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ABSTRACT

UNDERSTANDING THE IMPACTS OF METAL POLLUTION ON BIOTIC

COMMUNITIES IN TWO HIGH ELEVATION TRIBUTARIES

(December 2007)

Jonathan Larry Pitch ford, B.S., Auburn University, Auburn

M.S., Appalachian State University

Thesis Chairperson:   Ece Karatan

Thesis Co-chairperson:  Michael Windelspecht

Two high elevation tributaries in Watauga County, North Carolina were

chosen to investigate the effects of iron (Fe), manganese (Mn), and zinc (Zn)

pollution on biotic communities.  The physical environment of both tributaries was

altered by anthropogenic activity. A result of this disturbance was the presence Of

seeps heavily laden with an orange biofilm.  Chemical analysis of the tributaries

downstream of the seeps indicated elevated levels of Fe, Mn, and Zn in both water

and sediment samples compared to an undisturbed reference tributary.   Bacterial

bjofilm communities were described using 16S rRNA clone library analysis.   Results

indicated that the communities in metal-rich portions of the stream were not notably

different from the undisturbed reference tributary with the exception of the presence

of Gammaproteobacteria and Comamonadaceae bacteria only in the metal polluted

locations.   However, index analysis of benthic macroinvertebrate community
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structure yielded several significant differences between disturbed and

reference sites.

Lower abundance and diversity of macroinvertebrate communities in

metal polluted locations suggests that increased Fe, Mn, and Zn deposition limits

colonization and promotes drift.   However, bacterial community structure is largely

unaffected.  The lack of any commonly recognized metal oxidizing bacteria indicates

that Fe, Mn, and Zn deposition in these tributaries may be a biologically independent

process.  Interestingly, the loss of scraping macroinvertebrate taxa such as

Heptageniid mayflies, indicates that Fe, Mn, and Zn deposition negatively influences

the diversity of benthic communities.  The effect of metal deposition on macrophyte

communities on which Heptageniids depend may be greater than the effect on

bacterial communities and may therefore play a larger role in determining

macroinvertebrate community structure.
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Introduction

Anthropogenic disturbance in the Appalachian Mountains,  including the

processes of road building,  mining, and urbanization,  has become increasingly

common due to the demand for, and limited supply of, usable land.   Many areas in

Watauga County, North Carolina, currently being developed for residential and

commercial purposes are adjacent to small tributaries and wetlands, thus placing

severe stress on these ecosystems.  The term d/.stwibance, as it applies to stream

ecosystems, is defined by Resh ef a/.  (1988) as "any relatively discrete event in time

that is characterized by a frequency, intensity, and severity outside a predictable

range, and that disrupts ecosystem, community, or population structure and changes

resources or the physical environment."  An initial investigation of a tributary in the

New River watershed in Watauga County indicated that anthropogenic activity had

altered the physical and biological components (Greco 2005) and that certain

portions of the tributary meet the criteria of a "disturbed" stream, thus further

research into the implications of these disturbances may help in prescribing proper

treatment and future management systems.

An alteration in the physical habitat of a tributary elicits a bottom-up effect on

the biological community, where abiotic factors (i.e. temperature, pH, iron

concentrations) determine the diversity and distribution of biotic communities (Dodds

2002).   For example, increasing the concentration of naturally occurring metals can

result in shifts in biofilm communities from algae,  protists, and diatoms to metal
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depositing bacteria (Sheldon & Skelly 1990;  Sheldon & Wellnitz 1998;  Emerson &

Weiss 2004;  Morin ef a/. 2007).      Furthermore, chemical and biological metal

deposition negatively impacts substratum quality upon which benthic

macroinvertebrate communities depend, oftentimes eliciting species specific

responses (Lemly & King 2000; Courtney & Clements 2002).   Graded responses by

benthic macroinvertebrates to metal concentrations allow insect community structure

to act as an index of metal pollution in a given stream (Winner ef a/.1980;  Nelson &

Roline  1996; Schmidt ef a/. 2002;  Rhea ef a/. 2004).

Metal Interactions

Metal cycling is a continuous process in aquatic environments and is

controlled by a combination of abiotic and bjotic factors that impact both the

chemical form and the mobility and availability of metals.   Iron,  manganese, and zinc

are considered minor elements in aquatic systems, and their influence is diminished

compared with other nutrients.  However the cycling of these metals has

considerable impacts (Cole 1988; Wetzel 2001) particularly in areas affected by

anthropogenic disturbance where an increase in the concentration of iron,

manganese, and zinc has been noted (Sheldon & Skelly 1990; Sheldon & Wellnitz

1998;  Emerson & Weiss 2004; Greco 2005;  Morin ef a/, 2007).   Below is a brief

introduction to the major forms of iron, manganese, and zinc in aquatic

environments, and an explanation of ways in which abiotic and biotic processes

regulate their chemical form and movement in groundwater, streambeds, and

streamwater.
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Iron (Fe) is one of the most abundant elements on the earth's surface.   It

exists in natural environments in two states: oxidized Fe3+ (ferric) and reduced  Fe2+

(ferrous).   The cycling of Fe in aquatic environments involves continuous chemical

and biological transformations from ferric to ferrous states (Wetzel 2001 ; Cole 1988;

Madigan & Martinko 2006).   Fe entering oxygenated waters from soil drainage and

groundwater is generally in soluble ferrous form, but surface runoff can have higher

concentrations of insoluble Fe3+ (Cole  1988; Wetzel 2001).   Temperature, pH, and

redox potential all have large influences on Fe cycling,  however the conditions

regulating bacterial metabolism also have an effect on the spatial and tempora.I

variations in the physical chemistry of Fe (Wetzel 2001).

Fe2+ is found in aquatic environments chemically bound to humic material

from soil drainage, as dissolution from insoluble iron hydroxides and iron

phosphates, or as deposited soluble ferrous sulfide (Fes2).    Submerged soils

containing reduced Fe have a characteristic bluish-gray to greenish-gray color

typical of submerged anoxic soils (Mitsch & Gosselink 1993).   Fe2+ is soluble and is

readily leached from soils and carried by groundwater to oxygen interfaces

(Gambrell  1994).   In environments where pH js neutral,  Fe2+ entering oxic zones can

be oxidized in several ways.

Free Fe2+ ions are considered very unstable and readily react chemically with

02 when entering aerobic zones in the streambed and stream water.  This process

results in the formation of a flocculent ferric hydroxide,  Fe(OH)3, that precipitates

automatically in oxygenated environments where pH values range from 7.5 to 7.7

(Cole 1988;  Dodds 2002) (see equation  1 :  Madigan & Martinko 2006).
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Equation  1 : Fe2+ + 1/4 02 + 2 t/2 H20 + Fe (OH)3 + 2H+

The precipitate has a characteristic brown/orange color and often settles to the

stream bottom.   Precipitates may eventually reach anoxic regions of the stream

bottom where they dissociate into hydroxide and free ferrous Fe ions (Mitsch &

Gosselink 1993).   Ferrous Fe can also readily be oxidized chemically at neutral pH

by phosphate and become another immobile precipitate Fep04.   Fep04 percipitate

eventually settles into anoxic stream sediments and dissociates into phosphate and

ferrous ions in a similar manner as ferric hydroxides (Dodds 2002).   In some cases

ferric oxides adsorb to algae or dead particles where they are assimilated into living

systems, although the mechanisms by which this occurs is unclear (Wetzel 2001).

Biological oxidation of Fe occurs at the oxic/anoxic interface at groundwater

inputs and in areas where anoxic stream sediments enter oxic zones in the stream

bottom. There are several genera of chemoautotrophic Fe oxidizing bacteria

including  Ga//t.one//a,   Lapfofhrt.x, and  Ochrobt.urn (Wetzel 2001 ;  Mitsch & Gosselink

1993).   These bacteria are able to oxidize Fe before it reacts with oxygen chemically

thereby gaining necessary energy for growth.  The niche for these bacterial types is

in areas with a neutral pH where the redox gradient is very steep.   In these habitats

they are able to effectively compete with oxygen for reduced forms of Fe (Vvetzel

2001).   Very little energy is obtained from this reaction, so these bacteria must

oxidize large amounts to meet their metabolic requirements (Madigan & Martinko

2006).
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Fe entering stream water via soil drainage and anoxic sediments can be held

in solution by humics and organic compounds that form ionic bonds with Fe, thereby

preventing precipitation and allowing Fe to become soluble and move downstream in

stream water (Cole 1988;  Dodds 2002).   Iron bicarbonate (Fe(HC03)2  is an example

of compound that is oxidized by species of aquatic heterotrophic bacteria from the

genera  Cladothrix, Leptothrix, and Siderocapsa.   Siderocapsa grciwh:h typ.ically

coincides with high amounts of rainfall that introduce Fe humates into stream water

from soil runoff.   Lapfofhr/.x and  C/ac/othr/.x growlh occurs primarily in oxygenated

regions of the water column where they deposit Fe oxides on their sheaths when

oxidizing organic material like Fe(HC03)2 for energy.   Resultantly,  insoluble Fe

oxides are produced and precipitate from the water column.  A typical Fe humate

oxidation reaction is shown in equation 2 (\/Vetzel 2001)

Equation 2:    4Fe(HC03)2 + 02 + 6H20 + 4Fe(OH)3 + 4 H2C03 +4C02 +58 kcal

ln acidic environments Fe2+ is stable and is available to chemosynthetic

bacteria in the presence of oxygen (Mitsch & Gosslink 1993).   Common types of

these backer.ia .inctude Acidithiobacillus ferroxidans and Leptospirillum femoxidans.

Each thrives in acidic environments in the presence of large amounts of reduced Fe

(Madigan & Martinko 2006).  Acid mine drainages (AMDs) have just the right

conditions for this type of bacterial growih.  The presence of chemosynthetic

bacteria in AMDs has been shown to increase Fe2+ oxidation by a factor of 106

(Mitsch & Gosselink 1993).   Recovery zones in streams affected by AMDs are
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visible where masses of flocculent ferric hydroxides, often referred to as "yellow

dog", has formed.  These regions mark recovery from AMDs because pH and

oxygen levels have risen and allowed spontaneous Fe oxidation to occur (Cole

1988).

Fe3+ is reduced both chemically and biologically in anaerobic environments

like groundwater.  Abiotic reduction occurs when Fe(OH)3 and Fep04 precipitates

are dissociated, as mentioned previously.   Dissociation occurs when immobilized Fe

oxide precipitates settle to anaerobic humic layers of the soil (Dodds 2002).

Both chemolithotrophic and chemoorganotrophic bacteria also play a

significant role in Fe3+ reduction by using it as an electron acceptor in anaerobic

respiration.   Often this process is coupled to the oxidation of organic substances.

Geobacfer me fa///.fech/Gens is a well known Fe reducer that couples the reduction

with the oxidation of acetate (see equation 3:   Madigan & Martinko 2.006),

Equation 3:                  Acetate-+ 8 Fe3+ +4 H20 +2 HC03-+ 8 Fe2+  + 9 H+

The bacterium Desw/fov/.br/.o indirectly facilitates Fe reduction.  A metabolic by-

product of these bacteria is H2S04 which promotes Fe reduction and solubilization.

Free Fe2+ ions can form salts, complexes with ammonia, and complexes with

sulfides (iron pyrite-Fes) in anaerobic zones, or can be leached from soil by

groundwater and begin migration to aerobic environments to be oxidized (Mitsch &

Gosselink 1993).  The complete Fe cycle in freshwater ecosystems is provided in

Figure  1.
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Oxic Zone

Figure 1.  The Fe and Mn cycle in freshwater ecosystems.  Adapted from Wetzel
(2001).

Manganese (Mn) is a ubiquitous element in aquatic environments.  It is the

fifth most abundant metal on the Earth's surface (Gounot 1994), and plays a

particularly important role in redox reactions in photosynthesizing organisms like

algae (Dodds 2002).   It has four valance states; the most stable of which are soluble

Mn2+ (reduced) and  less soluble Mn4+ (oxidized) (Cole  1988;  Madigan & Martinko

2006).   Mn in aquatic environments is most commonly observed as reduced soluble

Mn2+, soluble chelated Mn complexed with organic material, or in very stable

particulate oxidized form bound with oxygen (Mn02) or carbon (Mnc03)

(Ponnamperuma 1972; Cole 1988; Wetzel 2001).   It has been established that

microbes play a large role in Mn cycling either directly by using Mn as electron
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acceptors/donors, or indirectly by producing by-products that oxidize or reduce Mn

(Nealson ef a/.1988).

Soluble Mn in   reduced form migrates from groundwater and submerged soils

by mass flow or diffusion to oxygen interfaces in the streambed and commonly

adsorbs to Fe(OH)3 and Mn02 and is oxidized,  producing immobile Mn-rich nodules

(Ponnamperuma 1972).   This process is thermodynamically favored at neutral pH

and high oxygen levels, however, the process occurs very slowly because the

activation energy required for spontaneous oxidation is high (Gounat 1994).

At the oxic/anoxic interface of streambeds some species of sheathed aquatic

bacteria have the ability to oxidize Mn2+.   Even aquatic environments with very low

nutrient concentrations like artic lakes still support growth of Mn oxidizing bacteria

(Gounat 1994).   Common aquatic bacterial genera capable of Mn oxidation include:

Leptothrix, Hyphomicrobium, and Sphaerotilus (Maldiigan & Martiinko 2006).  Mn

oxidation is exergonic and there is some evidence that it is an energy yielding

process for these bacteria (Madigan & Martinko 2006).   It has been hypothesized

that Mn2+ oxidation is coupled to the electron transport chain in the generation of a

proton motive force in the cell wall of bacteria (see equation 4: Madigan and

Martinko 2006).

Equation 4: Mn2+ + 1/202 + H20 + Mn02 + 2 H+              AG°'= -68 kJ

The major transformation of immobile Mn oxides in groundwater and

submerged soils is reduction of immobile precipitated Mn4+ oxides to mobile Mn2+

(see equation 5: Wetzel 2001).
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Equation 5: Mn4+ + 2e-+ Mn2+

Mn is considered somewhat more soluble than Fe in oxidized form; therefore Mn

reduction occurs slightly before Fe on the redox scale (Mitsch & Gosselink 1993;

Wetzel 2001).   Reduction as part of a geochemical process can be coupled to

sulfide production in groundwater and submerged soils with excess Mn oxides

(Burdige & Nealson  1986).   Although bacteria are also responsible for Mn  reduction

in these environments,  Bratina ef a/.  (1995) found that Mn4+ is reduced primarily by

sulfide in anaerobic lake sediments.

Mn reduction is accomplished directly and indirectly by microbes in

oxygenated surface water, stream sediments, and anaerobic subsurface water

(Gounot 1994).   Indirect reduction occurs in oxic conditions of streamwater and

streambeds when chelated Mn interacts with extracellular metabolites of microbes

like hydrogen peroxide (Bratina ef a/.1995) and nitrates (Gounat 1994) that act as

Mn reductants.   Fe3+ reducing bacteria are also indirect Mn reducers since Fe2+ is a

Mn reductant as well (Gounat 1994).

Direct involvement of microbes in Mn reduction typically occurs in anoxic

conditions of groundwater and submerged soils by chemoorganotrophic bacteria.

Gounat (1994) showed that of 100 isolated bacterial strains in subsurface sediments

associated with groundwater, 81  were responsible for Mn reduction.   However, as

microbial reduction persisted, the pH of anaerobic environments became slightly

acidic facilitating indirect Mn reduction.  As pH levels became so acidic that

spontaneous reduction would not occur only 12 bacterial species still reduced Mn,
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indicating that these bacteria may rely on the process as part of the electron

transport aha.in.  Spec.ies Of Pseudomonas, Bacillus, and Acinetobacter are a few

examples of Mn reducers commonly found in acidic anaerobic environments

(Gounat 1994;  Bratina ef a/.1995).   The complete Mn cycle in freshwater

ecosystems is provided in Figure  1.

In low concentrations, zinc (Zn) is present in rocks, soils, water, the

atmosphere, and living organisms (Madigan & Martinko 200.6).   Like Fe and Mn, Zn

is also a trace element required for cellular processes in many organisms.   Rain

carries 2.5 to 12 mg/m3 of Zn, so it is not usually considered  in short supply (Cole

1988).   Zn transformations in aquatic environments are poorly understood, and most

information about the cycling of Zn is inferred from other elements like Fe and Mn

Ovetzel 2001 ) .

Zn is found in aquatic environments in ionic form, chemically bound with

organic material, adsorbed or precipitated on solids, or incorporated into crystalline

structures (Wetzel 2001).   In aerated surface water the overall amount of Zn is very

small.   In neutral pH stream water and streambeds soluble free Zn2+ ions may form

stable complexes with organic material and remain mobile; therefore Zn solubility in

groundwater and submerged soils will increase in environments where Mn and Fe

reduction results in production of organic complexing agents (Gambrell 1994; Wetzel

2001).   In soluble form Zn is readily assimilated by aquatic organisms, particularly in

environments with elevated temperatures where it can become toxic to some fish

species (Dodds 2002).
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ln oxygenated, neutral pH, aquatic environments the majority of Zn is

adsorbed to particulate matter.   In waters with low pH Zn solubility increases, and a

small portion of adsorbed Zn may become mobile and available for assimilation in

photosynthesizing organisms where it plays a role in hydrogen transfer or protein

synthesis in heterotrophic organisms.   If Zn is not readily assimilated,  it may be co-

precipitated in lake sediments as an immobile sulfide along with calcium carbonate

(Cac03) and Fe(OH)3.  Therefore, Zn mobility is influenced most by pH of the

aquatic environment (White & Driscoll  1987; Cole 1988; Wetzel 2001).

Zn is in immobile oxidized form when it forms complexes with hydroxides,

sulfides, phosphates, or carbonates.   It also becomes immobile if forming crystalline

structures with salts or other Zn ions (Cole 1988; Wetzel 2001).   In most streambed

and groundwater environments, particularly those with acidic soils, these immobile

forms of Zn are most commonly found.   Overall, Zn mobility in groundwater and

submerged soils is depressed when compared with other trace elements

(Ponnamperuma 1972).

Inputs of Zn, like most other trace elements, are increasing in aquatic

environments.   Sources like combustion and industrial emissions are often the

cause.   In some cases acid rain can increase leaching of trace elements resulting in

increased soluble c'oncentrations.

Microbial Communities

Research describing microbial communities in freshwater tributaries and

wetlands with elevated concentrations of Fe and Mn typically characterizes the

microbial community using microscopic examination of either slides placed in stream
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(Sheldon & Skelly 1990;  Emerson & Weiss 2004) or microbial mat cores (Emerson &

Revsbech 1994).   Researchers have often determined that the presence of Fe

deposits or Fe encrusted bacterial sheaths is indicative of the dominance of metal

oxidizing bacteria from the genera Lepfofhr/.x and Ga///.one//a.   The recent

emergence of molecular techniques including  16S rRNA gene library analysis and

terminal restriction fragment length polymorphism (T-RFLP) analysis has aided in

identifying dominant members of microbial communities in these systems (Chan ef

a/.  2001 ; Stein ef a/. 2001 ;  Bruneel ef a/. 2006).   The following paragraphs provide a

brief review of this research including descriptions of methodology and results.

Bruneel ef a/.  (2006) examined the diversity of microorganisms in an iron-

arsenic (As) acid mine drainage in Carnoules, France.   Bacterial DNA was isolated

from water samples collected in three sites downstream of Fe a-nd As inputs from the

Carnoules mining site in October 2002 and January 2003.   Initially, T-RFLP analysis

of sixty clones from each sampling site was conducted; andl6S rRNA sequences

were obtained for the most frequently occurring T-RFLPs.    An average of 10 T-

RFLPs was found at each site, indicating low bacterial diversity.    Of the 31

sequences obtained, 80 % were either uncultured organisms, or organisms recently

associated with acid mine drainage.   Phylogenies of 16S rRNA gene sequences

indicated that the closest known relatives of the majority of sequences were from the

genera Gallionella, Desulfobacterium, and Acidithiobacillus.

Emerson & Weiss (2004) examined bacterial Fe oxidation in several sites

within a Virginia spring-fed wetland with neutral pH over the course of a year and

determined that Fez+ concentrations of stream water ranged from  1.4 mg/L in fall,
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winter, and spring to 16.8 mg/L during summer months.   Microscopic examination

throughout the year described an abundance of Fe oxidizing Lapfothr7.x ochracea

sheath material as the principle component of Fe oxide flocs.  A second research

component examined a pH neutral thermal spring in Yellowstone National Park with

Fe2+ concentrations averaging 5.6 mg/L, and discovered a bacterial community

dominated by photosynthetic cyanobacteria.   Comparing the results from the Virginia

spring to the thermal spring in Yellowstone indicate that microbial communities can

respond differently to increased Fe in pH neutral habitats.

An investigation of bacterial and archaeal populations in a Fe/Mn rich Green

Bay, Wisconsin tributary was accomplished by constructing a 16S rRNA gene

library.   Two metal oxidizing groups related to Lepfothr/.x and Hyphom/.crob/.urn were

present along with the metal reducing groups related to Magrefoap/.r/.//urn.   Of the 78

total clones 22% had gene sequences similar to organisms that either oxidize or

reduce Fe or Mn. Archaeal populations were composed of a group of methanogens

and a group of Crenarchaeota (Stein ef a/.   2001).

Chan ef a/.  (2001) described the bacterial community of biofilm and in the

water column of a lead (Pb)/Zn acid mine drainage in Mississippi.   Scanning electron

and transmission electron microscopy aided in detecting the presence of Fe oxide

stalks characteristic of Ga///.one//a and Lapfofhr7.x.   16S rRNA library analysis

confirmed the presence of relatives of Ga///.one//a ferrug7.nea, but also indicated the

presence of Actinobacteria, Acidobacteria, Bacteriodetes, Planctomyces.   Sixty

percent of the 186 sequences were from novel organisms, previously undescribed,

and none of the sequences were relatives of Lapfothr7.x (Chan ef a/. 2001 ).
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Wellnitz & Sheldon (1995) observed diatom limitation in a neutral stream with

elevated levels of Fe and  Mn in Vermont.   They initially hypothesized that diatom

limitation resulted from confounding effects of high Fe and  Mn concentrations and

subsequent development of a ferromanganese-depositing bacterial bloom.

Microscopic analysis indicated the major component of blooms to be the Fe

depositing bacterium Lepfofhn.x onchracea.    An /.n s/.fu experiment followed where

soluble Mn was added to certain regions of the stream.   Increasing the concentration

of Mn led to further diatom displacement and Mn deposition.   These results indicated

that diatom limitation occurs due to increased Mn, and ferromanganese-depositing

bacteria thrive in the absence of diatom competitors.

Emerson & Revsbech (1994) examined the bacterial community of an Fe

seep and associated microbial mat in a small stream in Aarhus, Denmark using an

acridine orange staining method and epiflourescent microscopy.  A stone wall had

been previously built into the stream and in several places water emanated from the

wall onto microbial mats located in the stream bed below seeps.  A correlation

between bacterial type and flow rate became apparent.   Sites with low flow rates

(<2ml/s) consisted primarily of Fe encrusted sheaths of Lapfothrt.x ochracaea.   Cores

taken from these portions of the mat showed that the first few millimeters contained

vacated bacterial sheaths with only 7% of sheaths containing actual bacterial

filaments.   Corresponding Fe concentrations were 4 mg/L in shallow portions of the

mat.   Cell counts and Fe concentrations were higher in deeper portions of the mat.

Lapfothn.x ochracaea filaments increased from 108 to 109 cells per cm3

corresponding to Fe concentrations of 12 mg/L.  Microscopic identification of
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bacterial stalks and associated oxides indicated the presence of small pockets of

microaerobic bacteria from the genus Ga///.one//a in areas close to water sources

emanating from the wall.   [n high flow rate areas,  unnamed  unicellular bacteria and

high concentrations of Fe oxide particulates dominated.

Sheldon & Skelly (1990) showed that the abundance of bacteria in an

unnamed mountain brook in Virginia was from the genus Lapfothr7.x.   The presence

of Lapfothr/.x was significantly correlated with increased concentrations of Fe and

Mn.   Methods included monitoring Fe and Mn levels and the abundance and

diversity of diatoms at eight sampling locations along a one kilometer stretch of a

mountain stream.   Mjcrobial identifications were accomplished using microscopic .

examination of slides placed in stream for an extended period.   In the sampling

location with the highest levels of Fe and Mn, they noted a shift in the microbial

community from diatoms to ferromanganous depositing bacterium Lapfofhn.x

orohracea.  They discovered that a groundwater disturbance had occurred just

upstream of this sampling location.   Fe and Mn levels decreased at locations further

downstream while diatom diversity increased indicating recovery of the biofilm

community.  At the last sampling location they noted that sixteen of the previous

eighteen diatom species found upstream of the disturbance were present.
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Benthic Macroinvertebrates

The use of benthic macroinvertebrate community analysis as a valid indicator

of water/habitat quality is well established (Hauer & Lamberti  1996;  Lemly & King

2000; Courtney & Clements 2002).   Diversity and abundance of aquatic organisms,

particularly macroinvertebrates, can indicate overall ecosystem health because they

act as sensors of the quality of their habitat (Thorp & Covich 2001).   The National

Water Quality Assessment program of the United States Geological Survey (USGS)

uses biomonitoring information on various spatial scales to better understand

response and recovery of aquatic communities to disturbance.   Biomonitoring data is

also a useful tool for the Environmental Protection Agency (EPA) and various local

water quality programs to evaluate compliance of industries and large scale

agriculture to ordinances regulating point and non-point pollution.   In addition to

common regulatory purposes, the implementation of biomontoring programs has

provided a more complete understanding of the physical, chemical, and biological

relationships in aquatic habitats (Gurtz ef a/.1994).

Species of the Ephemeropteran, Plecopteran, and Tricopteran (EPT) orders

are generally classified as pollution-sensitive organisms. Their percentage in the

macroinvertebrate community comprises the EPT score, a common index used to

assess the ecological health of a given habitat.  The EPT taxa are typically more

sensitive to perturbations in water chemistry parameters such as nutrient inputs

(Lemly & King 2000) and metal ion concentration (Courtney & Clements 2002;

Greco 2005).  The presence or absence of certain genera or species from these

orders can indicate variations in pH, dissolved oxygen levels, nutrient
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concentrations, and metal ion concentrations.   Families of EPT, while not as specific,

also have predictable responses to variations in water chemistry.   In some cases the

abundance of more tolerant families skew general order level percent EPT index

scores, thereby misrepresenting water quality in assessed streams (Bode ef a/.

1996).   Family level identification of EPT taxa may be a good balance between

general order identification and tedious species or genus level identification.  This

allows for pollution tolerant families within  EPT to be taken into account when

considering the overall health of the system.  A combination of both EPT along with

family level identification (described below) may be the most comprehensive way to

assess a given stream.   It is best to analyze a macroinvertebrate data set using a

variety of indices to completely understand ecological health (Hauer & Lamberti

1996).

The Family Bjotic Index (FBI) is a reliable tool for assessing a stream with

large numbers of facultative or tolerant EPT taxa.   This index assigns tolerance

scores, ranging from zero to ten, for all macroinvertebrate families.   Tolerance

scores were originally derived from a study of fifty-three Wisconsin streams with

varying degrees of nutrient pollution.  A total of 2,000 stream samples were used to

compare the occurrence of each species and genera with levels of nutrient pollution

in each sampling location.   Family tolerance values represent a weighted average of

tolerance values of individual species and genera within each family (Hilsenhoff

1988).   While a FBI score of zero is assigned to a pollution sensitive Leuctrid

stonefly (order Plecoptera), a more tolerant Hydropsychid is assigned a tolerance

score of four.  Tolerance scores (t) are multiplied by the number of individuals
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collected jn that family (n), the products added, and this total is divided by the total

number of organisms (N)  to calculate the Family Biotic Index for the entire sample

(see equation 6:  Hilsenhoff 1988).

Equation 6:                                                  FBI  =  1/Nz ni ti

Distribution of FBI  scores is given  in Table  1  (Hauer & Lamberti  1996).   This

type of analysis appropriately addresses the problem of tolerant families within EPT

taxa by allowing all taxa to contribute to the health rating of a habitat, and is a nice

compromise between tedious genus or species level biotic indices and very general

0/o EPT indices (Bode ef a/.  1996).

Table 1  .  Water quality ratings based on FBI scores.

Family Biotic Index
0.00-3.75
3.76-4.25
4.26-5.00
5.01-5.75
5.76-6.50
6.51-7.25

7.26-10.00

Water Quality
Excellent
very good

Good
Fair

fairly poor
Poor

very poor

Degree of organic pollution
Unlikely

possible slight pollution
some probable pollution

fairly substantial pollution  likely
substantial pollution likely

very substa-ntial pollution  likely
severe pollution likely

Benthic community structure is negatively affected in lotic ecosystems with

elevated levels of metal ions.  A study of an Ohio tributary showed that aquatic

worms (family Oligochaeta) and chironmids (family Diptera) made up a large

percentage (75% -810/o) of macroinvertebrate communities in metal polluted

locations compared with a small portion (10%) of communities in unpolluted

locations (Winner ef a/.1980).   Other studies monitoring tributaries and rivers in

Colorado and Montana have shown that the abundance of Ephemeropteran,

Plecopteran, and Tricopteran (EPT) taxa decreases in Zn polluted habitats
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compared to unpolluted (Rhea ef a/. 2004), and that members of the family

Heptageniidae disappear altogether (Courtney & Clements 2002; Clements ef a/.

2000).   Similar research in the Arkansas River,  Colorado indicated an inverse

relationship between dissolved metal concentration (Zn, copper (Cu) and cadmium

(Cd)) and macroinvertebrate diversity and abundance.  An observed absence of

metal sensitive species in regions of the river where Zn, Cu, and Cd were all present

indicate a possible synergistic effect when comparing responses of

macroinvertebrates to stream regions where Zn and Cd, or Zn alone was present

(Clements 2004).

Other research has shown similar losses of EPT taxa in habitats with elevated

concentrations of Fe (Nelson & Roline  1996;  Schmidt ef a/. 2002; Turchey-Dooley &

Wallace 2002) and Mn (Dills & Rogers 1974).   However,  monitoring research in Fe

and Mn habitats is limited.   Further research is necessary to understand the ``bottom

up effect" of elevated levels of Fe and Mn on macroinvertebrate communities.

Research Objectives

The purpose of this thesis is to addresses physical disturbance as it relates to

Fe,  Mn, and Zn pollution, concurrent biofilm production, and alterations in

macroinvertebrate community composition by answering the following questions:

3

Are the concentrations of Fe, Mn, and Zn in the water and the sediment of
two disturbed mountain streams different than those of an undisturbed
reference stream?

Are the bacterial biofilm communities of two disturbed mountain streams
different than those of an undisturbed reference stream?

Are the macroinvetebrate communities of two disturbed mountain streams
different than those of an undisturbed reference stream?
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Answering these questions may help to provide further insight into understanding the

mechanism by which physical habitat alterations impact biotic communities.
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Materials and Methods

Site descriptions

Two second order streams in the New River watershed of Watauga County,

North Carolina (Figure 2) were chosen for this study. Site choice was based on the

presence of groundwater seeps and a distinct rust colored biofilm either around the

seeps or covering the substrate on the stream bottom.

Figure 2.  Sa.mpling sites in Watauga County, NC.   Sites include:   Sorrento (S),
Ingles (I),  University Highlands (A), and Watauga High school (W).
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The Sorrento (S) site is located in Sorrento Skies subdivision in Watauga

County,  NC.   Figure 3 describes the placement of impoundments, seeps, and the

four sampling locations located at the site.

Figure 3.  Map of Sorrento Site (S).  This illustration displays sampling locations,
and the location of seeps and retention ponds.    The sampling locations are labeled
SR (reference stream upstream of impoundments and rust colored seeps), SO (first
riffle downstream of impoundments and rust colored seeps), S25 (riffle
approximately 25 meters downstream of SO, and S50 (riffle approximately 50 meters
downstream of SO).
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The second site, Ingles (I), is located behind a shopping center off of Highway

105 in Watauga County,  NC.   This stream emerges from under the parking lot from a

galvanized six foot metal drain pipe.   Once visible, the stream borders a small

wetland for approximately fifty meters before returning underground via a second

galvanized drain pipe.   Figure 4 describes the placement of impoundments, seeps

and sampling locations at this site.
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Figure 4.  Map of the lngles Site (I). Sampling locations, impoundments, and seeps
are indicated.   The sampling locations are labeled 10 (first riffle downstream emerges
from drainage pipe),119 (riffle approximately 19 meters downstream of 10), and  138
(riffle approximately 38 meters downstream of 10).

