compounds (White et al., 2005).  

Although nitrogen is an essential plant nutrient, it is metabolically unavailable directly to 

higher plants and animals.  Microbes in soil are capable of taking atmospheric dinitrogen 

(diazotrophs) and combining it with hydrogen to make ammonia by the enzyme nitrogenase, in a 

process known as Biological Nitrogen Fixation (BNF).  This process supplies the fixed forms of 

nitrogen required for bacterial and plant growth (Atlas and Bartha, 1997).  Most nitrogen-fixing 

bacteria are free-living in soil, but some are in association with plant’s roots forming a tumor like 

growth called a nodule.  Nitrogen fixation by free-living, associated and symbiotic diazotroph is 

the most important source of nitrogen input in natural ecosystems (Burgmann et al., 2004;     

Poly et al., 2001). 

Many nitrogen-fixing bacteria have been shown to fix nitrogen more efficiently at low 

oxygen concentrations. These conditions are found in subsoil and sediment habitats.  Some 

genera of free-living nitrogen fixing soil bacteria are Azotobacter, Beijerinckia, Azospirillum, 

Desulfovibrio, Desulfotomaculum, Klebsiella, Bacillus, Clostridium, Pseudomonas, Vibrio and 

Thiobacillus (Atlas and Bartha, 1997). Actinomycetales are also able to fix atmospheric nitrogen 

as free-living organisms or in association with compatible plants.  Although free living nitrogen 

fixing bacteria are widespread in soils, their rates of nitrogen fixation are higher in soils with 

vegetation cover than in nude soil. 

The participation of microorganisms in the biochemical cycles that operate on Earth 

motivates the interest to study the distribution of microbial activities across different 
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environments.  Traditionally, an ecosystem is described by measuring the number, frequency, 

and functional role of species present.  Sometimes, this strategy is not practical for microbial 

ecologist.  This is particularly true in soil microbial communities, which are the most complex 

and diverse (Kuske et al., 1997).  The information about how microorganisms influenced and are 

influenced by the lithosphere environments or about the details of how chemical processes 

carried out by microorganisms on surfaces and at subsurfaces contribute to geobiological events 

is scarce. 

 

Characterization of soil microbial communities by molecular approaches  

 The number of microorganisms within a community can be assayed through cultivation 

and cultivation-independent approaches.  However, many studies have confirmed that cultured 

isolates are unrepresentative of the soil bacterial community, less than 1% (Liles et al., 2003; 

Ritchie et al., 2000; Nüsslein and Tiedje, 1998).  Culture-independent phylogenetic techniques 

based on surveys of genes after polymerase chain reaction (PCR) amplification provide a more 

complete view of the microorganisms that are present in the environment.  In the 1980s, Woese 

and collaborators introduced the use of rRNA genes as molecular chronometers (Woese, 1987).  

Today, 16S rRNA gene is the most commonly used of the molecular markers to relate 

prokaryotic organisms.  The 16S rRNA gene (i) occurs in all prokaryotic organisms, (ii) shows a 

high degree of conservation, (iii) is large enough to contain useful phylogenetic information and 

(iv) is present in low-copy number within the bacterial genome. 

 Various molecular techniques, such as 16S rRNA cloning (Dunbar et al., 2000), 

denaturing gradient gel electrophoresis (Peixoto et al., 2002), and TRFLP analysis (Blackwood 

et al., 2003) have been used to study the bacterial community structure in soil environments.  
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These approaches allow us to make comparisons of the following three elements of diversity in 

environmental microbial communities: the types of bacteria present (composition), the number of 

types (richness), and the frequency distribution or relative abundance of types (structure).  

Singh (2006) developed a fingerprinting method, multiplex terminal restriction fragment 

length polymorphism (M-TRFLP), in which the diversity and structure community of two or 

more microbial taxa can be simultaneous analyze (Singh et al., 2006).   Investigators used soil 

samples collected from different habitats to examine the reproducibility and robustness of the 

method.  The DNA from soil samples was PCR amplified using taxon-specific primers for 

bacteria, archaea and fungi.  The same soil DNA samples undergo a multiplex PCR with primers 

for all three taxa.  TRFLP profiles were generated for: PCR products for individual taxa, pooled 

PCR products generated using individual PCR primers and multiplex PCR products.  The results 

showed that single TRFLP and M-TRFLP analysis produced almost identical profiles with a 

similarity value over 90%. 

 

Site under study 

The natural regeneration of vegetation of lands beaten by mining exploration at Bosque 

del Pueblo has been very slow.  Even after more four decades, some areas at Bosque del Pueblo 

remained bare ground where vegetation had not regenerated.  The vegetation regeneration 

following other types of land uses have indicated much faster forest recovery than on abandoned 

mining areas.  In 2001 Peterson and Heemskerk (Peterson and Heemskerk, 2001), found that 

vegetation cover between abandoned mined sites and forest in the Amazon was significantly 

different, but little differences were observed between abandoned mining areas. The impact of 

mining activities is probably more severe than other types of anthropogenic disturbance.  The 
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massive repeated soil movement affects soil, water quality and microbial diversity, which greatly 

slow vegetation regeneration, Figure 2.   

Vegetation provides primary resources for growth and therefore is one environmental 

factor thought to be a major determinant on microbial community structure (Nusslein and Tiedje, 

1999).  Others environmental factors that influence microbial community structure in soil are soil 

moisture, temperature, pH, organic carbon concentration, and organic matter content             

(Ellis et al., 2003; Girvan et al., 2003; Wawrik et al., 2005).  

 This study represents the first approach using culture-independent techniques to examine 

the microbial diversity in an abandoned unmined porphyry deposits at Bosque del Pueblo, 

Adjuntas PR.  We investigated the influence of vegetation cover on the structure and 

composition of soil microbial communities.  
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b. 

Figure 2. Sampling site at Bosque del Pueblo Adjuntas, PR. Photos a. and b. were taken in 2002 and 
2005, respectively. 
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OBJECTIVES 

 

The specifics aims of this study are: (i) to characterize the soil bacterial community 

diversity in an abandoned unmined porphyry deposits at Bosque del Pueblo, Adjuntas PR by 

performing PCR-amplified 16S rRNA clone libraries and Terminal Restriction Fragment Length 

Polymorphism (T-RFLP) analysis and (ii) to correlate the microbial diversity with physical 

chemical properties of soil and water streams at these locations.   
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CHAPTER II  

LITERATURE REVIEW  

 

A fundamental question in ecology is how many species occur within a given area. 

Although tropical forests cover only 7% of the Earth's land surface, they contain more than half 

of the world's species.   Tropical forests are well known for their high diversity of flora and fauna 

as the most genetically diverse terrestrial communities on Earth (Plotkin et al., 2000).  However, 

very few studies have examined specific soil microbial populations in tropical forests.   

  Soil is a highly heterogeneous matrix.  The proportion of cultivable microorganisms is 

estimated as less of 1% of the bacteria present in environmental samples. Our perspective on 

microbial diversity has improved enormously over the past few decades due in significant part to 

the application of culture-independent molecular ecological methods, especially those based on 

surveys of genes after PCR amplification.  Studies using reassociation kinetics in DNA extracted 

from soil showed the presence of 2,000 to 18,000 different bacterial genomes in a gram of soil 

(Torsvik et al., 1996; Sandaa et al., 1999) 

In 1997, Borneman and Triplett reported the first description of the microbial diversity in 

Amazonian soils using clone libraries of the small-subunit rRNA genes (Borneman and Triplett, 

1997).  The DNA used to construct the libraries was extracted from a mature forest soil and an 

adjacent pasture soil.  Fifty pasture and fifty forest clones were sequenced.   None of the 100 

SSU rRNA clones sequenced were duplicates and none of the sequences had been previously 

described.  They study showed a high diversity of microorganisms in the soils from eastern 

Amazonia.   

Nusslein and Tiedje (1999) investigated the influence of vegetative cover on the structure 

and composition of a microbial community by comparing two adjacent soils from the Kohala 
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Forest reserve on the Big Island of Hawaii (Nusslein and Tiedje, 1999). One soil habitat was 

continuously covered by a native tropical forest and the other soil habitat was covered by a grass 

pasture.  DNA was extracted from both habitats and fractionated by its guanine (G) and cytosine 

(C) content.  The amount of DNA was quantified in fractions with 63% G+C and 35% G+ C 

contents.  The small subunit rRNA genes were amplified by PCR from both DNA fractions and 

used to construct clone libraries.  The ribosomal DNA clone libraries were screened by amplified 

rDNA restriction analysis (ARDRA) to determine pattern abundance profiles.  They also 

performed a phylogenetic analysis of the dominant clones in the 63% G+C fraction from each 

soil samples. A significantly higher G+C content profile was found in the pasture soil 

community than in the forest community.  The ARDRA abundance patterns showed differences 

between habitats.  The dominant clones from the forest soil were related to members of the 

phylum Fibrobacter while the dominant phylotypes of the pasture soil were found to be related 

to members of the Proteobacteria.  All methods used in this study showed clear differences in 

microbial communities between the forest and pasture soils but little differences were observed 

among replicates from the same soil sample.  This study suggests that at least half of the total 

soil microbial mass was replaced as a consequence of changes in vegetation cover. 

A similar study was done by Nusslein and Tiedje (1998) at an undisturbed montane 

rainforest on the island of Hawaii within Volcano National Park (Nusslein and Tiedje, 1998).  

They analyzed the soil bacterial community diversity of a 200 years old tropical rainforest soil 

formed from volcanic ash.  The soil DNA was fractionated on the basis of guanine-plus-cytosine 

content. The total soil DNA and two discrete fractions, one with 63% G+C content and one with 

35% content, were used to construct clone libraries of the SSU rRNA genes.  To screen for SSU 

rDNA diversity an amplified ribosomal DNA (rDNA) restriction analysis of the amplified inserts 
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was performed.  The restriction analysis from unfractionated soil DNA produced 64 different 

restriction patterns for the 67 clone sequences examined.  The 63% G+C fraction resulted in 46 

different patterns for the 76 clone sequences examined.  Of the 59 clones analyzed from the 35% 

G+C fraction, 47 different patterns were obtained.  The amplified inserts were also sequenced 

and analyzed in order to determine phylogenetic affiliations. The majority of the soil DNA was 

found with G+C contents ranging from 52 to 68% but minor quantity of DNA was in the range 

from 30 to 50%.  The nucleotide sequence analysis of the rDNA clones identified taxa that were 

expected for DNAs having G+C contents of 63% and 35%.  Phylotypes in the 63% fraction were 

members of the Pseudomonas, Rhizobium-Agrobacterium, and Rhodospirillum assemblages, 

while phylotypes in the 35% G+C fraction were affiliated with Clostridium assemblage. 

Several studies (Peterson and Heemskerk, 2001; Edwards et al., 1998) had been done at 

acid mine drainage production sites to better understand the pyrites dissolution process and to 

determine which organisms are actively involved in the acid production.  Distribution and 

abundance of Thiobacillus ferrooxidans and Leptospirillum ferrooxidans were analyzed by 

fluorescent in situ hybridization (FISH) at Iron Mountain, California (Edwards et al., 1998).  

Although both species had been considered to play key roles in pyrite dissolution, they found 

that these species were not directly involved in acid generation.  T. ferrooxidans was found in 

peripheral slime-based communities with pH values over 1.3 and temperature below 30oC but 

was not present at the acid generation site with pH values between 0.3 and 0.7 and a temperature 

between 30oC to 50oC.  L. ferrooxidans was the predominant form of microbial life associated 

with the ore body, at a temperature over 40oC and pH values between 0.4 and 0.7.  They also 

used domain-level probes to evaluate the proportion of all cells in the domains Bacteria, Eukarya 

and Archaea.  At least 75% of cells belonged to Bacteria at both environments.  
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Bond and coworkers (2000) investigated microbial communities at an extreme acid mine 

drainage (AMD) production site located in Iron Mountain mine, California.  Environmental 

samples were collected at five locations within the sulfide ore body where pyrite actively 

dissolves and analyzed by FISH.  The Cy 3- labeled oligonucleotide probes used were specific 

for AMD organisms previously detected at the Iron Mountain mine.  The majority of the 

organisms detected in these microbial communities belong to species of Ferroplasma, 

Leptospirillum, Sulfobacillus and to a lesser extent Acidimicrobium.  Most of the organisms 

detected at the mine were uncultured or recently described.   They suggest that geochemical and 

physical properties at the sampled environments determinate the microbial community 

composition. 

Ferroplasma acidarmanus was isolated and characterized in 1997 from Richmond five-

way at the Iron Mountain, California (Edwards et al., 2000). At the time of collection 

temperature, pH, conductivity, and iron concentrations measurements were 40oC, 0 to 1, 120mS 

cm-1 and 111g liter-1, respectively.  In this study, enrichment cultures were prepared with 

sediments and mine waters collected.  DNA was extracted from two of the enrichments cultures 

and clones libraries were constructed. The representative clones from each library were 

sequenced.  The majority of the clones isolated formed a cluster with Ferroplasma acidiphilum.  

Fluorescent in situ hybridization analysis with a genus-specific probe FER656 confirmed that 

isolates belong to Ferroplasma genus.  Edwards and collaborators suggested a new species name 

to the isolate because its physiology differs from that of F. acidiphilum.  In order to determine 

the proportion of F. acidiphilum at Iron Mountain sediment and water samples were analyzed by 

FISH.  Around 85% of the total population in a biofilm hybridized with the Ferroplasma specific 

probe FER656, the remainder of the biofilm consisted of eukaryote filaments. 
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The microbial community from a natural acidophilic biofilm of the Richmond mine at 

Iron Mountain was studied using random shotgun sequencing approach (Tyson et al., 2004). 

Briefly, with the whole-genome shotgun analysis, the DNA in a sample is shattered into 

fragments of specific sizes, sequenced each one, and then assembled these sequences together by 

matching the ends of the DNA with a powerful overlap-hunting computer program.  In principle, 

this approach allows the reconstruction of entire genomes of the different organisms in a sample.  

Genome reconstruction at this site was possible because the biofilm was dominated by a low 

number of species and a low frequency of genomic rearrangements, gene insertions and 

deletions.  Leptospirillum group II and Ferroplasma type II genomes were near-completely 

recovered.  Three other genomes were partially recovered.  However, the microbial community 

in soil environments was too diverse.  Studies at the Iron Mountain revealed that microorganisms 

not previously reported at AMD sites, such as novel organisms from the Leptospirillum, 

Thermoplasmales, Sulfobacillus, Acidimicrobium, and Acidiphilium groups are important 

contributors to the oxidative portion of the terrestrial sulfur and iron geochemical cycles. 

Rosado et al. (2002) used rpoB and 16S rRNA genes as biomarkers to analyze microbial 

community from a Brazilian tropical soil by PCR and DGGE methods.  From the study they 

concluded: (i) the fingerprints generated by rpoB PCR-DGGE were different from the 16S rDNA 

PCR-DGGE fingerprints, (ii) both the rpoB and the 16S rDNA communities profiles were 

affected by soil depth but no differences were observed between dry and wet season and (iii) the 

single copy of rpoB gene rather than the multiple copies of 16S rRNA gene in bacterial genomes 

resulted in single bands on rpoB DGGE gels which provided a more accurate reflection of 

microbial communities than 16S rDNA-DGGE gels.  
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Molecular ecological studies that rely on probes or primers specific for the SSU rRNA 

gene, such as PCR-amplification (Janssen, 2006), fluorescent in situ hybridization (Edwards et 

al., 2000; Cottrell et al., 2000) and slot blot hybridizations have been provided invaluable 

information about the diversity and abundance of  Acidobacteria.  However, little is known about 

the genetic and physiology of this uncharacterized group.  Acidobacteria are expected to have an 

important ecological role in soil habitats and an extensive metabolic versatility.  16S rDNA clone 

libraries from nutrient-poor calcareous grassland from Germany revealed that around 15% of all 

sequences recovered from this habitat belonged to Acidobacteria (Quaiser et al., 2003).  In order 

to obtain additional information about Acidobacteria, an environmental genomic approach based 

on large-insert libraries was conducted from DNA of this calcareous grassland soil.  Specific 16S 

rDNA probes were used to identify genomics fragments of Acidobacteria.  Six acidobacterial 

clones were sequenced, representing in total more than 210,000 base pairs (bp). 

Since its first use with soil samples, (Osborn, 2000), the T-RFLP analysis of PCR-

amplified genes has become one of the most powerful methods in microbial ecology to obtain a 

genetic fingerprint of the composition of a microbial community (Blackwood et al., 2003).  

Briefly, the community DNA was PCR-amplified using one or more fluorescently labeled 

primers, followed by restriction endonuclease digestion and the resulting patterns were analyzed 

using a DNA sequencer.  In principle, each terminal restriction fragment correspond can be 

defined as a single population within a community (Moyer, 2003). 
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CHAPTER III 

MATERIALS AND METHODS 

Sampling Site 

 Two sampling sites were established at Bosque del Pueblo (18o11’42.30”N, 66o41’11.85” 

W), Adjuntas Puerto Rico.  The sampling sites were referred to as Estación Bosque (EB) and 

Estación Mina (EM).  Estación Bosque is located within the secondary forest and cover by 

tropical vegetation.  Estación Mina was cleared in the 1960’s for mining activities and lies 

adjacent to the forest. 

 

Water Sample Collection 

 Sample collection and environmental measurements of water were carried out monthly 

from January to November 2005.   

Water samples of approximately 250 ml were collected in triplicate at each sampling site 

at ten minutes intervals.  Conductivity, pH, and temperature measurements were made in situ 

with a Horiba U-10 Water Quality Checker. Electrodes were calibrated according to 

manufacturer’s instructions. 

For heavy metals analyses, water samples were collected in triplicate at each sampling 

site at ten minutes intervals.  Water samples were collected in 500 mL polyethylene bottles that 

were first doubly rinsed with sample water.  After collection, water samples were preserved by 

acidification using concentrated nitric acid (HNO3).  Water samples were transported on ice to 

the laboratory and refrigerated at about 4oC until the analyses were performed.  Each sample of 

500-mL of water was transferred into a 600mL-beaker contains 3.0 mL of concentrated nitric 

acid.  Water samples were evaporated by heating under boiling point with a hot plate, until a 

volume of 15-20 mL of sample remained in the beaker.  Samples were allowed to cool and an 
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additional 3.0 mL of concentrated HNO3 were added.  Samples were covered with a watch glass 

and heated on a hot plate until boiling.  Samples were passed through Whatman #40 filters and 

washed with 10% HCl.  Additional 10% HCl was added analytically to a final volume of 50.00 

mL.  Samples were sealed until analysis.   Atomic-absorption determinations for copper (Cu), 

nickel (Ni) and lead (Pb) were obtained with a Perkin-Elmer Model Analyst 100 

spectrophotometer, using an air-acetylene flame.  Standards were prepared by dilution from 

1,000 ppm stock solutions (Fisher Sci., ACS grade). The concentration of acid-extractable 

elements were determinate as described previously (Massol and Díaz, 2003).    

Statistical significance for physical and chemical parameters for water samples from 

Estación Bosque and Estación Mina were assessed by a one-way analysis of variance (ANOVA).  

One-way ANOVA was performed using a software program posted at: 

[http://faculty.vassar.edu/lowry//anova1u.html]. 

 

Soil Sample Collection  

At Estación Mina and Estación Bosque sampling sites, one square meter quadrant was 

randomly located.  Ten soil cores measuring 10 cm deep and 2.54 cm wide were collected using 

soil-coring devices that encase the soil in a stainless steel sleeve.  The soil samples were 

removed from the cores, and the top (0-5 cm) section and bottom (5-10 cm) section were 

separated from each other.  Soil subsamples collected at the same section were mixed and placed 

in sterile Nalgene™ bags.  EBS and EBP soil samples were obtained from the same location 

(Estación Bosque) but at different depths, 0-5 cm and 5-10 cm, respectively. Likewise EMS and 

EMP were obtained at different depths of the same location (Estación Mina), 0-5 and 5-10 cm, 

respectively. Samples were immediately placed on ice, transported to the laboratory, and stored 
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at -20oC until further analysis. The physicochemical parameters in soil samples were determined 

by standard methods at the Tropical Agriculture Research Station (TARS), Mayagüez, Puerto 

Rico. 

 

DNA Extraction From Soil 

 Nucleic acids were extracted from 1.0 g aliquots of each of the four soil samples.  DNA 

extraction was performed with the Ultra Clean Soil DNA kit™ (MoBio Laboratories®), 

according to the manufacturer’s protocol. 

 

PCR Amplification, Cloning and Sequencing: 

PCR amplification of bacterial 16S rDNA was carried out by using the forward primer 8F 

(5’-AGAGTTTGATCMTGGCTCAG-3’) and the reverse 1392R (5’-

ACGGGCGGTGTGTACA-3’) universal primers.  Amplification was performed in a 25 µl total 

volume reaction mixture containing ~80 ng of soil DNA, 5.0 µl of 10X Go Taq polymerase 

reaction buffer B, 0.85 µl of 25mM MgCl2, 2.0 µl of dNTP’s mix [2.5 mM (1:1:1:1 proportion)], 

0.5 µl of each  16S rDNA primer  [50 pmol/ µl], 0.25 µl of 1.25U Go Taq DNA polymerase 

(Promega®) and ddH2O. The amplification from total environmental DNA extracts were 

performed with a Perkin Elmer Gene Amp PCR System 2400™ as follows: a denaturation step 

of 2 minutes at 95oC, thirty-five cycles of denaturation at 94 oC for 1 min, primer annealing at 52 

oC for 1 min, and primer extension at 72 oC for 2 min; followed by a final extension step of 10 

minutes at 72 oC.  Five replicate reactions were conducted for each of the four soil DNAs and 

then pooled to neutralize the effects of bias in any single thermal cycling reaction. The amplified 

products were visualized by 1.0% [wt/vol] agarose gel in 1X Tris-Acetate-EDTA buffer.  The gel 



 24 

was stained with ethidium bromide and then photographed under UV light.  A 1.5-kb fragment 

was excised, purified and concentrated as described in the Wizard® SV Gel and PCR Clean-up 

system (Promega®) and stored at -20 oC until cloning step.  PCR products were cloned by using 

the pGEM-T vector system II (Promega®) according to the manufacter’s protocol.  The ligation 

were transformed into JM109 High Efficiency Competent Cells and plated on Luria-Bertani agar 

with ampicillin to a final concentration of 100 µg/mL. The LB plates were supplemented with 

100 µl of 100mM IPTG (isopropyl-β-D-thiogalactopyranoside) and 20 µl of 50 mg/mL X-Gal 

(5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside) according to manufacturer’s instructions 

(Promega®).  White colonies were grown overnight in 2 mL Luria-Bertani broth containing 

ampicillin [50mg/mL] and incubated at 37 oC in a rotatory shaker at 120 rpm. Plasmids were 

purified using a Wizard® Plus SV Minipreps DNA purification system (Promega®).   Primers 

used for amplification of 16S rDNA inserted sequences were SP6 (5’-

ACGATTTAGGTGACACTATAG-3’)   and T7 (5’-TAATACGACTCACTATAGGG-3’) 

corresponding to vector DNA flanking cloned insert (Promega®).  PCR was conducted as 

described above except that the final step consisted of incubation for 7 minutes at 72 oC.  The 

PCR products were visualized by agarose gel electrophoresis, and the products obtained were 

purified by using Wizard® SV Gel and PCR Clean-Up System.  Each clone was designated EBS, 

EBP, EMS or EMP, followed by the clone number.  The single-strand nucleotide sequencing was 

performed using the T7 promoter primer at the Nevada Genomics Center, University of Nevada-

Reno on an ABI Prism 3730 DNA analyzer™.  A total of 100 ng/ µl of each PCR product were 

used to prepare the samples; dilutions were done as described in the sequencing preparation 

protocol of Nevada Genomics Center [www.ag.unr.edu/genomics]. The Nevada Genomics 

Center used Phred, a base call quality assessment software, in conjunction with the ABI Prism 
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3730 DNA analyzer.  The Phred software reads DNA sequencer trace data and assigned a quality 

score to each base in a sequence (Ewing et al., 1998).  In this study, bases that were given a 

Phred score below 20 were eliminated in all analyses. 

Each sequence was submitted to the CHECK_CHIMERA program version 1.8 of the 

Ribosomal database Project (RPD) to detect the presence of possible chimeric artifacts.  A 

preliminary identity was done by compared a total of 239 partial clone sequences with sequences 

obtained from the BLAST, National Center for Biotechnology Information 

[http://www.ncbi.nih.gov/BLAST/].   

In order to conduct phylogenetic and statistical analyses of the 16S clone libraries, the 

sequence data set from each library were divided in those sequences inserted to the plasmid in a 

5’ end orientation and those inserted in a 3’ end orientation.  

 

Phylogenetic Analyses of clones libraries 

 Seventeen, thirty-one, twenty-five and seventeen representative clones (OTUs) inserted 

to the plasmid in a 5’ end orientation from EBS, EBP, EMS and EMP libraries, respectively, 

underwent phylogenetic analysis.  Likewise twenty, eighteen, sixteen and fifteen representative 

clones (OTUs) from EBS, EBP, EMS and EMP libraries, respectively, from the 3’ end 

orientation sequences data set also underwent phylogenetic analysis. The sequences from each 

library in each end-orientation-data-set were individually aligned with sequences obtained from 

the Greengenes Database (DeSantis et al., 2006), using ClustalW function of the BioEdit 

software version 7.0.5 [http://greengenes.lbl.gov].  A phylogenetic tree was constructed for each 

end-orientation-sequences-data-set. Phylogenetic trees were constructed with the Molecular 

Evolutionary Genetics Analysis package (MEGA version 4.0), (Tamura et al., 2007).  The 
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confidence level of the phylogenetic tree topology was evaluated by performing 2000 bootstrap 

replications with the Neighbor-Joining method.  Aquifex aeolicus served as the outgroup. 

 

Diversity Indices and Statistical Analyses of the 16S Clone Libraries: 

 The 16S rDNA sequences recovered from each libraries in each end-orientation- data-set 

were uploaded to the ClustalW program [http://www.ebi.ac.uk/clustalw/] of the European 

Bioinformatics Institute (EMBL-EBI) for alignment.  A distance matrix was constructed from 

each alignment using the DNADIST program, available in the phylogeny inference package 

PHYLIP (Version 3.65; J.Felsenstein, Department of Genetics, University of Washington 

[http://evolution.genetics.washington.edu/phylip.html]).  The distance matrix was used as an 

input file to DOTUR (Distance based OTU and Richness determination software [www. 

plantpath.wisc.edu/fac/joh/dotur.html]), which placed sequences into OTUs.  An OTU is defined 

as containing sequences with greater than 97% similarity.  DOTUR was also used to calculated 

diversity indices: Shannon-Weiner index (H), Simpson’s reciprocal index (1/D), richness (S), 

evenness (H), Jackard index, Schao, SAce.  ASLO (Limnology and Oceanography: Methods 

[http://www.aslo.org/lomethods/free/2004/01114.pdf] was used to construct rarefaction and 

coverages curves from the values previously calculated by DOTUR.   

 The 16S rDNA libraries from each end-orientation-sequences-data-set were compared 

using the Web-LIBSHUFF (an abbreviation of LIBrary SHUFFling) computer program (version 

1.22; D.Singleton, Department of Microbiology, University of Georgia 

[http://libshuff.mib.uga.edu/]) to determine if they are significantly different from one another.  

The LIBSHUFF program analyzes two libraries at a time.  In order to compare the level of 

differences among the four libraries in this study five individual analysis were necessary: EBS 
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vs. EMS, EBS vs. EBP, EMS vs. EMP, EBP vs. EMP and EB vs. EM.  For each analysis, a 

distance matrix was generated using DNADIST program.  Web-LIBSHUFF analyzed the 

distance matrix generated by DNADIST program by comparing coverage curves as described by  

Cramér-von Mises test statistic, 

     ∆Cxy = ∑   |Cx(D) – Cxy(D)|2 ,  

where D increase in increment of 0.01,  (Kemp et al. 2004; Singleton et al, 2001).    

 
Terminal Restriction Fragment Length Polymorphism (t-RFLP) of the DNA Soil Samples 
 
 Total genomic DNA was extracted from 1 g aliquots of soil samples, as described 

previously.  The labeled-forward 27F’ and the reverse 1392R’ primers were used to amplify 

approximately 1,500 bp fragment of the 16S rDNA. Amplification was performed in a 50 µl 

(total volume) reaction mixture containing  approximately 100 ng of the soil community DNA, 

10 µl of 10X Go Taq DNA polymerase reaction buffer B, 1.7 µl of  25mM MgCl2, 4.0 µl of 

dNTP’s mix [2.5 mM (1:1:1:1 proportion)], 1.4 µl of [10mg/ml] BSA, 1.0 µl of each  16S rDNA 

primer  [50 pmol/ µl], 1.0 µl  of 1.25U Go Taq DNA polymerase (Promega®) and ddH2O. The 

PCR was performed with a Perkin Elmer Gene Amp PCR System 2400. Reaction conditions 

were the same as those described above.  

The quality of amplified 16S rDNAs was examined in 1% [wt/vol] agarose gel 

electrophoresis in 1X Tris-Acetate-EDTA and ethidium bromide staining.  The PCR products 

were purified using the Wizard SV Gel and PCR clean-up system (Promega®), according to 

manufacturer’s protocol.  Purified PCR products (approximately 200 ng) were digested 

separately with 5 U of tetrameric restriction endonucleases HaeIII [GG’CC] [where the prime 

shows the site of cleavage], MspI [C’CGG], and RsaI [GT’CA] (Promega®) in a 20 µl total 

volume according to manufacturer’s recommended reaction buffers.  Restriction digests were 
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incubated at 37 oC for 4 h, after the reaction was completed, the restriction endonucleases were 

deactivated by heating the reaction mixture to 65oC for 10 min. 

Following reaction digestion, 2.5 µl of each digest was mixed with 2.5 µl of IR2 stop 

solution (LI-COR Biosciences®).   The mixture was denatured at 94oC for 5 min and cooled on 

ice, aliquots (1.0 µl) were loaded onto a 0.25 mm thick and 25-cm- long 5.5% acrylamide gel 

(acrylamide gel matrix KBPlus-LICOR) using the LI-COR Biosciences NEN®DNA Analyzer 

Model 4300.  Electrophoresis was performed for 3 h with the following parameters: voltage 

1,500 (V), current 40 (mA) and power 40 (W). 

 

Data Analysis of TRFLP 

 T-RFLP profiles were generated using the Gel Pro Analyzer software, version 4.5.  In 

order to avoid TRFs caused by primer dimmers, we only considered peaks at positions between 

50 and 700 bp.  The relative abundance of a TRF in a T-RFLP profile was calculated by dividing 

the peak height of the TRF by the total peak height of all TRFs in the profile.  All peaks with 

heights that represented less than 0.5% of the total peak height were excluded in further analysis.  

This step was performed to minimize the effect of variations in the T-RFLP profiles caused by 

the quantity of DNA analyzed.  The data obtained from the T-RFLP profiles were exported to 

Excel, Microsoft software and converted into a relative abundance table (percentage of 

individual peaks in each profile).  T-RFLP profiles were aligned by inspection of the relative 

abundance table and by manually grouping of the peaks in to categories.  The peaks were aligned 

by the size of peaks in base pairs.  The overall T-RFLP profiles for each DNA sample soil 

consisted of the individual T-RFLP profile generated by each restriction endonuclease.  

Statistical differences and cluster analysis for the four DNA soil samples T-RFLP profiles were 
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performed using Past (Paleontological statistics package) software program, version 2.07, 

[http://www.nhm.uio.no/norlex/past] (Hammer et al., 2001). 
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CHAPTER IV 

RESULTS 

 
 
Physicochemical analysis of soil samples 
 

The physicochemical results of soil samples are shown in Table 1.  Two soil samples 

were obtained from each location corresponding to different depths.  EBS (0-5 cm) and EBP (5-

10 cm) were collected from the secondary forest. Likewise, EMS (0-5 cm) and EMP (5-10 cm) 

were obtained from the non-vegetated site. The observed phosphorus, potassium and calcium 

ions’ concentrations found in EMS and EMP soil samples were lower than the corresponding 

concentrations within the secondary forest soil samples. However, the relative order of the 

magnesium ion concentration in the sites’ samples was found to be EBS > EMS > EMP > EBP.   

The organic matter, organic carbon, and total nitrogen content found in the forested soil samples 

(EBS and EBP) were higher than the corresponding content found in deforested soil samples 

(EMS and EMP). As shown in Table 1, the range in pH was 4.05 to 4.69.  In general a higher 

acidity was observed in deforested soil samples (EMS and EMP) with lower organic content 

(<0.30%).  

 

Table 1. Soil samples chemical and physical parameters at two locations in Bosque del 
Pueblo, Adjuntas, PR. 

 
 

 

 

 

 

 

 
 
 
 
 
 

Concentration (ppm) of: Soil 
samples 

pH1 
(H2O) 

pH2 

(CaCl2) 
Organic C3 

(%) 
Organic M3     

(%) 
Total N4 

(%)   P5      K6 Ca6 Mg6 Mn6 

EBS 4.69 3.92 3.44 5.93 0.31 12 306 306 80 3.00 
EBP 4.62 3.93 2.04 3.52 0.22 10 18 18 17 0.83 
EMS 4.05 3.76 ND ND 0.030 .46 10 10 50 0.79 
EMP 4.12 3.91 0.30 0.52 0.030 1 7 7 35 0.68 
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Physicochemical analysis of water samples 
 
  Temperature, conductivity, and pH values from Estación Bosque and Estación Mina 

water samples are shown in Figure 4, (individual measurements are given in Appendix II).  The 

average water temperature showed a steady increase from February to June.  The highest value 

was measured in June.  After June the average water temperature showed a steady decrease.  It 

can be noticed that the rate of temperature increase between February and June is larger than the 

rate temperature decrease from June to November.  This trend was more pronounced in Estación 

Bosque than in Estación Mina.  The average water conductivity measured in Estación Bosque 

was 0.054 (mess/cm), whereas the corresponding average for Estación Mina was 0.402 

(mess/cm).  While acidity for the sampling period was higher for Estación Mina (pH 4.0) than 

for Estación Bosque (pH 5.3).  One-way ANOVA demonstrated that the differences in the 

temperature, conductivity, and pH average values between the two sampling locations are 

statistically-significant, (P < 0.0001 < 0.05), (P < 0.0001  < 0.05), and (P < 0.0001  < 0.05), 

respectively. 

 

Nickel, Copper and Lead concentrations in water samples 

Averages values and their standard deviations of nickel and copper concentrations in 

water samples from Estación Bosque and Estación Mina are given in Table 2, (individual values 

were presented in Appendix II).  Nickel concentration in Estación Mina was almost twice the 

observed to Estación Bosque.  While copper concentration was three times higher as well.  Lead 

was not detected at any site during the sampling period.  Performance of one-way ANOVA  

analysis of the metal ions concentrations in water samples from Estación Bosque and Estación 

Mina showed statistically significant differences (P<0.0001  <0.05) in nickel concentrations, and 
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(P<0.0001  <0.05) in copper concentrations of the water samples from two locations at Bosque 

del Pueblo. 
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Figure 3.  Temporal variation of  (a) temperature, (b) conductivity, and (c) pH values of water samples obtained at 
Bosque del Pueblo,  Estación Bosque (•) and at Estación Mina (ο). 
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Table 2. Elemental analysis of nickel and copper content in water samples 

at Bosque del Pueblo, Adjuntas, PR 
 
 Chemical element (ppm)a 

 Ni Cu 
Estación Bosque   

February 0.0138 (0.0005) 1.7875 (0.0152) 
March 0.0199 (0.0005) 1.8619 (0.0027) 
April 0.0167 (0.0005) 1.8422 (0.0154) 
May 0.0187 (0.0004) 2.1424 (0.0251) 
June 0.0167 (0.0004) 2.5975 (0.0224) 
July 0.0105 (0.0008) 2.3082 (0.0125) 

August 0.0121 (0.0008) 1.8684 (0.0037) 
September 0.0113 (0.0003) 1.8166 (0.0040) 
October 0.0096 (0.0010) 2.3131 (0.0143) 

November 0.0106 (0.0004) 1.6691 (0.0043) 
Estación Mina   

February 0.0218 (0.0005) 5.3122 (0.0134) 
March 0.0259 (0.0006) 6.1733 (0.0503) 
April 0.0225 (0.0007) 6.1800 (0.0371) 
May 0.0251 (0.0001) 5.7867 (.0044) 
June 0.0259 (0.0005) 6.3955 (0.1195) 
July 0.0258 (0.0002) 6.6267 (0.1313) 

August 0.0273 (0.0008) 7.9578 (0.0800) 
September 0.0237 (0.0006) 6.9777 (0.0734) 
October 0.0213 (0.0003) 5.7533 (0.0635) 

November 0.0245 (0.0005) 5.3455 (0.0204) 
a Average Standard Deviation. 
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DNA extraction and PCR amplification from soil samples 
 
 
 DNA extracted from the four soil samples was predominantly of high molecular weight 

(Fig. 1) and was appropriate for direct PCR amplification.  The amounts of DNA extracted from 

the four soil samples differed greatly.  The prefixes EBS, EBP, EMS and EMP indicate that the 

16S rRNA gene sequences were obtained from soil samples at Estación Bosque Superficial at 0 

to 5 cm depth, Estación Bosque Profundo at 5 to 10 cm depth, Estacion Mina Superficial at 0 to 

5 cm depth and Estación Mina Profundo at 5 to 10 cm depth, respectively.  The highest yields of 

genomic DNA recovered were from the EBS and EBP soil samples and the estimated amount 

were approximately twice the yield obtained from EMS and EMP samples. 

 Out of 59 positive transformants recovered from the EBS library 57 clones tested positive 

for 16S rDNA genes (97%).  The EBP, EMS and EMP libraries yielded 71 clones (96%), 61 

clones (94%), and 50 clones (94%), respectively.  None of the 16S rDNA sequences were 

identified as chimeric artifacts based on results from CHECK_CHIMERA version 8.1 program 

of the Ribosomal Database Project (RDP) and Greengenes program (DeSantis et al., 2006 

[http://greengenes.lbl.gov]).  Ten sequences with less than 450 base pairs in length were 

excluded from the analysis.  The resulting 239 16S rDNA sequences belonged to the kingdom 

Bacteria, giving a specificity of 100% for the 8F (5’-AGAGTTTGATCMTGGCTCAG-3’) and 

1392R (5’-ACGGGCGGTGTGTACA-3’) primers. 

 The 239 clone sequences had a length ranging from 450 to 824 base pairs.  Eighty-six 

percent (205) of the clone sequences were about 650 to 749 base pairs in length.  Only sequences 

containing bases with a given Phred Q value ≥ 20 were considered for statistical and 

phylogenetic analyses. 
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Phylogenetic groups of Bacteria detected in soil samples 

 

A total of 11 phyla were identified out of four clone libraries.  Figure 5 describes the 

distribution of bacterial groups found in the EBS, EBP, EMS, and EMP clone libraries.  A large 

proportion of clones from EBS clone library were identified as Acidobacteria (29%), 

Proteobacteria (24%), and Verrucomicrobia (23%); respectively.  Smaller proportions of 

1             2               3              4            5 

 

21,226 
5,148 
4,973 
4,268 
3,530 
2,027 
1,904 
1,584 
1,375 
947 
 
 

 

Figure 4. DNA isolated from soil samples. Lane 2, DNA sample from EBS; lane 3, from EBP; lane 4, 
from EMS; lane 5, from EMP. Lambda digested with Hind III and EcoRI as used as molecular marker, 
lane1. 

bp 
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Chloroflexi (5%), Firmicutes (4%), Actinobacteria (4%), and Bacteroidetes (2%) were identified 

in EBS clone library.  The collection of sequences from EBS clone library did not contain 

Planctomycetes, Verrucomicrobia, Elusimicrobia, Cyanobacteria or Nitrospira members.  EBP 

clone library also contained a high proportion of members of Acidobacteria (41%) and 

Proteobacteria (36%).  Five percent of the sequences from EBP clone library were identified as 

Actinobacteria members.  In addition, members of Elusimicrobia where found only in the EBP 

library, which accounted for 1% of the total sequences of that library.  In contrast to the EBS and 

EBP clone libraries, the collection of sequences from EMS and EMP libraries were dominated 

by Chloroflexi members with 32% and 48%, respectively.  However, a large proportion of EMS 

sequences belonged to Acidobacteria (29%) and Proteobacteria (13%) members.  The smallest 

population of Proteobacteria members was found in EMS.  Another bacterial group found in a 

relatively small quantity in EMS library was Firmicutes (5%).  Members of phylum Nitropirae 

were found only in EMS clone library. Cyanobacteria members were identified only in EMS 

(5%) and EBP (1%) clone libraries.  Furthermore, members of Acidobacteria and Proteobacteria 

phyla were common in the EMP clone library; with 15% and 23%, respectively.  A small 

proportion of sequences from EMP clone library were identified as members of Firmicutes (6%), 

Verrucomicrobia (2%) and Planctomycetes (2%) members.  Between 4- 9% of bacterial 

sequences were not classified.  
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Figure 5.  Distribution of phylogenetic groups of Bacteria detected in soil samples by 16S rDNA clone libraries. (a) 
EBS, (b) EBP, (c) EMS and (d) EMP. 
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In order to conduct richness estimation, the clones’ sequences from each clone library 

were placed into OTUs. The criterion used to define OTUs was a 97% sequence similarity. Nine 

seven OTUs were identified in the 134 16S rDNA sequences recovered from the 5’ end-portion-

data-set.  Likewise, 71 OTUs were identified in 105 sequences from the 3’ end-portion-data-set.  

The sequence that best matches each OTU was identified by a comparative analysis with 

sequences deposited in the NCBI database.  Each representative clone sequence (OTU) and its 

closest match according to NCBI databases are given in Appendix III. 

Ninety seven OTUs from the 5’ end portion-data-set were generated using DOTUR 

program.  None of the generated OTUs was common to the four clone libraries investigated. 

However an OTU represented by EBP124 was present in EBS, EBP and EMP clone libraries.  

Four OTUs represented by EBP114, EBP406, EBP404 and EBP417 were presented in EBS and 

EBP clone libraries. While two OTUs represented by EMP55 and EMS 414 were presented in 

EMS and EMP soil samples.    

Seventy-one OTUs were generated from the 3’ end portion-data-set using DOTUR 

program. As occurred in the 5’ end portion-data-set a common OTU in all soil samples was not 

found.  Three OTUs represented by EBP409, EBP110 and EBP167 were found in EBS and EBP 

soil samples.  Two OTUs, EBP 115 and EBP146 were present in EBP ad EMS soil samples. 

Only one OTU, represented by EBP416 was found in EBP and EMP soil samples.  The most 

dominants OTUs in EBS community were EBS115 and EBS111, each OTU composed of two 

sequences.  Three sequences represented by EBP102 were the most dominant OTU in the EBP 

community. In the EMS community the most abundant OTU, represented by EMS413, was 

composed of five sequences. Two OTUs represented by EMP445 and EMP203 were the most 
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abundant OTUs in the EMP community, each composed of three sequences.  In the 3’ end 

portion-data-set forty-seven of the sequences were present in single-member OTUs. 

 

Diversity Statistics of the clone libraries 

 DOTUR was used to analyze all clone libraries constructed from Bosque del Pueblo soil 

samples.  DOTUR analysis requires that the sequences-data-set from each library are aligned by 

using ClustalW software [ftp://ftp.ebi.ac.uk/pub/software/unix/clustalw/], and that a distance 

matrix is constructed by using the DNADIST program from PHYLIP computer software.  The 

generated distance matrix was used as an input file to DOTUR which rapidly and systematically 

assigns sequences to OTUs.  In this study, OTUs were defined by using a distance level of 3%.  

The richness estimators and diversity indexes calculated from each library sequence-data-set 

using DOTUR are presented in Table 3.  Data in Table 3 demonstrates that when clone libraries 

belonging to the 5’ end-oriented-data-set were compared in terms of diversity, both Shannon and 

Simpson’s indexes revealed that EBP 5’ community had a higher diversity than EBS, EMS, and 

EMP communities. While in the 3’ end-portion-data-set both Shannon and Simpson’s diversity 

indexes revealed that EBS community had a higher diversity than EBP, EMS and EMP 

communities.  According to Shannon index EMP community had the lowest diversity in both 5’ 

and 3’ end-oriented-data-set.  The 16S rDNA genes richness was calculated for each community 

using nonparametric estimators ACE, ChaO and Jaccard.  According to Jaccard and Chao 

estimators, richness in clones libraries from the 5’ end-oriented-data-set decreases as follows: 

EBP > EBS > EMS > EMP. While the richness in clone libraries from the 3’ end-oriented-data 

set decreases as follows: EBS > EMP > EMS > EBP as revealed by Jaccard and Chao estimators. 
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Table 3.  Diversity and richness estimates from 16S rDNA clone libraries. 

 

  

The Good Coverage Index, calculated using the program ASLO 

[www.aslo.org/methods/free/2004/0114a.html], was used to evaluate whether a library has 

captured a sufficient large fraction of diversity in the sampling environment (Kemp and Aller, 

2004).   Figure 6 shows the good coverage curves for the 5’ end terminal data-set of EMP, EBS, 

EBP, and EMS 16S rDNA clone libraries.  The coverage estimated using ASLO for the above 

clone libraries was 52%, 48%, 43%, and 41%, respectively.  In the case of the 3’ end-oriented-

data-set of the clone libraries EBP, EMS, EMP and EBS the coverage was 74%, 63%, 52% and 

27%, respectively,  Figure 7.  The Good coverage curves showed that EBS, EBP, EMS, and 

EMP libraries were not sufficiently large to be representative of their respective source 

environments. 

 

 

 

 

 

 
 

63 72.94 58.98 31 (40) 77.99 3.36 EBP 5’ 
 
 62.8 58.37 21 (31) 27.35 2.88 EBS 5’ 

Coverage 
(%) 

Schao SAce Jaccard Observed 
Richnessa 

Simpson’s 
(D) 

Shannon 
(H) 

                     Richness estimate Diversity estimate  
Clone 

Library 

 a The values in parentheses are the number of 16S rDNA clones. Richness is the number of distinct 
sequences (OTUs).  An OTU is defined as a group of sequences that share more than 97% nucleotic 
similarity. 

 

27 79 99.8 88.85 22 (26) 64.99 3.02 EBS 3’ 
61 

43 
22 22.91 25.00 18 (31) 23.25 2.71 EBP 3’ 74 
58 74.71 53.26 26 (34) 50.99 3.16 EMS 5’ 41 
27 31.37 26.71 16 (27) 18.47 

 
2.60 EMS 3’ 63 

49 51.30 48.02 19 (29) 23.88 2.78 EMP 5’ 52 
29 34.36 28.42 15 (21) 19.09 

 
2.49 EMP 3’ 52 

48 
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Figure 6.  Plots of Good Coverage index vs. Library size (Good Coverage Curve) for the 5’ end terminal data-set of 
the16S rDNA clone libraries: (a) EBS, (b) EBP, (c) EMS and (d) EMP. 
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Figure 7.  Plots of Good Coverage index vs. Library size (Good Coverage Curve) for the 3’ end terminal data-set of 
the16S rDNA clone libraries: (a) EBS, (b) EBP, (c) EMS and (d) EMP. 
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Plots of OTUs number and library sampling size (rarefaction curves) were constructed for 

each sequence-data-set using DOTUR [http:/www.plantpath.wisc.edu/fac/joh/dotur.html]  to 

assess the relative richness among libraries with different sampling sizes (Schloss and 

Handelsman, 2005).  The criterion used to estimate the actual bacterial diversity within a sample 

is the OTUs number independency of library sampling size.  This information can be deduced 

where the plots in Figure 8 levels off (Kemp and Aller, 2004).  The plots of OTUs number vs. 

library sampling size in Figure 8 are concave (downward) indicating a tendency to level off at 

some library sampling size.  The region in the plots where OTUs number is library size-

independent were not reached experimentally.  However, that region can be estimated 

mathematically using graph analysis and interpretation.  
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Figure 8.  Plots of OTUs number vs. Library size sampling (Rarefaction curves) for the 5’ end (a) and the 3’end 
(b) data sets of the 16S rDNA clone libraries, EBS ■, EBP □ , EMS ▲ and EMP ∆. 
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Whether or not two clone libraries were significantly different in term of their bacterial 

community composition was elucidated by using LIBSHUFF software.  The input file, a distance 

matrix for each of the two clone libraries, which is needed in the analysis using LIBSHUFF is 

generated by DNADIST, a program within PHYLIP computer software.  

One of the LIBSHUFF out puts is a p-value.  This p-value is used to assess whether clone 

sequences from two libraries are different in term of their bacterial composition.  The criterion 

used is that p-values > 0.05 indicate that two libraries may be derived from the same source.  All 

p-values (= 0.001) were smaller than 0.05, therefore, results from LIBSHUFF analysis suggest 

the existence of statistically-significant differences among the clone libraries in this study.  Thus, 

one may conclude that they may come from distinct sources.   

Another output generated by LIBSHUFF software is a set of two coverage curves.  

Coverage curves generated by LIBSHUFF were also useful tools to determine the extent of 

differences between two given libraries.  The homologous coverage curve (Cx(D)), was 

determined by comparing each sequence in the library with the other sequences within the same 

library. A second analysis was done where each sequence in given library was individually 

compared to all sequences in another library; the resulting coverage values generated the 

heterologous coverage curve, (Cxy(D)). Two libraries are not significantly different if the 

homologous and heterologous curves appear similar.  When two libraries are significantly 

different, the homologous and heterologous curve will diverge at some points.  In all analysis 

made for libraries under this study, the homologous and heterologous coverage curves revealed 

that the libraries were significantly different from each other. The homologous and heterologous 

coverage curves for each analysis are shown in Appendix IV. 
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Phylogenetic Analyses of clone libraries 

The microbial community composition of the four clone libraries was investigated by 

comparative sequences analysis of partial 16S rDNA genes.  Phylogenetic analysis, using the 

MEGA3.1 computer package, was performed on the 5’ portion–data-set corresponding to EBS, 

EBP, EMS and EMP libraries.  Specifically, seventeen, thirty-one, twenty-five and seventeen 

OTUs from EBS, EBP, EMS and EMP libraries, respectively were analyzed.  The same analysis 

was performed on the 3’ end portion-data-set of the clone libraries above.  In this case, eighteen, 

twenty-one, sixteen and sixteen OTUs from EBS, EBP, EMS and EMP clone libraries, 

respectively were analyzed.   

