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ABSTRACT

The results from this work demonstrated the refetindp between vegetation cover and
the diversity of soil bacterial communities fromatwites in an abandoned unmined porphyry
deposit aBosque del PuebJ@ddjuntas PR. The sampling sites were namedsimcion Bosque
(EB), located within the secondary forest and cdwgrvegetation; andstacion Mina(EM)
which is deforested and lies adjacent to the for@$te aims of this study were i) to characterize
the diversity of soil bacterial community at twdesi using PCR-amplified 16S rDNA clone
libraries and terminal restriction fragment lengtilymorphism (T-RFLP, or TRF) analyses, and
i) to correlate the sites’ bacterial diversityghbysical and chemical properties of soil and water
streams at these locations. Both 16S rDNA phyletienanalysis and T-RFLP profiles revealed
that the bacterial communities in secondary fosEst samples were distinct from those in
deforested soils and that similarities in bactec@nmunity composition were detected within
the forested soil samples as well as within theomsted soil samples. The collection of
sequences frorgstacion Bosquevere dominated by membersAdidobacteria(35%), followed
by Proteobacteria(31%) members. Whereas the clone sequences etbtecEstacion Mina
were more closely related to members of phylGioloflexi (40%). According to Shannon
index (H) the bacterial composition was more digers theEstacion Bosquéhan inEstacion
Mina. In terms of the physico-chemical properties af and water streams at the sites, the
organic matter, organic carbon, and total nitrogentent in the forested soil samples were
higher than the corresponding content in deforestedsamples. Furthermore, water samples
taken from the deforested site exhibited higher doetivity, acidity, and metal ions
concentrations than samples from the forested dltas concluded that a shift in vegetation

cover from secondary forest to deforested soil ¢educhanges in the physico-chemical



properties of soil and water stream$Biosque del Pueblthat in turn influence the soil bacterial

diversity.



Resumen

Los resultados de este trabajo demostraron laidelantre la cobertura vegetal y la
diversidad de las comunidades bacterianas en & deedos lugares en un depdésito porfidico
abandonado y no minado en el Bosque del Pueblauf®al, PR). Los lugares de muestreo
fueron nombrados como: Estacién Bosque (EB), Ipadh dentro del bosque secundario y con
cobertura vegetal; y Estaciéon Mina (EM) la cualaedeforestada y localizada adyacente al
bosque. Las metas de este estudio fueron i) ezt la diversidad bacteriana del suelo en dos
estaciones usando los andlisis de las libreriatotes del gen 16S rDNA amplificado por PCR
y los perfiles del polimorfismo de la longitud delgmento terminal de restriccion (T-RFLP), y
i) correlacionar la diversidad bacteriana de lagakes muestreados a las propiedades fisicas y
guimicas de los suelos y arroyos en estos lugArabos, analisis filogenéticos del 16s rDNA y
los perfiles de T-RFLP, revelaron que las comuregdaacterianas en las muestras de suelo del
bosque secundario fueron distintas de aquellasuelnss deforestados y que similitudes en la
composicion bacteriana fueron detectadas denttasdeuestras de suelos forestados, asi como,
dentro de las muestras de suelo deforestado. legabéh de secuencias de la Estacion Bosque
fue dominada por miembros deidobacteria(35%), seguido por miembros de Proteobacteria
(31%). Mientras que las secuencias de clones tdegec en la Estacion Mina fueron
relacionadas mas cercanamente a miembros del piglonoflexi(40%). De acuerdo al indice
Shannon (H), la composicién bacteriana fue masrsiven la Estacion Bosque que en la
Estacion Mina. En términos de las propiedadesdiguimicas del suelo y los arroyos en los
lugares muestreados, el contenido de materia @@ararbono organico y nitrogeno total fueron
mayores en las muestras de suelo forestadas goatehido correspondiente en las muestras de

suelos deforestados. Mas aun, las muestras de taguedas de la estacion deforestada



exhibieron mayor conductividad, acidez y concemndrade iones metalicos que las muestras de
la estacion forestada. Se concluye que una alberaen la cobertura vegetal, de bosque
secundario a suelo deforestado, induce cambioasprbpiedades del suelo y los arroyos del

Bosque del Pueblo que a su vez influyen en la sidad bacteriana del suelo.
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CHAPTER |
INTRODUCTION

Geology of Puerto Rico

Puerto Rico is the easternmost island of the Greatglles in the Caribbean Sea. It lies
in the trade-wind belt £815'north of the equator and $80’ west of the Greenwich meridian.
Puerto Rico is a complex island arc terrain withpealogical record of about 195 million years.
Together with the northern Virgin Islands, it reggats the subaerially exposed parts of the
Puerto Rico-Virgin Islands microplate (PRVI) (Byrret al., 1985), which lies within the
seismically active Caribbean-North American Pladerxary zone. The northern border of the
Caribbean Plate is marked by the 8,516 meter deepd’Rico Trench, the deepest point in the
Atlantic Ocean. For tens of millions of years thisnch was the site of the subduction of the
North American Plate beneath the northward moviagilibean Plate. The subduction of the
North American Plate into the Puerto Rico Trencdulied in a series of volcanic eruptions that
piled tuff, ash, and magma onto the ocean flooreséhhighly folded, faulted, and eroded
volcanic and sedimentary rocks now form the coretha& Cordillera Central, an east-west
trending spine of mountains that cross the islaoohfwest to east (Barabas, 1982).

The geology of Puerto Rico is dominated by an-ea&st belt of Cretaceous to Eocene
volcanic and sediments intruded by irregular bodiésultramarfic to granitic rocks. The
volcanic-plutonic complex underlies about two-tlsiaf the island and makes up its mountainous
central core. Flat-lying Oligocene limestonestum overlain by recent alluvial, beach and

swamp deposits, form flanking east-west belts atbeghorth and south coasts.



Porphyry copper deposits

Porphyry ore deposits are the most important soafcealuable ore minerals, usually
copper or gold. Nearly 60% of the world’s copperektracted from porphyry copper deposits
(Cline, 2003).

Porphyry copper deposits are large bodies of rtdwiisoccur in the roof zones of igneous
intrusions in island arc and continental margingirsgs. They are characterized by intense
hydrothermal alteration. Many of these hydrothdrmeposits are associated with boiling
hydrothermal fluids transport metals upward. Thengypal component of hydrothermal
solutions is water containing dissolved salts swh NaCl, KCIl, CaS® and CaCl
Hydrothermal fluids are capable of dissolving snaaflounts of elements. The fluids react with
the rocks, cool and change its chemistry; as altrefialcopyrite (CuFeS2and other ore
minerals are precipitated within the rock. The pbyry copper deposits typically contain

copper, molybdenum and gold, disseminated throbgtnost rock.

Porphyry copper deposits of Puerto Rico

The existences of copper deposits throughout thzadesolcanic-plutonic belt have been
known since colonial times. In fact, Puerto Ricasva significant source of gold for the Spanish
during the 18 century.

All the known porphyry copper deposits in PueriodRccur along the southern margin
of the Utuado batholiths in the west-central pdrthe@ island, Figure 1. These deposits were
associated with a series of hydrothermally altdyedies of quartz diorite stocks of Eocene age

that have intruded the batholiths or volcanic roaigcent to the batholiths.
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Figure 1. Simplified geologic map of Puerto Rico from Bamap 1982. The red circle indicates the
location of the Rio Vivi porphyry copper deposits.

The principal porphyry copper deposits of PuertcoRvere discovered during the late
1950’s. In 1958, Kennett Copper Corporation immeated an exploration program in the Lares’
area northwest of Utuado. The copper Creek anddigicreek porphyry copper prospects were
identified near the Tanama River. Later, betwe&61land 1965, Tanama and Helechos
deposits were discovered and explored by drillilReserves at Rio Tanama mineralized area
were estimated at about 139 millions tons gradieg @ercent copper.

As a result of explorations that began in 1957 gannomically recoverable amount of
copper was found approximately 2.75 miles northeasthe town of Adjuntas by W.R. Bergey.
Two ore bodies, contained in quartz-diorite intounsi at the edge of the Utuado Batholith, were
identified and referred to as the Cala Abajo ordyband the Piedra Hueca ore body. A third ore

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



ages of the deposits are estimated to be betwednt®@43.7 Ma (mega-annum= million years)
for Cala Abajo, between 35 to 43.1 Ma for Piedratfy and between 41.8 to 42.1 Ma for sapo
Alegre (Barabas, 1982). The Cala Abajo, Piedraddwnd the Sapo Alegre are grouped within
0.5 km of each other along the Rio Vivi.

The Cala Abajo ore body is irregularly elongatagproximately 1,200 x 200 meters in
surface dimension, and contains approximately 7liomitons of ore assayed at an average of
0.82 percent copper. The upper portion of thebmdy is a soft, spunky material containing
copper primarily as covellite (CuS) at one percebbwer layers of ore become progressively
harder and contain smaller percentages of coppastlyras chalcopyrite (CuFgS

The Piedra Hueca ore body is irregularly ovalurface dimension, is approximately 450
x 200 meters, and contains about 33 million tonsref at approximately 0.82 percent copper.
Copper is present mainly as chalcopyrite with spyrée involved and is contained in very hard
plutonic rock.

The Sapo Alegre is an elongated porphyry coppdymdenite deposit, approximately
500 x 100 meters in plan dimension. Sapo Alegfierdi from Cala Abajo and Piedra Hueca
deposits in having high molybdenum content andvadopper content. Subsequent geological
studies revealed that Sapo Alegre was too smafirfancially viable mining (Cox et al., 1975).

Amax and Kennett performed economic and enviroriaieierasibility studies on Cala
Abajo and Piedra Hueca deposits. In 1967, thesganies presented a series of proposals to
the government of the Commonwealth of Puerto Raccaflarge-scale mining of these reserves.
The companies failed to reach an agreement for mnmilease with the Commonwealth of

Puerto Rico. In 1987 they abandoned interesterptioject.



In 1992, the company Southern Gold resources (UB®) received permission from the
Puerto Rico Department of Natural Resources tocegghe Cala Abajo deposits. Later, in 1995
the permit was amended and enlarged to cover tjazead Piedra Hueca deposit. Based on
results from these explorations Southern Gold Ressuproposed to mine the deposits by
standard open-pit mining techniques.

In the early 1980s, the community of Puerto Rioder the leadership of Adjuntas’ Art
and Culture Workshop, today known as Casa Pueblposed the proposed mining activity on
the account of the negative impact of the miningh environment. In June 1995, the Puerto
Rico legislative amended Law number 9 of August 1833 prohibiting any kind of mining
activities in Puerto Rico. Finally, in 1996 thenmmunitarian organization Casa Pueblo reached
the position of Forest administrator and the zqmeyiously impacted by mining activities, was

transformed by law in a Puerto Rican protectedstyBosque del Pueblo

Rock Acid drainage

Pyrite (Fe9) is the most abundant sulfide mineral in eartmisst(Edwards et al., 1998).
When the solid-phase pyrite rock is exposed to mael atmospheric oxygen, metals ions and
hydrogen ions are released into the environmeiite groducts generated by this reaction alter
the pH and heavy metal composition of nearby smild streams. When acid is generated at
mining sites it is refers as acid-mine drainageesghs acid-rock drainage occur naturally within
some environments as part of the rock weatheringgss usually seen within rocks containing
an abundance of sulfide minerals.

The oxidation of pyrite begins with the followimgaction:

4F€S(s) + 14Q(g) + 4H20(|) -> 4Fé+(aq) + SSQZ_(aq) + 8I—F(aq) (l)



As a result of this reaction, the concentratiomeafuced Iron Il ions and hydrogen ions
increases significantly in the nearby soils andastrs. Iron Il ions are oxidized to Iron Il ions
through the reaction:

4F€" (ag) + Op(q) + 4H' (a> 4F€"aq)+ H20y) (2)

Ferric ions (Ill) are soluble in acidic runoff WwitpH values below 3. When the acidic
runoff is diluted by other water sources, the pH increase. This increase in pH causes iron Il
ions to precipitate out of solution in the formladn 11l hydroxide as described by reaction:

AF€” aq)+ 12H0() > 4Fe(OH)e) + 12H g (3)

The iron-rich acidic drainage kills aquatic life damenders the contaminated stream
unsuitable as a water supply or for recreational us

Some microbial processes are very important ialgang the chemical reactions that
produce acid mine drainage (Edwards et al., 2000 oxidation of metal sulfides proceeds by
various known mechanisms. Microorganisms obtaiergyn by the oxidation of either iron or

sulfur; the reactions may be represented by theviig schemes:

$+1.50 + H,0 - SE +2H 4)
2Fé + 0.5Q + 2H" e, 2Fe+ H,0 (5)

Elemental sulfur is oxidized to sulfate by sulwidizing microorganisms such as
Acidithiobacillus thioxidangpreviously Thiobacillus thiooxidansor Acidithiobacillus caldus
(previously Thiobacillus caldus The ferrous iron generated in reaction (1)eexidized to
ferric iron by iron-oxidizing microorganisms suchs aAcidithiobacillus ferrooxidans,
Leptospirillum ferrooxidans, Leptospirillum ferriplhm and Sulfobacillus thermosulfidooxidans.
The role of iron-sulfur oxidizing microorganismstts provide an acidic environment (schemes

4) to accelerate the rate of oxidation of e F€* (schemes 5).



Microorganisms are widely used in bioleaching psses to convert insoluble metal
sulfides to water soluble metal sulfates or aso@)dation pretreatment process to expose the

mineral (Rawling, 2005).

Soil microbial ecology

The vast majority of life on Earth is microbialstlibuted among three primary domains:
Archaea, Bacteria and Eucarya (Pace, 1997; Hugenébhl., 1998). The interactions between
microorganisms and their non-living surrounding dvédeen going on for about 3.8 billion years
(Torsvik et al., 2002). The inorganic nutritiorsgained the earliest form of life on Earth. Later
the phototrophy and organotrophy were established.

The soll is a very complex habitat in which thecrabial population is very diverse. In
1996, Torsvik and collaborators calculated the gmes of about 6,000 different bacterial
genomes per gram of soil (Torsvik et al., 1996 nother important characteristic of soil is that
less than 5% of the overall available space in sibccupied by living microorganisms
(Nannipieri et al., 2003). Important biologicablacules such as proteins and nucleic acids are
absorbed and protected against degradation byasedanto the solid phase of soil. Biological
molecules can be incorporated by bacterial celt$ iaserted into its chromosomal DNA in a
process known as horizontal gene transfer.

Many chemical reactions are catalyzed in the sadaif soil mineral components. Soil
microorganisms, especially algae, bacteria, fumgl kchens, contribute to the soil formation
process. These organisms are able to solubilivatsis and other minerals through production

of organics acids and chelating agents (Atlas aartha, 1997).



Microorganisms can break down decayed plant anohaniissue into energy, carbon,
and nutrients sources. The organic matter gereetatemicrobial decomposition improves the
water-holding capacity and the ion exchange capamitsoil. In the nitrogen cycles, soil
microorganisms mediate the reduction of gaseowsgah to ammonia. They also contribute to
denitrification process by converting nitrate thgbunitrite to nitric oxide (NO), and nitrous
oxide (NO) to molecular nitrogen.

Plant community composition greatly influenced t@mmunity composition of sall
microorganisms. Microorganisms in soil have seysoechanisms to recognized nutrients
exudates by plants. These exudates act as cheawtatis for bacteria. Low molecular weight
exudates include amino acids, organic acids, sugamatics and various other secondary
metabolites, whereas high molecular weight exudatekide polysaccharides and proteins
(Brencic and Winans, 2005) The biomass and agtiitmicroorganisms in soil around plant
roots is termed rhizosphere and was first descrie#iilter in 1904 (Bonkowski, 2004). The
exudates liberated from plants create a favorahlbetdt for microbial growth, which benefit by
obtaining carbon and other nutrients from theirtslosWithin the rhizosphere the density of
microorganisms is higher than in the nearby bulk sBecause different plants exudates a great
diversity of organics components to soil the intdon between plant and microbes is specific.
During plant development, microorganisms make ddjast to their own physiology in
response to changes in the physiology of their.hditroorganisms also undergo successional
changes as the plant grows (Atlas and Bartha, 1997)

Just as plants have an effect on the microbial conity in soil, microorganisms also
interact with plants in a variety of ways (Whiteadt, 2005). Plants obtain essential minerals

elements from soil. These include six macronutsiefN, K, P, S, Mg and Cu) and eight



micronutrients (B, Cl, Cu, Fe, Mn, Mo, Ni and ZnMicrobes can stimulate plant growth by
maintaining the recycling and solubilization of mal nutrients; through the synthesis of
vitamins, amino acids; providing resistance agapahogens; and to confer tolerance to toxic
compounds (White et al., 2005).

Although nitrogen is an essential plant nutrienis imetabolically unavailable directly to
higher plants and animals. Microbes in soil arpatde of taking atmospheric dinitrogen
(diazotrophs) and combining it with hydrogen to ma@knmonia by the enzyme nitrogenase, in a
process known as Biological Nitrogen Fixation (BNH)his process supplies the fixed forms of
nitrogen required for bacterial and plant growthl#8 and Bartha, 1997). Most nitrogen-fixing
bacteria are free-living in soil, but some aressaxiation with plant’s roots forming a tumor like
growth called a nodule. Nitrogen fixation by figgng, associated and symbiotic diazotroph is
the most important source of nitrogen input in ratiecosystems (Burgmann et al., 2004;
Poly et al., 2001).

Many nitrogen-fixing bacteria have been shown foriitrogen more efficiently at low
oxygen concentrations. These conditions are foumdubsoil and sediment habitats. Some
genera of free-living nitrogen fixing soil bacterae Azotobacter, Beijerinckia, Azospirillum,
Desulfovibrio, Desulfotomaculum, Klebsiella, Bagsl] Clostridium, Pseudomonas, Vibrio and
Thiobacillus(Atlas and Bartha, 1997). Actinomycetales are alsle to fix atmospheric nitrogen
as free-living organisms or in association with patible plants. Although free living nitrogen
fixing bacteria are widespread in soils, their sabé nitrogen fixation are higher in soils with
vegetation cover than in nude soil.

The participation of microorganisms in the biocheshicycles that operate on Earth

motivates the interest to study the distribution microbial activities across different



environments. Traditionally, an ecosystem is dbedr by measuring the number, frequency,
and functional role of species present. Sometirties, strategy is not practical for microbial

ecologist. This is particularly true in soil mitial communities, which are the most complex
and diverse (Kuske et al., 1997). The informagbout how microorganisms influenced and are
influenced by the lithosphere environments or ahiwet details of how chemical processes
carried out by microorganisms on surfaces and lagwgtaces contribute to geobiological events

iS scarce.

Characterization of soil microbial communities by molecular approaches

The number of microorganisms within a community && assayed through cultivation
and cultivation-independent approaches. Howeveamnynstudies have confirmed that cultured
isolates are unrepresentative of the soil bactenaimunity, less than 1% (Liles et al., 2003;
Ritchie et al., 2000; Nusslein and Tiedje, 199&ulture-independent phylogenetic techniques
based on surveys of genes after polymerase chamtioe (PCR) amplification provide a more
complete view of the microorganisms that are presethe environment. In the 1980s, Woese
and collaborators introduced the use of rRNA geaseemolecular chronometers (Woese, 1987).
Today, 16S rRNA gene is the most commonly usedhef molecular markers to relate
prokaryotic organisms. The 16S rRNA gene (i) osaarall prokaryotic organisms, (ii) shows a
high degree of conservation, (iii) is large enotigltontain useful phylogenetic information and
(iv) is present in low-copy number within the backegenome.

Various molecular techniques, such as 16S rRNAnietp (Dunbar et al., 2000),
denaturing gradient gel electrophoresis (Peixotal.et2002), and TRFLP analysis (Blackwood

et al.,, 2003) have been used to study the bactes@munity structure in soil environments.

10



These approacheslow us to makeeomparisons of the following three elements of diitg in
environmental microbial communities: the types aftieria present (composition), the number of
types (richness), and the frequency distributioretative abundance of types (structure).

Singh (2006) developed a fingerprinting method, tiplex terminal restriction fragment
length polymorphism (M-TRFLP), in which the divaysiand structure community of two or
more microbial taxa can be simultaneous analyzeg(Set al., 2006). Investigators used soil
samples collected from different habitats to exatime reproducibility and robustness of the
method. The DNA from soil samples was PCR amplifiesing taxon-specific primers for
bacteria, archaea and fungi. The same soil DNApgssrundergo a multiplex PCR with primers
for all three taxa. TRFLP profiles were generdtad PCR products for individual taxa, pooled
PCR products generated using individual PCR primmacsmultiplex PCR products. The results
showed that single TRFLP and M-TRFLP analysis pcedualmost identical profiles with a

similarity value over 90%.

Site under study
The natural regeneration of vegetation of landgdrey mining exploration @&osque

del Puebldhas been very slow. Even after more four decasteae areas &osque del Pueblo
remained bare ground where vegetation had not ezgerd. The vegetation regeneration
following other types of land uses have indicatactimfaster forest recovery than on abandoned
mining areas. In 2001 Peterson and Heemskerk ré@eteand Heemskerk, 2001), found that
vegetation cover between abandoned mined sitedfandt in the Amazon was significantly
different, but little differences were observedvistn abandoned mining areas. The impact of

mining activities is probably more severe than pttypes of anthropogenic disturbance. The
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massive repeated soil movement affects soil, wptality and microbial diversity, which greatly
slow vegetation regeneration, Figure 2.

Vegetation provides primary resources for growtkl #merefore is one environmental
factor thought to be a major determinant on mia@bbommunity structure (Nusslein and Tiedje,
1999). Others environmental factors that influemeerobial community structure in soil are soil
moisture, temperature, pH, organic carbon conceotra and organic matter content
(Ellis et al., 2003; Girvan et al., 2003; Wawrikatt, 2005).

This study represents the first approach usingudndependent techniques to examine
the microbial diversity in an abandoned unminedppgry deposits aBosque del Pueb)o
Adjuntas PR. We investigated the influence of vafyen cover on the structure and

composition of soil microbial communities.
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Figure 2. Sampling site at Bosque del Pueblo Adjuntas, Rf®td3 a. and b. were taken in 2002 and
2005, respectively.
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OBJECTIVES

The specifics aims of this study are: (i) to chtgaze the soil bacterial community
diversity in an abandoned unmined porphyry depasitBosque del PuebjoAdjuntas PR by
performing PCR-amplified 16S rRNA clone librariesgdalerminal Restriction Fragment Length
Polymorphism (T-RFLP) analysis and (ii) to correldhe microbial diversity with physical

chemical properties of soil and water streamsegdHhocations.
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CHAPTER Il
LITERATURE REVIEW

A fundamental question in ecology is how many spe@ccur within a given area.
Although tropical forestsover only 7% of the Earth's land surface, theyta@ionmore thamalf
of the world's species. Tropical forests are Wwmdiwn for their high diversity of flora and fauna
as the most genetically diverse terrestrial comteson Earth (Plotkin et al., 2000 However,
very few studies have examined specific soil mi@bpopulations in tropical forests.

Soil is a highly heterogeneous matrix. The propo of cultivable microorganisms is
estimated as less of 1% of the bacteria preseenyironmental samples. Our perspective on
microbial diversity has improved enormously over ffast few decades due in significant part to
the application of culture-independent moleculasl@gical methods, especially those based on
surveys of genes after PCR amplification. Stud&eg reassociation kinetics in DNA extracted
from soil showed the presence of 2,000 to 18,0ff@rent bacterial genomes in a gram of soil
(Torsvik et al., 1996; Sandaa et al., 1999)

In 1997, Borneman and Triplett reported the fissatiption of the microbial diversity in
Amazonian soils using clone libraries of the snsalbunit rRNA genes (Borneman and Triplett,
1997). The DNA used to construct the libraries wasacted from a mature forest soil and an
adjacent pasture soil. Fifty pasture and fiftye&irclones were sequenced. None of the 100
SSU rRNA clones sequenced were duplicates and abiiee sequences had been previously
described. They study showed a high diversity adroorganisms in the soils from eastern
Amazonia.

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

and composition of a microbial community by compgriwo adjacent soils from the Kohala
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Forest reserve on the Big Island of Hawaii (Nussknd Tiedje, 1999). One soil habitat was
continuously covered by a native tropical foresd #re other soil habitat was covered by a grass
pasture. DNA was extracted from both habitats feactionated by its guanine (G) and cytosine
(C) content. The amount of DNA was quantified tiactions with 63% G+C and 35% G+ C
contents. The small subunit rRNA genes were amedliby PCR from both DNA fractions and
used to construct clone libraries. The ribosomdAxlone libraries were screened by amplified
rDNA restriction analysis (ARDRA) to determine matt abundance profiles. They also
performed a phylogenetic analysis of the domindmres in the 63% G+C fraction from each
soil samples. A significantly higher G+C contentofje was found in the pasture soll
community than in the forest community. The ARDRBundance patterns showed differences
between habitats. The dominant clones from thestosoil were related to members of the
phylum Fibrobacterwhile the dominant phylotypes of the pasture s@te found to be related
to members of th€roteobacteria All methods used in this study showed clearedéhces in
microbial communities between the forest and passails but little differences were observed
among replicates from the same soil sample. Tiidyssuggests that at least half of the total
soil microbial mass was replaced as a consequdrate@nges in vegetation cover.

A similar study was done by Nusslein and Tiedje9@)9at an undisturbed montane
rainforest on the island of Hawaii within Volcanatinal Park (Nusslein and Tiedje, 1998).
They analyzed the soil bacterial community diversit a 200 years old tropical rainforest soil
formed from volcanic ash. The soil DNA was franfited on the basis of guanine-plus-cytosine
content. The total soil DNA and two discrete fran8, one with 63% G+C content and one with
35% content, were used to construct clone librasfebe SSU rRNA genes. To screen for SSU

rDNA diversity an amplified ribosomal DNA (rDNA) striction analysis of the amplified inserts
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was performed. The restriction analysis from urtfomated soil DNA produced 64 different
restriction patterns for the 67 clone sequencemeal. The 63% G+C fraction resulted in 46
different patterns for the 76 clone sequences exaani Of the 59 clones analyzed from the 35%
G+C fraction, 47 different patterns were obtainethe amplified inserts were also sequenced
and analyzed in order to determine phylogenetitiafbns. The majority of the soil DNA was
found with G+C contents ranging from 52 to 68% fmor quantity of DNA was in the range
from 30 to 50%. The nucleotide sequence analydiseorDNA clones identified taxa that were
expected for DNAs having G+C contents of 63% arb3%hylotypes in the 63% fraction were
members of thePseudomonas, Rhizobium-Agrobacterium, and Rhodlbsmir assemblages,
while phylotypes in the 35% G+C fraction were affiliatgdh Clostridiumassemblage.

Several studies (Peterson and Heemskerk, 2001; rddved al., 1998) had been done at
acid mine drainage production sites to better wtdad the pyrites dissolution process and to
determine which organisms are actively involvedthe acid production. Distribution and
abundance ofThiobacillus ferrooxidansand Leptospirillum ferrooxidanswere analyzed by
fluorescentin situ hybridization (FISH) at Iron Mountain, Californi&dwards et al., 1998).
Although both species had been considered to pdgyr&les in pyrite dissolution, they found
that these species were not directly involved i @eneration. T. ferrooxidanswvas found in
peripheral slime-based communities with pH valuesrd.3 and temperature below°G0but
was not present at the acid generation site witlv@ldes between 0.3 and 0.7 and a temperature
between 3fC to 50C. L. ferrooxidanswas the predominant form of microbial life assteia
with the ore body, at a temperature ovefGl@nd pH values between 0.4 and 0.7. They also
used domain-level probes to evaluate the propodiaill cells in the domainBacterig Eukarya

andArchaea At least 75% of cells belonged to Bacteria ahl@mvironments.
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Bond and coworkers (2000) investigated microbiahownities at an extreme acid mine
drainage (AMD) production site located in Iron Mdain mine, California. Environmental
samples were collected at five locations within thdfide ore body where pyrite actively
dissolves and analyzed by FISH. The Cy 3- labelegbnucleotide probes used were specific
for AMD organisms previously detected at the IrorouMitain mine. The majority of the
organisms detected in these microbial communitiedony to species ofFerroplasma
Leptospirillum Sulfobacillusand to a lesser extedcidimicrobium. Most of the organisms
detected at the mine were uncultured or recentégrilged. They suggest that geochemical and
physical properties at the sampled environmentsrohate the microbial community
composition.

Ferroplasma acidarmanuwas isolated and characterized in 1997 from Rictunfove-
way at the Iron Mountain, California (Edwards et, &000). At the time of collection
temperature, pH, conductivity, and iron concenbrasgi measurements were’@00 to 1, 120mS
cm?® and 111g litef, respectively. In this study, enrichment culturesre prepared with
sediments and mine waters collected. DNA was etddafrom two of the enrichments cultures
and clones libraries were constructed. The reptatea clones from each library were
sequenced. The majority of the clones isolatethéat a cluster witlirerroplasma acidiphilum
Fluorescent in situ hybridization analysis with engs-specific probe FER656 confirmed that
isolates belong téerroplasmagenus. Edwards and collaborators suggested spegies name
to the isolate because its physiology differs fribvat of F. acidiphilum. In order to determine
the proportion of. acidiphilumat Iron Mountain sediment and water samples weatyaed by
FISH. Around 85% of the total population in a ldiofhybridized with the=erroplasmaspecific

probe FER656, the remainder of the biofilm conslistteukaryote filaments.
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The microbial community from a natural acidophiiofilm of the Richmond mine at
Iron Mountain was studied using random shotgun segug approach (Tyson et al., 2004).
Briefly, with the whole-genome shotgun analysise ANA in a sample is shattered into
fragments of specific sizes, sequenced each odethan assembled these sequences together by
matching the ends of the DNA with a powerful ovpftaunting computer program. In principle,
this approach allows the reconstruction of enteaames of the different organisms in a sample.
Genome reconstruction at this site was possiblauser the biofilm was dominated by a low
number of species and a low frequency of genomarraegements, gene insertions and
deletions. Leptospirillum group 1l andFerroplasmatype Il genomes were near-completely
recovered. Three other genomes were partiallyvexeal. However, the microbial community
in soil environments was too diverse. Studiedhatiton Mountain revealed that microorganisms
not previously reported at AMD sites, such as nowsjanisms from thd eptospirillum,
Thermoplasmales, Sulfobacillus, Acidimicrobiumnd Acidiphilium groups are important
contributors to the oxidative portion of the tetreed sulfur and iron geochemical cycles.

Rosado et al. (2002) usepoB and 16S rRNA genes as biomarkers to analyze fiedro
community from a Brazilian tropical soil by PCR abD&GE methods. From the study they
concluded: (i) the fingerprints generatedrpgB PCR-DGGE were different from the 16S rDNA
PCR-DGGE fingerprints, (i) both thgpoB and the 16S rDNA communities profiles were
affected by soil depth but no differences were pletbetween dry and wet season and (iii) the
single copy ofpoB gene rather than the multiple copies of 16S rRi¢Ae in bacterial genomes
resulted in single bands apoB DGGE gels which provided a more accurate refbectof

microbial communities than 16S rDNA-DGGE gels.

19



Molecular ecological studies that rely on probesgpwmers specific for the SSU rRNA
gene, such as PCR-amplification (Janssen, 20Q8)refscenin situ hybridization (Edwards et
al., 2000; Cottrell et al., 2000) and slot blot hgilzations have been provided invaluable
information about the diversity and abundanceAcfdobacteria However, little is known about
the genetic and physiology of this uncharactergredip. Acidobacteriaare expected to have an
important ecological role in soil habitats and ateasive metabolic versatility. 16S rDNA clone
libraries from nutrient-poor calcareous grassladnf Germany revealed that around 15% of all
sequences recovered from this habitat belongectidohacteria (Quaiser et al., 2003). In order
to obtain additional information aboAtidobacteria an environmental genomic approach based
on large-insert libraries was conducted from DNAlo$ calcareous grassland soil. Specific 16S
rDNA probes were used to identify genomics fragreesftAcidobacteria Six acidobacterial
clones were sequenced, representing in total rhare210,000 base pairs (bp).

Since its first use with soil samples, (Osborn, ®0@he T-RFLP analysis of PCR-
amplified genes has become one of the most powerétihods in microbial ecology to obtain a
genetic fingerprint of the composition of a micrabcommunity (Blackwood et al., 2003).
Briefly, the community DNA was PCR-amplified usirape or more fluorescently labeled
primers, followed by restriction endonuclease digesand the resulting patterns were analyzed
using a DNA sequencer. In principle, each termmmgiriction fragment correspond can be

defined as a single population within a communitypyer, 2003).
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CHAPTER Il
MATERIALS AND METHODS

Sampling Site

Two sampling sites were established®asque del Puebl(18°11°'42.30"N, 6641'11.85”
W), Adjuntas Puerto Rico. The sampling sites wererrefeto asEstacion BosquéEB) and
Estacion Mina(EM). Estacion Bosqués located within the secondary forest and cower b
tropical vegetation. Estacion Minawas cleared in the 1960’s for mining activitiesddies

adjacent to the forest.

Water Sample Collection

Sample collection and environmental measurementsabér were carried out monthly
from January to November 2005.

Water samples of approximately 250 ml were collédtetriplicate at each sampling site
at ten minutes intervals. Conductivity, pH, anthperature measurements were maudsitu
with a Horiba U-10 Water Quality Checker. Electred&vere -calibrated according to
manufacturer’s instructions.

For heavy metals analyses, water samples werectadlen triplicate at each sampling
site at ten minutes intervals. Water samples welected in 500 mL polyethylene bottles that
were first doubly rinsed with sample water. Aftailection, water samples were preserved by
acidification using concentrated nitric acid (HNO Water samples were transported on ice to
the laboratory and refrigerated at abo€ 4intil the analyses were performed. Each saniple o
500-mL of water was transferred into a 600mL-beat@rtains 3.0 mL of concentrated nitric
acid. Water samples were evaporated by heatingruneiling point with a hot plate, until a

volume of 15-20 mL of sample remained in the beak&amples were allowed to cool and an

21



additional 3.0 mL of concentrated HN@ere added. Samples were covered with a watds gla
and heated on a hot plate until boiling. Samplesewpassed through Whatman #40 filters and
washed with 10% HCI. Additional 10% HCI was ada@exhlytically to a final volume of 50.00
mL. Samples were sealed until analysis. Atonhiseaption determinations for copper (Cu),
nickel (Ni) and lead (Pb) were obtained with a Rei&mer Model Analyst 100
spectrophotometer, using an air-acetylene flaméandards were prepared by dilution from
1,000 ppm stock solutions (Fisher Sci., ACS graddje concentration of acid-extractable
elements were determinate as described previokdggol and Diaz, 2003).

Statistical significance for physical and chemipakameters for water samples from
Estacion BosquandEstacion Minawere assessed by a one-way analysis of variand©).
One-way ANOVA was performed wusing a software progra posted at:

[http://faculty.vassar.edu/lowry//anovalu.html

Soil Sample Collection

At Estacion Minaand Estacion Bosqueampling sites, one square meter quadrant was
randomly located. Ten soil cores measuring 10 eepdand 2.54 cm wide were collected using
soil-coring devices that encase the soil in a Eam steel sleeve. The soil samples were
removed from the cores, and the top (0-5 cm) sectiod bottom (5-10 cm) section were
separated from each other. Soil subsamples cetlettthe same section were mixed and placed
in sterile Nalgene™ bags. EBS and EBP soil sampke® obtained from the same location
(Estacion Bosquéehut at different depths, 0-5 cm and 5-10 cm, retbpaly. Likewise EMS and
EMP were obtained at different depths of the samsation Estacion Mina) 0-5 and 5-10 cm,

respectively. Samples were immediately placed entransported to the laboratory, and stored
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at -20C until further analysis. The physicochemical pagtars in soil samples were determined
by standard methods at the Tropical Agriculture Resh Station (TARS), Mayégz, Puerto

Rico.

DNA Extraction From Soil
Nucleic acids were extracted from 1.0 g aliquoteath of the four soil samples. DNA
extraction was performed with the Ultra Clean SBPINA kit™ (MoBio Laboratorie§),

according to the manufacturer’s protocol.

PCR Amplification, Cloning and Sequencing:

PCR amplification of bacterial 16S rDNA was carr@d by using the forward primer 8F
(5-AGAGTTTGATCMTGGCTCAG-3) and the reverse 1392R (5-
ACGGGCGGTGTGTACA-3’) universal primers. Amplifigah was performed in a 25 pl total
volume reaction mixture containing ~80 ng of soil AN5.0 ul of 10X Go Taq polymerase
reaction buffer B, 0.85 pl of 25mM Mg£I12.0 pl of dNTP’s mix [2.5 mM (1:1:1:1 proportidn)
0.5 pl of each 16S rDNA primer [50 pmol/ ul], 8.R1 of 1.25U Go Tag DNA polymerase
(Promeg&) and ddHO. The amplification from total environmental DNAxteacts were
performed with a Perkin Elmer Gene Amp PCR Systd®02" as follows: a denaturation step
of 2 minutes at &, thirty-five cycles of denaturation at 8@ for 1 min, primer annealing at 52
°C for 1 min, and primer extension at 2 for 2 min; followed by a final extension step iff
minutes at 72C. Five replicate reactions were conducted foheazfcthe four soil DNAs and
then pooled to neutralize the effects of bias iy single thermal cycling reaction. The amplified

products were visualized by 1.0%t/vol] agarose gel in 1X Tris-Acetate-EDTA buffer. Thed g
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was stained with ethidium bromide and then phofoged under UV light. A 1.5-kb fragment
was excised, purified and concentrated as desciibéte Wizar@ SV Gel and PCR Clean-up
system (Promea and stored at -28C until cloning step. PCR products were clonedibing
the pGEM-T vector system I (Promé@geaccording to the manufacter’'s protocol. Thetlya
were transformed into JM109 High Efficiency Compet€ells and plated on Luria-Bertani agar
with ampicillin to a final concentration of 100 mgl. The LB plates were supplemented with
100 ul of 100mM IPTG (isopropys-D-thiogalactopyranoside) and 20 ul of 50 mg/mL &G
(5-bromo-4-chloro-3-indolyB-D-galactopyranoside) according to manufactureristructions
(Promeg&). White colonies were grown overnight in 2 mL iaiBertani broth containing
ampicillin [50mg/ml] and incubated at 3C in a rotatory shaker at 120 rpm. Plasmids were
purified using a Wizarf8l Plus SV Minipreps DNA purification system (Prom&ga Primers
used for amplification of 16S [rDNA inserted sequesnc were SP6 (5'-
ACGATTTAGGTGACACTATAG-3) and T7 (5-TAATACGACTCACTATAGGG-3)
corresponding to vector DNA flanking cloned inséPromeg8). PCR was conducted as
described above except that the final step combkisténcubation for 7 minutes at 7. The
PCR products were visualized by agarose gel elgotn@sis, and the products obtained were
purified by using Wizarll SV Gel and PCR Clean-Up System. Each clone wsigmted EBS,
EBP, EMS or EMP, followed by the clone number. Ehegle-strand nucleotide sequencing was
performed using the T7 promoter primer at the Nav@énomics Center, University of Nevada-
Reno on an ABI Prism 3730 DNA analyzer™. A tothll60 ng/ pl of each PCR product were
used to prepare the samples; dilutions were dondeasribed in the sequencing preparation

protocol of Nevada Genomics Centerww.ag.unr.edu/genomigs The Nevada Genomics

Center used Phred, a base call quality assessmiwase, in conjunction with the ABI Prism
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3730 DNA analyzer. The Phred software reads DNjusacer trace data and assigned a quality
score to each base in a sequence (Ewing et al8).19@ this study, bases that were given a
Phred score below 20 were eliminated in all analyse

Each sequence was submitted to the CHECK_CHIMER#gnam version 1.8 of the
Ribosomal database Project (RPD) to detect theepoesof possible chimeric artifacts. A
preliminary identity was done by compared a toff239 partial clone sequences with sequences
obtained from the BLAST, National Center for Bidtaology Information

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

In order to conduct phylogenetic and statisticalgses of the 16S clone libraries, the
sequence data set from each library were divid@étidee sequences inserted to the plasmid in a

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

Phylogenetic Analyses of cloneslibraries

Seventeen, thirty-one, twenty-five and seventegmesentative clones (OTUSs) inserted
to the plasmid in a 5 end orientation from EBS,FEEEMS and EMP libraries, respectively,
underwent phylogenetic analysis. Likewise twemighteen, sixteen and fifteen representative
clones (OTUs) from EBS, EBP, EMS and EMP librariesspectively, from the 3’ end
orientation sequences data set also underwent gdryddic analysis. The sequences from each
library in each end-orientation-data-set were ifdlially aligned with sequences obtained from
the Greengenes Database (DeSantis et al., 2008)g @ustalW function of the BioEdit

software version 7.0.phttp://greengenes.lbl.gbv A phylogenetic tree was constructed for each

end-orientation-sequences-data-set. Phylogeneties tivere constructed with the Molecular

Evolutionary Genetics Analysis package (MEGA vers#0), (Tamura et al., 2007). The
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confidence level of the phylogenetic tree topolegs evaluated by performing 2000 bootstrap

replications with the Neighbor-Joining methodiquifex aeolicuserved as the outgroup.

Diversity I ndices and Statistical Analyses of the 16S Clone Libraries:

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

were uploaded to the ClustalW progrdinttp://www.ebi.ac.uk/clustal/ of the European

Bioinformatics Institute (EMBL-EBI) for alignmentA distance matrix was constructed from
each alignment using the DNADIST program, availaiblehe phylogeny inference package
PHYLIP (Version 3.65; J.Felsenstein, Department Gdnetics, University of Washington
[http://evolution.genetics.washington.edu/phylimi). The distance matrix was used as an
input file to DOTUR (Distance based OTU and Riclsneketermination software [www.
plantpath.wisc.edu/fac/joh/dotur.html]), which pacsequences into OTUs. An OTU is defined
as containing sequences with greater than 97%asityil DOTUR was also used to calculated
diversity indices: Shannon-Weiner index (H), Simpsoreciprocal index (1/D), richness (S),
evenness (H), Jackard index, Schao, SAce. ASL@r{blogy and Oceanography: Methods
[http://lwww.aslo.org/lomethods/free/2004/01114.pdfps used to construct rarefaction and
coverages curves from the values previously caledlay DOTUR.

The 16S rDNA libraries from each end-orientati@sisences-data-set were compared
using the Web-LIBSHUFF (an abbreviation of LIBr&UFFling) computer program (version
1.22; D.Singleton, Department  of  Microbiology, Uergity of  Georgia
[http://libshuff.mib.uga.edu/]) to determine if thare significantly different from one another.
The LIBSHUFF program analyzes two libraries atraeti In order to compare the level of

differences among the four libraries in this stdishe individual analysis were necessary: EBS
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vs. EMS, EBS vs. EBP, EMS vs. EMP, EBP vs. EMP BBdvs. EM. For each analysis, a
distance matrix was generated using DNADIST prograweb-LIBSHUFF analyzed the
distance matrix generated by DNADIST program by parmg coverage curves as described by
Cramér-von Mises test statistic,

ACy=Y |G(D)-Gy(D)F,

where D increase in increment of 0.01, (Kemp e2@04; Singleton et al, 2001).

Terminal Restriction Fragment Length Polymorphism (t-RFLP) of the DNA Soil Samples

Total genomic DNA was extracted from 1 g aliquofssoil samples, as described
previously. The labeled-forward 27F and the reeell392R’ primers were used to amplify
approximately 1,500 bp fragment of the 16S rDNA. pfication was performed in a 5l
(total volume) reaction mixture containing approgaiely 100 ng of the soil community DNA,
10 pl of 10X Go Tag DNA polymerase reaction buffer B7 ul of 25mM MgCh, 4.0 pl of
dNTP’s mix [2.5 mM (1:1:1:1 proportion)], 14 of [10mg/ml] BSA, 1.0 pl of each 16S rDNA
primer [50 pmol/ pl], 1.0 pl of 1.25U Go Taq DNslymerase (Prome§pand ddHO. The
PCR was performed with a Perkin Elmer Gene Amp FEyRtem 2400. Reaction conditions
were the same as those described above.

The quality of amplified 16S rDNAs was examined 186 [wt/vol] agarose gel
electrophoresis in 1X Tris-Acetate-EDTA and ethiditoromide staining. The PCR products
were purified using the Wizard SV Gel and PCR cleprsystem (Promef} according to
manufacturer's protocol. Purified PCR products p(agimately 200 ng) were digested
separately with 5 U of tetrameric restriction engddeasedHaelll [GG’'CC] [where the prime
shows the site of cleavagdylspl [C'CGG], andRsal [GT'CA] (Promeg&) in a 20l total

volume according to manufacturer's recommendedti@aduffers. Restriction digests were

27



incubated at 37C for 4 h, after the reaction was completed, tist¢riction endonucleases were
deactivated by heating the reaction mixture t&Osf®r 10 min.

Following reaction digestion, 2.4 of each digest was mixed with 21b of IR2 stop
solution (LI-COR Bioscienc&3. The mixture was denatured af@4or 5 min and cooled on
ice, aliquots (1.Qul) were loaded onto a 0.25 mm thick and 25-cm- 166 acrylamide gel
(acrylamide gel matrix K%“S-LICOR) using the LI-COR Biosciences NENNA Analyzer
Model 4300. Electrophoresis was performed for @ith the following parameters: voltage

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

Data Analysisof TRFLP

T-RFLP profiles were generated using the Gel Pnalyzer software, version 4.5. In
order to avoid TRFs caused by primer dimmers, wg considered peaks at positions between
50 and 700 bp. The relative abundance of a TRETFRFLP profile was calculated by dividing
the peak height of the TRF by the total peak heaflall TRFs in the profile. All peaks with
heights that represented less than 0.5% of thegde&k height were excluded in further analysis.
This step was performed to minimize the effect afiations in the T-RFLP profiles caused by
the quantity of DNA analyzed. The data obtainemmfrthe T-RFLP profiles were exported to
Excel, Microsoft software and converted into a treéa abundance table (percentage of
individual peaks in each profile). T-RFLP profileere aligned by inspection of the relative
abundance table and by manually grouping of th&geato categories. The peaks were aligned
by the size of peaks in base pairs. The overdRFLP profiles for each DNA sample soil
consisted of the individual T-RFLP profile genedatby each restriction endonuclease.

Statistical differences and cluster analysis far filur DNA soil samples T-RFLP profiles were
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performed using Past (Paleontological statisticekpge) 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 arevehim Table 1. Two soil samples
were obtained from each location correspondingfferént depths. EBS (0-5 cm) and EBP (5-
10 cm) were collected from the secondary foredkewise, EMS (0-5 cm) and EMP (5-10 cm)
were obtained from the non-vegetated site. The rebdephosphorus, potassium and calcium
ions’ concentrations found in EMS and EMP soil sEmpvere lower than the corresponding
concentrations within the secondary forest soil am However, the relative order of the
magnesium ion concentration in the sites’ samplas fwund to be EBS > EMS > EMP > EBP.
The organic matter, organic carbon, and total ggrocontent found in the forested soil samples
(EBS and EBP) were higher than the correspondingecd found in deforested soil samples
(EMS and EMP). As shown in Table 1, the range invp$ 4.05 to 4.69. In general a higher
acidity was observed in deforested soil samples SEmMid EMP) with lower organic content

(<0.30%).

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

Soil pH! pH>  OrganicC OrganicM  Total N' Concentration (ppm) of:
samples (H,0) (CaCh) (%) (%) (%) P K cé Mg® wmnf
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 fr@&stacion Bosquend Estacion Mina
water samples are shown in Figure 4, (individuahsueements are given in Appendix Il). The
average water temperature showed a steady incieasd-ebruary to June. The highest value
was measured in June. After June the average vYeatgrerature showed a steady decrease. It
can be noticed that the rate of temperature inerbatveen February and June is larger than the
rate temperature decrease from June to Novemb@s tfEnd was more pronouncedHstacion
Bosquethan inEstacion Mina The average water conductivity measure@Estacion Bosque
was 0.054 (mess/cm), whereas the correspondingageefor Estacion Minawas 0.402
(mess/cm). While acidity for the sampling periodsnhigher folEstacion Mina(pH 4.0) than
for Estacion BosqudpH 5.3). One-way ANOVA demonstrated that thefeddnces in the
temperature, conductivity, and pH average valuesvden the two sampling locations are
statistically-significant, (P < 0.0001 < 0.05), €°0.0001 < 0.05), and (P < 0.0001 < 0.05),

respectively.

Nickel, Copper and Lead concentrationsin water samples

Averages values and their standard deviations cfehiand copper concentrations in
water samples frorstacion BosquandEstacion Minaare given in Table 2, (individual values
were presented in Appendix Il). Nickel concentratin Estacion Minawas almost twice the
observed tdstacion Bosque While copper concentration was three times higisewell. Lead
was not detected at any site during the samplingpghe Performance of one-way ANOVA
analysis of the metal ions concentrations in watemples fronEstacion BosquandEstacion

Mina showed statistically significant differences (P<@0 <0.05) in nickel concentrations, and

31



(P<0.0001 <0.05) in copper concentrations of tlagewsamples from two locations Bbsque

del Pueblo
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Figure 3. Temporal variation of (a) temperature, (b) castoity, and (c) pH values of water samples obtdiae
Bosque del PuebjoEstacion Bosqué) and atEstacion Mina(o).
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Table 2. Elemental analysis of nickel and copper otent in water samples

at Bosque del Pueblo, Adjuntas, PR

Chemical element (ppmf

Ni Cu
Estacion 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)
Estacion 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)
@Average Standard Deviation.
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DNA extraction and PCR amplification from soil samples

DNA extracted from the four soil samples was presi@antly of high molecular weight
(Fig. 1) and was appropriate for direct PCR amgdifion. The amounts of DNA extracted from
the four soil samples differed greatly. The pre§XEBS, EBP, EMS and EMP indicate that the
16S rRNA gene sequences were obtained from soiplesnatEstacion Bosque Superficiat 0
to 5 cm depthEstacién Bosque Profundad 5 to 10 cm deptlstacion Mina Superficiaht O to
5 cm depth anéstacion Mina Profundat 5 to 10 cm depth, respectively. The highesidgi of
genomic DNA recovered were from the EBS and EBP samples and the estimated amount
were approximately twice the yield obtained from &&ind EMP samples.