In addition to these sites, two other streams (Figure 2) were chosen for metal

analysis: one at University Highlands (A) and another near Watauga High School

(W). Site A is located on the Highway 105 bypass in Boone,  NC and site W is
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located between the Watauga High School football field and Winkler's creek in

Boone,  NC.   Each site contained a sampling location at the start of the stream, and

also at twenty-five meters and fifty meters downstream (Figures 5 and 6). These

sites are first order streams that have a rust colored biofilm covering the stream

bottom.  A first order reference stream (V\/R) is located at the W runs parallel

approximately fifty meters away from WO.    This stream was chosen as a reference

because at the time of the project there was no presence of a rust colored biofilm.
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Figure 5.   Map of University Highlands Site (A).   Sampling locations and
drainages are indicated.   The sampling locations are labeled AO (first visible portion
of seep emanating from ground), A25 (approximately 25 meters downstream of AO),
and A50 (approximately 50 meters downstream of AO).
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Figure 6.  Map of Watauga High School Site (W). Sampling locations and
drainages are indicated.   The sampling locations are labeled WO (first visible portion
of seep emanating from ground), W25 (approximately 25 meters downstream of
WO), and W50 (approximately 50 meters downstream of WO).

Water and Sediment Chemistry

Temperature, pH, and conductivity of each stream were measured using an

Oakton pH/CON meter (Vernon  Hills,  11).   Dissolved oxygen (DO) was measured

using a LaMotte #54183 water chemistry kit (Chestertown, MD).  Water samples

were collected during winter 2006 at all sampling locations by submerging the mouth

of 750 ml flasks in the midpoint of the stream channel until the flasks were full.  The

concentration of Fe, Mn, and Zn in these samples was quantified by Water Quality

Services Laboratory in  Banner Elk,  NC.

Sediment samples were collected during winter 2006 from each sampling

location by tapping a 2" PVC core sampler 10cm into the sediment with a rubber

mallet.    Two sediment samples were collected from each sampling location, dried
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with a NAPCO 310 drying oven on maximum temperature for two days, and sent to

Clemson Agronomy Laboratory at Clemson University for Fe, Mn, and Zn analysis.

Biofilm  Sampling

Biofilm was sampled in winter 2006 by selecting two rocks from the stream

bottom at each sampling location.  A square centimeter quadrat was placed on each

piece of substrata at four locations.   Biofilm was scraped at each location using a

spatula sterilized in ethanol.   Samples were pooled in sterilized  1.5 ml

microcentrifuge tubes and taken back to the lab for DNA extraction.

Genetic Analysis

DNA extraction was accomplished using UltracleanTM Soil DNA Kits (Mobio

Carlsbad, CA) following manufacturers intructions.  All biofilm samples used for DNA

extraction weighed between 0.5 and  1  gram.   Extracted DNA was used in building

16S ribosomal RNA gene (rDNA) libraries as described by Amann et al (1995)

where one ul of extracted DNA was used as template for polymerase chain reaction

(PCR).   Primers POMod-1  and PC-5-1  were designed for amplification of 16S rDNA

as described in Wilson et al (1990).   A modification in each primer consisted of

addition of the underlined portions to the 3' end as shown here:  P0 Mod-1

5' AGAGTTTGATCMTGGCTCAG 3';  PC-5-1  5' TACCTTGTTACGACTTCACC 3'.

PCR reactions using P0 Mod-1  and  PC-5 primers amplified all 16S bacterial DNA.

Contamination was a problem in initial reactions because bacteria in the air, on

counter surfaces, and in pipetting equipment were being amplified in PCR

experiments.   In order to circumvent PCR contamination filtered pipette tips and

autoclaved millipore water were used in PCR reaction set up.  Also, all reactions
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were set up in an ultraviolet UVP PCR workstation that was turned on 30 minutes

prior to setting up PCR reactions.

PCR amplification of the  1500 base pairl6S rDNA was accomplished using

an Eppendorf Gradient Mastercycler (Hamb\urg, Germany) and Bullseye Taq DNA

Polymerase (Bullseye St.  Louis,  MO)  under the following cycling conditions:  an initial

denaturation step at 94°C for 2 minutes, followed by 30 cycles of denaturation at

94°C for 20 seconds, annealing at 59°C for 30 seconds, and an extension at 70°C

for 2 minutes.  A final extension step at 65°C for 10 minutes was also incorporated at

the end of each run.   PCR products were separated by gel electrophoresis using a

10/o agarose gel stained with ethidium bromide and visualized  under UV light.     A

lkb molecular weight ladder (PROMEGA Madison, Wl) was used as a size marker

to determine the length of the amplified products.   The 1500 bp amplified products

corresponding to the 16S rDNA were excised from the gel using a sterile razor

blade.   DNA was extracted from the gel was using QIAEX 11 Gel Extraction  Kit

(QIAGEN Valencia,  CA).

CIoning

DNA retrieved from the gel was cloned into pGEM®-T vector following the

manufacturer's instructions (PROMEGA Bridgeport, NJ) and electroporated into

Eschen.cht.a co/i. DH5-alpha cells. The transformants were plated on Lauria-Bertani

(LB) -agar plates containing  150 LIg/ml ampicillin and 40 ul of 40 mg/ml X~Gal and

allowed to incubate overnight at 37°C.  Ampicillin resistance and blue/white colony

screening were used as selectable markers to identify transformants containing the

PGEM-T vector and cloned  16S rDNA insert.  White colonies from the plates were
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transferred to LB-Agar numbered master plate also containing  150 LJg/ml ampicillin

and 40 ul of  40 mg/ml X-Gal and incubated overnight at 37°C for a second round of

colony screening.  The next day, white colonies were chosen from the master plate

and used as DNA template in a colony PCR reaction using vector specific primers

(M13 forwards, M13 reverse) to check for the presence of an insert.   DNA template

was obtained from the master plate by touching the white colonies on the plate with

a toothpick and dipping the toothpick in  100 ul of distilled water in a microfuge tube.

The tube was then vortexed briefly, heated at 100° C for 10 minutes in a heat block,

and centrifuged at 5000 rpm for one minute to removed unlysed cells and cell debris.

20 Lll of the centrifuged sample was used in each 50 ul PCR reaction.   PCR products

were visualized using gel electrophoresis to determine if the colony contained the

1500 base pair 16S rDNA segment of interest.

Plasmids that contained a 1500 base pair segment were isolated from 20

colonies within each sampling  location (SR,  SO,  S25,  S50,10,119,  & 138) using

standard protocols (Engebrecht ef a/.1997).   Briefly, colonies were picked with a

sterile toothpick; the tooth pick was placed into a test tube containing 2 ml of LB

broth inoculated with  150 ug/ ml amipjcillin and incubated on a shaker at 37° C for 19

hours.   The next day cells were harvested by centrifugation at 14,000 RPM for 1

minute. The supernatant was discarded being careful not to disturb the pellet, and

100 ul of ice cold GTE (5 ml of 1  M Glucose; 2.5 ml of 1  M Tris (pH 8); 2 ml 0.5 M

EDTA) was added to each tube.  The pellet was resuspended by pipetting up and

down several times until cell clumps were no longer visible.  After a 5 minute

incubation at room temperature, 200 ul of SDS/NaoH solution (20°/o SDS; 0.5 ml of



29

4M NaoH) was added to each tube, and the contents were mixed by inverting the

tubes several times.  The tubes were placed on ice for five minutes before 200 ul of

ice cold 3M KOAc was added to each tube.  Tubes were then returned to ice for 5

minutes and centrifuged at 14,000 RPM for five minutes.   The supernatant was

removed from each tube and placed in clean microfuge tubes.  To each tube of

supernatant, 400 ul of isopropanol was added and the contents were mixed

vigorously by rapidly inverting tubes.   This step was done quickly to avoid

precipitating proteins along with DNA.   Tubes were incubated at room temperature

for two minutes, and centrifuged to pellet nucleic acids.  The supernatant was

poured from tubes and the tubes were tapped gently on paper towels to thoroughly

drain them.   Ethanol (200 ul of 100%) was added to each tube and flicked several

times to wash pellets and the tubes were then centrifuged for 3 minutes.

Supernatant was poured from tubes taking care not to disturb pellet and the tubes

were tapped gently on paper towels to thoroughly drain them.   Remaining ethano.I

was removed by placing tubes in a speed vacuum until no ethanol odor was

detected.   Depending on the size of the pellet, 30-50 ul of TE (Tris/EDTA) was

added to each tube, and pellets were resuspended by smashing them with the

pipette tip and pipetting up and down vigorously.

All plasmid isolates had.to be purified before being sent for sequencing.  A

QIAquick PCR purification kit was used in accordance with manufacturer's

instructions to purify plasmid (QIAGEN Valencia, CA).
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Sequencing

Twenty plasmids from sampling locations SR, S25, S.50,119, & 138 were sent

to Cornell University DNA Sequencing  Facility (Ithaca,  NY).   Sequences obtained

were analyzed using a sequence match program:  NCBI Ribosomal Database Project

(RDBP, www.rdp.cme.msu.edu) Sequences were uploaded into the sequence match

program to search for the nearest bacterial neighbor 16S rDNA sequences.   RDBP

results consisted of taxonomic hierarchies of potential matches extending to

bacterial strain with corresponding sequence name and similarity scores.  Analysis

of this data was accomplished by creating spreadsheets and histograms

representing taxonomic hierarchies using the sequences with the highest similarity

scores.

Macroinvertebrate sampling

Benthic macroinvertebrate samples were taken during the winter, spring, and

summer 2006 from each sampling locatj,on at the S and I sites.   Square meter

sampling quadrats were kick sampled for two minutes using a square meter kick net

located downstream.   Benthic macroinvertebrates were picked from the net,

preserved in 95°/o ethanol, and taken to the lab for identification.  All leaf pack debris

was also preserved in ethanol and examined later for macroinvertebrates.

Specimens were identified to family level using a Cambridge Instruments

(Stereozoom® 4) dissecting microscope.
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Results

Stream Morphology

The stream channel morphology for all sites is provided in Table 2.  These

dimensions represent an average width and depth of all sampling locations in each

site.    Channel width is much smaller (87 cm) at the downstream Sorrento (S)

locations than at the Sorrento Reference (SR; 210 cm) or lngles (I  ; 211  cm)

locations.   Depth of 17 cm at the S locations is higher than the other sites.

Table 2.  Average stream dimensions for all sites for 2006.

Site                                        Width (cm)                               Depth (cm)

SR (Sorrento Reference)

S
I

WR  (Watauga
Reference)

Assessment of Water Chemistry

Table 3 presents the water quality values for the SR, S, and I sites.   No

significant differences in dissolved oxygen or temperature were found when

comparing SR with S and  I locations.   SR pH was significantly higher than S

sampling locations (p=0.036; df=8), and significantly lower (p=0.059; df=8) than the I
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sampling locations.    Conductivity differences were highly significant (p=0.0001 ;

df=8) between SR and both the S and I sites.   However, the I sampling locations

(207.34 ms/cm) had much higher mean conductivity than either SR (34.33 ms/cm)

or S (49.63 ms/cm).

Table 3.  Comparison of water chemistry parameter means (± standard error)
for 2006.

Site             oxDyj:::I(Vpepdm)      Tempoecr)ature                pH               CO(:dsu/:tiv)ity

7.93
(0.640)

7.41

(0.888)
7.33

(0.425)

10.87

(2.236)

13.91

(3.576)
12.91

(2.123)

6.65                         34.33
(0.217)                        (1.124)

6.25*                        49.63*
(0.115)                       (0.958)

6.92                      207.34*
(0.054)                     (9.704)

Table 4 lists the metal concentrations in stream water, and indicates several

important differences between reference sites, SR, the Watauga Reference (\/VR),

and other sampling locations.   S0 has the highest concentrations of Fe and Mn

(5.780 mg/L and 0.350 mg/L, respectively) of the S and I sampling locations.   Fe

concentrations at the 119 and 138 locations were 3.98 mg/L and 2.96 mg/L

respectively, compared to SR (0.323 mg/L).   It is notable that Mn concentrations are

higher than SR (0.015 mg/L) in all other S and I sampling locations.   The S25

location has the highest Zn level (0.340 mg/L) of all sampling locations.   All Watuaga

High School (W) sampling locations exhibit an average twenty fold increase in Fe

and Mn compared to WR.  The University Highlands (A) sampling locations were

higher in Fe (sixteen fold increase) and Mn (eight fold increase) compared to WR.
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Table 4.  Summary of the concentrations of Fe, Mn, and Zn in stream water
from February 2006.

Sample lD                    Fe (mg/L)                     lv[n (mg/L)                       Zn (mg/L)

SR

S0
S25
S50

0.323

5.780
0.360
0.630

0.650
3.980
2.960

0.015

0.350
0.085
0.060

0.226
0.216
0.233

0.010

0.025
0.340
0.060

0.010
0.010
0.030

WR

W0
W25
W50

A0
A25
A50

0.800

22.720
26.200
10.600

32.700
13.700
5.100

0.251

5.110
5.530
4.720

1.880
2.310
1.930

0.140

0.010
0.010
0.010

0.010
0.010
0.010

Table 5 shows the total average Fe, Mn, and Zn in the SR, S, and I sites

along with the North Carolina Department of Water Quality standard limits of Fe, Mn,

and Zn.  The total concentration of Fe, Mn, ,and Zn in the SR location was below the

standard limits for these metals.   However, the concentration of Fe was more than

double the standard limit in the S (2.26 mg/L) and  I (2.53 mg/L) sites.   Also notable

was the average concentration of Zn in the S site (0.14 mg/L), almost three fold that

of the standard limit for Zn.
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Table 5.  Water qualify standard limits of Fe, Mn, and Zn in freshwater
resources compared to means at the SR, S, and I sites for 2006.

Metal NC DWQ
(mg/L)

Concentration ln Water (mg/L)

SRSI
1.00 a                         0.02                      2.26                             2.53
o.2o b                         0.02                      0.17                             0.03
o.o5a                          0.01                       0.14                             0.02

a  Standard for freshwater supporting aquatic life
A Standard for use in water supply for consumption of either fish or water.   (This is the only

NCDWQ requirement for Mn).

Table 6 lists the stream sediment concentrations of Fe, Mn, and Zn in all

sampling locations.  All S and  I sampling locations had at least a two fold increase in

Fe, Mn, and Zn compared to SR.   Most notable is an Fe concentration of 539.0 mg/L

at SO.  The highest Zn levels of the stream sediments, ranging from 20.8 -27.6

mg/L, are found at I sampling locations.   The W and A sarTipling locations all have

higher Fe concentrations than WR.   Mn levels fluctuate considerably in the W and A

sites compared to WR.   Most notable at W and A sites is an extremely high Mn level

at W50 (1623 mg/L).  Zn levels were much higher at WR (144 mg/L) than any other

location.
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Table 6.  Concentration of Fe, Mn, and Zn in stream sediments from February
2006.

Sample lD                    Fe (mg/L)                     Mn (mg/L)                       Zn (mg/L)

SR

S0
S25
S50

52.0

539.0
247.0
363.0

188.0
239.0
226.0

83.0

382.0
186.0
338.0

156.0
191.0
200.0

3.6

132.0

176.0
681.0
298.0

342.0
295.0
522.0

374.0

191.0
748.0
1623.0

169.0
345.0
626.0

Assessment of Biofilm Bacterial Communities

DNA was successfully isolated from biofilm samples taken from the SR, SO,

S25,  S50,10,119,  and  138 sampling  locations.   Listed in Table  10 is the

concentration and purity of the DNA extracted from biofilm samples from each

location.   In order to isolate and amplify the 16S rRNA gene from the extracted DNA,

PCR reactions using primers PO-Mod-1  and PC-5 were set up to target this region of

the bacterial genome.   PCR experiments using DNA template taken from SR, S25,

S50,10, and  119 sampling locations produced DNA fragments the approximate

length of the 16S rRNA gene (1,500 base pairs) based on electrophoretic mobility of

the PCR product run on agarose gels (Figures 14 and  15).   Repeated PCR reactions
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with DNA from the S0 and 138 sampling locations did  not produce DNA fragments of

1,500 base pairs,  indicating that bacterial  16S rDNA was not successfully amplified.

DNA from these locations was not used in cloning experiments.    PCR products of

approximately 1,500 base pairs were excised from the agarose gels (Figures 14 and

15) to obtain only the amplified  16S rDNA to use in cloning experiments.   The

concentration and purity of DNA extracted from the excised portions of the gel are

listed  in Table  10.

DNA extract taken from electrophoresis gels was cloned into pGEM®-T vector

and electroporated into Escher7.cht.a co//. DH5-alpha cells to order to create five clone

libraries representing DNA extracted from biofilm samples in locations SO, S25, S50,

10, and 119.   Plasmid DNA was isolated from twenty clones from each clone library

and screened using PCR to check for the presence of the cloned 16S rRNA gene.

Figures  16 and  17 show gel electrophoresis images of PCR amplified plasmid  DNA

(using M13 primers to amplify the inserted  16S rDNA segment) from locations SR,

S25, S50,10, and  119.   The plasmids containing a cloned DNA fragment of

approximately 1,500 base pairs was sent to Cornell University's DNA Sequencing

Facility for sequencing.   Sequence information obtained from Cornell is listed in

Appendix A.
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Table 7.  Volume and purity of DNA extract from biofilm samples (collected
February 2006) and agarose gels.

site                        Concentration of DNA                               26o/28oextracted from biofilm (ng/Ill)
3.2

20.8
8.6
13.3
13.6
21.3
20.2

2.24
1.66
1.74
2.48
1.81

1.58
1.90

Concentration of DNA
extracted from gel (ng/ill)

6.70
5.90
4.10
63.4
9.70

260/280

1.48
1.22
0.90
1.47
1.76

12345
ladder   SR     S0      S25    S50

Figure 7.  Electrophoresis gel showing the 16S rRNA gene amplified from
biofilm DNA taken from the Sorrento site.  The bands in lanes 2, 4, and 5
correspond to a DNA fragment of approximately 1,500-1,600 base pairs.
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123
ladder              10               138

Figure 8.  Electrophoresis gel showing the 16S rRNA gene amplified from
biofilm DNA taken from the lngles site.  The bands in Lanes 1, 2, 4, and 5
correspond to a DNA fragment of approximately 1,500 base pairs.
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Figure 10.  Electrophoresis gels showing the products of a PCR to amplify
plasmid DNA from clones containing the 16S rRNA gene.  The bands in
numbered lanes represent clone libraries from the lngles site.

The majority of clones from libraries created  using biofilm bacterial DNA

(collected February 2006) in locations SR,  S25,  S50,10, and 119 belong to the

Phylum Proteobacteria (Figure 11).   Of the 20 clones sequenced from each location,

the number of Proteobacteria ranged from 12 -16.   Cyanobacteria were the second

most frequently occurring phyla ranging from 4 -8 clones in each location.    Figure

12 shows that in all locations Alphaproteobacteria,  Betaproteobacteria, and
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Cyanobacteria were the most dominant bacterial classes found.

Gammaproteobacteria was a dominant taxon at location S50 where four clones were

identified as belonging to this class.   The SR clone library was the only library with

no GammaproteQbacteria.  The Orders Sphingomonadales,  Burkholderiales, and

Cyanobacteria are present in clone libraries of all sampling locations (Figure 13).

Bacteria belonging to the Order Burkholderiales were a dominant taxon at 10 (7

clones) and  119 (13 clones).
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SR                         S25                        S50                          10                            119

Sampling Location

I Proteobacteria
in Cyanobacteria

a Actinobacteria

I unknown

Figure 11.  Comparison of bacterial phyla identified from clone libraries.
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SR                  S25                 S50

Sampling Location

I Al phaproteobacteria

E Betaproteobacteria

n Cam maproteobacteria
E] Cyanobacteria

H Actinobactena

E] unknown

Figure 12.  Comparison of bacterial classes identified from clone libraries.
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I Burkholderiales

in Methylophilales

E] Rhodocyclaceae

I Methylococcales
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D Acidimicrobidae
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Figure 13.  Comparison of bacterial orders identified from clone libraries.
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Assessment of Macroinveriebrate Communities

Figure 14 presents the average number of benthic macroinvertebrates

collected from each site.   In the 2006 samples SR had the highest mean sample

abundance (193), while S and I sites averaged  117 and 57,  respectively.   SR

abundance is only significantly higher than  I abundance (p=0.007; df=2).

A significantly greater diversity of macroinvertebrate families exists in the SR

sampling location compared to any S or I locations (Figure 15).   SR had an average

of 19 families Collected in 2006 while samples from the S and  I  locations ranged

from 6-11  families in each collection.   Macroinvertebrate community composition of

each collection (winter, spring, and summer) from 2006 is shown in Tables 8, 9, and

10.

Figure 14.  Comparison of mean abundance (± standard error) of benthic
macroinvertebrates collected in 2006.
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SRsO S25                  S50                    10                     119                    138

campli ng I-tion

Figure 15.  Comparison of macroinvertebrate mean taxa richness (± standard
error) in all sampling locations collected in 2006.

Table 8.  Number of each macroinvertebrate family collected at each sampling
location in winter 2006.

Order                                    Family

Sampling Locations

S0              S25             S50              10

Ephemeroptera                  Heptageniidae.

Ephemeroptera                 Leptophlebiidae

Ephemeroptera                 Ephemerellidae

E p hemeropte ra                     Ame letid ae

Ephemeroptera                       Beatidae

P lecopte ra                        Pe ltoperl i d ae

Plecopte ra                          Pe rlod id ae

Plecoptera                         Nemouridae

Ple copte ra                          Le u ctrid ae

Plecoptera                   Taeniopterygiidae

Tricopte ra                      H yd ropsych id ae

Tricoptera                         Limnephjlidae

Tricopte ra                       Rhya cop h i I id ae

Tricoptera                        Philpotamidae

Diptera                                 Simulidae

Diptera                            Chironomidae

Diptera                                Empididae

Diptera                                  Tipulidae

D ipte ra                       Ce ratopog o n idae

Megaloptera                        Corydalidae

Odonata                           Gomphidae

Coleoptera                             Elmidae

TOTAL 219
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Table 9.  Number of each macroinvertebrate family collected at each sampling
location in spring 2006.

Sampling Locations

Order                                               Family                                 SR              SO               S25               S50               10               119                 138

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Tricoptera

Trjcoptera

Tricoptera

Tricoptera

Tricoptera

Diptera

Diptera

Diptera

Diptera

Odonata

Coleoptera

Heptageniidae

Leptophlebiidae

Ephemerellidae

Beatidae

Capniidae

Peltoperlidae

Perlodidae

Nemouridae

Leuctridae

Perlidae

Taeniopterygiidae

Chloroperlid.ae

Hydropsychidae

Philpotamidae

Limnephilidae

Phryganeidae

Rhyacophilidae

Simulidae

Chironomidae

Tipulidae

Ceratopogonidae

Empididae

Elmidae

Pleuroceridae

TOTAL

800

28                 11                    7

1300

512

900

100

1100

800

1200

210

100

310

8600

goo

500

100

410

000

4                  17                 51

200

041

500

1120

000

229             38               61

100

100

000

1212

011

000

000

000

000

000

000

100

083

001

000

000

000

5300

1

0

5

39

1

1

0

1

0

0

0

0

8

0

0

0

0

0

38              43             31                 86

0221

2110

2013

1000

0423

100             80             44                150
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Table 10.  Number of each macroinvertebrate family collected at each
sampling location in summer 2006.

Sampling Location

Order                             Family                         SR                   S0                   S25                  S50                   10                    119                      138

Ephemeroptera         Heptageniidae

Ephemeroptera        Leptophlebiidae

Ephemeroptera        Ephemerellidae

Ephemeroptera               Beatidae

Plecoptera                   Capniidae

Plecoptera                  Perlodidae

Plecoptera                Nemouridae

P lecopte ra                  Le u ctrid ae

Plecoptera              Chloroperlidae

Tricoptera             Hydropsychidae

Tricoptera               Philpotamidae

Tricoptera                Limnephilidae

Tricoptera              Rhyacophilidae

Diptera                        Simulidae

Diptera                   Chironomidae

Diptera                        Tipulidae

Diptera               Ceratopogonidae

Odonata                    Empididae

Coleoptera                     Elmidae

Pleuroceridae

TOTAL

10                       0                         1                          0                        0                        0                           1

12                       1                         0                         2                        0                        0                           1

000

140

700

500

100

620

200

00

25

13

02

00

61

00

10

26

10

213

00

13

00

27                        9                          9                         12                        1                          1                            13

5000323

3000000

2000000

0                       3                      18                      7                       1                       0                         0

5                      57                    117                     57                     10                      9                         13

1000153

1000001

1197028

5100000

0000426

95                   78                  154                  97                   32                  28                     72

Figure 16 shows that the average % EPT taxa richness at the SR sampling

locations was 81.30/o compared to a range from 13-53°/o at other locations.   SR was

significantly higher than SO (p=0.04; df=2),  S25 (p=0.001),  and S50 (p=0.002).

Shannon index and evenness scores are shown in Figure 17.   Shannon index

scores ranging from 0.95 - 1.82 were found at the S and I sampling locations

compared to an average score of 2.31  at location SR.   Significant differences from

SR were found at locations SO (p=0.04; df=2), S25 (p=0.001 ; df=2), and S50

(p=0.002; df=2).   Evenness scores varied less from a score of 0.45 at SR compared
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to a range from 0.19 -0.50 at S and I locations.   SR evenness scores were

significantly higher than those at S25 (p=0.01 ;  df=2) and S50 (p=0.017;  df=2).

SR                  sO                  S25                 S50                   10                    119                   138

fampl ing Lcration

Figure 16.  Comparison of mean %EPT taxa (± standaird error) of
macroinvertebrates at all sampling locations in 2006 (n=3).

B ShalTrm InkEE-

SR               S0              S25             S50               10                119               138

sampling I-tion

Figure 17.  Comparison of mean Shannon Index and Evenness scores (±
standard error) of macroinvertebrates at all sampling locations in 2006 (n=3).
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Mean Family Biotic Index (FBI) scores for 2006 are shown for all sampling

locations in  Figure  18.   SO (p=0.008; df=2),  S25 (p=0.004; df=2),  and S50 (p=0.002;

df=2) scores were significantly higher than the mean SR FBI score of 3.53.   S and I

sampling locations all had higher scores than SR ranging from 5.19 -6.85.

The average percentage of three major functional feeding groups is

presented in Figurel 9.   SR had a lower percentage of collector-filterers (44.3%) than

any sampling locations in the other S and  I sites,  and significantly lower than the S25

(p=0.0006; df=2) and S50 (p=0.0012; df=2) locations.  A greater average percentage

of the macroinvertebrate community at SR was composed of shredders (13.0%)

than any other sampling locations, but statistically more than locations SO

(p=0.0087; df=2),  S25 (p=O.0091; df=2),  and S50 (p=O.0374; df=2).     The

percentage of scrapers also were significantly lower at SO (p=0.04), S25 (p=0.006),

and S50 (p=O.006; df=2) than at SR.   Percent scrapers at 10 were significantly higher

(p=0.0084; df=2) than SR.

SR                   SO                   S25                  S50                   10                     119                   138

camping I-tion

Figure 18.  Comparison of mean Family Biotic Index (FBI) scores (± standard
error) of macroinvertebrates at all sampling locations in 2006 (n=3).
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q o/o Cbllectorfilterers
0EE yo Shrt±

D % scrape

SR             S0            S25           S50             10              119             138

campl i ng I-tjon

Figure 19.  Comparison of mean a/a collector-fjlterers, a/o shredders, and a/o
scrapers (± standard error) of macroinvertebrates.at all sampling locations in
2006 (n=3).

Figure 20 shows the average levels of Fe, Mn, and Zn in water samples

collected from the sampling locations at the SR, S, and I sites.  Also shown is the

average number of Heptageniids collected from each site.   Notice that the

logarithmic scale is used for the y-axis.   This figure shows low concentrations of Fe

(0.023 mg/L),  Mn (0.015 mg/L), and Zn ( 0.01) in the SR location compared to much

higher levels in the S (Fe-2.26 mg/L;  Mn-0.17 mg/L; Zn-0.14) and  I  (Fe-2.53;  Mn-

0.23; Zn-0.02) sites.   The average number of Heptageniids at the SR location was

much higher (20.7) than that at the S (0.2) and  I (0.3) locations.
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SRMen Shha 1hha

I Fe lerds (nt/L)
a Mi lerds (nrtyL)
I Zh lends (ntyL)
B ho. Of Li*givids

Figure 20.  Average Fe, lv[n, and Zn concentrations in water samples along
with the average number of Heptageniid may flies collected in 2006 at SR, S,
and I sampling locations.
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Discussion

Avoidance of anthropogenic impacts on small mountain streams requires a

reduction in land use activity that impacts the physical habitat (Allan 2004).   The

results presented here indicate that human development has the ability to disrupt

groundwater inputs into high elevation streams and wetlands.  In the tributaries

examined in this study, these disruptions have produced metal-rich seeps that are

negatively influencing the diversity and distribution of biotic communities.

Maintaining a large forested buffer zone between small mountain streams and

wetlands and anthropogenic activities may be the best way to maintain a physical

habitat and corresponding water quality capable of supporting ecologically healthy

biotic communities (Hauer and  Lamberti 1996).

The purpose of this thesis research was to addresses physical disturbance as

it relates to Fe,  Mn, and Zn pollution, concurrent bjofilm production, and alterations

in macroinvertebrate community composition.

Are the concentrations of Fe, Mn, and Zn in the water and the sediment of two
disturbed mountain streams different than those of an undisturbed reference
stream?

Initial water chemistry and macroinvertebrate surveys at the Sorrento site (S)

in 2005 indicate that Fe and Zn levels may be influencing poor diversity of

macroinvertebrate communities at this location (Greco 2005).   For comparison a

macroinvertebrate sample was collected in a pristine portion of the stream in a

sampling location surrounded by a large riparian buffer.   Not surprisingly, the sample
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had a much richer taxonomic diversity (Greco 2005).  The initial macroinvertebrate

surveys, the overall appearance of the stream channel (i.e. lack of rust colored

biofilm), the lack of any orange seeps, and the presence of a large forested buffer

indicate that the SR sampling location serves as a suitable reference site for

comparing biological diversity with the other sampling locations in this study.   Table

5 shows water quality standard limits of Fe, Mn, and Zn for freshwater resources.

Also listed are the average levels in water samples collected at the SR, S, and I

sampling locations.  Average levels of Fe,  Mn, and Zn at the SR location are well

under the standard limits of the NCWQ confirming that SR is a suitable reference

site for the purposes of this study.

The portions of the streams at Sorrento (S) and lngles (I) with elevated levels

of Fe, Mn, and Zn occur most likely because land use history at these sites was

such that the physical habitat was impacted by anthropogenic activities.  At the S

site a portion of a wetland was filled with soil and retention ponds were constructed

upstream of the SO, S25, and S50 sampling locations.  The upstream corridor of the

I site has been developed into a shopping center and adjoining parking lot.

Therefore, both sites have been impacted by anthropogenic activity that may have

altered groundwater flow and produced metal rich seeps.   In both the S and I sites,

several small groundwater seeps heavily coated with an orange biofilm (indicative of

Fe/Mn polluted groundwater entering aerobic environments (Emerson & Revsbech

1994)) were releasing water into the stream channel.  All water and sediment

samples from sampling locations downstream of seeps have higher Fe and Mn

concentrations than those at SR, and the majority of locations have higher Zn levels
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(Tables 4 and 6).  The lack of seeps in the SR location indicates that they could be

the source of Fe, Mn, and Zn in the other sampling locations.

For a more complete understanding of the effects of water chemistry on biotic

communities at the SR, S, and I sites, water and sediment sampling and analysis

should be conducted throughout the year.  Water samples should be analyzed for

Fe, Mn, and Zn in fall, winter, spring, and summer to determine seasonal effects on

metal concentrations.  The lack of seasonal Fe,  Mn, and Zn is a severe limitation of

this research since previous research has shown that metal concentrations may be

highest in summer months (Sheldon & Wellnitz 1998).   However, the cost of metal

analysis was very high, and one sample from each sampling location was all that the

budget would allow for this study.

In addition to metal analysis, in the future all water samples should be

analyzed for total phosphorus, nitrates, and total suspended solids (TSS).

Phosphorus, nitrates, and TSS commonly increase in streams and wetlands

impacted by anthropogenic activity, and are also likely contributing to the

degradation of biotic communities at the S and  I sites (Hauer & Lamberti  1996).

Are the bacterial biofilm communities of two disturbed mountain streams different
than those of an undisturbed reference stream?