 As shown in the 5’ end phylogenetic tree in Figure 9, twenty-one out of ninety-two OTUs 

from EBS, EBP, EMS and EMP clone libraries were affiliated to phylum Acidobacteria,    

Figure 9a. The OTU represented by EBS 94 were closely-related to Korebacter versatilis str-

Ellin 345.  Two OTUs, EBP9 and EMP207 formed a cluster with Edaphobacter modestus str- 

Jb-1 and Acidobacteria capsulatum.  Most OTUs of the 5’ end tree were more closely-related to 

uncultured environmental clone sequences obtained from different environmental soil samples 

deposited in NCBI-data base.  An OTU represented by EMS414 was affiliated with 

Acidobacteria and shared a high sequence similarity (95%) with a clone sequence from soil iron-

manganese nodules (He et al., 2008).  Whereas, two OTUs represented by EBS87 and EBP114 

were more closely-related to uncultured bacterium clones from limestone soil aggregates (Hansel 

et al., 2008).  OTUs EMS415, EMS146 and EMS112 had a sequence similarity between 96 to 98 

% to uncultured bacterium clones from soil rhizospheres (Lesaulnier et al., 2008).  Four OTUs 

were more closely-related to uncultured clones from tropical forest soil samples, two of the four 

OTUs represented by EBP140, EBP139 were related to clones from Brazilian soil samples (Kim 
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et al., 2007). The OTU represented by EMP207 was related to a clone sequence from a Taiwan 

tropical forest soil (Tseng et al., GenBank Accession no. DQ984559.1), and the one represented 

by EMP55 was related to a clone sequence from China soil samples (Chan et al., 2006). 

Interestingly, the OTU represented by EBP162 was related to an uncultured clone from a 

subalpine forest soil in Colorado USA (Jones et al., GenBank Accession no. EU150198.1). 

 Nineteen of ninety-two OTUs from the 5’ portion-data-set were affiliated to the phylum 

Proteobacteria, and were further clustered into α-, β-, δ- and γ- Proteobacteria. As shown in 

Figure 9b. Alphaproteobacteria was the most abundant Proteobacteria in the EBS, EBP and 

EMS clone libraries in this study. An OTU represented by EBP107 showed a sequence similarity 

(99%) to Bradyrhizobium sp.  OTUs represented by EBP150, EBS106, EBP169 and EMP438 

were also similar to common soil bacteria, such as nitrifying bacteria and Rhizobiales.  Among 

the OTUs, the sequences EMP208 and EMS134, classified as γ-Proteobacteria were related to 

clones from Kalahari Shield in South Africa surface water (Gihring et al., 2006) and soil 

rhizosphere from Wisconsin (Lesaulnier et al., 2008).  An OTU represented by EBP 126, and 

classified as a Betaproteobacteria, formed a cluster with a sequence similarity of 100% with 

Burkholderia nodosa str-Br3461, which was isolated from nitrogen-fixing nodules on the   roots   

of    woody  legumes   native  to  Brazil   (Chen et al.,  2008).  Four OTUs, represented by 

EBP414, EBP104, EBS74 and EBP163 were affiliated to uncultured members of δ-

proteobacteria found in various soil environments such as: forest soil in Central Taiwan (Lin et 

al., GenBank Accession no. GU016086.1), tall grass prairie soil in central Oklahoma (Elshahed 

et al., 2008), soil aggregates from Oak Ridge, TN (Hansel et al., 2008),  and rice paddy field soil  

(Kuesel et al., GenBank Accession no. AM941477.1).   Indeed,     OTUs represented by EBP 414 

and EBP163 were more related to cultured strains Chondromyces crocatus published by 
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Shimkets and Woese in 1992 and Stigmetella aurantica str-Sg a1 published by Spröer in 1999, 

respectively.  Both strains have been reported in sample soils from tropical rain forests 

worldwide.   

OTUs affiliated with the phylum Chloroflexi constituted 18 out of the 92 OTUs in the 5’ 

portion-data-set, (20%).  Most of the OTUs classified as members of the phylum Cloroflexi were 

retrieved from soil samples at the deforested field (EMS and EMP) in Bosque del Pueblo. As 

revealed in Figure 9c, many of the OTUs affiliated to Cloroflexi were clustered between them 

rather than with clones sequences previously detected in other environmental samples, as is the 

case of the OTUs represented by EMS449 and EBS79, EMS85 and EMP442, EMS111 and 

EMS115, and,  EMP415 and EMP7. Based on the 5’end philogenetic tree OTUs represented by 

EMS12 and EMP413 clustered with clone sequences retrieved from volcanic deposits from 

Hawaii, USA (Gomez-Alvarez and Nusslein, 2007).  While OTUs represented by EMP434 and 

EMP421 shared a sequence similarity between 95 to 96% with clone sequences found in soil 

aggregates from Oak Ridge, TN (Hansel et al, 2008).  Ktedobacter racemifer strain SOSP1-21 

was the cultured strain most closely-related to members of Cloroflexi that were found in clone 

libraries at Bosque del Pueblo.  

Seven OTUs represented by clone sequences EBS85, EBS120, EBS107, EBP109, 

EBS102, EBS108 and EBP417, affiliated with the phylum Verrucomicrobia, and shared a 

sequence similarity between 91 to 97% with soil clones from various environments, Figure 9d. 

Based on results from the phylogenetic analysis performed in this study Chthoniobacter flavus 

str- Ellin428 was the only cultured strain that was affiliated with the verrucomicrobial clone 

sequences from Bosque del Pueblo.  
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Five OTUs were affiliated to members of phylum Actinobacteria  as shown in Figure 9d. 

OTUs represented by EBP143, EBP145, EBS116 and EBS175 were more closely-related 

between them than with uncultured clones from databases; the most closely related isolated 

strains were Mycobacterium bouchedurhonense str 4355387 and Actinomadura sp. str Shinshu-

MS-03.  An OTU represented by EBP147 shared a sequence similarity of 97% with 

Mycobacterium bouchedurhonense str 4355387, both sequences formed a cluster supported by a 

bootstrap value of 95%. 

The clone sequences from Bosque del Pueblo that belong to the phylum Firmicutes 

formed two clusters as revealed in Figure 9d. All OTUs classified within this Phylum were 

related to bacterial clones or bacterial strains detected in soils and sediments environments. 

OTUs represented by EMS13, EMS107, EMP435 and EMP427 were phylogenetically related to 

uncultured clones from various soil environments: forest soil from central Taiwan (Lin et al., 

GenBank Accession no. GU016168.1), Eucalyptus plantation soil from China (Duan et al. 

GenBank Accession no. GU172181.1), inland dune fields  from  Georgia,  USA (Tarlera et al., 

2008 ),  and  rhizosphere  soil  of  trembling  aspen (P. tremuloides) in Rhinelander, WI, USA 

(Lesaulnier et al., 2008).  While OTUs represented by EBS100 and EMS 108 were more related 

to Paenibacillus terrigena. 

The remaining phyla present within the clone libraries at Bosque del Pueblo included 

Cyanobacteria, Bacteroidetes, Elusimicrobia, Planctomycetes and Nitrospira. Each consisted of 

less than 3.2% of the OTUs of the 5’ end-data-set, Figure 9d.  In the case of the OTUs affiliated 

to phylum Cyanobacteria, one OTU represented by EMS110 formed a cluster with 

Cylindrospermum sp. str-A1345 with a sequence similarity between them of 92%; another OTU 

represented by EMS141 was more closely-related to an uncultured clone detected in a soil 
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sample from  Socompa Volcano at Los Andes (Costello et al., 2009). Only one OTU, represented 

by EMS405, were classified as a member of phylum Bacteroidetes.  EMS405 shared a 93% 

sequence similarity with an uncultured clone retrieved from soil samples at Coweeta Forest, 

North Carolina,USA (Upchurch et al., 2008). An OTU retrieved from the EBP clone library at 

Bosque del Pueblo and represented by EBP120, shared a 94% sequence similarity with an 

uncultured bacterium clone detected in inland dune fields at Georgia, USA (Tarlera et al., 2008). 

Based on results from the philogenetic analysis the closest strain related to EBP120 was 

Elusimicrobium  minutum str-Pei191; first cultivated by Herlemann (Herlemann et al., 2009).  

Among the OTUs from Bosque del Pueblo affiliated to phylum Planctomycetes were 

representative clone sequences EBP119 and EMS145.  Both OTUs were more closely-related to 

uncultured clones detected in soil samples from a karst region in China (Chen et al., GenBank 

Accession no. EU881251.1) and from soil rhizosphere of trembling aspen (P. tremuloides) in 

Rhinelander, WI, USA (Lesaulnier et al., 2008), respectively.  The representative clone EMS80 

formed a cluster supported by a bootstrap value of 99 with an uncultured bacterium from a 

Western Amazon forest soil sample (Kim et al., 2007). Based on results from the philogenetic 

analysis, the closest isolated strain to EMS80 with a 95% sequence similarity was Nitrospira sp. 

srtGC86, a nitrite-oxidizer (Burrell et al., 1998). 
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Figure 9a.  Phylogenetic relationship of partial 16S rDNA sequences from clone libraries.  A total of 286 aligned 
bases corresponding to 5’ end terminal of partial 16S rDNA sequences were used in this analysis.  The letters EMS 
followed by a clone number indicates soil clones.  The numbers in parentheses indicate the number of times the 
OTU was found in each of the libraries e.g., EMS414 (0,0,1,2) was not found in the EBS and EBP communities and 
was present 1 and 2 times in the EMS and EMP communities, respectively.  The scale bar represents 0.05 
substitutions per base position.  Bootstrap values above 40% are shown.  Aquifex aeolicus served as the outgroup.  
See Materials and methods for description of tree construction. 
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Figure  9b. continued. Phylogenetic tree corresponding to Proteobacteria 5’ end terminal of partial 16S rDNA 
sequences for clone libraries: EBS, EBP, EMS, EMP. 
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Figure  9c. continued. Phylogenetic tree corresponding to Chloroflexi 5’ end terminal of partial 16S rDNA 
sequences for clone libraries: EBS, EBP, EMS, EMP. 
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Figure 9d. continued. Phylogenetic tree corresponding to various phyla 5’ end terminal of partial 16S rDNA 
sequences for clone libraries: EBS, EBP, EMS, EMP. 
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As revealed in the 3’ end phylogenetic tree in Figure 10a, twenty-six out of seventy-one 

OTUs from the 3’ end of the 16S RNA sequences from EBS, EBP, EMS, EMP clone libraries 

were assigned to the phylum Acidobacteria. OTUs representing members of the Acidobacteria 

were the most abundant in the 3’end sequences data-set, comprising 38 % of total OTUs.  An 

OTU composed of three sequences and represented by the clone sequence EBP110 was closely-

related to Korebacter versatilis strain Ellin-345.  Whereas, an OTU represented by EBS126 was 

more closely-related to Solibacter usitatus strain Ellin-6076.  As occurred in the 5’ end 

phylogenetic tree, most of the sequences in 3’end tree was closely related to uncultured 

environmental clone sequences retrieved from different environmental soil samples. OTUs 

represented by EBP108, EBP115, EBS71, EMS5 and EBP411 had a sequence similarity between 

96 to 99% to uncultured bacterium clones from forest uncultured clones from tropical forest soil 

samples; two of them represented by EBP 416 and EBP151, had a 99% sequence similarity with 

Taiwan soil samples clone sequences (Tseng et al., GenBank Accession no. DQ984566.1 and 

DQ984565.1).  One OTU represented by EBS105 shared a 99% sequence similarity with a clone 

sequence from a Taiwan Fushan Forest soil sample (Tsai et al., 2009).  An OTU represented by 

EBS117 shared a sequence 92% similarity with a clone sequence detected in soil a sample from 

Western Amazon (Kim et al., 2007).  However four OTUs represented by EBS86, EBP136, 

EMP440 and EBP146 were related to uncultured clones from forest soil in Europe; the first three 

shared a sequence similarity between 97% to 98% with clone sequences from Cologne, Germany 

soil samples (Roesh et al., GenBank Accession no. AY913380.1, AY913233.1, and 

AY913350.1) and the latter OTU had a sequence 99% similarity with a clone sequence retrieved 

from Donana National Park in Spain (Zimmermann et al., GenBank Accession no. 

DQ829638.1). The OTUs EBP409, EBP110, EMP404 EBP164 and EBS97 affiliated to 
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Acidobacteria were closely-related to clone sequences detected in a California grassland soil 

(Cruz et al., 2009).    OTUs   represented   by EMP417, EMS409, EBS77 and EBS81 clustered 

with clone sequences from various soils environments such as soil rhizosphere (Lesaulnier et al., 

2008), peat soil (Akiyama et al., GenBank Accession no. AB238786.1), soil in karst region 

(Chen et al., GenBank Accession no. EU881239.1) and iron oxide nodules in sedimentary rock 

(Yoshida et al., GenBank Accession no. AB179518.1), respectively. 

A total of  twenty-one OTUs out of seventy-one OTUs from the 3’ end sequences data-

set were assigned to the phylum Proteobacteria and further clustered into α-, δ- and γ- 

Proteobacteria, as shown in Figure 10b.  In this data-set, OTUs affiliated with the 

Alphaproteobacteria were the most abundant, comprising 48% of total proteobacterial OTUs, 

and those representing members of Deltaproteobacteria were the second most abundant, 28%.  

An OTU composed of three sequences and represented by EBP167 showed a sequence 98% 

similarity to Bradyrhizobium sp. strain Th-b2.  This strain was isolated by Parker from the root-

nodules of legumes Apios americana and Desmodium glutinosum in eastern North America 

(Parker, 1999).  As revealed by the 3’ end philogenetic tree most α-proteobacterial OTUs were 

more closely related to uncultured clones from different soil environments.  OTUs represented 

by EBP407, EMS450, EMS403 and EBP157 shared a sequence similarity between 92 to 99% 

with uncultured bacterial clones retrieved from forest soil samples in Taiwan (Tsai et al., 2009), 

Germany (Roesch et al., GenBank Accession no. AY913376.1) and China (Chan et al., 2006; 

Huang et al., DQ 453803.1), respectively.  One OTU represented by EBP148 formed a clustered 

supported by a bootstrap value of 93 with an uncultured bacterial clone detected in an acid-

impacted lake from Adirondack, NY, USA (Percent et al., 2008), both sequences shared a 

sequence similarity of 97%.  Whereas other α-proteobacterial OTU, EBP165, clustered with an 
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uncultured clone from pasture soil samples from Australia (Schoenborn et al., GenBank 

Accession no. AY395444.1), the cluster between the two sequences had a bootstrap value of 

99%.  OTUs affiliated to Deltaproteobacteria, EMP62, EMS1, EBS115, and EBP116 were 

phylogenetically related to uncultured clones from different soil environments such as, 

agricultural soil from Mexico (Ceja-Navarro, GenBank Accession no. EU202851.1), grassland 

soil from California (Cruz et al., 2009), forest soil from western Amazon (Kim et al., 2007), and 

from soil rhizosphere (Nakamura et al., GenBank Accession no. AB240359.1), respectively.  It is 

interesting to note that OTUs EMP62 and EMS1 from the deforested field at Bosque del Pueblo 

were more phylogenetically related to uncultured clones that came from agricultural and 

grassland soil samples, and not to uncultured clones from forest soil samples as EBS115 did. 

Among  the  Gammaproteobacteria  two  OTUs,  represented  by EMP203  and EBP154  shared 

a high sequence similarity between 97 to 98% with uncultured bacterial clones from a subsurface 

water of the Kalahari Shield in South Africa (Gihring et al., 2006) and a soil sample from an  

uranium mining waste pile in Saxony, Germany (Satchanska et al., GenBank Accession no. 

AJ536870.1). Another OTU, EBP102 formed a cluster supported by a bootstrap value of 99% 

with an uncultured clone from a tropical forest soil from Taiwan (Tseng at al., GenBank 

Accession no. DQ984542.1), both sequences shared a 99% sequence similarity. 

Thirteen OTUs (18%) from the 3’portion data-set of the 16S rRNA sequences were 

classified as members of Chloroflexi.  As showed in Figure 10c, two OTUs represented by 

EBS119 and EMP448 shared a sequence similarity between 91 to 94% with clone sequences 

detected in forest soil samples from North Carolina-Georgia border, USA (Upchurch et al., 

2008).  While three representative sequences, EMS451, EMP445 and EMP447 clustered with 

clone sequences retrieved from soil aggregates from Oak Ridge, TN (Hansel et al., 2008). In the 
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case of EMP445 and EMS 451, both formed clusters with the clone sequences retrieved from the 

soil aggregates supported by a bootstrap value of 99%.  Two OTUs represented by EMS116 and 

EMS65 shared a sequence similarity between 95 to 96 % to uncultured clones obtained from 

volcanic deposits from Hawaii, USA (Gomez-Alvarez et al., 2007).  Both OTUs were in clusters 

supported by a high bootstrap value.  Whereas, three OTUs represented by EBS121, EMP412 

and EMP409 were more closely related to uncultured clones from various soil environments 

such as tall grass prairie soil in central Oklahoma (Elshahed et al., 2008), inland dune  fields 

from Georgia, USA (Tarlera et al., 2008), and soils in karst region from Guangxi, China (Chen et 

al., 2005), respectively.  As occurred in the 5’ end-portion-data-set, OTUs from clone libraries at 

Bosque del Pueblo that were affiliated to Chloroflexi were most closely related to Ktedobacter 

racemifer strain SOSP1-21 than to any other cultured strain within this phylum. 

Members of the Verrucomicrobia, Firmicutes, Actinobacteria, Planctomycetes, and 

Bacteroidetes phyla contribute to a lesser extent to the bacterial community within clone libraries 

at Bosque del Pueblo. OTUs affiliated to Verrucomicrobia constituted 3 % of the OTUs of the 

3’end-data-set. Among the OTUs affiliated to Verrucomicrobia, a representative sequences, 

EBS123 clustered supported by a bootstrap value of 99% with an uncultured clone from a 

Taiwan Fushan Forest soil sample (Tsai et al., 2009), both sequences shared a 98% sequence 

similarity. A second verrucomicrobial OTU, EBS111, and an uncultured clone from a grassland 

soil from California (Cruz et al., 2009) shared a 99% sequence similarity and as shown in figure 

10c were clustered 86% of the times. Each of the following phyla Firmicutes, Actinobacteria, 

Planctomycetes, and Bacteroidetes were constituted by only one OTU and accounted for less 

than 1.4 % of the total OTUs in the 3’ end-data-set of the bacterial community from Bosque del 

Pueblo. An OTU affiliated with the Planctomycetes and represented by the clone sequence 
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EMP57 shared a sequence 97% similarity with an uncultured clone from a south-west China 

forest soil sample (Chan et al., 2006).   Based on the boot strap analysis both sequences were 

clustered 84 percent of the times. The closest related strain to the representative sequence EBS82 

was Propionispira arboris strain 12B4. Both sequences, EBS82 and Propionispira arboris strain 

12B4, shared a 91% sequence similarity.  According to boot strap analysis both sequences were 

clustered 96 percent of the times. 
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Figure 10a. Phylogenetic relationship of partial 16S rDNA sequences from clone libraries.  A total of 422 

aligned bases corresponding to 3’ end terminal of partial 16S rDNA sequences were used in this analysis.  The 
letters EMS followed by a clone number indicates soil clones.  The numbers in parentheses indicate the number of 
times the OTU was found in each of the libraries e.g., EMS414 (0,0,1,2) was not found in the EBS and EBP 
communities and was present 1 and 2 times in the EMS and EMP communities, respectively.  The scale bar 
represents 0.02 substitutions per base position.  Bootstrap values above 40% are shown.  Aquifex aeolicus served as 
the outgroup.  See Materials and methods for description of tree construction. 
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Figure 10b. continued. Phylogenetic tree corresponding to Proteobacteria 3’ end terminal of partial 16S rDNA 
sequences for clone libraries: EBS, EBP, EMS, EMP. 
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Figure 10c. Phylogenetic tree corresponding to various phyla 3’ end terminal of partial 16S rDNA sequences for 
clone libraries: EBS, EBP, EMS, EMP. 
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Terminal Restriction Fragment Length Polymorphism (T-RFLP) analyses of the soil bacterial 

communities at Bosque del Pueblo 

 
 In order to study the soil bacterial community structure at Bosque del Pueblo, a 

16S rDNA gene terminal restriction fragment length polymorphism (T-RFLP) analysis was 

performed for EBS, EBP, EMS and EMP soil samples.  The total community 16S rDNA gene for 

each soil sample was digested separately with restriction endonucleases HaeIII, MspI and RsaI.  

After standardization of TRF data, fragment length and peak height were considered as criteria 

for TRFLP profile comparison.  Appendix VI, shows the electropherogram profiles generated 

with HaeIII, MspI and RsaI restriction enzymes for the soil samples from Bosque del Pueblo.   

Soil samples from Bosque del Pueblo harbor a wide range of bacterial communities as revealed 

by the T-RFs profiles.  In all restriction enzymes digestions the T-RFLP profiles show a higher 

number of peaks for the secondary forest soil samples (EBS and EBP), Table 4.  It was also 

observed in each restriction endonuclease analysis that T-RFLP profiles from secondary forest 

soil samples showed more similarity among them than with deforested soil samples.  The same 

observation also can be made for deforested soil samples, Figures 11-13. 

 

 
Table 4. Occurrence of T-RFs in T-RFLP profiles of 16S rDNA amplified gene in soil 

samples at Bosque del Pueblo, Adjuntas, PR 
 
 
 
 
 

 

  

 

Number of T-RFs for restriction enzymes                       
Soil Sample HaeIII MspI RsaI 

EBS 29 42 27 
EBP 32 49 26 
EMS 13 24 19 
EMP 27 16 21 



 65 

 

In HaeIII digests, Figure 11, only 2 bacterial populations represented by T-RFs 223 and 

196 bp were common for all soil samples.  Among the 29 T-RFs generated for EBS soil sample, 

only three T-RFs (473, 277 and 265 bp) were unique.  In the case of EBP soil sample 5 out of 32 

T-RFs generated were unique, and were represented by 407, 377, 290, 233 and 179 bp.   

Bacterial populations represented by T-RFs 526, 523,  312, 262, 256, 240, 237, 216  and 201 bp 

were common for EBS and EBP soil samples.  The soil samples from the deforested soil shared 

two bacterial communities represented by T-RFs 261 and 236 bp.  Among the 13 T-RFs 

presented for EMS soil sample two T-RFs (71 and 53 bp) were unique.  While bacterial 

populations represented by T-RFs 332, 309, 293, 284, 208, 161 and 117 bp were only found at 

EMP soil sample.  

The T-RFLP profiles generated by MspI restriction enzyme revealed 2 bacterial 

populations, represented by 267 and 257 bp, were common for all soil samples, Figure 12.  EBS 

and EBP soil samples generated 42 and 49 T-RFs, respectively.  These secondary forest soil 

samples shared 32 bacterial populations.  Five T-RFs, represented by 506, 371, 280, 221 and 155 

bp, were unique to EBS soil sample.  While EBP soil sample was characterize by 13 unique T-

RFs, represented by 444, 435, 287, 240, 211, 173, 168, 126, 108, 90, 71 and 54 bp.  The MspI 

restriction profile revealed that the deforested soil samples generated fewer amounts of T-RFs 

than the secondary forest soil samples.  Thirteen bacterial populations, represented by 522, 326, 

297, 285, 251, 242, 234, 225, 215, 208, 196, 192, 187 and 75 bp, were common for EMS and 

EMP soil samples.  In the case of EMS soil sample 4 T-RFs, represented by 322, 311, 306 and 

218 bp, were only found in this sample.  While none bacterial population were unique for EMP 

soil sample. 
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According to the RsaI restriction profile one bacterial population, represented by T-RFs 

77bp, was common for all four soil samples, Figure 13.  Sixteen bacterial populations, 

represented by T-RFs 658, 641, 490, 476, 466, 459, 454, 451, 442, 423, 118, 111, 105, 92, 89, 84 

and 55 bp, were found in both secondary forest soil samples (EBS and EBP).  In RsaI restriction 

analyses, 27 T-FRs were found in EBS soil sample, while EBP soil sample generated 26 T-RFs. 

Among the 27 T-RFs, four bacterial populations were unique for EBS soil sample and were 

represented by T-RFs 645, 484, 437, 58 bp.  While 5 out of 26 T-RFs generated by RsaI were 

found only in EBP soil sample and were represented by T-RFs 568, 472, 462, 433 and 115 bp.  

Fourteen T-RFs were common for both deforested soil samples (EMS and EMP); and were 

represented by T-RFs 522, 326, 267, 256, 246, 241, 237, 232, 223, 218, 214, 207, 192 and 187 

bp.  Only one bacterial population represented by T-RFs 297 was unique for EMS soil sample; 

and two bacterial populations (T-RFs 612 and 322 bp) were unique for EMP soil sample. 
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Figure 12.  Representative TRF profiles of bacterial communities from Bosque del Pueblo’s soil samples a) EBS, 
b) EBP, c) EMS and d) EMP for Msp I restriction analyses. 
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Figure 13.  Representative TRF profiles of bacterial communities from Bosque del Pueblo’s soil samples a) 
EBS, b) EBP, c) EMS and d) EMP for Rsa I restriction analyses. 
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The Phylotype Richness, Shannon-Weiner and Simpson’s indexes were calculated as a 

measure of diversity, using Past software, Table 5.  Among all the soil samples, secondary forest 

soils (EBS and EBP) showed the highest phylotype richness values.   The values of Shannon-

Weiner diversity index were higher for secondary forest soil samples, while no differences were 

found in the Simpson’s index among all soil samples under study.  

Table 5.  TRF diversity data from Bosque del Pueblo’s soil samples bacterial community 
profiles 

 
 TRF diversity statistics 

Community soil 
samples 

Phylotype 
Richness 

(S) 

Shannon-Weiner 
diversity index 

(H) 

Simpson’s diversity 
index 
(1/D) 

EBS 98 4.17 1.02 
EBP 107 4.25 1.02 
EMS 56 3.65 1.02 
EMP 64 3.65 1.02 

 
 

Furthermore, similarity comparison of the T-RFLP profiles using Past software revealed 

that soil bacterial communities from secondary forest soil samples (EBS and EBP) were more 

similar among them (83.2%), in terms of composition, than with deforested soil samples (EMS 

and EMP), Table 6.  The bacterial community composition among deforested soil samples (EMS 

and EMP) had a similarity value of 79.2 %. 

Table  6. Similarity value (%) of Bosque del Pueblo’s soil samples T-RFLP bacterial 
community profiles 

 
% Similarity  

T-RFLP EBS EBP EMS EMP 
EBS - 83.2 9.8 13.6 

EBP 83.2 - 14.4 12.0 

EMS 9.8 14.4 - 79.2 

EMP 13.6 12.0 79.2 - 
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Dendrogram in Figure 14, illustrates the cluster analysis of bacterial community T-RFLP 

profiles inhabiting the different soil environments (EBS, EBP, EMS, EMP). The dendrogram 

clearly shows that microbial communities in the secondary forest soil samples clustered and were 

distinct from the bacterial communities of the deforested soil samples, which clustered 

separately.  
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Figure 14. Dendogram based on Morisita similarity comparisons for EBS, EBP, EMS, EMP soil bacterial 
communities.   
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CHAPTER V 

DISCUSSION 

 

The aims of this study were i) to use molecular approaches to characterize the diversity 

and community structure of soil bacterial community at two sampled sites in an abandoned 

unmined porphyry deposits at Bosque del Pueblo, and  ii) to correlate sampled sites’ microbial 

diversity with physical and chemical properties of these locations’ soil and water streams.  In 

order to assess the bacterial community composition at Bosque del Pueblo, 16S rRNA clones 

libraries were constructed from soil top (0-5 cm, S) and bottom (5-10 cm, P) sections at the two 

sampling sites, one which was covered with forest vegetation (EB) an the other uncovered by 

vegetation (EM).  Analysis of 16S rRNA gene allowed detection of the most dominant members 

of the bacterial communities at each sampling sites.  

Based on the phylogenetic analysis of the 16S rRNA genes sequences, 29%, 41%, 29% 

and 15% of the sequences from EBS, EBP, EMS and EMP, respectively, were classified as 

members of the Acidobacteria..   

 The phylum Acidobacteria is recognized on Bergey’s Manual of Systematic Bacteriology 

and includes four validated genera with cultured representatives: Acidobacterium (Kishimoto et 

al., 1991), Geothrix (Coates et al., 1999), Holophaga (Liesack et al., 1994), and Terriglobus 

(Schmidt et al., 2007).  Solibacter was recently proposed as a new genus and is pending for 

validation [http://jdi.doe.gov].  The first member of the Acidobacteria, Acidobacterium 

capsulatum, was first described in the early 1990s by Kishimoto and collaborators (Kishimoto et 

al., 1991).  This gram negative-acidophilic, heterotrophic bacteria was isolated from acidic mine 

drainage and acidic mud. While Acidobacterium capsulatum is a moderately acidophilic aerobic 
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heterotroph, Holophaga foetida and Geothrix fermetans are strict anaerobes that metabolize 

aromatic compounds and acetate, respectively (Pace et al., 1998). 

Members of Acidobacteria have been consistently detected through 16S rRNA gene 

surveys in many environments worldwide, particularly in soils and sediments.  In many 

molecular surveys of soil environments using 16S rRNA clone libraries, Acidobacteria represent 

more than 30% or even 50% of the sequences of the soil bacteria community.   Approximately 

50% of the clones obtained in four 16S rDNA clone libraries from Arizona soil samples were 

Acidobacteria (Dunbar et al., 2002) as did 64 % of the clones in two soil samples from the arid 

southwestern United States (Kuske et al., 1997).   In a study reported by (Hackl et al., 2004), 

sequences belonging to Acidobacteria were found in high concentration (35%, 28%, 12%) in 

each of the three 16S rRNA clone libraries from Austrian pine forest soil samples.  (Janssen, 

2006) analyzed the pool data of thirty-two libraries of 16S rRNA and 16S rRNA genes from 

different soils samples worldwide.  In that study Janssen indicated that members of 

Acidobacteria make up an average of 20% (range, 5 to 46%) of the total soil bacterial 

community.   

A high abundance of members of the Acidobacteria has been observed in many other 

environments such as uranium-contaminated sediments in Tennessee and Colorado (Kuske et al., 

2007), microbial mats in Yellow Stone Park (Bryant et al., 2007), acid mine drainage sediments 

in Yanahara pyrite mine in Japan (Kishimoto et al., 1991), river stream waters in central 

Germany (Marxsen et al., 2008), lake snow aggregates and activated sludge from waste water 

treatment plants in Germany (Ludwig et al., 1997), and benzene-contaminated aquifers 

(Anderson et al., 1998) , among others. 
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As in other soil environments, Acidobacteria was also consistently detected as a major 

fraction of the microbiota in all four soil clone libraries of Bosque del Pueblo. It is interesting to 

note that results from the phylogenetic analysis as well as in the sequence similarity analysis 

performed in the present study indicate that many of the sequences from the libraries that can be 

classified as members of Acidobacteria, were further clustered with members of subdivisions 1 

and 3 of this phylum. The mild acidity of the soil in both forested and deforested field with pH 

values in the vicinity of 4.5 and 4.2, respectively seems to favor the growth of Acidobacteria 

members, especially members of subdivision 1.  In a study done by (Janssen, 2006), he observed 

that members of the subdivision 1 of Acidobacteria were most abundant in clone libraries from 

soils with pH values below 6.  Members of subdivision 1 of Acidobacteria include genera:  

Acidobacterium, Terriglobus, and Edaphobacter, (Kuske et al., 2009, Janssen et al., 2006).  

Although, we found sequences closely-related to members of subdivision 3 at Bosque del 

Pueblo, it seems that the preference for acidic pH is a distinctive characteristic of members of 

subdivision 1 of Acidobacteria, as concluded in another study, (Kuske et al., 2009).  In a recent 

study, three Acidobacteria strains: Koribacter versatilis strain Ellin-345, and Solibacter usitatus 

strain Ellin-6076 were compared in terms of their genomics and culture traits by (Kuske et al., 

2009).  Kuske’s results showed that all three strains have the capability to use a variety of carbon 

substrates from simple sugars, amino acids, and alcohols to more complex substrates such as 

xylan, hemicelluloses, pectin, starch and chitin.  So, it can be concluded in our study that 

members of Acidobacteria found in forested soil at Bosque del Pueblo play an important role in 

organic matter decomposition.  In the genomic analysis of the same study, all three genomes 

contained a low number of rRNA gene copies, which is a characteristic of organisms that show a 

slow growth.  As physiological and genomic data have revealed, these aerobic heterotrophic 
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strains are also able to overcome stress or starvation periods and to tolerate fluctuations in 

hydration (moisture content in soil).  This fact could explain the high abundance of members of 

Acidobacteria in the sample soil at the deforested field from Bosque del Pueblo.  Apparently the 

low carbon and low nitrogen content in the deforested soil at Bosque del Pueblo created a low 

nutrient environment, where only microorganisms with well-equipped metabolic mechanisms are 

suited to survive.  Based on the results reported by (Kuske et al., 2009) we concluded that the 

mildly acidity, and a high organic matter and organic carbon content favor the growth of 

members of Acidobacteria in soil forested samples.  However, the versatility and sophisticated 

metabolic mechanisms found in members of Acidobacteria enable them to flourish in deforested 

soil samples characterize by a low nutrient, low organic matter and organic carbon content. 

The abundance and wide distribution of Acidobacteria as well as its phylogenetic 

diversity suggest an important ecological role and broad metabolic versatility comparable to 

Proteobacteria (Quaiser et al., 2003).  However, little is known about their physiology and 

potential functions in the environment (Kuske et al., 2009).  Although, more experimental data is 

needed, it seems that Acidobacteria play a significant role as decomposers of complex carbon 

forms in soils. 

 In EBS and EBP libraries, the sequences of clones belonging to Proteobacteria were the 

second most abundant sequences, 24 % and 36 %, respectively.  However, sequences 

representing this bacterial group were the second and third most abundant in the EMP and EMS, 

23 % and 13%, respectively.  These results are in agreement with the results in the studies of 

(Dunbar et al., 2002) and (Zhou et al., 1997) where proteobacterial sequences comprised 15% 

and 53%, respectively, of the sequences libraries obtained from Arizona soils and Siberian 

tundra soil.  Janssen studied the microbial diversity in a pool data of thirty-two libraries of 
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16SrRNA genes from different soil samples worldwide.  Janssen reported that members of 

Proteobacteria were the most dominant bacterial group in libraries prepared from soil bacterial 

communities, making up an average of 39% (range, 10 to 77%) of the sequences retrieved 

(Janssen, 2006).  Proteobacteria is a very large and diverse group of gram-negative bacteria 

divided into five subgroups designated as alpha, beta, gamma, delta and epsilon.  The first four 

subgroups are commonly found in soils.  

Based on phylogenetic analysis, all 16S rRNA gene sequences related to Bradyrhizobium 

at Bosque del Pueblo were detected in the forested field, which could correlate with root biomass 

present at this site.  None 16S rRNA sequences retrieved from deforested site at Bosque del 

Pueblo were phylogenetically related to Bradyrhizobium.  This slow-growing bacterium lives 

symbiotically in plant root nodules, especially in root nodules of legumes, and is able to take 

atmospheric nitrogen and fix it into ammonia (NH3) or ammonium (NH4)
+, forms usable by 

plants.  In exchange the plants provide carbohydrates to Bradyrhizobium.  So, it seems that 16s 

rRNA sequences related to this group of bacteria play a main role in the nitrogen fixation process 

in the rhizosphere at Bosque del Pueblo.  

Sequences detected in the forested field at Bosque del Pueblo were also phylogenetic 

related to Rhodomicrobium genera.  According to Bergey’s Manual of Systematic Bacteriology, 

Rhodomicrobium vannielii is the only species of this genus.  This photoheterotrophic species has 

been found in freshwater and seawater environments and grow best in slightly acidic conditions 

with pH values between 5.2 and 6.5.   Rhodomicrobium sp. lives with simple organic substrates 

as carbon and electron sources, and prefers dinitrogen and ammonia as nitrogen sources.  So 

apparently the slightly acidic pH and the high carbon and nitrogen content of the soil at the 

forested field at Bosque del Pueblo favor the growth of   Rhodomicrobium sp. 
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The 16S rRNA gene sequence from Stella humosa strain DSM5900 was the cultivated 

strain most closely related to the two OTUs, represented by EMP420 and EMS403, from the 

deforested field at Bosque del Pueblo.  However, none of the OTU from the forested field at 

Bosque del Pueblo was phylogenetically related to Stella strain. Stella Humosa is one of the two 

species of Stella genus recognized by Bergey’s Manual of Bacteriology. Stella humosa was first 

isolated from soil by Vasilyeva (Vasilyeva, 1985); it was also found in freshwater habitats.  The 

genus Stella is characterized by star-shaped cells.  In the oligotrophic environment that prevails 

in the deforested soil at Bosque del Pueblo this morphology increases the surface/mass ratio of 

the bacteria, a competitive advantage to absorb nutrients from the soil.  It has been reported 

(Vasilyeva and Zavarzin. 1995) that this aerobic oligotrophic group utilizes the products of 

particulate organic matter decomposition formed by other microorganisms; they even are able to 

take traces of organic substrates from the air.  The physiologic and metabolic features of this 

strain provide them with the tools necessary to successfully compete against fast-growing 

bacteria that require higher concentrations of organic compounds. Conversely, the inability of 

this group to catabolize complex carbohydrate or protein polymers such as cellulose, starch and 

gelatin, inhibits a successful establishment of them in an environment rich in organic compound.  

Even more, the low growth rate of this strain means they cannot surpass the fast-growing 

bacteria that inhabit in the forested soil at Bosque del Pueblo, an environment rich in nutrients 

and organic compounds.  

An OTU represented by EMS450 formed a cluster with Skermanella xinjiangesis strain 

10-1-101 of the class Alphaproteobacteria.  This novel species of the genus Skermanella was 

isolated from a desert soil of Xinjiang, China (Hongli et al., 2009) and its validation is pending.  
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It is a chemoorganotrophic bacterium unable to hydrolyze complex organic compounds such as 

starch and cellulose or to fix nitrogen.   

16 S rRNA sequences, represented by OTU EBP157 and OTU EBP14, from the forested 

soil at Bosque del Pueblo were also phylogenetically related to alphaproteobacterial 

Methylocystis sp. and Methylosinus sp., respectively.  These bacteria are methonotrophs, gram-

negative obligate aerobes that use only methane and methanol as sole carbon and energy sources.  

There are two kinds of methane oxidizing bacteria: type I methanotrophs and type II 

methanotrops.  The first group is composed of members of the Gammaproteobacteria 

subdivision and the latter group belongs to the Alphaproteobacteria subdivision (Knief et al., 

2005).  Methanotrophic bacteria contributes significantly to the global flux of methane by 

oxidizing atmospheric methane, and also by oxidizing the methane produced by methanogenic 

bacteria during the decomposition of organic matter in soils. Methylocystis and Methylosinus 

have been detected in sample soils from Thailand (Knief et al., 2005) as well as from rice field 

soils (Le Mer and Roger, 2001), lake sediments (Costello and Lidstrom, 1999), acidic peat soil 

(Dedysh et al., 2006), and upland forests soils (Degelmann et al, 2010; Amaral et al., 1998). 

Forest soils are more efficient methane sink than other kind of soil such as cultivated soils.  It has 

been suggested that methane produced in forest soil sub layers, particularly under wet conditions, 

by methanogenic bacteria may support the methanotrophic activity in the upper aerobic layers of 

forest soils (Amaral et al., 1998; Le Mer and Roger, 2001). This fact may explain why sequences 

retrieved from the deforested soil samples at Bosque del Pueblo were not phylogenetically 

related to methanotropic bacteria. 

A cluster supported by a bootstrap value of 100% was formed between an OTU 

represented by EMP411 and Acidovorax sp. strain R-24667 isolated from an activated sludge 



 79 

(Heylen et al., 2006).  According to Bergey’s Manual of Bacteriology, Acidovorax species can be 

isolated from soil, water, activated sludge, and infected plants.  Members of Acidovorax are 

gram-negative, and most species are capable of heterotrophic denitrification of nitrate to nitrous 

oxide (N2O) and nitrogen gas (N2).  During the process some N2O and NO gases are released to 

the atmosphere.  Microbial activity in soils is known to play a key role in the production and 

consumption of N2, N2O, and NO, although the precise mechanism by which it occurs is 

complicated (Rösch et al., 2002).  The OTU represented by EMP411 was retrieved from the 5 to 

10 cm soil layer from the deforested soil sample at Bosque del Pueblo, so apparently the 

sequence comes from a bacterium responsible for denitrification at this site. Previous studies 

showed that denitrifying bacteria occurs abundantly in the upper soil layer (Rösch et al., 2002).  

In a similar way, another OTU represented by EBP126 and Burkholderia nodosa strain Br3461 

formed a single cluster supported by a bootstrap value of 100% and with a sequence similarity of 

97 %.  Burkholderia nodosa strain Br3461 was first isolated from nitrogen-fixing nodules on the 

roots of Mimosa scabrella in Brazil (Chen et al., 2005).  As described by Bergey’s Manual of 

Bacteriology members of Burkholderia genus are chemoorganotrophs and are found in a wide 

range of environments, including soil, water, plants, animals and humans; some are of medical 

importance.  Previous studies have reported that some Burkholderia species, such as 

Burkholderia nodosa strain Br3461, are able to fix nitrogen in symbiotic association with 

herbaceous legumes from different continents (Garau et al., 2009). In the present study the 

sequence EBP126 was retrieved from the soil surrounding the plant roots in the forested field at 

Bosque del Pueblo where it seems to play an important role in increasing plant nutrient 

availability via nitrogen fixation.  As previously mentioned in this study, the soils samples at 

Bosque del Pueblo reported acidic values.  In a study done in South Africa by Garau and 
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collaborators (Garau et al., 2009) Burkholderia strains were isolated from acidic soil (pH 5.5), 

Garau concluded that these strains play an important role in nitrogen  fixation on acidic soils.  

Among the gamma-proteobacterial sequences recovered at Bosque del Pueblo, an OTU 

represented by EMP208 formed a cluster supported by a bootstrap value of 100% and a  98% 

sequence similarity with an uncultured clone retrieved from acid mine drainage (AMD) of 

Evander mine in South Africa (Gihring et al. 2006).  Another OTU that clustered with the same 

uncultured clone detected at the AMD of Evander mine in South Africa was an OTU represented 

by EMP203, in this case the bootstrap value for this cluster was 63% and the similarity between 

the sequences was 97%. The closest cultivated bacterium to OTU EMP411 in the bank database 

is Beggiatoa sp. strain MS-81-1. Beggiatoa is a filamentous sulfur oxidizer genus.  Some 

bacterial sulfur oxidizer use sulfide as an energy source producing sulfuric acid as an oxidation 

product.  As expected, the low- nutrients, organic matter, carbon and nitrogen content in the 

deforested field at Bosque del Pueblo created an environmental niche that supports the growth of 

microorganism able to utilize the sources present in this soil. It seems that the clone sequence 

EMP411 belongs to a sulfur oxidizer microorganism that uses inorganic sources of energy at 

Bosque del Pueblo.  

Most of the bacterial 16s rRNA sequences obtained in the 0-5 cm (top) and 5-10 cm 

(bottom) from the EB  sample soils belong to members of Acidobacteria and Proteobacteria. 

However, most of the sequences recovered in the 0-5 cm and 5-10 cm sections from the 

deforested sample soils were representatives of the Chloroflexi.  Based on the phylogenetic 

analysis of the 16S rRNA genes sequences performed in the present study, 32%, and 48% of the 

sequences from EMS and EMP, respectively, belonged to members of  Chloroflexi.  In 

phylogenetic trees constructed, in this study, Ktedonobacter racemifer str-SOSP1-21 clustered 
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with clone sequences from EMS and EMP libraries, cluster was supported by bootstrap value of 

99%.   SOSP1-21 bacterial strain was the first characterized member of this filamentous, spore-

forming and gram-positive novel Class (Cavaletti, 2006).  This bacterial strain was isolated from 

a black locust woods in Gerenzano, Italy and was named Ktedobacter racemifer, now known as 

Ktedonobacter racemifer (Euzéby, 2007).  Ktedonobacter racemifer strain SOS1-21 grew at pH 

values between 4.2 and 7.2; and was able to grow in aerobic and microaerophilic conditions. 

Other bacterial strains phylogenetically related to SOSP1-21 were recovered from soil samples at 

different locations: a pine wood in Spain, an ant house in Honduras and a cereal field in Egypt 

(Cavaletti et al., 2006).  

In our study we observed that members of Chloroflexi were abundant in deforested soil 

samples (EMS and EMP).  They were nearly absent in forested soil samples (EBS and EBP).  It 

is important to note that as a consequence of mining explorations in deforested soil samples a 

subsurface layer of soil was exposed.  This newly exposed soil could be considered as a young or 

immature soil.  Taking that in consideration, our results coincide with Tarlera’s findings (Tarlera 

et al., 2008).   In her study, Tarlera constructed 16S rRNA gene chronolibraries to assess the 

composition of bacterial communities as a result of their natural development in inland dunes 

fields at Georgia, USA.  Interestingly, she found that members of Chloroflexi were more 

abundant in the youngest soil of her soil collection. This young soil described by Tarlera was 

also characterized by a low organic matter content (0.95%) and acidic pH value (4.4). Similar 

organic matter content (0.52%) and soil pH values (ca. pH 4.0) were measured in our study in 

deforested soil samples at Bosque del Pueblo. Tarlera concluded that Chloroflexi is a 

fundamental member in the soil initial colonization process in inland dunes fields and that the 

new bacterial community differs from the bacterial community in older soils.   
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 Members of phylum Verrucomicrobia accounted 23 %, 3% and 2% of the sequences in 

EBS, EBP and EMP libraries, respectively. No sequences of Verrucomicrobia were detected in 

EMS library.  This phylum is an abundant component of soil microbial communities worldwide.  

Verrucomicrobia has been estimated to comprise 1% to 10 % of the total bacteria in soils and on 

average constitute 5% of all the bacterial 16S rRNA in soils (Janssen, 2006). 

 As mentioned before the conditions present at the forested soil samples (EBS and EBP) at 

Bosque del Pueblo were characterized by higher soil organic matter, carbon and nitrogen 

contents than neighboring deforested soil samples (EMS and EMP).  The old-growth forest at 

EBS and EBP sampling sites constantly deposits leaf litter and woody debris to soil resulting in a 

rich nutrients environment that support the growth of  members of the phylum Verrucomicrobia.  

 On the basis of the 16S rRNA sequences similarity analysis, the nearest cultivated 

relative to OTUS represented by EBS111, EBS102, EBS108, and EBP417 is Chthoniobacter 

flavus strain-Ellin 428.  Janssen’s group isolated this strain from a rye grass and clover pasture 

soil in Victoria, Australia (Janssen et al., 2004).  Chthoniobacter flavus strain Ellin-428, a 

member of subdivision 2 of the phylum Verrucomicrobia, is a free-living gram-negative soil 

bacterium able to grow aerobically with many of the saccharide components of plant biomass 

such as glucose, fructose, galactose among others.  This strain grows at pH values between 4.0 to 

7.0.  No genes related with nitrogen fixation were detected in this strain.  So it seems that this 

bacteria, as in others soil bacterial community previously studied, play an important role in the 

transformation of organic carbon compounds in the surface of forested soil samples at Bosque 

del Pueblo.  Other member of subdivision 2 of Verrucomicrobia is Xiphinematobacter spp, live 

as an obligate endosymbiont in ectoparasitic nematodes found in soil and freshwater 
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environments (Janssen et al., 2004).  However, none of the sequences recovered from soil 

samples at Bosque del Pueblo were phylogenetic related to this group. 

  It was observed in our study that verrucomicrobial 16S sequences abundance decreased 

with soil depth.  Verrucomicrobial 16S rRNA sequences obtained from the forested soil samples 

(EBS and EBP) were more abundant in 0-5 cm deep soil core, 23 % of the total sequences from 

EBS clone library, than in 5-10 cm deep soil core, only 3% of the total sequences from EBP 

clone library.  This observation can be explained by the decrease of total organic carbon and total 

nitrogen with depth of soil.  Another variable that decrease with soil depth is soil moisture, 

which also has been associated with Verrucomicrobia abundance in soil.  In our study we 

observed that 94% (15 out of 16) of the total verrucomicrobial sequences recovered from Bosque 

del Pueblo were from forested soil samples (EBS and EBP) while deforested soil samples (EMS 

and EMP) accounted for only 6% (1 out of 16) of the total verrucomicrobial sequences.  So it 

seems that a high soil moisture content supports the growth of Verrucomicrobia members. The 

data obtained by Schmit and Buckley in 2001 suggests that the abundance of Verrucomicrobia is 

related to soil moisture (Schmit and Buckley, 2001).  However, Schmit and Buckley determined 

that more experimentation is required to understand how Verrucomicrobia respond to changes in 

the soil moisture content. It seems that other bacterial groups with different metabolic strategist 

can flourish at deeper soils where the resources are less available.   

Members of Verrucomicrobia have been isolated in terrestrial as well as in marine 

sediments (Polymenakou et al., 2005), aquatic environments (Lindstrom et al., 2004), acid rock 

drainage (Okabayashi et al., 2005) and associated with eukaryotic hosts (Janssen et al., 2004).  

However, the knowledge about the ecological contribution of members of this phylum is scarce, 

as it occurs with many other bacterial groups. 
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In EBS, EBP and EMS clone libraries, the clone sequences belonging to phylum 

Actinobacteria comprised 4%, 5% and 2%, respectively.  Therefore, the soil bacterial 

communities at Bosque del Pueblo showed lower dominance by Actinobacteria as compared 

with the average of 13% for other soil communities (Janssen, 2006).  However, in a study done 

by Tarlera and collaborators 1.9% of the clone sequences from three clone libraries corresponded 

to members of Actinobacteria (Tarlera et al, 2008).  In our study an OTU represented by 

EMS411 shared a sequence similarity of 98% with a clone sequence retrieved from dunes of 

southeast Georgia, USA (Tarlera et al. 2008).  The soil sample at the inland dunes from which 

the uncultured clone was obtained had a pH of 4.6, similar to pH values from soil samples at 

Bosque del Pueblo (Table 1).  As expected, the soil properties are determinant factors that 

influence the bacterial communities in soils.  