Out of 59 positive transformants recovered from BBS library 57 clones tested positive
for 16S rDNA genes (97%). The EBP, EMS and EMFaliles yielded 71 clones (96%), 61
clones (94%), and 50 clones (94%), respectivelyonédNof the 16S rDNA sequences were
identified as chimeric artifacts based on resuibsnf CHECK_CHIMERA version 8.1 program
of the Ribosomal Database Project (RDP) and Grewmwy@rogram (DeSantis et al., 2006

[http://greengenes.lbl.gdv Ten sequences with less than 450 base pairength were

excluded from the analysis. The resulting 239 IBNA sequences belonged to the kingdom
Bacteria, giving a specificity of 100% for the 8-AGAGTTTGATCMTGGCTCAG-3’) and
1392R (5'-ACGGGCGGTGTGTACA-3’) primers.

The 239 clone sequences had a length ranging #®snto 824 base pairs. Eighty-six
percent (205) of the clone sequences were aboutosB89 base pairs in length. Only sequences
containing bases with a given Phred Q vakie20 were considered for statistical and

phylogenetic analyses.
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Figure 4. DNA isolated from soil samples. Lane 2, DNA sanipten EBS; lane 3, from EBP; lane 4,
from EMS; lane 5, from EMP. Lambda digested vkitind IIl and EcoR as used as molecular marker,
lanel.

Phylogenetic groups of Bacteria detected in soil samples

A total of 11 phyla were identified out of four ol libraries. Figure 5 describes the
distribution of bacterial groups found in the EEEBP, EMS, and EMP clone libraries. A large
proportion of clones from EBS clone library wereentified as Acidobacteria 29%),

Proteobacteria 24%), and Verrucomicrobia (23%) respectively. Smaller proportions of
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Chloroflexi (5%),Firmicutes (4%), Actinobacteria (4%@ndBacteroidetes (2%)ere identified

in EBS clone library. The collection of sequendesn EBS clone library did not contain
Planctomycetes, Verrucomicrobia, Elusimicrobia, @yacteria or Nitrospiranembers EBP
clone library also contained a high proportion oembers of Acidobacteria (41%)and
Proteobacteria (36%) Five percent of the sequences from EBP clomarjbwere identified as
Actinobacteriamembers. In addition, membersEisimicrobiawhere found only in the EBP
library, which accounted for 1% of the total sequesnof that library. In contrast to the EBS and
EBP clone libraries, the collection of sequencesnflEMS and EMP libraries were dominated
by Chlorofleximembers with 32% and 48%, respectively. Howevéarge proportion of EMS
sequences belonged Azidobacteria (29%jand Proteobacteria (13%)nembers. The smallest
population ofProteobacteriamembers was found in EMS. Another bacterial grimymd in a
relatively small quantity in EMS library was Firmies (5%). Members of phyluMitropirae
were found only in EMS clone librarCyanobacteriamembers were identified only in EMS
(5%) and EBP (1%) clone libraries. Furthermorembers ofAcidobacteriaandProteobacteria
phyla were common in the EMP clone library; with9d%nd 23%, respectively. A small
proportion of sequences from EMP clone library wdentified as members &irmicutes(6%),
Verrucomicrobia (2%) and Planctomyceteg2%) members. Between 4- 9% of bacterial

sequences were not classified.
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Figure 5. Distribution of phylogenetic groups Bfacteriadetected in soil samples by 16S rDNA clone litesria)

EBS, (b) EBP, (c) EMS and (d) EMP.
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In order to conduct richness estimation, the closequences from each clone library
were placed into OTUs. The criterion used to de@idJs was a 97% sequence similarity. Nine
seven OTUs were identified in the 134 16S rDNA seges recovered from the 5’ end-portion-
data-set. Likewise, 71 OTUs were identified in B@fuences from the 3’ end-portion-data-set.
The sequence that best matches each OTU was iddnbly a comparative analysis with
sequences deposited in the NCBI database. Eacbsespative clone sequence (OTU) and its
closest match according to NCBI databases are givAppendix lll.

Ninety seven OTUs from the 5 end portion-data‘setre generated using DOTUR
program. None of the generated OTUs was commahedour clone libraries investigated.
However an OTU represented by EBP124 was preselaBB, EBP and EMP clone libraries.
Four OTUs represented by EBP114, EBP406, EBP40E&RN17 were presented in EBS and
EBP clone libraries. While two OTUs representedBdP55 and EMS 414 were presented in
EMS and EMP soil samples.

Seventy-one OTUs were generated from the 3’ endigmedata-set using DOTUR
program. As occurred in the 5’ end portion-datasseommon OTU in all soil samples was not
found. Three OTUs represented by EBP409, EBP1d(E&P167 were found in EBS and EBP
soil samples. Two OTUs, EBP 115 and EBP146 weesgnt in EBP ad EMS soil samples.
Only one OTU, represented by EBP416 was found i® BBd EMP soil samples. The most
dominants OTUs in EBS community were EBS115 and HBSeach OTU composed of two
sequences. Three sequences represented by EBR1®2h& most dominant OTU in the EBP
community. In the EMS community the most abundaitUQrepresented by EMS413, was

composed of five sequences. Two OTUs representddMiy445 and EMP203 were the most
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abundant OTUs in the EMP community, each compodetihree sequences. In the 3’ end

portion-data-set forty-seven of the sequences wergent in single-member OTUS.

Diversity Statistics of the clonelibraries
DOTUR was used to analyze all clone libraries tmcsed fromBosque del Pueblsoill
samples. DOTUR analysis requires that the seqseaata-set from each library are aligned by

using ClustalW softwareftp://ftp.ebi.ac.uk/pub/software/unix/clustalyw/and that a distance

matrix is constructed by using the DNADIST progrénom PHYLIP computer software. The
generated distance matrix was used as an inpubfiBOTUR which rapidly and systematically
assigns sequences to OTUs. In this study, OTUs defined by using a distance level of 3%.
The richness estimators and diversity indexes tatled from each library sequence-data-set
using DOTUR are presented in Table 3. Data in & 8cbtlemonstrates that when clone libraries
belonging to the 5’ end-oriented-data-set were amexgbin terms of diversity, both Shannon and
Simpson’s indexes revealed that EBP 5 community ddigher diversity than EBS, EMS, and
EMP communities. While in the 3’ end-portion-da&-both Shannon and Simpson’s diversity
indexes revealed that EBS community had a higheersity than EBP, EMS and EMP
communities. According to Shannon index EMP comityumad the lowest diversity in both 5’
and 3’ end-oriented-data-set. The 16S rDNA geiodmess was calculated for each community
using nonparametric estimators ACE, ChaO and Jdccakccording to Jaccard and Chao
estimators, richness in clones libraries from theri-oriented-data-set decreases as follows:
EBP > EBS > EMS > EMP. While the richness in cléibearies from the 3’ end-oriented-data

set decreases as follows: EBS > EMP > EMS > EBfeasaled by Jaccard and Chao estimators.
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Table 3. Diversity and richness estimates from 16®NA clone libraries.

Clone

Diversity estimate

Richness estimate

Library Shannon  Simpson’s O_bserved Jaccard SAce Schao  Coverage
(H) (D) Richness” (%)
EBS 5 2.88 27.35 21 (31) 58.37 62.8 61 48
EBS 3 3.02 64.99 22 (26) 88.85 99.8 79 27
EBP 5 3.36 77.99 31 (40) 58.98 72.94 63 43
EBP 3 2.71 23.25 18 (31) 25.00 22.91 22 74
EMS 5 3.16 50.99 26 (34) 53.26 74.71 58 41
EMS 3 2.60 18.47 16 (27) 26.71 31.37 27 63
EMP 5 2.78 23.88 19 (29) 48.02 51.30 49 52
EMP 3 2.49 19.09 15 (21) 28.42 34.36 29 52

® The values in parentheses are the number of 188 dones. Richness is the number of distinct
sequences (OTUs). An OTU is defined as a growgegfiences that share more than 97% nucleotic

similarity.
The

Good

Coverage

Index,

calculated

using

the

pragr ASLO

[www.aslo.org/methods/free/2004/0114a.ijimhas used to evaluate whether a library has

captured a sufficient large fraction of diversitythe sampling environment (Kemp and Aller,

2004).

Figure 6 shows the good coverage curveth&5’ end terminal data-set of EMP, EBS,

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

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

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

27%, respectively,

Figure 7. The Good coveragewesushowed that EBS, EBP, EMS, and

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

environments.
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Plots of OTUs number and library sampling sizedfi@ction curves) were constructed for

each sequence-data-set using DOTURpf/www.plantpath.wisc.edu/fac/joh/dotur.himlto

assess the relative richness among libraries wifferent sampling sizes (Schloss and
Handelsman, 2005). The criterion used to estirttegeactual bacterial diversity within a sample
is the OTUs number independency of library sampsizg. This information can be deduced
where the plots in Figure 8 levels off (Kemp andeAl2004). The plots of OTUs number vs.
library sampling size in Figure 8 are concave (dearml) indicating a tendency to level off at
some library sampling size. The region in the plathere OTUs number is library size-
independent were not reached experimentally. Hewethat region can be estimated

mathematically using graph analysis and interpiciat
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Whether or not two clone libraries were signifidgrdifferent in term of their bacterial
community composition was elucidated by using LIRSHF software. The input file, a distance
matrix for each of the two clone libraries, whichneeded in the analysis using LIBSHUFF is
generated by DNADIST, a program within PHYLIP corteysoftware.

One of the LIBSHUFF out puts is a p-value. Thiggiue is used to assess whether clone
sequences from two libraries are different in tefntheir bacterial composition. The criterion
used is that p-values > 0.05 indicate that twaalies may be derived from the same source. All
p-values (= 0.001) were smaller than 0.05, theegfogsults from LIBSHUFF analysis suggest
the existence of statistically-significant diffeoes among the clone libraries in this study. Thus,
one may conclude that they may come from distioatces.

Another output generated by LIBSHUFF software iset of two coverage curves.
Coverage curves generated by LIBSHUFF were alstulugseols to determine the extent of
differences between two given libraries. The haygols coverage curve (©)), was
determined by comparing each sequence in the jilwah the other sequences within the same
library. A second analysis was done where eacheseguin given library was individually
compared to all sequences in another library; #&ulting coverage values generated the
heterologous coverage curve,(D)). Two libraries are not significantly different the
homologous and heterologous curves appear similhen two libraries are significantly
different, the homologous and heterologous curdé diverge at some points. In all analysis
made for libraries under this study, the homologand heterologous coverage curves revealed
that the libraries were significantly different fnoeach other. The homologous and heterologous

coverage curves for each analysis are shown in AgipdV.
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Phylogenetic Analyses of clonelibraries

The microbial community composition of the four méolibraries was investigated by
comparative sequences analysis of partial 16S rdAes. Phylogenetic analysis, using the
MEGA3.1 computer package, was performed on theo®ign—data-set corresponding to EBS,
EBP, EMS and EMP libraries. Specifically, seventethirty-one, twenty-five and seventeen
OTUs from EBS, EBP, EMS and EMP libraries, respetyi were analyzed. The same analysis
was performed on the 3’ end portion-data-set ofctbae libraries above. In this case, eighteen,
twenty-one, sixteen and sixteen OTUs from EBS, EBR]S and EMP clone libraries,
respectively were analyzed.

As shown in the 5’ end phylogenetic tree in Figdréwventy-one out of ninety-two OTUsS
from EBS, EBP, EMS and EMP clone libraries werelliatéd to phylum Acidobacteria,
Figure 9a. The OTU represented by EBS 94 were Iglostated toKorebacter versatilisstr-
Ellin 345. Two OTUs, EBP9 and EMP207 formed a tdusvith Edaphobacter modestusdr-
Jb-1 andAcidobacteria capsulatumMost OTUs of the 5’ end tree were more closelgted to
uncultured environmental clone sequences obtairad flifferent environmental soil samples
deposited in NCBI-data base. An OTU represented BWS414 was affiliated with
Acidobacteriaand shared a high sequence similarity (95%) wittboae sequence from soil iron-
manganese nodules (He et al., 2008). WhereasQfikds represented by EBS87 and EBP114
were more closely-related to uncultured bacterilones from limestone soil aggregates (Hansel
et al.,, 2008). OTUs EMS415, EMS146 and EMS112&adquence similarity between 96 to 98
% to uncultured bacterium clones from solil rhizasels (Lesaulnier et al., 2008). Four OTUs
were more closely-related to uncultured clones ftoopical forest soil samples, two of the four

OTUs represented by EBP140, EBP139 were relatetbt@s from Brazilian soil samples (Kim

47



et al., 2007). The OTU represented by EMP207 wiate to a clone sequence from a Taiwan
tropical forest soil (Tseng et al., GenBank Acoaissio. DQ984559.1), and the one represented
by EMP55 was related to a clone sequence from Choiasamples (Chan et al.,, 2006).
Interestingly, the OTU represented by EBP162 wdated to an uncultured clone from a
subalpine forest soil in Colorado USA (Jones et@énBank Accession no. EU150198.1).
Nineteen of ninety-two OTUs from the 5’ portiontalset were affiliated to the phylum
Proteobacteria and were further clustered inte, 3-, & andy- Proteobacteria. As shown in
Figure 9b.Alphaproteobacteriavas the most abundaRroteobacteriain the EBS, EBP and
EMS clone libraries in this study. An OTU represehby EBP107 showed a sequence similarity
(99%) toBradyrhizobium sp OTUs represented by EBP150, EBS106, EBP169 ahd4B8
were also similar to common soil bacteria, suchiagying bacteria and Rhizobiales. Among
the OTUs, the sequences EMP208 and EMS134, ckdsafy-Proteobacteria were related to
clones from Kalahari Shield in South Africa surfasater (Gihring et al., 2006) and soll
rhizosphere from Wisconsin (Lesaulnier et al., 2008n OTU represented by EBP 126, and
classified as @etaproteobacteriaformed a cluster with a sequence similarity 00%Owith
Burkholderia nodosatr-Br3461, which was isolated from nitrogen-figinodules on the roots
of woody legumes native to Brazil (Chdrak, 2008). Four OTUSs, represented by
EBP414, EBP104, EBS74 and EBP163 were affiliated utwultured members ob-
proteobacteria found in various soil environmenishsas: forest soil in Central Taiwan (Lin et
al., GenBank Accession no. GU016086.1), tall gmsgie soil in central Oklahoma (Elshahed
et al., 2008), soil aggregates from Oak Ridge, HEnsel et al., 2008), and rice paddy field soil
(Kuesel et al., GenBank Accession no. AM941477.pdeed, OTUs represented by EBP 414

and EBP163 were more related to cultured stradtm®ndromyces crocatupublished by
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Shimkets and Woese in 1992 aftigmetella auranticatr-Sg al published by Syar in 1999,

respectively. Both strains have been reported ampte soils from tropical rain forests
worldwide

OTUs affiliated with the phylunChloroflexiconstituted 18 out of the 92 OTUs in the 5’
portion-data-set, (20%). Most of the OTUs classifas members of the phylubtoroflexi were
retrieved from soil samples at the deforested f{@MS and EMP) irBosque del PuebldAs
revealed in Figure 9c, many of the OTUs affiliatedCloroflexi were clustered between them
rather than with clones sequences previously dedeat other environmental samples, as is the
case of the OTUs represented by EMS449 and EBSVR8B and EMP442, EMS111 and
EMS115, and, EMP415 and EMP7. Based on the 5'@&ildgenetic tree OTUs represented by
EMS12 and EMP413 clustered with clone sequencegevetd from volcanic deposits from
Hawaii, USA (Gomez-Alvarez and Nusslein, 2007). iIe/IOTUs represented by EMP434 and
EMP421 shared a sequence similarity between 9%% ®@ith clone sequences found in soil
aggregates from Oak Ridge, TN (Hansel et al, 2008gdobacter racemifestrain SOSP1-21
was the cultured strain most closely-related to tmens ofCloroflexi that were found in clone
libraries atBosque del Pueblo

Seven OTUs represented by clone sequences EBS85120B EBS107, EBP109,
EBS102, EBS108 and EBP417, affiliated with the phylVerrucomicrobia,and shared a
sequence similarity between 91 to 97% with soihel® from various environments, Figure 9d.
Based on results from the phylogenetic analysisopmed in this studyChthoniobacter flavus
str- Ellind28 was the only cultured strain that wad8liated with the verrucomicrobial clone

sequences froBosque del Pueblo
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Five OTUs were affiliated to members of phyléutinobacteria as shown in Figure 9d.
OTUs represented by EBP143, EBP145, EBS116 and EBSilere more closely-related
between them than with uncultured clones from dedab; the most closely related isolated
strains wereMlycobacterium bouchedurhonenste 4355387 andctinomadura spstr Shinshu-
MS-03. An OTU represented by EBP147 shared a seguesimilarity of 97% with
Mycobacterium bouchedurhonenste 4355387, both sequences formed a cluster sigopby a
bootstrap value of 95%.

The clone sequences froBosque del Pueblohat belong to the phylurrirmicutes
formed two clusters as revealed in Figure 9d. ATUS classified within this Phylum were
related to bacterial clones or bacterial strainteated in soils and sediments environments.
OTUs represented by EMS13, EMS107, EMP435 and EMRvERe phylogenetically related to
uncultured clones from various soil environmentses$t soil from central Taiwan (Lin et al.,
GenBank Accession no. GU016168.1), Eucalyptus ateomt soil from China (Duan et al.
GenBank Accession no. GU172181.1), inland dunediefrom Georgia, USA (Tarlera et al.,
2008 ), and rhizosphere soil of trembling ess. tremuloideyin Rhinelander, WI, USA
(Lesaulnier et al., 2008). While OTUs represeriigdEBS100 and EMS 108 were more related
to Paenibacillus terrigena

The remaining phyla present within the clone lilmaratBosque del Pueblincluded
CyanobacteriaBacteroidetesElusimicrobig Planctomyceteand Nitrospira. Each consisted of
less than 3.2% of the OTUs of the 5’ end-datafsgure 9d. In the case of the OTUs affiliated
to phylum Cyanobacteria one OTU represented by EMS110 formed a clusteth wi
Cylindrospermum spstr-A1345 with a sequence similarity between the#rB2%; another OTU

represented by EMS141 was more closely-relatedntaurecultured clone detected in a soill
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sample from Socompa Volcano at Los Andes (Cosetlid., 2009). Only one OTU, represented
by EMS405, were classified as a member of phyBacteroidetes EMS405 shared a 93%
sequence similarity with an uncultured clone regt from soil samples at Coweeta Forest,
North Carolina,USA (Upchurch et al., 2008). An OTétrieved from the EBP clone library at
Bosque del Puebland represented by EBP120, shared a 94% sequeniarisy with an
uncultured bacterium clone detected in inland diglds at Georgia, USA (Tarlera et al., 2008).
Based on results from the philogenetic analysis dlusest strain related to EBP120 was
Elusimicrobium minutunstr-Peil91; first cultivated by Herlemann (Herlemaet al., 2009).
Among the OTUs fromBosque del Pueblaaffiliated to phylum Planctomyceteswere
representative clone sequences EBP119 and EM3dth OTUs were more closely-related to
uncultured clones detected in soil samples fronarstkregion in China (Chen et al., GenBank
Accession no. EU881251.1) and from soil rhizospharérembling aspenR. tremuloide} in
Rhinelander, WI, USA (Lesaulnier et al., 2008) pexgively. The representative clone EMS80
formed a cluster supported by a bootstrap valu®%fwvith an uncultured bacterium from a
Western Amazon forest soil sample (Kim et al., 20B&sed on results from the philogenetic
analysis, the closest isolated strain to EMS80 wifi5% sequence similarity whktrospira sp.

srtGC86, a nitrite-oxidizer (Burrell et al., 1998).
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Figure 9a Phylogenetic relationship of partial 16S rDNAgsences from clone libraries. A total of 286 adign
bases corresponding to 5’ end terminal of part&8 tDNA sequences were used in this analysis. |gtters EMS
followed by a clone number indicates soil clondhe numbers in parentheses indicate the numbemektthe
OTU was found in each of the libraries e.g., EMS41,0,1,2) was not found in the EBS and EBP comireshand
was present 1 and 2 times in the EMS and EMP coritresinrespectively. The scale bar represents 0.05
substitutions per base position. Bootstrap vahles/e 40% are showrAquifexaeolicusserved as the outgroup.
See Materials and methods for description of taestruction.
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Figure 9b. continued. Phylogenetic tree correspondingtoteobacteria5’ end terminal of partial 16S rDNA

sequences for clone libraries: EBS, EBP, EMS, EMP.
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Figure 9c.continued. Phylogenetic tree correspondin@idoroflexi5’ end terminal of partial 16S rDNA
sequences for clone libraries: EBS, EBP, EMS, EMP.
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Figure 9d. continued. Phylogenetic tree corresponding toowsriphyla 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 Fegli0a, twenty-six out of seventy-one
OTUs from the 3’ end of the 16S RNA sequences fEBS, EBP, EMS, EMP clone libraries
were assigned to the phyluAtidobacteria OTUs representing members of theidobacteria
were the most abundant in the 3’end sequencessdgtaomprising 38 % of total OTUs. An
OTU composed of three sequences and representtn lsjone sequence EBP110 was closely-
related toKorebacter versatilistrain Ellin-345. Whereas, an OTU represente@&B$126 was
more closely-related tdolibacter usitatusstrain Ellin-6076. As occurred in the 5 end
phylogenetic tree, most of the sequences in 3'epd tvas closely related to uncultured
environmental clone sequences retrieved from differenvironmental soil samples. OTUs
represented by EBP108, EBP115, EBS71, EMS5 and EBR4d a sequence similarity between
96 to 99% to uncultured bacterium clones from fowegultured clones from tropical forest soil
samples; two of them represented by EBP 416 andLeEBFhad a 99% sequence similarity with
Taiwan soil samples clone sequences (Tseng eGahBank Accession no. DQ984566.1 and
DQ984565.1). One OTU represented by EBS105 steBfi¥o sequence similarity with a clone
sequence from a Taiwan Fushan Forest soil samgk € al., 2009). An OTU represented by
EBS117 shared a sequence 92% similarity with aeckaguence detected in soil a sample from
Western Amazon (Kim et al., 2007). However four @Trepresented by EBS86, EBP136,
EMP440 and EBP146 were related to uncultured clénoes forest soil in Europe; the first three
shared a sequence similarity between 97% to 98% ahoine sequences from Cologne, Germany
soil samples (Roesh et al., GenBank Accession n¥918380.1, AY913233.1, and
AY913350.1) and the latter OTU had a sequence 98%tasity with a clone sequence retrieved
from Donana National Park in Spain (Zimmermann &t &enBank Accession no.

DQ829638.1). The OTUs EBP409, EBP110, EMP404 EBP&fd EBS97 affiliated to
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Acidobacteriawere closely-related to clone sequences detecte California grassland soil
(Cruz et al., 2009). OTUs represented by BMR EMS409, EBS77 and EBS81 clustered
with clone sequences from various soils environsenth as soil rhizosphere (Lesaulnier et al.,
2008), peat soil (Akiyama et al., GenBank Accession AB238786.1), soil in karst region
(Chen et al.,, GenBank Accession no. EU881239.1)ilmmdoxide nodules in sedimentary rock
(Yoshida et al., GenBank Accession no. AB179518¢elgpectively.

A total of twenty-one OTUs out of seventy-one OTitdsn the 3’ end sequences data-
set were assigned to the phyluBroteobacteriaand further clustered inta-, & and y-
Proteobacteria as shown in Figure 10b. In this data-set, OTUfliaded with the
Alphaproteobacteriavere the most abundant, comprising 48% of totatgmioacterial OTUs,
and those representing member®eltaproteobacteriavere the second most abundant, 28%.
An OTU composed of three sequences and represeytétBP167 showed a sequence 98%
similarity to Bradyrhizobium spstrain Th-b2. This strain was isolated by Pafkam the root-
nodules of legume#pios americanaand Desmodium glutinosunn eastern North America
(Parker, 1999). As revealed by the 3’ end phil@gentree mosti-proteobacterial OTUs were
more closely related to uncultured clones fromedéht soil environments. OTUs represented
by EBP407, EMS450, EMS403 and EBP157 shared a segusmilarity between 92 to 99%
with uncultured bacterial clones retrieved fromeflrsoil samples in Taiwan (Tsai et al., 2009),
Germany (Roesch et al., GenBank Accession no. A3983) and China (Chan et al., 2006;
Huang et al., DQ 453803.1), respectively. One Q&presented by EBP148 formed a clustered
supported by a bootstrap value of 93 with an uncett bacterial clone detected in an acid-
impacted lake from Adirondack, NY, USAP¢rcentet al., 2008), both sequences shared a

sequence similarity of 97%. Whereas otfrgroteobacterial OTU, EBP165, clustered with an
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uncultured clone from pasture soil samples from tMlia (Schoenborn et al., GenBank
Accession no. AY395444.1), the cluster betweentiihe sequences had a bootstrap value of
99%. OTUs affiliated tdDeltaproteobacteria EMP62, EMS1, EBS115, and EBP116 were
phylogenetically related to uncultured clones fratifferent soil environments such as,
agricultural soil from Mexico (Ceja-Navarro, GenBaAccession no. EU202851.1), grassland
soil from California (Cruz et al., 2009), foresildoom western Amazon (Kim et al., 2007), and
from soil rhizosphere (Nakamura et al., GenBanke&ston no. AB240359.1), respectively. Itis
interesting to note that OTUs EMP62 and EMS1 fromdeforested field &osque del Pueblo
were more phylogenetically related to unculturednek that came from agricultural and
grassland soil samples, and not to uncultured sldraam forest soil samples as EBS115 did.
Among the Gammaproteobacterigwo OTUs, represented by EMP203 and EBPladres!

a high sequence similarity between 97 to 98% wittultured bacterial clones from a subsurface
water of the Kalahari Shield in South Africa (Gitgiet al., 2006) and a soil sample from an
uranium mining waste pile in Saxony, Germany (Satsha et al., GenBank Accession no.
AJ536870.1). Another OTU, EBP102 formed a clustgperted by a bootstrap value of 99%
with an uncultured clone from a tropical forestlsmom Taiwan (Tseng at al., GenBank
Accession no. DQ984542.1), both sequences sh&#Béhasequence similarity.

Thirteen OTUs (18%) from the 3’portion data-settbé 16S rRNA sequences were
classified as members &hloroflexi As showed in Figure 10c, two OTUs represented by
EBS119 and EMP448 shared a sequence similaritydsetv@l to 94% with clone sequences
detected in forest soil samples from North CarelBeorgia border, USA (Upchurch et al.,
2008). While three representative sequences, EMSEBIP445 and EMP447 clustered with

clone sequences retrieved from soil aggregates @akiRidge, TN (Hansel et al., 2008). In the
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case of EMP445 and EMS 451, both formed clustetis thie clone sequences retrieved from the
soil aggregates supported by a bootstrap valu®#f. 9Two OTUs represented by EMS116 and
EMS65 shared a sequence similarity between 95 t&626 uncultured clones obtained from
volcanic deposits from Hawaii, USA (Gomez-Alvarezak, 2007). Both OTUs were in clusters
supported by a high bootstrap value. Wherease tiX€Us represented by EBS121, EMP412
and EMP409 were more closely related to uncultwletes from various soil environments
such as tall grass prairie soil in central Oklahdiiaishahed et al., 2008), inland dune fields
from Georgia, USA (Tarlera et al., 2008), and smilkarst region from Guangxi, China (Chen et
al., 2005), respectively. As occurred in the 5-gortion-data-set, OTUs from clone libraries at
Bosque del Pueblthat were affiliated taChloroflexi were most closely related Ktedobacter
racemiferstrain SOSP1-21 than to any other cultured stimn this phylum.

Members of theVerrucomicrobia, Firmicutes, Actinobacteria, Plaaotycetes,and
Bacteroidetephyla contribute to a lesser extent to the baateommunity within clone libraries
at Bosque del PuebldDTUs affiliated to Verrucomicrobia constituted” of the OTUs of the
3’end-data-set. Among the OTUs affiliated Yerrucomicrobia a representative sequences,
EBS123 clustered supported by a bootstrap valu898b with an uncultured clone from a
Taiwan Fushan Forest soil sample (Tsai et al., RO@&h sequences shared a 98% sequence
similarity. A second verrucomicrobial OTU, EBS1Ehd an uncultured clone from a grassland
soil from California (Cruz et al., 2009) shared2®sequence similarity and as shown in figure
10c were clustered 86% of the times. Each of tilevitng phyla Firmicutes, Actinobacteria,
Planctomycetesand Bacteroidetesvere constituted by only one OTU and accountedides
than 1.4 % of the total OTUs in the 3’ end-dataedethe bacterial community frofBosque del

Pueblo An OTU affiliated with thePlanctomycetesand represented by the clone sequence
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EMP57 shared a sequence 97% similarity with an ltumad clone from a south-west China
forest soil sample (Chan et al., 2006). Basedhenboot strap analysis both sequences were
clustered 84 percent of the times. The closestaglstrain to the representative sequence EBS82
wasPropionispira arborisstrain 12B4. Both sequences, EBS82 Bnapionispira arborisstrain
12B4, shared a 91% sequence similarity. Accortinigoot strap analysis both sequences were

clustered 96 percent of the times.
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Figure 10a.Phylogenetic relationship of partial 16S rDNA sences from clone libraries. A total of 422
aligned bases corresponding to 3’ end terminalasfigd 16S rDNA sequences were used in this amalydihe
letters EMS followed by a clone number indicateis dones. The numbers in parentheses indicatentimber of
times the OTU was found in each of the libraries.,eEMS414 (0,0,1,2) was not found in the EBS amBPE
communities and was present 1 and 2 times in the&s Bvidd EMP communities, respectively. The scale bar
represents 0.02 substitutions per base positiayotdirap values above 40% are showguifex aeolicuserved as
the outgroup. See Materials and methods for datsmni of tree construction.
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Figure 10b. continued. Phylogenetic tree correspondingPtoteobacteria3’ end terminal of partial 16S rDNA
sequences for clone libraries: EBS, EBP, EMS, EMP.
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3 o EMS 65 )
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Figure 10c.Phylogenetic tree correspondingvarious phyla 3end 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 communityusture atBosque del Puebla
16S rDNA gene terminal restriction fragment lengtblymorphism (T-RFLP) analysis was
performed for EBS, EBP, EMS and EMP soil samplBse total community 16S rDNA gene for
each soil sample was digested separately withicestr endonucleasddaelll, Mspl andRsal
After standardization of TRF data, fragment lengtil peak height were considered as criteria
for TRFLP profile comparison. Appendix VI, showsetelectropherogram profiles generated
with Haelll, Mspl and Rsal restriction enzymes for the soil samples frBwsque del Pueblo
Soil samples fronBosque del Pueblbarbor a wide range of bacterial communities asaked
by the T-RFs profiles. In all restriction enzyndigestions the T-RFLP profiles show a higher
number of peaks for the secondary forest soil sesn(EBS and EBP), Table 4. It was also
observed in each restriction endonuclease andlyatsT-RFLP profiles from secondary forest
soil samples showed more similarity among them thih deforested soil samples. The same

observation also can be made for deforested soibkes, Figures 11-13.

Table 4. Occurrence of T-RFs in T-RFLP profiles ofL6S rDNA amplified gene in soil
samples at Bosque del Pueblo, Adjuntas, PR

Number of T-RFs for restriction enzymes

Soil Sample Haell| Mspl Rsal
EBS 29 42 27
EBP 32 49 26
EMS 13 24 19
EMP 27 16 21
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In Haelll digests, Figure 11, only 2 bacterial populatioggresented by T-RFs 223 and
196 bp were common for all soil samples. Among28el-RFs generated for EBS soil sample,
only three T-RFs (473, 277 and 265 bp) were uniguehe case of EBP soil sample 5 out of 32
T-RFs generated were unique, and were represented0B, 377, 290, 233 and 179 bp.
Bacterial populations represented by T-RFs 526, 5212, 262, 256, 240, 237, 216 and 201 bp
were common for EBS and EBP soil samples. Thesswiiples from the deforested soil shared
two bacterial communities represented by T-RFs a6d 236 bp. Among the 13 T-RFs
presented for EMS soil sample two T-RFs (71 andbp3 were unique. While bacterial
populations represented by T-RFs 332, 309, 293, 288, 161 and 117 bp were only found at
EMP soil sample.

The T-RFLP profiles generated byispl restriction enzyme revealed 2 bacterial
populations, represented by 267 and 257 bp, wersrmm for all soil samples, Figure 12. EBS
and EBP soil samples generated 42 and 49 T-RFgectgely. These secondary forest soil
samples shared 32 bacterial populations. Five $-Répresented by 506, 371, 280, 221 and 155
bp, were unique to EBS soil sample. While EBP sarhple was characterize by 13 unique T-
RFs, represented by 444, 435, 287, 240, 211, 168, 126, 108, 90, 71 and 54 bp. T¥epl
restriction profile revealed that the deforested samples generated fewer amounts of T-RFs
than the secondary forest soil samples. Thirteenebial populations, represented by 522, 326,
297, 285, 251, 242, 234, 225, 215, 208, 196, 182,dnd 75 bp, were common for EMS and
EMP soil samples. In the case of EMS soil sampleRIFs, represented by 322, 311, 306 and
218 bp, were only found in this sample. While nbaeterial population were unique for EMP

soil sample.
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According to theRsalrestriction profile one bacterial population, regented by T-RFs
77bp, was common for all four soil samples, Figl& Sixteen bacterial populations,
represented by T-RFs 658, 641, 490, 476, 466,459,451, 442, 423, 118, 111, 105, 92, 89, 84
and 55 bp, were found in both secondary forestssoiiples (EBS and EBP). Rsalrestriction
analyses, 27 T-FRs were found in EBS soil sampheleveBP soil sample generated 26 T-RFs.
Among the 27 T-RFs, four bacterial populations wengque for EBS soil sample and were
represented by T-RFs 645, 484, 437, 58 bp. Whiteitsof 26 T-RFs generated Rsal were
found only in EBP soil sample and were represebted-RFs 568, 472, 462, 433 and 115 bp.
Fourteen T-RFs were common for both deforested samhples (EMS and EMP); and were
represented by T-RFs 522, 326, 267, 256, 246, 241, 232, 223, 218, 214, 207, 192 and 187
bp. Only one bacterial population represented ¥WFE 297 was unique for EMS soil sample;

and two bacterial populations (T-RFs 612 and 322A@ye unique for EMP soil sample.
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The Phylotype Richness, Shannon-Weiner and Simpsadexes were calculated as a
measure of diversity, using Past software, Tabldfong all the soil samples, secondary forest
soils (EBS and EBP) showed the highest phylotypeness values. The values of Shannon-
Weiner diversity index were higher for secondame$d soil samples, while no differences were
found in the Simpson’s index among all soil sampieger study.

Table 5. TRF diversity data from Bosque del Pueble soil samples bacterial community
profiles

TRF diversity statistics

Community soil Phylotype Shannon-Weiner Simpson’s diversity
samples Richness diversity index index
(S) (H) (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-RFLPfgles using Past software revealed
that soil bacterial communities from secondary sooil samples (EBS and EBP) were more
similar among them (83.2%), in terms of compositihran with deforested soil samples (EMS
and EMP), Table 6. The bacterial community comgmsiamong deforested soil samples (EMS
and EMP) had a similarity value of 79.2 %.

Table 6. Similarity value (%) of Bosque del Puebls 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 clustealygsis of bacterial community T-RFLP
profiles inhabiting the different soil environmer(EBS, EBP, EMS, EMP). The dendrogram
clearly shows that microbial communities in theasetary forest soil samples clustered and were
distinct from the bacterial communities of the de&tied soil samples, which clustered

separately.
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Figure 14. Dendogram based on Morisita similarity comparistmisEBS, EBP, EMS, EMP soil bacterial
communities.
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CHAPTER V
DISCUSSION

The aims of this study were i) to use molecularrapphes to characterize the diversity
and community structure of soil bacterial commuratytwo sampled sites in an abandoned
unmined porphyry deposits Bosque del Puebl@nd ii) to correlate sampled sites’ microbial
diversity with physical and chemical propertiestioése locations’ soil and water streams. In
order to assess the bacterial community composéiddosque del Pueb)al6S rRNA clones
libraries were constructed from soil top (0-5 crha8d bottom (5-10 cm, P) sections at the two
sampling sites, one which was covered with foregetation (EB) an the other uncovered by
vegetation (EM). Analysis of 16S rRNA gene allowsstection of the most dominant members
of the bacterial communities at each sampling sites

Based on the phylogenetic analysis of the 16S rRjdAes sequences, 29%, 41%, 29%
and 15% of the sequences from EBS, EBP, EMS and,EBHdpectively, were classified as
members of thécidobacteria.

The phylumAcidobacteriais recognized on Bergey’'s Manual of Systematict&aalogy
and includes four validated genera with culturgaresentativesAcidobacteriumKishimoto et
al., 1991),Geothrix (Coates et al., 1999Holophaga(Liesack et al., 1994), an@erriglobus
(Schmidt et al., 2007).Solibacterwas recently proposed as a new genus and is efalin

validation http://jdi.doe.goy. The first member of theAcidobacteria Acidobacterium

capsulatumwas first described in the early 1990s by Kishionand collaborators (Kishimoto et
al., 1991). This gram negative-acidophilic, hetemehic bacteria was isolated from acidic mine

drainage and acidic mud. Whikcidobacterium capsulatums a moderately acidophilic aerobic
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heterotroph,Holophaga foetidaand Geothrix fermetansare strict anaerobes that metabolize
aromatic compounds and acetate, respectively (€taale 1998).

Members ofAcidobacteriahave been consistently detected through 16S rREAeg
surveys in many environments worldwide, particylamh soils and sediments. In many
molecular surveys of soil environments using 168ARone libraries Acidobacteriarepresent
more than 30% or even 50% of the sequences ofaith&acteria community. Approximately
50% of the clones obtained in four 16S rDNA cloidries from Arizona soil samples were
Acidobacteria(Dunbar et al., 2002) as did 64 % of the clonesvn soil samples from the arid
southwestern United States (Kuske et al., 199T). a study reported by (Hackl et al., 2004),
sequences belonging #cidobacteriawere found in high concentration (35%, 28%, 12%) i
each of the three 16S rRNA clone libraries from tAaa pine forest soil samples. (Janssen,
2006) analyzed the pool data of thirty-two librarief 16S rRNA and 16S rRNA genes from
different soils samples worldwide. In that studgnslsen indicated that members of
Acidobacteriamake up an average of 20% (range, 5 to 46%) oftthal soil bacterial
community.

A high abundance of members of tAeidobacteriahas been observed in many other
environments such as uranium-contaminated sedinrefisnnessee and Colorado (Kuske et al.,
2007), microbial mats in Yellow Stone Park (Bryantal., 2007), acid mine drainage sediments
in Yanahara pyrite mine in Japan (Kishimoto et &4B91), river stream waters in central
Germany (Marxsen et al., 2008), lake snow aggregael activated sludge from waste water
treatment plants in Germany (Ludwig et al., 199@nhd benzene-contaminated aquifers

(Anderson et al., 1998) , among others.
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As in other soil environmentg\cidobacteriawas also consistently detected as a major
fraction of the microbiota in all four soil clonibiaries ofBosque del Puebldt is interesting to
note that results from the phylogenetic analysisvalh as in the sequence similarity analysis
performed in the present study indicate that mdrth@® sequences from the libraries that can be
classified as members éfcidobacteria were further clustered with members of subdivisid
and 3 of this phylum. The mild acidity of the swilboth forested and deforested field with pH
values in the vicinity of 4.5 and 4.2, respectiveems to favor the growth éicidobacteria
members, especially members of subdivision 1. study done by (Janssen, 2006), he observed
that members of the subdivision 1 Atidobacteriawere most abundant in clone libraries from
soils with pH values below 6. Members of subdwmisil of Acidobacteria include genera:
Acidobacterium Terriglobus and Edaphobacter (Kuske et al., 2009, Janssen et al., 2006).
Although, we found sequences closely-related to beem of subdivision 3 aBosque del
Pueblo,it seems that the preference for acidic pH isstirtitive characteristic of members of
subdivision 1 ofAcidobacteria as concluded in another study, (Kuske et al.9200n a recent
study, threeAcidobacteriastrains:Koribacter versatilisstrain Ellin-345, andolibacter usitatus
strain Ellin-6076were compared in terms of their genomics and cailttaits by (Kuske et al.,
2009). Kuske’s results showed that all three ssriave the capability to use a variety of carbon
substrates from simple sugars, amino acids, armhals to more complex substrates such as
xylan, hemicelluloses, pectin, starch and chiti8o, it can be concluded in our study that
members ofAcidobacteriafound in forested soil @osque del Pueblplay an important role in
organic matter decomposition. In the genomic aiglpf the same study, all three genomes
contained a low number of rRNA gene copies, which characteristic of organisms that show a

slow growth. As physiological and genomic dataéhagvealed, these aerobic heterotrophic
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strains are also able to overcome stress or stanvgeriods and to tolerate fluctuations in
hydration (moisture content in soil). This facutmexplain the high abundance of members of
Acidobacteriain the sample soil at the deforested field frBosque del PuebloApparently the
low carbon and low nitrogen content in the defaedstoil atBosque del Puebloreated a low
nutrient environment, where only microorganismshwiell-equipped metabolic mechanisms are
suited to survive. Based on the results reporte(Kloiske et al., 2009) we concluded that the
mildly acidity, and a high organic matter and organarbon content favor the growth of
members ofAcidobacteriain soil forested samples. However, the versatdind sophisticated
metabolic mechanisms found in member#\oidobacteriaenable them to flourish in deforested
soil samples characterize by a low nutrient, logaoic matter and organic carbon content.

The abundance and wide distribution A€idobacteriaas well as its phylogenetic
diversity suggest an important ecological role dndad metabolic versatility comparable to
Proteobacteria(Quaiser et al., 2003). However, little is knowoat their physiology and
potential functions in the environment (Kuske et 2009). Although, more experimental data is
needed, it seems thatidobacteriaplay a significant role as decomposers of compksban
forms in soils.

In EBS and EBP libraries, the sequences of cloe&miging toProteobacteriavere the
second most abundant sequences, 24 % and 36 %gctigsfy. However, sequences
representing this bacterial group were the secondlf@rd most abundant in the EMP and EMS,
23 % and 13%, respectively. These results areggiaeanent with the results in the studies of
(Dunbar et al., 2002) and (Zhou et al., 1997) whmateobacterial sequences comprised 15%
and 53%, respectively, of the sequences librari@simed from Arizona soils and Siberian

tundra soil. Janssen studied the microbial diteerisi a pool data of thirty-two libraries of
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16SrRNA genes from different soil samples worldwiddanssen reported that members of
Proteobacteriawere the most dominant bacterial group in libsapeepared from soil bacterial
communities, making up an average of 39% (rangetol®@7%) of the sequences retrieved
(Janssen, 2006).Proteobacteriais a very large and diverse group of gram-negabiaeteria
divided into five subgroups designated as alphtg,lmamma, delta and epsilon. The first four
subgroups are commonly found in soils

Based on phylogenetic analysis, all 16S rRNA gemisnces related Bradyrhizobium
atBosque del Pueblavere detected in the forested field, which cowddelate with root biomass
present at this site. None 16S rRNA sequencemevett from deforested site Bosque del
Pueblo were phylogenetically related ®radyrhizobium. This slow-growing bacterium lives
symbiotically in plant root nodules, especiallyroot nodules of legumes, and is able to take
atmospheric nitrogen and fix it into ammonia @kr ammonium (NkB)*, forms usable by
plants. In exchange the plants provide carbohgdraiBradyrhizobium. So, it seems that 16s
rRNA sequences related to this group of bacteas plmain role in the nitrogen fixation process
in the rhizosphere &@osque del Pueblo

Sequences detected in the forested fiel@que del Pueblavere also phylogenetic
related toRhodomicrobiungenera. According to Bergey’s Manual of SystemBacteriology,
Rhodomicrobium vannielis the only species of this genus. This photabétephic species has
been found in freshwater and seawater environnardsgrow best in slightly acidic conditions
with pH values between 5.2 and 6.52hodomicrobium sgdives with simple organic substrates
as carbon and electron sources, and prefers djpitr@and ammonia as nitrogen sources. So
apparently the slightly acidic pH and the high cartand nitrogen content of the soil at the

forested field aBosque del Pueblfavor the growth of Rhodomicrobium sp
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The 16S rRNA gene sequence fr@tella humosatrain DSM5900 was the cultivated
strain most closely related to the two OTUs, regpmésd by EMP420 and EMS403, from the
deforested field aBosque del Pueblo However, none of the OTU from the forested fiatd
Bosque del Pueblwas phylogenetically related gtellastrain.Stella Humosas one of the two
species of Stella genus recognized by Bergey’s MiaofuBacteriology Stella humosavas first
isolated from soil by Vasilyeva (Vasilyeva, 198k)was also found in freshwater habitats. The
genusStellais characterized by star-shaped cells. In thgotiophic environment that prevails
in the deforested soil &osque del Pueblthis morphology increases the surface/mass rédtio o
the bacteria, a competitive advantage to absorbents from the soil. It has been reported
(Vasilyeva and Zavarzin. 1995) that this aerobigaitophic group utilizes the products of
particulate organic matter decomposition formedther microorganisms; they even are able to
take traces of organic substrates from the aire physiologic and metabolic features of this
strain provide them with the tools necessary tocsssfully compete against fast-growing
bacteria that require higher concentrations of mi@aompounds. Conversely, the inability of
this group to catabolize complex carbohydrate otgin polymers such as cellulose, starch and
gelatin, inhibits a successful establishment ofrthie an environment rich in organic compound.
Even more, the low growth rate of this strain me#msy cannot surpass the fast-growing
bacteria that inhabit in the forested soilBatsque del Puebjan environment rich in nutrients
and organic compounds.

An OTU represented by EMS450 formed a cluster \Bitermanella xinjiangesistrain
10-1-101 of the clasalphaproteobacteria This novel species of the gen8kermanellavas

isolated from a desert soil of Xinjiang, China (ldbret al., 2009) and its validation is pending.
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It is a chemoorganotrophic bacterium unable to blyde complex organic compounds such as
starch and cellulose or to fix nitrogen.

16 S rRNA sequences, represented by OTU EBP1500antlEBP14, from the forested
soil at Bosque del Pueblowere also phylogenetically related to alphaprosetdrial
Methylocystissp. andMethylosinussp., respectively. These bacteria are methonlog;ogram-
negative obligate aerobes that use only methanenatithnol as sole carbon and energy sources.
There are two kinds of methane oxidizing bactetigpe | methanotrophs and type |l
methanotrops. The first group is composed of memb® the Gammaproteobacteria
subdivision and the latter group belongs to Alphaproteobacteriasubdivision (Knief et al.,
2005). Methanotrophic bacteria contributes sigatfitly to the global flux of methane by
oxidizing atmospheric methane, and also by oxidjzile methane produced by methanogenic
bacteria during the decomposition of organic maittesoils. Methylocystisand Methylosinus
have been detected in sample soils from Thailandefket al., 2005) as well as from rice field
soils (Le Mer and Roger, 2001), lake sediments {&losand Lidstrom, 1999), acidic peat soil
(Dedysh et al., 2006), and upland forests soilsgdDaann et al, 2010; Amaral et al., 1998).
Forest soils are more efficient methane sink thtaerdkind of soil such as cultivated soils. It has
been suggested that methane produced in foredgmihayers, particularly under wet conditions,
by methanogenic bacteria may support the methgoiut@ctivity in the upper aerobic layers of
forest soils (Amaral et al., 1998; Le Mer and Ro@&01). This fact may explain why sequences
retrieved from the deforested soil samplesBasque del Pueblavere not phylogenetically
related to methanotropic bacteria.

A cluster supported by a bootstrap value of 100%s d@med between an OTU

represented by EMP411 ardidovorax spstrain R-24667 isolated from an activated sludge
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(Heylen et al., 2006). According to Bergey's ManofaBacteriology,Acidovoraxspecies can be
isolated from soil, water, activated sludge, anédted plants. Members @&cidovoraxare
gram-negative, and most species are capable afolreighic denitrification of nitrate to nitrous
oxide (NO) and nitrogen gas @N During the process some® and NO gases are released to
the atmosphere. Microbial activity in soils is kmoto play a key role in the production and
consumption of B N,O, and NO, although the precise mechanism by witiobccurs is

complicated (Rsch et al., 2002). The OTU represented by EMP444 natrieved from the 5 to

10 cm soil layer from the deforested soil sampleBasque del Puebloso apparently the

sequence comes from a bacterium responsible fatrifieation at this site. Previous studies
showed that denitrifying bacteria occurs abundaintlthe upper soil layer @&ch et al., 2002).

In a similar way, another OTU represented by EBPAéBurkholderia nodosatrain Br3461
formed a single cluster supported by a bootstrdyevaf 100% and with a sequence similarity of
97 %. Burkholderia nodosatrain Br3461 was first isolated from nitrogeniiix nodules on the
roots ofMimosa scabrellan Brazil (Chen et al., 2005). As described bydgy’s Manual of
Bacteriology members ddurkholderiagenus are chemoorganotrophs and are found in @ wid
range of environments, including soil, water, psargnimals and humans; some are of medical
importance.  Previous studies have reported thahes8urkholderia species, such as
Burkholderia nodosastrain Br3461, are able to fix nitrogen in symlmoassociation with
herbaceous legumes from different continents (Gataal., 2009). In the present study the
sequence EBP126 was retrieved from the soil sudiogrthe plant roots in the forested field at
Bosque del Pueblavhere it seems to play an important role in insieg plant nutrient
availability via nitrogen fixation. As previousiyentioned in this study, the soils samples at

Bosque del Puebloeported acidic values. In a study done in SoAfitica by Garau and
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collaborators (Garau et al., 200Byrkholderiastrains were isolated from acidic soil (pH 5.5),
Garau concluded th#tese strains play an important role in nitrogesation on acidic soils.