In an attempt to understand if bacteria play a role in Fe and Mn oxidation, and

thereby contribute to the degradation of macroinvertebrate communities, the

bacterial communities of the SR, S25,  S50,10, and  119 sampling locations were

described using  16S rRNA clone library analysis.   It was difficult to see any trend, or

causal relationship between Fe, Mn, and Zn levels and bacterial community
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structure when comparing sequence information from the SR clone library with the

other sampling locations (Figures  11,12, and  13).   One of the major reasons for this

could be that only twenty clones from each sampling location clone library were

sequenced, thereby identifying only twenty different bacteria using the RDBP

sequence blast program.   Initially, sequence information from twenty clones seemed

like a reasonable number considering that it is well established that in pH  neutral

environments, many types of bacteria are capable of Fe and Mn oxidation including

Leptothrix, Siderocapsa, Sphaerotilus, Cladothrix and Gallionella IV\Ictz!el 2001)., and

previous aquatic research indicates that in systems with large concentrations of Fe

and Mn deposits, metal oxidizing species from the genera Lapfofhn.x and Ga///.one//a

are often dominate members of the bacterial community.   However,  research in

these systems has typically characterized the microbial community using

microscopic examination of microscope slides placed in stream or microbial mat

cores (Sheldon & Skelly 1990; Emerson & Revsbech  1994;  Emerson & Weiss 2004).

Although studies usingl6S rRNA analysis have found LapfothrJ.x and  Ga//i.one//a in

Fe and Mn polluted systems (Stein ef a/. 2001 ;  Bruneel ef a/. 2006), the analysis of

sequences from the 16S rRNA clone libraries in this study revealed that no

commonly recognized metal oxidizing bacteria were dominant in any metal polluted

sampling location in this study.

One of the few recognizable trends in bacterial communities in sampling

locations with elevated Fe, Mn, and Zn was the presence of Gammaproteobacteria

and bacteria from the Family Comamonadaceae.   16S rRNA phylogenetic analyses

of the major species of Comamonadaceae have shown that the closest relatives of
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the family do in fact include Lapfothrt.x (\/\/en ef a/.  1999). Twenty-two of the eighty

sequences obtained from the metal impacted sampling locations were identified as

members of the Family Comamonadaceae, and only one of those sequences was

identified to a higher taxonomic level (Po/aromonas) by the sequence analysis

program (RDBP).  The probability that Comamonadaceae bacteria occur in the Fe,

Mn,  and Zn polluted locations because of their ability to oxidize Fe or Mn is most

likely very low.   However,  it is plausible that Comamonadaceae bacteria identified in

this study could share similarities in their genome with LapfofhH.x other than in the

16S region (such as the morA gene that codes for physiological machinery

necessary to oxidize Fe or,Mn (Siering & Ghiorse 1997)), or Comamondaceae

sequences may represent Lapfofhr/.x bacteria with more variable 16S genotypes

than those in the RDBP database.

Ironically, one sequence from the SR clone library, identified as

H}iphom/.crob/.I/in,  has been previously associated with Fe and Mn rich sediments in

Wisconsin and is thought to facilitate Mn oxidation (Stein ef a/.  2001).   However, the

concentration of Mn in the SR location was well below the standard limits (Table 1)

indicating that Hyphom/.crob/.win can be found in aquatic environments with low

concentrations of Mn.

The 10 clone library had two sequences that shared similarities to a

ferromanganous micronodule bacterium described in metal rich sediments in Green

Bay, WI (Stein ef a/. 2001).   RDBP placed these two sequences in the order

Rhizobiales.  The only other sequence with similarities to ferromanganous

micronodule bacterium was again in the SR clone library, but this sequence was
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seated in the Order Burkholderiales.   Considering that one H}iphom/.crob/.L/in

sequence, and three sequences with similarities to ferromanganous micronodule

bacteria are the only sequences with any sjmjlarjty to any metal oxidizing taxa, and

that two of the four sequences occurred in the SR clone library,  Fe,  Mn, and Zn

levels may not be significantly influencing bacterial community diversity and

distribution.

Clone libraries from all sampling locations contained sequences identified as

Cyanobacteria.   Of the one-hundred sequences obtained in all sampling locations,

twenty-eight were identified as belonging to the class Cyanobacteria.  This was the

second most frequently occurring class of bacteria in all sampling locations.   Only

Alphaproteobacteria in the S locations and Betaproteobacteria in the I locations were

more common (Figure 12).  The universal presence of Cyanobacteria in all sampling

locations regardless of the concentration of Fe, Mn, and Zn indicates that

Cyanobacterial growth can persist in aquatic environments with elevated levels of

Fe, Mn, and Zn.   Previous research also shows that Cyanobacteria can persist in

high Fe environments or even become dominate members of the bacterial

community in aquatic habitats with elevated Fe concentrations (Emerson & Weiss

2004).

The most notable limitation of the bacterial community work in this study was

the lack of the S0 biofilm community.  This location had the highest levels of Fe and

Mn in water samples, and the bacterial community may have therefore been

influenced most at this location.  Another limitation was sequence information for
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only 20 clones from each sampling location.  This is due to the expense of

sequencing a larger number of clones.

To more completely understand the functional role of bacterial communities at

the S and I sites, sequence information from at least 100 members of the 16S rRNA

clone libraries would be a good starting point.   Also,  in addition to biofilm samples

from each sampling location, samples should also be taken from the groundwater

seeps that are thought to be the source.   Ideal habitat for species of Fe and Mn

oxidizing bacterial species in neutral pH aquatic systems is typically in areas where

the redox gradient is very steep.   In these locations metal oxidizing species have an

opportunity to gain energy from metal oxidation before it reacts spontaneously with

oxygen (\/Vetzel 2001).  Also, a study that would aid in determining if a difference

exists between multiple samples taken from the same general location (riffle) would

be useful in determining the amount of variation that exists in the biofilm community

in a small area.   Finally, a temporal study that examined seasonal effects on

bacterial communities would be helpful in determining the relationship between

seasonal metal concentrations and microbial community structure.

Are the macroinvetebrate communities of two disturbed mountain tributaries different
than those of an undisturbed reference tributary?

Macroinvertebrate collections at SR are vastly different from those at all other

locations as evident from multiple indices commonly used in analysis of the

macroinvertebrate communities (Figures 7,8,9,10,11,12, and  13).  Although not all

index scores are significantly different, SR communities are much more abundant

and diverse overall.  Water and sediment chemistry assessment shows that Fe, Mn,
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and Zn in water and/or sediment samples taken from the SO, S25, S50,10,119, and

138 sampling locations is elevated compared to SR  (Tables 4, 5, and 6).   Fe and Mn

can have deleterious effects on benthic macroinvertebrates when oxidized forms

adhere to the body surfaces of some species.    A few individual Heptageniid

mayflies (Order Ephemeroptera) captured from the S0 location in 2005 were heavily

coated with oxidized metal, a phenomena seen in previous research (Lemly & King

2000).   Heptageniids were rarely seen in any of the locations with elevated metal

concentrations because they have delicate gill filaments and caudal cerci that get

coated with Fe and Mn oxides that interfere with oxygen transfer resultantly

increasing mortality and macroinvertebrate drift (Lemly & King 2000).

Zn levels have also influenced the presence of Ephemeropteran taxa by

inducing macroinvertebrate drift (Clements 2004; Courtney & Clements 2002;

Clements ef a/. 2000),  particularly in smaller streams (Kiffney & Clements  1993).

Elevated Zn levels also have the largest impact on the presence of Heptageniid

mayflies (Clements ef a/.  2000;  Lemly & King 2000).   This phenomenon is seen in

the S and  I metal polluted locations as well (Figure 20).

Benthic macroinvertebrate index scores including %EPT, Shannon Index,

Eveness, and Family Biotic Index (FBI) from the SO, S25, and S50 locations are

almost all significantly different from SR scores.   However, the I locations appear

similar to SR based on index scores (Figures 16,17, and  18).   Figure 14 shows that

the overall abundance of macroinvertebrates collected at the I locations (57) was

significantly lower than the SR location (193).  With such low abundance, the I site

index scores are more easily skewed by a single tolerant EPT taxa.   For example,
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Beatid mayflies (Order Ephemeroptera) were collected at all I locations in all three

collections (winter, spring, and summer), and make up an average of 21 °/o of total

macroinvertebrates and 460/o of EPT taxa collected from the I site in 2006.   The

Family Biotic Index score for this family is 5, the highest score for Ephemeropteran

taxa collected in this study.   The presence of large numbers of Beatids in the I

location indicates that they may show tolerance to elevated concentrations of Fe,

Mn, and Zn.

Hydropsychid caddisflies (Order Tricoptera) were also a frequently occurring

EPT taxa in the I and S sampling locations.  They were present in all locations

during winter and summer 2006, and made up an average of 21 0/o of collections in

the metal polluted S locations and 27°/o in the I locations in 2006.  An average of

42% of EPT taxa collected at the S site and 20°/o of EPT taxa collected at the I site

were Hydropsychids.   Hydropsychids have an FBI score of 4 and are the second

most tolerant Tricopteran taxa collected in this study.  This indicates that

Hydropsychids may show tolerance to elevated Fe, Mn, and Zn levels as well.

Continued seasonal macroinvertebrate sampling at these sites along with

concurrent metal and microbial sampling is imperative in order to understand the

relationships that exist between the physical and chemical environment and the

biological community of these small mountain tributaries.   Macroinvertebrate

sampling in a large number of metal polluted aquatic habitats like the S and  I sites

could also help to create a Family Biotjc Index for metal pollution.   This type of index

could be very helpful in determining the ecological health of a given habitat as it

relates to metal concentrations without expensive metal analysis.
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Concluding Interpretations of Data

Sheldon & Skelly (1990) and Sheldon & Wellnitz (1998)  indicate that

ferromanganous depositing bacteria are the source of Fe and Mn oxide deposits in

small mountain tributaries;  however, oxidation and deposition of Fe and Mn in this

study seems to be a biologically independent process.  The absence of any

dominant groups of Fe or Mn oxidizing bacteria in any of the metal polluted sampling

locations where oxidized forms of Fe and Mn abound indicates that reduced forms of

Fe and Mn are primarily oxidized spontaneously (see equations 6 and 7: Wetzel

2001 ; Madigan & Martinko 2006 ) when reaching oxic zones of the stream.

Equation 6:                  Fe2+ + -/402+ 2 1/2 H20 + Fe (OH)3 + 2H+

Equation 7: Mn2+ + 1/2 02 + H20 + Mn02 + 2 H+

AGO'= -68 kJ

The accumulation of Fe and Mn oxides normally affect primary production

through "bottom up control", where abiotic factors determine the distribution and

diversity of biotic communities beginning with the lowest trophic level and moving up

through the trophic cascade eventually impactjng macroinvertebrate communities

(Dodds 2002).   Comparing bacterial community structure at the SR location with

metal polluted locations indicates that bacterial community structure is largely

unaffected by Fe and Mn levels, and therefore is having little influence on the

structure of the macroinvertebrate community.   However, Fe and Mn deposits may

be having impacts on macrophyte community diversity. Although macrophytes were

not assessed in this study, previous research has shown that oxidized forms of Fe
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and Mn adsorb phosphorus and can deprive macrophyte communities of this

essential nutrient, resultantly decreasing the diversity of macrophyte communites

(Sheldon & Wellnitz 1998; Wetzel 2001).   Limitation of macrophyte diversity has

direct influence on macroinvertebrate communities (Hauer & Lamberti  1996).

High concentrations of Zn in sediments (Figure 3) may be most influential in

degradation of macrophyte communities in metal polluted sampling locations.

Because Zn is a heavy metal and has low toxicity levels relative to Fe and Mn (Table

1), slightly elevated levels can have a large influence on the biotic community

(Clements ef a/. 2000; Courtney & Clements 2002; Clements 2004;  Morin ef a/.

2007).    In oxygenated,  neutral pH, aquatic environments the majority of Zn is

adsorbed to particulate matter.   However, free Zn2+ can form stable complexes with

organic material allowing it to remain mobile in the water column.   Zn solubility in

groundwater and submerged soils also increases in environments where Mn and

ferric Fe reduction results in production of organic complexing agents (Gambrell

1994; Wetzel 2001 ) indicating that soluble forms of Zn may be abundant in the Fe

and Mn polluted S and I locations.  Aquatic research has shown that as Zn levels

increase the abundance and diversity of diatom communities decreases (Morin ef a/.

2007).  Therefore, the degradation of macrophyte communities occurring in

response to increased Zn levels results in a bottom up effect on macroinvertebrate

communities (Clements ef a/. 2000; Courtney & Clements 2002; Clements 2004).

A clear indication that elevated Fe, Mn, and Zn levels influence the

degradation of macrophyte communities is evident in the concurrent reduction of

scraping and shredding functional feeding groups in the SO, S25, and S50 locations
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(Figure  19).   In collections from the S and  I sites, one of the few taxa belonging to

the scraping functional feeding group were members of the family Heptageniidae.

This macroinvertebrate family was almost completely lost in metal polluted sampling

locations (Figure 20), a phenomenon seen in other research as well (Clements ef a/.

2000; Courtney & Clements 2002; Clements 2004).   Scrapers are feeding directly on

macrophytes and shredders ingest macrophytes indirectly when feeding on organic

leaf pack and detritus material (Thorp & Covich 2001), therefore both groups are

affected when macrophyte communities are displaced by metal oxides.   The I

locations do not show a similar trend most likely because of the low abundance of

macroinvertebrates coupled with the abundance of tolerant Beatid mayflies that feed

by scraping (81°/o of scrapers collected at the I site in 2006 were Beatids), and the

abundance of Dipterans (Family Tipulidae) that feed by shredding (620/o of shredders

collected at the I site in 2006 were Tipulids).

The results of this research indicate that Fe, Mn, and Zn concentrations

increase in aquatic habitats that are not buffered from anthropogenic activity.  While

an increase in Fe, Mn, and Zn does not seem to determine the diversity and

distribution of the bacterial biofilm community it severely limits macroinvertebrate

community composition.  The bottom up effect of Fe, Mn, and Zn on

macroinvertebrates may occur when reduced forms of these metals reach oxic

zones of the water column, are chemically oxidized forming immobile precipitates

that adsorb phosphorus, thus depriving macrophyte communities of an essential

nutrient, and in turn deprive scraping and shredding macroinvertebrates of suitable
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food sources.  Therefore an end result of Fe, Mn, and Zn deposition is increased

macroinvertebrate d rift.

From the data collected from the SR, S, and I sampling locations it seems

clear that the retention of a riparian buffer between anthropogenic activity and small

order mountain streams and wetlands is necessary to retain physical and biological

integrity.   Data collected in this study indicates that if rural and urban developments

continue to encroach upon these systems the physical habitat will be altered

resulting in a bottom up effect on the biological community.   Streams and wetlands

and the biological communities therein are important functional and aesthetic

resources, and the protection of these systems is imperative.



64

Literature Cited

Allan D.J.   (2004)   Lar}dscapes and riverscapes: the influence of land use on stream
ecoeystems.  Annual Review of Ecology, Evolution, and Systematics 25,
257-284.

Amann  R.I.,  Ludwig W., and  Schleifer K.H..   (1995)   Phylogenetic identification and
in situ detection of individual microbial cells without cultivation.
Microbiological Reviews 2,143-169.

Bode R.W., Novak M.A., and Abele L.E..   (1996)   Qua//.fyAssurance Wonk P/an for
Biological Stream Monitoring in New York State. NYS Departmerit Of
Environmental Conservation, Albany,  NY.  89p.

Bratina B.J.,  Schmidt T.M., and Green W.J.   (1995)   Microbial ineractions with
manganese cycling Lake Vanda.  Anfarcf/.c Jouma/ of the U.S.   30, 312-313.

Bruneel 0.,  Duran R., Casiot C.,  Elbaz-Poulichet F., and Personne J.C. (2006)
Diversity of microorganisms in Fe-As-rich acid mine drainage waters of
Camoules, France.  Applied and Environmental Microbiology 72, 551-556.

Burdige D.J., and  Nealson K.H.   (1986)   Chemical microbiological studies of sulfide-
mediated manganese reduction.   Geom/.crob/.o/ogy Jouna/ 4, 361 -387.

Chan C.S., Skatvold A.M.,  Labrenz M., Welch S.A., and  Ban field J.F.   (2001)
Phylogenetic analysis of microbial populations associated with iron cycling in
the Piquette Mine in Tennyson, Wisconsin,  American Geophysical Union,
Fall Meeting, abstract #812C-0144.

Clements W.H.   (2004)  Small-scale experiments support causal relationships
between metal contamination and macroinvertebrate community response.
Ecological Applications 14, 954-95] .

Clements W.H., Carlisle D.M.,  Lazorchak J.M., and Johnson P.C.   (2000)   Heavy
metals structure benthic communities in Colorado mountain streams.
Ecological Applications 10, 626-638.

Cole G.A.   (1988)  Textbook of Limnology,  3rd edition.   Weaveland Press.   315-332.



65

Courtney L.A. and Clements W.H.   (2002)  Assessing the influence of water and
substratum quality on benthic macroinvertebrate communities in a metal-
polluted stream:   an experimental approach.  Freshwater B/.o/ogy47,1766-
1778.

Dills G. and  Rogers D.T.   (1974)   Macroinvertebrate community structure as an
indicator of acid mine pollution.   Env/.ronmenfa/ Po//uf/.on 6, 239-261.

Dodds W.K.   (2002)   Freshwater Ecology: Concepts and Environmental
Applications.  Academic Press 238-239, 260-263, 273, 284-288.

Emerson D. and Weiss J.V.   (2004)   Bacterial iron oxidation in circumnuetral
freshwater habitats: findings from the field and the laboratory.
Geomicrobiology Journal 21, 405A14.

Emerson  D. and Revsbech N.P.   (1994)   Investigation of an iron-oxidizing microbjal
mat community near Aarhus,  Denmark: Field studies.  App//.ed ant/
Environmental Microbiology 60, 4022-4031.

Engebrecht J., Brent R., and Kaderbhai M.A.   (1997)   Large-scale preparation of
plasmid DNA.   In:  Ausubel FM,  Brent R,  Kingston RE, Moore DD,  Seidman
JG, Smith JA, Struhl K (eds) Current Protocols in Molecular Biology.   John
Wiley and  Sons  lnc.1.6.1-1.6.2.

Gambrell R.P.   (1994)  Trace and toxic metals in wetlands.   Journal of
Environmental Quality 23, 882-891.

Gounat A.M.   (1994)   Microbial oxidation and reduction of manganese:
consequences in groundwater and applications.   FEMS M/.crobt.o/ogi.ca/
Rev/.ews 14, 339-350.

Greco T. (2005)  A Multi-faceted Approach to the Monitoring and Assessment of
Southern Appalachian Wetlands. Boone, NC: Appalachian State University

Gurtz M.E„  Loeb S.L., Spacie A., and Survey G.   (1994)   Biological Monitoring of
Aquatic Systems.   Lewis Press.   386p.

Hauer F.R., and Lamberti G.A.   (1996)   Methods in Stream Ecology 2nd edition.
Academic Press.   569p.

Hilsenhoff WL.   (1988) Rapid field assessment of organic pollution with a family-level
biotic index. Journal of the North American.  Benthological. Society. 7: 65-68.

Kiffney P.M. and Clements W.H.   (1993)   Structural responses of benthic
macroinvertebrate communities from different stream orders to zinc.
Environmental Toxicology and Chemistry 13, 289-395.



66

Lemly D.A., and  King R.S.   (2000)  An insect-bacteria bioindicator for assessing
detrimental nutrient enrichment in wetlands.   Wet/ant/s 20, 91-100.

Madigan  M.T.,  and  Martinko J.M.   (2006)   Biology of Microorganisms  llth edition.
Pearson Education lnc.   105, 363,553-554,644-645, 649.

Mitsch W.J., and Gosselink J.G.   (1993)  Wetlands, 2nd edition.   Reinhold  Press.
123-131, 478-479,118-121.

Morin S., Vivas-Nogues M., Thi Thuy D.,  Boudou A., Coste M., and Francois D.
(2007)   Dynamics of benthic diatom colonization in a cadmium/zinc-polluted
r.lver (Ftiiou-Mor+, France).   Fundamental and Applied Limnology 168,179-187.

Nealson K.H., Tebo B.M., and Rosson R.A.   (1988)   Occurrence and mechanisms of
microbial oxidation of manganese.  Acivar}ces /.n App//.ed M/.crob/.o/ogy 33,
279-319.

Nelson S.M. and Roline R.A.   (1996)   Recovery of a stream macroinvertebrate
community from mine drainage disturbance.   Hydrob/.o/og/.a 339, 73-84.

Ponnamperuma F.N.   (1972)  The chemistry of submerged soils.  Advances t.n
Agronomy Journal 24, 29-88.

Resh V.H.,  Brown A.V.,  Covich A.P.,  Gurtz M.E.,  Li H.W.,  Minshall G.W.,  Reice S.R.,
Sheldon A.L., Wallace 8., and Wissmar R.C.   (1988)  The role of disturbance
in stream ec;ology.  Journal of the North American Benthological Society 7 ,
433-455.

Rhea D.T.,  Harper D.D.,  Brumbaugh W.G., and  Farag A.M.   (2004)   Biomonitoring in
the Boulder River Watershed, Montana:   Metal Concentrations in Biofilm and
Macroinvertebrates , and Relations with Macroinvertebrate Assemblage.
USGS Final Report, USGS-CERC-91340.

Schmidt T.S., Soucek D.J., and Cherry D.S.   (2002)   lntegrative assessment of
benthic macroinvertebrate community impairment from metal-contaminated
waters in tributaries of the Upper Powell River, Virginia,  USA.   Env/.ror7menfa/
Toxicology and Chemistry 2233-2241 .

Siering P.L. and Ghiorse W.C.   (1997)   Development and application of 16S rRNA-
targeted probes for detection of iron-and manganese-oxidizing sheathed
backer.ia .in erIV.ironmeutal samples.  Applied and Environmental Microbiology
644-651 .

Sheldon S.P. and Skelly D.K. (1990)  The settlement and production of algae and
ferromanganese depositing bacteria along a mountain stream. Jot/rna/ of
Freshwater Ecology 5, 475489.



67

Sheldon S.P. and Wellnitz T.A.   (1998)   Do bacteria mediate algal colonization in
iron-enriched streams?   O/.kos 83, 85-92.

Stein  L.Y.,  La  Duo M.T.,  Grundl T.J., and  Nealson  K.H.   (2001)   Bacterial and
archeal populations associated with freshwater ferromanganous
micronodules in sediments.   Env/.ronmenfa/ Mi.crob/.o/ogy 3,10.

Thorp J.H., and Covich A.P.   (2001)   Ecology and Classification of North American
Freshwater Invertebrates.  Academic Press.1056.

Turchey-Dooley S., and Wallace J.   (2002)  A preliminary study on trophic level
analysis for heavy metals in aquatic macroinvertebrates in two streams in
Columbia,  PA.   www.millersville.edu/~ces/research/turchi-wallace02.pdf.

Wellnitz T.A., and Sheldon S.P.   (1995)  The effects of iron and manganese on
diatom colonization in a Vermont stream.   FreshwaferB/.o/ogy 34, 465.

Wen A.,  Fegan M.,  Hayward C., Chakraborty S., and sly L.I.   (1999)   Phylogenetic
relationships among members of the Comamonadaceae, and description of
De/#/.a ac/.d/.vorans (den Dooren de Jong  1926 and Tomaoka ef a/.  1987)
Intemational Journal of Systematic Bacteriology 49, 567-5]6.

Wetzel R.G.   (2001)   Limnology:  Lake and River Ecosystems, 3rd edition.  Academic
Press  291-308.

White J.R., and Driscoll C.T.   (1987)   Zinc cycling in Adirondack Lake.
Environmental Science and Technology 21, 211-215.

Wilson  K.H.,  BIitchington  R.B.,  and Greene R.C.   (1990)  Amplification of bacterial
16S ribosomal DNA with polymerase chain reaction.   Jouma/ of C/int.ca/
Microbiology 1942-1946.

Winner R.W.,  Boesel M.W., and Farrell M.P.   (1980).   Insect community structure as
an index of heavy metal pollution in lotic ecosystems.   Canad/.an Jouma/ of
Fisheries and Aquatic Sciences &7 ,  64]-655.



68

APPENDIX A
16 rDNA Sequence Information



69

Each DNA sequence below represents partial 16S rRNA sequences from

clone libraries created using biofilm DNA from sampling locations SR, S25, S50, 10,

and 119.   Each sequence is identified using the sampling location from which the

sequence was found along with an individual identification number.   For example,

SR-18 was named clone 18 from the SR sampling location.

SR-1B
ClllTAGGTGACCTATAGAATACTCMGCTATGCATCCAACGCGITGGGAGCTCTCCCATATGGT
CGACCTGCAGGCGGCCGCACTAGTGAITAGAGTTTGATCATGGCTCAGAACGAACGCTGGCGG
CAGGCTTAACACATGCAAGTCGAACGCCCCGCAAGGGGAGTGGCAGACGGGTGAGTAACGCGT
GGGAATCTACCCAGAACITCGGAACAACTGAGGGAAACTTCAGCTAATACCGGATACGCCCTAC
GGGGGAAAGATTTATCGGTTCTGGATGAGCCCGCGITGGATAGCTAGITGGTGGGGTMTGGC
CCACCMGGCGACGATCCATAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACAC
GGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCA
GCCATGCCGCGTGAGTGATGAAGGCCITAGGGTTGTAAAGCTCTITCAGTAGGGAAGATAATGA
CGGTACCTACAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGC
TAGCGTTGTTCGGATTTACTGGGCGTAAAGCGCACGTAGGCGGATCGITAAGTCGGGGGTGAAA
TCCTGGAGCTCAACTCCAGAACTGCCTTCGATACTGGCGATCITGAGTCCGGAAGAGGTGAGTG
GAACTCCTAGAGTAGAGGTGGAAITCGTAGATAITAGGAAGAACACCAGTGGCGAAGGCGGCTC
ACTGGTCCGGTACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGG
TAGTCCACGCCGTAAACTATGAGAGCTAGCCGTTGGAGGGTITACCCITCAGTGGCGCAGCTAA
CGCATTAAGCTCTCC

SR-23
CTNTTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGGT
CGACCTGCAGGCGGCCGCACTAGTGAllTACCITGTTACGACTTCACCCCAGTCTCTAMCCCA
CCGTGGTCGCCTGCCTCCTTGCGGTTAGCGCAGCGCCTTCGGGTGAATCCAAATCCCATGGTG
TGACGGGCGGTGTGTACMGGCCTGGGMCGTATTCACCGCGGCATGCTGATCCGCGATTACT
AGCGATTCCGCCITCATGCTCTCGAGITGCAGAGiRACMTCCGAACTGAGACGACTTTTGGAGA
TTAGCTCACCCTTGCGAGllTGCAGCCCACTGTAGTCGCCAITGTAGCACGTGTGTAGCCCAGC
GCGTAAGGGCCATGAGGACITGACGTCATCCCCACCITCCTCCGGCITATCACCGGCGGTTACC
TTAGAGTCCCCAACTAAATGATGGTAACTAAGGTCGAGGGTTGCGCTCGITGCGGGACTTMCC
CAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTGTAGGTCCCCGAAGGGA
AGGRATCCATCTCTGGAAGCCGTCCTACCATGTCAAACGCTGGTMGGTTCTGCGCGTTGCTTC
GAATTAAACCACATGCTCCACCGCITGTGCAGGCCCCCGTCMTTCCTITGAGTTTTAATCTTGC
GACCGTACTCCCCAGGCGGATMCTTMTGCGITAGCTGCGTCACCGiRAGCTCTRAGAGCCCC-G
ACAACTAGTTATCATCGllTACGGCGTGGACTACCAGGGTATCTAATCCTGTITGCTCCCCACGC
TTTCGCACCTCAGCGTCAATACATGTCCAGTGAGCCGCCTTCGCCACTGGTGTTCTITCCGMTA
TCTACGAATTTCACCTCTACACTCGGAAATTCCACTCACCTCTCCATGAITCTA
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SR-32
GNACNTTAGGTGAACTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTTACCITGTTACGACTTCACCCCAGTCACTGMCC
CACCGTGGTTGGCTGCCTCCTAITACTAGGTTGGCGCACCACCTTCGGGTAGATCCAATTCCCA
TGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTAITCACCGCGTCATGCTGITACGCGA
ITACTAGCGATTCCGACTTCATGGGGTCGAGTTGCAGACCCCAATCCGAACTGAGATGGC I  I  I  I -I
GGGATTMCCCATTGTCACCACCATTGTAGCACGTGTGTAGCCCAACCCGTMGGGCCATGAGG
ACTTGACGTCATCCACACCTTCCTCCGGCITATCACCGGCAGTTCTTTAGAGTGCCCAACTGMT
GATGGCAACTAAAAGTGTGGGITGCGCTCGITGCCGGACITAACCGAACATCTCACGACACGAG
CTGACGACAGCCATGCAGCACCTGTGTGCAGTGTCTCTTACGAGAAAGATCCGTCTCTGGAACG
GTCACTGCCATGTCAAGGGTTGGTAAGGTTCTGCGCGITGCTTCGAAITAAACCACATGCTCCA
CCGCITGTGCGGGCCCCCGTCAATTCcllTGAGTIITAACCTTGCGGCCGTACTCCCCAGGCGG
AURTGCTTAATCCGITAGGTGTGTCACCGACGAGCATGCITGCCGACGACTGGCATTCATCGITTA
CGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGcllTCGCACCTCAGCGTCGGT
ATCGAGCCAGTAAGCCGCCTTCGCCACTGGTGTTCCTCCGAATATCTACGAATTTCACCTCTACA
CTCGGAAAITCCGCTTACCTCTCTCGACCTCAANACCAGAAA I  11  I  I-GAA

SR-3B
GAACNTTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAllTACCITGTTACGACITCACCCCAGTCACTAGCCC
TGCCITCGGCATCCCccllTGCGGTTGGGGTMCGACTTCGGGCATGGCCAGCTCCCATAGTGT
GACGGGCGGTGTGTACAAGGCCCGGGAACGGATTCACCGCCGTATGGCTGACCGGCGAFTACT
AGCGATTCCGGCITCATGCAGGCGAGITGCAGCCTGCMTCCGAACTGAGGCCGGGTITTTGA
GGTTAGCTTGCCCTCGCGGGGTCGCMCccllTGTCCCGGCCAITGTAGCACGTGTGTCGCCC
AGGGCGTAAGGGGCATGCTGACTTGACGTCATCCCCACCTTCCTCCGGCTTATCACCGGCAGTC
TGTITAGGGITCCAAACTAAATGATGGCAACTAAACACGAGGGTTGCGCTCGITGCGGGACTTA
ACCCAACACCTTACGGCACGAGCTGACGACAGCCATGCACCACCTGTGTCCGCGTTCCCGMG
GCACTCCTITcllTCAAAAGGATTCACGGCATGTCAAGCCCTGGTMGGTTCTTCGCGITGCATC
GAATTAAACCACATGCTCCACCGCITGTGCGGGCCCCCGTCAAITCcllTGAGTTTCATTCTTGC
GAACGTACTCCCCAGGCGGGATACITMCGCGTTAGCTACAGCACTGCACGGGTCGATACGCA
CAGCGCTTAGTATCCATCGllTACGGCTAGGACTACTGGGGTATCTMTCCTGllTGCTCCCCAC
GcllTCGCACCTCAGCGTCMCAATCGTCCAGTGAGTCGCCTTCGCCACTGGTGTA