In the present study, members of phylum Firmicutes constituted 4%, 5%, and 6% of EBS, 

EMS, and EMP clone libraries, respectively.  None of the 16S rRNA sequences from EBP clone 

library were affiliated to Firmicutes.  Our results are in agreement with a study done by (Janssen, 

2006).   In his study Janssen determined that members of Firmicutes contribute a mean of 2% 

(range, 0 to 8%) to thirty-two 16S rRNA clone libraries that were analyzed.  As Janssen 

explained in his study, members of Firmicutes have long been considered common members of 

the soil bacterial community.  He argued that Firmicutes may be underrepresented in soil clone 

libraries because DNA’s extraction protocols are unable to properly lyse cells or spores from 

members of this bacterial group.  In our study an OTU represented by EBS100 formed a cluster 

supported by a bootstrap value of 79% with Paenibacillus terrigena.  EBS 100 and Paenibacillus 

terrigena type strain-A35 sequences shared a 96% sequence similarity.  Paenibacillus terrigena 

type strain-A35 was isolated from a soil sample in Chiba, Japan (Cheng-Hui X et al., 2007).  
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This gram-positive type strain do not fixes nitrogen nor possesses the nif gene. Another OTU 

represented by EMP435 formed a cluster supported by a bootstrap value of 99% with a clone 

sequence (45KB-113) from a sample soil of Georgia’s inland dune fields (Tarlera et al., 2008).  

Both sequences shared a 97% sequence similarity. In her study Tarlera reported that clone 

sequence 45k-113 was detected in a soil sample characterize by low organic matter content 

(0.76%) and mildly acidic conditions (pH ~4.6).  These soil properties are very similar in respect 

to the organic matter content (0.52%) and a soil pH (ca. 4) measured in our study at the bottom 

section of deforested soil sample (EMP) at Bosque del Pueblo.  

 Soil bacteria are an essential component in tropical forests because they play a major role 

in nutrient transformation (Smith and Paul 1990).  Land-use changes have been shown to have a 

significance effects on both the physical and the chemical properties of the soil (Girvan et al., 

2003; McCaig et al., 1999).  These properties in turn affect the soil bacterial composition and the 

process they mediate (Lauber et al., 2008). Results from the present study indicate that the shift 

in cover vegetation from forest to deforested soils caused by mining explorations has led to 

changes in soil properties, including an increase in acidity, and a decrease in nutrients, organic 

carbon, organic matter and total nitrogen content. The higher nutrients concentration found in the 

forest soil than in the deforested soil is likely due to its higher soil organic matter content, which 

in turn increases the soil cation-exchange capacity (Nüsslein and Tiedje, 1999). Similar changes 

in soil properties have been reported in other studies (Carney et al., 2004).  

In the present study the OTUs composition was unique to each clone library studied.  

Indeed, none of the OTUs was common to all four clone libraries.  However, more OTUs were 

common to EBS and EBP clone libraries from the forested soil.  Likewise, more OTUs were 

common to EMS and EMP clone libraries from the deforested soil.  Results from the LIBSHUFF 
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confirmed that all four clone libraries were statistically different.  This difference in bacterial 

community composition is parallel to the distinct physicochemical properties determined in the 

soil samples from which each clone library were obtained.   

In this study it was expected to detect 16S rRNA sequences from isolated strains such as 

Acidiphilum sp., Acidobacteria capsulatum, Terromicrobium acidophilum, Leptospirillum 

ferrooxidans, and/or closely-related strains because these strains represent the primary 

constituents of acid mine drainage (AMD) habitats (Brofft et al. 2002).  However, 16S rRNA 

sequences closely-related to common constituents of AMD habitats were no detected in this 

study.  A plausible reason for the absence of the expected 16S rRNA sequences is that soil 

samples from Bosque del Pueblo are less acidic (pH ~3.7 to 4.69) than AMD habitats (pH ~ 0-3).  

The pH values of the four soil samples from which clone libraries were obtained in this study 

were mildly acidic which is typical for pine-dominated forest (Brofft et al. 2002).  The mildly 

acidity of soil samples from Bosque del Pueblo, a tropical forest, may be due to the soil mineral 

composition.  pH values of the four soil samples at Bosque del Pueblo were measured by the two 

methods as indicated in Table 1 of Results the Section.  Interestingly, a higher acidity was 

observed in deforested soil samples (EMS and EMP) than in forested soil samples (EBS and 

EBP), regardless the method used to measure acidity.  Previously studies have identified soil pH 

as one of the most important selection factors that directly affect the bacterial composition in 

soils (Kim et al., 2007; Lima et al. 2002) 

Differences in water physicochemical properties of nearby streams at forested and 

deforested sites at Bosque del Pueblo were also observed.  These differences include a higher 

temperature, conductivity, and acidity in the water samples taken from the deforested site than 

the ones taken from the forested site.  Our results also showed that nickel and copper 
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concentrations (ppm) were two and three times higher, respectively, in water samples from 

deforested site in comparison with corresponding concentrations from forested site. As expected, 

the variations in water physicochemical properties as well as nickel and copper concentrations in 

water samples at two locations were statistically-significant according to ANOVA analysis.   

Based on the, (i) physicochemical properties in soil and water samples, and (ii) bacterial 

community composition observed at the two sites in Bosque del Pueblo, can be inferred that 

removal of vegetation at Bosque del Pueblo, resulting in the exposure of subsurface soil layers.  

In turn, the subsurface soil layers interact with water and atmospheric oxygen which promote 

metal ions and hydrogen ions release into the environment, altering acidity and metal 

composition of nearby soils and streams.  These events alter the niches altering available to 

bacteria within soils’ environment. 

Similar to clone libraries data, comparison of communities TRF profiles revealed 

compositional differences in the bacterial communities inhabiting at Bosque del Pueblo’s   soil 

samples.  The soil bacterial communities from secondary forest (EBS and EBP) clustered 

together and separately from bacterial communities from deforested soil (EMS and EMP), which 

indicated that they were similar in composition.  Our findings were consistent with our 

expectations based on physical chemical properties of soil and water streams at these locations.  

The two secondary forest soil samples (EBS and EBP) were characterize by a higher pH, and 

higher organic matter, organic carbon, and total nitrogen content.  This nutrient rich environment 

seemed to create a wide range of microhabitats within these soils that result in high values of 

phylotype richness and more diverse bacterial community than in the deforested soil samples 

(EMS and EMP).    
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The observed increase in acidity, and decrease in organic carbon, organic matter and total 

nitrogen content at Bosque del Pueblo’s may be caused by a shift in cover vegetation from 

secondary forest to deforested soil and this effect may be accompanied by other changes in soil 

properties such as metal ions concentration and acidity.  These changes in deforested soil 

samples (EMS and EMP) represent habitats with lower nutrients content where only bacteria 

with more sophisticated metabolisms could establish, such as Chloroflexi, Acidobacteria and 

Proteobacteria. 

In general a change from forest vegetation to nude soil constitute a major shift in the soil 

environment at Bosque del Pueblo, especially in carbon sources for the microorganisms, and 

accompanying changes in soil properties as well as water properties of nearby streams.  This 

vegetation change caused some changes in soil properties including an increase in soil acidity, 

and a decrease in nutrients availability, organic carbon, organic matter and total nitrogen content.  

The water streams nearby were also impacted by the change in vegetation at Bosque del Pueblo.  

The water streams suffered an increase in acidity and in nickel and copper trace concentrations.  

Hence, our study suggests that change from forest vegetation to nude soil, which in turn caused 

changes in soil and water properties is a determinant of the current microbial community 

composition observed at the two sites sampled.  Furthermore, now the bacterial community at 

each sampling sites also are modeling the soil environment and determinates which bacterial 

groups could establish within the soil. 

 Considering that the unmined porphyry deposits at Bosque del Pueblo were abandoned 

decades ago, and differences in the microbial community composition at the two sampling sites 

can still be observed, it would be interesting to formulate the following questions. How long 

succession to a secondary forest will take?  Will the forest return to its original state?  As a result 
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of secondary succession which changes in carbon substrates, and soil and water properties will 

occur? And, will the microbial community at Bosque del Pueblo will return to its original state? 
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CONCLUSIONS  
 
 

• In terms of the physico-chemical properties of soil and water streams at the sites, the 

organic matter, organic carbon, and total nitrogen content in the forested soil samples 

were higher than the corresponding content in deforested soil samples. The removal of 

vegetation cover caused a significantly decrease in the organic matter input to the soil and 

created a low nutrient environment.  It was also observed that water samples from 

deforested site exhibited nickel and copper concentrations (ppm) two and three times 

higher than samples from forested site. As a results of vegetation cover change the soils 

were exposed to water and atmospheric oxygen, causing the released of metals ions and 

hydrogen ions into the environment.  These differences in physico-chemical properties of 

water streams samples from Bosque del Pueblo may be caused by a shift in vegetation 

cover from secondary forest to deforested soil.  

• Based on the phylogenetic analysis of 16S rDNA gene sequences, members of 

Acidobacteria phylum were the most dominant bacterial population at secondary forest 

soil samples (EBS and EBP).  While in deforested soil samples (EMS and EMP) 

Chloroflexi members were the major constituents. These differences in bacterial 

community composition may be attributed to differences in soil samples’ physico-

chemical properties from two locations in Bosque del Pueblo. 

• According to diversities indexes, the bacterial composition was more diverse in Estacion 

Bosque than in Estacion Mina.  Apparently, the low nutrients environment in the 

deforested soil at Bosque del pueblo favors the establishment of microorganisms with 

more specialized metabolic mechanisms.   
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• PCR-amplified 16S rRNA clone libraries and Terminal Restriction Fragment Length 

Polymorphism (T-RFLP) analysis demonstrated to be useful tools to study the bacterial 

diversity from Bosque del Pueblo’s soil samples. 
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Temperature values of water samples at Estación Bosque and  Estación Mina in Bosque 
del Pueblo, Adjuntas, PR. 

 
 
 

Site Temperature measures in water samples (oC) a 
 S1 S2 S3 Mean SD 
Estación Bosque      

February 19.71 19.89 19.87 19.82 .09 
March 20.82 20.87 20.99 20.89 .08 
April 21.99 21.9 22.23 22.04 .17 
May 22.6 22.74 22.51 22.61 .12 
June 23.01 23.12 23.16 23.09 .08 
July 22.55 22.63 22.78 22.65 .11 

August 22.02 22.07 22.11 22.06 .04 
September 21.79 21.88 21.90 21.85 .05 
October 20.35 20.28 20.32 20.31 .04 

November 19.98 19.92 19.96 19.95 .08 
Estación Mina      

February 22.18 22.6 22.3 22.36 .22 
March 23.51 23.25 23.47 23.41 .14 
April 23.10 23.02 23.09 23.07 .04 
May 23.19 23.12 23.17 23.16 .04 
June 23.53 23.41 23.50 23.48 .06 
July 23.54 23.45 23.48 23.49 .04 

August 22.65 22.60 22.55 22.60 .05 
September 22.10 22.31 22.15 22.18 .11 
October 22.09 22.13 22.17 22.13 .04 

November 21.30 21.36 21.27 21.31 .04 
a Water samples were taken in triplicates. 
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 pH values of water samples at Estación Bosque and  Estación Mina in Bosque del 
Pueblo, Adjuntas, PR. 

 
 

Site pH measures in water samples a 
 S1 S2 S3 Mean SD 
Estación Bosque      

February 5.59 5.49 5.53 5.54 0.05 
March 5.43 5.38 5.41 5.41 0.02 
April 5.4 5.42 5.35 5.39 0.04 
May 5.38 5.41 5.33 5.37 0.04 
June 4.9 4.83 4.88 4.87 0.04 
July 4.95 4.85 4.93 4.91 0.05 

August 5.51 5.43 5.46 5.47 0.05 
September 5.63 5.57 5.61 5.6 0.03 
October 5.19 5.2 5.27 5.22 0.04 

November 5.3 5.27 5.34 5.3 0.04 
Estación Mina      

February 4.49 4.5 4.51 4.50 0.01 
March 3.99 4.2 4.10 4.10 0.10 
April 4.2 4.3 4.01 4.17 0.15 
May 3.9 3.92 3.99 3.94 0.05 
June 3.95 4.09 4.02 4.02 0.07 
July 4.05 3.98 4.04 4.02 0.04 

August 3.88 3.89 3.92 3.90 0.02 
September 3.98 4.31 3.99 4.10 0.19 
October 3.86 4.03 4.27 4.05 0.21 

November 3.92 3.93 4.11 3.99 0.10 
a Water samples were taken in triplicates. 
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Coductivity (mS/cm) values of water samples at Estación Bosque and  Estación Mina in 
Bosque del Pueblo, Adjuntas, PR. 

 
 

Site Conductivity measures in water samples (mS/cm)a 
 S1 S2 S3 Mean SD 
Estación Bosque      

February 0.049 0.041 0.047 0.045 0.004 
March 0.054 0.042 0.047 0.047 0.006 
April 0.065 0.063 0.055 0.061 0.005 
May 0.051 0.052 0.064 0.055 0.007 
June 0.040 0.057 0.059 0.052 0.010 
July 0.041 0.062 0.053 0.052 0.010 

August 0.042 0.060 0.051 0.051 0.009 
September 0.063 0.071 0.059 0.064 0.006 
October 0.055 0.056 0.068 0.059 0.007 

November 0.047 0.049 0.062 0.052 0.008 
Estación Mina      

February 0.399 0.432 0.419 0.416 0.016 
March 0.39 0.399 0.399 0.396 0.005 
April 0.34 0.353 0.35 0.347 0.006 
May 0.46 0.385 0.409 0.418 0.038 
June 0.415 0.453 0.469 0.445 0.027 
July 0.388 0.39 0.399 0.392 0.005 

August 0.376 0.353 0.452 0.393 0.051 
September 0.38 0.415 0.391 0.395 0.017 
October 0.35 0.408 0.369 0.375 0.029 

November 0.403 0.469 0.45 0.440 0.033 
a Water samples were taken in triplicates. 
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Nickel elemental analysis of water samples at Estación Bosque and  Estación Mina in 

Bosque del Pueblo, Adjuntas, PR. 
 
 

Site Niquel concentration in water samples,  Ni (ppm)a 
 S1 S2 S3 Mean SD 
Estación Bosque      

February 0.0143 0.0133 .0135 0.0138  0.0005 
March 0.2030 0.1940 0.1990 0.0199  0.0005 
April 0.1690 0.1706 0.1620 0.0167  0.0005 
May 0.1860 0.1913 0.1846 0.0187  0.0004 
June 0.1720 0.1646 0.1656 0.0167  0.0004 
July 0.0956 0.1133 0.1046 0.0105  0.0008 

August 0.1206 0.1216 0.1200 0.0121  0.0008 
September 0.1110 0.1113 0.1163 0.0113  0.0003 
October 0.0843 0.0983 0.1046 0.0096  0.0010 

November 0.1073 0.1093 0.1013 0.0106  0.0004 
Estación Mina      

February 0.2126 0.2220 0.2196 0.0218  0.0005 
March 0.2660 0.2550 0.2550 0.0259  0.0006 
April 0.2243 0.2253 0.2240 0.0225  0.0007 
May 0.2493 0.2513 0.2513 0.0251  0.0001 
June 0.2590 0.2653 0.2540 0.0259  0.0005 
July 0.2560 0.2593 0.2586 0.0258  0.0002 

August 0.2743 0.2803 0.2630 0.0273  0.0008 
September 0.2313 0.2370 0.2440 0.0237  0.0006 
October 0.2126 0.2110 0.2166 0.0213  0.0003 

November 0.2426 0.2506 0.2430 0.0245  0.0005 
a Water samples were taken in triplicates. 
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Copper elemental analysis of water samples at Estación Bosque and  Estación Mina in 

Bosque del Pueblo, Adjuntas, PR. 
 
 

Site Copper concentration in water samples,  Cu (ppm)a 
 S1 S2 S3 Mean SD 
Estación Bosque      

February 1.8040 1.7746 1.7840 1.7875  0.0152 
March 1.8593 1.8646 1.8620 1.8619  0.0027 
April 1.8600 1.8333 1.8333 1.8422  0.0154 
May 2.1713 2.1293 2.1266 2.1424  0.0251 
June 2.5726 2.6160 2.6040 2.5975  0.0224 
July 2.3226 2.3013 2.3006 2.3082  0.0125 

August 1.8660 1.8726 1.8666 1.8684  0.0037 
September 1.8206 1.8126 1.8166 1.8166  0.0040 
October 2.3226 2.3200 2.2966 2.3131  0.0143 

November 1.6673 1.6660 1.6740 1.6691  0.0043 
Estación Mina      

February 5.3200 5.3200 5.2967 5.3122  0.0134 
March 6.1200 6.2200 6.1800 6.1733  0.0503 
April 6.1467 6.1733 6.2200 6.1800  0.0371 
May 5.7467 5.7867 5.8267 5.7867  0.0044 
June 6.3200 6.3333 6.5333 6.3955  0.1195 
July 6.6667 6.4800 6.7333 6.6267  0.1313 

August 8.0400 7.9533 7.8800 7.9578  0.0800 
September 7.0133 7.0266 6.8933 6.9777  0.0734 
October 5.7933 5.6800 5.7866 5.7533  0.0635 

November 5.3233 5.3500 5.3633 5.3455  0.0204 
a Water samples were taken in triplicates. 
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The closest relative of the 5’end region representative bacterial clone sequences (OTUs) from clone libraries at Bosque del 
Pueblo, Adjuntas PR 

 
Phylogenetic group OTU,  

(clone sequences 
within OTU) 

Accesion 
No. 

Closesst identified relative 
in GenBank 

Source or physiology of the 
closest relative 

% 
Sequence 
identity 

Reference 

Acidobacteria EBP402  Uncultured bacterium clone 
    (EF516455.1) 

Grassland soil from California 97 Cruz-Martinez et  
   al. 2009. 

Acidobacteria EMS414   
(EMP424, 
EMP426) 

 Uncultured bacterium clone 
    (EF492955.1) 

Soil around iron-manganese 
   nodule from China 

95 He et al. 2008. 

Acidobacteria EMS109  Uncultured bacterium clone 
    (AM749754.1) 

Steam-affected geothermal 
   soil from Tikitere, New  
   Zealand 

96 Stott et al. 2008. 

Acidobacteria EBP140 
   (EBP133) 

 Uncultured bacterium clone 
    (AY326548.1)  

Forest soil from western  
   Amazon 

98 Kim et al. 2007. 

Acidobacteria EMS415  Uncultured bacterium clone 
    (EF018396.1)  

Rhizosphere soil from … 98 Lesaulnier et al. 
   2008. 

Acidobacteria EBS80  Uncultured bacterium clone 
    (FJ475507.1) 

Soil from pinus sylvestris  
   forest 

84 Yarwood et al. 
   2009. 

Acidobacteria EBS101  Uncultured bacterium clone 
    (GU015877.1) 

Coniferous forest soils in  
   central Taiwan 

98 Lin et al. 
   unpublished. 

Acidobacteria EBS87  Uncultured bacterium clone 
    (EU335381.1)  

Soil agreggate from BaC 98 Hansel et al. 2008. 

Acidobacteria EBP162  Uncultured bacterium clone 
    (EU150198.1) 

Soil from Niwot Ridge LTER,  
   Colorado USA 

96 Jones et al.  
   unpublished. 

Acidobacteria EMS146 
   (EMS2) 

 Uncultured bacterium clone 
   (EF018237.1) 

Rhizosphere soil from … 96 Lesaulnier et al.  
   2008. 

Acidobacteria EMS112  Uncultured bacterium clone 
    (EU680451.1) 

Forest soil of Gaoligong  
   Mountains, Yunnan, China 

96 Zhou et al.  
   unpublished. 

Acidobacteria EBP9  Uncultured bacterium clone 
    (DQ984559.1) 

Tropical forest soil from  
   Taiwan 

89 Tseng et al.  
   unpublished. 

Acidobacteria EMP207  Uncultured bacterium clone 
    (DQ984559.1) 

Tropical forest soil from  
   Taiwan 

95 Tseng et al.  
   unpublished. 

Acidobacteria EBP114 
   
(EBS89,EBS90) 

 Uncultured bacterium clone 
    (EU335375.1) 

Soil agreggate from BaC 97 Hansel et al. 2008. 

Acidobacteria EBP412  Uncultured bacterium clone 
    (DQ829645.1) 

Soil from Donana National  
   Park, Spain 

98 Zimmermann et al. 
   unpublished. 
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Continued. The closest relative of the 5’end region representative bacterial clone sequences (OTUs) from clone libraries at 

Bosque del Pueblo, Adjuntas PR 
 
 
Phylogenetic group OTU,  

(clone sequences 
within OTU) 

Accesion 
No. 

Closesst identified relative 
in GenBank 

Source or physiology of the 
closest relative 

% 
Sequence 
identity 

Reference 

Acidobacteria EBP139  Uncultured bacterium clone 
    (AY326563.1) 

Forest soil from western  
   Amazon 

98 Kim et al. 2007. 

Acidobacteria EBP125  Uncultured bacterium clone 
    (EU881256.1) 

Grazing and burned annual,  
   field soil in Karst region  
   from Guangxi, China 

97 Chen et al.  
   unpublished. 

Acidobacteria EMP55  
(EMS6,EMS113) 

 Uncultured bacterium clone 
    (AY963457.1)  

Forest soil from south- west  
   China 

99 Chan et al. 2006. 

Acidobacteria EMS139  Uncultured bacterium clone 
    (Y11632.1) 

Zinc-polluted soil from  
   Canada 

97 Brim et al. 1999. 

Acidobacteria EBP111  Uncultured bacterium clone 
    (EU881269.1) 

Grazing and burned annual,  
   field soil in Karst region  
   from Guangxi, China 

99 Chen et al.  
   unpublished. 

Acidobacteria EBS94  Uncultured bacterium clone 
    (GQ402669.1) 

Tropical peat swamp forest  
   from Thailand 

97 Kanokratana et al.  
   unpublished. 

Alphaproteobacteria EBP107 
   (EBP144) 

 Uncultured bacterium clone 
    (FJ418920.1) 

Bradyrhizobium sp. str-PC28 99 Bogino and  
   Giordano  
   unpublished. 

Alphaproteobacteria EBP150  Uncultured bacterium clone 
    (DQ404891.1) 

Nitrate and heavy metal  
   contaminated soils 

98 Abulencia et al.  
  2006. 

Alphaproteobacteria EBP124 
(EBS76,EBS103,
EBS125,EBS413, 
EBP156,EMP418 

 Uncultured bacterium clone 
    (EU881284.1) 

Grazing and burned annual,  
   field soil in Karst region  
   from Guangxi, China 

99 Chen et al.  
   unpublished. 

Alphaproteobacteria EBP14  Uncultured bacterium clone 
    (AM162444.1) 

Sphagnum peat bog from  
   West Siberia, Russia: 

97 Dedysh et al. 2006 

Alphaproteobacteria EMS417  Uncultured bacterium clone 
    (EU979069.1) 

Rhizosphere of faba bean  
   (Vicia Faba) 

92 Zhang et al.  
   unpublished 

Alphaproteobacteria EBS91  Uncultured bacterium clone 
    (EU335285.1) 

Soil agreggate from BaC 97 Hansel et al. 2008. 

Alphaproteobacteria EBS106  Uncultured bacterium clone 
    (FJ178158.1) 

Upland red soil under  
   different land uses 

94 He et al.  
   unpublished. 
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Continued. The closest relative of the 5’end region representative bacterial clone sequences (OTUs) from clone libraries at 
Bosque del Pueblo, Adjuntas PR 

 
 

Phylogenetic group OTU,  
(clone sequences 

within OTU) 

Accesion 
No. 

Closesst identified relative 
in GenBank 

Source or physiology of the 
closest relative 

% 
Sequence 
identity 

Reference 

Alphaproteobacteria EBP169 
   (EBP129) 

 Uncultured bacterium clone 
    (AB250621.1) 

Rhodomicrobium vannielii str- 
    TUT3402 

90 Hisada et al. 2007. 

Alphaproteobacteria EMP438  Uncultured bacterium clone 
    (EF018202.1) 

Rhizosphere soil from … 96 Lesaulnier et al. 
   2008. 

Alphaproteobacteria EBP105  Uncultured bacterium clone 
    (EF494369.1) 

Nunnock River granitic  
   landscape from Australia 

95 Macalady et al.  
   unpublished. 

Betaproteobacteria EMP411  Acidovorax sp. str- R-24667 
    (AM084010.1) 

Cultivation of denitrifying  
   bacteria 

98 Heylen et al. 2006. 

Betaproteobacteria EBP126  Uncultured bacterium clone 
    (AM284970.1) 

Burkholderia nodosa str-  
   Br3461 

97 Chen et al. 2008. 

Deltaproteobacteria EBP414  Uncultured bacterium clone 
    (GU016086.1) 

Secondary coniferous forest  
   soils in central Taiwan 

99 Lin et al.  
   unpublished. 

Deltaproteobacteria EBP104 
   (EBP101) 

 Uncultured bacterium clone 
    (EU134345.1) 

Tallgrass prairie soil from  
   Kessler farm Oklahoma, 
   USA 

97 Elshahed et al.  
   2008. 

Deltaproteobacteria EBS74  Uncultured bacterium clone 
    (EU335298.1) 

Soil agreggate from BaC 87 Hansel et al. 2008. 

Deltaproteobacteria EBP163  Uncultured bacterium clone 
    (AM941477.1) 

Soil from an acidic fen from  
   Germany 

96 Kuesel et al.  
   unpublished. 

Gammaproteobacteria EMS106  Legionella waltersii strain 
2074-AUS-E (AF122886.2) 

Isolated from water in France 93 Lo Presti et al.  
   2001. 

Gammaproteobacteria EMP208  
(EMP205, 
EMP210) 

 Uncultured bacterium clone 
    (DQ223199.1) 

Subsurface water from Au  
   mines of the Kalahari  
   Shield, South Africa 

98 Gihring et al. 2008. 

Gammaproteobacteria EMS134  Uncultured bacterium clone 
    (EF019160.1) 

Rhizosphere soil 95 Lesaulnier et al.  
   2008. 

Actinobacteria EBP147  Uncultured bacterium clone 
    (FM206309.1) 

Rhizosphere soil of Pinus  
   radiate from Rotorua, New  
    Zealand 

97 Lottmann et al.  
   unpublished. 

Actinobacteria EBP143 
   (EBP142) 

 Actinomadura livida str- 
IMSNU 22191T 
   (AJ293706.1) 

Genomic DNA 90 Lee and Hah  
   unpublished. 
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Continued. The closest relative of the 5’end region representative bacterial clone sequences (OTUs) from clone libraries at 
Bosque del Pueblo, Adjuntas PR 

 
 

Phylogenetic group OTU,  
(clone sequences 

within OTU) 

Accesion 
No. 

Closesst identified relative 
in GenBank 

Source or physiology of the 
closest relative 

% 
Sequence 
identity 

Reference 

Actinobacteria EBP145  Thermomonosporaceae 
bacterium PENDO-1810  
   (GQ924504.1) 

Endophytic actinomycetes  
   from tropical plants, Papua  
   New Guinea 

90 Janso and Carter.  
   2010. 

Actinobacteria EBS116  Microbispora sp. 212030 
   (FJ261983.1) 

Mangrove soil from China 95 Xu and Hong. 
   unpublished. 

Actinobacteria EBS175  Uncultured bacterium clone 
    (EU080982.1) 

Soil from Rajasthan, India 91 Purohit et al.  
   unpublished. 

Firmicutes EBS100  Paenibacillus terrigena str- 
TDSAS2-38  
   (GQ284528.1) 

Mangrove sediment from  
   India 

96 Bhattacharya and 
   Chakrabarti  
   unpublished. 

Firmicutes EMS108  Paenibacillus terrigena str- 
TDSAS2-38 
    (GQ284528.1) 

Mangrove sediment from  
   India 

89 Bhattacharya and 
   Chakrabarti  
   unpublished. 

Firmicutes EMS107  Uncultured bacterium clone 
    (GU172181.1) 

Eucalyptus plantation soil  
   from China 

98 Duan unpublished. 

Firmicutes EMP435  Uncultured bacterium clone 
    (EU044321.1) 

Inland dune fields at Georgia,  
   USA 

97 Tarlera et al. 2008. 

Firmicutes EMP427 
   (EMP410) 

 Uncultured bacterium clone 
    (EF018887.1) 

Rhizosphere soil from … 97 Lesaulnier et al.  
   2008. 

Firmicutes EMS13  Uncultured bacterium clone 
    (GU016168.1) 

Coniferous forest soils in  
   central Taiwan 

99 Lin et al.  
   unpublished. 

Bacteroidetes EMS405  Uncultured bacterium clone 
    (EF075839.1) 

Forest soil from Georgia,  
   USA 

97 Jangid et al. 2008. 

Planctomycetes EBP119   
(EBP405, 
EBP418) 

 Uncultured bacterium clone 
    (EF663133.1) 

Cropland soil on GASP KBS- 
   LTER sampling site  from  
   Michigan, USA 

96 Jangid et al.  
   unpublished. 

Planctomycetes EMS145  Uncultured bacterium clone 
    (EF074464.1) 

Pasture soil on GASP  
   Watkinsville sampling site  
   from Georgia, USA 

97 Jangid et al. 2008. 

Verrucomicrobia EBS85  Uncultured bacterium clone 
    (EF665522.1) 

Forest at the GASP KBS- 
   LTER sampling from  
   Michigan, USA 

94 Jangid et al.  
   unpublished. 
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Continued. The closest relative of the 5’end region representative bacterial clone sequences (OTUs) from clone libraries at 

Bosque del Pueblo, Adjuntas PR 
 
Phylogenetic group OTU,  

(clone sequences 
within OTU) 

Accesion 
No. 

Closesst identified relative 
in GenBank 

Source or physiology of the 
closest relative 

% 
Sequence 
identity 

Reference 

Verrucomicrobia EBS120  Uncultured bacterium clone 
    (AY963387.1) 

Forest soil from south- west 
   China 

97 Chan et al. 2006. 

Verrucomicrobia EBS107 
   (EBS170) 

 Uncultured bacterium clone 
    (EF018903.1) 

Rhizosphere soil 97 Lesaulnier et al. 
   2008. 

Verrucomicrobia EBP109  Uncultured bacterium clone 
    (GQ402703.1) 

Tropical peat swamp forest  
   from Thailand 

98 Kanokratana et al. 
   unpublished. 

Verrucomicrobia EBS102  Uncultured bacterium clone 
    (EU335328.1) 

Soil agreggate from BaC 91 Hansel et al. 2008. 

Verrucomicrobia EBS108 
   (EBS92,EBS98,  
    EBS112) 

 Uncultured bacterium clone 
    (AB240266.1) 

Rhizosphere soil 95 Nakamura et al.  
   2005. 

Verrucomicrobia EBP417 
   (EBS172) 

 Uncultured bacterium clone 
    (EF492980.1) 

Soil around iron-manganese  
   nodule from China  

96 He et al. 2008. 

Cyanobacteria EMS141 
   (EMS88) 

 Uncultured bacterium clone 
    (FJ592879.1) 

Soil from Socompa Volcano,  
   Andes 

96 Costello et al. 
   2009. 

Cyanobacteria EBP123  Uncultured bacterium clone 
    (EF516266.1) 

Grassland soil from California 96 Cruz-Martinez et  
   al. 2009. 

Cyanobacteria EMS110  Cylindrospermum sp.A1345  
   (DQ897365.1) 

Genomic DNA 92 Ganesan and  
   Anand. 
    Unpublished. 

Elusimicrobia EBP120  Uncultured bacterium clone 
    (EU044559.1) 

Inland dune fields at Georgia,  
   USA 

94 Tarlera et al. 2008. 

Nitrospira EMS80  Uncultured bacterium clone 
    (AY326514.1) 

Forest soil from western  
   Amazon 

99 Kim et al. 2007. 

Chloroflexi EBP403  Uncultured bacterium clone 
    (DQ129211.2) 

Coweeta forest soil from 
North Carolina-georgia 
border, USA 

88 Upchurch et al. 
2008. 
    

Chloroflexi EMS449  Uncultured bacterium clone 
    (AY917525.1) 

Volcanic deposit from 1790,  
   Hawaii,USA 

88 Gomez-Alvarez  
   and Nuesslein.  
   unpublished. 

Chloroflexi EBS79  Uncultured bacterium clone 
    (EU335420.1) 

Soil agreggate from BaC 87 Hansel et al. 2008. 
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Continued. The closest relative of the 5’end region representative bacterial clone sequences (OTUs) from clone libraries at 

Bosque del Pueblo, Adjuntas PR 
 
Phylogenetic group OTU,  

(clone sequences 
within OTU) 

Accesion 
No. 

Closesst identified relative 
in GenBank 

Source or physiology of the 
closest relative 

% 
Sequence 
identity 

Reference 

Chloroflexi EMP406  Uncultured bacterium clone 
    (GU205279.1) 

Sediment from Venezuelan  
   Tepui (Orthoquartzite) Cave 
 

94 Giarrizzo et al. 
  unpublished. 

Chloroflexi EMS85  Uncultured bacterium clone 
    (AY425781.1) 

Volcanic deposit from  1921,  
   Hawaii,USA 

94 Gomez-Alvarez et  
  al. 2007. 

Chloroflexi EMP442  Uncultured bacterium clone 
    (AY425781.1) 

Volcanic deposit from  1921,  
   Hawaii,USA 

94 Gomez-Alvarez et 
  al. 2007. 

Chloroflexi EMP407  Uncultured bacterium clone 
    (EU680443.1) 

Forest soil of Gaoligong  
   Mountains from Yunnan, 
    China 

92 Zhou et al.  
  unpublished. 

Chloroflexi EMS12   
(EMS135, 
EMS140, 
EMS402) 

 Uncultured bacterium clone 
    (AY917586.1) 

Volcanic deposit from  1894,  
   Hawaii,USA 

91 Gomez-Alvarez  
   and Nuesslein.  
   unpublished. 

Chloroflexi EMP434  
(EMP425, 
EMP429, 
EMP444) 

 Uncultured bacterium clone 
    (EU335423.1) 

Soil agreggate  from Oak  
   Ridge, TN, USA 

95 Hansel et al. 2008. 

Chloroflexi EMP421   
(EMP422, 
EMP441, 
EMP439) 

 Uncultured bacterium clone 
    (EU335420.1) 

Soil agreggate from Oak  
   Ridge, TN, USA 

96 Hansel et al. 2008. 

Chloroflexi EMS111  Uncultured bacterium clone 
    (HM469587.1) 

Soil from uranium mine  
   surrounding area, India 

90 Dhal et al.  
   unpublished. 

Chloroflexi EMS115 
   (EMS117) 

 Uncultured bacterium clone 
    (HM439333.1) 

Open cast uranium mine  
   environment from   
   Banduhurang, India 

87 Islam et al.  
   unpublished. 

Chloroflexi EMS7 
   (EMS144) 

 Uncultured bacterium clone 
    (AY917962.1) 

Volcanic deposit from  1982,  
   Hawaii,USA 

91 Gomez-Alvarez  
   and Nuesslein.  
   unpublished. 

Chloroflexi EMP415  AY646712.1 Forest soil from Brasil 88 Val-Moraes et al.  
   unpublished. 
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Continued. The closest relative of the 5’end region representative bacterial clone sequences (OTUs) from clone libraries at 
Bosque del Pueblo, Adjuntas PR 

 
Phylogenetic group OTU,  

(clone sequences 
within OTU) 

Accesion 
No. 

Closesst identified relative 
in GenBank 

Source or physiology of the 
closest relative 

% 
Sequence 
identity 

Reference 

Chloroflexi EMP7  (EU651820.1) Forest soils in central Taiwan 91 Lin et al. 2010. 
Chloroflexi EMP11  Bacterium SOSP1-142 

   (AM180162.1) 
Genomic DNA 91 Cavaletti et al.  

   2006. 
Chloroflexi EMS133  Uncultured bacterium clone 

    (AY425771.1) 
Volcanic deposit from  1790, 
   Hawaii,USA 

90 Gomez-Alvarez et 
   al. 2008. 

Chloroflexi EMP413  Uncultured bacterium clone 
    (AY917334.1) 

Volcanic deposit from  1790, 
   Hawaii,USA 

93 Gomez-Alvarez 
   and Nusslein.  
   2007 

Unclassified EBP166  Uncultured bacterium clone 
    (EU881239.1) 

Grazing and burned annual,  
   field soil in Karst region  
   from Guangxi, China 

98 Chen et al.  
   unpublished. 

Unclassified EBS104  Uncultured bacterium clone 
    (GQ402688.1) 

Tropical peat swamp forest  
   from Thailand 

98 Kanokratana et al.  
   unpublished. 

Unclassified EBP406  Uncultured bacterium clone 
    (DQ984572.1) 

Tropical forest soil from 
   Taiwan 

97 Tseng et al.  
   unpublished. 

Unclassified EBP401  Uncultured bacterium clone 
    (FJ466267.1) 

1959 Kilauea volcanic 
   deposit, Hawaii 

98 Weber and King. 
   2010. 

Unclassified EMS143  Uncultured bacterium clone 
    (GU016302.1) 

Secondary coniferous forest 
   soils in central Taiwan 

98 Lin et al.  
   Unpublished 

Unclassified EBP113  Uncultured bacterium clone 
    (EU445222.1) 

Tropical forest topsoil from  
   Kuala Lumpur, Malaysia 

96 Pang et al.  
   Unpublished 

Unclassified EBP404  Uncultured bacterium clone 
    (AY724006.2) 

Forest soil from Cologne,  
   Germany 

98 Rosch and Bothe.  
   2005. 

Unclassified EMP401  Uncultured bacterium clone 
    (GU598869.1) 

Forest soil from Hubbard  
   Brook, New Hampshire,  
   USA 

97 Ganapathi et al.  
   unpublished. 
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The closest relative sequences of the 3’end region representative bacterial clone sequences from soil samples at Bosque del 

Pueblo, Adjuntas PR 
 
 

Phylogenetic group OTU, (clone 
sequences within 

OTU) 

Accesion 
No. 

Closesst identified relative in 
GenBank 

Source or physiology of 
the closest relative 

% 
Sequence 
identity 

Reference 

Acidobacteria EBP146  
(EBP170,EMS137,
EMS136) 

 Uncultured bacterium clone 
   (DQ829638.1) 
 

Soil from Donana National    
   Park (Spain) 

99 Zimmermann et al.  
   Unpublished. 

Acidobacteria EBP108  Uncultured bacterium clone 
   (AY963506.1) 

Forest soil from south- 
   west China 

99 Chan et al.2006. 

Acidobacteria EBP115    
(EBP413,EMS120) 

 Uncultured bacterium clone 
   (AY963457.1) 

Forest soil from south-
west  China 

98 Chan et al.2006. 

Acidobacteria EBP409 
   (EBS78,  
  EBP122,    
   EBP408) 

 Uncultured bacterium clone 
   (EF516884.1) 

Grassland soil from  
   California 

98 Cruz et al. 2009. 

Acidobacteria EBP110 
   (EBS95,EBS174) 

 Uncultured bacterium clone 
   (EF515877.1) 

Grassland soil from  
   California 

99 Cruz et al. 2009. 

Acidobacteria EMP417  Uncultured bacterium clone 
   (EF018458.1) 

Soil rhizosphere (elevated) 99 Lesaulnier et al.  
   2008 

Acidobacteria EMS409  Uncultured bacterium clone 
   (AB238786.1) 

Peat soil in shallow 
   subsurface of  Sarobetsu  
   Mire 

96 Akiyama et al.  
   unpublished. 

Acidobacteria EMP404  Uncultured bacterium clone 
   (EF516877.1) 

Grassland soil from  
   California 

95 Cruz et al. 2009. 

Acidobacteria EBS86  Uncultured bacterium clone 
   (AY913380.1) 

Forest soil from Cologne,  
   German 

95 Roesch et al.  
   unpublished. 

Acidobacteria EBP416   
(EBP161,EBP152, 
EMP414) 

 Uncultured bacterium clone 
   (DQ984566.1) 

Tropical forest soil from  
   Taiwan 

99 Tseng et al.  
   unpublished. 

Acidobacteria EBS77  Uncultured bacterium clone 
   (EU881239.1) 

Soil in Karst region from  
   China 

96 Chen et al.  
   unpublished. 

Acidobacteria EBP136 
   (EBP112) 

 Uncultured bacterium clone 
   (AY913233.1) 

Forest soil from Cologne,  
   German 

98 Roesch et al.  
   unpublished. 

Acidobacteria EMP440  Uncultured bacterium clone 
   (AY913350.1) 

Forest soil from Cologne,  
   German 

97 Roesch et al  
   unpublished. 
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Continued. The closest relative sequences of the 3’end region representative bacterial clone sequences from soil samples at 
Bosque del Pueblo, Adjuntas PR 

 
 

Phylogenetic group OTU, (clone 
sequences within 

OTU) 

Accesion 
No. 

Closesst identified relative in 
GenBank 

Source or physiology of 
the closest relative 

% 
Sequence 
identity 

Reference 

Acidobacteria EBP151 
   (EBP153) 

 Uncultured bacterium clone 
   (DQ984565.1) 

Tropical forest soil from  
   Taiwan 

99 Tseng et al.  
   unpublished. 

Acidobacteria EBS71  Uncultured bacterium clone 
   (AY963306.1) 

Forest soil from south-  
   west China 

96 Chan et al.2006. 

Acidobacteria EMS5  Uncultured bacterium clone 
   (AY963306.1) 

Forest soil from south-  
   west China 

97 Chan et al.2006. 

Acidobacteria EBP164 
   (EBP141) 

 Uncultured bacterium clone 
    (EF516094.1) 

Grassland soil from 
   California 

99 Cruz et al. 2009. 

Acidobacteria EMS418 
   (EMS419) 

 Uncultured bacterium clone 
    (EF494344.1) 

Nunnock River granitic  
   landscape from Australia 

97 Green et al. 2007. 

Acidobacteria EBS81  Uncultured bacterium clone 
    (AB179518.1) 

Iron oxide nodules in  
   sedimentary rock from 
    Toyohashi, Japan  

96 Yoshida et al.  
   unpublished. 

Acidobacteria EBS105  Uncultured bacterium clone 
    (DQ451501.1) 

Fushan forest soil from 
    Taiwan 

99 Tsai et al. 2009. 

Acidobacteria EBP411  Uncultured bacterium clone 
    (AY963462.1) 

Forest soil from south-  
    west China 

99 Chan et al.2006. 

Acidobacteria EBS126  Solibacter usitatus  str-
Ellin6076  
   (CP000473.1) 

 98 Copeland et al. 
   unpublished 

Acidobacteria EBS97  Uncultured bacterium clone 
    (EF516102.1) 

Grassland soil from 
    California 

97 Cruz et al. 2009 

Acidobacteria EBS93  Uncultured bacterium clone 
    (FJ870384.1) 

Loa Alamos National  
   Laboratory NM 

93 Eichorst et al. 
   unpublished. 

Acidobacteria EMS412 
   (EMS407) 

 Uncultured bacterium clone 
    (FJ465998.1) 

1959 Kilauea volcanic  
   deposit from Hawaii 

95 Weber et al. 2010. 

Acidobacteria EBS117  Uncultured bacterium clone 
    (AY326550.1) 

Forest soil from western  
   Amazon 

92 Kim et al. 2007. 

Alphaproteobacteria EBP157 
   (EBP155) 

 Uncultured bacterium clone 
    (DQ453803.1) 

Red soil from China 99 Huang et al.  
   unpublished. 

Alphaproteobacteria EBP407  Uncultured bacterium clone 
    (DQ451522.1) 

Fushan forest soil from  
   Taiwan 

99 Tsai et al. 2009. 
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Continued. The closest relative sequences of the 3’end region representative bacterial clone sequences from soil samples at 
Bosque del Pueblo, Adjuntas PR 

 
Phylogenetic group OTU, (clone 

sequences within 
OTU) 

Accesion 
No. 

Closesst identified relative in 
GenBank 

Source or physiology of 
the closest relative 

% 
Sequence 
identity 

Reference 

Alphaproteobacteria EBP167 
   (EBS72, BP128) 

 Uncultured bacterium clone 
    (GQ402595.1) 

Tropical peat swamp forest 
   from Thailand 

99 Kanokratana et al. 
   unpublished. 

Alphaproteobacteria EBS83  Uncultured bacterium clone 
    (GQ402595.1) 

Tropical peat swamp forest  
    from Thailand 

93 Kanokratana et al. 
   unpublished. 

Alphaproteobacteria EBS99  Uncultured bacterium clone 
    (GQ402595.1) 

Tropical peat swamp forest 
    from Thailand 

95 Kanokratana et al. 
   unpublished. 

Alphaproteobacteria EMS450  Uncultured bacterium clone 
    (AY913376.1) 

Forest soil from Cologne,  
   German 

92 Roesch et al.  
   unpublished. 

Alphaproteobacteria EMP420  Uncultured bacterium clone 
    (AF465655.1) 

Geothermally disturbed  
   Soils from Yellow Stone 
  National Park 

97 Norris et al. 2002. 

Alphaproteobacteria EMS403 
   (EMS406) 

 Uncultured bacterium clone 
    (AY963489.1) 

Forest soil from south- 
   West China 

98 Chan et al.2006. 

Alphaproteobacteria EBP148  Uncultured bacterium clone 
    (EF520409.1) 

acid-impacted lakes from  
   Adirondack lake New  
   York, USA 

97 Percent et al. 
   2008. 

Alphaproteobacteria EBP165  Uncultured bacterium clone 
    (AY395444.1) 

Pasture soil from Australia 98 Schoenborn et al.  
   Unpublished. 

Deltaproteobacteria EBP116  Uncultured bacterium clone 
    (AB240359.1) 

Rhizosphere of 
Phragmites  
 

97 Nakamura et al.  
   2005. 

Deltaproteobacteria EMS1  Uncultured bacterium clone 
    (EF516730.1) 

Grassland soil from  
   California 

94 Cruz et al. 2009. 

Deltaproteobacteria EBS115 
   (EBS84) 

 Uncultured bacterium clone 
    (AY326616.1)  

Forest soil from western 
   Amazon 

92 Kim et al. 2007. 

Deltaproteobacteria EMP62  Uncultured bacterium clone 
    (EU202851.1) 

Agricultural soil from  
   Mexico 

96 Ceja-Navarro et al. 
   unpublished. 

Deltaproteobacteria EBS73  Uncultured bacterium clone 
    (EF516111.1) 

Grassland soil from  
   California 

96 Cruz et al. 2009. 

Deltaproteobacteria EMP437  Uncultured bacterium clone 
    (EU335336.1) 

Soil agreggate from   
   Melton Branch  
   Watershed, OakRidge,  
   TN,USA 

92 Hansel et al. 2008. 
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Continued. The closest relative sequences of the 3’end region representative bacterial clone sequences from soil samples at 
Bosque del Pueblo, Adjuntas PR 

 
Phylogenetic group OTU, (clone 

sequences within 
OTU) 

Accesion 
No. 

Closesst identified relative in 
GenBank 

Source or physiology of 
the closest relative 

% 
Sequence 
identity 

Reference 

Gammaproteobacteria EMP203  
(EMP204,EMP206 

 Uncultured bacterium clone 
    (DQ223199.1) 

subsurface water of the 
   Kalahari Shield, South  
   Africa 

97 Gihring et al. 2006. 

Gammaproteobacteria EBP154   Uncultured bacterium clone 
    (AJ536870.1) 

Uranium mining waste  
   pile, soil sample from 
   Saxony, Germany 

98 Satchanska et al. 
   unpublished. 

Gammaproteobacteria EBP102  
(EBP127,EBP158) 

 Uncultured bacterium clone 
    (DQ984542.1) 

Tropical forest soil from 
   Taiwan 

99 Tseng et al.  
   unpublished. 

Gammaproteobacteria EBS173  Uncultured bacterium clone 
    (DQ984567.1) 

Tropical forest soil from 
    Taiwan 

94 Tseng et al.  
   unpublished. 

Gammaproteobacteria EMS138  Uncultured bacterium clone 
    (AY359282.1EF613012.1 

AMD at Yinshan mine  
   from China 

93 Yin et al. 2008. 

Actinobacteria EMS411  Uncultured bacterium clone 
    (EU044086.1) 

Inland dune fields at 
   Georgia, USA 

98 Tarlera et al. 2008. 

Firmicutes EBS82  Propionispira arboris str-12B4   
   (NR_029357.1) 

 91 Stackebrandt et al.  
   1999. 

Bacteroidetes EBS171  Uncultured bacterium clone 
    (EF667468.1) 

Soil sample of growing  
   radish area from 
   Jaunpur, India 

89 Shivaji et al.  
   unpublished. 

Planctomycetes EMP57  Uncultured bacterium clone 
    (AY963397.1) 

Forest soil from south-  
   west China 
 

97 Chan et al. 2006. 

Verrucomicrobia EBS123  Uncultured bacterium clone 
    (DQ451528.1) 

Fushan forest soil from 
   Taiwan 

96 Tsai et al.  
   unpublished. 

Verrucomicrobia EBS111 
   (EBS70) 

 Uncultured bacterium clone 
    (EF516170.1) 

Grassland soil from 
   California 

99 Cruz et al. 2009. 

Chloroflexi EBS121  Uncultured bacterium clone 
    (EU134183.1) 

Tallgrass prairie soil from 
   Kessler farm Oklahoma,  
   USA 

92 Elshahed et al. 
   2008. 

Chloroflexi EMS116  Uncultured bacterium clone 
    (AY425774.1) 

Volcanic deposit from 
   1790, Hawaii,USA 

96 Gomez-Alvarez et 
   al. 2003. 

Chloroflexi EMS65  Uncultured bacterium clone 
    (AY425792.1) 

Volcanic deposit from 
   1959, Hawaii,USA 

95 Gomez-Alvarez et  
  al. 2007. 



 121 

Continued. The closest relative sequences of the 3’end region representative bacterial clone sequences from soil samples at 
Bosque del Pueblo, Adjuntas PR 

 
Phylogenetic group OTU, (clone 

sequences within 
OTU) 

Accesion 
No. 

Closesst identified relative in 
GenBank 

Source or physiology of 
the closest relative 

% 
Sequence 
identity 

Reference 

Chloroflexi EMS451  Uncultured bacterium clone 
    (EU335420.1) 

Soil agreggate from BaC 96 Hansel et al. 2008. 