Among the gamma-proteobacterial sequences recowati®dsque del Puebjan OTU
represented by EMP208 formed a cluster supported bgotstrap value of 100% and a 98%
sequence similarity with an uncultured clone rewtk from acid mine drainage (AMD) of
Evander mine in South Africa (Gihring et al. 200@nother OTU that clustered with the same
uncultured clone detected at the AMD of EvanderemimSouth Africa was an OTU represented
by EMP203, in this case the bootstrap value fa thister was 63% and the similarity between
the sequences was 97%. The closest cultivatedrhantéo OTU EMP411 in the bank database
is Beggiatoa sp strain MS-81-1.Beggiatoais a filamentous sulfur oxidizer genus. Some
bacterial sulfur oxidizer use sulfide as an enesgyrce producing sulfuric acid as an oxidation
product. As expected, the low- nutrients, orgamatter, carbon and nitrogen content in the
deforested field aBosque del Puebloreated an environmental niche that supports rinth of
microorganism able to utilize the sources preserthis soil. It seems that the clone sequence
EMP411 belongs to a sulfur oxidizer microorganidmattuses inorganic sources of energy at
Bosque del Pueblo

Most of the bacterial 16s rRNA sequences obtaimethé 0-5 cm (top) and 5-10 cm
(bottom) from the EB sample soils belong to memsh@rAcidobacteriaand Proteobacteria
However, most of the sequences recovered in thecfi5and 5-10 cm sections from the
deforested sample soils were representatives ofCtileroflexi Based on the phylogenetic
analysis of the 16S rRNA genes sequences perfommigg present study, 32%, and 48% of the
sequences from EMS and EMP, respectively, belongednembers of Chloroflexi In

phylogenetic trees constructed, in this studigedonobacter racemifestr-SOSP1-21 clustered
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with clone sequences from EMS and EMP librariesstelr was supported by bootstrap value of
99%. SOSP1-21 bacterial strain was the firstattarized member of this filamentous, spore-
forming and gram-positive novel Class (Cavale®)®&). This bacterial strain was isolated from
a black locust woods in Gerenzano, Italy and waseatKtedobacter racemifemow known as
Ktedonobacter racemifgfEuzéby, 2007).Ktedonobacter racemifestrain SOS1-21 grew at pH
values between 4.2 and 7.2; and was able to groaerabic and microaerophilic conditions.
Other bacterial strains phylogenetically relate@@SP1-21 were recovered from soil samples at
different locations: a pine wood in Spain, an amise in Honduras and a cereal field in Egypt
(Cavaletti et al., 2006).

In our study we observed that membergbforoflexi were abundant in deforested soil
samples (EMS and EMP). They were nearly absefarested soil samples (EBS and EBP). It
is important to note that as a consequence of iiakplorations in deforested soil samples a
subsurface layer of soil was exposed. This newposed soil could be considered as a young or
immature soil. Taking that in consideration, cesults coincide with Tarlera’s findings (Tarlera
et al.,, 2008). In her study, Tarlera constructé& rRNA gene chronolibraries to assess the
composition of bacterial communities as a resultheir natural development in inland dunes
fields at Georgia, USA. Interestingly, she fourdhtt members ofChloroflexi were more
abundant in the youngest soil of her soil collatti®his young soil described by Tarlera was
also characterized by a low organic matter conter&5%) and acidic pH value (4.4). Similar
organic matter content (0.52%) and soil pH values pH 4.0) were measured in our study in
deforested soil samples @&osque del PuebloTarlera concluded thaChloroflexi is a
fundamental member in the soll initial colonizatiprocess in inland dunes fields and that the

new bacterial community differs from the bactedaimmunity in older soils.
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Members of phylunVerrucomicrobiaaccounted 23 %, 3% and 2% of the sequences in
EBS, EBP and EMP libraries, respectively. No segasrofVerrucomicrobiawere detected in
EMS library. This phylum is an abundant comporedrgoil microbial communities worldwide.
Verrucomicrobiahas been estimated to comprise 1% to 10 % ofotiaé hacteria in soils and on
average constitute 5% of all the bacterial 16S rRN8oils (Janssen, 2006).

As mentioned before the conditions present atdrested soil samples (EBS and EBP) at
Bosque del Pueblavere characterized by higher soil organic mattarbon and nitrogen
contents than neighboring deforested soil sam@®4Sand EMP). The old-growth forest at
EBS and EBP sampling sites constantly depositditéaf and woody debris to soil resulting in a
rich nutrients environment that support the groafthmembers of the phyluMerrucomicrobia

On the basis of the 16S rRNA sequences similaitglysis, the nearest cultivated
relative to OTUS represented by EBS111, EBS102, IBSand EBP417 i€hthoniobacter
flavus strain-Ellin 428. Janssen’s group isolated thigiis from a rye grass and clover pasture
soil in Victoria, Australia (Janssen et al., 2004Lhthoniobacter flavusstrain Ellin-428, a
member of subdivision 2 of the phyluxerrucomicrobia is a free-living gram-negative soil
bacterium able to grow aerobically with many of Saccharide components of plant biomass
such as glucose, fructose, galactose among othidis.strain grows at pH values between 4.0 to
7.0. No genes related with nitrogen fixation wdetected in this strain. So it seems that this
bacteria, as in others soil bacterial communityijamesly studied, play an important role in the
transformation of organic carbon compounds in tindase of forested soil samplesBibsque
del Pueblo Other member of subdivision 2 @errucomicrobiais Xiphinematobacter sppive

as an obligate endosymbiont in ectoparasitic nedestofound in soil and freshwater
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environments (Janssen et al., 2004). However, ranthe sequences recovered from soil
samples aBosque del Puebloere phylogenetic related to this group.

It was observed in our study that verrucomicrbbh&S sequences abundance decreased
with soil depth. Verrucomicrobial 16S rRNA sequesobtained from the forested soil samples
(EBS and EBP) were more abundant in 0-5 cm dedai, 23 % of the total sequences from
EBS clone library, than in 5-10 cm deep soil camely 3% of the total sequences from EBP
clone library. This observation can be explaingdhe decrease of total organic carbon and total
nitrogen with depth of soil. Another variable thagcrease with soil depth is soil moisture,
which also has been associated wiferrucomicrobiaabundance in soil. In our study we
observed that 94% (15 out of 16) of the total vewraicrobial sequences recovered frBosque
del Pueblowere from forested soil samples (EBS and EBP) wii®rested soil samples (EMS
and EMP) accounted for only 6% (1 out of 16) of tb&al verrucomicrobial sequences. So it
seems that a high soil moisture content suppoesytbwth ofVerrucomicrobiamembers. The
data obtained by Schmit and Buckley in 2001 suggbstt the abundance \dérrucomicrobiais
related to soil moisture (Schmit and Buckley, 200Hpwever, Schmit and Buckley determined
that more experimentation is required to understaowlVVerrucomicrobiarespond to changes in
the soil moisture content. It seems that otherdsadtgroups with different metabolic strategist
can flourish at deeper soils where the resouraeeas available.

Members ofVerrucomicrobiahave been isolated in terrestrial as well as irrimea
sediments (Polymenakou et al., 2005), aquatic enkents (Lindstrom et al., 2004), acid rock
drainage (Okabayashi et al., 2005) and associatddewnkaryotic hosts (Janssen et al., 2004).
However, the knowledge about the ecological coatitim 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 seqas belonging to phylum
Actinobacteria comprised 4%, 5% and 2%, respectively. Therefdhe soil bacterial
communities aBosque del Pueblshowed lower dominance WActinobacteriaas compared
with the average of 13% for other soil communitiganssen, 2006). However, in a study done
by Tarlera and collaborators 1.9% of the clone sages from three clone libraries corresponded
to members ofActinobacteria(Tarlera et al, 2008). In our study an OTU repntésd by
EMS411 shared a sequence similarity of 98% witHoaec sequence retrieved from dunes of
southeast Georgia, USA (Tarlera et al. 2008). Jdiesample at the inland dunes from which
the uncultured clone was obtained had a pH of giilar to pH values from soil samples at
Bosque del Puebld¢Table 1). As expected, the soil properties ageemninant factors that
influence the bacterial communities in soils.

In the present study, members of phylEirmicutesconstituted 4%, 5%, and 6% of EBS,
EMS, and EMP clone libraries, respectively. Nohéhe 16S rRNA sequences from EBP clone
library were affiliated td=irmicutes Our results are in agreement with a study dogn@énssen,
2006). In his study Janssen determined that mesrdfd-irmicutescontribute a mean of 2%
(range, 0 to 8%) to thirty-two 16S rRNA clone libes that were analyzed. As Janssen
explained in his study, memberskKfmicuteshave long been considered common members of
the soil bacterial community. He argued tRamicutesmay be underrepresented in soil clone
libraries because DNA's extraction protocols arahle to properly lyse cells or spores from
members of this bacterial group. In our study aJQ@epresented by EBS100 formed a cluster
supported by a bootstrap value of 79% viddkenibacillus terrigena.EBS 100 andPaenibacillus
terrigenatype strain-A35 sequences shared a 96% sequendardgyn Paenibacillus terrigena

type strain-A35 was isolated from a soil sampleCimiba, Japan (Cheng-Hui X et al., 2007).
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This gram-positive type strain do not fixes nitrogeor possesses tm gene. Another OTU
represented by EMP435 formed a cluster supported bgotstrap value of 99% with a clone
sequence (45KB-113) from a sample soil of Georgidand dune fields (Tarlera et al., 2008).
Both sequences shared a 97% sequence similarithednstudy Tarlera reported that clone
sequence 45k-113 was detected in a soil sampleadesze by low organic matter content
(0.76%) and mildly acidic conditions (pH ~4.6). $hesoil properties are very similar in respect
to the organic matter content (0.52%) and a soi@ 4) measured in our study at the bottom
section of deforested soil sample (EMPBatque del Pueblo

Soil bacteria are an essential component in tedfparests because they play a major role
in nutrient transformation (Smith and Paul 1990and-use changes have been shown to have a
significance effects on both the physical and thentical properties of the soil (Girvan et al.,
2003; McCaig et al., 1999). These properties in affect the soil bacterial composition and the
process they mediate (Lauber et al., 2008). Refolts the present study indicate that the shift
in cover vegetation from forest to deforested sodsised by mining explorations has led to
changes in soil properties, including an increasadidity, and a decrease in nutrients, organic
carbon, organic matter and total nitrogen conténé higher nutrients concentration found in the
forest soil than in the deforested soil is likelyedo its higher soil organic matter content, which
in turn increases the soil cation-exchange capdbitissliein and Tiedje, 1999). Similar changes
in soil properties have been reported in otheristuCarney et al., 2004).

In the present study the OTUs composition was wnigueach clone library studied.
Indeed, none of the OTUs was common to all founelbbraries. However, more OTUs were
common to EBS and EBP clone libraries from the dtae soil. Likewise, more OTUs were

common to EMS and EMP clone libraries from the defted soil. Results from the LIBSHUFF
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confirmed that all four clone libraries were statiglly different. This difference in bacterial
community composition is parallel to the distinttypicochemical properties determined in the
soil samples from which each clone library wereaot®d.

In this study it was expected to detect 16S rRN@usaces from isolated strains such as
Acidiphilum sp, Acidobacteria capsulatumTerromicrobium acidophilum, Leptospirillum
ferrooxidans, and/or closely-related strains because these stragpresent the primary
constituents of acid mine drainage (AMD) habitdsofft et al. 2002). However, 16S rRNA
sequences closely-related to common constituentaMD habitats were no detected in this
study. A plausible reason for the absence of tpeeed 16S rRNA sequences is that soil
samples fronBosque del Pueblare less acidic (pH ~3.7 to 4.69) than AMD habi(pts ~ 0-3).
The pH values of the four soil samples from whittne libraries were obtained in this study
were mildly acidic which is typical for pine-domiea forest (Brofft et al. 2002). The mildly
acidity of soil samples frorBosque del Pueb)a tropical forest, may be due to the soil mineral
composition. pH values of the four soil sampleB@dque del Pueblo were measured by the two
methods as indicated in Table 1 of Results thei@ect Interestingly, a higher acidity was
observed in deforested soil samples (EMS and EM&) in forested soil samples (EBS and
EBP), regardless the method used to measure aci@igviously studies have identified soil pH
as one of the most important selection factors thractly affect the bacterial composition in
soils (Kim et al., 2007; Lima et al. 2002)

Differences in water physicochemical properties ngfarby streams at forested and
deforested sites &osque del Pueblwere also observed. These differences includglaeh
temperature, conductivity, and acidity in the watamples taken from the deforested site than

the ones taken from the forested site. Our resalé® showed that nickel and copper
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concentrations (ppm) were two and three times hjgrespectively, in water samples from
deforested site in comparison with correspondingceatrations from forested site. As expected,
the variations in water physicochemical properéssvell as nickel and copper concentrations in
water samples at two locations were statisticatjypficant according to ANOVA analysis.

Based on the, (i) physicochemical properties ih &ad water samples, and (ii) bacterial
community composition observed at the two site8asque del Pueblacan be inferred that
removal of vegetation @&osque del Pueblagsulting in the exposure of subsurface soil layer
In turn, the subsurface soil layers interact witatev and atmospheric oxygen which promote
metal ions and hydrogen ions release into the enmient, altering acidity and metal
composition of nearby soils and streams. Thesatsvater the niches altering available to
bacteria within soils’ environment.

Similar to clone libraries data, comparison of camties TRF profiles revealed
compositional differences in the bacterial commasiinhabiting at Bosque del Pueblo’s soill
samples. The soil bacterial communities from sdaon forest (EBS and EBP) clustered
together and separately from bacterial communit@s deforested soil (EMS and EMP), which
indicated that they were similar in composition. urCiindings were consistent with our
expectations based on physical chemical propesfie®il and water streams at these locations.
The two secondary forest soil samples (EBS and Bf#§ characterize by a higher pH, and
higher organic matter, organic carbon, and tot@bgen content. This nutrient rich environment
seemed to create a wide range of microhabitatsirwitiese soils that result in high values of
phylotype richness and more diverse bacterial conitywdhan in the deforested soil samples

(EMS and EMP).
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The observed increase in acidity, and decreasggen@ carbon, organic matter and total
nitrogen content at Bosque del Pueblo’s may beethiny a shift in cover vegetation from
secondary forest to deforested soil and this effemy be accompanied by other changes in soill
properties such as metal ions concentration anditaci These changes in deforested soil
samples (EMS and EMP) represent habitats with lowgrients content where only bacteria
with more sophisticated metabolisms could estapksith asChloroflexi Acidobacteriaand
Proteobacteria

In general a change from forest vegetation to raadeconstitute a major shift in the soil
environment aBosque del Puebloespecially in carbon sources for the microorgasisand
accompanying changes in soil properties as welvaer properties of nearby streams. This
vegetation change caused some changes in soilrgegpacluding an increase in soil acidity,
and a decrease in nutrients availability, orgaaidaon, organic matter and total nitrogen content.
The water streams nearby were also impacted bgtthege in vegetation 8osque del Pueblo
The water streams suffered an increase in aciditlyia nickel and copper trace concentrations.
Hence, our study suggests that change from foeggtation to nude soil, which in turn caused
changes in soil and water properties is a detemimd the current microbial community
composition observed at the two sites sampled.thEtmore, now the bacterial community at
each sampling sites also are modeling the soilrenment and determinates which bacterial
groups could establish within the soill.

Considering that the unmined porphyry depositB@que del Pueblavere abandoned
decades ago, and differences in the microbial coniipmeomposition at the two sampling sites
can still be observed, it would be interesting @onfulate the following questions. How long

succession to a secondary forest will take? \W@dlforest return to its original state? As a resul
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of secondary succession which changes in carbosirsigs, and soil and water properties will

occur? And, will the microbial community Bosque del Pueblwill return to its original state?
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CONCLUSIONS

In terms of the physico-chemical properties of smitl water streams at the sites, the
organic matter, organic carbon, and total nitrogentent in the forested soil samples
were higher than the corresponding content in @sted soil samples. The removal of
vegetation cover caused a significantly decreaslearmorganic matter input to the soil and
created a low nutrient environment. It was alsseobed that water samples from
deforested site exhibited nickel and copper comagohs (ppm) two and three times
higher than samples from forested site. As a resflivegetation cover change the soils
were exposed to water and atmospheric oxygen, riatise released of metals ions and
hydrogen ions into the environment. These diffeesnn physico-chemical properties of
water streams samples from Bosque del Pueblo mayabsed by a shift in vegetation
cover from secondary forest to deforested soil.

Based on the phylogenetic analysis of 16S rDNA geeguences, members of
Acidobacteriaphylum were the most dominant bacterial populatbrsecondary forest
soil samples (EBS and EBP). While in deforested samples (EMS and EMP)
Chloroflexi members were the major constituents. These diféex®enin bacterial
community composition may be attributed to differes in soil samples’ physico-
chemical properties from two locations in BosqueRlesblo.

According to diversities indexes, the bacterial position was more diverse Estacion
Bosquethan in Estacion Mina. Apparently, the low nutrients environment in the
deforested soil at Bosque del pueblo favors thabdshment of microorganisms with

more specialized metabolic mechanisms.
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* PCR-amplified 16S rRNA clone libraries and Termifstriction Fragment Length
Polymorphism (T-RFLP) analysis demonstrated to $eful tools to study the bacterial

diversity from Bosque del Pueblo’s soil samples.
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Temperature values of water samples at Estacién Bgge and Estacién Mina in Bosque
del Pueblo, Adjuntas, PR.

Site Temperature measures in water sample§g) ¢
S S S3 Mean SD
Estacion 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 A7
May 22.6 22.74 22.51 22.61 A2
June 23.01 23.12 23.16 23.09 .08
July 22.55 22.63 22.78 22.65 A1
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
Estacion 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 A1
October 22.09 22.13 22.17 22.13 .04
November 21.30 21.36 21.27 21.31 .04
&Water samples were taken in triplicates.
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pH values of water samples at Estacién Bosque anistacion Mina in Bosque del

Pueblo, Adjuntas, PR.

Site pH measures in water samplel
S S S Mean SD
Estacion Bosque
February 5.59 5.49 5.53 5.54 0.05
March 5.43 5.38 541 541 0.02
April 5.4 5.42 5.35 5.39 0.04
May 5.38 541 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
Estacion 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 3.93 411 3.99 0.10

& Water samples were taken in triplicates.
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Coductivity (mS/cm) values of water samples at Estédn Bosque and Estacién Mina in
Bosque del Pueblo, Adjuntas, PR.

Site Conductivity measures in water samples (mS/cfh)
S S S Mean SD
Estacion 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
Estacion 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

& Water samples were taken in triplicates.
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Nickel elemental analysis of water samples at Estién Bosque and Estacion Mina in

Bosque del Pueblo, Adjuntas, PR.

Site Niquel concentration in water samples, Ni (pm)?
S S S3 Mean SD
Estacion 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
Estacion 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
&Water samples were taken in triplicates.
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Copper elemental analysis of water samples at Esiéo Bosque and Estacion Mina in

Bosque del Pueblo, Adjuntas, PR.

Site Copper concentration in water samples, Cu (pp)®
S S S3 Mean SD
Estacion 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
Estacion 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
&Water samples were taken in triplicates.
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The closest relative of the 5’end region representige bacterial clone sequences (OTUSs) from clonébliaries at Bosque del
Pueblo, Adjuntas PR

Phylogenetic group OTU, Accesion | Closesst identified relative | Source or physiology of the % Reference
(clone sequenceg No. in GenBank closest relative Sequence
within OTU) identity
Acidobacteria EBP402 Uncultured bacterium clongGrassland soil from Californig 97 Cruz-Martinez et
(EF516455.1) al. 2009.
Acidobacteria EMS414 Uncultured bacterium clong Soil around iron-manganese 95 He et al. 2008.
(EMP424, (EF492955.1) nodule from China
EMP426)
Acidobacteria EMS109 Uncultured bacterium clong Steam-affected geothermal 96 Stott et al. 2008.
(AM749754.1) soil from Tikitere, New
Zealand
Acidobacteria EBP140 Uncultured bacterium clong Forest soil from western 98 Kim et al. 2007.
(EBP133) (AY326548.1) Amazon
Acidobacteria EMS415 Uncultured bacterium clong Rhizosphere soil from ... 98 Lesaulnier et al.
(EF018396.1) 2008.
Acidobacteria EBS80 Uncultured bacterium clong Soil from pinus sylvestris 84 Yarwood et al.
(FJ475507.1) forest 2009.
Acidobacteria EBS101 Uncultured bacterium clongConiferous forest soils in 98 Lin et al.
(GU015877.1) central Taiwan unpublished.
Acidobacteria EBS87 Uncultured bacterium clong Soil agreggate from BaC 98 Hansel et al. 2008.
(EU335381.1)
Acidobacteria EBP162 Uncultured bacterium clongSoil from Niwot Ridge LTER, 96 Jones et al.
(EU150198.1) Colorado USA unpublished.
Acidobacteria EMS146 Uncultured bacterium clong Rhizosphere soil from ... 96 Lesaulnier et al.
(EMS2) (EF018237.1) 2008.
Acidobacteria EMS112 Uncultured bacterium clong Forest soil of Gaoligong 96 Zhou et al.
(EU680451.1) Mountains, Yunnan, China unpublished.
Acidobacteria EBP9 Uncultured bacterium clone Tropical forest soil from 89 Tseng et al.
(DQY84559.1) Taiwan unpublished.
Acidobacteria EMP207 Uncultured bacterium clong Tropical forest soil from 95 Tseng et al.
(DQY84559.1) Taiwan unpublished.
Acidobacteria EBP114 Uncultured bacterium clong Soil agreggate from BaC 97 Hansel et al. 2008.
(EU335375.1)
(EBS89,EBS90)
Acidobacteria EBP412 Uncultured bacterium cloneSoil from Donana National 98 Zimmermann et al.

(DQ829645.1)

Park, Spain

unpublished.
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Continued. The closest relative of the 5’end regiorepresentative bacterial clone sequences (OTUs)in clone libraries at
Bosque del Pueblo, Adjuntas PR

Phylogenetic group OTU, Accesion | Closesst identified relative | Source or physiology of the % Reference
(clone sequenceg No. in GenBank closest relative Sequence
within OTU) identity
Acidobacteria EBP139 Uncultured bacterium clongForest soil from western 98 Kim et al. 2007.
(AY326563.1) Amazon
Acidobacteria EBP125 Uncultured bacterium cloneGrazing and burned annual, 97 Chen et al.
(EU881256.1) field soil in Karst region unpublished.
from Guangxi, China
Acidobacteria EMP55 Uncultured bacterium clone Forest soil from south- west 99 Chan et al. 2006.
(EMS6,EMS113) (AY963457.1) China
Acidobacteria EMS139 Uncultured bacterium clongZinc-polluted soil from 97 Brim et al. 1999.
(Y11632.1) Canada
Acidobacteria EBP111 Uncultured bacterium cloneGrazing and burned annual, 99 Chen et al.
(EU881269.1) field soil in Karst region unpublished.
from Guangxi, China
Acidobacteria EBS94 Uncultured bacterium clong Tropical peat swamp forest 97 Kanokratana et al.
(GQ402669.1) from Thailand unpublished.
Alphaproteobacteria | EBP107 Uncultured bacterium clong Bradyrhizobium spstr-PC28 99 Bogino and
(EBP144) (FJ418920.1) Giordano
unpublished.
Alphaproteobacteria | EBP150 Uncultured bacterium clongNitrate and heavy metal 98 Abulencia et al.
(DQ404891.1) contaminated soils 2006.
Alphaproteobacteria | EBP124 Uncultured bacterium clong Grazing and burned annual, 99 Chen et al.
(EBS76,EBS103, (EU881284.1) field soil in Karst region unpublished.
EBS125,EBS413 from Guangxi, China
EBP156,EMP418
Alphaproteobacteria | EBP14 Uncultured bacterium clong Sphagnum peat bog from 97 Dedysh et al. 2006
(AM162444.1) West Siberia, Russia:
Alphaproteobacteria | EMS417 Uncultured bacterium clong Rhizosphere of faba bean 92 Zhang et al.
(EU979069.1) (Vicia Fabg unpublished
Alphaproteobacteria | EBS91 Uncultured bacterium clong Soil agreggate from BaC 97 Hansel et al. 2008.
(EU335285.1)
Alphaproteobacteria | EBS106 Uncultured bacterium clongUpland red soil under 94 He et al.
(FJ178158.1) different land uses unpublished.
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Continued. The closest relative of the 5’end regiorepresentative bacterial clone sequences (OTUs)in clone libraries at
Bosque del Pueblo, Adjuntas PR

Phylogenetic group OTU, Accesion | Closesst identified relative | Source or physiology of the % Reference
(clone sequences No. in GenBank closest relative Sequence
within OTU) identity
Alphaproteobacteria | EBP169 Uncultured bacterium clong Rhodomicrobium vannielgtr- 90 Hisada et al. 2007.
(EBP129) (AB250621.1) TUT3402
Alphaproteobacteria | EMP438 Uncultured bacterium clong Rhizosphere soil from ... 96 Lesaulnier et al.
(EF018202.1) 2008.
Alphaproteobacteria | EBP105 Uncultured bacterium cloneNunnock River granitic 95 Macalady et al.
(EF494369.1) landscape from Australia unpublished.
Betaproteobacteria | EMP411 Acidovorax sp. str- R-24667Cultivation of denitrifying 98 Heylen et al. 2006.
(AM084010.1) bacteria
Betaproteobacteria | EBP126 Uncultured bacterium clongBurkholderia nodosatr- 97 Chen et al. 2008.
(AM284970.1) Br3461
Deltaproteobacteria | EBP414 Uncultured bacterium clongSecondary coniferous forest 99 Lin et al.
(GU016086.1) soils in central Taiwan unpublished.
Deltaproteobacteria | EBP104 Uncultured bacterium clong Tallgrass prairie soil from 97 Elshahed et al.
(EBP101) (EU134345.1) Kessler farm Oklahoma, 2008.
USA
Deltaproteobacteria | EBS74 Uncultured bacterium clong Soil agreggate from BaC 87 Hansel et al. 2008.
(EU335298.1)
Deltaproteobacteria | EBP163 Uncultured bacterium clongSoil from an acidic fen from 96 Kuesel et al.
(AM941477.1) Germany unpublished.
Gammaproteobacteria EMS106 Legionella waltersii strain | Isolated from water in France| 93 Lo Presti et al.
2074-AUS-E (AF122886.2) 2001.
Gammaproteobacteria EMP208 Uncultured bacterium clong Subsurface water from Au 98 Gihring et al. 2008
(EMP205, (DQ223199.1) mines of the Kalahari
EMP210) Shield, South Africa
Gammaproteobacteria EMS134 Uncultured bacterium clong Rhizosphere soil 95 Lesaulnier et al.
(EF019160.1) 2008.
Actinobacteria EBP147 Uncultured bacterium clongRhizosphere soil of Pinus 97 Lottmann et al.
(FM206309.1) radiate from Rotorua, New unpublished.
Zealand
Actinobacteria EBP143 Actinomadura livida str- Genomic DNA 20 Lee and Hah
(EBP142) IMSNU 22191T unpublished.

(AJ293706.1)
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Continued. The closest relative of the 5’end regiorepresentative bacterial clone sequences (OTUs)in clone libraries at
Bosque del Pueblo, Adjuntas PR

Phylogenetic group OTU, Accesion | Closesst identified relative | Source or physiology of the % Reference
(clone sequences No. in GenBank closest relative Sequence
within OTU) identity
Actinobacteria EBP145 Thermomonosporaceae | Endophytic actinomycetes 90 Janso and Carter.
bacterium PENDO-1810 from tropical plants, Papua 2010.
(GQ924504.1) New Guinea
Actinobacteria EBS116 Microbispora sp. 212030 | Mangrove soil from China 95 Xu and Hong.
(FJ261983.1) unpublished.
Actinobacteria EBS175 Uncultured bacterium clongSoil from Rajasthan, India 91 Purohit et al.
(EU080982.1) unpublished.
Firmicutes EBS100 Paenibacillus terrigenatr- | Mangrove sediment from 96 Bhattacharya and
TDSAS2-38 India Chakrabarti
(GQ284528.1) unpublished.
Firmicutes EMS108 Paenibacillus terrigenatr- | Mangrove sediment from 89 Bhattacharya and
TDSAS2-38 India Chakrabarti
(GQ284528.1) unpublished.
Firmicutes EMS107 Uncultured bacterium clong Eucalyptus plantation soil 98 Duan unpublished.
(GU172181.1) from China
Firmicutes EMP435 Uncultured bacterium clongInland dune fields at Georgia 97 Tarlera et al. 2008,
(EU044321.1) USA
Firmicutes EMP427 Uncultured bacterium clong Rhizosphere soil from ... 97 Lesaulnier et al.
(EMP410) (EF018887.1) 2008.
Firmicutes EMS13 Uncultured bacterium clone Coniferous forest soils in 99 Lin et al.
(GU016168.1) central Taiwan unpublished.
Bacteroidetes EMS405 Uncultured bacterium clong Forest soil from Georgia, 97 Jangid et al. 2008.
(EF075839.1) USA
Planctomycetes EBP119 Uncultured bacterium clong Cropland soil on GASP KBS- 96 Jangid et al.
(EBP405, (EF663133.1) LTER sampling site from unpublished.
EBP418) Michigan, USA
Planctomycetes EMS145 Uncultured bacterium clong Pasture soil on GASP 97 Jangid et al. 2008.
(EF074464.1) Watkinsville sampling site
from Georgia, USA
Verrucomicrobia EBS85 Uncultured bacterium clong Forest at the GASP KBS- 94 Jangid et al.
(EF665522.1) LTER sampling from unpublished.

Michigan, USA
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Continued. The closest relative of the 5’end regiorepresentative bacterial clone sequences (OTUs)in clone libraries at

Bosque del Pueblo, Adjuntas PR

Phylogenetic group OTU, Accesion | Closesst identified relative | Source or physiology of the % Reference
(clone sequences No. in GenBank closest relative Sequence
within OTU) identity
Verrucomicrobia EBS120 Uncultured bacterium clongForest soil from south- west 97 Chan et al. 2006.
(AY963387.1) China
Verrucomicrobia EBS107 Uncultured bacterium clong Rhizosphere soil 97 Lesaulnier et al.
(EBS170) (EF018903.1) 2008.
Verrucomicrobia EBP109 Uncultured bacterium cloneTropical peat swamp forest 98 Kanokratana et al.
(GQ402703.1) from Thailand unpublished.
Verrucomicrobia EBS102 Uncultured bacterium clongSoil agreggate from BaC 91 Hansel et al. 2008.
(EU335328.1)
Verrucomicrobia EBS108 Uncultured bacterium clong Rhizosphere soil 95 Nakamura et al.
(EBS92,EBS98 (AB240266.1) 2005.
EBS112)
Verrucomicrobia EBP417 Uncultured bacterium clong Soil around iron-manganese 96 He et al. 2008.
(EBS172) (EF492980.1) nodule from China
Cyanobacteria EMS141 Uncultured bacterium clong Soil from Socompa Volcano, 96 Costello et al.
(EMS88) (FJ592879.1) Andes 2009.
Cyanobacteria EBP123 Uncultured bacterium clongGrassland soil from Californig 96 Cruz-Martinez et
(EF516266.1) al. 2009.
Cyanobacteria EMS110 Cylindrospermum sp.A1345Genomic DNA 92 Ganesan and
(DQ897365.1) Anand.
Unpublished.
Elusimicrobia EBP120 Uncultured bacterium clonglnland dune fields at Georgia 94 Tarlera et al. 2008,
(EU044559.1) USA
Nitrospira EMS80 Uncultured bacterium clone Forest soil from western 99 Kim et al. 2007.
(AY326514.1) Amazon
Chloroflexi EBP403 Uncultured bacterium clongCoweeta forest soil from 88 Upchurch et al.
(DQ129211.2) North Carolina-georgia 2008.
border, USA
Chloroflexi EMS449 Uncultured bacterium clongVolcanic deposit from 1790, 88 Gomez-Alvarez
(AY917525.1) Hawaii,USA and Nuesslein.
unpublished.
Chloroflexi EBS79 Uncultured bacterium clong Soil agreggate from BaC 87 Hansel et al. 2008.

(EU335420.1)
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Continued. The closest relative of the 5’end regiorepresentative bacterial clone sequences (OTUs)in clone libraries at
Bosque del Pueblo, Adjuntas PR

Phylogenetic group OTU, Accesion | Closesst identified relative | Source or physiology of the % Reference
(clone sequences No. in GenBank closest relative Sequence
within OTU) identity
Chloroflexi EMP406 Uncultured bacterium clong Sediment from Venezuelan 94 Giarrizzo et al.
(GU205279.1) Tepui (Orthoquartzite) Cave unpublished.
Chloroflexi EMSS85 Uncultured bacterium clone Volcanic deposit from 1921, 94 Gomez-Alvarez et
(AY425781.1) Hawaii,USA al. 2007.
Chloroflexi EMP442 Uncultured bacterium clong Volcanic deposit from 1921, 94 Gomez-Alvarez et
(AY425781.1) Hawaii,USA al. 2007.
Chloroflexi EMP407 Uncultured bacterium clong Forest soil of Gaoligong 92 Zhou et al.
(EU680443.1) Mountains from Yunnan, unpublished.
China
Chloroflexi EMS12 Uncultured bacterium clong Volcanic deposit from 1894, 91 Gomez-Alvarez
(EMS135, (AY917586.1) Hawaii,USA and Nuesslein.
EMS140, unpublished.
EMS402)
Chloroflexi EMP434 Uncultured bacterium clong Soil agreggate from Oak 95 Hansel et al. 2008.
(EMP425, (EU335423.1) Ridge, TN, USA
EMP429,
EMP444)
Chloroflexi EMP421 Uncultured bacterium clong Soil agreggate from Oak 96 Hansel et al. 2008.
(EMP422, (EU335420.1) Ridge, TN, USA
EMP441,
EMP439)
Chloroflexi EMS111 Uncultured bacterium clong Soil from uranium mine 90 Dhal et al.
(HM469587.1) surrounding area, India unpublished.
Chloroflexi EMS115 Uncultured bacterium clong Open cast uranium mine 87 Islam et al.
(EMS117) (HM439333.1) environment from unpublished.
Banduhurang, India
Chloroflexi EMS7 Uncultured bacterium clong Volcanic deposit from 1982, 91 Gomez-Alvarez
(EMS144) (AY917962.1) Hawaii,USA and Nuesslein.
unpublished.
Chloroflexi EMP415 AY646712.1 Forest soil from Brasil 88 \Kadraes et al.
unpublished.
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Continued. The closest relative of the 5’end regiorepresentative bacterial clone sequences (OTUs)in clone libraries at
Bosque del Pueblo, Adjuntas PR

Phylogenetic group OTU, Accesion | Closesst identified relative | Source or physiology of the % Reference
(clone sequenceg No. in GenBank closest relative Sequence
within OTU) identity
Chloroflexi EMP7 (EU651820.1) Forest soils in central Taiwan 91 Lin et al. 2010.
Chloroflexi EMP11 Bacterium SOSP1-142 Genomic DNA 91 Cavaletti et al.
(AM180162.1) 2006.
Chloroflexi EMS133 Uncultured bacterium clongVolcanic deposit from 1790, 90 Gomez-Alvarez et
(AY425771.1) Hawaii,USA al. 2008.
Chloroflexi EMP413 Uncultured bacterium clong Volcanic deposit from 1790, 93 Gomez-Alvarez
(AY917334.1) Hawaii,USA and Nusslein.
2007
Unclassified EBP166 Uncultured bacterium clonésrazing and burned annual, 98 Chen et al.
(EU881239.1) field soil in Karst region unpublished.
from Guangxi, China
Unclassified EBS104 Uncultured bacterium clondropical peat swamp forest 98 Kanokratana et al.
(GQ402688.1) from Thailand unpublished.
Unclassified EBP406 Uncultured bacterium clondropical forest soil from 97 Tseng et al.
(DQY84572.1) Taiwan unpublished.
Unclassified EBP401 Uncultured bacterium clond 959 Kilauea volcanic 98 Weber and King.
(FJ466267.1) deposit, Hawaii 2010.
Unclassified EMS143 Uncultured bacterium clone&secondary coniferous forest 98 Lin et al.
(GU016302.1) soils in central Taiwan Unpublished
Unclassified EBP113 Uncultured bacterium clondropical forest topsoil from 96 Pang et al.
(EU445222.1) Kuala Lumpur, Malaysia Unpublished
Unclassified EBP404 Uncultured bacterium cloné-orest soil from Cologne, 98 Rosch and Bothe.
(AY724006.2) Germany 2005.
Unclassified EMP401 Uncultured bacterium clond-orest soil from Hubbard 97 Ganapathi et al.

(GU598869.1)

Brook, New Hampshire,
USA

unpublished.
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The closest relative sequences of the 3’end regimpresentative bacterial clone sequences from s@i@mples at Bosque del

Pueblo, Adjuntas PR

Phylogenetic group OTU, (clone Accesion | Closesst identified relative in | Source or physiology of % Reference
sequences within No. GenBank the closest relative Sequence
OTU) identity
Acidobacteria EBP146 Uncultured bacterium clone | Soil from Donana Nationa| 99 Zimmermann et al
(EBP170,EMS137, (DQ829638.1) Park (Spain) Unpublished.
EMS136)
Acidobacteria EBP108 Uncultured bacterium clone | Forest soil from south- 99 Chan et al.2006.
(AY963506.1) west China
Acidobacteria EBP115 Uncultured bacterium clone | Forest soil from south- 98 Chan et al.2006.
(EBP413,EMS120) (AY963457.1) west China
Acidobacteria EBP409 Uncultured bacterium clone | Grassland soil from 98 Cruz et al. 2009.
(EBS78, (EF516884.1) California
EBP122,
EBP408)
Acidobacteria EBP110 Uncultured bacterium clone | Grassland soil from 99 Cruz et al. 2009.
(EBS95,EBS174 (EF515877.1) California
Acidobacteria EMP417 Uncultured bacterium clone | Soil rhizosphere (elevated 99 Lesaulnier et al.
(EF018458.1) 2008
Acidobacteria EMS409 Uncultured bacterium clone | Peat soil in shallow 96 Akiyama et al.
(AB238786.1) subsurface of Sarobets unpublished.
Mire
Acidobacteria EMP404 Uncultured bacterium clone | Grassland soil from 95 Cruz et al. 2009.
(EF516877.1) California
Acidobacteria EBS86 Uncultured bacterium clone | Forest soil from Cologne, 95 Roesch et al.
(AY913380.1) German unpublished.
Acidobacteria EBP416 Uncultured bacterium clone | Tropical forest soil from 99 Tseng et al.
(EBP161,EBP152, (DQY84566.1) Taiwan unpublished.
EMP414)
Acidobacteria EBS77 Uncultured bacterium clone | Soil in Karst region from 96 Chen et al.
(EU881239.1) China unpublished.
Acidobacteria EBP136 Uncultured bacterium clone | Forest soil from Cologne, 98 Roesch et al.
(EBP112) (AY913233.1) German unpublished.
Acidobacteria EMP440 Uncultured bacterium clone | Forest soil from Cologne, 97 Roesch et al
(AY913350.1) German unpublished.
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Continued. The closest relative sequences of the 3’end regimepresentative bacterial clone sequences from seiamples at
Bosque del Pueblo, Adjuntas PR

Phylogenetic group OTU, (clone Accesion | Closesst identified relative in | Source or physiology of % Reference
sequences within No. GenBank the closest relative Sequence
OTU) identity
Acidobacteria EBP151 Uncultured bacterium clone | Tropical forest soil from 99 Tseng et al.
(EBP153) (DQY84565.1) Taiwan unpublished.
Acidobacteria EBS71 Uncultured bacterium clone | Forest soil from south- 96 Chan et al.2006.
(AY963306.1) west China
Acidobacteria EMS5 Uncultured bacterium clone | Forest soil from south- 97 Chan et al.2006.
(AY963306.1) west China
Acidobacteria EBP164 Uncultured bacterium clone | Grassland soil from 99 Cruz et al. 2009.
(EBP141) (EF516094.1) California
Acidobacteria EMS418 Uncultured bacterium clone | Nunnock River granitic 97 Green et al. 2007.
(EMS419) (EF494344.1) landscape from Australi
Acidobacteria EBS81 Uncultured bacterium clone | Iron oxide nodules in 96 Yoshida et al.
(AB179518.1) sedimentary rock from unpublished.
Toyohashi, Japan
Acidobacteria EBS105 Uncultured bacterium clone | Fushan forest soil from 99 Tsai et al. 2009.
(DQ451501.1) Taiwan
Acidobacteria EBP411 Uncultured bacterium clone | Forest soil from south- 99 Chan et al.2006.
(AY963462.1) west China
Acidobacteria EBS126 Solibacter usitatusstr- 98 Copeland et al.
Ellin6076 unpublished
(CP000473.1)
Acidobacteria EBS97 Uncultured bacterium clone | Grassland soil from 97 Cruz et al. 2009
(EF516102.1) California
Acidobacteria EBS93 Uncultured bacterium clone | Loa Alamos National 93 Eichorst et al.
(FJ870384.1) Laboratory NM unpublished.
Acidobacteria EMS412 Uncultured bacterium clone | 1959 Kilauea volcanic 95 Weber et al. 2010.
(EMS407) (FJ465998.1) deposit from Hawaii
Acidobacteria EBS117 Uncultured bacterium clone | Forest soil from western 92 Kim et al. 2007.
(AY326550.1) Amazon
Alphaproteobacteria | EBP157 Uncultured bacterium clone | Red soil from China 99 Huang et al.
(EBP155) (DQ453803.1) unpublished.
Alphaproteobacteria EBP407 Uncultured bacterium clone | Fushan forest soil from 99 Tsai et al. 2009.

(DQ451522.1)

Taiwan
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Continued. The closest relative sequences of the 3’end regimpresentative bacterial clone sequences from s@hmples at
Bosque del Pueblo, Adjuntas PR

Phylogenetic group OTU, (clone Accesion | Closesst identified relative in | Source or physiology of % Reference
sequences within No. GenBank the closest relative Sequence
OTU) identity
Alphaproteobacteria EBP167 Uncultured bacterium clone | Tropical peat swamp forest 99 Kanokratana et al.
(EBS72, BP128) (GQ402595.1) from Thailand unpublished.
Alphaproteobacteria EBS83 Uncultured bacterium clone | Tropical peat swamp forest 93 Kanokratana et al.
(GQ402595.1) from Thailand unpublished.
Alphaproteobacteria EBS99 Uncultured bacterium clone | Tropical peat swamp forest 95 Kanokratana et al.
(GQ402595.1) from Thailand unpublished.
Alphaproteobacteria EMS450 Uncultured bacterium clone | Forest soil from Cologne, 92 Roesch et al.
(AY913376.1) German unpublished.
Alphaproteobacteria EMP420 Uncultured bacterium clone | Geothermally disturbed 97 Norris et al. 2002.
(AF465655.1) Soils from Yellow Stone
National Park
Alphaproteobacteria EMS403 Uncultured bacterium clone | Forest soil from south- 98 Chan et al.2006.
(EMS406) (AY963489.1) West China
Alphaproteobacteria EBP148 Uncultured bacterium clone | acid-impacted lakes from 97 Percent et al.
(EF520409.1) Adirondack lake New 2008.
York, USA
Alphaproteobacteria EBP165 Uncultured bacterium clone | Pasture soil from Australia 98 Schoenborn et a|.
(AY395444.1) Unpublished.
Deltaproteobacteria EBP116 Uncultured bacterium clone | Rhizosphere of 97 Nakamura et al.
(AB240359.1) Phragmites 2005.
Deltaproteobacteria EMS1 Uncultured bacterium clone | Grassland soil from 94 Cruz et al. 2009.
(EF516730.1) California
Deltaproteobacteria EBS115 Uncultured bacterium clone | Forest soil from western 92 Kim et al. 2007.
(EBS84) (AY326616.1) Amazon
Deltaproteobacteria EMP62 Uncultured bacterium clone | Agricultural soil from 96 Ceja-Navarro et al
(EU202851.1) Mexico unpublished.
Deltaproteobacteria EBS73 Uncultured bacterium clone | Grassland soil from 96 Cruz et al. 2009.
(EF516111.1) California
Deltaproteobacteria EMP437 Uncultured bacterium clone | Soil agreggate from 92 Hansel et al. 2008

(EU335336.1)

Melton Branch
Watershed, OakRidge,

TN,USA
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Continued. The closest relative sequences of the 3’end regimepresentative bacterial clone sequences from sesiamples at
Bosque del Pueblo, Adjuntas PR

Phylogenetic group OTU, (clone Accesion | Closesst identified relative in | Source or physiology of % Reference
sequences within No. GenBank the closest relative Sequence
OTU) identity
Gammaproteobacteria| EMP203 Uncultured bacterium clone | subsurface water of the 97 Gihring et al. 2006
(EMP204,EMP206 (DQ223199.1) Kalahari Shield, South
Africa
Gammaproteobacteria| EBP154 Uncultured bacterium clone | Uranium mining waste 98 Satchanska et al.
(AJ536870.1) pile, soil sample from unpublished.
Saxony, Germany
Gammaproteobacteria| EBP102 Uncultured bacterium clone | Tropical forest soil from 99 Tseng et al.
(EBP127,EBP158) (DQY84542.1) Taiwan unpublished.
Gammaproteobacteria| EBS173 Uncultured bacterium clone | Tropical forest soil from 94 Tseng et al.
(DQY84567.1) Taiwan unpublished.
Gammaproteobacteria| EMS138 Uncultured bacterium clone | AMD at Yinshan mine 93 Yin et al. 2008.
(AY359282.1EF613012.1 from China
Actinobacteria EMS411 Uncultured bacterium clone | Inland dune fields at 98 Tarlera et al. 2008
(EU044086.1) Georgia, USA
Firmicutes EBS82 Propionispira arborisstr-12B4 91 Stackebrandt et al
(NR_029357.1) 1999.
Bacteroidetes EBS171 Uncultured bacterium clone | Soil sample of growing 89 Shivaji et al.
(EF667468.1) radish area from unpublished.
Jaunpur, India
Planctomycetes EMP57 Uncultured bacterium clone | Forest soil from south- 97 Chan et al. 2006.
(AY963397.1) west China
Verrucomicrobia EBS123 Uncultured bacterium clone | Fushan forest soil from 96 Tsai et al.
(DQ451528.1) Taiwan unpublished.
Verrucomicrobia EBS111 Uncultured bacterium clone | Grassland soil from 99 Cruz et al. 2009.
(EBS70) (EF516170.1) California
Chloroflexi EBS121 Uncultured bacterium clone | Tallgrass prairie soil from 92 Elshahed et al.
(EU134183.1) Kessler farm Oklahoma 2008.
USA
Chloroflexi EMS116 Uncultured bacterium clone | Volcanic deposit from 96 Gomez-Alvarez et
(AY425774.1) 1790, Hawaii,USA al. 2003.
Chloroflexi EMS65 Uncultured bacterium clone | Volcanic deposit from 95 Gomez-Alvarez et

(AY425792.1)

1959, Hawaii,USA

al. 2007.
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Continued. The closest relative sequences of the 3’end regimepresentative bacterial clone sequences from seiamples at
Bosque del Pueblo, Adjuntas PR

Phylogenetic group OTU, (clone Accesion | Closesst identified relative in | Source or physiology of % Reference
sequences within No. GenBank the closest relative Sequence
OTU) identity
Chloroflexi EMS451 Uncultured bacterium clone | Soil agreggate from BaC 96 Hansel et al. 20(
(EU335420.1)
Chloroflexi EMP412 Uncultured bacterium clone | Inland dune fields at 91 Tarlera et al. 2008
(EMP416) (EU043839.1) Georgia, USA
Chloroflexi EMS413 Uncultured bacterium clone | AMD effluent stream 96 Baeseman et al.
(EMS3,EMS142, (AY689909.1) sediment unpublished.
EMS147,EMS408)
Chloroflexi EBS 119 Uncultured bacterium clone | Coweeta forest soil from 91 Upchurch et al.
(DQ128926.2) North Carolina-Georgia 2008.
border, USA
Chloroflexi EMP405 Uncultured bacterium clone | Naturally acidic mountain 94 Baeseman et al.
(AY690146.1) stream sediment (pH Unpublished.
3.99)
Chloroflexi EMP445 Uncultured bacterium clone | Soil agreggate from BaC 98 Hansel et al. 20(
(EMP443,EMP446 (EU335444.1)
Chloroflexi EMP447 Uncultured bacterium clone | Soil agreggate from BaC 96 Hansel et al. 20(
(EU335444.1)
Chloroflexi EMP448 Uncultured bacterium clone | Coweeta forest soil from 94 Upchurch et al.
(DQ129114.2) North Carolina-Georgia 2008.
border, USA
Chloroflexi EMP430 Uncultured bacterium clone | Soil agreggate from BaC 93 Hansel et al. 20(
(EU335444.1)
Chloroflexi EMP409 Uncultured bacterium clone | Grazing and burned 98 Chen et al. 2005.
(EU881288.1) annual, field soil in Karst
region from Guangxi,
China
Unclassified EMS131 Uncultured bacterium clone | Volcanic deposit from 95 Gomez-Alvarez et
(AY917636.1) 1921, Hawaii,USA al. unpublished.
Unclassified EMS91, EMSS8 Uncultured bacterium elon | Volcanic deposit from 98 Gomez-Alvarez et
(AY917636.1) 1921, Hawaii,USA al. unpublished.
Unclassified EMS118 Uncultured bacterium clone | AMD in DongChuan 96 Dai and Liu.
(DQ660863.1) copper pyrites from Unpublished.