SR-5B
NCTTTTAGGTGANCTATAGAATACTCMGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGAITAGAGTTTGATCCTGGCTCAGGACGAGCGCTGGCG
GCGTGCCTMCACATGCAAGTCGAGTGAGGTCCAACTAGTAGCAATACTGGGGAAGACCTAGCG
GCGAACGGGTGAGTMCACGTGAGAAACCTGCCCCGAAGTCTGGGACAAGCCGGGGAAACCTG
GTCTAATACCGGATCCCCCCTACGOATCGCATGGTCTGTAGAGGAAAGMCTITGCITCGGGAG
GGTCTCGCGGCCTATCAGCTAGITGGTGAGGTAICGGCTCACCAAGGCATCGACGGGTAGCTG
GTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATCTTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGCGGGACGAAGG
CCITCGGGTTGTAAACCGcllTCAGGAGGGACGAAAACAGACGGTACCTCCAGAAGAAGCCCC
GGCCAACMCGTGCCAGCAGCCGCGGTMCACGTAGGGGGCGAGCGTTGTCCGGATTTATTGG
GCGTAAAGAGCTCGTAGGCGGCTCGGTAAGTCGGGTGTGAAACCTCCAGGCTCAACCTGGAGA
CGCCACCCGATACTGCCGTGGCTAGAGTCCGGTAGAGGAGCGTAGAATTCCTGGTGTAGCGGT
GAAATGCGCAGATATCAGGAGGAATACCAGCGGCGAAGGCGGCGCTCTGGGCCGGTACTGAC
GCTGAGGAGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCCTGGTANTCCACGCCGTAAA
CGTTGGGCACTAGGTGTGGGGGCcllTTCAACGGGTITCCGTGCCGTANCTMCGCATTA
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SR€B
CTNFTAGGTGAACTATAGAATACTCMGCTATGCATCciIACGCGITGGGAGCTCTCCCATATGGT
CGACCTGCAGGCGGCCGCACTAGTGATTTACCTTGTTACGACTTCACCCCAGTCGCTGATCCCA
CCGTGGTCAGCTGCCTCCITGCGGITAGCGCACTGCCITCGGGTGAAACCAACTCCCACGGTG
TGACGGGCGGTGTGTACAAGGCCTGGGRACGTAITCACCGCGGCATGCTGATCCGCGAFTACT
AGCGATTCCGCCTTCATGCTCCCGAGTTGCAGAGAACAATCCGMCTGAGACGGCTTTTGGAGA
TTAGCATACTCTCGCGAGTTAGCTGCTCACTGTCACCGCCATTGTAGCACGTGTGTAGCCCAGC
GTGTAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGCITATCACCGGCGGTITCC
TTAGAGTGCCCAACTTMTGATGGCAACTAAGGACGAGGGITGCGCTCGTTGCGGGACITAACC
CAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCACCGCGTCCCCGMGGGA
ACCCCTGATCTCTCAGGATAGCGCGGGATGTCAAACGCTGGTAAGGTTCTGCGCGTTGCITCGA
ATTAAACCACATGCTCCACCGCTTGTGCAGGCCCCCGTCAAITCcllTGAGTTTTAATCTTGCGA
CCGTACTCCCCAGGCGGATRACITAATGCGTTAGCTGCGTCACTCAGGCACCAAGTGCCCGAAC
IACTAGTTATCATCGllTACGGCGTGGACTACCAGGGTATCTMTCCTGllTGCTCCCCACGCTT
TCGTACCTCAGCGTCAATACITGTCCAGTCAGTCGCCTTCGCCACTGGTGTTCTTCCGMTATCT
ACGAANTTCACCTCTATACTCGGAATTCN

SR-14
NNGCNITNAGGTGNCCCTATAGAAATACTCAAGCCTATGCATCCAACGCGTTGGGAGCTCTCCC
ATATGGTCGACCTGCAGGCGGCCGCACTAGTGATTAGAGllTGATCATGGCTCAGAACGAACGC
TGGCGGCAGGCCTAACACATGCAAGTCGAGCGCCCAGCAATGGGAGCGGCAGACGGGTGAGT
AACGCGTGGGAACCTTCCCGATAGTACGGAATAGCTCAGGGAAACITGAGGTAATACCGTATAC
GCCCGCAAGGGGAAAGATITATCGCTATCGGATGGGCCCGCGTAGGAITAGCTAGITGGTGAG
GTAATGGCTCACCAAGGCGACGATCCTTAGCTGGITTGAGAGMTGACCAGCCACACTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGMTCITGGACAATGGGCGCAAGC
CTGATCCAGCCATGCCGCGTGAGTGACGAAGGTCITCGGAITGTAAAGCTclllTGCCAGGGAC
GATAATGACGGTACCTGGAGAATAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGA
AGGGGGCAAGCGTTGITCGGAATTACTGGGCGTAAAGCGCACGTAGGCGGATCTATMGTCAG
GGGTGAAATCCCGGGGCTCAACCTCGGAACTGCCTITGATACTGTAGATCTCGAGTCCGATAGA
GGTGAGTGGAAITCCTAGTGTAGAGGTGAAATTCGTAGATAITAGGAAGAACACCAGTGGCGAA
GGCGGCTCACTGGATCGGTACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATCAGA
TACCCTGGTGGTCCACGCCGTAAACTATGGGTGCTAGCCCGTCGGATAT

SR-18
ANCNATTAGGTGANCTATAGAAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATAT
GGTCGACCTGCAGGCGGCCGCACTAGTGATTTACCITGTTACGACTTCACCCCAGTCACGAACC
CTGCCGTAGTAATCGCCCTCCTTGCGGITAGGCTMCTACTTCTGGCAGAACCCGCTCCCATGG
TGTGACGGGCGGTGTGTACAAGACCCGGGAACGTATTCACCGCGGCAAGCTGATCCGCGAITA
CTAGCGATTCCGACTTCACGCAGTCGAGITGCAGACTGCGATCCGGACTACGATCGGTllTCTG
GGAITGGCTCCCCCTCGCGGGITGGCGACCCTCTGTACCGACCATTGTATGACGTGTGTAGCC
CTACCCATAAGGGCCATGATGACCTGACGTCATCCCCACCTTCCTCCAGllTGTCACCGGCAGT
CTCATTAGAGTGCccllTCGTAGCAACTAATGACMGGGTTGCGCTCGTTGCGGGACTTAACCC
AACATCTCACGACACGAGCTGACGACGGCCATGCAGCACCTGTGTTCTGGITCTcllTCGAGCA
CllTCACATCTCTGCAAAAITCCAGACATGTCMGGGTAGGTAAGGITllTCGCGITGCGTCGA
TTAAACCACATCATCCACCGCITGTGCGGGCCCCCGTCAAITCcllTGAGllTCMCCTTGCGGC
CGTACTCCCCAGGCGGTCAACITCACGCGITAGCTACGTTACTGAGAAGGAACCITCCCAACAA
CCAGTTGACATCGTITAGGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTITC
GTGCATGAGCGTCAGTACAGGCCCAGGGGATTGCCTC
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SR-19
GCANCTITNGGTGACCTATAGMTACTCMGCTATGCATCCAACGCGITGGGAGCTCTCCCATAT
GGTCGACCTGCAGGCGGCCGCACTAGTGAITAGAGITTGATCATGGCTCAGGATGAACGCTGG
CGGTCTGCITAACACATGCAAGTCGAACGGGTGTAGCAATACAITAGTGGCGGACGGGTGAGTA
ACGCGTGAGAATCTGCCITCAGGACGGAGACAACAGTTGGAAACGACTGCTAACCCCCGATGTA
CcGCMGGGAAAATATli-ATAGCCTGAAGATGAGCTCGCGTccGATrAGCTAGTTGGGGGGGTA
AAAGCCCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGACGATCGGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAlllTCCGCRATGGGCGCAAGCCTG
ACGGAGCAAGACCGCGTGGGGGAAGAAGGCTCITGGGTTGTAAACCcclllTCTCTGGGAAGA
ACAAAATGACGGTACCAGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAAGAC
GGAGGATGCAAGCGITATCCGGAATGAITGGGCGTAAAGCGTCCGCAGGTGGCAGTTCAAGTC
TGCTGCCAAAGACCGGGGCTTAACITCGGAAAGGCAGTGGAAACTGAACAGCTAGAGTATGGTA
GGGGCAAAGGGAACTCCCGGTGTAGCGGTGAAATGCGTAGAGATCGGGAAGAACATCGGTGGC
GAAGGCGCTITGCTGGACCATAACTGACACTCAGGGGACGAAAGCTAGGGGAGCGAATGGGAT
TAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGTG

SR-2
GNANCNTTAGGTGANCTATAGMTACTCAAGCTATGCATCCMCGCGTTGGGAGCTCTCCCATAT
GGTCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGITACGACTTCACCCCAGTCGCTAAGC
CCACCGTGGTCGCCTGCCTCTCTTGCGAGTTAGCGCMCGCCITCGGGTGAACCCMCTCCCAT
GGTGTGACGGGCGGTGTGTACMGGCCTGGGAACGTATTCACCGCGGCATGCTGATCCGCGAT
TACTAGCGATTCCGCCTTCATGCTCTCGAGTTGCAGAGAACAATCCGAACTGAGACGGclllTG
GAGAITAGCACACTCTCGCGAGITAGCTGCTCACTGTCACCGCCAITGTAGCACGTGTGTAGCC
CAGCCTGTAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGCITATCACCGGCGGT
TTCCTTAGAGTGCCCAACTGAATGATGGCAACTAAGGACGAGGGTTGCGCTCGITGCGGGACIT
AACCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCACCGCGTCCCCGAA
GGGAACCCCTGATCTCTCAGGATAGCGCGGGATGTCAAAGGCTGGTAAGGFTCTGCGCGITGC
TTCGAAITAAACCACATGCTCCACCGCITGTGCAGGCCCCCGTCAAITCcllTGAGlllTAATCTT
GCGACCGTACTCCCCAGGCGGATAACITRATGCGTTAGCTGCGCCACCCAGGCACCAAGTGCC
CGGACAGCTAGITATCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCA
CGcllTCGTGCCTCAGCGTCRATGCITGTCCAGTTAGTCN

SR-3
GANCATTAGNGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAITACCITGTTACGACITCACCCCAGTCATCAGCCCT
ACCTTCGGCGTCCTCITCCACTAGGGITAGAGTMCGACTTCGGGCGTGACCAACTCCCATGGT
GTGACGGGCGGTGTGTACAAGGCCCGGGAACGGAITCACCGCAGTATGCTGACCTGCGAITAC
TAGCGAITCCGCCITCATGCAGGCGAGTTGCAGCCTGCAATCTGMCTGAGCCATGGTTTATGG
GATTAGCTCACCATCGCTGGITGGCTGCCCTITGCCCATAGCATTGTAGTACGTGTGTAGCCCA
GGGCGTRAGGGGCATGCTGACTTGACGTCATCCCCACCTTCCTCCGGllTGTCACCGGCAGTCT
TTCTAGAGTGCCCAACTTAATGATGGCAACTAAAAACGAGGGTTGCGCTCGTTGCGGGACTTAA
CCCAACATCTCACGACACGAGCTGACGACAGCCATGCACCACCTGTGITCTGGITCCCGAAGGC
ACTTCCTAcllTCGCAAGAAITCCAGACATGTCAAGCCCTGGTAAGGTTCITCGCGITGCATCGA
ATTAAACCACATACTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTITCACACITGCGT
GCGTACTCCCCAGGCGGGATACTTMCGCGTTAGCTACGGCACTGCCCGGGTCGATACGGGCA
ACACCTAGTATCCATCGTTTACGGCTAGGACTACAGGGGTATCTAAATCCCTTTCGCTCCCCTAG
CTITCGTCCCTCAGTGTCAGTAA
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SR-13
NNGclllTAGGTGNCCTATAGRATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATAT
GGTCGACCTGCAGGCGGCCGCACTAGTGATTAGAGTTTGATCCTGGCTCAGGATGMCGCTGG
CGGTATGCCTAACACATGCMGTCGAACGGMTCTTCGGAITTAGTGGCGGACGGGTGAGTMC
GCGTGAGAATCTGCCTTCAGGATGGGGACAACAATTGGAAACGATTGCTAATACCCGATATGCA
GCGATGTGAAAGATTTATCGCCTGGAGATGAGCTCGCGTCAGAITAGCTAGATGGTGTGGTMT
GGCGCACCATGGCGACGATCTGTAGCTGGTCTGAGAGGATGAGCAGCCACACTGGGACTGAGA
CACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGGAITITCCGCMTGGGCGCAAGCCTGAC
GGAGCMTACCGCGTGAGGGAGGAAGGCTCTTGGGTCGTAAACCTCTTITCTCAGGGAAGMCA
AAATGACGGTACCTGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGA
GGATGCAAGCGITATCCGGAATGAITGGGCGTAAAGCGTCCGTAGGTGGITCTGTMGTCTGTG
GITAAAGCGTGGAGCTCAACTCCATMCGGCCATGGAAACTACAAGACTTGAGTGAAGTAGGGG
TAGAGGGAATTCCCAGTGTAGCGGTGAAATGCGTAGAGATTGGGMGMCACCGGTGGCGAAA
GCGCTCTACTGGACITATACTGACACTGAGGGACGAAAGCTAGGGGAGCGAAAGGGATTAGATA
CCCCCGTAGTCCTAGCCGTAAACGATGGATACTAGGTGTTGCCCGTATCGACCCGGGCAGTGC
CGTAGCTMCGCGTTANGTATCCCGCCTGGGGAGTACC

SR-28
ANCNTTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGITACGACTTCACCCCAGTCGCTGATCCC
ACCGTGGTCAGCTGCCTCCITGCGGTTAGCGCACTGCCTTCGGGTGAAACCAACTCCCATGGTG
TGACGGGCGGTGTGTACAAGGCCTGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACT
AGCGATTCCGCCITCATGCTCTCGAGTTGCAGAGAACAATCCGAACTGAGACGGCTllTGGAGA
ITAGCTCACCCITGCGGGATTGCTGCCCACTGTCACCGCCATTGTAGCACGTGTGTAGCCCAGC
CTGTAAGGGCCATGAGGACTTGACGTCATCCCCACCITCCTCCGGCTTATCACCGGCGGTITCC
ITAGAGTGCCCAACTAAATGATGGCAACTMGGACGAGGGTTGCGCTCGTTGCGGGACITAACC
CAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCACCGCGTCCCCGAAGGGA
ACCCCTGATCTCTCAGGATAGCGCGGGATGTCAAAGGCTGGTAAGGITCTGCGCGTTGCTTCGA
ATTAAACCACATGCTCCACCGCTTGTGCAGGCCCCCGTCAATTCCTTTGAGTTTTAATCTTGCGA
CCGTACTCCCCAGGCGGATRACITMTGCGITAGCTGCGCCACCCAGGCACCAAGTGCCCGGA
CAGCTAGITATCATCGTITACGGCGTGGACTACCAGGGTATCTMTCCTGTTTGCTCCCCACGCT
TTCGTACCTCAGCGTCAATACITGTCCAGTCAGTCGCCTTCGCCACTGGTGTCCITCCGMTATC
TACGAATITCACCTCTACACTCGGAATTCCACTGAC

SR-33
GANCNTTAGGTGANCTATAGAATACTCMGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAITGGTGTGACGGGCGGTGTGTACAAGGCCCGGGA
ACGTATTCACCGCGCCATGCTGATGCGCGAITACTAGCGATTCCGACTTCATGAGGTCGAGTTG
CAGACCTCAATCTGAACTGAGACGGcllllTGCGAITAGCTCCCTATTGCTAGGTGGCTGCGCAT
TGTCACCGCCATTGTAGCACGTGTGTAGCCCAGCCCGTAAGGGCCATGAGGACTTGACGTCATC
CCCACCITCCTCCGGCITATCACCGGCGGllTCITTAGAGTGCCCAACTAAATGACGGCAACTAA
AGACGAGGGTTGCGCTCGTTGCGGGACTTMCCCMCATCTCACGACACGAGCTGACGACAGC
CATGCAGCACCTGTCACTCATCCAGCCGAACTGAAGAAATCCATCTCTGGAATCGCGATGAGGA
TGTCAAACGCTGGTAAGGTTCTGCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCA
GGCCCCCGTCMTTCCTTTGAGTl|TAATCTTGCGACCGTACTCCCCAGGCGGATAACITMTGC
GITAGCTGCGTCACTCAGGCACCMGTGCCCGAACRACTAGTTATCATCGTTTACGGCGTGGAC
TACCAGGGTATCTAATCCTGllTGCTCCCCACGcllTCGTACGTCAGCGTCAATACTTGTCCACT
cAGTCGccTTCGccACTGGTGiTCTTccGRATATCTACGAAiiTCAccTCTACACTCGGAAncc
ACTGACCTCTCCAAGATTCTAGCTACCTAGTITCAAAGGCAGTTCCGGGGGITGAGCCCCGGGC
ITTCACCTCTGACITGMTMCCGCCTACGTACTCTTN
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SR-8
NNCTTITGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGAITAGAGTTTGATCATGGCTCAGGATGAACGCTGGCG
GTCTGCTTAACACATGCAAGTCGAACGGATGTAGCMTACATTAGTGGCGGACGGGTGAGTMC
GCGTGAGAATCTGCCITCAGGACGGAGACAACAGITGGAAACGACTGCTMCCCCCGATGTACC
GCAAGGGAAAATAllTATAGCCTGAAAATGAGCTCGCGTCCGAITAGCTAGTTGGAGAGGTAAAA
GCTCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGACGATCGGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGCAAGCCTGACG
GAGCAAGACCGCGTGGGGGAAGAAGGCTCTTGGGTTGTAAACCCCTllTCTCTGGGMGAACAA
AATGACGGTACCAGAGGMTCAGCATCGGCTMCTCCGTGCCAGCAGCCGCGGTMGACGGAG
GATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCAGITCAAGTCTGCTG
TCAAAGACCGGGGCTTAACTTCGGAAAGGCAGTGGAAACTGAACAGCTAGAGTATGGTAGGGG
CAAAGGGAAITCCCGGTGTAGCGGTGAAATGCGTAGAGATCGGGAAGAACATCGGTGGCGMG
GCGCITTGCTGGACCATAACTGACACTCAGGGACGAAAGCTAGGGGAGCGAATGGGAITAGATA
CCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGTGTTGTCTGTATCGACCCGGACAGTGCC
GTANCTAACGCGTTAAGTATCCCGCCTGGGGGAC

SR-9
GANcllTAGGTGANCTATAGAATACTCMGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTTACCTTGITACGACTTCACCCCAGTCTCTAAACC
CACCGTGGTCGCCTGCCTCCTTGCGGTTAGCGCAGCGCCTTCGGGTGAATCCAAATCCCATGG
TGTGACGGGCGGTGTGTACAAGGCCTGGGMCGTAITCACCGCGGCATGCTGATCCGCGATTA
CTAGCGAITCCGCCITCATGCACTCGAGITGCAGAGTGCAATCCGAACTGAGACGACTllTGGA
GAITAGCTCACCCTCGCGAGITTGCTGCCCACTGTAGTCGCCAITGTAGCACGTGTGTAGCCCA
GCGCGTAAGGGCCATGAGGACITGACGTCATCCCCACCTTCCTCCGGCTTATCACCGGCGGIT
CCTTTAGAGTCCCCAACTAAATGATGGTAACTAAAGGCGAGGGITGCGCTCGITGCGGGACITA
ACCCMCATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTGTAGGTCCCCGAAG
GGAAGAAATCCATCTCTGGAAGTCGTCCTACCATGTCAAACGCTGGTAAGGTTCTGCGCGTTGC
TTCGAATTAAACCACATGCTCCACCGCTTGTGCAGGCCCCcGTCAATTCcilTGAGiTiTAATcn
GCGACCGTACTCCCCAGGCGGATAACITAATGCGTTAGCTGCGTCACCGMGCTCTAAGAGCCC
CGACAACTAGTTATCATCGTTTACGGCGTGGACTACCANGGTATCTMTCCTGTITGCTCCCCAC
GCTTT.CGCACCTCAGCGTCAATACACGTCCAGTAAGCCGCCITCGCCACTGGTGTTCTTCCGAA
TATCTACGAATTTCACCTCTACACTCGGAN

SR-39
ATCCTATAGGGCGAATTGGGCCCGACGTCGCATGCTCCCGGCCGCCATGGCCGCGGGAITAGA
GNTTGATCATGGCTCAGAACGAACGCTGGCGGCATGCCTAACACATGCMGTCGAACGAGATCT
TCGGATCTAGTGGCGCACGGGTGCGTAACGCGTGGGMTCTGCCCITGGGTTCGGRATRACTC
AGAGAAATTTGAGCTAATACCGGATMTGTCGCMGACCAAAGATITATTGCCCAGGGATGAGCC
CGCGTAAGATTAGCTTGITGGTGGGGTAAAGGCCTACCAAGGCGACGATCTITAGCTGGTCTGA
GAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGG
GGRATATTGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGAGTGATGRAGGCCTTAG
GGTTGTAAAGCTCTITTACCAGGGATGATAATGACAGTACCTGGAGAATAAGCTCCGGCTAACTC
cGTGccAGCAGccGCGGTMTACGGAGGGAGCTAGCGTTGTTCGGMnACTGGGCGTAAAGc
GTGCGTAGGCGGTGACTCAAGTCAGAGGTGAAAGCCTGGAGCTCAACTccAGAACTGCCTlrTGA
AACTAGGTCGCTAGAATCATGGAGAGGTGAGTGGAATTCCGAGTGTAGAGGTGAMTTCGTAGA
TATTCGGAAGAACACCAGTGGCGAAGGCGGCTCACTGGACATGTATTGACGCTGAGGCACGAA
AGCGTGNGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATMCTAGCT
GCCNAGGCTCATGGAGCTTTGGTGGCGCANCTAACGCATTAAGTTATCCGCCTGGGGAGTACG
GTCGCAAGAT
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SR-27
GTCGCATGCTCCCGGCCGCCATGGCCGCGGGAllTACCITGTTACGACTTCACCCCAGTCACTG
MCCTACCGTGGTCGGCTGCCTCCTTGCGGTTGGCGCACCACCTTCGGGTAGATCCAATTCCCA
TGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTAITCACCGCGTCATGCTGITACGCGA
TTACTAGCGAITCCGACTTCATGGGGTCGAGTTGCAGACCCCAATCCGAACTGAGACGGCTllT
TGGGAITMCCCATTGTCACCGCCAITGTAGCACGTGTGTAGCCCAACCCGTMGGGCCATGAG
GACTTGACGTCATCCACACCTTCCTCCGGCTTATCACCGGCAGTTTCTCTAGAGTGCCCAACTGA
ATGATGGCMCTAAAAATGTGGGTTGCGCTCGTTGCCGGACTTAACCGAACATCTCACGACACG
AGCTGACGACAGCCATGCAGCACCTGTGTGGTATCCAGCCGAACTGAAAGGACCATCTCTGGC
cccGCGATAcccATGTCAAGGGiTGGTAAGGFTCTGCGCGiTGCTTCNAAnAAAccACATGCT
CCACCGCTTGTGCGGGCCCCCGTCAATTCcllTGAGTTTTAACCTTGCGGCCGTACTCCCCAGG
CGGAATGCTTAATCCGITANGTGTGTCACCGAATAGCATGCTACCCGACGACTGGCATTCATCG
TITACGGCGTGGACTACCMGGTATCTAATCCTGTITGCTCCNCACGCTTTCGCACCTCAGCGIT
CAGTATCGAGGCCANTAAGCCGGCcllTCGCCACITGGTNTITCCTTCGGAATATCTTACNAAll
TCACCTCTACANTCGGAAT

SR-26
GCTGCTCCCGGCCGCCATGGCCGCGGGAFTAAACNTTNATCATGGCTCAGGATGAACGCTGGC
GGTATGCITAACACATGCAAGTCNAACGGAGTACTTCGGTACTTAGTGGCGGACGGGTGAGTAA
CGCGTGAGAAACTGCCCCITGGACCGGGACAACAGCTGGAAACGGCTGCTAACACCGGATGTG
CCGAAAGGTGAAATAllTATAGCCAGGGGATGTGCTCGCGTCTGAITAGCTAGTTGGITGGGTA
AAGGCCGACCAAGGNATCGATCANTAGCTGGNCTGAGAGGATGATCAGCCACNCTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCANCAGNGGGGAAlllTCCGCAATGGGCGCAAGCCTG
ACGGAGCAATACCGCGTGAGGGAAGAAGGCTCTTGGGITGTAAACCCCITITCTCTGGGAAGAA
CACAATGACGGTACCAGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAAGACG
GAGGATGCANGCGllATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCAGITCAAGTCT
GCTGTCAAAGACCGGGGCTTAACTTCNGANAGGCAGTGGAAACTGNACANNTAGAGTATGGTAN
GGNCNAAGGGAATTCCTGGTGTATCGGTGAAATGCNTAGAGTCAANGAAAGAACATCGGCGGG
CGAAATGCGCcl|TGCTGGACCATNAACTGACACCTNAACGGACGAAAANNTCTGGGGANGCGA
AATGGGNAITITNAITACCTCANTAATCNCTNANCCCGTNAAANCGATNGGATAACCTAGCGNGG
l|TGTCCTGGNNATCCTACCCGGNANANNTGNNTGTAAACTTAANCNCGITT.AACCTATCCCCNC
CNTTGGGGGAAGTACCNCCACC

SR-1
CNTATAGGGCGAATTGGGCCCGACGTCGCATGCTCCCGGCCGCCATGGCCGCGGGATTAGAG
CCTTGATCCTGGCTCAGGATGAACGCTGGCGGTCTGCTTMCACATGCAAGTCGMCGGAAGTA
GCAATACTTTAGTGGCGGACGGGTGAGTMCGCGTGAGAATCTGCCTTCAGGACGGAGACAAC
AGITGGAAACGACTGCTAACCCCCGATGTACCGCMGGGCAAATATATATAGCCTGAAGATGAG
CTCGCGTCCGAITAGCTAGTTGGCGGAGTMCAGCCCACCAAGGCGACGATCGGTAGCTGGTC
TGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGT
GGGGRATTTTCCGCAATGGGCGCAAGCCTGACGGAGCAAGACCGCGTGGGGGAGGAAGGCTC
ITGGGTTGTAAACCcclllTCTCTGGGAAGAACAAAATGACGGTACCAGAGGAATCAGCATCGG
CTAACTCCGTGCCAGCAGCCGCGGTMGACGGAGGATGCAAGCGTTATCCGGAATGAITGGGC
GTAAAGCGTCCGCAGGTGGCAGTTCMGTCTGCTGTCAAAGACCGGGGCTTMCTTCGGAAAG
GCATTGGAAACTGAACAGTTNAGAGTATGGTAAGGGGCAAAAGGGAATTCCTGGTGTAGCGGTG
AAATGCGTAGAGATCAGGAAGAACATCGGCTGGCGAAGGGNGCTITGCTGGACCATAACTGGA
cACTCAGGGnecAAAANNTAGGGGGAAGCNAATGGGNATTAANATAcccccNGTTAGTcccITA
GCNCGTAAACGGATGGGATACTANGTGITGGTCTGGTAITNGACCCCGGACAGTGNCCNNTANN
iTTAACNCGTTNAANnNTcccccccTGNNGGAATANCNccNcc
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S25-1
GAACNTTAGGTGAACTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGTTACGACTTCACCCCAGTCGCTGATCC
CACCGTGGTCAGCTGCCTCTCTTGCGAGTTAGCGCACTGCCITCGGGTGAAACCAACTCCCATG
GTGTGACGGGCGGTGTGTACAAGGCCTGGGAACGTAITCACCGCGGCATGCTGATCCGCGATT
ACTAGCGATTCCGCCTTCATGCTCTCGAGITGCAGAGAACAATCCGAACTGAGACGGCTllTGG
AGATTAGCTCACCCTCGCGAGTITGCTGCCCACTGTCACCGCCAITGTAGCACGTGTGTAGCCC
AGCCTGTAAGGGCCATGAGGACITGACGTCATCCCCACCTTCCTCCGGCITATCACCGGCGGTT
TCCTTAGAGTGCCCAACTGAATGATGGCAACTAAGGACGAGGGTTGCGCTCGITGCGGGACTTA
ACCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCACCGCGTCCCCGAAG
GGAACCCCTGATCTCTCAGGATAGCGCGGGATGTCAAAGGCTGGTAAGGTTCTGCGCGITGCTT
CGAATTAAACCACATGCTCCACCGCTTGTGCAGGCCCCCGTCMTTCCTTTGAGTTITAATCITG
CGACCGTACTCCCCAGGCGGATAACTTAATGCGITAGCTGCGCCACTCAGATACCAAGTACCCG
AACAGCTAGITATCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACG
CTITCGCACCTCAGCGTCAATACTTGTCCAGTCAGTCGCCITCGCCACTGGTGITCTTCCGAATA
TCTA

S25-10
GAANCNTTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATAT
GGTCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGTTACGACITCACCCCAGTCGCTGACC
CTACCGTGGTTGGCTGCCTCCITGCGGTTAGCGCACCACCTTCGGGTAGMCCMCTCCCATGG
TGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTAITCACCGCGGCATGCTGATCCGCGATTA
CTAGCGATTCCAACITCATGCCCTCGAGITGCAGAGGACAATCCGAACTGAGACGACTTTTAGG
GAITAACCCTCTGTAGTCGCCATTGTAGCACGTGTGTAGCCCCACGTGTAAGGGCCATGAGGAC
TTGACGTCATCcccAccITccTccGGCITGCcAccGGCAGnccACTAGAGTGcccAGCTTMC
CTGATGGCAACTAGTAGCGAGGGTTGCGCTCGTTGCGGGACITMCCCAACATCTCACGACACG
AGCTGACGACAGCCATGCAGCACCTGTGTTCTCGCCAGCCGAACTGAAGACCCAAATCTCTCTG
GGTCATACGAGACATGTCAAACGTGGGTAAGGITCTTCGCGTTGCTTCGAAITAAACCACATGCT
CCACCGCTTGTGCGGGCCCCCGTCAATTTCTTTGAGTTTTAACCITGCGGCCGTACTCCCCAGG
CGGAGAGCTTMTGCGTTAGCTGCGTCACCGACACGCATGCGTGCCGACAACTAGCTCTCATCG
TTTACAGCGTGGACTACCAGGGTATCTAATCCTGllTGCTCCCCACGcllTCGCGTCTCAGCGTC
ACTACAAGTCCAGCAIGTCGCCTTCGCCACTGGTGITCCTGCGAAATATCTACGAAAllTCACC

S25-10B
cTGGTACGAGCTCGGATCACTAGTAACGGccGccAGTGTGCTGGAAiTCGccciTTAccITGn
ACGACTTCACCCCAGTCACCAGCCCTGCCTTCGGCATCCCCCTCCTCGAAAGGTTAGGGTAACG
ACTTCGGGCGTGGccAGciTccATGGTGTGACGGGCGGTGTGTACMGGcccGGGAACGGAn
CACTGCAGTATGCTGACCTGCMTTACTAGCGAITCCTCCITCACGCAGGCGAGTTGCAGCCTG
CGATCTGAACTGAGCCACGGTTTCTGGGATTGGCTTGCATTCGCATGCITGCTGCCCTTTGTCC
GTAGCATTGTAGTACGTGTGTCGCCCAGGGCGTAAGGGGCATGCTGACITGACGTCATCCCCAC
CTTCCTCCGGlll-GTCACCGGCAGTCTCCCTAGAGTGCCCAACTTAATGCTGGCAACTMGGAC
GAGGGTTGCGCTCGTTGCGGGACITAACCCAACATCTCACGACACGAGCTGACGACAGCCATG
CACCACCTGTGITCGCGCTCCCGAAGGCACTCTCCCCTITCAAGCAGATTCGCGACATGTCMG
CCCTGGTAAGGTTCITCGCGTTGCATCGRATTAAACCACATACTCCACCGCCTGTGCGGGCCCC
cGTCAATTccTrTGAGTTTCACAciTGCGTGCGTACTCCccAGGCGGGATAciTMCGCGTTAGc
ITCGGCACGGCTCGGGTCGATACAAGCCACACCTAGTATCCATCGTTTACGGCTAGGACTACTG
GGGTATCTMTCCCATTCGCTCCCCTAGcllTCGTCCCTGAGTGTCAGTTGCTCTCCAGTAGAGC
GCTTTCGCCACCGATGITCTTCCCGATCTCTACGCATTTCACCGCTACACCGAGRATTCCCTCTA
CCCTTGAGCACTCTAGT
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S25-16
CTNTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGGTC
GACCTGCAGGCGGCCGCACTAGTGAllTACCITGITACGACTTCACCCCAGTCATGAAACCCAC
CGTGGTAAGCGCCCTCCTTGCGGTTAGGCTACCCACTTCTGGCAGAITCCACTCCCATGGTGTG
ACGGGCGGTGTGTACAAGACCCGGGAACGTATTCACCGCGACATGCTGATCCGCGAITACTAG
CGATTCCGGCITCATGGAGGCGAGITGCAGCCTCCAATCCGMTTGAGCTCAG I I  I  I  I GGGATT
TCCTCCACCTCGCGGITTCGGITCGTTCTGTACTGAGCATTGTAGTACGTGTGCAGCCCTAGCC
GTAAGGGCCATGCTGACITGACGTCATCCCCACCITCCTCCCCGllTCACAGGGCAGTCTGAAC
AGAGTGCTCGACCCGAAGGTCGGTGGciRACAGTTCACAGGGGTTGCGCTCGTTGCGGGACTTA
ACCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGITACGGITCTCTTTCG
AGCACTAAGCCATCTCTGGCGAATTCCGTACATGTCAAAGGTGGGTAAGG I I  I I I CGCGTTGCAT
CGAATTAAACCACATCATCCACCGCTTGTGCGGGTCCCCGTCAATTCcllTGAGTTTCAACCTTG
CGGCCGTACTCCCCAGGCGGTCAACITCACGCGITAGCTTCGITACTGAGTCAGTGAAGACCCA
ACAACCAGTTGACATCGllTAGGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACG
CTITCGTGCATGAGCGTCAGTACAGGTCCAGGGGATTGCCTTCGCCATCGGTGTTCCTCCN