Chloroflexi EMP412 
   (EMP416) 

 Uncultured bacterium clone 
    (EU043839.1) 

Inland dune fields at  
   Georgia, USA 

91 Tarlera et al. 2008. 

Chloroflexi EMS413 
   (EMS3,EMS142, 
EMS147,EMS408) 

 Uncultured bacterium clone 
    (AY689909.1) 

AMD effluent stream  
   sediment 

96 Baeseman et al. 
    unpublished. 

Chloroflexi EBS 119  Uncultured bacterium clone 
    (DQ128926.2) 

Coweeta forest soil from 
   North Carolina-Georgia 
   border, USA 

91 Upchurch et al. 
    2008. 

Chloroflexi EMP405  Uncultured bacterium clone 
    (AY690146.1) 

Naturally acidic mountain  
   stream sediment (pH  
   3.99) 

94 Baeseman et al.  
   Unpublished. 

Chloroflexi EMP445 
(EMP443,EMP446 

 Uncultured bacterium clone 
    (EU335444.1) 

Soil agreggate from BaC 98 Hansel et al. 2008. 

Chloroflexi EMP447  Uncultured bacterium clone 
    (EU335444.1) 

Soil agreggate from BaC 96 Hansel et al. 2008. 

Chloroflexi EMP448  Uncultured bacterium clone 
    (DQ129114.2) 

Coweeta forest soil from 
   North Carolina-Georgia 
   border, USA 

94 Upchurch et al.  
   2008. 

Chloroflexi EMP430  Uncultured bacterium clone 
    (EU335444.1) 

Soil agreggate from BaC 93 Hansel et al. 2008. 

Chloroflexi EMP409  Uncultured bacterium clone 
    (EU881288.1) 

Grazing and burned  
   annual, field soil in Karst 
    region from Guangxi,  
    China 

98 Chen et al.  2005. 

Unclassified EMS131  Uncultured bacterium clone 
    (AY917636.1) 

Volcanic deposit from 
   1921, Hawaii,USA 

95 Gomez-Alvarez et 
    al. unpublished. 

Unclassified EMS91, EMS8  Uncultured bacterium clone 
    (AY917636.1) 

Volcanic deposit from  
   1921, Hawaii,USA 

98 Gomez-Alvarez et  
    al. unpublished. 

Unclassified EMS118  Uncultured bacterium clone 
   (DQ660863.1) 

AMD in DongChuan  
   copper pyrites from 
   China 

96 Dai and Liu.  
   Unpublished. 
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Continued. The closest relative sequences of the 3’end region representative bacterial clone sequences from soil samples at 
Bosque del Pueblo, Adjuntas PR 

 
Phylogenetic group OTU, (clone 

sequences within 
OTU) 

Accesion 
No. 

Closesst identified relative in 
GenBank 

Source or physiology of 
the closest relative 

% 
Sequence 
identity 

Reference 

Unclassified EBS114  Uncultured bacterium clone 
    (AY661981.1) 

Groundwater contaminated 
   with high levels of nitric 
   acid-bearing uranium  
   waste from USA 

97 Fields et al.  
   unpublished. 
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LIBSHUFF analysis of 16S rRNA gene sequences from EBP5 clone library compared to 
EBS5 clone library showing differences in composition of the bacterial communities (y-
axis) over a range of evolutionary distances (D) (x-axis).  
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LIBSHUFF analysis of the 5’end portion-data-set of 16S rRNA gene sequences from EBS5 
clone library compared to EMS5 clone library showing differences in composition of the 
bacterial communities (y-axis) over a range of evolutionary distances (D) (x-axis).  
 
 



 126 

 
 

 
 
 
 
 
 
 
LIBSHUFF analysis of the 5’end portion-data-set of 16S rRNA gene sequences from EBS5 
clone library compared to EMP5 clone library showing differences in composition of the 
bacterial communities (y-axis) over a range of evolutionary distances (D) (x-axis). 
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LIBSHUFF analysis of the 5’end portion-data-set of 16S rRNA gene sequences from EBP5 
clone library compared to EMS5 clone library showing differences in composition of the 
bacterial communities (y-axis) over a range of evolutionary distances (D) (x-axis). 
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LIBSHUFF analysis of the 5’end portion-data-set of 16S rRNA gene sequences from EBP5 
clone library compared to EMP5 clone library showing differences in composition of the 
bacterial communities (y-axis) over a range of evolutionary distances (D) (x-axis). 
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LIBSHUFF analysis of the 5’end portion-data-set of 16S rRNA gene sequences from EMP5 
clone library compared to EMS5 clone library showing differences in composition of the 
bacterial communities (y-axis) over a range of evolutionary distances (D) (x-axis). 
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LIBSHUFF analysis of the 3’end portion-data-set of 16S rRNA gene sequences from EBS3 
clone library compared to EBP3 clone library showing differences in composition of the 
bacterial communities (y-axis) over a range of evolutionary distances (D) (x-axis). 
 



 131 

 
 

 
 
LIBSHUFF analysis of the 3’end portion-data-set of 16S rRNA gene sequences from EBS3 
clone library compared to EMS3 clone library showing differences in composition of the 
bacterial communities (y-axis) over a range of evolutionary distances (D) (x-axis). 
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LIBSHUFF analysis of the 3’end portion-data-set of 16S rRNA gene sequences from EBS3 
clone library compared to EMP3 clone library showing differences in composition of the 
bacterial communities (y-axis) over a range of evolutionary distances (D) (x-axis). 
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LIBSHUFF analysis of the 3’end portion-data-set of 16S rRNA gene sequences from EMS3 
clone library compared to EBP3 clone library showing differences in composition of the 
bacterial communities (y-axis) over a range of evolutionary distances (D) (x-axis). 
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LIBSHUFF analysis of the 3’end portion-data-set of 16S rRNA gene sequences from EBP3 
clone library compared to EMP3 clone library showing differences in composition of the 
bacterial communities (y-axis) over a range of evolutionary distances (D) (x-axis). 
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LIBSHUFF analysis of the 3’end portion-data-set of 16S rRNA gene sequences from EMS3 
clone library compared to EMP3 clone library showing differences in composition of the 
bacterial communities (y-axis) over a range of evolutionary distances (D) (x-axis). 
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DNA Clone Sequences from Clone Libraries 
 

Clone sequences recovered from the 5’ end-portion-data-set: 
 