China
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Continued. The closest relative sequences of the 3’end regimepresentative bacterial clone sequences from sesiamples at
Bosque del Pueblo, Adjuntas PR

Phylogenetic group OTU, (clone Accesion | Closesst identified relative in | Source or physiology of % Reference
sequences within No. GenBank the closest relative Sequence
OTU) identity
Unclassified EBS114 Uncultured bacterium clone | Groundwater contaminated 97 Fields et al.
(AY661981.1) with high levels of nitric unpublished.
acid-bearing uranium
waste from USA
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Coverage curves for EBPS (X} compared to EB55 (Y}
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Coverage curves for EBS3 (X} conpared to EHP3 (¥}
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Coverage curves for EBP3 (X} compared to EHS3 {Y}
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Coverage curves for EBP3 (X} conpared to EHP3 {Y}
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Coverage curves for EH53 {X)} conpared to EHP3 {Y)
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DNA Clone Sequences from Clone Libraries
Clone sequences recovered from the 5’ end-portionath-set:

>ebs9
agagtttgatcatggctcagaatgaacgctggcggcegtgcttaacaegtggcgtgcgcagttccgtagcaatacgggatgggegce
acggcgcacgggtgcgtaacacgtgggcaatccgecctctgatggggeatgcgaaagcggggctaataccgcataacattcctt
ggactacggtccggggattcaaagcagtgatgcgtcggaggaggagceccgattagctagttggtgaggtaatggctcaccaag
gcaatgatcggtagctggtctgagaggatgatcagccacactggaactgagtccagactcctacgggaggcagcagtggggaa
tcttgcacaatgggcgaaagcctgatgcagcgacgcecgegtgggggetigaeggagtgtaaacccctttcgactgggacgaatg
cccgcaagggagtgacggtaccagtagaagaagccccggctaactacgiggecgcggtaagacgtagggggecagegttgtt
cggaattactgggtgtaaagggttcgtaggcggtgtggcaagtcgggajtdttgggcttaacccagaggcetgctticcgaaactgct
gtgctcgagtgtgggagaggcgcegtggaattgtaggtgtagecggtgagatgtatctgcaggaacacccgtggcgaaagcggceg
cgctggaccactactga

>ebs74
agagtttgatcctggctcagaacgaacgctggcggcegtgcctaacaagtgaagggagaaagccgcaaggtgagtaaaccggceg
aacgggtgcgtaacacgtggataatctacctccacgactgggataegéggggcttgctaataccagataagcccacggggtettc
ggaccctgagggaaaaggtggcctctgtatacaagctatcgcaggaggamrggceccatcagcetagttggcggggtaaaagec
caccaaggctacgacgggtagctggtctgagaggatgatcagccaaactgagacacggtccagactcctacgggaggcagcea
gtggggaatcttgcacaatggacgaaagtctgatgcagcaacgccgggaigaggcttctcggagtgtaaacccctttcgacccg
gaagaatgcccgcaagggtatgacggtacgggtataagaagcccogaoidgecagcagecgcggtaatacgtagggggeca
gcgttgctcggaattactgggcgtaaagggtcecgtaggeggtgtagamdgytgaaatctctgecgcttaacgcagaggcetgctaac
gaaactgctgtgc

>ebs76
agagtttgatcatggctcagagcgaacgctggcggcaggcctaacaagtggagcgcecgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgcgcccttcagttcggaacaactcagdgggetztataccgaatacgtccgtaaggagaaagatttat
cgctgaaggatcggceccgcegtctgattagctagttggtggggtaatggecaaggcgacgatcagtagctggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcagmgagaatattggacaatgggcgcaagcectgatccagec
atgccgcegtgggtgatgaaggccctagggttgtaaagccctttcggeggatpatgacggtacccgcagaagaagccccggctaa
cttcgtgccagcagcecgeggtaatacgaagggggctagcegttgctoggagggcgtaaagcgcacgtaggeggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgeccttgatactgatgagictgggagaggtgagtggaactgcgagtgtagagg
tgaaattcgtagatattcgcaagaacaccagtggcgaaggcggcmamgtactgacgctgaggtgcgaaagegtggggagea
aacaggat

>ebs79
agagtttgatcatggctcaggatgaacgctggcggcegtgcctaagaegtggagggggtttagacccccggecgaacgggtgagta
acacgtgggaatttccattaagttgaggatatcctcccgaaagggadgacfcgatgtggtcgcaagactaaagtcgcaagacgctta
atgcaaggcccgcggcccatcagctagttggtagggtaatggectammragacgggtaggggtagcgagagcttacaccccca
cactgggactgcgacacggcccagactcctacgggaggcagcagtttigmggeraatgggcgaaagcectgatccagcgacgecg
cgtgcacgaagaaggccttcgggttgtaaagtgcttttggtggggatigatigtacccacagaataagaggttgctaactctgtgcca
gcagcagcggtaatacagagacctcaagcgttatccggaatcattggaggytaccgataggtggtcatgatagttttgggtaaaag
ccagaagctcaacttctgcgtttgctcaaaatacttcacgactagaagagaggaagctggaacgaacggtgtagtagtgaaatgeg
ttgatatcgttcggaaacacgaatgcgtaggcaggcttctgg

>ebs80
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agagtttgatcctggctcaggatgaacgctggcggegtgcctaatasaprjagcggtaaggteccttcggggatacacgagegg
cggacggctgagtaacacgtaggaacgtaccccacagtgaggcasegpaatggtgtctaataccgceatgtgetcttcggagtaa

agcttcggcgctatgggaacggcctacggatgattagcttgttggtgatggjctcaccaaggcgaagatcggtatccggectgagag
ggcgcacggacacactggaactgaaacacggtccagactcctacgggeagtt)gggaattttgcgcaatgggggaaaccctga
cgcagcaacgccgcgtggaggatgaagccctttggggegtaaadecttaagacgataatggcggtactggtggaagaagceac
cggctaactctgtgccagcagccgcggtaatacgaagggtgcaadcgtigattattgggcgtaaagcgcacgtaggeggcettgg
caagtcggatgtgaaatccctcggctcaaccaaggaagtgcatcagagagtttgagtacttaagaggatcgecggaattcceggt
gtagaggtgaaattcgtagatatcgggagggacaccagtggcgaaggteigggaagatactgacgctgaggtgcgaaagcegt
ggggagcaaacaggat

>ebs85
agagtttgatcatggctcaggacgaacgctggcggcgtgcttaacaegtggagcggaaaggcccttcggggtactcgagecgge
gaacgggtgagtaacacgtgagcaacctgccctcagctccgggagugéeaccggaattaataccggatatgaccacggecga
catcggctgtggtggaaaggattccggctgaggatgggcetcgecggagtatgttggtgaggtaacggcetcaccaaggctttgacgg
gtagctggtctgagaggacgactagccacactgggactgagacacggtaneacgggtggcagcagtcgagaatttttgacaat
gggggaaaccctgatcgagcgacgccgcgtggaggatgaaggtctitggattcctgtcattggggaacaatgcacagatattaa
ctgtatttgtgttgatagtacccgaagaggaagagacggctaactcagiggccgeggtaatacagagggtgcgagcegttgttcgg
aattattgggcgtaaagggcgcgtaggcggcegcggtaagtcacctittyamaggcttaactgggagtctgcaggcgaaactaccgt
gctgga

>ebs87
agagtttgatcatggctcagaatcaacgctggcggcegtgcctaacaagtggaacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtgactaacctaccctcgagtggggaetmaetaaccgaggccaataccgcataacatctacggat
caaatgcgtaagcagcttgaggagggggtcgcggcetgattagctagitggiaatggcccaccaaggceagtgatcagtagecgge
ctgagagggcgcacggccacactggaactgaaacacggtccagagpiigetggcagcagtggggaattttgcgcaatgggggaa
accctgacgcagcaacgccgcgtggaggatgaagccccttggggtigiatttagatcgggacgattatgacggtaccggatgaag

aagcaccggctaactctgtgccagcagccgceggtaatacagagggtgtigitigggaattattgggcgtaaagggtgcgtaggeg
gtgcggtaagtcttctgtgaaacctccgggcttaactcggagcectggagagtgecgtgctggagtatgggagaggtgagtggaatt
cccggtgtagcggtgaaatgecgtagatatcgggaggaacacctgt@gupgagetcactggaccattactgacgctgatgcacgaaa
gctagg

>ebs89
agagtttgatcatggctcagaatcaacgctggcggcegtgcctaacaagtggaacgagagagtggagcaatccatgagtaaagtg
gcgaccgggtgagtaacacgtgactaacctaccttcgagtggggdaigggaaacctggcctaataccgcataatgecttcgggtt
aaaggagcaattcgcttgaagagggggtcgcggcecgattaggtagitggiegcggcccaccaagcccgtgatcggtageecgge
ctgagagggcgcacggccacactggaactgaaacacggtccagagpiigetggcagcagtggggaattttgcgcaatggaggaa
accctgacgcagcaacgccgcgtggaggatgaagtcctttgggadgizttagaccgggacgattatgacggtaccggtggaag
aagccccggctaacttcgtgccagcagecgceggtaatacgaggggggigiigggaattattgggcgtaaagggegegtaggce
ggtgcggtaagtcacctgtgaaacctccgggcttaactcggagectgaagctaccgtgcettgagtgtgggagaggtgegtggaa
ttcccggtgtagcggtgaaatgegtagatatcggg

>ebs90
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacaagtggaacgagaaagtggagcaatccatgagtaaagtg
gcgaccgggtgagtaacacgtgactaacctaccticgagtggggdaigagaaacctgggctaataccgcataatgccttcgggtt
aaaggagcaattcgcttgaagagggggtcgcggcecgattaggtagitggiegcggeccaccaagceccgtgatcggtagecage
ctgagagggcgcacggccacactggaactgaaacacggtccagagioeiggcagcagtggggaattttgcgcaatgggggaa
accctgacgcagcaacgccgcgtggaggatgaagtcctttgggadgietttagaccgggacgattatgacggtaccggtggaag
aagccccggctaacttcgtgtcagcagccgeggtaatacgaggggggtiagigggaattattgggcgtaaagggegegtaggce
ggtgcggtaagtcacctgtgaaacctccgggcectaactcggagecugaamctgccgtgcttgagtgtgggagaggtgegtgga
attcccggtgtagcggtgaaatgcgtagatatcgggaggaacacagiggeggcegcactggaccacaactgacgce
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>ebs91
agagtttgatcctggctcagaacgaacgctggcggcaggcctcaaaagtg@agggggcgcagcaatgcatcaccggeggacg
ggtgcgtaacgcgtgggaatgtacctattggttcggaacaactgagitiaagtaataccggatgagcccgaaaggggaaagattt
ctcgccaatggatcagcccgegtccgattagetcgttggtggggtaetaygpaaggcaacgatcggtagetgtictgagaggaagat
cagccacactgggactgagacacggcccagactcctacgggaggtgggagtcttggacaatgggggaaaccctgatccagce
catgccgcgtgagtgatgaaggccttcgggttgtaaaactctttcggegggtaatgacggtacccgtagaagaagctccggctaac
tttgtgccagcagccgeggtaatacgaagggggctagegttgttcggtgigcgtaaagcgegcegecaggctgtecttcaagtcagt
ggtgaaagcccggagctcaactccggaattgccattgaaactgttgggtaggagagaggtgagtggaattcccagtgtagaggt
gaaattcgtagatattgggaagaacaccggtggcgaaggcggctdagtggetgacgctcaggcgcgacagcegtggggatcaa
a

>ebs92
agagtttgatcatggctcaggatgaacgctagcggcaggcctaataagtgggacgggactatttctagtagcaataccgggaata
gtttagtggcgaacgggtgcttaacacgtgggcaacctgccaggaagfaigg ctcgccgaaaggcgaattaataccgceatgtgatt
agagaggacatcctttcgaaattaaagtcggggcaacctgacgguacfigccgcggcctatcagctagttggtgaggttacggcetc
accaaggctttgacgggtagctggtctgagaggacgaccagccacactgggacacggcccagacacctacgggtggcagcag
tcgagaatttttgacaatgggggaaaccctgatcgagcgacgccgggtigaaggtcttcggattgtaaactcctgtcattggggaa
caatgcacagatattaactgtatttgtgttgatagtacccgaagaggaaggtaactctgtgccagcagccgeggtaatacagaggt
ctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggcggtamgiggggtgtgaaatctcggagcettaactccgaaactgce
attcgatactgccgtgcttgagga

>ebs94
agagtttgatctggctcaggatcaacgctggcggcegtgcctaacaegtggaacgagaaagtggagcaatccatgagtacagtgg
cgaccgggtgagtaacacgtgactacctacctccgagtggggaag@gaaaccggggctaataccgcataacaccgcaaggtc
aaaggagcaattcgcttggagagggggtcgcggctgattagctagjtggéatggcectaccaaggcgaagatcggtatccggect
gagagggcgcacggacacactggaactgaaacacggtccagactgeiggoagcagtggggaattttgcgcaatgggggaaa
ccctgacgcagcaacgccgcegtggaggatgaaggcectttgggtegtatimciaccgggacgatactgacggtaccggtggaaga
agcaccggctaactctgtgccagcagccgceggtaatacagagggtgtimgigggaattattgggcgtaaagggegcegtaggceg
gtgcggtaagtcacctgtgaaatccccaggcttaacttggggcectggaggctgecgtgetggagtgtgggagaggtgegtggaatt
cccggtgtagcggtgaaatgcgtagatatcgggaggaacacc

>ebs98
agagtttgatcatggctcaggatgaacgctagcggcaggcctaataagtgggacgggactatttctagtagcaataccgggaata
gtttagtggcgaacgggtgcttaacacgtgggcaacctgccaggaagfaigg ctcgccgaaaggcgaattaataccgceatgtgatt
agagaggacatcctttcgaaattaaagtcggggcaacctgacgguacfigccgcggcctatcagctagttggtgaggttacggcetc
accaaggctttgacgggtagctggtctgagaggacgaccagccacactgggacacggcccagacacctacgggtggcagcag
tcgagaatttttgacaatgggggaaaccctgatcgagcgacgccgggtigaaggtcttcggattgtaaactcctgtcattggggaa
caatgcacagatattaactgtatttgtgttgatagtacccgaagaggaaggtaactctgtgccagcagccgeggtaatacagaggt
ctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggcggtamgiggggtgtgaaatctcggagcettaactccgaaactgce
attcgat

>ebs100
agagtttgatcatggctcaggacggacgctggcggcgtgcctaataegggagcggagttattccttcggggatagcettageggce
ggacgggtgagtaacacgtaggtaacctgcctgtaagactgggatEggdaacggtagctaagaccggatacgcggcattctcge
atgagagagtcgggaaaagcggagcaatctgctacttatagatggamgattagctagttggtggggtaacggcetcaccaagg
cgacgatgcgtagccgacctgagagggtgaacggccacactgggamgggaccagactcctacgggaggcagcagtaggga
atcttccgcaatggacgcaagtctgacggagcaacgccgegtgagiggtyecggatcgtaaagcetcetgttgccagggaagaacg
cttgggagagtaactgctctcaaggtgacggtacctgagaagaaagctaacfacgtgccagcagecgceggtaatacgtagggg
gcaagcgttgtccggaattattgggcgtaaagcgcgcgcaggceggettgtggtgtttaaacttagggctcaaccctgagtcgceatt
ggaaaactgcaggcttgagtgcagaagaggagagtggaattccacgtgtag
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>ebs101
agagtttgatcctggctcaggacgaacgctggcggcegtgcctaaaaagtggaacggggtagcaatacctagtggcgaacggceg
gagtaatacgtgaacaacgtgccttaaagactgggatagccagggggagtaataccggatgtggcaacgggatggcatcatct
cgttactaaatggtttttcgctttaagagcggttcacggcctattatiggampgggtaacggcccaccaaggccatgatcggtagecgg
cctgagagggcgcacggccacactggaactgaaacacggtccagegioeiggcagcagtggggaattttgcgcaatggggga
aaccctgacgcagcaacgccgcgtggaggatgaagccccttggggtgtatiagatcgggacgattatgacggtaccggatgaa
gaagcaccggctaactctgtgccagcagccgeggtaatacagagggtgtigiicggaattattgggcgtaaagggcgegtaggce
ggtgcggtaagtctattgtgaaatctccgggctcaactcggagcttggaaactgccgtgetcgagtgtgggagaggtgagtggaat
tcccggtgtagcggtgaaatgegtagatatcggg

>ebs102
agagtttgatcatggctcaggatgaacgctagcggcegtggataagaagtgggacgagatttttcgttgtagcaatacgatggaaag
tctagtggcgaacgggtgcttaacacgtgggcaacctgccgagaagagagrticgccgaaaggceggattaataccgeatgtgatt
agggagggcatcctctcgaaattaaagtcggggcaacctgacgiieitgiccgcggcectatcagctagttggtgaggtaatagct
caccaaggctttgacgggtagctggtctgagaggacgaccagccagactgggacacggcccagacacttacgggtggcagcea
gtcgagaatttttctcaatgggggaaaccctgaaggagcgacgccgggiaigaaggctttcgggttgtaaactcctgtcatttggga
acaacgcctcgcgttaactgcgttgaggtttgatagtaccagaagaggaagictaactctgtgccagcagccgeggtaatacaga
ggtcccgagcgttgttcggattcattgggegtaaagggtgtgtaggaggb@aagtcgggtgtgaaatctcgecgcttaacggcgaaa
tggcactcgaaactgcttggctcgaggattggagggggaggcggaattgetgcggtgaaatgcgtagatatcggaaggaacacc
tgttgcgaaggcggctctctggactcaaact

>ebs103
agagtttgatcatggctcagagcgaacgctggcggcaggcctaacaagtggagcgcecgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgtgcccttcagttcggaacaacccagdgggetztataccggatacatccgtaaggagaaagatttat
cgctgaaggatcggcccgcegtctgattagctagttggtggggtaatggecaaggcgacgatcagtagctggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcagmgagaatattggacaatgggcgcaagcectgatccagec
atgccgcegtgggtgatgaaggccctagggttgtaaagccctttcggeggatpatgacggtacccgcagaagaagccccggctag
cttcgtgccagcagcecgeggtaatacgaagggggctagcegttgctoggagygcgtaaagecgcacgtaggeggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgcectttgatactgatgeggctgggagaggtgagtggaactgecgagtgtagaggt
gaaattcgtagatattcgcaagaacaccagtggcgaaggcggctaaggtactg

>ebs104
agagtttgatcctggctcagaacgaacgctggcggcegtgcttaacaegtggcgtgcgcagttcgegtagcaatacgtggatggge
gcacggcgcacgggtgcgtaacacgtgggcaacctgccctctgatggggaecgcgaaagcggggctaataccgcataacattc
cttggattatggtttgaggaatcaaagcagtgatgcgtcggaggagugmpmrcgattaggtagttggtgaggtaacggctcaccaa
gccaatgatcggtagctggtctgagaggatgatcagccacactgggactgagtccagactcctacgggaggcagecagtgggga
atcttgcacaatgggcgaaagcctgatgcggcgacgcecgegtgggggattiecggagtgtaaacccctttcgaccgggacgaat
gcccgcaagggagtgacggtaccggtataagaagccccggctaactamtggccgecggtaagacgtagggggecagegttgt
tcggaattactgggtgtaaaggggtcgtaggcggtgtggcaagtcogamajttctgg

>ebs106
agagtttgatcctggctcagaacgaacgctggcagcaggcttaacaagtggaacgcaccgcaaggtgagtggcagacgggtga
gtaacgcgtgggaaccttccctgtggtacggaataacttcgggaaaotgataccgtatatctcctccgggagaaagatttatcgec
ataggatgggcccgcgttggattagctagttggtagggtaatggcaggcaacgatccatagctggtctgagaggatgatcageca
cactgggactgagacacggcccagactcctacgggaggcagcagttpjtggacaatgggcgcaagcectgatccagecatgec
gcgtgggtgatgaaggcecctagggttgtaaagecctttcggcggggaragatggtacccgcagaagaagcecccggctaacttegt
gccagcagccgcggtaatacgaagggggctagegttgctcggaatgagtggagcgcacgtaggeggctttttaagtcaggggt
gaaatcctggagctcaactccagaactgcccttgatactgagaagetigggagaggtgagtggaactgcgagtgtagaggtgaa
attcgtagatattcgcaagaacaccagtgg

>ebs108
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agagtttgatcatggctcaggatgaacgctagcggcaggcctaataagtgggacgggactatttctagtagcaataccgggaata
gtttagtggcgaacgggtgcttaacacgtgggcaacctgccaggaagiaigg ctcgccgaaaggcgaattaataccgcatgtgatt
agagaggacatcctttcgaaattaaagtcggggcaacctgacggaciigccgcggcectatcagctagttggtgaggttacggcetc
accaaggctttgacgggtagctggtctgagaggacgaccagccacactgggacacggcccagacacctacgggtggcagecag
tcgagaatttttgacaatgggggaaaccctgatcgagcgacgccgggigaaggtcttcggattgtaaactcctgtcattggggaa
caatgcacagatattaactgtatttgtgttgatagtacccgaagaggaaggtaactctgtgccagcagecgceggtaatacagaggt
ctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggcggtamgiygggtgtgaaatctcggagcttaactccgaaactge
attcgatactgccgtgcttgaggactggagaggagactggaacttéagoigtgaaatgcgtagatat

>ebs109
agagtttgatcatggctcagaatcaacgctggcggcgtgcttaacaegtggaacgcgcagtcccctgtagcaatacaggggatgg
gcgcgtggcgaacgggtgcgtaacacgtggataaccttccticag@gggrcccgcgaaagcggggctaataccgcataacat
gacgatggcacatgctgttgtcttcaaagccgcaaggcegccagaatecmmgyccgattagctagtiggcgaggtaacggctcac

caaggcaatgatcggtagccggtctgagaggatgatcggcecacadigagacacggtccagactcctacgggaggcageagtg
gggaatcttgcgcaatgggcgaaagcctgacgcagcaacgecgcgiggaagctictcggagtgtaaacccectttcgacccgga

cgaatgcccgcaagggtttgacggtacgggtacaagaagccccggegigcagcagccgcggtaaaacgtagggggecagce
gttgctcggaattactgggcgtaaagggtccgtaggeggtgtggcagapgtgaaatctctgggcttaactcagaggctgcettccgaa
actgctgtgctagagtgcgagagaggcgagtggaattgcgggtotagagitcg

>ebs110
agagtttgatcctggctcagaacgaacgctggcggcegtgcettaacaeatggcgtgcgcagticgecgtagcaatacgtggatggge
gcacggcgcacgggtgcgtaacacgtgggcaacctgccctctgatggggaecgcgaaagcggggctaataccgcataacattc
cttggattatggtttgaggaatcaaagcagtgatgcgtcggaggagogmyurcgattaggtagttggtgaggtaacggctcaccaa

gccaatgatcggtagctggtctgagaggatgatcagccacactgggactgggtccagactcctacgggaggcageagtgggga
atcttgcacaatgggcgaaagcctgatgcggcgacgcecgegtgggggatticggagtgtaaacccctttcgaccgggacgaat

gcccgcaagggagtgacggtaccggtataagaagccccggctaactamtggccgcggtaagacgtagggggecagegttgt
tcggaattactgggtgtaaag

>ebs112
agagtttgatcatggctcaggatgaacgctagcggcaggcctaataagtgggacgggactatttctagtagcaataccgggaata
gtttagtggcgaacgggtgcttaacacgtgggcaacctgccaggaagiaigg ctcgccgaaaggcgaattaataccgcatgtgatt
agagaggacatcctttcgaaattaaagtcggggcaacctgacggaciigccgcggcectatcagctagttggtgaggttacggcetc
accaaggctttgacgggtagctggtctgagaggacgaccagccacactgggacacggcccagacacctacgggtggcageag
tcgagaatttttgacaatgggggaaaccctgatcgagcgacgccgggigaaggtcttcggattgtaaactcctgtcattggggaa
caatgcacagatattaactgtatttgtgttgatagtacccgaagaggaaggtaactctgtgccagcagecgceggtaatacagaggt
ctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggcggtaggiggggtgtgaaatctcggagcttaactccgaaactge
attcgatactgccgtgcttgaggactggagag

>ebs116
agagtttgatcatggctcaggacgaacgctggcggcgtgcttaacaegtggagcggaaaggcccttcggggtactcgagcgge
gaacgggtgagtaacacgtgagtaacctgcccccttctctgggatgggeetactgggtctaataccggatatgacatgttctcgceat

ggggatgtgtggaaagtttttcggtgggggatgggctcgcggcctaticammtggggtgatggectaccaaggcgacgacgggta
gccggcectgagagggcgaccggcecacactgggactgagacacggdochgegggaggcagcagtggggaatattgcacaat
gggcggaagcctgatgcagcgacgcecgegtgagggatgacggcectgpg@gtcctetttcagcaccgacgaacctagacggtag
gtgcagaagaagcgccggctaactacgtgccagcagcecgeggtag@mrgiaaagcgttgtccggatttattgggcgtaaagag
ctcgtaggtggcttgtcgegtctgeccgtgaaageccatggcttaaaytttgrggtggatacgggcaggctagaggcaggtagggg
>ebs120
agagtttgatcctggctcagaacgaacgctggcggcgtggataagaagtggagcgctgattgcagggtagcaatattctgtagttg
gagcggcgcaagggtgcgtaacacgtgggtaatctgccatgaagtaggtEyctgaaaggcgagctaatacaggatgtgaagatt
ggaaggcatcttttgatcttcaaagctggggaccgtaaggcctggatgatgagcccgeggcectatcagctagttggtgaggtaacg
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gctcaccaaggctaagacgggtagctggtctgagaggacgaccagoumeatgagacacggtccagacacctacgggtggea
gcagtcgagaatttttcacaatgggggaaaccctgatggagcgactmggggatgaatggcttcggcccgtaaacccctgtcattc
gcgaacaatgcctgtgtattaacaccatacaggttgatagtagcggaagagacggctaactctgtgccagcagecgeggtaata
cagaggtcccaagcgttgttcggattcactgggcgtaaagggtgcgigmge gtaagtctgatgtgaaatctcacagcttaactgtg
aaactgcattggatactattcggcttgaggtctggag

>ebs125
agagtttgatcatggctcagagcgaacgctggcggcaggcctaacaagtggagcgcecgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgtgcccttcagttcggaacaacccagdgggetztataccggatacatccgtaaggagaaagatttat
cgctgaaggatcggcccgcegtctgattagctagttggtggggtaatggecaaggcgacgatcagtagctggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcagmgagaatattggacaatgggcgcaagcectgatccagec
atgccgcegtgggtgatgaaggccctagggttgtaaagccctttcggeggatpatgacggtacccgcagaagaagccccggctag
cttcgtgccagcagcecgeggtaatacgaagggggctagcegttgctoggagggcgtaaagcgcacgtaggeggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgcectttgatactgatgeggctgggagaggtgagtggaactgecgagtgtagaggt
gaaattcgtagatattcgcaagaacaccagtggcg

>ebs170
agagtttgatcctggcttagaacgaacgctggcggcegtggataagaagtggagcgctgatttcgggtagcaatattcccgagtcg
gagcggcgcaagggtgcgtaacacgtgggtaatctgccatgaagttaggtigctgaaaggcgagctaataccggatgtgataact
gaaaggcatcttttggttattaaagttggggaccgtaaggcctgattgattyaacccgcggcectatcagctagttggtgaggtaacgg
ctcaccaaggctaagacgggtagctggtctgagaggacgaccaggumtatijagacacggtccagacacctacgggtggcag
cagtcgagaatttttcacaatgggcgaaagcctgatggagcgacggggggatgaatggcttcggcectgtaaacccctgtcattcg
cgatcaaaccttattatttaaaagatgatgagctgatagtagcggaagaggcggctaactctgtgccagcagecgeggtaataca
gaggtcccaagcgttgttcggattcactgggcgtaaag

>ebsl172
agagtttgatcatggctcagaacgaacgctggcggcgtggataagaagtgggacgagatttttcgttgtagcaatacgatggaaag
tctagtggcgaacgggtgcttaacacgtgggcaacctgccgagaggiacamgrtcgccgaaaggceggattaataccgeatgtgatt
agggaggacatcctctcgaaattaaagtcggggcaacctgacggiciigccgcggcectatcagcetagttggtgaggtaatagcte
accaaggctttgacgggtagctggtctgagaggacgaccagccacactgggacacggcccagacacctacgggtggcagcag
tcgagaatttttgacaatgggggaaaccctgatcgagcgacaccgggeigaaggtcttcggattgtaaactcctgtcattggggaa
caatgccccgaatttaactgattcggggttgatagtactcgaagaggaaggtaactctgtgccagcagecgeggtaatacagagg

tctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggecggtaegtcgggtgtgaaatcttggagcttaa
>ebs175

agagtttgatcatggctcagggtgaacgttggtaacgtggataccggeaiigaagggggtccgacctcggtcggaccaccggega
acggcttagtaacacgtggatacataccgcaaagtggaggacagamagegggggtaatactccatagtcttgtaaaagtaaagg

cgcaagccgctttgcgaatggtccgeggcctatcagcettgttggcgaaateccaccaaggcgatgacgggtagggggcegtgaga
gcgcgacccccaagaatggcactgcgacacgggcecatactcctacgtgaagcgagaatcttccgcaatggacgaaagtctga
cggagcgacgttacgtgaaggatgaagcccttcggggtgtaaaattititigaggaaattattgacagtaccagatgaataagggg
atcctagttctgtgccagcaggagcggtaatacagaatccccgaatgjtgtttattgggecgtaaagggtgtgtaggtggtttggtaa
gttcaagattaaacctcgtcggcttaaccttcgagctgttttgaatzaggetaagagggcgttagaggcaaacggaaccgatgaagta
ggggtgaaatccgttgatatcatcgggaa

>ebs107
agagtttgatcatggctcagaacgaacgctggcggcgtggataacgticgagggcggattggtgcgtacacgtgggtaatctgec
atgaagttcgggataacttgctgaaaggcgagctaataccggatgtggegggacatcttttggttgttaaagttggggaccgtaag
gcctgacgcttcttgatgaacccgcggcectatcagctagttggtgagggatcaccaaggctaagacgggtagetggtctgagagga
cgaccagccacactggaactgagacacggtccagacacctacgggiagicaggaatttttcacaacgggcgcaagcectgatag
agcgacgccgcgtgggggatgaatggcttcggcccgtaaacccctgiogditcaaacgttattatttaaaagatgataacctgatagt

agcggaagaggaagggacggctaactctgtgccagcagecgeggimagiracaagegttgttcggattcactgggegtaaag
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ggtgcgtaggtggagaggtaagtcggatgtgaaatctcggagcetcgaatitiggeattggaaactacctcgetcgagggttggagg
ggggactggaatacttggtgtagcagtgaaatgcgtagatatcaagaggagtggcgaaggcegagtccctgggacactcctgaca
ctgaggcacgaaagctaggggagcaaacaggat

>ebs413
agagtttgatcatggctcagagcgaacgctggcggcaggcctaacaagtggagcgccgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgtgcccttcagttcggaacaacccagdgggetztataccggatacgtccgtaaggagaaagatttat
cgctgaaggatcggceccgcgtctgattagctagttggtggggtaatggcaaggcgacgatcagtagcetggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcagmgagaatattggacaatgggcgcaagcectgatccagec
atgccgcegtgggtgatgaaggcecctagggttgtaaagcecctttcggeggatpatgacggtacccgcagaagaagcecccggctaa
cttcgtgccagcagcecgeggtaatacgaagggggctagcegttgctoggagggcgtaaagcgcacgtaggeggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgcectttgatactgatgegictgggagaggtgagtggaactgecgagtgtagaggt
gaaattcgtagatattcgcaagaacaccagtggcgaaggcggctaaggtprtgacgctgaggtgcgaaa

>ebp9
agagtttgatcatggctcaaaatctacgatggcggcgtgactaa@agtgtagcgagaaagtggagcaatccatgagtacagcggce
gcaccggagaataacactagactgacctaccctccagtggggaatggatiacctatgctaataccgcataataccctagagctcaa
aggagcaatccgcttgaggagggggtcgcggcecgattagttagttggagiggcccaccaagacgatgatcggtatccggectg
agagggcgcacggacacactggaactgaaacacggtccagactcetggoagcagtggggaattttgcgcaatgggggaaacc
ctgacgcagcaacgccgcgtggaggatgaagtccttcgggacgtatagairgggacgattatgacggtaccggaagatgaag
ccceggttaacttcgtgccagcagcecgeggtaatacgaggggggctgimagaattattgggcgaaaagggtcecgtatgegatgt
gacaagtcggtagtgaaatctccgggcttaactcggaggctgctgatgtigiyctagagtgtgatagaggcegagtgtaattacggg
tgtagcgtgaaaatgcatatatatccctaagaacatccgaagcgaet@getggaacacaaattgaccctgagggacgaaagcta
ggggagcaaaccgg

>ebpl4
agagtttgatcctggctcagagcgaacgctggcggcaggcectaacaagtggagcgcegtgtagcaatacacgagcggcagacg
ggagagtaacacgtgggaacgtacccttcggttcggaataacccagtiggaetaataccggatacgtccgaaaggagaaagatt
tatcgccgaaggatcggeccgeggctgattagctagttggtgaggtei@eggaaggcgacgatcggtagcetggtctgagaggatg
atcagcctcactggggctgagacacggcccagactcctacgggaggtgaggaatattggacaatgggcgcaagcectgatcca
gccatgccgegtgggtgatgaaggcecttagggttgtaaagecctttgggeggataatgacggtacccgcagaagaagcecccggce
taacttcgtgccagcagccgeggtaatacgaagggggctggcegttgetitggtgggegtaaagcgcacgtaggcggattgttaag
tcaggggtgaaatcctggagctcaactccagaactgcctttgatactgtfgggttcgggagaggtgagtggaactgcgagtgtaga
ggtgaaattcgtagatattcgcaagaacaccagtggcgaaggcggguegatactgacgctgaggtgcgaaagcegtggggag
caaacaggattagataccctggtagtccacgccgtaaacgatggatgyttggcgggtttactcgtcagtggcgcagctaacgcttt
aagca

>ebpl01
agagtttgatcctggctcagagcgaacgctggcggcegtgcttaacaegfiggaacgtgaaagggagcaatcctgagtaaagtgge
gtacgggtgagtaacgcgtaggtaatctaccccagagtctggaateegatggcgggctaatactggatagagcgacggaatcc
gtaattgggtttttcgggaaagggaggaagcaattcccttcgctctyggedtgcgtctcattagcetagttggtagggtaacggcectac
caaggctatgatgggtagctggtctgagaggatgatcagccacactggaacacggtccagactcctacgggaggcageagtgg
ggaatcttgcgcaatggacgaaagtctgacgcagccacgcecgegtgggamgccticgggttgtaaagetctgtcgagcgggac
gaaaaatttttaggtgaatagcctagagatctgacggtaccgctagaggaeggctaactccgtgccagcagcecgeggtaatacgga
gggtgcaagcgttgctcggaattattgggcgtaaagggtaggtagtitgttgtctggggtgaaagcecttgggcttaactcaagaagt
gccccagaaacggtgagactggagtcctggagagggtcgtggaatigamgmygtgaaatgcgtagagatcg

>ebpl04
agagtttgatcctggctcagagcgaacgctggcggcegtgcttaacaeafiggaacgtgaaagggagcaatcctgagtaaagtgge
gtacgggtgagtaacgcgtaggtaatctaccccagagtctggaateegatgggcgggctaatactggatagagcgacggaatcc
gtaattgggtttttcgggaaagggaggaagcaattcccttcgctctyagedtgcgtctcattagcetagttggtagggtaacggcectac
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caaggctatgatgggtagctggtctgagaggatgatcagccacactggaacacggtccagactcctacgggaggcageagtgg
ggaatcttgcgcaatggacgaaagtctgacgcagccacgcecgegtaggammccticgggttgtaaagetctgtcgagcgggac
gaaaaatttttaggtgaatagcctagagatctgacggtaccgctagaggeggctaactccgtgccagcagecgeggtaatacgga
gggtgcaagcgttgctcggaattattgggcgtaaagggtaggtagttgtitgtctggggtgaaagcecttgggcttaactcaagaagt
gccccagaaacggtgagactggagtcctggagagggtcgtggaatigtangmygtgaaatgecgtagagatcgggaggaacacc
agaggcgaaagcggcgacctggacaggtactgacactcaacta

>ebpl105
agagtttgatcatggctcagaacgaacgctggcggcatgcctaataagtggaacgcttttggggtttcggctccaggggagtgge
gcacgggtgagtagcgcgtgggaacctgecctgttgtgggggataagggagcttcggctaataccgcatgecgeccgeggagttg
atccgcggggaaagatttatcgcagcaggaggggceccgegtcggatitgotggggtaacggcccaccaaggcgatgatcegt
agctggtctgagaggatgatcagccacactgggactgagacacggeuragegggaggcagcagtagggaatattggacaatg
ggcgcaagcctgatccagcaatgccgcegtgagtgatgaaggcectigigggttctetttcgcccgegacgatgatgacggtagegg
gagaagaagccccggctaacttcgtgccagcagccgceggtaatacggagggcgttgttcggatttactgggcgtaaagggcege
gtaggcggctcgtcaagtcaggcgtgaaagcecccgggctcaacctgggggtigggactggegggcttgagttcgggagagga
gcgtggaattcccagtgtagaggtgaaattcgtagatattgggaagagt@gcgaaggeggegctctggaccgagactgacgcetg
aggcgcgaaag

>ebpl107
agagtttgatcctggctcagagcgaacgctggcggcaggcttaacgegtggagcgggtgtagcaatacatcagcggcagacgg
gtgagtaacgcgtgggaacgtaccttttggttcggaacaacccaggmmgmtaataccggataagcccttacggggaaagatttat
cgccgagagatcggceccgcegtctgattagcetagttggtgaggtaatygetaggcgacgatcagtagetggtctgagaggatgatca
gccacattgggactgagacacggcccagactcctacgggaggcagygaptattggacaatgggcgcaagcectgatccagecat
gccgcegtgagtgatgaaggcecctagggttgtaaagctcttttgtgcgatmatgacggtaccgcaagaataagccccggctaacttc
gtgccagcagccgceggtaatacgaagggggctagcegttgctcggagggagtaaagggtgegtaggegggtctttaagtcaggg
gtgaaatcctggagctcaactccagaactgcectttgatactgaagafittigggagaggtgagtggaactgcgagtgtagaggtgaa
attcgtagatattcgcaagaacaccagtggcgaaagcggctcactgtpriggcgctgaggcacgaaagcegtggggagcaaaca
ggattagataccctggtagtccacgccgtaaacgatgaatgccagccgtt

>ebp109
agagtttgatcatggctcagaacgaacgctggcggcegtggataagaagtggagcgctgatttgcgggtagcaatattcgtaagtc
ggagtggcgcaagggtgtgtaacacgtgggtaatctgccatgaagutéggitgctgaaaggcgagctaataccggatgtgaacgce
aagttcaaagttggggaccgtaaggcctgacgcttcatgatgagcamgatgmgctagttggtgaggtaacggcetcaccaaggceca
agacgggtagctggtctgagaggacgaccagccacactggaactgagi@cagacacctacgggtggcagcagtcgagaatttt
tctcaatgggcgaaagcctgaaggagcgacgecgcegtgggggatgaagggecgtaaaccectgtcatttgcgaacaaattgttt
cacctaacacgtgaagcattgattgtagcggaagaggaagggacgcicig@cagcagccgcggtaatacagaggtcccaagce
gttgttcggattcactgggcgtaaagggtgcgtaggcggecaggtgatgttjaaatcccgcagcetcaactgcggaactgcattgaat
actatttggctcgaggaatggaggggagactggaattctcggtgtagesigcgtagatatcgagaggaacaccagtggcgaagg
cgagtctctggacatttcctgacgct

>ebplll
agagtttgatcctggctcagaatcaacgctggcggcegtgcctaacaegtggaacgagaaagtggagcaatccatgagtacagtg
gcgaccgggtgagtaacacgtgactacctacccttgagtgggggatgage@accggggctaataccgcataacatcgagagat
caaaggagcaatccgctcttggagggggtcgcggctgattagctagatygfaacggctcaccaaggcgaagatcggtatccggec
tgagagggcgcacggacacactggaactgaaacacggtccagaajgetgggagcagtggggaattttgcgcaatgggggaaa
ccctgacgcagcaacgccgegtggaggatgaagcecctttggggcgteitimefaccgggacgatactgacggtaccggtggaag
aagcaccggctaactctgtgccagcagccgceggtaatacagagggtgtigéigggaattattgggcgtaaagggcgegtaggeg
gtgcggtaagtcacctgtgaaacctctgggcttaactcagagcctggaa@ctgccgtgctcgagtgtgggagaggtgegtggaatt
cccggtgtagcggtgaaatgcgtagatatcgg

>ebpll3
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agagtttgatcatggctcagagcgaacgctggcggegtgcttaacaaatggaacgagggtagcaataccttcgtggcgaacggg
tgcgtaacacgtggataaccttccttcaggtggggaataaccccgauppmgtaataccgcataacaagacgagggceacatgect

ttgtcttcaaaggcgcaagtcgccggaagagggatccgeggecgatgefcggggtaacggeccaccaaggcaatgatcggt

agccggtctgagaggatgatcggcecacactggaactgagacacggimmagegggaggcagcagtggggaatcttgecgcaatg
ggcgaaagcctgacgcagcaacgccgegtgggggatgaagcttetggmyicectttcgacccggacgaatgeccgcaaggg

cttgacggtacgggtataagaagccccggctaactacgtgccagcagtagaacgtagggggcecagcegttgetcggaattactgg
gcgtaaagggtccgtaggecggtgtggcaagtcggaagtgaaatcttmmycagaggctgcticcgaaactgetgtgctagagtgt
gagagaggcaagtggaattgcgggtgtagcggtgaaatgcgtagatajgegcatccgaggcgaaagceggcttgetggatcaca
actgacgct

>ebpll4d
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacaagtggaacgagaaaggggagcaatccctgagtaaagtg
gcgaccgggtgagtaacacgtgactaacctaccctcgagtggggdagagaaaccggggctaataccgcataatgcecttagggt

taaaggagcaattcgcttgaggagggggtcgcggcecgattaggtagiiggimacggcccaccaagcccgtgatcggtagecggce
ctgagagggcgcacggccacactggaactgaaacacggtccagagpioiggcagcagtggggaattttgcgcaatgggggaa
accctgacgcagcaacgccgcgtggaggatgaagtcctttgggadgisttagaccgggacgataatgacggtaccggtggaag
aagccccggctaactctgtgccagcagcecgeggtaatacagagggggtigitigggaattattgggcgtaaagggegegtagge
ggtgcggtaagtcacctgtgaaacctctgggcttaactcagagectogaaactgccgtgctggagtgtgggagaggtgegtggaa
ttcccggtgtagcggtgaaatgcgtagatatcgggaggaacacctg@@ggggcgcactggaccacaactgacgetgaggegceg
aaagctag

>ebp4l7
agagtttgatcatggctcagaacgaacgctggcggcgtggataagaagtgggacgagatttttcgttgtagcaatacgatggaaag
tctagtggcgaacgggtgcttaacacgtgggcaacctgccgagaagamagrtcgccgaaaggceggattaataccgeatgtgatt
agggaggacatcctctcgaaattaaagtcggggcaacctgacggaeigccgcggcectaccagctagttggtgaggtaatagcet
caccaaggctttgacgggtagctggtctgagaggacgaccagccagactgggacacggcccagacacctacgggtggcagcea
gtcgagaatttttgacaatgggggaaaccctgatcgagcgacgccgggaigaaggtcttcggattgtaaactcctgtcattgggga
acaatgccccgaatttaactgattcggggttgatagtactcgaagaggaamctaactctgtgccagcagecgeggtaatacagag
gtctcaagcgttgttcggattcattgggcgtaaagggtgcgtaggcggtaggtcgggtgtgaaatcttggagcttaactccgaaact
gcattcgatactgccgtgctcgaggactggagaggagactggaatijtageggtgaaatgcgtagatatcgtaaggaagaccagt
ggcgaaggcgggtctctggacagttcctgacgcetga

>ebpl120
agagtttgatcctggctcagagttaacgctggcagcgtgcataacaegtggagcgggctttggcggggtatcgctagagcetageg
gcagacgagtgagtaacacgtaagaaatctaccccaaaatagggagtgaaaggcgggctaatgccctatataatcctggaatg
gcatcatcccgggatgaaaggcgtaagccggcttgggaggatcttdagmmgrtagttggtggggtaacggeccaccaaggctat
gacgggtagccggcctgaaagggcgatcggccacggaggcegctgaggeetogctcctacgggaggcagceagtggggaattt
tggacaatgggggaaaccctgatccagcaacgctgcgtgaaggacgaamgittgtaaacttcttttgttcgggacgaaagceccg
caagggtttgacggtaccggatgaataagccacggctaactacgtggecagcggtaagacgtaggtggcgagcegttactcggaat
cactaggcgtaaagcgcgtgtaggcgggtgce

>ebpl23
agagtttgatcatggctcaggatgaacgctggcggcegtgcctaataeafiggagcgcctggacagegceacttettgecteegtctga
gacagggcgaacacccggcagggctgttctcatcaaaaaagaaggeagEaggagtgcgatgtccaggagcggeggacggce
agagtaacgcgtaggaacgtaccccaaactgagggataagcccggmppeiaataccgcatattatcttcggatcaaagcttcgg
cggtttgggagcggcctgcgtatgattagcttgttggtgaggtaatggctaggegacgatcattagcetggtctgagaggatgatcag
cctgactgggactgagacacggcccagactcctacgggaggcagogagitigcgcaatgggggcaaccctgacggagcaac
gccgegtgcaggaggaaggccttcgggttgtaaactgcttttatctgatfatgacggtagcagaagaataaggatcggctaattccg
tgccagcagccgceggtcatacggaagatccgagcegttatccggagtiagtgaagagttgegtaggtggcatgtaaagcgagtagt
gaaagatcccggctcaaccgggggcacattattcgaactcacaagettagggaggtacctggaattcccagtgt
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>ebpl25
agagtttgatcctggctcagaatcaacgctggcggcegtgcctaacaegtggaacgagaaagtggagcaatccatgagtaaagtg
gcgaccgggtgagtaacacgtgactacctaccctcgagtggggaagggaaaccggggctaataccgcataacatcgagagat
caaagcagcaatgcgcttgaggagggggtcgcgcectgattagetagitggaacggctcaccaaggcgaagatcggtagecgge
ctgagagggcgcacggccacactggaactgaaacacggtccagagtigaiggcagcagtggggaattttgcgcaatgggggaa
accctgacgcagcaacgccgcgtggaggatgaagtcccttgggadgtatiagaccaagacgataatgacggtactggtggaag
aagcaccggctaactctgtgccagcagccgceggtaatacagagggtgtigéigggaattattgggcgtaaagggcgegtaggeg
gtgcggtaagtcacctgtgaaatctcccggcttaactgggagcectggaagctgecgtgetggagtatgggagaggtgegtggaatt
cccggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggrgaa

>ebpl26
agagtttgatcatggctcagattgaacgctggcggcatgccttacaeapgaacggcagcgcgggagcaatcctggecggegagt
ggcgaacgggtgagtaatacatcggaacatgtccagtagtgggggaigggaaagccggattaataccgcatacgatctacggat
gaaagcgggggatcttcggacctcgcgctattggggtggccgatgdaggtegttggtggggtaaaggcectaccaaggcgacgat
ccgtagcetggtctgagaggacgaccagccacactgggactgagaceaggctcctgcgggaggcagcagtggggaattttgga
caatgggcgaaagcctgatccagcaatgccgegtgtgtgaagaaggeottttaaagcacttttgtccggaaagaaatcctggtgg
ctaatatccgccggggatgacggtaccggaagaataagcaccggetpgetagcagccgeggtaatacgtagggtgegagegt
taatcggaattactgggcgtaaagcgtgcgcaggeggtgatgtaadgicsgatccccgggcttaacctgggaactgceattggtga
ctgcatcgctggagtatggcagaggggggtagaattccacgtgtageagiggtagagatgtggaggaataccgatggega
>ebpl29
agagtttgatcatggctcagagtgaacgctggcggcatgcttaacaegtggcacgggcaggggcaaccctgtcagtggcggac
gggtgagtaacgcgtaggtatctatcctcgggtgggggacaaccacamgigyctaataccgcatgacgactgaggtccaaagg
cgcaagtcgcctggggaggagcectgegtccgattagcettgttggtggagigctaccaaggcetccgatcggtagetggtctgagag
gatgatcagccacactgggactgagacacggcccagactcctacgggaggtygggaatattggacaatgggcgaaagcectga
tccagcaatgccgcegtgggtgaagaaggtctticggattgtaaaggeattigggacgatgatgacggtacccgtagaagaageccc
ggctaacttcgtgccagcagccgceggtaatacgaagggggctagegtatigactgggcgtaaagggcegcegtaggeggcttgta
cagtcagacgtgaaattcctgggctcaacctgggggctgegtitggtaymcttgagttcggaagagggtcgtggaattcccagtgt
aga