S25-18
NNCTGGTCGAGCTCGGATCCCTAGTAACGGCCGCCAGTGTGCTGGAAITCGCCCITAGAGllTG
ATCNTGGCTCAGAACGAACGCTGGCGGCATGCCTMCACATGCAAGTCGAACGAGACCTTCGG
GTCTAGTGGCGCACGGGTGCGTMCGCGTGGGMTCTGCCCITGGGTCTGGMTAACAGTTAG
AAATGACTGCTAATACCGGATGATGACITCGGTCCAAAGATITATCGCCCAGGGATGAGCCCGC
GTCGGATTAGCTAGTTGGTGGGGTAAAAGCTCACCAAGGCGACAATCCGTAGCTGGTCTGAGAG
GATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAA
TATTGGACAATGGGCGAAAGCCTGGTCCAGCMTGCCGCGTGAGTGATGAAGGCCTTAGGGTT
GTAAAGCTCTllTACCCGGGATGATMTGACAGTACCGGGAGAATMGCCCCGGCTAACTCCGT
GCCAGCAGCCGCGGTMTACGGAGGGGGCTAGCGITGTTCGGMTTACTGGGCGTAAAGCGCA
CGTAGGCGGcllTGTMGITAGAGGTGAAAGCCCGGGGCTCAACTCCGGAGTTGCCTTTMGAC
TGCATCGCTAGAATTGTGGAGTGGTMGTGGAATTCCGAGTGTAGGGGTGAAATTCGTAGATAIT
CGGAAGAACACCAGTGGCGAAGGCGACTTACTGGACACATAITGACGCTGAGGTGCGAUIAGCG
TGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATGACTAGCTGTCG
GGGCGCITANCGITCCGGTGGCGCAGCTMCGCGITNAAGTCATCCGCCTGGGGAGTACGGCC
&GAAiefs;rTAAAAif:ICAAAiGAAA:FTG

S25-2
ANCTTTAGGTGANCTATAGAATACTCMGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGATTTACCITGTTACGACITCACCCCAGTCGCTAAGCCC
ACCGTGGTCGCCTGCCTCTCITGCGAGITAGCGCMCGCCITCGGGTGMCCCAACTCCCATG
GTGTGACGGGCGGTGTGTACAAGGccTGGGAACGTATTCAccGCGGCATGCTGATccGCGAn
ACTAGCGATTCCGCCTTCATGCTCTCGAGTTGCAGAGAACAATCCGAACTGAGACGGCTTTITG
GGAITAGCTCCCTCTCGCGAGGTGGCTGCCCACTGTCACCGCCATTGTAGCACGTGTGTAGCC
cAGccTGTMGGGccATGAGGACTTGACGTCATccccAccnccTccGGciTATCAccGGCGGT
TTCCTTAGAGTGCCCAACTGRATGATGGCMCTAAGGACGAGGGTTGCGCTCGITGCGGGACTT
AACCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCACCGCGTCCCCGRA
GGGAACCCCTGATCTCTCAGGGTAGCGCGGGATGTCAAAGGCTGGTMGGTTCTGCGCGITGC
TTCGMITAAAccACATGCTccAccGCTTGTGCAGGcccccGTCMTTCcTTirGAGTmMTCTT
GCGACCGTACTCCCCCGGCGGATAACTTAATGCGTTAGCTGCGCCACCCAGGCACCAAGTGCC
CGGACAGCTAGTTATCATCGTTTACGGCGTGGACTACCAGGGTATCTAAATCCTGTTTGCTCCCC
ACGciTTCGCACcTCAGCGTTAATAciTGTccAGTCAGTCGcccncGccACTGGGGTiTCTTcC
GAATATCTACCAAATITC
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S25-2B
NNCTGGTCGAGCTCGGATCCCTAGTAACGGCCGCCAGTGTGCTGGAATTCGCCCITAGAGTITG
ATCATGGCTCAGGATGAACGCTGGCGGTCTGCTTAACACATGCAAGTCGAACGGITGTAGAAAT
ACAGCAGTGGCGGACGGG.TGAGTAACGCGTGAGAATCTAGCITITGGTCGGGGTCAACCATTG
GAAACGGTGGCTAATACCGGATATGCCGCAAGGTGAAAGATTAATTGCCAAGAGAAGAGCTCGC
GTCTGAITAGCTAGITGGTMGGTAAAAGCTTACCAAGGCATCGATCAGTAGCTGGTCTGAGAG
GACGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
ATTTTCCGCMTGGGCGAAAGCCTGACGGAGCAAGACCGCGTGAGGGAGGAAGGCTCTTGGGT
CGTAAACCTCTITTGTCAGGGAAGAAAAAAATGACGGTACCTGAAGMTCAGCATCGGCTAACTC
CGTGCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAAITATTGGGCGTAAAGC
GTCCGCAGGTGGTTGTTCMGTCTGCTGTCAAAGAGTGTGGCTTAACCACATCAAGGCAGTGGA
AACTGMGAACTAGAGTGCTCAAGGGGTAGAGGGAATTCTCGGTGTAGCGGTGAAATGCGTAGA
GATCGGGAAGAACATCGGTGGCGAAAGCGCTCTACTGGAGAGCAACTGACACTCAGGGACGAA
AGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGT
GTGGCTTGTATCGACCCGAGCCGTGCCGMGCTAACGCGTTAAGTATCCCGCCTGGGGAGTAC
coNrx3r3AAir5ITc:ITGAAAICITCAAAiRif3AAITA

S25-31
GMCNTTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAITTACCTTGITACGACTTCACCCCAGTCGCTAAGCC
CACCGTGGTCGCCTGCCTCTCTTGCGAGTTAGCGCAACGCCTTCGGGTGAACCCAACTCCCATG
GTGTGACGGGCGGTGTGTACAAGGCCTGGGAACGTATTCACCGCGGCATGCTGATCCGCGAIT
ACTAGCGATTCCGCCTTCATGCTCTCGAGTTGCAGAGAACAATCCGAACTGAGACGGCTITITG
GGATTAGCTCCCTCTCGCGAGGTGGCTGCCCACTGTCACCGCCAITGTAGCACGTGTGTAGCC
CAGCCTGTAAGGGCCATGAGGACTTGACGTCATCCCCACCITCCTCCGGCTTATCACCGGCGGT
TTCCITAGAGTGCCCAACTGAATGATGGCAACTAAGGACGAGGGFTGCGCTCGFTGCGGGACIT
AACCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCACCGCGTCCCCGAA
GGGMCCCCTGATCTCTCAGGGTAGCGCGGGATGTCAAAGGCTGGTMGGITCTGCGCGITGC
TTCGAATTAAACCACATGCTCCACCGCITGTGCAGGCCCCCGTCAATTCCITTGAGTllTAATCTT
GCGACCGTACTCCCCAGGCGGATMCITAATGCGITAGCTGCGCCACCCAGGCACCAAGTGCC
CGGACAGCTAGTTATCATCGlllACGGCGTGGACTACCAGGGTATCTMTCCTGllTGCTCCCCA
CGcllTCGCACCTCAGCGTCAATACTTGTCCAGTCAGTCGCCTTCGC

S25-33
ANCNTTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGITGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGTTACGACTTCACCCCAGTCATGAATCAC
AAAGTGGTAAGCGCCCTCCCGAAGGTTAGACTACCTACTTCITTTGCMCCCACTCCCATGGTGT
GACGGGCGGTGTGTACMGGCCCGGGAACGTAITCACCGCGACATTCTGAITCGCGAITACTAG
CGATTCCGACTTCATGGAGTCGAGTTGCAGACTCCAATCCGGACTAGGACCGGCTTTATGGGAT
ITGCTTACITTCGCMGITCGCTGCCCTCTGTACCGGCCATTGTAGCACGTGTGTAGCCCTACCC
ATAAGGGCCATGATGACTTGACGTCGTCCCCACCTTCCTCCGGITTATCACCGGCAGTCTCCTTA
GAGiTCCcGCcATTACGCGCTGGCAACTAAGGACAAGGGTTGCGCTCGITACGGGAcnAAccc
MCATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTCTCGAGITCCCGIAGGCAC
TCCGCCATCTCTGGCAGAITCTCAAGCATGTCMGGGTAGGTAAGGTTCITCGCGITGCATCGA
ATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTl-TTMCCTTGCGG
CCGTACTCCCCAGGCGGTCAACITMTGCGTTAGCTGCGCCACTMCCCTGTAAATAGGGCCAA
CGGCTAGTTGACATCGTTTACGGCGTGGACTACcAGGGTATCTAATCCTGTlrTGCTAcCcACGc
TTTCGTACCTCAGCGTCAGTTCGAGTC
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S25-39
cTTTTAGGTGAccTATAGAATACTCAAGCTATGCATccAACGCGTrGGGAGCTCTcCCATATGGT
CGACCTGCAGGCGGCCGCACTAGTGATTAGAGITTGATCATGGCTCAGATTGAACGCTGGCGG
AATGCITTACACATGCMGTCGAACGGCAGCACGGACITCGGTCTGGTGGCGAGTGGCGMCG
GGTGAGTAATATATCGGAACGTATCCAATAATGGGGGATMCTAATCGAAAGGITGGCTAATACC
GCATACGCCCTGAGGGGGAAAGCTGGGGATCITCGGACCTAGCGTTGATGGAGCGGCCGATAT
CGGATTAGCTAGTTGGTGGGGTAAAGGCCCACCAAGGCGACGATCCGTAGCTGGTCTGAGAGG
ACGACCAGCCACACTGGRACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGMT
TITGGACAATGGGCGCMGCCTGATCCAGCCATTCCGCGTGAGTGAAGAAGGCCTTCGGGTTGT
AAAGCTCITTCGCAAGGGAAGAAACGATACTGGTGiRATAATCAGTGITAATGACGGTACCTTGAT
AAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCG
GMTTACTGGGCGTAAAGCGTGCGCAGGCTGll|TGTAAGTCAGATGTGAAATCCCCGAGCTCA
ACTTGGGAACTGCGllTGAAACTACAAGGCTAGAATAGGTCAGAGGGGGGTAGAAITCCACGTG
TAGCAGTGAAATGCGTAGAGATGTGGAGGAATATCAATGGCGAAAGCAGCCCCCTGGGATCATA
TTGACGCTCATGCACGAAAGCGTGGGGGAGCAAAACAGGATTAGATACCCTGGTAGTCCACGC
CCTAURACGATGT

S25-3B
CTGGTCGAGCTCGGATCCCTAGTAACGGCCGCCAGTGTGCTGGAAITCGCCCITAGAGTTTGAT
CCTGGCTCAGGATGAACGCTGGCGGTCTGCTTAACACATGCMGTCGAACGGCTGTAllTATAC
AGCAGTGGCGGACGGGTGAGTAACGCGTGAGAATCTAGCITTTGGTCGGGGACAACCATTGGA
AACGATGGCTAURTACCGGATGAGCCTTAGGGTAAAAGATTAAITGCCMGAGAAGAGCTCGCGT
CTGATTAGCTAGTTGGTAAGGTAAAAGCTTACCAAGGCATCGATCAGTAGCTGGTCTGAGAGGA
CGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATT
TTCCGCAATGGGCGAAAGCCTGACGGAGCAAGACCGCGTGAGGGAGGAAGGCTCITGGGTCGT
AAACCTcll|TGTCAGGGAAGAAAAAAATGACGGTACCTGAAGAATCAGCATCGGCTAACTCCGT
GCCAGCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATTAITGGGCGTAAAGCGTC
CGCAGGTGGITGTTCAAGTCTGCTGTCAAAGAGTGTGGCITAACCACATCAAGGCAGTGGAAAC
TGAAGAACTAGAGTGCTCAAGGGGTAGAGGGAATTCTCGGTGTAGCGGTGAAATGCGTAGAGAT
CGGGAAGAACATCGGTGGCGAAAGCGCTCTACTGGAGAGCAACTGACACTCAGGGACGAAAGC
TAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGTGTG
GCITGTATCGACCCGAGCCGTGCCGAAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACGCA
C;®f}AAisITC;ITGAAAicrrcAAAAir3AAA:rrA

S2541
GNNclllTNGTGACCTATAGAATACTCAAGCTATGCATCCMCGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTAGAGllTGATCATGGCTCAGAACGAACGCTGGC
GGCATGCCTAACACATGCAAGTCGMCGAGACCITCGGGTCTAGTGGCGCACGGGTGCGTMC
GCGTGGGAATCTGCCCTCGGGTTCGGAATAACAGITAGAAATGACTGCTAATACCGGATAATGA
CTTCGGTCCAAAGAITTATCGGCAAAGGATGAGCCCGCGTAGGATTAGCTTGTTGGTGAGGTAA
MGCTCACCAAGGCGACGATCCITAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGMTAITGGACAATGGGCGAMGCCTGA
TCCAGCAATGCCGCGTGAGTGATGAAGGCCTTAGGGITGTAAAGCTclll.TACCAGGGATGATA
ATGACAGTACCTGGAGAATAAGCTCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGG
GAGCTAGCGTTGITCGGAAITACTGGGCGTAAAGCGTACGTAGGCGGTTACTCAAGTCAGAGGT
GAAAGCCCGGGGCTCAACCCCGGAACTGCcllTGAAACTAGGTAGCTAGAATCTTGGAGAGGIT
AGTGGMTTCCGAGTGTAGAGGTGAAATTCGTAGATATTCGGAAGAACACCAGTGGCGAAGGCG
ACTAACTGGACAAGTATTGACGCTGAGGTACGAAAGCGTGGGGAGCAAACAGGNAITAGATACC
cTGGGTAGTccACGccGTAAACGATGATAACTAGCTGTccGGGccAcnGNTGciTGGGTGGc
GCCAGCTAACGCATTAAGTTNATCN
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S2542
ClllTGGTGNCCTATAGAATACTCMGCTATGCATCCRACGCGITGGGAGCTCTCCCATATGGTC
GACCTGCAGGCGGCCGCACTAGTGAITAGAGTITGATCCTGGCTCAGAACGAACGCTGGCGGC
ATGCCTAACACATGCAAGTCGAACGAGACCTTCGGGTCTAGTGGCGCACGGGTGCGTAACGCG
TGGGAATCAGCCCCTCGGITCGGAATAACAGITAGAAATGACTGCTAATACCGGATAATGACGA
MGTCCAAAGATITATCGCCGAGGGATGAGCCCGCGTAGGAITAGCTAGTTGGTGGGGTAAAGG
CCTACCAAGGCGACGATCCTTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
CGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCC
AGCAATGCCGCGTGAGTGATGAAGGCCITAGGGTCGTAAAGCTclllTACCCGGGATGATAATG
ACAGTACCGGGAGMTMGCCCCGGCTMCTCCGTGCCAGCAGCCGCGGTAATACGGAGGGG
GCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCACGTAGGCGGCTATTCAAGTCAGAGGTGA
AAGCCCGGGGCTCMCCCCGGAACTGCcllTGAAACTAGGTAGCTAGAATCTTGGAGGGGTCA
GTGGAATTccGAGTGTAGAGGTGAAAncGTAGATATTCGGAAGAACAccAGTGGCGAAGGCGA
CTGACTGGACAAGTATTGACGCTGAGGTGCGAAAGCGTGGGGGAGCAAACAGGATTAGATACC
CTGGTAGTCCACGCCGTAAACGATGATAACTAGCTGITCGGGTACTTGGTATCTGAGTGGCGCA
GCTAACGCATTAAGITATCCGCCTGGGM

S254B
AACTGGTACGAGCTCGGATCCACTAGTAACGGCCGCCAGTGTGCTGGRATTCGCCCTITACCIT
GITACGACTTCACCCCAGTCATCAGCCCTGCCTTCGGCATCCTCCTCCTCGAAAGGTTAGAGTA
ATGACITCGGGCGTGGCCAACTTCCATGGTGTGGCGGGCGGTGTGTACAAGGCCCGGGAACG
GAITCACCGCAGTATGCTGACCTGCGAITACTAGCGATTCCGCCITCATGCAGGCGAGTTGCAG
CCTGCAATCTGAACTGAGGCAGGGTTTACGGGAITAGCTCGCCCTCGCGGGTTGGCTGCCCTC
TGTCCCTACCATTGTAGTACGTGTGTAGCCCAGGACGTAAGGGGCATGCTGACITGACGTCATC
CCCACCTTCCTCCGGllTGTCACCGGCAGTCTGlllAGAGTGCCCAACTTAATGATGGCAACTAA
ACACGAGGGTTGCGCTCGITGCGGGACTTAACCCMCATCTCACGACACGAGCTGACGACAGC
CATGCACCACCTGTGTTCGCGCTCCCGAAGGCACTCTTCCCTITCAAGAAGATTCGCGACATGT
CAAGTCCTGGTAAGGITCITCGCGITGCATCGRATTAAACCACATACTCCACCGCTTGTGCGGG
CCCCCGTCAATTCcllTGAGITTCACACTTGCGTGCGTACTCCCCAGGCGGGATACITMCGCG
TTAGCTACGGCACTGTCCGGGTCGATACAGACAACACCTAGTATCCATCGITTACGGCTAGGAC
TACTGGGGTATCTAATCCCATTCGCTCCCCTAGCTTTCGTCCCTGAGTGTCAGTTATGGTCCAGC
AAAGCGCCITCGCCACCGATGTTCTTCCTGATCTCTACGCATITCACCGCTACACCAGGAATT

S25-5B
CTGGTCGAGCTCGGATCCCTAGTAACGGCCGCCAGTGTGCTGGAAITCGCCCITAGAGTITGAT
CCTGGCTCAGGATGMCGCTGGCGGTCTGCTTMCACATGCAAGTCGAACGGAGTAGCAATACT
TAGTGGCGGACGGGTGAGTMCGCGTGAGAATCTAGCITCAGGACGGAGACAACAGTTGGAAA
CGACTGCTAACCCCCGATGTACCGAAAGGGAAAATAllTATAGCCTGAAGATGAGCTCGCGTCC
GATTAGCTAGTTGGAGAGGTAAAAGCTCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGAC
GATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTT
TCCGCAATGGGCGAAAGCCTGACGGAGCAAGACCGCGTGGGGGMGMGGCTCITGGGTTGTA
AACCcclllTCTCTGGGMGAACACAATGACGGTACCAGAGGMTCAGCATCGGCTAACTCCGT
GCCAGCAGCCGCGGTAAGACGGAGGATGCAAGCGITATCCGGAATGATTGGGCGTAAAGCGTC
CGCAGGTGGCAGITCAAGTCTGCTGTCAAAGACCGGGGCTTAACCTCGGAAAGGCAGTGGAM
CTGAACAGCTAGAGTATGGTAGGGGCAAAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAG
ATCAGGAAGAACATCGGTGGCGAAGGCGCTITGCTGGACCATAACTGACACTCAGGGACGAAA
GCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGTG
ITGTCTGTGTCGACCCGGACAGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAGTACG
C
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S256B
GAACTGGACGAGCTGGATCCACTAGTAACGGCCGCCAGTGTGCTGGAATTCGCccllTACCTTG
TTACGACTTCACCCCAGTCATCAGCCCTGCCTTCGGCATCCTCCTCCTCGAAAGGTTAGAGTAAT
GACTTCGGGCGTGGCCAACTTCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGMCGGAT
TCACCGCAGTATGCTGACCTGCGAITACTAGCGAITCCGCCITCATGCAGGCGAGTTGCAGCCT
GCAATCTGAACTGAGGCAGGGTTTACGGGAITAGCTCGCCCTCGCGGGTTGGCTGCCCTCTGT
CCCTACCATTGTAGTACGTGTGTAGCCCAGGACGTMGGGGCATGCTGACITGACGTCATCCCC
ACCTTCCTCCGGllTGTCACCGGCAGTCTGTTTAGAGTGCCCAACITAATGATGGCAACTAAACA
CGAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAGCCAT
GCACCACCTGTGITCGCGCTCCCGAAGGCACTCTTCCCITTCAAGAAGATTCGCGACATGTCAA
GTCCTGGTAAGGTTCTTCGCGITGCATCGAATTAAACCACATACTCCACCGCTTGTGCGGGCCC
CCGTCMTTCCTTTGAGTTTCACACTTGCGTGCGTACTCCCCAGGCGGGATACTTMCGCGITAG
CTACGGCACTGTCCGGGTCGATACAGACAACACCTAGTATCCATCGITTACGGCTAGGACTACT
GGGGTATCTAATCCCATTCGCTCCCCTAGcllTCGTCCCTGAGTGTCAGITATGGTCCAGCAAAG
CGCCTTCGCCACCGGTGGTTCTTCCTGATCTCTACGCATITCACCGCTACACCAGGAATTCCCTT
TGCCCCTA

S25-7B
AACTGGACGAGCTGGATCCACTAGTAACGGCCGCCAGTGTGCTGGAAITCGCCCITTACCTTGT
TACGACITCACCCCAGTCGCTGATCCCACCGTGGTCAGCTGCCTCCTTGCGGITAGCGCACTGC
CTTCGGGTGAAACCAACTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCTGGGAACGTAITC
ACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCGCCITCATGCTCTCGAGTTGCAGAGAAC
AATCCGAACTGAGACGGCTTTTGGAGATTAGCTCACCCTCGCGAGllTGCTGCCCACTGTCACC
GCCATTGTAGCACGTGTGTAGCCCAGCGTGTAAGGGCCATGAGGACTTGACGTCATCCCCACCT
TCCTCCGGCTTATCACCGGCGGTTTCCTTAGAGTGCCCAACTTAATGATGGCAACTMGGACGA
GGGITGCGCTCGITGCGGGACTTAACCCAACATCTCACGACACGTGCTGACGACAGCCATGCA
GCACCTGTCACCGCGTCCCCGMGGGAACCCCAAATCTCTCTGGGTAGCGCGGGATGTCAAAC
GCTGGTMGGTTCTGCGCGTTGCTTCGAAITAAACCACATGCTCCACCGCTTGTGCAGGCCCCC
GTCAATTcciTrGAGllTrMTCTTGCGACCGTACTCcCCAGGCGGATRACITAATGCGTTAGCT
GCGTCACTCAGTCACCMGTGCCCGGACAGCTAGITATCATCGTTTACGGCGTGGACTACCAGG
GTATCTAATCCTGITTGCTCCCCACGCTITCGTACCTCAGCGTCAGTACITGTCCAGTTAGTCGC
CFTCGCCACTGGTGITCITCCGMTATCTACGAAllTCACCTCTACACT
CGGAAATTCCACTAACCTCTCCAAGACTCTAGTTATCT

S25-8B
ANCTGGTCGAGCTCGGATCCCTAGTAACGGCCGCCAGTGTGCTGGAATTCGCCCTTAGAGllTG
ATCATGGCTCAGAACGAACGCTGGCGGCATGccTMCACATGCAAGTCGAACGAGAccncGG
GTCTAGTGGCGCACGGGTGCGTAACGCGTGGGAATCTGccciiTGcncGGAATAACAGTTAGA
AATGACTGCTAATACCGGATGATGTCTTCGGACCAAAGAITTATCGGCAAAGGATGAGCCCGCG
TAGGATTAGGTAGITGGTGGGGTAAAGGCCTACCAAGCCGACGATCCTTAGCTGGTCTGAGAGG
ATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
ATTGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGAGTGATGAAGGCCTTCGGGTCG
TAAAGCTc-niTAccAGGGATGATAATGACAGTAccTGGAGMTAAGCTccGGCTMCTccGTGc
CAGCAGCCGCGGTMTACGGAGGGAGCTAGCGITGTTCGGMTTACTGGGCGTAAAGAGTACG
TAGGCGGTTATTCAAGTCAGAGGTGAAAGCCCGGGGCTCAACCCCGGAACTGCCTl-TGAAACTA
GATMCTAGAGTCTTGGAGGGGTTAGTGGMTTCCGAGTGTAGAGGTGAAATTCGTAGATAITC
a_J3_fy_G.Aryfflp£_Nf5!ppoGAAIsfsoGAir:ITAAir:rreeNr:AAiG;ITAiclGAirjf3cITGAi®GfITieiri;i:iefjisrr
GGGGAGCAAACAGGAITAGATACCCTGGTAGTCCACGCCGTAAACGATGATRACTAGTTGTTCG
GTCACITGGTGACTGAGTGACGCAGCTMCGCATTMGTTATCCGCCTGGGGAGTACCGTCGCA
AGATTAAAACTCAAGGAATTGACGGGGGC
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S25-9B
AACTGGTACGAGCTCGGATCCACTAGTAACGGCCGCCAGTGTGCTGGAATTCGCCCTITACCTT
GTTACNACITCACCCCAGTCACCAGCCCTGCCTTCGGCATCCCCCTCCTCGAAAGGTTAGGGTA
ACGACTTCGGGCGTGGCCAGCTTCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACG
GATTCACTGCAGTATGCTGACCTGCAATTACTAGCGATTCCTCCTTCACGCAGGCGAGTTGCAG
CCTGCGATCTGAACTGAGCCACGGTTTCTGGGAITGGCITGCATTCGCATGCTTGCTGCCCITT
GTCCGTAGCATTGTAGTACGTGTGTCGCCCAGGGCGTMGGGGCATGCTGACTTGACGTCATCC
CCACCTTCCTCCGGTITGTCACCGGCAGTCTCCCTAGAGTGCCCMCTTAATGCTGGCAACTAA
GGACGAGGGTTGCGCTCGITGCGGGACITAACCCAACATCTCACGACACGAGCTGACGACAGC
CATGCACCACCTGTGTTCGCGCTCCCGAAGGCACTCTCCccllTCAAGCAGATTCGCGACATGT
CAAGCCCTGGTAAGGTTCTTCGCGITGCATCGAATTAAACCACATACTCCACCGCITGTGCGGG
CCCCCGTCAATTCCTITGAGllTCACACTTGCGTGCGTACTCCCCAGGCGGGATACTTAACGCG
TTAGCTTCGGCACGGCTCGGGTCGATACAAGCCACACCTAGTATCCATCGITTACGGCTAGGAC
TACTGGGGTATCTMTCCCAITCGCTCCCCTAAGCITTCGTCCCTGAGTGTCANTTGCTCTCCAG
TAAAAGCGCTITCGNCACCGAATGITCTTTCCCNGATTCTCTACGGANTITCACCGCTACAACCG
AAAAATTCCCTCNNANCCCITGMCACTCTANNITCTTNAGTTIT

S50-22
GAAGCTNTrAGGTGANCNTATAGAATACTCAAGCTATGCATccAACGCGiTGGGAGCTCTccCAT
ATGGCTCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGITACGACTTCACCCCAGTCACTG
AGCCGACCGTGGTTGGCTGCCTCCAITGCTGGTTGGCGCACCACCTTCGGGTAGACCCAATTC
CCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGTGGCATGCTGATCCA
CGAITACTAGCGATTCCMCTTCATGGGCTCGAGTTGCAGAGCCCAATCCGAACTGAGACGGCT
ITTTGAGAllTGCGMGGGTTGCCCCITAGCGTCCCATTGTCACCGCCATTGTAGCACGTGTGTA
GCCCAGCCCGTAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCGCGGCTTATCACCG
GCAGTCTCCTTAGAGTGCTCAACTGAATGGTAGCAACTAAGGACGGGGGTTGCGCTCGITGCG
GGACTTAACCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACTGTGTTCCGGGCTC
CGAAGAGAAGGTCACATCTCTGCGACCGGTCCCGGACATGTCAAGGGCTGGTMGGITCTGCG
cGiTGCNTCNAAITAAAccACATGCTcCAccGCTTGTGCGGGcCcccGTCAAAnccTiTGAGn
TTAAATCITGCGACCGTACTCCNCCAAGGCGGAATGNTNAAAANCGTTANCTGCCCCACTAGTG
AATTAAACCCNACTAAANGGCCTGGCAAllTCATCNNTTAANGNNGTGNACTACCCANNGGTAAT
CNAAATTCCTGllTGNNTCNCCAACANCCNTITCNNNGNCCNTNAAAAGNCNANAAAllTNNNAA
NNAATNAANNCCACCTNCCCAAACTGGTNGllTNNTTGC

S506B
GNANCTNITAGGTGAACTATAGRATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATA
TGGTCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGTTACGACTTCACCCCAGTCATGAAT
CATACCGTGGTCAGCMCCTCcllTCGGTTAGTCGACTGGCTTCTGGTATCACCCACTCCCATG
GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTAITCACCGCGGCGITCTGATCCGCGATT
ACTAGCGAITCCAACITCATGGAGTCGAGITGCAGACTCCMTCCGGACTACGiIAGCGITTITCA
GGATTGGCTCCCCCTCGCGGGTTGGCTTCCCTCTGTTCGCCCCATTGTAGCACGTGTGTAGCCC
TACCCATAAAGGCCATGATGACITGACGTCGTCCCCACCTTCCTCCGGllTGTCACCGGCAGTC
TGCITCGAGITCCGCcllTCGGCATGGCAACGAAGCACMGGGTTGCGCTCGITACGGGACTTA
ACccMCATCTCACGACACGAGCTGACGACAGccATGCAGCAccTGTCTCTTAGTTCclrTTCGG
CACTCCCATCTCTTAAACGGGATTCTAAGGATGTCMGGGTAGGTAAGGITCITCGCGTTGCACC
GAAnAAAccACATGCTccAccGCTTGTGCGGGcccccGTCAATTccTiTGAG.TTiTAAccTTGc
GGCCGTACTCCCCAGGCGGAGMCITMCGCGTTAGCITCGCTACGCACACGGTTTMCCCGCA
CGCACAGCCAGTTCTCATCGTITACAGCGTGGACTACCAGGGTATCTMTCCTGTTTGCTCCCCA
cGciiTCGCAccTCAGTGTCAGTCTGGMcccAGGCAGTCGccTTCGccACTGGCGnc
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S50-7B
ANCNTTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGAITTACCITGTTACGACTTCACCCCAGTCACTGACCAT
ACTGTGGCCGGCTTCCTCCCTTGCGGGITAGAACACCGTCTTAAAGTATGACCAAITCCCATGG
TGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTAITCACCGCTACCTGCTGAITAGCGATTAC
TAGCGATTCCAACITCATGCACTCGAGTTGCAGAGTGCMTCTGAACTGAGATGGCTTTTAGAGA
ITAGCTTGGCATCACTGCCTCGCTGCCCACTGTCACCACCATTGTAGCACGTGTGTAGCCCTAC
CCGTAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGCTTATCACCGGCAGTCCCT
CTAGAGTGCCCAACTGAATGATGGCAACTAAAGGCMGGGTTGCGCTCGTTGCGGGACITAACC
CAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGITCGCGGCTCCGMGAGA
AGGTCACATCTCTGCGACCGGTCCACGACATGTCAAGGGTAGGTMGGTTCTGCGCGTTGCITC
GRATTAAAccACATGCTccAccGcnGTGCGGGcccccGTCAATTcciiTGAGiiiTAATCTTGc
GACCGTACTCCCCAGGCGGAGAGCTTAATGCGITAGCTGCGCCACTGAGTGGTAAACCACCCA
ACGGCTAGCTCTCATAGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACG
CTTTCGCACCTCAGCGTCAGTATCGGACCAAGTGAGCCGCCTTCGCCACCGGTGITCTTCCAAA
TATCTACNA