>ebs9  
agagtttgatcatggctcagaatgaacgctggcggcgtgcttaacacatgcaagtcgcgtgcgcagttccgtagcaatacgggatgggcgc
acggcgcacgggtgcgtaacacgtgggcaatccgccctctgatggggaataaccccgcgaaagcggggctaataccgcataacattcctt
ggactacggtccggggattcaaagcagtgatgcgtcggaggaggagcccgcgcccgattagctagttggtgaggtaatggctcaccaag
gcaatgatcggtagctggtctgagaggatgatcagccacactggaactgagacacggtccagactcctacgggaggcagcagtggggaa
tcttgcacaatgggcgaaagcctgatgcagcgacgccgcgtgggggatgaagcttctcggagtgtaaacccctttcgactgggacgaatg
cccgcaagggagtgacggtaccagtagaagaagccccggctaactacgtgccagcagccgcggtaagacgtagggggccagcgttgtt
cggaattactgggtgtaaagggttcgtaggcggtgtggcaagtcgggagtgaaatctttgggcttaacccagaggctgcttccgaaactgct
gtgctcgagtgtgggagaggcgcgtggaattgtaggtgtagcggtgaaatgcgtagatatctgcaggaacacccgtggcgaaagcggcg
cgctggaccactactga 
>ebs74  
agagtttgatcctggctcagaacgaacgctggcggcgtgcctaacacatgcaagtcaagggagaaagccgcaaggtgagtaaaccggcg
aacgggtgcgtaacacgtggataatctacctccacgactgggataactggccgaaaggcttgctaataccagataagcccacggggtcttc
ggaccctgagggaaaaggtggcctctgtatacaagctatcgcagggagatgagtccgcggcccatcagctagttggcggggtaaaagcc
caccaaggctacgacgggtagctggtctgagaggatgatcagccacactggaactgagacacggtccagactcctacgggaggcagca
gtggggaatcttgcacaatggacgaaagtctgatgcagcaacgccgcgtgggggatgaggcttctcggagtgtaaacccctttcgacccg
gaagaatgcccgcaagggtatgacggtacgggtataagaagccccggctaactacgtgccagcagccgcggtaatacgtagggggcca
gcgttgctcggaattactgggcgtaaagggtccgtaggcggtgtagcaagtcgatagtgaaatctctgcgcttaacgcagaggctgctaac
gaaactgctgtgc 
>ebs76  
agagtttgatcatggctcagagcgaacgctggcggcaggcctaacacatgcaagtcgagcgccgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgcgcccttcagttcggaacaactcagggaaacttgggctaataccgaatacgtccgtaaggagaaagatttat
cgctgaaggatcggcccgcgtctgattagctagttggtggggtaatggcccaccaaggcgacgatcagtagctggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatccagcc
atgccgcgtgggtgatgaaggccctagggttgtaaagccctttcggcggggaagataatgacggtacccgcagaagaagccccggctaa
cttcgtgccagcagccgcggtaatacgaagggggctagcgttgctcggaatcactgggcgtaaagcgcacgtaggcggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgcccttgatactgagaggcttgagtccgggagaggtgagtggaactgcgagtgtagagg
tgaaattcgtagatattcgcaagaacaccagtggcgaaggcggctcactggcccggtactgacgctgaggtgcgaaagcgtggggagca
aacaggat 
>ebs79  
agagtttgatcatggctcaggatgaacgctggcggcgtgcctaagacatgcaagtcgagggggtttagacccccggcgaacgggtgagta
acacgtgggaatttccattaagttgaggatatcctcccgaaagggagagcaatactcgatgtggtcgcaagactaaagtcgcaagacgctta
atgcaaggcccgcggcccatcagctagttggtagggtaatggcctaccaaggcgatgacgggtaggggtagcgagagcttacaccccca
cactgggactgcgacacggcccagactcctacgggaggcagcagtttggaattttggacaatgggcgaaagcctgatccagcgacgccg
cgtgcacgaagaaggccttcgggttgtaaagtgcttttggtggggaaaaattttgattgtacccacagaataagaggttgctaactctgtgcca
gcagcagcggtaatacagagacctcaagcgttatccggaatcattgggcgtaaagcgtaccgataggtggtcatgatagttttgggtaaaag
ccagaagctcaacttctgcgtttgctcaaaatacttcacgactagaggggcaaagaggaagctggaacgaacggtgtagtagtgaaatgcg
ttgatatcgttcggaaacacgaatgcgtaggcaggcttctgg 
>ebs80  
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agagtttgatcctggctcaggatgaacgctggcggcgtgcctaatacatgcaagtcgagcggtaaggtcccttcggggatacacgagcgg
cggacggctgagtaacacgtaggaacgtaccccacagtgaggcataagcaccagaaatggtgtctaataccgcatgtgctcttcggagtaa
agcttcggcgctatgggaacggcctacggatgattagcttgttggtgaggtaatagctcaccaaggcgaagatcggtatccggcctgagag
ggcgcacggacacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggggaaaccctga
cgcagcaacgccgcgtggaggatgaagccctttggggcgtaaactcctttcgaccaagacgataatggcggtactggtggaagaagcac
cggctaactctgtgccagcagccgcggtaatacgaagggtgcaaacgttgctcggaattattgggcgtaaagcgcacgtaggcggcttgg
caagtcggatgtgaaatccctcggctcaaccaaggaagtgcatccgaaactgctgagcttgagtacttaagaggatcgcggaattcccggt
gtagaggtgaaattcgtagatatcgggagggacaccagtggcgaaggcggcgatctgggaagatactgacgctgaggtgcgaaagcgt
ggggagcaaacaggat 
>ebs85  
agagtttgatcatggctcaggacgaacgctggcggcgtgcttaacacatgcaagtcgagcggaaaggcccttcggggtactcgagcggc
gaacgggtgagtaacacgtgagcaacctgccctcagctccgggatagctccgggaaaccggaattaataccggatatgaccacggccga
catcggctgtggtggaaaggattccggctgaggatgggctcgcggcctatcagctagttggtgaggtaacggctcaccaaggctttgacgg
gtagctggtctgagaggacgactagccacactgggactgagacacggcccagatacctacgggtggcagcagtcgagaatttttgacaat
gggggaaaccctgatcgagcgacgccgcgtggaggatgaaggtcttcggattgtaaactcctgtcattggggaacaatgcacagatattaa
ctgtatttgtgttgatagtacccgaagaggaagagacggctaactctgtgccagcagccgcggtaatacagagggtgcgagcgttgttcgg
aattattgggcgtaaagggcgcgtaggcggcgcggtaagtcacctgtgaaatctcctggcttaactgggagtctgcaggcgaaactaccgt
gctgga 
>ebs87  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtgactaacctaccctcgagtggggaataacttcgggaaaccgaggccaataccgcataacatctacggat
caaatgcgtaagcagcttgaggagggggtcgcggctgattagctagttggcggggtaatggcccaccaaggcagtgatcagtagccggc
ctgagagggcgcacggccacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggggaa
accctgacgcagcaacgccgcgtggaggatgaagccccttggggtgtaaactcctttcgatcgggacgattatgacggtaccggatgaag
aagcaccggctaactctgtgccagcagccgcggtaatacagagggtgcaagcgttgttcggaattattgggcgtaaagggtgcgtaggcg
gtgcggtaagtcttctgtgaaacctccgggcttaactcggagcctgcagaggaaactgccgtgctggagtatgggagaggtgagtggaatt
cccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagcggctcactggaccattactgacgctgatgcacgaaa
gctagg 
>ebs89  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagagagtggagcaatccatgagtaaagtg
gcgaccgggtgagtaacacgtgactaacctaccttcgagtgggggataacctagggaaacctggcctaataccgcataatgccttcgggtt
aaaggagcaattcgcttgaagagggggtcgcggccgattaggtagttggcggggtaacggcccaccaagcccgtgatcggtagccggc
ctgagagggcgcacggccacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatggaggaa
accctgacgcagcaacgccgcgtggaggatgaagtcctttgggacgtaaactcctttcgaccgggacgattatgacggtaccggtggaag
aagccccggctaacttcgtgccagcagccgcggtaatacgaggggggcaagcgttgttcggaattattgggcgtaaagggcgcgtaggc
ggtgcggtaagtcacctgtgaaacctccgggcttaactcggagcctgcaggcgaaactaccgtgcttgagtgtgggagaggtgcgtggaa
ttcccggtgtagcggtgaaatgcgtagatatcggg 
>ebs90  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtaaagtg
gcgaccgggtgagtaacacgtgactaacctaccttcgagtgggggataacctagggaaacctgggctaataccgcataatgccttcgggtt
aaaggagcaattcgcttgaagagggggtcgcggccgattaggtagttggcggggtaacggcccaccaagcccgtgatcggtagccagc
ctgagagggcgcacggccacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggggaa
accctgacgcagcaacgccgcgtggaggatgaagtcctttgggacgtaaactcctttcgaccgggacgattatgacggtaccggtggaag
aagccccggctaacttcgtgtcagcagccgcggtaatacgaggggggcaagcgttgttcggaattattgggcgtaaagggcgcgtaggc
ggtgcggtaagtcacctgtgaaacctccgggcctaactcggagcctgcaggcgaaactgccgtgcttgagtgtgggagaggtgcgtgga
attcccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagcggcgcactggaccacaactgacgc 
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>ebs91  
agagtttgatcctggctcagaacgaacgctggcggcaggcctcaaacatgcaagtctagggggcgcagcaatgcatcaccggcggacg
ggtgcgtaacgcgtgggaatgtacctattggttcggaacaactgagggaaacttcagctaataccggatgagcccgaaaggggaaagattt
ctcgccaatggatcagcccgcgtccgattagctcgttggtggggtaacggcctaccaaggcaacgatcggtagctgttctgagaggaagat
cagccacactgggactgagacacggcccagactcctacgggaggcagcagttgggaatcttggacaatgggggaaaccctgatccagc
catgccgcgtgagtgatgaaggccttcgggttgtaaaactctttcgacggggacgataatgacggtacccgtagaagaagctccggctaac
tttgtgccagcagccgcggtaatacgaagggggctagcgttgttcggaattactgggcgtaaagcgcgcgcaggctgtccttcaagtcagt
ggtgaaagcccggagctcaactccggaattgccattgaaactgttggactggagtacgagagaggtgagtggaattcccagtgtagaggt
gaaattcgtagatattgggaagaacaccggtggcgaaggcggctcactggctcgtaactgacgctcaggcgcgacagcgtggggatcaa
a 
>ebs92  
agagtttgatcatggctcaggatgaacgctagcggcaggcctaatacatgcaagtcggacgggactatttctagtagcaataccgggaata
gtttagtggcgaacgggtgcttaacacgtgggcaacctgccaggaagtgggggatagctcgccgaaaggcgaattaataccgcatgtgatt
agagaggacatcctttcgaaattaaagtcggggcaacctgacgcttcttgtggggcccgcggcctatcagctagttggtgaggttacggctc
accaaggctttgacgggtagctggtctgagaggacgaccagccacactgggactgagacacggcccagacacctacgggtggcagcag
tcgagaatttttgacaatgggggaaaccctgatcgagcgacgccgcgtggaggatgaaggtcttcggattgtaaactcctgtcattggggaa
caatgcacagatattaactgtatttgtgttgatagtacccgaagaggaagagacggctaactctgtgccagcagccgcggtaatacagaggt
ctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggcggcgcggtaagtcgggtgtgaaatctcggagcttaactccgaaactgc
attcgatactgccgtgcttgagga 
>ebs94  
agagtttgatctggctcaggatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtacagtgg
cgaccgggtgagtaacacgtgactacctacctccgagtggggaataactccgggaaaccggggctaataccgcataacaccgcaaggtc
aaaggagcaattcgcttggagagggggtcgcggctgattagctagttggtagggtaatggcctaccaaggcgaagatcggtatccggcct
gagagggcgcacggacacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggggaaa
ccctgacgcagcaacgccgcgtggaggatgaaggcctttgggtcgtaaactcctttcgaccgggacgatactgacggtaccggtggaaga
agcaccggctaactctgtgccagcagccgcggtaatacagagggtgcgagcgttgttcggaattattgggcgtaaagggcgcgtaggcg
gtgcggtaagtcacctgtgaaatccccaggcttaacttggggcctgcaggcgaaactgccgtgctggagtgtgggagaggtgcgtggaatt
cccggtgtagcggtgaaatgcgtagatatcgggaggaacacc 
>ebs98  
agagtttgatcatggctcaggatgaacgctagcggcaggcctaatacatgcaagtcggacgggactatttctagtagcaataccgggaata
gtttagtggcgaacgggtgcttaacacgtgggcaacctgccaggaagtgggggatagctcgccgaaaggcgaattaataccgcatgtgatt
agagaggacatcctttcgaaattaaagtcggggcaacctgacgcttcttgtggggcccgcggcctatcagctagttggtgaggttacggctc
accaaggctttgacgggtagctggtctgagaggacgaccagccacactgggactgagacacggcccagacacctacgggtggcagcag
tcgagaatttttgacaatgggggaaaccctgatcgagcgacgccgcgtggaggatgaaggtcttcggattgtaaactcctgtcattggggaa
caatgcacagatattaactgtatttgtgttgatagtacccgaagaggaagagacggctaactctgtgccagcagccgcggtaatacagaggt
ctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggcggcgcggtaagtcgggtgtgaaatctcggagcttaactccgaaactgc
attcgat 
>ebs100  
agagtttgatcatggctcaggacggacgctggcggcgtgcctaatacatgcaagtcgagcggagttattccttcggggatagcttagcggc
ggacgggtgagtaacacgtaggtaacctgcctgtaagactgggataactaccggaaacggtagctaagaccggatacgcggcattctcgc
atgagagagtcgggaaaagcggagcaatctgctacttatagatggacctgcggcgcattagctagttggtggggtaacggctcaccaagg
cgacgatgcgtagccgacctgagagggtgaacggccacactgggactgagacacggcccagactcctacgggaggcagcagtaggga
atcttccgcaatggacgcaagtctgacggagcaacgccgcgtgagtgatgaaggttttcggatcgtaaagctctgttgccagggaagaacg
cttgggagagtaactgctctcaaggtgacggtacctgagaagaaagccccggctaactacgtgccagcagccgcggtaatacgtagggg
gcaagcgttgtccggaattattgggcgtaaagcgcgcgcaggcggctttgtaagtctggtgtttaaacttagggctcaaccctgagtcgcatt
ggaaaactgcaggcttgagtgcagaagaggagagtggaattccacgtgtagcgg 
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>ebs101  
agagtttgatcctggctcaggacgaacgctggcggcgtgcctaaaacatgcaagtcgaacggggtagcaatacctagtggcgaacggcg
gagtaatacgtgaacaacgtgccttaaagactgggatagccaggggaaaccctgagtaataccggatgtggcaacgggatggcatcatct
cgttactaaatggtttttcgctttaagagcggttcacggcctattagctagttggcggggtaacggcccaccaaggccatgatcggtagccgg
cctgagagggcgcacggccacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatggggga
aaccctgacgcagcaacgccgcgtggaggatgaagccccttggggtgtaaactcctttcgatcgggacgattatgacggtaccggatgaa
gaagcaccggctaactctgtgccagcagccgcggtaatacagagggtgcaagcgttgttcggaattattgggcgtaaagggcgcgtaggc
ggtgcggtaagtctattgtgaaatctccgggctcaactcggagcttgcaacggaaactgccgtgctcgagtgtgggagaggtgagtggaat
tcccggtgtagcggtgaaatgcgtagatatcggg 
>ebs102  
agagtttgatcatggctcaggatgaacgctagcggcgtggataagacatgcaagtcggacgagatttttcgttgtagcaatacgatggaaag
tctagtggcgaacgggtgcttaacacgtgggcaacctgccgagaagtgggggacagctcgccgaaaggcggattaataccgcatgtgatt
agggagggcatcctctcgaaattaaagtcggggcaacctgacgcttcttgtggggcccgcggcctatcagctagttggtgaggtaatagct
caccaaggctttgacgggtagctggtctgagaggacgaccagccacactgggactgagacacggcccagacacttacgggtggcagca
gtcgagaatttttctcaatgggggaaaccctgaaggagcgacgccgcgtggaggatgaaggctttcgggttgtaaactcctgtcatttggga
acaacgcctcgcgttaactgcgttgaggtttgatagtaccagaagaggaagagacggctaactctgtgccagcagccgcggtaatacaga
ggtcccgagcgttgttcggattcattgggcgtaaagggtgtgtaggaggtcaggcaagtcgggtgtgaaatctcgccgcttaacggcgaaa
tggcactcgaaactgcttggctcgaggattggagggggaggcggaattcatggtgtagcggtgaaatgcgtagatatcggaaggaacacc
tgttgcgaaggcggctctctggactcaaact 
>ebs103  
agagtttgatcatggctcagagcgaacgctggcggcaggcctaacacatgcaagtcgagcgccgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgtgcccttcagttcggaacaacccagggaaacttgggctaataccggatacatccgtaaggagaaagatttat
cgctgaaggatcggcccgcgtctgattagctagttggtggggtaatggcccaccaaggcgacgatcagtagctggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatccagcc
atgccgcgtgggtgatgaaggccctagggttgtaaagccctttcggcggggaagataatgacggtacccgcagaagaagccccggctag
cttcgtgccagcagccgcggtaatacgaagggggctagcgttgctcggaatcactgggcgtaaagcgcacgtaggcggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgcctttgatactgagaagcttgagtccgggagaggtgagtggaactgcgagtgtagaggt
gaaattcgtagatattcgcaagaacaccagtggcgaaggcggctcactggcccggtactg 
>ebs104  
agagtttgatcctggctcagaacgaacgctggcggcgtgcttaacacatgcaagtcgcgtgcgcagttcgcgtagcaatacgtggatgggc
gcacggcgcacgggtgcgtaacacgtgggcaacctgccctctgatggggaataaccccgcgaaagcggggctaataccgcataacattc
cttggattatggtttgaggaatcaaagcagtgatgcgtcggaggaggggcccgcgcccgattaggtagttggtgaggtaacggctcaccaa
gccaatgatcggtagctggtctgagaggatgatcagccacactggaactgagacacggtccagactcctacgggaggcagcagtgggga
atcttgcacaatgggcgaaagcctgatgcggcgacgccgcgtgggggatgaagcttttcggagtgtaaacccctttcgaccgggacgaat
gcccgcaagggagtgacggtaccggtataagaagccccggctaactacgtgccagcagccgcggtaagacgtagggggccagcgttgt
tcggaattactgggtgtaaaggggtcgtaggcggtgtggcaagtcgggagtgaaatctctgg 
>ebs106  
agagtttgatcctggctcagaacgaacgctggcagcaggcttaacacatgcaagtcgaacgcaccgcaaggtgagtggcagacgggtga
gtaacgcgtgggaaccttccctgtggtacggaataacttcgggaaaccgaagctaataccgtatatctcctccgggagaaagatttatcgcc
ataggatgggcccgcgttggattagctagttggtagggtaatggcctaccaaggcaacgatccatagctggtctgagaggatgatcagcca
cactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatccagccatgcc
gcgtgggtgatgaaggccctagggttgtaaagccctttcggcggggaagataatgacggtacccgcagaagaagccccggctaacttcgt
gccagcagccgcggtaatacgaagggggctagcgttgctcggaatcactgggcgtaaagcgcacgtaggcggctttttaagtcaggggt
gaaatcctggagctcaactccagaactgcccttgatactgagaagcttgagtccgggagaggtgagtggaactgcgagtgtagaggtgaa
attcgtagatattcgcaagaacaccagtgg 
>ebs108  
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agagtttgatcatggctcaggatgaacgctagcggcaggcctaatacatgcaagtcggacgggactatttctagtagcaataccgggaata
gtttagtggcgaacgggtgcttaacacgtgggcaacctgccaggaagtgggggatagctcgccgaaaggcgaattaataccgcatgtgatt
agagaggacatcctttcgaaattaaagtcggggcaacctgacgcttcttgtggggcccgcggcctatcagctagttggtgaggttacggctc
accaaggctttgacgggtagctggtctgagaggacgaccagccacactgggactgagacacggcccagacacctacgggtggcagcag
tcgagaatttttgacaatgggggaaaccctgatcgagcgacgccgcgtggaggatgaaggtcttcggattgtaaactcctgtcattggggaa
caatgcacagatattaactgtatttgtgttgatagtacccgaagaggaagagacggctaactctgtgccagcagccgcggtaatacagaggt
ctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggcggcgcggtaagtcgggtgtgaaatctcggagcttaactccgaaactgc
attcgatactgccgtgcttgaggactggagaggagactggaacttacggtgtagcggtgaaatgcgtagatat 
>ebs109  
agagtttgatcatggctcagaatcaacgctggcggcgtgcttaacacatgcaagtcgaacgcgcagtcccctgtagcaatacaggggatgg
gcgcgtggcgaacgggtgcgtaacacgtggataaccttccttcaggtggggaataaccccgcgaaagcggggctaataccgcataacat
gacgatggcacatgctgttgtcttcaaagccgcaaggcgccagaagagggatccgcggccgattagctagttggcgaggtaacggctcac
caaggcaatgatcggtagccggtctgagaggatgatcggccacactggaactgagacacggtccagactcctacgggaggcagcagtg
gggaatcttgcgcaatgggcgaaagcctgacgcagcaacgccgcgtgggggatgaagcttctcggagtgtaaacccctttcgacccgga
cgaatgcccgcaagggtttgacggtacgggtacaagaagccccggctaactacgtgccagcagccgcggtaaaacgtagggggccagc
gttgctcggaattactgggcgtaaagggtccgtaggcggtgtggcaagtcggaagtgaaatctctgggcttaactcagaggctgcttccgaa
actgctgtgctagagtgcgagagaggcgagtggaattgcgggtgtagcggtgaaatgcg 
>ebs110  
agagtttgatcctggctcagaacgaacgctggcggcgtgcttaacacatgcaagtcgcgtgcgcagttcgcgtagcaatacgtggatgggc
gcacggcgcacgggtgcgtaacacgtgggcaacctgccctctgatggggaataaccccgcgaaagcggggctaataccgcataacattc
cttggattatggtttgaggaatcaaagcagtgatgcgtcggaggaggggcccgcgcccgattaggtagttggtgaggtaacggctcaccaa
gccaatgatcggtagctggtctgagaggatgatcagccacactggaactgagacacggtccagactcctacgggaggcagcagtgggga
atcttgcacaatgggcgaaagcctgatgcggcgacgccgcgtgggggatgaagcttttcggagtgtaaacccctttcgaccgggacgaat
gcccgcaagggagtgacggtaccggtataagaagccccggctaactacgtgccagcagccgcggtaagacgtagggggccagcgttgt
tcggaattactgggtgtaaag 
>ebs112  
agagtttgatcatggctcaggatgaacgctagcggcaggcctaatacatgcaagtcggacgggactatttctagtagcaataccgggaata
gtttagtggcgaacgggtgcttaacacgtgggcaacctgccaggaagtgggggatagctcgccgaaaggcgaattaataccgcatgtgatt
agagaggacatcctttcgaaattaaagtcggggcaacctgacgcttcttgtggggcccgcggcctatcagctagttggtgaggttacggctc
accaaggctttgacgggtagctggtctgagaggacgaccagccacactgggactgagacacggcccagacacctacgggtggcagcag
tcgagaatttttgacaatgggggaaaccctgatcgagcgacgccgcgtggaggatgaaggtcttcggattgtaaactcctgtcattggggaa
caatgcacagatattaactgtatttgtgttgatagtacccgaagaggaagagacggctaactctgtgccagcagccgcggtaatacagaggt
ctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggcggcgcggtaagtcgggtgtgaaatctcggagcttaactccgaaactgc
attcgatactgccgtgcttgaggactggagag 
>ebs116  
agagtttgatcatggctcaggacgaacgctggcggcgtgcttaacacatgcaagtcgagcggaaaggcccttcggggtactcgagcggc
gaacgggtgagtaacacgtgagtaacctgcccccttctctgggataagcctgggaaactgggtctaataccggatatgacatgttctcgcat
ggggatgtgtggaaagtttttcggtgggggatgggctcgcggcctatcagcttgttggtggggtgatggcctaccaaggcgacgacgggta
gccggcctgagagggcgaccggccacactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattgcacaat
gggcggaagcctgatgcagcgacgccgcgtgagggatgacggccttcgggttgtaaacctctttcagcaccgacgaacctagacggtag
gtgcagaagaagcgccggctaactacgtgccagcagccgcggtaatacgtagggcgcaagcgttgtccggatttattgggcgtaaagag
ctcgtaggtggcttgtcgcgtctgccgtgaaagcccatggcttaactgtgggtctgcggtggatacgggcaggctagaggcaggtagggg 
>ebs120  
agagtttgatcctggctcagaacgaacgctggcggcgtggataagacatgcaagtcgagcgctgattgcagggtagcaatattctgtagttg
gagcggcgcaagggtgcgtaacacgtgggtaatctgccatgaagtttgggataactcgctgaaaggcgagctaatacaggatgtgaagatt
ggaaggcatcttttgatcttcaaagctggggaccgtaaggcctggcgcttcatgatgagcccgcggcctatcagctagttggtgaggtaacg
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gctcaccaaggctaagacgggtagctggtctgagaggacgaccagccacactggaactgagacacggtccagacacctacgggtggca
gcagtcgagaatttttcacaatgggggaaaccctgatggagcgacgccgcgtgggggatgaatggcttcggcccgtaaacccctgtcattc
gcgaacaatgcctgtgtattaacaccatacaggttgatagtagcggaagaggaagggacggctaactctgtgccagcagccgcggtaata
cagaggtcccaagcgttgttcggattcactgggcgtaaagggtgcgtaggcggtcgggtaagtctgatgtgaaatctcacagcttaactgtg
aaactgcattggatactattcggcttgaggtctggag 
>ebs125  
agagtttgatcatggctcagagcgaacgctggcggcaggcctaacacatgcaagtcgagcgccgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgtgcccttcagttcggaacaacccagggaaacttgggctaataccggatacatccgtaaggagaaagatttat
cgctgaaggatcggcccgcgtctgattagctagttggtggggtaatggcccaccaaggcgacgatcagtagctggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatccagcc
atgccgcgtgggtgatgaaggccctagggttgtaaagccctttcggcggggaagataatgacggtacccgcagaagaagccccggctag
cttcgtgccagcagccgcggtaatacgaagggggctagcgttgctcggaatcactgggcgtaaagcgcacgtaggcggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgcctttgatactgagaagcttgagtccgggagaggtgagtggaactgcgagtgtagaggt
gaaattcgtagatattcgcaagaacaccagtggcg 
>ebs170  
agagtttgatcctggcttagaacgaacgctggcggcgtggataagacatgcaagtcgagcgctgatttcgggtagcaatattcccgagtcg
gagcggcgcaagggtgcgtaacacgtgggtaatctgccatgaagttcgggataacttgctgaaaggcgagctaataccggatgtgataact
gaaaggcatcttttggttattaaagttggggaccgtaaggcctgacgcttcttgatgaacccgcggcctatcagctagttggtgaggtaacgg
ctcaccaaggctaagacgggtagctggtctgagaggacgaccagccacactggatctgagacacggtccagacacctacgggtggcag
cagtcgagaatttttcacaatgggcgaaagcctgatggagcgacgccgcgtgggggatgaatggcttcggcctgtaaacccctgtcattcg
cgatcaaaccttattatttaaaagatgatgagctgatagtagcggaagaggaagggacggctaactctgtgccagcagccgcggtaataca
gaggtcccaagcgttgttcggattcactgggcgtaaag 
>ebs172  
agagtttgatcatggctcagaacgaacgctggcggcgtggataagacatgcaagtcggacgagatttttcgttgtagcaatacgatggaaag
tctagtggcgaacgggtgcttaacacgtgggcaacctgccgagaggtgggggacagctcgccgaaaggcggattaataccgcatgtgatt
agggaggacatcctctcgaaattaaagtcggggcaacctgacgcttcttgtggggcccgcggcctatcagctagttggtgaggtaatagctc
accaaggctttgacgggtagctggtctgagaggacgaccagccacactgggactgagacacggcccagacacctacgggtggcagcag
tcgagaatttttgacaatgggggaaaccctgatcgagcgacaccgcgtggaggatgaaggtcttcggattgtaaactcctgtcattggggaa
caatgccccgaatttaactgattcggggttgatagtactcgaagaggaagagacggctaactctgtgccagcagccgcggtaatacagagg
tctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggcggcgcggtaagtcgggtgtgaaatcttggagcttaa 
>ebs175  
agagtttgatcatggctcagggtgaacgttggtaacgtggataccggcatgcaagtcaagggggtccgacctcggtcggaccaccggcga
acggcttagtaacacgtggatacataccgcaaagtggaggacagctcgtcgaaagacggggtaatactccatagtcttgtaaaagtaaagg
cgcaagccgctttgcgaatggtccgcggcctatcagcttgttggcggggtaaaagcccaccaaggcgatgacgggtagggggcgtgaga
gcgcgacccccaagaatggcactgcgacacgggccatactcctacgggaggctgcagtcgagaatcttccgcaatggacgaaagtctga
cggagcgacgttacgtgaaggatgaagcccttcggggtgtaaacttcttttatctgggaggaaattattgacagtaccagatgaataagggg
atcctagttctgtgccagcaggagcggtaatacagaatccccgaatgttacccggatttattgggcgtaaagggtgtgtaggtggtttggtaa
gttcaagattaaacctcgtcggcttaaccttcgagctgttttgaatactgccagactaagagggcgttagaggcaaacggaaccgatgaagta
ggggtgaaatccgttgatatcatcgggaa 
>ebs107  
agagtttgatcatggctcagaacgaacgctggcggcgtggataacatgcaagtcgagggcggattggtgcgtacacgtgggtaatctgcc
atgaagttcgggataacttgctgaaaggcgagctaataccggatgtgacagccgagagacatcttttggttgttaaagttggggaccgtaag
gcctgacgcttcttgatgaacccgcggcctatcagctagttggtgaggtaacggctcaccaaggctaagacgggtagctggtctgagagga
cgaccagccacactggaactgagacacggtccagacacctacgggtggcagcagtcgagaatttttcacaacgggcgcaagcctgatag
agcgacgccgcgtgggggatgaatggcttcggcccgtaaacccctgtcattcgcgatcaaacgttattatttaaaagatgataacctgatagt
agcggaagaggaagggacggctaactctgtgccagcagccgcggtaatacagaggtcccaagcgttgttcggattcactgggcgtaaag
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ggtgcgtaggtggagaggtaagtcggatgtgaaatctcggagctcaactccgaaatggcattggaaactacctcgctcgagggttggagg
ggggactggaatacttggtgtagcagtgaaatgcgtagatatcaagtggaacaccagtggcgaaggcgagtccctgggacactcctgaca
ctgaggcacgaaagctaggggagcaaacaggat 
>ebs413  
agagtttgatcatggctcagagcgaacgctggcggcaggcctaacacatgcaagtcgagcgccgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgtgcccttcagttcggaacaacccagggaaacttgggctaataccggatacgtccgtaaggagaaagatttat
cgctgaaggatcggcccgcgtctgattagctagttggtggggtaatggcccaccaaggcgacgatcagtagctggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatccagcc
atgccgcgtgggtgatgaaggccctagggttgtaaagccctttcggcggggaagataatgacggtacccgcagaagaagccccggctaa
cttcgtgccagcagccgcggtaatacgaagggggctagcgttgctcggaatcactgggcgtaaagcgcacgtaggcggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgcctttgatactgagaagcttgagtccgggagaggtgagtggaactgcgagtgtagaggt
gaaattcgtagatattcgcaagaacaccagtggcgaaggcggctcactggcccggtactgacgctgaggtgcgaaa 
>ebp9  
agagtttgatcatggctcaaaatctacgatggcggcgtgactaatacttgccagtctagcgagaaagtggagcaatccatgagtacagcggc
gcaccggagaataacactagactgacctaccctccagtggggaataacttccggaaacctatgctaataccgcataataccctagagctcaa
aggagcaatccgcttgaggagggggtcgcggccgattagttagttggcggggtaatggcccaccaagacgatgatcggtatccggcctg
agagggcgcacggacacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggggaaacc
ctgacgcagcaacgccgcgtggaggatgaagtccttcgggacgtaaactcctttcgatcgggacgattatgacggtaccggaagatgaag
ccccggttaacttcgtgccagcagccgcggtaatacgaggggggcgagcgttgttcggaattattgggcgaaaagggtccgtatgcgatgt
gacaagtcggtagtgaaatctccgggcttaactcggaggctgctgccgaaactgttgtgctagagtgtgatagaggcgagtgtaattacggg
tgtagcgtgaaaatgcatatatatccctaagaacatccgaagcgaaagcggctcgctggaacacaaattgaccctgagggacgaaagcta
ggggagcaaaccgg 
>ebp14  
agagtttgatcctggctcagagcgaacgctggcggcaggcctaacacatgcaagtcgagcgcgtgtagcaatacacgagcggcagacg
ggagagtaacacgtgggaacgtacccttcggttcggaataacccagggaaacttggactaataccggatacgtccgaaaggagaaagatt
tatcgccgaaggatcggcccgcggctgattagctagttggtgaggtaacggctcaccaaggcgacgatcggtagctggtctgagaggatg
atcagcctcactggggctgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatcca
gccatgccgcgtgggtgatgaaggccttagggttgtaaagccctttcggcggggaagataatgacggtacccgcagaagaagccccggc
taacttcgtgccagcagccgcggtaatacgaagggggctggcgttgctcggaatcactgggcgtaaagcgcacgtaggcggattgttaag
tcaggggtgaaatcctggagctcaactccagaactgcctttgatactggcgatcttgagttcgggagaggtgagtggaactgcgagtgtaga
ggtgaaattcgtagatattcgcaagaacaccagtggcgaaggcggctcactggcccgatactgacgctgaggtgcgaaagcgtggggag
caaacaggattagataccctggtagtccacgccgtaaacgatggatgctagccgttggcgggtttactcgtcagtggcgcagctaacgcttt
aagca 
>ebp101  
agagtttgatcctggctcagagcgaacgctggcggcgtgcttaacacatgcaagtcgaacgtgaaagggagcaatcctgagtaaagtggc
gtacgggtgagtaacgcgtaggtaatctaccccagagtctggaataacctgccgaaaggcgggctaatactggatagagcgacggaatcc
gtaattgggtttttcgggaaagggaggaagcaattcccttcgctctgggatgagcctgcgtctcattagctagttggtagggtaacggcctac
caaggctatgatgggtagctggtctgagaggatgatcagccacactggaactgaaacacggtccagactcctacgggaggcagcagtgg
ggaatcttgcgcaatggacgaaagtctgacgcagccacgccgcgtgagtgaagaaggccttcgggttgtaaagctctgtcgagcgggac
gaaaaatttttaggtgaatagcctagagatctgacggtaccgctaaaggaagcaccggctaactccgtgccagcagccgcggtaatacgga
gggtgcaagcgttgctcggaattattgggcgtaaagggtaggtaggtggtctcatttgtctggggtgaaagccttgggcttaactcaagaagt
gccccagaaacggtgagactggagtcctggagagggtcgtggaattcccggtgtagcggtgaaatgcgtagagatcg 
>ebp104  
agagtttgatcctggctcagagcgaacgctggcggcgtgcttaacacatgcaagtcgaacgtgaaagggagcaatcctgagtaaagtggc
gtacgggtgagtaacgcgtaggtaatctaccccagagtctggaataacctgccgaaaggcgggctaatactggatagagcgacggaatcc
gtaattgggtttttcgggaaagggaggaagcaattcccttcgctctgggatgagcctgcgtctcattagctagttggtagggtaacggcctac
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caaggctatgatgggtagctggtctgagaggatgatcagccacactggaactgaaacacggtccagactcctacgggaggcagcagtgg
ggaatcttgcgcaatggacgaaagtctgacgcagccacgccgcgtgagtgaagaaggccttcgggttgtaaagctctgtcgagcgggac
gaaaaatttttaggtgaatagcctagagatctgacggtaccgctaaaggaagcaccggctaactccgtgccagcagccgcggtaatacgga
gggtgcaagcgttgctcggaattattgggcgtaaagggtaggtaggtggtctcatttgtctggggtgaaagccttgggcttaactcaagaagt
gccccagaaacggtgagactggagtcctggagagggtcgtggaattcccggtgtagcggtgaaatgcgtagagatcgggaggaacacc
agaggcgaaagcggcgacctggacaggtactgacactcaacta 
>ebp105  
agagtttgatcatggctcagaacgaacgctggcggcatgcctaatacatgcaagtcgaacgcttttggggtttcggctccaggggagtggc
gcacgggtgagtagcgcgtgggaacctgccctgttgtgggggataaccgagggaaacttcggctaataccgcatgcgcccgcggagttg
atccgcggggaaagatttatcgcagcaggaggggcccgcgtcggattagctggttggcggggtaacggcccaccaaggcgatgatccgt
agctggtctgagaggatgatcagccacactgggactgagacacggcccagactcctacgggaggcagcagtagggaatattggacaatg
ggcgcaagcctgatccagcaatgccgcgtgagtgatgaaggccttcgggttgtaaagctctttcgcccgcgacgatgatgacggtagcgg
gagaagaagccccggctaacttcgtgccagcagccgcggtaatacgaagggggcgagcgttgttcggatttactgggcgtaaagggcgc
gtaggcggctcgtcaagtcaggcgtgaaagccccgggctcaacctgggaggtgcgcttgggactggcgggcttgagttcgggagagga
gcgtggaattcccagtgtagaggtgaaattcgtagatattgggaagaacaccggtggcgaaggcggcgctctggaccgagactgacgctg
aggcgcgaaag 
>ebp107  
agagtttgatcctggctcagagcgaacgctggcggcaggcttaacgcatgcaagtcgagcgggtgtagcaatacatcagcggcagacgg
gtgagtaacgcgtgggaacgtaccttttggttcggaacaacccagggaaacttgggctaataccggataagcccttacggggaaagatttat
cgccgagagatcggcccgcgtctgattagctagttggtgaggtaatggctcaccaaggcgacgatcagtagctggtctgagaggatgatca
gccacattgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatccagccat
gccgcgtgagtgatgaaggccctagggttgtaaagctcttttgtgcgggaagataatgacggtaccgcaagaataagccccggctaacttc
gtgccagcagccgcggtaatacgaagggggctagcgttgctcggaatcactgggcgtaaagggtgcgtaggcgggtctttaagtcaggg
gtgaaatcctggagctcaactccagaactgcctttgatactgaagatcttgagttcgggagaggtgagtggaactgcgagtgtagaggtgaa
attcgtagatattcgcaagaacaccagtggcgaaagcggctcactggcccgatactgacgctgaggcacgaaagcgtggggagcaaaca
ggattagataccctggtagtccacgccgtaaacgatgaatgccagccgtt 
>ebp109  
agagtttgatcatggctcagaacgaacgctggcggcgtggataagacatgcaagtcgagcgctgatttgcgggtagcaatattcgtaagtc
ggagtggcgcaagggtgtgtaacacgtgggtaatctgccatgaagtctggaataacttgctgaaaggcgagctaataccggatgtgaacgc
aagttcaaagttggggaccgtaaggcctgacgcttcatgatgagcccgcggcctatcagctagttggtgaggtaacggctcaccaaggcca
agacgggtagctggtctgagaggacgaccagccacactggaactgagacacggtccagacacctacgggtggcagcagtcgagaatttt
tctcaatgggcgaaagcctgaaggagcgacgccgcgtgggggatgaatggcttcggcccgtaaacccctgtcatttgcgaacaaattgttt
cacctaacacgtgaagcattgattgtagcggaagaggaagggacggctaactctgtgccagcagccgcggtaatacagaggtcccaagc
gttgttcggattcactgggcgtaaagggtgcgtaggcggccaggtaagtttgatgtgaaatcccgcagctcaactgcggaactgcattgaat
actatttggctcgaggaatggaggggagactggaattctcggtgtagcagtgaaatgcgtagatatcgagaggaacaccagtggcgaagg
cgagtctctggacatttcctgacgct 
>ebp111  
agagtttgatcctggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtacagtg
gcgaccgggtgagtaacacgtgactacctacccttgagtgggggataaccccgggaaaccggggctaataccgcataacatcgagagat
caaaggagcaatccgctcttggagggggtcgcggctgattagctagttggtgaggtaacggctcaccaaggcgaagatcggtatccggcc
tgagagggcgcacggacacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggggaaa
ccctgacgcagcaacgccgcgtggaggatgaagccctttggggcgtaaactcctttcgaccgggacgatactgacggtaccggtggaag
aagcaccggctaactctgtgccagcagccgcggtaatacagagggtgcgagcgttgttcggaattattgggcgtaaagggcgcgtaggcg
gtgcggtaagtcacctgtgaaacctctgggcttaactcagagcctgcaggcgaaactgccgtgctcgagtgtgggagaggtgcgtggaatt
cccggtgtagcggtgaaatgcgtagatatcgg 
>ebp113  
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agagtttgatcatggctcagagcgaacgctggcggcgtgcttaacacatgcaagtcgaacgagggtagcaataccttcgtggcgaacggg
tgcgtaacacgtggataaccttccttcaggtggggaataaccccgcgaaagcggggctaataccgcataacaagacgagggcacatgcct
ttgtcttcaaaggcgcaagtcgccggaagagggatccgcggccgattagctagttggcggggtaacggcccaccaaggcaatgatcggt
agccggtctgagaggatgatcggccacactggaactgagacacggtccagactcctacgggaggcagcagtggggaatcttgcgcaatg
ggcgaaagcctgacgcagcaacgccgcgtgggggatgaagcttctcggagtgtaaacccctttcgacccggacgaatgcccgcaaggg
cttgacggtacgggtataagaagccccggctaactacgtgccagcagccgcggtaaaacgtagggggccagcgttgctcggaattactgg
gcgtaaagggtccgtaggcggtgtggcaagtcggaagtgaaatctctgggcttaactcagaggctgcttccgaaactgctgtgctagagtgt
gagagaggcaagtggaattgcgggtgtagcggtgaaatgcgtagatatccgcaggaacatccgaggcgaaagcggcttgctggatcaca
actgacgct 
>ebp114  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaaggggagcaatccctgagtaaagtg
gcgaccgggtgagtaacacgtgactaacctaccctcgagtgggggataacctcgggaaaccggggctaataccgcataatgccttagggt
taaaggagcaattcgcttgaggagggggtcgcggccgattaggtagttggcggggtaacggcccaccaagcccgtgatcggtagccggc
ctgagagggcgcacggccacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggggaa
accctgacgcagcaacgccgcgtggaggatgaagtcctttgggacgtaaactcctttcgaccgggacgataatgacggtaccggtggaag
aagccccggctaactctgtgccagcagccgcggtaatacagagggggcaagcgttgttcggaattattgggcgtaaagggcgcgtaggc
ggtgcggtaagtcacctgtgaaacctctgggcttaactcagagcctgcaggcgaaactgccgtgctggagtgtgggagaggtgcgtggaa
ttcccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagcggcgcactggaccacaactgacgctgaggcgcg
aaagctag 
>ebp417  
agagtttgatcatggctcagaacgaacgctggcggcgtggataagacatgcaagtcggacgagatttttcgttgtagcaatacgatggaaag
tctagtggcgaacgggtgcttaacacgtgggcaacctgccgagaagtgggggacagctcgccgaaaggcggattaataccgcatgtgatt
agggaggacatcctctcgaaattaaagtcggggcaacctgacgcttcttgtggggcccgcggcctaccagctagttggtgaggtaatagct
caccaaggctttgacgggtagctggtctgagaggacgaccagccacactgggactgagacacggcccagacacctacgggtggcagca
gtcgagaatttttgacaatgggggaaaccctgatcgagcgacgccgcgtggaggatgaaggtcttcggattgtaaactcctgtcattgggga
acaatgccccgaatttaactgattcggggttgatagtactcgaagaggaagagacggctaactctgtgccagcagccgcggtaatacagag
gtctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggcggcgcggtaagtcgggtgtgaaatcttggagcttaactccgaaact
gcattcgatactgccgtgctcgaggactggagaggagactggaatttacggtgtagcggtgaaatgcgtagatatcgtaaggaagaccagt
ggcgaaggcgggtctctggacagttcctgacgctga 
>ebp120  
agagtttgatcctggctcagagttaacgctggcagcgtgcataacacatgcaagtcgagcgggctttggcggggtatcgctagagctagcg
gcagacgagtgagtaacacgtaagaaatctaccccaaaatagggaacaacctgctgaaaggcgggctaatgccctatataatcctggaatg
gcatcatcccgggatgaaaggcgtaagccggcttgggaggatcttgcggcctatcagctagttggtggggtaacggcccaccaaggctat
gacgggtagccggcctgaaagggcgatcggccacggaggcgctgagaaacgggcctcactcctacgggaggcagcagtggggaattt
tggacaatgggggaaaccctgatccagcaacgctgcgtgaaggacgaaggtcttcggattgtaaacttcttttgttcgggacgaaagcccg
caagggtttgacggtaccggatgaataagccacggctaactacgtgccagcagccgcggtaagacgtaggtggcgagcgttactcggaat
cactaggcgtaaagcgcgtgtaggcgggtgc 
>ebp123  
agagtttgatcatggctcaggatgaacgctggcggcgtgcctaatacatgcaagtcgagcgcctggacagcgcacttcttgcctccgtctga
gacagggcgaacacccggcagggctgttctcatcaaaaaagaaggaggagcaagaaggagtgcgatgtccaggagcggcggacggc
agagtaacgcgtaggaacgtaccccaaactgagggataagcccgggaaaccgggtctaataccgcatattatcttcggatcaaagcttcgg
cggtttgggagcggcctgcgtatgattagcttgttggtgaggtaatggctcaccaaggcgacgatcattagctggtctgagaggatgatcag
cctgactgggactgagacacggcccagactcctacgggaggcagcagtagggaattttccgcaatgggggcaaccctgacggagcaac
gccgcgtgcaggaggaaggccttcgggttgtaaactgcttttatctgcgacgattatgacggtagcagaagaataaggatcggctaattccg
tgccagcagccgcggtcatacggaagatccgagcgttatccggaattactgggcgtaaagagttgcgtaggtggcatgtaaagcgagtagt
gaaagatcccggctcaaccgggggcacattattcgaactcacaagctagagcatagtagaggtacctggaattcccagtgt 
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>ebp125  
agagtttgatcctggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtaaagtg
gcgaccgggtgagtaacacgtgactacctaccctcgagtggggaataactccgggaaaccggggctaataccgcataacatcgagagat
caaagcagcaatgcgcttgaggagggggtcgcgcctgattagctagttggtgaggtaacggctcaccaaggcgaagatcggtagccggc
ctgagagggcgcacggccacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggggaa
accctgacgcagcaacgccgcgtggaggatgaagtcccttgggacgtaaactcctttcgaccaagacgataatgacggtactggtggaag
aagcaccggctaactctgtgccagcagccgcggtaatacagagggtgcgagcgttgttcggaattattgggcgtaaagggcgcgtaggcg
gtgcggtaagtcacctgtgaaatctcccggcttaactgggagcctgcaggcgaaactgccgtgctggagtatgggagaggtgcgtggaatt
cccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaag 
>ebp126  
agagtttgatcatggctcagattgaacgctggcggcatgccttacacatgcaagtcgaacggcagcgcgggagcaatcctggcggcgagt
ggcgaacgggtgagtaatacatcggaacatgtccagtagtgggggatagcccggcgaaagccggattaataccgcatacgatctacggat
gaaagcgggggatcttcggacctcgcgctattggggtggccgatggcggattagctagttggtggggtaaaggcctaccaaggcgacgat
ccgtagctggtctgagaggacgaccagccacactgggactgagacacggcccagactcctgcgggaggcagcagtggggaattttgga
caatgggcgaaagcctgatccagcaatgccgcgtgtgtgaagaaggccttcgggttgtaaagcacttttgtccggaaagaaatcctggtgg
ctaatatccgccggggatgacggtaccggaagaataagcaccggctaactacgtgccagcagccgcggtaatacgtagggtgcgagcgt
taatcggaattactgggcgtaaagcgtgcgcaggcggtgatgtaagaccgatgtgaaatccccgggcttaacctgggaactgcattggtga
ctgcatcgctggagtatggcagaggggggtagaattccacgtgtagcagtgaaatgcgtagagatgtggaggaataccgatggcga 
>ebp129  
agagtttgatcatggctcagagtgaacgctggcggcatgcttaacacatgcaagtcgcacgggcaggggcaaccctgtcagtggcggac
gggtgagtaacgcgtaggtatctatcctcgggtgggggacaaccacgggaaactgtggctaataccgcatgacgactgaggtccaaagg
cgcaagtcgcctggggaggagcctgcgtccgattagcttgttggtggggtaaaggcctaccaaggctccgatcggtagctggtctgagag
gatgatcagccacactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgaaagcctga
tccagcaatgccgcgtgggtgaagaaggtcttcggattgtaaagccctttcgacggggacgatgatgacggtacccgtagaagaagcccc
ggctaacttcgtgccagcagccgcggtaatacgaagggggctagcgttactcggattgactgggcgtaaagggcgcgtaggcggcttgta
cagtcagacgtgaaattcctgggctcaacctgggggctgcgtttgatacgtgcgggcttgagttcggaagagggtcgtggaattcccagtgt
aga 
>ebp130  
agagtttgatcctggctcagaacgaacgctggcggcgtgcttaacacatgcaagtcgagtgcgcgtccgtagcaatacggatggcgcacg
gcgcacgggtgcgtaacacgtgggcaatctgccctccgaaggggaataactccgggaaaccgaagctaattccgcataacattccctgga
ctccggttcggggattcaaagcagcaatgcgtcggaggaggagcccgcgcccgattagctagttggtgaggtaacggctcaccaaggct
atgatcggtagctggtctgagaggatggccagccacactggaactgagacacggtccagactcctacgggaggcagcagtggggaatct
tgcgcaatgggcgaaagcctgacgcagcgacgccgcgtgggggatgaagcttctcggagtgtaaacccctttcgaccgggacgaatgcc
cgcaagggagtgacggtaccggtagaagaagccccggctaactacgtgccagcagccgcggtaagacgtaaggggccagcgttgttcg
gaattactgggtgtaaagggttcgtaggcggtgtggcaagtcgggagtgaaatttctgggcttaactcagaacctgcttccgaaactgctgtg
ctcgagtgtgggagaggcgcgtggaattgcaggtgtagcggt 
>ebp133  
agagtttgatcatggctcagaatcaacgctggcggcgcgcttaacacatgcaagtcgcacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtggatcatctacctcttagtggggaataaccctgggaaaccggggctaataccgcataagctcgagagag
gaaagcagcaatgcgctgagagaggagtccgcggccgattagctagttggcagggtaaaagcctaccaaggcaaagatcggtagccgg
cctgagagggcacacggccacactggcactgaaacacgggccagactcctacgggaggcagcagtggggaatcttgcacaatggggg
aaaccctgatgcagcgacgccgcgtgagcgatgaagcccttcggggtgtaaagctctttcggcagggacgatcatgacggtacctgcaga
agcagctgcggctaactacgtgccagcagccgcggtaatacgtaggcagcgagcgttgttcggagttactgggcgtaaagggtgtgtagg
cggttgcttaagtttggtgtgaaatctcccgg 
>ebp139  
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agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtacagtg
gcgaccgggtgagtaacacgtgaccaacctgccctcgagtggggaataactctgggaaaccggagctaataccgcataacatcgcaaga
tcaaagccgcaaggcgcttgaggagggggtcgcggctgattagctagttggtagggtaatggcctaccaaggcgaagatcggtagccgg
cctgagagggcgcacggccacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatggggga
aaccctgacgcagcaacgccgcgtggaggatgaagtcccttgggacgtaaactcctttcgaccgggacgatactgacggtactggaagaa
gaagcaccggctaactctgtgccagcagccgcggtaatacagagggtgcgagcgttgttcggaattattgggcgtaaagggcgcgtaggc
ggtgcggtaagtcacctgtgaaatctcctggctcaactgggagcttgcaggcgaaactgccgtgctggagtgtgggagaggtgcgtggaa
ttcccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagcggcgcactggaccacaactgacgctgaggcgcg
aaagctag 
>ebp140  
agagtttgatcatggctcagaatcaacgctggcggcgcgcttaacacatgcaagtcgcacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtggatcatctacctcttagtggggaataaccctgggaaaccggggctaataccgcataagctcgagagag
gaaagcagcaatgcgctgagagaggagtccgcggccgattagctagttggcagggtaaaagcctaccaaggcaaagatcggtagccgg
cctgagagggcacacggccacactggcactgaaacacgggccagactcctacgggaggcagcagtggggaatcttgcacaatggggg
aaaccctgatgcagcgacgccgcgtgagcgatgaagcccttcggggtgtaaagctctttcggcagggacgatcatgacggtacctgcaga
agcagctgcggctaactacgtgccagcagccgcggtaatacgtaggcagcgagcgttgttcggagttactgggcgtaaagggtgtgtagg
cggttgcttaagtttggtgtgaaatctcccggctcaactggg 
>ebp142  
agagtttgatcatggctcagagcgaacgctggcggcgtgcttaacacatgcaagtcgagtgcgcgcctgtagcaatacaggtggcgcacg
gcgcacgggtgcgtaacacgtgggcaatctgccctctgatggggaataaccccgcgaaagcggggctaataccgcataacattccttgga
ctacggttcgaggactcaaaggcgtaagtcgtcggaggaggagcccgcgcacgattagctagttggtagggtaacggcctaccaaggctt
tgatcgttagctggtctgagaggatggccagccacactggaactgagacacggtccagactcctacgggaggcagcagtggggaatcttg
cacaatgggcgaaagcctgatgcagcgacgccgcgtgggggatgaagcttctcggagtgtaaacccctttcgacccggacgaatacctc
gcaagaggggtgacggtacgggtataagaagccccggctaactacgtgccagcagccgcggtaagacgtagggggccagcgttgctcg
gaattactgggtgtaaagggttcgtaggcggtgtggcaagtcgggagtgaaatctctggggcttactcagagactgcttccgaaactgctgt
gcttgagt 
>ebp143  
agagtttgatcatggctcagagcgaacgctggcggcgtgcttaacacatgcaagtcgagtgcgcgcctgtagcaatacaggtggcgcacg
gcgcacgggtgcgtaacacgtgggcaatctgccctctgatggggaataaccccgcgaaagcggggctaataccgcataacattccttgga
ctacggttcgaggactcaaaggcgtaagtcgtcggaggaggagcccgcgcacgattagctagttggtagggtaacggcctaccaaggctt
tgatcgttagctggtctgagaggatggccagccacactggaactgagacacggtccagactcctacgggaggcagcagtggggaatcttg
cacaatgggcgaaagcctgatgcagcgacgccgcgtgggggatgaagcttctcggagtgtaaacccctttcgacccggacgaatacctc
gcaagaggggtgacggtacgggtataagaagccccggctaactacgtgccagcagccgcggtaagacgtagggggccagcgttgctcg
gaattactgagtgtaaagggttcgtaggcggtgtggcaagtcgggagtgaaatctctgggcttaactcagagactgcttccgaaactgctgt
gcttgagtg 
>ebp144  
agagtttgatcctggctcagagcgaacgctggcggcaggcttaacgcatgcaagtcgagcgggtgtagcaatacatcagcggcagacgg
gtgagtaacgcgtgggaacgtaccttttggttcggaacaacccagggaaacttgggctaataccggataagcccttacggggaaagatttat
cgccgagagatcggcccgcgtctgattagctagttggtgaggtaatggctcaccaaggcgacgatcagtagctggtctgagaggatgatca
gccacattgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatccagccat
gccgcgtgagtgatgaaggccctagggttgtaaagctcttttgtgcgggaagataatgacggtaccgcaagaataagccccggctaacttc
gtgccagcagccgcggtaatacgaagggggctagcgttgctcggaatcactgggcgtaaagggtgcgtaggcgggtctttaagtcaggg
gtgaaatcctggagctcaactccagaactgcctttgatactgaagatcttgagttcgggagaggtgagtggaactgcgagtgtagaggtgaa
attcgtagatattcgcaagaacaccagtggcgaaggcggctcactggcccgatactgacgctgaggcacgaaag 
>ebp145  
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agagtttgatcatggctcaggatgaatgctggcggcgtggataaggcatgcaagtcgaacggtccgcaaggacagtggcagacgaggta
gtaacacgtaggtactccccccgaagcctggtatagctcgtcgaaagacggggtaatcccagatggtcccgaaagggtaaagatttatcgc
ttcgggagaggcctgcgtcatatcagcttgttggtgaggtaatggctcaccaaggctacgacgtgtaggggcgctgagaggcggaccccc
accgatgggactgagacacggcccatactcctacgggaggccgcagtcgagaatcttccgcaatggacgaaagtctgacggagcgacg
ccgcgtgctggaagaagtgcttcggtacgtaaacagcttttatgagggacgaaattattgacggtacctcatgaataaggggctcctaactct
gtgccagcaggagcggtaatacagaggccccaagcattatccgggatcactgggcgtaaagggtgtcaaggcggctatattagtcgttcgt
aaaatccgtgggctcaacctacggtccgcgagcgaaacggtatagctagaggttggaagaggtgcatggaactcacggtgtaggggtga
aatccgttgatatcgtggggaacaccaaaggcgaaggcagtgcactggtccaaatctgacgctcacaca 
>ebp147  
agagtttgatcctggctcaggacgaacgctggcggcgtgcttaacacatgcaagtcgaacggaaaggtctcttcggagacactcgagtgg
caaacgggtgagtaacacgtgggtgatctgccctgcacttcgggataagcctgggaaactgggtctaataccggataggaccaagagatg
catgtcttttggtggaaagcttttgcggtgtgggatgggcccgcggcctatcagcttgttggtggggtcacggcctaccaaggctccgacgg
gtagccggcctgagagggtgtccggccacactgggactgagatacggcccagactcctacgggaggcagcagtggggaatattgcaca
atgggcgcaagcctgatgcagcgacgccgcgtgggggatgacggccttcgggtcgtaaacctctttcaccatcgacgaaggtccgggtttt
ctcggattgacggtaggtggagaagaagcaccggccaactacgtgccagcagccgcggtaatacgtagggtgcgagcgttgtccggaat
tactgggcgtaaagagctcgtaggtggtttgtcgcgttgttcgtgaaaactcacggcttaactgtgagcgtgcgggcgatacgggcagactg
gagtactgcaggggagactggaattcctg 
>ebp150  
agagtttgatcctggcgcagaacgaacgctggcggcaggcttaacacatgcaggtcgagcgccccgcaaggggagcggcagacgggt
gagtaacacgtgggaacgtaccttttggttcggaacaactccgggagactggagctaataccggataagccctaacggggaaagatttatc
gccagaagatcggcccgcgtctgattagctagttggtggggtaacggcccaccaaggcgacgatcagtagctggtctgagaggatgatca
gccacactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatccagcca
tgccgcgtgagtgatgaaggccttagggttgtaaagctcttttgtccgggaagataatgactgtaccggaagaataagccccggctaacttc
gtgccagcagccgcggtaatacgaagggggctagcgttgttcggaatcactgggcgtaaagcgcacgtaggcggaccattaagtcaggg
gtgagagcctggagctcaactccagaactgcctttgatactgatggtctcgagttcggaagaggttggtggaactgcgagtgtagaggtgaa
attcgtagatattcgcaagaacaccagtggcgaaggcggccaactggtccgacactgacgctgaggtgcgaaagcgtggggagcaaaca 
>ebp156  
agagtttgatcatggctcagagcgaacgctggcggcgtgcttaacacatgcaagtcgagcgccgtagcaatacggagcggcagacggga
gagtaacacgtgggaacgtgcccttcagttcggaacaacccagggaaacttgggctaataccggatacgtccgtaaggagaaagatttatc
gctgaaggatcggcccgcgtctgattagctagttggtggggtaacggcccaccaaggcgacgatcagtagctggtctgagaggatgatca
gcctcactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatccagccat
gccgcgtgggtgatgaaggccctagggttgtaaagccctttcggcggggaagataatgacggtacccgcagaagaagccccggctaact
tcgtgccagcagccgcggtaatacgaagggggctagcgttgctcggaatcactgggcgtaaagcgcacgtaggcggctttttaagtcagg
ggtgaaatcctggagctcaactccagaactgcccttgatactgagaagcttgagtccgggagaggtgagtggaactgcgagtgtagaggt
gaaattcgtagatattcgcaagaacaccagtggc 
>ebp162  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccacgagtaaagtg
gcgaccgggtgagtaacacgtgactaacctaccctcgagtggggaataacctcgggaaaccggggctaataccgcataatgtcttcggat
caaaggagcaatccgctggaggagggggtcgcggccgattagctagttggcggggtaacggcccaccaaggccatgatcggtagccg
gcctgagagggcgcacggccacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatggggg
aaaccctgacgcagcaacgccgcgtggaggatgaagccccttggggtgtaaactcctttcgatcgggacgattatgacggtaccggatga
agaagcaccggctaactctgtgccagcagccgcggtaatacagagggtgcaagcgttgttcggaattgttgggcgtaaagcgctcgtaggt
gggttgacaagtctgcaagcaaagacccgggctcaactcgggaatccgtgtggaaactgtcgatcttgaggtagtcagaggatgatggaa
c 
>ebp163  
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agagtttgatcctggctcagaacgaacgctggcggcgtgcctaaaacatgcaagtcgagcgagaaagggagcaatcctgagtaaagcgg
cgcacgggtgcgtaacacgtgggtaatctgcctcgaagagagggataactagccgaaaggttagctaatacctcataagcttacggcctctt
cggaggctgttagaaaagggtggcctctgtatacaagctatcgcttcgagatgagcccgcggcccatcagctagttggcggtgtaaaagac
caccaaggcgatgacgggtagctggtctgagaggacgatcagccacactggaactgagacacggtccagactcctacgggaggcagca
gttgggaatattgcgcaatgggcgaaagcctgacgcagcaacgccgcgtgagcgatgaaggtcttcggatcgtaaagctctttcggccgg
gacgaaaactcaccgtttcatacgcggtgacttgacggtaccggaagaagaagcaccggctaactctgtgccagcagccgcggtaataca
gagggtgcaagcgttgttcggaattattgggcgtaaagcgcgtgtaggcggcttgttgtgtcgggtgtgaaagccctcggcttaaccgagg
aagtgcgcccgaaactagcgagcttgagtgccggagaggagagtggaacacccggtg 
>ebp166  
agagtttgatcctggctcagaacgaacgctggcggcgtgcttaacacatgcaagtcgagtgcgcgtgccgtagcaatacggtatggcgca
cggcgcacgggtgcgtaacacgtgggcaatctgccctccggtggggaataaccccgcgaaagcggggctaattccgcataacattctctg
gactctggttcggggattcaaagcagcaatgcgccgaaggaggagcccgcgcccgattagctagttggtgaggtaacggctcaccaagg
caatgatcggtagctggtctgagaggatggccagccacactggaactgagacacggtccagactcctacgggaggcagcagtggggaat
cttgcgcaatgggcgaaagcctgacgcagcgacgccgcgtgggggatgaagcttctcggagtgtaaacccctttcgaccgggacgaatg
cccgcaagggagtgacggtaccggtagaagaagccccggctaactacgtgccagcagccgcggtaagacgtagggggccagcgttgtt
cggaattactgggtgtaaagggtccgtaggcggtgtggcaagtcgggagtgaaatttctgggcttaactcagaagctgcttccgaaactgct
gtgctagagtgcgggagaggcgcgtggaattgcaggtgtagcggtgaaatgcgtagatatctgc 
>ebp169  
agagtttgatcatggctcagagtgaacgctggcggcatgcttaacacatgcaagtcgcacgggcaggggcaaccctgtcagtggcggac
gggtgagtaacgcgtaggtatctatcctcgggtgggggacaaccacgggaaactgtggctaataccgcatgacgactgaggtccaaagg
cgcaagtcgcctggggaggagcctgcgtccgattagcttgttggtggggtaaaggcctaccaaggctccgatcggtagctggtctgagag
gatgatcagccacactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgaaagcctga
tccagcaatgccgcgtgggtgaagaaggtcttcggattgtaaagccctttcgacggggacgatgatgacggtacccgtagaagaagcccc
ggctaacttcgtgccagcagccgcggtaatacgaagggggctagcgttactcggattgactgggcgtaaagggcgcgtaggcggcttgta
cagtcagacgtgaaattcctgggctcaacctgggggctgcgtttgatacgtgcgggcttgagttcggaagagggtcgtggaattcccagtgt
agaggtgaaattcgt 
>ebp401  
agagtttgatcatggctcagaacgaacgctggcggcgtgcttaacacatgcaagtcgcgtgcgcagtttccgtagcaatacggggatgggc
gcacggcgcacgggtgcgtaacacgtgggcaatctgccctccgatggggaataaccccgcgaaagcggggctaataccgcataacattc
cttgagcgatggttcgaggattcaaagcaagtaatgcgtcggaggaggagcccgcgcccgattagctagttggcgaggtaacggctcacc
aaggcaatgatcggtagctggtctgagaggatgatcagccacactggaactgagacacggtccagactcctacgggaggcagcagtggg
gaatcttgcacaatgggcgaaagcctgatgcagcgacgccgcgtgggggatgaagcttctcggagtgtaaacccctttcgcctgggacga
atgcccgcaagggagtgacggtaccaggataagaagccccggctaactacgtgccagcagccgcggtaagacgtagggggccagcgtt
gttcggaattactgggtgtaaagggttcgtaggcggtgcggcaagttgggagtgaaatctctgggctcaactcagaggctgcttccaaaact
gctgtgcttgagtgcgagagaggctcgtggaattgcaggtgtagcggtgaaatgcgtagatatctgcaggaacacccgtggcgaaagcgg
cgagctggatcactactgac 
>ebp402  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgcgagggtcccgcaagggactagtagagtg
gcaaacgggtgagtaacacgtgggtgacctgccttcgagtgggggataacgtcccgaaagggacgctaataccgcatgacatcctgccgt
tgaaaccggtggagatcaaagctggggatcgcaagacctagcgcttgaagaggggcccgcgtccgattagctagttggtgaggtaatggc
tcaccaaggcgacgatcggtagccggcctgagagggcggacggccacactgggactgagacacggcccagactcctacgggaggca
gcagtggggaattgttcacaatgggcgcaagcctgatgacgcaacgccgcgtggaggatgaagatcttcgggtcgtaaactcctttcgatc
gagacgaacgacttccgggctaatcaccggaagagtgacggtaccgagagaagaagccccggctaactccgtgccagcagccgcggta
atacggggggggcaagcgttgttcggaattactgggcgtaaagggctcgtaggcggccaactaagtcagacgtgaaatccctcggcttaa
ccggggaactgcgtctgatactggatggcttgaggttgggag 
>ebp403  
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agagtttgatcctggctcaggacaaacgctggcggcgtgcgtaacacatgcaagtcggacgagggggcggttcttttcggagagcggtctt
tcgagtggcggacgggtgagtaacacgtggataacctaccctggtgtgggggataccctgtagaaatacgggctaataccgcatgcggta
gatcggggttcgcccggatctaagaaagccttcgggcgcagcaggaggggtccgcggccgattagctagttgggggggtaaaggcttcc
caaggcgacgatcggtagctggtctgagaggatgatcagccacactgggattgagaacggcccagactcctacggggggcagcagtga
ggaatcttcgtcaatgggcgcaagcctgaacgagcaacgccgcgtgtgggaagacggccctcgggttgtaaaccacttttctctggaacga
gttttggacggtaccagaggaagaagtctcggctaactacgtgccagcagccgcggtaatacgtaggagacgagcgttgtccggagttact
gggcgtaaagggtgcgcaggcggttcgttttgtgggtggtgaaatctcctggctcaactgggagggggccatccaaacgggcgaacttga
ggcgtggagagggacgtggaattccgggtggagcagtgaaatgcg 
>ebp404  
agagtttgatcatggctcagagcgaacgctggcggcgtgcttaacacatgcaagtcgaacgcgcagttctctgtagcaatacagggagccg
gcgcgtggcgaacgggtgcgtaacacgtggataaccttccttcaggtggggaataaccccgcgaaagcggggctaataccgcataacat
gacgatggcacatgctgttgtcttcaaagccgcaaggcgccagaagagggatccgcggccgattagctagttggcgaggtaatggctcac
caaggcaatgatcggtagccggactgagaggttgaccggccacactggaactgagacacggtccagactcctacgggaggcagcagtg
gggaatcttgcgcaatgggcgaaagcctgacgcagcaacgccgcgtgggggatgaagcttctcggagtgtaaacccctttcgacccgga
cgaatgcccgcaagggtttgacggtacgggtataagaagccccggctaactacgtgccagcagccgcggtaaaacgtagggggccagc
gttgctcggaattactgggcgtaaagggtccgtaggcggtgtggcaagtcggaagtgaaatctctgggcttaactcagaggctgctcccga
aactgctgtgctcgagtgcgagagaggcgagtggaattgcgggtgtagcggtgaaatgcgtagatatccgcagggacatccgaggcgaa
agcggctcgctggatcgcaact 
>ebp405  
agagtttgatcatggctcagaacgaacgttggcggcgtggattaggcatgcaagtcgaacgaatccctgggggcaactctggggggaagt
ggcgaaaggggcagtaatgcgtggctaacctaccccggggacggggatagccttcctaacggaagggtaatacccggcgatgtggcga
gggggcatctccttgctatgaaatgagtttcgcctcgggagggggtcacgtgctattagcttgttggcggggtaacggcccaccaaggcga
agatggctagcgggtgtgagagcacgacccgcgccactggcactgagacactggccagactcctacgggaggctgcagtcgaggatctt
cggcaatgggcgcaagcctgaccgagcgacgccgcgtgcgcgatgaaggccttcgggttgtaaagcgctgtcgagggggaggaaagc
cgaaaggtctgacctatccctgggggaagcacgggctaagttcgtgccagcagccgcgataagacgaaccgtgcgaacgttgttcggatt
cactgggcttaaagggcgcgtaggcggcttgccaagtcaggggtgaaatctttcggctcaaccggaaaacagcttctgatactggcgggct
ggagggaggtaggggcagatggaacttccggtggagcggtgaaatgcgtagatatcggaagggacgccggtggcgaaagcgatctgct
ggacctcttctgacgctgatgc 
>ebp119  
agagtttgatcatggctcagaacgaacgttggcggcgtggattaggcatgcaagtcgaacgaatccctgggggcaactctggggggaagt
ggcgaaaggggcagtaatgcgtggctaacctaccccggggacggggatagccttcctaacggaagggtaatacccggcgatgtggcga
gggggcatctccttgctatgaaatgagtttcgcctcgggagggggtcacgtgctattagcttgttggcggggtaacggcccaccaaggcga
agatggctagcgggtgtgagagcacgacccgcgccactggcactgagacactggccagactcctacgggaggctgcagtcgaggatctt
cggcaatgggcgcaagcctgaccgagcgacgccgcgtgcgcgatgaaggccttcgggttgtaaagcgctgtcgagggggaggaaagc
cgaaaggtctgacctatccctgggggaagcacgggctaagttcgtgccagcagccgcgataagacgaaccgtgcgaacgttgttcggatt
cactgggcttaaagggcgcgtaggcggcttgccaagtcaggggtgaaatctttcggctcaaccggaaaacagcttctgatactggcgggct
ggagggaggtaggggcagatggaacttccggtggagcggtgaaatgcgtagatatcggaaggaacgccggtggcgaaagcgatctgct
ggacctcttctgacgctgatgcg 
>ebp406  
agagtttgatcctggctcagaatcaacgctggcggcgtgcttaacacatgcaagtcgcgtgcgcagttccgtagcaatacgggatgggcgc
acggcgcacgggtgcgtaacacgtgggcaatctgccctctgatggggaataaccccgcgaaagcggggctaataccgcataacattcctt
ggactacggtccggggattcaaagcagtgatgcgtcggaggaggagcccgcgcccgattagctagttggtgaggtaatggctcaccaag
gcaatgatcggtagctggtctgagaggatgatcagccacactggaactgagacacggtccagactcctacgggaggcagcagtggggaa
tcttgcacaatgggcgaaagcctgatgcagcgacgccgcgtgggggatgaagcttctcggagtgtaaacccctttcgactgggacgaatg
cccgcaagggagtgacggtaccagtagaagaagccccggctaactacgtgccagcagccgcggtaagacgtagggggccagcgttgtt
cggaattactgggtgtaaagggttcgtaggcggtgtggcaagtcgggagtgaaatctatgggcttaacccataggctgcttccgaaactgct
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gtgcttgagtgtgggagaggcgcgtggaattgcaggtgtagcggtgaaatgcgtagatatctgcaggaacacccgtggcgaaagcggcg
cgctggaccacaactgacgctgaatgac 
>ebp124  
agagtttgatcatggctcagagcgaacgctggcggcaggcctaacacatgcaagtcgagcgccgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgtgcccttcagttcggaacaacccagggaaacttgggctaataccggatacgcccgtaaggagaaagatttat
cgctgaaggatcggcccgcgtctgattagctagttggtggggtaacggcccaccaaggcgacgatcagtagctggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatccagcc
atgccgcatgggtgatgaaggccctagggttgtaaagccctttcggcggggaagataatgacggtacccgcagaagaagccccggctaa
cttcgtgccagcagccgcggtaatacgaagggggctagcgttgctcggaatcactgggcgtaaagcgcacgtaggcggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgcccttgatactgagaagcttgagtccgggagaggtgagtggaactgcgagtgtagagg
tgaaattcgtagatattcgcaagaacaccagtggcgaaggcggctcactggcccggtactgacgctgaggtgcgaaagcgtggggagca
aacaggattagataccctggtagt 
>ebp412  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtatagtgg
cgaccgggtgagtaacacgtgactaacctgcccttgagtgggggataacctcgggaaaccggggctaataccgcataacatcttcaggat
gagaagctggggatcaaaggagcaatccgcttatggagggggtcgcggctgattagctagttggcggggtaacggcccaccaaggcgat
gatcggtatccggcctgagagggcgcacggacacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttg
cgcaatgggggaaaccctgacgcagcaacgccgcgtggaggatgaagtcccttgggacgtaaactcctttcgaccgggacgattatgac
ggtaccggtggaagaagccccggctaacttcgtgccagcagccgcggtaatacgaggggggcgagcgttgttcggaattattgggcgta
aagggcgcgtaggcggtgcggtaagtcacctgtgaaacctctgggctcaactcagagcctgcaggcgaaactgccgtgctggagtgtgg
gagaggtgcgtggaattcccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaa 
>ebp414  
agagtttgatcctggctcagaacgaacgttagcggcgcgcctaacacatgcaagtcgcacgagaaagggcttcggccccggtaaagtgg
cgcacgggtgagtaacacgtgggtaatgttccctcgggcgggggataaccctccgaaaggaaggctaataccgcataagaccacggcct
cgaaagaggctgaggtaaaagcaggcctctgcatgcaagcttgcacctgaggatcagcccgcggcccatcagctagttggtagggtaatg
gcctaccaaggctaagacgggtagctggtatgagaggatgatcagccacactggaactgagacacggtccagactcctacgggaggcag
cagtggggaatcttgcgcaatgggcgaaagcctgacgcagcgacgccgcgtgggtgatgaaggccttcgggttgtaaagccctgtgggg
agagacgaataagtcggagccaatacctccggcgatgacggtatttccttagcaagcaccggctaactctgtgccagcagccgcggtaag
acagagggtgcaaacgttgttcggaattactgggcgtaaagcgtgtgtaggcggccgcgcaagtcggatgtgaaagccccgggctcaac
ccgggaagtgcacccgaaactgcgtggcttgagtaccggagaggttggtggaattctcggtgtagaggtgaaattcgtagatatc 
>ebp418  
agagtttgatcatggctcagaacgaacgttggcggcgtggattaggcatgcaagtcgaacgaatccctgggggcaactctggggggaagt
ggcgaaaggggcagtaatgcgtggctaacctaccccggggacggggatagccttcctaacggaagggtaatacccggcgatgtggcga
gggggcatctccttgctatgaaatgagtttcgcctcgggagggggtcacgtgctattagcttgttggcggggtaacggcccaccaaggcga
agatggctagcgggtgtgagagcacgacccgcgccactggcactgagacactggccagactcctacgggaggctgcagtcgaggatctt
cggcaatgggcgcaagcctgaccgagcgacgccgcgtgcgcgatgaaggccttcgggttgtaaagcgctgtcgagggggaggaaagc
cgaaaggtctgacctatccctgggggaagcacgggctaagttcgtgccagcagccgcgataagacgaaccgtgcgaacgttgttcggatt
cactgggcttaaagggcgcgtaggcggcttgccaagtcaggggtgaaatctttcggctcaaccggaaaacagcttctgatactggcgggct
ggagggaggtaggggcagatggaacttccggtggagcggtgaaatgcgtagatatc 
>ems2  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagtaagtggagcaatccatgagtacagtgg
cgtacgggtgagtaacacgtgactaacctacctccgagtggggaataaccccgggaaaccggggctaacaccgcataaaaccgcaaggt
caaatgcgcaagcagcttggagagggggtcgcggttgattagctagttggtgaggtaatggctcaccaaggcgatgatcaatagccggcc
tgagagggcgcacggccacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggggaaa
ccctgacgcagcaacgccgcgtggaggatgaagtcctttgggatgtaaactcctttcgatcgggacgataatgacggtaccggaagaaga
agccccggctaactctgtgccagcagccgcggtaatacagaggggggcagcgttgttcgggattattgggcgtaaagggcgcg 
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>ems6  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtaaagtg
gcgaccgggtgagtaacacgtgactaacctaccttcgagtgggggataactccgggaaaccggagctaataccgcataacatcgcgagat
caaagcagcaatgcgctggaagagggggtcgcggctgattagctagttggcggggtaacggcccaccaaggcgaagatcggtatccgg
cctgagagggcgcacggacacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatggggga
aaccctgacgcagcaacgccgcgtggaggatgaagccctttggggcgtaaactcctttcgacccggacgatgatgacggtacgggtgga
agaagcaccggctaactctgtgccagcagccgcggtaatacagagggtgcaagcgttgttcggaattattgggcgtaaggggcgcgtagg
cggcgcggtaagtcacctgtgaaatctcccggcttaactgggagcctgcaggcgaaactac 
>ems7  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgtctctgggtgctttggtagccagaggagtg
gcggacgggtgaggaacacgtgggtgacctatctttcagtgaggaataccggcgagaaatcgccgacaagaccgcatacggttctctcgt
cggagagggaacgaaagctcttcgtgagaggggcgctggaagctgggcctgcgtccgattagctggctggtggggtaaaggctcacca
gggcgacgatcggtagctggtctgagaggacgatcagccacactgggattgagaacggcccagactcctacggggggcagcagtgag
gaattttcggcaatgggggcaaccctgaccgagcaacgccgcgtgcaggaagacggccttcgggttgtaaactgcttttctgtgggacgag
caaggacggtaccacaggaagaagccccggctaactacgtgccagcagcctcggtaatacgtagggggcaagcgttgtccggagttact
gggcgtaaagggcacgcaggcggtttcacaagagtggggtgacaggtgccggcttacctggcacagggccttgcagactgtgagacttg
agggcctcagagggacatggaactccaggtgtagtggtgaaa 
>ems12  
agagtttgatcatggctcaggatgaacgctggcggcgtgcctaacacatgcaagtcgaacgtcctctggccgcaaggctggagggagtgg
cggacgggtgagtaacacatgggaacctaccttccagtgaggaataccggcgagaaatcgccgacaagaccgcatgggcttctcctttgg
gggaagcaaagtttcttcgcgagaggagacgctggaagatgggcctgtggccgattagctagctggtggggtaagagcctaccagggcg
acgatcggtagctggtctgagaggacgagcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaatttt
ccgcaatgggcgcaagcctgacggagcaacgccgcgtgcaggaagacggccttcgggttgtaaactgcttttctgagggacgagcaagg
acggtacctcaggaacaagccccggctaactacgtgccagcagccgcggtaatacgtagggggcgagcgttgtccggagttactgggcg
taaagggcatgcaggcggagcgctgcgtttgccatgacagctcctcgcttcacgaggagagagtggcaaaaacgagcgcacttgaggga
cacagagggacacagaattcggggtggagtggtgaaatgcgtagagatccggaggaataccaa 
>ems13  
agagtttgatcatggctcaggacgaacgctggcggcgtgcctcaaacatgcaagtcgagcgtggcttcgttctctcgcaagagaggacga
agtctagcggcgaacgggtgagtaacacgtgagaaacctgccctccggacggggacaacctcgggaaaccggggctaataccggattc
gctcgccgggtcgcatggcctggtgaggaaaggacgcaagtcgccggaggagggtctcgcggcctatcagcttgttggtggggtaacgg
cctaccaaggctatgacgggtagctggcctgagagggtggtcagccacactggaactgagacacggtccagactcctacgggaggcag
cagttgggaatcttgggcaatgggcgaaagcctgacccagcgacgccgtgtgggggatgaaggccttcgggttgtaaacccctgtcatga
gggacgaagccgcaaggtgacggtacctcaggaggaagccccggctaactacgtgccagcagccgcggtaagacgtagggggcaag
cgttgtccggaatcactgggcgtaaagcgcgtgtaggcggtttggccagtcccgtgtgaaagcctccggctcaactggaggacgccgcgg
gatactgccggactcgaggacaggagagggaagtggaattcccggtgta 
>ems80  
agagtttgatcatggctcagaacgaacgctggcggcgcgcctaatacatgcaagtcgaacgagaatgtgtagcaatacacatgtacagtgg
cgaacgggtgaggactacatgggtaacctaccctcgagtggggaataactagccgaaaggttagctaataccgcgtacgcttcccggact
gcggttcgggaaggaaagcgataccgtgggtatcgcgctcttggatgggctcatgccctatcagcttgttggtgaggtaacggctcaccaa
ggcttcgacgggtagctgatctgagaggatgatcagccacactggcactgcgacacgggccagactcctacgggaggcagcagtaagg
aatattgcgcaatgggcgaaagcctgacgcagcgacgccgcgtgggggatgaaggtcttcggattgtaaacccctttcgggagggaagat
gggatggggtaacccattcggacggtacctccagaagcagccacggctaacttcgtgccagcagccgcggtaatacgaaggtggcaagc
gttgttcggatttactgggcgtacagggagcgtaggcggttgggtaagccctccgtgaaatctccaggcttaacctggaaagtgcagaggg
gactgctcagctagaggatgggggag 
>ems88  
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agagtttgatcatggctcaggatgtacgctgggggcatgcttaacacatgcaagttgaacgggttataagttgaaactttaagtgaattcttgta
atcagtagcggacgggtgcgtaacgcgtaagaacctacctttaggtggagaataactactggaaacggtggctaatactccatatgctgag
gagtgaaagagaaagacaactttcttgcctagggatgggcttgcgtctgattagcctgttggtagggtaacggcttcccaaggcgacgatca
gtagctggtctgagaggacgatcagccacactgggactgagacacggcccagactcctacgggaggcagcagtgaggaattttccgcaa
tgggcgaaagcctgacggagcaatgccgcgtggaggaagacagcctatgggtcgtaaactccttttctcagagaagaattcttgacggtat
ctgaggaatcagcatcggctaactccgtgccagcagccgcggtaatacgggggatgcaagcgttatccggaatgattgggcgtaaagggt
ctgtaggtggtcggtaaagtctaccgttcaataccaaggcttaaccttggggcagcggtggaaactcatcggcttgagtacggtagg 
>ems106  
agagtttgatcatggctcagattgaacgctggcggcatgcttaacacatgcaagtcgaacggcagcatttatttagtttactagatgagatggc
gagtggcgaacgggtgagtaacgcgtaggaatatgccttagagactgggacaacttggggaaacccaagctaataccggatgccatctat
ggatgaaagctggggaccttcgggcctggcgctttaagaatagcctgcgtacgattagctagttggtggggtaagggcctaccaaggcga
cgatcgttagctggtctgagaggatggtcagccacactggaactgagacacggtccagactcctacgggaggcagcagtggggaatattg
gacaatggggggaaccctgatccagcaatgccgcgtgtgtgaagaaggcctgagggttgtaaagcactttcggtagggaggaggacttgt
gggttaagagctatcgagttggacgttacctacagaagaagcaccggctaactccgtgccagcagccgcggtaatacggagggtgcgag
cgttaat 
>ems107  
agagtttgatcctggctcaggacaaacgttggcggtgcgtcttagacatgcaagtcgagcgtgaaagcccgcaagggtgagtaaagcggc
gaacgggtgagtaatacttgggtaacgtccctcctagattgggataacgcgccgaaaggcgtgctaataccggatatgaccacggcttctct
ggaagttggggtaaaagatggcgcaagctatcactgggagatcggctcaagcaccattagctagttggcgtggtaacggcccaccaaggc
gacgatggttagccggcctgagagggtgatcggccacactgggactgagatacggcccagactcctacgggaggcagcagtttggaata
ttccacaatgggcgcaagcctgatggagcgacaccgcgtgaaggatgaaggtcttcggattgtaaacttctttagacctagatgaaggctgc
agggtgaataatcctgcagtttgacagtataggtagaataagccacggctaactctgtgccagcagccgcggtaatacagaggtggcgaac
gttgtccggatttattgggtgtaaagggcatgtaggtggttt 
>ems108  
agagtttgatcctggctcagaactaacgctggcggcgtgcctaacacatgcaagtcgagcggacaccaatttgtagcaatacagatgaagt
gttagcggcagacgggtgagtaacacgttggcaatctatctttccgaccgggataactagccgaaaggttagctaatacctgatacgatcatc
gagcggcatcgcatgatgatgaaagcagcaatgcgcggattgaggagcctgcggtccattagctagttggtgaggtaacggcccaccaa
ggcaacgatggatagctggtctgagaggacgaccagccacactgggactgagacacggcccagactcctacgggaggcagcagtgag
gaattttccgcaatgggcgaaagcctgacggagcgacgccgcgtgcacgaggaaggtcttcggatcgtaaagtgctgtcgagggggacg
attatgacggtacccctggaggaagccccggctaactacgtgccagcagccgcggtaagacgtagggggcgagcgttgttcggaattact
gggcgtaaagcgtgcgtaggcggattcgtaagtcgaggttgaaata 
>ems109  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagcgggggcaactccgtgagtaaa
gtggcgtacgggtgagtaacacgtagctaacctacccttcagcgggggataacctggggaaactcgggctaataccgcataacctcttagtt
gcacaagcagcagagagcaaaggtccgcaaggatcgctgaaggagggggctgcggccgattagctagttggcggggtaacggcccac
caaggcaatgatcggtagccggcctgagagggcgcacggccacactggcactgaaacacgggccagactcctacgggaggcagcagt
ggggaattttgcacaatgcccgaaagggtgatgcagcaacgccgcgtgagggatgaaggccttcgggtcgtaaacctctttcgaccggga
aaaatgggctggtgaatagccagctctgatggtaccgatggaagaagccccggccaactacgtgccagcagccgcggtaatacgtaggg
ggcgagcgttgttcggaattactgggcgtaaagggcgtgtaggcggtgcggtaagtggggcgtgaaatcccggagcctaactcggggcg
gtcgttccagactgccgtgctagggta 
>ems110  
agagtttgatcatggctcagaatcaacgctggcggtatgcttaacacatgcaagtcgaacgcaaccattcgtggttgagtggcggacgggtg
agtaacgcgtgagaatctggcttcaggtcggggacaaccattggaaacgatggctaataccggataagccgcaaggtgaaagattaattgc
ctgaagatgagctcgcgtctgtttagctagttggtggggtaagagcctaccaaggcgacgatcagtagctggtctgagaggacgatcagcc
acactgggactgagacacggcccagactcctacgggaggcagcagtggggaattttccgcaatgggcgcaagcctgacggagcaatac
cgcgtgggggaggaaggctcttgggttgtaaaccccttttctcagggaagaaagaatgacggtacctgaggaatcagcatcggctaactcc
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gtgccagcagccgcggtaatacggaggatgcaagcgttatccggaatgattgggcgtaaagcgtccgcaggtggtagtgcaagtctgctg
ttaaaggtttgggcttaacccaagatcggcggtggaaactgcacaactagagtgaggtaggggtagaggggattcctggtgtagcg 
>ems111  
agagtttgatcctggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgcctttcttctcgtaagggaaggagggagtg
gcggacgggtgagtaacgcgtgggtacctgcactttggtgaggaatacaggcgagaaatcgccgacaataccgcatgagctctcgtgag
agagcaaagcttcgcatcggcgaggcgccagagaatgggcctgcgtccgattagctagttggtgaggtaaaggcttaccaaggcgacga
tcggtagctggtctgagaggacgatcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaattttcggc
aatgggcgcaagcctgaccgagcaacgccgcgtgcaggaggaaggtcttcggattgtaaactgcttttcccagggaagagtaaggacgg
tacctggggaataagtcccggctaactacgtgccagcagccgcggtaatacgtagggggcgagcgttatccggagttactgggcgtaaag
cgcacgtaggcggtctgctaagttcggagtgacagtcaccagcttaactggtgaagtactttgaaaactggcggacttgagagc 
>ems112  
agagtttgatcctggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtgactaacctacctccgagtggggaataaccccgggaaaccggggctaacaccgcataaaaccgcaag
gtcaaatgcgcaagcagcttggagagggggtcgcggttgattagctagttggtgaggtaatggctcaccaaggcgatgatcaatagccgg
cctgagagggcgcacggccacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatggggga
aaccctgacgcagcaacgccgcgtggaggatgaagccctttggggcgtaaactcctttcgacccggacgataatgacggtacgggtgga
agaagcaccggctaactctgtgccagcagccgcggtaatacagagggtgcaagcgttgttcggaattattgggcgtaaagggcgcgtagg
cggcgcagtaagtcacctgtgaaatctcctggcttaactgggagcctgcaggcgaaactaccgtgctggagtgtgggagaggtgcgtgga
attcccggtgtagcggtgaaatgcgtagatatcggg 
>ems145  
agagtttgatcatggctcaggacaaacgctggcggcgtggattaggcatgcaagtcgaacgaatcccagccttgtagcaataccgggctg
ggggaagtggcgaaaggggcagtaaggcgtgggtaacctaccccggggacgcggatagccattctaacgagtgggtaatacgcggcg
attcagcgtgatggcatcatcgtgctgggaaatgaatttcgcctcgggaggggctcacgtgatattagcttgttggcggggtaacggcccac
caaggcgaagatgtctagcgggtgtgagagcacgacccgcgccactggcactgagacactggccagacacctacgggtggctgcagtc
gaggatcttcggcaatgggcgcaagcctgaccgagcgacgccgcgtgtgcgatgaaggccttcgggttgtaaagcactgtcgaggggga
taaagcccgcaagggttgattgatccctggaggaagcacgggctaagttcgtgccagcagccgcggtaagacgaaccgtgcgaacgttgt
tcggaatcactgggcttaaagggcgcgtaggcggcttcgcaagtccggggtgaaagcccccagctcaactggggaagtgccttggatact
gcggagctcgag 
>ems133  
agagtttgatcatggctcaggataaacgctggcagcgtgcctaacacatgcaagtcgaacgctctagctcgcaagaggtagggagtggcg
gacgggtgaggaacacgtgggaatcgaccctgaggtgaggaataccaccgggaaaccggtgacaataccgcatagccttggcagcaag
gaaagctcgcaagagcgccacaggacgagcctgcgcccgattagttagctggtgaggtaatggctcaccaggacgacgatcggtagctg
gtctgagaggacgatcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaattttcgtcaatgggggca
accctgaacgagcaacgccgcgtgcaggaagaaggttttcggatcgtaaactgcttttctctgggacgagtacggacggtaccagaggaa
caagccccggctaactacgtgccagcagccgcggtaatacgtagggggcgagcgttgtccggagttactgggcgtaaagggtccgaag
gcggtgtgcagcgtttcacgtgacagtctccggctcaactggagaaggatgtggaaaacgagcagacttgagggcgtgagaggaaagcg
gaattccgggtggagtggtgaaa 
>ems134  
agagtttgatcctggctcagattgaacgctggcggcacgcctaacacatgcaagtcgagcggtaacatgattagtagcaatactagttgatg
acgagcggcggacgggtgaggaacacgtaggaacctacctttcagagggggactaccaagggaaactttggctaataccgcataatctc
gagagaggaaagttgctcgcaagggtgacactgaaagaggggcctgcgtccgattagctagttggtgaggtaaaggctcaccaaagcga
tgatcggtaactggtctgagaggacgaccagtcacactgggactgagacacggcccagactcctacgggaggcagcagtggggaatctt
ggacaatgggggcaaccctgatccagcgatgccgcgtgggtgaagaaggccttcgggttgtaaagccctttaggttgggacgaagtgttgt
agaggaaatgctataacattgac 
>ems135  