>ebpl30
agagtttgatcctggctcagaacgaacgctggcggcgtgcttaacaegtggagtgcgegtccgtagcaatacggatggcgeacg
gcgcacgggtgcgtaacacgtgggcaatctgccctccgaaggggaagggaaaccgaagctaatticcgcataacattcectgga
ctccggttcggggattcaaagcagcaatgcgtcggaggaggagcecegedtag ctagttggtgaggtaacggcetcaccaaggct
atgatcggtagctggtctgagaggatggccagccacactggaactgagaosagactcctacgggaggcagcagtggggaatct
tgcgcaatgggcgaaagcctgacgcagcgacgccgegtggggoatgiaggagtgtaaaccectticgaccgggacgaatgec
cgcaagggagtgacggtaccggtagaagaagccccggctaactaggi@geagcggtaagacgtaaggggcecagegttgttcg
gaattactgggtgtaaagggttcgtaggcggtgtggcaagtcgggagtigégggcttaactcagaacctgcettccgaaactgcetgtg
ctcgagtgtgggagaggcgcgtggaattgcaggtgtageggt

>ebp133
agagtttgatcatggctcagaatcaacgctggcggcegcegcttaacaagtggcacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtggatcatctacctcttagtggggaatgggaeaaccggggctaataccgcataagctcgagagag
gaaagcagcaatgcgctgagagaggagtccgeggcecgattagctagg@aaagcctaccaaggcaaagatcggtagecgg
cctgagagggcacacggccacactggcactgaaacacgggccagagggetggcagcagtggggaatcttgcacaatggggg
aaaccctgatgcagcgacgccgcgtgagcgatgaagceccticgggggtetitcggcagggacgatcatgacggtacctgcaga
agcagctgcggctaactacgtgccagcagcecgeggtaatacgtagggagtigticggagttactgggcgtaaagggtgtgtagg
cggottgcttaagtttggtgtgaaatctcccgg

>ebpl139
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agagtttgatcatggctcagaatcaacgctggcggcegtgcctaacaagtggaacgagaaagtggagcaatccatgagtacagtg
gcgaccgggtgagtaacacgtgaccaacctgccctcgagtggggatgagetaaccggagctaataccgcataacatcgcaaga
tcaaagccgcaaggcgcttgaggagggggtcgecggcetgattagctzgitggaatggcctaccaaggcgaagatcggtagecgg
cctgagagggcgcacggccacactggaactgaaacacggtccagagtuetggcagcagtggggaattttgcgcaatggggga
aaccctgacgcagcaacgccgcgtggaggatgaagtcccttgggadgtatiegaccgggacgatactgacggtactggaagaa
gaagcaccggctaactctgtgccagcagccgeggtaatacagagautgtigétcggaattattgggcgtaaagggcegcegtagge
ggtgcggtaagtcacctgtgaaatctcctggcetcaactgggagcttiggaggcetgecgtgetggagtgtgggagaggtgegtggaa
ttcccggtgtagcggtgaaatgcgtagatatcgggaggaacacctg@@ggggcgcactggaccacaactgacgetgaggegceg
aaagctag

>ebpl140
agagtttgatcatggctcagaatcaacgctggcggcgcgcttaacaagtggcacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtggatcatctacctcttagtggggaatgggaaaccggggctaataccgcataagctcgagagag
gaaagcagcaatgcgctgagagaggagtccgcggcecgattagctagigi@aaagcctaccaaggcaaagatcggtagecgg
cctgagagggcacacggccacactggcactgaaacacgggccagagggetggcagcagtggggaatcttgcacaatggggg
aaaccctgatgcagcgacgccgcegtgagcgatgaagcccttcggggigteidtcggcagggacgatcatgacggtacctgcaga
agcagctgcggctaactacgtgccagcagccgeggtaatacgtagggegtigticggagttactgggcgtaaagggtgtgtagg
cggttgcttaagtttggtgtgaaatctcccggcetcaactggg

>ebpl42
agagtttgatcatggctcagagcgaacgctggcggcegtgcttaacaegtggagtgcgegcectgtagcaatacaggtggegceacg
gcgcacgggtgcgtaacacgtgggcaatctgeccctctgatggggaataggaaagcggggctaataccgcataacattccttgga
ctacggttcgaggactcaaaggcgtaagtcgtcggaggaggagcccgatfegctagttggtagggtaacggcectaccaaggctt
tgatcgttagctggtctgagaggatggccagecacactggaactgagpceagactcctacgggaggcagecagtggggaatcttg
cacaatgggcgaaagcctgatgcagcgacgccgcegtgggggatgaaggaigtgtaaaccectttcgacccggacgaatacctc
gcaagaggggtgacggtacgggtataagaagccccggctaactaggiggcagcggtaagacgtagggggcecagegttgeteg
gaattactgggtgtaaagggttcgtaggcggtgtggcaagtcgggagtdetggggcttactcagagactgcettccgaaactgctgt
gcttgagt

>ebpl143
agagtttgatcatggctcagagcgaacgctggcggcegtgcttaacaegtggagtgcgcgcectgtagcaatacaggtggegeacyg
gcgcacgggtgcgtaacacgtgggcaatctgecctctgatggggaatamgaaagcggggctaataccgcataacattccttgga
ctacggttcgaggactcaaaggcgtaagtcgtcggaggaggagceccgeatfegctagtiggtagggtaacggcctaccaaggctt
tgatcgttagctggtctgagaggatggccagecacactggaactgagpceagactcctacgggaggcagcagtggggaatcttg
cacaatgggcgaaagcctgatgcagcgacgccgcegtgggggatgaagmaigtgtaaacccectttcgacccggacgaatacctc
gcaagaggggtgacggtacgggtataagaagccccggctaactaggtggcagcggtaagacgtagggggcecagegttgcetcg
gaattactgagtgtaaagggttcgtaggcggtgtggcaagtcgggattetgggcttaactcagagactgcttccgaaactgcetgt
gcttgagtg

>ebpl44
agagtttgatcctggctcagagcgaacgctggcggcaggcttaacgegtggagcgggtgtagcaatacatcagcggcagacgg
gtgagtaacgcgtgggaacgtaccttttggttcggaacaacccaggupamtaataccggataagcccttacggggaaagatttat
cgccgagagatcggceccgcegtctgattagcetagttggtgaggtaatygetaggcgacgatcagtagetggtctgagaggatgatca
gccacattgggactgagacacggcccagactcctacgggaggcagggadatitggacaatgggcgcaagcectgatccagecat
gccgcegtgagtgatgaaggcecctagggttgtaaagctcttttgtgcgatmatgacggtaccgcaagaataagccccggctaacttc
gtgccagcagccgcggtaatacgaagggggctagcegttgctcggagigagtaaagggtgcgtaggegggtctttaagtcaggg
gtgaaatcctggagctcaactccagaactgcectttgatactgaagafittigggagaggtgagtggaactgcgagtgtagaggtgaa
attcgtagatattcgcaagaacaccagtggcgaaggcggctcactgigpcitgcgcetgaggcacgaaag

>ebpl145
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agagtttgatcatggctcaggatgaatgctggcggcgtggataaggeafiggaacggtccgcaaggacagtggcagacgaggta
gtaacacgtaggtactccccccgaagcectggtatagctcgtcgaaagpagtyccagatggtcccgaaagggtaaagatttatcge
ttcgggagaggcctgcgtcatatcagcttgttggtgaggtaatggaeagetacgacgtgtaggggegetgagaggeggaccccce
accgatgggactgagacacggcccatactcctacgggaggcecgcaapteiiargcaatggacgaaagtctgacggagcegacyg
ccgcgtgctggaagaagtgcttcggtacgtaaacagcttttatgagagaitattgacggtacctcatgaataaggggctcctaactct
gtgccagcaggagcggtaatacagaggccccaagcattatccgggatygagthaagggtgtcaaggeggctatattagtegttegt
aaaatccgtgggctcaacctacggtccgcgagcgaaacggtatagyitagaggaggtgcatggaactcacggtgtaggggtga
aatccgttgatatcgtggggaacaccaaaggcgaaggcagtgcaegfitigacgctcacaca

>ebpl47
agagtttgatcctggctcaggacgaacgctggcggcegtgcttaacaeafiggaacggaaaggtctcttcggagacactcgagtgg
caaacgggtgagtaacacgtgggtgatctgccctgcacticgggatgggaeactgggtctaataccggataggaccaagagatg

catgtcttttggtggaaagcttttgcggtgtgggatgggceccgegguagattgttggtggggtcacggcectaccaaggcetccgacgg
gtagccggcctgagagggtgtccggcecacactgggactgagatacggotcetacgggaggcagcagtggggaatattgcaca
atgggcgcaagcctgatgcagcgacgccgcegtgggggatgacggaiitgtmpacctctttcaccatcgacgaaggtccgggtttt
ctcggattgacggtaggtggagaagaagcaccggccaactacgtggcageggtaatacgtagggtgcgagcegttgtccggaat
tactgggcgtaaagagctcgtaggtggtttgtcgegttgttcgtgacaegtcttaactgtgagcgtgcgggegatacgggcagactg
gagtactgcaggggagactggaattcctg

>ebpl50
agagtttgatcctggcgcagaacgaacgctggcggcaggcttaacaggtggagcgccccgcaaggggageggceagacgggt
gagtaacacgtgggaacgtaccttttggttcggaacaactccggggggctgataccggataagccctaacggggaaagatttatc
gccagaagatcggceccgcgtctgattagctagttggtggggtaacggaaggcgacgatcagtagetggtctgagaggatgatca
gccacactgggactgagacacggcccagactcctacgggaggcagygagitpitggacaatgggcgcaagcectgatccageca
tgccgegtgagtgatgaaggccttagggttgtaaagcetcttttgtcaggiaatgactgtaccggaagaataagccccggctaacttc
gtgccagcagccgcggtaatacgaagggggctagegttgttcggagigagtaaagcgcacgtaggcggaccattaagtcaggg
gtgagagcctggagctcaactccagaactgcectttgatactgatggtitcggaagaggttggtggaactgcgagtgtagaggtgaa
attcgtagatattcgcaagaacaccagtggcgaaggcggccaactytactgacgctgaggtgcgaaagegtggggagcaaaca
>ebpl156
agagtttgatcatggctcagagcgaacgctggcggcegtgcttaacaegtggagcgecgtagcaatacggagcggcagacggga
gagtaacacgtgggaacgtgcccttcagttcggaacaacccagggaaatiiataccggatacgtccgtaaggagaaagatttatc
gctgaaggatcggcccgcegtctgattagctagttggtggggtaacgoraaggcgacgatcagtagcetggtctgagaggatgatca
gcctcactgggactgagacacggcccagactcctacgggaggcagggaagatiggacaatgggcgcaagcectgatccagecat
gccgcegtgggtgatgaaggcecctagggttgtaaagcecctttcggegggtgacggtacccgcagaagaagecccggctaact
tcgtgccagcagcecgeggtaatacgaagggggctagegttgctcggapigagtaaagcgcacgtaggceggctttttaagtcagg
ggtgaaatcctggagctcaactccagaactgcccttgatactgaggagicttgggagaggtgagtggaactgcgagtgtagaggt
gaaattcgtagatattcgcaagaacaccagtggc

>ebpl62
agagtttgatcatggctcagaatcaacgctggcggcegtgcctaacaagtggaacgagaaagtggagcaatccacgagtaaagtg
gcgaccgggtgagtaacacgtgactaacctaccctcgagtggggaatapggaaaccggggctaataccgcataatgtcttcggat
caaaggagcaatccgctggaggagggggtcgeggcecgattagctagtggaacggceccaccaaggccatgatcggtagecg
gcctgagagggcgcacggcecacactggaactgaaacacggtccagegtmaggcagcagtggggaattttgcgcaatggggg
aaaccctgacgcagcaacgccgcgtggaggatgaagccccttggggtgtatcgatcgggacgattatgacggtaccggatga
agaagcaccggctaactctgtgccagcagccgcggtaatacagagagitgtigttcggaattgttgggcgtaaagcgcetcgtaggt
gggttgacaagtctgcaagcaaagacccgggctcaactcgggaatmagtgttgtcgatcttgaggtagtcagaggatgatggaa
c

>ebpl163
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agagtttgatcctggctcagaacgaacgctggcggcgtgcctaaaaagtggagcgagaaagggagcaatcctgagtaaagegg
cgcacgggtgcgtaacacgtgggtaatctgcctcgaagagagggatecgdaaggttagctaatacctcataagcettacggcectctt
cggaggctgttagaaaagggtggcctctgtatacaagctatcgcttggagacgcggceccatcagctagttggeggtgtaaaagac
caccaaggcgatgacgggtagctggtctgagaggacgatcagccaaatigggacacggtccagactcctacgggaggceagea
gttgggaatattgcgcaatgggcgaaagcctgacgcagcaacgcogogidgaaggtcttcggatcgtaaagctetttcggecgg
gacgaaaactcaccgtttcatacgcggtgacttgacggtaccggaagaageggctaactctgtgccagcagcecgeggtaataca
gagggtgcaagcgttgttcggaattattgggcgtaaagcgcegtgtagygtigtgtcgggtgtgaaagcecctcggcettaaccgagg
aagtgcgcccgaaactagcgagcttgagtgccggagaggagagtoosgutac

>ebpl166
agagtttgatcctggctcagaacgaacgctggcggcegtgcttaacaegtggagtgcgegtgecgtagcaatacggtatggegea
cggcgcacgggtgcgtaacacgtgggcaatctgccctccggtggggaataggaaagcggggctaattccgcataacattetctg
gactctggttcggggattcaaagcagcaatgcgccgaaggaggagcccgatagcetagttggtgaggtaacggctcaccaagg
caatgatcggtagctggtctgagaggatggccagccacactggaacagggeccagactcctacgggaggcagceagtggggaat

cttgcgcaatgggcgaaagcctgacgcagcgacgcecgegtgggggetigéagpagtgtaaaccectttcgaccgggacgaatg
cccgcaagggagtgacggtaccggtagaagaagcecccggctaactaggiggecgceggtaagacgtagggggecagegttgtt
cggaattactgggtgtaaagggtccgtaggcggtgtggcaagtcgggattrtgggcttaactcagaagctgcttccgaaactgct
gtgctagagtgcgggagaggcegcegtggaattgcaggtgtagcggtgasaggtatctge

>ebpl69
agagtttgatcatggctcagagtgaacgctggcggcatgcttaacaegtggcacgggcaggggcaaccctgtcagtggcggac
gggtgagtaacgcgtaggtatctatcctcgggtgggggacaaccaamgigctaataccgcatgacgactgaggtccaaagg
cgcaagtcgcctggggaggagcectgegtecgattagcettgttggtggagtectaccaaggcetccgatcggtagcetggtctgagag
gatgatcagccacactgggactgagacacggcccagactcctacgggaggtggggaatattggacaatgggcgaaagcectga
tccagcaatgccgcegtgggtgaagaaggtctticggattgtaaaggeattigggacgatgatgacggtacccgtagaagaageccc
ggctaacttcgtgccagcagccgceggtaatacgaagggggctagegtatigactgggcgtaaagggcegcegtaggeggcttgta
cagtcagacgtgaaattcctgggctcaacctgggggctgegtttggtayggcttgagticggaagagggtcgtggaattcccagtgt
agaggtgaaattcgt

>ebp401
agagtttgatcatggctcagaacgaacgctggcggcgtgcttaacaagtggcgtgcgceagtttccgtagcaatacggggatgggce
gcacggcgcacgggtgcgtaacacgtgggcaatctgccctccgatggggaecgcgaaagcggggctaataccgcataacattc
cttgagcgatggttcgaggattcaaagcaagtaatgcgtcggaggaggagcccgattagctagttggcgaggtaacggctcacc
aaggcaatgatcggtagctggtctgagaggatgatcagccacactgagacacggtccagactcctacgggaggcagcagtggg
gaatcttgcacaatgggcgaaagcctgatgcagcgacgecgcgtggagagetictcggagtgtaaacccctttcgectgggacga
atgcccgcaagggagtgacggtaccaggataagaagccccggctégotaggagcecgcggtaagacgtagggggecagegtt
gttcggaattactgggtgtaaagggttcgtaggcggtgcggcaagtmmeatctctgggctcaactcagaggcetgcttccaaaact
gctgtgcttgagtgcgagagaggctcgtggaattgcaggtgtagcgggaagatatctgcaggaacaccecgtggcgaaagegg
cgagctggatcactactgac

>ebp402
agagtttgatcatggctcagaatcaacgctggcggcegtgcctaacaagtggaacgcgagggtcccgcaagggactagtagagtg
gcaaacgggtgagtaacacgtgggtgacctgccttcgagtgggggtteegaaagggacgctaataccgcatgacatcctgecgt
tgaaaccggtggagatcaaagctggggatcgcaagacctagcgetiggggacgcgtccgattagcetagttggtgaggtaatgge
tcaccaaggcgacgatcggtagccggcectgagagggcggacggcayaatigagacacggeccagactcctacgggaggcea
gcagtggggaattgttcacaatgggcgcaagcctgatgacgcaactggaggatgaagatcttcgggtcgtaaactcctttcgatc
gagacgaacgacttccgggctaatcaccggaagagtgacggtaccgggagecccggctaactccgtgccagcagecgeggta
atacggggggggcaagcgttgttcggaattactgggcgtaaagggggegigccaactaagtcagacgtgaaatccctcggcttaa

ccggggaactgcgtctgatactggatggcttgaggttgggag
>ebp403
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agagtttgatcctggctcaggacaaacgctggcggcegtgcgtaacaagtgggacgagggggceggttettttcggagageggtctt
tcgagtggcggacgggtgagtaacacgtggataacctaccctggtgig@ggctgtagaaatacgggctaataccgecatgeggta
gatcggggttcgcccggatctaagaaagccttcgggcgcagcaggaggggyccgattagctagttgggggggtaaaggcttce
caaggcgacgatcggtagctggtctgagaggatgatcagccacadtgygaicggcccagactcctacggggggcagcagtga
ggaatcttcgtcaatgggcgcaagcctgaacgagcaacgcecgegtgigmugccctcgggttgtaaaccacttttctctggaacga
gttttggacggtaccagaggaagaagtctcggctaactacgtgccageagtaatacgtaggagacgagcegttgtccggagttact
gggcgtaaagggtgcgcaggceggttegttttgtgggtggtgaaatgcgactgggagggggcecatccaaacgggegaacttga
ggcgtggagagggacgtggaattccgggtggagcagtgaaatgeg

>ebp404
agagtttgatcatggctcagagcgaacgctggcggcegtgcttaacaegtggaacgcgcagttctctgtagcaatacagggagcecg
gcgegtggcgaacgggtgcgtaacacgtggataaccttccticaggig@@ycccgcgaaageggggctaataccgcataacat
gacgatggcacatgctgttgtcttcaaagccgcaaggcgccagaagecgmyccgattagcetagtiggcgaggtaatggcetcac
caaggcaatgatcggtagccggactgagaggttgaccggccacadgagaracggtccagactcctacgggaggceagceagtg
gggaatcttgcgcaatgggcgaaagcctgacgcagcaacgccgegaygaagctictcggagtgtaaacccctttcgacccgga
cgaatgcccgcaagggtttgacggtacgggtataagaagccccggoigigcicagcagccgeggtaaaacgtagggggecage
gttgctcggaattactgggcgtaaagggtccgtaggeggtgtggcagapgtgaaatctctgggcttaactcagaggctgcetcccga
aactgctgtgctcgagtgcgagagaggcgagtggaattgcgggtgtagegygcgtagatatccgcagggacatccgaggegaa
agcggctcgctggatcgcaact

>ebp405

agagtttgatcatggctcagaacgaacgttggcggcgtggattaggeatiggaacgaatccctgggggcaactctggggggaagt
ggcgaaaggggcagtaatgcgtggctaacctaccccggggacgggoatag@cggaagggtaatacccggegatgtggega

gggggcatctccttgctatgaaatgagtttcgcctcgggagggggmetediagettgttggcggggtaacggeccaccaaggcga
agatggctagcgggtgtgagagcacgacccgcgccactggcactgaggmaagactcctacgggaggcetgcagtcgaggatctt
cggcaatgggcgcaagcctgaccgagcgacgcecgegtgcgegatgtagggtigtaaagcgcetgtcgagggggaggaaagce

cgaaaggtctgacctatccctgggggaagcacgggctaagtticgtggmmrgataagacgaaccgtgcgaacgttgttcggatt
cactgggcttaaagggcgcgtaggcggcttgccaagtcaggggtgbegictcaaccggaaaacagcttctgatactggegggct
ggagggaggtaggggcagatggaacttccggtggagcggtgaaatgaitamaagggacgccggtggcgaaagegatctgcet
ggacctcttctgacgctgatgc

>ebpl19

agagtttgatcatggctcagaacgaacgttggcggcegtggattaggeatiggaacgaatccctgggggcaactctggggggaagt
ggcgaaaggggcagtaatgcgtggctaacctaccccggggacgggyateigacggaagggtaatacccggegatgtggega
gggggcatctccttgctatgaaatgagtttcgcctcgggagggggmetegtagcettgttggcggggtaacggcccaccaaggega
agatggctagcgggtgtgagagcacgacccgcgccactggcactgiggaaagactcctacgggaggcetgcagtcgaggatctt
cggcaatgggcgcaagcctgaccgagcgacgccgcegtgcgcgatgitagggtigtaaagegcetgtcgagggggaggaaagce
cgaaaggtctgacctatccctgggggaagcacgggctaagticgtgoramgrgataagacgaaccgtgcgaacgttgttcggatt
cactgggcttaaagggcgcgtaggcggcttgccaagtcaggggtgsagictcaaccggaaaacagcttctgatactggcgggct
ggagggaggtaggggcagatggaacttccggtggagcggtgaaatgaitamaaggaacgccggtggcgaaagcegatctget
ggacctcttctgacgctgatgceg

>ebp406
agagtttgatcctggctcagaatcaacgctggcggcegtgcttaacaegggegtgcgcagticcgtagcaatacgggatgggege
acggcgcacgggtgcgtaacacgtgggcaatctgccctctgatggggaatgcgaaagcggggctaataccgcataacattcctt
ggactacggtccggggattcaaagcagtgatgcgtcggaggaggagceccgattagctagttggtgaggtaatggctcaccaag
gcaatgatcggtagctggtctgagaggatgatcagccacactggaactgagtccagactcctacgggaggcagcagtggggaa
tcttgcacaatgggcgaaagcctgatgcagcgacgcecgegtgggggeatigdeggagtgtaaacccctttcgactgggacgaatg
cccgcaagggagtgacggtaccagtagaagaagccccggctaactacgiggecgcggtaagacgtagggggcecagcegttgtt
cggaattactgggtgtaaagggttcgtaggcggtgtggcaagtcgggajtgatgggcttaacccataggcetgcttccgaaactgct
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gtgcttgagtgtgggagaggcgcgtggaattgcaggtgtagcggtgagatatatctgcaggaacacccgtggcgaaagcggceg
cgctggaccacaactgacgctgaatgac

>ebpl24
agagtttgatcatggctcagagcgaacgctggcggcaggcectaacaagtggagcgcecgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgtgcccttcagttcggaacaacccagdgggatsataccggatacgcccgtaaggagaaagatttat
cgctgaaggatcggeccgcegtctgattagcetagttggtggggtaacageaaggcgacgatcagtagetggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcagmgaatattggacaatgggcgcaagcectgatccagec
atgccgcatgggtgatgaaggccctagggttgtaaagcecctttcggagggtpatgacggtacccgcagaagaagecccggcetaa
cttcgtgccagcagccgcggtaatacgaagggggctagegttgcteggdgggegtaaagcgcacgtaggeggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgcccttgatactgatggagictgggagaggtgagtggaactgcgagtgtagagg
tgaaattcgtagatattcgcaagaacaccagtggcgaaggcggcarggtactgacgctgaggtgcgaaagegtggggagea
aacaggattagataccctggtagt

>ebp412
agagtttgatcatggctcagaatcaacgctggcggegtgcctaacaagtggaacgagaaagtggagcaatccatgagtatagtgg
cgaccgggtgagtaacacgtgactaacctgcccttgagtgggggatgggaebaccggggctaataccgcataacatcttcaggat

gagaagctggggatcaaaggagcaatccgcttatggagggggtcgatgagtgagttggcggggtaacggceccaccaaggcegat
gatcggtatccggcctgagagggcgcacggacacactggaactgagcaggctcctacgggaggcagcagtggggaattttg
cgcaatgggggaaaccctgacgcagcaacgccgcgtggaggatgdiagigacgtaaactcctttcgaccgggacgattatgac
ggtaccggtggaagaagccccggctaacttcgtgccagcageccgagagyggggcgagcegttgttcggaattattgggegta
aagggcgcgtaggcggtgcggtaagtcacctgtgaaacctctgggitagagcctgcaggcgaaactgcecgtgetggagtgtgg
gagaggtgcgtggaattcccggtgtagcggtgaaatgcgtagataggageacctgtggcgaaa

>ebp4l4
agagtttgatcctggctcagaacgaacgttagcggcgcgcctaacaagtggcacgagaaagggcttcggecccggtaaagtgg
cgcacgggtgagtaacacgtgggtaatgttccctcgggcgggggateegaaaggaaggctaataccgcataagaccacggcect
cgaaagaggctgaggtaaaagcaggcctctgcatgcaagcttgcayatigegrccgeggceccatcagctagttggtagggtaatg

gcctaccaaggctaagacgggtagetggtatgagaggatgatcagemmaatgagacacggtccagactectacgggaggeag

cagtggggaatcttgcgcaatgggcgaaagcectgacgcagecgacquggogitgaaggccttcgggttgtaaagecctgtgggg
agagacgaataagtcggagccaatacctccggegatgacggtatitecttaccggctaactctgtgccagcagecgeggtaag

acagagggtgcaaacgttgttcggaattactgggcgtaaagcgtotg@gmmycgcaagtcggatgtgaaagccccgggcetcaac
ccgggaagtgcacccgaaactgcgtggcettgagtaccggagaggtéggtcigggtgtagaggtgaaattcgtagatatc
>ebp418
agagtttgatcatggctcagaacgaacgttggcggcegtggattaggeatiggaacgaatccctgggggcaactctggggggaagt
ggcgaaaggggcagtaatgcgtggctaacctaccccggggacgggyateigacggaagggtaatacccggegatgtggega
gggggcatctccttgctatgaaatgagtttcgcctcgggagggggmetegtagcettgttggcggggtaacggcccaccaaggega
agatggctagcgggtgtgagagcacgacccgcgccactggcactgiggaaagactcctacgggaggcetgcagtcgaggatctt
cggcaatgggcgcaagcctgaccgagcgacgccgcegtgcgcgatgitagggtigtaaagegcetgtcgagggggaggaaagce
cgaaaggtctgacctatccctgggggaagcacgggctaagticgtgoramgrgataagacgaaccgtgcgaacgttgttcggatt
cactgggcttaaagggcgcgtaggcggcttgccaagtcaggggtgsagictcaaccggaaaacagcttctgatactggcgggct
ggaggzgaggtaggggcagatggaacttccggtggagcggtgaaatgtagtag

>ems
agagtttgatcatggctcagaatcaacgctggcggcegtgcctaacaagtggaacgagtaagtggagcaatccatgagtacagtgg
cgtacgggtgagtaacacgtgactaacctacctccgagtggggaatgggeaaccggggctaacaccgcataaaaccgcaaggt
caaatgcgcaagcagcttggagagggggtcgeggttgattagctagtgghatggctcaccaaggcegatgatcaatagccggcec
tgagagggcgcacggccacactggaactgaaacacggtccagaagetgggagcagtggggaattttgcgcaatgggggaaa
ccctgacgcagcaacgecgcgtggaggatgaagtcectttgggatgtegigciatcgggacgataatgacggtaccggaagaaga
agccccggctaactctgtgccagcagecgceggtaatacagagggggiciggggattattgggecgtaaagggcegceg
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>ems6
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacaagtggaacgagaaagtggagcaatccatgagtaaagtg
gcgaccgggtgagtaacacgtgactaacctaccttcgagtgggogaigggaaaccggagctaataccgcataacatcgcgagat
caaagcagcaatgcgctggaagagggggtcgcggctgattagctagitggaacggcccaccaaggcgaagatcggtatccgg
cctgagagggcgcacggacacactggaactgaaacacggtccagagggetggcagcagtggggaattttgcgcaatggggga
aaccctgacgcagcaacgccgcgtggaggatgaagccctttggggugtatiegacccggacgatgatgacggtacgggtgga
agaagcaccggctaactctgtgccagcagccgcggtaatacagagogtgttgttcggaattattgggcgtaaggggcgegtagg
cggcgcggtaagtcacctgtgaaatctcccggcttaactgggagcegicgagactac

>ems’
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgtctctgggtgcetttggtagccagaggagtg
gcggacgggtgaggaacacgtgggtgacctatctttcagtgaggagtaaggpaatcgccgacaagaccgcatacggttctctegt
cggagagggaacgaaagctcttcgtgagaggggcgctggaagctgegfecgpttagctggetggtggggtaaaggctcacca

gggcgacgatcggtagetggtctgagaggacgatcagecacactgammaitggeccagactcctacggggggeageagtgag
gaattttcggcaatgggggcaaccctgaccgagcaacgecgcgtggaggaacttcgggttgtaaactgcttttctgtgggacgag

caaggacggtaccacaggaagaagccccggctaactacgtgccagggtratiacgtagggggcaagcgttgtccggagttact
gggcgtaaagggcacgcaggcggtttcacaagagtggggtgacaggttfecgtggcacagggccttgcagactgtgagacttg
agggcctcagagggacatggaactccaggtgtagtggtgaaa

>emsl2
agagtttgatcatggctcaggatgaacgctggcggcgtgcctaacaegtggaacgtcctctggccgcaaggctggagggagtgg
cggacgggtgagtaacacatgggaacctaccttccagtgaggaatgagggatcgccgacaagaccgcatgggcttctectttgg
gggaagcaaagtttcttcgcgagaggagacgctggaagatgggcagaggnctagctggtggggtaagagcectaccagggceg
acgatcggtagctggtctgagaggacgagcagccacactgggattgggaeagactcctacggggggcagcagtgaggaatttt
ccgcaatgggcgcaagcctgacggagcaacgccgcgtgcaggaagaogmgitgtaaactgctttictgagggacgagcaagg
acggtacctcaggaacaagccccggctaactacgtgccagcagcaeggtagggggcgagcgttgtccggagttactgggeg
taaagggcatgcaggcggagcgctgegtttgccatgacagctcctaggiiggagagagtggcaaaaacgagcgcacttgaggga
cacagagggacacagaattcggggtggagtggtgaaatgcgtagagajgegtaccaa

>emsl13
agagtttgatcatggctcaggacgaacgctggcggcgtgcctcaaaagtggagcgtggcttcgttctctcgcaagagaggacga
agtctagcggcgaacgggtgagtaacacgtgagaaacctgccctcgggacgacctcgggaaaccggggctaataccggattc
gctcgecgggtecgeatggectggtgaggaaaggacgcaagtcgecggaggegceggcectatcagcettgtiggtggggtaacgg
cctaccaaggctatgacgggtagctggcctgagagggtggtcagcggaactgagacacggtccagactcctacgggaggcag
cagttgggaatcttgggcaatgggcgaaagcctgacccagcgacgmuggiatgaaggccttcgggttgtaaacccctgtcatga
gggacgaagccgcaaggtgacggtacctcaggaggaagccccggotpgotagcagccgcggtaagacgtagggggcaag
cgttgtccggaatcactgggcgtaaagcgcegtgtaggceggtttggamaggtgaaagcctccggcetcaactggaggacgecgegg
gatactgccggactcgaggacaggagagggaagtggaattcccggtgta

>ems80
agagtttgatcatggctcagaacgaacgctggcggcgcgcctaataagtggaacgagaatgtgtagcaatacacatgtacagtgg
cgaacgggtgaggactacatgggtaacctaccctcgagtggggag@aydaaggttagctaataccgegtacgcttcccggact
gcggttcgggaaggaaagcgataccgtgggtatcgcgctcttggatgggetctatcagcettgttggtgaggtaacggctcaccaa
ggcttcgacgggtagctgatctgagaggatgatcagccacactgggactmgggccagactcctacgggaggcagcagtaagg
aatattgcgcaatgggcgaaagcctgacgcagcgacgccgcgtggaagatcttcggattgtaaacccctttcgggagggaagat
gggatggggtaacccattcggacggtacctccagaagcagccacggmsgrmagcagccgcggtaatacgaaggtggcaagce
gttgttcggatttactgggcgtacagggagcgtaggcggttgggtatmpmigaaatctccaggcttaacctggaaagtgcagaggg

gactgctcagctagaggatgggggag
>ems88
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agagtttgatcatggctcaggatgtacgctgggggcatgcttaacaeatjgaacgggttataagttgaaactttaagtgaattcttgta
atcagtagcggacgggtgcgtaacgcgtaagaacctacctttaggaigageactggaaacggtggctaatactccatatgctgag
gagtgaaagagaaagacaactttcttgcctagggatgggcttgctpcieetyttggtagggtaacggcettcccaaggcgacgatca
gtagctggtctgagaggacgatcagccacactgggactgagacacggctmdacgggaggcagcagtgaggaattttccgcaa
tgggcgaaagcctgacggagcaatgccgcgtggaggaagacagcttgtgggctcctttictcagagaagaattcttgacggtat
ctgaggaatcagcatcggctaactccgtgccagcagecgeggtaatm@iggaagcegttatccggaatgattgggegtaaagggt
ctgtaggtggtcggtaaagtctaccgttcaataccaaggcttaacgttgggggtggaaactcatcggcttgagtacggtagg
>ems106
agagtttgatcatggctcagattgaacgctggcggcatgcttaacaeafiggaacggcagcatttatttagtttactagatgagatggc
gagtggcgaacgggtgagtaacgcgtaggaatatgccttagagachg@tfggggaaacccaagctaataccggatgccatctat

ggatgaaagctggggaccttcgggcectggegctitaagaatagcatgediagctagttggtggggtaagggectaccaaggega
cgatcgttagctggtctgagaggatggtcagccacactggaactgagaceagactcctacgggaggcageagtggggaatattg

gacaatggggggaaccctgatccagcaatgccgcegtgtgtgaagagagggtigtaaagcactttcggtagggaggaggacttgt
gggttaagagctatcgagttggacgttacctacagaagaagcacaggctigccagcagcecgcggtaatacggagggtgcgag
cottaat

>ems107
agagtttgatcctggctcaggacaaacgttggcggtgcgtcttagasgyppagcgtgaaagecccgcaagggtgagtaaagcggce
gaacgggtgagtaatacttgggtaacgtccctcctagattgggataaggEaaggcgtgctaataccggatatgaccacggcttetct
ggaagttggggtaaaagatggcgcaagctatcactgggagatcggmcaatagctagttggecgtggtaacggcccaccaaggce
gacgatggttagccggcctgagagggtgatcggccacactgggacigggatcagactcctacgggaggcagcagtttggaata
ttccacaatgggcgcaagcctgatggagcgacaccgcgtgaaggaigsagpttgtaaacttctttagacctagatgaaggcetgce
agggtgaataatcctgcagtttgacagtataggtagaataagccaagjigtgégccagcagccgcggtaatacagaggtggcgaac
gttgtccggatttattgggtgtaaagggcatgtaggtggttt

>ems108
agagtttgatcctggctcagaactaacgctggcggcgtgcctaacaegtggagcggacaccaatttgtagcaatacagatgaagt
gttagcggcagacgggtgagtaacacgttggcaatctatctttccogatagytagccgaaaggttagctaatacctgatacgatcatc
gagcggcatcgcatgatgatgaaagcagcaatgcgcggattgaggapytctpttagctagttggtgaggtaacggcccaccaa
ggcaacgatggatagctggtctgagaggacgaccagccacactggggeagggcccagactcctacgggaggcagcagtgag
gaattttccgcaatgggcgaaagcctgacggagcgacgccgcegtgoaegagcttcggatcgtaaagtgctgtcgagggggacg
attatgacggtacccctggaggaagccccggctaactacgtgccagcagtaagacgtagggggcgagcegttgticggaattact
gggcgtaaagcgtgcgtaggcggattcgtaagtcgaggttgaaata

>ems109
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacaagtggaacgagaaagcgggggcaactccgtgagtaaa
gtggcgtacgggtgagtaacacgtagctaacctacccttcagcgggggadgggaaactcgggctaataccgcataacctcttagtt
gcacaagcagcagagagcaaaggtccgcaaggatcgctgaaggagggggetattagctagttggcggggtaacggcccac
caaggcaatgatcggtagccggcectgagagggcgcacggccacadgggaracgggcecagactcctacgggaggcagceagt
ggggaattttgcacaatgcccgaaagggtgatgcagcaacgccgcgéigggggccttcgggtcgtaaacctctttcgaccggga
aaaatgggctggtgaatagccagctctgatggtaccgatggaagaggcecaactacgtgccagcagccgceggtaatacgtaggg
ggcgagcgttgttcggaattactgggcgtaaagggcgtgtaggcggapgiggggcgtgaaatcccggagcectaactcggggceg
gtcgttccagactgccgtgctagggta

>emsl110
agagtttgatcatggctcagaatcaacgctggcggtatgcttaacaegtggaacgcaaccattcgtggttgagtggcggacgggotg
agtaacgcgtgagaatctggcttcaggtcggggacaaccattggagacigaitaccggataagccgcaaggtgaaagattaattgce
ctgaagatgagctcgcgtctgtttagctagttggtggggtaagag@dggcgacgatcagtagctggtctgagaggacgatcagec
acactgggactgagacacggcccagactcctacgggaggcagcagitfjgggcaatgggcgcaagcctgacggagcaatac
cgcgtgggggaggaaggctcttgggttgtaaaccccttttctcagggaggatgacggtacctgaggaatcagcatcggctaactcc
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gtgccagcagccgeggtaatacggaggatgcaagcegttatccggaatyaitaaagcgtccgcaggtggtagtgcaagtctgcetg
ttaaaggtttgggcttaacccaagatcggcggtggaaactgcacagigfaggtaggggtagaggggattcctggtgtagceg
>emsl1ll
agagtttgatcctggctcaggataaacgctggcggcegtgcctaacaegtggaacgcctttctictcgtaagggaaggagggagtg
gcggacgggtgagtaacgcgtgggtacctgcactttggtgaggaatagagmaatcgccgacaataccgcatgagcetctcgtgag
agagcaaagcttcgcatcggcgaggcgccagagaatgggcectgctpgotadttggtgaggtaaaggcttaccaaggcgacga
tcggtagctggtctgagaggacgatcagccacactgggattgagaaeggotcctacggggggcagcagtgaggaattttcgge
aatgggcgcaagcctgaccgagcaacgccgcgtgcaggaggaaggtititgaactgcttttcccagggaagagtaaggacgg
tacctggggaataagtcccggctaactacgtgccagcagecgegaiaggggcgagcegttatccggagttactgggcgtaaag
cgcacgtaggcggtctgctaagticggagtgacagtcaccagctiagatggactttgaaaactggcggacttgagagce
>emsl12
agagtttgatcctggctcagaatcaacgctggcggcegtgcctaacaegtggaacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtgactaacctacctccgagtggggaatgggaaaccggggctaacaccgcataaaaccgcaag

gtcaaatgcgcaagcagcttggagagggggtcgeggttgattaggagitytaatggctcaccaaggegatgatcaatagecgg

cctgagagggcgcacggcecacactggaactgaaacacggtccagegueggcageagtggggaattttgcgcaatggggga
aaccctgacgcagcaacgccgegtggaggatgaagccctitgggorigtatiagacccggacgataatgacggtacgggtgga

agaagcaccggctaactctgtgccagcagccgcggtaatacagagogtgttgttcggaattattgggcgtaaagggcgegtagg
cggcgcagtaagtcacctgtgaaatctcctggcttaactgggagccicgagactaccgtgctggagtgtgggagaggtgegtgga
attcccggtgtagcggtgaaatgcgtagatatcggg

>ems145
agagtttgatcatggctcaggacaaacgctggcggcgtggattaggegtggaacgaatcccagccttgtagcaataccgggctg
ggggaagtggcgaaaggggcagtaaggcgtgggtaacctaccccggggatagccattctaacgagtgggtaatacgcggceg
attcagcgtgatggcatcatcgtgctgggaaatgaatttcgcctcgggatgmcegtgatattagcettgttggcggggtaacggcccac
caaggcgaagatgtctagcgggtgtgagagcacgacccgcgccadtgagacactggccagacacctacgggtggctgecagtc
gaggatcttcggcaatgggcgcaagcctgaccgagcgacgcecgcgitjgaeggccticgggttgtaaagcactgtcgaggggga
taaagcccgcaagggttgattgatccctggaggaagcacgggctaggt@agcagccgcggtaagacgaaccgtgcgaacgttgt
tcggaatcactgggcttaaagggcgcgtaggcggctticgcaagtcogpgicccccagcetcaactggggaagtgecttggatact
gcggagctcgag

>ems133
agagtttgatcatggctcaggataaacgctggcagcgtgcctaacaagtggaacgctctagctcgcaagaggtagggagtggeg
gacgggtgaggaacacgtgggaatcgaccctgaggtgaggaatacgaaaggggtgacaataccgcatagccttggcagcaag
gaaagctcgcaagagcgccacaggacgagcctgcgceccgattagitggoigtaatggctcaccaggacgacgatcggtagcetg
gtctgagaggacgatcagccacactgggattgagaacggcccagegmgggcagcagtgaggaattttcgtcaatgggggcea
accctgaacgagcaacgccgcgtgcaggaagaaggttttcggatdgtatetctgggacgagtacggacggtaccagaggaa
caagccccggctaactacgtgccagcagccgcggtaatacgtagggggugaccggagttactgggcgtaaagggtccgaag
gcggtgtgcagcgtttcacgtgacagtctccggctcaactggagadggagpacgagcagacttgagggcgtgagaggaaagceg
gaattccgggtggagtggtgaaa

>emsl134
agagtttgatcctggctcagattgaacgctggcggcacgcctaacaegtggagcggtaacatgattagtagcaatactagttgatg
acgagcggcggacgggtgaggaacacgtaggaacctacctttcagagtagpagggaaactttggctaataccgcataatctc
gagagaggaaagttgctcgcaagggtgacactgaaagaggggcct@tgigctagttggtgaggtaaaggctcaccaaagcga
tgatcggtaactggtctgagaggacgaccagtcacactgggactgggacaagactcctacgggaggcagcagtggggaatctt
ggacaatgggggcaaccctgatccagcgatgccgcgtgggtgaagitagggtgtaaagccctttaggttgggacgaagtgttgt
agaggaaatgctataacattgac

>emsl135
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agagtttgatcatggctcaggatgaacgctggcggcgtgcctaacaegtggaacgtcctctggccgcaaggctggagggagtgg
cggacgggtgagtaacacatgggaacctaccttccagtgaggaatgagggatcgccgacaagaccgcatgggcttctectttgg
gggaagcaaagtttcttcgcgagaggagacgctggaagatgggcagaggnctagctggtggggtaagagcectaccagggceg
acgatcggtagctggtctgagaggacgagcagccacactgggattgggaeagactcctacggggggcagcagtgaggaatttt
ccgcaatgggcgcaagcctgacggagcaacgccgcgtgcaggaagaogmgitgtaaactgctttictgagggacgagcaagg
acggtacctcaggaacaagccccggctaactacgtgccagcagcaeggtagggggcgagcgttgtccggagttactgggeg
taaagggcatgcaggcggagcgctgcgtttgccatgacagctcctaggiggagagagtggcaaaaacgagcegcac
>ems139
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacaagtggaacgagaaagtggagcaatccatgagtacagtg
gcgcacgggtgagtaacacgtgactaacctacccttgagtggggdetpmEaaccgaggctaataccgcataacaccgagaggt
caaaggagcaattcgctcgaggagggggtcgcggctgattagctagitggaatggctcaccaaggcegatgatcagtatccggcec
tgagaaggcgcacggacacactggaactgaaacacggtccagaadgetgggagcagtggggaattttgcgcaatgggggaaa
ccctgacgcagcaacgccgcegtggtggatgaagtcccttgggacgtaetimgfatcgggacgatgatgacggtaccgagagaaga
agccccggctaacttcgtgccagcagcecgceggtaatacgagggggatripg gaattattgggecgtaaagggcegcegtaggceg
gttcggtaagtctccagtgaaatctatgggctcaacccatagtctggpyggactgccgggcttgagtgtgggagaggtgagtggaatt
cccggtgt

>ems140
agagtttgatcatggctcaggatgaacgctggcggcgtgcctaacaegtggaacgtcctctggccgcaaggcetggagggagigg
cggacgggtgagtaacacatgggaacctaccttccagtgaggaatgagggatcgccgacaagaccgcatgggcttctcctttgg
gggaagcaaagtttcttcgcgagaggagacgctggaagatgggecagégpgctagetggtggggtaagagectaccagggceg
acgatcggtagctggtctgagaggacgagcagccacactgggattgggaeagactcctacggggggcagcagtgaggaatttt
ccgcaatgggcgcaagcctgacggagcaacgccgcegtgcaggaagaogmmitgtaaactgcttttctgagggacgagcaagg
acggtacctcaggaacaagccccggctaactacgtgccagcagcaeaeggtagggggcgagcegttgtccggagttactgggeg
taaagggcatgcaggcggagcgctgcgtttgccatgacagctcctaggtggagagagtggcaaaaacgagcgcacttgaggga
cacagagggacaca

>emsl41l
agagtttgatcctggctcaggatgaacgctgggggcatgcttaacaeafiigaacgggttataagtigaaactttaagtgaattcttgta
atcagtagcggacgggtgcgtaacgcgtaagaacctacctttaggaigageactggaaacggtggctaatactccatatgctgag
gagtgaaagggaaagacaactttcttgcctagggatgggcttgcgaigitigttggtagggtaacggcttcccaaggcgacgatca
gtagctggtctgagaggacgatcagccacactgggactgagacacggctmdacgggaggcagcagtgaggaattttccgcaa
tgggcgaaagcctgacggagcaatgccgcgtggaggaagacagcttgtgggctcctttictcagagaagaattcttgacggtat
ctgaggaatcagcatcggctaactccgtgccagcagecgceggtaatm@iggaagcegttatccggaatgattgggegtaaagggt
ctgtaggtggtcggtaaagtctaccgttcaataccaaggcttaacgttgggggtggaaactcatcggcttgagtacggtaggggca
gagggaattcccggcgtagcggtg

>emsl143
agagtttgatcctggctcagagcgaacgctggcggcegtgcttaacaeafiggaatgcacagcattctgtagcaatacagagcegtgg
gcgcatggcgaacgggtgcgtaacacgtgggcaaccttcccttcggig@ygcccgcgaaagcgggactaataccgcataacac
tcccttggttagttctgagggattcaaagcagcaatgcgccggaageggyugccgattagcetagttggtgaggtaacggcetcacc
aaggcaaagatcggtagccggtctgagaggatgatcggccacactgagasacggtccagactcctacgggaggcageagtgg
ggaatcttgcacaatgggcgaaagcctgacgcagcgacgcecgcegtggaagettttcggagcgtaaacccctttcgacccggac
gaatgcccgcaagggcttgacggtacgggtagaagaagccccggctigetagcagccgceggtaaaacgtagggggcecage
gttgctcggaattactgggcgtaaagggtctgtaggcggtgcggcagaagigaaatctccgggcttaactcgggggctgcetctcga
aactgccgtgctcgagtgtgagagaggcgagtggaattgcaggtgtagcgg

>emsl44
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgtctctgggtgctttggtagccaggggagtg
gcggacgggtgaggaacacgtgggtgacttatctttcagtgaggagtayagpaatcgccgacaagaccgcatacggttctctegt
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cggagagggaacgaaagctcttcgtgagaggggcgctggaagetgomfecmpttagetggetggtggggtaaaggcetcacca
gggcgacgatcggtagetggtctgagaggacgatcagecacactgammaitggcecctgactcctacggggggcageagtgagg
aattttcggcaatgggggcaaccctgactgagcaacgccgegtgcanga@gttcgggttgtaaactgcttttctgtgggacgage
aaggacggtaccacaggaagaagccccggctaactacgtgccagaagaatmcgtagggggcaagegttgtccggagttact
gggcgtaaagggcacgcaggcggtttcataagagtggggtgacaggitieagtggcacagggccttgcagactgtgagacttg

agggcc
>ems146

agagtttgatcatggctcagaatcaacgctggcggcgcgcctaacaagtggaacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtgactaacctacctccgagtggggaatgggeaaccggggctaacaccgcataaaaccgcaag
gtcaaatgcgcaagcagcttggagagggggtcgcggctgattaggagtimtaatggctcaccaaggcgatgatcaatagecgg
cctgagagggcgcacggccatactggaactgaaacacggtccagegtgaggcagcagtggggaattttgcgcaatggggga
aaccctgacgcagcaacgccgcgtggaggatgaagtccttitgggatgizttagatcgggacgataatgacggtaccggaagaa
gaagccccggctaactctgtgccagcagccgcggtaatacagagggggtgicggaattattgggcgtaaagggcgcegtagg
cggtgcggtaagtcacctgtgaaatctctgggctcaactcagagtgfggagactgccgtgcttgagtgtgggagaggtatgtggaat
tcccggtgtagegg

>ems405
agagtttgacctggctcaggattaacgctagcggcaggcctaataagtggaggggcagcagggtgtagcaatacatcgctggceg
accggcgcacgggtgcgtaacacgtatgcaatctttccttaactggugdidjagaaatcagaattaataccccataacattgcgaaa
tggcatcattttgcaattaaagctccggceggttaagggtgagcatgedgtagctagttggcgaggtaacggctcaccaaggcgacga
tgggtaggggttctaagaggatttacccccacacgggaactgagacecgmttcctacgggaggcagcagtaaggaatattggtc
aatggacgcaagtctgaaccagccatgccgcgtgcaggatgaagugettgtaaactgcttttgtacgggaaaaaacctcgggttt
ccacccgagttgatggtactgtaagaataaggatcggctaactccgoggragcggtaatacggaggatccaagcgttatccggat
tcactgggtttaaagggtgcgtaggtggaatgacaagtcagtggtgageagcttaactgtagaactgccattgatactgttattcttga
gtacatttgatgtgagtggaatgtgtcgtgtagcggggaaatg