S50-8B
ANCTNITAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTTACCITGTTACGACITCACCCCAGTCATGAIRTCA
TACCGTGGTCAGCAACCTCCTITCGGTTAGTCGACTGGCITCTGGTATCACCCACTCCCATGGT
GTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGITCTGATCCGCGATTAC
TAGCGATTCCMCTTCATGGAGTCGAGTTGCAGACTCCMTCCGGACTACGAAGCG I  I -I  I I GAG
GATTGGCTCCCCCTCGCGGGTTGGCTTCCCTCTGTTCGCCCCATTGTAGCACGTGTGTAGCCCT
ACCCATAAAGGCCATGATGACTTGACGTCGTCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCT
GCTTCGAGITCCGCcllTCGGCATGGCAACGAAGCACAAGGGITGCGCTCGITACGGGACITAA
CCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCTCTTAGTTCcllTCGGC
ACTCCCATCTCITAAACGGGATTCTAAGGATGTCAAGGGTAGGTAAGGITCITCGCGTTGCATCG
MTTAAACCACATGCTCCACCGCITGTGCGGGCCCCCGTCAATTCcllTGAGlllTMCCITGCG
GCCGTACTCCCCAGGCGGAGAACITMCGCGTTAGCTTCGCTACGCACACGGllTAACCCGCAC
GCACAGCCAGTTCTCATCGTTTACAGCGTGGACTACCAGGGTATCTAATCCTGllTGCTCCCCAC
GcllTCGCACCTCAGTGTCAGTCTGGACCCAGGCAAGTCGCCTTCGCCACTGGTGITCTTTCCG
ATCTCTACGCATTTCACCGCTACGCCGGAAAITCCACTGNCCT

S50-12
NNclllTGGTGNCCTATAGAATACTCAAGCTATGCATCCMCGCGTTGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGAITAGAGITTGATCATGGCTCAGMCGAACGCTGGCG
GCATGCCTMCACATGCAAGTCGAACGAGACCTTCGGGTCTAGTGGCGCACGGGTGCGTAACG
CGTGGGRATCTGCccllTGCITCGGGATAACAGTTAGAAATGACTGCTMTACCGGATGATGTCT
TCGGACCAAAGATTTATCGGCAAAGGATGAGCCCGCGTAGGAITAGGTAGTTGGTGGGGTAAAG
GCCTACCMGCCGACGATCCITAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATC
CAGCAATGCCGCGTGAGTGATGAAGGCCTTCGGGTCGTAAAGCTcllTTACCAGGGATGATAAT
GACAGTACCTGGAGAATAAGCTCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGA
GCTAGCGTTGITCGGAATTACTGGGCGTAAGGAGTACGTAGGCGGTTATTCAAGTCAGAGGTGA
AAGCCCGGGGCTCAACCCCGGMCTGCcllTGAAACTAGGTAACTAGAGTCTTGGAGAGGTTAG
TGGAAITCCGAGTGTAGAGGTGAAATTCGTAGATAITCGGAAGAACACCAGTGGCGAAGGCGAC
AAACTGGACAAGTACTGACGCTGAGGTACGAGAGCGTGGGGAGCAAACAGGAITAGATACCCT
GGTAGTCCACGCCGTAAACGATGATAACTAGITGTTCGGTCACITGGTC
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S50-15
GMNCNITAGTGANCTATAGAATACTCMGCTATGCATCCMCGCGITGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGITACGACTTCACCCCAGTCACTGAGCC
GACCGTGGTTGGCTGCCTCCTATTGCTAGGITGGCGCACCACCITCGGGTAGACCCAATTCCCA
TGGTGTGACGGGCGGTGTGTACMGGCCCGGGAACGTATTCACCGCGTCATGCTGITACGCGA
TTACTAGCGAITCCGACITCATGGGGTCGAGTTGCAGACCCCAATCCGMCTGAGACGGCTTTT
TGGGATTAACCCATTGTCACCGCCACTGTAGCACGTGTGTAGCCCMCCCGTAAGGGCCATGAG
GACITGACGTCATCCACACCTTCCTCCGGCITATCACCGGCAG I -I  I  I I CTAGAGTGCCCAACTGA
ATGATGGCAACTAAAAATGTGGGITGCGCTCGTTGCCGGACTTMCCGAACATCTCACGACACG
AGCTGACGACAGCCATGCAGCACCTGTGTGGCGTCCAGCCGAACTGAAAGAACCATCTCTGGT
CCCGCGACGCCCATGTCMGGGITGGTAAGGTTCTGCGCGITGCTTCGAATTAAACCACATGCT
CCACCGCITGTGCGGGCCCCCGTCAAITCCTTTGAGllTTAACCTTGCGGCCGTACTCCCCAGG
CGGAATGCTTAATCCGITAGGTGTGTCACCGAACAGCATGCTGCCCGACGACTGGCATTCATCG
TTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCACCTCAGCGT
CAGTATCGAGCCAGTGAGCCGCCTA

S50-16
GAANCATTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGNITGGGAGCTCTCCCATA
TGGNTCGACCTGCAGGCGGCCGCACTAGTGAITTACCTTGNTTACGACTTCACCCCAGNTCGCT
GATCCCACCGATGGTCAGCTGCCTCCITGCGGTTAGCGCACTGCCTTCGGGTGAAACCAACTCC
CATGGTGTGACGGGCGGTGTGTACAAGGCCTGGGAACGTATTCACCGCGGCATGCTGATCCGC
GATTACTAGCGAFTCCGCCITCATGCTCTCGAGITGCAGAGAACAATCCGAACTGAGACGGCTTT
TGGAGATTAGCTCACCCTCGCGAGTITGCTGCCCACTGTCACCGCCATTGTAGCACGTGTGTAG
CCCAGCCTGTAAGGGCCATGAGGACTTGACGTCATCCCCACCITCCTCCGGCITATCACCGGCG
GTITCCITAGAGTGCCCAACTGAATGATGGCAACTMGGACGAGGGTTGCGCTCGFTGCGGGAC
ITAACCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCACCGCGTCCCCGA
AGGGAACTCCAAATCTCTCTGGATAGCGCGGGATGTCAAAGGCTGGTAAGGITCTGCGCGTTGC
ITCGAATTAAACCACATGCTCCACCGCTTGTGCAAGCCCCCGTCMTTCcllTGAGllTTAATCIT
GCGACCGTACTCCCCAGGCGGATMCTTAATGCGITAGCTGCGCCACCCAGATACCAAGTACCC
GGACAGCTAGFTATCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCAC
GCITA

S50-18
CATTAGGGANCTATAGMTACTCMGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGGTC
GACCTGCAGGCGGCCGCACTAGTGATITACCITGTTACGACTTCACCCCAGTCGCTGACCCTAC
CGTGGTCGGCTCTCTCCCTITCGGGTTAAGGCACCGGCTTAAGGTAAAACCAACTCCCATGGTG
TGACGGGCGGTGTGTACAAGGCCCGTGAACGTATTCACCGCAGCATGCTGATCTGCGATTACTA
GCGATTCCAACITCATGCCCTCGAGTTGCAGAGGACAATCCGAACTGAGATGGTcllTAAAGGA
TTTGCTCAGGATTGCTCCGTCGCTACCCGTTGTTACCACCATTGTAGTACGTGTGTAGCCCAGCC
CATAAGGGCCATGAGGACITGACGTCATCCCCACCITCCTCCGGCTTATCACCGGCAGTTCCAT
TAGAGTGCCCAGCCAACCTGATGGCAACTMTGATGAGGGITGCGCTCGITGCGGGACTTAACC
CMCATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTGTGACCCGGCCGAACCG
AAGGAAATCATCTCTGATCTCCAAAATCACCATGTCAAGAGCTGGTAAGGTTTTTCGCGITGCTT
CGAATTAAACcACATACTccAccGCTTGTGCGGGccCccGTCAAnccTTTGAGTTiTAATCTTG
CGACCGTACTCCCCAGGCGGAGTGCTTAATGCGITAGCTGCGACACTGATGMTTCCTTCACCA
ACATCTAGCACTCATCGTITACAGCGTGGACTACCAGGGTATCTAATCCTGTITGCTCCCCACGC
mcGCGccTTAG
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S50-9
GAANCTTTTNGGTGNCCCTATAGAATACTCAAGCTATGCATCCAACGCGITGGGAGCTCTCCCAT
ATGGCTCGACCTGCAGGCGGCCGCACTAGTGAITAGAGTTTGATCATGGCTCAGAACGAACGCT
GGCGGCAGGCITAACACATGCAAGTCGAACGCGTGTAGCAATACACGAGTGGCGCACGGGTGA
GTAACGCGTGGATATCTGCclllTGGTTCGGAATAACCCCGGGAAACTGGGGCTAATACCGGAT
GGTTCCITCGGGATAAAGATITATCGCCAAAAGATGAGTCCGCGTCCGAITAGCTTGITGGTGA
GGTMTGGCTCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATACTGGACAATGGGCGAAAG
CCTGATCCAGCMTGCCGCGTGAGTGATGMGGCCTTAGGGTCGTAAAGCTCTTTTACCCGGGA
TGATMTGACAGTACCGGGAGAATAAGCCCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATAC
GGAGGGGGCTAGCGTTGITCGGAAITACTGGGCGTAAAGCGCACGTAGGCGGCTATTCAAGTC
AGAGGTGAAAGCCCGGGGCTCAACCCCGGAACTGCcllTGAAACTAGGTAGCTAGAATCTTGGA
GAGGTCAGTGGAITTCCGAGTGTAGAGGTGAAATTCGTAGATAITCGGMGAACACCAGTGGCG
AAGGCGACTGACTGGACAAGTATTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGAITA
GATACCCTGGTAGTCCACGCCGTAAACGATGATMCTAGCTGITCGGGTAC

S50-10
GNNclllTGGTGNCCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAITAGAGTITGATCATGGCTCAGGATGAACGCTGGC
GGTCTGCTTAACACATGCAAGTCGAACGGCTGTAllTATACAGCAGTGGCGGACGGGTGAGTRA
CGCGTGAGAATCTAGclllTGGTCGGGGACAACCATTGGAAACGATGGCTAATACCGGATGAGC
CTTAGGGTAAAAGAITMTTGCCAAGAGAAGAGCTCGCGTCTGAITAGCTAGTTGGTGAGGTAAA
GGCTCACCAAGGCATCGATCAGTAGCTGGTCTGAGAGGACGATCAGCCACACCGGGACTGAGA
CACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGMTTTTCCGCAATGGGCGAAAGCCTGAC
GGAGCAAGACCGCGTGAGGGAGGAAGGCTCTTGGGTCGTAAACCTcllTTGTCAGGGAAGAAA
AAAATGACGGTACCTGAAGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGA
GGATGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGTCCGCAGGTGGTTGTTCAAGTCTGCT
C5ITCAAAiGNf5ITGrr®Bf:mAAic;cAicAICANB®K}AiGITer3AAAir:ITGAAir3AAicITNGNrsrr®clcAAi®rs®r3
TAGAGGGAATTCTCGGTGTAGCGGTGAAATGCGTAGAGATCGGGAAGAACATCGGTGGCGAAA
AGCGCTCTACTGGAGAGCAACTGACACTCAGGGACGAAAGCTAGGGGAGCGAATGGGAITAGA
TACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGTGTGGCITGTATCGACCCCGAGCCGT
GCCGAAGCTAACGCGFTAAGTATCCCGCCTGG

S50-13
ANCITITAGGTGANCTATAGAATACTCAAGCTATGCATCCMCGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAllTACCITGTTACGACITCACCCCAGTCTCTAAACC
CACCGTGGTCAGCTGCCTCCTTGCGGITAGCGCACTGCCTTCGGGTGAATCCAAATCCCATGGT
GTGACGGGCGGTGTGTACAAGGCCTGGGMCGTATTCACCGCGGCATGCTGATCCGCGAITAC
TAGCGAITCCGCCTTCATGCTCTCGAGTTGCAGAGAACAATCCGAACTGAGATGACITTTGGAGA
ITAGCTCACCCTTGCGGGGTCGCTGCCCACTGTAGTCACCATTGTAGCACGTGTGTAGCCCAGC
GCGTAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGCTTATCACCGGCGGITCCT
ITAGAGTCCcciIACTAAATGATGGTMCTAAAGGCGAGGGTTGCGCTCGITGCGGGACTTMCC
CAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTGTAGGTCCCCGMGGGA
AGAAATCCATCTCTGGAAGTCGTCCTACCATGTCAAACGCTGGTAAGGTTCTGCGCGTTGCTTC
GMITAAACCACATGCTCCACCGCTTGTGCAGGCCCCCGTCMTTCcllTGAGlllTAATCITGC
GACCGTACTCCCCAGGCGGATAACTTMTGCGITAGCTGCGCCACTCAAGCTCTMGAGCCCGA
ACAGCTAGTTATCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTITGCTCCCCACGC
TTTCGCACCTCAGCGTCAATACATGTCCAGTGAGCCGCCNTTCGCCACTGGTGTTCITCCGAATA
TCTACGAATllTCACCTCTAT
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S50-3
GANCNTTAGGTGIACTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAllTACCITGTTACGACTTCACCCCAGTCTCTAAACC
CACCGTGGTCAGCTGCCTCCTTGCGGTTAGCGCACTGCCTTCGGGTGAATCCAAATCCCATGGT
GTGACGGGCGGTGTGTACAAGGCCTGGGAACGTAITCACCGCGGCATGCTGATCCGCGAITAC
TAGCGATTCCACCITCATGCTCTCGAGTTGCAGAGAACAATCCGAACTGAGACGGCTllTGGAG
ATTAGCTACCGGTCGCCCGGTTGCTGCCCACTGTCACCGCCATTGTAGCACGTGTGTAGCCCAG
CGTGTAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGATTATCACCGGCAGTTTC
TTTAGAGTGCCCAACTGAATGATGGCAACTAAAGACGAGGGTTGCGCTCGITGCGGGACTTAAC
CCMCATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCACTAATCCAGCCGAACTG
MGGAAACCATCTCTGGAATCCGCGAITAGGATGTCAAACGCTGGTAAGGTTCTGCGCGTTGCT
TCGAATTAAACCACATGCTCCACCGCTTGTGCAGGCCCCCGTCAATTCcllTGAGlllTAATCIT
GCGACCGTACTCCCCAGGCGGATAACTTAATGCGTTAGCTGCGCCACTCAGTCTCGTAGAGACC
GAACAGCTAGITATCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGNTTGCTCCCAce
CTTTTNTTACCTCAANGTCAAAAAANGTCCNAGTTAATCNCCTTCCCCACTGGNGGITNCTCCNA
AAAATCTMNAAATTTCNCCTCTACNCCTCGGRATN

S504
GNANCNNTTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCAT
ATGGTCGACCTGCAGGCGGCCGCACTAGTGAITTACCTTGTTACGACTTCACCCCAGTCATCAG
CCCTACCTTCGGCGTCCTCITCCTTGCGGITAGAGTAACGACTTCGGGCGTGACCAACTCCCAT
GGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGGATTCACCGCAGTATGCTGACCTGCGAT
TACTAGCGATTCCGCCITCATGCAGGCGAGTTGCAGCCTGCAATCTGAACTGAGGCAGGGTTTA
CGGGATTAGCTCGCCCTCGCGGGTTGGCTGCCCTCTGTCCCTACCATTGTGGTACGTGTGTAGC
CCAGGACGTMGGGGCATGCTGACTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAG
TCTGTTTAGAGTGCCCAACTTAATGATGGCMCTAAACACGAGGGTTGCGCTCGTTGCGGGACT
TAACCCAACATCTCACGACACGAGCTGACGACAGCCATGCACCACCTGTGITCGCGCTCCCGAA
GGCACTCTTCCCTTTCAAGMGATTCGCGACATGTCAAGTCCTGGTAAGGTTCITCGCGTTGCAT
CGAAITAAACCACATACTCCACCGCTTGTGCGGGCCCCCGTCAATTCcllTGAGllTCACACTTG
CGTGCGTACTCCCCAGGCGGGATACITAACGCGFTAGCTACGGCACTGTCCGGGTCGATACAG
ACAACACCTAGTATCCATCGTTTACGGCTAGGACTACTGGGGTATCTAATCCCATTCGCTCCCCC
TAGCTTTCGTCCCTGAGTGTCAGTTATGGTCCAGCAAAGCGCCTTCGCCACCGATGTTCTTCCTG
ATCTCTACGCAITCCACCGCTACACCNAGGAAATTCCCCTITN

S50-5
NGCTTTTGGTGACCTATAGMTACTCMGCTATGCATCCAACGCGTTGGCIAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGATTAGAGITTGATCATGGCTCAGATTGMCGCTGGCGG
CATGCCTTACACATGCAAGTCGAACGGCAGCACGGGAGCAATCCTGGTGGCGAGTGGCGAACG
GGTGAGTAATATATCGGAACGTGCCCAGTCGTGGGGGATAACGTAGCGAAAGCTACGCTAATAC
CGCATACGATCTACGGATGAAAGCGGGGGACTCGTMGAGCCTCGCGCGATTGGAGCGGCCGA
TATCAGATTAGGTTGITGGTGAGGTAAAAGCTCACCAAGCCTGCGATCTGTAGCTGGTCTGAGA
GGACGACCAGCCACACTGGMCTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGG
MTTITGGACMTGGACGCAAGTCTGATCCAGCAATGCCGCGTGCAGGACGAAGGCCITCGGGT
TGTAAACTGCTTITGTACGGMCGAAACGGTCTGCTTTMTACAGTGGGCTAATGACGGTACTGG
MGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTMT
CGGMTTACTGGGCGTAAAGCGTGCGCAGGCGGTCCGTTAAGACAGTTGTGAAAGCCCCGGGC
ITMCCTGGGAACTGCAAITGTGACTGACGGGCTAGAGTGTGTCAGAGGGGGGTGGMTTCCAC
GTGTAGCAGTGAAATGCGTAGAGATGTGGAGGAACACCGATGGCGAAGGCAGCCCCCTGGGAT
A:f!_C_Nf_ITft+!0_rs_I:I_C_A_:_IT_PPA!P£AANBrx;IT®r3r3GAiBCAAAicNryr3NInNr3AINrjryr:rier:rrNRIrfcieAic
GCCCTAAACGATGTCNACTGGTTGTTGGATGGGT
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S50-1
GNTCCTCGGCTCAGGATTGAACGCTTGGCGGTATGCCTMCACATGCAAGTCGAACGGAGTTCT
TCGGAACTAAGTGGCGGACGGGTGAGTMCGCGTGAGAATCTGCCITCAGGGTGGGGACAACA
GTGAGAAATCGCTGCTAAAACCCAATGTGCCGAGAGGTGAAATACTTGTAGCCTGAAGAGGAGC
TCGCGTCCGAFTAGITAGITGGTGGGGTAAAAGCCTACCAAGGCAGCGATCGGTAGCTGGTCTG
AGAGGATGAGCAGCCACACTGGGACTGAGACACGGCCCANACTCCTACGGGAGGCAGCAGTG
GGGAAITITCCGCAATGGGCGCAAGCCTGACGGAGCAATACCGCGTGAGGGAGGAAGGCTCTT
GGGTCGTAAACCTclllTCTTAGGGAAGRACACAATGACGGTACCTMGGAATCAGCATCGGCT
MCTCCGTGCCANCAGCCGCGGTAATACGGAGGATGCAAGCGTTATCCGGAATGAITGGGCGN
AAAGCGTCCGTAGGTGGITTTGTAANTCCGTGGTTAAAGCNCGAAGCITANCTTCNTAAAGGCC
ATGNAAACTACAAGACTTGAGTGAAGTATGGGTAGAGGGAATTCCCAGTGTATCGGTGNAAATG
CGTANAAGATTGGGAAAGAACANCGGGTGGCGGMGCGNTCTACCTGGTACTTANACCTGACN
CTGANNGGACCNAAAGCNTAGGGGGMNCGAAAAGGGGANTAACATANCCCCTGTAGTCCTAN
CCNTAAACNATGGATACTANGNGTTGCCCGTATNTNCCCCGGGCNAGTTGCCNTNTNNAACGNC
GTTARATTNTNC

S50-14
ANNCTATTTAGGTGAACTATAGAATACTCMGGCTATGCATCCAACGCGTTGGGAGCTCTCCCAT
ATGGTCGACCTGCAGGCGGCCGCACTAGTGATTTACCTTGTTACGACTTCACCCCAGTCATGAA
TCATACCGTGGTCAGCAACCTCCTTTCGGTTAGTCGACTGGCITCTGGTATCACCCACTCCCATG
GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTAITCACCGCGGCGTTCTGATCCGCGATT
AC TAGC GATTCCAACTTCATG GAGTCGAGTTG CAGACTCCAATCCGGACTAC GAAGCG Ill TTCA
GGAITGGCTCCCCCTCGCGGGTTGGCTTCCCTCTGTTCGCCCCAITGTAGCACGTGTGTAGCCC
TACCCATAAAGGCCATGATGACTTGACGTCGTCCCCACCTTCCTCCGGTITGTCACCGGCAGTC
TGCTTCGAGTTCCGCCTTTCGGCATGGCAACGAAGCACAAGGGTTGCGCTCGITACGGGACTTA
ACCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCTCTTAGTTCCTTTCGG
CACTCCCATCTCTTAAACGGGAITCTAAGGATGTCAAGGGTAGGTAAGGITCTTCGCGITGCATC
GAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCcllTGAGTITTAACCTTGC
GGCCGTACTCCCCAGGCGGAGAACTTAACGCGITAGCTTCGCTACGCACACNGITTMCCCGCA
cGCACAGCcAGTTCTCATCGTmACAGCGTGGACTAccAAGGGTATCTAAATccTGGTiTGCTC
CCCACGCCTTTTCGCACCTCAGTGTCAGTATCTGTCCAGGTAGCCGCcllTCNCCACTGGTGTT
CCTTNCC

S50-28
ATCCTATANGGCGAAll-GGGCCCGACGTCGCATGCTCCCGGCCGCCATGGCCGCGGGAITAGA
GTTTGATCATGGCTCAGMCGAACGCTGGCGGCATGCCTAACACATGCAAGTCGMCGAGACCT
TCGGGTCTAGTGGCGCACGGGTGCGTAACGCGTGGGAATCTGCCCCTCGGTTCGGAATAACAG
TTAGAAATGACTGCTAATACCGGATGATGACGAAAGTCCAAAGAllTATCGCCGAGGGATGAGC
CCGCGTAGGATTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGCGACGATCCITAGCTGGTCTG
AGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGG
GGAATATTGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGAGTGATGAAGGCCITAG
GGTTGTAAAGCTcllTCACCAGGGATGATMTGACAGTACCTGGAGAATMGCTCCGGCTAACTC
CGTGCCAGCAGCCGCGGTAATACGGAGGGGGCTAGCGTTGITCGGAAITACTGGGCGTAAAGC
GCGCGTAGGCGGCTACCCAAGTCAGAGGTGAAAGCCCGGGGCTCAACCCCGGAACTGCcllTG
AAACTAGGTGGCTAGAATCTTGGAGAGGTCAGTGGAATTCcGAGTGTANAGGTGAAAncGTAG
ATAITCGGAAGAACACCAGTGGCGAAGGCGACTGACTGGACAAGTAITGACNCTGAGGTGCNM
AGCGTGGGGAGCAAACAGGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATAACTAGC
TGTTCGGGCACTTGGTGCCTGAGTGGCGCAGCITAACGCCATTAAAGITATCCNCCCTGGGGGA
GITCGGNTCNCAGNATTAAAAC
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S50-19
ATCTATAGGGCGNATTGGGCCCTCTAGATGCATGCTCGAGCGGCCGCCAGTGTGATGGATATCT
GCAGAAITCGCCCITAGAGTITGATCCTGGCTCAGAACGAACGCTGGCGGCATGCCTAACACAT
GCAAGTCGAACGAAGGCITCGGCCTTAGTGGCGCACGGGTGCGTAACGCGTGGGAATCTGCCC
TTGGGTTCGGAATAACAGTTAGAAATGACTGCTAATACCGGATMTGACGTMGTCCAAAGATIT
ATCGcccAAGGATGAGcccGCGTMGATTAGGTAGTrGGTGGGGTAAAAGCcTAcCAAGccAAc
GATCTll-AGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTA
CGGGAGGCAGCAGTGGGGAATAITGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGA
GTGATGAAGGCCCTCGGGTCGTAAAGCTCITllACCCGGGATGATMTGACAGTACCGGGAGAA
TAAGCCCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGGGCTAGCGITGTTCGGA
ATTACTGGGCGTAAAGCGCACGTAGGCGGCTATTCAAGTCAGAGGTGAAAGCCCAGGGCTCAA
CCCTGGAACTGCcllTGAAACTAGATAGCTAGAATCTTGGAGAGGCGAGTGGMTTCCGAGTGT
AGAGGTGAAAITCGNANATATTCGGAANAACGCCAGTGGCGAAGGCGACTCGCTGGGACAAGT
ATTGACGCTGANGTGCGAAAGCGTGGGGAGCAACAGGAITAGATACCCCTGGTAGTCCACGCC
CGTAAACGATGATAACTANCTGTNCCGGGCACITGNTGCCTGGGGTGGCGCANCTAACGCAllT
MGTTATCCCCCCTGGGGAGGTACCGGTCGCAANAllTAAACTTNNAAGGGANTTGACGGGNGG
GCCTGCANAAACGGGGGGNACNATGTGGGITITAAAITCGAAACNACNCCCCAAAACCNTTNAC
NANCCTITGGANTTCCC

S50-20
ATCTATANGGCGAATTGGGCCCTCTAGATGCATGCTCGAGCGGCCGCCAGTGTGATGGATATCT
GCNNAAITCGCCCITAGAGITTGATCATGGCTCAGAGTGMCGCTGGCGGTAGGCCTAACACAT
GCAAGTCGAACGGCAGCACAGGAGAGCITGCTCTCTGGGTGGCGAGTGGCGGACGGGTGAGG
AATGCATCGGMTCTACTCTITCGTGGGGGATAACGTAGGGAAACTTACGCTAATACCGCATACG
AccTACGGGTGAAAGccGGGGAccTTCGGGccTGGCGCGAATGAATGAGccGATGcccGAnA
GCTAGTTGGCGGGGTAAGAGCCCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGATGATCA
GCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGAC
RATGGGCGCAAGCCTGATCCAGCCATACCGCGTGGGTGAAGAAGGCCTTCGGGTTGTRAGCC
CITTTGITGGGAAAGAAAAGCAGCCGATTAATACCCGGTTGTTCTGACGGTACCCAAAGAATAAG
CACCGGCTRACTTCGTGCCAGCAGCCGCGGTAATACGMGGGTGCRAGCGITACTCGGAAITAC
TGGGCGTAAAGCGTGCGTAGGTGGTTGTTTMGTCTGTCGTGAAAGCCCTGGGCTCAACCTGG
GAATTGCGATGGAAACTGGGCGACTAGAGTGTGGCANAGGATANTGGMTTCCTGGTGTAGCAG
TGAAATGCGTAGAGATCAANGAGGAAACATCCGTGGCGAANGCGACTGTCTGGGGCCMCACT
GACACTGAGGCACGAAAAGCNTGGGGNAGCCAACAAGGATTAGATACCCTGGTAGTCCCACGC
CCTTAAACGATGCGAAATGNATGTITGGGTGCAATTTGGCACGCANTATCNMGCNNACNCGIT
NANTTCCNCNCCNTGGGGAATACGGCCCCAAAACTGAAACCCAAAGGAATTGACGGGGGNCCC
cccNMCGGNGGANNNTNTGNTrAAATccNTNCAAcccGAAAAAccTTNccTGGccTTGAAATN
TNCCGACTTNC

S50-2
NNCANGGGCGAAITGGGCCCGACGNTCGCATGCTCCCGGCCGCCATGGACCGCGGGTATITAC
CNNNGNITANGACTTCACCCCAGTCACTGAGCCTACCGATGGITGGCNTGCCTCCATTGCTGGT
TGGCGCACCACCTTCGGGTAGACCCAATTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCCG
GGMCGTAITCACCGCGTCATGCTGTTACGCGATTACTAGCGATTCCGACITCATGGGGTCGAG
ITGCAGACCCCMTCCGAACTGAGATGGCTlllTGGGATTMCCCAITGTCACCACCATTGTAGC
ACGTGTGTAGcccAAcccGTAAGGGccATGAGGAciTGACGTCATccACAccTTccTccGGcn
ATCACCGGCAGTTCITCCAGAGTGCCCAACTGAATGCTGGCMCTGAAAGTGTGGGITGCGCTC
GTTGCCGGACTTMCCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGITC
TAGCCAGCCGMCTGAAGMTCCCATCTCTGGAACCCATACTAGACATGTCANGGGTAGGTAAG
GTTCTGCGCGTTGCITCTAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCNTCAATTCCT
NTTGAGTTTTAATCTTGCGGCCNTACTCCCCANGCGGGGNGCTTAATGCNTTTAAGCTGCGCCA
CTGAAAAAGNAANCTITCCCAACGGNCTAGNACCCATANGITTANNGNGTGGGACTACCAGNGT
ATNCTAANTCCTGTTITGCTNCCCANCGCTllTCGCACCITAACNGTNANTNAACNGGAACCAGN
TTAGNCCNCCITCCGCCACTTGGGGITCITCCNCAATAATNTANGGANTCTNCACCCTcllTANC
NTGGGNAAANTTCCAANAAACTTCTTCCGGGATTTCAAAAATTNCCCNA
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10-10
CNNTTNGGTGNCCTATAGAAATACTCAAGCTATGCATCCAACGCGITGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTAGAGITTGATCATGGCTCAGGATGMCGCTGGC
GGTCTGCTTAACACATGCAAGTCGMCGGAGTAGAAATACTTAGTGGCGGACGGGTGAGTMCG
CGTGAGAATCTGGCITCAGGACGGAGACAACAGTTGGAAACGACTGCTAACCCCCGATGTACCG
AAAGGGAAAATAITTATAGCCTGAAGATGAGCTCGCGTCCGATTAGCTAGITGGAGAGGTAAAA
GCTCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATllTCCGCAATGGGCGAAAGCCTGACG
GAGCRAGACCGCGTGGGGGAAGAAGGCTCTTGGGITGTAAACCCCTTITCTCTGGGAAGAAAGT
TGTGAAAGCAGCCTGACGGTACCAGAGGMTCAGCATCGGCTRACTCCGTGCCAGCAGCCGCG
GTAAGACGGAGGATGCMGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCAGT
TCAAGTCTGCTGTCAAAGACCGGGGCITAACCTCGGAAAGGCAGTGGAAACTGAACAGCTAGAG
TATGGTAGGGGCAAAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACATC
GGTGGCGAANGCGCITTGCTGGACCATAACTGACACTCAGGGACGAAAGCTAGGGGAGCGAAT
GGGATrAGATAccccAGTAGTccTAGccGTAAACGATGGATACTAGGTGTTGTCTGTATCGAcc
CGGACAGTGCCGTANCTMCGCGTTNAGTATCCCCCCCTG

10-100
ACAITAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGGT
CGACCTGCAGGCGGCCGCACTAGTGAl|TACCTTGITACGACFTCACCCCAGTCATGAACCCCA
CCGTGGTAAGCGCCCTCCITGCGGTTAGACTACCTACTTCTGGCGGMCCCACTCCCATGGTGT
GACGGGCGGTGTGTACAAGACCCGGGAACGTAITCACCGTGACATGCTGATCCACGATTACTAG
CGAITCCGACITCACGCAGTCGAGITGCAGACTGCGATCCGGACTACGATCGGclll-GTGAGAT
TAGCTCCCCCTCGCGGGTTGGCAACCCTCTGTACCGACCATTGTATGACGTGTGAAGCCCTACC
CATAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGllTGTCACCGGCAGTCTCAT
TAGAGTGCCCMCTAAATGATGGCAACTAATGATAAGGGITGCGCTCGTTGCGGGACTTAACCC
AACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTCCGGCTCTCTTTCGAGCA
CTCCCAAATCTCITCGGGAITCCGGACATGTCAAGGGTAGGTAAGG I  I  I I  I CGCGITGCATCGAA
ITAATCCACATCATCCACCGCITGTGCGGGTCCCCGTCAAITCCTITGAGTITTAATCTTGCGAC
CGTACTCCCCAGGCGGCCMCTTCACGCGTTAGCTACGGTACTAAGGMGTCTCCTTCCCCAAC
ACCTAGTTGGCATCGTITAGGGCGTGGACTACCAGGGTATCCAATCCTGl|TGCTCCCCACGCT
TTCGTGCATGAGCGTCAGTGTTMCCCAGGGGGCTGCCTTCGCCATCGGTGITCCTCCACATCT
CTACGCAllTCACTGCTACACGTGG