 155 

agagtttgatcatggctcaggatgaacgctggcggcgtgcctaacacatgcaagtcgaacgtcctctggccgcaaggctggagggagtgg
cggacgggtgagtaacacatgggaacctaccttccagtgaggaataccggcgagaaatcgccgacaagaccgcatgggcttctcctttgg
gggaagcaaagtttcttcgcgagaggagacgctggaagatgggcctgtggccgattagctagctggtggggtaagagcctaccagggcg
acgatcggtagctggtctgagaggacgagcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaatttt
ccgcaatgggcgcaagcctgacggagcaacgccgcgtgcaggaagacggccttcgggttgtaaactgcttttctgagggacgagcaagg
acggtacctcaggaacaagccccggctaactacgtgccagcagccgcggtaatacgtagggggcgagcgttgtccggagttactgggcg
taaagggcatgcaggcggagcgctgcgtttgccatgacagctcctcgcttcacgaggagagagtggcaaaaacgagcgcac 
>ems139  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtacagtg
gcgcacgggtgagtaacacgtgactaacctacccttgagtgggggataacttcgggaaaccgaggctaataccgcataacaccgagaggt
caaaggagcaattcgctcgaggagggggtcgcggctgattagctagttggtgaggtaatggctcaccaaggcgatgatcagtatccggcc
tgagaaggcgcacggacacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggggaaa
ccctgacgcagcaacgccgcgtggtggatgaagtcccttgggacgtaaactcctttcgatcgggacgatgatgacggtaccgagagaaga
agccccggctaacttcgtgccagcagccgcggtaatacgaggggggcgagcgttgttcggaattattgggcgtaaagggcgcgtaggcg
gttcggtaagtctccagtgaaatctatgggctcaacccatagtctgctgggggaaactgccgggcttgagtgtgggagaggtgagtggaatt
cccggtgt 
>ems140  
agagtttgatcatggctcaggatgaacgctggcggcgtgcctaacacatgcaagtcgaacgtcctctggccgcaaggctggagggagtgg
cggacgggtgagtaacacatgggaacctaccttccagtgaggaataccggcgagaaatcgccgacaagaccgcatgggcttctcctttgg
gggaagcaaagtttcttcgcgagaggagacgctggaagatgggcctgtggccgattagctagctggtggggtaagagcctaccagggcg
acgatcggtagctggtctgagaggacgagcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaatttt
ccgcaatgggcgcaagcctgacggagcaacgccgcgtgcaggaagacggccttcgggttgtaaactgcttttctgagggacgagcaagg
acggtacctcaggaacaagccccggctaactacgtgccagcagccgcggtaatacgtagggggcgagcgttgtccggagttactgggcg
taaagggcatgcaggcggagcgctgcgtttgccatgacagctcctcgcttcacgaggagagagtggcaaaaacgagcgcacttgaggga
cacagagggacaca 
>ems141  
agagtttgatcctggctcaggatgaacgctgggggcatgcttaacacatgcaagttgaacgggttataagttgaaactttaagtgaattcttgta
atcagtagcggacgggtgcgtaacgcgtaagaacctacctttaggtggagaataactactggaaacggtggctaatactccatatgctgag
gagtgaaagggaaagacaactttcttgcctagggatgggcttgcgtctgatcagcttgttggtagggtaacggcttcccaaggcgacgatca
gtagctggtctgagaggacgatcagccacactgggactgagacacggcccagactcctacgggaggcagcagtgaggaattttccgcaa
tgggcgaaagcctgacggagcaatgccgcgtggaggaagacagcctatgggtcgtaaactccttttctcagagaagaattcttgacggtat
ctgaggaatcagcatcggctaactccgtgccagcagccgcggtaatacgggggatgcaagcgttatccggaatgattgggcgtaaagggt
ctgtaggtggtcggtaaagtctaccgttcaataccaaggcttaaccttggggcagcggtggaaactcatcggcttgagtacggtaggggca
gagggaattcccggcgtagcggtg 
>ems143  
agagtttgatcctggctcagagcgaacgctggcggcgtgcttaacacatgcaagtcgaatgcacagcattctgtagcaatacagagcgtgg
gcgcatggcgaacgggtgcgtaacacgtgggcaaccttcccttcggtgggggatacccccgcgaaagcgggactaataccgcataacac
tcccttggttagttctgagggattcaaagcagcaatgcgccggaagaggggcccgcggccgattagctagttggtgaggtaacggctcacc
aaggcaaagatcggtagccggtctgagaggatgatcggccacactggaactgagacacggtccagactcctacgggaggcagcagtgg
ggaatcttgcacaatgggcgaaagcctgacgcagcgacgccgcgtgggggatgaagcttttcggagcgtaaacccctttcgacccggac
gaatgcccgcaagggcttgacggtacgggtagaagaagccccggctaactacgtgccagcagccgcggtaaaacgtagggggccagc
gttgctcggaattactgggcgtaaagggtctgtaggcggtgcggcaagtcggaagtgaaatctccgggcttaactcgggggctgctctcga
aactgccgtgctcgagtgtgagagaggcgagtggaattgcaggtgtagcggt 
>ems144  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgtctctgggtgctttggtagccaggggagtg
gcggacgggtgaggaacacgtgggtgacttatctttcagtgaggaataccggcgagaaatcgccgacaagaccgcatacggttctctcgt



 156 

cggagagggaacgaaagctcttcgtgagaggggcgctggaagctgggcctgcgtccgattagctggctggtggggtaaaggctcacca
gggcgacgatcggtagctggtctgagaggacgatcagccacactgggattgagaacggccctgactcctacggggggcagcagtgagg
aattttcggcaatgggggcaaccctgactgagcaacgccgcgtgcaggaagacggccttcgggttgtaaactgcttttctgtgggacgagc
aaggacggtaccacaggaagaagccccggctaactacgtgccagcagccgcggtaatacgtagggggcaagcgttgtccggagttact
gggcgtaaagggcacgcaggcggtttcataagagtggggtgacaggtgccggcttacctggcacagggccttgcagactgtgagacttg
agggcc 
>ems146  
agagtttgatcatggctcagaatcaacgctggcggcgcgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtgactaacctacctccgagtggggaataaccccgggaaaccggggctaacaccgcataaaaccgcaag
gtcaaatgcgcaagcagcttggagagggggtcgcggctgattagctagttggtgaggtaatggctcaccaaggcgatgatcaatagccgg
cctgagagggcgcacggccatactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatggggga
aaccctgacgcagcaacgccgcgtggaggatgaagtcctttgggatgtaaactcctttcgatcgggacgataatgacggtaccggaagaa
gaagccccggctaactctgtgccagcagccgcggtaatacagagggggcaagcgttgttcggaattattgggcgtaaagggcgcgtagg
cggtgcggtaagtcacctgtgaaatctctgggctcaactcagagtctgcaggcgaaactgccgtgcttgagtgtgggagaggtatgtggaat
tcccggtgtagcgg 
>ems405  
agagtttgacctggctcaggattaacgctagcggcaggcctaatacatgcaagtcgaggggcagcagggtgtagcaatacatcgctggcg
accggcgcacgggtgcgtaacacgtatgcaatctttccttaactggggaatagctttgagaaatcagaattaataccccataacattgcgaaa
tggcatcattttgcaattaaagctccggcggttaagggtgagcatgcgtcccattagctagttggcgaggtaacggctcaccaaggcgacga
tgggtaggggttctaagaggatttacccccacacgggaactgagacacggtcccgactcctacgggaggcagcagtaaggaatattggtc
aatggacgcaagtctgaaccagccatgccgcgtgcaggatgaaggtcctatggattgtaaactgcttttgtacgggaaaaaacctcgggttt
ccacccgagttgatggtactgtaagaataaggatcggctaactccgtgccagcagccgcggtaatacggaggatccaagcgttatccggat
tcactgggtttaaagggtgcgtaggtggaatgacaagtcagtggtgaaaacctgcagcttaactgtagaactgccattgatactgttattcttga
gtacatttgatgtgagtggaatgtgtcgtgtagcggggaaatg 
>ems414  
agagtttgatcctggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtctccgcaaggggatgagtaaag
tggcgcacgggtgagtaacacgtagctaacctaccttcgagtgggggataacctggggaaactcgggctaataccgcataacgtcctggc
ggcgcgagtcgctgggatcaaagacccgcaagggtcgctcgtcgagggggctgcggccgattagctagttggtgaggtaacggcccac
caaggcgatgatcggtagccggcctgagagggcgcacggccacactggcactgaaacacgggccagactcctacgggaggcagcagt
ggggaattttgcacaatgcccgaaagggtgatgcagcaacgccgcgtgagggatgaaggtcttcggatcgtaaacctctttcgaccgaga
aaaacgggcgggtgaagagtccgctctgatggtaccggtggaagaagccccggccaactacgtgccagcagccgcggtaatacgtagg
gggcgagcgttgttcggaattactgggcgtaaagggcgtgtaggcggtgcggtaagtcgggcgtgaaatccccgggcttaactcggggc
ggtcgttcgaaactgccgtgctagagtgcaggagagggaagtggaattccc 
>ems415  
agagtttgatcatggctcagaatcaacgctggcggcgcgcttaacacatgcaagtcgcacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtggatcatctgcctcttggtggggaataaccctgggaaaccggggctaataccgcataagcctgtaaagg
gaaagcagcaatgcgccgagagaggagtccgcggccgattagctagttggtagggtaatggcctaccaaggcaatgatcggtagccggc
ctgagagggcacacggccacactggcactgaaacacgggccagactcctacgggaggcagcagtggggaatcttgcacaatggggga
aaccctgatgcagcgacgccgcgtgagcgatgaagcccttcggggtgtaaagctctttcggcaggaacgataatgacggtacctgaagaa
gaagctgcggctaactacgtgccagcagccgcggtaatacgtaggcaggtt 
>ems417  
agagtttgatcctggctcagaacgaacgctggcggcatgcctaacacatgcaagtcgaacgcctgtagcaatacaggagtggcgcacgg
gtgagtaacgcgtgggaacctgccctggagtttgggataacccggcgaaagccgggctaataccggatacgccccgaggggggaagat
ttatcgctctaggatgagcccgcgtcggattagctagttggtagggtaaaggcctaccaaggcgacgatccgtagctggtctgagaggatg
atcagccacactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatcca
gcaatgccgcgtgagtgatgaaggccttagggttgtaaagctcttttacccgggatgataataacagtaccgggagaataagccccggcta
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actccgtgccagcagccgcggtaatacggagggggctagcgttgttcggaattactgggcgtaaagcgcacgtaggcggctttgtaagtta
gaggtgaaagcccagggcttaaccctggaattgcctttaagactgcatcgctagaatcgtggagaggtgagtggaattccgagtgtagagg
tgaaattcgtagatattcggaagaaca 
>ems449  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgcccttcgcaagaagggagtggcggacgg
gtgagtaacacgtggataacctgccccgaggtgaggaataccggcgagaaatcgccgacaagaccgcataggctcagcaatgagcaaa
gcagcgtaagcagcgccacgggatgggtccgcgtccgattagctcgttggtagggtaatggcctaccaaggcgacgatcggtagctggc
ctgagaggacggtcagccacactgggattgagaacggcccagactcctacgggaggcagcagtgaggaattttcggcaatgggcgcaa
gcctgaccgagcaacgccgcgtgcaggaagaagctcttcggagtgtaaactgcttttaccagggacgagcaaggacagtacctggtgaat
cagccccggctaactacgtgccagcagccgcggtaatacgtagggggcaagcgttgtccggaattactgggcgtaaagcgcacgcagg
cggtctgtcaagttcgagataacagtcaccagcttaactggcgaagggcctcgaaaactgatggacttgagagccagagagggacctgga
attccgggtggagcagtgaaatgcgtagagatccggaggaatacaaaaggcgaaggcagggtcctggctggtatctga 
>ems402  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgtcctctggccgcagggctggagggagtgg
cggacgggtgagtaacacatgggaacctaccttccagtgaggaataccggcgagaaatcgccgacaagaccgcatgggcttctcctttgg
ggaagcaaagtttcttcgcgagaggagacgctggaagatgggcctgtggccgattagctagctggtggggtaagagcctaccagggcga
cgatcggtagctggtctgagaggacgagcagccacactgggattgagaacggtccagactcctacggggggcagcagtgaggaattttc
cgcaatgggcgcaagcctgacggagcaacgccgcgtgcaggaagacggccttcgggttgtaaactgcttttctgagggacgagcaagga
cggtacctcaggaacaagccccggctaactacgtgccagcagccgcggtaatacgtgtt 
>ems115  
agagtttgatcatggctcaggatgaacgctggcggcgtgccttaggcatgcaagtcgaacgggctgcggtcgcaagaccaaagtcagtgg
cagacgggtgagtaacgcgtaggaatctaccccagagtggagcatagccccgcgaaagcgggggtaattctccatggtcccgtaagggt
aaaggccttaactggccgctttgggaggagcctgcgtcctatcagctagttggtgaggtaatggcttaccaaggcaatgacgggtagctgg
actgagaggtcgatcagccacaatcgcactgagacacgggcagtacacctacgggtggcagcaaccaggaatattgggcaatggacga
aagtctgacccagcgacgccgcgtggaggaagacggccttcgggttgtaaactccttttgccaagctcttcacagcttggagaataagcctc
tactaactacgtgccagaagtctcggtgatgcgtaggaggcaagcgttatccggatacattgggcgtaaagtgtgcgtaggcgtcttaccaa
gtctctactta 
>ems117  
agagtttgatcatggctcaggatgaacgctggcggcgtgccttaggcatgcaagtcgaacgggctgcggtcgcaagaccaaagtcagtgg
cagacgggtgagtaacgcgtaggaatctaccccagagtggagcatagccccgcgaaagcgggggtaattctccatggtcccgtaagggt
aaaggccttaactggccgctttgggaggagcctgcgtcctatcagctagttggtgaggtaatggcttaccaaggcaatgacgggtagctgg
actgagaggtcgatcagccacaatcgcactgagacacgggcagtacacctacgggtggcagcaaccaggaatattgggcaatggacga
aagtctgacccagcgacgccgcgtggaggaagacggccttcgggttgtaaactccttttgccaagctcttcacagcttggagaataagcctc
tactaactacgtgccagaagtctcggtgatgcgtaggaggcaagcgttatccggataca 
>ems113  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtaaagtg
gcgaccgggtgagtaacacgtgaccaacctacctccaagtggggaatagctccgggaaaccggggctaataccgcataacaccgcaag
gtcaaagcagcaatgcgctgggagagggggtcgcggctgattagctagttggcggggtaacggcccaccaaggcgaagatcggtatcc
ggcctgagagggcgcacggacacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggg
gaaaccctgacgcagcaacgccgcgtggaggatgaagccctttggggcgtaaactcctttcgacccggacgataatgacggtacgggtg
gaagaagcaccggctaactctgtgccagcagccgcggtaatacagagggtgcaagcgttgttcggaattattgggcgtaaagggcgcgta
ggcggtgcggtaagtcacctgtgaaatctccaggcttaacttggagcttgcaggcgaaactcccgtgctggagtgtgggagaggtgcgtg
gaattcccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagcggcgc 
>ems85  
agagtttgattatggctcaggacaaacgctggcggcgtgcgtaacacatgcaagtcgaacgcccttcacgcgagtggagggagtggcgg
acgggtgaggaattcatgggtatctaccttcgggtgggggataccggcgagaaatcgccgacaatccagcatagggtcacggagacgtg
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agcaaagccgagaggcgccgggagatgagcctgtggccgattagctagctggtggggtaagggctcaccagggcgacgatcggtagct
ggtctgagaggatgatcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaatcttccgcaatggacgc
aagtctgacggagcaacgccgcgtgcaggaggacgcttttcggagtgtaaactgcttttctgccggacgagtacggacggtacggcagga
agaagccccggctaactacgtgccagcagccgcggtaagacgtagggggcgagcgttgtccggagttactgggcgtaaagggcgcgta
ggcggtgtctggcgtagcggcggacagccgggggcttaacctccggagcggtcgctaaacggggagactggagggctccagaggaac
tgggtagtccgggtggagcggtgaaatgcgtagagacccggaggaacaccaaaggcgaagggcaggttctgggggagtcactgacgct
gaggcgcgaaagcc 
>emp11  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgcccttagtaataagggagtggcggacggg
tgaggaacacgtgggtatctacccaaaggtgaggaataccggcgagaaatcgccgacaataccgcataggtttcttcggaaacaaagctc
gcaagagcgccattggatgagcctgcggccgattagtttgttggtggggtaatggcctaccaaggcgacgatcggtagctggtctgagag
gacgatcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaattttcgtcaatgggggaaaccctgaac
gagcaacgccgcgtgcaggaagaaggttttcggatcgtaaactgcttttctctgggacgagaacggacggtaccagaggaatcagccccg
gctaactacgtgccagcagccgcggtaatacgtagggggcaagcgttgtccggatttactgggcgtaaagcgcacgcaggcggtctcatg
cgtcttgagtgacaggtcccggctcaactggggcagtattcgtgaaacggtgagacttgtaggcttcagagggacgcgaatttccggtgga
gcggtgaaatgcgtaaagatctggaagaacaccgatggcgaaagccacgtttctggaaagcttctgacgctcaa 
>emp418  
agagtttgatcatggctcagagcgaacgctggcggcaggcctaacacatgcaagtcgagcgccgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgtgcccttcagttcggaacaactcagggaaacttgggctaataccgaatacgtccgtaaggagaaagatttat
cgctgaaggatcggcccgcgtctgattagctagttggtggggtaatggcccaccaaggcgacgatcagtagctggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcagcagtggggaatattggacaatgggcgcaagcctgatccagcc
atgccgcgtgggtgatgaaggccctagggttgtaaagccctttcggcggggaagataatgacggtacccgcagaagaagccccggctaa
cttcgtgccagcagccgcggtaatacgaagggggctagcgttgctcggaatcactgggcgtaaagcgcacgtaggcggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgcccttgatactgagaggcttgagtccgggagaggtgagtggaactgcgagtgta 
>emp205  
agagtttgatcatggctcagattgaacgctggcggcatgcctaacacatgcaagtcgaacggcagcatgacgtgtagcaatacacgttgatg
gcgagtggcggacgggtgagtaatgcataggaatctgcccagtagcgggggacaacccggagaaatccgggctaataccgcatacgcc
ctacgggggaaagcgggggaccgaaaggcctcgcactattggatgagcctatgtcggattagctagttggtagggtaacggcctaccaag
gcgacgatccgtagctggtctgagaggacgatcagccacactgggactgagacacggcccggactcctacgggaggcagcagtgggg
aatattggacaatgggggcaaccctgatccagcaatgccgcgtgtgtgaagaaggcctgcgggttgtaaagcactttcggcggggacaaa
aagcgtcgtgccaataccacgatgtttgatttaacccatagaagaagcaccggctaactctgtgccagcagccgcggtaatacagagggtg
cgagcgttaatcggaattactgggcgtaaagcgcacgtaggcggcgcgctaagttggatgtgaaatccccgggcttaacttgggaattgca
ttcaagactggcgtgctggagtgtgggagagagaagtggaattccaggagta 
>emp207  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgcacgagaaagtggagcaatccatgagtaaagtg
gcgcacgggtgagtaacacgtgactaacctaccttcgagtggggaataacttcgggaaaccgaggctaataccgcataacacctacgggt
caaaggagcaatccgcttgaggagggggtcgcggccgattagttagttggcagggtaatggcctaccaagacgatgatcggtatccggcc
tgagagggcgcacggacacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatgggggaaa
ccctgacgcagcaacgccgcgtggaggatgaagtccttcgggacgtaaactcctttcgatcgggacgattatgacggtaccggaagaaga
agccccggctaacttcgtgccagcagccgcggtaatacgaggggggccgagccgttgttcgaatttattgggcgtaaagggtgcgtaggc
ggttcggtaagtctcgtgtgaaatctccaggctcaacttggagtctgcacgaaaaactgcaggcttggattgtggga 
>emp208  
agagtttgatcctggctcagattgaacgctggcggcatgcctaacacatgcaagtcgaacggcagcatgacgtgtagcaatacacgttgatg
gcgagtggcggacgggtgagtaatgcataggaatctgcccagtagcgggggacaacccggagaaatccgggctaataccgcatacgcc
ctacgggggaaagcgggggaccgaaaggcctcgcactattggatgagcctatgtcggattagctagttggtagggtaacggcctaccaag
gcgacgatccgtagctggtctgagaggacgatcagccacactgggactgagacacggcccggactcctacgggaggcagcagtgggg
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aatattggacaatgggggcaaccctgatccagcaatgccgcgtgtgtgaagaaggcctgcgggttgtaaagcactttcggtggggacaaa
aagcgtcgtgccaataccacgatgtttgatttaacccatagaagaagcaccggctaactctgtgccagcagccgcggtaatacagagggtg
cgagcgttaatcggaattactgggcgtaaagcgcacgtaggcggcgcgctaagttggatgtgaaatccccgggcttaacttgggaattgca
ttcaagactggcgtgctggagtgtgggagagagaagtggaaatccaggagtagcggtgaaatgcgtagatacctggaggaacatcaatg
gcgaaggcggctttcttggccccacactgacgctgaggggcggaagcctggggatcaaacaggattagataccctgggaatcc 
>emp401  
agagtttgatcatggctcagagcgaacgctggcggcgtgcttaacacatgcaagtcgagtgcgcagtctgctgtagcaatacagcaggcc
ggcgcacggcgcacgggtgcgtaacacgtgggtaacctgccctgcaatgggggataacccgccgaaaggcgggctaataccgcatgac
attccggtggcttcggacgccggaatcaaagcccgcaagggcgttggaggaggggcccgcggccgattagctagttggtgaggtaacg
gctcaccaaggctgtgatcggtagccggtctgagaggatggccggccacactggaactgagacacggtccagactcctacgggaggca
gcagtggggaatcttgcgcaatgggcgaaagcctgacgcagcgacgccgcgtgggggatgaagcttctcggagtgtaaacccctttcga
cccggacgaaacgcccgcaagggcttgacggtacgggtataagaagccccggctaactacgtgccagcagccgcggtaagacgtagg
gggccagcgttgctcggaattactgggcgtaaagggttcgtaggcggtgcggtaagtcggaagtgaaatctctggg 
>emp406  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgccctggtccttcttcggagggagcaggga
gtggcggacgggtgaggaacacgtgggtgacctaccccccggtgaggaataccgccgagaaatcggcgacaagaccgcataggcttcc
ctttagcgagggtagcaaagctgcttttcgcaagaagagcggcgccaggggatgggcctgcgcccgattagctggttggtggggtaacgg
ctcaccaaggcgacgatcggtagctggtctgagaggatgagcagccacactgggattgagaacggcccagactcctacgggaggcagc
agtgaggaattttccacagtgggggcaaccctgatggagcaacgccgcgtgcaggaggacgcttttcggagtgtaaactgcttttcccagg
gacgagcaaggacggtacctggggaacaagtcccggctaactacgtgccagcagccgcggtaatacgtaggggacgagcgttgtccgg
agttactgggcgtaaagggcccgcaggcggtctgccgcgtttgtgctgacagctcctggcttaactgggagagcggtgcgaagacgggc
ggactgagaggaccagagagggacatggaactccgggtgtagtggtg 
>emp407  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgcacgtcctgtgtctcttcggagaggcagggagtg
gcggacgggtgagtaacacatgggtgacctacctccgagtgaggaataccggcgagaaatcgccgacaagaccgcataggctctgcctg
ctcaggcgagcagagcaaagtcgcaagacgcttggggatgggcctgtggccgattagctggttggtgaggtaagggctcaccaaggcga
cgatcggtagctggtctgagaggacgatcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaattttc
cgcaatggacgcaagtctgacggagcaacgccgcgtgcaggaggacgcttctcggagtgtaaactgcttttctgggggacgagcaagga
cggtaccccaggaagaagccccggctaactacgtgccagcagccgcggtaatacgtagggggcgagcgttgtccggagttactgggcgt
aaagggcacgcaggcggtcctgcgcgtgtcgcgtgacagcgggtggcttaactgcccgagggtgcgacagacggtgggact 
>emp410  
agagtttgatcatggctcaggacgaacgctggcggcgtgcctcaaacatgcaagtcgagcgtgggtgcacgctctcgcaagagagggtg
cactctagcggcgaacgggtgagtaacacgtggggaacctgccctccagacggggacaacctcgggaaaccggggctaataccggata
cgttcgccgggtcgcatggcctggcgaggaaagggtcgcaagatcgctggaggagggccccgcggcctatcagctcgttggtggggta
acggcctaccaaggcgatgacgggtagctggcctgagagggtggtcagccacactggaactgagatacggtccagactcctacgggag
gcagcagttgggaatcttgggcaatgggcgcaagcctgacccagcgacgccgcgtgggggatgaaggccttcgggttgtaaacccctgt
caggagggacgaagccgcaaggtgacggtacctccagaggaagccccggctaactacgtgccagcagccgcggtaagacgtagggg
gcgagcgttgtccggaatcactgggcgtaaagcgcgtgcaggcggcctggtaagtcccgtgtgaaagcctacggctcaactgtagaaggt
cgcgggagaccgcggggctcgag 
>emp411  
agagtttgatcatggctcagattgaacgccggcggcatgccttacacatgcaagtcgaacggtgacaggtcttcggatgctgacgagtggc
gaacgggtgagtaatacatcggaacgtgcccgatcgtgggggataacgaagcgaaagctttgctaataccgcataagatctacggatgaa
agcagggaaccgcaaggccttgcgcgaacggagcggccgatggcagattaggtagttggtgggataaaagcttaccaagccgacgatct
gtagctggtctgagaggacgaccagccacactggggctgagacacggcccagactcctacgggaggcagcagtggggaattttggaca
atgggcgaaagcctgatccagccatgccgcgtgcaggatgaaggccttcgggttgtaaactgcttttgtacggaacgaaaagactctggtta
atacctggggtccatgacggtaccgtaagaataagcaccggctaactacgtgccagcagccgcggtaatacgtagggtgcaagcgttaat
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cggaattactgggcgtaaagcgtgcgcaggcggttatataagacagatgtgaaatccccgggctcaacctgggaactgcatttgtgactgta
tagctagagtacggcagagggggatgggaattccgcgtgtagcagtga 
>emp415  
agagtttgatcctggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgtccttctctttcgggagaagggagtggcgg
acgggtgagtaacacgtgggtcatctgccccaaagtgaggaataccggcgagaaatcgccgacaataccccatacgcttccgtgaggaa
gcaaagctcgtaagggcgctttgggaggagcctgcggcagattagttagttggtggggttatggcctaccaagacgacgatctgtagctgg
tctgagaggacgatcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaattttcggcaatgggggcaa
ccctgaccgagcaacgccgcgtgcaggacgaaggtcttcggatcgtaaactgcttttctgcaggacgagtacggacggtactgcaggaag
aagcctcggctaactacgtgccagcagccgcggtaatacgtaggaggcgagcgttgtccggagttactgggcgtaaagcgtccgcaggc
ggtcaaccaagttcggagtgacaggtggtggctcaactgccacaggccttcgaaaactggttgacttgagagcttcagagggaggcggaa
ttccgggtggagtggtgaaatgcgtagagat 
>emp421  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgcgctgagtgatcagcgagtggcggacgg
gtgagtaacacataggtcacctaccccgaagtgaggaataccggtgagaaatcgccgacaataccgcataggcttcgcgagaagcaaagt
cgcaagacgctttgggatgggcctgtggccgattagctggttggtggggtaatggcctaccaagacgacgatcggtagctggtctgagag
gatgatcagccacactgggattgagaacggcccagactcctacgggaggcagcagtgaggaattttcggcaatgggcgagagcctgacc
gagcaacgccgcgtgcaggacgaagatcttcggattgtaaactgcttttctcggggacgaatttatgacggtacccgaggaagaagcctcg
gctaactacgtgccagcagccgcggtaagacgtaggaggcaagtgttgtccggagttactgggcgtaaagcgcccgcaggcggtctgtta
agttcagggtgacagtcatcagcttaactggtgaagtgtcttgaaaactgacggacttgaggaccagagagggacctggaatttcgggtgg
agcagtgaaatgcgtagagatc 
>emp422  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgcgctgagcaatcagcgagtggcggacgg
gtgagtaacacataggtcacctaccccgaagtgaggaataccggcgagaaatcgccgacaagaccgcataggcttcgcgagaagcaaa
gtcgcaagacgctttgggatgggcctgtggccgattagctggttggtggggtaatggcctaccaagacgacgatcggtagctggtctgaga
ggatgatcagccacactgggattgagaacggcccagactcctacgggaggcagcagtgaggaattttcggcaatgggcaaaagcctgac
cgagcaacgccgcgtgcaggacgaaggtcttcggatcgtaaactgcttttctcggggaagagaatggacggtacccgaggaagaagcct
cggctagctacgtgccagcagccgcggtaagacgtaggaggcaagtgttgtccggagttactgggcgtaaagcgcccgcagggcggtct
gttaagttcagggtgacagtcatcagcttaactggtgaagtgtcttgaaaactgacggacttga 
>emp425  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgccctgttgcttcggcagcagggagtggcg
gacgggtgagtaacacatgggccacctaccccctggtgaggaataccggcgagaaatcgtcgacaagaccgcatgcgcttccgacaacg
aagcaaagcccggcaacgggcgccagaggatgggcctgtggccgattagctagttggggaggtaaaagccccccaaggcgacgatcg
gtagctggtctgagaggatgatcagccacactgggattgagaacggcccagactcctacgggaggcagcagtgaggaattttcggcaatg
ggcgcaagcctgaccgagcaacgccgcgtgcaggacgaaggtcttcggatcgtaaaccgcttttctcggggatgaatttatgacagtaccc
gaggaagaagccccggctgactacgtgccagcagccgcggtaagacgtagggggcaagcgttgtccggagttactgggcgtaaagcgc
ccgcaggcggtcggtcgcgtttgaggtaacagctcctggcttacctgggagagcgtctcaaagacgggctgacttgagggccagagagg
gacacggaat 
>emp426  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtctccgcaaggggatgagtaaag
tggcgcacgggtgagtaacacgtagctaacctaccttcgagtgggggataacctggggaaactcgggctaataccgcataacgtcctggc
ggcgcgagtcgctgggatcaaagacccgcaagggtcgctcgtcgagggggctgcggccgattagctagttggtgaggtaacggcccac
caaggcgatgatcggtagccggcctgagagggcgcacggccacactggcactgaaacacgggccagactcctacgggaggcagcagt
ggggaattttgcacaatgcccgaaagggtgatgcagcaacgccgcgtgagggatgaaggtcttcggatcgtaaacctctttcgaccgaga
aaaacgggcgggtgaagagtccgctctgatggtaccggtggaagaagccccggccaactacgtgccagcagccgcggtaatacgtagg
gggcgagcgttgttcggaattactgggcgtaaagggcgtgtaggcggtgcggtaagtcgggcgtgaaatccccgggcttaactcggggc
ggtcgttcgaaactgc 
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>emp427  
agagtttgatcctggctcaggacgaacgctggcggcgtgcctcaaacatgcaagtcgagcgtgggtgcacgctctcgcaagagagggtg
cactctagcggcgaacgggtgagtaacacgtggggaacctgccctccagacggggacaacctcgggaaaccggggctaataccggata
cgttcgccgggtcgcatggcctggcgaggaaagggtcgcaagatcgctggaggagggccccgcggcctatcagcttgttggtggggtaa
cggcctaccaaggcgatgacgggtagctggcctgagagggtggtcagccacactggaactgagatacggtccagactcctacgggagg
cagcagttgggaatcttgggcaatgggcgcaagcctgacccagcgacgccgcgtgggggatgaaggccttcgggttgtaaacccctgtc
aggagggacgaagccgcaaggtgacggtacctccagaggaagccccggctaactacgtgccagcagccgcggtaagacgtaggggg
cgagcgttgtccggaatcactgggcgtaaagcgcgtgcaggcggcctggtaagtcccgtgtgaaagcctacggctcaactgtaggaggtc
gcgggagaccgccgggctcgagggcaggagagggaagtaga 
>emp429  
agagtttgatcctggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgccctgttgcttcggcagcagggagcggcg
ggcgggtgagtaacacatgggtcacctaccccctggtgaggaataccggcgagaaatcgtcgacaagaccgcatgcgcttccgacaagg
aagcaaagcccggcaacgggcgccagaggatgggcctgtggccgattagctagttggggaggtaaaagccccccaaggcgacgatcg
gtagctggtctgagaggatgatcagccacactgggattgagaacggcccagactcctacgggaggcagcagtgaggaattttcggcaatg
ggcgcaagcctgaccgagtaacgccgcgtgcaggacgaaggtcttcggatcgtaaactgcttttctcggggatgaatttatgacagtaccc
gaggaagaagccccggctgactacgtgccagcagccgcggtaagacgtagggggcaagcgttgtccggagttactgggcgtaaagcgc
ccgcaggcggtcggtcgcgtttgaggtaacagctcctggcttacctgggagagcgtctcaaagacgggctgacttgaggaccagagagg
gacacggaattccgggtggagtggtgaaatgcgtagatatc 
>emp434  
agagtttgatcctggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgccctggtgcttcggcagcagggagtggcg
gacgggtgagtaacacatgggtcacctaccccctggtgaggaataccggcgagaaatcgtcgacaagaccgcataggcttcctgcggga
agcaaagctccgcaaggggcgccagaggatgggcctgtggccgattagctggttggggaggtaaaagccccccaaggcgacgatcggt
agctggtctgagaggatgatcagccacactgggattgagaacggcccagactcctacgggaggcagcagtgaggaattttcggcaatgg
gcgcaagcctgaccgagcaacgccgcgtgcaggacgaaggtcttcggatcgtaaactgcttttctcggggatgaatttatgacagtacccg
aggaagaagccccggctgactacgtgccagcagccgcggtaagacgtagggggcaagcgttgtccggagttactgggcgtaaagcgcc
cgcaggcggtcggtcgcgtttgaggtaacagcccctggcttacctgggagagcgtctcaaagacgggctgacttgaggaccagagaggg
acacggaattccgggtggagtggtgaaatgcgta 
>emp435  
agagtttgatcatggctcaggacgaacgctggcggcgtgcctcaaacatgcaagtcgagcgtgggcgcgttgcctcgcaagaggtgacg
cgctctagcggcggacgggtgcgtaacacgtggggaaccaaccctccagacggggacaacctcgggaaaccggggctaataccggat
acgttcgccgggccgcatggcctggcgaggaaagggtcgcaagatcgctggaggacggccccgcggcctatcagctagttggtgaggt
aacggcccaccaaggcgatgacgggtagctggcctgagagggtggtcagccacactggaactgagacacggtccagactcctacggga
ggcagcagttgggaatcttgggcaatgggcgcaagcctgacccagcgacgccgcgtgggggatgaaggccttcgggtcgtaaacccct
gtcaggagggacgaagccgcaaggtgacggtacctccagaggaagccccggctaactacgtgccagcagccgcggtaagacgtaggg
ggcgagcgttgtccggaattactgggcgtaaagcgcgtgcaggcggcctggtaagtcccgtgtgaaagcctacggctcaactgtaggaag
ccgcgggaaactaccgggct 
>emp424  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtctccgcaaggggatgagtaaag
tggcgcacgggtgagtaacacgtagctaacctaccttcgagtgggggataacctggggaaactcgggctaatatcgcataacgtcctggc
ggcgcgagtcgctgggatcaaagacccgcaagggtcgctcgtcgagggggctgcggccgattagctagttggtgaggtaacggcccac
caaggcgatgatcggtagccggcctgagagggcgcacggccacactggcactgaaacacgggccagactcctacgggaggcagcagt
ggggaattttgcacaatgcccgaaagggtgacgcagcaacgccgcgtgagggatgaaggtcttcggatcgtaaacctctttcgaccgaga
aaaacgggcgggtgaagagtccgctctgatggtaccggtggaagaagccccggccaactacgtgccagcagccgcggtaatacgtagg
gggcgagcgttgttcggaattactgggcgtaaagggcgtgtaggcggtgcggtaagtcgggcgtgaaatccccgggcttaactcggggc
ggtcgttcgaaactgccgggctagagtgcaggagagggaagtgga 
>emp438  
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agagtttgatcctggctcagaacgaacgcccgcggcatgcctaatacatgcaagtcgaacgcctgtagcaatacaggagtggcggacgg
gtgagtaacgcgtgggaacctgcccttgagtgcgggataaccgagggaaacttcggctaataccgcatgttcctcagcaatgagggaaag
atttatcgctcgaggaggggcccgcgtcggattagctagttggtggggtaacggcctaccaaggcgatgatccgtagctggtctgagagga
tgatcagccacactgggactgagacacggcccagactcctacgggaggcagcagtagggaatattggacaatgggggcaaccctgatcc
agcaatgccgcgtgagtgatgaaggccttagggttgtaaagctctttcgcgcgcgacgatgatgacggtagcgcgagaagaagccccgg
ctaacttcgtgccagcagccgcggtaatacgaagggggcgagcgttgttcggaattactgggcgtaaagggcgcgcaggcggccaaaca
agtcaggcgtgaaagccccgggcttaacctgggaattgcgcttgggactgttaggcttgagtacgggagaggagagtggaattcccagtgt
agaggtgaaattcgtagatattggggaagaacaccggtggcgaa 
>emp439  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgcgctgagcaatcagcgagtggcggacgg
gtgagtaacacataggtaacctaccccgaagtgaggaataccggcgagaaatcgccgacaagaccgcataggcttcgcgagaagcaaa
gtcgcaagacgctttgggatgggcctgtggccgattagctggttggtggggtaatggcctaccaagacgacgatcggtagctggtctgaga
ggatgatcagccacactgggattgagaacggcccagactcctacgggaggcagcagtgaggaattttcggcaatgggcaaaagcctgac
cgagcaacgccgcgtgcaggacgaaggtcttcggatcgtaaactgcttttctcggggaagagaacggacggtacccgaggaagaagcct
cggctaactacgtgccagcagccgcggtaagacgtaggaggcaagtgttgtccggagttactgggcgtaaagcgcccgcaggcggtctg
ttaagttcagggtgacagtcatcagcttaactggtgaagtgtcttgaaaactgacggacttgaggaccagagagggacctggaattccgggt
ggagcagtgaaatgcgtagag 
>emp441  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgcgctgagcaatcagcgagtggcggacgg
gtgagtaacacataggtaacctaccccgaagtgaggaataccggcgagaaatcgccgacaagaccgcataggcttcgcgagaagcaaa
gtcgcaagacgctttgggatgggcctgtggccgattagctggttggtggggtaatggcctaccaagacgacgatcggtagctggtctgaga
ggatgatcagccacactgggattgagaacggcccagactcctacgggaggcagcagtgaggaattttcggcaatgggcaaaagcctgac
cgagcaacgccgcgtgcaggacgaaggtcttcggatcgtaaactgcttttctcggggaagagaacggacggtacccgaggaagaagcct
cggctaactacgtgccagcagccgcggtaagacgtaggaggcaagtgttgtccggagttactgggcgtaaagcgcccgcaggcggtctg
ttaagttcagggtgacagtcatcagcttaactggtgaagtgtcttgaaaactgacggacttgaggaccagagagggacct 
>emp442  
agagtttgatcctggctcaggacaaacgctggcggcgtgcgtaacacatgcaagtcgaacgcccttcacgcgagtggagggagtggcgg
acgggtgaggaattcatgggtatctaccttcgggtgggggataccggcgagaaatcgccgacaatcccgcatagggtcacggagacgtg
agcaaagccgagaggcgccgggagatgagcctgtggccgattagctagctggtggggtaagggctcaccagggcgacgatcggtagct
ggtctgagaggatgatcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaatcttccgctatggacgc
aagtctgacggagcaacgccgcgtgcaggaggacgcttttcggagtgtaaactgcttttctgccggacgagtatggacggtacccctggaa
gaagcctcggctaactacgtgccagctgccgcggtaatacgtaggaggcgagcgttgtccggagttactgggcgtaaagggcgcgcagg
cggcccgccgcgttggtggtgaaagttgcgagcttaact 
>emp444  
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacacatgcaagtcgaacgccctggtgcttcggcagcagggagtggcg
gacgggtgagtaacacatgggtcacctaccccctggtgaggaataccggcgagaaatcgtcgacaagaccgcataggcttcctgcggga
agcaaagctccgcaaggggcgccaggggatgggcctgtggccgattagctggttggggaggtaaaagccccccaaggcgacgatcgg
tagctggtctgagaggatgatcagccacactgggattgagaacggcccagactcctacgggaggcagcagtgaggaattttcggcaatgg
gcgcaagcctgaccgagcaacgccgcgtgcaggacgaaggtcttcggatcgtaaactgcttttctcggggatgaatttatgacagtacccg
aggaagaagccccggctgactacgtgccagcagccgcggtaagacgtagggggcaagcgttgtccggagttactgggcgtaaagcgcc
cgcaggcggtcggtcgcgtttgaggtaacagctcctggcttacctgggagagcgtctcaaagacgggctgacttgaggaccagagaggg
acacggaattccg 
>emp210  
agagtttgatcctggctcagattgaacgctggcggctgcctaacacatgcaagtcgaacggcagcatgacgtgtagcaatacacgttgatg
gcgagtggcggacgggtgagtaatgcataggaatctgcccagtagcgggggacaacccggagaaatccgggctaataccgcatacgcc
ctacgggggaaagcgggggaccgaaaggcctcgcactattggatgagcctatgtcggattagctagttggtagggtaacggcctaccaag
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gcgacgatccgtagctggtctgagaggacgatcagccacactgggactgagacacggcccggactcctacgggaggcagcagtgggg
aatattggacaatgggggcaaccctgatccagcaatgccgcgtgtgtgaagaaggcctgcgggttgtaaagcactttcggtggggacaaa
aagcgtcgtgccaataccacgatgtttgatttaacccatagaagaagcaccggctaactctgtgccagcagccgcggtaatacagagggtg
cgagcgttaatcggaattactgggcgtaaagcgcacgtaggcggcgcgctaagttggatgtgaaatccccgggcttaacttgggaattgca
ttcaagactggcgtgctggagtgtgggagagagaagtggaattccaggagtagcggtgaaatgcgtagatacctggaggaacatcagtgg
cgaaggcggcttcttggcccaacactgacgctgaagtgcggaagcgtgnggatccaacaggattagataccctggtagtcc 
>emp7  
agagtttgatcctggctcaggataaacgctggcggcgtgcctaacacatgatagtcgaacgctttatccttttgctcgcaagagcaaaaggg
attgagagtggcggacgggtgatgaacacgcgggttatctgcctctggttgaggaataccggcgagtaatcgccgactataccgcatagcc
ttggtaacaaggaaagcccggcaacgggtgccgagagatgagcctgcggccgattatgctcgttggtggggtaaaggcctaccaaggcg
acgatcggtagctggtctgagaggacgatcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaatttt
cggcaatgggggcaaccctgaccgagcaacgccgcgtgcaggacgaaggtcttcggatcgtaaactgcttttctgggggacgactcccg
acggtaccccagcaatcagccccggctaactacgtgccagcagccgcggtaatacgtagggggcaagcgttgtccggatatattgggcgt
aaagcgcacgcaggcggtctgccaagttcggagtgacagttcccggcttaactgggaaaggtcttcgaaaactggtggacttgagactttg
agggggagacggaattccgggtggagcggtgaaatgcgtatagatccggaggaacaccgaaagcgaaggcagtctcctggcaaggttc
tgacgctcatgtgcgaaagctatgggagcgaacaggattaaataccctggtagtcc 
>emp413  
agagtttgatcatggctcaggataaacgctggcggcgtgcctcacacatgcaagtcgaacgccctttcgcaagagagggagtggcggacg
ggtgaggaacacgtgggtacctacctcaagatgaggaatacctccgagaaatcggagacaagaccgcataccctctcctcggagaggaa
aaccgcaaggtgtcttgagatgggcctgcgcctgattagctggttggtggggtaaaagcctaccaaggccacgatcagtagctggtctgag
aggatgatcagccacactgggattgagaacggcccagactcctacggggggcagcagtgaggaattttcgtcaatggaggcaactctgaa
cgagcaacgccgcgtgcaggatgacacccttcggggcgtaaactgcttttctcggagaagagagtggacggtatctgaggaacaagccc
cggctaactacgtgccagcagccgcggtaatacgtagggggcaagcgttgtccggagttactgggcgtaaagggcccgcaggcggtgg
ctcaagtttgcactgacaatcccgtgcttaacgcgggagggtgtgcgaaaactgggttacttgagcatgagagagggacagggaattccgg
gtggagtggtggaatgcgtagatatccggaggaaccccgaaggcgaaggcactgtcctggctcattgctgacgctcaggggcgaaagcc 
>emp55  
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacacatgcaagtcgaacgagaaagtggagcaatccatgagtaaagtg
gcgaccgtggtgagtaacacgtgactaacctacctccgagtggggaataactccgggaaaccggggctaataccgcataacatcgcaag
atcaaagcagcaatgcgcttggagagggggtcgcggctgattagctcgttggcggggtaacggcccaccaaggcgaagatcggtatccg
gcctgagagggcgcacggacacactggaactgaaacacggtccagactcctacgggaggcagcagtggggaattttgcgcaatggggg
aaaccctgacgcagcaacgccgcgtggaggatgaagccctttggggcgtaaactcctttcgactcggacgataatgacggtacgagtgga
agaagcaccggctaactctgtgccagcagccgcggtaatacagagggtgcgagcgttgttcggaattattgggcgtaaagggcgcgtagg
cggtgcggtaagtcacctgtgaaatctcccggcttaactgggagtctgcaggcgaaactaccgtgctggagtgtgggagaggtgcgtgga
attcccggtgtagcggtgaaatgcgtagatatcgggaggaacacttgtggcgaaagcggcgcactggaccataactgacgctgaggcgc
gaaagctaggggagcaaacaggattagataccctggtagtcc 
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Clone sequences recovered from the 3’ end-portion-data-set: 
 