>ems414
agagtttgatcctggctcagaatcaacgctggcggcgtgcctaacaegtggaacgagaaagtctccgcaaggggatgagtaaag
tggcgcacgggtgagtaacacgtagctaacctaccttcgagtgggggaggggaaactcgggctaataccgcataacgtcctgge
ggcgcgagtcgctgggatcaaagacccgcaagggtcgetcgtcgadggggecgattagctagttggtgaggtaacggceccac
caaggcgatgatcggtagccggcctgagagggcgcacggccacadigagaracgggccagactcctacgggaggcagceagt
ggggaattttgcacaatgcccgaaagggtgatgcagcaacgccgegéggaaggtcticggatcgtaaacctctttcgaccgaga
aaaacgggcgggtgaagagtccgctctgatggtaccggtggaagaggecaactacgtgccagcagccgcggtaatacgtagg
gggcgagcgttgttcggaattactgggcgtaaagggcgtgtaggecggapgicgggegtgaaatccccgggcttaactcgggge
ggtcgttcgaaactgccgtgctagagtgcaggagagggaagtggaattccc

>ems415
agagtttgatcatggctcagaatcaacgctggcggcgcgcttaacaagtggcacgagaaagtggagcaatccatgagtacagtg
gcgtacgggtgagtaacacgtggatcatctgcctcttggtggggaatgggaaaccggggctaataccgcataagcectgtaaagg
gaaagcagcaatgcgccgagagaggagtccgcggcecgattagctagyg@tatggectaccaaggcaatgatcggtagecgge
ctgagagggcacacggccacactggcactgaaacacgggccagagggetggcagcagtggggaatcttgcacaatggggga
aaccctgatgcagcgacgccgcgtgagcgatgaagccctticggggigtetdi@ggcaggaacgataatgacggtacctgaagaa
gaagctgcggctaactacgtgccagcagccgcggtaatacgtaggcaggtt

>ems417
agagtttgatcctggctcagaacgaacgctggcggcatgcctaacaagtggaacgcctgtagcaatacaggagtggcgcacgg
gtgagtaacgcgtgggaacctgccctggagtttgggataacccggayapggtaataccggatacgccccgaggggggaagat
ttatcgctctaggatgagcccgcegtcggattagctagttggtagggiaatag caaggcgacgatccgtagcetggtctgagaggatg
atcagccacactgggactgagacacggcccagactcctacgggaogiopmrmatattggacaatgggcgcaagcectgatcca
gcaatgccgcgtgagtgatgaaggccttagggttgtaaagctctitjggatgataataacagtaccgggagaataagccccggcta
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actccgtgccagcagccgcggtaatacggagggggctagcgttgtttacigggcgtaaagcgcacgtaggcggctttgtaagtta
gaggtgaaagcccagggcttaaccctggaattgcctttaagactgtzagagtcgtggagaggtgagtggaattccgagtgtagagg
tgaaattcgtagatattcggaagaaca

>ems449
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgcccticgcaagaagggagtggcggacgg
gtgagtaacacgtggataacctgccccgaggtgaggaataccggcgagagacaagaccgcataggctcagcaatgagcaaa
gcagcgtaagcagcgccacgggatgggtccgcgtccgattagctagggatggcctaccaaggcgacgatcggtagetgge
ctgagaggacggtcagccacactgggattgagaacggcccagacggagogagcagtgaggaattttcggcaatgggcgcaa
gcctgaccgagcaacgccgcegtgcaggaagaagctcticggagtgpettitat cagggacgagcaaggacagtacctggtgaat
cagccccggctaactacgtgccagcagccgceggtaatacgtagggggtgaorggaattactgggcgtaaagcgcacgcagg
cggtctgtcaagttcgagataacagtcaccagcttaactggcgaagggaabctgatggacttgagagccagagagggacctgga
attccgggtggagcagtgaaatgcgtagagatccggaggaatacagaaggcagggtcctggctggtatctga

>ems402
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgtcctctggccgcagggctggagggagtgg
cggacgggtgagtaacacatgggaacctaccttccagtgaggaatgagggatcgccgacaagaccgcatgggcttctcctttgg
ggaagcaaagtttcttcgcgagaggagacgctggaagatgggcctgadzortagctggtggggtaagagectaccagggega
cgatcggtagctggtctgagaggacgagcagccacactgggattgatesamgactcctacggggggcagcagtgaggaattttc
cgcaatgggcgcaagcctgacggagcaacgccgcgtgcaggaagaogggtiytaaactgcttttctgagggacgagcaagga
cggtacctcaggaacaagccccggctaactacgtgccagcagccgeggtgtt

>emsl115
agagtttgatcatggctcaggatgaacgctggcggcgtgccttaggegypgaacgggctgcggtcgcaagaccaaagtcagtgg
cagacgggtgagtaacgcgtaggaatctaccccagagtggagcagogaaagcgggggtaattctccatggtcccgtaagggt
aaaggccttaactggccgctttgggaggagcctgcgtcctatcagydégripgtaatggcttaccaaggcaatgacgggtagcetgg
actgagaggtcgatcagccacaatcgcactgagacacgggcagtaggottgcagcaaccaggaatattgggcaatggacga
aagtctgacccagcgacgccgcgtggaggaagacggccticgggdigetttgccaagctcttcacagcttggagaataagcctc
tactaactacgtgccagaagtctcggtgatgcgtaggaggcaagcgtiatacattgggcgtaaagtgtgcgtaggcegtcttaccaa
gtctctactta

>emsl1l17
agagtttgatcatggctcaggatgaacgctggcggcgtgccttaggegypgaacgggctgcggtcgcaagaccaaagtcagtgg
cagacgggtgagtaacgcgtaggaatctaccccagagtggagcagogaaagcgggggtaattctccatggtcccgtaagggt
aaaggccttaactggccgctttgggaggagcctgcgtcctatcagyddgripgtaatggcttaccaaggcaatgacgggtagcetgg
actgagaggtcgatcagccacaatcgcactgagacacgggcagtaggottgcagcaaccaggaatattgggcaatggacga
aagtctgacccagcgacgccgcgtggaggaagacggccticgggdigetttgccaagctcttcacagcttggagaataagcctc
tactaactacgtgccagaagtctcggtgatgcgtaggaggcaagcgtiataca

>emsl113
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacaagtggaacgagaaagtggagcaatccatgagtaaagtg
gcgaccgggtgagtaacacgtgaccaacctacctccaagtggggaatggiaiaaccggggctaataccgcataacaccgcaag

gtcaaagcagcaatgcgctgggagagggggtcgeggctgattagetegmgtaacggcccaccaaggcgaagatcggtatec

ggcctgagagggcgcacggacacactggaactgaaacacggtcciaeggogaggcageagtggggaattttgcgcaatgggg
gaaaccctgacgcagcaacgccgegtggaggatgaagecctitggaaeigEitcgacccggacgataatgacggtacgggtg

gaagaagcaccggctaactctgtgccagcagccgcggtaatacagaapmtgttgttcggaattattgggcgtaaagggcgcegta
ggcggtgcggtaagtcacctgtgaaatctccaggcttaacttggaggtiggaaactcccgtgctggagtgtgggagaggtgegtg
gaattcccggtgtagcggtgaaatgcgtagatatcgggaggaacaymgangcggcgce

>ems85
agagtttgattatggctcaggacaaacgctggcggcgtgcgtaacaagtggaacgcccttcacgcgagtggagggagtggcegg
acgggtgaggaattcatgggtatctaccttcgggtgggggataccggagtngccgacaatccagcatagggtcacggagacgtg
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agcaaagccgagaggcgccgggagatgagcctgtggccgattagotageigtaagggctcaccagggcgacgatcggtagct
ggtctgagaggatgatcagccacactgggattgagaacggcccagagmggyiggcagcagtgaggaatcttccgcaatggacgce
aagtctgacggagcaacgccgcgtgcaggaggacgcttttcggagimetithctgccggacgagtacggacggtacggcagga
agaagccccggctaactacgtgccagcagccgcggtaagacgtagggggtigtccggagttactgggcgtaaagggcegcegta
ggcggtgtctggcgtagcggcggacagccgggggcttaacctccggagoggaacggggagactggagggctccagaggaac
tgggtagtccgggtggageggtgaaatgcgtagagacccggaggaaaggegaagggcaggttctgggggagtcactgacgct
gaggcgcgaaagcc

>empll
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgcccttagtaataagggagtggcggacggg
tgaggaacacgtgggtatctacccaaaggtgaggaataccggcgagagaitaataccgcataggtttcttcggaaacaaagctc
gcaagagcgccattggatgagcctgcggcecgattagtttgttggtoagatectaccaaggcgacgatcggtagctggtctgagag
gacgatcagccacactgggattgagaacggcccagactcctacggggggtgaggaattttcgtcaatgggggaaaccctgaac
gagcaacgccgcgtgcaggaagaaggttttcggatcgtaaactgotifghcgagaacggacggtaccagaggaatcagccccg
gctaactacgtgccagcagccgcggtaatacgtagggggcaagcgggtttactgggcgtaaagcgcacgcaggceggtctcatg
cgtcttgagtgacaggtcccggctcaactggggcagtattcgtgaagsapmtitgtaggcttcagagggacgcgaatttccggtgga
gcggtgaaatgcgtaaagatctggaagaacaccgatggcgaaagetggatagcttctgacgctcaa

>emp418
agagtttgatcatggctcagagcgaacgctggcggcaggcctaacaagtggagcgccgtagcaatacggagcggcagacggg
agagtaacacgtgggaacgtgcccttcagttcggaacaactcagggggatdataccgaatacgtccgtaaggagaaagatttat
cgctgaaggatcggcccgcgtctgattagctagttggtggggtaatggcaaggcgacgatcagtagctggtctgagaggatgatc
agcctcactgggactgagacacggcccagactcctacgggaggcaggaagtattggacaatgggcgcaagcctgatccagcec
atgccgcegtgggtgatgaaggccctagggttgtaaagccctttcggeggatpatgacggtacccgcagaagaagccccggctaa
cttcgtgccagcagccgcggtaatacgaagggggctagcgttgctoggé@gcgtaaagcgcacgtaggcggctttttaagtcag
gggtgaaatcctggagctcaactccagaactgcccttgatactgatgagictgggagaggtgagtggaactgcgagtgta
>emp205
agagtttgatcatggctcagattgaacgctggcggcatgcctaacaegtggaacggcagcatgacgtgtagcaatacacgttgatg
gcgagtggcggacgggtgagtaatgcataggaatctgcccagtag@mpygcggagaaatccgggctaataccgcatacgcce
ctacgggggaaagcgggggaccgaaaggcctcgcactattggatggrodattagctagttggtagggtaacggcectaccaag
gcgacgatccgtagctggtctgagaggacgatcagccacactgggactgagcccggactcctacgggaggcagcagtgggg
aatattggacaatgggggcaaccctgatccagcaatgccgcgtgtgapppngtgcgggtigtaaagcactttcggcggggacaaa
aagcgtcgtgccaataccacgatgtttgatttaacccatagaagaggctactctgtgccagcageccgcggtaatacagagggtg
cgagcgttaatcggaattactgggcgtaaagcgcacgtaggcggcagug@atgtgaaatccccgggcttaacttgggaattgca
ttcaagactggcgtgctggagtgtgggagagagaagtggaattccaggagt

>emp207
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacaagtggcacgagaaagtggagcaatccatgagtaaagtg
gcgcacgggtgagtaacacgtgactaacctaccttcgagtggggaedaaetaaccgaggctaataccgcataacacctacgggt
caaaggagcaatccgcttgaggagggggtcgcggccgattagttaagmmeatggcctaccaagacgatgatcggtatccggec
tgagagggcgcacggacacactggaactgaaacacggtccagaajgetgggagcagtggggaattttgcgcaatgggggaaa
ccctgacgcagcaacgccgcgtggaggatgaagtccticgggacgietitaghatcgggacgattatgacggtaccggaagaaga
agccccggctaacttcgtgccagcagccgceggtaatacgagggggocotiadtcgaatttattgggcgtaaagggtgcgtagge
ggttcggtaagtctcgtgtgaaatctccaggctcaacttggagtctgeaegctgcaggcttggattgtggga

>emp208
agagtttgatcctggctcagattgaacgctggcggcatgcctaacaeafggaacggcagcatgacgtgtagcaatacacgttgatg
gcgagtggcggacgggtgagtaatgcataggaatctgcccagtag@mpygcggagaaatccgggctaataccgcatacgece
ctacgggggaaagcgggggaccgaaaggcctcgcactattggatggrgdattagctagttggtagggtaacggcctaccaag

gcgacgatccgtagcetggtctgagaggacgatcagcecacactgggacigagcccggactectacgggaggcageagtgggg
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aatattggacaatgggggcaaccctgatccagcaatgccgcgtgtgapgtgcgggtigtaaagcactttcggtggggacaaa
aagcgtcgtgccaataccacgatgtttgatttaacccatagaagaggctactctgtgccagcagecgeggtaatacagagggtg
cgagcgttaatcggaattactgggcgtaaagcgcacgtaggcggcagggatgtgaaatccccgggcttaacttgggaattgca
ttcaagactggcgtgctggagtgtgggagagagaagtggaaatccaggagtgaaatgcgtagatacctggaggaacatcaatg
gcgaaggcggctttcttggccccacactgacgctgaggggcggaagoetipagaacaggattagataccctgggaatcc
>emp401
agagtttgatcatggctcagagcgaacgctggcggcgtgcttaacaegtggagtgcgcagtctgctgtagcaatacagcaggcc
ggcgcacggcgcacgggtgcgtaacacgtgggtaacctgccctgcaatgacccgccgaaaggcgggctaataccgcatgac
attccggtggcttcggacgccggaatcaaagcccgcaagggcgttigggmmarcgcggcecgattagcetagttggtgaggtaacg
gctcaccaaggctgtgatcggtagccggtctgagaggatggccggeggaactgagacacggtccagactcctacgggaggea
gcagtggggaatcttgcgcaatgggcgaaagcctgacgcagcgactypggggatgaagcttctcggagtgtaaacccctttcga
cccggacgaaacgcccgcaagggcttgacggtacgggtataagaagueangacgtgccagcagccgcggtaagacgtagg
gggccagcgttgctcggaattactgggcgtaaagggticgtaggcayapuicggaagtgaaatctctggg

>emp406
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgccctggtccttcttcggagggagcaggga
gtggcggacgggtgaggaacacgtgggtgacctaccccccggtgaggaatgagaaatcggcgacaagaccgcataggcttce
ctttagcgagggtagcaaagctgcttttcgcaagaagagcggcgcatggggctgcgceccgattagctggttggtggggtaacgg
ctcaccaaggcgacgatcggtagctggtctgagaggatgagcagaggattjagaacggcccagactcctacgggaggcagce
agtgaggaattttccacagtgggggcaaccctgatggagcaacgccaggegygacgcttttcggagtgtaaactgcttttcccagg
gacgagcaaggacggtacctggggaacaagtcccggctaactacgi@geagcggtaatacgtaggggacgagcgttgtccgg
agttactgggcgtaaagggcccgcaggcggtctgccgcegtttgtgagaraggcttaactgggagagcggtgcgaagacgggce
ggactgagaggaccagagagggacatggaactccgggtgtagtggtg

>emp407
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggcacgtcctgtgtctcttcggagaggcagggagtg
gcggacgggtgagtaacacatgggtgacctacctccgagtgaggagtgaggaatcgccgacaagaccgcataggcetctgectg
ctcaggcgagcagagcaaagtcgcaagacgcttggggatgggcctgpdigortggttggtgaggtaagggcetcaccaaggcga
cgatcggtagctggtctgagaggacgatcagccacactgggattgagaaagactcctacggggggcagcagtgaggaattttc
cgcaatggacgcaagtctgacggagcaacgccgcgtgcaggaggtogEttgtaaactgcttttctgggggacgagcaagga
cggtaccccaggaagaagccccggctaactacgtgccagcagccdaggtagggggcgagcegttgtccggagttactgggegt
aaagggcacgcaggcggtcctgcgegtgtcgecgtgacagcgggtgggttaagagggtgcgacagacggtgggact
>emp410
agagtttgatcatggctcaggacgaacgctggcggcgtgcctcaaaagtggagcgtgggtgcacgctctcgcaagagagggtg
cactctagcggcgaacgggtgagtaacacgtggggaacctgccctgoagmeaacctcgggaaaccggggctaataccggata
cgttcgccgggtcgcatggcectggcgaggaaagggtcgcaagatcgoa@agggccccgeggcctatcagetegttggtggggta
acggcctaccaaggcgatgacgggtagctggcctgagagggtggtcagtggaactgagatacggtccagactcctacgggag
gcagcagttgggaatcttgggcaatgggcgcaagcctgacccagcgagipggggatgaaggcecticgggttgtaaacccctgt
caggagggacgaagccgcaaggtgacggtacctccagaggaagceenggogtgccagcageccgcggtaagacgtagggg
gcgagcgttgtccggaatcactgggcgtaaagcgegtgcaggcggaatigtcgtgtgaaagectacggctcaactgtagaaggt
cgcgggagaccgcggggctcgag

>emp41l
agagtttgatcatggctcagattgaacgccggcggcatgccttacaeafiggaacggtgacaggtcttcggatgctgacgagtggce
gaacgggtgagtaatacatcggaacgtgcccgatcgtgggggataaggaagctttgctaataccgcataagatctacggatgaa
agcagggaaccgcaaggccttgcgcgaacggagcggccgatggcggeitaggtgggataaaagcttaccaagccgacgatct
gtagctggtctgagaggacgaccagccacactggggctgagacacggctudacgggaggcagcagtggggaattttggaca
atgggcgaaagcctgatccagccatgccgcegtgcaggatgaaggottgtggactgcttttgtacggaacgaaaagactctggtta
atacctggggtccatgacggtaccgtaagaataagcaccggctagc@amtagccgcggtaatacgtagggtgcaagcegttaat
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cggaattactgggcgtaaagcgtgcgcaggcggttatataagacsagmagtgccgggctcaacctgggaactgceatttgtgactgta
tagctagagtacggcagagggggatgggaattccgcgtgtagcagtga

>emp415
agagtttgatcctggctcaggataaacgctggcggcgtgcctaacaaegtggaacgtccttctctttcgggagaagggagtggegg
acgggtgagtaacacgtgggtcatctgccccaaagtgaggaatacgggedegccgacaataccccatacgcttccgtgaggaa
gcaaagctcgtaagggcgctttgggaggagcctgcggcagattaggapgygttatggcctaccaagacgacgatctgtagctgg
tctgagaggacgatcagccacactgggattgagaacggcccagagtgagcagcagtgaggaattttcggcaatgggggcaa
ccctgaccgagcaacgccgcgtgcaggacgaaggtcttcggatcgietdibctycaggacgagtacggacggtactgcaggaag
aagcctcggctaactacgtgccagcagccgcggtaatacgtaggaggtgaorggagttactgggcgtaaagcegtccgcaggce
ggtcaaccaagttcggagtgacaggtggtggctcaactgccacaggpadictggttgacttgagagcticagagggaggcggaa
ttccgggtggagtggtgaaatgcgtagagat

>emp421
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgcgctgagtgatcagcgagtggcggacgg
gtgagtaacacataggtcacctaccccgaagtgaggaataccggtgagagacaataccgcataggcttcgcgagaagcaaagt
cgcaagacgctttgggatgggcctgtggccgattagctggttggtggpgactaccaagacgacgatcggtagctggtctgagag
gatgatcagccacactgggattgagaacggcccagactcctacgggaggtaggaattttcggcaatgggcgagagcctgacc
gagcaacgccgcgtgcaggacgaagatctticggattgtaaactgoiciacgaatttatgacggtacccgaggaagaagcctcg
gctaactacgtgccagcagccgcggtaagacgtaggaggcaagigggttactgggcgtaaagcgcccgcaggeggtctgtta
agttcagggtgacagtcatcagcttaactggtgaagtgtcttgaaagg@ettgaggaccagagagggacctggaatttcgggtgg
agcagtgaaatgcgtagagatc

>emp422
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgcgctgagcaatcagcgagtggcggacgg
gtgagtaacacataggtcacctaccccgaagtgaggaataccggdgagagacaagaccgcataggcttcgcgagaagcaaa
gtcgcaagacgctttgggatgggcctgtggccgattagctggttggtggtggcctaccaagacgacgatcggtagctggtctgaga
ggatgatcagccacactgggattgagaacggcccagactcctacgggaggtgaggaattttcggcaatgggcaaaagcctgac
cgagcaacgccgcgtgcaggacgaaggtcttcggatcgtaaactgggigaagagaatggacggtacccgaggaagaagcct
cggctagctacgtgccagcagccgcggtaagacgtaggaggcaagtgtgyttactgggcgtaaagcgecccgcagggceggtct
gttaagttcagggtgacagtcatcagcttaactggtgaagtgtcticamaaggacttga

>emp425
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgccctgttgcttcggcagcagggagtggcg
gacgggtgagtaacacatgggccacctaccccctggtgaggaataegggedcgtcgacaagaccgcatgcgcttccgacaacg
aagcaaagcccggcaacgggcgccagaggatgggcctgtggccoagttgmpygaggtaaaagccccccaaggcgacgatcg
gtagctggtctgagaggatgatcagccacactgggattgagaacggetoetgcgggaggcagcagtgaggaattttcggcaatg
ggcgcaagcctgaccgagcaacgccgcgtgcaggacgaaggtctyggatccgctttictcggggatgaatttatgacagtaccce
gaggaagaagccccggctgactacgtgccagcagccgcggtaagamagggcgttgtccggagttactgggcgtaaagcgce
ccgcaggcggtcggtcgcgtttgaggtaacagctcctggcttacctgggaictcaaagacgggctgacttgagggccagagagg
gacacggaat

>emp426
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacaagtggaacgagaaagtctccgcaaggggatgagtaaag
tggcgcacgggtgagtaacacgtagctaacctaccticgagtgggggagggaaactcgggctaataccgcataacgtcctggce
ggcgcgagtcgctgggatcaaagacccgcaagggtcgctcgtcgadgggggecgattagctagttggtgaggtaacggeccac
caaggcgatgatcggtagccggcctgagagggcgcacggccacadgagacacgggccagactcctacgggaggcagcagt
ggggaattttgcacaatgcccgaaagggtgatgcagcaacgccgecgaygaaggtcticggatcgtaaacctctttcgaccgaga
aaaacgggcgggtgaagagtccgctctgatggtaccggtggaagaggecaactacgtgccagcagccgcggtaatacgtagg

gggcgagcgttgttcggaattactgggegtaaagggegtgtaggegamatcgggegtgaaatcccecgggcttaactcgggge
ggtcgttcgaaactgc
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>emp427
agagtttgatcctggctcaggacgaacgctggcggcgtgcctcaaaaegtggagcgtgggtgcacgctctcgcaagagagggtg
cactctagcggcgaacgggtgagtaacacgtggggaacctgccctgoagmcaacctcgggaaaccggggctaataccggata
cgttcgccgggtcgcatggcectggcgaggaaagggtcgcaagatcgo@agggccccgcggcctatcagcttgttggtggggtaa
cggcctaccaaggcgatgacgggtagctggcctgagagggtggtcagtggaactgagatacggtccagactcctacgggagg
cagcagttgggaatcttgggcaatgggcgcaagcctgacccagcgagipggggatgaaggcecticgggttgtaaacccctgte
aggagggacgaagccgcaaggtgacggtacctccagaggaagccectmgégccagcagccgcggtaagacgtaggggg
cgagcgttgtccggaatcactgggcgtaaagcgcegtgcaggcggcatgotagtgtgaaagectacggctcaactgtaggaggte
gcgggagaccgccgggctcgagggcaggagagggaagtaga

>emp429
agagtttgatcctggctcaggataaacgctggcggcgtgcctaacaegtggaacgccctgttgcttcggcagcagggagcggceg
ggcgggtgagtaacacatgggtcacctaccccctggtgaggaataeog@ajcgtcgacaagaccgcatgegcttccgacaagg
aagcaaagcccggcaacgggcgccagaggatgggcctgtggccoagttgmpygaggtaaaagccccccaaggcgacgatcg
gtagctggtctgagaggatgatcagccacactgggattgagaacggetoetgcgggaggcagcagtgaggaattttcggcaatg
ggcgcaagcctgaccgagtaacgccgcgtgcaggacgaaggtctigggatctgctttictcggggatgaatttatgacagtaccc
gaggaagaagccccggctgactacgtgccagcagccgcggtaagamagggcgttgtccggagttactgggcgtaaagcegce
ccgcaggcggtcggtcgegtttgaggtaacagctcctggcttacctgagaictcaaagacgggctgacttgaggaccagagagg
gacacggaattccgggtggagtggtgaaatgcgtagatatc

>emp434
agagtttgatcctggctcaggataaacgctggcggcgtgcctaacaegtggaacgccctggtgcticggcagcagggagtggeg
gacgggtgagtaacacatgggtcacctaccccctggtgaggaataecg@ajcgtcgacaagaccgcataggcttcctgcggga
agcaaagctccgcaaggggcgccagaggatgggcctgtggccgattiggtipaggtaaaagccccccaaggcgacgatcggt
agctggtctgagaggatgatcagccacactgggattgagaacggctmagagggaggcagcagtgaggaattttcggcaatgg
gcgcaagcctgaccgagcaacgccgcegtgcaggacgaaggtcttdggatcigcttttctcggggatgaatttatgacagtacccg
aggaagaagccccggctgactacgtgccagcagccgcggtaagaaagggcgttgtccggagttactgggcgtaaagcgece
cgcaggcggtcggtcgcegtttgaggtaacagcccctggcttacctgggggdicaaagacgggctgacttgaggaccagagaggg
acacggaattccgggtggagtggtgaaatgcgta

>emp435
agagtttgatcatggctcaggacgaacgctggcggcgtgcctcaaaagtggagcgtgggcgcgttgectcgcaagaggtgacg
cgctctagcggcggacgggtgcgtaacacgtggggaaccaaccctggagacaacctcgggaaaccggggctaataccggat
acgttcgccgggccgcatggcctggcgaggaaagggtcgcaagataggmpgccccgcggcctatcagctagttggtgaggt
aacggcccaccaaggcgatgacgggtagctggcctgagagggtggicagtyggaactgagacacggtccagactcctacggga
ggcagcagttgggaatcttgggcaatgggcgcaagcctgacccagegagigpggggatgaaggcectticgggtcgtaaacccct
gtcaggagggacgaagccgcaaggtgacggtacctccagaggaagiteeoggcgtgccagcagccgcggtaagacgtaggg
ggcgagcgttgtccggaattactgggcgtaaagcgcgtgcaggcggaatggecgtgtgaaagcectacggctcaactgtaggaag
ccgcgggaaactaccgggct

>emp424
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacaagtggaacgagaaagtctccgcaaggggatgagtaaag
tggcgcacgggtgagtaacacgtagctaacctaccttcgagtgggggaigggaaactcgggctaatatcgcataacgtcctgge
ggcgcgagtcgctgggatcaaagacccgcaagggtcgetcgtcgadgggggecgattagctagttggtgaggtaacggeccac
caaggcgatgatcggtagccggcctgagagggcgcacggccacadgagaracgggccagactcctacgggaggcagcagt
ggggaattttgcacaatgcccgaaagggtgacgcagcaacgccgogidaaaggtcttcggatcgtaaacctctttcgaccgaga
aaaacgggcgggtgaagagtccgctctgatggtaccggtggaagaggecaactacgtgccagcagccgcggtaatacgtagg
gggcgagcgttgttcggaattactgggcgtaaagggcegtgtaggcagammicgggcgtgaaatccccgggcttaactcggggce
ggtcgttcgaaactgccgggctagagtgcaggagagggaagtgga

>emp438
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agagtttgatcctggctcagaacgaacgcccgcggcatgcctaataagtggaacgcectgtagcaatacaggagtggeggacgg
gtgagtaacgcgtgggaacctgeccttgagtgcgggataaccgagdigagataataccgcatgticctcagcaatgagggaaag
atttatcgctcgaggaggggcccgegtcggattagetagttggtggomgaataccaaggcgatgatccgtagetggtetgagagga
tgatcagccacactgggactgagacacggcccagactcctacgggaggtagggaatattggacaatgggggeaaccctgatcc
agcaatgccgcgtgagtgatgaaggccttagggttgtaaagctcttigggacgatgatgacggtagcgcgagaagaagcecccgg
ctaacttcgtgccagcagccgeggtaatacgaagggggegagegiagiitactgggegtaaagggegcgecaggeggecaaaca

agtcaggcgtgaaagccccgggcttaacctgggaattgegcttgggamgtigagtacgggagaggagagtggaattcccagtgt
agaggtgaaattcgtagatattggggaagaacaccggtggcgaa

>emp439
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgcgctgagcaatcagcgagtggcggacgg
gtgagtaacacataggtaacctaccccgaagtgaggaataccggdgggegacaagaccgcataggcttcgcgagaagcaaa
gtcgcaagacgctttgggatgggcctgtggccgattagctggttggtggtgpcctaccaagacgacgatcggtagctggtctgaga
ggatgatcagccacactgggattgagaacggcccagactcctacgggaggtgaggaattttcggcaatgggcaaaagcctgac
cgagcaacgccgcgtgcaggacgaaggtcttcggatcgtaaactggiigaagagaacggacggtacccgaggaagaagcct
cggctaactacgtgccagcagccgcggtaagacgtaggaggcaamigagttactgggcgtaaagcgcccgcaggceggtctg
ttaagttcagggtgacagtcatcagcttaactggtgaagtgtctiga@aggacttgaggaccagagagggacctggaattccgggt
ggagcagtgaaatgcgtagag

>emp441
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgcgctgagcaatcagcgagtggcggacgg
gtgagtaacacataggtaacctaccccgaagtgaggaataccggdgggegacaagaccgcataggcttcgcgagaagcaaa
gtcgcaagacgctttgggatgggcctgtggccgattagctggttggtggtgpcctaccaagacgacgatcggtagctggtctgaga
ggatgatcagccacactgggattgagaacggcccagactcctacgggaggtgaggaattttcggcaatgggcaaaagcctgac
cgagcaacgccgcgtgcaggacgaaggtcttcggatcgtaaactggigaagagaacggacggtacccgaggaagaagcct
cggctaactacgtgccagcagccgcggtaagacgtaggaggcaagigagttactgggcgtaaagcgcccgcaggceggtctg
ttaagttcagggtgacagtcatcagcttaactggtgaagtgtcttga@aggacttgaggaccagagagggacct

>emp442
agagtttgatcctggctcaggacaaacgctggcggcgtgcgtaacaagtggaacgcccttcacgcgagtggagggagtggcgg
acgggtgaggaattcatgggtatctaccttcgggtgggggataccgagagtgccgacaatcccgcatagggtcacggagacgtg
agcaaagccgagaggcgccgggagatgagcctgtggccgattagotageigtaagggctcaccagggcgacgatcggtagct
ggtctgagaggatgatcagccacactgggattgagaacggcccagagggyggcagcagtgaggaatcttccgctatggacge
aagtctgacggagcaacgccgcgtgcaggaggacgcttttcggagimfetithctgccggacgagtatggacggtacccctggaa
gaagcctcggctaactacgtgccagctgccgceggtaatacgtaggapotgpiccggagttactgggecgtaaagggcgegcagg
cggcccgcecgcegttggtggtgaaagttgcgagcttaact

>emp444
agagtttgatcatggctcaggataaacgctggcggcgtgcctaacaagtggaacgccctggtgcticggcagcagggagtggcg
gacgggtgagtaacacatgggtcacctaccccctggtgaggaataecg@aicgtcgacaagaccgcataggcttcctgcggga
agcaaagctccgcaaggggcgccaggggatgggcctgtggccgagtgggpaggtaaaagccccccaaggcgacgatcgg
tagctggtctgagaggatgatcagccacactgggattgagaacggctumeigagggaggcagcagtgaggaattttcggcaatgg
gcgcaagcctgaccgagcaacgccgcgtgcaggacgaaggtcticggatcigctittctcggggatgaatttatgacagtacccg
aggaagaagccccggctgactacgtgccagcagccgcggtaagaaagggcgttgtccggagttactgggcgtaaagcgec
cgcaggcggtcggtcgcgtttgaggtaacagctcctggcttacctgggggzcaaagacgggctgacttgaggaccagagaggg
acacggaattccg

>emp210
agagtttgatcctggctcagattgaacgctggcggctgcctaacaeafggaacggcagcatgacgtgtagcaatacacgttgatg
gcgagtggcggacgggtgagtaatgcataggaatctgcccagtag@mpygcggagaaatccgggctaataccgcatacgece
ctacgggggaaagcgggggaccgaaaggcctcgcactattggatggrgdattagctagttggtagggtaacggcectaccaag
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gcgacgatccgtagctggtctgagaggacgatcagccacactgggactgagcccggactcctacgggaggcagcagtgggg
aatattggacaatgggggcaaccctgatccagcaatgccgcgtgtgsgppngtgcgggttgtaaagcactttcggtggggacaaa
aagcgtcgtgccaataccacgatgtttgatttaacccatagaagaggctactctgtgccagcagecgcggtaatacagagggtg
cgagcgttaatcggaattactgggcgtaaagcgcacgtaggcggcagtggatgtgaaatccccgggcttaacttgggaattgca
ttcaagactggcgtgctggagtgtgggagagagaagtggaattccaggggtgaaatgcgtagatacctggaggaacatcagtgg
cgaaggcggcttcttggcccaacactgacgctgaagtgcggaagcgtgnggcaggattagataccctggtagtce

>emp7/
agagtttgatcctggctcaggataaacgctggcggcgtgcctaactagimgaacgctttatccttttgctcgcaagagcaaaaggg
attgagagtggcggacgggtgatgaacacgcgggttatctgcctchggibgtaccggcgagtaatcgccgactataccgcatagcec
ttggtaacaaggaaagcccggcaacgggtgccgagagatgagcctgatgyctcgttggtggggtaaaggcectaccaaggcg
acgatcggtagctggtctgagaggacgatcagccacactgggattg@gaaagactcctacggggggcagcagtgaggaatttt
cggcaatgggggcaaccctgaccgagcaacgccgcgtgcaggacgaaggitcgtaaactgctttictgggggacgactcccg
acggtaccccagcaatcagccccggctaactacgtgccagcagcaeggtagggggcaagcgttgtccggatatattgggegt
aaagcgcacgcaggcggtctgccaagttcggagtgacagticccgggdgaaaggtcticgaaaactggtggacttgagactttg
agggggagacggaattccgggtggagcggtgaaatgcgtatagatgeggagcgaaagcgaaggcagtctcctggcaaggttc
tgacgctcatgtgcgaaagctatgggagcgaacaggattaaataectoggt

>emp413
agagtttgatcatggctcaggataaacgctggcggcgtgcctcacaaegtggaacgccctttcgcaagagagggagtggcggacg
ggtgaggaacacgtgggtacctacctcaagatgaggaatacctcctyagmamcaagaccgcataccctctcctcggagaggaa
aaccgcaaggtgtcttgagatgggcctgcgcctgattagctggttggtaggagcctaccaaggccacgatcagtagctggtctgag
aggatgatcagccacactgggattgagaacggcccagactcctacggggggtgaggaattttcgtcaatggaggcaactctgaa
cgagcaacgccgcgtgcaggatgacacccttcggggcgtaaactggigaagagagtggacggtatctgaggaacaagccc
cggctaactacgtgccagcagccgcggtaatacgtagggggcaagcgggyttactgggcgtaaagggcccgcaggeggtgg
ctcaagtttgcactgacaatcccgtgcttaacgcgggagggtgtgaggggttacttgagcatgagagagggacagggaattccgg
gtggagtggtggaatgcgtagatatccggaggaaccccgaaggcgatggemgctcattgctgacgctcaggggcgaaagcec
>emp55
agagtttgatcatggctcagaatcaacgctggcggcgtgcctaacaagtggaacgagaaagtggagcaatccatgagtaaagtg
gcgaccgtggtgagtaacacgtgactaacctacctccgagtggggaagpapyaaaccggggctaataccgcataacatcgcaag
atcaaagcagcaatgcgcttggagagggggtcgcggctgattagoogifggtaacggcccaccaaggcgaagatcggtatccg
gcctgagagggcgcacggacacactggaactgaaacacggtccagegigeiggcagcagtggggaattttgcgcaatggggg
aaaccctgacgcagcaacgccgcgtggaggatgaagccctttggoaeigtaticgactcggacgataatgacggtacgagtgga
agaagcaccggctaactctgtgccagcagccgcggdtaatacagagagtgagttcggaattattgggcgtaaagggcegcgtagg
cggtgcggtaagtcacctgtgaaatctcccggcttaactgggagt@ggagactaccgtgctggagtgtgggagaggtgcgtgga
attcccggtgtagcggtgaaatgcgtagatatcgggaggaacactigimagecggcgcactggaccataactgacgctgaggcgce
gaaagctaggggagcaaacaggattagataccctggtagtcc
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Clone sequences recovered from the 3’ end-portionath-set:

>ebs81
aaatgcgtagatatcaggaggaacaccggtggtgtagacggctttctfygactgacgctgaaacacgaaagcgtgggtagcaaac
aggattagataccctggtagtccacgccctaaacgatgcatatttggtgéagtcatttgatccgtgccggagctaacgcegttaaatatg
ccgcctggggagtacagtcgcaaggcetgaaactcaaaggaattgacgggoacaagceggtggagceatgtggttcaattcgacgce
agcgcgaagaaccttacctaggctcgaacggctttggacaattcctggmamcttcccgcaagggaccggagtcgaggtgetge
atggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcamggaacccttgtcctgtgttgccatacctttaaaagtggaac
tcgcaggagaccgccagggataacctggaggaaggtggggatgacgtteatggcectttatgtctagggctacacacgtgcetac
aatgggcggtacaatgggttgccaacccgcgagggggagccaatcaaaegiictcagttcggattgcaggctgcaactcgectg
catgaagctggaatcgctagtaatgccgtatcagaatgatggcgtgtietagggccttgtacacaccgeccgt

>ebs78
ccacaactgacgctgatgcgcgaaagctaggggagcaaacaggattatgajtagtcctagccctaaacgatgatcgcettggtgtg
acaggtacccaatcctgtcgtgccggagctaacgcgttaagcgatggggetgtacggtcgcaaggctgaaactcaaaggaattga
cgggggcccgcacaagcggtggagcatgtggttcaaticgacgcaacgayattacctgggctcgaaatgtagtggaccggggat
ggaaacatcccttcccgcaagggctgctatataggtgcetgcatggitatmicgtgtcgtgagatgttgggttaagtcccgcaacga
gcgcaacccttattgccagttgccatcatttagttgggcactctgget@aacggataacggggaggaaggtggggatgacgtcaa
gtcctcatggcctttatgtccagggctacacacgtgctacaatggg@ggiacgtcgcaaacccgcgagggggagctaatcggaaa
aagccatcctcagttcggattggagtctgcaactcgactccatgaagttggtagtaatcgcggatcagcacgecgcggtgaacac
gttcccgggccttgtacacaccgceccgt

>ebs83
gcgaaggcagctcgcetacactattattgacgctgaggcacgaaaggatgggacaggattagataccctggtagtccacgecctaa
acgatgattactcgacatcagcgatgcactgttggtgtctgagcgataagiaatccacctgggaagtacgaccgcaagattaaaac
tcaaagaaattgacgggggcctgcacaagcggtggaacatgtggttapitaacgcgaagaaccttaccaggctttgacatgecc
tctgtgggtaccagaaatggaacccttcacttcgggtgggaggagdgcemmptggcetgtcgtcagetegtgtcgtgagatgttggg
ttaagtcccgcaacgagcgcaaccctcgtcccctgttgctaacggotgaimpactctggggaaactgecggtgataageccggagg
aaggtggggatgacgtcaagtcctcatggcccttacagcctgggctatgttacaatggcagtgacaatgcgtcgetactccgcaa
ggagaggctaatcgcaaaaagctgcctcagttcggattgtactctggagtacatgaagctggaatcgctagtaatcgegcatcatc
gcggcgceggtgaatacgttcccgggtegtgtacacaccgeccgt

>ebs84
aatgcgtagatatcgggaggaacaccagtggcgaaggcgatcatdtgggtgacactgaggagcgaaagctaggggagcaaa
cgggattagataccccggtagtcctagccgtaaacgatggacacaagmimitatcgactccatctgtgccgcagttaacacaataa
gtgtcccgectggggagtacggtcgcaagactaaaactcaaaggagtiggeccgcacaageggtggatcatgtggtttaattcg
aagcaacgcgaagaaccttacctggatttgacatcctctgaagttggtatgmacggctcgcaagagacagagagacaggtgcetge
atggctgtcgtcagctcgtgttgtgaaatgttgggttaagtcccgcamggaacccctacctttggttgccatcattaagttgggeactc
cagagggactgccgtcgtcaagacggaggagggtggggatgacgiaatggcectttatatccagggcgacacacgtgatacaa
tggtagatacaaagggcagcgaagtggtgacacggagccaatctdatdeaagticggattggagtctgcaactcgactccatg
aagttggaatcgctagtaatcgcggatcagcacgccgeggtgaatacgjtecttgtacacaccgeccgt

>ebs71
agcggtgaaatgcgtagatatctgcaggaacacccgtggcgaagggeigg@accgcaactgacgctgaggaacgaaagcetagg
ggagcaaacaggattagataccctggtagtcctagccctaaacgatitggggtgcatcccgtcggggtgegteccegtagctaacg
cgttaagtcctgcgectggggagtacggtcgcaaggcetgaaactcadggayggggeccgcacaagceggtggaacatgtggtt
caattcgacgcaacgcgaagaaccttacctgggctcgaagtgccggggggtggaaacatcgcecttctcgcaagagacgecggt
agaggtgctgcatggctgtcgtcagcetcgtgecgtgaggtgttgggtteegcaacgagcgcaacccctacacttagttgccacccg
caagggggaactctaagaggactgctccggataacggagaggaagitggmcaagtcagcacggcctttatgtccagggcta
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cacacgtgttacgatgcgcggtacagaccgttgcgaactcgcgaggaggamgtaaaaccgtgctcagtticggattgcagtctge
aactcgactgcatgaagctggaatcgctagtaatggcgtatcagaacgyaptacgttcccgggcecttgtacacaccgeccgt
>ebs72
gtggcgaaggcggctcactggceccgatactgacgctgaggcacgagggggycaaacaggattagataccctggtagtccacg
ccgtaaacgatgaatgccagccgttagtgggtttactcactagtggugeagctttaagcattccgectggggagtacggtcgcaag
attaaaactcaaaggaattgacgggggcccgcacaagcggtggagtitagticgacgcaacgcgcagaaccttaccagceccttg
acatcccggtcgcggactccagagacggagttcttcagttcggctggagagaggtgctgcatggcetgtcgtcagetegtgtecgtga
gatgttgggttaagtcccgcaacgagcgcagcccccgtecttagttgttaagttgagcactctaaggagactgeccggtgataagec
gcgaggaaggtggggatgacgtcaagtcctcatggcccttacgggtagggacgtgctacaatggcggtgacaatgggatgctaa
ggggcgacccttcgcaaatctcaaaaagcecgtctcagttcggattigpactcgagcccatgaagttggaatcgcetagtaatcgtg
gatcagcacgccacggtgaatacgttcccgggccttgtacacaccgceccegt

>ebs73
tcccegtgtagaggtgaaattcgtagatatcgggaggaacaccagaggrmaycgacctggacagacattgacgctgagacgega
aagcgtggggagcaaacaggattagataccctggtagtccacgctg@gtgctagetgtggtgggtgttgaccectgecgtgg
cgcagctaacgcaataagcaccccgcectgggaagtacggccgcaaggitaaaggaattgacgggggeccgcgcaagceggt
ggagcatgtggtttaattcgacgcaacgcgcagaaccttacctggatégécggaattccccagagatggggaagtgctcttcgga
gagccgagagacaggtgctgcatggctgtcgtcagcetegtgtegtgag@atiaagtcccgcaacgagcgegaccctecgecattag
ttaccatcattcagttgggcactctagtgggactgccggtgttaaaggaatgtggggatgacgtcaagtcctcatggcectttatgacc
agggctacacacgtgctacaatggccggtacaaagcgctgccaagagggagctaatcgcataaaaccggtctcagttcggatt
ggagtctgcaactcgactccatgaagtcggaatcgctagtaatcgaggatgctticggtgaatacgttcccgggecttgtacacacc
gccegt

>ebs77
ggtgtagcggtgaaatgcgtagatatctgcaggaacacccgtggcggagggctggaccactactgacgctgaggaacgaaag
ctaggggagcaaacgggattagataccctggtagtcctagccctacaggatttggggtgccaccegttcgggtgtcgtcececgga
gctaacgcgttaagtcctgcacctggggagtacggtcgcaagactgaaaghaattgacgggggeccgcacaagcggtggaaca
tgtggttcaattcgacgctacgcgaggaaccttacctgggctcgaagtgmeaagctatagaaatatggcecttcccgcaagggaca
ggtgtggaggcgcetgcatggcetgtcgtcagetcgtgecgtgaggtattamgtcccgcaacgagcgcaacccctgecacgtagttgec
actcgcaagagggaactctacgtggactgctccggataacggagatg@g@ampgacgtcaagtccgcatggcctttatgtccagg
gctacacacgtgttacaatgcagggcacaaaccgttgccaacccgggaggtpatcggaaaaagccaatcccagtccggattgg
agtctgcaactcgactccatgaagctggaatcgctagtaatcgcagatgatgcggtgaatacgttcccgggcecttgtacacaccgce
ccgt

>ebs86
agcggtgaaatgcgtagatatcaggaggaacacctgcggtgtagactgygettcatcactgacgctgagacacgaaagegtggg
gagcaaacaggattagataccctggtagtccacgccctaaacgatiggstsigagccgttcattcggttcgtgccggagcetaacgce
gttaagtatgccgcctggggagtacggtcgcaaggctgaaactcadiaggaggggceccgcacaagceggtggagceatgtggttta
attcgacgcaacgcgaagaaccttacctgggctcgaacggcttcgtriggaaacatgggtcctcccgcaagggaccggagtc
gaggtgctgcatggctgtcgtcagcetcgtgtcgtgagatgttgggttaagtaacgggcgcaacccttactcgtagttgccaccecgea
agggggaactctacgaggactgctccggataacggagaggaaggmmogiahagtccgcatggcctttatgtccagggctaca
cacgtgttacaatgcagagtacaaaccgtcgccaacccgcgagg@aiagghaaaaactttgctcagttcggattgcagtctgca
actcgactgcatgaagccggaatcgctagtaatggcgtatcagategagamtacgttcccgggccttgtacacaccgeccgt
>ebs93
aatgcgtagatatcgggaggaacacctgtggcgaaagcggcgcacggatgacgctgaggcgcgaaagctaggggagcaaa
caggattagataccctggtagtcctagccctaaacgatggatgctigitgytacccaatccgattgtgccgaagctaacgcgataa
gcatcccgectggggagtacggtcggaaggctaaaactcaaaggagatiggeccgcacaagcggcggagceatgtggcttaattc
gaggcaacgcgaagaaccttacctgggtttgacatgtagggaaaaggafi@cggtgtccttcggggcecttacacaggtggtgceat
ggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaaggageccttatcctatgttgccagcgegtaatggecggggac
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tcgtaggagactgccggggtcaactcggaggaaggtggggtcgaapamadggccecttacgtccagggctgtacacatgetac
aatggccggtacaacgggctgctattccgcgaggaggagecaatautggectcagticggattggagtctgcaactcgactcca

tgaagtcggagtcgctagtaatcccggatcagcaacgecggggtgaetagggcecttgtacacaccgeccgt

>ebs95
gaacacctgtggcgaaagcggctcactggaccattactgacgctggégeartaggggagcaaacaggattagataccctggtag
tcctagccctaaactatgatcgcettggtgtgacaggtacccaatctggtogagctaacgcgttaagcgatccgectggggagtacg
gtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaagmytgiggticaattcgacgcaacgcgaagaacctta
cctgggctcgaagegtagtggaccgaggtagaaatatctctttccaggaetgctacgtaggtgcetgcatggcetgtcgtcagetegtg
tcgtgagatgttgggttaagtcccgcaacgagcgcaacccttatttgcagtcatttagttgggcactctggcgaaaccgcectcggata
acggggaggaaggtggggatgacgtcaagtcctcatggcectttatgoeacacacgtgctacaatggttggtacaaaccgtcgce
aaacccgcgagggggagctaatcggaaaaagccaatcccagtccagatigopactcgactccatgaagctggaatcgetagta
atcgcagatcagcacgctgcggtgaatacgttcccgggccttgtacpeaeyt

>ebs97
agcggtgaaatgcgtagatatcaggaggaacacctgcggtgtagaciggettcatagctgacgctgagacacgaaagcegtgggt
agcaaacaggattagataccctggtagtccacgccctaaacgattggitgicggccattcagttggtcggtgccggagcetaacgeg
ttaagtatgccgcctggggagtacggtcgcaaggctgaaactcaamggamigggcccgcacaagceggtggageatgtggtttaa
ttcgacgcaacgcgaagaaccttacctgggctcgaacggctictgtgaaacaggggtagtcccgcaagggacaggagtcga
ggtgctgcatggctgtcgtcagcetcgtgtcgtgagatgttgggttaagtaacgagcegcaacccttgtectgtgttgcaaccccgcaa
gggggcactctcaggagaccgccagcgataagttggaggaaggtgaggiatapgtcatcatggcectttatgtccagggctacaca
cgtgctacaatggacggtacaaagcgcagcgaactcgcgagagggagcaaaaaaccgttctcagttcggattgcaggctgea
actcgcctgcatgaagctggaatcgctagtaatggcatatcagaacgi@atacgttcccgggecgtgtacacaccgeccegt
>ebs99
ctgagaaagctaggggagcaaacaggattagataccctggtagtottagmygtgcacgtttgctgtaaaaggaatcgaccccttt
tgtggcgtagccaacgcgttaaacgtgccgectgggaagtacggt@taampctcaaagaaattgacgggggcectgcacaagce
ggtggagtatgtggctcaattcgatgcaacgcgaagaaccttacdigaeatycaagtagtagaagggtgaaagcctaacgaggta
gcaataccagcttgcacaggtgctgcatggcetgtcgtcagctcatgigattgitgggttaagtcccgcaacgagcgcaacccctgtgt
cctgttgccacccggtcgecgagatcggagceactctggacagactgtielegecgaggaggaaggtggggatgacgtcaagtcagta
tggcccttataaggtgggctacacacgtgctacaatggcggtgacamfciggacggtaacgtgatgctaatctctaaaagecgtctc
agttcggattggggtctgcaactcgaccccatgaagtcggaatcaatagfiggatcagcatgccacggtgaatacgttcccgggtctt
gtacacaccgcccgt