10-110
CNTTNGGTGNCCTATAGAATACTCAAGCTATGCATCCAACGCGITGGGAGCTCTCCCATATGGT
CGACCTGCAGGCGGCCGCACTAGTGAITAGAGTTTGATCATGGCTCAGAACGAACGCTGGCGG
CATGCITAACACATGCAAGTCGAACGAGACCTTCGGGTCTAGTGGCGCACGGGTGCGTAACGC
GTGGGAATCTGCCCTTAGGTACGGAATAACTCAGAGAAATITGCGCTAATACCGTATGATGTCGA
AAGACCAAAGATITATCGCCTAAGGATGAGCCCGCGTAAGAITAGCTTGTTGGTGAGGTAAAAG
CTCACCMGGCGACGATCITTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACAC
GGCCCAGACTCCTACGGGAGGCAGCAGTGGGGMTAITGGACAATGGGCGAAAGCCTGATCCA
GCMTGCCGCGTGAGTGATGAAGGCCTTAGGGTTGTAAAGCTCTTTTACCAGGGATGATMTGA
CAGTACCTGGAGAATAAGCTCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGAGC
TAGCGITGCTCGGAATTACTGGGCGTAAGGAGTACGTAGGCGGTGAFTCAAGTCAGAGGTGAIRA
GCCTGGAGCTCMCTCCAGAACTGCCTTTGAAACTAGATCGCTAGAATCATGGAGAGGTTAGTG
GMITCCGAGTGTAGAGGTGAAAITCGTAGATAITCGGAAGMCACCAGTGGCGAAGGCGACTA
ACTGGACATGTATTGACGCTGAGGTACGAAAGCGTGGGGAGCAAACAGGAITAGATACCCTGGT
AGTCCACGCCGTAAACGATGATMCTAGCTGTITCGGGGTCTACGATCCTGAGTGGCGCANCTA
ACGCATTAAGTTATCCGCCTGG
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10-120
CNTTNGGTGNCCTATAGMTACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGGT
CGACCTGCAGGCGGCCGCACTAGTGAITAGAGTITGATCATGGCTCAGATTGAACGCTGGCGG
CATGCCITACACATGCAAGTCGRACGGTAGAGCAGCMTACTCGAGAGTGGCGiRACGGGTGAG
TAATATATCGGAACGTGCCCAGTCGTGGGGGATAACGTAGAGAAATTTACGCTMTACCGCATAC
GATCTAAGGATGAAAGCGGGGGACTCGCAAGAGCCTCGCGCGAITGGAGCGGCTGATATCAGA
ITAGGTTGTTGGTGAGGTAAAAGCTCACCMGCCGACGATCTGTAGCTGGllTGAGAGGATGAT
CAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGG
ACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGCAGGMGAAGGCCTTCGGGITGTAAAC
TGCTTTTGTACGGAACGAAACGGTCcllTCTAATAAAGAGGGCTAATGACGGTACCGTAAGAATA
AGCACCGGCTAACTACGTGCCAGCAGCCGCGGTMTACGTAGGGTGCGAGCGTTAATCGGAAT
TACTGGGCGTAAAGCGTGCGCAGGCGGITATGTAAGACAGITGTGAAATCCCCGGGCTCAACCT
GGGAAITGCATCTGTGACTGCATAGCTAGAGTACGGTAGAGGGGGATGGAATTCCGCGTGTAG
CAGTGAAATGCGTAGATATGCGGAGGAGCACCGATGGCGRAGGCAATCCCCCTGGACCTGTAC
TGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGAnAGATAcccTGGTANTccACGcccTA
AACGATGTCMCTGGTTGTTGGGTGCAITANTACN

10-25
CATTNGGTGAACTATAGAATACTCAAGCTATGCATCCMCGCGTTGGGAGCTCTCCCATATGGTC
GACCTGCAGGCGGCCGCACTAGTGATTTACCTTGTTACGACTTCACCCCAGTCACGAACCCTGC
CGTGGTMTCGCCCTCCITGCGGTTAGGCTAACTACTTCTGGCAGAACCCGCTCCCATGGTGTG
ACGGGCGGTGTGTACAAGACCCGGGAACGTAITCACCGTGACATTCTGATCCACGATTACTAGC
GATTCCGACTTCACGCAGTCGAGTTGCAGACTGCGATCCGGACTACGAATGGTTTTATGGGATT
AGCTCCCCCTCGCGGGTTGGCGACCCITTGTACCATCCAITGTATGACGTGTGTAGCCCCACCT
ATAAGGGCCATGAGGACTTGACGTCATCCCCACCITCCTCCGGllTGTCACCGGCAGTCTCATT
AGAGTGCCCMCTAAATGTAGCAACTAATGACAAGGGTTGCGCTCGITGCGGGACITAACCCAA
CATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGITACGGCTCTCITTCGAGCACA
ATCTAATCTciTAAATCTTccGTACATGTCAAAGGTGGGTAAGGTTmcGCGTTGCATCGAATTA
AACCACATCATCCACCGCTTGTGCGGGTCCCCGTCAATTCCTTTGAGllTCAACCTTGCGGCCG
TACTCCCCAGGCGGTCMCTTCACGCGITAGCITCGTTACTGAGTCAGTGAAGACCCAACAACC
AGITGACATCGTITAGGGCGTGGACTACCAGGGTATCTMTCCTGTTTGCTCCCCACGCTTTCGT
GCATGAGCGTCAGTACAGGTCCAGGGGATTGCCITCGCCATCGGTGTTCCTCCGCATATCTACG
cAmcACTGN

10-27
CNNTTNGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGOT
CGACCTGCAGGCGGCCGCACTAGTGATTTACCTTGTTACGACTTCACCCCAGTCACGAACCCTG
CCGTGGTAATCGCCCTCNTTGCGGITAGGCTMCTACITCTGGCAGAACCCGCTCCCATGGTGT
GACGGGCGGTGTGTACAAGACCCGGGMCGTAITCACCGTGACATTCTGATCCACGATTACTAG
CGATTCCGACTTCACGCAGTCGAGTTGCAGACTGCGATCCGGACTACGACTGGTTTTATGGGAT
TAGCTCCCCCTCGCGGGTTGGCMCCCTITGTACCAGCCATTGTATGACGTGTGTAGCCCCACC
TATAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGllTGTCACCGGCAGTCTCAT
TAGAGTGCCCAACTAAATGTAGCAACTAATGACAAGGGITGCGCTCGITGCGGGACITMCCCA
ACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTACGGCTCTCITTCGAGCAC
AATCTMTCTCTTAAATCITCCGTACATGTCAAAGGTGGGTAAGGTITCTCGCGTTGCATCGAAll
AAACCACATCATCCACCGCTTGTGCGGGTCCCCGTCAATTCcllTGAGllTCAACCITGCGGCC
GTACTCCCCAGGCGGTCMCTTCACGCGTTAGCTTCGITACTGAGTCAGTGAAGACCCAACAAC
CAGITGACATCGTTTAGGGCGTGGACTACCAGGGTATCTAATCCTGTITGCTCCCCACGCTll-CG
TGCATGAGCGTCAGTACAGGTCCAGGGGAATTGCCTTCGCCATCGGTGITCCTCCGCATATCTA
CGCATTTCACTGCTACACGCGGAATTCCATC
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10-30
ANCNTTAGGTGAACTATAGAATACTCMGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGTTACGACITCACCCCAGTCATCAGCCCT
GCCITCGGCATCCTCCTCCTCGAAAGGTTAGAGTMTGACTTCGGGCGTGGCCAACTTCCATGG
TGTGACGGGCGGTGTGTACAAGGCCCGGGAACGGAITCACCGCAGTATGCTGACCTGCGATTA
CTAGCGATTCCGCCTTCATGCAGGCGAGTTGCAGCCTGCMTCTGMCTGAGGCAGGGTTTACG
GGATTAGCTCGCCCTCGCGGGTTGGCTGCCCTCTGTCCCTACCATTGTAGTACGTGTGTAGCCC
AGGACGTAAGGGGCATGCTGACITGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTC
TGllTAGAGTGCCCAACITAATGATGGCMCTAAACACGAGGGITGCGCTCGTTGCGGGACITA
ACCCAACATCTCACGACACGAGCTGACGACAGCCATGCACCACCTGTGTTCGCGCTCCCGAAG
GCACTCTTCTCTTTCCAGAAGAITCGCGACATGTCAAGTCCTGGTAAGGFTCITCGCGTTGCATC
GAATTAAACCACATACTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTITGAGllTCACACTTGC
GTGCGTACTCCCCAGGCGGGATACTTAACGCGTTAGCTACGGCACTGTCCGGGTCGATACAGA
CAACACCTAGTATCCATCGTTTACGGCTAGGACTACTGGGGTATCTMTCCCAITCGCTCCCCTA
GCTTTCGTCCCTGAGTGTCAGTTATGGTCCAGCAAAGCGCCTTCGCCACCGATGTTCTTCCTCAT
CTCTACGCAllTCACCGCTACACCAGNAATITC

'040
ANCNTTAGGTGAACTATAGAATACTCAAGCTATGCATCCAACGCGITGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGllACGACITCACCCCAGTCACGMCCCT
GCCGTGGTAATCGCCCTCCITGCGGITAGGCTAACTACTTCTGGCAGMCCCGCTCCCATGGTG
TGACGGGCGGTGTGTACAAGACCCGGGAACGTATTCACCGTGACAITCTGATCCACGATTACTA
GCGATTCCGACTTCACGCAGTCGAGTTGCAGACTGCGATCCGGACTACGACTGGlllTATGGGA
TTAGCTCCCCCTCGCGGGITGGCAACccllTGTACCAGCCAITGTATGACGTGTGTAGCCCCAC
CTATAAGGGCCATGAGGACTTGACGTCATCCCCACCITCCTCCGGllTGTCACCGGCAGTCTCA
TTAGAGTGccCAACTGAATGTAGCAACTAATGACAAGGGiTGCGCTCGnGCGGGACTTAAccc
AACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGITACGGCTCTCTTTCGAGCA
CAATCTAATCTCTTAAATCITCCGTACATGTCAAAGGTGGGTAAGG -I `1  i-I  I CGCGITGCATCGAAT
TAAACCACATCATCCACCGCTTGTGCGGGTCCCCGTCRATTCCTTTGAGllTCAACCITGCGGCC
GTACTCCCCAGGCGGTCMCTTCACGCGITAGCTTCGITACTGAGTCAGTGMGACCCAACAAC
CAGTTGACATCGITTAGGGCGTGGACTACCAGGGTATCTAATCCTGITTGCTCCCCACGCITTCG
TGCATGAGCGTCAGTACAGGTCCAGGGGAITGCCTTCGCCATCGGTGTTCCTCCGCATATCTAC
GCAllTTCACTGCTACACGCGGAANTCCATCCCCC

loJ50
CNllTGGTGNNCTATAGAAATACTCAAGCTATGCATCCAACGCGITGGGAGCTCTCCCATATGGT
CGACCTGCAGGCGGCCGCACTAGTGAITAGAGllTGATCATGGCTCAGAACGRACGCTGGCGG
CAGGCTTAACACATGCAAGTCGAACGGGTGTAGCMTACATCAGTGGCAGACGGGTGAGTAACA
CGTGGGAACCTTCCTAGGGGTACGGAACAACTCAGGGAAACTTGAGCTAATACCGTATACGTCC
GTAAGGAGAAAGTTITAACGCCCCTAGACGGGCCCGCGTAGGATTAGGTAGTTGGTGAGGTAAC
GGCTCACCAAGCCTACGATCCITAGCTGATCTGAGAGGATGATCAGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATCTTGGACAATGGGCGCAAGCCTGATC
cAGccATGccGCGTGAGTGAAGAAGGccTTCGGGiTGTAAAGCTCTmAccAGGGACGATMT
GACGGTACCTGGAGAATMGCTCCGGCTRACTCCGTGCCAGCAGCCGCGGTAATACGAAGGGG
GCTAGCGTTGFTCGGAAITACTGGGCGTAAAGCGCACGTAGGCGGATTGITMGTCAGAGGTGA
MTCCCGGAGCTCMCTTCGGMCTGCCTTTGATACTGGCAATCTCGAGTCCGGAAGAGGTTAG
TGGAATTCCCAGTGTAGAGGTGAAAITCGTAGATAITGGGAAGMCACCAGTGGCGAAGGCGGC
TAACTGGTCCGGTACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCT
GGTAGTCCACGCCGTAAACTATGGGTGCTAGCCGTTGGGAAGCTTGCTTTTCAGTGGCGCAGCT
AACGCATTAAGCACCCCGCCTGGGGGAGTAC
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10-90
CNITAGGTGAACTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGGTC
GACCTGCAGGCGGCCGCACTAGTGATTTACCFTGTTACGACTTCACCCCAGTCGCTGACCCTAC
CGTGATTGCCTGCCTCCTTGCGGTTAGCACAGCACCTTCGGGTAAAACCAACTCCCATGGTGTG
ACGGGCGGTGTGTACAAGGCCCGGGAACGGATTCACCGCAGTATGCTGACCTGCGATTACTAG
CGATTCCGCCITCATGCAGGCGAGTTGCAGCCTGCAATCTGAACTGAGGCAGGGTITACGGGAT
TAGCTCGCCCTCGCGGGTTGGCTGCCCTCTGTCCCTACCAITGTAGTACGTGTGTAGCCCAGGA
CGTAAGGGGCATGCTGACTTGACGTCATCCCCACCTTCCTCCGGllTGTCACCGGCAGTCTGTT
TAGAGTGCCCAACTTAATGATGGCAACTAAACACGAGGGTTGCGCTCGITGCGGGGCTTAACCC
AACATCTCACGACACGAGCTGACGACAGCCATGCACCACCTGTGTTCGCGCTCCCGAAGGCACT
CTTCccllTCAAGAAGATTCGCGACATGTCAAGTCCTGGTAAGGTTCITCGCGTTGCATCGAATT
AAACCACATACTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGITTCACACTTGCGTGC
GTACTCCCCAGGCGGGATACTTAACGCGITAGCTACGGCACTGTCCGGGTCGATACAGACAACA
ccTAGTATccATCGTiTACGGCTAGGACTACTGGGGTATCTRATcccAncGCTccccTAGciTT
CGTCCCTGAGTGTCAGTTATGGTCCAGCAAAGCGNCCTTCGCCACCGATGITCTTCCTGATCTC
TACGCATTN

10.1

GAACNTTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGITGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGITACGACTTCACCCCAGTCATCAGCCC
TAccTTCGGCGTccTCTTccTTGCGGiTAGAGTMCGAcncGGGCGTGAccMCTcccATGGT
GTGACGGGCGGTGTGTACAAGGCCCGGGAACGGAITCACCGCAGTATGCTGACCTGCGATTAC
TAGCGAITCCGCCTTCATGCAGGCGAGTTGCAGCCTGCMTCTGAACTGAGCCATGGITTATGA
GATTAGCGCACTGTCGCCAGITGGCTGCTcllTGTCCATAGCATTGTAGTACGTGTGTAGCCCA
GGGCGTAAGGGGCATGCTGACITGACGTCATCCCCACCTTCCTCCGGTITGTCACCGGCAGTCT
ITCTAGAGTGCCCAACTTAATGATGGCAACTAAAAACGAGGGTTGCGCTCGTTGCGGGACITAA
CCCAACATCTCACGACACGAGCTGACGACAGCCATGCACCACCTGTGTTCTGGITCCCGAAGGC
ACTCTCAACTTTCGCCGAGATTCCAGACATGTCAAGCCCTGGTAAGGTTCTTCGCGITGCATCGA
ATTAAACCACATACTCCACCGCITGTGCGGGCCCCCGTCAAITCcllTGAGllTCACACTTGCGT
GCGTACTCCCCAGGCGGGATACTTMCGCGTTAGCTACGGCACTGCCCGGGTCGATACGGGCA
ACACCTAGTATCCATCGl|TACGGCTAGGACTACAGGGGTATCTMTCCCTTTCGCTCCCCTAGC
TTTCGTCCCTCAGTGTCAGTITAAGTCCAGTAAAGCGCTTCCGCCACCGGTGITCTTCCCMTCT
CTACGCAllTCACCG

10-1 1

ANCNTTTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTTACCITGTTACGACTTCACCCCAGTCACGAACCC
TGCCGTGGTMTCGCCCTCCTTGCGGTTAGGCTAACTACTTCTGGCAGAACCCGCTCCCATGGT
GTGACGGGCGGTGTGTACMGACCCGGGAACGTATCCACCGTGACATTCTGATCCACGATTACT
AGCGATTCCGACTTCACGCAGTCGAGITGCAGACTGCGATCCGGACTACGACTGGTTTTATGGG
AITAGCTCCCCCTCGCGGGTTGGCAACCCTTTGTACCAGCCATTGTATGACGTGTGTAGCCCCA
CCTATAAGGGCCATGAGGACTTGACGTCATCCCCACCITCCTCCGGITTGTCACCGGCAGTCTC
ATTAGAGTGcccAACTAAATGTAGCAACTMTGACMGGGTTGCGCTCGiTGCGGGAcnMcc
CMCATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTGTAGGTCCCCGMGGGA
AGAAATCCATCTCTGGAAGTCGTCCTACCATGTCAAACGCTGGTAAGGTTCTGCGCGTTGCTTC
GMTTAAACCACATGCTCCACCGCTTGTGCAGGCCCCCGTCMITCcllTGAGTTITMTCTTGC
GACCGTACTCCCCAGGCGGATAACTTAATGCGITAGCTGCGCCACTCAAGCTCTAAGAGCCCGA
ACAGCTAGTTATCATCGllTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGC
TTTCGCACCTCAGCGTCAATACATGTCCAGTGAGCCGCCTTCGCCACTGGTGNTCCNCCGAATA
TCTACGAAllTCACCTCTACACTCGGAATA
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10-15
GANCNTTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAllTACCTTGTTACGACTTCACCCCAGTCGCTGACCC
TACCGTGGTCGACTGCCTCCTTGCGGTTAGCGCATCGCCTTCGGGTAGAACCMCTCCCATGGT
GTGACGGGCGGTGTGTACMGGCCCGGGMCGTAFTCACCGCGGCATGCTGATCCGCGATTAC
TAGCGATTCCAACTTCATGCCCTCGAGITGCAGAGGACAATCCGMCTGAGACGACTTTTAAGG
ATTAACCCTCTGTAGTCGCCATTGTAGCACGTGTGTAGCCCACCCTGTAAGGGCCATGAGGACT
TGACGTCATCCCCACCTTCCTCCGGCITAGCACCGGCAGTCCCAITAGAGTTCCCMCTAAATG
ATGGCAACTMTGGCGAGGGTTGCGCTCGTTGCGGGACTTGACCCAACATCTCACGACACGAG
CTGACGACAGCCATGCAGCACCTGTGTCCTAGTCCCCGMGGGAAAGCCAGATCTCTCTGGCG
GTCCAGGCATGTCAAAAGGTGGTAAGGTTCTGCGCGTTGCITCGAAITAAACCACATGCTCCAC
CGCITGTGCAGGCCCCCGTCAATTCCTTTGAGTITTAATCTTGCGACCGTACTCCCCAGGCGGA
TAACTTRATGCGITAGCTGCGCCACCCMGCACCAAGTGCCCGGACAGCTAGITATCATCGTTTA
CGGCATGGACTACCMGGTATCTAATCCTGllTGCTCCCCACGcllTCGCACCTCAGCGTCAATA
CTTGTCCAGTCAGTCGCCITCGCCACTGGTGITCTTCCGMTATCTACGAATTTTCACCTCTACC
TCGGAATTCCACTGACCTCCCCAAGATTCTAGCMT

10-17
CNCTTTTNGTGACCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGATTAGAGllTGATCCTGGCTCAGAGTGAACGCTGGCG
GCAGGCCTAACACATGCAAGTCGAGCGGCAGCGGGCTGTAGCAATACAGTGCCGGCGAGCGG
CGGACGGGTGAGGAATACATCGGAATCTACCITGTCGTGGGGGATAACGTAGGGAAACITACG
CTAATACCGCGTACGAACTACGGITGAAAGCGGAGGACCGCAAGGCITCGCGCGATTGGATGA
GCCGATGTCGGAITAGCTAGTTGGCGGGGTAATGGCCCACCAAGGCGACGATCCGTAGCTGGT
CTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAG
TGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCT
TCGGGITGTAAAGCAclllTGTTCGGGAAGAAAAGCTACCGGITAATACCCGGGAGTCATGACG
GTACCGAAAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGGTMTACGAAGGGTGCAA
GCGITACTCGGAATTACTGGGCGTAAAGCGTGCGTAGGTGGTGAGTTAAGTCTGTCGTGAAAGC
CCCGGGCTCAACCTGGGAATGGCGATGGATACTGGCTCGCTAGAGTGCGGTAGAGGAGAGTGG
AAITCCCGGTGTAGCAGTGAAATGCGTAGAGATCGGGAGGAACATCAGTTGCGAAGGCGGCTC
TCTGGACCAACACTGACACTGAGGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGG
TAGTCCACGCCCTAACGATGCG

10-18

GAACATTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTTACCITGTTACGACITCACCCCAGTCATCAGCCC
TGCCTTCGGCATCCTCCTCCTCGAAAGGITAGAGTMTGACTTCGGGCGTGGCCAACTTCCATG
GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGGATTCACCGCAGTATGCTGACCTGCGAIT
ACTAGCGATTCCGCCTTCATGCAGGCGAGTTGCAGCCTGCMTCTGAACTGAGGCAGGGITTAC
GGGATTAGCTCGCCCTCGCGGGTTGGCTGCCCTCTGTCCCTACCATTGTAGTACGTGTGTAGCC
CAGGACGTAAGGGGCATGCTGACITGACGTCATCCCCACCITCCTCCGGllTGTCACCGGCAGT
cTGiiTAGAGTGcccAACTTMTGATGGCAACTAAACACGAGGGTTGCGCTCGITGCGGGAcn
AACCCAACATCTCACGACACGAGCTGACGACAGCCATGCACCACCTGTGTTCGCGCTCCCGAAG
GCACTCTTCCCITTCAAGAAGAITCGCGACATGTCAAGTCCTGGTAAGGTTCTTCGCGTTGCATC
GAATTAAACCACATACTCCACCGCTTGCGCGGGCCCCCGTCAATTCcllTGAGllTCACACITGC
GTGCGTACTCCCCAGGCGGGATACTTMCGCGTTAGCTACGGCACTGTCCGAGTCGATACAGAC
AACACCTAGTMCCATCGITTACGGCTAGGACTACTGGGGTATCTMTCCCATTCGCTCCCCTAG
CTTTCGTCCCTGAGTGTCAGTTATGGTCCAGCAAAGCGCCTTCGCCACCGATGTTCCTTCCTCAT
CTCTACGCATTTCACCGCTACGCCAGGAAATTCCCTA
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10-2
CTllTNGTGNCCTATAGAATACTCMGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGGTC
GACCTGCAGGCGGCCGCACTAGTGAITAGAGllTGATCATGGCTCAGAACGAACGCTGGCGGC
AGGCTTAACACATGCMGTCGAACGGITGTAGCAATACAGCAGTGGCAGACGGGTGAGTAACAC
GTGGGAACGTACCTTITGGTTCGGAACAACACAGGGAAACTTGTGCTAATACCGGATAAGCCCT
TACGGGGGAAGAITTATCGCCAAAAGATCGGCCCGCGTCTGAITAGCTAGTTGGTAGGGTAATG
GCCTACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACATTGGGACTGAGAC
ACGGCCCAAACTCCTACGGGAGGCAGCAGTGGGGAATAITGGACMTGGGCGCAAGCCTGATC
CAGCCATGCCGCGTGAGTGATGAAGGCCCTAGGGITGTAAAGCTCTTTTGTACGGGAAGATAAT
GACGGTACCGTAAGAATMGCCCCGGCAAACITCGTGCCAGCAGCCGCGGTAATACGMGGGG
GCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCACGTAGGCGGAITGFTAAGTCAGAGGTGA
MTCCCGGAGCTCMCTTCGGMCTGCCITTGATACTGGCAATCTAGAGTCCGGAAGAGGTTAG
TGGAAITCCCAGTGTAGAGGTGAAATTCGTAGATAITGGGMGMCACCAGTGGCGAAGGCGGC
TAACTGGTCCGGTACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGAITAGATACCCT
GGTAGTCCACGCCGTAAACTATGGGTGCTAGCCGITTGGGAAGCTTGCITTTCAGTGGCGCAGC
TMCGCATTA

10-3
GANCATTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATITACCITGITACGACTTCACCCCAGTCTCTAAACC
CACCGTGGTCAGCTGCCTCCTTGCGGTTAGCGCACTGCCITCGGGTGAATCCAAATCCCATGGT
GTGACGGGCGGTGTGTACAAGGCCTGGGAACGTAITCACCGCGGCATGCTGATCCGCGATTAC
TAGCGAITCCACCTTCATGCTCTCGAGTTGCAGAGAACAATCCGAACTGAGACGGcllTTGGAG
ATTAGCTACCGGTCGCCCGGITGCTGCCCACTGTCACCGCCATTGTAGCACGTGTGTAGCCCAG
CGTGTMGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGATTATCACCGGCAGllTC
lllAGAGTGCCCAACTGAATGATGGCAACTAAAGACGAGGGITGCGCTCGITGCGGGACTTAAC
CCMCATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCACTAATCCAGCCGAACTG
AAGGAAACCATCTCTGGAATCCGCGATTAGGATGTCAAACGCTGGTAAGGTTCTGCGCGTTGCT
TCGAAITAAACCACATGCTCCACCGCTTGTGCAGGCCCCCGTCAATTCCITTGAGl"AATCTT
GCGACCGTACTCCCCAGGCGGATAACTTAATGCGTTAGCTGCGCCACTCAGTCTCGTAGAGACC
GAACAGCTAG"ATCATCGllTACGGCGTGGACTACCAGGGTATCTAITCCTGllTGCTCCCCAC
GCTITCGTACCTCAGCGTCAATACACGTCCAGTTAGTCGCCTTCGCCACTGGTGTTCCTC

104
AACNATTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGITGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTTACCTTGITACGACITCACCCCAGTCATCAGCCC
TACCITCGGCGTCCTCITCCTTGCGGTTAGAGTAACGACTTCGGGCGTGACCAACTCCCATGGT
GTGACGGGCGGTGTGTACAAGGCCCGGGAACGGAITCACCGCAGTATGCTGACCTGCGAITAC
TAGCGATTCCGCCTTCATGCAGGCGAGITGCAGCCTGCAATCTGAACTGAGGCAGGGllTACGG
GATTAGCTCGCCCTCGCGGGITGGCTGCCCTCTGTCCCTACCAFTGTGGTACGTGTGTAGCCCA
GGACGTAAGGGGCATGCTGACITGACGTCATCCCCACCTTCCTCCGGllTGTCACCGGCAGTCT
GTTTAGAGTGCCCAACTTMTGATGGCAACTAAACACGAGGGITGCGCTCGTTGCGGGACITAA
CCCAACATCTCACGACACGAGCTGACGACAGCCATGCACCACCTGTGTTCGCGCTCCCGAAGG
CACTCTTCCCTITCRAGAAGATTCGCGACATGTCRAGTCCTGGTAAGGTTCITCGCGITGCATOG
IATTAAACCACATACTCCACCGCTTGTGCGGGCCCCCGTCRATTCCTITGAGllTCACACTTGCG
TGCGTACTCCCCAGGCGGGATACTTAACGCGTTAGCTACGGCACTGTCCGGGTCGATACAGACA
ACACCTAGTATCCATCGTTTACGGCTAGGACTACTGGGGTATCTRATCCCATTCGCTCCCCTAGC
llTCGTCCCTGAGTGTCAGTTATGGTCCAGCAAAGCGCCTTCGCCACCGATGTTCITCCTGATOT
CTACGCATTCCACCGT
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10-5
GNNclllTGGTGNCCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAITAGAGllTGATCATGGCTCAGATTGAACGCTGGCG
GCATGCCTTACACATGCAAGTCGRACGGCAGCACGGGAGCAATCCTGGTGGCGAGTGGCGAAC
GGGTGAGTMTATATCGGAACGTGCCCAGTCGTGGGGGATRACGTAGCGAAAGCTACGCTAATA
CCGCATACGATCTACGGATGAAAGCGGGGGACTCGTAAGAGCCTCGCGCGATTGGAGCGGCCG
ATATCAGATTAGGTTGITGGTGAGGTAAAAGCTCACCAAGCCTGCGATCTGTAGCTGGTCTGAG
AGGACGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGG
GAATTTTGGACMTGGACGCAAGTCTGATCCAGCMTGCCGCGTGCAGGACGAAGGCCTTCGG
GITGTAAACTGclllTGTACGGAACGAAACGGTCTGcllTAATACAGTGGGCTAATGACGGTACT
GGAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTT
AATCGGMTTACTGGGCGTAAAGCGTGCGCAGGCGGTCCGTTAAGACAGTTGTGAAAGCCCCG
GGCITMCCTGGGAACTGCAATTGTGACTGACGGGCTAGAGTGTGTCAGAGGGGGGTGGAAIT
CCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGGAACACCGATGGCGAAGGCAGCCCCCTG
GGATMCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTC
CACGCCCCTAAACGATGTCNACTGGTTGTTGGATGGGA

10-8
ANCTITAGGTGANCTATAGAATACTCAAGCTATGCATCCRACGCGITGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGAITTACCTTGTTACGACITCACCCCAGTCACGMCCCT
GCCGTGGTRATCGCCCTCCTTGCGGTTAGGCTMCTACTTCTGGCAGMCCCGCTCCCATGGTG
TGACGGGCGGTGTGTACAAGACCCGGGAACGTAITCACCGTGACAITCTGATCCACGAITACTA
GCGAITcCGACTTCACGCAGTCGAGTrGCAGACTGCGATCcGGACTACGACTGGITITATGGGA
TTAGCTCCCCCTCGCGGGTTGGCAACCCTITGTACCAGCCATTGTATGACGTGTGTAGCCCCAC
CTATMGGGCCATGAGGACTTGACGTCATCCCCACCITCCTCCGGTTTGTCACCGGCAGTCTCA
TTAGAGTGCCCAACTAAATGTAGCAACTMTGACAAGGGTTGCGCTCGTTGCGGGACITAACCC
AACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTACGGCTCTcllTCGAGCA
CAATCTAATCTCTTAAATCTTCCGTACATGTCAAAGGTGGGTAAGGT--i-rrTCGCGITGCATCGAAT
TAAACCACATCATCCACCGCTTGTGCGGGTCCCCGTCAATTCCTTTGAGllTCMCCTTGCGGCC
GTACTCCCCAGGCGGTCAACTTCACGCGTTAGCITCGTTACTGAGTCAGCGAAGACCCAACMC
CAGTTGACATCGTITAGGGCGTGGACTACCAGGGTATCTAATCCTGTITGCTCCCCACGCTITCG
TGCATGAGCGTCAGTACAGGTCCAGGGGGATTGCCTTCGCCATCGGTGTTCNTCCGCATATCTA
CGCAllTCACTGCTACACGCGGAA

119-1

GANCNTITAGTGAACTATAGAATACTCAAGCTATGCATCCAACGCGITGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAITTACCTTGITACGACTTCACCCCAGTCACGAACCC
TGCCGTGGTAATCGCCCTCCTTGCGGITAGGCTMCTACTTCTGGCAGAACCCGCTCCCATGGT
GTGACGGGCGGTGTGTACAAGACCCGGGAACGTATTCACCGCGACAITCTGATCCACGAITACT
AGCGAITCCGACTTCACGCAGTCGAGTTGCAGACTGCGATCCGGACTACGAATGGlllTATGGG
AITAGCTCCCCCTCGCGGGITGGCGACCCTITGTACCATCCATTGTATGACGTGTGTAGCCCCA
CCTATAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGllTGTCACCGGCAGTCTC
ATTAGAGTGCCCAACTAAATGTAGCAACTAATGACAAGGGITGCGCTCGITGCGGGACITAACC
CAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGITACGGTTCTcllTCGAGC
ACTAAGCCATCTCTGGCGAATTCCGTACATGTCAAAGGTGGGTAAGGTlllTCGCGTTGCATCGA
ATTAAACCACATCATCCACCGCITGTGCGGGTCCCCGTCAATTCcllTGAGTITCAACCTTGCGG
CCGTACTCCCCAGGCGGTCAACTTCACGCGTTAGCITCGTTACTGAGTCAGTGAAGACCCAACA
ACCAGTTGACATCGTTTAGGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGcll-T
TCGTGCATGAGCGTCAGTACAGGTCCAGGGGATTGCCTTCGCCATCGGGGGTNCCTCCGCATA
TCTACGCAllTCACTGCTACACGCGGAAATITCCATCCCCCCTCTACCGTACTTCTAGCTA
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119-10