>ebs81    
aaatgcgtagatatcaggaggaacaccggtggtgtagacggctttctggaccgtaactgacgctgaaacacgaaagcgtgggtagcaaac
aggattagataccctggtagtccacgccctaaacgatgcatatttggtgtgggtcattcatttgatccgtgccggagctaacgcgttaaatatg
ccgcctggggagtacagtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggttcaattcgacgc
agcgcgaagaaccttacctaggctcgaacggctttggacaattcctggaaacagggacttcccgcaagggaccggagtcgaggtgctgc
atggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttgtcctgtgttgccatacctttaaaagtggaac
tcgcaggagaccgccagggataacctggaggaaggtggggatgacgtcaagtcctcatggcctttatgtctagggctacacacgtgctac
aatgggcggtacaatgggttgccaacccgcgagggggagccaatcccaaaaaaccgttctcagttcggattgcaggctgcaactcgcctg
catgaagctggaatcgctagtaatgccgtatcagaatgatggcgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs78    
ccacaactgacgctgatgcgcgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatgatcgcttggtgtg
acaggtacccaatcctgtcgtgccggagctaacgcgttaagcgatccgcctggggagtacggtcgcaaggctgaaactcaaaggaattga
cgggggcccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgaaatgtagtggaccggggt
ggaaacatcccttcccgcaagggctgctatataggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacga
gcgcaacccttattgccagttgccatcatttagttgggcactctggcgaaactgccccggataacggggaggaaggtggggatgacgtcaa
gtcctcatggcctttatgtccagggctacacacgtgctacaatgggtggtacaaaccgtcgcaaacccgcgagggggagctaatcggaaa
aagccatcctcagttcggattggagtctgcaactcgactccatgaagctggaatcgctagtaatcgcggatcagcacgccgcggtgaacac
gttcccgggccttgtacacaccgcccgt 
>ebs83    
gcgaaggcagctcgctacactattattgacgctgaggcacgaaagcgtggggatcaaacaggattagataccctggtagtccacgccctaa
acgatgattactcgacatcagcgatgcactgttggtgtctgagcgaaagcattaagtaatccacctgggaagtacgaccgcaagattaaaac
tcaaagaaattgacgggggcctgcacaagcggtggaacatgtggtttaattcgaggcaacgcgaagaaccttaccaggctttgacatgccc
tctgtgggtaccagaaatggaacccttcacttcgggtgggaggagcacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttggg
ttaagtcccgcaacgagcgcaaccctcgtcccctgttgctaacgggtaatgccgagaactctggggaaactgccggtgataagccggagg
aaggtggggatgacgtcaagtcctcatggcccttacagcctgggctacacacgtgttacaatggcagtgacaatgcgtcgctactccgcaa
ggagaggctaatcgcaaaaagctgcctcagttcggattgtactctgcaactcgagtacatgaagctggaatcgctagtaatcgcgcatcatc
gcggcgcggtgaatacgttcccgggtcgtgtacacaccgcccgt 
>ebs84    
aatgcgtagatatcgggaggaacaccagtggcgaaggcgatcatctggggcttacctgacactgaggagcgaaagctaggggagcaaa
cgggattagataccccggtagtcctagccgtaaacgatggacactaggtgtaggtggtatcgactccatctgtgccgcagttaacacaataa
gtgtcccgcctggggagtacggtcgcaagactaaaactcaaaggaattgacgggggcccgcacaagcggtggatcatgtggtttaattcg
aagcaacgcgaagaaccttacctggatttgacatcctctgaagttggtagagatatcaacggctcgcaagagacagagagacaggtgctgc
atggctgtcgtcagctcgtgttgtgaaatgttgggttaagtcccgcaacgagcgcaacccctacctttggttgccatcattaagttgggcactc
cagagggactgccgtcgtcaagacggaggagggtggggatgacgtcaagtcctcatggcctttatatccagggcgacacacgtgatacaa
tggtagatacaaagggcagcgaagtggtgacacggagccaatctcaaaaaatctatctcagttcggattggagtctgcaactcgactccatg
aagttggaatcgctagtaatcgcggatcagcacgccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs71    
agcggtgaaatgcgtagatatctgcaggaacacccgtggcgaaggcggctggctggaccgcaactgacgctgaggaacgaaagctagg
ggagcaaacaggattagataccctggtagtcctagccctaaacgatcaggacttggggtgcatcccgtcggggtgcgtcccgtagctaacg
cgttaagtcctgcgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggaacatgtggtt
caattcgacgcaacgcgaagaaccttacctgggctcgaagtgccggcgaccagcggtggaaacatcgccttctcgcaagagacgccggt
agaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaacccctacacttagttgccacccg
caagggggaactctaagaggactgctccggataacggagaggaaggtggggatgacgtcaagtcagcacggcctttatgtccagggcta
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cacacgtgttacgatgcgcggtacagaccgttgcgaactcgcgagggggagctaatcggtaaaaccgtgctcagttcggattgcagtctgc
aactcgactgcatgaagctggaatcgctagtaatggcgtatcagaacgacgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs72    
gtggcgaaggcggctcactggcccgatactgacgctgaggcacgaaagcgtggggagcaaacaggattagataccctggtagtccacg
ccgtaaacgatgaatgccagccgttagtgggtttactcactagtggcgcagctaacgctttaagcattccgcctggggagtacggtcgcaag
attaaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaattcgacgcaacgcgcagaaccttaccagcccttg
acatcccggtcgcggactccagagacggagttcttcagttcggctggaccggagacaggtgctgcatggctgtcgtcagctcgtgtcgtga
gatgttgggttaagtcccgcaacgagcgcagcccccgtccttagttgctaccattcagttgagcactctaaggagactgccggtgataagcc
gcgaggaaggtggggatgacgtcaagtcctcatggcccttacgggctgggctacacacgtgctacaatggcggtgacaatgggatgctaa
ggggcgacccttcgcaaatctcaaaaagccgtctcagttcggattgggctctgcaactcgagcccatgaagttggaatcgctagtaatcgtg
gatcagcacgccacggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs73    
tccccgtgtagaggtgaaattcgtagatatcgggaggaacaccagtggcgaaggcggcgacctggacagacattgacgctgagacgcga
aagcgtggggagcaaacaggattagataccctggtagtccacgctgtaaacgatgggtgctagctgtggtgggtgttgacccctgccgtgg
cgcagctaacgcaataagcaccccgcctgggaagtacggccgcaaggctaaaactcaaaggaattgacgggggcccgcgcaagcggt
ggagcatgtggtttaattcgacgcaacgcgcagaaccttacctggtcttgacatcctcggaattccccagagatggggaagtgctcttcgga
gagccgagagacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcgaccctcgccattag
ttaccatcattcagttgggcactctagtgggactgccggtgttaaaccggtggaaggtggggatgacgtcaagtcctcatggcctttatgacc
agggctacacacgtgctacaatggccggtacaaagcgctgccaactcgcgagagggagctaatcgcataaaaccggtctcagttcggatt
ggagtctgcaactcgactccatgaagtcggaatcgctagtaatcgcagatcagcacgcttcggtgaatacgttcccgggccttgtacacacc
gcccgt 
>ebs77    
ggtgtagcggtgaaatgcgtagatatctgcaggaacacccgtggcgaaagccgcgcgctggaccactactgacgctgaggaacgaaag
ctaggggagcaaacgggattagataccctggtagtcctagccctaaacgatcaggacttggggtgccacccgttcgggtgtcgtcccgga
gctaacgcgttaagtcctgcacctggggagtacggtcgcaagactgaaactcaaaggaattgacgggggcccgcacaagcggtggaaca
tgtggttcaattcgacgctacgcgaggaaccttacctgggctcgaagcgcacttgacaagctatagaaatatggccttcccgcaagggaca
ggtgtggaggcgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaacccctgcacgtagttgcc
actcgcaagagggaactctacgtggactgctccggataacggagaggaaggtggggatgacgtcaagtccgcatggcctttatgtccagg
gctacacacgtgttacaatgcagggcacaaaccgttgccaacccgcgagggggagctaatcggaaaaagccaatcccagtccggattgg
agtctgcaactcgactccatgaagctggaatcgctagtaatcgcagatcagcacgctgcggtgaatacgttcccgggccttgtacacaccgc
ccgt 
>ebs86    
agcggtgaaatgcgtagatatcaggaggaacacctgcggtgtagacggctttctggaccatcactgacgctgagacacgaaagcgtggg
gagcaaacaggattagataccctggtagtccacgccctaaacgatgcatacttggtgtgagccgttcattcggttcgtgccggagctaacgc
gttaagtatgccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggttta
attcgacgcaacgcgaagaaccttacctgggctcgaacggcttcggcaaactcgtggaaacatgggtcctcccgcaagggaccggagtc
gaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgggcgcaacccttactcgtagttgccacccgca
agggggaactctacgaggactgctccggataacggagaggaaggtggggatgacgtcaagtccgcatggcctttatgtccagggctaca
cacgtgttacaatgcagagtacaaaccgtcgccaacccgcgagggggagctaatcggaaaaaactttgctcagttcggattgcagtctgca
actcgactgcatgaagccggaatcgctagtaatggcgtatcagatcgacgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs93    
aatgcgtagatatcgggaggaacacctgtggcgaaagcggcgcactggaccataactgacgctgaggcgcgaaagctaggggagcaaa
caggattagataccctggtagtcctagccctaaacgatggatgcttggtgtgatcggtacccaatccgattgtgccgaagctaacgcgataa
gcatcccgcctggggagtacggtcggaaggctaaaactcaaaggaattgacgggggcccgcacaagcggcggagcatgtggcttaattc
gaggcaacgcgaagaaccttacctgggtttgacatgtagggaaaagccgtagagatacggtgtccttcggggccttacacaggtggtgcat
ggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttatcctatgttgccagcgcgtaatggcggggac
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tcgtaggagactgccggggtcaactcggaggaaggtggggtcgaagtcaagtcatcatgccccttacgtccagggctgtacacatgctac
aatggccggtacaacgggctgctattccgcgaggaggagccaatccctaaagccggtctcagttcggattggagtctgcaactcgactcca
tgaagtcggagtcgctagtaatcccggatcagcaacgccggggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs95    
gaacacctgtggcgaaagcggctcactggaccattactgacgctgatgcacgaaagctaggggagcaaacaggattagataccctggtag
tcctagccctaaactatgatcgcttggtgtgacaggtacccaatcctgtcgtgccggagctaacgcgttaagcgatccgcctggggagtacg
gtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgaagaacctta
cctgggctcgaagcgtagtggaccgaggtagaaatatctctttcccgcaagggactgctacgtaggtgctgcatggctgtcgtcagctcgtg
tcgtgagatgttgggttaagtcccgcaacgagcgcaacccttattgtcagttgccatcatttagttgggcactctggcgaaaccgcctcggata
acggggaggaaggtggggatgacgtcaagtcctcatggcctttatgtccagggccacacacgtgctacaatggttggtacaaaccgtcgc
aaacccgcgagggggagctaatcggaaaaagccaatcccagtccggattggagtctgcaactcgactccatgaagctggaatcgctagta
atcgcagatcagcacgctgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs97    
agcggtgaaatgcgtagatatcaggaggaacacctgcggtgtagacggctttctggaccatagctgacgctgagacacgaaagcgtgggt
agcaaacaggattagataccctggtagtccacgccctaaacgatgcatacttggtgtcggccattcagttggtcggtgccggagctaacgcg
ttaagtatgccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaa
ttcgacgcaacgcgaagaaccttacctgggctcgaacggcttctgaatacttttggaaacaggggtagtcccgcaagggacaggagtcga
ggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttgtcctgtgttgcaaccccgcaa
gggggcactctcaggagaccgccagcgataagttggaggaaggtggggatgacgtcaagtcatcatggcctttatgtccagggctacaca
cgtgctacaatggacggtacaaagcgcagcgaactcgcgagagggagcaaatcgcaaaaaaccgttctcagttcggattgcaggctgca
actcgcctgcatgaagctggaatcgctagtaatggcatatcagaacgatgccgtgaatacgttcccgggccgtgtacacaccgcccgt 
>ebs99    
ctgagaaagctaggggagcaaacaggattagataccctggtagtcctagccgtaaacggtgcacgtttgctgtaaaaggaatcgaccccttt
tgtggcgtagccaacgcgttaaacgtgccgcctgggaagtacggtcgcaagattaaaactcaaagaaattgacgggggcctgcacaagc
ggtggagtatgtggctcaattcgatgcaacgcgaagaaccttacctggccttgacatgcaagtagtagaagggtgaaagcctaacgaggta
gcaataccagcttgcacaggtgctgcatggctgtcgtcagctcatgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccctgtgt
cctgttgccacccggtcgcgagatcggagcactctggacagactgcctcgcttaaacgaggaggaaggtggggatgacgtcaagtcagta
tggcccttataaggtgggctacacacgtgctacaatggcggtgacaatgggttgctacacggtaacgtgatgctaatctctaaaagccgtctc
agttcggattggggtctgcaactcgaccccatgaagtcggaatcactagtaatcgtggatcagcatgccacggtgaatacgttcccgggtctt
gtacacaccgcccgt 
>ebs105    
ccataactgacgctgaggcacgaaagcgtgggtagcaaacaggattagataccctggtagtccacgccctaaacgatgcacatttggtgtg
ggtcattcagttgatccgtgccggagctaacgcgttaaatgtgccgcctggggagtacagtcgcaaggctgaaactcaaaggaattgacgg
gggcccgcacaagcggtggagcatgtggtttaattcgacgcaacgcgaagaaccttacctgggctcgaaatgctgtggaccagccggtga
aagccggccttcccgcaagggactgcagtataggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacga
gcgcaacccttgtcctgtgttgccatactgaaaagtggaactcgcaggagaccgccagggataacctggaggaaggtggggatgacgtca
agtcctcatggcctttatgtccagggctacacacgtgctacaatggacggtacaaagggctgccaacccgcgagggggagccaatcccaa
aaaaccgttctcagttcggattgcaggctgcaactcgcctgcatgaagctggaatcgctagtaatggcagatcagaacgctgccgtgaatac
gttcccgggccttgtacacaccgcccgt 
>ebs111    
aggaagaccagtggcgaaggcgggtctctggacagttcctgacgctgaggcacgaaggtcaggggagcaaacgggattagataccccg
gtagtcctgacagtaaacggtgcacgtttggtgtgggaggattcggccccttctgcgccggagctaacgcgttaaacgtgccgcctgggga
gtacggtcgcaagattaaaactcaaagaaattgacgggggcccgcacaagcggtggagtatgtggctcaattcgatgcaacgcgaagaac
cttaccaggccttgacatgcattgctaagttggtgaaagccagcgactggagcaatccagaccctgcacaggtgctgcatggctgtcgtcag
ctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccctgtgaactgttgccaccgagccgtgaggctcgagcactctgttca
gactgccccgctctaacggggaggaaggtggggacgacgtcaagtcagtatggcccttacggcctgggctgcacacgtactacaatgcc
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cagtacagaacgatccaagaccgcgaggtggaggaaatcactaaaactgggcccagttcagattgaagtctgcaacccgacttcatgaag
ccggaatcgctagtaatggcgcatcagctacggcgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs114    
ggcgaaggcagcctcttggtccatatctgacgctgaggcacgaaagcgtggggagcaaacaggattagataccctggtagtccacgctgt
aaacgatgatcactagatgttagttctgtttaacagaattggtatcgcagctaacgcgttaagtgatccgcctggggactacgatcgcaagatt
aaaactcaaagaaattgacgggggcccgcacaagcggtggatcatgtggtttaattcgacactacgcgaggaaccttacctgggctagaca
tgtacttgacagctctggaaacagagtcttctaagcgaaagcttagacaggtacacaggtgctgcatggctgtcgtcagctcgtgtcgtgaga
tgttgggttaagtcctctaacgagcgcaacccttgtcgtcagttgcaactgcttatgcaaggcactctgacgagactgcctgggaaaccagg
aggaaggtggggatgacgtcaagtccgcatggcccttatgtccagggctacacacatgatacaatggctagtacaaagagctgcgaactc
gcaagggtgagctaatctcacaaaactagtctaagttcagattgaggtctgcaactcgacctcatgaagttgaaatcgctagtaatcgcgcat
cagcaacgacgcggtgaatacgttctcgggccttgtacacaccgcccgt 
>ebs115    
tcccggtgtagcggtgaaatgcgtagatatcgggaggaacaccagtggcgaaggcgatcatctggggcttacctgacactgaggagcga
aagctaggggagcaaacgggattagataccccggtagtcctagccgtaaacgatggacactaggtgtaggtggtatcgactccatctgtgc
cgcagttaacacaataagtgtcccgcctggggagtacggtcgcaagactaaaactcaaaggaattgacgggggcccgcacaagcggtgg
atcatgtggtttaattcgaagcaacgcgaagaaccttacctggatttgacatcctctgaagttggtagagatatcaacggctcgcaagagaca
gagagacaggtgctgcatggctgtcgtcagctcgtgttgtgaaatgttgggttaagtcccgcaacgagcgcaacccctacctttggttgccat
cattaagttgggcactccagagggactgccgtcgtcaagacggaggagggtggggatgacgtcaagtcctcatggcctttatatccagggc
gacacacgtgatacaatggtagatacaaagggcagcgaagtggtgacacggagccaatctcaaaaaatctatctcagttcggattggagtc
tgcaactcgactccatgaagttggaatcgctagtaatcgcggatcagcacgccgcggtgaatacgttcccgggccttgtacacaccgcccg
t 
>ebs117    
cgctacactattattgacgctgaggcacgaaagcgtggggatcaaacaggattagataccctggtagtccacgccctaaacgatgattactc
gacatcagcgatacactgttggtgtctgagcgaaagcattaagtaatccacctgggaagtacgaccgcaaggttgaaactcaaaggaattg
acgggggtccgcacaagcggtggagcatgtggtttaattcgatgcgacgcgaagaaccttacctgggctcgaacggctatggaccggtgg
tagaaatatcgcctttcccgcaagggactgtagtcgaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaa
cgagcgcaacccttgtcctgtgttgcaaaccgaaaggtgcactctcaggagaccgccagcgataagttggaggaaggtggggatgacgtc
aagtcatcatggcctttatgtccagggctacacacgtgctacaatggtcggtacaaagcgctgcaaacccgcgagggggagctaatcgcaa
aaaaccgatctcagttcggattgcaggctgcaactcgcctgcatgaagctggaatcgctagtaatggcgtatcagaacgacgccgtgaata
cgttcccgggccgtgtacacaccgcccgt 
>ebs119    
atgcgtagatatccggaggaataccaaaggcgaaggcagtgtcctggctggttactgacgctcaggcgcgaaagctaggggagcgaaca
ggattagataccctggtagtcctagccgtaaacgatgaccactagatgtacgaggtatcgacccctcgtgtgtcgtagttaacacgctaagtg
gtccgcctggggagtacggtcgcaagattaaaactcaaaggaattgacggggacccgcacaagcagcggagcgtgtggtttaattcgatg
cgacgcgaagaaccttaccagggtttgacatgggcttgatcccgccagagatggcgctcccgcaagggcaagtccacagatgctgcatg
gctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaacccctagggtcggttacaggtttccggcccgactgcc
gcgatcaacgcggaggaaggtggggatgacgtcaagtcagcacggctcttacatcctgggcgacacgcacgctacaatggctggaaaca
aagagttgccaacccgcgagggggagctaatctcgtcaaagccagtctcagttcggattgcaggctgaaaccagcctgcatgaaggtgga
gttgctagtaaccgtgggtcagcacaccacggtgaatacgttcccgggtcttgtacacaccgcccgt 
>ebs121    
gaataccggaggcgaaggcgggtagctgggcagacactgacactcatcaccgaaagcgtggggatcaaacaggattagataccctggta
gtccacgccgtaaacgatggatacttgttgttggaggtattgaccccttcagtgacgaagctaacgcgttaagtatcccgcctggggagtacg
gtcgcaagattaaaactcaaaggaattgacggggacccgcacaagcagcggagcgtgtggtttaattcgatgcaacgcgaagaaccttac
cagggtttgacatgcaactgcaccgcccgtaatggggcgtcccttcggggcggttgcacaggtgctgcatggctgtcgtcagctcgtgtcgt
gagatgttgggttcagtcccgcaacgagcgcaacccctgccgctagttgaatgatctagcgggaccgccgcgatcaacgcggaggaagg
cggggatgacgtcaagtcagcacggcccttacgtcctgggcaacacacacgctacaatggtcggtacaacgggccgccaacccgcgag
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ggggagccaatcccatcaaaaccggcctcagttcagattgcaggctgcaacccgcctgcatgaaggaggagttgctagtaaccgtgggtc
agcacactacggtgaatacgttcccgggtcttgtacacaccgcccgt 
>ebs123    
gcggttgcctggaagattcctgactctgaaacacgaaagccaggggagcaaacgggattagataccccggtagtcctggccgtaaacggt
gtgcattgggcgtaggcggattcgaccccgtctgtgtcgcagataactcgttaaatgcaccgcctgggaaatacggtcgcaagattaaaact
caaagaaattgacgggggcccgcacaagcggtggagtatgtggcttaattcgatgcaacgcgaagaaccttacctggccttgacatgcatc
tagtagaacttggaaacagggacgaggtagcaataccaggatgcacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggtt
aagtcccgcaacgagcgcaacccctatgattagttgcccagcaatggaccctctagtcagactgctctgtgaaacggagaggaaggtggg
gatgacgtcaagtcaggatggcccttacggccagggctgcacacgtactacaatgcccagtacagaatgaaccgaaaccgcaaggtgga
ggcaatctcaaaaactgggcccagttcggattgggggctgcaactcgcccccgtgaagttggaatcgctagtaatggcgcatcagctacgg
cgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs126    
ccgtaactgacgctgagacacgaaagcgtgggtagcaaacaggattagataccctggtagtccacgccctaaacgatgcatatttggtgtg
ggtcattcagttgatccgtgccggagctaacgcgttaaatatgccgcctggggagtacagtcgcaaggctgaaactcaaaggaattgacgg
gggcccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgaacggctggttaccggcggtgg
aaacatcgctaccccgcaagggggtccagtcgaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacg
agcgcaacccttgtcctgtgttgccatcattcagttgggaactcgcaggagaccgccagcgataagctggaggaaggtggggatgacgtc
aagtcctcatggcctttatgtccagggctacacacgtgctacaatggacggtacaaagcgcagcaaacccgcgagggggagccaatcgc
aaaaaaccgttctcagttcggattgcaggctgcaactcgcctgcatgaagctggaatcgctagtaatggcagatcagcacgctgccgtgaat
acgttcccgggccttgtacacaccgcccgt 
>ebs171    
aatgcgtagatattggaagaacaccggtggcgtaagcgactcgctgggacattactgacactgaggaacgaaagctaggggagcgaatg
ggattagataccccagtagtcctagccgtaaacgatggatactaggcgtagtgggtatcgacccccgctgtgccgcagctaacgcgataag
tatcccgcctgagtagtacggccgcaaggttgaaactcaaaggaattgacgggggcccgcacaagcggtggaacatgtggttcaattcga
agcaacgcgaagaaccttaccaaggcttgacatctggagaacttttcggaaacgagaaggtgcccgcaagggagctccaagacaggtgg
tgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccccgttgttagttgccatcaggtaatgctgg
gaactctagtgaaactgccgtcgtaagacgcgaggaaggaggggatgatgtcaagtcatcatggcctttatgcccagggctacacacgtgc
tacaatggggaggacaaagggcagcaacacagtgatgtgaagctaatcccaaaaaccttctctcagttcagattgcagtctgcaactcgact
gcatggagctggaatcgctagtaatcgtatatcagcaatgatacggtgaatacgttcccggaccttgtacacaccgcccgt 
>ebs173    
acaccgaaagcgaaggcagcacattgggccactcctgacactgaaacacgaaagcgtgggtagcgaatgggattagataccccagtagt
ccacgccctaaacgatgacaactagctatgcggagtatcgaccctctgcgtggcgtagctaacgcgttaagttgtccgcctggggagtacg
gtcgcaagattaaaactcaaaggaattgacggggacccgcacaagcggtggaacatgtggtttaattcgaggcaacgcaaagaaccttac
caggccttgacatgccctctatagaatgcagaaacgtattctttcacttcgggtgggaggagcacaggtgctgcatggctgtcgtcagctcgt
gtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctcgtcctctgttgctaacaggtaatgctgagcactctgaggaaactgccgg
tgataagccggaggaaggtggggatgacgtcaagtcagtatggcccttacggcctgggctgcacacgtactacaatgcccagtacaaaac
gatcctagaccgcgaggtggaggaaatcattaaaactgggcccagttcagattgaagtctgcaactcgacttcatgaagccggaatcgcta
gtaatggcgtatcagctacgacgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs174    
agcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagcggctcactggaccattactgacgctgatgcacgaaagctaggg
gagcaaacaggattagataccctggtagtcctagccctaaactatgatcgcttggtgtgacaggtacccaatcctgtcgtgccggagctaac
gcgttaagcgatccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtgg
ttcaattcgacgcaacgcgaagaaccttacctgggctcgaagcgtagtggaccgaggtagaaatatctctttcccgcaagggactgctacgt
aggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttattgtcagttgccatcatttagtt
gggcactctggcgaaaccgcctcggataacggggaggaaggtggggatgacgtcaagtcctcatggcctttatgtccagggccacacac
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gtgctacaatggttggtacaaaccgtcgcaaacccgcgagggggagctaatcggaaaaagccaatcccagtccggattggagtctgcaac
tcgactccatgaagctggaatcgctagtaatcgcagatcagcacgctgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs70    
gacagttcctgacgctgaggcacgaaggtcaggggagcaaacgggattagataccccggtagtcctgacagtaaacggtgcacgtttggt
gtgggaggattcgaccccttctgcgccggagctaacgcgttaaacgtgccgcctggggagtacggtcgcaagattaaaactcaaagaaatt
gacgggggcccgcacaagcggtggagtatgtggctcaattcgatgcaacgcgaagaaccttaccaggccttgacatgcattgctaagttg
gtgaaagccagcgactggagcaatccagaccttgcacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccg
caacgagcgcaacccctgtgaactgttgccaccgagccgtgaggctcgagcactctgttcagactgccccgctctaacggggaggaaggt
ggggacgacgtcaagtcagtatggcccttacggcctgggctgcacacgtactacaatgcccagtacagaacgatccaagaccgcgaggt
ggaggaaatcactaaaactgggcccagttcagattgaagtctgcaactcgacttcatgaagccggaatcgctagtaatggcgcatcagctac
ggcgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebs82    
cagagcttgaggacgcgagaggtagagggaactcatggtgtaggggtgaaatccgttgatatcatggggaacaccaaatgcgaaggcac
tttactggcgcgctcctgacgctcatacacgaaagcgtgggaatcgaacgggattagataccccggtagtccacgccctaaacggtcataa
ctggctttgcggagtatcgaccctctgcgaggcgaagctaacgcgttaagttatgcgcctgggtagtacgatcgcaagattaaaactcaaag
gaatagacggggacttgcacaagcggtggatcatgcggctcaattcgatgacaaacgaagaacctcaccagggtttgaaacccagacgat
cggtttgcgaaagcagactttccgaaaggcggctgggcaggtgatgcatggtcgtcgtcagttcgtggcttgagttgttcccttcagtggggt
aacgaacgcaacccgcgttgcctgttttatatgtcaggcgagactgccctctcacgagggaggaaggtgcggatgacgccagatcagcat
gtccctctgatatcctgggctgcacgcatgatacaatgcacgcgacaacgagacgcgacggcgcaagcccgagcaaatctttagaaacgc
gtgctcagttcggattgaggtctgcaactcgacctcatgaagccggaatcgctagtaatcgcgggtcagctataccgcggtgaacacgttct
caagtcttgtacacaccgcccgt 
>ebp416  
gtgctcgagtgtgggagaggcgcgtggaattgcaggtgtagcggtgaaatgcgtagatatctgcaggaacacccgtggcgaaagcgacg
cgctggaccactactgacgctgaggaacgaaagctaggggagcaaacaggatcagataccctggtagtcctagccctaaacgatcagga
cttggggtgccacccgttcgggtgtcgtcccggagctaacgcgttaagtcctgcactggggagtacggtcgcaagactgaaactcaaagg
aattgacgggggcccgcacaagcggtggaacatgtggttcaattcgacgctacgcgaggaaccttacctgggctcgaaatgcttaggacc
agctgtagaaatacggccttcccgcaagggacctgagtataggcgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcc
cgcaacgagcgcaacccctgcacacagttactactcgcaagagaggactctgtgtggactgctccggataacggagaggaaggtgggga
tgacgtcaagtccgcatggcctttatgtccagggctacacacgtgttacaatgcagggcacaaaccgttgccaacccgcgagggggagct
aatcggaaaaaactctgctcagttcggattgcagtctgcaactcgactgcatgaagccggaatcgctagtaatggcgtatcagatcgacgcc
gtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp115  
ctgggagtctgcaggcgaaactaccgtgctggagtgtgggagaggtgcgtggaattcccggtgtagcggtgaaatgcgtagatatcggga
ggaacacctgtggcganagcggcgcactggaccataactgacgctgaggcgcgaaagctaggggagcaaacaggattagataccctgg
tagtcctagccctaaacgatgatggcttggtgtagcaggtacccaatcctgctgtgccgcagctaacgcgataagccatccgcctggggagt
acggtcgcaaggctgaaacccaaaggaattgacgggggcccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgaagaac
cttacctgggctcgaaatgcaggagatcggggtggaaacatcccttccccttaaaaggctgctgcataggtgctgcatggctgtcgtcagct
cgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttatccctagttgccatcgggtcaagccgggcactctagtgaaactgc
ctcggataacgaggaggaaggtggggatgacgtcaagtcctcatggcctttatgtccagggctacacacgtgctacaatggtcggtacaaa
ccgtcgcaaacccgtgagggggagctaatcggaaaaagccggcctcagttcggattggagtctgcaactcgactccatgaagctggaatc
gctagtaatcccgcggccaggcggccggagtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp122  
cggcgcactggaccacaactgacgctgatgcgcgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaacgat
gatcgcttggtgtgacaggtacccaatcctgtcgtgccggagctaacgcgttaagcgatccgcctggggagtacggtcgcaaggctgaaa
ctcaaaggaattgacgggggcccgcacaagcggtggagcatgcggttcaattcgacgcaacgcgaagaaccttacctgggctcgaaatg
tagtggaccggggtggaaacatcccttcccgcaagggctgctatataggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggtta
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agtcccgcaacgagcgcaacccttattgccagttgccatcattcagttgggcactctggcgaaactgccccggataacggggaggaaggt
ggggatgacgtcaagtcctcatggcctttatgtccagggctacacacgtgctacaatgggtggtacaaaccgtcgcaaacccgcgagggg
gagctaatcggaaaaagccatcctcagttcggattggagtctgcaactcgactccatgaagctggaatcgctagtaatcgcggatcagcac
gccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp108  
tgtgggagaggtgcgtggaattccccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcganagcggcgcactggac
cacaactgacgctgaggcgcgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatggatgcttggtgtgt
cgggtacccaatcccgacgtgccgaagctaacgcgataagcatcccgcctggggagtacggtcgcaaggctgaaactcaaaggaattga
cgggggcccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgaagcgcagtggaccgggg
tagaaatatccctttccgcaaggaccgctgcggaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacg
agcgcaacccttatccctagttgccatcgggtcaagccgggcactctagtgaaaccgccccggataacggggaggaaggtggggatgac
gtcaagtcctcatggcctttatgtccagggctacacacgtgctacaatggtcggtacaaaccgtcgcaaacccgcgagggggagctaatcg
gaaaaagccgtcctcagttcggattggagtctgcaactcgactccatgaagctggaatcgctagtaatcgcagatcagcacgctgcggtga
atacgttcccgggccttgtacacaccgcccgt 
>ebp116  
cggtgtagcggtgaaatgcgtagagatcgggaggaacaccagaggcgaaggcggcgacctggacaggcactgacactcaactacgaa
agcgtggggagcaaacaggattagataccctggtagtccacgctgtaaacgatgggtactaggtttggcgggtcttgacccctgctgagcc
ggcgctaacgcaataagtaccccgcctgggaagtacggtcgcaagactaaaactcaaaggaattgacgggggcccgcacaagcggtgg
atcatgtggtttaattcgaagcaacgcgaagaaccttacctgggtttgacatccctggaccgacgtagagatacgtctttcgtagcaatacgac
cgggagacaggtgctgcatggctgtcgtcagctcgtgtggtgacatgttgggttaagtcccgcaacgagcgcaacccttgtccttagttgcc
agcattcagttgggctctctaaggagactgccgtggtgaacacggaggaaggtggggatgacgtcaagtcctcatggcctttatatccagg
gcgacacacgtgatacaatggacggtacagagggaagcgaaaccgcgaggtggagccaatctcaaaaagccgttctcagttcggattgg
agtctgcaactcgactccatgaagttggaatcgctagtaatcgcggatcagcacgccgcggtgaatacgttcccgggccttgtacacaccg
cccgt 
>ebp112  
tcgcaactgacggctgaagggacgaaagttaggggagcaaacaggattagataccctggtagtcctagccctaaaccatcaggacttggg
gtttgccctgtacggggcaagtcccggagctaacgcgttaagtcctgcgcctggggagtacggtcgcaagactgaaactcaaaggaattg
acgggggcccgcacaagcggtggaacgtgtggttcaattcgacgcaacgcgaagaaccttacctgggcttgaaccgcacaggaccctcc
ctagaaatagggacttcccgcaagggacctgtgtagaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgca
acgagcgcaacccttactcatagttgctacccgcaagggagaactctatgaggactgctccggataacggagaggaaggtggggatgag
gtcaagtcagcatggcctttatgtccagggctacacacgtgttacattgcgcgccacaaagtgtcgcgaacccgtgagggggagctaatcg
caaaaaagcgcgctcagttcggattgcagtctgcaactcgactgcatgaagccggaatcgctagtaatggcgtatcagatcgacgccgtga
agacgttcccgggccttgtacacaccgcccgt 
>ebp157  
aattcgtagatattcgcaagaacaccagtggcgaaggccgctcactggcccggaactgacgctgagacgcgaaagcgtggggagcaaa
caggattagataccctggtagtccacgctgtaaacgatggatgctagccgttggggagcttgctcttcagtggcgcagccaacgctttaagc
atcccgcctggggagtacgatcgcaagattaaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaattcgaa
gcaacgcgcagaaccttaccagcttttgacatgtcctggacggattgcagagatgcgatcttcccttcggggccggggacacaggtgctgc
atggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctcgcccttagttgccatcattcggttgggcact
ccagggggactgccggtgataagccggaggaaggtggggatgacgtcaagtcctcatggcccttacaggctgggctacacacgtgctac
aatggcggtgacagcgggaggcgaaggggcgaccctgagcaaatctcgaaaagccgtctcagttcggattgcgctctgcaactcgagcg
catgaagttggaatcgctagtaatcgcggatcagcacgccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp158  
aagcggcttcctggtccagcaccgacgttcaggcacgaaagcgtggggagcaaacaggattagataccctggtagtccacgccataaac
gatgagaactagacgttgagagggtaagcctcccagtgtcgtagctaacgcgctaagttctccgcctggggagtacggccgcaaggttga
aactcaaaggaattgacggggacccgcacaagcggtggagcatgtggtttaattcgatgcaacgcgaagaaccttacctggccttgacatc
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ccaggaaccctgaagagatttaggggtgccgcaaggagcctggagacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgg
gttaagtcccgcaacgagcgcaacccttgtccttagttgccagcattcagttgggcactctaaggagaccgccggtgacaaaccggaggaa
ggtggggatgacgtcaagtcatcatggcctttatggccagggctacacacgtgctacaatggtagatacagagggaagccaacgcgcgag
cgggagccaatcccagaaaatctatcgtagtccggattggagtctgcaactcgactccatgaagtcggaatcgctagtaatcgcagatcagc
attgctgcggtgaatacgttcccgggtcttgtacacaccgcccgt 
>ebp165  
tcctttactgacgctgaggcgcgaaagcgtggggagcaaacaggattagataccctggtagtccacgctgtaaacgatgtgtgctggatgtt
gggcgacctagtcgctcagtgtcgtagctaacgcggtaagcacaccgcctagggagtacggccgcaaggttgaaactcaaaggaattgg
cgggggcccgcacaagcggtggagcatgtggtttaattcgaagcaacgcgcagaaccttaccagggcttgacatgggcaggccgcacg
cagagatgcgtgttcccgcaagggcctgccacacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaa
cgagcgcaaccctcgccttcagttgccatcgggtttggctgggcactctgaaggaactgccggtgacaagccggaggaaggtggggatg
acgtcaagtcctcatggcccttacgtcctgggctacacacgtgctacaatggcggtgacaacgggaagccaggccgcgaggccgagctg
atcccgaaaagccgtctcagttcagattgcactctgcaactcgggtgcatgaaggcggaatcgctagtaatcgcggatcagcatgccgcgg
tgaatacgttcccgggccttgtacacaccgcccgt 
>ebp151  
aatgcgtagatatctgcaggaacacccgtggcgaaggcggctggctggaccgcaactgacgctgaggaacgaaagctaggggagcaaa
caggattagataccctggtagtcctagccctaaaccatcagaacttggggtggcccgcgtaggcgggtcgtcccgtagctaacgcgttaag
ttctgcgcctggggagtacggtcgcaagactgaaactcaaaggaattgacgggggcccgcacaagcggtggaacatgtggttcaattcga
cgcaacgcgaagaaccttacctgggcttgaaccgctacggaccaacggtagaaatatcgtcttcccgcaagggaccgtagtagaggtgct
gcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaacccctactcctagttgctacccgcaagggaga
actctagtaggactgctccggataacggagaggaaggtggggatgacgtcaagtcagcacggcctttatgtccagggctacacacgtgtta
caatgcgcggcacagactgttgcgaacccgcgagggggagctaatcggacaaaaccgcgctcagttcggattgcagtctgcaactcgact
gcatgaagctggaatcgctagtaatggcgtatcagatcgacgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp127  
agatatcggaaggaacaccagtggcgaaagcggcttcctggtccagcaccgacgttcaggcacgaaagcgtggggagcaaacaggatt
agataccctggtagtccacgccataaacgatgagaactagacgttgaaggggtaagccctgcagtgtcgtagctaacgcgctaagttctcc
gcctggggagtacggccgcaaggttgaaactcaaaggaattgacggggacccgcacaagcggtggagcatgtggtttaattcgatgcaa
cgcgaagaaccttacctggtcttgacatcctgggaaccctgaagagattcgggggtgccgcaaggagcccagagacaggtgctgcatgg
ctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttgtccttagttgccagcattcagttgggcactctaag
gagaccgccggtgacaaaccggaggaaggtggggatgacgtcaagtcatcatggcctttatgaccagggctacacacgtgctacaatggt
agatacagagggaagccaacgcgcgagcgggagccaatcccagaaaatctatcgtagtccggattggagtctgcaactcgactccatga
agtcggaatcgctagtaatcgcagatcagcattgctgcggtgaatacgttcccgggtcttgtacacaccgcccgt 
>ebp128  
agaacaccagtggcgaaggcggctcactggcccgatactgacgctgaggcacgaaagcgtggggagcaaacaggattaggtaccctgg
tagtccacgccgtaaacgatgaatgccagccgttagtgggtttactcactagtggcgcagctaacgctttaagcattccgcctggggagtac
ggtcgcaagattaaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaattcgacgcaacgcgcagaacctta
ccagcccttgacatcccggtcgcggactccagagatggagttcttcagttcggctggaccggagacaggtgctgcatggctgtcgtcagct
cgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccccgtccttagttgctaccattcagttgagcactctaaggagactgccg
gtgataagccgcgaggaaggtggggatgacgtcaagtcctcatggcccttacgggctgggctacacacgtgctacaacggcggtgacaa
tgggatgcgaaggcgcgagccctagcaaatctcaaaaagccgtctcagatcggattgggctctgcaactcgagcccatgaagttggaatc
gctagtaatcgtggatcagcacgccacggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp152  
gctggaccactactgacgctgaggaacgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatcaggact
tggggtgccacccgttcgggtgtcgtcccggagctaacgcgttaagtcctgcacctggggagtacggtcgcaagactgaaactcaaagga
attgacgggggcccgcacaagcggtggaacatgtggttcaattcgacgctacgcgaggaaccttacctgggctcgaagcgcacttgacaa
gctgtagaaatacggccttcccgcaagggacaggtgtggaggcgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcc
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cgcaacgagcgcaacccctgcacgcagttgccactcgcaagagggaactctacgtggactgctccggataacggagaggaaggtgggg
atgacgtcaagtccgcatggcctttatgtccagggctacacacgtgttacaatgcagggcacaaaccgttgccaacccgcgagggggagc
taatcggaaaaaactctgctcagttcggattgcagtctgcaactcgactgcatgaagccggaatcgctagtaatggcgtatcagatcgacgc
cgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp153  
caggaacacccgtggcgaaggcggctggctggaccgcaactgacgctgaggaacgaaagctaggggagcaaacaggattagataccc
tggtagtcctagccctaaaccatcagaacttggggtggcccgcgtaggcgggtcgtcccgtagctaacgcgttaagttctgcgcctgggga
gtacggtcgcaagactgaaactcaaaggaattgacgggggcccgcacaagcggtggaacatgtggttcaattcgacgcaacgcgaagaa
ccttacctgggcttgaaccgctacggaccaacggtagaaatatcgtcttcccgcaagggaccgtagtagaggtgctgcatggctgtcgtca
gctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaacccctactcctagttgctacccgcaagggagaactctagtaggactg
ctccggataacggagaggaaggtggggatgacgtcaagtcagcacggcctttatgtccagggctacacacgtgttacaatgcgcggcaca
gactgttgcgaacccgcgagggggagctaatcggacaaaaccgcgctcagttcggattgcagtctgcaactcgactgcatgaagctggaa
tcgctagtaatggcgtatcagatcgacgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp154  
aggtgtagcggtgaaatgcgtagatatctggaggaacatcagtggcgaaggcggctttctggcccaacactgacgctgaggtgcgaaagc
gtggggagcaaacaggattagataccctggtagtccacgctgtaaacgatgagaactagtcgttggaagggtctgctttccagtgacgtagc
taacgcgctaagttctccgcctggggagtacggccgcaaggttgaaactcaaaggaattgacgggggcccgcacaagcggtggagtatg
tggtttaattcgatgcaacgcgaagaaccttacctggtcttgacatcctcggaatcctgcagagatgcgggagtgccttcgggaactgagag
acaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctcatccctagttgccatcatta
agttgggaactctagggagactgccggtgacaaaccggaggaaggtggggatgacgtcaagtcatcatggcccttatgaccagggctac
acacgtactacaatggtcggtacagagggtagccaagccgcgaggtggagccaatcccagaaaaccgatcgcagtccggattggagtct
gcaactcgactccatgaagtcggaatcgctagtaatcgtggatcagcaatgccacggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp136  
ggcttgctggatcgcaactgacgctgggggacgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaaccatca
ggacttggggtttgccctgtacggggcaagtcccggagctaacgcgttaagtcctgcgcctggggagtacggtcgcaagactgaaactca
aaggaattgacgggggtccgcacaagcggtggaacatgtggttcaattcgacgcaacgcgaagaaccttacctgggcttgaaccgcaca
ggaccctccctagaaatagggacttcccgcaagggacctgtgtagaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggtta
agtcccgcaacgagcgcaacccttactcatagttgctacccgcaagggagaactctatgaggactgctccggataacggagaggaaggtg
gggatgaggtcaagtcagcatggcctttatgtccagggctacacacgtgttacaatgcgcgccacaaagtgtcgcgaacccgtgaggggg
agctaatcgcaaaaaagcgcgctcagttcggattgcagtctgcaactcgactgcatgaagccggaatcgctagtaatggcgtatcagatcg
acgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp155  
atattcgcaagaacaccagtggcgaaggcggctcactggcccggaactgacgctgagacgcgaaagcgtggggagcaaacaggattag
ataccctggtagtccacgctgtaaacgatggatgctagccgttggggagcttgctcttcagtggcgcagccaacgctttaagcatcccgcct
ggggagtacgatcgcaagattaaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaattcgaagcaacgcg
cagaaccttaccagcttttgacatgtcctggacggattgcagagatgcgatcttcccttcggggccggggacacaggtgctgcatggctgtc
gtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctcgcccttagttgccatcattcggttgggcactccaggggg
actgccggtgataagccggaggaaggtggggatgacgtcaagtcctcatggcccttacaggctgggctacacacgtgctacaatggcggt
gacagcgggaggcgaaggggcgaccctgagcaaatctcgaaaagccgtctcagttcggattgcgctctgcaactcgagcgcatgaagtt
ggaatcgctagtaatcgcggatcagcacgccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp164  
cggtgaaatgcgtagatatcaggaggaacaccggtggcgaaggcggctacctggacagaaactgacgctgaggcacgaaagctaggg
gagcaaacaggattagataccctggtagtcctagccctaaacgatggatacttggtgtgaccgggattgaatccggtcgtgccgaagctaac
gcattaagtatcccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagtatgtggtt
taattcgacgcaacgcgaagaaccttacctgggctcgaacggctagtgacaggtggcgaaagtcgcttttcccgcaagggacactagtcg
aggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcgacccctgcctttagttgccaccaggtta
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tgctgagcactctaaagggactgccggtgaaaaaccggaggaaggtggggatgacgtcaagtcctcatggcctttatgtccagggctaca
cacgtactacaatgggcggcacaatgagttgcaaacccgcgagggggagccaatctcaaaaaaccgctctcagttcggattgcagtctgc
aactcgactgcatgaagctggaatcgctagtaatcgctgatcagcaagcagcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp141  
gacagaaactgacgctgaggcacgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatggatacttgct
gtgactgggattgaatccagtcgtggcgaagctaacgcattaagtatcccgcctggggagtacggtcgcaaggctgaaactcaaaggaatt
gacgggggcccgcacaagcggtggagtatgtggtttaattcgacgcaacgcgaagaaccttacctgggctcgaacggctagtgacaggt
ggcgaaagtcgcttttcccgcaagggacactagtcgaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgca
acgagcgcaacccctgcctttagttgccaccaggttaagctgagcactctaaagggactgccggtgaaaaaccggaggaaggtggggat
gacgtcaagtcctcatggcctttatgtccagggctacacacgtactacaatgggcggcacaatgagttgcaaacccgcgagggggagcca
atctcaaaaaaccgctctcagttcggattgcagtctgcaactcgactgcatgaagctggaatcgctagtaatcgctgatcagcaagcagcgg
tgaatacgttcccgggccttgtacacaccgcccgt 
>ebp167  
gagtgtagaggtgaaattcgtagatattcgcaagaacaccagtggcgaaggcggctcactggcccgatactgacgttgaggcacgaaagc
gtggggagcaaacaggattaggtaccctggtagtccacgccgtaaacgatgaatgccagccgttagtgggtttactcactagtggcgcagc
taacgctttaagcattccgcctggggagtacggtcgcaagattaaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgt
ggtttaattcgacgcaacgcgcagaaccttaccagcccttgacatcccggtcgcggactccagagatggagttcttcagttcggctggaccg
gagacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccccgtccttagttgctacc
attcagttgagcactctaaggagactgccggtgataagccgcgaggaaggtggggatgacgtcaagtcctcatggcccttacgggctggg
ctacacacgtgctacaacggcggtgacaatgggatgcgaaggcgcgagccctagcaaatctcaaaaagccgtctcagatcggattgggct
ctgcaactcgagcccatgaagttggaatcgctagtaatcgtggatcagcacgccacggtgaatacgttcccgggccttgtacacaccgccc
gt 
>ebp170  
ctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatgattgcttggtgtagcaggtacccaatcctgctgtgccgca
gctaacgcgataagcaatccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagc
atgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgaagcgcagtggatcggggtggaaacatcccttccccttaaaaggct
gctgcggaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttatccctagttgccat
cgggtcaagccgggcactctagtgaaactgcctcggataacgaggaggaaggtggggatgacgtcaagtcctcatggcctttatgtccag
ggctacacacgtgctacaatggtcggtacaaaccgtcgcaaacccgtgagggggagctaatcggaaaaagccggcctcagttcggattg
gagtctgcaactcgactccatgaagctggaatcgctagtaatcgcggatcagaacgccgcggtgaatacgttcccgggccttgtacacacc
gcccgt 
>ebp413  
ggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagcggcgcactggaccataactgacgctgaggcgcgaaag
ctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatgatggcttggtgtagcaggtacccaatcctgctgtgccgca
gctaacgcgataagccatccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagc
atgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgaaatgcaggagaccggggtggaaacatcccttccccttaaaaggct
gctgcataggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttatccctagttgccat
cgggtcaagccgggcactctagtgaaactgcctcggataacgaggaggaaggtggggatgacgtcaagtcctcatggcctttatgtccag
ggctacacacgtgctacaatggtcggtacaaaccgtcgcaaacccgtgagggggagctaatcggaaaaagccggcctcagttcggattg
gagtctgcaactcgactccatgaagctggaatcgctagtaatcgcggatcagaacgccgcggtgaatacgttcccgggccttgtacacacc
gcccgt 
>ebp411  
tgtagcggtgaaatgcgtagatatcaggaggaacacccggtggtgtaaacggctttctggaccataactgacgctgaggcacgaaagcgt
gggtagcaaacaggattagataccctggtagtccacgccctaaacgatgcatatttggtgtgggccattcatttggtctgtgccggagctaac
gcgttaaatatgccgcctggggagtacagtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggt
ttaattcgacgcaacgcgaagaaccttacctgggctcgaaatgctatggaccagctggtgaaagccggccttcccgcaagggaccgtagta
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taggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttgtcctgtgttgccatcattcag
ttgggaactcgcaggagaccgccagggataacctggaggaaggtggggatgacgtcaagtcctcatggcctttatgtccagggctacaca
cgtgctacaatggacggtacaaagggctgccaacccgcaagggggagccaatcccaaaaaaccgttctcagttcggattgcaggctgca
actcgcctgcatgaagctggaatcgctagtaatggtggatcagaacgccaccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp146  
agatatcgggaggaacacctgtggcgaaagcggcgcactggaccataactgacgctgaggcgcgaaagctaggggagcaaacaggatt
agataccctggtagtcctagccctaaacgatgattgcttggtgtagcaggtacccaatcctgctgtgccgcagctaacgcgataagcaatcc
gcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggttcaattcgacgcaa
cgcgaagaaccttacctgggctcgaagcgcagtggatcggggtggaaacatcccttccccttaaaaggctgctgcggaggtgctgcatgg
ctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttatccctagttgccatcgggtcaagccgggcactct
agtgaaactgcctcggataacgaggaggaaggtggggatgacgtcaagtcctcatggcctttatgtccagggctacacacgtgctacaatg
gtcggtacaaaccgtcgcaaacccgtgagggggagctaatcggaaaaagccggcctcagttcggattggagtctgcaactcgactccatg
aagctggaatcgctagtaatcgcggatcagaacgccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp409  
agcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagcggctcactggaccacaactgacgctgaggcgcgaaagctagg
ggagcaaacaggattagataccctggtagtcctagccctaaacgatgattgcttggtgtgtcgggtacccaatcccgacgtgccgcagctaa
cgcgataagcaatccgcctggggagtacggtcgcaagactgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtg
gttcaattcgacgcaacgcgaagaaccttacctgggctcgaaatgtagtggaccggggtggaaacatcccttcccgcaagggctgctatat
aggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttattgccagttgccatcatttagt
tgggcactctggcgaaaccgccccggataacggggaggaaggtggggatgacgtcaagtcctcatggcctttatgtccagggctacacac
gtgctacaatggtcggtacaaaccgtcgcaaacccgtgagggggagctaatcggaaaaagccggcctcagttcggattgaagtctgcaac
tcgacttcatgaagctggaatcgctagtaatcgcggatcagaacgccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp148  
tagatattcggaagaacaccagtggcgaaggcgactcactggcccgttactgacgctgaggcgcgaaagcgtggggagcaaacaggatt
agataccctggtagtccacgctgtaaacgatgagtgctagttgtcggcatgcatgcatgtcggtgacgcagctaacgcattaagcactccgc
ctggggagtacggtcgcaagattaaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaattcgaagcgacg
cgcagaaccttaccaccttttgacatgcctggaccgttagagagatctaactttcccttcggggactaggacacaggtgctgcatggctgtcg
tcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctcgccattagttgccatcatttagttgggcactctaatgggacc
gccggtggtaagccggaggaaggtggggatgacgtcaagtcctcatggcccttacggggtgggctacacacgtgctacaatggcgacta
cagagggctgcaaacccgcgagggggagccaatccctaaaagtcgtctcagttcggattgcactctgcaactcgagtgcatgaagttgga
atcgctagtaatcgcggatcagcatgccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp408  
ctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatgattgcttggtgtgtcgggtacccaatcccgacgtgccgca
gctaacgcgataagcaatccgcctggggagtacggtcgcaagactgaaactcaaaggaattgacgggggcccgcacaagcggtggagc
atgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgaaatgtagtggaccggggtggaaacatcccttcccgcaagggctgc
tatataggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttattgccagttgccatcatt
tagttgggcactctggcgaaaccgccccggataacggggaggaaggtggggatgacgtcaagtcctcatggcctttatgtccagggctac
acacgtgctacaatggtcggtacaaaccgtcgcaaacccgtgagggggagctaatcggaaaaagccggcctcagttcggattgaagtctg
caactcgacttcatgaagctggaatcgctagtaatcgcggatcagaacgccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ebp407  
ttgagtccgggagaggtgagtggaactgcgagtgtagagtgaaaattcgtagatattcgcaagaacaccagtggcgaagccggctcactg
gcccggtactgacgctgaggtgcgaaagcgtggggagcaaacaggattagataccctggtagtccacgccgtaaacgatggatgctagc
cgttgtcgggtttacccgtcagtggcgcagctaacgcattaagcatcccgcctggggagtacggtcgcaagattaaaactcaaaggaattga
cgggggcccgcacaagcggtggagcatgtggttcaattcgaagcaacgcgaagaaccttaccagcctttgacatcccggtcgcgggcac
cagagatggagcccttcagttcggctggaccggagacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccg
caacgagcgcaaccctcgcccttagttgccatcatttagttgggcactctaaggggactgccggtgataagccgcgaggaaggtggggat
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gacgtcaagtcctcatggcccttacaggctgggctacacacgtgctacaatggcggtgacaatgggacgcaatggggaaaccctgcgcaa
atctcaaaaagccgtctcagttcggattgtgctctgcaactcgagcacatgaagttggaatcgctagtaatcgcagatcagcacgctgcggtg
aatacgttcccgggccttgtacacaccgcccgt 
>ebp102  
agcggtgaaatgcgtagatatcggaaggaacaccagtggcgaaagcggcttcctggtccagcaccgacgttcaggcacgaaagcgtgg
ggagcaaacaggattagataccctggtagtccacgccataaacgatgagaactagacgttgagagggtaagcctcccagtgtcgtagctaa
cgcgctaagttctccgcctggggagtacggccgcaaggttgaaactcaaaggaattgacggggacccgcacaagcggtggagcatgtgg
tttaattcgatgcaacgcgaagaaccttacctggccttgacatcccaggaaccctgaagagatttaggggtgccgcaaggagcctggagac
aggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttgtccttagttgccagcattcagt
tgggcactctaaggagaccgccggtgacaaaccggaggaaggtggggatgacgtcaagtcatcatggcctttatggccagggctacaca
cgtgctacaatggtagatacagagggaagccaacgcgcgagcgggagccaatcccagaaaatctatcgtagtccggattggagtctgcaa
ctcgactccatgaagtcggaatcgctagtaatcgcagatcagcattgctgcggtgaatacgttcccgggtcttgtacacaccgcccgt 
>ebp110  
agtatgggagaggtgagtggaattcccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagcggctcactgga
ccattactgacgctgatgcacgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatgatcgcttggtgtga
caggtacccaatcctgttgtgccggagctaacgcgttaagcgatccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgac
gggggcccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgaagcgtagtggatggaggta
gaaatatctctttcccgcaagggactgctacgtaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacga
gcgcaacccttattgccagttgccatcattcagttgggcactctggcgaaaccgccccggataacggggaggaaggtggggatgacgtca
agtcctcatggcctttatgtccagggctacacacgtgctacaatggttggtacaaaccgtcgcaaacccgcgagggggagctaatcggaaa
aagccaatcccagtccggattggagtctgcaactcgactccatgaagctggaatcgctagtaatcgcagatcagcatgctgcggtgaatac
gttcccgggccttgtacacaccgcccgt 
>ebp161  
ctaggggagcaaacaggattagatacccggtagtcctaaacgatcaggacttggggtgccacccgttcgggtgtcgtcccggagctaacg
cgttaagtcctgcacctggggagtacggtcgcaagactgaaactcaaaggaattgacgggggcccgcacaagcggtggaacatgtggttc
aattcgacgctacgcgaggaaccttacctgggctcgaaatgcttctgaccagctgtagaaatacggccttcccgcaagggacaggagtata
ggcgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaacccctgcacgtagttgccactcgcaa
gagggaactctacgtggactgctccggataacggagaggaaggtggggatgacgtcaagtccgcatggcctttatgtccagggctacaca
cgtgttacaatgcagggcacaaaccgttgccaacccgcgagggggagctaatcggaaaaaactctgctcagttcggattgcagtctgcaac
tcgactgcatgaagccggaatcgctagtaatggcgtatcagatcgacgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ems142  
cgctcaggtgcgaaagccaggggagcgaacgggattagataccccggtagtcctggccgtaaacgatgaccactagatgtgcggggtat
cgaccccctgcgtgtcggagttaacgcgctaagtggtccgcctggggagtacggtcgcaagattaaaactcaaaggaattgacggggacc
cgcacaagcagcggagcgtgtggtttaattcgatgcaacgcgaagaaccttaccagggcttgacatggcattgcaccaccgagagatcgg
tgtcccttcggggcggtgccaccggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaaccc
ctatcgtcggttggagatgtccggcgagactgccacgatcaacgtggaggaaggtggggatgacgtcaagtcagcacggcccgtacgtc
ctgggcgacacacacgctacaatggccggtacaatgggacgccaacccgcaagggggagccaatccagcgaaaaccggtctcagttcg
gattggaggctgcaacccgcctccatgaagctggagttgctagtaaccgtgggtcagcacaccacggtgaatacgttcccgggtcttgtac
acaccgcccgt 
>ems116  
agtggtgaaatgcgtagatatccggaggaacccccgaaggcgaaggcactgtcctggttcattgctgacgctcaggggcgaaagccagg
ggagcgaacgggattagataccccggtagtcctggctgtaaacgatgaccactagacgttcggggtatcgaccccctgagtgtcgcagcta
acgcgagaagtggtccgcctggggagtacggtcgcaagattaaaactcaaggaatagacggggacccgcacaagcagcggagcgtgt
ggtttaattcgatgcaacgcgaagcaccttaccagggtttgacatggcagtgaccccccgtgagagcgggcttccttcgggacactgtcaca
ggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaaccctcatcggtagttgtcttgtctaccg
agactgccgcgatcaacgtggaggaaggtggggatgacgtcaagtcagcacggcccttacatcctgggcgacacacacgctacaatggc
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gaggacaacgagttgccaacccgcgagggggagctaatctacaaacctcgtcccagttcagattgcaggctgcaacccgcctgcatgaa
gtcggagttgctagtaaccgtgagtcagcacatcacggtgaatccgttcccgggtcttgtacacaccgcccgt 
>ems118  
aatgcgtagatatcgggaggaacaccagtggcgaaggcgatcacctggggttgttctgacgctgaggagcgaaagctaggggagcaaa
cgggattagataccccggtagtcctagccgtaaacgatggatactaggtgtatgtggtatcgactccatatgtgccgtagttaacacagtaagt
atcccgcctggggagtacggccgcaaggttaaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaattcgac
gcaacgcgaagaaccttaccggggcttgacatcggacgacatccgtagaaatacggtttccccgcaaggggacgtccagacaggtgctg
catggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaaccctcgtcgtgtgttggtcgcaagatctctcaca
cgagaccgccggtgagaagccggaggaaggtggggatgacgtcaagtcagcatggcccttacgtcccgggctacacacgtgctacaat
gggtaggacaacgagttgcgaactcgcgagagtaagccaatctcttaaacctatccccagttcggattgaaggctgcaactcgccttcatga
agtcggaatcgctagtaaccgcagatcagctacgctgcggtgaatgcgttcccgggccttgtacacaccgcccgt 
>ems120  
agatatcgggaggaacacctgtggcgaaagcggcgcactggaccataactgacgctgaggcgcgaaagctaggggagcaaacaggatt
agataccctggtagtcctagccctaaacgatgattgcttggtgtagcaggtacccaatcctgctgtgccgcagctaacgcgataagcaatcc
gcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggttcaattcgacgcaa
cgcgaagaaccttacctgggctcgaaatgcaggagaccggggtggaaacatcccttccccttaaaaggctgctgcataggtgctgcatgg
ctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttatccctagttgccatcgggtcaagccgggcactct
agtgaaactgcctcggataacgaggaggaaggtggggatgacgtcaagtcctcatggcctttatgtccagggctacacacgtgctacaatg
gtcggtacaaaccgtcgcaaacccgtgagggggagctaatcggaaaaagccggcctcagttcggattggagtctgcaactcgactccatg
aagctggaatcgctagtaatcgcggatcagaacgccgcggtgaatacgttcccgggccgtgtacacaccgcccgt 
>ems418  
agcggtgaaatgcgtagatatcgggaggaacacctgtggtgcaaacggctctctggaccgtaactgacgctgagacacgaaagcgtggg
gagcaaacaggattagataccctggtagtccacgccctaaacgatgcacatttggtgtgggccattcatttggtccgtgccggagctaacgc
gttaaatgtgccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggttc
aattcgacgcaacgcgaagaaccttacctgggctcgaacggctggggaccagcggtggaaacatcgccttcccgcaagggaccgcagt
cgaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttgtccattgttgccataccgt
aaaaagtggaactcgatggagaccgccagcgacaagctggaggaaggtggggatgacgtcaagtcatcatggcctttatgtccagggcta
cacacgtgctacaatgggcggtacagtgggtcgctaacccgcgagggggagccaatccccaaaagccgtcctcagttcggattgcaggc
tgcaactcgcctgcatgaagctggaatcgctagtaatgctgcatcagaacggtagcgtgaatacgttcccgggccttgtacacaccgcccgt 
>ems403  
gacgctgaggcgcgaaagcgtggggagcaaacaggattagataccctggtagtccacgctgtaaacgatgtgcgctagacgttggagga
cgtagtcttccggtgtcgcagcaaacgcgataagcgcaccgcctggggagtacggccgcaaggttaaaactcaaaggaattgacggggg
cccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgaagaaccttaccagcccttgacatgtcccttaaggggccgagagat
cggcttcgtcggttcggccggggggaacacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgag
cgcaaccctcaccttcagttgccatcgggttaagctgggcactctgaaggaactgccggtgacaagccggaggaaggcggggatgacgt
caagtcctcatggcctttatgggctgggctacacacgtgctacaatggcggtgacagagggcggcaagggagcgatcctgcgccaatctc
gaaaagccgtctcagttcggattgttctctgcaactcgagagcatgaagctggaatcgctagtaatcgcggatcagcacgccgcggtgaata
cgttcccgggccttgtacacaccgcccgt 
>ems419  
ggaacacctgtggtgcaaacggctctctggaccgtaactgacgctgagacacgaaagcgtggggagcaaacaggattagataccctggt
agtccacgccctaaacgatgcacatttggtgtgggccattcatttggtccgtgccggagctaacgcgttaaatgtgccgcctggggagtacg
gtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgaagaacctta
cctgggctcgaacggctggggaccagcggtggaaacatcgccttcccgcaagggaccgcagtcgaggtgctgcatggctgtcgtcagct
cgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttgtccattgttgccataccgtaaaaagtggaactcgatggagaccgc
cagcgacaagctggaggaaggtggggatgacgtcaagtcatcatggcctttatgtccagggctacacacgtgctacaatgggcggtacag
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tgggtcgctaacccgcgagggggagccaatccccaaaagccgtcctcagttcggattgcaggctgcaactcgcctgcatgaagctggaat
cgctagtaatgctgcatcagaacggtagcgtgaatacgttcccgggccttgtacacaccgcccgt 
>ems406  
gagcaaacaggattagataccctggtagtccacgctgtaaacgatgtgcgctagacgttggaggacgtagtcttccggtgtcgcagcaaac
gcgataagcgcacgccctggggagtacggccgcaaggttaaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtg
gttcaattcgacgcaacgcgaagaaccttaccagcccttgacatgtcccttaaggggccgagagatcggcttcgtcggttcggccggggg
gaacacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctcaccttcagttgccat
cgggttaagctgggcactctgaaggaactgccggtgacaagccggaggaaggcggggatgacgtcaagtcctcatggcctttatgggct
gggctacacacgtgctacaatggcggtgacagagggcggcaagggagcgatcctgcgccaatctcgaaaagccgtctcagttcggattgt
tctctgcaactcgagagcatgaagctggaatcgctagtaatcgcggatcagcacgccgcggtgaatacgttcccgggccttgtacacaccg
cccgt 
>ems407  
gagcaaacaggattagataccctggtagtcctaaacgatgcatacttggtgtgagccgttcattcggttcgtgccggagctaacgcattaagt
atgccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaattcga
cgcaacgcgaagaaccttacctgggctcgaacggcttcggaaagatcgtggaaacacggtttctcccgcaagggatcggagtcgaggtg
ctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttgtcctgttttggcatgtgtcacgcaagt
ggcgcgcaactatcaggagaccgccagcgataagttggaggaaggtggggatgacgtcaagtcatcatggcctttatgtccagggctaca
cacgtgctacaatgggcggtacaaagcgctgcgaacccgcgaggggaagctaatcgcaaaaaaccgtcctcagttcggatcgcaggctg
caattcgcctgcgtgaagctggaatcgctagtaatggcatatcagaacgatgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ems412  
agcggtgaaatgcgtagatatcaggaggaacacttgccgtgtagacggctttctgacccatcactgacgctgagacacgaaagcgtgggg
agcaaacaggattagataccctggtagtccacgccctaaacgatgcatacttggtgtgagccgttcattcggttcgtgccggagctaacgcat
taagtatgccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaat
tcgacgcaacgcgaagaaccttacctgggctcgaacggcttcggaaagatcgtggaaacacggtttctcccgcaagggatcggagtcga
ggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttgtcctgttttggcatgtgtcacgc
aagtggcgcgcaactatcaggagaccgccagcgataagttggaggaaggtggggatgacgtcaagtcatcatggcctttatgtccagggc
tacacacgtgctacaatgggcggtacaaagcgctgcgaacccgcgaggggaagctaatcgcaaaaaaccgtcctcagttcggatcgcag
gctgcaattcgcctgcgtgaagctggaatcgctagtaatggcatatcagaacgatgccgtgaatacgttcccgggccttgtacacaccgccc
gt 
>ems413  
cctggcacagggccttgcagactgtgagacttgagggcctcagagggacatggaactccaggtgtagtggtgaaatgcgtagatatctgg
aagaacaccaaaggcgaaggcagtgtcctgggaggtacctgacgctcaggtgcgaaagccaggggagcgaacgggattagatacccc
ggtagtcctggccgtaaacgatgaccactagatgtgcggggtatcgaccccctgcgtgtcggagttaacgcgctaagtggtccgcctggg
gagtacggtcgcaagattaaaactcaaaggaattgacggggacccgcacaagcagcggagcgtgtggtttaattcgatgcaacgcgaag
aaccttaccagggcttgacatggcattgcaccaccgagagatcggtgtcccttcggggcggtgccaccggtgctgcatggctgtcgtcagc
tcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccctatcgtcggttggagatgtccggcgagactgccacgatcaacgtg
gaggaaggtggggatgacgtcaagtcagcacggcccgtacgtcctgggcgacacacacgctacaatggccggtacaatgggacgccaa
cccgcaagggggagccaatccagcgaaaaccggtctcagttcggattggaggctgcaacccgcctccatgaagctggagttgctagtaac
cgtgggtcagcacaccacggtgaatacgttcccgggtcttgtacacaccgcccgt 
>ems147  
agatatctggaagaacaccaaaggcgaaggcagtgtcctgggaggtacctgacgctcaggtgcgaaagccaggggagcgaacgggatt
cgataccccggtagtcctggccgtaaacgatgaccactagatgtgcggggtatcgaccccctgcgtgtcggagttaacgcgctaagtggtc
cgcctggggagtacggtcgcaagattaaaactcaaaggaattgacggggacccgcacaagcagcggagcgtgtggtttaattcgatgcaa
cgcgaagaaccttaccagggcttgacatggcattgcaccaccgagagatcggtgtcccttcggggcggtgccaccggtgctgcatggctg
tcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccctatcgtcggttggagatgtccggcgagactgccacgat
caacgtggaggaaggtggggatgacgtcaagtcagcacggcccgtacgtcctgggcgacacacacgctacaatggccggtacaatggg
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acgccaacccgcaagggggagccaatccagcgaaaaccggtctcagttcggattggaggctgcaacccgcctccatgaagctggagttg
ctagtaaccgtgggtcagcacaccacggtgaatacgttcccgggtcgtgtacacaccgcccgt 
>ems408  
ctgtgagacttgagggcctcagagggacatggaactccaggtgtagtggtgaaatgcgtagatatctggaagaacaccaaaggcgaagg
cagtgtcctgggaggtacctgacgctcaggtgcgaaagccaggggagcgaacgggattagataccccggtagtcctggccgtaaacgat
gaccactagatgtgcggggtatcgaccccctgcgtgtcggagttaacgcgctaagtggtccgcctggggagtacggtcgcaagattaaaa
ctcaaaggaattgacggggacccgcacaagcagcggagcgtgtggtttaattcgatgcaacgcgaagaaccttaccagggcttgacatgg
cattgcaccaccgagagatcggtgtcccttcggggcggtgccaccggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaa
gtcccgcaacgagcgcaacccctatcgtcggttggagatgtccggcgagactgccacgatcaacgtggaggaaggtggggatgacgtca
agtcagcacggcccgtacgtcctgggcgacacacacgctacaatggccggtacaatgggacgccaacccgcaagggggagccaatcc
agcgaaaaccggtctcagttcggattggaggctgcaacccgcctccatgaagctggagttgctagtaaccgtgggtcagcacaccacggt
gaatacgttcccgggtcttgtacacaccgcccgt 
>ems450  
gactgccaggctagaggacggaagaggagcgcggagttcccggtgtagcggtgaagtgcgtagagatcgggaggaaggccggtggc
gaaggcggcgctctggaacgttcctgacgctgaggcacgaaagcgtggggagcaaacaggatcagataccctggtagtccacgccctaa
acgatggacactaagtgtcggcgggttaccgtcggtgccgcagctaacgcagtaagtgtcccgcctggggagtacggccgcaaggttga
aactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggttctattcgacgcaacgcgaagagccttaccagctcttgacat
gcctcgtatggggccgagaaatcggttccttcagttcggctggcggggacacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgt
tgggttaagtcccgcaacgagcgcaaccctcatccttagttgccatcaggttaagctgggcactctgaggaaactgccggtgacaagccgg
aggaaggcggggatgacgtcaagtcctcatggcccttatgggctgggctacacacgtgctacaatggcggtgacagggggcggcgagg
cagcgatgccaagccaatctcaaaaagccgtctcagttcggattgctctctgcaactcgagagcatgaagtcggaatcgctagtaatcgcgg
atcagcatgccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
 