>ebs105
ccataactgacgctgaggcacgaaagcgtgggtagcaaacaggattatggtagtccacgccctaaacgatgcacatttggtgtg
ggtcattcagttgatccgtgccggagctaacgcegttaaatgtgccagpgagiiacagtcgcaaggcetgaaactcaaaggaattgacgg
gggcccgcacaagcggtggagcatgtggtttaattcgacgcaacgegatigactgggctcgaaatgetgtggaccagecggtga
aagccggccttcccgcaagggactgcagtataggtgctgcatggaatmgtgtgtcgtgagatgttgggttaagtcccgcaacga
gcgcaacccttgtcctgtgttgccatactgaaaagtggaactcgcaggagagggataacctggaggaaggtggggatgacgtca
agtcctcatggcctttatgtccagggctacacacgtgctacaatggaaggggctgccaacccgcgagggggagcecaatcccaa
aaaaccgttctcagttcggattgcaggctgcaactcgcectgcatgamgebg ctagtaatggcagatcagaacgcetgccgtgaatac
gttcccgggcecttgtacacaccgceccegt

>ebs111

aggaagaccagtggcgaaggcgggtctctggacagttcctgacgciyap@gogtcaggggagcaaacgggattagatacceeg

gtagtcctgacagtaaacggtgcacgtttggtgtgggaggattcgdetmmmccggagcetaacgegttaaacgtgecgectgggga
gtacggtcgcaagattaaaactcaaagaaattgacgggggcccgautgaggtatgtggctcaattcgatgcaacgcgaagaac

cttaccaggccttgacatgcattgctaagttggtgaaagccagcgactmiacagaccctgcacaggtgctgeatggcetgtcgtcag
ctcgtgtcgtgagatgttgggttaagtcccgcaacgagcegcaaccaaitgjtgccaccgagecgtgaggcetcgageactctgttca
gactgccccgctctaacggggaggaaggtggggacgacgtcaagyagiettacggectgggcetgcacacgtactacaatgec
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cagtacagaacgatccaagaccgcgaggtggaggaaatcactaaeacagifgagattgaagtctgcaacccgacttcatgaag
ccggaatcgctagtaatggcgcatcagctacggcegcecgtgaataggigmuitgtacacaccgececgt

>ebs114
ggcgaaggcagcctcttggtccatatctgacgctgaggcacgaaagggigrpaacaggattagataccctggtagtccacgcetgt
aaacgatgatcactagatgttagttctgtttaacagaattggtatdge@gcgttaagtgatccgectggggactacgatcgcaagatt
aaaactcaaagaaattgacgggggcccgcacaagcggtggatcsagtimghcactacgcgaggaaccttacctgggctagaca
tgtacttgacagctctggaaacagagtcttctaagcgaaagcttagacagaggtgctgcatggcetgtcgtcagetcgtgtcgtgaga
tgttgggttaagtcctctaacgagcgcaacccttgtcgtcagttgoatsatgcaaggcactctgacgagactgectgggaaaccagg
aggaaggtggggatgacgtcaagtccgcatggcccttatgtccagggatatgatacaatggctagtacaaagagctgcgaactc
gcaagggtgagctaatctcacaaaactagtctaagttcagattgaggtctggacctcatgaagttgaaatcgctagtaatcgegcat
cagcaacgacgcggtgaatacgttctcgggccttgtacacaccgceccgt

>ebs115
tcccggtgtagecggtgaaatgegtagatatcgggaggaacaccagaggrmmatcatctggggcttacctgacactgaggagcega
aagctaggggagcaaacgggattagataccccggtagtcctagcagiapgractaggtgtaggtggtatcgactccatctgtge
cgcagttaacacaataagtgtcccgectggggagtacggtcgcaammttizaaaggaattgacgggggcccgcacaageggtgg
atcatgtggtttaattcgaagcaacgcgaagaaccttacctggattigetgaagttggtagagatatcaacggctcgcaagagaca
gagagacaggtgctgcatggctgtcgtcagcetcgtgttgtgaaatdtégamcccgcaacgagcgcaacccctacctttggttgecat
cattaagttgggcactccagagggactgccgtcgtcaagacggaggagggtgacgtcaagtcctcatggcectttatatccagggce
gacacacgtgatacaatggtagatacaaagggcagcgaagtggtgegeragjctcaaaaaatctatctcagttcggattggagtc
tgcaactcgactccatgaagttggaatcgctagtaatcgcggatcagogaggtgaatacgttcccgggcecttgtacacaccgeccg

t

>ebs117
cgctacactattattgacgctgaggcacgaaagcgtggggatcaatteggtmccctggtagtccacgcecctaaacgatgattactc
gacatcagcgatacactgttggtgtctgagcgaaagcattaagtaatyggaagtacgaccgcaaggttgaaactcaaaggaattg
acgggggtccgcacaagcggtggagcatgtggtttaattcgatgcgeagagccttacctgggctcgaacggctatggaccggtgg
tagaaatatcgcctttcccgcaagggactgtagtcgaggtgctgcgtggutagetcgtgtcgtgagatgttgggttaagtcccgecaa
cgagcgcaacccttgtcctgtgttgcaaaccgaaaggtgcactctaagmpmragcgataagttggaggaaggtggggatgacgtc
aagtcatcatggcctttatgtccagggctacacacgtgctacaatggteg@gcgctgcaaacccgcgagggggagcetaatcgcaa
aaaaccgatctcagttcggattgcaggctgcaactcgcctgcatggagttgctagtaatggcgtatcagaacgacgecgtgaata
cgttcccgggcecgtgtacacaccgceccgt

>ebs119
atgcgtagatatccggaggaataccaaaggcgaaggcagtgtcctiactigacgctcaggcgcgaaagctaggggagcgaaca
ggattagataccctggtagtcctagccgtaaacgatgaccactagggtatcgacccctcgtgtgtcgtagttaacacgctaagtg
gtccgcectggggagtacggtcgcaagattaaaactcaaaggaattgacgggcacaagcagcggagcegtgtggtttaattcgatg
cgacgcgaagaaccttaccagggtttgacatgggcttgatcccgetggegetcccgcaagggcaagtccacagatgetgceatg
gctgtcgtcagctcgtgecgtgaggtgttgggttaagtcccgcaacgagegcectagggtcggttacaggtttccggeccgactgec
gcgatcaacgcggaggaaggtggggatgacgtcaagtcagcacguatimttgggcgacacgcacgctacaatggctggaaaca
aagagttgccaacccgcgagggggagctaatctcgtcaaagccattmgatigcaggctgaaaccagcectgcatgaaggtgga
gttgctagtaaccgtgggtcagcacaccacggtgaatacgttccctyigteicaccgeccgt

>ebs121
gaataccggaggcgaaggcgggtagctgggcagacactgacactgai@agcgtggggatcaaacaggattagataccctggta
gtccacgccgtaaacgatggatacttgttgttggaggtattgaccgtgmegaagctaacgcgttaagtatcccgectggggagtacg
gtcgcaagattaaaactcaaaggaattgacggggacccgcacaagmggtgtpgtttaattcgatgcaacgcgaagaaccttac
cagggtttgacatgcaactgcaccgcccgtaatggggcgtccctticggtigcacaggtgctgcatggctgtcgtcagctcgtgtegt
gagatgttgggttcagtcccgcaacgagcgcaacccctgecgctamgtagetagcgggaccgecgcgatcaacgcggaggaagg
cggggatgacgtcaagtcagcacggcccttacgtcctgggcaacactmesaiggtcggtacaacgggecgecaacccgegag
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ggggagccaatcccatcaaaaccggcctcagttcagattgcaggatggeciycatgaaggaggagttgctagtaaccgtgggte
agcacactacggtgaatacgttcccgggtcttgtacacaccgcccgt

>ebs123
gcggttgcctggaagattcctgactctgaaacacgaaagccaggggagggattagataccccggtagtcctggecgtaaacggt
gtgcattgggcgtaggcggattcgaccccgtctgtgtcgcagatadadegcaccgcctgggaaatacggtcgcaagattaaaact
caaagaaattgacgggggcccgcacaagcggtggagtatgtggotdgti@acgcgaagaaccttacctggecttgacatgceatc
tagtagaacttggaaacagggacgaggtagcaataccaggatgcatgeafiggctgtcgtcagcetegtgtcgtgagatgttgggtt
aagtcccgcaacgagcgcaacccctatgattagttgcccagcaattyjagtmagactgctctgtgaaacggagaggaaggtggg
gatgacgtcaagtcaggatggcccttacggccagggctgcacacgtaigaccagtacagaatgaaccgaaaccgcaaggtgga
ggcaatctcaaaaactgggcccagtticggattgggggctgcaactegtgaagttggaatcgctagtaatggcgcatcagcetacgg
cgccgtgaatacgttcccgggccttgtacacaccgeccgt

>ebs126
ccgtaactgacgctgagacacgaaagcgtgggtagcaaacaggattatggtagtccacgccctaaacgatgcatatttggtgtg
ggtcattcagttgatccgtgccggagctaacgcegttaaatatgccqgugagtpcagtcgcaaggctgaaactcaaaggaattgacgg
gggcccgcacaagcggtggagceatgtggttcaattcgacgcaacgegatgactgggctcgaacggcetggttaccggeggtgg
aaacatcgctaccccgcaagggggtccagtcgaggtgctgcatggegetrgtgtcgtgagatgttgggttaagtcccgcaacg
agcgcaacccttgtcctgtgttgccatcattcagttgggaactcgcaggggcagcgataagctggaggaaggtggggatgacgtc
aagtcctcatggcctttatgtccagggctacacacgtgctacaatggaegggcgcagcaaacccgcgagggggagcecaatcge
aaaaaaccgttctcagttcggattgcaggctgcaactcgcctgcatggagtrgctagtaatggcagatcagcacgcetgecgtgaat
acgttcccgggccttgtacacaccgcccgt

>ebsl171
aatgcgtagatattggaagaacaccggtggcgtaagcgactcgcttiggigacactgaggaacgaaagctaggggagcgaatg
ggattagataccccagtagtcctagccgtaaacgatggatactagmumitaicgacccccgcetgtgccgcagcetaacgcgataag
tatcccgcctgagtagtacggccgcaaggttgaaactcaaaggaag@ogcgcacaagcggtggaacatgtggttcaattcga
agcaacgcgaagaaccttaccaaggcttgacatctggagaactticgggaaggtgcccgcaagggagctccaagacaggtgg
tgcatggctgtcgtcagcetecgtgtcgtgagatgttgggttaagtccagmapegcaacceccgttgttagttgccatcaggtaatgetgg
gaactctagtgaaactgccgtcgtaagacgcgaggaaggaggggedgatgatcatggcectttatgcccagggcetacacacgtge
tacaatggggaggacaaagggcagcaacacagtgatgtgaagctaasammtctctcagticagattgcagtctgcaactcgact
gcatggagctggaatcgctagtaatcgtatatcagcaatgatacggtgiatcggaccttgtacacaccgceecgt

>ebs173
acaccgaaagcgaaggcagcacattgggccactcctgacactgaaapaaigggtagcgaatgggattagataccccagtagt
ccacgccctaaacgatgacaactagctatgcggagtatcgacccetgggtigctaacgegttaagttgtccgectggggagtacg
gtcgcaagattaaaactcaaaggaattgacggggacccgcacaageggigiggtitaattcgaggcaacgcaaagaaccttac
caggccttgacatgccctctatagaatgcagaaacgtattctttcggtgmggaggagcacaggtgctgcatggctgtcgtcagetcgt
gtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctegtitgtiacaggtaatgctgagcactctgaggaaactgecgg
tgataagccggaggaaggtggggatgacgtcaagtcagtatggcouithgggctgcacacgtactacaatgcccagtacaaaac
gatcctagaccgcgaggtggaggaaatcattaaaactgggcccatitieagéctgcaactcgacttcatgaagccggaatcgcta
gtaatggcgtatcagctacgacgccgtgaatacgttcccgggccttgiamgeccgt

>ebs174
agcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagugggarccattactgacgctgatgcacgaaagctaggg
gagcaaacaggattagataccctggtagtcctagccctaaactattggogigacaggtacccaatcctgtcgtgccggagctaac
gcgttaagcgatccgectggggagtacggtcgcaaggcetgaaactesdB@ggggggceccgcacaageggtggagceatgtgg
ttcaattcgacgcaacgcgaagaaccttacctgggctcgaagcegtagiggatagaaatatctctttcccgcaagggactgctacgt
aggtgctgcatggctgtcgtcagcetcgtgtcgtgagatgttgggtteaagt@acgagcgcaacccttattgtcagttgccatcatttagtt
gggcactctggcgaaaccgcctcggataacggggaggaaggtggauatEgtcctcatggcectttatgtccagggcecacacac
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gtgctacaatggttggtacaaaccgtcgcaaacccgcgagggggagdaabaagccaatcccagtccggattggagtctgcaac
tcgactccatgaagctggaatcgctagtaatcgcagatcagcacgiggatgrgticccgggccttgtacacaccgceccgt
>ebs70
gacagttcctgacgctgaggcacgaaggtcaggggagcaaacgguattagggtagtcctgacagtaaacggtgcacgtttggt
gtgggaggattcgaccccttctgcgccggagctaacgegttaaacgiggoggagtacggtcgcaagattaaaactcaaagaaatt
gacgggggcccgcacaagcggtggagtatgtggctcaattcgatgemaagraccttaccaggecttgacatgcattgctaagttg
gtgaaagccagcgactggagcaatccagaccttgcacaggtgctgogatgiragctcgtgtcgtgagatgttgggttaagtceeg
caacgagcgcaacccctgtgaactgttgccaccgagcecgtgaggchogetgticagactgccccgctctaacggggaggaaggt
ggggacgacgtcaagtcagtatggcccttacggectgggctgcactargatgcccagtacagaacgatccaagaccgcgaggt
ggaggaaatcactaaaactgggcccagttcagattgaagtctgcadittatgmagcecggaatcgcetagtaatggegeatcagcetac
ggcgcecgtgaatacgttcccgggccttgtacacaccgeccgt

>ebs82
cagagcttgaggacgcgagaggtagagggaactcatggtgtaggdgtgritgatatcatggggaacaccaaatgcgaaggceac
tttactggcgcgctcctgacgctcatacacgaaagegtgggaatcggattamgptaccccggtagtccacgecctaaacggtcataa
ctggctttgcggagtatcgaccctctgcgaggcgaagctaacgegasggcctgggtagtacgatcgcaagattaaaactcaaag
gaatagacggggacttgcacaagcggtggatcatgcggctcaattcgatggaagaacctcaccagggtttgaaacccagacgat
cggtttgcgaaagcagactttccgaaaggcggctgggcaggtgat¢mgticggcagttcgtggcttgagttgttcecttcagtggggt
aacgaacgcaacccgcgttgcctgttttatatgtcaggcgagactgmmogagggaggaaggtgcggatgacgccagatcagceat
gtccctctgatatcctgggcetgcacgcatgatacaatgcacgcgagragaacggcgcaagceccgagceaaatctttagaaacgce
gtgctcagttcggattgaggtctgcaactcgacctcatgaagccggaadtgatcgcgggtcagctataccgeggtgaacacgttct
caagtcttgtacacaccgcccgt

>ebp416
gtgctcgagtgtgggagaggcegcegtggaattgcaggtgtageggtgapatgtatctgcaggaacacccgtggcgaaagegacg
cgctggaccactactgacgctgaggaacgaaagctaggggagcadaaggteccctggtagtcctagecctaaacgatcagga
cttggggtgccacccgttcgggtgtcgtcccggagcetaacgcegttatgmetggggagtacggtcgcaagactgaaactcaaagg
aattgacgggggcccgcacaagcggtggaacatgtggttcaattcgaggghggaaccttacctgggctcgaaatgcettaggacc
agctgtagaaatacggccttcccgcaagggacctgagtataggegugtatgtcagcetcgtgecgtgaggtgttgggttaagtec
cgcaacgagcgcaacccctgcacacagttactactcgcaagagagtpggactgctccggataacggagaggaaggtgggga
tgacgtcaagtccgcatggcctttatgtccagggctacacacgtgtimespygcacaaaccgttgccaacccgcgagggggagct
aatcggaaaaaactctgctcagttcggattgcagtctgcaactcgetiggacggaatcgcetagtaatggegtatcagatcgacgec
gtgaatacgttcccgggccttgtacacaccgceccgt

>ebpll5
ctgggagtctgcaggcgaaactaccgtgctggagtgtgggagaggtgaitgccggtgtagecggtgaaatgegtagatatcggga
ggaacacctgtggcganagcggcgcactggaccataactgacgctggggegctaggggagcaaacaggattagataccctgg
tagtcctagccctaaacgatgatggcttggtgtagcaggtacccaetigitfgcgcagctaacgegataagecatccgectggggagt
acggtcgcaaggctgaaacccaaaggaattgacgggggcccgcadgagogatgtggticaattcgacgcaacgcgaagaac
cttacctgggctcgaaatgcaggagatcggggtggaaacatcccteaaatgetgetgcataggtgetgcatggcetgtegtcagct
cgtgtcgtgagatgttgggttaagtcccgcaacgagegcaaccctadtgrcatcgggtcaagecgggceactctagtgaaactge
ctcggataacgaggaggaaggtggggatgacgtcaagtcctcatgigicithgggctacacacgtgctacaatggtcggtacaaa
ccgtcgcaaacccgtgagggggagctaatcggaaaaagecggcggagijgagtctgcaactcgactccatgaagetggaate
gctagtaatcccgeggcecaggeggecggagtgaatacgttcccgg@goettgiccgeccgt

>ebpl22
cggcgcactggaccacaactgacgctgatgcgcgaaagctagggoeapagaizagataccctggtagtcctagecctaaacgat
gatcgcttggtgtgacaggtacccaatcctgtcgtgccggagctadagggyatccgectggggagtacggtcgcaaggcetgaaa
ctcaaaggaattgacgggggcccgcacaagcggtggagcatgcggtjeagcaacgcgaagaaccttacctgggctcgaaatg

tagtggaccggggtggaaacatcccttcccgcaagggctgctatatageatggctgtcgtcagetegtgtegtgagatgttgggtta
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agtcccgcaacgagcgcaacccttattgccagttgccatcattcagéggtggcgaaactgccccggataacggggaggaaggt
ggggatgacgtcaagtcctcatggcctttatgtccagggctacacaagégtgggtggtacaaaccgtcgcaaacccgcgagggg
gagctaatcggaaaaagccatcctcagticggattggagtctgcagtccagaagctggaatcgctagtaatcgcggatcageac
gccgeggtgaatacgttcccgggccttgtacacaccgeccgt

>ebp108
tgtgggagaggtgcgtggaattccccggtgtagcggtgaaatgegtagagtmggaacacctgtggcganagcggcegceactggac
cacaactgacgctgaggcgcgaaagctaggggagcaaacaggattemggjagtcctagccctaaacgatggatgettggtgtgt
cgggtacccaatcccgacgtgccgaagctaacgcgataagcatcggatgacggtcgcaaggctgaaactcaaaggaattga
cgggggcccgcacaagcggtggagcatgtggttcaattcgacgcaacgagattacctgggcetcgaagegcagtggaccgggg
tagaaatatccctttccgcaaggaccgctgcggaggtgctgcatggitgtrtcgtgtcgtgagatgttgggttaagtcccgcaacg
agcgcaacccttatccctagttgccatcgggtcaagccgggceactatagiggccccggataacggggaggaaggtggggatgac
gtcaagtcctcatggcctttatgtccagggctacacacgtgctacagtggtaaaccgtcgcaaacccgcgagggggagctaatcg
gaaaaagccgtcctcagttcggattggagtctgcaactcgactccatggagtcgctagtaatcgcagatcagcacgcetgeggtga
atacgttcccgggccttgtacacaccgccecgt

>ebpll6
cggtgtagcggtgaaatgcgtagagatcgggaggaacaccagaggeggeg@cctggacaggcactgacactcaactacgaa
agcgtggggagcaaacaggattagataccctggtagtccacgctgpsggmigctaggtttggecgggtcttgaccectgetgagcec
ggcgctaacgcaataagtaccccgectgggaagtacggtcgcaagattaamggaattgacgggggceccgcacaageggtgg
atcatgtggtttaattcgaagcaacgcgaagaaccttacctgggtitgaeitgyaccgacgtagagatacgtctttcgtagcaatacgac
cgggagacaggtgctgcatggctgtcgtcagcetegtgtggtgacatitiggtcccgcaacgagegcaacccttgtecttagttgec
agcattcagttgggctctctaaggagactgccgtggtgaacacggagiggggatgacgtcaagtcctcatggcctttatatccagg
gcgacacacgtgatacaatggacggtacagagggaagcgaaaccgggagghatctcaaaaagcecgttctcagttcggattgg
agtctgcaactcgactccatgaagttggaatcgctagtaatcgcggateaggcggtgaatacgttcccgggcecttgtacacaccg
ccegt

>ebpll2
tcgcaactgacggctgaagggacgaaagttaggggagcaaacaggattatgytagtcctagccctaaaccatcaggacttggg
gtttgccctgtacggggcaagtcccggagctaacgcegttaagtectgupgagtacggtcgcaagactgaaactcaaaggaattg
acgggggcccgcacaagcggtggaacgtgtggttcaattcgacgcaacgay cttacctgggcettgaaccgcacaggaccctce
ctagaaatagggacttcccgcaagggacctgtgtagaggtgctgagtiggcagcetcgtgecgtgaggtgttgggttaagtccecgea
acgagcgcaacccttactcatagttgctacccgcaagggagaacgatggetccggataacggagaggaaggtggggatgag
gtcaagtcagcatggcctttatgtccagggctacacacgtgttacaggecgcaaagtgtcgcgaacccgtgagggggagctaatcg
caaaaaagcgcgctcagttcggattgcagtctgcaactcgactgcatggagtcgctagtaatggcgtatcagatcgacgecgtga
agacgttcccgggccttgtacacaccgcccgt

>ebpl57
aattcgtagatattcgcaagaacaccagtggcgaaggccgctcagggectgacgctgagacgcgaaagegtggggagcaaa
caggattagataccctggtagtccacgctgtaaacgatggatgctigmmghgcttgctcttcagtggcgcagccaacgctttaage
atcccgcectggggagtacgatcgcaagattaaaactcaaaggaatiggecgggcacaagceggtggagcatgtggtttaattcgaa
gcaacgcgcagaaccttaccagcttttgacatgtcctggacggattgatgggatcttcccttcggggccggggacacaggtgetge
atggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgecgmggaaccctcgeccttagttgeccatcattcggttgggceact
ccagggggactgccggtgataagccggaggaaggtggggatgacgiaatggcccttacaggetgggctacacacgtgcetac
aatggcggtgacagcgggaggcgaaggggcgaccctgagcaaateiggegtatcagttcggattgcgcetctgcaactcgageg
catgaagttggaatcgctagtaatcgcggatcagcacgccgcggtgietagggccttgtacacaccgceccgt

>ebpl158
aagcggcttcctggtccagcaccgacgttcaggcacgaaagcgtg@gggamgggattagataccctggtagtccacgccataaac
gatgagaactagacgttgagagggtaagcctcccagtgtcgtagaméaagtictccgectggggagtacggecgcaaggttga
aactcaaaggaattgacggggacccgcacaagcggtggagcatgtijciibgcaacgcgaagaaccttacctggcecttgacatc

170



ccaggaaccctgaagagatttaggggtgccgcaaggagcctggaggatgggtggcetgtcgtcagetegtgtcgtgagatgttgg
gttaagtcccgcaacgagcgcaacccttgtccttagttgccagedtgggactctaaggagaccgecggtgacaaaccggaggaa
ggtggggatgacgtcaagtcatcatggcectttatggccagggctadgctacpatggtagatacagagggaagccaacgegegag
cgggagccaatcccagaaaatctatcgtagtccggattggagtctggaeiticatgaagtcggaatcgctagtaatcgcagatcage
attgctgcggtgaatacgttcccgggtcttgtacacaccgcccgt

>ebpl65
tcctttactgacgctgaggcgcgaaagcegtggggagcaaacaggateagtagtccacgctgtaaacgatgtgtgctggatgtt
gggcgacctagtcgctcagtgtcgtagctaacgcggtaagcacacgggegtacggccgcaaggttgaaactcaaaggaattgg
cgggggcccgcacaagcggtggagcatgtggtttaaticgaagcaacgegcttaccagggcttgacatgggcaggecgceacg
cagagatgcgtgttcccgcaagggcectgccacacaggtgcetgcatggiotagctcgtgtcgtgagatgttgggttaagtceccgeaa
cgagcgcaaccctcgccttcagttgccatcgggtttggctgggcaetgtgeactgccggtgacaageccggaggaaggtggggatg
acgtcaagtcctcatggcccttacgtcctgggctacacacgtgctagamiigacaacgggaagccaggecgegaggcecgagetg
atcccgaaaagccgtctcagttcagattgcactctgcaactcggot@oaigggaatcgctagtaatcgcggatcagcatgecgegg
tgaatacgttcccgggccttgtacacaccgcccgt

>ebpl51
aatgcgtagatatctgcaggaacacccgtggcgaaggcggctggoiggactgacgctgaggaacgaaagctaggggagcaaa
caggattagataccctggtagtcctagccctaaaccatcagaaciggggycgtaggcgggtcgtccecgtagctaacgegttaag
ttctgcgectggggagtacggtcgcaagactgaaactcaaaggadtmamgcgcacaageggtggaacatgtggttcaattcga
cgcaacgcgaagaaccttacctgggcttgaaccgctacggaccaaaagisggtcticccgcaagggaccgtagtagaggtgct
gcatggctgtcgtcagctcgtgcegtgaggtgttgggttaagtcccgeappygcaacccctactcctagttgctacccgcaagggaga
actctagtaggactgctccggataacggagaggaaggtggggatgagigtmgcacggcctttatgtccagggctacacacgtgtta
caatgcgcggcacagactgttgcgaacccgcgagggggagctaataggacgegctcagttcggattgcagtctgcaactcgact
gcatgaagctggaatcgctagtaatggcgtatcagatcgacgccgigaetagggcecttgtacacaccgeecgt

>ebpl27
agatatcggaaggaacaccagtggcgaaagcggcttcctggtccagegitcgggcacgaaagcgtggggagcaaacaggatt
agataccctggtagtccacgccataaacgatgagaactagacgttgtegectgcagtgtcgtagctaacgegctaagttctce
gcctggggagtacggcecgcaaggttgaaactcaaaggaattgacgggoacaagcggtggagcatgtggtttaattcgatgcaa
cgcgaagaaccttacctggtcttgacatcctgggaaccctgaagag@igtgccgcaaggageccagagacaggtgctgeatgg
ctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagegcettgtccttagttgccagceattcagttgggcactctaag
gagaccgccggtgacaaaccggaggaaggtggggatgacgtcaagigattitatgaccagggctacacacgtgctacaatggt
agatacagagggaagccaacgcgcgagcgggagccaatcccagaegtamtiecggattggagtctgcaactcgactccatga
agtcggaatcgctagtaatcgcagatcagcattgctgcggtgaatmaggyicttgtacacaccgeccgt

>ebpl28
agaacaccagtggcgaaggcggctcactggcccgatactgacgctggggagcgtggggagcaaacaggattaggtaccctgg
tagtccacgccgtaaacgatgaatgccagccgttagtgggtttacditggtacagctaacgctttaagcattccgectggggagtac
ggtcgcaagattaaaactcaaaggaattgacgggggcccgcacaagaggtiytggtttaattcgacgcaacgcgcagaacctta
ccagcccttgacatccecggtcgecggactccagagatggagttcttgggtygaccggagacaggtgctgcatggetgtegtcaget
cgtgtcgtgagatgttgggttaagtcccgcaacgagcegcaacccdegittgttaccattcagttgagcactctaaggagactgecg
gtgataagccgcgaggaaggtggggatgacgtcaagtcctcatggomygtagggctacacacgtgctacaacggcggtgacaa
tgggatgcgaaggcgcgagccctagcaaatctcaaaaagecgtcygaytiggctctgcaactcgageccatgaagttggaate
gctagtaatcgtggatcagcacgccacggtgaatacgtticccgg@matgiccgeccgt

>ebpl52
gctggaccactactgacgctgaggaacgaaagctaggggagcaadagaigatctggtagtcctagecctaaacgatcaggact
tggggtgccacccegttcgggtgtcgtcccggagcetaacgegttaag@mottggggagtacggtcgcaagactgaaactcaaagga
attgacgggggcccgcacaagcggtggaacatgtggttcaattcgagggeygaaccttacctgggctcgaagcgcacttgacaa

gctgtagaaatacggccttcccgcaagggacaggtgtggaggegajgtgttgtcagetcgtgecgtgaggtgttgggttaagtee
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cgcaacgagcgcaacccctgcacgcagttgccactcgcaagagggegiggactgctccggataacggagaggaaggtgggg
atgacgtcaagtccgcatggcctttatgtccagggctacacacgtattmesyggcacaaaccgttgccaacccgcgagggggage
taatcggaaaaaactctgctcagttcggattgcagtctgcaactcgigaggecggaatcgctagtaatggegtatcagatcgacgce
cgtgaatacgttcccgggccttgtacacaccgeccgt

>ebp153
caggaacacccgtggcgaaggcggctggctggaccgcaactgacgadggggagctaggggagcaaacaggattagataccc
tggtagtcctagccctaaaccatcagaacttggggtggeccgegtagiggicrcgtagcetaacgegttaagttctgegectgggga
gtacggtcgcaagactgaaactcaaaggaattgacgggggcccgaggiamagacatgtggttcaattcgacgcaacgcgaagaa
ccttacctgggcttgaaccgctacggaccaacggtagaaatatcggptsagggaccgtagtagaggtgcetgcatggctgtegtca
gctcgtgcecgtgaggtgttgggttaagtcccgcaacgagegcaactoutagitgctacccgcaagggagaactctagtaggactg
ctccggataacggagaggaaggtggggatgacgtcaagtcagcatajgéothigggctacacacgtgttacaatgcgcggeaca
gactgttgcgaacccgcgagggggagctaatcggacaaaaccgctprgatfigcagtctgcaactcgactgcatgaagetggaa
tcgctagtaatggcegtatcagatcgacgcecgtgaatacgttcccggpmataccgeccgt

>ebpl54
aggtgtagcggtgaaatgcgtagatatctggaggaacatcagtggogaatitrtggcccaacactgacgctgaggtgcgaaagce
gtggggagcaaacaggattagataccctggtagtccacgctgtaaaggattagtcgttggaagggtctgctttccagtgacgtage
taacgcgctaagttctccgectggggagtacggccgcaaggttgaaaggaattgacgggggeccgcacaagceggtggagtatg
tggtttaattcgatgcaacgcgaagaaccttacctggtcttgacagaatertgcagagatgcgggagtgecttcgggaactgagag
acaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggtteegeaacgagcgcaaccctcatccctagttgecatcatta
agttgggaactctagggagactgccggtgacaaaccggaggaagdmmgiaaagtcatcatggeccttatgaccagggctac
acacgtactacaatggtcggtacagagggtagccaagccgcgaggtggamragaaaaccgatcgcagtccggattggagtct
gcaactcgactccatgaagtcggaatcgctagtaatcgtggatcageaedgtgaatacgttcccgggecttgtacacaccgeccgt
>ebpl136
ggcttgctggatcgcaactgacgctgggggacgaaagctaggggagggattagataccctggtagtcctagecctaaaccatca
ggacttggggtttgccctgtacggggcaagtcccggagctaacgcetttagggcctggggagtacggtcgcaagactgaaactca
aaggaattgacgggggtccgcacaagcggtggaacatgtggttcaaftegagcgaagaaccttacctgggcettgaaccgcaca
ggaccctccctagaaatagggacttcccgcaagggacctgtgtagaggtigmctgtcgtcagetegtgecgtgaggtgttgggtta
agtcccgcaacgagcgcaacccttactcatagttgctacccgcaag@tetgiyaggactgctccggataacggagaggaaggtg
gggatgaggtcaagtcagcatggcctttatgtccagggctacacamgigtcgcgecacaaagtgtcgcgaacccgtgaggggg
agctaatcgcaaaaaagcgcgctcagtticggattgcagtctgcadgratgaagccggaatcgctagtaatggegtatcagatcg
acgccgtgaatacgttcccgggccttgtacacaccgceecgt

>ebpl55
atattcgcaagaacaccagtggcgaaggcggctcactggcccggamtgagacgcgaaagcegtggggagcaaacaggattag
ataccctggtagtccacgctgtaaacgatggatgctagccgttggdgeigticagtggcgcagccaacgctttaagcatccegect
ggggagtacgatcgcaagattaaaactcaaaggaattgacgggggaaguzgtggagcatgtggtttaattcgaagcaacgceg
cagaaccttaccagcttttgacatgtcctggacggattgcagagattfegattcggggccggggacacaggtgcetgcatggcetgtc
gtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcgdagceccttagttgecatcattcggttgggcactccaggggg
actgccggtgataagccggaggaaggtggggatgacgtcaagtcdceettiggaggctgggctacacacgtgctacaatggeggt
gacagcgggaggcgaaggggcgaccctgagcaaatctcgaaaagugitgigattgcgcetctgcaactcgagegceatgaagtt
ggaatcgctagtaatcgcggatcagcacgccgceggtgaatacgttanttgggcacaccgeccgt

>ebpl64

cggtgaaatgcgtagatatcaggaggaacaccggtggcgaaggcegggtaagaaactgacgctgaggcacgaaagcetaggg
gagcaaacaggattagataccctggtagtcctagccctaaacgattggitiigaccgggattgaatccggtegtgccgaagctaac

gcattaagtatcccgectggggagtacggtcgcaaggctgaaacteadigggggggceccgcacaageggtggagtatgtggtt
taattcgacgcaacgcgaagaaccttacctgggctcgaacggctagitgmegaaagtcgcttttcccgcaagggacactagteg

aggtgctgcatggctgtcgtcagctegtgtcgtgagatgttgggttaagtmacgagcgcegacccctgectttagttgccaccaggtta
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tgctgagcactctaaagggactgccggtgaaaaaccggaggaaggdtggygieaagtcctcatggcctttatgtccagggctaca
cacgtactacaatgggcggcacaatgagttgcaaacccgcgaggggatmcaaaaaaccgctctcagticggattgcagtctge
aactcgactgcatgaagctggaatcgctagtaatcgctgatcagcaggtgaptacgtticccgggcecttgtacacaccgceccgt
>ebpl4l
gacagaaactgacgctgaggcacgaaagctaggggagcaaacadggetiztggtagtcctagccctaaacgatggatacttgct
gtgactgggattgaatccagtcgtggcgaagctaacgcattaagtattggggagtacggtcgcaaggctgaaactcaaaggaatt

gacgggggcccgcacaageggtggagtatgtggtttaattcgacgoeemmaccttacctgggetcgaacggctagtgacaggt

ggcgaaagtcgcttttcccgcaagggacactagtcgaggtgcetgegtogiotagetcgtgtcgtgagatgttgggttaagtcecegea
acgagcgcaacccctgcctttagttgccaccaggttaagctgagaagggactgccggtgaaaaaccggaggaaggtggggat

gacgtcaagtcctcatggcctttatgtccagggctacacacgtactmogagcacaatgagttgcaaacccgcgagggggagceca
atctcaaaaaaccgctctcagttcggattgcagtctgcaactcgagaggatggaatcgctagtaatcgcetgatcagcaagcagegg
tgaatacgttcccgggccttgtacacaccgcccgt

>ebpl67
gagtgtagaggtgaaattcgtagatattcgcaagaacaccagtggcggatgmctggcccgatactgacgttgaggcacgaaagce
gtggggagcaaacaggattaggtaccctggtagtccacgccgtaaaagpitpgccgttagtgggtttactcactagtggegcagce
taacgctttaagcattccgcctggggagtacggtcgcaagattaaaaggaattgacgggggeccgcacaageggtggagceatgt
ggtttaattcgacgcaacgcgcagaaccttaccagcccttgacatcgeggeactccagagatggagttcttcagttcggetggaccg
gagacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgt@mmfitccgcaacgagcgcaacccccgtccttagttgctace
attcagttgagcactctaaggagactgccggtgataagccgcgaggggggtgacgtcaagtcctcatggeccttacgggcetggg
ctacacacgtgctacaacggcggtgacaatgggatgcgaaggcgcgageaatctcaaaaagecgtctcagatcggattgggct
ctgcaactcgagcccatgaagttggaatcgctagtaatcgtggatcageaggtgaatacgttcccgggecttgtacacaccgecc
gt

>ebpl70
ctaggggagcaaacaggattagataccctggtagtcctagccctagattgettggtgtagcaggtacccaatcctgetgtgecgea
gctaacgcgataagcaatccgcectggggagtacggtcgcaaggcimeagyaattgacgggggeccgcacaageggtggage
atgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgaagggatcggggtggaaacatcccttccccttaaaaggct
gctgcggaggtgcetgcatggctgtecgtcagetegtgtcgtgagatgiig@gtcccgcaacgagcegcaacccttatcectagttgecat
cgggtcaagccgggcactctagtgaaactgcctcggataacgaggatm@@aatgacgtcaagtcectcatggcectttatgtccag
ggctacacacgtgctacaatggtcggtacaaaccgtcgcaaaccogig@ggtaatcggaaaaagccggcectcagttcggattg
gagtctgcaactcgactccatgaagctggaatcgctagtaatcgcggatmecgeggtgaatacgttcccgggcecttgtacacacc
gcecegt

>ebp413
ggtgtagcggtgaaatgcgtagatatcgggaggaacacctgtggcg@@agactggaccataactgacgctgaggcgcgaaag
ctaggggagcaaacaggattagataccctggtagtcctagccctagatggattggtgtagcaggtacccaatcctgetgtgecgea
gctaacgcgataagccatccgectggggagtacggtcgcaaggcitmaagtaattgacgggggeccgcacaageggtggage
atgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgaggagaccggggtggaaacatcccttccecttaaaaggcet
gctgcataggtgctgcatggctgtcgtcagetegtgtcgtgagatgtig@gtcccgcaacgagcegcaacccttatcectagttgecat
cgggtcaagccgggcactctagtgaaactgcctcggataacgaggatm@@aatgacgtcaagtcectcatggcectttatgtccag
ggctacacacgtgctacaatggtcggtacaaaccgtcgcaaaccogig@ggtaatcggaaaaagccggcectcagttcggattg
gagtctgcaactcgactccatgaagctggaatcgctagtaatcgcggatmrcgeggtgaatacgttcccgggcecttgtacacacc
gcecegt

>ebp41l
tgtagcggtgaaatgcgtagatatcaggaggaacacccggtggtoiastsciggaccataactgacgctgaggcacgaaagcegt
gggtagcaaacaggattagataccctggtagtccacgccctaaadgtitggégtgggccattcatttggtctgtgccggagcetaac

gcgttaaatatgccgectggggagtacagtcgcaaggcetgaaacteadigggggggceccgcacaageggtggageatgtggt
ttaattcgacgcaacgcgaagaaccttacctgggcetcgaaatgctedggéggtgaaagccggcecttcccgcaagggaccgtagta
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taggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggtt@aagtaacgagcgcaacccttgtectgtgttgccatcattcag
ttgggaactcgcaggagaccgccagggataacctggaggaaggtgacmapgtcctcatggcectttatgtccagggcetacaca
cgtgctacaatggacggtacaaagggctgccaacccgcaagggggdagcaaaaaaccgttctcagticggattgcaggcetgca
actcgcctgcatgaagctggaatcgctagtaatggtggatcagaacgtgaatacgttcccgggccttgtacacaccgeccgt
>ebpl46
agatatcgggaggaacacctgtggcgaaagcggcgcactggaccatapttiggcgcgaaagctaggggagcaaacaggatt
agataccctggtagtcctagccctaaacgatgattgcttggtgtaguaggtatcctgcetgtgeccgcagcetaacgecgataagcaatcce
gcctggggagtacggtcgcaaggcetgaaactcaaaggaattgacggggacaagceggtggagceatgtggttcaattcgacgcaa
cgcgaagaaccttacctgggctcgaagegcagtggatcggggtggeaataiccttaaaaggcetgetgcggaggtgetgeatgg
ctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagegcttatccctagttgccatcgggtcaagccgggceactct
agtgaaactgcctcggataacgaggaggaaggtggggatgacgtteamgcectttatgtccagggctacacacgtgctacaatg
gtcggtacaaaccgtcgcaaacccgtgagggggagctaatcggasggamcagttcggattggagtctgcaactcgactccatg
aagctggaatcgctagtaatcgcggatcagaacgccgeggtgaataggiccttgtacacaccgeccgt

>ebp409
agcggtgaaatgcgtagatatcgggaggaacacctgtggcgaaagagggiccacaactgacgctgaggcgcgaaagcetagg
ggagcaaacaggattagataccctggtagtcctagccctaaacgetigatigigtcgggtacccaatcccgacgtgecgcagctaa
cgcgataagcaatccgcectggggagtacggtcgcaagactgaaagaatiggcgggggeccgcacaageggtggagcatgtg
gttcaattcgacgcaacgcgaagaaccttacctgggctcgaaatgiagtmmgtggaaacatcccttcccgcaagggcetgctatat
aggtgctgcatggctgtcgtcagcetcgtgtcgtgagatgttgggttaagtaacgagcgcaacccttattgccagttgeccatcatttagt
tgggcactctggcgaaaccgecccggataacggggaggaaggtggematggtcctcatggectttatgtccagggcetacacac
gtgctacaatggtcggtacaaaccgtcgcaaacccgtgagggggagdaadaagccggcectcagticggattgaagtctgcaac
tcgacttcatgaagctggaatcgctagtaatcgcggatcagaacgeggatargttcccgggcecttgtacacaccgeccgt
>ebpl148
tagatattcggaagaacaccagtggcgaaggcgactcactggcagatigetgaggcgcgaaagegtggggagcaaacaggatt
agataccctggtagtccacgctgtaaacgatgagtgctagttgtcggtgégqtgtcggtgacgcagctaacgcattaagcactccge
ctggggagtacggtcgcaagattaaaactcaaaggaattgacggggacaagcggtggagceatgtggtttaattcgaagcgacg
cgcagaaccttaccaccttttgacatgcctggaccgttagagagdttteeitcggggactaggacacaggtgctgcatggcetgtcg
tcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagcegcagcecettagttgccatcatttagttgggcactctaatgggacc
gccggtggtaagccggaggaaggtggggatgacgtcaagtectcatggpomygtgggctacacacgtgcetacaatggcgacta
cagagggctgcaaacccgcgagggggagccaatccctaaaagtcigfgatigcactctgcaactcgagtgcatgaagttgga
atcgctagtaatcgcggatcagcatgccgeggtgaatacgttcccggigoetcaccgeccgt

>ebp408
ctaggggagcaaacaggattagataccctggtagtcctagccctagattgettggtgtgtcgggtacccaatcccgacgtgecgea
gctaacgcgataagcaatccgcectggggagtacggtcgcaagactgesaygaattgacgggggceccgcacaageggtggage
atgtggttcaattcgacgcaacgcgaagaaccttacctgggctcgagtggpiccggggtggaaacatcccttcccgcaagggcetge
tatataggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttccgcaacgagcgcaacccttattgccagttgccatcatt
tagttgggcactctggcgaaaccgccccggataacggggaggaaggtggggtcaagtcctcatggcctttatgtccagggctac
acacgtgctacaatggtcggtacaaaccgtcgcaaacccgtgaggtgmaggaaaaagcecggcctcagtticggattgaagtctg
caactcgacttcatgaagctggaatcgctagtaatcgcggatcaggaggtgaatacgttcccgggcecttgtacacaccgeecgt
>ebp407
ttgagtccgggagaggtgagtggaactgcgagtgtagagtgaaagttagjtagcaagaacaccagtggcgaagcecggctcactg
gcccggtactgacgctgaggtgcgaaagegtggggagcaaacagtmttagggtagtccacgecgtaaacgatggatgetage
cgttgtcgggtttacccgtcagtggcgcagctaacgcattaagcatciopmyagtacggtcgcaagattaaaactcaaaggaattga
cgggggcccgcacaagceggtggagcatgtggttcaattcgaagcaaggegattaccagcectttgacatcccggtcgegggeac
cagagatggagcccttcagttcggctggaccggagacaggtgctgtgtizgicagctcgtgtcgtgagatgttgggttaagtceceg
caacgagcgcaaccctcgcccttagttgccatcatttagttgggcaggggactgccggtgataageccgecgaggaaggtggggat
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gacgtcaagtcctcatggcccttacaggctgggctacacacgtgajgcgatgacaatgggacgcaatggggaaaccctgcgcaa
atctcaaaaagccgtctcagttcggattgtgctctgcaactcgageacatggaatcgctagtaatcgcagatcagcacgetgeggtg
aatacgttcccgggccttgtacacaccgcccgt

>ebpl02
agcggtgaaatgcgtagatatcggaaggaacaccagtggcgaaagaiggtticagcaccgacgttcaggcacgaaagcgtgg
ggagcaaacaggattagataccctggtagtccacgccataaacgatgaggagttgagagggtaagcctcccagtgtcgtagctaa
cgcgctaagttctccgectggggagtacggcecgcaaggttgaaactgastsgacggggacccgcacaagceggtggageatgtgg
tttaattcgatgcaacgcgaagaaccttacctggccttgacatccaamtgaagagatttaggggtgccgcaaggagcectggagac
aggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtmacgagcgcaacccttgtccttagttgccagcattcagt
tgggcactctaaggagaccgccggtgacaaaccggaggaaggtgggesgaytcatcatggcectttatggccagggctacaca
cgtgctacaatggtagatacagagggaagccaacgcgcgagcgggagcagaaaatctatcgtagtccggattggagtctgcaa
ctcgactccatgaagtcggaatcgctagtaatcgcagatcagcatguggatacgttcccgggtcttgtacacaccgeccegt
>ebpl10
agtatgggagaggtgagtggaattcccggtgtagcggtgaaatgcafiegggaggaacacctgtggcgaaagcggcetcactgga
ccattactgacgctgatgcacgaaagctaggggagcaaacaggaitatggéagtcctagccctaaacgatgatcgcttggtgtga
caggtacccaatcctgttgtgccggagctaacgcgttaagcgatcggueigtacggtcgcaaggctgaaactcaaaggaattgac
gggggcccgcacaagcggtggagcatgtggttcaattcgacgcaaggegattacctgggcetcgaagcegtagtggatggaggta
gaaatatctctttcccgcaagggactgctacgtaggtgctgcatggutgrtcgtgtcgtgagatgttgggttaagtcccgcaacga
gcgcaacccttattgccagttgccatcattcagttgggcactctggcggeeccggataacggggaggaaggtggggatgacgtca
agtcctcatggcctttatgtccagggctacacacgtgctacaatggtgghccgtcgcaaacccgcgagggggagcetaatcggaaa
aagccaatcccagtccggattggagtctgcaactcgactccatgaagtitggtagtaatcgcagatcagcatgctgcggtgaatac
gttcccgggccttgtacacaccgceccgt

>ebpl61
ctaggggagcaaacaggattagatacccggtagtcctaaacgatdéggggticcacccgttcgggtgtcgtcccggagctaacg
cgttaagtcctgcacctggggagtacggtcgcaagactgaaactcadi@gggggggcccgcacaagcggtggaacatgtggttc
aattcgacgctacgcgaggaaccttacctgggctcgaaatgctictgagtagaaatacggccttcccgcaagggacaggagtata
ggcgctgcatggctgtcgtcagctcgtgecgtgaggtgttgggttaagt@acgagcgcaacccctgcacgtagttgccactcgcaa
gagggaactctacgtggactgctccggataacggagaggaaggtgagg@impgtccgcatggcctttatgtccagggctacaca
cgtgttacaatgcagggcacaaaccgttgccaacccgcgagggggdaggesaaaactctgctcagticggattgcagtctgcaac
tcgactgcatgaagccggaatcgctagtaatggcgtatcagatcgaggatargttcccgggcecttgtacacaccgeccgt
>ems142
cgctcaggtgcgaaagccaggggagcgaacgggattagatacccegtggtgtaaacgatgaccactagatgtgcggggtat
cgaccccctgegtgtcggagttaacgcgctaagtggtccgectggguagtaycaagattaaaactcaaaggaattgacggggacc
cgcacaagcagcggagcgtgtggtttaattcgatgcaacgcgaagaaagfjgcttgacatggcattgcaccaccgagagatcgg
tgtcccttcggggceggtgccaccggtgctgcatggctgtcgtcagdogigagatgttgggttaagtcccgcaacgagcgcaaccce
ctatcgtcggttggagatgtccggcgagactgccacgatcaacgtgaggiggggatgacgtcaagtcagcacggceccgtacgtc
ctgggcgacacacacgctacaatggccggtacaatgggacgccaamgggggagccaatccagcgaaaaccggtctcagticg
gattggaggctgcaacccgcctccatgaagctggagttgctagtaggtghgcacaccacggtgaatacgttcccgggtcttgtac
acaccgcccgt