GAANCNAITAGGTGANCTATAGAATACTCMGCTATGCATCCAACGCGITGGGAGCTCTCCCATA
TGGTCGACCTGCAGGCGGCCGCACTAGTGAITTACCTTGTTACGACTTCACCCCAGTCACGAAC
CCTGCCGTGGTAATCGCCCTCCTTGCGGTTAGGCTAACTACTTCTGGCAGAACCCGCTCCCATG
GTGTGACGGGCGGTGTGTACAAGACCCGGGAACGTAFTCACCGTGACATTCTGATCCACGATTA
CTAGCGATTCCGACTTCACGCAGTCGAGTTGCAGACTGCGATCCGGACTACGAATGGll|TATG
GGATTAGCTCCCCCTCGCGGGTTGGCGACCCTTTGTACCATCCAITGTATGACGTGTGTAGCCC
CACCTATAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTC
TCATTAGAGTGCCCAACTAAATGTAGCAACTAATGACMGGGITGCGCTCGITGCGGGACTTMC
CCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGITACGGCTCTCITTCGAG
CACRATCTAATCTCTTAAATCTTCCGTACATGTCAAAGGTGGGTRAGG I  I  I  I  I CGCGTTGCATCGA
AITAAACCACATCATCCACCGCTTGTGCGGGTCCCCGTCAAITCcllTGAATTTCAACCTTGCGG
CCGTACTCCCCAGGCGGTCMCTTCACGCGITAGCTTCGTTACTGAGTCAGTGAAGACCCAACA
ACCAGITGACATCGllTAGGGCGTGGACTACCAGGGTATCTAATCCTGllTGCTCCCCACGCTTT
CGTGCATGAGCGTCAGTACAGGTCCAGGGGAITGCCTTCGCCATCGGTGTTCCTCCGCATATCT
ACGCATTTCACTGCTACACGCGGAATTCCATCCCCCTCTA

119-1 1

GANCAITAGGTGACTATAGAATACTCAAGCTATGCATCCMCGCGITGGGAGCTCTCCCATATGG
TCGAccTGCAGGCGGccGCACTAGTGAmACcTTGITACGACTTCACcccAGTCACGAACCcT
GCCGTGGTMTCGCCCTCCTTGCGGTTAGGCTAACTACTTCTGGCAGAACCCGCTCCCATGGTG
TGACGGGCGGTGTGTACMGACCCGGGAACGTATTCACCGTGACAITCTGATCCACGAITACTA
GCGATTCCGACTTCACGCAGTCGAGITGCAGACTGCGATCCGGACTACGAATGGlllTATGGGA
ITAGCTCCCCCTCGCGGGTTGGCGACCCITTGTACCATCCATTGTATGACGTGTGTAGCCCCAC
CTATAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGllTGTCACCGGCAGTCTCA
ITAGAGTGCCCMCTAAATGTAGCAACTAATGACAAGGGITGCGCTCGTTGCGGGACTTAACCC
AACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGITACGGCTCTcllTCGAGCA
CMTCTAATCTCTTAAATCTTCCGTACATGTCAAAGGTGGGTAAGG i  I i -I I CGCGITGCATCGAAT
TAAACCACATCATCCACCGCITGTGCGGGTCCCCGTCAATTCCTTTGAGITTCAACCITGCGGce
GTACTCCCCAGGCGGTCAACTTCACGCGTTAGCTTCGTTACTGAGTCAGTGAAGACCCAACAAC
CAGITGACATCGTTTAGGGCGTGGACTACCAGGGTATCTAATCCTGGllTGCTCCCCACGCITTC
GTGCATGAGCGTCAGTACAGGTCCAGGGGATTGCCTTCGCCATCGGTGTTCCTCCGCATATCTA
CGCATllTCACTGCTACACGCGGGAATTCCATCCCCC

119-12

GAANCATTAGGTGAACTATAGAATACTCAAGCTATGCATccAACGCGnGGGAGCTCTcccATAT
GGTCGACCTGCAGGCGGCCGCACTAGTGAllTACCITGTTACGACITCACCCCAGTCACGAACC
CTGCCGTGGTAATCGCCCTCCITGCGGITAGGCTAACTACTTCTGGCAGAACCCGCTCCCATGG
TGTGACGGGCGGTGTGTACAAGACCCGGGAACGTATTCACCGTGACATTCTGATCCACGATTAC
TAGCGATTCCACCTTCATGTAGGCGAGTTGCAGCCTACAATCTGAACTAGGGATACGTITAGAGA
ITAGCTCATCITCGCAGAITGGCAACTTTITGTCGTATCCATTGTAGCACGTGTGTAGCCCAGGA
CGTAAGGGGCATGATGACTTGACGTCATCCTCACCITCCTCCGATTTATAATCGGCAGTCTTTOT
AGMTACTAACTAGAAACAAGGGTTGCGCTCGITGCGGGACTTAACCCAACATCTCACGACACG
AGCTGACGACAGCCATGCACCACCTGTGTAAGAGGCCGTAGCACATTCTclllTCGGAAAACTT
CTCTTCATGTCAAGTCCTGGTMGGITCTTCGTGTTGCATCGAAITAAACCACATGCTCCACCGC
TTGTGCGGGCCCCCGTCMTTCCTITGAGllTCACTCTTGCGAGCATACITCCCAGGCGGGATA
CITAACGCGITAGCTGCGACACTGCATACCCTAAGGTACACAACATCTAGTATCCATCGTl-TACA
GCTAGGACTACCAGGGTATCTAATCCTGllTGCTCCCCTAGcllTCGTCTCTGAGTGTCAGTACT
GGCCCAGTAAAAGTGCCTTCGCTGFTGGTGTTCTTTCCAATATCTACGCATl.TCACCGCTCCACT
GGGAAAATTCCCNTTTACCCCCTACCATACTCAAGAATATATAGTITTCcl.TTGCA
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119-14
ClllTAGTGNNCTATAGAATACTCAAGCTATGCATCCAACGCGITGGGAGCTCTCCCATATGGTC
GACCTGCAGGCGGCCGCACTAGTGAITAGAGllTGATCCTGGCTCAGAITGAACGCTGGCGGC
ATGCCTTACACATGCAAGTCGAACGGCAGCACGGGAGCAATCCTGGTGGCGAGTGGCGMCGG
GTGAGTAATATATCGGAACGTGCCCAGTCGTGGGGGATAACGTAGCGAAAGCTACGCTRATACC
GCATACGATCTACGGATGAAAGCGGGGGACTCGTAAGAGCCTCGCGCGAITGGAGCGGCCGAT
ATCAGATTAGGFTGITGGTGAGGTAAAAGCTCACCAAGCCTGCGATCTGTAGCTGGTCTGAGAG
GACGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAA
lllTGGACAATGGACGCMGTCTGATCCAGCAATGCCGCGTGCAGGACGAAGGCCITCGGGTT
GTAAACTGclllTGTACGGAACGAAACGGTCTGcllTMTACAGTGGGCTAATGACGGTACCGTA
AGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTMT
CGGMTTACTGGGCGTAAAGCGTGCGCAGGCGGTTATATMGTCAGATGTGAAATCCCCGGGCT
CAACCTGGGACCTGCATTTGAGACTGTATAGCTAGAGTACGGTAGAGGGGGATGGAAITCCGCG
TGTAGCAGTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGMNGCAATCCCCTGGACCT
GTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCCAC
GCCCCTAAACGATGTCAACTGGITGTTGGGTCITCCCTGACTCAGTRACGAAGCTAACGCGTGA

119-16
C I  I  I  I  I AGGTGANCTATAGMTACTCAAGCTATGCATCCMCGCGTTGGGAGCTCTCCCATATGG
TCGACCTGCAGGCGGCCGCACTAGTGAITAGAGTTTGATCCTGGCTCAGAITGMCGCTGGCG
GCATGCCTTACACATGCMGTCGAACGGCAGCACGGGAGCAATCCTGGTGGCGAGTGGCGAAC
GGGTGAGTAATATATCGGAACGTGCCCAGTCGTGGGGGATAACGTAGCGAAAGCTACGCTAATA
CCGCATACGATCTACGGATGAAAGCGGGGGACTCGCAAGAGCCTCGCGCGAITGGAGCGGCC
GATATCAGATTAGGITGTTGGTGAGGTAAAAGCTCACCAAGCCTGCGATCTGTAGCTGGTCTGA
GAGGACGACCAGCCACACTGGMCTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGG
GGMlllTGGACAATGGACGCAAGTCTGATCCAGCAATGCCGCGTGCAGGACGAAGGCCTTCG
GGTTGTAAACTGclllTGTACGGAACGAAACGGTCTGcllTAATACAGTGGGCTAATGACGGTAC
CGTAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGT
TAATCGGAAITACTGGGCGTAAAGGGCGCGTAGGCGGCCTTCTAAGTCGGACGTGAAAGCCCC
AGGCITAACCTGGGAACTGCGTCCGATACTGGGAGGCTTGGATTCGGGAGAGGGATGTGGAAT
TCCAGGTGTAGCGGTGAAATGCGTAGATATCTGGAGGMCACCGGTGGCGAAGGCGGCATCCT
GGACCGAGATCGACGCTGAAGCGCGAAAGCTAGGGGAGCAAACGGGAATTAGATACCCCGGTA
GTCCTAGCCCTAAACGATGAGTGCTTGGTGTGGCGGGTATCGATCCCTGCCGTGCCGAANCTAA
CGCATTAACCACTN

119-17

CNTNNGTGACTATAGAATACTCMGCTATGCATCCMCGCGTTGGGAGCTCTCCCATATGGTCG
AccTGCAGGCGGccGCACTAGTGATTAGAGiTrGATCATGGCTCAGATTGAACGCTGGCGGCAT
GCCITACACATGCAAGTCGAACGGTAGAGTAGCMIACTTGAGAGTGGCGAACGGGTGAGTAAT
ATATCGGAACGTGCCCAGTCGTGGGGGATAACGTAGCGAAAGCTACGCTAATACCGCATACGAT
CTATGGATGAAAGCGGGGGATCGCAAGACCTCGCGCGACTGGAGCGGCCGATATCAGATTAGC
TAGTTGGTGGGGTAAAAGCTCACCAAGGCGACGATCTGTAGCTGGTCTGAGAGGACGACCAGC
CACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATITTGGACAA
TGGGCGAAAGCcTGATccAGCAATGccGCGTGCAGGATGMGGccTTCGGGnGTAAACTGCT
TITGTACGGAGCGAAACGGTCTTCITGAATACAGGAGGCTAATGACGGTACCGTRAGAATMGC
ACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGITMTCGGAATTACT
GGGCGTAAAGCGTGCGCAGGCGGITATATMGACAGATGTGAAATCCCTGGGCTCMCCTAGG
MCTGCATCTGTGACTGTATAGCTAGAGTACGGTAGAGGGGGATGGMTTCCGCGTGTAGCAGT
GAAATGCGCAGATATGCGGAGGAACACCGATGGCGMGGCAATCCCCTGGACCTGTACTGACG
CTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGA
TGTCAACTGGTTGTTGGGTCTTCACTGACTCACT
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119-19
CllTTGGTGNNCCTATAGAATACCTCAAGCCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTAGAGTITGATCATGGCTCAGGATGAACGCTGGC
GGTCTGCTTAACACATGCAAGTCGRACGGAGTAGAAATACTTAGTGGCGGACGGGTGAGTAACG
CGTGAGAATCTGGCITCAGGACGGAGACAACAGTTGGAAACGACTGCTMCCCCCGATGTACCG
AAAGGGAAAATATTTATAGCCTGAAGATGAGCTCGCGTCCGATTAGCTAGTTGGAGAGGTAAAA
GCTCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATITTCCGCAATGGGCGAAAGCCTGACG
GAGCAAGACCGCGTGGGGGAAGAAGGCTCTTAGGTTGTAAACCCCITTTCTCTGGGAAGAAAGT
TGTGAAAGCAGCCTGACGGTACCAGAGGAATCAGCATCGGCTAACTCCGTGCCAGCAGCCGCG
GTAAGACGGAGGATGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGCAGGTGGCAGT
TCAAGTCTGCTGTCAAAGACCGGGGCTTAACCTCGGAAAGGCAGTGGAAACTGAACAGCTAGAG
TATGGTAGGGGCAAAGGGAATTCCTGGTGTAGCGGTGAAATGCGTAGAGATCAGGAAGAACATC
GGTGGCGAAGGCGCTTTGCTGGACCATAACTGACACTCAGGGACGAAAGCTAGGGGAGCGAAT
GGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGATACTAGGTGTTGTCTGTATCGACC
CNGGACAGTGCCGTAGCTAACGCGTTAAGTATCCCGCCTGGGGAG

119-228
CNITNGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGFTGGGAGCTCTCCCATATGGTC
GACCTGCAGGCGGCCGCACTAGTGAITAGAGllTGATCATGGCTCAGATTGAACGCTGGCGGC
ATGCCITACACATGCAAGTCGAACGGCAGCACGGGAGCAATCCTGGTGGCGAGTGGCGAACGG
GTGAGTAATATATCGGAACGTGCCCAGTCGTGGGGGATAACGTAGCGAAAGCTACGCTAATACC
GCATACGATCTACGGATGAAAGCGGGGGACTCGCAAGAGCCTCGCGCGATTGGAGCGGCCGAT
ATCAGATTAGGTTGTTGGTGAGGTAAAAGCTCACCMGCCTGCGATCTGTAGCTGGTCTGAGAG
GACGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAA
lllTGGACAATGGACGCMGTCTGATCCAGCAATGCCGCGTGCAGGACGRAGGCCTTCGGGTT
GTAAACTGclllTGTACGGAACGAAACGGTCTGCITTAATACAGTGGGCTAATGACGGTACCGTA
AGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAAT
CGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGnATATMGACAGATGTGAAATccccGGGCT
CAACCTGGGACCTGCATITGTGACTGTATAGCTAGAGTACGGTAGAGGGGGATGGAAITCCGCG
TGTAGCAGTGAAATGCGTAGATATGCGGAGGMCACCGATGGCGAAGGCMTCCCCTGGACCT
GTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGAITAGATACCCTGGTAGTCCACG
CCCTAAACGATGTCAACTGGITGITGGGTCTITCACTGACTCANTANNN

119-238
GANCATTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAllTACCITGTTACGACFTCACCCCAGTCGCTAAGCC
CACCGTGGTCGCCTGCCTCTCITGCGAGTTAGCGCAACGCCTTCGGGTGAACCCAACTCCCATG
GTGTGACGGGCGGTGTGTACAAGGcCTGGGAACGTAiTCAccGCGGCATGCTGATcCGCGAn
ACTAGCGATTccGccTrcATGCTCTCGAGTTGCAGAGAACMTccGAACTGAGACGGCTTiiTG
GGATTAGCTCCTCCTTGCGGAGTGGCTGCCCACTGTCACCGCCAITGTAGCACGTGTGTAGCCC
AGCGTGTAAGGGccATGAGGACTTGACGTCATccccAcciTccTccGGCTTATCAccGGCGGn
TCCITAGAGTGCCCAACTTMTGATGGCAACTAAGGACGAGGGITGCGCTCGTTGCGGGACTTA
ACCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCACCGCGTCCCCGAAG
GGAACCCCTGATCTCTCAGGATAGCGCGGGATGTCAAACGCTGGTAAGGITCTGCGCGTTGCTT
CGAATTAAACCACATGCTCCACCGCTTGTGCAGGCCCCCGTCAATTCCTITGAGTTITAATCITG
CGACCGTACTCCCCAGGCGGATAACTTAATGCGTTAGCTGCGCCACCCAAGCACCAAGTGCCC
GGACAGCTAGiTATCAccGTITACGGCGTGGACTAccAGGGTATCTAATcCTGT.rrGCTccccA
cGCTii-cGCAccTCAGCGTCAATACTTGTccAGTCAGTCGccTTCGccACTGGTGncTTccGAA
TATCTACGAAllTCACCTCTACACTCGGAANTCCACTGACCTCTCCAA
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119-248
ClllTAGGTGACTATATAGTACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATGGTC
GACCTGCAGGCGGCCGCACTAGTGAITAGAGITTGATCCTGGCTCAGATTGAACGCTGGCGGC
ATGCCTTACACATGCRAGTCGAACGGCAGCACGGGAGCAATCCTGGTGGCGAGTGGCGAACGG
GTGAGTAATATATCGGAACGTGCCCAGTCGTGGGGGATAACGTAGCGAAAGCTACGCTAATACC
GCATACGATCTACGGATGAAAGCGGGGGACTCGTMGAGCCTCGCGCGATTGGAGCGGCCGAT
ATCAGATTAGGTTGTTGGTGAGGTAAAAGCTCACCMGCCTGCGATCTGTAGCTGGTCTGAGAG
GACGACCAGCCACACTGGMCTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAA
lllTGGACAATGGACGCAAGTCTGATCCAGCAATGCCGCGTGCAGGACGAAGGCCTTCGGGTT
GTAAACTGclllTGTACGGAACGAAACGGTCTGCTTTAATACAGTGGGCTAATGACGGTACCGTA
AGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGITAAT
CGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTATATAAGTCAGATGTGAAATCCCCGGGCT
CAACCTGGGACCTGCAllTGAGACTGTATAGCTAGAGTACGGTAGAGGGGGATGGiIAITCCGCG
TGTAGCAGTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGGACCT
GTACTGACGCTCATGCACGAAAGCGTGGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCAC
GCCCTAAACGATGTCAACTGGGITGTTGGGTCTTCACTGACTCAGTANCGMGCTAACN

119-258
GANCATTAGGTGAACTATAGMTACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTTACCTTGTTACGACTTCACCCCAGTCTCTAAACC
CACCGTGGTCAGCTGCCTCTCFTGCGAGTTAGCGCACTGCCTTCGGGTGAATCCAAATCCCATG
GTGTGACGGGCGGTGTGTACAAGGCCTGGGAACGTATTCACCGCGGCATGCTGATCCGCGAIT
ACTAGCGAITCCACCTTCATGCTCTCGAGTTGCAGAGAACAATCCGAACTGAGACGGTTTTTGGA
GATTAGCTACCGGTCGCCCGGTTGCTGCCCACTGTCACCGCCATTGTAGCACGTGTGTAGCCCA
GCGTGTMGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGCITATCACCGGCAGl|T
CTITAGAGTGCCCAACTGAATGATGGCAACTAAAGACGAGGGTTGCGCTCGITGCGGGACTTA
CCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCACTAATCCAGCCGAACT
GMGGAAACCATCTCTGGMTCCGCGATTAGGATGTCAAACGCTGGTAAGGTTCTGCGCGITGC
TTCGAATTAAACCACATGCTCCACCGCTTGTGCAGGCCCCCGTCAATTCCTTTGAGllllAATCTT
GCGACCGTACTCCCCAGGCGGATAACTTAATGCGITAGCTGCGCCACTCAGGATCGTAGACCCC
GAACAGCTAGITATCATCGTITACGGCGTGGACTACCAGGGTATCTAATCCTGTITGCTCCCCAC
GcllTCGTACCTCAGCGTCAATACATGTCCAGITAGTCGCCTTCGCCACTGGTGTTCTTCCGAAT
ATCTACGMNTTCACCTCTACACTCGGAATTCCACTAACCTCTCCATGA

119-3
GANCAITNGGTGACTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTTACCTTGITACGACITCACCCCAGTCACGMCCC
TGCCGTGGTMTCGCCCTCCITGCGGTTAGGCTMCTACTTCTGGCAGAACCCGCTCCCATGGT
GTGACGGGCGGTGTGTACAAGAcccGGGAACGTATTCAccGTGACAncTGATccACGAiTACT
AGCGATTCCGACTTCACGCAGTCGAGTTGCAGACTGCGATCCGGACTACGAATGGlllTATGGG
ATTAGCTCCCCCTCGCGGGTTGGCGACccllTGTACCATCCATTGTATGACGTGTGTAGCCCCA
CCTATAAGGGCCATGAGGACTTGACGTCATCCCCACCFTCCTCCGGTITGTCACCGGCAGTCTC
ATTAGAGTGCCCAACTAAATGTAGCAACTAATGACMGGGTTGCGCTCGTTGCGGGACTTAACC
CAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTACGGCTCTCTTTCGAGC
ACAATCTAATCTCITAAATCTTCCGTACATATCAAAGGTGGGTAAGGllTITCGCGTTGCATCGAA
TTAAACCACATCATCCACCGCTTGTGCGGGTCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGC
CGTACTCCCCAGGCGGTCAACITCACGCGTTAGCITCGTTACTGAGTCAGTGAAGACCCMCM
CcAGTTGACATCGiiTAGGGCGTGGACTAccAGGGTATCTAATccTGiTrGCTccCcACGCTiTc
GTGCATGAGCGTCAGTACAGGTCCAGGGGAITGCCTTCGCCATCGGTGITCCTCCGCATATCTA
CGCATITCACTGCTACACGCGGMTTCCATCCCCCCTCTACCGTACTCTAGC
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1194
GANCNITAGGGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATITACCITGITACGACTTCACCCCAGTCGCTGACCT
TACCGTGGCCGGCTGCCTCCCTTGCGGGTTAGCGCACCGTCCTCGGGTAAAACCMCTCCCAT
GGTGTGACGGGCGGTGTGTACAAGGCCCGGGMCGTAITCACCGCGCCATGCTGATGCGCGAT
TACTAGCGATTCCGACTTCATGGAGTCGAGITGCAGACTCCMTCTGAACTGAGACGGC I  I  I  I  I G
CGAITAGCTCCCTAITGCTAGGTGGCTGCGCATTGTCACCGCCATTGTAGCACGTGTGTAGCCC
AGCCCGTMGGGCCATGATGACTTGACGTCATCCCCACCTTCCCCCGGCTTATCACCGGCAGTT
CTCCTAGAGTGCCCAACTGAATGATGGCAACTAAGAGTGTGGGITGCGCTCGTTGCCGGACTTA
ACCGAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTGGTATCCAGCCGAA
CTGAAAGGACCGTCTCCGGTCCCGCGATACCCATGTCAAGGGTTGGTAAGGITCTGCGCGTTG
CTTCGMITAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAAITCCTITGAGTITTAACC
TTGCGGCCGTACTCCCCAGGCGGAATGCITAATCCGITAGGTGTGACACCGACAAGCATGCITG
CCGACGTCTGGCATTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGllTGCTCCCC
ACGCITTCGCACCTCAGCGTCAGTATCGAGCCAGTGAGCCGCCITCGCCACTGGTGNTTCCTCC
GAAATATCTACGMTITCACCTCTACACITCGGAAATTCMCTCACCTTCTCTCGAACTCAA

11940
ANCNTTNGGTGANCTATAGAATACTCAAGCTATGCATCCMCGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATTAGAGTITGATCCTGGCTCAGATTGRACGCTGGC
GGCATGCCTTACACATGCAAGTCGAACGGCAGCACGGGAGCAATCCTGGTGGCGAGTGGCGAA
CGGGTGAGTAATATATCGGAACGTGCCCAGTCGTGGGGGATAACGTAGCGAAAGCTACGCTAAT
ACCGCATACGATCTACGGATGAAAGCGGGGGACTCGCAAGGGCCTCGCGCGATTGGAGCGGC
CGATATCAGATTAGGITGTTGGTGAGGTAAAAGCTCACCAAGCCTGCGATCTGTAGCTGGTCTG
AGAGGACGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGG
GGAAll|TGGGCAATGGACGCAAGTCTGATCCAGCMTGCCGCGTGCAGGACGAAGGCCITCG
GGITGTAAACTGclllTGTACGGMCGAAACGGTCTTCTTTAATACAGAGGGCTMTGACGGTAC
CGTAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGT
TAATCGGAATTACTGGGCGTGMGCGTGCGCAGGCGGTTATATAAGTCGGATGTGAAATCCCCG
GGCTCAAccTGGGAccTGCATTTGAGACTGTATAGCTAGAGTACGGTAGAGGGGGATGGAumc
CGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCMTCCCCTGG
ACCTGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGAITAGATACCCTGGTAGTCC
ACGCCCCTAAACGATGTCAACTGGTTGITGGGTCITCACTGACTCATAACGAAAGCTM

I 1 9-5
GANCNITNGGTGNNCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATAT
GGNCGACCTGCAGGCGGCCGCACTAGTGATTAGAGllTGATCATGGCTCAGATTGAACGCTGG
CGGCATGCCTTACACATGCAAGTCGAACGGCAGCACGGGAGCAATCCTGGTGGCGAGTGGCGA
ACGGGTGAGTAATATATCGGAACGTGCCCAGTCGTGGGGGATAACGTAGCGAAAGCTACGCTA
TACCGCATACGATCTACGGATGAAAGCGGGGGACTCGCAAGAGCCTCGCGCGATTGGAGCGGC
cGATATCAGATTAGGITGnGGTGAGGTAAAAGCTCAccAAGccTGCGATCTGTAGCTGGTCTG
AGAGGACGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGG
GGAATTITGGACAATGGACGCAAGTCTGATCCAGCAATGCCGCGTGCAGGACGAAGGCCITCG
GGTTGTAAACTGCITTTGTACGGAACGAAACGGTCTGCTTTAATACAGTGGGCTAATGACGGTAC
CGTMGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTRATACGTAGGGCGCGAGCGT
TAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTATATMGTCAGATGTGAAATCCCCG
GGCTCAACCTGGGACCTGCAllTGAGACTGTATAGCTAGAGTACGGTAGAGGGGGATGGAAITC
CGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAATCCCCTGG
ACCTGTACTGACGCTCATGCACGAAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTC
CACGCCCCTMCGATGTCAACTGGTTGITGGGGTCTTCACTGACTCAGTMCGMGCT
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I 1 9-7
GANCATTAGGTGANCTATAGMTACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGAllTACCITGTTACGACTTCACCCCAGTCGCTGACCT
TACCGTGGCCGGCTGCCTCCTTGCGGTTAGCGCACCGTCITCGAGTAAAACCAAITCCCATGGT
GTGACGGGCGGTGTGTACAAGGCCCGGGAACGTAITCACCGCGGCGITCTGATCCGCGAITAC
TAGCGATTcc GACTTCATGAGGTCGAGITGCAGAccTCAATc cGAACTGAGACAGc =r I T i- TG CG
ATTAGCATCACGTTGCTGTGTCGCTGCGCATTGTCACTGCCATTGTAGCACGTGTGTAGCCCAG
CCCGTMGGGCCATGATGACITGACGTCATCCCCACCTTCCTCCGGCITATCACCGGCAGTCCC
ATTAGAGTGCCCAACTGAATGATGGCMCTMTGGCGGGGGITGCGCTCGTTGCGGGACTTAAC
CCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTCCGACCTAITGCTAGG
AGAAAGGCATCTCTGCCAGTCGTCCGGACATGTCMGGGCTGGTMGGTTCTTCGCGTTGCATC
GAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCRATTCcllTGAGITTCACACTTGC
GTGCGTACTCCCCAGGCGGGATACTTAACGCGITAGCTACGGCACTGTCCGGGTCGATACAGA
CAACACCTAGTATCCATCGTTTACGGCTAGGACTACTGGGGTATCTMTCCCATTCGCTCCCCTA
GcllTCGTCCCTGAGTGTCAGITATGGTCCAGCAAAGCGCCTTCGCCACCGATGITCITCCTCAT
CTCTACGCAllTCACCGCTACACCAGGMTTCCCITTGCCCCTACNATACTCTAG

I 1 9no
GANCATTNGGTGAACTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGTGATITACCTTGTTACGACTTCACCCCAGTCATCAGCCC
TGCcncGGCATccTccTCcTCGAAAGGTTAGAGTAATGACTTCGGGCGTGGcCAACTTccATG
GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGGATTCACCGCAGTATGCTGACCTGCGATT
ACTAGCGATTCCGCCTTCATGCAGGCGAGTTGCAGCCTGCAATCTGAACTGAGGCAGGGllTAC
GGGATTAGCTCGCCCTCGCGGGTTGGCTGCCCTCTGTCCCTACCAITGTAGTACGTGTGTAGCC
CAGGACGTMGGGGCATGCTGACITGACGTCATCCCCACCTTCCTCCGGllTGTCACCGGCAGT
cTGTiTAGAGTGcCcAACTTAATGATGGCAACTAAACACGAAGGiTGCGCTCGTTGCGGGAcn
AACCCAACATCTCACGACACGAGCTGACGACAGCCATGCACCACCTGTGTTCGCGCTCCCGAAG
GCACTCTTCccllTCAAGAAGAFTCGCGACATGTCAAGTCCTGGTAAGGTTCTTCGCGTTGCATC
GAATTAAACCACATACTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTITGAGTITCACACTTGC
GTGCGTACTCCCCAGGCGGGATACTTAACGCGITAGCAACGGCACTGTCCGGGTCGATACAGA
CAACACCTAGTATCCATCGITTACGGCTAGGACTACTGGGGTATCTAATCCCATTCGCTCCCCTA
GciiTCGTcccTGAGTGTCAGTTATGGTccAGCAAAGCGccTTCGccAccGATGTTCTTcerCAT
CTCTACGCATTTCACCGCTACACCAGGAATTCCCTTTGCCCC

119-9
GNACATTAGGTGANCTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCTCCCATATG
GTCGAcCTGCAGGCGGCCGCACTAGTGATTrACCTTGTTACGACTTCAcCCcAGTCACGMCCC
TGCCGTGGTMTCGCCCTCCGTGCGGTTAGGCTMCTACTTCTGGCAGMCCCGCTCCCATGGT
GTGACGGGCGGTGTGTACAAGACCCGGGMCGTAITCACCGTGACATTCTGATCCACGATTACT
AGCGAITCCGACTTCACGCAGTCGAGITGCAGACTGCGATCCGGACTACGACTGGITTIATGGG
ATTAGCTCCCCCTCGCGGGITGGCMCccllTGTACCAGCCATTGTATGACGTGTGTAGCCCCA
CCTATAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGITTGTCACCGGCAGTCTC
ATTAGAGTGCCCAACTAAATGTAGCAACTAATGACAAGGGTTGCGCTCGTTGCGGGACITAACC
cAACATCTCACGACACGAGCTGACGACAGccATGCAGCAccTGTGTTACGGCTCTciTrcGAGc
ACAATCTAATCTCITAAATCTTCCGTACATGTCAAAGGTGGGTMGGITTTTCGCGTTGCATCGAA
TTAAACCACATCATCCACCGCTTGTGCGGGTCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGC
CGTACTCCCCAGGCGGTCAICITCACGCGTTAGCTTCGTTACTGAGTCAGTGAAGACCCAACAA
ACCAGTTGACATCGTITAGGGCGTGGACTACCAGGGTATCTAATCCTGTITGCTCCCCACGCTTT
CGTGCATGAGCGTCAGTACAGGTCCAGGGGAITGCCTTCGCCATCGGTGTTCNTCCGCATATCT
ACGCATTTCACTGCTANACGCGGAAATCCATCCCCCTCTACGGTACTNA
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I 1 9-22
GANCNITAGGTGANCTATAGAATACTCAAGCTATGCATCCRACGCGTTGGGAGCTCTCCCATATG
GTCGACCTGCAGGCGGCCGCACTAGATGAITTACCITGTTACGACITCACCCCAGTCACGAACC
CTGCCGTGGTAATCGCCCTCCTTGCGGITAGGCTAACTACTTCTGGCAGAACCCGCTCCCATGG
TGTGACGGGCGGTGTGTACMGACCCGGGAACGTATTCACCGTGACATTCTGATCCACGATTAC
TAGCGATTCCGACITCACGCAGTCGAGTTGCAGACTGCGATCCGGACTACGAATGGlllTATGG
GATTAGCTCCCCCTCGCGGGITGGCGACCCTTTGTACCATCCAITGTATGACGTGTGTAGCCCC
ACCTATAAGGGCCATGAGGACTTGACGTCATCCCCACCTTCCTCCGGllTGTCACCGGCAGTCT
CAITAGAGTGCCCAACTAAATGTAGCAACTAATGACAAGGGTTGCGCTCGITGCGGGACFTAAC
CCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTACGGTTCTCTTTCGAG
CACTAAGCCATCTCTGGCGMTTCCGTACATGTCAAAGGTGGGTAAGG I  I  I I  I CGCGITGCATCG
AATTAAACCACATCATCCACCGCTTGTGCGGGTCCCCGTCAATTCcllTGAGllTCAACCTTGCG
GCCGTACTCCCCAGGCGGTCAACTTCACGCGTTAGCITCGTTACTGAGTCAGTGAAGACCCAAC
AACCAGTTGACATCGTITAGGGCGTGGACTACCAGGGTATCTAATCCTGllTGCTCCCCACGCTT
TCGTGCATGMGCGTCGGTACAGGGTCCAGGGGAATTGCCTA
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