>ems451  
agagagggacctggaattccgggtggagcagtgaaatgcgtagagatccggaggaacacaaaaggcgaaggcagggtcctggctggc
acctgacgctcaggggcgaaagctaggggagcgaacgggattagataccccggtagtcctagccgtaaacgatgaccactagatgcgcg
gggttcgaccccctgcgtgccgcagctaacgcaataagtggtccgcctggggagtacggtcgcaagactaaaactcaaaggaattgacg
gggacccgcacaagcagcggagcgtgtggtttaattcgacgcgacacgaagaaccttaccagggcttgacatgcagtcgcaccgtccag
agatggacgtgcccacaagggacggctgcacaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacg
agcgcaacccttgtcgtcagttaccatgtctgacgagactgccacaaactaggtggaggaaggcggggatgacgtcaagtcagcacggc
ccttacatcctgggctacacacacgctacaatggccgagacaaagagtagcgaacccgcaagggcgagcgaatctgagcaaacccggtc
tcagttcggattgcaggctgcaacccgcctgcatgaagtcggagttgctagtaaccgtgagtcagcatatcacggtgaatacgttcccgggt
cttgtacacaccgcccgt 
>ems409  
ccgtgctagggtgcgggagggggaagtggaattcccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgcggcgaaggcg
gcttcctggaccgtaaccgacgctgaggcgcgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaacgttgag
cactgggtgtagcccttcacggggctgtgccgaagctaacgcattaagtgctccgcctggggagtacggtcgcaaggctgaaactcaaag
gaattgacgggggcccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgaagaaccttacctggactcgaaatctagttgac
cgtctcagagatgagactttcccgcaagggacggctggataggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcc
cgcaacgagcgcaaccctcaccctttgttgctcgtcccgattcgtcgggaaagcacccgaagggaaccgcctcggataacggggaggaa
ggtggggatgacgtcaagtcctcatggcctttatgcccagggctacacacgtgctacaatggccggtacagagcgtcgcaaacccgcgag
ggggagccaatcgcaaaaaaccggtctcagttcggattgcagtctgcaactcgactgcatgaagctggaatcgctagtaatcgcgtatcag
aacgatgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ems411  
gtagagatccggaagaacaccggtggcgaaggcggcgagctggggtgtgtgtgacgctgatgcgcgacagcgtggggagcaaacagg
attagataccctggtagtccacgccgtaaacgatgggcactaggtgcccgggggagcgacccctcgggtgccgtcgctaacgcattaagt



 179 

gccccgcctggggagtacggccgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaattcga
cgcaacgcgaagaaccttacctaggcttgacatgcacgtgattctctccagagatggaggggtcccttcggggcacgtgcacaggtgctgc
atggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttgccccctgttgccagcggcggcgtaagcc
ggccggggactctggggggactgccggtgccaaaccggaggaaggtggggacgacgtcaagtcatcatggtccttacgtctagggctac
acacgtgctacaatggacagtacagagggctgcgaggtagcaatgccaagccaatcccaaaagctgtcctcagtgcggattgtcgcctgc
aacccggcggcatgaagctggaatcgctagtaatcgtggatcagcatcgccacggtgaatacgttcccgggccttgtacacaccgcccgt 
>ems136  
agcggcgcactggaccacaactgacgctgaggcgcgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaac
gatgattgcttggtgtagcaggtacccaatcctgccgtgccgaagctaacgcgataagcaatccgcctggggagtacggtcgcaaggctg
aaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgaa
gcgcagtggaccggggtggaaacatcccttttcgcaagaactgctgcggaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttg
ggttaagtcccgcaacgagcgcaacccttatccctagttgccatcgggtcaagcctggcactctagtgaaaccgccccggataacgggga
ggaaggtggggatgacgtcaagtcctcatggcctttatgtccagggctacacacgtgctacaatggtcggtacaaaccgtcgcaaacccgt
gagggggagctaatcggaaaaagccggcctcagttcggattggagtctgcaacccgactccatgaagctggaatcgctagtaatcgcgga
tcagaacgccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ems137  
gcgcactggaccataactgacgctgaggcgcgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatgat
tgcttggtgtagcaggtagccaatcctgctgtgccgcagctaacgcgataagcaatccgcctggggagtacggtcgcaaggctgaaactca
aaggaattgacgggggcccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgaagcgcagt
ggaccggggtagaaatatcccttccccttaaaaggctgctgcggaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaa
gtcccgcaacgagcgcaacccttatccctagttgccatcgggtcaagccgggcactctagtgaaactgcctcggataacgaggaggaagg
tggggatgacgtcaagtcctcatggcctttatgtccagggctacacacgtgctacaatggtcggtacaaaccgacgcaaacccgtgagggg
gagctaatcggaaaaagccggcctcagttcggattggagtctgcaactcgactccatgaggctggaatcgctagtaatcgcggatcagaac
gccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>ems138  
gaaagctaggggagcaaacaggattagataccctggtagtccacgccctaaacgatggacactaagtgtcggcgggttaccgtcggtgcc
gcagctaacgcagtaagtgtcccgcctggggagtacggccgcaaggttgaaactcaaaggaattgacgggggcccgcacaagcggtgg
agcatgtggtttaattcgatgcaacgcgaagaaccttacctactcttgacatcctgcgaacttggctgagaggctgaggtgccgaaaggaac
gcagagacaggtgccgcatggctgtcgtcagctcgtgttgtgagatgttgggttaagtcccgtaacgagcgcaacccttgtccttagttgcca
tcatttagttggggactctaaggagactgccggtgaggaaccggaggaaggcggggacgacgtcaagtcatcatggcctttatgagtagg
gctacacacgtgctacaatggggcgtacagagggtagccaacccgcgagggggagccaatctcttaaagcgtctcgtagtccggattgga
gtctgcaactcgactccatgaagtcggaatcgctagtaatcgcgaatcagcattgtcgcggtgaatacgttcccgggccttgtacacaccgc
ccgt 
>ems1  
gaaagctaggggagcaaacaggattagatacccggtagtcctaaacgatgtaacagtaagtccgcctggggagtacggaagactaaaact
caaaggaattgacgggggcccgcacaagcggtggatcatgtggttaattcgaagcaacgcgaagaaccttacctgggtttgacatccctcg
accgacgtagagatacgttttttgtagcaatacaacggggagacaggtgctgcatggctgtcgtcagctcgtgtggtgacatgttgggttaag
tcccgcaacgagcgcaacccttgtccttagttgccagcatttagttgggctctctaaggagactgccgtggttaacacggaggaaggtgggg
atgacgtcaagtcctcatggcctttatatccagggcgacacacgtgatacaatggagggtacagagggaagccaaagcgcaagctggagc
caatctcaaaaagcccttctcagttcggattggagtctgcaactcgactccatgaagttggaatcgctagtaatcgcggatcagcacgccgc
ggtgaatacgttcccgggccttgtacacaccgcccgt 
>ems8  
gcgaaggcgatcacctggggttgttctgacgctgatgagcgaaagctaggggagcaaacgggattagataccccggtagtcctagccgtt
aacgatggatactaggtgtatgtggtatcgactccatatgtgccgtagttgacacaataagtatcccgcctggggagtacggccgcaaggtta
aaactcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaattcgacgcaacgcgaagaaccttacctgggcttgaca
tgtgcggaaatcctatgaaagtaggctccggggcaacccggccgcaacacaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgtt
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gggttaagtcccgcaacgagcgcaacccttgtcgtgtgttggtccacaagatctctcacacgagaccgccggtgagaagccggaggaag
gtggggatgacgtcaagtcagcatggcccttacgtccagggctacacacgtgctacaatgcgcgcgacaacgagctgcgaacccgcgag
ggcaagccaatctcataaacgcgcgctcagttcggattgaaggctgcaactcgccttcatgaagtcggaatcgctagtaaacgcagatcag
ctacgctgcgttgaatacgttcccgggccttgtacacaccgcccgt 
>ems3  
gggccttgcagactgtgagacttgagggcctcagagggacatggaactccaggtgtagtggtgaaatgcgtagatatctggaagaacacc
aaaggcgaaggcagtgtcctgggaggtacctgacgctcaggtgcgaaagccaggggagcgaacgggattagataccccggtagtcctg
gccgtaaacgatgaccactagatgtgcggggtatcgaccccctgcgtgtcggagttaacgcgctaagtggtccgcctggggagtacggtc
gcaagataaaaactcaaaggaattgacggggacccgcacaagcagcggagcgtgtggtttaattcgatgcaacgcgaagaaccttacca
gggcttgacatggcattgcaccaccgagagatcggtgtcccttcggggcggtgccaccggtgctgcatggctgtcgtcagctcgtgtcgtg
agatgttgggttaagtcccgcaacgagcgcaacccctatcgtcggttggagatgtccggcgagactgccacgatcaacgtggaggaaggt
ggggatgacgtcaagtcagcacggcccgtacgtcctgggcgacacacacgctacaatggccggtacaatgggacgccagcccgcaag
ggggagccaatccagcgaaaaccggtctcagttcggattggaggctgcaacccgcctccatgaagctggagttgctagtaaccgtgggtc
agcacaccacggtgaatacgttcccgggtcttgtacacaccgcccgt 
>ems5  
gaaagcaggggagcaacgggattagatacccggtagtcccctaaacgatgaacagtaagtggtccgcctggggagtacaagtaaaactc
aaaggaattgacgggggcccgcacaagcggtggaacatgttgttcaattcgacgcaacgcgaagaaccttacctgggctcgaagtgcca
gtgaccagcggtggaaacatcgccttcccgcaagggacactggtagaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggt
taagtcccgcaacgagcgcaacccctactcttagtcgccacccgcaagggggaactctaagaggactgctccggataacggagaggaag
gtggggatgacgtcaagtcagcacggcctttatgtccagggctacacacgtgttacaatgcgcggtacaaaccgtcgcgaacccgtgagg
gggagctaatcggaaaaaactgcgctcagttcggattgcagtctgcaactcgactgcatgaagccggaatcgctagtaatggcgtatcaga
acgacgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>ems65  
tgacgctcagaggcgacagctaggggagcgaacgggattagataccccggtagtcctagccgtaaacgatgaccacgagatgtccggg
ggatcgaccccctgggtgtcgaagcaaacgcagtcagtggtccgcctggggagtacggtcgcaagattaaaactcaaaggaattgacgg
ggacccgcacaagcagcggagcgtgtggtttaattcgatgcaacgcgaagcaccttaccagggtttgacatgctcttgcaccgcttggaga
caagcgtcctcttcggaggcgggagcacaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagc
gcaaccctcattgctagttgaacatctctagcgagactgccacgatcaacgtggaggaaggtggggatgacgtcaagtcagcacggccctt
acatcctgggcgacacacacgctacaatggtcgagacaacgagttgccaacccgcgagggggagctaatctcaacaaactcgatctcagt
tcagattgcaggctgcaacccgcctgcatgatggtggagttgctaaatcagtgaatacgttcccgggccttgtacacaccgcccgt 
>ems91  
aaggcgatcacctggggttgttctgacgctgatgagcggaagctaggggagcaaacgggattagataccccggtagtcctagccgtaaac
gatggatactaggtgtatgtggtatcgactccatatgtgccgtagttaacacaataagtatcccgcctggggagtacggccacaaggttaaaa
ctcaaaggaattgacgggggcccgcacaagcggtggagcatgtggtttaattcgacgcaacgcgaagaaccttacctgggcttgacatgt
gcggaaatcctatgaaagtaggctccggggctacccggccgcaacacaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgg
gttaagtcccgcaacgagcgcaacccttgtcgtgtgttggtccacaagatctctcacacgagaccgccggtgagaagccggaggaaggtg
gggatgacgtcaagtcagcatggcccttacgtccagggctacacacgtgctacaatgcgcgcgacaacgagctgcgaacccgcgaggg
caagccaatctcataaacgcgcgctcagttcggattgaaggctgcaactcgccttcatgaagtcggaatcgctatcaaactcttcagtgaata
cgttcccgggccttgtacacaccgcccgt 
>ems131   
tggaattcccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagcggctcactggaccacaactgacgctgag
gcgcgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatggatgcttggtgtagcaggtacccaatcctg
ctgtgccggagctaacgcattaagcatcccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaag
cggtggagcatgtggtttaatacgacgcaacgcgaagaaccttacccaggcttgacatcccctgaaagccctagaaatagggtcttcatcgc
aagatgacagggtgacaggtgctgcatggctatcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaaccctcgctt
cgtgttggtccgcaaggatctctcacgagggaccgccggtgagaagccggaggaaggtggggatgacgtcaagtcagcatggcccttac



 181 

gtctggggctacacacgtgctacaatgggtgcgacaacgagttccaagctcgcgagggtaaggcaatctcttaaacgcatcctcagttcgg
attgaaggctgcaactcgccttcatgaagtcggaatcgctatcaaactcagtgaatacgttcccgggccttgtacacaccgcccgt 
>emp62    
cggatactgacgctgagacgcgaaagcgtgggtagcaaacaggattagataccctggtagtccacgccgtaaacgatgagaactaggtgt
cgtgggtgttgacccccgcggtgccgtagctaacgcattaagttctccgcctgggaagtacggccgcaaggctaaaactcaaaggaattga
cgggggcccgcacaagcggtggagcatgtggtttaattcgacgcaacgcgcagaaccttacctggtcttgacatcctcggaatctgtcaga
gatgacggagtgctcgcaagagaaccgagagacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaa
cgagcgcaaccctcgcctttagttgccatgtaaaagtggatctctagagggactgccggtgttaaaccggaggaaggtggggatgacgtca
agtcctcatggcctttatgaccagggctacacacgtgctacaatggccggtacaaagcgctgccaactcgcgagagggagccaatcgcat
aaaaccggtctcagttcagattggagtctgcaactcgaccccatgaaggcggaatcgctagtaatcgtagatcagcacgctacggtgaatac
gttcccgggccttgtacacaccgcccgt 
>emp203    
cgaaagctggggatcaaacaggattagataccctggtagtccacgctgtaaacgatgagaactagacgttggaaggatctgcctttcagtgt
cgtagctaacgcgctaagttctccgcctggggagtacggccgcaaggttgaaactcaaaggaattgacgggggcccgcacaagcggtgg
agtatgtggttcaattcgatgcaacgcgaagaaccttacctggtcttgacatcctcggaaccctgcagaaatgcgggggtgccttcgggaac
cgagagacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctcgtccctagttgcc
agcattcagttgggcactctagggagactgccggtgacaaaccggaggaaggtggggatgacgtcaagtcatcatggcccttatgaccag
ggctacacacgtactacaatggtcggtacaaagggttgccaagccgcgaggcggagccaatcccagaaaaccggtcgtagtccggattg
gagtctgcaactcgactccatgaagtcggaatcgctagtaatcgcggatcagcaatgccgcggtgaatacgttcccgggccttgtacacac
cgcccgt 
>emp204    
cgaaagcggggatcaaacaggattagataccctggtagtccacgctgtaaacgatgagaactagacgttggaaggatctgcctttcagtgtc
gtagctaacgcgctaagttctccgcctggggagtacggccgcaaggttgaaactcaaaggaattgacgggggcccgcacaagcggtgga
gtatgtggttcaattcgatgcaacgcgaagaaccttacctggtcttgacatcctcggaaccctgcagaaatgcgggggtgccttcgggaacc
gagagacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctcgtccctagttgcca
gcattcagttgggcactctagggagactgccggtgacaaaccggaggaaggtggggatgacgtcaagtcatcatggcccttatgaccagg
gctacacacgtactacaatggtcggtacaaagggttgccaagccgcgaggcggagccaatcccagaaaaccggtcgtagtccggattgg
agtctgcaactcgactccatgaagtcggaatcgctagtaatcgcggatcagcaatgccgcggtgaatacgttcccgggccttgtacacacc
gcccgt 
>emp402    
gacactgaggcacgaaagctaggggagcgaaacagattagatacctgtgtagtcctagccgtaaacgatgctcgctagctcttggccgca
aggtcgggggtgtaagctaacgcgttaagcgagccgcctggggagtacggccgcaaggctaaaactcaaaggaattgacggggacccg
cacaacctgtggagcgtgtggttcaattcgagacgaaacgaaggacctcaccagggtttgacatgctaccgtacattctttcagaaatgaga
ggaaatccgcaaggatggtagcacaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttcccttaagtggggaaacgagcgcaa
cccccatccaatgttacatattcattggaaacagtccttgttttacaaggaaggaaggcggggtagacgtcaagtcagcacggcccttatacc
ctgggccacacacactacaatggcgaaaaacaatgagctgcaagctagcaatagtaagctaatctctgaaatttcgcctcagttcagattgg
ggtctgcaacccgaccccatgaagccggaataggtagtaatcgcggatcagcaagccgcggtgaatacgttctcgggtcgtgtacacacc
gcccgt 
>emp404    
cgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatgagcacttggtgtggccccttacggggccgtgc
cggagctaacgcgttaagtgctccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggtg
gagcatgtggttcaattcgacgcaacgcgaagaaccttacctggactcgaaatgcagttgaccgtctcagagatgagattttcccgcaaggg
acggctgtataggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagtgcaaccctcatccttagttgca
cgcccgcaagggatgcaccctaaggaaaccgccctcgataagggggaggaaggtggggatgacgtcaagtcctcatggcctttatgccc
agggctacacacgtgctacaatggccggtacagagcgtcgcgaactcgcgagagggagccaatcgctaaaaaccggtctcagttcggatt
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gcagtctgcaactcgactgcatgaagctggaatcgctagtaatcgcgtgtcagaacgacgcggtgaatacgttctcgggccttgtacacacc
gcccgt 
>emp405    
ggttcctgacgctgaggtgcgaaagctaggggagcgaacgggattagataccccggtagtcctagccgtaaacgatgaccactaggcgt
gtggggtatcgaccccctacgtgccgactctaacgaagtaagtggtccgcctggggagtacggtcgcaagattaaaactcaaaggaattga
cggggacccgcacaagcagcggagcgtgtggtttaattcgatgcaacgcgcagaaccttaccagggtttgacatggctctgatcgggcga
gaaatcgccttgccttcgggacagagtcacaggtgctgcatggttgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagc
gcaacccctgtcgtcggttacgggtgtccgacgagactgccgcgatcaacgtggaggaaggtggggatgacgtcaagtcagcacggccc
ttacatcctgggcgacacacacgctacaatggctgggacaaagagcggccaacctgcgaaggggagctaatctcacaaacccggtctca
gttcagattagaggctgcaacccgcctctatgaagtgggagttgctagtaaccgtaggtcagcacactacggtgaatacgttcccgggtcttg
tacacaccgcccgt 
>emp409    
aggcagggtcctggctggtacctgacgctcgtgggcgaaagctaggggagcgaacgggattagataccccggtagtcctagccgtaaac
gatgaccactaggtgtgcgacgtatcgacccgttgcgtgccggaggcaccccattaagtggtccgcctggggagtacggtcgcaagatta
aaactcaaaggaattgacggggacccgcacaagcagcggagcgtgtggtttaattcgatgcgacgcgaagcaccttaccagggtttgaca
tgcgcgctgagcgcccagagatgggcgggcccgcaagggaggcgcgcacaggtgctgcatggctgtcgtcagctcgtgccgtgaggt
gttgggttaagtcccgcaacgagcgcaacccctgtcgccggttgtatgatccggcgagactgccacgttgaacgtggaggaaggtgggga
tgacgtcaagtcagcacggccctgatgtcctgggcgacacacacgctacaatggccgagacaacgggtcgccaacccgcgaggggga
gccaatcccagcaaagtcggcctcagttcagattgcaggctgcaacccgcctgcatgaaggaggagttgctagtaaccgtgggtcagcat
accacggtgaatacgttcccgggtcttgtacacaccgcccgt 
>emp412    
aggcgaaggcagcctcctggaaagcatctgacgctcagggacgaaagcgaggggagcgaacgggattagataccccggtagtcctcgc
cgtaaacgatgaccactagatgtgcgggggatcgaccccctgcgtgtcgcagcttacgcagtaagtggtccgcctggggagtacggtcgc
aagattaaaactcaaaggaattgacggggacccgcacaagcagcggagcgtgtggtttaattcgaagcaacgcgaagcaccttaccagg
gcttgacatgctcctgaccacggcggaaacgtcgtctcccttcggggcaggagcacaggtgctgcatggctgtcgtcagctcgtgtcgtga
gatgttgggttaagtcccgcaacgagcgcaacccctatggtcggttactggtgtccggccagactgccgcgacaaacgcggaggaaggt
ggggatgatgtcaagtcagcacggcccttacgtcctgggcgacacacacgctacaatggccgggacaacgggacgccaacccgcgag
ggggagccaatcccaacaaacccggtcccagttcagattgcaggctgcaacccgcctgcatgaagtcggagttgctagtaaccgtgagtc
agcacatcacggtgaatgcgttcccgggtcttgtacacaccgcccgt 
>emp416    
cgaaagcaggggagcgaacgggattagataccccggtagtcctcgccgtaaacgatgaccactagatgtgcgggggatcgaccccctgc
gtgtcgcagcttacgcagtaagtggtccgcctggggagtacggtcgcaagattaaaactcaaaggaattgacggggacccgcacaagca
gcggagcgtgtggtttaattcgaagcaacgcgaagcaccttaccagggcttgacatgctcctgaccacggcggaaacgtcgtctcccttcg
gggcaggagcacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccctatggtcg
gttactggtgtccggccagactgccgcgacaaacgcggaggaaggtggggatgatgtcaagtcagcacggcccttacgtcctgggcgac
acacacgctacaatggccgggacaacgggacgccaacccgcgagggggagccaatcccaacaaacccggtcccagttcagattgcag
gctgcaacccgcctgcatgaagtcggagttgctagtaaccgtgagtcagcacatcacggtgaatgcgttcccgggtcgtgtacacaccgcc
cgt 
>emp417    
cgaaagctaggggagcaaacaggattagataccctggtagtcctagccctaaacgatgagcactgggtgtggccccgtacggggccgtg
ccgaagctaacgcattaagtgctccgcctggggagtacggtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagcggt
ggagcatgtggttcaattcgacgcaacgcgaagaaccttacctggactcgaaatctagtcgaccgtctcagagatgaggctttcccgcaag
ggacggctggataggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccttaccgttagt
tgctcgcccgcaagggaagcaccctaacggaaccgcctcagataatggggaggaaggtggggatgacgtcaagtcctcatggcctttatg
cccagggctacacacgtgctacaatggccggtacaaagcgtcgccaacccgtaagggggagccaatcgctaaaaaccggtctcagttcg
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gattgcaggctgcaactcgcctgcatgaagctggaatcgctagtaatcgcgtatcagaacgacgcggtgaatacgttcccgggccttgtaca
caccgcccgt 
>emp57    
gcgaaagccaggggagcgaacgggattagataccccggtagtcctggccctaaacgatgggtactagatagtagactttcatgggtttact
gtcgaagcaaaagtggtaagtaccccgcctggggagtatggtcgcaaggctgaaactcaaaggaattgacgggggctcacacaagcggt
ggagcatgtggctcaattcgaggctacgcgaagaaccttatcctgggcttgacatgtgcgaaagcgttggggagtagcgggtggaaacac
tttgccaacggtatccagtccggaacccaatacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgtcgggttaagtcccataacga
gcgaaacccttgtttccagttgccagcgggtcatgccggggactctggaaagactgccggtgttaaaccggaggaaggtggggatgacgt
caagtcctcatggcctttatgcccagggctgcacacgtgctacaatgccgtgaacaaagggacgcaaacctgcgagggggagcaaatcc
caaaaaacacggcccagttcagatcgaaggctgcaactcgccttcgtgaagttggaatcgctagtaatcgcaggtcagcaacactgcggtg
aatgtgttcctgagccttgtacacaccgcccgt 
>emp420    
cgaaagcgtggggagcaaacaggattagataccctggtagtccacgccgtaaacgatgtgcgctagacgttgggggacctagtctcccgg
tgtcgcagctaacgcgttaagcgcaccgcctggggagtacggccgcaaggttaaaactcaaaggaattgacgggggcccgcacaagcg
gtggagcatgtggttcaattcgacgcaacgcgaagaaccttaccagcccttgacatgtcccgtatggggccgagagatcggcttcgtcagtt
cggctggcgggaacacaggtgctgcatggccgtcgtcacctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctcacc
ttcagttgccatcgggttaagccgggcactctgaaggaactgccggtgacaagccggaggaaggcggggatgacgtcaagtcctcatgg
cctttatgggctgggctacacacgtgcttcaatggcggcgacagagggaggcaagggggcgaccctgcgccaatctcgaaaagccgtct
cagttcggattgttctctgcaactcgagagcatgaagctggaatcgctagtaatcgcggatcagcacgccgcggtgaatacgttcccgggc
ctagtacacaccgcccgt 
>emp437    
aaatgcgtagatatcaggaggaacaccggcggcgaaagcggccctctggatcgttgctgacgctgagacgcgaaagcgtggggagcaa
acaggattagataccctggtagtccacgctgtaaactatgggtactaggtgttcggggtattgaccccctgagtgccgcagctaacgcattaa
gtaccccgcctggggactacggccgcaaggttaaaactcaaaggaattgacgggggcccgcacaagcggtggagcatgctgttcaattc
gacgcaacgcgaagaaccttacctgggctagacaacggcggacagcctgagaaatcaggtcttcccttcggggactgccggttcaggtgt
tgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccctgcccttagttgccaccggataatgccg
agcactctatggggactgcacgggtcaaccgtgaggagggtggggacgacgtcaagtcatcatggcccttatgtccagggctacaagcgt
gctacaatggacggtacaaagggttgcaaactcgcgagagccagccaatcccgagaaaaccgccctcagctcggatcggagtctgcaac
cgcatgaagtggaatcgctagtaatcgtgaatacgttcccgggcttgtacacaccgcccgt 
>emp445    
ctcaggggcgaaagctaggggagcgaacggggttagataccccggtagtcctagctgtaaacgatgaccactaggtgtgcggggtatcg
accccctgcgtgccgcagctaacgcaataagtggtccgcctggggagtacggtcgcaagattaaaactcaaaggaattgacggggaccc
gcacaagcagcggagcgtgtggtttaattcgacgcgacgcgcagaaccttaccagggtttgacatgccggtgcaccggcccgagaaggt
cgtgcccgcaagggacgccggcacaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgca
acccccatcgtcggttacatgtatccgacgagactgcctcgatcaacggggaggaaggtggggatgacgtcaagtcagcacggcccttac
atcctgggcgacacacacgctacgatggtcgcggacaatggggagccaacccgcgagggggagccaatcccagcaaaggcggcctca
gttcggattgcaggctgcaacccgcctgcatgaagtcggagttgctagtaaccgtgggtcagcacaccacggtgaatacgttcccgggtctt
gtacacaccgcccgt 
>emp446    
cgaaagctaggggagcaacggttagataccccggtagtcctagctgtaaacgatgaccactaggtgtgcggggtatcgaccccctgcgtg
ccgcagctaacgcaataagtggtccgcctggggagtacggtcgcaagattaaaactcaaaggaattgacggggacccgcacaagcagc
ggagcgtgtggtttaattcgacgcgacgcgcagaaccttaccagggtttgacatgccggtgcaccggcccgagaaggtcgtgcccgcaa
gggacgccggcacaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaacccccatcgtc
ggttacatgtatccgacgagactgcctcgatcaacggggaggaaggtggggatgacgtcaagtcagcacggcccttacatcctgggcgac
acacacgctacaatggtcgcggacaatggggagccaacccgcgagggggagccaatcccagcaaaggcggcctcagttcggattgca
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ggctgcaacccgcctgcatgaagtcggagttgctagtaaccgtgggtcagcacaccacggtgaatacgttcccgggtcttgtacacaccgc
ccgt 
>emp447    
cgaaagctaggggagcgaacgggattagataccccggtagtcctagccgtaaacgatgaccactaggtgtgcggggtatcgaccccccg
cgtgccgtagctaacgcaataagtggtccgcctggggagtacggtcgcaagattaaaactcaaaggaattgacggggacccgcacaagc
agcggagcgtgtggtttaattcgacgcgacgcgcagaaccttaccagggtttgacatgtcggtgcaccagccagagatggttgtacccgca
agggacgccggcacaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaacccctgtcgt
cggttggagttctccgacgagactgcctcgatcaacggggaggaaggcggggatgacgtcaagtcagcacggcccttacatcctgggcg
acacacacgctacaatgggcgcgacaacgggaagccaacccgcgagggggagccgatcccagcaaaggcgtcctcagttcggatggt
aggctgcaacccgcctgcctgaagtcggagttgctagtaaccgtgggtcagcatactacggtgaatacgttcccgggtcttgtacacaccgc
ccgt 
>emp448    
cgaaagctaggggagcaaggaattagataccccggtagtcctagccgtaaacgatgaccaccaggtgtgggaggtatcgaccccttccgc
gcccggcgttaacacactaagtggtccgcctggggagtacggtcgcaagattaaaactcaaaggaattgacggggacccgcacaagcag
cggagcgtgtggttcaattcgatgcgacgcgaagaaccttaccagggcttgacatgcacttgacgccctctgagaggagggtcccttcggg
gcgggtgcacaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaacccctgttgtcggct
ggatgtgtccgacgagactgccacgatcaacgtggaggaaggtggggatgacgtcaagtcagcacggccctgacgtcctgggcgacac
acacgctacaatggtcgggacaacgggtcgccaacccgcgagggggagccaatcccagcaaacccgatctcagttcggatggcaggct
gcaacccgcctgcctgaagccggagttgctagtaaccgtgggtcagcacaccacggtgaatacgttcccgggtcttgtacacaccgcccgt 
>emp443    
gcagctaacgccaataagtggtccgcctggggagtacggtcgcaagatttaaaactcaaaggaattgacggggacccgcacaagcagcg
gagcgtgtggtttaattcgacgcgacgcgcagaaccttaccagggtttgacatgccggtgcaccggcccgagaaggtcgtgcccgcaag
ggacgccggcacaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaacccccatcgtcg
gttacatgtatccgacgagactgcctcgatcaacggggaggaaggtggggatgacgtcaagtcagcacggcccttacatcctgggcgaca
cacacgctacaatggtcgcggacaatggggagccaacccgcgagggggagccaatcccagcaaaggcggcctcagttcggattgcag
gctgcaacccgcctgcatgaagtcggagttgctagtaaccgtgggtcagcacaccacggtgaaggcgttcccgggtcttgtacacaccgc
ccgt 
>emp430    
ctggctggcgactgacgctgaggggcgaaagccaggggagcgaacgggattagataccccggtagtcctggctgtaaacgatgaccac
caggtgtgcggcgtatcgacccgctgcgtgccggcgttaacacaatcagtggtccgcctggggagtacggtcgcaagattaaaactcaaa
ggaattgacggggacccgcacaagcagcggagcgtgtggtttaattcgatgcgacgcgaagaaccttaccagggcttgacatgcctctgc
accgcccagagaggggcgtgcccgcaagggacggaggcacaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaa
gtcccgcaacgagcgcaacccctgtggccggttgaacgtctccggccagactgccacgatcaacgtggaggaaggtggggatgacgtc
aagtcagcacggcccttacgtcctgggcgacacacacgctacaatggccgagacaaaggggcgccaacccgcgagggggagccaatc
ccggcaaactcggtctcagttcagattgcaggctgcaacccgcctgcatgaagtcggagttgctagtaaccgtgggtcagcacaccacggt
gaatacgttcccgggtcttgtacacaccgcccgt 
>emp206    
ggggatcaaacaggattagataccctggtagtccacgctgtaaacgatgagaactagacgttggaaggatctgcctttcagtgtcgtagcta
acgcgctaagttctccgcctggggagtacggccgcaaggttgaaactcaaaggaattgacgggggcccgcacaagcggtggagtatgtg
gttcaattcgatgcaacgcgaagaaccttacctggtcttgacatcctcggaaccctgcagaaatgcgggggtgccttcgggaaccgagaga
caggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctcgtccctagttgccagcattca
gttgggcactctagggagactgccggtgacaaaccggaggaaggtggggatgacgtcaagtcatcatggcccttatgaccagggctaca
cacgtactacaatggtcggtacaaagggttgccaagccgcgaggcggagccaatcccagaaaaccggtcgtagtccggattggagtctg
caactcgactccatgaagtcggaatcgctagtaatcgcggatcagcaatgccgcggtgaatacgttcccgggccttgtacacaccgcccgt 
>emp414   
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gtcctagccctaaacgatcaggacttggggtgccacccgttcgggtgtcgtcccggagctaacgcgttaagtcctgcacctggggagtacg
gtcgcaagactgaaactcaaaggaattgacgggggcccgcacaagcggtggaacatgtggttcaattcgacgctacgcgaggaaccttac
ctgggctcgaaatgcttctgaccagctgtagaaatacggccttcccgcaagggacaggagtataggcgctgcatggctgtcgtcagctcgt
gccgtgaggtgttgggttaagtcccgcaacgagcgcaacccctgcacgtagttgccactcgcaagagggaactctacgtggactgctccg
gataacggagaggaaggtggggatgacgtcaagtccgcatggcctttatgtccagggctacacacgtgttacaatgcagggcacaaaccg
ttgccaacccgcgagggggagctaatcggaaaaaactctgctcagttcggattgcagtctgcaactcgactgcatgaagccggaatcgcta
gtaatggcgtatcagatcgacgccgtgaatacgttcccgggccttgtacacaccgcccgt 
>emp440   
ggggctcgtgcccgtagctaacgcgataagtcctgcgcctggggagtacggtcacaaggctgaaactcaaaggaattgacgggggcccg
cacaagcggtggaacatgtggttcaattcgacgcaacgcgaagaaccttacctgggcttgaagtgtactggaccattcctggaaacaggga
cttcccgcaagggaccggtgtagaggtgctgcatggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgcaacgagcgcaac
ccttacttgtagttgcctcccgcaagggggaactctacaaggactgctccggataacggagaggaaggtggggatgaggtcaagtcagca
tggcctttatgtccagggccacacacgtgttacaatgcgcgctacaaagcgtcgcgaacccgcgagggggagctaatcgcaaaaaagcg
cgctcagttcggattgcagtctgcaactcgactgcatgaagccggaatcgctagtaatggcgcatcagaacggcgccgtgaatacgttcac
gggccttgtacacaccgcccgt 
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T-RFLP fingerprints of bacterial communities from Bosque del Pueblo’s soil samples.  
Samples in red color identified samples digested by HaeIII, samples in blue color identified 
samples digested by MspI, and samples in green color were digeted by RsaI. Panel A shows T-
RFLP profiles for EBS and EBP soil samples; and Panel B shows T-RFLP profiles for EMS and 
EMP soil samples. 
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