>ems116
agtggtgaaatgcgtagatatccggaggaacccccgaaggcgaaggoacijcattgctgacgctcaggggcgaaagcecagg
ggagcgaacgggattagataccccggtagtcctggctgtaaacgattegaegticggggtatcgaccccctgagtgtcgcagceta
acgcgagaagtggtccgcectggggagtacggtcgcaagattaaaadesagpcggggacccgcacaagcageggagegtgt
ggtttaattcgatgcaacgcgaagcaccttaccagggtttgacatggeagtccgtgagagcgggcttccticgggacactgtcaca
ggtgctgcatggctgtcgtcagcetcgtgeccgtgaggtgttgggttaagtaacgagcgcaaccctcatcggtagttgtettgtctaccg
agactgccgcgatcaacgtggaggaaggtggggatgacgtcaagtgggcettacatcctgggcgacacacacgctacaatggce
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gaggacaacgagttgccaacccgcgagggggagctaatctacaaamragiicagattgcaggctgcaacccgcectgcatgaa
gtcggagttgctagtaaccgtgagtcagcacatcacggtgaatcaggigiottgtacacaccgceccgt

>emsl118
aatgcgtagatatcgggaggaacaccagtggcgaaggcgatcactiigtmacgctgaggagcgaaagctaggggagcaaa
cgggattagataccccggtagtcctagccgtaaacgatggatactaigiggitatcgactccatatgtgccgtagttaacacagtaagt
atcccgcectggggagtacggccgcaaggttaaaactcaaaggaatiggcgggcacaagceggtggagcatgtggtttaattcgac
gcaacgcgaagaaccttaccggggcttgacatcggacgacatccdsagmaiccccgcaaggggacgtccagacaggtgcetg
catggctgtcgtcagctcgtgccgtgaggtgttgggttaagtcccgeamegaaccctegtegtgtgttggtcgcaagatctctcaca
cgagaccgccggtgagaagccggaggaaggtggggatgacgtcaagtragettacgtcccgggcetacacacgtgctacaat
gggtaggacaacgagttgcgaactcgcgagagtaagccaatctcttdeancagticggattgaaggctgcaactcgcecttcatga
agtcggaatcgctagtaaccgcagatcagctacgctgcggtgaatgpoggecttgtacacaccgeccgt

>ems120
agatatcgggaggaacacctgtggcgaaagcggcgcactggaccatamtiggcgcgaaagctaggggagcaaacaggatt
agataccctggtagtcctagccctaaacgatgattgcttggtgtaguaggtatcctgctgtgccgcagcetaacgcgataagcaatcce
gcctggggagtacggtcgcaaggctgaaactcaaaggaattgacggggacaagcggtggagcatgtggticaattcgacgcaa
cgcgaagaaccttacctgggctcgaaatgcaggagaccggggtggaaticatcttaaaaggctgctgcataggtgctgcatgg
ctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagegcttatccctagttgccatcgggtcaagccgggceactct
agtgaaactgcctcggataacgaggaggaaggtggggatgacgtteatggcectttatgtccagggctacacacgtgctacaatg
gtcggtacaaaccgtcgcaaacccgtgagggggagctaatcggaaggagcagticggattggagtctgcaactcgactccatg
aagctggaatcgctagtaatcgcggatcagaacgccgcggtgaatagggccgtgtacacaccgcccgt

>ems418
agcggtgaaatgcgtagatatcgggaggaacacctgtggtgcaadctggaccgtaactgacgctgagacacgaaagcgtggg
gagcaaacaggattagataccctggtagtccacgccctaaacgatgragaiggccattcatttggtccgtgccggagctaacgce
gttaaatgtgccgcctggggagtacggtcgcaaggctgaaactcadi@aggagggggcccgcacaagceggtggagceatgtggttc
aattcgacgcaacgcgaagaaccttacctgggctcgaacggctggggagtggaaacatcgccttcccgcaagggaccgceagt
cgaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttggditaagcaacgagcgcaacccttgtccattgttgccataccgt
aaaaagtggaactcgatggagaccgccagcgacaagctggaggaaatgggtcaagtcatcatggcctttatgtccagggcta
cacacgtgctacaatgggcggtacagtgggtcgctaacccgcgaggyg@dcrccaaaagccgtectcagttcggattgcaggce
tgcaactcgcctgcatgaagctggaatcgctagtaatgctgcatcagagcegtgaatacgttcccgggcecttgtacacaccgceccgt
>ems403
gacgctgaggcgcgaaagcgtggggagcaaacaggattagatacgtitggtgctgtaaacgatgtgcgctagacgttggagga
cgtagtcttccggtgtcgcagcaaacgcgataagcgcaccgcectg@gggagtgcaaggttaaaactcaaaggaattgacggggg
cccgcacaagcggtggagcatgtggttcaattcgacgcaacgcgatigaeagcccttgacatgtcccttaaggggccgagagat
cggcttcgtcggttcggccggggggaacacaggtgctgcatggctgiggtogtgtcgtgagatgttgggttaagtcccgcaacgag
cgcaaccctcaccttcagttgccatcgggttaagctgggcactctgaeiggaggtgacaagccggaggaaggcggggatgacgt
caagtcctcatggcctttatgggctgggctacacacgtgctacaatyggayagggcggcaagggagcgatcctgecgcecaatcte
gaaaagccgtctcagttcggattgttctctgcaactcgagagcatgaagttgctagtaatcgcggatcagcacgccgeggtgaata
cgttcccgggccttgtacacaccgceccgt

>ems419
ggaacacctgtggtgcaaacggctctctggaccgtaactgacgctgagaegcgtggggagcaaacaggattagataccctggt
agtccacgccctaaacgatgcacatttggtgtgggccattcatttiggtmmgpagctaacgcgttaaatgtgccgectggggagtacg
gtcgcaaggctgaaactcaaaggaattgacgggggcccgcacaaggymtgiggttcaattcgacgcaacgcgaagaacctta
cctgggctcgaacggctggggaccagcggtggaaacatcgectticgogaagcagtcgaggtgcetgcatggcetgtegtcagct
cgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaaccctitigfttgacataccgtaaaaagtggaactcgatggagaccgce
cagcgacaagctggaggaaggtggggatgacgtcaagtcatcatgtgtctthgggctacacacgtgctacaatgggcggtacag
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tgggtcgctaacccgcgagggggagcecaatccccaaaagcecgtectmmitycaggctgcaactcgectgcatgaagcetggaat
cgctagtaatgctgcatcagaacggtagcgtgaatacgttcccgg@oetbgiccgeccgt

>ems406
gagcaaacaggattagataccctggtagtccacgctgtaaacgatgiggogitggaggacgtagtcttccggtgtcgcagcaaac
gcgataagcgcacgccctggggagtacggccgcaaggttaaaactaasggggggggcccgcacaagceggtggagcatgtg
gttcaattcgacgcaacgcgaagaaccttaccagcccttgacatgaggiigccgagagatcggcettcgtcggttcggecggggg
gaacacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgtagggtccgcaacgagcgcaaccctcaccttcagttgecat
cgggttaagctgggcactctgaaggaactgccggtgacaagccggaggaagatgacgtcaagtcctcatggcectttatgggcet
gggctacacacgtgctacaatggcggtgacagagggcggcaagggarjggagtcaatctcgaaaagcecgtctcagttcggattgt
tctctgcaactcgagagcatgaagctggaatcgctagtaatcgcggatcmggceggtgaatacgttcccgggcecttgtacacaccg
ccegt

>ems407
gagcaaacaggattagataccctggtagtcctaaacgatgcatatgsggiggttcattcggttcgtgccggagctaacgcattaagt
atgccgcctggggagtacggtcgcaaggctgaaactcaaaggaatjggcgggcacaagcggtggagcatgtggtttaattcga
cgcaacgcgaagaaccttacctgggctcgaacggcttcggaaagaiagbggggtttctcccgcaagggatcggagtcgaggtg
ctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtc@mgagcgcaacccttgtcctgttttggcatgtgtcacgcaagt
ggcgcgcaactatcaggagaccgccagcgataagtiggaggaagggmpeaagtcatcatggcctttatgtccagggctaca
cacgtgctacaatgggcggtacaaagcgctgcgaacccgcgagggstagchaaaaaccgtcctcagttcggatcgcaggcetg
caattcgcctgcgtgaagctggaatcgctagtaatggcatatcaggacgtfaatacgttcccgggcecttgtacacaccgceccgt
>ems412
agcggtgaaatgcgtagatatcaggaggaacacttgccgtgtagacggaitcatcactgacgctgagacacgaaagcgtgggg
agcaaacaggattagataccctggtagtccacgccctaaacgattgmtgigagcecgttcattcggttcgtgccggagctaacgcat
taagtatgccgcctggggagtacggtcgcaaggctgaaactcaaaggaaitggcccgcacaagcggtggagceatgtggtttaat
tcgacgcaacgcgaagaaccttacctgggctcgaacggcticggagtggatzacacggtttctcccgcaagggatcggagtcga
ggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtaacgagcgcaacccttgtectgttttggcatgtgtcacgce
aagtggcgcgcaactatcaggagaccgccagcgataagttiggaggeauggigacgtcaagtcatcatggcectttatgtccagggce
tacacacgtgctacaatgggcggtacaaagcgctgcgaacccgcgaggggacgcaaaaaaccgtcctcagticggatcgcag
gctgcaattcgcectgegtgaagctggaatcgctagtaatggcatatagaggacgtgaatacgttcccgggcecttgtacacaccgcecce
gt

>ems413
cctggcacagggccttgcagactgtgagacttgagggcctcagagggaeatccaggtgtagtggtgaaatgcgtagatatctgg
aagaacaccaaaggcgaaggcagtgtcctgggaggtacctgacggtoeggigccaggggagcgaacgggattagatacccce
ggtagtcctggccgtaaacgatgaccactagatgtgcggggtatcgagegtgtcggagttaacgcgctaagtggtccgectggg
gagtacggtcgcaagattaaaactcaaaggaattgacggggaccogasagyagcgtgtggtttaattcgatgcaacgcgaag
aaccttaccagggcttgacatggcattgcaccaccgagagatcgdtghommcggtgccaccggtgcetgcatggcetgtcgtcagce
tcgtgtcgtgagatgttgggttaagtcccgcaacgagcgcaacccgittyggagatgtccggcgagactgccacgatcaacgtg
gaggaaggtggggatgacgtcaagtcagcacggcccgtacgtcctgggegacgctacaatggccggtacaatgggacgecaa
cccgcaagggggagccaatccagcgaaaaccggtctcagticggattmeracccgectccatgaagcetggagttgetagtaac
cgtgggtcagcacaccacggtgaatacgttcccgggtcttgtacaaamgtgc

>ems147
agatatctggaagaacaccaaaggcgaaggcagtgtcctgggaggtaottqggtgcgaaagccaggggagcgaacgggatt
cgataccccggtagtcctggccgtaaacgatgaccactagatgtgegommtcccctgegtgtcggagttaacgcgctaagtggtc
cgcctggggagtacggtcgcaagattaaaactcaaaggaattgacgogomraagcagcggagcegtgtggtitaattcgatgcaa
cgcgaagaaccttaccagggcttgacatggcattgcaccaccgaggtigatcgticggggceggtgccaccggtgetgcatggcetg
tcgtcagctcgtgtcgtgagatgttgggttaagtcccgcaacgagegeaatcgtcggttggagatgtccggecgagactgecacgat
caacgtggaggaaggtggggatgacgtcaagtcagcacggcccgtgggimgacacacacgctacaatggccggtacaatggg
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acgccaacccgcaagggggagccaatccagcgaaaaccggtctcattfggggctgcaacccgcectccatgaagcetggagttg
ctagtaaccgtgggtcagcacaccacggtgaatacgttcccgggtcaggiargcccgt

>ems408
ctgtgagacttgagggcctcagagggacatggaactccaggtgtagéggiggtagatatctggaagaacaccaaaggcgaagg
cagtgtcctgggaggtacctgacgctcaggtgcgaaagccaggggagog@itagataccccggtagtcctggecgtaaacgat
gaccactagatgtgcggggtatcgaccccctgcgtgtcggagttaaegegggtccgectggggagtacggtcgcaagattaaaa
ctcaaaggaattgacggggacccgcacaagcagcggagcegtgtgoiddégtaacgcgaagaaccttaccagggcettgacatgg
cattgcaccaccgagagatcggtgtcccttcggggceggtgccaccggaigpcetgtcgtcagcetegtgtcgtgagatgttgggttaa
gtcccgcaacgagcgcaacccctatcgtcggttggagatgtccggdgagacgatcaacgtggaggaaggtggggatgacgtca
agtcagcacggcccgtacgtcctgggcgacacacacgctacaatgacagijggacgccaacccgcaagggggagcecaatcc
agcgaaaaccggtctcagttcggattggaggctgcaacccgcctcgatggagttgctagtaaccgtgggtcagcacaccacggt
gaatacgttcccgggtcttgtacacaccgcccgt

>ems450
gactgccaggctagaggacggaagaggagcgcggagticccggtgigaegiycgtagagatcgggaggaaggcecggtgge
gaaggcggcgctctggaacgttcctgacgctgaggcacgaaagcgtyg@@aaggatcagataccctggtagtccacgcecctaa
acgatggacactaagtgtcggcgggttaccgtcggtgccgcagctapaggagtcccgectggggagtacggecgcaaggttga
aactcaaaggaattgacgggggcccgcacaagcggtggagcatgtjgifat gcaacgcgaagagccttaccagctcttgacat

gcctcgtatggggecgagaaatcggttecttcagttcggetggecgggaggeyctgcatggetgtegtcagetegtgtegtgagatgt
tgggttaagtcccgcaacgagegcaaccctcatccttagttgccataaggtgggcactctgaggaaactgccggtgacaagecgg

aggaaggcggggatgacgtcaagtcctcatggeccttatgggctgggeaiagtgctacaatggeggtgacagggggcggcegagg
cagcgatgccaagccaatctcaaaaagccgtctcagttcggattgetmctcgagageatgaagtcggaatcgctagtaatcgegg
atcagcatgccgcggtgaatacgttcccgggecttgtacacaccgeccgt

>ems451
agagagggacctggaattccgggtggagcagtgaaatgcgtagagaigeggacaaaaggcgaaggcagggtcctggcetggce
acctgacgctcaggggcgaaagctaggggagcgaacgggattagggtegtcctagccgtaaacgatgaccactagatgcgceg
gggttcgaccccctgecgtgccgcagctaacgcaataagtggtccgoagrggtcgcaagactaaaactcaaaggaattgacg
gggacccgcacaagcagcggagcgtgtggtttaaticgacgcgacaegatgccagggcttgacatgcagtcgcaccgtccag
agatggacgtgcccacaagggacggctgcacaggtgctgcatggetgcgtgtgccgtgaggtgttgggttaagtcccgcaacg
agcgcaacccttgtcgtcagttaccatgtctgacgagactgccacggayaggaaggcggggatgacgtcaagtcagcacggce
ccttacatcctgggctacacacacgctacaatggccgagacaaagggiagegcaagggcgagcegaatctgagcaaacccggtc
tcagttcggattgcaggctgcaacccgcectgcatgaagtcggagttgatangtgagtcagcatatcacggtgaatacgttcccgggt
cttgtacacaccgcccgt

>ems409
ccgtgctagggtgcgggagggggaagtggaattcccggtgtagcgdtgasagatatcgggaggaacacctgcggcgaaggceg
gcttcctggaccgtaaccgacgctgaggcgcgaaagctaggggagggatagataccctggtagtcctagecctaaacgttgag
cactgggtgtagcccttcacggggctgtgccgaagctaacgcattaecggctggggagtacggtcgcaaggcetgaaactcaaag
gaattgacgggggcccgcacaagcggtggagcatgtggttcaatt@yaogpgaagaaccttacctggactcgaaatctagttgac
cgtctcagagatgagactttcccgcaagggacggctggataggtggpigogicgtcagctcgtgtcgtgagatgttgggttaagtcc
cgcaacgagcgcaaccctcaccctttgttgctcgtcccgattcgtcgggaaeccgaagggaaccgcectcggataacggggaggaa
ggtggggatgacgtcaagtcctcatggcctttatgcccagggctadacaagaatggccggtacagagcgtcgcaaacccgegag
ggggagccaatcgcaaaaaaccggtctcagttcggattgcagtcicgaetgcatgaagctggaatcgctagtaatcgegtatcag
aacgatgcggtgaatacgttcccgggccttgtacacaccgceccgt

>ems411
gtagagatccggaagaacaccggtggcgaaggcggcgagctggggtuigtgatgcgcgacagcegtggggagcaaacagg
attagataccctggtagtccacgccgtaaacgatgggcactaggt@umamgrgacccctcgggtgecgtcgctaacgcattaagt
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gccccgcectggggagtacggcecgcaaggctgaaactcaaaggaatiggcgggcacaagcggtggagcatgtggtttaattcga
cgcaacgcgaagaaccttacctaggcttgacatgcacgtgattctatatggaggggtcccttcggggceacgtgcacaggtgetgce
atggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgcamggaacccttgccccctgttgccagcggeggcegtaagec
ggccggggactctggggggactgccggtgccaaaccggaggaaggtugggiicaagtcatcatggtccttacgtctagggcetac
acacgtgctacaatggacagtacagagggctgcgaggtagcaatgmaat@gcaaaagctgtcctcagtgcggattgtcgectge
aacccggcggcatgaagctggaatcgctagtaatcgtggatcagaatggegaatacgttcccgggcecttgtacacaccgececgt
>ems136
agcggcgcactggaccacaactgacgctgaggcgcgaaagctaggagaeaggattagataccctggtagtcctageccctaaac
gatgattgcttggtgtagcaggtacccaatcctgccgtgccgaagdgatapgcaatccgectggggagtacggtcgcaaggcetg
aaactcaaaggaattgacgggggcccgcacaagcggtggagcapiigiacgcaacgcgaagaaccttacctgggctcgaa
gcgcagtggaccggggtggaaacatcccttttcgcaagaactgctgyiggagratggcetgtcgtcagcetcgtgtcgtgagatgttg
ggttaagtcccgcaacgagcgcaacccttatccctagttgccatcgggiggcactctagtgaaaccgcecccggataacgggga
ggaaggtggggatgacgtcaagtcctcatggcctttatgtccagggetagig ctacaatggtcggtacaaaccgtcgcaaacccgt
gagggggagctaatcggaaaaagccggcctcagticggattggagiotggactccatgaagctggaatcgctagtaatcgcgga
tcagaacgccgcggtgaatacgttcccgggccttgtacacaccgeccgt

>ems137
gcgcactggaccataactgacgctgaggcgcgaaagctagggoagygattagataccctggtagtcctagccctaaacgatgat
tgcttggtgtagcaggtagccaatcctgctgtgccgcagctaacgagatag cgectggggagtacggtcgcaaggcetgaaactca
aaggaattgacgggggcccgcacaagcggtggagcatgtggticaaiteg@agcgaagaaccttacctgggctcgaagcgcagt
ggaccggggtagaaatatcccttccccttaaaaggctgctgcggageatggctgtcgtcagcetegtgtcgtgagatgttgggttaa
gtcccgcaacgagcgcaacccttatccctagttgccatcgggtcaagpagjgtagtgaaactgectcggataacgaggaggaagg
tggggatgacgtcaagtcctcatggcctttatgtccagggctacacaagantggtcggtacaaaccgacgcaaacccgtgagggg
gagctaatcggaaaaagccggcctcagttcggattggagtctgcactctagaggctggaatcgctagtaatcgcggatcagaac
gccgcggtgaatacgttcccgggcecttgtacacaccgceccgt

>ems138
gaaagctaggggagcaaacaggattagataccctggtagtccacgegettipgacactaagtgtcggcgggttaccgtcggtgec
gcagctaacgcagtaagtgtcccgcctggggagtacggccgcaaguitgaaaggaattgacgggggceccgcacaageggtgg
agcatgtggtttaattcgatgcaacgcgaagaaccttacctactditgagragaacttggctgagaggctgaggtgccgaaaggaac
gcagagacaggtgccgcatggctgtcgtcagctcgtgttgtgagatgtsggtcccgtaacgagcgcaacccttgtccttagttgeca
tcatttagttggggactctaaggagactgccggtgaggaaccggaggagiacgacgtcaagtcatcatggcectttatgagtagg
gctacacacgtgctacaatggggcgtacagagggtagccaacccgggagggaatctcttaaagcgtctcgtagtccggattgga
gtctgcaactcgactccatgaagtcggaatcgctagtaatcgcgaatitiggcggtgaatacgttcccgggcecttgtacacaccgce
ccgt

>emsl
gaaagctaggggagcaaacaggattagatacccggtagtcctaaaagatghagtccgcctggggagtacggaagactaaaact
caaaggaattgacgggggcccgcacaagcggtggatcatgtggtesgjtancgcgaagaaccttacctgggtttgacatccctcg
accgacgtagagatacgttttttgtagcaatacaacggggagacaggtggctgtcgtcagctcgtgtggtgacatgttgggttaag
tcccgcaacgagcgcaacccttgtccttagttgccagcatttagtigigtpiggagactgecgtggttaacacggaggaaggtgggg
atgacgtcaagtcctcatggcctttatatccagggcgacacacgtgtdgegggtacagagggaagccaaagcgcaagctggagce
caatctcaaaaagcccttctcagtticggattggagtctgcaactcgagdegttggaatcgctagtaatcgcggatcagcacgecgce
ggtgaatacgttcccgggccttgtacacaccgceccgt

>ems8
gcgaaggcgatcacctggggttgttctgacgctgatgagcgaaaggagempacgggattagataccccggtagtcctagecgtt
aacgatggatactaggtgtatgtggtatcgactccatatgtgccghamgitgataagtatcccgcctggggagtacggccgcaaggtta
aaactcaaaggaattgacgggggcccgcacaagcggtggagcaggtjoihcgcaacgcgaagaaccttacctgggcttgaca

tgtgcggaaatcctatgaaagtaggctccggggcaaccecggecgeggt@atgeatggctgtegtcagetegtgeegtgaggtott
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gggttaagtcccgcaacgagcgcaacccttgtcgtgtgttggtccaitaetgacacgagaccgecggtgagaagccggaggaag
gtggggatgacgtcaagtcagcatggcccttacgtccagggctacgctarfiatgcgcgcgacaacgagctgcgaacccgcegag
ggcaagccaatctcataaacgcgcgctcagticggattgaaggctogectttatgaagtcggaatcgctagtaaacgcagatcag
ctacgctgcgttgaatacgttcccgggcecttgtacacaccgcccgt

>ems3
gggccttgcagactgtgagacttgagggcctcagagggacatggaggtgtzgtggtgaaatgcgtagatatctggaagaacacc
aaaggcgaaggcagtgtcctgggaggtacctgacgctcaggtgcgaggggagcgaacgggattagataccccggtagtcctg
gccgtaaacgatgaccactagatgtgcggggtatcgaccccctgogigitgacgcgctaagtggtccgectggggagtacggte
gcaagataaaaactcaaaggaattgacggggacccgcacaagcagtmggtitaattcgatgcaacgcgaagaaccttacca
gggcttgacatggcattgcaccaccgagagatcggtgtcccttcgggpuagcggtgctgcatggcetgtegtcagcetegtgtegtg
agatgttgggttaagtcccgcaacgagcgcaacccctatcgtcggétggecggcgagactgccacgatcaacgtggaggaaggt
ggggatgacgtcaagtcagcacggcccgtacgtcctgggcgacactaaagiggcecggtacaatgggacgcecagceccgcaag
ggggagccaatccagcgaaaaccggtctcagticggattggaggatggaeaircatgaagctggagttgctagtaaccgtgggtc
agcacaccacggtgaatacgttcccgggtcttgtacacaccgcccgt

>ems5
gaaagcaggggagcaacgggattagatacccggtagtcccctaaargatgagtggtccgectggggagtacaagtaaaactc
aaaggaattgacgggggcccgcacaagcggtggaacatgttgtteaaitegcgcgaagaaccttacctgggctcgaagtgeca
gtgaccagcggtggaaacatcgccttcccgcaagggacactggtagamatiggctgtcgtcagetcgtgecgtgaggtgttggagt
taagtcccgcaacgagcgcaacccctactcttagtcgccacccgcapguiciaagaggactgctccggataacggagaggaag
gtggggatgacgtcaagtcagcacggcctttatgtccagggctacgtaogtatgcgcggtacaaaccgtcgcgaacccgtgagg
gggagctaatcggaaaaaactgcgctcagttcggattgcagtctggaetgjcatgaagccggaatcgctagtaatggegtatcaga
acgacgccgtgaatacgttcccgggccttgtacacaccgcccgt

>ems65
tgacgctcagaggcgacagctaggggagcgaacgggattagata@gicgtagccgtaaacgatgaccacgagatgtccggg
ggatcgaccccctgggtgtcgaagcaaacgcagtcagtggtccgeeig@ggggtcgcaagattaaaactcaaaggaattgacgg
ggacccgcacaagcagcggagcgtgtggtttaattcgatgcaacgegattigccagggtttgacatgctcttgcaccgcettggaga
caagcgtcctcttcggaggcgggagcacaggtgctgcatggctgtagocpgecgtgaggtgttgggttaagtcccgcaacgagce
gcaaccctcattgctagttgaacatctctagcgagactgccacgatggaggaaggtggggatgacgtcaagtcagcacggccctt
acatcctgggcgacacacacgctacaatggtcgagacaacgagtigmyagagggggagctaatctcaacaaactcgatctcagt
tcagattgcaggctgcaacccgcctgcatgatggtggagttgctaagéedgcgttcccgggcecttgtacacaccgeccgt
>ems91
aaggcgatcacctggggttgttctgacgctgatgagcggaagctageammopggattagataccccggtagtcctagecgtaaac
gatggatactaggtgtatgtggtatcgactccatatgtgccgtagttaataagtatcccgectggggagtacggccacaaggttaaaa
ctcaaaggaattgacgggggcccgcacaagcggtggagcatgtgggtaacaacgcgaagaaccttacctgggcttgacatgt
gcggaaatcctatgaaagtaggctccggggctacccggecgcaaqgaaggtggctgtcgtcagetecgtgecgtgaggtgttgg
gttaagtcccgcaacgagcgcaacccttgtcgtgtgttggtccacaeigairacgagaccgcecggtgagaagccggaggaaggtg
gggatgacgtcaagtcagcatggcccttacgtccagggctacacamagtcgcgcgacaacgagctgcgaacccgcgaggg
caagccaatctcataaacgcgcgctcagttcggattgaaggctgoectttatpaagtcggaatcgctatcaaactcttcagtgaata
cgttcccgggccttgtacacaccgceccgt

>emsl131
tggaattcccggtgtagcggtgaaatgcgtagatatcgggaggaattammigaagcggctcactggaccacaactgacgcetgag
gcgcgaaagctaggggagcaaacaggattagataccctggtagtotsagagatggatgcttggtgtagcaggtacccaatcctg
ctgtgccggagctaacgcattaagcatcccgectggggagtacggugmptgaaactcaaaggaattgacgggggeccgcacaag
cggtggagcatgtggtttaatacgacgcaacgcgaagaaccttactigaggécccctgaaagccctagaaatagggtcttcatcge
aagatgacagggtgacaggtgctgcatggctatcgtcagctcgtggemtmmggttaagtcccgcaacgagcgcaaccctegctt
cgtgttggtccgcaaggatctctcacgagggaccgcecggtgagaagamggtggggatgacgtcaagtcagcatggceccttac
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gtctggggctacacacgtgctacaatgggtgcgacaacgagttccgagagpgtaaggcaatctcttaaacgcatcctcagttcgg
attgaaggctgcaactcgccttcatgaagtcggaatcgctatcaayeiatargttcccgggcecttgtacacaccgceccgt
>emp62
cggatactgacgctgagacgcgaaagcgtgggtagcaaacaggattatggéagtccacgccgtaaacgatgagaactaggtgt
cgtgggtgttgacccccgceggtgccgtagctaacgcattaagticttypggaagtacggccgcaaggctaaaactcaaaggaattga
cgggggcccgcacaagcggtggagcatgtggtttaaticgacgcaagpayprttacctggtcttgacatcctcggaatctgtcaga
gatgacggagtgctcgcaagagaaccgagagacaggtgctgcatgyagicgtgtcgtgagatgttgggttaagtcccgcaa
cgagcgcaaccctcgcctttagttgccatgtaaaagtggatctctagetmyggggtgttaaaccggaggaaggtggggatgacgtca
agtcctcatggcctttatgaccagggctacacacgtgctacaatggoeggtgcgctgccaactcgcgagagggagccaatcgcat
aaaaccggtctcagttcagattggagtctgcaactcgaccccatgamggcgctagtaatcgtagatcagcacgctacggtgaatac
gttcccgggccttgtacacaccgcccgt

>emp203
cgaaagctggggatcaaacaggattagataccctggtagtccacgecmpbgagaactagacgttggaaggatctgcectttcagtgt
cgtagctaacgcgctaagttctccgcctggggagtacggccgcaagatigaaaggaattgacgggggcccgcacaagceggtgg
agtatgtggttcaattcgatgcaacgcgaagaaccttacctggtditgeaggaaccctgcagaaatgcgggggtgccttcgggaac
cgagagacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgtéggtcccgcaacgagcgcaaccctegtcectagttgec
agcattcagttgggcactctagggagactgccggtgacaaaccggatgaagatgacgtcaagtcatcatggcccttatgaccag
ggctacacacgtactacaatggtcggtacaaagggttgccaagccgggaggcaatcccagaaaaccggtcgtagtccggattg
gagtctgcaactcgactccatgaagtcggaatcgctagtaatcgcggaatgccgcggtgaatacgttcccgggcecttgtacacac
cgcccegt

>emp204
CcgaaagcggggatcaaacaggattagataccctggtagtccacgctgitEayaactagacgttggaaggatctgcctttcagtgtc
gtagctaacgcgctaagttctccgectggggagtacggccgcaagattgaaaggaattgacgggggcccgcacaagcggtgga
gtatgtggttcaattcgatgcaacgcgaagaaccttacctggtctogacgdiaaccctgcagaaatgcgggggtgecttcgggaacc
gagagacaggtgctgcatggctgtcgtcagctcgtgtcgtgagatgtsgggcccgcaacgagcgcaaccctcgtcecctagttgeca
gcattcagttgggcactctagggagactgccggtgacaaaccggadggagagatgacgtcaagtcatcatggeccttatgaccagg
gctacacacgtactacaatggtcggtacaaagggttgccaagccgggaggcaatcccagaaaaccggtcgtagtccggattgg
agtctgcaactcgactccatgaagtcggaatcgctagtaatcgcggasatggcgcggtgaatacgttcccgggccttgtacacacc
gcccgt

>emp402
gacactgaggcacgaaagctaggggagcgaaacagattagatagttgtgigccgtaaacgatgctcgctagcetcttggeccgeca
aggtcgggggtgtaagctaacgcgttaagcgagccgectggggagtamg@mgctaaaactcaaaggaattgacggggacccg
cacaacctgtggagcgtgtggttcaattcgagacgaaacgaaggaegggttgacatgctaccgtacattctttcagaaatgaga
ggaaatccgcaaggatggtagcacaggtgctgcatggctgtcgtcsgrtgtpaggtgttcccttaagtggggaaacgagcegcaa
cccccatccaatgttacatattcattggaaacagtccttgttttacagggaggcggggtagacgtcaagtcagcacggcccttatacc
ctgggccacacacactacaatggcgaaaaacaatgagctgcaagetgzeataatctctgaaatttcgcctcagttcagattgg
ggtctgcaacccgaccccatgaagccggaataggtagtaatcgcgumagaggcggtgaatacgttctcgggtcgtgtacacacc
gcccgt

>emp404
Ccgaaagctaggggagcaaacaggattagataccctggtagtcctagomasgagcacttggtgtggecccttacggggecgtge
cggagctaacgcgttaagtgctccgcectggggagtacggtcgcaaggctgaaaggaattgacgggggcccgcacaagcggtg
gagcatgtggttcaattcgacgcaacgcgaagaaccttacctggaatiggagttgaccgtctcagagatgagattttcccgcaaggg
acggctgtataggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttaagtcccgcaacgagtgcaaccctcatccttagttgca
cgcccgcaagggatgcaccctaaggaaaccgcecctcgataagggoggigg@agatgacgtcaagtcctcatggcectttatgece
agggctacacacgtgctacaatggccggtacagagcgtcgcgaadegogmgccaatcgctaaaaaccggtctcagttcggatt
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gcagtctgcaactcgactgcatgaagctggaatcgctagtaatcoagigicgacgcggtgaatacgttctcgggccttgtacacacc
gcccgt

>emp405
ggttcctgacgctgaggtgcgaaagctaggggagcgaacgggattecedgtagtcctagecgtaaacgatgaccactaggegt
gtggggtatcgaccccctacgtgccgactctaacgaagtaagtggtgggoagtacggtcgcaagattaaaactcaaaggaattga
cggggacccgcacaagcagcggagcgtgtggtttaaticgatgcaacgagpettaccagggtttgacatggcetctgatcgggega
gaaatcgccttgcctticgggacagagtcacaggtgctgcatggttggpgtgtgccgtgaggtgttgggttaagtcccgcaacgagce
gcaacccctgtcgtcggttacgggtgtccgacgagactgccgcgatgaacmaaggtggggatgacgtcaagtcagcacggcecce
ttacatcctgggcgacacacacgctacaatggctgggacaaagagagrfocaaaggggagctaatctcacaaacccggtctca
gttcagattagaggctgcaacccgcctctatgaagtgggagttgctagtaggtcagcacactacggtgaatacgttcccgggtcttg
tacacaccgcccgt

>emp409
aggcagggtcctggctggtacctgacgctcgtgggcgaaagctagogugmogggattagataccccggtagtcctageccgtaaac
gatgaccactaggtgtgcgacgtatcgacccgttgcgtgccggaggedtaagtggtccgectggggagtacggtcgcaagatta
aaactcaaaggaattgacggggacccgcacaagcagcggagcagitrgttgcgacgcgaagcaccttaccagggtttgaca
tgcgcgctgagcgeccagagatgggcgggceccgcaagggaggcgegugaagatggcetgtecgtcagetegtgecgtgaggt
gttgggttaagtcccgcaacgagcgcaacccctgtcgecggttgtatgigagactgccacgttgaacgtggaggaaggtgggga
tgacgtcaagtcagcacggccctgatgtcctgggcgacacacacdg@eegagacaacgggtcgccaacccgcgaggggga
gccaatcccagcaaagtcggcctcagttcagattgcaggctgcaatmpraigaaggaggagttgctagtaaccgtgggtcagceat
accacggtgaatacgttcccgggtcttgtacacaccgcccgt

>emp412
aggcgaaggcagcctcctggaaagcatctgacgctcagggacgaagmggagogaacgggattagatacccecggtagtectcge
cgtaaacgatgaccactagatgtgcgggggatcgaccccctgegtgttgmagcagtaagtggtccgectggggagtacggtcge
aagattaaaactcaaaggaattgacggggacccgcacaagcagcgtyittgattcgaagcaacgcgaagcaccttaccagg
gcttgacatgctcctgaccacggcggaaacgtcgtctcccttcgggaggaggaggtgctgcatggcetgtcgtcagcetegtgtcgtga
gatgttgggttaagtcccgcaacgagcgcaacccctatggtcggttgttgggccagactgccgcgacaaacgcggaggaaggt
ggggatgatgtcaagtcagcacggcccttacgtcctgggcgacaca@eagiygccgggacaacgggacgccaacccgcgag
ggggagccaatcccaacaaacccggtcccagticagattgcaggaggeetgcatgaagtcggagttgctagtaaccgtgagte
agcacatcacggtgaatgcgttcccgggtcttgtacacaccgcccgt

>emp416
Cgaaagcaggggagcgaacgggattagataccccggtagtcctcgumgatgaccactagatgtgcgggggatcgaccccctge
gtgtcgcagcttacgcagtaagtggtccgecctggggagtacggtcgitaagactcaaaggaattgacggggacccgcacaagca
gcggagcgtgtggtttaattcgaagcaacgcgaagcaccttaccagmeatijctcctgaccacggcggaaacgtcgtetcectteg
gggcaggagcacaggtgctgcatggctgtcgtcagctcgtgtcgtgdm@ditaagtcccgcaacgagcgcaacccctatggteg
gttactggtgtccggccagactgccgcgacaaacgcggaggaaggtggieaagtcagcacggcccttacgtcctgggegac
acacacgctacaatggccgggacaacgggacgccaacccgcgaggg@iageaacaaacccggtcccagttcagattgcag
gctgcaacccgcctgcatgaagtcggagttgctagtaaccgtgagtaagaaggtgaatgcgttcccgggtegtgtacacaccgcec
cgt

>emp417
Ccgaaagctaggggagcaaacaggattagataccctggtagtcctagomgasgagcactgggtgtggeccccgtacggggecgtg
ccgaagctaacgcattaagtgctccgectggggagtacggtcgcaaggetgaaaggaattgacgggggcccgcacaagceggt
ggagcatgtggttcaattcgacgcaacgcgaagaaccttacctggaatcgaytcgaccgtctcagagatgaggctttcccgcaag
ggacggctggataggtgctgcatggctgtcgtcagctcgtgtcgtgaggtgtaagtcccgcaacgagcgcaacccttaccgttagt
tgctcgcccgcaagggaagcaccctaacggaaccgcctcagataajggggatggggatgacgtcaagtcctcatggcectttatg
cccagggctacacacgtgctacaatggccggtacaaagcgtcgccaamypgggagccaatcgctaaaaaccggtctcagttcg
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gattgcaggctgcaactcgcctgcatgaagctggaatcgctagtatdtrpgpacgacgcggtgaatacgttcccgggcecttgtaca
caccgcccgt

>empS7
gcgaaagccaggggagcgaacgggattagataccccggtagtccpmugatgggtactagatagtagactttcatgggtttact
gtcgaagcaaaagtggtaagtaccccgcctggggagtatggtcgcgaggctcaaaggaattgacgggggctcacacaagcggt
ggagcatgtggctcaattcgaggctacgcgaagaaccttatcctgggatijgcgaaagcgttggggagtagcgggtggaaacac
tttgccaacggtatccagtccggaacccaatacaggtgctgcatogieiagetcgtgtcgtgagatgtcgggttaagtcccataacga
gcgaaacccttgtttccagttgccagcgggtcatgccggggactctggemmgcggtgttaaaccggaggaaggtggggatgacgt
caagtcctcatggcctttatgcccagggctgcacacgtgctacaatgaiaagggacgcaaacctgcgagggggagcaaatcc
caaaaaacacggcccagttcagatcgaaggctgcaactcgcctidgggaatrgctagtaatcgcaggtcagcaacactgcggtg
aatgtgttcctgagccttgtacacaccgcccgt

>emp420
cgaaagcgtggggagcaaacaggattagataccctggtagtccacpmuatytgcgctagacgttgggggacctagtctccecgg
tgtcgcagctaacgcgttaagcgcaccgcectggggagtacggccgtaaapticaaaggaattgacgggggcccgcacaagcg
gtggagcatgtggttcaattcgacgcaacgcgaagaaccttaccagmattjtcccgtatggggccgagagatcggcttcgtcagtt
cggctggcgggaacacaggtgctgcatggccgtcgtcacctcgtgafigiigggttaagtcccgcaacgagcgcaaccctcacc
ttcagttgccatcgggttaagccgggcactctgaaggaactgccggiyenggaggaaggcggggatgacgtcaagtcctcatgg
cctttatgggctgggctacacacgtgcttcaatggcggcgacagagoaagggggcgaccctgcgccaatctcgaaaagcecgtct
cagttcggattgttctctgcaactcgagagcatgaagctggaatcgatagtggatcagcacgccgcggtgaatacgttcccgggce
ctagtacacaccgcccgt

>emp437
aaatgcgtagatatcaggaggaacaccggcggcgaaagcggccagtyyafjacgctgagacgcgaaagcgtggggagcaa
acaggattagataccctggtagtccacgctgtaaactatgggtadiaggiggtattgaccccctgagtgccgcagctaacgcattaa
gtaccccgcctggggactacggccgcaaggttaaaactcaaaggggtiggcccgcacaagcggtggagcatgctgttcaattc
gacgcaacgcgaagaaccttacctgggctagacaacggcggacageetgaggtcttcccttcggggactgccggttcaggtgt
tgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtccag@mrgcaacccectgccecttagttgccaccggataatgccg
agcactctatggggactgcacgggtcaaccgtgaggagggtggggacaagigatcatggcccttatgtccagggctacaagegt
gctacaatggacggtacaaagggttgcaaactcgcgagagccagcgag@aaaccgccctcagctcggatcggagtctgcaac
cgcatgaagtggaatcgctagtaatcgtgaatacgttcccgggcttgiaampeccgt

>emp445
ctcaggggcgaaagctaggggagcgaacggggttagataccccgtaggtgtaaacgatgaccactaggtgtgcggggtatcg
accccctgcgtgccgcagctaacgcaataagtggtccgectggggaygtgcgagattaaaactcaaaggaattgacggggaccce
gcacaagcagcggagcgtgtggtttaattcgacgcgacgcgcagaaagtmtttgacatgccggtgcaccggcccgagaaggt
cgtgcccgcaagggacgccggcacaggtgctgcatggctgtcgtcagotgigaggtgttgggttaagtcccgcaacgagcgea
acccccatcgtcggttacatgtatccgacgagactgcctcgatcasaggaaggtggggatgacgtcaagtcagcacggcccttac
atcctgggcgacacacacgctacgatggtcgcggacaatggggagogeg@gggggagccaatcccagcaaaggcggcectca
gttcggattgcaggctgcaacccgcctgcatgaagtcggagttgctagiaggtcagcacaccacggtgaatacgttcccgggtctt
gtacacaccgcccgt

>emp446
cgaaagctaggggagcaacggttagataccccggtagtcctagcgabgaacactaggtgtgcggggtatcgaccccectgegtg
ccgcagctaacgcaataagtggtccgcctggggagtacggtcgcasgaiteaaaggaattgacggggacccgcacaagcagce
ggagcgtgtggtttaattcgacgcgacgcgcagaaccttaccagggtitgaggtgcaccggcccgagaaggtcgtgcccgcaa
gggacgccggcacaggtgctgcatggctgtcgtcagctcgtgccgtgggdttaagtcccgcaacgagcgcaacccccatcgte
ggttacatgtatccgacgagactgcctcgatcaacggggaggaaggtggggtcaagtcagcacggcccttacatcctgggcgac
acacacgctacaatggtcgcggacaatggggagccaacccgcgagocgaiagcagcaaaggcggcctcagttcggattgca

183



ggctgcaacccgcctgcatgaagtcggagttgctagtaaccgtgggicacpacggtgaatacgttcccgggtcttgtacacaccgce
ccgt

>emp447
cgaaagctaggggagcgaacgggattagataccccggtagtcctaapuggdgaccactaggtgtgcggggtatcgaccccccg
cgtgccgtagctaacgcaataagtggtccgcctggggagtacgotctaaapctcaaaggaattgacggggacccgcacaagce
agcggagcgtgtggtttaattcgacgcgacgcgcagaaccttaccagggitytcggtgcaccagccagagatggttgtacccgca
agggacgccggcacaggtgctgcatggctgtcgtcagctcgtgccgyégmpttaagtcccgcaacgagcgcaacccctgtegt
cggttggagttctccgacgagactgcctcgatcaacggggaggaaggigagggtcaagtcagcacggcccttacatcctgggeg
acacacacgctacaatgggcgcgacaacgggaagccaacccgcgagggadieccagcaaaggcgtcctcagttcggatggt
aggctgcaacccgcctgcctgaagtcggagttgctagtaaccgtggate@tpcggtgaatacgttcccgggtcttgtacacaccgce
ccgt

>emp448
Ccgaaagctaggggagcaaggaattagataccccggtagtcctagoogtmecaccaggtgtgggaggtatcgaccccttccge
gcccggcgttaacacactaagtggtccgcctggggagtacggicgtaaamtticaaaggaattgacggggacccgcacaagcag
cggagcgtgtggttcaattcgatgcgacgcgaagaaccttaccagacgtgacttgacgccctctgagaggagggtccctticggg
gcgggtgcacaggtgctgcatggctgtcgtcagctcgtgccgtgaggmitaagtcccgcaacgagcgcaacccectgttgtcggcet
ggatgtgtccgacgagactgccacgatcaacgtggaggaaggtggog@@sgtcagcacggccctgacgtcctgggcgacac
acacgctacaatggtcgggacaacgggtcgccaacccgcgagggoaimgcagcaaacccgatctcagttcggatggcaggct
gcaacccgcctgcctgaagccggagttgctagtaaccgtgggtcageagatgaatacgttcccgggtcttgtacacaccgceccgt
>emp443
gcagctaacgccaataagtggtccgcctggggagtacggtcgcaagatitaaaaggaattgacggggacccgcacaagcagcg
gagcgtgtggtttaattcgacgcgacgcgcagaaccttaccagggtttgaggtgcaccggcccgagaaggtcgtgceccgcaag
ggacgccggcacaggtgctgcatggctgtcgtcagctcgtgccgtgdggiitaagtcccgcaacgagcgcaacccccatcgtcg
gttacatgtatccgacgagactgcctcgatcaacggggaggaaggtggggeeaagtcagcacggcccttacatcctgggcgaca
cacacgctacaatggtcgcggacaatggggagccaacccgcgaggoaai@gcagcaaaggcggcctcagttcggattgcag
gctgcaacccgcctgcatgaagtcggagttgctagtaaccgtgggtampaaggtgaaggcgticccgggtcttgtacacaccgce
ccgt

>emp430
ctggctggcgactgacgctgaggggcgaaagccaggggagcgaaeg@aticccggtagtcctggetgtaaacgatgaccac
caggtgtgcggcgtatcgacccgctgcgtgccggcgttaacacaagtagigctggggagtacggtcgcaagattaaaactcaaa
ggaattgacggggacccgcacaagcagcggagcgtgtggtttaatggatgggaagaaccttaccagggcttgacatgcectctge
accgcccagagaggggcgtgcccgcaagggacggaggcacaggtggtigatgtcagctcgtgecegtgaggtgtigggttaa
gtcccgcaacgagcgcaacccctgtggccggttgaacgtctccggtegagacgatcaacgtggaggaaggtggggatgacgtc
aagtcagcacggcccttacgtcctgggcgacacacacgctacaatggcegaggggcgccaacccgcgagggggagccaatc
ccggcaaactcggtctcagttcagattgcaggctgcaacccgcctgoatggagtigctagtaaccgtgggtcagcacaccacggt
gaatacgttcccgggtcttgtacacaccgcccgt

>emp206
ggggatcaaacaggattagataccctggtagtccacgctgtaaacaattegncgttggaaggatctgcctttcagtgtcgtagcta
acgcgctaagttctccgectggggagtacggccgcaaggttgaaagtesdtyacgggggcccgcacaagcggtggagtatgtg
gttcaattcgatgcaacgcgaagaaccttacctggtcttgacatcetoggigcagaaatgcgggggtgccttcgggaaccgagaga
caggtgctgcatggctgtcgtcagctcgtgtcgtgagatgttgggitaagtaacgagcgcaaccctcgtccctagttgccagceattca
gttgggcactctagggagactgccggtgacaaaccggaggaaggtggggetaagtcatcatggcccttatgaccagggctaca
cacgtactacaatggtcggtacaaagggttgccaagccgcgaggcggsmuagaaaaccggtcgtagtccggattggagtctg
caactcgactccatgaagtcggaatcgctagtaatcgcggatcagugadgtgaatacgttcccgggcecttgtacacaccgceccgt
>emp414
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gtcctagccctaaacgatcaggacttggggtgccacccgtticgggtgoogiagctaacgcgttaagtcctgcacctggggagtacg
gtcgcaagactgaaactcaaaggaattgacgggggcccgcacaagaygtggggttcaaticgacgctacgcgaggaaccttac
ctgggctcgaaatgcttctgaccagctgtagaaatacggccttccaygaeaggagtataggcgctgcatggcetgtcgtcagetcgt
gccgtgaggtgttgggttaagtcccgcaacgagcgcaacccectgciggiaartcgcaagagggaactctacgtggactgcetceg
gataacggagaggaaggtggggatgacgtcaagtccgcatggcctttaigygctacacacgtgttacaatgcagggcacaaaccyg
ttgccaacccgcgagggggagctaatcggaaaaaactctgetcagtogaictgcaactcgactgcatgaagccggaatcgcta
gtaatggcgtatcagatcgacgccgtgaatacgttcccgggcctigiemgaecgt

>emp440
ggggctcgtgcccgtagctaacgcgataagtcctgcgectggggadgtanggggctgaaactcaaaggaattgacgggggeccg
cacaagcggtggaacatgtggttcaattcgacgcaacgcgaagaeitgjtpttgaagtgtactggaccattcctggaaacaggga
cttcccgcaagggaccggtgtagaggtgctgcatggctgtcgtcagemgfigaggtgttgggttaagtcccgcaacgagcgcaac
ccttacttgtagttgcctcccgcaagggggaactctacaaggactgetEarggagaggaaggtggggatgaggtcaagtcagea
tggcctttatgtccagggccacacacgtgttacaatgcgcgctacaaggggacccgcgagggggagctaatcgcaaaaaagcg
cgctcagttcggattgcagtctgcaactcgactgcatgaagccggéadtaatggcgcatcagaacggcgecgtgaatacgttcac
gggccttgtacacaccgcccgt
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T-RFLP fingerprints of bacterial communities from Bosque del Pueblo’s soil samples.
Samples in red color identified samples digestedHaglll, samples in blue color identified
samples digested byispl, and samples in green color were digetedRisal. Panel A shows T-

RFLP profiles for EBS and EBP soil samples; andePBnshows T-RFLP profiles for EMS and
EMP soil samples.
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